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Instruction Level Parallel Processor
based on VLIW and PN-superscalar

SHUSUKE OKAMOTOt and MASAHIRO SOWA'

A new hybrid processor based on VLIW and PN-superscalar is proposed. This processor
fetches a program in the same way of VLIW processor, and it executes in the same way of PN
superscalar processor. A program for this processor is similar to the ordinary VLIW program.
But there is no execution barrier among the element instructions in a long word. The control
dependency between any two instructions is written explicitly. So the execution order for all
instructions is scheduled statically. And since the specification for this is not depended on
the way of instruction fetch, the processor can run with the simultaneous execution of the el-
ement instructions which are fetched at the different cycle. This paper describes its processor

architecture detail as well as the simulation result using software simulator.
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loop: addi r3,r3,#1
s1li r4,r3,#2
add 14,r9,r4
s11i r7,r3,#3
addi r8,r7,#1
slti r1,r3,N
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bnez ri1,loop
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3 VFPE’s Execution Image of 2 loop iterations
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FU: Fetch Unit
BU: Branch Unit

AU: Arithmetic Unit
TU: Transfer Unit
RF: Register File

IQA: Inst. Queue for AU
IQT: Inst. Queue for TU
TC : Token Counter

4 VFPE Basic Structure

VFPE 7 ot v ¥ Tid, ETH#EE PN 7oty
FLEMIC, TR IAATIF L= h TS
(TC) TIT9¥, PN 70k v 4 Tk, £ET1=v b
ZTEiz. 1007y sah v I BRBELZOIN L
T. VFPE7ut v 4 Tid, &kT 1 o LELZA
HRLD,

FU 1k, EBROGSE AT, S VLIW LA
RTT7 v F L, ENLF 3D LRI, FFT
2=y AT 2, FURCIE, AUETU AL YR
Bz, 2200&9%2—-0dY, b—7 U REbRET
HLEFLI= Y FARA P — VLB, fUFOFETL
=y Mo LT, BN 42 HE T 5201,
ThoDFa—Hbhs, 2F), Ab—NLA
=y b oYY, Fa—-ELLN, EHOETL= Y
MZid S ORI b h b,

AF =P HERLRIT, FOETI=y M
Fa-OEHEOGENLETEERLBEDS, 20D
B, A=V LEPoFOEITL=v ME, D
Ty FHA I NVTT 2y F ENGHEETLTY
Bo BEVRABE, ZOREF 1 —DOBHELHNT,
ERROGSOBREPMR 723(7% . VFPEIXTH Z
LNTE S,

ZhEit, Bz, BUAL Y FHOGESF 2 —1t%
Vi, BU 7= v FASA b — L L7zBRIZIX, FU %
Ab=ED, TRICE Y, SFEMFEEEL, &
&7xvF%, BUDI—F CHIHTZZ LHTE S,

¥zl VFPE7/ & v¥id, VLIW 7oty
FERAERTTOS T2 72y F L, PNT Oty
H LR UAFRTETEIT o

3.2 &ESNATS1>

® 51, VFPE O&47/547 9 4 Y HiEERLTY
%o IF AF— T3, FU TUBINZDT, TOX
F=VRETCDONATSA L THEEINEZ LTk
3o COAT—I TR, LD X S ICERRAFH3
DT bNB, AU(EZIZ TU) D'ID A5 =TT

RF
‘~‘ : Control Token Path
W.o : Data Path
§ : Inst. Path
kind send stage
AU — TU iD
AU — BU EX
TU — AU,BU MEM(load)
ID(store)
BU — AU, TU 1D

#1 stages to send token

AP = LEBaE, METAGRVmSF 2 — IR
FiEhTnl, b L, BUNAI—VLIEHIE, FU
TIThbRBIFAF—IJb AL — VT35,

BHETIZy MBI STV E DI,
BIRAT 54 FENFNICRE L EEE STV 5,
BziE, BUDNSAT T4 T, SHENID A5~
TETTA720IZ, EX AF—Vik%\v, BUD WB
A5 — M set conditional I H TH D, T/, AU
DEX AF— I DFERIE, LI RATINARABHEEH
WTWEDT, ROIAT T4 -4 4 70T
BETH2, MAT, ETONAT T A 22BN T, d)
B A2 NDO WB XF— L OFHEIE, ID AT~ TH
AT TH 2,

£THOID AF—V, V=2 OFREF v Y
L. bL, LELF—27 yHPEIE L Toh0EEIE,
FOIDAF—TIFAL—NVT 5,

#FUE, VI U REBODODORAF -V EF LD
LDTHB, AURTUICH LT, IDAT—YTh—
PURED, SRIFLIRAINANRREFEEIZNT
Wb THBE, AUBS TU Db —7 vk L
VYR ZINAISADOBED, B 6(a) IZREN T D,
AUDID AF—ITHESNIZ b — 2 1, KOH A
ZNVETI, TUNHETZ, TUDEIEIZZ W% Z
FThE, TUDORD EA AF— U TAU O EX O
BEFIATES, 6L IFAUDID A7 75H
BU ~¥%2¥ETH b, BUIZIZEX AF—UH 4w
72, VORI INANSAIZEY AUDEX A7~



FU

BU | 1D WB

IF AUl ID | EX | WB

TU } ID | EA |MEM| WB

IF: Instruction Fetch

ID: Instruction Decode

EX: EXecution

EA: Effective Addreas Calculation
WB: Write Back

5 Pipeline Stage for VFPE
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6 token and register bypass
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program DLX VLIW VFPE
PRIME 2176 5472 5400
QUICK 4160 10176 9612
ADD 1280 3168 3240

#+2 program size(bits)

program DLX VLIW VFPE
PRIME 773128 381524(2.03) 290585(2.66)
QUICK 36353 24798(1.47) 22928(1.59)
ADD 638 231(2.76) 231(2.76)

#F+3 execution cycle
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