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Optimisation of Automatic Matrix Multiplication Mixing Accuracy Based on Polyhedral Models

HE Haotian,ZHOU Bei, GUO Shaozhong,ZHANG Zuoyan, HAO Jiangwei and XU Jinchen
School of Cyberspace Security, University of Information Engineering,Zhengzhou 450001, China
Abstract Mixed precision is a numerical computation technique in computers that improves the efficiency of computation by con-
verting some of the data types in the computation from high precision to low precision. Matrix multiplication has an important and
wide application in computer science and mathematics,using mixed precision techniques in matrix multiplication to speed up the
computational process is a challenging task. Existing mixed-precision optimisation suffers from several problems, such as high
storage overhead,having to be implemented on specific hardware units, limiting the deployment options of models or algorithms
and reducing their portability. In the face of the above problems. this paper proposes and implements an automatic mixed-precision
code generation tool based on polyhedral models AGMMMPC. By adding the low-precision-by-high-precision-plus-basic-mixed-
precision matrix multiplication code generation functionality to the source-source PPCG compiler,and using the precision tuning
(PT) algorithm to find high-frequency errors in the basic mixed-precision computation. These points are processed by high preci-
sion calculation method, while the rest are processed by the basic mixed precision calculation method, which effectively reduces
the error in the basic mixed precision calculation,and realises the automatic generation of source-to-source mixed-precision code
for matrix multiplication for the first time. Experiments show that the maximum acceleration ratio of the advanced mixed-preci-
sion code generated by AGMMMPC is 1. 39 and the geometric mean acceleration ratio is 1. 14 on X86 platform with high-preci-
sion computation as the benchmark.

Keywords Mixed precision, Matrix multiplication, Polyhedral model, Scheduling transformation,Code Generation
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Fig. 2 C language code for matrix multiplication calculation
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domain

sequence

extension: {[[]>A4(ij)] ~low_A(i):
[[1=B@N)]—~low_B(ij)}

[{So(i) = (@).81 (. )~ (k)Y ]
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filter, filter;
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Fig. 6 Scheduling tree after data flow analysis
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[ERCH
VLU [ 3 T 55 S 491 JHCAVOR B2 1 50 00 AL 8L A i o 8 T
VLA (8) 3R i 3 2 5 0 9 B B 151 7 TS
{read[[ ] >A[00,01]]:0<<00<<M—1 and 0<Col<<K—1}
{read[[ B[ 00501]]:0<X00<<K—1 and 0<Col<<N—1}
{write[ [ ]|=C[00,01]]:0<X00<<M—1 and 0<Col<<N—1}
(8)

domain

sequence

extension: {[[] = A(,)] = low_A(ij):
(0= B~ low_B(ij)}

sequence

SN

filter, filters filters

[tcony_in[] = Alio.All}, [{conv_ou[1~ Clio.ir]]}]
{conv_in[[1~ Blio.i]1}]

[{So(é) = (@)-81(ig.k) =~ (i 0)}]

sequence

filtery filter;
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Fig. 7 Scheduling tree after conversion
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float low_A[1024][1024];
float low_B[ 1024 ][ 1024 ];
// low

// amp_kernel
{
for(int c0=0;c0 <<= 1023;c0 += 1)
for(int ¢1=0;cl <<= 1023;3cl += 1)
low_A[c0][cl] = (float) A[c0][cl];
for(int c0=0;c0 <<= 1023;c0 += 1)
for(int c1=03cl <<= 1023;cl += 1)
low_B[c0][cl] = (float) B[ c0][cl];
for(int c0=0;c0 <<= 1023;¢c0 += 1)
for(int c1=03cl <<= 1023;cl += 1)
for(int c2=03c2 <<= 10233¢2 += 1)
Clc0][cl] =(CLcO][cl] + (low_A[cO][c2] * low_B[c2]
[l

P8 JH MR AR BT R 0 B
Fig. 8 Code core segment of matrix multiplication mixed precision

calculation

3.3 WEIAM%

R B VR DA AL R B L 2 L R TR IR E R G
TF R 25 40 A0 10 53 v A R 22 A AE R A A, 4 A S B
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Wexgl AR ZE, Y iR 22 P BT e 4 32 19 4 25 B (E I, 5
R ARG 152 25 L DA T 4 2 3 B A0 v R P . DR e A S A R 9 A

(PT)SRL R BITR A RS B T 530 o B0 %) o 0408 22 51, FL 3 ik ol
WAL 1R,
ikl KEREE %

HIA:(A.B,low_A,low_B,threshold)

it : (record matrix)

1. for i==1 to num_trials do:

2. randomly initialize matrix A and matrix B with the required dimen-
sions;

3. C=zeros(M,N);

4. fori=1 to M do

o, for j<=1 to N do

6 for k<=1 to K do

7 CLiJlil=cClilli] + ALiIlk] = BLk1[j]s

8. C_mix=zeros(M,N);

9. fori=1to M do

10. for j<=1 to N do

11. for k<=1 to K do

12. C mix[i][j]=C mix[i][j] + low_Ali][k] * low_B[k]
il

13. initialize record matrix with the same size as C and C_mix;

