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(start-up bin packing problem, SBPP),

SBPP C-NF, y.r

s SBPP 4 SBPP
: TP301 TA
. n L=(as,a,,...,an), a(1<i<n)
S(a)€(0,1-6)(0<5 <1 ) c(&). Bi.Bs.Bm
1, m . 1 /4 a
,a s(a) ) ) y (
), a s@to ; 7 ,
(start-up bin packing problem, SBPP).
(bin packing problem, BPP) 4 o=
0 ,SBPP BPP. ;
1 ; C ;
(  SBPP
),
(@) , .
, SBPP 5.
3) (delivery time) 1 (schedule on identical parallel machines),
* 1 2000-01-25; : 2000-08-22
973 (G1998030403)
(1975 ), , s s s ; (1963 ), , s
, ) ; (1938 ), , s s , ,
; (1956 ), , s s s
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, SBPP
C
NP
[3~5]
NP . P#£NP,NP
O(n) ),
25
1
C-NF,
1
: n
Bi,B,,...,Bm
1.
) R ,
Rx =inf{r<1:
, R: A
2 A
(31
a B,
Bo, & B,
B,B,,...,B,, B
a;,
B/,B;.....B;,
Lo )
(worst fit, WF) .3

SBPP
0. N
R SBPP
[2]’
,SBPP , SBPP
> s SBPP
C-NF, (
NF .C-NF 3
SBPP "
SBPP SBPP
b 5 bl
2 SBPP
SBPP
Ln:(alaa27'-'7aﬂ)7 a.|(1S|Sn) S(a|)€(071)a
) 1, m .
A, AL A L ,OPT(L)
A, R L,A(L)<R-OPT(L)+c(c
A s R, .
N>0, OPT(L)>N ,A(L)/OPT(L)<r }- €8
§ R A
A (on line) ;
(off line) . ,
) 1
« ”(next fit, NF)*6),
a, Q Bi, =53 B B,
5 ) q
ai3 BlaBb'“aBtfl
a
& ; B1.Bs,....B &
a
( ) ( )
(first fit, FF) (best fit, BF)
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3. A, R
(any fit). ,FF BF WF .
Tablel Some famous approximation algorithms for classical one-dimensional bin packing
1
. . ) Average-Case performance
Approximation algorithms On line? Time . Asymptotic worst-case ratio under (0,1] uniform
complexity performance ratio e
distribution
Next fit On line O(n) 2 4/3
First fit On line O(nlogn) 1.7 1
Best fit On line O(nlogn) 1.7 1
Worst fit On line O(nlogn) 2 Not studied
Harmonic-K © On line Oo(n) K-Relative K-Relative
Bounded space algorithms On line O(n) Relative to strategy Relative to strategy
First fit decreasing Off line O(nlogn) 11/9 1
Best fit decreasing Off line O(nlogn) 11/9 1
, ? , , (0,1 >
> > , e , Bounded space s
) ) s K > s
2 C-NF
SBPP C-NF, 2, 1) ;
C-NF
2.1 C-NF
C-NF(classified-next fit)
C-NF . C-NF R 3
NE( ) '
, 5).
L=(apa0,....a,), L. =(aj,a},..a,) , C-NF L
s a o B, a, a, B,
aé Bl ( aé al’ s Bl o )5 s
B,, a, ) B, ; a, as,...,ay, .
C-NF s . 1 n >
3 2 O(n);
o(n), C-NF . 1 C-NF
1. L,C-NF(L)<20PT(L)+1;C-NF RSN =2
L t.C-NF L s R
By,B,,....Bm, C-NF(L)=m. L s 1 R t
1 Bi(1<i<m) 1 ( s 1 1 B, 1 ),
<t
s(B) B ) : B ) si(B);
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, $(B),  s(B)=si(B)ts,(B). si(L)=si1(B1)*si1(By)*...+51(Bm),S(L)=S:(B)+s:(Bo) +... +
$(Bm).
Si1(B)+si(Bisy), 1<i<m: Bi+i 1 Bi )
,Bi+1 1 a B, sB)ts(@>1, Si(B)+si(Bir1)zsi(B)+s(a)>1-5:(By); )
SiI(B)+s1(Bis1)>1-5(By)-6.
,Bis 1 B , Bix 1 k(k>1)
1 5 ti-1  si(B)+si(Biv1) . si(B)+si(Biry) 1<i<m )
25,(L)>m-1-8,(L)~(t,~1)& .
S(L) , S(L)=ps,
C-NF(L)<28,(L)+pd+(t,~1)5+1. )
OPT(L) q S
OPT(L)>s,(L)+q5. (3)
P q . L 1,2 s, C-NF i pi
,  OPT G N\l C-NF OPT i
Ln,
NE(L")<20PT(L")-1. (4)
[ 1 1 ( t ),
NF  BPP, 4  p2g-l; 1 ,
Pi<2g. P I<i<m o ( [N¢ P, G i )
pP<2g-t;< 20—-(t,—-1). (%)
@ G 0,
C-NF(L)< 20PT(L)+1. (6)
(a,0) a c J{ana,.. a0k {a),ay,...,an} k
1-6 1-6
L= {(TJ),(WJ)}M .
L ., C-NF
. C-NF(L)=2N; , (1-8)2N ,
(1-5)2 ., OPT(L)=N-+1. C-NF(L)=20PT(L)-2.
,C-NF o 0
1, ) ,C-NF 2. C-NF
s s s FF,BF,WF,
C-FF C-BF C-WF . N . 1
, C-WF .
1. C-WF SBPP REWF =2,
2.2
1 C-NF o s C-NF
100 15 360 N OR-Library*

