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A PROGRAM TOOL FOR PRACTICING THE MODEL OF 
SEARCHING AN ACTIVE OBJECT AS MULTISTAGE 

DIAGONAL GAME 
 

There has been represented a model of searching an active object within a closed 
checkered area as multistage diagonal game. The evolving from stage to stage solution of this 
game may be found with the developed and represented program tool. The tool returns the 
solutions and plots bar-like distribution of their elements up with the prior sojourn 
probabilities distribution over the area. 

 searching an object, diagonal game, multistage optimization, optimal behavior, 
Matlab program tool 

 
Introduction and problem statement 

 
Many domains of activity have the arisen problems of searching 

something or somebody within a closed territorial region. One of the most 
outstanding and really needful is the state frontier problems of searching 
trespassers. Another one is of searching the lost people, especially kids. This is 
why to model the search of an active object, moving or staying lost within some 
territorial region, turns to be the actual scientific problem, which has the real 
practice use. 

 
Analysis of investigations on territorial region search models 

 
Amazingly enough, but territorial region search models had not been 

represented much until now. It might be explained with that when somebody is 
getting lost or trespasses the state frontier, then there is no much time to evaluate 
the environmental situation, and it is very important to act as fast as possible. 
However, as for the state frontiers environmental situations, they are almost 
stable in their maneuverability through. And so, there is possibility to premodel 
the trespassing process through them, what will help to react faster in 
extraordinary situations [1, 2]. This also may concern the model of the enemy 
troops invasion in trespassing the state frontier. Besides, some types of illegal 
migration may be modeled in that way [3]. But still the unsolved part of the 
problem is in developing the program tool for practicing the model of the active 
object search, and that model must regard the worst situations as the object may
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not want to be exposed (except cases of searching the lost people or kids, though 
there are those worst situations should be considered anyway). 

 
Paper purpose and tasks formulation 

 
Let the trespasser or the lost one, for further being called the object, 

moves across the rectangular region (area) Z . This region should be divided into 
M  lines, each of which is divided into N  zones (squares). For i -th line there is 
known the prior probability ijp  of the object sojourn within the j -th zone, that 
is 

 

1

1
N

ij
j

p


   1,i M  .                                          (1) 

 
Here it should be stated, that on the first line there is the condition 

 
  1,j N  ,   1 1,j N  ,  2 1,j N  , 1 2j j , 

11 0jp  , 
21 0jp  .   (2) 

 
It is because of that if (2) is false, then on the first line there exists a zone 

 1 1,j N  with the unit probability 
11 1jp  , and the problem is already solved: 

it remains to just direct some search group to locate it there. 
The object, entering or trespassing the area Z  through the first line in a 

zone of those N  ones, knows the prior probabilities  1 1

N
j j

p


 as they are learned 

by the search group. Then the object will act most cautiously, taking into 
consideration the possible best searching actions against it. The search group 
will act analogously, minding the best camouflaging or prudent actions of the 
trespasser. Hence this event is antagonistic, being modeled on the first line as 
matrix N N -game, where the k -th pure strategy kx  of the search group (first 
player) is in directing to the k -th zone, and l -th pure strategy ly  of the 
trespasser (second player) is in moving to the l -th zone, by 1,k N  and 

1,l N . Such game is diagonal, as in the situation  ,k lx y  the search group 
payoff is zeroth by k l  and is 1kp  by k l . This game kernel is the matrix 
   1 1kl N N

d


   D  with elements 
 

   11 1 signkl kd p k l    by 1,k N  and 1,l N .                   (3)
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Knowing the diagonal  1D -game solution [4] 
 

         1 2 1
opt opt opt opt opt1 1 1 1 1N Ns s s s   S   

 

     
1

1 1 1 1 : 1 0; 1 1, , 1 1
N

N N k kN

k

s s s s s k N s


        
  

 �                             (4) 

 
on the first line, where for the search group  opt 1ks  is the optimal probability of 

searching the trespasser in the k -th zone, and for the trespasser  opt 1ls  is the 
optimal probability of sojourning within the l -th zone, and 

 

 
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d p



 

 

   

   
  1,j N  ,                     (5) 

 
there is the task to develop a program tool for practicing the optimal behavior 
model of searching the active object on deeper lines. By that the optimal 
behavior principle should be based on the multistage diagonal game solution, 
being regenerated on each new line within the area Z . 

