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Table 1. Speedups from performance engineering a program that multiplies two 4096-by-4096 matrices. Each version represents a successive
refinement of the original Python code. “Running time” is the running time of the version. “GFLOPS™ is the billions of 64-bit floating-point operations per

second that the version executes. “Absolute speedup” is time relative to Python, and “relative speedup,” which we show with an additional digit of precision,
is time relative to the preceding line. “Fraction of peak” is GFLOPS relative to the computer's peak 835 GFLOPS. See Methods for more details.

Version Implementation Running time (s) GFLOPS Absolute speedup Relative speedup 0:;2;:(3 %)
1 Python 25,552.48 0.005 1 — 0.00

R P L T R e A i
e R T . R [ S
Ao Parallelloops 6980 1969 306 e B 028
5 Parallel divide and conquer 3.80 36.180 6,727 18.4 433
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[C. E. Leiserson et al,, There's plenty of room at the Top: What will drive computer performance after Moore’s law? Science 368, eaam9744 (2020)]
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#include <stdint.h>
#include <stdlib.h>
#include <math.h>

#define SIZE (1L << 16)

oid test(uint8_t x a, uint8_t * b) {
uint64_t 1i;

for (1 =0; i < SIZE; i++) {
alil += bl[i];
}
Y
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examplel.c
#include <stdint.h>

#include <stdlib.h> .loc ‘ 103

#include <math.h> xorl %eax, %eax
.Ltmp7:

. ey .p2align 4, 0x90
#tdefine SIZE (1L << 16) LBBO. 32

void test(uint8 t * a, uint8_t x b) {

uinté4_t 1i; . loc 1 13 13 is_stmt 1

movdqu (%rsi,%rax), %xmm@
for (1 =0; i < SIZE; i++) { movdqu 16(%rsi,%rax), %xmml
. loc 1 13 10 is_stmt @
movdqu (%rdi,%rax), S%xmm2
paddb  %xmm@, Sxmm2
movdqu 16(%rdi,%rax), S%xmm@
paddb  S%xmml, S%xmm@

ali]l] += bl[il;

movdqu 32(%rdi,%rax), S%xmml

$clang —Wall _g —std=gnu99 movdqu 48(%rdi,%rax), %xmm3

movdqu %xmm2, (%rdi,%rax)

-03 —Rpass=loop—vectorize movdqu %xmm@, 16(%rdi,%rax)

- —_ma — - J . loc 1k dksy gt
Rpass-missed=loop-vectorize L e

-S -c examplel.c .loc 113 10
paddb %xmml, Sxmmo

Eﬁﬁ?ﬁ%ﬁ%{‘tiﬁlﬁ, Emi[iﬁ{‘%ﬁg r;u:;qu iS%ir:i,%rax), %sxmm1

. loc 113 10

paddb  %xmm3, S%xmml

movdqu %xmm@, 32(%rdi,%rax)

movdqu %xmml, 48(%rdi,%rax)
.Ltmp8:

. loc 112 26 is_stmt 1

S addy  $64, wrax
. cmpq $65536, %rax

oNi
\) U L L il—:'t-F\UI:ﬁ:/.-lij($ jne .LBBO_3
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examplel-opt.s
# %vector.body.preheader

#include <stdint.h>

DEBUG \ ec - rd #DEBUG_VALUE: test:b <- %rsi
#include <stdlib.h> . loc 103 (amp L€l.C:9: :xgtadu_\“.-;.Lé:; e e # examplel.c:0:3
. 10C # examplel.c:0:3
#include <math.h> xorl %eax, %eax
.Ltmp7: movq . # imm = OxFFFF0000
.p2align 4, 0x90 4, 0x90

#define SIZE (1L << 16)

