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Abstract This paper proposed an NP-hard 0-1 knapsack variant problem considering the space and time issues. Given n
items with each item i having weight w; and continuous storage time length ¢, ,and a knapsack with capacity S,a schedu-
ling is asked to provide for the packing time of each item(the removing time can be deduced accordingly). At any time
instant, the total weights of the packed items should not exceed the capacity of the knapsack. This paper proposed three
algorithms to address this problem:a quick dynamic programming (DP) algorithm,a branch and bound (BnB) based
exact algorithm and a genetic algorithm. The dynamic programming(DP) algorithm first regards all items as raw items.,
and uses DP to pack as much raw items as possible into the knapsack. Whenever there is an item that becomes mature,
i. e. it has been stored enough time in the knapsack,the mature item is removed from the knapsack,and for the remai-
ning Knapsack capacity,DP is used again to pack as much raw items as possible. The above process continues until all
items are mature and removed from the knapsack,completing the DP scheduling. The BnB based exact algorithm defines
the lower bound and upper bound.and cuts the unnecessary branches to shorten the running time. The genetic algorithm
defines each individual as a packing order,and defines the corresponding fitness value,selection, mutation and crossover
operators. Experiments on three sets with a total of 36 designed benchmark instances show that DP can quickly produce
high quality schedules,BnB based exact algorithm works well for small instances, the genetic algorithm can deal with
hundreds of items within 1500 seconds and it outputs schedules with considerably shorter makespan when compared
with DP.

Keywords Knapsack scheduling, Dynamic programming.Branch and bound.Genetic algorithm
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1. T<=0;
2. initialize(X) ;
3. totalweight< Zn:]w,;
4, while S<lolallweighl do
5. dp(X,S.n);/ * BAEMK « /
6. update(S);
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10. update(S);
11. update(X) ;
12. totalweight<2w;;/ * IR T Y IR EE * /
13. end while
14, ty,<—max;t;; /% BN RIA AN T4 0 04 e 0 T )« /
15. T < T+t
16. return T;
17. end algorithm
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Fig. 1 Comparison with the 2D Strip Packing problem
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1. Theso<= IDP(S.n,X);

2. TLOJ <= 05 /= T SR 1Y 24 14 FO 8] > /

3. initial mark; / * mark[ {1738 I bRic . 1 4R #E N false * /

4. fori=<1tondo

5 begin

6 if mark[i]="{alse then

7. vis[dep] < 15/ * vis IR AFGt 1 B BT 51 = /

8 mark[i] < true;

9. t< T[dep—1];

10. update(0) 5/ % A vis[dep I% B (99 i AN LR T * /

11. Tldep] < t;

12. if dep>>n/2 then

13. if w,, <<S' then/ * my A4 AL A& % S0 T
18] e K BB+ /

14. Tip<—t+ max(ty, sty )5/ * my 975 A 9 8 42 T
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15. else

16. Ti<T; 4+ max(t, st s

17. endif
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18. else 7. Ui <miny 5/ % 0 2 FE A P 400 o 8 0 A n T ] ¢/
19. T (D <t+max{t, » 2 wit;/S};/ * t, AP R K 8. T < T+ time;
TR 20wty S T AT 280 4% o 0 1 4 1 1 4 e ) 9. Gty s/ % T T 24 WA A PN R G T A TR ] %/
Te BBy N = / 10. update(S) ;

20. endif 11. end while

21. if Ti,=>=Thes then 12. endif

22. return 13. S < S—w;;

23. endif 14. end
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25. if Ty, =Ty then
26. Thest< Ty
27. return

28. endif

29. BnB(dep+1);
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PSS B AE B * /

31. mark[i] < false;
32.  endif
33. end

34. end algorithm
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1. T<0;

2.fori<1tondo

3. begin

4 if S&>=w, then

5. S<S—w;;

6 else while S<<w; do

15.if i= n then / * 3 AFH n A5 » /

16. tm<—max; t;;/ * $2 BRI TR 0 e A T )+ /
17. T <T+t,;

18. endif

19. initialize(X) ;

20.

