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CHAPTER 1

i
N

Rl RN ERE—E R E A PITK, HIMEX MU T XA BREF A LB S ETREREE
T1E. BATHBEERZSFHNSESWEE, U &R XEARE . 2af02, BRIES IR
GRS PR ARSI R AL R — PR R R, H AR E SRR N AN FTEE - Julia 85 7E1X H
HIE T X E— A
VERNRIERNARES, BEEREMEEITE, M 5EGFRSRINESIE
T Julia A)9R 28 F1E T 75 5 L0 Python B¢ R BT ANE, —FIGEEFS %15 Tulia 4 24 RSB T
R, T AR ZITSCRIEAIEHNMEEM . R EL I Julia 2218 7, FATIEFEENEESAET
%ﬁiﬁ—?ﬁ@ﬁ%m%oR%@@ﬁmm%l%ﬁﬁ,ﬁ%ﬁﬁ%ﬂ%&ﬁﬁﬁ%%ﬁﬂuﬁcﬁ@
FIRHD -
JE s P R U A HIASF OIS, DAS LLVM , Julia B ALEFRTIEE, Hi, SRS . Julia
EEZHgEERE, B854 REGUE X 2 EERRHE . BRETHSMEENESEETE, ©
KT R - MATLAB 1 Python , ZHi—MFHEMIHE . N TREX D HEY, Julia FEECEEGRFETE S AIEM
b, ZEZETAPEATEIAIES: Lisp ~ Perl ~ Python ~ Lua 1 Ruby -
Julia S5RGBT RAMIX FE:

o OESR/N, FREERA Julia KRE G, EBEGZEAENEMZE

o SEREMIRAY 5 ERLE T ST A A

o HTSHRTHITRE HE

o ZHRBUANE, BEhERER - TG

o mMERE, BEEASRFBIES, WCES
PRIEZTRERMN: B0, NESEMTEHFBE LY, fERMY. FZONESHERAF
B, BWRETCARERFIFSEMEE Wl AR AN H R . BRIES LS RRIFSSENR
B RENELET IR, EBTRNIANEEED - 7 Julia 1, ERAGHEBTR NS, [FRFE A LT
= B A RS -
BHEBHESE (SEFR) RBESEX ], FAHEEEHEARSECER, JUE TR B R T
F o W FRCEAUS RE RO R, X R R ST X SRR T R ERE R TR SRR T
AFEEHR - 7 Julia FEBEFFOUE KRBTSR 4 - 27 AT DU TR R A v BT, JReRf
Tt vl LLTCSEH B 4 B R m R k.



http://zh.wikipedia.org/zh-cn/%E5%8D%B3%E6%99%82%E7%B7%A8%E8%AD%AF
http://zh.wikipedia.org/wiki/LLVM
http://zh.wikipedia.org/zh-cn/LISP
http://zh.wikipedia.org/zh-cn/Perl
http://zh.wikipedia.org/zh-cn/Python
http://zh.wikipedia.org/zh-cn/Lua
http://zh.wikipedia.org/zh-cn/Ruby
http://en.wikipedia.org/wiki/Multiple_dispatch
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ROE T LR (B TrARERRREN) |, DURMOTIREE EHEE, Julia AT BIEREEBE T HAhz)
SEE, EEVSFHSRIFESEE . EABURLHEK L, MR- ERREERMEE: ERNLT XK
TEF, dEELE BRI RKE .

Julia FHEZR— P RIFTRENESH - 8K BT —FAES - FRILZIN, Julia L HEEET
o BBFIE (MIT Fpill )
« BELRBMENERBFFEEN - RiE
o ATREEAHEEL; EmELRRHEHEHRER
o NFATFIS AR R T
o BERLREEZE (D)
o MRS AFB R RS
o DUHE . AT AR AR
o BERUSCEF Unicode, 135 HAN R UTF-8
- A C WE (AFRH%EEL APD
o & Shell —FEIRA BB H M #FEHIHE
o 1% Lisp —FEHIEFIH Al oL T A
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https://github.com/JuliaLang/julia/blob/master/LICENSE.md
http://zh.wikipedia.org/zh-cn/%E5%8D%8F%E7%A8%8B
http://zh.wikipedia.org/zh-cn/Unicode
http://zh.wikipedia.org/zh-cn/UTF-8

CHAPTER 2

ARG

Julia I3, NERMRAMFHFNET, 102 HOCNRAERE, BREH . %E 200 Buiii Nt
HIAT .

AL ER 2 (BIEH repl) . 2] Julia R BT %

S julia

—_ _ ()= | A fresh approach to technical computing

(L) [ () (L) | Documentation: http://docs.julialang.org

_ - | Type "?help" for help.

[ e A A I VA

Y Y A A GO B |  Version 0.5.0-dev+2440 (2016-02-01 02:22 UTC)
_/ IN__"_ I 1_IN_"_| | Commit 2bb94d6 (11 days old master)
l__/ | x86_64-apple-darwinl3.1.0

julia> 1 + 2
3

julia> ans
3

BIN "D —ctrl 80 a B, BEBA quit ), FTLURHREXS1E . TERXEAXT, julia 2ER—
ENE, SRR REA . —BRPRA T EEBRRE, Flin + 2, REEEE, ZERSTERR
FIRFOREIRELXME - WRMARREARBESS, MASERENET - Z& ans IWEKE L—
K ERFREARXE, LR —REGHE R 28 ans ({UEHATXEASE, AEATUHRHETRET
1) Julia F7G -

MFRBBITEERTE I £i1e. 31 PHIRAS, ATRIBIAGA include ("file.j1") -

AL AR BT, R LR E S Julia ar 7RI — 1 2EL

$ julia script.jl argl arg2...

XADMFIT 7R, julia JFEERE S 1T2E, BOANRRF script. 1 @S TEE ESHEHE
A& ARGS RKfhid . I —e BT, WA IEMSITIE ARGS 28 ATUNEAE, HRATEERISEL



http://julialang.org/downloads/
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$ julia -e
foo
bar

'for x in ARGS;

println(x); end' foo bar

AT BRI BCE— AT, REIE1T:

$ echo 'for x in ARGS;

$ julia script.jl foo bar
foo

bar

println (x);

end' > script.jl

A T LSRRI AU IR 41T M2 R BT 3.

$ julia —-color=yes -0 —- foo.jl argl arg2..

Julia /T LA -p 50 —-machinefile TR 7 H 1T -
M —-machinefile file & WX file B —1TRE T TIEHE - 1
ERALHLZEK ssh iR, BENVLEE LK Julia ZENMNENE2HEE, SN VLEME LR

user defaults to current user, port to the standard ssh port. Op-

[user@]host [:port]

[bind_addr] -

tionally, in case of multi-homed hosts, bind_addr may be used to explicitly specify an interface.

AASARABAL Julia FEFE BT IBAT— 26, ATRLR RSN ~/ . Juliarc. 91

$ echo
$ julia
Greetings! B!

'println ("Greetings! #F!

eI L2

I EAL2") Y > ~/.9uliarc.dl

JZAT Julia B & FRA] G0

julia [options] [program]
-v, —-version

-h, —-help

-gq, ——quiet

-H, ——home <dir>

-e, ——eval <expr>

-E, ——print <expr>

-P, ——-post-boot <expr>
-L, ——load <file>

-J, ——sysimage <file>
-p <n>

——machinefile <file>

-1
--no-history-file
-f, ——no-startup
-F
——color={yes|no}

——code—-coverage
——check-bounds={yes|no}
——int-literals={32|64}

[args...]

Display version information
Print this message

Quiet startup without banner

Set location of julia executable

Evaluate <expr>

Evaluate and show <expr>

Evaluate <expr> right after boot

Load <file> right after boot on all processors
Start up with the given system image file

Run n local processes
Run processes on hosts listed in <file>

Force isinteractive() to be true

Don't load or save history

Don't load ~/.juliarc.jl

Load ~/.juliarc.jl, then handle remaining inputs
Enable or disable color text

Count executions of source lines
Emit bounds checks always or never
Select integer literal size independent of platform

Chapter 2. Fif
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file & XL HIMLZS,

(ignoring declarations)
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BR T AT, H—LEERER
* Julia I TJulia {5 F 15 BH
o 2 Julia
MIT #ifi Homer Reid ZUE 5T 1RHIZFE
A48 julia FATE I
K H MIT [ Julia PSRHRE
Forio FJ Julia (%
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http://math.mit.edu/~stevenj/Julia-cheatsheet.pdf
http://learnxinyminutes.com/docs/julia/
http://homerreid.dyndns.org/teaching/18.330/JuliaProgramming.shtml
https://raw.githubusercontent.com/ViralBShah/julia-presentations/master/Fifth-Elephant-2013/Fifth-Elephant-2013.pdf
http://julialang.org/blog/2013/03/julia-tutorial-MIT/
http://forio.com/labs/julia-studio/tutorials/
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CHAPTER 3

Kt
il

Julia 7, BEHZERKEIENMER ST . SFEFE—NME (KB REPRREDTRZE) DERH

i, ZREAERBLARILHR T - 25067

# % BEC 10 MESTE x
julia> x = 10
10

# X x PR EEEEZE
julia> x + 1
11

# ERHEN x ME
julia> x = 1 + 1
2

# PRI LA EIR T HERTRE, A&
julia> x = "Hello World!"
"Hello World!"

Julia J2fH TARE RIEZEGE ARG . ZEARX D KNG -

julia> x = 1.0

1.0

julia> y = -3

-3

julia> Z = "My string"

"My string"

julia> customary_phrase = "Hello world!"

"Hello world!"

julia> UniversalDeclarationOfHumanRightsStart = " ANEMMHE, EE™MN) E—FF5E.

"ANEMEE, AN E—ffE.
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AT LU#EH Unicode F4F (UTE-8 4wfid) 4.

Julia> 6 = 0.00001
1.0e-5

julia> SFE3IAM R = "Hello"
"Hello"

ZETulia REPL fi1H —$tJulia 1955 F, 37 FFUnicode 51 A FLZEHE A fLaTeX ), FfiZtab AlSERE A Hel, &
#46 T Lhi\delta-tab A, Xfla, " W LLH * \alpha-tab-\hat-tab-\_2-tab 5% ° Julia B=E DIFEHTE X
TN ) B EOR R £

Julia> pi
m = 3.1415926535897...

Jjulia> pi = 3
Warning: imported binding for pi overwritten in module Main
3

julia> pi
3

julia> sqgrt (100)
10.0

julia> sqgrt = 4
Warning: imported binding for sqgrt overwritten in module Main
4

REIR, BRI EERIMEE -

AR R

25 5 4 D FE Sk AR A0 R A
o Fh)
* . 00A0K Hjunicode £ BEAXJEFE, Unicode character categories:
— Lu/LVLtYLm/Lo/NI(F-EE) 3k
- Sc/So(BIHMHEER5)
- DIREE—ERUTF RS (I Sm A7 5)

FERRATPHFTFHETTLLEE | A%, R 4] LU Unicode Hif9 A BEF S LU HE BIffF 5, —L&
PREGEELT, TR, UK —EHER T,

RUUT + BIBEAFEE AVFRPRRA, B2 D ET @, £ LN 30P, s B S BRI T2 E —HAEH,
FAR (+) R TINAREL T (+) = £ SEHAEWE. KED Y Unicode 2 BAT, LU &, X M2 BT
FENTT, FF ERT DUFI A PR E L. Hetm, AT DU const ® = kron KE X @ H— 1 EIGCHEFA.

NERKET NEA LR

julia> else = false
ERROR: syntax: unexpected "else"

julj_a> try = "No"
ERROR: syntax: unexpected "="

10 Chapter 3. &



http://www.fileformat.info/info/unicode/category/index.htm
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i 45 AL

RUE Julia X 45 2 5 FURRADRIFR S, (B R 2815 — % 1 fir 24 MR
o BEAMHNEGFE
o BRI () 2, EAEE
o RAULEHFLKRE, FiA/A 5 FHIeIE 77 FE.
o BREA TR A H /NG SR, ANER T R 2 g0 bR B 1A
o BESEINRELSERMEA | XK AR A mutating functions BY in-place functions

3.2. WMAMIE 11
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cHAPTER 4

RN S AL

RO S BCR EARIT R AR - ENTEGRRCT SO - Biltn 1 BRBECUK, 1.0 BEFAECUR .

Julia 208 T E & WEMEERE, 2FOBEL0aFEAMOLEEN, DIUIARERARE . X AR R IEE
FX NI B SR AR E - BRI, Julia BEFEFIFHRE 1 AT B BIR « A 5h, Julia 18 WEHF R T SCHFF AE
EREREA, TUATROREGANGEEESCRFEIE, SR, XA TR BRR -

Julia FE LA EEMEUE XA -
o BEHOCRA.
Char JFAEHF Unicode F4F ; # W F/ &8 «
o FREERA.
R R | A%
Floatl6 | TIE/Z | 16

Float32 | FURE | 32
Floaté64 | WI5E | 64

FIN, W SN B BSOS AR B RMEIR R A o P REREE R TR RGP AR R
I A%, AREAREEH, Ml UEMEzH -

B

E RIS F R SO R EEEL

julia> 1
1

julia> 1234
1234

BECURRBOAREL, BURT BIRARGTR 32 (2R 64 (12854

13



http://zh.wikipedia.org/zh-cn/Unicode
http://en.wikipedia.org/wiki/Half-precision_floating-point_format
http://zh.wikipedia.org/zh-cn/%E5%96%AE%E7%B2%BE%E5%BA%A6%E6%B5%AE%E9%BB%9E%E6%95%B8
http://zh.wikipedia.org/zh-cn/%E9%9B%99%E7%B2%BE%E5%BA%A6%E6%B5%AE%E9%BB%9E%E6%95%B8
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# 32-bit system:
julia> typeof (1)
Int32

# 64-bit system:
julia> typeof (1)
Int64

Julia NEBZE & woRD_SIZE FH LI/ BAR ARG 32 (il & 64 fif.

# 32-bit system:
julia> WORD_SIZE
32

# 64-bit system:
julia> WORD_SIZE
64

AN, Julia X T Int M uint KA, ENDHREAGRENERFSMLN 5

BRI R4 -

# 32-bit system:
julia> Int

Int32

julia> Uint
Uint32

# 64-bit system:
julia> Int

Int64

julia> Uint
Uint64

KTFANGER 32 AL HBEH 64 MORFTRIIREERCUR, NMERGRIREM 4, WWAPINTE 64 (MEERL

# 32-bit or 64-bit system:
julia> typeof (3000000000)
Int64

TEAFS BRI RN B AT ox AT /Nt RIELT 0-9a-£ (WA LIEH a-F ) « EFFSERILECKR

/N, SRR AR E

julia> 0x1
0x01

julia> typeof (ans)
Uint8

julia> 0x123
0x0123

julia> typeof (ans)
Uintlé

julia> 0x1234567
0x01234567

julia> typeof (ans)

14
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Uint32

julia> 0x123456789%abcdef
0x0123456789%abcdef

julia> typeof (ans)
Uint64

i I AN

julia> 0b10
0x02

julia> typeof (ans)
Uint8

julia> 0010
0x08

julia> typeof (ans)
Uint8

BB E R R MEFIRKME, FIH typemin Fl t ypemax EREUE ]

julia> (typemin (Int32), typemax (Int32))
(-2147483648,2147483647)

julia> for T = {Int8,Intl6,Int32,Int64,Intl28,Uint8,Uintl6,Uint32,Uint64,Uintl28}

println ("5 (lpad(T,7)): [s(typemin(T)), 5(typemax(T))]")
end
Int8: [-128,127]
Intl6: [-32768,32767]
Int32: [-2147483648,2147483647]
Int64: [-9223372036854775808,9223372036854775807]
Int128: [-170141183460469231731687303715884105728,

—170141183460469231731687303715884105727]
Uint8: [0,255]
Uintl6: [0, 65535]
Uint32: [0,4294967295]
Uint64: [0,18446744073709551615]
Uintl128: [0,340282366920938463463374607431768211455]

typemin fl typemax HIREME, S5FTAMSERERIER—EE . (LdFIFHE T —SEEZN BRI R
W, BIE for EEF , Ff8E, KN - )

it

£ Julia 1, QR RLEFE HEER R R FTRER R AE, ekt

julia> x = typemax (Int64)
9223372036854775807

Julia> x + 1
-9223372036854775808

4.2. Yith 15
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julia> x + 1 == typemin (Int64)
true

AL, Julia VR ROz HE SR —R A REA BB T IRITEIREBAUERZEHE . R
KA, —EERAREL T, SEMH pigInt XM GER EEFBENEAR) -

9T N H BT R BRI, BRI BRI - TERUE B S IERSTEE B R BECE AR T Int 5L
uint RAE.  (BRiE K BRI RE) -
BRIEER IR

BEERE (diveEmE) HMFRBEREOL:
« BRELO
o R/ NrIIAEL (typemin 0) BRRL-1

XME LA 2R DivideError , BtAh, BURBKERIKIERE (rem Mmod) WEHEE NS 0K
RE -

.ﬁﬁ Eiég[
EAMM]

R PRERS AR AL I K

julia> 1.0
1.0

julia> 1.
1.0

julia> 0.5
0.5

julia> .5
0.5

julia> -1.23
-1.23

julia> 1lelO
1.0el0

julia> 2.5e-4
0.00025

EREERE N Floated (o URMLA) Float32 HH AT LIEZRIA, X EH £ RN e

julia> 0.5f£0
0.5£0

julia> typeof (ans)
Float32

julia> 2.5f-4
0.00025f0

16 Chapter 4. BEAEF S5



http://zh.wikipedia.org/zh-cn/%E5%90%8C%E9%A4%98
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R B T LURA S HES N Float 32 -

julia> float32(-1.5)
-1.5f0

julia> typeof (ans)
Float32

TN AR RT, AR Floated -

julia> 0x1p0
1.0

julia> 0x1.8p3
12.0

julia> Ox.4p-1
0.125

julia> typeof (ans)
Floaté64

Julia 3 FFP R Rfl(Float16) , (HHEMARAEME . TR, ENHEHN Float32

julia> sizeof (floatl6(4.))
2

julia> 2xfloatl6 (4.)
8.0f0

HRECRIME

FRECRAIP A AT B TMARMET . ENIHE%E, BEREEARKN ZHGERR, FTEM bits
PREUE H:

julia> 0.0 == -0.0
true

julia> bits (0.0)
"0000000000000000000000000000000000000000000000000000000000000000™"

julia> bits(-0.0)
"1000000000000000000000000000000000000000000000000000000000000000™"

PRI B
B ZAFR IR S EL
FFR{E ZFR ik
Floatl6 | Float32 | Floato4
Infl6 Inf32 Inf EX5 | WA RREE S EERR
—Infl6 | -Inf32 | -Inf I | LA A TR AT S B
NaN16 NaN32 NaN NERE | AEEMERF SEULR AN (BFEEED)

4.4. FEBRENZF 17



http://zh.wikipedia.org/zh-cn/%E2%88%920
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VN, EUE S - B IEEE 754 bRifE X JLAME R0 T 3RS

julia> 1/Inf
0.0

Jjulia> 1/0
Inf

Julia> -5/0
—Inf

julia> 0.000001/0
Inf

Julia> 0/0
NaN

julia> 500 + Inf
Inf

julia> 500 - Inf
—-Inf

julia> Inf + Inf
Inf

julia> Inf - Inf
NaN

julia> Inf = Inf
Inf

julia> Inf / Inf
NaN

julia> 0 » Inf
NaN

typemin Fll t ypemax PREHIE AT A ECERA.

julia> (typemin (Floatl6),typemax (Floatl6))
(-Infl6,Infl6)

julia> (typemin (Float32), typemax (Float32))
(-Inf32,Inf32)

julia> (typemin (Float64),typemax (Floaté64))
(-Inf, Inf)

753

REBH LG A REF S B0 IRR, HIA LZR0E W AE 0 8RB R B, R ALK .
Julia #2Ht T eps BEL, FTLARSRIGE 1.0 AR — A IR BT A B0 (A F ] B

18 Chapter 4. BEAEF S5



http://zh.wikipedia.org/zh-cn/IEEE_754
http://en.wikipedia.org/wiki/Machine_epsilon
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julia> eps (Float32)
1.1920929f-7

julia> eps (Floaté64)
2.220446049250313e-16

julia> eps () # same as eps(Float64)
2.220446049250313e-16

eps BEU AT LI S E R 28, 28 X MEA T — D AT ORI m B 4axt 2, A, eps (x) HILER
5xFRE, BHE x + eps(x) & F—"PH x FHRH . AIRRIESEC

julia> eps(1.0)
2.220446049250313e-16

julia> eps(1000.)
1.1368683772161603e-13

julia> eps(le-27)
1.793662034335766e-43

julia> eps(0.0)
5.0e-324

FHAREI T B R A BE RS N 2 B E /Y, BUEMUN, mIBEECN, BOE8CR, MM . Ha)iEi,
FREAE 0 M &A%, BEEEEBORBR, BUEMORBME, BUERIAMEE SREE0EK - RIEE XL,
eps (1.0) 5 eps (Float64) fHE, BEH 1.0 2 64 fLiF S -

PR next float M prevfloat A] LLFHAMRIREUT — 4 ak b — % 53

Jjulia> x = 1.25f0
1.25f0

julia> nextfloat (x)
1.2500001f0

julia> prevfloat (x)
1.2499999f0

julia> bits (prevfloat (x))
"001111111001111111211111111111212"

julia> bits (x)
"00111111101000000000000000000000"

julia> bits(nextfloat (x))
"00111111101000000000000000000001"

BB SR T AR A S A E AT A H B ROR -

FNEE
IR — RO IR BN, IRBEEAT - ATLURYE [BEE 754 T S E B0 ARBEL

julia> 1.1 + 0.1
1.2000000000000002

4.5. KK 19



http://en.wikipedia.org/wiki/IEEE_754-2008
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julia> with_rounding (Float64, RoundDown) do
1.1 + 0.1
end

1.2

BRI\ & AT A RoundNearest s EaeATHIT E@T%TE’]{E X A PE R & DB R -

HRMSZE 5k
FABMAACHFANNTSFEEEF L2, SRR T REESIIA - FER 2T E OB
SRR E R . THZ 5% Rk

o FFIRAHGIHOZE RAUB AR & TEEE 754-2008 ikt o KT, G HIB0H .20 R4

o —MEFLEZIEMHARE T % S AU B 4RI, 152 % John D. Cook [ & - Eif Fik THTEA
O FoR T AR T HAR ) SR A T R B R ]

o 17 Bruce Dawson HY J¢ T S A AT H &

* David Goldberg [ & T BEAURL AT 2 T IIF S AEAT R, B—RIEFHEILE, BA
BT RN B RS L R R

o HERARIHY, E5 % F S EZ A0 William Kahan Y collected writings , FEHIVEHILR T % S5
B BRI - TR, 77?]/\ ERZ FIEUE T B TR A2 - BEA 4ERAAT DAL SRy 2 0

EERENEAR

PR UEEEEANF S A0 E AR, Julia T8, T GNU Multiple Precision Arithmetic Library, GMP F] GNU MPFR
Library - Julia N3 T BigInt M BigFloat K&,

A LU B EER A st ring KRR IE:

julia> BigInt (typemax (Int64)) + 1
9223372036854775808

julia> BigInt ("123456789012345678901234567890") + 1
123456789012345678901234567891

julia> BigFloat ("1.23456789012345678901")
1.234567890123456789010000000000000000000000000000000000000000000000000000000004e+00_,
—with 256 bits of precision

julia> BigFloat (2.0766) / 3
2.459565876494606882133333333333333333333333333333333333333333333333333333333344e+19,
—with 256 bits of precision

julia> factorial (BigInt (40))
815915283247897734345611269596115894272000000000

ORT, EEAEE KT BigInt/BigFloar NRE HEhIEfT R AL, T B BHRfTE &

julia> x = typemin (Inté64)
-9223372036854775808

julia> x = x — 1

20 Chapter 4. BEEUFITE S5



http://standards.ieee.org/findstds/standard/754-2008.html
http://www.johndcook.com/blog/2009/04/06/anatomy-of-a-floating-point-number/
http://www.johndcook.com/blog/2009/04/06/numbers-are-a-leaky-abstraction/
http://randomascii.wordpress.com/2012/05/20/thats-not-normalthe-performance-of-odd-floats/
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.102.244&rep=rep1&type=pdf
http://en.wikipedia.org/wiki/William_Kahan
http://www.cs.berkeley.edu/~wkahan/
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Julia (1Y, £ 47 0.3.0-prerelease

9223372036854775807

julia> typeof (x)
Int64

julia> y = BigInt (typemin (Inté64))
-9223372036854775808

julia> v =y — 1
-9223372036854775809

julia> typeof (y)
BigInt (constructor with 10 methods)

%ﬁ{é’loat%ﬁﬁ’lnil}\ﬁr (AREFRIMED) FIs AT, Zr LI . N5, R E S F 1%
EYa)

julia> with_rounding (BigFloat, RoundUp) do

BigFloat (1) + BigFloat ("0.1")

end
1.100000000000000000000000000000000000000000000000000000000000000000000000000003e+00,,
—with 256 bits of precision

julia> with_rounding (BigFloat, RoundDown) do

BigFloat (1) + BigFloat ("0.1")

end
1.099999999999999999999999999999999999999999999999999999999999999999999999999986e+00,_,
—with 256 bits of precision

julia> with_bigfloat_precision(40) do
BigFloat (1) + BigFloat ("0.1")
end

1.1000000000004e+00 with 40 bits of precision

REAREL

Julia RVFEZBHTRBERUESCR, RERTE . XETEZUEHRAR

Julia> x = 3
3

julia> 2x72 - 3x + 1
10

julia> 1.5x%2 - .bx + 1
13.0

TR R B IR

julia> 272x
64

BUESCR AR B BB o b 27 3x BT 2~ (3x) . 2%~ 3 BMEHTH 2+ (x73) -
BUESCA M AT LU E 5 2k s 7
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julia> 2(x-1)"2 - 3(x-1) + 1
3

5B E N R T

julia> (x-1)x
6

ANEFEEGHIZEFESRIAN, BAZHERENHER S RAZE - ENARER ARSI H

Jjulia> (x-1) (x+1)
ERROR: type: apply: expected Function, got Inté64

Julia> x(x+1)
ERROR: type: apply: expected Function, got Inté64

XA A RN 9 e EOR . AR IERUESCAR R AR, WREERER S, R R BorRH
FESNREE GFI %) - Blit, MTEEMEAZRE, XM TR T -

FELE, REETFAZ RIS RARZ A FE S
TR

SORE T 5 WA EUERA T IEE S 17 S B EBCURAIEE S8R RIR A TG

o TIOABIEBEOURRAI ox £ AT LIBAFNT HEUESOR 0 SRLIZE R x££

« FERBCUREIAI 1e10 AT LIPARNT MEESOR 1 SRLIZ R e10 - B REZUHFEIRE
XRMIEOL T, BT TARER A TR N EUESTR

o DL ox Sk HRIAT, ARBAEMT 7 b SOR

o BT SURITL, JEHRE e BiE , BB AT SECUR

=_%n_.

Julia FEME T —LLpR %0, I LUS B B 5 0R BB ZA — S0 .
PREY TiAH
zero (x) | 100 x B & x BRI FRISCAZE |
one (x) KA x & x FIRE NHISTAR—
X B R EAE BUE L AT RSB R RS TR
Fln:

julia> zero (Float32)
0.0f0

julia> zero(1.0)
0.0

julia> one (Int32)
1
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julia> one (BigFloat)
1.000000000000000000000000000000000000000000000000000000000000000000000000000000
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CHAPTER D

Julia HEFTARZEMEBIERE, R4 TBENEMEANMMZE, SR T —EF IRENRER

THEP) BEARZER EATIEEREERA.
FiIERX [ B A

+x —TIE | x &5

-x —ICRIE | FREL

x + vy | —JCHlE | %

x — vy | —JCBOE | BORTE

x * y | TE (373

x /vy | BRIE WRRE

x \ y | RE& FMTy / x

x Ny | ®’h x By I

x %y | BR ZMT rem(x, vy)

PLJ Bool RBHHEIZH:

FaAs | 2R | A

I'x El3 true fll false B
Julia FIRIIETF RGHGSER IR B AR EWRE B HR - 70 KA T, -
BARZEF]F

julia> 1 + 2 + 3
6

julia> 1 - 2
-1

25
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julia> 3%2/12
0.5

(CIf £, EREAEZE, HIE 2L . XN . )

PLzEAF

MR L2 AT BT TR BECREL

Expression | Name

~x AR

X &y RS

x |y B VA

x $y L Y

x >>> vy | WA ZEEN (S0 )
X >>y mE SRR AL (BHIEENL)
x <<y 6] 7c 2 B/ B AR L
(AR

julia> ~123

-124

julia> 123 & 234
106

julia> 123 | 234
251

julia> 123 $ 234
145

julia> ~uint32(123)
Oxffffff84

julia> ~uint8(123)
0x84

H e EEEA

ZIEARTLEEEEN M E SWMEZEA, AhaB iR 2 ORES LR AREFIEEE
L = AN T EAMEZEAT - Bl x += 3HHTx = x + 3

julia> x = 1
1

julia> x += 3
4

julia> x
4
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’+: —= 4= /= \= &= "= g= = $= >>>= >>= <<=

BUE IR

IR SRR S (B SR B R AT DAGE FH HLBGB AT
BB | AR

2

— &7

= NET

< d\ﬂ:

<= NTET

> AT

>= AKTET
— LB 4]+
julia> 1 == 1
true
julia> 1 == 2
false
Julia> 1 != 2
true
Julia> 1 == 1.0
true

Julia> 1 < 2
true

julia> 1.0 > 3
false

Julia> 1 >= 1.0
true

Julia> -1 <= 1

true
Julia> -1 <= -1
true
Julia> -1 <= -2
false

julia> 3 < -0.5
false

BRI AL I - 3 S EOR L IEEE 754 PR FLERH:
« HEREUEIRIEH 77 A US LR
o EHWZTETHEHART RENZ.
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« Inf FTEARS, HFHRKTHEE, FRT Nan.

« ~Inf ETEARE, FHENTHEE FRT Nan.

* NaN AT ARTF - AVPTFAEME, BFTEAS.
FHEHE—FERT NnaN PR, HREE:

julia> NaN == NaN
false
julia> NaN != NaN
true

julia> NaN < NaN
false

julia> NaN > NaN
false

NaN 7E FHF%F A {3 R 2 R LE R AR

julia> [1 NaN] == [1 NaN]
false

Julia $&AE T FRHNREL, FHDIMNROXERRE, TN ERIE A ER L

PRIEL IIRE

isequal (x, V) xxEtf£fﬁ?:y
isfinite (x) x 72 A PRATEL
isinf (x) xm%jﬁﬁ[ﬁ&ﬂ’@f

isnan (x) XIEEITIE&

isequal B¥ BREL, AR NaN ETEAR S

julia> isequal (NaN, NaN)
true

julia> isequal ([1 NaN], [1 NaN])
true

julia> isequal (NaN,NaN32)
true

isequal WA L HRX 2 H 5 HE:

julia> -0.0 == 0.0
true

julia> isequal (-0.0, 0.0)
false

B

5RZEESAF, Julia 3TFF PythonfE = [LEL -
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julia> 1 < 2 <=2 <3 =3 >2 > 1==1<3 1!=15
true

WPREAEL, BB o BEAF; METTRMILIRGEN « BT, H2EFEATHTEA - i,
0 .< A .< 1HEGERE—DIMIAMA/REEA, HEFRFERITERIRE tue -

BAERT < EFFAVEDWECAR); A A M B BEMRARANT, & < B AREIER. RS REAM/REY
HeH, ER/NE A B AHEL SXEERBRERFHR Y TR BIEFT; Julia fR it T —EERIHOTRER (E1F: .+,
o, FECFIEOTR B ET A IR AR, i E—Br 0 < A < B XMERIRIAMEEE, HRHIAE
EREF2PHENEIE— MR L.

FER e LA HE BRI -

v (X)

= (println(x); x)
julia> v (1) < v(2) <= v (3)
2

1

3

true

julia> v (1) > v(2) <= v (3)
2

1

false

FRFMERITE T —IR, MARBR v (1) < v(2) && v(2) <= v(3) —FEHTETHIR. HE, BEXLKR
FITEIRF EANHER . NEARERPHEAFEER (LandTe) MRER . R FEMHEERE
KF, EEFEAER s BESF GFEN mEgRkE) -

BRERAIHK

Julia 325 SN R = R
X | zEF
it
i . followed by : :
%
= ~ and its elementwise equivalent . *
7 | //and .//
p
e * / % & \and .x ./ .% .\
53
L << >> >>>and << L>> L >>>
%
n + - | Sand .+ .-
5
& : .. followed by |>
1%
54 > < >= <= == === I|= l==<:and .> .< .>= .<= ,== _[l=
B
1w && followed by | | followed by ?
b
W [ =+= —=
B A= h= =
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YN

Julia $&ft T — RIEEA MEALZEAT

I
BRIEX iR E il
round (x) TE X %)\i”%ﬁﬂ@%ﬁ FloatingPoint
iround (x) TE X %)\i”:ﬁ%ﬁﬂ@%ﬁ Integer
floor (x) ?E}(ﬁ]—Innygg FloatingPoint
ifloor (x) TEX [’lﬂ -Inf Ex% Integer
ceil (x) 8 x [A] +Inf BOE FloatingPoint
iceil (x) B x [A] +Inf BUEE Integer
trunc (x) T < [ 0 BEE FloatingPoint
itrunc (x) | 18 x [A] 0 BGE Integer
BRILEH
IR TR
div(x,V) BUTECERRTE; &R0 & A
f1d(x,y) o] FBCEPREE; FW -Inf &A
cld(x,y) m] EECERRYE; WA +Inf A
rem(x,y) PRIEREL R x == divi(x,y)+y + rem(x,y) , 5 x A5
divrem(x,y) | BMH (div(x,y), rem(x,y))
mod (%, y) BEREG Wik x == £f1d(x,y)*y + mod(x,y) , 5y A5
mod2pi (x) %TZpiEYE%ﬁ%%ﬁ; 0 <= mod2pi (x) < 2pi
ged(x,v...) | xv,.. OERKAZE, 5xF5
lem(x,y...) X, Yy oo E@%/J\/A\ﬁ:z&, 5 x [[5
55 BB A5 (E PR
PREL TR
abs (x) x HITE(E
abs2 (x) x TE(E R FTT
sign (x) x IEAS, IREMEHN -1, 0, 87 +1

signbit (x)

EMETFSNL, A (true) Bl T (false)

copysign (x,V)

RE—1M, EEA x (EE, v IS5

flipsign (x,y)

RE—MEL EEH < FRE, x+y B 5

30
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FJr, MEATTTT

BRI AL R

sgrt (x \/x X E"ﬂzﬁ*ﬁ

cbrt (x) g/x x WISLTT R

hypot (x,) REWR/PE sqrt (x°2 + y*2)
exp (x) HIRFEEL e B x I

expml (x) B x Bl R, FITTE exp (x) -1
ldexp (x,n) I n BT, ER0TE X2/
log (x) PYOEESSE

1og (b, x) Plb FJE x FIXAEL

1092 (x) PL2 NIE x FIXTEL

1ogl0 (x) PL10 NJE x BIXTEL

loglp (x) 4 x Hk O, FITHE 1log (1+x)
exponent (x) trunc (log2 (x))
significand(x) | returns the binary significand (a.k.a. mantissa) of a floating-point number x

Fft 4 ZH hypot, expml, loglp K%L, £ John D. Cook FIHZ: expml, loglp, erfc Al hypot -

= FA R RSOAIN H pR Y
Julia W& T FTE BIPRE = A s ECFI0 pR K

sin cos tan cot sec csc
sinh cosh tanh coth sech csch
asin acos atan acot asec acsc
asinh acosh atanh acoth asech acsch
sinc cosc atan2

BR T atan2 Z5h, HLRESERE . atan2 BT B, SHx - y FERRZER VL -

Additionally, sinpi (x) and cospi (x) are provided for more accurate computations of sin (pi*x) and
cos (pi*x) respectively.

ARAREE LU, TARINEE, hRAOTE=ARE, MM o FRIRE. FIIN, sind(x) IHE x BIIEZ
B, XE x FEBARE . LUTHFIFRZE2E LUy B = M R A

W)

sind cosd tand cotd secd cscd
asind acosd atand acotd asecd acscd

GUSE

BRIZN THA

erf (x) x SR R FE R

erfc(x) HNRERE . 3 x KKK, FBIITHE 1-erf (x)

erfinv (x) erf E’in@ﬁ

erfcinv (x) erfc E@fi@ﬁ

erfi(x) the imaginary error function defined as —im * erf (x * im), where im
erfcx (x) the scaled complementary error function, i.e. accurate exp (x*2) * erf
dawson (x) the scaled imaginary error function, a.k.a. Dawson function, i.e. accurate e:
gamma (x) X ﬂ‘E/‘] gamma IZI@'I
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#5141 -41T
BRIZX THIA
lgamma (x) 4 x BKHT, %Eﬁafr%ﬁ log (gamma (x) )
lfact (x) accurate log (factorial (x)) for large x; same as 1gamma (x+1) for
digamma (x) the digamma function (i.e. the derivative of 1gamma) at x
beta (x,y) the beta function at x, y
lbeta (x,vy) accurate 1og (beta (x,y) ) forlarge x or y
eta (x) the Dirichlet eta function at x
zeta (x) the Riemann zeta function at x

airy(z),airyai(z),airy (0, z)

the Airy Ai function at z

airyprime (z),airyaiprime(z),airy(1l,z) | Airy Ai PR z RIS
airybi(z),airy (2, z) the Airy Bi function at z
airybiprime (z), airy (3, z) Airy Bi REE z EHIFEL

airyx(z),airyx(k, z)

the scaled Airy Al function and k th derivatives at z

besselj (nu, z)

the Bessel function of the first kind of order nu at z

besselj0(z)

besselj (0, z)

besseljl(z)

besselj (1, z)

besseljx (nu, z)

the scaled Bessel function of the first kind of order nu at z

bessely (nu, z)

the Bessel function of the second kind of order nu at z

bessely0(z)

bessely (0, z)

besselyl (z)

bessely (1, z)

besselyx(nu, z)

the scaled Bessel function of the second kind of order nu at z

besselh (nu, k, z)

the Bessel function of the third kind (a.k.a. Hankel function) of order nu at

hankelhl (nu, z)

besselh(nu, 1, =z)

hankelhlx (nu, z)

scaled besselh (nu, 1, z)

hankelh2 (nu, z)

besselh (nu, 2, =z)

hankelh2x (nu, z)

scaled besselh (nu, 2, z)

besseli (nu, z)

the modified Bessel function of the first kind of order nu at z

besselix (nu, z)

the scaled modified Bessel function of the first kind of order nu at z

besselk (nu, z)

the modified Bessel function of the second kind of order nu at z

besselkx (nu, z)

the scaled modified Bessel function of the second kind of order nu at z
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CHAPTER O

RGB!

Julia SEHEE AN BERA, FXESFFAN L2258 - AR PEEERE TR R, Ttk

AL EEEH), #x B KA RARTAIRT,

2

SRR in EHG, B7 - MEFHR. Bh 1 AHENESISE

RVBUESTREy (UER S, HiEHTEE

, FTUAFRERAEREET - Julia

julia> 1 + 2im
1 + 2im

AN SRR ER AR IZ

julia> (1 + 2im)* (2 — 3im)
8 + 1lim
julia> (1 + 2im) /(1 — 2im)

-0.6 + 0.84im

julia> (1 + 2im) + (1 - 2im)
2 + 0im

julia> (-3 + 2im) - (5 - 1lim)
-8 + 3im

julia> (-1 + 2im) "2

-3 - 4im

julia> (-1 + 2im)"2.5

2.7296244647840084 - 6.9606644595718981im

julia> (-1 + 2im) " (1 + 1im)
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-0.27910381075826657 + 0.087080534141024281im

julia> 3(2 — 5im)
6 — 15im

julia> 3(2 - 5im) "2
-63 - 60im

julia> 3(2 - 5im)"-1.0
0.20689655172413796 + 0.5172413793103449im

RAFRTHHLH CRIE T AN REL s BN R A — iz

julia> 2(1 - 1lim)

2 — 2im

julia> (2 + 3im) - 1
1 + 3im

julia> (1 + 2im) + 0.5
1.5 + 2.0im

julia> (2 + 3im) - 0.5im
2.0 + 2.5im

julia> 0.75(1 + 2im)
0.75 + 1.5im

julia> (2 + 3im) / 2
1.0 + 1.5im

julia> (1 — 3im) / (2 + 2im)
-0.5 - 1.0im

julia> 2im"?2
-2 + 0im

julia> 1 + 3/4im
1.0 - 0.75im

ER: 3/4im == 3/ (4xim) == - (3/4xim) , EARRELERIEM S -
QO B R AL

julia> real(l + 2im)
1

julia> imag(l + 2im)
2

julia> conj(l + 2im)
1 - 2im

julia> abs (1l + 2im)
2.23606797749979

julia> abs2 (1 + 2im)
5
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julia> angle (1l + 2im)
1.1071487177940904

HE, BEWANE(abs R EEITHIEE - HE abs2 IREILESHERFT7,  Fepl i FHAE S & ERE S IT
R angle ERECRMEINEHIFMELLERD argument B arg ) FTH ) ZEAS R £ AT AN FHZE B ELE

julia> sqgrt(lim)
0.7071067811865476 + 0.70710678118654751im

julia> sqgrt(l + 2im)
1.272019649514069 + 0.78615137775742331im

julia> cos(l + 2im)
2.0327230070196656 — 3.0518977991518im

julia> exp(l + 2im)
-1.1312043837568135 + 2.47172667200481881im

julia> sinh (1 + 2im)
-0.4890562590412937 + 1.40311925062204051im

VEFRTE S b B R, IR EE— M SLEl, (EREEEER, REMENEE Fl, sqrt X -1 F1 -1
+ 0im AR, BIf#E -1 == -1 + 0im:

julia> sqgrt(-1)
ERROR: DomainError
sgqrt will only return a complex result if called with a complex argument.
try sqgrt (complex(x))
in sqgrt at math.jl:131

julia> sqgrt (-1 + 0im)
0.0 + 1.04im

AR AREA T HEHZEMESR. FIXLEXA ST TR

julia> a = 1; b = 2; a + bxim
1 + 2im

B, A HEEEH LA - HEEER complex MEUIESEL

julia> complex(a,b)
1 + 2im

XA IE 5 P O T ARIEANANTL R -
Inf M NaN A UZS5MEE L (Z% Frk i S 8 7R ).

julia> 1 + Infxim
1.0 + Infxim

julia> 1 + NaNxim
1.0 + NaNxim
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EL

Julia §ECEREL - 6/ // 1B BAFH5E 3 5L

julia> 2//3
2//3

WRD T~ EEANE, FENVEERRE L, B IENE

julia> 6//9
2//3

julia> -4//8
-1//2

julia> 5//-15
-1//3

julia> -4//-12
1//3

A B BCERME—R, T LLEE A BT - D EERIE N D M ECR B - M num Al den BEL
RESE TG B9 7 A5 £

julia> num(2//3)
2

julia> den(2//3)
3

HEHAFEILBSEA ST, BOTCERSEGE LT MERAFI LA

julia> 2//3 == 6//9
true
julia> 2//3 == 9//27
false

julia> 3//7 < 1//2
true

julia> 3//4 > 2//3
true

julia> 2//4 + 1//6
2//3

julia> 5//12 - 1//4
1//6

julia> 5//8 % 3//12
5//32

julia> 6//5 / 10//7
21//25

S HCAT LLTR] B R L
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julia> float (3//4)
0.75

DEENFSRREOETE, SEREH a Mo, FRa == 0 X

0Z4h, A:

julia> isequal (float(a//b), a/b)
true

FLIAIELEROY Inf 05K

julia> 5//0
1//0

julia> -3//0
-1//0

julia> typeof (ans)
Rational{Int64} (constructor with 1 method)

{EANREFIESS SR NaN B EL:

julia> 0//0

ERROR: invalid rational: 0//0
in Rational at rational.jl:6
in // at rational.jl:15

REFRT RGUE G B S H e RUE R R B AR W &

julia> 3//5 + 1
8//5

julia> 3//5 - 0.5
0.09999999999999998

Julia> 2//7 » (1 + 2im)
2//7 + 4//7%im

Julia> 2//7 » (1.5 + 2im)
0.42857142857142855 + 0.57142857142857141im

julia> 3//2 / (1 + 2im)
3//10 — 3//5%im

julia> 1//2 + 2im
1//2 + 2//1xim

julia> 1 + 2//3im
1//1 = 2//3xim

julia> 0.5 == 1//2
true

julia> 0.33 == 1//3
false

julia> 0.33 < 1//3
true

6.2. SHL
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julia> 1//3 - 0.33
0.0033333333333332993
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CHAPTER /

1l
L
Eii

Julia 03 ASCII U TS =%, Al LALLM Unicode - {HF C RU& B 4T B OISR 4N FE ASCIT 47 5
PERERIE ARV A o an SRaX M RASIE E]IE ASCIL XA, SRR, MAE BRI« XA, BRis
PIFEZSE ASCII Bt R & 4 .

KT Julia FAFER, H—LEBEROHREE

e AbstractString & MMREE, TNEEMAKEM —IREAFFIRARE AT LIS Abst ract String
D, (EMITRE 5 W R M A R RIFIRE S I —& A - 75 8 2R 8 128 &R AT LA
BEN—TEREE LB T ““AbstractString““ RAF H AL & o

« MCIET LiJava —FE (EFMAHSNBEBEBSAR) , Julia ) Char BERERFFF, 2 32 E
$03~ B9 Unicode 31

. 5Jag§ HF—FE, FRHEATEK: String WHRAMENEMNE . EEIARRMFRE, FEMEHK
AT

o WL, FAEENRSES R R o EE , WNEERSE, WRLNEFHN, SMHEE

o Julia 274 HF Unicode TF4F: SUARFAFIE H#E ASCII 8f, UTF-8 /Y, {HH R HEmIG

FAF

Char F/REBENFR: TR 32 A, ES N Unicode i4f7 o Char WAFEHHT|S:

julia> 'x!
IXI

julia> typeof (ans)
Char

FTLUE char Feomns N EEE:

julia> Int('x')
120
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julia> typeof (ans)
Int64

1E 32 fUZEf L, typeof (ans) MM 1nt32 o tA] LIEEEEEL RN Char -

julia> Char (120)

X

HAEPTE BB EUE A 2B R Unicode 1361, {H7 THERE, Char —l{ AMeBEEZTERN - WRIRIEZEFR
HE%, #H isvalid RKEL

julia> Char (0x110000)
'\U110000"

julia> isvalid(Char, 0x110000)
false

B, B2 Unicode B3, M U+00 & U+d7ff, DA U+e000 = U+10ffEff -

AT 3] B \u RIRERE RS, 508 \v KBENRZE L (FRNTH, RERE
FSHE) PRI, A Unicode 45

julia> '\u0'
l\o‘

julia> '\u78"
IXI

julia> '\u2200"
lVl

julia> '\ULOffff’
"\ULOffEff"

Julia f# 1 RSB R XEAIE S EARME, WLF Al LER EoR, MR 2EM \u B \U f8% SORE
7~ = Bk Unicode ¥ U2 5h, BTVE C 51 L AR ARREE

julia> Int ('\0")
0

julia> Int ('\t'")
9

julia> Int('\n'")
10

julia> Int('\e')
277

julia> Int ('\x7f')
127

julia> Int ('\177')
127

julia> Int ('\xff'")
255
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A LA char [HHEKR/D, ] LD EEAZH.

julia> 'A' < 'a'
true

Julia> 'A' <= 'a' <= '72'
false

Jjulia> 'A' <= 'X' <= '7'
true

julia>
23

julia> 'A' + 1
lBl

AT B LAl

FRFER SRR G5 v o =G e H ]

julia> str = "Hello, world.\n"
"Hello, world.\n"

julia> """Contains "quote" characters"""
"Contains \"quote\" characters"

FEARZR G FAF B SR IUF AT

julia> str[1]
IHI

julia> str[6]

v 1
’

julia> str[end]
l\n'

Julia FAUZRG AR 1 IFERE), &5 — PILRERMRG | ST HEREMR, #En .

FEEMRGFZAAF, KM end FREF—1RIME (H endof (str) WHEE) HHEE . AN FH
B end BARHEIZE:

julia> str[end-1]

julia> str([end/2]

julia> str([end/3]
ERROR: InexactError ()
in getindex at string.jl:59

julia> str[end/4]
ERROR: InexactError ()
in getindex at string.jl:59
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KII/NF 1 BERT end , 2FRREER:

julia> str[0]
ERROR: BoundsError ()

julia> str[end+1]
ERROR: BoundsError ()

FERVEREI R 3 IR T4 £ -

julia> str[4:9]
"lo, wo"

str(k] M str[k:k] BILERAIE:

julia> str[6]

julia> str[6:6]

I &R Char WBRNFHF, JFENE —DFIHFTAFE - 1E Julia FIXNE FEE AR -

Unicode #1 UTF-8

Julia 522 Unicode FRAMFAF & o [FW1 EXTHER) . EF/LAAF, Unicode FSAI AT LLE \u 1 \U
REE S, WA LUMFRFRIE C fUE SUFF] - EA1ER A LU RS F4F 8 50K

julia> s = "\u2200 x \u2203 y"
uv x 3 yn

ik ASCII F7F B SUARHH UTF-8 4sfid - UTF-8 & —F K Gmis, BARE I IEFTE MFRF BIRE K EER 21
[Ef). 7E UTE-8 F7, FEALET 0x80 (128) BIFAFEN ASCI F4%F, YRESUNAE ASCI A —HE, fHH BT,
HEpBEARFHEHEZFT, BFFREZHFET - XEWE UTF-8 FR &Y, HEMERNFTRESMERZ
BREIFHRIE - WRRSIBTTHPFTRINE, SR

julia> s[1]
IVV

julia> s[2]

ERROR: invalid UTF-8 character index
in next at ./utf8.3j1:68

in getindex at string.jl:57

Julia> s[3]

ERROR: invalid UTF-8 character index
in next at ./utf8.jl1:68

in getindex at string.jl:57

julia> s[4]

BB, FRF Y R 3 FIER, BTLVRGIME 2 F1 3 2T, T F— N FERRGMER 4-

HTZRGEE, FHHOTFHE (8 length(s) IE) N—EFTFHENRERIME . MFRFEH s #H1T
5|, FMN1BHE endof (s) , WREHEWHRF, REKFHFIFHERE s KIFF] . FM length (s)
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<= endof (s) - NHEEMEARALET s FAFHIFIT

julia> for i = 1l:endof (s)
try
println(s[i])
catch
# ignore the index error
end
end
A
X
3
Yy

P B TR UEFAF R E B X 5, AR AL B2

julia> for c¢ in s
println(c)
end

y

Julia N A 37 #F UTF-8 , I H TS AL FF IR % o In particular, Julia also provides UTF16String and
UTF32String types, constructed by the ut £16 (s) and ut £32 (s) functions respectively, for UTF-16 and UTF-
32 encodings. It also provides aliases WString and wstring (s) for either UTF-16 or UTF-32 strings, depending

on the size of Cwchar_t. B3 UTF-8 fIifi8, I T 71

E:

AT R R AR

BN

julia> greet = "Hello"

"Hello"

julia> whom = "world"

"world"

julia> string(greet, ", ", whom, ".\n")

"Hello, world.\n"

% Perl —H£, Tulia PR $ SR NIHTRF 8 SO

julia> " , .\n"
"Hello, world.\n"

AU RHET TR UREE -

S LR BT I SE R A AN FRET R o T AR NG 5 A

ERIAA N

7.4. NiE
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julia> "1 + 2 = S(1 + 2)"
"l o4 2 = 3"

FAFERERMNEEFEN string MBORIEXN REH string - SEXEASTEF —H, KZHEE
String X RYPEA N T &

julia> v = [1,2,3]
3-element Array{Inté64,1}:
1
2
3

julia> "wv:
"v: [1,2,31"

Char {E AT LLGR A 71 8

U

julia> ¢ = 'x
'X'

julia> "hi, "
Hhi’ X"

BT SURTEE $ SUK, R SRR LA 3L

julia> print ("I have \$100 in my account.\n")
I have $100 in my account.

Triple-Quoted String Literals

When strings are created using triple-quotes (""" .. .""") they have some special behavior that can be useful for
creating longer blocks of text. First, if the opening """ is followed by a newline, the newline is stripped from the
resulting string.

LR e A

is equivalent to

nun

hello"""

but

nwn

hello""™"

will contain a literal newline at the beginning. Trailing whitespace is left unaltered. They can contain " symbols
without escaping. Triple-quoted strings are also dedented to the level of the least-indented line. This is useful for
defining strings within code that is indented. For example:

julia> str = """
Hello,
world.
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nun

" Hello,\n world.\n"

In this case the final (empty) line before the closing """ sets the indentation level.

Note that line breaks in literal strings, whether single- or triple-quoted, result in a newline (LF) character \n in the
string, even if your editor uses a carriage return \r (CR) or CRLF combination to end lines. To include a CR in a
string, use an explicit escape \ r; for example, you can enter the literal string "a CRLF line ending\r\n".

— Ak

FEFRPRELBOBEAT, IR ST L 777 &

julia> "abracadabra" < "xylophone"
true

julia> "abracadabra" == "xylophone"
false

julia> "Hello, world." != "Goodbye, world."
true

julia> "1 + 2 = 3" == "1 + 2 = (L + 2)"
true

i search BREEHIE N FER ARG ME:

julia> search ("xylophone", 'x'")
1

julia> search ("xylophone", 'p')
5

julia> search ("xylophone", 'z'")
0

A LGEE R B =24, NS ETF e B

julia> search("xylophone", 'o'")
4

julia> search("xylophone", 'o', 5)
5

julia> search("xylophone", 'o', 8)
0

A=A T B R E repeat

julia> repeat(".:z:.", 10)
R/ SN /8 SR /A SR /5 S /S SR /S SR /8 S /S SR/ S /S S

He—%H AR
e endof (str) 5 str FIEK (?iﬁ) R5{H
e length (str) AH str HFRFEL
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e i = start(str) HHBE AT str PRHRIINFRHOERRTE (—Fh 1)

*c, j = next (str,i) RERSME i LHZER T —1MFF/F, UEZER T —TMERFEHFES]
{B - B start fl endot , AILAFEIRET str FRIFHF

* ind2chr (str, i) BHHFFEPE i PRIMEFTENTR, XRFRF LT
s chr2ind(str, 3) HHFFHEPRGIN i TR, FRNE GE—D) FHHRR5ME

FEPRHE T AT BB DUA

Julia M T AFPREF T 8 OR o EEIER BING S RERN TSI L, N7 BISARARF . TR
ﬁéﬁﬂ‘]ﬂimu%ﬂjﬁ - FHEHENRFRA G IOR, R IEVE TR B SORRIBIT - TogRiE EH AIM—

IENRIA S

Julia FIIENFRIA (regexp) 5 Perl 3#%¢, H PCRE FEfEflt . TR —MIEFMEFRF B IR, BI%N v, &5
AR —YebRiRAT « SEEMAENFRIARN e ..o BB

julia> r""\sx (2:4#|$)"
" M\s* (2:#185)"

julia> typeof (ans)
Regex (constructor with 3 methods)

REIENFRAXR T TR E, (£ ismatch KL

julia> ismatch(r""\s* (?:#[$)", "not a comment")
false

julia> ismatch (r""\s*(?2:#]$)", "# a comment")
true

ismatch RI|IENMFAXZEBICEFFFE, IREI R - match KE] LLREIICE A BAAE

julia> match(r""\s* (?:4#[$)", "not a comment")

julia> match (r""\sx (?2:41$)", "# a comment")
RegexMatch ("#")

WAREA LA, matchiZE nothing , X MEARERENXIEFITH - BR T AHITH, X MEZEEF
DATEGwRE P IEH (-

m = match(r""\sx (?2:#]$)", line)
if m == nothing

println("not a comment")
else

println("blank or comment™)
end

WERICEL AT, match FHREERZ —1 RegexMatch M5 o X MR FICFKIEN R AR WFICER, EFF
RECEHITFAF &, FHABIRIRE) 7 F4F 8 - ARG OUHIR T IR FAF R —50 0, B8 ZER
FAERAEZ BIFLBSOR, ATLLUX A5

46 Chapter 7. =&



http://www.pcre.org/

Julia (1Y, £ 47 0.3.0-prerelease

julia> m = match (r""\s* (?:#\s* (.x2)\s*S$[|$)", "# a comment ")
RegexMatch ("# a comment ", 1="a comment")

When calling mat ch, you have the option to specify an index at which to start the search. For example:

julia> m = match(r"[0-9]", "aaaalaaaazaaaal3", 1)
RegexMatch ("1")

julia> m = match(r"[0-9]","aaaalaaaazaaaal3", 6)
RegexMatch ("2")

julia> m = match(r"[0-9]", "aaaalaaaaZaaaal3",11)
RegexMatch ("3")

A LAFE RegexMat ch W RHREUTIIER.:
o TR FFAFE: m.match
s WIRPIFFAFRERMNFRELZILE: m.captures
o SEEILIAERMBME: m.offset

WM TFRMWMZERNR: m.offsets

TR ICECAIHER, m.captures MINANEFFEME, M/E nothing, m.offsets N 0 (Julia
FRRGHEEE M | PRI, Btk 0 WS ERRTTRL) -

julia> m = match(r" (alb) (

c)?(d) "’ "acd")
RegexMatch ("acd", 1="a", 2=

"C", 3:Hdu)

julia> m.match
Hacd"

julia> m.captures

3-element Array{Union (SubString{UTF8String},Nothing),1}:
llall
llcll
Hd"

julia> m.offset
1

julia> m.offsets
3-element Array{Int64,1}:
1

2

3

julia> m = match(r" (alb) (c)?2(d)", "ad")
RegexMatch ("ad", 1="a", 2=nothing, 3="d")

julia> m.match
"ad"

julia> m.captures
3-element Array{Union (SubString{UTF8String},Nothing),1}:
"a"

nothing

"dll
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julia> m.offset
1

julia> m.offsets
3-element Array{Int64,1}:
1

0

2

ATLMESE REZ TR E AL &

julia> first, second, third = m.captures; first
"all

FILVERSISZE, HRARRRF i, m, s, X x BHEE, REKENRBERWTH - ZILMPRRFFR RS
Perl FHI—#E, ¥ perlre manpage :

i REAKNE
mo B, v M ovsv [CEETHRIRIER

s BTIEEC. v IREATETAT, BREETR
—EEAR, Fl e rms L, v ERERTAF, o 5 ovse IRECTVART BT Z B Z 5 BT

x  ABREHEH, RIEGRSBHL. ATRERAX MRRRE, EIENRER S HANEANE . 4 FRBEOA RG]
NERHITCFHF

fan, NEAENZRAXER TR

julia> r"a+.xb+.x2d$"ism
r"a+.xb+.x2d$"ims

julia> match (r"a+.*b+.x2d$"ism, "Goodbye,\nOh, angry,\nBad world\n")
RegexMatch ("angry, \nBad world")

Julia SCFF =PG5S EARREMN AR FAFE, Bl erne v SRR ENRIAX A 51558
HATAF LR -
... Triple-quoted regex strings, of the form """ .. .""" are also ... supported (and may be convenient for regular

expressions containing ... quotation marks or newlines).

FHEAK

A—RIEPMEFAFER IRy b .o, ATRIFORIUR )74, 4 vines £ . ST L, dRFRIESCR
MRS RS, REMEIRR TR R, METE/hNGH, KERIEFHFENSR, Wy TEAESRER
MIEMZAS . F AN T

 ASCIH F4F5 ASCII 4% SUFFAE R — 1~ BT

o \x 1 \FEIEE SURPEI AR BN REES SUIE R 7775

* Unicode ¥ X P34 Al UTF-8 AL 11 551
= PELEE AT
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julia> b"DATA\x£f£\u2200"
8-element Array{Uint8,1}:
0x44
0x41
0x54
0x41
Oxff
Oxe2
0x88
0x80

ASCII F5F B “DATA” 3T TET 68, 65, 84, 65 - \xff EAMIEFETTH 255 - Unicode ¥ Y. \u2200 #
UTE-8 St =517 226, 136, 128 - &, F 1HEHMLE B FHAXT N T —1E R UTE-8 F4F 8, iR
EHEE BT R R, SEREEER.

julia> "DATA\x££\u2200"
ERROR: syntax: invalid UTF-8 sequence

\x££ M \uff WAR: B 51 255 W SUFF; IR TN 255 KRS SUFS, 9 UTF-8 4afd i
/\I—‘—'—l—l—“

T

julia> b"\xf£f"
l-element Array{Uint8,1}:
Oxff

julia> b"\uff"

2-element Array{Uint8,1}:
0xc3

Oxbf

FEFASORF , XA - \x£f WA LURERIBAL 255, BV FAT AGE (URIBAL « IR T &
L \x BUKGEFRF WAL, T \u fl\U B UK RREAL, fWiSEh 1 851

[TUNEN -
R4 5 T BLAR 2 5% 0 R BRE O A 0 R RIE v o MRS 2 B IR E U B <hup:

//semver.org>‘_ FIRLAE, ARYE T BT AR <1 build alpha-numeric {F8, G/ —1 versionNumber X5 - ff
W, v"0.2.1-rcl+win64" " RWHRAEIMAR o0, WEMAK 2, B 1, FRRE rc1 FHERR
Kwined. FERRASHEES, BRT ERASLSMIEZAER, Hinvro.2n EMHTvro.2.0m (XA
TSR EERE) |, vr2n M T vr2.0.0m, DURHE.

VersionNumber X X[ IEFAHIXT L a2 MR FEH H H, B % vVERSION RfJuliaf] it 24 f L
VersionNumber X RMTEREME TR, FRIXMFSFATAT LU Q0T 8 B A iy & B VEhR A

if v"0.2" <= VERSION < v"0.3-"
# do something specific to 0.2 release series
end

EE LR T AEMERMAS vro.3-", IET—NE% - XMRFENL 0. 3 IRAZEEMIHMUAK,
Wt R UX S HEEERR B MY 0.2 BRA £321T, HSHEBRFELLTv70.3.0-rc1” XFERIRRA . /T 115
AEEM 0.2 FRAMEEMH, SEMARENZXIHES: v"0.2-" <= VERSION.

AN —FEHEFRE A FLTEY B A — 1 + TENESORR AT S MR, 140 VERSION > "v"0.

2-rcl+" A UUHRMRENE 0.2-rc1 UGRIMATMERSRFERAE: T v'0.2-rcl+wind™ &R
H " false "MTF " v"0.2-rc2" MEIRME true .
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— R B EERE R ERRIRES, EARRARBVESORARS, ERHEAEE R4 E
TR A AN AE -

HANE L VERSION“ A% % VersionNumber % FIRTE Pkg <Base.Pkg> A8 EMKH< & -
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|
s

Julia B R BUE R — RS S HCH A TCAEBSE] — MR EE R R, Julia AERECN AR R m R, &
LB pR BR] DICR ECE AR PP B0 2 RPIRAS « Julia P E SCRREUNEATEE -

function f (x,Vy)
X +y
end

Julia FFAT DS HRILE LR B . LA RGRIE INETS, S0 T MRS r ER =

f(x,y) = x + vy

TRER N, mERER ERRAN, EHETUNEERAN ER E47A0) - Julia 5 XM
/INTRT B BRI ESOE S o R BB IR AR T 55 5 7 (o8 i A\ A 52

{58 P B4 5 SR VA FH BR

Jjulia> f£(2,3)
5

BHBFESE, £ ZARIRE RIS, X1 W B AT LR (E — g %2k

julia> g = £;

Julia> g (2,3)
5

;J;Jzﬁﬁ RBCE R % SRR E R R BAIEE (FEH KBz EA ) | 2B M apply K

julia> apply(£f,2,3)
5

apply REIEE M SHAMEEN G, NAERTRZEL .
FIAS A PR —HE, BB PR AT LU Unicode 71
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julia> 2 (x,y) = x + y

> (generic function with 1 method)

ZRUR BTN

Julia ERECHIZHOEE “pass-by-sharing” (LG, RIANEB(E, TREESIH . RESEARS, A/ LEHZ
=4 GIRERFLE) |, BEN5IANES RSN ETS2MERE - MTRE (W) NBR, 2/

return ﬂ%%?

PR HOR B EE 2 R B P R — D RIAIE . E— £ BRANX x + vy BE. £ C AT a4
BEFREEGUES T, return KT HEHREFEIT B ZIZRA A ME/E LATR[E

function g(x,vVy)
return x *x y

X + vy
end
KFECR FP 1 R
f(le) = x + Y

function g(x,vVy)
return x *x y
X + y

end

julia> £(2,3)
5

julia> g(2,3)
6

i mEUR, il g F, NHEEMFH return , EASHEREIRX x + v o AT x « v TENEEL
Fica — 1 FRIERK, HEWE return - HEW REEEHIRE, return 7M. TTEEHA=AFEN
BHAKE, HREMAD RN x My, HEEfEH:

function hypot (x,Vy)
x = abs (x)
y = abs(y)
if x > vy
r = y/x
return xxsqrt (l+r*r)
end
if y == 0
return zero (x)
end
r = x/y
return yxsqgrt (l+r*r)
end

&G —1TH) return 7] LA -
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e

Julia ', REHCZEAFER SRR EIEEN R s ~ || FEEZERGIN, ENAREE, BEh A
FORIE SeHATHEE, FREENE. MTREGEEN, TURETRI—E, ESHGRMERE ST
*, 1ERREEEFIZEL

(Ml

julia> 1 + 2 + 3
6

julia> +(1,2,3)
6

YA SRR, WEL, AR BRI . AR TR, X
o SSEEAFTRE 5

julia> £ = +;

Jjulia> f£(1,2,3)
6

B, XIS £ AN SR P ERIA

KR4 7 s HAT

H—gA U AR RS TR B
FIRZ VH

[A B C ...] hcat

[A, B, C, ...] vcat

[A B; CD; ...] hvcat

Al ctranspose
A" transpose
l:n colon

Ali] getindex
Alil=x setindex!

XU R EGEFAET Base . Operators A .

B 44 PR AN

Julia FEREGE 55— 0 5, ATRIRIRK(E4A 22
[I{E, AT LA 2 A 1

fmm
I
=
&
il
=i
s
]l
=
Mt
fmm

S R B, A8 AT DL S H ORI

Julia> x —> x"2 + 2x — 1
(anonymous function)

LBt T — P EZRE, WA NSy, BEZIE 2 + 20 - | HE. BEARBEZIERELER
B EZ L CREUENZEEIRE . REMHIFTE nap BE, ERIENAERANENMEL, REL
A
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julia> map(round, [1.2,3.5,1.7])
3-element Array{Float64,1}:

1.0

4.0

2.0

map BB — P ZRAT LR EEA WA HERZEIFI, AAAEXFERREIT, B4 B AT LA 5
LRI RECS G, AT ES T

julia> map(x —> x"2 + 2x — 1, [1,3,-11)
3-element Array{Inté64,1}:

2

14

-2

B R BOT LUEIE R (%, v, z) —>2x+y-z FIEERRE NS TZEARETIELT ) ->3 - TZE
AREAT LR R, X AR, (U HCEOA TS M, DU LLUESIEE a4 £ () KIIA-

% iR [E{H

Julia FA] LUE IR | 2 STHRBAOR B ZAE - (B, ZICEN ATEEE SARMEMNTE, FEm 7]
LOREIZEMES - M hRE—X)LUE:

julia> function foo(a,b)
atb, ax*b
end;

IR EARET XD RE, EARREERERE, 2FFHRERZEEZITA:

julia> foo(2,3)
(5,06)

Julia SCFFE B L T MR S 45720 B (E -

julia> x, yv = foo(2,3);

julia> x
5

julia> y
6

H A LUEY return iR E:

function foo (a,b)
return atb, ax*b
end

X5 ZHIE XK foo 45 FAANR -

B2 R

MBS EI NIRRT LUONER M, B SARE T - X EWIR 22 WA, B SH BT )
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PR . FILERE— M SHERRERS | .. KENEZRE

julia> bar(a,b,x...) = (a,b,x)
bar (generic function with 1 method)

N

ZE a M b ZEWNEENZE, L& x EREIOTHARNSHES, HSHN 0y 0 521

W)
W)

julia> bar(1l,2)
(1,2, 0)

julia> bar (1,2, 3)
(1,2, (3,))

julia> bar(l,2,3,4)
(1,2, (3,4))

julia> bar(1,2,3,4,5,6)
(1,2,(3,4,5,6))

EidGlTAH, < RRE% bar KIEMERES TTA -
BRECRRT, AT ...

julia> x = (3,4)
(3,4)

julia> bar(l,2,x...)
(1,2, (3,4))

BB, ZICERMEE 2 RS WEEE ST, AT DUNSE 2857 H R HUE SR -

W)

julia> x = (2,3,4)
(2,3,4)

julia> bar(l,x...)
(1,2, (3,4))

julia> x = (1,2,3,4)
(1,2,3,4)

julia> bar(x...)
(1,2, (3,4))

PR A AT I £ e

julia> x = [3,4]
2-element Array{Int64,1}:
3
4
julia> bar(l,2,x...)
(1,2, (3,4))
julia> x = [1,2,3,4]
4-element Array{Int64,1}:
1
2
3
4
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julia> bar(x...)
(1,2, (3,4))

JEBRE AT IARES A (REERR Y, MIZGHES LD -

baz(a,b) = a + b

julia> args = [1,2]
2-element Int64 Array:
1
2

julia> baz(args...)

3
julia> args = [1,2,3]
3-element Int64 Array:
1
2
3

julia> baz(args...)
no method baz (Int64,Int64,Int64)

ERIE SN DE =S VG S I UL R

A[ESE

REmHE, RESEHEBRIME . Fl0, FERE parseint (num, base) EFRF BT RT3 HI 5L
base ZEENAN 10 - XFERAILLE Hy:

function parseint (num, base=10)
#H##
end

X, VR, SEETLRE—PER A . SR ASECRIEVIR, Bahf® 10 .

julia> parseint ("12",10)
12

julia> parseint ("12", 3)
5

julia> parseint ("12")
12

ESEARTT SN EBRRINZ T7EE S GER T1i% )

KT SR

BERBHSHANEIRE, (ARSI L ENFTRAXMERE . KBTS, ArEd s
REDZE, FETHER . TRIEERED -
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Blan, A plot T HEIH 4% . WREEFZ LA, EHZEPORE . K . BieSs . mR TR
FEH, ARNBIERLHTEER, AL plot (x, v, width=2) ZEREH . ZENEMTTIEAS
BN TaRgE, TR, tha] AR 2 a0 24 -

KRBTSRI A, AEREES PSS RE L

function plot (x, y; style="solid", width=1, color="black")
###
end

BONORET SR, FTLVBRESRET —HE, M ... RICAC:

function f (x; y=0, args...)
#H##
end

FERREL £ VD, args CIRESS (key,value) ZIHMES, Ef key TS o A LUEE BB A B A 5
FRABIFXNES, W £ (x, z=1; args...). XFER AT MFEHTF M.

KA 2 BN BB TR L EL R i3 I 72 22 70 A SRABL (3 % B B R B S 80 B A% 38), B ABRIAR (R
BF ) RIA AT LUA AR E Z B KB 25

BN B SRAE A 45K

MRS EM R T 2R X BET ENRBONMER EHEPORER . ANENSERERER, ARHEE Z§)
1) RIS EAEEREZ N, 520, 3 XBT ZEBOAETOT B, Fran SHEREEREZN -
wn, R SCREL

function f (x, a=b, b=1)
###
end

fE a=b I b FRHRZREIERIEZ SN b, MIAZE TR S8 b. R, 0FR a Mo #HRERET

SE, A ENERAE ERAER—MERE L, a=b T b FERAZE T RZE b GERK TEFINES

E%bx#Hm%%ﬁﬂ%%%%%%@ﬁﬂﬁ%ﬁ%%ﬁ%%ﬁﬁ%ﬁ&ﬁﬁ%*ﬁ%,b#&ﬁﬁﬁ
)e

B2 B IR TET

R REBUEANS BB A CRE, SITBBREN, BRARTTE . MHESTRET A map

W

D

map (x—>begin

if x < 0 && 1seven (x)
return 0

elseif x == 0
return 1

else
return x

end

end,
[A, B, C])

Julia 24 T RE T do REG XM, 2 H M-
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map ([A, B, C]) do x
if x < 0 && 1iseven (x)
return 0
elseif x == 0
return 1
else
return x
end
end

do x WBESEI—1TU x ASEHMEL KA, HRBEEENE - PSEL B nap . B, do a,b 21l
E— N EWSENE S RE, m— 8

do FEHIEEE—NMEN 0 —> ... HEXAKE-
XS EAIWIIR T R ER T outer” BEL; X B map BHKIKE x &M A, B, C, & BAHELZ KA, R
BAEEY: map (Func, [A, B, C]) —Ff-.
X—IBEMEREF AT NS S, R GEEMARESR, NMESHRETX—ES . WEFEZAFE
T map A FERE, HIOEERGRE . G0, B— KR open WBIER] THLRFTTT S S22k
K

open ("outfile", "w") do io
write (io, data)
end

X —IIRER AN I E SR SEE:

function open(f::Function, args...)
io = open(args...)
try
f(io)
finally
close (io)
end
end

HEE map MOGIFIT S, S 1o B open ("outfile", "w) REIMIMIEIIAIL . KRN EHIE RS
5 AMEAREG B, open MACKHRIEIRNFAGEH 2 5 % BIHEREIA - cry/finally 5H
e FHI AN -

do BREGHFY B RGE SR LUR € A P eR B S Ban T g p 1L -

S AFH ] 152

FAVELEAX B DU T e 80E BERD I AN - Julia B — D EZRIER RS LL2 17
ZHEIRE - LHEFBELS HHERGT -

o REARGHINA R

o UITEAESUE LB, HEBITIN IS HIR A R ITEX A RIR 71k
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P

Julia ##Ht—FR I HI-
« 56FK: pbegin Ml (;)
o S5PFSR{E . if-elseif-else #l ?: (ternary operator)
o FIBSK{E : &s, | | FA chained comparisons
« BHHASK(E: 53 . while Ml for
o FHHANME . try-catch, error Ml throw
« (£S5 (WIAEE) : yieldto

Hi L IR R MR ARG 5 RPRE - (BAESS AR ERME T IRARERIR, T Elmb &=t
BT . FE Julia SRR ACERANT) R 2 AR S5 ER R (E P X LA -

BaREN

F— BRI BI T — R FHFKAR KA, HRERE N FREAXNKE, ERMATE: begin B
(;) B - begin BREYFIF

julia> z

QX =oX

3

RXPRIRFEBARE ., AT () BEEIRRERE—1T L

julia> z = (x = 1; v = 2; x + Vy)
3

XMEELE AP BRATRECE LAEF A M - begin RWATLIE AT, (;) BEHWAUGHEIT:

59
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julia> begin x = 1; yv = 2; x + y end

3

julia> (x = 1;
vy = 2;
x + y)

3

FAFRIE

—/~ if-elseif-else SR IBAIHIF-

if x < vy

println("x is less than y")
elseif x > y

println("x is greater than y")
else

println("x is equal to y")
end

WRENRAN x < y HE, MEOBEORFIPEIT, SMEHITREREK x > v, IRERNE,
TR FTE R BRI AT, IR D RIANERM|, else BAIBRFFHINT - X2 EHAELFRHRIFT

julia> function test (x, V)
if x <y
println("x is less than y")
elseif x > y
println("x is greater than y")
else
println("x is equal to vy")
end
end
test (generic function with 1 method)

julia> test (1, 2)
x is less than y

julia> test (2, 1)
X is greater than y

julia> test (1, 1)
x is equal to y

elseif M else HEAIEN -
FE, RE (AT MEMEEAITE Julia FEFEHE NERSKEME L F).
IR LM RIANHIEREE true fl false ZAMNE, S HEE:

julia> if 1
println("true")
end
ERROR: type: non-boolean (Int64) used in boolean context

“RIEFIARETE 2: 5 if-elseif-else IBIEMHF, HEEHTHRNRE:
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a?b :c

? ZHIK a REEFRAR, RN true , BPUT « ZHIM b FIARK, RN false , BPUT : B c £k
=

MRS ZAAARES, AT LRI F 7 EINRE . oF— P g —mp T

julia> x = 1; y = 2;

julia> println(x < y ? "less than" : "not less than")
less than

julia> x = 1; y = 0;

julia> println(x < y ? "less than" : "not less than")
not less than

— W EEHE R F )5 A =

julia> test(x, y) = println(x <y ? "x is less than y" :
X >y ? "x is greater than y" : "x is equal to y")
test (generic function with 1 method)

julia> test (1, 2)
x is less than y

julia> test (2, 1)
x 1s greater than y

julia> test (1, 1)
x is equal to y

HEL R B RIA IS SN~ NGB -
5 if-elseif-else £, : BIEMERZER, REENNFHFFRIAN true 8 false BAHUT:

julia> v(x) = (println(x); x)
v (generic function with 1 method)

julia> 1 < 2 2 v("yes") : v("no")
yes
HyeS"

julia> 1 > 2 2 v("yes") : v("no")
no

"ho"

T SR AE
ss B || RBERRIFERKE, EITER—FIIMRRAR, (T ERDIRIAA RN
SRR AR(E - SRR
« FEEKF 2 a5 b, FH a R true HAHETHX b
s fEFSRa |1 b, HHa W false WATETRAR b
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sa || BESHEMES, Hes b || HERS:

julia> t(x) = (println(x); true)
t (generic function with 1 method)

julia> f(x) = (println(x); false)
f (generic function with 1 method)

julia> t(l) && t(2)
1

2

true

julia> t (1) && f£(2)
1

2

false

julia> f£(1) && t(2)
1
false

julia> f£(1) && £(2)
1
false

julia> t (1) || t(2)
1
true

julia> t(1) || £(2)
1
true

julia> £(1) || t(2)
1

2

true

julia> £(1) || £(2)
1

2

false

XFRTTEAE Julia BEEAENE 1£f HAIK—DEEREN. ATLE if <cond> <statement> end
5 % <cond> s&& <statement> (BE{E <cond> MM <statement>). FSMIHL, AT LLIE if ! <cond>
<statement> end 5’& <cond> || <statement> (Liﬁf/lf <cond> %‘—Kﬁdn <statement>) -

folan, YR IR AT LUX S

julia> function factorial (n::Int)

n >= 0 || error("n must be non-negative")
n == 0 && return 1
n » factorial (n-1)

end
factorial (generic function with 1 method)

julia> factorial (5)
120
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julia> factorial (0)
1

julia> factorial(-1)
ERROR: n must be non-negative
in factorial at none:2

IE FBERMEZ BT, 7R 2eaz BAEA R B FABERNARBERT o« 7 | -

julia> £(1) & t(2)
1

2

false

julia> t (1) | t(2)
1

2

true

s& f || FIBENGHLIEM/RE (true 3 false) o BRT &GS, 7EREKEHHEHIER/RE

MR

julia> 1 && true
ERROR: type: non-boolean (Int64) used in boolean context

FA—TIH, B SRERNERE ] LR E MR RA N - BURT ZRIHIZRE, Tl LEeREFH R .«

julia> true && (x = rand(2,2))
2x2 Array{Floaté64,2}:

0.768448 0.673959

0.940515 0.395453

julia> false && (x = rand(2,2))
false

HERME: 1526

BEMMIEAZIAR: while JEIFAI for JEER. THZ while HIFT

julia> i = 1;

julia> while i <=
println (i
i4+=1
end

5
)

g w N

EBIHBATLIES R for fEEF:
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julia> for 1 = 1:5

println (i)
end

1

2

3

4

5

BEARAT 105 &—1 Range MR, RRAZE 1,2,3,4,5FF . for AR LEEL, KHHEZF-HMATE 1
- while fEEAMI for fEEANI A —XHIRZRBIEMSE . IWRAERLEIEREFESINZR 1, A ENF
T for TEIAH o AIEILIE:

julia> for j = 1:5
println(j)
end

g w N

julia> j
ERROR: Jj not defined

ARZEERSE, HR ZREOERE .

