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PHAN LOP VA TRANH XUNG DOT TRONG BAI TOAN
LAP KE HOACH VOI THONG TIN KHONG DAY DU

NGUYEN QUOC ANH, PHAM HONG HANH, HO SY LOT

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. GIOT THIEU

Bai toan lap ké hoach 1a bai todn kinh di€n dwgc sy quan tdm dic biét bédi cic tng dung rong
rai cda né. Trong mdi trwong bat dinh, bai todn 1ip k& hoach cho s8 16n cic hoat déng yéu ciu phii
xt Iy t8i wu vé&i théng tin khong day dd, tranh xung dot giita cidc hoat dong, dong th&i phii gidi
quyét vin dé bung nd t8 hop. Diy 13 muc tiéu rit khé thuc hién.

Bai nay dwa ra cich gidi quyét bai toan 1ip ké hoach cdc hoat dong khéng ro két quid. Véi
nhitng tham s& diu vao dic trung cho médi hoat dong 13 tip gia tri md, tap cic hoat déng xung dot,
ching t6i st dung thuit todn kép dé€ tim nghiém t8i wu, ddng th&i trdnh xung Aot nhim dem lai dd
thuin loi cao nh&t cho ké hoach. _

Céc két qud thwc nghiém thu dwoc cho thiy thdi gian thuce hién cda phwong phap twong dsi
ngin va chit lrong cda ké hoach khi tét.

2. BAI TOAN LAP K& HOACH CHO CAC HOAT PONG KHONG RO KET QUA

2.1. Phét biéu bai todn

Tir mt tip cic hoat ddng ma mdi hoat ddng dic trung bédi bdn yéu té:

+ D6 wu tién veé thoi gian xdy ra.

+ D6 ich lgi riéng cda tirng hoat déng.
(D5 ich lgi riéng cda mdt hoat ddng 13 chi s8 ich loi né mang cho toan bd ké hoach, chwa
tinh dén cic yéu t6 xung dot va yéu t8 thoi gian).

+ T4ap tén cic hoat dong sé xdy ra xung dot néu xép canh né.
(Xung d6t 13 mdt hién twong 1am gidm chét lwong cda ké hoach, xdy ra khi hai hodc nhiéu
hoat déng nio dé xép canh nhau. Vi du: hai loai thuSc u8ng lién nhau cé thé giy hiu qud
xau).

+ Thoi gian dé thuc hién hoat déng d6.

Thiét 15p ké hoach t8i wu dé thuc hién tién trinh lién ti€p cda tip hoat déng trén.
2.2. Dang toan hoc
Cho tip hoat déng M = {m;,ma,... ,mp} vé6i
m; Z{U{,[a,‘,b,'],Xm'.,At,'} (i=1,... ,n).

Trong dé: .
- U;: d67ch loi riéng cda hoat dong 7,
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- [as, b;]: khodng thi gian wu tién ti€n hanh hoat doéng ¢,
- X, = {my,, K, m}_}: tap c4c hoat dong xung ddt véi m;, mk e M,
- At;: khodng thdi gian d€ tién hanh hoat déng.

Tir tip M thi€t 1ap ké hoach dé thwc hién tién trinh gbm céc hoat ddng ké tiép.
Tdng dd ich loi cia ké hoach tinh theo:

U* =Y (Ui + Afas, bs, T:) — B(3)).
i=1
Trong dé:
- U*: t&ng d6 ich loi cda k& hoach,
- A(a;,b;, T;): 5 ich loi thém (ddng) cda hoat ddng m; véi thod di€m bit diu T},
- U;: db ich loi riéng (tinh) cda hoat ddng m;,

- i Atk véi cac Atk k= 1,...,p 1a cic khodng thdi gian tién hanh cic hoat déng xiy ra
truO'c hoat déng m;, trong k& hoach da cho,
- B(2) = Hy(U; + U;—1) + H2(U; + U;_;) véi
H;y =0 néu mi_; € Xy,
H; #0 néu m;_1 & X,
Hy; =0 néu miy; € X,
Hy #0 néu miy, & Xom;

3. PHUONG HUGONG GIAI QUYET MOT

Phan tich cac phuong phiap dwoc diing phd bién cho viéc 1ip ké hoach chiing ta nhin thiy céc
phuwong phip diing phdng doén va nhin dinh nhay d€ dwa ra ti€n trinh [4,8] 12 nhitng cich thirc
c6 d6 rdi ro 16n khi bi giéi han thoi gian hoat dong [13,15]. Ngoai ra nhing ki€m chirmg sau khi
nhéin dinh nhay hojc phdng dodn ddi khi 1am cho qué trinh 14p ké hoach bi chim di ding ké. Nhirng
phuong phép st dung ham danh gi4 [2,14] thudng khéng dd manh trong nhitng méi trwdmg ton tai
nhi€u bit dinh [3,7]. Do 46, trong cich gidi quyét dwoc dwa ra, ching t6i tao mot thuit toin kép.
Tuy thudc viéc ddnh gid tac hai cia xung ddt véi toan bd ich loi cda ké hoach, gidi thuit phan 16p
hodc gidi thuit chéng xung dot sé 13 gidi phip chinh va 4p dung truwéc. Qua d6, 4p dung dénh gid
truc tiép va loai cic nhdnh x4u ngay tir diu, gép phin gidm thdi gian tinh todn d€ thda min rang
budc vé thoi gian.

