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- —BIRARERIHATESR, NSRRI R B £E5 7 FIRKEAES] HDFs IR
- BFBUERT AU HRE S, (HIXR— N T2, TR e HIEe; 5 o HAR
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H1HE

Unix f7

Unix 2 —MEEA S (0S), RIHF B RERSHEFZEERFR. ERssimREsmd,
FHhtRZ MR A] DIE— D RGEEFHAF. 2R, EXNHPREHFAERZA W,

ARBFEAIKER T NAIE A FALA2E Unix F4, {H Unix FHIERG A
- B4 L, Unix BILNTEERA: ATT ¢ System V, AN BSD, Apple Bk BSD #Y
Darwin ; IBM 1 HP A H . Unix itA&, Linux WE&%—MaEK, @04, %2 Unix ik
AIEHE POSIX hiifE, IXEEFZFETIRE, WRIRIEEESIARLIE, nIRER K — B RINER
A2EERE
1€ Linux Y, HAH Linux £478R, 1 Red Hat 5% Ubuntu, ‘CHESAERGAFAIAS L AFRR, (ki
RO 2
. 1% shell MAIBEAE FHEIIG, XL B TARREIET “Unix” BYHENLZ B EHH X5,

1.1 Shells

KEZENEIRER Unix i, #R2LEMABE— RN shell BRI HIITHIN S, shell iR LIRIRIER S
VM. "I Unix shell LR

« RBREHIRFAB I NALHTE sh 8L bashshell L,
- WTZMIERE (BIAISWE 3.5 %) , bash 3 shell tb csh B0 tcshshell B4R, AR IWHEH.

o BHTRART AppleMac OS BRIMEF zsh, BIRZ shell 5 bash AW ZHFE A, AL E
%S

1.2 Files and such
Purpose. TEATTH, K TR Unix XHRS, EHAWEE AR, XLEHFRE
i, S S AT AT SR A F o BdiE S a2,



1. Unix /T4

1.2.1 Looking atfiles

Purpose. EZK%EP,

RS AT BoR S FA AR 2

AT ES

1s HII S SCAFEE 5%
touch BT | 2SR T S
cat > filename A S H A SCAR
cp il

mv EEv s

rm HHIBRSZ A

file e =i

cat filename EoRH
head,tail TREST  ofafile
less,more = TN b
1.2.1.1 1s

MEZAEATZE, 1s 2R RTRTEALE RS

Exercisel.l. i\ 1s. Bt 4ERIL?
Intended outcome. WISRARHI H A, BN Listed ; WRIEA, WASHHL,
IXRPRIER) Unix 1780 AL ERE HI TR, HEFoRA RSN R,

Exercisel.2. Q3R 1s @i @RA 3, ZHANEP—MIT 1s name . JEIEAIEDE, HI40
1s -s name, PRAJDAZRISRT name MEHZ(E R,
EREM, WERIRIEHIR T AT, SEEE T — DR X4, IRSE—5&5HR

fE8.
1s A DUNIREESAME R, PRT EHEFINA TR 1s -s, AT "KW 4
K 1s -1, Bion (FMMESHRIRNE, 4D FrabmEimiR, PAR/NIeIEH

T XHRBEAINEH, 2 NEARNER, R ERUREAYANNAE, stat BLSRETA
AXEHA,

1.2.1.2 cat

cat % ( ‘concatenate’ WI4EE) WM TERXMF, EEMATDARAE —LEREBNNA,

%3 1.3. M\ cat > newfilename ({RAJDUERERESHFA) HAN—ECK, PARH—1THY
Control-d W : ¥ Control HEMIEN1Z a #, IIEMHH cat BEHEZXHHINE:

cat newfilename,

8 HPC Carpentry



1.2, X RAHRAE

AR, EFUUEM cat i, SCRZMNZIMEMEISCAER; 55 RN R i
i cat av SR B, TREIZAE R BB BN EIEZ IR ARSI A,

EREN, WREMANEG—ITENE/RFIZ Control-d , WRIREWFRET,
Control-c JEFERETSIRILAN, XX . B cat > filename JTURAIE—DX
1, SRIGTE—1THIEHZ Control-c . YRAISXHHNEZET4?

FE2MREESERR DERARE Control-d Bk, KEFZFNEREZRTHELRER: KREEH(E
control BH#/NE FH#,

1.2.1.3 man
unix ML EE (BRATEZREAZ BN KFER man m, BN “FM” o @Ay XIREHH
IRHEN 1 DL
Exercisel.4. i 1s @Y man TUH: man 1s, FRHEFEESTARIAR/NIRGERAINE / H,
BAn R B ) S
Intended outcome. YREENT 1s -s Ml 1s -1 ERIAIE? F—NFIHEBNSKHFRIRN,
BHEDATFZHNERAL, H— MR TS FMER, SR E 2 SIRNE,

man WRIEIRHEAN R IEB KA AFRIRA, XPEBSE Unix RGHPREL (EEN more B
less RGtan4eft) , FrLUCEPINSHT: (AR EAETRITL, A o A LR, 8 g B
SARTTSL, 6 BERISERE. M q IBHERS. WRIRERFRET, Control-c RHFHRIBH,

Remark 3 J1 R R B R MEREK NS, TUER man EHRBOZGSHEXER. WERRSITT 950 E
X, man-k keyword W AFBNMRIKE|E,

1.2.1.4 touch
touch MR AIE— MM, HEWMR A CHAENEFER B, A 1s-1 REHALITA,
1.2.1.5 cp, mv, rm, 1n
cp ATATERIXM (BHEZ, WFRX) : cp filel file2 Eifi] filel I HMZ N file2,
Exercisel.5. {# cp filel file2 BHl—DM AN SN, QnSRREE SR S,
BHIS 2R A 22BN

Intended outcome. VRN 1% 20 S S s s i ilbg, BEHIKtEfrSk 421 b,

Things to watch out for. ISR file2 TATFLE, VREFUEI— 1 TRor message.
XPFRTDH mv A4S, Fon B8 7

Victor Eijkhout 9



1. Unix /T4

Exercise 1.6. Rename a file. What happens if the target name already exists?
XFEE rm MBR, e RAER: BAREERE, Bk, ReIBER m-i (R “ZER ),
ERTEMBREN SCAERTARIRATIA TEWEE 1.2.4 7, TR HEOEAIMER 77 2

AR DAL E S RS fF, EARTHE—NEA: RAEREHEEE D, B MR8,
XA PUEE 1n s ‘link’ o
B AR T — S R HE R

$ echo contents > arose

$ cd mydir

$ 1n ../arose anyothername

$ cat anyothername

contents

$ echo morestuff >> anyothername

$cd ..

$ cat arose

contents

morestuff

1.2.1.6 head, tail

BEEZHTE R, X NESSHE RS2,

Exercisel.7. | 1s /usr/share/words BY 1ls /usr/share/dict/words RFINZR St
GRS IR, MEMHIZXH A2 head. tail. more Fl wc,

Intended outcome. head ‘WnX{ERVHETJLAT, tail Eﬁ%)ﬁnfﬁ, more f#FH
5 man WHEHMHRINEELR, FRXEaGSH man JUHE, FHEA 808 M6m
&, we ( ‘wordcount’ ) AR AR, FRIEFITTEL

B MEHNGSE file: BEIRIRIEEOIE AR,

Exercise 1.8. XAl ‘foo’ f#Hf file foo: XAXMH., HFREI /bin/ls %, Intended

outcome. HH—LE(F BARVTRETCIZIEMR, HFEEEEMNAZE ‘text’ . ‘directory’
executable’ ,

IERFE A SISO editor, BN emacs BY, vio

1.2.2 Directories

Purpose. JXBIRREF > Unix HRM, e w DUAAER AR5,

AL SIS

1s list the contents of directories
mkdir make new directory

cd change directory

pwd display present working directory

10 HPC Carpentry



1.2, X RAHRAE

Aunix XFRGUE—NHFM, Hi B3R s E 2 BRI AR, il
Regan ~ iR H %

L e H S AR
‘ DATL « + e et e e e e e e e IR
home .. ..o e e MRS

Unix HRMIRARMLER. #UT 1s / UEBREF XXMM E R, EER, REFH
TEIRE G N EA G RS e Hkaa i B

Exercisel.9. I T&E LAT LIEHRXAIa L2 pwdo BRI, IREYEHRAUZVREI TIEH
Ko FRHRAYEH %,

Intended outcome. /R ZFEFIZLL /home/yourname BY /Users/yourname HNZ, XHURT RS,

AT 1s IEBTEEHFNNE, EATHERF, BREGEW DR dir/, BEZFEAR

AR —E87r. VRATDAMER 1s-F FASItHIH, 7 B 0] DU 7E S 16 T 4G AR

alias ls=1s -F R&GIFIRAY Shell dGZ A IbHm . 14n:

/home/you/

adirectory/
afile

BlEHT RS2 mkdiro

Exercisel.10. il mkdir newdir fiE—"PHH®Z, HH 1s EFYHTH=,

Intended outcome. You should see this structure:
/home/you/
NeWdir/ ..o the new directory

Remark 4 R REZANZEZ KRB XK, T

mkdir subl
cd subl
mkdir sub2
cd sub2

## et cetera

BER -p 3 (RF“REX”) #HEK: 2ERE,
mkdir -p subl/sub2/sub3

which creates any needed intermediate levels.

Victor Eijkhout 11



1. Unix /T4

HAF—PHEE, HREOARNTEERNGSZ cd ( ‘change directory’ ) . ERPUELARTT
A :

o cd NHEMBEIN, cd ZWIREIREIEHR,
. cd <absolute path> ZEXFRIEMEHRMAVIRIAE, BILA / ke cd RSN E,

e cd <relative path> X B R R ARRIFGRRTER 1R, cd an S HIXATE A S IRE

<yourcurrentdir>/<relative path>,

Exercise 1.11. {7 cd newdir J#H pwd HRHEIRTEEHFMHHME, H 1s WHINZEZ
M. VRAIAE FHAE R PR AR FIRIZ AL E?
TSR, pwd MIZEHEIFIR /home/you/newdir, A5 1s WA, BERERENE
AJBH, 4aXtEE12/2 /home/you/newdir,
2513 112, B TRIELE L B N O — DX touch onefile, PASZ—/NH:
mkdir otherdir, AfT 1s FFHHING newfile Ml directory, THALER., (REIENIZE:
/home/you/

| mewdir/. ... you are here
onefile
otherdir/

1s A NMERARINED: £/ 1s -a R IESIESCIFRIEEOCMF,  RBO R4 PR
DAk, TEARAUHT BT 1s -2 MIZEHIFIRA AR /home/you/

| mewdir/. .o you are here

onefile
otherdir/

PARFREATEE, RN E—HER,
85> 1.13. HHAIT cd ./otherdir/.. JaURRHALTATAL, FrEEIRATHIMIZ A5 EMH,

AL R, BDRRIRETATE S, Rt ARk B
ARALMZRPY,  otherdir BT HRMNIRIARTHI LIER %, &5, ..

R kg, Hhrihin, Xk b REIEE R,

BRI EEHRE MR E, AL PRET AP cd FIE: cd 28, cd ~, Ml cd $HOME #KHA]
PALEARIEE) 3 H 5%,

AR EESR, RIEMIFREHIT 1s newdir KEFIRGIENE - PHRNWAE, MABENZEZ,

Exercisel.14. 1s .. f{t4?

12 HPC Carpentry



1.2, X RAHRAE

AR, [T, . ForWh B~ H % IRMIZERFRE CRIEHR, PAHA;
MFPEIE R,

LEFRATIZR S B DR H P 75 7K
213 1.15. WIREYEH 2 IFHA:

mkdir -p subl/sub2/sub3

cd subl/sub2/sub3touch a

You now have a file sub1/sub2/sub3/a

1. FRAMPE ER )2 subl/sub2/a? 2.

WA cd subl/sub2 TREALEQUANRE SO

BahE| subl/a? 3. HEAMBIEEF: cd

YRANMAPRE subl/a FEENEIIXH?
%3] 1.16. fRREfEA 1s AFHMANTEEHFKNAL? fEai— N5, IREELEIIRGT 2 EFEHMA,
WISRAFAE, $44T 1s ../thatotheruser, WHALZR., WIRXZIRIIFANEM, (RAJGER]AEE

HAH PR ES, WERIXZARERH R, HEHRIRAIREZ BRI —— RE
R — R=18% 1s:../otheruser: Permission denied,

ZIEEA cd EAGARNEHF, RERIIE?
RATDAH cp EfillH S, EFRERM—MRERERRIBHAEFNE: cp -ro TEMRNTEEHFHHE
i —"HK somedir , IXFIRFELA T /home/you/

newdir/ ...l you have been working in this one
somedir/ .ot you just created this one

cp -r newdir somedir (HH somedir B2—NEFENHET) M cp-r newdir thirddir (HH
thirddir NE—PEFERHER) ZEAFAXKH?

1.2.3 ¥R
Purpose. A REFE STUHAITR T R GE bR F H PO UREGSCHHAT (BRBUT) SRR
S

Unix SCfF, f4EESE, #EMR, F7 WA DZSCER 4 7 o R SOlE] DA TR ES =2

o BRI r: RISCAFRUMEMYIR (R, REBUEE) HABEXHNEA;
- G w R ESRHAE, EEHdEN BB
< PUT x: RSB ATAITRY, WiafTe; REER, WHEAZHER,

A AT RIS AR AR ) =2

Victor Eijkhout 13



1. Unix /T4

P w S
U g PEE IR
Al o HALFTH A

(ARANFAERIEZ AR, HSWH 1133 7, )
XA IBRAZN T TE 5
user éﬁi giifﬂg

Irwx Irwx Irwx

BN ru-r--r-- FRATEE ATDAEE XM, AFE RO A RERER,

PR A=A —HHIH AP RER, BTk r=4v=2x=1:
Irwx

421

HILRIAIEA 7 =rwx Ml 6 = rw, IREKIVFZXIFHIRRZ 755, Fom— DA N A] DU T EHAHETE
H ] IEIT AT, B 644, FoR—PTHE NERRT AEE HIG I & n] DUESBdE S fF, 1Rm]
PAUEIE chmod I ERR :

chmod <permissions> file # just one file

chmod -R <permissions> directory # directory, recursively

Examples:

chmod 766 file # set to rwxrw-rw-

chmod g+w file # give group write permission

chmod g=rx file # set group permissions

chod o-w file # take away write permission from others

chmod o= file # take away all permissions from others.chmod g+r,
o-x file # give group read permission

# remove other execute permission

man FH TG T RTEIEDL

2.3 1.17. Bl —1P XM foo FHHUAT chmod u-r foo, VRIMTEREREEMIANENIL? FIX
S R] s, IXIRE B AR, BTSN RAY R 2 AT 52, Jaad LEAATTH ARG —NISEER
NERK R, AL R, 1. HA SRS Ral i3, HMAA BT RIZSE, VREEFFE
A IENX — 5?2, YPRE O “ ARl ” 5, RBARIRL 1s &, HARE
cat ‘B: MR “ NRPHEL " HIEE.

AE— N com, NEUT:

#!/bin/sh
echo "Hello world!"

XE—DEEN shell FIA, SR . /com RRAEMA? IREELEIIAATIS?

(EXSFBIRERI, (R R CHMA” WORRRBIIRG, s 4l Vg2 RAMES 113 i
AR,

14 HPC Carpentry



1.3, SRR ENFIA K

Exercisel.18. [RIZIRE—&Z PN, VLR~ “dropbox” H%, TR,
ZH R EERREUZ 27 (BRIRARARBIE, MR EESES H RN,
HaiEd, APRMNS A BRI, )

Remark 5 18 —LL B [REGIUARIR, FlU0, setuid (/5 BAREfF N ABIZZFE WARRIZIT, MAZER
TR RAPARR, X TH passwd 5 nkdir XFNAZIREEER, SIIBRE
WX Ao B REH, XEBRETE root BIR, F5T setuid i, AP ™ ETXEREF, X
RRFEROTRAF REEKE DN EDLXBERNE DB R, setuid (L3 chmod R & :

chmod 4ugo file,

1.2.4 @RS
REAET 1s filename BIRETINXFIIER, M 1s AIRYFETHE FIIFTE X, N T
BE LI R R LA SR, 71 BmEA Y, DA R R EERIEELT

* any number of characters
7 any character.

Example:
%h 1s
s sk ski skiing skill
%h 1s skix
ski skiing skill

BMETSIHATE L ski TPk, JRHERERESEHEMFRFHSE; THRRBEENRN LT
XH skix BRE sk JEERMEREBERN 1 ¥ o MR, [HFESRRM.
PRATDARF rm SIEECAF—E2 M, EXAIRER R,

rm -f foo ## remove foo if it exists
rm -r foo ## remove directory foo with everything in it
rm -rf foo/* ## delete all contents of foo

Zsh i &, HHBERR rm foox MIBRES, WREARXFERIXFSHTE, RE setopt +onomatch DAY
A VLRI A,

1.3 Text searchingand regular expressions

Purpose. fEATTH, R STAMAAE SRR &R SOAR,

AN THERD—NE—EXREN . B, R PAM http://www.lipsum.com/feed/html ZRKEXFHEAL
XA,

Victor Eijkhout 15



1. Unix /T4

grep A4 Al FAES AR R SCARIRT,

3] 1.19. [ grep q yourfile TEVRIICAXXMHINRFRE q, M grep q * TEHFHHIATA X

frERE, ZHM—SER,
AR, EHMENS, REBREES q ATEITRIYIE, EB /MBI,
grep MRMREVLHCFTTERISCE44: qgfile:thisline has q in it. JFEEI,
IMRNREERAFIFERANEIE, grep RAZRHEMAE, HiCHE, WRRAZE
MEMANZ, X2 Unix fr2HIARIEIT N,

R TR T I T RS, RIER] DA IE A 1 RRIA
- (ELNEIES
$ 1R
: EREFF
* ERREEE
[xyz] FREE xyz FIOEREFE

XEERGIRNIA BRIRERCAHLE] (BT 1.24) , EEFHMAR, K LEAHIF5 L FAERTE
L8

%h cat s

sk

ski

skill

skiing

%h grep "skix" s

sk

ski

skill

skiing

(ES5 ML, ARSI sk AUEREGRI 1 SRAURIMTRIH, RS

B2 RA] DAEE
- ITEREFR ‘q’ H"Jﬁ, fEH grep q yourfile;
FTERL ‘2’ JFSKIAT, I grep "ta" yourfile (UIBRARIERFIFREERHRTS, RIH5ISWKHSE
R
- FE DI FERIAT, [ grep "[0-9]1$" yourfile,
Exercisel.20. #3535 T &IRIVIE R TR
o UIREFHRHFLIAT,
o BAERITF—1NFRT. Intendedoutcome. N T2 —, HRAGETR [01,, N FHE A
AR
UM R =K
Exercisel.21. FIVRAGINASCAFRIRNILIT x = 1,x = 2,x =3 (BIfE x M5

FERFEEEATHE) |, HHE grep S RBRITARN x FIIRE,

16 HPC Carpentry



L4 HtEHRIaZ : tar

ERARIFRF AR S o IR RIZ IR TR, 27 e,

863 1.22. QIEE—NIRASCE, S abe Ml a.c, RN TFARNIT. Zikms
grep "a.c" file, grep a\.c file, grep "a\.c" file. MHAL R, MRSFIHNFE
PN, MRFIFRFEMG S, WRHME—T, IRESEI grep HWEHKE] abe F4F
H,

1.3. 1M cut UIEHT

S PHTHEITHTERZ cut, ER]YIEI—1TH B H AR 72, Bk,

cut -c 2-5 myfile

RR myfile BATHHALE 2-5 IR, BT —MNNAS A FFRAEHRA,

WIFEHMRZE, IRATBAZE cut —PDRRRFFRE, FHibeEx s BB —17. fla,
R RGIRATRER — XM /etc/passud EEHFER 1, BITHE SR FERHAM, BlUN:

daemon:*:1:1:System Services:/var/root:/usr/bin/false
nobody:*:-2:-2:Unprivileged User:/var/empty:/usr/bin/false
root:*:0:0:System Administrator:/var/root:/bin/sh

BEMBERE N TFERZHFHESE shell ; /bin/false RRNIZHFTLIEE T,

You can display users and their login shells with:

cut -d ":" -f 1,7 /etc/passwd

XEVF cut [ERESTENDRRET, FHTEIS 1HI% 7 7B

1.4 HittH a2 : tar
tar &R “tape archive” , BIE&WFIEH TIERLH EATHSCME,  ( “archive” #83K
BT ar 3%, ) W5, EWARESU T DEEMBE L& anRIRER A —
BEENAE, ISR — P —3
PR P T2 T

L. B — tar X

tar fc package.tar directory_with_stuff Ziliaﬁ

y “tar file create” , FH

L. 258 BB OURIZAERT; 1E Mac OS /1, KTH A BEBRFEAEHAM TS, THZSHNE S RGMRS.
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2. unpacking a tar file:

tar fx package.tar
# this creates the directory that was packaged

=N ‘tar file extract’ .
ARSAEIEE ] DA RIEE46, RIH gzip IR0 z [E4ERMFER:

tar fcz package.tar.gz directory_with_stuff
tar fx package.tar.gz

¥ ‘gzipped’ X4 package.tgz HARE U

L.5 AT
GUERARTE shell HEIANZ, SEbR ERETFERIRZERESMT a2, FEmSZNER, H
AT RER A E R D RGN E SR H QRIS HRIRF AR, AT RIRAIRIZ LN,

Remark6 REFRE MW REBIEES —1F, shell B RIFER, EAEHR TR # T KITHIWR LR,

Zsh note. 1 Apple 1 zsh W, FREFREEEM, 15

setopt interactivecomments

BHE,

1.5.1 &R
ARITES A
which Ef#k?ﬁﬁ/%ﬁ"ﬂﬁﬁ
type ﬁﬁ N

2. HEEREE
Purpose. AT FFACREZES] Unix TER A A 242 FRIN QT 2 PRAT 181

R A — a4, Hl 1s, shell MUURMITan<4k: BLlr E2RERAN 1s BIR
Fo IXBEMREIRA] DAA Z D RIGHIARG S, BB ST EOR TR 6 & Se ek,

#53) 1.23. fRATREIA N “Unix i< 7 @ W ZRGH RHPIAHITXM. YT whichls, Fxt
ZERIT 1s -1

THER, 1s FIMEELIT /bin/ls, WIRIR 1s B, RRFBEFNEAIGEH root Frl, E
AR TAX R AT REXS ATE I R #R E 1R B
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unix RSN BV KRR, EFEERRTET (BEZATU T  PATH

#.3) 1.24. 4T echo $PATH, PRAEIKF| cd RUNLENG? R —NiEICH HMaAIS? HaiHR
VO BRRERRET? RKA, PUT export PATH=".:$PATH", ILTESEYHTHROIE—1A]
PATSHE cd G ESO) , RJEHUT cdo
AR, BIERE—1PUE SR ERYIR, Filin
/usr/bin:/usr/local/bin:/usr/X11R6/bin, YR TIEHREKIZH, ERJEE
RTEAREE: /usr/X11R6/bin:. , {HIRAIREANTEIRE, QIERIREE ° JBHEREIF
3k, unix KFEREIARMAT cd w2, MARRADL,
AN T H RN X, GRIRIERZR SR, HIARTREXTERAY H 3R
HIRE— NN cd (BUEMEMRGHS) FPREMAR, MIRSEARBIEL FHITE,

FE4 1T H R PTRFRRZ 2T R

./my_program

XA GIFRR T shell IAERIGEH]; &9 1.9.1

Remark? #3EFTE Unix GLE R A HIT XM, type LREELER
than which:

$ type echo

echo is a shell builtin

$ type \ls

1ls is an alias for 1s -F

$ unalias 1s

$ type 1s

1s is /bin/ls

$ type module

module is a shell function from /usr/local/Cellar/lmod/8.7.2/init/zsh

1.5.2 44

A AR B QR an 2 SO i 23144,

Exercise 1.25. $#{4T alias chdir=cd JH#fIA chdir BITERAT NS cd 5E2EF, H#UT
alias rm='rm -i'; &M man FMHNIEAER. FLNNNXDIBRNMIEER;
VRREFRMR N 208? Intended outcome. Tm {Y) -i  ‘interactive’ RIS a>TER XM
PRETERSIEA RN, HT unix %E % Windows 58 Mac OS AR 5 20E 25 (1 [0,
IXATRER DN E R

1.5.3 Command sequencing

AN AT BT 2 N H 2T
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1.5.3.1 BB AR FHAT

First of all, you can type

commandl ; command2

RRZXRELARH DL, PRI E: IRAFRE R EFEAREEE T EN

AR GnER IR A

cc -o myprog myprog.c ; ./myprog

F HAERWES, B MASPIIT, WERIFERBRARRT RIS, MRERIERA, XIEE 2 AN

—ELFRTTRR:
cc -o myprog myprog.c && ./myprog
HELE DL, A HITHE P,
1.5.3.2 Fikk
SEHMAFBEEIA, SCRmHAIEEI M, AN ERIER, EHE LB -1
R AN, HIBEZ cndone | cmdtwo ; XFRNIHIKE, Hilan,
grep a yourfile | grep b EHKFrARINEE a A b BT,
3] 1.26. i —MEME, FUHRIXHPESTRE th T8 M ve e (M L30) Kitk
1T
1.5.3.3 Backquoting
EETLMHAE LRI BIRIFEMMENITR we BIZER, BIALLT@mL

echo The line count is wc -1 foo

HA foo B PEMFEXFHIAIR KIKEFMTEOF R RAT 7R REM backquote:

echo The line count is “wc -1 foo~

BT R 515 Z RN EE AL A THIHSR 0 BORIEZ BT T,
Exercisel.27. wc TERXBEAJHEZITENXFH, IREEEREN 5 AR ILIX MG OLA 42152

A 55— ML SRAE AL -

echo "There are $( cat Makefile | wc -1 ) lines"

XA E ar OV AT RE, (B TRAMAEEIRER, SATEREN, R3S rTeEE R EL,

20 HPC Carpentry



1.5.3.4 7£-F Shell 1248
RIS ARAED JE S T LA i < L i ) B )

configure ; make ; make install > installation.log 2>&1

XAk — DS Blan, IRATELRIX = a0 4HE]— 7 Shell 1, FHifki% T Shell At

( configure ; make ; make install ) > installation.log 2>&1

1.5.4 BIHIRE

M ATRER ML, WMRIRIEM AT SN GL, IRSBRER, HEMN N —A a2 E N
REUTE, YR a2 HIRERIAR IS, VRIS RIA AT N T30, Ak, RO &4
[ exitstatus © XBE—ME (BRYIAZE, KRECHIEE) |, FREE—DNEZES, FRATDAER $7
ViR,

Bl RERATE — PN ARAIGHIEF [testing] 1s -1d nowrite/

dr-xr-xr-x 2 eijkhout 506 68 May 19 12:32 nowrite//

[testing] cd nowrite/

S O — P
[nowrite]l cat ../newfile
#!/bin/bash
touch $1
echo "Created file: $1"

[nowrite] newfile myfile

bash: newfile: command not found
[nowrite]l ../newfile myfile
touch: myfile: Permission denied
Created file: myfile

[nowrite] 1s

[nowritel
A & e A, RESERR LA OREIE,
HBUHAHIA

[nowrite]l cat ../betterfile#!/bin/bash
touch $1if [ $7? -eq 0 1 ; then

echo "Created file: $1"else

echo "Problem creating file: $1"fi
[nowrite] ../betterfile myfile

touch: myfile: Permission denied

Problem creating file: myfile
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1.5.5 HEFERI{E L
ARSI
ps S () R
kill 21— R
CTRL-c ZIERTEEL
CTRL-z HHERTE 7R
jobs EoRATA TR AIRES
fg e — MERENELIEBRT &
fg %3 eSS (AR ES
bg e iTRE—TNEENEL

Unix B#ERGAI AR IZT 2 MER, @R, SRS MR —/ NI RBIT,
% ps Al LA IRIREHRIATA IEEIBT TR

Exercisel.28. HiA pso UATHZORFIEEZT? BMAERT, ps FURRIRIIHEE)
(LR, ] ps guwax A DAKISATA IEIEIBITALRFIIRANSIZR, MAiE 2 DREFIETE
JBIT? K2 VBT root FIF, HEVETIR?

Intended outcome. BRI E T H AP NERFEE, ALK ps mAENAER grep (=91
&, RNEmEd we,
TEXAD ps MKAIERAH, FE_FEE T#ES, ANMAREERRAH: WRENMEFITNRHE, KATRL
H ki1l RAEEE, T7iER
kill 123456

Hrr 12345 2R S,
AR cut @R DAN—ATHEIR EAE: BIA ps guwax | cut -c10-14,

SRBUT A IEEIS TR RAEIASERE, EHEH top M. FIRTMUICAT iz CPU M RH T
tho

£ shell HEBNHIAENRA jobsjob (unix)s BR TSI, BATEE—MELS, FABERRIT AR E
7L,

SORE A SFHAZRI R, A STEIBTTHARCN foreground process. [FINIafTHIH AT A HIZAZ
background process.

HllfE—DRHAITSCMF hello, AIAAHT:

#!/bin/sh

while [ 1 ] ; do
sleep 2
date

done

SRIGHIN . /hello.
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L.6. FA /i tHEE )

8.3 1.29. KN\ Control-z, XXEFATAMM, BERHIR—1¥, i 11 = [2],
FORIZBH B M EEESREE G ERF. MERA bg RxEEREEE. &8
A EIZEFRIANE ARG, RERIT 1s.
TSR, RHEREEEE, KIRERATH, ATDAZETG Mm-S, WIRIZE %,
R =B R LTERT. R, JaadEIARRS Ak,

%531 1.30. BN\ jobs BEUATRIGTAER. WRIRNIA KES GHIHEZRS 1,
A fg hlo HHNEXZR T AT,
WAL R, WER Shell IETERIAPUTIEF, ERASEZALSMA, BItZEER &4
Z1To
#53J 1.31. HIREFRRE hello MIABNETAEREN, AIBAMEM Control-c HHZIE, X
K&, BRESIIAA, XIRIEH . /hello &, BERVAIKHBAGEG, RENMIZERIH
L [1112345 ik, XEIFRIRIZZIRBAG GRS — ML, 12345 2 BRI 1D,
A ki1l %1 Z&aBA, Basie, ReEHEES%IEE,

AR, AR SH kill 12345 a2l E UKL EEBITIRER, ANTRZEE
kill -9 12345,

1.5.6 Shell H3E X

ExAEE], 1s -F BEBWEXAREEA, AT E R[5, BT RmA

alias 1s='ls -F', BRAMAN 1s X HY RN 1s -F . WRIEHESDERIIGHARA AT,
FILARE alias i WNINEIIREY .profile XfFH, FRT sh/bash, Hfth Shell H#HHT I HE LA
(5E8

1.6 A / it g

Purpose. TEATIH, MR ST — s LI HE 7S — D a0, DU AR

A YERR B AR S
FIHADY L, EEEHE unix arSER R N BEE B A 1T e RS EREG A et EoR
et b IAHAMTT AT ISR B, BOR 7 i 2SR,

1.6.1 EIAEHER
grep MHMNSE, B MR, IRLAIPIF K grep string< yourfile, HHVNTS
FoRE KR BHEE RIS, yourfile, IXMFRJY <input redirection>,
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1.6.2 brif s

Unix A =/MEE A K AR S
PRI S

stdin FE IR il AR S
stdout et E AR S,
stderr IR E NS,

FENRERZER, T = SXFAEREEI A 280, (50 e A BIan HH B 0 TR i A\ AR ) i
RIXEN AT LIS s

1.6.3 th HE )
AAGE N —FE, VR DUEE AR R . TEREHRAIIET, grep string
yourfile > outfile RKFEE RKIZFNIKUHHMNEEZEME| outfile, WNFHIH XHAFELE, N
2Oz, BNSERTE, (FEEM, E#EH grep textyourfile >> outfile, )
#5> 1.32. ;L E—T R —1 grep an<, K HHH IR — D fE, REIZSFINE
N5 Z TR FRNA 2R, SRS R EERN TS, IR R
RE—ef, XA SRR E 47
AL R, HRUFP A FEN TR BRI G & mad . WRIRR I grep A%
WEEMI, MBI — DRI ABHS, A 1s Ml we HATRIE,

#5.31 1.33. L — M ERAE R B SOAR S
My user name is:eijkhoutMy home directory is:
/users/eijkhoutIl made this script on:

isp.tacc.utexas.edu

where you use the commands whoami, pwd, hostname.
Bonus points if you can get the ‘prompt’ and output on the same line.
Hint: see section 1.5.3.3.

ANREIETT— R, (BRI, Jlt, Re] DLR faH EE MRS nulldevice: /dev/null,
yourprogram >/dev/null

XEA AR
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1.7. Shell IAE2E &

>iE

program 2>/dev/null {ORFIR AL RN B 8

program >/dev/null 2>&1 ¥Hiti& XS dev-null, KHIRAZERHL FREENRE

iRz ca-
BiRH!

program 2>&1 | less R AR IES] less

1.7 Shell environmentvariables

FHERIER] T PATH, X2 shell SEMEZRIIHIT, XEZ shell EHIRZ R, ATrAH shell iBfTHIRE
FPERR] DMER e, BIR PATH B —TAEZE, (REATLUEXIRE CHIZE, FH1E shell AT ERENT,

Shell Z&RE I NLARIL:

« FHET shell B9 &, #I40 HOME B{ PATH,
o FREFREREFNZE R, fla0 TEXINPUTS AT TEX/LATEX,
- IRECEX I E; TR
. HIEHIZAE R, Bl for; R
RE] PUELHI N env BF shell EHIFTE 2 B 152553

Remark 8 XA BEIRE L EXWEE, BRI export BA1, WTFX,

Exercisel.34. JEJI#i A\ echo $PATH /G PATH ZmMME, BAIPUEIRE env JEIT grep BiEL
k&L PATH HUMES

BATE LIRS shell Z RIS HE,

1.7.1 shell ZE R
YRA] DUEIEAE shell ZZ&F AT EEITTRFSRIREGEE, BA LTINS ReE R

echo x
echo $x
x=5
echo x
echo $x

R=E | shell HATHANEMATIFH, BRAMRIAFS IFEDCEEERIE, RIFEAFRETIN_EEITh
Fo AREXHIZERRATEN NS FIFER,

Sshell 288 A] DUE 2 M7 Nk B, & E HH ARG HAGREIE S —HEE W (E,

]anguages.

SRR — ARSI, I8fE shell 2 —METCRIES, X—RIREZ,
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53] 1.35 AEM AT a=5. ] echo mI¥REHE, KR b & NA—MEH, KBEHHE,

MAEIEIL echo BE at+b 1 $a+$b MIMH, BELLEMNME,

AL R, Shell EIXEASPUTREINE: M, REBE—MNEFEINSHFEF
Ho  (IRKAESE 1100 TR ZEHITRAIZE, )

EREM, ERFSWUAERTHE; FTEMEN EHREH ZT S,

1.7.2 S &
PRI IS B I IS EIR Y BTHX A shell A GE S HRa L, (BERSWIRETE S
shell @A W, NIIRFEEMH export %, BEILITEIE (SR TMSIERA) -

[1 a=20

[1 echo $a20
[1 /bin/bash
[1 echo $a

[1 exit

exit

[1 export a=21
[1 /bin/bash
[1 echo $a2l

[1 exit

IRt AT DA N I B — N &, st

26

L RS~ N AERARE A &

[] echo $b

u]
2. JE—MERIE shell BIASKRITENIX NS & :

[1 cat > echob
#!/bin/bash
echo $b

MR, BEFHEHPIHAT: chmod +x echob, FMEIAM
3. ZHA, ®iENE— 1M EENIEE, variable b:

[1 b=5 ./echob
5

XAMEE R REE VAR E, AR SEIRm S, XARERMECOSZmSE R,
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1.8. il 4ty

4. BRZZEEANARE X
[1 echo $b

1

That is, you defined the variable just for the execution of a single command.
FEETT 1.8 FIRKET| for SiMHE X T — MR, BT 1.9.1 R T —EEH T shell AR E 2 NEE

=X
Ho

QURRAEEH I E — PG AR, AJDAER unset an4,

1.8 Fxihilgity

AL IRFE R —AFE, shell 1 —LL5HIEE, ENIEEFE LR RERIEN, (RFEM shell
REIIEE; TEAZFEHFIATHTE bash shell,

1.8.1 Z&AFift
bash shell B conditional FHAHIBHR S if, ERIPAEKZAT:
if [ $PATH = "" ] ; then
echo "Error: path is empty"
fi

HHEHHE T

if [ “wc -1 file® -gt 100 ] ; then echo "file too long" ; fi

([GIS1EEE 1533 AR, ) EX TWZIIA, HlU0 -fsomefile MTHEMIARZELTELE
A BIRRIIAA, EHAESEAFERRSE -1,

The syntax of this is finicky:
. if M elif JFHIHRE—NHRMAER, JGHEREDT S,
- FAEAINHE S I TR EA K,
- else H then JRHIIRA IS ENGHZRERE MWL,
#:.3] 1.36. Bash £ MHBEAA — elif KRBT, IREEMIMNMIRSEENT ARG :

if [ something ] ; then
foo

else if [ something else ] ; then
bar

fi

RS K, BERZESIER,
Zshnote. zsh shell BAY eIV, HERAXNTHES, BN, HEITEC:

if [[ $myvar == *substring* ]] ; then ....
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1.8.2 15§¥
BR 7 Z&fFEA], Shell EHTER, —1 for TEINEIEKE

for var in listofitems ; do
something with $var
done

EPRIT AN R(E:
« XF listofitems FE NI, 8 var #IKENIZI, FFH
. TEIMABIIIT,

TER—MRI BRI 31
for x in a b ¢ ; do echo $x ; domne

b
c

FE—NEAR XA, THZ S RER o SXt:

for cfile in *.c ; do
cp $cfile $cfile.bak
done

Shell ZZ &R DUEIS 24075 WElE, T LA R an < DAEB U AL B A R EE Rl 545 -

[1 a=b.c
[1 echo ${a%.c}
b

\

SEWET 1.10 XTREF. ) MR, "E—MER, BIRIEHN .c XHFEMAN .x
files.

