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Area/Delay Estimation for SIMD Processor Cores

DAISUKE YAMAZAKI,T1*! SHUNITSU KOHARA, !
NozoMu Tocawa,! MasAO YAaNAGIsawaf!
and TATSUO OHTSUKI'!

In synthesis of ASIP (Application Specific Instruction Processor), we opti-
mize processor architecture for a target application, and design a hardware part
and a software part at the same time. In order to obtain an optimal processor
architecture in a short time, we require a fast area/delay estimation without
doing logic synthesis in an architecture exploration phase. It is important to
estimate them accurately because a large range of errors may lead an inade-
quate solution. This paper proposes area/delay estimation for SIMD processor
cores with configurable SIMD functional units and adressing units. Estimation
equation is obtained by partitioning the processor core and hardware units into

several functional parts and parameterizing them, and can obtain an estimation
value for an architecture. We show the effectiveness of estimation equation by
verifying the area/delay values obtained from the estimation equation and the
logic synthesis value of processor cores. Relative error of them is 2.25% on the
average. Error of delays is 0.54 ns on the average.
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Fig.1 An example of processor architecture.
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Fig.2 Pipeline architecture model.
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Fig.3 Architecture template of a SIMD functional unit.
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Fig.5 Addressing unit.
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Fig.6 Functional partition of processor core for estimation.
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Table 2 Relation between a parameters and area for Extend.
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Fig.7 Relation between a number of elements and area for Extend.
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Table 3 Area/Delay for single cycle SIMD adder.

pipeline ooo oo oo
stage [um?] [ns]
1 1,2,4 | 1,501 | 1.07

1
1

1,2 1,394 | 0.88
1,4 1,458 | 1.12

)

04 D0O0OO0OO0OOO SIMDOOOOOO/000O
Table 4 Area/Delay for single cycle SIMD multiplier.

ooo sign | unsign | OO0 [pm?] | OO0 [ns]
1,2,4 | o o 26,662 7.48
1,2,4 | o x 26,694 7.38
1,2,4 | x o 26,601 7.48
1,2 o o 26,389 7.56
1,2 o x 26,496 7.65
1,2 x o 26,355 7.52
1,4 o o 26,408 7.64
1,4 o x 26,548 7.71
1,4 x o 26,349 7.61

000oooooog Vol 49 No. 10 3462-3481 (Oct. 2008)

goooooooooooooooobobooooboooooooooboboooooDoDo
gooobooboooooooobooooooobooboooooooboobooOooboooooooo
000oo00oo00ooo0oo0ooooooo0oooOooooUooooo0D /00
gooooboboooooooooooooooboobooooooobooobooOobobOoOoooooDooo
gooOoo0oooooUooUoOo 3)0ooUoUoUooooooLDoUDUoOOOO
gooooooooboooooooooobobOoooboOOobOOoobooboOobobOOoooooboDo
gooobooboooooooobobooooooboooooboboOoooooDoboooooooDo
gooobooboooooooobooooobooOobooooboobooooooobOoooooDon
goooobobooooooooooooooOoooooooobooOoboOooooOobOOobOOoOoooo
goboooboobooboesbotoboboooooobboobbooboooooooOooDo
oooooOoOoODOO0O00000000000000 k,00000000D0D0OO0ODODDO 9O

<1>...<61>000000000000O0COO0OO0OO0O00O0O0DOO0OO0O0O0OO0OO

0000000000000000000000000000000000000000
00000000000000000000000000000000000000000
000000000 k00000000 1000000 100000000000000
0000000000000000

002 000000000 SIMDOOOOOOO0OO000D0000000000000
000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000

000000000000 f,0000000000000000000000000 £0
000000000000000 k,0000000000000000

fu=fi+ 14k, — 78 (8)
3.1.3 0000000

00000000000 SIMDOOODO0O000000000000000000000
00000000000000000000000000000000000000 SIMD
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
oooo

(© 2008 Information Processing Society of Japan



3472 SIMDOUOOOOOOOO0OOOO/O0OOO

: ] sum [ ] [
XYoo >
- sum
O | —>
P ‘:‘
xy 3
] -
xay 2 ? 5) g
T ) ko
Q. Q. Q
G| X,)s = =
g sum
kel
]
o
c
[0]
n
£
©
(@]
U) llllllll
O
<1 <2

