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VIVF AT 4 TIEAUFIFTERE KUMP/D &
ZD Ayt — DUIEHEE

B % v OED g B A Atbe
A0 - W o E AT

RWVF AT AT T T~ a VIS BELBERLSERLED 2O, ANV Y277 2¥T
L= 3BREINTHAE, L2L, RO ILVF AF ¢ 7 TIEREHO Visual Interface S0 7
WEPERINDZD, "R 2777 IL— Y IIRMETHLEEZLONS., B4lL, RO
CRNFRAFATTF)r—aroiHic, EFEE#E KUMP/D % %5845+ TH 5. KUMP/D
EA =T % NN 7 CUET S FMP (Fine-grain Message Processor) & IER#E % %17
THBY, MAETTMELZHERITIIENTESL, KFTIE, KUMP/D OB ER~, {kE
FBHULBIC BN TEER A v+ — JNBEEEHOFEMEITS.

Fine-grain Message Handling Mechanism in Multi-media
Oriented Parallel Processor KUMP /D

Hirosul ToMIYASU,t TETSUO KAWANO,t* RIN-ICHIRO TANIGUCHIY
and MAKOTO AMAMIYAT

High speed image and video processing is a key technology in multi-media applications.
Currently, many hardware accelerators are developed and used in order to speed up such
processing. However, the hardware accelerators are insufficient for the advanced multi-media
applications such as bidirectional visual interface. Considering the above situation, we have
been developing a multi-media processor KUMP/D (the Kyushu University Multi-media Pro-
cessor on Datarol-IT). The KUMP/D can efficiently execute a fine-grain multi-thread program
by FMP (Fine-grain Message Processor). This paper describes the structure of the KUMP/D
and the performance analysis of message handling, which is important for fine-grain multi-
thread processing.
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FIT, AR INSOHBAEL EGEELR IV
F AT 4 TREE E#E{LT A9, MIMD o~
F A7 4 T iRMIESIETEAE KUMP/D (the Kyushu
University Multi-media Processor on Datarol-IT)!
TRETAEL T 5.

—f1Z, BHBICBWCHEE R A E—F AE
V7 7 AL o THELBFL R IERT 5720121
WA EETILBEIADTH L EEZ SR TVWEIY,
KUMP/D ®7 t+ v 4L x> b i Datarol-IT 7 —
F7F o F A EOWTHREFEINTEY, ALY
E ISR DM AL 23R CETT 5.
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Hrrdil, HEPETEMET A7 0L X LEF L DFE
AT )RELRIT TS,

DL )2 KUMP/D REIEGERL, SmED
N—F v W T NF AR EETRBN VT AT ATT
TIVr—varEEELTAZLETERE LTS
AFETIZ, KUMP/D IZBI) MR X v & — /%E
RO &, £DOWRFFMIZOWVTERRS.

2. KUMP/D

2.1 # C-2

M1 2 KUMP/D &Rz Ry. 4070ty
#xL A b (PE) id Datarol-Il 7 — %7 7 F ¥9 |2
EONWTHRETENTEY, 2RTLEF—F XKD PE B
AV T =7 THEEINTVWS, PEBAY F7—7
BHIRED A v £ — YO0l BEEfLEhTEY, /8
o by 77 ESEATAIEICLoTTvFTY
7)o TWV5,

F7:, KUMP/D 3V v 7 HRKOT/OER &y b 7—
7 (1/O network) %¥5H, BYEET — & DXL
ERNY VIEOHERE LU, BEARN L PE Lo
ML OREAEZRIEL TV 5

HEesFtarra—35 (EVC) i, & PE O
@ﬁ®775y7%%m¢%%%%ﬁo7b~Aﬂy
77 REHEE, BROARIETHD

2.2 PE (Processor Element)

R 2 12 PE DR ERYT. & PE WX, ALY N ELIE
SHIREOMBERZ 2 FER  E17$ 5 Dataroll-II
F—F T 7F x| lEINVTNWDS,

KUMP/D Tid Datarol-11 7 — %7 7 F ¥ Z LA~
477ty & FMP (Fine-grain Message Pro-
cessor) EIPSHFELFIMBDI-ODN—F T 27
THERELTWYS

BEOMEERE A 7070y Y IIEMTH D,
BRICEES L0y XD EHICAL v FARK
R EFTTHIENTEL, ZOLIBRIHOYA 70
Tuk v EFEZETS Oy ELTHY, $1FERBE
EsE 5 Z LA TENE, ENERROETHERZ EH
ICERETL, RCRET LI L TES.

Lo L, iR~ A 707 oy idr oty
Y HBEED O OWEY R %\ 720, KUMP/D T
BHIRED Ay 2 — VB EITIN—F 7 2T 2
LTWwWh, PUF2.38C, ffhh—F o= 7 2Bk,
Bl LR R X0 A o0, WBER B L 2
KifE A v b — VBB A3 (FMD: Fine-grain Messege
Driven Mechanism) Z31E L, 2.4 T FMD (23
SN —F 7 27 FMP I20W iR 5,

T F AT 4 THRMEFETER KUMP/D L 20D X v & — VILEEHE 1695

Interconnection Network
¢ oNOL OO
d]Sk 5 Ry S0 . < mﬁ
PEO ™ PE1 [ PE2 7] PE3 \
k1 k] 1 g
PE4 [EX1 PES i PE6 =] PE7 ““}\
E 4 3 ]
§“" PES ] PE9 .4)1:10...?::11i“”"3
4 bl 2 B
(oo i“PE]2._Pb13._Pb14._Pb15:“§
m
External J/O Network—3-
VldCO J
Controller y,

K1 KUMP/D O
Fig.1 Overview of the KUMP/D.

sz>
memory | 1pterconnection
CP,U FMP Network
(Pentium) x4
24 >
+ I Router X
4 64 1 H__»i—\-—»
y
$ 64 $ 64 i. 64 1/0 Network
Secondary | | Main 13
Cache Memory X‘ﬁ?r‘g)‘?‘;‘ or T+
(256 k byte) | (8 M byte) y

X2 JuotvydzIlxrb
Fig.2 Processor Element (PE).

