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PASC Processor Architecture for Enhanced Loop Execution
Sung-Hyun Jee' - No-Kwang Park'" - Joong-Nam Jeon™" . Suk-Il Kim''*

ABSTRACT

This paper proposes PASC(PArtitioned SCheduler) processor architecture that equips with a number of functional unit
and an individual scheduler pairs. Every scheduler of the PASC processor can determine whether a unit instruction can
be issued to the associated functional unit or it is to be waited until next cycle caused by a resource collision or data
dependencies.

In the PASC processor, only the functional unit with a resource collision or data dependencies waits by executing a
NOP(No OPeration) instruction and the other functional units execute their own instructions. Therefore we can expect
the code compaction effect on the PASC processor. Thus, the last instruction of a loop at certain iteration and the very
first instruction of the loop at the next iteration can be scheduled simultaneously if the two instructions do not incur
any resource collision or data dependencies. Therefore, we can expect that such two instructions without any resource
collision and data dependencies are packed into the same very long instruction word and thus, the two instructions are
executed concurrently at run time. As a result, we can shorten execution cycles of a loop comparing to the execution of
the loop on a traditional VLIW or SVLIW processor architecture. Simulation result also promises faster execution of
loops on a PASC processor architecture than those on a VLIW and SVLIW processor architecture.
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44 AR a7} bok ol ARZEVWAT} ATE 3
FART, ol Weol ax Walol b, coh A4n%
ALE ehh) skl HE sde] 011 A=
2 FYFEHY AuE 300, e Waols Ay

I

LT i 1
]



1232 etxFEXeSE =2X Mo H5z=(905)

offtof el defo] JFg A gore TS
4 AE= 0olnt. 2y W THLRYH HH o
bet c= a9 YDA FaE Fo 4

2 olE #WHoe 47 a7t e A HA AA
2|71e] AYdAZt FaE WA dPo] AR ook
s debdz] fiste] HE "ol 10002 AEH D,
AAFEY AR 747 4otk JER (39 4) (a)

o gyo] ag=E o} 7o

0.a.3 450 4.c0
1.d.0 lel 0.00

o ez AP
(29 4) (e IPd¥oz TE WPolEo] A7
0]

2012 | otz Avaenz AnPel 2=5) of

Aot o] F4H

0.a.2 4b4 0.00
2.c.2 4.d4 0.00
2.e0 0.0.0 0.0.0

3 2 .
dsh 2o A WA 1%YolT TG Wols} 5
g due YHelsz T of

ASole R A ngPols)
HEE40] EASA gou

olg], 2 TAFH = ofefet At}

0.a3 4b0 4.c0
0.d0 0.e0 0.0

(2% 5= wWHoe AaFsHAe] (18 5 (%
Zeol 3dE w 7 HHo|So] ZRAANER %
AEBEAZ FAHEME BAFa grh dAabx )
7 Al 719l PASC ZZAIA A 71 o
(@A Elgdoz FagdE 9Hole 1§ 7
th %, 0% Dl =89 11 4ol 12, 13 5

7l

o] VLIW Z2AAME 1 12, 13 9Hyols F
Mo ago FEAAN 71WHolE Aok st
=

PASC ZZAXAE shde W3z p4d
Utk 2 olfrE 7 WHort MYFEA HHe £
T54 ARE olfsty Fdg 71HHE pAEe
e gHoizte] AAE RAY F 7] vk
8 2 D3l EFE U 17, 18, 1119 W o
5 oA ol AaFE&Ae] v Wi F e
o Aolzt Sl 11 HHAE o& 1FY D42 9A
3 2F D39 111 WA dial 8l dHo g el
= 108 AAAA Eoh w3ol I 12, B2 49 D1
# 4, B 62 749 D2zt ZZte 71w Holo] &
Azt 13 WAl 15 WHo7t AgFLAAN At
o| MY gt EAtE AEFENL 139 FHF
A AR bl dYPEEA ARG o4ty Z 137}
THL dBFT F AN FYPFEY HRE o] 48}

Lo AYFH4 ABE AN o= B 29 7}
TEE dErh old Ze WAooz FAY ARFEA
BHe e ddAgsd AEE 2AFHA o3
A 2AE o2 F54 RJHE EFstn e 1

Wyolgel AuBHYL AN AT 4 vk

18 10 10
il io 10
1o 19 10
112 10 10

(b) VLIW Z2HAR 2 B0

0.11.3 4.12.0 4.13.2
2.14.0 1.I5.5 2164
1.17.2 4.18.1 0.10.0
1.19.0 1.110.4 21116
0.112.0 0.10.0 0.10.0

(c) PASC Z2HINS 2 430

1*: general instruction
10: no operation instruction

(a) HHO JHZ

—

8 5) F IIK Z2MMe| 71 HHo =

5 (b (o) Z7 VLIW ZzAA4 714
B =9} PASC Z2ZAHAE HEHo] =& e
W Aol (28 5) (be (0)ollA PASC ZzAA&
W] 3= ARFEY ARG HHol 2= U
Fd3an g

