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Thearchitecturesf microprocessori ordinaryuseto-
day arethe CISC,RISC,andVLIW versions[1]. The

Intr oduction

tures called SECPand TTAs, respectiely, which es-
sentiallylimit instructionsonly to datatransfers.How-
ever, their architectureshave the following disadwan-
tages. The numberof functions, including the num-

workingspeed®f thesearchitecturesrebeingincreasedberof ALU operationg'add’, ‘sub’, etc.),is limited to

by multi-stagepipelines superscalabranchingestima-
tion, andinstructionreordering. However, introducing
thesefunctionsmalkesthe processorincreasinglycom-
plicated, so it is actually difficult to make additional
changesn processoffunctionsaccordingto needs.In
caseof VLIW processorsalthoughthey are simpler
thanCISCandRISCprocessorsdt is still difficult since
instructionsof VLIW processorslependon their func-
tions. Sincein the field of signalprocessingpr image
processingfunctionsof a processohave to bechanged
for the purpose suchasJPEGor MPEG-1,2,4,%or fil-
tering,anarchitecturéy whichfunctionsof aprocessor
canbeeasilychangeds needed.

In orderto copewith this situation,Yamashitgpro-
posedanew architecturecalledbus instruction set com-
puter (BISC) [4]. In this architecturejnstructionsare
essentiallylimited to datatransferdetweerregistersby
theinternalbusin the processarThen,the structureof
BISC processorss very simple,andunitsin the proces-
sorwork highly independently For example,instruc-
tionsarefetchedo buffersindependentlyvith decoding
andexecution. Instructiondecodingis only the decod-
ing of binary numbers.Executionis only datatransfer
betweerregisters.

Thereforemulti-stagepipelinesarenotneededThe
ALU startsits calculationwhenall dataaretransferred.
Instructionsarenot changedvenwhenwe make addi-
tional changesn processofunctions,soit canbedone
easily Furthermoresincethe time neededor execu-
tion of aninstructionis very short, the processoican
be useits functionseffectively. In orderto demonstrate
BISC architecturewe are designinga processoralled
BISC-1,which hasa doubledinternalbusfor aninteger
calculationunit.

Lipovski [2] and Corporaal[3] proposedarchitec-

the numberof registers.The conditionsfor conditional
brancharealsorestrictedto several types. Sinceunits

in the processorslon’t work independentlymulti-stage
pipelinesareneededor effective executionandthetime

for the executionof aninstructionis longer Sincethe

branchinstructionis realizedby the directdatatransfer
to the programcounterit is difficult to judgeconditions
in advanceanddo branchingestimation.

In this paper we explain the BISC architectureby
describingthe detail of BISC-1. We shav experiments
by using Dhrystone2.1 and optimize the number of
buffersin BISC-1.

2 Overview of BISC-1

BISC-1is a32-bitintegerprocessqgrdesignedasa pro-
totypeBISC processowith a doubledbusfor two data
transfergercycle.

2.1 Structureof BISC-1

The basicconstitutionof BISC-1is shovn in Figurel.
BISC-1 mainly consistsof the following components,
suchasa doubledinternal bus, a register file, mecha-
nismsfor instructionfetchanddecodingandthreefunc-
tion units.

e Bus--- An instructionis performedby transfer
ring datathroughthe bus. The busis doubledso
thatit is capableof two datatransfergercycle.

o RegisterFile --- Registerfile consistsof 64 reg-
istersconnectedo the bus. Registersaredivided
into functionalandgeneralpurposeregisters;the
former, connectedo function unit, playsa spe-
cific role andthelatterjust holdsdata.
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Figurel: Basicconstitutionof BISC-1
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Figure2: BISC-1linstructionformat

e Bus Control Buffer (BCB) --- A BCB consists
a setof buffersto storedatatransferinstructions
andthereareseveralBCBsin BISC-1. Theactive
BCB for buscontrolis choserby BCU.

e Immediate Data Buffer (IDB) --- An IDB con-
sistsa setof buffers to storeimmediatedataand
thereare several IDBs. The active IDB for im-
mediatedatais choserby BCU aswell asBCB.

e Instruction CacheMemory Control Unit (ICMCU)
--- ICMCU transportsinstructionsfrom the in-
structioncacheto BCB orimmediatedatato IDB.

It containghe programcounter

e Branch Control Unit (BCU) --- BCU is afunc-
tion unit to controltheflow of BISC-1.BCU also
controlsBCB andIDB.

e Data Cache Memory Control Unit (DCMCU)
--- DCMCU s afunctionunitto controldatacache
memoryaccess.

e Arithmetic Logic Unit (ALU) --- ALU isafunc-
tion unit to perform 28 operationsincluding 13
operationgo judgeconditionsfor controlflow.

