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BISC(BUS INSTRUCTION SETCOMPUTER)アーキテクチャと
BISC–1プロセッサに関する研究

鈴木一郎

本論文では，BISC(BusInstructionSetComputer)と呼ぶマイクロプロセッサの新しいアーキテク
チャを提案する．これは，命令を本質的にプロセッサの内部バスによるレジスタ間のデータ移動だけ
に限るものである．このため，各部が独立性をもって動作することが可能であり，機能の追加変更に
対して，命令セットの変更が不要なため，容易に様々な機能を追加することができる．

1 Intr oduction

Thearchitecturesof microprocessorsin ordinaryuseto-
day arethe CISC,RISC,andVLIW versions[1]. The
workingspeedsof thesearchitecturesarebeingincreased
by multi-stagepipelines,superscalar, branchingestima-
tion, andinstructionreordering.However, introducing
thesefunctionsmakestheprocessorsincreasinglycom-
plicated, so it is actually difficult to make additional
changesin processorfunctionsaccordingto needs.In
caseof VLIW processors,althoughthey are simpler
thanCISCandRISCprocessors,it is still difficult since
instructionsof VLIW processorsdependon their func-
tions. Sincein the field of signalprocessingor image
processing,functionsof aprocessorhaveto bechanged
for thepurpose,suchasJPEGor MPEG–1,2,4,7or fil-
tering,anarchitectureby whichfunctionsof aprocessor
canbeeasilychangedis needed.

In orderto copewith this situation,Yamashitapro-
posedanew architecturecalledbus instruction set com-
puter (BISC) [4]. In this architecture,instructionsare
essentiallylimited to datatransfersbetweenregistersby
theinternalbus in theprocessor. Then,thestructureof
BISCprocessorsis verysimple,andunitsin theproces-
sor work highly independently. For example,instruc-
tionsarefetchedto buffersindependentlywith decoding
andexecution. Instructiondecodingis only thedecod-
ing of binary numbers.Executionis only datatransfer
betweenregisters.

Therefore,multi-stagepipelinesarenotneeded.The
ALU startsits calculationwhenall dataaretransferred.
Instructionsarenot changedevenwhenwe make addi-
tional changesin processorfunctions,soit canbedone
easily. Furthermore,sincethe time neededfor execu-
tion of an instructionis very short, the processorcan
beuseits functionseffectively. In orderto demonstrate
BISC architecturewe aredesigninga processorcalled
BISC-1,whichhasadoubledinternalbusfor aninteger
calculationunit.

Lipovski [2] andCorporaal[3] proposedarchitec-

turescalled SECPand TTAs, respectively, which es-
sentiallylimit instructionsonly to datatransfers.How-
ever, their architectureshave the following disadvan-
tages. The numberof functions, including the num-
berof ALU operations(‘add’, ‘sub’, etc.),is limited to
thenumberof registers.Theconditionsfor conditional
brancharealsorestrictedto several types. Sinceunits
in theprocessorsdon’t work independently, multi-stage
pipelinesareneededfor effectiveexecutionandthetime
for the executionof an instructionis longer. Sincethe
branchinstructionis realizedby thedirectdatatransfer
to theprogramcounter, it is difficult to judgeconditions
in advanceanddobranchingestimation.

In this paper, we explain the BISC architectureby
describingthedetailof BISC-1. We show experiments
by using Dhrystone2.1 and optimize the numberof
buffersin BISC-1.

2 Overview of BISC-1

BISC-1is a 32-bit integerprocessor, designedasa pro-
totypeBISC processorwith a doubledbusfor two data
transferspercycle.

2.1 Structur e of BISC-1

Thebasicconstitutionof BISC-1 is shown in Figure1.
BISC-1 mainly consistsof the following components,
suchasa doubledinternal bus, a registerfile, mecha-
nismsfor instructionfetchanddecoding,andthreefunc-
tion units.

� Bus ����� An instructionis performedby transfer-
ring datathroughthebus. Thebus is doubledso
thatit is capableof two datatransferspercycle.

� RegisterFile ����� Registerfile consistsof 64 reg-
istersconnectedto thebus. Registersaredivided
into functionalandgeneralpurposeregisters;the
former, connectedto function unit, playsa spe-
cific role andthelatterjust holdsdata.
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Figure1: Basicconstitutionof BISC-1
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Figure2: BISC-1instructionformat

� Bus Control Buffer (BCB) ����� A BCB consists
a setof buffers to storedatatransferinstructions
andthereareseveralBCBsin BISC-1.Theactive
BCB for buscontrolis chosenby BCU.

� Immediate Data Buffer (IDB) ����� An IDB con-
sistsa setof buffers to storeimmediatedataand
thereareseveral IDBs. The active IDB for im-
mediatedatais chosenby BCU aswell asBCB.

� Instruction CacheMemory Control Unit (ICMCU)
����� ICMCU transportsinstructionsfrom the in-
structioncacheto BCB or immediatedatato IDB.
It containstheprogramcounter.

� Branch Control Unit (BCU) ����� BCU is a func-
tion unit to controltheflow of BISC-1.BCU also
controlsBCB andIDB.

