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TO!I UU PA MUC TIEU TRONG VIEC LAP LICH
CHO HE THONG TiNH TOAN LUOI

TRINH THI THUY GIANG!, LE TRONG VINH!, HOANG CHf THANH!,
NGUYEN THANH THUY?

YDai hoc Khoa hoc Tw nhién, Pai hoc Qudc gia Ha Noi
2Dai hoc Bdch khoa Ha Ngi

Abstract. In this paper, we study the problem of scheduling in grid computing system and propose a
genetic algorithm for it. We propose a new fitness function which considers simultaneously two critical
factors in the probem of scheduling, that are: makespan factor and flowtime factor. In addition, the
new fitness function considers not only the load of systems and jobs but also the cost of data transfer
for scheduling. Experimental resutls show that our algorithm can archive a scheduling method that

is better than the simulated annealing-based algorithm do.

Tém tAt. Trong bai bdo nay chiing téi nghién citu bai todn 1ap lich trong cdc hé théng tinh toin
luéi va dua ra mot thuat todn di truyén dé gidi quyét né. Chiing t6i dwra ra mét ham do do thich
nghi (fitness function) méi, nham dong thoi t6i wru héa hai yéu t6 co ban clia bai toan 1ap lich trong
luéi tinh toan, dé 1a: khodng thoi gian dé hoan thanh toan bé céc cong viéc (makespan) va tong thoi
gian thuc hién clia cdc cong viéc (flowtime). Hon nita, ngoai viéc quan tam dén tai trong tinh todn
cla céc tai nguyen va cong viéc, bai bdo nay cling quan tam dén gid cla viéc stt dung céc tai nguyeén
va gid cla viée truyen dit lieu dén cic tai nguyén. Céc két qua thue nghiém chi ra ring thuat todn
cla chung t6i dé xuat cé phwong 4n 1ap lich t6t hon thuét toan 1ap lich truyén théng dira trén thuat

todn Simulated Annealing.

1. GIOT THIEU

Luéi tinh toan (computational grid) - hay con goi 1a hé thong tinh todn luéi (grid comput-
ing system) - 1a mot tap hop rong 16mn va khong dong nhét clia céc hé théng tur tri (autonomous
systems) phan tan vé dia Iy dugc két néi véi nhau bdi lien mang mdy tinh [1]. Lwdi tinh
toan dwoc st dung dé gidi quyét cic van de phitc tap thuoc nhieu linh vic khac nhau nhu:
t6i wu, moé phong, khadm phé dwoc liéu, sinh hoc,... Trong mot lwéi tinh todn céc hé thong
tu tri phdi chia sé cong viéc (job sharing) véi nhau. Viéc chia sé cdc cong viéc cho cde hé
thong tu tri sao cho tai nguyén hé thong dwoc st dung hiéu qua va céc cong viec thue hién
duge mot cch t61 wu dwoe goi 1a lap lich trong hé thong tinh toan luéi [1]. Bai toan lap lich
la mot trong céc tdc vu khé khian chinh cia hé théng tinh todn lwéi, vi vay né da dwoc rat
nhiéu nha khoa hoc quan tam. Khong giong nhw cdc bai toan lap lich trong hé théng phan
tan truyén thong, trong lwéi tinh todn viéc lap lich phitc tap hon nhiéu do cdc dic trung nhu:
tinh dong cuia hé thong, sw khong dong nhat vé tai nguyeén va cong viec ... can dwoc quan
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tam khi xi ly. Bai todn 1ap lich dugc xem xét trong ca hai trueong hop: tinh (static) va dong
(dynamic). Trong bai bdo nay ching to6i chi xem xét bai todn & dang tinh.

