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I - GIOT THIRU

Trong bii béo ndy, ching téi trinh by phwong phédp song song héa thi tyc qui hoach déng
cho mét 88 mé hinh tinh todn song song khac nhau. Trong phiin II cda bai 88 trinh by tém tit
vige tng dung cia qui hoach ddng trong viin A% d8i sénh dnh dya trén dwdng chu tuyén cda né,
Phin 111 m t4 thuft todn song song cia thi tyc ndy cho mé hinh ming systolic 2 chidu véi k2
bé xit 1y c6 skn. & day k = max(2n,m), m 12 68 cdc dogn cda chu tuyén chn dwge nhin dang vd
n 1b 88 che dogn cda chu tuyén mlu. D& phie tap tih todn cia thuft todn ld O(k). Tidp dé,
phin IV 83 trinh biy m8t phwong &n cdi tién cda thugt todn ndy cho mang systolic mds chidu véi
88 bd x& 1y ¢in thidt {6 hon rit nhitu nhung vin dat cling mic 49 phikc tap t{nh todn. Trong
phin V, vi§c wéc lwge gid tri cda con dwdmg ¢é d§ do khodng chch cye tidu trong mdt bang trén
mdy tinh associative kidu SIMD véi 2k — 1 bd xik 1y sé dwee gidi quyét, M8t thuft todn song song
associative dwge xfy dung véi dg phire tap tinh todn 1d O(kw), & diy w 1A dé réng tinh todn theo
bit cla cdc trudng associative dd dwgc xib dyng.

Il - UNG DUNG OUA K¥ THUAT QUI HOACH DONG TRONG
DO1 SANH DANG DUA TREN CHU TUYEN CUA NO

Trong (1], mét wng dyng cda k§ thuft qui hopch ddng trong d8i sdnh dang dya vdo chu
tuyén di dwge trinh bhy mét cach chi tidt. Tw twdng chinh cia phwong phdp ndy 14 téch chu
tuyén m&u ra thanh mét 88 doan co & vA vige d8i sdnh giita chu tuydn miu vd chu tuyén cla ddi
tweng cin nhin dang dwge thye hign thdng qua cde tham 88 dic trung cla céc dogn co ad ndy.
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Hinh 1

Hinh 1 cho chu tuyén cia mét mAu mdy bay, Chu tuyén ndy da dwee xdc dinh va dwoe bidu
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didn bdi mé xfch. Sau 44 chu tuyén dwge phén chia thAinh mdt 88 doan co 8& phan bigt dwere
dénh 68 tir 1 dén n (v du n = 15, xem hinh 2).
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Bing vidc sl dung céic hé 88 Fourier tinh dwege tir cic doan, ching ta ¢6 thé mé td cdc donn
co 8& ndy mét cdch higu qud bdi 6 hé 88 Fourier nhiw sau

FU= (R B F§ Ry B Ry FLg FL Yy KL By R )

t=1n
F';f 1A hé 88 Fourier thit 5 cia dogn trich dwge thir o, Bing mét ky thufit chufin héa da dugre
trinh bdy chi tiét trong (1), chiing ta sé dat dwee vée to chufn héa SF' cla vée Lo I trong dang

sau
SF' = (SF{,SF} SF}, SFi K, SFy SFLg, SFiy SFL SF!, SF , SF' )

Chiing t8i khéng trinh by & diy chi tiét thu tuc chufin héa che hé #8 Fourier. Déc gid ¢6
thd tham khdo trong [1] dd c6 dwoc cde théng tin chi tidt.

D& thye ]Iiéll vi§c nhin dang mét mlu méi véi m vée to cda hé 88 Fourier di duge chufn
héa SAT = (SA], SAY, SAY, SA], S AL SA} SA L, SAL, SAL, SAL, SA ., 547 ))
& ddy 5 =T, 'm. Mét ham d6 do khodng céch gifta hai chu tuyén duge tinh béi cdng thive sau

a
D(SF'\SA) = ay= " |SF - SAl% i=Tn, j=Tm
k==0

Dya vio him khodng cdch nhy, mét bang dd do khodng céch gitra hai chu tuyén sé dwgc thide 1§p

nhw sau
ayy a0 apy

Az1 Qzz .. Qg

Anl Gug v Gy
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& diy m 1h 88 dogn cia chu tuyén cin nhin dang cdn n 1 88 dogn ctta chu tuyén mhu.