B, for JEIAAILURNERA S - X0, NMEEAA—1 (HEZE2EME) K#F in, MAZ=, E
SRS B 5 ) 2

julia> for i in [1,4,0]
println (i)

end
1
4
0
julia> for s in ["foo","bar","baz"]
println(s)
end
foo
bar
baz

FHHRFNELMALERESS GEI 245 )
AR EARATA L while B0 for fEER . ATLUEIE KA break AL

julia> i = 1;

julia> while true
println (i)
if 1 >= 5

break
end
i +=1

end
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g W N

julia> for i = 1:1000
println (i)
if 1 >= 5
break
end
end

g w N

AR FRE AW ARIEES, HATH —RIEER, X ATLUH Y continue -

julia> for 1 = 1:10

if i $ 3 !'=0
continue
end
println (i)
end

3

6

9

ZJZ for fEFAF LIE S H—MIMNEER, BHEREITH R/RFRAPE .

julia> for i = 1:2, j = 3:4
println( (i, 7))
end

SR TR break STEEBEHIITAIRER, A OURER A R AR -
S A B

HBEIFIMRANS, AT RETC AR AR — G HE - X, BAZIER, ITHZEHRE S
BORF ARG AL -

NERH Exception

IR EEIEINRE, REESTHL - RTIIHNERE
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Exception
ArgumentError
BoundsError
DivideError

DomainError
EOFError
ErrorException
InexactError
InterruptException
KeyError
LoadError
MemoryError
MethodError
OverflowError
ParseError
SystemError
TypeError
UndefRefError
UndefVarError

Flan, S ASEEEFERANER sqrt REWET, B DomainError () -

julia> sqgrt(-1)

ERROR: DomainError

sgqrt will only return a complex result if called with a complex argument.
try sqgrt (complex(x))

in sgrt at math.jl:131

TRAT A AT 730 L 2R

julia> type MyCustomException <: Exception end

throw PRZE
A LU F throw BREUE QIR FH - Glan, EARECIIEREM T € L, mRSECh %, 7T

. g
DomalneErrorE%%:

julia> f(x) = x>=0 ? exp(-x) : throw(DomainError())
f (generic function with 1 method)

Julia> f (1)
0.36787944117144233

Julia> f(-1)
ERROR: DomainError
in f at none:1

%, DomainError HRAMNGFEMHAWHESHIERX, TNHRERHANERT, MEFHERRE . LU
S HEIR A Exception X 4:

julia> typeof (DomainError ()) <: Exception
true

julia> typeof (DomainError) <: Exception
false
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AL, FERFEEZ - PHE NS

julia> throw (UndefVarError (:x))
ERROR: x not defined

{#& UndefVarError ﬁi}(ﬂ/‘]ﬁﬁ, XAHLHIE AT LAZE B AR R A

julia> type MyUndefVarError <: Exception
var: :Symbol
end
julia> Base.showerror (io::I0, e::MyUndefVarError) = print (io, e.var, " not defined");

error @é&

error AR A ErrorException, PR 7 i) I AT -
WMTNHE sqrt W, HZECHMENT, FRREHR, SLRME BT

julia> fussy_sqgrt(x) = x >= 0 ? sqgrt(x) : error("negative x not allowed")
fussy_sqgrt (generic function with 1 method)

julia> fussy_sqrt (2)
1.4142135623730951

julia> fussy_sqgrt(-1)
ERROR: negative x not allowed
in fussy_sqgrt at none:1l

L% R £k A fussy_sqgrt B, BEaHhRE, ERERER:

julia> function verbose_fussy_sqgrt (x)
println("before fussy_sqgrt")

r = fussy_sqgrt (x)
println("after fussy_sqgrt")
return r

end

verbose_fussy_sqrt (generic function with 1 method)

julia> verbose_fussy_sqrt (2)
before fussy_sqrt

after fussy_sqgrt
1.4142135623730951

julia> verbose_fussy_sqrt (-1)

before fussy_sqrt

ERROR: negative x not allowed
in verbose_fussy_sqgrt at none:3

warn 5Fl] info Eﬁ[
Julia IAHEAE—LEpR %L, FRAPMERS IR VO B —HE B, BN R, EmMHASITHRRF U
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julia> info ("Hi"); 1+1
INFO: Hi
2

julia> warn("Hi"); 1+1
WARNING: Hi
2

julia> error ("Hi"); 1+1
ERROR: Hi
in error at error.jl:21

try/catch 1&H]

try/catch B A LT — 3 TR R H Bxception o AN, NIESRF R R ECR] DAL

julia> f(x) = try
sqgrt (x)
catch
sqgrt (complex (x, 0))
end
f (generic function with 1 method)

julia> £ (1)
1.0

julia> £(-1)
0.0 + 1.0im

HREGHFFILIEFR RS SORE, 218G -
try/catch IEAEHR AT LIER FIMES KN ZE . fl:

julia> sqgrt_second(x) = try
sqart (x[2])
catch y
if isa(y, DomainError)
sgrt (complex (x[2], 0))
elseif isa(y, BoundsError)
sgrt (x)
end
end
sqgrt_second (generic function with 1 method)

julia> sqgrt_second ([l 4])
2.0

julia> sgrt_second ([l -41])
0.0 + 2.0im

julia> sqgrt_second(9)
3.0

julia> sqgrt_second(-9)
ERROR: DomainError
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‘ in sqgrt_second at none:7

|

ER, B catch WS XENRFINLT, TLUAER try/catch HEBRTHNMNEFRZRAHERE - T
R AN e FER BRI R E x B{E:

’try bad () catch x end

X, RS SEAE catch JFHE—1T:

try bad() catch; x end

try bad()
catch

X
end

Julia ML T H SR B A K%L rethrow , backtrace Ml catch_backtrace -

finally i&4]

FEBCRRAS B0 (P SRS B RA , 0f % 7 B R FRUT SE N R B AR (BRI SUE) - RHHIPE
EFEEGRXHNEFSERER, RARFESSEEFRINEL . XBT finally AT DFRRIXFERFE, Tig
PR EFREN, finally IFAESRSHHIT .

Blan, T HEFRRFF U T ERECRIEST T B30 R 2R

f = open("file")
try
# operate on file f
finally
close ()
end

LURRFPITE try BAE (FIIE HHATE] return B8A), & REZEFZEHR) . close BAIESHR
7o R try IBARFANRFRINEY, BRERKSWEERE . catch IBAIA LM try , finally —&f#
o iXBFe finally IBAIRFESTE catch A SERHE Z EHUT -

35 (W NHE)

FESFSE—MAFITE R TEHEEMRE RERIR, AR Mg - BRERERE . hRZESS-

ME—MHE (HULET— 1 EE) #kitH Task , BAREENUIBRBIEE Task MH T - FER
Task FELUSVRERS, 2 WIESEHRT AT 4kE: TAE - DS AR =16, FRA VS EESERE
SUNHE, AN 255 [RHERR M - (ESSUIHLS RO IANR, AT AR FRARAR P A2 4T -
EFSHEGE R LT H- AN, — NIRARENE, A—PHAMRERE - [HRE AR AR ™
ERBEE, FHWERPATHREIA—EDFE - EESH, WEMNE L IEREZBT -

Julia 381t T produce Ml consume BRERMERIX A . A ETHH produce PREORA A

julia> function producer ()
produce ("start™)
for n=1:4
produce (2n)
end
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produce ("stop")
end;

BAHTRATHIE, e AT E A Task BREL

RIEFHR BRI REE A consume :

julia> p = Task (producer);

julia> consume (p)
"start"

julia> consume (p)
2

julia>
4

consume (p)

julia>
6

consume (p)

julia>
8

consume (p)

julia>
"StOp"

consume (p)

FLFE for TEM RS, A rEHIRESTENEE:

julia> for x in Task (producer)
println(x)
end

stop

EE Task () BEPISE, NAESEREL.
DIEHES, T lEHZ:

HEFEEEE RSN, HifFHENEMES

W

4
Es

B2 AL o AT

M

function mytask (myarg)

end

taskHdl = Task(() —-> mytask (7))
# AT LAE AL

taskHdl = @task mytask(7)

produce M consume (HEHAENFER CPU LR - FATRKE HiTitE #, WIREIERNNZERE .

B CMESS A

RE produce F consume T MR TAESBIARTT, MATSEPR T2 FH EE eh £ F 5 IR A 1Y R %L yieldto

SLHH) . yieldto(task,value) HERAFES, VIHREIFEEN task |
EE yieldto S KGRI E—FZI08RIE BUCHAMRR, 3

yeidlto IREIFEEM value -

HH XD task B L—IX

70
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TR RAEARF RS Z FIPIHETA] « Xt it 4 X NEPEROR L <SR B— MESRITIREE
FARR BOHLAH] -

RAE yeildto RIEA, HERZEUESHAEERME - XA FHEERT LI . SIRKHRTAES T
&, R BOE S UIHRE . IRTTIERACBEYIRAB ML S TEMH BIME - BIW1, procude FHERFF
HRERICFKIE L - TR FIIHICKIEAHE R IESS L produce H yieldto BESMHEH -

Bk yieldto 24, FATHFE —LHAMMERRKE LS FEHES - current_task () KGZFHI
BITHES IS - istaskdone (t) BIHESEBTXIL . istaskstarted(t) BHESERFL -
task_local_storage QbR X BRSSO ERETT -

ES55HMHF

REBUES IV AZ AR VO G RIZAERIH A RIRHE, F iR AR RS 2 . WEACRIEAIBTT
HIESSHIBASY, HHIT — METRARESNRE M (LLimE B2k HEEES -

PR EFHEM R REARREE wait « BILMN R T wait, WX F Process W%, wait EF/HFE
k. EEZRIEME wait EFEFHY, Wl wait ATLUEAETERA read FIRHE, DL AT FHEGE .

EHMEERT, wait REASEBIEE I A TR ESHAMESM condition R £ . HIESAE
Condition LM wait , fESSHWIMCNATELT, HHEIMAZ condition FIBAFIH, HiI#HE
WEL - FESRSIRBUA—MESKET, SESFHINTES . IR —VIIERE, &&—" FHaOmat
Condition FM notify , {EIEAE SRS H IR LLUBAT -

WH Task AJLVER— 1N REAESEBIES, XATFIRH yieldto FRIEHEMES - NEERE,
YXHEMES EESRBEN, B4—HB%4%, EMASEERD - M B AEFE % (R # ] L H
schedule (task) H#&HH % @schedule B Gasync RiILFFE S RKIZIT—MMES, MAHEERFTAMA
B W TR

SR
EFEE— state 3, EHARMAESHPITRE - ES5IREE T HJLMAFS F ) —F.
(il B X

:runnable | fESSIETEETT, BRI UIRENZIESS
:waiting IEEFESHFER

:queued eV AR RS R T TRia T
:done R ITT 525

:failed H TR EPFFmAE L
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cHAPTER 10

27 B R A I

ZEN ERECE LR WX . R /EREEER Bl R a2 R -
TERSEER A EoN A E VR A U Xt o 28 & VR P e PR AR X SRR T - VR SEIRA -
 function MEUE (8¢ 1EE)
* while JEEAME
« for JEIME
* try H®
e catch
e let
s type H
TR begin B ANFE FI NGB EFIER «

LRGN = MEREFR, PR EREEAR T XN ER, BRIEENNEMERAEEXEE T
E - KR RGN G RIERER T

o il 1ocal x B const x, AIVAB|AFTAME &
o A global x f#15 x 51 A BifEFEA1 5 N2 F97E H 5
o REMISEL, (ERHZ EM G A REURIO1EH 15

s TWRELIUEZHE 25, = = yREARSIATEZER x, BRIE < CEEEMINZIEREA
B ERZE RGN N AR

THEGI A, TEEAAERFISNE, U — x #IRE:

function foo (n)
x =0
for
X
end

I -
x|l

l:n
+ 1

X
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end

Jjulia> foo (10)
10

THIF, PEEMAH —HESLE) x  ERETARZGRE O -

function foo (n)
x = 0
for i = 1:n
local x
X = i
end
X
end

Jjulia> foo(10)
0

THIF, < UEFETIENMANTT, HRREERE T8 EERE L WER (BRI < CEFRER

TE)

function foo (n)
for i = 1:n
X = 1
end
X
end

julia> foo(10)
in foo: x not defined

HIETRERES 2 /T REMERNE L, 2EXMERESH EXAFHEER 2R/ . B, KEXS]
NFHRRARE, MARS2RLERE-

AAENTREEHRT, BAESMTRESIA x -

function foo (n)

f y —>n + x + vy
1
)

N

X
£(
end

julia> foo(10)
13

EBIEERESILEE, EREFERD . FOAEXILER— PRI E R Z R XA LR AE
BT E SCRE, ANHER C —FEERA LB RATE M - X))V MR T, Bi# )3 asiE— Ik
EAGOESE R

? true : odd(n-1)

even (n) =
— ? false : even(n-1)

odd (n)

julia> even(3)
false

julia> odd(3)
true
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Julia NE T B3RS iseven Fl isodd RWIUEEEM: -
T R USE R R e L, RN TR ERE AT E B, & P r] LR -
ERXEABEAT, fJUEEE —EIERSREEEFBAZI, BT 2BIERE:

julia> for i = 1:1; y = 10; end

julia> y
ERROR: y not defined

julia> y = 0
0

julia> for 1 = 1:1; y = 10; end

julia> y
10

Bi—MlFH, v (UFET for TBEAH - GE—IFH, JNTFEHR v 5 AZITEERF . HTSERER
ﬁ%i%fﬁﬁ%ﬁ%,ﬁ%ﬁﬁ%$%%ﬁ%gmmiyo@%,ﬁﬁiﬁﬁﬁﬁ?@ﬁ%ﬁ@,%ﬁ
P2 TR -

FERLTREEEN, ATLRZ I ZEFEWIEREE:

function foo ()
global x=1, y="bar", z=3
end

julia> foo ()
3

julia> x
1

julia> y
"bar"

julia> z
3

let AR T A—MEIANEERTIE . let IBABIKBTHEEWHEE - let BARZHESRITH
TEEMSEEES:

let varl = valuel, var2, var3 = value3
code
end

let x = xBHFIEEN, RIS <« ZEAFE . RN AAHRE, REHEFIANLANHEZEEFK
He PEEZMHEMEN 1et AT

Fs = cell(2)

i =1

while i <= 2
Fs[i] = ()—>1i
i+=1

end

julia> Fs[1]()
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3

julia> Fs[2] ()
3

A ERREHEAR - WRA let RIPELE 1

Fs = cell(2)
i=1
while i <= 2
let i = 1
Fs[i] = ()—>1
end
i +=1
end

julia> Fs[1]()
1

julia> Fs[2] ()
2

T begin BIFANTIAFHEREIR, FH Let K5I NFEHBHEREHA:

julia> begin

local x =1

begin

local x = 2
end
x
end

ERROR: syntax: local "x" declared twice

julia> begin
local x = 1
let
local x = 2
end
X
end

FAPIF, AREER—MERRTERRAAEZE . BT, let SIATHERNEIR, NERA
WEE x SHNZHARHZ R < AR -

For {&2F 2 Comprehensions

For JEER 2 Comprehensions BRFRIITN: EHAFHEMELE, BSEFREATESFH. Hit, ©F
BLEBITHE N Llet A while FEEF
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julia> Fs[1]()
1

julia> Fs[2] ()
2

for TR B EAFERZE BERIE:

i=0

for i = 1:3

end

i # here equal to 3

{H,%, comprehensions 5 ZAN[E], ‘B S H AL E:

x =0
[ x for x=1:3 ]
x # here still equal to 0

il

H

const f%@?%lﬁgﬁ%%ﬁ%?g Eﬁﬁi

2.71828182845904523536
3.14159265358979323846

const e
const pi

const AIUFAMERFEMBHEER, RIEFHNTREH2RFE. 2RTEMNE (BEXR) WHEHN&
M, Gw A IR Eat AT AL - IR EREEANSELNE, AT — const FMARMERMERER L -

A BNIAE - GiiFashe HohERT AR 8= TOVE &, BT LURH R SRS AR L2 -

FRRTURIREBA N E R, WA function M type KEEFHIHE -

EE const (ONZEIFEHN; ZREEFANAEEIMZNR (WHAH) XX RIDAERIE -

il

10.2. &
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cHAPTER 11

KA

Julia 77, ARSI Pams, WHER LURERRE . IR B RSN ASRREN

Julia BHALE BIFMERE, BAERBAREANBERBNTRE, FramREREERRAR, ENTT LA
HWMZEREEN LR .. HEmRHTE.

o AEDWZRAENNRE: Julia PRFEEBE-MERBEHONR, IMRE BT 18— 2%
ERTUE, B AR T AR A

o BHYRER R, BFETROUEEERER, XER N SRWEES PR R s irh R
« HERE, TERARE—TRNMNERE TEHNLEFTC.

o Bl TR EL G T AT LU L TR SR B R, SEULAT LUR BF, AT LI isbirs B EI(E
3 true BURTTRE (A AR, LR Rl B0 /R [ —HE, IR OLT C hARE Aok
E struct, 3¢ L 0 1R S A ECR AT, th AT LURTEA. W1 ST S BN E B4k 8 PR s PR, T DA%S
W RS

Juliaf)RE ARG HRT EEEE R A R, BB EM ARSI - £ JuliafeFe 5L BEAE A 2 5 15H 2
LRI RAL . RIMFELERE T 2R E R ARG HEMT, SR, SRl Lt -

el

s BEAF A UARAERR R 48 A A2 BTN TY R - SXHEra w1 B
1. 1ERlTS, WBIANEFETIERIZTT
2. LGIRIFSIRIAUINRELE R, W AR

s B HHERIR E R R IR 5 B S Em o2 5 f SR, B RS AR AR B A MERA
RISEB) . IRA MR WER, HRBNIZREMEEG] - WRAMEMEREY, ZEMRE—EARER
WISEGIRIE, ZEFREEX MG RAN TR . REAWE HE, FERE, B0, REZLE:

julia> (1+2)::FloatingPoint
ERROR: type: typeassert: expected FloatingPoint, got Int64
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julia> (1+2)::Int
3

AR RA R BTE B MRS - - . SR RTE LR MRIZEOE AR EUE b, RS HRIERT R
MIREL, B0 £ (x::Int8) = ... (FHEE 77H).

s BREAFRARAN L NP ZES F, ERUZENZEENRE, FR)LAUT C HFHEES
HRRBIER . A XN B ERESH convert MERR 7 AT A B

julia> function foo ()
x::Int8 = 1000
X
end
foo (generic function with 1 method)

julia> foo ()
-24

julia> typeof (ans)
Int8

XAFFER TR IERERERE, Al — D EMER BN R TR .
“FE IR SRR RE Y R 30

x::Int8 # a variable by itself
local x::Int8 # in a local declaration
x::Int8 = 10 # as the left-hand side of an assignment

and applies to the whole current scope, even before the declaration. Currently, type declarations cannot be used in
global scope, e.g. in the REPL, since Julia does not yet have constant-type globals. Note that in a function return
statement, the first two of the above expressions compute a value and then : : is a type assertion and not a declaration.

MFRE

MR RBAREPEFIL, AR T REER R, HEEFAGRE. I, WENATEMEEBERE, m
AT a2 WA B A BRI A -

fH abstract KEET R L.

abstract «name»
abstract «name» <: «supertype»

abstract FEFEIANTHRTMG R, BEZ N «name» - BERIZ AR <: KOHFERRE REHE
O AT AR L T TR

IMRA LA, MR Any — FIERT SRR RS T R . fE it
i any (TR, BHT . Juia HTE XM ORAE O TRMERRRL,
FiH None « None' "5 *Any RIL: (EFTATSUATA None BYSEH, TSR None HILK

NHEEMIE Julia A A R AMRRE T EBARE] T

abstract Number

abstract Real <: Number
abstract FloatingPoint <: Real
abstract Integer <: Real
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abstract Signed <: Integer
abstract Unsigned <: Integer

<: BEABEGIEREENTRE, CEANZZMFFARE W ERACRE . thn] DU RHANT A
R AR M T2

julia> Integer <: Number
true

julia> Integer <: FloatingPoint
false

SRR — D EE MR RN R AR ARR SR HBONEI. 25 B a1

function myplus (x, V)
X +y
endof

“,‘ﬁﬁ'ﬁ%gﬁ%zﬁf‘]%, FHMSEFERASENT x: :Any M y: :Any. 5 ﬁﬁ\@ﬁ?ﬁﬁ]ﬂqﬁi 140 myplus (2,

,Julia 2 EH BB SHEEMITH 1) myplus WEL CRTZEMIRIIFAFEEESE T 30) R EHRI T

J:EE’JZ@ZE*E%E’JZ@I Julia AR4E I A A58 FH SR EUE U9 — 1 myplus ,E:Tzﬁzﬁl, HZHNWA Int 7
Ap g, 2, Julia 2 & X FF YmiF

function myplus(x::Int, y::Int)
X +y
end

e, VXA BRI R AL

DRIk, REFF B3 AT A e 52 SR 2 G 5 0 FH R R S, IR I 3E R BORT ARr 2 RIRRRIH S A, thiER
T2 E MR, BEF 5L AT DUSE B T VA P B RS2 Y e

i Z LR — A, S5 AR BE ) IR AU h  i R PR L RTK, (R0 5 IR R 5O, AR AR 2
BULL, WEUS RE TR, CATL, 1RSSR N A SME RN NASR R, 28 R 18, 21
THEPFRTIERER) 327R.)

UES

RREGERBARRR, ERBIEE B AR « BRI S BE AR - SRERI LRI Julia 1E 5 A5
€ S

bitstype 16 Floatlé <: FloatingPoint
bitstype 32 Float32 <: FloatingPoint
bitstype 64 Float64 <: FloatingPoint

bitstype 8 Bool <: Integer
bitstype 32 Char <: Integer

bitstype 8 Int8 <: Signed
bitstype 8 Uint8 <: Unsigned
bitstype 16 Intlé <: Signed
bitstype 16 Uintlé6 <: Unsigned
bitstype 32 Int32 <: Signed
bitstype 32 Uint32 <: Unsigned
bitstype 64 Inté64 <: Signed
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bitstype 64 Uint64 <: Unsigned
bitstype 128 Intl28 <: Signed
bitstype 128 Uintl128 <: Unsigned

A RN R AR E R TR

bitstype «bits» «name»
bitstype «bits» «name» <: «supertype»

«bits» RURBFTEL DZ BRI, «name» FFIRMAIZ T - HET, ARTAIE HRAIE A ST 8 1)
R, R Ar /R RTE R 8 (Y -

Bool, Int8 N Uint8 REWEREEEMFR, &EH T 8 AR, HENTREMMILE.

HeRA

SE R MEMONILSRK - 51 AN R . BaRBRTEAWHES - TR Julia T &5 HI EE LR
A 7£ Julia 1, FrAREERZNSR, EHRIEGEASENPRIERY SI5E - Julia HEE, RIENTE £
HRE, MANOCERE - PSEEORE, REPAAMATTE R 71%) -

M type KEETHELEARE.

julia> type Foo
bar
baz::Int
qux: :Float64
end

R &R Foo HIN B

julia> foo = Foo("Hello, world.", 23, 1.5)
Foo("Hello, world.",23,1.5)

julia> typeof (foo)
Foo (constructor with 2 methods)

H— PR R RGO, TR LU R 3E R 8 (constructor) - B RIH PIFIHE bR BUE
HEHBAERE (e Ee-BOAD e - 55— = R 28 H5E R B S BOX D R B ) 7 BER B A —
—ICECH, MER BRI TS EULY convert KB, H BARRENX P RAMNAIFERE . HoMEY
& 25A0 18 R AU R D S RO D R 7 BER A —— M IR, A0S A E B AR AR A - B2 B ah A i
BN E R IR R 9 1 B LR P R AR 0357 2 2 OB AN IV R i R AR B A

HTRAELHR bar BIRM, ERI IERAERE; B2 baz LABEHERES Int

julia> Foo((), 23.5, 1)
ERROR: InexactError ()
in Foo at no file

YRA]T AR names iX ™ BRECRAR BRI F B -

julia> names (foo)
3-element Array{Symbol,1}:
:bar
:baz
s qux
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IREUE &% G (B :

julia> foo.bar
"Hello, world."

julia> foo.baz
23

julia> foo.qux
1.5

BEE & X RIS E:

julia> foo.qux = 2
2.0

julia> foo.bar = 1//2
1//2

BREHEGREZER

Got

KA, IR AFEH — LG

type NoFields
end

julia> is (NoFields (), NoFields())
true

is MEEIE NoFields BB SEFIRENFE—1 - HRAKRE, 5 27EAM-

ARESRIMMEIL, FE LR T I7E IWDHERFR KA 185 R 5 g0 A& s
il -

A5 4 JT

AT LU A S8 immutable L type K X A2 EAEA. -

immutable Complex
real::Float64
imag: :Float64
end

SXRRTREME AR, BT ENTSEI R ER . I8 AR AEE LT LRSS

o EATEE— Lot FE R . LT Complex* il 7 BLAO KRB A A B SIS L | T LT Lo 1

U R S R S 40 S B S B ST 25 2

o e 5 RIS R AR AT R R e

. AR S HRT AR WA -
—ARAIZS ST LM A R ARG, HAECE, . FRLERf S AT SR R T2 U R AT B
H BB R AL R IR 4 -
B AT A5 A B PR S0 R R S (DR SR — S LB (AR 5 R e
FRAN G R, — AR R — MO AT & T AR RO, BT R A
WE B R E XA 5 FER TR AR — KA SR R R, e 7] (AR 75 495 1 2 L
S E RO SRR, s TS B . T B R, TR KA %
RIS ]
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FHRGRYE N, Julia FHR AT 22 T P B ZE AT

o WA E A LB EER TS B 2B T (TR ER 22X, 76 VR F B AUt 25X R, AR, rIAE
RIS A LS| R 7 sUE ARG 2.

o NATZEE & RBIN AT L.

KFHE CIC++ HRAEEE, FEAAE N A 25X R B B KA. R T, IR e )
JT 0, Ut U, G0 SRERAE (R B2 48 TR0, IR T ESCHE TN BR A28 8 AT DIEERCRE, AR 4 REARME 5 8 S B ARG 1Y
SEFMER. 20T, B x B WA SEL, FIR B R R T 2HCH ) — P8 x . isprocessed =
true. RIE x BEGRDE G H LR, AR R 02, [FoR x MER TR M, B FIREEZE. 0 T B
1EHBGX A BERY, Julia FRAEIRSECR BT 2, HARREEEANATEZ.

WO AR A

DAL =R B R R - BT A R RO
o AR b1 A RA
s HET
« HIATIIACE
« IHSH
ERE AR, XERTIN A R AN F] — SRS, DataType BRI MR —.

julia> typeof (Real)
DataType

julia> typeof (Int)
DataType

DataType BEA] ISt DIE K . anif 2 B4R, ESEBREAR/D, FEZHR (AHER) &3
F L= LR AR — D R/NEZ ) DataType, HIRE & . —1ME&REZ2— 1Al BEHE B4R LA
RN NE) DataType -

TEIXN RS BB — D BAREE R DataType RSB, BiE— 12 I04H -

ZILAHRE

ZIUAMRRRERRMZ TTA.

julia> typeof ((1,"foo",2.5))
(Int64,ASCIIString,Floaté64)

KA L T AT DIAE AR 75 ZER AL b 7

julia> (1,"foo",2.5) :: (Inté64,String,Any)
(1,"foo",2.5)

julia> (1,"foo",2.5) :: (Int64,String,Float32)
ERROR: type: typeassert: expected (Int64,String,Float32), got (Int64,ASCIIString,
—~Float64)

WREBZTTHFHIERE NI, 2kEE:
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julia> (1,"foo",2.5) :: (Inté64,String,3)
ERROR: type: typeassert: expected Type{T<:Top}, got (DataType,DataType,Int64)

EE, =24 () MREREAS.

julia> typeof (())
()

ZUHARBRRTERARRERE hE 1), — P ZTEEA I Z AN TR BWENMHFE LT
HMETENRBERE AN ZITTHEN NIRRT RE .

julia> (Int,String) <: (Real,Any)
true

julia> (Int,String) <: (Real,Real)
false

julia> (Int,String) <: (Real,)
false

HWME, EHE— 1R E NSRRI A TR (B4 LR ) .

KA A

KRB FREFIRAMSR R, FH union ARSI

julia> IntOrString = Union (Int, String)
Union (String, Int64)

julia> 1 :: IntOrString

1

julia> "Hello!"™ :: IntOrString
"Hello!"

julia> 1.0 :: IntOrString

ERROR: type: typeassert: expected Union(String,Inté4), got Float64

AEEFTRE PRI E, 2K KA None -

julia> Union ()
None

R EKT None RITEHEREWTRE, HEEEH - TZH union VA, FREITEFIHIEE None

SRR

Julia KRB RGSCRS M, KRBT LSIASE, XHERRE PR RES R & B I — D aL .«

AW A EE! (DataType MIZEHR) EERTLUGE A FIRERTE RS EUL - TATRAZ B A0 R IRUT Rt
SR ART . SRS LT . SR ALK .
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ZHMNE &R
REBHMERTAIE, AIERESHER:

type Point{T}

x::T
y::T
end

XANEHENLTHSEMNER point (T} , EEWD T RAERLIRH . SEAL KRBT LUZETR
B (AT DLREE, R RATHMERTE) - BEEM point(Float64) FM T H point H Y
T BN Floated FHIRA . EHISEPR LA THFLZFEA: Point{Float64}, Point {String},
Point {Int64} &%, [, IAERERRE ] LU BRI,

julia> Point{Float64}
Point {Float64} (constructor with 1 method)

julia> Point{String}
Point{String} (constructor with 1 method)

Point ARG W NERIREN 5.

julia> Point
Point{T} (constructor with 1 method)

Point X JLE— 1SR, EAEHEN Point {Float64}, Point {String} X RATEMRSLH.

julia> Point{Float64} <: Point
true

julia> Point{String} <: Point
true

HERBNMAZETHE.

julia> Float64 <: Point
false

julia> String <: Point
false

point AR T EFTFEHEIEAREZE, NEEEMENTRE.

julia> Point{Float64} <: Point{Inté64}
false

julia> Point{Float64} <: Point{Real}
false

X—HAEHEE.
B Float64 <: Real, fHPoint{Float64} <: Point{Real} AHIL!

WA iE U, Julia FIRTZHE AKX . & Point{Float6d} HISEWIH MM &R UL, MiZE
Point {Real} HISERY, (HMEENFHIRIFR LEXA:

» Point {Float64} HISEFIFT LIEME « AR R 64 T L
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* Point{Real} HISEHI AT LI RER Real SEFIAVECN L. BT Real HUSEHIAT LUMER R/ £
45, I Point {Real} PR EFRIRTEA Real X RHITEERT L

TIRXBIFEREFFIE: Array{Float64} A] IFE—HELLNFHIEME 64 (17755, T Array{Real}
MRFIEME Real WRIFEEEUE - TMEN Real MHRAIK/N, AIEEL 64 ALE S B -

IS REL PR R 2R B 6 R R B Ui 7 i, (BAnRCE FakfaE = MR, BOAE MM EHE &
KR — MRS ETERRESE, AR B S E T RS RO & RS-

B IS T IR RIS

julia> Point{Float64} (1.0,2.0)
Point {Float64} (1.0,2.0)

julia> typeof (ans)
Point {Float64} (constructor with 1 method)

SRR S0 1E R B T AL

julia> Point{Floaté64} (1.0)
ERROR: no method Point{Float64} (Floaté64)

julia> Point{Float64} (1.0,2.0,3.0)
ERROR: no method Point{Float64} (Float64, Float64, Float64)

KW RS HARTY, KB ERECR A FRER), BT LA — BRI i R K B 204 fi——iX
I IE R R R TSRO B A B i) 7 BER R (E

REBEN FAFERM point MRRE, CATHSEREDRIREMER - Bk, TRUNER T f(E:

julia> Point (1.0,2.0)
Point {Float64} (1.0,2.0)

julia> typeof (ans)
Point {Float64} (constructor with 1 method)

julia> Point (1,2)
Point {Int64} (1,2)

julia> typeof (ans)
Point {Int64} (constructor with 1 method)

EBIF, pPoint MBI NSHCEEEIAMR, KL T FTLIEES . EYSERBAFR, ZiRkEE:

julia> Point (1,2.5)
ERROR: "Point{T} has no method matching Point{T} (::Int64, ::Floaté64)

XAEOLH S AT LIAL T, 1 F5E R AL -

S URIE TSI
R, SEIHMRERE I — MR ERIE S

’abstract Pointy{T}

WENRUEELE T, pPointy (T} R —PARPMERE . pPointy WEDSEFIEREEHITREL
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julia> Pointy{Int64} <: Pointy
true

julia> Pointy{l} <: Pointy
true

SRR R R

julia> Pointy{Float64} <: Pointy{Real}
false

julia> Pointy{Real} <: Pointy{Float64}
false

ATLAAA R B Point {T} & Pointy (T} HIFREL

type Point{T} <: Pointy{T}

x::T
y::T
end

XA T, #8 Point {T} 4& Pointy{T} HIFRA.

julia> Point{Float64} <: Pointy{Float64}
true

julia> Point{Real} <: Pointy{Real}
true

julia> Point{String} <: Pointy{String}
true

ENBRRAHR:

julia> Point{Float64} <: Pointy{Real}
false

ZRAMMEER pointy B2 MY BOXBAZHGE — ML R RISEH, a#AEN A%y =y £, FHIt®K

AR B AL bl

type DiagPoint{T} <: Pointy{T}
x::T
end

Point {Float64} #l DiagPoint {Float64} #f/& Pointy{Float64} FHRERIFSCIN, X HE A%
KA T—F. pointy AILMERNERFREMARED . BXRTEMEE, #AL T 7% .

HEFFEX T BT EEER

abstract Pointy{T<:Real}

BER, T HEER Real HYF R

julia> Pointy{Float64}
Pointy{Float64}

julia> Pointy{Real}
Pointy{Real}
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julia> Pointy{String}
ERROR: type: Pointy: in T, expected T<:Real, got Type{String}

julia> Pointy{l}
ERROR: type: Pointy: in T, expected T<:Real, got Inté64

SZHENE G RIMRBSE, AT LIRFERER A

type Point{T<:Real} <: Pointy({T}

x::T
y::T
end

NTH & Julia i) Rational Y immutable 25 BN LAY, X RBIFRRSEL

immutable Rational{T<:Integer} <: Real

num: : T

den::T
end
BERE

SRR TR MR ST . HE R 1, MRIIHE" Type (T) MIEFIANR T - HE
B {5 T,

julia> isa (Float64, Type{Float64})
true

julia> isa(Real, Type{Float64})
false

julia> isa(Real, Type{Real})
true

julia> isa(Float64, Type{Real})
false

WAEU, (X A Fl B RFA—INER, BN REREN, isa(a, Type(B)) FIREE . HHSHHET,
Type URMRRE, FrAMRREERERISEE, GOFRARE.

julia> isa(Type{Float64}, Type)
true

julia> isa (Floaté64, Type)
true

julia> isa (Real, Type)
true

AEWGRERIES, A7 Type HIZEH:

julia> isa (1, Type)
false
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julia> isa("foo", Type)
false

Julia F R RBIXT G AH RART .

SN KRR
ATAS R A GL287E - A, Julia FPFEETHEE SOMBLEAL.

# 32-bit system:
bitstype 32 Ptr{(T}

# 64-bit system:
bitstype 64 Ptr({T}

XILHISECRR T AR FRMERAIE Y, TR MRS, BT —HEMMERER, XERER(EE
RIS EHCRIX S - RE ptr{Float64} M Ptr{Int64} HIFRE—FEH, ENTEARRMIEE . FIEK
FFETREI T, R prr KA TRTL.

julia> Ptr{Float64} <: Ptr
true

julia> Ptr{Int64} <: Ptr
true

R %

Julia 2t typealias HLHEIESEIMAEAIFNZ - 41, Uint & Uint32 B{ Uint64 MIRAH| &L, XEURT R
BRIFEET K/

# 32-bit system:
julia> Uint
Uint32

# 64-bit system:
julia> Uint
Uint64

‘BB base/boot . §1 HHMCHELELAY:

if is(Int, Int64)
typealias Uint Uinté64
else
typealias Uint Uint32
end

XTSRRI typealias BT H BB RTIZ o Julia FIEEHET N Array{T,n}, E¥ TEIT
ZRA n REUHAGEEREUE . NEEEN, Array{Floate64} ALLRIEHATTERAM AT IGIAL4EE.

julia> Array{Floaté64,1} <: Array{Floaté64} <: Array
true

Vector fl Matrix MEEUT E X
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typealias Vector{T} Array{T, 1}
typealias Matrix{T} Array{T, 2}

Julia 11, REKG WX, LN EEHEERRE- 0 <: B8R, 77 LOART 2 N2 2 52K

pin [

isa BRECRRIIN SR TR M EERRE.

julia> isa(l,Int)
true

julia> isa(l,FloatingPoint)
false

typeof MEUREZHHIRA . RAMENZ, FAHEHHERE.

julia> typeof (Rational)
DataType

julia> typeof (Union (Real,Floaté64,Rational))
DataType

julia> typeof ( (Rational, None))
(DataType, UnionType)

REMRBEMN 47 ENTHIRIRE DataType

julia> typeof (DataType)
DataType

julia> typeof (UnionType)
DataType

BEMFSTERE, DataType RKMFELIeHE N X)) - Wk, #IAFEH DataType FTeEL A,

MIZITCHRER, BIXRAAL.

julia> typeof (())
0

julia> typeof (DataType)
DataType

julia> typeof (((),))
0,)

julia> typeof ( (DataType,))
(DataType, )

julia> typeof (((),DataType))
((),DataType)

super AJ LIFERA— SRR RA . AR RE (DataType) F HXRE.

11.11. REZHE
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julia> super (Float64)
FloatingPoint

julia> super (Number)
Any

julia> super (String)
Any

julia> super (Any)
Any

KNHEERMN G (ARG #H super , 2514 “no method” iR

julia> super (Union (Float64,Int64))
ERROR: "super has no method matching super (::Type{Union (Float64,Inté64) })

julia> super (None)
ERROR: "super has no method matching super (::Type{None})

julia> super ((Floaté64,Inté64))
ERROR: "super has no method matching super (::Type{ (Float64,Int64)})
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ik

BT R E], REUE NS L TTHBE ELREME R 5, FRE A ER B EN 55 - SCPRA
RRIRE S EUMFRERLZ B, Bl BE N « *H A 8uson g - W53 S 80nE, eI
% - 76 Julia W, EfIEE TR —% % + KA

o Al — il — RN SEHT, 7T LLE A E SR E S HERAL - NPT R E BTy - J5 A X R A
KR EMITNE L REP A LUE XZ ATk - W= RENSHE THAH R, HKITELSHE
TERM IR -

ERECRFRT, EBORAMRN IR, B0y R . Julia KIESEUNEL REDREITER
X SCH A
Julia FIFTRPRERECRLZHAT, WRTHREIR + WAL, BETFZEH XS ML A AR ZEC

TE XTIk -
TESCRRELS, ATLAMR AR A ERAREE, A - REUTE SRR, M SRR AT IR A

julia> f(x::Float64, y::Float64) = 2x + y;

HREFSE < Fl y REEE Floate64 KA.

julia> £(2.0, 3.0)
7.0

WRSEHEHETERM, 254 “no method” FHiR:

julia> £(2.0, 3)
ERROR: "f  has no method matching f(::Float64, ::Inté64)

julia> f(float32(2.0), 3.0)
ERROR: "f  has no method matching f(::Float32, ::Floaté64)

julia> £(2.0, "3.0")
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ERROR: " f ' has no method matching f (::Float64, ::ASCIIString)

julia> £("2.0", "3.0")
ERROR: "f  has no method matching f (::ASCIIString, ::ASCIIString)

ANRESG —SE A, XA SEO SRR

julia> f(x::Number, y::Number) = 2x — y;

julia> £(2.0, 3)
1.0

BRA P REENZ NI, ARBELZRE X TRE, BUCE XS HANBMERT AR - mEAH
i, FPCECHI T A E

W)

julia> £(2.0, 3.0)
7.0

julia> £(2, 3.0)
1.0

julia> £(2.0, 3)
1.0

julia> £(2, 3)
1

WARBERIE, SRS EDT 2, £ BARENN, AT ZIRE “no method” FiR:

julia> f("foo", 3)
ERROR: "f  has no method matching f (::ASCIIString, ::Inté64)

julia> £()
ERROR: " f  has no method matching f ()

HERZEARIEPREARERRAS , ATLVE SR BT A ER T 1%

julia> £
f (generic function with 2 methods)

This output tells us that £ is a function object with two methods. To find out what the signatures of those methods are,
use the met hods function:

julia> methods (f)

# 2 methods for generic function "f":
f(x::Float64,y::Float64) at none:1

f (x: :Number, y: :Number) at none:1

which shows that f has two methods, one taking two F1oat 64 arguments and one taking arguments of type Number.
It also indicates the file and line number where the methods were defined: because these methods were defined at the
REPL, we get the apparent line number none: 1.

TE CREI IR <0, WIUTESHAIRTEIAN Any - X £ 8 L— N EFE LR %

julia> f(x,y) = println("Whoa there, Nelly.");

julia> f("foo", 1)
Whoa there, Nelly.
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EIEILECH A, R BT iR e 1% -
HEE Julia FRIBRK R OMFFE . OB E—BEE L7

julia> methods (+)

# 125 methods for generic function "+":

+(x::Bool) at bool.jl:36

+(x::Bool,y::Bool) at bool.jl:39

+(y::FloatingPoint,x::Bool) at bool.jl:49

+(A::BitArray{N},B::BitArray{N}) at bitarray.jl:848

+ (A::Union (DenseArray{Bool, N}, SubArray{Bool, N, A<:DenseArray{T,N}, I<: (Union (Range

—~{Int64},Int64)...,)}),B::Union(DenseArray{Bool, N}, SubArray{Bool, N, A<:DenseArray{T, N}
<, I<: (Union(Range{Int64},Int64)...,)})) at array.jl:797
+{S, T} (A::Union (SubArray{S, N,A<:DenseArray{T,N}, I<: (Union (Range{Int64},Int64)...,)},

—DenseArray{S,N}),B: :Union (SubArray{T,N,A<:DenseArray{T,N},I<: (Union (Range{Inté64},
—Int64)...,)},DenseArray{T,N})) at array.jl:719

+{T<:Union (Intl6,Int32,Int8)} (x::T<:Union(Intl6,Int32,Int8),y::T<:Union(Intl6,Int32,
—Int8)) at int.jl:16

+{T<:Union (Uint32,Uint16,Uint8) } (x::T<:Union (Uint32,Uintl16,Uint8),y::T<:Union(Uint32,
—Uint16,Uint8)) at int.jl:20

+(x::Int64,y::Int64) at int.jl:33

+(x::Uint64,y::Uint64) at int.jl:34

+(x::Intl28,y::Intl28) at int.jl:35

+(x::Uintl128,y::Uint128) at int.jl:36

+(x::Float32,y::Float32) at float.jl:119

+(x::Float64,y::Float64) at float.jl:120
+(z::Complex{T<:Real}, w: :Complex{T<:Real}) at complex.jl:110
+(x::Real, z::Complex{T<:Real}) at complex.jl:120
+(z::Complex{T<:Real},x::Real) at complex.jl:121
+(x::Rational{T<:Integer},y::Rational{T<:Integer}) at rational.jl:113
+(x::Char,y::Char) at char.jl:23

+(x::Char,y::Integer) at char.jl:26

+(x::Integer,y::Char) at char.jl:27

+(a::Floatl6,b: :Floatl6) at floatl6.jl:132

+(x::BigInt,y::BigInt) at gmp.jl:194

+(a::BigInt,b::BigInt, c::BigInt) at gmp.jl:217
+(a::BigInt,b::BigInt, c::BigInt,d: :BigInt) at gmp.jl:223
+(a::BigInt,b::BigInt, c::BigInt,d: :BigInt,e::BigInt) at gmp.jl:230
+(x::BigInt,c::Uint64) at gmp.jl:242

+(c::Uint64,x::BigInt) at gmp.jl:246
+(c::Union(Uint32,Uintl16,Uint8,Uint64),x::BigInt) at gmp.jl:247
+(x::BigInt, c::Union (Uint32,Uint16,Uint8,Uint64)) at gmp.jl:248
+(x::BigInt, c::Union (Int64,Intl6,Int32,Int8)) at gmp.jl:249
+(c::Union (Int64,Intl6,Int32,Int8),x::BigInt) at gmp.jl:250
+(x::BigFloat,c::Uint64) at mpfr.jl:147

+(c::Uint64, x::BigFloat) at mpfr.jl:151
+(c::Union(Uint32,Uint16,Uint8,Uint64),x::BigFloat) at mpfr.jl:152
+(x::BigFloat, c: :Union (Uint32,Uint16,Uint8,Uint64)) at mpfr.jl:153
+(x::BigFloat,c::Int64) at mpfr.jl:157

+(c::Int64,x::BigFloat) at mpfr.jl:161
+(x::BigFloat, c: :Union (Int64,Intl6,Int32,Int8)) at mpfr.jl:162
+(c::Union(Int64,Intl6,Int32,Int8),x::BigFloat) at mpfr.jl:163
+(x::BigFloat,c::Float64) at mpfr.jl:167

+(c::Float64,x::BigFloat) at mpfr.jl:171

+(c::Float32,x::BigFloat) at mpfr.jl:172

+(x::BigFloat,c::Float32) at mpfr.jl:173

+(x::BigFloat, c: :BigInt) at mpfr.jl:177

+(c::BigInt, x::BigFloat) at mpfr.jl:181

+(x::BigFloat, y: :BigFloat) at mpfr.jl:328
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+(a::BigFloat,b: :BigFloat,c: :BigFloat) at mpfr.jl:339
+(a::BigFloat, b: :BigFloat, c: :BigFloat,d: :BigFloat) at mpfr.jl:345
+(a::BigFloat,b: :BigFloat, c: :BigFloat, d: :BigFloat, e: :BigFloat) at mpfr.jl:352
+(x::MathConst{sym},y::MathConst{sym}) at constants.jl:23

+{T<:Number} (x::T<:Number,y::T<:Number) at promotion.jl:188
+{T<:FloatingPoint} (x::Bool,y: :T<:FloatingPoint) at bool.jl:46

+(x: :Number, y: :Number) at promotion.jl:158

+(x::Integer,y::Ptr{T}) at pointer.jl:68

+(x::Bool,A: :AbstractArray{Bool,N}) at array.]jl:767

+(x::Number) at operators.jl:71

+(rl::0rdinalRange{T, S}, r2::0rdinalRange{T,S}) at operators.jl:325
+{T<:FloatingPoint} (rl::FloatRange{T<:FloatingPoint}, r2::FloatRange{T<:FloatingPoint}
—) at operators.jl:331
+(rl::FloatRange{T<:FloatingPoint},r2::FloatRange{T<:FloatingPoint}) at operators.
—31:348

+(rl::FloatRange{T<:FloatingPoint}, r2::0rdinalRange{T,S}) at operators.jl:349
+(rl::0rdinalRange{T, S}, r2: :FloatRange{T<:FloatingPoint}) at operators.jl:350
+(x::Ptr{T},y::Integer) at pointer.jl:66

+{S,T<:Real} (A: :Union (SubArray{S,N, A<:DenseArray{T,N}, I<: (Union (Range{Int64},Int64) ...
—,) },DenseArray{S,N}),B::Range{T<:Real}) at array.jl:727

+{S<:Real, T} (A: :Range{S<:Real},B: :Union (SubArray{T, N, A<:DenseArray{T,N}, I

—<: (Union (Range{Int64},Int64)...,)},DenseArray{T,N})) at array.jl:736

+ (A: :AbstractArray{Bool,N},x::Bool) at array.]jl:766

+{Tv,Ti} (A::SparseMatrixCSC{Tv,Ti},B: :SparseMatrixCSC{Tv,Ti}) at sparse/sparsematrix.
—31:530

+{TvA, TiA, TvB,TiB} (A: : SparseMatrixCSC{TvA, TiA},B: :SparseMatrixCSC{TvB, TiB}) at sparse/
—sparsematrix.jl:522

+(A: :SparseMatrixCSC{Tv, Ti<:Integer},B::Array{T,N}) at sparse/sparsematrix.jl:621

+ (A::Array{T,N},B: :SparseMatrixCSC{Tv, Ti<:Integer}) at sparse/sparsematrix.jl:623

+ (A::SymTridiagonal{T},B: :SymTridiagonal{T}) at linalg/tridiag.jl:45
+(A::Tridiagonal{T},B: :Tridiagonal{T}) at linalg/tridiag.jl:207
+(A::Tridiagonal{T},B::SymTridiagonal{T}) at linalg/special.jl:99
+(A::SymTridiagonal{T},B: :Tridiagonal{T}) at linalg/special.jl:98

+{T,MT,uplo} (A::Triangular{T,MT,uplo, IsUnit},B::Triangular{T,MT,uplo, IsUnit}) at
—linalg/triangular.jl:10

+{T,MT,uplol,uplo2} (A::Triangular{T,MT,uplol, IsUnit},B::Triangular{T,MT,uplo2,IsUnit}
—) at linalg/triangular.jl:11

+(Da::Diagonal{T},Db: :Diagonal{T}) at linalg/diagonal.jl:44
+(A::Bidiagonal{T},B::Bidiagonal{T}) at linalg/bidiag.jl:92

+{T} (B::BitArray{2},J: :UniformScaling{T}) at linalg/uniformscaling.jl:26
+(A::Diagonal{T},B::Bidiagonal{T}) at linalg/special.jl:89
+(A::Bidiagonal{T},B::Diagonal{T}) at linalg/special.jl:90
+(A::Diagonal{T},B::Tridiagonal{T}) at linalg/special.jl:89
+(A::Tridiagonal{T},B::Diagonal{T}) at linalg/special.jl:90
+(A::Diagonal{T},B::Triangular{T, S<:AbstractArray{T, 2},UpLo, IsUnit}) at linalg/
—special.jl:89

+(A::Triangular{T, S<:AbstractArray{T,2},UpLo, IsUnit},B::Diagonal{T}) at linalg/
—special.jl:90

+(A::Diagonal{T},B::Array{T,2}) at linalg/special.jl:89
+(A::Array{T,2},B::Diagonal{T}) at linalg/special.jl:90

+ (A::Bidiagonal{T},B: :Tridiagonal{T}) at linalg/special.jl:89

+(A::Tridiagonal{T},B: :Bidiagonal{T}) at linalg/special.jl:90

+ (A::Bidiagonal{T},B::Triangular{T, S<:AbstractArray{T,2},UpLo,IsUnit}) at linalg/
—special.jl:89

+(A::Triangular{T, S<:AbstractArray{T, 2},UpLo, IsUnit},B::Bidiagonal{T}) at linalg/
—special.jl:90

+(A::Bidiagonal{T},B: :Array{T,2}) at linalg/special.jl:89
+(A::Array{T,2},B::Bidiagonal{T}) at linalg/special.jl:90

[
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+(A::Tridiagonal{T},B: :Triangular{T, S<:AbstractArray{T,2},UpLo, IsUnit}) at linalg/
—special.jl:89
+(A::Triangular{T, S<:AbstractArray{T,2},UplLo, IsUnit},B::Tridiagonal{T}) at linalg/

—special.jl:90

+(A::Tridiagonal{T},B: :Array{T,2}) at linalg/special.jl:89
+(A::Array{T,2},B::Tridiagonal{T}) at linalg/special.jl:90

+(A::Triangular{T, S<:AbstractArray{T,2},UplLo,IsUnit},B::Array{T,2}) at linalg/special.
—31:89

+(A::Array{T,2},B::Triangular{T, S<:AbstractArray{T,2},UpLo, IsUnit}) at linalg/special.
—31:90

+ (A::SymTridiagonal{T},B::Triangular{T, S<:AbstractArray{T,2},UpLo, IsUnit}) at linalg/
—special.jl:98

+(A::Triangular{T, S<:AbstractArray{T,2},UpLo, IsUnit},B::SymTridiagonal{T}) at linalg/

—special.jl:99

+ (A::SymTridiagonal{T},B: :Array{T,2}) at linalg/special.jl:98
+(A::Array{T,2},B::SymTridiagonal{T}) at linalg/special.jl:99
+(A::Diagonal{T},B::SymTridiagonal{T}) at linalg/special.jl:107

+ (A::SymTridiagonal{T},B::Diagonal{T}) at linalg/special.jl:108
+(A::Bidiagonal{T},B::SymTridiagonal{T}) at linalg/special.jl:107

+ (A::SymTridiagonal{T},B::Bidiagonal{T}) at linalg/special.jl:108
+{T<:Number} (x: :AbstractArray{T<:Number,N}) at abstractarray.jl:358
+ (A: :AbstractArray{T,N}, x: :Number) at array.jl:770
+(x::Number, A: :AbstractArray{T,N}) at array.jl:771

+(J1l::UniformScaling{T<:Number}, J2: :UniformScaling{T<:Number})
—uniformscaling.jl:25

at linalg/

+(J::UniformScaling{T<:Number},B: :BitArray{2}) at linalg/uniformscaling.jl:27
+(J::UniformScaling{T<:Number}, A: :AbstractArray{T,2}) at linalg/uniformscaling.jl:28
+(J::UniformScaling{T<:Number}, x: :Number) at linalg/uniformscaling.jl:29
+(x::Number, J: :UniformScaling{T<:Number}) at linalg/uniformscaling.jl:30

+{TA,TJ} (A: :AbstractArray{TA,2},J: :UniformScaling{TJ})
+{T} (a::HierarchicalValue{T},b::HierarchicalValue{T})

at linalg/uniformscaling.jl1:33
at pkg/resolve/versionweight.

—31:19

+(a::VWPreBuildItem,b: :VWPreBuildItem) at pkg/resolve/versionweight.jl:82
+(a::VWPreBuild,b: :VWPreBuild) at pkg/resolve/versionweight.jl:120
+(a::VersionWeight,b::VersionWeight) at pkg/resolve/versionweight.jl:164
+(a::FieldValue,b::FieldValue) at pkg/resolve/fieldvalue.jl:41
+(a::Vec2,b::Vec2) at graphics.jl:60

+ (bbl: :BoundingBox, bb2: :BoundingBox)
+(a,b,c) at operators.jl:82
+(a,b,c,xs...) at operators.jl:83

at graphics.jl:123

HEFMREISBNER ARG —
K S GBATH R AR -

TrRB

BT IEAE L P RERE S

&, R Julia AT U BSRARPEIE, AFRESIMEEAT, E8E

julia> g(x::Float64, y) = 2x + y;

julia> g(x, y::Floaté64)
Warning: New definition
g (Any,Float64) at none:l
is ambiguous with:
g (Floaté64,Any)
To fix, define

x + 2y;

at none:1l.

12.2. FEB X
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g (Float64,Float64)
before the new definition.

julia> g(2.0, 3)
7.0

julia> g(2, 3.0)
8.0

julia> g(2.0, 3.0)
7.0

it g 2.0, 3.0) BEATLUEM g (Floate4, Any) , HA[LUAMA g (Any, Floated) , BWHFIEREL
S o BBNXFEN, JuliaBEEE SR, (BN S — R REE AT - MBS SR 7

julia> g(x::Float64, y::Float64) = 2x + 2y;
julia> g(x::Float64, y) = 2x + y;
julia> g(x, y::Float64) = x + 2y;

julia> g (2.0, 3)
7.0

julia> g(2, 3.0)
8.0

julia> g(2.0, 3.0)
10.0

FIHER Julia (0B, R SERE SURITI T -

SHANTT %

WESRNTTE, NMAETEGSSHE LA, RS

julia> same_type{T} (x::T, y::T) = true;

julia> same_type (x,y) = false;

XA TERE LT — M/RRE, EREW N SEE S N F—RE.

julia> same_type (1, 2)
true

julia> same_type (1, 2.0)
false

julia> same_type (1.0, 2.0)
true

julia> same_type ("foo", 2.0)
false

julia> same_type ("foo", "bar")
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true

julia> same_type (int32 (1), int64(2))
false

RAZHAT T R EUE SR BURRE T TS

julia> myappend{T} (v::Vector{T}, x::T) = [v..., Xx]
myappend (generic function with 1 method)

julia> myappend([1,2,31,4)
4-element Array{Int64,1}:
1

2
3
4
julia> myappend([1,2,3],2.5)
ERROR: "myappend has no method matching myappend(::Array{Int64,1}, ::Float64)
julia> myappend([1.0,2.0,3.0]1,4.0)

4-element Array{Float64,1}:
1.0

DSw N

0
.0
0

julia> myappend([1.0,2.0,3.0],4)
ERROR: "myappend has no method matching myappend(::Array{Float64,1}, ::Int64)

T, JHERBSE T AR ENE:

julia> mytypeof{T}(x::T) =T
mytypeof (generic function with 1 method)

julia> mytypeof (1)
Int64

julia> mytypeof (1.0)
Float64

FRHIR B S E e AT AR RV

same_type_numeric{T<:Number} (x::T, y::T) = true
same_type_numeric (x: :Number, vy::Number) = false

julia> same_type_numeric(l, 2)
true

julia> same_type_numeric(l, 2.0)
false

julia> same_type_numeric (1.0, 2.0)
true

julia> same_type_numeric("foo", 2.0)
no method same_type_numeric (ASCIIString,Float64)
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julia> same_type_numeric("foo", "bar")
no method same_type_numeric (ASCIIString,ASCIIString)

julia> same_type_numeric (int32 (1), int64(2))
false

same_type_numeric HES same_type REUAHRE, HRMNHFEIL-

KT A RSB KB F S

PR R RIS SREE], FIESEUR AL TR SUEIRREEL - Bilgn:

’f(a=l,b=2) = a+2b

AT AR T = A i

f(a,b) = a+2b
f(a) = f(a,2)
Q) = £(1,2)

KEF SN G EENSUERRIZEFE - ENARTHEER . TERESNETHESH, #]T
ISR TR, A BT S
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T3 PR A RADEF G, B &6 50 LRI RRE . 7€ Julia H,  RAUK G [B 5t ] DUVE RS & R AL
F: R ATTVE R R B AT DA S M N R B S8 fF - SXFESI AR & RE IR E A B RN E - §l
-

type Foo
bar
baz
end

julia> foo = Foo(l,2)
Foo(1,2)

julia> foo.bar
1

julia> foo.baz
2

WFARE RADRUL, FEFT SME— TR B AR & MEIRE - Aid, MEE S AT e & 7 2 B R
TEo N TPRIERFERIANENE, BATTREREN SR ITIE S A . IG5 |, JUHSR A5 HREDE
LR, WHRESEME N IEEERE, RS RHHEEE - RAVERE AR EHE DA R RS HE
Tr ERIFERT R o Julia BOFE & B EORT LULE B IX EEAE N B AR SRAG ST E -

AN OB RS

ME R ELS Julia PR ERE—E, ERTHBORTEREINERIT HEE - Bib, IRA]LOEE S
TTHERLE TS R BUENHERE - T4 Foo MNIN T HHIETTE, DURA— 2L FZZBEMS bar T
baz ﬁi:

VKT RUE M e 0l F R A QS R AR, B E IR TR E S TE . BE BT, WLRE S
AT ST H B TR R A 3 bR S D R A T -

101



http://en.wikipedia.org/wiki/Recursion_%28computer_science%29#Recursive_data_structures_.28structural_recursion.29

Julia (1%, £ i 0.3.0-prerelease

Foo (x) = Foo(x,Xx)

julia> Foo (1)
Foo(1l,1)

AN Foo MIESMIETTIE, 4 bar M baz HIHEIME:

Foo() = Foo(0)

julia> Foo()
Foo (0, 0)

IXAIB N IE YA ShER FE T 1% - e AR E I IR BEONE R TS, A T IE T R i 5
-

R 35 7 TA

NER H3E 7 IR S SN G T IRREL, EE A X5
1. EAERTURE MRS B, TR Rl T A — FEAE SN A
2. EMAH AR new BREL, A IE S BIRARBIAINS 5

ftn, ZAER—NMREESERE, BE MO TE A

type OrderedPair
x::Real
y: :Real

OrderedPair(x,y) = x > y ? error("out of order") : new(x,Vy)
end

N x <= y I, A2Mi&E orderedPair MH:

julia> OrderedPair(1,2)
OrderedPair (1, 2)

julia> OrderedPair(2,1)
ERROR: out of order
in OrderedPair at none:5

B BISMERAE T TE, S ER S VA INER I IE 7 i -

LR, WRRMBFEIN immutable , BRI EREIEEEAGEZ T o XX AR — DR E BN IZE
immutable IR B .

UASRE LT NERFE TS YA, Julia R A FEHRBEOAAEIE I - BOARIE IR0 T — 4 B UNE &
Z;\Yi%, TR RPAMEEERNSE (RN NG R, RoAEEERR) | BB new , H/EIREILE RN

type Foo
bar
baz

Foo (bar,baz) = new(bar,baz)
end

102 Chapter 13. 43 BE%L




Julia (1Y, £ 47 0.3.0-prerelease

X IS BT R FE A N BT AE T VAR Foo RFMAT . THMELRSENE, — MERBAETE, —
PNEY TG A

type T1
x::Int64
end

type T2
x::Int64
T2 (x) = new(x)
end

julia> T1(1)
T1(1)

julia> T2 (1)
T2 (1)

julia> T1(1.0)
T1(1)

julia> T2(1.0)
T2 (1)

WEE T EREAERAT - REBOINEZRIFIL, NIZERINEMGE T E, BENTHHERNERET
%

TR RIERIE

ZRINNBVAREIE .

type SelfReferential
obj::SelfReferential
end

W a f& SelfReferential BISERF, W] LLAn R A& SE —A~50641.

b = SelfReferential (a)

B2, BEEEMEFIES ooy BIRHERVER, WAIHIEE—NSEFIR? ME— MR T IERE oby B,
RIEK(EH] selfReferential BB WIIAMESE], FALXDENFHERNF—PEH (WEAREF) F oby WHHE
BUE -

FEER A WIGEA T G, Julia RFRAF new BRECEATR HZSR A M UDISEL, IR BIERS R WIIE LR
XS o 3XEF, PR E BT DASE B X A SEEE RN G, HAEIR B Z B SERLE FIRIERIL - R EIH, BATE
X selfReferential RN, FHZESNEMEATE, RE—1 ob IR T A5 #ILHF:

type SelfReferential
obj::SelfReferential

SelfReferential() = (x = new(); x.o0bj = x)
end

BEFESE 5 R AT LB AT H A8 B 515 R
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julia> x = SelfReferential();

Julia> is(x, x)
true

julia> is(x, x.obj)
true

julia> is(x, x.obj.obj)
true

PRI IS T R AR IR ] 52 2 WA (L RN 5, (Bt ] LUK [EIFR 5 WA (R R -

julia> type Incomplete
XX
Incomplete () = new/()
end

julia> z = Incomplete();

RUE AT AR AIA LIS 5, (HEEBCR ORI HI G| & 1REs

julia> z.xx
ERROR: access to undefined reference

X TR null (H- (B2, FrANSRIEEGZESIH - Julia A —28RRUREEEE", RIMEA]80%L
JEHEREASLEY, ARG AN 5 o Eod@ R SRR R R R B HA 3l 25y R B A AT 2R R 45
PRy (B0 tnt )« EEEIE BRI A AR AR E LB

julia> type HasPlain

n::Int
HasPlain() = new ()
end

julia> HasPlain ()
HasPlain (438103441441)

H B RE R AL T R R B R M E AT -
A LAEENTRE AT, AN TBIN SR LT RE, RBEIEZMETIGEIL:

type Lazy
XX

Lazy (v) = complete_me (new(), V)
end

UK complete_me BUHEHIHHFIREGAEAENIAN Lazy FRE xx BZ AT, FF& AR -

ZRUCE TT T

ZESE T AR BT -

julia> type Point{T<:Real}
x::T
y::T
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end
## implicit T ##

julia> Point (1,2)
Point {Int64} (1,2)

julia> Point (1.0,2.5)
Point {Float64} (1.0,2.5)

julia> Point (1,2.5)
ERROR: "Point{T<:Real}  has no method matching Point{T<:Real} (::Int64, ::Floaté64)

## explicit T ##

julia> Point{Inté64} (1,2)
Point {Int64} (1,2)

julia> Point{Int64} (1.0,2.5)
ERROR: InexactError ()

julia> Point{Float64} (1.0,2.5)
Point {Float64} (1.0,2.5)

julia> Point{Floaté64} (1, 2)
Point {Float64} (1.0,2.0)

E S EAE RSN T N A AE

type Point{T<:Real}

x::T
y::T
Point (x,y) = new(x,Vy)
end
Point{T<:Real} (x::T, y::T) = Point{T} (x,Vy)

ERAE & 7715 A8 L Point (T} HIJT ., THE Point MIMIE KA 1%L - Point RREMEEM AEEH
NERIE 7% - SNERIIETTIERE LT Point HIFE 7% -

FTLUCRRERLE 1 RI M RE L. 0, RSEHUIEIE:

julia> Point (x::Int64, y::Float64) = Point (convert (Floaté64,x),vVy);

XTI AT UE R 1217

julia> Point (1,2.5)
Point {Float64} (1.0,2.5)

julia> typeof (ans)
Point {Float64} (constructor with 1 method)

{ERNTEIES{74:-F

julia> Point (1.5,2)
ERROR: "Point{T<:Real}  has no method matching Point{T<:Real} (::Float64, ::Int64)
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HEE AT € SN INR S 7

julia> Point (x

::Real, y::Real) = Point (promote(x,Vy) ..

2)

promote RECKERIFTESHEHOVMARIRE . IAE, PSSl Eear T LUIER 217

julia> Point(1.5,2)
Point {Float64} (1.5,2.0)

julia> Point (1,1//2)
Point {Rational{Int64}} (1//1,1//2)

julia> Point (1.0,1//2)
Point {Float64} (1.0,0.5)

2. 58

N2 rational jl SUHEIFFLERSY, BESEILT Julia B 0%

immutable Rational{T<:Integer} <: Real
num: : T
den::T

function Rational (num::T, den::T)
if num == 0 && den ==
error ("invalid rational: 0//0"™)
end
g = gcd(den, num)
num = div (num, g)
den = div(den, qg)
new (num, den)
end
end
Rational{T<:Integer} (n::T, d::T)

Rational{T} (n,d)

Rational (n: :Integer, d::Integer) = Rational (promote(n,d) ...
Rational (n::Integer) = Rational (n,one(n))

// (n::Integer, d::Integer) = Rational (n,d)

// (x::Rational, y::Integer) = x.num // (x.denxy)

// (x::Integer, y::Rational) = (x*y.den) // y.num
//(x::Complex, y::Real) = complex(real (x)//y, imag(x)//y)
// (x::Real, y::Complex) = x*y'//real (y*y')

function // (x::Complex, y::Complex)
xy = x*xy'
yy = real(yx*y")
complex (real (xy)//yy, imag(xy)//yy)
end

BH BB T

julia> (1 + 2im)//(1 - 2im)
-3//5 + 4//5*im

julia> typeof (ans)
Complex{Rational{Int64}} (constructor with 1 method)
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julia> ans <: Complex{Rational}
false
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cHAPTER 14

RAVR AN R I GE T+

Julia 7 TH4%§&%L§??E@’<§SITLF%%H~/\%?£ XESHHRT G BB AL, BernBmEAR
BREL, R, KT FREIE

FEFEME X L, Julia 2 F BRNRBRTH: Bz B AREFRIEEN R, KEMSEA2WED)
e . (HiETER, REHE B3 RARTT -

R

convert WA TRERBAEMEE . EAEWNIPSE: F-PR2RENG, FNOREERNE B
(ERFRH N TR ERTIAE:

julia> x = 12

12

julia> typeof (x)
Int64

julia> convert (Uint8, x)
0x0c

julia> typeof (ans)
Uint8

julia> convert (FloatingPoint, x)
12.0

julia> typeof (ans)
Floaté64

BEEBERHNT, convert &5 & “no method” 5i5:
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julia> convert (FloatingPoint, "foo")
ERROR: "convert  has no method matching convert (::Type{FloatingPoint}, ::ASCIIString)
in convert at base.jl:13

Julia ANMETFAT B AIELT 2 [A] ) R T et

RE SCHT R A Fe i
B SUBRTNEEMe, AFR% convert RUEHTITIEEFT o T HIREUERL #0 Ai/R{E:

convert (::Type{Bool}, x::Number) = (x!=0)

W ERER NS ERTZE FEKA Bool & Type{Bool} HIME—SEH) . HITIENESE — SR
Bool A YiF - Notice the syntax used for the first argument: the argument name is omitted prior to the : : symbol,
and only the type is given. This is the syntax in Julia for a function argument whose type is specified but whose value

is never used in the function body. In this example, since the type is a singleton, there would never be any reason to
use its value within the body. I EEEZ BN 0 -

julia> convert (Bool, 1)
true

julia> convert (Bool, 0)
false

julia> convert (Bool, 1im)
ERROR: InexactError ()
in convert at complex.jl:18

julia> convert (Bool, 0im)
false

SEPRE A B R A R AR LB 2%, B Julia HA— D SEEL:

convert{T<:Real} (::Type{T}, z::Complex) = (imag(z)==0 ? convert (T,real(z))
throw (InexactError ()))

julia> convert (Bool, 1im)
InexactError ()
in convert at complex.jl:40

Bl BB
4RZE Julia B) Rational RIYAIREGIFIFT, rational j| AL HLA 75 B R BR7E 267 75 BAFIMG i s B2 ) -

convert {T<:Integer} (::Type{Rational{T}}, x::Rational) = Rational (convert (T, x.num),
—convert (T,x.den))

convert {T<:Integer} (::Type{Rational{T}}, x::Integer) = Rational (convert (T, x),
—convert (T,1))

function convert{T<:Integer} (::Type{Rational{T}}, x::FloatingPoint, tol::Real)
if isnan(x); return zero(T)//zero(T); end
if isinf(x); return sign(x)//zero(T); end
y = X
a = d = one(T)
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b = ¢ = zero(T)
while true
f = convert (T, round(y)); y —= £
a, b, ¢, d = fxatc, f+xb+d, a, b
if y == || abs(a/b-x) <= tol
return a//b
end
y = 1/y
end
end
convert {T<:Integer} (rt::Type{Rational{T}}, x::FloatingPoint) = convert (rt,x,eps(x))
convert {T<:FloatingPoint} (::Type{T}, x::Rational) = convert (T,x.num)/convert (T,x.den)
convert{T<:Integer} (::Type{T}, x::Rational) = div(convert (T,x.num),convert (T,x.den))

BN E M A[HAER a/ /b == convert (Rational{Int64}, a/b) - JGW MESEEEHL AT S BURIEEEL
g@ﬁUo

RIFRT

KRR BRI B MEBAER S DR —RE . TERMER KRR, Fla0, B Inc32 HEA] LR
7N Floated {H, {H Int32 A2 Float64d HITIRA.

Julia f# [ promote HRECRMERARF, ESEANEFT LB ERZ, BREIFFEANEIE —RRIM L T,
WERANEEIR S, WHH B8 - R A R EUE S R R — K8

julia> promote(l, 2.5)
(1.0,2.5)

julia> promote(l, 2.5, 3)
(1.0,2.5,3.0)

julia> promote (2, 3//4)
(2//1,3//4)

julia> promote(l, 2.5, 3, 3//4)
(1.0,2.5,3.0,0.75)

julia> promote (1.5, im)
(1.5 + 0.0im,0.0 + 1.0im)

julia> promote (1l + 2im, 3//4)
(1//1 + 2//1%«im,3//4 + 0//1%im)

R BRI Oy e BT R BCR T - BEUEIR T v AL iR AR R R m R R R T . B R
HE B, BN VI FTE R SRR . BB S5, BT e S BE R
B, RINERE BE BRI SSRE, R hEHE R

HEzRES, BEAsREN + - « M/ FEEL, AT R T KRB - THIE promotion jl FHET—
BETE 3L

+(x::Number, y::Number) = + (promote(x,y)...)
—(x::Number, y::Number) = - (promote(x,Vy)...)
* (x::Number, y::Number) = x (promote(x,y)...)
/ (x::Number, vy::Number) = /(promote(x,y)...)

14.2. RBRT 111



https://github.com/JuliaLang/julia/blob/master/base/promotion.jl

Julia (1%, £ i 0.3.0-prerelease

promotion.jl F1AE L T HEB AL ZHERAIR AR TEE, H Julia fMEZEF L% E WA promote -
prjon%%tej;ﬂiﬁﬁﬁﬂ‘%ﬁ/@iﬁﬁiiEP, BT (0838 MR EGE R A FINF R IS4 rational jI FERHE T AR AY
SRR IE T 1

Rational (n::Integer, d::Integer) = Rational (promote(n,d)...)
TR 7

julia> Rational (int8(15),1int32(-5))

-3//1

julia> typeof (ans)
Rational {Int64} (constructor with 1 method)

Xf B SCRBRUL, B HAEF A A0S AR SR B IR R R . (EACEEE MRS, fif B 3hRTUfR
TS (8 -

RE SCRAL G+

RAET LLE Y promote MEUE XA, (HX KM T o FATH B KA promote_rule K E X
promote MJFTH o promote_rule REFEWRAZT RN )L, IREFH —PMRAX R . HERECKESE T
RAPSAF], FRANER B FRTY.

promote_rule (::Type{Float64}, ::Type{Float32} ) = Float64

RIEHIRATES KBS HERRARE - THEGE Julia bRoEEF EIFT

promote_rule (::Type{Uint8}, ::Type{Int8}) = Int
promote_rule (::Type{Char}, ::Type{Uint8}) Int32

AN EF B E X promote_rule(::Type{A}, ::Type{B}) # promote_rule(::Type{B},
::Type{A}) —— promote_rule RETERFA TR E T XFRIE -

promote_type bR %5 15 promote_rule PRECEE N, EEREREE NIRRT S, RETENERN
promote ZEES, FTNIREMEA)AFLRA . EIHL AT LIFH promote_type R T i € RKBAVHEE SR
oL FiESivE

julia> promote_type (Int8, Uintlé6)
Int64

promote fff promote_type R iE RAIR I EANSEUE L H A WAL o SEERBIER AALHI AT I
promotion.jl , —3H 3547 .

Rl SHRBRT
FAVAR Julia SHEH R

promote_rule{T<:Integer} (::Type{Rational{T}}, ::Type{T}) = Rational({T}
promote_rule{T<:Integer,S<:Integer} (::Type{Rational{T}}, ::Type{S}) = Rational

— {promote_type (T, S) }

promote_rule{T<:Integer, S<:Integer} (::Type{Rational{T}}, ::Type{Rational{S}}) =
—Rational{promote_type(T,S)}

promote_rule{T<:Integer,S<:FloatingPoint} (::Type{Rational{T}}, ::Type{S}) = promote_
—type (T, S)
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cHAPTER 15

R

Julia APEERE — MR 2R 8 TIEX . EHANERBIE module Name ... end Z[A]. FEREERAHE,
PRAT LLEEE ) B R i 44 = B AT W GBI import ) . WA LIFERAAKEER A dr 2 2 75 public (GBI

export ) °

NE AT R TR EAFL - X OO R

module MyModule
using Lib

using BigLib: thingl, thing2
import Base.show

importall OtherLib

export MyType, foo

type MyType
X

end

bar (x) = 2x

foo(a::MyType) = bar(a.x) + 1

show (io, a::MyType) = print(io, "MyType $(a.x)")
end

NE Sy Wb (R = i 85 LN D A IS k£ 9% N 72 R G S A
ﬁﬁ*ﬁﬁ%ﬁ)‘(? %Zﬂ MyType %Wﬁ/l\@@l o foo @iﬁ‘ﬂ MyType ?%ﬂ%ﬁ export , IHZEIU\%& import iﬂ:/ﬂ\:@
B . bar & MyModule HIFLVE PREL -

A using Lib £H, Lib BEREFENTTHRENTGS - H— 1 2RZEE YRR A E XL,
ARBSTE Lib export A EHH R, HAEREEEE import #K . ZEYFIELFH NLEHEX N 2RL &
B, #&E3 Lib FAAERE X -
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fgﬁ]using BigLib: thingl, thinng%using BigLib.thingl, BigLib.thingZE@%ﬁEﬁ

The import keyword supports all the same syntax as using, but only operates on a single name at a time. It does
not add modules to be searched the way using does. import also differs from using in that functions must be
imported using import to be extended with new methods.