Bai toan lap lich da dwoc chitng minh 1a NP day du [1]. Do vay, viéc stt dung cdc thuat
toan heuristics 1 cich tiép can thuc té (de facto) dé gidi quyét né. Trong nhirng nam qua,
nhiéu téc gia da st dung céc thuat todn heuristics khéc nhau dé gidi quyét bai toan 1ap lich
nhu: Ritchie [2] sit dung thuat todn tim kiém cuc bo (local search), Yarkhan [3] sit dung thuat
toan Simulated Annealing, Abraham [4] sit dung thuat todn Tabu Search, Marino [5] sit dung
thuat todn di truyen (genetic algorithms), Ritchie [6] sit dung thuat todn lai gitta Ant Colony
Optimization va Tabu Search ... Tuy nhién, cdc cdch tiép can nay chi quan tam don 1é dén
mot trong hai yéu to quan trong nhat cia cong viéc lap lich trong mot lwéi tinh todn dé la:
cuc tiéu makespan (khodng thoi gian hoan thanh toan bo cic cong viec) hoac flowtime (tong
thoi gian thue hién cia cdc cong viec). Mit khac, dé don gian trong cdc moé hinh mé phéng
cac tac gid 1a thudmg chi quan tam mot cach twong trung dén cdc tai nguyén cda hé théng -
kha ning tinh todn cda cdc hé thong tw tri - ciing nhw yéu ciu tinh toan cia cic cong viec.
biéu nay dan dén cac thuat todn duwoc trinh bay khé 4p dung trong cidc hé théng tinh todn
lwéi thue té.

Thuat todn di truyén (Genetic Algorithm - GA) [7] ngoai ich loi gidm khong gian tim
kiém, hoi tu ve 1o gidi toan cuc, né con cho phép t6i wu héa da muc tieu (multi-objectives).
Céc tac gid trong [9] da str dung thuat toan di truyen de dong thoi t6i wu hai yéu t6 flowtime
va makespan trong viéc lap lich cho Iwéi tinh todn. Tuy nhién, né van con diém yéu nhw da
néu trén dé la cac van dé vé gid cia tai nguyén va chi phi truyén tai dir liéu chwa duwoc quan
tam dén. Trong bai bdo nay, ching toi cing st dung mé hinh mé phéng va thuat toan di
truyen, tuy nhién gia cia cdc tai nguyén va phi truyén tai dir lieu sé dwoc quan tam. Do vay,
thuat todn dwoc dwa ra cé nhiéu kha nang ting dung trong céc ludi tinh todn thuce hon céc
thuat toan da dwoc trinh bay.

DPéng gép chinh cia bai bdo ¢6 thé tém tat nhu sau:

1) Phét bieu bai toan 1ap lich tong quét trong hé thong ludi tinh todn duéi dang hinh thirc
(m6 hinh todn hoc).

2) Gidi quyét bai toan dwa vao thuat giai di truyén bang viéc dwa ra ham do do thich nghi
(fitness function) méi cho thuat toan di truyen khong chi dé quan tam dong thoi dén cd hai
yéu t& quan trong ciia bai toan 1ap lich trong ludi tinh toan 13 makespan va flowtime ma con
quan tam dén cac yéu t6 phu khdc nhuw 13 gid st dung tai nguyén va truyeén tai dir lieu. Céc
tham s6 trong ham do do thich nghi 1a cidc tham s6 thiét ké nén ddi véi cde tng dung trong
thire t€, chiing ta ¢6 thé tity bién phlt hop véi nhieu trueomg hop khi cde muc tiéu can cé su
uwu tién khéc nhau.

3) Mot nghién citu sau rong bang mé phdng dé so sanh cic phwong an 1ap lich dwa ra bédi
thuat toan di truyen va thuat todn Simulated Annealing truyén théng. Biéu nay dwoc kiem
chirng thong qua cdc mo phdng.

