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ABSTRACT

Retargetable compiler which generates executable code for a target processor and performance profiler are re-
quired to design a processor optimized for a specific application. This paper presents an architecture exploration
methodology based on ADL (Architecture Description Language). We synthesized instruction set and optimized
processor structure using information extracted from application program. The information of operation sequences
executed frequently and register usage are used for processor optimization. Architecture exploration has been per-
formed for JPEG encoder to show the effectiveness of the system. The ASIP designed using the proposed meth-
od shows 1.97 times better performance.
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/= dotd 29 +/
"L.%A :\n
f= ejel Aol RX dRizE A */
sw RX. PROF_REG_BACKUP \n
/+ @7 basic block label frequency® 7Kl BIFE
RXol| load */
Iw RX, PROF_LABEL_%A \n
/x 87 basic block®} frequency 157} +/
addi RX. RX, 1\n
/¢ Z7)4 basic block frequency & w20l % +/
sw RX, PROF_LABEL_%A\n
/¢ RX dRZE7E 79 gk 2=/
Iw RX. PROF_REG_BACKUP\n"
(@)

stmi - EQl4(reg.reg)
/= <leje) Aol RX @lRl2E] A3 #/
"sw RX, PROF_REG_BACKUP\n
/¢ branch 397& 7= 9478 RXoll load */
lw RX., PROF_BRANCH_CNT \n
/* branch S 157} +/
addi RX, RX, 1\n
/* 2718 branch 345 wjzalell 2% +/
sw RX, PROF_BRANCH_CNT \n
/x RX #RIZEPL 7R gk 2= +/
Iw RX, PROF_REG_BACKUP \n
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beq %0, %1, %a\n
/= 9eje] Aol RX BRIAE] A7 +/
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RXell load #/
Iw RX. PROF_NOT_TAKEN_CNT \n
/+ branch not-taken S 137} #/
addi RX. RX. 1\n
/+ 271 branch not-taken 34-E Hi=Elell 27 «/
sw RX, PROF_NOT_TAKEN_CNT\n
[+ RX dRZ=ePL 71 ok 2= +/
tw RX, PROF_REG_BACKUP\n"
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register name usage
$0 constant 0
$1 argument
$2 reserved for assembler
$3 temporary
$4 temporary
$5 temporary
$6 temporary
$7 temporary
8 register variable
$9 register variable
$10 register variable
$11 register variable
$12 stack pointer
$13 function address
$14 function return value
$15 return address

x| 28 g =72 JPEGe] HAstd AH5S d
%= glrh ole 71& MIPSS #HA|xE| g 5 ¥
EZ access3het] vls] 4 H|EZR #Hx|2E HUdE
access”}Fs3H4 & % 9)*] many-to-one HHE 9
3 "ag sl operandsZ &3t overhead & A




3B/ Applicationsl]l 22 ASIP AAE 913 £&3 <] Architecture Exploration WY

A g ik & 4v FEHoz A9" 16 HE
AR 28 F}le] ysageS B.alch

[o]

4.3
=i

IAEHM Mei/gld U Z2AA FEF
4718 8l JPEG AIrielx wWel &4
< —‘-3—"43]'93‘:]'. £ 5 " ¥497174
Z HE frequency”’} ¥ U2EH
7]’6‘@ A RS Helch Zhzke] "l
LCCel F7kedele] odt RS el 2t o
Helol] e S e d2EAE
many-to-one YIS 53 A 2S5 ek
w3} many-to-one Wgs Az AS
dloje] dxe] 7o) o3k F 62 Wol Ab
43 =S sl many-to-one WHS 23 HE
qlxe2j43E Belck Operation?] i Bdi—‘.ol A"
e S o8 7 ' Ale] shiel AEHA
o W = olck 23 7 AEA —rﬂ% dx
EAe] Fa)e] hedl=E MIPSS| EX 2H|0]A]
& AT Aselch MIPSE 2] =AY
Z3og 1] J2EZAS Ed SR IPEG
AZrie] ASIPL °lF ARESHA] egith A9 BE
717} takenE2E ID ZH[o|X])4] branch target
Z Axksle] det 27)8H= predict takenHHA]-S-
AHgslgler 27] #eE EX ZHolRle] ALUC
A o)FREE gt o]¥A FoEH &
MIPSel ®l&] £7]7} not-taken 2 Al W2 Ko|F
2] £3E BAT not-taken® FEo] ZA| 4
og] QAEFHE AN EUE SR o
E7]o} wWhE overheadd £Y 4= vk
ADL 7]4Fe] architecture exploration ¥
A ZEAY FE2E ol HXsE L
oAl vlE 4= Qlchs HolA] configurable Z2A|
A] 7]4ke] architecture exploration ¥ Rr} <=5k}

gé
mrL“.r{;:r

LU
ox ot rfr
22 rlo )]

>m

J

[e]
-

¢

| SE Qs 4

E 5. Al 2 Sl frequency.

i 2 | frec;ue*hcy
1 LTI4(RSHI4(reg,conl),reg) 329,520
2 ADDP4(LSHI4(reg,conl) reg) 122,544
3 RSHI4(SUBI4(reg,reg),conl) 21,466
4 RSHI4(ADDI4(reg,reg).conl) 16,390
5 GEl4(reg, NEGI4(reg)) 10,816
6 RSHI4(MULI4{(con2,reg),conl) 10,816
7 SUBI4(reg, MULI4(con2,reg)) 2,112
8 ADDI4(reg, MULI4(con2,reg)) 8,112
9 | RSHI4(ADDI4(reg.conl),conl) 6,216
10 | ADDI4(MULI4(conl.reg)reg) 5,408
11 | ADDI4(MULIl4(con2reg)reg) 2,704

(reg: register WolE], conl: 1-byte A% con2: 2-byte 359

Barrel
— Shifter

Right-Shifter free—

16*16
Multiplier

a3 7. Algk=l ASIPS} EX AH|o|A] dlolE] A 3

4.4 3E 2

z27] ZaAA, dA2E Sl =275 A3’
Z2AM, Jd2ERAA A9 A Z2AM T2
ZZ5E 2F ASIP Z2AMQ AFg Bl
s8] A2 e BMP I A, B, CE 3= 3}
= JPEGelFr]e] AlE#HolAdS ek A&
old ZAx % 79 AAE Adc)k HAFAHoZ A
5 ASIPE 27| Z2AAe wla] g 1979,

WE Qarieidl 5 o ﬂ“;gsé;
1 sra—blt rsl, rs2, shamt, offset if((rs1>>shamt) < rs2) PC = PC + (offset << 2) 1

2 sll-add rd, rs1, rs2, shamt rd = (rsl << shamt) + rs2 2

3 sub-sra rd, rsl, rs2, shamt rd = (rsl - rs2) >> shamt 3

4 add-sra rd, rsl, rs2, shamt rd = (rsl + rs2) >> shamt 4

5 addi-sra rd, rsl, shamt, imm rd = (rsl + imm) >> shamt 9

6 neg-hge rsl, rs2, offset if(rs1 >= -rs2) PC = PC + (offset << 2) 5

7 muli-sra rd, rsl, shamt, imm rd = (rsl = imm) >> shamt 6

8 muli-sub rd, rsl, rs2, imm rd = rsl - (rs2 = imm) 7

9 muli-add rd, rsl, rs2, imm rd = rsl + (rs2 * imm) 8, 10, 11
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