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pHAN urp vA. TRANH XUNG DQT TRONG BA.I ToAN
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LI;\P KE H0I;\CH V(rI THONG TIN KHONG DAY DU

NGUYEN Quae ANH, PH~ HONG H~NH, HO SY LQ1

Abstract. This paper describes a new algorithm for planing with incomplete information and conflicts. The
given planing problem has two optimazation criteria: maximize the utility and minimize the conflicts of the
plan. In order to achieve the first optimization goal by utility with incomplete data we build a clustering
algorithm based on a fuzzy comparison method for intervals. To minimize the.conflicts while keeping a light
utility, we apply genetic algorithm. The experiments show that a good balance is achieved by using a dual
algorithm with a flexible order of maximizing utility and minimizing conflicts.

1. GI61 THI¥U

Bai toan l~p ke hoach 111. bai toan kinh di~n diro'c S\!' quan tam d~c bi~t b&i cac ling dung rgng
rai cua no. Trong moi trirong ba:t dinh, bai toan l~p ke hoach cho so lo n cac heat dgng yeu diu phai
xu: If t5i U'U vo i thOng tin khOng d'ay du, tr anh xung dgt giira cac heat dgng, dtng tho'i phai giai
quyet va:n de bung n5 t5 ho'p. Day la muc tieu ra:t kho thuc hien,

Bai nay dira ra each giai quyet bai toan l~p ke hoach cac heat di;mg khong ro ket qua. V&i
nhirng tham s5 d'au vao d~c trtrng cho m6i hoat d9ng 111. t~p gia tri mer, t~p cac hoat di?ng xung d9t,
chung toi sU' dung thu~t toan kep M tim nghiern t5i U'U, dtng thoi tranh xung d9t nh~m dern lai di?
thuan lo'i cao nha:t cho ke hoach.

Cac ke't qui thirc nghiern thu diro'c cho tha:y tho'i gian thirc hi~n cu a phirong ph ap ttro'ng d5i
ngh va cha:t hrong cii a ke hoach kha tot.

2. BAI ToAN L~P KE HO~eH eHO cAe HO~T DQNG KHONG RO KET QuA

2.1. P'hat bi~u ba! toan

Tjr mi?t t~p cac heat di?ng ma m6i heat di?ng d~c trtrng b&i bOn yeu to:
+ Di? U1l tien ve tho'i gian xay ra.
+ Dg Ich lei rieng ciia tirng hoat dgng.

(Di? ich lqi rieng cua mi?t heat di?ng la chi 55 ich lo'i no mang cho toan b9 ke hoach, chira
tinh den cac yeu t5 xung <let va yeu t5 thai gian].

+ T~p ten cac hoat dgng se xay ra xung di?t neu xep canh no.
(Xung d9t la mi?t hi~n tiro'ng lam giarn cha:t hro'ng cua ke hoach, xay r a khi hai ho~c nhieu
hoat d9ng nao do xep canh nhau. Vi du: hai Ioai thudc u5ng lien nhau co th~ gay h~u qua
xa:u) .

+ Tho'i gian M thirc hi~n heat di?ng do.

Thiet l~p ke hoach t5i U'U M thtrc hi~¥ tien trinh lie~ tiep cua t~p heat di?ng tren.

2.2. Dang toan h9C

Cho t~p heat dgng M = {ml' m2, ... ,mn} vci

mi: {Ui,[ai,bi],Xm"D.td (i = 1, ... ,n).

Trong do: .
- Ui: d9 'ich lei rieng cii a heat di?ng i,
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- [a;, b;]: khoang thai gian tru tien tien hanh heat di?ng i,
X {I K ;} tA , L dA dAt ,. ; M- mi = mk1, , mki : ~p ea~ .hoat 9ng xung 9 VO'I m;,.mki E ,

- /:::;.t;: khoang th'ai gian dg tien hanh heat di?ng.

Tir t~p M thiet l~p ke hoach dg thirc hien tien trinh g(3mcac heat di?ng ke tiep.

