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Q) C WERR b

CIRAL A . ERB

I Library routines | |

E;&% ................ -

Linker 75 N
(id) l

[l LS
Preprocessor
(cpp)

] 4R A ; =8

' Machine code !

Cimi¥zr T [ fH=s
Compiler S Assembler % tH
(cc) (as)
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GCC: https://gec.gnu.org/

B Z¥: http:/www.loongnix.cn/index.php/GCC
B 772 : http://www.nsccwx.cn/

Clang/LLVM: https:/llvm.org/

B EAREFE ANERBFEOSHRRIFS
O ETLLVMH R
OO o rb o S i PR DG B R SOgEAT T IR FEAR AL
O £E R Auto-tunerREPE S KF g P28 H 3L
B 2¥: http:/www.loongnix.cn/index.php/LLVM

FE: ICC (oneAPI)
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https://gcc.gnu.org/
http://www.loongnix.cn/index.php/GCC
http://www.nsccwx.cn/
https://llvm.org/
https://support.huaweicloud.com/ug-bisheng-kunpengdevps/kunpengbisheng_06_0001.html
http://www.loongnix.cn/
http://www.loongnix.cn/index.php/LLVM
https://software.intel.com/content/www/us/en/develop/documentation/cpp-compiler-developer-guide-and-reference/top.html
https://www.intel.com/content/www/us/en/developer/tools/oneapi/overview.html

AK T F YRR

University of Science and Technology of China

) BE S G E SO AR S RS

BaiEEW

O EERRiFaE S hmFaaLIa=T BRI
O 3Z#FC/C++/FortranfiEIB S, 1IRASINT SFmIEEA
O BT TiEstes. SaEkaY RiYRmFEs TR

wEES
C++ Fortran OpenMP
\z A3

EL AR

FHTRIIER  SEESHL E
i /E.—
e s SR L]
B
HESKMW

SIMD KGN BITRIEELIL

ZMEaF

X86 Y RISCV ' ' ...
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¥ FHHm920. X86-64%

X HC11. CHI41TETRE, IH
OpenMP 5.0 API4% /&

¥ #Fortran 2008& = /=R, I &
OpenMP 4.5 API4% /&

s RAERREZER ., Z L
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ZA TR #ARE. M
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https://www.hikunpeng.com/zh/developer/devkit/co

mpiler/bisheng

E&iRiE

https://education.huaweicloud.com/courses/course-
v1:HuaweiX+CBUCNXKO068+Self-paced/about

XH5-EER mi¥ea A Far

https://www.hikunpeng.com/document/detail/zh/kun
pengdevps/compiler/ug-bisheng

t

D
=0

itln
https://www.hikunpeng.com/forum/forum-
0105101360563095011-1.html

P

https://www.hikunpeng.com/zh/learn/experiments/detail/T221
127001

NH-AutoTuneriSHIERS

https://www.hikunpeng.com/document/detail/zh/kunpengdev

ps/compiler/fg-autotuner
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https://www.hikunpeng.com/zh/developer/devkit/compiler/bisheng
https://education.huaweicloud.com/courses/course-v1:HuaweiX+CBUCNXK068+Self-paced/about
https://education.huaweicloud.com/courses/course-v1:HuaweiX+CBUCNXK068+Self-paced/about
https://www.hikunpeng.com/document/detail/zh/kunpengdevps/compiler/ug-bisheng
https://www.hikunpeng.com/document/detail/zh/kunpengdevps/compiler/ug-bisheng
https://www.hikunpeng.com/forum/forum-0105101360563095011-1.html
https://www.hikunpeng.com/forum/forum-0105101360563095011-1.html
https://www.hikunpeng.com/zh/learn/experiments/detail/T221127001
https://www.hikunpeng.com/zh/learn/experiments/detail/T221127001
https://www.hikunpeng.com/document/detail/zh/kunpengdevps/compiler/fg-autotuner
https://www.hikunpeng.com/document/detail/zh/kunpengdevps/compiler/fg-autotuner
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BALHS (test.c)
FAbIRESASF  (test.i)
FAMEE (SLIZHAbER)
R34 (test.ll)
“AEDHT (FFF -> token’

——
“BEDHT (token -> AST) E*/TICIE{EEY#
.AST) X (AST -> 4RF ooy, (test.s)
; \ *IEX
B o

O, BT T IS¢
SRR AR AEREER
.§gg§§j\g3 i (test.exe)
TR

FROLEE % L% S
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https://en.wikipedia.org/wiki/Macro_(computer_science)

