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ʤʮʣʷʤ 
 ʹʸʣʰ ʠʬ .ʸʡʩʩʱʡ ʭʩʧʮʺʮʹ ʭʩʣʩʮʬʺ ʬʲ ʹʢʣʡ ,ʤʰʫʥʺ ʺʱʣʰʤʥ ʭʩʡʹʧʮ ʺʥʮʢʮʡ ʯʥʫʩʺ ʸʴʱ ʩʺʡ ʩʣʩʮʬʺʬ ʣʲʥʩʮ ʤʦ ʸʴʱ

.ʺʥʸʧʠ ʺʥʰʫʺ ʺʥʴʹʡʥ ʭʩʡʹʧʮʡ ʭʣʷʥʮ ʲʣʩ 

ʰʹ ʱʩʱʡʤ ʺʠ ʬʬʥʫ ʸʴʱʤʪʥʰʩʧʤ ʣʸʹʮ ʬʹ ʭʩʣʥʮʩʬʤ ʺʩʰʫʺʬ ʭʠʺʤʡ ,ʩʬʡʮʱʠʡ ʺʥʩʰʫʥʺ ʺʡʩʺʫʬ ʹʸʣ  ʺʣʩʧʩ ʸʥʡʲ

ʤʣʡʲʮʤ ʩʨʸʥʠʩʺʤ ʲʷʸʤ ʺʠ ʸʴʱʡ ʥʠʶʮʩ,ʭʤʬʹ ʲʣʩʤ ʺʠ ʷʩʮʲʤʬ ʭʩʰʩʩʰʥʲʮʤ ʭʩʣʩʮʬʺ .ʬ ʭʩʰʫʺ ʺʩʰʫʥʺʬ ʸʡʲʮ ʭʤʹ

ʯʫ ʥʮʫ .ʭʩʣʥʮʩʬʤ,  ʸʡʲʮ ,ʭʩʡʫʸʥʮ ʭʥʩʱ ʩʨʷʩʩʥʸʴ ʲʥʶʩʡʬ ʭʩʬʫʥ ʤʫʸʣʤ ʬʬʥʫ ʸʴʱʤ ʭʩʠʹʥʰʤ .ʪʥʰʩʧʤ ʣʸʹʮ ʺʥʹʩʸʣʬ

."ʤʡʧʸʤ"ʫ ʸʴʱʡ ʭʩʰʮʥʱʮ ʭʩʣʥʮʩʬʤ ʺʩʰʫʺʬ ʸʡʲʮ ʭʰʩʤʹ 

ʮʩʩʷ ʩʬʡʮʱʠ ʺʴʹʡ ʤʡʩʺʫʬʺʥ  ʸʴʱʮʧʥʺʩʴ ʺʥʡʩʡʱʬʲ ʥʧʺʥʴʹ ,- ʡʥʺʫ ʸʴʱʡʹ ʣʥʷʤ .ʺʥʰʥʹ ʺʥʸʡʧ ʩʣʩ ʺʡʩʡʱʡ

ʤʤʣʥʡʲTASM, ʤʣʥʡʲ ʺʡʩʡʱ ʸʥʺʡ ʹʥʮʩʹʬ ʺʥʰʫʥʺ ʳʱʥʠ ʬʲ ʵʩʬʮʮ ʸʴʱʤʥ- ʠʸʥʷʬ ʪʥʱʧʬ ʩʣʫ ʭʢ ʹʴʧʬ ʪʸʥʶʤ ʺʠ ʭʩ

ʩʠʮʶʲ ʯʴʥʠʡ ʤʣʥʡʲ ʺʡʩʡʱ,  ʤʣʥʡʲʤ ʺʡʩʡʱ ʺʠ ʯʩʷʺʤʬ ʵʬʮʥʮ .ʺʥʺʩʫʡ ʬʥʢʸʺʬʥ ʤʣʥʡʲʬ ʣʩʧʠ ʨʸʣʰʨʱ ʤʩʤʩʹ ʩʣʫ ʭʢʥ

 ʭʩʷʸʴʡ ʭʩʲʩʴʥʮʤ ʭʩʬʩʢʸʺʤ ʺʠ ʸʥʺʴʬ ʯʫʥ ,ʣʥʮʩʬʤ ʺʬʩʧʺʡ ʸʡʫ ʤʡ ʹʮʺʹʤʬʥ ʪʩʬʤʺ ʩʣʫ ʪʥʺʣʥʮʩʬʤ,  ʠʬʥ ʷʸ.ʥʴʥʱʡ 

:ʪʫ ʺʰʢʸʥʠʮ ʣʥʮʩʬʤ ʺʩʰʫʥʺ 

-  ʷʸʴ1  ʺʥʡʩʱʤ ʬʲʥ ʩʬʡʮʱʠ ʺʴʹ ʬʲ ʩʬʬʫ ʲʷʸʬ ʹʣʷʥʩʯʺʥʫʦʡʹ  ʭʩʡʹʧʮ ʩʣʮʥʬʬ ʤʡʥʹʧ ʤʴʹʬ ʺʡʹʧʰ ʠʩʤ

.ʨʸʴʡ ʸʡʩʩʱʥ ʬʬʫʡ 

-  ʷʸʴʡ2 .ʡʹʧʮ ʭʲ ʤʣʥʡʲ ʬʲ ʺʥʬʷʮʹ ʤʸʩʴʱ ʺʥʨʩʹʡ ʭʩʸʴʱʮ ʢʶʩʩʬ ʪʩʠ ʣʮʬʰ 

-  ʷʸʴʡ3  ʤʶʥʴʰ ʭʩʣʡʲʮ ʺʧʴʹʮ ʸʧʡʰ ,ʭʩʣʡʲʮ ʩʢʥʱ ʨʲʮ ʠʬ ʹʩʹ ʯʥʥʩʫ .ʡʹʧʮʡ ʣʡʲʮʤ ʤʰʡʮ ʬʲ ʣʮʬʰ ʣʷʮʺʰʥ

.ʤʡ 

-  ʷʸʴʡ4 .ʩʬʡʮʱʠʡ ʥʰʬʹ ʤʰʥʹʠʸʤ ʺʩʰʫʥʺʤ ʺʠ ʵʩʸʰʥ ʡʥʺʫʰ ,ʤʣʥʡʲʤ ʺʡʩʡʱ ʺʠ ʯʩʷʺʤʬ ʣʮʬʰ 

-  ʷʸʴʡ5 ʺʩʰʫʥʺʤ ʡʶʮ ʤʮ ʺʲʣʬ ʥʬ ʭʩʸʹʴʠʮʹ ʣʡʲʮʡ ʭʩʡʩʫʸ ʬʲ ʣʮʬʰ - .ʭʩʩʣʥʲʩʩ ʭʩʸʨʱʩʢʸ 

-  ʷʸʴʡ6  ʬʹ ʤʷʺʲʤ ʭʩʲʶʡʮ ʪʩʠʥ ,ʭʩʫʸʲʮʥ ʺʥʦʥʸʧʮ ʬʬʥʫ ,ʯʥʸʫʩʦʡ ʭʩʰʺʹʮ ʭʩʸʩʣʢʮ ʪʩʠ ʣʮʬʰ ʯʥʸʫʩʦʤʮ ʭʩʫʸʲ

.ʯʥʸʫʩʦʤ ʬʠʥ 

-  ʷʸʴʡ7 .ʤʦʦʤ ʺʥʣʥʷʴʥ ʺʥʩʢʥʬ ʺʥʣʥʷʴ ,)'ʥʫʥ ʸʥʱʩʧ ,ʸʥʡʩʧ( ʺʥʩʨʮʺʩʸʠ ʺʥʣʥʷʴ ʣʮʬʰ 

-  ʷʸʴʡ8  ,ʭʩʰʥʹ ʭʩʮʺʩʸʥʢʬʠ ʡʥʺʫʬ ʥʬʫʥʺ ʷʸʴʤ ʳʥʱʡ .ʤʸʷʡ ʺʥʣʥʷʴ ʡʥʺʫʬ ʪʩʠʥ ʭʩʩʢʥʬ ʭʩʠʰʺ ʸʩʣʢʤʬ ʪʩʠ ʣʮʬʰ

 .ʪʸʲʮʡ ʭʩʸʡʩʠ ʬʹ ʯʥʩʮ ʺʲʶʡʮʹ ʺʩʰʫʥʺ ʤʮʢʥʣʬ 

-  ʷʸʴʡ9  ʸʩʣʢʤʬʥ ʭʩʸʨʮʸʴ ʯʤʩʬʠ ʸʩʡʲʤʬ ,ʺʥʸʥʣʶʥʸʴ ʡʥʺʫʬ ʣʮʬʰ ,ʺʩʰʱʧʮ ʠʸʷʰʹ ʯʥʸʫʩʦʡ ʸʥʦʠ ʬʲ ʣʮʬʰ

.ʭʩʩʮʥʷʮ ʭʩʰʺʹʮ .ʭʩʮʣʷʺʮ ʤʰʫʥʺ ʩʠʹʥʰ ʯʩʡʤʬ ʥʰʬ ʸʹʴʠʮ ʥʰʣʮʬʹ ʸʮʥʧʤ ʪʩʠ ʤʠʸʰ ʷʸʴʤ ʭʥʩʱʡ 

-  ʷʸʴʡ10ʮʬʰ ʸʺʩʤ ʯʩʡ ,ʭʩʸʨʱʷʠ ʥʸʥʢʣʥʷ ʺʥʸʧʺʡ ʺʥʴʺʺʹʤʬ ʭʩʹʥʸʣʤ ʭʩʩʱʩʱʡ ʭʩʬʫʥ ʲʷʸ ʬʡʷʰ ʯʥʸʷʲʤ ʺʠ ʣ

 ʬʹ ʩʱʩʱʡʤReverse Engineering  .ʺʥʸʧʺʤ ʺʥʥʶ ʭʱʸʴʮʹ ʤʰʫʥʺ ʺʥʣʩʧ ,"ʭʩʡʮʥʦ" ʧʥʶʩʴ ʩʣʩ ʬʲ 

-  ʷʸʴʡ11 ʺʥʷʩʱʴ ʯʥʥʢʮʡ ʹʮʺʹʤʬ ʪʩʠ ʣʮʬʰ .ʺʥʷʩʱʴ ʬʲ ʣʮʬʰDOS  ʬʹ ʤʱʴʣʤ ʥʠ ʺʣʬʷʮʤʮ ʥʺ ʬʹ ʤʠʩʸʷ ʯʥʢʫ

.ʪʱʮʬ ʺʦʥʸʧʮ 
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-  ʷʸʴʡ12 ʭʩʨʸʥʴ ,ʤʸʮʥʧ ʺʥʷʩʱʴ ʠʹʥʰʡ ʲʣʩʤ ʺʠ ʷʩʮʲʰ ʭʩʢʣʰʥ ʺʣʬʷʮʡ ʣʷʮʺʰ .ʨʬʴ ʨʬʷ ʩʰʷʺʤ ʭʲ ʤʣʥʡʲʥ

 ʺʰʡʤ ʺʡʥʨʬ ʹʸʣʰ ʠʥʤ ʪʠ ,ʤʡʧʸʤ ʥʰʩʤ ʤʦ ʸʮʥʧ .ʤʸʮʥʧ ʩʡʩʫʸ ʬʥʮ ʺʥʰʥʹʤ ʤʣʥʡʲʤ ʺʥʩʥʸʹʴʠ ʺʠ ʤʺʥʲʶʮʠʡ

.ʭʥʩʱʤ ʩʨʷʩʩʥʸʴ ʬʲ ʠʡʤ ʷʸʴʤ 

-  ʷʸʴʡ13ʭʥʩʱ ʨʷʩʩʥʸʴ ʺʡʩʺʫʬ ʭʩʸʥʹʷʹ ʭʩʰʥʹ ʭʩʠʹʥʰ ʧʷʩʰ- ʭʩʶʡʷ ʭʲ ʤʣʥʡʲ ,ʤʷʩʴʸʢ ʤʮʢʥʣʬ ʥʥʡʲ ʭʲ ʤʣ

ʸʡʫʲ–  ʷʩʮʲʰʥ ʥʰʬʹ ʤʰʡʤʤ ʺʠ.ʤʮʢʥʣ ʺʥʩʰʫʥʺ ʺʸʦʲʡ ʭʤʡ 

 ʤʱʸʢʬ ʺʥʸʲʤ2.0 

ʫʡ ʸʴʱʤ ʹʮʩʹ ʤʡ ,ʤ"ʲʹʺʤ ʭʩʣʥʮʩʬʤ ʺʰʹ ʭʥʩʱ ʭʲ-25  ʥʩʬʠ ʥʨʷʥʬʥ ʤʠʸʥʤʤ ʩʧʷʬ ʩʴ ʬʲ ʸʴʱʤ ʯʫʣʥʲ ,ʭʩʤʡʢ ʺʥʺʩʫ

ʭʩʠʡʤ ʭʩʠʹʥʰʬ ʭʩʲʢʥʰ ʭʩʩʸʷʩʲʤ ʭʩʰʥʫʣʲʤ .ʭʩʬʩʢʸʺ ʥʠ ʭʩʸʡʱʤ ,ʺʥʡʧʸʤʫ ʥʧʺʥʴʹ ʭʩʸʮʥʧ: 

- ʭʩʸʨʱʷʠ ʥʸʥʢʣʥʷ ʺʥʸʧʺ ʠʹʥʰʡ ʸʮʥʧ  ʬʬʥʫreverse engineering ʺʥʸʧʺʤʮ ʤʰʫʥʺ ʺʥʠʮʢʥʣʬ. 

- ʤʰʫʥʺʤ ʩʮʥʧʺʮ ʤʡʧʸʤ ʩʠʹʥʰ- calling conventions, stack overflow. 

- .ʤʦʦʤ ʯʴʥʶ ʬʩʢʸʺʥ ʤʶʩʸ ʩʣʫ ʪʥʺ ʣʥʷ ʩʥʰʩʹ :ʸʺʩʤ ʯʩʡ ,ʭʩʴʱʥʰ ʭʩʬʩʢʸʺ 

- ʡʹʧʮʡ ʤʸʩʧʡ ʺʣʩʧʩʫ ʩʬʡʮʱʠ ʭʩʣʮʥʬʹ ʭʩʣʩʮʬʺ ʸʴʱʡ ʥʠʶʮʩ )ʸʡʩʩʱ ʺʮʢʮ ʺʸʢʱʮʡ ʤʣʡʲʮ ʺʣʩʧʩʫ ʠʬʥ( ʭʩ

.ʺʥʸʢʡʤ ʺʰʩʧʡʡ ʪʥʰʩʧʤ ʣʸʹʮ ʩʣʩ ʬʲ ʺʥʹʸʣʰʹ ʩʬʡʮʱʠ ʺʥʣʥʷʴʬ ʺʥʱʧʩʩʺʤ 

ʺʥʬʠʹʥ ʤʸʦʲʬ ʩʶʸʠ ʭʥʸʥʴ 

 ʭʱʸʥʴʮʤ ʸʺʠʬ ʤʮʥʣʡ ʺʥʡʥʹʺʥ ʺʥʬʠʹ ʸʺʠ ʥʤʦ .ʭʩʤʡʢ "ʺʨʩʱʸʡʩʰʥʠ" ʺʣʮʥʲ ʭʩʣʩʮʬʺʤ ʺʥʹʸʬstackoverflow ʪʠ ,

ʩʮʥʷʮ- .ʺʩʸʡʲʡʥ  ʺʩʰʫʺ ʺʥʥʶ ʩʣʩ ʬʲ ʯʤʥ ʭʩʸʧʠ ʭʩʣʩʮʬʺ ʩʣʩ ʬʲ ʯʤ ʥʰʲʩʩʹ ,ʺʥʬʠʹ ʺʥʬʲʤʬʥ ʥʩʬʠ ʭʹʸʤʬ ʭʩʰʮʦʥʮ ʭʫʰʤ

ʭʩʤʡʢʤʠʸʥʤ ʩʸʦʥʲʥ ʭʩʸʥʮ ,.ʤʦ ʸʴʱ ʳʥʱʡʹ ʧʴʱʰʡ ʠʥʶʮʬ ʯʺʩʰ ʸʺʠʬ ʺʥʸʡʧʺʤʥ ʤʮʹʸʤ ʺʥʠʸʥʤ . 

ʬʥʢʸʺʥ ʣʥʮʩʬ ʩʸʴʱ 

 ʸʴʱʤArt of assembly  ʺʠʮRandall Hyde  ʭʰʮʠ .ʤʴʹʤ ʣʥʮʩʬʬ ʸʺʥʩʡ ʳʩʷʮʤ ʸʥʷʮʤ ʤʠʸʰʤ ʬʫʫ ʠʥʤ ʣʥʷʤʭʹ 

 ʡʥʺʫ( ʤʦ ʸʴʱʡ ʸʹʠʮ ʭʩʰʥʹ ʨʲʮ ʤʡʩʺʫ ʩʷʥʧʬ ʭʠʺʤʡNASM  ʺʮʥʲʬTASM)ʷʥʩʣʤ ʯʲʮʬ , ʸʥʷʮ ʥʰʩʤ ʸʴʱʤ ʪʠ ,

 ʥʺʥʠ ʣʩʸʥʤʬ ʯʺʩʰ .ʩʬʡʮʱʠ ʺʥʣʥʷʴ ʺʥʣʥʠ ʭʩʸʡʱʤʬʥ ʤʴʹʤ ʺʰʡʤʬ ʤʬʥʲʮʡ.ʨʰʸʨʰʩʠʤʮ ʭʰʩʧ 

 ʤʰʫʤ" ʭʩʬʩʢʸʺʤ ʺʸʡʥʧ ʺʥʸʢʡʬ5  ʭʩʠʹʥʰʡ ʭʩʡʸ ʭʩʬʩʢʸʺ ʤʬʩʫʮ ʥʰʠʩʶʸʮ ʸʥʠ ʬʢ ʺʩʰʥʸ ʺʠʮ "ʡʹʧʮʤ ʩʲʣʮʡ ʬ"ʧʩ

 .ʺʥʸʢʡʤ ʺʥʰʩʧʡʡ ʺʥʬʠʹʤ ʯʥʰʢʱʡʥ ʳʷʩʤʡ ʭʤ ʭʩʬʩʢʸʺʤ .ʭʩʡʹʧʮʡ ʺʥʸʢʡʡ ʩʬʡʮʱʠʤ ʷʸʴʬ ʪʥʰʩʧʤ ʣʸʹʮ ʩʣʩ ʬʲ ʭʩʹʸʣʰʹ 

ʭʩʣʩʮʬʺʬ 

ʬ ʸʥʦʲʩ ʣʥʮʩʬʤ ʸʴʱ .ʸʡʩʩʱʤ ʩʣʥʮʩʬ ʪʹʮʤʬ ʱʩʱʡʤ ʺʠ ʥʣʮʬʺ ʤʦ ʸʴʱʡ ʺʮʸʬʥ ʡʹʧʮʤ ʤʰʡʮ ʬʹ ʤʷʥʮʲ ʤʰʡʤʬ ʲʩʢʤʬ ʭʫ

.ʭʩʰʨʷ ʡʹʧʮ ʩʷʧʹʮ ʺʮʢʥʣʫ ,ʣʥʷ ʺʥʸʥʹ ʩʴʬʠ ʤʮʫ ʬʹ ʳʷʩʤʡ ʺʥʰʫʥʺ ʡʥʺʫʬ ʭʫʬ ʸʹʴʠʺʹ ʺʥʰʫʺ 

 ,ʬʷ ʺʥʩʤʬ ʩʥʴʶ ʠʬ ʲʱʮʤ .ʲʣʩ ʺʹʩʫʸʬ ʲʱʮʬ ʭʩʠʶʥʩ ʭʺʠ ʤʡʥʹʧʥ ʤʹʣʧ ʺʬʥʫʩ ʥʹʫʸʺʥ ʨʲʮ ʠʬ ʥʣʮʬʺ ʥʫʬʤʮʡ ʪʠ

.ʪʹʮʤʬ ʩʠʣʫ ʩʬʡʮʱʠʤ ʣʥʮʩʬ ʭʲ ʣʧʩ  ,ʨʰʸʨʰʩʠʡ ʹʥʴʩʧ :ʣʡʬ ʺʥʩʲʡ ʸʥʺʴʬ ʣʥʮʬʬ ʭʫʬ ʸʹʴʠʩʹ ʭʩʬʫʤ ʨʱ ʺʠ ʥʧʺʴʺʹ

ʡ ʺʥʣʷʮʺʤ ,ʸʮʥʧ ʯʥʰʩʱʸʷʩʲ ,ʸʡʣ ʬʹ ʥʴʥʱʡ .ʤʩʲʨʥ ʩʥʱʩʰ , ʯʤ ʥʬʠʥʰʮʥʩʮʤʥʩ ʩʫʤʹ ʺ ʥʸʦʲʩ ʭʢʥ ʸʡʩʩʱʡ ʭʢ ,ʧʩʬʶʤʬ ʭʫʬ

.ʭʩʩʧʡ  
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ʭʩʰʥʷʩʩʠ 

ʭʩʰʥʷʩʩʠʡ ʭʩʹʮʺʹʮ ʥʰʠ ,ʸʴʱʡ :ʤʠʩʸʷʤ ʬʲ ʬʷʤʬʥ ʭʩʠʹʥʰ ʹʩʢʣʤʬ ʩʣʫʡ ʭʩʠʡʤ 

ʧʰʥʮʬ ʤʸʣʢʤ 

 ʤʡʥʹʧ ʤʣʥʷʰ ʺʹʢʣʤ 

  ʸʡʱʤ ʬʬʥʫʹ ʪʸʣʥʮ ʬʩʢʸʺ .ʤʮʢʥʣ 

 

ʲʥʶʩʡʬ ʬʩʢʸʺ 

  ʤʡʧʸʤ ʸʮʥʧ 
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 ʷʸʴ1– ʩʬʡʮʱʠ ʣʥʮʩʬʬ ʠʥʡʮ 

 ʨʩʬʧʤ ʸʧʠ ʥʤʹʩʮ ʩʬʥʠʹ ʥʠ .ʩʬʡʮʱʠ ʣʥʮʬʬ ʭʺʨʬʧʤʹ ʤʠʸʰʫ ,ʤʬʠʤ ʺʥʸʥʹʤ ʺʠ ʭʩʠʸʥʷ ʭʺʠ ʭʠ !ʭʩʠʡʤ ʭʩʫʥʸʡ

 ?ʩʬʡʮʱʠ ʣʥʮʬʬ ʭʩʫʩʸʶ ʭʺʠʹ ʭʫʮʥʷʮʡ ʤʨʬʧʤ ʥʦ ,ʪʫ ʥʠ ʪʫʤʡʥʨ ..ʩʬʡʮʱʠ ʥʲʣʺʹ ʡʥʹʧ ʤʮʬ ʯʩʡʤʬ ʤʱʰʰ ʣʩʮ 

 ʺʴʹ ʠʩʤ ʩʬʡʮʱʠʤʺʥʰʫʺ ʭʬʥʲʡ ʤʰʥʹʠʸʤʭʩʰʹ ʺʥʸʹʲ ʩʰʴʬ ʤʧʺʥʴʹ , ʺʡ ʤʡʹ ,ʤʰʥʫʮ ʺʴʹʬ ʺʩʱʧʩ ʨʥʹʴ ʳʩʬʧʺ ʸʥ

 ʬʹ ʳʶʸ ʡʹʧʮʬ ʯʩʦʤʬ ʪʩʸʶ ʤʩʤ ʺʰʫʺʬ ʤʶʸʹ ʩʮ ,ʩʬʡʮʱʠ ʺʴʹ ʤʧʺʥʴʹ ʩʰʴʬ ,ʺʥʸʧʠ ʭʩʬʩʮʡ .ʭʩʱʴʠʡʥ ʺʥʣʧʠʡ ʭʩʡʺʥʫ

 ʭʥʷʮ ʥʤʹʦʩʠʡ ʭʩʴʩʬʧʮ ʭʠ ?ʭʩʬʡʬʡʺʮ ʭʠ ʤʸʥʷ ʤʮʥ .ʭʩʱʴʠʥ ʺʥʣʧʠ0 ʡ-1 ?ʠʮ ʬʡʧʥ .ʣ 

ʠ ʠʩʤʹ ʪʫʡ ʸʫʩʰ ʬʥʲʩʩʬ ʤʠʩʡʤ ʩʬʡʮʱʠ ʺʴʹ ʺʴʹ ʧʥʺʩʴʬ ʬʩʡʷʮʡ .ʺʩʹʥʰʠ ʤʴʹʡ ʤʰʡʤʬ ʺʥʰʺʩʰʹ ʺʥʣʥʷʴ ʡʥʺʫʬ ʤʸʹʴ

 .ʤʰʥʫʮ ʺʴʹʬ ʩʬʡʮʱʠʤ ʺʥʣʥʷʴ ʺʠ ʸʩʮʤʬ ʬʢʥʱʮʹ ʩʬʫ ʠʥʤʹ ,ʸʬʡʮʱʠ ʧʺʥʴ ʩʬʡʮʱʠ 

ʯʫʬ ʭʣʥʷ ʭʠ, ʤʣʥʷʴ ʲʶʡʬ ʺʰʮ ʬʲ, " ʬʹʮʬ ,ʭʩʱʴʠʥ ʺʥʣʧʠ ʬʹ ʳʶʸ ʭʥʹʸʬ ʪʩʸʶ ʤʩʤ10111000 ʺʴʹ ʤʠʶʮʥʤʹʮ ,"

 ʤʣʥʷʴ ʡʥʺʫʬ ʸʹʴʠ ʩʬʡʮʱʠʯʩʡʤʬʥ ʠʥʸʷʬ ʬʷʹ ʯʥʢʫ ,mov" ʳʶʸʤ ʬʠ ʤʺʥʠ ʭʢʸʺʩ ʸʬʡʮʱʠʤʥ ,10111000 ʤʦ ʸʡʣ ."

.ʥʺʠʩʸʷ ʬʲ ʯʫʥ ʣʥʷʤ ʺʡʩʺʫ ʬʲ ʣʥʠʮ ʬʷʮ 

 ʺʡʹʧʰ ʩʬʡʮʱʠLow Level Language ʬʥʮ ʺʥʸʩʹʩ ʺʥʣʡʥʲʹ ʺʥʣʥʷʴ ʡʺʥʫ ʩʬʡʮʱʠʡ ʺʰʫʺʮʹ ʩʮʹ ʠʩʤ ʤʡʩʱʤ .

 ʬʹ ʤʸʮʥʧʤʡʹʧʮʤ–  ʩʬʡ ʩʬʡʮʱʠ ʺʰʫʺʬ ʸʹʴʠ ʩʠʯʥʸʫʩʦʤ ,ʣʡʲʮʤ ʭʩʣʡʥʲ ʪʩʠ ʯʩʡʤʬ .ʭʤʩʬʠ ʭʩʸʥʹʷʹ ʤʸʮʥʧʤ ʩʡʩʫʸʥ 

ʤʰʥʫʮ ʺʴʹʡ ʺʧʠ ʤʣʥʷʴʬ ʺʮʢʸʺʩʮ ʩʬʡʮʱʠʡ ʤʣʥʷʴ ʬʫ- .'ʥʫʥ ʬʴʫ ,ʸʥʡʩʧ ,ʤʷʺʲʤ ʤʮʢʥʣʬ 

 ʥʠ ,ʺʥʩʬʩʲ ʤʰʫʥʺ ʺʥʴʹ ʥʧʺʥʴ ʭʩʰʹʤ ʭʲHigh Level Languages ʤʰʫʥʺʤ ʺʴʹ ʥʬʠ ʺʥʴʹʡ . ʺʠ ʺʰʫʺʮʤʮ ʤʸʩʺʱʮ

ʤ"ʭʩʩʡʸʷ"  ʺʠ ʸʺʩʤ ʯʩʡ ʺʥʬʬʥʫ ʥʬʠ ʺʥʰʫʺ ʺʥʴʹ .ʤʬʷʥ ʤʨʥʹʴ ʸʺʥʩ ʤʸʥʶʡ ʺʰʫʺʬ ʺʸʹʴʠʮʥ ʡʹʧʮʤ ʬʹC++, Java 

ʥ-Python ..ʤʰʥʫʮ ʺʴʹʡ ʺʥʣʥʷʴ ʸʴʱʮʬ ʺʮʢʸʥʺʮ ʺʥʩʤʬ ʤʩʥʹʲ ʺʩʬʩʲ ʤʴʹʡ ʤʣʥʷʴ 

 

 
ʤʰʫʥʺ ʺʥʴʹ ʬʹ ʺʥʮʸ 
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?ʩʬʡʮʱʠ ʣʥʮʬʬ ʭʶʲʡ ʤʮʬ ʦʠ 

 ʨʲʮ ʠʬ ʠʷʥʥʣ ʯʰʹʩ ʤʮʬ ʺʥʡʩʱʠʬ :ʯʤʮ ʤʮʫ ʤʰʤ .ʩʬʡʮʱʠ ʣʥʮʬʬ 

 .ʺʥʩʰʸʣʥʮ ʤʰʫʥʺ ʺʥʴʹ ʹʩʥ ʭʣʷʺʤ ʭʬʥʲʤ ʤʧʺʥʴ ʩʬʡʮʱʠʹ ʦʠʮ 

 .ʣʥʮʩʬʬ ʺʩʱʧʩ ʺʡʫʸʥʮ ʤʴʹ ʠʩʤ ʩʬʡʮʱʠ 

 .ʩʬʡʮʱʠʡ ʣʥʷ ʡʥʺʫʬ ʪʡʥʱʮ 

 .ʩʬʡʮʱʠʡ )ʯʺʥʠ ʺʥʴʰʬʥ ʺʥʠʩʢʹ ʠʥʶʮʬ( ʢʡʣʬ ʤʹʷ 

 ʬ ʡʺʫʰʹ ʣʥʷ ,ʸʮʥʬʫ .ʣʡʲʮ ʩʥʬʺ ʠʥʤ ʩʬʡʮʱʠ ʣʥʷ ʺʧʴʹʮʣʡʲʮʩʺʮʩʩʥʱʮ ʭ  ʭʩʠʺʩ ʠʬʤʰʥʹ ʭʩʣʡʲʮ ʺʧʴʹʮʬ. 

 ʸʥʷʮʤ ʣʥʷ  ʯʺʥʠ ʺʠ ʺʲʶʡʮʹ ʺʩʰʫʥʺ ʬʹ ʣʥʷ ʸʹʠʮ ʸʺʥʩ ʪʥʸʠ ʤʩʤʩ ʣʩʮʺ ʨʲʮʫ ʩʬʡʮʱʠʡ ʤʡʥʺʫʹ ʺʩʰʫʥʺ ʬʹ

.ʺʸʧʠ ʺʥʰʫʺ ʺʴʹʡ ʤʡʥʺʫʥ ʺʥʬʥʲʴʤ 

 ʭʩʣʮʥʬʹ ʭʩʱʥʰʮ ʭʩʺʰʫʺʮ .ʩʬʡʮʱʠʡ ʺʰʫʺʬ ʡʤʬʺʮ ʠʬ ʬʬʫ ʪʸʣʡ ʺʥʩʬʩʲ ʺʥʴʹʡ ʺʰʫʺʬ ʬʩʢʸʹ ʩʮ ,ʭʰʮʠʥ ʭʩʹʧ ,ʩʬʡʮʱʠ

 ,ʯʥʫʰ ʺʮʠʡ ʤʦ .ʩʬʡʮʱʠ ʩʸʥʲʩʹʡ ʺʥʣʮʬʰʤ ʺʥʬʥʲʴʤ ʺʠ ʺʥʬʷʡ ʸʺʥʩ ʤʡʸʤ ʺʥʹʲʬ ʸʹʴʠ ʺʥʸʧʠ ʺʥʴʹʡʹ ʺʥʡʥʸʷ ʭʩʺʩʲʬ

 ʤʮʬ ʺʥʡʩʱʬ ʥʰʺʥʠ ʠʩʡʮʹ ʤʮ ,ʺʥʸʧʠ ʺʥʰʫʺ ʺʥʴʹ ʬʹ ʺʥʬʡʢʮʬ ʭʩʲʩʢʮʹ ʣʲʯʫ :ʩʬʡʮʱʠ ʣʥʮʬʬ 

 ʬ ʺʮʸʥʺ ʩʬʡʮʱʠ ʺʴʹ ʭʩʩʮʩʰʴʤ ʭʩʷʬʧʬ ʭʩʴʹʧʰ ʭʺʠʹ ʤʣʡʥʲʤ .ʭʩʰʥʹʤ ʥʩʷʬʧ ʬʲ ʡʹʧʮʤ ʬʹ ʤʷʩʮʲʮ ʤʰʡʤ

 ʺʥʩʲʡ ʭʲ ʣʣʥʮʺʤʬ ʣʩʺʲʡ ʭʫʬ ʸʹʴʠʺ ,ʭʫʬʩʡʹʡ "ʤʸʥʧʹ ʤʱʴʥʷ" ʤʥʥʤʮ ʥʰʩʠ ʸʡʣ ʭʥʹʹʥ ʡʹʧʮʤ ʬʹ ʸʺʥʩʡ

 .ʸʡʩʩʱʤ ʭʬʥʲʡ ʺʥʹʸʣʰʹ ,ʺʥʩʺʸʢʹ ʩʺʬʡ ʺʥʰʫʺ 

 ʱʤ ʭʬʥʲʡ ʡʥʹʧ ʩʢʥʬʥʰʫʨ ʩʬʫ ʠʩʤ ʩʬʡʮʱʠ ʺʴʹʡ ʤʨʩʬʹʲʶʡʬ ʩʣʫ ,ʤʮʢʥʣʬ .ʸʡʩʩ ʩʣʩ ʬʲ ʣʥʷ ʸʷʧʮReverse 

Engineering  ʥʮʫ ʤʧʨʡʠ ʺʥʩʲʡ ʯʩʡʤʬ ʩʣʫʥStack Overflow ʣʥʷ ʸʷʧʮ ʩʬʫʥ ʤʧʨʡʠʤ ʺʥʩʲʡ ʺʰʡʤ.

ʺʸʹʴʠʮ,ʸʺʩʤ ʯʩʡ , ʥʩʲʡ ʩʰʴʡ ʸʺʥʩ ʯʢʥʮ ʣʥʷ ʺʡʩʺʫ.ʤʧʨʡʠ ʺ 

  ʭʠ .ʡʹʧʮʤ ʬʹ ʤʸʮʥʧʤ ʭʲ ʤʣʥʮʶ ʤʸʥʶʡ ʺʣʡʥʲ ʩʬʡʮʱʠʪʩʸʶ ʣʡʥʲʹ ʣʥʷ ʡʥʺʫʬ  ʬʩʲʴʤʬ ʥʠ ,ʤʸʮʥʧ ʬʥʮ

 ʺʸʡʧ ,ʥʦ ʤʡʩʱʮ .ʤʶʥʴʰ ʤʸʩʧʡ ʯʩʩʣʲ ʠʥʤ ʩʬʡʮʱʠʡ ʹʥʮʩʹ ʦʠ ,ʺʩʺʸʢʹ ʠʬ ʤʸʥʶʡ ʤʸʮʥʧApple  ,ʤʮʢʥʣʬ

.ʩʬʡʮʱʠʡ ʨʥʬʹʬ ʺʥʩʶʷʩʬʴʠ ʩʡʺʥʫʬ ʤʶʩʬʮʮ 

  .ʺʥʩʬʩʲ ʺʥʴʹʡ ʺʥʡʥʺʫʹ ʺʥʰʫʥʺʬ ʺʩʱʧʩ ʩʣʮʬ ʯʨʷ ʠʥʤ ʯʥʸʫʩʦʡ ʺʱʴʥʺ ʩʬʡʮʱʠ ʺʩʰʫʥʺʹ ʭʥʷʮʤ 

ʲʰʫʺʹʤʹ ʺʥʩʤʬ ʬʥʫʩʯʴʥʠ ʬʫʡ .ʠʬʹ ʺʥʩʤʬ ʬʥʫʩʥ ʩʬʡʮʱʠ ʣʥʮʩʬ ʺʥʡʩʹʧʡ ʭʺ–  ʤʧʱʥʰʹ ʺʥʹʩʸʣʤ ʺʮʩʹʸʬ ʡʬ ʥʮʩʹ

ʬʲ־ ʺʸʡʧ ʩʣʩʧʨʡʠ ʲʣʩʮ ʺ:ʸʡʩʩʱʤ ʭʥʧʺʡ ʤʸʹʮʬ ʺʥʣʮʲʥʮ ʹʩʢʤʬ ʯʩʩʰʥʲʮʹ ʩʮʮ ,ʺʩʬʠʸʹʩ 

Cyber SecurityResearcher 

 Familiarity with programming languages (e.g. C++, Java, C#, PHP, Assembly, etc.) 

 Knowledge of networking and internet protocols (e.g. TCP/IP, DNS, SMTP, HTTP) 

 Reverse engineering experience – a must. 

 Analysis of malicious code – Major advantage 



ʴ ʷʸ1 – ʩʬʡʮʱʠ ʣʥʮʩʬʬ ʠʥʡʮ 17 

17 

ʳʥʱʡʬ  ,ʯʩʩʶʰ ʸʴʱʮ ʣʥʲʬʹ ʺʥʸʨʮ ʬʩ ʣʥʮʤ.ʭʩʤʡʢ ʺʮʢʮʡ ʩʬʡʮʱʠ 

 ʺʥʰʫʺ ʺʥʬʥʫʩ ʥʡ ʹʥʫʸʬ ʣʧʥʩʮʡ ʡʥʨ ʭʥʷʮ ʠʩʤ ʩʬʡʮʱʠ ʺʴʹ .ʺʩʣʥʺʮ ʤʡʩʹʧʥ ʯʥʢʸʠ ,ʸʣʱ ʬʹ ʺʥʩʥʰʮʥʩʮ ʺʹʩʫʸ ,ʺʩʹʠʸ

 ʭʥʧʺʡ ʤʣʥʡʲʬ ʯʩʩʰʡʤ ʩʰʡʠ ʯʤ ʥʬʠ ʺʥʬʥʫʩ .ʯʩʷʺ ʣʥʷ ʡʥʺʫʬ ʩʣʫ ʺʹʸʣʰʹ ʭʩʨʸʴʬ ʤʣʩʸʩʤʥ ʺʥʰʷʣʷʣʤ ʬʬʢʡ ,ʸʣʥʱʮʥ ʯʢʸʥʠʮ

 .ʸʡʩʩʱʤ 

ʥ ʺʩʮʶʲ ʣʥʮʩʬ ʺʬʥʫʩ ʺʩʩʰʷʤ ,ʺʩʰʹ ʢʡʣʬʥ ʩʺʥʲʮʹʮ ʳʷʩʤʡ ʣʥʷ ʡʥʺʫʬ ʥʹʸʣʩʺ ʭʩʤʡʢ ʺʸʢʱʮʡ .ʭʩʸʢʺʠ ʭʲ ʺʥʣʣʥʮʺʤ

.ʺʥʠʡʤ ʺʠʸʷʬ ʭʫʺʠ ʸʩʹʫʩʹ ʸʢʺʠ ʥʤʦ .ʥʺʥʠ 

 ,ʺʩʹʩʬʹ.ʤʬʲʴʤ ʺʥʫʸʲʮʡ ʭʩʤʡʢ ʬʹ ʣʥʮʩʬʤ ʸʮʥʧʬ ʹʸʣʰ ʩʬʡʮʱʠʡ ʭʩʣʷʮ ʲʣʩ 

 ,ʤʮʩʣʷ ʦʠʲ ,ʡʹʧʮʤ ʬʹ ʤʬʥʲʴʤ ʪʸʣ ʬʲ ʺʥʡʸ ʣʮʬʰ ʥʡ ʠʬʴʰ ʲʱʮʡ ʬʩʧʺʤʬ ʭʩʰʫʥʮ ʥʰʧʰʠ ʣʥʮʬʬ ʪʩʠ ʬʲʥ ʣʥʷ ʺʡʩʺʫ ʬ

 ʬʩʧʺʰ .ʥʰʮʶʲʡʱʩʱʡʤʮ– .ʡʹʧʮʡ ʲʣʩʮ ʢʥʶʩʩʥ ʤʸʩʴʱ ʺʥʨʩʹ 
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 ʷʸʴ2 – ʡʹʧʮʡ ʲʣʩʮ ʢʥʶʩʩʥ ʤʸʩʴʱ ʺʥʨʩʹ 

 ʠʥʡʮ– ?ʤʸʩʴʱ ʺʥʨʩʹ ʯʤʮ 

 ʤʨʩʹʡ ʤʸʩʴʱ ʯʫʬʥ ʺʥʲʡʶʠ ʸʹʲ ʹʩ ʭʣʠʤ ʩʰʡʬʺʩʰʥʸʹʲʤ ʸʹʲ ʱʩʱʡ( ,Decimal ʺʥʮʩʩʷ ʪʠ ,ʺʥʣʬʩʮ ʺʩʲʡʨ ʥʰʬ ʺʩʠʸʰ )

ʵʮʠʮ ʥʰʺʩʠʮ ʺʥʹʸʥʣ ʺʥʸʧʠʤ ʤʸʩʴʱʤ ʺʥʨʩʹ ,ʸʹʲ ʱʩʱʡʡ ʤʸʩʴʱ ʺʮʥʲʬ .ʸʥʴʱʬ ʺʥʡʸ ʺʥʨʩʹ –  ʤʨʩʹʡ ʸʡʥʣʮʹʫ ʠʡʸʣʠ

ʤʸʹʲ ʹʹ ʱʩʱʡ( ʺʩʬʮʩʶʣʱʷʤʤ ,Hexdecimal ʺʥʩʺʥʠ ʤʡʹ ) ʩʬʲʡ ʭʩʸʦʩʩʧ ʥʰʩʩʤ ʥʬʩʠʹ ʯʫʺʩʩ .ʺʥʸʴʱʤʮ ʷʬʧ ʺʥʢʶʩʩʮ

 ʢʥʶʩʩ ʬʹ ʤʰʡʤ ʪʩʸʶʮ ʩʬʡʮʱʠ ʺʴʹʡ ʺʥʰʫʺ ,ʤʸʷʮ ʬʫʡ .ʩʬʮʩʶʣʱʷʤ ʱʩʱʡʡ ʸʥʴʱʬ ʧʥʰ ʸʺʥʩ ʥʰʬ ʤʩʤ ,ʺʥʲʡʶʠ ʤʸʹʲ ʹʹ

ʭʩʩʺʹ ʱʩʱʡ( ʺʩʸʠʰʩʡʤ ʤʨʩʹʡ ʭʩʸʴʱʮ ,Binary.ʺʩʬʮʩʶʣʱʷʤʤ ʤʨʩʹʡʥ ) 

ʭʩʡʹʧʮ ʭʲ ʭʩʣʡʥʲʹʫ ,ʺʥʧʥʰʤ ʸʱʥʧ ʺʥʸʮʬ ʬʲ ʤʡʸʤʡ ʭʩʬʥʲ ʺʩʬʮʩʶʣʱʷʤʥ ʺʩʸʠʰʩʡ ʤʸʩʴʱ ʺʥʨʩʹʡ ʹʥʮʩʹʡʹ ʺʥʰʥʸʺʩʤ ,

 ʺʠʩʸʷ ,ʺʥʩʢʥʬ ʺʥʬʥʲʴ ,ʭʩʥʥʺ ʬʹ ʢʥʶʩʩ ,ʭʩʩʬʩʬʹ ʭʩʸʴʱʮ ʯʥʢʫ ʭʩʠʹʥʰ ʯʥʥʢʮʡ ʤʣʥʡʲʤ ʺʠ ʺʥʨʹʴʮ ʥʬʠ ʺʥʨʩʹ .ʺʥʰʥʸʱʧʤ

.ʭʤʩʬʠ ʲʩʢʰ ʣʥʲ ʬʡʠ ʥʰʬ ʭʩʸʫʥʮ ʭʰʩʠ ʲʢʸʫʹ ʭʩʡʸ ʭʩʠʹʥʰ ʣʥʲʥ ʯʥʸʫʩʦʡ ʸʥʮʹʹ ʲʣʩʮ 

ʴʡ ʲʶʡʰ ,ʺʩʬʮʩʶʣʱʷʤʤ ʤʨʩʹʡʥ ʺʩʸʠʰʩʡʤ ʤʨʩʹʡ ʺʥʣʷʮʺʤ ʪʥʺ ʭʩʰʥʹ ʤʸʩʴʱ ʩʱʩʱʡʡ ʭʩʸʴʱʮ ʢʶʩʩʬ ʺʥʨʩʹ ʣʮʬʰ ʤʦ ʷʸ

 ʣʷʮʺʰʥ ʺʥʰʥʹ ʺʥʨʩʹʡ ʭʩʩʬʩʬʹ ʭʩʸʴʱʮ ʭʩʢʶʩʩʮ ʪʩʠ ʤʠʸʰ ,ʸʹʲ ʱʩʱʡ ʭʰʩʠʹ ʭʩʱʩʱʡʡ ʺʥʩʱʩʱʡʤ ʯʥʡʹʧ ʺʥʬʥʲʴ ʺʠ

.ʬʩʧʺʰ ʥʠʥʡ ."ʭʩʩʺʹʬ ʭʩʬʹʮʤ" ʺʠʸʷʰʹ ʤʨʩʹʡ 

 ʤʸʩʴʱ ʺʥʨʩʹ ,ʤʠʡʤ ʤʬʡʨʤ ʬʲ ʬʫʺʱʰ .ʭʺʥʠ ʸʥʴʱʬ ʸʹʴʠʹ ʭʩʨʸʴ ʬʹ ʤʰʥʺʰ ʺʥʮʫ ʢʶʩʩʬ ʺʥʰʥʹ ʭʩʫʸʣ ʬʫʤ ʪʱʡ ʯʤ

ʭʩʱʩʱʡ ʤʹʥʬʹʡ ʭʩʸʴʱʮ ʤʡ ʭʩʮʥʹʸʹ-  ʱʩʱʡ10 ʱʩʱʡ ,8  ʱʩʱʡʥ3. 