T5ng di? Ich loi ctla ke hoach tinh theo:
n

U* = L (U; + A(a;, i; 'Ii) - B(i)).
;=1

Trong do:

- U*: t5ng di? Ich lei cua ke hoach,

A(a;, b;, 'Ii): di? Ich loi them (di?ng) cila heat di?ng m; voi thai digm bitt dau.'Ii,
U;: de?fch lo'i rieng (tinh) ciia heat dqng ~,

T, = t /:::;.tk, voi cac /:::;.tk, k = 1, ... , p la cac khoang thai gian tien hanh cac heat di?ng xay ra
k=l

trtro-c heat dqng mi, trong ke hoach da eho,

B(i) = HdUi + Ui-d + H2(Ui + Ui-d voi

{

HI = a
HI f. a
H2 = a
H2 f. a

neu ~-1 E Xmi

neu mi-l f/: Xmi

neu ~+1 E x.;
neu mi+l f/: Xmi

3. PHl10'NG Htr6'NGGI.AI QUYET M61

Ph an tfch cac phircrng phap duoc dung ph5 bien eho vi~e l~p ke hoach chiing ta nh~n thay cac
phtrerng phap dung phong doan va nh~n dinh nhay M dira ra tien trinh [4, 8]la nhirng each thtrc
e6 di? rui ro 1611 khi bi giai han thai gian heat di?ng [13,15]. Ngoai ra nhirng kigm chtrng sau khi
nhan dinh nhay ho~e phong doan dai khi lam eho qua trmh l~p ke hoach bi eh~m di dang k~. Nhirng
phirong ph ap su-dVng ham danh gia [2,14] thirong khong du manh trong nhirng rndi trircng ton tai
nhieu bat dinh [3,7]. Do d6, trong each gic\i quydt dtroc dira ra, chiing toi tao mi?t thu~t toan kep.
Tuy thudc vi~e danh gia tae hai cua xung di?t v&i toan bi? Ich lqi ciia ke hoach, giai thu~t ph an lap
ho~e giii thu~t chong xung di?t se la giii phap chfnh va ap dung truxrc. Qua do, ap dung danh gia
tru'c tiep va loai cac nhanh xau ngay tii' dau, gop phan giam thai gian tfnh toan M thoa man rang
buoc ve thai gian.

Chung toi xay dung giai thu~t phan lap du a tren ly thuydt danh gia.cac khoang mo [5,6, 10, 11, 12]
dg tao ra cac phan lap tru tien va ap dung thu~t toan Gen M tranh xung dqt. Nho' vi~e ket hop
mem deo hai giii thu~t nay theo phiro'ng phap trmh bay trong [16] so nhanh tfnh toan tlnrc te da
giarn bat, va do v~y giarn thai gian tinh toan mi?t each dang k~. Phuong phap da neu va tit;n trinh
cua bai toan da eho dtroc mf tel.qua so' do hinh 1.

Nhir v~y phtro'ng an l~p ke hoach ma cluing tai de nghi co th~ ehia thanh 3 giai doan nlur sau:
1. Danh gia xung dqt.
2. PHn lap.
3. Tranh xung di?t.

4, DANH GIA XUNG DQT

'I'ao ham danh gia rmrc xung de?t nhir sau:

Tinh trung bmh ei?ng so cac heat d<;mgxung di?t tai m5i heat di?ng
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DG<W

Tranh xung ~t

Tranh xungd(H

~IIPhio lOp>

Hinh 1. SO' d~ cac biroc cua giii thu~t

1 n
DC = ~ LFN(Xm.),

i=l

Ke't
•qua

mn

trong d6: F N(Xm;) = [XmJ 111.so phan ttl.-cila t~p Xm;, n 111.so phlin ttl.-cua t~p cac hoat de;.ng.

Xet hai trtrong hop:

1) 1 n

DC = - LFN(Xm;) ~ w.
n i=;l

2)

Ap dung giii thu~t chong xung de;.t trutrc, sau d6 ap dung phan lap.

