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t Programming System and Performance Evaluation of AMP
by NoRIYAsu YAMAMOTO, NAOYUKI TSURUTA, RIN-ICHIRO
TANIGUCHI and MAKOTO AMAMIYA (Department of Infor-
mation Systems, Graduate School of Engineering Sciences,
Kyushu University). '
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BER, Bic, AREOAEOXS1EEDE LLEICH
WMAEVBELTINBOF 0S5 v K20 Tk~
5. ¥k, V7 tuxTvialb—42iKEb AMPO
MEESMRIC DO THET 5.

2. AMP Y257 L0ORME

2.1 AMP Y XFLOEARR

AMP oZEAHREF, Hl1ok>kEHo PE %
BEX Y T —ITHEALKLHBDTHS. & PE 3
ArxY GFA=Y) EHLCY, Sus506a-
FEERLEEDF—232hEN PE OfRS4+ €)Y
IM (Instruction Memory) &4 5 Vv FA€1) OM
(Operand Memory) I/ B L THRHT 2. T/, &
PE B¥—%7u—fH@ERVCERMCEEL, C
NiICK O RRTEERLEFTINELEEHTS. 2ho
D PE 3, BRSAT54VvT—F77F »%2EIC
AL TBY, —o0 PE TCREMIH¥ED PE &
UTBMET 22 &5AiETH 5 (BIEMIiIc—D>D PE
%8 PE, 20 L THREMICEHRSNLS PE 253H
PE &MES). —CEBOBEICE VTR, —D0hK
B PE K—HEREZHOYTTREETOILNEL
S5t 5.
EEOF—2R3H5- ) IL—ELTHBWATZDT
2724, & PE k8L CTHEET 3D T, BEL
¥—%3 PE M@FEickDRHE PE wkET 5.
FEU#HE PE RicBlh 4 To3RE PE Mo&E
i3, PE ROREHE/NL 754 VG TROUIDTE
DTHRBEL, COBEICLYSERBECRKEHE
BOF—2BEERVERLEBYEESICHORE

NI | -El ectronic Library Service



I nformation Processing Society of Japan

934 BROBZLBE

Communication Network

B 1 AMP O#EAMIE
Fig. 1 Basic structure of AMP.

from ndjacent PE

MPX + g B :D
[
|

! !lnstrucﬁon Packet
FU

] N
RT Communication Packet MPX
)
MPX: multiplexer

2 AMP F PE o#
Fig. 2 Configuration of PE.

Result Packet

ﬁ

to adjacent PE

JZ < %ﬁf% 510),11).

AMP T, 10 DIk PE MERTEXILS5L
VAT LRBREREL TSR, BEXy FT7—2
RTEZROBELSOMEE L, 22 TREFR
DEDEEZB.

2.2 #%® PE p#ts:

R2icRTLSic, AMP B PE ORB&RER <
A7P54 Y7 —%F0F+ ZRICEBRLTEY, EE
S EETT WA FU (Function Unit), £4
I—=FEROMENDY) ¥ 7 EREHEO>OH A €V
IM, AR5V FF—22RNT 245 v Fx 2 )if
OM, ML F—4 2 ) —LDEREREETS +
2 =¥y 7 7 Q (Queue buffer), 1> PE ~D;&{5/¢
AEEBTB0—F 4+ 7 RU (Routing Unit) A8
BB 754 v TREEN TN 21000,

C®D PE BERO¥#IZ, OM BAREBDOL Y2 4
Z7rANTHD, BRDOT oy ) iKHEIATNBEE
ETH5. CoBTay s B—DoDHE PE xS
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L, 70y 7 %2l0BZ 3 L THBORE PE o
TRl AERTTECLENTES. 1, IM 35
HOfa—-FBLU FU TORERKEDOT X%, >
FORDOY M I VTEITINIHLDT F L REREE
LTWw3. PE [I@ETR, ¢ FU TOEERKE
OfT &EDMhORE PE E12370Thy, F1-,
fao¥E PE hoE SN/ @BE/ 4y v FEH PE R
TOGEE 7 v FRBEAMICERBNE WD, T15b
5, Ny 7 ) ry1sE PE BEEDRDOERL
BB STOHITODT, FERCHENE LD E
o T3,