Phan con lai cia bai bao dwoc t6 chite nhuwr sau. Muc 2 danh dé mo hinh hod bai toan lap
lich trong lwéi tinh todn. Muc 3 dwa ra thuat todn lap lich dwa trén thuat toan di truyen cho
lwéi tinh todn. Muc 4 trinh bay céc két qua thue nghiém. Chiing toi dwa ra cdc két luan va
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dé xuat cdc hwéng phét trién trong Muc 5.

2. LAP LICH TRONG CAC HE THONG TiNH TOAN LUOI

Lap lich trong hé théng tinh toan lwéi dwoc biét dén véi nhiéu cdch thite khac nhau do
do phitc tap cia hé thong va tinh phan tdn cia céc trng dung. Tuy nhién, trong bai béo nay,
chiing toi chi quan tam dén bai toan lap lich tinh, trong dé cic ting dung khong phu thuoc
lan nhau. Mac dit vay, nhitng van dé vé trao déi dit liéu, tinh kinh té (gid) cia viéc sir dung
céc tai nguyén ciing s& dwoc quan tam. Ki€u lap lich nay xudt hién trong nhiéu ing dung
thue té. Trong kiéu lap lich nay moéi tng dung ¢6 thé dwoc chia thanh nhieu cong viéc doc
1ap, cdc cong viec nay dwoc giti (riéng ré) dén céc hé théng tw tri trong lwdi dé thuwe hién
va tao ra cac két qua (bo phan), két qua cudi cling la su két hop cia céc két qua bo phan.
Chung t6i ciing chi quan tam dén kich béan, trong dé cic ing dung dwoc giri t6i luédi 1a doc
lap va khong ¢6 wu tién.

bé dé dang cho viéc phét bicu bai toan va khong mat tinh tong quat, ta gid st rang da
biét trude cdc thong tin sau: kha nang tinh todn (cling dwoc biét 1a tai tinh todn) cia moi
tai nguyén (hé thong tw tri) trong lwdi; wée lwong ve tai tinh todn (computational load) cia
moi cong viec, tai tinh toan da sit dung cila moi tai nguyén. Mot moé hinh nhw vay dwoc goi
1 m6 hinh ETC (Expected Time to Compute) [8]. Trong m6 hinh nay, mot ma tran ETC sé
dwoc xay dung, trong A6 moéi phan tit ETC[¢][n] 1 thoi gian mong mudn (expected time) dé
tinh todn coéng viéc ¢ trong tai nguyén m. Gia tri nay cé thé dwoc tinh todn bang cich chia
khé néng tinh toan cia tai nguyén m cho tai tinh todn cia cong viéc . Vi moé hinh ETC,
ching ta c6 thé phat biéu bai toan lap lich trong luéi tinh todn nhw sau. Gid st cé:

1) n cong viec doc 1ap can phai lap lich véi tai tinh todn {J1, Jo, ..., J,} thao tc trén tap dir
lieu kich thuée {Dq, Da, ..., D,;}. Ching ta cling gid sit 14 moi cong viec sé dwoc xir 1y toan
bo trong mot tai nguyén duy nhat.

2) m tai nguyén (cing dwoc goi 1a hé thong tu tri - autonomous system) véi kha néng tinh
toan {My, Ma, ..., M,,,} c6 gid tri kinh té twong tng 1a {v1,v2, ..., v;n} cho moi mot don vi
tai tinh todn va chi phi truyén thong trén mot don vi dir liéu giti dén céc tai nguyén nay 1a
{c1, ¢, .0y e}

3) {11, Ty, ..., T),} 1a thoi gian ma tai nguyén i sé két thic cong viec trude dé (chi ra tai trong
da st dung truée do).