1 n
DC = - LFN(Xm.) < w.

n
i=l

Ap dung phan lap truce, sau d6 ap dung giii thu~t chong xung de;.t.
V6'i w la ngufrng danh gia dircc cho triroc va c6 thg diroc thay d5i tjry theo tirng bai roan q

thg.
Ngufmg danh gill. thuong diroc stl.-dung la: ~ 0,75 u-ng v6'i m~t de;.xung de;.t 16'n, < 0,75 tmg v6'i

m~t de;.xung de;.t khc3ng Ian.
Ta e6 thg khlti d9ng w voi gia tr] 0,75, danhgia va so sanh cac ket qui U* M tim m9t ngufrng

danh gia tot ho'n cho tirng bai toano

5. PHAN LO'P

1. Khai ni~m

D1].'avao t~p heat de;.ng M = {m1' m2, ... ,mm}:

mi : {Ui, [ai, bi], Xm;, fl.ti} (i=l, ... ,n).
I .

'Lay doan bat ky [a*, b*] 111.me;.t trong cac khoang [ai,'bi] (i = 1, ... ,n).
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Tfnh C(i) theo [a., b.] va. [a*, b*], trong d6 C(i) la ham so sanh 2 khoang [a., b.] va. [a*, b*] su'
dung each danh gia mo- ma se diroc giAi thfch 0- ph~n sau.

Nhir v~y ta c6 t~p cac gia tri so sanh C = {C(l), C(2), ... ,C(n)}.
Thirc hi~n phan lap theo biroc d.t a:

ex. <x. ex.

r 'F IF ~Ir ,
C(s) I C(3) eei.) I C(k) c(..) I C(·) I C(.. ) ... ... I ce..) I

a day: a = z C(n) - C(l) , z = {I, 2, 3 ... } 130 h~ 55 chon truce. 85 hro'ng cac l&p phu thu9C vao
n.-so a.

Ta c6 each d.t lap nhir sau:

Lk = {C(k)} : max C(k) - min C(k) ~ a (i = 1, .. , ,n) vai Lk la. me?t lap.

2. CO' sO-d~ phan 16'p

Cac lap dircc d.t ra du a tren cac gia tri so sanh, CO' sO-M tinh cac giatri nay la phuo'ng phap
so sanh mo trong [9,10,12].

'.Ap dung pluro'ng ph ap so sanh me [9,12].
Ham so sanh [a., b.] v&i [a*, b*] dtroc tinh nhu sau

C(i) = 2 [a* - bi]
[b.* + b.i]

£)0 thi thg hi~n do bign thien cii a de?so sanh theo plurong phap mo phu thuoc vao vj trf turmg.
d5i cua [ai, bi] vai [a*,~b*] duoc bigu di~n trong hlnh 2.

C(i)

ai'

Hinh 2. £)0 thi C(i)
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Vo'i do thi tren ta nhan thay:

- Khi (a* + b*) = a; + b; thi C(i) = 1.

- Khi c" = b, thi C(i) = o.
- C(i) bien thien tit -00 den +00.

6. TRA.NH XUNG DQT

Bai toan l~p ke hoach da neu d~c tnrng ben hai dih kien toi U'U hoa khOng phu thuoc l~n nhau
la dat d9 ich 10. IOn nhat va xung d9t nho nhfit.

Trong phan ph an lap, phuong ph ap me da diro'c dung chi di danh gia va hra chon cac heat
d9ng theo thai gian, van de giai quyet xung d9t giii:a cac heat d9ng tien hanh ke tiep nhau chira
dtro'c d~t ra. Do v~y, trong qua trlnh han che cac xung d9t, chung ta khOng nen lam thay d6i qua
nhieu trlnh ttr thirc hien cac hoat dfmg da diro'c chi ra sau biro'c phan lap, nghia la phai dat diro'c
su' can b~ng giii'a tien trinh heat d9ng tot va so kha nang xung d9t thap.

Di dat duxrc sir can bhg nay, ta thiet l~p m9t ham danh gia nhu sau:
G; = all; - bVr,

trong do U la so do d9 thuan 10. cua phirong an P; da cho va Vr la so xung d9t trong Pro NhU' v~y
G Ia ham danh gia chung va muc tieu la sltp xep cac hoat d~mg e M G gan den Gmax. D~ dat diroc
m1,lcdfch nay, chung ta xay dung met thu~t toan bien thi tit thu~t toan di truy'en (thu~t toan Cen
- Genetic Argolrithm) [1,7].

