
 
   

  
  

«   » 
 

     
 «  ,    

» 
 
 
 
 

                      
  

______   . .  
      

« _____»   ________  2018 . 
 

 
 

  
 
 

27.03.04 «    » 
      
 

   
    

   
 
 
 
 

   , . .  
 ___________  ___.06. 2018 .                             . .  

 ___________  ___.06. 2018 .                             . .  

 ___________  ___.06. 2018 .                             . .  

 
 
 
 
 

 2018  

  



2 

  

     «  
     

  »  56  
 , 17  . 

  , 

  , 

     

      

      

,      : 

-      –  

  ; 

-    ,   

 ; 

-       -

       

  ; 

   :      

         

    .  

     : 

-    

-         

 

-        

      

-  ,     ,  

 

-       



3 

 
 

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

1     ................................. 5 

1.1    ,    
     ...................................... 5 

 1.2    ................................................................ 6 

 1.3      ASIC ........................... 13 

2      
 ....................................................................................................................... 15 

 2.1       ..... 15 

 2.2    ............................................... 18 

 2.3      ................................................. 19 

2.4          
 ......................................................................................................... 20 

3      ............................ 24 

3.1     . 
   .......................................................... 24 

 3.2     ..................................... 27 

3.3       
  ......................................................................... 28 

3.4                                           
 -   ................................................................ 28 

 3.5    .............................................................................. 33 

4       40 

4.1       
    ............................................................. 40 

4.2      
 ........................................................................................................ 44 

4.3     ................ 47 

 ................................................................................................................ 54 

   ...................................................................... 56 

 



4 

 

 

 ,     

  , ,  , 

    -     

    -  

.   ( )      

 ,      

   ,    

 .        

        

  .       -

 ,       

     . 

   ,    

       

    , 

       . 

         , 

     ,  , 

      ,    

       

 , ,     . .  

         

Microsoft SQL Server 2012,       

 .    -  

       

Microsoft Visual Studio 2017,     

Microsoft SQL Server. 

  



5 

1 я я   

 

1.1    ,    

я     

 

      

( )   , , 

      

   .   

       

  .       

 , . .  ,    

 . 

       

     , 

,  ,   ,  

 ( ).       

      ,  

,     ( )  

    (    – Network on a Chip, 

NoC)).        ( , System on 

a Chip, SoC).        

    ,        

       .  

         

    .   (Application-Specific 

Integrated Circuit, ASIC) –  ,     

     ,    

.        

  [3].      



6 

  ,   
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       (    
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     .   ,  

       ,    

      .   

       

     ,  : 

- «   » ( , System on a Chip, SoC); 

- «   » (Network on a Chip, NoC); 

- «   » (System in a Package, SiP). 

 «   »     

 ,     (  

   )    . 

 «   » –    ,  

       

  .     

       

. 

      

   «   » ( ).  

:  –  ,     
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    .    ,  

, : 

-    ,   

    ; 
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; 

-     ; 
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-     ; 

- /  -   -  

; 

-     . 

 ,     ,   

    .    

    :   

  (AMBA, AVALON, Wishbone  .)  

  . 

        

    ,  

 .       

 ,      

          

  .  ,     

   -   ( - )   

  (IP, Intellectual Property).   

   ,    

   ( ) 

 . 

 , -     

,   ,  

 .   -     

        

 – : ,   .  

-          

 (Verilog HDL  VHDL – « » ),  

  (« » )       
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 GDSII       
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  - .   –   -   
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  –  -  .   –  -

.   –  - ,   

  ,   , 

  ,     

.   –  - ,    

  « » ,     

.   –  ,    

  ,       

  . 

    -    : 
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2)         

 . 

3)        

   . 

4)   ,  ,  

 ,  / ,  , 

    ,    . . 

5)        

   . 

6)    (  )   

 . 

7)        

       . 
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      -   

  ,     

    /    

 .     
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         [8]: 

1)   –   -

   :  ;  

 ; ,     . .  

     ,   

      . 

2)   –    

 RTL-  (Register Transfer Level)    

. 

3)   –    . 

4)   –     

. 

5)     . 

      

     - .   

      , ++, Verilog  VHDL. 
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    . 

         

   .   

    ,  

 ,      

 .       

  ( ),    

  . 

        

   -    - ,   

 -         

.        

 (Testbench).      , 

       . 

       

       

,       . 

       

      . 