  ʱʩʱʡʡ10ʮ ʭʩʸʴʱʮʤ ʺʠ ʺʥʢʶʩʩʮʹ ʺʥʸʴʱ ʹʩ ,-0  ʣʲ9 ʬʲʮ ʭʩʸʴʱʮ ʢʶʩʩʬ ʯʺʩʰ ʠʬ ʸʮʥʬʫ .9  ʤʸʴʱ ʺʥʲʶʮʠʡ

.ʺʣʣʥʡ 

  ʱʩʱʡʡ8 ʮ ʭʩʸʴʱʮʤ ʺʠ ʺʥʢʶʩʩʮʹ ʺʥʸʴʱ ʹʩ-0  ʣʲ7 ʬʲʮ ʭʩʸʴʱʮ ʢʶʩʩʬ ʯʺʩʰ ʠʬ ʸʮʥʬʫ .7  ʤʸʴʱ ʺʥʲʶʮʠʡ

.ʺʣʣʥʡ 

  ʱʩʱʡʡ3ʮ ʭʩʸʴʱʮʤ ʺʠ ʺʥʢʶʩʩʮʹ ʺʥʸʴʱ ʹʩ ,-0  ʣʲ2 ʬʲʮ ʭʩʸʴʱʮ ʢʶʩʩʬ ʯʺʩʰ ʠʬ ʸʮʥʬʫ .2  ʤʸʴʱ ʺʥʲʶʮʠʡ

.ʺʣʣʥʡ 
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ʹʩʡʫʲ ʤʮʢʥʣʬ ʧʷʩʰ .?ʥʬ ʹʩ ʭʩʩʬʢʸ ʤʮʫ 

 

 ʱʩʱʡʡ10 ʤʸʴʱʤ ,8  ʱʩʱʡʡ .ʹʩʡʫʲʬ ʹʩʹ ʭʩʩʬʢʸʤ ʺʥʮʫ ʺʠ ʺʢʶʩʩʮ8 ʹʩ ʹʩʡʫʲʬ ,10  ʱʩʱʡʡʥ ʭʩʩʬʢʸ3  ʹʩ ʹʩʡʫʲʬ22 

 .ʤʦʤ ʲʣʩʮʤ ʺʠ ʢʶʩʩʬ ʥʰʬʹ ʪʸʣʤ ʷʸ ,ʤʺʰʺʹʤ ʠʬ ʹʩʡʫʲʬ ʹʩʹ ʭʩʩʬʢʸʤ ʺʥʮʫ .ʭʩʩʬʢʸ 

 

 :ʷʧʹʮPearls Before Swine 3 

ʦ ʷʸʴʡ ʣʥʮʩʬʤ ʸʮʥʧʬ ʸʥʹʷ ʷʧʹʮʤ .ʯʨʷ ʷʧʹʮ ʷʧʹʰ ʥʠʥʡ ,ʭʣʷʺʰʹ ʩʰʴʬ.ʤʦʮ ʸʺʥʩ ʤʬʢʰ ʠʬ ʤʦ ʡʬʹʡ ʪʠ ,ʤ 

 :ʠʡʤ ʸʥʹʩʷʬ ʥʱʰʫʩʤwww.transience.com.au/pearl3.html 

 .ʺʥʸʥʧʶʤ ʭʩʩʰʩʹʤ ʬʲʡ ʯʥʣʹʤ ,"ʯʠʥʧ" ʩʣʩ ʬʲ ʭʩʸʡʱʥʮ ʷʧʹʮʤ ʩʷʥʧ!ʥʺʥʠ ʧʶʰʬ ʥʱʰ 

 

"ʯʠʥʧ"!ʥʺʥʠ ʥʧʶʰ . 

 ʠʬʬ ʯʠʥʧ ʺʠ ʧʶʰʬ ʥʬʫʥʺ ,ʤʦ ʷʸʴʡ ʥʹʫʸʺʹ ʲʣʩʤ ʺʥʲʶʮʠʡ ,ʡʥʸʷʡ ...ʷʥʧʸ ʲʩʢʤʬ ʭʺʧʬʶʤ ʠʬ ʭʠ ʭʩʬʫʱʥʺʮ ʥʩʤʺ ʬʠ

.ʡʸ ʩʹʥʷ 
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ʺʩʰʥʸʹʲʤ ʤʨʩʹʤ 

ʬʩʧʺʰ ,ʬʷʤʬ ʩʣʫʥ ʭʤʩʬʠ ʭʩʬʩʢʸ ʠʬ ʥʰʧʰʠʹ ʭʩʱʩʱʡʡ ʭʩʸʴʱʮ ʭʩʢʶʩʩʮ ʪʩʠ ʩʡʢʬ ʸʡʱʤʤ ʺʠ ʡʩʧʸʰ ʺʲʫ  ʢʥʶʩʩʮ ʠʷʥʥʣ

.ʸʫʥʮʤ ʸʹʲ ʱʩʱʡʡ ʭʩʸʴʱʮ :ʺʥʸʴʱ ʸʹʲ ʺʥʮʩʩʷ ʺʩʰʥʸʹʲʤ ʤʨʩʹʡ0,1,2,3,4,5,6,7,8,9 ʥʰʧʰʠ ʥʬʠʤ ʺʥʸʴʱʤ ʺʸʦʲʡ .

 ʸʴʱʮʤ ,ʪʫ .ʤʬʹ ʭʥʷʩʮʤ ʩʴʬ ʲʡʷʰ ʤʸʴʱ ʬʹ ʪʸʲʤ .ʭʩʸʴʱʮʤ ʬʫ ʺʠ ʭʩʢʶʩʩʮ501  ʸʴʱʮʤʮ ʤʰʥʹ105 ʸʴʱʮʡ .501 

 ʤʸʴʱʤ5  ʸʴʱʮʡ ʥʬʩʠʥ ,ʺʥʠʮʤ ʺʸʴʱ ʠʩʤ105 ʴʱʤ ʤʸ5 .ʺʥʣʧʠʤ ʺʸʴʱ ʠʩʤ 

ʡʬ ʥʮʩʹ– ʸʴʱʮʤ ʺʩʺʧʺʡ ,ʯʨʷʡ ʤʸʩʴʱʤ ʱʩʱʡ ʺʠ ʡʥʺʫʰ ʥʩʹʫʲʮ, :ʪʫ 

4710 

:ʤʮʢʥʣʬ .ʭʩʰʥʹ ʤʸʩʴʱ ʩʱʩʱʡʡ ʭʩʰʥʹ ʭʩʫʸʲ ʭʩʢʶʩʩʮ ʪʠ ʸʡʣ ʥʺʥʠ ʭʩʠʸʰʹ ʭʩʸʴʱʮ ʬʩʣʡʤʬ ʩʣʫ ʺʠʦ ʤʹʲʰ 

4710   ≠ 478 

 ʭʩʸʴʱʮ ʤʮʫ ʷʸʴʰ ,ʭʥʷʩʮ ʩʴʬ ʪʸʲʤ ʠʹʥʰ ʭʲ ʧʥʰʡ ʹʩʢʸʤʬ ʩʣʫ:ʭʤʬʹ ʭʩʡʩʫʸʮʬ ʭʩʩʰʥʸʹʲ 

4710   = 7*100+4*101 

37510   = 5*100+7*101+3*102 

199410    = 4*100+9*101+9*102+1*103 
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ʸʧʠ ʱʩʱʡʡ ʩʰʥʸʹʲ ʸʴʱʮ ʬʹ ʪʸʲ ʡʥʹʩʧ 

 ʸʴʱʮʤ ʺʠ ʪʥʴʤʰ19910  ʱʩʱʡʡ ʥʬʹ ʢʥʶʩʩʬ5: 

 

 ʤʷʥʬʧʡ ʬʩʧʺʰ199:5 ʠʩʤ ʤʠʶʥʺʤ .39  ʠʩʤ ʺʩʸʠʹʤʥ4. 

 ʤʠʶʥʺʤ ʺʠ ʷʬʧʰ39:5 ʠʩʤ ʤʠʶʥʺʤ .7 ʺʩʸʠʹʤ ,4. 

 ʬʹ ʤʷʥʬʧ7:5  ʠʩʤ1 ʺʩʸʠʹ ,2. 

 ʬʹ ʤʷʥʬʧ1:5  ʠʩʤ0 ʺʩʸʠʹ ,1. 

ʤʬʲʮʬ ʤʨʮʬʮ ,ʺʥʩʸʠʹʤ ʬʫ ʺʠ ʭʥʹʸʰ ʺʲʫ- 1244. 

ʹ ʯʠʫʮʥ-12445  =19910. 

ʬʲ ,ʥʰʩʹʲʹ ʡʥʹʩʧʤ ʺʠ ʷʥʣʡʰ-ʤʫʥʴʤʤ ʤʬʥʲʴʤ ʲʥʶʩʡ ʩʣʩ-  ʬʹ ʭʥʢʸʺ12445 :ʩʬʮʩʶʣ ʸʴʱʮʬ 

12445  = 4*50   + 4*51   + 2*52  + 1*53 =4*1   + 4*5   + 2*25   + 1*125   = 4+20+50+125   = 19910 

ʺʩʸʠʰʩʡʤʤʨʩʹʤ 

ʣʡʬʡ ʺʥʸʴʱ ʩʺʹ ʺʥʮʩʩʷ ,ʺʩʸʠʰʩʡʤ ʤʨʩʹʤ ʭʢ ʺʠʸʷʰʹ ʤʸʩʴʱ ,ʭʩʩʺʹ ʱʩʱʡ ʩʴʬ ʤʸʩʴʱʡ:0,1 ʤʸʴʱʤ ʸʮʥʬʫ .2  ʺʮʩʩʷ ʠʬ

ʬʲ ʤʺʥʠ ʢʶʩʩʬ ʪʩʸʶʥ- ʲʣʩʮʤ ʬʫʹ ʯʥʥʩʫ ,ʡʹʧʮ ʺʥʫʸʲʮ ʬʹ ʸʹʷʤʡ ʣʧʥʩʮʡ ʤʡʥʹʧ ʺʩʸʠʰʩʡʤ ʤʨʩʹʤ .ʺʥʸʴʱ ʩʺʹ ʩʣʩ

 ʤʸʴʱʤ ʺʠ ʸʩʫʮ ʠʬ ʡʹʧʮʤ .ʭʩʱʴʠʥ ʺʥʣʧʠ ʬʹ ʭʩʴʶʸ ʺʥʲʶʮʠʡ ʡʹʧʮʤ ʯʥʸʫʩʦʡ ʢʶʥʩʮ2. 

 ʬʹ ʺʥʷʦʧ ʩʴʬ ʤʰʺʹʮ ʺʥʸʴʱʤ ʬʹ ʭʥʷʩʮʤ ʪʸʲ ,ʺʩʸʠʰʩʡʤ ʤʨʩʹʡ2ʥʷʩʮʤ ʪʸʲ . ʠʥʤ ʸʺʥʩʡ ʺʩʰʮʩʤ ʤʸʴʱʤ ʬʹ ʭ20 ,

ʤ ʤʸʴʱʤ ʬʹ ʭʥʷʩʮʤ ʪʸʲ ʩʬʬʫ ʯʴʥʠʡʥ-n  ʠʥʤ2n-1 ʺʰʥʮʹ ʬʹ ʭʥʷʩʮʤ ʩʫʸʲ ʭʩʢʶʥʮ ʤʡ ʤʠʡʤ ʤʮʢʥʣʡ ʺʥʠʸʬ ʯʺʩʰʹ ʩʴʫ ,

:ʺʥʰʥʹʠʸʤ ʺʥʸʴʱʤ 
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 ʸʴʱʮʤ ʺʠ ʤʮʢʥʣʬ ʧʷʩʰ100112 ʸʴʱʮʤ ʺʠ ʱʩʰʫʰ ʤʢʶʤʤ ʺʥʬʷ ʺʡʥʨʬ .ʩʰʥʸʹʲ ʸʴʱʮʬ ʤʦʤ ʸʴʱʮʤ ʺʠ ʭʢʸʺʰ .

:ʤʬ ʭʩʠʺʮʤ ʪʸʲʤ ʬʲʡ ʭʥʷʮʡ ʺʠʶʮʰ ʤʸʴʱ ʬʫ ʸʹʠʫ ,ʥʰʬʹ ʤʬʡʨʬ 

 

100112   = 1   + 2   + 16   = 1910 

 ʩʰʥʸʹʲ ʸʴʱʮ ʬʹ ʥʫʸʲ ʡʥʹʩʧ" ʳʩʲʱʡ ʥʰʮʢʣʤʹ ʤʨʩʹ ʤʺʥʠʡ ʷʥʩʣʡ ʺʲʶʡʺʮ ʩʸʠʰʩʡʬ ʩʰʥʸʹʲ ʱʩʱʡʮ ʤʸʮʤ

 ʠʥʤ ʸʧʠʤ ʱʩʱʡʤ ʭʲʴʤʹ ʷʸ ,"ʸʧʠ ʱʩʱʡʡ2 ʸʴʱʮʤ ʺʠ ʧʷʩʰ .19: 

 

ʩʸʠʹʤ ʺʠ ʭʩʷʩʺʲʮʹʫʥ ʺʠ ʭʩʬʡʷʮ ,ʤʬʲʮʬ ʤʨʮʬʮ ʺʥ100112. 

ʺʩʬʮʩʶʣʱʷʤʤ ʤʨʩʹʤ 

 ʱʩʱʡ ʩʴʬ ʤʸʩʴʱʡ16 ʷʸ ʬʩʫʮ ʥʰʬʹ ʡʺʫʤʹ ʯʥʥʩʫ .ʺʥʸʴʱ ʤʸʹʲ ʹʹ ʺʥʮʩʩʷ ,ʺʩʬʮʩʶʣʱʷʤʤ ʤʨʩʹʤ ʭʢ ʺʠʸʷʰʹ ʤʸʩʴʱ ,

ʮ( ʺʥʸʴʱ ʸʹʲ-0  ʣʲ9 ʺʥʠʤ .ʩʸʴʱʮ ʪʸʲ ʯʤʬ ʭʩʰʺʥʰʥ ʺʥʩʺʥʠ ʹʹ ʭʩʧʷʥʬ ʥʦ ʤʨʩʹʡ ,)A  ʪʸʲʤ ʺʠ ʺʬʡʷʮ10 ʺʥʠʤ ,B 

 ʪʸʲʤ ʺʠ11 :ʺʥʩʬʮʩʶʣʱʷʤʤ ʺʥʸʴʱʤ ʬʹ ʭʩʫʸʲʤ ʭʩʦʫʥʸʮ ʤʠʡʤ ʤʬʡʨʡ .ʤʠʬʤ ʪʫʥ 

 

 ʤʮʢʥʣʬ .ʺʥʸʴʱʥ ʺʥʩʺʥʠ ʬʹ ʳʥʸʩʶ ʺʥʩʤʬ ʬʥʫʩ ʸʴʱʮ ,ʺʩʬʮʩʶʣʱʷʤʤ ʤʨʩʹʡ1A16, 2B16, 4C416 C1A16, F1516 .

 ʥʮʫ ʭʩʣʮʧʰ ʭʩʫʸʲ ʩʬʲʡ ʭʩʸʴʱʮ ʭʲ ʲʹʲʺʹʤʬ ʸʹʴʠ ʥʦ ʤʨʩʹʡC0FFEE16, DEAD16  ʥʮʫ ʥʠC0DE16. 

 ʤʸʴʱʡ ʭʩʹʮʺʹʮ ʥʰʧʰʠʹ ʡʬ ʥʮʩʹ0 ʺʩʬʢʰʠʤ ʺʥʠʬ ,o  .ʩʬʮʩʶʣʱʷʤ ʢʥʶʩʩʡ ʺʥʲʮʹʮ ʯʩʠ 
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:ʭʩʩʬʮʩʶʣʱʷʤ ʭʩʸʴʱʮ ʢʥʶʩʩʬ ʺʥʴʷʺ ʺʥʨʩʹ ʯʬʥʫ ʺʥʠʡʤ ʺʥʨʩʹʤ 

-  ʱʩʱʡʤ ʭʥʹʩʸ16 ʸʴʱʮʬ ʺʧʺʮ–  ʤʮʢʥʣʬC0DE16 

-  ʺʥʠʤ ʺʴʱʥʤh ' ʭʩʴʩʱʥʮ ,ʺʥʠʡ ʬʩʧʺʮ ʸʴʱʮʤ ʸʹʠʫ ,ʥʦ ʢʥʶʩʩ ʺʨʩʹʡ .ʸʴʱʮʤ ʳʥʱʡ0ʮ ' ʤʮʢʥʣʬ .ʬʠʮʹ ʣʶ

0C0DEh ʺʥʠʡ ʬʩʧʺʮ ʸʴʱʮʤ ʸʹʠʫ ʬʡʠ ,ʤʸʷʮ ʬʫʡ ʬʠʮʹ ʣʶʮ ʭʩʱʴʠ ʳʩʱʥʤʬ ʯʺʩʰ ʩʫ ʹʩʢʣʰ(-  ʭʩʡʩʩʧ

)ʳʩʱʥʤʬ 

-  ʳʥʸʩʶʤ ʺʴʱʥʤ0x ʸʴʱʮʤ ʺʬʩʧʺʡ –  ʤʮʢʥʣʬ0xC0DE 

 ,ʸʴʱʮ ʬʹ ʭʥʢʸʺ ʲʶʡʰ ,ʥʰʲʹʲʺʹʤʹ ʸʧʠʬ4F16:ʩʰʥʸʹʲʬ ʩʬʮʩʶʣʱʷʤʮ , 

4F16 = F*160 + 4*161 = 15 + 64 = 7910 

 ʸʴʱʮʬ ,ʩʬʮʩʶʣʱʷʤʬ ʩʰʥʸʹʲ ʱʩʱʡʮ ʭʥʢʸʺ :ʤʫʥʴʤʤ ʤʬʥʲʴʤ ʺʠ ʲʶʡʰ19910: 

 

 ʷʬʧʰ199:16 ʤʠʶʥʺʤ .12 ʺʩʸʠʹʤ ,7. 

 ʤʠʶʥʺʤ ʺʠ ʷʬʧʰ12:16 ʤʠʶʥʺʤ ,0  ʺʩʸʠʹʤ12  ʱʩʱʡʡ(10 ʱʩʱʡʡ ʺʢʶʥʩʮʹ ,)16 ' ʩʣʩ ʬʲC.' 

 ʬʡʷʰʥ ʤʬʲʮʬ ʤʨʮʬʮ ʺʥʩʸʠʹʤ ʺʠ ʠʸʷʰ19910 = C716 

 ʬʹ ʤʸʮʤ ʲʶʡʰ ʺʲʫʹ ʯʥʥʩʫʮ ,ʣʧʥʩʮ ʯʩʩʴʠʮ ʹʩ ʥʦ ʤʸʮʤʬ .ʭʩʩʬʮʩʶʣʱʷʤʬ ʭʩʩʸʠʰʩʡ ʭʩʸʴʱʮ16־  ʬʹ ʤʷʦʧ ʠʥʤ2 ʤʠʸʰ .

:ʩʥʨʩʡ ʩʣʩʬ ʤʠʡ ʥʦ ʤʰʥʫʺ ʪʩʠ ʣʩʮ 
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ʬʲ ʢʥʶʩʩʬ ʺʰʺʩʰ ʺʩʬʮʩʶʣʱʷʤ ʤʸʴʱ ʬʫ־ ʩʸʠʰʩʡʬ ʩʬʮʩʶʣʱʷʤʮ ʤʸʮʤʤ ,ʺʠʦ ʺʥʡʷʲʡ .ʺʥʸʴʱ ʲʡʸʠ ʯʡ ʩʸʠʰʩʡ ʸʴʱʮ ʩʣʩ

ʬʲ ʨʥʹʴ ʲʶʡʺʤʬ ʤʬʥʫʩ־ʸʡʲʮ ʩʣʩ  ʧʷʩʰ .ʺʥʩʸʠʰʩʡ ʺʥʸʴʱ ʲʡʸʠʡ ʺʩʬʮʩʶʣʱʷʤʤ ʤʸʴʱʤ ʺʴʬʧʤʥ ,ʤʸʴʱ ʸʧʠ ʤʸʴʱ ʬʹ

 ʸʴʱʮʤ ʺʠ ʤʮʢʥʣʬ9B16: 

916=10012 

B16=10112 

9B16 = 100110112 

 

 .ʭʩʡʹʧʮʤ ʭʬʥʲʡ ʺʩʹʥʮʩʹʬ ʺʩʬʮʩʶʣʱʷʤʤ ʤʨʩʹʤ ʺʠ ʪʴʥʤʹ ʤʮ ʠʥʤ ,ʩʬʮʩʶʣʱʷʤʬ ʩʸʠʰʩʡʮ ʨʥʹʴʤ ʸʡʲʮʤ ,ʥʦʤ ʤʰʥʫʺʤ

ʧʠ ʬʹ ʭʩʴʶʸ ʸʥʫʦʬ ʭʥʷʮʡ ʺʥʲʨʬ ʩʥʫʩʱʤʥ ʭʩʩʬʮʩʶʣʱʷʤ ʭʩʫʸʲ ʱʩʰʫʤʬ ʬʷ ʸʺʥʩ ,ʡʹʧʮʤ ʯʥʸʫʩʦʡ ʭʩʠʶʮʰʹ ʭʩʱʴʠʥ ʺʥʣ

 ʥʮʫ ʸʴʱʮ ʬʲ ʥʡʹʩʧ .ʸʺʥʩ ʪʥʮʰ ʤʹʲʰ9B2C16 ʥʺʥʠ ʡʥʺʫʬ ʬʷ ʸʺʥʩ ʪʩʠ ,–  ʠʥʤʹ ,ʩʸʠʰʩʡ ʸʴʱʮʫ ʥʠ ʩʬʮʩʶʣʱʷʤ ʸʴʱʮʫ

1001101100101100?ʺʥʲʨʬ ʯʥʫʩʱ ʺʥʧʴ ʹʩ ʤʴʩʠ ? 

 ʬʩʢʸʺ2.1 :ʩʱʩʱʡ ʯʩʡ ʸʡʲʮ ʤʸʩʴʱ 

ʤʠʡʤ ʤʬʡʨʤ ʺʠ ʥʮʩʬʹʤ–  ʱʩʱʡʡ ʭʩʸʴʱʮ ʩʬʠʮʹʤ ʸʥʨʡ10 ʱʩʱʡʡ ʭʩʸʴʱʮ ʩʲʶʮʠʤ ʸʥʨʡ .ʩʬʮʩʶʣ ,2 ,

 ʱʩʱʡʡ ʭʩʸʴʱʮ ʩʰʮʩʤ ʸʥʨʡ .ʩʸʠʰʩʡ16.ʩʬʮʩʶʣʱʷʤ , 
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ʯʥʡʹʧ ʺʥʬʥʲʴ 

ʺʥʩʱʩʱʡʤ ʯʥʡʹʧʤ ʺʥʬʥʲʴ ʲʡʸʠ ʺʠ ʣʮʬʰ– ʷʥʬʩʧʥ ʬʴʫ ,ʸʥʱʩʧ ,ʸʥʡʩʧ– .ʸʹʲ ʱʩʱʡ ʭʰʩʠʹ ʭʩʱʩʱʡʡ 

ʸʥʡʩʧ 

 ʭʩʸʴʱʮʤ ʺʠ ʸʡʧʰ .ʸʹʲ ʱʩʱʡʡ ʬʥʢʸʺʮ ʬʩʧʺʰ133 ʥ70־. 

 

 ʤʬʥʣʢ ʥʠ ʤʥʥʹ ʠʩʤʹ ʤʠʶʥʺ ʭʩʬʡʷʮ ʸʹʠʫ .ʤʩʺʧʺʮʹ ʤʸʴʱʤ ʭʲ ʤʸʴʱ ʬʫ ʭʩʸʡʧʮʥ ʯʩʮʩ ʣʶʮ ʸʥʡʩʧʤ ʺʠ ʭʩʬʩʧʺʮ ʥʰʧʰʠ

ʮ10־ ʭʩʴʩʱʥʮ ʥʰʠ ʺʥʸʹʲʤ ʺʸʴʱ ʺʠ ʥʬʩʠʥ ʺʥʣʧʠʤ ʺʸʴʱ ʺʠ ʷʸ ʤʨʮʬ ʭʩʡʺʥʫ ʥʰʧʰʠ ,(ʭʩʠʹʥʰ""  ʺʩʬʢʰʠʡ ʥʠcarry– 

.ʬʠʮʹʮʹ ʺʥʸʴʱʤ ʢʥʦʬ )ʠʹʰ 

 ʤʬʥʣʢ ʥʠ ʤʥʥʹ ʠʩʤʹ ʸʥʡʩʧ ʺʠʶʥʺ ʬʫ ʭʲ ʺʬʡʷʺʮ ʺʩʸʠʹʹ ʪʫʬ ʨʸʴ ,ʯʥʸʷʩʲʤ ʺʮʸʡ ʤʰʥʹ ʥʰʩʠ ʭʩʩʸʠʰʩʡ ʭʩʸʴʱʮ ʸʥʡʩʧ

ʮ2־ .ʤʨʮʬ ʤʬʡʨʡ ʺʥʦʫʥʸʮʤ ,ʺʥʰʥʹʤ ʸʥʡʩʧʤ ʺʥʩʥʸʹʴʠʡ ʯʰʥʡʺʰ . 

 ʬʹ ʸʥʡʩʧʤ0  ʣʥʲʥ0  ʤʥʥʹ0. 

 ʬʹ ʸʥʡʩʧ0  ʣʥʲʥ1  ʤʥʥʹ1. 

 ʬʹ ʸʥʡʩʧ1  ʣʥʲʥ0  ʤʥʥʹ1. 

 ʬʹ ʸʥʡʩʧ1  ʣʥʲʥ1  ʤʥʥʹ10 (ʣʧʠ ʠʹʰ ʭʲ ʱʴʠ.) 
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ʤʠʡʤ ʤʮʢʥʣʤ ʭʲ ʬʢʸʺʰ–1010  ʣʥʲʥ11 ʩʰʥʸʹʲ ʱʩʱʡʡ ʥʠ(–10  ʣʥʲʥ3:) 

 

 ʬʹ ʸʥʡʩʧʤ .ʯʩʮʩ ʣʶʮ ʥʰʬʧʺʤ0  ʣʥʲʥ1  ʤʥʥʹ1.ʠʹʰ ʠʬʬ , 

 ʬʹ ʸʥʡʩʧʤ1  ʣʥʲʥ1  ʤʥʥʹ0.ʠʹʰ ʭʲ , 

 ʠʹʰʤ ʬʹ ʸʥʡʩʧʤ ,ʩʹʩʬʹʤ ʸʥʨʡ1 ʭʲ ,0  ʣʥʲʥ0 ʤʥʥʹ ,1.ʠʹʰ ʠʬʬ , 

 ʬʹ ʸʥʡʩʧʤ ,ʩʲʩʡʸʤ ʸʥʨʡ ʳʥʱʡʬ1  ʣʥʲʥ0  ʤʥʥʹ1.ʠʹʰ ʠʬʬ , 

 

ʮ ʤʬʥʣʢ ʥʠ ʤʥʥʹ ʤʠʶʥʺʬ ʲʩʢʰʹ ʭʲʴ ʬʫʡʹ ʪʫʬ ʨʸʴ ,ʤʤʦ ʯʴʥʠʡ ʲʶʡʺʮ ʭʩʩʬʮʩʶʣʱʷʤ ʭʩʸʴʱʮ ʬʹ ʸʥʡʩʧ16־ 

 ʬʹ ʸʥʡʩʧ ,ʤʮʢʥʣʬ .ʤʬʠʮʹ ʠʹʰ ʸʩʡʲʰABCD16  ʭʲ12316: 

 

 ʬʹ ʸʥʡʩʧʤ .ʯʩʮʩʮ ʥʰʬʧʺʤD(13  ʣʥʲʥ )ʸʹʲ ʱʩʱʡʡ3  ʠʥʤ16 ʠʩʤ ʤʠʶʥʺʤ ʯʫʬ ,0  ʠʹʰ ʭʲ1. 

 ʣʥʲʥ ʠʹʰʤ ʸʥʡʩʧC  ʣʥʲʥ2  ʠʥʤF.ʠʹʰ ʠʬʬ , 

B ʣʥʲʥ1  ʤʥʥʹC.ʠʹʰ ʠʬʬ , 

A  ʣʥʲʥ0 ʬ ʤʥʥʹ־A. 
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 ʬʩʢʸʺ2.2 :ʸʥʡʩʧ 

:ʩʸʠʰʩʡ ʱʩʱʡʡ ʸʥʡʩʧ 

 

:ʩʬʮʩʶʣʱʷʤ ʱʩʱʡʡ ʸʥʡʩʧ 
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ʸʥʱʩʧ )ʤʡʧʸʤ( 

 ʯʰʹʩ ,ʺʥʸʴʱ ʩʺʹ ʭʩʸʱʧʮ ʸʹʠʫ:ʺʥʩʥʸʹʴʠ ʹʥʬʹ 

1.  ʤʮʢʥʣʬ .ʤʩʰʹʤʮ ʤʬʥʣʢ ʤʰʥʹʠʸʤ ʤʸʴʱʤ9  ʺʥʧʴ6.ʤʨʥʹʴ ʸʥʱʩʧʤ ʺʬʥʲʴ ʤʦ ʤʸʷʮʡ . 

2. .ʱʴʠ ʠʩʤ ʸʥʱʩʧʤ ʺʠʶʥʺ ʯʫʬ ,ʺʥʥʹ ʺʥʸʴʱʤ 

3.  ʤʮʢʥʣʬ .ʤʰʥʹʠʸʤʮ ʤʬʥʣʢ ʤʩʰʹʤ ʤʸʴʱʤ6  ʺʥʧʴ9 ʧʷʩʰ ,ʤʨʥʹʴ ʤʴʹʡ ."ʩʬʩʬʹ ʠʹʰ"ʡ ʹʮʺʹʰ ʤʦ ʤʸʷʮʡ .

.ʬʠʮʹ ʣʶʮʹ ʤʸʴʱʤʮ ʺʧʠ ʤʣʩʧʩ 

ʬ ,ʬʩʢʸʫ .ʸʹʲ ʱʩʱʡʡ ʺʥʬʥʲʴʤ ʺʠ ʲʶʡʰ ʬʫʤ ʩʰʴ619  ʺʥʧʴ21: 

 

 ʬʹ ʸʥʱʩʧʤ9  ʺʥʧʴ1  ʤʥʥʹ8. 

 ʬʹ ʸʥʱʩʧʤ ʬʩʡʹʡ1  ʺʥʧʴ2  ʸʹʲ ʥʰʴʱʥʤʥ ʤʠʡʤ ʤʸʴʱʤʮ ʤʣʩʧʩ ʥʰʣʸʥʤ ʸʮʥʬʫ ,ʩʬʩʬʹ ʠʹʰʡ ʹʮʺʹʤʬ ʭʩʫʩʸʶ ʥʰʩʩʤ

 ʥʰʬʡʩʷ .ʺʩʧʫʥʰʤ ʤʸʴʱʬ ʺʥʣʩʧʩ11  ʺʥʧʴ2 ʤʥʥʹ ,9. 

ʮ ʤʣʩʧʩ ʥʰʣʸʥʤʹ ʸʧʠʬ6־ ʸʠʹʰ ʩʬʠʮʹʤ ʸʥʨʡ ,5. 

 ʱʩʱʡʡ ʥʩʹʫʲ ʲʶʡʰ2  ʤʬʥʲʴʤ ʺʠ1010  ʺʥʧʴ1 (10  ʺʥʧʴ1.) 

 

 ʬʹ ʸʥʱʩʧ .ʯʩʮʩʮ ʬʩʧʺʰ0  ʺʥʧʴ1  ʠʹʰʤ ʺʠ ʭʩʴʩʱʥʮʥ ,ʤʠʡʤ ʤʸʴʱʤʮ ʩʬʩʬʹʤ ʠʹʰʤ ʺʠ ʭʩʣʩʸʥʮ ʥʰʧʰʠ .ʩʬʩʬʹ ʠʹʰ ʪʩʸʶʮ

( ʩʬʩʬʹʤ10  ʱʩʱʡʡ2 .ʺʩʰʮʩʤ ʤʸʴʱʬ )2  ʺʥʧʴ1 ʤʥʥʹ ,1. 

 .ʩʬʩʬʹ ʠʹʰ ʥʰʬ ʹʩʹ ʠʥʤ ʡʶʮʤ ,ʩʰʹʤ ʸʥʨʡ1  ʤʥʥʹ ʩʬʩʬʹʤ ʠʹʰʤ ʺʥʧʴ0. 

.ʸʥʱʩʧʤ ʺʬʥʲʴʮ ʤʠʶʥʺʫ ʩʥʰʩʹ ʯʩʠ ,ʩʲʩʡʸʤʥ ʩʹʩʬʹʤ ʸʥʨʡ 

 :ʸʹʲ ʱʩʱʡʡ ʥʰʬʹ ʤʠʶʥʺʤ ʺʠ ʷʥʣʡʰ10  ʺʥʧʴ1  ʤʥʥʹ9 ʱʩʱʡʡʹ ,2  ʥʰʩʤ1001– .ʥʰʬʡʩʷʹ ʤʠʶʥʺʤ 
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 ʱʩʱʡʡ ʸʥʱʩʧ ʬʩʢʸʺ ʲʶʡʰ ʺʲʫ16: 

 

:ʸʡʱʤ 

 ʬʹ ʸʥʱʩʧD  ʺʥʧʴE ʮ ʤʣʩʧʩ ʣʩʸʥʰ .ʩʬʩʬʹ ʠʹʰ ʪʩʸʶʮ־A ʬ ʺʥʴʱʥʥʺʮʹ ʺʥʣʩʧʩ ʤʸʹʲ ʹʹʬ ʤʺʥʠ ʨʥʸʴʰʥ־D ʺʠʶʥʺ .

 ʯʫʬ ʠʩʤ ʸʥʱʩʧʤF ʩʰʥʸʹʲʬ ʤʸʮʤʡ( –13  ʣʥʲʥ16  ʺʥʧʴ14 ʤʥʥʹ ,15.) 

ʮ ʤʣʩʧʩ ʥʰʣʸʥʤ ,ʩʰʹʤ ʸʥʨʡ־A  ʺʠ ʭʢ ʸʱʧʬ ʪʩʸʶʥD .ʩʹʩʬʹʤ ʸʥʨʤʮ ʤʣʩʧʩ ʧʷʩʰ ,ʩʬʩʬʹ ʠʹʰʡ ʹʮʺʹʤʬ ʪʸʨʶʰ ʡʥʹ .

ʺ ʯʫʬ ʠʩʤ ʸʥʱʩʧʤ ʺʠʶʥCʩʰʥʸʹʲʬ ʤʸʮʤʡ( –10  ʺʥʧʴ1 ʣʥʲʥ ,16  ʺʥʧʴ13 ʤʥʥʹ ,12.) 

ʮ ʤʣʩʧʩ ʥʰʣʸʥʤ ,ʩʹʩʬʹʤ ʸʥʨʡ־E ʭʲ ʥʰʸʠʹʰ ,D. 

 ʬʹ ʸʥʱʩʧʤ ʩʲʩʡʸʤ ʸʥʨʡ ʳʥʱʡʬD   ʺʥʧʴC  ʯʺʥʰ1. 

 

 ʬʩʢʸʺ2.3 :ʸʥʱʩʧ 

.ʺʥʠʡʤ ʺʥʠʬʡʨʤ ʺʠ ʥʮʩʬʹʤ 

:ʩʸʠʰʩʡ ʱʩʱʡ 
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:ʩʬʮʩʶʣʱʷʤ ʱʩʱʡ 

 

 

ʬʴʫ )ʤʡʧʸʤ( 

 ʧʥʬʹ ʯʮʦʡ ,ʬʫʤ ʩʸʧʠ .ʭʩʩʰʥʸʹʲ ʭʩʸʴʱʮ ʬʴʫ ʸʹʠʮ ʸʺʥʩ ʥʬʩʴʠ ʤʨʥʹʴ ʤʠʸʰʫ ʠʩʤ ʭʩʩʸʠʰʩʡ ʭʩʸʴʱʮ ʬʹ ʬʴʫʤ ʺʬʥʲʴ

 ʬʣʥʢʡ ʠʥʤ ʭʩʩʰʥʸʹʲ ʭʩʸʴʱʮ ʬʹ ʬʴʫʤ10X10 ʬʣʥʢʡ ʠʥʤ ʭʩʩʸʠʰʩʡ ʭʩʸʴʱʮ ʬʹ ʬʴʫʤ ʧʥʬ ,2X2  ʥʺʥʠ ʭʫʱʬ ʸʹʴʠʥ

:ʤʠʡʤ ʤʬʡʨʡ 

 

 

 ʬʴʫʤ ʬʩʢʸʺ ʺʠ ʤʮʢʥʣʬ ʧʷʩʰ1010  ʬʥʴʫ11 (10  ʬʥʴʫ3 :)ʩʰʥʸʹʲʡ 
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:ʸʡʱʤ 

1  ʬʥʴʫ1010  ʤʥʥʹ1010.ʤʰʥʹʠʸʤ ʤʸʥʹʡ ʭʩʮʹʥʸ ʥʰʧʰʠ ʥʺʥʠ , 

ʤʩʰʹʤ ʤʸʥʹʡ ʭʢ–1  ʬʥʴʫ1010  ʤʥʥʹ1010.ʤʬʠʮʹ ʺʧʠ ʤʸʴʱ ʬʹ ʤʦʦʤ ʭʲ ʤʩʰʹʤ ʤʸʥʹʡ ʭʩʮʹʥʸ ʥʰʧʰʠ ʤʠʶʥʺʤ ʺʠ , 

 ʤʠʶʥʺʤ ʺʬʡʷʺʮʥ ʨʥʹʴ ʸʥʡʩʧ ʺʥʠʶʥʺʤ ʺʠ ʭʩʸʡʧʮ ʯʫʮ ʸʧʠʬ11110 ʸʹʲ ʱʩʱʡʡ ʥʠ(–2+4+8+16=30). 

 ʺʰʩʩʰʲʮ ʤʲʴʥʺ–  ʬʹ ʺʥʷʦʧʡ ʬʴʫ2 ʱʩʱʡʡ ʸʴʱʮ ʭʩʧʷʥʬ ʸʹʠʫ :10 ʠʩʤ ʤʠʶʥʺʤ ,ʸʹʲʡ ʥʺʥʠ ʭʩʬʴʥʫʥ ,

 ʤʸʴʱʤ ʺʱʰʫʰ ʩʰʮʩ ʩʫʤ ʭʥʷʮʡ ʸʹʠʫ ,ʤʬʠʮʹ ʺʧʠ ʤʸʴʱʡ ʦʦʥʮ ʩʸʥʷʮʤ ʸʴʱʮʤ0 ,ʤʮʢʥʣʬ .52x10=520. 

 

 ʬʹ ʤʤʥʡʢ ʸʺʥʩ ʤʷʦʧ ʭʲ ,ʺʴʱʥʰ ʤʮʢʥʣ10 :52x100=5200. 

 ʱʩʱʡʡ ʺʹʧʸʺʮ ʤʲʴʥʺʤ ʤʺʥʠ2 ʭʩʦʩʦʮ ,ʭʩʩʺʹ ʬʹ ʤʷʦʧ ʬʫ ʬʲ .ʭʩʩʺʹ ʬʹ ʤʷʦʧ ʥʠ ʭʩʩʺʹ ʠʥʤʹ ʸʴʱʮʡ ʭʩʬʴʥʫ ʸʹʠʫ ,

 ʤʸʴʱʤ ʺʠ ʭʩʴʩʱʥʮʥ ʤʬʠʮʹ ʺʧʠ ʤʸʴʱ0 . 

 :ʭʩʩʺʹʡ ʬʴʫ ,ʤʮʢʥʣʬ11x10=110. 

 :ʲʡʸʠʡ ʬʴʫ11x100=1100. 

 :ʤʰʥʮʹʡ ʬʴʫ11x1000=11000. 