Khodng chch giita hai chu tuyén dwge dinh nghia 14 gid tri do dwoc ctia con dwdng cé dd do
khodng cdch cye tidu di ngang qua bdng khodng cdch A. Con duwdng ndy xufit phit tai mét vi trf
nho dé trong cdt diu tién clarbdng A vi két thic tai mét didm ndo dé trong cdt cudi cia bing
ndy (xem hinh 3 & c6 sy gidi thich chi tiét hon).

Con dwdrng ¢ 43 do khodng chch cye tidu trong bang A dwge tim ra nhe vide dp dung ky
thuft qui hosch ddng. Ky thuft ndy hogt déng chira theo mdt nguyén tdc quan trong sau: “con’
‘dudng 6 46 do khodng cdch cye tidu xufit phét tir cdt dBu tién cla bang A vd két thic tai edt
cudi ciing 1& vide hgp nht cda con dudmg ¢6 dé do khodng cdch cire tidu xufit phat tir cbt d%u
tién t&i mét didm a,; ndo dé cda bang vd con dwdng tir didm dé t&i cdt cudi cia bang”. Chién
lrge tim kiém con dudng cé dé do khodng cch cye tidu dwge bidu difn béi cong thire sau

@il j+1 + D(l' + 1,5+ 1)
D(1,7) = min{ ai+1, + D(i+1,7) (1)
@y 4+ + D(iij + l)

J day D(i,7) 14 trj 83 cla con dwdng ¢6 4 do khodng cdch cwe tidu xufit phat vy didm a;; v két
thic tai cdt cudi cting cla bdng A.

("'Inj")

(‘Iuj"”

Hinh 3

Do didm bt d%u cda con dwdng mong mudn la cdn chwa bidt nén chin thide 1d phdi xem xét
vit cd cde kha nkng cé thd va 1§p lgi hai lin cdc dong cila bing A (xem hinh 3a).

(cm a1z o am.\
Gz, Q29 ... Q2

A= |ay aua ... Guu Hinh 3a
ayy a3 e Gl

L a  a)

Mbt trong cdc dang c6 thd ¢6 cia con dwdrng mong mudn duge chi ra trong hinh 3, twong
¥ng véi chidn lwge tim kiém (1), m =5 vA 2n = 6.
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M§t d8i twong méi dwge nhin bift thue vho mét dang mEu ndo dé néu trén dang miu
ndy con dwdng cé 9 do khodng céch cyre tidu 14 gid tr nhé nht trong cée con dwdng cé d$ do
khodng chch cye tidu wng véi cde dpng miu khée. -

1l - THUAT TOAN TIM KIfM SONG SONG TREN MANG SYSTOLIC 2 CHIBU
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Hinh 4

M§t trong nhitng 1y do chinh dé gidi bai todn trén h§ théng mang systolic 1d do tinh higu ‘
qud cda vige truydn din théng tin gifa cde hd xt Iy cda mang.

Gid trj cfi tai mdt didm cda bdng khodng chch s8 duge cfp nhit phy thude vio cdc gid trj
tpi 3 diém l&n cfn khdc cda didm ndy (dé 14 lan cfn bic, 18n chn thy bic va 1&n cfn phia thy).
Sau dé chc gid trj méi cla che didm di dwge xem x4t o8 dwoe truyén téi 3 didm 1an chin cila ching
theo cdc hwémg déng, déng nam va hréng nam (xem hinh 3),

Cu hinh cia mdng systolic duge xdy dyng nhw sau: N6 1 mang systolic 2 chigu ¢é kich
thuée k x k, & diy k = max(2n,m) (xem hinh 4),

