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THUAT GIAI DI TRUYEN SONG SONG CHO BAI TOAN
THIET KE MACH TO HOP TREN NHOM MAY TINH MANG
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Abstract. In this paper we present a discussion and application of Parallel Genetic Algorithms
(PGA) on the supercluster (SC) running Parallel Virtual Machine (PVM) to solve the combinational
logic circuit design problem. The results done on a 128- node SC proved that the solutions from PGA
give a performance better than those of Genetic Algorithms (GA). We used the virtual topologies
such as ring, torus, hypercube to create the migration operator for individuals. The system speedup
in theory and practice was compared.

Tém tdt. Bai bdo trinh bay mot khdo sit va g dung ctia thuat gidi di truyén song song trén SC
véi méi trudng PVM cho bai todn thiét ké mach t6 hop. Céc két qua dwoc thue hién trén mot nhém
may tinh mang (SC) st dung 128 ntit (node) cho thiy rang l&i gidi sinh ra tir thuat gidi di truyen
song song c6 chat lirong cao hon tir thuat gidi di truyén tuin tw. Céc so do két ndi vanh khung
(ring), vong luéi (torus) va siéu cau phuong (hypercube) duwoc st dung dé thuc hién phép toan di
tri cho cac ca thé. Do tang toc (speedup) cia hé théng tir thue nghiém va 1y thuyét duoc so sanh.

1. GIOT THIEU

Thiét ké néi chung 1a mot hoat dong thudomg gip clia con ngudi trong cic linh vire doi
song, ky thuat va kién tric. Tir cic vat lieu ban dau, thiét két cho phép con ngudi tao ra
mot sdn pham theo mot qui tic, cdch thitc ndo dé nham dat dwoc yéu cau dit ra. Do vay,
thiét ké 1a mot qué trinh luon luon gin lien véi doi séng con ngudi va dé 1 mot hoat dong
mang tinh sdng tao. Xay dung mot cong cu tu dong héa viéc thiét ké - thay thé con ngudoi
trong cong viéc sang tao - ¢c6 mot ¥ nghia hét strc thiét thue va 1a mot nhiem vu khé khan.
Bai to4n thiét ké mach t6 hop ciing 1a mot trong sé dé, 1a bai todn co ban va thuong gap
trong ky thuat s6. Da cé nhiéu phwong phép gidi quyét bai toan nay. Chang han, phuwong
phap dai s6 nham tdi thiéu héa ham Bool, phwong phép ban do Karnaugh ([4]), phuong
phép theo thu tuc Quine-Mc. Cluskey ([6,8]). Cac phwrong phap nay khé cong kenh, phu‘c
tap, doi héi nhieu ky nang cla ngudi thlet ké. Phuong phap thiét ké dung thuat glal di
truyen da buéc dau diat nén tang cho viéc thiét ké tu dong. Tuy nhién, cic két qui tinh
todn con cham ([1]). Céach tlep can cua bai béo 1a song song héa thuat gidi di truyen, nham
de xuat phwong phap hiéu qua dé gidi bai toin thiét ké mach t6 hop, lam tién de cho viec
thiét ké mach.

1.1. Bai toan thiét ké mach t8 hop

Thiét ké mach t6 hop 14 mot hién thure vé mit phan cimg cla cic ham logic. Dieu dé
c6 nghia 1a thay cic phép toan logic nhu AND, OR, XOR, NOT,... bang cic “vat lieu phan
cting” goi 1a cong AND, OR, XOR, NOT,... Khong phéi Itic ndo ciing c¢é sur tirong tng gitra
ham loégic va mach logic. Mot ham logic rat dé biéu dién bang ky hiéu nhung khi chuyén
sang mach logic thi sé& giip khé khan rat 16m do phu thuoc vao tap cic cong logic cho truée.
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Céc gid tri X; & dau vao chi nhan cdc gid tri 0 va 1. Céc gid tri ¥; & dau ra khong phai bat
ky ma bi rang buoc vao cic gid tri dau vao X; theo cdc quy tac F; cho trude. (V; cling chi
c6 gid tri 1a 0 va 1). Do dé trong viéc thiét ké mach t6 hop, ngu‘oq thiét ke gap phal khé
khin khi phéi tinh ra dwoc hét cic rang buoc nay. S6 lwong dau vao va s quy tic rang
buoc cang nhiéu thi khé khin cang lémn.