14. for i==1 to M do

15. for j<=1 to N do
16. if abs(C[i][j]-C_mix[i][j]) > threshold then:
17. record[i][j] += 1;

18. record thresholds= num_trials * 0.01;
19.  result=[];
20.  for i==1 to M do

21. for j<=1 to N do
22. if record[i][j] > record thresholds then:
23. result. append((i,j,record[i][j]));

24. return record, result.
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cord [, FH oK 1T il o 1% 22 1 (R vk AR R R o 1R 25 A 04 A
R U 15 25 40 B Th s TR 25 B ME Y S TE record JE BRI
XFR A E B 1, Gat 2GR 443 B record HEIF
B iR 255340 . record JE B (W G F A RN TR AR BT 54t
PR, B AN 058 22 88 i a5 22 B 9 IR, R K, record fH
KB R B % S TEIR G BT IR 8 22 R e i e
18— 24 f7 MR 25 s F AL HL, R EJE S T YU A% 8 v 1
FLWE T —A record IEJ?J{EJ?FJZJ{ETH%TE&L/I\U\%(E‘J
MBI, a5 XA B E . AT DL L A
R R RPN T =
3.4 BHRE
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TR T 8, oo oRg B O 0 3 12 19 3 BT - BB 4% 4R BB L6 7E
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Fig. 9 Advanced hybrid workflow
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AVICHE B ARG (328 47 45 SR HEAT X L, LA o B 37 Al v g
W,

4.1 ZRWFERMKAH

SEEPEI T 13 MHIRIAE 128 » 128 * 128 F] 1024 * 1024 *
10242 [ 1) R R oFe v 22 e A/ S U sl T 1), 52 38 °F & 1% 8L 4n
#1040,

F1 WLLERFL

Table 1 Test platform information
type X86 platform
CPU Intel(R) Core(TM) i7-9700K CPU
Compiler GCC 9.4.0
1CC -00
PPCG 0.08.1
PPCG —target=c
0S Ubuntu 20. 04. 4 LTS
TAFFO TAFFO V0.3.0

4.2 Mgemik

Jo Y B A b I R TR G RS BE A Y 1 BE L TRD I i U
BT A TR A A R AR | R R P R AR P RE . A TR
TE T B I 2 A AR 1 L 2R I DA M B I U7 i < 4R B 10 IR AR
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M 2 B o v LLE s record BIE KL TR A RS E
R e B o P e G B T B D MR RE R . R T L
4t record BI{H Y R BGE [, record BIE M T A2 (9) k1%
B s record BIMEAK RN 5 A BUIR GRS BE r 52, H B r R h s
FH R R S 0 g k.

arg max Ccount ([ floor (A(1,1)/10) X 10, *=+, floor (A

(m,n)/10) X 10])) (9
Hr,AG, ) RARHEBETHITE, floor(x) T 1n) T B
B, arg max F s B KA X R 250,

) 1 A PR A) s A i AR G 80 U BN, — T T A5 70 R U R
K2, WHAT B )B4 1 RE B B R, i HLAE BUR & K 2
ZES, record BB /I 14 B0AR TTRE 23 Az A 8] 14 TR 6 RS R T
ZHRFELZ WK E record HH A GBI B 5 & MR &4
TG s 5 — D7 T A G I UCBOR A W AR B IR ARG B BN
Fa o DRl A sk BTG B 40 s Ak B A B4 YR B 100 3K

® 2 ARIRARE I FEHTERER B

Table 2 Performance of different hybrid accuracy schemes
Matrix size Record Error interval calci:ltrcn;\:v(i)t}ljchigh execution
thresholds thresholds precision(number) time
1024X1024X1024 45 0.0000005 [o,1] 2 5.168758
1024X1024X1024 40 0.0000005 [o,1] 256 5.447382
1024X1024X1024 35 0.0000005 [o0,1] 7746 5.692934
1024X1024X1024 30 0.0000005 [0,1] 92951 7.397988
1024X1024X1024 25 0.0000005 [0,1] 433608 7.888669
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Fig. 11 Matrix performance at 256 % 256 * 256 scale
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Table 3 Error comparison test results

Matrix size AGMMMPC AMPO-SC TAFFO
128 128X 128 9.201X10 10 2.36Xx10 1 2.41x10 4
256128128 9.201X107 10 2,36x10! 2.42x10 4
256256 X128 9.581x107 10 2,23x10"! 2.43x10 4
255X 255 X 255 6.628>10 10 2,25x10! 4.87x10 !
256X 256 X 256 6.600>X10 10  2,23x10"! 4.87x10 4
512X 256 X 256 6.661x10 10 2,24x10 ! 4.88x10 *
512X512 X256 6.770X10 10 2.12x10! 4.88x10 !
511X511x511 4.759X10710  2,37x107! 9.76x10 ¢
512X 512X512 4.767x10 10 2.24X10! 9.76x10 *
1024X512X512 4.781x10° 10 2.37x107! 9.76x10 !
1024X1024X512  4,755X10° 10 1.88X10"! 9.76x10 ¢
1024X1024X1024  3.336x10 10 2,37X10"! 1.95X10 %
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