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ABSTRACT

In this paper, we propose a novel quantum-inspired evo-
lutionary algorithm, called quantum-inspired Tabu search
(QTS). QTS is based on the classical Tabu search and the
characteristic of quantum computation such as superposi-
tion. We will present how we implement QTS to solve 0/1
knapsack problem. Furthermore, the results of experiments
are also compared with other quantum-inspired evolutionary
algorithm and other heuristic algorithms’ experimental re-
sults. The final outcomes show that QTS performs much
better than the other heuristic algorithms on 0/1 knap-
sack problem, without premature convergence and more ef-
ficiency.
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1. INTRODUCTION

Quantum-inspired evolutionary algorithm (QEA) is a spe-
cial issue of estimation of distribution algorithm (EDA),
where quantum probability amplitudes are used with prob-
abilistic models to describe the promising areas of decision
space and to guide the exploration of the global optimal.
The most successful case of using Quantum-inspired evolu-
tionary computing is by Han and Kim in 2002 [3]. We had
an inspiration that combining the concept of QEA [1]-[3]
with the traditional methods Tabu Search called Quantum-
inspired Tabu Search (QTS) to improve the performance of
evolutionary algorithms.
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2. QTS

The QTS evolutionary algorithm is based on TS. Unlike
traditional simple TS, QTS increases two important com-
ponents which are the diversification and the intensifica-
tion strategies spring from QEA. And the operation of the
new move mechanism called move — gate which uses two-
dimensional quantum rotation gate to intensifed search to-
ward attractive regions more thoroughly.

Algorithm 1 : QTS
i —0
. initialize quantum population Q(0)
. initialize solution s’ by measuring Q(0)
. initialize best fitness b by repair s’ then evaluating f(s)
while (not termination-condition) do
i—1+1
produce neighborhood Set N by multiple measure-
ments of Q7 — 1)
8. repair s € N then evaluate f(s)
9. update b

I e o

10.  find the best solution s” and the worst solution s*

11.  renew tabu list T

12.  update quantum individual Q(%) by applying U (A 61)
based on s’ and s® in part 1

13.  update individual s’ by measuring Q(7)

14.  update quantum individual Q(4) by applying U(A 62)
based on s’ and s* in part 2

15.  update individual s’ by measuring Q(4)

16. end while

1) The quantum population Q(0) = {q1, g2, ..., qn}, where
n is number of qubit, o and 3 of all qx, k = 1,2,...,n, are
initialized with 1/v/2 as in [3].

2) Initialize solution by measuring corresponding qubit in-
dividual state of Q(0) forms a binary string s” = {x1, 22, ...,
Zn}, each bit zx, k = 1,2,...,n, using the probability of
|ag |2 or |Bx|? to compare with a random number R € [0, 1],
when R > |ﬂk\27 set xx = 1, otherwise x = 0.

3) The best fitness b is used to record best solution achieved
through the evolutionary algorithm. After repairing s’, it’s
initialized by evaluating objective function f(s').

4) Neighborhood solutions N (line 7 of Algorithm 1) is
generated by multiple measuring Q(i — 1) m times. We may
not get the same results from the same measurement which
performs repeatedly on the same qubit, but if the gap be-
tween o and § was smaller, the more divergent neighborhood
solutions will we get.



Table 1: The move-gate lookup table

Table 2: The unreasonable setting in 0-1 knapsack

problem
part 1 part 2
sk Sk @w€T 00| si sE ge€T 06 we [1 2 3 4 5 6 7 8 9 10
0 0 true 0 0 0 true 0 pe |6 7 8 9 10 11 12 13 14 15
0 1 false +6 0 1 false —0 prjwk |6 .. . 2 15
1 0 false —0 1 0 false +0
! ! true 0 ! ! true 0 Table 3: Experimental results of the 0-1 knapsack

if qr locate in first or third quadrant, A 8 is same as the table
it gk locate in second or fourth quadrant, A 6 multiplies negative

5) Repair s € N so that can conform to feasible domain,
then evaluate every profit of N with the objective function
f(s) (line 8 of Algorithm 1).

6) Update b by line 9 of Algorithm 1. If current iteration
has profit better than b, b will be replaced.

7) Renew tabu list T' by line 11 of Algorithm 1. Unlike
general common tabu list records recent moves, it is used to
records qubits which are prohibited to change state in QT'S,
therefore, tabu size is dynamic. It help us avoiding trapping
in local optimality. The tabu conditions for the kth qubit in
Q(i) is shown in table 1.

8) Update @ process is by applying the move — gate U(A
6) = szlgﬁ g; CZZ’E(AA;;) , the Q(i) must be updated
twice that reference the tabel 1. In part 1, when si=0, sb=1
and qr, k=1,2,...n, are not in T, we implied corresponding
theta to turn the solution closer to the best solution. In part
2, we implied corresponding theta in current solution to keep
it away from the worst solution. The A 6 should be designed
in compliance with the application problem, but it usually
set to a small value to prevent prematurely convergence (line
12 to 15 of Algorithm 1).

3. PROBLEM AND RESULTS

The knapsack problem can be described as : Given a set of
n items, each kind of item k has a weight wy and a profit p,
select a subset of items so that the total weight is less than
or equal to the capacity C of the knapsack Y ;_, wrzr < C,
and obtain the maximize total profit by objective function
f(x) = > 1_; prxk. If the kth item is selected for the knap-
sack, xr = 1, otherwise xx = 0. In our experiments, the
average knapsack capacity is used C' =1/2% }_, wi. In the
first case of 0/1 knapsack problem, we set wy € [1,10], and
let pr = wr + 5, as in [3], then we can get Table 2. One
can see from this table, the heavier item always gets the less
profit per unit weight, but in the real world, things are not
always going this way. Hence, we also perform the experi-
ment to test the case II: py = wy + lg, where I, € [0,5], as
in [1].

Table 3 and 4 show the experimental results, the average
best, of knapsack problems with 250 and 500 items. The
maximum number of the iterations is 1,000, and the number
of runs is 100. The population size is 10 set in all algorithm.
The tabu size of TABU is the same as dynamic as our pro-
posed algorithm, and it is prohibited to change the status of
items. The 6 both in QTS and QEA are set to 0.017. For
the GA, we set the probabilities of crossover and mutation
are respectively fixed to 0.65 and 0.05 as in [2].
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problem (case I). The total profit and running time.

Items GA TABU QEA QTS
250 1400.97 | 1494.03 | 1532.33 1546.55
t(sec/run) 0.7449 0.5353 0.9266 0.6739
500 2766.55 | 2981.94 | 3030.37 | 3098.40
t(sec/run) 0.9712 0.5654 1.5083 1.0064

Table 4: Experimental results of the 0-1 knapsack
problem (case II). The total profit and running time.

Ttems GA TABU QEA QTS
250 1068.48 1152.68 1192.02 1207.64
t(sec/run) 0.7376 0.514 0.8835 0.6187
500 2115.68 | 2309.42 | 2355.30 | 2425.06
t(sec/run) 0.9503 0.6754 1.5708 0.9265

4. CONCLUSIONS

In order to improve QTS, we focus more attention on the
depth and breadth search of the possible solutions. Gen-
erally, the above-mentioned steps can help us get the ap-
proximately optimal solution of combinatorial optimization
problems. As we see, the results of experiments of 0/1 knap-
sack problem show that QTS does perform better than other
heuristic algorithms, both in time and the optimal solution.
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