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         .   
: 

 :   
"    " 2020, 2019, 2018, 2017, 2015.  

   . . . , 2020, 2019, 2018.  
 «  & », 2020, 2019, 2017, 2016, 2015. 

   ( -2020) , -
, 2015. 

 : IPDPS – IEEE International Parallel and 
Distributed Processing, 2021, 2019, 2018, 2017, 2012, 2010, 2008, 2006 (CORE Rank 
A). CCGRID – IEEE/ACM International Symposium on Cluster, Cloud and Internet 
Computing 2020, 2016 (CORE Rank A). Euro-Par – International European Conference 
on Parallel and Distributed Computing 2019, 2013: 2008 (CORE Rank A). CloudCom – 
IEEE International Conference on Cloud Computing Technology and Science. 2015 
(CORE Rank A). ICCS – International Conference on Computational Science (2015, 
2018) (CORE Rank A). HPCS – International Conference on High Performance 
Computing & Simulation 2020, 2019, 2018, 2014, 2012 (CORE Rank B). InterCloud-
HPC – International Symposium on Cloud Computing and Services for High 
Performance Computing Systems 2020 (CORE Rank B). PDCAT – International 
Conference on Parallel and Distributed Computing, Applications and Technologies. 
2020 (CORE Rank B). DEXA – International Conference on Database and Expert 
Systems Applications 2017 (CORE Rank B). GLOBECOM – IEEE Global 
Communications Conference (2015) (CORE Rank B). CLOUD – IEEE International 
Conference on Cloud Computing. 2013 (CORE Rank B). CollaborateCom – 
International Conference on Collaborative Computing, 2019, (CORE Rank C). PPAM – 
International Conference on Parallel Processing and Applied Mathematics 2017, 2011, 
2007, 2005, 2003 (CORE Rank C). UCC – IEEE/ACM International Conference on 
Utility and Cloud Computing Companion, 2018, 2017, 2016. CARLA – Latin America 
High Performance Computing Conference, 2019, 2018, 2017, 2016. ISUM – 
International Supercomputing Conference in México 2019. 2017, 2016, 2014, 2012, 
2010. 
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   . 

Huawei 2020 – Cloud Resource Scheduling and Optimization Workshop. 
Moscow, 2020. ICCS-DE 2020 – 2nd International Workshop on Information, 
Computation, and Control Systems for Distributed Environments, Irkutsk, Russia, 2020. 
ICCIS 2020 – 1st International Conference on Systems and Information Sciences. 
Manta, Ecuador, 2020. IFI – The Institute of Computer Science, Faculty of Mathematics 
and Computer Science, Georg-August-Universitat Gottingen, Germany, 2019.  