Md,ug systolic bao gdm k? bd xi Iy, chiing dure ky higu béi Py, i = 1)k, 7 = 1,k Moi bd
xi 1y Pij bao gdm 3 thanh ghi R, Ry, Ry, mdt ving nhé riéng cyc b, & dé gid trj a;, 1,7 = 1,k
dwee lwu gilt vd mét thanh ghi trang thii Rs. Cée bd xik Iy Pij véi chic chl ed 1, 5 khéng tdn toi
trong bdng khodng cdch A &é lvu gifv gid trj O trong viing nhé riéng cyc b cda né. Ba thanh ghi

Ry, Ry, Ry 88 nhin cdc théng tin dwee truydn téi tiv cde bd xik 1y 14n cfin theo cde hwréng thy, tiy
bic, bic.

Céhe bd xi Iy Py (1,7 = 1,k) dwoc goi I dang kfch hogt (R« = 1) khi v chl khi ndi dung
cia cd 3 thanh ghi Ry, Ra, Ry A& dwec nap gid trj. Dhu tién tht cd ehe b8 xtt ly Py i =1,k cla
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cdt du tidn dwge kich hogt, cde thanh ghi Ry, Ry Ry cia ching dwge ngp cée gid tr} 0. Cde bY
xit 1§ Pyj, 5 =3,k cia hing dBu tidn 8 & trong théi khéng hopt dfng, cde thanh ghi Rg, Ra duye
ngp gl tr} G (G 1d gid trj 1én nhit mA cée thanh ghi ¢6 thd lwu git), Mot b.xi 1y chl ¢6 thd
ngp chc gid trj dwge truydn téi tir cde by xtk 1y 1an chn vdo cdc thanh ghi Ry, Ra, Rs cla né khi
v chi khi né chwa dwgc kich hopt. THt cd cde b xik Iy dwece kich hogt cla mang systolic 88 thye
hign cdng mdt phép todn tai m&i nhip tinh todn, chiing bao gdm 2 phép so sénh, 1 phép cdng v
1 phép truydn di ligu téi ba b§ xib Iy 1&n cfn cla minh,

Céc bd xt Iy cda ming systolic lAm vifc m§t cheh d8ng bd tai m8i mdt nhip thoi glan,
tuy nhién théng tin lan truyén dwec difn ra mét céch tuln ty theo hwéng dwdng chéo chinh eda
mang. Sau m8i bwde tinh todn, m§t nhém b xik 1y nkm trén dwdng song song véi dwdng chéo
phy cia mdng 88 dwge kich hogt. Cée nhém b xi 1y ndy 86 hinh thanh (2k — 1) ting khédc nhau
trong mang systolic (xin xem hinh 4 A4 c6 sy gidi thich chi tidt),

Thugt toén song song cho mang systolic 2 chidu cé thd dwgc vift hinh thicc trong dang saw
Thuét todn 1

Trong khi Py chwa dwgce kich hogt
Do {Véi tdt cd cdc b xib Iy d& dwge kich hopt Py}
Begin
TG «— min(R,, Ry, Ry)
aiy — aiy + TG
Truy®n gid trj cda a;; theo hwéng doong,
déng nam vd nam.
End
Ta A8 ddng thiy ring thuft todn 2 88 két thic sau 2k~ 1 phép 1ip v cho ta chc con dudng

vél 48 do khodng céich cye tiu xuflt phét tir cdt ARu tidn vk két thic tai cdt cudi cling cla bing
" A, gif tr] cia ching dwge lwu giii trong b§ nhé cla cde b xW 1y Pyi=T1k

D4 chon gid trj nhé nhft trong chc gid trj ndy, k = 1 phép so sénh 1d cin thidt véi vige dp
dyng mét thuft todn tulin ty thdng thudng,

Tém lgi, 48 phite tap tinh todn téng chng cia thuft todn tim kidm con dudng cé 46 do kodng
cheh cye tidu trén méng systolic 2 chitu véi &7 b xi 1y ¢6 sfin 1a O(k), & ddy k = max(2n,m).