F72, KUMP/D Tid, Y VFAXAFATT7 7)o —
>aryTERELLRL /0 BRELET S IOP (I/0
RITTCwA, IOP WHEEBED A EH
BIRICAT O £ & B, HifRL PE LoME L DOFER%E
WET AL, 20 IOP OEEAL S & [
BREDFEMIZOWVWTIZ 2.6 HITHRRS.

2.3 #RIE Ay t— VEREHX (FMD)

HARLEE A vt — VEFEY 53 (FMD: Fine-grain Mes-
sage Driven Mechanism) (&, Datarol-II ®/%7 v b
2L DHML LAYy =V I VEFTEED B R
TH5b.

INLD Ay —TREW:, BEEHOFEIEICD
WCHBET S (M3 ). FMD Tid, &BEES
DAVAY VAIZT7 L —u L IRREEER LIS, B
BIZEHOAL Yy FLIEET U I L 0B SN
H, ZZT, ALy FE3@PFThifashsZ &%l
ETENLGHYTHY, IV T I APAAL v FOR
NTHb.

FMD TliE— 4 v A% v Ao %B SN BE U5
FAD Ay = VBOEFEIRIES N TVWE Z L%

processor) % i
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At
f:1
ifcall(al!ocﬂ) r.-s-—g‘2
f:2
start 5 g0
link r5r21
link r5r42
;--+-start r5 g1
i | rlink r5r3 318 A3 A3
i ss-start r5 g2 _' A
i add r8riro
. J
) !B1v B2v Trmmm—— mu&BE
Cl‘ g:0 g2 | N
i add rir2r4 i
o
A6
o8
A7
Isync r3ré
freef f0
\_ J

3 FMD 2812 BEEH
Fig.3 Function call in FMD.

FIF L CHIEE L 2@ b L T b,

9, BEER AT A v A% A (caller) 13, fcall
up"pkckb71/ Aééﬁ:)( v -5 ?T%) 3{0:
caller 133G & N727 L — 24 (callee) 123xF LT start
WL DALy FRE A v &~V 2k ) WL A L »
F g0 ZRET A, RiZcaller XV E—F 2EYEX
ﬁ&klbﬂﬁki@@ﬁ@ D EDR Y 5% callee

EH L72%, start AL D ALY R gl 2iEH
T%.

ALy FORPS AvE—JWCEIVEHRSR S, &
AV RIEBALVY FATAY -V RBITTHZ LI
SVBBDAV Y F 2T 5. BEROAT DA
Ly FIRTRTD Ry L —TVWF 5o - ETleg) S
na. Z0OXIH, AVYFEDO XY X— Y DKERE
FRICHE> TA Ly FNEREHRIL S, T 07 F 40
EFVITbIS.

24 MHEAYtE-IT70OvvY (FMP)

FMP (Fine-grain Message Processor) X FMD %
ERTEIN-FT27THY, HHEDOXY L—J0D
BEE, ALy FOEK, VE-FAEYT7ERB
SFUAVAI VAT L — DEBRRIT).

FMP I AEY <y T ENT2TNARE LTHbh,

* KUMP/D ® PE Ay F7— 21357 v + ONEFE 187+
5L HREERLTEY.

RGGE Sep. 1997

frame 1P count
(24bit) | (32bit) | (8bit)

a4 RN

Fig.4 Synchronization cell.

CPU X FMP &4 % AEVEXAALD LIZAEY
FAHLICE > TFEMP IS LTRITT %

FMP#%CPU«mLﬁiQk#w//;L«@%
XAREBBTHAL Yy FNOREBIZE > TIN5,
9, FMP & CPU %817 L 72 FMP &4 % PE
A bT— PO YAATZMPE 26D Xy b —
TETA=F LTAENT BBEELITH. BT
FMP 3% 3 5AL Yy FEREEL, CPUIRAL YR
FICBREICEBOAEIN /- CPUOO—FHHIC L -
TIN%EFiAAL.

TDO2RF ¥y V2T FMPIZX o TOAER &
NEFEHOODN T 5, A VAT AT L—A
BHEOLOOEEFER LY, CPU OFHT A58 L2
TE5RY558EL, CPUL FMP DX vy v an—§&
HHERE T ML L T b, LITIC FMP O & HEE & #
DEZEIZONWTHRS,

2.4.1 [ HA & %

KUMP/D TDOX L v F OREHIEICIZFEEH 2L &
N s 22 BHWLNRE, 4 ICEHHELVE
AT, FABEVIEFMP X > TFMP A€ Fiok
b, 7L—L47 KL A (frame), AL v BT F
LA (IP), F#iH ¥ (count) 257 5.

HEE LV IIBEIFOCH Lo & ZCHEEA L v R
HCEEEN, FEA Yy EREy F 3ND, A
ENFFEPHEVOFEFIE, SYNC Xy t—VIZX A
IR S b 720, BEOIFOH LAl (caller)
kLN B,

ALy FHEOFIEGEL L FEBIERD L 5 icfThh 5.
CPU E51#xEfF L, MW THIBT 5 SYNC ed %
BT 5.