.ʤʠʬʤ ʯʫʥ 

ʥʬʥʲʴ ʲʥʶʩʡ ʱʩʱʡʡ ʬʴʫʤ ʧʥʬ :ʩʬʮʩʶʣʱʷʤ ʱʩʱʡʡ ʬʴʫ ʺ16  ʬʬʥʫ16X16  ʸʮʥʬʫ ,ʭʩʸʡʩʠ256 ʤʢʠʣ ʬʠ ʪʠ .ʭʩʸʡʩʠ – 

 ʬʴʫ ,ʤʮʢʥʣʬ .ʭʹʮ ʪʩʹʮʤʬʥ ʩʸʠʰʩʡ ʱʩʱʡʬ ʭʩʸʴʱʮʤ ʺʠ ʸʩʮʤʬ ʠʩʤ ʸʺʥʩ ʤʨʥʹʴʤ ʪʸʣʤ .ʤʴ ʬʲʡ ʥʺʥʠ ʸʥʫʦʬ ʪʸʥʶ ʯʩʠ

 ʬʹC   ʬʥʴʫ5 ʺʥʬʷʡ ʬʡʷʺʮ ʤʸʮʤʤ ʺʬʡʨ ʩʴʬ ,1100  ʬʥʴʫ101  ʪʸʣʤʥ.ʤʸʥʸʡ ʭʹʮ 

 ʬʩʢʸʺ2.4 :ʬʴʫ 
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ʷʥʬʩʧ )ʤʡʧʸʤ( 

:ʭʩʷʥʧ ʩʰʹ ʹʩ ʭʩʩʸʠʰʩʡ ʭʩʸʴʱʮ ʬʹ ʷʥʬʩʧʡ 

1/1 = 1 

0/1 = 0 

 ʤʰʮʤ ʺʠ ʣʧʠ ʭʥʷʮʡ ʭʩʮʹʥʸ ʭʲʴ ʬʫʡ .ʭʩʩʰʥʸʹʲ ʭʩʸʴʱʮ ʷʥʬʩʧʬ ʤʤʦ ʪʩʬʤʺʤ ,ʸʧʠ ʩʸʠʰʩʡ ʸʴʱʮʡ ʸʴʱʮ ʭʩʷʬʧʮʹʫ

ʣʲ ʺʩʸʠʹʬ ʺʥʠʡʤ ʺʥʸʴʱʤ ʺʠ ʭʩʴʩʱʥʮʥ ,ʺʩʸʠʹʤ ʺʠ ʸʧʠ ʭʥʷʮʡʥ  ʺʥʸʴʱ ʸʺʥʩ ʯʩʠʹʫ ʸʮʢʰ ʪʩʬʤʺʤ .ʤʹʣʧ ʤʰʮ ʺʬʡʷʬ

.ʳʩʱʥʤʬ 

ʤʮʢʥʣ ʲʶʡʰ–101102/1012: 

 

 ʠʩʤ ʤʠʶʥʺʤ100 ʺʩʸʠʹ ,10. 

ʸʹʲ ʱʩʱʡʬ ʬʩʢʸʺʤ ʭʥʢʸʺ –22 ʬ ʷʬʧʬ5־ ʠʩʤ ʤʠʶʥʺʤ ,4 ʺʩʸʠʹ ,2. 

 ʬʩʢʸʺ2.5 :ʭʩʩʸʠʰʩʡ ʭʩʸʴʱʮ ʷʥʬʩʧ 
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ʬʲ ʭʩʸʴʱʮ ʢʥʶʩʩ־ʭʩʨʩʡ ʬʹ ʺʸʣʢʥʮ ʺʥʮʫ ʩʣʩ 

ʡʹʧʮʤ ʯʥʸʫʩʦ ( ʺʩʸʠʰʩʡ ʤʸʴʱ ʬʫ .ʭʩʩʸʠʰʩʡ ʭʩʸʴʱʮ ʭʩʸʥʮʹ ʭʫʥʺʡʹ ,ʭʩʠʺʮ ʩʥʰʡ0  ʥʠ1 ʺʠʸʷʰ )( ʺʩʡʩʱBit) ʥʤʦ .

( ʺʩʸʠʰʩʡ ʤʸʴʱ ʭʩʬʩʮʤ ʬʹ ʸʥʶʩʷBinary digit ʭʩʨʩʡʤ ʺʥʮʫ ʬʲ ʤʬʡʢʮ ʥʰʬ ʹʩʹ ʺʸʮʥʠʹ ,ʣʥʱʩ ʺʧʰʤ ʥʩʹʫʲ ʧʩʰʰ .)

 ʤʬʡʢʮ ʩʤʥʦ ʭʩʡʹʧʮʡ .ʸʴʱʮ ʢʶʩʩʬ ʬʩʡʹʡ ʤʡ ʹʮʺʹʤʬ ʭʩʬʥʫʩ ʥʰʠʹʠʮʥʣ  ʭʩʸʴʱʮ ʭʩʸʮʥʹ ʭʩʡʹʧʮʹ ʯʥʥʩʫ ,ʺʩʹʲʮ

ʭʤ ʭʩʬʡʥʷʮʤ ʭʩʬʣʢʤ .ʲʥʡʷ ʬʣʥʢʡ ʭʩʠʺʡ8 ,16 ,32  ʥʠ64  ʠʩʤ ʸʴʱʮ ʢʥʶʩʩʬ ʭʩʨʩʡʤ ʺʥʮʫ ʬʲ ʤʬʡʢʮʤ ʸʮʥʬʫ .ʭʩʨʩʡ

.ʭʩʬʲʥʴ ʭʩʡʹʧʮ ʥʡʹ ʯʴʥʠʡ ʩʱʩʱʡ ʷʬʧ 

 ʬʲʡ ʠʺ ʥʰʺʥʹʸʬ ʣʮʥʲʹ ʧʩʰʰN ?ʥʫʥʺʡ ʸʥʮʹʬ ʭʩʬʥʫʩ ʥʰʧʰʠʹ ʬʥʣʢ ʩʫʤ ʸʴʱʮʤ ʥʤʮ .ʭʩʨʩʡ  ,ʤʠʡʤ ʤʬʡʨʤ ʬʲ ʬʫʺʱʰ

ʬʲ ʢʶʩʩʬ ʸʹʴʠʹ ʬʥʣʢ ʩʫʤ ʸʴʱʮʤ ʺʠ ʺʦʫʸʮʹ־ ʯʩʡʹ ʭʩʨʩʡ ʺʥʮʫ ʩʣʩ1 ʬ8־: 

ʡ ʹʩʹ ʭʩʨʩʡ ʺʥʮʫ-N ʢʶʩʩʬ ʸʹפʠʹ ʬʥʣʢ ʩʫʤ ʸפʱʮʤ ʩʰʥʸʹʲʬ ʸפʱʮʤ ʭʥʢʸʺ 

1 1 1 

2 11 3 

3 111 7 

4 1111 15 

5 11111 31 

6 111111 63 

7 1111111 127 

8 11111111 255 
 

 ʥʰʧʰʠʬʲ ,ʩʬʬʫ ʯʴʥʠʡ :ʤʠʡʤ ʺʥʩʷʥʧʤ ʸʮʹʩʺ ʯʩʩʣʲʥ ,ʭʩʨʩʡ ʤʰʥʮʹʬ ʸʡʲʮ ʪʩʹʮʤʬ ʭʩʬʥʫʩ־ ʩʣʩN  ʢʶʩʩʬ ʸʹʴʠ ʭʩʨʩʡ

 ʸʺʥʩʤ ʬʫʬ ʠʥʤ ʥʫʸʲʹ ʸʴʱʮ2N-1. 

ʬʲ ʢʶʩʩʬ ʸʹʴʠʹ ʬʥʣʢ ʩʫʤ ʸʴʱʮʤʮ ʬʥʣʢ ʸʺʥʩ ʠʥʤʹ ʸʴʱʮ ʢʶʩʩʬ ʭʩʱʰʮ ʥʰʧʰʠ ʭʠ ʤʸʥʷ ʤʮ־ ʩʣʩN  ʺʠ ʲʶʡʬ ,ʧʩʰʰ ?ʭʩʨʩʡ

 ʯʥʡʹʧʤ ʺʬʥʲʴ255+1 ʬʣʥʢʡ ʯʥʸʫʩʦ ʠʺ ʭʲ ʬʡʠ ,8 ?ʭʩʨʩʡ 

 

ʬʲ ʸʥʮʹʬ ʸʹʴʠ ʩʠ ʤʠʶʥʺʤ ʺʠ־ ʩʣʩ8  ʡʹʧʮʤ ʤʡʹ ʪʸʣʤ .ʠʹʰ ʬʡʷʺʮʥ ,ʭʩʱʴʠʺʮ ʭʩʰʥʹʠʸʤ ʭʩʨʩʡʤ ʺʰʥʮʹ ʬʫ !ʭʩʨʩʡ

 ʪʸʲʤ ʺʠ ʬʩʫʤ ʯʫ ʩʰʴʬʹ ,ʥʰʬʹ ʯʥʸʫʩʦʤ :ʥʦʫ ʠʩʤ ʤʬʠʫ ʭʩʸʷʮʡ ʬʴʨʮ11111111 .ʭʩʱʴʠ ʤʰʥʮʹ ʬʹ ʤʸʣʱ ʥʩʹʫʲ ʬʩʫʮ ,

ʷʮʡ ʷʩʬʣʮ ʡʹʧʮʤ ʹʩ ʥʰʬʹ ʯʥʸʫʩʦʡ ʥʩʹʫʲʮ .ʥʤʦ .)ʪʹʮʤʡ ʥʩʬʲ ʣʮʬʰ( ʤʰʥʸʧʠʤ ʤʬʥʲʴʡ ʠʹʰ ʤʩʤʹ ʸʮʥʠʹ ,ʨʩʡ ʸʧʠ ʭʥ

00000000 ʬʹ ʢʥʶʩʩʬ ʥʺʥʠ ʭʩʬʩʡʢʮʹʫ ,ʡʹʧʮʤ ʺʰʩʧʡʮ ,ʸʮʥʬʫ .8  ʤʠʥʥʹʮʤ ʦʠ ,ʭʩʨʩʡ255+1=0  ʥʰʩʬʲ .ʤʰʥʫʰ ʠʩʤ

ʲʨ ʥʰʬ ʥʸʷʩ ʠʬʹ ʩʣʫ ʥʰʮʶʲ ʺʠ ʭʩʠʺʤʬ ʪʸʨʶʰʥ ,ʣʡʥʲ ʡʹʧʮʤ ʪʫ ʩʫ ʯʩʡʤʬ.ʥʬʠʫ ʺʥʩʥ 
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ʭʩʩʬʩʬʹ ʭʩʸʴʱʮ ʢʥʶʩʩ 

 ʩʸʠʰʩʡʤ ʸʴʱʮʤ .ʭʩʩʡʥʩʧ ʭʩʫʸʲ ʭʲ ʭʩʸʴʱʮ ʸʥʺʡ ʷʸ ʭʩʩʸʠʰʩʡ ʭʩʸʴʱʮ ʬʲ ʥʰʡʹʧ ʤʫ ʣʲ0000  ,ʱʴʠ ʢʶʩʩʮ0001  ʢʶʩʩʮ

 ,ʺʧʠ0010  ʭʩʠʸʥʷ ʥʦ ʪʸʣʡ ʭʩʸʴʱʮ ʢʥʶʩʩʬ .ʳʥʱʰʩʠ ʣʲ ʤʠʬʤ ʪʫʥ ʭʩʩʺʹ ʢʶʩʩʮunsigned–  ,ʬʡʠ .ʯʮʩʱ ʩʸʱʧ ʸʮʥʬʫ

ʢʶʩʩʬ ʤʶʸʰ ʭʠ ʤʮ ?ʭʩʩʬʩʬʹ ʭʩʸʴʱʮ 

ʯʮʩʱ ʭʲ ʭʩʸʴʱʮ ʢʥʶʩʩʬ ʺʥʶʥʴʰʤ ʺʥʨʩʹʤ ʺʠ ʣʮʬʰ ʤʦ ʷʬʧʡ–  ʸʮʥʬʫsigned. 

ʯʮʩʱʥ ʬʣʥʢ ʺʨʩʹ 

 ʥʰʺʥʹʸʬ ʭʩʣʮʥʲʹ ʧʩʰʰN   ʩʬʠʮʹʤ ʨʩʡʤ ,ʯʮʩʱʥ ʬʣʥʢ ʺʨʩʹʡ .ʭʩʩʬʩʬʹ ʭʩʸʴʱʮ ʭʢ ʢʶʩʩʬ ʭʩʶʥʸ ʥʰʧʰʠʥ ,ʠʺ ʬʫʡ ʭʩʨʩʡ

:ʨʸʴʰ .ʬʣʥʢʤ ʺʠ ʭʩʨʩʡʤ ʸʺʩʥ ʯʮʩʱʤ ʺʠ ʢʶʩʩʮ ʸʺʥʩʡ 

 ʠʥʤ ʸʺʥʩʡ ʩʬʠʮʹʤ ʨʩʡʤ ʭʠ0–  ʠʥʤ ʩʬʠʮʹʤ ʨʩʡʤ ʭʠ .ʩʡʥʩʧ ʠʥʤ ʸʴʱʮʤ1–  ʺʠ ʭʩʢʶʩʩʮ ʭʩʨʩʡʤ ʸʺʩ .ʩʬʩʬʹ ʠʥʤ ʸʴʱʮʤ

 ʭʩʸʴʱʮ ʭʲ ʥʩʹʫʲ ʣʲ ʥʰʩʹʲʹ ʥʮʫ ʸʴʱʮʬ ʭʺʥʠ ʭʩʮʢʸʺʮ ʸʮʥʬʫ ,ʬʣʥʢʤunsigned ʺʠ ʭʩʡʺʥʫ ʩʬʠʮʹʤ ʨʩʡʤ ʩʴʬ ʦʠʥ ,

.ʸʴʱʮʤ ʩʰʴʬ ʯʮʩʱʤ 

 :ʸʴʱʮʤ ʺʠ ʤʮʢʥʣʬ ʧʷʩʰ0011ʹʧ .?ʩʡʥʩʧ ʥʠ ʩʬʩʬʹ ʠʥʤ ʭʠʤ ,ʥʡ 

 ʠʥʤ ʸʺʥʩʡ ʩʬʠʮʹʤ ʨʩʡʤ0 ʭʤ ʭʩʨʩʡʤ ʸʺʩ .ʩʡʥʩʧ ʸʴʱʮʤ ʯʫʬ ,011 ʠʥʤ ʬʣʥʢʤ ʯʫʬ ,3 ,ʯʮʩʱʥ ʬʣʥʢ ʺʨʩʹʡ .0011  ʢʶʩʩʮ

 ʩʡʥʩʧʤ ʪʸʲʤ ʺʠ3. 

 ʸʴʱʮʡ ʺʠʦ ʺʮʥʲʬ1011 ʠʥʤ ʸʺʥʩʡ ʩʬʠʮʹʤ ʨʩʡʤ ,1 ʭʤ ʭʩʨʩʡʤ ʸʺʩ .ʩʬʩʬʹ ʸʴʱʮʤ ʯʫʬʥ ,011 ʠʥʤ ʬʣʥʢʤʹ ʯʠʫʮʥ ,3 .

 ʳʶʸʤ ,ʯʫʬ1011  ʱʥʰʩʮ ʪʸʲʤ ʺʠ ʢʶʩʩʮ3 . 

ʬʲ ʢʶʩʩʬ ʭʩʬʥʫʩ ʥʰʧʰʠʹ ʤʥʡʢ ʩʫʤ ʸʴʱʮʤ ,ʥʦ ʤʨʩʹʡ־ ʩʣʩ4  ʠʥʤ ʭʩʨʩʡ0111 ʸʮʥʬʫ ,7 ʠʥʤ ʪʥʮʰ ʩʫʤ ʸʴʱʮʤ ʥʬʩʠʥ ,1111 ,

 ʸʮʥʬʫʱʥʰʩʮ7 . 

ʭʩʢʥʶʩʩ ʩʰʹ ʥʬ ʹʩʹ ʸʴʱʮ ʹʩʹ ʡʬ ʥʮʩʹ-  ʭʢ0000  ʭʢʥ1000 !ʱʴʠ ʭʩʥʥʹ 
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ʺʨʩʹ ʬʹ ʩʦʫʸʮʤ ʯʥʸʺʩʤ  ʬʷ ʯʫʥ ,ʥʬʹ ʪʸʲʤ ʤʮ ʲʥʡʷʬʥ ʸʴʱʮ ʬʲ ʬʫʺʱʤʬ ʺʩʱʧʩ ʬʷ .ʤʬʹ ʺʥʨʹʴʤ ʠʥʤ ʯʮʩʱʥ ʬʣʥʢ

.ʭʩʸʴʱʮ ʩʰʹ ʯʩʡ ʺʥʥʹʤʬ 

 ʬʲ ʤʮʢʥʣʬ ʬʫʺʱʰ .ʯʥʡʹʧ ʩʬʩʢʸʺ ʺʥʹʲʬ ʪʡʥʱʮʹ ʠʥʤ ʤʨʩʹʤ ʬʹ ʩʦʫʸʮʤ ʯʥʸʱʩʧʤ3  ʣʥʲʥ(-3): 

 

 ʬʹ ʢʥʶʩʩʤ ʠʩʤ ʸʥʡʩʧʤ ʺʠʶʥʺ ,ʱʴʠ ʬʹ ʤʠʶʥʺ ʺʺʬ ʪʩʸʶ ʬʩʢʸʺʤʹ ʺʥʸʮʬ(-6) ʠʬ ʬʣʥʢʤʥ ʯʮʩʱʤ ʺʨʩʹ ,ʥʦ ʤʩʲʡ ʡʷʲ .

.ʹʥʮʩʹʡ ʤʶʥʴʰ 

ʺʧʠʬ ʭʩʬʹʮʤ ʺʨʩʹ 

( ʺʧʠʬ ʭʩʬʹʮʤ ʺʨʩʹOne's complement ʲʥʶʩʡ ,ʯʮʩʱʤʥ ʬʣʥʢʤ ʺʨʩʹ ʬʹ ʩʸʷʩʲʤ ʯʥʸʱʩʧʤ ʬʲ ʸʡʢʺʤʬ ʤʸʥʮʠ )

.ʺʥʰʥʫʰ ʯʥʡʹʧ ʺʥʬʥʲʴ 

ʬʲ ʩʸʠʰʩʡ ʸʴʱʮ ʬʹ ʩʣʢʰʤ ʺʠ ʭʩʠʶʥʮ ,ʥʦ ʤʨʩʹʡ- ʥʫʸʲʹ ʨʩʡ .ʨʩʡ ʬʫ ʺʫʩʴʤ ʩʣʩ0 ʬ ʪʴʥʤ1־ ʥʫʸʲʹ ʨʩʡ ʥʬʩʠʥ ,1  ʪʴʥʤ

ʬ0־ ,ʤʮʢʥʣʬ .0001 " ʪʸʲʤ ʺʠ ʢʶʩʩʮ1" ʪʸʲʤ ."-1ʬʲ ʢʶʥʩʮ "־ʭʩʨʩʡʤ ʬʫ ʺʫʩʴʤ ʩʣʩ–1110 . 

ʮ ʭʩʸʴʱʮʤ ʢʥʶʩʩ0־  ʣʲ7 :ʭʤʬʹ ʭʩʩʣʢʰʤʥ 

 

ʤʩʬʠʮ ʤʹʧʸʺʤʹ ʤʲʴʥʺʬ ʡʬ ʥʮʩʹ-  ʠʥʤʹʫ .ʯʮʩʱʤ ʨʩʡ ʠʥʤ ʩʬʠʮʹʤ ʨʩʡʤ0  ʠʥʤʹʫʥ ʩʡʥʩʧ ʸʴʱʮʤ1  ʸʴʱʮʤ

 ʯʺʥʰ ʥʬʹ ʩʣʢʰʤ ʭʲ ʸʴʱʮ ʬʫ ʬʹ ʸʥʡʩʧ ,ʺʥʠʸʬ ʸʹʴʠʹ ʩʴʫ .ʩʬʩʬʹ1111 ʪʸʲʬ ʬʥʷʹ ʥʦ ʤʨʩʹʡʹ ,0 ʸʮʥʬʫ .

.ʣʧʠ ʬʥʹʫʮ ʬʲ ʥʰʸʡʢʺʤ 

 ,ʺʧʠʬ ʭʩʬʹʮʤ ʺʨʩʹʡ ʹʩ ʤʬʥʲʴʤ ʺʠʶʥʺʬ ʭʠ :ʠʡʤ ʷʥʧʡ ʭʩʹʮʺʹʮ ,ʺʥʰʥʫʰ ʺʥʠʶʥʺ ʥʰʺʩʩ ʯʥʡʹʧʤ ʺʥʬʥʲʴ ʸʺʩ ʭʢʹ ʩʣʫ

ʡ ʩʰʮʩʤ ʨʩʡʬ ʥʺʥʠ ʭʩʸʡʧʮ ,ʠʹʰ .ʸʺʥʩ 
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 ʬʩʢʸʺʤ ,ʤʮʢʥʣ ʬʲ ʬʫʺʱʰ5  ʺʥʧʴ2 ʸʥʺʡ ʭʢ ʤʦʤ ʬʩʢʸʺʤ ʺʠ ʡʥʺʫʬ ʯʺʩʰ .5  ʣʥʲʥ(-2):ʪʫ , 

 

ʤʰʥʫʰ ʤʡʥʹʺ ʥʰʬʡʩʷ ,ʸʺʥʩʡ ʩʰʮʩʤ ʨʩʡʤ ʬʠ ʠʹʰʤ ʺʠ ʥʰʸʡʲʤʹ ʩʸʧʠʹ ,ʺʥʠʸʬ ʯʺʩʰ –  ʱʥʬʴ3. 

ʠʮ ʨʥʹʴʹ ʭʤ ,ʺʧʠʬ ʭʩʬʹʮʤ ʺʨʩʹ ʬʹ ʺʥʰʥʸʺʩʤʥʪʥʴʤʬ ʪʩʸʶ ʷʸ( ʩʣʢʰʤ ʸʴʱʮʤ ʺʠ ʠʥʶʮʬ ʣ  ʯʥʡʹʧʤ ʺʥʬʥʲʴʹʥ )ʭʩʨʩʡ

ʷʩʲʡ ʬʡʠ ,ʩʰʮʩʤ ʨʩʡʬ ʠʹʰʤ ʺʴʱʥʤʡʹ ʪʥʡʩʱʤ ʭʤ ʤʨʩʹʤ ʬʹ ʺʥʰʥʸʱʧʤ .ʯʥʫʰ ʺʥʠʶʥʩʸ–  ʢʶʩʩʬ ʭʩʫʸʣ ʩʺʹ ʹʩʹ ʤʣʡʥʲʤ

ʹ ʡʹʧʮʤ ʺʠ ʣʮʬʬ ʩʣʫ .ʱʴʠ ʪʸʲʤ ʺʠ- 0000=1111  ʭʩʬʹʮʤ ʺʨʩʹʬ ʸʥʡʲʬ ʨʥʹʴ ʳʩʣʲʥ ,ʵʮʠʮʥ ʯʮʦ ʣʥʲ ʲʩʷʹʤʬ ʪʩʸʶ

.ʭʩʩʺʹʬ 

 

ʭʩʩʺʹʬ ʭʩʬʹʮʤ ʺʨʩʹ 

 ʨʩʡ ʬʫ ʭʩʫʴʥʤʹ ʪʫʡ ʺʧʠʬ ʭʩʬʹʮʤ ʺʨʩʹʬ ʤʮʥʣ ʭʩʩʺʹʬ ʭʩʬʹʮʤ ʺʨʩʹ0 ʬ1־  ʭʩʲʶʡʮ ʭʩʩʺʹʬ ʭʩʬʹʮʡʹ ʠʬʠ .ʪʴʩʤʬʥ

ʤʬʥʲʴ ʣʥʲ ʭʩʨʩʡʤ ʺʫʩʴʤ ʪʩʬʤʺ ʳʥʱʡ–  ʭʩʴʩʱʥʮ1  ʬʲ ʭʩʬʫʺʱʮ ʭʠ ʩʫ ,ʭʩʩʺʹʬ ʭʩʬʹʮʤ ʺʠʸʷʰ ʤʨʩʹʤ ʯʫʬ( ʤʠʶʥʺʬ

.)ʭʩʩʺʹ ʥʬ ʥʰʴʱʥʤ ʬʥʫʩʡʫ ʦʠ ʩʰʮʩʤ ʨʩʡʤ 

ʨʩʹʤ ʣʶʩʫ ʤʠʸʰ.ʪʩʬʤʺʤ ʬʹ ʺʥʰʩʩʰʲʮʤ ʺʥʫʬʹʤʤ ʺʠ ʯʩʡʰ ʦʠʥ ,ʺʣʡʥʲ ʤ 

 ʱʥʰʩʮ ʬʹ ʢʥʶʩʩʤ ʺʠ ʠʶʮʰ ,ʤʮʢʥʣʫ6ʬʲ ʥʬʹ ʢʥʶʩʩʡ ,־ ʩʣʩ8 :ʭʩʨʩʡ 

 ʬʹ ʢʥʶʩʩʤ6  ʠʥʤ00000110. 

 ʠʩʤ ʭʩʩʰʩʡʤ ʺʠʶʥʺ ʭʩʨʩʡʤ ʺʫʩʴʤ ʸʧʠʬ11111001. 

 ʺʴʱʥʤ ʸʧʠʬ1 ʠʩʤ ʤʠʶʥʺʤ ,11111010 ʱʥʰʩʮ ʬʹ ʢʥʶʩʩʤ ʥʤʦ .6 ʬʲ ʢʥʶʩʩʡ ,ʭʩʩʺʹʬ ʭʩʬʹʮʤ ʺʨʩʹʡ־ ʩʣʩ8  ʭʠ .ʭʩʨʩʡ

 ʱʥʰʩʮ ʢʶʩʩʬ ʭʩʶʥʸ ʥʰʩʩʤ6 ʬʲ־ ʩʣʩ16 ʤʬʧʺʤʡ ʺʥʣʧʠ ʳʩʱʥʤʬ ʨʥʹʴ ʭʩʫʩʸʶ ʥʰʩʩʤ ,ʭʩʨʩʡ –1111 1111 1111 

1010 ʺʥʧʥʰ ʬʹ ʺʥʡʩʱʮ ʺʥʸʴʱ ʲʡʸʠ ʬʹ ʺʥʶʥʡʷʬ ʭʺʥʠ ʣʩʸʴʰ ,ʩʸʠʰʩʡʡ ʭʩʫʥʸʠ ʭʩʸʴʱʮ ʭʥʹʸʬ ʤʶʸʰʹʫ ,ʥʩʹʫʲʮ(

ʬ ʩʣʫ .)ʤʠʩʸʷ ʱʥʰʩʮ ʢʶʩʩ6 ʬʲ־ ʩʣʩ32 ʤʬʧʺʤʡ ʺʥʣʧʠ ʸʹʲ ʤʹʩʹ ʣʥʲ ʳʩʱʥʰ ʭʩʨʩʡ. 
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 .ʥʰʬʡʩʷʹ ʤʠʶʥʺʤ ʺʠ ʷʥʣʡʰ6  ʱʥʰʩʮ ʣʥʲʥ6.ʱʴʠ ʺʥʩʤʬ ʤʫʩʸʶ ʤʠʶʥʺʤ , 

 

ʥʸʫʩʦ( ʥʱʴʠʺʤ ʯʫʠ ʭʩʨʩʡʤ ʺʰʥʮʹ ʬʫ ,ʭʩʠʥʸʹ ʩʴʫʥ – ʤ1־ .)ʭʩʨʩʡʤ ʺʰʥʮʹʡ ʱʰʫʰ ʥʰʩʠ ʠʥʤʥ ʠʹʰ ʠʥʤ ʬʠʮʹ ʣʶʮʹ 

 ʤʮʫ ʬʹ ʢʥʶʩʩʤ ʬʲ ʬʫʺʱʰʡ ʢʥʶʩʩʤ ʬʲ ʬʫʺʱʰ ʥʰʧʰʠ ,ʪʹʮʤʤ ʺʡʥʨʬ .ʭʩʩʺʹʬ ʭʩʬʹʮʤ ʺʨʩʹʡ ʭʩʩʸʠʰʩʡ ʭʩʸʴʱʮ8־  ,ʭʩʨʩʡ

ʡ ʭʢ ʷʴʺʱʤʬ ʤʩʤ ʸʹʴʠ ʤʬʡʨʡʹ ʭʩʸʴʱʮʤ ʺʠ ʢʶʩʩʬ ʬʩʡʹʡʹ ʺʥʸʮʬ4־ .ʭʩʨʩʡ 

 

 ʩʴʫʥʰʧʰʠʹ ʱʴʠʬ ʣʧʠ ʢʥʶʩʩ ʷʸ ʹʩ ʥʦ ʤʨʩʹʡ ,ʭʩʠʥʸ–00000000 ,ʳʱʥʰʡ .ʣʧʠʬ ʭʩʬʹʮʤ ʺʨʩʹ ʬʲ ʩʺʥʲʮʹʮ ʯʥʸʺʩ ʥʤʦ .

 ʱʥʰʩʮ ʺʠ ʭʢ ʢʶʩʩʬ ʭʩʬʥʫʩ ʥʰʧʰʠ8! 

 ʺʥʲʶʮʠʡ ,ʩʬʬʫ ʯʴʥʠʡN  ʯʩʡʹ ʭʩʸʴʱʮʤ ʧʥʥʨ ʺʠ ʭʩʩʺʹʬ ʭʩʬʹʮʤ ʺʨʩʹʡ ʢʶʩʩʬ ʯʺʩʰ ʭʩʨʩʡ(2N-1-1) ʯʩʡʬ(-2N-1) ʪʫ .

 ʺʸʦʲʡ ,ʤʮʢʥʣʬ8  ʯʩʡʹ ʭʩʸʴʱʮʤ ʺʠ ʢʶʩʩʬ ʸʹʴʠ ʭʩʨʩʡ127  ʱʥʰʩʮʬ128 ʺʸʦʲʡ .16  ʭʩʸʴʱʮ ʢʶʩʩʬ ʸʹʴʠ ʭʩʨʩʡ

 ʯʩʡʹ ʭʥʧʺʡ32,767  ʱʥʰʩʮʬ32,768. 

ʤʬʥʣʢ ʺʩʹʲʮ ʺʥʡʩʹʧ ʹʩ ʤʦʤ ʭʩʫʸʲʤ ʧʥʥʨʬ–  ,ʢʥʶʩʩʬ ʯʺʩʰʹ ʭʩʫʸʲʤ ʭʥʧʺʮ ʺʢʸʥʧ ʤʬʹ ʤʠʶʥʺʤʹ ʯʥʡʹʧ ʺʬʥʲʴ ʬʫ

 .ʤʩʥʢʹ ʤʡʥʹʺ ʺʸʦʧʤʬ ʭʥʸʢʺ 
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 ʺʨʩʹʡ( ʭʩʩʸʠʰʩʡ ʭʩʸʴʱʮ ʬʹ ʤʸʮʤ ʭʩʲʶʡʮ ʪʩʠ ʺʥʠʸʬ ʷʸ ʥʰʬ ʸʺʥʰ ,ʭʩʩʺʹʬ ʭʩʬʹʮʤ ʺʨʩʹ ʬʲ ʯʥʩʣʤ ʺʠ ʭʫʱʬ ʩʣʫ

ʩʺʹʬ ʭʩʬʹʮʤ:ʤʨʥʹʴ ʠʩʤ ʤʨʩʹʤ .ʭʩʩʰʥʸʹʲ ʭʩʸʴʱʮʬ )ʭʩ 

- ʸ ʷʥʩʣʡ ʬʩʫʮ ʠʬ ʸʴʱʮʤ ʭʠ ,ʺʩʹʠ8 ,16 ,32 ,64  ʣʲ ʸʴʱʮʤ ʬʹ ʬʠʮʹ ʣʶʮ ʭʩʱʴʠ ʭʩʴʩʱʥʮ ʦʠ ,ʭʩʨʩʡ 'ʥʫʥ

.ʭʩʨʩʡ ʬʹ ʥʦ ʺʥʮʫʬ ʭʩʲʩʢʮʹ 

-  ʠʥʤ ʥʬʹ ʸʺʥʩʡ ʩʬʠʮʹʤ ʨʩʡʤ( ʩʡʥʩʧ ʸʴʱʮʤ ʭʠ0ʸʡʲʡ ʥʰʣʮʬʹ ʥʮʫ ʷʥʩʣʡ ʠʩʤ ʩʰʥʸʹʲʬ ʤʸʮʤʤ ʦʠ )- ʨʩʡ ʬʫʬ 

 ʬʹ ʺʸʧʠ ʤʷʦʧ ʲʡʥʷ ʭʥʷʩʮ ʬʫʥ ,ʭʥʷʩʮ ʹʩ2. 

-  ʠʥʤ ʸʺʥʩʡ ʩʬʠʮʹʤ ʨʩʡʤ( ʩʬʩʬʹ ʸʴʱʮʤ ʭʠ1ʬ ʭʩʬʹʮʤ ʺʨʩʹʡ ʩʡʥʩʧ ʸʴʱʮʬ ʸʴʱʮʤ ʺʠ ʭʩʸʩʮʮ ʦʠ ,)2־ ,

 .ʤʠʶʥʺʤ ʩʰʴʬ ʱʥʰʩʮ ʭʩʮʹʥ ,ʭʩʩʡʥʩʧ ʭʩʸʴʱʮʬ ʭʩʹʥʲʹ ʥʮʫ ʥʬʹ ʪʸʲʤ ʺʠ ʭʩʡʹʧʮ 

 

ʤʮʢʥʣʬ,  ʸʴʱʮʤ10111111 . ʠʥʤ ʩʬʠʮʹʤ ʨʩʡʤ1, ʰ ʯʫʬʬ ʭʩʬʹʮʤ ʺʨʩʹʡ ʸʴʱʮʤ ʺʠ ʸʩʮ2־ : 

 

:ʩʰʥʸʹʲ ʸʴʱʮʬ ʤʠʶʥʺʤ ʺʸʮʤ 

20+26 =65 

ʩʬʩʬʹ ʠʥʤ ʸʴʱʮʤʹ ʧʥʫʹʬ ʥʰʬ ʸʥʱʠ –  :ʤʠʶʥʺʬ ʲʩʢʰʥ ʱʥʰʩʮ ʯʮʩʱ ʳʩʱʥʰ65)-) 

 ʬʩʢʸʺ2.6 :ʹʮʤʭʩʩʺʹʬ ʭʩʬ 

ʬ ʭʩʬʹʮʤ ʺʨʩʹ-2  ʩʸʠʰʩʡʤ ʢʥʶʩʩʬ ʭʩʠʡʤ ʭʩʸʴʱʮʤ ʺʠ ʥʮʢʸʺ .ʡʹʧʮʤ ʯʥʸʫʩʦʡ ʭʩʸʴʱʮ ʢʥʶʩʩʬ ʺʹʮʹʮ

 ʩʣʩ ʬʲ ʭʤʬʹ8 ʬ ʭʩʬʹʮʤ ʺʨʩʹʡ ʭʩʨʩʡ-2 ʢʥʶʩʩʤ ʺʠ ʺʥʠʸʤʬ ʩʣʫ ʸʴʱʮʤ ʩʰʴʬ ʭʩʱʴʠ ʪʸʥʶʤ ʺʣʩʮʡ ʥʴʩʱʥʤ :ʤʫʸʣʤ .

 ʸʴʱʮʤ ʤʮʢʥʣʬ .ʡʹʧʮʤ ʯʥʸʫʩʦʡ12  ʢʶʥʩʩ00001100  ʱʩʱʡʡ2 

ʩʸʠʰʩʡ ʮʩʶʣʩʬ ʩʸʠʰʩʡ ʩʬʮʩʶʣ 
 

247 
 

-9 

 
128 

 
-128 

 
162 

 
-94 

 
154 

 
-102 

 
255 

 
-1 

  
ʤʦ ʬʩʢʸʺʮ ʷʩʱʤʬ ʯʺʩʰ ʤʮʭʩʩʬʩʬʹʥ ʭʩʩʡʥʩʧ ʭʩʸʴʱʮ ʬʹ ʩʸʠʰʩʡʤ ʢʥʶʩʩʤ ʯʩʡ ʸʹʷʤ ʩʡʢʬ ,? 
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?ʯʠʥʧ ʺʠ ʭʩʧʶʰʮ ʪʩʠ ʦʠ 

 ʷʧʹʮʤ ʬʹ ʸʹʷʤ ʤʮʥ ...Pearls3 ?ʤʸʩʴʱ ʩʱʩʱʡʬ 

 ʷʧʹʮʤPearls3  ʩʷʧʹʮ ʬʹ ʤʩʶʠʩʸʥ ʠʥʤNim ʤʩʣʴʩʷʩʥ ʤʮʢʥʣʬ( ʨʰʸʨʰʩʠʡ ʠʥʸʷʬ ʸʹʴʠ ʭʤʩʬʲ ,

https://en.wikipedia.org/wiki/Nim ʥʹʴʧ .)Sum-Nim  .ʬʢʥʢʡ 

 ʲʥʣʮ ʭʩʰʸʷʱ ʭʺʠ ʭʠ .ʯʠʫ ʤʩʬʲ ʨʸʴʰ ʥʰʧʰʠʥ ,ʷʧʹʮʡ ʯʥʧʶʰʤ ʺʠ ʤʧʩʨʡʮʹ ʤʷʩʰʫʨ ʺʮʩʩʷ ʥʰʹʩ ,ʺʣʡʥʲ ʥʦʤ ʤʷʩʰʫʨʤ

.ʨʰʸʨʰʩʠʡ ʭʩʸʧʠ ʺʥʮʥʷʮʡʥ ʤʩʣʴʩʷʩʥʡ ʲʩʴʥʮ ʠʥʤ ʪʠ ,ʤʦ ʸʴʱ ʬʹ ʳʷʩʤʬ ʵʥʧʮ ʥʰʩʤʹ ,ʩʨʮʩʺʮ ʸʡʱʤ 

:ʭʩʠʡʤ ʭʩʣʲʶʤ ʺʠ ʲʶʡʬ ʹʩ ,ʷʧʹʮʡ ʯʥʧʶʩʰ ʧʩʨʡʤʬ ʩʣʫ 

1.  ʤʮʢʥʣʬ( ʥʬʹ ʩʸʠʰʩʡʤ ʢʥʶʩʩʬ "ʭʩʰʩʰʴ" ʬʹ ʸʴʱʮ ʬʫ ʭʢʸʺʬ ʹʩ7 ʭʩʰʩʰʴ- 111 .)ʩʸʠʰʩʡ 

2. ʩʤ ʬʫ ʺʠ ʭʥʹʸʬʸʥʡʩʧ ʲʶʡʬʥ ʩʰʹʤ ʬʲʮ ʣʧʠ ʭʩʩʸʠʰʩʡʤ ʭʩʢʥʶʩ-  ʬʹ ʸʥʡʩʧʤ( ʠʹʰ ʸʩʡʲʤʬ ʩʬʡ ʪʠ1+1  ʠʥʤ0 

 ʠʬʥ10) 

3.  ʤʰʥʫʮʤ( ʭʥʫʱʤ ʭʠNim Sumʱʴʠ ʠʥʤ )-  ʹʩ ,ʺʸʧʠ .ʩʰʹʤ ʯʷʧʹʬ ʸʥʺʤ ʺʠ ʸʩʡʲʤʬ ʷʸ ,ʸʡʣ ʺʥʹʲʬ ʪʸʥʶ ʯʩʠ

.ʱʴʠ ʤʩʤʩ ʭʥʫʱʤʹ ʪʫ ʺʥʸʥʹʤ ʺʧʠʮ ʭʩʰʩʰʴ ʬʹ ʥʤʹʬʫ ʸʴʱʮ ʸʩʱʧʤʬ 

:ʤʮʢʥʣ 

 ʯʠʥʧ ʥʰʬ ʤʠʸʮ3  :ʭʩʰʩʰʴ ʺʥʸʥʹ3 ,4 ʥ-5 .ʤʮʠʺʤʡ ʭʩʰʩʰʴ 

 

 ʣʲ ʭʩʸʴʱʮ ʢʥʶʩʩʬ ʺʥʮʩʠʺʮʤ ,ʺʥʩʸʠʰʩʡ ʺʥʸʴʱ ʲʡʸʠʡ ʹʮʺʹʰ( ʩʸʠʰʩʡ ʢʥʶʩʩ15 ,ʹ ʸʩʡʱʹ ʪʫ:)ʭʩʱʴʠʡ ʬʩʧʺʩ ʸʴʱʮʤ 

0011 (3) 

0100 (4) 

0101 (5) 

:ʠʡʤ ʸʥʨʬ ʠʹʰ ʭʩʸʩʡʲʮ ʠʬʥ ,ʣʸʴʰʡ ʸʥʨ ʬʫ ʭʩʮʫʱʮ ʸʥʫʦʫ .ʭʥʫʱʤ ʺʠ ʡʹʧʰ 

0010 

ʬʫʸʩʱʤʬ ʭʩʫʩʸʶ ʥʰʧʰʠ ʭʩʰʩʰʴ ʤʮʫ .ʱʴʠ ʥʰʩʠ ʲʢʸʫ ʭʥʫʱʤ ʸʮʥ-  ʯʫʩʤʮʥ– ?ʱʴʠ ʤʩʤʩ ʭʥʫʱʤʹ ʩʣʫ 

 ʸʩʱʰ ʭʠ ...2 ʺ ʤʰʥʹʠʸʤ ʤʸʥʹʤʮ ʭʩʰʩʰʴʠʹ:ʤʩʤʩ ʺʥʩʸʠʰʩʡʤ ʭʩʰʩʰʴʤ ʡʶʮʥ ,ʺʧʠ ʤʰʩʰʴ ʤʡ ʸ 

https://en.wikipedia.org/wiki/Nim
https://en.wikipedia.org/wiki/Nim
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0001 (1) 

0100 (4) 

0101 (5) 

:ʭʥʫʱʤ 

0000 

ʸʩʠʹʤʬ ʭʩʬʥʫʩ ʥʰʠ ʥʡ ʡʶʮʬ ʲʩʢʰʹ ʣʲ ʪʩʬʤʺʡ ʪʩʹʮʰ .ʧʶʰʬʥ ʺʧʠ ʤʰʩʰʴ ʷʸ 

 

 ʬʩʢʸʺ2.7ʭʩʷʧʹʮ ʤʸʹʲ ʥʧʶʰ : 

ʸʢʺʠ !ʭʩʰʥʹʠʸʤ ʭʩʡʬʹʤ ʺʸʹʲʡ ʯʠʥʧ ʺʠ ʥʧʶʰ- .ʭʬʹʥʮ ʺʥʰʥʧʶʰ ʯʦʠʮ ʬʲ ʸʥʮʹʬʥ ʷʧʹʮ ʳʠʡ ʣʩʱʴʤʬ ʠʬ ʥʱʰ 
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 ʲʣʩʮ ʢʥʶʩʩʡʹʧʮʡ 

 ʱʩʱʡ ʺʸʦʲʡʹ ʺʬʴʸʥʲʮ ʤʧʨʡʤ ʥʰʺʰ ,ʤʸʩʴʱ ʩʱʩʱʡ ʣʥʮʬʬ ʩʠʣʫ ʤʮʬ ʸʩʡʱʤʬ ʥʰʩʱʩʰʹʫ ,ʷʸʴʤ ʺʬʩʧʺʡ ʩʬʮʩʶʣʱʷʤʥ ʩʸʠʰʩʡ

ʸʨʹʤ ʺʠ ʲʥʸʴʬ ʯʮʦʤ ʲʩʢʤ ʥʩʹʫʲ .ʭʩʡʹʧʮ ʭʲ ʣʥʡʲʬ ʸʺʥʩ ʬʷ –  ʤʡ ʪʸʣʤ ʬʲ ,ʡʹʧʮʤ ʪʥʺʡ ʤʸʥʷ ʤʮ ʬʲ ʸʡʣʬ ʸʥʡʲʰ

.ʥʰʣʮʬʹ ʸʮʥʧʤ ʬʹ ʺʥʩʹʥʮʩʹʤ ʺʠ ʺʥʠʸʬ ʬʫʥʰ ,ʪʫ .ʡʹʧʮʡ ʢʶʥʩʮ ʲʣʩʮ 

ʺʩʡʩʱ – Bit 

 ʪʸʲ ʬʡʷʮ ʨʩʡ .ʣʣʥʡ ʨʩʡ ʠʩʤ ʡʹʧʮʡ ʲʣʩʮ ʬʹ ʸʺʥʩʡ ʤʰʨʷʤ ʤʣʩʧʩʤ ʯʺʩʰ ʣʣʥʡ ʨʩʡ ʺʥʲʶʮʠʡ .ʣʧʠ ʥʠ ʱʴʠ

 ,ʭʥʣʠ ʥʠ ʷʥʸʩ ,ʤʨʮʬ ʥʠ ʤʬʲʮʬ ,ʸʷʹ ʥʠ ʺʮʠ ,ʣʧʠ ʥʠ ʱʴʠ ,ʤʮʢʥʣʬ .ʤʦʮ ʤʦ ʭʩʰʥʹ ʭʩʫʸʲ ʩʰʹ ʬʫ ʢʶʩʩʬ340 

 ʥʠ519ʬʲ ʢʥʶʩʩʬ ʭʩʰʺʩʰ ʤʦʮ ʤʦ ʭʩʰʥʹ ʭʩʫʸʲ ʩʰʹ ʬʫ .־ ʭʩʫʸʲ ʩʰʹ ʷʸ ʥʺʥʲʶʮʠʡ ʢʶʩʩʬ ʯʺʩʰ ʪʠ  ,ʣʣʥʡ ʨʩʡ ʩʣʩ

.ʭʩʰʥʹ 

ʩʬʫʺʱʮʹʫ ,ʪʫ ʭʠ ʧʰʲʴʬ ʯʺʩʰ ,ʸʮʥʬʫ .ʺʲʣʬ ʪʸʣ ʯʩʠʹ ,ʠʩʤ ʤʡʥʹʺʤ ?ʢʶʩʩʮ ʠʥʤ ʭʩʫʸʲ ʩʰʹ ʥʬʩʠ ʭʩʲʣʥʩ ʪʩʠ ,ʨʩʡ ʬʲ ʭ

ʬʲ ʸʥʮʹʤ ʲʣʩʮʤ ʺʠ־ ʩʡʢʬ ʩʡʷʲ ʺʥʩʤʬ ʠʥʤ ,ʣʥʷ ʺʡʩʺʫʡ ,ʸʷʩʲʤ .ʺʸʧʠ ʺʥʰʹʸʴ ʯʺʩʺ ʪʸʣ ʬʫʥ ,ʭʩʫʸʣ ʯʥʥʢʮʡ ʨʩʡ ʩʣʩ

.ʭʩʰʥʹʤ ʭʩʨʩʡʬ ʭʩʰʺʥʰ ʥʰʧʰʠʹ ʺʥʰʹʸʴʤ 

ʰ ,ʠʹʥʰʤ ʺʠ ʭʩʢʣʤʬ ʩʣʫ ʸʴʱʮʤ .ʺʩʸʠʰʩʡʤ ʤʨʩʹʡ ʭʩʸʴʱʮ ʢʥʶʩʩʡ ʥʰʣ ʥʡʹ ʷʬʧʡ ʸʫʦʩ1100  ʱʩʱʡʡ2  ʭʢʸʥʺʮ ʺʥʩʤʬ ʬʥʫʩ

ʫ ʩʰʥʸʹʲ ʱʩʱʡʬ12־ ʱʥʰʩʮʫ ʭʢ ʬʡʠ ,4  ʩʥʬʺ ʢʶʩʩʮ ʤʦʤ ʭʩʨʩʡʤ ʳʶʸ ʥʺʥʠ ʪʸʲʤ .)ʭʩʩʺʹʬ ʭʩʬʹʮʤ ʺʨʩʹʡ ʥʸʫʦʩʤ(

ʥʰʬʹ ʺʥʰʹʸʴʡ –  ʸʴʱʮʡ ʸʡʥʣʮ ʭʠʤsigned  ʥʠunsigned. 

