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Abstract— Heuristic methods have been successfully applied 

in solving a variety of computational search problems. But 

Heuristic methods are deterministic. They cannot be used for 

hard search problems. In this study we use set of simple 

heuristics to generate adaptive strategies for such hard 

computational search problems. Hyper heuristics are 

considered to be method to build systems which can handle 

different classes of search problems using the same 

algorithm. System uses hyper heuristic approach to solve 

problems like Iterated Prisoner’s dilemma, competitive 

traveling salesmen problem. This method provides an 

efficient way to develop new strategies for computational 

problems based on existing strategies. 

Key words: Artificial Intelligence, Hyper Heuristic, 

Computational Problems, IPD, CTSP 

I. INTRODUCTION 

A hyper-heuristic is an automated methodology for selecting 

or generating heuristics to solve hard computational search 

problems. Hyper Heuristic can be termed as “heuristics to 

choose heuristics”. [3] 

 A hyper-heuristic is a high-level algorithm that 

adapts to the current state of the search in order to select one 

of the low level heuristics at each decision point. It is hoped 

that this approach will perform better than using any single 

heuristic in isolation as well as enabling it to be applied to 

different classes of problems. In the proposed hyper-heuristic 

for computational problems there is a high-level algorithm 

and a set of low-level heuristics. The high-level algorithm 

selects from among the low-level heuristics and the selected 

low-level heuristic is used to generate strategies for a specific 

problem. 

 In this research we focus on two complex 

computational problems Competitive Travelling Salesmen 

Problem (CTSP) and Iterated Prisoners Dilemma (IPD). 

 In a competitive traveling salesmen problem 

(CTSP), multiple self-interested agents compete with each 

other in visiting a number of cities. The agents will receive a 

benefit if they are the first one to visit a city. All agents pay a 

cost for the distance they travel [7]. Each agent aims to visit 

as many unvisited cities as possible, with a minimum 

traveling distance. Due to the conflict of interest among 

multiple agents, a CTSP is a dynamic n-player game and the 

solution should be a Nash equilibrium (or equilibria). CTSPs 

are close to both fields of combinatorial optimization and 

non-cooperative game theory. 

 The prisoner’s dilemma is a standard example of a 

game analyzed in game theory that shows why two 

completely rational individuals might not cooperate, even if 

it appears that it is in their best interests to do so. [8] 

 The classical PD is as follows: Two members of a 

criminal gang are arrested and imprisoned. Each prisoner is 

in solitary confinement with no means of communicating 

with the other. The prosecutors lack sufficient evidence to 

convict the pair on the principal charge. They hope to get both 

sentenced to a year in prison on a lesser charge. 

Simultaneously, the prosecutors offer each prisoner a bargain. 

Each prisoner is given the opportunity either to: betray the 

other by testifying that the other committed the crime, or to 

cooperate with the other by remaining silent. 

 In this research, in proposed hyper-heuristic for 

computational problems there is a high-level algorithm and a 

set of low-level heuristics. The high-level algorithm selects 

from among the low-level heuristics and the selected low-

level heuristic is used to generate strategies for a 

computational problem. 

II. METHODOLOGY 

A. Competitive Travelling Salesmen Problem 

The traveling salesman problem (TSP) is a classic NP-hard 

problem in combinatorial optimization. Given a number of 

cities and the distances between each pair of them, the task is 

to find the shortest tour that visits each city exactly once. [1] 

 In Competitive travelling salesmen problem 

(CTSP), there are multiple agents which wants to compete 

with each other for visiting cities. The agents will receive 

some benefit if they visit city first before other agents. Each 

agent wants to visit as many cities as possible in possible 

time, because of this there is competitiveness in agents, each 

wants to have more benefit. [7] 

 There are multiple low level heuristic algorithms by 

which we can solve CTSP problem: Nearest Neighbor (NN), 

Random Neighbor (RN), Aggressive (AH), NN+2opt. 

1) Nearest Neighbor (NN) 

This heuristic always chooses the nearest unoccupied city as 

the next destination. The nearest neighbor algorithm is easy 

to implement and executes quickly. But it can sometimes 

miss shorter routes which are easily noticed with human 

insight, due to its greedy nature. In the worst case, the 

algorithm results in a tour that is much longer than the optimal 

tour. The nearest neighbor algorithm may not find a feasible 

tour at all, even when one exists. 

 Algorithm 

1) Start on an arbitrary vertex as current vertex. 

2) Find out the shortest edge connecting current vertex and 

an unvisited vertex V. 

3) Set current vertex to V. 

4) Mark V as visited. 

5) If all the vertices in domain are visited, then terminate. 

6) Go to step 2 

2) Random Neighbor (RN) 

This heuristic randomly chooses one of the neighboring cities 

as the next destination. The performance of this algorithm 

varies in every case because of randomness. 