PE N THEI TN 23541, FMP 12 CPU %5
D SYNC 5% TEY, EEHtvrdnry &%
BLAL Y FORBHE LT . FREERIIE, $4b
LAV FEFTILERHD %5 - /-8 E T FMP
BEBEV 28R, R VvADO7 L —L7 K LA
(frame) L AL vy FRBTF LA (IP) 12X DigEs
L5 AL v F % Thread Queue & MEREFTFHITFHIC
AND. CPUREAL Yy FORTHICHFLTHE2S
L, $il-%ALy F2EFTT S,

ft PE CREEAMFITONLEE1E CPU RBIT L2
SYNC 5413 FMP X Lo TPE B4 v M 7— 27~
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alloc
Block
free read/
FMP write
CPU Head ¥ ./ {Head pese
~ \ Thread- sp s
Tail\"‘ _____ buffer
T e
] 4',:;{ -4 Tail
Ring Buffer
—=r
Main Memory E
5 FEIFWEAL Y FRFEBITH
Fig.5 Thread Queue. ‘
. e —=
Ay —TL LTHEESENSE, TEHEO FMP Tl
FRRICEEI VO F v 7 2% 1bh, RIEEI L7 EMP
BAICIISHYE PEDAL y ROSREI IS, frame buffers

2.4.2 ALy #5175 (Thread Queue)

5 ICELTHEEA L v FREBATH (Thread Queue)
%777, Thread Queue iZ CPU & FMP DX FIZ Lo
TEHIN, CPU I Thread Queue DS L&
L, FMP X Thread Queue DERBIZH 72 2 FETH]
BBRALY R %2544 XABEATEMT A, CPU
1% Thread Queue 7822 TH 5 & HWf L 2HEIZD A
FMP ~3FED Thread Queue DIKEL [V Ebt 5
ZEIWLEST, A=Ay FOREVERAAREZH VT
2, EATTRER ALY FOBERBET 5.

ZDXHICEFTTREAL Y FPT5d 5561213,
CPUBIDF ¥y v 20T 4 v OEMLELEFLITHIO
FERALY, T4 VYA XT L AThNAD, BEH
FMP %5 CPUBIORA v ¥ 2 FHT HDITHRT
IWNADNTT 4y 7RBOHTIENTEL.

243 1YRAELRTL—LEHE

KUMP/D Ti&, *EUVEEOF -~y F 2 H#E
TELDIL, MBR/NERA VA VAT L — LD
WTIZFMP TEREEDA Y AZ VAT L— L% EH
TAHEG6 IIRT LS, FMP B3EE D7 L —-20
HETFLVA (FL—2RA V%) BIRTAY v 7 %
EHL, 7V —L0EYT/BBIEFMP DX ¥ v 7
BIETIT.

INLDT L —LAY v 7IET AT LRERFIZY A
FLEBEN —F Lo TAL Y AEY) LIRS,
AZy INDRA Y IPFMP IZESNL,. 25617,
T L—LELT/BREERLL, A AEYNDT

K R TIE 2 OREFEY A RO T L— 2%k ABHEEHT L &
WTE5,

Main Memory

e AyR¥LRA7L—-LEH
Fig. 6 Instance frame stuck.

OxFFFFFFFF OxFFFFFFFI

OXFFFA0000 frrrosmriers OXFEFFFFFF | FPE2o0
OxBOFFFFFF [ S : OxO03FFFFFF -
0x00F00000 OxO02FFFFFF PES
AVRB YR PE2
7 L—hffis OXO1FFFFFF [~
0xO00FFFFF Ox00FFFFFF
0x00000000 L Syten Ak ox00000000 L PE°
HET FLAER PEDT FLREM~D< Y

7 2ty
Fig.7 Memory map.

22 A% HIRT % 72012 FMP WNIZE®E RSy 7 73
FFSNTHBY, FMP BHEMIZ ALY XEY ED
TV—LAZ oo, TV—LRAVFREET A,
INODEEFAADTV—L LY RELZTL— 4
DENLTHLERFEITIE CPUNERAAREZ R L,
VAFLERN-F UL o TT LA EBEIND,
2.4.4 AFYUTYT

KUMP/D Tit, R7 DX )T R_RTHOT Tty
DALY AEYEBIIXT L, 72—V AEYTF
L AZef iRt 5.

FMP TliZ Ay t—UHDF — % DEXARLED X
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FEYELOT R LVAZHERWICEET S, TOTF L %5 (scell-addr, 16bit) "5H% 5. =
BT O 2 EE» S5 (M8 BH). WZED, wolzA, FHELET 7%

o ERERE AL, ZORTHESINTWE T L -1
KUMP/D 13 32bit ® XEY 7 F L A% EHOBBT F VARSRT L, 207
Mzfb, 32bit D7 FLVAD L8 Yy L— 2GEBOBRBT N LAIZT L — AW
M7 aky &S (PE) IOHEL, T * 7%y Mi (offset, 8bit) Mz 727
7 24bit N7 Oy FHDOAE) TR L FLADBROT R LALRA, R
AF 74y b (cell-addr) &% 5. TRECEREZ DR IAL v FEED

o [AIEA-t N RHEIEE BICHWSNS,

e VEEREE, *TY EVOIRE KUMP/D T® X v t—JIiZiE LW hro 7k
KRB VOT R LA 7 L —AaRF VADGRE LTIREENS, R ary ¥
Ty MEIZLWIBETAHATH S, BEXER, FRIZINEAY I T—ZDN—F 4V
FEELO7FLAR SOy +HS Wirbh s,
(PE, 8bit) &7 0ty HHOERLL EA7 8bit % PE OIFEIHEH L Tw5 720, PE &
13256 B TICHIRE N BAS, FRDT F L AZEED
[ PE(®) | cell-addr(24) | KEWT Oy CIEIOREIIEfMINS.
(a) BEHER 2.4.5 FMP &%
f PE(8) l scell-addr(16) | offset(8) | R1LICFMP 5 DO—E%/R7. FMP a3 k&
(b) FEE VB AT, FMP L VA ¥ #4E, E#iC Ve xv
@8 7FLAEE ULy, O—ANT L—-sEH, 048I S %
Fig.8 Addressing mode. 2. iéq:’ Rs 1 CPU O !/97\57%%,1?1,, FRa &
#1 FMP &%
Table 1 Instruction set of FMP.
ey operand FRLR HeE, Avtb—TERX
e B < OP,ADDR,DATA >
FMP L VR % #fk
SETFRA Rs - FRa ~D#H XAH
READFRA Rs - FRa ®iaili L
SETFRS Rs - FRs ~O# EAH
READFRS Rs - FRs D@iatiL
[ HA bV 3R 4E
ALLOCSCELL | Rs, count - [ £V DR ([Rs]=Frame)
(FRs:=#f3 S APV 7 F L )
SETSCELLIP Rs - LN O IP &% ([Rs]=IP)
Ay b— VBT
LINK Rs, of fset [EE22 LINK A v +— %47 ([Rs] = data)
< LINK, [FRa}]+of fset,[Rs] >
RLINK Rs, of fset H# Return EHD LINK X vt — V%84T
< LINK,[FRa]+of fset, ([FRs],[Rs]) >
START Rs [EX;3 START * vt V%47 ([Rs]=IP)
< START, [FRa), [Rs] >
SYNC Rs - SYNC % v+ — V%47 (Rs=synccell)
< SYNC, [Rs],—>
LSYNC Rs Bt VA | LSYNC % v&— J%47
< LSYNC, [FRal, [Rs] >
F Dt
ALLOCFL Rs (K23 T—H L7 L — LS (Rs=size)
([FRa]:=H5&h/7V—ALTF L R)
FREEFL Rs % O—% L7 L — LR (Rs=size)
([FRa]=Mi+ %7 L~ 247 F LX)