ʡ ʹʩʹ ʲʣʩʮʤ ʬʫ ʯʥʸʫʩʦ ʠʬ ʡʹʧʮʤ ʯʥʸʫʩʦʡ .ʣʡʬʡ ʭʩʱʴʠʥ ʺʥʣʧʠʡ ʹʥʮʩʹ ʪʥʺ ʸʥʢʠ ,ʤʩʤʺ ʸʹʠ ʥʺʥʲʮʹʮ ʤʩʤʺ ,ʡʹʧʮ

 ʤʸʴʱʤ ʺʮʩʩʷ2ʡ ʭʩʩʷʹ ʤʮ ʬʫ .ʯʨʷ ʥʠ ʬʥʣʢ ʭʩʩʷ ʠʬ ,ʱʥʰʩʮ ʭʩʩʷ ʠʬ ,ʤ ʯʥʸʫʩʦ ʡʹʧʮʠʥʤ  ,ʭʩʱʴʠʥ ʺʥʣʧʠ ʬʹ ʳʶʸ ʷʸ

ʸʡʣ ʬʫ ʬʹ ʢʥʶʩʩ ʭʩʸʹʴʠʮ ʭʤʬ ʯʺʥʰ ʡʹʧʮʤʹ ʺʥʰʹʸʴʤ ʩʴ ʬʲʹ – ʧʮ ʬʧʤ.ʥʠʣʩʥ ʩʨʸʱʡ ʤʬʫʥ ʭʩʩʨʮʺʮ ʭʩʡʥʹʩ 

 ʭʩʣʣʥʡ ʭʩʨʩʡʡ ʹʥʮʩʹʤ ,ʭʩʫʸʲ ʩʰʹ ʷʸ ʢʶʩʩʬ ʯʺʩʰ ʣʣʥʡ ʨʩʡ ʺʥʲʶʮʠʡʹ ʯʥʥʩʫʭʩʬʡʢʥʮ ʭʩʹʥʮʩʹ ʬʲʡ ʠʥʤ ,ʤʦ ʭʥʷʮʡ .

 ʭʩʹʥʮʩʹʤ ʡʥʸʬ.ʭʩʨʩʡ ʬʹ ʭʩʴʱʥʠʡ ʭʩʹʮʺʹʮ 

ʤʱʩʢʰ –Nibble 

Nibble .ʭʩʨʩʡ ʤʲʡʸʠ ʬʹ ʳʱʥʠ ʠʥʤNibble  ʢʶʩʩʬ ʬʥʫʩ2  ʺʷʦʧʡ4 ʩʫʸʲ ʸʮʥʬʫ ,ʭʩʰʥʹ ʭ16  ʤʸʷʮʡ .ʭʩʫʸʲ

 ,ʩʬʮʩʶʣʱʷʤ ʸʴʱʮ ʬʹNibble  ʭʩʫʸʲʤ ʺʠ ʢʶʩʩʬ ʬʥʫʩ0,1,2,3,4,5,6,7,8,9,A,B,C,D,E,F  ʯʠʫʮʥ

ʥʺʥʡʩʹʧ–  ʱʩʱʡʡ ʥʺʥʠ ʠʥʸʷʬ ʧʥʰ ʠʬ ,ʡʹʧʮʤ ʯʥʸʫʩʦʡ ʭʩʬʫʺʱʮ ʥʰʧʰʠʹʫ2 ʱʩʱʡʡ ʢʥʶʩʩ .ʣʡʬʡ ʭʩʱʴʠʥ ʺʥʣʧʠ ,

16  ʬʲ ʬʷʩʥ ʺʧʠ ʤʸʴʱʬ ʭʩʨʩʡ ʤʲʡʸʠ ʬʫ ʱʥʧʣʩ.ʤʮʢʥʣ ʤʠʸʰ .ʤʸʩʫʦʤʥ ʤʠʩʸʷʤ 

ʠʡʤ ʳʶʸʤ ʺʠ ʬʬʥʫ ʡʹʧʮʤ ʯʥʸʫʩʦʹ ʧʩʰʰ – :ʤʴ ʬʲʡ ʥʺʥʠ ʸʥʫʦʬ ʥʱʰ 

11011110101011011100000011011110 

ʩʶʣʱʷʤ ʭʩʸʴʱʮʬ ʳʶʸʤ ʺʠ ʭʢʸʺʰʬʮ:ʺʸʫʥʮʤ ʤʸʮʤʤ ʺʬʡʨ ʩʴʬ ʭʩʩ 
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:ʬʡʷʰʥ 

11011110101011011100000011011110 

  D      E      A       D      C      0       D      E 

?ʥʩʹʫʲ ʸʺʥʩ ʤʬʷ ʲʣʩʮʤ ʺʸʩʫʦ ʭʠʤ... 

ʺʩʡ –Byte 

( ʺʩʡByte) ʤʬʹʮ ʺʡʥʺʫ ʤʬ ʹʩʹ ʸʺʥʩʡ ʤʰʨʷʤ ʤʣʩʧʩʤ ʭʢ ʠʥʤʥ ,ʭʩʨʩʡ ʤʰʥʮʹ ʬʹ ʳʱʥʠ ʠʥʤ–  ʷʬʥʧʮ ʯʥʸʫʩʦʤ

ʰʨʷʤ ʯʥʸʫʩʦʤ ʺʣʩʧʩʹ ʠʩʤ ʸʡʣʤ ʺʥʲʮʹʮ .ʣʩʧʩ ʺʩʡ ʬʹ ʠʩʤ ʺʡʥʺʫ ʬʫʥ ,ʺʥʡʥʺʫʬ ʤʩʬʠ ʺʹʢʬ ʯʺʩʰʹ ʸʺʥʩʡ ʤ

ʬʲ ʦʠʥ ,ʩʥʶʸʤ ʨʩʡʤ ʺʠ ʬʩʫʮʹ ʺʩʡʤ ʬʫ ʺʠ ʠʥʸʷʬ ʹʸʣʰ ,ʨʩʡ ʧʩʰʰ ,ʸʺʥʩ ʤʰʨʷ ʤʣʩʧʩʬ ʺʹʢʬ ʩʣʫ .ʺʩʡ ʠʩʤ־ ʩʣʩ

 .ʨʩʡʤ ʺʠ ʣʣʥʡʬ ʸʹʴʠ )ʺʥʩʢʥʬ ʺʥʣʥʷʴ ʸʩʡʱʮʹ ʷʬʧʡ ,ʪʹʮʤʡ ʤʩʬʲ ʣʮʬʰ( ʭʩʨʩʡ ʪʥʱʩʮ ʺʠʸʷʰʹ ʤʬʥʲʴ 

:ʠʡʤ ʸʣʱʤ ʩʴʬ ʭʩʸʴʱʥʮʮ ʺʩʡ ʬʫ ʪʥʺʡ ʭʩʨʩʡʤ 

 

 ʩʰʹ ʬʹ ʳʥʸʩʶʫ ʭʢ ʭʤʩʬʠ ʱʧʩʩʺʤʬ ʯʺʩʰ ʸʹʠʫNibbles: 
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 ʤʬʩʮ– Word 

( ʤʬʩʮWord ) ʬʹ ʳʱʥʠ ʠʩʤ16  ʺʷʦʧʡ ʭʩʩʺʹ ʢʶʩʩʬ ʯʺʩʰ ʤʬʩʮ ʺʥʲʶʮʠʡ .ʭʩʺʡ ʩʰʹ ʷʥʩʣʡ ʥʠ ,ʭʩʨʩʡ16 ʥʠ ,

65,536 ʩʬʡʮʱʠʡ .ʭʩʰʥʹ ʭʩʫʸʲ ,16  ʩʣʫ ʸʷʩʲʡ ʤʬʩʮ ʬʣʥʢʡ ʭʩʰʺʹʮʡ ʹʮʺʹʰ ,ʤʦ ʸʴʱ ʱʧʩʩʺʮ ʥʩʬʠ ,ʨʩʡ

.ʯʥʸʫʩʦʡ ʺʥʡʥʺʫ ʥʠ ʭʩʸʴʱʮ ʩʫʸʲ ʸʥʮʹʬ 

:ʭʩʺʡʬ ʭʺʷʥʬʧʥ ʤʬʩʮ ʪʥʺʡ ʭʩʨʩʡ ʬʹ ʸʥʴʱʮ 

 

 

 ʤʬʥפʫ ʤʬʩʮ– Double Word 

( ʤʬʥʴʫ ʤʬʩʮDouble Word  ʸʥʶʩʷʡ ʥʠDWORD)  ʬʹ ʳʱʥʠ ʠʩʤ32  ʤʲʡʸʠ ʥʠ ,ʭʩʬʩʮ ʩʺʹ ʥʠ ,ʭʩʨʩʡ

ʹ ʭʩʫʸʲʤ ʸʴʱʮ .ʭʩʺʡ-Double Word  ʠʥʤ ʬʡʷʬ ʬʥʫʩ2  ʺʷʦʧʡ32 ʭʩʸʴʱʮ ʷʩʦʧʤʬ ʸʹʴʠʮʹ ʤʮ ,

Unsigned  ʭʥʧʺʡ0  ʣʲ4,294,967,295 ʭʩʸʴʱʮ ʥʠ ,Signed  ʭʥʧʺʡ2,147,482,648-   ʣʲ

2,147,482,647 . 

 

 ʣʥʷASCII 

 ʣʥʷAmerican Standard Code for Information Interchange ʸʥʶʩʷʡ ʥʠ ,ASCII ʣʥʷʤ ʠʥʤ ,

ʡ ʹʮʺʹʮ ʣʥʷʤ .ʭʩʥʥʺʥ ʺʥʩʺʥʠ ʢʥʶʩʩʬ ʵʥʴʰʤ-7  ʢʶʩʩʬ ʩʣʫ ʭʩʨʩʡ128  ʯʩʡ ʸʴʱʮ ʭʠʺʥʮ ʥʺ ʬʫʬʹ ʯʠʫʮ ,ʭʩʥʥʺ

0 ʬ-127. 
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 ʨʱʷʨʤ ,ʤʮʢʥʣʬ“HELLO WORLD!”  ʣʥʷʡ ʢʶʥʩʮASCII ʬʲ-:ʭʩʸʴʱʮʤ ʳʶʸ ʩʣʩ 

726976767932877982766833 
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 :ʯʥʸʫʩʦʡ ʠʡʤ ʢʥʶʩʩʤ ʺʠ ʬʡʷʰ )ʺʠʦ ʭʩʹʥʲ ʪʩʠ ʣʮʬʰ ʪʹʮʤʡ( ʡʹʧʮʤ ʯʥʸʫʩʦ ʬʠ ʬ"ʰʤ ʨʱʷʨʤ ʺʠ ʷʩʺʲʰ ʭʠ 

 

 

 

ʭʥʫʩʱ 

ʴʱʮ ʭʲ ʣʥʡʲʬ ʥʰʣʮʬ ʤʦ ʷʸʴʡ ʩʺʹʡ ʥʰʣʷʮʺʤ .ʤʩʬʠ ʭʩʬʩʢʸ ʥʰʧʰʠʹ ʺʩʰʥʸʹʲʤ ʤʨʩʹʤ ʸʹʠʮ ʺʥʰʥʹ ʤʸʩʴʱ ʺʥʨʩʹʡ ʭʩʸ

 ʠʥʸʷʬ ʥʰʩʬʲ ʤʬʷʮʹ ,ʺʩʬʮʩʶʣʱʷʤʤ ʤʨʩʹʤʥ ,ʡʹʧʮʤ ʯʥʸʫʩʦʡ ʭʩʫʸʲ ʬʹ ʢʥʶʩʩʬ ʺʹʮʹʮʹ ,ʺʩʸʠʰʩʡʤ ʤʨʩʹʤ :ʺʥʨʩʹ

.ʭʩʩʸʠʰʩʡ ʭʩʫʸʲ 

ʩʩʺʹ ʱʩʱʡ ʯʩʡ ʤʸʮʤʬ ʪʸʣ ʸʥʶʩʷ ʹʩʹ ʥʰʩʠʸʥ ʱʩʱʡʬ ʱʩʱʡʮ ʺʥʸʮʤ ʥʰʬʢʸʺ.ʤʸʹʲ ʹʹ ʱʩʱʡʬ ʭ 

ʺʥʩʱʩʱʡ ʯʥʡʹʧ ʺʥʬʥʲʴ ʬʹ ʲʥʶʩʡʬ ʥʰʸʡʲ ʯʫʮ ʸʧʠʬ- ʷʥʬʩʧʥ ʬʴʫ ,ʸʥʱʩʧ ,ʸʥʡʩʧ- .ʸʹʲ ʱʩʱʡ ʭʰʩʠʹ ʭʩʱʩʱʡʡ 

 ʭʩʬʹʮʤ ʺʨʩʹʥ ʣʧʠʬ ʭʩʬʹʮʤ ʺʨʩʹ ,ʯʮʩʱʥ ʬʣʥʢ ʺʨʩʹ :ʺʥʨʩʹ ʸʴʱʮ ʥʰʸʷʱ .ʭʩʩʬʩʬʹ ʭʩʸʴʱʮ ʬʹ ʢʥʶʩʩʬ ʥʰʸʡʲ ʭʹʮ

ʤ ʬʹ ʺʥʰʥʸʱʧʤ ʬʲ ʺʥʰʲʬ ʩʣʫ ʤʧʺʥʴʹ ,ʭʩʩʺʹʬ.ʺʥʮʣʥʷʤ ʺʥʨʩʹ 

 .ʩʬʮʩʶʣʱʷʤʥ ʩʸʠʰʩʡ ʱʩʱʡʡ ʹʥʮʩʹ ʬʹ ʺʥʰʥʸʺʩʤ ʺʠ ʥʰʩʠʸʥ ʯʥʸʫʩʦʡ ʭʩʰʥʹ ʭʩʫʸʲ ʸʮʥʹ ʡʹʧʮ ʪʩʠ ʥʰʸʷʱ ,ʤʦ ʷʸʴ ʭʥʩʱʡ

 ʤʰʡʮʡ ʷʮʲʺʰʥ ʡʩʧʸʰ ʥʡ ʠʡʤ ʷʸʴʬ ʸʥʡʲʬ ʭʩʬʹʡ ʥʰʧʰʠʥ ,ʡʹʧʮʡ ʭʩʢʶʥʩʮ ʭʩʰʥʹ ʭʩʢʥʱʮ ʭʩʸʴʱʮ ʪʩʠ ʭʩʰʩʡʮ ʥʰʧʰʠ ʺʲʫ

.ʡʹʧʮʤ 
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ʠʥʡʮ 

 ʣʥʷʤ ʯʩʡ ʣʩʸʴʮ ʯʨʷ ʸʬʡʮʱʠ ʷʸ .ʡʹʧʮʤ ʬʹ ʤʸʮʥʧʤ ʬʥʮ ʸʺʥʩʡ ʤʡʥʸʷʤ ʤʸʥʶʡ ʺʣʡʥʲʹ ʤʰʫʥʺʤ ʺʴʹ ʠʩʤ ʩʬʡʮʱʠ

 ,ʺʩʰʫʺ ʡʥʺʫʬ ʩʣʫ ʯʫʬ .ʤʰʥʫʮ ʺʴʹʬ ʩʬʡʮʱʠʮ ʭʥʢʸʺʡ ʥʱʰʺʺ ʭʢ ʪʹʮʤʡʥ ,ʤʰʥʫʮ ʺʴʹ ʯʩʡʬ ʩʬʡʮʱʠʡ ʭʩʡʺʥʫ ʭʺʠʹ

 ʥʬʩʴʠתʩסʩבסʮʥʧʤʥ ʡʹʧʮʤ ʯʥʢʸʠ ʬʹ ʤʰʡʤ ʺʹʸʣʰ ,ʩʬʡʮʱʠ ʺʴʹʡ , ʭʩʸʥʹʩʫ ʪʩʸʶ ʩʲʥʶʷʮ ʯʴʥʠʡ ʸʡʩʩʱʡ ʷʥʱʲʬ ʩʣʫ .ʤʸ

 .ʤʰʫʥʺ ʬʹ ʤʶʩʸʤ ʺʥʸʩʤʮ ʺʠʬʲʤ ʥʠ ʱʴʥʺ ʣʥʷʹ ʯʥʸʫʩʦʤ ʬʣʥʢ ʺʰʨʷʤ ,ʤʰʫʥʺʡ ʭʩʢʠʡ ʺʠʩʶʮ ʥʮʫ ʺʥʮʣʷʺʮ ʺʥʬʥʲʴ ʲʥʶʩʡʬ

 ʤʰʡʤ ʺʹʸʣʰ ʤʬʠʫ ʺʥʮʣʷʺʮ ʺʥʬʥʲʴ ʺʡʥʨʬʤבʥʨ   .ʤʰʫʥʺʬ ʤʸʮʥʧʤ ʯʩʡ ʸʹʷʤʥ ʡʹʧʮʤ ʺʬʥʲʴ ʯʴʥʠ ʬʹ 

ʬʲ ʣʮʬʰ ʥʰʧʰʠ  ʺʧʴʹʮʮ ʣʡʲʮ ʯʢʸʥʠʮ ʤʡʹ ʪʸʣʤ ʧʥʺʩʰ ʺʥʲʶʮʠʡ ʡʹʧʮʤ ʯʥʢʸʠ80x86 ʺʧʴʹʮ .ʬʨʰʩʠ ʬʹ

ʤ80־x86ʤ ʭʥʷʮʡ ʸʹʠʫ ,ʭʩʣʡʲʮ ʸʴʱʮ ʺʬʬʥʫ־X  ,ʥʦ ʤʧʴʹʮʬ ʯʥʹʠʸʤ ʣʡʲʮʤ .ʣʡʲʮʤ ʸʥʣ ʺʠ ʺʰʩʩʶʮʹ ʤʸʴʱ ʤʰʹʩ

 ʠʸʷʰʹ8086 ʺʰʹʡ ʤʰʥʹʠʸʬ ʸʶʥʩ ,1978 ʣʡʲʮʤʹ ʧʩʰʤʬ ʸʩʡʱ ,ʤʦʤ ʸʴʱʤ ʺʠ ʭʩʠʸʥʷ ʭʺʠ ʭʠ ..ʭʺʣʬʥʰʹ ʩʰʴʬ ʠʶʩ 

 

ʺʩʹʠʸ, ʥʰʮʶʲ ʺʠ ʬʠʹʰʹ ʩʥʠʸ–  ʺʥʩʤʬ ʤʬʥʫʩ ʺʬʲʥʺ ʥʦʩʠʬʰʺʹʮ ʭʩʡʹʧʮʤ ʺʸʮʥʧ ʩʸʤ ?ʯʹʥʩʮ ʪʫ ʬʫ ʣʡʲʮ ʣʥʮʩʬʤ  ʬʫ

 ʸʴʱʮ?ʤʩʸʥʨʱʩʤʤ ʩʴʣʡ ʥʮʥʷʮʹ ʣʡʲʮ ʺʥʲʶʮʠʡ ʸʡʩʩʱʤ ʭʬʥʲʬ ʩʹʲʮ ʥʤʹʮ ʣʥʮʬʬ ʸʹʴʠ ʪʩʠ .ʺʥʣʣʥʡ ʭʩʰʹ 

:ʥʦ ʤʬʠʹʬ ʺʥʡʥʹʺ ʤʮʫ ʯʰʹʩ ,ʯʫʡʥ 

 ʤ ʣʡʲʮ80־x86  ʭʩʣʡʲʮʤʮ ʤʰʥʹ ʠʥʤ ʯʩʠ ʤʦ ʨʡʩʤʡ .ʪʹʮʤʡ ʨʸʴʰ ʤʩʬʲ ,ʯʮʩʥʰ ʯʥʴ ʺʸʥʨʷʨʩʫʸʠ ʩʴ ʬʲ ʯʢʸʥʠʮ

.)ʸʴʱʤ ʺʡʩʺʫ ʯʮʦʬ ʯʥʫʰ( ʸʺʥʩʡ ʭʩʮʣʷʺʮʤ 

 ʤ ʩʣʡʲʮ ʭʲ ʸʥʧʠʬ ʺʥʮʩʠʺ ʬʲ ʺʸʮʥʹ ʬʨʰʩʠ ʬʹ ʭʩʣʡʲʮʤ ʺʧʴʹʮ ʬʫ80־x86 ʡʥʺʫʬ ʭʩʬʥʫʩ ʭʺʠ ,ʸʮʥʬʫ .

 ʣʡʲʮ ʬʲ ʵʥʸʺʹ ʩʬʡʮʱʠ ʺʣʥʷʴ8086 ʣʡʲʮʤʥ ,.ʤʺʥʠ ʵʩʸʤʬ ʬʫʥʩ ʬʨʰʩʠ ʬʹ ʸʺʥʩʡ ʹʣʧʤ 

 ʤ ʣʡʲʮʥ ,ʥʤʹʬʫ ʭʥʷʮʮ ʬʩʧʺʤʬ ʪʩʸʶ ʡʹʧʮʤ ʯʥʢʸʠ ʺʠ ʣʥʮʬʬ ʬʩʡʹʡ80־x86 .ʥʰʮʮ ʬʩʧʺʤʬ ʡʥʨ ʭʥʷʮ ʠʥʤ 
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ʯʮʩʥʰ ʯʥʴ ʺʰʥʫʮ–Von Neumann Machine 

 ʸʥʡʲ ʨʩʣʸʷʤ ʥʬ ʯʺʩʰʥ ,ʭʩʡʹʧʮ ʯʥʰʫʺʡ ʵʥʬʧ ʤʩʤ ʯʮʩʥʰ ʯʥʴ ʯʥ'ʢ .ʤʸʥʨʷʨʩʫʸʠ ʠʸʷʰ ʡʹʧʮ ʬʹ ʩʱʩʱʡʤ ʯʥʰʫʺʤ

 .ʭʥʩʤ ʭʤʡ ʭʩʹʮʺʹʮ ʥʰʧʰʠʹ ʭʩʡʹʧʮʤ ʡʥʸ ʬʹ ʤʸʥʨʷʨʩʫʸʠʤ ʺʩʬʢʰʠʡ ʥʠ( ʯʮʩʥʰ ʯʥʴ ʺʸʥʨʷʨʩʫʸʠVon 

Neumann Architecture – VNA)  :ʺʥʩʦʫʸʮ ʯʩʩʰʡ ʩʰʡʠ ʹʥʬʹ ʺʬʬʥʫʩ ʺʣʩʧ ʺʩʦʫʸʮʤ ʣʥʡʩʲʤ

(Central Processing Unit – CPU( ʯʥʸʫʩʦ ,)Memory( ʨʬʴ/ʨʬʷʥ )I/O.) 

 

 ʯʮʩʥʰ ʯʥʴ ʯʥ'ʢJohn Von Neumann (1903–1957 )ʯʥʹʠʸʤ ʩʬʨʩʢʩʣʤ ʡʹʧʮʤʥ 

ʮʡʭʩʣʡʲ  ʺʸʥʨʷʨʩʫʸʠ ʩʱʱʥʡʮVNAʤ ʺʧʴʹʮ ʥʮʫ ,80־x86 ,ʺʲʶʡʮʺʩʦʫʸʮʤ ʣʥʡʩʲʤ ʺʣʩʧʩ  ʲʣʩʮ .ʭʩʡʥʹʩʧʤ ʬʫ ʺʠ

ʮʬ ʺʥʠʸʥʤʥʬʲ ʭʩʹʸʣʰ ʭʤʹ ʣʲ ʯʥʸʫʩʦʡ ʭʩʠʶʮʰ )ʺʩʰʫʥʺʤ ʣʥʷ ʠʸʷʰʹ ʤʮ( ʣʡʲ־ ʨʬʷʤ ʺʥʣʩʧʩ ,ʣʡʲʮʤ ʺʰʩʧʡʮ .ʣʡʲʮʤ ʩʣʩ

 ʯʩʡʬ ʯʥʸʫʩʦʡ ʭʥʷʮ ʯʩʡ ʩʸʷʩʲʤ ʬʣʡʤʤ .ʲʣʩʮ ʯʤʮ ʠʥʸʷʬʥ ʲʣʩʮ ʯʤʩʬʠ ʧʥʬʹʬ ʬʥʫʩ ʣʡʲʮʤʹ ʯʥʥʩʫ ,ʯʥʸʫʩʦ ʥʮʫ ʺʥʠʸʰ ʨʬʴ /

ʮ ʬʬʫ ʪʸʣʡ ʨʬʴ / ʨʬʷʤ ʺʥʣʩʧʩʹ ʠʥʤ ,ʨʬʴ / ʨʬʷ ʭʥʷʮ.)ʺʣʬʷʮ ʯʥʢʫ( ʣʡʲʮʬ ʩʰʥʶʩʧʤ ʭʬʥʲʡ ʭʩʠʶʮʰʹ ʭʩʰʷʺʤʬ ʺʥʫʩʥʹ 
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 ʬʹ ʺʩʦʫʸʮʤ ʣʥʡʩʲʤ ʺʣʩʧʩʸʹʷʺʮ ʣʡʲʮʤʺ  ʭʩʠʸʷʰʹ ʺʸʥʹʷʺ ʩʥʥʷ ʺʥʲʶʮʠʡ ʨʬʴ / ʨʬʷʤ ʺʥʣʩʧʩ ʭʲʥ ʯʥʸʫʩʦʤ ʭʲBus ,

 ʺʩʸʡʲʡ ʥʠʭʩʱʴ.ʩʣʥʧʩʩ ʣʩʷʴʺ ʹʩ ʣʧʠ ʬʫʬʹ ,ʺʸʥʹʷʺ ʩʥʥʷ ʬʹ ʭʩʰʥʹ ʭʩʢʥʱ ʹʩ . 

 

ʡ ʭʩʡʩʫʸʤ ʺʥʮʹ־VNA ,ʺʩʬʢʰʠʡ ʭʩʬʡʥʷʮʤ ʭʩʢʹʥʮʡ 

 
ʭʩʢʹʥʮʤ ʭʩʬʡʥʷʮʤ ʺʩʸʡʲʡ 
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 ʺʰʥʮʺʤ ʣʡʲʮ ʬʹ ʯʢʨʰʸ8086־  ʠʥʤ ʩʺʩʮʠʤ ʬʣʥʢʤ ,ʤʬʣʢʤʡ ʤʰʥʮʺʤ(33 )ʭʩʲʡʥʸʮ ʮ"ʮ .ʭʩʰʥʹʤ ʭʩʱʴʤ ʭʤ ʭʩʸʩʤʡʤ ʭʩʥʥʷʤ .

 ʩʥʥʷ ʭʤ ʳʷʩʤʬ ʭʩʸʡʥʧʮʤ ʭʩʤʫʤ ʭʩʨʥʧʤ .ʣʡʲʮʤ ʬʹ ʩʮʩʰʴ ʯʥʸʫʩʦ ʠʥʤ ʤʨʮʬ ʯʩʮʩ ʣʶʮ ʲʡʥʸʮʤʤ ʩʡʩʫʸʬ ʺʸʥʹʷʺʤ-I/O 

.ʣʡʲʮʬ ʵʥʧʮʹ 

 

 ʺʫʸʲʮʤ ʩʱʴ– SYSTEM BUSES 

( ʺʫʸʲʮʤ ʩʱʴSystem Buses)  ʺʥʰʥʫʮ ʬʹ ʭʩʰʥʹʤ ʭʩʡʩʫʸʤ ʺʠ ʭʩʸʡʧʮVNAʤ ʺʧʴʹʮʡ .-80x86 ʤʹʥʬʹ ʭʰʹʩ

 ʭʩʰʥʺʰʤ ʱʴ :ʭʩʩʸʷʩʲ ʭʩʱʴ–DATA BUS ʱʴ ,  ʮ  ̡ʭʩʰ–ADDRESS BUS  ʤʸʷʡʤ ʱʴʥ–CONTROL BUS ʱʴ ʬʫ .

 ʳʱʥʠ ʤʹʲʮʬ ʠʥʤʺʥʰʥʹ ʩʬʮʹʧ ʧʺʮ ʺʥʮʸ ʭʤ ʭʩʸʡʲʥʮʤ ʺʥʺʥʠʤ .ʭʩʰʥʹʤ ʭʩʡʩʫʸʤ ʯʩʡ ʺʥʺʥʠ ʭʩʸʩʡʲʮʹ ʬʮʹʧ ʩʥʥʷ ʬʹ– 

 ʢʶʩʩʮʹ ʧʺʮ ʹʩ0  ʢʶʩʩʮʹ ʧʺʮ ʹʩʥ1ʫ ʷʸ ʯʤʩʬʠ ʱʧʩʩʺʰ ,ʣʡʲʮʬ ʣʡʲʮ ʯʩʡ ʺʥʰʥʹ ʧʺʮʤ ʺʥʮʸʹ ʯʥʥʩʫ .0־ ʫ ʥʠ1־ . 

ʥʹʷʺʬ ,ʧʩʰʰ ,ʣʧʠ ʱʴ ʷʩʴʱʮ ʠʬ ʤʮʬ ?ʺʫʸʲʮ ʩʱʴ ʬʹ ʳʱʥʠ ʪʩʸʶ ʤʮ ʬʩʡʹʡ ?ʯʥʸʫʩʦʬ ʣʡʲʮʤ ʯʩʡ ʺʸ 

" ʯʥʸʫʩʦʬ ʧʬʹ ʣʡʲʮʤʹ ʧʩʰʰ1000h ʬʹ ʭʣʩʷʴʺ ?ʯʥʸʫʩʦʡ ʥʺʥʠ ʸʥʮʹʬ ʹʩʹ ʲʣʩʮʡ ʥʠ ,ʯʥʸʫʩʦʡ ʺʡʥʺʫʡ ʸʡʥʣʮ ʭʠʤ ."

.ʭʩʸʡʥʲʹ ʤʠʸʥʤʥ ʯʥʺʰ ʬʫʬ ʤʸʥʸʡ ʺʥʰʹʸʴ ʺʺʬ ʸʹʴʠʬ ʠʥʤ ʭʩʰʥʹʤ ʭʩʱʴʤ 
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ʭʩʰʥʺʰ ʱʴ–DATA BUS 

ʰʥʹʤ ʭʩʡʩʫʸʮʤ ʯʩʡ ʭʩʰʥʺʰ ʺʸʡʲʤʬ ʹʮʹʮ ʭʩʰʥʺʰʤ ʱʴ ʬʹ ʺʥʰʥʹ ʺʥʧʴʹʮ ʯʩʡ ʤʰʺʹʮ ʭʩʰʥʺʰʤ ʱʴ ʬʣʥʢ .ʡʹʧʮʤ ʬʹ ʭʩ

 ʬʩʫʮ ʭʩʰʥʺʰʤ ʱʴ ʭʩʩʨʸʣʰʨʱ ʭʩʡʹʧʮʡ .ʭʩʣʡʲʮ16 ,32  ʥʠ64  .ʭʩʥʥʷ 

 ʬʹ ʭʩʰʥʺʰ ʱʴ ʥʬ ʹʩʹ ʡʹʧʮ16  ʸʩʡʲʤʬ ʬʢʥʱʮ ʭʩʥʥʷ16  ʬʹ ʱʴʬ ʸʡʥʧʮʹ ʣʡʲʮʹ ʸʮʥʠ ʤʦ ʯʩʠ .ʺʧʠ ʺʡʡ ʭʩʨʩʡ16 

 ʬʹ ʭʩʰʥʺʰ ʣʥʡʩʲʬ ʬʡʢʥʮ ʭʩʨʩʡ16 .ʭʩʨʩʡ ʬ ʺʹʢʬ ʬʥʫʩ ʣʡʲʮʤʹ ʸʮʥʠ ʷʸ ʤʦ16־  ʥʠ ʤʠʩʸʷ ʺʬʥʲʴ ʬʫʡ ʯʥʸʫʩʦ ʬʹ ʭʩʨʩʡ

 .ʲʣʩʮ ʬʹ ʤʡʩʺʫ 

ʬ ʺʹʢʬ ʬʥʫʩʹ ʣʡʲʮʹ ʯʩʩʶʬ ʩʥʠʸ32, 16־  ʥʠ64 ʲʣʩʮ ʬʹ ʸʺʥʩ ʤʰʨʷ ʺʥʮʫʬ ʭʢ ʺʹʢʬ ʬʢʥʱʮ ,ʺʧʠ ʺʡʡ ʭʩʨʩʡ– ʤʮʢʥʣʬ, 

ʭʲ ʭʢ ʺʥʹʲʬ ʯʺʩʰ ,ʸʶ ʭʩʰʥʺʰ ʱʴ ʭʲ ʺʥʹʲʬ ʯʺʩʰʹ ʤʮ ʬʫ ʸʮʥʬʫ .ʣʧʠ ʺʩʡ  ʸʺʥʩ ʡʧʸ ʭʩʰʥʺʰ ʱʴ ʪʠ ,ʸʺʥʩ ʡʧʸ ʭʩʰʥʺʰ ʱʴ

 ʡʥʺʫʬ ʬʫʥʩ ʸʺʥʩ ʡʧʸ ʭʩʰʥʺʰ ʱʴ ʥʬ ʹʩʹ ʣʡʲʮ ,ʯʮʦ ʺʧʷʥʬ ʯʥʸʫʩʦʬ ʤʩʰʴ ʬʫʹ ʯʥʥʩʫ .ʯʥʸʫʩʦʬ ʸʺʥʩ ʤʸʩʤʮ ʤʹʩʢ ʸʹʴʠʮ

.ʭʩʥʥʷ ʺʥʧʴ ʭʲ ʭʩʰʥʺʰ ʱʴ ʥʬ ʹʩʹ ʤʤʦ ʣʡʲʮʮ ʸʺʥʩ ʸʤʮ ʣʥʡʲʩ ʯʫʬʥ ʸʺʥʩ ʸʩʤʮ ʡʶʷʡ ʯʥʸʫʩʦʤʮ ʠʥʸʷʬʥ 

 ʭʩʰʲʮ ʱʴ–ADDRESS BUS 

 ʺʣʩʧʩʡ ʥʠ( ʯʥʸʫʩʦʡ ʸʣʢʥʮ ʸʥʦʠ ʯʩʡ ʲʣʩʮ ʸʩʡʲʮ ʭʩʰʥʺʰʤ ʱʴI/Oʠʩʤ ʤʬʠʹʤ .ʣʡʲʮʤ ʯʩʡʬ )–  ʪʩʠ ,ʬʥʣʢ ʠʥʤ ʯʥʸʫʩʦʤ ʡʧʸʮ

 ʯʥʸʫʩʦʡ ʺʩʡ ʬʫʬ ,ʯʥʸʫʩʦʡ ʭʩʰʥʹ ʺʥʮʥʷʮ ʯʩʡ ʣʩʸʴʤʬ ʩʣʫ .ʥʦ ʤʬʠʹ ʬʲ ʤʰʥʲ ʭʩʰʲʮʤ ʱʴ ?ʯʥʸʫʩʦʡ ʺʹʢʬ ʷʥʩʣʡ ʯʠʬ ʭʩʲʣʥʩ

ʩʡ ,ʸʥʫʦʫ( ʺʣʸʴʰ ʺʡʥʺʫ ʹʩ.)ʤʬʹʮ ʺʡʥʺʫ ʤʬ ʹʩʹ ʯʥʸʫʩʦ ʬʹ ʸʺʥʩʡ ʤʰʨʷʤ ʤʣʩʧʩʤ ʠʥʤ ʺ 

 ʺʣʩʧʩʡ ʥʠ ,ʯʥʸʫʩʦʡ ʥʤʹʬʫ ʭʥʷʮʬ ʺʥʰʴʬ ʤʶʥʸ ʤʰʫʥʺʤ ʸʹʠʫI/O  ʪʥʺʬ ʹʷʥʡʮʤ ʯʥʸʫʩʦʤ ʺʡʥʺʫ ʺʠ ʤʱʩʰʫʮ ʠʩʤ ,ʩʤʹʬʫ

 ʣʡʲʮʬ ʧʥʬʹʬ ʭʩʢʠʥʣʥ ʭʩʰʲʮʤ ʱʴʡʹ ʺʡʥʺʫʤ ʺʠ ʭʩʤʦʮ ʯʥʸʫʩʦʤ ʬʲ ʭʩʨʬʥʹʹ ʭʩʩʰʥʸʨʷʬʠ ʭʩʡʩʫʸ .ʭʩʰʲʮʤ ʱʴ ʲʣʩʮʤ ʺʠ

 .ʣʡʲʮʤ ʧʬʹʹ ʲʣʩʮʤ ʺʠ ʬ"ʰʤ ʺʡʥʺʫʡ ʯʥʸʫʩʦʬ ʡʥʺʫʬ ʥʠ ,ʺʹʷʥʡʮʤ ʺʡʥʺʫʡ 

 ʱʴʡ ʭʩʥʥʷ ʩʰʹ ʥʬ ʹʩʹ ʣʡʲʮ ,ʤʮʢʥʣʬ .ʥʩʬʠ ʺʥʰʴʬ ʬʥʫʩ ʣʡʲʮʤʹ ʺʥʡʥʺʫʤ ʡʧʸʮ ʬʣʥʢ ʺʠ ʺʲʡʥʷ ʭʩʰʲʮʤ ʱʴʡ ʭʩʥʥʷʤ ʺʥʮʫ

 :ʣʡʬʡ ʺʥʡʥʺʫ ʲʡʸʠʬ ʺʥʰʴʬ ʬʫʥʩ ʭʩʰʲʮʤ00,01,10,11 ʥʬ ʹʩʹ ʣʡʲʮ .n  ʺʷʦʧʡ ʭʩʩʺʹʬ ʺʥʰʴʬ ʬʫʥʩ ,ʭʩʰʲʮʤ ʱʴʡ ʭʩʥʥʷ

n ʤ ʣʡʲʮʬ .ʺʥʰʥʹ ʺʥʡʥʺʫ8086־ ʹʩ ,ʤʮʢʥʣʬ ,20  ʠʥʤ ʥʬʹ ʺʥʡʥʺʫʤ ʡʧʸʮ ʸʮʥʬʫ .ʭʩʰʲʮʤ ʱʴʡ ʭʩʥʥʷ1,048,576  ʥʠ(

 ʭʩʮʣʷʺʮ ʭʩʣʡʲʮ .ʸʡʲʮʥ ʬʲʮ ʠʥʤ ʯʥʸʫʩʦ ʬʹ ʣʧʠ ʨʩʩʡʢʮʹ ʥʫʩʸʲʤ ,ʤʦʤ ʣʡʲʮʤ ʺʠ ʥʰʰʫʺʹʫ .)ʭʩʸʹʲ ʺʷʦʧʡ ʭʩʩʺʹ

ʱʴ ʭʩʬʬʥʫ  ʬʹ ʭʩʰʲʮ32 ʡ ʭʩʬʡʢʥʮ ʭʤ ʸʮʥʬʫ ,ʨʩʡ4,294,976,296־ ʭʩʺʡ–  ʭʢ ,ʭʩʩʥʱʮ ʡʬʹʡ .ʨʩʩʡʤʢʩ'ʢ ʤʲʡʸʠ

 ʯʥʢʫ ʤʬʲʴʤ ʺʥʫʸʲʮʥ ʭʩʣʡʲʮ ʭʥʩʫʥ ,ʤʬʡʢʮ ʺʥʩʤʬ ʥʫʴʤ ʯʥʸʫʩʦ ʺʥʡʥʺʫ ʡʧʸʮ ʬʹ ʤʢ'ʩʢ ʤʲʡʸʠWindows 7  ʭʩʫʮʥʺ

 ʬʣʥʢʡ ʺʥʡʥʺʫ ʡʧʸʮʡ64 .ʨʩʡ 
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 ʤʸʷʡ ʱʴ–CONTROL BUS 

ʷ ʬʩʫʮ ʤʸʷʡʤ ʱʴ ʯʥʰʢʰʮʤ ʺʠ ʥʰʸʡʱʤ .ʭʩʡʩʫʸʤ ʸʺʩ ʭʲ ʸʹʷʺʮ ʣʡʲʮʤ ʤʡʹ ʪʸʣʡ ʸʣʱ ʺʥʹʲʬ ʭʣʩʷʴʺʹ ʭʩʩʬʮʹʧ ʭʩʥʥ

 ʥʠ ,ʯʥʸʫʩʦʬ ʡʥʺʫʬ ʹʷʡʮ ʣʡʲʮʤ ʭʠʤ ʭʩʲʣʥʩ ʪʩʠ ʥʰʸʡʱʤ ʠʬ ʪʠ ,ʭʩʰʲʮʤ ʱʴ ʺʥʲʶʮʠʡ ʯʥʸʫʩʦʬ ʣʡʲʮʤ ʬʹ ʤʹʩʢ ʸʹʴʠʮʹ

 ?ʯʥʸʫʩʦʤʮ ʠʥʸʷʬ ʠʮʹ 

( ʤʠʩʸʷ ʥʷ ,ʭʩʥʥʷ ʩʰʹ ʬʩʫʮ ʤʸʷʡʤ ʱʴreadʥʷʥ ) ( ʤʡʩʺʫwrite ʩʥʥʷ ʸʹʠʫ .ʲʣʩʮʤ ʺʸʡʲʤ ʯʥʥʩʫ ʺʠ ʭʩʲʡʥʷ ʸʹʠ ,)

ʤ־read ʤʥ־write  ʪʸʲ ʭʤʩʰʹ ʭʩʬʩʫʮ1ʤ ʥʷ ʭʠ .ʤʦ ʭʲ ʤʦ ʭʩʸʹʷʺʮ ʠʬ ʯʥʸʫʩʦʤʥ ʣʡʲʮʤ ,־read  ʣʡʲʮʤ ,ʱʴʠ ʬʩʫʮ

ʤ ʥʷ ʭʠ .ʯʥʸʫʩʦʤʮ ʠʸʥʷ־write .ʯʥʸʫʩʦʬ ʡʺʥʫ ʣʡʲʮʤ ,ʱʴʠ ʬʩʫʮ 

 ʬʹ ʲʣʩʮ ʱʴ ʬʲʡ ʣʡʲʮʹ ʥʰʸʫʦʤ ʭʣʥʷʤ ʳʩʲʱʡ16 ,32  ʥʠ64  ʤʸʷʡ ʩʥʥʷ .ʣʣʥʡ ʺʩʡ ʬʹ ʲʣʩʮ ʠʥʸʷʬ ʬʥʫʩ ,ʭʩʨʩʡ

 ʭʩʠʸʷʰʹbyte enable  .ʥʦ ʤʬʥʲʴ ʭʩʸʹʴʠʮ 

ʤ ʺʧʴʹʮʡ80־x86 ʬ ʣʲʥʩʮʹ ʺʥʡʥʺʫʤ ʡʧʸʮ ʯʩʡʬ ʯʥʸʫʩʦʬ ʣʲʥʩʮʹ ʺʥʡʥʺʫʤ ʡʧʸʮ ʯʩʡ ʤʣʸʴʤ ʹʩ-I/O ʡʧʸʮ ʬʣʥʢ ʣʥʲʡ .