� Data CacheMemory Control Unit (DCMCU)
����� DCMCUisafunctionunit to controldatacache
memoryaccess.

� Arithmetic Logic Unit (ALU) ����� ALU is afunc-
tion unit to perform 28 operationsincluding 13
operationsto judgeconditionsfor controlflow.

2.2 Instruction format of BISC-1

Instructionsof BISC-1arerestrictedto datatransferbe-
tweenregistersthroughtheinternalbusessentially. So,
while traditional CISC or RISC architecturesspecify
operationsin theoperationfield of aninstructionword,
BISC needsno operationfield becauseit hasonly one
kind of instruction. It needsto specify only two reg-
istersof sourceanddestination. Instructionformat of
BISC-1is shown in Fig. 2.

Bit 31 is calledMark Bit (M-bit). M-bit indicates
a block separationregardingcontrolflow. WhenM-bit
is ‘0’, BISC-1continuesinstructionfetch. WhenM-bit
is ‘1’, it is the last instructionword andthe following
instructionfetchdependson the stateof internalregis-
ters.Bit 30,calledImmediate-DataBit (I-bit), indicates
whetherthenext word in I-cacheis animmediatedata.
WhenI-bit is ‘0’, thenext word is an instructionword,
otherwisean immediatedata. The other bits specify



the source/destinationregistersfor datatransfers.Two
words specify five setsof source/destinationregister.
Bit 29–24indicatesthe registercodenumberof desti-
nation(D0) andBit 23–18indicatesoneof source(S0).
Bit 17–6(D1, S1)is alsowrittenthesource/receivereg-
isternumberof thenext instruction.Furtherinstruction
is written on Bit 5–0 (D2) and Bit 29–24(S2) of the
next word (if I-bit is ‘1’, thewordafternext).

2.3 Basicmechanismof BISC-1

Theprogramisstoredin I-cache.ICMCU fetcheswords
from I-cacheandtransfersinstructionsto BCB oranim-
mediatedatato IDB. Theaddressfor I-cacheaccessis
specifiedby theprogramcounterin ICMCU. BothBCB
andIDB to receive instructionsanddata,respectively,
arechosenby BCU.

One of BCB, which is chosenby BCU, receives
12-bit data to specify registersfor data transferfrom
ICMCU. At thesametime, oneof BCB, which is cho-
senby BCU, sends12-bit dataaslong asBCB hasin-
structions.

In orderto enhancetheperformance,BISC-1hasa
doubledbus. Two datatransferscanbeperformedwith
thedoubledbus.

Eachbusreceivesa datatransferinstruction,which
consistsof a pair of 6-bit registercodenumbers,from
BCB. Supposethey aren andm. Then,the datain the
registern is transferredto theregisterm througha bus.
TheprecedinginstructionusesBUS1andthefollowing
instructionusesBUS2. Only if the datain the register
m canbereadandtheregistern canbewritten on, then
thedatain theregisterm is transferredto theregistern.
After that,eachbus receivesthenext instruction. Oth-
erwise,the instructionsarenot executedin this cycle.
A wired logic arounda setof registersfor a function
unit decideslocally whetherread/writedatais possible
or not.

IDB is connectedto IDR. Whenthedataof IDR are
transferred,thenext dataof IDB aresentto IDR at the
sametime, andoneof IDB, which is chosenby BCU,
canreceiveanimmediatedatafrom ICMCU.

3 Function andspecificationof BISC-
1

3.1 Arithmetic logic operation

Weshow how arithmeticlogicoperationsareperformed.
First, thedataindispensablefor theoperationaretrans-
ferredto OCR,OIR1 andOIR2 (or transferredto OCR
andOIR1, or transferredto OCR,accordingto theop-
eration). The datafor specifyingoperationsis stored
on OCR andoperandsarestoredon OIR1 andOIR2.
When all the neededdata are transferredto OCR or
OIRs,ALU startstheoperationandstoresthe resultto

BCU
inst
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Figure3: OCRformats

OORandtheflagsto OFR.In someoperations,there-
sult and flags are not stored. If OOR is ‘no receive’
from ALU, they arenot storedandALU doesn’t exe-
cutethenext operationuntil OORis ‘receivable’. After
theresultproducedby ALU is storedto OOR,thenext
resultcan’t bestoredto OOR until the former result is
transferredthroughBUSes. After the datain OOR is
transferred,the instructionwhich transfersthe datain
OORcan’t beperformeduntil thenext resultproduced
by ALU is storedto OOR.OFRholds9 flagsincluding
‘carry’, ‘zero’, ‘overflow’, etc.

ALU in BISC-1supports28operationsincluding15
arithmeticlogic operations(‘add’, ‘sub’, etc.) and13
conditionjudgmentoperations(‘if zero’, ‘if not zero’,
‘if plusor zero’,etc.).Sincea5-bit field is wideenough
to specify an operation,the word in OCR consistsof
six 5-bit operationspecifiers,asshown in Fig. 3. ALU
executesthe operationspecifiedby 5 bits in order of
height from bit29 on OCR. The higher 2-bit field are
usedfor controlflow, asdescribedin Section3.3.