_EIREEHPA BT TOEER, BN 1s BRI, EHHTETIEIA, M seq:

[shell:474] seq 1 5
12345

X — RIE A TR E B ERAR

for i in “seq 1 ${HOWMANY}  ; do echo $i ; done

ERE R3S, BRI, DMEEFETEIAZ AT seq a2,
YRATCAER] break BRHTEIS; IXEERIUIHA — M S, fEREkH 2/ D E0EHA,
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1.9. IARYRE

1.9 JAA 9
unix Shell R2gEME, IRIGEARTHEZH 7 ## unix AYIX—J51H,

L.9.1 Wl AT IAIAS

AT unix shell @ ORI, HEIREABUITFRF I CAFFITE, O~ scripet,
P LS A RMIAT:

#!/bin/bash
echo "hello world"

FAEMATRA . /scriptl, Z58R? Xl HAT/E I —IR,
Zsh 2®E. Bash A WIRIREM zsh, EIRHLRTTH bash A, EIMURSRLS T R,
hash-bang’ fTHUE TR shell $ATIIA, I H5E2R DIEVRRIAIAHEM bash, FNZEXEM zsho

NT GG ORI BT A RIAAR, ATEE R ENTBER BRI — 1D H% bin . RJGIR
SR ZERMBRE) RE&Z, WS PATH; ZIET 151

1.9.2 A
URA] DA TR 2 85008 F — 1 shell BiIAR
./my_script -a filel -t -x file2 file3
TSR S AR SR A AS FR 5 LR T RE
B, TAMSITSERNIETE AL R $1. $2 FEMATAH, TS8R EN $¢ v H:

#!/bin/bash

echo "The first argument is $1"
echo "There were $# arguments in all"

e k:
L = meaning
$# number of arguments
$0 the name of the script
$1,$2,... the arguments
$x,%0 the list of all arguments
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Exercisel.37. %5 —MAK, BZ—PXFEHSEIENRA, FREZFHEZ/01T,
R VREIAIA DA 2 A2 5 /D F 1047 (A foo -1t bartest) , 4IERJE, N cat
B, PR IRTRELE test PERRGS. NRIVIIAGIN— MK, PAEERA T

WSO RN 25 A R RTRE R,

TS BEIbRIETT IRR M shift a, ERMNSEINIRBFHHE PS8 RELI0F T
SR REE $1, BAL, DUNEEFH $1

Code: Output

/) o i [code/shell] arguments:
arguments. s

while [ $# -gt 0] ; do missing snippet

echo "argument: $1" code/shell/arguments.runout :

shift looking in codedir=code missing
done snippet code/shell/arguments.runout

: looking in codedir=code

Exercisel.38. %75 —MHA say.sh, fTENEXASE, R, WRIKA

./say.sh -n 7 "Hello world"

ENIZIEORTEE RO TEN, (FAEDT ~u:

./say.sh -u -n 7 "Goodbye cruel world"

R AKRFITENH R BRSEMIF TR E, H HXHEAITCIR IR B AR IS AR T
B

/N0

TE g0 F $x WG ISHUTHNAM, BIZHENITHE e

myscript "1 2" 3, A5G

- ffH $x BERSISENSHIIER: myscript 1 2 3,
- fE v$xr BERIIBETIISNSEYIR: nyscript "1 2 3"
« fEH "o REMS[S: myscript "1 2" 3

1.9.3 #RAEPE
BA, BATT A SIURRE T —+E, ATRES AR TI A5 AR AR I
L ARG HmmrEIRE R, 2] DUEE A —1TEna TR A
set -x
ZATHERITRCR SN a2 E B2, 2. B PMEAREE —MRED, UESELRERE ¢ 1,
ERILUG AT, 3. ARy S el ek, (HIALRSRIZ T, &rT DA LR 75 5Bi
IR LA

set -e
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XA E AT a2 RGN 1k, BN
set -o pipefail
will catch errors in a pipeline.
Here is an idiom for being a little more informative about errors:

errcode=0
some_command || errcode=$7
if [ $errcode -ne 0 ] ; then
echo "ERROR: some_command failed with code=$errcode"
exit $errcode
fi
9%@%5@§§::T?f2€§‘*4\ “Eﬁy’ %%#Fi Egéﬁ some_command ﬁizﬁ, Egé&ﬁﬁ4% errcode B%Eiﬂﬂﬁ?ﬂgﬁgﬂjﬁgo iX’P
RSN, BT AR VR A] DA 2 IR A,

1.10 )
Shell X anATHITHAY e, WMAlR A RS G SATHIRR T A,

RG-S F:

[1 echo a{b,cc,ddd}e
abe acce addde

X ] ARBRAHERIE N BEA S AT F -

[1 rm tmp.{c,s,o} # delete tmp.c tmp.s tmp.o

BAR ST IR A DBt AR H 3%

[1 echo ~
/share/home/00434/eijkhout
[1 echo ~eijkhout
/share/home/00434/eijkhout

SEY R4 shell ZZR YA

[1 x=5
[1 echo $x
5

RE XK ZBRAZGHBIREE:

[1 echo $y

SR RAVFZZNR, LEIRELBRIIRA] ARFRER 74T
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[ a=b.c

[l echo ${a%.c}

b
DA AR E AR5

[1 echo ${y:-0}

0
REIBHUS (FET 1.53.3 HNAH) BFRAmSESR, EARFIRITEGSN—E 2 S IE NS —
MR Blan, REERERGS 1s BB, vl AT

[1 file “which 1s~
XEHE which 1s, 5% /bin/ls, REHE file /bin/ls. B —MHIFE, FATHENE G
515, XSGR T

[1 echo 123 > wl[]l cat wl23[] wc -c w4 w

[1 if [ "cat w | wc -¢c~ -eq 4 ] ; then echo four ; fi

four

1.10.1 BAY &
Unix shell 4Rf23E% MIEE TSeARE, (HHA] DUHTEAZE, BEASHER shell M50 R 5

[1 x=1
[1 echo $((x*2))
2
BBEEE AT DAFan R 77 XUE A -
[] for i in {1..10} ; do echo $i ; dome
12345678910

(but see also the seq command in section 1.8.2.)
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1.11. J33h~>ct

L.11 )58l

TEARZRET, EELEE LA EE ER shell 7R, Hlan, @ETIRE PATH &, &A]
DAY Je shell EALATHAITSAFRIML B, HAPAEZR R (B 17) EBHAIOYECKERSIA. ¥
ZIXEHTEXFENATENRE, FILEAUE shell BahXth, ENMTREEMIE AR 1
5EH

JEE S WA ERERE X alias:

alias grep='grep -i'
alias 1s='ls -F'

PURIRE B E L an1T s
Eﬁﬂi@ﬂ’ﬂ%ﬁﬁﬁlm?@ﬂ’ﬂ shell: .bashrc X?J‘:‘F‘ Bash, .cshrc Xﬂ‘a: C—Shell, .zshrc Xﬂ‘ﬂ:
Z-shell, XEHAEBIEFNERSHOEI GEW T , BIEWMATIEE source EA:

source ~/.bashrc

fran, anSRAEgwEE 7RSSR, SR

Unfortunately, there are several startup files, and which one gets read is a complicated functions of cir-
cumstances. Here is a good common sense guideline?:

. E—D .profile, BEftrati i, HZEE .vashrc:

# ~/.profile
if [ -f ~/.bashrc ]; then
source ~/.bashrc

fi
« B vashrc PATIFIREE IRIE:
# ~/.bashrc

# make sure your path is updated
if [ -z "$MYPATH" ]; then
export MYPATH=1
export PATH=$HOME/bin:$PATH
fi

1.12 Shell &2 H.
Unix R ERFEH, S5HARSES (EH1.9) AE, £S5 shell ZRIE &0 E, 1R, EHR
R, #EAN—1T, 1%E%E, shell ZiRf@Re, &JLFEN,

- R ARATEEZ DB, BIA0 1s foo: shell KiitfTiZan<,
2. %S Robert McLay & L,
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. {ﬂﬂuﬁ—ﬁﬁlﬂﬁﬂlﬁgﬁ\ﬁﬁ%, 7570 mkdir foo; cd foo
Shell ZAZifFHATIX AL,
o TR AIT AR — D28 m4, Bl while [ 11, Shell 2IRFIHILHELLANE, FH
i A RIRER R R B B IEE S i S TR TR 77 o
- IRBVEIATARZ—EEMD, [BIREES TR AEZNE, 1
XAMES T, URAIAER AT R L RBHLFRF, Shell & 1RBI 7R 2 AE IR TR A
Lo Thrl, KRBT (escape) [HI%E,
4 Shell WERRI—Fan XATHERHITH, EEEH—THZITRMA, BEEHES 2,
NIAFTIR, BERN@ATHTY R (EV 110) . ARESEGIMTRBENGIMNSE, s
EHREIRZEOA R Zm 2,

XA b, WERIREIA 1s *.c, ARA Shell KIRFIERLAFFRIFKEEY Ry —%m
21T, Bldl 1s foo.c bar.c, REESHEA 1s Mm%, SHIIFEKN foo.c bar.c, FE 1s I
2 x.c TERSEEZIR! RIS E unix @B RGT A BECFISEIEN R, (RFEEXE
BCRF T X, PARTLE Shell #4179 . Hl40, find . -name \x.c <=f# Shell JAH find, &
¥ .-name *.c,

1.13 RGEHHAH

1.13.1 System information

RSy NG Tl Unix 8 Linux 248, BRRFEE THASMNIEMEE. L RABRKBEIRIRRS
HSTTIRML :
top RG LIEEBITHRE; #/H top —u RIZEA1YMa1 45 CPU B EHF,
Linux b, WAIPAZEIA vmstat @2, ) ptime H ERERPCRESTE T ZKMH?
u

AIRAEAITE B 2L PRERBZME N RS JBEIRA] DA uname FRERI—LE(5 .

$ uname -a
Linux staff.frontera.tacc.utexas.edu 3.10.0-1160.45.1.e17.x86_64 #1 SMP Wed Oct 13 17:20:51
UTC 2021 x86_64 x86_64 x86_64 GNU/Linux

IXATIRTCTE SRR EE 2B Linux distribution o Jitt, DANHELEF EERTREA L

$ 1lsb_release -a

LSB Version: :core-4.1-amd64: core-4.1-noarch: cxx-4.1-amd64: cxx-4.1-noarch:desktop-4.1-amd64
:desktop-4.1-noarch:languages-4.1-amd64: languages-4.1-noarch:printing-4.1-amd64:printing
-4.1-noarch

Distributor ID: Cent0S

Description: Cent0S Linux release 7.9.2009 (Core)
Release: 7.9.2009
Codename: Core
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L.13. RGNMHAMHA -

or

$ 1s /etc/*release

/etc/centos-release /etc/os-release@ /etc/redhat-release@ /etc/system-release@
$ cat /etc/*release

Cent0S Linux release 7.9.2009 (Core)
NAME="Cent0S Linux"

VERSION="7 (Core)"

ID="centos"

ID LIKE="rhel fedora"

VERSION_ID="T7"

PRETTY_NAME="Cent0S Linux 7 (Core)"
ANSI_COLOR="0;31"
CPE_NAME="cpe:/o:centos:centos:7"
HOME_URL="https://wuw.centos.org/"
BUG_REPORT_URL="https://bugs.centos.org/"

CENTOS_MANTISBT_PROJECT="Cent0S-7"
CENTOS_MANTISBT_PROJECT_ VERSION="T"
REDHAT_SUPPORT_PRODUCT="centos"
REDHAT_SUPPORT_PRODUCT_VERSION="T"

Cent0S Linux release 7.9.2009 (Core)
Cent0S Linux release 7.9.2009 (Core)

1.13.2 Users

Unix 2—PN2HFPRIERSL R, RMEREECH D ANEG EERE, R —MIE account KIFIF,
A I AT RETR Z i A PRI A 44 R0 D

QISRPRAENANLES L, ATRERRME—BRATH . R GEHAIRSS 8% L, BEIAHMAP, IR &5
TSR A AR 2o
whoami B/RURHVE A, who W REAMY AR RAHF

o finger otheruser FKECKTH—PTHFNEE; IRAIDMERX BIEEH A HERA, &
TR ESLES, BERFEEARHAIRBIE R,

1.13.3 dHAIFAE

FEET 123 PIREEERE D “AH” KINRZA XAVFREIREEDI S 1EE T, RN
HFABINIT ],

SIRAIR P AR, RAEHRAZIRKIRDEE PP, RERE DEHES, R’
FERANERNA A ARERFER TR B CAnEE 2 4H, )

< groups HIFIRIRFTERIATESA, 1s -1 HIREXFE TN, K0T chmod, KATEL
HH chgrp REBCIIFANERIH, PAMESRIHRIHFHE,

OUEHTHECR P ISR ERGUNR, HAE—
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sudo groupadd new_group_name

IR IR E R

sudo usermod -a -G thegroup theuser

BIRIRAT ARSI, /D RIEIRATERIEZ A, B chown HECSIAHIHHA 7R E root IR,
S IET 1.13.4,

1.13.4 @
RIMERIA B CRILES, A e HUBE R AT RE 2 s AR E A 7 I DA, (AR ™A% R i
F root privileges .  ( root MK AR superuser, ) WIRARIAA root BUR, RIERTLMER sudo
( ‘superuserdo’ )@ “HNA—THFT , IR RATIRIE,

« DS — P BT

sudo -u otheruser command arguments

- Mlroot HF ST

sudo command arguments

. NS

sudo su - otheruser

® &ﬂg superuser:

sudo su -

HUCSLIFATE AP chown SERK:

sudo chown somefile someuser
sudo chown -R somedir someuser

1.14 &S HARYLES . ssh Ml scp

AN, HEIEAR, AREER—aTHRYL, R, EEES a8, B
HEAL

WRIRELE—E Unix HEHLE, ATMERH “secure shell” @4 ssh BE#FNSH —41HEN, XEIHK
“remote shell” % rsh IWEZ AR

ssh yourname@othermachine.otheruniversity.edu

MM GRS LR P2, yourname AJ AR,
A SN — WS EHIE S —allds, FTLMER “secure copy” scp, B “remote
copy” rcp LR, scp MPTEEE LS cp IFHEMM, FUZIEEBFRAT DI A LA A1,

R R LG E HI2] 5 —aflds, A
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1.15. sed 1 awk T E

scp localfile yourname@othercomputer:otherdirectory

HH yourname {HRFTPAENE, otherdirectory AJDUBAEXNERIR, AT DU TIRAYE H RIVEEZ:

# absolute path:

scp localfile yourname@othercomputer:/share/

# path relative to your home directory:

scp localfile yourname@othercomputer:mysubdirectory

Leaving the destination path empty puts the file in the remote home directory:

scp localfile yourname@othercomputer:

EREMSRENES: WRAKE, BREEI—MEIRPHE “at” RIAHST,
A DNIZRENL B HISC . flan, ZEHISHFIFRE TR

scp yourname@othercomputer:otherdirectory/otherfile .

1.15 sed il awk T.H

FRT% tr F cut XFFMHZ/NYSEARRFSN, Unix iF —LEHE RN TR, fEAH, BRKREZIH
PMHTXNIABITHARKN TR, S8, AZREMSOXE T RRERR,; B2EEESW [, 8.

1.15.1 i sed AT gm%EE

Unix G8MTEHTBTAH XA, MBS sed B— 01T, MRIREHL vi JiEds, IRATEE
EA3M T8 s/foo/bar/ XMEHNBIRIATIEN, (] sed, VRAIDMEMSAT EIEMIXEARIE, B0

sed 's/foo/bar/' myfile > mynewfile

RX myfile HUIF—ATM AL s/foo/bar/ o HT/RFERERE b, RIARIIZR: HAm R 2H S A
PEDLES 1.6 TR T EZ @ AR,
- WRA AR, ATDUHLAIR T REEE e

sed -e 's/one/two/' -e 's/three/four/'

o RGHE TR EST LT, A DOBE RS R AT L UEAC AT R RS, Bilan

sed '/"a/s/b/c/!'

O BA a I SRHAT I g, (20 1.3 TRTIENZRIAXRINS, )
TR AT DU N FHEEAT S

sed '25/s/foo/bar'
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- a M i @RREIAT BT M AT o BEIHERRSECORITT R B A AT E:
MR T RYFIR— DR, A BIMESORE T 1T (21T) , HaPHERs [ S5E.

sed -e '/here/a\
appended text

' —-e '/there/i\
inserted text

' -i file

- 5L, sed HEEAEMA LAE, Kt Xt 2SS AR, GNU fiftA (
Linux 58 EAFMERRA) AR -1, ATDASEEE “ st 7 ZwiE:

sed -e 's/ab/cd/' -e 's/ef/gh/' -i thefile

1.15.2 awk
awk T HEMNEG—ITHATERME, HEn] DR N EEI1LCEE, —1 awk BBFHE—RFIXA
i, XN HE—PNEEERF R — DN EA R, &ERR awk BF 2

cat somefile | awk '{ print }'
HAP LA R NG, BRETETEILAS, SERITENXIT. Awk BE81TH BT H T
TR FEL, awk — 8 WL 24 TENIE DB :
awk '{print $2}' file
FTENEATIE DT

Suppose you want to print all subroutines in a Fortran program; this can be accomplished with

awk '/subroutine/ {print}' yourfile.f

5> 1.39. i — A a B, FITEEN TR LT ER 4. Ak, REJSEH
sed R SEHNZHE, RIGHEH awk TEITFREF AT EL

Awk HAZ &, a]DURRICIZER. BN, RAXAT DAFTENEATRIEE 3B, IEr LR ENSIE— IR,
e T EN:

cat myfile | awk 'BEGIN {v="Fields:"} {v=v " " $2} END {print v}'

TENZ BRI S — 0, NEZWTITENAT BEGIN 1 END 1T ZHAIFETT:

cat myfile | awk '/END/ {p=0} p==1 {print} /BEGIN/ {p=1} '

#5>] 1.40. f/ BEGIN #1 END METULECHIN BrRERERMA . HFHA awk 7, WiAE,
FIRRE RS BIRIEE R,

38 HPC Carpentry



1.16. 8> [A)#

1.16 5 SJ[)di
Exercise 1.41. &I —NEE, SitRGAHEZ/VHPER, BHPAUTE L, DEETH

Exercisel.42. BEEIRE—2BEZ, 1IEERE — DA TIERSHIA: MRAEEHAA, ©&
R ARSI E HIZ R R B

submit_homework myfile.txt
HfEiEp i I, BADEL IR~ HR submissions MMM REKIM studentt.txt Fl
student2. txt RELUILE, 25

submit_homework studentl.txt
submit_homework student2.txt

f£ submissions H>XHPNMIZHMNXANEIAR, HohWE 1
fAT BBAAS s QnRAERTTUERIR, EROI%g A TR R
ZERIE A RGN, AR diff M, EERERN
SRS ARSI SCARIEL 3 A 1R A S
L HICATENH TG 22 5%
2. GEHESHECR, 3. PRI
REANE,
BUE I AR B A SR A AL T — SRR e B RAT A
T AR SR EREE RSB TIATRT IXNREM diff SERk, (BARATEL
ZIH tr REPRRITIT,
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G e R P

2.1 Zierp ISR
Purpose. AT [ Hgm AT A2 IS I HTAN R A S

2.1.1 XA 4
BRI F RGP R, HTRERM, BATATDARECREN TN KA, 1R
B, DAN ISR T, ETCIRA R SO, (TR R R A R Y,

unix @< file AJ DA IFIRIEFEACBRRTSC AR,
$$ file README.txt
README.txt: ASCII text
$$ mkdir mydir
$$ file mydir
mydir: directory
$$ which 1s

A I A] DL IR 28 BRI SRR R 1 B Y IR R E R LT 5o
$$ which 1ls/bin/ls# on a Mac laptop:
$$ file /bin/ls
/bin/ls: Mach-0 64-bit x86_64 executable
# on a Linux box$$ file /bin/ls
/bin/ls: ELF 64-bit LSB executable, x86-64
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2.1. GRS

%3 2.1 K file RN TANFGETES KRS, FRAETKH file SRUNMIARORAIEATIG?

FEE 2.1 PRSI EEE, Tl IR B RIS ie el

A
TR Rgm S BIREFF A
prd HRIRTH, EAREIERERF AR,
g
MR BAPEFRIZRIESE R
JE 2N R IR — i

AIPATSCRE BT DA i< T FH A — B S
BiEXft  HERRY

2.1: AR,

212KT ‘text’ XfF
A FE IR text file ; (HIXAZ—MNHETHE KAMES. — D ERIIEE,
textfiles /2 ascii XXfF, HREXFHEDNFIEMEM  7-bitascii’ : BMFNWHE—LL2Z,

IXANE SCBERTERER), RN BIRGRIEIE S 18 0] DAFEH unicode, 2/DEFRFRFRIXFE, (T ascii fll
unicode MZFE, EZSW 91 F 6 FH, )

2.1.3 IS 55
GRiEIE S AR
L fEBBRRLES Y, RS A\KAlRIIRIES, HEREITE: HHENEBEFAR 21T
e, 2. fERR NS, RIVEEN IR & SR R — D IR e S, AR T 3T
XA, RIGIRITIZ S
fERINE S 1B FH Python. Matlab. Basic. Lisp, fRRANESH L0 @RI AER
BEXINEPHE EA], X AVFIRIEE PO s, IRV REIB T SIS, 4
i, FrEIXERIEEM2EMRMNN: WRATIRRBEETHRRK, EapdiEmm. Wik,
RBINERET, BATEESRTEHFES, #H CH Fortran {ELEDRHA],
it ABRAEVR LR X 53 7 Al 2 IR ARG AR ] S E Al AT IVRE AR, TEARZAET, R¥E T AT
BHREENBRELRE, PUTHRIRNER RN mF R, APRREIERRERSN “ HPFMm”
Gmi AR NER R A I EE B T ENUREN B — AN
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2.1.4 ks
RIS Gy R
. executable code,
 data

BAESCAFrT DUREMIZRIG: B TEE2REFE L, HUERRE TIER, REFE LR
e, FEUN hdfs, WNSRIRE HEEEEPE REBURE N S BRI 7T, A RIRMER# EERIR
Bormyal o B, a2 7 — D iEHIEdE S
853 2.2. MY 2 BF AR RS RS A SF?
8. WAALE C 1 Fortran HLE —HERISCM? [ FIBRE hexdump SRILMFE " HERIS M, fREE
Fortran ZERCCf:, FHA CECEN?  (&RE: AIBL, EARRES, ) XEFRET i EdE
42

// binary_write.c // binary_read.c
FILE *xbinfile; binfile = fopen("binarydata.out","rb");
binfile = fopen('"binarydata.out","wb"); for (int i=0; i<10; i++) {
for (int i=0; i<10; i++) int ival;
fwrite(&i,sizeof (int),1,binfile); fread(&ival,sizeof (int),1,binfile);
fclose(binfile); printf("/d ",ival);
}

printf("\n");

[linking:31] make binary

clang -o binary_write_c binary_write.c./binary_write_c
clang -o binary_read_c binary_read.c./binary_read_c01
234567 89[1inking:32] hexdump binarydata.out
0000000 00 00 00 00 01 00 00 00 02 00 00 00 03 00 00 00
0000010 04 00 00 00 05 00 00 00 06 00 00 00 07 00 00 00
0000020 08 00 00 00 09 00 00 00 0000028

Fortran B TAEA RAME: EA record, BV write IBAMEH, FIEHEICREKE (UIFRH
)

[linking:68] make xbinary 0000010 01 00 00 00 04 00 00 00 04 \
gfortran -o binary_write_f binary_write.F90 00 00 00 02 00 00 00
./binary_write_f 0000020 04 00 00 00 04 00 00 00 03 \
hexdump binarydata.out 00 00 00 04 00 00 00
0000000 04 00 00 00 00 00 00 00 04 \ 0000030 04 00 00 00 04 00 00 00 04 \

00 00 00 04 00 00 00 00 00 00 04 00 00 00
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0000040 05 00 00 00 04 00 00 00 04 \ // binary_write.F90

00 000006 000000 Open(Unit=13,File="binarydata.out" ,Form="
0000050 04 00 00 00 04 00 00 00 07 \ “ormareedy

00 00 00 04 00 00 00 rte(13) 1
0000060 04 00 00 00 08 00 00 00 04 \  end do

00 00 00 04 00 00 00 Close(Unit=13)

0000070 09 00 00 00 04 00 00 00

FEALRES, EEEREAPUT RIS BT

- B XE, ENAS TR,

- WX, EMNBRER—T; P

o ESCAE, EATHE TRRSE, BARHT,
RRSAER P A TR T RTR ARG I8 B AR R 2 DNFSCAR AR, IR a] DA I, IXAE, X%
AR PATXFEI — 8B EAREAT 2 A, (B A] DS ELA GO & TR A T30

WREA —HTREMT 2 MEFIN G, EHEEE—-DERMIER: —Hn] AR AR
PATSHFRIN S, 8%, ERTRES, UM TREEN ngmerRBdRe) mim. #
AUER MR DUE RSO R L=, ANSRIERER N RE ISR TR A, r DG,

SEBAE R o7 ST IX E AU S A2 an e B AN T Y

2.2 Simple compilation

H, EARTTH, 0K T R TSR Rt

2.2.1 Hiidn

RIRRISE ORI T E T HRRIFR, MiFatIREEs: L0 CIESHANGmIESRS
Fortran &5 A E, AT UG DRI —ESERERE VR " K%Eds. Hl,
BIRVFZ NERITIRRY gee 5L clang FiiFas 2R, 18 Intel F1 IBMIXFER) 2 ] NIHE ] REAE HAL T
e b AL R g 1 2=

2.2.2 Gk Lk
LEFRATM— KT TR E — N SO Fh B fRT AR T 4E
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hello.c hello.exe

int main() { icc -0 hello.exe hello.c
printf("Hello world'wn"); o
return 0;

}

B 2.2: GRS,

#include <stdlib.h>
#include <stdio.h>

int main() {
printf("hello world\n");
return O;

}
AR E R R es iR ey, ABREFRATEMGFEH gee, HRBEFEZHAMRE M,
TACC 3%, 1€ TACC £ £, HEFMHH Intel 4RIFES icco

g, SER— I a.out, BEREAPITXH, %% gee hello.c
%% ./a.outhello world YRAJDAHEH -o EIIRIG—NESHIER

%
%% gcc —o helloprog hello.c
%% ./helloprog
hello world

I FRGHE 2.2 R,

2.2.3 i AYifebn
AR E— A gm e, NS T —Legity, X EEDR THRIFE RS, XAUUZIEH
RS, I, PRAVEEFIRATEERL S #include 1BA), IXEEIEAILE— IR BOHITAL I,
IEBRABEE— A “hello world” F2¥, 22— IRIGIEI DS AT BUT SO, Wi R T
b7
1. PR AE A — XM hello.i, HAFTAR include #ENEE, HbZMEREIT, X
NSRBI AR RFEER A — NRIFEREA BE R T,
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2. BRI RAE R hello.s ; [FFE, MAERIZAIMER, XZ2—F “ AIRAOHLENES ™ -

.arch armv8-a.text.cstring
.align 31C0:.ascii "hello world\0"
.text.align 2.globl _main_main:

LFB10:stp x29, x30, [sp, -16]!

3. gAY EESLMELERZ hello.o, HILESEELAHE S HIN G, BATRTE R4l
N, NEATERER, EMEREES] im TH, e DHRHE—EER,
4. &5, linker REXSRIAFHR GRS A — 1 B B & TP HIT SRS T

2.2.4 Z3XMF: HmEMBERE

hello.c hello.o icc\ hello.exe
-0 hello.exec
int main() { icc -c hello.c hello.o func.o
return 0;
func.c
func.o
void f() { icc -c func.c
printf("Hello worldin"); —
B 2.3: N2 DESGRIFERRT e files.

TENBERI— T, BATHEE - NRAEESES N X FHIER,

FEF: fooprog.c
int main() {

// fooprog.c bar("hello world\n");
extern void bar(charx);
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return 0; Subprogram: foosub.c

¥ // foosub.c

void bar(char *s) {
printf("Ys",s);
return;

}

MZHT—F¢, RA] DU — a2 R gn T
Output[
code/co mpile] makeoneprogram:

clang -o oneprogram fooprog.c foosub.c
./oneprogram
hello world

B2, fRBA]DABEIAT, oAl scft, RErRelBERE i, XER 23 FERH,

Output[

code/co  gix | ({5 MUMRIE:

clang -g -02 -o oneprogram fooprog.o foosub.o
./oneprogram
hello world

-c RIS IRIMIFSRMIFE M, ER— MR X, F=DmPNENBES, BN SUERR— 1A
PATCS
3] 2.3.Exerc

T B, 4509

Main program: fooprog.c Subprogram: foosub.c
#include <stdlib.h> #include <stdlib.h>
#include <stdio.h> #include <stdio.h>
extern void bar(charx*); void bar(char *s) {

printf ("s",s);
int main() { return;
bar ("hello world\n"); }
return O;
}

Add a second subroutine in a second file.

o TIRPEGE:
icc -o program fooprog.c foosub.c

o DHTRIRE :
icc -c fooprog.c

icc -c foosub.c
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icc -o program fooprog.o foosub.o

IR ZA R SAF? IREES — DR
IR NG?

2.2.5 iz

ERPRAVRE P, EEZIRE CHIMERE, IRFESF
L. G FEMRELER B Sk S, ARG 2. BERZas MR
BB

(Cos SZHF “OERXME” PR, B P ALERE, ) XEA BT a1 TIRIHEE :

gcc —-c mysource.cpp -I${SOMELIB_INC_DIR}
gcc -o myprogram mysource.o —L${SOMELIB_LIB_DIR} -lsomelib

(4R, RASBRETEM2IT LAIHIXEIRIT, M ENTRTE makefile b, #F#H CMake kA&
BOXFERI@21T, ) (T AE -1 EWHT  ‘include’ , fE@EAXHRNE, R HEEZ T include
iﬁmo
WRATHE -L EWAT ‘library’ |, fEELGREXHME, ©F -1 ETHTES. RA] 3
T2 NEHN, -1 ETPMBREITR: -1 somelib (FRERZZHER M

libsomelib.a

libsomelib.so
libsomelib.dylib

2.2.6 HF NI oo
TSR RER WA IR C 8 Fortran w5 FIMHRITE AR, H2LWIANIES B ZE1E,
IXANE S EAERER, IalE, MMBFEATFESEEBENMES, EEIRN RS R
S RIE T E X T WREEREL, DASAER T IREEpREL
Ak, BAMEA nm &4,
ER PN RSME T L FIRERAFR, IR T —SE R E RO HAMGIRE, (HX e HRERE
FEHMN R XHHRAEFE N, FH nn G2 RERIXA:

[c:264] nm foosub.o

0000000000000000 T _bar
U _printf

L T FTRREXIIBIRE; W U BATRRERERAE S KRB,
HERXAMEOL R, printt B DRIEREREN BRI R GBI,
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2.2.7 C++ P A RIRIE
£ C++ W, HTRMBEE, HEREBEERSHEER, HlREE

void bar( string s ) {
cout << s;

}

gives:

[1 nm foosub.o
0000000000000000 T __Z3barNSt7__cxx1112basic_stringIcStllchar_traitsIcESaIcEEE
U __ZNSt8ios_base4InitClEv
U __ZNSt8ios_base4InitDl1Ev
U
__ZSt16__ostream_insertIcStllchar_traitsIcEERSt13basic_ostreamIT TO_ES6_PKS3_1
U __ZSt4cout

ORAT DATEEARHA L bar PR, HRANI—TEIT nm -C SRIREURIRIEHIAAFR:

[scientific-computing-private/code/compilecxx 1354] nm -C !'$[]1 nm -C foosub.o

0000000000000000 T bar(std::__cxx1l::basic_string<char, std::char_traits<char>, std::allocator
<char> >)U std::ios_base::Init::Init()U std::ios_base::Init::~Init()U std::basic_ostream<char,
std::char_traits<char> >& std::__ostream_insert<char,

std: :char_traits<char> >(std::basic_ostream<char, std::char_traits<char> >&, charconst*

long)U std::cout

FH—FrT e RIE EIELR nn il c++filt:

nm foosub.o | c++file

BURBIN GO N RLEG I HIARE SN, IRATREICABTE B A B IR O A VR TR B, itt, 1EBEREm <
ATHEAII— LI -w1,-demangle :

Compile: g++ -g -02 -std=c++17 -c undefined.cxx
Link line: g++ -Wl1,-demangle -o undefined undefined.o
Undefined symbols for architecture arm64:

"f(int, int)", referenced from:

_main in undefined.o

1d: symbol(s) not found for architecture arm64
collect2: error: 1d returned 1 exit status
make[2]: **x [undefined] Error 1

A DOEIS R 7 SR BRI 4

#include <typeinfo>
cout << typeid( &Myclass::method ).name() << '\n'

fRRAE RS — M ARERZE (APT)
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#include <cxxabi.h>
char* abi::__cxa_demangle
( const char* mangled, char* output, size_t* length,int status );

Remark9 &8 HMBEEE m XMThEEW TR, 0 otool. objdump. readelf,

Remark10 & BRBER BH) ZHEHIXMH, 1 nn RRE No symbols, EXFFIERT, nm -D THEAH
BY, BB “HEFT
2.2.8 GibFiEmAiLL
FERELER T B RmiFI
- FEE -c HIRGIFEAS R THIE, MAAEITREEME, £ ITIERTE L N 2P,
« JEIT -o ARVFIRTEE R SAFRIAAR; WRAEE, BOARRHITXFEZZ a.outo

RV HMNEDT, Hrp—&R e Fagbril, 5 —SNRRE TR ERE.

2281 /F5kEE
% -g WG RS A £ ISP P RS/ S &, RAFREALERERS G511 7)
NERHEHEL S IBTRER, Frplastiit 528 844 508k,

2.2.8.2 RACERA
it ] DO A RRD . PR S AR B thAt. BURIRIIELSIHEE N -00 ‘minus-oh-zero’ , -01,
=02, -03, BEPNEE S RERATITIRE, FIgitds 2R U TROR S 2B 7347

DA 2 — 4 S AR
icc —g -02 -c myfile.c

YRR, iEFRITEE Given’srotations:

// rotate.c

void rotate(double *x,double *y,double alpha) {
double x0 = *x, y0 = *y;

xx = cos(alpha) * x0 - sin(alpha) * yO0;

*y = sin(alpha) * x0 + cos(alpha) * yO;return;
}

PRI 0. 1. 2. 3isf7, BAEE:
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Done after 8.649492e-02
Done after 2.650118e-02
Done after 5.869865e-04
Done after 6.787777e-04

8530 2.4 NEBRE 2, BARS T (E LRGP, —BOXERT91ESR) M 2x F
3x B TT, VRAEFKEIB R AIME R 71?7 I REI i as B UL & 20RE, BRI H
TR ML, HoA— R T — MRAFRIZON !

Vr ey il UERRE MNP TRIRLIR &

G A T 12 T
clang -Rpass=.x*
gee -fopt-info

! -qopt-report
ntel

B, MAIUEREEL, OXREE, 2?2 ) A, EE&EHKH, EHEE levels,

Gk n] DAH BT —EARIEE SAREN ST, (BAERZBUB I MRES S IEMRIEE R,

flan, CESMEERNBEIZ N ESERINF RE, EFHRPEARANER 22 e, HEIHFE
SR, BT BN IE /C |

2.2.8.3 AR
G % e AT AR 5 2R AL

Intel ¥ B H—NSE -qoptreport=[0-51,
- GCC Zwixasf 2 Mran A TIET:

-fopt-info -fopt-info-options -fopt-info-options=filename

See: https://stackoverflow.com/a/65017597/2044454.

2.3
Purpose. TEATTH, R STANRI I3 2,

WRIRESHE T —ETRER, FHFHASHMAS e (FIREEdt®) | Bammsz &1
MEXMERARATTE, M, BRTTERBRENEFFR—NE, AT AIREREARR Unix HLH
@R 21E Makefile P AIX LY ; GIRIREEAH CMake, XEEHZANIRESNZER; HEWSE 4 &,
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hello.c hello.o icc\ hello.exe
-0 hello.exe \
. . icc -¢ hello.c hello.o mylib.a
int main() {
() — __1|._>
return 0;
}
func.c mylib.a
func.o
’
void f() { N icc -c func.c
}prlntf( Hello world'n"); — —
ar cr mylib.a\
func.o bunc.o
bunc.c
bunc.o
void g() { icc -¢ bunc.c
printf("That's al\n"); —
B 2.4: GRS
2.3.1 %

BHAERNPRERSE, EHZ archiveutility ar , FHESERWHHERWRA AT AT S, BOYH
—HRIye XA MR, BURIRAT DURXFERI AT TSR RN, ERESZRNETT, 5 —J5H,
XATRE S BT PIT S FARIBOR; B TRIRREZESIH =, e AR,

(o R ZERA AR P S AR AN A 2.4 AR,

O — N H SRRSO, FAEARE ORI, AT Dhsid Bt A AR, s @ fae R
REER B IRAT A AT SR
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Output
[code/compilecxx] staticprogram:

==== Use of static library ====

—---- Build library:

for o in foosub.o ; do ar cr libs/libfoo.a ${o} ; done

---- Linking:

g++ -o staticprogram fooprog.o —-Llibs -1foo

—---- Program:

-rwxr-xr-x 1 eijkhout staff 52042 Oct 21 10:46 staticprogram

---- running:
hello world
—---- done

nm W EHIRRERET 4, SEEXN R RSAASEIARE, (HIEEIE S IRIREH A SRR 5

BAIA CIBES NHIRR:
Code: Output

. . . [code/compilec] staticlib:
==== Making static library ====

for o in foosub.o ; do ar cr libs/libfoo.a ${o} ; done
nm libs/libfoo.a foosub.o:
0000000000000000 T bar
0000000000000000 N .debug_info_seg
U printf

For C++ ATHERE 25 R THith, TEEZ -¢ HTHIRRERIRE,

2.3.2 L)

BRMEAEREME L, AZEAILMIS B, BHTFElRRESAH TS, s T
L, HeMERRRRTXE CM32) o ENARIET ar QUERY, TH2IEEHESEOIER, flan:

Output
[code/compile] makedynamiclib:

T

Demonstration: making shared library
Tl

clang -o libs/libfoo.so -shared foosub.o
IRATAFHRBE nm:

%% nm ../lib/libfoo.so
../1ib/1ibfoo.so(single module):

00000fc4 t __dyld_func_lookup
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00000000 t mh_dylib_header

00000fd2 T _bar

U _printf
00001000 4 dyld__mach_header
00000£fb0 t dyld_stub_binding_helper

2.3.3 U
IR FHORBERER AT HUT S MR, PIHUT SO TR BTN AIE ER AL S, SEIX
— R —FR 7522 LD_LIBRARY_PATH; W 2.6
5 — MO TT R KRR R B S AR AT AT SR
%% gcc -o foo fooprog.o -L../lib -Wl,-rpath, pwd™/../1ib -1foo
%% ./foohello world

BEREATEIAE LS T IR 12
LM -L 89—k, DMERERESR AT DRI AE 5 IH, 2. (EREESRIES -Wl,-rpath,
pud’/../lib IR, FERAFMERIRIIA TR, DAMEEBITIRE,

Remark11 R BERIBR|H A rpath= BYiBEA:
gcc -o foo fooprog.o -L../lib -Wl,-rpath="pwd™/../1ib -1foo

BEIEAE GNU Y E,

Remark 12 7 Apple OS Ventura b i T2 &R EAARH X FFEMA LD_LIBRARY_PATH, EUW#EF rpath E—
Nt

A 1dd PREVE RIRBTAT A TSCAR B TRt = RIS . (£ Mac OS X b, B otool -L, )

2.3.4 bRifErE

HLEETHRE, 0 1/O s AR E R, EFTAREES PR, HEE TRERAMIEES
A&, XN 2XERBAT R — MR ES, PR 1ibstde B libstder+o KT IZEN
BHHIRE RIEE SR A A S ¢LIBC B( GLIBCXX

[1 /sbin/ldconfig -p | grep stdc++
libstdc++.s0.6 (1ibc6,x86-64) => /1ib64/1ibstdc++.s50.6
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libstdc++.s0.5 (1ibc6,x86-64) => /1ib64/1ibstdc++.s0.5
[1 strings /1ib64/libstdc++.s0.6 | grep LIBCXX

GLIBCXX_3.4

GLIBCXX_3.4.1
[...]

GLIBCXX_3.4.19

A TEKRE DN RERCAS LR GEHH 7 1E B R 28T

HPC Carpentry
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R

==== Making static library ====

for o in foosub.o ; do ar cr libs/libfoo.a ${o} ; done

nm -C libs/libfoo.a

Victor Eijkhout

K 2.5: C++ FERY nm HiH

2.3. JF

Output
[code/compilecxx] staticlib:

foosub.o:
U __cxa_atexit
0000000000000000 N .debug_info_seg
U __dso_handle
U
__gxx_personality_vO0
0000000000000010 t __sti__$E
0000000000000000 T bar(std::
__cxx11::basic_string<char,
std: :char_traits<char>, std::
allocator<char> >)
0000000000000000 b
_INTERNALaee936d8: : std: :
__ioinit
0000000000000000 W std::__cxx11::
basic_string<char, std::
char_traits<char>, std::
allocator<char> >::data()
const
0000000000000000 W std::__cxx11::
basic_string<char, std::
char_traits<char>, std::
allocator<char> >::size()
const
U std::ios_base::
Init::Init()
U std::ios_base::
Init::~Init()
U std::cout
U std::
basic_ostream<char, std::
char_traits<char> >& std::
operator<< <char, std::
char_traits<char>, std::
allocator<char> >(std::
basic_ostream<char, std::
char_traits<char> >&, std::
__cxx11::basic_string<char,
std: :char_traits<char>, std::
allocator<char> > const&)
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1Y / iiEah SR

Linking to shared library

clang -o libs/libfoo.so -shared foosub.o

clang -o dynamicprogram fooprog.o -Llibs -1foo

-rwxr-xr-x 1 eijkhout staff 49720 Nov 28 12:00 dynamicprogram
. note the size of the program

-rwxr-xr-x 1 eijkhout staff 49720 Nov 28 12:00 dynamicprogram

. note unresolved link to a library

otool -L dynamicprogram | grep libfoo
libs/1libfoo.so (compatibility version 0.0.0, current version 0.0.0)

. running by itself:

clang -o libs/libfoo.so -shared foosub.o

clang -o dynamicprogram fooprog.o -Llibs -1foo

-rwxr-xr-x 1 eijkhout staff 49720 Nov 28 12:00 dynamicprogram
hello world

. note resolved with LD_LIBRARY PATH
LD_LIBRARY_PATH=${LD_LIBRARY_PATH}:./libs otool -L dynamicprogram | grep
libfoo
libs/libfoo.so (compatibility version 0.0.0, current version 0.0.0)
. running with updated library path:
clang -o libs/libfoo.so -shared foosub.o
clang -o dynamicprogram fooprog.o -Llibs -1foo
-rwxr-xr-x 1 eijkhout staff 49720 Nov 28 12:00 dynamicprogram

LD_LIBRARY_PATH=${LD_LIBRARY_PATH}:./libs dynamicprogram
hello world

2.6: HIVERNGE BN
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il Make EHIH

Make T HEBHREBITH M B EBTSE A E L EH YRR E 2 I H h R E 5T
IR TYe IXAT AT & KERTE, RN E R DA AN SR g R RAE N B P s B 222,

Make ;2—MIHIEAR Unix TH, R4 EFEETIERERZAR, FIAIESRP Unix A0
HP-UX . AUX. IRIX k. @04, i Eaaf], #EH GNU A Make, ©EHAE—L
EFRKRIY R, AR Unix EE EYRTH (F Linux EERZME—"THIZK) |, HE

D B L bR, FMOTE http://www.gnu. org/software/make/manual /make.html 3R
W, sE R eT DGR FEE [14],

AR REEE G C fl Fortran 185, 1H Make 7] DUCFEAIE S, 2R _Etha] DAL EE
TEX XFHH AN ZEIETES R, 20WE 3.7 17,

3.1 AR BB+
B, EARTH, ZRER— DRI, (U0 TR Make BT,

AT AT AEAE R R E

3.1.1 C++
Make the following files:

foo.cxx

#include <iostream>
using std::cout;

#include "bar.h"
int main()

{

int a=2;
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3. f#if Make BE#HI5H

cout << bar(a) << '\n';
return O;

}

bar.cxx

#include "bar.h"
int bar(int a)
{
int b=10;
return b*a;

}

bar.h

int bar(int);

and a makefile:

Makefile

fooprog : foo.o bar.o

icpc -o fooprog foo.o bar.o
foo.o : foo.cxx

icpc -c foo.cxx

bar.o : bar.cxx

icpc -c bar.cxx

clean :

rm -f *.o fooprog

The makefile has a number of rules like

foo.o : foo.cxx
<TAB>icpc -c foo.cxx

which have the general form
target : prerequisite(s)
<TAB>rule(s)
B T4 7 TAB DT
—AH, A EmEATR, W BRR T SXE foo.o JEH—AN “ RS foo.cxx HlfEMT, BNEIL e
PUTEZ icpc -c foo.cxx, (XEBAMFFHIIE Intel C++ compiler icpc ; TRIIRSA
cFIREA N RIFGRIEDS, B clangs+ BL greo )
R RS HAE S -
« WNERHEFR foo.o NMETEEILILIRGM foo.cxx H,
o TUHATRINN A AR 2> 5B 77 icpc -c foo.cxx
o WNERFRFEMARG B 5 — DN ER, WSEHATZRIN,

23], A make,
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AR, RN : make TSN ZAWEE —NEIR, fooprog, NTHWHTE, FE
RIES&MF foo.o Fl bar.o, HENARTEE, AT, HEBEMIN, make JBIHYEFHIXLERNI,
FARZSBRIM N GELTE, 258 foo.o Ml bar.o, PAK—EIX fooprog MM,
SERE M, makefile AP EHEIRTRESHEMETR, FAlE, WERIRERN
T ERZHRIRFm AR, F=r2, A makefile AR #, Make FIEIREE
BHE 2 HRRFERE makefile 175,
%3, PIT make clean, RIGMKIXPIT mv foo.cxx boo.cxx Ml make ., MERFEIRIEE. KERIGHF
#o

AL R, Make ZAHIASIZERNIRAGE foo.cxxo H foo.cxx BME foo.o MATERMH AR
FNf, AT IR, Make G ZIASFHARERIHN, EAFENE | cxx XPFRIRNL,

ITELAREL bar ININEE 28 X ERIRImETAR bar.cxx. bar.h #l foo.cxx, {HfH
WRATSICHEEWN D, RHE T bar.cxx . AWM, XMERMRHGIE foo.c, HEMER “I=
I8” X, BATEES] Make Q0AIES BHUR & B M F=2E RO EHR

3, M make HEHIMIFIRAIEEF. EHEMMIFE T foo.c I4?