ʫʩʦʤ ʬʹ ʺʥʡʥʺʫʤʤ ʺʧʴʹʮʡ ʭʩʰʥʹ ʺʥʸʥʣ ʯʩʡ ʤʰʺʹʮ ʯʥʸ80־x86ʤ ʬʹ ʺʥʡʥʺʫʤ ʡʧʸʮ ʬʣʥʢ ,־I/O  ʲʥʡʷ ʪʸʲ ʬʲʡ ʠʥʤ

 ʬʹ16 ʬ ʤʩʰʴ ʸʹʴʠʮ ʤʦ ʸʡʣ .ʨʩʡ65,536־  ʱʴʬ ʩʤʹʬʫ ʺʡʥʺʫ ʺʰʦʥʮ ʸʹʠʫ .ʭʩʩʰʥʶʩʧ ʭʩʰʷʺʤ ʬʹ ʺʥʰʥʹ ʺʥʡʥʺʫ

ʡ ʸʥʦʠʬ ʥʠ ʯʥʸʫʩʦʡ ʸʥʦʠʬ ʺʣʲʥʩʮ ʠʩʤ ʭʠʤ ʲʡʥʷ ʤʸʷʡʤ ʱʴ ,ʭʩʰʲʮʤ־I/O. 

ʯʥʸʫʩʦʤ 

 ʠʩʤ ʯʥʸʫʩʦʡ ʺʥʮʥʷʮʤ ʺʥʮʫʹ ,ʥʰʸʫʦʤ ʭʩʮʣʥʷʤ ʭʩʴʩʲʱʡ2n ʸʹʠʫ ,n  ʱʴʡ ʭʩʨʩʡʤ ʺʥʮʫ ʠʩʤʭʩʰʲʮʤ ʯʥʣʰ ʤʦ ʷʸʴʡ .

.ʯʥʸʫʩʦʡ ʺʥʰʥʹ ʺʥʡʥʺʫʬ ʤʹʩʢʤ ʠʹʥʰʡ ʤʡʧʸʤʡ 

 ʠʩʤ ʯʥʹʠʸʤ ʺʩʡʤ ʬʹ ʥʺʡʥʺʫ .ʭʩʺʡ ʬʹ ʪʸʲʮ ʸʥʺʡ ʯʥʸʫʩʦʤ ʬʲ ʡʥʹʧʬ ʸʹʴʠ0 ʠʩʤ ʯʥʸʧʠʤ ʺʩʡʤ ʬʹ ʥʺʡʥʺʫ ,2n-1)) .

 ʬʲʡ ʣʡʲʮ ʸʥʡʲ ,ʯʫʬ20  ʱʴʡ ʭʩʨʩʡʭʩʰʲʮʤ ʬʣʥʢʡ ʪʸʲʮ ʠʥʤ ʯʥʸʫʩʦʤ ,1,048,576 .ʭʩʺʡ 

 ,ʤʮʢʥʣʬʤ ʭʥʷʮʡ ʡʩʶʤʬ ʩʣʫ1976־ " ʪʸʲʤ ʺʠ ʪʸʲʮʡ0:ʺʥʠʡʤ ʺʥʬʥʲʴʤ ʺʥʲʶʡʺʮ ," 

1. " ʪʸʲʤ ʺʠ ʭʹ ʣʡʲʮʤ0.ʲʣʩʮʤ ʱʴʡ " 

2.  ʺʡʥʺʫʤ ʺʠ ʭʹ ʣʡʲʮʤ1976 .ʯʥʲʩʮʤ ʱʴʡ 

3. ʤ ʥʷ ʺʠ ʤʰʹʮ ʣʡʲʮʤ־write ʤʸʷʡʤ ʱʴʡ ʬ ʥʫʸʲ ʺʠ ʲʡʥʷʥ-0 )"ʬʩʲʴ" ʥʷʤ(. 
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ʯʥʸʫʩʦʬ ʤʡʩʺʫ ʺʬʥʲʴ 

 
ʤ ʭʥʷʮʡ ʠʶʮʰʹ ʤʮ ʺʠ ʠʥʸʷʬ ʩʣʫ1976־ :ʺʥʠʡʤ ʺʥʬʥʲʴʤ ʺʥʲʶʡʺʮ ,ʯʥʸʫʩʦʡ 

1.  ʺʡʥʺʫʤ ʺʠ ʭʹ ʣʡʲʮʤ1976 .ʯʥʲʩʮʤ ʱʴʡ 

4. ʤ ʥʷ ʺʠ ʤʰʹʮ ʣʡʲʮʤ־read ʤʸʷʡʤ ʱʴʡ ʬ ʥʫʸʲ ʺʠ ʲʡʥʷʥ-0 )"ʬʩʲʴ" ʥʷʤ(. 

2.  ʱʴʡʹ ʪʸʲʤ ʺʠ ʠʸʥʷ ʣʡʲʮʤ.ʲʣʩʮʤ 

 

 
ʯʥʸʫʩʦʤʮ ʤʠʩʸʷ ʺʬʥʲʴ 



 ʷʸʴ3 – ʡʹʧʮʤ ʯʥʢʸʠ 52 

 52 

 
.ʯʥʸʫʩʦʡ ʭʩʸʥʮʹ ʭʩʰʥʹ ʭʩʬʣʢʡ ʭʩʫʸʲ ʪʩʠ ʯʧʡʰ ʺʲʫ 

:ʭʩʫʸʲ ʤʹʥʬʹ ʯʥʸʫʩʦʡ ʥʰʸʣʢʤʹ ʧʩʰʰ 

1.  ʭʥʷʩʮʡ1970  ʬʣʥʢʡ ʪʸʲ ʥʰʮʹ ʯʥʸʫʩʦʡ8  ʥʠ ,ʭʩʨʩʡByte ʠʥʤ ʥʫʸʲʹ ,0ABh. 

2.  ʭʥʷʩʮʡ1974  ʬʣʥʢʡ ʪʸʲ ʥʰʮʹ ʯʥʸʫʩʦʡ16  ʥʠ ,ʨʩʡword ʠʥʤ ʥʫʸʲʹ ,0EEFFh. 

3.  ʭʥʷʩʮʡ1976  ʬʣʥʢʡ ʪʸʲ ʥʰʮʹ ʯʥʸʫʩʦʡ32  ʥʠ ,ʨʩʡdouble word ʠʥʤ ʥʫʸʲʹ ,12345678h. 

 ʪʸʲ ʬʹ ʤʡʩʺʫʤ ʯʴʥʠʬ ʡʬ ʥʮʩʹ ʩʬʮʩʶʣʱʷʤ–  ʯʩʮʩ ʣʶʡ .ʱʴʠ ʤʸʴʱʤ ʭʲ ʥʺʥʠ ʭʩʣʷʰ ,ʺʥʠʡ ʬʩʧʺʮ ʪʸʲʤ ʭʠ

 ʭʩʹʰh ʴʥʸʩʶ ʯʩʡ ʣʩʸʴʤʬ ʪʸʥʶ ʠʩʤ ʪʫʬ ʤʡʩʱʤ .ʩʬʮʩʶʣʱʷʤ ʱʩʱʡʡ ʪʸʲʡ ʸʡʥʣʮʹ ʯʩʩʶʬ ʩʣʫ ʡʩʺʫʡ ʸʹʲ ʯʥʢʫ ʭʩ

ʫ ʭʥʹʸʬ ʯʺʩʰʹ ,ʩʬʮʩʶʣʱʷʤ־ahʬ ʹʩ ʪʹʮʤʡ ʣʮʬʰʹ ʩʴʫ ʪʠ ,־ah ʺʸʧʠ ʺʥʲʮʹʮ ʭʢ. 

:ʪʫ ʤʠʸʩʩ ʥʰʬʹ ʯʥʸʫʩʦʤ ,ʭʩʫʸʲʤ ʺʸʩʮʹ ʸʧʠʬ 

1.  ʭʥʷʩʮʡ1970  ʪʸʲʤ ʸʥʮʹ ʯʥʸʫʩʦʡ0ABh. 

2.  ʭʥʷʩʮʡ1974  ʪʸʲʤ ʸʥʮʹ ʯʥʸʫʩʦʡ0FFh ʭʥʷʩʮʡ ,1975  ʪʸʲʤ ʸʥʮʹ ʯʥʸʫʩʦʡ0EEh. 

3.  ʭʥʷʩʮʡ1976 ʩʦʡ ʪʸʲʤ ʸʥʮʹ ʯʥʸʫ78h ʭʥʷʩʮʡ ,1977  ʸʥʮʹ56h ʭʥʷʩʮʡ ,1978  ʸʥʮʹ34h  ʭʥʷʩʮʡʥ1979 

 ʸʥʮʹ12h. 

ʡʬ ʥʮʩʹ– ʤ ʺʩʡʤ־L.O ʤ ʺʩʡʤ ,ʯʥʸʫʩʦʡ ʸʺʥʩ ʤʫʥʮʰ ʺʡʥʺʫʡ ʸʥʮʹ־H.O ʯʥʸʫʩʦʡ ʸʺʥʩ ʤʤʥʡʢ ʺʡʥʺʫʡ ʸʥʮʹ. 

 

 

ʺʸʥʫʦʺ–L.O. Byte, H.O. Byte 



 ʷʸʴ3 – ʡʹʧʮʤ ʯʥʢʸʠ 53 

 53 

 

ʯʥʸʫʩʦʡ ʭʩʰʥʹ ʭʩʬʣʢ ʬʹ ʤʸʩʮʹʤ ʯʴʥʠ 

 ʤʠʩʸʷʤ:ʠʥʸʷʬ ʹʷʡʬ ʭʩʬʥʫʩ ʥʰʧʰʠ ,ʤʮʢʥʣʬ .ʭʩʹʷʡʮ ʥʰʧʰʠʹ ʤʸʥʶ ʬʫʡ ʲʶʡʺʤʬ ʤʬʥʫʩ ʯʥʸʫʩʦʤʮ 

1. Byte  ʭʥʷʩʮʮ1975 ʬʡʷʬʥ ,0EEh. 

2. Word  ʭʥʷʩʮʮ1978 ʬʡʷʬʥ ,1234h. 

3. Double word  ʭʥʷʩʮʮ1974 ʬʡʷʬʥ ,05678EEFFh. 

4. Word  ʭʥʷʩʮʮ1970ʤ ʺʠ ʬʡʷʬʥ ,־byte  ʭʥʷʩʮʡ ʥʰʸʮʹʹ1970  ʭʥʷʩʮʡ ʭʩʩʷʹ ʥʤʹʬʫ ʪʸʲ ʺʴʱʥʺʡ1971– 

!ʷʩʸ ʥʰʩʠ ʭʲʴ ʳʠ ʯʥʸʫʩʦ ,ʥʤʹʬʫ ʪʸʲ ʭʩʩʷ ʣʩʮʺ ʯʥʸʫʩʦʡ 

ʭʩʨʰʮʢʱ 

ʤ ʣʡʲʮʬ ,ʸʥʫʦʫ8086־  ʹʩ220  ʹʥʮʩʹ ʤʹʥʲ ʣʡʲʮʤ ʯʥʸʫʩʦʬ ʺʹʢʬ ʩʣʫ ,ʪʹʮʤʡ ʤʠʸʰʹ ʩʴʫ ,ʩʰʹ ʣʶʮ .ʯʥʸʫʩʦ ʺʥʡʥʺʫ

 ʬʣʥʢʡ ʺʥʣʩʧʩʡ16  ʺʥʠʸʷʰʹ ,ʭʩʨʩʡ( ʭʩʸʨʱʩʢʸregisters)ʬʫ .  ʬʹ ʸʨʱʩʢʸ16  ʺʥʡʥʺʫ ʡʧʸʮ ʷʩʦʧʤʬ ʬʢʥʱʮ ʭʩʨʩʡ

ʮ0־  ʣʲ65,535  ʥʠ(0FFFFh ʣʡʲʮʤ ʺʥʹʸʬ ʭʩʩʷʤ ʯʥʸʫʩʦʤ ʡʧʸʮ ʯʩʡʹ ʸʲʴʤ ʬʲ ʸʹʢʬ ʤʨʩʹ ʠʥʶʮʬ ʪʩʸʶ ,ʸʮʥʬʫ .)

 ʭʩʰʨʷ ʭʩʲʨʷʮʬ ʯʥʸʫʩʦʤ ʺʠ ʷʬʧʬ ʠʩʤ ʤʸʧʡʰʹ ʤʨʩʹʤ .ʥʩʬʠ ʺʥʰʴʬ ʬʢʥʱʮ ʸʨʱʩʢʸʹ ,ʸʺʥʩ ʭʶʮʥʶʮʤ ,ʯʥʸʫʩʦʤ ʡʧʸʮ ʯʩʡʬ

ʸʺʥʩ–ʱ( ʭʩʨʰʮʢsegments)ʬʲ ʩʥʨʩʡʬ ʺʰʺʩʰ ʯʥʸʫʩʦʡ ʺʡʥʺʫ ʬʫ .-ʤ ʸʴʱʮ ʩʣʩ-segment ( ʨʱʩʤʤʥ ,ʤʬʹoffset )

:ʠʩʤ ʯʥʸʫʩʦʡ ʺʡʥʺʫ ʬʹ ʭʥʹʩʸʬ ʺʬʡʥʷʮʤ ʤʸʥʶʤ .ʨʰʮʢʱʤ ʺʬʩʧʺʮ 

Segment:offset 
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ʤ ʺʧʴʹʮʡ80־x86ʬʲ ʺʲʶʡʺʮ ʯʥʸʫʩʦʬ ʤʩʰʴ ,־ ʩʰʡ ʭʩʸʨʱʩʢʸ ʩʰʹ ʬʹ ʡʥʬʩʹ ʩʣʩ16  ʺʠ ʷʩʦʧʮ ʯʥʹʠʸʤ ʸʨʱʩʢʸʤ :ʭʩʨʩʡ

.ʨʰʮʢʱʤ ʺʬʩʧʺʮ ʯʥʸʫʩʦʤ ʬʹ ʨʱʴʥʠʤ ʺʠ ʷʩʦʧʮ ʩʰʹʤ ʸʨʱʩʢʸʤ .ʯʥʸʫʩʦʡ ʨʰʮʢʱʤ ʺʬʩʧʺ ʭʥʷʩʮ 

 ʬʹ ʨʱʴʥʠ ʩʬʲʡ ,ʯʥʣʰ ʥʰʠ ʭʤʡ ʭʩʣʡʲʮʡ .ʨʰʮʢʱʤ ʬʹ ʩʬʮʩʱʷʮʤ ʬʣʥʢʤ ʺʠ ʲʡʥʷ ʨʱʴʥʠʤ ʬʹ ʩʬʮʩʱʷʮʤ ʬʣʥʢʤ16  ,ʭʩʨʩʡ

ʹʠʮ ʸʺʥʩ ʺʥʩʤʬ ʬʥʫʩ ʠʬ ʨʰʮʢʱ ʬʹ ʬʣʥʢ ʸ64K ,216  ʯʩʡ ʯʤ ʨʰʮʢʱ ʬʫʡ ʺʥʡʥʺʫʤ ʸʹʠʫ ,ʺʥʡʥʺʫ0000h  ʯʩʡʬ

0FFFFh .ʤ ʣʡʲʮʡ-8086  ʷʥʩʣʡ ʠʥʤ ʭʩʨʰʮʢʱʤ ʬʫ ʬʣʥʢ64K ʭʩʨʰʮʢʱ ʭʢ ʸʩʣʢʤʬ ʯʺʩʰ ʸʺʥʩ ʭʩʮʣʷʺʮ ʭʩʣʡʲʮʡ ,

.ʸʺʥʩ ʭʩʰʨʷ 

ʡ ʨʰʮʢʱʤ ʺʠ ʭʩʬʴʥʫ ,ʨʰʮʢʱ ʺʬʩʧʺ ʭʥʷʩʮ ʬʹ ʺʡʥʺʫʬ ʲʩʢʤʬ  ʩʣʫ16־ʹ ʠʶʥʩ ʪʫʮ ʤʠʶʥʺʫ .ʭʩʨʰʮʢʱ  ʭʩʬʩʧʺʮ ʣʩʮʺ

 ʬʹ ʤʬʥʴʫ ʠʩʤʹ ʺʡʥʺʫʡ16  .ʭʩʺʡ ʸʴʱʮ ʨʰʮʢʱ ,ʤʮʢʥʣʬ0002h  ʬʩʧʺʮ32 (16*2 ʨʰʮʢʱ .ʯʥʸʫʩʦʤ ʺʬʩʧʺ ʸʧʠʬ ʭʩʺʡ )

 ʸʴʱʮ0011h  ʬʩʧʺʮ272 ( ʯʥʸʫʩʦʤ ʺʬʩʧʺ ʸʧʠʬ ʭʩʺʡ11  ʱʩʱʡʡ16  ʠʥʤ17 ,17  ʬʥʴʫ16  ʤʥʥʹ ʭʩʺʡ272 .)ʭʩʺʡ 

ʫʬ ʭʩʴʩʱʥʮ ,ʯʥʸʫʩʦʡ ʩʤʹʬʫ ʺʡʥʺʫʬ ʲʩʢʤʬ ʩʣʫ ʠʥʤ ʨʰʮʢʱʤʹ ʧʩʰʰ ,ʤʮʢʥʣʬ .ʨʱʴʥʠʤ ʺʠ ʨʰʮʢʱʤ ʺʬʩʧʺ ʺʡʥʺ3DD6h 

 ʠʥʤ ʨʱʴʥʠʤʥ12hʪʫ ʭʹʸʺ ʯʥʸʫʩʦʡ ʺʡʥʺʫʤ . –3DD6h:0012h 

:ʪʫ ʡʹʥʧʺ ʯʥʸʫʩʦʡ ʺʡʥʺʫʤ 

3DD60h +0012h = 3DD72h 

ʤ ʺʴʱʥʺʹ ʪʫʬ ʡʬ ʥʮʩʹ0־  ʯʩʮʩ ʣʶʮ ʯʥʹʠʸʤ ʸʡʠʡʡ ʨʰʮʢʱʤ ʺʡʥʺʫ ʺʠ ʬʥʴʫʬ ʤʣʲʥʰ16־ʣʫ ,ʭʥʷʩʮʬ ʲʩʢʤʬ ʩ 

ʨʰʮʢʱʤ ʺʬʩʧʺ. 

ʤ ,ʨʱʴʥʠʥ ʨʰʮʢʱ ʡʥʬʩʹʬ ʺʥʠʮʢʥʣ ʸʴʱʮ ʯʧʡʰʩ  ʺʰʫʥʺ ʪʥʺʮ ʺʥʧʥʷʬ ʺʥʠʡʤ ʺʥʠʮʢʥʣʤ .ʡʹʧʮʤ ʯʥʸʫʩʦ ʪʥʺʮ ʸʹʩ

codeview ʺʡʩʡʱʡ ʤʶʸʹdosbox ʣʥʡʲʰ ,ʸʴʱʤ ʪʹʮʤʡ .ʡʡ ʹʮʺʹʰ .ʺʸʧʠ ʤʰʫʥʺ-codeview  ʯʥʥʩʫ ʤʦʤ ʳʩʲʱʡ ʷʸ

 .ʨʱʴʥʠʤʥ ʨʰʮʢʱʤ ʠʹʥʰ ʺʠ ʡʨʩʤ ʤʹʩʧʮʮ ʠʩʤʹ 

ʮʹ ʣʶʮ ʯʥʸʫʩʦʡ ʺʥʡʥʺʫʤ ʡʧʸʮ ʭʥʹʸ ,ʬʠʹʭʩʬʫʺʱʮ ʥʰʧʰʠ ʥʩʬʲ ʯʥʸʫʩʦʡ ʭʥʷʩʮʡ ʤʬʩʧʺʮ ʤʰʥʹʠʸʤ ʤʸʥʹʤ ,ʥʰʬʹ ʤʮʢʥʣʡ .

 ʠʩʤ ʥʺʡʥʺʫʹ0627:0000 ʹʩ ʥʦ ʤʸʥʹʡ .13  ʠʩʤ ʤʰʥʹʠʸʤ ʤʸʥʹʡ ʤʰʥʸʧʠʤ ʺʡʥʺʫʤ ʯʫʬʥ ,ʭʩʺʡ0627:000C ʤʸʥʹʤ .

 :ʥʩʸʧʠ ʠʡʤ ʺʩʡʤ ʬʹ ʺʡʥʺʫʡ ʤʬʩʧʺʮ ʤʩʰʹʤ0627:000D. 
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 ʦʫʸʮʡʭʩʬʥʲ ʭʩʫʸʲ ʯʥʸʫʩʦʡ ʹʩ ,ʥʦ ʤʮʢʥʣʡ .ʯʥʸʫʩʦʡ ʭʩʸʥʮʹʤ ʭʩʫʸʲʤ ʭʩʮʥʹʸ–0,1,2  ʭʩʬʥʫʩ ʥʰʩʩʤ ʤʣʩʮ ʤʺʥʠʡ .'ʥʫʥ

 ʩʴʬ ʭʩʩʬʠʥʨʱʷʨ ʭʩʥʥʺʬ ʯʥʸʫʩʦʡ ʭʩʫʸʲʤ ʬʹ ʭʥʢʸʺʤ ʢʶʥʮ ʯʩʮʩ ʣʶʡ .ʣʧʠ ʺʩʡ ʬʣʥʢʡ ʭʩʫʸʲ ʬʹ ʸʧʠ ʳʱʥʠ ʯʥʸʫʩʦʡ ʸʥʮʹʬ

 ʣʥʷASCIIʥʷ ʬʲ ʸʩʡʱʮʹ ʳʩʲʱʬ ʸʥʦʧʬ ʭʩʰʮʦʥʮ ʭʺʠ . ʣASCII  ʬʹ ʭʥʢʸʺʤ ʯʫʠ ʭʤ ʭʩʮʥʹʸʤ ʭʩʥʥʺʤʹ ʧʫʥʥʩʤʬʥ

.ʯʥʸʫʩʦʡʹ ʭʩʫʸʲʤ 

 

 

ʬʲ ʺʠʦ ʤʹʲʰ .ʨʱʴʥʠʤ ʢʹʥʮ ʺʠ ʭʩʢʣʰ ʺʲʫ־ ʤʸʥʹʤ ʺʲʫ .ʯʥʸʫʩʦʡ ʺʥʡʥʺʫʤ ʡʧʸʮʬ ʣʧʠ ʺʩʡ ʬʹ ʨʱʴʥʠ ʺʴʱʥʤ ʩʣʩ

 ʺʡʥʺʫʡ ʤʬʩʧʺʮ ʤʰʥʹʠʸʤ0627:0001 . 

ʤ ʩʫʸʲ ʭʢʥ ʯʥʸʫʩʦʡ ʭʩʫʸʲʤ ʭʢʹ ʡʬ ʥʮʩʹ-ASCII .ʣʣʥʡ ʺʩʡʡ ʺʲʫ ʭʩʨʱʥʮ 

 

 ʺʡʥʺʫʡ ʤʬʩʧʺʮ ʤʰʥʹʠʸʤ ʤʸʥʹʤ ʺʲʫ .ʺʧʠ ʤʣʩʧʩʡ ʨʰʮʢʱʤ ʺʠ ʭʣʷʰ ʥʮʥʷʮʡʥ ʨʱʴʥʠʤ ʺʠ ʱʴʠʰ ,ʨʰʮʢʱʤ ʢʹʥʮ ʺʹʧʮʤʬ

0628:0000 ʬʹ ʤʨʱʤʬ ʺʮʸʥʢ ʥʦ ʤʬʥʲʴʹ ʪʫʬ ʡʬ ʥʮʩʹ .16 :ʯʥʸʫʩʦʡ ʭʩʺʡ 

 

ʷʩʮʡ ʬʩʧʺʮ ʣʩʮʺ ʨʰʮʢʱʹ ʺʩʹʧʥʮ ʤʸʥʶʡ ʭʩʠʥʸ ʥʰʧʰʠ ʤʮʢʥʣʡ ,ʭʥʫʩʱʬ ʬʹ ʤʬʥʴʫ ʠʥʤʹ ʭʥ16 .ʭʩʺʡ 
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 ʺʩʦʫʸʮʤ ʣʥʡʩʲʤ ʺʣʩʧʩ–CPU 

 ʯʥʣʬ ʯʮʦʤ ʲʩʢʤʡʺʩʦʫʸʮʤ ʣʥʡʩʲʤ ʺʣʩʧʩ ʮʶʲʤ ʬʹ ʤʬʥʲʴʤ ʯʴʥʠʡʥʤ ʣʡʲʮʡ ʭʩʷʬʧʤ ʬʲ ʤʰʡʤʤ ʺʠ ʷʩʮʲʰ ʤʦ ʷʬʧʡ .

ʥʬʹ ʤʬʥʲʴʤ ʺʠ ʺʥʹʲʬ ʥʬ ʭʩʸʹʴʠʮʹ – ( ʭʩʸʨʱʩʢʸʤ ʬʹ ʤʸʩʷʱʮ ʬʩʧʺʰ .ʭʩʨʩʡ ʬʹ ʣʥʡʩʲRegisters ʯʫʮ ʸʧʠʬ ,)

 ʪʩʹʮʰ( ʺʩʢʥʬ ʺʩʨʮʺʩʸʠʤ ʤʣʩʧʩʬArithmetic & Logical Unit ,ʸʥʡʩʧ ʯʥʢʫ ʡʥʹʩʧ ʺʥʬʥʲʴ ʲʥʶʩʡ ʬʲ ʺʩʠʸʧʠʹ ,)

(ʤʸʷʡʤ ʺʣʩʧʩʡ ʭʩʩʱʰʥ ,ʺʥʰʥʹ ʺʥʩʢʥʬ ʺʥʬʥʲʴʥ ʤʠʥʥʹʤ ,ʸʥʱʩʧControl Unit ʬʥʤʩʰ ,ʤʰʥʫʮʤ ʺʥʣʥʷʴ ʧʥʰʲʴ ʬʲ ʺʩʠʸʧʠʹ ,)

ʷʺʮʤ ʺʥʠʶʥʺʤ ʯʥʱʧʠʥ ʺʥʣʥʷʴ ʬʹ ʬʲʥʴʬ ʤʠʶʥʤ ,ʺʩʰʫʺʤ ʳʶʸ.ʺʥʬʡ 

 

 ʭʩʸʢʥʠ–Registers 

ʠʮ ʢʥʱ ʭʤ ,ʭʩʸʢʥʠ ʩʸʡʲʤ ʧʥʰʩʮʡ ʥʠ ,ʭʩʸʨʱʩʢʸʥ ʹʮʮ ʭʩʠʶʮʰ ʠʬʠ ,ʩʦʫʸʮʤ ʯʥʸʫʩʦʤʮ ʷʬʧ ʭʰʩʠ ʭʤ .ʯʥʸʫʩʦ ʬʹ ʣʧʥʩʮ ʣ

ʬʲ ʺʥʸʩʹʩ ʭʩʬʴʥʨʮ ʭʤʹ ʯʥʥʩʫ .ʣʡʲʮʤ ʪʥʺʡ־ʸʺʥʩʡ ʭʩʸʩʤʮ ʭʢ ʭʤ ʣʡʲʮʤ ʩʣʩ–  ʺʬʡʷʬ ʺʥʫʧʬʥ ʯʥʸʫʩʦʬ ʺʥʰʴʬ ʭʥʷʮʡ

 ʠʸʷʰ ʤʦ ʡʶʮ .ʬʬʫ ʤʫʧʮ ʥʰʩʠ ʣʡʲʮʤ ,ʭʩʰʥʺʰʤzero wait ʭʩʣʩʷʴʺ ʹʩ ʭʷʬʧʬʥ ʭʩʸʨʱʩʢʸ ʬʹ ʺʮʶʮʥʶʮ ʺʥʮʫ ʹʩ .

.ʩʰʮʦ ʯʴʥʠʡ ʲʣʩʮ ʥʡ ʸʥʮʹʬ ʯʩʥʶʮ ʭʥʷʮ ʭʤ ʭʩʸʨʱʩʢʸ ʩʬʬʫ ʯʴʥʠʡ ʬʡʠ ,ʭʤʡ ʹʥʮʩʹʤ ʺʠ ʭʩʬʩʡʢʮʹ ,ʭʩʣʧʥʩʮ 

 

 ʹʥʮʩʹʤ ʺʠ ʳʩʣʲʰ ʤʦ ʸʴʱʡ ʧʰʥʮʡ"ʸʢʥʠ" ʩʰʴ ʬʲ "ʸʨʱʩʢʸ" ʩʦʲʥʬʤ 

ʤ ʺʧʴʹʮʡ ʭʩʣʡʲʮ ʬʹ ʭʩʰʥʹ ʺʥʸʥʣ ʭʩʮʩʩʷ80־x86 ʯʩʡ ʤʰʥʹ ʺʥʩʤʬ ʩʥʹʲ ʭʩʨʩʡʡ ʭʤʬʹ ʬʣʥʢʤ ʭʢʥ ʭʩʸʨʱʩʢʸʤ ʺʥʮʫ .

 ʬʹ ʭʩʸʨʱʩʢʸ ʬʬʥʫʤ ʩʱʩʱʡʤ ʸʥʣʡ ʯʥʣʰ ʥʰʧʰʠ .ʥʤʰʹʮʬ ʣʧʠ ʸʥʣ16  .ʨʩʡ 
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ʭʩʩʬʬʫ ʭʩʸʨʱʩʢʸ–General Purpose Registers 

ʹ ʭʩʮʩʩʷ:ʤʠʡʤ ʤʬʡʨʡ ʭʩʦʫʥʸʮ ʸʹʠ ,ʭʩʩʬʬʫ ʭʩʸʨʱʩʢʸ ʤʰʥʮ 

ʸʨʱʩʢʸʤ ʩʦʲʥʬ ʭʹ ʩʸʡʲ ʭʹ ʩʸʷʩʲ ʹʥʮʩʹʥ ʸʥʠʩʺ 

ax Accumulator 

register 
ʸʡʥʶ 

 ʯʺʩʰʹ ʺʥʸʮʬ .ʺʥʩʢʥʬʤʥ ʺʥʩʨʮʺʩʸʠʤ ʺʥʬʥʲʴʤ ʡʥʸʬ ʹʮʹʮ
 ʹʥʮʩʹʤ ,ʭʩʸʧʠ ʭʩʸʨʱʩʢʸ ʺʸʦʲʡ ʭʢ ʡʥʹʩʧ ʺʥʬʥʲʴ ʲʶʡʬ

ʡ־ax .ʸʺʥʩ ʬʩʲʩ ʬʬʫ ʪʸʣʡ ʠʥʤ 

bx Base address 

register 
ʱʩʱʡ  ʺʸʩʮʹʬ ʹʮʹʮ ʬʬʫ ʪʸʣʡ .ʯʥʸʫʩʦʬ ʤʹʩʢʡ ʺʣʧʥʩʮ ʺʥʡʩʹʧ ʬʲʡ

.ʯʥʸʫʩʦʡ ʺʥʡʥʺʫ 

cx Count register ʤʰʥʮ  ʭʩʮʲʴʤ ʺʥʮʫ ʺʸʩʴʱʬ ʥʡ ʹʮʺʹʰ ʬʬʫ ʪʸʣʡ .ʭʩʸʡʣ ʤʰʥʮ
.ʺʦʥʸʧʮʡ ʥʠ ʵʡʥʷʡ ʭʩʥʥʺʤ ʺʥʮʫʬ ,ʤʠʬʥʬ ʥʰʶʸʤʹ 

dx Data register ʲʣʩʮ 
 ʺʥʩʨʮʺʩʸʠ ʺʥʬʥʲʴ ʯʰʹʩ ,ʺʩʹʠʸ :ʺʥʣʧʥʩʮ ʺʥʬʥʲʴ ʩʺʹʬ ʹʮʹʮ
 ʩʰʷʺʤʬ ʭʩʰʥʴʹʫ ,ʺʩʰʹ .ʤʠʶʥʺʤ ʺʸʩʮʹʬ ʳʱʥʰ ʭʥʷʩʮ ʺʥʹʸʥʣʹ

I/O ʸʨʱʩʢʸ ,dx .ʺʥʰʴʬ ʪʩʸʶ ʤʩʬʠ ʺʡʥʺʫʤ ʺʠ ʸʮʥʹ 

si Source Index 
 ʲʩʡʶʮ

ʸʥʷʮ 
 ʥʮʫ( ʯʥʸʫʩʦʬ ʺʥʰʴʬ ʩʣʫ ʭʩʲʩʡʶʮ ʸʥʺʡ ʭʤʡ ʹʮʺʹʤʬ ʯʺʩʰ

ʺʥʹʲʬ ʯʺʩʰʹ ʥʰʩʠʸʤʹ  ʭʲbx ʬʥʴʩʨʡ ʭʩʩʹʥʮʩʹ ʭʤ ʯʫ ʥʮʫ .)
.ʺʥʦʥʸʧʮʡ 

di Destination 

Index 

 ʲʩʡʶʮ
ʣʲʩ 

bp Base Pointer 
 ʲʩʡʶʮ

ʱʩʱʡ  "ʺʩʰʱʧʮ" ʩʥʸʷʹ ʨʰʮʢʱʡ ʯʥʸʫʩʦʬ ʤʹʩʢʬ ʹʮʹʮStack . 

sp Stack Pointer 
 ʲʩʡʶʮ

ʺʩʰʱʧʮ 

sp ʹʠʸ ʠʶʮʰ ʤʡ ʯʥʸʫʩʦʡ ʺʡʥʺʫ ʬʲ ʲʩʡʶʮ ʯʴʥʠʡ .ʺʩʰʱʧʮʤ
 ʠʬ ʭʬʥʲʬ ,ʩʬʮʸʥʰʡ ʲʢʩʰ־sp  ʲʥʶʩʡ ʺʡʥʨʬ ʹʥʮʩʹ ʥʡ ʤʹʲʰ ʠʬʥ

 ʺʥʬʥʲʴʺʥʩʨʮʺʩʸʠ ʪʫʡ ʩʥʬʺ ʥʰʬʹ ʺʩʰʫʺʤ ʬʹ ʯʩʷʺʤ ʣʥʷʴʺʤ .
 ʬʹ ʥʫʸʲʹsp .ʺʩʰʱʧʮʤ ʪʥʺʡ ʯʥʫʰʤ ʭʥʷʩʮʬ ʲʩʡʶʩ ʣʩʮʺ 
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 ʬʲʡ ʠʥʤ ʬ"ʰʤ ʭʩʸʨʱʩʢʸʤʮ ʣʧʠ ʬʫ ʸʥʮʠʫ16 ʡ ʷʸ ʷʥʱʲʬ ʭʩʫʩʸʶ ʥʰʧʰʠ ʭʩʺʩʲʬ .ʭʩʺʡ ʩʰʹ ʸʮʥʬʫ ,ʭʩʨʩʡ8־  .ʭʩʨʩʡ

 ʺʠ ʯʥʸʫʩʦʬ ʷʩʺʲʰ ʭʠ .ʯʥʸʫʩʦ ʥʤʹʬʫ ʺʩʡʬ ʲʣʩʮ ʷʩʺʲʤʬ ʭʩʶʥʸ ʥʰʧʰʠʹʫ ,ʤʮʢʥʣʬax ʭʩʺʡ ʩʰʹʡ ʤʰʺʹʩ ʯʥʸʫʩʦʤ ,ʥʬʥʫ – 

 ʯʫʺʩʩʥ ʤʠʡʤ ʺʡʥʺʫʡ ʯʥʸʫʩʦʤ ʬʹ ʥʫʸʲ ʺʠ ʭʢ ʥʰʩʰʩʹ ʤʩʥʶʸ ʠʬ ʩʠʥʥʬ ʺʠʶʥʺʫ ʬʡʠ ,ʯʥʸʫʩʦʡ ʺʥʰʹʬ ʥʰʩʶʸʹ ʺʩʡʤ ʺʠ ʥʰʩʰʩʹ

.ʡʥʹʧ ʪʸʲ ʥʰʱʸʣʹ 

ʮʢ ʸʹʴʠʬ ʩʣʫʭʩʸʨʱʩʢʸʤʮ ʤʲʡʸʠ ,ʣʧʠ ʺʩʡ ʬʣʥʢʡ ʭʩʰʺʹʮʡ ʬʥʴʩʨʬ ʺʩʬʮʩʱʷʮ ʺʥʹʩ–ax ,bx ,cxʥ־dx–   ʩʰʹʬ ʭʩʷʬʥʧʮ

 .ʣʧʠ ʬʫ ʭʩʨʩʡ ʤʰʥʮʹ ʩʰʡ ʭʩʷʬʧax ʬ ʷʬʥʧʮ ,ʤʮʢʥʣʬ־ah ʬʥ־al . H ʯʮʱʮhigh ʸʮʥʬʫ ,8  ʬʹ ʭʩʰʥʩʬʲʤ ʭʩʨʩʡʤax ,

 ʥʬʩʠʥL  ʯʮʱʮlow ʸʮʥʬʫ ,8  ʬʹ ʭʩʰʥʺʧʺʤ ʭʩʨʩʡʤax. 

 ʣʮʬʰʺʲʫ ʣʥʷʴʤʰʥʹʠʸ ʩʬʡʮʱʠ ʺ–  ʤʣʥʷʴʤmov  ʬʹ ʸʥʶʩʷ(move ʬʠ ʩʰʮʩʤ ʣʶʡ ʠʶʮʰʹ ʪʸʲʤ ʬʹ ʤʷʺʲʤ ʺʲʶʡʮ )

:ʤʮʢʥʣʬ .ʩʬʠʮʹʤ ʣʶʤ 

mov ax, 0FF00h 

 ʸʨʱʩʢʸ ,ʤʣʥʷʴʤ ʲʥʶʩʡ ʸʧʠʬax :ʪʫ ʤʠʸʩʩ 

 

ʬʲ ʭʢ ʤʠʶʥʺ ʤʺʥʠʬ ʲʩʢʤʬ ʯʺʩʰ־:ʠʡʤ ʣʥʷʤ ʩʣʩ 

mov ah, 0FFh 

mov al, 0 

 ʬʹ ʭʩʸʨʱʩʢʸʹ ʡʬ ʥʮʩʹ8  ʬʹ ʩʥʰʩʹ .ʭʩʩʠʮʶʲ ʭʩʸʨʱʩʢʸ ʭʰʩʠ ʭʩʨʩʡal  ʺʠ ʭʢ ʤʰʹʩax.ʪʴʩʤʬʥ , 

 ʭʩʸʨʱʩʢʸʡ ʹʥʮʩʹ ʺʥʹʲʬ ʯʺʩʰ ,ʤʮʥʣ ʯʴʥʠʡbh ,bl ,ch ,cl , dh, dl. 

 

 ʭʬʣʥʢʹ ʭʩʩʬʬʫʤ ʭʩʸʨʱʩʢʸʤ ʺʠ ʺʮʫʱʮʤ ʤʬʡʨ ʯʬʤʬ8 :ʨʩʡ 
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 ʺʥʸʥʹʡ ʣʷʮʺʰ ʥʰʧʰʠ .ʭʩʸʨʱʩʢʸ ʭʲ ʺʥʨʥʹʴ ʺʥʬʥʲʴ ʸʴʱʮ ʺʬʬʥʫ ʤʠʡʤ ʺʩʰʫʥʺʤ17  ʣʲ21: 

 

mov ax, 1234h  

mov bx, 0   

mov bl, 34h 

mov cx, 0 

mov ch, 12h 

 .ʤʠʡʤ ʣʥʷʤ ʺʸʥʹ ʺʶʸʤ ʩʰʴʬʥ ʬ"ʰʤ ʺʥʸʥʹʤ ʺʶʸʤ ʭʥʩʱ ʸʧʠʬ ʭʩʸʨʱʩʢʸʤ ʡʶʮ ʺʠ ʺʥʠʸʬ ʸʹʴʠ ʪʱʮʤ ʬʹ ʯʩʮʩ ʣʶʮ 
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:ʡʬ ʥʮʩʹ 

-  ʩʥʰʩʹ ʬʹ ʤʲʴʹʤʬbl  ʬʲbx ʬʹ ʩʥʰʩʹ :bl  ʺʠ ʷʸ ʤʰʹʮ8  ʬʹ ʭʩʰʥʺʧʺʤ ʭʩʨʩʡʤbx . 

-  ʩʥʰʩʹ ʬʹ ʤʲʴʹʤʬch  ʬʲcx ʬʹ ʩʥʰʩʹ :ch  ʺʠ ʷʸ ʤʰʹʮ8  ʬʹ ʭʩʰʥʩʬʲʤ ʭʩʨʩʡʤcx  . 

 

 ,ʭʩʩʬʬʫʤ ʭʩʸʨʱʩʢʸʤ ʸʺʩsp, bp, si ʥ־di ʩʬʲʡ ʭʤ ,16  ʥʠ ʯʥʩʬʲʤ ʺʩʡʤ ʬʠ ʸʩʹʩ ʯʴʥʠʡ ʺʥʰʴʬ ʪʸʣ ʬʫ ʯʩʠʥ ʭʩʨʩʡ

 ʭʲ ʥʰʩʹʲʹ ʥʮʫ ʭʤʬʹ ʯʥʺʧʺʤax ,bx , cxʥ־dx. 