2.2 Instruction format of BISC-1

Instructionsof BISC-1arerestrictedto datatransferbe-
tweenregistersthroughtheinternalbus essentially So,
while traditional CISC or RISC architecturesspecify
operationsn the operationfield of aninstructionword,
BISC needsno operationfield becauseét hasonly one
kind of instruction. It needsto specify only two reg-
istersof sourceand destination. Instructionformat of
BISC-1is shavnin Fig. 2.

Bit 31 is called Mark Bit (M-bit). M-bit indicates
a block separatiommegardingcontrol flow. WhenM-bit
is ‘0", BISC-1continuednstructionfetch. WhenM-bit
is ‘1’, it is the lastinstructionword andthe following
instructionfetch depend®n the stateof internalregis-
ters.Bit 30, calledimmediate-Dat®it (I-bit), indicates
whetherthe next word in I-cacheis animmediatedata.
Whenl-bit is ‘0", the next word is aninstructionword,
otherwisean immediatedata. The other bits specify



the source/destinatioregistersfor datatransfers.Two
words specify five setsof source/destinatiomegistet
Bit 29—-24indicatesthe register codenumberof desti-
nation(D0) andBit 23—18indicatesoneof source(S0).
Bit 17-6(D1, S1)is alsowritten thesource/receke reg-
isternumberof the next instruction.Furtherinstruction
is written on Bit 5-0 (D2) and Bit 29-24(S2) of the
next word (if I-bit is ‘1’, theword afternext).

2.3 Basicmechanismof BISC-1

Theprogramis storedn I-cache.ICMCU fetchesvords
from I-cacheandtransfersnstructiondo BCB or anim-
mediatedatato IDB. The addresdor I-cacheaccesss
specifiecby theprogramcounterin ICMCU. Both BCB
andIDB to receve instructionsand data, respectiely,
arechoserby BCU.

One of BCB, which is chosenby BCU, receves
12-bit datato specify registersfor datatransferfrom
ICMCU. At the sametime, oneof BCB, which is cho-
senby BCU, sendsl2-bit dataaslong asBCB hasin-
structions.

In orderto enhancehe performanceBISC-1 hasa
doubledbus. Two datatransferscanbe performedwith
thedoubledbus.

Eachbusrecevesa datatransferinstruction,which
consistsof a pair of 6-bit registercodenumbers from
BCB. Supposéhey aren andm. Then,the datain the
registern is transferredo the registerm througha bus.
TheprecedingnstructionusesBUS1 andthefollowing
instructionusesBUS2. Only if the datain the register
m canbereadandtheregistern canbewritten on, then
thedatain theregistermis transferredo theregistern.
After that, eachbus recevesthe next instruction. Oth-
erwise, the instructionsare not executedin this cycle.
A wired logic arounda setof registersfor a function
unit decidedocally whetherread/writedatais possible
or not.

IDB is connectedo IDR. Whenthedataof IDR are
transferredthe next dataof IDB aresentto IDR atthe
sametime, andoneof IDB, which is chosenby BCU,
canreceve animmediatedatafrom ICMCU.

BCU
inst
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Figure3: OCRformats

OORandtheflagsto OFR.In someoperationsthere-
sult and flags are not stored. If OORis ‘no receve’
from ALU, they arenot storedand ALU doesnt exe-
cutethe next operationuntil OORis ‘receivable’. After
theresultproducedoy ALU is storedto OOR, the next
resultcant be storedto OOR until the formerresultis
transferredthroughBUSes. After the datain OOR is
transferredthe instructionwhich transfersthe datain
OOR cant be performeduntil the next resultproduced
by ALU is storedto OOR.OFR holds9 flagsincluding
‘carry’, ‘zero’, ‘overflow’, etc.

ALU in BISC-1support8operationsncluding15
arithmeticlogic operationg‘add’, ‘sub’, etc.) and 13
conditionjudgmentoperationgif zero’, ‘if not zero’,
‘if plusorzero’,etc.).Sincea5-bitfield is wide enough
to specify an operation,the word in OCR consistsof
six 5-bit operationspecifiersasshavn in Fig. 3. ALU
executesthe operationspecifiedby 5 bits in order of
heightfrom bit29 on OCR. The higher 2-bit field are
usedfor controlflow, asdescribedn Section3.3.

Whenthe operationis a conditionjudgmentopera-
tion, theresultof judgmentby usingthecontentof OFR
is transferedo BCU. OFR have to be setby the previ-
ousarithmeticoperation.

3.2 Memory access

MDR andMAR areusedto load/storememory To load
from memory the addresdor the datais transferredo
MAR. Then, the dataat the addresss sentto MDR.
To storeon memory datais transferredo MDR atfirst.
Next, theaddresss transferredo MAR. In caseof load,
MDR becomesno read’whendatais writtenon MAR,
and‘readable’'whendatafrom memoryis written oniit.
In caseof store, MDR becomesno write’ whendatais
written on MDR, andMAR becomesno write’ when
datais written on MAR. Whenstoringdataon memory

3 Function and specificationof BISCis finished, MAR and MDR becomewritable’. SDR

1

3.1 Arithmetic logic operation

We shawv how arithmeticlogic operationsareperformed.

