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EIS Processor Architecture for Enhanced Instruction Processing
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ABSTRACT

This paper proposes the EIS (Enhanced Individual Scheduling) processor architecture, which can individually
schedule each unit instruction composing a long instruction word at run time. To process that, the EIS processor
architecture has a number of functional wnit - individual scheduler unit pairs. Every scheduler of the EIS processor
individually determines whether to issue a unit instruction or to stall the functional unit due to resource collision or
data dependencies. The EIS processor architecture also has an object code which includes dependency information
for every unit instruction to allow synchronization between unit instructions. The EIS processor eliminates delayed
processing cycles found in VLIW and SVLIW processors because each unit instruction within a given long
instruction word is allowed to be processed independently. The result of simulation promise faster execution cycles
of the EIS processor than those of a VLIW or a SVLIW processor. Especially, the EIS processor can significantly
reduce the execution cycles of programs that have high ratios of floating-point instructions.
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65
-3
Stop fetch operation Assigh Assign
and wait T cycle || element instruction) [branch instructio

Last execution and
reset pre-dependency

A3l 15 Ale]Ee] Ha3ct

23 7(b-2)= 23 Te-DE¥E] A SVLIW
E2AME Ba3seck ¥ 7@-1elA 5, 644
el Dprv, SUBS THA w=e] ADDE AR
Z2&4 B[Aolez Mz dE W= I, 2
A=t o zIEe] 1,9} L7kl EAlse A}
BEEAAE L9 AYe] £84 vl ;9] A
<+ AGALBH( - 22 ehd) AAZ] #AH =
EE E3Fcd Wxe| LNOPS ARI¥ €487} ¢
t} SVLIW I EAX)= VLIW X 24x9) Al
Alat FAsA A Ale]Erh) 3R] ©eE o
el 2AEHE PPt ¥ T@-1)E SVLIW
ZBA el F3Psl7] AL 15 Alelge] Ha
3k

a3 7b-3)E 33 7@ 1)E¥E) 445 EIS T
2AAE Balzmeelch 18] T(@-1)elA 5, 6HA
s3] DIV, SUBL THiA "ol ADDE A&
FE4 FAlPInE 7IWge] LE TS 93y
DIV, SUBY 554 AHdE 40 EAQ 100)
olz 7 ¥ Ttk WHe ADD2) A
44 AR 3 EAY 011)e|ck EIS Z2AH4
€ 28 7(c-3)st Aol AR 454 WAV e o
HolEg Al AZFE AR B Al
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L &
L LD Ry A () ()
Is DIV R2, Ri, R @
I MUL Rs, Ri, Ra
Is ADD R4, Ri, Rs @
Ie DIV Rs, R4, Rz
" SUB  Rs, Ry, Rn (i#1)
I 73 ADD Rs, Rs, R
; MUL Rs Rz, Ri ()
9
STOR Rs, B @
"é;éﬂ
et @1) o4 =239 @2 HHeiaam
1 LD NOP  NOP LD NOP  NOP 0LD3 4DIV0 4MULA4
I2 DIV MUL NOP DIV  MUL  NOP 1.ADD.3 4DIV4 4.SUB4
I NOP  NOP NOP ADD  NOP NOP 3,ADD.2 4MUL.I 2.STOR.O
I4 NOP  NOP NOP DIV SUB NOP
Is ADD NOP NOP ADD  NOP NOP
Is DIV SUB  NOP MIL  NOP NOP
7 NOP  NOP NOP STOR NOP NOP
Ia NOP NOP NOP
I9 ADD NOP NOP
T1o MIL NOP NOP
11 NOP NOP NOP
iz STOR NOP NOP
7medo] (b-1) VLIW (-2) SVLIW (b-3) FIS
Lik-®
-
dd k
L 1]::: ] & o
REEEREEEER)
b ddaldod { ] &
" d dwlelcll - E
:- W Wi & ] : Hdd F
. B nERE nHHd B
R EEEE b b
4 whEEEE dq o
Ny ): quoiddd B
- HE} s’ [!ﬂ .
| ] E] B
wiwi|Ef =5
. H [
i - N
15|
cyde: cyde
(c-1) VLIW (c-2) SVLIW (¢-3) EIS