AR, FRBIES “HR7 U2 SBERR, B G+ BREZSIE £
CHIXHE M, HRAKIMERERM B, RAFERBITEISIH,

83, BFktr, REFERVAR make . RAETIHA, MARTFERAML?

AR, ST VREERE, FEHASH TR TR SRR ER. RESmE
FREF W ERRIE? SERE,

FRUGXAN AR 75 12502 7F makefile A3k S51E X HF40E,
£ makefile H, BHKIZAT

foo.o : foo.cxx

to

foo.o : foo.cxx bar.h

‘BRF bar.h 1EH foo.o HUFeiSM, IXEIKE, £ foo.o TBEMFEMIBIT, Make 2H0#E foo.o
RO AHHAETEREMFIH, BT bar.h CHEGRE, Bt foo.o #, KILFEEFE foo.0,

Remark13 {1 LAk, 7E C++ F, BTSN, MG ROEIRILE CHED, RITRIBESTIL
BRIERLX M. SR, EREERN shell HAXZ RN, (B4 Make (3% CMake ) XMW TEIFRANA
Eshee.
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3.1.2C
Make the following files:
foo.c
#include "bar.h"
int c=3;
int d=4;
int main()
{
int a=2;
return(bar (axcxd));
}
bar.c
#include "bar.h"
int bar(int a)
{
int b=10;
return(b%*a) ;
}
bar.h

extern int bar(int);

F1—/ makefile:

Makefile

fooprog : foo.o bar.o

cc -o fooprog foo.o bar.o
foo.o : foo.c

cc -c foo.c

bar.o : bar.c

cc -c bar.c

clean :

rm -f *.o fooprog

makefile HFZHN, a0
foo.o : foo.c<TAB>cc -c foo.c, Ii_‘
ﬁ&ﬂ%iﬁj@ target : prerequisite(s)

<TAB>rule(s)

HAEfT4833 7 TAB DNFERY,

— AN, EATIR, FRoR—D “HIR T X foo.o BH— “HIBESM” foo.c AR, RNETIA
T2 cc -c foo.co EHLNIAREHIE Y E:

« WERBEMR foo.o MEEBELIEREM: foo.c IH,

60 BRI E T



3.1 —ME BB T

o REPITRINI 258493 cc -c foo.c
o WNRAHEAREZ S — M RINEERR, WSEHITIZRNI,

Exercise. J§/f make,

PG R, IR : make TBBINZHIAMEE — 1 BEIR, fooprog. N THEE, TE
A% foo.o M bar.o, HENINETE, AR, AHETEIIHN, nake JEITYHHIXLERIN,
intfﬂ(%g@]ﬁ(xéﬁl%, SrREX foo.o I bar.o, AR —IRET X fooprog HsEEm S,

EEEM, makefile LT IPHE EIR A GE SRS IR, FiAlE, WEERNTT6E
FHHIRF M AR S, FZE, Ik makefile FH AR, Make IR EEIBE AN
K IFEZ A makefile 78,

23], PUT make clean, ARG/ mv foo.c boo.c FIFHRIUT make . FRFREEIRGEE. WMEIREX 4,

AL R, Make SRSV A MNKEIE foo.co XMEIRZREN foo.c ZHIE foo.o MY
RTEFMF, EAMENTFIE. Make BEEZATRAIEERMN, (HIRAAE . c SXHFRIFNL,

ML PREL bar ININEE A28, IXTEIRGIE bar.c F bar.h: IHHESHHETIXSERIE, A, XHFRE
R foo.c, HIMIEM “id’ Hife NGB Make UNMTHBIVR A I ER IH £ HIFE 1R

5, A make FHIMIFIRIIERF. BEEMMIFET foo.cld?

AL R, BMEMMES B foo.c TEEMGIE, KNEMMT bar KEL, Make HIAIXFEMY,
Ay makefile A5 5l & RN,

£ makefile H, BHIZAT

foo.o : foo.c

to

foo.o : foo.c bar.h

‘B bar.h BN foo.o MSEIRE M, XEIKE, TE foo.o BAFEMIBI T, Make 2KE foo.o 2
BAEHARIIEREFIH, T bar.h E#GRHE, B foo.o i, RMFTHREEHME foo.o0,

Exercise. BiIAFTHY makefile HiSESTE bar .h KA EFRWIFE foo.0. XM FEMESIRE, FNIK
“BIE” EX par EREAIMEEA,
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3.1.3 Fortran
HIELL R X foomain.F

call func(1,2)end program
foomod.Fcontains

subroutine func(a,b)integer a,b
print *,a,b,cend subroutine func

end module

PAKz— makefile: Makefile

fooprog : foomain.o foomod.o

gfortran -o fooprog foo.o foomod.o
foomain.o : foomain.F

gfortran -c foomain.Ffoomod.o : foomod.F
gfortran -c foomod.Fclean :

rm -f *.o0 fooprog

GUERIRVEA] make, WIHAST makefile FHEYSE— DRI, TEHITILERME, FFARRERAE T 20

Exercise. Call make.
AL R, LRI : make TESEINZIAMESE — BN foomain, N THEE,
THERTESM foomain.o M foomod.o, {HENINELE, 2R, ARITEEAMIRIRLNI,
make JBJHVHFIXLERN, FIARSFBEINRGGEE, 775/2 foomain.o I foomod.o,
PAK—DERRT fooprog MEEEZM D, SEFEFE M, makefile B HIPHE IR AT HE
AR, AERZE, Wi makefile HAFEH, RABEMREIRIFIHITEIE,

#:.5), PIT make clean, R/5/E mv foomod.c boomod.c FIFHAIAIT make., MRFFEEIREE., MEJRIAEX
4.

AL R, PAT make %\TE%, TR EFNSRAE R foomod.co ZEHIRERIN foomod.c J& foomod.o

MRTE M, (EARIKE] foomod.c ., make BHfGZIRTFHA R TIMN, (ERAEER F IR,

AETE foomod.F HY func IMI—DEINISEGEENIIF .

Exercise. Call make to recompile your program. Did it recompile foomain.F?
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AR, REMES EY foomain. F FFEEMIHIE, Make HAXFEM, Ky makefile 1A
SEEAT T EIRLN

B IZAT
foomain.o : foomain.F

to

foomain.o : foomain.F foomod.o

ZATH foomod.o UNNIA foomain.o FYRTE SR, IXEKE, TE foomain.o ELFEMNEMN R, Make 2
#E foomain.o A NLHEMEMATESMIH, I, Make FEFEZ foomode.o Era s, H
SCHASANt, EFTYRIE foomode . F J5, foomode.o [t foomain.o &E#%, [t foomain.o ¥#HZEEEE,

%3, MIMBIEEH) makefile FiSEFE foomain.F HEHYHIE,

3.2 —uE— PR
3.2.1 BRI iRt
FRRERR N B UF T TE PT RER2
o WRAEIRTR S 24 T2 L,
. AR EbRTAE B E I,
o JXIEI HATRIN A a2 SR 5ERL
. KMERRZEFEBEOHN A make: - R FTHESEAERE, HRE— DRG] #
B - WRAMHRRZ M CEFE, KEIEHHN AT &6 T2 s iHlfE,

3.2.2 Make #H

WERVRVAH make MATTMZSE, BHESPIT makefile AFRYZE— DN, Rt R] DU & 2C0E A = AR )
FKHITEAN], B0 make foo.o HATIRIFELANLE,

3.2.3 %F makefile
make XHFHEW 4N makefile B Makefile ; fE[R—HF FREINFEEXHNELFENXEHAE—D
GER, WRIRMELL Make - RRIFSXAEN make X, ATDAMEFTE make -fMy_Makefile,

3.3 ZE BB
Hi, EARTH, (RS Make FHARITTE TOEREAUHLH], BIL02E & A0 RN,
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3.3.1 Makefile Z¢ 5t
TEPRF makefile 5| N B 2R ATER, HlN, SOAFREIARES H9miFds, 7] AfE makefile 5| A—

R EL.
PR

CC = gcc
FC = gfortran
HAEGIEATH R ${cc} 3L ${FC}:

foo.o : foo.c
${CC} -c foo.c

foomain.o : foomain.F
${FC} -c foomain.F

&3], HHEREEIRP makefile, JEf make clean, SRJ5f make foo (C) B make fooprog
(Fortran),

AR, RNVIZERS AT SRR IEMHERTT. TE8FEM, 5 Shell FRIES
FEANERIANF, makefile AR AR RHE S BEFE SHGEER, R — FanREid
BEBHIESREAMN 4

i FH AR B — ML R VRILAE AT DA AR 1T S 2L 13 s -

make CC="icc -02"
make FC="gfortran -g"

%3, HEVOA Make (1 make clean ZJ5) » REFEHEHFHER T XHINL?
WAL R, i TIES R TR IFEFEDT -02 5 -g.

Make 5 Bsh R E:
$o Hin, MEEBRFHHEATHHEHANEZE, $° RRFAVIER, EEFIIETHMAEH L
Wi, $< F—NREM, ERDNE UM R, $* 1£ SARMI (
83327) W, XSHEARESILEL, BRI T % BIER S

Ul X & fooprog FIRLIAE
fooprog : foo.o bar.o
~ T —PHCRI G RGBT T K

foo.0 : foo.c bar.h${CC} -c $< IR

AT DA — &

THEPROGRAM = fooprog
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FHAEIRAT makefile HEEANX N EBAERF 4, RXEG UGB AT FRIAFRENE 5.

%13, SwiEIREY makefile, FINXNERE N, HHAEREFH EEFA, WE—D@wAT, FIRN
makefile REMSHYE AT fooprog_v2,

WMEAE R, VRFFTE(HHIE: nake VAR=value fEM1T Ff5E THEPROGRAM Z5 &,

EREM, WRMATHES LA T,

IXLE B2 E RSeS| R AT DAE https://www. gnu.org/software/make/
manual/html node/Automatic-Variables.html FH$RE,

3.3.2 it

FIHAOYIE, ROV TREGIERSFRWS 78RR, 28T, &R0 . c SXIFRIRNEER AREL:
« MNEKER (foo.o : foo.c) FHAIESIIFRBAMRIIEALFRAN RAFHIRTIR R
- HHHEES (${cCY -c $<) EERFIFZEMFE, FNWIRBAEMN T Make N BEZR;

o ME—ANEEIHLNZ

foo.o : foo.c bar.h

${CC} -c $<
X G T IS AR — ther file.
BATAT DAAR BRI S5 — DMEARALI 1
%.0 : %h.c
${CC} -c $<
%.o + h.F
${FC} -c $<

IX FAEATAT G AR T B M R EEAR B AR C 88 Fortran X, BEFAERNZ S, EFH -
FREVE C 5 Fortran Zmi%es. IXLERAANI AT DA _ iR makefile H2MREE HARIIEIN,  BR T4
foo.o AR,

foo.o X bar.h AUMHH, 8¢ foomain.o Xf foomod.o HYMHH, AT DB ERAN— RN SRALHE

# C

foo.o : bar.h

# Fortran

foomain.o : foomod.o

L XMHURIR RS — R WERMUHFIET GNU make FRINLE], REEXMEEHEIT, SR make AR LIIMIHL, F—1
B ECAF LRI A 2 4 .
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BRI IETR. ZMERE,  “ NSRS bar.h 8¢ foomod.o KEAEML, SUfF foo.o 5{ foomain.o
WFBEEF " o Make FHG221E makefile FHRS — &N, BERHAMAHEATHCE R, H HESHREWSHRER
i,

ExeZ5>], BEURAY makefile DAGH A X LEAEHTE s, and test.

main.cxx

& 3.1: WEERFHIND SRR SR4EE,

#.5 3.1. JyPA NEERIYRE — 1 makefile:
« H—1EXH libmain.cxx, FIFNESXH 1ibf.cxx 1ibg. cxx ;
o B 1libapi.h, EARAE T SO AR

o B 1livimpl.h, BEAH TSEBATY, HTFESCEY, HRTE
&l 3.1 Hi5EH,

Here is how you can test it:

SRS A S B %o clang++ -o main libmain.o 1ibf.o
1ibg.o
clang++ -c 1libf.cxx
clang++ -o main \ B libapi.h REFFFMANE:

libmain.o libf.o 1libg.o clang++ -c libmain.cxx

Changing the implementation header only recom- clang++ -c 1ibf.cxx
e clang++ -c libg.cxx
clang++ -o main libmain.o 1ibf.o
clang++ -c 1libf.cxx libg.o

clang++ -c libg.cxx

X Fortran, 1A LS, FTABMTENEMER B3k 5 WE 3.3, AERIRABEWAIFEHFER, X2
Fortran2008 HJ—/MRHE,  VRATDARE N — PR SIRIRCRIRE] C MRAHIZKF-

.3 3.2. WA TS — 1 makefile:

« H—NEXH libmain.£90, B T —/MEEL api.£90 ;
o BRI MESAEEL 1ibf . £90 1ibg. £90, ‘EfIH api.f90 (M, GIRIRMERBLE, RAJGESHAT
HFEEFEZNHRE, N TRRRE

FRRTTS, (EHTHEE,
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Source file mainprog. cxx:
#include <cstdio>
#include "api.h"

int main() {
int n = £ + gQ);
printf ("%d\n",n);
return O;

}

Source file 1ibf . cxx:
#include "impl.h"
#include "api.h"

3.3. ZE AR AL

};

Source file 1ibg. cxx:
#include "impl.h"
#include "api.h"

int g0 {
struct impl_struct foo;
return 2;

};

Header file api .h:
int £Q;
int gO;

int £0O { Header file impl.h:
struct impl_struct foo; struct impl_struct {3};
return 1;
B 3.2: Zr3IMIPRSCHF 3.1,
lib1.f90
. — S/ .\\\. impl.190
P 1ib2.190 P o
& 3.3: WEERFMPNESA I L,
3.3.3 MACAY

REY makefile BLESEH — @ A MNRGHFEAIR A, 85, REVESXARZ B3 ra R
c B .F XM, IABEAINER © ikt HRPRIRTAE X" W87 Wi,

B AN TIRINEIRY makefile #, FF7EIE 47 A& COBJECTS B{ FOBJECTS , fii¥ wildcard %5
H 1s IEER, IRATDUE patsubst SRIRIE M40

# wildcard: find all files that match a pattern

CSOURCES := ${wildcard *.c}

# pattern substitution: replace one pattern string by another
COBJECTS := ${patsubst %.c,%.o,${SRC}}

${wildcard *.F}
${patsubst %.F,%.o0,${SRC}}

FSOURCES
FOBJECTS :
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3. f#if Make BE#HI5H

3.3.4 HEZ ML

GNU make E5#HZ 0] DATE makefile AiE YRS, —LERHi:
HOSTNAME := $(shell hostname -f)
SOURCES := $(wildcard *.c)
OBJECTS := $(patsubst %.c,%.o, ${SOURCES})

RECURSIVE := $(foreach d,${DIRECTORIES},$(wildcard ${d}/*.c))

File name manipulation:

$(dir a/b/c.x) # gives “a/b'
$(dir c.x) # gives ~./!'
$(notdir a/b/c.x) # gives “c.x'
$(suffix a/b/c.x) # gives ~.x'

FESEREFIFR WL https://www. gnu.org/software/make/manual/html_node/Functions.html,

// Makefile SRC: src/fl.c src/f2.c
SRC := ${wildcard src/*.c}

0BJ := ${patsubst src/%,obj/%,${patsubst %.c 0BJ: obj/fl.0 obj/f2.0
%.0,8{SRC}}}

PRE := ${addprefix /usr/1ib,${SRC} othersrc PRE: /usr/libsrc/fl.c /usr/libsrc/f2.c /usr/
moresrc} libothersrc /usr/libmoresrc
BAK := ${addsuffix .bak,${SRC}} BAK: src/fl.c.bak src/f2.c.bak
3.3.5 &AFiEh)

A 275 %A DME makefile BT N8N, BlA0, FRA] DHESITEITHIE 1 shell &fFiEHT,
SR, IXAJRER(E makefile B1F%EL; ERE AR TIERMEM makefile BRI, FKFEAH
PIRPSEARL A ER AR S TIPS A B A

FHASAIEEREG

ifeq "${HOME}" "/home/thisisme"
# case where the executing user is me
else ifeq "${HOME}" "/home/buddyofmine"
# case for other user
else
# case where it's someone else
endif

R ZAMEOL T, TIAEERE

ifdef SOME_VARIABLE
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3.4. Z&I0

true 1 false #0BIXA R BUZ makefile A9 LPAEMER Y. BI4H, AT PALERUN AR AR —Z5ah
TTHEFMME S, AT, REEUIEH TR SR RRTE AT 5%

3, BORVRBLESR A TAERER A RAY makefile, £ TAERE, REVEEIMA Intel JiiFas icc AIFTERIT
AJIE, (EAERIREMITIRAT Gnu 4fi%as geco S5 —1> makefile, fHAEMILHRET E, Jh cc RES
TEIE,

3.4 74

3.4.1 hHbR

B makefile f1&% —NHAR clean, B Make HIHIRTER—5 AR TCRAIHRAE:
H make clean ='FE Make Hillt “ {RAHBN clean KM, HILFREHITUTIES " o M,
XEFR EHASFEBCUF clean E’J@‘cﬁﬁ, K REH make clean {HAHREIIIESHIAIT,

BEORIEMNISEPR LA ERR, AT CUER] . prony SSHET:

.PHONY : clean

REEIEOUT, BMERA A, makefile Sibr EHREIER TIE, (EX BARAEA 0 B bRp) 2
gribiE, RMERH — N clean BISXIF (BISCR) , Make USRS ERK

3.4.2 Hx
NEIRATR QIR RE— D HREE WRRE, Fit, S2F— 80

obj/h.o : h.c
${cCY -c $< -0 %0

F HABRIE T S

clean ::
rm -rf obj

KRG TN ER, BIANAaE obj HRo IRATDUXAE:

obj/%h.o : %h.c
mkdir -p obj
${CcC} -c $< -0 %0

IR T IR EH order-only prerequisites,
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3. f#if Make BE#HI5H

obj :
mkdir -p obj
obj/%.o : %h.c | obj
${CC} -c $< -0 %0

XM R B FBIFAENE, TSI B

3.4.3 il thetarget {051k

Suppose you have two different targets that are treated largely the same. You would want to write:

PROGS = myfoo other
${PROGS} : $@.0 # this is wrong!!
${CC} -0 $@ $0.0 ${list of libraries goes here}

HHUE make myfoo =T

cc -c myfoo.c
cc -o myfoo myfoo.o ${list of libraries}

PAN ST make other, XEHHERREER $0.0 FTERITESMF. F Gnu Make A, AJPUZIN A RE
() o:

. SECONDEXPANSION:
${PROGS} : $%0.0
${CC} -0 $0 $0.0 ${list of libraries goes herel}

%3, WMEHE _NERF foosecond.c B foosecond.F, HAEAIRE makefile, 158 H make foo F
make foosecond E{fHFHHFHIFRNI,

3.4.4 Fiire S22 B AN

VA H make -p yourtarget 2{fi make TTEDHjTZE/‘Jﬁﬁﬁﬁﬁ;, PANAR makefile 1T E X TP
BAEMMNEE, RIRE—EE makefile I HFAHHATIHIEE, REEZ| make L5 E
EEHIEAISRIE .c B .F XfF, HENXMNGHEIH AT 21 E Yo
REBEWRA] DUBIS L E B cFLAGS BY FFLAGS IXFEIVAE R HE X make, it —LES5G RAAINIX — o

W SRARAE AR A RS AEHIESS > makefile, YRAJDAVAA make-f othermakefile SRfFFE, MiAf/22k
N Makefileo

JIFfEIE— T, makefile 1 Makefile HFZEAIA makefile HIETEZNR, VRAYEEHFIRTELE makefile Fl
Makefile HAE— NI FE,

2. FORMERE: Make BUERITHATIREE : IR $$ BEHONEAD ¢, IR $0 B HEIRAIATR,
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3.5. Makefile #f#] Shell fHiA<

3.5 Makefile H11¥J Shell JiHiA
Hi, AT, BEER— MR ER shell AR BT makefile HLNHRARAE],

FEIEIES N IEEFIK) makefile HF, Lo HREITH, Khrtk, ERIDEREEERZAT,
fan, BT EAIRR R (R

AR makefile #I—7 backup MM, BECFTREMAVEOIE - DEHHX:
.PHONY : backup
backup :
if [ ! -d backup ] ; then
mkdir backup
fi
fRE B CHMARIE? 2R, IXAEAAAT: makefile HINATaT < E 0 T —ATEI SN — D BIRAYRE
FPindT. A, IRREREDNmLSEE T L

backup :
if [ ! -d backup ] ; then mkdir backup ; fi

BEUNFIX TR K:

backup :
if [ ! -d backup ] ; then \
mkdir backup ; \
fi

(TE—1T L5 K> bash shell HA[1T, MifE cshshell FARITT, RXMRNMEMEEN—NEE, )

FEORFRA AT SRR S
backup :
if [ ! -d backup ] ; then mkdir backup ; fi
cp myprog backup/myprog
EXF 7T R AR —DRA, IEBATHIE—MERGFER IR E HHIRRA,

Unix date @4 A DUEIERAZARAFATH R BE X H A, MIALLTNA: date IXAILATE makefile Hifif
%O

Y], Gt cp mrRAT, (EE D SXAFIIAIRE & 2T H Y,
ML R, PR (REELARSIS. WEIRLERSISMER, HAR Unix 30E2% 153 7,

GAERIRTE makefile MUNIATaR 2 #R25E X shell &, RFEERTEIL, H—MERY BIRE backup
MU A IS G-
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3. f#if Make BE#HI5H

#### This Script Has An ERROR!
backup :
if [ ! -d backup ] ; then mkdir backup ; fi
cp myprog backup/myprog
for f in ${OBJS} ; do \
cp $f backup ; \
done

(XA RERIRETK, HEMOY TERENENE, ) X2SBMHRER, HEZ
Make¥§ $f RSN L &, IEFRITER

backup :
if [ ! -d backup ] ; then mkdir backup ; fi
cp myprog backup/myprog
for f in ${0BJS} ; do \
cp $$f backup ; \
done

(FERMMBEOLT, Make FEAHA AT XEGETTAT S E BN AN RIS, EMmLITHITHIR, $f 5k
JFNIEREIS 4. )

3.6 f#ifl Make RS2

XEA LA,
- ¥4 makefile i< A EIRE, JUTMEIY TR -p M, TRITENH Make f14E43 makefile (£
HIRT A KL,

- MET 21 make %, AEHAERF. KZEH Unix shell AVF/RES#H
AR shell 4 A 2RI, A, XAJREXIENEEIRE, ArARATREREE

make myprogram ; ./myprogram -options

FAWTE XA, XHAH— DR E make RIK, BIANE ISR ZER-, REFRFAHIREH
W7, MR, NMIZE

make myprogram && ./myprogram -options

which executes the program conditional upon make concluding successfully.

3.6.1 X/ makefile fft4?

FHEHIREA TS, HUT nake WX HENIT makefile AV — DRI, XERAE X ERITME s, H
5 — 7T HEAE: T ## makefile SRVFRIRTA Al REFRIERIIE— 77152 M2 makefile A5, sFE@EH T
FEoTHISAS,

A better idea is to start the makefile with a target

3. W EE ZIE—NE, B UEE A TNF%%E: . /configure ; make ;make install, HEEZE: NIXH
HENEEREDRE, #TEeE, B XHERZEIENRABR, W /usr/bin,
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3.7. — AT LATEX iy
Makefile

info :
@echo "The following are possible:"
Q@echo " make"
@echo " make clean"

BUTE make WA EINHIRZ SRR makefile HIDIRE,

GISRIRE) makefile ZAFE K, IRATBEARMBOXAE N B D ER ORI, X 2E2]— DA (RAER M
MFE EFREIRLN,  info FEIXAMELL T, AN, WRIRMEMNE SR AIRER. REY makefile 2 DA RESH:

info ::

Q@echo "The following target are available:"
@echo " make install"

install :

info ::
@echo " make clean"
clean :

# ..., instructions for installing

..... instructions for cleaning

3.7 17T BTEX ) Makefile

Make THIBEW M TR, Bt IAHMAR, AT, TATRIFIEMT LATEX ST4HY

makefile,

AT — DA EAE) makefile JF45:

info :

Q@echo "Usage: make foo"

@echo "where foo.tex is a LaTeX input file"
%.pdf : %.tex

pdflatex $<

% make myfile.pdf KEFEFFEMIE pdfiatex myfile.tex —{R, % FRIKNTEEIHH pdflatex,
BRI HEXHAFR &G FEE D817

%.pdf :

%.tex
pdflatex $<
while [ “cat ${basename $@}.log | grep "Rerun to get" \
| we -1° -gt 0] ; do \
pdflatex $< ; \
done

PAEM ${basename fn} ZEMHEIRHIRHIRIATHY RARIFEARLTR,
WERHEAZH RG], FABIT bibtex M makeindex.
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3. f#if Make BE#HI5H

%.pdf : %.tex
pdflatex ${basename $0}
-bibtex ${basename $0}
-makeindex ${basename $0}
while [ “cat ${basename $@}.log | grep "Rerun to get" \
| we -1° -gt 01 ; do \
pdflatex ${basename $@} ; \
done

TITENES RRIMRIRE R RIK, Make SRR,
B, BRI Make BRI R AVIIEE, BATA] DIgR'E — D& HMNE) makefile

mainfile.pdf : mainfile.tex includefile.tex

HEATE R AR A M S, PAR makefile j@#id

make pdf TEXTFILE=mainfile

R, pdf MNIGEA—2 Shell WASREBIG S F (BRI |, FH HERREA Make, RS — D
T, AR B AR

pdf :
export includes="grep "~ .input " ${TEXFILE}.tex \
| awk '{v=v FS $$2".tex"} END {print v}'"~ ; \
${MAKE} ${TEXFILE}.pdf INCLUDES="$$includes"

%.pdf : %.tex ${INCLUDES}
pdflatex $< ; \
while [ “cat ${basename $@}.log \
| grep "Rerun to get" | wec -1° -gt 0] ; do \
pdflatex $< ; \
done

X/ Shell PiAA] PATE makefile ZAbseik, #7384 makefile,
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5 4

Cmake WH RSt

4.1 CMakeasbuild 5%t
CMake 22—/ MEBFIKME RS, ([HHIEWN Make Z RN ARGIENEH, — B TIERER:

1 FICEM B, EXE RN cMakeLists. txt XIF, HEM— build H3, EHEEEKRE:

mkdir build
cd build
cmake <source location>

Some people create the build directory in the source tree, in which case the CMake command is

cmake ..

HA KA B R BAEIRAIE551, EXAEG

cmake ../src_directory

2. MR B, FEIXHEPUTHEE H R P IVREE T8RRI M 1%, DA Make (BN “ ARER ” I, XK

cd buildmake {HEE —f&HIN cnake --build <build directory> B, TR
] AMEERIEAN ninja . Visual Studio B, XCode S5 E 28  cmake -G ninja

## the usual arguments

3. BB, X DLR RIS s ZIR AN E, FIAREE SN /usr/1ib:

make install

cmake --install <build directory>
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4. The Cmake HERS

=]
cmake minimum_require®’)

BHES 4 fEE

cmake version

project ZIHMBIHIIRAS
install fEELIEEHRHHER
Ui H MR E S
add_executable 5 AIPUT XA FR
add_library faE TR

add_subdirectory

target_sources
target_link_libraries
target_include_directories
find_package

target_compile_options
target_compile_features

target_compile_definitions
file
message

if() else() endif()

76

specify subdirectory where cmake also needs to
run

N BRFEE PR

FEE AT BT SR R ries to link into it
specify include directories, privately or publicly
other package to use in this build

KHTA
LS Y T HIE TR
KRR NS ted by cmake into op-
[=3%
T SO BNRHBATT
R ORI
IZWHTED, ZPHIRTEIRH
F il
conditional

# 4.1: Cmake 2,
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4.1. CMake TENMERS

SR, RN B ERCE R BoliR B AT, BATM RN 40X 2 an Al s sy,

EER, AEREATE SHES TR
1s some_package_1.0.0 # we are outside the source
1s some_package_1.0.0/CMakelLists.txt # source contains cmake file
mkdir builddir && cd builddir # goto build location
cmake -D CMAKE_INSTALL_PREFIX=../installdir \
../some_package_1.0.0
make
make install

TAE AT H RESHIE 4.1 FoR,

dir dir
src src
L build build
install install

B 4.1 J7N () RS () M7,

4.1.1 HbrBlZ

B CMake 3B EAR A HTFT SRR TR, B2 R EERX R, FKa] U2
. PR
- EERE AR
o GRS PN BERE AR,

HEEaReR, RIS R AR (BRSSO /IR, SEMFR, R HARR T2 / Xt/
IR, JRA XA,

For requirements during building:

target_some_requirement( <target> PRIVATE <requirements> )

fER %K

target_some_requirement( <target> INTERFACE <requirements> )

HE:

target_some_requirement( <target> PUBLIC <requirements> )

ﬁ@{%%%%, 'ﬁa'ﬁf';k[))\ target_include_directories, target_compile_definitions, target_compile_options,

target_compile_features, target_sources, target_link_libraries, target_link_options, target_link_directories *Eﬁo
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4. Cmake HWE RS

4.1.2 185
CMake FEZEI X C++, [HEWMERSZHRE Co XN T Fortran X+, BIEHUT

enable_language(Fortran)

ERANNG: XEFEHTIEZE, 4 cMAKE_Fortran_COMPILER,

4.1.3 A5
ARSI R AL
cmake_minimum_required fgﬁﬂﬂtﬂiﬂj—( H@H%{E\Egﬁzﬁ&zﬁ
project 93 H R BH— 44 R

CMake 1 CMakeLists.txt XIFIREN, PR EMTIEMRERS,  (IRtBA] IE T HRHPA RS X
o )

SHT CMake ZEEREAE TIRRZAL, I EIMEAWT AR, RIFEFD
st (BAI) Pkl A= BHRIA :

cmake_minimum_required( VERSION 3.12 )

1ER] DA CMake AT HRATSCAFRIRRAS :

$ cmake --version
cmake version 3.19.2

TR ZE A BT H B ARMIRRA,  IXEEAN RO WAL S 4 -

project( myproject VERSION 1.0 )
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4.2 BB
4.2.1 NIRRT g 5 S

( ARBISCHALT tutorials/cmake/singles )
N = E iR
add_executable ;gﬁﬁ‘gﬁ\ﬁIfﬂ?ij#FnygEﬂﬁﬁ
target_sources 9 B FREE IR S
install FERHZ LI H A B
PROJECT_NAME FEFF 9 I H 4RI 2%

If you have a project that is supposed to deliver an executable,

you declare in your CMakeLists. txt: dir

add_executable( myprogram )
target_sources( myprogram PRIVATE program.cxx )

Often, the name of the executable is the name of the project,
so you’d specify:
add_executable( ${PROJECT_NAME} )

Remark 14 An older usage is to specify the sources files di-
rectly with the executable. The above usage is preferred.

add_executable( myprogram program.cxx )

In order to move the executable to the install location, you need a

install( TARGETS myprogram DESTINATION . )

4.2. BB

— build

clause

src
—— CMakelLists.txt
L program.cxx
—— CMakeCache.txt
—— Makefile
L myprogram

Without the DESTINATION clause, a default bin directory will be created; specifying|BESTINATION foo will

put the target in a foo sub-directory of the installation directory.

In the figure on the right we have also indicated the build
directory, which from now on we will not show again. It con-
tains automatically generated files that are hard to decyper, or
debug. Yes, there is a Makefile, but even for simple projects
this is too complicated to debug by hand if your CMake instal-
lation misbehaves.

XE5E#H) CMakeLists.txt:

cmake_minimum_required( VERSION 3.12 )
project( singleprogram VERSION 1.0 )

add_executable( program )
target_sources( program PRIVATE program.cxx )
install( TARGETS program DESTINATION . )
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install

L myprogram
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4. Cmake HWE RS

4.2.2 KRty
A ST
target_include_directories *Eﬂ_‘_\‘@é\jﬁ:ﬁg'fﬂiﬁ
add_library )::"'?HH_‘/I\ﬁ&;H\:(}EXﬁ:
target_link_libraries BIHZER T — 1 PUT
AMHITSC
7
4.2.2.1 Xt

( AN SCHEALT tutorials/cmake/multiples )

If there is only one source file, the previous section is all you

need. If there are multiple files, you could write dir

add_executable( program )
target_sources( program PRIVATE program.cxx aux.cxx aux.h

You can also put the non-main source files in a separate direc-
tory:

add_executable( program )
target_sources( program PRIVATE program.cxx lib/aux.cxx 1il

However, often you will build libraries. We start by making a 1il
files need to be found there:

target_include_directories( program PRIVATE 1ib )

The actual library is declared with an add_library clause:

add_library( auxlib )

sSrc

——— CMakeLists.txt

— program.cxx
/aux.h )

b directory and JRlicating that header

auXx.Cxx

aux.h

target_sources( auxlib PRIVATE aux.cxx aux.h )

Next, you need to link that library into the program:

target_link_libraries( program PRIVATE auxlib )

install

L program

% privatE FHIFRINIZPE(H T AT TSXFRTE Y, (8 pusLic mIDVKEPERLETEZAEH; TRATRAE

%4223 TR, )

SEHELH) CMakeLists.txt:

cmake_minimum_required( VERSION 3.12 )
project( cmakeprogram VERSION 1.0 )

add_executable( program )
target_sources( program PRIVATE program.cxx )

add_library( auxlib STATIC )
target_sources( auxlib PRIVATE auxl.cxx aux2.cxx aux.h )

target_link_libraries( program PRIVATE auxlib )
install( TARGETS program DESTINATION . )
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4.2. BB

BEE, MWARZEERAREN, WNEN2SBOSTIARMBATGSH.
4.2.2.2 MR A& R B makefiles

£ Make ZHEH 3 RA31 T 4 R T BRIV, Make ¥ N BB ™ L ZHI S, B CMake AER%
i makefiles 17020, DA EREHT MBI, BATERBH aux. cxx XM, RXTHEEHITEE:

touch a source file and make:

Consolidate compiler generated dependencies of target auxlib
[ 256%] Building CXX object CMakeFiles/auxlib.dir/aux.cxx.o

[ 50%] Linking CXX static library libauxlib.a

[ 50%] Built target auxlib

Consolidate compiler generated dependencies of target program
[ 756%] Linking CXX executable program
[100%] Built target program

H—JiH, WMRPAGE Dk, PR R EN R

touch a source file and make:

Consolidate compiler generated dependencies of target auxlib
[ 25%] Building CXX object CMakeFiles/auxlib.dir/aux.cxx.o

[ 50%] Linking CXX static library libauxlib.a

[ 50%] Built target auxlib

Consolidate compiler generated dependencies of target program
[ 75%] Linking CXX executable program

[100%] Built target program
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4. Cmake HWE RS

4.2.2.3 A& A HEE
(MBI XA T tutorials/cmake/withlib, )
Commands learned in this section
SHARED indicated to make shared libraries

In order to create a library we use add_library, and we link it
into the target program with target_link_libraries. dir

By default the library is build as a static . a file, but adding

src
add_library( auxlib SHARED )

—— CMakeLists.txt
or adding a runtime flag akelists.tx

cmake -D BUILD_SHARED_LIBS=TRUE ——— program.cxx

changes that to a shared . so type.

aAUX.CXX
Related: the -£PIc compile option is set by CMAKE_POSITION_INDEPENDENT_CODE.

The full CMake file: aux.h

cmake_minimum_required( VERSION 3.12 )

install
project( cmakeprogram VERSION 1.0 )
add_executable( program ) ——— program
target_sources( program PRIVATE program.cxx )
add_library( auxlib STATIC ) libauxlib.a

target_sources( auxlib PRIVATE lib/aux.cxx lib/aux.h )

target_link_libraries( program PUBLIC auxlib )
target_include_directories( program PRIVATE 1ib )

install( TARGETS program DESTINATION bin )

install( TARGETS auxlib DESTINATION 1ib )
install( FILES lib/aux.h DESTINATION include )

TERRAG TR, XA T4 51 H SRR (M CMake-3.13 #2) ; Z%:=4#( H &7l F{E

CMAKE_CURRENT_SOURCE_DIRo
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4.2. BB

4.2.3 ftid FErh i 7 H ¢
(BB SXHALT tutorials/cmake/includedir, )
NS EEE B DT
target_include_directories Tgﬁﬁﬁﬁ%ﬂg@é\ E %
target_sources 9 HFREE 2
CMAKE_CURRENT SOURCE_DIR B N1 H R &
file NN SE SR — 2 FRE[R] SA]
GLOB NEZNSETE SR — A FRE R A
Suppose you have a directory with header files, as in the dia-
gram on the right. The main program would have dir
#include <iostream>
using namespace std; Src
#include "aux.h" .
——— CMakeLists.txt
int main() {
aux1Q); I program.cxx
aux2() ;
return O;
} src
and which is compiled as: auX.CXX
cc -c program.cxx -I./inc
inc
To make sure the header file gets found during the build, you
specify that include path with target_include_directories: aux.h
target_include_directories(
program PRIVATE install

" ${CMAKE_CURRENT_SOURCE_DIR}/inc" )
L program

It is best to make such paths relative to CMAKE_CURRENT_SOURCE_DIR
, or the source root CMAKE_SOURCE_DIR, or equivalently PROJECT_SOURCE_DIR

WE, SITEMEIXRERT B RN, (RESET B EENE. RIRATRZR B9 E AT
XPEH, IRATDAREENTIIA— 2R

set ( SOURCES program.cxx src/aux.cxx )

FHEERNZA R, 28I, IXAMETAEWFEH; MM target_sources:

target_sources( program PRIVATE src/auxl.cxx src/aux2.cxx )

o FHIB ALY A F ey 2.

file( GLOB AUX_FILES "src/*.cxx" )
target_sources( program PRIVATE ${AUX_FILES} )
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FEEEH) CMake S

cmake_minimum_required( VERSION 3.14 )
project( cmakeprogram VERSION 1.0 )

add_executable( program )
target_sources( program PRIVATE program.cxx )
## target_sources( program PRIVATE src/auxl.cxx src/aux2.cxx )
file( GLOB AUX_FILES "src/*.cxx" )
target_sources( program PRIVATE ${AUX_FILES} )
target_include_directories(

program PRIVATE

" ${CMAKE_CURRENT_SOURCE_DIR}/inc" )

install( TARGETS program DESTINATION . )
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4.2.4 #9195 ; rpath
( MRBII AL F tutorials/cmake/publiclib, )

Commands learned in this section

4.2. BB

add_subdirectory declare a subdirectory where cmake needs to be
run
CMAKE_CURRENT_SOURCE_DIR directory where this command is evaluated

CMAKE_CURRENT_BINARY_DIR
LIBRARY_OUTPUT_PATH
FILES_MATCHING PATTERN wildcard indicator

If your sources are spread over multiple directories, there needs
to be a CMakeLists.txt file in each, and you need to de-
clare the existence of those directories. Let’s start with the ob-
vious choice of putting library files in a 1ib directory with

add_subdirectory:

add_subdirectory( 1lib )

For instance, a library directory would have a CMakeLists. txt
file:

cmake_minimum_required( VERSION 3.14 )
project( auxlib )

add_library( auxlib SHARED )
target_sources( auxlib PRIVATE aux.cxx aux.h )
target_include_directories(

auxlib PUBLIC "${CMAKE_CURRENT_SOURCE_DIR}" )
install( TARGETS auxlib DESTINATION 1ib )
install( FILES aux.h DESTINATION include )

to build the library file from the sources indicated, and to in-
stall it in a 1ib subdirectory.