    ,  -    

     ,   –  

,       ;  

        

   .    

 ,       

- .         

 ,      - . 
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 .   ,   -

       .  

        

     - ,      

    . 

      

 ( , . FPGA   – Field-Programmable Gate Array)  

,        

.      ,     

      : 

   .     

 ,     .     

 , ,     /   

   Verilog/VHDL,   

  .     

    ,     

 « »  . 

,     : 

-   ,   

 ; 

-      

 ; 

-   / ,   

     . 

  ,  ,    

   : 

-   ; 

-     (  
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   100 .      0,5 .  
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    ,   ( ,   .) 

 ,    . 

      

    ,   ( ,   

.)  ,    .    
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 ,     

 (SolidWorks, Autodesk Inventor, , CATIA); 

- EDA  ECAD –   ,  

,  ,    . ., (Altium Designer, OrCAD); 

- AEC CAD  CAAD –      . 

   ,  , , 

  . (Autodesk Architectural Desktop, AutoCAD Revit Architecture Suite, 

Bentley MicroStation, Bentley AECOsim Building Designer, Piranesi, ArchiCAD). 

       , 

     : 

- CAD –   ,   

     ,  

   /    

,   /   

,    ; 

- CADD –    ; 

- CAGD –  ; 

- CAE –    ё ,   

  ,   , 

   ; 

- CAA –   CAE,    

; 

- CAM –     , 

       

   (    ). 

     –   

  ; 

- CAPP –     

,     CAD  CAM. 
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- PDM (Product Data Management) —     

 — -  ,  

    . PDM-   

  PLM- . 

 PDM-    , : 

-    (engineering data management — 

EDM) 

-   

-     (product information management — 

PIM) 

-    (technical data management — TDM) 

-    (technical information management 

— TIM) 

-     , 

   . 

   PDM-   

  : 

-      

-      

-    

-      

-   

- PLM (Product Lifecycle Management) —   

  . -  , 

         

       ,   

      .    

       

.   ,   PLM-c   

   . 



18 

       

 ,      CAD/CAM, 

CAD/CAE, CAD/CAE/CAM.    ,  

 (Cax- ).   CAD-  ё  

  ,      

   CAM       CAE  

      . 

 

2.2   я 

 

         

 .     

   MATLAB (     

Communications System Toolbox, HDL Coder, HDL Verifier).   

    1 [15]. 

 

 1 –     MATLAB 

 
 

 
-   

Scilab 1994  http://www.scilab.org/ 

FreeMat 2013 http://freemat.sourceforge.net/index.html 

OpenModelica 1997 https://www.openmodelica.org/ 

 

  Scilab [16]: 

- ; 

-  (   5.0); 

-   –  4    20   

    MATLAB.  5  (5.4.1) 

  ё   117 . 
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,       Windows (  UNIX  Windows  

MatLab-     ).    

 ,   . 

 

2.3  я    

 

      .  

     2. 

 

 2 –    

 
 

 
-   

 

  

 

 

 

Xilinx 1984 http://www.xilinx.com/ 
Spartan, Artix, 

Kintex, Virtex 

Vivado 

Design Suite, 

ISE Design 

Suite, ISE 

WebPack 

Altera 1983 http://www.altera.com/ 
Cyclone, Arria, 

Stratix 

Quartus II, 

ModelSim, 

Nios II EDS 

Microsemi 

Corporation 
1985 http://www.microsemi.com/ 

IGLOO, IGLOO2, 

ProASIC3, Fusion 

Libero IDE, 

Libero SoC 

Atmel 1984 http://www.atmel.com/ AT40K, AT40KAL 
Atmel Studio 

IDE 

Lattice 

Semiconductor 
1983 http://www.latticesemi.com/ 

iCE40, MachXO2, 

LatticeECP3 

Lattice 

Diamond 

Software, 

iCEcube 

       

 Xilinx: 

http://www.xilinx.com/
http://www.altera.com/
http://www.microsemi.com/
http://www.atmel.com/
http://www.latticesemi.com/
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3)     -  ,  
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. 

5)  , . .    

(Post-Fit Simulation)         

     . 

6)        

(iMPACT 10.1i). 
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   .     
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MATLAB  LABView. 
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,      .  

       

 [13]: 

-     ;  

-     ; 

-     . 

        

  .      

       :  

-     ,     

, , ; 

-        

   ; 

-          

     ,  

    . 

       

 .      