3. AMP [cRE33ERMETI OS5I VY

8.1 US54 RME Valid-A
AMP 07a /753 v/ E#E Valid-A 13, #—2%
7a—2vAOESNERGEKAEE Valid®%
#xELT, AMP ~N—F v 7O E2BEPT, &
POPITERE 05 VI BEHETHILIIKC
B LI DTHB. Valid-A TH - icBA LK
ERUTOLEBDTH 5.
(1) %% PE O%E PE ~D=y v/,
(2) BM%&ZRE PE ic#lofd 3.0
E%).
(3) EFRWw 2T 9 7F—7nELTONIEE
%
(4) PE @3 (3XU PE [EEMH IR
TELDDY =— M EH).
(5) HEROESZI vy FEEEEZHMBRIICLET 27
»ODIER.
HMICOOTIIIR 12) kBT & E L, AHBXT
RRBTRRE 70753 VI RTZOBELRTIC
EEDB.
3.2 Valid-A Ck3EBRUEBTIQTSIVY
ERABICBN TR, REFRICH L THROE LLE
27D bOHBHBL. —Mic, #OELLEIL, T
DOEFETOHHEIRT LT ERDOFBDE L~BII
WEISIBAE L, 20X 5 KHEOSWIER AR
KRHB Z ENTE S ML, EROEBCME
2, HREG—ICERILT 2700, REROEDIE
LABELEME L - TITbB LR ST, chiz@
HRRE BT S Chicd LT, BEROBAAHE
HER, EEROBRDE LRELIERYICTI 51:
», JERAMERRERICET .
Rl D L Sic, AMP REBERICHT 2705 5 4
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ZIEFRMICETT 20T, FEAMPRLABIHEOR N
Fus s ADMMHBICEERTE R0, FHRAEI,
FHDOEDHICL> TRBROETER S B dd
3. 4013, ZoRBEMEOS eSSV IKON
TRR5E. HOBERVEOSas 5 I v I Hlic20T
13, BEXRR12) 2RI .

3.2.1 AMP tToRBBABROTnISIVY

AMP FTRMBMEEAHERS ETT D
3, AR TEAL0RMIICE 52 L NHKRETH
5. Fio, mESK-RE PE 3, &Phirik
IEZCENEE L. PTFTR, ZM (AHEE: &
8, BEEZ: 4A7V=7 ) BROMRLELFIC
AMP FTORBIRMB O 7a /53 v/ iIc20 T
RY.

144 7 2O R LR ic B 13 2 REERZOHIKR
2, UFOFET, HEOHAMESAHDOEZEDMESR
HMUTRFNICLETX 5.

(1) HEROFHSLEICEROEEREL, i

BABOEHADIHERES.
(i) 8EBEOHEEDEIT, BIRTTREIEES %2
BT 5.

sz, CORALELBREROBIBRBTOIEL
K2 FTROEFITIVDTH B4, TEHROR
DAEELST D, RERICHT 2RAEBIRELE
S TIHLBGNTIRSIWN. i, HEEAKT, AR
LD DDOHFEBIRBIE L - 1A, EEFEOH
BB E SR EVDEMOLETHS.

AMP kR~ v THBDT, DX SEMY
B EBVENDLUBTE, BODDTS s T4
2EBIFMEICEMT A EiCis s, —DODKFHE,
PE F@EZFMALT, K3(a) OXHIO KD CHIEK
DELEHLAETET, BHOKDD signal X
H37as7aBELoND. REMICE, SEED
MEICHEOT 194 7 VOSBRI, REHD
BIRDIThN I E D MEEHR LTS/ signal icD
FTCXSIEHREES. chickd, —ElOfHLI
FOBBRENKERBS I HE I DLOF—F BETH
WWEEIEN S, BIRIN/ICEBRS S UTHSRI LT &
U, 9 —EEERELVEEEBRIES. fiBshik
ERBSSGE, MEKRTOESE RS TEER
KEG BT o5 22K TEEE. COFHEE
Program A L4 3.