.LBBO_3: # %vector.body
= # =>This Inner Loop Header: Depth=1
#DEBUG_VALUE: test:b <- %¥rsi

void test(uint8_t * a, uint8_t % b) { o5 VALUE S LS #DEBUG_VALUE: test:a <- %rdi

. loc 1 13 13 is_stmt 1 I 1 13:1 loc 171313 1 # examplel.c:13:13
movdqu (%rsi,%rax), %xmm@

i++) { movdqu 16(%rsi,%rax), %xmml
. loc 1 13 10 is_stmt @
movdqu (%rdi,%rax), S%xmm2
paddb %XMMO, SsXmm2 movdqu 65536(%rdi,%rax),
movdqu 16(%rdi,%rax), %xmmo ERCChy B S

movdqu 65552(%rdi,%rax),
paddb  fxmml, S%xmm@ movdqu 65568 (%rdi,%rax),

movdqu 65536(%rsi,%rax),
movdqu 65552(%rsi,%rax),
] 113 10 0 # examplel.c:13:10

movdqu 32(%rdi,%rax), %xmml movdqu 65584 (%rdi,%rax),
- dqu 48(%rdi,%rax), %xmm3 movdqu %xmm2, 65536( . )
clang -Wall -g -std=gnu99 i ' ’ g
$ g g g movdqu %xmm2, (%rdi,%rax) padjb :”“l- oy
-03 —Rpass=1oop—vectorlze movdqu %xmm@, 16(%rdi,%rax) m?l\";qu TXT;‘V]';MMK ' ) $ examplel.c:13:13
= . ~1e)e 113513 Xa 1 el

-R -mi =1 -V riz

pass Ssed OOP ecto e movdqu 32(%rsi,%rax), S%xmmo@ movdqu 65568(%rsi,%rax),
-S -c examplel.c .loc 113 10 nplel.c:13:10 loc 11310 # examplel.c:13:10

paddb %xmml, Sxmmo
paddb %xmm3,

Eﬁﬁﬂﬁﬂ;ﬁﬁ1‘tiﬁ1ﬁr E)ﬁi[gﬁfﬁﬁg r;issqu iS%ir:i,%rax), %xmm1 | B S SReRE
. loc 113 10 | 1 s mququ 65584 (¥%rsi,%rax),

tbﬁ*uﬁ*ﬁxﬁitﬁ1ﬁﬁgﬂgﬁg paddb %xmm3, Sxmml ' 113 10 # examplel.c:13:10

movdqu %xmm@, 32(%rdi,%rax)

. movdqu %xmmO, 65568 (% g )
movdqu %xmml, 48(%rdi,%rax) paddb  ¥%xmmd,
.Ltmp8: movdqu %xmml, 65584( . )
= L0C 112 26 is_stmt 1 12:7
. o A loc 112 26 1 # examplel.c:12:26
I~ ZAMRUShE addq  $64, rax

ool
. _— cmpq $65536, %rax mn )X10
VU L L &xRmEks TR eme s adda

jne
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#include <stdint.h> ‘
#include <stdlib.h> e 103

#include <math.h> xorl %eax, %eax
.Ltmp7:

) .p2align 4, 0x90
#define S (1L << 16) .LBBQ_3:

void test(uint8_t x a, wuint8_t x b) {

uint64_t 1i; . loc 1 13 13 is_stmt 1

movdqu (%rsi,%rax), %xmm@
for (iv= i SIZE; i++) { movdqu 16(%rsi,%rax), %xmml
. loc 1 13 10 is_stmt @
movdqu (%rdi,%rax), S%xmm2
paddb  %xmm@, Sxmm2
movdqu 16(%rdi,%rax), S%xmm@
paddb  S%xmml, S%xmm@
movdqu 32(%rdi,%rax), %xmml

alil +=

$clang —Wall _g —std=gnu99 movdqu 48(%rdi,%rax), %xmm3

i movdqu %xmm2, (%rdi,%rax)
-03 —Rpass=loop—vectorlze movdqu %xmm@, 16(%rdi,%rax)
- —_ma — - J . loc 1k dksy gt
Rpass-missed=loop-vectorize L e
-S -c examplel.c .loc 113 10

