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(recursive query)   . 

 
 

1.  

     
 (recursion)    

.  (imperative)   
      

     .  
     

    ,   
   .   
 (data integration),  (program 

analysis),  (information extraction),  
(network monitoring),  (cloud 

computing)    . 
     

      , 
      

(lemma)       
.      

      
     . 
    . 2  

  . 3   
  . 4   

   .  5

                                                           
   2019  ( )   

    (NRF-2017R1A2B3007116) 

  . 
 

2.  

2.1.  
    (fact)

 (rule) ,    . 
    (atom)  

 .  p(T)  (predicate) p  
(tuple) T  .  (relation)  

,         . 
(fact)     ,  

  (tuple)  . (rule)  
(head)  (body)   (proposition)  

 1   . 
 

p0(T0)  p1(T1), p2(T2), ..., pn(Tn)      (  1) 
  

   ,  (  1
 p0(T0))  .    , 

   (  1  p1(T1), ..., pn(Tn))  
.     , 

       . 
   (logical conjunction, 

AND)  ,     
    . 

  ,   
        . 
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2.2. 

a, b, c   , (a,b), (b,c)    
      

(path)     ,  
  2  .      

 (transitive closure) .   
      path(a,b), path(b,c), 

path(a,c)  . 
 
  : path(X,Y)  edge(X,Y). 
       path(X,Y)  path(X,Z), edge(Z,Y). 
  : edge(a,b), edge(b,c).        (  2) 
  : ? path(X,Y).    
 

 
3.    

3.1. CORAL[1] 
    , 

   .   
C++  . CORAL   

    ,  
        
(magic set transformation, MST)[7]    

   . 
 
3.2. LogicBlox[2] 

LogicBlox   ,     
      

 . LogicBlox    
        

  (incremental maintenance)  
. 

 
3.3. XSB[3] 

   (Prolog) 
,      

. C    .  
    (variant tabling)[8]  

 (subsumptive tabling)[9]  . 
 

3.4. Soufflé[4] 
Soufflé      
    . Soufflé   

  C++    
   . (trie)  

(B-tree)   (index)   
   (index nested-loop join)   

  . , Soufflé    
. 

 

4.  

4.1.   

        

.      
,       

CORAL 1.5.1, LogicBlox 3.10.30, XSB 3.6, Soufflé 1.0.0
. 

     
   (transitive closure), (same 

generation)      
    (pointer analysis) 

 . 
 ,     

GraphStream [5]     
.     1  . 

tree11, tree17    11, 17   
  , grid150  

150*150  (cell)     , 
sf_100k  100k    - (scale-
free) , gnp_0.001, gnp_0.01, gnp_0.1, gnp_0.5  
10000        

   0.001, 0.01, 0.1, 0.5    
. 

      1.4M  
, 350K  , 160K    
 OpenJDK7     

 OpenJDK-b147[6]  . 
 

  # vertices # edges # paths # SGs 
tree11 71,391 71,390 805,001 2,086,343,364 
tree17 13,766,856 13,766,855 237,977,708 - 
grid150 22,801 45,300 131,675,775 2,295,350 
sf_100k 100,000 399,101 145,082,754 221,944,925 
gnp_0.001 10,000 100,185 100,000,000 100,000,000 
gnp_0.01 10,000 999,720 100,000,000 100,000,000 
gnp_0.1 10,000 9,999,550 100,000,000 100,000,000 
gnp_0.5 10,000 49,986,806 100,000,000 100,000,000 

<  1>     
 

    Intel(R) Xeon(R) 
CPU E5-2680 v3 CPU, 256GB RAM, Centos 6.7 . 

 
4.2.   

      
  . ,   

 (ruleset)  . 
 
path(X,Y)  edge(X,Y). 
path(X,Y)  path(X,Z), edge(Z,Y).       (  3) 
? path(X,Y). 
 

 2  tree, grid, sf, gnp     
     . tree17

    Soufflé, XSB, LogicBlox, 
CORAL    . ,  

    (  1  # paths)  
      

    .  grid  gnp  
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,    . CORAL  
        
       

  . , gnp   
      , 

CORAL  LogicBlox   24 , 6   
 . Soufflé    

  ,     
       

,      
. 

 
   CORAL LogicBlox XSB Soufflé 
tree11 6.25 1.34 0.54 0.15 
tree17 2,517.32 6h++ 311.67 38.96 
grid150 16,658.56 391.69 124.32 52.44 
sf_100k 6,456.12 740.73 177.98 66.15 
gnp_0.001 76,172.13 1,078.56 221.49 87.843 
gnp_0.01 24h++ 4,755.39 1,661.63 395.50 
gnp_0.1 24h++ 6h++ 15,344.20 1,823.76 
gnp_0.5 24h++ 6h++ 65,453.98 1,096.29 

<  2>     ( : ) 
 
4.3.  

      
    .  

    . 
 
sg(X,Y)  par(X,Z), par(Y,Z). 
sg(X,Y)  par(X,Z), sg(Z,W), par(Y,W).    (  4) 
? sg(X,Y). 
 

  CORAL LogicBlox XSB Soufflé 
tree11 12h++ 8h++ 1074.18 202.33 
tree17 12h++ 8h++ 16h++ 16h++ 
grid150 82.06 4h++ 4.05 4.38 
sf_100k 12h++ 4h++ 1106.43 456.085 
gnp_0.001 4days++ 8h++ 2,304.73 712.39 
gnp_0.01 4days++ 8h++ 281,579.61 36,033.27 
gnp_0.1 4days++ 8h++ 3days++ 10h++ 
gnp_0.5 4days++ 8h++ 3days++ 10h++ 

<  3>    ( : ) 
 

 3  tree, grid, sf, gnp     
    .  

        
  ,     
    . CORAL   (  1

 # SGs)  grid150    
, LogicBlox     
. XSB     grid150  Soufflé

        
 Soufflé    7.8  

  . 
 

4.4.   

   , ,  , 
       

   ,   
      . 

 
 CORAL LogicBlox XSB Soufflé 
OpenJDK7_b147 out of memory 12h++ 12h++ 124.77 

<  4>     ( : ) 
 

    32    
 ,   OpenJDK-b147   

4.9M        
 .  4       
 . CORAL  out-of-memory   
  , LogicBlox  XSB  12  
  Soufflé  124.77    

    . 
 

5.  

     
,   .   
 CORAL, LogicBlox, Soufflé ,   

 XSB  ,  , ,  
    .   

Soufflé      . 
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