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 Sandy Bridge — 2-  , 32 , 2011 ,  Ivy Bridge — 3-  , 22 , 2012 ,  Haswell — 4-  , 22 , 2013 ,  Broadwell — 5-  , 14 , 2014 . 

    IЧЭОХ SФвХКФО     
2015 ,  10-   IЧЭОХ CКЧЧШЧХКФО   2016 . 
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      FLOP/s ( . FLoating point 

OPerations per second) —   ,   . 

  2010       TТКЧСО-2, -
      .   

 « »   «  ». Tianhe-2    
 ,         IЧЭОХ БОШЧ E5-

2692      IЧЭОХ БОШЧ PСТ 31S1P.    -
  32     DDR3   ,    -

 —  8    GDDR5.  ё     
  . 

      Cray XC30 ( . 8.8).  PТг DКТЧЭ,  
     ,      

  .    6   TOP500, -
   6.2    LINPACK. 

   2014   8     -
  ( . 8.9).  9 ,    -

   TOP500,     ,   - -
    T-Platforms A-Class,  22   . 

         -
     .   9-      -

  . 

 

. 8.8.  Cray XC30, Tianhe-2, T-Platform A-Class. 

 

. 8.9.       (  2014 ). 
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 ,   ,   TOP500,    -

.     TШp50    ,  
 ,    : HОаХОЭЭ-Packard - 19, IBM - 14  - -
 - 8 , .  ,   -  —   

   ,     
 T-Platforms A-Class ( . 8.10). 

T-Platforms A-Class —      - -
   ,    -

      -
   . 

  52-   A-CХКЬЬ  256 -
     535,6      -

.      IЧЭОХ® БОШЧ®   
NVIDIA TОЬХК™. 

    102,8   ё  
 192 .    ,   
  InfiniBand,    MPI-    -

 .        

 ё   ё  , «  »  . 

 

. 8.10.    - . 

    A-CХКЬЬ,  -  -
          

( . 8.10). 

  ,  "  ",  -    -

   2008 .  ,    -
   3 ,        

 TШp500 -   "  " (  - ),  "  
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  Infiniband Trade Assotiation (IBTA);   ;    ;    2, 10, 30 / ;    Quality of Service;     102  / . 

 IЧПТЧТЛКЧН: 

      ;         -
    ;      ;      (17     -

 ); 
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9.1      

 -        -
, ё    ,    -

          -
 . 

          
 : «  —     ё  -
,           

 ,   ». 

          
       .  ,   -

 -         ,  
   :   ,  -

,    . . ( . 9.1) [1], [10], [15]. 

,   ,        
 .         -

 ,     .     
     ,    -
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 ,   —        
    .      

  ,      . 
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9.2    

     ,   -
   ,  ,  .   -
       . 

      (High 

Availability, HA)      , -
  .   ,   ,  -

        .    
— ,   ,    .  -

       ,    
  : 

 C    / .     
  ,         , 

  .  —   .      / .    , 
        .    .    ,   

  .       
  ,  ,        .  

  ,  ,     
  ,       . 

 — RAID (redundant array of independent disks —   
 )   ,   

         -
. 

        . 
,         

Windows ServОЫ 2012   ,    SОЫЯОЫ 2012 
DКЭКМОЧЭОЫ  SЭКЧНКЫН.        -

,     ,      
         ( . 

9.3). 

   SОЫЯОЫ 2012     
 ТSCSI, SОЫТКХХв AЭЭКМСОН SCSI  FТЛЫО CСКЧЧОХ SAN.    -
      :     

ТSCSI,             . 

 ,         
  —     .   ТSCSI 
   ТSCSI-3    -

.     . 



237 

 

 ......................................................................................................................................... 4 

1       ......................................................... 4 

1.1    .................................................................................. 4 

1.2     ........................................................................ 7 

1.2.1   ......................................................................................................... 8 

1.2.2   ............................................................................................................ 9 

1.3      ............................................................... 10 

1.3.1     .................................................. 14 

1.3.2      ............................. 15 

1.3.3    ....................................................... 15 

1.3.4    ............................................................. 15 

1.4     ................................................... 15 

1.5     ..................................................................... 17 

2       ....................................... 18 

2.1    .................................................................. 18 

2.1.1    ................................................................................... 19 

2.1.2     ..................................................................... 20 

2.2 -     ................................. 21 

2.2.1  ............................................................................................................. 21 

2.2.2      ......................................................... 23 

2.3   ................................................................. 25 

2.3.1    .................................................................................... 25 

2.3.2      ............................................... 26 

2.3.3    ...................................................................................... 27 

2.4  « - »  Intel ................................................................................ 29 