Whentheoperationis a conditionjudgmentopera-
tion, theresultof judgmentby usingthecontentof OFR
is transferedto BCU. OFRhave to besetby theprevi-
ousarithmeticoperation.

3.2 Memory access

MDR andMAR areusedto load/storememory. To load
from memory, theaddressfor thedatais transferredto
MAR. Then, the dataat the addressis sent to MDR.
To storeonmemory, datais transferredto MDR atfirst.
Next, theaddressis transferredto MAR. In caseof load,
MDR becomes‘no read’whendatais writtenonMAR,
and‘readable’whendatafrom memoryis writtenon it.
In caseof store,MDR becomes‘no write’ whendatais
written on MDR, andMAR becomes‘no write’ when
datais writtenon MAR. Whenstoringdataon memory
is finished,MAR andMDR become‘writable’. SDR
andSARareusedto push/popon thestack.

3.3 Control flow

The control flow function ‘no operation’or ‘uncondi-
tional jump’ or ‘conditional jump’ or ‘halt’ is specified
by the higher2-bit of OCR.The control flow specifier
is transferredto OCRwith ALU functionspecifierand
a targetaddressfor jump is transferredto BAR. Onone
hand,in caseof unconditionaljump,theaddressin BAR
is certainlywrittenontheProgramCounter(PC)andfor
call andreturnthevaluein PCis writtenon BAR at the
sametime. On the other hand,in caseof conditional



Table1: CyclesandCPI 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,usage,andCPI for BISC-1with 1 and
2 bus(with 4 buffersin BCB, 2 buffersin IDB).

multiplex degreeof thebus 1 2

cycles 4638 3347
usage BUS1 88.83 79.53
(%) BUS2 – 43.56

CPI 1.1257 0.8124

jump, accordingto the resultof a conditionsjudgment
operationfrom ALU, theaddressin BAR is written on
PCor not.

As describedin Section2.2. M-bit indicatesa point
wherecontrol flow function shouldbe driven. Imme-
diately after ICMCU fetchesthe word whoseM-bit is
evaluated‘1’, controlflow is done.However, ‘no oper-
ation’ causesnothingand‘halt’ haltstheprocessorafter
the last instructionis finished. It is independentfrom
datatransfersbetweenregisters.

4 Experimental Results

We examinedtheperformanceof BISC-1with 16,8, 4,
and3 buffersin BCB, and8, 4, 3, and2 buffersin IDB.
In the first place,we investigatedthe relationbetween
performanceandthe numberof IDB. As the resultsof
the examinations,it turnedout that the numberof cy-
clesfor Dhrystone2.1 is constantwith the numberthe
buffers in IDB. Therefore,it canbeconcludedthat two
buffers in IDB is enough.In thesecondplace,we var-
ied the numberof buffers in BCB with two buffers in
IDB. Theresultsareshown in Table1. Cyclesin Table
1 meanthenumberof clockscyclesneededfor a main
loopin Dhrystone2.1.CPIisalmostconstantbetween4
and16 buffers,andCPI with 3 buffersis worse.There-
fore, theoptimalnumberof buffers in BCB is four. As
a result,the optimal numberof buffers in BCB is four
andIDB is two, whenusingthis memorysystem.

Themultiplex degreeof thebus meansthenumber
of executableinstructionsin acycle. Therefore,theper-
formanceof BISC-1canbeimprovedby increasingthe
multiplex degreeof the internalbus. So, we compare
thedoubledbusversionwith thesinglebusversion.The
result is given in Table2. CPI for the doubledbus is
smallerthan the single bus, so the doublebus hasan
advantage.

Althoughtheusageof BUS1canberaisedby opti-
mizationof the instructionstream,the usageof BUS2

is not high. So,it is necessaryto useBUS2moreeffec-
tively.

It is not necessaryto implementsomany buffers in
BCB andIDB. ThereasonwouldbethatBCB andIDB
haveonly to holdinstructionsandanimmediatedatafor
thenext cyclewhenusingthismemorysystem.

Fromobservationof theprocess,it wasprovedthat
unconditionaljump canbe performedwith little delay.
The reasonis that the specifierof unconditionaljump
andthetargetaddressis setwhendataaretransferredto
OCRandBAR, andinstructionsafterthebranchcanbe
fetchedpreviously.

ALU is almostbusy. In orderto solve this problem,
theoperationunit hasto beadded.

5 Conclusions

In this paperwe discussedBISC architectureand the
structure,specifications,andfeaturesof BISC-1designed
asa prototypeBISCprocessor. We alsoshowedtheex-
perimentalresultsof BISC-1 andoptimizedthe multi-
plex degreeof theinternalbusandthenumberof buffers
in BCB andIDB.

Performancecould be improved, by increasingthe
numberof busesandimplementingafloating-pointunit,
a multiplication unit, anda division unit, accordingto
the needsof an applicationdomain. And in order to
exploit the performanceof BISC-1,we aredeveloping
thehighperformancecompilerfor BISC-1.Wearealso
planningto implementefficient ‘interrupt’ of BISCpro-
cessors.
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