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Auto-vectorization Cost Model Based on Instruction MKS

WANG Zhen' ,NIE Kai* and HAN Lin®
1 School of Computer and Artificial Intelligence, Zhengzhou University, Zhengzhou 450000, China

2 National Supercomputing Center in Zhengzhou,Zhengzhou University,Zhengzhou 450000, China

Abstract The auto-vectorization cost model is an important component of compiler’s auto-vectorization optimization. Its role is
to evaluate whether the code can achieve performance improvement after applying vectorization transformation. When the cost
model is inaccurate,the compiler will apply vectorization transformation with negative benefit, thus reducing the execution effi-
ciency of the program. Aiming at the inaccuracy of the default cost model of GCC compiler, based on Intel Xeon Silver 4214R
CPU, an auto-vectorization cost model based on instruction MKS is proposed. The model fully considers the machine mode,opera-
tion type and operation intensity of instructions,and uses gradient descent algorithm to automatically search the approximate cost
of different instruction types. Single-thread tests are carried out on SPEC2006 and SPEC2017. Experimental results show that the
model can reduce the error of benefit estimation. Compared with the vector program generated by the default cost model, the GCC
compiler,after adding the MKS cost model,achieves a maximum speedup of 4. 72% on the SPEC2006 benchmark and 7. 08% on
the SPEC2017 benchmark.

Keywords GCC compiler, Auto-vectorization, Cost model, Profit evaluation,Gradient descent
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Fig. 3 Example of gradient descent algorithm execution
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Fig. 6 Comparison of predicted and actual speedup using MKS cost model
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EC L IR MIKS A58 2 5 4 R 50 4l 28 280 ot 3 11 900 45 5 B in
FeZ B 1) MSE #B R MR AR . oo int 285 6 7k 19 5. 800 &
k= 1. 136, long long ZE M /1 JFi ok (1 2. 003 FEAL = 0. 315,
float ZSAYHH JFR 1Y 3. 231 FE I Z 0. 872, double 25 % fy J5i 3k
191,033 FEARZE 0. 362, [lAF, X A [R] 9 B4 25 A, MKS £
TR I8 B 1 5 11 B P e o B BN B B 15 IR = 2
W F1FH T AAHT R A R B0H8 28 B 4 JF 85 28 fk e R 1
JLFh 4542, B subcode BB T 84> #24E .

R AR AR S 482 T #1722 L B X L

Table 1 Comparison of instruction cost changes before and after
modeling for each data type
AR kA mode kind subcode  FAR M MKS # A2 4
int V8SI vector_stmt + — 4 37.9
int V8SI vec_perm null 4 33.8
int SI scalar_stmt + — 4 25.8
int V8SI  vec_to_scalar null 4 25.7
long long TI scalar_stmt null 4 44.2
long long V4Dl  vector_stmt &. | 4 16.9
long long DI scalar_stmt + — 4 1.1
long long V4DI vector_load null 20 4.9
float SF scalar_stmt * 16 1.0
float SF scalar_store null 12 1.0
float V8SF  vector_stmt * 16 1.8
float V8SI vector_stmt + — 4 1.1
double DF scalar_stmt * 20 1.1
double V4DF  vector_load null 20 1.1
double V4ADF unaligned_store null 20 140.9
double V4DF  vector_stmt null 12 61.4

4.5 #HEEIELI
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1. func compute_costs(BB)

