TAP CHI KHOA HOC TINH TOAN VA PIRU KHIEN TAP I (1985, SO 23,  (14—21)

]

VE BAI TOAN «DPONG THUNG MO RONG»

’ NGUYEN TRONG
Trung tam Todn—Mdy tinh TCKT

Trong thye tién xir ly dir liéu ¢6 mot s§ vin d& din dén viéc gidi quyét bai toam
trong tu bai toadn « Déng Thing ® (Bin Packing) ma trong bai niy s& goi 13 bai toan ¢Déng
Thung M& rong » (DTMR).

Bai nay sé trinh bay thidt lap bAai toan, chixng minh bii toan thude 16p NP —didy di,
trinh by mjt sd gidi thudt heuristic di dwoc ding d& gidi quyét viu dé trong thgc t& va
dinh gia tredng hop xdu nhdl cla chc gidi thuit nay.

— THIET LAP BAI TOAN

1. Bai toan “ Béong Thung» (DT).

Trude khi néu bai toAn DI'MR, chiing t6i nhic lai vin tt bai toan DT. Div 14 bai
toin c6 nhidu rng dung va dia dege nhidn tic gid d& cip tix nhidu goe dY kbic nhau. Bai
tean dit ra nhwr sau:

Coé day hang héa hy, ha, ..., hy v6i khdi legng teong trag cling ky hiéa 12 hi, h2, ...,
hy thdéa man didu kién:

0 < h; <! ' (1.1}
C6 day chc lhl‘l.llg chia Ti, T2, ... v6i sire chita cing ky hidu 14 Ty, T2, ... théa min
' Ti<1 a2

Phii déng hang hoéa vao thing sao cho s§ cac thing phii huy ddag 13 it nhit?

Trong [1] da chi ra bai toan DT thude 16p NP—diy dd va che gidi thuit nhanh rdt
thuén loi trong nhitng @ng dung thgs ti€n clia bdi toan nay.

Trong thuc tifn xi&r 1y dir liu ciing ¢6 nhing vin d& dia dén vige gidi bii toin DT.
Chan«r han trong [5] ¢6 néu vdn d& td chirc miu thu thip tin ticc cho tip dit ligu khong .
phan 1op din d&n bai 1oAn nay. V&i gidi thuat FFD [1], {2] va gidi thuat TPS ndu trong
[5] thi vn d8 vira néu duge giai quyét tron ven v& mit thyc ti€n &ng dung.

2. Bai teoan DPTMR.

C6 the tdng quat hoa bai toaAn DT theo nhitng nghia khic nhau. Drxéi diy 134 mdt
dang mG rong bai todn ma chang téi di van dung cho vdn d& 13 chu'c Miu thu thip tin
tirc cho cac tap dit liéu goi 1A phan 16p ¢6 hiéu qui [t

C6 kho hang héa K dege 16 chwe nhu sau:

Kho K gom m nhém (hay phian kho):

Nl, N2, wony Nm

Nhém Np.p = L.m ¢6 @p diy hiang hor gdm mdt s3 nhu nhau cac hang hoéa trong 38 o loai
hang hoa hy, hj, ..., hy cla kho K. Thi dg bidu di€n kho K cho irong bing 1.
S8 1 chi rdng loai hing tuong tag ¢S mit trong diy va 33 ) chi 1i8u nguge lai
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Chéng han véi kho K trén bing 1 thi p1 ddy hang héa trong nhém 1 c6 chis cie
“loai hang hi, h2, he, .... hy con cac loai hing nhu hg, ..., hat khong c6 irong nhém (phie
ho) Ni.