We also add a clause to install the header files in an include directory:

install( FILES aux.h DESTINATION include )

For installing multiple files, use

install(DIRECTORY ${CMAKE_CURRENT_BINARY_DIR}
DESTINATION ${LIBRARY_OUTPUT_PATH}
FILES_MATCHING PATTERN "*.h")

dir

Src

——— CMakeLists.txt

L program.cxx

lib

—— CMakeLists.txt

auXx.CxXx

aux.h

install

L program

lib

L

include

libauxlib.so

NSRS EM R R, BRI rpath B, (ZIL85 233 %5, )| BAIT,
CMake B ATIATT SCHFAERIART B AT DAREIR, ASRAMEFIIEP FLRYRRERT, AR LT RIS A AL

set( CMAKE_INSTALL_RPATH "${CMAKE_INSTALL_PREFIX}/1ib" )

set( CMAKE_INSTALL_RPATH_USE_LINK_PATH TRUE )
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TERIX R HE H AR Z BIHEE
AL

cmake_minimum_required( VERSION 3.14 )
project( cmakeprogram VERSION 1.0 )

set ( CMAKE_INSTALL_RPATH "${CMAKE_INSTALL_PREFIX}/1ib" )
set( CMAKE_INSTALL_RPATH_USE_LINK_PATH TRUE )

add_executable( program )
target_sources( program PRIVATE program.cxx )
add_subdirectory( lib )
target_include_directories(

auxlib PUBLIC "${CMAKE_CURRECT_SOURCE_DIR}" )
target_link_libraries(

program PUBLIC auxlib )

install( TARGETS program DESTINATION . )
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4.2.5 fH H AR
FIEHFTALE, FATHE T AT AR BT T SO, WIERIRBIT s SR TR BN, 108
20? BATRLESS 4.3 IR EHOX S, X BB HENIER,
e 4 A N VRE RIS, X TRE R IR EIRY, A R :

. WHIREMTCHRINE] LD_LIBRARY_PATH ;

o IS rpath HLHIKEATRA BERMNE| SIS AR S, FLE, BT “ RF5%E

BELRIP 7, XS A IETUZ T HIRAR) Apple Mac OS _EIE—ATHIHY,
f’F?ﬂﬂ—?WJ, RIEIRE i S EE catch2 1 fmtlib B, BRT target_link_directories %)R'?EZ&I\, PRz
T

set_target_properties(
${PROGRAM_NAME} PROPERTIES

BUILD RPATH  "${CATCH2 LIBRARY DIRS};${FMTLIB_LIBRARY DIRS}"
INSTALL_RPATH "${CATCH2_LIBRARY DIRS};${FMTLIB_LIBRARY DIRS}"

4.2.6 Gk
{#FH INTERFACE FHETF,

4.3 BN HINEE
QISRARAIRE Ao T 2ot e, A2 AM757E R PALE CMake $8E1EA ],

4.3.1 CMake commandline options
( RBIF AL T tutorials/cmake/usepubliclib, )
AT DATEan 24T FR AR SN I AL EL

cmake -D OTHERLIB_INC_DIR=/some/where/include
-D OTHERLIB_LIB_DIR=/somewhere/1lib

Il CMake S

cmake_minimum_required( VERSION 3.12 )
project( pkgconfiglib VERSION 1.0 )

# with environment variables
# set( AUX_INCLUDE_DIR $ENV{TACC_AUX_INC} )
# set( AUX_LIBRARY_DIR $ENV{TACC_AUX_LIB} )

# with cmake -D options
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option( AUX_INCLUDE_DIR "include dir for auxlib" )
option( AUX_LIBRARY DIR "lib dir for auxlib" )

add_executable( program )
target_sources( program PRIVATE program.cxx )
target_include_directories(

program PUBLIC

${AUX_INCLUDE_DIR} )
target_link_libraries( program PUBLIC auxlib )
target_link_directories(

program PUBLIC

${AUX_LIBRARY_DIR} )
install( TARGETS program DESTINATION . )

4.3.2 @it ‘find library’ Ml ‘find package’ #kfl

NSRS E TR

find_library find a library with a FOOConfig. cmake file
CMAKE_PREFIX_PATH FF#4K FoOConfig.cmake X1F
find_package A FindFOO BEERLIZE
CMAKE_MODULE_PATH FindF00 BN B

find_package M EIKAIN FindXXX.cmake MM, IXEESCHTE cuake_wopure_path BHIRER, EME,
find_package E@If’ﬁﬁﬁﬁ:ﬁﬁfiﬁtﬁ@ﬁ?EW%@o WIJZIH, *géiﬁéiﬁﬁg/l\ﬁ% FooFound , {;T‘ﬂ[))\
ile
find_package( Foo )
if ( FooFound )
# do something
else()

# throw an error
endif ()

SHLEEMH — T FOOConfig.cmake X, % XHFETE cmake_prEFIX_pATH HHHZIHER
find_library, AR R EERENHLZLENRESR, CMake K3
t .cmake XHHYH,

AT DA I L A

find_library( FOOLIB foo )
if (FOOLIB)
target_link_libraries( myapp PRIVATE ${FOOLIB} )
else()
# throw an error
endif ()

4.3.2.1 ~#|: Range-v3

find_package( range-v3 REQUIRED )
target_link_libraries( ${PROGRAM_NAME} PUBLIC range-v3::range-v3 )
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4.3.3j@id ‘pkg config’ i Hfthfy

W%, 28 FF pkgeonfig M,
1. BRIBIRE —NE mylib, ZZ3EfE /opt/local/mylib, 2. IR mylib FF pkgconfig,
TRATRERA{E— NI4T /opt/local/mylib/1ib/pkgcontig, HAPEE—SIfF mylib.pe,
3. ¥ . pc XHFINERIZENINE] PKG_CONFIG_PATH IR EH,

Cmake MAEREFIKE] mylib:

find_package( PkgConfig REQUIRED )
pkg_check_modules( MYLIBRARY REQUIRED mylib )

IXE X TR
MYLTBRARY_INCLUDE_DIRS

MYLIBRARY_LIBRARY_DIRS
MYLIBRARY_LIBRARIES

ﬂ&ﬁ%{ﬂ“ﬁIEA%E target_include_directories %H target_link_directories target_link_librarie ﬁﬁ*§>qﬂﬁ£ﬁﬁ'éiﬁ]o s

4.3.4 WEPREHCH pkg Bl E
BAW R TE 424 INECEAER—D .pc XM
BHAEBNFHE D .pc XIFRIBHR:

prefix="@CMAKE_INSTALL_PREFIX@"

exec_prefix="${prefix}"
libdir="${prefix}/1ib"
includedir="${prefix}/include"

Name: @PROJECT_NAMEQ

Description: @CMAKE_PROJECT_DESCRIPTIONG@
Version: @PROJECT_VERSIONG@

Cflags: -I${includedir}

Libs: -L${l1ibdir} -1@libtarget@

XHER @ fF55E T CMake %, XERRKIEER pe XIFNHEEH,; EUREMRFEAEMET A,

Azl CMake FCE AT BT JLATIEAK:

set( libtarget auxlib )

configure_file(
${CMAKE_CURRENT_SOURCE_DIR}/${PROJECT_NAME}.pc.in
${CMAKE_CURRENT_BINARY_DIR}/${PROJECT_NAME}.pc
@ONLY

)

install(
FILES ${CMAKE_CURRENT_BINARY_DIR}/${PROJECT_NAME}.pc
DESTINATION share/pkgconfig
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4.3.5 §

4.3.5.1 Example: MPI

( RBIFSCHALT tutorials/cmake/mpiprogs )

BIRVFZ MPT SEIERE —1 .pc XM, E&EIFEM FindMPI S5, ZEE X 7irZE, T
EWIRFN MPI ; 1#1EIES W https://cmake. org/cmake/help/latest/module/FindMPI . html A
NFREE wpr_nove IS & DIF B A MPT £,

C hRA:

cmake_minimum_required( VERSION 3.12 )
project( cxxprogram VERSION 1.0 )

add_executable( ${PROJECT_NAME} ${PROJECT_NAME}.cxx )
find_package( MPI )
target_include_directories(

${PROJECT_NAME} PUBLIC

${MPI_C_INCLUDE_DIRS} ${CMAKE_CURRENT_SOURCE_DIR} )
target_link_libraries(

${PROJECT_NAME} PUBLIC

${MPI_C_LIBRARIES} )

install( TARGETS ${PROJECT_NAME} DESTINATION . )

Fortran version:

cmake_minimum_required( VERSION 3.12 )
project ( ${PROJECT_NAME} VERSION 1.0 )

enable_language(Fortran)
find_package( MPI )

if ( MPI_Fortran_HAVE_F08_MODULE )
else()

message ( FATAL_ERROR "No f08 module for this MPI" )
endif ()

add_executable( ${PROJECT_NAME} ${PROJECT_NAME}.F90 )
target_include_directories(

${PROJECT_NAME} PUBLIC

${MPI_Fortran_INCLUDE_DIRS} ${CMAKE_CURRENT_SOURCE_DIR} )
target_link_directories(

${PROJECT_NAME} PUBLIC

${MPI_LIBRARY_DIRS} )
target_link_libraries(

${PROJECT_NAME} PUBLIC

${MPI_Fortran_ LIBRARIES} )

install( TARGETS ${PROJECT_NAME} DESTINATION . )

hlPIJﬁgtBﬁffﬁi? find_package:

90 HPC Carpentry



4.3. ML HASMNRE

find_package( mpl REQUIRED )
add_executable( ${PROJECT_NAME} )
target_sources( ${PROJECT_NAME} PRIVATE ${PROJECT_NAME}.cxx )
target_include_directories(
${PROJECT_NAME} PUBLIC
mpl::mpl )
target_link_libraries(
${PROJECT_NAME} PUBLIC
mpl::mpl )

4.3.5.2 ;~f5: OpenMP

find_package (OpenMP)
if (OpenMP_C_FOUND) # or CXX
else()

message ( FATAL_ERROR "Could not find OpenMP" )
endif ()
# for C:
add_executable( ${program} ${program}.c )
target_link_libraries( ${program} PUBLIC OpenMP::(0OpenMP_C )
# for C++:
add_executable( ${program} ${program}.cxx )
target_link_libraries( ${program} PUBLIC OpenMP::(OpenMP_CXX)
# for Fortran
enable_language(Fortran)
# test: if( OpenMP_Fortran_FOUND )
add_executable( ${program} ${program}.F90 )
target_link_libraries( ${program} PUBLIC OpenMP::OpenMP_Fortran )

4.3.5.3 CUDA

FindCUDA
Changed in version 3.27: This module is available only if policy CMP0146 is not set to 1
Deprecated since version 3.10: Do not use this module in new code.

It is no longer necessary to use this module or call find_package(CUDA) for compiling CU

New in version 3.17: To find and use the CUDA toolkit libraries manually, use the FindCU

4.3.5.4 Example: MKL

( HERBII AL T tutorials/cmake/mklcmake, ) Intel JriEds L2
CMake X¥5: H—1XfF MKLConfig.cmake, fF MKL H/Y Chlas FI/REIFEF

#include <iostream>
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#include <vector>
using namespace std;

#include "mkl_cblas.h"

int main() {
vector<double> values{1,2,3,2,1};
auto maxloc = cblas_idamax ( values.size(),values.data(),1);
cout << "Max abs at: " << maxloc << " (s/b 2)" << '\n';

return O;

}

PANBCE SCAFAIH T S A IS 7

cmake_minimum_required( VERSION 3.12 )
project( mklconfigfind VERSION 1.0 )

## https://www.intel.com/content/www/us/en/develop/documentation/onemkl-1inux-developer-guide/
top/getting-started/cmake-config-for-onemkl.html

find_package( MKL CONFIG REQUIRED )

add_executable( program program.cxx )target_compile_options(
program PUBLIC$<TARGET PROPERTY:MKL: :MKL,
INTERFACE_COMPILE_OPTIONS> )target_include_directories(
program PUBLIC$<TARGET PROPERTY:MKL: :MKL,
INTERFACE_INCLUDE_DIRECTORIES> )target_link_libraries(
program PUBLIC$<LINK_ONLY:MKL: :MKL>)

install( TARGETS program DESTINATION . )

4.3.5.5 <. PETSc
(R BIRSXHALT tutorials/cmake/petscprog, )
It CMake B EIE R petsc.pc, HAIT $PETSC_DIR/$PETSC_ARCH/1ib/pkgconfig:

92

cmake_minimum_required( VERSION 3.12 )
project( pkgconfiglib VERSION 1.0 )

find_package( PkgConfig REQUIRED )

pkg_check_modules( PETSC REQUIRED petsc )

message ( STATUS "PETSc includes: ${PETSC_INCLUDE_DIRS}" )
message( STATUS "PETSc libraries: ${PETSC_LIBRARY_DIRS}" )

add_executable( program program.cxx )
target_include_directories(
program PUBLIC
${PETSC_INCLUDE_DIRS} )
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target_link_directories(
program PUBLIC
${PETSC_LIBRARY_DIRS} )
target_link_libraries(
program PUBLIC petsc )

install( TARGETS program DESTINATION . )

4.3.5.6 ;~f: Eigen
( RBIF AL T tutorials/cmake/eigen, )

eigen (I T pkgconfig,

cmake_minimum_required( VERSION 3.12 )
project( eigentest )

find_package( PkgConfig REQUIRED )
pkg_check_modules( EIGEN REQUIRED eigen3 )

add_executable( eigentest eigentest.cxx )
target_include_directories(
eigentest PUBLIC
${EIGEN_INCLUDE_DIRS})

4.3.5.7 Example: cxxopts

(BRI SXHAL T tutorials/cmake/cxxopts, )

cxxopts Ui T pkgconfig,

cmake_minimum_required( VERSION 3.12 )
project( pkgconfiglib VERSION 1.0 )

find_package( PkgConfig REQUIRED )
pkg_check_modules( OPTS REQUIRED cxxopts )
message ( STATUS "cxxopts includes: ${OPTS_INCLUDE_DIRS}" )

add_executable( program program.cxx )
target_include_directories(
program PUBLIC
${0PTS_INCLUDE_DIRS})

install( TARGETS program DESTINATION . )

4.3.5.8 Example: fmtlib

(The files for this example are in tutorials/cmake/fmtlib.)

£ NEASREIF, BAMER T fmtlib, FZH) CMake SfF:

cmake_minimum_required( VERSION 3.12 )
project( pkgconfiglib VERSION 1.0 )
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find_package( PkgConfig REQUIRED )
pkg_check_modules( FMTLIB REQUIRED fmt )
message( STATUS "fmtlib includes: ${FMTLIB_INCLUDE_DIRS}" )

add_executable( program program.cxx )
target_include_directories(
program PUBLIC
${FMTLIB_INCLUDE_DIRS})

install( TARGETS program DESTINATION . )

4.3.5.9 77 fmtlib 7E B & 691 A
( RBIBSCHAL T tutorials/cmake/fmtliblib, )
BAVIREAE R frnelib 5, (HILEALRREVEWSIH TIXE, RIEBAIEM target_1ink_directories #l

target_link_libraryo
F

cmake_minimum_required( VERSION 3.12 )
project( pkgconfiglib VERSION 1.0 )

find_package ( PkgConfig REQUIRED )

pkg_check_modules( FMTLIB REQUIRED fmt )

message( STATUS "fmtlib includes : ${FMTLIB_INCLUDE_DIRS}" )
message( STATUS "fmtlib 1ib dirs : ${FMTLIB_LIBRARY_DIRS}" )
message( STATUS "fmtlib libraries: ${FMTLIB_LIBRARIES}" )

add_executable( program program.cxx )
target_include_directories(
program PUBLIC
${FMTLIB_INCLUDE_DIRS})

add_subdirectory( prolib )
target_link_libraries( program PUBLIC prolib )

install( TARGETS program DESTINATION . )

Library file:

project( prolib )

add_library( prolib SHARED aux.cxx aux.h )
target_include_directories(

prolib PUBLIC

${FMTLIB_INCLUDE_DIRS})
target_link_directories(

prolib PUBLIC

${FMTLIB_LIBRARY_DIRS})
target_link_libraries(

prolib PUBLIC fmt )
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4.4, HE X

4.4 B X2

RATES A<

add_compile_options é)%éﬁi%%%iiiﬁ

target_compile_features %%E@?ﬁi%%%%%ﬂ?ﬁ
PRi&

target_compile_definitions ﬁi&i‘@%ﬁ*ﬂ—ﬁg

4.4.1 HE Xgmias
AP S I CMake IRIEFERERIHIZR 1SR, SNERIRESIRBIRS A NBOA gee A, £

FHZS & CMAKE_CXX_COMPILER, CMAKE_C_COMPILER,CMAKE_Fortran_COMPILER, CMAKE_LINKER,
B, mdgmiEaRn BB RIREINEE R cc, cxx, FC, flin, X T Intel JwiFas:

export CC="which icc”
export CXX="which icpc”
export FC="which ifort~

4.4.2 Global il target fri&

REBUROLT, i lin 5 BARMECHR, BIan, LSO nTRERR 2 a s AL g, sURFEr) C++
*/i/ﬁo Eﬁ@‘lﬁ?ﬂ?, 1@@ target_compile_featureso

FEETIA]RERE R 2R, XAMEN NMEH add_compile_options, /nAl:

## from https://youtu.be/eC9-iRN2b047t=1548
if (MVSC)

add_compile_options (/W3 /WX)
else()

add_compile_options(-W -Wall -Werror)
endif ()

4.4.2.1 BRAVRE
HERGRAEHAE Y, BRI TowiEds, B, ZiEE
C++ hrit:
target_compile_features( mydemo PRIVATE cxx_std_17 )
aF, SERTDAE A 1T IR BT

cmake -D CMAKE_CXX_STANDARD=20

IR EL

AR B cMAKE_cxx_coMPILE_FEATURES F &5 18R] DU ERIFTA FERIFIZR,
AbRER] DU H67E cMaKE_BUILD_TYPE RIX B
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4. The Cmake build system

« Debug X T -g FRis;

e Release Xﬂ‘ﬁﬂ: -03 -DNDEBUG ;

- MinSizeRel M M. T° -Os -DNDEBUG

« RelWithDebInfo A, T* -02 -g -DNDEBUG,

B RIEH 2 M TR

cmake .. -DCMAKE_BUILD_TYPE=Release

SRR, PR ERIZEGRFESIEIN, X2 MRS E—T75; 20—

4.4.2.2 BE X EFERE

B E CMAKE_CXX_FLAGS BY, CMAKE_C_FLAGS ; W FJPAIZE cmake_Linker_rracs ({HIEZ W 4.2.4 T E AN
rpath iﬁmo )

4.4.3 e X
CMake 7] DIRHLZEE X

target_compile_definitions
( programname PUBLIC
HAVE_HELLO_LIB=1 )

F HARBTRAHS AT DA I 2L

#ifdef HAVE_HELLO_LIB
#include "hello.h"
#endif

4.5 CMake scripting

ARSI

option Ei@ﬁﬁ%‘ﬁiﬁiﬁ

message cmake I HIERERTH B
set HETENE
CMAKE_SYSTEM_NAME HERERAVTINE &
STREQUALS TR s B

CMakeLists.txt X E—THIA, REEEERNG,

- FELHNRHER, FR-MESTHERSESIE,

- (FFESEHER TR REMT. )

« B RHEMNHI TG, (HEME ANERITIT 20
R DIH-S AT 4R,
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4.5.1 RS

if (CMAKE_SYSTEM_NAME STREQUALS "Window")
target_compile_options( myapp PRIVATE /W4 )

elseif (CMAKE_SYSTEM_NAME STREQUALS "Darwin" -Wall -Wextra -Wpedantic)
target_compile_options( myapp PRIVATE /W4 )

endif ()

4.5.2 R, WA
message < A]HITAIEHIGE Nt xS HEM NS

message ( STATUS "We are rolling!")

IRATLAFEERR status ZAMHAM HESS (S EAESAEHLER EFCS “mode” ) 5 BilAnisfT

cmake --log-level=NOTICE

BHER ‘notice’ REEHEEIHBIAIHEE.
IXEAYATREIETNSE .  FATAL_ERROR, SEND_ERROR, WARNING, AUTHOR_WARNING, DEPRECATION, NOTICE, STATUS,VERBOSE,
DEBUG, TRACEo

NOTICE, VERBOSE, DEBUG, TRACE JEIWUETE CMake-3.1 RN 5.
FSCEEIRPR CMake PRI A1, 1BHEHGMITIEIT --trace,
T R] DA IZIE RIS E A HY make X

-D CMAKE_VERBOSE_MAKEFILE=0ON

on the CMake invocation. You still need make V=1.

4.5.3 %5

Variables are set with set, or can be given on the commandline:

cmake -D MYVAR=myvalue

-D i T A A2 AT,
BRI ERIRAIHAE, R IETRFES, FEEM Shell HFORIA:

set (SOME_ERROR "An error has occurred")

message (STATUS "${SOME_ERROR}")

set (MY_VARIABLE "This is a variable")

message (STATUS "Variable MY_VARIABLE has value ${MY_VARIABLE}")

B EMAT DU CMake BIAMEH option aRHHTE

option( SOME_FLAG "A flag that has some function" defaultvalue )

Fuear B R HAMG IR EN, B0, project MAIXE T PROJECT_NAME A1 PROJECT_VERSION.
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453137 TE

HFZE ] DUBE v an A&

set( MYDIR $ENV{MYDIR} )

4532 BEXE
math( EXPR 1hs_var "math expr" )

4.5.4 FHIGH

4.5.4.1 %384 if ( MYVAR MATCHES "value$" )

message( NOTICE "Variable ended in 'value'" )
elseif ( stuff )message( stuff )else()

message( NOTICE "Variable was otherwise" )endif ()

4.5.4.2 &R

while( myvalue LESS 50 )
message( stuff )
endwhile ()

foreach ( var IN ITEMS iteml item2 item3 )

## something wityh ${var}
endforeach()

foreach ( var IN LISTS listl list2 1list3 )

## something wityh ${var}
endforeach()

B, AR, BIAERNE:

foreach ( idx RANGE 10 )
foreach ( idx RANGE 5 10 )
foreach ( idx RANGE 5 10 2 )
endforeach()
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95w

WX Git AT IR

FEARBRED, BRFES] git, BETRAITARRAIRE (MFODRARAEHIEETIEE) Ao, HASEM
RYtH Mercurial K1 Microsoft Sharepoint, F-HIFIZRSIH SCCS. CVS. Subversion. Bitkeepers

FRA P HIZ — M@ I I ST H S HESRRA R ERER I E P BRI R G, X RRA B R
BeEF, ] UBEEIEAERRE L, ] DUZEER,

XAV ZLERRIILR:
- AT DAREH L
o GO ITRERZ DU CEEMESOYATRE, AR R — SRR 2 IR G

o MU GRS T IE BT,
o VRATCAAATRERIZ DA, BIGIHTHREHIRE, By R] A 7 E il

T RS HI RGBT AREMTE, W git TERRBITNARS
thil 4

5.1 Bt 5 Btk

IHRGETIA PP RABCE, FEITKERELTE, W15, —FMTHRERE T
®EF (BN HE - RURECE, HRERPE - M aRE ek, EMEN AN
MRAES RS, BRI DA ZMNERE e ER TR,

A DABRER AN SRR SRR, (@R —HE S TRAE — MER P EA R X MESERIXH E LR E S,

RN IIE AT HANERRMIRE, ATDARI— 5, BORIZIRESHRIE — &,

MIFRRAIZ IR GV 2 Mo X, BERER —MAHAE EE,
TIXAER] DONIRE R A RRAIE — PN ED X, IR E NI
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5. 383 Git #EATIR G

T IREFREN 7230, SIRMIAFTIIRECaed serlidG, Al DURIXE &5,

5.2 Git
ARSI N ATERR, DSl —HERF RILFES S5 —MREGTH, RrTDE 5K, B
A G SERE, BAFEVRITTHRAL EFTITANE
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5.3. QI IEFEAHE A

5.3 I FFHANA G F
B, AT, SR MU G EFHHIE— DA EIA DT T,

s n] DU AR A 77 e AR G
L QA G T b, 2. RO aE, RREEEITE;, XEERGZ,

5.3.1 @3 v Qg %

}Fﬁﬁ“ﬁ%‘?ﬁ@{tﬁ%ﬁ?@%ﬁ%E"jﬁ/f%{éﬁﬁ{% github.com Ei gitlab.com ﬁﬁﬁ@%ﬁﬁ, Eﬁﬁ%ﬁﬂ%ﬁﬁ%@ﬁ?,
RIE R H e FERNIRI AN L 5 THIA:

git clone URL [ localname ]

RRBIR— PRSI CENER H . NRIREEAIAZIR, BRI aEN ARG,

Cmd >> git clone https://github.com/TACC/empty.git—emptyOut >>Cloning into 'empty'...

warning: You appear to have cloned an empty repository.Cmd >> cd emptyCmd >> 1ls -alut >>.

g NEE N - RE T
.git

i%%ﬁg Cmd >> git statusOut >>0n branch mainNo commits yet

nothing to commit (create/copy files and use "git add"—to track)

anpRpr i, BMER— PN ERIREEEBUE—NER gite BEEEXTRIRBCENERER; RILER
REEEE,
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5. 3831 Git #EATIRURD ]

5.3.2 AH AR )4
IR USRI I — N 3, WEHEREIER R Wik, RFEZEE git inie — D
ZHH, 83 WS RER AR R B T, X8, TAIMN—D2HFIHE,

Cmd >> mkdir newrepoCmd >> cd newrepoCmd >> git initOut >>

Initialized empty Git repository in—/users/demo/git/newrepo/.git/Cmd >> 1ls -aOut >>. elFe:s
—MEX%, FRHEZR— - (v

ﬁf@ Cmd >> git statusOut >>0n branch masterNo commits yet

git

nothing to commit (create/copy files and use "git add"—to track)

XTI T e - B G, IREIERIUR R B SOE RN RS e %, 1L 5.6
T,
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5.3. QI IEFEAHE A

5.3.3 Main vs master

HERADS CBRY, BRE, BATERIIEDS) WA “master” o RIBREZG, EERAVIE
& “main” o & github M gitlab IXFERI W AT REC AN G TIXNAFR, 82 2022 FEG AN, git
7GR HEIE SEYET

B SOE R RER, IRATDAER git status SKREBIRGRIFIER 73,

Cmd >> git status
Out >>
On branch master A S =2 N/
No commits yet E% main EiIEﬁ'L\
nothing to commit (create/copy files and use "git add"

—to track)

Move the current branch:
Cmd >> git branch -m mainCmd >> git statusOut >>0n branch main Eﬁ‘ﬁ%%i’i

No commits yetnothing to commit (create/copy files and use "git add"

—to track)

797{%[5&@')1, ﬁﬁﬁ git status *{Q\E_‘&_’\%Wo

Cmd >> git branch -m main
Cmd >> git status
Out >>
On branch main *ﬁﬁﬁi%fﬁ'\
No commits yet
nothing to commit (create/copy files and use "git add"
—to track)
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5. 3831 Git #EATIRURD ]

54  Adding and changing files
5.4.1 BUEHLIF

QERPRANEE T — S tF, EARESION RIS &R — 877,

S, FHIBIT giv status, IREBENZXFHEIIN “ RERER” .

Cmd >> echo foo > firstfile

Cmd >> git status

Out >>

On branch main

No commits yet

Untracked files:

(use "git add <file>..." to include in what will be
—committed)

firstfile

nothing added to commit but untracked files present
—(use "git add" to track)

IRFFERIRISCAHIT giv add, HIF git ZXFE TARE G,

XFERE—RYIDE, WRREE T —

{5 FH R g i as G S A
IXHEBAEA toucn ENRIETT
o X RARRARRERN,

(PRA] AT SN ST, ] DA A s A

FRRINZ AN, ) SR, IXSERR PIREERISC: ERRR R SRE R, KESRERRXZE—1

AR E L

Cmd >> git add firstfile

Cmd >> git status

Out >>

On branch main

No commits yet

Changes to be committed:

(use "git rm --cached <file>..." to unstage)
new file: firstfile

i git commit FFXLLHEKIIMBIRIL 2,

Cmd >> git commit -m "adding first file"

Out >>

[main (root-commit) f968ac6] adding first file
1 file changed, 1 insertion(+)

create mode 100644 firstfileCmd >> git status
Out >>0On branch mainnothing to commit,

working tree clean
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5.4. BSANFMEHBCL A

5.4.2 RS A SR

LEFRATIWT SR BB AN EN A &) FP SRS
Cmd >> echo bar >> firstfileCmd >> cat firstfileOut >>foobarCmd >> git statusOut >>

On branch main ST BER BRSO T, IR 2

Changes not staged for commit:
(use "git add <file>..." to update what will be

RiEAN, —committed) {HIRATUEH car SKRIEM,

(use "git restore <file>..." to discard changes in—working directory)modified: firstfile

no changes added to commit (use "git add" and/or "git—commit -a")

IRIRTREAEE AT E L, giv aise FEIZOCPF EXES IRIRER SIS (H MR AN BRSNS 5 2 AR Sl A
Z A2 5o

Cmd >> git diff firstfileOut >>

diff --git a/firstfile b/firstfile

index 257ccb6..3bd1f0e 100644

-—- a/firstfile+++ b/firstfile See what the changes were wrt the
0@ -1 +1.2 @@foo+bar previously commit version.

WIEE%QEE*@Y#H:EE git add ﬂ] git commit o

Cmd >> git add firstfile

Cmd >> git commit -m "changes to first file"

Out >>[main bledf77] changes to first file

1 file changed, 1 insertion(+) R SRR BN A ARS
Cmd >> git statusOut >>0On branch main

nothing to commit, working tree clean

EIAETERA AR G IRFRE giv push REHT LIRS QZE; SWET 5.6,

PIT git 1og FONIRIEAUURD G R RILR, FIHIRRZH S, DARARIEARESE S AR R,
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Cmd >> git log

Out >>

commit bledf778c17b7c7e6cbla8ac73fa9b61464ebal4

Author: Victor Eijkhout <eijkhout@tacc.utexas.edu>

Changes 1o fiems pite 0 2022 70000 PREGE S TSR H A,
commit f968ac6c05dd877db84705a4dcdadbcObed2c535

Author: Victor Eijkhout <eijkhout@tacc.utexas.edu>

Date: Sat Jan 29 14:14:39 2022 -0600

adding first file
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5.5 fHE

5.5. MW

WA ANFERRESY, BRTIRESCLINEETER 7IXEEKL,

5.5.1 BRI HL
s URgwiR T BIFEPRI— U,

BHE, PUT git airr DAWRIA:

Cmd >> echo bar >> firstfileCmd

REEEIZE L, EIRIERA TSI E AL,

>> cat firstfile

Out >>foobarbarCmd >> git statusOut >>0On branch main

Changes not staged for commit:

(use "git add <file>..." to update what will be
—committed)
(use "git restore <file>..." to discard changes in

—working directory)modified:

no changes added to commit (use

firstfile

"git add" and/or "git

—commit -a")Cmd >> git diff firstfileOut >>

diff --git a/firstfile b/firstfile ﬁ.&ﬁé\}\iﬁ,lﬁﬁ/‘JEE&
JoN o
index 3bd1f0Oe..58ba28e 100644--- a/firstfile

+++ b/firstfile@@ -1, 2 +1, 3 @@foobar+bar

Doing git checkout on that file gets the last committed version and puts it back in your working directory.

Cmd >> git checkout firstfileOut >>

Updated 1 path from the index

Cmd >> cat firstfileOut >>foobar

Cmd >> git statusOut >>0On branch main

nothing to commit, working tree

Victor Eijkhout
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5. 3831 Git #EATIRURD ]

5.5.2 M\ Z AL P
N I R IR LR T . AR RS AS 1D,

TRATCAER] git 10g REREXFTHIERHT ID, ANRIRBFIRZIRACARTRIRRCAR, IXIRE M, A,

GURAR AR EIR R G —IXTESE, 1M git show HEAD RIREURJG —IRKTEZHIHIA,

Cmd >> git logOut >>

commit e411fad261fd82eb93c328c44978699e946abcOd
Author: Victor Eijkhout <eijkhout@tacc.utexas.edu>
Date: Sat Jan 29 14:14:42 2022 -0600

changes to first file

commit 63d6adl6beb4e2d12574fb238c29e8bal1fc6732
Author: Victor Eijkhout <eijkhout@tacc.utexas.edu>
Date: Sat Jan 29 14:14:41 2022 -0600

adding first fileCmd >> git show HEADOut >> %2%”%&&»
commit e411fad261fd82eb93c328c44978699e946abcOd
Author: Victor Eijkhout <eijkhout@tacc.utexas.edu>
Date: Sat Jan 29 14:14:42 2022 -0600

changes to first file

diff --git a/firstfile b/firstfile

index 257cc56..3bd1f0e 100644--- a/firstfile

+++ b/firstfile@@ -1 +1, 2 @@foo+bar

BEAAT:

git checkout sdf234987238947 -- myfile myotherfile
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5.5.3 R
nk, RIS,

IRIGHAT git revert sdiksdrk12343 (EFIERARY id). XIEH XFTH—wiEEE, BLRE FIER; IRATDAUE
ﬁﬁ --no-edit iﬁbﬁﬂéﬁﬁiizﬁl‘%fﬂo

Cmd >> git revert $commit --no-editOut >>
[main 3dca724] Revert "changes to first file"
Date: Sat Jan 29 14:14:42 2022 -0600

1 file changed, 1 deletion(-)

Cmd >> cat firstfileOut >>foo

Cmd >> git statusOut >>0On branch main

ffill° git revert’

5.5. MW

KA,

IXRHES AR E E_E—IX add F1 commit ZRTAVIRE, JEH S ERSCERFZ commit ZFTHARE,

nothing to commit, working tree clean See that we have indeed undone the

commit.

&, HEZSERMRESLIEE THEA commit

Cmd >> git log

Out >>

commit 3dca724a1902e8a5e3dba007c325542c6753a424
Author: Victor Eijkhout <eijkhout@tacc.utexas.edu>
Date: Sat Jan 29 14:14:42 2022 -0600

Revert "changes to first file"

This reverts commit

“>e411fad261£d82eb93c328c44978699e946abcOd. HHEPSH —&KIC %,

commit e411fad261fd82eb93c328c44978699e946abc0Od
Author: Victor Eijkhout <eijkhout@tacc.utexas.edu>
Date: Sat Jan 29 14:14:42 2022 -0600

changes to first file

commit 63d6adl16beb4e2d12574fb238c29e8bal1fc6732
Author: Victor Eijkhout <eijkhout@tacc.utexas.edu>
Date: Sat Jan 29 14:14:41 2022 -0600

adding first file

git reset <> tHA] AT AhSAUHIHE.

Victor Eijkhout
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5. 3831 Git #EATIRURD ]

5.6 PRI & 5 P
R—EH git commit AAISCAFFIEKHIA CERAMREL OE, XN TIREESNETRZNKEIEEHH,
AR IR HIR — D EERR 2 S A YME, ik, RTRE-ERAEeE. X R—HmS

git remote [ other keywords ] [ arguments ]

%%ﬁ]¥§-*%§§§ﬂi, Eiﬁﬁii git add *ﬂ git commit%ﬁbﬂ%”jiﬂﬁfﬁﬁgfiﬂg

Cmd >> git add newfile && git commit -m "adding first

—file"Out >>[main 8celde4] adding first file
1 file changed, 1 insertion(+) Eiﬁiﬁcﬁ?ﬂio

create mode 100644 newfile

R EERN gic inie OV, FAMNFEMLL N SR EERFI MR H s
git remote add servername url

B, ERAVIZBEIZE origin, FILMIEHRET

git remote add origin url
IR ERRIEREZ T2, T
git remote -v

Cmd >> git remote add mainserver
—git@github.com: TACC/tinker.git

>> gi - X 8 e i 75 3 .
ond 77 giv remove 7 FS AR R e R AR R
mainserver git@github.com: TACC/tinker.git (fetch)
mainserver git@github. com: TACC/tinker.git (push)

Be, VRATLARE git pusn $RARHIHERHERZIXMER, Git FASIRKIENERIEEENZE: KO RAA]
UEZ 03, WA UE 24 upstream, VRTEERATETME

git push -u servername branchname

Cmd >> git push -u mainserver main
Out >>
To github.com:TACC/tinker.git n
8333bcl..8celde4 main -> main TR,
Branch 'main' set up to track remote branch 'main'

—from 'mainserver'.
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5.6. ILAE G FERHME

5.6.1 Bk & i X
ERTREC 2
git clone https://.... AIE T W&

1@%%@4@’ git push %g(ﬁ\fﬁﬂﬂﬁﬂ’, /ﬁ\i%?éﬂg%'—?ﬂlgﬁi‘ﬁ%ﬂ"]%‘%o
Do

git remote -v
# output: origin https://username@bitbucket.org/username/reponame.git
git remote set-url origin git@bitbucket.org:username/reponame.git

Victor Eijkhout
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5. 383 Git #EATIR G

5.6.2 £ — XS &% _LIHME
IEBAEE —MUIE R — D ve B B E AN LR R 57— vib, XAl REREI A IE—PA
FE-PIH ETHE, s@&ERA— DN AES GHlE LTI

BAHEEF personl I — D AR RS G,
Cmd >> git clone git@github.com:TACC/tinker.git person1Out >> HQFj],ﬂifﬁﬁﬁi&%o

Cloning into 'personl'...

£ person2 WIS — 1wk, WH, WENHEEEZIZMNMHPKE, &2 TMHAEMETLE Y
[}—I\‘K}j o

Cmd >> git clone git@github.com:TACC/tinker.git person2
Out >> Person 2 makes a clone.
Cloning into 'person2'...

MEF PR, B0, 1822, e, (XHATFERE LR, HHTRITT
git clone, iZ%\ Qiﬂ?‘ﬁﬁko )
Cmd >> ( cd personl && echo 123 >> pl1 && git add pl &&
—git commit -m "add p1" && git push )Out >>
[main 6£6b126] add pll file changed, 1 insertion(+) .
Person 1 adds a file and pushes it.
create mode 100644 p1To github.com:TACC/tinker.git

8863559..6f6b126 main -> main

B H P IAERIT

git pull

DURBUXLETE M, [FRE, TR git clone G T AMMREI G, AT ARG EHIECK H I
B, MEREEREIREAMNQNE TIRLEFrF, s H 20 HA R E L,

Cmd >> ( cd person2 && git pull )Out >>

From github.com:TACC/tinker

8863559..6f6b126 main -> origin/main

Updating 8863559..6£6b126Fast-forward Person 2 HiHY, FREGHT LI,
pl | 1 +1 file changed, 1 insertion(+)

create mode 100644 p1
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5.6. ILtE G S HpE

5.6.3 AIFEM

ERIRG N EAE, B AR —PNIE LT/, A2 a6, Bl HIs P s
ZNERIIE. WAEN, MDA GRERA TR ENR, F HBEAREHERR R — M e,

£ NEAIAA A, BATET— R BIRHERTEOOTE, XERIMER ARG, (ERmAN PR a AR
HLAAIIRER,

BATE— M EEEITHI
Cmd >> cat personl/fourlines

Out >>1234
We have a four line file.

B MR EATET 795, TSR,
Cmd >> ( cd personl &% sed -i -e 'ls/1/one/' fourlines

—&& cat fourlines )Out >>one2 34

P 1T 7T HES,
R FHEIR T B
Cmd >> ( cd personl &% git add fourlines && git commit
—-m "edit line one" && git push )Out >>
[main 6767e3f] edit line onel file changed, s
FF 14X T3,

1 insertion(+), 1 deletion(-)
To github.com:TACC/tinker.git
£dd70b7..6767e3f main -> main

AN PHIET T E, HLE 44T, BRI RG;
Cmd >> ( cd person2 && sed -i -e '4s/4/four/'

—fourlines && cat fourlines )Out >>1 2 3four

Person 2 makes a different change to
the same file.

NS git add M git commit —EEHNIN, (HIRMIFEHEIRM EOMIEE: B /eI AR A BT
B

git pull --no-edit
git push
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5. Sourcecode controlthroughGit

Cmd >> ( cd person2 &% git add fourlines && git commit

—-m "edit line four" && git pull --no-edit && git

—push )0Out >>[main 27fb2b2] edit line four

1 file changed, 1 insertion(+), 1 deletion(-)

From github.com:TACC/tinker

£dd70b7..6767e3f main -> origin/main JJTEEE&%(EP%, FRATAT DA

Auto-merging fourlines pull/push
o]
Merge made by the 'recursive' strategy.

fourlines | 2 +-1 file changed, 1 insertion(+),
1 deletion(-)To github.com:TACC/tinker.git
6767e3f..62bd424 main -> main

BN — AN T pull, TS ERITE & HIEK,
Cmd >> ( cd personl &% git pull && cat fourlines )
Out >>From github.com:TACC/tinker
6767e3f..62bd424 main -> origin/main
Updating 6767e3f..62bd424Fast-forward
fourlines | 2 +-1 file changed, 1 insertion(+), Person 1 H7E AIREXFTE B4,

1 deletion(-)one2 3four
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5.6. ILAE G FERHME

5.6.4 MR TS

git & MR RER Z RhE A,
« IRIEIREMNS — (I ZE RN BCGE, BRE A MRS ES, WRIRAEIER
IRV (WYFIRIETEIT G RER) , VRATDMER git stasn FORMGREEINIE, IREAGE AT

PAR git stash pop EX[E’EH], EZ%H%%IEF@ git stash drop fwﬁﬁkﬁzﬂ\]o
o IREVESCSIRE S — AT R E AR RN E Y, 838 IR E O — Al RS RIFEMR, X2l

XEZEHERIEN,
- AFERLIRIER, EERZREFFRIND 22 AW ATREFAE R, BAPRAESS 5.7.1 TR IHERRAD
[}

FZai—F, BATEHR persont Ml personz, HAPEENIGENIRILE, HATH— T
KIS, B5 EEARGE, BANMERTHgRERCRREE, git KBS HICREEEN],

Cmd >> cat personl/fourlines

Out >>1234
The original file.
MR 1S LATIT — 1Bk,

Cmd >> ( cd personl &% sed -i -e 'ls/1/one/' fourlines

—&& git add fourlines && git commit -m "edit line

—one" &% git push )
Out >>[main a10216d] edit line one *@ﬁ{ﬁﬁﬁT#@HﬂJz’xi&E ?kﬂ]{%ﬁﬁ
1 file changed, 1 insertion(+), 1 deletion(-) sed —IREGE. a8 fﬁ—,E/\J 1%
To github.com:TACC/tinker.git H ones FATENN. FEAZHHMEL T
4955e50. .a210216d main -> main EE&O

SRR, TPRE 2 XA SAFAT T 55 —CEL, I 2L AT DUC RN S B A AR €

Cmd >> ( cd person2 && sed -i -e '2s/2/two/' fourlines
—&& cat fourlines && git add fourlines && git
“commit -m "edit line two" )Out >>1two3 4

[main c9b6ded] edit line twol file changed, Change the 2 on line two to two.
1 insertion(+), 1 deletion(-) We add and commit this to the local

repository.

SR, AIRBAZARG I E KL giv pusn FIZBEARS CF, SHIUERRAHE CREIET A CFER
iR, ik, BATECHNBOZRES CERIRS. £L—Td, XSBTAINEH; (HIXEAZIXE,
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Cmd >> ( cd person2 &% git pull --no-edit || echo )

Out >>

From github.com:TACC/tinker

Aniomerging fouriimen aiv pua1 WHESIUR SR8, 0]
HENGEFFRIE, faH TR T

CONFLICT (content): Merge conflict in fourlines
Automatic merge failed; fix conflicts and then commit i)
—the result.

YURBUAE AT DAFEhamis s i, s iR aF T A
Cmd >> ( cd person2 && cat fourlines )Out >>
<<<<<<< HEADltwo=======one2

>>>>>>> a10216da358649df80aaaeb94f1ceef909c2ed83

34
TESAESHRICHIIT Z A, IRE L
2EF| ueap, BIAHUIRE, BE
PRI, dnf it S,
TRAZEFHIFHEIR,

5.6.5 Pull requests

AT A FE 1 R TR A SRS G ZERTEMETT K AT RBILE, IRATREIR A X AR :
Wi H Fr & Al REA R A — M Z 2RI, IREA pull request RIFE IR AL AL, A TR:
EIRETE R S H RS T,
This involves the following steps:

L AR QBT fork 5 2. afEiX

A fork ; 3. FERIEEER_ERIE—AN 5
X;
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5.7.90%

5.7 0%
it branch , VRATCACR BT H oA SR 78 2N IR
BAIBAE main 593X FE—S0

Cmd >> cat firstfileOut >>foo

Cmd >> git statusOut >>0On branch main

nothing to commit, working tree clean %%ﬁ]%?“ﬁ\j{#F, &Rz,

BANCIE T — NN dev BB STFUIREIE t

git branch dev
git checkout dev

X AIEAHFERIAE,

Cmd >> git branch dev && git branch -a

Out >>

dev

* main

Cmd >> git checkout dev && git branch -a BE— MRS,
Out >>

Switched to branch 'dev'

*x dev

main

BATHATHEL, FRENHER RN HHT >
Cmd >> cat firstfileOut >>foo
Cmd >> echo bar > firstfile && cat firstfileOut >>bar
Cmd >> git statusOut >>0n branch dev

Changes not staged for commit:

(use "git add <file>..." to update what will be

—committed)

(use "git restore <file>..." to discard changes in

—working directory)modified: firstfile i&ﬁﬁﬁaﬁﬂ:;{%;ﬁ\:*ﬁi&@] dev ﬁj\gzo

no changes added to commit (use "git add" and/or "git
—commit -a")

Cmd >> git add firstfile && git commit -m "dev changes"
Out >>[dev b0O7cd2e] dev changesl file changed,

1 insertion(+), 1 deletion(-)

Victor Eijkhout
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5. Sourcecode controlthroughGit

GUERBATYIIEA] main 7332, —YIERFIFAIEIE dev 735 —HE,

Cmd >> git checkout main && cat firstfile && git status

Out >>Switched to branch 'main'fooOn branch main
| BN YAN = AR
nothing to commit, working tree clean 7 [ ﬁjfi’f)}l%{%?j‘z:’xo

The first time you try to push a new branch you need to establish it upstream:

git push --set-upstream origin mynewbranch

We can inspect differences between branches with

git diff branchl branch2

Cmd >> git diff main dev

Out >>

diff --git a/firstfile b/firstfile
index 257ccb6..5716ca5 100644

--- a/firstfile AR DK EE 7 57 2 R 22 5

+++ b/firstfile
00 -1 +1 @@
-foo

+bar
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5.7.90%

5.7.1 3% &7t
WA D — D B REREE N Ll —S TR G, BeliléaHt.