First, the dataindispensabléor the operationaretrans-
ferredto OCR, OIR1 andOIR2 (or transferredo OCR
andOIR1, or transferredo OCR, accordingto the op-
eration). The datafor specifyingoperationsis stored
on OCR and operandsare storedon OIR1 and OIR2.
When all the neededdata are transferredto OCR or
OIRs,ALU startsthe operationandstoresthe resultto

andSAR areusedto push/popon the stack.

3.3 Control flow

The control flow function ‘no operation’or ‘uncondi-
tional jump’ or ‘conditionaljump’ or ‘halt’ is specified
by the higher 2-bit of OCR. The control flow specifier
is transferredo OCRwith ALU function specifierand
atargetaddresdor jumpis transferredo BAR. Onone
hand,in caseof unconditionajump,theaddressn BAR

is certainlywritten onthe ProgramCounter(PC)andfor

call andreturnthe valuein PCis written on BAR atthe
sametime. On the otherhand,in caseof conditional



Tablel: Cyclesand CPI for variousnumberof buffers
in BCB (with 2 buffersin IDB).

# of buffers 16 8 4 3
cycles 3345 | 3346 | 3347 | 3370
CPI 0.8119| 0.8121| 0.8124| 0.8180

Table2: Cycles,usageandCPI for BISC-1with 1 and
2 bus (with 4 buffersin BCB, 2 buffersin IDB).

| multiplex degreeofthebus | 1 [ 2 |
cycles 4638 | 3347

usage BUS1 88.83 | 79.53

(%) BUS? — | 4356

CPI 1.1257| 0.8124

jump, accordingto theresultof a conditionsjudgment
operationfrom ALU, the addressn BAR is written on
PCor not.

As describedn Section2.2. M-bit indicatesa point
wherecontrol flow function shouldbe driven. Imme-
diately after ICMCU fetchesthe word whoseM-bit is
evaluatedl’, controlflow is done.However, ‘no oper
ation’ causesiothingand‘halt’ haltstheprocessoafter
the lastinstructionis finished. It is independenfrom
datatransfersdetweerregisters.

4 Experimental Results

We examinedthe performancef BISC-1with 16,8, 4,
and3 buffersin BCB, and8, 4, 3, and2 buffersin IDB.
In thefirst place,we investigatedhe relationbetween
performanceandthe numberof IDB. As the resultsof
the examinations,it turnedout that the numberof cy-
clesfor Dhrystone2.1 is constantwith the numberthe
buffersin IDB. Therefore,jt canbe concludedhattwo
buffersin IDB is enough.In the secondplace,we var-
ied the numberof buffersin BCB with two buffersin
IDB. Theresultsareshavn in Tablel. Cyclesin Table
1 meanthe numberof clockscyclesneededor a main
loopin Dhrystone2.1. CPlis almostconstanbetweert
and16 buffers,andCPIwith 3 buffersis worse.There-
fore, the optimal numberof buffersin BCB is four. As
a result,the optimal numberof buffersin BCB is four
andIDB is two, whenusingthis memorysystem.

The multiplex degreeof the bus meanshe number
of executablanstructionsn acycle. Thereforethe per
formanceof BISC-1canbeimprovedby increasinghe
multiplex degreeof the internalbus. So, we compare
thedoubledbusversionwith thesinglebusversion.The
resultis given in Table2. CPI for the doubledbus is
smallerthan the single bus, so the doublebus hasan
adwantage.

Althoughthe usageof BUS1 canbe raisedby opti-
mization of the instructionstream the usageof BUS2

is nothigh. So, it is necessaryo useBUS2 moreeffec-
tively.

It is not necessaryo implementso mary buffersin
BCB andIDB. Thereasorwould bethatBCB andIDB
have only to holdinstructionsandanimmediatedatafor
thenext cycle whenusingthis memorysystem.

Fromobsenration of the processit wasprovedthat
unconditionaljump canbe performedwith little delay
The reasonis that the specifierof unconditionaljump
andthetargetaddresss setwhendataaretransferredo
OCRandBAR, andinstructionsafterthe branchcanbe
fetchedpreviously.

ALU is almostbusy: In orderto solve this problem,
the operationunit hasto be added.

5 Conclusions

In this paperwe discusse®BISC architectureand the
structure specificationsandfeatureof BISC-1designed
asa prototypeBISC processarWe alsoshavedthe ex-
perimentalresultsof BISC-1 and optimizedthe multi-
plex degreeof theinternalbusandthenumberof buffers
in BCB andIDB.

Performancecould be improved, by increasingthe
numberof busesandimplementingafloating-pointunit,
a multiplication unit, and a division unit, accordingto
the needsof an applicationdomain. And in orderto
exploit the performanceof BISC-1, we aredeveloping
thehigh performanceompilerfor BISC-1. We arealso
planningto implementefficient‘interrupt’ of BISC pro-
cessors.
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