In MyModule above we wanted to add a method to the standard show function, so we had to write import Base.
show. Functions whose names are only visible via using cannot be extended.

The keyword importall explicitly imports all names exported by the specified module, as if import were indi-
vidually used on all of them.

Once a variable is made visible via using or import, a module may not create its own variable with the same name.
Imported variables are read-only; assigning to a global variable always affects a variable owned by the current module,
or else raises an error.

Summary of module usage

To load a module, two main keywords can be used: using and import. To understand their differences, consider
the following example:

module MyModule

export x, y

x() = "x
y() — nyn
p() = "p"
end

In this module we export the x and y functions (with the keyword export), and also have the non-exported function
p. There are several different ways to load the Module and its inner functions into the current workspace:

Import Command What is brought into scope Available for method
extension

using MyModule All export ed names (x and y), MyModule. x, MyModule. x,

MyModule.y and MyModule.p MyModule.y and

MyModule.p

using MyModule.x, x and p

MyModule.p

using MyModule: x and p

X, P

import MyModule MyModule.x, MyModule.y and MyModule.p | MyModule.x
MyModule.y and
MyModule.p

import x and p x and p

MyModule. x,

MyModule.p

import MyModule: x and p x and p

X, P

importall All export ed names (x and y) x and y

MyModule
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RRBRAN S

REBIGUL N RIS 2 SERTE R BRASERERNE R — MR EZ A3, — P30
WA UA 2 MBS

module Foo

include ("filel.jl")
include ("file2.j1")

end

FEANF SR A AL &5 R RARRS, 2 R mixin FIFFAE - ATLURIHLX AL, ZEARFIRVERSE € SC T BT Rt
W, BIAmE T — LR R & A A AT ARSI

module Normal
include ("mycode. j1")
end

module Testing

include ("safe_operators.jl")
include ("mycode.J1")

end

PRUERLER

HE1MEEOVREZESE. Main, Core, # Base -

Main & TR, Julia 550 FF Main 3009 2 B8R - SRR N, 2R ARAE Main BHRHE XL,
whos () A[LAFH Main FIFTH 2 & -

Core B E“NEMPrEEN, FIIEAZOES, BEAEREE. 8P EREE SN T using Core
, RO, (28T -

Base ZHRERE (1E base/ XIFRT) - PrEBREIESHIAN T using Base , BV KEDHEIL N
BE .

RRIATIZR P B A AR R
BT using Base , BHREHFIATHHIGEEA - BT HHEE eval WERE L, X4 EECSAE
B 3K KA -

QH%XZF‘E%JX%KFEX, AT LUFH baremodule FEEFRE XA . #H baremodule B, — R
ARk

baremodule Mod
using Base
importall Base.Operators

eval (x) = Core.eval (Mod, Xx)
eval (m,x) = Core.eval (m, Xx)
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end

AR (R AF X AN LB % A2

i N$8 4% using foo, Julia 2 H T Main HFZEA P T, Foo - MR R I, Julia & Z iR
require ("Foo") - MHEI N, XS MNELEME T E AR,

ORI, RS PR, WL EYL, AREAEEMN Main EEET| SR . R AT R DURLX
ﬁl"ﬂ%ﬂ: ﬁff—, 1%}5%?@5@1%?%, Zlﬂ using Base.Sort o ﬁ/f:, ﬁfﬁﬁ*ﬁ;@%@é, ﬁ*$ﬁfuﬁ@f@?&)\
2 AR ) AR R B R A RRIR

module Parent
module Utils
end

using .Utils

end

IR Parent AL T Utils « TIRABE utils FRINESN Parent A, A LUMFE R using N EJEXL
f5 . EEMAISEREE N —EZRfAZ TR Fli0, using ..Utils F27E Parent R
FRRNFH utils -

PR B2

22 & LoAD_PATH 6% T require B Julia R BRI H R - AL push! #1719 B

’push! (LOAD_PATH, "/Path/To/My/Module/")

BX—BRAGHE ~\ . Juliarc. §1 BAEEES IR JuliaS shi X LoaD_PATH & . MAb, AR LLEE &
N IFEEAS B JULTA. _LOAD_PATH ¥ & JulialREERER1Z

/MR

MR — a4 R H VAT H(qualified) (U1 Base.sin) , BIEEEHE export , {HEEHIMET LI o SXAE I
FEHEEM -

import 5% export =0, ZEAEZELFHIRI @ 755, HIA import Mod.@mac - Macros in other modules can
be invoked as Mod. @mac or @Mod . mac.

Finm.x = y BEEREN, MEAS—MERTFHNEREERE 2R%ENEEREAL RN
BRAFEATH] -
HEAETRZEFEBHN global x , AJLURZRER PN RE"H - XA LIARB ISR, 2RZEWHRLE
Bl a2 5 o
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TCYmFE(Release 0.4.0)

FEulialF 5, WNICHRERI SR, 248K BLispiE 5 KRS « KLlLisp, Julia B S HIRIEHEESF
5 BIRSE « BT USSR X1 S A S Br i s A0 AL B A SR ORI, RLMRE et AT LURR A A A=
A H B EE B - XEEAR BN RS IR, KR A U B R AR AR = RS, I A wl DUEE
IELisp XU H ZZAET G IR 1AM (abstract syntax trees) REATERIE . SHAHRKRZ, FRZ NTRLEE R R
ge, PIINCMIC+RA TIXF ARG . ERrEINE, ERITETSEFRAHE (inter-pretation) #{EELE MIETE
EFET (parse) BAEZ R, BUTICRMIEACALRIE Gulia 58K - B9 FTE fEjuliat HEEE R
O & i julia SR ST R KR, BT LAF R (reflection) THEERT LAMRRFRIF NFB I 25 LIGX LE N 2 2K
B, BB AR R AR

REFF BRI

gl AR A TR TR E A (FERTFIRRIER TR |
julia> prog = "1 + 1"

"ol

TR EEH LAWY

1:—5%?5@—/1\$ﬁ$@ﬁﬁ (parse) F— M PR 2 N FRIAZ (Expression) AU G, HIuliak ! Expr KFE
TN

julia> exl = parse (prog)
(1 + 1)

julia> typeof (exl)
Expr

Expr ¥ REE =EB5:

o —/ symbol FHRFERFIARXITZIIFFE . £F5 (symbol) 23 B FFAF# (interned string) FIFRRRF (3
R -
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julia> exl.head
:call

(—3HE) KA GHISE, I RERTFS, HibFks, sl LBy 7 i 2.

julia> exl.args
3-element Array{Any,l}:
T+

1

o JJE, RRIXAN RABREMERREY, © AT REOH F R ECE PR AR TERT ok (i BT DL 22 2
W, HOAEAREER)

Jjulia> exl.typ
Any

W RIS, RIRFOS G ] LU E A

julia> ex2 = Expr(:call, :+, 1, 1)
(1 + 1)

i EIARERS  - AT ECE R - MR H A RIA U RSN Y

julia> exl == ex2
true

%EE‘]%‘-&%, Juliai® F KRB N PFORA T —#, W IS TE T Juliaik 5 B 5 BTk RHE S5

XA dump () BREC] DUR R 48 SEFI IR A FRA TN &

julia> dump (ex2)

Expr
head: Symbol call
args: Array (Any, (3,))

1: Symbol +

2: Int64 1

3: Int64 1
typ: Any

FIRF N G AT LU E T A

julia> ex3 = parse(" (4 + 4) / 2M)
(4 + 4 / 2)

F—MEERRANANIA FTIEEH Meta. show_sexpr BREL T AT LLIE— 144 E B R B X B &R ALS-
expressionfZ =X, LispFH P B €2 WX MERRIRE - XH 17, FREAEREZR—MER AR
LW

julia> Meta.show_sexpr (ex3)
(:call, :/, (:call, :+, 4, 4), 2)
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REPIE

fEJuliaF, XAPFHF: - AW NEENDIE. - PR E D symbol M &, E— 1 IEH TR &
(interned string) FIVEZFR A ZUXT S AFG LR .

julia> :foo
:foo

julia> typeof (ans)

Symbol

FFEMGMAT LI symbol () MAUME, EIEFIFEZEWIE K. 747 745 WERFSN S, 282
FI BT S R) BEEEAR, BARGIER— MRS

julia> :foo == symbol ("foo")
true

julia> symbol ("func",10)
:funcl0

julia> symbol (:var,'_',"sym")
:var_sym

FEFRIRFR RANES E, FF SRR ZERIE, S HHE— D RAAN RIS, 5D 5 H R AL e
HETZEERTVEE N (scope) ATURMIE -

AR HBOMIERE S EER KRR « TR (MAREEEN, ERERT, ERREECEZ)E
HIFFF R — DT S) TR AT IR -

Julia> :(:)

()

Julia> :(::)
c(:e)

KEAREITH

5| (Quote)

XA FRRE OB EIIREE, AR (explici) RIS RIS, WHME— N RIAXWT SR . X
WIRZ AGIH - B R - R, USRS R R — W ETE S e A R —4 julia A8 ER
FIRFGE AR A, KRB — 5 julia BRF/BIARIER) | ER— P ETXFWERE
ERIEARZAT R« XDMITR T —MRENBEEz R A5 -

julia> ex = : (atbxc+l)
t(a + b xc + 1)

julia> typeof (ex)
Expr

(Ch TEBXNTREAN RGN, FE2A LRI R ex. head~ ex.args B dump () )

R FRXMOT B RARAZ S G, FH Expr W SIS ERWE, 8385 parse () MEUE,
A3 HH A R A B2 S5
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julia> :(a + bxc + 1) ==

parse("a + bxc + 1") ==

Expr(:call, :+, :a, Expr(:call, :x, :b, :c), 1)
true

HIENT 2% (parser) RN R IAZ NGB EIEF SN % - HihRAAX NS - sz FEEMENMITNSE, 5K
M julia {8 (B Expr () , : () XEET73%) WEMFRAX T LNES FEIER, EAEREERME (run-time
values) TENSEL (LLUnmT DIEAE & a AUSERHEYMSE, MAREE a X—FHEERENSE, FEXEIF
REER) o FLEXDEEOFTFE, + 1 a BEFEWNE, « (b, c) B— 1N FEXRNE, UK 1 E2—1F
HE (4N BEF5ER)

ST A —MiEE S Ed 5 A L2 ERER: A5 AR, REEEEE quote ... endd - FE, M
HEBIERG IR FE AW, —EEERE], XFIEIE QuoteNode TLEFI A T FiAAM - HAh
TEM R : ¢ ... ) Flquote .. end BEHHM—FERIXT FRAHE

julia> ex = quote

x =1
y = 2
X +y
end
quote # none, line 2:
X = 1 # none, line 3:
y = 2 # none, line 4:
X +y
end

julia> typeof (ex)
Expr

N (Interpolation)

MZEUEE M ERAT N G, XM ERARF AR, H2 5<IEF " Mjulia VAL, Expr MRMES
AATRERARTU o 1ENA—DIERE,  julia AOUVF, IEF H{EEGE RIAANF “PrE (splicing) ~ BLE A i —
MGIAFRARER (AIFRARNR) - NEONEZRN $ Bk

FEXMITE, WNEEEE a HIE:

julia> a = 1;

julia> ex = :(Sa + b)
(1 + b)

KA BEIHRRARIER, BARECNEBRER, FBNRIMRABOMNERE, BE55

— YR iEEE R (compile-time error) - :

julia> Sa + b
ERROR: unsupported or misplaced expression $

X MF B, wple (1,2, 3) 1ER—PRIAIER), Jobl « SIHM T RAANR b, BN FF
it

julia> b = :(1,2,3)
julia> ex = :(a in $b )
:(S(Expr(:in, :a, :((1,2,3)))))
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SR AL — M RENRE RN RHFEZE—DEANGI AR WFF7RR : (ra + b)) WNF&E—
XGREPSEE

Jjulia> :( :a in $( :(:a + :b) ) )

AAAAAAAAAA

W5 HrNER A

HTRAXNED s BIHE, S NERTAT R NHMIES N . RAXNEX—IhEE, #1558 Rjuliakis
X, JLITE, "B, BFPCRPHE .

eval () PREUSHRR
A eval () BREL AT LIEERBIERE, ik julia $UT (evaluate) — XI5

julia> : (1 + 2)
(1 + 2)

julia> eval (ans)
3

julia> ex = :(a + Db)
:(a + b)

julia> eval (ex)
ERROR: UndefVarError: b not defined

julia> a = 1; b = 2;

julia> eval (ex)
3

BAMEREE HEM eval O B8, FIRESRIERBHMTEARN SR . [ eval () KEHITRER
%, U VS ERIEIE — M B — I R 7524 AT IEFIL, (SE7EX A kst e BT i
B AS

julia> ex = :(x = 1)
t(x = 1)

Jjulia> x
ERROR: UndefVarError: x not defined

julia> eval (ex)
1

julia> x
1

X, SRR R TR RA 2R ER x W T —ME (1) -

BN FRIA R AR F] LUE L SE R P A A AN 5, T RX D N A A, X s, w]
DS ERERNE GIERMRRARANE)  REXLRIBATLA eval () BEHT. XEF—D
18 B ) 317

julia> a = 1;

julia> ex = Expr(:call, :+, a, :b)
: (1 + b)
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julia> a = 0; b = 2;

julia> eval (ex)
3

i E’J{E%&ﬁﬁﬂ%ﬁki@kﬁﬂ% ex, ex fl + RECRIMEIFERE DL ”. EE a M b KWHEEEEZIANF

E*’Ji%i%l_ﬁﬁ , E a BE, BHE-NHERERFRLENE . Kb, GiFEX AN FR A, 25
#a PERMTAMITME T EXREAF, XIMECEZET, S5 a“ XN ZEaNEGERTHMA 2K R
T,

AAEME, M5 o BHAE T RARE, rUEM@ERIANR, 28 o WERTIERZ DT — o HE
—PRFENER, BELE b A (TR ex ZHT) #IELEWE L RMETR ex B, EX 1
175 b BESMAFS o BE, RKAFHE.

FIBF R AL

B EXCETRoRE 1, julia B— DAREA A BEE R julia P A RE B CAERMBRIEX M EF H CHR
e BACE SR — D7, —PRBEDREER — PN RIEAIR: parse () BEL, THWARE—
A julia AR R FAT 8, B X S proef AR IA O B . — P REU AT IE— e B2 1R
BANRAMSEL, RFRE A — P RIAFS G X E— R BNE B AR

julia> function math_expr (op, opl, op2)
expr = Expr(:call, op, opl, op2)
return expr
end

julia> ex = math_expr(:+, 1, Expr(:call, :x, 4, 5))
(1 + 4+%5)

Julia> eval (ex)
21

WA — 7 X BEE -, EEMBESECERE, Htao iz, JORERFHRER 5

julia> function make_expr2 (op, oprl, opr2)
oprlf, opr2f = map(x —-> isa(x, Number) ? 2+x : x, (oprl, opr2))
retexpr = Expr(:call, op, oprlf, opr2f)

return retexpr
end
make_expr2 (generic function with 1 method)

julia> make_expr2(:+, 1, 2)
(2 + 4)

julia> ex = make_expr2(:+, 1, Expr(:call, :%, 5, 8))
(2 + 5 % 8)

julia> eval (ex)
42
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Macros

Macros provide a method to include generated code in the final body of a program. A macro maps a tuple of arguments
to a returned expression, and the resulting expression is compiled directly rather than requiring a runtime eval() call.
Macro arguments may include expressions, literal values, and symbols.

# (DUNIR03.0MARNZS) o

M

FH ) UG GRIER A A AR £ - Tust as functions map a tuple of argument values to a return value, macros
map a tuple of argument expressions to a returned expression. They allow the programmer to arbitrarily transform the
written code to a resulting expression, which then takes the place of the macro call in the final syntax tree. & F 7% i

EIEN:

@name exprl expr2
@name (exprl, expr2, ...)

ERE, RAHHeFS . F-MEN, ZBEREAZEREES; FMER, ZERRESH - X/
MEAANEILR - B0, TEHRNEENGSRMS LFARE, ERAMERSET - 28, KSEOhEZTH

(exprl, expr2, ...):

@name (exprl, expr2, ...)

BFBITHI, ename BIFRE S RAASEAE, HERBENXNEER . HHRET macro RE LB
ARCIEAE

macro name (exprl, expr2, ...)

return resulting_expr
end

& Julia ¥ @assert ZZHIRE HE -

macro assert (ex)
return : (Sex ? nothing : error("Assertion failed: ", $(string(ex))))
end

XA ZEATAA R E

julia> @assert 1==1.0

julia> @assert 1l==
ERROR: Assertion failed: 1 == 0
in error at error.jl:22

T AT PR IT SR [ R « IXSE M T

==1.0 ? nothing : error("Assertion failed: ", "1l==1.0")
1==0 ? nothing : error ("Assertion failed: ", "1==0")

That is, in the first call, the expression : (1==1.0) is spliced into the test condition slot, while the value of
string (: (1==1.0)) is spliced into the assertion message slot. The entire expression, thus constructed, is placed
into the syntax tree where the @assert macro call occurs. Then at execution time, if the test expression evaluates
to true, then nothing is returned, whereas if the test is false, an error is raised indicating the asserted expression
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that was false. Notice that it would not be possible to write this as a function, since only the value of the condition is
available and it would be impossible to display the expression that computed it in the error message.

The actual definition of @assert in the standard library is more complicated. It allows the user to optionally specify
their own error message, instead of just printing the failed expression. Just like in functions with a variable number of
arguments, this is specified with an ellipses following the last argument:

macro assert (ex, msgs...)

msg_body = isempty(msgs) ? ex : msgs[l]
msg = string("assertion failed: ", msg_body)
return : (Sex ? nothing : error($msg))

end

Now @assert has two modes of operation, depending upon the number of arguments it receives! If there’s only
one argument, the tuple of expressions captured by msgs will be empty and it will behave the same as the simpler
definition above. But now if the user specifies a second argument, it is printed in the message body instead of the
failing expression. You can inspect the result of a macro expansion with the aptly named macroexpand () function:

julia> macroexpand(: (Rassert a==Db))
:(1if a ==
nothing
else
Base.error ("assertion failed: a == b")
end)

julia> macroexpand(: (@assert a==b "a should equal b!"))
:(if a == Db
nothing
else
Base.error ("assertion failed: a should equal b!")
end)

There is yet another case that the actual @assert macro handles: what if, in addition to printing “a should equal
b,” we wanted to print their values? One might naively try to use string interpolation in the custom message, e.g.,
@assert a==b "a ($a) should equal b ($b) !",butthis won’t work as expected with the above macro.
Can you see why? Recall from string interpolation that an interpolated string is rewritten to a call to the string
function. Compare:

julia> typeof (: ("a should equal b"))
ASCIIString (constructor with 2 methods)

julia> typeof (: ("a (5a) should equal b ( )y Lmy)
Expr

julia> dump (: ("a (sa) should equal b ( )y Lmy)
Expr

head: Symbol string
args: Array (Any, (5,))
1: ASCIIString "a ("

2: Symbol a
3: ASCIIString ") should equal b ("
4: Symbol b
5: ASCIIString ")!"
typ: Any

So now instead of getting a plain string in msg_lbody, the macro is receiving a full expression that will need to be
evaluated in order to display as expected. This can be spliced directly into the returned expression as an argument to
the st ring call; see error.jl for the complete implementation.
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The @assert macro makes great use of splicing into quoted expressions to simplify the manipulation of expressions
inside the macro body.

DAR

T BT EZ4 7 - In short, macros must ensure that the variables they introduce in their returned expressions
do not accidentally clash with existing variables in the surrounding code they expand into. Conversely, the expressions
that are passed into a macro as arguments are often expected to evaluate in the context of the surrounding code,
interacting with and modifying the existing variables. Another concern arises from the fact that a macro may be called
in a different module from where it was defined. In this case we need to ensure that all global variables are resolved to
the correct module. Julia already has a major advantage over languages with textual macro expansion (like C) in that
it only needs to consider the returned expression. All the other variables (such as msg in @assert above) follow the
normal scoping block behavior.

HRE—T etime K, EMSEE—IFRAN . ERICKTIIE, BITRER, FHICFKIE, FTEHHXMH
IRZ B A] 2, B MR ERFRIA R (E:

macro time (ex)
return quote
local t0 = time ()

local val = Sex
local tl = time()
println("elapsed time: ", tl1-t0, " seconds")
val
end

end

£0,t1, M val MAREIRIZR, T time ZINEETH time K%, MAZHAFAAREFEAIE DY time
ZF & (println EREHBIIL) -

Julia 72 EITHLHIRIXAEARR A 2 R H - BIE, BERIEER D RN B BN 2/HEE - WREER
HE (HERWEWA2REE) - AP NRZE . S RERES SRS, WEBAhEAEE; &
W, EPOAERRLE . AMBEWEML N —MH—TEZHET (] gensym WETEHTFT)
4R AR BT B R E SR -

(B RS R « B8R -

module MyModule
import Base.(@time

time() = ... # compute something

@time time ()
end

HHIF, ex X time AR, HEHNEZEFHD time KEL . BXFREMEFE MyModule.time o
BEFATRON ZEAENTEN 2 IR P ex B MUBE . X RET esc AR FB 55 SO 5E Y

macro time (ex)
local val = $(esc(ex))

end

X, ERERARIAURA S BRI ILHIAN I, RENS IERARIE A AT g AT -
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M\%ﬁLﬁ‘%XMﬁﬂTHﬁﬁﬁE WA TAE, WM ASEREEE R . THERBISEHZER < &R 0

macro zerox()
return esc(: (x = 0))
end

function foo ()

x = 1

@zerox

X # 1is zero
end

7 B AR5 FH X AR A

FERRUETF AT 8 SO

AT B ARSI T FRRAT B SR AT B SCRR N AEFRE ST B OO, EATERRAE XL - Filan:
o r"M\sx (2:#]$) " ERIENREAXST G AR FAF &
e b"DATA\xff\u2200" ZFTTHEEIK (68, 65,84,65,255,226,136,128]

HEL b, XEATHANE Julia EREZSESRERNER, ENTRMARRRIRE TIE . flan, EMNRKNZER
€ XLIAF

macro r_str (p)
Regex (p)
end

R, iR e \s« (2:41$) " FEMTIE NN REEBATETEZR:

Regex (""\\s+ (2:#[\$) ")

XAGANFATEIOARK, MHMRR: ENFRANFERGF, M Regex (N IR IFER A101E, Flit
DU —IX, MIARBRUUTEGREE . THHIEAPHE — D IENRE

for line = lines
m = match(r""\sx(?2:#[$)", line)
if m == nothing
# non—-comment
else
# comment
end
end

WRAEBERZE, EEEFIRGEFE—IX, TEWTHE:

re = Regex (""\\s* (2:#|\$) ")
for line = lines
m = match(re, line)
if m == nothing
# non—-comment
else
# comment
end
end
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HTHRiEss i mERE, EFRRA IR Z SR - BER, AEAZRTREE . ZXTIENFRIA A

g%ﬁ@%ﬁﬁﬁ@ﬁ%%ﬁﬁ;EW%ﬁﬁﬁﬁﬁ%%%ﬁ%,@Wﬁ%%ﬁ%%ﬁﬁ,i&ﬁ%EW
LW

ANIEIEFREFRF B OR, @S UAREE (Cecho "Hello, Sperson"’ ) R E SR

macro cmd (str)
: (cmd_gen ($shell_parse(str)))
end

SR, REERM TEROX D7 E LH R ERERE 7, (HR X R A2 Julia /Y- 7RA] DL SR
i, BECWMAIIE. iR LEME — M RAAN R, HTHAZIRERERFFRIEER T -

S

In addition to the syntax-level introspection utilized in metaprogramming, Julia provides several other runtime reflec-
tion capabilities.

Type fields The names of data type fields (or module members) may be interrogated using the name s command. For
example, given the following type:

type Point
x::FloatingPoint
y

end

names (Point) will return the array Any[:x, :y]. The type of each field in a Point is stored in the types
field of the Point object:

julia> typeof (Point)
DataType

julia> Point.types
(FloatingPoint, Any)

Subtypes The direct subtypes of any DataType may be listed using subtypes (t: :DataType) . For example, the
abstract DataType FloatingPoint has four (concrete) subtypes:

julia> subtypes (FloatingPoint)
4-element Array{Any,1}:
BigFloat

Floatlé

Float32

Floaté64

Any abstract subtype will also be included in this list, but further subtypes thereof will not; recursive applications of
subtypes allow to build the full type tree.

Type internals The internal representation of types is critically important when interfacing with C code.
isbits (T::DataType) returns true if 7 is stored with C-compatible aligment. The offsets of each field may
be listed using fieldoffsets (T::DataType).

Function methods The methods of any function may be listed using methods (f: :Function).

Function representations Functions may be introspected at several levels of representation. The lowered form of a
function is available using code_lowered (f: :Function, (Args...)), and the type-inferred lowered form
is available using code_typed (f: :Function, (Args...)).
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Closer to the machine, the LLVM Intermediate Representation of a function is printed by
code_llvm(f::Function, (Args...)), and finally the resulting assembly instructions (after JIT ing
step) are available using code_native (f::Function, (Args...).
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ZYERH

KUTEERFTEIES, aESRETHEREA . MR TRZEAITEESHRRERHEREER
oy DEUFFES o Tulial® 3 AR RIS FECE - WRIEBIuliafChiE—F, BUEHEARE S HuliaR 558, B
TIFEIS A BT HREMAL - [FIRER, X HEEE K Abst ract Array K EHIECHRN N ATRE . LA
T, B ref TS AEHEOD .

BRI HESHEMBHINGES . B, BHAERXZRPIERTN any - SIRSEOTEM S, EE
G — M EA N Float64 B Int32 -

BERPRU, NMEEERBZZITEIES, JuliaNFR 2N 7RG R MEREMR 205 M Z LRI Juliaf)
Y 1 a8 FH R B A IR A O DAL O RS AT R R T, XA GRAE KB E IR A PR BE R RIS, AT o
i, WMERKETTE, BIELEERHEDHINE

A BRI REIE S 2l ER R, XERDHOR NRAE, MAE Julia 7, SECRET 5 G35
BREL, XAEAS PR BN T — DR B BB R BN T WY - Julia B9 RN 2 BT 245 © B H
Ao FPEIUREET, WREBBERLIFIDIRE, BERCERMASH —Hm L -

A
PRI AL Vi AH
eltype (A) A EP?E%E@%EQ
length (A) A FILEMITE
ndims (A) A BIINEE
size (A) RE—TIE A A REERZ TH

size (A, n) AGERNMER ERKE

stride (A, k) | 4K k b, LR (ENFF) BIERERSIHEE

strides(a) |BEZILAE, HXEMEFIMEEZLE, SETR (ERNFT) NHEERIES
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PRIAY ViAA

eltype (d) AHITTENEA

length (A) A FILEMTE

ndims (A) A 4EEL

size (A) BE—TNE A FENMEETE TREZ TH

size (A, n)

A AR ERIR/DN

indices (A)

RE-MEE A FATRENRGINZ A

indices (A, n)

IRE—E n 4 ERTRERIRGTEH

eachindex (A)

— MBS FED A FTRTRERS

stride (A, k)

Bk CHERBE (TR BRI ERE)

strides (A)

RE—TMEE5E—REBENEZ TH

FERHIIR
THIREFRAE dins . .. 28, BEATLURER R LITA, W LIRYEEIE N SR i —AE -
PRIEL ik

Array{type} (dims. | ROIRLATRAZEA

..)

zeros (type,

FERERAI 2 0 B, InFHAFEH type, BRI A Float 64

dims...)

zeros (A) 20 B, TERITFMA/DFE A

ones (type, e RATR A 1 BH. R AKFEHH type, BRIAH Float 64
dims...)

ones (A) 2 1 BCH, TERTRK/NFE A

trues (dims...) % true i Bool FUA

trues (A) 4 true Y Bool U, A/NFI A FHFE
falses (dims...) % false HJ Bool ZUH

falses (A) 4 false HJBool B8, K/INFI & FHTH]
reshape (A, FEEH o FRIETE R R IE E R EHEY]
dims...)

copy (A) Bl a

deepcopy (A) HREED, BHMER A FRTE

similar (A,
element_type,
dims...)

BHEEwWMAKE W% WMl MFEFRRESE, B TRk
AR . B =S ER, EREIBOADY A RITTRRBIMYERE

reinterpret (type,
A)

L3 G A= e e e M s e e 2 i

rand (dims)

£ [0,1) EFRSIEI SR A Float 64 RITAIFENLECA

randn (dims)

Float 64 REMSLIESF S MATRENEAE, HER 0, IEER 1

n x n PR

eye (n)

eye (m, n) m x n B {7 HEFE

linspace (start, M start EY stop E/‘]EE n ﬁﬁ%ﬂ‘@}ﬂiﬂ'}?ﬁﬁl"ﬁ]i
stop, n)

Fill! (A, x) FE < EREEH A

fill (x, dims) BT E AR, F A x 'R

—HEECH (&) ATLUEEFEH A, B, C, .1 X FEHITE A AATIE -

HEHE

FER NI R, PR R B B
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Function Description
cat (k, A...) | 728 k 4 DIEFAA E Mn e B

vcat (A...)

“cat(1, A..) I 5

hcat (A...)

“cat(2, A..) HIEE
&L X LR BB RUE R S A — P IT R R
%R éﬁﬁﬂﬁ HIREURIE, TR —2% R A el

Fnz( REETEE
[ABC ...] hcat
(A, B, C, ...] vcat
[AB; CD; ...] hvcat

hvcat FIBEZF 4 (o581 M 482 (= REMD.

fa R REHIBEAYIIRIL

FERERB T HIBCAF UFEHT[A, B, C, .1 RAIAIL. X2 B —PILRER T, TEIRIL
A, B, ORI —YEEH - Ll Any(x, y, z] RO — DR EEFRBAR A 5CA -

R, EEIEAH RS AR e E TR KR

julia> [[1 2] [3 4]]
1x4 Array{Inté64,2}:
1 2 3 4

julia> Int8[[1 2] [3 4]]
1x4 Array{Int8,2}:
1 2 3 4

SRS
FIFHE SN MERAIRGE T — R — A, FISEK R - BB TR PR AR

’A = [ F(x,v¥,...) for x=rx, y=ry, ... ]

F(X,Y, .. *E?Exi %,y KM o XA B RE A LUBEMERXT S, (ERZEIER T, AR ELL
?1:115%2 E’J/EIXT%! HERFEHANEM (1.2, 3.4, 5.7] BIEH . ERERE 1 N 4

MRS 1 £, HRITCE A AR TTE R

julia> x = rand(8)
8-element Array{Float64,1}:
.843025

.869052

.365105

.699456

.977653

.994953

.41084

.809411

O O O O O o o o

julia> [ 0.25xx[i-1] + 0.5+x[1] + 0.25%x[i+1] for i=2:1length(x)-1 ]
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6-element Array{Float64,1}:
.736559

.57468

.685417

.912429

.844¢6

.656511

O O O O O O

it R BCE R R i AT BB BT R R R E - B g i SR T i3 RS FAE S BT T AN B SRR TR 52
e IR, BATR LUSXAERAES Z*%%‘Bxxz%ﬁf‘ PR

Float32[ 0.25*x[i-1] + 0.5*x[i] + 0.25*x[i+1] for i=2:length(x)-1 ]

A g Rk

FFEWS M AT LI ANH AR ESEH, A=A — RN as i % o X AT LUE T A %k =
ETRIE, MATERIT N — M TEANE - (%'J_'u man-interfaces-iteration) - 41 FEIFIEX S
X5 43 EL N A7 ROECR AN

julia> sum(l/n"2 for n=1:1000)
1.6439345666815615

ARSI IR PR Z MERNB R, FEETHE SR EE S

julia> map (tuple, 1/ (i+j) for i=1:2, J=1:2, [1:4;])
ERROR: syntax: invalid iteration specification

PIETE for ZJEilidE 5 A EIRRA AR SRR AT - @i s 5 585 (5 BA 144 map INE =12
e

julia> map (tuple, (1/(i+]j) for i=1:2, j=1:2), [1 3; 2 47])
2x2 Array{Tuple{Float64,Int64},2}:

(0.5,1) (0.333333, 3)

(0.333333,2) (0.25,4)

A AR FHA ZAE T HOVE AT LUE L 22 1 for R BT SR TE B A

julia> [(i,3J) for i=1:3 for j=1:1i]

6-element Array{Tuple{Int64,Inté64},1}:
(1,1)
(2,1)
(2,2)
(3,1)
(3,2)
(3,3)

e LEEE"J’%‘{REP GERAN R —YERH
RAVERT LOET 1 £ KBTI

julia> [(i,]) for i=1:3 for j=1:1 if i+j == 4]
2-element Array{Tuple{Int64,Int64},1}:

(2,2)

(3,1)
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R3]
R n EHEH A HEAEBEEN:
’x = A[I_1, I.2, ..., I_n]

Hr _k AT LA
1. TRE
2. @ ¢, a:b, Bl a:b:c B A Range FH
3. REMBIBCREMERE R B # " > Colon ()
4. EEEEEAE, BFEZEE |
5. REwska L FTZEAL B N true® E’J?@I}iﬁﬁfpjﬂgﬁ'ﬁﬁd\@léﬂ

WRFENRIARNE, I24R x° #E CaFWENTE. MR X HE—MRIIEMERA
HERE HECH -

Bl R E RN RS & EME, 4 xR/ ESE " (length(I_1), length(I_2),

, length(I_n)), X CAMF o il1, i2, ..., i_n)® E’]fn%ﬁﬁ“A[I_l[i_ll, I_2[i 2],
..., I_n[i_n]] “HIMH - QD% T 1V HE RN TWENERE, XPMHEERSS x  Hin—
TMHE, B x e &—1 n+l HEREE, KPR (size(I_1, 1), size(I_1, 2),
length(I_2), ..., length(I_n))o A FG1, 1.2, 1.3, o i_{n+ 1 D“BITTE S H “A[L1[i_1, i_2],

1 2[i 3],. 1 _nfi_{n+1}]]“BE . FTEARERSIMERER KNS H 2R . thin, a2, 1, 31 MERE
l/ﬁ ‘size(I) " A/PHUEUHE. BROE o ith DITERCAR ], 3]

58 AR /R EGEH B 5@ 1 func: “find(B) <find>#1T R 5| FE N M &R 5 SLhr 2R LRT - BATLEFHRIELHE
R, XRFEHPBLL B H{EN “true  FITTEFTEMRSIEAHIME . —MBHERG|WIUE— DI R 4E
EEERMEKERNRE, 838 W —— MRS EEENEEE D K/NERIRS] . B A /REEE#*
TR — Mt func:‘find(B) <find>#1TZ& 5| F R -

=, ZHEEHM RN ITTEA DA x = AR5, XE<T &—> “CartesianIndex** (H# F/RMAEFR) -
BEFR ERLIT— A n T - BARS 0T [ Biref:man-array-iteration

“end KHET X B HESARK —DMEE, HTHRNEHRSIFEBHN K NEWIE, B UERGINES
PRRF R EERE PR - AMEH end  RETFHIRG| 5 getindex —F:

X = getindex(a, I_1, I_2, ..., I_n)

(1R

julia> x = reshape(l:16, 4, 4)
4x4 Base.ReshapedArray{Inté64,2,UnitRange{Int64},Tuple{}}:
1 5 9 13

2 6 10 14
3 7 11 15
4 8 12 16

julia> x[2:3, 2:end-1]
2X2 Array{Int64,2}:

6 10

7 11

julia> x[map (ispow2, x)]
5-element Array{Int64,1}:
1
2
4
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8
16

julia> x[1, [2 3; 4 1]1]
2Xx2 Array{Int64,2}:

5 9

13 1

KT nin-1 ML EA R AT UHARFOR RS Z ABIAE - BI40° searchsorted* BRELH FHIX N T B A FORAE
AP RH HILTTE

julia> a = [1,2,5,6,7];

julia> searchsorted(a, 3)

3:2

T {E

25 n 4EECH A TR{E A FETE A
hMJ,IL ., I.n] =X

HA Lk ATRER:
1. TR
2. W@, a:b, Bl a:b:c XA Range IOE
3. BEMSIERBUE MERER) 5 Colon ()
4. EEEEEECE, BRETEEA
5. REWS T H BT AE AL B R *“true ‘HOR T BT R TT R HOAR /R EU4H

WME x B— 1M, ER4EERNHN (length(I_1), length(I_2), ..., length(I_n)) , HATE
i1, i_2, ..., i_n WEPESH X(I_1[i_1], I_2[i_2], ..., I_n[i_n]] - AR x A2
HeH, ERMEMEHAITE A 95 HBHT -

HTRSIMNA/RERES getindex F—H (GEH find REGHITER) -
RE|REIBESEN T setindex! :

setindex! (A, X, I_1, I_2, ..., I_n)

Fln:

julia> x = reshape(1:9, 3, 3)
3x3 Array{Int64,2}:
1 4 7

2 5 8

3 6 9

julia> x[1:2, 2:3] =
-1

-1

julia> x
3x3 Array{Inté64,2}:
1 -1 -1
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=
FA TR BCIE N T A0 R A QR

for a in A
# Do something with the element a
end

for i in eachindex (A)
# Do something with i and/or A[i]
end

ERTFEHEARETAZE /I\E%E/J?E}]E’]Hﬂ% EHE—IFE. R _MHER, ReAZEZ—1
BHREEMRTIEE, i HE—1 Int KA BNESE cartesianIndex:

A = rand (4, 3)

B = view(A, 1:3, 2:3)

julia> for i in eachindex (B)
@show i

= Base.IteratorsMD.CartesianIndex_2
= Base.IteratorsMD.CartesianIndex_2
= Base.IteratorsMD.CartesianIndex_2
= Base.IteratorsMD.CartesianIndex_2
= Base.IteratorsMD.CartesianIndex_2
= Base.IteratorsMD.CartesianIndex_2

1,1)
2,1)
3,1)
1,2)
2,2)
3,2)

(
(
(
(
(
(

I e o

FHEE “for i = 1:length(A)**, f#F‘‘eachindex** Il &=i%K -

BCH R
AISRARE T — 2 Abst ractarray HEL, R LU T IH 7715 B € H Pol RS

’Base linearindexing{T<:MyArray} (::Type{T}) = LinearFast ()

XMEESIE MyArray S (URFTEXKIEEHZER!) B > eachindex ™ HIEMFFHEECRA . nH
PREE FEBX M, IBASBRIAFAH > LinearSlow() o

[e] 2 AL 138 AT AT R RX

A NGB . B RHITHNEE, MW R GBLE) WA ZITia 85T -
1. —JL: -+, !

2. ZJC: 4, -k, uk, /0 /N, 0\, 7, L0, div, mod
3.0 B ==, 0=, <, <=, >, o=

4. —TLA/RESMLZE: ~

5. ZICARESMZE: & 1,8
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B AR BRI, BTE - SHEREFREREZITRBER . XERE AR,
+, -, MELBEAF. /#0 < BRAED SRR EEZ TR ITER -

EELBOZRE, A&~ MH/RERR G, BENLELITH, =" EZRITE LI F
JEERRRS TN K

Julia 9 R ER1ET R BB BABE AN ERR S Z =Y, #ET £. (args...) ZFEMREE . X
R RECEARESERLTEREEMTE . flilsin. (x)° > BH#E min. (x,y) - (T #H#E

1E) 1M  man-dot-vectorizing

ERE min max M minimum maximum Z[E X F], BiE N2 MECERE, #ESEESNMITEF R
wAED, EERERE— R LR ZEH R s K &/ ME -

ik

A EXANRILEE B TR ITR N IR, R mENEERERE S . WErTiEE, EREE
A R [ £ JBE RO R R

julia> a = rand(2,1); A = rand(2,3);

julia> repmat (a,1l,3)+A

2x3 Array{Float64,2}:
1.20813 1.82068 1.25387
1.56851 1.86401 1.67846

HEREARARS, R . Julia 3t broadcast Wi, ERBESHNMLEZHTY R, HHILER—1
HERMN NYEE, BAFEIOINNG, REFETEFATEERN TR

julia> broadcast (+, a, A)

2x3 Array{Floaté64,2}:
1.20813 1.82068 1.25387
1.56851 1.86401 1.67846

julia> b = rand(1l,2)
1x2 Array{Float64,2}:
0.867535 0.00457906

julia> broadcast (+, a, b)

2x2 Array{Float64,2}:
1.71056 0.847604
1.73659 0.873631

RILERZESF, W .+ F .« FEEDER 1T broadcasting - 1M FEME T broadcast ! AL, 7] LIBAHATE
B EH A, 1M broadcast_getindex #l broadcast_setindex! BE(A] LIFER G| Hi X & 5 [{E M broadcast

FH, “broadcast'* NURTEA (ZHREME) | WM TEZITHAMHFAZHAMEZ THNZ
B HebrE "t -

julia> convert. (Float32, [1, 2])
2-element Array{Float32,1}:

1.0

2.0

julia> ceil. ((UInt8,), [1.2 3.4; 5.6 6.7])
2%x2 Array{UInt8,2}:

0x02 0x04

0x06 0x07
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julia> string.(1:3, ". ", ["First", "Second", "Third"])
3-element Array{String,1l}:

"l. First"

"2. Second"

"3. Third"

SKH

Julia HIFERHELAH B B % KT abstractArray({T,N} , HFHEE N v, TERXHB AN T
AbstractVector fl AbstractMatrix 77 HEE 1 4 1 2 4ERH| 4 -

AbstractArray R EEMPLIEEM KR, W HERELIAEEIRASBA—FF . Fla,
1] B & #) AbstractArray({T, N} 2 EE size(d) GBE Int £ILH), getindex (A, i)
getindex (A,1il, ...,iN) GRE T XHEHE—PTLR), FIZREAHZERE setindex!  XEHERIEAEK
IR HE BN R B R EE O(1) BHE, BN LEHAERE L S5 AE - BRI RA b ER AR LT
similar (A, T=eltype (A) ,dims=size (A)) FITERSR B — 4L -

“DenseArray** #&‘‘AbstractArray‘HI— MHR TR, EEE T HENENFFHEHE B SENE,

FH B R L B9 % 26 45 CFFortrani® 5 AU - F R TE B stride(A k)7 12 F LUK [B] 55 ke 4 1) [A]

FE: ZRHERE <k RFIHH <1 BHES4 getindex (A, i) RIS i PERFIEIM stride (A, k) -
QR T FRET BB e iR £ func: Base. unsafe_convert(Ptr{T}, A) <unsafe_convert> H4, WERS AR 2

13X Ll Y (] B A ] -

Array{T,N} EAE DenseArray FIFFIRSEH], BRITELIIF N EFEME GFEL LEMEGELL ) -

Vector FlMatrix £ R 1 4 F1 2 419514

SubArray = AbstractArray FIRFERSE, Bl 5| AR EHEAITRS] - FH sub RECEME
SubArray , EREEARS getindex FHE (EHEEM—HRTIZE) - sub MRS getindex 3]
?%%I%%&@E IR B ER M - sub 7 SubArray X RFRFRAKRT ME, X0 &R
R JRECH -

StridedVector Ml StridedMatrix &N | F{EME LA - B 4atfi 1% Array 8 SubArray %f
%, ATLUE Julia KYEFE A BLAS 1 LAPACK PREL, 8 5 N 77 BB RIS Hl 0K «

FE AT EREAE AR /NI QR i, THRMEINN AR, EREHMSER LAPACK %L -

julia> a = rand(10,10)
10x10 Array{Float64,2}:

0.561255 0.226678 0.203391 0.308912 ... 0.750307 0.235023 0.217964
0.718915 0.537192 0.556946 0.996234 0.666232 0.509423 0.660788
0.493501 0.0565622 0.118392 0.493498 0.262048 0.940693 0.252965
0.0470779 0.736979 0.264822 0.228787 0.161441 0.897023 0.567641
0.343935 0.32327 0.795673 0.452242 0.468819 0.628507 0.511528
0.935597 0.991511 0.571297 0.74485 ... 0.84589 0.178834 0.284413
0.160706 0.672252 0.133158 0.65554 0.371826 0.770628 0.0531208
0.306617 0.836126 0.301198 0.0224702 0.39344 0.0370205 0.536062
0.890947 0.168877 0.32002 0.486136 0.096078 0.172048 0.77672
0.507762 0.573567 0.220124 0.165816 0.211049 0.433277 0.539476

julia> b = view(a, 2:2:8,2:2:4)
4x2 SubArray{Float64,2,Array{Floaté64,2}, Tuple{StepRange{Int64,Int64}, StepRange{Inté64,
—~Int64}}, false}:

0.537192 0.996234

0.736979 0.228787
0.991511 0.74485
0.836126 0.0224702
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julia> (g,r) = gr(b);

julia> g

4x2 Array{Float64,2}:
-0.338809 0.78934
-0.464815 -0.230274
-0.625349 0.194538
-0.527347 -0.534856

julia> r

2x2 Array{Float64,2}:

-1.58553 -0.921517
0.0 0.866567

i B AR R

FRERE R EITTR AR 0, FF LURFERAIE A 19 2 23 [RI RO PAT BN 1] ) 77 A REE RO B R - PR LA R &
T2 0 X LR BARRGE AR oR 7 sURES IR 1S I B AL T 2 AR R A 1 0

F|E4E (CSC) ik

Julia ', FRERFEFEMFR 71 E%% (CSC) 520 o Julia R FEFERIEEL N SparseMatrixCSC{Tv, Ti} , £
oy BIEFRTTEMEE, Ti BB, FEIIETRTERS:

type SparseMatrixCSC{Tv,Ti<:Integer} <: AbstractSparseMatrix{Tv,Ti}

m: :Int # Number of rows

n::Int # Number of columns

colptr::Vector{Ti} # Column i is 1in colptr[i]: (colptr[i+1]-1)
rowval: :Vector{Ti} # Row values of nonzeros

nzval: :Vector{Tv} # Nonzero values

end

B\ s S AT B T 1287 ) B PR St A BUR BRJERE R T R, (BT RO - JEAET(EF A CSC %z
B, OEHEE, XRFATEENET, EFEATTREEKICR, #HEE AL
AASRAR N A3t 75 IR A5 HORE & CSC AR B, A8 Julia SREEZEL, NERERIFS M 1 TFIRRS] - B—

HFEITRGMERN SR HET FFR o QUERARET SparseMatrixCSC 3T S8, & RHEF TR E, X EATHTHEF
IR T AR E IR -

I, FE SparseMatrixCSC HFfE—LLF(H, FHANZEHETE . Base FAFXMITH (HENRIEE
BAEF2—HREIXETHE) - XEHEEFENTEIFE KRB0 REZTE . nnz MECREMEEIELE
FERETTREE, BFRNFEENE . ZREGREMERPIETITREE, EHM countnz KL, ERIME
BOTLRME (FLEMR BERENEEHE, MESTREEMEL) -

) X6 il B A R

WEREREH zeros M eye AL, MEUFEREN N AIREL, EREAHIIN sp BIZKANT

julia> spzeros(3,5)
3x5 sparse matrix with 0 Float64 entries:
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julia> speye(3,5)
3x5 sparse matrix with 3 Float64 entries:

[1, 11 = 1.0
[2, 2] = 1.0
[3, 3] = 1.0

sparse HEUE LLERH AR ERRR AR L. TWAITERS 1, 7IE5 &g, UAERERE vV -
sparse (I,J,V) ME—"ME S[I(k], Jlkl] = V[k] BIFBIAERE:

julia> I = [1, 4, 3, 51; J = [4, 7, 18, 9]; v = [1, 2, -5, 31;

julia> S = sparse(I,J,V)
5x18 sparse matrix with 4 Int64 entries:

(r, 41 = 1
(4 , 71 = 2
[5, 91 = 3
[3 , 18] = -5

5 sparse MHIEECH findn , BIREMEHEBRAEFER AR -

julia> findn(S)
([1,4,5,31,14,7,9,181)

julia> findnz (S)
(11,4,5,31,14,7,9,181,101,2,3,-5])

A—MERBFERERTVER, [ sparse BECRTH B REREEL A Mg RS

julia> sparse (eye(5))
5x5 sparse matrix with 5 Float64 entries:

(1, 1] = 1.0
[2, 2] = 1.0
[3, 31 = 1.0
(4, 41 = 1.0
[5, 5] = 1.0

I4

A LUFEH dense 87 full BREUMOEERIE . issparse BREA] FHRAG B AERE & F B :

julia> issparse (speye(5))
true

M B AEREIZ

WE R EAZE AT IR R L WREREMEETREZE, 2R RDN . KZEFN
N, BWER findnz MEAGEREREREER Y (1,0, v) B, AETHEERENE (1,0, v) HNEHL
Wz ®, &5 HE ERHETERE -

A 2 R Rl L R R B 5O R Sk AR

FTRAEASIN T A B RRBAERE AR &, S H S B AR B ERE A R R - R, FREEFERIREL, Z AR
B 5 B AMEERE s FIFERIRRELR, 2R E o WEE, FIaERERE TR EETIHME S d -

VE DL AT DUVREEZE SCRS B Sparse Matrices B9 o
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T L FE TR R R BiAH

spzeros (m, n) zeros (m, n) Fa5& m x n B4 0 FFF (spzeros (m, n) f& 25 HFF)

spones (S) ones (m, n) Wiﬁi@i‘ 1 7R STERRAFIAR, spones FIFGEL &
5 s HF

speye (n) eye (n) Fa3& m x n BB L RERE

full (S) sparse (A) FE R B FE R RN 2

sprand (m, n, d) rand (m, n) 158 m-by-n PIRENLEERE (FARER d) MSLR S EdE
TILERAE [0, 1] W5 5045

sprandn (m, n, d) randn (m, n) F91& m-by-n FIRENLIERE (FIZE R d) TRSLE S EE
TR EPRELE & (&) 9

sprandn (m, n, d, X) randn (m,n,X) | M3& m-by-n FIRENLERE (BZEE R d) MILFESAEIE
TILEBEX 9 fi- (FFE Distributions ¥ EA)

sprandbool (m,n,d) | randbool (m,n) | & m-by-n FIRENLIERE (FAE R 4) , EZE
Bool " TLEMMEZE ) «dx (" randbool Hd=05)
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AL

FERES>

FEFE I JERF— N FERE S A R FERE RN,

AN B — MU

HFFAS B T AE Julia TRIUE LRSS - BARHIRET LS PR B SO Linear Algebra B

™o

Cholesky Cholesky 77-f#

CholeskyPivoted | 1-Jr Cholesky 7 f#

LU LU 77 fi#

LUTridiagonal LU factorization for Tridiagonal matrices
UnfpackLU LU factorization for sparse matrices (computed by UMFPack)
OR QR factorization

QRCompactWy Compact WY form of the QR factorization
QRPivoted FIT QR 7%

Hessenberg Hessenberg 77 fi%

Eigen FFIE 7>

SVD AR

GeneralizedSvD | J XA FEDE

KR AR R

LB 2 F RSB ARG FORFIRAERE , X SRR R MJERE ) AR B R B — ik .
AT AR ot 45 R AE R AT 465 S8 R HRAE.

FE RN R,

Julia W& T 3B

NHEPRGESLS T Julia PRFIRIIFERERTY, HAHAE T LAPACK FH—L e 2t iz -
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Hermitian BIRORF A
Triangular /N = A
Tridiagonal =X FAAERE
SymTridiagonal | NFX=XTf%
Bidiagonal L/ N0 R RERE
Diagonal T FA R R
UniformScaling U HUHERE

HEAZH
FERERAY + [ -]~ \ He ot rmE
Hermitian XY inv, sgrtm, expm
Triangular XY XY inv, det
SymTridiagonal | X | X | XZ XY eigmax/min
Tridiagonal X | X | XZ XY
Bidiagonal X | X | XZ XY
Diagnoal X | X | XY XY inv, det, logdet, /
UniformScaling | X | X | XYZ | XYZ | /

B 1)
X | X B
Y | E R ARSI
Z | EXNEE-rEE AL

FERE S R

FEFERAT LAPACK | eig | eigvals | eigvecs | svd | svdvals
Hermitian HE ABC

Triangular TR

SymTridiagonal | ST A ABC AD

Tridiagonal GT

Bidiagonal BD A A

Diagonal DI A

1

A | X FHFAEER/ERAE R T Bt eigvals (M)

B | XS54k 11% 2] in® FFEETI eigvals (M, il, ih)
C | SN FHLE [v1, vh] ZRIAEBIEETL eigvals (M, vl, vh)
D | CXFHFEE x=(x1, x2,...] FONNEFAEREMRIL | eigvecs (M, x)

GROEH

A UniformScaling operator represents a scalar times the identity operator, A+ I. The identity operator I is defined
as a constant and is an instance of UniformScaling. The size of these operators are generic and match the other
matrix in the binary operations +,‘-, * * « and \. For A+TI and A-T this means that A must be square. Multiplication
with the identity operator I is a noop (except for checking that the scaling factor is one) and therefore almost without
overhead.
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cHAPTER 19

=2t

Julia & it T —PNFEEREOLE LY - Bl - opEETEFVORN F . BROERZREZNERERD
W, FEEFEURSHFXNAMZED . —BREFTREREFRP LN . H O LI EZE T Iulia 3 FHF AT

T2 (coroutine) T EE -

FAHL /0

P Juliali 8P 2 D4R — 1> read FI— 1 ‘write 7715, BEE— M SEEETAN S, F40:

julia> write (STDOUT, "Hello World")
Hello World

julia> read(STDIN, Char)

l\nv

ERBOURA T —IREE, XFEJulaR AT - IE, BFlFR, ‘wite FIERE M SHREHET
ARESE, ‘read TTIARIH D SECERAIFHEARESEREL . flan, BRA—DRERT TR, FATATLL:

julia> x = zeros (Uint8, 4)
4-element Uint8 Array:
0x00

0x00

0x00

0x00

julia> read(STDIN, x)
abcd

4-element Uint8 Array:
0x61

0x62

0x63

0x64
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AR X A EH SR, E5R M T — R - AN, BT LLR I E E A

julia> readbytes (STDIN, 4)
abcd
4-element Uint8 Array:
0x61
0x62
0x63
0x64

BE E RN BT R

julia> readline (STDIN)
abcd
"abcd\n"

FEXBUAT IR IRELE, (RIITTY R RERITSRIT « FRBELZ A — " EIEA SIEEIE % Hijulia -
WNSRABZE A STDIN HE—1T, FRAJ LU A eachline PREL:

for line in eachline (STDIN)
print ("Found ")
end

IR, IREATRER I — DT — DA B

while !eof (STDIN)
x = read(STDIN, Char)
println ("Found: ")
end

XA 1/0

CER BT P U B write 77 VA FHORIRAE IR EY, BRI A M EN SRR T H A% =, Bl GE i H
FORS B LR I R e T —

julia> write (STDOUT,0x61)
a

RTFFAF 1O, RAZEH print Bl show 7% CRTENE A KA, IRF] LLZFE B IRIHEZE 8 30H):

julia> print (STDOUT, 0x61)
97

AP SCAF

RERH, Juliath 28— open BREL, AT LURIA — 130, 3R E— 1 TOStream W 5 o AR AT LUFHIXA%f
GRS, AR FTIT T — 30 hello.txt*, BT —17"Hello, World!™:

julia> £ = open("hello.txt")
IOStream(<file hello.txt>)

julia> readlines (f)
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l-element Array{Union (ASCIIString,UTF8String),1}:
"Hello, World!\n"

AR AR B 1 SR T, R EAET TR BRI £ — D (w™):

julia> £ = open("hello.txt","w")
IOStream(<file hello.txt>)

julia> write(f, "Hello again.")
12

WRARIXES F 55T hello.txt (R Z B EIFHCE RH G L, XRRENOSweam# KM 25, HIERWE AL

julia> close (f)

MR UERITEER, KN IHEEEATHE -

TITF—3C, FENEMH—E2BE, RERAT, XRIREHORIERE . 97 R DHE HRME,
HAME A — DM openHITE, ARAT UG A= REAERE NS, WREXHEZENE ZANSE TIF
XHE, RS EAREIREL B SRV TAE, )5 b close’ «  HLANIATS HF X1 e AL

function read_and_capitalize (f::IOStream)
return uppercase (readall (f))
end

Gt it

julia> open (read_and_capitalize, "hello.txt")
"HELLO AGAIN."

FTFF T ‘hello.txt*, *f E Tl ‘read_and_capitalize*, I8/5 K HIHE hello.txt*, R/FIR[EIKE )3, fEREPLIE
R o

NTEEVITREE R R, VRLa] LU do TR R B — N EA KA, AR ES A2

julia> open("hello.txt") do f
uppercase (readall (f))
end
"HELLO AGAIN."

Tl #LH#) TCP #1

HATHREFR NHEIXDEFTep Sockets IFI T, HISEBIE— A B HARSS S EE 7

julia> @async begin
server = listen(2000)
while true
sock = accept (server)
println("Hello World\n")
end
end
Task

julia>
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X T f#Unix socket APIFY ARV, FATHEIM T IEAERABAL, RE TN Unix socket APIE
B E SRR T, “listen 5 IR S0 — N AT (2000)0 O & RHE RN IRS 2 - TR AT VAT A&
FhE R H AR A AR S5 25

julia> listen(2000) # Listens on localhost:2000 (IPv4)
TcpServer (active)

julia> listen(ip"127.0.0.1",2000) # Equivalent to the first
TcpServer (active)

julia> listen(ip"::1",2000) # Listens on localhost:2000 (IPve6)
TcpServer (active)

julia> listen (IPv4(0),2001) # Listens on port 2001 on all IPv4 interfaces
TcpServer (active)

julia> listen(IPv6(0),2001) # Listens on port 2001 on all IPv6 interfaces
TcpServer (active)

julia> listen("testsocket") # Listens on a domain socket/named pipe
PipeServer (active)

EE. &E—PHEAMREERN R, XRE X DRSS H AR WITTCP, 152 i T —Named
Pipe(Windows2 BH K 1E), 1 I{Domain Socket(UNIXKiE). The difference is subtle and has to do with the
accept and connect methods. The accept method retrieves a connection to the client that is connecting on the server
we just created, while the connect function connects to a server using the specified method. The connect function
takes the same arguments as listen, so, assuming the environment (i.e. host, cwd, etc.) is the same you should be able
to pass the same arguments to connect as you did to listen to establish the connection. So let’s try that out (after having
created the server above):

julia> connect (2000)
TcpSocket (open, 0 bytes waiting)

julia> Hello World

As expected we saw “Hello World” printed. So, let’s actually analyze what happened behind the scenes. When we
called connect, we connect to the server we had just created. Meanwhile, the accept function returns a server-side
connection to the newly created socket and prints “Hello World” to indicate that the connection was successful.

A great strength of Julia is that since the API is exposed synchronously even though the I/O is actually happening
asynchronously, we didn’t have to worry callbacks or even making sure that the server gets to run. When we called
connect the current task waited for the connection to be established and only continued executing after that was done.
In this pause, the server task resumed execution (because a connection request was now available), accepted the
connection, printed the message and waited for the next client. Reading and writing works in the same way. To see
this, consider the following simple echo server:

julia> @async begin

server = listen(2001)
while true
sock = accept (server)

@async while true
write (sock, readline (sock))
end
end
end
Task

julia> clientside=connect (2001)
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TcpSocket (open, 0 bytes waiting)
julia> @async while true
write (STDOUT, readline (clientside))
end

julia> println(clientside, "Hello World from the Echo Server")

julia> Hello World from the Echo Server

@t 1P #bht

One of the connect methods that does not follow the listen methods is connect(host::ASCIIString,port), which will
attempt to connect to the host given by the host parameter on the port given by the port parameter. It allows you to do
things like:

julia> connect ("google.com",80)
TcpSocket (open, 0 bytes waiting)

At the base of this functionality is the getaddrinfo function which will do the appropriate address resolution:

julia> getaddrinfo ("google.com")
IPv4 (74.125.226.225)

19.5. f##T IP Huht 147




Julia (1%, £ i 0.3.0-prerelease

148 Chapter 19. W4T



cHAPTER 20

HTITR

Julia @At T — M ETHER RN BRI, GENS RN AL B g LML NS RLE TR -

Julia F9{H B €185 MPL' SEEAEANE - Julia FADEEZ <AL, AT A RFHEEHENG I 2 E i) —
AALFRESEN -

Julia FIHATIRFEE TN RIE:  remote references 1 remote calls - remote reference 7%, FT MEE R4
HeR, TRTEELEE FEERIN SR o remote call 153K, HT— SN A—1 (WHEWRERER—T) &
FER T E DR LS . remote call 3R [H] remote reference X% - remote call &= BIIR B, VA
BRI HESSREIAT N —FBAE, 1M remote call ZREELE AL FAT - BT LK} remote reference Vi wait , LA
25 1% remote call FUTFEEE, ARG fetch RIS RIFTEEM - HH put APRHEFEZ] remote reference -

Wi julia -p n/E3N, FTREARMNLES EIRHE n DEERER . — B n ST L CPU I

$ ./julia -p 2

julia> r = remotecall (2, rand, 2, 2)
RemoteRef (2,1, 5)

julia> fetch(r)

2x2 Float64 Array:
0.60401 0.501111
0.174572 0.157411

julia> s = @spawnat 2 1 .+ fetch(r)
RemoteRef (2,1, 7)

julia> fetch(s)

2x2 Float64 Array:
1.60401 1.50111
1.17457 1.15741

1 In this context, MPI refers to the MPI-1 standard. Beginning with MPI-2, the MPI standards committee introduced a new set of communication
mechanisms, collectively referred to as Remote Memory Access (RMA). The motivation for adding RMA to the MPI standard was to facilitate one-
sided communication patterns. For additional information on the latest MPI standard, see http://www.mpi-forum.org/docs.
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remote_call FIEE—PSEEEMTIX MEERGEIIRIME - Tulia F RIS FHAITREAE 0 E L HE
AR AR ER AL, (HATIAN remote_call B NS HI IR MEIREED - EANSEHEEH
FRIEE, #TNHSEGEZREPISE . WHlF, FA1EI0IEER 2 1iE—1 2x2 FURETLRERE, RETATE
ER N1 - B MITESREFELEM T remote reference 7, Bl r fls - @spawnat ZHEHE—INSETE
R £, ITEE A ST RRER .

remote_call_fetch BREAT LA AR BCEE T T EAE . TEHMNT fetch (remote_call(...)) ,
(ENS A R= €

julia> remotecall_ fetch(2, getindex, r, 1, 1)
0.10824216411304866

getindex (r,1,1) FMT ri1,11, Eb, X PMEAHKI remote reference ¥ 5 r KIS —1TTE -

remote_call WBIENKAM . @spawn ZEM TiXHEIL, EXNFAAXMIERECHITRIE, B EhERFE
e LTI R

julia> r = @spawn rand(2,2)
RemoteRef (1,1,0)

julia> s = @spawn 1 .+ fetch(r)
RemoteRef (1,1,1)

julia> fetch(s)
1.10824216411304866 1.13798233877923116
1.12376292706355074 1.18750497916607167

FE, WH1 .+ fetch(r) MAE L .+ r o XFREABATAFERBERLIZTT, T fetch 26
ZEH r %%'HE&JJD&B’WJE%%L B, @spawn REEFH, BHREEHE r XM RIAHES LFETIHHE, Fm
fetch FFAMUTAT#ERIE -

( @spawn ANENERE, /2 Julia & LK 7 )
FrE TR B TEES L, #OTREREREFRE - Fltn, A

julia> function rand2 (dims...)
return 2+rand(dims...)
end

julia> rand2(2,2)

2x2 Float64 Array:
0.153756 0.368514
1.15119 0.918912

julia> @spawn rand2 (2, 2)
RemoteRef (1,1,1)

julia> @spawn rand2(2,2)
RemoteRef (2,1, 2)

julia> exception on 2: in anonymous: rand2 not defined

HHE 1 5038 rand2 KE, (HHFE 2 INEE - require MENHZIEZSRIFTE r] AR FERS B3 A TRSCH:
T AT 2R AR RE S 1T AR

julia> require("myfile")

R, X (& BITEANR RS FINE S AAREEE DML . ATLUEH eeverywhere ZZTERT
B AT S
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julia> @everywhere id = myid()

julia> remotecall_fetch (2, ()->id)
2

@everywhere include ("defs.jl")

A file can also be preloaded on multiple processes at startup, and a driver script can be used to drive the computation:

julia -p <n> -L filel.jl -L file2.jl driver.jl

Each process has an associated identifier. The process providing the interactive julia prompt always has an id equal to
1, as would the julia process running the driver script in the example above. The processes used by default for parallel
operations are referred to as workers. When there is only one process, process 1 is considered a worker. Otherwise,
workers are considered to be all processes other than process 1.

The base Julia installation has in-built support for two types of clusters:
* A local cluster specified with the —p option as shown above.

* A cluster spanning machines using the ——machinefile option. This uses a passwordless ssh login to start
julia worker processes (from the same path as the current host) on the specified machines.

Functions addprocs, rmprocs, workers, and others are available as a programmatic means of adding, removing
and querying the processes in a cluster.

Other types of clusters can be supported by writing your own custom ClusterManager. See section on ClusterMan-
agers.

BER oh

FATTRES, HEREMEIRB R RARITH - BUOXWEREE, WHEREEXRER.

fetch 2 RHIBIERS B ERIE, TERIERFNZHENEIZFIPLE . espawn (MHERE) BT HHEY
&), EAZERR, R AREREIRRE R . X A T SR S B ERE T B 7 A5 1%

# method 1

A = rand(1000,1000)
Bref = @spawn A"2
fetch (Bref)

# method 2
Bref = @spawn rand(1000,1000)"2

fetch (Bref)

FE L, AHAE T —DEEVERE, RER RGBS HCF TR - k2 T, R E
RENLFEREFF AT - TR, ¥k 2 B3 1 BarEdR M2 -

FHAT R AIPEEA

KEDPHATHEAFTER IR - &FLNERFZFHFRDE . THIEH espawn M MEHEE L 07 EHAE
. SE7E count_heads. j1 FE T KEL:
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function count_heads (n)
c::Int = 0
for i=1:n
c += randbool ()
end
c
end

el LM E, RERHERIER.

require ("count_heads")

a = @spawn count_heads (100000000)
b = @spawn count_heads (100000000)
fetch(a) +fetch (b)

AL LS LW TR E, WA EREGEEN RS RE SRR . Fard Ry LU -

Efl, BATZAFEA TP espawn 1BA), ERFFITITRRBIEN MEEE L. ZEEEDEHLHESS
Eizfr, RfEF AT for EER . EFE Julia FRIE N

nheads = @parallel (+) for i=1:200000000
int (randbool ())
end

XAFESRIL T 8 2 B ER LA, B EARFEN R EER (N (+) ) -

ER, REHAT for 1EAEEALM—AH for WAEAZ, HENBITHERRKS - B—, BAAELINT
PITH - B, ERAEESBEANENE2RATRLEN, FERETEARKAESE L. FTIERAER
HIFTRZEBSWES - R -

PHIRIEH AL EIIEEIT:

a = zeros (100000)

@parallel for i=1:100000
afi] = 1

end

WRATFE, AT LIEANRIZEA - (B RE XL a WETAETTER, Fov& A Has LA I MILT
—f3 )L RIEESRRLEIFAT for FEER « (ERZFATAT LLBE A A B R AEEX G, S A2 -

qp RS A R R, AT LUEFR AT TREA e

a = randn (1000)

@parallel (+) for i=1:100000
f(alrandi (end) ])

end

AREATAFENE, AEFREN AR MO E B (BRI EGHTE) L. XL H1T7
BRET pmap BEL. T FATIT LD RREHLERE A FE.:

M = {rand(1000,1000) for i=1:10}
pmap (svd, M)

WO B R EU TR AL B KR AR pmap . [eZ, MIfEH] eparallel for -
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Synchronization With Remote References

Scheduling

Julia’s parallel programming platform uses {£55 (PR 1PF2)  to switch among multiple computations. Whenever
code performs a communication operation like fetch or wait, the current task is suspended and a scheduler picks
another task to run. A task is restarted when the event it is waiting for completes.

For many problems, it is not necessary to think about tasks directly. However, they can be used to wait for multiple
events at the same time, which provides for dynamic scheduling. In dynamic scheduling, a program decides what
to compute or where to compute it based on when other jobs finish. This is needed for unpredictable or unbalanced
workloads, where we want to assign more work to processes only when they finish their current tasks.

As an example, consider computing the singular values of matrices of different sizes:

M = {rand(800,800), rand(600,600), rand(800,800), rand(600,600)}
pmap (svd, M)

If one process handles both 800x800 matrices and another handles both 600x600 matrices, we will not get as much
scalability as we could. The solution is to make a local task to “feed” work to each process when it completes its
current task. This can be seen in the implementation of pmap:

function pmap (f, 1lst)

np = nprocs () # determine the number of processes available
n = length(lst)

results = cell (n)

i=1

# function to produce the next work item from the queue.
# in this case it's just an index.

nextidx () = (idx=i; i+=1; idx)
@sync begin
for p=1l:np
if p !'= myid() || np == 1

@async begin
while true

idx = nextidx ()
if idx > n
break
end
results[idx] = remotecall_fetch(p, £, lst[idx])
end
end
end
end
end
results

end

@async is similar to @spawn, but only runs tasks on the local process. We use it to create a “feeder” task for each
process. Each task picks the next index that needs to be computed, then waits for its process to finish, then repeats
until we run out of indexes. Note that the feeder tasks do not begin to execute until the main task reaches the end of the
@sync block, at which point it surrenders control and waits for all the local tasks to complete before returning from
the function. The feeder tasks are able to share state via nextidx () because they all run on the same process. No
locking is required, since the threads are scheduled cooperatively and not preemptively. This means context switches
only occur at well-defined points: in this case, when remotecall_fetch is called.
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oA 2

FHATIT RS A Z LA LR NIRRT AT DUGE A AE — D LEs EARESEIRAAEA - axXB, AT
D AAREC, !:/I\LEE?:%TXXT E BT RIPRER 3 B AT HRAE -

AAEAE (B2RNER ) ZHEEMREA, BESNREZHIL, SPGB ERE—RIL. EXED
HARZESEARMEARZE R —HE, FHITITE R -

ﬁj\ﬁﬂﬁéﬂﬁzﬁﬁ DArray %f&%;@fﬂﬂﬁ DArray E’J?E?ﬁ*cmﬁméﬁﬁbj Array —f$ DArray E@?&*E‘E/‘]ﬁ
i, RXFESEELR): BRI S BIIES YRR 5 B — Nk

—LEH AT EEE T LUGEA o Tk B ROk 1

dzeros (100,100,10)
dones (100,100,10)
drand (100,100, 10)
drandn (100,100, 10)
dfill(x, 100,100,10)

RJg— MBI, BCHRITTREAE < ORI - XL E B s B0 A . AR 2L 8 R 2 72
WA AR, RO

dzeros ((100,100), [1:4], [1,4])

The second argument specifies that the array should be created on processors 1 through 4. When dividing data among
a large number of processes, one often sees diminishing returns in performance. Placing DArrays on a subset of
processes allows multiple DArray computations to happen at once, with a higher ratio of work to communication on
each process.

The third argument specifies a distribution; the nth element of this array specifies how many pieces dimension n should
be divided into. In this example the first dimension will not be divided, and the second dimension will be divided into
4 pieces. Therefore each local chunk will be of size (100, 25) . Note that the product of the distribution array must
equal the number of processes.

distribute (a::Array) A FRREAMELE LR o0 =0 EH -

localpart (a: :DArray) Efﬁﬁﬂ%ﬁﬁl DArray Ki@ﬁﬁ%ﬂ@%gﬁj\ °

localindexes (a::DArray) RBEIARMHEFFENEE RS METLEZ LA -
convert (Array, a::DArray) RETERIBLEERIARMHARE L .

ARG METLERZERT DArray (J1165) B, &£0/# subArray W5, EAEHIEIE -

g o A U

DArray FIMEREGE darray . BRIFEBHWT:

’DArray(init, dims[, procs, dist])

init MBS E, RRSIELEEZTH - X RBAEAME L — RO AL, HHAEERTMERATY)
AL dims REDMDAALAEMYEE - procs BANER), W MFEEMEHMAREID AR - dist
B E, RS DEERIZH LR -

JE RS EOERTIERT,  Z0 HR 1% (5 B (E -
"FWJ@%TZZH%HZIU&QWE £111 FFE BRI 20 20 A B HO R IS B R
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’dfill(v, args...) = DArray(I->fill(v, map(length,I)), args...)

BB init BRELCOS EME R AR 4EE A £111 -

AR HEHE

At this time, distributed arrays do not have much functionality. Their major utility is allowing communication to be
done via array indexing, which is convenient for many problems. As an example, consider implementing the “life”
cellular automaton, where each cell in a grid is updated according to its neighboring cells. To compute a chunk of
the result of one iteration, each process needs the immediate neighbor cells of its local chunk. The following code
accomplishes this:

function life_step(d::DArray)
DArray (size(d),procs(d)) do I
top = mod(first (I[1])-2,size(d,1))+1
bot = mod( last (I[1]) ,size(d, 1)) +1
left = mod(first(I[2])-2,size(d,2))+1
right = mod( last(I[2]) ,size(d,2))+1
old = Array(Bool, length(I[1l])+2, length(I[2])+2)
oldl[1l , 1 ] = dltop , left] # left side
old[2:end-1, 1 ] = d[I[1l], left]
old[end , 1 ] = d[bot , left]
oldl[1l , 2:end-1] = d[top , I[2]]
old[2:end-1, 2:end-1] = d[I[1l], I[2]] # middle
old[end , 2:end-1] = d[bot , I[2]]
oldl[1l , end ] = d[top , right] # right side
old[2:end-1, end ] = d[I[1l], right]
old[end , end ] = dlbot , right]
life_rule(old)
end
end

As you can see, we use a series of indexing expressions to fetch data into a local array o1d. Note that the do block
syntax is convenient for passing init functions to the DArray constructor. Next, the serial function 1ife_rule
is called to apply the update rules to the data, yielding the needed DArray chunk. Nothing about 1ife_rule is
DArray-specific, but we list it here for completeness:

function life_rule (old)
m, n = size(old)
new = similar (old, m-2, n-2)
for j = 2:n-1
for i = 2:m-1
nc = +(old[i-1,3j-1], old[i-1,3j], old[i-1,3j+1],
oldri ,3-11, old[i ,3J+1],
old[i+l,3-1]1, old[i+1,3], old[i+1l,]J+1])
new[i-1,3-1] = (nc == || nc == 2 && old[i, ]
end
end
new
end
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Shared Arrays (Experimental, UNIX-only feature)

Shared Arrays use system shared memory to map the same array across many processes. While there are some
similarities to a DArray, the behavior of a SharedArray is quite different. In a DArray, each process has local
access to just a chunk of the data, and no two processes share the same chunk; in contrast, in a SharedArray each
“participating” process has access to the entire array. A SharedArray is a good choice when you want to have a
large amount of data jointly accessible to two or more processes on the same machine.

SharedArray indexing (assignment and accessing values) works just as with regular arrays, and is efficient be-
cause the underlying memory is available to the local process. Therefore, most algorithms work naturally on
SharedArrays, albeit in single-process mode. In cases where an algorithm insists on an Array input, the un-
derlying array can be retrieved from a SharedArray by calling sdata (S). For other AbstractArray types,
sdata just returns the object itself, so it’s safe to use sdata on any Array-type object.

The constructor for a shared array is of the form:

SharedArray (T: :Type, dims::NTuple; init=false, pids=Int|[])

which creates a shared array of a bitstype T and size dims across the processes specified by pids. Unlike distributed
arrays, a shared array is accessible only from those participating workers specified by the pids named argument (and
the creating process too, if it is on the same host).

If an init function, of signature initfn (S::SharedArray), is specified, it is called on all the participating
workers. You can arrange it so that each worker runs the init function on a distinct portion of the array, thereby
parallelizing initialization.

Here’s a brief example:

julia> addprocs(3)
3-element Array{Any,l}:
2

3

4

julia> S = SharedArray (Int, (3,4), init = S -> S[localindexes(S)] = myid())
3x4 SharedArray{Inté64,2}:

2 2 3 4
2 3 3 4
2 3 4 4
julia> S[3,2] = 7
7
julia> S
3x4 SharedArray{Inté64,2}:
2 2 3 4
2 3 3 4
2 7 4 4

localindexes provides disjoint one-dimensional ranges of indexes, and is sometimes convenient for splitting up
tasks among processes. You can, of course, divide the work any way you wish:

julia> S = SharedArray (Int, (3,4), init = S —-> S[myid()-1l:nworkers():length(S)] =
—myid())
3x4 SharedArray{Inté64,2}:

[

2 2 2 2
3 3 3 3
4 4 4 4
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Since all processes have access to the underlying data, you do have to be careful not to set up conflicts. For example:

@sync begin
for p in workers()
@async begin
remotecall_wait (p, f£ill!, S, p)
end
end
end

would result in undefined behavior: because each process fills the entire array with its own pid, whichever process is
the last to execute (for any particular element of S) will have its pid retained.