‘Kho K
Bdng £

. Nhém ipban i

4ho) N1 N2 N3 N

gdm p; day gbm pa day | goém P3 day gom Pm day
Loai hang hoa hang hoéa hang héa bang hoa

ht 1T 1.1 1 0 0

ha 1 1 1 0 1 0

h3 00 0 0 1 1

hy 11 1 0 0 i

hat 0 0 0 1 0 0

ha 1 ..1 1 0 . 0

P1 cot dac truung Pg cOt P3 cHt B} Pm cOt
cta diy hang
hoa gidng hét
nhau cda nhém
N

" V& hang-héa va thing chéa thi thda man cac dilu kign {L.1), (1.2) nhu (rong bai
toan DT, '
’ Viée .doéng hang cia kho K vao thung phii tuan thda nguvén tic «dong thing ddng
bd» nhw sau (tir nay n i dén «d6éng thing » trong bai todn BTMR ta hidu d6 12 viéc e doong
thang déng b » toan kho K):

1) Dong hang hoéa riéng tung diy. Nghia Ia khi xép hang héa vio thiung khéng duge
trdn lan hang hda cia day no¢ véi diy kia.

2) Néu mot 6 hang héa (di nhién voi di€n kién trén thi 13 hiang héa cda t diy) nie
46 cang diroe x&p vao 1 thang thi & tdt cd cic diy hang cda kho K déu phidi zép via ehi
x€p nhitng hang héa dé vao cung mdt thing.

Phai déng hang vao thing sao cho s3 cac thang phidi huy déng 12 it nhit.

Thi du : Xét kho K gdm 3 nhom diy hing héa Ni. Nz, N3 va d& cu thd chipg haw
.gi4 tht ohém N1 ¢6 2 didy, nhém N2 ¢6 3 diy, nhém N3 ¢6 1 day:

Béng 2
Ny ! Nz ° - N3
hi hy 0 0 0 0 1] 9 0
b2 ha 0 0 0 (4 0 0 0
1 0 hs3 hs hs 0 0 0 0
L8] 0 h4 h4 h4 v 1] 1] a 0
n 0 0 0 0 hs hs hs hg
U 0 0 0 0 he hs hs he :

Gihd st khéi lugng cac loai hang d&u bing nhau va bing 1 va s@c chua cac thuiag
#éu bing nhau va bing 3.

| ¥



Fa dua ra 2 cach déng bang vio thing (nh6 ring phdi déng dong bd) nhu sau:

= Cach 1:Xu#t phat tir suy nghi 1a mdi thing c6 thé chirta 3 mén hiang va ¢6 ci thay
8 mb6n hang khic nhau trong kho (ndm r3i 14c trén cac day) thi ta d@ ra nguyén tic: x&
chic mén hang by, b2, h3 vde 1 thing; hy, hs. he vao 1 thiung.

Ta thdy s thung téng cong phii buy dong la
24+ 2X3I+4 =12

— Cach 2: Xép mdi thiang 2 mén hang 1héi. Cu 1he by, b2 vao 1 thing; hs, hs vae VaR>
ot thing va hs, be vae | thung.

S6 thung tdng cOng phii huy dong lic nay 12
2+3+4=9.

V6i mo6i nhém Np, p =1,... m dit twong rng vecto Boole dic trung:

fp =(XP. X peens xp) p=1l.,m ' (L3
i: 1 néu mén hang hj ¢6 trong nhém Np
*p a néu moén hang h; khdng c6 trong nhom Ny

I1 — TINH NP -~ PAY DU CUA BAI TOAN DTMR

N

Dinh lj 1. Bai toan DTMR 1a NP — diy da.
Chirng minh:

Vé6i m=1 va p1 =1 1hi bai tean DTMR 1rd thanh bai tcan PT, 12 bai todn NP—dix
dd. Mat khic €6 1bé& chi ra mo0 hinh quy hoach Boole tuyén tinbh eciia bai toan DPTMR, nhur
+4y bii toan DTMR lai 1a truong hop riéng cta bai tcan thuéde 16p NP- @iy da.

Viéc din ra md hinh guy heach Boole tuvén tinh clia bai toan DPTMR twong d0i da:
doag, ching 16i gioi han & viée chi ra bai toan cudi cang.. -.