Chiing t61 x3y dung gii thuit phin 1ép dwa trén Iy thuyét ddnh gid cdc khodng m& [5 6,10, 11, 12]
dé tao ra cic phin 16p wu tién vi 4p dung thuit toin Gen d€ tranh xung d6t. Nho viéc két hop
mém déo hai gidi thuit nay theo phwong phip trinh bay trong [16] s6 nhanh tinh toin thuc t& da
gidm bét, va do viy gidm thoi gian tinh todn mét cich ding ké. Phuong phip di néu va tién trinh
cda bai todn da cho dwgc md td qua so' d6 hinh 1.

Nhu viy phwong 4n lip ké hoach ma chiing t6i @& nghi c6 thé chia thinh 3 giai doan nhu sau:

1. Dénh gid xung dot.

2. Phan 16p.

3. Tranh xung dét.

4. PANH GIA XUNG DPOT

Tao ham dénh gid mic xung dét nhu sau:

Tinh trung binh cdng s8 cic hoat déng xung dot tai mdi hoat dong
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Trénh xung dot
7y

T
T )
: fre Két
DG<W | Phanidp > H+H [Franh XD qui
_H"H [ | m'
, Vét can :
Tranh xungdot cac nhénh

con lai

FAN

DGaeW Tranh X Phan Idp > —H—H

Hinh 1. So d6 cac bwéc cda gidi thuat

__‘....__
]

1 n
DG =~ ?_:IFN(X,,“),

trong d6: FN(X,,,) = [Xm,] 12 s8 phin ti cda tip X,,,, n 12 s3 phin ti& cda tdp cic hoat ddng.
Xét hai truomg hop:

1) - = >
DG = ~ ;FN(XW) > w.

Ap dung gidi thudt chéng xung dét truéc, sau dé 4p dung phin 16p.

2) _Ix
DG = — Z;FN(X,,“) < w.

Ap duhg phan 16p trwéc, sau d6 4p dung gidi thuit chdng xung dot.

Véi w 1a nguwong danh gia dwge cho trwéce va cé thé dwoc thay dSi thy theo tirng bai todn cu
thé. ‘

Ngudng dinh gid thudng dwoc sit dung 1a: > 0,75 dng v6i mit d xung dot 1é6m, < 0,75 dng véi
mit d6 xung dot khong 1én.

Ta cé thé khéi dong w véi gié tri 0,75, danh gid va so sanh cic két qud U* dé tim mét ngudng
ddnh gid t8t hon cho tirng bai todn.

5. PHAN LOP.
1. Khai niém
Dva vio tip hoat déng M = {my, ma,... ,mp}:
g ¢ {00 (i Bl Ko B =00+ s 7

i Liy doan bit ky [a*,b*] 12 mdt trong cic khodng [a;,b;] (1 =1,...,n).
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Tinh C(z) theo [as, b;] va [a*, b*], trong d6 C(z) 13 ham so sénh 2 khodng [a;, bi] va [a*,b*] st
dung céch ddnh gid m& ma sé dwoc gidi thich & phin sau. '

Nhu viy ta cé tip cic gid tri so sdnh C = {C(1),C(2),...,C(n)}.

Thuc hién phan 1ép theo bwéc cit a:

o o 08
[Cs [Cl [cw) JCa [ceH JCH Jeey | - | ¢ty |
& day: a= zC—(tL—)—i(l), z2={1,2,3...} 12 hé s3 chon truéc. S8 lugng cic 16p phu thudc vao

n
~
SO .

Ta c6 cach cit 16p nhw sau:

Ly = {C(k)} : maxC(k) —minC(k) < a (1=1,...,n) véi Li 13 mét 16p.

2. Co s& dé phan 16p

Céc 16p dwoc cit ra dwa trén cic gid tri so sdnh. Co s& d8 tinh céc gia tri nay 13 phuong phép
so sanh m& trong (9, 10, 12].

Ap dung phwong phap so sanh m& [9,12].
Ham so sénh [a;, b;] v6i [a*, b*] dwoc tinh nhu sau

D5 thi thé hién d5 bién thién cda d6 so sinh theo phwong phip m& phu thude vao vi tri tuwong
ddi cda [a;, b;] v6i [a*, b*] duge bi€u dién trong hinh 2.