Nhur vay, bai todn thiét ké mach té hop dwoc phat biéu nhw sau.

Cho truéc cic tin hieu X, Xs,...,X, & dau vao va tap hop m ham logic
Y; = Fi(X1, Xs, ..., X,,). Hay chi ra mot mach t6 hop dua trén céc cong logic co s& AND, OR,
NOT, ... cho truéec.

Khi d6 X1, X5, ..., X,, duoc goi 1a cdc dau vao cia mach logic; Y1, Y, ..., Y, duoc goi 13
cic dau ra, con mach t6 hop 1& mot hién thuc cla so do két ndi céc cong logic nham mo
ta quan hé gitta dau vao va dau ra. Hinh 1 13 mot mach t6 hop don gidi véi 4 tin hiéu dau
vao 1a A, B, C, D; tin hiéu dau ra 14 Y thoa rang buoc Y = AB+ CD (véi phép todn nhan 1a
AND, phép todn cong 14 OR); mach c¢6 2 cong AND va mot cong OR.

Hinh 1. Mach t6 hop don gidn
1.2. Tiép cén theo hwéng thuat gidi di truyén

Tl mot kién trdc hai chiéu theo kiéu mach t6 hgp (hinh 1 1& mot vi du), chuyén thanh
kién tric 1 chieu theo kiéu nhiém s#ic thé dé st dung thuat gidi di truyén. Do thich nghi
clia mot nhiém sic thé (mot so do mach t6 hgp) duge xac dinh bang cach danh gia tat ca
céc cau tric kiéu hinh hai chiéu ma né thda man céc rang buoc ctia mach. Téng s6 cac cau
tric kiéu hinh hai chiéu chinh 1 do thich nghi cia mach. Gid st mach cé »n dau vao, khi
déb 2" t6 hop cac dau vao sé duwoc xem xét cé thda man bai todn hay khong. SS cac truong
hop théa man chinh 1a do thich nghi clia mach dang xét. Nhwr vay, mot mach t6 hop c¢é n
dau vao va m dau ra sé c¢6 do thich nghi tdi da 14 m x 27

Ham lwong gid dwoc xay dung nhu sau.

Giai doan dau, Cerong trinh thuce hién so sénh tirng bit cdc ngd ra cua mach dwoc sinh
boi thuat gidi di truyen vGi céc ngo ra tir bang Chan tri (su that). Néu bang chan tri cua
mach can thiét ké c6 n dau vao va m dau ra thi s6 truong hop so sanh sé 14 m x 2. Nhu
vay 6 thé cé t6i da m x 2" truong hop ma ca thé (tire 14 so do mach) chua thda man bang
chan tri. Trong qud trinh tim kiém, sd trudng hop niy sé gidm dan vé 0.

Khi di tim dwoc mach théa man bang chan tri, nghia 14 da c6é mot so do mach thoa
man cic chirc ning yéu cau thi sé truomg hop néi trén bang 0. Tir day thuat gidi di truyen
lai khai thac khong gian tim kiém bang cach thay thé nhitng cong logic bang cic cong
WIRE (cong c¢6 the bd di) ma van bdo ddm chitc ning logic cia mach. Khi dat duoc mot
st thay thé nhu vay, fitness clia mach sé dwoc cho thém mot don vi. Nhu vay, fitness cia
mot mach theo tiép can GA sé 1a

Fitness = f1 + /2

trong dé, fi 14 s6 truomg hop théa man ban chan tri, f, 14 s6 diém thudng thu dwoc khi
GA tur tim kiém. Véi cich biéu dién mach dang kiéu hinh hai chieu (1& mot ma tran kich
thuée J dong va K cot) véi s cong WIRE 1a W, G 14 s6 cong logic thue sir ¢ trong mach,
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ta cb
W+GE=JxK

T day suy ra Fitness cua mot mach sé 1a
Fitness=fi+ fo=fA+W=(+I XK -G

A 3 ) N IS .2 . . 3 N ’
Nhu vay mach c¢é s6 cong cang nhé thi gia tri Fitness cia né cang 1én.