I8 7 =AM 23 wsjelay Al
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L/ wE W7 A=7L sHe EIS AN T2

a&d wEo] Aple® ARESo} A 2E
o] WAJEkA] ¢homl FAlo) AW 4 Qlok F 6
WA ApelgelX AaFEie] fE Lo F WHA
%ol prvet Lo 3 dA Wee] Apprt B4
of Asshe 2E& & 4 glch HHEe] Holmelal
AR ol viehde - & AsElazl sk WEe
o w2 el EelE 2ol A FEohd A
B F5Ao] ksl Alglstaal ake 9wl
Aol & Alelgwet AdEe e vl
ol2jqt WHoF EIS TAME EHzcs Al
shedle 2 7(e3)3t o] 14 Ale]ge] dast
th ol VLIW EZ2AA} SVLIW Z2A|4eA
A 5ol A2} 15 AlelZe] 2xw A v
T3 o, 1 Ale]ge] ol Zlelck

V. &Y 3 0f

B AYolAE 7188 VLIW Z2A4, SVLIW
LA W EIS LA TR AL Bk
S84, clelgt HHe) malEase YA BHa
=% Ageie 294 7 meAd TedE 8
TFhe A AlolEE s LA A%E
Hl el

a7 88 ABAeI Aend] Faolch ¥ 8o
A s 47)(graph gemeraton)= Thet )%
e Wb ARERAE 7 G} A =E Q)
oz ANk old ¥ ke sl 44e) 3 ]
B Bee PR o) 4 HevdaiolA4ny
SRE Mg, AsTHels] A AolF, BB

¢+ No of basic block
+No of wstruction

graph
generator
Parallelizing
Assembler

¢+ % of dependencies
+ tatio of integer/float nstruction

No. of unit

[ vuwza=s | [swwze | [ EHs3= |
) v
VLIW |Noof umt [ SVIIW | No.of wnit [ EIS | No.of unit
Processor .)) Processor | 4~ Processor |
Simulator] Simulator Simulator
Fxecution Cycle Exgcuﬁjn Cycle Execution Cycle

] 8. AlE#HelA AlAd

Hlg, Fxo] Agipolch rlofst e o
THZE A Heixl, Aol dagriels]
F-F WEI WH el EAEe AEFHA] &
S Ztzt 10040, 80/20, 60/40, 40/60, 20/809} 20%,
40%, 60%, 80% 22 W3}A|F|HA] Foizlck #H
3} o] E=i(parallelizing assembler)= A% ==
o] 2 EE JHoE Hiold ZIyElel TR A
g AU Z2AA A[EHe]E|(processor
simolatory X244 ez AAE ERIcE
Al#sle o] slo]xejelg weojdic). ws) o
g2 ie] AYAE EISE SHIce ABFEAY
HRE TRy QviEke VLIWE EAzcel
SVLIWS- 2335 o F3=E LNOPo|u NOP
o7 <%k BEMFzue] Frluc '™,

¥ 9+ ERe] ez AEFEA BlE -
< WA FHA XY =244 F2E BRI
E 7zt ZEAMeA ARsge o Aew]
(speedup) S 24T Zlolv). =AM} ATH] ¢
F 5Us 2o gl Agaje]Ee uE A
2ah Al

¢= n

A WA 48 ERTRANGA deatel 2
& ARz 1,& NP} a7l Al
Aol AsAjolEE Sjuldch of Afelrle ZeA
A 7271l A8 Az Evka s
3 Wl TALE T AT U g AR
229 % 500, 718 $24f ege] & 1s0] FofAlrk

——EI5
-& 5LW
e VLIW

(@) r=20%

100/Q Ll BO/40 A0/EQ 20/80
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(©) r=60%