AT Z BRI T SRR,
Cmd >> cat fourlinesOut >>1234

Cmd >> git statusOut >>0On branch main

nothing to commit, working tree clean

F SR EATHY

FREURT, FRATAE— dev D XBEZXENE
&ﬂ]ﬂ]*ﬁ%@ main ﬁfi#iﬁf?%ako Z\lZﬁ: dev ﬁiEPXﬁJWLO

Cmd >> git checkout mainOut >>Switched to branch 'main'

Cmd >> sed -i -e '1s/1/one/' fourlines && cat fourlinesOut >>one? T:E%Mi’, 3{%‘

1225 one, 34Cmd >> git add fourlines && git commit -m "edit line 1"Out >>
[main c51d4ff] edit line 11 file changed, 1 insertion(+), 1 deletion(-)

BATIHE] dev 73>OFFAIES — DX, T R E SIS A X B,

Cmd >> git checkout devOut >>Switched to branch 'dev'
Cmd >> sed -i -e '4s/4/four/' fourlines && cat
—fourlinesOut >>1 2 3four

Cmd >> git add fourlines && git commit -m "edit line 4

E%‘l-f?, ){%4 Eﬁﬁy fours .[H:E
BEE S — IR ERUE I, At
w AN R,

Out >>[dev dbb0c03] edit line 41 file changed,

1 insertion(+), 1 deletion(-)

YR main 533, FAUEM

git merge dev
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5. 181 Git AT IR

'[% dev EI’JEE&/E.\#%U main ':F'o

Cmd >> git checkout mainOut >>

Switched to branch 'main'

Cmd >> git merge devOut >>

Auto-merging fourlines

Merge made by the 'recursive' strategy.

fourlines | 2 +-1 file changed,

1 insertion(+),

1 deletion(-)

Cmd >> cat fourlinesOut >>one?2 3four

GUERMI DT R R R —ATEAEAR TIERT T 3k,

Tremoie repo

local repo

git add filename

WOrKing direciory

it push origin master

git commit -m "message"

Index

gt merge ¥ dev 5332 &I %
main 7%, & ‘auto-merge’

HE, FHISFRIPAD B,

git KIETEGFH, EBFTEBE 5.0.4 TG E I,

remote repo remote repo
hg push it fe
Tocal rep local repo
hg commit -m "message" git pull [origin] git merge origih/r
WOTKINg direciory WOrKing director

5.1 RAMELGINEEEREeE () ; REOHZREA M ER e

(RES P (right).
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5.8. ®KAfi

5.8 kAi

At certain point in your development process you may want to mark the current state of the repository
as ‘finished’. You can do this by

LK tag FEINBMRRD QRERTIRES, B0 2. BIEE—1 archive: —PEXRBRULQERE
BHIRATRRAR

5.8.1 Tags

A tag is a marked state of the repository. There are two types of tags:
L REFIREAL BRI F S :

git tag v0.09

2. HERRIURREE, WS EN A age:

git tag -a v0.1 "base classes finished"

VRF git tag HVHFTEIRY, F git show vo.1 JREUREE R, H

git push origin vO0.1

RAT AR BA R an 2R 2R A0S & FEHUAR S IR :

git checkout v0.1

HEFE, R MBS TTEER R T X2 “ 28I HEAD” IR GHRIRAEEREAR
S MBEWIR, AT RS

git checkout -b version0.2 v0.1

5.8.2 Ik, %A
GRERIEAEHIE— DRI PEEAMKIT git AT ZMRA, 1HEEH archive A4

git archive master --format=tgz --prefix=MyProject-vl -o MyProject-vl.tgz
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96 %

P PEfOSL: BLAS, LAPACK, SCALAPACK

ARTRIIEH TR E&M B B2,

PARLMEAEL, BITERMERE P DA B T AR (SRRERERMEREUEN; 2
HPC 158, %5471, DAL PETSc BREHATHREHFE, & 7)) CEbREL A KA AL,
HEABRER =PRI EA KR TR (BLAS) EX:

« B 190 T DR EIER N FRHERI A EBRIE [13],
BB 2908 T RERE - MRIRE, B EHERE - mESRAME R =ARGORE (7],

- Level 3 & LT HERE - FERFERAE, S i2Rafs - ZEFEsRf [o].
‘BLAS’ RXAMEIREOR T —EREREMAYE, ERVEERIEL [13] XEFRP RS
HERLNEEL AR SRR E MRS [R5

FETIX R AR, ety A EE RN, GRSt RS, st RRHEEEE
fHo Linpack:i ® Eispack i FRIXEARFIE UL, 725IEH T Blas Level 1 #1 Blas Level
2, JaRMIKE, Lapack fEMT Blas Level 3 [y Hu4(E, 1IEARTE HPC book, % 1.6.1 TifhE
1y, XN FHEETEEN CPU B EMERER L EN,

#8115 BLAS 952523 https://netlib.org/blas/index.html FRTEETHRFE LIRHR
FRIMERE; RZHTEHA ARSI, Bl Intel B MKL &,

BEE AT ENI B, BTN R Lapack IREAZ R NI EIINE, REXRNZ
Scalapack [4, 2], PLapack [23,22], PASEIEY Elemental [19], X2H1LE Lapack BEAE(FH,
NFEYEIEIA G ; I HPC book, % 7.2.3 17f1 HPC book, % 7.3.2 7, XEIBNTAMIE

e,

1. The linear system solver from this package later became the Linpack benchmark; see section HPC book, section 2.11.5.
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6.1, —L— R LB

6.1 —LE—f% M eH
6.1.1 The Fortran heritage
B BLAS fBIf2 2 H Fortran wE R, SE LA E Fortran, KFitt, GEAZFREHEE E L
E%| Fortran HHIBIFEE L, BJPAM C/C++ FEFHIEM Fortran #ilfE:
B HFELE Fortran ZAREERINT FXIZ;
EHREERREPEE DRSS, 10 mkl.h;
« BISHEFERZ ‘star’ S, REARBERIETHTR: RFEEEIED &ML,
o VRFFEQIE— DI TR,
E C/C++ !
. C B FREIEEJR MR FRETI_E cblas_ SRIZR; B0 dasum ZZA% cblas_dasum,

« Fortraem SAPESR WG B HUR, B4 CblasNoT

Cblas 2 ABESCRATIRLAME, MSHyILIere s,
- BRI 1IHER, TARM 0 THAR); XEZ/EHIREEMIEE pivotindices I EIRHK,

6.1.2 filfdnf

Routines conform to a general naming scheme: XYYZZZ where

X KSIE: s,0,c,2z lRERPNGEAMAIUGE, HAFEEBAAEGEE LR YY FE%: EH
Y. =M. Wik, ZZZ 15, HEUNFMIIE,

6.1.3 BhEtgX

Lapack #1 Blas ff FH 2 /¥t =X, 44

GE B : DL 4efEN1F 5 A(LDA,*)SY/HE XfF5 / JEK: @AM, urLo S2EUH TR
L=/~ =/A (fFla0 SPOTRF ) GB/SB/HB JEH / MR / JE KK, iXEes XY 27 70;
{E SGBTRF HH T F T AR E R L

PB MAREEKIEEHR; 1£ SPDTRF HICHSM L

6.1.4 Lapack #4%

XF Lapack, FBATA]PARBIRRIE— K153 0 =N B IRIIH 5 -
- WENFRF, XLERH TR RRSIT AR RESHE (SVD) FREISEKTUEFIRE,
BRSPS TR ; LRI EA T mIEUEE 24,
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o TFEAIRE, XL EMEKSERFGIRE, AR e RIE e,
. BB,
TRIGEFZIRLL X 452,
o LR RS IRBIEST . -sv (54N, DGESV) KfE AX =B, HHLU GifiExon) #EEm A, H
X B, ERWNER: -Svx G ERM, KOG, sult, 9
« BN SRAE, WKENFET: xGELS TEIMFRMERIE A QR 8¢ LQOxGELSY
“RRIERMR” xGELSS {# ] SVDxGELSD #4374 SVD (P, {H
It xGELSS FFEHZ T/EZSH) HBAh: LSE & GLM ZMtFERAH & X
LRy

 FHIEEFIFE, XFR/JEK: xSY 5% xHE (% sp, sB, ST) fH#
WREFEF -EV ERWINEF -EVX 2MA -EVD MR f#R -EVR 18
i ({X xGE) Schur 73fi# -ES M1 -ESX RHIE(E -EV I -EVXSVD
(X xGE) faiSIXFEEF -SvD 7776 SDD ) XOW#R (Sy 1 HE; SP,
SB) TREAIKSIEET oV EFR GUx 4ME 6vD IEXHR: Schur: fAj#
GGES, &% GGESX FHF{H: ¥ GGEV, ¥% GGEVXsvd: GGSVD

6.2 BLAS YEFe1Efik
SETRERETE BLAS #1 LAPACK g AR, BJLAEERE o

6.2.1 B &5l
T IXLEFERIET Fortran 3885, RILENIERET 19R5]. £/ C/C++ FESHHFARA
BRI RS BN A =2 20% 00, Flan LU s FoeiIiiE.

2. BT EATHETIRAF i
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6.3. TEREM]T

Logical: Physical:

(1,1 (1,2) (1,71) (2,1)(3,1) we  (1,2)
2,1
31

K 6.1: Fortran HHEUAHIIA F1FE,

6.2.2 Fortran ¥ X%

BT REAAER e, R ER YRR AR O AN B, Fortran 1B M 5| £
fefik, HNR—FIRTTRESAFE; WE 6.1, RWHARER MR N “ RADRSIZRER " .

H—Jim, CIES ISR TR f5IH,

6.2.3 FXEFEM LDA 8L

M BIREETT SR, v DAERHAIEUTTR — mxn JEMEFRETE mn NGBS, AW, T2
TEOT, TR EVIR S —DERIEMER TR, FORTEE 6.2 RERIF, XFERFIIENES
AHBESI, #RXFERATTEZTIAE =128, BRT M8 25 BT Lda By A
SRR, RISMNEEEH D ORI — N, XTEE 6.3 AFTHH, ERTIUEIBSHIE, IR
A DUXRHEE

call routine( A(3,2), /* M= x/ 2, /* N= %/ 3, /* LDA= */ Mbig, ... )

6.3 TEREM &
BLAS 1 LAPACK FIfR A2 — ML EnvbrifE: API @R, HEMARZ, RA]PALE netlib
MG (netlib.org) EIRFISFHLHY, (HIXLLSLHIRMERESIER K,
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Logical: Physical:
(3,2) (4,2) (3,3) (4,3)
(52
(4,2) (4,4)
M
6.2: —MERIEREHRFIR,
Logical: Physical:
(3,2) (4.2) (3,3) (4,3)
“—>
M=2
LDA=Mbig "
wezl B
(4,2) (4,4)

LDA=Mbig

% —J7H, Y% LAPACK BIRER] DAL TAEFE - JEFE5RF ( BLAS BiIfE gemm ) , RE HPC 1555
741 TR, EHEIEENEEERRIRAR -0 N 7 EBIX—5, R, Fln

« MKL, JeRi/REARROIE;
- OpenBlas (http://www.openblas.net/), JRIA Goto BLAS FIFFIRRRAS; B
« blis (https://code.google.com/p/blis/), —/> BLAS &MY EIiH,
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Figure 6.3: A subblock out of a larger matrix, using LDA.
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6.4. —LEfRIEAYH T

6.4 —LL{H B
LEFRATRE — L BB
I xscal WEHEZERL— AR,

! Fortran

subroutine dscal(integer N, double precision DA,
double precision, dimension(*) DX, integer INCX )// C
void cblas_dscal (const MKL_INT n, const double a,
double *x, const MKL_INT incx);

— MR BT

// examplel.F90
do i=1,n
xarray(i) = 1.d0
end do
call dscal(n,scale,xarray,1l)
do i=1,n
if (.not.assert_equal( xarray(i),scale )) print *,"Error in index",i
end do

CIEE FRIMAS !

// examplelc.cxx
xarray = new double[n]; yarray = new double[n];

for (int i=0; i<n; i++)
xarray[i] = 1.;
cblas_dscal(n,scale,xarray,1);
for (int i=0; i<n; i++)
if (lassert_equal( xarrayl[il,scale ))
printf("Error in index %d",1);

-

fim
il

2B E - TMEESE, NT xscale Kii, X

// example2.F90

JE—"1MSE:

integer :: inc=2
call dscal(n/inc,scale,xarray,inc)
do i=1,n

if (mod(i,inc)==1) then
if (.not.assert_equal( xarray(i),scale )) print *,"Error in index",i
else
if (.not.assert_equal( xarray(i),1.d0 )) print *,"Error in index",i
end if
end do

HEFE - I ERIRB xgemv WHINE y « aAx + fy, MAZ y « Axo FFERRGH MN KNhS
B—D 280 W 488, AUERTREMREE, MNRERE - MRS,

subroutine dgemv(character TRANS,
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integer M,integer N,double precision ALPHA,double precision,

dimension(lda,*) A,integer LDA,double precision, dimension(*) X,

integer INCX,double precision BETA,double precision, dimension(*) Y,

integer INCY)

ZBIREHE FIR B -

// example3.F90

do j=1,n
xarray(j) = 1.d0
do i=1,m
matrix(i,j) = 1.d0
end do
end do

alpha = 1.d0; beta = 0.d0

call dgemv( 'N',M,N, alpha,matrix,M, xarray,l, beta,yarray,1)

do i=1,m

if (.not.assert_equal( yarray(i),dble(n) )) &
print *,"Error in index",i,":",yarray(i)

end do

AR CIEERBIFA —MUMISE, HATHRERER DT PR E P74

// example3c.cxxfor (int j=0; j<n; j++) {xarrayl[j]
for (int i=0; i<m; i++)matrix[ i+j*m ] = 1.;}alpha
cblas_dgemv(CblasColMajor,CblasNoTrans,m,n, alpha,matrix,m, xarray,l, beta
yarray,1) ;for (int i=0; i<m; i++)

if (lassert_equal( yarrayl[il,(double)n ))printf("Error in index %d",i);
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beta = 0.;
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Scientific Data Storage with HDF5

EEEBARAEFZITIR, Rl B A EREEE, © ANRIFHE, R2E NKEIRFIEER T
Kigh, RaSHNTHHIESEHIRMF 2 EATRY ascii XfF, FHIEHEAMA EEITE OHEH
HMRERF) BEWBHIIRBOX S, AR IR AE 215 T AR R IR PR Y :
:% %;?EI’J ascii FoR b FIRZSRIZAR T IR —3ERI RS, BAEEOLR, RS/ NRERI N R AR—FF
o FeHih ascii M ascii L HARRIE; XAl RESFBURE R,
BRI, AR SN B T . X —DE RS OEE — LM K

« BT HRIEBEARFERIATREFAEER, — DRSNS 2 ATk, filin,
X AT ARG LIEAE R SR/ N A B A=A TR TR, DA 32 5 64 At L E 22 5%,
o NIRRT DUR A, AR, TR AR, FARNOLT, PR X EEE R A i,

o N FHEAE MR AN, IXFREERG R Y TR AT S 2R,
« XFRRARAT R BRI, WERIRESXIFHTEE 7 — MERMEM— DM aumAE, AR

TR R B 2R, TR AE, DUAOXERNRITRD, ARIZZ4?
REFERHAN G R IX L EOR ) HDFS . HDF5 2 — MK HERNE, FIHABRE W S
N, BZERIESM http://www.hdfgroup.org/HDF5/, TEMATARLRER, TELRFFNYIASHT
FF, Vil http://www.hdfgroup.org/HDF5/doc/ BY
http://www.hdfgroup.org/HDF5/RM/RM_H5Front . html PAIREUGIRE M HERGIE S,

7.1 Setup

an_LFrid, HDFS 2 —fStlas ook H B BRI 8, 840 HDFS SXAFRIGHSEIT B, 5
T H SRS KRR Ml X IREIREE R PO 5 | EER A 2 R R H AR SF AR A AL B R E A
AR, 1Eitt
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7. i HDF5 #ITR 28R FE

ARSI G R UG AR HDFS SCff, N TR E AR SR & BTN, &R AMEam1T1EH
h5dump T.H,

EXTHAMVIH—T, HDF5 R 5IHRA HDF4 R#HEE, FECAEF L, EIRTRER F 5
FIBZN(FEAH hdf4 B, ABREET HDFS AR 1.6, HRITRA 1.8 —LE2 THSML,; &%
£ 1.8 M fEH 1.6 API, TBEERIGRIFEITHIRIIARE -DH5_USE_16_API ,

7.1.1 i
CIBS &

#include <netcdf.h>

CMake for C:

find_package( PkgConfig REQUIRED )
pkg_check_modules( NETCDF REQUIRED netcdf )
target_include_directories(

${PROJECTNAME} PUBLIC${NETCDF_INCLUDE_DIRS} )
target_link_libraries(${PROJECTNAME} PUBLIC
${NETCDF_LIBRARIES} )target_link_directories(
${PROJECTNAME} PUBLIC${NETCDF_LIBRARY_DIRS} )
target_link_libraries(

${PROJECTNAME} PUBLIC netcdf )

Include for Fortran:

use netcdf

CMake for Fortran:find_package( PkgConfig REQUIRED )

pkg_check_modules( NETCDFF REQUIRED netcdf-fortran )
pkg_check_modules( NETCDF REQUIRED netcdf )
target_include_directories(${PROJECTNAME} PUBLIC
${NETCDFF_INCLUDE_DIRS})target_link_libraries(
${PROJECTNAME} PUBLIC

${NETCDFF_LIBRARIES} ${NETCDF_LIBRARIES})
target_link_directories(${PROJECTNAME} PUBLIC
${NETCDFF_LIBRARY_DIRS} ${NETCDF_LIBRARY_DIRS})
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target_link_libraries(
${PROJECTNAME} PUBLIC netcdf )

7.1.2 @it
% HDF5 BIEE RN R XA, BdRBEPrIRIE, $5%5, HERIELR

hid_t h_id;
h_id = H5Xsomething(...);

) B da TR OV o BB A T 1

#include "hdf5.h"

#define HSREPORT(e) \
{if (e<0) {printf("\nHDF5 error on line %d\n\n",_ _LINE__); \
return e;}}

HREHME: #include "myh5defs.h"hid_t h_id;
h_id = H5Xsomething(...); H5REPORT(h_id);

7.2 Creatinga file
B, BANFEAE—D HDFS XfF,

hid_t file_id;herr_t status;
file_id = H5Fcreate( filename, ... );...

status = HS5Fclose(file_id);

ZAEREN 2 D EARI A dR, A7 T EEUE T

Exercise. [N ZRIFHIZIT FHEAY create.c IR AIE — HDF5 X,

Expected outcome. A file ile .h5 should be created.

Victor Eijkhout 131



7. i HDF5 #ITR 28R FE

Caveats. Be sure to add HDF5 include and library directories:

cc -c create.c -I. -I/opt/local/include

and

cc -o create create.o -L/opt/local/lib -1hdf5. The include and lib directories will be
system dependent.

#include "myhbdefs.h"
#define FILE "file.hb"

main() {
hid_t file_id; /* file identifier */
herr_t status;

/* Create a new file using default properties. */
file_id = H5Fcreate(FILE, H5F_ACC_TRUNC, H5P_DEFAULT, H5P_DEFAULT);
H5REPORT (file_id) ;

/* Terminate access to the file. */
status = H5Fclose(file_id);

fRA] ATE AR 4T £ BoR hdf5 SCff:
%% h5dump file.hSHDF5 "file.h5" {
GROUP "/" {}}

R, XXX R TRAOR 7 BAERT B SR AR,

7.3 Datasets

BRBANCE MRS, RGP — D 4ERts, viiid e, T1E o EmE — MR
dims[0] = 4; dims[1] = 6;
dataspace_id = Hb5Screate_simple(2, dims, NULL);
dataset_id = H5Dcreate(file_id, "/dset", dataspace_id, .... );....

status = H5Dclose(dataset_id);status = H5Sclose(dataspace_id);

TBER, datasets fl dataspaces FRE XM, WG XH—FE,

Exercise. JE41FFFIE1T FHEMY dataset.c {UHRAIE—/ dataset
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AR, XEAE— N dset.h, AJPAA h5dump TR,

#include "myh5defs.h"#define FILE "dset.h5"main() {hid_t file_id,
dataset_id, dataspace_id; /* identifiers */hsize_t dims[2];
herr_t status;/* Create a new file using default properties. */

file_id = H5Fcreate(FILE, H5F_ACC_TRUNC, H5P_DEFAULT, H5P_DEFAULT);
/* Create the data space for the dataset. */dims[0] = 4;dims[1] = 6;
dataspace_id = Hb5Screate_simple(2, dims, NULL);

/* Create the dataset. */

dataset_id = HbDcreate(file_id, "/dset", H5T_NATIVE_INT,dataspace_id,
H5P_DEFAULT) ; /*H5T_STD_I32BE*/

/* End access to the dataset and release resources used by it. */
status = H5Dclose(dataset_id);

/* Terminate access to the data space. */

status = H5Sclose(dataspace_id);/* Close the file. */

status = HS5Fclose(file_id);}

BATEHAELE R OERI S %% h5dump dset.h5

HDF5 "dset.h5" {GROUP "/" {DATASET "dset" {
DATATYPE HS5T_STD_I32BE

DATASPACE SIMPLE { ( 4, 6 ) / ( 4, 6 ) }DATA {
(0,00: 0,0,0,0,0,0,(1,0): 0,0,0,0,0,0,(2,00: 0,0,0,
0,0,0,(3,00: 0,0,0,0,0,0}}}

Victor Eijkhout
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Bl XS TR ENBARNEFER. A, ErTRECRRIECIR RS, flad, R
YA REFRHL, AA] DUl e 2 A A 84 5,

parmspace = H5Screate(H5S_SCALAR);
parm_id = Hb5Dcreate
(file_id,"/parm" ,H5T_NATIVE_INT,parmspace,H5P_DEFAULT) ;

%3, B HIFEHIBIT EL parmwrite.c VRS, [A] HDFS SCAERIN— MR @ EdE A,

AR, — NI XM wdset.h5 #iAIE, #define FILE "pdset.h5"

main() {hid_t file_id, dataset_id,
dataspace_id; /* identifiers */hid_t parm_id,parmspace;
hsize_t dims[2] ;herr_t status;

/* Create a new file using default properties. */

file_id = Hb5Fcreate(FILE, HS5F_ACC_TRUNC, HS5P_DEFAULT, H5P_DEFAULT);
/* Create the data space for the dataset. */dims[0] = 4;dims[1] = 6;
dataspace_id = Hb5Screate_simple(2, dims, NULL);

/* Create the dataset. */dataset_id = H5Dcreate

(file_id, "/dset", H5T_STD_I32BE, dataspace_id, H5P_DEFAULT);

/* Add a descriptive parameter */parmspace = H5Screate(H5S_SCALAR);
parm_id = H5Dcreate

(file_id,"/parm" ,H5T_NATIVE_INT,parmspace,H5P_DEFAULT) ;

/* End access to the dataset and release resources used by it. */
status = H5Dclose(dataset_id) ;status = H5Dclose(parm_id);

/* Terminate access to the data space. */

status = H5Sclose(dataspace_id) ;status = H5Sclose(parmspace);

/* Close the file. */status = HbFclose(file_id);}
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%% hbdump wdset.hBHDF5 "wdset.h5" {GROUP "/" {
DATASET "dset" {DATATYPE HS5T_IEEE_F64LE
DATASPACE SIMPLE { ( 4, 6 ) / (4, 6 ) }DATA {
(0,0): 0.5, 1.5, 2.5, 3.5, 4.5, 5.5, (1,0): 6.5,
7.5, 8.5, 9.5, 10.5, 11.5, (2,0): 12.5, 13.5, 1
4.5, 15.5, 16.5, 17.5, (3,0): 18.5, 19.5, 20.5,
21.5, 22.5, 23.5}}DATASET "parm" {

DATATYPE H5T_STD_I32LEDATASPACE SCALARDATA {
(0): 37}}}}

7.4  Writing the data

TREVERIEIRRAE hdf5 SR T 23R, IREIRFR RSP BRI A, IX/2EId HeDwrite TAME
R,
/* Write floating point data */
for (i=0; i<24; i++) datali] = i+.5;
status = HbDwrite
(dataset,HST_NATIVE_DOUBLE,H5S_ALL,H5S_ALL,HSP DEFAULT,
data);
/* write parameter value */
parm = 37;
status = HS5Dwrite
(parmset ,H5T_NATIVE_INT,H5S_ALL,H5S_ALL,H5P_DEFAULT,
&parm) ;

#include "myhbdefs.h"
#define FILE "wdset.h5"
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main() {hid_t file_id, dataset, dataspace; /* identifiers */
hid_t parmset,parmspace;hsize_t dims [2] ;herr_t status;
double data[24]; int i,parm;

/* Create a new file using default properties. */

H5Fcreate (FILE, H5F_ACC_TRUNC, H5P_DEFAULT, H5P_DEFAULT);

/* Create the dataset. */dims[0] = 4; dims[1] = 6;

file_id

dataspace = HbScreate_simple(2, dims, NULL);dataset = H5Dcreate
(file_id, "/dset", H5T_NATIVE_DOUBLE, dataspace, H5P_DEFAULT) ;

/* Add a descriptive parameter */parmspace = H5Screate(H5S_SCALAR);
parmset = H5Dcreate

(file_id,"/parm" ,H5T_NATIVE_INT,parmspace,H5P_DEFAULT) ;

/* Write data to file */

for (i=0; i<24; i++) datal[i] = i+.5;

status = Hb5Dwrite
(dataset ,HS5T_NATIVE_DOUBLE,H5S_ALL,H5S_ALL,H5P_DEFAULT,
data); HS5REPORT (status);

/* write parameter value */

parm = 37;

status = Hb5Dwrite
(parmset ,H5T_NATIVE_INT,H5S_ALL,H5S_ALL,H5P_DEFAULT,
&parm) ; HSREPORT (status);

/* End access to the dataset and release resources used by it. */
status = HS5Dclose(dataset);
status = H5Dclose(parmset) ;

/* Terminate access to the data space. */
status = Hb5Sclose(dataspace);
status = H5Sclose(parmspace) ;

/* Close the file. */
status = H5Fclose(file_id);

%% h5dump wdset.h5
HDF5 "wdset.h5" {
GROUP "/" {
DATASET "dset" {
DATATYPE H5T_IEEE_F64LE
DATASPACE SIMPLE { (4,6 ) / (4, 6 ) }
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DATA {(0,0): 0.5,1.5,2.5,3.5,4.5,5.5,
(1,0): 6.5,7.5,8.5,9.5,10.5,11.5,(2,0) : 12.5,
13.5,14.5, 15.5, 16.5, 17.5,(3,0) : 18.5,19.5, 20.5,
21.5,22.5, 23.5}}DATASET "parm" {
DATATYPE H5T_STD_I32LEDATASPACE SCALARDATA {

(0): 37}}}}

[13

QRIRFMEF TR IR, IRSBREERRAAION “native” |, {HERN LE
native” FERAMHHEHERTIERIMGBAER C 5 Fortran B, 803, RA] DABHRRS B &0
B/NEIE R R, IXEARIERNR 7 BERIH 7 A A TR RIHESINE . R BERA /N, 4n
IRIERRAE R A L, EERERRIRE, IBM A,

7.5 B
MERMNEEE TEES RIS, AT THRERIRGE 2 WIZSFRR, EAmSRE

h5file = H5Fopen( .... )

HS5Dread( dataset, .... data .... )

Hr H5Dread miLMISEIEGX N H5Dwrite HHIA,
25, BEmIFHIBIT FNEM allread.c R, MRERT—DNESIPOIER wdset.hs XA EZEEHE,
WHALE R, 1B1T allread AJHUTEEFTENSENIME 37, DANEEHAH 8.5 MIEHES1E,

EREM, WRIREBT parmwrite KOS A S, #include "myh5defs.h"

#define FILE "wdset.h5"main() {hid_t file_id, dataset, parmset;
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herr_t status;
double datal[24]; int parm;

/* Open an existing file */
file_id = H5Fopen(FILE, H5F_ACC_RDONLY, H5P_DEFAULT);
H5REPORT (file_id) ;

/* Locate the datasets. */
dataset = H5Dopen(file_id, "/dset"); HS5REPORT(dataset);
parmset = H5Dopen(file_id,"/parm"); HS5REPORT (parmset);

/* Read data back */

status = HbDread
(parmset ,H5T_NATIVE_INT,H5S_ALL,H5S_ALL,H5P_DEFAULT,
&parm) ; HS5REPORT (status);

printf ("parameter value: %d\n",parm);

status = Hb5Dread

(dataset ,H5T_NATIVE_DOUBLE,H5S_ALL,H5S_ALL,H5P_DEFAULT,

data); HS5REPORT (status);
printf("arbitrary data point [1,2]: %e\n",data[1%6+2]);

/* Terminate access to the datasets */
status = HS5Dclose(dataset); HS5REPORT(status);
status = H5Dclose(parmset); HS5REPORT (status);

/* Close the file. */
status = HSFclose(file_id);

%% ./allread
parameter value: 37
arbitrary data point [1,2]: 8.500000e+00
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98 &

17 1/0

HAT 1/0 B — DTG, (RA] AZRILAT A BRG] S A — D, sE NSRS —
MARIGHEEFF. ERIRRIGIZE S FIPRETLHIN, AN EE:
- EMENEH U RGRIERE L, AR SFRIME— 757

Lk BN B A %S A
- NEPNHBRT P XXFRERME], H - IREE—DECHEINA; - R AEHREX

&gt L (B0 Lustre) , WISFZHSMI LI ENTCERER, - RXFER=ZFRS
E, BN ATRER AT ERIRS de i R dH,

- EHEXXHRGL, FrE AR TR — SR IRE S S
BRERE, WREMERNBIRE TS, XAl RESRIARE,
iR ER G — A

// pseek.c

FILE *pfile;

pfile = fopen("pseek.dat","u");
fseek(pfile,procid*sizeof (int) ,SEEK_CUR) ;

// fseek(pfile,procid*sizeof (char),SEEK_CUR);
fprintf(pfile,"’%d\n",procid);

fclose(pfile);

MPI A H B CHAIE 1/0: MPTT/O, 1¥ULEE™ ParallelProgrammingbook, chapter 10,
B, ATDMERIE hdfs ZKHE; S 7,

For a great discussion see [15], from which figures here are taken.

8.1 Usesequential /0

MPI #EREA] AT H U R REMAERAE, CRFTIT SO, R BAIHH1T 1/0 B 840 MPI #E
T E ORI, N T B IES AR,
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8. 347 1/0

o VREEH MPI_Comm_rank RANME—AISCHF4, B
o IRERAMSFERSE, EHZ /top, XN NHRREMER, 56538 20X R ERHRAURME /Y,

XTI, SEPR BT ERRER AT A TIT R —N s, (EN T BOR XN EIERT, IR 2 —R S,

8.2 MPI1/O
(B THRRE, B 10 PRITNET MPL IO, JX iS5 MG T A S,
HELAAT T RS NEITT . X — MR, B EE R — M SE Unix X

8.3 Higher levellibraries

4N NetCDF 8%, HDF5 ( 258 7 %) WEAMHLEE MPI I/0 B LH:
o XHRIDABERERGTCRM, THER TR INm 75 Al i 4E
. X BEBEARN: ENESHRENERTTEEE,
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O H

{#/ GNUplot £

gnuplot TRZ— A TLE s EXBANE LR, AEERERRECRT—LEMAIR, A
Xk B Z 4Lk, ESRFM http://www.gnuplot.info/docs/gnuplot.html,

9.1 fEAIBLA

gnuplot MIPFNZITHRERER Ml AXth. FEREAMKT, MGV gouplot, #
A%, FHUG; SR quit Kib—MREREE, MREEEF R ARSI,
(T save "name.plt"c ZCPFAILASHIE, JEH load "name.plt M

AR E RN, & gnuplot <your file>,

T gnuplot HYfIHIA] DUR S BRI F, ] DU SRR EITES .
offi AN, BIIR T 23RHTIR B, EUAEILT, gnuplot RZFAZHI—KE F
v EE !

set terminal x11

B{ aqua, windows, BUFAAEEERTIEITERENT,
For output to file, declare

set terminal pdf
o fig, latex, pbm, ¥, EX, XRZIFH pdf a5 BIWRHISRE L RFEZH
set output "myplot.pdf"

s AR 75 AR E AT
gnuplot my.plt > myplot.pdf
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9. f#iH GNUplot L&

9.2 2K

HEARMLEMSZE plot AIT42E, splot ( “surface plot” ) HT =44,

9.2.1 £l ik
B =pcd

plot x**2

REFEN = f(x) = x*IE; gnuplot RHRE xHITEH,

set xrange [0:1]plot 1-x title "down",
x**2 title "up"

REAE—DNEPSREINDETE, x BEERHIE [o,1],, JFHERAMMKER, L& x LR R
UNIER
Re— DB T — P REERE —— SEENH, SHISEhk —— PBUT:

set parametric
plot [t=0:1.57] cos(t),sin(t)

XFFER— Dz — 13,

BHE—DEPLHZDEE, S set multiplot,

9.2.2 £HIEE

AT DAEE TR s tiliig, BEATEER plot 'datafile’, ‘B MEUHESCHHEIAIH1H AR
N (x,y) br. HTEFEFETE S 2580E, B HIEZRRHXEE 3 T 6 41

plot 'datafile' using 3:6 . FH—HHIREMFU with lines FERANANERIXLE

KA, splot "datafiledd.dat" 2:5:7 R =FIERNIEE =4EREN (x,y,2) LR,

GUSRBARES IR R A% LRI 8= 2 ME, (/] splot "matrix.dat"matrix RZAMIEHER; F
H

split "matrix.dat" matrix with lines

9.2.3 Customization

EZRA] U@ 2 M7 ST BE . Hh—EHE R T set and, B4,
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9.3. LIEifE

set xlabel "time"
set ylabel "output"
set title "Power curve"

YRR AR set style function dots HIX
FINLEFE

(dots,lines,dots,points, FHE) ; BE A
plot f(x) with points TEHME LEEHK

9.3 TR
BIRIREVRESA R T — MRELHI SRS, I HARE R 2 M IBT TR, R EEESH
EMLIREAT 7o Gnuplot A B A REOXFERITHAE, (EEB—LE shell Zif2, XHAMELI,

B R A EdE S A

datal.dat data2.dat data3.dat

I HARAEHAMHER gnuplot a2l e, IRA] PAGIHE— S plot.template:
set term pdf

set output "FILENAME.pdf"
plot "FILENAME.dat"

FATHY FILENAME A] DARISERRAUSCAFEE L, BIANEER] sed:

for d in datal data2 data3 ; do
cat plot.template | sed s/FILENAME/$d/ > plot.cmd
gnuplot plot.cmd

done

XEA B ARZZN,
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10 %

KT gmbis s itk

RE, alRER R TIRRIN R, SRR RARRIBEIET N AT E TR, EATH, AR
P A A EIR, B, BATRER TR ERIEOR, £ F—FH, &TH
eI, BERRHBIARREETRE, EXEHIREE R,

10.1 Btk fe
AR — L BRI IRt R A AT RTRENE, BRI EN IR TN BB RTREMERTHROR, 3K
MR Z AP gRAE

BEARIEEH R B E 2%, RIHFRRIERmSN FIRE] H Q20 e 1 ST 2 — D
fifi%. H—" RIS M TR RGN CENIRE 7 R RS, kA B ZEHA
B, XET AR —E R e H A T ik :

. RS, W Make. Scons. Bjam ; ZULEE 3 15,

- fEH Git TR ER; W% 575,

o [EYAIEAN Ay FuO iy it (BRoeiillist)
HABNTKREBEBBITNE2MERE, BINEARE AR AT RERA MIZ A A A TE

10.1.1 i &

FEREFP AT REHEE IR O, BRATAT A R MR, IR SRR EEANIZ R ERFEE, X
FRGUZH IR BORTR: BRI — o, (BXXAEE, ROVH P EARIRIAAR, X
ERFE AN EE T, HMERATRER A RAIZR, Hlans &R,

H—77H, BFEPE bug BN EREEENEL. SR, XEE &K B RER
FFRIERE" . Bug BEA DA “ HENUEZMIREREME, A —ERIMEZENE"
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10.1. Byt

Wirs TR AR ki BERFRE DA ENIZOVERIER, Hit, B KBeEmwErx
HRWS WA B E (D, WiEEH B IRmEES h—&iE0, BURTErE,; Wsk
Wi, R IRIETT,
—LEWr S 1R
- WRFEFE TS, RIFENBAHITRS | ZATNIALRSE0E o235,
o [AIRE, PRATDAMNAZNAS T BCRI RS2 S et
o QURIRH BIBUALSE RN LB R IE, BIANIRIEAE S — P AR ER,  HEE SRR
£ [-1,1] 1, PRECZIEZE MR A RSN S5 SRR,

W 5B R AR e ISR RN S P TrIRERUNT e . Bilan, asRIRE —1
SEORHIEHRESH, (RATDAGRE — DN EAA RN, FHAERS P TIZIN, 25 RAERR
Vi EHRES 2 )G

M EI@EAENRRN A7 RRATPHE, Ve AR AR EdE, R T, HR7E

T GRS, REEIT N RIRES S LR NI E W SHT AN, ZXEEREN s TR ARIE
R”.

10.1.1.1 CiE =+ assert &

CHRIBEER — "X assert.h, BT — assert() 7%, A assert(foo) FIRERITT: WHR foo
HE R, WEFREEIR EFTENZHER:

Assertion failed: foo, file filename, line line-number
H i RA N FH AR, XHBHTS; BEREFEL NEZE—PnRAl:

#include<assert.h>

void open_record(char *record_name)

{

assert (record_name!=NULL) ;
/* Rest of code */
}

int main(void)

{
open_record (NULL) ;

¥

A PUEIE E X NDEBUG ZZRZEEH assert 7%
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10. RAFHIZmASSEEL

10.1.1.2 Fortran #9¥i & &

(&t Robert Mclay #2 Lt )

#if (defined( GFORTRAN ) || defined( G95 ) || defined ( PGI) )

# define MKSTR(x) "x"#else# define MKSTR(x) #x#endif#ifndef NDEBUG

# define ASSERT(x, msg) if (.not. (x) ) \

call assert( FILE , LINE ,MKSTR(x),msg)#else# define ASSERT(x, msg)
#endifsubroutine assert(file, 1ln, testStr, msgIn)implicit none
character(*) :: file, testStr, msglninteger :: lnprint *, "Assert: ",
trim(testStr)," Failed at ",trim(file),":",lnprint *, "Msg:", trim(msgIn)

stopend subroutine assert

HA{E ASSERT (nItemsSet.gt.arraySize, "Too many elements set")

10.1.2 Use of errorcodes

fE—LEBK R (B40 MPL BE PETSc ) , 80 FREFHIIREI-INER, Z22MEE, 42— 1MSE,
I DHERBIRR AR BRI, BEIRIAA AT REHEE, REXEIRS IR RIFAI9WIE KR,

ERUEHRSENT AW IRE O FREF IR —MFER, LRI E DM UTHRERIE T R AR
AT Lo

float compute(float val){

float result;

result = ... /* some computation */

return result;}float value,result;

result = compute(value);
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10.1. Byt

BRRAE? R R ATRERCE 27, B4n:

result = ... sqrt(val) ... /* some computation x/ FK{T4N{a[4k
HH P& AREIE? float compute(float val){float result;
if (val<0) { /* then what? */} else

result = ... sqrt(val) ... /* some computation */

return result;}

BATAT AFTENEE IR G E IR MR ANEE R, (BEE AT REBURNG, RIS b AR B B A TE R

PARAIEHERIG: int compute(float val,float *result){

float result;if (val<0) {return -1;} else {

xresult = ... sqrt(val) ... /* some computation */}return O;
}float value,result; int ierr;ierr = compute(value,&result);

if (ierr!=0) { /* take appropriate action */}

YRAT DAY %M S #define CHECK_FOR_ERROR(ierr) \

if (ierr!'=0) { \printf("Error %d detected\n",ierr); \
return -1 ; }....