2. THUAT GIAI DI TRUYEN SONG SONG

2.1. Thuét gidi di truyén song song

C6 ba mo hinh co ban khi song song thuat gidi di truyen, dé 14 mo hinh song song
quan thé toan cuc, mo hinh té bao va mo hinh ddo ([5]). Trén SC ngudi ta thuomg st dung
mo6 hinh ddo, day 14 mo hinh mo6 phéng theo sur tién héa cia tur nhién. Trong dé moi nit
ctia SC thyec thi gidi thuat di truyen ([7]) mot cich doc lap véi kich thude quan thé con 14
N/P, P 1a s6 bo xtt 1y ¢6 trong SC, N 14 s6 kich thuéc toan cuc - kich thuéce cia quan thé
(ttrc 14 86 ca thé c6 trong quan thé). Cac quan thé con trao doi cic c thé thich nghi nhat
clia minh véi céc quan thé con lang gieng sau mo6i thé he (hay mot s thé he). Pay thuong
duoc goi 1a qué trinh di tra (migration). Thuat gidi duge mo t4 mot cidch hinh thire nhuw
sau véi P,(t) 1a cic quan thé con cé kich thuéc N/P.

t=20

initialize P.(t)

evaluate P;(t)

while (dieu kien chua thoa) do

t=t+1

select P.(t) from Ps(t — 1)
crossover (Ps(t))
mutation (Ps(t))
evaluate (Ps(t))

send (emigrant,...)
receive (immigrant,...)

endwhile
trong dé, send() 14 phép todn glti c4 thé tt nhat - goi 1a ¢4 thé di cu (emigrant) dén cic
quan the lang giéng, receive() 14 phép toan nhan c thé t6t nhat - goi 14 ¢4 thé nhap cur
(immigrant) tir cdc quan thé lang gieng va thay thé cic ca thé yéu nhat clia quan thé hién
tai.

2.2. Thuét gidi song song dung PVM

Trén he thong PVM, tién trinh hay tdc vu chi (master) khdi tao tat cd cdc tién trinh
con (slave) khac. Cé tat cd P tién trinh con, moi tién trinh dugc dnh xa vao mot bo xir
1y cia SC ([2]). Céc tién trinh thuc hien thuat gidi di truyén tuan tu mot cich riéng biet.
Moi tién trinh sé giri (nhan) céc ci thé dwoc lwa chon (goi 14 téc vu emigrant) dén (tir) cac
tién trinh lan can (goi 1& tdc vu neighbours). Thuat gidi & trén cé thé dugce hién thuc bang
PVM nhu sau:

if (my pid == master) then

for i =1 to P do
pvm_spawn (slave S;)
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endfor
endif
for all slave S;(1 <i< P) do
while (dieu kien chua thoa) do
t=t+1
select P;(t) from P(t—1)
crossover (Ps(t))
mutation (Ps(t))
evaluate (Ps(t))
pvim _send (neighbours, emigrant,...)
pvim_recv (neighbours, immigrant,...)
endwhile
endforall

3. KHAO SAT PINH TiNH CUA THUAT GIAI

3.1. Thoi gian thi hanh cda thuét gidi tuin tw
Ky hiéu:

T, 1a thoi gian thue thi ctia chwong trinh tuan tu 4p dung thuat gidi di truyen.

t. 1a thoi gian dédnh gid mot ¢4 thé.

G 14 s6 thé heé trong qua trinh tién héa.

T, 14 thoi gian thire thi mot hoat dong cin ban clia thuat gidi di truyen cho mot ¢4 thé.
Thoi gian nay bao gom thoi gian tinh todn do thich nghi (ddnh gid) cia mot cé thé, thoi
gian thuc hién phép lai, dot bién roi sao chép c thé dé vao quan thé.