ClusterManagers

Julia worker processes can also be spawned on arbitrary machines, enabling Julia’s natural parallelism to function
quite transparently in a cluster environment. The ClusterManager interface provides a way to specify a means to
launch and manage worker processes. For example, ssh clusters are also implemented using a ClusterManager:

immutable SSHManager <: ClusterManager
launch: :Function
manage: :Function
machines: :AbstractVector

SSHManager (; machines=[]) = new(launch_ssh_workers, manage_ssh_workers, machines)
end

function launch_ssh_workers (cman: :SSHManager, np::Integer, config::Dict)
end
function manage_ssh_workers (id::Integer, config::Dict, op::Symbol)

end

where launch_ssh_workers is responsible for instantiating new Julia processes and manage_ssh_workers
provides a means to manage those processes, e.g. for sending interrupt signals. New processes can then be added at
runtime using addprocs:

addprocs (5, cman=LocalManager ())

which specifies a number of processes to add and a ClusterManager to use for launching those processes.
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Julia (EFIEI51 5~ FzfTIMREE

julia> “echo hello”
“echo hello’

BHE N ILMERE:
o B SHAEEZTEF, EME—1 cnd WERFRRZI ML AT NS, Wi E RS
EEHOR, 217, RS
o T AIBATHS, BRAEFERA, Julia FFAHHIKEIH - B 1ibe B system , &M% HE AR M
stdout -

o MRIBITANTRE shell - Julia EIE@NT a2 1ETE, WA ENTE, 4 shell —FE9FRHIE, TEYE shell 5]
FEE . A fork Ml exec WAL, 1EN julia MEETIHE.

N RBTANERE P

julia> run( echo hello’)
hello

hello /& echo &ML, BHERIFRMERHE  run HIEAFIRE nothing - WERIMT a2 1%E 1L
B17, ¥ ErrorException B -

HH readall BHUAT & AOHIH -

julia> a=readall ( echo hello’)
"hello\n"

julia> (chomp(a)) == "hello"
true

More generally, you can use open to read from or write to an external command. For example:

julia> open( less , "w", STDOUT) do io
for i = 1:1000
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println(io, 1)
end
end

K

R 2IRE TR file , FHIEAMLHSE . GETRFEICET B s A GER 7774 )

julia> file = "/etc/passwd"
"/etc/passwd"

julia> “sort $file’
‘sort /etc/passwd’

MRV ZEFRTT, B /Volumes/External HD/data.csv, SUWFNER:

julia> file = "/Volumes/External HD/data.csv"
"/Volumes/External HD/data.csv"

julia> “sort Sfile’
‘sort '/Volumes/External HD/data.csv'®

MRS SEEAET - Julia FIE file R HM— M RLBEHITNGG, € HINENRT] TR . HE
£, OXWAER:  file WEFANZH shell iR, FrUIAREREIERNSHER; HAEESER, RERNT
R EIR - AT DUIER BT

julia> path = "/Volumes/External HD"
"/Volumes/External HD"

julia> name = "data"
lldata"

julia> ext = "csv"
"CSV"

julia> "“sort Spath/Sname. Sext’
‘sort '/Volumes/External HD/data.csv'’®

R E NS R, MR (BEETIE A

julia> files = ["/etc/passwd","/Volumes/External HD/data.csv"]
2-element ASCIIString Array:
"/etc/passwd"

"/Volumes/External HD/data.csv"

julia> “grep foo Sfiles’
‘grep foo /etc/passwd '/Volumes/External HD/data.csv'’

TNSRECA TGN shell BLIFHI—E045, Julia 21505 shell B {a, b, ¢} SEERTIFTH:

julia> names = ["foo","bar", "baz"]
3-element ASCIIString Array:

llfOOH

"barﬂ
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"baz"

julia> “grep xylophone Snames.txt’®
‘grep xylophone foo.txt bar.txt baz.txt®

WK 2 AN EEH N i R — > BR9A, Julia 2807 shell FIE R /R IR AEBLAIAT R -

julia> names = ["foo","bar","baz"]
3-element ASCIIString Array:

n foo"

llbar"

"baZ"

julia> exts = ["aux","log"]
2-element ASCIIString Array:
n aux"

"lOg"

julia> “rm —-f Snames. Sexts’
‘rm -f foo.aux foo.log bar.aux bar.log baz.aux baz.log’

g ImE AR R, BN SR

julia> ‘rm _rf $["fOO","baI","baZ","qUX"] '$[HauX"’"logll,def"J‘
‘rm -rf foo.aux foo.log foo.pdf bar.aux bar.log bar.pdf baz.aux baz.log baz.pdf qux.
—aux qux.log qux.pdf’

514

LB, ARNTEMEHSS - HE—1 perl i<

sh$ perl -le '$|=1; for (0..3) { print }'
0

w N =

HEMERNES <

sh$ first="A"

sh$ second="B"

sh$ perl -le '$|=1; print for @ARGV' "1: $first" "2: S$second"
1: A

2: B

— RV, Julia BOEIS]SEIE SRR shell a5 & JREASIIE RGNS R, B S0 51 - NS
JREASHIIES TAE . H—rXAE, NEEERE T Julia F-

julia> "perl -le '$|=1; for (0..3) { print }'°
‘perl -le '$|=1; for (0..3) { print }'°

julia> run(ans)
0
1
2
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3
julia> first = "A"; second = "B";
julia> "perl -le 'print for @ARGV' "1: "2 "

"perl -le 'print for QARGV' 'l: A' '2: B'"

julia> run(ans)
1: A
2: B

Y FFEAE Julia FIB1T shell A ff, S MRS - Julia 2R R RS, LRI ENTEZESIE
M, HXEfrms-

HiE

Shell FEFAE, 101 1. &, J% > 1 Julia 3] 58S IR TR - B35 B O BRI ORI
S T T

julia> run( echo hello | sort’)
hello | sort

7 Julia "FEEME RS, RIEE cnd IR | > B8

julia> run( echo hello” |> “sort’)
hello

BRI T

julia> run( cut -d: -f3 /etc/passwd  |> “sort -n° |> “tail -n5")
210
211
212
213
214

EFTHI UNIX RA AN EEHRHAFHIID « cut, sort M tail M EENZHE julia #HREN BEETIHE
217, shell RN - Julia H CRILEEEIFEE U AR, XL TAEREH H shell RIEAL- 1 FIL,
Julia A] DK F P2 S B 4 o425, tm] ASEEL shell NRESEERRT— LLThfE. (HEFEERE, |> UUEEE M
T stdout. ffH .> kK HEIF stderr.

Julia ATLIFATIBTTZ P4

julia> run( echo hello’ & “echo world")
world
hello

a2 AR T E LR - S echo AR JLPRIBIITES, ENRS stdout MAFIIEERIE, X MMARTFH
FAARER Julia MRERTHE . MAEE, AIREXLERRRH s HER

julia> run( echo world' & “echo hello” [> “sort’)
hello
world

KB —ERME Julia RIHH perl & HIF] 7
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julia> prefixer (prefix, sleep) = "perl -nle '$|=1; print "' v, ; sleep '
— ',‘"

julia> run( perl —-le '$|=1; for(0..9){ print; sleep 1 }' |> prefixer("A",2) &_
—prefixer ("B",2))

A 0

B 1

A 2

B 3

A 4

B 5

A 6

B 7

A 8

B 9

o — N E N R H TR E LR T — D perl FRRA N0 2 9 8910 1750, B HFATHIEREH
TIXLLLE R, Hp—MAGRINEIR “A”, A— DM B FAIAFEW N RE EHERE 1T, E—
BIttR, MDA EETXE T (7 Perl HiE $1=1 , AIHATEIRIANSLES stdout AIMN; N
Wit 2R SLAITEN R B, SR A — ME T B R . )

HENEERNZ PR B-H T E BT

julia> run( perl -le '$S|=1; for(0..9){ print; sleep 1 }'" |[|>
prefixer ("X",3) & prefixer("Y",3) & prefixer("z",3) |[>
prefixer ("A",2) & prefixer("B",2))

DWW w» oy w
KX N KX N KX N K
O 0 J o0 WN O

BEBIFIRTFISREL, BRERE WL, AP RIEEAR .
SRAELURR X &6y, BRENRWMETH -
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CHAPTER 22

Y&/ C 1 Fortran %

Julia 18 C 1 Fortran ARREL, BRI B RN -

WEVH FH FIACAD B2 R H = RS S . K40 C F Fortran FEHP DA MM IE N L 2% . iR B OMEH Gee (8
Clang ) HiFEMRIE, FTFERM -shared Ml -£PIC LI - Julia A X LLERFFHE S M C 15 S AR -

VAL ZEMREAERZTHE R (:function, "library") B ("function", "library") ,
HH function & C IS HKREL, library ffEES . HEEKELTFREN, BEHTRTER
Wi, BN REEEIEN.

ZICHNER U %4 (L : function Bl "function" ) o MLIY, BR¥% Y BIFHEBEMNT « XFIER
FTLAFSRYRA C FEpREL,  Julia JZ1THY A%, MEEREE] Julia FIRLFT A A REL -

I ccall RAEMFEREHAH . ccall FISENT:
1. (:function, “library”) ZICEX )L (WM RHEE, 1N FH)

2. REIRA, LIAEEARSE, 63 Int32, Int64, Float6d , HETRMERERESE T
Bt prr(T) , BCEMNOURIRIATCARIEH voidx B Ptr

3. MARIRBMZ LA, 5 LRIRERBZREM . MALELZTTH, MARENZTHNZE

4. FEMSEL, WRERE, AR BOR R BRI E
NP C Y clock -

julia> t = ccall( (:clock, "libc"), Int32, ())
2292761

julia> t
2292761

julia> typeof (ans)
Int32

clock MEIXHZEL, RIE 1nt32 R . MAMRBGRAET -1, HER—TLLH, ERER—E
o BIINEM getenv MEMRGIER — MIMTZERITEE, ROXFEHM:

165




Julia (1%, £ i 0.3.0-prerelease

julia> path = ccall( (:getenv, "libc"), Ptr{Uint8}, (Ptr{Uint8},), "SHELL")
Ptr{Uint8} @0x00007fff5fbffc4d5

julia> bytestring(path)
"/bin/bash"

HBE, RHLTHNSH LTS K (Ptr{uints8},) , MM AE (Ptr{uUint8}) - X EH R
(Ptr{Uint8}) M T Ptr{vints} , BEHNE—MEE Ptr{Uint8} K—ITLILA:

julia> (Ptr{Uint8})
Ptr{Uint8}

julia> (Ptr{Uint8},)
(Ptr{Uint8},)

SEFRA B RT E R AR, JE B Julia FIBRECRESE ccall , ESE, ARERE C 5 Fortran
Pl EE IR AR, BEE RN R E RIS Julia FIREUFAE - THIF, getenv C FEREHE L
env.jl A Julia BRELH

function getenv (var::String)

val = ccall( (:getenv, "libc"),
Ptr{Uint8}, (Ptr{Uint8},), wvar)
if val == C_NULL
error ("getenv: undefined variable: ", wvar)
end
bytestring(val)
end

LB, R EECAR A SRR AR R, BRI R

julia> getenv ("SHELL")
"/bin/bash"

julia> getenv ("FOOBAR")
getenv: undefined variable: FOOBAR

THIRE IR, BRI T4

function gethostname ()
hostname = Array(Uint8, 128)
ccall( (:gethostname, "libc"), Int32,
(Ptr{Uint8}, Uint),
hostname, length (hostname))
return bytestring(convert (Ptr{Uint8}, hostname))
end

BEFISE ST — A, REWA C FEEREL gethostname MEZHPIEF TN, BUSTEM N 4%
X ETEEr, EBUAH AL C FATEBRIEHR T, FHEHDy Julia FAFE . C R E— B LI MT
MEREOHREICIL, K HERNFRESPOARE, RIFETE. 7 Julia FOBECNTE, 87 # T ZhE
AR, SRR BIERITEEHE 24 C %L

VA Fortran eRECHS , BTE ORI AR A0ET 5] AL 2 -

& HIZHL A G ARIE MR E SR, MARMEEARS - FFIEH BLAS REGTE SR

function compute_dot (DX: :Vector{Float64}, DY::Vector{Floaté64})
assert (length (DX) == length(DY))
n = length (DX)
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incx = incy =1
product = ccall( (:ddot_, "libLAPACK"),
Floaté64,
(Ptr{Int32}, Ptr{Float64}, Ptr{Int32}, Ptr{Float64}, Ptr{Int32}),
&n, DX, &incx, DY, &incy)
return product
end

HIZR s« (ESES C PROANE - X5 FHZRMEMER, #EX Julia NATLE . & HFAREENMBILZEE
7, ATLVEAEMEERERTE, B 0 # &f (x) -

ERAELHESRET, C AL AT LUBHEEATH TS« B RNEASRERF Julia FS5H M E A AE R R AL T 245 C
J o B G SBTRER AL . EHAEE LS RALE C sREL, 7T LAA Julia 1R[A] Prr{void) REHIHE, X
{HEL Ptr{void} MIEAMET C WEIHM - ATLUERIEM CREF —+E, @i W E X R, Kxg
PEAT A 5y BEFIREAY -

12 C KA E] Julia

Julia HWAH convert BREL, BSEEHNFEE R . Hlan:

ccall( (:foo, "libfoo"), Void, (Int32, Floaté64),
X, V)

ST T #RAE:

ccall( (:foo, "libfoo"), Void, (Int32, Floaté64),

convert (Int32, x), convert (Float64, vy))

WRIREES « —BIERIEN preiT) RERNSHET, HELSWEID 7 RE -

BUH ER

EEEERN—1 per(T) SEUZ LS CHY, BEAFHITESE - Julia (URETERESG N T, REHFEE T
ZHbhlk o SRR LR RN RS IR -

lE, R array FRUEGRRE KRS, ZAH B, U int32(a) -

WRARIEUE ANAE R TE RN — DR R PFRHREN, ZEAFERASECH ptr{voidy £&, E4ER

ﬁﬁﬁ%convert(Ptr{T}, pointer (A)) -

e EPS

B C/C++ EFIF Julia BRI FRINTT « B4 C BHMHE — PR ZFRE Julia B8, R w@ Ll TRIZE C
 XEMTREEERARE (B C ) int 55 Julia F ) Int AF) -

S5RGBT R:
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unsigned char Cuchar Uint8

short Cshort Intl6

unsigned short Cushort Uintlé

int Cint Int32

unsigned int Cuint Uint32

long long Clonglong Int64

unsigned long long | Culonglong Uinto4

intmax_t Cintmax_t Int64

uintmax_t Cuintmax_t Uinto4

float Cfloat Float32

double Cdouble Float64
ptrdiff_t Cptrdiff_t Int

ssize_t Cssize_t Int

size_t Csize_t Uint

void Void

voidx Ptr{Void}

char« (or char[], e.g. a string) Ptr{Uint8}
char*« (or xchar[]) Ptr{Ptr{Uint8}}
struct T« (where T represents an appropriately defined bits type) | Ptr{T} (call using &variable_name in the parameter list)
struct T (where T represents an appropriately defined bits type) T (call using &variable_name in the parameter list)
jl_value_t~ (any Julia Type) Ptr{Any}

Julia Y char RAR 32 i), S5HETFEMTEFFERE (wehar_t B wint_t) ANAE -
IRE void B C AL, 7 Julia 3R [E nothing -

5358 %:
char Cchar Int8 (x86, x86_64)
Uint8 (powerpc, arm)
long Clong Int (UNIX)
Int 32 (Windows)
unsigned long Culong Uint (UNIX)
Uint 32 (Windows)
wchar_t Cwchar_t Int 32 (UNIX)
Uint16 (Windows)

KR TFRFESE (chars ) B Julia K230 Ptr{Uuints} ,

MAZE ASCIIString - 28(HFH charx«

R C KA, 7F Julia PR N A ptr{Ptr{Uuints}} A . FHlan, C KL

int main (int argc,

char xxargv);

1 Julia N IZOXEE R R

"a.out",
Int32,

argv = [

ccall (:main,

"a}fgl",
(Int32,

"argZ“ ]
Ptr{Ptr{Uint81}}),

length (argv),

argv)

For wchar_t« arguments, the Julia type should be Pt r {Wchar_t }, and data can be converted to/from ordinary
Julia strings by the wstring (s) function (equivalent to either ut £16 (s) orut £32 (s) depending upon the width
of Cwchar_t. Note also that ASCII, UTF-8, UTF-16, and UTF-32 string data in Julia is internally NUL-terminated,
so it can be passed to C functions expecting NUL-terminated data without making a copy.

o TR SRR

NITER AT, FIOREE ERE = AT RE 2 S RSN L BRI BT N A -
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FEE Ptr(T} , ®W{H unsafe_ref (ptr, [index]) 1%, FFEREN T FIRNENFT 5 HEINFE SIE]
Julia X R H o index ZHEFER (AN 1) , EEZ2N 1 FHERSHE - HEECELIT getindex ()
Fl setindex! () BT H (W0 ) &K -

IR B (ER— MR L ERIFTN &, EEEBEIHNGF ARSI §5] RN 228

R T & Aany BA, HWEIHBNESEIANEEXT Julia 3% j1_value_t« FIGIH, &R IPITEA
5 A, HHXNEANSHEED - FEEERRN RIGESTREWALHI AT (FREAEE, EERNEHNE
) REBGRANGAST BB .. FE, WRNFRERATER Julia FiERF, F5 SR AGE NS H Julia Ah1
W EIEHLHEIRER . I8 Ptr KEHLE j1_value_t+ , A[fFH unsafe_pointer_ to_objref (ptr) F
HiZ#em Julia X %5/ - (3BT JEH pointer_from_objref (v) ¥Julia (B v #FE#H j1_value_t=
f8%t ptrivoid} - )

WiEEAE (1] Pe{T) 5#IE) 7i#d unsafe_store! (ptr, value, [index]) JEEI. HEI, N
NRBIMETIIRE (isbits) AA[ZEEA.

IIAEARRT I S BB, A RE AR DI SETSE IR - SRS ST B3 bug I, SRS ARG -
WRFTRFERTRE & (RBEAT ) B EREIEEUE, pointer_to_array (ptr,dims, [own])
BOAEHE WL - G0 RAREE Julia “FEH KB R P XIFEIRE R Array BN free (ptr) . &
—NSHRZRE - MRE own SEEE AR, WHHERHARZRHRX —BEFE, BEEE S
e

ptr FIEARCLA +) F C R EAANE, X ptr iI— MBS RFIRHE—BESN F7 , mAE
# o XHENEHHZEE LB R A S K R

>

o =

al

HfatH B EsE

Wy C ASCRFZIRENE, FrLUBEH C KBS HIEH RBEEUE - 7 ccall BSEpUX TR EEE MRS = K
RPEEE . SR por BB EEAER, Julia 2 BafEE— C IR EIHBLXME:

width Cint[0]
range Cfloat [0]
ccall(:foo, Void, (Ptr{Cint}, Ptr{Cfloat}), width, range)

X2 HFE T Julia B LAPACK #10 , HABEKAE info # LAIGIHA R (Z 2] LAPACK, FiR[H

B 3% [ECHLA A 22 4

45 ccall (BB EIRAT, KT HEHH pointer () BREL. NYE X —MEMRTE, HDEEEME IR ccall
o ccall 2 BB LHE, HHEERARER, ERTESEEA SR EWLHE A - iR C APL 2768 —
AH Julia P ECEHFRINFRIGIH, Y ccall REfE, TEHCOCIKE, S SXLR EWHLSEIGREFAT I - HEFER
TER, =R N Array{Any, 1} N2RTEFRAXEE, B CEEBMNECELHTET -

HEAE T I8 Julia 2088 1T858, MO RIERREUR BRI S 20 —BEFE - Julia FIFEZ
¥, W unsafe_ref () Ml bytestring() , MEHIEERMAEZERZMX, FIT 22BN (58E
) JREEIRE, ASRmE ulia - B MIAMNEEERR, HTMHEENERE, pointer_to_array () &3t
= (EEH) KERMX .

IR B ABERIERMCRIIRFE - Blan, = a @&% o BI5IH, BWERERIRENE, ANEERIE b 7
a ZJEHE . I XFHEMEE TR .
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= R B

(name, library) HRERMIN NHERIAN . ATLLUEET eval , R EERIENRES:

’@eval ccall(($(string("a","b")),"1lib"),

FIEAH string MEAT, REHEFHA ccall BRFHFTUHE - R eval (NETHREBTT, FIL#E
FIEAZN, PREFERABEE (FBRIEAMZEENERM s ST LN - eval BHARMERTVZEE L,
fan, RS 2 ARl RR R 0 R B R A — i

1] B2 A

ccall KIS — SRR LUEBITRSRIERFRIATR . 1, FRIAEERTY per KRB, TR0 ZR 0 RA4 R
B - X MFERT ccall ME-ZHEEWEFE KHEENRNSH) K5I -

R

ccall A (k) SEEREWAH T (TEREMEZA) - MREIEE, FEHHBRERGMEIA C
WA . HEZFFREA TN stdeall, cdecl, fastcall Ml thiscall - ff40 (3& H base/libe.jl):

hn = Array (Uint8, 256)
err=ccall (:gethostname, stdcall, Int32, (Ptr{Uint8}, Uint32), hn, length (hn))

H 215 B1ES % LLVM Language Reference.

Accessing Global Variables

Global variables exported by native libraries can be accessed by name using the cglobal function. The arguments
to cglobal are a symbol specification identical to that used by ccall, and a type describing the value stored in the
variable:

julia> cglobal((:errno, :1libc), Int32)
Ptr{Int32} @0x00007£418d0816b8

The result is a pointer giving the address of the value. The value can be manipulated through this pointer using
unsafe_loadand unsafe_store.

Passing Julia Callback Functions to C

It is possible to pass Julia functions to native functions that accept function pointer arguments. A classic example is
the standard C library gsort function, declared as:

void gsort (void xbase, size_t nmemb, size_t size,
int (xcompare) (const void xa, const void *b));

The base argument is a pointer to an array of length nmemb, with elements of size bytes each. compare is a
callback function which takes pointers to two elements a and b and returns an integer less/greater than zero if a
should appear before/after b (or zero if any order is permitted). Now, suppose that we have a 1d array A of values in

170 Chapter 22. & C #1 Fortran {5


http://llvm.org/docs/LangRef.html#calling-conventions

Julia (1Y, £ 47 0.3.0-prerelease

Julia that we want to sort using the gsort function (rather than Julia’s built-in sort function). Before we worry about
calling gsort and passing arguments, we need to write a comparison function that works for some arbitrary type T:

function mycompare{T} (a_::Ptr{T}, b_::Ptr{T})

a = unsafe_load(a_)
b = unsafe_load(b_)
return convert(Cint, a < b ? -1 : a > b 2?2 +1 : 0)

end

Notice that we have to be careful about the return type: gsort expects a function returning a C int, so we must be
sure to return Cint via acall to convert.

In order to pass this function to C, we obtain its address using the function cfunction:

const mycompare_c = cfunction (mycompare, Cint, (Ptr{Cdouble}, Ptr{Cdouble}))

cfunction accepts three arguments: the Julia function (mycompare), the return type (Cint), and a tuple of the
argument types, in this case to sort an array of Cdouble (Float64) elements.

The final call to gsort looks like this:

A= [1.3, -2.7, 4.4, 3.1]
ccall(:gsort, Void, (Ptr{Cdouble}, Csize_t, Csize_t, Ptr{Void}),
A, length(A), sizeof(eltype(A)), mycompare_c)

After this executes, A is changed to the sorted array [ -2.7, 1.3, 3.1, 4.4]. Note that Julia knows how
to convert an array into a Ptr{Cdouble}, how to compute the size of a type in bytes (identical to C’s sizeof
operator), and so on. For fun, try inserting a println ("mycompare ($a, $b) ") line into mycompare, which
will allow you to see the comparisons that gsort is performing (and to verify that it is really calling the Julia function
that you passed to it).

Thread-safety

Some C libraries execute their callbacks from a different thread, and since Julia isn’t thread-safe you’ll need to take
some extra precautions. In particular, you’ll need to set up a two-layered system: the C callback should only schedule
(via Julia’s event loop) the execution of your “real” callback. Your callback needs to be written to take two inputs
(which you’ll most likely just discard) and then wrapped by SingleAsyncWork:

cb = Base.SingleAsyncWork (data —-> my_real_callback (args))

The callback you pass to C should only execute a ccall to :uv_async_send, passing cb.handle as the argu-
ment.

More About Callbacks

For more details on how to pass callbacks to C libraries, see this blog post.

C++

Cpp #1 Clang ¥ R ELIRME T HIRET C++ FF -
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AN T-5

LB R B R, SR BRI R T S IR AR R . X I & os_NAME - b, F
— U HRZ. @windows, @unix, @linux, X Gosx - {FE, linux fl osx & unix AL HIFEE - FHY
FHERLIT =TT 25 AT -

e SRR FH
ccall( (@windows? :_fopen : :fopen), ...)
B IR
Qlinux? (
begin
some_complicated_thing(a)
end
: begin
some_different_thing(a)
end
)

BEAAH (BG5S TLIEms, Eo9 T, &iFmE)

@windows? :a : (Qosx? :b : :c)
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BA1CEEnE I C 1 Fortran {X59) Julia 7] DL G2 70 A C AL HEFREBOT EFHE
R EENC A Julia BREL - 53X AT DAIE Julia (CRSEEA B F R C/C++ BIH X, MAFTEEHEFICER
HC/IC++5 —ik - Juliaf&fft T ACHIAPDR SLHLX — i o IEWNKRZHOEZEVE HIEEH C BRE—H, Juliafy
API 0] DU FHEEMEMIE S 2 8 FIT R -

RN

AN REBHICEEF AT, ERIAIuliar B —Luliaf)f Ui

#include <julia.h>

int main (int argc, char xargv([])
{
Jjl_init (NULL) ;
JL_SET_STACK_BASE;

jl_eval_string("print (sgrt (2.0))");

return 0;

}

P i 0X A2 P VR T 240 Juliafy 3k OB S E BRI B R EUE 1ibjulia- 7 UL JuliaZd 3 78
SJULIA_DIR, HiAJLAHgccdmiF:

gcc -o test -ISJULIA_DIR/include/julia -L$JULIA_DIR/usr/lib -1ljulia test.c

T AEE Julia JRIBE example/ FHYJ embedding.co

VA F Juliabf 50 2 87 B2 500006 fedulia, FILAAH 51 init SEAK, XD EREHISERlaZ R, FAR
const charx - WHREHEEMZBE, Juliaz oIS HIulial) 2312 -

The second statement initializes Julia’s task scheduling system. This statement must appear in a function that will not
return as long as calls into Julia will be made (main works fine). Strictly speaking, this statement is optional, but
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operations that switch tasks will cause problems if it is omitted.

The third statement in the test program evaluates a Julia statement using a call to j1_eval_string.

R

Real applications will not just need to execute expressions, but also return their values to the host program.
jl_eval_string returns a j1_value_t*, which is a pointer to a heap-allocated Julia object. Storing simple
data types like F1oat 64 in this way is called boxing, and extracting the stored primitive data is called unboxing.
Our improved sample program that calculates the square root of 2 in Julia and reads back the result in C looks as
follows:

jl_value_t »*ret = jl_eval_string("sgrt(2.0)");

if (jl_is_float64d (ret)) {
double ret_unboxed = jl_unbox_float64 (ret);
printf ("sqgrt (2.0) in C: %e \n", ret_unboxed);

In order to check whether ret is of a specific Julia type, we can use the j1_is_... functions. By typing
typeof (sqrt (2.0)) into the Julia shell we can see that the return type is Float 64 (double in C). To con-
vert the boxed Julia value into a C double the j1_unbox_float 64 function is used in the above code snippet.

Corresponding j1_box_ . .. functions are used to convert the other way:

jl_value_t »*a Jl_box_float64(3.0);
jl_value_t *b = jl_box_float32(3.0f);
jl_value_t *c = jl_box_int32(3);

As we will see next, boxing is required to call Julia functions with specific arguments.

VA Julia 1R

While j1_eval_string allows C to obtain the result of a Julia expression, it does not allow passing arguments
computed in C to Julia. For this you will need to invoke Julia functions directly, using j1_call:

jl_function_t +func = jl_get_function(jl_base_module, "sqgrt");
jl_value_t »argument = jl_box_float64(2.0);
jl_value_t *ret = jl_calll (func, argument);

In the first step, a handle to the Julia function sqrt is retrieved by calling j1_get_function. The first argument
passed to j1_get_function is a pointer to the Base module in which sqgrt is defined. Then, the double value
is boxed using j1_box_float64. Finally, in the last step, the function is called using j1_calll. jl_callO,
jl_call2, and j1_call3 functions also exist, to conveniently handle different numbers of arguments. To pass
more arguments, use j1_call:

jl_value_t xjl_call(jl_function_t »f, jl_value_t =xwxargs, int32_t nargs)

Its second argument args is an array of j1_value_t* arguments and nargs is the number of arguments.
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NI E 2

..As we have seen, Julia objects are represented in C as pointers. This raises the question of who is responsible for
freeing these objects.: IEWFATE AT, Julia PR RTE C HE LIFEFHTEXE IR X titss 7 — 1]
R R T BT RO B GO N A A7 IR ?

.. Typically, Julia objects are freed by a garbage collector (GC), but the GC does not automatically know that we are
holding a reference to a Julia value from C. This means the GC can free objects out from under you, rendering pointers
invalid.: —/REOLT, Julia N G 3% ESCHLAISRBERL, (B3R [BIUCHLEIH ANGE B shIRFIFATIELE C H 1
F Julia XFGAI5H o SXRBRE DL BN 6T BE 2 BRI T IEAESE RN 5, iE RO TEEH KR -

The GC can only run when Julia objects are allocated. Calls like j1_box_float64 perform allocation, and allo-
cation might also happen at any point in running Julia code. However, it is generally safe to use pointers in between
31_ ... calls. Butin order to make sure that values can survive j1_ ... calls, we have to tell Julia that we hold a
reference to a Julia value. This can be done using the JIL._GC_PUSH macros:

jl_value_t »*ret = jl_eval_string("sqgrt(2.0)");
JL_GC_PUSHI1 (&ret) ;

// Do something with ret

JL_GC_POP () ;

The JL_GC_POP call releases the references established by the previous JL_GC_PUSH. Note that JL_GC_PUSH is
working on the stack, so it must be exactly paired with a JL_GC_POP before the stack frame is destroyed.

Several Julia values can be pushed at once using the JI._GC_PUSH2 , JL_GC_PUSH3, and JL_GC_PUSH4 macros.
To push an array of Julia values one can use the JL,_ GC_PUSHARGS macro, which can be used as follows:

jl_value_t =*=xargs;

JL_GC_PUSHARGS (args, 2); // args can now hold 2 "jl_value_ t#* objects
args[0] = some_value;

args[1l] = some_other_value;

// Do something with args (e.g. call jl_... functions)

JL_GC_POP () ;

il 35 ]

..There are some functions to control the GC. In normal use cases, these should not be necessary.: 5 —£& bR E{ ] L)
WEhE R R E - E— BN, ENHATEERAE -
void Jjl_gc_collect () | Force a GC run
void jl_gc_disable () | Disable the GC
void Jjl_gc_enable () Enable the GC

A FREUH

Julia and C can share array data without copying. The next example will show how this works.

Julia arrays are represented in C by the datatype j1_array_t«. Basically, j1_array_t is a struct that contains:
* Information about the datatype
* A pointer to the data block

¢ Information about the sizes of the array
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To keep things simple, we start with a 1D array. Creating an array containing Float64 elements of length 10 is done
by:

jl_value_t»* array_type = Jjl_apply_array_type(jl_float64_type, 1);
jl_array_t* x = jl_alloc_array_ld(array_type, 10);

Alternatively, if you have already allocated the array you can generate a thin wrapper around its data:

double *existingArray = (doublex)malloc (sizeof (double) «10);
jl_array_t *x = jl_ptr_to_array_ld(array_type, existingArray, 10, 0);

The last argument is a boolean indicating whether Julia should take ownership of the data. If this argument is non-zero,
the GC will call free on the data pointer when the array is no longer referenced.

In order to access the data of x, we can use j1_array_data:

double xxData = (doublex) jl_array_data(x);

Now we can fill the array:

for(size_t 1=0; i<jl_array_len(x); i++)
xDatal[i] = i;

Now let us call a Julia function that performs an in-place operation on x:

jl_function_t +func = jl_get_function(jl_base_module, "reverse!");
jl_calll (func, (jl_value_tx*)x);

By printing the array, one can verify that the elements of x are now reversed.

Vi) 5] FR &

If a Julia function returns an array, the return value of j1_eval_string and jl_call can be cast to a
Jl_array_tx*:

jl_function_t =func = Jjl_get_function(jl_base_module, "reverse");
jl_array_t »y = (jl_array_tx)jl_calll(func, (jl_value_t«)x);

Now the content of y can be accessed as before using j1_array_data. As always, be sure to keep a reference to
the array while it is in use.

R 4ERAH

Julia’s multidimensional arrays are stored in memory in column-major order. Here is some code that creates a 2D
array and accesses its properties:

// Create 2D array of float64 type
jl_value_t xarray_type = Jjl_apply_array_type(jl_float64d_type, 2);
jl_array_t xx = jl_alloc_array_2d(array_type, 10, 5);

// Get array pointer

double *p = (doublex) jl_array_data(x);
// Get number of dimensions

int ndims = jl_array_ndims (x);

// Get the size of the i-th dim
size_t size0 = jl_array_dim(x,0);
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size_t sizel = jl_array_dim(x,1);

// Fill array with data
for (size_t i=0; i<sizel; i++)
for (size_t j=0; Jj<sizeO; J++)
pl] + sizeOxi] = 1 + 3;

Notice that while Julia arrays use 1-based indexing, the C API uses 0-based indexing (for example in calling
j1l_array_dim) in order to read as idiomatic C code.

(=AY
SARLIE

Julia code can throw exceptions. For example, consider:

jl_eval_string("this_function_does_not_exist ()");

This call will appear to do nothing. However, it is possible to check whether an exception was thrown:

if (jl_exception_occurred())
printf ("%s \n", Jjl_typeof_str(jl_exception_occurred()));

If you are using the Julia C API from a language that supports exceptions (e.g. Python, C#, C++), it makes sense
to wrap each call into libjulia with a function that checks whether an exception was thrown, and then rethrows the
exception in the host language.

P Julia 5%

When writing Julia callable functions, it might be necessary to validate arguments and throw exceptions to indicate
errors. A typical type check looks like:

if (!jl_is_float64(val)) {
jl_type_error (function_name, (jl_value_t«)jl_float6d_type, val);

General exceptions can be raised using the funtions:

void jl_error (const char x*str);
void jl_errorf (const char ~fmt, ...);

jl_error takes a C string, and j1_errorf is called like print £:

jl_errorf ("argument x = %d is too large", Xx);

where in this example x is assumed to be an integer.
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B0 E MRS SRIE - /RAT LAFE http://pkg.julialang.org #EN A EiEM (—FEAMERINLE) MEHFIER. BT
BREEHGLHE ST Pkg iX " module 1A, Juliaf] Base install 5| AT Pkg -
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julia> Pkg.status()

INFO: Initializing package repository /Users/stefan/.Jjulia/v0.3
INFO: Cloning METADATA from git://github.com/JuliaLang/METADATA. jl
No packages installed.

HRE—IKIBIT pkg F— P20, FOEER TERNEHZEE-MSE—MEZT) 2 89H0%
. B pkg WEFXMHE-DHEE, XTEFIEEHE ST Pkg.status () F -

XER—MREER, EEHDERZRNENG T

julia> Pkg.status()
Required packages:

— Distributions 0.2.8

- UTF16 0.2.0
Additional packages:

— NumericExtensions 0.2.17

- Stats 0.2.6

XL, HEOTEM TRRA, HHEE prg BHE . 2R THIER LR — DM EERIRE”, EidE
R MIERRIARAR; S BN B BB RS AR B A ] 2 R -

T HRFEFRE, Pkg.installed () aR[El— P58, XSGR T 2238 T A A 4 o A E IAE i RO
ZN
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julia> Pkg.installed()
["Distributions"=>v"0.2.8","Stats"=>v"0.2.6","UTF16"=>v"0.2.0", "NumericExtensions"=>v
<"0.2.17"]

aANInA BR Y £

Julia’s package manager is a little unusual in that it is declarative rather than imperative. This means that you tell it
what you want and it figures out what versions to install (or remove) to satisfy those requirements optimally — and
minimally. So rather than installing a package, you just add it to the list of requirements and then “resolve” what needs
to be installed. In particular, this means that if some package had been installed because it was needed by a previous
version of something you wanted, and a newer version doesn’t have that requirement anymore, updating will actually
remove that package.

Your package requirements are in the file ~/.julia/v0.3/REQUIRE. You can edit this file by hand and then
call Pkg.resolve () to install, upgrade or remove packages to optimally satisfy the requirements, or you can
do Pkg.edit (), which will open REQUIRE in your editor (configured via the EDITOR or VISUAL environment
variables), and then automatically call Pkg.resolve () afterwards if necessary. If you only want to add or remove
the requirement for a single package, you can also use the non-interactive Pkg.add and Pkg. rm commands, which
add or remove a single requirement to REQUIRE and then call Pkg.resolve ().

You can add a package to the list of requirements with the Pkg . add function, and the package and all the packages
that it depends on will be installed:

julia> Pkg.status ()
No packages installed.

julia> Pkg.add ("Distributions™)

INFO: Cloning cache of Distributions from git://github.com/JuliaStats/Distributions.
—Jjl.git

INFO: Cloning cache of NumericExtensions from git://github.com/lindahua/
—NumericExtensions.jl.git

INFO: Cloning cache of Stats from git://github.com/JuliaStats/Stats.jl.git

INFO: Installing Distributions v0.2.7

INFO: Installing NumericExtensions v0.2.17

INFO: Installing Stats v0.2.6

INFO: REQUIRE updated.

julia> Pkg.status()
Required packages:

- Distributions 0.2.7
Additional packages:

— NumericExtensions 0.2.17

- Stats 0.2.6

What this is doing is first adding Distributions to your ~/.julia/v0.3/REQUIRE file:

S cat ~/.julia/v0.3/REQUIRE
Distributions

It then runs Pkg.resolve () using these new requirements, which leads to the conclusion that the
Distributions package should be installed since it is required but not installed. As stated before, you can accom-
plish the same thing by editing your ~/ . julia/v0.3/REQUIRE file by hand and then running Pkg.resolve ()

yourself:
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S echo UTF16 >> ~/.julia/v0.3/REQUIRE

julia> Pkg.resolve()
INFO: Cloning cache of UTF1l6 from git://github.com/nolta/UTF16.731.git
INFO: Installing UTF16 v0.2.0

julia> Pkg.status()
Required packages:

- Distributions 0.2.

- UTF1le6 0.2.0
Additional packages:

— NumericExtensions 0.2.17

- Stats 0.2.6

This is functionally equivalent to calling Pkg.add ("UTF16"), except that Pkg.add doesn’t change REQUIRE
until after installation has completed, so if there are problems, REQUIRE will be left as it was before calling Pkg.
add. The format of the REQUIRE file is described in Requirements Specification; it allows, among other things,
requiring specific ranges of versions of packages.

When you decide that you don’t want to have a package around any more, you can use Pkg.rm to remove the
requirement for it from the REQUIRE file:

julia> Pkg.rm("Distributions™")

INFO: Removing Distributions v0.2.7
INFO: Removing Stats v0.2.6

INFO: Removing NumericExtensions v0.2.17
INFO: REQUIRE updated.

julia> Pkg.status()
Required packages:
- UTF16 0.2.0

julia> Pkg.rm("UTE16")
INFO: Removing UTF16 v0.2.0
INFO: REQUIRE updated.

julia> Pkg.status()
No packages installed.

Once again, this is equivalent to editing the REQUIRE file to remove the line with each package name on it then
running Pkg.resolve () to update the set of installed packages to match. While Pkg.add and Pkg. rm are
convenient for adding and removing requirements for a single package, when you want to add or remove multiple
packages, you can call Pkg.edit () to manually change the contents of REQUIRE and then update your packages
accordingly. Pkg.edit () does not roll back the contents of REQUIRE if Pkg.resolve () fails —rather, you have
torun Pkg.edit () again to fix the files contents yourself.

Because the package manager uses git internally to manage the package git repositories, users may run into protocol
issues (if behind a firewall, for example), when running Pkg.add. The following command can be run from the
command line to tell git to use ‘https’ instead of the ‘git’ protocol when cloning repositories:

git config --global url."https://".insteadOf git://
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TRAEM T A

Julia packages are simply git repositories, clonable via any of the protocols that git supports, and containing Julia
code that follows certain layout conventions. Official Julia packages are registered in the METADATA jl repository,
available at a well-known location'. The Pkg.add and Pkg.rm commands in the previous section interact with
registered packages, but the package manager can install and work with unregistered packages too. To install an
unregistered package, use Pkg.clone (url), where url is a git URL from which the package can be cloned:

julia> Pkg.clone ("git://example.com/path/to/Package.jl.git")

INFO: Cloning Package from git://example.com/path/to/Package.jl.git
Cloning into 'Package'...

remote: Counting objects: 22, done.

remote: Compressing objects: 100% (10/10), done.

remote: Total 22 (delta 8), reused 22 (delta 8)

Receiving objects: 100% (22/22), 2.64 KiB, done.

Resolving deltas: 100% (8/8), done.

By convention, Julia repository names end with . j1 (the additional .git indicates a “bare” git repository), which
keeps them from colliding with repositories for other languages, and also makes Julia packages easy to find in search
engines. When packages are installed in your . julia/vO0. 3 directory, however, the extension is redundant so we
leave it off.

If unregistered packages contain a REQUIRE file at the top of their source tree, that file will be used to determine
which registered packages the unregistered package depends on, and they will automatically be installed. Unregistered
packages participate in the same version resolution logic as registered packages, so installed package versions will be
adjusted as necessary to satisfy the requirements of both registered and unregistered packages.

EHY R

When package developers publish new registered versions of packages that you’re using, you will, of course, want the
new shiny versions. To get the latest and greatest versions of all your packages, just do Pkg.update ():

julia> Pkg.update ()

INFO: Updating METADATA. ..

INFO: Computing changes...

INFO: Upgrading Distributions: v0.2.8 => v0.2.10
INFO: Upgrading Stats: v0.2.7 => v0.2.8

The first step of updating packages is to pull new changes to ~/.julia/v0.3/METADATA and see if any new
registered package versions have been published. After this, Pkg.update () attempts to update packages that are
checked out on a branch and not dirty (i.e. no changes have been made to files tracked by git) by pulling changes from
the package’s upstream repository. Upstream changes will only be applied if no merging or rebasing is necessary — i.e.
if the branch can be “fast-forwarded”. If the branch cannot be fast-forwarded, it is assumed that you’re working on it
and will update the repository yourself.

Finally, the update process recomputes an optimal set of package versions to have installed to satisfy your top-level
requirements and the requirements of “fixed” packages. A package is considered fixed if it is one of the following:

1. Unregistered: the package is not in METADATA — you installed it with Pkg.clone.
2. Checked out: the package repo is on a development branch.

3. Dirty: changes have been made to files in the repo.

! The official set of packages is at https:/github.com/JuliaLang/METADATA jl, but individuals and organizations can easily use a different
metadata repository. This allows control which packages are available for automatic installation. One can allow only audited and approved package
versions, and make private packages or forks available.

182 Chapter 24. 'BH



https://www.kernel.org/pub/software/scm/git/docs/git-clone.html#URLS
https://github.com/JuliaLang/METADATA.jl
http://git-scm.com/book/en/Git-Branching-Basic-Branching-and-Merging
https://github.com/JuliaLang/METADATA.jl

Julia (1Y, £ 47 0.3.0-prerelease

If any of these are the case, the package manager cannot freely change the installed version of the package, so its
requirements must be satisfied by whatever other package versions it picks. The combination of top-level require-
ments in ~/ . julia/v0.3/REQUIRE and the requirement of fixed packages are used to determine what should be
installed.

Checkout, Pin and Free

You may want to use the master version of a package rather than one of its registered versions. There might be fixes
or functionality on master that you need that aren’t yet published in any registered versions, or you may be a developer
of the package and need to make changes on master or some other development branch. In such cases, you can do
Pkg.checkout (pkg) to checkout the master branch of pkg or Pkg.checkout (pkg, branch) to checkout
some other branch:

julia> Pkg.add ("Distributions™)

INFO: Installing Distributions v0.2.9
INFO: Installing NumericExtensions v0.2.17
INFO: Installing Stats v0.2.7

INFO: REQUIRE updated.

julia> Pkg.status()
Required packages:

— Distributions 0.2.9
Additional packages:

— NumericExtensions 0.2.17

- Stats 0.2

julia> Pkg.checkout ("Distributions")
INFO: Checking out Distributions master...
INFO: No packages to install, update or remove.

julia> Pkg.status()
Required packages:

- Distributions 0.2.9+ master
Additional packages:

- NumericExtensions 0.2.17

- Stats 0.2.7

Immediately after installing Distributions with Pkg.add it is on the current most recent registered version —
0.2.9 at the time of writing this. Then after running Pkg.checkout ("Distributions"), you can see from
the output of Pkg.status () that Distributions is on an unregistered version greater than 0.2 . 9, indicated
by the “pseudo-version” number 0.2 . 9+.

When you checkout an unregistered version of a package, the copy of the REQUIRE file in the package repo takes
precedence over any requirements registered in METADATA, so it is important that developers keep this file accurate
and up-to-date, reflecting the actual requirements of the current version of the package. If the REQUIRE file in the
package repo is incorrect or missing, dependencies may be removed when the package is checked out. This file is also
used to populate newly published versions of the package if you use the API that Pkg provides for this (described
below).

When you decide that you no longer want to have a package checked out on a branch, you can “free” it back to the
control of the package manager with Pkg. free (pkg):

julia> Pkg.free("Distributions™)
INFO: Freeing Distributions...
INFO: No packages to install, update or remove.
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julia> Pkg.status()
Required packages:

- Distributions 0.2.9
Additional packages:

— NumericExtensions 0.2.17

- Stats 0.2.7

After this, since the package is on a registered version and not on a branch, its version will be updated as new registered
versions of the package are published.

If you want to pin a package at a specific version so that calling Pkg.update () won’t change the version the
package is on, you can use the Pkg . pin function:

julia> Pkg.pin("Stats")
INFO: Creating Stats branch pinned.47c198bl.tmp

julia> Pkg.status()
Required packages:

— Distributions 0.2.9
Additional packages:
- NumericExtensions 0.2.17
— Stats 0.2.7 pinned.47c198bl.tmp

After this, the Stats package will remain pinned at version 0.2 .7 — or more specifically, at commit 47c198b1,
but since versions are permanently associated a given git hash, this is the same thing. Pkg.pin works by creating a
throw-away branch for the commit you want to pin the package at and then checking that branch out. By default, it
pins a package at the current commit, but you can choose a different version by passing a second argument:

julia> Pkg.pin("Stats",v"0.2.5")
INFO: Creating Stats branch pinned.1£fd0983b.tmp
INFO: No packages to install, update or remove.

julia> Pkg.status/()
Required packages:

— Distributions 0.2.9
Additional packages:
— NumericExtensions 0.2.17
- Stats 0.2.5 pinned.1£d0983b.tmp

Now the Stats package is pinned at commit 1 £d0983b, which corresponds to version 0.2 .5. When you decide
to “unpin” a package and let the package manager update it again, you can use Pkg. free like you would to move
off of any branch:

julia> Pkg.free("Stats")
INFO: Freeing Stats...
INFO: No packages to install, update or remove.

julia> Pkg.status()
Required packages:

- Distributions 0.2.9
Additional packages:

— NumericExtensions 0.2.17

- Stats 0.2.7

After this, the St ats package is managed by the package manager again, and future calls to Pkg.update () will
upgrade it to newer versions when they are published. The throw-away pinned.1£d0983b. tmp branch remains
in your local Stat s repo, but since git branches are extremely lightweight, this doesn’t really matter; if you feel like
cleaning them up, you can go into the repo and delete those branches.
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Julia’s package manager is designed so that when you have a package installed, you are already in a position to look at
its source code and full development history. You are also able to make changes to packages, commit them using git,
and easily contribute fixes and enhancements upstream. Similarly, the system is designed so that if you want to create
a new package, the simplest way to do so is within the infrastructure provided by the package manager.

Initial Setup

Since packages are git repositories, before doing any package development you should setup the following standard
global git configuration settings:

$ git config —--global user.name "FULL NAME"
$ git config --global user.email "EMAIL"

where FULL NAME is your actual full name (spaces are allowed between the double quotes) and EMATIL is your actual
email address. Although it isn’t necessary to use GitHub to create or publish Julia packages, most Julia packages as of
writing this are hosted on GitHub and the package manager knows how to format origin URLs correctly and otherwise
work with the service smoothly. We recommend that you create a free account on GitHub and then do:

$ git config --global github.user "USERNAME"

where USERNAME is your actual GitHub user name. Once you do this, the package manager knows your GitHub user
name and can configure things accordingly. You should also upload your public SSH key to GitHub and set up an SSH
agent on your development machine so that you can push changes with minimal hassle. In the future, we will make
this system extensible and support other common git hosting options like BitBucket and allow developers to choose
their favorite.

Generating a New Package

Suppose you want to create a new Julia package called FooBar. To get started, do Pkg.generate (pkg,
license) where pkg is the new package name and 1icense is the name of a license that the package generator
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knows about:

julia> Pkg.generate ("FooBar", "MIT")

INFO: Initializing FooBar repo: /Users/stefan/.julia/v0.3/FooBar
INFO: Origin: git://github.com/StefanKarpinski/FooBar.jl.git
INFO: Generating LICENSE.md

INFO: Generating README.md

INFO: Generating src/FooBar.jl

INFO: Generating test/runtests.jl

INFO: Generating .travis.yml

INFO: Committing FooBar generated files

This creates the directory ~/ . julia/v0.3/FooBar, initializes it as a git repository, generates a bunch of files that
all packages should have, and commits them to the repository:

S cd ~/.julia/v0.3/FooBar && git show —--stat

commit 84b8e266dae6de30ab9703150b3bf771lec7b6285
Author: Stefan Karpinski <stefan@karpinski.org>
Date: Wed Oct 16 17:57:58 2013 -0400

FooBar.jl generated files.
license: MIT
authors: Stefan Karpinski
years: 2013

user: StefanKarpinski

Julia Version 0.3.0-prerelease+3217 [5fcfbl3x]

.travis.yml | 16 +++++++++++++
LICENSE.md | 22 +++++++++ttt A+
README . md | 3 +++

src/FooBar. jl | 5 +++++

test/runtests.jl | 5 +++++

5 files changed, 51 insertions(+)

At the moment, the package manager knows about the MIT “Expat” License, indicated by "MIT", the Simplified
BSD License, indicated by "BSD", and version 2.0 of the Apache Software License, indicated by "ASL". If you
want to use a different license, you can ask us to add it to the package generator, or just pick one of these three and
then modify the ~/ . julia/v0.3/PACKAGE/LICENSE.md file after it has been generated.

If you created a GitHub account and configured git to know about it, Pkg.generate will set an appropriate origin
URL for you. It will also automatically generate a . t ravis.yml file for using the Travis automated testing service.
You will have to enable testing on the Travis website for your package repository, but once you’ve done that, it will
already have working tests. Of course, all the default testing does is verify that using FooBar in Julia works.

Making Your Package Available

Once you’ve made some commits and you’re happy with how FooBar is working, you may want to get some other
people to try it out. First you’ll need to create the remote repository and push your code to it; we don’t yet automatically
do this for you, but we will in the future and it’s not too hard to figure out®. Once you’ve done this, letting people try
out your code is as simple as sending them the URL of the published repo — in this case:

3 Installing and using GitHub’s “hub” tool is highly recommended. It allows you to do things like run hub create in the package repo and
have it automatically created via GitHub’s APL.
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git://github.com/StefanKarpinski/FooBar.jl.git

For your package, it will be your GitHub user name and the name of your package, but you get the idea. People you
send this URL to can use Pkg.clone to install the package and try it out:

julia> Pkg.clone("git://github.com/StefanKarpinski/FooBar.jl.git")
INFO: Cloning FooBar from git@github.com:StefanKarpinski/FooBar.jl.git

Publishing Your Package

Once you’ve decided that FooBar is ready to be registered as an official package, you can add it to your local copy
of METADATA using Pkg.register:

julia> Pkg.register ("FooBar")
INFO: Registering FooBar at git://github.com/StefanKarpinski/FooBar.jl.git
INFO: Committing METADATA for FooBar

This creates a commit in the ~/ . julia/v0.3/METADATA repo:

$ cd ~/.julia/v0.3/METADATA && git show

commit 9f71fd4becb05cadacb983c54a72eed744e5c019d
Author: Stefan Karpinski <stefan@karpinski.org>
Date: Wed Oct 16 18:46:02 2013 -0400

Register FooBar

diff --git a/FooBar/url b/FooBar/url

new file mode 100644

index 0000000..30e525e

--— /dev/null

+++ b/FooBar/url

@@ -0,0 +1 @@
+git://github.com/StefanKarpinski/FooBar.jl.git

This commit is only locally visible, however. In order to make it visible to the world, you need to merge your local
METADATA upstream into the official repo. The Pkg.publish () command will fork the METADATA repository on
GitHub, push your changes to your fork, and open a pull request

julia> Pkg.publish{()

INFO: Validating METADATA

INFO: No new package versions to publish

INFO: Submitting METADATA changes

INFO: Forking JuliaLang/METADATA.Jjl to StefanKarpinski
INFO: Pushing changes as branch pull-request/ef45f54b
INFO: To create a pull-request open:

https://github.com/StefanKarpinski/METADATA. jl/compare/pull-request/ef45£54b

For various reasons Pkg.publish () sometimes does not succeed. In those cases, you may make a pull request on
GitHub, which is not difficult.

Once the package URL for FooBar is registered in the official METADATA repo, people know where to clone the
package from, but there still aren’t any registered versions available. This means that Pkg.add ("FooBar") won’t
work yet since it only installs official versions. Pkg.clone ("FooBar") without having to specify a URL for it.
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Moreover, when they run Pkg . update (), they will get the latest version of FooBar that you’ve pushed to the repo.
This is a good way to have people test out your packages as you work on them, before they’re ready for an official
release.

Tagging Package Versions

Once you are ready to make an official version your package, you can tag and register it with the Pkg . tag command:

julia> Pkg.tag("FooBar")
INFO: Tagging FooBar v0.0.1
INFO: Committing METADATA for FooBar

This tags v0. 0.1 in the FooBar repo:

S cd ~/.julia/v0.3/FooBar && git tag
v0.0.1

It also creates a new version entry in your local METADATA repo for FooBar:

$ cd ~/.julia/v0.3/FooBar && git show
commit de77ee4dc0689b12c5e8b574aef7£70e8b311b0e
Author: Stefan Karpinski <stefan@karpinski.org>
Date: Wed Oct 16 23:06:18 2013 -0400

Tag FooBar v0.0.1

diff --git a/FooBar/versions/0.0.1/shal b/FooBar/versions/0.0.1/shal
new file mode 100644

index 0000000..clcblcl

-—— /dev/null

+++ b/FooBar/versions/0.0.1/shal

@@ -0,0 +1 @@

+84b8e266dae6de30ab9703150b3bf771ec7b6285

If there is a REQUIRE file in your package repo, it will be copied into the appropriate spot in METADATA when you
tag a version. Package developers should make sure that the REQUIRE file in their package correctly reflects the
requirements of their package, which will automatically flow into the official metadata if you’re using Pkg.tag. See
the Requirements Specification for the full format of REQUIRE.

The Pkg . tag command takes an optional second argument that is either an explicit version number object like v" 0.
0.1" or one of the symbols :patch, :minor or :major. These increment the patch, minor or major version
number of your package intelligently.

As with Pkg.register, these changes to METADATA aren’t available to anyone else until they’ve been included
upstream. Again, use the Pkg.publish () command, which first makes sure that individual package repos have
been tagged, pushes them if they haven’t already been, and then opens a pull request to METADATA:

julia> Pkg.publish ()

INFO: Validating METADATA

INFO: Pushing FooBar permanent tags: v0.0.1

INFO: Submitting METADATA changes

INFO: Forking Julialang/METADATA.Jjl to StefanKarpinski
INFO: Pushing changes as branch pull-request/3efdf5c4
INFO: To create a pull-request open:

https://github.com/StefanKarpinski/METADATA. jl/compare/pull-request/3ef4f5c4
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Fixing Package Requirements

If you need to fix the registered requirements of an already-published package version, you can do so just by editing
the metadata for that version, which will still have the same commit hash — the hash associated with a version is
permanent:

$ cd ~/.julia/v0.3/METADATA/FooBar/versions/0.0.1 && cat requires
julia 0.3-

$ vi requires

Since the commit hash stays the same, the contents of the REQUIRE file that will be checked out in the repo will not
match the requirements in METADATA after such a change; this is unavoidable. When you fix the requirements in
METADATA for a previous version of a package, however, you should also fix the REQUIRE file in the current version
of the package.

The ~/.julia/v0.3/REQUIRE file, the REQUIRE file inside packages, and the METADATA package requires
files use a simple line-based format to express the ranges of package versions which need to be installed. Package
REQUIRE and METADATA requires files should also include the range of versions of julia the package is
expected to work with.

Here’s how these files are parsed and interpreted.
» Everything after a # mark is stripped from each line as a comment.
* If nothing but whitespace is left, the line is ignored.

* If there are non-whitespace characters remaining, the line is a requirement and the is split on whitespace into
words.

The simplest possible requirement is just the name of a package name on a line by itself:

Distributions

This requirement is satisfied by any version of the Distributions package. The package name can be followed
by zero or more version numbers in ascending order, indicating acceptable intervals of versions of that package. One
version opens an interval, while the next closes it, and the next opens a new interval, and so on; if an odd number of
version numbers are given, then arbitrarily large versions will satisfy; if an even number of version numbers are given,
the last one is an upper limit on acceptable version numbers. For example, the line:

’Distributions 0.1

is satisfied by any version of Distributions greater than or equal to 0.1.0. Suffixing a version with - allows
any pre-release versions as well. For example:

’Distributions 0.1~

is satisfied by pre-release versions such as 0.1-dev or 0.1-rc1, or by any version greater than or equal to 0. 1. 0.

This requirement entry:

’Distributions 0.1 0.2.5
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is satisfied by versions from 0.1 .0 up to, but not including 0. 2. 5. If you want to indicate that any 0.1 . x version
will do, you will want to write:

’Distributions 0.1 0.2-

If you want to start accepting versions after 0.2 . 7, you can write:

’Distributions 0.1 0.2- 0.2.7

If a requirement line has leading words that begin with @, it is a system-dependent requirement. If your system matches
these system conditionals, the requirement is included, if not, the requirement is ignored. For example:

’@osx Homebrew

will require the Homebrew package only on systems where the operating system is OS X. The system conditions that
are currently supported are:

@windows
Qunix
@osx
@linux

The @unix condition is satisfied on all UNIX systems, including OS X, Linux and FreeBSD. Negated system condi-
tionals are also supported by adding a ! after the leading @. Examples:

@!windows
Qunix @!osx

The first condition applies to any system but Windows and the second condition applies to any UNIX system besides
OS X.

Runtime checks for the current version of Julia can be made using the built-in VERSION variable, which is of type
VersionNumber. Such code is occasionally necessary to keep track of new or deprecated functionality between
various releases of Julia. Examples of runtime checks:

VERSION < v"0.3-" #exclude all pre-release versions of 0.3

v"0.2-" <= VERSION < v"0.3-" #get all 0.2 versions, including pre-releases, up to the,
—above
v"0.2" <= VERSION < v"0.3-" #To get only stable 0.2 versions (Note v"0.2" == v"0.2.0")

VERSION >= v"0.2.1" #get at least version 0.2.1

See the section on version number literals for a more complete description.
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const DEFAULT_VAL = 0

ERHAEFENSREZER, FIFAEFARNTEIAHERR, XHEDRER BRI IIL.

global x
y = f(x::Int + 1)

Writing functions is better style. It leads to more reusable code and clarifies what steps are being done, and what their
inputs and outputs are.

fEH] etime RATEMAEFH H B ONAFIEC

R REERE AN TER etine Z. NHAIFITFRR T RIFHFEHTT

julia> function f (n)

s =0

for i = 1:n
s += 1i/2

end

S
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end
f (generic function with 1 method)

julia> @time f (1)
elapsed time: 0.008217942 seconds (93784 bytes allocated)
0.5

julia> Q@time f(1076)
elapsed time: 0.063418472 seconds (32002136 bytes allocated)
2.5000025e11

FEH— VAR @time £(1)), £ RWHHF. WRFAIXRZEHE ZH EHIT etime, T A 21
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AR ML T — KIREI A TE. AR TR BOE R tic M toc, 1IX2 etime EHI—RIMLE.

HPE R R R A 77 > BLE R R RGP O3S B0 A A (PR, 38 R K TR T TR i, BRI, BR T RIEN T
S BCA S W FIRE, AR FTRE Julia VR BRECAE AL A MURS AAAEAR R B BE (IR XA B BE I 6 s X 2 ) el -
1 T T A — e i L

AN AR =TT, LEERE R AN TE A 22 BE (BR T 17 REPL IR [E145 ), TR IR T 30 1%

julia> @time f_improved(1076)
elapsed time: 0.00253829 seconds (112 bytes allocated)
2.5000025e11
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« Profiling W] LA A R & RS MR RE, B S ST BT 72, X T E MW H, 7T LUER ProfileView
<https://github.com/timholy/ProfileView,jl> ¥ &L B LA IR 31T 4558
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* ‘TypeCheck <https://github.com/astrieanna/TypeCheck.jl‘_ 7] LI#E B3k HER 4RI R G HH 1 A) . 57
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o Lint § AL A] LAFE R — L2n]l.

Avoid containers with abstract type parameters

When working with parameterized types, including arrays, it is best to avoid parameterizing with abstract types where
possible.

Consider the following

a = Real[] # typeof (a) = Array{Real, 1}
if (£ = rand()) < .8

push! (a, f)
end
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Because a is a an array of abstract type Real, it must be able to hold any Real value. Since Real objects can be
of arbitrary size and structure, a must be represented as an array of pointers to individually allocated Real objects.
Because £ will always be a Float 64, we should instead, use:

a = Float64|[] # typeof(a) = Array{Float64,1}

which will create a contiguous block of 64-bit floating-point values that can be manipulated efficiently.

See also the discussion under Z411J57.
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type Foo
field
end
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) - ARREIEEFTERRRE, RIFEE &S

function foo(a::Array{Any,1})
X = a[l]::Int32
b = x+1

end
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function with_keyword(x; name::Int = 1)

end
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function norm(A)
if isa (A, Vector)
return sqrt (real (dot (A,A)))
elseif isa (A, Matrix)
return max (svd(A) [2])
else
error ("norm: invalid argument™)
end
end

TN EE 2 EAEH . =R

norm (x: :Vector)
norm (A: :Matrix)

sqrt (real (dot (x,x)))
max (svd (A) [2])
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’pos(x) =x < 0?20 :x
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pos(x) = x < 0 ? zero(x) : x

Julia I8 one H%Y, LIXHEEMN oftype (x,y) HE, EF vy NS x AFERRE, HiRE. X
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function foo ()

x =1
for i = 1:10
x = x/bar ()
end
return x

end
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e Fx = 1.0 ¥k x
o FHH x IRAY. x::Float6d = 1
® ﬁﬁﬁﬁﬁﬁz?ﬁ%: x = one (T)
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function strange_twos (n)
a = Array(randbool() ? Int64 : Float64, n)
for i = 1:n
afi] = 2
end
return a
end

INAZASI®

function fill_ twos! (a)
for i=1l:1length(a)
a[i] = 2
end
end

function strange_twos (n)
a = Array(randbool() ? Int64 : Float64, n)
fill_twos! (a)
return a

end
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Access arrays in memory order, along columns

Multidimensional arrays in Julia are stored in column-major order. This means that arrays are stacked one column at
a time. This can be verified using the vec function or the syntax [ : ] as shown below (notice that the array is ordered
[1 3 2 4],not[1 2 3 4]):

Julia> x = [1 2; 3 4]
2x2 Array{Inté64,2}:
1 2
3 4
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julia> x[:]
4-element Array{Int64,1}:
1

3
2
4

This convention for ordering arrays is common in many languages like Fortran, Matlab, and R (to name a few).
The alternative to column-major ordering is row-major ordering, which is the convention adopted by C and Python
(numpy) among other languages. Remembering the ordering of arrays can have significant performance effects when
looping over arrays. A rule of thumb to keep in mind is that with column-major arrays, the first index changes most
rapidly. Essentially this means that looping will be faster if the inner-most loop index is the first to appear in a slice
expression.

Consider the following contrived example. Imagine we wanted to write a function that accepts a Vector and and
returns a square Mat rix with either the rows or the columns filled with copies of the input vector. Assume that it is
not important whether rows or columns are filled with these copies (perhaps the rest of the code can be easily adapted
accordingly). We could conceivably do this in at least four ways (in addition to the recommended call to the built-in
function repmat):

function copy_cols{T} (x::Vector{T})
n = size(x, 1)
out = Array(eltype(x), n, n)
for i=1:n
outf[:, 1] = x
end
out
end

function copy_rows{T} (x::Vector{T})
n = size(x, 1)
out = Array(eltype(x), n, n)
for i=1:n
out[i, :] = x
end
out
end

function copy_col_row{T} (x::Vector{T})
n = size(x, 1)
out = Array (T, n, n)
for col=1:n, row=l:n
out [row, col] = x[row]
end
out
end

function copy_row_col{T} (x::Vector{T})
n = size(x, 1)
out = Array (T, n, n)
for row=1l:n, col=1l:n
out [row, col] = x[col]
end
out
end

Now we will time each of these functions using the same random 10000 by 1 input vector:
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julia> x = randn(10000);
julia> fmt (f) = println(rpad(string(f)«": ", 14, ' '), QRelapsed f (x))

julia> map (fmt, {copy_cols, copy_rows, copy_col_row, copy_row_col});
copy_cols: 0.331706323
COpPY_XOwWs: 1.799009911
copy_col_row: 0.415630047
copy_row_col: 1.721531501

Notice that copy_cols is much faster than copy_rows. This is expected because copy_cols respects the
column-based memory layout of the Matrix and fills it one column at a time. Additionally, copy_col_row is
much faster than copy_row_col because it follows our rule of thumb that the first element to appear in a slice
expression should be coupled with the inner-most loop.

Pre-allocating outputs

If your function returns an Array or some other complex type, it may have to allocate memory. Unfortunately, often-
times allocation and its converse, garbage collection, are substantial bottlenecks.

Sometimes you can circumvent the need to allocate memory on each function call by pre-allocating the output. As a
trivial example, compare

function xinc (x)
return [x, x+1, xt2]
end

function loopinc ()

y =0
for i = 1:10"7
ret = xinc (i)
y += ret[2]
end
Yy
end
with

function xinc!{T} (ret::AbstractVector{T}, x::T)

ret[1] = x
ret[2] = x+1
ret [3] = x+2
nothing

end

function loopinc_prealloc ()
ret = Array (Int, 3)
y =0
for i = 1:10"7
xinc! (ret, 1)
y += ret[2]
end

Y
end

Timing results:
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julia> @time loopinc()
elapsed time: 1.955026528 seconds (1279975584 bytes allocated)
50000015000000

julia> @time loopinc_prealloc()
elapsed time: 0.078639163 seconds (144 bytes allocated)
50000015000000

Pre-allocation has other advantages, for example by allowing the caller to control the “output” type from an algorithm.
In the example above, we could have passed a SubArray rather than an Array, had we so desired.

Taken to its extreme, pre-allocation can make your code uglier, so performance measurements and some judgment
may be required.

Avoid string interpolation for I/0

When writing data to a file (or other I/O device), forming extra intermediate strings is a source of overhead. Instead
of:

’println(file, " ")

use:

’println(file, a, " ", b ‘

The first version of the code forms a string, then writes it to the file, while the second version writes values directly to
the file. Also notice that in some cases string interpolation can be harder to read. Consider:

’println(file, "S(f(a))s(E£E(b)) ™M) ‘

Versus:

-

’println(file, f(a), f(b)
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Performance Annotations

Sometimes you can enable better optimization by promising certain program properties.

* Use @inbounds to eliminate array bounds checking within expressions. Be certain before doing this. If the
subscripts are ever out of bounds, you may suffer crashes or silent corruption.

* Write @simd in front of for loops that are amenable to vectorization. This feature is experimental and could
change or disappear in future versions of Julia.

Here is an example with both forms of markup:

function inner( x, y )
s = zero(eltype(x))
for i=1l:1length (x)
@inbounds s += x[i]*y[i]
end
s
end

function innersimd( x, y )
s = zero(eltype(x))
@simd for i=1:length (x)
@inbounds s += x[i]*y[i]
end
s
end

function timeit ( n, reps )
x = rand (Float32,n)
y = rand(Float32,n)
s = zero (Float64)

time = @elapsed for j in l:reps
s+=inner (x,Vy)
end
println ("GFlop = ",2.0xn+reps/timex1E-9)
time = @Qelapsed for j in l:reps
s+=innersimd (x,Vy)
end
println("GFlop (SIMD) = ",2.0+n*reps/timex1E-9)

end

timeit (1000,1000)

On a computer with a 2.4GHz Intel Core i5 processor, this produces:

GFlop
GFlop (SIMD)

1.9467069505224963
17.578554163920018

The range fora @simd for loop should be a one-dimensional range. A variable used for accumulating, such as s in
the example, is called a reduction variable. By using‘‘@simd*‘, you are asserting several properties of the loop:

* Itis safe to execute iterations in arbitrary or overlapping order, with special consideration for reduction variables.

* Floating-point operations on reduction variables can be reordered, possibly causing different results than without
@simd.

» No iteration ever waits on another iteration to make forward progress.
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Using @simd merely gives the compiler license to vectorize. Whether it actually does so depends on the compiler. To
actually benefit from the current implementation, your loop should have the following additional properties:

The loop must be an innermost loop.
The loop body must be straight-line code. This is why @inbounds is currently needed for all array accesses.

Accesses must have a stride pattern and cannot be “gathers” (random-index reads) or “scatters” (random-index
writes).

The stride should be unit stride.

In some simple cases, for example with 2-3 arrays accessed in a loop, the LLVM auto-vectorization may kick in
automatically, leading to no further speedup with @simd.
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The following sections explain a few aspects of idiomatic Julia coding style. None of these rules are absolute; they are
only suggestions to help familiarize you with the language and to help you choose among alternative designs.

GRGRE, 5 A

Writing code as a series of steps at the top level is a quick way to get started solving a problem, but you should try to
divide a program into functions as soon as possible. Functions are more reusable and testable, and clarify what steps
are being done and what their inputs and outputs are. Furthermore, code inside functions tends to run much faster than
top level code, due to how Julia’s compiler works.

It is also worth emphasizing that functions should take arguments, instead of operating directly on global variables
(aside from constants like pi).

BRI T4

Code should be as generic as possible. Instead of writing:

’convert(Complex{Float64}, x)

it’s better to use available generic functions:

complex (float (x))

The second version will convert x to an appropriate type, instead of always the same type.

This style point is especially relevant to function arguments. For example, don’t declare an argument to be of type
Int or Int32 if it really could be any integer, expressed with the abstract type Integer. In fact, in many cases
you can omit the argument type altogether, unless it is needed to disambiguate from other method definitions, since a
MethodError will be thrown anyway if a type is passed that does not support any of the requisite operations. (This
is known as duck typing.)
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For example, consider the following definitions of a function addone that returns one plus its argument:

addone (x::Int) = x + 1 # works only for Int
addone (x: :Integer) = x + one(x) # any integer type
addone (x: :Number) = x + one(x) # any numeric type

addone (x) = x + one(x) # any type supporting + and one

The last definition of addone handles any type supporting the one function (which returns 1 in the same type as
x, which avoids unwanted type promotion) and the + function with those arguments. The key thing to realize is
that there is no performance penalty to defining only the general addone (x) = x + one (x), because Julia will
automatically compile specialized versions as needed. For example, the first time you call addone (12), Julia will
automatically compile a specialized addone function for x: : Int arguments, with the call to one replaced by its
inlined value 1. Therefore, the first three definitions of addone above are completely redundant.

Handle excess argument diversity in the caller

Instead of:

function foo(x, y)
X = int(x); y = int(y)

end
foo(x, vy)

use:

function foo(x::Int, y::Int)

end
foo(int (x), int(y))

This is better style because foo does not really accept numbers of all types; it really needs Int s.

One issue here is that if a function inherently requires integers, it might be better to force the caller to decide how
non-integers should be converted (e.g. floor or ceiling). Another issue is that declaring more specific types leaves
more “space” for future method definitions.

WRKBER T ENSE, ERBAEN !

Instead of:

function double{T<:Number} (a::AbstractArray{T})
for i = l:endof(a); ali] *= 2; end
a

end

use:

function double! {T<:Number} (a::AbstractArray{T})
for i = l:endof(a); ali] *= 2; end
a

end
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The Julia standard library uses this convention throughout and contains examples of functions with both copying and
modifying forms (e.g., sort and sort!), and others which are just modifying (e.g., push!, pop!, splice!). It
is typical for such functions to also return the modified array for convenience.

BRI BRI S

% Union (Function, String) XFERIRA, HBRATSOTHA -

Try to avoid nullable fields

When using x: :Union (Nothing, T), ask whether the option for x to be nothing is really necessary. Here are
some alternatives to consider:

* Find a safe default value to initialize x with
¢ Introduce another type that lacks x
* If there are many fields like x, store them in a dictionary

* Determine whether there is a simple rule for when x is nothing. For example, often the field will start as
nothing but get initialized at some well-defined point. In that case, consider leaving it undefined at first.

Avoid elaborate container types

It is usually not much help to construct arrays like the following:

’ a = Array (Union (Int, String, Tuple,Array), n)

In this case cell (n) is better. It is also more helpful to the compiler to annotate specific uses (e.g. a[i]::Int)
than to try to pack many alternatives into one type.

i A Julia base/ R a4 550

s B KRB LI LLKRE L, 3 BMFHBIER X module SparseMatrix, immutable
UnitRange.

s WAL H/ NG (maximum, convert). £ 5 BERF M NEJL MEIAEE —EE (isequal,

haskey). fFELBERVBFR T, FH TR RIENRIFRSBEA. FRILB A UHRERES MEEOH

4 (remotecall_fetch fHH remotecall (fetch(...)) B—FMHEERH) L), SFENT X5

(sum_kbn). FTEEREN, (HREBALEE (indexin MASE indxin) B RMED A 5L B R B Y5
Ba & B BB

WR— RETHFE L N BIADR R, B — T X REEREE T2 &, X E T &5 E 1

.

ANEH try-catch

It is better to avoid errors than to rely on catching them.
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ANEFEFMRA XM B SRR

Julia doesn’t require parens around conditions in i f and while. Write:

if a — |

instead of:

’if (a == b) ‘

A ..

Splicing function arguments can be addictive. Instead of [a..., b...], use simply [a, Db], which already
concatenates arrays. collect (a) is better than [a. . .], but since a is already iterable it is often even better to
leave it alone, and not convert it to an array.

Don’t use unnecessary static parameters

A function signature:

’foo{T<:Real}(X::T) = ... ‘

should be written as:

’foo(x::Real) = ... ‘

instead, especially if T is not used in the function body. Even if T is used, it can be replaced with typeof (x) if
convenient. There is no performance difference. Note that this is not a general caution against static parameters, just
against uses where they are not needed.

Note also that container types, specifically may need type parameters in function calls. See the FAQ /1A /= FH “ff 52

Zee A 711 for more information.

Avoid confusion about whether something is an instance or a type

Sets of definitions like the following are confusing:

foo(::Type{MyType}) = ...
foo(::MyType) = foo (MyType)

Decide whether the concept in question will be written as My Type or MyType (), and stick to it.

The preferred style is to use instances by default, and only add methods involving Type {MyType} later if they
become necessary to solve some problem.

If a type is effectively an enumeration, it should be defined as a single (ideally immutable) type, with the enumer-
ation values being instances of it. Constructors and conversions can check whether values are valid. This design is
preferred over making the enumeration an abstract type, with the “values” as subtypes.

204 Chapter 27. R



Julia (1Y, £ 47 0.3.0-prerelease

AE H macros

Be aware of when a macro could really be a function instead.

Calling eval inside a macro is a particularly dangerous warning sign; it means the macro will only work when called
at the top level. If such a macro is written as a function instead, it will naturally have access to the run-time values it
needs.

Don’t expose unsafe operations at the interface level

If you have a type that uses a native pointer:

type NativeType
p::Ptr{Uint8}

end

don’t write definitions like the following:

getindex (x::NativeType, i) = unsafe_load(x.p, 1)

The problem is that users of this type can write x [1] without realizing that the operation is unsafe, and then be
susceptible to memory bugs.

Such a function should either check the operation to ensure it is safe, or have unsafe somewhere in its name to alert
callers.

Don’t overload methods of base container types

It is possible to write definitions like the following:

show (io::I0, v::Vector{MyType}) = ...

This would provide custom showing of vectors with a specific new element type. While tempting, this should be
avoided. The trouble is that users will expect a well-known type like Vector to behave in a certain way, and overly
customizing its behavior can make it harder to work with.

Be careful with type equality

You generally want to use isa and <: (issubtype) for testing types, not ==. Checking types for exact equality
typically only makes sense when comparing to a known concrete type (e.g. T == Float64), orif you really, really
know what you’re doing.

NEE x->f (x)

PRXAE . i, REE

fmm

EMREEEEHEESRECR AR, ERIERTE, EER
map (x->f (x), a) j’#ﬁmap(f, a) o
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(R

2 15F1 REPL

JnAeT B B3R PR A7 X B2

Julia %5 MATLAB f] clear MR 1F Julia 36 QEFARUL, Main &) FEXT —1MEZFHIE, Tt
—EFEM -

WARARIR DA, ARAT LU N N HRRY B0, 4R A B DMRAFHZEARECEH, AL
@%A:O%%WWﬁo?~ﬁﬁﬁﬁﬂEW%N@,Wﬁ%%%%ﬁT;%@ﬂ%E%%ﬁgu)%E
W .

