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Abstract

A dataflow machine is being proved to be effective, by real machines containing some tens or a
hundred of processing elements(PE’s). We are now developing a dataflow machine EM-4 containing
one thousand PE’s. To construct it, it is fairly significant to fabricate a PE (or PE’s) on a single chip for
the reason of the feasibility of size, design complexity, cost and operation speed. In EM-4, a PE is
called EMC-R which is a 50,000-gate CMOS single chip processor. In this report, we will first explain

the fundamental strategies such as a simplified matching mechani

strongly cc d arc model, an

idea of a dataflow RISC and processor connected interconnection network. Then instruction set architec-
ture and configuration architecture which exploit the strategies will be reported.
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MUL integer multiply
INC i
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I | sHF logic shift
Ar and Logic 4p bitwise AND
OR bitwise OR
EOR bitwise exclusive OR
NOT bitwise NOT
DIV1 element of division
EXPD data expand for division
BEQ branch by equality
BGT branch by
Branch BGE branch by gr ss or equality
BD branch by data
BTYPE branch by data type
BTYPE2 branch by 2 data types
L load from memory
Memory or Regi S store to memeory
LS load and store from/to memory
Read or Write LDR load directly from register
LIR load indirectly from register
GET send et for data fetch
. MKPKT make packet by two operands
Others SENDOP send error operand
SENDIAR send error instruction address
SETDT set data type
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MEANING

KIND PACKET TYPE
Normal NORM normal data packet
MLPE search minimum loaded PE
GETGSEG get operand segment number
Function Control SETSEG bind operand segment to temp
KILL kill function
ACTIVATE activate pseudo function
RS read AR, CDR)
° RS2 readbot.hofaCARpanandaCDRpm
IREF fe counter
DREF decrement counter
R read memory
Memory or Register 5
w write memory
Read of Write RR read register
WR write register
i ERRORO error operand 0
Mai ERROR1 error operand 1
ERROR2 error instruction address

[LD (MR:R2) WORDS=1]
[MKPKT (RO:R2) end block]

B7 Rotr v OB




EOoNSED, FbeeRRLASERMEISRAMEIZEY
h3, EXURBENERTH S, SRAMO Y2IIMCU
TeAFTLIALTE2=y MICHVOLR D,
BEOLEIL. Bbhe -fid 7= F cETORTES
= bty PAKEFS oL CEHSAS (B100K
> & DEH) N, BEFLEZ, EXURDL Y RET7 7
AInFTRbEER LICERSA S (RES& OB o
LUFic&azy F OBBEETRL .

4. 2 SU

SUWIE. SAHIHAD Sy » 1 TWRA»FTHY, A
- P oSy 7 Tk b0 (FREE) . SUOHEHBR 2R
1 1md,

HEASEL LTIy TREASEA AVH (R2) & H
WEBE. ANTTFYF 72— FFy Fuy s ekt s
BEAAEICL D, Ewy sy TE, EANH—- M3 DDN
» 77 2HY (D1 10%1PRE) . ~r» B IRD
SUIEET 220, chETIVo e LD Y77
FAWS, Lw AR RATS LT, cOMBELEML
U2 KERICX P TAPTTYF787—FF » Fry
s HEIRS A S0, PEORBHBESENV—T 7Y 22
ZkitE B,

EHic, SUWE, 2. 4 CHRRARHASBED DT T
vy rOBEBBRX AT EVPLETHD, “hix, MLPE
LOSEHEAT v M E, HOERERE LOPEXBESHRLT
Wz eTERSAS, MLPESY » D7 4 ==y 1 %
B12icET,

MLPE 4, » t ANORMEI S » I L BABDHEIE, M
AT My v + OB 2= PEOAWEROR/NMERA 2T
w3 (ML7 1—2F) J&, F—2#H029~20¢> b
CRNRRPEBERASTHLS (MP7 41— T) ATh
60

MLPE» ¥ v ro#EiEzix, 1 19F0OPRC (7>
F B LE) Tffabhsd, PRCTIE. MLPE» v ¢
RERELADLRFBIZ, ML7 41— F2EXRXILED
o Ed B L, BDESDSHELEPEORTER

[BTYPE

L100
L200

(RO) ‘NIL (L100)]}
(RO) ‘LIST (L200)]
(SEG:R0) <ERROR single> end block}

(SEG:R1) <RETVAL xight> end_block]
(SEG:R1) <APND right>]

{L (RO:NL) R5 WORDS=2]

