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Reactive Search:
Learning on the Job

Reactive Search is a robust and ef cient method for solving dif ¢ ult optimization problems.
The word reactive hints at a ready response to events  while alternative solutions are tested.
Its strength lies in the introduction of high-level skills o ften associated to the human brain,
such as learning from the past experience, learning on the job, rap id analysis of alterna-
tives, ability to cope with incomplete information, quick adaptat ion to new situations and
events.

The main features of the Reactive Search techniques are:

Learning on the job Real-world problems have a rich structure. While many alternative
solutions are tested in the exploration of a search space, pattern s and regularities appear.
The human brain quickly learns and drives future decisions based on previous observa-
tions. This is the main inspiration source for inserting onlin e machine learning techniques
into the optimization engine of Reactive Search.

Rapid generation and analysis of many alternatives Often, to solve a problem one
searches among a large number of alternatives, each requiring the anal ysis of what-if sce-
narios. The search speed is improved if alternatives are generated in a strategic manner,
so that different solutions are chained along a trajectory in the s earch space exploring wide
areas and rapidly exploiting the most promising solutions.

Flexible decision support Crucial decisions depend on factors and priorities which are
not always easy to describe before starting the solution process . Feedback from the user in
the preliminary exploration phase can be incorporated so that a bet ter tuning of the nal
solutions takes the end user preferences into account.

Diversity of solutions The nal decisionisupto  you, not the machine. The reason is that
not all qualitative factors of a problem can be encoded into a comput er program. Having a
set of diverse near-best alternatives is often crucial for the de cision maker.

Anytime solutions You decide when to stop searching. A rst complete solution is gener-
ated rapidly, better and better ones are produced in the followin g search phases. The more
you run, the bigger the possibility to identify excellent so lutions, but if you want a solution
fast you are going to get it!
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Maximum Clique

The Maximum Clique problem in graphs asks for a clique of maximum siz e. A clique is a
subset of nodes such that each node is connected to all other node s of the subset. The
picture below shows (in red) four nodes (3, 4, 5, 6) that are comp letely connected; these
nodes are one clique of maximum size. Nodes 7, 8 and 9 are a clique but n ot of maximum
size.

The Maximum Clique problem is a paradigmatic combinatorial optimiz ation problem
with relevant applications (in some cases considering variations of the above de nitions),
including information retrieval, computer vision, social net work analysis, computational
biochemistry, bio-informatics and genomics. The problem is v ery hard to solve exactly,
making it an ideal test-bed for the application of Reactive Search.

The RS-MClibrary provides a simple way for the programmer to de ne the pro blem to be
optimized in terms of a Maximum Clique instance, and to solve it us ing a powerful Reactive
Search optimization.

The class library is useful to extend the Reactive Search solver and integrate it in your
application and use it to solve optimization problems that are part o f your work ow.

The main library functionalities are rst explained by means of a si mple tutorial which
enables any C++ programmer to quickly insert an optimization task in any program. Then
a complete reference to the library's functions and parameters i S provided.
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Two steps to solve it!

Step 1: De ne the problem

In the rest of this manual, we assume that the Maximum Clique problem is de ned in plain
DIMACS format or in binary format; you can nd a converter from ASC Il DIMACS format
to binary format on the DIMACS website:

f tp://dimacs.rutgers.edu/pub/challenge/graph/translators/ binformat/ANSI/binformat.shar
The following is an example of a graph of 10 nodes given in the DIMA CS format. The

rst character of each line describes the information:
“c” is a comment

“p clg” starts the problem line (the two numbers are no. of nodes and n 0. of edges in
the graph)

“e” describes a single edge (nodes are numbered from 1)
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Step 2. Call the optimizer and solve it

Open a new le, call it test.cpp . Start by including the standard iostream and list
headers and the library's header  rs _mc.api.h

#include <iostream>
#include <list>

#include "rs  _mcapi.h"

using namespace std;

The included header contains all the methods necessary for the in itialization of a Maxi-
mum Clique solver, and its execution. The problem instances have to be de ned using the
DIMACS binary format. An example binary le comes along with the li brary.

Declare a list that will contain the best clique found and an iterator for it:
int main(int argc, char * argv) f

list<int> best _clique;

list<int>::const _iterator iter;

Load the DIMACS binary le containing the problem de nition, and initialize the Reactive
Search algorithm:

rs _-mc.api api("problem.clg.b", 1000); I

The parameters in the rs _mcapi constructor are the lename containing the problem
de nition and the maximum number of iterations before stopping
Perform the Reactive Search:
while(api.search _clique()); I

The Reactive Search method will stop when the maximum number of it erations is reached.

Print the results of the Reactive Search:

cout << "Best clique found after " << api.get _steps _to _best() <<
" iterations has the following " << api.get _size _best() <<
" nodes:" << endl;

api.get _best _clique(best  _clique);

for(iter = best _clique.begin(); iter !'= best _clique.end(); iter++)

cout << ( xiter) << " "
cout << endl << endl;

Finally, the main function can be closed:
return O;

Compile the program and link it against the librs-mc.a library:

g++ -0 test test.cpp librs-mc.a I
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Library reference

Constructor and destructor

The constructor and destructor of the class handle the initializ ation and de-initialization
and deal with the management of the memory and data structures neede d internally by the
Reactive Search algorithm.

rs_mc_api:irs _.mc_api (char * filename , int maxsteps , int upper _bound = MAXINT, int
random _seed = 0)

rs_mc_api:: rs _mc _api()

Parameters

|char * filename I
Name of the le in DIMACS binary format with the problem instance.

|int upper _bound l

Expected size of the maximum clique; the algorithm will stop searc hing when a clique
of the speci ed size is found.

int maxsteps I

Maximum number of steps: the algorithm will perform the search, and will stop after
max_steps .

|int random _seed l
Random seed used by the internal random number generator.

Performing the search

|boo| rs _mc _api::search _clique ()

Return value

The function returns true if the maximum number of steps is reac hed, or if a clique of size
upper _bound is found.
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Printing the results

Function print _best()

The function
|bool rs_mc _api:print _best ()

prints size and nodes of the best clique found during the search.

Function get _steps _to _best()

bool rs_mc _api::get _steps _to _best()

Return value

This function returns the number of iterations that were neces sary to nd the best con g-
uration found.

Observations

Please note that the number of iterations does not have to be equal to the total number of it-
erations speci ed in the constructor. The algorithm could ter minate as soon as a maximum
cligue is found, and even if it is not able to nd it within the give n iterations upper bound,
the value returned by this function is the actual number of steps that were necessary to
nd the quasi optimum clique.

Function get _size _best()

bool rs_mc _api::get _size_best()

Return value

This function returns the size of the best clique found.

Function get _best _clique(list<int> &)

|void rs _mcapi:get _best _clique(list<int> & my _list) |
This function lls up a sorted list with the nodes of the best ¢ lique found.
Parameters

list <int > & my.list l
Empty list to be lled up with the nodes belonging to the best cl ique found.
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List of les

The package contains the following les:

RS-MC-manual.pdf
This le.

rs _mc.api.h
The library's header le, to be included in the user's program.

librs-mc.a
The static library le, to be linked to the user's program.

example.cc
A sample user program employing the library.

keller4.clg.b
A sample input le from the DIMACS dataset.

Makefile
A sample Make le to compile the example program.

Doxyfile
Doxygen con guration le.
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