IV - THUAT TOAN SONG SONG CAI TIEN CHO MANG SYSTOLIC 1 CHIBU

BAi todn wéc lwge gid trf cia con dwdmg cé dd do khodng cch cye tidu trinh by trong phiin
111 cdn m&t 88 nhwee didm ma ching ta chi phai vugt qua. 88 che bd xit 1y chn xib dyng la qué
16n, ¢d nghia 1a m8i by xik 1y chi lwu gilk mt 88 hang trong bang A, Nhuwee didm niva 12 ¢é qué
nhidu b8 xi Iy nhan r8i trong qud trinh thyc hign thuft todn. Trong mdi bwée tinh todn, ¢hl mt
nhém cde b8 xit Iy nim trén dwdng song song véi dwdng chéo phy cda mdng 13 dwge kich hopt
vh lAm vige. D4 1a mt nhwee diém 1én ma chiing ta cin trénh.
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Ph¥n ndy s8 trinh bdy phwong 4n cdi tién cia thuft todn néi & trén, M4t mang systolic 1
chidu véi 2k~ 1 b§ xt Iy (Py, Py, ..., Pa-,) 88 dwge x8y dyng. M&i bg xik 1y P, (1=1,2,..,2k—1)
¢ 8 thanh ghi, dwge ky higu 1a Rf, Rf,, R} vd m@t bg nhé nhd M dé lwu gifr dir lidu dwge nap
tir bdng A. Thanh ghi R} nhén df lifu dwge truy¥n tir bd xik Iy R_,, thanh ghi P} nhgn dir ligu
dwgc truy8n t¥ Piy). Thanh ghi RY, heu cft gid trj d& dwoe xit 1y cda Pr cho buwée tinh todn tiép
sau cda né.

Mt bd xik 1y dwee goi la kich hogt khi v chi khi bé nhé M cia né di nap dir ligu tir b&ng‘
A. M8ibs xit 1y P c6 2 18i ra d¢ truyén di cde dir lidu cda né di duwge xi 1y v 3 16i vdo dd nap
di¥ ligu vho t¥ bdng A va tir hai b xt 1y 1an c&n. Cfu hinh cda méng systolic 1 chitu véi vige
b8 trf di¥ lidu v sy phén chia thei gian cho vigc nap dir ligu cé thé dwge thiy trong hinh da véi
k=6,

G66 GGo 666 GGG GGG 000 000 000 000 000 000

Hinh 4a

Trwéc hét, ndi dung clda cde thanh ghi RS, R, R cda k — 1 b§ xi ly d¥u tién P, { =
1,2,...,k = 1 dwge gén bling G (G 14 88 16n nhdt ma thanh ghi R cé thé lwu giit). Trong khi ¢éc .
thanh ghi R, RY,, B} cla k b x 1y con lpi Po(i = k, k+1,..., 2k — 1) dwoe khdi déng bdi 0. Hogt
d4ng cda b§ xit Iy Py cé thd dwge mé td theo cdch sau. Diu tién dir ligu cda bdng A du'qé-rlgp
vio b nhé cyc b§ M* cda b3 xit 1y P;. N3i dung cda 8 thanh ghi Ri, R, R dwoc so sdnh véi
nhau dé chon gié trj nhé nhét trong ching. Ti€p dé ngi dung cla M’ dwge céng véi gid trj nhd
nhét ndy, t8ng 88 dwoc lwu git trong Ry, Dbng thdi téng ndy ciling dwge truyén téi hai bd xit ly
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lan cfn Pi-y v Py theo cdc hwéng trdi vd phai.