PXI,   ,    

 PCI.  PXI   ,  

    Peripheral Component Interconnect (PCI).  

    CompactPCI,    

 PCI     Eurocard  

 .    CompactPCI 

 PXI           

 PCI .        

         PCI-PCI. 

,   13  PXI    PCI-PCI . 

   -  , 
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 PXI    , 

   . PXI     

   CompactPCI [12]. 

  PCI    -  PXI 

,      . 

        

  ,     

       API.  

       PXI . 

PXI Systems Alliance     

  PXI ,   .   

  , PXI System Alliance   

        

. PXI ,   ,    

   PXI Hardware    

    PXI Software. 

PCI eXtensions for Instrumentation (PXI) –  , 

    -

 ,     

,  ,     . . 

 PXI      

,    -

 .     , 

         

 . 

 : 

-   ; 

-      ; 

-  1500   (     6,6 ); 

-      / ; 
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-      2 /c,  

 –  6 /  (PXI Express) 

-  PXI Express  PXI ; 

-        

  . 
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       . .  
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      (    
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    ,       . 
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3)       

  . 

4)        

,      

,    . 

        

    / : 



25 

1)       . 

         

      . 

2)        

 .      

    . 
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       . 
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.     , 
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     . 
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   . 
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, ,   .       

    . 

 ,      

   -  . 

      

   .    , 

  ,   . 

      . 

    15489-1-2007 [10]:  (record) –  

     , 

,         

        

. 

         

,  ,      

 .  : 

-  ,       

    ,   

; 

-          , 

   (      ,  

   ,        

); 

-          

 ,      

. 

       

  –   ,   ,  

,   ,    .  

   2.051-2006 [11],    
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.        

,    –   .  

    2.051-2006   2.104-2006. 

 

3.2     

 

  ,      

,        

,       PDM-   «  

» (  3). 

 

 3 –       PDM 

  
 («  
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     (  )  
   « » 

      
        ,     

    
         

( ) 
 

        PDM-   
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,     «  ».   
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3.3   я    

  

 

        

     . ,  

   .     

    ,   

      [2]: 

-   ; 

-    ; 

-    . 

  «    » 

  , ,   

 .         

.  «   »   

   ,   , 

 ,      . . 

 «    »    
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3.4                                

-   

 

       

,   -       

 .     

  ,     

         

    . 
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  ,    

 , , , ,  

      . 

        

  : 

-   ; 

-        ; 

-       

    ; 

-   ; 

-         

 . 

      : 

-    ; 

-       ; 

-     . 

        -  

          

        IP . 

VSI Alliance (Virtual Socket Interface Alliance, ).  

,   1996 .      

   .   :  

      - .    

–      .  

       

   .       

  ,     ,  

    ,  . 

VC  (Virtual Component Exchange –   ) – 

,        
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 .       

      .  

 Design & Reuse     1997,  

          -

    . Design & Reuse  

 ,         

.         

. 

     3 : 

-  – ,      

    ; 

-   , ,    

,     ; 

-    «  », , 

   . 

 VSIA    . 

   : 

- Intellectual Property Protection White Paper: Schemes, Alternatives and 

Discussion; 

- Intellectual Property Protection White Paper: The Value and Management of 

Intellectual Assets (IPPWP 2 1.0); 

- Intellectual Property Protection Technical Measures and Best Practices for 

Securing Proprietary Information. 

       

    : 

- Analog/Mixed-Signal VSI Extension Specification (AMS 1 2.2); 

- VSIA Deliverables Document; 

- Virtual Component Transfer Specification (VCT 1 2.1);; 

- Test Data Interchange Formats and Guidelines for VC Providers Specification 

(TST 1 1.1); 
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- Virtual Component Attributes (VCA) with Formats for Profiling, Selection 

and Transfer Standard. 

      : 

- Soft and Hard VC Structural, Performance and Physical Modeling 

Specification; 

- VC/SoC Functional Verification Specification (VER 2 1.0); 

- Test Access Architecture Standard (TST 2 1.0); 

- System-Level Interface Behavioral Documentation Standard. 

 : 

- Virtual Component Identification Physical Tagging Standard; 

- Virtual Component Identification Soft IP Tagging Standard (IPP 4 1.0). 

      : 

- Analog/Mixed-Signal Signal Integrity VSI Extension Specification; 

- Signal Integrity Specification (IMP 1 2.0). 