WA 7E 2% P B type/immutable 7 B ?
HIHERE LT —FhRBUE R 5 R A IR TFZNIN— A . SR Z R EREPL X A i & 55

’ERROR: invalid redefinition of constant MyType

Main FEER B AR AL ANGER EHTE L -

HARETT AU INLX 2B BREATTE, B — MR IIEAL T - BB AT DU EHE LR i
#e, BT LUEREIBTE B EREAE — R Bt e B € SRR AR H AL - IR AREIERAEZ FAE Main
B HEEREN, (ERRAT DRI A RAFAGX A R HAE, = ARTT A RIS AT LU ) TR

include ("mynewcode. J1") # this defines a module MyModule

objl = MyModule.ObjConstructor (a, b)

obj2 = MyModule.somefunction (objl)

# Got an error. Change something in "mynewcode. jl1"

include ("mynewcode. 31") # reload the module

objl = MyModule.ObjConstructor(a, b) # old objects are no longer valid, must,_
—reconstruct

obj2 = MyModule.somefunction (objl) # this time it worked!
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obj3 = MyModule.someotherfunction (obj2, c)

KSR x FBA— D RE, FERBABEENE, ERERIS x MEHFRLE
i, Nt Aame?

(B ARBOX HE R R L

julia> x = 10
julia> function change_value! (y) # Create a new function
y = 17
end

julia> change_value! (x)
julia> x # x is unchanged!
10

1E Julia B, FrERIRE(EFE change_value! () #FARBHFEEZEMFEER . R < HREGHA
I 8 SN — D ASAT 2R X B (HLan s, SEANREIEEG RIFEHE, R x #E oA —1 Dict MR, AR
B ASCIString - (A2 FHFEEERE: BX x 2 — MEEHEE R RA) . FAFELL x AEREX
MECH, ERTEERM NS, REEENEENTE:

julia> x = [1,2,3]
3-element Array{Inté64,1}:
1

2

3

julia> function change_array! (A) # Create a new function

A[l] =5

end
julia> change_array! (x)
julia> x
3-element Array{Int64,1}:
5
2
3

XEEATE N T B3 change_array! (), BB 5 HEL TEHHEAE—TILE . A x FI1RELE X
PRECES, ERE x RRER—1EE, REfEm iR E T 2.
HEEFER B FH using B import M5?

?;g . ERECHAREMEN using B import « WRIRESA—PMESREFRAL LR EFER, REHH

1. f#F] import

import Foo
function bar(...)

. refer to Foo symbols via Foo.baz ...
end
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2. TERREE SRR AL

module Bar

export bar

using Foo

function bar(...)

. refer to Foo.baz as simply baz ....

end

end

using Bar

R, RAUFE WA E ¥4

o RERRE"?

X R A SR TR AT DL R AR RTIN ok - AR, X FRORE H A0R TR RE R A B E R LT 22
e THEXBAES A2 RETRER

function unstable (flag: :Bool)
if flag
return 1
else
return 1.0
end
end

XE AR S EAER AR MRE— Int 8@ Float64 . BN Julia TEIETE RN T 0 EOR [EI1E 3%
B, AR XA WA A XM AT RER R R R, AR ARME L AU PO N 8365 -

F AF LGP EHE Juliaif 21X [B] DomainError ?

AR LB AR S AR

julia> sqrt(-2.0)
ERROR: DomainError
in sgrt at math.jl:128

julia> 27-5
ERROR: DomainError
in power_by_squaring at intfuncs.jl:70

in ~ at intfuncs.jl:84

XBT R EE A . BT sqrt, REHHFSH sqrt (2.0) B2 — M ELEMAREE — 1B
1.4142135623730951 + 0.0im - WATLUE sqrt BACASEC ARINFEREIEE, (HEX G AREHE
FTIFEE ™A sqrt SAFITRE

FEIXEELL T, IRAT USRS B A REL A EIAEE 00 KA

julia> sqgrt (-2.0+01im)
0.0 + 1.41421356237309511im

julia> 2.0°-5
0.03125
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Why does Julia use native machine integer arithmetic?

Julia uses machine arithmetic for integer computations. This means that the range of Int values is bounded and wraps
around at either end so that adding, subtracting and multiplying integers can overflow or underflow, leading to some
results that can be unsettling at first:

julia> typemax (Int)
9223372036854775807

julia> ans+1
-9223372036854775808

julia> —ans
-9223372036854775808

julia> 2*ans
0

Clearly, this is far from the way mathematical integers behave, and you might think it less than ideal for a high-level
programming language to expose this to the user. For numerical work where efficiency and transparency are at a
premium, however, the alternatives are worse.

One alternative to consider would be to check each integer operation for overflow and promote results to bigger
integer types such as Int128 or BigInt in the case of overflow. Unfortunately, this introduces major overhead on
every integer operation (think incrementing a loop counter) — it requires emitting code to perform run-time overflow
checks after arithmetic instructions and braches to handle potential overflows. Worse still, this would cause every
computation involving integers to be type-unstable. As we mentioned above, type-stability is crucial for effective
generation of efficient code. If you can’t count on the results of integer operations being integers, it’s impossible to
generate fast, simple code the way C and Fortran compilers do.

A variation on this approach, which avoids the appearance of type instabilty is to merge the Int and BigInt types
into a single hybrid integer type, that internally changes representation when a result no longer fits into the size of a
machine integer. While this superficially avoids type-instability at the level of Julia code, it just sweeps the problem
under the rug by foisting all of the same difficulties onto the C code implementing this hybrid integer type. This
approach can be made to work and can even be made quite fast in many cases, but has several drawbacks. One problem
is that the in-memory representation of integers and arrays of integers no longer match the natural representation used
by C, Fortran and other languages with native machine integers. Thus, to interoperate with those languages, we would
ultimately need to introduce native integer types anyway. Any unbounded representation of integers cannot have a
fixed number of bits, and thus cannot be stored inline in an array with fixed-size slots — large integer values will always
require separate heap-allocated storage. And of course, no matter how clever a hybrid integer implementation one uses,
there are always performance traps — situations where performance degrades unexpectedly. Complex representation,
lack of interoperability with C and Fortran, the inability to represent integer arrays without additional heap storage,
and unpredictable performance characteristics make even the cleverest hybrid integer implementations a poor choice
for high-performance numerical work.

An alternative to using hybrid integers or promoting to Biglnts is to use saturating integer arithmetic, where adding
to the largest integer value leaves it unchanged and likewise for subtracting from the smallest integer value. This is
precisely what Matlab™ does:

>> int64(9223372036854775807)

ans =

9223372036854775807

>> int64(9223372036854775807) + 1
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ans =

9223372036854775807

>> 1int64(-9223372036854775808)

ans =

-9223372036854775808

>> int64(-9223372036854775808) - 1

ans =

-9223372036854775808

At first blush, this seems reasonable enough since 9223372036854775807 is much closer to 9223372036854775808
than -9223372036854775808 is and integers are still represented with a fixed size in a natural way that is compat-
ible with C and Fortran. Saturated integer arithmetic, however, is deeply problematic. The first and most obvious
issue is that this is not the way machine integer arithmetic works, so implementing saturated operations requires emit-
ing instructions after each machine integer operation to check for underflow or overflow and replace the result with
typemin (Int) or typemax (Int) as appropriate. This alone expands each integer operation from a single, fast
instruction into half a dozen instructions, probably including branches. Ouch. But it gets worse — saturating integer
arithmetic isn’t associative. Consider this Matlab computation:

>> n = int64(2)"62
4611686018427387904

> n + (n — 1)
9223372036854775807

>> (n + n) — 1
9223372036854775806

This makes it hard to write many basic integer algorithms since a lot of common techniques depend on the fact that
machine addition with overflow is associative. Consider finding the midpoint between integer values 1o and hi in
Julia using the expression (1o + hi) >>> 1:

julia> n = 2762
4611686018427387904

julia> (n + 2n) >>> 1
6917529027641081856

See? No problem. That’s the correct midpoint between 2262 and 2763, despite the fact that n + 2n is -
4611686018427387904. Now try it in Matlab:

>> (n + 2+%n)/2

ans =

4611686018427387904

Oops. Adding a >>> operator to Matlab wouldn’t help, because saturation that occurs when adding n and 2n has
already destroyed the information necessary to compute the correct midpoint.

Not only is lack of associativity unfortunate for programmers who cannot rely it for techniques like this, but it also
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defeats almost anything compilers might want to do to optimize integer arithmetic. For example, since Julia integers
use normal machine integer arithmetic, LLVM is free to aggressively optimize simple little functions like £ (k) =
5k—1. The machine code for this function is just this:

julia> code_native (£, (Int,))
.section __TEXT,__text,regular,pure_instructions
Filename: none
Source line: 1
push RBP
mov RBP, RSP
Source line: 1
lea RAX, QWORD PTR [RDI + 4xRDI - 1]
pop RBP
ret

The actual body of the function is a single 1ea instruction, which computes the integer multiply and add at once. This
is even more beneficial when f gets inlined into another function:

julia> function g(k,n)

for i = 1:n
k = f (k)
end
return k
end

g (generic function with 2 methods)

julia> code_native (g, (Int,Int))

.section __TEXT,__text,regular,pure_instructions
Filename: none
Source line: 3

push RBP

mov RBP, RSP
test RSI, RSI
Jjle 22

mov EAX, 1
Source line: 3

lea RDI, QWORD PTR [RDI + 4xRDI - 1]

inc RAX

cmp RAX, RSI
Source line: 2

jle —-17
Source line: 5

mov RAX, RDI

pop RBP

ret

Since the call to £ gets inlined, the loop body ends up being just a single 1ea instruction. Next, consider what happens
if we make the number of loop iterations fixed:

julia> function g (k)
for i = 1:10
k = f (k)
end
return k
end
g (generic function with 2 methods)

julia> code_native (g, (Int,))
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.section __TEXT,__text,regular,pure_instructions
Filename: none
Source line: 3
push RBP
mov RBP, RSP
Source line: 3
imul RAX, RDI, 9765625
add RAX, 2441406
Source line: 5
pop RBP
ret

Because the compiler knows that integer addition and multiplication are associative and that multiplication distributes
over addition — neither of which is true of saturating arithmetic — it can optimize the entire loop down to just a multiply
and an add. Saturated arithmetic completely defeats this kind of optimization since associativity and distributivity can
fail at each loop iteration, causing different outcomes depending on which iteration the failure occurs in. The compiler
can unroll the loop, but it cannot algebraically reduce multiple operations into fewer equivalent operations.

Saturated integer arithmetic is just one example of a really poor choice of language semantics that completely prevents
effective performance optimization. There are many things that are difficult about C programming, but integer overflow
is not one of them — especially on 64-bit systems. If my integers really might get bigger than 2763-1, I can easily predict
that. Am I looping over a number of actual things that are stored in the computer? Then it’s not going to get that big.
This is guaranteed, since I don’t have that much memory. Am I counting things that occur in the real world? Unless
they’re grains of sand or atoms in the universe, 2763-1 is going to be plenty big. Am I computing a factorial? Then
sure, they might get that big — I should use a BigInt. See? Easy to distinguish.

How do “abstract” or ambiguous fields in types interact with the compiler?

Types can be declared without specifying the types of their fields:

julia> type MyAmbiguousType
a
end

This allows a to be of any type. This can often be useful, but it does have a downside: for objects of type
MyAmbiguousType, the compiler will not be able to generate high-performance code. The reason is that the com-
piler uses the types of objects, not their values, to determine how to build code. Unfortunately, very little can be
inferred about an object of type MyAmbiguousType:

julia> b = MyAmbiguousType ("Hello")
MyAmbiguousType ("Hello")

julia> ¢ = MyAmbiguousType (17)
MyAmbiguousType (17)

julia> typeof (b)
MyAmbiguousType (constructor with 1 method)

julia> typeof (c)
MyAmbiguousType (constructor with 1 method)

b and c have the same type, yet their underlying representation of data in memory is very different. Even if you stored
just numeric values in field a, the fact that the memory representation of a Uint 8 differs from a Float 64 also
means that the CPU needs to handle them using two different kinds of instructions. Since the required information is
not available in the type, such decisions have to be made at run-time. This slows performance.
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You can do better by declaring the type of a. Here, we are focused on the case where a might be any one of several
types, in which case the natural solution is to use parameters. For example:

julia> type MyType{T<:FloatingPoint}
a::T
end

This is a better choice than

julia> type MyStillAmbiguousType
a::FloatingPoint
end

because the first version specifies the type of a from the type of the wrapper object. For example:

julia> m = MyType(3.2)
MyType{Float64} (3.2)

julia> t = MyStillAmbiguousType (3.2)
MyStillAmbiguousType (3.2)

julia> typeof (m)
MyType{Float64} (constructor with 1 method)

julia> typeof (t)
MyStillAmbiguousType (constructor with 2 methods)

The type of field a can be readily determined from the type of m, but not from the type of t. Indeed, in t it’s possible
to change the type of field a:

julia> typeof (t.a)
Floaté64

julia> t.a = 4.5f0
4.5f0

julia> typeof (t.a)
Float32

In contrast, once m is constructed, the type of m. a cannot change:

julia> m.a = 4.5f0
4.5

julia> typeof (m.a)
Float64

The fact that the type of m. a is known from m‘s type—coupled with the fact that its type cannot change mid-function—
allows the compiler to generate highly-optimized code for objects like m but not for objects like t.

Of course, all of this is true only if we construct m with a concrete type. We can break this by explicitly constructing
it with an abstract type:

julia> m = MyType{FloatingPoint} (3.2)
MyType{FloatingPoint} (3.2)

julia> typeof (m.a)
Float64
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julia> m.a = 4.5f0
4.5£0

julia> typeof (m.a)
Float32

For all practical purposes, such objects behave identically to those of MyStillAmbiguousType.

It’s quite instructive to compare the sheer amount code generated for a simple function

func (m: :MyType) = m.atl

using

code_1llvm (func, (MyType{Floaté64},))
code_llvm(func, (MyType{FloatingPoint},))
code_1llvm (func, (MyType,))

For reasons of length the results are not shown here, but you may wish to try this yourself. Because the type is fully-
specified in the first case, the compiler doesn’t need to generate any code to resolve the type at run-time. This results
in shorter and faster code.

AR B il R A R A

The same best practices that apply in the previous section also work for container types:

julia> type MySimpleContainer{A<:AbstractVector}
a::A
end

julia> type MyAmbiguousContainer{T}
a: :AbstractVector{T}
end

For example:

julia> ¢ = MySimpleContainer (1:3);

julia> typeof (c)
MySimpleContainer{UnitRange{Int64}} (constructor with 1 method)

julia> ¢ = MySimpleContainer ([1:3]);

julia> typeof (c)
MySimpleContainer{Array{Int64,1}} (constructor with 1 method)

julia> b = MyAmbiguousContainer (1:3);

julia> typeof (b)
MyAmbiguousContainer{Int64} (constructor with 1 method)

julia> b = MyAmbiguousContainer ([1:3]);

julia> typeof (b)
MyAmbiguousContainer{Int64} (constructor with 1 method)
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For MySimpleContainer, the object is fully-specified by its type and parameters, so the compiler can generate
optimized functions. In most instances, this will probably suffice.

While the compiler can now do its job perfectly well, there are cases where you might wish that your code could do
different things depending on the element type of a. Usually the best way to achieve this is to wrap your specific
operation (here, £00) in a separate function:

function sumfoo(c::MySimpleContainer)
s =0
for x in c.a
s += foo (x)

end

s
end
foo(x::Integer) = x
foo(x::FloatingPoint) = round(x)

This keeps things simple, while allowing the compiler to generate optimized code in all cases.

However, there are cases where you may need to declare different versions of the outer function for different element
types of a. You could do it like this:

function myfun{T<:FloatingPoint} (c::MySimpleContainer{Vector{T}})

end
function myfun{T<:Integer} (c::MySimpleContainer{Vector{T}})

end

This works fine for Vector { T}, but we’d also have to write explicit versions for UnitRange {T} or other abstract
types. To prevent such tedium, you can use two parameters in the declaration of MyContainer:

type MyContainer{T, A<:AbstractVector}
a::A
end
MyContainer (v: :AbstractVector) = MyContainer{eltype(v), typeof(v)} (v)

julia> b = MyContainer(1.3:5);

julia> typeof (b)
MyContainer{Float64,UnitRange{Float64}}

Note the somewhat surprising fact that T doesn’t appear in the declaration of field a, a point that we’ll return to in a
moment. With this approach, one can write functions such as:

function myfunc{T<:Integer, A<:AbstractArray} (c::MyContainer{T,A})
return c.a[l]+1

end

# Note: because we can only define MyContainer for

# A<:AbstractArray, and any unspecified parameters are arbitrary,

# the previous could have been written more succinctly as

# function myfunc{T<:Integer} (c::MyContainer{T})

function myfunc{T<:FloatingPoint} (c::MyContainer{T})
return c.a[l]+2

end

function myfunc{T<:Integer} (c::MyContainer{T,Vector{T}})
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return c.a[l1]+3
end

julia> myfunc (MyContainer (1:3))
2

julia> myfunc (MyContainer (1.0:3))
3.0

julia> myfunc (MyContainer ([1:3]))
4

As you can see, with this approach it’s possible to specialize on both the element type T and the array type A.

However, there’s one remaining hole: we haven’t enforced that A has element type T, so it’s perfectly possible to
construct an object like this:

julia> b = MyContainer{Int64, UnitRange{Float64}} (1.3:5);

julia> typeof (b)
MyContainer{Int64,UnitRange{Float64}}

To prevent this, we can add an inner constructor:

type MyBetterContainer{T<:Real, A<:AbstractVector}

a::A
MyBetterContainer (v: :AbstractVector{T}) = new(v)
end
MyBetterContainer (v: :AbstractVector) = MyBetterContainer{eltype(v),typeof (v)} (v)

julia> b = MyBetterContainer (1.3:5);

julia> typeof (b)
MyBetterContainer{Float64,UnitRange{Floaté64}}

julia> b = MyBetterContainer{Int64, UnitRange{Float64}} (1.3:5);
ERROR: no method MyBetterContainer (UnitRange{Floaté64},)

The inner constructor requires that the element type of A be T.

Nothingness and missing values

How does “null” or “nothingness” work in Julia?

Unlike many languages (for example, C and Java), Julia does not have a “null” value. When a reference (variable,
object field, or array element) is uninitialized, accessing it will immediately throw an error. This situation can be
detected using the i sdefined function.

Some functions are used only for their side effects, and do not need to return a value. In these cases, the convention
is to return the value nothing, which is just a singleton object of type Nothing. This is an ordinary type with
no fields; there is nothing special about it except for this convention, and that the REPL does not print anything for
it. Some language constructs that would not otherwise have a value also yield nothing, for example i1f false;
end.
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Note that Not hing (uppercase) is the type of nothing, and should only be used in a context where a type is required
(e.g. a declaration).

You may occasionally see None, which is quite different. It is the empty (or “bottom™) type, a type with no values
and no subtypes (except itself). You will generally not need to use this type.

The empty tuple ( () ) is another form of nothingness. But, it should not really be thought of as nothing but rather a
tuple of zero values.

= A A
Julia Z4ThiX
Do | want to use a release, beta, or nightly version of Julia?
You may prefer the release version of Julia if you are looking for a stable code base. Releases generally occur every 6

months, giving you a stable platform for writing code.

You may prefer the beta version of Julia if you don’t mind being slightly behind the latest bugfixes and changes, but
find the slightly faster rate of changes more appealing. Additionally, these binaries are tested before they are published
to ensure they are fully functional.

You may prefer the nightly version of Julia if you want to take advantage of the latest updates to the language, and
don’t mind if the version available today occasionally doesn’t actually work.

Finally, you may also consider building Julia from source for yourself. This option is mainly for those individuals
who are comfortable at the command line, or interested in learning. If this describes you, you may also be interested
in reading our guidelines for contributing.

Links to each of these download types can be found on the download page at http://julialang.org/downloads/. Note
that not all versions of Julia are available for all platforms.

AT A% B 5 7 A R B

Deprecated functions are removed after the subsequent release. For example, functions marked as deprecated in the
0.1 release will not be available starting with the 0.2 release.

A Julia

How do | debug julia’s C code? (running the julia REPL from within a debugger like
gdb)

First, you should build the debug version of julia with make debug. Below, lines starting with (gdb) mean things
you should type at the gdb prompt.

From the shell

The main challenge is that Julia and gdb each need to have their own terminal, to allow you to interact with them
both. One approach is to use gdb’s attach functionality to debug an already-running julia session. However, on
many systems you’ll need root access to get this to work. What follows is a method that can be implemented with just
user-level permissions.

The first time you do this, you’ll need to define a script, here called ot erm, containing the following lines:
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ps
sleep 600000

Make it executable with chmod +x oterm.
Now:

e From a shell (called shell 1), type xterm —e oterm &. You’ll see a new window pop up; this will be called
terminal 2.

e From within shell 1, gdb julia-debug. You can find this executable within julia/usr/bin.
e From within shell 1, (gdb) tty /dev/pts/# where # is the number shown after pt s/ in terminal 2.
¢ From within shell 1, (gdb) run

* From within terminal 2, issue any preparatory commands in Julia that you need to get to the step you want to
debug

e From within shell 1, hit Ctrl-C
* From within shell 1, insert your breakpoint, e.g., (gdb) b codegen.cpp:2244
e From within shell 1, (gdb) c to resume execution of julia

* From within terminal 2, issue the command that you want to debug. Shell 1 will stop at your breakpoint.

Within emacs

* M-x gdb, then enter julia—-debug (this is easiest from within julia/usr/bin, or you can specify the full path)
* (gdb) run

* Now you’ll see the Julia prompt. Run any commands in Julia you need to get to the step you want to debug.

* Under emacs’ “Signals” menu choose BREAK—this will return you to the (gdb) prompt

* Set a breakpoint, e.g., (gdb) b codegen.cpp:2244

* Go back to the Julia prompt via (gdb) c

 Execute the Julia command you want to see running.
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5 MATLAB 11X 5

Julia 5 EF] MATLAB 1R1% - 1H Julia N2 @ B E ] MATLAB , Ef TR ZAEFINGE LRI A . IR
T ESE R XA

s AR S RES], AL, 5]
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o FHGIFAREGBFMAME . R REEMR TEAH, FHRRSZIMENRZE T

o Matlab FEREMASENGFEEHM T —MEA] - I a4) = 3.2 80— a = [0 0 0
.21, HRaf BT N BSEAN TTE VIR RO G N BN TERES.2, Ta(5) = 7 20%k
Hatli i, HHAEANTTERET - Julia BRERMSEANESFT: WHR a KEN4, a[5] =
7 S — R . Julia B — &M push! BREUCEF vectors BIEINITE - F Hizx HMatlabAY
a(end+l) = val RHIERL-

o BEUAN sqrt (-1) B im KFER

* Literal numbers without a decimal point (such as 42) create integers instead of floating point numbers. Arbitrar-
ily large integer literals are supported. But this means that some operations such as 2" -1 will throw a domain
error as the result is not an integer (see the FAQ entry on domain errors for details).

s ZIREMEMZEIREFREMFHAREIES, W return (a, b) M (a, b) = £(x)
o Julia H—4E5UH . FIMENEKERN N, TAE NxL - WJZZD, rand (N) AR —4E504H
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sort ZFREL, BN A MEEIE: (sort () BT sort(a, 1) ) - BREHEF 1xN FIFERE, fHH
sort (A, 2)

R A F 2 R, £re (a) ITERRE 2 4 FFT. THEENE, EAERT £12 (2, 1), EEITENE
FH) 1 4 FFT.

AR e 2R g, MEFEMERES, W tic ) M toc()

RRXGRAEFEA DS - RAXWERAZEEER (BRIFELENIRFAFT) - println %L
A AR SRATEN{E F AT

A BREEA, A == BIFMNREM/RERAE. NiZEH A == B - HEM/REBEMFALIE

Par,
B, <> =%

5 &~ | F s FoRDaR M B LU REL - BT Mpython F FINLE HATH E 1 R K2 AT L
%, FcEF  PRMBREMMAERIFAN—H . TR AAERE el N AEN MR R (&
MR ERTTR AT ERIZE, RE— P RERAMKEEAH) - EEEENLENREEFT
SR, IS TS RS E A BFET AR, XS (A == 1) | (A .== 2) -
AU L BREEFRITRIERNSEUTE A REL, W xs=1[1,2]; f(xs...)

Julia ' svd 1R B A7 (B 2 7] & AN SEBE RO A B R

Julia 7 ... PHREGE—ITREIRAZ 1T - Instead, incomplete expressions automatically continue onto the
next line.

B8 ans RLAARTETHITHIRE —FFEANE;, UHETXMTHREIANE, F2RERE

The closest analog to Julia’s t ypes are Matlab’s classes. Matlab’s st ruct s behave somewhere between
Julia’s types and Dicts; in particular, if you need to be able to add fields to a struct on-the-fly, use a
Dict rather than a type.

5 R B 5!

Julia AR EHE I FISTT WA S RGE S - 5 R BIXH]:

i = TR, IR < 50 << EFRARER
FAAESHERE. Juia® (1, 2, 31 EMTRFM (1, 2, 3)

Julia FFEREZE L R BEGLRGEEEES - WF A F B 2HEIE, FRASEMEIRIELE Julia Fh A « B,
RHHNA s+ B fFERH, B —MEA)FRIEZRITEN Hadamard TE1E - EFHITFICE S TE, Julia
A .« B

i R E . Julia P A FMTRF £ (n)

5 if {BA)E for fEANAEESRIES: N5 for i in [1, 2, 3] MARE for (i in c(1,
2, 3)); NEFif 1 == 1MAZif (i == 1)

OF 1 NEH/RE. NEEE if (1) , BN if BAMIEXA/REERNSE . NER 1if true
A nrow M ncol o MIZMFH size M, 1) B nrowm™) ; FH size M, 2) B ncol (M)
Julia # SVD BXIA W HE thinned , 5 R A[E - ZGFE5 R —FEMEE R NIZMHERE x A svd (X,

true)

Julia X PRz~ MEMEEFE. ERHF, 1 FMc(1) 2. 7 Julia ', EfIZEANE- FlinE x
My g, Mx « yEa—7TRTENE, MAETE. 252RE, NMFEH dot (x, v)

Julia F'HI diag () Fl diagm() 5 R FHIARE
Julia NEETEMREIEA)ZE M A %L ABEE diag (M) = ones (n)
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Julia NEERIE main 745 2 A1 ZEWH R AL . REEGTT £ RET LIZE 726 R3], a0 DataFrames #1

Distributions ‘£l :
— Distributions ‘£ $ZHE T HEZE 5377 s 2L
— DataFrames {1 $&fit T 23R HELE
- GLM f"JE 6 SR T LA Ze s,

Julia /ST ZIUCHMB AR, EANRM R 1% . HREIZTE, NIZFEHEZICH: NEMH
list(a = 1, b = 2), MIZMEH (1, 2)

i) E%X%ﬂ o Julia FYZEAIH R HHY S3 B S4 X R E . - Julia FIEE RS table (x:: Typed)
Fltable (x::TypeB) %M T R A table. Typel (x) fl table.TypeB (x)

7E Julia 7, %Lfﬁﬂlﬁtﬁmaaélﬁﬁ ﬂﬂ%—luiﬁﬂkﬁﬁTﬁl?ﬂ RS ZIMEBRZT - X5R
FEHRAR, XEEAERBIRESE L TH R BREE R &S

i hcat Fl veat KiEE M EFMEME, MAE ¢, rbind ﬂ] cbind

Julia VBRI 540 a:b 5 R FHE LHEPFFS AR TR PTRRIN SR, AT RNFITHRE
o ZIEVEE SRR, BIZATTE SRR RIEEE [(a:b]

max, min are the equivalent of pmax and pmin in R, but both arguments need to have the same dimensions.
While maximum, minimum replace max and min in R, there are important differences.

The functions sum, prod, maximum, minimum are different from their counterparts in R. They all accept one
or two arguments. The first argument is an iterable collection such as an array. If there is a second argument,
then this argument indicates the dimensions, over which the operation is carried out. For instance, let A= [1
21, 13,4]1] inJulia and B=rbind(c(1,2),c(3,4)) be the same matrix in R. Then sum (A) gives the
same result as sum (B) , but sum (A, 1) is a row vector containing the sum over each column and sum (2, 2)
is a column vector containing the sum over each row. This contrasts to the behavior of R, where sum (B, 1) =11
and sum (B, 2) =12. If the second argument is a vector, then it specifies all the dimensions over which the sum
is performed, e.g., sum (A, [1, 2] ) =10. It should be noted that there is no error checking regarding the second
argument.

Julia BFL R LB ENTHISE . HlU, sort (v) Fl sort! (v) EREH, HEIX S #YH] UER
colMeans () F rowMeans (), size(m, 1) il size(m, 2)

ERF, FEABAERIEEMEE - 78 Julia 5 Z MR EHIERNZLHTEINE R &S
5 RANE, Julia F9&F ERSKIE

R NnULL KH

Julia Y% E 5 R W] assign Bt get BT MANIEA]

5 Python )X 5l

WECE . FRPERSERT] - Julia R TAREMN 1 TR, TAGEMN 0 7T
R TN FFIEEA &G — 1 IJCENS, Julia £/ end , Python i/ -1
Julia H ] Comprehensions (i) %8 %1 if WEH)

for, if, while, #RIVEE R E end ; AR Z KRG HERR

Julla&ﬁﬁﬁ%ﬂ\ ML IRE-THSE, MACERDTEENZAN, BEENT, TIEt
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By BEARITERE, I numpy £ Julia B RIS RIRFF (PRI (CRSPEREDLIL ) -
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it

X LR

@time

@time 7% I FT B AR s AT BT OB 8] « AT FH T AT Rk Ul U s

julia> @time sqgrtm( sum( randn(1000) ) )
elapsed time: 0.0 seconds
5.128676446664007

julia> @time for i=1:1000
sgrtm (sum (randn (1000)) )
end
elapsed time: 0.04699993133544922 seconds

X ZEE A TEMA AT S U 5 A -
E: @time expr Stic(); expr; toc(); 557 -

@which

@which ZZA] LR RN T8 E IR, Julialf AR BARE) T KSR E

julia> @which rand(1:10)
rand{T<:Integer} (Rangel {T<:Integer},) at random.jl:145

julia> @which 1 + 2im
+ (Number, Number) at promotion.jl:135

julia> a = [ 1 2 3 ; 4 5 6]
2x3 Int32 Array:
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julia> @which a[2, 3]
ref (Array{T,N},Real,Real) at array.jl:246

XADZEHEBTT(E debug BFER o HOHH which () sREOTE .

@printf

@printf 72 FH TR ER R TR S, ERATCEPprintfef %, Juliafprinef X BT 25 H A A2 2 Mo
At A _ERCH print AR A ZEANK:

julia> @printf ("Hello World!")
Hello World!

julia> A = [1 2 3;4 5 6]
2x3 Array{Int64,2}:

1 2 3

4 5 6

julia> @printf ("A has elements.",length(a))
A has 6 elements.

julia> @printf ("sqgrtm(2) is ",y sgrtm(2))
sgqrtm(2) is 1.41.

@inbounds

i

@inbounds ZVEA FE R EZITHE, A& LU P A FIbound check WA, — MR E S
B

julia> function f (x)
N = div(length(x),3)

r = 0.0
for i = 1:N
for j = 1:N
for k = 1: N
r 4= x[i+2%3]+x[J+2+k]+x[k+2+1]
end
end
end
r
end

f (generic function with 1 method)

julia> function f1 (x)
N = div(length(x),3)

r = 0.0
for i = 1:N
for j = 1:N
for k = 1: N
@inbounds r += x[i+2%J]+x[J+2xk]+x[k+2+1]
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end
end
end
r
end
fl (generic function with 1 method)

julia> a = rand(2000);

julia> @time f (a)
elapsed time: 0.528003738 seconds (211264 bytes allocated)
4.4966644948005027e8

julia> @time f1l (a)
elapsed time: 0.307557441 seconds (64 bytes allocated)
4.4966644948005027e8

@assert

@assert ZZAMCEAJATEEMLL, HFAKPREEF B RER NRRAXENEN 2 EARE, —BH
TAEATHS R

julia> @assert 1l==
ERROR: assertion failed: 1 == 2
in error at error.jl:21

julia> @assert 1.000000000000001==1.0
ERROR: assertion failed: 1.000000000000001 == 1.0
in error at error.jl:21

julia> @assert 1.0000000000000001==1.0

XSG Ex64 Ll o — BN Fassert Bt o RIS 5 — BT E A etest 22, HHETHR
R using Base.Test -

@goto & @label

@goto ZEFIMCE Figoto—2L, [ ygotofiti & S EURE 7 FIER#AK, Bt IIRAE A gotok A b HHERE
Tk SR ETER

julia> function f()
i=20
while (i < 10)
@printf ("%d\n", 1)
for j = 1:5
if 1 > 5
@goto loop_end
end
end
end
@label loop_end
end
julia> £()
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julia> a = 100_000
100000

julia> a = 100_0000_0000
10000000000

BEWAFAEE LB R, T R -
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¥ 7% @inbounds JEEJHIA

@inbounds DURHEREF I 2 EVEAR KRR INRIGEAIDITRCR « FEXTBEASIEANIB R, ERIZERE
R PR P B IERRE: -

T

Juliaf2ft T 1R L inplace IR, & EHHbE I REASEE 070 BL AN ZLRYZSR], AT D gc I B 1749 T 0Bl
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julia> A = rand(5000,5000); x = rand(5000); vy = rand(5000);
julia> @time y = Axx;

elapsed time: 0.016998118 seconds (40168 bytes allocated)
julia> @time A_mul_B! (y,A,x);

elapsed time: 0.012711399 seconds (80 bytes allocated)

F AL 7GR (manual loop unrolling)

F IR EEA-F- T BEH IEEAH K foverhead, BN BRI ATEIAHE 21T end-of-1oop &M, F5)
W — LR 2 IEIEA RGBT - SRR R AR IR, NEREE, JCEREEIAA R Hinline 58
B, RO ATRERRIRIERE - — D HBUF A B 7 Tulia FsumeREL . 32X B AR BLAS HE

function simple_sum(a: :AbstractArray, first::Int, last::Int)
b = a[first];
for i = first + 1 : last
@inbounds b += a[i]
end

235




Julia (1%, £ i 0.3.0-prerelease

return b
end
function unroll_sum(a::AbstractArray, first::Int, last::Int)
@inbounds if 1f1rst + 6 >= ilast # length(a) < 8
i = ifirst
s = afi] + al[i+1]
i =i+l
while i < ilast
s +=al[it+=1]
end
return s
else # length(a) >= 8, manual unrolling
@inbounds sl = a[ifirst] + al[ifirst + 4]
@inbounds s2 = a[ifirst + 1] + aflifirst + 5]
@inbounds s3 = a[ifirst + 2] + a[ifirst + 6]
@inbounds s4 = a[ifirst + 3] + al[ifirst + 7]
i = ifirst + 8
il = ilast - 3
while i <= il
@inbounds sl += ali]
@inbounds s2 += al[i+1]
@inbounds s3 += a[i+2]
@inbounds s4 += a[i+3]
i += 4
end
while i1 <= ilast
@inbounds sl += al[i]
i +=1
end
return sl + s2 + s3 + s4
end
end
SN
julia>rand_arr = rand(500000);
julia>@time @inbounds ret_1 = simple_sum(rand_arr, 1, 500000)

elapsed time: 0.000699786 seconds (160 bytes allocated)
julia>@time @inbounds ret_2= unroll_sum(rand_arr,1,500000)
elapsed time: 0.000383906 seconds (96 bytes allocated)

V8 F CEFortran/if s
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CHAPTER 33

The Standard Library

Introduction

The Julia standard library contains a range of functions and macros appropriate for performing scientific and numerical
computing, but is also as broad as those of many general purpose programming languages. Additional functionality is
available from a growing collection of available packages. Functions are grouped by topic below.

Some general notes:

» Except for functions in built-in modules (Pkg, Collections, Graphics, Test and Profile), all func-
tions documented here are directly available for use in programs.

* To use module functions, use import Module to import the module, and Module. fn (x) to use the func-
tions.

* Alternatively, using Module will import all exported Module functions into the current namespace.

* By convention, function names ending with an exclamation point (!) modify their arguments. Some functions
have both modifying (e.g., sort !) and non-modifying (sort) versions.

Getting Around

exit ( [code ] )
Quit (or control-D at the prompt). The default exit code is zero, indicating that the processes completed suc-
cessfully.

quit ()
Quit the program indicating that the processes completed succesfully. This function calls exit (0) (see
exit ()).

atexit (f)
Register a zero-argument function to be called at exit.
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isinteractive () — Bool
Determine whether Julia is running an interactive session.

whos ([Module, ] [pattern::Regex])
Print information about global variables in a module, optionally restricted to those matching pattern.

edit (ﬁle::String[, line] )
Edit a file optionally providing a line number to edit at. Returns to the julia prompt when you quit the editor.

edit (ﬁmction[, types] )
Edit the definition of a function, optionally specifying a tuple of types to indicate which method to edit.

Qedit ()
Evaluates the arguments to the function call, determines their types, and calls the edit function on the resulting
expression

less (ﬁle:.‘String[, line])
Show a file using the default pager, optionally providing a starting line number. Returns to the julia prompt
when you quit the pager.

less (function [, types ] )
Show the definition of a function using the default pager, optionally specifying a tuple of types to indicate which
method to see.

@less ()
Evaluates the arguments to the function call, determines their types, and calls the 1ess function on the resulting
expression

clipboard (x)
Send a printed form of x to the operating system clipboard (“copy”).

clipboard () — String
Return a string with the contents of the operating system clipboard (“paste”).

require (file::String...)
Load source files once, in the context of the Main module, on every active node, searching standard locations
for files. require is considered a top-level operation, so it sets the current include path but does not use it
to search for files (see help for include). This function is typically used to load library code, and is implicitly
called by using to load packages.

When searching for files, require first looks in the current working directory, then looks for package code
under Pkg.dir (), then tries paths in the global array LOAD_PATH.

reload (file::String)
Like require, except forces loading of files regardless of whether they have been loaded before. Typically
used when interactively developing libraries.

include (path::String)
Evaluate the contents of a source file in the current context. During including, a task-local include path is set to
the directory containing the file. Nested calls to include will search relative to that path. All paths refer to
files on node 1 when running in parallel, and files will be fetched from node 1. This function is typically used
to load source interactively, or to combine files in packages that are broken into multiple source files.

include_string (code::String)
Like include, except reads code from the given string rather than from a file. Since there is no file path
involved, no path processing or fetching from node 1 is done.

help (name)
Get help for a function. name can be an object or a string.

apropos (string)
Search documentation for functions related to st ring.
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which (f, types)
Return the method of £ (a Method object) that will be called for arguments with the given types.

@which ()
Evaluates the arguments to the function call, determines their types, and calls the which function on the result-
ing expression

methods (f [, types] )
Show all methods of £ with their argument types.

If types is specified, an array of methods whose types match is returned.

methodswith (fyp [, shOWparents] )
Return an array of methods with an argument of type typ. If optional showparents is true, also return
arguments with a parent type of typ, excluding type Any.

@show ()
Show an expression and result, returning the result

versioninfo ( [verbose::Bool] )
Print information about the version of Julia in use. If the verbose argument is true, detailed system information
is shown as well.

workspace ()
Replace the top-level module (Main) with a new one, providing a clean workspace. The previous Main module
is made available as LastMain. A previously-loaded package can be accessed using a statement such as
using LastMain.Package.

This function should only be used interactively.

All Objects

is (x,y) — Bool
Determine whether x and y are identical, in the sense that no program could distinguish them. Compares
mutable objects by address in memory, and compares immutable objects (such as numbers) by contents at the
bit level. This function is sometimes called egal. The === operator is an alias for this function.

isa (x, type) — Bool
Determine whether x is of the given type.

isequal (x,y)
Similar to ==, except treats all floating-point NaN values as equal to each other, and treats —0 . 0 as unequal to
0. 0. For values that are not floating-point, i sequal is the same as ==.

isequal is the comparison function used by hash tables (Dict). isequal (x, y) mustimply that hash (x)
== hash (y).

Collections typically implement i sequal by calling i sequal recursively on all contents.

Scalar types generally do not need to implement isequal, unless they represent floating-point numbers
amenable to a more efficient implementation than that provided as a generic fallback (based on isnan,
signbit, and ==).

isless (x,y)
Test whether x is less than y, according to a canonical total order. Values that are normally unordered, such
as NaN, are ordered in an arbitrary but consistent fashion. This is the default comparison used by sort.
Non-numeric types with a canonical total order should implement this function. Numeric types only need to
implement it if they have special values such as NaN.
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ifelse (condition::Bool, x, y)
Return x if condition is true, otherwise return y. This differs from ? or i f in that it is an ordinary function,
so all the arguments are evaluated first.

lexcmp (x, y)
Compare x and y lexicographically and return -1, 0, or 1 depending on whether x is less than, equal to, or greater
than y, respectively. This function should be defined for lexicographically comparable types, and lexless will
call lexcmp by default.

lexless (x,)
Determine whether x is lexicographically less than y.

typeof (x)
Get the concrete type of x.

tuple (xs...)
Construct a tuple of the given objects.

ntuple (n, f::Function)
Create a tuple of length n, computing each element as f (i), where i is the index of the element.

object_id (x)
Get a unique integer id for x. object_id (x)==object_id (y) ifandonlyif is (x,v).

hash (x[, h ] )
Compute an integer hash code such that i sequal (x, y) implies hash (x) ==hash (y) . The optional second
argument h is a hash code to be mixed with the result. New types should implement the 2-argument form.

finalizer (x, function)
Register a function f (x) to be called when there are no program-accessible references to x. The behavior of
this function is unpredictable if x is of a bits type.

copy (x)
Create a shallow copy of x: the outer structure is copied, but not all internal values. For example, copying an
array produces a new array with identically-same elements as the original.

deepcopy (x)
Create a deep copy of x: everything is copied recursively, resulting in a fully independent object. For example,
deep-copying an array produces a new array whose elements are deep-copies of the original elements.

As a special case, functions can only be actually deep-copied if they are anonymous, otherwise they are just
copied. The difference is only relevant in the case of closures, i.e. functions which may contain hidden internal
references.

While it isn’t normally necessary, user-defined types can override the default deepcopy behavior by defining
a specialized version of the function deepcopy_internal (x::T, dict::0bjectIdDict) (which
shouldn’t otherwise be used), where T is the type to be specialized for, and di ct keeps track of objects copied so
far within the recursion. Within the definition, deepcopy_internal should be used in place of deepcopy,
and the dict variable should be updated as appropriate before returning.

isdefined ( [object], index | symbol)
Tests whether an assignable location is defined. The arguments can be an array and index, a composite object
and field name (as a symbol), or a module and a symbol. With a single symbol argument, tests whether a global
variable with that name is defined in current_module ().

convert (fype, x)
Try to convert x to the given type. Conversions from floating point to integer, rational to integer, and complex
to real will raise an InexactError if x cannot be represented exactly in the new type.

promote (xs...)
Convert all arguments to their common promotion type (if any), and return them all (as a tuple).
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oftype (x,y)
Convert y to the type of x.

widen (type | x)
If the argument is a type, return a “larger” type (for numeric types, this will be a type with at least as
much range and precision as the argument, and usually more). Otherwise the argument x is converted to
widen (typeof (x)).

julia> widen (Int32)
Inté64

julia> widen(1.5f0)
1.5

identity (x)
The identity function. Returns its argument.

Types

super (T::DataType)
Return the supertype of DataType T

issubtype (typel, type2)
True if and only if all values of typel are also of type2. Can also be written using the <: infix operator as
typel <: typeZ.

<:(TI,T2)
Subtype operator, equivalent to issubtype (T1, T2).

subtypes (T::DataType)
Return a list of immediate subtypes of DataType T. Note that all currently loaded subtypes are included, includ-
ing those not visible in the current module.

subtypetree (T::DataType)
Return a nested list of all subtypes of DataType T. Note that all currently loaded subtypes are included, including
those not visible in the current module.

typemin (type)
The lowest value representable by the given (real) numeric type.

typemax (type)
The highest value representable by the given (real) numeric type.

realmin (fype)
The smallest in absolute value non-subnormal value representable by the given floating-point type

realmax (fype)
The highest finite value representable by the given floating-point type

maxintfloat (rype)
The largest integer losslessly representable by the given floating-point type

sizeof (fype)
Size, in bytes, of the canonical binary representation of the given type, if any.

eps ([mype])
The distance between 1.0 and the next larger representable floating-point value of type. Only floating-point
types are sensible arguments. If t ype is omitted, then eps (Float64) is returned.
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eps (x)
The distance between x and the next larger representable floating-point value of the same type as x.

promote_type (typel, type2)
Determine a type big enough to hold values of each argument type without loss, whenever possible. In some
cases, where no type exists which to which both types can be promoted losslessly, some loss is tolerated; for
example, promote_type (Int64,Float64) returns Float 64 even though strictly, not all Int 64 values
can be represented exactly as Float 64 values.

promote_rule (typel, type2)
Specifies what type should be used by promote when given values of types t ypel and type2. This function
should not be called directly, but should have definitions added to it for new types as appropriate.

getfield (value, name::Symbol)
Extract a named field from a value of composite type. The syntax a.b calls getfield(a, :b), and the
syntax a. (b) callsgetfield(a, b).

setfield! (value, name::Symbol, x)
Assign x to a named field in value of composite type. The syntax a.b = c calls setfield! (a, :b,
c),and the syntax a. (b) = ccalls setfield! (a, b, c).

fieldoffsets (fype)
The byte offset of each field of a type relative to the data start. For example, we could use it in the following
manner to summarize information about a struct type:

julia> structinfo(T) = [zip(fieldoffsets(T),names(T),T.types)...];

julia> structinfo (StatStruct)

12-element Array{ (Int64,Symbol,DataType),1}:
(0, :device,Uint64)
(8, :inode,Uint64)
(16, :mode,Uint64)
(24, :nlink, Int64)
(32, :uid, Uint64)
(40, :gid,Uint64)
(48, :rdev,Uint64)
(56, :size,Int64)

(64, :blksize, Int64)

(72, :blocks, Int64)

(80, :mtime,Float64)

(88, :ctime,Float64)

fieldtype (value, name::Symbol)
Determine the declared type of a named field in a value of composite type.

isimmutable (v)
True if value v is immutable. See /~7] 225 4 2£7 for a discussion of immutability.

isbits (T)
True if T is a “plain data” type, meaning it is immutable and contains no references to other values. Typical
examples are numeric types such as Uint 8, Float 64, and Complex{Float64}.

julia> isbits (Complex{Floaté64})
true

julia> isbits (Complex)
false

isleaftype (T)
Determine whether T is a concrete type that can have instances, meaning its only subtypes are itself and None
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(but T itself is not None).

typejoin (7T, S)
Compute a type that contains both T and S.

typeintersect (7, S)
Compute a type that contains the intersection of T and S. Usually this will be the smallest such type or one close
to it.

Generic Functions

apply (f, x...)
Accepts a function and several arguments, each of which must be iterable. The elements generated by all the

arguments are appended into a single list, which is then passed to £ as its argument list.

julia> function f(x, y) # Define a function f
X +y
end;

julia> apply(f, [1 2]1) # Apply f with 1 and 2 as arguments

3
apply is called to implement the . . . argument splicing syntax, and is usually not called directly: apply (£,
x) === f(x...)

method_exists (f, tuple) — Bool
Determine whether the given generic function has a method matching the given tuple of argument types.

julia> method_exists (length, (Array,))
true

applicable (f, args...) — Bool
Determine whether the given generic function has a method applicable to the given arguments.

julia> function f (x, vy)
X +y
end;

julia> applicable(f, 1)
false

julia> applicable(f, 1, 2)
true

invoke (f, (types...), args...)
Invoke a method for the given generic function matching the specified types (as a tuple), on the specified argu-
ments. The arguments must be compatible with the specified types. This allows invoking a method other than
the most specific matching method, which is useful when the behavior of a more general definition is explicitly
needed (often as part of the implementation of a more specific method of the same function).

1> (x, f)

Applies a function to the preceding argument. This allows for easy function chaining.

julia> [1:5] |> x—>x.”2 |> sum |> inv
0.01818181818181818
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Syntax

eval ([m::Module], expr::Expr)
Evaluate an expression in the given module and return the result. Every module (except those defined with
baremodule) has its own 1-argument definition of eval, which evaluates expressions in that module.

@deval ()
Evaluate an expression and return the value.

evalfile (path::String)
Evaluate all expressions in the given file, and return the value of the last one. No other processing (path search-
ing, fetching from node 1, etc.) is performed.

esc (e:!ANY)
Only valid in the context of an Expr returned from a macro. Prevents the macro hygiene pass from turning
embedded variables into gensym variables. See the man-macros section of the Metaprogramming chapter of the
manual for more details and examples.

gensym ( [tag ] )
Generates a symbol which will not conflict with other variable names.

@gensym ()
Generates a gensym symbol for a variable. For example, @gensym x y is transformed into x =

gensym("x"); y = gensym("y").

pacrse (str, start; greedy=true, raise=true)
Parse the expression string and return an expression (which could later be passed to eval for execution). Start
is the index of the first character to start parsing. If greedy is true (default), parse will try to consume
as much input as it can; otherwise, it will stop as soon as it has parsed a valid expression. If raise is true
(default), syntax errors will raise an error; otherwise, parse will return an expression that will raise an error
upon evaluation.

parse (str; raise=true)
Parse the whole string greedily, returning a single expression. An error is thrown if there are additional characters
after the first expression. If raise is true (default), syntax errors will raise an error; otherwise, parse will
return an expression that will raise an error upon evaluation.

lteration

Sequential iteration is implemented by the methods start, done, and next. The general for loop:

for i =1
# body
end

is translated to:

state = start (I)

while !done (I, state)
(i, state) = next (I, state)
# body

end

The state object may be anything, and should be chosen appropriately for each iterable type.

start (iter) — state
Get initial iteration state for an iterable object

248 Chapter 33. The Standard Library




Julia (1Y, £ 47 0.3.0-prerelease

done (iter, state) — Bool
Test whether we are done iterating

next (iter, state) — item, state
For a given iterable object and iteration state, return the current item and the next iteration state

zip (iters...)
For a set of iterable objects, returns an iterable of tuples, where the ith tuple contains the ith component of
each input iterable.

Note that zip is its own inverse: [zip (zip(a...)...)...] == [a...].

enumerate (ifer)
Return an iterator that yields (i, x) where i is an index starting at 1, and x is the ith value from the given

iterator. It’s useful when you need not only the values x over which you are iterating, but also the index i of the
iterations.

julia> a = ["a", "b", "C"],‘

julia> for (index, value) in enumerate (a)
println (" ™)
end

w N
Q o 9o

Fully implemented by: Range, Rangel, NDRange, Tuple, Real, AbstractArray, IntSet,
ObjectIdDict,Dict, WeakKeyDict, EachLine, String, Set, Task.

General Collections

isempty (collection) — Bool
Determine whether a collection is empty (has no elements).

julia> isempty ([])
true

julia> isempty ([1 2 3])
false

empty! (collection) — collection
Remove all elements from a collection.

length (collection) — Integer
For ordered, indexable collections, the maximum index i for which getindex (collection, 1) is valid.
For unordered collections, the number of elements.

endof (collection) — Integer
Returns the last index of the collection.

julia> endof ([1,2,4])
3

Fully implemented by: Range, Rangel, Tuple, Number, AbstractArray, IntSet, Dict, WeakKeyDict,
String, Set.
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Iterable Collections

in (item, collection) — Bool
Determine whether an item is in the given collection, in the sense that it is == to one of the values generated
by iterating over the collection. Some collections need a slightly different definition; for example Sets check
whether the item is i sequal to one of the elements. Dicts look for (key, value) pairs, and the key is com-
pared using i sequal. To test for the presence of a key in a dictionary, use haskey ork in keys (dict).

eltype (collection)
Determine the type of the elements generated by iterating collection. For associative collections, this will
be a (key, value) tuple type.

indexin (a, b)
Returns a vector containing the highest index in b for each value in a that is a member of b . The output vector
contains 0 wherever a is not a member of b.

findin (a, b)
Returns the indices of elements in collection a that appear in collection b

unique (itr[, dim])
Returns an array containing only the unique elements of the iterable it r, in the order that the first of each set of
equivalent elements originally appears. If dim is specified, returns unique regions of the array it r along dim.

reduce (op, V0, itr)
Reduce the given collection itr with the given binary operator. Reductions for certain commonly-used op-
erators have special implementations which should be used instead: maximum(itr), minimum(itr),
sum(itr),prod(itr),any(itr),all (itr).

The associativity of the reduction is implementation-dependent. This means that you can’t use non-associative
operations like — because it is undefined whether reduce (-, [1, 2, 3]1) should be evaluated as (1-2) -3 or
1-(2-3).Use foldl or foldr instead for guaranteed left or right associativity.

Some operations accumulate error, and parallelism will also be easier if the reduction can be executed in groups.
Future versions of Julia might change the algorithm. Note that the elements are not reordered if you use an
ordered collection.

reduce (op, itr)
Like reduce but using the first element as vO.

foldl (op, v0, itr)
Like reduce, but with guaranteed left associativity.

foldl (op, itr)
Like fold1, but using the first element as v0.

foldr (op, v0, itr)
Like reduce, but with guaranteed right associativity.

foldr (op, itr)
Like foldr, but using the last element as v0.

maximum (itr)
Returns the largest element in a collection.

maximum (A, dims)
Compute the maximum value of an array over the given dimensions.

maximum! (r, A)
Compute the maximum value of A over the singleton dimensions of r, and write results to r.
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minimum (itr)
Returns the smallest element in a collection.

minimum (A, dims)
Compute the minimum value of an array over the given dimensions.

minimum! (r, A)
Compute the minimum value of A over the singleton dimensions of r, and write results to r.

extrema (ifr)
Compute both the minimum and maximum element in a single pass, and return them as a 2-tuple.

indmax (itr) — Integer
Returns the index of the maximum element in a collection.

indmin (itr) — Integer
Returns the index of the minimum element in a collection.

findmax (itr) -> (x, index)
Returns the maximum element and its index.

findmax (A, dims) -> (maxval, index)
For an array input, returns the value and index of the maximum over the given dimensions.

findmin (itr) -> (x, index)
Returns the minimum element and its index.

findmin (A, dims) -> (minval, index)
For an array input, returns the value and index of the minimum over the given dimensions.

maxabs (itr)
Compute the maximum absolute value of a collection of values.

maxabs (A, dims)
Compute the maximum absolute values over given dimensions.

maxabs! (r, A)
Compute the maximum absolute values over the singleton dimensions of r, and write values to r.

minabs (ifr)
Compute the minimum absolute value of a collection of values.

minabs (A, dims)
Compute the minimum absolute values over given dimensions.

minabs! (r,A)
Compute the minimum absolute values over the singleton dimensions of r, and write values to r.

sum (itr)
Returns the sum of all elements in a collection.

sum (A, dims)
Sum elements of an array over the given dimensions.

sum! (1, A)
Sum elements of A over the singleton dimensions of r, and write results to r.

sum (f, itr)
Sum the results of calling function £ on each element of itr.

sumabs (itr)
Sum absolute values of all elements in a collection. This is equivalent to sum(abs(itr)) but faster.
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sumabs (A, dims)

Sum absolute values of elements of an array over the given dimensions.

sumabs! (r, A)

Sum absolute values of elements of A over the singleton dimensions of r, and write results to r.

sumabs2 (itr)

Sum squared absolute values of all elements in a collection. This is equivalent to sum(abs2(itr)) but faster.

sumabs2 (A, dims)

Sum squared absolute values of elements of an array over the given dimensions.

sumabs2! (r,A)

Sum squared absolute values of elements of A over the singleton dimensions of r, and write results to r.

prod (itr)

Returns the product of all elements of a collection.

prod (A, dims)

Multiply elements of an array over the given dimensions.

prod! (r, A)

Multiply elements of A over the singleton dimensions of r, and write results to r.

any (itr) — Bool

Test whether any elements of a boolean collection are true.

any (A, dims)

Test whether any values along the given dimensions of an array are true.

any! (r,A)

Test whether any values in A along the singleton dimensions of r are true, and write results to r.

all (itr) — Bool

Test whether all elements of a boolean collection are true.

all (A, dims)

Test whether all values along the given dimensions of an array are true.

all! (r,A)

Test whether all values in A along the singleton dimensions of r are true, and write results to r.

count (p, itr) — Integer

Count the number of elements in it r for which predicate p returns true.

any (p, itr) — Bool

Determine whether predicate p returns true for any elements of itr.

all (p, itr) — Bool

Determine whether predicate p returns true for all elements of it r.

Julia> all(i-> (4<=i<=6), [4,5,6])
true

map (f, c...) — collection

Transform collection c by applying £ to each element. For multiple collection arguments, apply £ elementwise.

julia> map((x) -> x = 2, [1, 2, 31)
3-element Array{Int64,1}:

2

4

6
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julia> map(+, [1, 2, 31, [10, 20, 301)
3-element Array{Int64,1}:

11

22

33

map! (function, collection)
In-place version of map () .

map! (function, destination, collection...)
Like map (), but stores the result in dest inat ion rather than a new collection. dest ination must be at
least as large as the first collection.

mapreduce (f, op, itr)
Applies function £ to each element in it r and then reduces the result using the binary function op.

julia> mapreduce (x->x"2, +, [1:3]) =1+ 4 + 9
14

The associativity of the reduction is implementation-dependent; if you need a particular associativity, e.g. left-
to-right, you should write your own loop. See documentation for reduce.

first (coll)
Get the first element of an iterable collection.

last (coll)
Get the last element of an ordered collection, if it can be computed in O(1) time. This is accomplished by calling
endof to get the last index.

step (1)
Get the step size of a Range object.

collect (collection)
Return an array of all items in a collection. For associative collections, returns (key, value) tuples.

collect (element_type, collection)
Return an array of type Array{element_type, 1} of all items in a collection.

issubset (a, b)
Determine whether every element of a is also in b, using the in function.

filter (function, collection)
Return a copy of collection, removing elements for which function is false. For associative collections,
the function is passed two arguments (key and value).

filter! (function, collection)
Update collection, removing elements for which function is false. For associative collections, the
function is passed two arguments (key and value).

Indexable Collections

getindex (collection, key...)
Retrieve the value(s) stored at the given key or index within a collection. The syntax a[1, j, . . . ] is converted
by the compiler to getindex (a, i, j, ...).

setindex! (collection, value, key...)
Store the given value at the given key or index within a collection. The syntax a [i, j, ...] = xisconverted
by the compiler to setindex! (a, x, i, J, ...).
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Fully implemented by: Array, DArray, BitArray, AbstractArray, SubArray, ObjectIdDict, Dict,
WeakKeyDict, String.

Partially implemented by: Range, Rangel, Tuple.

Associative Collections

Dict is the standard associative collection. Its implementation uses the hash (x) as the hashing function for the
key, and isequal (x,y) to determine equality. Define these two functions for custom types to override how they
are stored in a hash table.

ObjectIdDict is a special hash table where the keys are always object identities. WeakKeyDict is a hash
table implementation where the keys are weak references to objects, and thus may be garbage collected even when
referenced in a hash table.

Dicts can be created using a literal syntax: {"A"=>1, "B"=>2}. Use of curly brackets will create a Dict of
type Dict {Any, Any}. Use of square brackets will attempt to infer type information from the keys and values (i.e.
["A"=>1, "B"=>2] creates a Dict {ASCIIString, Int64}). To explicitly specify types use the syntax:
(KeyType=>ValueType) [...]. Forexample, (ASCIIString=>Int32) ["A"=>1, "B"=>2].

As with arrays, Dicts may be created with comprehensions. For example, {1 => f£(i) for i = 1:10}.

Given a dictionary D, the syntax D [x] returns the value of key x (if it exists) or throws an error, and D [x] = y
stores the key-value pair x => vy in D (replacing any existing value for the key x). Multiple arguments to D[ . . . ]
are converted to tuples; for example, the syntax D [x, y] is equivalentto D[ (x,y) ], i.e. it refers to the value keyed
by the tuple (x,vy).

Dict ()
Dict {K, V} () constructs a hash

table with keys of type K and values of type V. The literal syntax is {"A"=>1, "B"=>2} foraDict{Any,
Any},or ["A"=>1, "B"=>2] foraDict of inferred type.

haskey (collection, key) — Bool
Determine whether a collection has a mapping for a given key.

get (collection, key, default)
Return the value stored for the given key, or the given default value if no mapping for the key is present.

get (f::Function, collection, key)
Return the value stored for the given key, or if no mapping for the key is present, return £ (). Use get ! to also
store the default value in the dictionary.

This is intended to be called using do block syntax:

get (dict, key) do
# default value calculated here
time ()
end

get! (collection, key, default)
Return the value stored for the given key, or if no mapping for the key is present, store key => default,
and return default.

get! (f::Function, collection, key)
Return the value stored for the given key, or if no mapping for the key is present, store key => £ (), and
return £ ().

This is intended to be called using do block syntax:
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get! (dict, key) do
# default value calculated here
time ()
end

getkey (collection, key, default)
Return the key matching argument key if one exists in collect ion, otherwise return default.

delete! (collection, key)
Delete the mapping for the given key in a collection, and return the colection.

pop! (collection, key[, default])
Delete and return the mapping for key if it exists in col lection, otherwise return default, or throw an
error if default is not specified.

keys (collection)
Return an iterator over all keys in a collection. collect (keys (d) ) returns an array of keys.

values (collection)
Return an iterator over all values in a collection. collect (values (d) ) returns an array of values.

merge (collection, others...)
Construct a merged collection from the given collections.

merge! (collection, others...)
Update collection with pairs from the other collections

sizehint (s, n)
Suggest that collection s reserve capacity for at least n elements. This can improve performance.

Fully implemented by: ObjectIdDict, Dict, WeakKeyDict.

Partially implemented by: IntSet, Set, EnvHash, Array, BitArray.

Set-Like Collections

set ([itr])
Construct a Set of the values generated by the given iterable object, or an empty set. Should be used instead of
IntSet for sparse integer sets, or for sets of arbitrary objects.

IntSet ( [itr] )
Construct a sorted set of the integers generated by the given iterable object, or an empty set. Implemented as a
bit string, and therefore designed for dense integer sets. Only non-negative integers can be stored. If the set will
be sparse (for example holding a single very large integer), use Set instead.

union (s/, s2...)
Construct the union of two or more sets. Maintains order with arrays.

union! (s, iterable)
Union each element of iterable into set s in-place.

intersect (s, s2...)
Construct the intersection of two or more sets. Maintains order and multiplicity of the first argument for arrays
and ranges.

setdiff (s/, s2)
Construct the set of elements in s1 but not s2. Maintains order with arrays. Note that both arguments must
be collections, and both will be iterated over. In particular, setdiff (set, element) where element is a
potential member of set, will not work in general.
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setdiff! (s, iterable)
Remove each element of iterable from set s in-place.

symdiff (s/, s2...)
Construct the symmetric difference of elements in the passed in sets or arrays. Maintains order with arrays.

symdiff! (s, n)
IntSet s is destructively modified to toggle the inclusion of integer n.

symdiff! (s, itr)
For each element in it r, destructively toggle its inclusion in set s.

symdiff! (s/,s2)
Construct the symmetric difference of IntSets s1 and s2, storing the result in s1.

complement (s)
Returns the set-complement of IntSet s.

complement! (s)
Mutates IntSet s into its set-complement.

intersect! (s/, 52)
Intersects IntSets s1 and s2 and overwrites the set s1 with the result. If needed, s1 will be expanded to the size
of s2.

issubset (A, S) — Bool
True if A C S (A is a subset of or equal to S)

Fully implemented by: IntSet, Set.

Partially implemented by: Array.

Dequeues

push! (collection, items...) — collection
Insert items at the end of a collection.

pop! (collection) — item
Remove the last item in a collection and return it.

unshift! (collection, items...) — collection
Insert items at the beginning of a collection.

shift! (collection) — item
Remove the first item in a collection.

insert! (collection, index, item)
Insert an item at the given index.

deleteat! (collection, index)
Remove the item at the given index, and return the modified collection. Subsequent items are shifted to fill the
resulting gap.

deleteat! (collection, itr)
Remove the items at the indices given by it r, and return the modified collection. Subsequent items are shifted
to fill the resulting gap. itr must be sorted and unique.

splice! (collection, index[, replacement]) — item
Remove the item at the given index, and return the removed item. Subsequent items are shifted down to fill the
resulting gap. If specified, replacement values from an ordered collection will be spliced in place of the removed
item.
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To insert replacement before an index n without removing any items, use splice (collection,

n-1:n, replacement).

splice! (collection, range[, replacement]) — items

Remove items in the specified index range, and return a collection containing the removed items. Subsequent
items are shifted down to fill the resulting gap. If specified, replacement values from an ordered collection will

be spliced in place of the removed items.

To insert replacement before an index n without removing any items, use splice (collection,

n-1:n, replacement).

resize! (collection, n) — collection
Resize collection to contain n elements.

append! (collection, items) — collection.
Add the elements of items to the end of a collection.

julia> append! ([1]1,1[2,3])
3-element Array{Int64,1}:
1

2

3

prepend! (collection, items) — collection
Insert the elements of items to the beginning of a collection.

julia> prepend! ([3],[1,2])
3-element Array{Inté64,1}:
1
2
3

Fully implemented by: Vector (aka 1-d Array), BitVector (aka 1-d BitArray).

Strings

length (s)
The number of characters in string s.

sizeof (s::String)
The number of bytes in string s.

* (s, 1)
Concatenate strings. The x operator is an alias to this function.

julia> "Hello " % "world"
"Hello world"

A
(s, n)
Repeat n times the string s. The ~ operator is an alias to this function.

julia> "Test "73
"Test Test Test "

string (xs...)
Create a string from any values using the print function.
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repr (x)
Create a string from any value using the showall function.

bytestring (::Ptr{Uint8} [, length ] )
Create a string from the address of a C (0-terminated) string encoded in ASCII or UTF-8. A copy is made; the
ptr can be safely freed. If Length is specified, the string does not have to be O-terminated.

bytestring (s)
Convert a string to a contiguous byte array representation appropriate for passing it to C functions. The string
will be encoded as either ASCII or UTF-8.

ascii (::Array{Uint8, 1})
Create an ASCII string from a byte array.

ascii (s)
Convert a string to a contiguous ASCII string (all characters must be valid ASCII characters).

ut £8 (::Array{Uint8, 1})
Create a UTF-8 string from a byte array.

ut£8 (s)
Convert a string to a contiguous UTF-8 string (all characters must be valid UTF-8 characters).

normalize_string (s, normalform::Symbol)
Normalize the string s according to one of the four “normal forms” of the Unicode standard: normal form can
be :NFC, :NFD, : NFKC, or : NFKD. Normal forms C (canonical composition) and D (canonical decomposition)
convert different visually identical representations of the same abstract string into a single canonical form, with
form C being more compact. Normal forms KC and KD additionally canonicalize “compatibility equivalents”:
they convert characters that are abstractly similar but visually distinct into a single canonical choice (e.g. they
expand ligatures into the individual characters), with form KC being more compact.

Alternatively, finer control and additional transformations may be be obtained by calling normalize_string(s;
keywords...), where any number of the following boolean keywords options (which all default to false except
for compose) are specified:

ecompose=false: do not perform canonical composition

*decompose=true: do canonical decomposition instead of canonical composition (compose=true is
ignored if present)

ecompat=true: compatibility equivalents are canonicalized
ecasefold=true: perform Unicode case folding, e.g. for case-insensitive string comparison

enewline2lf=true, newline2ls=true, or newline2ps=true: convert various newline se-
quences (LF, CRLF, CR, NEL) into a linefeed (LF), line-separation (LS), or paragraph-separation (PS)
character, respectively

estripmark=true: strip diacritical marks (e.g. accents)

estripignore=true: strip Unicode’s “default ignorable” characters (e.g. the soft hyphen or the left-
to-right marker)

estripcc=true: strip control characters; horizontal tabs and form feeds are converted to spaces; new-
lines are also converted to spaces unless a newline-conversion flag was specified

*re jectna=true: throw an error if unassigned code points are found
estable=true: enforce Unicode Versioning Stability
For example, NFKC corresponds to the options compose=true, compat=true, stable=true.

is_valid_ascii (s) — Bool
Returns true if the string or byte vector is valid ASCII, false otherwise.
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is_wvalid utf£8 (s) — Bool
Returns true if the string or byte vector is valid UTF-8, false otherwise.

is_wvalid_ char (¢) — Bool
Returns true if the given char or integer is a valid Unicode code point.

is_assigned_char (¢) — Bool
Returns true if the given char or integer is an assigned Unicode code point.

ismatch (r::Regex, s::String) — Bool
Test whether a string contains a match of the given regular expression.

match (r::Regex, s.'.'String[, idx::Integer[, addopts] ] )
Search for the first match of the regular expression r in s and return a RegexMatch object containing the match,
or nothing if the match failed. The matching substring can be retrieved by accessing m.mat ch and the captured
sequences can be retrieved by accessing m. captures The optional idx argument specifies an index at which
to start the search.

eachmatch (r::Regex, s.':String[, overlap.'.'3001=false] )
Search for all matches of a the regular expression r in s and return a iterator over the matches. If overlap is
true, the matching sequences are allowed to overlap indices in the original string, otherwise they must be from
distinct character ranges.

matchall (r::Regex, s::String[, overlap::Bool=false] ) — Vector{String}
Return a vector of the matching substrings from eachmatch.

1pad (string, n, p)
Make a string at least n characters long by padding on the left with copies of p.

rpad (string, n, p)
Make a string at least n characters long by padding on the right with copies of p.

search (string, chars[, start] )
Search for the first occurance of the given characters within the given string. The second argument may be a
single character, a vector or a set of characters, a string, or a regular expression (though regular expressions
are only allowed on contiguous strings, such as ASCII or UTF-8 strings). The third argument optionally spec-
ifies a starting index. The return value is a range of indexes where the matching sequence is found, such that
s[search (s, x) ]

= X

search (string, "substring") = start:end such that string[start:end] ==
"substring", or 0:-1 if unmatched.

search (string, 'c') =indexsuchthat string[index] == 'c',or 0 if unmatched.

rsearch (string, chars[, start] )
Similar to search, but returning the last occurance of the given characters within the given string, searching
in reverse from start.

searchindex (string, substring[, start] )
Similar to search, but return only the start index at which the substring is found, or 0 if it is not.

rsearchindex (string, substring[, start] )
Similar to rsearch, but return only the start index at which the substring is found, or O if it is not.

contains (haystack, needle)
Determine whether the second argument is a substring of the first.

replace (string, pat, r[, n])
Search for the given pattern pat, and replace each occurrence with r. If n is provided, replace at most n
occurrences. As with search, the second argument may be a single character, a vector or a set of characters, a
string, or a regular expression. If r is a function, each occurrence is replaced with r (s) where s is the matched
substring.
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split (string, [chars, [limit,] [include_empty]])
Return an array of substrings by splitting the given string on occurrences of the given character delimiters, which
may be specified in any of the formats allowed by search‘s second argument (i.e. a single character, collection
of characters, string, or regular expression). If chars is omitted, it defaults to the set of all space characters,
and include_empty is taken to be false. The last two arguments are also optional: they are are a maximum
size for the result and a flag determining whether empty fields should be included in the result.

rsplit (string, [chars, [limit,] [include_empty]])
Similar to split, but starting from the end of the string.

strip (string[, chars])
Return string with any leading and trailing whitespace removed. If chars (a character, or vector or set of
characters) is provided, instead remove characters contained in it.

1lstrip (string[, chars])
Return st ring with any leading whitespace removed. If chars (a character, or vector or set of characters) is
provided, instead remove characters contained in it.

rstrip (string[, chars])
Return st ring with any trailing whitespace removed. If chars (a character, or vector or set of characters) is
provided, instead remove characters contained in it.

beginswith (string, prefix | chars)
Returns true if string starts with prefix. If the second argument is a vector or set of characters, tests
whether the first character of st ring belongs to that set.

endswith (string, suffix | chars)
Returns true if string ends with suffix. If the second argument is a vector or set of characters, tests
whether the last character of st ring belongs to that set.

uppercase (string)
Returns st ring with all characters converted to uppercase.

lowercase (string)
Returns st ring with all characters converted to lowercase.

ucfirst (string)
Returns st ring with the first character converted to uppercase.

lcfirst (string)
Returns st ring with the first character converted to lowercase.

join (strings, delim)
Join an array of strings into a single string, inserting the given delimiter between adjacent strings.

chop (string)
Remove the last character from a string

chomp (string)
Remove a trailing newline from a string

ind2chr (string, i)
Convert a byte index to a character index

chr2ind (string, i)
Convert a character index to a byte index

isvalid (str, i)
Tells whether index i is valid for the given string
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nextind (str, i)
Get the next valid string index after i. Returns a value greater than endof (str) at or after the end of the
string.

prevind (str, i)
Get the previous valid string index before i. Returns a value less than 1 at the beginning of the string.

randstring (len)
Create a random ASCII string of length 1en, consisting of upper- and lower-case letters and the digits 0-9

charwidth (¢)
Gives the number of columns needed to print a character.

strwidth (s)
Gives the number of columns needed to print a string.

isalnum (c::Union(Char, String)) — Bool
Tests whether a character is alphanumeric, or whether this is true for all elements of a string.

isalpha (c::Union(Char, String)) — Bool
Tests whether a character is alphabetic, or whether this is true for all elements of a string.

isascii (c::Union(Char, String)) — Bool
Tests whether a character belongs to the ASCII character set, or whether this is true for all elements of a string.

isblank (c::Union(Char, String)) — Bool
Tests whether a character is a tab or space, or whether this is true for all elements of a string.

isentrl (c::Union(Char, String)) — Bool
Tests whether a character is a control character, or whether this is true for all elements of a string.

isdigit (c::Union(Char, String)) — Bool
Tests whether a character is a numeric digit (0-9), or whether this is true for all elements of a string.

isgraph (c::Union(Char, String)) — Bool
Tests whether a character is printable, and not a space, or whether this is true for all elements of a string.

islower (c::Union(Char, String)) — Bool
Tests whether a character is a lowercase letter, or whether this is true for all elements of a string.

isprint (c::Union(Char, String)) — Bool
Tests whether a character is printable, including space, or whether this is true for all elements of a string.

ispunct (c::Union(Char, String)) — Bool
Tests whether a character is printable, and not a space or alphanumeric, or whether this is true for all elements
of a string.

isspace (c::Union(Char, String)) — Bool
Tests whether a character is any whitespace character, or whether this is true for all elements of a string.

isupper (c::Union(Char, String)) — Bool
Tests whether a character is an uppercase letter, or whether this is true for all elements of a string.

isxdigit (c::Union(Char, String)) — Bool
Tests whether a character is a valid hexadecimal digit, or whether this is true for all elements of a string.

symbol (str) — Symbol
Convert a string to a Symbol.

escape_string (str::String) — String
General escaping of traditional C and Unicode escape sequences. See print_escaped () for more general
escaping.
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unescape_string (s::String) — String

General unescaping of traditional C and Unicode escape sequences. Reverse of escape_string (). See also
print_unescaped().

utfl6 (s)

Create a UTF-16 string from a byte array, array of Uint16, or any other string type. (Data must be valid
UTF-16. Conversions of byte arrays check for a byte-order marker in the first two bytes, and do not include it
in the resulting string.)

Note that the resulting UTF16String data is terminated by the NUL codepoint (16-bit zero), which is not
treated as a character in the string (so that it is mostly invisible in Julia); this allows the string to be passed
directly to external functions requiring NUL-terminated data. This NUL is appended automatically by the
utfl6(s) conversion function. If you have a Uint 16 array A that is already NUL-terminated valid UTF-16 data,
then you can instead use UTF16String(A)* to construct the string without making a copy of the data and treating
the NUL as a terminator rather than as part of the string.

ut £16 (::Union(Ptr{Uint16}, Ptr{Int16})[, length])

Create a string from the address of a NUL-terminated UTF-16 string. A copy is made; the pointer can be safely
freed. If length is specified, the string does not have to be NUL-terminated.

is wvalid utf1l6 (s) — Bool

Returns true if the string or Uint 16 array is valid UTF-16.

ut£32 (s)

Create a UTF-32 string from a byte array, array of Uint 32, or any other string type. (Conversions of byte
arrays check for a byte-order marker in the first four bytes, and do not include it in the resulting string.)

Note that the resulting UTF32String data is terminated by the NUL codepoint (32-bit zero), which is not
treated as a character in the string (so that it is mostly invisible in Julia); this allows the string to be passed
directly to external functions requiring NUL-terminated data. This NUL is appended automatically by the
utf32(s) conversion function. If you have a Uint 32 array A that is already NUL-terminated UTF-32 data, then
you can instead use UTF32String(A)‘ to construct the string without making a copy of the data and treating the
NUL as a terminator rather than as part of the string.

ut £32 (::Union(Ptr{Char}, Ptr{Uint32}, Ptr{Int32})[, length])

Create a string from the address of a NUL-terminated UTF-32 string. A copy is made; the pointer can be safely
freed. If length is specified, the string does not have to be NUL-terminated.

wstring (s)

I/0

This is a synonym for either ut £32 (s) or ut£16 (s), depending on whether Cwchar_t is 32 or 16 bits,
respectively. The synonym WSt ring for UTF32String or UTF16String is also provided.

STDOUT

Global variable referring to the standard out stream.

STDERR

Global variable referring to the standard error stream.

STDIN

Global variable referring to the standard input stream.

open (ﬁle_name[, read, write, create, truncate, append ]) — IOStream

Open a file in a mode specified by five boolean arguments. The default is to open files for reading only. Returns
a stream for accessing the file.
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open ( ﬁle_name[, mode]) — IOStream
Alternate syntax for open, where a string-based mode specifier is used instead of the five booleans. The values
of mode correspond to those from fopen (3) or Perl open, and are equivalent to setting the following boolean
groups:

r read

r+ read, write

w write, create, truncate

w+ | read, write, create, truncate
a write, create, append

a+ | read, write, create, append

open (f::function, args...)
Apply the function £ to the result of open (args. . .) and close the resulting file descriptor upon completion.

Example: open (readall, "file.txt")

IOBuffer () — IOBuffer
Create an in-memory 1I/O stream.

IOBuffer (size::Int)
Create a fixed size IOBuffer. The buffer will not grow dynamically.