Bai toan ¢6 dang:

m n
Lam 16i tidu bidn thie B= > > Ppqjp vOicaerang bude
p=1 j=1
2 Xl hl’ T]j < q}y = 1,..., n
=1 '
n :
>hiliz <} y j=1,...n
i=1
n -
N T‘j = I P =1.. . m
=t

Trong 46 qjp va Ty 12 cic biém Boole,
hi cho trong (1.1},

x; cho tromg (1,3),

Pp (p=1...m) 1A s8 43y trcng nhém p,
1 1a hing s6 gioi ban cho tromg (1.1). €1.2).

Nhu vay ta thy vé mat 40 phire tap né6i chung thi bai tedn dpT > va ¢ PTMR» 41
13 che bhi todn NP — 43y dt. Tuy nkién néu de béng kich thuée mé hinh gquy hoach ‘thi
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=& hinh quy hoach cha bii toAn « BTMR» phue tap hon rit nhidu so v6i mé hinh quy
Boack c¢dia bal toan « DT,

Trong thyc tién x& 1y dir ligu chiing 16i da dung nhidu bién phip d& Um 10i gidi~
hop 1§ cho baitoanr « DTMR». Nhitng bién phap d6 xét v8 mit toan hge thi 13 cac gidi
thudt heutistic cho bai tcan. Phan tiép theo s& trinh bay 3 trong s8 nhitng « bién phap déng
tbéng » 43 duoc ding trong thye t& va danh gi4 hiéu qui cla ching.

111 — BA « CACH BONG THUNG NHANH»

1, Cach « Coi Nhw Nhau» (CNN).

Day 14 céch thuong duoe dung khi chung 16i chua phat hién hi¢u qua viée chia kho

m
X tbanh ting phin kbo ohu mo t& trén. Khi d6 'mei diy (s6 day toan kho l1a p = z Pp)
pe=1

d2u dugc « coi nhu nhau» vd xem nhu day dd cac hang héa
D = <hi, ha,.., hy > @1

Nhw véy kho K xem nhu ¢6 P diy bang héa dang day D. Do nguyén téc d6ng thung ddng
bd nén ta phdi tim cAch d6ng thing 16t nhidt c6 thé dugc cho ddy D va 4p dyng két qua
cho moi ddy khac. Bai toan din vé bai toan DT. Véi bai todn DT ¢6 thd xem FFD 1a gidi
thuit nhanh hiéu qui nhét (irong cic ¢ng dung thuc té& clia bai toan DTMR thi n thuong
khong qua 500 nén vdn d& xép lai day D cho FFD khong c6 gi tré ngai). Nhu vay, ta dung
FFD cho day D va 4p dung két*qua cho moi diy trong K. Véi kho K cho trong vi du &
phén I thi cich 1 12 k&t qua cdebh déng thuang CNN nay.

2. Caeh « Cat Hoan Toan» (CHT).

Cit day 43y dd hamg héa D trong (3.1) thanh cic doan sao cho v6i moi doan va moi
day bang hdéa thi cac hang héa trong doan hode ¢6 mit hét hofic hoan toan khbng ¢6 mat
trong diy. Nhu vy 18i da D bj cit thanh 2" ~1 doan, con mdi day chua t6i da 2™ doan
<6 hang hoéa, chc doan khac déu tréng (khéng chia hang hoa).

Véi méi doan thu dugc ta déng hang vao thang theo gili thuat FFD.

K&t qui cach déng thung 2 vi du kho K trong muc I la két qua cich CHT vira mo td’

3. Cach « Cat Sip Xép» (CSX).

- Xép l3i cAcnhém Ny, p=1,...,m theo tr4t ty gidm din edia Pp. Gid st thir ty Ny, N2,...,Nm

43 théa mian didu kién sfip xép te g1 > P2 2 ... > Pm.

Ta th_x,x_& hiéo vié¢ chia cit day D nhu sau:

= Doan I: chira todn b0 cic mén hang hoa c¢é trong nhém Ny

— bDoan 1I: chira todn b$ chc moén hiang hoéa c6 trong nhém N2 trir cdc hang héda da
roi v&o doan I.

Qua trinh dugce tiép tyc dén kbitoan bd n logi hang héa di roi hét vao chc doan

Hi¢n nhién t3i da c6 th® c6 m doan.