ZOHHTE, AODOBEREEROES A
WERRICIT D I OZEMBEL, nxn EHROBE I

o —
Y

FRLBERABYN 7o vy 4 AMPO 70 /5 3 v /M EHEFBICONT 935

U O(n) ot EBLEICIE 5. L L, Mgt
BoEAR, UFToFkiyBFcRETE 5T
EDTHETH 5.

(1) #HMtaBoRM

AR XS ik, BREROBIRKRI, BET 2
BHBEDEHROMEEEBRBLTHEITEINS. T
bbb, B3 (b) ODEAIDK S IZZHEHKHS—
BlOMRLICE N TENE N OB EEFRICH
2T A0 TEL. - TRAMIREARK
ENTNBRZEILEY, BATHEBDIZ DD
BT O BBRITO.

(2) HRLLBROKRT

HRSEKTOMBLOKRTIE, b L0
THHERD, ARMLICIVEIBRIN0LELR
S ER, HREABICK - THIERI N 57
OB OERS SHEEEZEICEILES 2R
> THRVEUVRBZEETACLETITICE
BTx5. EHESEZIW - LEETE,
Pk Z ok DBk & B2 ThiEun.
TRTOEROED E LA (51 Uik
EROMRILOEATET Lo &icti b

ZOFEH% Program B &L, o/ 54X ¢
2R 4T

Program B T2, bR &K T HE MR
HICITA BDT, BERBAEIE->THHE PE I
M9 AEROBIHHRE U Thiu, LEREOEM
BT 510, &k -T, Program B {2 Program A
KHENRTHBOBWHETHE LN 5.

Program B 0F-3:i3, BRTHELEROEHELE
ETHCET, ZEEROBRVICZOITIHEMTS
T EDFRERIEZGTEL, REMRERY TR
SO0 EP0 I AT & B,

Y
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S s Wi

(a) (b)

3 AMELBETAITY XL
Fig. 3 Algorithm for synchronization.
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define PE_size = 100:100;

array of function thinning[256] [256] (pix)
return(integer);

for each function[i](j]{

/¥ Macro definition */

macro Comp(x1,x2,x3,x4,x5,x6,x7,x8)
return(integer) =

let xx1 = if (x1=0) then 0 else 1,
xx2 = if (x2=0) then 0 else 1,
xx3 = if (x3=0) then 0 else 1,
xx4 = if (x4=0) then O else 1,
xx5 = it (x5=0) then O else 1,
xx6 = if (x6=0) then O else 1,
xx7 = if (x7=0) then O else 1,
xx8 = if (x8=0) then O else 1

in  xx1<<7[xx2<<6|xx3<<5|xx4<<4
| xx5<<3 | xx6<<2| xx7<<1|xx8,
macro Neighbor(zi,z2,z3,z4,25,26,27,28,y)
return(integer.integer,intager,intoger,
integer,integer,integer,integer) =
let
al=if (z1=1) then thinning(i) C}-l]. else zi,
a2=if (z2=1) then thinning{i+1][j-1].y else z2,
ad=if (z3=1) then thinning[i+1][j].y else z3,
a¢=if (z4=1) then thinning[i+1][j+1].y else z4,
ab=if (z6=1) then thinning[i][j+1].y else 25,
ab=if (z6=1) then thinning[i-ii[j+1 .y else z6,
a7=if (27=1) then thinning[i-1]{j).y else 27,
a8=if (28=1) then thinning[i-l][j-l{.y else z8
in (al,a2,a3,a4,a5,a6,a7,a8),
/* Main body of thinning program */
if (i>0 & i<255 & g>0 & j<255) then
thinning(i] [ (pix) =
let Mask = array(256,0,1,0,2,..... ),

x01 thinning[i][iEll. ix,
j-1

x02 = thinning{i+1 .pix,
x03 = thinning(i+1][j].pix,
x04 = thinning[i+1] [j+1].pix,
x05 = thinning(i][j+1].pix,
x06 = thinning[i-1)[j+1]).pix,