2. costs=0

3. for instruction in BB

4, FRUL instruction A9 S 55 B

5. RBOZAE A K AIE MKS 491 F 4 index
6 if index==—1 then

7 return 0

8. end if

9. 4 index FRHL mks AL E weight
10. A BB AL BB_type

11. if BB_type==SCALAR then
12. costs+ =count * v{ * weight
13. else

14. costs+ = count * weight

15. end if

16. end for

17. end func
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5.1 MiXEEMKANE
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#EFI Floating Point speed JEAEAE A M2 45 3 HiF MKS #5571 (14
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F 250 TR MKS B J5 . 7E SPEC B E iz 17
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2 MKS BRI S §ii 5 7E SPEC MR 4E (1432 47 i 18] % He
Table 2 Comparison of runtime on SPEC test suite before

and after deployment of MKS model

MKS # # MKS #£ # .
e Shrs  smEn CLERA
433. milc 393.0 381.0 +3.05%
450. soplex 172.0 166.0 +3.49%
453. povray 100. 0 96. 8 +3.20%
482. sphinx3 424.0 404.0 +4.72%
403. gee 209. 0 202. 0 +3.35%
456. hmmer 142.0 139.0 +2.11%
483. xalancbmk 145.0 142.0 +2.07%
603. bwaves_s 3176.0 3021.0 +4.88%
654. roms_s 4024.0 3796.0 +5.67%
620. omnetpp_s 424.0 394.0 +7.08%
631. deepsjeng_s 400.0 374.0 +6.50%

W A T ED g 12 O Ak R ) R OR AR B LSBT W 7 TR
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Bl I Bz EDETE 3 AU int E Y
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IAETE R W Vi A7 T8, JCOk 7= A IR W 2% B U BEL ok g R A
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for(i=0; i<n; i++){

temp=a[i].para2-+a[i].para3;
a[i].paral+ = temp; .

1 s
s

for(i=0; i<n; i++){
a[i].paral=1;

Ca) BH 1R 226 AL 1) kA (b X 1226 B A7 38 ) ) k£

B 7 MKS A5 5 A= 4 i) AR RS JE =X

Fig. 7 Code form with MKS model in effect

7 Ca) R AIE B 16 R 72 SPEC2006 1 /9 433, mile,
450. soplex %5 2 J¥ Lk &% SPEC2017 1 iy 602. gce_s, 631.
deepsjeng_s FRF A LW, B 7 K UE X 116
£ SPEC2006 H 1 403. gce, 450. soplex %6 72 F LA M
SPEC2017 H /Y 600. perlbench_s,620. omnetpp_s % & J#
hgA .

SRR 7 Ca R 7 Ch) R 2 AR AT 2 Bl A5 A
RINLL L Z R B A T 0 F T . 545 i BT I 8] AR
L P 7 Ca) i) di AR5 B BT I RSP 3939 T 21, 5%, B 7(b)
Ak S AT B S B T 24 9%, s R — 2

IUE T MKS 581 A 3t

HRIE

ARSI GCC g i A 3l n) & 1L 48 i B AR

R0 B (R, 4R T —F 3 T 95 2 MKS B A @85 vk, T
THI B GCC BN LY, If HEAT 1A AU IE . IR B 58
o375 18 TR TR AT I R HLAER AR 20 D A7 O AL R i B I
A JF RS LT WS89 RO )48 4 28 R T AR A .
YRS R, TR A MKS B4 45 10 5k 05 47 58042 5 4
BERHTE Bl 1 A B B W R 20 B RE D

MEKS # B it 4 2 i 28 B H S A0 f . R 24 BB B

Hig AWM A KB BMERA MKSHES T, A ¥
WE AT S B T . M AT 4 Ab B0 28 AR g TSVC Tl
MENERT 82 FAF MRS A, F S K UuEy x
&M A B MKS % &, DU BUIE H 3 77 2 MKS
A

(1]

2]

(3]

[4]

[5]

(6]

7]

[8]

9]

[10]

2 X X #f

JINZ,LUZH,LIHY,etal. Origin of High Performance Compu-
ting— Current Status and Developments of Scientific Computing
Applications[ J]. Bulletin of Chinese Academy of Sciences,2019,
34(6) :625-639.