09 OD0OOOoooooooooo
Fig.9 Pipeline register position.
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Fig. 10 Relation between pipeline register bit width and area.
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Fig.11 Relation between a number of shift pattern and area.
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00000000 A0O0D000SIMDOOOOOOO0OO0O f,(k)00000000
nfufsfalulufslaln

for(h) =3Th +430  (h < 57)

for(h) = 6729 (h = 57) (9)
3.1.4 00000000

000000000D000000 SIMDOOOODOOODO000D000D0000000
0000000000 SIMDOOODOOOOO00D,/0000000000000000
0000000000000000/0000005000000000000000 10
00000000000000000000000 50000000000000000
00000000000000000000000000000000000000000
0000000 HWOODOOOOOOOOO0O0O00000 SIMDOODOO00000000
00000000000000000000000000000000000000000
ooooooo

004 000000D00000D00O0O0000O000000000000000000

05 0O0O0ODOO0OO0OOO/O00O0
Table 5 Area/Delay for Extract.

ooo sign unsign oo oo oo oo
oo [um?] | [ns]

1,2, 4 o o ° ° 629 0.97
1,2,4 o x o o 448 0.66
1, 2,4 x o o o 461 0.62
1,2 o o o o 453 0.88
1,2 o x o o 325 0.72
1,2 x o o o 363 0.54
1,4 o o o o 483 0.80
1,4 o x o o 368 0.62
1,4 x o o o 387 0.51
1,2, 4 o o x o 280 0.46
1,2,4 o x x o 246 0.47
1,2,4 x o x o 241 0.43
1,2 o o X o 203 0.43
1,2 o x x o 196 0.48
1,2 x o x o 185 0.37
1,4 o o X o 236 0.47
1,4 o x x o 212 0.51
1,4 x o x o 207 0.40
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06 U00O0O0O0ODDOOOOO/0D0DD0O0ODOOOOOOOO k. =00
Table 6 Area/Delay of addressing units (a number of address registers k, = 0).

ooo O oo oo O oo goooddd0 m=1 goooo00 m=2

ooo no post post idx bit modulo oo 1000 oo oo 1000 oo

ooo change inc dec add | reverse add [um?] | DOOOO [ns] [um?] ooooo [ns]
1 o x X x x X 1,486 0 0.63 2,942 0 0.82
2 o o x x X X 1,705 219 1.18 3,395 452 1.25
3 o x o x x X 1,693 207 1.54 3,401 459 1.45
4 o x X o x X 2,006 520 1.44 3,928 986 1.45
5 o x x x o X 2,067 580 1.39 4,055 1,113 1.59
6 o X X x X o 5,718 4,232 3.33 11,397 8,456 3.32
7 o o o x x X 1,722 236 1.42 3,437 495 1.42
8 o o x o X X 2,027 541 1.17 3,948 1,006 1.26
9 ° ° x x ° x 2,079 593 1.47 | 4,081 1,139 1.51
10 o o X X x o 5,730 4,244 3.28 11,450 8,507 3.31
11 o o o o o o 5,886 4,400 3.27 12,014 9,071 3.86

35000
# (a) m=1, DPX /.////"
30000 [

M (b) m=1, DPX&DNX /
- = 3022.1ka + 894.82
25000 — A (c) m=2, DPX&EDPY y

N ® (d) m=2, DPXEDNX&DPYEDNY ‘//.///~
£ 20000
St / y = 1520.1ka + 439.2
ux 15000
=
10000
5000

0 2 4 6 8 10 12
TFRLALD ZEH ka
012 0OOO000O0O0OO0O00OO0DOOO000DODO

Fig.12 Relation between a number of address registers and area increasing.
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Fig. 13 Area estimation flow of addressing units.
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Fig. 14 Pipelining of SIMD type operation.
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Fig. 15 Relation between a pipeline register position and delay for SIMD multiplier. (a) inside
delay, (b) outside delay.
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07 0DO0O0O0OO0OOOOOOOOOOOOOO

Table 7 Parameters of processors for verifying estimation equation.