Rs I CPUDVYAY%%&mRL, FRa & FRs i FMP LV A %% K7, $7 [register %) EH 4 DL IVRAFDONEL KT
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Table 2 FMP register.
s LIAYE Ha&
FRa | TRLVALYR% | PTRLAF—5 28T L. 2y
t—TDTF VAT 4—VREE
H.
[FEB VT R NT A, Ayt
VORIV T 4 -V FigEH.

FRs VL VR Y

FRs XFEOWET F LRIy ¥ ¥ S/ FMP

LIRS 2RT (2 BH). of fset, count | FMP
WEDART VR TF—-VEHTHEZ 2EREERL, Tt
YT ISHRTIHEMED LS BINUAMEH SRS, $77,
AVAY VATV —LERET HGFIOVTE, 7
FLARERRELRT.

KUMP/D Ti&, FMP O&%gH & Bk T 5720, &
XY b= VBITICRLELRINT A= D—%H b
U FMP RNEDOL VA% 12k y P LTBLHRETEL
7z. FMP &5 3T LI CPUIZ L > THITE
n5.

(1) FMP L YAY DR T A48 28735
BAa12iE, CPU L E 9 SETFRA i L <
12 SETFRS 74 iC X > CFMP LY R % |2l
¥ty b4 TS CPUDLIAY Rs
Wi o LoEZ Ly b LTEHL.

(2) LINK, ALLOCFL % L#ifix e T b s %
BATT 5. FHTALIYAY Rs Iidd 501
OEICEEZ £y P LTBL.

(3) AVAZ AT L—LERRE, FMPODL Y
A BRGULEND LHEE1E READFRA %
READFRS TFMP L Y X % D% i te.

%8B, BiomFERE—OEIERTE 25610
FMP LAY DIEDREZEWT HI LD TES.

DFTEFEEAGHIIOVWTFOHAREEEL R
5.

FEEE L OEE, FREEL~DXL Yy FEIBET N L
A (IP) DHEEGFIILTOLDONH 5.

e ALLOCSCELL Rs, count

iRV EERL, FORVOTFLA%
FRs VYA ICANS. [FEICHES L /-FEEL

D frame BRI Rs DE%, count BT+ T U F.

TE 272 count Dty M35,

e SETSCELLIP Rs
FRs LY A Y DFTHEELVD IP FIZ Rs DIE
=& XA,

A= VEITHBIELUTOL 00D 5.

e LINK Rs, of fset

TNF AT 4 TIRALFIEFTEE KUMP/D L 20 X v — VNEEEHE 1699

LINK 33 B#5 E LO LINK A v £—TU%
BITT 5.
e RLINK Rs, of fset

RLINK A i3S REZIIMAET F LA L%
57:0D LINK X v t— V872479, 205D
7P VAREICREREEEACHEVLN, Xy
L=V DF —FEIZIE FRs LY X ¥ 0fE ([
V7 RFLAR) &[Rs] TERENDZAT LY T
RENLAHLVEEXEY TP LAD LY b &
nas.

e START Rs

START &3 A L v FiEE %479 START X v
Yt —TEFEITTAH. FRaLIVAYOEIZE ->TT
L—A7FLA%3EEL, Rs DEIZL>TIP 7
FLAZIET .

e SYNC Rs

SYNC &41E SYNC Xyt —VRTE24T.
SYNC Ayt —=TVD7FLAEIZIX Rs 12& Y
52 OoNAFEBELT7F LAY FEN5.
e LSYNC Rs

LSYNC #5#1d LSYNC 2 v t— Y DRi7%2479.
HE LSYNC sr w3 BB REL I L A4 ~ R
FVANEBLLDICHWON, AvE—-VDTF
L A#13 RLINK @42 X o TSN -Ff v
BEBEOT FLAPMERHE NS, COTF LA
EHOHP LD FRa kY F LTHWHR, F—
FEICIE Rs Oy P ENA,

O—-Hn (FA—7atyHRN) 7L —sEfT, @&
WS ELTO O 5.

e ALLOCFL Rs

O—ANVT7L—L%2EEL, BRLL7L-2%

FRallt vy F§5. Rs I3V A X%BETS.
e FREEFL Rs

O—H V7 L — LR ET).

25 PEREXxvybT7—7

A=) T4 2EHRLTEAR2RTr—F &
BEOPE Ay b —2RRELRED. £/, 2%
TTh =7 AEETEBED PE~NOT Yy EX b L
Twab.