x07 = thinning(i-1]}[j].pix,
x08 = thinning[i-1](j-1).pix
in if (pix=1) then
{for (xal,xa2,xa3,xa4,xa5,xa6,xa7,xa8)
init (x01,x02,x03,x04,x05,x06,x07,x08)
do let y1 = Mask[Comp(xal,xa2,xa3,xa4,
xab,xa6,xa7,xa8)],
(xb1,xb2,xb3,xbs, xb5,xb6,xb7,xb8)
= Neighbor(xal,xa2,xa3,xad,
xab,xa6,xa7,xa8,y1)
in if (y1=1) then
let
y2 = Mask[Comp(xb1,xb2,xb3,xb4,
xb5,xb6,xb7,xb8)],
(xc1,xc2,xc3,xc4,xc5,xc6,xc7,xc8)
= Neighbor(xb1,xb2,xb3,xb4,
xb5,xb6,xb7,xb8, y2)
in if (y2=1) then
recur(xcl,xc2,xc3,xc4,
xc5,xc6,xc7,xc8)
else if (y2=0) then return 0
else return 1
elgse if (y1=0) then return 0
else return 1 }}

4 Program B [#if{t]
Fig. 4 Program B [Thinning].

4. AMP > 2 5 LD

AETIY, RIETR~: Valid-A 2HOTEKQ
HEEAR L EA, AMP 8& 0 BEOLEBREN%
RET EHERT. 22T, Valid-A TR L7:
EHRUBE 7S sk vy Favs4nvl, 2047
V2l bA—=FE2YIal—4 LETET LT AMP
YRT LOHBEIMEETD. YIal—2%i2, LYR

July 1991

ZBPFPSU/RT 7L RVT AMP Y25 40Y 3 2

L= a VETICENTEEHDTHB.

AMP ¥ 27 A DFETIE, TTRBTHRRS v R
TLNRG A —REBET ILENDS. TOKRT, &
ELI/¥5 A —2{HIcB3 5 AMP ¥ X5 40D
19,

4.1 SRFLNRSA—-5DORE

¥9, AMP Y X7 ADHETIR, RO=DHEE
NG p—2 L1355,

(1) —2>0¥HE PE ITTvEv Y ¢ 3%E PE

D
—DODYHE PE k= vy v /4 5% PE
DL, L13TE2L PE [@EDA —~
Ny FRKEL D) BERBETFTS 2. —
F, BTEZLBHRILRT 0B O%
FIBMBMEL 8B L0 FL—F4 7088 3.
(2) PE Mo:EREE
YE PE (cE|h Y T2%E PE O¥bhs
Bhid, $bb, FELAOHE PE o
WEERDZ G T, PE RI@EEick 24—~
~Ny FORBEH IBERSCENTE S,
L7c3-T, @ PE D=y EYs¥HED
FLAEWT, PE MBEEEELEOER Y
NTBOIPRD 2 0EHH 5.
(3) XEVZ7VEREBESE FU INEEDH

AMP BEXRIICZODF =5 v FEE
Lidine FU T—20RPEET TR,
L7#i-T, FU ORBRE LS 5720, #
EYVT 7 AFE®IZ FU HEFEFLD S
BTGNS, LisdsT, A2
T/ 22EEE FU BEEEOHE & OR
BTl ROLERYD 2 KBNS 5.

LT, AMP ® FU I # B4 100[ns] &
U, PE flifx v b7 —2 % ABER FREEIRET 3.
LD 4 —2%RET B 728 iT, 3%3 convolu-
tion XU X S wcYH PE MOBEEML L 5X5
convolution® (LD T ¥ Ialb—vaviEFst.
ZORERERE 5~8 ITRT.