A

C(i)

a* b*

ay’

v

Hinh 2. Db thi C(4)



PHAN LOP, TRANH XUNG DOT TRONG BAI TOAN LAP KE HOACH THONG TIN KHONG DAY DU 48

Vé1 d5 thi trén ta nhin thay:
- Khi (a* + b*) = a; + b; thi C(s) = L.
- Khi a* = b; thi C(i) = 0.
- C(2) bién thién tir —co dén +oo.

6. TRANH XUNG DOT

Bai todn ldp k& hoach da néu dic trung bdi hai diéu kién t5i wu héa khéng phu thudc 14n nhau
13 dat d6 ich loi 16n nh4t vA xung d6t nhd nhit.

Trong phin phén 16p, phuwong phip m& di dwoc dung chi dé€ danh gid va lwa chon cic hoat
déng theo thoi gian, vin dé gidi quyét xung d6t giita cidc hoat dong tién hanh ké tiép nhau chua
dwoc dit ra. Do viy, trong qud trinh han ch€ cdc xung dot, ching ta khéng nén lam thay ddi qua
nhi€u trinh tw thuc hién cic hoat ddng da dwoc chi ra sau buéc phéin 16p, nghia 1 phéi dat dwoc
sw can bing giira ti€n trinh hoat dong t5t va s6 khi ning xung ddt thip.

Dé dat dwoc sw can biang nay, ta thi€t 1ip mét ham danh gid nhu sau:

G, = aU, — bV,
trong d6 U 14 s8 do dd thuin loi cda phuong 4n P, da cho va V; 13 s8 xung dot trong P,. Nhu viy
G 13 ham dénh gid chung v muc tiéu 13 sp xép cic hoat dong £ d€ G gin dén G .y D@ dat duwoc
muc dich niy, ching ta xay dung mét thuit todn bi€n thé tir thuat toan di truyén (thuit toin Gen
- Genetic Argolrithm) [1,7].

Thuit todn Gen di truyén dua theo cic dic tinh di truyén cda tu nhién 13 su k€ thira va tinh
tién héa (theo ly thuyét cda Darwinna) cda céc cd thé d€ ton tai va phat tri€n. S& dung thuit toin
Gen cho phép tim ki€ém nhirng khd ning twong d&i tot trong khong gian tim ki€m véi chi chi thoi
gian khéng cao ma tranh dwoc t8i wu cuc bd.

D3u vao cida buéc trdnh xung dot 1 moét thir tu cdc hoat ddng s€ dwoc thue hién ([hd[1], dh[2],...
hd[n]). Nhu viy néu coi méi phuong 4n 1ap ké hoach 12 mdt Gen thi ching sé 13 day th& tu cda n
bit (& ddy ta hi€u khdi niém bit 14 mot don vi co' bdn mang théng tin) &ng véi thi tu thuc hién céac
hoat déng. Ching ta nhin thiy 1a céc gid tri c6 thé cia mdi bit 13 s8 tu nhién tir 1 dén n va trong
mdi c4 thé khong ton tai hai bit ndo mang cing mdt gia tri. Mot Gen goi 13 khéng xung dét néu cac
bit bi€u dién cic hoat déng khéng xung dét véi nhau. Vi du trong truwong hop n = 5 ta c¢é thé ¢
Gen: 2 4 51 3 twong tng véi phwong 4n {2,4,5,1,3}.

Ap dung phuong phap thuit toin Gen di néu ta cé so d6 gidi thuit bién thé nhu sau:

Bu‘&'c 1. Tao lap tip cdc nghiém (quin thé).

& buéc niy tir nghiém ban d3u ta tao ra mét quin thé gbm pop_size c4 thé (phwong 4n) ban
d3u (trwdmg hop don gidn nhat 1a cic c4 thé tao ra giéng ca thé twong &ng véi nghiém ban diu).

Budc 2. Lwa chon céc c4 thé t8t theo tiéu chuan G;.

Ta tim nhirng c4 thé ddp wng mét tiéu chuin da chira, tip hop vio quin thé. Nhirng ci thé
khéc s& bi dao thai. Cé thé chon theo phwong 4n c4 thé ¢ dwgc chon néu G; > G trung binh dong
thoi tim Guax bing cich lwu trit gid tri G 1én nhit tai thoi di€m dé.

Buéc 3. Lai ghép.

Ta sé ti€n hanh tim nhirng cip c4 thé cho lai ghép v&i nhau tao ra cip ca thé méi thay thé cho
c$p ca thé cii. Qud trinh lai ghép dwogc thyuc hién tai nhirng bit theo phwong phdp khdng lam thay
d3i qué nhiéu vi tri cc bit.