200 [ [ ——EI5
180 —-—5LwW

180 o VLW

d) =80%

p: Aol eiael e v)E,
r: AARESA vlE

2% 9. ABFEY HIES] e wE % ua

23 99) ARE Fale] EIS =7} VLIW
A et SVLIW z2Axel viag of A8
44 vldo] wisle] Al B} w2 AHFHE
7Fdg o 4 gtk ol EIS ZRARXZF wHol
S B B} oE AHA|EHS F¥se o) de,
VLIW 22442} SVLIW Z 244 7]9aje] o
A= A2 2AEHYE pasp] wEelr) &
dee] @98 AT AR o] 83, Alds)
e EHele A Ay F ZE 95459
Alglo] F8E Foo} AYE AY 4 gloemz
FAIe el A Ale]de] Zx wAPAH] A
o7l BErE = ABEEA ¥|8o] &
TF ¢ U2 A Al)ES 87eHA "k 8=
2 AgvEel7l wol x3 Eazcg Ay
Aol e E R SR 2AEYS pYEle
EIS Z2AA7} 793e] 42 ~AEHE 53
b VLIW E2Au) SVLIW ZRAA e} ¥ g
o] AiHo R w8 AEHE S

2% 9oll4] VLIW X 2Ax¢} SVLIW I A4
9] AAeulZt EEAYE Jehis AL EAHI=
o] Hedel R g Wifolth F ZHAc Je]
FHAEE Wlgo] 100/0, 20/80, 80202} o] A
o] B2 Aprizieldl ¥ 39 wEER
HAEEo] slom Aol AAr} zke 3ol
E2 =g TA sk, o)A 7AW I%H
of9] AFHES WHEE ulge| 60/40, 40/602}
Zo] e F3Y A AlE AAt & HH]
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23 10¢] AF AHE FIMT EIS Z2AA9
A5z} VLIW Z2A4Au SVLIW 2449 4
oo} w2 w ¥ & & vk EIS Ee
A7 <5t ol HAFe] Aort AmFS
A Blgell Abdgle] ahat AT ¥ op=l 29
g sk 2 wEelrt ofE WEelEw 51
Hoeg 37| we|l 1o v]3}e], VLIW =
24 SVLIW  Z2AMe AARFSA vlEol
ZoldrE g ¢ NOPZ LNOP-E FX# o]
ARRlsleg EAFeod 43 HHr} AR
Welrl kg FolEr) =R VLIW Z2 Al
SVLIW Zg2AMe 193] 999 2A5s &
Ao qlale] thgo AP el s AdFal
22 vEelEe Alde] FRA Follol AL A
A £ glernz ARFEY v|Eo] FoMTE
Aeu|e e g gelxlck

a3 1090 A Z2AA TR AFHr) 2F
ABFEA vlge] FHSE FAAA R AIR-E
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o] J7] wjFelcth =g, VLIW T34} SVLIW
AN ApgEel T2 Aol 7hee &
frye] BX u|ge] B& Al AsHlrl )
5 wEle] ] X uwlge] vl AN A
S9)7F GoRle Ae 4 5 gvk olAE VLIW
Z2AMel SVLIW ZRAAelx] Baze= e
M RE wlgo] AeygEe] I Agemaieq
T 39 wWEelEE HEsEe] glom A Ale]
9] A} 2L wHelER g e
dl, o1FA TR Ao ATEES AE o
& 3] A Az FAL # WHeER 74
9 =gole] Mgl vlele] §5E] dEoich

V.EZE

dHelg WhARp) PaE FHeDe) F
&9 WAE el BSYEH A, A9 A
Y Pt WEEe REdE FUHRN WA
el wEelSe §83 AN Uk 2o
9 Wz PARE UHe) HHe] sasel} o
o} ol 7t WAl WA} AXZE Fol
Yejelof sjo 7 wAle] SaAle] W) s
A 7z} 2AZE gelrh deldch & BRAA
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=4 9 pips =de ) sR2 TEslw 2 2y
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EEHA] ARy FAase x3fEejel e 9
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Ak EIS ZeAM T2 A2 dibxy]
o ¥4 2AEHE XA e AR A
slod Zhzte) aabxlelr|z) o odAtMe=lr1Ee] =
7ol Alsjefel AHgle] FRAoR AL
JEE Pk =3 BAIEE 7 wEeit
AEFEA] ARE TPl HEE AR
A QaE)7|7F o) o83l TR dAbXE)%)
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