. . N
ierr = compute(value,&result); CHECK_FOR_ERROR(ierr); R TH&
KA TIE
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10. RAFHIZmASSEEL

C mist¥ies (CPP) HANEZR, ETHTFEEFENHIRRS . UNEPUGERIREM, EREHIR
RAERINE:

#define CHECK_FOR_ERROR(ierr) \if (dierr!=0) { \
printf ("Error %d detected in line %d of file %s\n",\
ierr, LINE__, FILE__); \return -1 ; }

ERZENUTHHIRER, ERM—PRE XEWE, TERIRARGHER XM IRAHEEMRTTK, 3
RGN, YRR 7EREATE M E, (£ Python IEEH, XIBHREWHEIRATIE, BoYEIZENER, )

10.2 Guardingagainst memory errors

TERVEIEIR, R ETIRIRK A RS, ALmiin S CRE AR, MHLES,
ATDABE, (IR E A R

PANE 2R S AR B,
« BEHIBSHNE Ao QIRHBIERI TR NEZ AN, BRI AT RES IR B S R SF IR TR H,
HHIZHE RN A Z RS, R AR Z I, ERBABIREAN X ER T X
MRS IR AT RERIN RIRBOZ L, ROVERTREBRA RN, BE U AETHR ARG I AIMATEHRE.,

o« BSOS LT NS REMER I, ROy el A2 I ERAEEeT, ARSI AR IRIE.

o FERIARAAMRIA I T A FAMNER,  IRERIN AR, XA R A —FPZ (R
RN ANEIR M BCRITEEE o XM PRI IR ATRER I A BRI T N, RIRETER
P NEE, EREARKEGEUERER, ERERRAERE, XRAJERR
NERMACEHN T, A A EETE N T, B, SRR AR ZREUE,
HEER2IRZ %,

AT — LB AR B Of B PN A IR EH IR ERATERIR

10.2.1 Array bound checking and other memory techniques
YL e, RN R SHSHERSTAMNE, S RIsfTITHE, Kit, &rTsEHE
FEARSEIMIART BOA TR0, s i A T R R R R A R (i A
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10.2. Guardingagainst memory errors

10.2.1.1 C
CIESHEYA, HENFE “4883=R 7 M EAFEPENTMRREE ERLEEE. Kit, Wi
EARHESTIN, BRAEFG Valgrind IXFERIHNE T B,

10.2.1.2 C++
C++ AU std: :vector IXFEMARE, FHOFKE:

vector<float> x(25);
x.at(26) = y; // throws an exception

H—T751H, CNXUEH x[26]1 FHITIHEKEE,
10.2.1.3 Fortran

Fortran #AH bt C B BE SRR, KItgw s 7 SR — D TS s TG SUS ERIbR S, T gfortran

ZIRESE -fbounds-check,

10.2.2 WAEit
GERREFIMAC 1 AE, EREEER TN ZNFRIRES, BIFRZEFFEARER. BERSR
INIXER S FIEAE TR, SERR EFFREEA, NIRRT Al RES BOTC A I E 0 AL A7 S,

FEMORBIF, BEAETRTEE R IR 7 AL :

for (i=.... ) {
real *block = malloc( /* large number of bytes */ )
/* do something with that block of memory */
/* and forget to call "free" on that block */

}

FUGERE S B —RAE, H—RERAPRECE IR M SRR T tha] DIESRAIER
PIEREEAT 72 Lo
WEERERE, X NAETE Fortran HERSGS, RS E@HIEREN, NFES B3R

BEMTETLMEMAFHIR: Valgrind . DMALLOC. Electric Fence, %7 valgrind, 2% 118
o

10.2.3 HE X malloc

2 REEIRE TR TN YA BFEATIERZIN, SHEEANTHARENNE,
HEGA T CERNIANGE, BAR—EYES ] DIEIs T TR, EX R REFHIZ
ITIREE, HIFRRIgRRE B CRINEER, —SZEM PETSc C442 45t 17158 malloc ;
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10. RAFHIZmASSEEL

RARXNIEE, IREANIZAMAE,  (gee JiEde A — DR ncheck, & XAE mcheck.h, HARLIIIRE,

WERARH CIESHE S, RAJGESHFIE malloc Al free MH:
int *ip;
ip = (int*) malloc(500*sizeof (int));
if (ip==0) {/* could not allocate memory */}
..... do stuff with ip .....
free(ip);

{RA] DUEIS #define MYMALLOC(a,b,c) \
a = (cx)malloc(b*sizeof(c)); \
if (a==0) {/* error message and appropriate action */}int *ip;

MYMALLOC (ip, 500, int) ; R{g/D>—LE4m N &

NN ITINGEE it iEast b fiths, @il valgrind 5 Rational Purify % TH)
AR ESL, (HRATEOEN S malloc Bl —LEDIRERAMPE VT 2 A, AT B Z A 2R EAR N7 BER,

BATED BT AT MM o LR CRmEARE 117, FHFEEHBRA— Dl IRBIEE
(56 2147H1%8 317) , PARMRITR/AN (5B 217) o REBANRIEHEAISLIRIE RN XIBRATEE G5 417)

#define MEMCOOKIE 137
#define MYMALLOC(a,b,c) { \
char *aa; int *ii; \

aa = malloc(b*sizeof (c)+3*sizeof(int)); /* 1 */ \
ii = (int*)aa; ii[0] = bxsizeof(c); \

ii[1] = MEMCOOKIE; /* 2 x/ \
aa = (char*)(ii+2); a = (c*)aa ; /x4 %/ \
aa = aatb*sizesof(c); ii = (intx)aa; \

ii[0] = MEMCOOKIE; /% 3 %/ \
}

MTEVRAT DASRE VR E LR free, BN RAYIA SR AMTE 5,

#define MYFREE(a) { \
char *aa; int *ii,; ii = (int*®)a; \
if (x(--ii) !=MEMCOOKIE) printf("object corrupted\n"); \
n = x(--ii); aa = a+n; ii = (int*)aa; \
if (*ii!=MEMCOOKIE) printf("object corrupted\n"); \
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10.3. i

}

YURA] DAY X MR B DA R, WaEEm NMatt, XA ERINE
DR B T — X AlER, ARSIRATASHE — 7% CHECKMEMORY , FHSRASIIARA 73 BCHIX SR 3R,

IXAERNAF IR R AR AR RE, HHITHER DN, BTN REZH 5 MEBINFIT
W, MeRELTRAE k.
(A DAE malloc RYELAEHREL, 1ERLERGE LIRA]DUEIIRSIHIIT N

filfE, 7E Linux &, malloc VAR A] DAHCEHLA IR B CHIBIRE; S U http://www.
gnu.org/s/libc/manual/html_node/Hooks-for-Malloc.html.)

10.3 ik

A Z MR IE R TR,
o IEFRMEIERA: REFP GE IR D A BRI T N BRI, HREd B BoRIERX 2I81R AT [10, 5].

« BT IR EARINAHIER T, N TEBUENAR, XMTTRE RIS, RO
REAEARB BRI TIRATRE R, HARMEDUE 2 M e BRI AR 5o

o BRI MAF RS

« RGN R, IXIEFIEH TEUERRS, FVBMNSH A CRIRRIER R,
NELAEREEERM ERFEME, a5R,

o MAIKERTE: R A AR B BE R m] REXEA T A 75 3R 9K,

AFHATIGD, BADEE] T RAT5 AN, VP2 BIEEFHATHITI, & DA AR HII5
FPHITHRME, SEARENRZT N, BN, mERMEFHTHRRERRR R, —E8IRA
AEENEBERZERE, HlanFRER7E (HPCH, & ss1) , HEMEREAEXMANE
FRRZERIE (FPRETTIE; HPCH, | 558) o B, Rk OIS EARIERE R 85 E0E
FIREREA A AIE IR EL

10.3.1 Byl

BITINR — AR RS IERPERT 7T 5. ik, MO AR A e B B 2 AR AR A B AR L &5
FEMIA A,

BTN 2 D AR 75 2N — 757k ENRR TS RIS %,
JUsERA:
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10. RAFHIZmASSEEL

« BRIV R N, KO eEEN REHE R,
- WA B RIRSEHE: REFEEAER, Mt HIR

 MAN L, ISy —RFFEN, A e G TR HEETE,

10.3.2 MAKB VeI 501 %
FEMAIKEN R, SR e T, BA BT,

o BEARD R H AR 73 B AR 2% rT i
YRR, SRR .
o BRRE TG AR TIR,
WERAEANIHT S RE Z AT PRIE IE AT

AREFNE 3 EBWIE T4 (TDD) METTML, fH Carch2 2SR, U BEmEF®—BH, &

70 E,

152

BRI E T



1=
IERRY

PEIRUEREALTR R TP BEZ iR U2 X, (Filipe Fortes, 2013)

SEFRISERN, ARERHREANEE, SEFHIRE MR, SR TAREE ST
EMEAEA TR, AR IRRBCINE IR MBS N AL E, AT DAwR RS i ASTENTE ), =
Wiwie, HpnialT, BERMHEGHIMEFTR, XMITEFE LA - :

. SR [ GRPE [ IBATOVIEMMEERERT, JLHERN

- WIRTEER AR RHE SR, XTEIRRE M. WIFEMBiT.

- IREREFP AR BIREPTREE R, TiRAR T R ieE, H

« WERIREVRFZFATH, IRATRERRZATENHATA B AR HI s, XA R E R Sl

PR, WIARREGNEEARZEIGARSE, X2 - MArHREZEMESIE s TRR
TTHNIEER . TEATTH, IRREEAGE gdb M lldb, EAT1737/E GNURMI clang W H AU IEE RS, H
A2 T AN, WEHEgEREF R 5P XHZE gdb 2a 1Ty, WHEEE
JAIAES, W ddd (gdb MIRTEG) 5 DDTHI TotalView CGHTRIGHIEINES) o FAMIBRT gdb,
Kove & 7 IrE RIS A R A,

FEARBRES, IREEER gdb M valgrind I MR, XA DAERIS CERH3 code/gdb FHERE,

11.1 i ik ghiiae

PRI TR AR VAU ATET IR e, 38— D K2 — B R A8 5 AN R WP £ 2 B 42 6f [ R
LA E, BCE IR RIREATN N IFERE S, T ik AT HUT P RIER EE R, IR
DR ERFEK, XA DUBEE g IR TR —g IETORER,
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11. 1L

# 11.1: HH gdb /1ldb 2K,

gdb 1ldb
[EahiE a7
$ gdb program $ 11ldb program
(gdb) run (11db) run
R HERRER R
(gdb) where (11db) thread backtrace
AR E
frame 2 frame select 2
i
run / step / continue LLrRaks: | BopiE N/ Bd / Bk
TERATIR BT
break foo.c:12 breakpoint set [ -f foo.c ] -1 12

break foo.c:12 if n>0
info breakpoints

N I BT

catch throw break set -E C++
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11.2. A

wH, REFHERERmFSRARA: A EEE 2 EAEN -02 80 -Xhost IXAFAIFREHELT
Gk, DURATRESR AR, EIINIRR RS -00 ( ‘oh-zero’ ), FRFZH =L
A EHAIRAIINRD, AESPATTIEREME DO B2 PR 16

11.2 RIS
i gdb H=F7530: HeERsiERr, KHITMBICBTHER, SHERSE coredump, TATIXEHEE
SRR RE,

Az T
adb Iidb
$ gdb program $ 11ldb program
(gdb) run (11db) run

SR R E 2R R gdb /R”BI (Fortran AP, 16 M hello.F) :

‘tutorials/gdb/c/hel}o.c#include <stdlib.h>#include <stdio.h>int main() {

printf("hello world\n");return 0;}%% cc -g -o hello hello.c# regular invocation:
%% ./hellohello world# invocation from gdb:%% gdb hello

GNU gdb 6.3.50-20050815 # ..... [version infol

Copyright 2004 Free Software Foundation, Inc. .... [copyright info]

(gdb) runStarting program: /home/eijkhout/tutorials/gdb/hello

Reading symbols for shared libraries +. donehello world

Program exited normally.(gdb) quit%

1.  Typically, actual code motion is done by -03, but at level -02 the compiler will inline functions and make other simplifica-
tions.
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11. 1L

HEUR: BEEH ARAAE -g iR, X2SH FSR (AMIERHIEFRE 722 S ARG )
FIHEA A IS B R S A RIS, XSRS L™ A D R R, (B S
BITHENR, BIAHE GRS A S PATRLEMRAL 2

N T AT SRIFE, T

%% cc -g —o hello hello.c
%% gdb hello
GNU gdb 6.3.50-20050815 # ..... version info
(gdb) list

HRHSEN -g PREHTILE:
%% cc —o hello hello.c
%% gdb hello
GNU gdb 6.3.50-20050815 # ..... version info
(gdb) list

NTHAEMTMANER, RIS EUEIELS run < (Fortran AHF{EH say.F)

‘tuﬁnkﬂngMcmayc‘ %% cc -o say -g say.c
%h ./say 2
hello world
hello world
%% gdb say
. the usual messages ...

#include <stdlib.h> (gdb) run 2
#include <stdio.h> Starting program: /home/eijkhout/tutorials/gdb
int main(int argc,char **argv) { Reading symbols for shared libraries +. done
int i;
’ hello world

for (i=0; i<atoi(argv[1]); i++)
printf("hello world\n");

return O;
} Program exited normally.

hello world

11.3 S4RH5i%: where, frame, print
BELEFATE B — e G IR AR

2. GRS N AERPIEY, HENS, XAESHES R, IREFHRBES HHIRGR, B
BEIFAE VAR I TN S 37 L LA
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11.3. &FHREEIR: where, frame, print

11.3.1C %

DU EZ MR, BATRE RIS EN T,
// square.cint nmax,i;float *squares,sum;
fscanf(stdin,"%d",nmax) ;
for (i=1; i<=nmax; i++) {
squares[i] = 1./(i*i); sum += squares[i];}
printf("Sum: %e\n",sum) ;

%% cc -g -o square square.c

%% . /square5000Segmentation fault

segmentation fault (HRJREHIMHAMEE) FRBATELERAARFTIRIMANGE, SEREFERE, HiHES
PR S IR BA R E AL B

%% gdb square

(gdb) run50000Program received signal EXC_BAD_ACCESS,

Could not access memory.

Reason: KERN_INVALID_ADDRESS at address: 0x000000000000eb4a
0x00007fff824295ca in __svfscanf_1 ()

EAREIRR LA NEE __sviscanf 171, ZEEAZEANN, THRRFHEL, #H backtrace
(2 bt, HATLAZ where B w) @<, FANE/R ARAK. XIEHE A] A BN HHIRATE:

ERHERRER BR
gdb 1ldb
(gdb) where (1ldb) thread backtrace

(gdb) where
#0 0x00007f££f£824295ca in __svfscanf_1 ()

#1 0x00007f££8244011b in fscanf ()
#2 0x0000000100000e89 in main (argc=1, argv=0x7fff5fbfc7c0) at square.c:7

We inspect the actual problem:

Investigate a specific frame

gdb clang
frame 2 frame select 2
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11. 1L

BAMFHEESE 717, AMFERE nnax BCN &nma X.
BATIRE R E IR

(gdb) run

50000

Program received signal EXC_BAD_ACCESS, Could not access memory.
Reason: KERN_PROTECTION_FAILURE at address: 0x000000010000£000
0x0000000100000ebe in main (argc=2, argv=0x7fff5fbfc7a8) at squarel.c:9
9 squares[i] = 1./(i*i); sum += squares[i];

BT — DA
(gdb) print i
$1 = 11237
(gdb) print squaresl[i]
Cannot access memory at address 0x10000£000
(gdb) print squares
$2 = (float *) 0x0

BAMRREISIEEL T squares,
B — T, FATXER=E: XARBPNEEHIRIEA SR, FahiImiEr
wit BN A= SBEEIR

(gdb) run50

Sum: 1.625133e+00

Program exited normally.

ERBATE —DEREA, HY5R T ERNER A, WL ENFHEIR, NHRIERFIERIH
FENA, RERAERE, &M, $oMERPFERS IR,

// up.cint nlocal = 100,i;double s,

xarray = (doublex) malloc(nlocal*sizeof(double));for (i=0; i<nlocal; i++) {
double di = (double)ij;arrayl[i]l = 1/(di*di);}s = 0.;for (i=nlocal-1; i>=0; i++) {
double di = (double)i;s += arrayli];}

Program received signal EXC_BAD_ACCESS, Could not access memory.
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11.4. R HAT

Reason: KERN_INVALID_ADDRESS at address: 0x0000000100200000
0x0000000100000£f43 in main (argc=1, argv=0x7fff5fbfe2c0) at up.c:15
15 s += arrayl[il;

(gdb) print array

$1 = (double *) 0x100104d00

(gdb) print i

$2 = 128608

IRZE RIS R AR BRI R T IZ R TEEHRIR D,

513 11.1. IREERB RN A ARG I AL S BRI R EIG? fHARRRE T E
REZNRE? (R HHREALAFEZNAEERLRT? )

FE% 11.8 T, PRGBS — D r] DAL IIHE MBS R 5 1/ T A,

11.3.2 Fortran &

i MR

MISSING SNIPPET gdb-squaref

EMIZSARRIER, HERIEW “AHEES " ZRMHE, 1 gdb HIa TR Al DURIE & I /R A) e 1 7E
AR £ -

(gdb) run
Starting program: tutorials/gdb//fsquare
Reading symbols for shared libraries ++++. done

Program received signal EXC_BAD_INSTRUCTION,
Illegal instruction/operand.
0x0000000100000da3 in square () at square.F:7

7 sum = sum + squares(i)

BAUFHEENRRD, KIBNZEEHRIE squares o

11.4 Stepping through a program

BT
gdb  1lldb meaning
run start a run
cont continue from breakpoint
next next statement on same level
step next statement, this level or next
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11. 1L

O FH IS IR EEIRE G, FEIEMEERFBITIE!
ZiE LA MR
// roots.c

float root(int n)
{
float r;
r = sqrt(n);
return r;

}

int main() {
feenableexcept(FE_INVALID | FE_OVERFLOW);
int i;
float x=0;
for (i=100; i>-100; i--)
x += root(i+5);
printf("sum: %e\n",x);

HIBITE: %% ./rootssum: nan {RZRT—HFEAE gdb H/E50
‘Bt %% gdb rootsGNU gdb 6.3.50-20050815
Copyright 2004 Free Software Foundation, Inc.....

bEEIBTRFZHT, IR1E main LB T —PW &, XEFRFTEREL, 8 “ Fil ",
17—35%3}44':'30

(gdb) break main
Breakpoint 1 at 0x100000ea6: file root.c, line 14.

WAERFRAE main PRV — SR AT HUTIBAL L

(gdb) run

Starting program: tutorials/gdb/c/roots
Reading symbols for shared libraries +. done
Breakpoint 1, main () at roots.c:14

14 float x=0;

KRB RIR R ERPEIT IR E M A
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11.5. KEHUE

FER—TIR B
gdb 11db
break foo.c:12 breakpoint set [ -f foo.c ] -1 12

QR TFEMT AL (R AR, URATDARSCEAPRAE, LA H step anse:

Breakpoint 1, main () at roots.c:14

14 float x=0; (gdb) step
15 for (i=100; i>-100; i--)
(gdb) 16 x += root(i); (gdb)

URIRERIZEIE, ZATZHIGSSWEEIIT) o BERZIRIUT step, MWLM E, IRIEEEIFKE
FIPERAE (T 2 AR ?

¥ step BN next, MAEVRIFEZEIAFREH L AE T1E?

BB MR break 17 HHUT conto KAETHA?

EHE sqrt WHAT LIZEWRGEFISITERF. SPUTEIER, $#UT where 1 list,
o MHRARIZE T2 WiA, PILAH info breakpoints K EAT,
« /RATCAH delete n BFRITA, HA n WA=,
o WNRIRTEARIRH gdb BB A run BHEET, BRAEN.

- MSRIRIBH gdb, WIRSWAERR, EIRA]LUREEAN]: save breakpoints <file>, fHH]
source <file> fE F—IX gdb IBATIN A,

11.5 F#fH
1E gdb HEVIZITRTHARR: ESRVEM run 28, EHUT sqre VAR —(TIZ B,
SR TS 8 4TI, RAJPAAAT print n, $4T cont. FRFAEMFE(FEIL?

RIAEBE — AR, JRAJLAMAIT set var=value, SHIZR n HEHIATHR VFERFIR, RIITT

e 52

11.6 Wi
QUSRI IEAEIR T, AWM cont A print METESMRER, MK, RA]UAIAN
RIS, T5E, URATDALLMT S A & i
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11. 1L

condition 1 if (n<0)

Wi 1 UETE n<o NENA AR
PRAT A E — N AR LR DA ISR R 785 break 8 if (n<0)

EIRE W 8 TEIBRISRM nco FEN TL&kf) BuE

BT
gdb 1ldb
break foo.c:12 breakpoint set [ -f foo.c ] -1 12

break foo.c:12 if n>0

Remark 16 /R UL AT HITE NaN &R B BT &

break foo.c:12 if x!=x
AU NaN B —FFFTEFORFR—FL,

Another possibility is to use ignore 1 50, which will not stop at breakpoint 1 the next 50 times.

MERIAE W, &M n<o EHIE XM ROFENSTIEF. SEFHWN, SRIEAERN
WBME BT T, IRER B PAIR 27

fRAT DAIE I 2 A7 =R BT A
« break foo.c TEIRE|IFAN AL RHE LE;
. break 123 fEYETXIFRIH—ITIEL;
« break foo fETFEF foo AMEIL
« RS, BIA break foo.c:123,
KT W R ER:
o MBRIRIZE TIF2WA, PILAH info breakpoints fRHEA,
o /RATLAH delete n FEERWTA, HA n EW AR S,
« RIRAH run EEEFMHARY gdb, WrRiRERL
o MBRARIBH gdb, WimSPAERR, IR LMRFEN]: save breakpoints <file>, i source <file> fE
—R gdb BTN EEEA T,
- FEHEREMIES Y, W Crr, PRATDURE —NERSE: N
FHIEW A gdb clangcatch throw break set -E C++

o, VRATDAFEMT At AT an <
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11.7. WA

break 45
command
print x
cont
end

XFRRAESS 45 T2 x KPHTEN, HPUTRZENgRS:,

QRPN [ — MR 200817 gdb 218, IRATREARLRAF I B3 N4 = -
save-breakpoint filename
source filename

11.7 NFEIA
SRR Y 2 AR T TR IR, FROTE e M ENBERH WA, REITHE BB AR e I TR,

11.7.1 WAF R IRY
11.7.1.1 338

fEs | H— P AARA E RO RAVFEH ATRESBGRIR, WRERFEHTTICIM TR E RN, BRI RS,
{HESR AR,

ST, B RTRER R AR SRR HHR R &R TR

11.7.1.2 Out-of-bounds errors

A5 E ST EN RIG S 2 ANt A K AT RE S B PR, (HEE RIHE
AR RIS R,

IR R B 2R BEGR, (BB 8RR BUCREEE, SRR Hf e &
FEdE, SEERIRGER, XEHIRATRERI RIARBIRZ I,

11.7.1.3 AR
GURDBCHRI A ZS AR, FAFRZ AR, Ol

if (something) {
double *x = malloc(10*sizeofdouble);
// do something with x

}
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11. 1L

FHERIZ)G, DERNERERRN, B4RREiET CEHE,
BJFIX—RICHAELUE I, WAETIHR A S ER P FER NN B R, RISk, Xa] DU 7 Ad
9iﬂiﬂétﬁﬁwo ﬁﬁég*ﬁigfhﬁq malloc EE allocate ﬁ%fﬂﬂﬁﬂi[]éﬁﬁiﬁ%4‘§¥jiﬁi!

11.8 & Valgrind #{7P1EIA

SBNFRBIERRE 224, EARTH, BAIKER valgrind I EHBEX LR SON AT HE,
valgrind AR A AFH fAT B

valgrind yourprogram yourargs
TENE— BT, HEBSAIN, WP KiES:
MISSING SNIPPET corruptbound
XK ATRESFERAVICIEARTR, (AR AR, IXTCEEEAE R E I I

Valgrind $5HXE—IRTCRLIEE, KAEEM—1T, PASIZPNFFRI 7 BCA B :

==9112== Invalid read of size 4

==9112== at 0x40233B: main (outofbound.cpp:10)

==9112== Address 0x595fde8 is 0 bytes after a block of size 40 alloc'd
==9112== at 0x4C2A483: operator new(unsigned long) (vg_replace_malloc.c:344)
==9112== by 0x4023CD: allocate (new_allocator.h:111)

==9112== by 0x4023CD: allocate (alloc_traits.h:436)

==9112== by 0x4023CD: _M_allocate (stl_vector.h:296)

==9112== by 0x4023CD: _M_create_storage (stl_vector.h:311)

==9112== by 0x4023CD: _Vector_base (stl_vector.h:260)

==9112== by 0x4023CD: _Vector_base (stl_vector.h:258)

==9112== by 0x4023CD: vector (stl_vector.h:415)

==9112== by 0x4023CD: main (outofbound.cpp:9)

Remark17 ZF Xii HERATAMNLZ 2N, BRESMNAFPRZRFEFEMAMEX, B EER
C++ H93E40 cin F0 string RE sscanr FFFEA, TUEMRAKEE LB AP,

Valgrind FRFEEEME, FAEEHTRASE, MAZER, Hit, XEHREERE TR, ©
THRHEE 10 173 T — N RERAE ALY 40 P2 JaH 4 FIN L, HbgiEil: RASIEES AT
HIIL 52 ok,

B ARES —NELPRERABA I TR, EXNMRRAER T, RS ERF2HHmLt, ER
R AR ERA, Al gE TR,

MISSING SNIPPET corruptfree

Valgrind 6 HIXE—IRICREEG BRI 7RI 2 EA BERIRE AL E,
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11.8. f#/ Valgrind #47AFEEIR

==11431== Invalid read of size 4==11431== at 0x40230C: main (free.cpp:13)

==11431== Address 0x595fdcc is 12 bytes inside a block of size 40,000 free'd

==11431== at Ox4C2B5CF: operator delete(void*, unsigned long) (vg_replace_malloc.c:595)
==11431== by 0x402301: main (free.cpp:12)==11431== Block was alloc'd at

==11431== at 0x4C2AB28: operator new[] (unsigned long) (vg_replace_malloc.c:433)
==11431== by 0x4022E0: main (free.cpp:10)

S—7iH, MBIRSICRRAT, A RFR BR— MEIEA RN EARER)

MISSING SNIPPET corruptleak

which valgrind reports on:

==283234== LEAK SUMMARY:==283234== definitely lost: 40
000 bytes in 1 blocks

==283234== indirectly lost: O bytes in O blocks
==283234== possibly lost: O bytes in O blocks
==283234== still reachable: 8 bytes in 1 blocks
==283234== suppressed: O bytes in O blocks

HTHEU sta: :vector XFEAIAAS, Co+ HIATFIIREL C M2, AT, EEZRAIEN
N, RMBARAIREFRE B CEHNE, I HFRERRIFINEIRIER,

RIRE CEENAE, WEES An AR B RBAE TR HIER:

MISSING SNIPPET corruptinit
XEBARIEAAT IR TR R e RN, RS, H—rm, ReEfgs L&
BEPUE, TARIRESEY); AHERIRA EREIZME KT,

The output here showlE/E valgrind i2Wr, tHERIERAEE w hen the program aborted:
==283234== LEAK SUMMARY:==283234== definitely lost: 40
000 bytes in 1 blocks
==283234== indirectly lost: O bytes in O blocks
==283234== possibly lost: O bytes in O blocks
==283234== still reachable: 8 bytes in 1 blocks
==283234== suppressed: O bytes in O blocks

11.8.1 Electric fence

electricfence FE/R A2 TR —, fRBUHFAHEESRIINT nattoc . IXET RRFERFIFRME 1ibc Y malloc,
THE EREHERL

cc -o program program.c -L/location/of/efence -lefence
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11. PR
BRIRATRR A — MBS IR, B gdb 1217, HASBSRRIRRN, X MERA rTRE Il

Ko H—J7H, WRAEDRES 1ibetence BERZNY, THIAAHIFAES — KBS IZENE L,

11.9 i —2 Bk
—NFHIBFE: http://www.dirac.org/linux/gdb/.

Reference manual: http://wuw.ofb.net/gnu/gdb/gdb_toc.html.
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W12 %

FATIRIRA

SREFPRIUFEN, A2 HRENERE, EFREREIRE MRS, SRR 7T RIEE T
ENTEAIA T QISRIRRBONIE IR IR ARSI M B, ] DAGwE IS im AfTENEf), =
Wigwie, HEIET, BERHEGHBIMEMIRR, XL LR

o kR GIE [ IBATHUTEIMERE RER, JTHOE

- HRETEBAREA R SRR, XHEEIRE i, g ERNsT. A,

- BRETARNSIREREE R, TRARME R E, H

 WERIRATREFRIFATHY, IRATRETRZATENH AT ACFEERAVEEE, XS REE AR 5B,

B E, WIAAREGBEMRZEIUARE, X2 MArREZEMEIE s TRER
TR, TEARTH, IR gdb, ©J2 GNU T H K IRE IS, HMELR2T6n, @
WhgmER BRI, 55— XAIE gdb 2 TS, EHEFIAIKE, W ddd (
gdb AUHNE) B DDT # TotalView CGFHATRISAVAIRE) » TAUPRT gdb, FAECHE TAE
P A A AR,

FEALIET, IREER gdb M1 valgrind I M BRER . SCIFR] DAZEAURD & R H 5%
tutorials/debug_tutorial_files HHKE,

12.1 347TIRIA
JARIFATIR A LRI AR e S, RO MR R 7 AR IRAR FTREHIEL,  ANER V22 2 IR A EL1E
5 TEEAHTEEI IR,
PAN I —LERTRER AT 1R
CORRETRERTE, FVENHES S AGERREPRIGIH R, OB RAETEEIERS | YRR, WTREF2
S e,

 WEREATHERIMULL AR, "IRERZENTFHIER.
o« WERFEMERATRIZOIRE, SRR SR,
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12. FHATIEIA

FATIRI AR R TT RIR D, FERTTRR NG NERQE — xterm,  FATTRIERE TRES
RIX— . WAL, W DDTH TotalView, TATTHRELETEHF L, X% T HIEH 7 {E,
HWIR AR, Eclipse WUEHA —1MIFATHL, EclipsePTP, HAHEE—PNETZHIALR.

File Wiew Control Search Tools Window Help

Je[i @ KEeELEEIEE | AT~

|| Current Group: [an =] Eocus on current: & Group  Process  Thread |7 Stes Throuds Together |
| EIGIEIEIEEIEIEE]E] R ] 2] EE] [FE] 5]

Create Group

Project Files 8% | ¢ problemic] | = ch3smp_progresse 1] | Locats | Current Linets) | Current Stack |
[Search (crrtey €, 10 2l fiLocals &%
= El // Enitialize the random number generator & NAmE [vatue

=] Applicab od 1 * i 1 5 Varial

F .: _Di;ka ion Code _ srand{{int) {mytid*{double)RAND MAX/ntids)); Fcomm — 1120850688

Bl Sources 14 5 for (it=8: : it++] { e 31

Bl Ioop_for_awh [y printf(*[w] iteration %d, random %e\n*,mytid,it, randc

T | i 1
B 15 double randomnumber = ntids * ( rand() / (double)RanD_-| mt’_":" =1
i~ Atids
il main(int arge o " L randomaumber W ] 056087621
# @ External Code & 1f drandurrl;lurrher:mytld && randemnumber=mytid+l. /({ntids e -
1 q MPI Finalizel);
13 MPI_Barrier{comm];
it
21 1
t: 2 int main{int argc,char **argv) {
24 MPT_Comm comm;
'-_-'L MPI_Init{&argec, Gargv);
27 comm = MPL COMM WORLD: _r;l ) | |
] — 1 K1 J 2 ype: none selected
inputioutputs | Breakpoints | Watchpoints  Stacks | Wacepoints | Wacepoint Output | Logbook | Evaluate & x
Stacks & % |expression | value |
Processes | Functlon ]

161

o= main (probleml.c:29)

I [ Eloep._for_awhile (prableml.c:19)
13 [ = PMPI_Barrier (Darrierc:411)
\SEEEEm]  EIMPIR_Barrier impl (barrier.c:266}

15 [ | = MPIR_BarrierMVZ (barrles_osu.c:198)
15 I | EIMPIR_Barrier_intra_MV2 |barrier_osu.<!166)
Ll | EIMPIR_shmem_barrier_MV2 (barrier_osu.c:104)
1[ £ £ MPIDI_CH3|_SHMEM_COLL_Barrier_gather [ch3_shmem_coll.c:940)
if g = MPIDI_CH3|_Progress_test (ch3_progress.c:471)
1[ | EIMPIDI_CH31_SMP_read_progress (ch3_smp progress.ci743)
i1 MPIDI_CH3I_SMP_pull_header (ch3_smp_progress.c-4345)
14[ [ & MPIR_shmem_barrier M2 [barrier_asu.c:113)

12.1: DDT IEIA&H SR 16 TR,

FHATREI LR E A, RoARSE2 e T REAR B SR, flags; 20 HPC i, &5
2.6.3.6 T,

BT, S IEIXE MPI AU :
MPI_Init(0,0);// set comm, ntids, mytidfor (int it=0; ; it++) {
double randomnumber = ntids * ( rand() / (double)RAND_MAX );

printf (" [%d] iteration %d, random %e\n",mytid,it,randomnumber)

if (randomnumber>mytid && randomnumber<mytid+1./(ntids+1))
MPI_Finalize();
}
MPI_Finalize();
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12.2. {# gdb H47 MPI Vit

ER TR RN ECE R N 50, IR, 2R,
sERGIA— R (EEEOUERIRIARDE, Hhaniagy) -

for (int it=0; ; it++) {
double randomnumber = ntids * ( rand() / (double)RAND MAX );
printf (" [%d] iteration %d, random %e\n",mytid,it,randomnumber);
if (randomnumber>mytid && randomnumber<mytid+1./(ntids+1))
MPI_Finalize();
MPI_Barrier (comm) ;

}
MPI_Finalize();

MAEPITR &R, X ARBTEMRVERHE: B NEREE —%M init # finalize AU
7, ZMEAITAENFEIRSEHMIZITINR, AT, —BA DRSS MEA T EIA
finalize A, BRI, FrA HMHEE SRR RREAL,

121 8/R T Allinea DDTIAIRAAS (http://www.allinea.com/products/ddt ) TERISEIERIEE
RS, TEIRARSIENR B77, RATDAEEIE 16 MR, I RS RI2HERE 1. R SR, IR
A DAEE] 16 NMEREHE 15 NEAESE 19 T MH MPI_Barrier, 1A —MEREES 18 17, EANE
A ARATABRIAMZ BRI BRR2EE 1 RAERNE, —MEIRNERER T &M LR
LRH: 28 ntids 2FE, nytid AMELMHEMN, it BEE, BT —DEEGISN,

Exercise 12.1. Z@i¥Ifi21T ring_la, BF ALK ILAZAHE, EEIKIFHIRAT LA W

AT, BRITAFEEERITRBOE ], XRATRERIEHAIIE L. BWiIFBE IR,

Exercisel2.2. ring_1c HIFEEX MPI B TAEREBAEE K, B1THETF. BAERIESR
ik, EEHEHEIRN, ERIXFHEBCE AR ER R PFHE A T 4.

12.2 MPI {1 gdb ik
URARELE gdb FIBITIHITARR, (BIRATLUSEhE S gdb AR, SXEEHEREINFT ke MPL it —FE ) &%

mpirun -np <NP> xterm -e gdb ./program

AL T xterm HH, BNEOBPITMIT gdb . /program, HTIXLE xterm /2 mpirun B3I,
BN LB T — NMEE A

Victor Eijkhout 169



12. FHATIEIA

12.3 £/ DDT #4725 TR

TEARZRES, ERER DDT 3T 2 LR MPL 27, AT PA#EA ddt yourprogram &
JBE— i, EMA File > New Session > Run THEFEFAMR, FIREILEFESEL, 1E1X
PIRIEOL T, AR —IERE, &R DR EERF 2, EFERED FNE:

o fEn] DX BAR 0 DB
 EFEEBUTEAFRE;
- WhERIESEE T IERIRT MPL

U DDT fEVRI FREFTRFTHFI, B21E MPI_Init BAANEME, FE%TH AL AR L,

Problem 1 AR FFLE & NHRRMNT AR RRBEALEL, WRECFM RN, NS IET, %A S
AR, Fr MR R U AR M BRI T,

. %% abort.c, AT -g -00 bR, WRIREH makefile, EM=BaIEE,

- I DDT 81T, RESBEICHINEH,
AR RETESEM, EFEF Finalize IBACIREW R, BIEMRIRSITERE, S
AR AR IERTH R, EHEIT,

. “Stacks” WEXHIFRITAHREIENRENE—&, BELbR LR ER —IGERH,

« IRATDABIANGER] “HA /it " REEE S DHERIHUTIEN.
- B, BHGMINZEEHBRE it T8, RO NIRRT SRR, Al DAg(E

Ctrl Rii it ZEIFESE View asArray, I ERZEN —4ERAIFREEIERIREL

o & barrier BRI EFNEITS, WRKEW R, REZMEARENR, MESHEE,
- REHEEEH. BAERE itk " PRSP ERIT ARFE?

Problem2 %1% probleml.c }7E DDT Hia{T, IREWEI— DR THEIRIRGIHN THHEE &
« NIEEPE R, TR ARSI, RIS HMERE, 0@, EPITIHERE,

. TERCHRIAR ST Stacks, XRT/R “ AR | SIRRUIREEETIREREMT 20
PUTHAARHAETEMR Y HA AR X AEMRE?
« NARMA AT DB R HIE REEIR R 40 BEEIHFHA File > Restart Session BEFTIBTT,

Problem2
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12.4. #t—4 b 5%

12.3.1 DDTrunning modes

DDT ] Pudid ) LA R 75 s A To
L AR EFEAR R A SR A, HEW RN RS ERE, &r]lzafT DDT EEH
5t (GUI), Fibefd— MU ELEIAS], GUI 21, HRIERELITHEIZTT,

2. MREMRGUAEF | WETRX 7y, SEE EEATRET R BB ERE (B
TACC L1 idev &%) , #ERIDUSSH GUI ik eiafTEHItRR, ZRidiAgl,

3. f#H DDTreverse connect #i3%, &
(a) 531 GUI, HIFREHMFER (b) JRHUCEIE, FRINEREDL,

4. g, PRATDASER B4z T DDT #tAbE ek, Theses Rty HTML Seff,

12.4 H—5 B
—PNFHIZAFE : http://www.dirac.org/linux/gdb/.

Reference manual: http://www.ofb.net/gnu/gdb/gdb_toc.html.
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13 =
S HiRetk

RZEGEOT, BFRHRESHEN, HERERRT, T AERBDNAHITE, FO%
A RIR G A ZMES IR, — M F2ER—MIESHST, B85 —MESHREF &M,
FERXAER T, FERHS & RECAMIRER S HMZE, AN IR T RS & B
TG, BAMEERITIE C/C++ 5 Fortran 57 Python Z [ W B #F M,

XA AR E A TRXAE S EFECA, HAMEHHIE SES I T et EEREERTL
fillo SAM, A RBIABSETE, FHARRTAE S IR SR RoThnE, Rlit, AR IHEIHTT %M
TS,

13.1 C/Fortran H#{EME

13.1.1 B due

W _ERRIA, gRia Rl SCE oy —Ed SR, 3RS A S RIS S RS ESChR
BERRYIEES R, TR SUCECEARE X, XV HFE ATRERL TR RIS A,
i FH 22 AP E 5 09 (R RELE T2 138 2 AT Q0 rD s R £S48 MRS e #e381) — MBI S A 1 R RO PR AR

IEBATRE—TRES (PRAPATE tutorials/linking HHERERHISCH) -
// C:
void foo() {
return;

}

I Fortran
Subroutine foo()
Return
End Subroutine
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13.1. C/Fortran H#{EME

HRIESTVRAT AE ] nm SRAGEE 3] 23 % 54
%% nm fprog.o
0000000000000000 T _foo_....
%% nm cprog.o

0000000000000000 T _foo....

RRBEEINER foo HIRARRIYAFR: Fortran AFREHEMHIIN T —TFXIZk, XESM C JHH Fortran fi
R, sz, ZEREME, ATRERIAFRNILACA :

« Fortran ZiFae = HHIN—1 PRI, X2 WHIIED,

- BIREXMHIHAD TRIZ,

< JEEBIRAIREN R X FHRNER, EhAERTRER KE K,
HT CBHWE ENRITIES, XEME REEE @ LR T7E C FEA g

- 1EATA C REAA RN R XIZ; B3
« HE AR R -

int SomeCFunction(int i,float f){
// this is the actual function}
int SomeCFunction_(int i,float f){

return SomeCFunction(i,f);}

13.1.2 ¥

C/C FHE FREIELA ++ Fu Fortran BHEN, XHEE—D C++ HFHEEE| Lapack FE A &4EHHIE
H@ﬂfﬂm zscalo

// zscale.cxxextern "C" {

void zscal_(int*,double complex*,double complex*,int*);}
complex double *xarray,*yarray, scale=2.;

xarray = new double complex[n]; yarray = new double complex[n];

zscal_(&n,&scale,xarray,&ione);
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13.1.3 Fortran2003 ¥iJ C 45
TEEGHTHY Fortran AriEAH, HAEHAM C 48E, 150 AR BHAMIRAS | fIpIAE

module operatorreal, bind(C) :: x
contains

subroutine s() bind(C,name='s"')
returnend subroutineend module
%% ifort -c fbind.F90

%% nm fbind.o.... T _s.... C _x

WRTPAE RS C #ARIEHEREY: Program fdata

use iso_c_binding

type, bind(C) :: c_comp

real (c_float) :: data

integer (c_int) :: i

type (c_ptr) 1 ptr
end type

end Program fdata
EHTRAR) Fortran, HATHFZ4aEm AR, A5 CE&ONLHE,

« B NEEmARMERIEEL K A] PAFEH INTEGER,
KIND(C_SHORT) :: i

. Fortran {652 EE 2N R, K& i#4 CREME; Fortran2003 & —FWLHIRALE C f55F, ©1HZ bk,
. Fortran JRZERBIFT IS C FEMRFHE,

13.2 C/C++ B
Fi Ce+ GBI TELMME, Cor GIFENETHSKG T E TR RINGIF S, XL TERRH

name mangling,
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13.2. C/C++ Bi4%

13.2.1 #1155 = & Wi
FE— MR CRERF:
#include <stdlib.h>
#include <stdio.h>
void bar(char *s) {

printf("%s",s) ;return;}

MRIRHFEIF A o RERL, REEH:
$ gcc -c foochar.c && nm foochar.o | grep bar
0000000000000000 T _bar

iR, BR 7RIS NRIZ, FFS2RZEmn.
S—7iH, 1Eh Cr+ HENMHFRFSL T

$ gt+ -c foochar.c &% nm foochar.o | grep bar
0000000000000000 T __Z3barPc

ML ZIZRE? IXRENZ SN, DRTTAR R EEES, RAREN R R A 1E— AR5

AT 5. MK, RPMUGRIITTSEE T REBHER#ITSHE—,
YRA] O 2 #077 FARBOX MR S 1 & o BEIE, AP LR c++filt:

ct+filt __Z3barPc
bar (charx*)

{HALVFEE A SR Z2AE nm
$ g++ -c foochar.c &% nm -C foochar.o | grep bar
0000000000000000 T bar (char*) FffiH -c #3i&

13.2.2 Extern naming

RA] DS il 12 A A2 O HARIE 5 ] B AR, T3k
#ifdef cplusplus

extern"C" {#endif, ,

place declarations here
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#ifdef cplusplus

}#endif

TREUGRTSS C HFIRVEERESRIT S, RIIZBIREA] PAM C 1 Fortran M,

RN TR C, AIDAMER C++ ZmiasfEonibizds. WRIFFFE Fortran, NIFFZEAEH Fortran %
FEAE VRS, N TR ERERRIMOE LIS Cr+ RGUBIRE. BN, (EH] Intel 4wikasiy,

~lstdc++ -lc FREAINBIFER G 1T,

TURIREHARIE S 5508 C++ TR, WHEMH extern . B4,
FFortran 2% foo NMAHHN

extern "C" {
void foo_Q);

}

TEIXRMEOL, IREFOAER Cvr a1 REREDR.