K5~8i3, #E PE 0¥ Md¥E 52 —4
EUT, [PE M@EEER]/FU HEHEE] cid 3
FU OoB®R (N5) LNBEE (K6), [»=)7

* 3x3 convolution TIIEEREH 2 DINOFH 8 EHOEY & D&
BTHBDIH LT, 5%5 convolution Tit 3x3 OPAich
ATERMBA4DERE bEEETIOT, 539EPE <
v BV /AN RE PE 5o tho %5 PE O 88 PE ~0D5E{gH
BB
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- :2x2

\\\x:lxl

(%]

100
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.

s U10 1/l15 1/120
[PE MESEALE]/[FU MIFAR]

(a) 3x3 BHAS

(a) 3x3 convolution.

5 llll.O 11‘1.5 11.20
[PE MR AE)/[FU BOGA]

(b) 5x5 BHAA
(b) 5x5 convolution,

5 [PE MM@{3#BE)/(FU sILEE] iodd 3 FU =R
(222U, FUBSGEE=100[ns], # €Y 77 & AHHE
=50 [ns].)

Fig. 5 The activity of FU plotted for {[Communication
speed]/[FU execution speed].

~—
[/msec] [/msec]
200
§ i
) 100~
ol —a—0——a 0
1/5 110 115 1/20 15 110 115 1/20
[PE M:EMRBEE)/[FU TIKHE) [PE M:EMHE)/(FU BN
(a) 3x3 BH2H (b) 5x5 BAAH
(a) 3x3 convolution. (b) 5%5 convolution.
6 [PE Mm{S#BE)/[FU SREHE] Wontd 2 Bk
(72, FU BA#EBE=100(ns], A€ YT/ &RH&
BE =50 [ns].)
Fig. 6 Speed plotted for [Communication speed]/[FU
execution speed].
(%]
N 100 r— 7;4
|
n | ‘
b3
> 50F
Fe L
@ :8x8
~ //Z:‘i
r o :2x2
I x 1 1x1
23 4 1 2 3 4 5

[A®YT7 7 L ABE]/[FU BIEE) [A® YT 7 L ARE)/[FU BN RE]

(a) 3x3 &AHAH (b) 5x5 E#HdH
(a) 3x3 convolution. (b) 5x5 convolution.
B 7 [»®Y)77+&XEE]IFU BEHE] iKxhd 2 FURGSR
(7272 L, FU SE#E =100[ns], PE M:@{Z#E =1[#s].)
Fig. 7 The activity of FU plotted for [memory access
speed]/[FU execution speed].

ERULBERABYN 7oy AMPO 70 75 3 v/ BFEKOVT 937

7 2 2EK])/[FU BE&RFE] 8 $ 3 FU
OBR®R (R7) LnEEE (K8) 2RL
1ebDTH 5.

59, —D0OYE PERL=y VST iR
B PE Oz TEZLS. RSIRENT
W3XSic, BRFE PE L) 3 EMBLISH
BA13, Y PEMOBESSNIZIIC, Y
E PE QREEBDLILEODTHEEDA —/¥~
vy FOREBHFE ICH N 2 - HEHEIE
V. Thiz U CHRE PE 08 ) 3 ¥hs
WA, PE fEE 0 £ %E PE
MiTmbh, FE&YE PEOLEENS N
DTEEDA ="~y FOEEBHICL W
DEBENED. £CT, RE PEOEOA
I #2, 5x5 convolution BE O BER T
b FU oEMEHS 100% A<EOR
8x8 ZAEMEME LT 5.

®wic, PE MoOBEEREEZRD 5. K5,
6 &0, PE MEEEEIENERERNED
ST Eiclsdhs, HE0ES LTHYE PE
DE T BICE ~»Tid FU oE@ER»tE
MLTLES. RE PE 0B b330 8%
8 D4, W50 57 Tid [PE [EEE#E
EY/[FU SE#E] 21/15 X/ & LT
b, AR 100% AL TREOLTLEL,
MEHEEMSENLES LS. EERSHMT
BEBEDE -~y FOIDBRERMSET
THDT, ¢ TIREFED 5X5 convolu-
tion X » d ZWFAEEREL, T, EB
WCERARENEEE LT [PE M#{E:488]1/
[FU ®EEK] % 1/8~1/102K L7 5.