Thuft todn bao gdm 2k — 1 phép lip. Trong k bwéc lp diu tién, buée tfnh todn thé [/
(I'=1,..,k cé I by xi 1y dwge kich hoat véi che chl 88 cia ching lin luet la k—=I1+2j+1, 7=
0,...,4 — 1, Trong k — 1 buéc 1§p cdn lai, bwéc tinh todn thir [ (I=k+1,..,2k- 1) ¢6 2k = I b
xi 1y dwee kich hogt, ce chl 88 Din lwot 1a (I — k) +27+1, =0, vy 2k=1-1,

Thuft todn cé thé dwge viét trong dang sau
Thuét toén 2
For [ = 1,2,.., 2k - 1
Nap dit ligu vdo bing tir bing A
Do {Véitft cd chc b xit 1y dd dwge kich hoat cla ming}
Begin
TG — min(|R, |RL ], R)
Mt «— M'+ TG
(truyén dit ligu di dwge xit 1)
Ri, — M’
R — M
Ri — M'
End

Thuft todn s két thic sau 2k = 1 phép lip va cho chiing ta gid trj nhd nhﬁt= cla céc con
dudmg 6 46 do khodng céch cye tidu & k thanh ghi dhu tién R (1 = 1,...,k) cia ming systolic,

Gid trj cda con dwdmg cd dé do khodng céch cye tidu dwge tim thiy boi thugt todn tim gid
trj cyre tiéu song song dugce trinh bay chi tidt trong [4] véi 48 phie tap tinh todn cla né 1a O(k).

Tém lai, 46 phiec tap tinh todn gidnh cho vife ddnh gid trj 88 cla con dwdrng c6 d§ do khodng
chich cye tidu trong bdng A dat mic O(k), trén 2k — 1 b3 xi 1 cila mang systolic mét chidu,

V - THUAT TOAN TIM KIfM SONG SONG TREN MAY TINH
ASSOCIATIVE KIfSU SIMD

Trong phin ndy, ching tai trinh by mgt thudt todn tim kigm kifu qui hoach déng djnh
hwéng trén cdc mdy tinh song song associative kidu SIMD. '

Phu tién chiing ta gid thiét ring: dd rng trudmg w bit 1a a4 a8 bidu din céc 46 do khodng
chch gifra cdc dogn holic gid tri ctta mi con duwdng cé thé c6 trong bang A.

Thudt todn sk dyng 2k = 1 trudmg associative, dwoe ky hidu [8n lugt 14 Ay, Az, .. Aggeys
M8i trudng A; (i = 1,...,2k = 1) dwoce chia nhd thanh 4 truwdng con k¢ higu bdi A}, A7, A7, A},
A} lwu giir cée gid trj khodng céch gifta cdc dogn cia bdng 4, A? lwu gife che gid trj dwge truydn
t&i tir cdc trudmg A}, & cing mét mic, A? lwu gifr cdc gid trj dwge truydn téi tir trwdmg Al

& mirc cao hon mét vi trf v Af cllt gift cde gid trj dwoe truyn téi tie trudmg A}, & mire thip
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hon mét vj trf (xem hinh 5),
Al A2 A7 A%

1 ™~~~
— 1 N
0 ° \:\"0 \u ’o
T
‘N ——_‘/
/ / J e
/4"_2 A"_’ A“
Hinh &

D& thye hign mét céch higu qud cdc phép todn trén cée trudmg associative, diu tidn cde
trutmg A} @ = 1,2k ~ 1, j = 2,3,4 88 dwoc gin gid tri O vi vife phin b8 cdc gid trj khodng céch
gitra cdc doan a;; trén cdc trwdmg cla bd nhé MDA sé dwge cho nhw sau véi k = 4

. 414
A3 o 4,
A 4z o a4, . A4
L Ay o 4y, by o a,,
U A * g o g,
G o 4,
%1
Hinh 6

Déu o ky higu céc vj trl mA tai d6 chiing ta khéng quan tm téi gid trj cda né. Trong thuft
todn associative dwéi ddy, thanh ghi m¥t na M ¢é vi trf v cling quan trong. Ta goi mask(u,v)
1d m§t ham mit ng, nd tao ra trong thanh ghi M cia module associative u gid tri 0 tai u vj trf
diu tidn cda thanh ghi M vA v gid trj 1 tal v vj trf tiép theo, vi dy M = mask(3,4) sé tao ra
M = (00011110...0).

