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Abstract 

 
Metaheuristics have many parameters fine tuning that parameter values can improve efficiency and effectiveness of 
these algorithms when solving optimization problems. A considerable number of automated parameter tuning 
methods have been developed in the last few years. Recently developed Instance-specific Parameter Tuning 
Strategies (IPTS) considers the interaction between measurable test problem features and algorithm-specific 
parameter values when developing a tuning strategy.  Although algorithm configuration has a very wide literature, 
there are rather few studies suggested on instance-specific parameter tuning and there is not a comprehensive 
literature survey on this field. In this study we will first give a definition of the algorithm configuration problem and 
will give an overview about open access studies in the field of IPTS. We will survey the proposed methods on this 
topic and discuss the advantages and disadvantages of these methods as a conclusion in this study. This is first study 
that surveys the proposed methods in the field of Instance-specific Parameter Tuning Strategies. 
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1. Introduction 
 
Metaheuristic and heuristic algorithms have many design parameters and good selection of that parameter values 
(referred as parameter tuning or algorithm configuration problem) that significantly affect the efficiency and 
effectiveness of algorithms performance when solving the target optimization problems. Although parameter tuning 
is a challenging and tedious task, it can lead effective and good performing version of algorithms for optimization 
problems.  
 
Parameter tuning (or offline parameter tuning) and parameter control (or online parameter tuning, which can be 
deterministic, adaptive, or self-adaptive) methods are developed for selecting parameter values of target 
optimization algorithm (Eiben and Smit, 2011). In parameter control approach, the initial parameter values are 
initially fixed and changed during the execution of the algorithm, and in parameter tuning, parameter values are set 
before the algorithm is executed and don't change during process. Parameter tuning strategies can be examined 
under two main headings namely, instance-oblivious methods (which choose one parameter vector that solve quite 
well all problem instances in the training set) and instance specific parameter tuning methods. 
 
In this study will first give a definition of the algorithm configuration problem and we will give an overview about 
open access studies in the field of IPTS. Although algorithm configuration has a very wide literature, there are rather 
few studies suggested on instance-specific parameter tuning and there is not a comprehensive literature survey on 
this field. We will survey the proposed methods about this topic and discuss the advantages and disadvantages of 
these methods as a conclusion in this study. As author knowledge, this is first study that surveys the proposed 
methods in the field of IPTS. 
 
2. Literature Review 
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Although some parameter configurations or optimization algorithms demonstrates better performance than other for 
a specific problem type, generally it is not possible a single best parameter configuration or algorithm demonstrates 
same success on all problem types. Instance-specific algorithm tuning strategies are developed recently, and 
considers the interaction between measurable instance (test problem) features and algorithm-specific parameter 
values when developing a tuning strategy. In other terms, for a parameterized algorithm, they aim to find good 
parameter values instance-specifically based on the instance characteristics (not only find one specific parameter 
configuration). Ries and Beullens (2015) summarized IPTS process in Figure 1, such as, first a representative 
instances set is used to design the IPTS. Subsequently, the feature characteristics of any given problem is 
determined, and a method is applied to obtain an instance-specific parameter configuration set. In next step, the 
metaheuristic is executed for a specific problem with these parameter values. 
 
Lau and Lo (2011) defined instance based configurator formally such as; " Given a target algorithm A, a set of 
training instances I, a set of testing instances It, a parameter configuration space Θ and a meta-function H to 
measure algorithm A performance, an instance-based configurator creates a set of clusters C from I and finds a 
parameter configuration xc for each cluster c ∈ C that minimizes H for the set of instances in the respective cluster. 
For a given testing instance in It, it will find the most similar cluster c ∈ C and return the parameter configuration 
xc which will be used to execute A.", where xc  is used to initialize the algorithm. 
 

 
 

Figure 1. The IPTS framework. 
 

In Figure 2, we provided a schema of developed state-of art instance-oblivious and instance-specific automated 
algorithm configuration methods. And we provided a survey on the proposed methods about IPTS and discuss the 
advantages and difficulties of these methods in this section. 
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Figure 2. A schema of classification of instance-oblivious and instance-specific automated algorithm configuration 
methods. 