paddb %xmml, Sxmmo

Eﬁﬁﬂﬁﬂ;ﬁ%{‘tiﬁlﬁ’ Emi[zﬁ{‘%ﬁg r;zsgqu 4118%936r:3i,9srax), %xmml
. loc 113 10

' ~ ~
AN D AR C RN ER paddb  %xmm3, %xmml
movdqu %xmm@, 32(%rdi,%rax)
movdqu %xmml, 48(%rdi,%rax)
.Ltmp8:
. loc 112 26 is_stmt 1

O NI I aatesns el
o — . cmpq ’ rax
\) U L L EXxRmEAE jne .LBB@_3

examplel-opt.s

# %vector.body.preheader
#DEBUG_VALUE: test:b <- %rsi
#DEBUG_VALUE: test:a <- %rdi
loc I o # examplel.c:0:3

%“vector.body

# =>This Inner Loop Header: Depth=1
#DEBUG_VALUE: test:b <- %rsi
#DEBUG_VALUE: test:a <- %rdi

loc 133 13 1 # examplel.c:13:13

movdqu 65536(%rsi,%rax),
movdqu 65552(%rsi,%rax),
loc 113 10 0 # examplel.c:13:10

movdqu 65536(%rdi,%¥rax),
paddb %xmm0 ,

movdqu 65552(%rdi,%rax),
movdqu 65568(%rdi,%rax),
movdqu 65584(%rdi,%rax),

movdqu %xmm2, 65536( Es )
paddb %xmm1,
movdqu ¥xmmO, 65552( 3 )
loc 113 13 # examplel.c:13:13

movdqu 65568(%rsi,%rax),
loc 113 10 # examplel.c:13:10

paddb %xmm3,
.loc 133 13 # examplel.c:13:13

movdqu 65584(%rsi,%rax),

loc 11310 # examplel.c:13:10
movdqu %xmmO, 65568 (% g )
paddb %xmm4 ,
movdqu %xmml, 65584( 5 )
112 26 1 # examplel.c:12:26

addq
ine
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Course
Chapter Topic ORG SP

1 Tour of systems . .
2 Data representation o oW
3 Machine language . .
4 Processor architecture .
5 Code optimization
6 Memory hierarchy oW oW
7 Linking .
8 Exceptional control flow .
9 Virtual memory o® .

10 System-level /O .

11 Network programming L

12 Concurrent programming .

Figure 2 Five systems courses based on the CS:APP book. ICS+ is the 15-213 course
from Carnegie Mellon. Notes: The © symbol denotes partial coverage of a chapter, as
follows: (a) hardware only; (b) no dynamic storage allocation; (c) no dynamic linking;
(d) no floating point.

[Bryant and O'Hallaron, Computer Systems: A Programmer’s Perspective,
3rd edition (CS:APP3e), Pearson, 2016]
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printf.o

L.

hello.c Pre- -1 | Compiler Assembler| hello.o

—— | processor (cel)
Source (cpp) Modified

(as)

Assembly Relocatable
program source program object
(text) program (text) programs
(text) (binary)

Figure 1.3 The compilation system.

Linker
(1d)

Executable
object
program
(binary)

ZDZ3 CHINASDET
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[Bryant and O'Hallaron, Computer Systems: A Programmer’s Perspective, 3/ edition (CS:APP3e), Pearson, 2016]
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printf.o
hello.c roi[aisor Compiler Assembler| hello.o Linker
f Larpeass (cc1) (as) (1d)
Source PP Modified Assembly Relocatable Executable
program source program object object
(text) program (text) programs program
(text) (binary) (binary)
Figure 1.3 The compilation system.
Figure 7.2 main.c sum.c  JSource files _ _
Static linking. The linker | | limux> gec -O0g -o prog main.c sum.c
mf"t"”es relocatable Translators Translators cpp lother arguments] main.c /tmp/main.i
object files to form an (cpp, ccl, as)|| (cpp, ccl, as)
executable object file | ! ccl /tmp/main.i -Og Lother arguments] -o /tmp/main.s
PTOE. i Relocatabl,
malf ° SUIi' © ﬂg,;;g ﬁ?& SE as [other arguments] -o /tmp/main.o /tmp/main.s
Linker (1d) 1ld -o prog [system object files and args] /tmp/main.o /tmp/sum.o