Bk U727 K L AJREDHIBR A & IO B AR
2256 AT, XY V—F 1 Y EHWTWS, T
D37y M T2bit BEETHY, PERAY b7 —
ZIEZDENT Y DD RBEILENT VS,

K2 1RT LI, EPEXFMP #/4LCPE [
Ay M7= IEEEINTEBY, CPUIZFMP &4 %
BIAT5ZL128>CPE M@BE%4T). FMP i34
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LDy &7 a—F LCHEEAHIE, €)%
BT, JE—=FAEYT 7 LRAELIT). Ry b T—
JDORMIIEN VAT LAEERPAL =T HDEET
Lz, INHDOFMP OALEIZCPU L) b EEL
Tirbhb,

X-Y V—7 4 7T, EPEIZL>TILV—7 1
VB —BICREENS 2D, v b DIEEEILR
HEEND, T, V=T AT ENBNAT Ly
My 7 RFEOILICED, FyFav s 7)) —%E
HRLTWAE, BLOINT Y by 77 DRKE SIIR/PIC
RESINTBY, TRTONRADEHDNY 7 7 %%
FThENy 7y BEIVRE L, 1 PE H72) 9Kbyte
THrHY,

2.6 I/O %y bT—7

RVFRAFTATTT N r—arTid, 1/O Di&kE
BEECTHDL, EELIL, YNVFATAT TSI —
Tarol/O RBEOBUDEERELTI/O VAT 4
%S L7z, KUMP/D O PE ity b7 — 2 3@
Ny b ODIlRBELENTWAE D, T/O /8Ty
MERT ERRALGMEREL L. Thbb,

o F7zIZ1/O 87y PRDONY FIRPLEIIRS.

R ICEIEEE O Y FIEAHETH 5.

e PEWICTH RNy PN 77 2HETE W
7z, By vy biZ 20U EOPERELEW
NAEEETHI LR, FyFay 70BRRE
LB,

e BEED AL IO, —EDNY FIE%RIE
TELERDY, 754407 A FIEFLEICR
H, 7abapen—FT 7l EMHICRD.

NS OMEE BT % 72 KUMP/D Tl 1/0
BEHRHOAY T2 %&T2. SO0 Ry N T—2

TREEBABRTIODDNY FIEEHETEE LD
2, ARSI E PE EOME L OFEIZITS.

1I/O &y b7 =213 2RI —F AKD PE M A v
M =2 EFATICRO NI Y TRD Ry R T — o

b, INLD) VT EREERVITNIA v H
WTHERENTWw5,
% % PE Tl 1/0 LFEIX IOP ¥ FMP 2% 5 C

M s s, IOP XX 2 Fiz/R&E N7 V-RAM LI
EoNI/O DNy 7 7IZ1JO 23T v b A E
XL, FMPIZSTART A vt—J%%528I0ko
THRT 0B RET 5.

2.6.1 BEER/T v MICLBREEA

MIMD Bl FEtE X, &40 PE OMERIEIE
FHEACAT DN B D, UTNY A4 LN ELR<IVF
AFLTTT)r—2a yTIREPE LEFH 7L —

R RS
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Il'rame() lframe 1 lframe 2 l |frame N'

m o [y o]
O

~
reservcd for video input—"" reserved for video output

Null | /O { broad- | PE No. or jrfe] T 6 N Data
flag |flag|cast |V/O device No. | buffer | TYPC|{rame No |)op0p | Data

®9 Video Frame D454
Fig.9 Time slicing in video frame.

LEDRBE & BLENFH LY. KUMP/D TIZEIHE
BOARTIEFHIRETFT A3 ba—5 (EVC) %
#iF, EVC o EREER 7y FERTILICE
THEEZIT> TS, V7 VS L A ELEL T 58
BRIRTIDOEEER ST v F 2 HW/A21/0 & b
J— 2 RBEWTi{Thbh .

X9 IIRT LI, BEFA 7L —aidnBOREE
FONRT Y MIGEIEN, ETFFTF— ¥ DE5EDN
NIgZHERT 5720, ZLODO mBED/S4 v b H5HE
BATNS, BEO m BBEBEDICTFHSIE., £
DM/ v M, disk I/O FIERTRTH L. =
DEERED /S v M, HRI/O Ay M T—2r%fin
TEY, XFry MOEBEIAIVI2ETF 7L —A4
EMBEORIEICHERTAZENTE L. ZoMIHIL
I/O /%% v b OFFERIZ IOP # 5 FMP ~ START
Avb—-UEREL, ALYy F2EEITLI LTI,

B, BTy bAYTEHICIEFT A7 L — 0%
FERAML, ThE IOP FICRELT, §¥T74 7
L= L HICAT ) B OB IC G L7274 7 L —
LBESEHBTAZLICL>THUEOENE F v 7
TAHIENTEL, MEOENIRE SNAHEITK
DEFF T L — LD E BT B 7% ELTER%%
ET2 (MR L) 238).

3. AR

BEFK AT I6PE S bR EREEETTH L.
ZORERIZNBEETIED 2P RESFROALME LR
AEL, 2oV I MY THEEZTOLODT Ay
RELTHWAZERZHELTWES,

COREBOHABEELER 3 IIRT. £4D PE i
66 MHz @ Pentium % iV THR L TEY, FMP &
AV PT =27 N—%BLXUIOP 12 FPGA # AW
V5.

PEMAv N7 —2 D& 71324 bit BTH Y, /3
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®£3 HKIEBoOH
Table 3 Specification of prototype.

PE 16 (4x4 HERL)

PE A v b 7 — 27 O 2RILF—F A
CPU Pentium (66 MHz)
PE 72 ) ORHEER 8 [Mbyte]

PEM& v} 7— 27 OXER | 99 [Mbyte/sec]

1/0 % v b U — 7 Ot V> 7k

1/O & v b7 — 2 DA RE 33 [Mbyte/sec]
WHIETEEF AT A NTSC

v bRIET2bit EET, PEMAY P T7—2D 0y
713 33MHz Th 5. ZOREHTIX, BE NTSC
(640x480 pixel/frame, 30 frame/sec) 85 D& &K
IHAEIC R -TBY, 17— ADHEIEIE 900 kbyte
Tdhb. £1/0) v 7 DEEIL 33 Mbyte/sec Tdh %
POENEBT - 51285 1/0 )y 7D EFE VOR
(Video Occupation Rate) £ 0.41 L %5, €T
F87y MEBRWAZI/O Ay T -7 OBEHEEIL
19.5 Mbyte/sec TH 5.