2.5     . ............................................................... 31 

2.6      ................................................. 33 

2.7       IЧЭОХ ........................................ 36 

2.7.1        IЧЭОХ 9 SОЫТОЬ ...... 37 

2.7.2   IЧЭОХ 100 SОЫТОЬ .................................................................... 38 

2.7.3     IЧЭОХ® CШЫО™ 5-  . ............................. 40 

2.7.4       IЧЭОХ CШЫО  ........... 43 

2.7.5   Intel Atom ...................................................................... 45 

2.7.6      IЧЭОХ ................................ 47 

2.8       AMD ...................................... 50 



238 

2.8.1       AMD .................................. 50 

2.8.2        AMD. ............. 52 

2.8.3      AMD .......................... 56 

2.9  ARM  AVR ........................................................................................... 57 

2.9.1   RISC  CISC  ................................................ 57 

3    ............................................................................ 59 

3.1    ...................................................................................... 59 

3.2     .................................................................... 61 

3.3    ........................................................................................... 62 

3.3.1     ....................................... 63 

3.3.2    .......................................................................... 64 

3.3.3   HyperX Fury DDR4  Predator DDR4 ....................................... 65 

3.4     ............................................................ 65 

3.5   .................................................................................. 67 

3.5.1       ................................... 69 

3.6     -  ........................................... 69 

3.6.1 USB- -  .......................................................................................... 71 

3.6.2   .................................................................................. 72 

4   ................................................................................................................ 74 

4.1      32-   .......................................... 74 

4.1.1        ........................ 74 

4.1.2       ............................. 75 

4.2    ..................................................................................... 77 

4.2.1    .................................................................... 78 

4.2.2    ............................................................................. 80 

4.2.3      Intel IA-86 ............................. 81 

    . ..................................................... 83 

4.2.4  . ...................................................................................................... 84 

5    ............................................................................................................ 85 

5.1    .............................................................. 85 

5.2 ,     .................................................................... 86 

5.3   ........................................................................................................ 88 

5.4   ........................................................................................................... 90 

5.4.1   VLB ............................................................................................ 91 

5.4.2   PCI .............................................................................................. 92 

5.4.3  AGP ..................................................................................................... 94 

5.5    ........................................................ 98 



239 

5.5.1   PCI Express ................................................................... 98 

5.5.2   USB ............................................................................. 104 

  USB .......................................................................................... 104 

  USB 2.0 ............................................................................. 106 

  ....................................................................................................... 106 

   USB .......................................................................... 108 

   .................................................................................................. 110 

  USB 3.0 ............................................................................. 111 

  USB 3.1 ............................................................................. 114 

   USB ..................................................................... 115 

5.6   ................................................................................................. 116 

5.6.1    Serial Port  Parallel Port ................................... 116 

5.6.2    ATA, SATA, FireWire ............................ 117 

 SCSI .............................................................................................................. 118 

 SATA ............................................................................................................ 119 

 FireWire ................................................................................................................. 120 

5.7   ........................................................................................ 121 

5.7.1  IrDA ................................................................................................ 122 

5.7.2  Bluetooth ............................................................................................ 122 

5.7.3   WiFi ............................................................................. 123 

5.7.4   WiMax ......................................................................... 123 

5.8  PCMCIA ................................................................................................... 124 

6        ........................................ 124 

6.1    ............................................................ 125 

6.2    .................................................. 126 

6.3     ........................... 127 

6.4     .............................. 129 

6.5    ............................................................... 130 

6.5.1  .............................................................................................. 130 

6.5.2  ............................................................................................ 131 

6.5.3   ............................................................................................ 133 

6.6      ...................................... 133 

6.7       ................................... 134 

7   ..................................................................................... 136 

7.1       ...................... 136 

7.2   UMA-  ..................................... 137 



240 

  ( )  ................................................... 138 

   MESI ............................................................................. 139 

7.3  UMA-    ........................... 141 

7.3.1 UMA-     ............................................. 142 

7.3.2 UMA—     ...................... 142 

7.4 NUMA-      ................... 144 

7.5 -  ......................................................................................... 145 

8   ................................................................................... 146 

8.1       ............................................ 146 

8.1.1   ................................................................................. 148 

  .............................................................................. 148 

8.1.2      ............................................. 149 

      .................................................... 149 

8.2   -   ............................... 149 

8.3  IBM BХЮО GОЧО,   -  ..................................... 151 

8.3.1   BlueGene/P ..................................................................... 151 

8.3.2  BlueGene/P .................................................................................... 152 

8.3.3    BlueGene/P ............................................................. 154 

8.4   ............................................................................... 155 

8.4.1  IBM Blue Gene/Q ................................................................ 156 

8.4.2   TOP500 ................................................................................... 156 

8.4.3    -  ........................................ 158 

8.4.4     IЧПТЧТЛКЧН ............................... 159 

9    ............................................................................ 159 