WERFNE: NCIES
TEEERANNE: G LispAYIiES . Rust. Scala $F

Hygienic Macro [ESOP2008]

ERARAKKF A% Fnamel, B E AL H —A namel, hygienicE &£ & FF i
202 8 T A3 namel & % Aname?2

(iF: LRBEMNAREL)
Macrofication [ESOP2016]

R A (JavaScript) KRBT EHEEE XL GRXARERGRDR K, FELBERAIE

KE: (WIFREBAZAR M) HEMBITRS 9


https://en.wikipedia.org/wiki/Macro_(computer_science)
http://www.ccs.neu.edu/home/dherman/research/papers/esop08-hygiene.pdf
https://users.soe.ucsc.edu/~cormac/papers/16esop.pdf
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#define M 10 ﬁ@g@u@ ]

#define SWAP(a, b) intt; t=a; a=b; b=t;

#define SWAP(a,b) {int t; t=a; a=b; b=t;}

- ~\
T~ IR ALk ?
IREMMEEFEHA?

\_

KE: (WIFREBAZAR M) HEMBITRS 10



< "ij‘f £ A » j" i
é %mm #1;“ ﬁve@y oﬁnﬁnﬁhnﬁgy o:Ch%

CIBESE%5): wrapfuns.h &t E L4

%F*M%i@@]
enum { BRI SEE

#define fnxx(a, b, ¢, d) CALL_##b = d,
#include "wrapfuns.h®
CALLLAST

I3
#define CALL_ID(k)  CALL_##k
#define CALL_NAME(k) #k

HFHYREFE RS

FIXEL. RS
wrapfuns.h

fnxx(BASIC, spmctime, spmctime, 1)

B HAHA J

#define COUNT_CALLS(fn) \

{ \
(s_tstat->ncalls[CALL_ID(fn)]) += 1;
\
by

KE: (WIFREBAZAR M) HEMBITRS 11
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CIBESE%5): wrapfuns.h &t E L4

#define BEGIN_TIMING(fn)\
{ \
if ( CALL_ID(fn) >0){ \
COUNT_CALLS(fn) \
s_tstat->tstart[ CALL_ID(fn)] = sys_time();\

¥\
b
#define END_TIMING(fn) \
{ \
if ( CALL_ID(fn) > 0){ \
double t = sys_time()- \
(s_tstat->tstart[CALL_ID(fn)]); \
s_tstat->calltime[CALL_ID(fn)] +=t; \
b \
b

KE: (WIFREBAZAR M) HEMBITRS 12
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CiES £%: BEGIN TIMINGZ IR

#define _SPMC_DECL1(t1, a1) t1 a1

#define _SPMC_DECL2(t2, a2, ... 2 a2, _SPMC_DECL1(__VA_ARGS_ )
#define _SPMC_DECL3(t3, a3, ...) 3 a3, _SPMC_DECL2(__VA_ARGS_ )
#define _SPMC_ADECL1(t1, a1) al
#define_SPMC_ADECL2(t2, a2, ...) a2, _SPMC_ADECL1(__VA_ARGS_ )
#define _SPMC_ADECL3(t3, a3, ...) a3, _SPMC_ADECL2(__VA_ARGS_ )

#define SPMC_FUNDEF_RET(x, rettype, fn, ...)

rettype

swr_##in(_ SPMC_DECL##x( VA ARGS )){
BEGIN_TIMING(fn);
rettype r;
r=fn(_SPMC_ADECL##x(__ VA ARGS_));
END_ TIMING(fn);
return r; \

} BZREN—RREAL, FIELERITE

KE: (WIFREBAZAR M) HEMBITRS 13
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L2: % —ik A HEVGSE,
cmpl $(%—4(%ebp) BEXRAR5. L2, L11 jne .L6
jmp .L11 F o PARBREFTE
L11: P 8943 & R FEERIERRE
cmpl $0,-8(%ebp) AR T
jne .L6
jmp .L12
L12:
jmp .LS
.p2align 4,,7

.L6:

—R AWM E R/ RAETERL AR EFLRL LT (RIART
=344 )
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RS R
B TE 456 BAR A

B T HATEY B AR A

B ¥ AR

O —FRpsk i) v 55 e A7 3 s 30
O XA EGEITREFR, I A BN AF

WE. AEAEFNE AR RAFEKIEGTAE,
AMEAZ Fp BB AR TN A F HF R AT
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EEFERVETAL

B RN, BAN, REBFH

ERSTEREEE . BIASIERESS

TSR

RAEA BARRIE T R A3 AOHT, AE—AFT3 LI £ By —

MALFFHRE L

B FEAERMP TS L A3 AT (Anme S IRI)