Thut todn tim kiém song song theo kidu qui hoach dfng trén mdy tinh song song associative
véi m@t module associative v (2k — 1) bd xit Iy dwoe cho trong dang sau day.

Thuét todn 8
Fori=1,2,..,k
M —— mask(k -1, 1)
A? — G(M)
A} — G (M)
Continue
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Fori=1,2,...,2k-~1
M «— mask(|k —1|,2i = 1)
TG «— min(A?, A?, A})
Al — (A} + TG)(M)
(propagation)
Alyg — Al(M)
A%, — SHIFT*! (4},
A}y — AL (M)
A}py — SHIFT™! (4},
Al,, — SHIFT-}(A},,)
Alyy — AL M)
Afyy — SHIFTH!(AL,)
Continue

Bing viée 1dy t8ng dé phute tap tinh todn cda macro 1§nh di dwoc it dung trong thufit todn
ndy, ching ta ¢6 thé d& ding dénh gid dwge dd phirc tap cda thugt todn véi cp O(kw), dday
k = max(2n,m), w 13 & bit cin thiét dd dd bidu difin gid trj cda m8i con dwdng tim kiém trong
bdng A.

Khi thufit todn 3 két thic, céc gid trj khodng cdch cda cde con dudmg cé 46 do khodng céch
cye tidu di tir cdt diu tidn téi cdt cudi cling cia bing A dwec dinh vi trén k trudmg cudi cling
trong bd nhé MDA,

Thu§t todn song song dé tinh gis trj nhd nhit cda chc con dwdmg cb dp do khodng cdch cye
tidu cé thé c6 dwoc chi ra dwéi ddy.

Cudi ciing gid tri cla con dwdmg mong mudn sé dwee lwu giir tai phin td du tién tir trén
xuéng cila trudmg associative A}

M — mask(k - 1,1)
For t=2k-2,2k~-3,..,k
TG — A}y,
TG +— SHIFT+!(TG)
t M «— SHIFT*!(M)
Al — min(A}, TG)(M)
Continue

Hidn nhign 48 phtrc tap tinh todn O(kw) dat dwgc trong thufit todn ndy.

Tém lai, 46 phic tap tinh todn todn b O(kw) 1A dat dwge trén méy tinh song song associative
kidu SIMD véi mdt module associative cho bai to&n tim kifm kidu qui hogch déng.

VI - KBT LUAN

Qui hoach déng 12 mét ki thuft quan trong trong linh vye xi 1y tiéng néi vd nhén deng
dnh. Trong bai ndy, vidc ng dyng ki thuft néi trén cho vén & nhin deng 46i twgng dya vho
che dogn co s dwge trich ra tir chu tuyén cla né di dwge trinh bhy. Ba phwong én cla thuft
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todn tim kiém song song kidu qui hogch déng di dwge x8y dyng trén cdc md hinh khée nhau cda
mdy tinh song song, nhw mdng systolic 2 chidu, mdng systolic 1 chidu vd mdy tih associative kidu
SIMD. Céc d¢ phtc tap tinh todn O(k), O(k), O(kw) &n lwgt dat dwoe trén cde md hinh tinh

“todn song song nay.
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ABSTRACT

The dynamic programming is an important procedure for speech understanding and image
recognition. In this paper, the application of dynamic programming to recognize the shape basing
on its contour is recalled, then the parallelism of this process is analyzed and exploited. Some
parallel dynamic programming algorithme for evaluating the smallest value of the minimum in-
tersegment distance path in a data table are designed in detail on several kinds of the specialized
jaralled computer, such as 2D Systolic Array, 1D Systolic Array and an associative computer of
the SIMD type. Their computation complexities are respectively estimated as O(k), O(k) and -
O(k1), while the cost of sequential version is O(mn), where k = max(2n, m), m is the number of
segments of a contour to be recognized, # gives the number of segments of the sample contour and
w is the bit-width of the used associative fields.



