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. 

This publication explores the area of parallel sequencing through graph 

theory. Parallel sequencing is a generalization of extreme ordering problem, ma-

thematical model of which is based on dependency graphs. Research includes for-

mulation of two different generalized problems of parallel ordering. Two approxi-

mation algorithms, based on modified flow algorithms, were developed during the 

research. Evaluation of the objective function of a sequence was prepared as a re-

sult of this research. 

 :   ,    , 
  ,     

 . 

 

    є  -
  .   є   

      ’є   
  ,  є   .  

     .  -
      ,  

       
.   ,     -

,  ,   ,  -
 ’      .   , -

                                                 
©  . .,  Є. ., 2016 



     . ., 2016 

 

 171 

,       .  ’  
   ,     -

 .    .    
 ,       

   . 
   ,     є NP- , 

    ’ ,    , 
     [2]. 

       ’     -
,       

. 

  

    є   [4]:  

  , є      

          
. 

   є: 
   V –    n , 0n ; 

  :     , 
     ; 

   j    j  V є   j  
 ; 

  jc     j  -
.       -
     1. 

 1.     ,  -
    .  

nsss ,...,1 )(FI     ,   

' ,k ks sj j   '.k ks s  

    ,  -
 s,    : 

)()(
11





j

i

is

n

j

jscsmwft  . 



     . ., 2016 

 

 172 

 s,     є ,  -
,  )(smwft є    . 

 2.      -
 .   є m. 

     .  [
ij ] – 

  m*n,  
ij  –    j   i 

mi 1  nj 1 . 

    є ’  -
   .  є   . 

      -
 .   : 
  ,  ; 

        1; 
         

. 
  ’     -
        -

        
  .   є   ,  -

     є .   
  ’  k       

       . 

      

 є   S,     j -
  -    є k  –      -

 j    ij        k .  

 ,    ij . 

  є   ij , є  -
        . -

є        .   -
  є  (S-t) ,       

.  c(i,j) є       

xi   yj.   ,    -
є n,   cost [5] – 



     . ., 2016 

 

 173 

1 1

( ) ( , ) ( , ) mini j i j
i j

cost f c x y f x y
 

    

     G.    
 , є  ’   ,   

          
 . 

    

       -
   

pff ,...,0  ,   pf p  .  

  f   G  ,   
є      .  -

0f   є      G.    pf   

 p<n.   1pf     x0  y0,  -
      1,     -

 є     .   -
    .  є , 
     є    s  t.   є -

  ,  є  ’    
  [3]. 
       

  Successive ShortestPathAlgorithm,  є  -
    є   cost. 

’    .  Sta-

gedmethod 

  ’       
  .    , 

 є      n . 
      S. -

,        S[r], є -
   r.     є  ,  

 rij ][ ,   є       -
  .   S*

 є   -
     Sr  . 

    Sr    
’ є    –  W.     



     . ., 2016 

 

 174 

 є 0,    є    mwft , 
  .   є  ’  

         -
  ’ . 

,     є   
: 


  


m

i

iS

j

j

k

ijij kk
wSmwft

1

][

1 1

* )()(  , 

 k –   
ij   

ijw      -  -

, ][iS  –     -  . 
  є  ,      

 S
*
  ,  ’ є    

        -
.   є       

       . 

      
   .  Stagedme-

thodwithpackingoptimization 

’ є   :   « »   -
 ,      -

,        -
  .   

  є     .   
         

.    є     
’ є   . 

    ,  -
  є    .  -
        

 ,   .  k-    є   
 ,     .  

       
,        є  
 .  

   є     -
.         



     . ., 2016 

 

 175 

,  є     .    
    є      -

      . 
  є       -

   ,  ’     
  ,    є    -

 . 

  

        

          
 (  5  1000 ).  

       . 
1.   :      

  [ ij ]   G. 

2.       Stagedme-

thod. 

2.1.   Stagedmethod є   -
        Successive 

ShortestPathAlgorithm. 

2.2.       
    . 

2.3.    є   mwft. 

3.       -
є    Stagedmethodwithpackingoptimization. 

3.1. є       
    Stagedmethod. 

3.2. є      ,  
  . 

3.3.     є    
. 

3.4.    є    є  
 . 

  ,   Stagedmethodwithpacking 

optimization є  ,      : -
          -

 . 
,    ,   40 

, Stagedmethodwithpackingoptimization є   -



     . ., 2016 

 

 176 

,  Stagedmethod.    ’ є   
 ,         

,     . 
.   є    -111   

     . є    +18%.  

    ,     -
 ,  Stagedmethodwithpackingoptimization -

  є . 

 
 

 



     . ., 2016 

 

 177 

 

       -
  .  ’     -

        -
          .  

   є      
     ,   

’          -
 . 

  

1. , . .   [Te ] / . . , . . -
. – .: - , 2002. – .210–240.  

2. Hall, L.A.  Approximation Algorithms for NP-hard problems [Text] / L.A.  Hall // 

PWS Publishing Company, 1997.  – № 1. – P. 972–983. 

3. , .  .    [Te ] / . , . -
, . . – .: « . . », 2013. – C.747–788. 

4. , . .     [Te ] / . . . – ., 
« », 1984. –  C. 77–78. 

5. Ahuja, R. K. Network Flows: Theory, Algorithms, and Applications [Text] / 

R. K. Ahuja, T. L. Magnanti, J. B. Orlin. –  Prentice Hall, 1993. – № 1. – P. 145–170. 

6. , . .    [Te ]: .  / 

. .  , . . . – ., 1985. – 80 . 
 

   15.04.2016 


