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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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SFA]%} basic block frequency<} conditional branch
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frequency®} conditional branch taken/not-taken<]
Zealls 93 = o AR EE Halh

stmt: LABELV
[+ Hots =9 «/
"L.%A :\n
[+ Jeje] Aol RX dRIZE] A +/
sw RX, PROF_REG_BACKUP \n
/# @A basic block label frequencyZ 7= W=
RXell load #/
Iw RX, PROF_LABEL %A\n
/+ @A basic block?] frequency 157} #/
addi RX, RX, 1\n
/% Z7F8 basic block frequency S wl=lell A3 =/
sw RX, PROF_LABEL_%A \n
[+ RX dRZEE 7B gk 2= o/
lw RX, PROF_REG_BACKUP \n"
(a)

stmt : EQl4(reg,reg)
[+ 40le] 2ol RX dX2H AP #/
"sw RX, PROF_REG_BACKUP \n
/+ branch S5 7F)= W55 RXell load */
lw RX, PROF_BRANCH_CNT\n
/# branch 37 157} %/
addi RX, RX, 1\n
[+ 37V branch 355 wllell A% +/
sw RX, PROF_BRANCH_CNT \n
[+ RX elRZEE 71 gk ==/
lw RX, PROF_REG_BACKUP \n
/+ conditional branch = 43 #/
beq %0, %1, %a\n
[+ 0le] 2ol RX dXeH AP #/
sw RX, PROF_REG_BACKUP \n
/+ branch not-taken® 35 7H= WE
RXoll load */
Iw RX, PROF_NOT_TAKEN_CNT \n
/*# branch not—taken 3+ 157} %/
addi RX, RX, 1\n
/+ 37¥8 branch not-taken 575 wlkeloll A/
sw RX, PROF_NOT_TAKEN_CNT\n
[+ RX eRz=E7F 7 gk 2= s/
lw RX, PROF_REG_BACKUP \n"
(b)
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Aemed 5 Se oE B F Adolde Fasch
. . sw, sh, sb,
load/store instruction Iw, 1h, Thu, 1b, Ibu 3 5] meAe] e el
computational Zggluu sourt;yu,luslit, sltu, and, register name usage
instruction or, xor, mul, $0 constant 0
stl, srly, sra, srav, sl sliv $1 reserved for assembler
12$$uiggnbranCh jr, jalr, bne, beq $2 temporary
$3 temporary
$4 temporary
Conditional branchi= slt, sltu, bne, beq®] Fg $5 temporary
o2 F3=n ID ZHo]X|ollA] branch target $6 temporary
addressE AXFSIAL not-taken®H212] predictionS A $7 stack pointer
i) HR| 2 Fde] Alo]|=e] Zrlel] whE $8 function address
Ao WElE =xsl] 98 2] ZRAxE= $9 function return value
Mo 32 H|E HA2EHE SR G aE el $10 return address
7RRIe} & 38 Zr|ZEAMe HA2E Fhel o
2 usageZ ERATE Argument AHS 913 x| a8 4 2] ZRAME JPEG 1FHE
2Elel MEge Agshs dA2E S A o A Q1B frequency T Wb, F 2979
3 temporary EIA|AEE Zulel®] 53594 1z %l AdrEHA F 670 ArEHAe] AMEA| e
A1 93 HA temporary HA|AE] 5 57H El th 7] ZRAX7} JPEG QlZHE eslr] 918t

otk 2] e kel A4 C

Ho] HA2E T Alo]2E FIABR HX|AE

2500000

2000000
U 1500000 |
"f 1000000

500000

sw
sh
sb

Iw

Ih

lhu
Ib

lbu
addiu
ori

lui
addu

subu

sra [l

mult
srl
srlv
srav
sll
sllv
jalr
bne
beq

|~ E

2l 4. Z7] Z2AAY 9 A1 frequency.

1

13 25 37 49 61 73 85 97 109121 133145157169 181 1983 205 217 220 241 253 265 277 289 301 313 325 337 349 361 373 385 397 400 421
basic block 2flo|&

HS

121 5. JPEG 81Fr]e] 4=384] basic block frequency.
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spillingO] wo] doi} sw, w7} o= <l =Es)
of uls o] ¥l 1% 5= JPEG LitM
*334] basic block frequency & viepdic) 7p2E2
basic block labelo]™ A|Z&2 =3 WITE epd
t}. Basic block frequencyell4] <=3 ¥~} 10,000
3] o]Akal basic block< %A basic blockel|4] <F
14.9%% *A|sh= ZoZ vepgdrl 10,0003 o)Ak
9l basic blockE2] 43 ®l% ¥-& ZHA| basic
block 3] ¥I%9] 81.6% 5 AX|sl= Zlog HA
s9lel. 274 7)1 & 512,596%  taken®| 310
66,033% not-taken= o] 89 : 112] B]E&E taken 3!
7} not-taken F|& 3GHrl @