2R TMFE R, THIERE] M)
BEFITMPEX, REAMF 3] A)
SR 5 (MIE R X, EMT 3] A)
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B EEEE ‘#@ ?4’2 K& x é—

FEIERYETH
B RN, BAN, REBFH
BRTSIEIRSS . IS IERERS

= th
RA A DA T R A5 RS, AE—AFT 3 AAR AR —
NS ETT

B FEAERMP TS L A3 AT (Anme S IRI)
EBFFTMP L, THINERT]A).
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#include<stdio.h>

gcc -S hello.c i{nt main()
E A TR G e B printf("hello world");
return O;
gcc -nostdinc -S hello.c b

G iE Wy AT 2

G 4 4

hello.c:1:18: error: no include path in which to search for stdio.h
#include<stdio.h>

A

hello.c: In function ‘main’:
hello.c:4:2: warning: implicit declaration of function ‘printf’ [-Wimplicit-fu
nction-declaration]

printf("hello world");
hello.c:4:2: warning: incompatible implicit declaration of built-in function

printf’
hello.c:4:2: note: include ‘<stdio.h>’ or provide a declaration of ‘printf’

- 2 B A k2 ? TALIRMER: cpp

A BAEE R TS EXEE ESXEURE)

KE: (WIFREBAZAR M) HEMBITRS 18
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#include<stdio.h>

gcc -S hello.c i{nt main()

.
o o

& o
& NG
=)
g £
7& —_— &
%. o
QV"‘”‘\' and Tc(\\\\O

printf("hello world");

gcc -nostdinc -S hello.c return 0

gcc -nostdlib hello.c

/usr/bin/ld: vk H £F5 _start; #4454 0000000000400144
/tmp/ccvNQfYa.o: 7ERREL ‘main’:

hello.c:(.text+0xf): X ‘printf’& & X115
collect2: : ld returned 1 exit status

I AN BAEE R S SR Eﬁﬁaﬁ
start 2+ 24?2 AHARLERIC?

_startE2ERFAALO, fEcrt1.oFEX ({iF/usr/lib/x86 64-linux-gnu)

printf A+ 24 R L5 A ? Efnostdlib, REECITLEEE

KE: (WIFREBAZAR M) HEMBITRS 19
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Unix: ELF ELFX
([ .text
" ELF rodata
O #R T FHRAN : Tata
O FHRFE - -
O EARSCfRRE D55
0 HLsEkm 45 .Symtab
O kR MLE R K -rel.text
O H Jel.data
.debug
Jine
MR HAR \ strtab
xtrii | kR

e
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Unix: ELF
B Pk
O #R & Kb E A KN
O frFEHBRCHRIERE
B text{
O WHRFEFHLEMNE
B .rodata¥
O RiE$es
B .data¥
O 2yt ERRE

5K

e

(L
¥

HRER \
Scibi

(HREIRIBAFAR (H) ) wIFMESITRSG

ELFL | O

text

Jodata

.data

bss

.symtab

Jel.text

Jel.data

.debug

Jine

strtab

TR
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Unix: ELF ( Eltif 0

B .bssT (.comm 7) .r.odata
O R¥GEHHEREE data
O AT B 3XHRRE s

" .symtab% .symtab
O fEicliteh s XA A B R |

4 RERNE BRRS % -rel.text

O Type: FUNC, OBJECT -rel.data
O Bind: GLOBAL, LOCAL, EXTERN .debug
O Value: Hifik Jine
O Size: 7% B HE \ strtab
[0 Name jCﬁ:E'J#J‘{ %%%

KE: (WIFREBAZAR M) HEMBITRS 22
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©)) BtExHotE

S 0

Unix: ELF ELF>
( text

B .rel.textd rodata
O text 8 B B A A 5T O B 51 ~—ota
AR A R I A R R 4 4 s

B .rel.data¥ s);mtab

O BeARE FRE 2R LAY

25 B ) B 52 A4S B re.text

O By LE SRR -rel.data
.debug
Jine

wsp g4 [ -strtab

S| LR

KE: (WIFREBAZAR M) HEMBITRS 23
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SR FR )
B AR FO 25T EHRABR
B AWB L 5T EHAHTER

"la'