Thu~t toan Cen di truyen dua theo cac d~c tinh di truyen cua tv' nhien la sV·ke th ira va tinh
tien hoa (theo ly thuyet cua Darwinna) cii a cac ca thi M ton tai va ph at tri~n. 8li· dung thu~t toan
Cen cho phep tirn kiem nhirng kha n ang ttro'ng doi tot trong khOng gian tlm kiem v61 chi chi thai
gian khOng cao rn a tranh diro'c toi U"UC1,lCb9.

Dau vao cua btro'c tranh xung d9t la m9t thfr tV' cac heat d9ng se diro'c thu'c hien ([hd[l], dh[Z], ...
hd[n]). Nhtr v~y neu coi mc3i phirong an l~p ke hoach la m9t Cen thi chung se la day thtr tV' cua n
bit (6- day ta hi~u khai niern bit la m9t don V! co' ban mang thong tin) irng v61 thu' t1).·thirc hien cac
heat d9ng. Chung ta nh~n thay Ia cac gia tri co thi cua mc3i bit la so tv' nhien tit 1 den n va trong
m~i ca thi khOng ton tai hai bit nao mang cling m9t gia trio M9t Cen goi la khong xung d9t neu cac
bit bi~u di~n cac heat d9ng khong xung d9t vai nhau. Vi du trong trtro'ng hop n = 5 ta co thi co
Cen: Z 45 1 3 tiro'ng img' voi phiro'ng an {Z, 4,5,1, 3}.

Ap dung phuong ph ap thu~t toan Cen da neu ta co sa do giiii thu~t bien thi nhu sau:

Bu o:c 1. Tao l~p t~p cac nghiern [quan th~).

6" biro'c nay t ir nghiern ban dau ta tao ra m9t quan thi gom pop.size ca thi [phiro'ng an) ban
dau [trirong hop don gian nhat la cac ca th~ tao ra giong ca thi ttrong irng vci nghiem ban dau).

Beoc 2. Lira chon cac ca th~ tot theo tieu chu~n Gi.

Ta tlm nhirng ca th~ dap frng m9t tieu chu[n da chi ra, t~p hop vao quan th~. Nhii:ng ca th~
kh ac se bi dao thai. Co th~ chon theo phircng an ca th~ i dtro'c chon neu G, > G trung binh dong
thoi tim Gmax bhg each IU"Utrii: gia tri G Ian nhat tai thai diim do.

Buurc 8. Lai ghep.
Ta se tien hanh tlm nhirng c~p ca th~ cho lai ghep voi nhau tao ra c~p ca th~ m61 thay the cho

c~p ca th~ cu. Qua trinh lai ghep du cc tlnrc hi~n tai nhirng bit theo phiro'ng phap khong lam thay
d5i qua nhieu V! tri cac bit.

Chon tit Z ca th~ dern lai t ao nhirng dean bit cua chung. Do la nh irng dean bit lien tuc khOng
chira xung d9t 6- trong. Cac dean diro'c ghep noi neu cac bit 6- phan ghep noi khong xung d9t voi
nhau. Trinh tv' thirc hien nhir sau: Gii srr bit dang xet la bit thfr k cu a ca th~ dtro'c ph an tich (k
ban dau = 1).
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(i) Neu k = 1 ho~c bit k - 1 khOng thudc day bit co dinh (day bit khOng can phai thay d5i VI
khOng chira xung di?t) ho~c bit k khc3ng xung di?t v&i bit k - 1 thl chon k VaG day cac bit
co dinh.

(ii) Neu bit k xung di?t v6i. bit k - 1 va bit k - 1 thudc day bit co dinh thl bit k khc3ng thudc
day bit co dinh,

(iii) k = k + 1. Neu k ~ n thl quay lai (i).
S'! lai tao co th€ diroc tien hanh b~ng each tao ra ca th€ (gen) I' qua sac chep cac bit co dinh

cua gen 1, con m5i bit kchtra diroc xac dinh cua gen I' se lay gia tri cii a bit k' cda gen 2.
Tiro'ng tl! ta cling tao diro'c ca th€ 2'. V6i. k' la vi trf cua bit dau tien g~p trong gen 2 ma khc3ng

co trong gen 1.
Thay the gen 1 bhg gen I' va gen 2 bhg gen 2'.