Bai toan dat ra la: Lap lich dé hé théng tinh todn thuwc hién tat ca cac cong viéc sao cho:

1) Flowtime la curre tiéu, nghia la:

T/ = min 1) (1)
Mjye My My, Mm } — J;
2) Makespan cuc ti€u, nghia la:
M
T" = min { max {T) + ﬁ}} (2)

=1 My e My My ., M } Ji
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3) Gi4 st dung tai nguyén cuc tieu, nghia la:

V = min{ Z Ji X vj() }- (3)

jA)e{l.m};ie{l..n}

4) Chi phi truyen tai dir liéu cue tiéu, nghia la:

C = min{ Z D; X ¢ji) }- (4)

j)e{l.m};ie{l.n}
Mot chii ¥ rat quan trong la gid tri cia biéu thitc sau phai dud lén:

n

> Ji

. =1
min . 5
j@e{t.m}y M; (5)

bieu nay chinh 1a ban chat cia viéc can cdc hé thong tinh toan lwdi. Nghia la tong s6
lwgng cong viéc khi thue hién trén mot hé thong bat ky sé mat nhiéu thoi gian (dan dén két
quéd dwa ra khong cé gid tri thue té bdi tinh thoi gian cia nd), vi vay ching ta phai giai quyét
né trén he théng tinh todn lwéi.

Viéc dinh gid cia suw truyeén tai dir lieu & trén cling rat can nhan manh dé 1a: vi trong
tinh todn lwéi, cdc hé théng tur tri thwomg dwoc néi véi nhau bang cdc mang duong truc téc
do cao (nhu leased line), do vay thoi gian truyen tai dir liéu (do tré - latency) ¢ thé béd qua

ma chi cin quan tam dén chi phi dudng truyen.

3. THUAT TOAN DI TRUYEN CHO VIEC LAP LICH

3.1. Gidi thiéu vé thuit toan di truyén

Thuat todn di truyén [7] dwoc xay dung dua trén quy luat tién héa sinh hoc hay phét
trién tw nhién cia mot quan thé séng. Céc ca thé trai qua moét qua trinh phét trién va sinh
san dé tao ra nhirng ca thé méi cho thé hé tiép theo. Trong qud trinh tién héa nhirng c4 thé
xau (theo mot tiéu chuan nao dé hay con goi la do thich nghi véi moi treomg) sé bi dao thai.
Nguwoc lai, nhitng cd thé tot sé dwoce gitr lai. Lién quan dén giai thuat di truyén cé cac khai
niém sau:
- Biéu dién cia cd thé: Dé ap dung duwoc thuat toan di truyén, viec dau tién l1a phai tim dwoc
cach biéu dién cia cic c4 thé sao cho moi cd thé bieu dién mot gidi phap cia bai toan dang
duge quan tam.
- Ddnh gid @6 thich nghi: Do thich nghi 1a kha ning phut hop cia mdi c4 thé (giai phip) doi
v6i moi truomg (bai toan). Viée xay dung do thich nghi cling 1a mot bude quan trong trong
thuat toan di truyén. Pé danh gid dwoc do thich nghi cla cic cd the giai thuat di truyen si
dung mot ham do d6 thich nghi (Fitness Function).
- Lai ghép: La qué trinh tao ra ¢4 thé méi dua trén nhieu cd thé da cé, goi la céc cé the
cha-me. Hai c4 thé con dwoc tao ra bang cich hoan ddi céc gen tir ¢4 thé cha me.
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- Dét bién: La qua trinh tao ra ¢4 thé méi tir mot ca thé ban dau bang cach thay doéi mot s6
gen cua né.

- Chon loc va thay thé: Chon loc va thay thé (cling dwoc biét nhw 14 qud trinh sinh s6i ndy
né - reproduction) la qud trinh chon nhitng c4 thé tir quan thé hién tai dé tao ra thé hé sau
clia né. Trong qué trinh nay dién ra sw dao thai nhitng ca thé xau, chi gitt lai nhitng ca thé
tot. Nhirng cd thé c¢6 do thich nghi 16n hon hoic bang véi do thich nghi tiéu chuan sé dwoc
gitr lai va do thich nghi cia cac cd thé trong quan thé sé hoan thién hon sau nhiéu thé heé.