REFSRIRET

B RARARLWH S ERTFTEL

B EHAR LN —ABRFTEARSAHHT L,
BT R

B AARLHEANABHITEIAN, AHFEE-ANBHFITHEL

KE: (RFREBFIFAR M) Y HEFMBITRES 24
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B X &AL BARRRAIT R — AN, ARSI
B EEBAREF A T RN BIERS | RYRIR

gee —c swap.c —%i%

ar rcs mylib.a swap.o —& &
gce —static —o swap1 main.c /usr/lib/libc.a mylib.a  — 2 B ¥ $AT T4+

KE: (WIFREBAZAR M) HEMBITRS 25
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VR SCAH: m[lin.c

BIPES |mylib.a libc.a FEE
SWap.o / printf.o5%

A] B 1 38 main-\o‘
Ry

!
swapl ﬁéiﬁﬂ% H R AT 3L
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AT AT B AR 3RO e N\ B IR 3 AR ST RX

HF 80T B R

BATH B ) B

.
o o

& o
Y )
2 i &
%. &
‘%"‘"q- = ,m\“«v

Rk R A
Jinit >
text
Jodata J
.data | ®/5ERAFK
.bss
symtab

.debug ¥ 5 2 AARE
Jine { i TEANAL

Bk B AR Siriap
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RS

B AN A A R AT

B A& A % 4printfA=scanféy X2

HEE

RBITHTARINEENAALE, BAATHORAELST

B A FEGRBFRKBERITR 5| R 1% BT AT BRI AT F

B EFEQ.textNAENAFTFH—AS KT AMIEALBITGRR AL
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B A mfin.c

RS T libcl.%o
(cpp,ccl,as) mylib.so
i & % 43 Ao
T E Az LA main.o i
\‘-‘ "f'j.—ﬁ-%{a AN
EEas Ad)
H;EEE  Gyap2
] AT B AR A b e so
L (execve) | mylib.so
1 1 X AL
A& = Fo B
UERS, BIAIEZERANIF [ k@ (1d-linux.so)

B EERE K A AT

ml KE: (WIFREBAZAR M) HEMBITRS 29
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Z P
B Linkers & Loaders by John R. Levine, 2000 £ 1
=31 0 TS
B Guided linking: dynamic linking without the costs, OOPSLA 2020, UIUC Vikram
S. Adve, ALLVM i H
O XA EERAT TR ORI, LR 2 — 8 20 K4 2R 250N 6 3 At 2 A B30 2 (I0EE)
O K A AN RS BAH R R 8025 0 ORAMERBRSD
https://github.com/allvm/allvm-tools

B BOLT: A Practical Binary Optimizer for Data Centers and Beyond, CGO 2018
Facebook, github, bolt in llvm

LTO (Link time optimization)

KE: (WIFREBAZAR M) HEMBITRS 30


https://wh0rd.org/books/linkers-and-loaders/linkers_and_loaders.pdf
https://dl.acm.org/doi/abs/10.1145/3428213
https://publish.illinois.edu/allvm-project/
https://github.com/allvm/allvm-tools
https://dl.acm.org/doi/10.5555/3314872.3314876
https://github.com/facebookarchive/BOLT
https://github.com/llvm/llvm-project/blob/main/bolt/README.md

A (=] =] LS . . 7\: !
FIZSELTOM L FOA2LAXg

b.c SEIERIAL (LTO)RIE: ESxrit. iZiatiL
static int foo1(){ static int g = 0; Y 1% i
return bar(); int bar1() { a.c ao AL T B
b 9 =1 i . . Y% BT
} Rkl it k3. }| ab.exe +
int foo2() {
printf(“foo2!”); int bar(){ b.c b.o
> intt=1; _flto
| | if (g > 0)
mrtem:mn%c{alo; ese 0T a.c —a.ll BB 1 b2, fife3.. o
} t=g-t; it ab. I ab.exe | LI T
return t; ' N ETH
} b.c » b.
@ LTO R LTOERFBmFMMEAR. WREEZI iZ(EH
bl + BEXUERENREL, R/NEARFFE «  ABFRAndroid kernel{EFFLTOSRIE
ap. v TR, SBEE, ERTARE - Linux kernel 5.128RAEIALTOS
inte?ainn()l{ + AILASIES UL - SPECCPU, Gauss#iEES
return -1;
¥ - ERAEEE

- EFE(EKMakefile

KE: (WIFREBAZAR M) HEMBITRS 31
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https://android.googlesource.com/kernel/build/+/refs/tags/android-13.0.0_r0.63/build.sh
https://lkml.iu.edu/hypermail/linux/kernel/2102.2/00699.html