Véi mdi doan (ctia d3y D) ta dung FFD vA ap dung két qui cho t4t cd céc diy cda -
kho K.
- Voi thi du trong muc I thl két qud eta cheh déng thung CSX ciing 14 9 tire bing
cheh CHT.

i

IV — HIEU QUA CAC CACH DONG THUNG CNN, CHT va CSX

1. Tieu chuan hitu qua.

Ta sir dung cdc k¥ hiéu va khai niém hiéu qui can ban theo [1].
Xét cach G nao d6 xép bang hoa kho K vao céc thang.

17”



Ky hiéu G (K) 1a 86 cac thung phai huy d¢ng trong cach déng thing G. Ky hiéu K®1a
s6 thiung t3i thidu ciin huy dong 48 déng hang (déng ddng bo) toan bd bing hoa kho K
-vao thung. _

Ta goi R [G] 12 hidu qud truéng hop xdu nhdt cha cich G véi R [G] xic dink
.nhu sau;

G (K)

R [G]= max ; v6i moi kho K ‘ (4.1

2. Panh gia cac giai thuat (trén quan didm toan hoc, cdc cach d6ng thdng CNN, CHT.
-CSX 1a cac gidi thuit heuristic cho bai toan PTMR).

Dinh 1y 2.
{
R [CNN] = — , (1,23
a
-l bing sé trong (1.1),
a = min ’hi! L1 =1,..,n.
Cheng minh :
K¥ hi¢u level T; = = hy.
Da 1a gidi thuat gi thi level Tj 2> a véi moi Tj. T

Vay :

aG(CNN) < Zlevel Tj <X K¥I .
Tj; € G(CNN)
Do d6 g e o
G (CNN) . '
G (CNN) > L . 4.3)
K* a
Xét kho K nhu sau: mdi nhém ¢6 mét diay, cac hing héa d2u c6 khéi lugng 1 tie
‘a = 1 vad phin b6 nhu bing 3.

C6 thd tinh duoc K* = [ va G (CNN) = [°.
vay : .
GENN) 1 (4.0
h¥ a

Tir (4.3) va {4.4) ta c6 (4.2)

Day 1a bién phap ding gin nhu duy nhdt trong thye t& khi chwa c¢6 khii niém vé&

vige chia kho K thanh c4c nhém (phan kho). Trong thuc L& td chirc xr 1y dit lidu, ti s8 l/a

¢6 the 1&n dén 80. Nhu vay c¢6 thé ling phi rdt l6n trong trudng hop xdu nhit. Hidu qud

~edc gidi thuat CHT, CSX d&u phu thude m nhing néi chung t3t hon CNN vi trong thye tide
van dung bai toan ody thi m (s6 nhém cia kho K) thuong chila 2, 3, 4.

Bdng 3
Xho K _ o

Ni N2 e N
hy 1
ha 1
by : R |
hi,q 1
hyen 1
hay . 1
hii-tey 1
hir Sta i I

B

SHT.



pinh lj 3.

221 L R [cHT] < —:—- 9ot 18 ‘ ‘.4
. ey
m
Trong trudng hop p = Z gp gi6i noi thi hdu chic chén:
 pmt ,
A
R [CHT] <1 + P _ (4.6%

v&i A = max lhi‘ L i=1,..,n,

Chitng minh: Ki hi¢u cdc doan sau chia cit 12 Dy,Dsg, ..., Dj, j < 2™-1. Ki hitu N° Ia 56
thing t8i thida phii huy ddng cho nhém Np né&u xét né ddc 1ap, Khi d6 ta co6

m [+
K* > > N-.
. =

8.7y
P

Ki hiéu D® 1a s8 thung t8i thidu huy dong cho doan D; clia nhém Np . ta c6:
p

> 0% 2@ Ine 8
1p p )
Dj thuée nhém Np

Ta hitu D® @613 4p cho doan Dj cia day hang héa diy dd D trong (3.0 va dang FFH
.~ ip
trong gidi thuit CHT ta ¢6

m
CHT (K)= 2, FFD (D° < — o™m~! Z’Ng <% gm—lgs
TV, p P p=i

—

CHT (K)

— 2m"'l.
K

5
Do d6: \—4—

Bit ding thirc bén trai cha (4.5) cling chi ra bdi cach xay dyng mot vi dy. Ta.bd qua vige
xét vi du do.