Prog  Fully inked
executable object file

[Bryant and O'Hallaron, Computer Systems: A Programmer’s Perspective, 3/ edition (CS:APP3e), Pearson, 2016]
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printf.o
hello.c roi[ae;sor Compiler Assembler| hello.o Linker
f Larpeass (cc1) (as) (1d)
Source PP Modified Assembly Relocatable Executable
program source program object object
(text) program (text) programs program
(text) (binary) (binary)
Figure 1.3 The compilation system.
Figure 7.2 main.c sum.c  JSource files _ _
Static linking. The linker | | limux> gec -O0g -o prog main.c sum.c
cﬂmblnes relocatable Translators Translators cpp lother arguments] main.c /tmp/main.i
object files to form an (cpp, ccl, as)|| (cpp, ccl, as)
executable object file | ! ccl /tmp/main.i -Og Lother arguments] -o /tmp/main.s
PTOE. i Relocatabl,
malf ° SUIi' © ﬂg,;;g ﬁ?& SE as [other arguments] -o /tmp/main.o /tmp/main.s
Linker (1d) 1ld -o prog [system object files and args] /tmp/main.o /tmp/sum.o
PTog Fully linked System object files and other arguments?

executable object file

[Bryant and O'Hallaron, Computer Systems: A Programmer’s Perspective, 3/ edition (CS:APP3e), Pearson, 2016]
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$gcc -Og -o prog main.c swap.c -v &> linking.log

1 Using built-in apecs.

2 COLLECT_GCC=gcc

3 COLLECT LT0 WRAPPER=/usr/1ib/zcc/x86_f4-1linuz-zm/ 7/ 1to-wrapper

4 QFFLOAD_TARGET NANES=rvptx-none

5 OFFLOLD TARGET DEFATILT=1

fi Target: x86_64-1inux-gnu

T Configured with: ../ sre/configure —v —with-pkeversions" Thuntu 7.5 0-Gubuntul 18, 04" ——vwith-bugurl=file:///usr/share/doc/gcc-T/READNE, Bugz —-e
nable-languages=c, ada, cH, g0, brig, d, fortran, obje, obj-oH --prefiz=/usr --with-goc-major-version-only —-progran-suffiz=-7 —progran-prefiz=x86_
fid-limz-gm- --enable-shared —-enable-linker-build-id --libexecdir=/usr/1ib —-withowt-included-gettext —-enable-threads=posix --libdir=/usr/1
ib —-enable-nls -—enable-bootatrap ——enable-clocale=gnu —-enable-libstdexx-debug —-enable-libstdexx-tine=yes --with-default-libstdoxx-abi=new
--enable-gnurunique-object --disable-vtable-verify --enable-libmpx --enable-plugin —-enable-default-pie --with-system-zlib -—with-target-syste
n-zlib —-enable-objc-ge=auto ——enable-nultiarch —-dizable-werror —-with-arch-32=1686 —-vith-abi=nfd —-with-multilib-lizt=n32, néd, nx3d ——enable
-nultilib -—with-tune=generic --enable-offload-targets=nvptz-none --vithout-cuda-driver --enable-checking=releaze --build=x8f 6d-limm-gnu --h
0st=xB6_fd-limm-gnu ——target=x86_fi-limm-gm

B Thread model: posix .