IOBuffer (string)
Create a read-only IOBuffer on the data underlying the given string

IOBuffer ( [data ] [, readable, writable[, maxsize] ] )
Create an IOBuffer, which may optionally operate on a pre-existing array. If the readable/writable arguments
are given, they restrict whether or not the buffer may be read from or written to respectively. By default the
buffer is readable but not writable. The last argument optionally specifies a size beyond which the buffer may
not be grown.

takebuf_array (b::10Buffer)
Obtain the contents of an TOBuf fer as an array, without copying.

takebuf_string (b::I0Buffer)
Obtain the contents of an TOBuf fer as a string, without copying.

fdio ([name::String],fd::lnteger[, own.'.'Bool] ) — IO0Stream
Create an IOStream object from an integer file descriptor. If own is true, closing this object will close the
underlying descriptor. By default, an IOStream is closed when it is garbage collected. name allows you to
associate the descriptor with a named file.

flush (stream)
Commit all currently buffered writes to the given stream.

flush cstdio ()
Flushes the C stdout and stderr streams (which may have been written to by external C code).

close (stream)
Close an I/O stream. Performs a £1ush first.

write (stream, x)
Write the canonical binary representation of a value to the given stream.

read (stream, type)
Read a value of the given type from a stream, in canonical binary representation.

read (stream, type, dims)
Read a series of values of the given type from a stream, in canonical binary representation. dims is either a
tuple or a series of integer arguments specifying the size of Array to return.

33.15. 1/0 263



Julia (1%, £ i 0.3.0-prerelease

read! (stream, array::Array)
Read binary data from a stream, filling in the argument array.

readbytes! (stream, b::Vector{Uint8}, nb=Ilength(b))
Read at most nb bytes from the stream into b, returning the number of bytes read (increasing the size of b as
needed).

readbytes (stream, nb=typemax(Int))
Read at most nb bytes from the stream, returning a Vector {Uint 8} of the bytes read.

position (s)
Get the current position of a stream.

seek (s, pos)
Seek a stream to the given position.

seekstart (s)
Seek a stream to its beginning.

seekend (s)
Seek a stream to its end.

skip (s, offset)
Seek a stream relative to the current position.

mark (s)
Add a mark at the current position of stream s. Returns the marked position.

See also unmark (), reset (), ismarked ()

unmark (s)
Remove a mark from stream s. Returns t rue if the stream was marked, fal se otherwise.

See alsomark (), reset (), ismarked ()

reset (s)
Reset a stream s to a previously marked position, and remove the mark. Returns the previously marked position.
Throws an error if the stream is not marked.

See alsomark (), unmark (), ismarked ()

ismarked (s)
Returns true if stream s is marked.

See alsomark (), unmark (), reset ()

eof (stream) — Bool
Tests whether an I/O stream is at end-of-file. If the stream is not yet exhausted, this function will block to wait
for more data if necessary, and then return false. Therefore it is always safe to read one byte after seeing eof
return false. eof will return false as long as buffered data is still available, even if the remote end of a
connection is closed.

isreadonly (stream) — Bool
Determine whether a stream is read-only.

isopen (stream) — Bool
Determine whether a stream is open (i.e. has not been closed yet). If the connection has been closed remotely
(in case of e.g. a socket), isopen will return false even though buffered data may still be available. Use
eof to check if necessary.

ntoh (x)
Converts the endianness of a value from Network byte order (big-endian) to that used by the Host.
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hton (x)
Converts the endianness of a value from that used by the Host to Network byte order (big-endian).

ltoh (x)
Converts the endianness of a value from Little-endian to that used by the Host.

htol (x)
Converts the endianness of a value from that used by the Host to Little-endian.

ENDIAN_BOM
The 32-bit byte-order-mark indicates the native byte order of the host machine. Little-endian machines will
contain the value 0x04030201. Big-endian machines will contain the value 0x01020304.

serialize (stream, value)
Write an arbitrary value to a stream in an opaque format, such that it can be read back by deserialize.
The read-back value will be as identical as possible to the original. In general, this process will not work if the
reading and writing are done by different versions of Julia, or an instance of Julia with a different system image.

deserialize (stream)
Read a value written by serialize.

print_escaped (io, str::String, esc::String)
General escaping of traditional C and Unicode escape sequences, plus any characters in esc are also escaped
(with a backslash).

print_unescaped (io, s::String)
General unescaping of traditional C and Unicode escape sequences. Reverse of print_escaped ().

print_joined (io, items, delim[, last] )
Print elements of items to io with delim between them. If 1ast is specified, it is used as the final delimiter
instead of delim.

print_shortest (io, x)
Print the shortest possible representation of number x as a floating point number, ensuring that it would parse to
the exact same number.

£d (stream)
Returns the file descriptor backing the stream or file. Note that this function only applies to synchronous File‘s
and /OStream's not to any of the asynchronous streams.

redirect_stdout ()
Create a pipe to which all C and Julia level STDOUT output will be redirected. Returns a tuple (rd,wr) represent-
ing the pipe ends. Data written to STDOUT may now be read from the rd end of the pipe. The wr end is given
for convenience in case the old STDOUT object was cached by the user and needs to be replaced elsewhere.

redirect_stdout (stream)
Replace STDOUT by stream for all C and julia level output to STDOUT. Note that stream must be a TTY, a
Pipe or a TcpSocket.

redirect_stderr ( [stream] )
Like redirect_stdout, but for STDERR

redirect_stdin [stream] )
Like redirect_stdout, but for STDIN. Note that the order of the return tuple is still (rd,wr), i.e. data to be read
from STDIN, may be written to wr.

readchomp (x)
Read the entirety of x as a string but remove trailing newlines. Equivalent to chomp(readall(x)).

readdir ([dir] ) — Vector{ByteString}
Returns the files and directories in the directory dir (or the current working directory if not given).
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truncate (file, n)
Resize the file or buffer given by the first argument to exactly n bytes, filling previously unallocated space with
‘0’ if the file or buffer is grown

skipchars (stream, predicate; linecomment::Char)
Advance the stream until before the first character for which predicate returns false. For example
skipchars (stream, isspace) will skip all whitespace. If keyword argument 1inecomment is spec-
ified, characters from that character through the end of a line will also be skipped.

countlines (io[, eol::Char])
Read io until the end of the stream/file and count the number of non-empty lines. To specify a file pass the file-
name as the first argument. EOL markers other than ‘n’ are supported by passing them as the second argument.

PipeBuffer ()
An IOBuffer that allows reading and performs writes by appending. Seeking and truncating are not supported.
See IOBuffer for the available constructors.

PipeBuffer (data::Vector{Uint8)} [, maxsize ] )
Create a PipeBuffer to operate on a data vector, optionally specifying a size beyond which the underlying Array
may not be grown.

readavailable (stream)
Read all available data on the stream, blocking the task only if no data is available.

stat (file)
Returns a structure whose fields contain information about the file. The fields of the structure are:

size The size (in bytes) of the file

device | ID of the device that contains the file
inode The inode number of the file

mode The protection mode of the file
nlink The number of hard links to the file

uid The user id of the owner of the file
gid The group id of the file owner
rdev If this file refers to a device, the ID of the device it refers to

blksize | The file-system preffered block size for the file
blocks | The number of such blocks allocated

mtime | Unix timestamp of when the file was last modified
ctime Unix timestamp of when the file was created

1stat (file)
Like stat, but for symbolic links gets the info for the link itself rather than the file it refers to. This function must
be called on a file path rather than a file object or a file descriptor.

ctime (file)
Equivalent to stat(file).ctime

mtime (file)
Equivalent to stat(file).mtime

filemode (file)
Equivalent to stat(file).mode

filesize (path...)
Equivalent to stat(file).size

upermn (file)
Gets the permissions of the owner of the file as a bitfield of
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01 | Execute Permission
02 | Write Permission
04 | Read Permission

For allowed arguments, see stat.

gperm (file)
Like uperm but gets the permissions of the group owning the file

operm (file)
Like uperm but gets the permissions for people who neither own the file nor are a member of the group owning
the file

cp (src::String, dst::String)
Copy a file from src to dest.

download (url[, localﬁle] )
Download a file from the given url, optionally renaming it to the given local file name. Note that this function
relies on the availability of external tools such as curl, wget or fetch to download the file and is provided
for convenience. For production use or situations in which more options are need, please use a package that
provides the desired functionality instead.

mv (src::String, dst::String)
Move a file from src to dst.

rm (path::String; recursive=false)
Delete the file, link, or empty directory at the given path. If recursive=true is passed and the path is a
directory, then all contents are removed recursively.

touch (path::String)
Update the last-modified timestamp on a file to the current time.

Network I/0

connect ([host], port) — TcpSocket
Connect to the host host on port port

connect (path) — Pipe
Connect to the Named Pipe/Domain Socket at path

listen( [addr],port) — TcpServer
Listen on port on the address specified by addr. By default this listens on localhost only. To listen on all
interfaces pass, IPv4 (0) or IPv6 (0) as appropriate.

listen (path) — PipeServer
Listens on/Creates a Named Pipe/Domain Socket

getaddrinfo (host)
Gets the IP address of the host (may have to do a DNS lookup)

parseip (addr)
Parse a string specifying an IPv4 or IPv6 ip address.

IPv4 (host::Integer) — IPv4
Returns IPv4 object from ip address formatted as Integer

IPv6 (host::Integer) — IPv6
Returns IPv6 object from ip address formatted as Integer
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nb_available (stream)
Returns the number of bytes available for reading before a read from this stream or buffer will block.

accept (server[, client] )
Accepts a connection on the given server and returns a connection to the client. An uninitialized client stream
may be provided, in which case it will be used instead of creating a new stream.

listenany (port_hint) -> (Uintl6, TcpServer)
Create a TcpServer on any port, using hint as a starting point. Returns a tuple of the actual port that the server
was created on and the server itself.

watch_file (ch=false, s; poll=false)
Watch file or directory s and run callback cb when s is modified. The poll parameter specifies whether
to use file system event monitoring or polling. The callback function cb should accept 3 arguments:
(filename, events, status) where filename is the name of file that was modified, events is an
object with boolean fields changed and renamed when using file system event monitoring, or readable
and writable when using polling, and status is always 0. Pass false for cb to not use a callback
function.

poll_£d (fd, seconds::Real; readable=false, writable=false)
Poll a file descriptor fd for changes in the read or write availability and with a timeout given by the second
argument. If the timeout is not needed, use wait (fd) instead. The keyword arguments determine which of
read and/or write status should be monitored and at least one of them needs to be set to true. The returned value
is an object with boolean fields readable, writable, and t imedout, giving the result of the polling.

poll_file (s, interval_seconds::Real, seconds::Real)
Monitor a file for changes by polling every interval_seconds seconds for seconds seconds. A return value of
true indicates the file changed, a return value of false indicates a timeout.

Text 1/0

show (x)
Write an informative text representation of a value to the current output stream. New types should overload
show (10, x) where the first argument is a stream. The representation used by show generally includes
Julia-specific formatting and type information.

showcompact (x)
Show a more compact representation of a value. This is used for printing array elements. If a new type has
a different compact representation, it should overload showcompact (10, x) where the first argument is a
stream.

showall (x)
Similar to show, except shows all elements of arrays.

summary (x)
Return a string giving a brief description of a value. By default returns string (typeof (x) ). For arrays,
returns strings like “2x2 Float64 Array”.

print (x)
Write (to the default output stream) a canonical (un-decorated) text representation of a value if there is one,
otherwise call show. The representation used by print includes minimal formatting and tries to avoid Julia-
specific details.

println (x)
Print (using print () ) x followed by a newline.

print_with_color (color::Symbol[, io], strings...)
Print strings in a color specified as a symbol, for example : red or :blue.
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info (msg)
Display an informational message.

warn (msg)
Display a warning.

Qprintf ([io::IOStream], “Fmt”, args...)
Print arg(s) using C print £ () style format specification string. Optionally, an IOStream may be passed as the
first argument to redirect output.

@sprintf (“%Fmt”, args...)
Return @print £ formatted output as string.

sprint (f::Function, args...)
Call the given function with an I/O stream and the supplied extra arguments. Everything written to this I[/O
stream is returned as a string.

showerror (io, e)
Show a descriptive representation of an exception object.

dump (x)
Show all user-visible structure of a value.

xdump (x)
Show all structure of a value, including all fields of objects.

readall (stream)
Read the entire contents of an I/O stream as a string.

readline (stream=STDIN)
Read a single line of text, including a trailing newline character (if one is reached before the end of the input),
from the given st ream (defaults to STDIN),

readuntil (stream, delim)
Read a string, up to and including the given delimiter byte.

readlines (stream)
Read all lines as an array.

eachline (stream)
Create an iterable object that will yield each line from a stream.

readdlm (source, delim::Char, T::Type, eol::Char; header=false, skipstart=0, use_mmap, ig-

nore_invalid_chars=false, quotes=true, dims, comments=true, comment_char="#")
Read a matrix from the source where each line (separated by eol) gives one row, with elements separated by

the given delimeter. The source can be a text file, stream or byte array. Memory mapped files can be used by
passing the byte array representation of the mapped segment as source.

If T is a numeric type, the result is an array of that type, with any non-numeric elements as NaN for floating-point
types, or zero. Other useful values of T include ASCIIString, String, and Any.

If header is true, the first row of data will be read as header and the tuple (data_cells,
header_cells) isreturned instead of only data_cells.

Specifying skipstart will ignore the corresponding number of initial lines from the input.

If use_mmap is true, the file specified by source is memory mapped for potential speedups. Default is
true except on Windows. On Windows, you may want to specify t rue if the file is large, and is only read
once and not written to.

If ignore_invalid_chars is true, bytes in source with invalid character encoding will be ignored.
Otherwise an error is thrown indicating the offending character position.
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If quotes is t rue, column enclosed within double-quote (‘) characters are allowed to contain new lines and
column delimiters. Double-quote characters within a quoted field must be escaped with another double-quote.

Specifying dims as a tuple of the expected rows and columns (including header, if any) may speed up reading
of large files.

If comments is t rue, lines beginning with comment_char and text following comment_char in any line
are ignored.

readdlm (source, delim::Char, eol::Char, options...)
If all data is numeric, the result will be a numeric array. If some elements cannot be parsed as numbers, a cell
array of numbers and strings is returned.

readdlm (source, delim::Char, T::Type, options...)
The end of line delimiter is taken as \n.

readdlm (source, delim::Char; options...)
The end of line delimiter is taken as \n. If all data is numeric, the result will be a numeric array. If some
elements cannot be parsed as numbers, a cell array of numbers and strings is returned.

readdlm (source, T::Type; options...)
The columns are assumed to be separated by one or more whitespaces. The end of line delimiter is taken as \n.

readdlm (source; options...)
The columns are assumed to be separated by one or more whitespaces. The end of line delimiter is taken as \n.
If all data is numeric, the result will be a numeric array. If some elements cannot be parsed as numbers, a cell
array of numbers and strings is returned.

writedlm (f, A, delim="t")
Write A (either an array type or an iterable collection of iterable rows) as text to £ (either a filename string or
an IO stream) using the given delimeter delim (which defaults to tab, but can be any printable Julia object,
typically a Char or String).

For example, two vectors x and y of the same length can be written as two columns of tab-delimited text to £
by either writedlm (£, [x y]) orbywritedlm(f, zip(x, y)).

readcsv (source, [T::Type]; options...)
Equivalent to readdlm with delim set to comma.

writecsv (filename, A)
Equivalent to writedlm with delim set to comma.

Base64Pipe (ostream)
Returns a new write-only I/O stream, which converts any bytes written to it into base64-encoded ASCII bytes
written to ost ream. Calling close on the Base64P ipe stream is necessary to complete the encoding (but
does not close ost ream).

base64 (writefunc, args...)

base64 (args...)
Given a write-like function writefunc, which takes an I/O stream as its first argument,
base64 (writefunc, args...) callswritefunc to write args. .. to a base64-encoded string, and
returns the string. base64 (args...) is equivalent to base64 (write, args...): itconverts its argu-
ments into bytes using the standard write functions and returns the base64-encoded string.

Multimedia 1/0

Just as text output is performed by print and user-defined types can indicate their textual representation by over-
loading show, Julia provides a standardized mechanism for rich multimedia output (such as images, formatted text,
or even audio and video), consisting of three parts:
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* A function display (x) to request the richest available multimedia display of a Julia object x (with a plain-
text fallback).

* Overloading writemime allows one to indicate arbitrary multimedia representations (keyed by standard
MIME types) of user-defined types.

* Multimedia-capable display backends may be registered by subclassing a generic Display type and pushing
them onto a stack of display backends via pushdisplay.

The base Julia runtime provides only plain-text display, but richer displays may be enabled by loading external modules
or by using graphical Julia environments (such as the IPython-based IJulia notebook).

display (x)

display (d::Display, x)

display (mime, x)

display (d::Display, mime, x)
Display x using the topmost applicable display in the display stack, typically using the richest supported mul-
timedia output for x, with plain-text STDOUT output as a fallback. The display (d, x) variant attempts to
display x on the given display d only, throwing a MethodError if d cannot display objects of this type.

There are also two variants with a mime argument (a MIME type string, such as " image /png"), which attempt
to display x using the requesed MIME type only, throwing a MethodError if this type is not supported by
either the display(s) or by x. With these variants, one can also supply the “raw” data in the requested MIME type
by passing x: : String (for MIME types with text-based storage, such as text/html or application/postscript)
or x::Vector{Uint8} (for binary MIME types).

redisplay (x)

redisplay (d::Display, x)

redisplay (mime, x)

redisplay (d::Display, mime, x)
By default, the redisplay functions simply call display. However, some display backends may override
redisplay to modify an existing display of x (if any). Using redisplay is also a hint to the backend that
x may be redisplayed several times, and the backend may choose to defer the display until (for example) the
next interactive prompt.

displayable (mime) — Bool

displayable (d::Display, mime) — Bool
Returns a boolean value indicating whether the given mime type (string) is displayable by any of the displays
in the current display stack, or specifically by the display d in the second variant.

writemime (stream, mime, x)
The display functions ultimately call writemime in order to write an object x as a given mime type
to a given I/O stream (usually a memory buffer), if possible. In order to provide a rich multime-
dia representation of a user-defined type T, it is only necessary to define a new writemime method for
T, via: writemime (stream, ::MIME"mime", x::T) = ..., where mime is a MIME-type string
and the function body calls write (or similar) to write that representation of x to stream. (Note that
the MIME"" notation only supports literal strings; to construct MIME types in a more flexible manner use
MIME {symbol ("") }.)

For example, if you define a My Image type and know how to write it to a PNG file, you could define a function
writemime (stream, ::MIME"image/png", x::MyImage) = ... to allow your images to be
displayed on any PNG-capable Display (such as [Julia). As usual, be sure to import Base.writemime
in order to add new methods to the built-in Julia function writemime.

Technically, the MIME "mime" macro defines a singleton type for the given mime string, which allows us to
exploit Julia’s dispatch mechanisms in determining how to display objects of any given type.

mimewritable (mime, x)
Returns a boolean value indicating whether or not the object x can be written as the given mime type. (By
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default, this is determined automatically by the existence of the corresponding writemime function for
typeof (x).)

reprmime (mime, x)
Returns a String or Vector{Uint8} containing the representation of x in the requested mime type, as
written by writemime (throwing a MethodError if no appropriate writemime is available). A String
is returned for MIME types with textual representations (such as "text/html" or "application/
postscript"), whereas binary data is returned as Vector{Uint8}. (The function istext (mime)
returns whether or not Julia treats a given mime type as text.)

As a special case, if x is a St ring (for textual MIME types) or a Vector {Uint 8} (for binary MIME types),
the reprmime function assumes that x is already in the requested mime format and simply returns x.

stringmime (mime, x)
Returns a St ring containing the representation of x in the requested mime type. This is similar to reprmime
except that binary data is base64-encoded as an ASCII string.

As mentioned above, one can also define new display backends. For example, a module that can display PNG images
in a window can register this capability with Julia, so that calling display (x) on types with PNG representations
will automatically display the image using the module’s window.

In order to define a new display backend, one should first create a subtype D of the abstract class Display. Then,
for each MIME type (mime string) that can be displayed on D, one should define a function display (d::D,
::MIME"mime", x) = ... that displays x as that MIME type, usually by calling reprmime (mime, x).
A MethodError should be thrown if x cannot be displayed as that MIME type; this is automatic if one calls
reprmime. Finally, one should define a function display (d::D, x) that queries mimewritable (mime,
x) for the mime types supported by D and displays the “best” one; aMethodError should be thrown if no supported
MIME types are found for x. Similarly, some subtypes may wish to override redisplay (d::D, ...).(Again,
one should import Base.display to add new methods to display.) The return values of these functions are
up to the implementation (since in some cases it may be useful to return a display “handle” of some type). The display
functions for D can then be called directly, but they can also be invoked automatically from display (x) simply by
pushing a new display onto the display-backend stack with:

pushdisplay (d::Display)
Pushes a new display d on top of the global display-backend stack. Calling display (x) or
display (mime, x) willdisplay x on the topmost compatible backend in the stack (i.e., the topmost backend
that does not throw a MethodError).

popdisplay ()
popdisplay (d::Display)
Pop the topmost backend off of the display-backend stack, or the topmost copy of d in the second variant.

TextDisplay (stream)
Returns a TextDisplay <: Display, which can display any object as the text/plain MIME type (only),
writing the text representation to the given I/O stream. (The text representation is the same as the way an object
is printed in the Julia REPL.)

istext (m::MIME)
Determine whether a MIME type is text data.

Memory-mapped I/O

mmap_array (type, dims, stream[, oﬁset] )
Create an Array whose values are linked to a file, using memory-mapping. This provides a convenient way of
working with data too large to fit in the computer’s memory.
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The type determines how the bytes of the array are interpreted. Note that the file must be stored in binary format,
and no format conversions are possible (this is a limitation of operating systems, not Julia).

dims is a tuple specifying the size of the array.

The file is passed via the stream argument. When you initialize the stream, use "r" for a “read-only” array, and
"w+" to create a new array used to write values to disk.

Optionally, you can specify an offset (in bytes) if, for example, you want to skip over a header in the file. The
default value for the offset is the current stream position.

For example, the following code:

# Create a file for mmapping

# (you could alternatively use mmap_array to do this step, too)

A = rand(1:20, 5, 30)

s = open("/tmp/mmap.bin", "w+")

# We'll write the dimensions of the array as the first two Ints in the file
write (s, size (A, 1))

write (s, size(A,2))

# Now write the data

write (s, A)

close (s)

H=

Test by reading it back in

= open ("/tmp/mmap.bin") # default is read-only
read (s, Int)

read (s, Int)

A2 = mmap_array (Int, (m,n), s)

=20 = ]
Il

creates am-by-n Matrix{Int}, linked to the file associated with stream s.

A more portable file would need to encode the word size—32 bit or 64 bit—and endianness information in the
header. In practice, consider encoding binary data using standard formats like HDF5 (which can be used with
memory-mapping).

mmap_bitarray ( [type ], dims, stream[, oﬁ‘set] )
Create a BitArray whose values are linked to a file, using memory-mapping; it has the same purpose, works
in the same way, and has the same arguments, as mmap_array (), but the byte representation is different. The
type parameter is optional, and must be Bool if given.

Example: B = mmap_bitarray ((25,30000), s)
This would create a 25-by-30000 BitArray, linked to the file associated with stream s.

msync (array)
Forces synchronization between the in-memory version of a memory-mapped Array or BitArray and the
on-disk version.

msync (ptr, len[,ﬂags])
Forces synchronization of the mmap () ped memory region from pt r to pt r+1en. Flags defaults to MS_SYNC,
but can be a combination of MS_ASYNC, MS_SYNC, or MS_INVALIDATE. See your platform man page for
specifics. The flags argument is not valid on Windows.

You may not need to call msync, because synchronization is performed at intervals automatically by the oper-
ating system. However, you can call this directly if, for example, you are concerned about losing the result of a
long-running calculation.

MS_ASYNC
Enum constant for msync (). See your platform man page for details. (not available on Windows).
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MS_SYNC
Enum constant for msync () . See your platform man page for details. (not available on Windows).

MS_INVALIDATE
Enum constant for msync () . See your platform man page for details. (not available on Windows).

mmap (len, prot, flags, fd, offset)
Low-level interface to the mmap system call. See the man page.

munmap (pointer, len)
Low-level interface for unmapping memory (see the man page). With mmap_array () you do not need to call
this directly; the memory is unmapped for you when the array goes out of scope.

Standard Numeric Types

Bool Int8 Uint8 Intl6 Uintl6 Int32 Uint32 Int64 Uint64 Intl128 Uintl1l28 Floatl6 Float32
Float64 Complex64 Complex128

Mathematical Operators

=(x)
Unary minus operator.

+ (x, y...)
Addition operator. x+y+z+. . . calls this function with all arguments, i.e. + (x, v, z, ...).

= (xy)
Subtraction operator.

* (X, y...)
Multiplication operator. x+y*z~* . . . calls this function with all arguments, i.e. « (x, vy, z, ...).

/ (xy)
Right division operator: multiplication of x by the inverse of y on the right. Gives floating-point results for
integer arguments.

\ (x, )
Left division operator: multiplication of y by the inverse of x on the left. Gives floating-point results for integer
arguments.

M x,y)
Exponentiation operator.

-+ (x,y)
Element-wise addition operator.

= (xy)
Element-wise subtraction operator.

cx(X,Y)
Element-wise multiplication operator.

-/ (x0y)
Element-wise right division operator.

A\ (%)
Element-wise left division operator.
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()
Element-wise exponentiation operator.

div (a, b)
Compute a/b, truncating to an integer.

£ld (a, b)
Largest integer less than or equal to a/b.

mod (x, m)
Modulus after division, returning in the range [0,m).

mod2pi (x)
Modulus after division by 2pi, returning in the range [0,2pi).

This function computes a floating point representation of the modulus after division by numerically exact 2pi,
and is therefore not exactly the same as mod(x,2pi), which would compute the modulus of x relative to division
by the floating-point number 2pi.

rem (x, m)
Remainder after division.

divrem (x,y)
Returns (x/y, x%y).

% (x, m)
Remainder after division. The operator form of rem.

modl (x, m)
Modulus after division, returning in the range (0,m]

reml (x, m)
Remainder after division, returning in the range (0,m]

// (num, den)
Divide two integers or rational numbers, giving a Rat ional result.

rationalize ( [Type=1nt], x; tol=eps(x))
Approximate floating point number x as a Rational number with components of the given integer type. The
result will differ from x by no more than tol.

num (x)
Numerator of the rational representation of x

den (x)
Denominator of the rational representation of x

<<(x,n)
Left bit shift operator.

>> (x, n)
Right bit shift operator, preserving the sign of x.

>>> (x, n)
Unsigned right bit shift operator.

: (start[, step], stop)
Range operator. a:Db constructs a range from a to b with a step size of 1, and a:s:Db is similar but uses a
step size of s. These syntaxes call the function colon. The colon is also used in indexing to select whole
dimensions.

colon (start[, step], stop)
Called by : syntax for constructing ranges.
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range ( start[, step], length)
Construct a range by length, given a starting value and optional step (defaults to 1).

linrange (start, end, length)
Construct a range by length, given a starting and ending value.

==(x,y)

Generic equality operator, giving a single Boo1 result. Falls back to ===. Should be implemented for all types
with a notion of equality, based on the abstract value that an instance represents. For example, all numeric
types are compared by numeric value, ignoring type. Strings are compared as sequences of characters, ignoring
encoding.

Follows IEEE semantics for floating-point numbers.
Collections should generally implement == by calling == recursively on all contents.

New numeric types should implement this function for two arguments of the new type, and handle comparison
to other types via promotion rules where possible.

'=(x,y)
Not-equals comparison operator. Always gives the opposite answer as ==. New types should generally not
implement this, and rely on the fallback definition !=(x,y) = ! (x==y) instead.

=== ( X, y)

See the is () operator

'==(x,y)
Equivalentto !is (x, y)

<(x,y)

Less-than comparison operator. New numeric types should implement this function for two arguments of the
new type. Because of the behavior of floating-point NaN values, < implements a partial order. Types with a
canonical partial order should implement <, and types with a canonical total order should implement isless.

<=(x,y)
Less-than-or-equals comparison operator.

>(x,y)
Greater-than comparison operator. Generally, new types should implement < instead of this function, and rely
on the fallback definition > (x,y) = y<x.

>=(x,y)

Greater-than-or-equals comparison operator.

-==(xy)
Element-wise equality comparison operator.

A=)
Element-wise not-equals comparison operator.

.<(x,y)
Element-wise less-than comparison operator.

.<=(x, )
Element-wise less-than-or-equals comparison operator.

> (x,y)
Element-wise greater-than comparison operator.

>=(x,y)
Element-wise greater-than-or-equals comparison operator.

276 Chapter 33

. The Standard Library



Julia (1Y, £ 47 0.3.0-prerelease

cmp (X, y)
Return -1, 0, or 1 depending on whether x is less than, equal to, or greater than y, respectively. Uses the
total order implemented by isless. For floating-point numbers, uses < but throws an error for unordered
arguments.

~ (x)
Bitwise not

& (x,y)
Bitwise and

| (x,y)
Bitwise or

$(x,y)
Bitwise exclusive or

! (x)
Boolean not

X && y
Short-circuiting boolean and

x|y
Short-circuiting boolean or

A 1div _Bc(a, b)
Matrix operator A \ BH

A_1div_Bt (a, b)
Matrix operator A\ BT

A mul B(...)
Matrix operator A B

A mul Bc(...)
Matrix operator A BH

A mul Bt(...)
Matrix operator A BT

A rdiv _Bc(...)
Matrix operator A / BH

A rdiv_Bt (a, b)
Matrix operator A / BT

Ac_1ldiv_B(...)
Matrix operator AH \ B

Ac_1ldiv Bc(...)
Matrix operator A" \ BH

Ac_mul B(...)
Matrix operator A" B

Ac_mul_Bc(...)
Matrix operator AH BH

Ac_rdiv_B(a, b)
Matrix operator A" / B

Ac_rdiv_Bc(a, b)
Matrix operator At! / BH
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At_1div_B(...)
Matrix operator AT\ B

At_1ldiv_Bt (...)
Matrix operator AT \ BT

At_mul B(...)
Matrix operator AT B

At _mul Bt (...)
Matrix operator AT BT

At_rdiv_B(a, b)
Matrix operator AT /B

At_rdiv_Bt (a, b)
Matrix operator AT / BT

Mathematical Functions

isapprox (x::Number, y::Number; rtol::Real=cbrt(maxeps), atol::Real=sqrt(maxeps))
Inexact equality comparison - behaves slightly different depending on types of input args:

*For FloatingPoint numbers, isapprox returns true if abs(x-y) <= atol +
rtolxmax (abs (x), abs(y)).

*For Integer and Rational numbers, isapprox returns true if abs (x—-y) <= atol. The rrol
argument is ignored. If one of x and y is FloatingPoint, the other is promoted, and the method above
is called instead.

*For Complex numbers, the distance in the complex plane is compared, using the same criterion as above.
For default tolerance arguments, maxeps = max (eps (abs (x)), eps(abs(y))).

sin (x)
Compute sine of x, where x is in radians

cos (x)
Compute cosine of x, where x is in radians

tan (x)
Compute tangent of x, where x is in radians

sind (x)
Compute sine of x, where x is in degrees

cosd (x)
Compute cosine of x, where x is in degrees

tand (x)
Compute tangent of x, where x is in degrees

sinpi (x)
Compute sin(7z) more accurately than sin (pixx), especially for large x.

cospi (x)
Compute cos(mz) more accurately than cos (pixx), especially for large x.

sinh (x)
Compute hyperbolic sine of x
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cosh (x)
Compute hyperbolic cosine of x

tanh (x)
Compute hyperbolic tangent of x

asin (x)
Compute the inverse sine of x, where the output is in radians

acos (x)
Compute the inverse cosine of x, where the output is in radians

atan (x)
Compute the inverse tangent of x, where the output is in radians

atan2 (y, x)
Compute the inverse tangent of yv/x, using the signs of both x and y to determine the quadrant of the return
value.

asind (x)
Compute the inverse sine of x, where the output is in degrees

acosd (x)
Compute the inverse cosine of x, where the output is in degrees

atand (x)
Compute the inverse tangent of x, where the output is in degrees

sec (x)
Compute the secant of x, where x is in radians

csce (x)
Compute the cosecant of x, where x is in radians

cot (x)
Compute the cotangent of x, where x is in radians

secd (x)
Compute the secant of x, where x is in degrees

cscd (x)
Compute the cosecant of x, where x is in degrees

cotd (x)
Compute the cotangent of x, where x is in degrees

asec (x)
Compute the inverse secant of x, where the output is in radians

acsc (x)
Compute the inverse cosecant of x, where the output is in radians

acot (x)
Compute the inverse cotangent of x, where the output is in radians

asecd (x)
Compute the inverse secant of x, where the output is in degrees

acscd (x)
Compute the inverse cosecant of x, where the output is in degrees

acotd (x)
Compute the inverse cotangent of x, where the output is in degrees
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sech (x)
Compute the hyperbolic secant of x

csch (x)
Compute the hyperbolic cosecant of x

coth (x)
Compute the hyperbolic cotangent of x

asinh (x)
Compute the inverse hyperbolic sine of x

acosh (x)
Compute the inverse hyperbolic cosine of x

atanh (x)
Compute the inverse hyperbolic tangent of x

asech (x)
Compute the inverse hyperbolic secant of x

acsch (x)
Compute the inverse hyperbolic cosecant of x

acoth (x)
Compute the inverse hyperbolic cotangent of x

sinc (x)
Compute sin(wz)/(mzx) if © # 0, and 1 if 2 = 0.

cosc (x)
Compute cos(mz)/z — sin(rx)/(rx?) if x # 0, and 0 if = 0. This is the derivative of sinc (x).

deg2rad (x)
Convert x from degrees to radians

rad2deg (x)
Convert x from radians to degrees

hypot (x, y)
Compute the 1/x2 + y2 avoiding overflow and underflow

log (x)
Compute the natural logarithm of x. Throws DomainError for negative Real arguments. Use complex
negative arguments instead.

log (b, x)
Compute the base b logarithm of x. Throws DomainError for negative Real arguments.

log2 (x)
Compute the logarithm of x to base 2. Throws DomainError for negative Real arguments.

logl0 (x)
Compute the logarithm of x to base 10. Throws DomainError for negative Real arguments.

loglp (x)
Accurate natural logarithm of 1+x. Throws DomainError for Real arguments less than -1.

frexp (val)
Return (x, exp) such that x has a magnitude in the interval [1/2, 1) or 0, and val = x x 2°7P,

exp (x)
Compute e*

280 Chapter 33. The Standard Library



Julia (1Y, £ 47 0.3.0-prerelease

exp2 (x)
Compute 2%

explO (x)
Compute 10

ldexp (x, n)
Compute z x 2™

modf (x)
Return a tuple (fpart,ipart) of the fractional and integral parts of a number. Both parts have the same sign as the
argument.

expml (x)
Accurately compute e” — 1

round (x[, digits[, base] ])
round (x) returns the nearest integral value of the same type as x to x. round(x, digits) rounds to
the specified number of digits after the decimal place, or before if negative, e.g., round (pi, 2) is 3.14.
round (x, digits, base) rounds using a different base, defaulting to 10, e.g., round (pi, 1, 8) is
3.125.

ceil (x[, digits[, base] ] )
Returns the nearest integral value of the same type as x not less than x. digits and base work as above.

floor (x[, digits[, base] ])
Returns the nearest integral value of the same type as x not greater than x. digits and base work as above.

trunc (x[, digits[, base] ])
Returns the nearest integral value of the same type as x not greater in magnitude than x. digits and base
work as above.

iround (x) — Integer
Returns the nearest integer to x.

iceil (x) — Integer
Returns the nearest integer not less than x.

ifloor (x) — Integer
Returns the nearest integer not greater than x.

itrunc (x) — Integer
Returns the nearest integer not greater in magnitude than x.

signif (x, digits[, base] )
Rounds (in the sense of round) x so that there are digit s significant digits, under a base ba se representation,
default 10. E.g., signif (123.456, 2)is120.0,and signif (357.913, 4, 2)is352.0.

min (x,y,...)
Return the minimum of the arguments. Operates elementwise over arrays.

max (x,y, ...)
Return the maximum of the arguments. Operates elementwise over arrays.

minmax (x,y)
Return (min(x,y), max(x,y)).Seealso: extrema () that returns (minimum (x), maximum(x))

clamp (x, lo, hi)
Return x if 1o <= x <= hi. Ifx < lo,return lo. If x > hi, return hi. Arguments are promoted to a
common type. Operates elementwise over x if it is an array.

abs (x)
Absolute value of x
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abs2 (x)
Squared absolute value of x

copysign (x,y)
Return x such that it has the same sign as y

sign (x)
Return +1 if x is positive, 0 if x == 0, and -1 if x is negative.

signbit (x)
Returns 1 if the value of the sign of x is negative, otherwise 0.

flipsign(x,y)

Return x with its sign flipped if v is negative. For example abs (x) = flipsign (x,x).

sqgrt (x)

Return /x. Throws DomainError for negative Real arguments. Use complex negative arguments instead.

The prefix operator , / is equivalent to sqrt.

isqrt (n)
Integer square root: the largest integer m such that mxm <= n.

cbrt (x)
Return z'/3. The prefix operator {/ is equivalent to cbrt.

erf (x)
Compute the error function of x, defined by % wa e~t*dt for arbitrary complex x.

erfc (x)
Compute the complementary error function of x, defined by 1 — erf(z).

erfex (x) )
Compute the scaled complementary error function of x, defined by e* erfc(x).
computes the Faddeeva function w(x).

erfi (x)
Compute the imaginary error function of x, defined by —i erf(ix).

dawson (x)

Note also that erfex(—ix)

Compute the Dawson function (scaled imaginary error function) of x, defined by @e’ig erfi(z).

erfinv (x)
Compute the inverse error function of a real x, defined by erf (erfinv(z)) = .

erfcinv (x)

Compute the inverse error complementary function of a real x, defined by erfc(erfcinv(z)) = «.

real (7)
Return the real part of the complex number z

imag (z)
Return the imaginary part of the complex number z

reim (z)
Return both the real and imaginary parts of the complex number z

conj (2)
Compute the complex conjugate of a complex number z

angle (z)
Compute the phase angle of a complex number z

cis (z)
Return exp(iz).

282 Chapter 33

. The Standard Library



Julia (1Y, £ 47 0.3.0-prerelease

binomial (n, k)
Number of ways to choose k out of n items

factorial (n)
Factorial of n

factorial (n, k)
Compute factorial (n) /factorial (k)

factor (n) — Dict
Compute the prime factorization of an integer n. Returns a dictionary. The keys of the dictionary correspond
to the factors, and hence are of the same type as n. The value associated with each key indicates the number of
times the factor appears in the factorization.

julia> factor (100) # == 2x2x5%5
Dict{Int64,Int64} with 2 entries:
2 => 2
5 => 2
gcd (x, y)

Greatest common (positive) divisor (or zero if x and y are both zero).

lem(x, y)
Least common (non-negative) multiple.

gedx (x, y)
Computes the greatest common (positive) divisor of x and y and their Bézout coefficients, i.e. the integer
coefficients u and v that satisfy uz + vy = d = ged(z, y).

julia> gcdx (12, 42)
(6,-3,1)

julia> gcdx (240, 46)
(2,-9,47)

HEf#: Bézout coefficients are not uniquely defined. gcdx returns the minimal Bézout coefficients that are
computed by the extended Euclid algorithm. (Ref: D. Knuth, TAoCP, 2/e, p. 325, Algorithm X.) These coeffi-
cients u and v are minimal in the sense that |u| < |¥ and |v| < |%. Furthermore, the signs of u and v are chosen
so that d is positive.

ispow2 (n) — Bool
Test whether n is a power of two

nextpow2 (n)
The smallest power of two not less than n. Returns 0 for n==0, and returns —-nextpow?2 (-n) for negative
arguments.

prevpow2 (n)
The largest power of two not greater than n. Returns 0 for n==0, and returns -prevpow?2 (-n) for negative
arguments.

nextpow (4, x)
The smallest a”n not less than x, where n is a non-negative integer. a must be greater than 1, and x must be
greater than 0.

prevpow (a, x)
The largest a”n not greater than x, where n is a non-negative integer. a must be greater than 1, and x must not
be less than 1.
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nextprod ( [k_], k2, .. ] n)
Next integer not less than n that can be written as || kf ¢ for integers p1, pa, etc.

prevprod ( [k_], k 2,.. ], n)
Previous integer not greater than n that can be written as [ [ k¥* for integers p1, p2, etc.

invmod (x, m)
Take the inverse of x modulo m: y such that zy = 1 (mod m)

powermod (x, p, m)
Compute 2P (mod m)

gamma (x)
Compute the gamma function of x

lgamma (x)
Compute the logarithm of absolute value of gamma (x)

lfact (x)
Compute the logarithmic factorial of x

digamma (x)
Compute the digamma function of x (the logarithmic derivative of gamma (x) )

invdigamma (x)
Compute the inverse digamma function of x.

trigamma (x)
Compute the trigamma function of x (the logarithmic second derivative of gamma (x) )

polygamma (m, x)
Compute the polygamma function of order m of argument x (the (m+1)th derivative of the logarithm of
gamma (x) )

airy (k, x)
kth derivative of the Airy function Ai(x).
airyai (x)
Airy function Ai(x).
airyprime (x)
Airy function derivative Ai’(z).
airyaiprime (x)
Airy function derivative Ai’(x).
airybi (x)
Airy function Bi(x).
airybiprime (x)
Airy function derivative Bi’ ().
airyx (k, x)
. . . . . 2,
scaled kth derivative of the Airy function, return Al(x)eé‘“/;“ for k == || k == 1, and
Ai(z)e ReGovA)l fork == 2 || k ==

besseljo (x)
Bessel function of the first kind of order 0, Jo(x).

besseljl (x)
Bessel function of the first kind of order 1, J; ().

besselj (nu, x)
Bessel function of the first kind of order nu, J, (z).
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besseljx (nu, x)
Scaled Bessel function of the first kind of order nu, J, ()e~ ! ™@),

besselyO (x)
Bessel function of the second kind of order 0, Yy ().

besselyl (x)
Bessel function of the second kind of order 1, Y7 (z).

bessely (nu, x)
Bessel function of the second kind of order nu, Y, ().

besselyx (nu, x)

Scaled Bessel function of the second kind of order nu, Y, (z)e~ ™I,

hankelhl (nu, x)
Bessel function of the third kind of order nu, H, 51) (x).

hankelhlx (nu, x)
Scaled Bessel function of the third kind of order nu, H l(,l) (x)e=,

hankelh2 (nu, x)
Bessel function of the third kind of order nu, H, 52) (x).

hankelh2x (nu, x)
Scaled Bessel function of the third kind of order nu, H 1(12) (x)e®.

besselh (nu, k, x)

Bessel function of the third kind of order nu (Hankel function). k is either 1 or 2, selecting hankelhl or

hankelh?2, respectively.

besseli (nu, x)
Modified Bessel function of the first kind of order nu, I, (z).

besselix (nu, x)
Scaled modified Bessel function of the first kind of order nu, I, (x)

besselk (nu, x)
Modified Bessel function of the second kind of order nu, K, (x).

besselkx (nu, x)

o~ Re(x)]

Scaled modified Bessel function of the second kind of order nu, K, (z)e”.

beta (x, y)
Euler integral of the first kind B(z,y) = T'(z)['(y)/T'(z + y).
lbeta (x,y)
Natural logarithm of the absolute value of the beta function log(| B(x, y)|).
eta (x)
Dirichlet eta function n(s) = > oo, (—)"~!/n®.
zeta (s)

Riemann zeta function ((s).

zeta (s, 7)

Hurwitz zeta function ((s, z). (This is equivalent to the Riemann zeta function {(s) for the case of z=1.)

ndigits (n, b)
Compute the number of digits in number n written in base b.

widemul (x, y)
Multiply x and vy, giving the result as a larger type.
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Qevalpoly (z, c...)
Evaluate the polynomial & c[k]zkfl for the coefficients c[1], c [2], ...; that is, the coefficients are given in
ascending order by power of z. This macro expands to efficient inline code that uses either Horner’s method or,
for complex z, a more efficient Goertzel-like algorithm.

Data Formats

bin (n[, pad] )
Convert an integer to a binary string, optionally specifying a number of digits to pad to.

hex (n[, pad] )
Convert an integer to a hexadecimal string, optionally specifying a number of digits to pad to.

dec (n[, pad] )
Convert an integer to a decimal string, optionally specifying a number of digits to pad to.

oct (n[, pad] )
Convert an integer to an octal string, optionally specifying a number of digits to pad to.

base (base, n[, pad] )
Convert an integer to a string in the given base, optionally specifying a number of digits to pad to. The base can
be specified as either an integer, or as a Uint 8 array of character values to use as digit symbols.

digits (n[, base ] [,pad])
Returns an array of the digits of n in the given base, optionally padded with zeros to a specified size.
More significant digits are at higher indexes, such that n == sum([digits[k]«*base” (k-1) for
k=1:length(digits)]).

digits! (array, n[, base])
Fills an array of the digits of n in the given base. More significant digits are at higher indexes. If the array length
is insufficient, the least significant digits are filled up to the array length. If the array length is excessive, the
excess portion is filled with zeros.

bits (n)
A string giving the literal bit representation of a number.

parseint ([type ], str[, base])
Parse a string as an integer in the given base (default 10), yielding a number of the specified type (default Int).

parsefloat ([type], Str)
Parse a string as a decimal floating point number, yielding a number of the specified type.

big (x)
Convert a number to a maximum precision representation (typically BigInt or BigFloat). See BigFloat
for information about some pitfalls with floating-point numbers.

bool (x)
Convert a number or numeric array to boolean

int (x)
Convert a number or array to the default integer type on your platform. Alternatively, x can be a string, which
is parsed as an integer.

uint (x)
Convert a number or array to the default unsigned integer type on your platform. Alternatively, x can be a string,
which is parsed as an unsigned integer.
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integer (x)
Convert a number or array to integer type. If x is already of integer type it is unchanged, otherwise it converts it
to the default integer type on your platform.

signed (x)
Convert a number to a signed integer

unsigned (x) — Unsigned
Convert a number to an unsigned integer

int8 (x)
Convert a number or array to Int 8 data type

intl6 (x)
Convert a number or array to Int16 data type

int32 (x)
Convert a number or array to Int 32 data type

inté64 (x)
Convert a number or array to Int 64 data type

int128 (x)
Convert a number or array to Int 128 data type

uint8 (x)
Convert a number or array to Uint 8 data type

uintl6 (x)
Convert a number or array to Uint 16 data type

uint32 (x)
Convert a number or array to Uint 32 data type

uint64 (x)
Convert a number or array to Uint 64 data type

uintl1l28 (x)
Convert a number or array to Uint 128 data type

floatl6 (x)
Convert a number or array to Float16 data type

float32 (x)
Convert a number or array to Float 32 data type

float64 (x)
Convert a number or array to Float 64 data type

float32_isvalid (x, out::Vector{Float32}) — Bool
Convert a number or array to Float 32 data type, returning true if successful. The result of the conversion is
stored in out [1].

float64_isvalid (x, out::Vector{Float64}) — Bool
Convert a number or array to Float 64 data type, returning true if successful. The result of the conversion is
stored in out [1].

float (x)
Convert a number, array, or string to a FloatingPoint data type. For numeric data, the smallest suitable
FloatingPoint type is used. Converts strings to Float 64.

This function is not recommended for arrays. It is better to use a more specific function such as f1oat32 or
float64.
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significand (x)
Extract the significand(s) (a.k.a. mantissa), in binary representation, of a floating-point number or array.

julia> significand(15.2)/15.2
0.125

julia> significand(15.2) %8
15.2

exponent (x) — Int
Get the exponent of a normalized floating-point number.

complex64 (r[, i])
Convert to r + i*imrepresented as a Complex64 datatype. i defaults to zero.

complex128 (r[, i])
Convertto r + 1i*imrepresented as a Complex128 data type. i defaults to zero.

complex (r[, i])
Convert real numbers or arrays to complex. i defaults to zero.

char (x)
Convert a number or array to Char data type

bswap (n)
Byte-swap an integer
num2hex (f)
Get a hexadecimal string of the binary representation of a floating point number

hex2num (str)
Convert a hexadecimal string to the floating point number it represents

hex2bytes (s::ASCIIString)
Convert an arbitrarily long hexadecimal string to its binary representation. Returns an Array{Uint8, 1}, i.e. an
array of bytes.

bytes2hex (bin_arr::Array{Uint8, 1})
Convert an array of bytes to its hexadecimal representation. All characters are in lower-case. Returns an ASCI-
IString.

Numbers

one (x)
Get the multiplicative identity element for the type of x (x can also specify the type itself). For matrices, returns
an identity matrix of the appropriate size and type.

zero (x)
Get the additive identity element for the type of x (x can also specify the type itself).

pi

The constant pi
im

The imaginary unit
e

The constant e
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catalan
Catalan’s constant

Inf
Positive infinity of type Float64

Inf32
Positive infinity of type Float32

Inflé
Positive infinity of type Float16

NaN
A not-a-number value of type Float64

NaN32
A not-a-number value of type Float32

NaN16é
A not-a-number value of type Float16

issubnormal (f) — Bool
Test whether a floating point number is subnormal

isfinite (f) — Bool
Test whether a number is finite

isinf (f) — Bool
Test whether a number is infinite

isnan (f) — Bool
Test whether a floating point number is not a number (NaN)

inf (f)
Returns positive infinity of the floating point type £ or of the same floating point type as £

nan (f)
Returns NaN (not-a-number) of the floating point type £ or of the same floating point type as £

nextfloat (f)
Get the next floating point number in lexicographic order

prevfloat (f) — FloatingPoint
Get the previous floating point number in lexicographic order

isinteger (x) — Bool
Test whether x or all its elements are numerically equal to some integer

isreal (x) — Bool
Test whether x or all its elements are numerically equal to some real number

BigInt (x)
Create an arbitrary precision integer. x may be an Int (or anything that can be converted to an Int) or a
String. The usual mathematical operators are defined for this type, and results are promoted to a BigInt.

BigFloat (x)
Create an arbitrary precision floating point number. x may be an Integer, a Float64, a String or a
BigInt. The usual mathematical operators are defined for this type, and results are promoted to a BigFloat.
Note that because floating-point numbers are not exactly-representable in decimal notation, BigFloat (2.1)
may not yield what you expect. You may prefer to initialize constants using strings, e.g., BigFloat ("2.1").
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get_rounding (7T)
Get the current floating point rounding mode for type T. Valid modes are RoundNearest, RoundToZero,
RoundUp, RoundDown, and RoundFromZero (BigFloat only).

set_rounding (7T, mode)
Set the rounding mode of floating point type T. Note that this may affect other types, for instance changing the
rounding mode of Float 64 will change the rounding mode of F1loat32. See get_rounding for available
modes

with_rounding (f::Function, T, mode)
Change the rounding mode of floating point type T for the duration of £. It is logically equivalent to:

old = get_rounding(T)
set_rounding (T, mode)
£()

set_rounding (T, old)

See get_rounding for available rounding modes.

Integers

count_ones (x::Integer) — Integer
Number of ones in the binary representation of x.

julia> count_ones (7)
3

count_zeros (x::Integer) — Integer
Number of zeros in the binary representation of x.

julia> count_zeros (int32(2 ~ 16 1))
16

leading_zeros (x::Integer) — Integer
Number of zeros leading the binary representation of x.

julia> leading_zeros (int32 (1))
31

leading_ones (x::Integer) — Integer
Number of ones leading the binary representation of x.

julia> leading_ones (int32(2 ~ 32 - 2))
31

trailing_zeros (x::Integer) — Integer
Number of zeros trailing the binary representation of x.

julia> trailing_zeros(2)
1

trailing_ones (x::Integer) — Integer
Number of ones trailing the binary representation of x.

julia> trailing_ones (3)
2
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isprime (x::Integer) — Bool
Returns t rue if x is prime, and false otherwise.

julia> isprime (3)
true

primes (n)
Returns a collection of the prime numbers <= n.

isodd (x::Integer) — Bool
Returns t rue if x is odd (that is, not divisible by 2), and false otherwise.

julia> isodd(9)
true

julia> isodd(10)
false

iseven (x::Integer) — Bool
Returns t rue is x is even (that is, divisible by 2), and false otherwise.

julia> iseven(9)
false

julia> iseven (10)
true

BigFloats

The BigFloat type implements arbitrary-precision floating-point aritmetic using the GNU MPFR library.

precision (num::Floating Point)
Get the precision of a floating point number, as defined by the effective number of bits in the mantissa.

get_bigfloat_precision ()
Get the precision (in bits) currently used for BigFloat arithmetic.

set_bigfloat_precision (x::Int64)
Set the precision (in bits) to be used to BigFloat arithmetic.

with_bigfloat_precision (f::Function, precision::Integer)
Change the BigFloat arithmetic precision (in bits) for the duration of f. It is logically equivalent to:

old = get_bigfloat_precision()
set_bigfloat_precision(precision)
£0)

set_bigfloat_precision (old)

Random Numbers

Random number generation in Julia uses the Mersenne Twister library. Julia has a global RNG, which is used by
default. Multiple RNGs can be plugged in using the Abst ractRNG object, which can then be used to have multiple
streams of random numbers. Currently, only MersenneTwister is supported.
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srand ( [rng ], seed)
Seed the RNG with a seed, which may be an unsigned integer or a vector of unsigned integers. seed can even
be a filename, in which case the seed is read from a file. If the argument rng is not provided, the default global
RNG is seeded.

MersenneTwister ( [seed] )
Create a MersenneTwister RNG object. Different RNG objects can have their own seeds, which may be
useful for generating different streams of random numbers.

rand () — Float64
Generate a F1loat 64 random number uniformly in [0,1)

rand! ( [rng], A)
Populate the array A with random number generated from the specified RNG.

rand (rng::AbstractRNG[, dims... ] )
Generate a random Float 64 number or array of the size specified by dims, using the specified RNG object.
Currently, MersenneTwister is the only available Random Number Generator (RNG), which may be seeded
using srand.

rand (dims or [dims...])
Generate a random Float 64 array of the size specified by dims

rand (Int321Uint32\Int64\Uint64\Int128\Uint 128, dims... |)
Generate a random integer of the given type. Optionally, generate an array of random integers of the given type
by specifying dims.

rand (r[, dims... ] )
Generate a random integer from the inclusive interval specified by Rangel r (for example, 1 :n). Optionally,
generate a random integer array.

randbool ([dims... ] )
Generate a random boolean value. Optionally, generate an array of random boolean values.

randbool! (A)
Fill an array with random boolean values. A may be an Array oraBitArray.

randn ([rng], dims or [dims...])
Generate a normally-distributed random number with mean O and standard deviation 1. Optionally generate an
array of normally-distributed random numbers.

randn! ( [rng ], A::Array{Float64, N})
Fill the array A with normally-distributed (mean 0, standard deviation 1) random numbers. Also see the rand
function.

Arrays

Basic functions
ndims (A) — Integer
Returns the number of dimensions of A

size (A)
Returns a tuple containing the dimensions of A

iseltype (A, T)
Tests whether A or its elements are of type T
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length (A) — Integer
Returns the number of elements in A

countnz (A)
Counts the number of nonzero values in array A (dense or sparse). Note that this is not a constant-time operation.
For sparse matrices, one should usually use nnz, which returns the number of stored values.

conj! (A)
Convert an array to its complex conjugate in-place

stride (4, k)
Returns the distance in memory (in number of elements) between adjacent elements in dimension k

strides (A)
Returns a tuple of the memory strides in each dimension

ind2sub (dims, index) — subscripts
Returns a tuple of subscripts into an array with dimensions dims, corresponding to the linear index index

Example i, j, ... = ind2sub(size (A7), indmax (A)) provides the indices of the maximum ele-
ment

sub2ind (dims, i, j, k...) — index
The inverse of ind2sub, returns the linear index corresponding to the provided subscripts

Constructors

Array (type, dims)
Construct an uninitialized dense array. dims may be a tuple or a series of integer arguments.

getindex (type[, elements... ] )
Construct a 1-d array of the specified type. This is usually called with the syntax Type [ ]. Element values can
be specified using Type [a, b, c, ...].

cell (dims)
Construct an uninitialized cell array (heterogeneous array). dims can be either a tuple or a series of integer
arguments.

zeros (type, dims)
Create an array of all zeros of specified type

ones (type, dims)
Create an array of all ones of specified type

trues (dims)
Create a BitArray with all values set to true

falses (dims)
Create a BitArray with all values set to false

£ill (v, dims)
Create an array filled with v

£ill! (A, x)
Fill array A with value x

reshape (A, dims)
Create an array with the same data as the given array, but with different dimensions. An implementation for a
particular type of array may choose whether the data is copied or shared.
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similar (array, element_type, dims)
Create an uninitialized array of the same type as the given array, but with the specified element type and dimen-
sions. The second and third arguments are both optional. The dims argument may be a tuple or a series of
integer arguments.

reinterpret (type, A)
Change the type-interpretation of a block of memory. For example, reinterpret (Float32,
uint32 (7)) interprets the 4 bytes corresponding to uint32 (7) as a Float32. For arrays, this constructs
an array with the same binary data as the given array, but with the specified element type.

eye (n)
n-by-n identity matrix

eye (m, n)
m-by-n identity matrix

eye (A)
Constructs an identity matrix of the same dimensions and type as A.

linspace (start, stop, n)
Construct a vector of n linearly-spaced elements from start to stop. See also: 1inrange () that constructs
a range object.

logspace (start, stop, n)
Construct a vector of n logarithmically-spaced numbers from 10" start to 10" stop.

Mathematical operators and functions

All mathematical operations and functions are supported for arrays

broadcast (f, As...)
Broadcasts the arrays As to a common size by expanding singleton dimensions, and returns an array of the
results £ (as...) for each position.

broadcast! (f, dest, As...)
Like broadcast, but store the result of broadcast (f, As...) in the dest array. Note that dest
is only used to store the result, and does not supply arguments to £ unless it is also listed in the As, as in
broadcast! (£, A, A, B) toperformA[:] = broadcast(f, A, B).

bitbroadcast (f, As...)
Like broadcast, but allocates a Bit Array to store the result, rather then an Array.

broadcast_function (f)
Returns a function broadcast_f such that broadcast_function (f) (As...)
=== broadcast (f, As...). Most useful in the form const broadcast_f =
broadcast_function (f).

broadcast!_function (f)
Like broadcast_function, but forbroadcast!.

Indexing, Assignment, and Concatenation

getindex (A, inds...)
Returns a subset of array A as specified by inds, where each ind may be an Int, a Range, or a Vector.

sub (A, inds...)
Returns a SubArray, which stores the input A and inds rather than computing the result immediately. Calling
getindex on a SubArray computes the indices on the fly.
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parent (A)
Returns the “parent array” of an array view type (e.g., SubArray), or the array itself if it is not a view

parentindexes (A)
From an array view A, returns the corresponding indexes in the parent

slicedim (A, d, i)
Return all the data of A where the index for dimension d equals i. EquivalenttoA[:, :, ..., 1,:,:,...]
where i is in position d.

slice (A, inds...)
Create a view of the given indexes of array A, dropping dimensions indexed with scalars.

setindex! (A, X, inds...)
Store values from array X within some subset of A as specified by inds.

broadcast_getindex (A, inds...)
Broadcasts the inds arrays to a common size like broadcast, and returns an array of the results A [ks. . .],
where ks goes over the positions in the broadcast.

broadcast_setindex! (A, X, inds...)
Broadcasts the X and inds arrays to a common size and stores the value from each position in X at the indices
given by the same positions in inds.

cat (dim, A...)
Concatenate the input arrays along the specified dimension

veat (A...)
Concatenate along dimension 1

hcat (A...)
Concatenate along dimension 2

hveat (rows::(Int...), values...)
Horizontal and vertical concatenation in one call. This function is called for block matrix syntax. The first
argument specifies the number of arguments to concatenate in each block row. For example, [a b;c d e]
calls hvcat ((2,3),a,b,c,d,e).

If the first argument is a single integer n, then all block rows are assumed to have n block columns.

flipdim (A, d)
Reverse A in dimension d.

flipud (A)

Equivalentto f1ipdim (A, 1).
fliplr (A)

Equivalentto f1ipdim (A, 2).
circshift (A, shifts)

Circularly shift the data in an array. The second argument is a vector giving the amount to shift in each dimen-
sion.

find (A)
Return a vector of the linear indexes of the non-zeros in A (determined by A[1] !=0). A common use of this is
to convert a boolean array to an array of indexes of the t rue elements.

find (f, A)
Return a vector of the linear indexes of A where f returns true.
findn (A)

Return a vector of indexes for each dimension giving the locations of the non-zeros in A (determined by A[1] !
=0).
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findnz (A)
Return a tuple (I, J, V) where I and J are the row and column indexes of the non-zero values in matrix 2,
and V is a vector of the non-zero values.

findfirst (A)
Return the index of the first non-zero value in A (determined by A[1] !=0).

findfirst (A, v)
Return the index of the first element equal to v in A.

findfirst (predicate, A)
Return the index of the first element of A for which predicate returns true.

findnext (A, i)
Find the next index >= i of a non-zero element of A, or 0 if not found.

findnext (predicate, A, i)
Find the next index >= i of an element of A for which predicate returns true, or 0 if not found.

findnext (A, v, 1)
Find the next index >= i of an element of A equal to v (using ==), or 0 if not found.

permutedims (A, perm)
Permute the dimensions of array A. perm is a vector specifying a permutation of length ndims (A) . This is a
generalization of transpose for multi-dimensional arrays. Transpose is equivalent to permutedims (A, [2,
1]1).

ipermutedims (A, perm)
Like permutedims (), except the inverse of the given permutation is applied.

squeeze (A, dims)
Remove the dimensions specified by dims from array A

vec (Array) — Vector
Vectorize an array using column-major convention.

promote_shape (s/, 5s2)
Check two array shapes for compatibility, allowing trailing singleton dimensions, and return whichever shape
has more dimensions.

checkbounds (array, indexes...)
Throw an error if the specified indexes are not in bounds for the given array.

randsubseq (A, p) — Vector
Return a vector consisting of a random subsequence of the given array A, where each element of A is included
(in order) with independent probability p. (Complexity is linear in pxlength (A), so this function is efficient
even if p is small and A is large.) Technically, this process is known as “Bernoulli sampling” of A.

randsubseq! (S, A, p)
Like randsubseq, but the results are stored in S (which is resized as needed).

Array functions

cumprod (A [, dim ] )
Cumulative product along a dimension.

cumprod! (B, A[, dim] )
Cumulative product of A along a dimension, storing the result in B.

cumsum (A [, dim ] )
Cumulative sum along a dimension.
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cumsum! (B, A[, dim] )
Cumulative sum of A along a dimension, storing the result in B.

cumsum_kbn (A [, dim ] )
Cumulative sum along a dimension, using the Kahan-Babuska-Neumaier compensated summation algorithm for
additional accuracy.

cummin (A[, dim] )
Cumulative minimum along a dimension.

cummax (A [, dim ] )
Cumulative maximum along a dimension.

diff (A[, dim])
Finite difference operator of matrix or vector.

gradient (F[, h] )
Compute differences along vector F, using h as the spacing between points. The default spacing is one.

rotl180 (A)
Rotate matrix A 180 degrees.

rotl90 (A)
Rotate matrix A left 90 degrees.

rotr90 (A)
Rotate matrix A right 90 degrees.

reducedim (f, A, dims, initial)
Reduce 2-argument function f along dimensions of A. dims is a vector specifying the dimensions to reduce,
and initial is the initial value to use in the reductions.

The associativity of the reduction is implementation-dependent; if you need a particular associativity, e.g. left-
to-right, you should write your own loop. See documentation for reduce.

mapslices (f, A, dims)
Transform the given dimensions of array A using function f£. f is called on each slice of A of the form A [ . .
ey iy ...y, ...]. dims is an integer vector specifying where the colons go in this expression. The results
are concatenated along the remaining dimensions. For example, if dims is [1, 2] and A is 4-dimensional, £
iscalledonA[:, :, i, ] forall i and j.

sum_kbn (A)
Returns the sum of all array elements, using the Kahan-Babuska-Neumaier compensated summation algorithm
for additional accuracy.

cartesianmap (f, dims)
Given a dims tuple of integers (m, n, ...),call f on all combinations of integers in the ranges 1 :m, 1 :n,
etc.

julia> cartesianmap (println, (2,2))
11
21
12
22

BitArrays

bitpack (A::AbstractArray{T, N}) — BitArray
Converts a numeric array to a packed boolean array
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bitunpack (B::BitArray{N}) — Array{Bool,N}
Converts a packed boolean array to an array of booleans

flipbits! (B::BitArray{N}) — BitArray{N}
Performs a bitwise not operation on B. See ~ operator.

rol (B::BitArray{1}, i::Integer) — BitArray{1}
Left rotation operator.

ror (B::BitArray{1}, i::Integer) — BitArray{1}
Right rotation operator.

Combinatorics

nthperm (v, k)
Compute the kth lexicographic permutation of a vector.

nthperm (p)
Return the k that generated permutation p. Note that nthperm (nthperm([1:n], k)) == kforl <=
k <= factorial (n).

nthperm! (v, k)
In-place version of nthperm ().

randperm (n)
Construct a random permutation of the given length.

invperm (v)
Return the inverse permutation of v.

isperm (v) — Bool
Returns true if v is a valid permutation.

permute! (v, p)
Permute vector v in-place, according to permutation p. No checking is done to verify that p is a permutation.

To return a new permutation, use v [p]. Note that this is generally faster than permute! (v, p) for large
vectors.

ipermute! (v, p)
Like permute!, but the inverse of the given permutation is applied.

randcycle (n)
Construct a random cyclic permutation of the given length.

shuffle (v)
Return a randomly permuted copy of v.

shuffle! (v)
In-place version of shuffle ().

reverse (v[, startz][, stopzlength(v)] ] )
Return a copy of v reversed from start to stop.

reverse! (v[, start:][, stop:length(v)] ]) -V
In-place version of reverse ().

combinations (arr, n)
Generate all combinations of n elements from an indexable object. Because the number of combinations can be
very large, this function returns an iterator object. Use collect (combinations (a,n)) to get an array of
all combinations.
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permutations (arr)
Generate all permutations of an indexable object. Because the number of permutations can be very large, this
function returns an iterator object. Use collect (permutations (a,n)) to get an array of all permuta-
tions.

partitions (n)
Generate all integer arrays that sum to n. Because the number of partitions can be very large, this function
returns an iterator object. Use collect (partitions (n)) to get an array of all partitions. The number of
partitions to generete can be efficiently computed using length (partitions (n)).

partitions (n, m)
Generate all arrays of m integers that sum to n. Because the number of partitions can be very large, this function
returns an iterator object. Use collect (partitions (n,m) ) to get an array of all partitions. The number
of partitions to generete can be efficiently computed using length (partitions (n,m)).

partitions (array)
Generate all set partitions of the elements of an array, represented as arrays of arrays. Because the number of
partitions can be very large, this function returns an iterator object. Use collect (partitions (array))
to get an array of all partitions. The number of partitions to generete can be efficiently computed using
length (partitions (array)).

partitions (array, m)
Generate all set partitions of the elements of an array into exactly m subsets, represented as arrays of ar-
rays. Because the number of partitions can be very large, this function returns an iterator object. Use
collect (partitions (array,m)) to get an array of all partitions. The number of partitions into
m subsets is equal to the Stirling number of the second kind and can be efficiently computed using
length (partitions (array,m)).

Statistics

mean (v[, region ] )
Compute the mean of whole array v, or optionally along the dimensions in region. Note: Julia does not
ignore NaN values in the computation. For applications requiring the handling of missing data, the DataArray
package is recommended.

mean! (r,v)
Compute the mean of v over the singleton dimensions of r, and write results to r.

std (v[, region] )
Compute the sample standard deviation of a vector or array v, optionally along dimensions in region. The
algorithm returns an estimator of the generative distribution’s standard deviation under the assumption that each
entry of v is an IID drawn from that generative distribution. This computation is equivalent to calculating

sgrt (sum((v - mean(v)).”2) / (length(v) - 1)). Note: Julia does not ignore NaN values in
the computation. For applications requiring the handling of missing data, the DataArray package is recom-
mended.

stdm (v, m)

Compute the sample standard deviation of a vector v with known mean m. Note: Julia does not ignore NaN
values in the computation.

var (v[, region] )
Compute the sample variance of a vector or array v, optionally along dimensions in region. The algorithm
will return an estimator of the generative distribution’s variance under the assumption that each entry of v
is an IID drawn from that generative distribution. This computation is equivalent to calculating sum ( (v -
mean (v)).”2) / (length(v) - 1). Note: Julia does not ignore NaN values in the computation. For
applications requiring the handling of missing data, the DataArray package is recommended.
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varm (v, m)
Compute the sample variance of a vector v with known mean m. Note: Julia does not ignore NaN values in the
computation.

median (v; checknan::Bool=true)
Compute the median of a vector v. If keyword argument checknan is true (the default), an error is raised
for data containing NaN values. Note: Julia does not ignore NaN values in the computation. For applications
requiring the handling of missing data, the DataArray package is recommended.

median! (v; checknan::Bool=true)
Like median, but may overwrite the input vector.

hist (v[, n]) — €, counts
Compute the histogram of v, optionally using approximately n bins. The return values are a range e, which
correspond to the edges of the bins, and counts containing the number of elements of v in each bin. Note:
Julia does not ignore NaN values in the computation.

hist (v, e) — e, counts
Compute the histogram of v using a vector/range e as the edges for the bins. The result will be a vector of
length length (e) - 1, such that the element at location i satisfies sum (e[1i] .< v .<= e[i+1]).
Note: Julia does not ignore NaN values in the computation.

hist! (counts, v, e) — e, counts
Compute the histogram of v, using a vector/range e as the edges for the bins. This function writes the resultant
counts to a pre-allocated array counts.

hist2d (M, el, e2) -> (edgel, edge2, counts)
Compute a “2d histogram” of a set of N points specified by N-by-2 matrix M. Arguments e1 and e2 are bins for
each dimension, specified either as integer bin counts or vectors of bin edges. The result is a tuple of edgel
(the bin edges used in the first dimension), edge?2 (the bin edges used in the second dimension), and counts,
a histogram matrix of size (length (edgel)-1, length (edge2)-1). Note: Julia does not ignore NaN
values in the computation.

hist2d! (counts, M, el, e2) -> (el, e2, counts)
Compute a “2d histogram” with respect to the bins delimited by the edges given in el and e2. This function
writes the results to a pre-allocated array counts.

histrange (v, n)
Compute nice bin ranges for the edges of a histogram of v, using approximately n bins. The resulting step sizes
will be 1, 2 or 5 multiplied by a power of 10. Note: Julia does not ignore NaN values in the computation.

midpoints (e)
Compute the midpoints of the bins with edges e. The result is a vector/range of length length (e) - 1.
Note: Julia does not ignore NaN values in the computation.

quantile (v, p)
Compute the quantiles of a vector v at a specified set of probability values p. Note: Julia does not ignore NaN
values in the computation.

quantile (v, p)
Compute the quantile of a vector v at the probability p. Note: Julia does not ignore NaN values in the computa-
tion.

quantile! (v, p)
Like quantile, but overwrites the input vector.

cov (vI[, v2][, vardim=1, corrected=true, mean=nothing])
Compute the Pearson covariance between the vector(s) in v1 and v2. Here, v1 and v2 can be either vectors or
matrices.

This function accepts three keyword arguments:

300 Chapter 33. The Standard Library



Julia (1Y, £ 47 0.3.0-prerelease

evardim: the dimension of variables. When vardim = 1, variables are considered in columns while
observations in rows; when vardim = 2, variables are in rows while observations in columns. By
default, it is set to 1.

ecorrected: whether to apply Bessel’s correction (divide by n—1 instead of n). By default, it is set to
true.

emean: allow users to supply mean values that are known. By default, it is set to not hing, which indicates
that the mean(s) are unknown, and the function will compute the mean. Users can use mean=0 to indicate
that the input data are centered, and hence there’s no need to subtract the mean.

The size of the result depends on the size of v1 and v2. When both v1 and v2 are vectors, it returns the
covariance between them as a scalar. When either one is a matrix, it returns a covariance matrix of size (nl,
n2), where nl and n2 are the numbers of slices in v1 and v2, which depend on the setting of vardim.

Note: v2 can be omitted, which indicates v2 = v1.

cor (vI[, v2][, vardim=1, mean=nothing])
Compute the Pearson correlation between the vector(s) in v1 and v2.

Users can use the keyword argument vardim to specify the variable dimension, and mean to supply pre-
computed mean values.

Signal Processing

Fast Fourier transform (FFT) functions in Julia are largely implemented by calling functions from FFTW.

££t (A, dims |)
Performs a multidimensional FFT of the array A. The optional dims argument specifies an iterable subset of
dimensions (e.g. an integer, range, tuple, or array) to transform along. Most efficient if the size of A along

the transformed dimensions is a product of small primes; see nextprod (). See also plan_fft () for even
greater efficiency.

A one-dimensional FFT computes the one-dimensional discrete Fourier transform (DFT) as defined by
length(A)

DET(A)H = > exp (_Z-QW(L;E})IEZ)‘ 1)>A[n].

n=1
A multidimensional FFT simply performs this operation along each transformed dimension of A.
£££1 (A[, dims ])
Same as £t (), but operates in-place on A, which must be an array of complex floating-point numbers.
ifft (A[, dims])
Multidimensional inverse FFT.

A one-dimensional inverse FFT computes

length(A)
IDFT(A)[A]

1 2 (n —1)(k — 1)> Alnl.

:length(A) nz::l P <—H length(A)

A multidimensional inverse FFT simply performs this operation along each transformed dimension of A.
ifft ! (A[, dims])

Same as 1fft (), but operates in-place on A.
bEft (A[, dims])

Similar to ifft (), but computes an unnormalized inverse (backward) transform, which must be divided by
the product of the sizes of the transformed dimensions in order to obtain the inverse. (This is slightly more
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efficient than 1 £ft () because it omits a scaling step, which in some applications can be combined with other
computational steps elsewhere.)

BDFT(A)[k] = length(A) IDFT(A)[k]

bEft! (A[, dims])
Same as bf £t (), but operates in-place on A.

plan_fft (A[, dims[,ﬂags[, timelimit] ] ])
Pre-plan an optimized FFT along given dimensions (dims) of arrays matching the shape and type of A. (The first
two arguments have the same meaning as for £ft ().) Returns a function plan (A) that computes £ft (2,
dims) quickly.

The flags argument is a bitwise-or of FFTW planner flags, defaulting to FETW.ESTIMATE. e.g. passing
FFTW.MEASURE or FFTW.PATIENT will instead spend several seconds (or more) benchmarking different
possible FFT algorithms and picking the fastest one; see the FFTW manual for more information on planner
flags. The optional timelimit argument specifies a rough upper bound on the allowed planning time, in
seconds. Passing FFTW.MEASURE or FFTW.PATIENT may cause the input array A to be overwritten with
zeros during plan creation.

plan_fft! () isthe same as plan_fft () but creates a plan that operates in-place on its argument (which
must be an array of complex floating-point numbers). plan_ifft () and so on are similar but produce plans
that perform the equivalent of the inverse transforms 1 ££t () and so on.

plan_ifft (A[, dims[,ﬂags[, timelimit] ] ] )
Same as plan_fft (), but produces a plan that performs inverse transforms 1 fft ().

plan_bfft (A[, dims[,ﬂags[, timelimit] ] ] )
Same as plan_fft (), but produces a plan that performs an unnormalized backwards transform bf ft ().

plan_fft! (A[, dims[,ﬂags[, timelimit] ] ] )
Same as plan_fft (), but operates in-place on A.

plan_ifft! (A[, dims[,ﬂags[, timelimit] ] ] )
Same as plan_1ifft (), but operates in-place on A.

plan_bfft! (A[, dims[,ﬂags[, timelimit] ] ] )
Same as plan_bfft (), but operates in-place on A.

rfft (A[, dims])
Multidimensional FFT of a real array A, exploiting the fact that the transform has conjugate symmetry in order
to save roughly half the computational time and storage costs compared with £ft (). If A has size (n_1,
., n_d),theresulthassize (floor(n_1/2)+1, ..., n_d).

The optional dims argument specifies an iterable subset of one or more dimensions of A to transform, similar to
fft (). Instead of (roughly) halving the first dimension of A in the result, the dims [1] dimension is (roughly)
halved in the same way.

irfft (A, d[, dims])
Inverse of rf£ft (): for a complex array A, gives the corresponding real array whose FFT yields A in the first
half. As for rf£ft (), dims is an optional subset of dimensions to transform, defaulting to 1 : ndims (A).

d is the length of the transformed real array along the dims[1] dimension, which must satisfy d ==
floor(size (A,dims[1])/2)+1. (This parameter cannot be inferred from size (A) due to the pos-
sibility of rounding by the £1oor function here.)

breft (A, d[, dims )
Similar to irfft () but computes an unnormalized inverse transform (similar to bfft () ), which must be
divided by the product of the sizes of the transformed dimensions (of the real output array) in order to obtain the
inverse transform.
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plan_rfft (A[, dims[,ﬂags[, timelimit] ] ] )
Pre-plan an optimized real-input FFT, similar to plan_fft () exceptfor rfft () instead of ££t (). The first
two arguments, and the size of the transformed result, are the same as for r££t ().

plan_brfft (A, d[, dims[,ﬂags[, timelimit] ] ])
Pre-plan an optimized real-input unnormalized transform, similar to plan_rfft () except for brfft () in-
stead of r£ £t (). The first two arguments and the size of the transformed result, are the same as forbrf£t ().

plan_irfft (A, d[, dims[,ﬂags[, timelimit] ] ])
Pre-plan an optimized inverse real-input FFT, similar to plan_rfft () except for irfft () and brfft (),
respectively. The first three arguments have the same meaning as for irfft ().

dct (A[, dims])
Performs a multidimensional type-II discrete cosine transform (DCT) of the array A, using the unitary normal-
ization of the DCT. The optional dims argument specifies an iterable subset of dimensions (e.g. an integer,
range, tuple, or array) to transform along. Most efficient if the size of A along the transformed dimensions is a
product of small primes; see nextprod (). See also plan_dct () for even greater efficiency.

det! (A, dims])
Same as dct ! (), except that it operates in-place on 2, which must be an array of real or complex floating-point
values.

idet (A[, dims] )
Computes the multidimensional inverse discrete cosine transform (DCT) of the array A (technically, a type-III
DCT with the unitary normalization). The optional dims argument specifies an iterable subset of dimensions
(e.g. an integer, range, tuple, or array) to transform along. Most efficient if the size of A along the trans-
formed dimensions is a product of small primes; see nextprod (). See also plan_idct () for even greater
efficiency.

idet ! (A[, dims )
Same as idct! (), but operates in-place on A.

plan_dct (A[, dims[,ﬂags[, timelimit] ] ])
Pre-plan an optimized discrete cosine transform (DCT), similar to plan_fft () except producing a function
that computes dct (). The first two arguments have the same meaning as for dct ().

plan_dct! (A[, dims[,ﬂags[, timelimit] ] ] )
Same as plan_dct (), but operates in-place on A.

plan_idct (A[, dims[,ﬂags[, timelimit] ] ] )
Pre-plan an optimized inverse discrete cosine transform (DCT), similar to plan_fft () except producing a
function that computes idct (). The first two arguments have the same meaning as for idct ().

plan_idct! (A[, dims[,ﬂags[, timelimit] ] ] )
Same as plan_idct (), but operates in-place on A.

fftshift (x)
Swap the first and second halves of each dimension of x.

fftshift (x, dim)
Swap the first and second halves of the given dimension of array x.

ifftshift (x|, dim])
Undoes the effect of fftshift.