 
Regenerated diagonal game and optimal behavior principle 

 
To behave optimally on the first line means to hold the mixed strategy (4) 

for both the search group and object. Generally, this implies to search with 
probability  opt 1ks  in the k -th zone. But, actually, this may be comprehended as 
to divide the search group into parts with proportional to probabilities 

  opt 1
1

Nj

j
s


 fractions. For instance, if  opt

1 4 21
7 7 7
    

S  then, having the 

search group 21 members, there are directed 3 persons into the first zone, 12 
persons into the second, and 6 persons into the third zone of the first line. 

If it occurred that the object trespassed the first line, then its optimal 
behavior model must not be changed: there will be the same best camouflaging 
or prudent actions. Then the search group should act similarly, taking into 
consideration the most cautious movements of the object. And here the diagonal
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N N -game regenerates, but not only regarding the probabilities  2 1

N
j j

p


. 

These probabilities naturally must be weighted with the probabilities 

  opt 1
1

Nj

j
s


. The second line game kernel is the matrix    2 2kl N N

d


   D  with 

elements 
 

     opt 22 1 1 signk
kl kd s p k l    by 1,k N  and 1,l N               (6) 

 
with its solution 

 
         1 2 1

opt opt opt opt opt2 2 2 2 2N Ns s s s   S   

 

     
1

2 2 2 2 : 2 0; 1 1, , 2 1
N

N N k kN

k

s s s s s k N s


        
  

 � ,                           (7) 
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  1,j N  .               (8) 

 
Note, that elements (6) of  2D -game matrix, positioned on the main 

diagonal, are not probabilities now. Properly speaking, the probability of the 
object sojourn within the j -th zone 1,j N   of the second line is 
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,                        (9) 

 
but it is not necessary to recalculate it, as the corresponding diagonal game 
solution will be the same, though the game optimal value, being here out of 
interest, is changed. 
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Generally, if it occurred that the object trespassed the i -th line 
1, 1i M   , then there regenerates the diagonal N N -game with the kernel 

   1 1kl N N
i d i


    D  elements 

 
       opt 11 1 signk

kl i kd i s i p k l     by 1,k N  and 1,l N         (10) 

 
by its solution 

         1 2 1
opt opt opt opt opt1 1 1 1 1N Ni s i s i s i s i        S   

 

     
1

1 1 1 1 : 1 0; 1 1, , 1 1
N

N N k kN
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s i s i s i s i s i k N s i


              
  

 � ,                     (11) 
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      

  1,j N  .       (12) 

 
For the search group  opt 1ks i   is the optimal probability of searching the object 

in the k -th zone, and for the object  opt 1ls i   is the optimal probability of 
sojourning within the l -th zone of the  1i  -th line of the area Z . By this the 

search group may be divided proportionally to probabilities   opt 1
1

Nj

j
s i


  as 

holding the optimal behavior principle in (11). 
 
Program tool for obtaining the optimal behavior guidance 

 
It is very comfortable to use the powerful programmable environment 

Matlab for technical computations [5, 6]. There is the developed Matlab 
program tool “actobjdgsearch” for solving the multistage diagonal    1

M

i
i


D -

game with diagonals (3) and (10) 1, 1i M   . Its code is on figure 1.
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Figure 1 — Matlab program tool “actobjdgsearch” code 

This tool needs the input prior probabilities matrix   1 1

MN
ij j i

p
 

 to be typed 

before running it. And it returns for the user the set of solutions   opt 1

M

i
i


S  and, 

if needed so, the game optimal value on each line (though, repeatedly, it does 
not any matter here). Also there are returned graphically the prior probabilities 

  1 1

MN
ij j i

p
 

 distribution over area Z  and the optimal probabilities 

   opt
1 1

MNj

j i
s i

 

 distribution of searching the active object over this area (lines 12 

— 17 of the code). Essentially, the tool “actobjdgsearch” forms the kernels 
   1

M

i
i


D  of the multistage diagonal N N -game, which is solved within the 

Matlab program subtool “diagame” (lines 8 and 10 of the code). This diagonal 
N N -game solver code is pretty simple (figure 2), calculating just (5) and (12) 

1, 1i M   . 