9 gec version 7.5.0 (Thuntu 7.5, O-Subuntul "18. 04) ccl (ma | ﬂ)

10 COLLECT_GCC_OFTIONS="-0g’ "-0’ “prog’ '-v' '-miwss@®icueric’ = -marctexon—od

11 fusr/lib/goc/x06_f4-limm-gon/T/ccl ~quiet -v -imultiarch x86 f4-linmx-grm main. ¢ -quiet -dunpbase main ¢ -mbune=generic -march=zB6-64 -auxba
se main -0g -version -fstack-protector-strong -¥fornat -Wormat-security -o /tmp/cclkidhk. =

26N C11 (Ubwntw 7.5, 0-Jubuntul 18, 04) version 7.5.0 (xB6_84-1imm-gmu)

compiled by GNU C version 7.5.0, GNP version f. 1.2, NPFR version 4.0.1, NPC version 1.1.0, izl version izl-0. 19-GNP

configure

3
4
5 GGC heuristics: ——paran ggo-min-expand=100 —-param gec-nin-heapsize=131072

f ignoring nonexistent directory “fusr/local/include/x86_64-1imm-gnu”

T ignoring nonexistent directory “fusr/lib/gec/z86_64-limu-gnu/7/.. /.. /.. /.. [286_64-1img-gnu/include”

B #include *..." search starts here:

19 #include <...7 search starts here

20 Susrflib/zoc/x06_A4-linm-gmy/ T/ include

21 fusr/local/include

22 fusr/1libfgce/x86_A4-limm-gmy/7/ include-fixed

23 fuzr/include/x86_f4-linm-gm

24 fusr/include

20 End of search list.

26 GNU CH1 (Tbumtu 7.5, O-Jubumtul "18, 04) version T.5.0 (%86 64-linux-gnu)

compiled by GNU C version 7.5.0, GMF version f. 1.2, NPFR version 4.0.1, NPC version 1. 1.0, 1sl version isl-0.19-GNF

1
!
!
1
!
1
!

cpp? Id?

AR
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29 GGC heuristics: —-param ggc-min-expand=100 --param gec-min-heapsize=131072

30 Compiler executable checksum: bfZeddaZBB0cdd1584Theal2B3b 721 a8

31 COLLECT_GCC_OPTIONS="-0g" "-o' "prog’ '-v '-mtune=generic’ "-marc

12 as -v —64 -o Stmp/cc2Ilupk. o Stmp/ccMkidhk, s

33 GNU assembler version 2.30 (xB6_84-limwm-gmu) using BFD version (GNU Binutils for Ubumtu) 2,30 CCl (Su m)

34 COLLECT GCC_OPTIONS="-0g” "-o' 'prog’ "-v' ' -mtune=generic fo_n

35 fusrflib/zco/x86_Gd-linue-gr/7/cel -quiet -v —imultiarch z8f_fd-limm-gom sum. ¢ -quiet -dumphase sum.c -mbune=generic —marchexff-f4 -ambaze

aum -0g -version —fstack-protector-strong -Wformat -Wiornat-security -o Stmp/ccMkidhk. s

36 GNU C11 (Thuntu 7. 5. 0-3ubuntul "18. 04) version 7.5.0 (xB6_64-1imm-gnu)

compiled by GNU C wersion 7.5.0, GNP wversion 6. 1.2, MPFR version 4.0.1,

as (main)

e (1

? moycloa

WP version 1. 1.0, izl version 1s1-0. 19-GIFP

39 GGC heuristics: --param ggo-min-expand=100 —-param ggc-min-heapsize=131072

40 ignoring nonexistent directory “/fusr/local/include/x86 64-1imm-gnu’

41 ignoring nonexiztent directory */fusr/1ib/goc/=86_fd-limm-gma/7/. . /.. /L /L fxBA_Gd-1imm—gmy/ include”

42 #include “..." search starts here:

43 #include <...>» search starts here:

44 fusr/1ib/goc/x86_64-1inue-gnu/T/include

45 fusr/local/include

46 fusr/1ib/goc/x86_64-1inwe-gnu/T/include-fixed

47 fusr/include/x%6 fd-1ime-grm

48 fusr/include

49 End of zearch list.

50 GHU C11 (Thuntu 7. 5. 0-3ubuntul "18. 04) version 7.5.0 (xB6_64-1limm-gnu)

compiled by GNU C wersion 7.5.0, GNP wversion 6. 1.2, MPFR version 4.0.1, MPC wversion 1. 1.0, izl version isl-0. ]9GNP

B3 GGC heuristics: --param ggo-min-expand=100 —-param ggc-min-heapsize=131072

04 Compiler executable checksum: bfZedd4ai380cdd1b84T6eal283bTE a8

55 COLLECT_GCC_OPTIONS="-0g’ *-o' “prog "-v ~-mtune=generic’ ' -march=xfA-fd

56 as -v ——64 -0 /tnp/ccq2qxFl. o ftmp/ccMkddhk. =

57 GNU assembler version 2. 30 (x86_f4-linux-gmu) using BFD version (GNU Binutils for Ubuntu) 2,30

53 CONPILER_PATH=/usr/1lib/gcc/x86_64-limm-zm/ 7/ fusr/1ib/ge/x86_64-1imuw-gmu/7/: fusr/1ib/zcc/x86_fd-limm-gm/: fusr/1ib/ goc/x86_64-1inwe-gmu/7
£ fuar/1ib/ goc/x06_A4-1imm-gnu

59 LIBRARY PATH=/usr/1ib/goc/x86_64-limm-gnu/7/: fusr/1ib/goe/x086_64-linwm-gmu/ T/, . /oL /L /2B 64 llnu:-: gnuf fusrfllbfgccfxeﬁ fd-limm—gna/7/. . /..
fouf o f1ab S 1ib/xB6_ Bd-1imm-gnu S1ibS. L F1ib/ fuse/ 1ib/ 286 Ad-limm-gmu: fusr/1ib/. . (2 SRR T S U KV B T
ar/1ibf

A0 COLLECT GCC_OPTIONS="-0g” "-o' "prog’ "-v' ' -mtune=generic’ COI | eCtz

61 fusr/lib/gcc/z86_A4-linmu-gnu/7/collect? -plugin /usr/1ib/gcc/x86_64-1limu—gmy/7/1iblto_plugin. so -plugimopt=/usr/ 110/ goc/x86_Ad-limm—gmy/'7
flto-wrapper -plugin-opt=—fresolution=/tmp/cciBrkVk. res -plugin-opt=—pass-through=-lgcc -plugin-opt=—pass-through=-lzcc s -plugin-opt=-pasa-th
rough=-1c -plugin-opt=-pasa-through=-lgco -plugin-opt=-pasa-through=-lgoc_s -—tmild-id -—eh-frame-hdr -m elf_xBf_f4 —-hash-style=gmi —-az-need
ed —dynamic-linker /1ibf4/1d-limm-x86-fd. s0.2 -pie -z now -z relro -o prog Sust/lib/goc/x86_6d-limm-gr/7/.. /.. /. . /xB6_64-limm-gou/Sertl, o
fusr/1ibfgoc/x86 fd-limm-grma/ 7/, /.. /.. (286 B4-limm-gnufcrti. o fusr/1ib/goc/x86_64-limm-grn/ T/ crtbeging, o -Liuse/1ib/goo/x86_64-11mm—gnu/7
-L/usr/1ib/ goe/wB6_Ad-linux-gnf/ 7/, /. L fxBA_Ad-1imm-gnn -1 war/1ib/ goo/xBf_Ad-limm-gon/T/.. /.. /oL 1ib -1/ 1ab/xBA_G4-lirm-gmu -L/1ib/
.. f1ib -Lfusr/1ib/x86_64-limm-gru -Liuse/1ib/. . /1ib -Lfuar/1ib/ gce/x86_64-limuw-gnu/7/.. /.. /.. ftnp/cc2Ilupk. o /tmp/ecq2quFk. o -lgcc —-push-z
tate ——as-needed -lgcc_s ——pop-state -lc -lgcc -—push-state ——as-needed -lgcc_s —-pop-state Jfusr/1ib/gec/=86_f4-1imm-gnu/ 7/ criendS. o fusr/lib
Seoc/x86_fd-limm-gma/ 7/, /.. [ fx06_Ad-limu—gmi/crtn. o