Hyper-Heuristic Technique to Generate Adaptive Strategies for Computational Problems 

 (IJSRD/Vol. 6/Issue 05/2018/156) 

 

 All rights reserved by www.ijsrd.com 683 

3) Aggressive (AH) 

This heuristic aims to avoid wasted visits and also increase 

other agents wasted visits. It first checks other agent’s 

destination and it chooses another’s destination if it takes 

shorter time to reach the city than other agents. If not, it 

chooses the nearest unoccupied city if no other agents can 

visit it first. If not, it checks the second nearest, the third 

nearest..., etc. until it ends a city that no other agents can reach 

first. If no city can be found, it waits a step at its current 

location. 

4) NN+2opt 

This heuristic first adopts NN to create a tour, and then does 

a local 2opt (2opt repeatedly swaps any two cities of a tour to 

nd a better tour with less cost) search to improve it. It assumes 

that other agents play the NN heuristic. 

B. Iterated Prisoner’s Dilemma Problem 

The prisoner’s dilemma is a standard example of a game 

analyzed in game theory that shows why two completely 

“rational” individuals might not cooperate, even if it appears 

that it is in their best interests to do so. 

 A normal prisoner’s dilemma played repeatedly by 

the same participants. An iterated prisoner’s dilemma diff ers 

from the original concept of a prisoner’s dilemma because 

participants can learn about the behavioral tendencies of their 

counter party. 

 Calculating Best heuristic for next step using 

Heuristic Function Reward R > 1/2(T + S) , where T > R > P 

> S. R = Reward, T = temptation payoff , S = sucker’s payoff , 

P = punishment payoff . [8] 

Heuristics for IPD are 

1) Tit for Tat (TFT) 

a) Tit for tat is a game theory mechanism subject to a payoff  

matrix similar to that of a prisoner’s dilemma. 

b) Tit for tat was introduced by Robert Axelrod, who 

developed a strategy where each participant in an iterated 

prisoner’s dilemma follows a course of action consistent 

with his opponent’s previous turn. 

c) For example, if provoked, a player subsequently 

responds with retaliation, but if he is not provoked, the 

player cooperates. 

d) Tit for tat is a strategy that can be implemented in games 

with repeated moves or a series of similar games. 

2) Always-defect (AllD) 

In this strategy, player always defects on every move.[1] 

3) Alternator 

In this strategy player alternates it’s moves after each 

iterations. 

4) Grumpy 

Cooperates if R or P was played, otherwise it cooperates with 

a probability of 4/10. 

5) Forgiver 

In this strategy, if opponent defects it, then it forgives that 

opponent, it always co-operates with opponent. 

III. RESULTS & DISCUSSION 

A. Graph: CTSP 

 
Fig. 1: Graph of Hyper Heuristic vs NN, AN, 2opt, RN 

Here in Fig. 1 blue bar is for Hyper Heuristic and green bar is 

for simple heuristic, from the graph we can see that agent 

using hyper heuristic performs better than agent using simple 

heuristic to complete the traveling of cities. Hyper heuristic 

outperforms every heuristic algorithm. 

B. Results: CTSP 

 

 
Fig. 2: Results Set For CTSP 

Here 
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 State1 and State2 are starting States for agent1 and 

agent2 respectively. 

 Agent1 is using Hyper Heuristic and Agent2 is using 

heuristic mentioned in heuristic column. 

 nn= Nearest neighbour, rn= random neighbour, an= 

aggressive neighbour, to= NN + 2 Opt. 

 Columns agent1 and agent2 are showing benefit of each 

agent every run. 

C. Graph: IPD 

 
Fig. 3: Graph of Results for 20 Iterations 

 
Fig. 4: Graph of Results for 40 Iterations 

In Graphs for IPD, Benefit 1 is for Simple Heursitc used and 

Benefit 2 is for Hyper-Heuristic. 

D. Results: IPD 

 
Fig. 5: Results Set for IPD 

IV. CONCLUSION & FUTURE SCOPE 

We have investigated a hyper-heuristic methodology for 

computational problems. By applying a high-level algorithm 

to choose from among a set of heuristics or strategies for 

games, a hyper-heuristic can generate adaptive strategies for 

complex problems. The methodology is applied to two 

problems: 

1) The iterated prisoner’s dilemma 

2) The competitive traveling salesmen problem. 

The results show that: 

a) Hyper-heuristic approach out performs their low-level 

heuristics in repeated and dynamic computational 

problems. 

b) Hyper-heuristic approach generates adaptive strategies 

even if the low-level heuristics are deterministic. 

c) Simple heuristic selection mechanisms can be adopted to 

construct automated agents in different problems. 

 The hyper-heuristic methodology provides an 

efficient way to develop new strategies for many problems 

like game playing and computational problems. Existing 

strategies for specialized problems can be used as low-level 

heuristics in developing new strategies. The designer does not 

require a detailed knowledge of solving the specialized 

problem, and thus can concentrate his/her efforts on 

designing heuristic selection algorithms. 
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