4. 1 HE FF M0

Z ZTlE, £9 KUMP/D & Datarol-II D X vt —
VOB R BT 5, MRERFEIEETIEI X Y
b= VRS RET B2 Ay E—=IUNY ) V7 HE
TNCOWTEET B LIZEETH 5. Datarol- 117
Oty Hid Ay - VUEEERLT A I LICERE
BWTHISNTRY, Ihx Ay be—JRBEICBIT
BIKEL LTEZLLIENTESLDY,

4.1 F fis &% @

KUMP/D 70ty 4 TIRAEY T 7EAL Ay t—
VEATD /2D FMP tr a8 BATONF THEHR SN B X
FUNAPRIRIN VA Z7EL DRIV, £IT,
KUMP/D 712+ v, Datarol-Il 70ty ZnE
NIZoWT, UTFIZHIT 53 00BREMR Ay -3
ME L ALy K OREHZOWT, AEYNADOEHH
BIZEBL, DAy - VBN 2 KT 5.
(1) E3BuEE

Datarol-II |28} % call f591d KUMP/D 7’1
Ly TIET V- L EERB LA Ly P D
RENCHB L, TOsSne%5.

allocscell } R L DR

setscellip

allocfl } TV —LE/RAY LT
setfra } MEALA L Y FRE) A v b —
start

(2) BEEIBOEBZ
Datarol-II TIXEEEE 180213 link, receive D

TNF AT 4 T HREETIEIER KUMP/D &L 20 £ v & — VL EE 1701

2 E VA, —F, KUMP/D TIZLLT D 3

wELLA.
*wa}Mﬁ?~&@§%ﬁ&xvh~v
link
th}lVbUXVvF@Eth—V

(3) ABHEREORS

Datarol-II TIIEBERBEOFEZIT rlink, re-

ceive, return O 3 HyFEHWV5. KUMP/D T

BT O 6 i mllHE T 5.

allocscell } Rl L 2z
setscellip

tf ;
se. ra } rlink (link) Avt&—o
rlink

tf ;
setira } )% — (Isync) Avt—¥
Isync

Datarol-II 7 @+t v % it FU (Function Unit) T
continuation [EHEED /- 0OD AE ) EXAAK (Wp)
A%, F 72 CU (Communication Unit) TH/$47 v b
% HEF |2 continuation DFEAH L (Rp) &/%7 v b
DEEZA (Wp) PEET L.

KUMP/D 70t v ¥ Tif, CPU 2 FMP 55517
(Ix) DD AEYNAEFHTH. F7z, FMP it
Ay b—VUZHEBIINEY AT )ANEERADL (Wk).

2T, KUMP/D 7atv¥oray s (66
MHz) % EEICFZNZIO XY NAERBHTEE
T5. FMP Oassfhifiz2 say 72 8L, 2K
Fxy L allT7 7 EAY AL 15ns FEED S-RAM % 1{#
HA¥4 2L, KUMP/D®XE)T 7w ARE Ix, Wk
2271w 2 k%, Datarol-1l 7t v 3B HEK
BThHhEnI Oy FEREPED RV D, Juv s
HE % Pentium O¥5, ThbbERY A7 V% 2
ray 7 ERETAH. Datarol-Il Ut v TldEHE
KA 4 7012 1 Bl O Register Buffer *7 7 2 AH3T &
H5DT, Rp=Wp=220v27Thh.

FEREHFTOFAFROT Ty SO ZADOFHE
KERTENAIGHI - TROBE, RA4 ERB D
L9 hb, TR EIOy JBERDID
NEFG WCRT. 25181 BRECHMEEROEHE,
Datarol-1I 7 2+t »v 4 TiZ30 7 av 7, KUMP/D T
44 vy r k.

&512, KUMP/D TiEA L v F OREEII/NA ZAH
Bya0, TheZEBT5. ALy FELTH»
LOO—FIZ1XkF vy adDIALy M 2EZDLE

* Datarol-11 70k vH1d 2 kF vy ¥ 212#% T 5 Register
Buffer X IERFEEAE ) 2H-TWB,
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1702 IHH AL

#+4 Datarol-II 7Ot v %D 2E VS AHEH A
Table 4 Number of bus cycles (Datarol-II).

A A 7 FU CU Bl

A BuEm) 1Wp | 1Rp+1Wp | 1Rp+2Wp
MG 1 BB 1Wp 1Rp+1Wp | 1Rp+2Wp
BIEE BB 2Wp 2Rp+2Wp 2Rp+4Wp

727U, Rp 3 RB 2o DHAHLEZ, Wp & RB~OH
ERART I AEFRT.

#&5 KUMP/D 7t vy¥oxey N AEHEK
Table 5 Number of bus cycles (KUMP/D).

INA A 7N CPU FMP it

B E e E) 51 1Wg 51 +1Wg
B I BRoES 31k 1Wg 3l +1Wk
B REORSE: | 61k 2Wx 61 +2Wk

7272L, Ix & CPUMNFMP 5 HBIT247 ) 120 DAY 1
2N, Wg EFMP 25 AT )~DEERART 722 2 FHT.

FE AT INA AR
Table 8 Memory bus transaction time.

Datarol-II KUMP/D
B EH) 6 12
BEEE DI 6 8
B SUEDIE 12 16

(I, +3)/4%, FMP ~A L v FRELTFOXEIHEE
ENZEZRTRD I, DFA WL EEL D,
COBEN2EOALVy FegGblThL, WADH
FEERIZS0 2551 70y 7 h,

L7293> T, KUMP/D 7ty # Tl AE) VA
% Datarol-Il 70ty ¥ O# 1.7 EFHT L. Tk
&, AEVNAPFEFTHEBELZEL WS ETDHE,
KUMP/D @ X v & — JMLHEEES)IZ Datarol-11 DF
0.6fEL%5.