917] W&ol VLIW ZZAMA-E& 71"Ho] =



2oA Al FHEE AN RES N o 4% 1
BEo I=E wE Ut

4, PASC =2 MM

41 PASC ZE2MAM 7=

(¥ 6)2 PASC ZIZAHM9 +2Z Uehd Ao
th (28 6)olA PASC Z2AMAe Wyol A&y
gl MANZFE w Alo)Zvie} dh}e] 7Pl
&3t ols WHNENEE TFEat AxA 7Y
B 789 gHH¥o FIQel At 2AFHDS)E
ol F2RE HHolg u A&l Pyl %

o
L

e ARTEHAE AT o] Heols AYs A
2 ol g Ale]lE ¢ 7t ANAE AAS ;L
3 Aol met HEHAE ARXNYANEFEU)E JYA T
Ay N =E g

’ Data Cache j

l Regisfer File —‘

FU: Functional Unit
BU: Branch Unit

[ D$§ | oo | Ds§ I DS: Dynamic Schedu
L 4 BS: Branch Schedule
I ¥ 10 Instruction Quen
1t ] eee | | EI: Element Instructi
bolie | [0 |
? El oee ElL
Fetch Unit |
[)

’ Instruction Cache ‘

(33 6) PASC Z2MAl X

gejol RHuAS QA Zzte] HyHe)
2AZE} 9Pl FRY ge Waolo) z}i%%
4 Aug Adse Qe (28 DB 2 (29 1)
(@F BAGANA Zzte SgaQ) iﬂlgﬂw 3

of F2RH e WHols sy Ang Aoe
£ 43 2718 A9 93o] AF7] R WEol 7
g Aolske #32 ek Zolth 8, (2 7 (b)
EARRAdA 3BT £ F FA5EH An
g olgstel thee] £qY Walole MaEsA A
2 siAete] Yol Aol AR Ao 55
& EQW ol

W #7183y 2 B2 g WE 5g o

U

IE RUELZE HMelstk= PASC Z2MIM 7= 1233

gate] BVEE Agste Afoe BNEoR U3
A EAHE AdE d2E 5 gl o] A RS
AEHEAE A&7 Y8 AD=EE= #2E (penalty) 7}
B AAHDZ PASC ZRAMAME REELAo]
EAste HHyolg A AET & U7 wFE F
Zo) 7% uf ghE Ajo)l FXo| 3 71 E AWF
o7 Ztzkel walo] Feoj nal HAY & gk F, 7]
&9 VLIW ZZAAMAE ZtZe] daxzrle) &
FH HHEe] AR t& Alo]Fo] AgHojol 3

o 2eth PASC A Y F2el vhxs 21
dolol Awst A WA Aol Ash FAG £
49 4 9082 of FEA A 24 9 Azbo|

EEEES )

Read Inst. From 1Q
{Fetch Stage)

To Fetch Unit
& Inst. Queue

Resource
collision
does exist?

B
"\]

T [Stop fetch operatio Assign
Assign and assign branch instruction
element instruction nop Instruction

(a) Decoding stage

Assign instruction
(Decoding Stage)

Execute
instruction

Past-dependencies
do exist?

Resct pre-dependencies

(b) Execution stage

(38 7) 28 S8 Hlof



1234 St=RFEXNLIER ==X Hed H5=(995)

42 R Z9} PASC 7Z 520

ol ZQle) Ay ofnlAE mF3Y] 3}el, B
AME &25e MIPS ZEE YHog Wolr 4

Y ZEs 4 ZEAM P29 gHo solx
A ojud Ay 55E B

ox da

ol A% WL -

$320 1w
mul $15, $14, 4
addu $24, $sp, 0
addu $25, $15, $24

Sw $14, 0($25)
lw $3, 20($sp)
addu $9, $8, 1
SW $9, 20($sp)
blt $9, 5, $32

$14: 20(Ssp) $32

lw

mul
addu
SW
nop

0lw.0

addu
nop
nop
nop
blt

(a) VLIW code

0.mul.2
0.sw.0
0.nop.0

0.addu.0
4.addu.1
0.nop.0
1Lblt.O

(b) PASC code

lw
addu
SW
nop
nop

0lw.0
0.addu.0
2.5w.2
0.nop.0

(32 8) PASC ZZNAMS VLIW Z2MME FE

T3 (29 9) (% be gzt ZaAqA T2
A FEE golxEgel Ay ojuAE A Hx §9E
742 el Aotk (2 9) (@) (h)elA Fx 9] 3