 
2.1. Empirical hardness model based techniques 
 
Hutter and Hamadi (2005), and Hutter et al. (2006) suggested a parameter tuning method based on empirical 
hardness models (Bayesian linear regression). Then, this model is used to determine the best per- instance parameter 
values which minimizes predicted runtime. Although their method showed good predictive performance and 
important speedups when compared to the default and the best fixed parameter settings, their methods were limited 
to purely continuous algorithm parameters. Hutter et al. (2014) empirically evaluated various regression methods 
such as; Random Forest, Gaussian Processes, Ridge regression; and based on the results of this study Random Forest 
regression outperformed other regression methods.  
 
2.2. ISAC  
 
As an alternative to using regression models to map instance features, stochastic offline programming (Malitsky and 
Sellmann, 2010) procedure is suggested. Based on the results of experiments, algorithms can be massively improved 
with this procedure. Kadioglu et al. (2010) presented a new instance-specific algorithm configuration (ISAC) 
procedure which combines the parameter tuning method GGA (Gender based Genetic Algorithm) (Ansótegui et al, 
2015) and the newly developed stochastic offline programming method. In contrast to instance oblivious methods, 
which finds one parameter configuration that solve quite well all problem instances, their new method aims to find 
best performing parameter configurations for certain problem instance. Their approach starts with learning phase, 
which user must define the target optimization algorithm, training instances set, feature vectors of instance set. 
Then, they cluster the training instance set with g-means clustering algorithm with regarding the normalized feature 
vectors. And they assume that instances that are in the same cluster treat similarly the same algorithm solve them. 
After this, they compute the suitable parameters for each cluster using the GGA method. They evaluated ISAC for 
five solvers and they showed that instance-specific method outperformed the instance-oblivious configuration.  
 
ISAC used by Abell et al. (2012) in terms of algorithm selection problems to find the best solver among 27 different 
solvers BBOB benchmark problems. Ansótegui et al. (2016) extended ISAC++ with a portfolio technology. Detailed 
and wide experiments demonstrated that the ISAC++ consistently outperformed the best instance-specific algorithm 
configurator till now.  
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2.3. HYDRA  
 
HYDRA (Xu and Leyton-Brown, 21010) is another method that is a combination of automatic parameter tuning 
method and portfolio-based algorithm selection methods. Hydra constructs algorithm portfolios by iteratively 
generating new algorithm instantiations from a parameterized algorithm with the aid of automatic algorithm 
configuration, in order to find specialized configurations for tackling with specific problem instances set. Then the 
most appropriate configuration based on given an instance feature vector is chosen. Also in Xu et al. (2011), they 
extend and modified HYDRA to build strong portfolios of CPLEX configurations, and for improving CPLEX’s 
performance for different MIP benchmarks, as compared to ISAC, ParamILS (Hutter et al., 2009) alone, and 
CPLEX’s default configuration.  
 
2.4. CluPaTra  
 
Main difficulties of instance specific parameter tuning methods are choosing the relevant problem features and 
identifies the relation between the parameter vectors, the instance-specific information, and their impact on 
algorithm performance (Ries and Beullens, 2015). Instance specific algorithm configuration approaches suggested 
by Patterson and Kautz (2001), Hutter and Hamadi (2005) (they will be mention in section 2.7) can deal only with a 
specific problem because they use problem-specific features. These features are supposed to identify the structure of 
for each specific problem instance and its sub-types. However, it cannot be applied new optimization problems with 
unknown features. For example, SATzilla (Xu et al., 2008) develops per-instance algorithm portfolios for SAT with 
commonly using SAT-specific features. Feature selection is a very complicated task because it cannot be executed 
automatically and requires the domain expert knowledge.  
 
In Lau and Lo (2011), they offered a problem-independent algorithm configuration method based on CLUstering 
instances with similar PAtterns according to their search TRAjectories, CluPaTra for local-search based meta-
heuristics. They extended their early study on features-based tuning suggested in Lau and Xiao (2009), which 
clusters instances based on the problem-specific features. This study differs in that they used the search trajectory 
(the search path of the algorithm follows) in order to identify instance feature (Hoos and Stützle, 2004).  
 
