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(Architecture Exploration of Optimal Many—Core Processors for
a Vector-based Rasterization Algorithm)
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Abstract : In this paper, we implement and evaluate the performance of a vector—based
rasterization algorithm for 3D graphics by using a SIMD (single instruction multiple data)
many-—core processor architecture. In addition, we evaluate the impact of a data-per-processing
elements (DPE) ratio that is defined as the amount of data directly mapped to each processing
element (PE) within many-core in terms of performance, energy efficiency, and area efficiency.
For the experiment, we utilize seven different PE configurations by varying the DPE ratio (or the
number PEs), which are implemented in the same 130 nm CMOS technology with a 500 MHz
clock frequency. Experimental results indicate that the optimal PE configuration is achieved as
the DPE ratio is in the range from 16,384 to 256 (or the number of PEs is in the range from 16
and 1,024), which meets the requirements of mobile devices in terms of the optimal performance
and efficiency.
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Table 1. Many-core system parameters

Parameter Value
# of PEs 4 16 64 256 1,024 4,096 16,384
DPE 65,538 16,384 4,096 1,024 256 64 16
Memory / PE [words] 131,110 32,820 8,250 2,100 570 170 70
Clock Frequency 500 MHz
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Table 2. Local memory usage of a single PE
= 27 HEryg 99
PE 75 4 16 [ 64 [ 26 | 1024 | 409 | 16384
Voo % 2 29 # 074
Ve #x 2 29 # 579
V2o A% 9 29 g 10714
Variable 15731 15731 15731 15731 15731 | 15731 | 15731
Color Channel Result 32765567 32716415 3274127 | 3271055 | 327287 | 32795 | 32747
Reserved 65568765569 | 16416716419 | 4,12874,129 | 1,05671,059 | 2877299 | 96799 | 48749
BITMAP_ADDR 655707131105 | 16420732803 | 4,13078,225 | 1,06072,083 | 3007555 | 1007163 | 50765
Stack 1311067131110 | 32803732820 | 8,22578,250 | 2,08372,100 | 5557570 | 1647170 | 66770
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PE =14 PE = 16

DPE = 65,536 DFE = 16,384

FOR y,=0 to rows of pixel-per-FPE_ID

FOR x,=0 to cols of pixel-per-PE_ID
(a2 =%0) (yp=Yo = (e =26) (x5 =2%5)
Xz =20 ) (1 —¥o )~ (31 —Xo)(x2—%o)
(s =%0) (o =2ip =0 =26) (5=2)
(a0 =206} (¥1 —¥o )~ (1 —%o) (%2~ %0)

caloulate a =

caloulate b =

determine activation PEs using Eq. (5)
interpolate each color channel with aand b

ENDFOR
ENDFOR
¥ Example :if PE=16 rows of pixel-per—PE_ID = 128
rows of pixel-per—PE_ID = 128
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Fig 3 Vector—based rasterization algorithm on many-core processor
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Table 4. Vertex data used in the experiment
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Fig. 5 Execution time for variable PE Fig. 6 Area efficiency for variable PE
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Wy g 3% 5 JE AdFor AHoHw, 1 T3 ZYTe WHe] #AAadsE $Y PE TR
Y 62 PE *x ¥ A" WH g&& HojFrh M Az WA g8 E3 gaskeE AL #els
¥ 4% PE 72 ¥ Az®] A|Zgy A2 | I A&, ol EYE Ui FAS Ashe
S HolFrh ¥ 54 Bl & 4 9l%o] PE *x 285 E F HHo] b Aty A" AdA A
H Az A A 4y AASA ek g gAas 7MY wiEeltt
ol whal, Al<El WA FIFES 0.98u] oA 3,340
¥ 5. PE 7% ¥ A2E WAy A
Table 5. System area and sustained throughput for variable PE configurations
O~
Gk I PEAIS )y 16 64 256 | 1,024 | 4,096 | 16,384
o
» A2 2 Gops/s) 0.8430 | 3.3720 | 13.488 | 53.947 | 215.75 | 863.10 | 3452.3
max A28 WA (mm?) | 167.02 | 164.53 | 167.08 | 189.15 | 292.03 | 694.87 | 2319.2
» A2 Z( Gops/s) 0.5665 | 2.2663 | 9.0651 | 36.261 | 145.06 | 580.81 | 2332.0
half A28 WA (mm?) | 167.02 | 164.53 | 167.08 | 189.15 | 292.03 | 694.87 | 2319.2
» 22 Z( Gops/s) 0.4307 | 1.7229 | 6.8917 | 27.570 | 110.34 | 442.09 | 1781.4
quarter A28 WA (mm?) | 167.02 | 164.53 | 167.08 | 189.15 | 292.03 | 694.87 | 2319.2
¥ 6. PE 73 1 oYX 4u9} A gF
Table 6. Energy consumption and sustained throughput with varying numbers of PE
O~
A1z5 g PE 74 4 16 64 256 1,024 | 4,096 | 16,384
© M
» A 2] #( Gops/s) 0.8430 | 3.3720 | 13.488 | 53.947 | 215.75 | 863.10 | 3452.3
ol YA 2H](Joules) | 0.0640 | 0.0159 | 0.0044 | 0.0017 | 0.0010 | 0.0009 | 0.0008
P A2 % Gops/s) 0.5665 | 2.2663 | 9.0651 | 36.261 | 145.06 | 580.81 | 2332.0
half o= 2H](Joules) | 0.0346 | 0.0067 | 0.0025 | 0.0010 | 0.0007 | 0.0006 | 0.0005
P A2 2 Gops/s) 0.4307 | 1.7229 | 6.8917 | 27.570 | 110.34 | 442.09 | 1781.4
quarter ol YA 2H](Joules) | 0.0198 | 0.0050 | 0.0015 | 0.0007 | 0.0005 | 0.0005 | 0.0004
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