9.1      ............................................................ 159 

9.2    ................................................................................ 161 

9.3    ............................................................................ 162 

9.3.1   Google .................................................................................. 162 

9.3.2   Google ......................................................................... 163 

9.3.3     - .......................................... 165 

9.4   ........................................................................................ 166 

9.4.1  Beowulf ................................................................................................... 166 

9.5    .................................................................... 168 

9.5.1   ................................................................................. 171 

9.5.2  ................................................................................................. 172 

9.5.3      ................................................... 173 

9.6       .................. 174 



241 

10   .............................................................................. 175 

10.1     ................................................................................. 175 

10.1.1  ............................................................................................................ 176 

10.1.2   ............................................................................ 177 

10.1.3 VLIА      .............................. 179 

10.2   .................................................................... 180 

10.2.1   ................................................................... 181 

10.2.2   ................................................................. 182 

10.2.3      ......................... 182 

10.2.4   ............................................................................ 183 

10.3   ...................................................................... 183 

10.3.1    .......................................... 183 

10.3.2   CШЫО Т7 .................................................... 184 

10.3.3    IЧЭОХ БОШЧ E5-2600 .......................................................... 184 

10.4    .............................................. 185 

10.4.1    DVD-  .................. 186 

10.4.2     ........................ 187 

10.4.3  SШC   ......................................................... 188 

 SКЦЬЮЧР EбвЧШЬ ....................................................................................... 188 

 NVIDIA TОРЫК .......................................................................................... 189 

10.5 .............................................................................................................. 190 

10.5.1      ..................................................... 190 

10.5.2   .................................................................................... 192 

10.5.3  .............................................................................................. 195 

10.5.4     Intel ..................................................... 195 

  Intel  AMD    ............................................. 196 

  IЧЭОХ HD GЫКpСТМЬ 4000/2500:   ......................... 196 

 Intel HD Graphics 4000  Intel HD Graphics 2500 ........................................ 201 

11 -    -    
 ............................................................................................................................ 203 

12   .................................................................................................. 206 

12.1   ............................................................................................... 206 

12.1.1 ,       
 ............................................................................................................................. 206 

      .................................................. 208 

    ............................................................ 208 



242 

12.1.2  ,         ... 

  ............................................................................................................................... 210 

A.    ................................................. 210 

B.     .............................................. 211 

C.         ............ 212 

D.         
 ...................................................................................................................... 214 

12.1.3    ........................................................ 215 

A.         
   ............................................................................... 215 

B.         
      ................................................... 217 

12.1.4     ............................................................. 218 

12.2     ......................................................................................... 221 

     ......................................................................... 222 

 ................................................................................................................................. 223 

 ................................................................................................................................... 224 

  .................................................................................................................... 236 



 

 

   

   

 ,  

   

  

   09.03.02  
"    " 

_____________________________________________________________________________ 

     -  16.02.17. 

 6 × 84/ 6.  .  . 
.- . .15  50.  № . 4. 

_____________________________________________________________________________ 

-     

   - ,  , 
    

- , . , 15. 


	Хабаров С. П.
	Шилкина М. Л.
	Введение
	1 Основные компоненты и структура настольного ПК
	1.1 Конструкция материнской платы
	1.2 Логическая структура настольного ПК
	1.2.1 Северный мост
	1.2.2 Южный мост

	1.3 Процессор и его основные характеристики
	1.3.1 Технология сверхпоточной обработки данных
	1.3.2 Основные проблемы создания многоядерных процессоров
	1.3.3 Преимущества многоядерных процессоров
	1.3.4 Недостатки многоядерных процессоров

	1.4 Многоуровневая организация памяти компьютера
	1.5 Основные стандарты материнских плат

	2.3 Многошинные архитектуры компьютеров
	2.3.1 Мостовая архитектура ПК
	2.3.2 Архитектура ПК с коммутационной структурой
	2.3.3 Хабовая архитектура ПК

	2.4 Стратегия «тик-так» фирмы Intel
	5.8 Интерфейс PCMCIA
	6 Общие сведения о вычислительных системах и комплексах
	6.1 Многомашинные вычислительные системы
	6.2 Многопроцессорные вычислительные комплексы
	6.3 Конвейерные многопроцессорные вычислительная комплексы
	6.4 Матричные многопроцессорные вычислительные комплексы
	6.5 Мультипроцессоры и мультикомпьютеры
	6.5.1 Мультипроцессоры


	8.4.3 Вычислительные системы компании Т-платформы
	8.4.4 Коммутирующие среды параллельных систем Infiniband
	9 Кластерные вычислительные системы
	9.1 Понятие кластера как группы компьютеров
	9.2 Кластеры высокой доступности