 « -   », 2018. UNIANDES – 
Universidad de los Andes, Bogota, Colombia, 2018. COMTEL 2018 – X International 
Conference on Computer Science and Telecommunication, Lima, Perú, 2018. ISUM 
2018 – 9th International Supercomputing Conference in Mexico, Merida, México. 2018. 
MPEI – Moscow Power Engineering Institute (National Research University), Moscow. 
2017. NNSU – Lobachevsky State University of Nizhni Novgorod, 2017. CARLA 2017 
– Latin American Conference on High Performance Computing. Buenos Aires, 
Argentina, 2017. UCC 2017 – 1st International Workshop on Uncertainty in Cloud 
Computing. In conjunction with DEXA 2017, Lyon, France, 2017. PPAM 2017 – 12th 
International Conference on Parallel Processing and Applied Mathematics, Lublin, 
Poland, 2017. ISUM 2017 – 8th International Supercomputing Conference in Mexico, 
Guadalajara, México. 2017. Tsinghua University, Department of Computer Science and 
Technology, Beijing, China. 2016. SUSU – South Ural State University. Chelyabinsk, 
Russia. 2016. UES – State University of Sonora. San Luis Rio Colorado,  
2016. ISUM 2016 – 7th International Supercomputing Conference in Mexico, Puebla, 
México. 2016. CCERD 2015 – The 6th International Conference “Cloud Computing. 
Education. Research. Development". Moscow, Russia, 2015. UdelaR – University of 
the Republic, Uruguay, 2015. RuSCDays'15 – The Russian Supercomputing Days. 
2015, Moscow. UMONS – University of Mons, Mons, Belgium. 2015. University of 
Dortmund, Dortmund, Germany. 2015, 2014, 2012.BSC – Barcelona Supercomputing 
Center, 2015. INRIA Lille – Nord Europe, 2015. CIMAT – Mexico, 2014. University of 
Notre Dame, South Bend, United States, 2013. University of Luxembourg. 2014, 2012. 
CGCT2009 – Collaborative and Grid Computing Technologies Workshop, Cancun, 
Mexico, 2009. PPAM 2003 – Fifth International Conference on Parallel Processing and 
Applied Mathematics, Czestochowa, Poland, 2003. Instytut Informatyki, Politechnika 
Poznanska, Poznan, 2003, 2001. SCI 2002 – 6th World Multiconference on Systemics, 
Cybernetics and Informatics. Orlando, USA, 2002. New Trends in Scheduling in 
Parallel and Distributed Systems, Marseille (FRANCE) 2008, 2001. INPG – Institut 
National Polytechnique de Grenoble, Grenoble, Francia, 2001. UJF – Universite Joseph 
Fourier - Grenoble, Francia, 2000. Aussois – New Trend in Scheduling in Parallel and 

http://www.bsc.es/
http://www.bsc.es/
http://wwwen.uni.lu/university
http://wwwen.uni.lu/university
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  . 
        

        =  .   NP , . . 𝑃 ||𝐶 𝑎𝑥 –    𝐺𝑃 | 𝑖𝑧𝑒 |𝐶 𝑎𝑥. 

       
. 

Теорема 2.1.    ,   
  𝑆  𝐶 𝑎𝑥 𝑆𝐶 𝑎𝑥∗ <   𝐺𝑃 | 𝑖𝑧𝑒 |𝐶 𝑎𝑥    ,  

 P=NP. 
    2.1,    − 1

   
 (   ),   Naroska  Schwiegelshohn 

[ !    .] (  ),    
.  , ,       

        𝐶 𝑎𝑥𝐶 𝑎𝑥∗  

   . 
,      , . . 

          
,       

 .       
    ,      
 ,   .  ,    

     . 
       

        
 : 𝐶 𝑎𝑥∗    {   𝑝 ,    1  ∑ 𝑝  𝑖𝑧𝑒   𝑒     ∑    } 

     𝑃 ||𝐶 𝑎𝑥,     
        

 -      . 
       

   .      
  ,    . 

 2.1.          
 : 
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1.  = {    {   ,  1} < 𝑖𝑧𝑒  } 
2.  = {   1 < 𝑖𝑧𝑒    } 
3.  = {    < 𝑖𝑧𝑒   1} 

     ,       
 (  )     50%  

  .      ,       
 ,     50%    .      ,    50%    ,  

      . 
        
  . 

Теорема 2.2. А     (Concurrent-

Submission)  𝐶 𝑎𝑥𝐶 𝑎𝑥∗ <         

И . 
         

  . 

Теорема 2.3. А  Over-Time-Submission  𝐶 𝑎𝑥𝐶 𝑎𝑥∗ < 5   

       . 
 

      , 
    :    

    .     
       

 ( ., admissible allocation).     
  ,       

           
   .      
 ,        
    ,     
   . 

 3- -   5-   , 
 MLBa PS  MCTa PS  ,      
    ,   9-   

11-     . 
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.  , MPS     
: MPS = MPS_Alloc+PS.       