KUMP/D 70ty it 2 vt — V0B L
T, ¥50ray s RETEET 5 Datarol-11 7' 1
o006 BREOMRERFOLTFHEINS., L
L, A7 oy Yoray 7EER EITELL, B
Histbor oy 7EEZIISLEICHE EmD S D,
Ay - VHBEEDIXIZZRASETCHE L N D, F
7z, KUMP/D 7t v 4 Tid, stEEEDEEIEIEY
sy PHEEERA=INAHTOMBIZL) 4EEED
h, ¥— 7 Tid Datarol-II 7ot v 3% FE A%
BT RO,

4.2 Y3ab—YailldB Ay —JUUIREED

E i

ZZTRBIRD Ay —INY K T OMEETFHE

RRREES B 720, T 4 RTF v FEEBERWICGIET %

F X ARG

K 2Ly FEB4T6)IE 1 E# 64 bit, Pentium OF vy ¥ 205
144 X 32byte TH D, FFHATHIH IR VIREL L
L7z,
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X 103 [clocks]
250

200
150

100f  KUMP/D

50}

o= \
9 11 13 15
Problem Size

10 fibonacci (n) DFETHEH
Fig.10 Execution time of fibonatti (n).

Datarol-li

%X 103 [clocks)
5000
4500 [
4000 F KUMP/D
3500 |
3000 |
2500
2000
1500 ¢
1000 Datarol-1§

500

0___.0—- W WIS
4 5 6 7 8

Problem Size
11 Queen (n) DETHRH
Fig.11 Execution time of Queen (n).

7ul g nk, n-Queen DEEEFIRIIKRD AT 0
FLDEEL Y I2b—1 L, Datarol-II & }#§ 5.
BEEEINYF 384 Lza—F 2HWT PE &
BT 2T o7z, AR, BRSOty HDADET
T3 LINK Sy 3% HEREFEE CPUICL o T AE
INEERALRETHDH, T TR Ay E—V0HE
BETIDOFHEI D 760, WHIEATR & [FIRR IR % 1T
WV, BIEBELSESTRTFMP 74 2/ L7z,

KUMP/D @ 7 1 v 7 #BE & Datarol-11 & 2 £ &
L, ®10 3XUR11 IZKUMP/D D2 v 7 %%
BELETRHAOXBRZRT.

TARF v FEERDDLTOT T LEIEAL Y FD
FEPIEEINS L, Ave—VRBOF -y K
BREVTD, Avb—TVRBEENORBRISEL T
5. MEEBEERIZEDSL Xy - VUHEOE &S,
ETREORZIZIZZOTE T Ay - V0BT O
THbEEZDEFMBLEFEEBY OWREE 2 5.

FIRET A ADTKEVE IR L TW 50l
Datarol-IT @ Register Buffer D7 4 O Az D7z
ODA =3y FHPentium L Y KEW-DTH5S.
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Datarol-Il il @Eo7ut vy LIZER), AL v
FAMERS 57 L — 4 %5617 L T Register Buffer (2
ARG HRE L o TWBHD, D Register Buffer
DT A v 4 XS fibonacci (n) BECTHERT A
DEITHRTREWZD, =Ny FPKRELR
5. F 7, Pentium DOFMER/ YA 64 bit, Datarol-I1
X 32bit TH 5.

n-Queen KD LT 0T T LATIEA LY FRVT 1
RFVFHERDDLTTTTALNVRLS 2A720, K11
IR X 912 KUMP/D & Datarol-I1 O Mg 134
ILTWD, 72, BEPCHEBTLIEROER S/
%, Datarol-II 128V T D register Buffer ® Az O
F =Ny FIZ XD HREDMERIIRE Z - TR,

EBICERHINLT ) r—va v CEALVY R R
HELIWEL B LEZONL O, ALy F{E
ZDFA =Ny FOEEINE %), KUMP/D &
Datarol-I1 # EE 2 HREZ O L FHINS.

4.3 BIEEOMEE

SKVEHTIE CPU 12 Pentium (66 MHz) %2R L
TWwh, 72, 16 AHEBRIC NTSC L XVOHEE %
WoBEDI/0 2y b T =27 OEAFEVOR (Video
Occupation Rate) % 1/O U ¥ 7 DEnRBHEED H B H
T5& VOR=041%,7%5,

COFEMET, E{ERET )y —va Y IIBIT A%
BEARET T 2720, Ny FavsAivicksa-FrF%
BAWCERFRRZ PR L 0E2RY ORT. EHZIL
£7OtyFICH vy ¥y rERTBY, 170
vz OBEHI 19.2 [kpixel] TH B L L7c.
WFRd VOR 2 ZE L, BEEOERRXICLELRH%
EITRERICIE L TW5,

KUMP/D 7 aty b L Ay MiELAbLb—¥
VTR EDFEILENT T r—va el T
Wy A DBATRER LANIVICH D LR D.

X512, PEfMAY U —27 & PEOFTEEEN L DN
SV AREBETLID, 16 70ty TFFT 247-
A oMEFEH L. KUMP/DIZEVCIZEY
EEFEHICPERS Y EY I TELLD, 500
% PE B OSR%ED PR { %5 &) CHIRAEET S 2

g7 Taby¥rlL Arhoii
Table 7 Performance of PE.
B PERE T RME
Ray-tracing 1M [polygon/sec]
10~20 [objects/frame]
60~80k [polygon/sec]
3.7k [pixel/frame]
21.6 k [pixel/frame]