- Diéu kién dirng: Thuat toan di truyen la mot qué trinh ngau nhién, nén khong thé dam bao
chac chan thuat todn di truyén sé& dirng sau hitu han bwéc. Vi vay, d€ ddm bdo thuat toin
di truyen sé két thic, ngudi dung thuwdmg phai dinh nghia dieu kién dirng cho thuat toan.

3.2, Thuét toan di truyén trong viéc lap lich

Nhuw da trinh bay trong phan giéi thiéu, thuat toan di truyén khong chi gidm khong gian
tim kiém cia bai todn ma con cho phép téi wu da muc tiéu. Phan nay tap trung trinh bay
thuat todn di truyén cho bai todn lap lich trong luédi tinh todn véi bon muc tiéu can toi wu
héa dong thoi nhw da trinh bay & Muc 2.

Bi¢u dién cia cdc cd thé.:

Dbé 4p dung thuat todn di truyén cho bai toan lap lich, tién hanh ma hda céc ¢4 thé nhw
sau: moi ca the la mot vécto, goi 1a schedule, véi kich thude n thanh phan (n 1a s6 céc cong
viéc) véi gid tri 1a cde s6 nguyén trong khodng tir [1,m] (m 1a s6 lwong cdc tai nguyén) sao
cho thanh phan schedule[i] chi ra cong viéc i dwoc giti cho tai nguyén (cé s6 hiéu la gia tri)
schedule[i] thue hién. Vi du, schedule[3] = 5 chi ra rang: cong viéc thit 3 s& dwoc giao cho
tai nguyén (hé thong) s6 5 thuc hién.

Khdi tao quan thé ban daw:

Sinh ra P (P la tham s6 thiét ké) c4 thé ban dau mot cich ngau nhién. Mbi c4 thé dwoc
sinh ngau nhién bang cach sinh ngau nhién » lan cic s6 nguyen trong khoang tir 1 dén m va
lan sinh thit ¢ (i = 1...n) twong tmg véi cac thanh phan schedule[i] cia ca theé. Chd ¥ rang
sau khi sinh ngau nhién can kiém tra tinh hop 1& cia cé thé, nghia la tong tai tinh toan cia
céc cong viéc giao cho mot tai nguyén (hé théng tu tri) nao dé khong dwoc vuot qua kha
ning tinh todn cia tai nguyén do.

Ham do @6 thich nghi (Fitness Functions). Dinh nghia do thich nghi clia mot ca thé k nhw

sau:

1
B T;g”rosz]qugl X Vi +é&1 ka7
trong dé, a, £1,£2 € (0,1) la tham s6 thiét ké dé dieéu chinh, Tlf, T, Vi va C duoc tinh nhu

sau:

Fy (6)

1] =" ETCli][scheduleli]], (7)
i=1

T = max (T; + ETCi][scheduleli]], (8)
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Vie = Z Ji X Vscheduleli] » (9)
i=1