RABENSEIFNER R,HAGER G.,JOST G. Hybrid MPI/OpenMP
parallel programming on clusters of multi-core SMP nodes[ C] //
2009 17th Euromicro International Conference on Parallel, Dis-
tributed and Network-based Processing. IEEE,2009.:427-436.
WENDE F,MARSMAN M,ZHAO Z,et al. Porting VASP from
MPI to MPI+ OpenMP [SIMD][ C]// International Workshop
on OpenMP. Cham: Springer,2017:107-122.

HUA Z,ZHANG K,LI Y,et al. Visually secure image encryp-
tion using adaptive-thresholding sparsification and parallel com-
pressive sensing[ J]. Signal Processing,2021,183:107998.
HAUTANIEMI S,LAAKSO M. High-performance computing
in biomedicine[ C]// 2013 International Conference on High Per-
formance Computing & Simulation (HPCS). IEEE, 2013 233-
233.

TANG Y.WANG C. Performance modeling on DaVinci Al core
[J]. Journal of Parallel and Distributed Computing, 2023, 175
134-149.

GAO W,ZHAO R C, HAN L, et al. Research on SIMD auto-
vectorization compiling optimization [ ] ]. Journal of Software.,
2015,26(6):1265-1284.

NUZMAN D, HENDERSON R. Multi-platform auto-vectoriza-
tion[ C] // International Symposium on Code Generation & Opti-
mization. IEEE, 2006.

Free Software Foundation, Inc. GCC, the GNU compiler collec-
tion [EB/OL]. (2022-12-23). https://gcc. gnu. org /.

TAN H.CHEN H,SHENG L,et al. Modeling and evaluation
for gather/scatter operations in Vector-SIMD architectures
[C]//2017 1EEE 28th International Conference on Application-
specific Systems, Architectures and Processors (ASAP). IEEE,
2017.



LA — IR T RS MKS (1 F 3l &AL A A 458

85

[11]

[12]

[13]

(14]

[15]

[16]

[17]

[18]

HARPER III D T, LINEBARGER D A. Conflict-free vector ac-
cess using a dynamic storage scheme[ J]. IEEE Transactions on
Computers,1991,40(3) :276-283.

LEATHER H, CUMMINS C. Machine learning in compilers:
Past, present and future[C] /2020 Forum for Specification and
Design Languages(FDL). IEEE,2020.1-8.

ASHOURI A H,KILLIAN W,CAVAZOS J,et al. A survey on
compiler autotuning using machine learning[J]. ACM Compu-
ting Surveys(CSUR),2018,51(5) :1-42.

SUT Y,FAN X,ZHOU H,et al. Loop-oriented pointer analysis
for automatic simd vectorization[ J ]. ACM Transactions on Em-
bedded Computing Systems(TECS),2018,17(2) :1-31.

FENG ] G,HE Y P, TAO Q M. Auto-vectorization: recent de-
velopment and prospect[ ] ]. Journal on Communications, 2022,
43(3):180-195.

NAISHLOS D. Auto vectorization in GCC[ C] // Proceedings of
the 2004 GCC Developers Summit. 2004 :105-118.

RUDER S. An overview of gradient descent optimization algo-
rithms[J]. arXiv:1609. 04747,2016.

MALEKI S.GAO Y.M] GARZARAN, et al. An Evaluation of
Vectorizing Compilers[ C]// International Conference on Parallel

Architectures & Compilation Techniques. IEEE,2015.

[19] STOCK K,POUCHET L N,SADAYAPPAN P. Using machine
learning to improve automatic vectorization[ J ]. ACM Transac-
tions on Architecture and Code Optimization (TACO), 2012,
8(4).:1-23.

[20] POHL A,COSENZA B,JUURLINK B. Vectorization cost mo-
deling for NEON, AVX and SVE[]]. Performance Evaluation,
2020,140:102106.

WANG Zhen, born in 1999, postgra-
duate. His main research interests in-
clude compiler optimization and high-

performance computing.

HAN Lin, born in 1978, Ph.D, associate
professor, is a senior member of CCF

(No. 16416M). His main research in-

terests include compiler optimization

and high-performance computing.

(SEAE S - i 28D