APND {GCALL

(SEG:R5) <CNS left>]
(SEG:R6) <APND left> end_block]

’append (CNS right)}

CNS {CONS (RETVAL right)}

RETVAL [MKPKT]
[KILL end_block]

ERROR
B8 appendsusJa

(BD (RO:'1) (L100)]
[SUB (RO:’1) R1]
{BD (RO:’2) (L100)]
{SUB (RO:'2) R2]

[MKPKT
[MKPKT
1100 [MKPKT
L10
L20
L30 (ADD

RETVAL [MKPKT]

{GCALL* 'FIB
{GCALL* 'FIB

(SEG:R1) <L10 single>]
(SEG:R2) <L20 single> end_block]
(SEG:’1) <RETVAL right> end block]

(L30 left)}
(L30 right)}
(RETVAL right))

[KILL end_block]

B9 S EF o FHEbEDETRIT I L

VAN
S U
. BEYTH 2N
K>|I BU
M
MM [€-> S AT
FMY WERBTA 7N
U |
Exu|
SU: Switching Unit MCU: Memory Control Unit‘
IBU: Input Buffer Unit FMU: Fetch and Matching
Unit EXU: Execution Unit MM: Memory Module)
DOTTED RECTANGLE: EMC-R
10 ENC-ROPIEBHIK
P
—_— R MUX MUX
C
BUFFERS
P
—> R MUX MUX
C
BUFFERS MUX
IBU EXU
®11 SUD#K
H|P|W G|C
sS|TIC|M|A|A|ML
T F
1 5 2 1 7 38 20
T L RE
D

1 38 3 2 10 20
7 28
M12 MLPE-$7»t




MCU REG

MUX

FIFQ
= D-PORT
RAM

gmw';
FMU

K13 | BUDOHER

o

FMU

o] o]

REGISTER
FILE

RESULT REG
PACKET GEN.CIRC.

SU

IR:Instruction Register MULT:Multiplier
BSHF:Barrel Shifter CMP:Comparator

B15 EXUo#K

ML7 1 =2 FICEF AL, OBE, X7y rOF— 25
DFHFELFEBIC, MP7 1 —A P44 PERSICES#H2
3,

UEoBmz i, 7o EERBLURICFAbh 3o,
MLPE ¥ » MZNORME Sr v L o UKL
<, ERERET 5,

faks, EN-4DBH L ~ v BFHABERE LT, MLPE%
AesHFRUNC, 2a—¥Tu s 5 nea 945 3B8HD
SEERD 5E8MLAR, LHHIELR, =—F— P FRA
ERABShTw3,

AREG DATAD

c

o

CEXU

AREG:Address Part Reg. DATAO:Data Part Reg.
IAR:Instruction Address Reg.
DATA1:Partner Data Reg.

H14 FMUOD#EK

DATA FROM
18U
FHu
EXU
MEMORY
DATA TO DATA BUS
EACH UNIT

ADDRESS FROM
IBU

XU
TO MEMORY ADDRESS
REGISTER

EXU

16 MCUO®DHRK

4. 3 1BU

[BUW, EFEHDOFr vyt OSv 77 ThHd, Fv 7
HNT2H~+rRAM%E>CTF 1 FO>v 7 7 2EHL TW
5 (H13), coXvy 77131 6RBOBENDY., dsh
e Fi, NMRICHBSRAMbEIC vy v F 2 BET 3, 4
HOBBEEN VISR AL FITR, FyFry 25
RETIBEAKE A, SN S—LsklT, =
T—LBOFRF 2 ETT 5,

4. 4 FMU
FMUiK, = F v e 7 = F2Fh952=vy + T
Y, HNC-ROKIHOFLTH B, B 1 4ICEDHEEEE T




4, FMUi, i@ 7 FLRAL T RE, SFr v F—2L Y
2R, v FY THADF—RLIRE T FLRADTAF T
VIV, ARG YRFF =A@ F L sy, kL OHIEE
Bbid, HIEEEE, Ty v HOB XD TT 40
AERTELBDY —F VY TEONSED, fifiE, ¥
Fo Mtk o TRKTAEELHEE 7 v » 7 NORKHRRA
CLAN> TRATZEBERHY ., LORENLETH 5.