Cr = ZDi X Cocheduleli] - (10)
i=1

Phép todn lai ghép: St dung phép toan lai ghép mot diem. Sinh ngau nhién mot s6 nguyén
k trong khoang tir [2,7 — 1], k dwoc goi 1 diém lai ghép vi chia moi c4 thé duwoc chon dé lai
ghép (goi 1a cha me) thanh hai phan. Hai c4 thé con dwoc sinh ra bang cach hoan doi phan
thit hai (tinh tir di€m lai ghép) cia cic cd thé cha me. Chi y rang cdc cd thé con sinh ra
ciing phai kiém tra tinh hop lé cia ching giong nhu trong qué trinh khéi tao ngau nhién.
Qua trinh lai ghép dwoc thure hién véi moi cap cé thé cia cic cé thé véi mot sdc xuat lai
ghép 13 p. (p. 1a tham s6 thiét ké).
Phép todn dot bién: Sinh ngau nhién mot s6 nguyen k trong khodng tir [1,n|, k& duoc goi la
diém dot bién. Sinh ngau nhién mot s6 nguyén j thay thé cho phan tit schedulelk]. C4 thé
con dwoc sinh ra cling phai kiém tra tinh hop 1& cia ching giéng nhw trong qud trinh khéi
tao ngau nhién.
Qua trinh dot bién dwgc thue hién véi moi cd theé véi mot sac xudt dot bién 13 pu, (pm 1a
tham s6 thiét ké).
Chon loc cdc cd thé cho thé hé ti€p: P c4 thé c6 do thich nghi cao nhat trong céc cd thé cia
thé hé trude, cac ca thé dwoc sinh ra bdi qua trinh lai ghép va dot bién sé dwoce Iva chon cho
thé hé ké tidp.
Diéu kién dirng: Thuat toan sé dirng sau G thé hé (G 14 tham s6 thiét ké) hodc gid tri trung
binh vé d6 thich nghi cia céc ¢4 thé khong thay doi.
Tém lai, thuat todn di truyeén cho viéc lap lich dwoc viét nhuw sau:
Bt dau
a. t =0
b. Khéi tao quan thé ban dau P(t);
c. Tinh dé thich nghi cho cic c4 thé thuoc P(t);
d. Trong khi (diéu kién dirng chwa thod man) lip
Lt=t 1
ii. Lwa chon P(%) tix P(t — 1);
iii. Lai ghép trén P(t) dé nhan dwoc Q(%);
iv. Dot bién trén P(t) dé nhan duwoc R(t);
v. Chon loc tir P(t — 1) UQ(t) U R(t) dé nhan dwoc P(1);
e. Hét lap;
Két thuc;

3.3. D6 phirc tap cda thuét toan

Céc tham s6 cda thuat toan GA dwoc an dinh truéce khi chay, vi vay do phic tap cia
thuat toan c¢6 thé tinh nhw sau.
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- Qu4 trinh khdi tao quan thé ban dau 1a: P.O(n)

- Tinh todn cic flowtime va makespan cho moéi ca the: O(n.m) + O(Plog P)

- Qué trinh lai ghép: P.(P —1).0(n) = P2.0(n).

- Qué trinh dot bién: P.O(n).

- Qua trinh chon loc: O(Plog P) (vi chi cin sap xép)

Do vay do phitc tap sé 1a: P.O(n) +G(P.(O(n.m)+O(Plog P))+ P2.(O(n.m)+ Plog P+
O(n)) + P.O(n) + O(Plog P)) = G.P2.0(n.m)).

4. CAC KET QUA THU NGHIEM

Céc két qua thir nghiém trinh bay & day 14 két qua trung binh cia 20 Ian chay thir nghiém
doc lap. Chwong tinh mé phéng dwoc thuc hién bang ngon ngit CT 1 chay trén mdy tinh don
¢6 bo vi xr 1y Intel PenlV 2.7 Ghz, RAM 1Gb.

Kich ban moé phdng

Gia st 86 cong viec 1a n = 200 va s6 céc tai nguyén cua lwéi tinh todn m = 15. Ching toi
cho sinh ngau nhién tai tinh toan cho moi cong viéc trong khoang tir [50, 200] va kich thwéc
dir liéu trong khodng tir [10, 30]. Kha niang tinh todn cia céc tai nguyén cing dwoc sinh ngau
nhién trong khodng [1000, 2000] v&i chi phi tinh cho viéc sit dung moi don vi tai nguyén trong
khodng [1, 10] va chi phi truyen dir liéu trong khodng tir [1, 5]. Sinh ngau nhién tai tinh toin
dang sir dung clia moi tai nguyén trong khodng tir [500, 1200]. Dt liéu nay dwoc gitt nguyén
cho tat cd cdc mo phdng trong bai.
Céac tham s6 cda thuit toan di truyén