Trén thuc té thi thoi gian khdi tao clia mot quan thé 14 rat nhé nén tir thuat gidi trong
hinh 1 c6 theé suy ra

T, = Nt. + GNT, = N(t. + GT}) (1)
Vi t, < T, nén t. << GT,, vay ¢ thé xem t, + GT, ~ GT,, do dé (1) 6 thé viét lai
T, = NGT, )

Cong thittc (2) cho thay thoi gian thue thi trong chwong trinh tuan tu ¢6 4p dung thuat
gidi di truyén ti 1é véi kich thuée quan thé N va s6 thé hé G. Néi cach khac, thoi gian thue
thi cila thuat gidi tuan tu c6 do phitc tap 14 O(GN). He s6 T, trong (2) phu thuoc vao cau
tric clia moi loai méy tinh va diic trung riéng cia timg bai todn cu thé. Heé sd nay cb thé
x4c dinh dua vao thue nghiém bang cach chay chwong trinh véi thuat gidi di truyen trén
ciing mot may tinh véi cde N, G khéc nhau, do két qué thoi gian Ty sau do6 tir (2) suy ra
gid tri T,.

3.2. Thoi gian thi hanh song song
Ky hiéu:

T, 1a thoi gian thue thi 4p dung thuat gidi di truyen song song nhu da mo ta & tren.

Toomm 12 thoi gian truyen di lieu gitra cdc bo xir 1y.

Teomp la thoi gian do viec tinh toan.

sm 18 kich thude di tr, tic 14 s6 ca thé trong quan thé con tham gia qué trinh di tra.
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Gid st s,, 14 nhu nhau ddi v&i moi quan thé con.
Theo [3], thoi gian thuc thi chwong trinh song song bd qua thoi gian cho sé 1a

Tp — Tcomm + Tcomp <3>

Thoi gian Teomm bao gom céc thanh phan:
Toro 12 thoi gian tdc vu chu truyen (broadcast) nhirng tham sé ctia bai todn cho céc téc
vu con.

Trnig la thoi gian thuce hien qué trinh di tra gitra cac tac vu con.

Tsas 12 thoi gian téc vu con trd két qua vé tac vu chi.

Ta goi A(P) 14 ham dic trung cla mot so do két ndi (topology) (s6 cic két ndi cla P
tién trinh theo mot mo hinh mang nao do).

Thuyc chat 6(P) 14 s6 cac phép todn gl tir tién trinh nay dén tién trinh kia. Néu bicu
dién mai tién trinh nhw 14 mot nit trong mot do thi thi #(P) 1 s6 cung vecto clia do thi

dé.
(—(e)
(@)

Hinh 2. Do thi day dd cé 4 nit

Ching han, véi so do két néi 1a mot do thi day dd cé 4 nit nhu trén hinh 2. Céc két
néi 1a AB, BC, CD, DA, BA, CB, DC, DA, AC, CA, BD, DB. Nén 6(P) — 6(4) — 12.

Toéng quét, néu so do két ndi 14 mot do thi day dd cé P nit thi 6(P) = P(P — 1).

Goi Ty 14 thoi gian lan truyén clia mot ¢4 thé trén mang. Dé ting téc do hoi tu, & moi
thé hé ta phai cho thuirc hién qué trinh di tri. S6 c4 the tham gia di tri & moi thé hé trén
mang 1a 8(P)s,,. Do d6 thoi gian thue hién di tra 1a

Thnig = GO(P)s T 4)

Vi tdc vu con dau tién va téc vu chi cting thuoc mot bo xtr 1y nén thoi gian cac tdc vu

con phat cé thé veé cho tac vu chi Ia
Tsm = (P = )Ty ()
Goi tars 14 thoi gian tadc vu chil gl cdc thong s6 cda bai todn vé mot téac vu con. Theo
[9] thoi gian ma tdc vu chi truyén cic thong s6 nay vé P bo xtr 1y ¢6 trong SC sé 1a
Toro = (P — 1)tus (6)
Cong (4), (5), (6) ta c6 dugce thoi gian truyen dir lieu gitra cadc bo xr 1y
Teomm = GQ(P)SmTf + (P — 1)Tf + (P — 1>tNIS (7)
Hay
Teomm = G@(P)SmTf + (P - 1)(Tf +iums) (8)

Thoi gian a9 ¢6 thé do bang thure nghiém va phu thudc vao tirng bai toan.
D6 véi Teomp, Vi MOi quan thé con cb kich thuée N/P thuc hién gidi thuat di truyen
mot cich doc 1ap nén thoi gian tinh todn theo (2) sé 1a