  ,   .    
 PS      ,   

 . 
 ,     MPS   

   PS,   ,  
   .      PS 

    −   ,       
  ; .   Naroska  Schwiegelshohn 

[ !    .]. ,   
       MPS 

     −   . 
     MLBa + PS  MCTa + PS, 

       ,      
. ,       

 ,       
      .   
       

,    .   
      ,  

    . 
   <      , 

   .  , ,   
,   , . .     0,       =   

,     . 
     

,     ,   
  . 

Теорема 3.1. -     И   
    MCTa + PS   
  <       

  {  
     , 𝑖     ,  ,  −  , 𝑖     ,  , , 

           ,    
    . 
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Теорема 3.2. -     И   

    MLBa+PS   
  <       

  {  
     , 𝑖     ,  ,  −  , 𝑖     ,  ,

 

          ,      
 . 

Теорема 3.3. -     И   
     MCTa + PS  MLBa + 

PS     <       

  {  
     , 𝑖     ,  ,  −  , 𝑖     ,  , , 

          ,      
 . 

Теорема 3.4.      
       MCTa +PS, 

MLBa +PS    ,       
 ,    3    

5. 
      HPC   

     ,   
        

(PWA) (Parallel Workload Archive)  -   GWA (Grid Workload 
Archive). 

   .  Grid1  7  
     4442  (KTH, SDSC-SP2, 

HPC2N, CTC, LANL, SDSC-BLUE, SDSC-DS)  100, 128, 240, 430, 1024, 1152  
1368 , . 

 Grid2  9 ,   5  Grid DAS,   
KTH, HP2CN, CTC  LANL    2194 .   

 64, 64, 64, 64, 100, 144, 240, 430  1024. 
  Grid3      11   
  136 . 
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MPS = MPS_Alloc + PS.     MPS_Alloc 
      ,   

 .     ,  
  . 

,      ,  
     ,  

      .   
         
        . 
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      -   
     /  . 

  ,    
        

 ,       . 
     ( ., non-

clairvoyant)       ,   
  ,     

 (idle)  . 
    ,   

 ,       
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,         

.         
 ,   ,     

     .   
       
. 

          
     ,  , 

, ,     
, ,    ,  

. 
        

 ,    : ,   
.       
 . 

       = {𝑝 ,   ,    },  : 
      (   ), 

    ,       
     .    

 𝑝 =        .  

,  𝑝       ,   
,    ,  𝑝 = 𝑝 .  �̅� =    1  {𝑝 }, 𝑝 ̅ =    1  {𝑝 },  =    1  { },   ̅ =    1  { }. 

  𝑆                  , 
             =  𝑆  . ,           

   :       1     < .   
   ,    = . 

  ̅ =    1  {  }   =    1  {  }.   
 ,       

  ,   ,   ,   
  ,   �̅� ̅  �̅� ̅ ̅   𝑝 ̅   �̅�  
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  .       

.   ,    ,    
     .   
  ,       

 .   ,    
     ,     

 ,  ,    1,   
 .  ,     

. 
    ,     (  
 − )    ,  

  (gang scheduling). 
Теорема 4.1.       ,   

         ̅,    /   
 ,      

         :   ∗ =   {  ∗1,   ∗ }   ∗ =   { ∗1,  ∗ },    ∗1  1  𝑎 1
,   ∗   ̅ − 𝑎  𝑎 ,  ∗1   𝑎 1

,   ∗   ̅ − 𝑎  𝑎
. 

 ,   ∗1   ∗1     𝑎 ̅ 1 ̅ 1    ∗    

  𝑎 ̅ 1 ̅ 1 . 

,    (  ) 
       
   :   ∗     ̅  ̅ 1   ∗  1  ̅ 1  ̅    ( −  ̅)  

     
       

  :  ∗   ̅    ̅  ̅ 1. 
Теорема 4.2. (   - Sequential competitivity). 

          
       ̅,     

      ̅,    
     : 
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  ∗ =   { ∗1,  ∗ },   ∗1   𝑎 1

   ∗  𝑎  1  ̅ 1  −     ( −  ̅)  

Теорема 4.3. (  )   ).  
         