Total procedure starts with clustering the problem sets with respect to their search trajectories similarity, a one-size-
fits-all algorithm, ParamILS is applied in order to determine the best parameter vectors for these clusters. Later, for a 
new instance, the best parameter vector of the closest cluster to this problem instance based on its search trajectory 
is then determined as the parameter vector for this instance. So, a configuration procedure that produces problem 
independent instance cluster-based parameter configurations is developed. The major contribution of their study is 
that they used two well-studied methods, sequence alignment (to calculate a similarity score) and hierarchical 
clustering. 
 
They evaluated their method, CluPaTra, on two optimization problem, and according to their experimental results, 
clustering problem instances using CluPaTra before running one-size-fits-all configurator provide better solutions 
than using only configurator and the difference is statistically significant with an ignorable additional computation 
cost. Their study has two limitations, and the first one is it can only tackle with the local-search-based algorithms. 
The second one is related to using computationally intensive sequence alignment algorithm. They also recommend 
investigating if the accuracy can be further improved when generic search trajectory feature combined with other 
fitness landscape features.  
 
2.5. AutoParTune  
 
Finding instance-specific configurations for a heterogeneous and large set of instances is often tiring and domain-
specific and requires finding good features for each new problem instance. Yuan et al. (2013) suggested a new 
automated algorithm configuration procedure, AutoParTune, to tackle this problem which is an extension of Lau and 
Lo (2011). AutoParTune framework includes four stages such as; parameter search space reduction; instance-
specific tuning to handle heterogeneous instances with SufTra; scaling large instances with ScaLa; and global tuning 
ParamILS. To handle heterogeneous problems, they suggested a generic instance clustering method called SufTra 
that determines generic features from instance search trajectory patterns by using a different data structure ”suffix 
tree” (Gusfield, 1997). SufTra extend the CluPaTra by overcoming CluPaTra’s limitations; flexibility and 
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scalability, and can effectively create better and tighter clusters with minimal additional computation effort. And for 
dealing large instances, they proposed ScaLa that analysis runtime for scaling large instances.  
 
In first experiment they compared time needed for SufTra and CluPaTra to cluster the training instance set and to 
map the testing instances and they showed SufTra solved faster than CluPaTra. Then they compared the 
performance of parameter vectors obtained by SufTra, CluPaTra and ISAC and the ParamILS. According to their 
result, SufTra performs better than other approaches. They plan to integrate the SufTra and ScaLa on the 
AutoParTune framework in the future. And they also plan to apply their method to population-based-algorithm. 
Studies on ScaLa are still ongoing and they aim extending the amount of experiments including the other test 
problems and the other algorithms. And they plan to find a way of reducing the computation expenses.  
 
2.6. FloTra 
 
Although CluPaTra and SufTra demonstrated an important improvement over one size fits all tuning methods, their 
problem is descriptiveness problem rising from used sequence representation model. Lindawati et al. (2013) 
introduced FloTra, a generic instance-specific automated algorithm configuration technique to pick out important 
patterns from search trajectory graph that overcomes their limitation on descriptiveness. Their process start with 
clustering based on the search trajectory and transforms it into a graph. Then it continues to extract relevance 
features, determine similarities and execute clustering. After, ParamILS is applied to determine the best parameter 
vector for each of the cluster, then standard training phase is executed. They evaluated their approach on a hybrid 
Simulated Annealing and Tabu Search (SA-TS) algorithm (Ng et al., 2008) for solving  Quadratic Assignment 
Problem (QAP) and Set Covering Problem using tabu search (Musliu, 2006) and observed that FloTra demonstrated 
better performance than ISAC and SufTra.   
 
2.7. Other studies 
 
Patterson and Kautz (2001) suggested a self-tuning approach that chooses WalkSAT stochastic satisfiability solvers 
parameters. It uses a heuristic search to find the optimal value (almost optimum) of the parameter on heterogeneous 
problem instances based on easily computable features. However, suggested method is special to the single noise 
parameter of WalkSAT. There are also some works on per-instance approaches for compiler optimization such as; 
Cavazos and O’boyle (2006) and Agakov et al. (2006).  
 