£ilt (b, a, x[, si])
Apply filter described by vectors a and b to vector x, with an optional initial filter state vector si (defaults to
Zeros).

£ilt! (out, b, a, x[, si])
Same as £ilt () but writes the result into the out argument, which may alias the input x to modify it in-place.
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deconv (b, a)
Construct vector c such thatb = conv(a,c) + r.Equivalentto polynomial division.

conv (u, v)
Convolution of two vectors. Uses FFT algorithm.

conv2 (u,v,A)
2-D convolution of the matrix A with the 2-D separable kernel generated by the vectors u and v. Uses 2-D FFT
algorithm

conv2 (B, A)
2-D convolution of the matrix B with the matrix A. Uses 2-D FFT algorithm

xcorr (u,v)
Compute the cross-correlation of two vectors.

The following functions are defined within the Base . FFTW module.

r2r (A, kind[, dims])

Performs a multidimensional real-input/real-output (r2r) transform of type kind of the array A, as defined
in the FFTW manual. kind specifies either a discrete cosine transform of various types (FFTW.REDFTO0O,
FFTW.REDFTO1l, FFTW.REDFT10, or FETW.REDFT11), a discrete sine transform of various types (FFTW.
RODFTO00, FFTW.RODFTO01, FFTW.RODFT10, or FFTW.RODFT11), a real-input DFT with halfcomplex-
format output (FFTW.R2HC and its inverse FFTW . HC2R), or a discrete Hartley transform (FFTW.DHT). The
kind argument may be an array or tuple in order to specify different transform types along the different dimen-
sions of A; kind [end] is used for any unspecified dimensions. See the FFTW manual for precise definitions
of these transform types, at http://www.fftw.org/doc.

The optional dims argument specifies an iterable subset of dimensions (e.g. an integer, range, tuple, or array)
to transform along. kind [1] is then the transform type for dims [1], with kind [end] being used for i >
length (kind).

See also plan_r2r () to pre-plan optimized r2r transforms.

r2r! (A, kind[, dims])
Same as r2r (), but operates in-place on A, which must be an array of real or complex floating-point numbers.

plan_r2r (A, kind[, dims[,ﬂags[, timelimit] ] ])
Pre-plan an optimized r2r transform, similar to Base.plan_fft () except that the transforms (and the first
three arguments) correspond to r2r () and r2r! (), respectively.

plan_r2r! (A, kind[, dims[,ﬂags[, timelimit] ] ])
Similar to Base.plan_fft (), but corresponds to r2r! ().

Numerical Integration

Although several external packages are available for numeric integration and solution of ordinary differential equa-
tions, we also provide some built-in integration support in Julia.

quadgk (f, a, b, c...; reltol=sqrt(eps), abstol=0, maxevals=10"7, order=7, norm=vecnorm)
Numerically integrate the function f (x) from a to b, and optionally over additional intervals b to c and so
on. Keyword options include a relative error tolerance reltol (defaults to sgrt (eps) in the precision of
the endpoints), an absolute error tolerance abstol (defaults to 0), a maximum number of function evaluations
maxevals (defaults to 10" 7), and the order of the integration rule (defaults to 7).

Returns a pair (I,E) of the estimated integral I and an estimated upper bound on the absolute error E. If
maxevals is not exceeded then E <= max (abstol, reltol*norm(I)) will hold. (Note that it is
useful to specify a positive abstol in cases where norm (I) may be zero.)
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The endpoints a etcetera can also be complex (in which case the integral is performed over straight-line segments
in the complex plane). If the endpoints are BigFloat, then the integration will be performed in BigFloat
precision as well (note: it is advisable to increase the integration order in rough proportion to the precision, for
smooth integrands). More generally, the precision is set by the precision of the integration endpoints (promoted
to floating-point types).

The integrand £ (x) can return any numeric scalar, vector, or matrix type, or in fact any type supporting +, —,
multiplication by real values, and a norm (i.e., any normed vector space). Alternatively, a different norm can
be specified by passing a norm-like function as the norm keyword argument (which defaults to vecnorm).

The algorithm is an adaptive Gauss-Kronrod integration technique: the integral in each interval is estimated
using a Kronrod rule (2xorder+1 points) and the error is estimated using an embedded Gauss rule (order
points). The interval with the largest error is then subdivided into two intervals and the process is repeated until
the desired error tolerance is achieved.

These quadrature rules work best for smooth functions within each interval, so if your function has a known
discontinuity or other singularity, it is best to subdivide your interval to put the singularity at an endpoint. For
example, if £ has a discontinuity at x=0. 7 and you want to integrate from O to 1, you should use quadgk (£,
0,0.7,1) to subdivide the interval at the point of discontinuity. The integrand is never evaluated exactly at
the endpoints of the intervals, so it is possible to integrate functions that diverge at the endpoints as long as the
singularity is integrable (for example, a 1og (x) or 1/sqgrt (x) singularity).

For real-valued endpoints, the starting and/or ending points may be infinite. (A coordinate transformation is
performed internally to map the infinite interval to a finite one.)

Parallel Computing

addprocs (n; cman::ClusterManager=LocalManager()) — List of process identifiers
addprocs (4) will add 4 processes on the local machine. This can be used to take advantage of multiple
cores.

Keyword argument cman can be used to provide a custom cluster manager to start workers. For example
Beowulf clusters are supported via a custom cluster manager implemented in package ClusterManagers.

See the documentation for package ClusterManagers for more information on how to write a custom cluster
manager.

addprocs (machines; tunnel=false, dir=JULIA_HOME, sshflags::Cmd="*) — List of process identifiers
Add processes on remote machines via SSH. Requires julia to be installed in the same location on each node, or
to be available via a shared file system.

machines is a vector of host definitions of the form [user@]host[:port] [bind_addr]. user
defaults to current user, port to the standard ssh port. Optionally, in case of multi-homed hosts, bind_addr
may be used to explicitly specify an interface.

Keyword arguments:

tunnel : if true then SSH tunneling will be used to connect to the worker.

dir : specifies the location of the julia binaries on the worker nodes.

sshflags : specifies additional ssh options, e.g. sshflags="-1i /home/foo/bar.pem’

nprocs ()
Get the number of available processes.

nworkers ()
Get the number of available worker processes. This is one less than nprocs(). Equal to nprocs() if nprocs() == 1.
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procs ()
Returns a list of all process identifiers.

workers ()
Returns a list of all worker process identifiers.

rmprocs (pids...)
Removes the specified workers.

interrupt ([pids... ])
Interrupt the current executing task on the specified workers. This is equivalent to pressing Ctrl-C on the local
machine. If no arguments are given, all workers are interrupted.

myid ()
Get the id of the current process.

pmap (f, Ists...; err_retry=true, err_stop=false)
Transform collections 1sts by applying f to each element in parallel. If norocs () > 1, the calling process
will be dedicated to assigning tasks. All other available processes will be used as parallel workers.

If err_retry is true, it retries a failed application of £ on a different worker. If err_stop is true, it takes
precedence over the value of err_retry and pmap stops execution on the first error.

remotecall (id, func, args...)
Call a function asynchronously on the given arguments on the specified process. Returns a RemoteRef.

wait ([x])
Block the current task until some event occurs, depending on the type of the argument:

*RemoteRef: Wait for a value to become available for the specified remote reference.
*Condition: Wait for notify on a condition.

*Process: Wait for a process or process chain to exit. The exitcode field of a process can be used to
determine success or failure.

*Task: Wait for a Task to finish, returning its result value.
*RawFD: Wait for changes on a file descriptor (see poll_fd for keyword arguments and return code)

If no argument is passed, the task blocks for an undefined period. If the task’s state is set to : waiting, it can
only be restarted by an explicit call to schedule or yieldto. If the task’s state is : runnable, it might be
restarted unpredictably.

Often wait is called within a while loop to ensure a waited-for condition is met before proceeding.

fetch (RemoteRef')
Wait for and get the value of a remote reference.

remotecall_wait (id, func, args...)
Perform wait (remotecall (...)) in one message.

remotecall_fetch (id, func, args...)
Perform fetch (remotecall (...)) in one message.

put! (RemoteRef, value)
Store a value to a remote reference. Implements “shared queue of length 1” semantics: if a value is already
present, blocks until the value is removed with take !. Returns its first argument.

take! (RemoteRef)
Fetch the value of a remote reference, removing it so that the reference is empty again.

isready (r::RemoteRef’)
Determine whether a RemoteRef has a value stored to it. Note that this function can cause race conditions,
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since by the time you receive its result it may no longer be true. It is recommended that this function only be
used on a RemoteRef that is assigned once.

If the argument RemoteRef is owned by a different node, this call will block to wait for the answer. It is
recommended to wait for r in a separate task instead, or to use a local RemoteRef as a proxy:

rr = RemoteRef ()
@async put! (rr, remotecall_ fetch(p, long_computation))
isready (rr) # will not block

RemoteRef ()
Make an uninitialized remote reference on the local machine.

RemoteRef (n)
Make an uninitialized remote reference on process n.

timedwait (festch::Function, secs::Float64; pollint::Float64=0.1)
Waits till testcb returns t rue or for secs’ seconds, whichever is earlier. testcb is polled every pollint
seconds.

@spawn ()
Execute an expression on an automatically-chosen process, returning a RemoteRe £ to the result.

@spawnat ()
Accepts two arguments, p and an expression, and runs the expression asynchronously on process p, returning a
RemoteRef to the result.

@fetch ()
Equivalent to fetch (@spawn expr).

@fetchfrom()
Equivalent to fetch (@spawnat p expr).

@async ()
Schedule an expression to run on the local machine, also adding it to the set of items that the nearest enclosing
@sync waits for.

@sync ()
Wait until all dynamically-enclosed uses of @async, @spawn, @spawnat and @parallel are complete.

@parallel ()
A parallel for loop of the form

@parallel [reducer] for var = range
body
end

The specified range is partitioned and locally executed across all workers. In case an optional reducer function
is specified, @parallel performs local reductions on each worker with a final reduction on the calling process.

Note that without a reducer function, @parallel executes asynchronously, i.e. it spawns independent tasks on all
available workers and returns immediately without waiting for completion. To wait for completion, prefix the
call with @sync, like

@sync @parallel for var = range
body
end
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Distributed Arrays

DArray (init, dims[, procs, dist] )

Construct a distributed array. The parameter init is a function that accepts a tuple of index ranges. This
function should allocate a local chunk of the distributed array and initialize it for the specified indices. dims is
the overall size of the distributed array. procs optionally specifies a vector of process IDs to use. If unspecified,
the array is distributed over all worker processes only. Typically, when runnning in distributed mode, i.e.,
nprocs () > 1, this would mean that no chunk of the distributed array exists on the process hosting the
interactive julia prompt. dist is an integer vector specifying how many chunks the distributed array should be
divided into in each dimension.

For example, the dfi111 function that creates a distributed array and fills it with a value v is implemented as:
dfill (v, args...) = DArray(I->fill(v, map(length,I)), args...)

dzeros (dims, ...)
Construct a distributed array of zeros. Trailing arguments are the same as those accepted by DArray ().

dones (dims, ...)
Construct a distributed array of ones. Trailing arguments are the same as those accepted by DArray ().

d£fill (x, dims,...)
Construct a distributed array filled with value x. Trailing arguments are the same as those accepted by
DArray ().

drand (dims, ...)
Construct a distributed uniform random array. Trailing arguments are the same as those accepted by DArray ().

drandn (dims, ...)
Construct a distributed normal random array. Trailing arguments are the same as those accepted by DArray ().

distribute (a)
Convert a local array to distributed.

localpart (d)
Get the local piece of a distributed array. Returns an empty array if no local part exists on the calling process.

localindexes (d)
A tuple describing the indexes owned by the local process. Returns a tuple with empty ranges if no local part
exists on the calling process.

procs (d)
Get the vector of processes storing pieces of d.

Shared Arrays (Experimental, UNIX-only feature)

SharedArray (T::Type, dims::NTuple; init=false, pids=Int[])
Construct a SharedArray of a bitstype T and size dims across the processes specified by pids - all of which
have to be on the same host.

If pids is left unspecified, the shared array will be mapped across all workers on the current host.

Ifan init function of the type initfn (S: :SharedArray) is specified, it is called on all the participating
workers.

procs (S::SharedArray)
Get the vector of processes that have mapped the shared array
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sdata (S::SharedArray)
Returns the actual Array object backing S

indexpids (S::SharedArray)
Returns the index of the current worker into the pids vector, i.e., the list of workers mapping the SharedArray

System

run (command)
Run a command object, constructed with backticks. Throws an error if anything goes wrong, including the
process exiting with a non-zero status.

spawn (command)
Run a command object asynchronously, returning the resulting Process object.

DevNull
Used in a stream redirect to discard all data written to it. Essentially equivalent to /dev/null on Unix or NUL on
Windows. Usage: run (" cat test.txt® |> DevNull)

success (command)
Run a command object, constructed with backticks, and tell whether it was successful (exited with a code of 0).
An exception is raised if the process cannot be started.

process_running (p::Process)
Determine whether a process is currently running.

process_exited (p::Process)
Determine whether a process has exited.

kill (p::Process, signum=SIGTERM)
Send a signal to a process. The default is to terminate the process.

open (command, mode::String="r", stdio=DevNull)
Start running command asynchronously, and return a tuple (stream, process). If mode is "r", then
stream reads from the process’s standard output and st dio optionally specifies the process’s standard input
stream. If mode is "w", then st ream writes to the process’s standard input and stdio optionally specifies
the process’s standard output stream.

open (f::Function, command, mode::String="r", stdio=DevNull)
Similar to open (command, mode, stdio),butcalls £ (stream) on the resulting read or write stream,
then closes the stream and waits for the process to complete. Returns the value returned by f.

readandwrite (command)
Starts running a command asynchronously, and returns a tuple (stdout,stdin,process) of the output stream and
input stream of the process, and the process object itself.

ignorestatus (command)
Mark a command object so that running it will not throw an error if the result code is non-zero.

detach (command)
Mark a command object so that it will be run in a new process group, allowing it to outlive the julia process, and
not have Ctrl-C interrupts passed to it.

setenv (command, env; dir=working_dir)
Set environment variables to use when running the given command. env is either a dictionary mapping strings
to strings, or an array of strings of the form "var=val".

The dir keyword argument can be used to specify a working directory for the command.

| > (command, command)
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| > (command, filename)

| > (filename, command)
Redirect operator. Used for piping the output of a process into another (first form) or to redirect the standard
output/input of a command to/from a file (second and third forms).

Examples:
e run( 1ls’ |> “grep xyz' )
e run( 1ls” |> "out.txt")
e run ("out.txt" |> “grep xyz')

>> (command, filename)
Redirect standard output of a process, appending to the destination file.

.> (command, filename)
Redirect the standard error stream of a process.

gethostname () — String
Get the local machine’s host name.

getipaddr () — String
Get the IP address of the local machine, as a string of the form “x.x.x.x”.

pwd () — String
Get the current working directory.

cd (dir::String)
Set the current working directory.

ed (f[, dir])
Temporarily changes the current working directory (HOME if not specified) and applies function f before re-
turning.

mkdir (path[, mode ] )
Make a new directory with name path and permissions mode. mode defaults to 00777, modified by the current
file creation mask.

mkpath ( path[, mode ] )
Create all directories in the given path, with permissions mode. mode defaults to 00777, modified by the
current file creation mask.

symlink (target, link)
Creates a symbolic link to target with the name 1ink.

JEf#: This function raises an error under operating systems that do not support soft symbolic links, such as
Windows XP.

chmod (path, mode)
Change the permissions mode of path to mode. Only integer modes (e.g. 00777) are currently supported.

getpid () — Int32
Get julia’s process ID.

time ( [t::TmStruct] )
Get the system time in seconds since the epoch, with fairly high (typically, microsecond) resolution. When
passed a TmSt ruct, converts it to a number of seconds since the epoch.

time_ns ()
Get the time in nanoseconds. The time corresponding to 0 is undefined, and wraps every 5.8 years.
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strftime ([format], time)
Convert time, given as a number of seconds since the epoch or a TmStruct, to a formatted string using the
given format. Supported formats are the same as those in the standard C library.

strptime ( [format ], timestr)
Parse a formatted time string into a TmSt ruct giving the seconds, minute, hour, date, etc. Supported formats
are the same as those in the standard C library. On some platforms, timezones will not be parsed correctly. If the
result of this function will be passed to t ime to convert it to seconds since the epoch, the isdst field should
be filled in manually. Setting it to —1 will tell the C library to use the current system settings to determine the
timezone.

TmStruct ( [seconds] )
Convert a number of seconds since the epoch to broken-down format, with fields sec, min, hour, mday,
month, year, wday, yday, and isdst.

tic()
Set a timer to be read by the next call to toc () or tog (). The macro call @time expr can also be used to
time evaluation.

toc ()
Print and return the time elapsed since the last tic ().

toqg()
Return, but do not print, the time elapsed since the last tic ().

@time ()
A macro to execute an expression, printing the time it took to execute and the total number of bytes its execution
caused to be allocated, before returning the value of the expression.

Qelapsed ()
A macro to evaluate an expression, discarding the resulting value, instead returning the number of seconds it
took to execute as a floating-point number.

@allocated()
A macro to evaluate an expression, discarding the resulting value, instead returning the total number of bytes
allocated during evaluation of the expression.

EnvHash () — EnvHash
A singleton of this type provides a hash table interface to environment variables.

ENV
Reference to the singleton EnvHash, providing a dictionary interface to system environment variables.
@unix ()
Given @unix? a : D, do a on Unix systems (including Linux and OS X) and b elsewhere. See documen-
tation for Handling Platform Variations in the Calling C and Fortran Code section of the manual.
@osx ()
Given Gosx? a : b, doaonOS X and b elsewhere. See documentation for Handling Platform Variations
in the Calling C and Fortran Code section of the manual.
@linux ()

Given @linux? a : b, do a on Linux and b elsewhere. See documentation for Handling Platform Varia-
tions in the Calling C and Fortran Code section of the manual.

@windows ()
Given @windows? a : b, do a on Windows and b elsewhere. See documentation for Handling Platform
Variations in the Calling C and Fortran Code section of the manual.
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C Interface

ccall ((symbol, library) or fptr, RetType, (ArgTypel, ...), ArgVarl, ...)
Call function in C-exported shared library, specified by (function name, library) tuple, where each
component is a String or :Symbol. Alternatively, ccall may be used to call a function pointer returned by dlsym,
but note that this usage is generally discouraged to facilitate future static compilation. Note that the argument
type tuple must be a literal tuple, and not a tuple-valued variable or expression.

cglobal ((symbol, library) or ptr[, TypezVoid] )
Obtain a pointer to a global variable in a C-exported shared library, specified exactly as in ccall. Returns a
Ptr{Type}, defaulting to Pt r {Void} if no Type argument is supplied. The values can be read or written by
unsafe_loadorunsafe_store!, respectively.

cfunction (fun::Function, RetType::Type, (ArgTypes...))
Generate C-callable function pointer from Julia function. Type annotation of the return value in the callback
function is a must for situations where Julia cannot infer the return type automatically.

For example:

function foo()
# body

retval: :Floaté64
end

bar = cfunction(foo, Float64, ())

dlopen (libﬁle::String[, ﬂags::[nteger])
Load a shared library, returning an opaque handle.

The optional flags argument is a bitwise-or of zero or more of RTLD_LOCAL, RTLD_GLOBAL, RTLD_LAZY,
RTLD_NOW, RTLD_NODELETE, RTLD_NOLOAD, RTLD_DEEPBIND, and RTLD_FIRST. These are con-
verted to the corresponding flags of the POSIX (and/or GNU libc and/or MacOS) dlopen command, if pos-
sible, or are ignored if the specified functionality is not available on the current platform. The default is
RTLD_LAZY |RTLD_DEEPBIND |RTLD_LOCAL. An important usage of these flags, on POSIX platforms, is
to specify RTLD_LAZY | RTLD_DEEPBIND | RTLD_GLOBAL in order for the library’s symbols to be available
for usage in other shared libraries, in situations where there are dependencies between shared libraries.

dlopen_e (libﬁle:.'String[,ﬂags.':lnteger])
Similar to dlopen (), except returns a NULL pointer instead of raising errors.

RTLD_DEEPBIND
Enum constant for d1open (). See your platform man page for details, if applicable.

RTLD_FIRST
Enum constant for dlopen () . See your platform man page for details, if applicable.

RTLD_GLOBAL
Enum constant for d1open (). See your platform man page for details, if applicable.

RTLD_LAZY
Enum constant for d1lopen () . See your platform man page for details, if applicable.

RTLD_LOCAL
Enum constant for d1open (). See your platform man page for details, if applicable.

RTLD_NODELETE
Enum constant for d1lopen (). See your platform man page for details, if applicable.
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RTLD_NOLOAD
Enum constant for dlopen () . See your platform man page for details, if applicable.

RTLD_ NOW
Enum constant for d1open (). See your platform man page for details, if applicable.

dlsym (handle, sym)
Look up a symbol from a shared library handle, return callable function pointer on success.

dlsym_e (handle, sym)
Look up a symbol from a shared library handle, silently return NULL pointer on lookup failure.

dlclose (handle)
Close shared library referenced by handle.

find_1library (names, locations)
Searches for the first library in names in the paths in the 1ocations list, DL_LOAD_PATH, or system library
paths (in that order) which can successfully be dlopen’d. On success, the return value will be one of the names
(potentially prefixed by one of the paths in locations). This string can be assigned to a global const and
used as the library name in future ccall‘s. On failure, it returns the empty string.

DL_LOAD_PATH
When calling d1open, the paths in this list will be searched first, in order, before searching the system locations
for a valid library handle.

c_malloc (size::Integer) — Ptr{Void}
Call malloc from the C standard library.

c_calloc (num::Integer, size::Integer) — Ptr{Void}
Call calloc from the C standard library.

c_realloc (addr::Ptr, size::Integer) — Ptr{Void}
Call realloc from the C standard library.

c_free (addr::Ptr)
Call free from the C standard library.

unsafe_load (p::Ptr{T}, i::Integer)
Load a value of type T from the address of the ith element (1-indexed) starting at p. This is equivalent to the C
expression p[1-1].

unsafe_store! (p::Pir{T}, x, i::Integer)
Store a value of type T to the address of the ith element (1-indexed) starting at p. This is equivalent to the C
expressionp [i-1] = x.

unsafe_copy! (dest::Ptr{T}, src::Ptr{T}, N)
Copy N elements from a source pointer to a destination, with no checking. The size of an element is determined
by the type of the pointers.

unsafe_copy! (dest::Array, do, src::Array, so, N)
Copy N elements from a source array to a destination, starting at offset so in the source and do in the destination
(1-indexed).

copy! (dest, src)
Copy all elements from collection src to array dest. Returns dest.

copy! (dest, do, src, so, N)
Copy N elements from collection src starting at offset so, to array dest starting at offset do. Returns dest.

pointer (a[, index])
Get the native address of an array or string element. Be careful to ensure that a julia reference to a exists as long
as this pointer will be used.
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pointer (type, int)
Convert an integer to a pointer of the specified element type.

pointer_to_array (p, dims[, own] )
Wrap a native pointer as a Julia Array object. The pointer element type determines the array element type. own
optionally specifies whether Julia should take ownership of the memory, calling free on the pointer when the
array is no longer referenced.

pointer from_ obijref (obj)
Get the memory address of a Julia object as a Pt r. The existence of the resulting Pt r will not protect the object
from garbage collection, so you must ensure that the object remains referenced for the whole time that the Pt r
will be used.

unsafe_pointer_to_objref (p::Ptr)
Convert a Ptr to an object reference. Assumes the pointer refers to a valid heap-allocated Julia object. If this
is not the case, undefined behavior results, hence this function is considered “unsafe” and should be used with
care.

disable_sigint (f::Function)
Disable Ctrl-C handler during execution of a function, for calling external code that is not interrupt safe. In-
tended to be called using do block syntax as follows:

disable_sigint () do
# Interrupt-unsafe code

end

reenable_sigint (f::Function)
Re-enable Ctrl-C handler during execution of a function. Temporarily reverses the effect of
disable_sigint.

errno ( [code ] )
Get the value of the C library’s errno. If an argument is specified, it is used to set the value of errno.

The value of errno is only valid immediately after a ccall to a C library routine that sets it. Specifically, you
cannot call errno at the next prompt in a REPL, because lots of code is executed between prompts.

systemerror (sysfunc, iftrue)
Raises a SystemError for errno with the descriptive string sysfunc if bool is true

strerror (n)
Convert a system call error code to a descriptive string

Cchar
Equivalent to the native char c-type

Cuchar
Equivalent to the native unsigned char c-type (Uint8)

Cshort
Equivalent to the native signed short c-type (Intl16)

Cushort

Equivalent to the native unsigned short c-type (Uintl6)
Cint

Equivalent to the native signed int c-type (Int32)

Cuint
Equivalent to the native unsigned int c-type (Uint32)
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Clong
Equivalent to the native signed long c-type

Culong
Equivalent to the native unsigned long c-type

Clonglong
Equivalent to the native signed long long c-type (Int64)

Culonglong
Equivalent to the native unsigned long long c-type (Uint64)

Csize_ t
Equivalent to the native size_t c-type (Uint)

Cssize_ t
Equivalent to the native ssize_t c-type

Cptrdiff t
Equivalent to the native ptrdiff_t c-type (Int)

Coff t
Equivalent to the native of f_t c-type

Cwchar_t
Equivalent to the native wchar_t c-type (Int32)

Cfloat
Equivalent to the native f1oat c-type (Float32)

Cdouble
Equivalent to the native double c-type (Float64)

Errors

error (message::String)
Raise an error with the given message

throw (e)
Throw an object as an exception

rethrow ([¢])

Throw an object without changing the current exception backtrace. The default argument is the current exception

(if called within a cat ch block).

backtrace ()
Get a backtrace object for the current program point.

catch_backtrace ()

Get the backtrace of the current exception, for use within catch blocks.

assert ( cond[, text ] )

Raise an error if cond is false. Also available as the macro @Gassert expr.

@assert ()

Raise an error if cond is false. Preferred syntax for writings assertions.

ArgumentError
The parameters given to a function call are not valid.

33.37. Errors
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BoundsError
An indexing operation into an array tried to access an out-of-bounds element.

EOFError
No more data was available to read from a file or stream.

ErrorException
Generic error type. The error message, in the .msg field, may provide more specific details.

KeyError
An indexing operation into an Associative (Dict) or Set like object tried to access or delete a non-existent
element.

LoadError
An error occurred while including, requiring, or using a file. The error specifics should be available in the .error
field.

MethodError
A method with the required type signature does not exist in the given generic function.

ParseError
The expression passed to the parse function could not be interpreted as a valid Julia expression.

ProcessExitedException
After a client Julia process has exited, further attempts to reference the dead child will throw this exception.

SystemError
A system call failed with an error code (in the errno global variable).

TypeError
A type assertion failure, or calling an intrinsic function with an incorrect argument type.

Tasks

Task (func)
Create a Task (i.e. thread, or coroutine) to execute the given function (which must be callable with no argu-
ments). The task exits when this function returns.

yieldto (task, args...)
Switch to the given task. The first time a task is switched to, the task’s function is called with no arguments. On
subsequent switches, args are returned from the task’s last call to yieldto. This is a low-level call that only
switches tasks, not considering states or scheduling in any way.

current_task ()
Get the currently running Task.

istaskdone (task) — Bool
Tell whether a task has exited.

consume (task, values...)
Receive the next value passed to produce by the specified task. Additional arguments may be passed, to be
returned from the last produce call in the producer.

produce (value)
Send the given value to the last consume call, switching to the consumer task. If the next consume call passes
any values, they are returned by produce.

yield ()
Switch to the scheduler to allow another scheduled task to run. A task that calls this function is still runnable,
and will be restarted immediately if there are no other runnable tasks.
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task_local_storage (symbol)
Look up the value of a symbol in the current task’s task-local storage.

task_local_storage (symbol, value)
Assign a value to a symbol in the current task’s task-local storage.

task_local_storage (body, symbol, value)
Call the function body with a modified task-local storage, in which value is assigned to symbo1; the previous
value of symbol, or lack thereof, is restored afterwards. Useful for emulating dynamic scoping.

Condition ()
Create an edge-triggered event source that tasks can wait for. Tasks that call wait on a Condition are
suspended and queued. Tasks are woken up when not ify is later called on the Condition. Edge triggering
means that only tasks waiting at the time not i fy is called can be woken up. For level-triggered notifications,
you must keep extra state to keep track of whether a notification has happened. The RemoteRef type does
this, and so can be used for level-triggered events.

notify (condition, val=nothing; all=true, error=false)
Wake up tasks waiting for a condition, passing them val. If all is true (the default), all waiting tasks are
woken, otherwise only one is. If error is true, the passed value is raised as an exception in the woken tasks.

schedule (t::Task, [val]; error=false)
Add a task to the scheduler’s queue. This causes the task to run constantly when the system is otherwise idle,
unless the task performs a blocking operation such as wait.

If a second argument is provided, it will be passed to the task (via the return value of yieldto) when it runs
again. If error is true, the value is raised as an exception in the woken task.

@schedule ()
Wrap an expression in a Task and add it to the scheduler’s queue.

@task ()
Wrap an expression in a Task executing it, and return the Task. This only creates a task, and does not run it.

sleep (seconds)
Block the current task for a specified number of seconds. The minimum sleep time is 1 millisecond or input of
0.001.

Events

Timer (f::Function)
Create a timer to call the given callback function. The callback is passed one argument, the timer object itself.
The timer can be started and stopped with start_timer and stop_timer.

start_timer (t::Timer, delay, repeat)
Start invoking the callback for a Timer after the specified initial delay, and then repeating with the given
interval. Times are in seconds. If repeat is 0, the timer is only triggered once.

stop_timer (t::Timer)
Stop invoking the callback for a timer.

Reflection

module_name (m::Module) — Symbol
Get the name of a module as a symbol.
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module_parent (m::Module) — Module
Get a module’s enclosing module. Main is its own parent.

current_module () — Module
Get the dynamically current module, which is the module code is currently being read from. In general, this is
not the same as the module containing the call to this function.

fullname (m::Module)
Get the fully-qualified name of a module as a tuple of symbols. For example, fullname (Base.Pkg) gives
(:Base, :Pkg),and fullname (Main) gives ().

names (x:.'MOdule[, all=false[, imported=false] ])
Get an array of the names exported by a module, with optionally more module globals according to the additional
parameters.

names (x::DataType)
Get an array of the fields of a data type.

isconst ([m::Module], s::Symbol) — Bool
Determine whether a global is declared const in a given module. The default module argument is
current_module ().

isgeneric (f::Function) — Bool
Determine whether a function is generic.

function_name (f::Function) — Symbol
Get the name of a generic function as a symbol, or : anonymous.

function_module (f::Function, types) — Module
Determine the module containing a given definition of a generic function.

functionloc (f::Function, types)
Returns a tuple (filename, line) giving the location of a method definition.

functionlocs (f::Function, types)
Returns an array of the results of functionloc for all matching definitions.

Internals

gc ()
Perform garbage collection. This should not generally be used.

gc_disable ()
Disable garbage collection. This should be used only with extreme caution, as it can cause memory use to grow
without bound.

gc_enable ()
Re-enable garbage collection after calling gc_disable.

macroexpand (x)
Takes the expression x and returns an equivalent expression with all macros removed (expanded).

expand (x)
Takes the expression x and returns an equivalent expression in lowered form

code_1lowered (f, types)
Returns an array of lowered ASTs for the methods matching the given generic function and type signature.
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@code_lowered ()
Evaluates the arguments to the function call, determines their types, and calls the code_1owered function on
the resulting expression

code_typed (f, types)
Returns an array of lowered and type-inferred ASTs for the methods matching the given generic function and
type signature.

@code_typed ()
Evaluates the arguments to the function call, determines their types, and calls the code_t yped function on the
resulting expression

code_11vm (f, types)
Prints the LLVM bitcodes generated for running the method matching the given generic function and type
signature to STDOUT.

@code_1l1l1lvm()
Evaluates the arguments to the function call, determines their types, and calls the code_11vm function on the
resulting expression

code_native (f, types)
Prints the native assembly instructions generated for running the method matching the given generic function
and type signature to STDOUT.

@code_native ()
Evaluates the arguments to the function call, determines their types, and calls the code_nat ive function on
the resulting expression

precompile (f, args::(Any..., ))
Compile the given function f for the argument tuple (of types) args, but do not execute it.
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Sparse Matrices

Sparse matrices support much of the same set of operations as dense matrices. The following functions are specific to
sparse matrices.

sparse (I, J, V[, m, n, combine])
Create a sparse matrix S of dimensionsm x nsuchthatS[I[k], J[k]] = VI[k].The combine function
is used to combine duplicates. If m and n are not specified, they are set to max (I) and max (J) respectively.
If the combine function is not supplied, duplicates are added by default.

sparsevec (/, V[, m, combine])
Create a sparse matrix S of size m x 1 such that S[I[k]] = V[k]. Duplicates are combined using the
combine function, which defaults to + if it is not provided. In julia, sparse vectors are really just sparse
matrices with one column. Given Julia’s Compressed Sparse Columns (CSC) storage format, a sparse column
matrix with one column is sparse, whereas a sparse row matrix with one row ends up being dense.

sparsevec (D::Dict[, m] )
Create a sparse matrix of sizem x 1 where the row values are keys from the dictionary, and the nonzero values
are the values from the dictionary.

issparse (S)
Returns t rue if S is sparse, and false otherwise.

sparse (A)
Convert a dense matrix A into a sparse matrix.

sparsevec (A)
Convert a dense vector A into a sparse matrix of size m x 1. In julia, sparse vectors are really just sparse
matrices with one column.

full (S)
Convert a sparse matrix S into a dense matrix.

nnz (A)
Returns the number of stored (filled) elements in a sparse matrix.

spzeros (m, n)
Create an empty sparse matrix of sizem x n.
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spones (S)
Create a sparse matrix with the same structure as that of S, but with every nonzero element having the value
1.0.

speye (fype, m[, n ] )
Create a sparse identity matrix of specified type of size m x m. In case n is supplied, create a sparse identity
matrix of sizem x n.

spdiagm (B, d[, m, n])
Construct a sparse diagonal matrix. B is a tuple of vectors containing the diagonals and d is a tuple containing
the positions of the diagonals. In the case the input contains only one diagonaly, B can be a vector (instead of
a tuple) and d can be the diagonal position (instead of a tuple), defaulting to O (diagonal). Optionally, m and n
specify the size of the resulting sparse matrix.

sprand (m, n, p[, rng] )
Create a random m by n sparse matrix, in which the probability of any element being nonzero is independently
given by p (and hence the mean density of nonzeros is also exactly p). Nonzero values are sampled from the
distribution specified by rng. The uniform distribution is used in case rng is not specified.

sprandn (m, n, p)
Create a random m by n sparse matrix with the specified (independent) probability p of any entry being nonzero,
where nonzero values are sampled from the normal distribution.

sprandbool (m, n, p)
Create a random m by n sparse boolean matrix with the specified (independent) probability p of any entry being
true.

etree (A [, post] )
Compute the elimination tree of a symmetric sparse matrix A from triu (A) and, optionally, its post-ordering
permutation.

symperm (A, p)
Return the symmetric permutation of A, which is A [p, p]. A should be symmetric and sparse, where only the
upper triangular part of the matrix is stored. This algorithm ignores the lower triangular part of the matrix. Only
the upper triangular part of the result is returned as well.

nonzeros (A)
Return a vector of the structural nonzero values in sparse matrix A. This includes zeros that are explicitly
stored in the sparse matrix. The returned vector points directly to the internal nonzero storage of A, and any
modifications to the returned vector will mutate A as well.
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CHAPTER 35

Linear Algebra

Linear algebra functions in Julia are largely implemented by calling functions from LAPACK. Sparse factorizations
call functions from SuiteSparse.
* (A, B)

Matrix multiplication

\ (A, B)
Matrix division using a polyalgorithm. For input matrices A and B, the result X is such that AxX == B when
A is square. The solver that is used depends upon the structure of A. A direct solver is used for upper- or lower
triangular A. For Hermitian A (equivalent to symmetric A for non-complex A) the BunchKaufman factorization
is used. Otherwise an LU factorization is used. For rectangular A the result is the minimum-norm least squares
solution computed by reducing A to bidiagonal form and solving the bidiagonal least squares problem. For
sparse, square A the LU factorization (from UMFPACK) is used.

dot (x, y)
Compute the dot product. For complex vectors, the first vector is conjugated.

cross (x, y)
Compute the cross product of two 3-vectors.

rref (A)
Compute the reduced row echelon form of the matrix A.

factorize (A)
Compute a convenient factorization (including LU, Cholesky, Bunch-Kaufman, Triangular) of A, based upon
the type of the input matrix. The return value can then be reused for efficient solving of multiple systems. For
example: A=factorize (A); x=A\\b; y=A\\C.

factorize! (A)
factorize! isthe same as factorize (), but saves space by overwriting the input A, instead of creating a
copy.

lu(A) - L, U p
Compute the LU factorization of A, such that A[p, : ] = L«U.

lufact (A[,pivot:true]) —F
Compute the LU factorization of A. The return type of F depends on the type of A. In most cases, if A is
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a subtype S of AbstractMatrix with an element type T supporting +, —, = and / the return type is LU{ T,
S{T}}. If pivoting is chosen (default) the element type should also support abs and <. When A is sparse and
have element of type Float32,Float 64, Complex{Float32},or Complex{Float64} the returntype
is UmfpackLU. Some examples are shown in the table below.

Type of input A Type of output F Relationship between F and A
Matrix () LU F[:L]«xF[:U] == A[F[:p], :]
Tridiagonal () LU{T, N/A
Tridiagonal{T}}
SparseMatrixCSC|(UmfpackLU F[:L]*F[:U] == Rs .x A[F[:p],
Fl:ql]

The individual components of the factorization F can be accessed by indexing:

Compo- Description LU | LU{T, UmfpackLU

nent Tridiagonal{T}}

F[:L] L (lower triangular) part of v v
LU

F[:U] U (upper triangular) part of v v
LU

Fl:p] (right) permutation Vector | v/ v

F[:P] (right) permutation Matrix | v

Fl:qg] left permutation Vector v

F[:Rs] Vector of scaling factors v

Fl:(:)] (L,U,p,q,Rs) v
components

Supported function | LU | LU{T, Tridiagonal{T}} | UmfpackLU

/ v

\ v |V v

cond v v

det v |V v

size v |V

lufact! (A) — LU
lufact! is the same as lufact (), but saves space by overwriting the input A, instead of creating a copy.
For sparse A the nzval field is not overwritten but the index fields, colptr and rowval are decremented in
place, converting from 1-based indices to 0-based indices.

chol (A[,LU]) —»F
Compute the Cholesky factorization of a symmetric positive definite matrix A and return the matrix F. If LU is
:L (Lower),A = LxL'.IfLUis :U (Upper), A = R'xR.

cholfact (A, [LU,][pivot=false, [[tol=-1.0]) — Cholesky

Compute the Cholesky factorization of a dense symmetric positive (semi)definite matrix A and return either a
Cholesky if pivot=false or CholeskyPivoted if pivot=true. LU may be :L for using the lower
part or : U for the upper part. The default is to use : U. The triangular matrix can be obtained from the factor-
ization F with: F[:L] and F [ :U]. The following functions are available for Cholesky objects: size, \,
inv, det. For CholeskyPivoted thereis also defined a rank. If pivot=false aPosDefException
exception is thrown in case the matrix is not positive definite. The argument tol determines the tolerance for
determining the rank. For negative values, the tolerance is the machine precision.

cholfact (A[, ll]) — CholmodFactor
Compute the sparse Cholesky factorization of a sparse matrix A. If A is Hermitian its Cholesky factor is deter-
mined. If A is not Hermitian the Cholesky factor of A«A " is determined. A fill-reducing permutation is used.
Methods for size, solve, \, findn_nzs, diag, det and 1logdet. One of the solve methods includes
an integer argument that can be used to solve systems involving parts of the factorization only. The optional
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boolean argument, 11 determines whether the factorization returned is of the A [p, p] = LxL' form, where

L is lower triangular or A [p, p] = LxDiagonal (D) L' form where L is unit lower triangular and D is a
non-negative vector. The default is LDL.

cholfact! (A, [LU,]J[pivot=false, ]J[tol=-1.0]) — Cholesky
cholfact! is the same as cholfact (), but saves space by overwriting the input A, instead of creating a
copy.

ldltfact (A) — LDLtFactorization
Compute a factorization of a positive definite matrix A such that A=LxDiagonal (d) «L"' where L is a unit
lower triangular matrix and d is a vector with non-negative elements.

ar (A, [pivot=false, ][thin=true]) — Q, R, [p]
Compute the (pivoted) QR factorization of A such thateitherA = Q+*RorA[:,p] = Q*R.Alsoseegrfact.
The default is to compute a thin factorization. Note that R is not extended with zeros when the full Q is requested.

grfact (A[,piv0t=false ] ) = F
Computes the QR factorization of A. The return type of F depends on the element type of A and whether pivoting
is specified (with pivot=true).

Return type eltype (B) pivot | Relationship between F and A
OR not BlasFloat | either A==F[:Q] *F[:R]
QRCompactWY | BlasFloat false | A==F[:Q] *F[:R]
QRPivoted BlasFloat true Al:,F[:pl]==F[:Q]*F[:R]

BlasFloat refers to any of: Float32,Float64, Complex64 or Complex128.

The individual components of the factorization F can be accessed by indexing:

Compo- | Description OR QRCompactWY QRPivoted
nent
F[:Q] Q (orthogonal/unitary) part v v v

of QR (QRPackedQ)| (QRCompactWYQ) (QRPackedQ)
F[:R] R (upper right triangular) v v v

part of QR
Fl:p] pivot Vector v
F[:P] (pivot) permutation v

Matrix

The following functions are available for the OR objects: size, \. When A is rectangular, \ will return a least
squares solution and if the solution is not unique, the one with smallest norm is returned.

Multiplication with respect to either thin or full Q is allowed, i.e. both F[:Q]+F[:R] and F[:Q] A are
supported. A Q matrix can be converted into a regular matrix with full () which has a named argument
thin.

EM#: grfact returns multiple types because LAPACK uses several representations that minimize the mem-
ory storage requirements of products of Householder elementary reflectors, so that the O and R matrices can be
stored compactly rather as two separate dense matrices.

The data contained in QR or QRPivoted can be used to construct the QRPackedQ type, which is a compact
representation of the rotation matrix:

min(m,n)

Q = H (I — Ti’l)i’l}Z-T)

i=1
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where 7; is the scale factor and v; is the projection vector associated with the i*” Householder elementary
reflector.

The data contained in QRCompactWY can be used to construct the QRCompactWYQ type, which is a compact
representation of the rotation matrix

Q=I+YTY"

where Y is m X r lower trapezoidal and T is r X r upper triangular. The compact WY representation
[Schreiber1989] is not to be confused with the older, WY representation [Bischofl987]. (The LAPACK docu-
mentation uses V in lieu of Y.)

grfact! (A [, pivot=false ] )

grfact! is the same as grfact (), but saves space by overwriting the input A, instead of creating a copy.

bkfact (A) — BunchKaufman

Compute the Bunch-Kaufman [Bunchl977] factorization of a real symmetric or complex Hermitian matrix A
and return a BunchKaufman object. The following functions are available for BunchKaufman objects:
size, \, inv, issym, ishermitian.

bkfact! (A) — BunchKaufman

bkfact! isthe same as bkfact (), but saves space by overwriting the input A, instead of creating a copy.

sqrtm(A)

Compute the matrix square root of A. If B = sqgrtm (A), then BxB == A within roundoff error.

sgrtm uses a polyalgorithm, computing the matrix square root using Schur factorizations (schurfact ())
unless it detects the matrix to be Hermitian or real symmetric, in which case it computes the matrix square root
from an eigendecomposition (eigfact ()). In the latter situation for positive definite matrices, the matrix
square root has Real elements, otherwise it has Complex elements.

eig (A, [irange, ][V, ][vu, ][ permute=true, ][scale=true]) — D,V

Compute eigenvalues and eigenvectors of A. See eigfact () for details on the balance keyword argument.

julia> eig([1.0 0.0 0.0; 0.0 3.0 0.0; 0.0 0.0 18.01)
((1.0,3.0,18.0],
3x3 Array{Float64,2}:

1.0 0.0 0.0
0.0 1.0 0.0
0.0 0.0 1.0)

eigis awrapper around eigfact (), extracting all parts of the factorization to a tuple; where possible, using
eigfact () is recommended.

eig(A,B) - D,V

Computes generalized eigenvalues and vectors of A with respect to B.

eigis a wrapper around eigfact (), extracting all parts of the factorization to a tuple; where possible, using
eigfact () is recommended.

eigvals (A,[irange, ][V], ][vu])

Returns the eigenvalues of A. If A is Symmetric (), Hermitian () or SymTridiagonal (), itis possible
to calculate only a subset of the eigenvalues by specifying either a UnitRange () irange covering indices
of the sorted eigenvalues, or a pair v1 and vu for the lower and upper boundaries of the eigenvalues.

For general non-symmetric matrices it is possible to specify how the matrix is balanced before the eigenvec-
tor calculation. The option permute=true permutes the matrix to become closer to upper triangular, and
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scale=true scales the matrix by its diagonal elements to make rows and columns more equal in norm. The
default is t rue for both options.

eigmax (A)
Returns the largest eigenvalue of A.

eigmin (A)
Returns the smallest eigenvalue of A.

eigvecs (A, [eigvals, [[permute=true, |[scale=true])
Returns the eigenvectors of A. The permute and scale keywords are the same as for eigfact ().

For SymTridiagonal () matrices, if the optional vector of eigenvalues eigvals is specified, returns the
specific corresponding eigenvectors.

eigfact (A,[il, ][iu, ]J[VL, ][vu, [[permute=true, [[scale=true])
Compute the eigenvalue decomposition of A and return an Eigen object. If F is the factorization object, the
eigenvalues can be accessed with F [ :values] and the eigenvectors with F [ :vectors]. The following
functions are available for Eigen objects: inv, det.

If A is Symmetric, Hermitian or SymTridiagonal, it is possible to calculate only a subset of the
eigenvalues by specifying either a UnitRange‘ irange covering indices of the sorted eigenvalues or a pair v1
and vu for the lower and upper boundaries of the eigenvalues.

For general non-symmetric matrices it is possible to specify how the matrix is balanced before the eigenvec-
tor calculation. The option permute=true permutes the matrix to become closer to upper triangular, and
scale=true scales the matrix by its diagonal elements to make rows and columns more equal in norm. The
default is t rue for both options.

eigfact (A, B)
Compute the generalized eigenvalue decomposition of A and B and return an GeneralizedEigen object.
If F is the factorization object, the eigenvalues can be accessed with F [ : values] and the eigenvectors with
F[:vectors].

eigfact! (A[, B] )
eigfact! isthe sameas eigfact (), but saves space by overwriting the input A (and B), instead of creating
a copy.

hessfact (A)
Compute the Hessenberg decomposition of A and return a Hessenberg object. If F is the factorization object,
the unitary matrix can be accessed with F [ : Q] and the Hessenberg matrix with F [ : H]. When Q is extracted,
the resulting type is the HessenbergQ object, and may be converted to a regular matrix with full ().

hessfact! (4)
hessfact! is the same as hessfact (), but saves space by overwriting the input A, instead of creating a

copy.

schurfact (A) — Schur
Computes the Schur factorization of the matrix A. The (quasi) triangular Schur factor can be obtained from
the Schur object F with either F [ : Schur] or F[:T] and the unitary/orthogonal Schur vectors can be ob-
tained with F[ :vectors] or F[:Z] such that A=F [ :vectors] *«F[:Schur] *F[:vectors]"'. The
eigenvalues of A can be obtained with F [ : values].

schurfact! (A)
Computer the Schur factorization of A, overwriting A in the process. See schurfact ()

schur (A) — Schur[:T], Schur[:Z], Schur[:values]
See schurfact ()

schurfact (A, B) — GeneralizedSchur
Computes the Generalized Schur (or QZ) factorization of the matrices A and B. The (quasi) triangular Schur
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factors can be obtained from the Schur object F with F[:S] and F[:T], the left unitary/orthogonal
Schur vectors can be obtained with F[:1left] or F[:Q] and the right unitary/orthogonal Schur vec-
tors can be obtained with F[:right] or F[:Z] such that A=F[:left]*«F[:S]*F[:right]' and
B=F[:left]«F[:T]«F[:right]'. The generalized eigenvalues of A and B can be obtained with
Fl:alpha]./F[:beta].

schur (A, B) — GeneralizedSchur[:S], GeneralizedSchur[:T], GeneralizedSchur[:Q], GeneralizedSchur[:Z]
See schurfact ()

svdfact (A[, thin=true ]) — SVD
Compute the Singular Value Decomposition (SVD) of A and return an SVD object. U, S, V and Vt can be ob-
tained from the factorization F withF [ :U],F[:S],F[:V] andF[:Vt],suchthatA = Uxdiagm(S) *Vt.
If thin is true, an economy mode decomposition is returned. The algorithm produces Vt and hence Vt is
more efficient to extract than V. The default is to produce a thin decomposition.

svdfact! (A[, thin=true ]) — SVD
svdfact! isthe same as svdfact (), but saves space by overwriting the input A, instead of creating a copy.
If thinis true, an economy mode decomposition is returned. The default is to produce a thin decomposition.

svd (A[, thin:true]) —U,S,V
Wrapper around svdfact extracting all parts the factorization to a tuple. Direct use of svdfact is
therefore generally more efficient. Computes the SVD of A, returning U, vector S, and V such that A ==
Uxdiagm(S) «V'.If thin is true, an economy mode decomposition is returned. The default is to produce
a thin decomposition.

svdvals (A)
Returns the singular values of A.

svdvals! (A)
Returns the singular values of A, while saving space by overwriting the input.

svdfact (A, B) — GeneralizedSVD
Compute the generalized SVD of A and B, returning a GeneralizedSVD Factorization object F, such that A
= F[:U]*F[:D1]*F[:RO]*F[:Q]"andB = F[:V]*xF[:D2]*xF[:RO]*xF[:Q]".

svd (A, B) — U, V,Q,DI,D2, R0
Wrapper around svdfact extracting all parts the factorization to a tuple. Direct use of svdfact is therefore

generally more efficient. The function returns the generalized SVD of A and B, returning U, V, Q, D1, D2, and
RO suchthatA = UxD1+RO*Q'andB = V+D2*xR0O*Q"'.

svdvals (A, B)
Return only the singular values from the generalized singular value decomposition of A and B.

triu (M)
Upper triangle of a matrix.

triu! (M)
Upper triangle of a matrix, overwriting M in the process.

tril (M)
Lower triangle of a matrix.

tril! (M)
Lower triangle of a matrix, overwriting M in the process.

diagind (M[, k] )
A Range giving the indices of the k-th diagonal of the matrix M.

diag (M [, k] )
The k-th diagonal of a matrix, as a vector. Use diagm to construct a diagonal matrix.
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diagm (v[, k])
Construct a diagonal matrix and place v on the k-th diagonal.

scale (A, b)

scale (b, A)
Scale an array A by a scalar b, returning a new array.

If A is a matrix and b is a vector, then scale (A,b) scales each column i of A by b[i] (similar to
Axdiagm (b)), while scale (b, A) scales eachrow 1 of Aby b[i] (similar to diagm (b) «2), returning a
new array.

Note: for large A, scale can be much fasterthan A .+ borb .= A, due to the use of BLAS.
scale! (A, D)

scale! (b, A)
Scale an array A by a scalar b, similar to scale () but overwriting A in-place.

If A is a matrix and b is a vector, then scale! (A,b) scales each column i of A by b[i] (similar to
Axdiagm (b)), while scale! (b,A) scales each row i of A by b[i] (similar to diagm (b) x2), again
operating in-place on A.

Tridiagonal (dl, d, du)
Construct a tridiagonal matrix from the lower diagonal, diagonal, and upper diagonal, respectively. The result
is of type Tridiagonal and provides efficient specialized linear solvers, but may be converted into a regular
matrix with full ().

Bidiagonal (dv, ev, isupper)
Constructs an upper (isupper=true) or lower (isupper=false) bidiagonal matrix using the given diag-
onal (dv) and off-diagonal (ev) vectors. The result is of type Bidiagonal and provides efficient specialized
linear solvers, but may be converted into a regular matrix with full ().

SymTridiagonal (d, du)
Construct a real symmetric tridiagonal matrix from the diagonal and upper diagonal, respectively. The result is
of type SymTridiagonal and provides efficient specialized eigensolvers, but may be converted into a regular
matrix with full ().

Woodbury (A, U, C, V)
Construct a matrix in a form suitable for applying the Woodbury matrix identity.

rank (M)
Compute the rank of a matrix.

norm (A [ p ] )
Compute the p-norm of a vector or the operator norm of a matrix A, defaulting to the p=2-norm.

For vectors, p can assume any numeric value (even though not all values produce a mathematically valid vector
norm). In particular, norm (A, Inf) returnsthe largest valuein abs (A), whereas norm (A, -Inf) returns
the smallest.

For matrices, valid values of p are 1, 2, or Inf. (Note that for sparse matrices, p=2 is currently not imple-
mented.) Use vecnorm () to compute the Frobenius norm.

vecnorm (A [, p ] )
For any iterable container A (including arrays of any dimension) of numbers, compute the p-norm (defaulting
to p=2) as if A were a vector of the corresponding length.

For example, if A is a matrix and p=2, then this is equivalent to the Frobenius norm.

cond (M [, p ] )
Condition number of the matrix M, computed using the operator p-norm. Valid values for p are 1, 2 (default),
or Inf.
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condskeel (M[, X, p])

rs(M.p) = [|IM[[M ],
ks(M,z,p) = [[[M[[M~"] ||,

Skeel condition number kg of the matrix M, optionally with respect to the vector x, as computed using the
operator p-norm. p is Inf by default, if not provided. Valid values for p are 1, 2, or Inf.

This quantity is also known in the literature as the Bauer condition number, relative condition number, or com-
ponentwise relative condition number.

trace (M)
Matrix trace

det (M)
Matrix determinant

logdet (M)

Log of matrix determinant. Equivalent to 1og (det (M) ), but may provide increased accuracy and/or speed.
inv (M)

Matrix inverse

pinv (M)
Moore-Penrose pseudoinverse

null (M)
Basis for nullspace of M.

repmat (A, n, m)
Construct a matrix by repeating the given matrix n times in dimension 1 and m times in dimension 2.

repeat (A, inner = Int[], outer = Int[])
Construct an array by repeating the entries of A. The i-th element of inner specifies the number of times that
the individual entries of the i-th dimension of A should be repeated. The i-th element of outer specifies the
number of times that a slice along the i-th dimension of A should be repeated.

kron (A, B)
Kronecker tensor product of two vectors or two matrices.

blkdiag (A...)
Concatenate matrices block-diagonally. Currently only implemented for sparse matrices.

linreg (x,y) — [a; b]
Linear Regression. Returns a and b such that a+b*x is the closest line to the given points (x,y). In other
words, this function determines parameters [a, b] that minimize the squared error between y and a+b*x.

Example:

using PyPlot;
x = float ([1:12])

y = [5.5; 6.3; 7.6; 8.8; 10.9; 11.79; 13.48; 15.02; 17.77; 20.81; 22.0; 22.99]
a, b = linreg(x,y) # Linear regression

plot(x, y, "o") # Plot (x,y) points

plot (x, [atbxi for i in x]) # Plot the line determined by the linear regression

linreg (x,y, w)
Weighted least-squares linear regression.

expm (A)
Matrix exponential.
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lyap (A, C)
Computes the solution X to the continuous Lyapunov equation AX + XA' + C = 0, where no eigenvalue of
A has a zero real part and no two eigenvalues are negative complex conjugates of each other.

sylvester (A, B, C)
Computes the solution X to the Sylvester equation AX + XB + C = 0, where A, B and C have compatible
dimensions and A and —B have no eigenvalues with equal real part.

issym(A) — Bool
Test whether a matrix is symmetric.

isposdef (A) — Bool
Test whether a matrix is positive definite.

isposdef! (A) — Bool
Test whether a matrix is positive definite, overwriting A in the processes.

istril (A) — Bool
Test whether a matrix is lower triangular.

istriu(A) — Bool
Test whether a matrix is upper triangular.

ishermitian (A) — Bool
Test whether a matrix is Hermitian.

transpose (A)
The transposition operator (. ").

ctranspose (A)
The conjugate transposition operator (').

eigs (A[, B], s nev=6, which="LM”, tol=0.0, maxiter=1000, sigma=nothing, ritzvec=true, vO=zeros((0, )))
-> (d|, v |, nconv, niter, nmult, resid)

eigs computes eigenvalues d of A using Lanczos or Arnoldi iterations for real symmetric or general nonsymmetric matri

* nev: Number of eigenvalues

e ncv: Number of Krylov vectors used in the computation; should satisfy nev+1 <= ncv <= n
for real symmetric problems and nev+2 <= ncv <= n for other problems; default is ncv =
max (20, 2*nev+1).

* which: type of eigenvalues to compute. See the note below.

which type of eigenvalues

:IM | eigenvalues of largest magnitude (default)

:SM | eigenvalues of smallest magnitude

:LR | eigenvalues of largest real part

:SR | eigenvalues of smallest real part

:LI eigenvalues of largest imaginary part (nonsymmetric or complex A only)

:SI eigenvalues of smallest imaginary part (nonsymmetric or complex A only)

:BE | compute half of the eigenvalues from each end of the spectrum, biased in favor of the
high end. (real symmetric A only)

e tol: tolerance (tol < 0.0 defaults to DLAMCH ('EPS"))
e maxiter: Maximum number of iterations (default = 300)

* sigma: Specifies the level shift used in inverse iteration. If not hing (default), defaults to ordinary
(forward) iterations. Otherwise, find eigenvalues close to sigma using shift and invert iterations.
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e ritzvec: Returns the Ritz vectors v (eigenvectors) if t rue
* vO0: starting vector from which to start the iterations

eigs returns the nev requested eigenvalues in d, the corresponding Ritz vectors v (only if ritzvec=true),
the number of converged eigenvalues nconv, the number of iterations niter and the number of matrix vector
multiplications nmult, as well as the final residual vector resid.

Ef#: The sigma and which keywords interact: the description of eigenvalues searched for by which do
_not_ necessarily refer to the eigenvalues of A, but rather the linear operator constructed by the specification of
the iteration mode implied by sigma.

sigma iteration mode which refers to eigenvalues of
nothing ordinary (forward) A
real or complex | inverse with level shift sigma | (A —oI)~!

peakflops (n; parallel=false)

peakflops computes the peak flop rate of the computer by using BLAS double precision gemm! (). By
default, if no arguments are specified, it multiplies a matrix of sizen x n,wheren = 2000. If the underlying
BLAS is using multiple threads, higher flop rates are realized. The number of BLAS threads can be set with
blas_set_num_threads (n).

If the keyword argument parallel issetto t rue, peakflops is run in parallel on all the worker processors.
The flop rate of the entire parallel computer is returned. When running in parallel, only 1 BLAS thread is used.
The argument n still refers to the size of the problem that is solved on each processor.
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BLAS Functions

This module provides wrappers for some of the BLAS functions for linear algebra. Those BLAS functions that
overwrite one of the input arrays have names endingin ' ! '.

Usually a function has 4 methods defined, one each for Float 64, Float32, Complex128 and Complex64
arrays.

dot (n, X, incx, Y, incy)
Dot product of two vectors consisting of n elements of array X with stride incx and n elements of array Y with
stride incy.

dotu (n, X, incx, Y, incy)
Dot function for two complex vectors.

dotc (n, X, incx, U, incy)
Dot function for two complex vectors conjugating the first vector.

blascopy! (n, X, incx, Y, incy)
Copy n elements of array X with stride incx to array Y with stride incy. Returns Y.

nrm2 (n, X, incx)
2-norm of a vector consisting of n elements of array X with stride incx.

asum (n, X, incx)
sum of the absolute values of the first n elements of array X with stride incx.

axpy! (n,a, X, incx, Y, incy)
Overwrite Y with axX + Y. Returns Y.

scal! (n,a, X, incx)
Overwrite X with a*X. Returns X.

scal (n, a, X, incx)
Returns a*X.

syrk! (uplo, trans, alpha, A, beta, C)
Rank-k update of the symmetric matrix C as alpha*AxA.' + beta*C or alpha*A.'+xA + betax*C
according to whether t rans is ‘N’ or ‘T’. When uplo is ‘U’ the upper triangle of C is updated (‘L for lower
triangle). Returns C.
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syrk (uplo, trans, alpha, A)
Returns either the upper triangle or the lower triangle, according to uplo (‘U’ or ‘L), of alpha+A*A." or
alphaxA. 'xA, according to trans (‘N’ or “T).

herk! (uplo, trans, alpha, A, beta, C)
Methods for complex arrays only. Rank-k update of the Hermitian matrix C as alphaxAxA' + betaxC or
alphax*A'*A + betaxC according to whether trans is ‘N’ or “T’. When uplo is ‘U’ the upper triangle
of C is updated (‘L for lower triangle). Returns C.

herk (uplo, trans, alpha, A)
Methods for complex arrays only. Returns either the upper triangle or the lower triangle, according to uplo
(‘U or ‘'), of alphaxAxA"' or alphaxA' A, according to trans (‘N’ or ‘T’).

gbmv! (trans, m, kl, ku, alpha, A, x, beta, y)
Update vector y as alpha+A+x + betaxyoralphaxA'+x + betaxyaccordingtotrans (‘N or ‘T’).
The matrix A is a general band matrix of dimension m by size (A, 2) with k1 sub-diagonals and ku super-
diagonals. Returns the updated y.

gbmv (trans, m, ki, ku, alpha, A, x, beta, y)
Returns alpha+A+x or alpha+A'xx according to trans (‘N or “T’). The matrix A is a general band matrix
of dimension m by size (A, 2) with k1 sub-diagonals and ku super-diagonals.

sbmv! (uplo, k, alpha, A, x, beta, y)
Update vector y as alphaxAxx + betaxy where A is a a symmetric band matrix of order size (A, 2) with
k super-diagonals stored in the argument A. The storage layout for A is described the reference BLAS module,
level-2 BLAS at http://www.netlib.org/lapack/explore-html/.

Returns the updated y.

sbmv (uplo, k, alpha, A, x)
Returns alpha*A*x where A is a symmetric band matrix of order size (A, 2) with k super-diagonals stored
in the argument A.

sbmv (uplo, k, A, x)
Returns A+x where A is a symmetric band matrix of order size (A, 2) with k super-diagonals stored in the
argument A.

gemm! (fA, tB, alpha, A, B, beta, C)
Update C as alphaxAxB + beta=C orthe other three variants according to t A (transpose A) and t B. Returns
the updated C.

gemm (fA, tB, alpha, A, B)
Returns alphaxA«B or the other three variants according to t A (transpose 2) and tB.

gemm (tA, tB, A, B)
Returns A« B or the other three variants according to t A (transpose A) and tB.

gemv! (fA, alpha, A, x, beta, y)
Update the vector v as alphaxA*x + betaxxoralphaxA'x + betaxx according to tA (transpose A).
Returns the updated y.

gemv (A, alpha, A, x)
Returns alpha*A*x or alphaA"'x according to tA (transpose 2).

gemv (1A, A, x)
Returns Axx or A'x according to tA (transpose A).

symm! (side, ul, alpha, A, B, beta, C)
Update C as alpha*A*B + beta*Cor alphaxBxA + betax*C according to side. A is assumed to be
symmetric. Only the ul triangle of A is used. Returns the updated C.
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symm (side, ul, alpha, A, B)
Returns alpha*A+B or alpha+B*A according to side. A is assumed to be symmetric. Only the ul triangle
of A is used.

symm (side, ul, A, B)
Returns AxB or BxA according to side. A is assumed to be symmetric. Only the ul triangle of A is used.

symm (A, tB, alpha, A, B)
Returns alphax2A+B or the other three variants according to t A (transpose 2) and tB.

symv! (ul, alpha, A, x, beta, y)
Update the vector v as alpha*Axy + betaxy. A is assumed to be symmetric. Only the ul triangle of A is
used. Returns the updated y.

symv (ul, alpha, A, x)
Returns alphaxAxx. A is assumed to be symmetric. Only the ul triangle of A is used.

symv (ul, A, x)
Returns Axx. A is assumed to be symmetric. Only the ul triangle of A is used.

trmm! (side, ul, tA, dA, alpha, A, B)
Update B as alpha+A~*B or one of the other three variants determined by side (A on left or right) and tA
(transpose A). Only the ul triangle of A is used. dA indicates if A is unit-triangular (the diagonal is assumed to
be all ones). Returns the updated B.

trmm (side, ul, tA, dA, alpha, A, B)
Returns alphaxA«+B or one of the other three variants determined by side (A on left or right) and t A (trans-
pose A). Only the ul triangle of A is used. dA indicates if A is unit-triangular (the diagonal is assumed to be all
ones).

trsm! (side, ul, tA, dA, alpha, A, B)
Overwrite B with the solution to AxX = alpha=B or one of the other three variants determined by side (A
on left or right of X) and tA (transpose A). Only the ul triangle of A is used. dA indicates if A is unit-triangular
(the diagonal is assumed to be all ones). Returns the updated B.

trsm (side, ul, tA, dA, alpha, A, B)
Returns the solution to AxX = alphaxB or one of the other three variants determined by side (A on left
or right of X) and tA (transpose A). Only the ul triangle of A is used. dA indicates if A is unit-triangular (the
diagonal is assumed to be all ones).

trmv! (side, ul, tA, dA, alpha, A, b)
Update b as alpha*Axb or one of the other three variants determined by side (A on left or right) and tA
(transpose A). Only the ul triangle of A is used. dA indicates if A is unit-triangular (the diagonal is assumed to
be all ones). Returns the updated b.

trmv (side, ul, tA, dA, alpha, A, b)
Returns alpha*AxDb or one of the other three variants determined by side (A on left or right) and t A (trans-
pose A). Only the ul triangle of A is used. dA indicates if A is unit-triangular (the diagonal is assumed to be all
ones).

trsv! (side, ul, tA, dA, alpha, A, b)
Overwrite b with the solution to AxX = alphaxb or one of the other three variants determined by side (A
on left or right of X) and tA (transpose A). Only the ul triangle of A is used. dA indicates if A is unit-triangular
(the diagonal is assumed to be all ones). Returns the updated b.

trsv (side, ul, tA, dA, alpha, A, b)
Returns the solution to AxX = alphaxb or one of the other three variants determined by side (A on left
or right of X) and tA (transpose A). Only the ul triangle of A is used. dA indicates if A is unit-triangular (the
diagonal is assumed to be all ones).

335



Julia (1%, £ i 0.3.0-prerelease

blas_set_num threads (n)
Set the number of threads the BLAS library should use.
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CHAPTER 37

Constants

OS_NAME

A symbol representing the name of the operating system. Possible values are : Linux, :Darwin (OS X), or

:Windows.

ARGS
An array of the command line arguments passed to Julia, as strings.

C_NULL
The C null pointer constant, sometimes used when calling external code.

CPU_CORES
The number of CPU cores in the system.

WORD_SIZE
Standard word size on the current machine, in bits.

VERSION
An object describing which version of Julia is in use.

LOAD_PATH
An array of paths (as strings) where the require function looks for code.
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CHAPTER 38

Filesystem

isblockdev (path) — Bool
Returns t rue if path is a block device, false otherwise.

ischardev (path) — Bool
Returns t rue if path is a character device, false otherwise.

isdir (path) — Bool
Returns t rue if path is a directory, false otherwise.

isexecutable (path) — Bool
Returns t rue if the current user has permission to execute path, false otherwise.

isfifo (path) — Bool
Returns t rue if path is a FIFO, false otherwise.

isfile (path) — Bool
Returns t rue if path is a regular file, false otherwise.

islink (path) — Bool
Returns t rue if path is a symbolic link, false otherwise.

ispath (path) — Bool
Returns true if path is a valid filesystem path, false otherwise.

isreadable (path) — Bool
Returns t rue if the current user has permission to read path, false otherwise.

issetgid (path) — Bool
Returns t rue if path has the setgid flag set, false otherwise.

issetuid (path) — Bool
Returns t rue if path has the setuid flag set, false otherwise.

issocket (path) — Bool
Returns t rue if path is a socket, false otherwise.

issticky (path) — Bool
Returns t rue if path has the sticky bit set, false otherwise.
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iswritable (path) — Bool
Returns t rue if the current user has permission to write to path, false otherwise.

homedir () — String
Return the current user’s home directory.

dirname (path::String) — String
Get the directory part of a path.

basename (path::String) — String
Get the file name part of a path.

@__FILE () — String
@__ FILE__ expands to astring with the absolute path and file name of the script being run. Returns nothing
if run from a REPL or an empty string if evaluated by julia -e <expr>.

isabspath (path::String) — Bool
Determines whether a path is absolute (begins at the root directory).

isdirpath (path::String) — Bool
Determines whether a path refers to a directory (for example, ends with a path separator).

joinpath (parts...) — String
Join path components into a full path. If some argument is an absolute path, then prior components are dropped.

abspath (path::String) — String
Convert a path to an absolute path by adding the current directory if necessary.

normpath (path::String) — String

99 99

Normalize a path, removing ”.” and ”..” entries.

realpath (path::String) — String
Canonicalize a path by expanding symbolic links and removing . and ”..” entries.

expanduser (path::String) — String
On Unix systems, replace a tilde character at the start of a path with the current user’s home directory.

splitdir (path::String) -> (String, String)
Split a path into a tuple of the directory name and file name.

splitdrive (path::String) -> (String, String)
On Windows, split a path into the drive letter part and the path part. On Unix systems, the first component is
always the empty string.

splitext (path::String) -> (String, String)
If the last component of a path contains a dot, split the path into everything before the dot and everything
including and after the dot. Otherwise, return a tuple of the argument unmodified and the empty string.

tempname ()
Generate a unique temporary filename.

tempdir ()
Obtain the path of a temporary directory.

mktemp ()
Returns (path, io), where path is the path of a new temporary file and io is an open file object for this
path.

mktempdir ()
Create a temporary directory and return its path.
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Punctuation

Extended documentation for mathematical symbols & functions is here.

symbol | meaning
@m invoke macro m; followed by space-separated expressions
! prefix “not” operator
al () at the end of a function name, / indicates that a function modifies its argument(s)
# begin single line comment
#= begin multi-line comment (these are nestable)
=# end multi-line comment
$ Xor operator, string and expression interpolation
% remainder operator
~ exponent operator
& bitwise and
* multiply, or matrix multiply
() the empty tuple
~ bitwise not operator
\ backslash operator
' complex transpose operator AH
] array indexing
] vertical concatenation
;] also vertical concatenation
] with space-separated expressions, horizontal concatenation
{3 parametric type instantiation
} construct a cell array
; statement separator
, separate function arguments or tuple components
? 3-argument conditional operator (conditional ? if_true : if_false)
"o delimit string literals
v delimit character literals
delimit external process (command) specifications
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# 391 — 42 T

symbol | meaning

splice arguments into a function call or declare a varargs function or type
. access named fields in objects or names inside modules, also prefixes elementwise operators
a:b range a, a+1, a+2, ..., b
a:s:b | range a, a+s, a+2s, ..., b
: index an entire dimension (1:end)
HH type annotation, depending on context
() quoted expression
ra symbol a
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Sorting and Related Functions

Julia has an extensive, flexible API for sorting and interacting with already-sorted arrays of values. For many users,
sorting in standard ascending order, letting Julia pick reasonable default algorithms will be sufficient:

julia> sort([2,3,1])
3-element Array{Int64,1}:
1

2

3

You can easily sort in reverse order as well:

julia> sort([2,3,1], rev=true)
3-element Array{Inté64,1}:

3

2

1

To sort an array in-place, use the “bang” version of the sort function:

julia> a = [2,3,1]1;
julia> sort! (a);

julia> a
3-element Array{Inté64,1}:
1

2

3

Instead of directly sorting an array, you can compute a permutation of the array’s indices that puts the array into sorted
order:

julia> v = randn (5)
5-element Array{Float64,1}:
0.297288
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0.382396
-0.597634
-0.0104452
-0.839027

julia> p = sortperm(v)
5-element Array{Inté64,1}:
5

N P W

julia> v(p]
5-element Array{Float64,1}:
-0.839027
-0.597634
-0.0104452
0.297288
0.382396

Arrays can easily be sorted acording to an arbitrary transformation of their values:

julia> sort (v, by=abs)
5-element Array{Float64,1}:
-0.0104452

0.297288

0.382396
-0.597634
-0.839027

Or in reverse order by a transformation:

julia> sort (v, by=abs, rev=true)
5-element Array{Float64,1}:
-0.839027
-0.597634

0.382396

0.297288
-0.0104452

Reasonable sorting algorithms are used by default, but you can choose other algorithms as well:

julia> sort (v, alg=InsertionSort)
5-element Array{Float64,1}:
-0.839027
-0.597634
-0.0104452

0.297288

0.382396

Sorting Functions

sort! (v, [alg=<algorithm>,] [by=<transform>,] [lt=<comparison>,] [rev=false])
Sort the vector v in place. QuickSort is used by default for numeric arrays while MergeSort is used for

344 Chapter 40. Sorting and Related Functions




Julia (1Y, £ 47 0.3.0-prerelease

other arrays. You can specify an algorithm to use via the alg keyword (see Sorting Algorithms for available
algorithms). The by keyword lets you provide a function that will be applied to each element before comparison;
the 1t keyword allows providing a custom “less than” function; use rev=true to reverse the sorting order.
These options are independent and can be used together in all possible combinations: if both by and 1t are
specified, the 1t function is applied to the result of the by function; rev=t rue reverses whatever ordering
specified via the by and 1t keywords.

sort (v, [alg=<algorithm>,] [by=<transform>,] [lt=<comparison>,] [rev=false])
Variant of sort ! that returns a sorted copy of v leaving v itself unmodified.

sort (A, dim, [alg=<algorithm>,] [by=<transform>,] [lt=<comparison>,] [rev=false])
Sort a multidimensional array A along the given dimension.

sortperm (v, [alg=<algorithm>, ] [by=<transform>,] [lt=<comparison>,] [rev=false])
Return a permutation vector of indices of v that puts it in sorted order. Specify alg to choose a particular
sorting algorithm (see Sorting Algorithms). MergeSort is used by default, and since it is stable, the resulting
permutation will be the lexicographically first one that puts the input array into sorted order — i.e. indices of
equal elements appear in ascending order. If you choose a non-stable sorting algorithm such as QuickSort,
a different permutation that puts the array into order may be returned. The order is specified using the same
keywords as sort!.

sortrows (A, [alg=<algorithm>,] [by=<transform>,] [lt=<comparison>,] [rev=false])
Sort the rows of matrix A lexicographically.

sortcols (A, [alg=<algorithm>,] [by=<transform>,] [lt=<comparison>,] [rev=false])
Sort the columns of matrix A lexicographically.

Order-Related Functions

issorted (v, [by=<transform>,] [lt=<comparison>,] [rev=false])
Test whether a vector is in sorted order. The by, 1t and rev keywords modify what order is considered to be
sorted just as they do for sort.

searchsorted (q, x, [by=<transform>,] [lt=<comparison>,] [rev=false])
Returns the range of indices of a which compare as equal to x according to the order specified by the by, 1t and
rev keywords, assuming that a is already sorted in that order. Returns an empty range located at the insertion
point if a does not contain values equal to x.

searchsortedfirst (a, x, [by=<transform>,] [lt=<comparison>,] [rev=false])
Returns the index of the first value in a greater than or equal to x, according to the specified order. Returns
length (a) +1 if x is greater than all values in a.

searchsortedlast (q, x, [by=<transform>,] [lt=<comparison>,] [rev=false])
Returns the index of the last value in a less than or equal to x, according to the specified order. Returns 0 if x
is less than all values in a.

select! (v, k, [by=<transform>,] [lt=<comparison>,] [rev=false])
Partially sort the vector v in place, according to the order specified by by, 1t and rev so that the value at index
k (or range of adjacent values if k is a range) occurs at the position where it would appear if the array were
fully sorted. If k is a single index, that values is returned; if k is a range, an array of values at those indices is
returned. Note that select! does not fully sort the input array, but does leave the returned elements where
they would be if the array were fully sorted.

select (v, k, [by=<transform>,] [lt=<comparison>,] [rev=false])
Variant of select ! which copies v before partially sorting it, thereby returning the same thing as select!
but leaving v unmodified.
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Sorting Algorithms

There are currently three sorting algorithms available in base Julia:
* InsertionSort
* QuickSort
* MergeSort

InsertionSort is an O(n”2) stable sorting algorithm. It is efficient for very small n, and is used internally by
QuickSort.