initialize(S) ;
21. return T;
22. end algorithm
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1. initialize(oldpopulation) ;
2. Thest < Toldpoputaiion 11/ * ¥ oldpopulation v Ef — A~ A~ ¢ 14 % S ] 8] £

N Thea IBIERTE * /
3. calculate f5/ » FFERAFASA AN IE NLIE = /
4. calculate Prs/ * TR RBMEAR « /
5. 1= 0/ % MTTAYEAAEL + /
6. while | <<Max_Gen do / * J1 55 SABUBER » /
7. T<selectbest(oldpopulation) ; / * £ Fe A~ 1A, %A~ 1k (1 % B

[ T =/

if Thest =T then
9. Thess< T3
10.  endif

11.  select(oldpopulation, newpolulation) / * I % 38 £ 3 2L U FhRE = /
12.  for k<1 to scale,k<-k+2 do

13. r<random(0,1);/ * = BEHLEC JEFE g 0~1 % /

14. if r<<Pc then

15. Crossover(k,k+1);
16. endif
17. r<-random(0,1);

18. if r<<Pm then

19. mutation(k) ;
20. endif

21. r<-random(0,1) ;
22.  if r<<Pm then

23. mutation(k-+1);
24,  endif

25. oldpopulation<—newpolulation;
26, 1<1+1;
27. end while
28. return The s
29. end algorithm
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Table 1 Experimental environment description
Type specific information
0S Microsoft Windows 10 Pro version 64bit
CPU Intel® Core™ i7-3610QM CPU @ 2. 30GHz
Memory 8GB
Disk OCZ-VERTEX4 128GB
IDE Codeblocks 13. 12
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Table 2 Test results of the first set of instances

1DP Genetic algorithm
Backpack

Instance n . Running Running
capacity Result L Result L
time/s time/s
Cl. 1 16 20 21 0.016 20 40.037
Cl.2 17 20 22 0.016 21 42.062
Cl1.3 16 20 21 0.016 20 35. 142
C2.1 25 40 16 0.016 16 45.017
C2.2 25 40 16 0.016 16 47.017
C2.3 25 40 15 0.016 15 44.017
C3.1 28 60 31 0.016 31 57.017
C3.2 29 60 32 0.016 31 50. 297
C3.3 28 60 32 0.016 31 45.031
C4.1 49 60 62 0.016 62 74.016
C4.2 49 60 64 0.016 63 77.707
C4.3 49 60 62 0.016 62 86.016
C5.1 73 60 92 0.016 91 190. 327
C5.2 73 60 93 0.016 92 211.169
C5.3 73 60 92 0.018 91 214.971
C6. 1 97 80 122 0.016 121 277.678
C6. 2 97 80 124 0.016 122 313.698
C6.3 97 80 123 0.016 122 276.988
C7.1 196 160 241 0.028 241 620. 059
C7.2 197 160 246 0.028 243 573.664
C7.3 196 160 242 0.027 242 555. 055
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Table 3 Test results of the second set of instances
BnB 1DP Genetic algorithm
Inst > R ing R ing R ing
netanee - n Result ennl/ng Result ennl/ng Result enm/ng
time/ s time/ s time/ s
1 13 67 30. 754 67 0.016 67 14.016
2 14 97 386.653 102 0.016 97 17.816
3 15 100 2011.748 107 0.016 100 23.016
4 15 123 2682. 125 131 0.019 123 20.036
5 15 126 2757. 256 129 0.022 126 24,031
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Table 4 Test results of the third set of instances

1DP Genetic algorithm
s S G
6 100 5728 0.021 5340 143.284 0.932
7 125 4558 0.031 4179 216.991 0.917
8 150 11301 0.033 10958 250.903 0.970
9 175 8582 0. 042 8176 424.995 0.952
10 200 12431 0.053 11663 551. 106 0.938
11 225 16049 0.069 14872 769. 470 0.927
12 250 17415 0.075 16270 808. 373 0.934
13 275 22252 0.130 21564 829.119 0.969
14 300 26499 0.126 25464 1878.752 0.961
15 325 32978 0.185 30719 1448. 342 0.932
Average 213 15779 0.077 14921 732.134 0.943
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