Bv:6-c 4. Di?t bien.
Day la qua trlnh ta stt- dung phuong phap gay di?t bien nHm t ao ra nhfir -, ca th~ c6 cau tao

va tinh chat m&i khac bi~t voi ca. th€ khac.

Ta c6 th~ stt- dung phirong phap gay di?t bien sau:
Xac dinh milt h~ so di?t bien db (0 ~ db ~ 100). Dung m9t ham ngh nhien F(x) co mo tel. sau

F(x) = 1 v6i. kha nang x%
F(x) = 0 v6i. khi nang (100 - x)%

Chi nhirng bit co F(db) = 1 mrri tham gia d9t bien. Xa.c dinh tiep m9t M so d9t bien Gen
dbg (0 ~ dbg ~ 5) nh~m tlm nhirng c~p Gen c6 F(dbg) = 1 thl d5i gia tri cluing cho nhau.

Bv:6'c 5. Neu so the h~ chira viro't qua ngufrng dirng thl quay lai buxrc 2.

Cac h~ so stt- dung trong thu~t toan nlnr: pop.size, db, dbg, ngv:i1ng the h~ can diro'c xac dinh
qua thirc nghiern.

7. DQ PHUC T~P THU~T ToAN VA MQT s6 KET QuA THI NGH~M

1. D(j phtrc t~p thu~t toan

Di? phtrc tap thu~t toan cua phircng phap nhir sau:

Cong vWc / Truong hop Xau nhat Trung blnh Tot nhat

S~p xep n2 nlog(n) nlog(n)

Phan lap n n n

Tr anh xung di?t n2 n2 n2

Duyet cac lap n! * n n * (n/2)! n

T5ng ci?ng n! * n + 2n2 + n n * (n/2)! + n2 + nlog(n) + n n2 + nlog(n) + 2n

2. M(jt so ket qua thi nghiem

Dirci day lit nhirng dB thi th€ hi~n ket qua thf nghiem.
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Tru:lrng h((p 1: Nglr&ng the h~ = 20, s5 heat d9ng = 60, W = 0,75, DG ..., 0,5

DO THI DO THUAN LOI DO THI THOI GIAN

~:mJ
~ 2'XlJ
:J-5 1CXlJ
oo 0

So hoot dong

00 THI so XUNG DOT

~~i~1~.-..:•..:~...,·.",'.:.,•..,.,.:·.,·.,·::..·.,·.,•.•.!.:.,'.••i.:•.'>••:'.·,•.,l.,•..,N.,C.,·., •. ,i..,C••.••".:..,•.:••'.:'..,•..,•.•..•..,•."•..,·..,•••,.••..,!.,~..,!.,•..,:..,.,,'.,"..,:..,•..,>..,•...,•..,•..,:..,•..,•..,:..,•....,•..,•..,•..,•....,•..,•..,•..,•...,•.• ~ ... ~ ~it.w_~~~M~1
~omro~~~ ~omro~ID~

T"""T"""N("').q-U") T"""T"""N("')-vlf)

--Ran:iom

-f\bv

Sohoatdong Sohoatdoog

Trtdrng h,tp 2: Ngufrng the h~ = 80, s5 hoat d9ng = 60, W = 0,75, DG "" 0,5

DO THI DO THUAN LOI DO THI THOI GIAN

Sohoatdong

DO THI SO XUNG DOT

'040
'03J
Ol§:<D
)( 10
o
VI 0

3J
c.g, :<D
:g 10
~ 0

So hoatdong So hoat dong

8. KET LU~N

Tren day cluing toi da. trinh bay m9t phuong phap moi l~p ke hoach trong rnoi trtrong bat dinh
va chira dung xung d9t. Phuong phap tao 16"pdua vao so sanh mo- diroc ket hop v6i. thu~ttoan
Gen trong m9t giii thu~t kep nh~m dira ra ke hoach co d9 thuan lei cao nhat co th~. Thuc nghiern
da. chtrng t6 phirong phap co th~ tao ke hoach voi d9 toi IrU kha cao va thOi. gian tlrO'Il~ d5i ngh.

