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ʂʦʨʨʝʢʪʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ 

Â ʂʦʨʨʝʢʪʥʦʩʪʴ ï ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʠʩʪʝʤʳ ʥʘʣʘʛʘʝʤʳʤ 

ʥʘ ʥʝʝ ʪʨʝʙʦʚʘʥʠʷʤ 
 

Ã ʄʠʥʠʤʠʟʘʮʠʷ ʦʰʠʙʦʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 
 

Â ʅʘʜʝʞʥʦʩʪʴ ï ʩʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤʳ ʩʦʭʨʘʥʷʪʴ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʝ ʩʦʩʪʦʷʥʠʝ 
 

Ã ʄʠʥʠʤʠʟʘʮʠʷ ʩʙʦʝʚ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

Â ʂʦʨʨʝʢʪʥʦʩʪʴ Ù ×ʅʘʜʝʞʥʦʩʪʴ 
 

Ã ʆʰʠʙʢʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ï ʯʘʩʪʘʷ ʧʨʠʯʠʥʘ ʩʙʦʝʚ 
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ʎʝʥʘ ʦʰʠʙʢʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʈʘʢʝʪʘ-ʥʦʩʠʪʝʣʴ ɸʨʠʘʥ 5, 1996 

ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʴ SW/HW 

 

ɹʦʠʥʛ 757 (ʨʝʡʩ 965), 1995 

ʦʪʦʙʨʘʞʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ 

 

ɺʝʨʪʦʣʝʪ ʏʠʥʫʢ CH-47, 1994 

ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʛʘʪʝʣʝʤ 

 

ʂʦʤʧʣʝʢʩ ʇɺʆ ʇʵʪʨʠʦʪ, 1991 

ʩʠʩʪʝʤʘ ʥʘʚʝʜʝʥʠʷ ʨʘʢʝʪ 

 

Ç ʏʝʣʦʚʝʯʝʩʢʠʝ ʞʠʟʥʠ 

Ç > 100 ʤʣʥ ʜʦʣʣʘʨʦʚ 

Ç ʇʦʪʝʨʷ ʨʝʧʫʪʘʮʠʠ 
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ʆʰʠʙʢʠ ʚ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘʭ 

Â ʀʟʚʝʩʪʥʳʝ ʧʨʠʤʝʨʳ ʦʰʠʙʦʢ 
 

Ã ʆʰʠʙʢʘ ʚ ʨʝʘʣʠʟʘʮʠʠ ʢʦʤʘʥʜʳ FDIV (Pentium, 1994 ʛ.) 

Â ʎʝʥʘ ʦʰʠʙʢʠ ï 475 000 000 $ (ʟʘʤʝʥʘ ʤʠʢʨʦʩʭʝʤ) 
 

Ã ʆʰʠʙʢʘ ʚ ʨʝʘʣʠʟʘʮʠʠ ʢʵʰʠʨʦʚʘʥʠʷ (AMD Phenom, 2007 ʛ.) 
 

Â ʆʙʱʝʝ ʯʠʩʣʦ ʦʰʠʙʦʢ 
 

Ã ʆʰʠʙʢʠ, ʦʙʥʘʨʫʞʝʥʥʳʝ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

Â 7855 ʦʰʠʙʦʢ (Pentium 4, 2000 ʛ.) 
 

Ã ʆʰʠʙʢʠ, ʦʙʥʘʨʫʞʝʥʥʳʝ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

Â 153 ʦʰʠʙʢʠ (Core i7, 2011 ʛ.) 
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ʉʣʦʞʥʦʩʪʴ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʦʚ 

ʄʠʢʨʦʧʨʦʮʝʩʩʦʨ 
 

Â > 109 ʪʨʘʥʟʠʩʪʦʨʦʚ 

Â > 107 ʩʪʨʦʢ ʥʘ Verilog 

Â º 4-16 ʷʜʝʨ 
 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ 
 

Â > 500 ʨʘʟʨʘʙʦʪʯʠʢʦʚ 

Â º 3-4 ʛʦʜʘ ʨʘʙʦʪʳ 

Â > 100 ʤʣʥ ʜʦʣʣʘʨʦʚ 
 

ɺʝʨʠʬʠʢʘʮʠʷ ï 50-80% ʟʘʪʨʘʪ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘ 
 

Â > 10 000 ʦʰʠʙʦʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ʚ ʩʧʝʮʠʬʠʢʘʮʠʷ ʠ ʠʩʭʦʜʥʦʤ ʢʦʜʝ) 