FMUOME+ 394 75 4 &LT, (D1IANT—28
B&sns 4754y, (D2ANF— 2RGSO AT
4r, KT » MILED 4T 540 (BHO1&50
FELELETTHBEDONATI 4V ERRD) | (DBEET
"y JHDNLT T 4 REDRD B,

4. 5 EXU

EXURHEEEFRTH S, EXUDOHNEIZIZ. v Y
AR, ARTUFLYRA, LIRET T AN, W
FAERER., EREL YR 2, NRER. BEE, YL v T
B, R, WA DOrOF—F=aAF v 2y B LUHIH
B0 5 5, MAEFRICIE, A5V FLYRZOREL
HEMZEosh, BREAXF Y FF—2 LI RZICARD
RTHBICHNEh B0, LIRE7 7 A MTHEMSh S,
FhERBC, D¥CEFSABGRTEDA ST — 245,
VURETZ 74N (EEREFMUDF—2L Y2 4) b
~s5yFLryzrzicrn—Fshs(®15),

b, LIRET 7 AARICIE, BIIOSE ATV N -
®FAVE (7N —=F 24 TOEPR TS A MEE
DEFEOLS A ) OXBEEMESTT FL AL IR A,
HIWEFEROEF L STT FLrLY 22, BEETH
DESOBTD T AL PR RTLYR4E (SEG) | FFH
Biehb oL bBLBEFELASr»y POT FL RE&BEHLT
BAVIRZREDERL Y RANH %,

4. 6 MCU

MCUR, 2= 205 OARIF A ) ~DT 7+ 28
SrPETH 220 1 THD (M16) . ATIDOF—4Y
ZET FLRSRIE, | BU (579 FB#) . FMU (=
v FU TGS T =vF) . EXU (2 ) 5HABEHS)
D322z FRMERAT S, 3EHEOEEEME, EXU,
[BU, FMUDIETH Y, ¥4, BEROIv v I TrE))
FEALCHA=2=y Mg, BRI LT EFD IRy s Th
o=y PicEEL T hEERTIEAND 2, 2REL,
EXUbd oty o gz I BUM Sy » FBEERLH
Lzt $it, ForFuy JREICAR>TOSAELERD 314
», FMURSFo/FOTSLELEFELT, [BUKKS
=Y RET.

MCUWi, 3202z FhbDF—FNRD2AF T L
I, TRLARNRO=AF TL Iy (AT A=) T K
VAL IR IOFTEAF LI RTSB) | B LUREDR
hokd (H16) .

4. 7 HAHF A=Y

HArF A=Yy (B10TEMM) i3, 1Y 70SRAM
ThHH, BRI, M1, 2MBEEETLITETHY, Th
2H5MBECHIRT S 28 TE D,

AT A=) ORI, LEEB ST v OBBEE, &
Bty o FUEA—F L DAL T SEE, Fbieof.,
BEOGESI— FOBMShIER. MEFOBMHEINL IR
B, £othofekEBTd 5,

W2 HBLUANOEROu r—v a v EKF S, VAT LO
LD L FICHEICHRD L ZENTES,

4. 8 ArFFrvAEK

EMC-RiCiX, Ll EOF o= DENS, Thd 2HETFL,
TS5 —MBEFF D i, AV Ty ABRKEFIER BE
BOEET 3, cOOBSREIAZ L, BEONEL G

O wy 70T, &L U RAE XU A=) oz
AEXVNEREIHOREE B UThbh s, Ay 7Fr
2B QM FIEHRET D> 2 L2335,

5. BbViZ
F— ZEREE BB -4D Y v ST o TREE S w7

‘THHEC-RIZDWT, FORFIOERFH, oy F T —

FFRIFx, AT —FF 7 F 1D 0THlNA, ey v
TRVWTVBE XD 175 40 FRico> 0, BEEHRIEE
Wioow T, BEGOHEN - BIERECO VT, LU
—REHRE AT Fy 2ABBC O CLBE#RE S L s
KT 5%, A=y O5%OBRELE LT, ENC-ROFE - BRIE.
Y ial—vasillbEH-40 TR MERME. 1008
FHED 1wy by 27 2ORMFEIC L SHEEREE BERED
WRIE. BRSHEORRE, BERE T vy 72 BB LA 2 91
SREVIIY 2 TORE, 2rva—) v SHERE LR
BEFHEOMET, " F =270l 5 LORELEND D,
i, LUKBEAF TEBEELA, ER T uryvoT
—FFIF ., TV VREDT—FFIFADEENOFD
BETH s,

BE APFEEFTISCHAUHEE, HEHeLSVR
HBABRPIRE. BNETFFERREL S CCFERST
REOFMHERICEB AL T,
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