    1   ̅,     
,  1   ̅,    

     :  ∗   ̅    ̅  ̅ 1−   ̅  ̅ 1− 1
. 

Теорема 4.4.        , 
          ̅,   

   ,     
    :   ∗ =   { ∗1,  ∗ },    ∗1   𝑎 1

    ∗     ̅  ̅ 1−   ̅  ̅ 1 − 1
. 

Теорема 4.5. К    .      
    ,   

    1   ̅,   
      :   ∗     ̅  ̅ 1−  1  ̅ 1− 1

. 

        
  ,     ( , 

  ,       
 ),    ,     (  

  ,      ),   ,  
     .     

 ( )    . 
 

      
  ,   

      (Infrastructure as a Service - IaaS).  
  IaaS       

       .   
      ,  
       . 
     -      

 .    ,   
    ,    
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     ,   -   
 .  ,    ,   

 ,         . 
       

      .   
        

. ,      
. 

  𝑆    -        
   .      ( , 𝑒),  

 𝑝      𝑆      
        .       

  =    𝑝 ,    -   -      𝑆 . 
               

        .  
     ,    

      ,    ,  
  ,  -          , 

. .        𝐶   ,   𝐶  –   
   . 

      
,      .     

  𝑆    𝑣 =   𝑝   .     { , } ,       =     =  . 

   ,     |𝑝 𝑝, , 𝑒, 𝑆 |∑𝑣    𝑃 |𝑝 𝑝, , 𝑒, 𝑆 |∑𝑣     
  .     . 

 SSL-SM,      . 
Теорема 5.1. 𝑐𝑉  − −    𝑎𝑥  1 𝐼   SSL-SM   

 𝑆𝐼. 
 SSL-SM,   ,    
.      ,     

       . 
Теорема 5.2. Ж      − 1 𝐼  SSL-

SM    𝑆𝐼. 
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Теорема 5.3. cV  − 1fI   SSL-PM    SI,          
    . 

Теорема 5.4. cV  fI1 fI 1 p ip ax    SSL-PM   

 SI  -  fI < p axp i  

Теорема 5.5. Ж      − 1 𝐼  SSL-

PM    𝑆𝐼. 
Теорема 5.6. cV     { p ip axfI 1 , fI 1 p ip axfI 1 uIuII }   MSL-SM   

  SI  SII  fII < . 
Теорема 5.7. Ж       𝑢𝐼𝐼𝑢𝐼 − 1 𝐼   MSL-SM    𝑆𝐼  𝑆𝐼𝐼. 

       MSL-SM. 
      𝐼𝐼         

  𝑆𝐼𝐼    ,   − 𝐶   𝐼𝐼  𝑝    
      𝑆𝐼𝐼     .  𝐶    

     EDD-        . 
Теорема 5.8.      𝑖 {ℎ𝐼𝐼 1 𝐼𝐼 ,  𝐼 1 𝐼 − ℎ𝐼𝐼 𝐼𝐼  − 𝑢𝐼𝐼𝑢𝐼 }  MSL-SM    𝑆𝐼  𝑆𝐼𝐼,   𝐼𝐼 <  𝐼𝐼  − 1 𝐼 . 

  MSL-PM      
 . MSL-PM     

 IaaS, ,  ,     
 .     
 ,  IaaS     . 

      . 
Теорема 5.9. Ж      𝑢𝐼𝐼𝑢𝐼 − 1 𝐼   

MSL-PM    𝑆𝐼  𝑆𝐼𝐼. 
        

,    . ,    
 SI      ,     

    SII      
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        [17]. 

Теорема 5.10.      1  𝑓𝐼𝐼1    𝑓𝐼𝐼   𝑓𝐼 𝑢𝐼𝐼𝑢𝐼
  MSL-PM    𝑆𝐼  𝑆𝐼𝐼. 
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