Bigic, »e )7/ tx#%EE FU HE
EEOHREHRD Z. [V T/ £ 2EE]/
[(FU BE#E] BKk&{L %L, FUDI
HA IV LTAEIDARG Y K2y F
VIOEMMAE S, DD, ZOD4 R
5V FDi-> TEITFREL L2 BB NIER 5
DT, BERMBERL (K7), NEHEES
HLsB (M8). L»L, wE PE 0l
s 8x8 OFd, RTLD [#€) 7
7 & 2 EE]/[FU BEREEE] 5200 LT
FU m@RhmfiL Tk, koI 2H
BYUTHEEELONS.

PEXbv, FU EHE#EE% 100[ns], » =

NI | -El ectronic Library Service



I nformation Processing Society of Japan

938 BRAEE LR July 1991
[/msec] [/msec] DI 1. 45% 10° Fé@{ﬁiﬁ%%ﬁi LTWHWa. &

R o 58 K= v 7 1CPUTHBDITH LT, AMP
200 ol YR F LT3 4096 D PE 2FER LTS

50

T T T

40F

30

WLEREE

20F

T T T

10

§ 100
| A

LaERTBE, PE Yt oML RH
BETHY, oL, BR< Y VDAFF 1
MIPS TH 2Dkt LT, AMP v 2540
& PE R —/lTH I0MIPS THZ T &
XERTHE, HIZ3SHICEE. BR< Y
vOFo s 5 uah FORTRAN TEhN T

L &—8—8 —0 —@ 0
0 1 2 3 4 5

[#® V7 2 £ A EE)/[FU RHEE]
(a) 3x3 EAdH

(a) 3x3 convolution.

(2 EYT 2 ¥ ARH)/[FU RAEE]

(b) 5x5 BHAL
(b) 5x5 convolution.

B, BHEABFTAEINTHENI L2
LElWTsd, O AMP v 2574988
BERGYFIMBEERT I EERTHOT

B8 [A®YT7eX#K)/[FU BEEE] o3 5 QEEE bH5.

(##2 L, FU sSL#EK =100{ns], PE (@53 BE =1{as].)
Fig. 8 Speed plotted for [memory access speed]/[FU execu-

tion speed].
Y7 2 & XEE% 50[ns], PE f@E{ZHEE 0.8~
1.0[us], v +7 —7 % A BAEKRTHE, Y PE ~
DiRE PE 0% 7% 8x8 &35 D% EHENI
NG AR BEBET B,

4.2 RWEEQILIEIC & SRR

CZTRAROERE 5 2 —2 2 ANT, EEHER
WMEBT AT ) XL OHBEHOIEETTS. T OFE
b4 1HEARDOY I a2 L—2 2.

F113, FEORMELESL LIS WRFNISERL
BicB 2FARMERLTVS. ZOX 5 BRPL
BT AMP @D TEHHEEERT. £HT,
AMP v 25 A3 &K< &~ v (68020CPU, 16.6 MHz)

® 1 FERLBTADY) XL (BENE) ks 3
AMP & 2 5 4 DITERER]

Table 1 Execution time of asynchronous image
processing algorithms.

neErgRY [msec]
AMP v 254 ZFER=v*

ERMET NI XL

3% 3 convolution 0. 141 20.4x 10
5x5 convolution 0. 397 54.4x10°
binary shrinking 0.333 6.5x10*
Roberts’s edge?®’ 0.051 8.0x10?
Prewitt's edge?"’ 2.34 293 x 10°
3% 3 max filter 0. 186 20.9x10*
Edge-pres smoothing?®’ 0.48 135.2x10*
Dither?® 0.035 6.6x10°

7272 L, ZER= i3 68020 CPU (16.6 MHz) #&#H L,
512x512 BIROHEZAME L. $/, AMP Y X574
D5 A — 242, FU MBS =100[nsec], x€) T2
4 Z#[F =50 [nsec], PE [958 )% =800 [nsec], PE
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Table 2 Execution time in one iteration of
thinning process.
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Fig. 9 Execution time plotted for the size of image.
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