13.3 55

GMiETE S AT T N EERIR A

- fECHEFY, FRHBRRTFAEA, FRENGREH - M F/RER, Bl ascii 7%, HAUBHRENE, XN
=R,

- 1 Fortran /7, FRFRRFIEH, KERGFE -PHNEEES, ZERIEAEBSEEES TRT,

« f£ Pascal H, FFEEE— M, BN ERAEKENELR, ATREH -7, Kk Pascal
R B K EARRERIE 255 NF1T.

EAIRAR L, EARRIE S Z RS AT R e 7 X, EREERTR, 1N FRFE SRS B Rk
fifiko

il Fortran EREPAEE—DMFRFER

Program Fstring

character(len=5) :: word = "Word"

call cstring(word)end Program Fstring

1M C BIFEEES — NPT E S A
#include <stdlib.h>
#include <stdio.h>
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void cstring_(char *txt,int txtlen) {
printf ("length = %d\n",txtlen);
printf ("<<");
for (int i=0; i<txtlen; i++)
printf ("%c",txt[1]);
printf (">>\n");

FEAE
length = 5
<<Word >>

T Fortran FAFEEIBL C R, BHEARRIRI— T
call cfunction ('A string' //CHAR(O))

—Leg R AR SR R DRI IR AE,  Blangw s

DATA forstring /'This is a null-terminated string.'C/

B, “C/Fortran H#(EhRME ™ 24 7 — P RERIMRTTH,

13.4 7REFZE

£ CH, WNMREHFLELRAE, WHEE—D float SELANREL WNMREELIUE KA
HATERIE, NIfEIE float* , Fortran {ARXMXr: HNERANRIEN 3| RE#E, XmK—
AR MRIRMEE — D FIEE 37 L TREF, MESRI—MAE AT EHHE
NiZFEE, RaEEertht, mAREIEE .

X Fortran #1 C GIfERIHEE I, IXEWRE Fortran BiIfEX C1BFRINE KGR A SEHE 2
CRET ¥, Rodk, MRIRE C FREFREM Fortran A, IAERIATASEELIUZ
BS5ZH, XEWRE—TTHIREN @5 RESE — MRABEIEEIER L&,

HHEE, XERER
void mysub(int **iarray) {

xiarray = (int*)malloc(8+*sizeof(int));return;

}IXFER) C FRER

AHEM Fortran A, H—NIEFEA DRIIX AN AE (FF Fortran77 #20% Petsc BIiE
VecGetValues ) , FfHIE BEIGWMY /5 TAVRA] DAEA POINTER 2T & RS,

L8 — RO EERN HES, (RAI S —MEFW print *,7 FFAELITHIH 8,
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13.5 %A / fith

BHEMIESHA H WA / WA RS, SLhr _EARMEMEH R
BA F, W Fortran BIFEHUT 1/O, FREFHAHZE Fortran, Hit, SEFRATRERE 1/0, HERASES
R C 31T 1/0,

13.6 Python JiH C %1%

HTHIERER, CEATEFRRKENGHERNIES, 5H—Jim, BHTHKERE
Python BTHZEM RIFEIEIES, Fit, HEM python BFIHA C 1§J$E%IIEE|{ZI\%2‘1§$HE/JA@\{£O
AIDUEIL python ctypes FEHLSEIL,

L. Rgm S VREY C B, FFAN ERDRR EGIEREIASE; 2. python fREESIASINEIZE, B0
AT 1ibc:path_libc = ctypes.util.find_library("c")

libc = ctypes.CDLL(path_libc)

libc.printf(b"%s\n", b"Using the C printf function from Python ... ")

3. IRFZAE python H7EHH C HIFEAYZEAY: test_add = mylib.test_add
test_add.argtypes = [ctypes.c_float, ctypes.c_float]

test_add.restype = ctypes.c_floattest_passing_array = mylib.test_passing_array
test_passing_array.argtypes = [ctypes.POINTER(ctypes.c_int), ctypes.c_int]

test_passing_array.restype = None

4. prEn] DAL BEH R EA IS

data = (ctypes.c_int * Nelements) (*x[x for x in range(numel)])

13.6.1 Swig
5 —firik C il python & BRI/ SR Swig,
BRI —2 C RH9, M Python FEF, B2E, RTZDNIRIEM R RIFIRER A — NS,

TRt }
#include <time.h> int my_mod(int x, int y) {
double My_variable = 3.0; return (x%y);
}

int fact(int n) {
if (n <= 1) return 1; char *get_time()
else return n*xfact(n-1);
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{ Interface file:
time_t ltime; %module example
time (&1ltime) ; %4
return ctime(&ltime);

/* Put header files here or function declarations like
extern double My_variable;

extern int fact(int n);

extern int my_mod(int x, int y);

extern char *get_time();

%}

extern double My_variable;
extern int fact(int n);

extern int my_mod(int x, int y);
extern char *get_time();

IEPAERE A Swig A Mg i as I &R AR 1 :
swig -python example.i
${TACC_CC} -c example.c example_wrap.c \
-g -fPIC \
-I${TACC_PYTHON_INC}/python3.9
1d -shared example.o example_wrap.o -o _example.so

T AR 2 T

13.6.2 Boost
ik C #1 python 2 B[ 5% —#75 22 i8id Boost %,

IEBATN— DN HM BRI E Y C/Cr+ XHITER, IXNCHEXS Python E(E TH—JCAAL:
r HfETA:

char const* greet(){

return "hello, world";}

ATE, RMZE -~ MIEEEERN 0 ke,
TR, 1R4aE —PMEM Boost THRM) C++ X
4 #include <boost/python.hpp>

#include "hello.h"BOOST_PYTHON_MODULE(hello_ext)
{using namespace boost::python;

def("greet", greet);}
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KEFBEHR C/Crr XYW IFE— D RS :
icpc -shared -o hello_ext.so hello_ext.o hello.o \

-W1l,-rpath,/pythonboost/1ib -L/pythonboost/lib -lboost_python39 \
-Wl,-rpath,/python/1ib -L/python/1lib -1lpython3

YRBIAERT AZE python S AJX/ME, MRVl C EEL:

import hello_ext
print(hello_ext.greet())
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14 =
P HRfE

FEABHIRER TN, BATRES Y ANERBEESIEFERERR) WARIRRIA R, A, F
A DEERAMIRY, FEIXLEE TP ERISKRRERR,

BANGRIETE 5 A SRR, BATRAIRIT SANEDT, A% C++ M Fortran RYIRAIER, EZW
(BH2mEFW) —H, F52.1 T (BHEEESW) —FH, F307 7, 25l

14.1 ¥ 5 o
14.1.1 C/C++

WER R RIETARR:

printf("Octal: %0",i);
printf("Hex : Ux",1);

TRAE IR/ FOR,  HERE T A& Nt R w] DAEA DA R

void printBits(size_t const size, void const * const ptr)
{
unsigned char *b = (unsigned char*) ptr;
unsigned char byte;
for (int i=size-1; i>=0; i--) {
for (int j=7; j>=0; j--) {
byte = (b[il >> j) & 1;
printf("/u", byte);
3

}

VA T Vi
printBits(sizeof (i) ,&1);
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14. fifglE

14.1.2 Python
» Thepython int PRECKFFATERERIRN inte 25 /NS EAT DARE/R T B AR AR A MR A A -

five = int('101',2)
maxint32 = int('Oxffffffff',16)

. BBL binnex DHUE A int HHHEEN 2. 8. 16 AT,
« thF python BT DUREIRK R, H—MEREAFHECKE (Python Bk 3.1)

i.bit_lengthQo

14.2 i f5f¥
/R AR H N T fiE 5 IR B, AEIES RV el TR T SLPRIAL

boolean  hitwise (C) bitwise (Py)
and && & &
or | | |
not ! ~
Xor

BEAh, EARLERARIE, R
left shift <<
right shift >>
Exercisel4.1. {# FINARENNIR — D EUE 7 UL 2 E.
AR AN WA EERIZRENEME S, B, mAeBA—AAES TR,

Exercisel4.2. 447 — N n, REIBRAMN 8 BIEEHZ < no XAWLHIAE R AT EN
FHIWNE, 95— MIIFE aligned_malloc( int Nbytes, int aligned bits );

DHC Nbytes HINTE, HAE N HHIHIEZE aligned_bits FIREEL
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W15+

HFREACHI LaTeX

15.1 BTEX %5082, TEX [—=%pj5h

TEX 2—fHEi RS, BIRT 20 D 70 4R, AN, Al RASH SO A R F 2 BN E B I ETE 4
B (B4 Microsoft Word ABRERI TR AEME I, IR, TEX SREFS TR, &oem iR
BRSO fE—/ ascii SRS N IR EE SIS, BROR, (R
latex FEfF, TERN—RmiER, K% SRR ] DAFTENE & B RIS o

%% edit mydocument.tex
%% latex mydocument
%% # print or view the resulting output

RO TEE A HTML I EM L,
ﬁﬂiﬁﬁﬁ%t%ﬂ%%%,@bﬁ—%%ﬁo%mﬂﬁxﬁAiﬁ%%amﬁ%ﬁ,H%ﬂ
DAEBIAER, BIan WBHREH AR, 1A, IRAT AR R g as g 8 21 1

i TEX #9535 — N ERH2 AR A2 —MgmieiE 5 TP am e ER, XA —SEERER:

%>

o READE: HIRWE XHN, T0FEMFR, MAFEAL “chapter” <, i
DHISEBURARS RAE, BN R RIE RSO RORVE,
« HEREFERCREIIAR R R TR A SR IERA R fn SRR SE B (EAMERR
chapter” @4, HEINEFEAFIEN, ERIMARESRE, XFFESAT DA R LB
BOCRSRE A BH B — 1T,
o WMRIRERERIIHER TR K, BT DAGRS #i TEX fi RS, M TFWEHNR, XKy ELin EEgw
HE; S0 15475,
TEX HiamHEY KR, Hitk, W ATE TEX 2 LRE T RS, RESERKNIIEE, FlinH31
X HEERE, EFHERITHNRSE LATEX, BT TEX 2— MR RS, RE LATEX
INEAEH B77, FrERIHLENT 2 P AT
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15.1.1 %% LATEX
EE RS B 2% LATEX SRR A2 http://tug.org/texlive RNE TEXlive Z1ThR.
SERAP AT fink BC macports. fA{EAA TEX Hiidm, #1140 Mac A TEXshop.

15.1.2 j&47 LATEX
HiY, EATH, &¥i2817 LATEX JmiFas

B, latex ZiiFasimth—FHRAEICRAIAFER, MM dvi, PRJGE] DLREHFLHCY
PostScript 8¢ PDF, sREIEITEN, 414, WZ AfEH] pdflatex BFEHIER .tex XIFHEAHN
pdf X, XE—MRARIIMLA, BVERR PDF XHEEA B3 XEHERNH A B RN,
NEA R,

LEFRATIR— AT BRI 1

\documentclass{article}
\begin{document}

Hello world!
\end{document}

15.1: —//J LATEX XA5,

Z3 15.1. A —DP A ninimal.tex, WAUE 151 Fir, ZIAa< pdflatex minimal
8¢ latex minimal, TRTEZE—FMEN FEE] T XM minimal.pdf , METEH MEN FMEEIT
minimal.dvi ? [ pdf &%, 4 Adobe Reader, B dvips 7l &EEHIH,

EREM, WREATHY, TEX AJRERARAKL . WRIRKEIHIREE B TEX IE1ESF

A, BN x BEADURH, & ctrl-c. AERFAANFIREAN o EHEHEAGE L
A IEFRTR,

15.2 LaTeX RIEMAT]
X BRI PAS— N ER R LATEX WHEA D, 6 S MERAMZIEAT A, Al Oetiker FIARA [18]

15.2.1 Ser4&kty

Each KTEX document needs the following lines:
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\documentclass{ .... } % the dots will be replaced
\begin{document}

\end{document}

‘documentclass’ fTHIAFEENFE—MRS; HARESAR ‘article’ 3 ‘book’ , —LE4HZ
e, flan ‘ieeeproc’ JEHTF IEEE WS,

FR B SRS SCARERTRAE \begin{document} 1 \end{document} fTZ[Al, (PLACAY ‘begin’ I ‘end’

TTRRENFR A "B, EARIHRSEIAE, )

HHC

\begin{document} ZHIHJERIF N “HIE 7 o EHE VENZRE S B E & E, Fln,

(RN S AUEA TR A S R TAERT S o WNRIRE pdflatex RHECY, RFE—AT

\usepackage{hyperref}

B%o
TRERZIPA A T 15?
o RPMLFAHERIRRY: EFREE — LATEX anHIHA,
« RIGSHZRIRRT: ENTHEZMIIEE, HFRRaiSE.

« B STFRRRMNZTENT BRI AR R,

15.2.2 SR BRI SOA
Purpose. fEATTH, R S — S5 sORRE A A ELRHIRTIA,

%13 15.2. BIE— DX first.tex, AENE 151 FHNE, ESSX, HEZ
\begin{document} 1T, MIA—LEXAR, RFIBIT pdflatex VRIIXH. THALR,
RV IZ BB —MERER, FHASEXARFAA, TBERARFGRS; FirE R0
ﬁ&%E\begin{document}ﬁiﬁ%o
Exercisel5.3. JRffEHISCAY: £ \begin{document} FI \end{document} 1T EIHA—
SR, IR SOARREAA — S K AULT, A LR RER1T, TR R DA AT RISk e
LERMAZRINZE, 1817 pdflatex AR SAGIFE B,
AL R, RTEEEATNZEERmE PSS 7. TEX MR H
HEHENX, RIEFRNIHIELD,

#5.>] 15.4. HOGREIRIISCR, SIUI R ZBO%, (HAEMMEIAZ RE 21T, H=IX
RGNS, BT H. MEUEHEERL,
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AL R, TEX K—PEZ D TR N B Z AR 7 IR,

23 15.5. fES S XN \usepackage{pslatex} , R/GEHNIEIT pdflatex ACHRIRAISCAY, i
A AZ?

THAL R, NI AERMNBINFIRESC

Times Roman,

EREM, FREHERZANEN, SR EHAFR

A EFARTTRER R ATRETC R, X I —fBexE LA— 1k i e
TR — B Z BN LA AT

\section{This is a section}

EB B ZRTRINEL—1T, R, IR2ER LATEX S BIINE RS, I H eSS —E gt
ACHERAN[EL,
Exercise 15.6. TF XASEFEIAITHRE article BN artikel3 FFEEHT

MRS, B2 0?

WMHALE R, HIFZ documentclasses SZHL T HHFE A2
i article (BREMARHERET ), HEMEBECHNMRE, EISCNIZEEEFEHEIL, He
PASHEIFERIR R,

ERFEM, artikeld K HATKZERITRII—E7,

HAURE D Z S SERIRGE R IERAILE, rTRES IS TRHA documentclass HY5H1R
HE XEURTFEMZEEE N, RSO, TEM
http://tug.org/texmf-dist/tex/latex/ntgclass/ TEHFH A YETER, BilE
5 15.2.9,

15.2.3 Math
B, EARTH, ORI B A H RIS RRTIR

J546 TEX RGN HIRZ — R TEAARE, SORPa Ry 2 n] DI &80

- ITABEAR BRI — 8y, HSEITR S 5UE,
- BRECE, AR, REPMERE,
Exercise 15.7. ¥f $x+y$ MAEBGEHHIFAEFHAE TSR, F \ [x+y\] BAEBTE RIS F AL,

Intended outcome. *ENFEITLRFS 2 BB ARE S EHAHEMNE S,
£ \[.. \] ZREA AR RTT XHEAR,

HTHHEIETRAR, 5 equation B, RIE.

X A LR R TR, S5 R,
o NARRIEFR: $x_i-2$. AR FHRE LA —NFS, [EAFES A $x_{i+1}"{2n}$, LR
NRPTERES, HH $\{ \I}%
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o WMIEFRAIEMSTS: $\alpha\otimes\beta_i$.
. FTEIXEAIHA $\int_{t=0}"\infty tdt$.

Exercisel5.8. BURJG— M7 IR O BoR g, KB ETRECERRIX A 7 IE?

Intended outcome. TEX RENEIEXAITZ HIEEE, BHEEYEHEESE AT,
BN FFES EIF R HENR S BB AN,

15.2.4 Referencing
Purpose. TEATTH, KRB TEX IR X 5| ANLHISERRN A,

FIHATNLE, EEEAEEE LATEX 7 2/ DRENETE TIERSE, LATEX RUSZ X5 RALEIE E S MIE
TELAE: LATEX i AR IHHESs (BIANET465) #Rr] OB AR TSI M. Wik, SIARRERIE
1N

M= ZEDH WD E TR RGSC TG, R —DE TG, WEMS \label{sec:first}, TEH
TAENFRVESTHE \label{sec:other} , XLEMEMLPAILLE section fAER—1T, MATDAIE F—
17 BITEICE

As we will see in section~\ref{sec:other}.

EHEABETRINERET, (RSTFRRARBZEK, )
Exercisel5.9. WTIXEEGBHFE RS, BREBZIRTARE XS HNES? HEH
Hiscff, BRSO, FFrRkeE R, /B2 s aEmsr?

LR, SIS —REEE R, TEX il ds 2 WRATATRE MR
EHE = Laux XHFH, MTHEARMSIH, AR RS, £5 004
BN, IERRECRBUEA,

ERFI, WRE R EARE RGN, SRAJEMA T HE IR,
RIEMEM pibtex THRBTXHAGIN, EHHE=UICHA REEWMBRAITE S,
LHIZECEET] equation ER T RHH M SIECA AN, BRI DUNZIAEINIIARE, DUMES I HIZTT

P =

#.31 15.10. £~ equation MIEAHFE —PARK, HEM— MR, EXCRPRIEEMESIFIZ
R, MM (X)) Ik,

AL R, \label fl \ref MRPEARPHAAREENTRSER, FE, &
WER \begin/end{equation} TMiAE \[...\] RFERAH,
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15.2.5 %3
HIK, A58 22 LRI,

It 3 15551122/ 9= 51 2R 2 1l I PR AR AR
\begin{itemize}
\item This is an item;
\item this is one too.
\end{itemize}
\begin{enumerate}
\item This item is numbered;
\item this one is two.
\end{enumerate}

Exercisel5.11. FEVRISCASHRIRINT—LLF15R, EIEREYIR, KEHIH. Intended outcome. IREFN TS — S5, WEMEmS

g
RSB YRR,

Exercise 15.12. Add alabel to an item in an enumerate list and refer to it.

Intended outcome. [F)JFE, \label Fl \ref < MIIERS ZHIHIAEL

15.2.6 Sourcecode and algorithms

TEATTEARIFR, REE SBERIE PSR, GEERIRR,

EARZFEF, FIHFTNIERELE R FLEFZRIN LATEX RS X, NREEZEM A IE EIIHI
fEitd, HTREIESPEE HIRGRTER, BIOFE D TERGHEN]: verbatim mode,

ERE T BRI B, AU \verb %, % M- MR BHARE IR 7 A
I FRPRAEH S, Blan, it if (x%5>0) { } 2H \verb+if (x%5>0) { ... }+
AR, (RS XABREE BUAIE AR PRSI NREZ@mSH? )
X TR U R RIS KB TR, A& R] DA

\begin{verbatim}

stuff
\end{verbatim}

&g, N TEEBENUHENZETIIR, fHH .
By AR MR EIRR G, HISHEURERRRTTSR, i, EARBHER 7 ORE:

\usepackage [algo2e,noline,noend] {algorithm2e}
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15.2.7 BB
BT IRICIEZRE SR AN AR, AR A R RESITE NSRS, THZ AT EE
2, LaTeX A MHEERIARIETT %, LI —dHE M4

\usepackage{graphicx} % this line in the preamble

\includegraphics{myfigure} % in the body of the document

B AT DR 2 A s Bl —F,  (HA1RIREEA pdflatex, WIAREFEFIY R4 .ps BL .eps Y

PostScript EJ¥,

HTIRIEZEE RS R E1E, include TEE S HERLHINE:
\includegraphics[scale=.5]{myfigure}

—/PNHERRYAIEDE, WREFEREEFRFENME, AIRERKRMICIREN Wk, HTFXNERE, efil
WAL skl o TR MR EE A
\begin{figure} [ht]
\includegraphics{myfigure}
\caption{This is a figure.}
\label{fig:first}
\end{figure}

EEENLR:
- figure MBIMAT “IFEN” I EATRILUKEEFHEIINME, T TUNTGERE, SRS,

- [ht] line Y \begin{figure} S F RN AR EILIKNELE
hXE; WRAT, WIRRAE R — TR, HARARERITEE R b MEAE TR, B

p MEERM—TT, Hlan
\begin{figurel} [hbp]

PR AN R AT REURAEIX B, AR AN AT RENITAAE DI RS,  ASRIEB AR ICIE S SRR L, WA S —
T

aXel

- BAEETE TR, SEEIERw S ;
« —PERZE, DMEIRA] U PR S | R RS figure~\ref{fig:firstl},
- HAREEEEEM, HEEAES 27, HIlU \begin{center}

\includegraphics{myfigure}
\end{center}

B — N EHRER.
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15.2.8 &% Hk

FESRH 5 | IS SRR EERINLEIE R I TF R X5 . W RhR%s, HHABE—1 \cite{thatbook}
WP ATHAGI A, EEEREER A, HTRITGESES DN S| AR —RIe ek 15,
LATEX FeVFVRIGSCHR S | B PE AR AFAE — NSRS, TSR SO AL

B —4N4N mybibliography.bib HIIE, WAL T:
@article{JoeDoe1985,author = {Joe Doe}l,
title = {A framework for bibliography references},
journal = {American Library Assoc. Mag.},

year = {1985}}

TEVRI Y mydocument.tex 1, H A

For details, refer to Doe~\cite{JoeDoel985} J, somewhere in the text

\bibliography{mybibliography} % at the end of the document
\bibliographystyle{plain}

LB SRS, SRR TEm A THRIA

bibtex mydocument

FEAE ISR, BRAE SRR B iR — NS S E R AER S I H. B EEF 2T
mydocument.bbl I mydocument.blg CELZEHHII%EE,

15.2.9 T R

£ Unix 24t b, TEX & TEXINPUTS IFEZE DEREE XM, Wi, &a7DosEEAFE
i FE R E SO — N E R, R RIEENZE RN E, FFE, BIBINPUTS ZRTER
bibtex FZ# AL E (W 15.2.8 1)

15.3 =5 BERRpl
PANRBI demo.tex & T EARIFEHIFZITR,

N

1B TFEAMF math.bib:
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15.3. — D5 EHIRpI

AT 45
pdflatex demo
bibtex demo
pdflatex demo
pdflatex demo

AHTE 152, 153 B,

15.3.1 %13
‘listings’ GASOSTRMEANAIEE, It H B0 T 5 aMgEit,

\documentclass{article} },emphstyle={[2]\color{green!40!black}}}
\usepackage [pdftex] {hyperref} \lstset{emph={[3] %% types
\usepackage{pslatex} MPI_Aint,MPI_Comm,MPI_Count,MPI_Datatype,MPI_Errhand},

emphstyle={[3]\color{yellow!30!brown}\bfseries},}%k%%

%h%h Import the listings package \begin{document}

YYNNA \title{SSC 335: listings demo}
\usepackage{listings,xcolor} \author{Victor Eijkhout}\date{today}

YN \maketitle%%%% Set a basic code style

%htth (see documentation for more options} \section{C examplesl}/i%
\lstdefinestyle{reviewcode}{ \1lstset{language=C}belowcaptionskip=1\baselineskip,

breaklines=true)\bgimeHlstlisting},xleftmargin=\parindent, showstringspaces=false, int main() {

basicstyle=\footnotesize\ttfamily, MPI_Init() ;keywordstyle=\bfseries\color{bluel,
MPI_Comm comm = MPI_COMM_WORLD;commentstyle=\color{red!60!black}, if (x==y)
identifierstyle=\slshape\color{black}, MPI_Send( &x,1,MPI_INT,0,0,comm);

stringstyle=\color{green!60!black}, columns=fullfledHele keepspaces=true,tabsize=8,

MPI_Recv( &y,1,MPI_INT,1,1,comm,MPI_STATUS_IGNORE) ;
} MPI_Finalize();
\1lstset{style=reviewcode} Hend{lstlisting}\1stset{emph={ %% MPI commandsMPI_Init,
MPI_Initialized,MPI_Finalize ,MPI_Finalized,\sectiMBE Hdudmrtan examples},MPI_Comm_size,MPI_Comm_rank ,MPI_Send,
MPI_Isend,MPI_Rsend,MPI_Irsend,MPI_Ssend,\1lst4RE {Issgnhge=Fortran},MPI_Recv,MPI_Irecv,MPI_Mrecv,MPI_Sendrecv,

MPI_Sérepriecid stdpkadmg’},},emphstyle={\color{red!70!black}\bfseries} Program myprogram
} Type (MPI_Comm) :: comm = MPI_COMM_WORLD
\1lstset{emph={[2] %/ constants call MPI_Init()MPI_COMM_WORLD,MPI_STATUS_IGNORE,

MPI_STATUSES_IGNORE,if ( MRE .STAHEYS)SEZEn MPI_INT,MPI_INTEGER,
call MPI_Send( x,1,MPI_INTEGER,0,0,comm);
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15. LaTeX TR

SSC

=

335: demo

Victor Eijkhout

today

1 This is a section
FRENASA, AT 20, BEEE 2 TWITit, 431, BAE,

953 2, FIMEATEE, MEEST 11—

Theorem 1 X{RE:,

ER—MAR: a<b. .
Xi < Yij 'X§' )
XA [y xdx
1
/ Vxdx
0
2RXBH—AET
one value

another  values

® 1 XRRECRP MR

10 XJEME—AYE

EBRAES | FHo 1 PRORE, IR (1], FRAT IR (1)

192

A—INE,

15.2: LATEX j##itHsE—o1

(e))
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15.3. — D5 EHIRpI

o A 5 —I
- sub one -
sub two

1. item one
2. 5T (a) T

Bi— (b) ¥

Contents

1 This is a section 1
2 This is another section 1

EFREFR 1 X2
1 L ly figure 1

SR

(1] Loyce M. Adams 1 Harry F.Jordan. SOR ;21 EILG? SIAM J.Sci.Stat.
Comput., 7:490-506, 1986.2] Victor Eijkhout. Short B'TEX demo. SSC 335, 2008
FI0H1H.
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15. A TRMECRS LaTeX

else

\end{1lstlisting}

call MPI_Recv( y,1,MPI_INTEGER,1,1,comm,MPI_STATUS_IGNORE)

end if
call MPI_Finalize()
End Program myprogram

2 WE R 15.40

15.3.2 JFE2

RELBRITE S EIE XM, BTl LATEX TR E, ik, A tike @, XEBIERS —MEH
tikz LHIEUEERIE pgfplots o

194

\documentclass{artikel3}

\usepackage [pdftex] {hyperref}
\usepackage{pslatex}

\usepackage{wrapfig}
\usepackage{pgfplots}
\pgfplotsset{width=6.6cm,compat=1.7}

\usepackage{geometry}
\addtolength{\textwidth}{.75in}
\addtolength{\textheight}{.75in}

\begin{document}

\title{SSC 335: barchart demo}
\author{Victor Eijkhout}
\date{today}

\maketitle

\section{Two graphs}

\begin{wrapfigure}{1}{2in}
\hrule width 3in height Opt

\end{document}

nodes near coords align={verticall,

]
\addplot coordinates {(Tom,50) (Jack,90) (Hary,70)

\end{axis}
\end{tikzpicture}
\end{wrapfigure}
Lorem ipsum dolor sit amet, consectetur adipiscing elit,

\begin{wrapfigure}{r}{2in}
\hrule width 3in height Opt % kludge: picture is not w
\begin{tikzpicture}
\begin{axis}

L
ybar,
enlargelimits=0.15,
legend style={at={(0.4,-0.25)},anchor=north,lege
ylabel={\#Annual Growth Percentage},
symbolic x coords={2016, 2017, 2018},
xtick=data,
nodes near coords,
nodes near coords align={verticall},
]
\addplot coordinates {(2016, 75) (2017, 78) (2018,

\begin{tikzpicture} \addplot coordinates {(2016, 70) (2017, 63) (2018,
\begin{axis} \addplot coordinates {(2016, 61) (2017, 55) (2018,
[ \legend{Wheat, Tea, Rice}
ybar, \end{axis}
enlargelimits=0.15, \end{tikzpicture}
ylabel={\#Average Marks}, \end{wrapfigure}

xlabel={\ Students Name},
symbolic x coords={Tom, Jack, Hary, Liza, Henryl},
xtick=data,

nodes near coords,

Sem nulla pharetra diam sit amet. Vel pharetra vel turpi

\end{document}
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Victor Eijkhout

SSC 335: barchart demo

Victor Eijkhout

today

1Two graphs

®©
(=}
T

#Average Marks
D
<)
T

50

[]

80

Tom Jack Hary Liza Henry

Students Name

15.3. A worked out example

Lorem ipsum dolor sit amet, consectetur adipiscing elit, sed do
eiusmod tempor incididunt ut labore et dolore magna ali- qua.
Pharetra massa massa ultricies mi quis hendrerit. Tempor nec
feugiat nisl pretium fusce id velit ut tortor. Eget nulla fa- cilisi
etiam dignissim diam quis enim. Cursus sit amet dictum sit amet
justo donec. Tortor consequat id porta nibh venenatis cras sed
felis eget. Senectus et netus et malesuada fames ac turpis egestas
integer. Ultricies mi quis hendrerit dolor magna eget est. A i
aculis at erat pellentesque adipiscing. Sagittis orci a scelerisque
purus. Quisque non tellus orci ac. Nisl nunc mi ipsum faucibus.
Vivamus at augue eget arcu dictum var- ius duis. Maecenas
ultricies mi eget mauris pharetra et ultri- ces neque ornare.
Pulvinar neque laoreet suspendisse inter- dum consectetur.
Nunc id cursus metus aliquam eleifend mi. Tristique sollicitudin
nibh sitamet commodo nulla.Massa tin- cidunt nunc pulvinar
sapien et ligula ullamcorper malesuada.

IER R P IH B R, B RHE I B IR AR AR TE R T 2R,

TEAEMERE R AR, SRR, BRI
FERTEAE TR, ABIIEREARIRIEER B, [
PR - SRR IEMIARR, DEBTZ LN R,
FREESINZ AR, KAERABIEN, SIENH
FORRER(EIE T TARRCR, T AEMHITR ko SHMT
R, IR R AR E™, SRR,
LR TR A2,

2 80

g s0f 78 =

5 75 ]

5

~ 70

= 70 68 |

5

s 63

5 61

3 60 59

5 55 (

* T T ’_‘ T
2016 2017 2018
08 Wheat I 0 Teall IRice |
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15. LaTeX TR RS

15.4 F—HiEEML

REFRUEEAAT TEX A1 LATEX 1L BT, kAT DAELAR S BN AT TR [19], 5RF
WAESEHBEE (12,11, 16) ZEATEARER AT DAYESR & TEX RYBEFRE] hotp: //www. ctan. orge Ul
A, FTOATFIETIAL conp. text . vex, {HAZ A WL IIMLER B4 1T DATERINE HIREIEE [21],

15.5 & 3Jn)i8

#:5] 15.13. 5 —5—%IW 01 TORBFFATIR SRS, B TRIRCEEIR T AR 4549
- AR, BEAEFRSFIS I ;
. A,

. SRS
. IREVIRAIE,
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15.5. Review questions

SSC 335: listings #/R

Victor Eijkhout
today
1 C examples
int main() {
MPI_Init();
comm = MPI_COMM_WORLD;

if (x==y)

MPI_Send( &x,1,MPI_INT, 0,0, comm);
else

MPI_Recv( &y,1,MPI_INT, 1,1, comm,MPI_STATUS_IGNORE);

MPI_Finalize();

2 Fortran examples

¥ myprogram %! (MPI_Comm) :: comm =
MPI_COMM_WORLD ¥l MPI_Init() W (.not. x==y) W ¥
MPI_Send(x,1,MPI_INTEGER,0,0,comm); & ¥l
MPI_Recv(y,1,
MPI_INTEGER,1,1,comm,MPI_STATUS_IGNORE) &55uIst M
MPI_Finalize() 5%f#¥ myprogram
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Hle =
PERE 53 155 2 00

ABHIRE D LENE SERIER T SRS, TTBEdERESERNTTIE, REEN A
Mg, B, EHENSIEZNERBENETRE, TERERESELISTN EHISBUNT, &
AIRERIN NGB R HFLR RS 7o 2R, SEARRE DR rT DAUE RN, 7R 2 A &,
RBREREUE— L DA RN R M &R T R 75 %o

XEBATRITIE
o AR WERE B TRIE (AR EREANE) #7575, #
- WEREDIT TR MERERCBTHEERNANE (82 2R e R TE.

16.1 T+ 8%
A 2R 77 AT A RIGAED, (R EOTRIALE AR PR timer BIRE, 5 IRPRIN S04 :

tstart = clockticks()....
tend = clockticks()

runtime = (tend-tstart)/ticks_per_sec

2 RGHH H ORI ES

« MPI il Parallel Programming book, % 15.6.1717;
- OpenMP Ul Parallel Programming book, % 2827 ;
« PETSc W& Parallel Programming book, &Y 38.4,
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16.1.1 Fortran
4N, 1€ Fortran  system_clock HllfE:

implicit none
INTEGER :: rate, tstart, tstop

REAL it time
real HE-]
integer :: 1

CALL SYSTEM_CLOCK(COUNT_RATE = rate)
if (rate==0) then

print *,"No clock available"

stop
else

print *,"Clock frequency:",rate
end if
CALL SYSTEM_CLOCK(COUNT = tstart)
a=>5
do i=1,1000000000

a = sqrt(a)
end do
CALL SYSTEM_CLOCK(COUNT = tstop)
time = REAL( ( tstop - tstart )/ rate )
print *,a,tstart,tstop,time

end
Hith oy
Clock frequency: 100001.000000 813802544

8138260972.000000

16.1.2C
£ CHH clock PREX: T

clock resolution: 1000000
res: 1.000000e+00start/stop: 0.000000e+00,
2.310000e+00Time: 2.310000e+00

16.1. T8

{REE| Fortran 1 C /7IEZRIXA TIH? #R: HPATIRIAZE KR, PRMER S 2&EMNT 22 IREWD

R IES JFRT?

16.1.3 C++
B R brartyfih@ tids, dtitidny-thifrgy, including barono

andling different time formats.
std::chrono::system_clock::time_point start_time;

start_time = std::chrono::system_clock: :now();
// ... code ...

Victor Eijkhout
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16. Profilingand benchmarking

auto duration =
std: : chrono: :system_clock: :now()-start_time;
auto millisec_duration =
std: :chrono: :duration_cast<std::chrono::milliseconds>(duration) ;
std::cout << "Time in milli seconds: "
<< .001 * millisec_duration.count() << endl;

HEZMYi, 162 W Introduction to Scientific Programming book, section 24.8,

16.1.4 System utilities
AL unix ZGE AT AT getrusage

#include <sys/resource.h>
double time00(void)

{
struct rusage ruse;
getrusage (RUSAGE_SELF, &ruse);
return( (double) (ruse.ru_utime.tv_sec+ruse.ru_utime.tv_usec
/ 1000000.0) );
}

il gettimeofday#include <sys/time.h>double time00(void){
struct timeval tp;gettimeofday(&tp, NULL);
return( (double) (tp.tv_sec + tp.tv_usec/1000000.0) ); /* wall}

XTI BRI ILRUZ EATTRT A 0 FL R N TRIRIT R GER TR, tHst2 i, wTPALT 1IN TIN (R, B4
CHEATE RSB 52 B B b B i),

16.1.5 FaHTHELES

BTN A R R 2 O, XM T IR CPU _ERYLTNES], O T EREIHRY T
B, BEFEMERAICHIES, Hl IntelRDTSC (ReaD Time Stamp Counter) 5%
http://developer.intel.com/drg/pentiumII/appnotes/RDTSCPM1.HTM,

static inline void microtime(unsigned *lo, unsigned *hi)

{
__asm __volatile (
".byte 0x0f; .byte 0x31 # RDTSC instruction
movl hhedx, %0 # High order 32 bits
movl Y%heax,hl # Low order 32 bits"
: "=g" (*hi), "=g" (x1o) :: "eax", "edx");
}
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16.2. FFATTHI

IR, (ERR RSN BRI T AR BAE, [Rltk, PAPIEL (http://icl.cs.utk.edu/papi/) fEfk
TN —IHE R RT3k 88 . /RA] DAFE HPC FFTSRES 31 A RESHE 2 B89 SERR M FH o

IR 7T, AR HEEIE AT DR R TRAF R P E(E R
SRS, WPEEE A A RBEN TS, el D ma&MEsS. i, PAPI BAJRE
FEARAIHE S,

16.2 JFATiHI

THIFATIRE RN, KOS rTREMH BN, IX
miS G AT RE IEAEM & H [R5 RS A, A INIX SRR B2
wiEAEEER, wig =R BEREN; FEY Parallel Programming book, &% 4.1.1,

A, XFFAREREEN, &L

if (procno==0)
do_big_setup() ;

t = timer();

mpi_some_collective();

duration = timer() - t;

I < I I
Totart
setup setup idle
Tstart
Tetan harrier
J d g
T.
collective collective collective collective tart
Tena Tena Tena Tend
—_ <+ - ——» -+ -
rest of the rest of the rest of the rest of the
program program program program

& 16.1: WA BRI AT AR TR
16.1 A 73X —53:
. TR R, BR T B EHESN, HARESI BT AR &1E, BEEHEELHTIEE;

o PR R B b I R N 72 o
AR L, BATHAERZ— DN EIE, X NMEARR OGS R RN, Hhfs ridREEen
BB,

R SRR AE R AT A QRS B ] BT — 1 e,
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16. TERE 2 5 B DA

Barrier();

tstart = Wtime();
Barrier();

duration = Wtime()-tstart;

HIWAE 16.1.

16.2.1 MPI fil OpenMP i JF {7 Hi 25
VFEAUHA E TR B, BI, XET M

double MPI_Wtime(void);
double MPI_Wtick(void);

21l Parallel Programming book, % 15.6.1 719,
XF OpenMP

double omp_get_wtime()
double omp_get_wtick()

21l Parallel Programming book, % 28.27i,

16.3 Profiling tools

MERE AT TERON SRR i S DA BB R, B 2N R, sUEERIIT
KHMESEE . X T RRE SRS F AR AERIREL, S RIAIF-E N TR S5 R

X EFATHERAE R T A
. gprof, TRLAdfE, A1

. perf, NFERE,
. Intel VTune,

TheTAU LR, 1£55 17 Whitie, HTIRERIER, WEATEREDTIIRE, FHUERREE T
XEMW, &, BANHEE] PETSe EATVFETE X B ORI,

16.3.1 gprof
GNU #iFastly o Hds, gprof Fa B FHATSMIARS B R o M1 ERE -

% gcc -g -pg -c¢ ./srcFile.c
% gcc -g -pg -o MyProgram ./srcFile.o

RIERER BATIaTT:
% ./MyProgram
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16.3.

A N1 gmon.outo XN XHR] AW GBI BIR:

% gprof ./exeFile gmon.out > profile.txt
% gprof -1 ./exeFile gmon.out > profile_line.txt
% gprof -A ./exeFile gmon.out > profile_anotated.txt

16.3.2 perf
BERZE Unix ZAThR—#2128t, pert AFRE( AL,

Run:

perf record myprogram myoptions
perf record --call-graph fp myprogram myoptions

XK EE RERRI pert . data HY, BUEHIT

perf record -o myoutputfile myprogram myoptions

for a custom output file.

JEAC R TR :

perf report
perf report -—-demangle ## for C++
perf report -i myoutputfile

I3 THE

BRAT DR AR, PARgH— P4l ascii TR, REFAREBLED 2 —, FHERITEHE 2 EAfE

R

perf report --stdio \
—--percent-limit=1 \
--fields=0verhead,Symbol

Example:

+ 14.15) 4.07% fsm.exe fsm.exe [.] std::vector<richdem: :dephier::
Depression<double>, std::allocator<richdem::dephier::Depression<double> > >::at
+ 8.92% 4.58), fsm.exe fsm.exe [.1 std::vector<richdem: :dephier::

Depression<double>, std::allocator<richdem: :dephier::Depression<double> > >::_M_range_check

X 14% HIRRIERTER ac MHATRS], HAEE —FRI R TEER A,

16.3.3 Intel VTune
Intel VTune 73 M1 a8 [RIMEA T B 4dibE

vtune -collect hotspots yourprogram options
## result are in a directory: rOOOhs
vtune -report hotspots -r r000hs

T B, RATDAER veune-guio XAMILURIMNEER, EATLAEIRIRE, BTH T — DR,

Victor Eijkhout
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16. TERE 2 5 B DA

16.3.4 MPI HERESH BT
MPT JEB I EFFEREMT R . B0l GHTRE) —6, & 156710,

\

16.4 Tracing

FEMERE AT, BATHROICEGER: — MREIEH 72/R, PAHEEBIT

iR / P28 1T

IR / B/ NBTTIN A / BoRISTTI TR, AT, AR 7SRRI 7, XA TG
RHAAASR, SHBAISO0 BA 2T FI = R B (Rl

4 Vampyr <2809 TRA] DIKERSCTHAF, Rl EMIREERE, HBERRGREREN], WE 162
FIRo

[

S il
i

F
i

i

i

i

i

Efmar e —een

T

T

i
"=

B 16.2: —PIHATHERN Vampyr N RIZE,
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W17 23

TAU

The TAU tool [20] (2 http://www.cs.uoregon.edu/research/tau/home.php BT XHY ) H &
AR ROAERERATRIS, Rt d, ERAIRARIEREI A AEREA . 18178505, IRa] DG
IR,

Profiling ZWEM TR E ARG EdE, FlanmrmpLpiiz b i hiE, s EE2aaM s
TISTRIRIRER Yo HPRGTEMERERS, — MR profiling THZAARI/DHY,

Tracing EHEM B REFIBTHINEMHEREE, PSR ENEREGEE T HE, AT
BRI T MU profiling it HEHIRMEA, tracing THER] DR IRA O ER WAE,

17.1 fERIEEK

There are two ways to instrument your code:
- ERIDAME R sh RS, HA TAU MR/ TIREINTIIRIIRE: # original commandline:

% mpicxx wave2d.cpp -o wave2d
# with TAU dynamic instrumentation:
% mpirun -np 12 tau_exec ./wave2d 500 500 3 4 5

o VRA] DAFEGRIER IS INAERE, M, (RFFZELLLE TAU fEREMREE FRERE, 1. TAUFHCD
# makefiles, AFRFIN EEURTIRAVZEL, (HilH 2R 0T
export TAU_MAKEFILE=$TAU_HOME/lib/Makefile.tau-mpi-pdt HJZRPH

2. BIEVRA] A TAU %i¥es tau_cc,sh, tau_cxx.sh, tau_£90.sh,
SRBTET N, IRFEGIF TAU S A4
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17. TAU

export TAU_TRACE=1

export TAU_PROFILE=1

export TRACEDIR=/some/dir
export PROFILEDIR=/some/dir

NTARIRERE, AR TAU i

cd /some/dir # where the trace and profile output went
tau_treemerge.pl
tau2slog2 tau.trc tau.edf -o yourrun.slog2

slog2 XA LAH jumpshot 7.