Â > 100 ʠʥʞʝʥʝʨʦʚ-ʚʝʨʠʬʠʢʘʪʦʨʦʚ (ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʝʡ ʠ ʪʝʩʪʦʚ, ʚʝʨʠʬʠʢʘʮʠʷ) 

Â > 1000 ʢʦʤʧʴʶʪʝʨʦʚ (ʢʨʫʛʣʦʩʫʪʦʯʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʧʨʦʛʦʥ ʪʝʩʪʦʚ) 

2,2 ʪʳʩ (4004) 
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29 ʪʳʩ (8086) 
3 ʤʢʤ 

3.1 ʤʣʥ 
(Pentium) 

800 ʥʤ 
 

42 ʤʣʥ 
(Pentium 4) 

180 ʥʤ 
731 ʤʣʥ (Core 

i7) 
45 ʥʤ 

5 ʤʣʨʜ (Xeon 
Phi) 

22 ʥʤ 

0,0 

2,0 

4,0 

6,0 

8,0 

10,0 

12,0 

1960 1970 1980 1990 2000 2010 2020 

ʏʠʩʣʦ ʪʨʘʥʟʠʩʪʦʨʦʚ ʥʘ ʢʨʠʩʪʘʣʣʝ (log10) 
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ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʦʚ 

ɸʨʭʠʪʝʢʪʫʨʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ɼʝʪʘʣʴʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʃʦʛʠʯʝʩʢʠʡ ʩʠʥʪʝʟ 

ʌʠʟʠʯʝʩʢʠʡ ʩʠʥʪʝʟ 

ɺʝʨʠʬʠʢʘʮʠʷ 

ɺʝʨʠʬʠʢʘʮʠʷ 

ɺʝʨʠʬʠʢʘʮʠʷ 

ʇʨʦʛʨʘʤʤʥʳʡ ʧʨʦʪʦʪʠʧ (ʉ/C++) 

ʄʦʜʝʣʴ ʫʨʦʚʥʷ RTL (Verilog/VHDL) 

ʃʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ 

ʌʦʪʦʰʘʙʣʦʥʳ 

ʊʨʝʙʦʚʘʥʠʷ 
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ʗʟʳʢʠ ʦʧʠʩʘʥʠʷ ʘʧʧʘʨʘʪʫʨʳ (HDL) 

input  S;  

output  R1, R2;  

void  design() {  

   while ( true ) {  

       wait (S);  

       delay (6);  

       R1 = 1;  

       delay (1);  

       R1 = 0;  

       R2 = 1 ;  

       delay (1);  

       R2 = 0;  

   }  

}  

// ʂʦʜ Verilog  

always  @(posedge  CLK)  

begin  

    if (state == 2ôh0 && S) begin  

        state <= 2ôh1; 

        delay <= 3ôh6; 

    end  

    else  if (state == 2ôh1) begin  

        delay <= delay ï 3ôh1; 

        if (delay == 3ôh0) begin  

            state <= 2ôh2; 

            R1    <= 1ôh1; 

        end  

    end  

    else  if (state == 2ôh2) begin  

        state <= 2ôh3; 

        R1    <= 1ôh0; 

        R2    <= 1ôh1; 

    end  

    else  if (state == 2ôh3) begin  

        state <= 2ôh0; 

        R2    <= 1ôh0; 

    end  

end  

CLK 

6 ʪʘʢʪʦʚ 

S 

R1 

R2 

ʇʘʨʘʣʣʝʣʴʥʳʝ 

ʧʨʠʩʚʘʠʚʘʥʠʷ 
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ʇʦʚʝʜʝʥʠʝ ʮʠʬʨʦʚʦʡ ʘʧʧʘʨʘʪʫʨʳ 
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ɺʝʨʠʬʠʢʘʮʠʷ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʦʚ 

Â ɺʝʨʠʬʠʢʘʮʠʷ ï ʵʪʦ ʧʨʦʚʝʨʢʘ ʢʦʨʨʝʢʪʥʦʩʪʠ, 

ʩʦʦʪʚʝʪʩʪʚʠʷ ʨʝʘʣʠʟʘʮʠʠ ʝʝ ʩʧʝʮʠʬʠʢʘʮʠʠ 
 

Ã ʕʢʩʧʝʨʪʠʟʘ ï ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ: ʠʥʩʧʝʢʮʠʷ ʢʦʜʘ ʧʨʦʛʨʘʤʤʳ ʠ ʪ.ʧ. 
 