[7]

* http://mscmga.ms.ic.ac.uk/info.html
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Performance ratio

1 1 1 1 1 1
0 0.2 0.4 0.6 0.8 1

Start-Up space

Fig.1 Relationship between the performance ratio and start-up space of algorithm C-NF

1 C-NF
, OPT(L)
( BPP SBPP) NP ,
OPT(L)
max {s(L)/(1-8),s(L)+us} ( u ). (7)
OPT(L)=S(L)+OPT(L)S ( ), OPT(L)>s(L)/(1-6);
OPT(L))=>s(L)+us, 7 OPT(L) , OPT(L) ,
L , (7) OPT(L)
3 SBPP
SBPP , ( 1
) SBPP ,

SBPP , s

31
SBPP , .
, SBPP
2. SBPP A SBPP
A ] N, U>2, 1/u S

L, A(L)/OPT(L)>N;.

(a,0) a c , NeZ®, 5.

k{ ! J,t_r—k(l”/N)éJ_[ﬁJmod(N+1), p=6IN.
(1+1/N)s S§/N s
L= {(¢51)>(¢>2)7>(¢>k)7 {(wsl)}t}(kNJrkaH)s ( Se A )
n=(k+t)(KN+k-N+t)s, 2 L .
A, L (k+t) , 3, A (ktt)
, ?, , (k+t)
, A(L)=(KN+k-N+t)s; , ,
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R KN+k—N+t , OPT(L)=(k+t)s.
A(L)/OPT(L)=(kN+k—N+t)/(k+t)=1+N(k—-1)/(k+t). ®)
N=3N;,6=1/(u+(u+1)/N), t=1; u>2, o<1/2, k1. (®)
A(L)/OPT(L)>1+N/3>N;.
2 O
|
Type k .
Item without start-up space
Type 1 Type i Item with start-up space
Any fit strategy Optimal strategy
Fig.2 Packing of input item list L
2 L
2, SBPP )
3 , 1 SBPP
3 1 A SBPP
FF BF WF , 2,
SBPP .
NF, t=[1/6]-1,¢ ,
L = {(8,1), (832)7'“5 (8,2t)} m*
NF o, : , NF(L)=2m;
( £), OPT(L)=2t. t
o , m RN =+w. NF SBPP
Hg , NF 81, L
, . L,LHx NF , Hx SBPP
Bounded Space Koo NF,FF  BF , SBPP
; 3 O
% 3] R
SBPP
32 FC-NF
C-NF , , SBPP )
FC-NF(fully classified-next fit).
FC-NF . FC-NF : i i (
). R NF.
FC-NF , . 4 o0 ,FC-NF
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4, FC-NF : &13 L [1/8]-1<RENM <1/,
1/3<6<1/2  2< RE“NF </(1-6); o212 ,RECNF=),
(ac) a, c . L={(&1),(&2),...,(gn)}, &
FC-NF , , FC-NF(L)=n; ,
OPT(L)=n/[1/51]-1), A 4
RECN >T1/85]-1. ©)
L 1,2,...,uFC-NF m
[ B1.B2,.--,Buyi, B, B (1<t<v(i)).FC-NF
NF, , Bt a
By By a s
S(B)+s(By)>1-6. (10)
1<t<v(i), 1oy
2[s(B)H+s(By)+... +8(Byi) I>(1-0)(W(i)-1). a1
1<t<u, an 25(L)>(1=8)(m-u),
FC-NF(L)=m<2s(L)/(1-8)+u. (12)
OPT(L)=S(L)+us. (13)
12y  (13) FC-NF(L)/OPT(L)<[28(L)/(1-8)+ul/(S(L)+us),
RSN =FC-NF(L)/OPT(L)<max {[2s(L)/(11-8)]/s(L),w/(us)}. (14)
&1/3 2/(1-8)<1/6, © 4 [1/5]-1<RENM <18,
13<6<1/2 2/(1-6)>1/6, 9 (14 2<RENM</(1-6).
5212 ( ), .
,FC-NF SBPP NF BPP u , @ FC-NF(L)<20PT(L)-u. RICNF <,
u=1 BPP , RICNF>Re =2, RICN =,
, 4 O
4
SBPP. . ,
SBPP C-NF, 2
; , SBPP ;
J, FC-NF.
SBPP ) ,
2 ]
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On a Constrained Bin Packing Problem with Start-Up Space*
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Abstract: A constrained bin packing problem with start-up space (SBPP) is proposed in this paper, in which an
additional start-up space is needed if different items are put into a same bin. The problem has many applications
such as job allocation, multiprocessor scheduling and real-world packing. A linear offline approximation algorithm
C-NF is presented to solve the SBPP problem. It is proved that the C-NF algorithm has an asymptotic worst-case
performance ratio of 2, which is independent of the size of start-up space. And the experimental average-case
performances of C-NF are given. Also, the online property of SBPP is studied. It is pointed out that most of the
classic online algorithms cannot offer definite worst-case performance ratios when applied on SBPP. And an online
algorithm is proposed with a finite asymptotic worst-case performance ratio for any start-up space.

Key words: bin packing problem; combinatorial optimization; approximation algorithm; asymptotic worst-case
performance ratio; average-case performance ratio
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