2 COLLECT GCC_OPTIONS="-0g’ -0’ “prog’ -v ~-mtune=generic’

as (sum)

[ PO -

" -marchexff-fid’
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RESEARCH-ARTICLE ~ FREE ACCESS , in e 'F

Efficient Cross-platform Multiplexing of Hardware Performance

Counters via Adaptive Grouping
Just Accepted

Authors: Tong-yu Liu, Jlanmei Guo, Bo Huang Authors Info & Claims

ACM Transactions on Architecture and Code Optimization e Accepted on September 2023 o https://doi.org/10.1145/3629525
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Many (e.g., hundreds)

Software Performance metrics
performance
A few (e.g., 7 on Intel CLX)
Hardware Performance Counters
Hardware on different platforms
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T —— LT @Event scheduling
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Event Groups O O O O OO O
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Operating perf event multiplexing PMCs .
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ARM Top-down Tools D 21 42%

- 25.00%
HEVID — 16 67

0.00%  10.00%  20.00%  30.00%  40.00%

Table 7. Results of the Detection of Available PMCs for Mainstream Processors [9, 29] Average Sampling Ratio
From detection From documentation Optimized ™ Original
Machine ISA Processor # Fixed # Generic # Fixed  # Generic
PMCs PMCs PMCs PMCs
A 1 Intel Xeon Gold 5218R (CascadeLake) 3 4 3 4 _ 85.71%
B X86-64 Intel Xeon Platinum 8352Y (IceLake) 4 8 4 8 ARM Top-down Tools D 85.71%
C AArchéd Hisilicon Kunpeng 920 1 12 1 6
D Ampere Altra 1 6 1 6 96.43%,
T : LIKWID o e
NMI watchdogs are disabled. N 78.57%
50.00% 60.00% 70.00% 80.00% 90.00% 100.00%
PMC Utilization
Optimized M Original
Fig. 9. Comparison of efficiency between before and
™ Z4HeTh=s after optimization.
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ACM SIGPLAN 2023 International
Conference on Compiler Construction

February 25-26, 2023, Montréal, Québec, Canada.

A Hotspot-Driven Semi-automated Competitive Analysis Framework for Identifying
Compiler Key Optimizations

Wenlong Mu East China Normal University, Yilei Zhang East China Normal University, Bo Huang East China
Normal University, Jianmei Guo East China Normal University, Shigiang Cui Hangzhou Hongjun
Microelectronics Technology

FEINE : _https://jihulab.com/solecnu/hotspotdrivenframework

O NI I a8kens
O UL L “xisis


https://jihulab.com/solecnu/hotspotdrivenframework

ZDZ3 CHINASDET

PESFARE=

Proprietary compilers
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Intel® one API DPC++/C++ Compiler

A Standards-Based, Cross-architecture Compiler

AMD Optimizing C/C++ and Fortran Compilers (AOCC)

COMPILER INFRASTRUCTURE

How to “learn” from other compilers?
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Major steps(automation part):

® Hotspot detection: generate the top N
hotspots with per? for each compiler-
generated binary, reformatting the hotspot
representation as required by our DynamoR/O
tools

® Hotspot selection: select the “identified
hotspots” according to the predefined rules
respectively for the two hotspot lists