NGT,
Tcomp - P ? <9>
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Thay (8), (9) vao (3), ta c¢6 duge biéu thirc tong quat tinh thoi gian chay chuwong trinh
song song trén SC tmg véi mot so do két néi nao dé duoc dic trung bdi ham 6(P)
NGT,

T, =
P

+ GOP)sp, Ty + (P = 1)(Tf + tus) (10)

Goi « la ti 86 gitra thoi gian thyce hién tinh todn theo thuat gidi di truyén cho mot ca
thé véi thoi gian lan truyén mot c4 thé qua mang; o = T, /T}.

Con B 14 ti s6 gitra thoi gian truyén cdc thong s6 cia bai todn véi thoi gian lan truyen
mot ¢4 thé qua mang; 3 = tas/Ty.

3.3. Do téng t6c cda hé théng

Goi S, 14 do6 ting tdc clia hé thdng gom P bo xir 1y ¢6 ham dic trung 14 (P). Theo
dinh nghia 14 ty s6 gitta thoi gian thuc hien thuat gidi tuan tu va thuat gidi song song ([3]),
nén

Sr = NGT, — ()
&+ GOP)sim Ty + (P — 1)(Tf +tus)
Hay «
&”:g+ewﬁm+xp—nﬂ+5) (12)
P N NG

Trong (12), thudng N va G rat 16m (hang nghin) do dé trong s6 hang thtt ba cia mau s6
rat nhd. Bieu db cé nghia 13 chi ¢6 a dnh hudng truc tiép dén do tang toc, con anh hudng
clia 3 kh4 nhé. Nhu vay do tang téc phu thude nhieu vao ty sé thoi gian tinh todn theo
gidi thuat di truyén cho mot cé thé véi thoi gian lan truyén cia cd thé qua mang.
Véan dé 1& can phdi xdc dinh s6 bo xr 1y can thiét sao cho chi phi thoi gian thuc hién
thuat giai song song I cuc tiéu, ta cé
or,  NGT,
oP P2

20(P)
oP

+ Gsy Ty + T +tus (13)

Gi4 tri P lam cho T, cuc tiéu 1a nghiém ctia phwong trinh
NGT, 80(P)
P2 oP

+ GSmTf

+ T +tys =0

Y ()
—aNG 20(P
Bo T Gsm—ps H1+5=0 (14)

Goi P, 14 nghiém clia phuong trinh (14), tly theo so do két néi clia hé théng, ching ta sé
c6 duoc s6 bo xr 1y t6i wu can thiét.

3.4. Mot s6 so db két néi
a. So’ db két néi vong (ring topology)

Ham diic trung cho so do két ndi vanh khung 14 #(P) = P, khi d6 phuong trinh (14)
duoc viét lai

aNG
Suy ra
aNG
Popi = (16)

Gspym+14+ 03
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Néu 14y s, = 1, G rat 16m so véi B thi Py =~ vVaN.
b. So d6 két ndi vong lwéi (torus topology)
Ham dic trung cho so do két ndi vong ludi 1a (P) = 4P, khi d6 (14) dugc viét lai

NG
—O‘T+4Gsm+1+5:0 (17)
Tir day suy ra s6 bo xtr 1y t6i wu 1a
aNG
Pi=y|——m— 18
Pt AGsm +1+ B (18)
vaN

Néu chon s, = 1, G 1at 16n so véi B, tir (18) ta cb thé suy ra P, ~ . So véi so do

2
két noi vong, s6 bo xtr 1y doi hdi chi con mot nira.
c. So’ d6 két ndi siéu cau phuwong (hypercube topology)
Ham dic trung cho so do két ndi siéu cau phwong 1 6(P) = Plog, P, khi dé phuong
trinh (14) duwoc viét lai nhu sau
aNG 1
—?JFGSm(lOgQPWLE)JrlJrB—O (19)

Gidi phwong trinh trén bang phwong phap xap xi, hodc cidc phan meém tinh toin khéic cé
thé tim dwoc nghiem P, t6i wu.