Lﬂam‘c#m—ﬂqa ¥FEAZLLL S

ar RIRFFSE, A, HR. FIfRBR R

strings P H @& BARI AP PTA T TP $

strip M—/~ B AR A F RRF T 2B &

nm N — AT TEFTFEXFT

size | B AR A P BB A9 G F A KD

readelf 2 FEARIHHTELEH, QERLEELFAFHNTAE L. COET

sizefrnm &9 2h A&
objdump T AR T BRI HFHHIAIEZE. HRA AN REZRICH.textH F &
—#H B4

1dd FIHTHIATEFRLIHEZITHEZNETE
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o
S

)
3%

TEECESHW—NH4EF:
long ged(p,q) long p.q; {
if (p%q ==0) return q;
else return ged(q, p%q);

§
main() {

printf('"\n%Ild\n" ,gcdx(4,12));
§

FAEX86/LinuxtL B £, Flgce & FENRIFLRIT
In function ‘main’:undefined reference to ‘gedx’

Id returned 1 exit status.

wE, EAgedx&Z A X, RAEHIFH AN,
TREEET LA

RHLHAEY

KE: (WIFREBAZAR M) HEMBITRS 33
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CH—NRIAATALSEFTAHEK, ZRIHFERETAER
BARSAE; & T A B ARSAE T A Bk, — A~k BB

e R—ARPAEFFIAERBETRXLAFGEANRE, A, EEEH
KRR T & =4 XA —F

B RizS 0 BARRADEE R PASF

B iR S0 B ARRAD BT 6 B AR AR 2 A AR A (L)
B KRR ESNEE R AR
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N
o o

ccRUNIXAA LCETHRBEFFS, -IREZEJHHHEER. XAELFR

SR E T AN S Elibuserl.afelibuser2.a (FE & LR AlbAATER) |,
5 R44

cc test.c —luserl.a —luser2.a
GiFb, REARARLNFTFT, &AL

cc test.c —luser2.a —luserl.a
B, REFEITHAITAES. KR

(Hix: BLvalibedtF A%, e Fa4cc test.c libuserl.a libuser2.a89 3 X — )
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& A

T
® LN
& 8
1958
5 £
L N\—=—y &
ence ana T

cc test.c —luserl.a —luser2.a
fif &

test.c libuserl.a libuser2.a

5| Mla Z b Z L a
5| b
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3
o o

B

ccREUNIXZA A ELCZET HRiFFEL, - IREZEEJXNAETER. ANMLF R
2 A% E T &I FElibuserl.afelibuser2.a, % F &4

cc test.c —luserl.a —luser2.a
HiFR, REATAZANHFFT. A HAFTS

cc test.c —luser2.a —luserl.a

i, SAFETRAATAESF. ASHRE
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ccRUNIXAA LCETHRFFLS, -IREEEZHHKW

HFER. ANEEF R NHE T HE Elibuserl.afelibuser2.a, % F& 4
cc test.c —luserl.a —luser2.a

GiFl, REAZTAZANET. mEAFS
cc test.c —luser2.a —luserl.a

B, REFETHRATAERF. ROHTR

test.c libuserl.a libuser2.a

7l Fla 7 Xa 7 Xb

5| Alb Z X a
[amﬁﬁﬁ%ﬁzﬂzﬁ
R fNstatici=an
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7 AC X AFlinkl.c#=link2.c49 R &5 Hl4= T
int buf[1] ={100};
Fo
extern int *buf;
main() { printf(*%d\n”, *buf); }
A X86/Linux2 4 4-cc linkl.c link2.ci# )5, BITH AT &) 481438
Segmentation fault (core dumped)
w3 R
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Q) {5l8@5 FRAZLELX S

int buf[1] ={100}; buf: array(1, int)
Fe } REAE
extern int *buf; buf: pointer(int)
main() { printf(*%d\n”, *buf); }
B OERNAAELFHER
-BERRA XA A RiE, FAAFXbufA AR R
B EERLERE 4T R —%F 6y dbi 48 F
- ZB4TH, Zlink2.c¥, & Tbufty A AZ100, Hxbufty{Azt 2 IRIEiE 5100
ETHNE. ZHRARERLFRFERXAN, R
B FreX XA AR—X 4T, BIFERFRE, Why?
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B Y NEGEANFTERZ—RBARAN, BT REFFREFZHFCHRE
AR B KA

KA RE

B R B ARAD B AT IR B VT KA B SR AT 891042

B ERPITABRRFRFHFARENLER, BREFHRTEFRNEK

EAHL AR LR

B REENMINHESERARRABRRFRAA LA EFRNEALS LA LR ERFo
B RmiERNMELS
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