Ã ʉʪʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʢʦʜʘ ï ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʧʨʦʚʝʨʢʘ 

ʟʘʜʘʥʥʳʭ ʧʨʘʚʠʣ, ʧʦʠʩʢ ʦʰʠʙʦʢ ʧʦ ʰʘʙʣʦʥʘʤ ʠ ʪ.ʧ. 
 

Ã ʊʝʩʪʠʨʦʚʘʥʠʝ ï ʦʮʝʥʢʘ ʢʦʨʨʝʢʪʥʦʩʪʠ ʩʠʩʪʝʤʳ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʝʝ ʨʘʙʦʪʳ ʚ ʥʝʢʦʪʦʨʳʭ ʩʠʪʫʘʮʠʷʭ 
 

Ã ʌʦʨʤʘʣʴʥʘʷ ʚʝʨʠʬʠʢʘʮʠʷ ï ʩʪʨʦʛʦʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ 

ʢʦʨʨʝʢʪʥʦʩʪʠ ʬʦʨʤʘʣʴʥʦʡ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ 
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ʄʦʜʫʣʴʥʘʷ ʠ ʩʠʩʪʝʤʥʘʷ ʚʝʨʠʬʠʢʘʮʠʷ 

lui  s1, 0x2779  

ori  s1, s1, 0xc8b9  

lui  s3, 0x4ee  

ori  s3, s3, 0xf798  

add  v0, a0, a2  

sub  t1, t3, t5  

add  t7, s1, s3  

ʉʠʩʪʝʤʥʘʷ ʚʝʨʠʬʠʢʘʮʠʷ ʄʦʜʫʣʴʥʘʷ ʚʝʨʠʬʠʢʘʮʠʷ 

ʇʨʦʚʝʨʷʝʪʩʷ ʤʦʜʝʣʴ ʚʩʝʛʦ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘ 

ʩ ʧʦʤʦʱʴʶ ʪʝʩʪʦʚʳʭ ʧʨʦʛʨʘʤʤ 

ʇʨʦʚʝʨʷʝʪʩʷ ʤʦʜʝʣʴ ʦʪʜʝʣʴʥʦʛʦ ʤʦʜʫʣʷ 

ʯʝʨʝʟ ʚʭʦʜʥʳʝ ʠ ʚʳʭʦʜʥʳʝ ʩʠʛʥʘʣʳ 
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ɺʝʨʠʬʠʢʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʝʡ 

ɻʝʥʝʨʘʮʠʷ 

ʪʝʩʪʦʚ 

ʇʨʦʚʝʨʢʘ 

ʧʦʚʝʜʝʥʠʷ 

ʇʨʦʚʝʨʢʘ 

ʤʦʜʝʣʝʡ 

ɼʝʜʫʢʪʠʚʥʳʡ 

ʘʥʘʣʠʟ 

ʉʪʘʪʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ 

͔ͦͤ͟;ͤ·͔ ͍͊ͭͦͣ͊ͭ· 
ͼ͔͙ͨ ˸͍͊ͪͦ͊͟ 

͔ͨͪ͒- ͙  ͍͙ͨͦͫͭͯͫͦ͡Ύ 
͙͙ͫͨͦͤͣ͡·͔ ͔͙ͣͦ͒͡ 

͙͔ͫͫͭͣ· ͔͔ͨͪͻ͍ͦ͒ͦ 
͍͔͔ͪͣͤͤ·͔ ͎͙͙ͦ͟͡ 

͙͊ͫͦͣ͟· 
͍͙ͨͪ͊͊͡ ͍·͍ͦ͒͊ 

͙ͨͦͭͦ͟ ͍͔͙ͯͨͪ͊ͤ͡Ύ 
΄͊͋ͦͤ͡· ͦ΄͙͋ͦ͟ 

ʌʦʨʤʘʣʴʥʳʝ ʤʦʜʝʣʠ, 

ʩʧʝʮʠʬʠʢʘʮʠʠ, ʧʨʘʚʠʣʘ 
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ɻʝʥʝʨʘʮʠʷ ʪʝʩʪʦʚʳʭ ʧʨʦʛʨʘʤʤ 

ʎʝʣʝʚʘʷ ʩʠʩʪʝʤʘ 

(Verilog, VHDL) 