Trong cac thi nghiém cia chiing t6i, cdc tham s6 p. va pm dwoc thiét lap theo khuyeén
céo chung cia thuat toan di truyén dé la p. = 0,02 va p,, = 0,6 [7]. Ching to6i chon P = 50
(kich thuéc cia quan thé) va G' = 50 (36 thé he t6i da trong qua trinh tién hod) theo céc tic

gia trong [9].
Xac dinh tham s6 cda ham do dd thich nghi

Nhw da biét, makespan va flowtime 1a hai yéu t6 quan trong cia bai toan lap lich, tuy
nhién cdc nghién ctru truée day [2 — 6] déu chi ra rang makespan 1 quan trong hon flowtime.
Vi vay, chiing toi chi chon « trong khodng (0, 1) (do trong s6 ciia makespan trong cong thirc
(6) 1a 1). Hon nira trong thi nghiém ching t6i muén wu tién cdc tham s6 makespan va
flowtime do vay gid tinh todn trén tai nguyén va chi phi truyén tai dir lieu dwoc xem nhuwr
cac tham s6 phu, cho nén ching t6i chon g1 = £ = 0, 02 va gitr nguyén trong moi mo phdng.

Véi gia tri cla o thay doi, két qua mé phdng dwoc dwa ra trong Bang 1.

Bdng 1. Hiéu qua cia thuat toan khi gid tri a thay doi

o 0,2 0,3 0,4 0,5 0,6
makespan | 72,4 | 72,41 | 74,5 | 75,10 | 75,02
flowtime | 67723 | 67726 | 67730 | 67869 | 67932

Dua vao két qua thue nghiém, c¢é thé thay rang véi a < 0,4 thuat toan dat dwoc hiéu
qua t6t va 6n dinh. Do vay trong cac thi nghiém so sanh véi céc thuat toan khéac ching toi
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chon o = 0, 3.
So sanh hiéu qua cda thuit toan di truyén véi thuit toan khac

Céc tic gia trong [3] chi ra rang, thuat todn Simulated Annealing dat dwoc hiéu qua cao
hon cdc thuat toan Heuristics khdc (khi chi quan tam dén gid tri cia makespan). Do vay
trong thir nghiém nay, chiing t6i chi so sdnh thuat toan dwoc dé xuat véi thuat todn Simulated

Annealing dwgc moé ta trong [3]. Két qua so sach dugce chi ra trong Bang 2.

Bdng 2. So sanh hiéu qua cia cdc thuat toan

Simulated Annealing | Genetic Algorithm
Makespan | 74,23 72,41
Flowtime | 68154 67726

Két qua so sanh trong Bang 2 chi ra rang thuat toan duwoc nghién ciru trong bai dwa ra
phwong 4n lap lich tot hon thuat toan lap lich dwa trén simulated annealing. Gid tri cia

Makespan khéng khéc nhau nhiéu, tuy nhién sy khéc nhau cia Flowtime la rat dang ke.
5. KET LUAN VA PE XUAT

Trong bai bdo nay, ching to6i da trinh bay thuat todn di truyén cho bai toan lap lich trong
hé thong tinh toan lwéi. Bang viec duwa ra mot ham do do thich nghi méi, dong thoi quan
tam dén ca cdc yéu t6 quan trong: khoang thoi gian hoan thanh tat cdc cong viéc, tong thoi
gian thuwe hién cla cic cong viee, gid sit dung tai nguyeén va truyén tai dir liéu, thuat toan
duge dé xuat da dwa ra cdc phuong an lap lich t6t hon thuat toan dwge mo ta trong [3].
biéu nay da dwoc kiém chitng bang cic thit nghiém. Tuy vay, bai bdo nay ciing chwa quan
tam dén viéc phéat biéu hinh thitc cho cdc tham s6 st dung trong ham do d6 thich nghi méi.

bay 1a phan viéc sé duwoc nghién citu tiép tuc trong twong lai.
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