 
 

Figure 2 — Matlab program subtool “diagame” code
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Instancing the developed tool application, consider the area Z  with four 
line frontiers, broken into six zones in each. Let the prior probabilities 

  46

1 1
ij j i

p
 

 distribution be the following: 

 

 6
1 1

1 1 1 1 1 1, , , , ,
6 6 6 6 6 6j j

p


   
 

, 

   6
2 1

0.1, 0.2, 0.2, 0.2, 0.2, 0.1j j
p


 , 

   6
3 1

0.1, 0.1, 0.4, 0.1, 0.2, 0.1j j
p


 ,  

   6
4 1

0.1, 0.1, 0.1, 0.2, 0.3, 0.2j j
p


 .                            (13) 

 

One may note the equiprobability within the first line frontier, that might 
correspond to real conditions. After having typed (13) in the Matlab Command 
Window prompt line (figure 3), run the tool “actobjdgsearch” and get the results 
(figures 4, 5 and 6). 

 

 

 

 
 

Figure 3 — Typing the prior probabilities (13) in Matlab Command Window 
prompt line before running “actobjdgsearch”
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Figure 4 — The set of solutions   4
opt 1i

i


S  to the prior probabilities (13) 
 
 

 
 

Figure 5 — Graphical return of the prior probabilities (13)  
distribution over area Z
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Figure 6 — Graphical return of the optimal probabilities    46

opt
1 1

j

j i
s i

 

 

distribution of searching the active object over area Z  
 

It is remarkable here, that the solution   4
opt 1

1
i

S  does not differ from the 

prior probabilities  6
1 1j j

p


 as they are equal. That is on the first frontier line the 

distribution of search resource should be equal. Farther the irregularity begins as 
the territorial region may be of forests, houses, check-points (here, obviously, a 
prior probability must be low), fields and some. By that the search resource 
distribution is realized [7, 8] the best of all, if the first line squad staff is of 6Q  
persons, the second line squad staff is of 8Q  persons, the third line squad staff is 
of 15Q  persons, and the fourth line squad staff is of 55Q  persons by . 

 
Conclusions and outlooks of further investigations 

 
There has been modeled the sojourn and moving through the area Z  

broken into M  lines, each of which is divided into N  zones, of an active object, 
could be called a trespasser of the state frontier or just a lost one, which is 
searched by the qualified squad staff. The suggested model is the diagonal 
N N -game, having different kernel from the line to line, until it is the last. The
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evolving kernel of this game is formed from the prior probabilities   1 1

MN
ij j i

p
 

 

of the object sojourn within Z . To solve that multistage diagonal game there has 
been applied the powerful programmable environment Matlab with the 
developed tool “actobjdgsearch”. On the first frontier line the optimal behavior 
of both players is in holding at the optimal strategy (4) with (5) as the diagonal 
 1D -game solution. On the i -th frontier line 1, 1i M    the optimal 

behavior of both players is in holding at the optimal strategy (11) with (12) as 
the diagonal  1i D -game solution. The developed and represented Matlab tool 
“actobjdgsearch” returns those solutions and plots bar-like distributions of them 

alongside of the prior probabilities   1 1

MN
ij j i

p
 

 distribution over Z . The further 

investigations outlooks are at developing tools for practicing the model of 
searching an active object with periodically incoming and renewing data on its 
recent sojourn assumptions or witnessing. 
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Програмний засіб для практичної реалізації моделі пошуку активного об’єкта як 
багатоетапної діагональної гри. Представлено модель пошуку активного об’єкта 
усередині замкненої розділеної області як багатоетапну діагональну гру. Розв’язок цієї 
гри, що еволюціонує від етапу до етапу, може знаходитись за допомогою розробленого та 
представленого програмного засобу. Цей засіб повертає розв’язки та будує подібний до 
брусків розподіл їх елементів поряд з розподілом апріорних імовірностей перебування в 
області. 
пошук об’єкта, діагональна гра, багатоетапна оптимізація, оптимальна поведінка, 
програмний Matlab-засіб 
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Хмельницкий национальный университет 
 
Программное средство для практической реализации модели поиска активного 
объекта как многоэтапной диагональной игры. Представлено модель поиска активного 
объекта внутри замкнутой разделённой области как многоэтапную диагональную игру. 
Эволюционирующее от этапа к этапу решение этой игры может находиться с помощью 
разработанного и представленного программного средства. Это средство возвращает 
решения и строит подобное брускам распределение их элементов рядом с распределением 
априорных вероятностей пребывания в области. 
поиск объекта, диагональная игра, многоэтапная оптимизация, оптимальное 
поведение, программное Matlab-средство 
 