 

lui s1, 0x dead  

ori s1, s1, 0x 0 

lui s3, 0x beef  

ori s3, s3, 0xf  

add v0, a0, a2  

sub t1, t3, t5  

add t7, s1, s3  

ʊʝʩʪʦʚʳʝ ʧʨʦʛʨʘʤʤʳ 

(ʘʩʩʝʤʙʣʝʨ) 

ʕʪʘʣʦʥʥʳʡ ʩʠʤʫʣʷʪʦʨ 

(C, C++) 

ʊʨʘʩʩʳ ʚʳʧʦʣʥʝʥʠʷ 

(ʬʦʨʤʘʪʠʨʦʚʘʥʥʳʡ ʪʝʢʩʪ) 

 

0x2000: lui ...  

0x2004: ori ...  

0x2008: ori ...  

0x200c: lui ...  

0x2010: add  ...  

0x2014: sub ...  

0x2018: add  ...  

ʂʦʤʧʘʨʘʪʦʨ ʪʨʘʩʩ 

(Perl, Python) 

 

0x2000: lui ...  

0x2004: ori ...  

0x2008: ori ...  

0x200c: lui ...  

0x2010: add  ...  

0x2014: sub ...  

0x2018: add  ...  
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ɻʝʥʝʨʘʮʠʷ ʧʨʦʛʨʘʤʤ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʝʡ 

ɻʝʥʝʨʘʪʦʨ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʝʡ 

ʗʜʨʦ ʛʝʥʝʨʘʪʦʨʘ 

ɹʠʙʣʠʦʪʝʢʠ 

ʄʦʜʝʣʴ 

ɻʝʥʝʨʘʪʦʨ 

Test templates 
Test templates 

ʊʝʩʪʦʚʳʝ ʰʘʙʣʦʥʳ 

ʀʥʞʝʥʝʨ ʧʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ 

ʀʥʞʝʥʝʨ ʧʦ 

ʚʝʨʠʬʠʢʘʮʠʠ 

Test programs Test programs ʊʝʩʪʦʚʳʝ ʧʨʦʛʨʘʤʤʳ 

ʄʦʜʝʣʴ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘ 

ʄʦʜʝʣʴ ʪʝʩʪʦʚʦʛʦ ʧʦʢʨʳʪʠʷ 
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ʇʨʦʝʢʪ MicroTESK 

Â Microprocessor TEsting and Specification Kit 
 

Ã ʉʧʝʮʠʬʠʢʘʮʠʷ ʩʠʩʪʝʤʳ ʢʦʤʘʥʜ ʥʘ nML 
 

Ã ʉʧʝʮʠʬʠʢʘʮʠʷ ʧʦʜʩʠʩʪʝʤʳ ʧʘʤʷʪʠ ʥʘ MMUSL 
 

Ã ʆʧʠʩʘʥʠʝ ʰʘʙʣʦʥʦʚ ʪʝʩʪʦʚʳʭ ʧʨʦʛʨʘʤʤ ʥʘ Ruby 
 

Ã ʂʦʤʙʠʥʘʪʦʨʥʘʷ ʛʝʥʝʨʘʮʠʷ ʪʝʩʪʦʚʳʭ ʧʨʦʛʨʘʤʤ 
 

Ã ɻʝʥʝʨʘʮʠʷ ʪʝʩʪʦʚʳʭ ʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʦʛʨʘʥʠʯʝʥʠʡ 

 

Â http://forge.ispras.ru/projects/microtesk 
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15  

// ʂʦʤʘʥʜʘ ʟʘʛʨʫʟʢʠ ʜʘʥʥʳʭ ʚ ʨʝʛʠʩʪʨ (Load - Acquire Register )  

op  LDAR(rt : REG, rn : REG )  

  syntax  =   // ɸʩʩʝʤʙʣʝʨʥʳʡ ʬʦʨʤʘʪ 

    format ( " ldar  %s, [%s, #0 ]" , rt. syntax ,  rn. syntax )  

  image   =   // ɹʠʥʘʨʥʘʷ ʢʦʜʠʨʦʚʢʘ 

    format ( "1100100011011111111111%5s%5s" ,  rn. image ,  rt. image )  

  action  = { // ʉʝʤʘʥʪʠʢʘ ʢʦʤʘʥʜʳ 

    va = rn ; // ʏʪʝʥʠʝ ʚʠʨʪʫʘʣʴʥʦʛʦ ʘʜʨʝʩʘ ʠʟ ʨʝʛʠʩʪʨʘ 

    ...  