Vi~c nghien CUu phat trign ham danh gia rmrc d9 xung d9t nHm t ao S,! ket hop t5t hem nira
giira qua trmh t ao l6"pva qua trmh tranh xung d9t se Ill.huang phat tri~n trong ttro'ng lai cua phiro'ng
phap.

TAl L~U TBAM KBAO

[1] David E. Goldvers, Genetic Algorthims in Search, Optimization and Machine Learning,
Addism-Wesky, 1989.

[2] E. Yarnpratoom, Using Simulation-based to Plan in an Uncertain and Temporally Complex
World, Brown University, Department of Computer Science Technical Report CS-91/41/1994.

[3] J. S. Penberthy, "The Zeno Temporal Planer. Planing with Continuous Change", PhD thesis,
University of Washington, 1993.

[4] Michael P. Wellman and David V. Pynadath, Plan .Recognition under Ucertainty, Air Force
Office of Scientific Research, F49620-95-1-0365/1996.

[5] N. Honda, F. Sugimoto, M. Tanaka, and S. Aida, Decision Suport System Using Fuzzy Reasoning
and Evolution, Articial Intelligence in Economics and Managements, Elsevier Science Publisher
B.V./1986.

[6] Nguy~n Hai Chau, U'ng dung lu~t dieu khi~n mo trong qua trmh quyet dinh dirong di tren
mang, Tq,p chi Tin hoc va Dieu uu« hoc 13 (1997) 21-35.

[7] Nicholas Kushmerisk, Dan Weld, Steve Hanks, Adam Carlson, and Denise Draper, The Buridan
Planer, University of Washington, 1993.



46 NGUYEN Quae ANH, PH~M HONG H~NH, HO SY LQ1

[8] Oren Etzioni, Steve Hanks, Daniel Weld, Denise Fraper, Neal Lesh, and Mike Wiliamson, An
Approach to planing with incomplete information (extended abstact), Department of Computer
Science and Engineering, RS-35 University of Washington, Seatle, WA 98195/April 20, 1992.

[9] Pham Hong Hanh and Simonenko V., Adaptation of algorithms for job-resource assigment in
heterogeneous distributed systems, Proceeding of the 9rd International Conference on Parallel
and Distributed Processing Techniques and Applications (PDPTA '96), Sunnyvale, USA, 9-11
August, 1996, Vol. 2, 825-846.

[10] Pham Hong Hanh, Intelligent scheduler with fuzzy techniques and evolutionary management in ,
heterogeneous computing system, Proceeding of IEEE International Conference on Intelligent
Processing Systems (ICIPS'97), Beijing, China, 28-31 October 1997, Vol. 1 (1997) 122-127.

[11] Pham Hong Hanh, Fuzzy comparisons for interval-valued numbers, Proceeding of 6th Interna-
tional Conference on Fuzzy Theory and Technology (Ft and T'98), North Caroline, USA, 24-28
October 1998, 147-151.

[12] Pham Hong Hanh, Nguyen Quoc Anh, Fuzzy complete continuous comparisons for planing action
with incomplete information in custon management, Proceeding of the Vietnam-Japan Bilateral
Symposium on Fuzzy Systems and Applications, Ha Long, Vietnam, September 1998, 209-218.

113] Thomas L. Dean, Lloy Greenwald, and Leslie Pack Kaelbling, Time-Critical Planing and Schedul-
ing Research at Brown Iniversity, Brown Unversity, Department of Computer Science Technical
Report CS-91/41/1994.

[14] Thomas Wagner and Alan Garvey, Leveraging Uncertainty in Design to Criteria Scheduling,
Computer Science Department University of Massachusets and Computer Science Department
Pacific Lutheran University.

[15] Vfi Ngoc Phan, Cac h~ th5ng tlt d9ng: Bat dinh va. di'eu khign, Top cM Tin hoc va txe« khii'n
hoc 13 (1997) 11-24.

[16] Zbihniew Michalewicz, Genetic Algorithms + Data Structures = Evolutionprogram, Third,
Revised and Extended Edition, Springer, 1996.

Nh4n bai ngay 9 - 6 -1 999
Nh4n lq,i sau khi stfa ngay 10 - 7 - 2000

Khoa Cong ngh{ thong tin,
Tndrng -Dq,i hoc Khoa hoc tlE nhien - DHQG Ha Nqi.