C6 the& cho mdt danh gia khac d&c6

m
Z"v

CHT (K) L [—a+A _np=l
+ 9 . 4.9%
K* <l - A [-A K* (
m
Khi K* rit 1o6n va . Pp gi6i ndi thi ta c6 (4.6).
p=1

Tuy (4.6) 1a danh gia t6t nhung trong céc tng dung thue ti€n bai toan DPTMR vac
xtr 1y dir lidu thi it khi x3y ra tradng hop niy. N6i chung chi c6 the cbi ra ring tdn tai
hiing s§ C d&

m
ZPP
=1
pK* <c.
Dinh 1y 4.
2 5
—;—(m+1)<n[csx]<—4’—m. (4.10)
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Chirng minh:

Viée chi ra b5t déng thic bén trsi cla (4.19) climg thong qua m:t vi du kho K. Ta
bd qua vidc x4y dung vi du nay.

(b2 ¥ ring kbi m =1 ta ¢o:

1<R[CHT]<—Z—‘ 1<B[csx]<—i’—.

11 b
trong khi do Y < R [FFD] <—4' , nghia 12 c6 18 che gioi ban (raj cle (4.5), (4.10) edn cé

th® oang lén).

Ta chéng minh vE& phii cla (4.10). 7 o

Ki bi¢u céc dean la Ly, 12, oo, ;s v3d BijJA =6 thing hyy déng che degn Ly clia nhém N;
v0i cach dong hang CSX.

Ta c6:

CSX(X)=Bn +

Bi2 + Bao +

Big + B2g + Bas+

Bim + B2m+ e + Bum.
Hién nhién B < Bjj, do do

m m
CSX (K) KBy 2. Pp+Bra . Pp + ..+ Bum P
p=1 p=2

Ki hi¢u s* 1a s6 thung 16i thitv phdi kuy dong cho dogn Lp (¢hia d3y day du hang hos?

P
theo {1] thi

5 o*

s

BPP< i P °
Do 46:
m m . m .

. ) . ‘ 5 <«
CSX (KK 2. Bij 2 pp < —4—‘2‘ @ S,

1=1 p=i i=

p=i
m
Mat kbic ta c6:  K® << 27p Sp. Do dé
p=1
m
2 ap sy
pSp
5 p=
CSX (K) <—'—L——— .
4 m .
2. fp Sy
p:
m
t 3
2 % Sp
) . p=1
Chung 1a chi ra - <m
| .
b Pp Sp
p=1
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Véi m = 1 h¢ thire ding vi 25 = Py.

Gia st he thie dang véi m. Xét trudng hop m+1.

m+l‘—" » n » » *
Z aPSp m+1 Z %p Sp TPm+181 ¥ oo T Pm+t Sm+t
p=1 T ~_p=l
m+r Yo% T igp Pi = mtl
Z Pp Sp Z Pp Sp
p=1 =1

m m+1 i

»
2. %S, Pm+1 ), S, R
p=1 p=t
< + m+1 *

m

S oee Sy 2SSy
p=1 p=!

H2 ihie the ahft khong vuot qua m do gid thift quy nap. on hd thes the 2 khéng l6n
hon 1 vi chc Pp giim dan, vay
hd m+t "
Z 2p Sp

p=I
m+1 <m+ t

2. o S;
p=t

:Dinh 1y duge chitng minh xong. _
Nhan ngdy 2-7-1984
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ABSTRACT

On a generalized problem of bin packing

A generalization of bin packing problem, ralled the DTMR problem is studied.
The NP—completeness of DTMR is proved.

Three heuristic algorithms—the CNN, the CHT and the CSX arc deseribad ani the
~worst—case analysis for them are given.

Some applications of the DTMR are shown.