    if va<...> != 0  then  

      exception ( " AlignmentFault " );  

    endif ;  

    temp = MEM[va >> 3 ];  //  ɼʦʩʪʫʧ ʢ ʧʘʤʷʪʠ (ʦʙʨʘʱʝʥʠʝ ʢ MMU)  

    rt    = temp<...>;    //  ɿʘʧʠʩʴ ʜʘʥʥʳʭ ʚ ʨʝʛʠʩʪʨ 

      ...  

    endif ;  

  }  
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mmu MMU(va: VA) = (data: 64)  

  read = { // ʆʧʝʨʘʮʠʷ ʯʪʝʥʠʷ ʜʘʥʥʳʭ ʠʟ ʧʘʤʷʪʠ 

    if va.acctype  != AccType_PTW then  

      pa = AArch64TranslateAddress(va ); // ʊʨʘʥʩʣʷʮʠʷ ʘʜʨʝʩʘ 

    else  

      pa = SEG(va); // ʅʝʦʪʦʙʨʘʞʘʝʤʳʡ ʘʜʨʝʩ 

    endif ;  

    if L1(pa). hit then ...  else ...  

      if va.acctype  != AccType_PTW then  

        temp = AArch64MemSingleRead(va);  

      else  

        temp = MEM(pa);  

      endif ;  

    ...  

    endif ;  

    data = temp <...>;  // ɺʦʟʚʨʘʱʘʝʤʳʝ ʜʘʥʥʳʝ 

  }  

  write  = { ... } // ʆʧʝʨʘʮʠʷ ʟʘʧʠʩʠ ʜʘʥʥʳʭ ʚ ʧʘʤʷʪʴ 

}  
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Start

TLB

Error Perm

TT0

TT1

TT2

TT3

L1

L2Data1

MEMData2Stop

StopStop

Stop

Error

Error

Perm

L1

L2Data1

MEMData2Stop

StopStop

ErrorPerm

L1

L2Data1

MEMData2Stop

StopStop

Error

Perm

L1

L2Data1

MEMData2Stop

StopStop

Error

Perm

L1

L2Data1

MEMData2Stop

StopStop

Error

Stop

Stop

Stop

Stop

Stop

Stop

Aligned

Miss

Miss

Miss

Miss

Hit
Miss

Ok

MissHit

MissHit

Unaligned

Violated

Hit

Ok

MissHit

MissHit

Violated
Hit

Ok

MissHit

MissHit

Violated

Hit

Ok

MissHit

MissHit

Violated

Hit

Ok

MissHit

MissHit

Violated

class  MmuTemplate < ArmV8BaseTemplate  

  def run  

    block (:engine => "memory" , ...) {  

      ldar  reg(_), reg (_)  

        do  situation ( "access " ,  

          miss  ( " TLB" ), # ʆʛʨʘʥʠʯʝʥʠʷ 

          hit   ( "TranslationTable " , 0)  

        end  

      stlr  reg(_), reg (_)  

        do situation ( "access" ,  

          hit   ( "TLB" ), # ʆʛʨʘʥʠʯʝʥʠʷ 

          miss  ( " L1" ),  

        end  

    }  

  end  

end  
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ʈʘʟʨʘʙʦʪʢʠ ʀʉʇ ʈɸʅ 

Â ʀʥʩʪʨʫʤʝʥʪʳ ʚʝʨʠʬʠʢʘʮʠʠ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʦʚ 
 

Ã MicroTESK ï ʛʝʥʝʨʘʮʠʷ ʪʝʩʪʦʚʳʭ ʧʨʦʛʨʘʤʤ 
 

Ã C++TESK ï ʨʘʟʨʘʙʦʪʢʘ ʪʝʩʪʦʚʳʭ ʩʠʩʪʝʤ 
 

Ã Retrascope ï ʩʪʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ HDL-ʦʧʠʩʘʥʠʡ 
 

Â ʀʥʩʪʨʫʤʝʥʪʳ ʚʝʨʠʬʠʢʘʮʠʠ ʩʠʩʪʝʤʥʦʛʦ ʇʆ 
 

Ã CTESK ï ʨʘʟʨʘʙʦʪʢʘ ʪʝʩʪʦʚʳʭ ʩʠʩʪʝʤ 
 

Ã LDV ï ʬʦʨʤʘʣʴʥʘʷ ʚʝʨʠʬʠʢʘʮʠʷ ʜʨʘʡʚʝʨʦʚ Linux 
 

Ã KEDR ï ʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʤʦʜʫʣʝʡ ʷʜʨʘ 
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ʀʩʩʣʝʜʦʚʘʥʠʷ ʀʉʇ ʈɸʅ 