000 | 000 | 000000 | 000 | 0000 00D adrs | HW | 00 [pm?] | OO0 [pm?] | 0000 | 00 [ns] | OO [ns] 0o
n 00 s i 0k unit loop oooo ooooo [%] oooo 0ooooo [ns]
A 1 3 12 16 ALU1, SFT1 X 0 64,696 65,327 0.97 9.93 9.95 —0.02
SIMDMAC1
ALUL, SFT1
B 1 3 10 16 MAC1 o nest2 104,756 105,862 1.05 10.18 8.99 1.20
SIMDMUL1
C 1 3 13 32 ALU1, SFT1 X 0 49,814 50,387 1.14 2.94 2.43 0.51
SIMDADD1
D 1 4 10 16 ALU1, SFT1 o 0 77,865 79,670 2.27 6.00 4.95 1.05
SIMDMUL1
E 1 5 12 16 ALU1, SFT1 x 0 70,895 73,236 3.20 2.80 2.73 0.07
MAC1
F 1 6 6 4 ALU1, SFT1 X nest3 70,349 74,540 5.62 2.00 2.01 —0.01
MUL1
G 2 3 9 16 ALU1, SFT2 o 0 111,781 116,920 4.40 5.52 5.40 0.12
MUL1, MAC1
H 2 3 10 8 ALU1, SFT1 x 0 30,407 30,391 0.05 2.10 1.94 0.16
I 2 3 14 8 ALU1, SFT1 X 0 64,229 67,803 5.27 10.58 8.98 1.60
SIMDMUL1
J 2 4 12 32 ALU1, SFT2 o 0 153,963 158,158 2.65 3.86 4.09 —0.23
MUL1
K 2 5 7 64 ALU2, SFT2 x nest3 167,232 161,985 3.24 6.01 4.95 1.06
SIMDMAC1
L 2 6 8 4 ALU1, SFT1 o 0 85,228 86,531 1.51 3.86 3.45 0.41
MAC1
ALU2, SFT2
M 4 3 6 64 SIMDADD1 X nestl 269,522 278,752 3.31 5.88 5.64 0.24
MAC2
ALUZ2, SFT2
N 4 3 12 64 SIMDMUL1 X nest1l 203,164 204,706 0.75 10.05 8.49 1.56
MAC2
O 4 4 11 16 ALU1, SFT3 x nest3 131,243 129,976 0.98 3.12 2.94 0.18
MUL1
P 4 5 12 8 ALU2, SFT1 o nest2 155,324 155,984 0.42 3.28 2.91 0.37
MUL1, MAC1
Q 4 6 ) 4 ALU2, SFT2 o nestl | 102,908 104,422 1.45 3.86 3.48 0.38
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08 O00OO0OOOO0ODOOOOOOODO
Table 8 Parameters of addressing units.

ooo ooo oooo no post post idx bit modulo
ooo oooo O change inc dec add | reverse add

B 1 10 o o o x X x

C 2 8 o X o x x x

F 1 4 o o x X o X

H 2 12 o o o o o o

J 1 6 o X X x x o

M 2 2 o o X X X X

N 1 8 o o o o o o

09 ODOO0OOOO0OO SIMDOODOOO

Table 9 SIMD instruction set to verify the estimation equation.

ooog ooooo
A mac_1_sr10s, mac_2_sr24s, mac_2_urlw

mac-2h_url, mac_1l_sr10

B mul_1_sr1-10w, mul_2_sr_5w, mul_lh_u
mul4_sr12-14w_h, mul_4_sl11w, mul 4l_s
C add_1_url5w, add-2_ul31lw, add_2h_u
D mul_1_sl31s, mul_2_sl13s, mul_2_ull-31w
mul_11_s113, mul_2h_ul5-10
I mul_4_ul8w, mul_4_ul_4w, mul_1l_u

mul_1_sl12w, mul_4_ul4ds

K mac-1_ul2s, mac_4_ulbs

M add_4_ur27w, add_1_sr31w, add_1h_s
add_1_sr30w, add_2_sr_3w

N mul_1_urlOw, mul_2_ul24w, mul_4_ul8w
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Fig. 16 Area of estimation and logic synthesis values.
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Fig. 17 Delay of estimation and logic synthesis values.
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