Polygon rendering
Canny 7 1V %
IR E

TIVF AT 4 T HRIEFIETER KUMP/D & 20 X v & — U ILEERE 1703

EWTED. ZOHE 16 BFERICBWTIIIZIZHE
PE M D@BENDATFFT 2479 T LW HETH 5.
ZDEBETNHAYFay4vENRza—-FE2HNWT
ETR R OFHE 217 o /o5 R, EEK512x512 DBE
16 BHEK O KUMP/D 2 1 EE D FFT 125 7 L —
LIREAE L. ¥/, PEDHEERIE PERAY
N =7 DOMEZIEIZNTCALTED, 1 EXEDOHR
BICLERFHE 1 EXZO PE BRI E R
ZIZESETHLZ L AL
UEoHEgEFENICL Y, KUMP/D IZBESEFD
HIERIZBWTH NTSC LRIVOEED ) TIVE A
LB BEREEREGEWERE B LEbN 5.
4% PE BOWR L BAo 7 ot v 4 oM iz k
DEER~Y VT AT 4 7T RBICLEREEIMG OIS
bDEEZTVA,

5. MEMZR

KUMP/D |23 BESEFIRTE R & L CORIE &
RILEE %47 5 BHER . L COME L SH%. KUMP/D
R EDOYVF ALy NI LTI SHE/KE L
T KUMP/D ®# & 7 - 72 Datarol-I1 9, BE#HFO
EM-49B X MIT o*T2O0Wpshifohns,. F
7o, —BHIR T ORI Ay — VB ET S
Tty H 2T 5 SOk LT Stanford FLASH 2,
MIT Alewife'® 7253 5.

Datarol-11 £ EM-4 ZBEH7utwy 2 HT 53k
HIETE¥CTH 5. Datarol-ll 7Oty HiIxvt—3T
WA EHEL TS L ICEREBWVTEREI SN TED,
BEAED Ay -V ORBEERON-FY 27T
TV, MR L AT T4 v 2D,
Ay — VBRI L CTENEER O T X T
FrD1OTHILEEZLNA.

EM-4 (& FICHIRLE O BT I L L - BHO
Tyt T2 ANOBEEFAEFRNICL 2L
T-oTEBY, ZATOFREAZ T Datarol-11 £ Y  H
HEFD WD, Bniy - V0B %30,

IHNSOERT Oty EHWLEMERICHET S
RIS I EHRENC L ABVEEIANTH 5.

I lL, *T CTiEFA—@o—KWs~frar
Oty HEBEVWCTF—yRABEHE 0Ly & Ay b
VBRSO AR L TWE, BB N-F
DT RMEAT S & CHREEFIETER TR
BLIEWTEDLY, V7 72T TAYvE—Y %0
Th0, Ave—VNBICHEEI», S, 2R
HoAw v OfFBE A4 7y EdEF LT
5720, Fvv i aO—ERMEROIZODNNIF Ty
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1704 TERLE 22 55 T EE

7 DSEENNT BEA DS 5 .

INOLOPBIMBETS2HOL LTIE, Ave—Y
WED 720D T Ty 29 %5 FLASH, Alewife
WEELxD, IblE, Fyyaae—L v Ml
ME Ay L—VAHEEZTHI> Oy 2L TV 5.
L2L, Wihd Ay b&— M2t trap handler %
AWTWA ORI ED Xy — I8 LTt =N
Ny RBEREW. 72, ZATORFEEER, XEVE
HOMB CIREE STV, MOMESE LT
A AT ETNVERBT B % EOBEEIS V2D
RFI7 Oty FDON—F 727 HFRELBY TV
EBBITONS.

ZHcx L KUMP/D &, $AEE A v & — V0B
AL, WA Oty FICRAEDON—F 7 27 %4}
¥ 52 X > T Datarol-IT W X vy E— U N
K YT R o 22 ETER L WA RIS EIR
LTW5,

<NV AT 4 THREEE#KE LTO KUMP/D ©
FFfE MIMD BlOBFIEHERETH ), »OERML
HOHOBER E OFRBEELRHOETH L. HE
MBEBIZBWTIET 4 V7 UE L E D low-level LI IZ
SIMD EIAS < 728, 4RI ERBAEEZIT ) DTk
SIMD B O IFFIETEMES TR ThH o 720%, HFMLE %
&% &t high-level LI MIMD BIASE L T\ 5.
D7z, SIMD By MIMD B % k& U 7-gHE s
RESN TV B,

Iho o E# T SIMD & MIMD #8411,
MIMD #°C high-level L %479 Z L 2 B9 & LT
5. LaL, SIMD S EHHETH 5 5 212, SIMD
EICE G R ARTIT 572950 1/0, SIMD No#EEH
Ay 7=z, MIMD i % v b7 —27 % JHEICHD
BWMELGERE o TWAID, N—F 727 I AN
BALTWAS.

i L KUMP/D ¢, fli~A4 a7 oty
FOWEENE LN LELTWA D, fE% SIMD &
THT o T 7z low-level LB L CH MIMD &I T+
DhBETROND EEZ, MIMD BOATHRL
A HE L 2 2EER L ORI I/JOBERDOA Y
=2  FMP I2EB AL Y FOETHBEIZE > T
FHR LA, ThCE), BEREGLERIT ) EHE
BAENBE~ A 7a7 a0ty 2 HW PE L Bilis
BEROAY b7 =2 THRL, N"—F7=73AXFD
WMRERITLIENTESL,

6. 8 I(C

BELYNVF AT AT UBILE L % b EER
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PERT L0, BHEOB W MIMD B FIEE
KUMP/D ZREL, ZOMRETEEZIT 7.

KUMP/D 35 BIc BV CRIREL % %5 ) E— b
AEYT 2R AE Lo TELALVA T VY V2 ERkT
Lo, MAETFMELETORRE TS, £/
oL AL MIRHYA 7070k S ICHRE
DAy e—I BT EN—KFK Y7 2T o2 L
WXy, B Rry - DREENEEI A N TERT
B EERTRIZLTWS,

F7:, JOBHORy b7 — 7 2 BbLEERD /T v
FERWAZ EIZE o T, BEBEOABRDICHLEL N
YFIEEHERT S L EHIC, MIMD B FIETERT
MEE 2 52HEGRE M ORPEZEHRL T 5,

BAE, 16 70y 355k bR E%Y 8EP T
N, 5B ZORXERETEBOSLVF AT 47T Y
=g VIZOWTEMAZITo TV FETH 5.
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