 

ʬʫʤ ʭʩʸʨʱʩʢʸʤ ʠʹʥʰ ʬʥʢʸʺʬ ʬʹ ʠʩʤ ʤʷʺʲʤ ʺʣʥʷʴ ʬʫ .ʭʩʸʨʱʩʢʸʥ ʤʷʺʲʤ ʺʥʣʥʷʴ ʺʬʬʥʫʤ ʤʬʡʨ ʯʬʤʬ ,ʭʩʩʬ

.ʤʷʺʲʤ ʺʣʥʷʴ ʬʫ ʸʧʠʬ ʭʩʸʨʱʩʢʸʤ ʩʫʸʲ ʺʠ ʭʩʬʹʤʬ ʹʩ .ʥʤʹʬʫ ʸʨʱʩʢʸ ʪʥʺʬ ʸʨʱʩʢʸ ʥʠ ʪʸʲ  ʡʶʮʤʹ ʥʧʩʰʤ

.ʭʩʱʴʥʠʮ ʭʩʸʨʱʩʢʸʤ ʬʫʹ ʠʥʤ ʩʺʬʧʺʤʤ 

 

 

.ʠʡʤ ʣʥʮʲʡ ʯʥʸʺʴʤ 
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:ʯʥʸʺʴ 

 
 

ʸʨʱʩʢʸ ʩʨʰʮʢʱ– Segment Registers 

ʤ ʣʡʲʮʡ-8086 ʭʩʣʧʥʩʮ ʭʩʸʨʱʩʢʸ ʤʲʡʸʠ ʹʩ ʤ ʺʧʴʹʮʡ ʸʺʥʩ ʭʩʸʧʥʠʮ ʭʩʮʢʣʡ(-80x86 ʩʹʩʮʧ ʸʨʱʩʢʸ ʳʱʥʰ- FS): 

CS- Code Segment 

DS- Data Segment 

SS- Stack Segment 

ES- Extra Segment 

 ʩʬʲʡ ʭʤ ʥʬʠʤ ʭʩʸʨʱʩʢʸʤ ʬʫ16 ʬʫ .ʯʥʸʫʩʦʡ ʭʩʨʰʮʢʱ ʬʹ ʤʸʩʧʡ ʸʹʴʠʬ ʠʥʤ ʭʣʩʷʴʺ .ʭʩʨʩʡSegmentRegister 

.ʯʥʸʫʩʦʡ ʨʰʮʢʱ ʬʹ ʪʸʲʤ ʺʠ ʸʮʥʹ 

 ʸʨʱʩʢʸʤcs ʬʲ ʲʢʸʫ ʺʥʲʶʡʺʮʹ ʤʰʥʫʮʤ ʺʥʣʥʷʴ ʺʠ ʬʩʫʮ ʤʦ ʨʰʮʢʱ .ʣʥʷʤ ʨʰʮʢʱ ʺʬʩʧʺ ʭʥʷʩʮ ʺʠ ʸʮʥʹ־ .ʣʡʲʮʤ ʩʣʩ

 ʠʥʤ ʨʰʮʢʱ ʬʹ ʩʬʮʩʱʷʮʤ ʬʣʥʢʤ ,ʸʥʫʦʫ64Kʤʹ ʸʮʥʠ ʤʦ ʭʠʤ . ʸʹʠʮ ʸʺʥʩ ʠʬ ʠʥʤ ʺʩʰʫʺ ʬʹ ʩʬʮʩʱʷʮʤ ʬʣʥʢ64K ,ʠʬ ?

 ,ʣʥʷ ʬʹ ʭʩʨʰʮʢʱ ʤʮʫ ʸʩʣʢʤʬ ʸʹʴʠʹ ʭʥʹʮʬ ʷʩʺʲʤʬʥ-cs ,ʭʩʰʥʹ ʭʩʫʸʲʯʥʫʰʤ ʨʰʮʢʱʤ ʬʲ ʲʩʡʶʩ ʭʲʴ ʬʫʹ ʪʫ  ʸʹʠʫ(

 .ʺʠʦ ʸʹʴʠʮ ʯʥʸʫʩʦʤ ʬʣʥʮ ʺʩʰʫʥʺʡbase.asm ʺʩʰʫʥʺʤ ʺʬʩʧʺʡ ʭʩʸʩʣʢʮ ʥʰʧʰʠmodel small ʣʥʷ ʨʰʮʢʱ ʷʸ ʥʰʹʩ ʯʫʬʥ

ʧʠ)ʣ ʸʩʡʱ ʠʬ ʩʹʲʮ ʯʴʥʠʡ  .ʣʧʠ ʣʥʷ ʨʰʮʢʱʮ ʸʺʥʩ ʹʥʸʣʺʹ ʩʬʡʮʱʠ ʺʩʰʫʺ ʥʡʺʫʺʹ. 

 ʩʡʢʬ ʸʨʱʩʢʸʤds , ʬʬʫ ʪʸʣʡʹ ʪʫ ʤʷʺʲʤ ʺʥʬʥʲʴ ʺʥʲʶʡʺʮ ʺʩʰʫʥʺʤ ʺʬʩʧʺʡ-ds ʨʰʮʢʱ ʬʹ ʭʥʷʩʮʤ ʬʲ ʲʩʡʶʮ

ʤ־DATA ,ʯʠʫ ʭʢ .ʺʩʰʫʺʡ ʭʩʩʬʡʥʬʢʤ ʭʩʰʺʹʮʤ ʭʩʸʮʹʰ ʥʡ , ʯʥʸʫʩʦ ʬʣʥʮʡsmall  ʭʩʹʮʺʹʮ ʥʰʧʰʠ ʥʡʰʠ ʭʩʬʡʢʥʮ ʥʰʧ

ʬ64־K  ʬʡʠ ,ʭʩʺʡ ʬʹ ʯʥʸʫʩʦ ʬʹ ʭʩʸʧʠ ʭʩʬʣʥʮʡ ʢʥʱʮ ʭʩʨʰʮʢʱ ʸʴʱʮ ʸʩʣʢʤʬ ʯʺʩʰDATA  ʺʠ ʺʥʰʹʬʥds  ʺʥʰʴʬ ʩʣʫ

.ʭʤʩʬʠ 
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 ʸʨʱʩʢʸʤss ( ʺʩʰʱʧʮʤ ʺʠ ʬʩʫʮʹ ʯʥʸʫʩʦʡ ʭʥʷʩʮ ʬʲ ʲʩʡʶʮSTACK ʨʥʸʩʴʡ ʸʡʱʥʩ ʺʩʰʱʧʮʤ ʠʹʥʰ .ʺʩʰʫʥʺʤ ʬʹ )

ʢʸʤ ʩʥʰʩʹ ʩʡʢʬ ʥʰʺʰʹ ʤʸʤʦʠʤ ʤʺʥʠ .ʪʹʮʤʡ ʸʨʱʩsp ʯʠʫ ʭʢ ʤʴʷʺ –  ʺʠ ʺʥʰʹʬ ʯʩʠss  ʠʬ ʭʺʠ ʭʠ ʤʮ ʷʥʩʣʡ ʭʩʲʣʥʩ

ʭʩʹʥʲ ʭʺʠ. 

 ʸʨʱʩʢʸʤes, Extra Segmentʺʴʱʥʰ ʺʥʹʩʮʢ ʥʰʬ ʯʺʥʰ ,–  ʠʥʤʹ ʤʮ ʷʥʩʣʡ ʤʦ ,ʳʱʥʰ ʨʰʮʢʱʬ ʺʥʰʴʬ ʭʩʶʥʸ ʥʰʧʰʠ ʭʠ

.ʥʰʬ ʸʹʴʠʮ .ʯʥʸʫʩʦʤ ʬʠ ʭʩʰʥʺʰ ʩʴʶʸ ʬʹ ʺʥʷʺʲʤʡ ,ʤʮʢʥʣʬ ,ʩʹʥʮʩʹ ʤʦ ʸʨʱʩʢʸ 

ʸʨʱʩʢʸ ʭʩʩʣʥʲʩʩ ʭʩSpecial Purpose Registers – 

:ʭʩʩʣʥʲʩʩ ʭʩʸʨʱʩʢʸ ʩʰʹ ʭʰʹʩ 

IP- Instruction Pointer-   ʲʩʡʶʮʤʠʸʥʤʤ  

FLAGS - ʭʩʬʢʣ 

ʤ ʸʨʱʩʢʸ־IP  ʬʹ ʸʨʱʩʢʸ ʥʤʦ .ʲʥʶʩʡʬ ʤʠʡʤ ʤʣʥʷʴʤ ʬʹ ʺʡʥʺʫʤ ʺʠ ʷʩʦʧʮ16 ( ʲʩʡʶʮʫ ʹʮʹʮ ʤʹʲʮʬʹ ʨʩʡpointer )

ʤ ʪʥʺʬ-code segment. 

ʤ ʸʨʱʩʢʸʭʩʬʢʣ  ʪʸʥʠʡ ʪʸʲ ʷʩʦʧʮ ʥʰʩʠ ʠʥʤ .ʭʩʸʨʱʩʢʸʤ ʸʺʩʮ ʤʰʥʹ8  ʥʠ16 ʱʥʠ ʠʥʤ ʠʬʠ ,ʭʩʨʩʡ ʭʩʩʬʮʹʧ ʺʥʺʥʠ ʬʹ ʳ

ʣʧʠ ʨʩʡ ʩʰʡ.  .ʤʰʫʥʺʤ ʬʲ ʤʸʷʡ ʺʥʬʥʲʴʬ ʩʹʥʮʩʹ ʠʥʤ ʯʫʬʥ ʺʥʰʥʹ ʺʥʩʨʮʺʩʸʠ ʺʥʬʥʲʴ ʺʶʸʤ ʺʥʡʷʲʡ ʤʰʺʹʮ ʤʦ ʸʨʱʩʢʸ

ʣʡʲʮʤ ʬʹ ʤʶʩʸʤ ʡʶʮ ʺʠ ʭʩʰʹʮʹ ʺʥʺʥʠ ʭʩʬʢʣʤ ʸʨʱʩʢʸ ʬʬʥʫ ʯʫ ʥʮʫ.ʸʢʠʡʩʣ ʭʲ ʤʣʥʡʲ ʪʸʥʶʬ ʤʮʢʥʣʬ , 

 ʬʹ ʭʩʫʸʲʤ ,ʺʠʦ ʺʧʺ .ʥʬʠ ʭʩʸʨʱʩʢʸʡ ʺʥʸʩʹʩ ʭʩʩʥʰʩʹ ʲʶʡʰ ʠʬ ,ʤʫ ʣʲ ʭʤʡ ʥʰʬʷʺʰʹ ʭʩʸʨʱʩʢʸʤ ʸʺʩʬ ʣʥʢʩʰʡʤ ʸʨʱʩʢʸ-

IP  ʤʥʭʩʬʢʣ ʬʲ ʥʰʺʹʩ־ʺʩʰʫʺʤ ʺʶʩʸ ʯʮʦʡ ʣʡʲʮʤ ʩʣʩ.  ʸʨʱʩʢʸ ʺʠ ʺʥʰʹʬ ʺʰʫʺʮʬ ʺʥʸʹʴʠʮʹ ʺʥʣʥʷʴ ʺʥʮʩʩʷ ʩʫ ,ʯʩʩʶʰ

ʭʩʬʢʣʤʭʬʥʠ , .ʤʦ ʣʥʮʩʬ ʸʴʱ ʬʹ ʳʷʩʤʬ ʵʥʧʮ ʯʤ 

 ʭʲ ʤʣʥʡʲʡ ʺʥʱʰʺʤʬ ʬʫʥʰ ,ʪʫ .ʥʰʬʹ ʤʣʥʡʲʤ ʺʡʩʡʱ ʺʠ ʣʮʬʰʹ ʸʧʠʬ ʣʩʮ ,ʣʸʴʰ ʷʸʴ ʭʩʩʣʥʲʩʩʤ ʭʩʸʨʱʩʢʸʬ ʹʩʣʷʰ ʥʰʧʰʠ

.ʣʥʮʩʬʤ ʩʣʫ ʪʥʺ ʥʬʬʤ ʭʩʸʨʱʩʢʸʤ 

ʺʩʨʮʺʩʸʠʤ ʤʣʩʧʩʤ – Arithmetic & Logical Unit 

( ʺʩʢʥʬʤʥ ʺʩʨʮʺʩʸʠʤ ʤʣʩʧʩʤArithmetic & Logical Unit ʸʥʶʩʷʡ ʥʠ ,– ALU ʣʡʲʮʡ ʭʥʷʮʤ ʠʩʤ )

ʹʺʹʧʸʺʮ ʥʡ ʤ .ʺʥʬʩʲʴʤ ʡʥʸ־ALU  ʺʲʡʥʷ ʤʸʷʡʤ ʺʣʩʧʩ ʯʫʮ ʸʧʠʬ ,ʭʩʸʨʱʩʢʸʤʮ ʪʩʸʶ ʠʥʤʹ ʲʣʩʮʤ ʺʠ ʯʲʥʨ

ʬ־ALU ʤ ʳʥʱʡʬʥ ,ʲʣʩʮʤ ʭʲ ʺʥʹʲʬ ʪʩʸʶ ʤʬʥʲʴ ʥʦʩʠ־ALU  ʸʨʱʩʢʸʡ ʤʠʶʥʺʤ ʺʠ ʸʮʥʹʥ ʤʬʥʲʴʤ ʺʠ ʲʶʡʮ

 .ʣʲʩ ʸʨʱʩʢʸʫ ʲʡʷʰʹ 

ʤʮʢʥʣʬ ʪʸʲʤ ʺʠ ʳʩʱʥʤʬ ʭʩʶʥʸ ʥʰʧʰʠʹ ʧʩʰʰ ,3  ʸʨʱʩʢʸʬax: 

 ʡʹ ʪʸʲʤ ʺʠ ʷʩʺʲʩ ʣʡʲʮʤ־ax ʤ ʪʥʺʬ־ALU. 

 ʬ ʧʬʹʩ ʣʡʲʮʤ־ALU  ʪʸʲʤ ʺʠ3. 

 ʬ ʯʺʩʩ ʣʡʲʮʤ-ALU .ʬ"ʰʤ ʭʩʫʸʲʤ ʩʰʹ ʺʠ ʸʡʧʬ ʤʠʸʥʤ 

 ʤʮ ʡʥʹʩʧʤ ʺʠʶʥʺ ʺʠ ʸʩʦʧʩ ʣʡʲʮʤ-ALU  ʸʨʱʩʢʸʤ ʪʥʺʬax.  
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ʤʸʷʡʤ ʺʣʩʧʩ–Control Unit 

ʬʲ ʤʰʲʰ ʤʦ ʷʬʧʡ ʤʬʠʹʤ– ?ʲʶʡʬ ʤʣʥʷʴ ʥʦʩʠ ʲʣʥʩ ʣʡʲʮʤ ʷʥʩʣʡ ʪʩʠ 

 ʭʩʨʥʧʤ ʨʥʥʩʧ ʺʥʲʶʮʠʡ .ʭʺʥʠ ʨʥʥʧʬ ʤʩʤ ʯʺʩʰʹ ,ʭʩʩʬʮʹʧ ʭʩʬʢʲʮ ʬʹ ʺʥʸʥʹ ʭʲ ʬʰʠʴ ʤʩʤ ʭʩʰʥʹʠʸʤ ʭʩʡʹʧʮʬ

 ʤʺʩʩʤ ʺʧʠ ʺʩʰʫʥʺʡ ʵʩʸʤʬ ʤʩʤ ʯʺʩʰʹ ʺʥʣʥʷʴʤ ʺʥʮʫ ,ʥʦ ʤʨʩʹʡ .ʵʩʸʩ ʣʡʲʮʤ ʤʣʥʷʴ ʥʦʩʠ ʲʥʡʷʬ ʤʩʤ ʸʹʴʠ ʭʩʩʬʮʹʧʤ

ʴʱʮʬ ʤʥʥʹ ʤʰʫʥʺʤ ʺʠ ʸʥʮʹʬ ʯʥʩʲʸʤ ʺʠʶʮʤ ʤʺʩʩʤ ʡʹʧʮʤ ʩʲʣʮʡ ʺʥʩʺʥʲʮʹʮʤ ʺʥʩʥʧʺʴʺʤʤ ʺʧʠ .ʬʰʠʴʡ ʺʥʸʥʹʤ ʸ

 ʭʩʱʴʠʥ ʺʥʣʧʠ ʬʹ ʳʶʸʬ ʺʮʢʸʥʺʮ ʤʣʥʷʴ ʬʫ ʥʦ ʤʨʩʹʡ .ʤʣʥʷʴ ʩʸʧʠ ʤʣʥʷʴ ʣʥʡʩʲʤ ʺʣʩʧʩʬ ʤʺʥʠ ʠʩʡʤʬʥ ʡʹʧʮʤ ʯʥʸʫʩʦʡ

 .ʯʥʸʫʩʦʡ ʺʸʮʹʰʥ 

 ,ʤʸʷʡʤ ʺʣʩʧʩControl Unitʺʠ ʯʥʸʫʩʦʤʮ ʤʠʩʡʮ , ʭʹʡ ʭʢ ʺʥʲʥʣʩʤ ,ʤʰʥʫʮʤ ʺʥʣʥʷʴOperational 

Codes  ʥʠOpCodes .ʧʥʰʲʴ ʸʨʱʩʢʸ ʬʠ ʺʧʠ ʺʧʠ ʯʺʥʠ ʤʷʩʺʲʮʥ , 

ʤ ʺʠʡʤ ʺʠ ʬʲʩʩʬ ʩʣʫ־OpCodes  ʬʹ ʬʣʥʢ ,ʣʡʲʮʬOpCode  ʬʹ ʤʬʥʴʫ ʬʬʫ ʪʸʣʡ ʠʥʤ8  ʤʬʩʫʮ ʤʸʷʡʤ ʺʣʩʧʩ .ʭʩʨʩʡ

 ,ʺʥʠʸʥʤ ʸʨʱʩʢʸInstruction register ʥʠ ,IP ʥʰʸʫʦʤ ʥʺʥʠ ,ʤ .ʭʩʮʣʥʷʤ ʭʩʴʩʲʱʡ־IP  ʬʹ ʯʥʸʫʩʦʡ ʺʡʥʺʫʤ ʺʠ ʷʩʦʧʮ

ʤ ʺʠ ʤʷʩʺʲʮ ʤʸʷʡʤ ʺʣʩʧʩʹ ʸʧʠʬ .ʷʩʺʲʤʬ ʹʩʹ ʤʠʡʤ ʤʣʥʷʴʤ-OpCode ʤ ʺʠ ʺʮʣʷʮ ʠʩʤ ,ʧʥʰʲʴʤ ʸʨʱʩʢʸ ʪʥʺʬ־IP 

.ʤʠʬʤ ʪʫʥ ʤʠʡʤ ʤʣʥʷʴʤ ʺʡʥʺʫ ʬʠ 

 

)ʤʡʧʸʤ( ʺʫʸʲʮʤ ʯʥʲʹ 

.ʩʸʥʨ ʯʴʥʠʡ ,ʤʣʥʷʴ ʩʸʧʠ ʤʣʥʷʴ ʺʥʣʡʲʮ ʯʮʩʥʰ ʯʥʴ ʺʥʰʥʫʮ 

 ʪʥʺʬ ʺʥʰʲʥʨʤ ,ʺʥʠʡʤ ʺʥʣʥʷʴʡ ʯʰʥʡʺʰax  ʺʠbx+5: 

mov ax, bx 

add ax, 5 

 ʬʹ ʤʰʩʲʨʤ ʺʣʥʷʴ ʩʸʧʠ ʹʧʸʺʤʬ ʤʫʩʸʶ ʸʥʡʩʧʤ ʺʣʥʷʴʹ ʸʥʸʡbx  ʪʥʺʬax ʩʺʹ ʭʠ .ʤʰʥʫʰ ʠʬ ʤʠʶʥʺ ʬʡʷʰ ʺʸʧʠ ,

ʺʥʣʥʷʴʤ ʺʶʸʤ ʸʧʠʬ ,ʺʩʸʥʨ ʠʬʥ ,ʺʩʰʮʦ ʥʡ ʤʰʲʶʡʺʺ ʺʥʣʥʷʴʤax ʺʠ ʬʩʫʩbx  ʬʩʫʩ ʥʠ5 ʠʬ ʬʡʠ ,bx+5. 

ʤ ʧʥʰʲʴ ʬʬʥʫ ʤʦ ʯʮʦ .ʲʥʶʩʡʬ ʯʮʦ ʺʹʸʥʣ ʤʬʥʲʴ ʬʫ־OpCode ,ʸʨʱʩʢʸʬ ʥʤʹʬʫ ʪʸʲ ʺʰʩʲʨ ,)ʬʬʫ ʪʸʣʡ( ʯʥʸʫʩʦʬ ʤʩʰʴ ,

ʺʥʬʥʲʴʤ ʺʠ ʯʮʦʺʩʹ ʯʥʰʢʰʮ ʪʩʸʶ ʣʡʲʮʤ ,ʸʣʱ ʩʴʬ ʥʲʶʡʺʩ ʺʥʬʥʲʴʹ ʩʣʫ .ʣʥʲʥ ʺʩʨʮʺʩʸʠ ʤʬʥʲʴ ʲʥʶʩʡ– .ʺʫʸʲʮʤ ʯʥʲʹ 

 ʤʸʷʡʤ ʱʴ ʬʲ ʩʬʮʹʧ ʺʥʠ ʠʥʤ ʺʫʸʲʮʤ ʯʥʲʹControl Bus ʯʩʡ ʡʥʶʷ ʯʮʦ ʷʸʴ ʬʫ ʥʫʸʲ ʺʠ ʤʰʹʮ ʸʹʠ ,0 

ʬ1־ ʯʩʡ ʤʰʺʹʮ ʩʬʮʹʧʤ ʺʥʠʤ ʤʡʹ ʺʥʸʩʣʺʤ .0 ʬ1־  ʺʥʰʺʹʤʬ ʺʥʠʬ ʧʷʥʬʹ ʯʮʦʤ .ʺʫʸʲʮʤ ʯʥʲʹ ʺʥʸʩʣʺ ʠʩʤ

ʮ0־ ʬ1־ ʬ ʤʸʦʧʥ0־  ʠʸʷʰclock cycle ʬʹ ʯʮʦʤ .clock cycle  ʩʷʬʧ ʣʧʠ ʠʥʤʯʥʲʹʤ ʺʥʸʩʣʺ.  ,ʤʮʢʥʣʬ

 ʬʹ ʯʥʲʹ ʸʣʺ ʬʲʡ ʣʡʲʮ1MHz  ʬʲʡ ʠʥʤclock cycle  ʬʹ1 ( ʤʩʰʹ ʥʸʷʩʮ1/1,000,000 .)ʤʩʰʹ ʬʹ 
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ʮ ʤʰʺʹʮ ʺʥʠʤʹ ʯʮʦʤ( ʯʥʲʹʤ ʺʥʠ ʺʩʩʬʲ ʺʹʧʸʺʮ ʤʡ ʯʮʦʤ ʺʣʥʷʰʡ ʥʠ ʤʬʥʲʴ ʲʶʡʬ ʬʩʧʺʩ ʣʡʲʮʤ ,ʯʥʸʫʰʱ ʧʩʨʡʤʬ ʩʣʫ0־ 

ʬ1־ʮ ʤʰʺʹʮ ʺʥʠʤ ʥʡ ʯʮʦʤ( ʯʥʲʹʤ ʺʥʠ ʺʣʩʸʩ ʭʲ ʥʠ )1־ ʬ0־ʫʰʥʱʮ ʣʡʲʮʤ ʬʹ ʺʥʮʩʹʮʤ ʬʫʹ ʯʥʥʩʫ .) ʯʥʲʹ ʩʣʩ ʬʲ ʺʥʰʸ

ʮ ʺʥʧʴ ʪʹʮʩʤʬ ʤʬʥʫʩ ʠʬ ʤʮʩʹʮ ,ʺʫʸʲʮʤ־clock cycle  ʺʥʮʫ ʺʠ ʤʹʲʮʬ ʤʬʩʡʢʮ ʣʡʲʮʤ ʯʥʲʹ ʺʥʸʩʣʺ ʸʮʥʬʫ ,ʣʩʧʩ

 ʺʥʮʫ ʺʠ ʲʶʡʩ ʣʩʮʺ ʣʡʲʮʤʹ ʸʡʣʤ ʺʥʲʮʹʮ ʯʩʠ ,ʺʠʦ ʭʲ .ʯʥʺʰ ʯʮʦ ʷʸʴʡ ʲʶʡʬ ʬʥʫʩ ʣʡʲʮʤʹ ʺʩʬʮʩʱʷʮʤ ʺʥʬʥʲʴʤ

ʺʩʬʮʩʱʷʮʤ ʺʥʬʥʲʴʤʹ ʭʥʹʮ , ʺʥʡʸ ʺʥʬʥʲʴʸʥʠʺʥʫ ʮ ʸʺʥʩ־clock cycle ʣʩʧʩ. 

 .ʺʫʸʲʮʤ ʯʥʲʹ ʭʲ ʯʸʫʰʥʱʮ ʯʴʥʠʡ ʹʧʸʺʤʬ ʺʡʩʩʧ ʯʥʸʫʩʦʬ ʤʹʩʢ .ʯʥʸʫʩʦʬ ʤʹʩʢ ʠʩʤ ʲʶʡʮ ʣʡʲʮʤʹ ʺʥʶʥʴʰʤ ʺʥʬʥʲʴʤ ʺʧʠ

ʬʲ ʺʥʲʶʡʺʮʤ ʺʥʬʥʲʴʤ ʬʹ ʤʮʩʫʱ ʯʬʤʬ־ ʤʹʩʢʤ ʥʦ ʤʮʢʥʣʡʹ ʯʩʩʶʬ ʡʥʹʧ .ʯʥʸʫʩʦʬ ʤʹʩʢ ʯʮʦʡ ʣʡʲʮʤ ʩʣʩʺʫʸʥʠclock 

cycleʡʲʮʡ ʥʮʫ ,ʣʩʧʩʹ ʯʥʸʫʩʦʬ ʤʹʩʢ ʯʫʺʩʺ ʪʠ ,ʭʩʮʣʷʺʮ ʭʩʣʺʫʸʥʠ  ʸʴʱʮclock cycles: 

 
ʺʫʸʲʮʤ ʯʥʲʹ ʬʹ ʯʮʦʤ ʸʩʶ ʬʲ ʯʥʸʫʩʦʤʮ ʤʠʩʸʷ ʺʬʥʲʴ ʬʹ ʤʮʩʫʱ 
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ʺʫʸʲʮʤ ʯʥʲʹ ʬʹ ʯʮʦʤ ʸʩʶ ʬʲ ʯʥʸʫʩʦʬ ʤʡʩʺʫ ʺʬʥʲʴ ʬʹ ʤʮʩʫʱ 

 

ʭʥʫʩʱ 

ʤ ʺʧʴʹʮ ʩʣʡʲʮ ʬʲ ʹʢʣʡ ,ʡʹʧʮʤ ʯʥʢʸʠ ʺʥʣʥʠ ʥʰʣʮʬ ʤʦ ʷʸʴʡ80־x86 ʥʰʬʧʺʤ : ʣʥʮʬʬ ʩʨʰʡʬʸ ʯʬʬʢʡʹ ʺʥʡʩʱʤ ʨʥʸʩʴʮ

ʤ ʩʣʡʲʮ ʺʧʴʹʮ ʬʲ80־x86  ʤʸʥʨʷʨʩʫʸʠ ʭʩʷʬʥʧ ʭʩʣʡʲʮʤ ʬʫʹ ʯʥʥʩʫʮ ʸʺʩʤ ʯʩʡ ,ʸʺʥʩ ʭʩʹʣʧ ʭʩʣʡʲʮ ʭʩʮʩʩʷʹ ʺʥʸʮʬ

 ʺʥʰʥʫʮ ʭʬʥʫʥ ʺʴʺʥʹʮVNA ʺʸʥʨʷʨʩʫʸʠ ʩʤʮ ʥʰʸʡʱʤ .VNA  ʨʸʥʴʮ ʸʡʱʤʬ ʥʰʱʰʫʰʥʺʥʣʥʠ  ʪʩʠ ʥʰʩʠʸ .ʭʩʰʥʹʤ ʤʩʡʩʫʸʮ

ʩʰʥʺʰʤ ,ʲʣʩʮʤ ʩʱʴ.ʯʥʸʫʩʦʬ ʤʡʩʺʫʥ ʤʠʩʸʷ ʬʲ ʹʢʣ ʪʥʺ ,ʭʩʰʥʹ ʭʩʡʩʫʸ ʭʲ ʺʸʥʹʷʺʬ ʣʡʲʮʤ ʺʠ ʭʩʹʮʹʮ ʤʸʷʡʤʥ ʭ 

ʤ ʺʧʴʹʮ ʬʹ ʯʥʸʫʩʦʤ ʤʰʡʮ ʺʠ ʥʰʸʷʱ ,ʪʹʮʤʡ80־x86  ʬʫʬ ʤʲʢʤʬ ʺʹʮʹʮʹ ,ʭʩʨʱʴʥʠʥ ʭʩʨʰʮʢʱʬ ʤʷʥʬʧʤ ʺʠ ʥʰʸʫʤʥ

 ʯʥʣʬ ʥʰʸʡʲ ,ʯʫʮ ʸʧʠʬ .ʯʥʸʫʩʦʡ ʺʡʥʺʫʭʩʰʥʹʤ ʤʩʷʬʧ ʬʲ ʺʩʦʫʸʮʤ ʣʥʡʩʲʤ ʺʣʩʧʩʡ.  ʤʮ ʸʥʡʲʥ ʭʩʰʥʹʤ ʭʩʸʨʱʩʢʸʤʮ ʥʰʬʧʺʤ

 ʺʩʠʸʧʠʹ ,ʤʸʷʡʤ ʺʣʩʧʩʬʥ ,ʺʥʬʥʲʴʤ ʲʥʶʩʡ ʬʲ ʺʩʠʸʧʠʤ ,ʺʩʨʮʺʩʸʠʤ ʤʣʩʧʩʬ ʥʰʸʡʲ ʭʹʮ .ʸʨʱʩʢʸ ʬʫ ʬʬʫ ʪʸʣʡ ʹʮʹʮ

ʺʫʸʲʮʤ ʯʥʲʹ ʬʲ ʸʡʱʤʡ ʥʰʮʩʩʱ .ʧʥʰʲʴʬ ʤʰʥʫʮʤ ʺʥʣʥʷʴ ʺʠ ʠʩʡʤʬ–  ʯʥʲʹʡ ʪʸʥʶ ʹʩ ʩʸʥʨ ʯʴʥʠʡ ʺʥʣʥʷʴ ʲʶʡʬ ʩʣʫʹ ʥʰʡʤ

ʠʸʤʥ ,ʺʫʸʲʮʤ .ʯʮʦʤ ʸʩʶ ʬʲ ʯʥʸʫʩʦʬ ʤʩʰʴʤ ʪʩʬʤʺ ʺʠ ʥʰʩ 

ʺ ʤʩʤ ʤʦ ʷʸʴʩ ʺʥʡʥʺʫʤ ʠʹʥʰ ʬʹ ʤʰʡʤʤ ʸʷʩʲʡ ʤʡʥʹʧ .ʭʩʠʡʤ ʭʩʷʸʴʤ ʺʰʡʤʬ ʭʩʩʱʩʱʡʤ ʭʩʬʫʤ ʺʠ ʤʰʷʤʥ ,ʥʸʷʩʲʡ ʩʨʸʥʠ

 ʥʬʠ ʭʩʠʹʥʰʡ ʭʩʨʬʥʹ ʭʺʠʹ ʭʩʧʥʨʡ ʭʫʰʩʠ ʭʠ ʦʠ ,ʭʩʰʥʹʤ ʭʩʸʨʱʩʢʸʤ ʭʤʮʥ ʯʥʸʫʩʦʡ–  ʺʠ ʭʩʰʩʡʮ ʭʺʠʹ ʥʠʣʥʥ ʥʸʦʩʧ

ʺʤʩʩʸʥʠ.ʺʰʫʺʬ ʬʩʧʺʤʬ ʥʰʬ ʸʹʴʠʺʹ ʤʣʥʡʲʤ ʺʡʩʡʱ ʺʠ ʯʩʷʺʰ ʠʡʤ ʷʸʴʡ .ʤ 
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ʠʥʡʮ 

 ʹʩ ʩʫ ʯʩʩʶʰ ,ʺʩʹʠʸ .ʩʬʡʮʱʠ ʺʴʹʡ ʺʰʫʺʬ ʬʩʡʹʡ ʹʮʺʹʰ ʭʤʡ ʤʣʥʡʲʤ ʩʬʫ ʬʲ ʣʮʬʰ ʤʦ ʷʸʴʡ ʤʣʥʡʲʬ ʭʩʬʫ ʬʹ ʯʥʥʢʮ

)ʤʰʥʫʮ ʺʴʹʬ ʩʬʡʮʱʠ ʺʥʸʩʮʮʤ ʺʥʰʫʥʺ( ʭʩʸʬʡʮʱʠ ʬʹ ʳʱʥʠ ʭʩʩʷ .ʭʬʥʫ ʺʠ ʢʩʶʤʬ ʸʮʩʩʺʮ ʥʰʩʠ ʤʦ ʷʸʴʥ ,ʩʬʡʮʱʠʡ– 

 ,ʤʹʲʮʬ .ʸʧʠ ʸʬʡʮʱʠʬ ʧʸʫʤʡ ʭʩʠʺʩ ʠʬ ʥʤʹʬʫ ʸʬʡʮʱʠʬ ʡʺʫʰʹ ʩʬʡʮʱʠ ʣʥʷ ʬʡʠ ,ʭʩʰʨʷ ʭʤʩʰʩʡ ʭʩʬʣʡʤʤ ʸʹʴʠ

 ʳʩʬʧʤʬʥʺʡ ʯʠʫ ʢʩʶʰʹ ʺʥʰʫʥʺʤʮ ʺʧʠ ʬʫ ʩʣʮʥʬ ʬʬʫ ʯʩʡ ʳʺʥʹʮ ʱʩʱʡ ʢʩʹʤʬ ʯʥʶʸʥ ʺʥʧʥʰ ʬʹ ʭʩʬʥʷʩʹʮ ʬʡʠ ,ʺʸʧʠ ʤʰʫ

ʰʠ ʥʩʬʠ ʣʲʩʤ .ʤʰʫʥʺ ʬʫʬ ʣʡʬʡ ʺʧʠ ʺʥʸʹʴʠ ʢʩʶʤʬ ʥʰʸʧʡ ,ʩʬʡʮʱʠʤʠʥʤ ʤʦ ʷʸʴ ʭʥʩʱʡ ʲʩʢʤʬ ʭʩʴʠʥʹ ʥ  ʵʡʥʷ ʸʥʶʩʬ

 ʥʬ ʠʸʷʰʹ ʵʡʥʷ ,ʩʬʡʮʱʠ ʺʴʹʡ ʯʥʹʠʸbase.asmʩʬʢʥʱʮ ʺʥʩʤʬʥ ʤʰʥʫʮ ʺʴʹʡ ʵʡʥʷʬ ʥʺʥʠ ʪʥʴʤʬ , ʵʩʸʤʬ ʭ ʤʠʶʥʺʤ ʺʠ

 ʠʸʷʰʹ ʩʬʫ ʺʥʲʶʮʠʡʡʩʣʠ( ʸʢDebugger) ʲʣʩʤ ʺʠ ʡʩʧʸʤʬ ʭʩʰʩʩʰʥʲʮʤ ʭʩʣʩʮʬʺʬ ,ʯʨʷ ʸʷʧʮ ʬʩʢʸʺ ʹʩ ʷʸʴʤ ʭʥʩʱʡ .

ʤʰʥʫʮ ʺʴʹʬ ʩʬʡʮʱʠ ʺʴʹʡ ʺʥʣʥʷʴ ʭʢʸʺʮ ʸʬʡʮʱʠʤʹ ʩʨʸʥʠʩʺ ʯʴʥʠʡ ʥʰʣʮʬ ʭʣʥʷʤ ʷʸʴʡ .ʭʤʬʹ–Opcodes ʬʩʢʸʺ .

 ʬʲ ʤʦ ʷʸʴʡ ʭʩʣʮʬʰʹ ʭʩʬʫʤ ʺʠ ʡʬʹʮ ʸʷʧʮʤ ʩʬʡʮʱʠʤ ʺʥʣʥʷʴ ʺʥʮʢʸʥʺʮ ʤʡ ʪʸʣʤ ʺʠ ʷʮʥʲʬ ʸʺʥʩ ʯʩʡʤʬ ʺʰʮ

ʬ־Opcodes. 

 

Editor– Notepad++ 

ʨʥʹʴ ʠʩʤ ʤʡ ʹʮʺʹʰʹ ʤʰʥʹʠʸʤ ʤʰʫʥʺʤ-  .ʯʡʺʫʺʫʩʸʲʬ ʺʥʰʫʥʺ ʬʹ ʯʥʥʢʮ ʥʰʹʩ  ʨʱʷʨ ʩʶʡʷʹʬʥʫʩʺʥ  .ʥʰʺʥʠ ʹʮʹʬ ʡʥʹʧ

 ʯʥʢʫ ,ʩʣʮ "ʺʥʮʫʧ" ʺʥʰʫʥʺ ʯʰʹʩʹ ʯʩʩʶʬWord ʥʰʩʤ ʥʬʠ ʺʥʰʫʥʺʡ ʹʥʮʩʹ .ʨʱʷʨʤ ʺʠ ʷʸ ʠʬʥ ʭʩʸʺʥʩʮ ʭʩʥʥʺ ʺʥʸʮʥʹʹ ,

 .ʩʺʩʩʲʡʡ ʡʥʺʫʬ ʭʩʬʥʫʩ ʥʰʧʰʠ־Notepad ,Visual Studio ʬʫ ʥʠEditor ʡ ʹʥʮʩʹʤ .ʸʧʠ־Notepad++  ʵʬʮʥʮ

:ʺʥʡʩʱ ʸʴʱʮʮ 

- ʺʩʮʰʩʧ ʤʰʫʥʺʤ 

- ʹʥʮʩʹʥ ʤʰʷʺʤ ʺʥʨʹʴ 

- ʭʩʰʥʹ ʭʩʲʡʶʡ ʸʠʥʮ ʨʱʷʨ– ʸ ,ʷʥʸʩʡ ʺʥʸʲʤ ,ʬʥʧʫʡ ʺʥʣʥʷʴ ʺʥʠʶʮʺʤʤ ʬʲ ʬʷʮ ʤʦ ʸʡʣ .'ʥʫʥ ʸʥʧʹʡ ʭʩʸʨʱʩʢ

.ʣʥʷʡ 

 ʭʩʹʴʧʮ :ʤʰʷʺʤNotepad++ ʸʺʠʬ ʭʩʫʩʹʮʮ ,ʬʢʥʢʡ 

plus.org/download/v6.5.5.html-plus-http://notepad  ʺʥʸʹʴʠʡ ʭʩʸʧʥʡʥNotepad++ installer. 

 

http://notepad-plus-plus.org/download/v6.5.5.html
http://notepad-plus-plus.org/download/v6.5.5.html
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:ʭʩʴʩʨ 

-  ʤʮʢʥʣʬ .ʺʮʥʩʱʥ ʭʹ ʹʩ ʵʡʥʷ ʬʫʬhello.doc, doc  ʠʸʷʰʹ ʵʡʥʷʤ ʬʹ ʺʮʥʩʱʤ ʠʩʤhello ʵʡʥʷʤ ʭʹʡ .hello 

.ʭʩʥʥʺ ʤʹʩʮʧ ʹʩ 

-  ʺʮʥʩʱʤ ʭʲ ʭʫʬʹ ʭʩʶʡʷʤ ʺʠ ʸʥʮʹʬ ʥʣʩʴʷʤasmʤ ʺʰʫʥʺ ,ʺʠʦ ʥʹʲʺ ʭʠ .־Notepad++  ʺʠ ʭʫʬ ʢʩʶʺ

.ʤʠʩʸʷʬ ʤʬʷʥ ʺʩʰʥʲʡʶ ʤʸʥʶʡ ʵʡʥʷʤ 

- ʤ ʩʶʡʷʬ ʥʰʺ־asm  ʩʰʡ ʺʥʮʹ8  ʺʡʩʡʱʡ ʤʣʥʡʲʡ ʭʫʩʬʲ ʬʷʩ ʤʦ .ʸʺʥʩʤ ʬʫʬ ʭʩʥʥʺDOS. 

 ʵʡʥʷBase.asm 

 .ʭʩʠʡʤ ʭʩʷʸʴʡʥ ʤʦ ʷʸʴʡ ʤʣʥʡʲʤ ʪʹʮʤʬ ʱʩʱʡʫ ʥʰʺʥʠ ʹʮʹʩ ʤʦ ʵʡʥʷ .ʩʬʡʮʱʠ ʺʴʹʡ ʯʥʹʠʸʤ ʵʡʥʷʤ ʺʠ ʺʲʫ ʸʥʶʩʰ

ʭʫʬ ʺʥʸʥʸʡ ʺʥʩʤʬ ʺʥʫʩʸʶ ʺʥʸʣʢʤʤʥ ʺʥʣʥʷʴʤ ʬʫ ʠʬ ,ʤʦ ʡʬʹʡ– ,ʤʣʥʡʲʤ ʪʹʮʤ ʺʡʥʨʬ .ʪʹʮʤʡ ʥʸʸʡʺʩ ʯʤ  ʵʡʥʷ ʥʧʺʩʴ

ʡ ʹʣʧ־Notepad++ ʭʺʥʠ ʷʩʺʲʤʬ ʪʸʥʶ ʯʩʠʥ ʺʥʸʲʤ ʭʤ ʭʩʷʥʸʩʤ ʭʩʸʥʦʠʤ( ʠʡʤ ʣʥʷʤ ʺʠ ʥʫʥʺʬ ʥʷʩʺʲʤʥ ʩʸʴʱʮ ʯʫ ʥʮʫ ,

ʭʺʥʠ ʷʩʺʲʤʬ ʯʩʠʥ ʺʩʨʮʥʨʥʠ ʭʩʸʶʥʰ ʺʥʸʥʹʤ ʭʹʡ ʵʡʥʷʤ ʺʠ ʥʸʮʩʹ ,ʯʫʮ ʸʧʠʬ .)base.asm. 

 ʸʥʹʩʷʡ ʭʢ ʠʶʮʰ ʵʡʥʷʤhttp://data.cyber.org.il/assembly/TASM/BIN/base.asm 

 
 ʬʲ ʸʡʱʤbase.asm 

 ʵʡʥʷʬ ʭʩʸʡʱʤ ʩʰʹ ʺʲʫ ʯʺʩʰbase.asm ʺʴʹʡ ʺʰʫʺʬ ʬʩʧʺʤʬ ʩʣʫ ʺʲʣʬ ʪʩʸʶʹ ʤʮ ʺʠ ʬʬʥʫʹ ,ʩʱʩʱʡ ʣʧʠ ʸʡʱʤ .