Â ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʩʧʝʮʠʬʠʢʘʮʠʷ ʘʧʧʘʨʘʪʫʨʳ 
 

Â ʀʤʠʪʘʮʠʦʥʥʘʷ ʚʝʨʠʬʠʢʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʝʡ 
 

Â ɻʝʥʝʨʘʮʠʷ ʪʝʩʪʦʚʳʭ ʧʨʦʛʨʘʤʤ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʝʡ 
 

Â ʉʪʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ HDL-ʦʧʠʩʘʥʠʡ 
 

Â ʆʙʨʘʪʥʘʷ ʠʥʞʝʥʝʨʠʷ ʤʦʜʝʣʝʡ ʘʧʧʘʨʘʪʫʨʳ 
 

Â ɺʝʨʠʬʠʢʘʮʠʷ ʨʝʘʣʠʟʘʮʠʡ ʧʨʦʪʦʢʦʣʦʚ ʢʦʛʝʨʝʥʪʥʦʩʪʠ 
 

Â ʌʦʨʤʘʣʴʥʘʷ ʚʝʨʠʬʠʢʘʮʠʷ ʤʦʜʝʣʝʡ ʘʧʧʘʨʘʪʫʨʳ 
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çɻʦʨʷʯʠʝè ʪʝʤʳ 

Â Online-ʛʝʥʝʨʘʮʠʷ ʪʝʩʪʦʚʳʭ ʧʨʦʛʨʘʤʤ 
 

Â ʆʙʨʘʪʥʘʷ ʠʥʞʝʥʝʨʠʷ (ʘʙʩʪʨʘʢʮʠʷ) HDL-ʦʧʠʩʘʥʠʡ 
 

Â ɸʧʧʘʨʘʪʥʦʝ ʫʩʢʦʨʝʥʠʝ ʩʦʣʚʝʨʦʚ / ʧʨʫʚʝʨʦʚ 
 

Â ɺʳʩʦʢʦʫʨʦʚʥʝʚʳʡ ʩʠʥʪʝʟ ʘʧʧʘʨʘʪʫʨʳ 
 

Â ʌʦʨʤʘʣʴʥʘʷ ʚʝʨʠʬʠʢʘʮʠʷ ʘʧʧʘʨʘʪʫʨʳ ʠ ʧʨʦʪʦʢʦʣʦʚ 
 

Â ʇʦʠʩʢ çʟʘʢʣʘʜʦʢè ʚ HDL-ʦʧʠʩʘʥʠʷʭ 
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ʃʝʢʮʠʠ ʠ ʩʝʤʠʥʘʨʳ ʀʉʇ ʈɸʅ 

Â ɼʝʜʫʢʪʠʚʥʘʷ ʚʝʨʠʬʠʢʘʮʠʷ ʧʨʦʛʨʘʤʤ (ɺʄʠʂ) 
 

Â ɺʝʨʠʬʠʢʘʮʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʄʌʊʀ) 
 

Â ɺʝʨʠʬʠʢʘʮʠʷ ʤʦʜʝʣʝʡ ʧʨʦʛʨʘʤʤ (ɺʄʠʂ) 
 

Â ʊʝʩʪʠʨʦʚʘʥʠʝ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʝʡ (ɺʄʠʂ) 
 

Â ʂʦʨʨʝʢʪʥʦʩʪʴ ʧʨʦʛʨʘʤʤ (ɺʄʠʂ, ʄʌʊʀ) 

 

 

 



ʂʘʬʝʜʨʘ ʩʠʩʪʝʤʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ɺʄʠʂ ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 
 

ɺʝʨʠʬʠʢʘʮʠʷ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʦʚ ʠ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʂʦʥʪʘʢʪʳ 
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ɸʣʝʢʩʘʥʜʨ ʂʘʤʢʠʥ: kamkin@ispras.ru 
 

http://www.facebook.com/MicroTESK 



ʂʘʬʝʜʨʘ ʩʠʩʪʝʤʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ɺʄʠʂ ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 
 

ɺʝʨʠʬʠʢʘʮʠʷ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʦʚ ʠ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 
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ʉʧʘʩʠʙʦ! ɺʦʧʨʦʩʳ? 