     : Virtual 

Component Interface Standard. 

  : On Chip Bus Attributes Specification. 

  : VSIA QIP Metric. 

  2009  IEEE   IEEE 1685 (IP-XACT) [39], 

      XML  

  - ,   , 

        

 API      .  

    - ,  

        

. API –         

  ,   , 

   . ,    

,  ,    -

,     .   
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     - . 

 ,  IP-XACT  -   

    -   

.    ,   ,   

    ,     

  ,    . IP-XACT 

  -    ,    

   . 

  IP-XACT : , , 

   ,   ,  , 

  ,    ,    

     , 

, ,     .  

   XML-        

 .     

 . 

   « » ( -  VSIA)   

         

       -  [40].   

       , 

      . 

     . 

1) -  .     

(  430 109 004 ).        

    - .   

,       ,   

- ,   ,     

  : 

-   - ; 
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-  ,      

; 

-    -       

 ; 

-      - ; 

-    ; 

-     . 

 

3.5    

 

       

    .    

       

         

      . 

    ( ),   

  , ,    ,  

PDM- .       

  ,      

         

      

       

  .     

        

 ,     . 

         

 Microsoft SQL Server 2012.     

     ,      

.  SQL Server      . 

      600  . 
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      7    

      . 

     4 – «  

»,      . 
 

 4 –   «  » 

  
 ID_Project 

  Project_Name 
  Organization 

   DP_Descr 
    DP_Stage 

     Data_start 
     Data_close 

  Ruk 
  Number_Dogovor 

   plat 

 

 5 – «  »    

 . 

 

 5 –   «  » 

  
 DB_ID 

 DB_Name 
 DB_INN 
 DB_KPP 

 DB_OKPO 
  DB_Account 

 DB_Bank 
 DB_Bank_BIK 

 

 

  5 

  
.  DB_Bank_Account 

  DB_Addr_Legal 
  DB_Address_Phys 

 DB_Phone 
 DB_Fax 
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  DB_Email 
 

 6 – «  »     

          

. 

 

 6 –   «  » 

  
 HardP_ID 

  HardP_Name 
 HardP_Prod 

  HardP_Prod_Site 
  HardP_Number_Ser 

  HardP_Number_Invent 
    HardP_Data_Begin 
   HardP_Data_End 

  HardP_Chip_Name 
   HardP_Chip_Family 

   HardP_Chip_Prod 
    HardP_Chip_Package 

 

 7 – « »      

    . 

 

 7 –   « » 

 
 Staff_ID 

 Staff_Surname 
 Staff_Name 

 Staff_Name_Middle 
 Staff_Initials 

  Staff_Full_Name 
  Staff_Birth 

  Staff_Work 
 Staff_Position 

  7 

 
  Staff_Acad_Rank 
  Staff_Acad_Degree 

 Staff_Speciality 
      login 
      password 



36 

   prav 
 

 8 – «  »  , . .    

      .   

 ,      . 
 

 8 –   «  » 

  
 ID_FILE 

  Project_Name 
  File_Name 

  stage 
  File_Extension 

  File_Size 
   File_Dowload 
   File_izmen 

 ,   
  

File_nameizmen 

  File_Type_DC 
   Editor_Name 

   Editor_Ver 
   Sim_Name 

   Sim_Ver 
   Descr_Lang 

  Hard_Platform 
   File_Top_Block 
    BINARY_FILE 
 

 9 – «  »    

         . 

 

 9 –   «  » 

   
 SEditor_ID 

 SEditor_Name 
  9 

   
 SEditor_Dev 

  SEditor_Lang 
  SEditor_OS 

 SEditor_Version 
  SEditor_Lic_Type 
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  SEditor_Lic_Date 
  SEditor_Dev_Site 

   SEditor_File_W 
   SEditor_File_R 

    Put_File 
  (   ) PO_Type 

 

 10 – «   »    

      .  , 

       . 

 

 10 –   «   » 

    
 ID 

 SEditor_Name 
 SEditor_Dev 

  project 
 SEditor_Version 

    Put_File 
  stage 

 

 ER-     (  2).  ER-  

   ,      

 .  ER- : 

- Organization ( ).       

 DB_Name (  ).  

- Platform ( ).       

 Hard_Name (  ).  

- Personal ( ).        

Staff_Surname (  ).  

- FILE_BASE (  ).       

,        .  

- prog (   ).     