4. KET QUA THUC NGHIEM

Két qua tinh toén thuc nghiém duwgc thure hién trén hé théng SC gom 128 bo xtr 1y loai
Pentium 4, 1.7 GHz, bo chuyén mach Cisco 5500 toc do 100 Mbps. Hé diéu hanh st dung
13 Linux phién bdn Red Hat 7.1, phan mém qudn tri va diéu phdi hé thdng song song 14
PVM 3.4.4.

Maéi tac vu ctia hé thdng PVM 4nh xa vao mot bo xtr 1y. Kich thuwédc quan thé ban dau
14 10000. S6 thé he cyre dai 14 3000. Kich thudce di tri 1a 1. Céc s6 liéu ve ham luong gié
va thoi gian thue thi dwoc 14y trung binh sau 5 lan chay chwong trinh.

Bdng 1. Thoi gian thuc thi bai todn cong

S6 bo xtr Iy 1 2 4 8 16 32 64 128
RING Thoi gian 1h30°8” | 46°17°° | 23°37°” | 11°34™ | 5’50 | 3’4 | 1’35 | 56
Gia tri Fitness 63.8 63.5 64.1 65.2 65.4 65.3 65.8 64.9

TORUS Thoi gian 1h30°8” | 46’15 | 24°34°° | 12°32” | 621> | 3°26° | 2’17 | 3’17

Gia tri Fitness 63.8 64.2 64.3 65.3 64.8 65.7 65.7 64.6
CUBE Thoi gian 1h30°8” | 46’18’ 24° 12°12> | 6’45 | 4’34 | 3’57 | 12°5”
Gia tri Fitness 63.8 64.6 64.5 64.8 65.3 65.6 65.8 65.2

Tiép theo, ta di khdo sit 3 bai todn co ban trong thiét ké mach t6 hop: Bai todn cong
hai 6 nhi phan 2 bit (Add2), bai todn nhan hai s6 nhi phan 2 bit (Mult2) va bai toin kiém
tra chan - 1& 6 bit (Par6) dimg hé théng néu trén véi cc bo xir 1§ ndi véi nhau theo cic so
do két ndi vanh khung, vong ludi va sieu ciu phuong.
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4.1. XAac dinh cac tham s6 T, Ty va tys

bé xac dinh gid tri Ty, 14 thoi gian tinh todn do thich nghi (ddnh gid) clia mot c4 the,
thoi gian thue hién phép lai, dot bién roi sao chép cé the db vao quan thé. Chung ta st
dung thuat gidi tuan tw dé wéc lwong véi s6 ca thé N trong mot quan thé va sd thé hé G
trong qué trinh tién héa, gi4 tri nay dwoc dung dé tinh toan khi st dung thuat gidi song
song. Dé c6 dugce cic tham s6 Ty va tyrs, phirong phap ping-pong dwoc str dung dé do thoi

gian ([9]).

4.2. Bai toan cOng

Bang 1 cho biét thoi gian thue thi chwong trinh do dwoc khi gidi bai todn cong véi céc
so do két ndi khic nhau 14 vanh khung, vong lwéi va siéu cau phwong. D6 thi bieu dién

thoi gian thue thi theo s6 bo xtr 1y va do tang toc cho & hinh 3, 4.
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Hinh 3. D6 thi thoi gian thuc thi bai todn cong
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processor
Hinh 4. Do tang toc bai todn cong

4.3. Bai toan nhan

Béng 2 cho biét thdi gian thuce thi chwong trinh do duoc khi gidi bai todn nhan véi cac
so do két néi khac nhau 14 vong, vong ludi va siéu cau phirong. Céc hinh 5, 6 14 do thi biéu
dién thoi gian thue thi, do tang toc theo s bo xtt 1y rng véi céc loai so do két néi nay.