ʤʬ ʭʩʬʫʤ ʺʠ ʥʰʬ ʯʩʠ ʯʩʩʣʲ ʤʦ ʡʬʹʡ .ʭʣʷʺʮ ʩʰʹ ʸʡʱʤʥ ,ʩʬʡʮʱʠ ʺʥʩʤʬ ʤʡʩʱ ʯʩʠ ʬʡʠ ,ʭʣʷʺʮʤ ʸʡʱʤʤ ʺʠ ʯʩʡ

ʭʩʬʫʱʥʺʮ– ʩʬʡʮʱʠ ʺʴʹ ʬʲ ʷʸʴʤ ʭʥʩʱʡ ʥʩʬʠ ʥʸʦʩʧʥ ʤʠʬʤ ʥʸʡʩʲ–  ʺʠ ʯʩʡʤʬ ʭʫʬ ʸʹʴʠʩ ʯʥʸʫʩʦʤʥ ʤʴʹʤ ʤʰʡʮ ʬʲ ʲʣʩʤ

.ʭʣʷʺʮʤ ʸʡʱʤʤ 

 

http://data.cyber.org.il/assembly/TASM/BIN/base.asm


 ʷʸʴ4 – ʩʬʡʮʱʠʡ ʺʥʰʫʺʬ ʤʣʥʡʲ ʺʡʩʡʱ 68 

 68 

ʩʱʩʱʡ ʸʡʱʤ: 

 ʣʷʮʺʰ ʷʸʵʡʥʷʡ ʪʥʸʲʬ ʤʶʸʰ ʭʺʥʠʹ ʭʩʸʥʦʠʡ  : ʺʸʺʥʫʤ ʺʧʺ ʠʶʮʰ ʯʥʹʠʸʤ ʸʥʦʠʤDATASEG ʥʰʠ ʨʰʮʢʱ ʢʹʥʮʤ ʺʠ .

 ʥʬ ʭʩʠʸʥʷʹ ʨʰʮʢʱʤ .ʡʹʧʮʤ ʯʥʢʸʠ ʬʲ ʷʸʴʤʮ ʭʩʸʩʫʮDATASEG  ʯʥʸʫʩʦʡ ʭʩʰʺʹʮʬ ʺʥʮʹ ʭʩʸʩʣʢʮ ʥʡʹ ʨʰʮʢʱʤ ʠʥʤ

 ʪʥʺʡ .ʡʹʧʮʤ ʬʹ ʯʥʸʫʩʦʡ ʺʥʡʥʺʫʬ ʭʩʰʺʥʰ ʥʰʧʰʠʹ ʺʥʮʹ ʭʤʭʩʰʺʹʮ ʩʫ ʸʩʫʦʰ .ʡʹʧʮʤDATASEG .ʣʥʷ ʭʩʹʬ ʢʥʤʰ ʠʬ 

ʡ ʡʥʺʫʬ ʭʩʬʥʫʩ ʥʰʠ־DATASEG:ʤʮʢʥʣʬ , 

var1 db 5 

 ʭʹʡ ʤʰʺʹʮ ʥʰʸʣʢʤ ʪʫʡʥvar1  ʪʸʲʤ ʺʠ ʬʡʷʮʹ5 ,ʯʥʸʫʩʦʡ ʸʥʦʠ ʺʥʶʷʤʬ ʢʠʣʩ ʸʡʫ )ʪʹʮʤʡ ʥʩʬʠ ʲʩʢʰ( ʸʬʡʮʱʠʤ .

 ʤʦʤ ʸʥʦʠʬ ʠʥʸʷʬvar1  ʪʸʲʤ ʺʠ ʯʥʸʫʩʦʡ ʭʩʹʬʥ5. 

 ʺʸʺʥʫʤ ʺʧʺ ʠʶʮʰʹ ʤʮ ʠʥʤ ʥʰʺʥʠ ʯʩʩʰʲʮʹ ʩʰʹʤ ʸʥʦʠʤCODESEG ʥʰʧʰʠʹ ʺʥʣʥʷʴʤ ʺʠ ʭʩʡʺʥʫ ʥʡʹ ʨʰʮʢʱʤ ʥʤʦ .

 ʦʠʥ ,ʸʦʲ ʺʥʣʥʷʴ ʤʮʫ ʹʩ ʨʰʮʢʱʤ ʺʬʩʧʺʡ .ʵʩʸʩ ʣʡʲʮʤʹ ʭʩʶʥʸ– ʤʸʲʤʤ ʩʸʧʠ ʣʩʮ–  ʺʠ ʣʩʬʷʤʬ ʸʹʴʠ ʥʡʹ ʸʥʦʠ ʹʩ

.ʥʰʬʹ ʺʥʣʥʷʴʤ 

ʡ ʡʥʺʫʬ ʭʩʬʥʫʩ ʥʰʠ־CODESEG:ʤʮʢʥʣʬ , 

mov al, [var1] 

 ʪʸʲʤ ʺʠ ʷʩʺʲʤʬ ʣʡʲʮʬ ʭʥʸʢʺ ʥʦ ʤʣʥʷʴʥʹʡ ʥʰʱʰʫʤ־var1 , 5 ʸʨʱʩʢʸʤ ʪʥʺ ʬʠ ,al. 

 ʵʡʥʷʡ ʭʩʩʥʰʩʹ ʪʥʸʲʬ ʬʩʧʺʤʬ ʬʩʡʹʡ ʺʲʣʬ ʪʩʸʶʹ ʤʮ ʬʫ ʤʦbase.asm. 

ʨʸʥʴʮ ʸʡʱʤ: 

:ʵʡʥʷʤ ʬʲ ʤʸʥʹ ʤʸʥʹ ʸʥʡʲʰ 

- IDEAL–  ʺʰʫʥʺʬTurbo Assembler  .ʤʡʩʺʫ ʺʥʸʥʶ ʤʮʫ ʹʩ ,ʤʺʩʠ ʭʩʣʡʥʲ ʥʰʧʰʠʹIDEAL   ʺʸʥʶ ʠʩʤ

.ʭʩʬʩʧʺʮ ʭʩʺʰʫʺʮʬ ʤʮʩʠʺʮʹ ʤʨʥʹʴ ʤʡʩʺʫ 

- MODEL small–  ʯʥʸʫʩʦ ʬʣʥʮsmallʬ ʲʡʥʷ ,ʸʬʡʮʱʠ ʭʩʨʰʮʢʱ ʤʹʥʬʹ ʤʬʩʫʮ ʺʩʰʫʺʤʹ–Data, Code, 

Stack  ʠʥʤ ʭʩʰʥʺʰʤʥ ʣʥʷʤ ʩʨʰʮʢʱ ʬʣʥʢʹʥ64K .ʣʧʠ ʬʫ 

- STACK 100h– ʨʸʥʴʮ ʸʡʱʤ .ʺʩʰʱʧʮʤ ʬʣʥʢ ʥʠʶʮʺ .ʺʩʰʱʧʮʤ ʬʲ ʷʬʧʡ 

- DATASEG– .ʭʩʰʥʺʰʤ ʨʰʮʢʱ 

- CODESEG– .ʣʥʷʤ ʨʰʮʢʱ 

- start– ʱʮʹ ʺʩʥʥʺʤʮʥʷʮʡ ʠʥʡʬ ʬʥʫʩ ʸʧʠ ʭʹ ʬʫ .ʺʩʰʫʥʺʤ ʺʶʩʸ ʺʠ ʬʩʧʺʤʬ ʤʴʩʠʮ ʣʡʲʮʬ ʺʰʮ-  ʤʮʢʥʣʬ

“main”- ʤ ʺʠʸʥʤ ʭʲ ʭʩʩʡʷʲ ʺʥʩʤʬ ʸʷʩʲʤ־end .ʤʰʥʸʧʠʤ ʤʸʥʹʡʹ 

- mov ax, @data– ʹ ʲʥʡʷʬ ,ʤʠʡʤ ʤʠʸʥʤʤʥ ʥʦ ʤʠʸʥʤ ʺʸʨʮ־ds  ʤʠʸʥʤʤ .ʭʩʰʥʺʰʤ ʲʨʷʮ ʬʲ ʲʩʡʶʩ@data 

ʤ ʺʠ ʤʸʩʦʧʮʺʡʥʺʫ ʤ ʨʰʮʢʱ ʬʹ־data.  ʤʠʡʤ ʤʠʸʥʤʤ ʭʥʩʱʡmov ds, ax  ʪʥʺʬ ʷʺʲʥʮds ʤ ʨʰʮʢʱ ʺʡʥʺʫ-

data. 
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- exit–  ʤʬʩʮʬ ʺʧʺʮʹ ʺʥʸʥʹʤ ʩʺʹ .ʺʩʰʫʺʤʮ ʺʸʣʥʱʮ ʤʠʩʶʩexit  ʺʩʰʫʺʤ ʬʹ ʺʸʣʥʱʮ ʤʠʩʶʩʬ ʭʸʥʢʹ ʣʥʷ ʯʤ

 ʥʠʶʮʺ ʨʸʥʴʮ ʸʡʱʤ .ʭʩʸʧʠ ʭʩʫʸʶʬ ʥʡ ʹʮʺʹʤʬ ʬʫʥʺ ʤʬʲʴʤʤ ʺʫʸʲʮʹ ʪʫ ,ʤʱʴʺ ʠʩʤʹ ʯʥʸʫʩʦʤ ʸʥʸʧʹʥ

 ʷʬʧʡʲ ʺʥʷʩʱʴ ʬDOS. 

- end start–  ʤʬʩʮʤend  ʠʬ ʥʦ ʤʬʩʮ ʩʸʧʠ ʥʲʩʴʥʩʹ ʺʥʣʥʷʴ ʸʮʥʬʫ ,ʤʩʶʬʩʴʮʥʷʤ ʺʠ ʷʩʱʴʤʬ ʸʬʡʮʱʠʬ ʺʸʮʥʠ

 ʸʧʠʬ .ʤʰʥʫʮ ʺʴʹʬ ʥʮʢʸʥʺʩend  ʬʲ ʤʶʩʸʤ ʺʠ ʬʩʧʺʤʬ ʪʩʸʶ ʣʡʲʮʤ ʤʴʩʠʮ ʸʬʡʮʱʠʬ ʺʸʮʥʠʹ ʺʩʥʥʺ ʤʲʩʴʥʮ

ʤ ʵʡʥʷ ʺʬʩʧʺʮ ʬʩʧʺʺ ʤʶʩʸʤ ,ʺʩʥʥʺ ʯʩʠ ʭʠ .ʺʩʰʫʥʺʤ־exeʡ . ʬʩʧʺʺ ʤʶʩʸʤʹ ʭʩʶʥʸ ʥʰʧʰʠ ,ʥʰʬʹ ʤʸʷʮ

 ʺʩʥʥʺʤʮstart. 

Command Line 

ʬʲ ʲʶʡʺʤ ʺʥʩʸʴʱʤʥ ʭʩʶʡʷʤ ʬʥʤʩʰ ,ʺʥʩʴʸʢʤ ʤʬʲʴʤʤ ʺʥʫʸʲʮ ʭʸʨ ,ʸʡʲʡ־ ʩʣʩCommand Lineʡ .־Command 

Line  ʪʩʸʶ ʸʡʫʲʤ ʭʲ ʷʩʬʷ ʬʡʠʣ ʥʩʬʲ ʺʥʹʲʬ ʭʥʷʮʡ ,ʤʮʢʥʣʬ ,ʵʡʥʷ ʵʩʸʤʬ ʩʣʫ ʯʫʬ ,ʸʡʫʲʡ ʹʮʺʹʤʬ ʺʥʸʹʴʠ ʯʩʠ

ʬ.ʵʡʥʷʤ ʭʹ ʺʠ ʡʥʺʫ 

 ʬʹ ʺʥʩʱʩʱʡ ʺʥʣʥʷʴ ʣʮʬʰ ʥʰʧʰʠCommand Line ʤʰʥʹʠʸʤ .ʺʥʡʩʱ ʩʺʹʮ  ʠʥʤ ʥʰʬʹ ʸʬʡʮʱʠʬ ʷʹʮʮʤʹ ʠʩʤ

 ʵʡʥʷ ʤʦʩʠ ʸʬʡʮʱʠʬ ʺʥʸʥʤʬ ʩʣʫ ,ʸʮʥʬʫ .ʩʬʠʥʨʱʷʨasmʬ ʭʢʸʺʬ ʺʹʷʤ ʺʥʲʶʮʠʡ ʠʩʤ ʤʣʩʧʩʤ ʪʸʣʤ ,ʤʰʥʫʮ ʺʴʹ

ʡ ʺʥʣʥʷʴʤ־Command Lineʲʴʤ ʺʥʫʸʲʮʹ ʠʩʤ ,ʤʩʰʹʤ ʤʡʩʱʤ . ʺʠ ʵʩʸʤʬ ʺʥʬʢʥʱʮ ʠʬ ʸʡʫ ʺʥʡʸ ʺʥʩʰʸʣʥʮ ʤʬ

ʡ ʺʥʣʡʥʲ ʥʬʠ ʺʥʫʸʲʮ .ʩʬʡʮʱʠ ʺʡʩʡʱʡ ʤʣʥʡʲʬ ʺʥʹʸʣʰʤ ʺʥʰʫʥʺʤ64־ ʬʲ ʯʥʸʫʩʦʡ ʺʡʥʺʫ ʺʥʢʶʩʩʮ ,ʸʮʥʬʫ( ʨʩʡ־ ʩʣʩ64 

ʬʲ ʢʥʶʩʩʬ ʸʥʧʠʬ ʺʥʮʩʠʺ ʯʤʬ ʯʩʠʥ )ʭʩʨʩʡ- ʩʣʩ20  ʣʡʲʮ ʭʲ ʤʣʥʡʲ ʺʥʮʣʬ ʩʣʫ ʥʬ ʷʷʣʦʰ ʥʰʧʰʠʹ ʨʩʡ80x86 ʯʥʸʺʩʴʤ .

ʡʥʷʮʤʸʥʨʬʥʮʠ ʺʠʸʷʰʹ ʤʰʫʥʺ ʭʲ ʣʥʡʲʬ ʠʥʤ ,ʤʹʲʰ ʥʰʧʰʠ ʭʢʹ ʩʴʫ ,ʬ–  ʩʣʫ .ʸʺʥʩ ʭʩʰʹʩ ʣʡʲʮʥ ʤʬʲʴʤ ʺʫʸʲʮ ʤʮʣʮ

ʬ ʤʮʥʣʡ ʩʬʠʥʨʱʷʨ ʷʹʮʮʡ ʺʥʣʡʥʲʹ ʺʥʰʫʥʺʬ ʷʷʣʦʰ ,ʸʥʨʬʥʮʠ ʭʲ ʣʥʡʲʬ־Command Lineʬ ʤʲʢʤʤ .-Command 

Line  ʺʥʰʥʬʧʡ .ʺʥʰʥʹ ʤʬʲʴʤ ʺʥʫʸʲʮʡ ʤʰʥʹ7ʺʤ ʺʮʩʹʸ ʪʥʺʡ ʤʺʥʠ ʥʠʶʮʺ , ʺʥʩʰʫʥ---- ʭʩʸʦʲ >---->Command 

Prompt ʺʡʩʺʫ ʩʣʩ ʬʲ ʤʩʬʠ ʲʩʢʤʬ ʤʩʤʩ ʯʺʩʰ ʬʬʫ ʪʸʣʡ .cmd ʡ ʺʥʩʰʫʥʺʤ ʹʥʴʩʧ ʯʥʬʧʡ-Start menu. 
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:ʠʡʤ ʯʥʬʧʤ ʺʮʢʥʣʫ ʯʥʬʧ ʧʺʴʩʩ ʯʫʮ ʸʧʠʬ 

 

ʡ ʵʩʸʤʬ ʯʺʩʰʹ ʺʥʰʥʹʤ ʺʥʣʥʷʴʤ ʺʠ ʭʩʸʩʡʱʮʹ ʭʩʰʥʹ ʭʩʸʺʠ ʭʩʮʩʩʷ-Command Line ʠʥʤ ʵʬʮʥʮ ʸʺʠ .

http://www.computerhope.com/msdos.htm  .ʺʥʣʥʷʴʤ ʬʫ ʺʮʩʹʸ ʥʡʥ 

:ʺʥʠʡʤ ʺʥʣʥʷʴʡ ʸʷʩʲʡ ʹʮʺʹʰ ʥʰʧʰʠ 

 CD–  ʬʹ ʸʥʶʩʷChange Directory 

:ʭʥʹʸʬ ʹʩ ʩʤʹʬʫ ʤʩʸʴʱʬ ʸʥʡʲʬ ʩʣʫ 

CD DirectoryName 

" ʭʥʷʮʡ ʠʡ ʤʩʸʴʱʤ ʭʹ ʸʹʠʫDirectoryName:ʤʮʢʥʣʬ ." 

CD Games 

:ʭʥʹʸʬ ʹʩ ʺʥʩʸʴʱʤ ʵʲʡ ʤʸʥʧʠ ʺʧʠ ʤʩʸʴʱ ʸʥʦʧʬ ʩʣʫ 

CD.. 

:ʭʥʹʸʬ ʹʩ ʵʲʤ ʺʬʩʧʺʬ ʸʥʦʧʬ ʩʣʫʥ 

CD  \  

:ʤʮʢʥʣʬ 

 

  

http://www.computerhope.com/msdos.htm
http://www.computerhope.com/msdos.htm
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 DIR 

 ʪʱʮ ʬʲ ʤʢʶʤ ʬʩʡʹʡ ʩʣʮ ʭʩʡʸ ʺʥʩʸʴʱʥ ʭʩʶʡʷ ʹʩ ʭʩʺʩʲʬ .ʩʤʹʬʫ ʤʩʸʴʱʡ ʭʩʮʩʩʷʤ ʺʥʩʸʴʱʤ ʩʺʺʥ ʭʩʶʡʷʤ ʬʫ ʨʥʸʩʴ

 ʡʥʺʫʬ ʩʥʶʸ ʯʫʬʥ ,ʣʧʠdir /p ʯʥʮʩʱʤ .p ʬ ʸʥʶʩʷ ʠʥʤ־page :ʣʥʮʲ ʩʸʧʠ ʣʥʮʲ ʪʱʮʤ ʬʲ ʢʶʥʩ ʯʫʥʺʤʥ 

 

 EXIT 

ʤʮ ʺʠʶʬ ʩʣʫ־Command Line  ʭʩʹʩʷʮ ,ʤʬʲʴʤʤ ʺʫʸʲʮʬ ʸʥʦʧʬʥexit  ʪʫ ʸʧʠʥenter. 

 DOSBOX 

ʤ ʩʣʡʲʮ ʭʲ ʸʥʧʠʬ ʺʥʮʩʠʺ ʯʩʠ ʺʥʩʰʸʣʥʮ ʤʬʲʴʤ ʺʥʫʸʲʮʬʹ ʯʥʥʩʫ80־x86  ʺʠʸʷʰʹ ʤʰʫʥʺ ʺʹʸʣʰ .ʭʤʬʹ ʺʥʡʥʺʫʤ ʡʧʸʮʥ

 ʩʬʬʫ ʭʹʡ( ʸʥʨʬʥʮʠEmulator) ʭʩʬʥʫʩ ʥʰʧʰʠ ,ʤʮʢʥʣʬ .ʩʤʹʬʫ ʤʬʲʴʤ ʺʫʸʲʮ ʥʠ ʡʹʧʮ ʤʮʣʮʹ ʤʰʫʥʺ ʠʩʤ ʸʥʨʬʥʮʠ .

ʥʮʠ ʺʰʫʥʺ ʨʰʸʨʰʩʠʤʮ ʣʩʸʥʤʬ .ʯʹʥʩʮ ʡʹʧʮ ʥʮʫ ʢʤʰʺʤʬ ,ʥʰʬʹ ʯʥʴʨʸʠʮʱʬ ʥʬʩʴʠʥ ,ʥʰʬʹ ʡʹʧʮʬ ʭʥʸʢʺʹ ʸʥʨʬ 

 
 

 

 ʡʹʧʮ ʬʹ ʸʥʨʬʥʮʠCommodore 64 ʩʱʠʬʷ ʡʹʧʮ ,

 ʺʰʹʡ ʠʶʩʹ1982 ʭʩʷʧʹʮ ʵʩʸʤʬ ʯʥʴʩʩʠʬ ʸʹʴʠʮ ,

ʬ ʥʡʺʫʰʹ־Commodore 64 
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 ʤʩʥʸʷ ʥʦ ʤʬʲʴʤ ʺʫʸʲʮ .ʨʴʥʱʥʸʷʩʮ ʬʹ ʺʮʣʷʥʮ ʤʬʲʴʤ ʺʫʸʲʮ ʪʸʨʶʰ ,ʩʬʡʮʱʠ ʬʹ ʤʣʥʡʲʤ ʺʡʩʡʱ ʺʠ ʵʩʸʤʬ ʩʣʫDOS ,

 ʬʹ ʸʥʶʩʷDisk Operating System ʺʰʹʡ ʤʠʶʩ ʤʬʹ ʤʰʥʸʧʠʤ ʤʱʸʢʤʥ ,1994 ʬʹ ʸʥʨʬʥʮʠʤ .DOS  ʠʸʷʰ

Dosbox  ʠʩʤ ʺʩʰʫʣʲʤ ʤʱʸʢʤ ʥʬʠ ʺʥʸʥʹ ʺʡʩʺʫ ʯʮʦʬ ʯʥʫʰʥ0.74ʥʢʡ ʥʹʴʧ . ʬʢ"Dosboxdownload"  ʺʠ ʥʰʩʷʺʤʥ

.ʤʰʫʥʺʤ 

 ʤʱʸʢ ʺʠ ʣʩʸʥʤʬ ʯʺʩʰ0.74  :ʷʰʩʬʤʮ ʭʢ.cyber.org.il/assembly/dosboxdata 

:ʠʡʤ ʪʱʮʤ ʺʮʢʥʣʫ ʪʱʮ ʧʺʴʺ ʱʷʥʡʱʥʣ ʬʲ ʤʷʬʷʤ 

 

ʥʡ ʯʰʥʫʬ ʲʩʢʤʬ ʠʩʤ ʺʥʹʲʬ ʭʩʶʥʸ ʥʰʧʰʠʹ ʤʰʥʹʠʸʤ ʤʬʥʲʴʤ  ʯʰʥʫʡ ʲʢʸʫ ʥʰʧʰʠ .ʺʥʰʫʥʺʤ ʸʺʩʥ ʥʰʬʹ ʭʩʨʷʩʥʸʴʤ ʭʩʠʶʮʰZ .

 ʡʥʺʫʬ ʥʰʬ ʲʩʶʮ ʱʷʥʡʱʥʣIntro  ,ʥʰʬʹ ʡʹʧʮʤ ʬʲʹ ʭʩʶʡʷʡ ʹʮʺʹʤʬ ʬʫʥʰʹ ʩʰʴʬ .ʭʩʹʣʧ ʭʩʹʮʺʹʮʬ ʤʸʦʲ ʬʡʷʬ ʩʣʫ

 ʺʠʸʷʰʹ ʤʸʣʢʤ ʱʷʥʡʱʥʣʬ ʺʥʹʲʬ ʭʩʫʩʸʶ ʥʰʧʰʠmount ʯʰʥʫ ʬʲ ʭʩʠʶʮʰ ʥʰʬʹ ʭʩʶʡʷʤʹ ʤʸʷʮʡ .C ʤʩʸʴʱʡ ,

Assembly:ʡʥʺʫʰ , 

Mount c: c:\ 

ʱʴʣʥʩ ʪʱʮʤ ʬʲ-Drive c:\ is mounted as local directory c:ʡʥʺʫʰ ʺʲʫ . 

C: 

 ʭʩʶʡʷʤ ʯʰʥʫʬ ʥʰʸʡʲʥC. 

ʤ ʬʹ ʺʥʣʥʷʴʤ ʬʫ-Command Line  .ʯʠʫ ʭʢ ʺʥʴʷʺ 

ʥʰʡʺʫʹ ʺʥʮʣʥʷʤ ʺʥʣʥʷʴʤ ʯʩʡ ʳʣʴʣʬ ʥʰʬ ʸʹʴʠʺ ,ʤʬʲʮʬ ʵʧʤ ʹʷʮ ʬʲ ʤʶʩʧʬʹ ʡʬ ʥʮʩʹ- ʪʥʱʧʬ ʬʥʫʩ ʤʦ ʸʡʣ 

.ʯʮʦ 

 ʤʶʩʸ ʠʩʤ ʬʣʧʮʤ ʺʸʩʸʡʥ ʭʠʺʤʡ ʤʺʧʴʥʤ ʱʷʥʡʱʥʣʤ ʬʹ ʤʶʩʸʤ ʺʥʸʩʤʮ ,ʯʹʩ ʣʡʲʮ ʬʹ ʤʩʶʬʥʮʠ ʭʩʲʶʡʮ ʥʰʧʰʠʹ ʯʥʥʩʫ

 ʬʹ ʡʶʷʡ3000cycles  ʺʡʩʺʫ ʺʥʲʶʮʠʡ ʤʦʤ ʡʶʷʤ ʺʠ ʺʥʰʹʬ ʯʺʩʰ .)ʤʬʲʮʬ ʺʸʺʥʫʡ ʡʥʺʫʬ ʡʬ ʥʮʩʹ( ʣʡʬʡ ʤʩʰʹʬ

ʤ ʪʱʮʡ ʤʠʡʤ ʤʣʥʷʴʤ-DosBox: 

Cycles = max 
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 ʺʥʸʩʤʮ ʺʲʫʥ ʺʥʸʩʤʮʮ ʺʥʧʴ ʺʩʺʥʲʮʹʮ ʯʩʩʣʲ( ʵʩʸʤʬ ʬʢʥʱʮ ʠʥʤ ʤʺʥʠ ʺʩʬʮʩʱʷʮʤ ʺʥʸʩʤʮʬ ʤʺʬʲ ʸʥʨʬʥʮʠʤ ʬʹ ʯʥʲʹʤ

ʮ ʤʡʸʤʡ ʡʥʨ ʤʠʸʰʤ ʬʫʫ ʬʡʠ ,ʭʫʬʹ ʡʹʧʮʡ ʣʡʲʮʤ ʬʹ ʯʥʲʹʤ3000־cycles ʺʲʫ ʡʥʺʫ ʤʬʲʮʬ ʺʸʺʥʫʡ .)CPU 

speed: max 100% cycles. 

 ʭʲ ʤʬʷ ʤʣʥʡʲʬ ʴʩʨDosbox ʱʷʥʡʱʥʣʬ ʲʥʡʷʬ ʸʹʴʠ : ʺʩʩʬʲ ʭʲ ʩʨʮʥʨʥʠ ʯʴʥʠʡ ʥʶʸʥʩʹ ʺʥʣʥʷʴ ʬʹ ʳʱʥʠ

ʣʩʺʲʡ ʤʡʸ ʤʣʬʷʤ ʥʰʬ ʪʥʱʧʬ ʤʬʥʫʩ ʥʬʠ ʺʥʣʥʷʴ ʺʲʩʡʷ .ʤʰʫʥʺʤ-  ʭʲʴ ʬʫʡʹ ʪʫ ʱʷʥʡʱʥʣ ʺʠ ʢʴʰʷʬ ʬʫʥʰ ,ʤʮʢʥʣʬ

.ʤʰʥʫʰʤ ʤʩʸʴʱʬ ʣʩʮ ʲʩʢʩ ʠʥʤ ,ʤʬʥʲ ʠʥʤʹ 

 ʠʸʷʰ ʺʥʣʥʷʴʤ ʺʠ ʸʩʣʢʤʬ ʯʺʩʰ ʥʡ ʵʡʥʷʤdosbox-0.74.conf ʣ ʥʩʬʠ ʲʩʢʤʬ ʯʺʩʰʥʺʥʰʥʬʧ ʬʹ ʤʧʩʺʴʤ ʨʩʸʴʺ ʪʸ-  ʹʩ

ʡ ʸʥʧʡʬ-DOSBox 0.74 Options :ʱʷʥʡʱʥʣʤ ʨʩʸʴʺ ʪʥʺʡ 

 

:ʠʡʤ ʡʥʺʩʫʤ ʺʠ ʠʶʮʰʥ ,ʳʥʱʤ ʣʲ ʬʥʬʢʰ .ʵʡʥʷʤ ʺʠ ʥʰʬ ʧʺʴʺ ʸʡʫʲʤ ʬʹ ʩʬʠʮʹ ʯʶʧʬ ʬʲ ʤʷʬʷʤ ʯʫʮ ʸʧʠʬ 

 

[autoexec[ 

# Lines in this section will be run at startup. 

# You can put your MOUNT lines here. 

:ʤʮʢʥʣʬ .ʯʫʮ ʸʧʠʬ ʣʩʮ ʡʥʺʫʬ ʯʺʩʰ ʥʰʬʹ ʺʥʣʥʷʴʤ ʺʠ 

mount c: c:\ 

c: 

cd tasm 

cd bin 

cycles = max 
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TASM Assembler 

ʸʬʡʮʱʠAssembler ʭʩʸʬʡʮʱʠ ʯʥʥʢʮ ʭʩʮʩʩʷ .ʤʰʥʫʮ ʺʴʹʬ ʩʤʹʬʫ ʤʴʹʡ ʣʥʷ ʪʥʴʤʬ ʺʬʢʥʱʮʹ ʤʰʫʥʺ ʬʫ ʠʩʤ

 ʭʲ ʣʥʡʲʬ ʥʰʸʧʡ ʥʰʧʰʠ ,ʩʬʡʮʱʠ ʺʴʹʬTASM ʬʹ ʸʥʶʩʷ ,Turbo Assembler ʬʹ ʤʰʥʸʧʠʤ ʤʱʸʢʤ .

TASM  ʠʩʤ5.0  ʺʰʹʡ ʤʠʶʩ ʠʩʤʥ1996. 

ʸʷʰʩʬLinker  ʥʠ ʣʧʠ ʵʡʥʷ ʬʡʷʬ ʤʬʥʫʩ ʸʷʰʩʬʤ .ʤʶʸʤ ʵʡʥʷʬ ʤʰʥʫʮ ʺʴʹʮ ʤʸʮʤ ʺʲʶʡʮ ʸʹʠ ʤʰʫʥʺ ʠʩʤ

ʮ ʤʰʫʥʺʤ ʭʤʡʹ ʭʩʸʷʮʡ ʩʹʥʮʩʹ ʸʷʰʩʬʤ .ʣʩʧʩ ʤʶʸʤ ʵʡʥʷʬ ʭʺʥʠ ʸʩʮʤʬʥ ,ʤʰʥʫʮ ʺʴʹʡ ʭʩʶʡʷ ʸʴʱʮ ʺʷʬʥʧ

 ʭʩʶʡʷʡ ʭʩʠʶʮʰʹ ʣʥʷ ʩʲʨʷʬ ʤʠʩʸʷ ʺʲʶʡʮʹ ,ʺʩʹʠʸʤ ʺʩʰʫʥʺʤ ʺʠ ʬʬʥʫ ʣʧʠ ʵʡʥʷ ,ʤʮʢʥʣʬ .ʭʩʶʡʷ ʸʴʱʮ ʯʩʡ

.ʭʩʸʧʠʤ ʭʩʶʡʷʡ ʭʩʠʶʮʰʹ ʣʥʷʤ ʩʲʨʷ ʯʩʡʬ ʣʥʷ ʩʲʨʷʬ ʤʠʩʸʷʤ ʯʩʡ ʸʹʷʬ ʲʣʥʩ ʸʷʰʩʬʤ .ʭʩʸʧʠ 

 ʺʠ ʥʰʩʬʲʤ ʭʫʺʥʧʥʰʬTASM  ʺʠ ʭʢʥ ʸʷʰʩʬʤ ʺʠ ʭʢ ,ʸʬʡʮʱʠʤ ʺʠ ʭʢ ʥʫʥʺʡ ʬʬʥʫ ʵʡʥʷʤ .ʺʩʰʫʥʺʤ ʬʹ ʨʰʸʨʰʩʠʤ ʸʺʠʬ

 .ʸʢʠʡʩʣʤ 

 ʵʡʥʷʤ ʺʠ ʣʩʸʥʤʬ ʯʺʩʰtasm.rar  :ʷʰʩʬʡcyber.org.il/assembly/TASM.rardata. 

:ʤʣʸʥʤʤ ʸʧʠʬ 

-  ʭʹʡ ʤʩʸʴʱ ʥʸʶc:\tasm\bin. 

- ʤ ʵʡʥʷ ʺʠ ʥʧʺʩʴ־rar  ʺʧʩʺʴʬ ʤʰʫʥʺ ʭʫʬ ʯʩʠ ʭʠ( ʭʩʶʡʷʤ ʺʠ ʤʩʸʴʱʬ ʥʷʩʺʲʤʥrar ʥʹʴʧ ,"rar download" 

.)ʺʩʮʰʩʧ ʤʰʫʥʺ ʥʣʩʸʥʤʥ 

-  ʵʡʥʷʤʹ ʥʠʣʥbase.asm  ʤʩʸʴʱʡ ʠʶʮʰbin. 

- ʬ ʥʱʰʫʩʤ ʺʲʫ־Dosbox ʤ ʺʩʩʸʴʱ ʬʠ ʥʲʩʢʤʥ־bin  ʺʥʣʥʷʴ ʩʣʩ ʬʲ(cd.)ʤʨʮʬʹ ʪʱʮʤ ʭʥʬʩʶʡ ʤʮʢʥʣ , 

-  ʤʠʡʤ ʤʣʥʷʴʤʤʸʩʮʮ  ʺʠbase.asmʤʰʥʫʮ ʺʴʹʬ: 

tasm /zi base.asm 

-  ʤʩʶʴʥʠʤzi  ʺʡʥʨʬ ʹʸʣʰʤ ʲʣʩʮʤ ʺʠ ʺʸʮʥʹdebug ʭʹʡ ʵʡʥʷ ʥʰʬ ʸʶʥʰ .base.obj. 

-  ʤʠʡʤ ʤʣʥʷʴʤ–  ʩʣʩ ʬʲ ʺʲʶʥʡʮʹʸʷʰʩʬʤ ʺʰʫʥʺtilnk - ʤʶʸʤ ʵʡʥʷʬ ʤʰʥʫʮʤ ʺʴʹʡ ʵʡʥʷʤ ʺʠ ʤʸʩʮʮ: 

tlink /v base.obj 

 ʤʩʶʴʥʠʤv  ʺʡʥʨʬ ʹʸʣʰʤ ʲʣʩʮʤ ʺʠ ʺʸʮʥʹdebug ʭʹʡ ʵʡʥʷ ʸʶʥʰ .base.exe . 

!ʥʰʮʩʩʱ 
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 ʥʡʺʩʫ ,ʸʶʥʰʹ ʵʡʥʷʤ ʺʠ ʵʩʸʤʬ ʩʣʫbase  ʥʹʩʷʤʥ ʤʣʥʷʴʤ ʺʸʥʹʡenter ʥʡʺʩʫ ʥʠ ,td base  ʥʺʥʠ ʵʩʸʤʬ ʩʣʫ

 .ʸʢʠʡʩʣʤʮ 

 
 

 ʵʡʥʷʤ ʺʠ ʵʩʸʰ ,ʺʲʫbase.exe  ʭʹʡ ʢʥʡʩʣ ʺʰʫʥʺ ʺʥʲʶʮʠʡTurbo Debugger. 

TD–Turbo Debugger 

:ʱʷʥʡʱʥʣʡ ʡʥʺʫʰ ,ʥʰʬʹ ʢʥʡʩʣʤ ʺʰʫʥʺ ʺʠ ʬʩʲʴʤʬ ʩʣʫ 

td base 

:ʠʡʤ ʪʱʮʤ ʲʩʴʥʩ 

 
 

 

 

 ʹʷʮ ʬʲ ʤʶʩʧʬ( ʤʬʲʮʬ ʭʩʨʩʸʴʺʬ ʥʱʰʫʩʤ ,ʭʩʸʧʠ ʭʩʸʡʣ ʭʩʲʩʴʥʮ ʤʦʤ ʪʱʮʤ ʭʥʷʮʡ ʭʠF10 ʥʸʧʡ ,)view  ʨʩʸʴʺʡʥ

 ʺʥʸʹʴʠʤ ʺʠ ʥʸʧʡ ,ʧʺʴʰʹCPU : 
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ʡ ʹʥʮʩʹʤ־Turbo Debugger 

 ʬʹ ʺʥʩʶʷʰʥʴʤ ʬʫ ʬʲ ʭʩʸʡʱʤTurbo Debugger ʸʥʶʩʷʡ ʥʠ ,TDʤ ʨʩʸʴʺʡ ʠʥʶʮʬ ʯʺʩʰ ,־Help ʱʧʩʩʺʰ ʥʰʧʰʠ .

 ʬʹ ʺʥʩʸʷʩʲʤ ʺʥʩʶʷʰʥʴʬTD: 

ʤʸʥʹ ʩʸʧʠ ʤʸʥʹ ʣʥʷʤ ʺʶʸʤ –  ʡʶʮ .ʭʩʡʶʮ ʩʰʹʮ ʣʧʠʡ ʺʥʹʲʬ ʯʺʩʰStepʬʲ ,־ ʬʲ ʤʶʩʧʬ ʩʣʩF8 ʣʥʷʤ ʺʸʥʹʬ ʸʡʥʲ ,

ʥʸʴ ʠʩʤ ʺʩʧʫʥʰʤ ʣʥʷʤ ʺʸʥʹ ʭʠ .ʤʠʡʤ ʢʡʣʬ ʩʣʫ .ʤʰʮʮ ʠʶʰʥ ʤʸʥʣʶʥʸʴʤ ʬʫ ʺʠ ʸʥʡʲʰ ʤʣʩʧʩ ʤʸʥʹ ʬʹ ʤʶʸʤʡ ,ʤʸʥʣʶ

 ʡʶʮʡ ʹʮʺʹʰ ,ʤʸʥʣʶʥʸʴTraceʬʲ ,־ ʬʲ ʤʶʩʧʬ ʩʣʩF7 ʸʢʠʡʩʣʤ ,ʤʸʥʣʶʥʸʴ ʬʹ ʤʺʬʩʧʺʬ ʭʩʲʩʢʮ ʥʰʧʰʠʹʫ ,ʤʦ ʡʶʮʡ .

.ʤʸʥʣʶʥʸʴʤ ʪʥʺʡ ʤʣʩʧʩ ʤʸʥʹ ʭʲʴ ʬʫ ʭʣʷʺʩ 

ʺʠʦ ʥʱʰ–  ʺʠ ʥʶʩʸʤbase.exe  ʺʥʲʶʮʠʡTD ʸʤ ʥʲʶʡʥ.ʤʸʥʹ ʩʸʧʠ ʤʸʥʹ ʣʥʷʤ ʬʹ ʤʶ 

 ʯʤ ʺʥʴʱʥʰ ʺʥʩʹʥʮʩʹ ʤʶʸʤ ʺʥʩʥʸʹʴʠF4 ʥʺʥʲʮʹʮʹ ,Go to cursor–  .ʥʩʬʲ ʭʩʣʮʥʲ ʥʰʧʰʠʹ ʭʥʷʮʬ ʣʲ ʵʥʸʺ ʤʰʫʥʺʤ

 ʤʣʥʷʴʤF9  .ʤʸʩʶʲ ʣʲ ʺʩʰʫʺʤ ʺʠ ʤʶʩʸʮ 

 ʺʥʩʥʸʹʴʠView– ʤ .ʺʩʰʫʺʡ ʨʰʮʬʠ ʬʫ ʸʥʷʧʬ ʸʹʴʠ ʺʥʰʥʹʤ ʺʥʩʥʸʹʴʠʤ ʺʥʲʶʮʠʡ־Views :ʭʤ ʸʺʥʩʡ ʭʩʩʹʥʮʩʹʤ 

- ʤ־CPUʤ ʨʰʮʢʱ ʺʠ ʯʫ ʥʮʫʥ ,ʤʰʥʫʮ ʺʴʹʬ ʯʮʥʢʸʺʥ ʣʥʷʤ ʺʥʸʥʹ ʺʠ ʥʰʬ ʢʩʶʮʹ , ־DATA: 
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- :ʭʩʬʢʣʤʥ ʭʩʸʨʱʩʢʸʤ 

 

ʬʲ ʸʨʱʩʢʸ ʬʫ ʬʹ ʥʫʸʲ ʺʠ ʺʥʰʹʬ ʯʺʩʰ־ʥʤʹʬʫ ʪʸʲ ʺʣʬʷʤʥ ʥʰʥʮʩʱ ʩʣʩ 

- ʤ־STACKʤ ʨʰʮʢʱ ʺʠ ʥʰʬ ʢʩʶʮʹ ,־STACK– :ʪʹʮʤʡ ʥʡ ʹʮʺʹʰ ʬʡʠ ,ʤʡʸʤ ʥʩʬʲ ʭʩʲʣʥʩ ʠʬ ʥʰʧʰʠ ʲʢʸʫ 

 

- Watches–  ʸʥʺʡ ʥʺʥʠ ʱʩʰʫʤʬʥ ʥʤʹʬʫ ʩʥʨʩʡ ʥʠ ʤʰʺʹʮ ʺʧʷʬ ʭʩʬʥʫʩ ʥʰʧʰʠwatch ʯʫʣʥʲʩ ʩʥʨʩʡʤ ʪʸʲ .

ʡ ʭʩʰʺʹʮ ʩʰʹ ʥʰʸʶʩ ,ʤʮʢʥʣʬ .ʩʮʰʩʣ ʯʴʥʠʡ־DATASEG: 
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Var1 dw 1234h 

Var2 dw 2345h 

 ʪʥʺʬ ʥʰʱʰʫʤWatch ʩʥʨʩʡʤ ʺʠvar1+var2 :ʥʰʬʡʩʷʥ 

 
 

- Variables –ʢʩʶʮ :ʤʮʢʥʣʬ .ʺʩʰʫʥʺʡ ʺʥʩʥʥʺʤʥ ʭʩʰʺʹʮʤ ʬʫ ʺʮʩʹʸ ʺʠ ʥʰʬ 
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ʯʥʸʫʩʦʡ ʹʷʥʡʮ ʭʥʷʮʬ ʸʡʲʮ 

 ʬʲ ʤʶʩʧʬ .ʯʥʸʫʩʦʡ ʭʩʠʶʮʰʹ ʭʩʫʸʲʤ ʭʩʡʥʺʫʹ ʯʫʩʤ ,ʪʱʮʤ ʬʹ ʯʥʺʧʺʤ ʷʬʧʤ ʬʲ ʥʣʮʲCTRL+G :ʠʡʤ ʪʱʮʤ ʺʠ ʧʺʴʺ 

 

 ,ʧʩʰʰ( ʺʹʷʥʡʮʤ ʺʡʥʺʫʤ ʺʠ ʱʩʰʫʰ ʧʺʴʰʹ ʯʥʬʧʡds:0:)ʭʩʰʥʺʰʤ ʲʨʷʮʡ ʹʩ ʤʮ ʺʥʠʸʬ ʩʣʫ , 

 

:ʹʷʥʡʮʤ ʸʥʦʠʬ ʥʰʺʥʠ "ʵʩʴʷʺ" ʥʦ ʤʬʥʲʴʥ 

 

 ʺʩʰʫʥʺʤ ʺʬʩʧʺʡʹ ʪʫʬ ʡʬ ʥʮʩʹds  ʬʹ ʭʥʷʮʤ ʬʲ ʲʩʡʶʤʬ ʸʣʢʥʮ ʥʰʩʠ ʯʩʩʣʲDATASEG ʩʺʹ ʩʸʧʠ ʷʸ ,

 ʺʥʰʥʹʠʸʤ ʣʥʷʤ ʺʥʸʥʹds ʬ .ʯʥʫʰʤ ʪʸʲʤ ʺʠ ʬʡʷʮ ʬʲ ʭʩʩʮʲʴ ʵʥʧʬʬ ʥʰʩʬʲ ,ʯʫF8 ʺʥʬʥʲʴʤ ʺʠ ʲʶʡʰʹ ʩʰʴʬ 

ʤ.ʺʥʰʥʸʧʠ 
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ʡ ʹʥʮʩʹ־breakpoints 

 ʥʠ ,ʤʸʩʶʲ ʺʣʥʷʰ ʸʩʣʢʤʬ ʭʩʬʥʫʩ ʥʰʧʰʠbreakpoint  ʤʡ ʤʸʥʹʤ ʯʮʱʬ ʥʰʩʬʲ ,ʺʠʦ ʺʥʹʲʬ ʩʣʫʡ .ʣʥʷʡ ʤʶʸʰʹ ʤʸʥʹ ʬʫʡ

 ʨʩʸʴʺʡʥ ʸʥʶʲʺ ʺʩʰʫʺʤʹ ʥʰʧʰʠBreakpoints ʡ ʸʥʧʡʬ-Toggle ʤʬʥʲʴʤ ʬʲ ʤʸʦʧ .ʭʥʣʠʡ ʤʲʥʡʶʬ ʺʫʴʥʤ ʤʸʥʹʤ .