¥R A] PASC Z2AA7F VLIW Z2 ARk g A

A9 &2 Z2aPe 07 4a7AY £F wdd)
Z7)glste ZRadoezA 99 IZE VLIW Z®
A4 =9 PASC ZEAXE 22" 727 T¥s)

d 9 )l A
7} AA(stal)d AE1E Vel

O H B O
=T

W 22 (2¥ 8) (a) B (b9} 2t 2 EZEZAMY dAAAVEL ARFEHH 2
cycle cycle —m—m0——————>
1 2 3 4 5 6 7 8 9 10 11 12 13 1 2 3 4 5 6 7 .8 9 10 11 12
) F T DTEy Jwa F EX ] wph
inﬁdu D |Ex Jwa W“ F1 D lEx|ws
v E D IFEX {was E I WR
E]D JEX[wn
,r)ngué FID WR ghud D W
adde[TF Tp Tex w [l Wh
D | EX |wg
addul-E | D | EX &B 4
no F I D IEX R WR
SWp E D_TEX T wR ,518’],
sw Ex | wE SwW WB
no E EX. L WR
""B EX | wpn n ";’3 5
BRPEE R Ez EX | wE
"PEF I D T [ w EX | W8
i EJTD TEx [wn D TEX
v F D e Twe T
w FI1DJTEX |wn TS ERT
_E 1D IEXx |wn
ngugl D 1ex | wa Sw F D WB
addu XL Wh aggu F1D WR
addu| g D WB
addu[ - E T D TEX Tws
no D EX | WR nop D IEX | wB
§ FIDTExTwe nop DlEx]wR
e e
lw F D IEX | wR
HOB E 1D {EX]WR blt E D T Ex T wa
gPp D TEX [wg nop D IEX | wg
t D X lwR
WP F TN TEX Twh
12 cycle
13 cycle y

(a) VLIW T2 Ml A

(38 9) HHof d& olo(x|

o1 w38 stolzal 49 oWAE melFT (2
sl Zepele] 4 fuUE

(b) PASC Z2 M A




e HHEE Al A&E e Ho] Fo At
71 Y&l VLIW Z2AMAME M2 thE Alo]Zo
A s ojolnt st mix et 719 FEe YR
Age 1o mEe AR5 Al £ = ¢
94 (3" 99 (@ oA vl Bxek Al W<
Trolxzlel e ofmAE uws & w, VLIW =2
AXCME RE FUEZ FAol Fagojol 3=

570 QoiA wiA% AgAolst s48 Folok R
WA 2geolsl sds= W, PASC ZaAMdA
=22 R WA Audols nix AwHes} 5
Aol AasE selzeiel ojux Wejst shssht.
aeg 9)e ZEaddx VLIW Z2 s 3 9
ZowrE A 13 Apo) o] Aele Y B ZzagAE

L

=

£
12 Abe]Exbe] A wbE 2Z2 £g3ich AT 99
Z2OHL 5 HJ%OI Aofof slE R PASC ZZ
AXE VLIW Z2 A9} vlaste] & 5 Klo|Fe] 4

g NE g 5 Qo

5 Y o 1

- 5.1 AlZEo|M Ala"l o AE A
Aekst PASC ZEAAM ] 2 2 458 7}y
Asted, Z+ ILP Z2AAMEY A8 2de 398 4
UE AlEHA A2de FEaA AlBH ol Al
2892 oz A ABFHAH 29=ZE oz
ol JhA o2 W oJABY FES PAEL o
Ao 79 F2E $3lY 78 A9dds AS
: 12131516 17 18 111 112 114 115 0.11.2
12: 13141516 17 18 19 110 111 112 13 114 115 2-13.2
13: 14 15 16 17 18 110 111 113 114 115 2.15.2
14: 1516 17 18 19 110 111 112 113 114 115 2172
1516 1718 19 110 112 113 114 115 2.19.3
16: 17 19 110 111 112 113 114 115 3.112.2
17: 18 19 111 112 113 114 115 2.114.0
18: 19 110 111 112 {13 115
19: 110 111 112 113 115
110: 112 114 115
111: 112 113 114 115
112: 113 114 115
113: 14 115
114:
115:

(a) SHO =Y8=A

|J
[]|1-l

4.12.4
4.14.4
4.16.4
4.18.4
4.110.4
4.113.4
0.115.0

(b) 20 HHO =

STHHOR Melshz PASC EEMIA‘I T 1235

K oR e
ot

No. of instruction % of dependencies

Graph
Generator

Parallelizer
ILP Processor
Simulator

Execution Image

No. of unit

No. of unit

(37 10) AlZ220|M AlAg

(g 1DE 15709 =HHoj9k 80%2 AuaE&A
ZHA 3 dvkn shREn AAA )Y 8 347 A
AadE BE AEHIH Ay o8 HodFz g}
(Z38 11 (a)“ 7t o] A5 2AEEEHL ¥

