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Abstract

Performance optimization of applications with massive stream data processing has been performed by considering I/O

data coherency problem where a memory is shared between processors and hardware accelerators. A formula for
performance analyses is derived based on profiling results of system-level simulations. Our experimental results show that
overall performance was improved by 1.40 times on average for various image sizes. Also, further optimization has been
performed based on the parameters appeared in the derived formula. The final performance gain was 3.88 times comparing

to the original design and we can find that the performance of the design with cacheable shared memory is not always.
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Fig. 1. Hardware platform.
int main(){

InifL.CD(); //Mnitialize LCD

for(count=0; count<3; count++){
Render(cx, ¢y, dx, dy);

}

b
void Render(int ex, int cy, int dx, it dy){
//Calculate fractal image
for(y=SCRN HEIGHT: y>=0; y--){
for(x=0; x<SCRN_WIDTH: x++){
//Brot hardware operation
//Brot operation done check
/fSave calculation result info memory

CacheClean(); /Tf memory is cacheable, do clean operation
CopyResult():
}
}

b

void CopyResult(){//Perform data copy using DMAC
/Interrupt enable
//Provide three information for DMAC
//ISRC_ADDRDEST ADDR.DATA SIZE
//DMAC Operation start
// Operation check

}
gl 3.

=Z ™9 pseudocode

Fig. 2. Pseudocode of the program.
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Z 1. 9F =z M2 352 Ato|Z(Non-cacheable)
Table1. External memory access and total cycle.

o|o|X| 27|
46KB 225KB 900KB
el
Memory Access 128,625 615,973 835,599
Total cycle 5,770,093 | 26,395,132 | 115,829,729

o] A|z=gl e wE ALt HiolE] BAME flal st=d)
o] Akg-Hth 19 19] brotdl=49]= Renderd<~
ZAes ALksh, ALk oln o] E&AQl A
93] DMAC(direct memory access controller) S
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Table2. Data cache miss ratio, and gain of cycle and memory access when memory is changed to cacheable.

T& 3= 2KB 46KB 225KB 900KB Average
Render 108,663 1,624,654 7,746,460 32,808,038 | 10,571,953.75
CopyResult 44 163 76 108 97.75
Function® FIQ Handler 2,876 39,464 188,888 738,807 242,508.75
} CacheClean -14,440 -19,188 -19,188 -19,224 -18,010.00

G Apo]F o] F

Etc 47 66 -516 -4 -101.75
Total 97,190 1,645,159 7,915,720 33,527,725 | 10,796,448.50
Gain 1.37 1.39 1.42 1.40 1.40
Memory Access | Number of reduced accesses 2,898 46,960 225,542 279,902 138,825.50
o= Gain 1.56 157 157 150 155
Non-cacheable 0.0087% 0.0018% 0.0004% 0.0010% 0.0029%
Data cache Cacheable 1.1558% 0.9511% 1.0667% 0.9731% 1.0366%
miss rate ?&fﬁiﬁieablef Cacheabio) VLIATI% | +09493% |  +1.0663% |  +0.9721% |  +1.0337%
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Table4.  Comparison between actual and expected gain. (EH2l 2 ALO| )
o|o|X| Averlage burst Expected gain ‘ Xt
=] ength . Actual gain
NC © Burst(1) Cache(2) Clean (=@ Gain Value %

2KB 2.32 8 90,461 28,647 14,440 3.15 104,667 96,944 TATT 1711%

11KB 2.35 8 363,738 73,902 18,221 492 4184419 389,193 30,226 | 7.77%

64KB 2.29 8 1,544,278 355,279 18,259 4.34 1,880,298 1,644,820 236,139 | 14.38%

220KB | 2.29 8 7,397 462 1,382,999 18,221 534 8,761,239 7,915,831 846519 | 10.96%

900KB | 2.28 8 30,634,091 7,249,633 18,221 4221 37864502 | 33,527,524 4,337978 | 12.94%

Bt 2.30 8 8,006,006.00 | 1,818092.00 | 17,472.40 440 9,806,625.00 | 8714,862.40 | 1,091,667.80| 10.69%
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1. for(y=SCRN HEIGHT; y>=0; y--){
2. for(x=0;x<SCRN WIDTH. x+=16){
3. //Brot hardware operation
4, Col[0] =(inty*(@BROTBasetBROT_OFF RESO0):
5.
6. f/Calculate 16 RGB pixels
7. pixelR[0] = (col[0])<<1: pixelG[0] = (col[0]*9)<<1; pixelB[0] = (col[0]*T)<<1:
8. .
9. //Grouping 4 pixels in a array with 12 elements
10. Array[0] = (pixelR[1]<<24|pixelB[0]<<16|pixelG[0]<<8|pixelR[0]);
11. .
12. //Save result to the memory with memcpy function
13. offset = ((y*SCRN_WIDTH+x)*3)>>2;
14. memepy((buff result+offset), Array, sizeof{int)*12);
15.
16. CacheClean(); /If memory is cacheable, do clean operation
17. CopyResult();
18}
19.
20. Y
a2 3. Rendergtsel ZE 2R (unrolling factor=16)
Fig. 3. Partial code in Render function(unrolling factor=16).
E 5. Burst lengthel H|w
Tableb. Comparison of burst length.
=
Unrolli Unrolling W}\Aﬁmg% g Cacheable
factor
4 3.2 36 8
3 3.0 4.1 8
16 2.7 5.6 8

Total Cycle

_~Loop unrolling

A . .
~" Memepy with unrolling

s

Unrolling factor

u Memcpy with unrolling ™ Loop unrolling

a2l 4. Burst length 2/X3lE S8t & Alo|Z2 v|1(Non-
cacheablet| 22])
Fig. 4. Comparison of total cycles after optimization of

burst length(Non-cacheable memory).
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Fig. 5. Comparison of external memory after optimization

of burst length(Non-cacheable memory).
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Table6. Performance gain of optimization.
Uggg?g Cacheable Gain Optimization Gain

4 1.03 2.94

8 1.04 368

16 1.04 3.88

20 1.02 3.36

40 0.98 2.31

80 0.96 1.60
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