17.2 Instrumentation
5 VTune FFHEEN S SXHEAT o TEAR, TAU @A EEHERI instrumentation 2R
TAE: KR EE@—MNRAEEJE RS AL, KRR BLRRE O TN gt iHE SRR,

XA instrumentation K& EENIRTER; TR EZEFFEFH — N TIRCHS 2R RS 45 Y IR A 28 3 g 1%
PREGAAS, BEE4RIEAR A instrumentation ARG, #Ian, FRAT PAZEVREY makefile FE I RAZ:

ifdef TACC_TAU_DIR
CC = tau_cc.sh
else
CC = mpicc
endif

% : %h.c
<TAB>${CC} -o $0 $~

NAREAEA TAU GBI R AR & race_rav_pir KA , AT cc BRE XN TAU HiFHIAZ
—; WP EONE AT MPI %% 6.

Fortran ¥ &, Cpp & WMRIRAYIRAA LS

#include "something.h"

T84, INITIZEDT

-optPreProcess

F| TAU %iFds.
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17.3. 1817

Remark18 PETSc J&E 7] A3 3¢ 7 Bt B B A0 --with-perfstubs-tau=1 ISk B TAU f&EHE 3 THRIF,

TAE TAU F{#ER TACC %R, 1EHUT module load taus

17.3 1817
IEEAER] OSTTHE I B9ARAS; WiSRIRE TIMNRAS & rav_prorILe A1/ BY tav_Trace, WIERER / ArHHIES
A

export TAU_PROFILE=1
export TAU_TRACE=1

—IR TAU IBITAI AR Z S s B R R D — Hitk, @UC8ERIERERA S B
g —NHEHZR, KBS ERRZEE prorrrepir 1 TrRAcEDIR [A] TAU FEEHEA],

mkdir tau_trace

mkdir tau_profile

export PROFILEDIR=tau_profile
export TRACEDIR=tau_trace

SKFREIRE P A PR A AL

mpirun -np 26 myprogram
TACC note. 1£ TACC, /] ibrun BfANHFACERARER,; BEAITERSEGE SIS H,

SFIRRBIER 7 PNMESZEY E 5%, (BRI E R — B A e,

17.4 4t

BRER [ AR B BEVF SR, (EIARRAERD 32, [Hlitt, EFRE LSNP RS B E(E
=

/N0

;UTU@%pﬂ@mf Eﬁﬁ%ﬁ

paraprof tau_profile

HERGRTRE LB
cd tau_trace

rm -f tau.trc tau.edf align.trc align.edf
tau_treemerge.pl

Victor Eijkhout 207



17. TAU

tau_timecorrect tau.trc tau.edf align.trc align.edf
tau2slog2 align.trc align.edf -o yourprogram.slog?2

ﬁﬂ%ﬂlﬁi‘i tau_timecorrect 9}33%, ﬂuiﬁﬁ[«){?ﬁiﬁiﬁk slog?2 I

H::

tau2slog2 tau.trc tau.edf -o yourprogram.slog2

slog2 AR DA jumpshot B :
jumpshot yourprogram.slog2

17.5 Without instrumentation

XA B T HAFRERAE

tau_exec -ebs yourprogram

EEBZEI"J .trc ﬁﬁ:ﬁﬂ;{)ﬂ paraprof ﬁ%o

17.6 50l
17.6.1 Bucket brigade

LiEBATIE IE— bucket brigade SRR 1 B D HERR HER A XL T —1

higher rank.

int sendto =

( procno<nprocs-1 ? procno+l : MPI_PROC_NULL )
int recvfrom =

( procno>0 7 procno-1 : MPI_PROC_NULL )

>

MPI_Recv( leftdata,1,MPI_DOUBLE,recvfrom,0,comm,MPI_STATUS_IGNORE) ;
myvalue = leftdata
MPI_Send( myvalue,l1,MPI_DOUBLE, sendto,0,comm) ;

WHRATT I BE 28 AN S B T A UG B DR SR A
TERIRTIREENL, R RSEREE.

208

// bucketblock.c
if (procno>0)
MPI_Recv(leftdata, N, MPI_DOUBLE,recvfrom,0, comm, MPI_STATUS_IGNORE);
for (int i=0; i<N; i++)
myvalue[i] = (procno+1)*(procno+l) + leftdatalil;
if (procno<mprocs-1)
MPI_Send(myvalue,N, MPI_DOUBLE,sendto,0, comm);
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Drawable Info Box x

Drawable Info Box - MPI_Send()

duration = 0.144 msec
B v recvo [0]: time = 1949819, LinelD = 3
[1]: time = 1.949963, LinelD = 3

duration = 1.334 msec
[0]: time = 1.948499, LinelD = 4
[1]: time = 1.949833, LinelD = 4

‘ | Drawable Info Box ~ x

‘ | By message 0

———————————————————————————————————————————————————— (]| 30 = 0.331 msec
| ‘ [0]: time = 1.951506, LinelD = 11
[1]: time = 1.951837, LinelD = 12

msg_tag=0, msg_size=80000, ms

[

Figure 17.1: Trace of a bucket brigade broadcast

ZIRVERT TAU BRERULE 17.1, M T 4 DA, 80T E 4 DEE BOTERENY RN
REFDESY, BT RZRIBFEDE D, 2R, MR GBS R T B CRFED, FNE
AR R HATIR, TR e R AR AT A B T HRUERE,

TR, BAWEMIRERSINRUKS: BN RIEPRII AT THRSY, IXEHR 18I RH 288 F AR AR
// bucketpipenonblock.cMPI_Request rrequests[PARTS];
for (int ipart=0; ipart<PARTS; ipart++) {MPI_Irecv(

leftdatat+partition_starts[ipart],partition_sizes[ipart],

MPI_DOUBLE,recvfrom,ipart,comm,rrequests+ipart) ;}

TAU BREEIE 17.20

17.6.2 Butterfly exchange

The NAS Parallel Benchmark suite [17] & —PMEHEE (CG) Sl LB HE all-reduce #IERRAR
7N butterfly exchanges
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Drawable Info Box

MPI_Isend(}

duration = 3.157 msec
[0]: time = 2.536366, LinelD = 3
[1]: time = 2.539523, LinelD = 3

close

Drawable Info Box X — Drawable Info Box

B veurecvo Bl e waitany0

duration = 0.593 msec duration = 6.516 msec
[0]: time = 2.534915, LinelD = 8 [0]: time = 2.535601, LinelD = 8
[1]: time = 2.535508, LinelD = 8 [1]: time = 2.542117, LinelD = 8

B 17.2: KSR AR ER

'l cgb.f
do i = 1, 12npcols
call mpi_irecv( d,
1 H
dp_type,
reduce_exch_proc(i),
i,
mpi_comm_world,
request,
ierr )
call mpi_send( sum,
1,
dp_type,
reduce_exch_proc(i),
i,
mpi_comm_world,
ierr )

V V. V V V Vv V

V V. V V V V

call mpi_wait( request, status, ierr )

sum = sum + d
enddo

FAE TAU BREFHIRBIHIX NG B 17.3, (FAHME, BMBRIXMEEEIESIN T KESER ),
17.5 F1 17.6 /R T —REER AR
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=@

Drawable Info Box

Bl e waico

duration = 0.187 msec
[0]: time = 20.072814, LinelD = 4

Drawable Info Box

B wruirecvd

Jduration = 16.00 usec
[0]): time = 20.072001, LinelD = 4
[1]: time = 20.072017. LineiD = 4

duration = 0.212 msec
[0]: time = 20.072565, LinelD = 4
[1]: time = 20.072777, LinelD = 4

close J

close close

17.3: butterfly exchange fJ#ik

LELER S5
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[ 17.4: butterfly 2Z#zfHIE
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B 17.5: NS R S R AR AR P AN B



17. TAU

[ —

I [ 1 -
1. lagging process

Figure 17.6: Four stages of processes waiting caused by a single lagging process
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W18 %

SLURM

RN &8 ATDARER W&, (B2 IERTHE P RN DA TR ZRRsT. R,
FAF B RAE AR, XAV ATRESZ RIF 4T, L RTRERA ISP IR AT Fo

DUE FIRNBATVEL AR o FEMREE DR TR, AR A TR TR, T2y HE AR R BRIV IFSE K.
( Stampede TERFE TACC HIIBATHIRIALTE T 423 1000 5 MENL, MHE T 20 ESI— DRk, )

ABRERFR R R GRIELMATIR, Rl W EHERA S Linux KA TA (SLURM) .

18.1 S£1t&HH

A AN BRI R A MR RS A
- BERV R, M
THEYA.

PRI — ssh connection BTN, PRIEHEHZ— login node, login node HEEMR/D, EHE/DTH

1o

Exercisel8.1. ERZEIWRERMERE, A login node HHZ/DN? QIR IRETF & B 8 HTE RS,

R &I E CLER—4 login node LI&?

Compute nodes ZIZfTIRIENAIHTT, AN EIFERBAEIX A AR AL
- WRTRAIDHER P 2 A=, WalPIE 100 - R PRI AT AR T A%
D, HERAENR, - 577 H, XERELZT AP R RTRESAH BT,
—MENATRES G 5 — MEV RN B B, - R RN, (R AT DA &
RBEIPTA NI A 5,
- BRI DUZRBIRY, BN HET SR AR RAY tha] DA Z A B as 2R,
flan, TACC Stampede2 8£HHHA IntelKnights-landing F Intel Skylake 17 fio

EE, BEPAE L CERAET TR, AFARLN— TBREZ, BTSRRI, &
KR R,
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18. SLURM

18.2 Queues

JENBEHE ICRNZRES), ROVBIRA R, sy HAM R IEAEIBTT,
RER A mALIEd (BUE 187 7) o B, (EIGER IBIRARF, HittbH RS0 SLURM #1TH
JERE N,

z%%%%%x%ﬂ%ﬁﬁﬁf’ﬁikﬁ&)\g/l\ﬁ?&EP: TENVBHRRZ BN Z NI LR —AS, IXLERAFIERZ 73 71 VA
Queues can differ in the following ways:
o WR—DEREERFZIURA IS, IXEAPEERE R 22 MEFRIIBASIF, A, FIER
LI EEAR ST (GPU) B RBIBAS. A Z DN IASIEIRE IR E VREI 1R
TETEMRRPACFEER2RAY BIBAT, RIMEVRATPTHUT SO RAE 3 2 B 5 R A LSRR
-  JRERA TR T BAA, IXEERASIS BTN AT SR A ARR S, (BRI SRR,

- A T I, XESE E s, (ERHEE &SRR,

- CRAETRT EEBEAEECHS,

o MTBRIEFREARHIMEL, HINTRER B ODEOBITIN A ELIE R B KA, ATRES ARSI
ﬁIJO

T slurm,  sinfo a3 A] AT IFIMR Z X T RASIHIAE B
# what queues are there?sinfo -o "%P"
# what queues are there, and what is their status?

sinfo -o "%20P %.5a"

Exercise 18.2. M AIXEE %, BZ/DANRIN? EN BAEEREIBITIS?

18.2.1 FABIRR ]
Queues have limits on

o ENLATIBTTIN AL
o PRV B B
« FPAEIZBSI ] DA 2 /DML,

18.3 fEkiBafT

THEH slurm EEEYER ERENELEZEMMIT RTLUEs—MEF
r5 srun FHIELT, (HIXAJRESHEERIRIRATH, B, AT,
wBMTE SN GHES HH spacen TEZAMEARF L PATIRIIART o
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18.4. BIA S

18.3.1 1Rk 22 S 1]

NTIBIT PR, REZERT — MELEA, SERCERA, ZAARME T IRRI21T
HIRER, Hhm AR E, w6 R EE ST,

FEf SR RITE A, IRAT DAE R A T EFR A 2 4

sbatch yourscript

KRB TR AT AR SEMA S, NEBATRE TR,

TEREERAZ AR, IE2IRIE—MEN ID, 25, ERILAMEA squeue:squeue -j 123456
B WIERIE L,

or queury all your jobs:

sSqueue —u yourname

squeue AR EAIENLEY S ATTH, FINEARAES CEHRFFHEI2TH) 5 WRIELERBTT,
if/ﬁ\ﬂim,\ THIRAA (B “ X7 ) BRI SEFRIS TR Mo
squeue —j 5807991

JOBID  PARTITION NAME USER ST TIME NODES NODELIST(REASON)
5807991 development packingt eijkhout R  0:04 2 c456-[012,034]

RIS IA JG A TR, EASIABLTHRIBITH, DA scancel BURMEHITEL:

scancel 1234567

18.4 A S

A job script looks like an executable shell script:
EEA CEREST 1T, I
40 #!/bin/bash FETIER, H

- EHEEEE unix @, W

- REFE OF1T) J83): # sequential program:
./yourprogram youroptions# parallel program,
general:

mpiexec -n 123 parallelprogram options
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18. SLURM

# parallel program, TACC:
ibrun parallelprogram options

. . REERWFZIETCRIEEHTIZT,

18.4.1 sbatch %W
BR T E R unix 2RI E T2 A0, PRINIIAIE A 142 SLURM 1654, B/MELHEILL #SBATCH JT
ko GXEEATIBCN shell BRREARATIERE, [RILHEACERIIA SZRR 2 &5 shell BIA, )

LRI
#SBATCH -option value

HRDED (BR 7 IHATHOGRDT, WA 185 1) E4E:

« —J: the jobname. This will be displayed when you call squeue.

+ -o: name of the output file. This will contain all the stdout output of the script.

« —e: name of the error file. This will contain all the stderr output of the script, as well as slurm
error messages.
It can be a good idea to make the output and error file unique per job. To this purpose, the macro
%Jj is available, which at execution time expands to the job number. You will then get an output
file with a name such as myjob.02384737.

- -p: partition BIRAF!, UL 32,
« -t hhimm:ss: BRAISITI A ARRAGVENLEIT LEI TR, REEBOE. A M MERA:

L X HEAREFEE RIS BABIBR BRI A, 2. /NI TR, A T RER AL S VA L

. -w c452-[101-104,111-112,115] F5EREEIAITI Ao
o -A: SERIVENLRITHBREIIK A4 R
« —-mail-user=you@where Slurm AT DATEAE MV AR ES RN @A, D, fSmTREABEAE

PRI ER 2R (BUBTT top) , BEEEMESERIRESIR, HABRKITEERN
i, A BEROEMAIRIEEY (KBRS --mail-type=begin/end/fail/all $57E,

. --dependency=after:123467 FRIZIEWGTEIEN 1234567 G /E8N. HH afterok {NTEZIELAIN
SERRIEEI, (B https://cvw.cac.cornell.edu/slurm/submission_depend J 5 ZIEIN, )

« —-nodelist FVFEHRERIE T . XN TG ATEERIHINGRATRER AL, (HRIRESEIELEASI P RIERF
1]

. —-array=0-30 J&2 ‘HAMAT PG FTEHXN —RVISBEHRITIES,
TACC 2 &, TACC A3 Arry 1Flk; 1% launcher ; W& 1853,
. --mem=10000 EEB N HFIHRING R, BINBALZIRF T, HATA k/M/G/T BARHER,,
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18.5. HATAbHE

TACC note. WETARERH TIEREEANTE . MENIGE AT DA RIFTE AT YR NTE, FHEA R
FHZNLE,

Z https://slurm.schedmd.com/sbatch.html REGEEER R,

Exercise 18.3. Ji’5 — MHA, AT date L WIR, HFHEA— sleep., TRRILMAIEERH,

18.4.2 ¥pki

IEBIENY IR TE BT IN REHGAE AT HAth shell BIA, RHIE, B TV environment N EFT
BINED R, AN, slurm & TWWEHELZRE, HIAEL ID . FHFIER. T REBEIHZEL

18.5 Ff7/b Bt
A1 IS FHA TR,

18.5.1 MPI ik
FERZHERT, FEHEES RSN EHESERHET R, Kitt, EFRZEEET S8R0
i, 2HIAEIE -N M -n,

#SBATCH -N 4 # Total number of nodes
#SBATCH -n 4 # Total number of mpi tasks

o a] DARFEE 1T ez O, (HIX R > RiEE
o WR—NVEE 40 M2, BIREERAE 10 > MPIHERFE LY R, RA]
DAf#iF] . #SBATCH -N 1#SBATCH -n 10

o QERIRAUHEREGE R BN, (RATREARCRE — L OAMER], 1E
=40 TR L, AT BAREA
#SBATCH -N 2

#SBATCH -n 40 B{#
#SBATCH -N 1
#SBATCH -n 20

YR A IAFEE S0, T2 H --ntasks-per-node 57 &7 mAYRZOEL,
Exercisel8.4. (WG _HIARAI, IFHSERAAY --ntasks-per-node [HZ#: -n &I,
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Python note. {§i ] mpi4py ) Python MPI f2/7 MG H At MPI f25— A0, HEIRFELE
python RIHATSCHRIIMIALTR, MiARRIHUT X4

ibrun python3 mympiédpy.py

18.5.2 £&BME I

PLETHEFES MPI P, Hh—E
« XF4 OpenMP &, RRFE—N, Fit -v ®EN 1, BFESANETFRZ, -n WEDBE],
RN R FEA#R— DR OpenMP EHALAREI AT, XIEIL ovp_vuw_THREADS INFELEIEE,

o RNE GG T Matlab parallelcomputing toolbox (7FE: & distributed computing
toolbox ) , PAK Python multiprocessing 1,

£33 18.5. WNRPR AL OpenMP FEFHEE — MR T 1H -n fH, RKEMA?

XTREITE MPI-OpenMP 127, RFEEESMHA slurm TR &, Flan,
--tasks-per-node Fl OMP_NUM_THREADS FJSRAHZE/NF5 AR O B,

18.5.3 28l / Bty | KIBOHT
FIEHATALE, BAEGERZ R E BT TSR, 28T, AERBIFREIR R R A
BTy (BEAFEARIFT) BRIITSC R, XM DU S 33 &

Slurm A B o] DU BB I X FX — R, REEHEERN launcher THAJHTIHZEHA,

TACCnote. TACC SEHEASHIEA N, MR, TEEH launcher BY pylauncher IR,

18.6 1 Mkiafy
SR EEIZTTH, HARESH squeue fREN Ro ZMLIERIRE LA BT R

squeue —j 5807991
JOBID  PARTITION NAME USER ST TIME NODES NODELIST(REASON)
5807991 development packingt eijkhout R 0:04 2 c456-[012,034]

R, AL ssh BEALEMLAYHET G @8, R RBREELTIRN, WRIERIZT top KEBEN
HRRIZTIRGL, XAREE .
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18.7. A FE TR Mg

18.7 VA SR

IXFER R GEARIE BEIRA A R PEAN - B Se ke e AT o] POBAT

SR, WRAPIERKEY A, AREKEANZAR2ZT RRINATH, Rt R g = m i R
UERT I, e W (LRSI TIN R, SR IET R ORF = R KA, DAEAE I A AT A,

—MHBREIERZE, EEERRELITGZAT, MR- DS T ERE, —»~ “MH4”
KRR RT DABG81T, IXWFRONEE, ErREFEWE L LUK AT RV E RiatT,

18.8 Xk &4t
XIFRGA AR

- EAITA] DA By thol DATEAT S
< ARSI AT R L

o BEATA] BUZ R AR AT DA BR.
V28R, B8P REAE DA, FIRERIER AR RAM disc, IXIBHIVNEIR, RNAE(EIBIT
S IRLFH I A S A

RV RGUFAETIEN RAID array — 80 BIMEEL bo IXEWE BARBIURDSEIUAH, 7
HER EEATER T —1 shared file system: —PNG—HISXIERSE, AT DAMEMT S5, O]
DEAEERD, 8 2D RGHEM A MRS REGZ,

TACCnote. HOME XAFRGIK/NEIR, HELRKAMERN X AR XEIRAT DURE AR,

WORK XIFRGUSKAMERT, (HIEH &N, VRATDAMEX BRIt 28T, HATL
PR R GRS IR R AT R AL A

SCRATCH MR H, HEMAREFmHEIRSHE, KRR ARy, 2
JEACEE, VRATDARBURFER] DI RS, sUES AN#L, Exercise 18.6. 41IRIKI cmake
AR, W=
L —MIEFTE cmake JETRIIIA; 2. JAGD, 3. Z45HY
SKOCAERT RIS, 4. IERN RSCESE, PRSI AT FHAYSC
ARG LA R?

18.9 Examples

FEH AT AT EE Y
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18.9.1 FE kARt

JOB="sbatch my_batchfile.sh | egrep -o -e "\b[0-9]+$""
#!/bin/sh

# Launch first job
JOB="sbatch job.sh | egrep -o -e "\b[0-9]+$""

# Launch a job that should run if the first is successful
sbatch --dependency=afterok:${J0B} after_success.sh

# Launch a job that should run if the first job is unsuccessful
sbatch --dependency=afternotok:${JOB} after_fail.sh

18.9.2 AN 2 IRIB1T

ibrun stuff &

sleep 10

for h in hostlist ; do
ssh $h "top"

done

wait

18.10 & )8
S TRE RIS, RIRIE R RN, EHEEET 4, AHA?

Exercisel8.7. FIWr#? YIREEZ—MELN, —BHERBHGIE, ©2 2 AF6EsT

Exercisel8.8. HIWrdi? anRIRIEAZ DA RRIA:
#!/bin/bash#SBATCH -N 10#SBATCH -n 10
echo "hello world"

r&EFmEHERE 1047 ‘hello world &

Exercis 18,9, H|Wrdi? GNRIREERE DARRIA :
#!/bin/bash
#SBATCH -N 10
#SBATCH -n 10
hostname

222
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18.10. & S [nl

TRA] DR TSR S 8571 R LA
Exercise 18.10. SRAIIENIZTTHS, DARHRLEET IR S5 HAM A =61

« Memory;
. CPU;
. Disc space?
Exercise 18.11. &if] yourjob KMWmL 2247
« sinfo
* squeue
» sacct

Exercise 18.12. 7£ 4 ™ s, BN 40 ZBEH T, BRBSITEFIEEZZ/D, BA2
« MPI ranks;

. OpenMP ZF&?

Victor Eijkhout
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SimGrid

ABHTF 2 E R REWS (E M T A RIS, B T SBISCHIARY Feitot. 28T,
OB NRES TR 2T — R R DUETFIS E R, BMEWL, HT8FEN, A8
WA A A RATRER S AV EIE A (i, ZRMEAEPEERIES)

N TR S ARSI R, BT e i — MEIBLT R, SimGrid,

ZE
T VRYR S @A) MPL S0, B SimGrid %% & supicc RIFIFEEA ],

1547 SimGrid AH B A mpirun A :  smpirun, VRTRZA L FIETEREELE :

. -np 123456 o (REHL) ACFHARAYEE;
» ~hostfile simgridhostfile FI X LA FRAR AR, PREAR LR DARERE ifs, (HIXLERIRE AE:

. -platform arch.xml & AR Z A IERE R R
fFan, AFEE 8 MENA hostfile, LRMEEREIIMLZEE XA :
<?7xml version='1.0'7>
<!DOCTYPE platform SYSTEM "http://simgrid.gforge.inria.fr/simgrid/simgrid.dtd">

<platform version="4">

<zone id="first zone" routing="Floyd">
<!-- the resources -—>
<host id="hostl" speed="1Mf"/>
<host id="host2" speed="1Mf"/>
<host id="host3" speed="1Mf"/>
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<host
<host
<host
<host
<host

id="host4" speed="1Mf"/>
id="host5" speed="1Mf"/>
id="host6" speed="1Mf"/>
id="host7" speed="1Mf"/>
id="host8" speed="1Mf"/>
id="1link1" bandwidth="125MBps" latency="100us"/>

<link
<!-- the routing:
<route src="hostl"
<route src="host2"
<route src="host3"
<route src="host4"
<route src="hostb"
<route src="host6"
<route src="host7"
</zone>
</platform>

dst="host2"><1link_ctn
dst="host3"><link_ctn
dst="host4"><link_ctn
dst="hostb5"><1link_ctn
dst="host6"><1link_ctn
dst="host7"><link_ctn
dst="host8"><1link_ctn

(eSS R POEE — MR shell BIAZARK ).
Floyd & AR M A] DARE A 40 B AR A QIR A R AT AT . tBm] DARE AT
routing="Full" , XER5ZEFGEHA A UBEHTXT,

Victor Eijkhout

specify how the hosts are interconnected -—>

id="1link1"/></route>
id="1link1"/></route>
id="1link1"/></route>
id="1link1"/></route>
id="1link1"/></route>
id="1link1"/></route>
id="1link1"/></route>
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qalg TR

ABI I H Z#fil#2 1 ADL SEUKIIE TR
AMR HIEMN kgL A0S 5%

API NIRRT AVX SR MR &
BEM JO5i7Ci% BES | ELSCIEE BLAS
BT AR BM
Bowers-MooreBSP fit & [F?F 34T BVP i1
{EIRIE CAF #44H FortranCCS JE4E%
i CG HLHIREE CGS &l
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.bashrc, £ shell,startup files
.pc(unix command), 89.profile,
£ 00 shell, startup files

ABI, £, Application Binary I
nterfaceadd_compile_options (cmake
command), 95add_library (cmake
command), 80, 82add_subdirectory
(cmake command), 85 ADL, &,
Argument-Dependent Lookupalias
(unix command), 33 AMR, £
Adaptive Mesh Refinement AOS, &1
Array-Of-Structures API, £,
Application Programmer Interface
Apple Mac OS, 7, 87 OS Ventura, 53ar
(unix command), 17, 51, 52archive (
git command), 121 archive utility, 51
ascii, 41 assembly listing, 45
assertion, 145assertions, 144-146
AUTHOR_WARNING (cmakecommand), 97
AVX, £, Advanced Vector
Extensionsawk(unix command),
38backfill, 221

iR, 22
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backquote, 20backtick, &,
backquote, 28bash (unixcommand), 7,
71 Basic, 41 Basic Linear Algebra
Subprograms (BLAS), 122 batch job,
217 IR | 217 &%t , 215 BEM, 1L
Boundary Element Method BFS, £
Breadth-FirstSearch big-endian, 129,
137 binary stripped, 49 Bitkeeper, 99
BLAS, £l Basic Linear Algebra
Subprograms data format, 124-125
blis, 126 BM, % 0, Bowers-Moore
Boost, 179 branch, 99, 117break(unix
command), 28 breakpoint, 160, 161-
163BSD, 7 BSP, £, BulkSynchronous
Parallel bucketbrigade, 208 buffer
overflow, 164 bug, 144 bus error, 163
butterfly exchange, 209
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BVP, &N iA{ER#, 177 CMAKE_LINKER (cmake command), 95
CMAKE_LINKER_FLAGS (cmake command),
C, 41 96CMAKE_MODULE_PATH (cmake command),
C++
o 88CMAKE_POSITION_ INDEPENDENT CODE
FH, 162 KEEF, - - -
174-176 S FREL, (cmake command), 82CMAKE_PREFIX_PATH
174+£i1t (cmake command), 88CMAKE_SOURCE_DIR
c+(unixcommand ), 48,175 (cmake command), 83CMakeLists.txt,
CAF, see Co-array Fortran R N ) .
cat (unix command), 8, 9 tb, 49 efkgal, 15531, 49 S% C#i
Catchz, 152
L] . -+ le é—{ AR
Catch? (unix command), 87 Fortran, 173 I+HE &, 215C00, &0 4k
catchpoint, 162 Frfrfi coredump, 155 &%, 151cp
Cbl(as’ 91 " (unix command), 9 CPP, &0 C fikbHgs
CC (unix command), 95 . L
CCS, see Compressed Column Storage CPU, 200 hRAFESTT CRS, 200 HAi(T
cd (unix command), 12 f#f# csh(unix command), 7, 71 CSV, £
CG, see Conjugate Gradients 5243 EE ctvpes thon it 178
CGS, see Classical Gram-Schmidt S5 YP ‘(py‘ B, )
chgrp (unix command), 35 CUDA, 20 Si—HHREHENM cut(unix
chmod (unix command), 14, 15 command), 17 CVS, 99¢xx(unix
EEZZE (unix command), 36 command), 95 cxxopts, 93 cmake &K,
(unix command), 36 93 DAG, £ AAJCIAEl date(unix
clang, 43, 153 command), 219ddd, 153, 167 DDT, 153,
cluster, 215 - iy
CMake, 75, 77-79, 81, 82, 84, 85, 87, 91-93, 95-97 107, 168, 169, 170-171 JR[a&sz, 171 5L8H,
Fortran support, 78 167, 168DEBUG (cmake command), 97

version 3.13, 82
version 3.15, 97
cmake, 221 156
CMAKE_BUILD_TYPE (cmake command), 95
CMAKE_C_COMPILER (cmake command), 95
CMAKE_C_FLAGS (cmake command), 96
CMAKE_CURRENT_SOURCE_DIR (cmake command),
82, 83
CMAKE_CXX_COMPILE_FEATURES (cmake com-
mand), 95
CMAKE_CXX_COMPILER (cmake command), 95
CMAKE_CXX_FLAGS (cmake command), 96
CMAKE_Fortran_COMPILER (cmake command),
78, 95

Debug (cmake command), 96 JIRFRE,
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WA | 153, 167 18I |, 153-171 317,
171 piE X gmis | 144 F¥ SR |, 52
DEPRECATION (cmakecommand), 97
DESTINATION (cmakecommand), 79
DESTINATION foo (cmake command),
79 &=, 24diff (unix command),
39 H, 7 DL, £ Deep Learning
DRAM, £, Dynamic
Random-Access Memory DSP, &1,
Digital Signal Processing

Eclipse, 168 PTP, 168 4tk
#% , 10 Eigen cake %5 , 93
eigen, 93 Fispack, 122
electric fence,165e1if
(unixcommand), 27else
(unixcommand), 27
emacs, 10 4, 220ENV
(cmake command), 98env
(unix command), 25 ftALFH
YENVERSE 219 BREAS & 19,
25-27 £ Cmake # ,98 #5 X,
17, 34 alPATCHE 7, 41 3B HY
IRA |, 21lexport (unix

command), 25, 26

FATAL_ERROR (cmakecommand),
97FC (unix command), 95 FD, see
HIRZ%r FDM, see BIRZE5 7714
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FE, see Finite Elements
FEM, see Finite Element Method
FFT, see Fast Fourier Transform
file

header, 47

system

shared, 221

text, 41
file (unix command), 10, 40, 41
files, 7
find_library (cmake command), 88
find_package (cmake command), 88, 90
finger (unix command), 35
FMA, see Fused Multiply-Add
FMM, see Fast Multipole Method
fmtlib, 93, 94

cmake integration, 94

cmke integration, 93
fmtlib (unix command), 87
FOM, see Full Orthogonalization Method
for (unix command), 25, 28
foreground process, 22
fork, 116
format specifier, 181
Fortran, 41, 125

iso C bindings, 174

module, 66

submodule, 66
Fortran2008, 66
FPGA, see Field-Programmable Gate Array
FPU, see Floating Point Unit
FSA, see Finite State Automaton
FSB, see Front-Side Bus

GCC

compiler

optimization report, 50

gee, 43

memory checking, 150
gdb, 153-163

in parallel, 169
gfortran, 149
git, 99
github, 103
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gitlab, 103 (unix command), 27
Given’s rotations, 49 ILP, see Instruction Level Parallelism
GLIBC (unix command), 53 ILU, see Incomplete LU
GLIBCXX (unix command), 53 IMP, see Integrative Model for Parallelism
GMRES, see Generalized Minimum Residual input redirection, see redirection
GNU, 153, 167, 202 instrumentation, 205, 206

gdb, see gdb, see gdb dynamic, 205

gnuplot, see gnuplot Intel

Make, see Make C++ compiler, 58
gnuplot, 141 compiler, 43
GnuSL, see GNU Scientific Library optimization report, 50
GPGPU, see General Purpose Graphics Processing Knightslanding, 215

Unit Skylake, 215

gprof (unix command), 202 VTune, 203
gprof interconnect, 224

(unix command), 202 INTERFACE (cmake command), 87
GPU, see Graphics Processing Unit interoperability
grep (unix command), 16 C to Fortran, 172-174
groups (unix command), 35 C to python, 178-180
GS, see Gram-Schmidt IVP, see Initial Value Problem
GSL, see Guideline Support Library
GUI, see Graphical User Interface job, 215
gzip (unix command), 18 array, 220

cancel, 218

W8S, 201 HDFS, 140 job (unix), 22
hdf5, 42, 139 HDFS, see job script, 217

. ) jumpshot, 206
Hadoop File Systemhead(unix i Jump

2 )’ 10hexdump (unix e )’ 42 kill(unix command), 22
HPC, see MTEREIIS HPF,  see & LAN, see Local Area Network
PERE Fortran IR AHE, 220 language

URIE, 41fR

B, 4 1

language interoperability, see interoperability
IBM, 137 LAPACK, see Linear Algebra Package
compiler, 43 Lapack, 122

IBVP, see Initial Boundary Value Problem routines, 123-124
IDE, see Integrated Development Environment ETEX, see also TgX, 183-196
idev (unix command), 171 launcher (unix command), 220
idle, 221 LBM, see Lattice Boltzmann Method
idle time, 204 LD_LIBRARY_PATH (unix command), 53, 87
if (unix command), 27 1ldd
if (unix command), 53
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less (unix command), 9
libraries

creating and using, 50-54
library

dynamic, 180

shared, 52

standard, 53

static, 51
linker, 45, 46, 87
Linpack, 122

benchmark, 122
Linux

distribution, 7, 34
Lisp, 41
little-endian, 129, 137, 140
1ldb, 153
1n (unix command), 10
load

unbalance, 204
login

node, 215
LRU, see Least Recently Used
1s (unix command), 8
Lustre, 139

Make, 57-75
and KIgX, 73-74
automatic variables, 64
debugging, 72
template rules, 64, 65
man (unix command), 9
man
(unix command), 9
manual page, 9
Matlab, 41

parallel computing toolbox, 220

matrix-matrix product
Goto implementation, 126
memory
leak, 149, 165
violations, 148
memory leak, 163
Mercurial, 99

MGS, £, Modified Gram-Schmidt
MIC, £ Many Integrated Cores
Microsoft Sharepoint, 99 MIMD, £ I
Multiple Instruction Multiple Data
MinSizeRel (cmake command), 96mkdir
(unix command), 11 MKL, 122, 126
cakeintegration, 91-92 ML, £ i,
Machine Learning #it | £ Fortran, 15
B more (unixcommand), 9, 10 MPI, & W,
Message Passing Interface cmake
integration, 90-91 1/0, 139 timer, 202
MPL, &0, MessagePassing Library
CMake integration, 90 MSI, &I
Modified-Shared-Invalid MTA, £,
Multi-Threaded Architecture MTSP, %
J, Multiple Traveling Salesman
Problemmv(unix command), 9
namemangling, 48 NetCDF, 140 netlib,
125 ninja, 75 nm, 173nm(unix
command), 45, 47-49, 52, 175nm
(unixcommand), 47node, 215N0TICE
(cmake command), 97
nulltermination, 176 NUMA, & U,
Non-Uniform Memory Accessobjdump

(unixcommand), 49

WNEA, 46,173 ODE, 20 HM
717718 00, &0 HIAIXAZR O0P, &
D, E AN & gwfE OpenMP
cakeintegration, 91 T8 , 202

message (cmake command), 97
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(cmake %), 97 OS, see ##1F
AS otool(unix %), 49 Hi
HEEEM] , see HEMH ,
144

PAPI, 201
parameter sweep, 220
partition, 218
PATH (unix command), 29
PATH
(unix command), 19
PDE, see Partial Diffential Equation
perf (unix command), 202
pert
(unix command), 203
PETSc, 202
cmake integration, 92-93
instrumented by TAU, 207
PGAS, see Partitioned Global Address Space
pefplots, 194
ping-pong, 201
PKG_CONFIG_PATH (unix command), 89
pkgconfig (unix command), 89, 93
PLapack, 122
POSIX, 7
PRAM, see Parallel Random Access Machine
prerequisite
order-only, 69
PRIVATE (cmake command), 80
process
numbers, 22
PROJECT_NAME (cmake command), 97
PROJECT_SOURCE_DIR (cmake command), 83
PROJECT_VERSION (cmake command), 97
prompt, 33
ps (unix command), 22
PUBLIC (cmake command), 80
pull request, 116
pwd (unix command), 11
pylauncher (unix command), 220
Python, 41
multiprocessing, 220
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queue, 216

RAID
array, 221
RAM
disc, 221
rcp
(unix command), 36
RDMA, see Remote Direct Memory Access
RDTSC, 200
readelf (unix command), 49
record, 42
Red Hat, 7
redirection, 23-25, 37
Release (cmake command), 96
release, 99
RelWithDebInfo (cmake command), 96
repository, 99
central, 99
local, 99, 110
remote, 99, 110
revision control, see version control
RNG, see Random Number Generator
root
privileges, 15, 36
row-major, 125
rpath
in CMake, 85
rpath (unix command), 87

rsh
(unix command), 36

SAN, see Storage Area Network
SAS, see Software As a Service
Scalapack, 122
scancel (unix command), 217
SCCS, 99
scp

(unix command), 36
SCS, see Shortest Common Superset
search path, 19, 29
sed (unix command), 37, 115
segmentation fault, 157
segmentation violation, 148, 163
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SEND_ERROR (cmake command), 97seq
(unix command), 32seq(unix command),
28setuid (unix command), 15 SFC, U,
Space-Filling Curve SGD, M, Stochastic
Gradient Descentsh (unix command), 7 3
2% | W library, shared Sharepoint,
Microsoft, Sharepoint shell, 7 @< 75,
72 JA#IXF | 33shift(unix command), 30
&IYEF , 145 SIMD, I Single Instruction
Multiple Data SimGrid, 224-225 9si¥ , 224
SIMT, W Single Instruction Multiple
Thread single-responsibility, 152sleep
(unix command), 219 slog2 X% , 206
SLURM, J SimpleLinux Utility for
Resource Man- agement SM, 0,
Streaming Multiprocessor SMP, I
Symmetric Multi Processing SMT, I,
Symmetric Multi Threading SOA, J
Structure-Of-Arrays SOR, Jl Successive
Over-Relaxationsource (unix command),
33 SP, JL Streaming Processor SPD, I
symmetric positive definite SPMD, 1
Single Program Multiple Datasqueue (
unix command), 217, 220 SRAM, W Static
Random-Access Memory SSE, ), SIMD
Streaming Extensions ssh &# , 215ssh
(unix command), 220ssh(unix

command), 36

SSOR, &M Symmetric Successive Over-Relaxation
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SSSP, %Ji Single SourceShortest Path
staging area, 104 Stampede, 215
Stampede2, 215stat (unixcommand), 8
staticlibrary, £ library, staticSTATUS
(cmake command), 97 STL, &0
StandardTemplate Library Subversion,
99sudo(unixcommand), 36Swig, 178
symbol table, 49, 153, 156 System V, 7
system_clock, 199 TACC, 171, 215 tag, 99
tag (gitcommand), 121tail
(unixcommand), 10tar (unixcommand),
17target_compile_definitions (cmake
com- mand), 77target_compile_features
(cmake command), 77, 95
target_compile_options (cmake
command), 77

(cmake

target_include_directories

com- mand), 77, 83, 89

target_link_directories (cmake command), 77,
87, 89

target_link_libraries (cmake @4 ), 77,
82, 89target_link_options(cmake %), 77
target_sources (cmake %), 77,

83 TAU, 205-211 3&F TACC %R ,

207 TBB, £, Threading Building

Blocks (Intel)tcsh (unix %> ), 7

TDD, &0, MK A& AARFN , 5

I, Make, BN TEX, 183 IMFAE & ,
190then (unix %), 27 tikz, 194
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timer, 198-200
MPI, 202
OpenMP, 202
routines, C, 199
routines, C++, 199
routines, Fortran, 199
TLB, see Translation Look-aside Buffer
top (unix command), 34, 220
TotalView, 153, 167, 168
touch (unix command), 9, 12
tr (unix command), 39
TRACE (cmake command), 97
TSP, see Traveling Salesman Problem

type

(unix command), 19
UB, W Undefined Behavior
Ubuntu, 7 UMA, W Uniform
Memory Accessuname(unix
command), 34 unicode, 41
Unix user account, 35unset
(unix command), 27 UPC, 0,
Unified Parallel C upstream,
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uptime (unix command), 34

user
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Valgrind, 149 valgrind,
164 ¥4, 188VERBOSE
(cmake a4 ), 97 IRAE
il, 99 7=, 99vi, 10

Visual Studio, 75 VTune,
206

SEEFES#RIS TR, 200 WAN,
see Wide Area Network
WARNING (cmake @4 ), 97
we (unix % ), 10which
(unix @4 ), 18, 19who
(unix %), 35whoami
(unix @4 ), 35 @AY, 15

XCode, 75

zsh(unix command), 7, 27
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