2.
=

0.0.0 1 nop 0
nop 12 nop

ggg I3 nop 0
e nop 14 nop

0.0.0 I5 nop 0
4.111.4 nop 16 nop

0.0.0 - n nop 0
0.0.0 nop I8 nop
e 19 nop nop
nop 110 I11

112 nop 0
nop 113 nop

114 115 0

11 nop 0
nop 12 nop

I3 nop 0
nop 14 nop

I5 nop 0

(c) &8 0I0IX|

1) &8 of
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Edqazd w&Me 2 aspt e Ao md
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B7F H#oe EHWEE SVLIW 72§ 53
FA=o ulgte] 2 A7 woluAl gErh wEkA
PASCel M9l AANEEE SVLIW T2dA AHT 5
e AMAl BETG A e B

PASC ZRAXNE AEgEH = o9 M9 o
Folg BAld AEE & o7 WE FZ o] EA
ste WHEol g dstd molzmEtql A Ato|Fol
VLIW 2 SVLIW Z2AAdA9 dsirto]&n vimw
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0 20 40 60 80 100
% of dependencies

14000
Lol
N
[
o 9000 | ——PASC
g —@— SV LIW
5 4000 —e— VLW
§
71000 =550 40 60 80 100
% of dependencies
(a) Unit 27}
o 15000
N
w
2 10000 —&—PASC
o ~2— SV LIW
[&]
< 5000 ——V IW
QL
8 0
0 20 40 60 80 100
% of dependencies
(b) Unit 37
I
P
2 —e—PASC
8 3 SV LIW
5 ——ViLw
2
o)
e}

(o

<HE DS AMHE) Y b A AR Y VLIW,
SVLIW, PASC Z2AA Fzo)rx Fxo] wtE 3|52
10002 ZAANL AEEEA U &S 0%0lA 100%
7 AINAE A9 72 ZRAA TRAAM a7
1&¢ %@%J Heojrh, 1g]m
>& B35 Aol olul s B TN
e F Adxrfo]FdA PASC Z2AjAd
% Addrlo|Fe A=2H, §7F %k*ol“‘

flo rir
VAN

E1

A 8FEHE

o

F Aaxe

(c) Unit 47}

12) RUEY =X 3= 37| H|n

PASC ZzAA7t ohg ZZA A nlste] ¢
Aol g8 Zoln o7k FFold a¥x ¥

ofv g},

(1% 13)

to o

FEOE INHNHOZ Nelste PASC ZE2MIM FX 1237

CE 1) ABESY0| IHE £ A0S

Processor
data VLIW | SVLIW | PASC [
dependency
20 3470 3470 | 2990 | 480
40 5390 5390 | 4630 | 760
60 5870 5870 | 5530 | 340
80 6110 6110 | 5630 | 480
100 6830 6830 | 6590 | 240

<E 1>9 AF#E B FEUYY AsFEH49
Hste] #Aglel F4 PASC ZrAN7E 7189 VLIW
ZZAMY SVLIW Z2 A A4 Hlsle] a4 ¢438

AzHgen o7t nqE FERFA 100 oFoR

HG
HEWHE B AL FE Sl o) wEeg @ 4
o34 dekste] AL 100 Ao)2F 2 2= FEE
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71822 FHit AERIHAZ NS ZoAM E AgrlolF

< ZHEANAN A

8000
7000

6000 *)h%{/;
5000 —+—PASC
4000 .‘/; —E- SVLIW
3000 [—#

—o— VLW

Total cycle

2000
1000

20 40 60 80 100
%of dependencies

(8 13) ARSEM| ot
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ARG A 4 AN RN 27HE & 4
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Aolt}, ol g B MM QTHE Z A
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olgel aM, g7t %old PASC Z2AA7} e
Lz MM vste] gerd Aol FAE Aolm g7}
S4old 18x 288 ov|dh

_ll)sr —{o
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1
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(E 2) gt digjo]| w2 YA
Processor
Loop VLIW | SVLIW | PASC B
iteration
50 2935 2935 2765 170
100 5870 5870 5530 340
150 8805 8305 8295 510
200 11740 11740 11060 630
250 14675 14675 13825 850
16000
14000 A
12000 v———/-Z/L
§ 10000 o —e—PASC
& 8000 / —@— SV LW
£ 000 —o— VLW
= 4000 %
2000
0 .
50 100 150 200 250
Loop iteration
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