   SEditor_Name (  ). 

- PROGRAM (  ).     

   SEditor_Name (  ).  
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- Project ( ).        

Project_Name (  ).  

 

 ER- : 

-  Organization ( )    Project 

( )  - - ,   Project   

( ),   Organization   ( ). 

-  Platform ( )    Project ( ) 

 - - ,   Project   ( ),  

 Platform   ( ). 

-  Personal ( )    Project ( ) 

 - - ,   Project   ( ),  

 Personal   ( ). 

-  Personal ( )    FILE_BASE (  

)  - - ,   FILE_BASE  

 ( ),   Personal   ( ). 

-  FILE_BASE (  )    Project 

( )  - - ,   Project   

( ),   FILE_BASE   ( ). 

-  prog (   )   

 Project ( )  - - ,   Project 

  ( ),   prog   ( ). 

-  prog (   )   

 PROGRAM (  )  - - . 

      ё   

.     ,   

   ,       

 ,       

      . 
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 2 – ER-     
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4 я я    
я 

 

4.1 я я  я  

     

 

        

     .     

       - . 

         

,  , .v (RTL-    Verilog HDL), .vhd (RTL-  

  VHDL), .csv (     )  

. 

 
 11 –     

 
 

    

1    
2     
3 -    
4     

5    
 / 
 

6 
    
  

 

7    
 / 
 

8   -  
 / 
 

9   -  
 / 
 

10   
 / 
 

11 
    

 
 / 
 

12    -  
 / 
 

 
     RTL-  

       (VHDL, 
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Verilog)       

  .      

     (PMS-level),     

(RTL-level). 

 

 12 –     

 
 

    

1     
2     
3   -   
4   -   
5    
6     

 
 

7    -   
8  RTL-  -   
9      
10 RTL-     
11     

  
 

12    / 
 

13      
14     

      
 

 

15    / 
 

16      
17      
18      
19 RTL-    / 

 
20      / 

 
21     / 

 
 

       

    ,      

(Netlist),      . 
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 13 –     

  
 

    

1     
2    
3    
4 RTL-    
5      
6     
7     
8      
9     
10      
11   (Netlist)  / 

 
12     / 

 
13     / 

 
14     / 

 
15     

 
 / 
 

 

       

         

    . 

 

 14 –     

 
 

    

1   (Netlist)  
2     
3     
4    
5     
6     

 
 

7      
8     

 
 

9      
10     

 
 

11      
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12     
 

 

13       
14     
15    

    
 

16        
  14 
 

 
    

17      / 
 

18      / 
 

 

        

       

,      , 

       

. 

    ,     

        

     . 

        

 ,   ,      

.        

  ,       

. 

 
 15 –        

 
 

    

1    
2      
3      
4      
5      
6      

(DRC & LVS) 
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7     / 
 

8      / 
 

9      / 
 

10      / 
 

 

4.2     я 

 

 

        

       

      

 .      

       3.     

   (  )    

  .      

    ,    

    .     

         

    .   

       

(  4). 

    ,   

     .   

       ,    

      ,     

.       

         .  

    ,    

     . 
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 3 –    
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 4 –    

 

4.3 я    

 

 

       

(  5).          

       .    

  .     

    (  6),      

  ,     ,   

   .       

      \  

   .       

ё    . 
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 5 –   

 

      . 

          

,          . 

         

  (  7, 8). 

 

 

 6 –   
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 7 –    

 

  

 8 –   
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  .      

  .    ,    

    .    

,    .    

   9–10.        

 \      . 

 

 9 –      

 

 
 10 –      
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      .  

     ,    

     (  11).     

  « »      . 

       ,   

         .  

       .    

    (  12). 

 

 
 11 –    

 

 

 12 –      
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         ,  

        . 

         

 (  13). 

 

 
 13 –    

  

     

      .  

       

     ,     

         (  14). 

 

 
 14 –       
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      ,   

    ,       

   (  15).     ,   

    . 

 

 
 15 –      

  

         ,  

       .  

    .       

,        

 .      

 .        -  

    .     ,   

.  ,      . 
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  ,     

,       .  

        

       ,  

       . 

        

 ,    

    . 

       ,  

  ,     

     

 /  .    ER- ,  

   .       

  .        

    ,    

  . 

      

    -  ,  

 ,         

   ,      

.    -    

   ,    

.      ,  

 ,        

    . 

      

    /  ,  
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