Chon tir 2 c4 thé dem lai tao nhitng doan bit cda ching. D4 1a nhitng doan bit lién tuc khéng
chira xung dét & trong. Céc doan dwoc ghép ndi néu céc bit & phin ghép ndi khéng xung dét véi
nhau. Trinh tw thwe hién nhuw sau: Gid st bit dang xét 13 bit thtr k cda c4 thé duwgc phéin tich (k
ban diu = 1).
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(i) Néu k =1 hodc bit k — 1 khéng thudc diy bit c& dinh (ddy bit khéng cin phdi thay ddi vi
khéng chtra xung d6t) hodc bit k khéng xung d6t vé1 bit k — 1 thi chon k vio diy cac bit
¢8 dinh.

(i1) Né&u bit k xung dét véi bit k — 1 va bit k — 1 thudc day bit ¢8 dinh thi bit k khéng thudc
d3y bit ¢8 dinh.

(i) k= k+ 1. Néu k < n thi quay lai (i).
Sy lai tao c6 thé dwoc ti€n hanh bing cich tao ra c4 thé (gen) 1’ qua sao chép cic bit ¢8 dinh
cda gen'1, con mdi bit k chwa dwgc xic dinh cda gen 1’ sé 14y gid tri cda bit k' cda gen 2.
Twong tu ta ciing tao dwoc c4 thé 2'. Vé&i k' 1a vi tri cia bit d3u tién gip trong gen 2 ma khéng
cb trong gen 1.
Thay thé gen 1 bing gen 1’ vi gen 2 bing gen 2'.
Buéc 4. Dot bién.
Diy 14 qué trinh ta st dung phuong phip giy dot bién nhim tao ra nhitr., c4 thé cé ciu tao
va tinh chit m&i khic biét véi c4 thé khéc.
Ta c6 thé st dung phwong phip giy dét bién sau:
X4c dinh mot hé s8 dgt bién db (0 < db < 100). Dung mét ham ngiu nhién F(z) c6 mé td sau
F(z) =1 véi khd ndng z%
F(z) = 0 véi khd ning (100 — z)%
Chi nhitng bit cé6 F(db) = 1 méi tham gia dét bién. Xac dinh tiép mdt hé s8 dot bién Gen
dbg (0 < dbg < 5) nh&m tim nhitng cip Gen cé F(dbg) = 1 thi d3i gi4 tri ching cho nhau.
Budc 5. Néu s6 thé hé chwa vuot qua nguong dirng thi quay lai buéc 2.
Céc hé s8 st dung trong thuit toin nhw: pop.size, db, dbg, ngwdong thé hé cin dwgc xic dinh
qua thuc nghiém.

7. PO PHU'C TAP THUAT TOAN VA MOT SO KET QUA THi NGHIEM
1. D6 phirc tap thuit toin
D6 phtrc tap thuit todn cda phwong phép nhu sau:

Céng viéc / Trudng hop X3u nhit Trung binh TSt nhit
Sép xép n? nlog(n) nlog(n)
Phan 16p n n n
Tranh xung dét - n? n? n?
Duyét céc 16p nlxn n*(n/2)! n
Té8ng coéng nlxn+2n2+n | nx(n/2)!+n?+nlog(n) +n | n?+ nlog(n) + 2n

2. Mot s6 két qud thi nghiém
Duwéi day 1a nhitng d6 thi thé hién két qud thi nghiém.
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Trudng hop 1: Ngudng thé hé = 20, s8 hoat déng = 60, W = 0,75, DG ~ 0,5

DOTHI DO THUAN LOI DO THI SO XUNG DOT DO THI THOI GIAN

540 _ 8
TP 86
) 24
3 ]
;10 ’._:_2
v 0 0
- O O O N O v
- - N MO < 0
So hoat
Truérng hop 2: Ngu’o’ng the hé = 80, s8 hoat déng = 60, W = 0,75, DG ~ 0,5
DO THI DO THUAN LOl DO THI SOXUNG DOT DO THI THOI GIAN
'_§3Cm ég - X
§ 200 2 5%
£ 100 290 510
8 ot & o o
T22R6 ¢33 T22R865¢8
So hoat dong So hoat dong

8. KET LUAN

Trén diy ching t6i da trinh bady mét phwong phép méi lap ké hoach trong méi trwomg bit dinh
va chira dung xung dot. Phuwong phdp tao 16p dua vio so sénh m& dwoc két hop véi thuit todn
Gen trong mot gidi thuit kép nhim dwa ra ké hoach c6 dd thuin loi cao nhit cé thé. Thuc nghiém
da chitng té phuong phip 6 thé tao ké hoach véi dé t8i wu khé cao va th&i gian twong d8i ngin.

Viéc nghién ciu phét trién him d4nh gid mic d6 xung dét nh&m tao sw két hop t8t hon nira
giira qué trinh tao 16p va qué trinh trénh xung d6t sé 13 huéng phét trién trong twong lai cia phwong
phép.
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