—e— Ring
—m— Torus
—&— Cube

—— Ring
—=— Torus
—— Cube
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Bdng 2. Thoi gian thuce thi bai todn nhan

S6 bo xur Iy 1 2 4 8 16 32 64 128
RING Thoi gian 1h30°9” | 46°28” | 22°40” | 11°56” | 5’40” | 2°56” | 1°39” | 56”
Gid tri Fitness | 79.2 79.5 80.4 80.6 81.5 | 81.7 | 813 | 817
TORUS | Thoi gian 1h30°9” | 46°28” | 23°15” | 12°40” | 5°53” | 3°28” | 2°41” | 3°30”
Gid tri Fitness | 79.2 80.1 81.8 80.9 81.8 | 81.3 | 817 | 817
CUBE Thoi gian 1h30°9” | 46°28” | 22°52” | 12°5” | 6’157 | 4°26” | 3°59” | 7°35”
Gid tri Fitness | 79.2 80.6 81.8 81.4 81.6 | 81.5 | 81.7 | 81.6
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Hinh 6. Do tang téc bai todn nhan

4.4. Bai toan ki€m tra ch8n - 1&

Béng 3 14 két qua do dwoc khi thure thi bai todn kiém tra chan - 1& 6 bit véi cac so do
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két néi khac nhau 1a vong, vong ludi va siéu cau phwrong. Hinh 7, 8 14 do thi biéu dién thei
gian thuc thi va do ting téc theo s6 bo xir 1y cia thuat gidi song song.

Bdng 3. Thoi gian thuc thi bai todn chan-1&

So bo xir Iy 1 2 4 8 16 32 64 128
RING Thoi gian | 4h4°20°° | 2h6°36”° | 1h3°58°" | 32’46 | 16’25 | 8°27° | 4°25” | 2°25”
Gid tri Fitness | 94.3 95 95 95 95 95 95 95
TORUS | Thoigian |4h4°20°° | 2h6°34°° | 1h4°23” | 32°30>° | 16°57°" | 8°39°” | 5°10>* | 5’38
Gia tri Fitness | 94.3 95 95 95 95 95 95 95
CUBE Thoi gian | 4h4°20°” | 2h6°37”° | 1h4’5” | 31°47° | 17’8 | 9’8 | 5739 | 13°19”
Gid tri Fitness |  94.3 95 95 95 95 95 95 95
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5. KET LUAN

Add2: Iich thuoc di tru=1, MN=10000, G=3000
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0 50 100 150 200 250 300 350 400 450 500
processor
Hinh 9. Do thi do ting tdc 1y thuyét
Bdng 4. Hiéu suat (Efficiency) bai todn cong
S8 b xt Iy 2 4 8 16 32 | 64 | 128
RING 0.975 | 0.955 | 0.973 | 0.965 | 0.906 | 0.889 | 0.754
TURUS 0.975 | 0.917 | 0.898 | 0.886 0.82 0.616 | 0.214
CUBE 0.975 | 0.940 | 0.923 | 0.834 | 0.616 | 0.343 | 0.058
Bdng 5. Hiéu suit bai todn nhan
S6 bo xir 1§ 2 4 8 16 32 64 128
RING 0.97 0.995 | 0.945 | 0.994 | 0.960 | 0.852 | 0.754
TURUS 0.97 0.970 | 0.890 | 0.957 | 0.812 | 0.525 | 0.201
CUBE 0.97 0.985 | 0.932 | 0.901 | 0.635 | 0.353 | 0.092
Bdng 6. Hiéu suit bai toan chan - 1&
S6 bo xir 1y 2 4 8 16 32 64 128
RING 0.965 | 0.955 | 0.932 | 0.935 | 0.903 | 0.864 | 0.789
TURUS 0.965 | 0.947 | 0.940 | 0.901 | 0.882 | 0.738 | 0.338
CUBE 0.965 | 0.955 | 0.961 | 0.891 | 0.835 | 0.675 | 0.143

Hinh 9 so sdnh két qua thuc nghiém véi két qua 1y thuyét trén co s& biéu thirc (12)
biéu dién gia tri do ting toc clia thuat gidi song song. Qua hinh vé, do ting tdc trong
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truong hop vanh khung khé khép véi duong cong thue nghiém trong doan [1, 128]. Con
v&i vong ludi va sieu cau phuong, két qua thue nghiem thap hon so véi 1y thuyét va cdc
diéem cuc dai dat duoc ciing sém hon. Bén canh dé, ching ta cé thé tinh todn dé tim ra
hiéu sudt ctia thuat gidi song song clia ba bai todn véi ba so do két ndi khac nhau (bang 4,
5, 6) dé tir d6 chon lyra so do két ndi phit hop.
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