Ries et al. (2012) suggested an instance-specific parameter selection which is a combination of full factorial design, 
statistical analysis, and a fuzzy logic rule-based system. Their method solved quicker than a conventional one-size-
fits-all algorithm configuration method without an important loss in solution quality when optimized for algorithm 
speed. The main shortcoming is that their study is very time-consuming because it requires an extensive statistical 
analysis and statistical knowledge expert to in order to determine a fuzzy decision rules manually.  
 
Ries and Beullens (2015) suggested a semi-automated fuzzy logic IPTS method where it avoids that computationally 
heavy process and produces the tuning rules much quicker. They used automatically generated decision trees in 
order to derive classification rules. Therefore, the researcher will not need the information of the interaction between 
algorithm parameters and test problem, because they will be transferred automatically and indirectly into a (fuzzy) 
rule base. According to experimental results, their semi-automated IPTS using fuzzy logic can find a promising 
algorithm configuration based on user-defined performance criteria. Yeguas et al. (2014) also used a Bayesian Case-
Based Reasoning methodology based instance-specific parameter tuning method to estimate the optimal parameters 
of evolutionary algorithms in order to increase the algorithm performance. 
 
Blazquez et al. (2017) proposed a method which applies Fuzzy Logic for tuning the parameters of Map Matching 
Algorithms (MMA). Although experimentation of their method on real-word data provided an improvement on 
MMA performance over the MMA with constant parameter settings, their IPTS framework is manual and expert-
based and may be improved by using an automated technique that doesn’t require expert knowledge of the 
optimization problem solver (Ries et al., 2013) 
 
3. Discussions and Conclusion 
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Metaheuristic and heuristic algorithms have many design parameters and a good selection of that parameter values 
have a great effect on the efficiency and effectiveness of algorithms when solving the target optimization problem. 
In the last few years a number of automated or semi-automated tuning methods and their software packages have 
been suggested in the literature that enable to perform parameter tuning without much effort. Recently Instance-
specific Parameter Tuning Strategies are developed, which considers the interaction between algorithm parameter 
values and measurable instance (test problem) characteristics when developing a tuning strategy.  
 
In this study we survey the proposed methods about this topic and discussed the advantages and difficulties of these 
methods in this study. Although algorithm configuration has a very wide literature, there are rather few studies 
suggested on instance-specific parameter tuning and there is not a comprehensive literature survey on this field. We 
surveyed the proposed methods about this topic and discuss the advantages and disadvantages of these methods as a 
conclusion in this study. As author knowledge, this is first study that surveys the proposed methods in the field of 
Instance-specific Parameter Tuning Strategies 
 
As a summary; 
 

 It can be said that IPTS takes advantages of parameter control and parameter tuning methods (Ries et al, 
2013).  
 

 Ries and Beullens (2015) sorted the difficulties of IPTS such as; the selection of instance characteristics, 
assessing the relation between the parameter values of the algorithm, the instance-specific information, and 
their impact on algorithm performance. 

 
 Furthermore developing effective instance-specific algorithm configuration methods encourage the 

developers for highly parametrize their algorithms for foremost NP-hard problems such as planning and 
MIP. 
 

 For further research there are some recommendations such as; 
 

 Instance-Specific Parameter Tuning methods are effective strategies for solving parameter tuning problem, 
but more researches must be conducted since the number of studies in this field is rather few.  
 

 One of the important part of developing an IPTS is feature selection of instances. Besides using a single 
generic feature, Lau and Lo (2011) suggested to combine various fitness landscape features, such as density 
of local optima. Different generic features that enables to generate clusters from population-based-
algorithm can be investigated (Lindawati et al., 2013).        

 
 Assessment of performance metric and clustering method is another important step of developing an 

efficient IPTS method. Effect of distinct performance measures and distinct clustering techniques on the 
performance can be investigated (Lau and Lo, 2011). 
 

 Lau and Lo (2011) suggested to investigate if integrating adaptive methods (in which the parameter values 
are changed based on the target algorithm’s behavior during its run) will improve the instance-based 
configurator’s performance.  
 

 Different state-of-art algorithm configuration methods (i.e., model-based methods) can be used to 
strengthen the existing IPTS methods.  
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