QuickSort is an O(n log n) sorting algorithm which is in-place, very fast, but not stable — i.e. elements which
are considered equal will not remain in the same order in which they originally appeared in the array to be sorted.
QuickSort is the default algorithm for numeric values, including integers and floats.

MergeSort is an O(n log n) stable sorting algorithm but is not in-place — it requires a temporary array of equal size
to the input array — and is typically not quite as fast as QuickSort. It is the default algorithm for non-numeric data.

The sort functions select a reasonable default algorithm, depending on the type of the array to be sorted. To force a
specific algorithm to be used for sort or other soring functions, supply alg=<algorithm> as a keyword argument
after the array to be sorted.
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Package Manager Functions

All package manager functions are defined in the Pkg module. None of the Pkg module’s functions are exported; to
use them, you’ll need to prefix each function call with an explicit Pkg., e.g. Pkg.status () or Pkg.dir ().

dir () — String
Returns the absolute path of the package directory. This defaults to joinpath (homedir (), ".julia")
on all platforms (i.e. ~/. julia in UNIX shell syntax). If the JULIA_PKGDIR environment variable is set,
that path is used instead. If JULTIA_PKGDIR is a relative path, it is interpreted relative to whatever the current
working directory is.

dir (names...) — String
Equivalent to normpath (Pkg.dir () ,names...) —i.e. it appends path components to the package direc-
tory and normalizes the resulting path. In particular, Pkg.dir (pkg) returns the path to the package pkg.
init ()
Initialize Pkg.dir () as a package directory. This will be done automatically when the JULTIA_PKGDIR is
not set and Pkg.dir () uses its default value.

resolve ()
Determines an optimal, consistent set of package versions to install or upgrade to. The optimal set of package
versions is based on the contents of Pkg.dir ("REQUIRE") and the state of installed packages in Pkg.
dir (), Packages that are no longer required are moved into Pkg.dir (".trash").

edit ()
Opens Pkg.dir ("REQUIRE") in the editor specified by the VISUAL or EDITOR environment variables;
when the editor command returns, it runs Pkg.resolve () to determine and install a new optimal set of
installed package versions.

add (pkg, vers...)
Add a requirement entry for pkg to Pkg.dir ("REQUIRE") and call Pkg.resolve (). If vers are given,
they must be VersionNumber objects and they specify acceptable version intervals for pkg.

rm (pkg)
Remove all requirement entries for pkg from Pkg.dir ("REQUIRE") and call Pkg.resolve ().

clone (url[, pkg])
Clone a package directly from the git URL url. The package does not need to be a registered in Pkg.
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dir ("METADATA"). The package repo is cloned by the name pkg if provided; if not provided, pkg is
determined automatically from url.

clone (pkg)
If pkg has a URL registered in Pkg.dir ("METADATA"), clone it from that URL on the default branch. The
package does not need to have any registered versions.

available () — Vector{ ASCIIString}
Returns the names of available packages.

available (pkg) — Vector{VersionNumber}
Returns the version numbers available for package pkg.

installed () — Dict{ ASCIIString, VersionNumber}
Returns a dictionary mapping installed package names to the installed version number of each package.

installed (pkg) — Nothing | VersionNumber
If pkg is installed, return the installed version number, otherwise return nothing.

status ()
Prints out a summary of what packages are installed and what version and state they’re in.

update ()
Update package the metadata repo — kept in Pkg.dir ("METADATA") — then update any fixed packages that
can safely be pulled from their origin; then call Pkg.resolve () to determine a new optimal set of packages
versions.

checkout ( pkg[, branch="master” ] )
Checkout the Pkg.dir (pkg) repo to the branch branch. Defaults to checking out the “master” branch. To
go back to using the newest compatible released version, use Pkg. free (pkg)

Pin (pkg)
Pin pkg at the current version. To go back to using the newest compatible released version, use Pkg.
free (pkqg)

pin (pkg, version)
Pin pkg at registered version version.

free (pkg)
Free the package pkg to be managed by the package manager again. It calls Pkg.resolve () to determine
optimal package versions after. This is an inverse for both Pkg. checkout and Pkg.pin.

build()
Run the build scripts for all installed packages in depth-first recursive order.

build (pkgs...)
Run the build script in “deps/build.jlI” for each package in pkgs and all of their dependencies in depth-first
recursive order. This is called automatically by Pkg.resolve () on all installed or updated packages.

generate (pkg, license)
Generate a new package named pkg with one of these license keys: "MIT" or "BSD". If you want to make
a package with a different license, you can edit it afterwards. Generate creates a git repo at Pkg.dir (pkg)
for the package and inside it LICENSE . md, README . md, the julia entrypoint $pkg/src/S$pkg. j1, and a
travis test file, .travis.yml.

register (pkg[, url])
Register pkg at the git URL url, defaulting to the configured origin URL of the git repo Pkg.dir (pkg).

tag (pkg[, ver[, commit] ] )
Tag commit as version ver of package pkg and create a version entry in METADATA. If not provided, commit
defaults to the current commit of the pkg repo. If ver is one of the symbols :patch, :minor, :major the
next patch, minor or major version is used. If ver is not provided, it defaults to : patch.
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publish ()
For each new package version tagged in METADATA not already published, make sure that the tagged package
commits have been pushed to the repo at the registered URL for the package and if they all have, open a pull
request to METADATA.

test ()
Run the tests for all installed packages ensuring that each package’s test dependencies are installed for the
duration of the test. A package is tested by running its test/runtests. jl file and test dependencies are
specified in test /REQUIRE.

test (pkgs...)
Run the tests for each package in pkgs ensuring that each package’s test dependencies are installed for the
duration of the test. A package is tested by running its test/runtests. jl file and test dependencies are
specified in test /REQUIRE.
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Collections and Data Structures

The Collections module contains implementations of some common data structures.

PriorityQueue

The PriorityQueue type is a basic priority queue implementation allowing for arbitrary key and priority types.
Multiple identical keys are not permitted, but the priority of existing keys can be changed efficiently.

PriorityQueue({K, V} ( [ord] )
Construct a new PriorityQueue, with keys of type K and values/priorites of type V. If an order is not given, the
priority queue is min-ordered using the default comparison for V.

enqueue! (pq, k, v)
Insert the a key k into a priority queue pqg with priority v.

dequeue! (pq)
Remove and return the lowest priority key from a priority queue.

peek (pq)
Return the lowest priority key from a priority queue without removing that key from the queue.

PriorityQueue also behaves similarly to a Dict so that keys can be inserted and priorities accessed or changed
using indexing notation:

# Julia code
pg = Collections.PriorityQueue ()

# Insert keys with associated priorities
pal"a"] = 10
pq["b"] = 5
pgl"c"] = 15

# Change the priority of an existing key
pal"a"] =0
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Heap Functions

Along with the PriorityQueue type are lower level functions for performing binary heap operations on arrays.
Each function takes an optional ordering argument. If not given, default ordering is used, so that elements popped
from the heap are given in ascending order.

heapify (v[, ord] )
Return a new vector in binary heap order, optionally using the given ordering.

heapify! (v[, ord])
In-place heapity.

isheap (v[, ord] )
Return true iff an array is heap-ordered according to the given order.

heappush! (v, x[, ord] )
Given a binary heap-ordered array, push a new element x, preserving the heap property. For efficiency, this
function does not check that the array is indeed heap-ordered.

heappop! (v[, ord])
Given a binary heap-ordered array, remove and return the lowest ordered element. For efficiency, this function
does not check that the array is indeed heap-ordered.
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Graphics

The Base.Graphics interface is an abstract wrapper; specific packages (e.g., Cairo and Tk/Gtk) implement much

of the functionality.

Geometry

Vec2 (x,y)
Creates a point in two dimensions

BoundingBox (xmin, xmax, ymin, ymax)
Creates a box in two dimensions with the given edges

BoundingBox (0bjs...)
Creates a box in two dimensions that encloses all objects

width (0bj)
Computes the width of an object

height (obj)
Computes the height of an object

xmin (obj)
Computes the minimum x-coordinate contained in an object

xmax (obj)
Computes the maximum x-coordinate contained in an object

ymin (obj)
Computes the minimum y-coordinate contained in an object

ymax (obj)
Computes the maximum y-coordinate contained in an object

diagonal (obj)
Return the length of the diagonal of an object
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aspect_ratio (obj)
Compute the height/width of an object

center (obj)
Return the point in the center of an object

xrange (obj)
Returns a tuple (xmin (obj), xmax (obj))

yrange (obj)
Returns a tuple (ymin (obj), ymax (obj))

rotate (0bj, angle, origin) — newobj
Rotates an object around origin by the specified angle (radians), returning a new object of the same type. Because
of type-constancy, this new object may not always be a strict geometric rotation of the input; for example, if
ob7jis a BoundingBox the return is the smallest BoundingBox that encloses the rotated input.

shift (obj, dx, dy)
Returns an object shifted horizontally and vertically by the indicated amounts

* (0bj, s::Real)
Scale the width and height of a graphics object, keeping the center fixed

+ (bbl::BoundingBox, bb2::BoundingBox) — BoundingBox
Returns the smallest box containing both boxes

& (bbl1::BoundingBox, bb2::BoundingBox) — BoundingBox
Returns the intersection, the largest box contained in both boxes

deform (bb::BoundingBox, dxmin, dxmax, dymin, dymax)
Returns a bounding box with all edges shifted by the indicated amounts

isinside (bb::BoundingBox, x, y)
True if the given point is inside the box

isinside (bb::BoundingBox, point)
True if the given point is inside the box
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Unit and Functional Testing

The Test module contains macros and functions related to testing. A default handler is provided to run the tests, and
a custom one can be provided by the user by using the registerhandler () function.

Overview

To use the default handler, the macro @test () can be used directly:

julia> using Base.Test

julia> @test 1 == 1
julia> Q@test 1 == 0
ERROR: test failed: 1 == 0

in error at error.jl:21
in default_handler at test.jl:19
in do_test at test.jl:39

julia> Qtest error ("This is what happens when a test fails")

ERROR: test error during error("This is what happens when a test fails")
This is what happens when a test fails

in error at error.jl:21

in anonymous at test.jl:62

in do_test at test.jl:37

As seen in the examples above, failures or errors will print the abstract syntax tree of the expression in question.

Another macro is provided to check if the given expression throws an exception of type extype,
Qtest_throws ():

julia> @test_throws ErrorException error ("An error")

julia> @test_throws BoundsError error ("An error")
ERROR: test failed: error ("An error")
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in error at error.jl:21
in default_handler at test.jl:19
in do_test_throws at test.jl:55

julia> @test_throws DomainError throw (DomainError ())

julia> @test_throws DomainError throw (EOFError())
ERROR: test failed: throw (EOFError ())

in error at error.jl:21

in default_handler at test.jl:19

in do_test_throws at test.jl:55

As floating point comparisons can be imprecise, two additional macros exist taking in account small numerical errors:

julia> @test_approx_eq 1. 0.999999999

ERROR: assertion failed: [1.0 - 0.999999999| < 2.220446049250313e-12
1.0 =1.0
0.999999999 = 0.999999999

in test_approx_eqg at test.jl:75

in test_approx_eq at test.jl:80

julia> @test_approx eq 1. 0.9999999999999
julia> @test_approx_ eq eps 1. 0.999 le-2

julia> Qtest_approx eq eps 1. 0.999 1le-3

ERROR: assertion failed: |1.0 — 0.999| <= 0.001
1.0 =1.0
0.999 = 0.999
difference = 0.0010000000000000009 > 0.001

in error at error.jl:22

in test_approx_eq at test.jl:68

Handlers

A handler is a function defined for three kinds of arguments: Success, Failure, Error:

# The definition of the default handler

default_handler (r::Success) = nothing
default_handler (r::Failure) = error("test failed: $S(r.expr)")
default_handler (r::Error) = rethrow(r)

A different handler can be used for a block (with with_handler ()):

julia> using Base.Test

julia> custom_handler (r::Test.Success) = println("Success on S(r.expr)")
custom_handler (generic function with 1 method)

julia> custom_handler (r::Test.Failure) = error ("Error on custom handler: S(r.expr)")
custom_handler (generic function with 2 methods)

julia> custom_handler (r::Test.Error) = rethrow(r)
custom_handler (generic function with 3 methods)
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julia> Test.with_handler (custom_handler) do

@test 1 ==
@Qtest 1 !=1
end
Success on : ((1==1))
ERROR: Error on custom handler: :((1!=1))

in error at error.jl:21

in custom_handler at none:1

in do_test at test.jl:39

in anonymous at no file:3

in task_local_storage at task.jl:28
in with_handler at test.jl:24

Macros

@test (ex)

Test the expression ex and calls the current handler to handle the result.

@test_throws (extype, ex)

Test that the expression ex throws an exception of type extype and calls the current handler to handle the

result.

Qtest_approx_eq(a, b)

Test two floating point numbers a and b for equality taking in account small numerical errors.

@Qtest_approx_eq eps (a, b, tol)

Test two floating point numbers a and b for equality taking in account a margin of tolerance given by tol.

Functions

with_handler (f, handler)
Run the function f using the handler as the handler.

44.3. Macros
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CHAPTER 45

Testing Base Julia

Julia is under rapid development and has an extensive test suite to verify functionality across multiple platforms. If
you build Julia from source, you can run this test suite with make test. In abinary install, you can run the test suite
using Base.runtests ().

runtests ([tests:[”all”][, numcores:iceil(CPU_CORES/Z)] ] )
Run the Julia unit tests listed in tests, which can be either a string or an array of strings, using numcores
processors.
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CHAPTER 46

Profiling

The Profile module provides tools to help developers improve the performance of their code. When used, it takes
measurements on running code, and produces output that helps you understand how much time is spent on individual
line(s). The most common usage is to identify “bottlenecks” as targets for optimization.

Profile implements what is known as a “sampling” or statistical profiler. It works by periodically taking a backtrace
during the execution of any task. Each backtrace captures the currently-running function and line number, plus the
complete chain of function calls that led to this line, and hence is a “snapshot” of the current state of execution.

If much of your run time is spent executing a particular line of code, this line will show up frequently in the set of all
backtraces. In other words, the “cost” of a given line—or really, the cost of the sequence of function calls up to and
including this line—is proportional to how often it appears in the set of all backtraces.

A sampling profiler does not provide complete line-by-line coverage, because the backtraces occur at intervals (by
default, 1 ms). However, this design has important strengths:

* You do not have to make any modifications to your code to take timing measurements (in contrast to the alter-
native instrumenting profiler).

* It can profile into Julia’s core code and even (optionally) into C and Fortran libraries.

* By running “infrequently” there is very little performance overhead; while profiling, your code will run at nearly
native speed.

For these reasons, it’s recommended that you try using the built-in sampling profiler before considering any alterna-
tives.

Basic usage

Let’s work with a simple test case:

function myfunc()
A = rand (100, 100, 200)
maximum (A)

end
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It’s a good idea to first run the code you intend to profile at least once (unless you want to profile Julia’s JIT-compiler):

’julia> myfunc () # run once to force compilation

Now we’re ready to profile this function:

’julia> @profile myfunc ()

To see the profiling results, there is a graphical browser available, but here we’ll use the text-based display that comes
with the standard library:

julia> Profile.print ()
23 client.jl; _start; line: 373
23 client.jl; run_repl; line: 166
23 client.jl; eval_user_input; line: 91
23 profile.jl; anonymous; line: 14

8 none; myfunc; line: 2
8 dSFMT. jl; dsfmt_gv_fill array_close_open!; line: 128
15 none; myfunc; line: 3
2 reduce.jl; max; line: 35
2 reduce.jl; max; line: 36
11 reduce.jl; max; line: 37

Each line of this display represents a particular spot (line number) in the code. Indentation is used to indicate the
nested sequence of function calls, with more-indented lines being deeper in the sequence of calls. In each line, the first
“field” indicates the number of backtraces (samples) taken at this line or in any functions executed by this line. The
second field is the file name, followed by a semicolon; the third is the function name followed by a semicolon, and
the fourth is the line number. Note that the specific line numbers may change as Julia’s code changes; if you want to
follow along, it’s best to run this example yourself.

In this example, we can see that the top level is client. jl‘s _start function. This is the first Julia function that
gets called when you launch julia. If you examine line 373 of client . j1, you’ll see that (at the time of this writing)
it calls run_repl, mentioned on the second line. This in turn calls eval_user_input. These are the functions
in client. jl that interpret what you type at the REPL, and since we’re working interactively these functions were
invoked when we entered @profile myfunc (). The next line reflects actions taken in the @profile macro.

The first line shows that 23 backtraces were taken at line 373 of c1ient . j1, butit’s not that this line was “expensive”
on its own: the second line reveals that all 23 of these backtraces were actually triggered inside its call to run_repl,
and so on. To find out which operations are actually taking the time, we need to look deeper in the call chain.

The first “important” line in this output is this one:

8 none; myfunc; line: 2

none refers to the fact that we defined my func in the REPL, rather than putting it in a file; if we had used a file, this
would show the file name. Line 2 of my func () contains the call to rand, and there were 8 (out of 23) backtraces that
occurred at this line. Below that, you can see acall to dsfmt_gv_fill_array_close_open! inside dSFMT.
j1. You might be surprised not to see the rand function listed explicitly: that’s because rand is inlined, and hence
doesn’t appear in the backtraces.

A little further down, you see:

15 none; myfunc; line: 3

Line 3 of my func contains the call to max, and there were 15 (out of 23) backtraces taken here. Below that, you can
see the specific places in base/reduce. j1 that carry out the time-consuming operations in the max function for
this type of input data.
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Overall, we can tentatively conclude that finding the maximum element is approximately twice as expensive as gener-
ating the random numbers. We could increase our confidence in this result by collecting more samples:

julia> @profile (for i = 1:100; myfunc(); end)
julia> Profile.print ()

3121 client.jl; _start; line: 373

3121 client.jl; run_repl; line: 166

3121 client.jl; eval_user_input; line: 91
3121 profile.jl; line: 1
848 none; myfunc; line: 2
842 dSFMT.Jjl; dsfmt_gv_fill_array_close_open!;

anonymous;

line: 128

1510 none; myfunc; line: 3

74 reduce. jl; max; line: 35
122 reduce.jl; max; line: 36
1314 reduce.jl; max; line: 37

In general, if you have N samples collected at a line, you can expect an uncertainty on the order of sqrt (N) (barring
other sources of noise, like how busy the computer is with other tasks). The major exception to this rule is garbage-
collection, which runs infrequently but tends to be quite expensive. (Since julia’s garbage collector is written in C,
such events can be detected using the C=t rue output mode described below, or by using ProfileView.)

This illustrates the default “tree” dump; an alternative is the “flat” dump, which accumulates counts independent of
their nesting:

julia> Profile.print (format=:£flat)

Count File Function Line
3121 client.jl _start 373
3121 client.jl eval_user_input 91
3121 client.jl run_repl 166

842 dSFMT. jl dsfmt_gv_fill_array_close_open! 128
848 none myfunc 2
1510 none myfunc 3
3121 profile.jl anonymous 1

74 reduce.jl max 35
122 reduce.jl max 36
1314 reduce.jl max 37

If your code has recursion, one potentially-confusing point is that a line in a “child” function can accumulate more
counts than there are total backtraces. Consider the following function definitions:

dumbsum (n: :Integer) = 1 + dumbsum(n-1)

dumbsum3 () = dumbsum (3

If you were to profile dumbsum3, and a backtrace was taken while it was executing dumbsum (1), the backtrace
would look like this:

dumbsum3
dumbsum (3)
dumbsum (2)
dumbsum (1)

Consequently, this child function gets 3 counts, even though the parent only gets one. The “tree” representation makes
this much clearer, and for this reason (among others) is probably the most useful way to view the results.
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Accumulation and clearing

Results from @profile accumulate in a buffer; if you run multiple pieces of code under @profile, then
Profile.print () will show you the combined results. This can be very useful, but sometimes you want to
start fresh; you can do so with Profile.clear ().

Options for controlling the display of profile results

Profile.print () has more options than we’ve described so far. Let’s see the full declaration:

function print (io::I0 = STDOUT, data = fetch(); format = :tree, C = false, combine =
—true, cols = tty_cols())

Let’s discuss these arguments in order:
 The first argument allows you to save the results to a file, but the default is to print to STDOUT (the console).

* The second argument contains the data you want to analyze; by default that is obtained from Profile.
fetch (), which pulls out the backtraces from a pre-allocated buffer. For example, if you want to profile
the profiler, you could say:

data = copy(Profile.fetch())

Profile.clear ()

@profile Profile.print (STDOUT, data) # Prints the previous results
Profile.print () # Prints results from Profile.print ()

* The first keyword argument, format, was introduced above. The possible choices are : tree and : flat.

e C, if set to true, allows you to see even the calls to C code. Try running the introductory example with
Profile.print (C = true). This can be extremely helpful in deciding whether it’s Julia code or C code
that is causing a bottleneck; setting C=t rue also improves the interpretability of the nesting, at the cost of
longer profile dumps.

* Some lines of code contain multiple operations; for example, s += A[i] contains both an array reference
(A[1]) and a sum operation. These correspond to different lines in the generated machine code, and hence
there may be two or more different addresses captured during backtraces on this line. combine=true lumps
them together, and is probably what you typically want, but you can generate an output separately for each
unique instruction pointer with combine=false.

* cols allows you to control the number of columns that you are willing to use for display. When the text would
be wider than the display, you might see output like this:

33 inference.jl; abstract_call; line: 645
33 inference.jl; abstract_call; line: 645
33 ...rence.jl; abstract_call_gf; line: 567
33 ...nce.jl; typeinf; line: 1201

+1 5 ..nce.jl; ...t_interpret; line: 900
+3 5 ...ence.jl; abstract_eval; line: 758
+4 5 .ence.jl; ...ct_eval_call; line: 733
+6 5 .ence.jl; abstract_call; line: 645

File/function names are sometimes truncated (with . . .), and indentation is truncated with a +n at the beginning,
where n is the number of extra spaces that would have been inserted, had there been room. If you want a
complete profile of deeply-nested code, often a good idea is to save to a file and use a very wide cols setting:
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s = open("/tmp/prof.txt","w")
Profile.print (s,cols = 500)
close (s)

Configuration

@profile just accumulates backtraces, and the analysis happens when you call Profile.print (). For a long-
running computation, it’s entirely possible that the pre-allocated buffer for storing backtraces will be filled. If that
happens, the backtraces stop but your computation continues. As a consequence, you may miss some important
profiling data (you will get a warning when that happens).

You can obtain and configure the relevant parameters this way:

Profile.init () # returns the current settings
Profile.init (n, delay)
Profile.init (delay = 0.01)

n is the total number of instruction pointers you can store, with a default value of 107 6. If your typical backtrace
is 20 instruction pointers, then you can collect 50000 backtraces, which suggests a statistical uncertainty of less than
1%. This may be good enough for most applications.

Consequently, you are more likely to need to modify delay, expressed in seconds, which sets the amount of time that
Julia gets between snapshots to perform the requested computations. A very long-running job might not need frequent
backtraces. The default setting is delay = 0.001. Of course, you can decrease the delay as well as increase it;
however, the overhead of profiling grows once the delay becomes similar to the amount of time needed to take a
backtrace (~30 microseconds on the author’s laptop).

Function reference

@profile ()
@profile <expression> runs your expression while taking periodic backtraces. These are appended to
an internal buffer of backtraces.

clear ()
Clear any existing backtraces from the internal buffer.

print ([io::lO = STDOUT], [data::Vector]; format = :tree, C = false, combine = true, cols = tty_cols())
Prints profiling results to io (by default, STDOUT). If you do not supply a data vector, the internal buffer of
accumulated backtraces will be used. format can be :tree or : flat. If C==true, backtraces from C
and Fortran code are shown. combine==t rue merges instruction pointers that correspond to the same line of
code. cols controls the width of the display.

print ([io::lO = STDOUT], data::Vector, lidict::Dict; format = :tree, combine = true, cols = tty_cols())
Prints profiling results to io. This variant is used to examine results exported by a previous call to Profile.
retrieve (). Supply the vector data of backtraces and a dictionary 1idict of line information.

init (; n::Integer, delay::Float64)
Configure the delay between backtraces (measured in seconds), and the number n of instruction pointers that
may be stored. Each instruction pointer corresponds to a single line of code; backtraces generally consist of a
long list of instruction pointers. Default settings can be obtained by calling this function with no arguments, and
each can be set independently using keywords or in the order (n, delay).
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fetch () — data
Returns a reference to the internal buffer of backtraces. Note that subsequent operations, like Profile.
clear (), can affect data unless you first make a copy. Note that the values in data have meaning only on
this machine in the current session, because it depends on the exact memory addresses used in JIT-compiling.
This function is primarily for internal use; Profile.retrieve () may be a better choice for most users.

retrieve () — data, lidict
“Exports” profiling results in a portable format, returning the set of all backtraces (data) and a dictionary that
maps the (session-specific) instruction pointers in data to LineInfo values that store the file name, function
name, and line number. This function allows you to save profiling results for future analysis.
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Symbols

*() (£ Base TRERH), 257, 274
+() (ff Base f&B ), 274
-() (ff Base HERA), 274

=() (£ Base T H), 276
#() (FF Base BERH), 274
+() (£ Base T&HH), 274
() (fF Base 1A, 274
J() (FF Base fEBH), 274
==() (¥F Base &), 276
M) (FF Base 1A, 274
A\ (£ Base FEERHY), 274
>() (7 Base B H), 276, 310
>=() (1F Base ), 276
<() (f£ Base HtH), 276
<=() (£ Base BRI, 276
/0 (£ Base T&HH), 274
/10) (£ Base fRELH), 275
:() (fF Base f&tH), 275
==() (£ Base TEHtH), 276
===() (£ Base /), 276
$() (££ Base 1&HH), 277
%() (£ Base fEIR ), 275
&() (fF Base 1A, 277
() (7 Base TERA), 257, 274
~() (7F Base HHLH), 277
\() (£ Base T&HH), 274
() (£ Base fE3 ), 277
I>() (£ Base B3R ), 247, 309
>() (£ Base f&HLH), 276
>=() (F Base B, 276
>>() (£ Base t3tH), 275, 310
>>>() (£ Base TEH), 275
<() (£ Base f&HLH), 276
<:() (fF Base 1B A1), 245
<=() (fF Base TEHtH), 276
<<() (£ Base f&HLH), 275

A

A_ldiv_Bc() (£ Base f&3H), 277
A_ldiv_Bt() ({£ Base &), 277
A_mul_B() (fF Base #EHH), 277
A_mul_Bc() ({E Base 15t A1), 277
A_mul_Bt() (£ Base t&ELH), 277
A_rdiv_Bc() (£ Base 13t H), 277
A_rdiv_Bt() (f Base f&iH), 277
abs() (7£ Base fEHLH), 281
abs2() (1F Base T A1), 281
abspath() (££ Base &3 H1), 340
Ac_ldiv_B() (7 Base T, 277
Ac_ldiv_Bc() (7£ Base ), 277
Ac_mul_B() (£ Base f&HtH), 277
Ac_mul_Bc() ({E Base fEH1), 277
Ac_rdiv_B() (£ Base f&HLH)), 277
Ac_rdiv_Bc() (£ Base t&ELH), 277
accept() (7£ Base 1HHLH), 268
acos() (£ Base 1t H1), 279
acosd() (¥F Base f&#H), 279
acosh() (7F Base HHH), 280
acot() (£ Base BHH), 279
acotd() (£ Base ), 279
acoth() (7£ Base fHELH), 280
acsc() (1F Base fEH A1), 279
acscd() (£ Base ), 279
acsch() (£ Base BLERH), 280
add() (fF Base.Pkg THHLH), 347
addprocs() (7£ Base fHELH), 305
airy() (£ Base fHLHY), 284
airyai() (£ Base fH3LH), 284
airyaiprime() (7£ Base 1t H), 284
airybi() (£ Base B3R A1), 284
airybiprime() (7£ Base 1HHH), 284
airyprime() (1£ Base TR A7), 284
airyx() (7E Base T H), 284
all

() (£ Base TR ), 252
all() (£ Base &), 252
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angle() (F Base 1A, 282
any

O (f£ Base 1), 252
any() (7£ Base f&3RH), 252
append

O (£ Base f5kA), 257
applicable() (7£ Base TR A1), 247
apply() (£ Base 13tH), 247
apropos() (1E Base &t H1), 242
ARGS() (7 Base 1), 337
ArgumentError() (7£ Base 1 H), 315
Array() (7£ Base &3RH), 293
ascii() (£ Base fEA), 258
asec() (1 Base T A1), 279
asecd() (F Base fEEH), 279
asech() (F Base TRERLHT), 280
asin() (£F Base L H), 279
asind() (£ Base 13+, 279
asinh() (£ Base 13t H), 280
aspect_ratio() (7£ Base.Graphics & H1), 353
assert() (££ Base FEHtH), 315
asum() (£ Base.LinAlg.BLAS ), 333
At_ldiv_B() (¥£ Base &+, 277
At_ldiv_Bt() (£ Base ), 278
At_mul_B() (£F Base 1HH), 278
At_mul_Bt() (£ Base f3H), 278
At_rdiv_B() (7£ Base L H), 278
At_rdiv_Bt() (7F Base ), 278
atan() (7F Base 1), 279
atan2() (7£ Base 1HEHLH), 279
atand() (¥F Base T A7), 279
atanh() (7£ Base fELH), 280
atexit() (Ff Base TRERH), 241
available() (£ Base.Pkg f3RHT), 348

axpy
() (F Base.LinAlg. BLAS 15 ), 333

B

backtrace() (7F Base HEERH), 315
baremodule, 113

base() (£ Base L H), 286
Base.Collections (124), 349
Base.Graphics (FRR), 352
Base.LinAlg (f&3R), 323
Base.LinAlg.BLAS (fH), 333
Base.Pkg (f3R), 346

Base.Profile (fX3R), 359

Base. Test (FRER), 354

base64() (7£ Base f&H), 270
Base64Pipe() (1£ Base HERH), 270
basename() (£F Base fEHH), 340
beginswith() (7£ Base H&HH1), 260
besselh() (1£ Base A1), 285
besseli() (1F Base &A1), 285

besselix() (£ Base fEHtH), 285
besselj() (F Base 1EHH), 284
besseljO() (£ Base f&HH), 284
besselj1() (£ Base 1HHLH), 284
besseljx() (£ Base & H), 285
besselk() (7E Base 155 H), 285
besselkx() (£F Base #HHH), 285
bessely() (£ Base 1A, 285
bessely0() (7£ Base &t H), 285
bessely1() (£ Base &t H), 285
besselyx() (7 Base &t H), 285
beta() (7£ Base tEELH), 285
bfft

O (£ Base 3RH1), 302
bfft() (£ Base f&RHT), 301
Bidiagonal() (/£ Base #HtH), 329
big() (7£ Base 1&HH1), 286
BigFloat() (7£ Base f3HT), 289
Biglnt() (/£ Base &), 289
bin() (f£ Base 1H¥H1), 286
binomial() (£ Base 13t HT), 282
bitbroadcast() (£ Base IR H), 294
bitpack() (7£ Base f&IRH), 297
bits() (7£ Base f&H), 286
bitunpack() (7E Base &t H1), 297
bkfact

() (£ Base E3H1), 326
bkfact() (£ Base TERH), 326
blas_set_num_threads() (/£ Base.LinAlg. BLAS &3k H),

335

blascopy

() (F Base.LinAlg.BLAS f&tR ), 333
blkdiag() (£ Base A1), 330
bool() (7£ Base fEELH), 286
BoundingBox() (7£ Base.Graphics & H), 353
BoundsError() (£F Base F&HLH), 315
brfft() (7E Base H3H), 302
broadcast

() (£ Base TR ), 294

_function() (£ Base fEHLH), 294
broadcast() (£ Base fEH ), 294
broadcast_function() (7F Base A7), 294
broadcast_getindex() (7£ Base f&IRH), 295
broadcast_setindex

() (£ Base H3RH), 295
bswap() (£ Base &t H), 288
build() (£ Base.Pkg TR 1), 348
bytes2hex() (7£ Base 1 H), 288
bytestring() (£ Base f&IRHY), 258

C

c_calloc() (£ Base BB, 313
c_free() (/£ Base 1 H), 313
c_malloc() (1F Base ), 313
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C_NULL() (£ Base f&tH1), 337
c_realloc() (1F Base &A1), 313
cartesianmap() (7£ Base f53H), 297
cat() (1£ Base T H), 295
catalan() (£F Base fEH A1), 288
catch_backtrace() (7 Base TRERLH), 315
cbrt() (£ Base B3 H), 282
ccall() (£ Base FRELH), 312
Cchar() (7F Base 1A, 314
cd() (7£ Base 3R H), 310
Cdouble() (7F Base #HtH), 315
ceil() (7F Base BHH), 281
cell() (f£ Base &A1), 293
center() (7£ Base.Graphics F&EH), 354
Cfloat() (E Base 131, 315
cfunction() (¥£ Base &), 312
cglobal() (£ Base Bk H), 312
char() (£ Base 1EHH), 288
charwidth() (£ Base ®HtH), 261
checkbounds() (£ Base T3 H), 296
checkout() (7£ Base.Pkg 1), 348
chmod() (7£ Base f&HtH), 310
chol() (£ Base 1 H), 324
cholfact

() (£ Base 1), 325
cholfact() (£ Base ), 324
chomp() (£ Base 1 H), 260
chop() (7£ Base fELH), 260
chr2ind() (£ Base fEEH1), 260
Cint() (£F Base A1), 314
circshift() (7E Base &3 A7), 295
cis() (1 Base T A1), 282
clamp() (7£ Base H&ERH), 281
clear() (f£ Base.Profile #£LH), 365
clipboard() ({£ Base #&3RH), 242
clone() (7£ Base.Pkg 1t H1), 347, 348
Clong() (7E Base 1HHLH), 314
Clonglong() (#£ Base f&3RH), 315
close() (1F Base fRHH), 263
cmp() (7£ Base T H), 276
code_llvim() (¥ Base f&HH), 319
code_lowered() (7F Base fHERH), 318
code_native() (¥F Base fEHH), 319
code_typed() (£ Base 1), 319
Coff_t() (#f Base TRELH), 315
collect() (7£ Base fHELH), 253
colon() (£ Base &), 275
combinations() (£F Base f&HH1), 298
complement

() (£ Base 15H1), 256
complement() (£ Base t3kH1), 256
complex() (/£ Base 1), 288
complex128() (1 Base HIRH), 288
complex64() (7£ Base fIRH), 288

cond() (f£ Base T H), 329
Condition() (¥£ Base &), 317
condskeel() (£ Base T A1), 329
conj

() (£ Base BiH), 293
conj() (7£ Base 1HH1), 282
connect() (F£ Base TR H), 267
consume() (£F Base fEH A1), 316
contains() (f£ Base BILH), 259
conv() (1F Base T ), 304
conv2() (£ Base T&HH), 304
convert() (1£ Base fRHLH), 244
copy

O (£ Base i3k H), 313
copy() (7F Base T3 H), 244
copysign() (£ Base TEHY), 282
cor() (£ Base TRELH), 301
cos() (£ Base 1EHH), 278
cosc() (7E Base 1), 280
cosd() (fF Base T A1), 278
cosh() (£ Base T A1), 278
cospi() (££ Base TR A1), 278
cot() (7£ Base fEHLH), 279
cotd() (£ Base fEERHT), 279
coth() (7£ Base T&ERH), 280
count() (£ Base BERLH), 252
count_ones() (£F Base FEHLH), 290
count_zeros() (7 Base BB, 290
countlines() (£ Base TRERH), 266
countnz() (f£ Base #&A), 293
cov() (7£ Base fEHLH), 300
cp() (£ Base 1R A1), 267
Cptrdiff_t() (£ Base ), 315
CPU_CORES() (7£ Base 1&tHY), 337
cross() (7£ Base fEHLH), 323
csc() (1£ Base B H1), 279
cscd() (FE Base BB H), 279
csch() (7£ Base TELH), 280
Cshort() (£F Base fHHtH), 314
Csize_t() (£ Base 1EHtH), 315
Cssize_t() (7F Base f&H), 315
ctime() (£ Base fEH ), 266
ctranspose() (7£ Base f&IH), 331
Cuchar() (¥F Base 1 H), 314
Cuint() ({E Base 13, 314
Culong() (f£ Base f&3RH), 315
Culonglong() (E Base Tt ), 315
cummax() (££ Base FRBLH), 297
cummin() (££ Base &A1), 297
cumprod

() (£ Base 3RHT), 296
cumprod() (7E Base 1 H1), 296
cumsum

() (¥£ Base TEHH), 296
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cumsum() (£ Base 1&EH), 296
cumsum_kbn() (££ Base fEELH), 297
current_module() (7£ Base &Ik H), 318
current_task() (7€ Base BB, 316
Cushort() (fF Base &7, 314
Cwchar_t() (7F Base #&tH), 315

D

DArray() (£ Base 1 H), 308
dawson() (fF Base fEHLH), 282
dct

() (£ Base 15 A1), 303
det() (£ Base f&3RH), 303
dec() (£ Base TR H), 286
deconv() (fF Base BB, 303
deepcopy() (7£ Base fELHY), 244
deform() (7£ Base.Graphics 3 H), 354
deg2rad() (£ Base T H), 280
delete

() (£ Base TiHH), 255
deleteat

0 (£ Base BRHY), 256
den() (£F Base fEH A1), 275
dequeue

() (£ Base.Collections 1 H), 351
deserialize() (£ Base T /), 265
det() (£F Base f&E 1), 330
detach() (£ Base BB, 309
DevNull() (£ Base fEH ), 309
dfill() (fE Base B H), 308
diag() (£F Base HEHH), 328
diagind() (£F Base fREH), 328
diagm() (£ Base 1HtH), 328
diagonal() (£ Base.Graphics fHIRH), 353
Dict() (£F Base A1), 254
diff() (£ Base H&HH), 297
digamma() (7£ Base 5L H), 284
digits

O (f£ Base ), 286
digits() (/¢ Base 1B H), 286
dir() (£ Base.Pkg 1), 347
dirname() (¥F Base BHH), 340
disable_sigint() (£ Base HIRH1), 314
display() (7£ Base LA, 271
displayable() (7£ Base 1A, 271
distribute() (£ Base f5H1), 308
div() (£ Base fRH), 275
divrem() (£ Base BELH), 275
DL_LOAD_PATH() (£ Base f&3R ), 313
diclose() (£F Base fEH A1), 313
dlopen() (£ Base 1 /), 312
dlopen_e() (7£ Base fHtH), 312
dlsym() (7£ Base f&3RH), 313
dlsym_e() (fF Base &A1), 313

done() (f£ Base T H), 249

dones() (£ Base FEERH), 308

dot() (£ Base 1t /), 323

dot() (f Base.LinAlg.BLAS f&EtH), 333
dotc() (7£ Base.LinAlg. BLAS fEHtH), 333
dotu() (£F Base.LinAlg.BLAS #&HR A1), 333
download() (£ Base TELH), 267

drand() (1F Base f& /1), 308

drandn() (7F Base A7), 308

dump() (££ Base FHH1), 269

dzeros() (£ Base TELH), 308

E

e() (£ Base HHtH), 288
eachline() (7F Base 1E3tH), 269
eachmatch() (££ Base HHHtH), 259
edit() (£ Base Bk A1), 242
edit() (7£ Base.Pkg 1&HtH), 347
eig() (£ Base 153 H), 326
eigfact

() (£ Base fHH), 327
eigfact() (7£ Base 1), 327
eigmax() (7£ Base f&EH), 327
eigmin() (£ Base 1HtH), 327
eigs() (7E Base #EHH), 331
eigvals() (7E Base TRELH), 326
eigvecs() (7£ Base fELH), 327
eltype() (7 Base H3RH1), 250
empty

() (£ Base TR ), 249
ENDIAN_BOMY() (£ Base &A1), 265
endof() (F Base HHH), 249
endswith() (7£ Base TERH), 260
enqueue

() (£ Base.Collections #EHLH), 351
enumerate() (£ Base fHERLHT), 249
ENV() (£ Base &H), 311
EnvHash() (£ Base f&HLH)), 311
eof() (£ Base L H), 264
EOFError() (£ Base HHH), 316
eps() (7£ Base fHHLH), 245
erf() (1F Base T A1), 282
erfc() (FF Base BERH), 282
erfcinv() (£ Base 1R H), 282
erfcx() (£ Base fHEELHT), 282
erfi() (7 Base HBLH), 282
erfinv() (£ Base TRERH), 282
errno() (7£ Base T&EH), 314
error() (£ Base TRHLH), 315
ErrorException() (7£ Base Tt H), 316
esc() (F Base TEELH), 248
escape_string() (£E Base /), 261
eta() (£ Base T H), 285
etree() (7F Base TRERLH), 322
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eval() (7 Base 1B3H1), 248
evalfile() (£ Base TELH), 248
exit() (7£ Base fRRHT), 241
exp() (£ Base THEHLH), 280
expl0() (#£ Base IR, 281
exp2() (£ Base HEHH), 280
expand() (F Base & H), 318
expanduser() (£ Base fHEIRH1), 340
expm() (1£ Base HEH1), 330
expm1() (7E Base 1HH), 281
exponent() (7£ Base 1 H), 288
export, 113

extrema() (7E Base TRIERLHT), 251
eye() (7£ Base B3R HT), 294

F

factor() (7 Base BLH), 283
factorial() (7 Base BB, 283
factorize

() (£ Base fEHLH), 323
factorize() (7£ Base TRk H), 323
falses() (fF Base LA, 293
fd() (7E Base TR H), 265
fdio() (7£ Base f&3RH), 263
fetch() (£ Base t&ELH), 306
fetch() (£ Base.Profile # A1), 365
fft

() (£ Base 13H), 301
fft() (7€ Base Hitk A1), 301
fftshift() (£E Base 5 H), 303
fieldoffsets() (7E Base FRERH), 246
fieldtype() (7E Base fHHH), 246
filemode() (£ Base fHEH), 266
filesize() (fE Base &R H), 266
fill

(O (£ Base Bk A1), 293
fill() (£ Base f&3RH), 293
filt

() (£ Base 13 H1), 303
filt() (£ Base fEHLH), 303
filter

() (£ Base 13k, 253
filter() (#£ Base fEH ), 253
finalizer() (7E Base 153 H1), 244
find() (7£ Base 1 H), 295
find_library() (£ Base 1), 313
findfirst() (ZE Base FLERH), 296
findin() (7£ Base fE3RH), 250
findmax() (7E Base &), 251
findmin() (7 Base f&H1), 251
findn() (££ Base & H), 295
findnext() (£F Base fHHtH), 296
findnz() (£ Base f&RH), 295
first() (7E Base 13tH), 253

fid() (£ Base LAY, 275
flipbits

() (£ Base F&3RHT), 298
flipdim() (7E Base Bt ), 295
fliplr() (7£ Base Bt H), 295
flipsign() (7£ Base 3R HT), 282
flipud() (7£ Base HY), 295
float() (7E Base 1t H1), 287
float16() (£ Base fHIRH), 287
float32() (£ Base 3R H), 287
float32_isvalid() (7£ Base TELH), 287
float64() (1F Base f&HH), 287
float64_isvalid() (7F Base f&RH7), 287
floor() (7E Base 1t H1), 281
flush() (£ Base Bt H), 263
flush_cstdio() (7F Base #EH), 263
foldl() (£ Base tRELH), 250
foldr() (f£ Base T H), 250
free() (1£ Base Pkg f&ER /), 348
frexp() (1E Base A1), 280
full() (£ Base THHT), 321
fullname() (£ Base f&HLH), 318
function_module() (7 Base FEELH), 318
function_name() (7E Base f&EH), 318
functionloc() (7F Base FEHLA), 318
functionlocs() (7£ Base BRI H), 318

G

gamma() (F Base 1EHH), 284
gbmv

() (£ Base.LinAlg. BLAS 15 ), 334
gbmv() (1F Base.LinAlg.BLAS fE 1), 334
gc() (£ Base EEH), 318
gc_disable() (£ Base 13 H), 318
gc_enable() (F Base fEHH), 318
gcd() (f£ Base fE3RH), 283
gedx() (7£ Base fHELH), 283
gemm

() (fF Base.LinAlg.BLAS fER ), 334
gemm() (£ Base.LinAlg. BLAS LA, 334
gemv

() (£ Base.LinAlg. BLAS 5 ), 334
gemv() (/£ Base.LinAlg. BLAS 155 A), 334
generate() (7£ Base.Pkg fHELHY), 348
gensym() (7£ Base 1L H), 248
get

() (£ Base 1R/, 254
get() (£ Base fHHLH), 254
get_bigfloat_precision() (7£ Base f&HLH), 291
get_rounding() (7£ Base 1), 289
getaddrinfo() (7 Base T H1), 267
getfield() (£ Base HEHH), 246
gethostname() (7£ Base t&ERH), 310
getindex() (7F Base fEHT), 253,293, 294
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getipaddr() (££ Base B3R H1), 310
getkey() (7£ Base Bk ), 255
getpid() (7£ Base f&tRH), 310
gperm() (1£ Base fEHY), 267
gradient() (7£ Base f&IRH), 297

H

hankelh1() (¥F Base 18 H), 285
hankelh1x() (7€ Base 13t H), 285
hankelh2() (fE Base 1t /), 285
hankelh2x() (7£ Base &), 285
hash() (7F Base #HtH), 244
haskey() (7£ Base f&IRH), 254
heat() (£ Base &3 H), 295
heapify

() (£ Base.Collections 1HEHH), 352
heapify() (£ Base.Collections 1L H), 352
heappop

() (#£ Base.Collections &A1), 352
heappush

() (¥£ Base.Collections 1HEHH), 352
height() (7 Base.Graphics & H1), 353
help() (£ Base &), 242
herk

() (£ Base.LinAlg. BLAS il ), 334
herk() (7£ Base.LinAlg. BLAS it H1), 334
hessfact

() (£ Base A, 327
hessfact() (££ Base fRHLH), 327
hex() (7E Base &3 HY), 286
hex2bytes() (7£ Base HEHH1), 288
hex2num() (£ Base #HHtH1), 288
hist

(O (£ Base 1H), 300
hist() (£ Base & H), 300
hist2d

() (£ Base H), 300
hist2d() (£E Base 13tH1), 300
histrange() (7£ Base H&3RH), 300
homedir() (£F Base tREtH), 340
htol() (/£ Base & H1), 265
hton() (££ Base fRH1), 264
hvcat() (£ Base &), 295
hypot() (£ Base fERH), 280

iceil() (£ Base T H), 281
idct

() (£ Base 1A, 303
idct() (7F Base Tk ), 303
identity() (7£ Base &Ik H), 245
ifelse() (1F Base #HHLH), 243
ifft

() (£ Base HHH), 301

ifft() (£ Base f&3RH), 301
ifftshift() (7 Base A1), 303
ifloor() (£ Base 1), 281
ignorestatus() (7£ Base T3, 309
im() (7£ Base BHHY), 288
imag() (£ Base fHEHY), 282
import, 113
importall, 113
in() (£ Base f&HH), 250
include() (fF Base FEHtH), 242
include_string() (£ Base 5L H), 242
ind2chr() (£F Base fEHELH), 260
ind2sub() (£ Base f&kH), 293
indexin() (F Base f&3R M), 250
indexpids() (7E Base &A1), 309
indmax() (£ Base 1A, 251
indmin() (7€ Base TEHH), 251
Inf() (£ Base HEH1), 289
inf() (£ Base T&HH), 289
Inf16() (1E Base f&EL 1), 289
Inf32() (£E Base HHH), 289
info() (7£ Base HIRH), 268
init() (7 Base.Pkg f3RH1), 347
init() (7£ Base.Profile #EHLH), 365
insert

(O (£ Base A1), 256
installed() (7£ Base.Pkg 5L H), 348
int() (£ Base 1EHtH1), 286
int128() (¥£ Base T&i A1), 287
int16() (7F Base 1), 287
int32() (7£ Base fHELH), 287
int64() (1£ Base B, 287
int8() (£ Base 1), 287
integer() (fF Base 1 H), 286
interrupt() (7£ Base f&HH), 306
intersect

(O (£ Base 1R A1), 256
intersect() (7F Base 1 H), 255
IntSet() (7F Base A1), 255
inv() (£ Base f&EtH), 330
invdigamma() (7£ Base f53kH1), 284
invmod() (7E Base TRERHT), 284
invoke() (1 Base TRHLH), 247
invperm() (7£ Base f5ELH), 208
TOBuffer() (£ Base fHT), 263
ipermute

(O (£ Base 1Bt A1), 298
ipermutedims() (£ Base 3R HT), 296
IPv4() (F£ Base TRELH), 267
IPv6() (£ Base TRELH), 267
irfft() (7€ Base 1EHH), 302
iround() (7£ Base 153 H), 281
is() (1£ Base TR H), 243
is_assigned_char() (£ Base &HH), 259
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is_valid_ascii() (7E Base #E3H), 258
is_valid_char() (£ Base 3R HT), 259
is_valid_utf16() (£ Base fHH1), 262
is_valid_utf8() (7 Base f&ERHT), 258
isa() (£ Base &), 243
isabspath() (7£ Base #EH), 340
isalnum() (£F Base fHHtH), 261
isalpha() (7£ Base fEIRH), 261
isapprox() (7E Base 1HHtH), 278
isascii() (£ Base f&HH), 261
isbits() (1£ Base T H), 246
isblank() (£f Base 1&EH), 261
isblockdev() (£F Base fEH A1), 339
ischardev() (7£ Base F&ERH), 339
iscntrl() (7F Base HEELH), 261
isconst() (7F Base f&HH), 318
isdefined() (£ Base IR H), 244
isdigit() (7£ Base HtH), 261
isdir() (7£ Base 1), 339
isdirpath() (7£ Base fH3LH), 340
iseltype() (7£ Base fHHT), 292
isempty() (7£ Base f&3RH), 249
isequal() (fF Base f#HH), 243
iseven() (£ Base fHHLFT), 291
isexecutable() (7£ Base T A1), 339
isfifo() (7£ Base fHHLH), 339
isfile() (7£ Base fHLH), 339
isfinite() (F£ Base BB H), 289
isgeneric() (£ Base HHH), 318
isgraph() (7£ Base fHH), 261
isheap() (7£ Base.Collections f&IRH), 352
ishermitian() (7€ Base HHH), 331
isimmutable() (7 Base BRI, 246
isinf() (£ Base TRELH), 289
isinside() (£ Base.Graphics & H), 354
isinteger() (/£ Base fHHLH), 289
isinteractive() (7E Base TRELH), 241
isleaftype() (£ Base fIRH), 246
isless() (fF Base ##HtH), 243
islink() (£F Base #ilH), 339
islower() (F Base FEHELHT), 261
ismarked() (£ Base fEHH), 264
ismatch() (7£ Base FELH), 259
isnan() (£ Base T&EH), 289
isodd() (££ Base &), 291
isopen() (¥£ Base fH3kH1), 264
ispath() (/£ Base 1HLH), 339
isperm() (7£ Base &HH1), 298
isposdef

(O (£ Base i3k A1), 331
isposdef() (7E Base f&HH), 331
ispow2() (7£ Base f&ERH), 283
isprime() (7£ Base 1 H), 290
isprint() (7E Base fE3RH), 261

ispunct() (7£ Base fERH), 261
isqrt() (7 Base T H1), 282
isreadable() (7E Base 1 H), 339
isreadonly() (/£ Base 1), 264
isready() (£ Base F&H1), 306
isreal() (££ Base fHHLH), 289
issetgid() (7£ Base HH1), 339
issetuid() (7F Base fEHR A1), 339
issocket() (7£ Base H3 A7), 339
issorted() (£ Base THIHH), 345
isspace() (7£ Base fERHT), 261
issparse() (1£ Base FERH1), 321
issticky() (f£ Base f&EH), 339
issubnormal() (7£ Base 1HHLH), 289
issubset() (£F Base fEHLH), 253, 256
issubtype() (7£ Base & H1), 245
issym() (7£ Base f&3RH), 331
istaskdone() (£ Base TELH), 316
istext() (7F Base R, 272
istril() ({F Base f&3tH), 331
istriu() (7€ Base f&3tH), 331
isupper() (1£ Base & H1), 261
isvalid() (£ Base BRI, 260
iswritable() (£ Base HHH), 339
isxdigit() (7£ Base fHHLH), 261
itrunc() (7 Base BB, 281

J

join() (£ Base f&ELH), 260
joinpath() (£ Base IR H1), 340

K

KeyError() (£ Base HHtH), 316
keys() (£ Base Bt H), 255
kill() (£F Base &A1), 309
kron() (7F Base #HH), 330

L

last() (fE Base #RERH), 253

Ibeta() (£F Base fEHLH), 285

Icfirst() (7F Base 1 H), 260

lem() (7£ Base TEEH), 283

ldexp() (£ Base 1= H1), 281
IdItfact() (7E Base f&HH1), 325
leading_ones() (7£ Base fELH), 290
leading_zeros() (7£ Base 1t H1), 290
length() (7E Base #&ER /), 249, 257, 292
less() (£ Base fEHL A1), 242

lexecmp() (7E Base 1R H), 244
lexless() (£F Base f&EH), 244

Ifact() (7£ Base 1), 284
lgamma() (F Base 1EHH), 284
linrange() (7£ Base 1H3H), 276
linreg() (1£ Base T A7), 330

]
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linspace() (7£ Base IR H1), 294
listen() (¥£ Base & H), 267
listenany() (7£ Base 13H), 268
LOAD_PATH() (£ Base f&3H1), 337
LoadError() (£F Base FEHtH), 316
localindexes() (7E Base &A1), 308
localpart() (F Base & H), 308
log() (£ Base &HH), 280
log10() (£ Base &), 280
loglp() (1E Base &), 280
log2() (£ Base 1), 280
logdet() (£ Base 1), 330
logspace() (7£ Base f&HH), 204
lowercase() (1 Base fEH A1), 260
Ipad() (7E Base B ), 259
Istat() (¥F Base f&EEH), 266
Istrip() (7F Base HH7), 260
Itoh() (7£ Base BHH), 265
lu() (7£ Base A, 323
lufact

() (£ Base 1¥H), 324
lufact() (£ Base fEHtH), 323
lyap() (fE Base A1), 330

M

macroexpand() (7£ Base #&3RH), 318
map

() (£ Base 1R H), 253
map() (7£ Base f&IRH), 252
mapreduce() (7£ Base & H1), 253
mapslices() (£ Base fBHH), 297
mark() (7F Base HEAT), 264
match() (7€ Base H3tHT), 259
matchall() (£ Base &), 259
max() (££ Base 1 H), 281
maxabs

() (£ Base f&ERHT), 251
maxabs() (£F Base fEH A1), 251
maximum

() (£ Base LAY, 250
maximum() (£F Base fREH), 250
maxintfloat() (7F Base fEHELH), 245
mean

() (£ Base 1HH1), 299
mean() (££ Base fEHH), 299
median

(O (£ Base 1), 300
median() (7£ Base T3 H), 300
merge

() (£ Base 3R H1), 255
merge() (£ Base 1L H), 255
MersenneTwister() (£F Base fRERH), 292
method_exists() (7£ Base HHH), 247
MethodError() (7£ Base BHH), 316

methods() (7F Base 18R H), 243
methodswith() (£F Base fRELH), 243
midpoints() (£ Base #3RH), 300
mimewritable() (£ Base A1), 271
min() (£ Base H&3RHT), 281
minabs

() (E Base f&3RHY), 251
minabs() (£ Base f&HH), 251
minimum

(O (£ Base 13 H1), 251
minimum() (7F Base f&EH), 250, 251
minmax() (£ Base ), 281
mkdir() (£ Base f&ER A7), 310
mkpath() (7£ Base tHLH), 310
mktemp() (7 Base B A1), 340
mktempdir() (7£ Base 1 H), 340
mmap() (7£ Base 1 H), 274
mmap_array() (7£ Base f3RHY), 272
mmap_bitarray() (7£ Base #&3R /), 273
mod() (7E Base 1 H), 275
mod1() (fF Base & H), 275
mod2pi() (£ Base f&IRH), 275
modf() (7 Base BEELH), 281
module, 113
module_name() (7F Base BRI H), 317
module_parent() (7£ Base f&IRH), 317
MS_ASYNC() (£ Base #&5kH1), 273
MS_INVALIDATE() (£ Base fRH), 274
MS_SYNC() (£ Base f#RH), 273
msync() (££ Base fH3kH), 273
mtime() (£E Base ), 266
munmap() (7£ Base fEELH), 274
mv() (7£ Base BHH), 267
myid() (7£ Base f£3RA1), 306

N

names() (£ Base f&HH), 318
NaN() (£ Base &), 289

nan() (7F Base BHH), 289
NaN16() (£ Base T&EH), 289
NaN32() (£ Base 1), 289
nb_available() (7E Base f&HH), 267
ndigits() (£E Base HHA), 285
ndims() (7€ Base HHH), 292
next() (£ Base fHERLH), 249
nextfloat() (7F Base 1 H), 289
nextind() (¥F Base t&EHH), 260
nextpow() (7£ Base 1B H), 283
nextpow2() (7 Base TRk H), 283
nextprod() (7£ Base /), 283
nnz() (7F Base #HH), 321
nonzeros() (7£ Base T&ERH), 322
norm() (7 Base /1), 329
normalize_string() (fF Base 1), 258
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normpath() (7£ Base 53 H), 340
notify() (F Base & H), 317
nprocs() (£ Base B H), 305
nrm2() (/£ Base.LinAlg. BLAS 15 H), 333
nthperm

O (£ Base fB3kH1), 298
nthperm() (F Base & H), 298
ntoh() (7E Base 13t H1), 264
ntuple() (7E Base 1), 244
null() (7E Base &3k H), 330
num() (7£ Base LA, 275
num2hex() (7 Base B H), 288
nworkers() (7£ Base T3, 305

O

object_id() (£ Base 1HHLH), 244

oct() (f£ Base T A1), 286

oftype() (£ Base fHELH), 244

one() (7F Base B H), 288

ones() (7£ Base FEEHT), 293

open() (7£ Base T3k HT), 262, 263, 309
operm() (7£ Base #EERH), 267
OS_NAME() (£ Base f&tH), 337

P

parent() ({£ Base HERH1), 294
parentindexes() (7£ Base f&HH), 295
parse() (7£ Base fIRH), 248
ParseError() (£F Base f&HtH), 316
parsefloat() (7£ Base fHIRH1), 286
parseint() (7£ Base fHLH), 286
parseip() (7£ Base 1 H), 267
partitions() (7£ Base fIRH), 299
peakflops() (£ Base 1t H), 332
peek() (£ Base.Collections L H), 351
permutations() (7 Base &t H1), 208
permute

() (£ Base TEiHY), 208
permutedims() (7£ Base HEH1), 296
pi() (1£ Base f3R A1), 288
pin() (£ Base.Pkg 1&HtH), 348
pinv() (7E Base 15 H1), 330
PipeBuffer() (/£ Base fHHLH), 266
plan_bfft

(O (£ Base TBE5RA1), 302
plan_bfft() (7E Base B H), 302
plan_brfft() (£ Base f3RH), 303
plan_dct

O (£ Base 3Rk, 303
plan_dct() (F Base fEHH), 303
plan_fft

() (£ Base 1HH), 302
plan_fft() (7E Base fHtH), 302
plan_idct

() (£ Base fEHLH), 303
plan_idct() (£ Base #HH), 303
plan_ifft

(O (£ Base 1), 302
plan_ifft() (7£ Base 1 H), 302
plan_irfft() (7£ Base & H), 303
plan_r2r

() (£ Base. FFTW 1R HT), 304
plan_r2r() (7€ Base. FFTW 1EELH), 304
plan_rfft() (£ Base fEELH), 302
pmap() (7£ Base fELH), 306
pointer() (£ Base HIRH), 313
pointer_from_objref() (7£ Base H&HH), 314
pointer_to_array() (7£ Base A1), 314
poll_fd() (7E Base 1 H1), 268
poll_file() (£ Base H&EH1), 268
polygamma() (7£ Base &3RHY), 284
pop

() (fF Base TR, 255, 256
popdisplay() (1£ Base #3kH1), 272
position() (7£ Base & H1), 264
powermod() (7£ Base 1), 284
precision() (F Base 1 H), 291
precompile() (7 Base fH3kH1), 319
prepend

(O (£ Base A1), 257
prevfloat() (7£ Base & H), 289
prevind() (£ Base fIRH), 261
prevpow() (7£ Base fE3RH1), 283
prevpow2() (£ Base ), 283
prevprod() (7£ Base t&ERH), 284
primes() (£ Base f&IRH), 291
print() (£ Base HERH1), 268
print() (£ Base.Profile f&EH1), 365
print_escaped() (7£ Base f&HH), 265
print_joined() (7£ Base & /), 265
print_shortest() (7£ Base 1 H), 265
print_unescaped() (7 Base & H), 265
print_with_color() (£ Base f&3RH), 268
println() (7€ Base T H), 268
PriorityQueue { K,V }() (7£ Base.Collections fHELH), 351
process_exited() (7£ Base 1 H), 309
process_running() (F Base fEHH), 309
ProcessExitedException() (7£ Base f&3RH), 316
procs() (£ Base ), 305, 308
prod

(O (£ Base A1), 252
prod() (£ Base fHHH), 252
produce() (7£ Base & H1), 316
promote() (F Base & H), 244
promote_rule() (£ Base 1HHLH), 246
promote_shape() (7£ Base fHLH), 296
promote_type() (7 Base fIRH), 246
publish() (7£ Base.Pkg 1t H), 348

]
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push

() (£ Base 1), 256
pushdisplay() (£ Base 13 A), 272
put

() (£ Base fEHLH), 306
pwd() (£ Base &R, 310

Q

qr() (fE Base 15 H), 325
grfact

0 (E Base TR HY), 326
qrfact() (£E Base &), 325
quadgk() (7£ Base 1A, 304
quantile

() (7F Base TEHLH), 300
quantile() (7£ Base T H), 300
quit() (7£ Base 1 H), 241

R

2r

() (£ Base FFTW &t H), 304
12r() (£ Base. FFTW 5 ), 304
rad2deg() (7£ Base fHH?), 280
rand

(O (£ Base 1BE5kA1), 292
rand() (f£ Base T A7), 292
randbool

() (£ Base 13H1), 292
randbool() (¥£ Base &), 292
randcycle() (F Base ##HH), 298
randn

O (f£ Base 13, 292
randn() (7£ Base 1HtH), 292
randperm() (/£ Base 1), 208
randstring() (7£ Base 1 H), 261
randsubseq

() (£ Base 1&RH), 296
randsubseq() (7 Base fRERH), 296
range() (7£ Base #&IRH), 275
rank() (£ Base T&EH), 329
rationalize() (£ Base TR, 275
read

() (£ Base 1), 263
read() (7F Base B, 263
readall() (£ Base FRHLH), 269
readandwrite() (7£ Base B H), 309
readavailable() (£ Base 1 H), 266
readbytes

() (£ Base 1¥H), 264
readbytes() (7£ Base 15 H), 264
readchomp() (/£ Base 1 H), 265
readesv() (FF Base #EHH), 270
readdir() ({E Base fEHH), 265
readdlm() (7E Base 1HtH), 269, 270

readline() (7 Base BRI, 269
readlines() (7 Base FRERH), 269
readuntil() (£ Base 13 H), 269
real() (£ Base 1EHH), 282
realmax() (£F Base BEHLH), 245
realmin() (££ Base 1 H), 245
realpath() (7E Base & H1), 340
redirect_stderr() (£ Base H3H), 265
redirect_stdin() (fF Base A1), 265
redirect_stdout() (£F Base f&H A1), 265
redisplay() (£ Base HERH1), 271
reduce() (£ Base 1&EH), 250
reducedim() (£ Base TRERLH), 297
reenable_sigint() (7£ Base 3k H), 314
register() (7£ Base.Pkg 1 /1), 348
reim() (££ Base LA, 282
reinterpret() (7 Base HEH1), 294
reload() (£ Base TRERH), 242
rem() (7£ Base TRELH), 275
rem1() (£ Base 1EHH), 275
remotecall() (£F Base FEHLH), 306
remotecall_fetch() (£F Base ), 306
remotecall_wait() (7E Base EHH), 306
RemoteRef() (7F Base fHELA), 307
repeat() (7£ Base fHELH), 330
replace() (£ Base 1&HLH), 259
repmat() (£ Base fHLH), 330
repr() (fF Base f#HLH), 257
reprmime() (7£ Base 1HELHY), 272
require() (£ Base 1HHHY), 242
reset() (1% Base fEH A1), 264
reshape() (7 Base fIRH), 293
resize

() (£ Base EHH), 257
resolve() (7£ Base.Pkg 1t H), 347
rethrow() (£ Base T&ELH), 315
retrieve() (£ Base.Profile BE A7), 366
reverse

() (£ Base 1&ERH), 298
reverse() (1F Base T A7), 298
rfft() (7£ Base B3R H1), 302
rm() ({£ Base f&3tH), 267
rm() (£ Base.Pkg B3R H7), 347
rmprocs() (£ Base fERHY), 306
rol() (£ Base f&H), 298
ror() (£ Base &HH), 298
rot180() (£ Base HEHLH), 297
rotate() (7 Base.Graphics & H1), 354
rotl90() (£ Base TRELH), 297
rotr90() (f£ Base & H), 297
round() (¥£ Base T A, 281
rpad() (7E Base 1R H), 259
rref() (£ Base fRHT), 323
rsearch() (7 Base &), 259
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rsearchindex() (7 Base &), 259
rsplit() (7£ Base 1 H1), 260

rstrip() (£ Base 1A, 260
RTLD_DEEPBIND() (7 Base f&tR ), 312
RTLD_FIRST() (fE Base 1HtH), 312
RTLD_GLOBAL() (7 Base f&t), 312
RTLD_LAZY() (£ Base BBkH), 312
RTLD_LOCAL() (£ Base &), 312
RTLD_NODELETE() (£ Base 1), 312
RTLD_NOLOAD() (£ Base ), 312
RTLD_NOW() (£ Base &A1), 313

run() (£F Base #HHH), 309

runtests() (££ Base fEHL ), 359

S

sbmv

() (£ Base.LinAlg BLAS 1t ), 334
sbmv() (7F Base.LinAlg.BLAS #&ER ), 334
scal

() (£ Base.LinAlg. BLAS il ), 333
scal() (7F Base.LinAlg. BLAS 15 A), 333
scale

() (£ Base 1 H), 329
scale() (¥F Base & H), 329
schedule() (7F Base &), 317
schur() (£ Base 13t H1), 327, 328
schurfact

() (£ Base f&BRH), 327
schurfact() (7 Base FRERLH), 327
sdata() (£ Base f&HLH), 308
search() (£ Base fEHLH), 259
searchindex() (7£ Base f&IRH), 259
searchsorted() (7£ Base fHILH), 345
searchsortedfirst() (7£ Base BRI, 345
searchsortedlast() (£F Base TR ), 345
sec() (£ Base 1A, 279
secd() (£ Base 1HHLH), 279
sech() (£ Base T3 H), 279
seek() (1F Base LA, 264
seekend() (7F Base 1R H), 264
seekstart() (7F Base IR A), 264
select

() (7F Base 1A, 345
select() (£F Base FRHLH), 345
serialize() (F£ Base TELH), 265
Set() (1E Base 1), 255
set_bigfloat_precision() (£ Base 1H3RH), 291
set_rounding() (7£ Base 1), 290
setdiff

() (£ Base fEHLH), 255
setdiff() (FE Base &), 255
setenv() (FF Base fEELH), 309
setfield

() (£ Base TEHLH), 246

setindex

() (£ Base 1EHLH), 253, 295

SharedArray() (£ Base f53H), 308

shift
() (£ Base fEHLH), 256

shift() (£E Base.Graphics &R A1), 354

show() (1 Base tRHLH), 268
showall() (£ Base TEEH), 268

showcompact() (1£ Base HEEH1), 268

showerror() (7£ Base TR3H), 269
shuffle

() (£ Base 155 M), 298
shuffle() (£ Base 13 H), 298
sign() (1£ Base #3RH), 282
signbit() (7E Base 1L H), 282
signed() (£ Base 1 H), 287
signif() (7£ Base fELH), 281
significand() (£ Base fHtH), 287
similar() (£F Base &A1), 293
sin() (£ Base fEEH), 278
sinc() (E Base TRELH), 280
sind() (7£ Base fHH), 278
sinh() (¥£ Base 1t H), 278
sinpi() (£ Base &HtH), 278
size() (£ Base &), 292
sizehint() (7€ Base f&3tH), 255
sizeof() (1F Base T, 245, 257
skip() (7£ Base L H), 264
skipchars() (7E Base &3 H), 266
sleep() (£ Base 15HtH), 317
slice() (£ Base L), 295
slicedim() (£ Base #&HtH), 295
sort

() (£ Base 5 ), 344
sort() (1F Base &), 345
sortcols() (7F Base f&HH), 345
sortperm() (£ Base 1), 345
sortrows() (£ Base 1 H), 345
sparse() (7£ Base 3L H), 321
sparsevec() (7£ Base 1 H), 321
spawn() (£ Base 1t H1), 309
spdiagm() (7£ Base & H1), 322
speye() (1£ Base f&IRH), 322
splice

() (£ Base TH¥LH), 256, 257
split() (£ Base 1HHH), 259
splitdir() (7€ Base &A1), 340
splitdrive() (£ Base fEELHY), 340
splitext() (£ Base 5L H), 340
spones() (£ Base fEHH), 321
sprand() (7£ Base 1A, 322
sprandbool() (7 Base T H), 322
sprandn() (7£ Base 1), 322
sprint() (7£ Base fHLH), 269

]
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spzeros() (7£ Base fIRHT), 321
sqrt() (7£ Base 1 H1), 282
sqrtm() (£ Base T H), 326
squeeze() (7E Base & H), 296
srand() (fF Base BB, 291
start() (£ Base TR A1), 248
start_timer() (FE Base T&EH), 317
stat() (7£ Base THHLH), 266
status() (7£ Base.Pkg 1 H), 348
std() (£ Base THH), 299
STDERR() (7£ Base &), 262
STDIN() (7£ Base &), 262
stdm() (7£ Base &3 H), 299
STDOUT() (#£ Base 1HH), 262
step() (7E Base B3R H), 253
stop_timer() (7£ Base fHLH), 317
strerror() (7E Base tRELH), 314
strftime() (7F Base #&EEH), 310
stride() (7£ Base HEHH), 293
strides() (£ Base TRELH), 293
string() (7£ Base fEHtHY), 257
stringmime() (7£ Base fERH), 272
strip() (£ Base 1B H), 260
strptime() (7£ Base f&3RH), 311
strwidth() (7 Base TEH A1), 261
sub() (7E Base TRELHT), 294
sub2ind() (7£ Base &A1), 293
subtypes() (£ Base TR H1), 245
subtypetree() (7£ Base &HH), 245
success() (7F Base BHH), 309
sum

() (£ Base TittH), 251
sum() (£F Base fRHLH), 251
sum_kbn() (f£ Base f&HLH), 297
sumabs

() (£ Base 1¥H), 252
sumabs() (7F Base f&EHH), 251
sumabs2

(O (£ Base fBE5kA), 252
sumabs2() (7F Base A, 252
summary() (7£ Base T3 H), 268
super() (7£ Base #&3RH), 245
svd() (7E Base 1A, 328
svdfact

() (£ Base H&3RHT), 328
svdfact() (£F Base 1 A1), 328
svdvals

() (£ Base TEiHY), 328
svdvals() (7F Base 13 H), 328
sylvester() (F Base fEHH), 331
symbol() ({£ Base HiHtH), 261
symdiff

() (£ Base 1¥H), 256
symdiff() (£ Base f&IRH), 256

symlink() (7£ Base f3H), 310
symm

symm() (7F Base.LinAlg.BLAS FEH1), 334, 335

() (£ Base.LinAlg. BLAS 15 ), 334

symperm() (7£ Base HIRH), 322
SymTridiagonal() (F Base 1 H), 329
symv

symv() (7£ Base.LinAlg.BLAS &A1), 335

syrk

() (£ Base.LinAlg. BLAS il i), 335

() (F Base.LinAlg. BLAS &R A1), 333

syrk() (£ Base.LinAlg. BLAS &A1), 334

SystemError() (7£ Base 1 H1), 316
systemerror() (7£ Base HtH), 314

T

tag() (7F Base.Pkg Tl ), 348
take

() (£ Base fEHH), 306
takebuf_array() (/£ Base fBHH), 263
takebuf_string() (7£ Base HHH), 263
tan() (7£ Base 13H), 278
tand() (7F Base A7), 278
tanh() (7£ Base f&3RH), 279
Task() (£ Base TRELH), 316

task_local_storage() (£ Base 1HH), 316, 317

tempdir() (7E Base 1), 340
tempname() (7 Base FEH1), 340
test() (£ Base.Pkg 1L H), 349
TextDisplay() (£ Base L H), 272
throw() (£E Base TELH), 315
tic() (£ Base f&RA), 311
time() (7£ Base 1HH), 310
time_ns() (7F Base f&EH), 310
timedwait() (£ Base f&tH), 307
Timer() (7 Base fRELH), 317
TmStruct() (7F Base #E A7), 311
toc() (7 Base fE3RH1), 311
toq() (£ Base T3, 311
touch() (££ Base TELH), 267
trace() (7F Base BRI, 330
trailing_ones() (7£ Base ), 290
trailing_zeros() (£ Base 13HY), 290
transpose() (7 Base TR A1), 331
Tridiagonal() (£ Base #&EH), 329
trigamma() (7£ Base fELHY), 284
tril

() (£ Base 1&3RH7), 328
tril() (7E Base 153t H), 328
triu

() (£ Base E3RH7), 328
triu() (7€ Base B3R A1), 328
trmm

() (7 Base.LinAlg.BLAS il ), 335
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trmm() (7€ Base.LinAlg. BLAS fEHtH), 335
trmv

() (£ Base.LinAlg. BLAS il H), 335
trmv() (7£ Base.LinAlg.BLAS 1t H1), 335
trsm

() (F Base.LinAlg. BLAS 5 ), 335
trsm() (7 Base.LinAlg.BLAS 1t /), 335
trsv

() (F Base.LinAlg. BLAS 15 ), 335
trsv() (7£ Base.LinAlg. BLAS &), 335
trues() (7F Base #HH), 293
trunc() (£F Base fRH), 281
truncate() (7 Base fEELH), 265
tuple() (£E Base fRELH1), 244
TypeError() (1 Base HHtH), 316
typeintersect() (7£ Base 15 H), 247
typejoin() (7£ Base BEHY), 247
typemax() (fF Base fEHH), 245
typemin() (7£ Base 1L H), 245
typeof() (£ Base fEELH), 244

U

ucfirst() (F£ Base TIRH), 260
uint() (£ Base B3R H), 286
uint128() (£F Base #HLH), 287
uint16() (7£ Base 153, 287
uint32() (1£ Base 1A, 287
uint64() (7£ Base fEELH), 287
uint8() (££ Base fEHLH), 287
unescape_string() (F Base HH), 261
union

O (£ Base ), 255
union() (£ Base Bt H), 255
unique() (7£ Base 1 H), 250
unmark() (£F Base TEHLH), 264
unsafe_copy

(O (£ Base 3 H), 313
unsafe_load() (F Base A, 313
unsafe_pointer_to_objref() (7£ Base 1), 314
unsafe_store

() (£ Base fBH), 313
unshift

() (£ Base 1¥H), 256
unsigned() (7£ Base fEERH), 287
update() (£F Base.Pkg B ), 348
uperm() (7£ Base fLH), 266
uppercase() (£ Base Bk A1), 260
using, 113
utf16() (£ Base fE3H), 262
utf32() (£ Base 13 H), 262
utf8() (££ Base L), 258

V
values() (£F Base T A1), 255

var() (1F Base A1), 299

varm() (7£ Base #EHH), 299

vecat() (7F Base 1 H1), 295

vec() (1F Base fEHLH), 296

Vec2() (1 Base.Graphics & H1), 353
vecnorm() (7F Base f&EH), 329
VERSION() (7E Base f&tH), 337
versioninfo() (7£ Base F&ERHY), 243

W

wait() (£ Base fEHH), 306

warn() (£ Base t&ELH), 269

watch_file() (7£ Base 153t H), 268
which() (7£ Base T3 H), 242

whos() (£ Base T&HH), 242

widemul() (£ Base 13 H), 285

widen() (£ Base BB, 245

width() (7E Base.Graphics fE3RH1), 353
with_bigfloat_precision() (7 Base &), 291
with_handler() (1 Base.Test BB H), 357
with_rounding() (7£ Base f&ERH), 290
Woodbury() (£ Base HERH1), 329
WORD_SIZE() (£ Base f&HHT), 337
workers() (7£ Base TEHLH), 306
workspace() (£ Base fHHLH), 243
write() (£ Base &5 H1), 263

writecsv() (7F Base f&EH), 270
writedlm() (£ Base TERH), 270
writemime() (7F Base BRI H), 271
wstring() (7£ Base fHHLH), 262

X

xcorr() (£ Base TEHH), 304

xdump() (7£ Base fEEH), 269

xmax() (£ Base.Graphics HHH1), 353
xmin() (/£ Base.Graphics ), 353
xrange() (£ Base.Graphics 1#HH), 354

Y

yield() (£ Base /1), 316

yieldto() (7£ Base tHELH), 316

ymax() (£ Base.Graphics HEHH1), 353
ymin() (7 Base.Graphics B H), 353
yrange() (£ Base.Graphics 1H), 354

Z

zero() (1F Base fEHL A1), 288
zeros() (1F Base fEHL A1), 293
zeta() (£ Base BEELH), 285
zip() (7£ Base 15 H), 249

]
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