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TANG Zhuoyou'?, HU Yonghua'*, CHENG Aobo'*, LIU Peng'"

(1. School of Computer Science and Engineering , Hunan University of Science and Technology ;
2. Hunan Key Laboratory for Service Computing and Novel Software Technology , Hunan University of Science and Technology,
Xiangtan 411201, China)

Abstract: Processors based on Very Long Instruction Word (VLIW ) architecture have rich register and computing resources. Making full use
of these resources can bring great performance improvement to the program. The current software pipeline algorithms often do not consider the
original factor of loops comprehensively, and the utilization of register resources in the resulting new loop body needs to be improved. This pa-
per proposed a fusing loop unrolling software pipelining optimization method. This method optimizes software pipelining for code that has al-
ready been loop unrolling: Improve the arrangement of prologue, body and the epilogue of the software pipelining. Determine the optimal soft-
ware pipeline initiation interval by comparing the number of execution packages within the loop after software pipelining optimization under dif-
ferent initiation interval. In this paper, software pipelining optimization fusing loop unrolling fully considers the use of register resources and
computing units, making the optimized loop have higher instruction level parallelism, which is conducive to obtaining faster running target
code. After experimental verification, compared with the code optimized by loop unrolling, the average performance of the basic digital signal
processing algorithm has been improved by 5%.
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Fig. 1 Basic principle of software pipelining
E1 HERAELREE

P 1 (b) 78 B DI A 5 12 RT3 280k e B i 7K 22 i ik
FHGERRTT 3 U, 0 3 YOk AT ARk LAl . anie 2
JIE 7, R TR B R T UK, P23k H B 22 WA 36 E
AR IRE K, DU I 12 4 30 ] I 6 55 22 U AR A AZ O 36
TERAF K HEA i R v, 280 2208 T $R B O 1 T it
TEFRIRIT KL LB, DL R TT B4 T B K
PR OCACES SR, T REAS AN FE 70 EAT IR R R T I AN 2E 47 8K
PERR AR A5 2R

Opl
Op2 Opl
Op3 Op2 Opl
Op3 Op2 Opl
op3 op2
Op3

Fig. 2 Pipelining figure after increasing the unrolling factor
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1. while (Ri<n)
2. LDW *+ARvA[ORi], VRval
3 LDW *+ARvB[ORi], VRvbl
4 MUL VRval, VRvbl, VRdstl
5 STW VRdstl, *+ARvAim[ ORi]
6 SADD RvecProcDataNum_loopOnce, Ri, Ri
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Fig.3 Flow of software pipelining with loop unrolling
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7. SADDA Rc0:RvecProcDataNum_loopOnce, ORi, Ori

8. end while
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Fig. 4 Analysis figure of software pipelining with loop unrolling
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Fig. 5 Instruction matrix Mtrl
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Input: x, y, m, n
Output: Mir2
1. CreateMtx.Mtr2(x, m);
2.1=0, j=0, index=0;
3. while(i<m)
4. while(j<x)
5. case= (x—y*( index +1)—j) ;

6. if(case>0)

7. MixInit. Mur2(i, j, a);

8. else

9. MtxInit. Mtr2(i, j, b);

10. endif

11. j=j+1;

12. index=index+1 ;

13. if(index==n)

14. index=0;

15. endif

16. end while

17. i=i+1;

18. end while

End function
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Input: m, n, headinsList, exinsList

Output: headinsList

1. while(i<col)

2. while(j<r0w)

3. case=Mix.Mtr2 (irow, icol);

4. if(case==a)

5. insStr = Mixstr.Mtr1 (irow, icol);

6. HeadListAddTail (insStr) ;

7. endif

8. j=j+1;

9. end while

10. i=i+1;

11. j=0;

12. end while

End function
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Mtr2 (irow, icol) PRI AY L SN B JE B Mir2 1 irow 47 Licol
FITCE WM. 254 a, WIHH Mixstr.Mtrlirow, icol) , BUH4H
e Mirl W irow 47 L icol 51 %6 W A8 36 4>, 1518 ] HeadListAdd-
Tail (insStr) , B35 24l A BAF TR P 5 07018 S HER 1Y
FEER

(i) 3, A= Bl 5 10 A JE T 1) 0P Bt /K R 75 R A T B 1
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Input: m, n, bodyinsList, exinsList

Output: bodyinsinsList

1. while(i<col)

2. while(j<r0w)

3. case=Mix.Mtr2 (irow, icol);

4. if(case==b)

5. insStr = Mixstr.Mtr1 (irow, icol);

6. BodyListAddTail (insStr) ;

7. endif

8. j=j+1;

9.j=0;

10. end while

11.i=i+1;

12. end while

13. BodyListAddTail () ;

14. while(i<col)

15. while(j<row)

16. case=Mtx.Mtr2 (irow, icol);

17. if (case==a)

18. insStr = Mixstr.Mtr1 (irow, icol);

19. BodyListAddTail (insStr) ;

20. end if

21. j=j+1;

22. end while

23.i=i+1;

24.j=0;

25. end while

End function
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SADDA.M1 R59:R58, OR4, OR4
| SADD.M2 R34, R36, R4S

| VADD.M2 VR4@, VRA2, VRSS
| VSTW VR43, *+AR@[OR2]
SADDA.M2 R59:R58, OR2, OR2
| SADD R34, R45, R4S

| VSTW VR5S5, *+ARG[OR3]
SADDA.M1 R59:RS8, OR3, OR3
| SADD R34, R45, R45

| VADD.M1 VRA1, VRS54, VR6O
SADD R34, R45, R36 ;<1
| VSTW VR6@, *+ARG[ORO]

Fig.7 Assembly code snippet
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Table 1 Experimental platform parameter settings

R1 XBRFESHRE

S FT-M7002
FH/GHZ 1.00
L1D/(KB/core) 32
AM/KB 512
g M7002 4 &

32 WKER
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&, vsip_vleq_d Al LAFS B F AR s 2SR ShalBE 4 1 g7
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Table 2 Execution packets number of vsip_vleq_d under different ini-
tiation interval

2 vsip_vleq_d REBFHEETHHITEHE

I 11=0 1I=1 =2 11=3 11=4 11=5

Num 37 35 33 36 38 40

Table 3 Execution packets number of vsip_vlgt_d under different ini-
tiation interval

#3 vsip_vigt_d REEZNEE FHHTEHE

I 11=0 1I=1 =2 11=3 11=4 11=5

Num 35 32 35 38 36 39

Xf vsip_vleq_d 5 vsip_vlgt_d 4351 L4 2 F 1 24 )3 sl [H] #E
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Table 4 Clock cycle counts of vsip_vleq_d
F4 vsip_vleq_d BT EHIEE

Bk JEIRTEHR (EENESIS KPR K
3007 512 351 332
5000 708 391 372
8 009 1002 451 432
12 006 1393 533 516
21501 2319 762 727
32 141 3358 972 948
40023 4343 1418 1372
52319 5612 1893 1812

Table 5 Clock cycle counts of vsip_vlgt_d
K5 vsip_vigt_d R EREE
Bl it JE ARG ER TEIRRIT K
6 006 976 396 379
10 007 1976 498 475
30 005 3652 948 905
50 006 5109 1716 1613
70 008 7876 2236 2117
100 009 8921 3176 3020
120012 9823 3654 3505
6000
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Fig. 9 Comparison of vsip_vleq_d clock cycle counts
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Fig. 10 Comparison of vsip_vigt_d clock cycle counts
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