® [nstrumentation only for “identified hotspots”:
build DynamoRIO tools so that only “identified
hotspots” are instrumented, and the
instrumentation for each identified hotspot can
be done in parallel

® |nstruction characteristic comparison: compare
the instruction characteristic difference for
associated “identified hotspots” respectively in
two compiler-generated binaries



#E8R (gcc vs. icc/bisheng) Ly

Top 10 hotspot lists of 648.exchange?_s using BiSheng and GCC Optimization results on a GCC-based production compiler
BiSheng GCC :
Rank >heng before after improvement
relative time(%) absolute time(sec)  function name  relative time(%) absolute time(sec) function name Benchmark
) 57.32 14.33 digits 2.7 82.38 32.05 MOD _digits 2 runtime(sec) score runtime(sec) score (score)
2 19.38 4.85 digits_2.4 7.30 2.84 gfortran_mminloc o :
3 18.30 4.58 logic_new_solver 4.15 1.61 specific.4 o48. eXChangEZ—r 527 636 306 1100 72.96%
4 1.46 0.37 free 2.31 0.90 logic MOD_new_solver 505. mcﬁ r 1350 153 776 234 52.94%
5 0.80 0.20 malloc 1.08 0.42 hidden_triplets.0 525.x264 r 344 651 271 828 27.199
6 0.43 0.11 covered 0.78 0.30 free
7 0.32 0.08 brute 0.55 0.21 naked_triplets.1 “Setup: Huawei Kunpeng 920 7261K (2 sockets, 128 cores in total); Operating
8 0.17 004 f30_dealloc 048 0.19 hidden_pairs.2 System: CentOS Linux release 7.9.2009; SPEC2017 input data size: reference.
9 0.15 0.04 fo0_alloc 0.25 0.10 MOD_brute
10 0.14 0.04 f90_set_intrin 0.25 0.10 malloc
Instruction characterization Optimization guidance for GCC (AArch64)
Category digit_2.4 digit 2.7 MOD_digit 2 (a) 648.exchange2_s(GCC) (b) 648.exchange2 s(BiSheng) Benchmark Optimization suggestions for GCC
Branch 3593142992 11609217450 29321533296 subroutine Ontimize th v of inlini Iback funct
Indirect 50203 18775199 34934090 MOD_brute = Prute (sudoku, key) 605.mef_s (1) .pt}mlze_t ©cap acity o JIHIIIE Cafibac unctions
Juimp 0 0 0 dlg;ﬁfﬁ(;’its ) to eliminate indirect subroutine calls.
Call 0 0 0 19551 - (2) Optimize memory layout of the data structure, includ-
L ku 20203 18722122 31931090} 34914539 digits_2(2) ing structure peeling and unused field elimination
Cond 3361685141 10733730071 27698651020 aCh oy aiea (3 .
ir : ‘  digits T L R .
UnconsDisc StaUzaRs SogrI i 1987956156 digits 2(4) » 648.exchange2_s (1) Improve the optimization of inlining the non-tail re-
Operation 15199221930 41803072569 116664503804 call digits_2(5) . .
—_— 18775199 cursive function calls.
Binary Arith 14686454611 39759170962 102813533806 . . .
Logical 498710685 1733736947 12550811188 digits 2(5) (2) Implement function specialization.
shift 14056634 310164660 1291158810 @ =5 (3) Optimize the capacity of automatic vectorization.
Data Transfer 32692266 214161627 1636029315 digits 2(8) (4) Inline the built-in functions for Fortran code.
Load/Store 11911031090 37507748969 81757176763 — - : —
pe———— T -, T — Funcz_/on //7///’)//7g 625.x264 s (1) Opt‘lm.IZE‘ the CaPaFlt}f of automatic \"ec‘tonz.‘;}tlon.‘
Co——— SBGEE ATiSRRRETR e (2) Optimize the decisions of whether to inline a function.
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