4.2 BIX|AE o Alo|= X3}

Z 24 optimizations $]3] JPEG <lzve] 2
= HAzE] Fd Ale]|=E itk JPEG {1Fr
of W= A Z719] R 2E T Alel=E T
Foay Qe Froa HR|aE A9l o=
d FE Alo]z=E FHA-slslet A3l 19
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w2 JPEG 9lFU]] & 3 Ao)F 45 Jepich
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passing S Wl2A| 3= A = A 2EHZA, 7
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olEl & AAslal HA|2EE B ARSI v e
o A&} =tk Argument #H|A|2E] =Z7]dl| wE
JPEG <lFt|¢] 43 #o]F & X argument
A 2~ 7} 270742 AR Al AdsaRate] ol
= o 5 siek ol= ARSE JPEG Ql=rie] ot
9] functionE°] 271& J+= argumentE 7FAA] &
== 7S "3tk Temporary @R 2Ef+= dlo]E]
%14ke] temporary H|°]E{L} common sub-expression
eliminationS- >3yt A] common sub-expression®]
Aste 2 A7l dolelE AMAsw AMS-EIth
Temporary #X|2E] Z7]ol] w}E JPEG 132t
o] AolF iz F s} dolbHA] Ytk ole
common sub-expression®| hot-spotel| 4] Ls<>] elezl
=7 97] wEow FAET). Variable HA|2E &
variable H|o[E]E #A3l=t] 2ro]u, oo <pof o}
£ JPEGlEH ] 53] #lo]F 45 Bl oF 37) 0
Al 4709] variable #A|2~ElE AHESEI1S A s
o] Atk AS & F vk A 2] Z=2A
18] @A 2~E] T}edelA] argument A 2~E] 17]2k
variable #|A|2~E] 47)], ¥ argument EJIZ]/KH 2
N &} variable HA|~E 37E F71sle] & 16719

918

Mol 2

9500000
9400000
9300000
9200000
E 9100000
9000000 l
8900000

174 274
argument 2l X| & & %

(@

9454000
9452000
9450000
9448000
9446000
9444000
9442000
9440000
9438000
9436000

Mol 2

3l

ES

574 671 774

temporary 2 X| & B %

(b)

10000000

8000000

=
2

6000000

3 mpo|

4000000

~
ES

2000000

0
oz 174 274 374 44 50 6 7
variable 2 X| A H %
(©
a8 6. dAAE Y Z7]e] i 3 cycle.
(a) Argument #|A|2E] 4, (b) Temporary Z|X|AE] &
(c) Variable HAZE] ol WE #o]F 4~

E 4. 3FHor Aus Hx|2F 3 usage.

register name usage
$0 constant 0
$1 argument
52 reserved for assembler
$3 temporary
$4 temporary
$5 temporary
56 temporary
$7 temporary
58 register variable
$9 register variable
$10 register variable
$11 register variable
$12 stack pointer
$13 function address
$14 function return value
$15 return address

g2 2~E s}l =7]E JPEGe] #HA3kd 453
T otk o= 71E MIPSE] #HIA 2B Tl
EZ accessdh=t] H]3l] 4 H|EZ #HR|2E A
access” 531 & 4= 9J¢] many-to-one Y-S
3 Q7 3= operandsZ <13} overheadE %t
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A=Y
o] whe odfelelds she QlaEdMe
I E=FEAO. o1

many-to-one P& T3l AT 2 5 ek
£t many-to-one WAFE JAEHA FAS

dlofe] sfzef zjAde] 2

ARy
a3l & 6 wol A}
u

4% ¥ S el many-to-one WHS $fa =

A~EHAS Helrk Operation®] #3HHZlo] A5
sk 735 gl 71 A’ Ale] shie] dxEEA
of WigE 4 olck 2§ 72 AFA Sk QA
EZAE] F3o] 7153lES MIPSS EX 2H|o]A]
= A7AE AFolth. MIPSE o] Q1 AEZAI9
x3tow F7] drElAdE 34 8RR JPEG

QlFH ] ASIP o] 5 ARgSEA] Adsirl 7o me
2717} taken®=| 22 ID £E|o|X]ol|4] branch target
FAaE Axksle] At 27)81= predict taken™AlS-
ARgBRl e 7] Seke EX ZdHo]#]9] ALUC|
Al ol FolA g Slsich oFHAl Fows )&
MIPS®l| ¥]3] £7]7} not-taken 2 A 2 xlo]F
o] &35 BAT not-taken® FEo| A ¥
ofg] QrEHAS AR EE sk oot
7)ol W overheadE &4 4 Uk

ADL 7|4k archltecture exploration W2 A
Al Z2AA = ofEeAleldell HAskE
At vl 4= 9lels AollA] configurable Z2A|
4] 719¥] architecture exploration WA Hr} 9<=3jck

E 5. 95 4 39 frequency.

ke Rl Ll frecﬂ?ncy
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,NEGl4(reg)) 10,816
6 RSHI4(MULI4(con2,reg),conl) 10,816
7 SUBI4(reg, MULI4(con2,reg)) 8,112
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(MULI4(con2,reg),reg) 2,704
(reg: register HoJE], conl: 1-byte 25 con2: 2-byte )

Barrel
— Shifter

ALU Right—-Shifter |—

16+16
Multiplier

2 7. AQkE ASIP] EX 2H|o]A] dleo|g] A Fx

4.4 =% 4t

Z7] ZRAA, HAxH T =275 HAH3keE
Z A /1-] Qe Ay} A Z2AR] FF
HA3l3t FF ASIP ZEAA S AeE vl
S8 A2 ok BMP 3 A, B, CE §iE@o® 3}
£ JPEGRlZT] 9] Al EHo|HE Fafsisic) A&
olAd Ay % 79 ANE Aork HFTHoZ A
= ASIP> 27| ZRAA e Bls B 1.97w, @

E 6. P A=A A

W ArsEYM 4 K,
1 sra-blt rsl, rs2, shamt, offset if((rs1>>shamt) < rs2) PC = PC + (offset << 2) 1

2 sll-add rd, rsl, 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-bge 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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