 .ʤʸʩʶʲʤ ʺʣʥʷʰ ʺʠ ʬʨʡʺ 

 

 ʥʰʲʡʷʹ ʸʧʠʬbreakpoint ʺʣʥʷʴ ʺʸʦʲʡ ʺʩʰʫʥʺʤ ʺʠ ʵʩʸʰ ʭʠ ,Run (F9)  ʤʩʬʲ ʹʩʹ ʣʥʷʤ ʺʸʥʹʡ ʸʥʶʲʺ ʠʩʤ

breakpoint.ʭʩʢʠʡ ʯʤʡ ʹʩʹ ʭʩʣʹʥʧ ʥʰʧʰʠʹ ʣʥʷʡ ʺʥʣʥʷʰʬ ʸʤʮ ʲʩʢʤʬ ʤʬʩʲʩ ʪʸʣ ʩʤʥʦ . 

 ʺʠ ʥʶʩʸʤbase.exe  ʥʲʡʩʷ .ʸʢʠʡʩʣʤ ʺʸʦʲʡbreakpoint  ʤʸʥʹʡmov ax, 4C00  ʣʥʷʤ ʺʸʥʹ ʬʠ ʥʲʩʢʤʥ

ʡ ʹʥʮʩʹ ʪʥʺ ʤʶʩʸ ʯʮʦʡ-F9 ʭʤʹ ʭʺʩʴʩʶʹ ʤʮʬ ʭʤʬʹ ʭʩʫʸʲʤ ʺʠ ʥʥʹʤʥ ʭʩʰʥʹʤ ʭʩʸʨʱʩʢʸʤ ʬʹ ʭʩʫʸʲʤ ʺʠ ʥʷʣʩʡ .

  .ʥʩʤʩ 

 ʭʲ ʤʣʥʡʲʬ ʭʩʴʩʨTD 

- ʤ ʪʱʮ ʬʠ ʤʰʫʥʺʤʮ ʤʠʩʶʩ-Dosbox ʬʲ ʤʶʩʧʬ :ALT+X 

- ʹʣʧʮ ʤʶʸʤ  :ʺʩʰʫʥʺʤ ʬʹCTRL+F2 

-  ʬʲ ʤʶʩʧʬ :)ʲʷʺʰ ʸʡʫʲʤʹ ʤʸʷʮʬ( ʺʣʬʷʮʤ ʺʸʦʲʡ ʭʩʨʩʸʴʺʡ ʳʥʣʴʣF10  ʬʲ ʤʶʩʧʬ .ʭʩʶʩʧʤ ʩʹʷʮʡ ʹʥʮʩʹʥ

Tab .ʸʢʠʡʩʣʤ ʬʹ ʭʩʰʥʹʤ ʺʥʰʥʬʧʤ ʯʩʡ ʸʡʲʮʬ 

-  ʬʲ ʤʶʩʧʬ :)ʥʰʮʮ ʤʠʩʶʩʥ( ʠʬʮ ʪʱʮ ʡʶʮʬ ʸʡʲʮALT+Enter 

-  ʯʩʡʹ ʹʷʮʤ( "ʺʥʰʥʬʧ" ʹʷʮ :ʸʡʫʲʡ ʹʥʮʩʹ ʠʬʬ ,ʺʥʸʧʠ ʺʥʰʫʥʺʬ ʸʢʠʡʩʣʤ ʯʥʬʧʮ ʤʠʩʶʩAlt ʬ- Ctrl) 
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 )ʤʡʧʸʤ( ʸʷʧʮ ʬʩʢʸʺ– ʬ ʩʬʮʡʱʠ ʺʥʣʥʷʴ ʣʥʣʩʷ־odescOp 

 ʺʣʥʷʴ ʣʶʩʫ ʸʥʷʧʰmov  .ʤʰʥʫʮ ʺʥʣʥʷʴʬ ʺʮʢʸʺʩʮ 

 ʤʬʠʹʤʹ ʺʣʥʷʴ ʪʩʠ ʠʩʤ ,ʪʫ ʭʠ ,ʸʥʷʧʬ ʭʩʰʩʩʰʥʲʮ ʥʰʧʰʠmov  ʺʥʣʧʠʬ ʺʮʢʸʺʩʮ ʸʥʷʧʰ .ʯʥʸʫʩʦʡʹ ʣʥʷʤ ʨʰʮʢʱʡ ʭʩʱʴʠʥ

 ʺʣʥʷʴ ʺʠmov  ʠʩʤ ʸʷʧʤ ʺʣʥʡʲ .ʤʮʥʣ ʯʴʥʠʡ ʺʥʮʢʸʺʩʮ ʺʥʸʧʠ ʩʬʡʮʱʠ ʺʥʣʥʷʴ .ʸʡʲʡ ʤʡ ʥʰʬʷʺʰ ʸʡʫʹ ʯʥʥʩʫ ʠʥʶʮʬ

ʤ ʺʠ־Opcode  ʤʣʥʷʴʤ ʬʹmov ax, dx  ʺʥʣʥʷʴʡ ʺʥʰʰʥʡʺʤ ʺʥʲʶʮʠʡ ʷʸ ʠʬʠ ,ʬ"ʰʤ ʤʣʥʷʴʤ ʺʠ ʵʩʸʤʬ ʩʬʡ

ʺʥʸʧʠ. 

 

 ʲʥʶʩʡʬ ʭʩʬʫʥ ʤʫʸʣʤ:ʤʮʩʹʮʤ 

1.  ʵʡʥʷʤbase.asm  ʤʸʲʤʤ ʸʧʠʬ ʵʩʸʤʬ ʭʩʶʥʸ ʭʺʠʹ ʣʥʷʤ ʺʠ ʥʱʩʰʫʤ .ʺʩʰʫʺ ʬʹ ʣʬʹ ʬʩʫʮ"Your code 

here" .ʣʥʷʤ ʺʸʥʹ ʸʧʠʬ ʤʲʩʴʥʮʹ 

mov ds, ax 

2. ʤ ʸʧʠʬʤʶʸʤ ʵʡʥʷ ʺʸʩʶʩʥ ʤʰʥʫʮ ʣʥʷʬ ʤʸʮʤʤ ʺʰʫʥʺ ʺʠ ʥʶʩʸʤ ,TurboDebugger . 

3. .ʤʰʥʫʮ ʣʥʷʬ ʺʮʢʸʺʩʮ ʩʬʡʮʱʠ ʺʣʥʷʴ ʬʫ ʪʩʠ ʥʰʰʥʡʺʤ  ʤʣʥʷʴʤ ,ʤʮʢʥʣʬmov ax, 2  ʤʰʥʫʮʤ ʣʥʷʬ ʤʮʢʸʺʩʤ

B80200. 
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:ʺʥʧʰʮ ʺʥʬʠʹ ʤʮʫ ʥʰʮʶʲ ʺʠ ʬʠʹʰ 

1.  ʺʣʥʷʴ ʺʮʢʸʥʺʮ ʭʩʺʡ ʤʮʫʬmov ʺʣʥʷʴ ʬʹ ʺʥʰʥʹ ʺʥʠʱʸʢ ʤʱʰʰ ?mov  .ʯʥʸʫʩʦʡ ʺʥʱʴʥʺ ʯʤ ʭʩʺʡ ʤʮʫ ʷʥʣʡʰʥ

:ʤʮʢʥʣʬ 

mov ax,5 

mov ax, bx 

mov [120], ax 

2.  ʭʩʰʥʹ ʭʩʲʥʡʷ ʯʥʲʨʬ ʤʱʰʰʤ ʤʰʺʹʮ ʪʩʠ ʷʥʣʡʰʥ ʸʨʱʩʢʸʬ־Opcode:ʤʮʢʥʣʬ , 

mov ax, 5 

mov ax, 6 

3. ʤ ʬʲ ʤʲʴʹʤʤ ʺʠ ʷʥʣʡʰʥ ʭʩʰʥʹ ʭʩʸʨʱʩʢʸʬ ʲʥʡʷ ʯʥʲʨʬ ʤʱʰʰ־Opcode: 

mov ax, 2 

mov bx, 2 

mov cx, 2 

mov dx, 2 

4. ʤ ʪʩʠ ʷʥʣʡʰ-Opcode :ʸʧʠ ʸʨʱʩʢʸ ʪʥʺʬ ʸʨʱʩʢʸ ʭʩʰʲʥʨʫʹ ʤʰʺʹʮ 

mov bx, ax 

mov ax, cx 

 
 ʤʣʥʷʴʤ ʤʰʥʺʰ :ʸʷʧʮʤ ʺʮʩʹʮʬ ʤʸʦʧmov ax, dx ʩʬʡ ʯʥʸʺʴʤ ʺʠ ʠʥʶʮʬ ʹʩ .ʤʰʥʫʮ ʺʴʹʬ ʤʬʹ ʭʥʢʸʺʤ ʺʠ ʠʥʶʮʬ ʹʩ .

ʲ ʷʸ ʠʬʠ ,ʤʰʥʫʮ ʺʴʹʬ ʤʺʥʠ ʭʢʸʺʮ ʸʬʡʮʱʠʤ ʪʩʠ ʷʥʣʡʬʥ ʤʣʥʷʴʤ ʺʠ ʺʰʫʺʬʬ־ʩʣʩ  ʺʴʹʬ ʭʢʸʺʮ ʸʬʡʮʱʠʤ ʪʩʠ ʸʷʧʮ

.ʺʥʮʥʣ ʺʥʣʥʷʴ ʤʰʥʫʮ 
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ʭʥʫʩʱ 

ʣʥʡʲʤ ʩʬʫ ʺʠ ʥʰʸʫʤ ʤʦ ʷʸʴʡ ,ʩʬʡʮʱʠʡ ʺʥʰʫʺʤ ʺʡʩʡʱ ʺʠʥ ʥʰʬʹ ʤʹʣʥʡʲʰʤʺʩʠ  ʤʣʥʡʲ ʺʥʡʩʡʱ ʺʥʮʩʩʷ .ʪʬʩʠʥ ʥʩʹʫʲʮ

:ʭʤ ʤʦ ʷʸʴʡ ʥʰʬʡʩʷʹ ʭʩʬʫʤ .ʺʧʠ ʤʣʥʡʲ ʺʡʩʡʱʡ ʥʰʣʷʮʺʤ ʺʥʣʩʧʠʤ ʯʲʮʬ ʪʠ ,ʺʥʰʥʥʢʮʥ ʺʥʰʥʹ 

- Editor Notepad++ 

-  ʪʸʣ ʤʶʸʤCommand line ʺʥʣʥʷʴ ʬʬʥʫ ,DOS 

-  ʸʥʨʬʥʮʠDOSBOX 

-  ʸʬʡʮʱʠTurbo Assembly 

- ʬ ʸʷʰʩTlink 

-  ʸʢʠʡʩʣTurbo Debugger 

 .ʪʩʸʶʹ ʥʮʫ ʭʩʣʡʥʲʥ ʡʹʧʮʡ ʭʫʬʶʠ ʭʩʰʷʺʥʮ ʭʩʬʫʤ ʬʫʹ ʠʣʥʥʬ ʯʮʦʤ ʤʦ .ʪʹʮʤʬ ʺʩʧʸʫʤ ʠʩʤ ʥʬʠ ʭʩʬʫʡ ʤʡʥʨ ʤʨʩʬʹ

.ʺʰʫʺʬ ʭʩʬʩʧʺʮ ʥʰʧʰʠ ʠʡʤ ʷʸʴʡ 
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 ʷʸʴ5 – IP, FLAGS 

ʠʥʡʮ 

 ʤʦ ʷʸʴʮ ʭʩʷʬʧ–  ʸʨʱʩʢʸIP  ʱʴʠʤ ʬʢʣʥ–  ʭʩʰʮʥʱʮ ʭʩʠʹʥʰʤ ʸʺʩ .ʭʩʤʡʢ ʺʩʰʫʺʡ ʺʣʮʬʰʹ ʤʣʡʲʮʤ ʺʣʩʧʩ ʸʥʡʲ ʭʩʹʸʣʰ

 ʯʮʩʱʤ ʺʠ ʭʣʩʬ ʥʠʶʮʺ( ʤʡʧʸʤ ʩʠʹʥʰʫ ʬʲ ʭʩʹʸʣʰ ʭʤ ʪʠ ʭʩʤʡʢ ʺʩʰʫʺ ʬʹ ʤʣʡʲʮʤ ʺʣʩʧʩʬ ʭʩʹʸʣʰ ʭʰʩʠ ʭʤ ,)

 .ʭʩʡʹʧʮʡ ʺʥʸʢʡʤ ʺʰʩʧʡʡ ʪʥʰʩʧʤ ʣʸʹʮ ʩʣʩ 

 ,ʭʩʩʣʥʲʩʩ ʭʩʸʨʱʩʢʸ ʩʰʹ ʤʸʶʷʡ ʥʰʸʫʦʤ ,ʥʩʡʩʫʸʮʥ ʣʡʲʮʤ ʭʲ ʺʥʸʫʩʤ ʥʰʫʸʲʹʫSpecial Purpose Registers ,

 ʸʨʱʩʢʸIP  ʸʨʱʩʢʸʥFLAGS . 

IP- Instruction Pointer  -ʲʩʡʶʮ ʤʠʸʥʤʤ  

FLAGS– ʣʢʭʩʬ  

ʤ ʸʨʱʩʢʸ :ʪʹʮʤʡ ʭʤʡ ʷʩʮʲʰʹ ʭʩʠʹʥʰ ʺʡʥʨʬ ʤʡʥʹʧ ʥʬʬʤ ʭʩʸʨʱʩʢʸʤ ʬʹ ʤʰʡʤ־IP  ʩʠʹʥʰʡ ʸʺʩʤ ʯʩʡ ʥʰʺʥʠ ʹʮʹʩ

ʤ ʸʨʱʩʢʸ .ʺʥʷʩʱʴʥ ʺʥʸʥʣʶʥʸʴ־FLAGS   .ʺʥʠʬʥʬʥ ʭʩʩʢʥʬ ʭʩʠʰʺ ʺʡʩʺʫʬ ʸʺʩʤ ʯʩʡ ʥʰʺʥʠ ʹʮʹʩ 

 ʥʬʬʤ ʭʩʸʨʱʩʢʸʤ ʺʠ ʣʥʮʬʬ ʺʰʮ ʬʲ ʤʣʥʡʲʤ ʺʡʩʡʱ ʺʥʣʥʠ ʥʰʹʫʸʹ ʲʣʩʡ ʹʮʺʹʰʥ ,ʥʬʬʤ ʭʩʸʨʱʩʢʸʤ ʺʥʣʥʠ ʨʸʴʰ ʤʦ ʷʸʴʡ

 .ʺʩʹʲʮ ʤʸʥʶʡ 

IP– Instruction Pointer 

ʤ ʸʨʱʩʢʸ־IP  ʬʹ ʸʨʱʩʢʸ ʥʤʦ .ʲʥʶʩʡʬ ʤʠʡʤ ʤʣʥʷʴʤ ʬʹ ʺʡʥʺʫʤ ʺʠ ʷʩʦʧʮ16 ( ʲʩʡʶʮʫ ʹʮʹʮ ʤʹʲʮʬʹ ʨʩʡpointer )

ʤ ʪʥʺʬ־code segment. 

 ʬʲ ʺʱʱʥʡʮʤ ,ʤʠʡʤ ʺʩʰʫʥʺʤ ʺʠ ʥʶʩʸʤʥ ʥʷʩʺʲʤbase.asm :)ʺʥʹʢʣʥʮ(  ʣʥʷ ʺʥʸʥʹ ʸʴʱʮ ʺʴʱʥʺʡ 

IDEAL 

MODEL small 

STACK 100h 

DATASEG 

CODESEG 

start: 

 mov ax, @data 

 mov ds, ax 

mov ax, 1234h 

mov bx, 0 

mov bl, 34h 

mov cx, 0 

mov ch, 12h 

exit: 
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 mov ax, 4c00h 

 int 21h 

END start 

 

ʬ ʤʸʥʷ ʤʮ ʤʠʸʰ ʥʠʥʡ־IP  ʤʸʥʹʡ ʲʢʸʫ ʺʠʶʮʰ ʺʩʰʫʺʤ :ʺʩʰʫʥʺʤ ʺʶʩʸ ʭʲmov ax, 1234h, IP=0005 ʸʮʥʬʫ ,IP 

.ʣʥʷʤ ʨʰʮʢʱʡ ʩʹʩʹʤ ʺʩʡʤ ʬʲ ʲʩʡʶʮ 

 

 ʬʲ ʹʩʷʰ ʺʲʫF8:ʺʧʠ ʣʥʷ ʺʸʥʹʡ ʥʰʬʹ ʺʩʰʫʺʤ ʺʠ ʭʣʷʺʹ ʤʬʥʲʴ , 

 
:ʭʤ ʥʹʧʸʺʤʹ ʭʩʩʥʰʩʹʤ 

1. ʹʤ ʺʠ ʢʩʶʮʹ ,ʪʱʮʡ ʬʥʧʫʤ ʱʴʤ ʤʸʥʹʡ ʭʣʷʺʤ ,ʵʩʸʩ ʣʡʲʮʤʹ ʤʠʡʤ ʤʸʥʤʸʥʹʬ( ʺʧʠmov bx, 0.) 
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2.  ʤʣʥʷʴʤmov ax, 1234h  ʬʹ ʥʫʸʲʥ ,ʤʲʶʥʡax .ʭʠʺʤʡ ʤʰʺʹʤ 

3.  ʸʨʱʩʢʸIP ʮ ʤʰʺʹʤ0005־ ʬ0008־.ʭʩʺʡ ʤʹʥʬʹʡ ʤʬʲ ʸʮʥʬʫ , 

ʡ ʬʧʹ ʩʥʰʩʹʤ ʺʠ ʸʩʡʱʤʬ ʺʰʮ ʬʲ ʲʢʸ ʡʫʲʺʰ־IP . 

 ʤʣʥʷʴʤʹ ʭʥʹʮ ʠʩʤ ,ʭʩʺʡ ʤʹʥʬʹʡ ʤʺʩʩʤ ʺʥʮʣʷʺʤʤʹ ʤʡʩʱʤmov ax, 1234h  .ʺʩʰʫʺʤ ʯʥʸʫʩʦʡ ʭʩʺʡ ʤʹʥʬʹ ʺʱʴʥʺ

ʺʩʰʫʥʺʤ ʯʥʸʫʩʦʡ ʭʩʺʡ ʤʹʥʬʹ ʺʥʱʴʥʺ ʺʥʣʥʷʴʤ ʬʫ ʠʬ –  ʥʬʠ ʭʩʸʷʮʡIP  ,ʳʱʥʰʡ .ʭʩʩʰʹʡ ʥʠ ʣʧʠ ʺʩʡʡ ʺʥʰʺʹʤʬ ʬʥʫʩ

 ʬʹ ʪʸʲʤ ʭʤʡ ʭʩʡʶʮ ʪʹʮʤʡ ʤʠʸʰIP ,ʤʸʥʧʠ ʥʠ ʤʮʩʣʷ ʵʥʴʷʩ .ʪʸʥʶʤ ʩʴʬ 

ʬʩʢʸʺ 5.1 

ʠ.  ʬʹ ʩʥʰʩʹʤ ʩʸʧʠ ʥʡʷʩʲʥ ʺʩʰʫʥʺʤ ʬʹ ʣʥʷʤ ʺʥʸʥʹ ʺʠ ʵʩʸʤʬ ʥʫʩʹʮʤIP .ʤʣʥʷʴʬ ʤʣʥʷʴ ʯʩʡ

 ʭʤʡʹ ʭʩʡʶʮ ʭʩʤʦʮ ʭʺʠ ʭʠʤIP ?ʭʩʺʡ ʤʹʥʬʹʡ ʤʰʺʹʮ ʥʰʩʠ 

ʡ.  ʸʹʠʫ ʥʸʶʩʲʥ ,ʤʬʧʺʤʤʮ ʺʩʰʫʥʺʤ ʺʠ ʥʶʩʸʤIP=0005h ʬʹ ʥʫʸʲ ʺʠ ʺʥʰʹʬ ʩʣʫ .IP  ,ʩʰʣʩ ʯʴʥʠʡʥʷʩʬʷʤ 

ʲʤ ʭʲ ʥʩʬʲ ʸʡʫ ʹʷʮ ʬʲ ʥʶʧʬʥ ʥʩʬʲ ʥʣʮʩʲ ʥʠ(enter ) ʯʥʬʧʤ ʺʮʢʥʣʫ ʯʥʬʧ ʭʫʬ ʧʺʴʩʩ .ʥʤʹʬʫ ʪʸʲ ʥʱʩʰʫʤʥ

:ʠʡʤ 

 

ʢ.  ʬʹ ʥʫʸʲ ʺʠ ʥʰʹIP ʬ0010־h ʬʲ ʥʶʧʩʬ ,enter ʹ ʥʠʣʥʥ־IP  ʤʣʥʷʴʬ ʥʸʡʩʲ .ʭʺʰʦʤʹ ʪʸʲʤ ʺʠ ʬʡʷʮ

ʬʲ ʤʠʡʤ־ ʬʲ ʤʶʩʧʬ ʩʣʩF8 ʯʩʡʹ ʺʥʣʥʷʴʤ ʭʠʤ ?ʭʺʲʢʤ ʤʣʥʷʴ ʥʦʩʠʬ .0005  ʯʩʡʬ0010  ʯʫʠ ʣʥʷʤ ʲʨʷʮʡ

 ʭʩʸʨʱʩʢʸʤ ʬʹ ʭʫʸʲʬ ʡʬ ʥʮʩʹ( ʥʲʶʡʺʤax ,bx , cx?) 
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Processor Status Register – FLAGS 

 ʸʨʱʩʢʸʤProcessor Status Register ʥʠ ʭʩʬʢʣʤ ʸʨʱʩʢʸ ʩʥʰʩʫʡ ʸʺʥʩ ʸʫʥʮ ,FLAGS ʸʨʱʩʢʸ .FLAGS  ʤʰʥʹ

 ʪʸʥʠʡ ʪʸʲ ʷʩʦʧʮ ʥʰʩʠ ʠʥʤ .ʭʩʸʨʱʩʢʸʤ ʸʺʩʮ8  ʥʠ16 ʥʤ ʠʬʠ ,ʭʩʨʩʡʭʩʸʦʥʲʹ ,ʣʧʠ ʨʩʡ ʩʰʡ ʭʩʩʬʮʹʧ ʺʥʺʥʠ ʬʹ ʳʱʥʠ ʠ 

ʹʩʹ ʺʥʸʮʬ .ʣʡʲʮʤ ʡʶʮ ʺʠ ʲʥʡʷʬ ʡ-FLAGS 16  ,ʭʩʨʩʡʹʩ ʭʷʬʧʬ ʷʸ  .ʹʥʮʩʹ 

ʤ ʸʨʱʩʢʸ ʪʥʺʡ ʭʤʬʹ ʭʥʷʩʮʤʥ ʭʩʬʢʣʤ ʺʥʮʹ ʯʬʤʬ-FLAGS: 

 

 ʩʬʢʣ ʤʲʡʸʠ ʭʩʮʩʩʷ ,ʭʩʰʥʹʤ ʭʩʬʢʣʤ ʯʩʡʮʭʩʠʰʺ –Condition Codes: 

- Zero Flag 

- Overflow Flag 

- Carry Flag 

- Sign Flag 

 ʩʬʢʣʬʭʩʠʰʺʤ  ʤʸʷʡ ʺʥʣʥʷʴʥ ʭʩʩʢʥʬ ʭʩʠʰʺ ʺʥʬʬʥʫʹ ʺʥʣʥʷʴ ʲʶʡʬ ʩʣʫ ʭʤʡ ʹʮʺʹʮ ʣʡʲʮʤʹ ʯʥʥʩʫʮ ,ʺʣʧʥʩʮ ʺʥʡʩʹʧ

.ʭʤʡ ʭʩʹʮʺʹʮ ʪʩʠ ʤʠʸʰ ʤʸʷʡʥ ʤʶʩʴʷ ʺʥʣʥʷʴ ʣʮʬʰʹʫ .)" ...ʲʶʡ ʦʠ ʭʩʩʷʺʮ ʠʡʤ ʩʠʰʺʤ ʭʠ" ʢʥʱʮ ʺʥʣʥʷʴ( 

  



 ʷʸʴ5 – IP, FLAGS 88 

 88 

ʱʴʠʤ ʬʢʣ –Zero Flag 

 ʤʩʤʩ ʱʴʠʤ ʬʢʣ1ʺʶʸʤ ʭʠʤʣʥʷʴʤ ʬʤʮʸʢ ʤʰʥʸʧʠʤʠʩʴʥʱ ʣʲʩʤ ʣʰʸʴʥʠ ʬʹ . ʤʩʤʩ ʥʫʸʲ ,ʸʧʠ ʤʸʷʮ ʬʫʡ0.  ʬʬʫʬ :ʤʸʲʤ(

ʭʩʢʩʸʧ ʩʰʹ ʭʩʮʩʩʷ ʤʦ:  ʤʷʺʲʤ ʺʣʥʷʴʥʷʥʬʩʧʥ ʬʴʫ ʺʥʬʥʲʴmov ʬʹ ʥʫʸʲ ʬʲ ʪʮʺʱʤʬ ʯʺʩʰ ʠʬ ʷʥʬʩʧʥ ʬʴʫ ʺʥʬʥʲʴ ʸʧʠʬ .

 ʺʣʥʷʴ ʥʬʩʠʥ ,ʤʠʶʥʺʤ ʺʲʩʡʷʬ ʱʴʠʤ ʬʢʣmov ʣʤ ʡʶʮ ʬʲ ʤʲʩʴʹʮ ʤʰʩʠ.)ʭʩʬʢ 

ʣʲʩʤ ʣʰʸʴʥʠ- Destination Operand - ʫʩ ʤʦ ʭʥʷʮ .ʤʠʶʥʺʤ ʺʷʺʲʥʮ ʥʩʬʠ ʭʥʷʮʤ ʥʠ ʸʨʱʩʢʸ ʺʥʩʤʬ ʬʥ

ʯʥʸʫʩʦʡ ʺʡʥʺʫ . 

 ʪʸʲʤ ʺʠ ʯʲʨʰ :ʤʮʢʥʣ4Bh  ʪʥʺʬ ʭʢal  ʪʥʺʬ ʭʢʥah  ʤʣʥʷʴ ʺʥʲʶʮʠʡ ʤʦ ʺʠ ʺʥʹʲʬ ʸʹʴʠ ʪʩʠ :ʥʡʹʩʧ(

( ʸʥʱʩʧ ʺʬʥʲʴ ʲʶʡʰ ʺʲʫ .)?ʤʣʩʧʩsubtract ʯʩʡ ) ʬʲ ʺʥʣʥʷʴʤ ʺʶʸʤ ʬʹ ʤʠʶʥʺʬ ʡʬ ʥʮʩʹ .ʭʩʸʨʱʩʢʸʤ

:ʭʩʬʢʣʤ 

mov al, 4Bh ; 75 decimal 

mov ah, 4Bh ; 75 decimal 

sub al, ah  ; subtract al minus ah, result is 0 

 
 ʺʥʠʡ ʤʰʫʥʺʡ ʯʮʥʱʮ ʱʴʠʤ ʬʢʣ'z' 

 :ʺʴʱʥʰ ʤʮʢʥʣ 

mov al, 0FFh ; 255 decimal 

mov ah, 01h ; 1 decimal 

add al, ah  ; add al and ah, result is 256 

 ʺʥʩʤʬ ʤʸʥʮʠ ʤʺʩʤ ʤʦ ʬʩʢʸʺ ʺʠʶʥʺ .ʺʣʧʥʩʮ ʡʬ ʺʮʥʹʺʬ ʤʩʥʠʸ ʥʦ ʤʮʢʥʣ100hʡ ʺʸʮʹʰ ʸʥʡʩʧʤ ʺʠʶʥʺʹ ʯʥʥʩʫ ʪʠ ,־al ,

 ʷʸ ʸʮʹʰ ʸʨʱʩʢʸʬʥ "ʺʹʬʥʢ" ʺʩʬʠʮʹʤ ʤʸʴʱʤ ,ʺʩʡ ʥʬʣʥʢʹ ʸʨʱʩʢʸ00h ʪʸʲ ʬʡʷʮ ʱʴʠʤ ʬʢʣ ʤʦ ʤʸʷʮʡ ʭʢ ʯʫʬ ,1 . 
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 "ʭʩʲʬʷʤ ʩʸʥʧʠʮ" ʵʩʸʤʬ ʣʡʲʮʬ ʺʮʸʥʢ ʤʠʥʥʹʤ ʺʬʥʲʴ ʬʫ .ʭʩʫʸʲ ʢʥʦ ʯʩʡ ʤʠʥʥʹʤ ʺʥʬʥʲʴ ʯʮʦʡ ʸʷʩʲʡ ʩʹʥʮʩʹ ʱʴʠʤ ʬʢʣ

ʬʡʷʮ ʱʴʠʤ ʬʢʣ ,ʱʴʠ ʠʩʤ ʸʥʱʩʧʤ ʺʠʶʥʺ ʭʠ .ʸʥʱʩʧ ʺʬʥʲʴ ʪʸʲ1ʬʲ .־ʲʣʬ ʯʺʩʰ ʱʴʠʤ ʬʢʣ ʺʷʩʣʡ ʩʣʩ ʯʩʡ ʯʥʩʥʥʹ ʭʩʩʷ ʭʠ ʺ

ʭʩʫʸʲ ʩʰʹʸʫʩʤʤ ʬʹ ʺʩʸʷʩʲʤ ʺʥʡʩʹʧʤ ʯʠʫʮʥ ,.ʥʮʩʲ ʺʥ 

ʺʬʩʢʸ 5.2 

 ʺʬʥʲʴ ʺʸʦʲʡ ʱʴʠʤ ʬʢʣ ʺʠ ʷʩʬʣʮʹ ʣʥʷ ʥʡʺʩʫʸʥʱʩʧ ʬʹ ʭʩʸʨʱʩʢʸʡ ʥʹʮʺʹʤ ,16  ,ʤʰʥʹ ʣʥʷ ʥʡʺʩʫ .ʨʩʡ

 ʺʬʥʲʴ ʺʸʦʲʡ ʱʴʠʤ ʬʢʣ ʺʠ ʷʩʬʣʮʹʸʥʡʩʧ ʬʹ ʭʩʸʨʱʩʢʸʡ ʥʹʮʺʹʤ ,16 .ʨʩʡ 

ʤʹʩʬʢʤ ʬʢʣ–Overflow Flag 

ʺʥʣʥʷʴ ʥʮʸʥʢ ,ʸʣʢʥʮ ʭʩʫʸʲ ʭʥʧʺʮ "ʺʹʬʥʢ" ʯʤʬʹ ʤʠʶʥʺʤʹ ʪʸʲʤ ʺʠ ʬʡʷʬ ʤʹʩʬʢʤ ʬʢʣʬ ʺ1 ."ʷʥʬʣʬ" ʸʮʥʬʫ , ʭʥʧʺ

 ʭʩʫʸʲʤ ʸʥʺʡ ʭʩʸʴʱʮʤ ʬʹ ʢʥʶʩʩʤ ʬʠ ʭʩʱʧʩʩʺʮ ʸʹʠʫ ,ʤʬʥʲʴʡ ʭʩʸʴʱʮ ʢʥʶʩʩʬ ʭʩʹʮʹʮʹ ʭʩʨʩʡʤ ʸʴʱʮʡ ʩʥʬʺsigned .

 ,ʤʮʢʥʣʬʺʸʦʲʡ ʺʥʬʥʲʴ ʭʩʲʶʡʮ ʥʰʧʰʠ ʭʠ ʰʺʹʮʭʩ ʸʨʱʩʢʸ ʥʠʭʩ  ʬʹ ʬʣʥʢʡ8 ,ʭʩʨʩʡ  ʭʩʸʴʱʮ ʸʥʮʹʬ ʭʩʬʥʫʩ ʸʥʫʦʫʹ

signed  ʮ ʭʥʧʺʡ(-128)  ʣʲ+127 , ʤʠʶʥʺʤ ʭʠ ʷʬʣʩʩ ʤʹʩʬʢʤ ʬʢʣ ʣʲʩʤ ʣʰʸʴʥʠʡ ʺʸʮʹʰʤ ʭʥʧʺʤʮ ʺʢʸʥʧ(128-) 

ʣʲ+127 . ʪʸʲʤ ʺʠ ʥʡ ʡʩʶʩʥ ʬʢʣʤ ʺʠ ʤʷʰʩ ʣʡʲʮʤ ,ʤʹʩʬʢ ʺʸʶʥʩ ʤʰʩʠ ʺʩʨʮʺʮʤ ʤʬʥʲʴʤ ʺʠʶʥʺ ʭʠ0. 

 ʺʠ ʤʮʢʥʣʬ ʧʷʩʰal ʥʬʣʥʢʹ ,8 :ʨʩʡ 

mov al, 64h ; 100 decimal 

mov ah, 28h ; 40 decimal 

add al, ah  ; result is 140, out of 8 bit signed range 

 
 ʺʥʠʡ ʤʰʫʥʺʡ ʯʮʥʱʮ ʤʹʩʬʢʤ ʬʢʣ'o' 

ʥʡʹʩʧ–  ʬʣʥʢʡ )ʸʨʱʩʢʸ ʥʠ( ʤʰʺʹʮ ʸʥʡʲ16  ʬʢʣ ʷʬʣʩʩ ʥʬ ʸʡʲʮʹ ʭʩʫʸʲʤ ʭʥʧʺ ʥʤʮ ,ʭʩʨʩʡʤʹʩʬʢʤ? 

 ʪʸʲʤ :ʤʡʥʹʺsigned  ʩʣʩ ʬʲ ʢʶʩʩʬ ʯʺʩʰʹ ʸʺʥʩʡ ʪʥʮʰʤ16  ʠʥʤ ʭʩʨʩʡ(215-) ʸʮʥʬʫ ,(32,768-) ʸʺʥʩʡ ʤʥʡʢʤ ʪʸʲʤ .

 ʠʥʤ((215-1 ʸʮʥʬʫ ,32,767+. 
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ʬʩʢʸʺ 5.3 

 ʪʥʺʬ ʤʦ ʳʩʲʱʡʹ ʣʥʷʤ ʺʥʸʥʹ ʺʠ ʥʷʩʺʲʤbase.asm ,ʬʢʣʡ ʩʥʰʩʹʤ ʩʸʧʠ ʥʡʷʩʲʥ ʥʶʩʸʤ ʤʹʩʬʢʤ. 

ʤ ʬʢʣʠʹʰ–Carry Flag 

 ʭʢ ,ʤʹʩʬʢʤ ʬʢʣ ʥʮʫʤ ʬʢʣʠʹʰ ,Carry Flag , ʤʢʩʸʧ ʡʷʲ ʷʬʣʰʸʣʢʥʮ ʭʩʫʸʲ ʭʥʧʺʮ ʠʥʤ ʥʬ ʸʣʢʥʮʹ ʭʩʫʸʲʤ ʭʥʧʺ ʪʠ ,

 .ʤʰʥʹ ʭʩʸʴʱʮʤ ʬʹ ʢʥʶʩʩʤ ʬʠ ʭʩʱʧʩʩʺʮ ʸʹʠʫ ,ʤʬʥʲʴʡ ʭʩʸʴʱʮ ʢʥʶʩʩʬ ʭʩʹʮʹʮʹ ʭʩʨʩʡʤ ʸʴʱʮʡ ʩʥʬʺ ʭʩʫʸʲʤ ʭʥʧʺ

 ʸʥʺʡunsigned . ,ʤʮʢʥʣʬʺʸʦʲʡ ʺʥʬʥʲʴ ʭʩʲʶʡʮ ʥʰʧʰʠ ʭʠ ʰʺʹʮʭʩ ʸʨʱʩʢʸ ʥʠʭʩ  ʬʹ ʬʣʥʢʡ8 ,ʭʩʨʩʡ  ʭʩʬʥʫʩ ʸʥʫʦʫʹ

 ʭʩʸʴʱʮ ʸʥʮʹʬunsigned ʮ ʭʥʧʺʡ-0  ʣʲ+255 ,ʤ ʬʢʣʠʹʰ  ʤʠʶʥʺʤ ʭʠ ʷʬʣʩʩ ʣʲʩʤ ʣʰʸʴʥʠʡ ʺʸʮʹʰʤ ʭʥʧʺʤʮ ʺʢʸʥʧ

0  ʣʲ+255 . ʸʥʡʲʬʣʥʢʡ ʣʲʩ ʣʰʸʴʥʠ16 ʮ ʠʥʤ ʭʥʧʺʤ ʭʩʨʩʡ0־  ʣʲʥ65,535+  . 

:ʤʮʢʥʣʬ 

mov al, 0C8h ; 200 decimal 

mov ah, 64h ; 100 decimal 

add al, ah  ; result is 300, out of 8 bit unsigned range 

 
ʤ ʬʢʣʠʹʰ  ʺʥʠʡ ʤʰʫʥʺʡ ʯʮʥʱʮ‘c’ 

 ʸʥʱʩʧ ʺʬʥʲʴ ʲʥʶʩʡ )ʸʥʱʩʧʤ ʲʶʡʺʮ ʥʰʮʮ ʸʴʱʮʤ( ʸʱʥʧʮʤʮ ʬʥʣʢ )ʭʩʸʩʱʧʮ ʥʺʥʠʹ ʸʴʱʮʤ( ʸʱʧʮʤ ʤʡ ʹʥʮʩʹ ʹʸʥʣ

 ʺʠ ʷʩʬʣʩ ʯʫʬʥ )ʤʸʩʴʱ ʺʥʨʩʹ ʬʲ ʷʸʴʡ ʸʥʱʩʧ ʺʥʬʥʲʴ ʬʲ ʸʡʱʤʡ ʥʸʫʦʩʤ( ʩʬʩʬʹ ʠʹʰʡ ʤ ʬʢʣʠʹʰ. 

:ʤʮʢʥʣʬ 

mov al, 1h  

mov bl, 2h   

sub al, bl  

 ʬʹ ʥʫʸʲ ,ʸʥʱʩʧʤ ʺʬʥʲʴ ʲʥʶʩʡ ʸʧʠʬal  ʠʥʤ0FFh ʸʴʱʮ ʸʥʺʡ ʢʥʶʩʩʡʹ ,unsigned  ʤʥʥʹ ʥʫʸʲ255 ʤʠʶʥʺʤ .255 

 ʥʫʸʲʹ ʨʩʡ "ʥʰʨʸʴ"( ʩʬʩʬʹ ʠʹʰʡ ʹʥʮʩʹ ʪʥʺ ʺʬʡʷʺʮ256.ʠʹʰʤ ʬʢʣ ʷʬʣʰ ʯʫʬʥ ) 
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 ʤʰʩʠʹ ,ʺʸʧʠ ʤʮʢʥʣ ʬʲ ʬʫʺʱʰ:ʪʫʬ ʤʡʩʱʤ ʺʠ ʯʩʡʰʥ ,ʠʹʰʤ ʬʢʣ ʺʠ ʤʷʩʬʣʮ 

mov al, -128d  

mov ah, 40d  

add al, ah  ; result is out of 8 bit unsigned range? 

 ʺʥʩʤʬ ʤʫʩʸʶ ʯʥʸʧʠʤ ʡʥʹʩʧʤ ʺʠʶʥʺ ʤʸʥʠʫʬ-88 ʸʥʺʡ ʸʣʢʥʮʤ ʭʥʧʺʬ ʵʥʧʮ ,unsigned ,ʭʬʥʠ .ʠʹʰʤ ʬʢʣ ʺʠ ʷʩʬʣʤʬʥ ,

ʭʩʩʡʷʲ ʥʰʩʩʤ ʠʬ ʥʦ ʤʬʥʲʴʡ- ʩʩʺʤ ʬʠ ʥʰʱʧal  ʸʴʱʮ ʸʥʺʡsigned  ʸʴʱʮʡ ʺʱʰʫʰ ʤʠʶʥʺʤ ʭʠ ʥʰʷʣʡʥunsigned ʩʣʫ .

 ʸʥʺʡ ʭʩʫʸʲʤ ʬʫ ʬʠ ʱʧʩʩʺʤʬ ʪʩʸʶ ,ʭʩʩʡʷʲ ʺʥʩʤʬunsigned ʬʹ ʥʫʸʲ ʺʠ ʠʶʮʰ .al ʥʰʱʰʫʤʹ ʸʧʠʬ :-128  ʪʥʺʬal ,

 ʬʹ ʥʫʸʲal  ʠʥʤ80h ʬʹ ʢʥʶʩʩʤ ʭʢ ʥʤʦ .+128 ʬʹ ʪʸʲʤ ʺʠ ʭʩʹʸʴʮ ʸʹʠʫ ,al  ʸʴʱʮ ʸʥʺʡunsigned ʸʡʧʰ ʭʠ ʺʲʫ .

+128  ʣʥʲʥ40 ʬʡʷʰ ,+168.ʸʺʥʮʤ ʭʥʧʺʤʮ ʢʸʥʧ ʥʰʩʠʹ ʸʴʱʮ , 

 

ʺʬʩʢʸ 5.4 

 ʪʥʺʬ ʤʦ ʳʩʲʱʡʹ ʣʥʷʤ ʺʥʸʥʹ ʺʠ ʥʷʩʺʲʤbase.asm ʩʥʰʩʹʤ ʩʸʧʠ ʥʡʷʩʲʥ ʥʶʩʸʤ ,ʠʹʰʤ ʬʢʣʡ. 

ʯʮʩʱʤ ʬʢʣ–Sign Flag 

 ʤʩʤʩ ʯʮʩʱʤ ʬʢʣ ʬʹ ʥʫʸʲ1  ʭʠ ʤʠʶʥʺʤ ʬʹ )ʸʺʥʩʡ ʩʬʠʮʹʤ( ʯʥʩʬʲʤ ʨʩʡʤ ʣʲʩʤ ʣʰʸʴʥʠʡ ʺʸʮʹʰʤ ʠʥʤ1 . ʬʹ ʥʫʸʲ ʺʸʧʠ

ʯʮʩʱʤ ʬʢʣ  ʤʩʤʩ0ʩʬʩʬʹ ʠʥʤ ʸʴʱʮ ʭʠ ʺʥʠʸʬ ʺʥʨʥʹʴ ʭʩʫʸʣ . ʯʮʥʱʮ ʸʴʱʮʫ ʥʩʬʠ ʭʩʱʧʩʩʺʮ ʸʹʠʫ ,Signed: 

- ʩʸʠʰʩʡ ʢʥʶʩʩʡ–  ʪʸʲ ʬʲʡ ʠʥʤ ʩʬʠʮʹʤ ʨʩʡʤ1 . 

-  ʢʥʶʩʩʡ ʩʬʮʩʶʣʱʷʤ– ʤ־nibble  ʯʩʡʹ ʭʥʧʺʡ ʠʶʮʰ ʩʬʠʮʹʤ8 ʬ־F ʠʩʤ ʤʬʹ ʤʠʶʥʺʤʹ ʤʬʥʲʴ :ʤʮʢʥʣʬ .

0F1h,  0A3h, 088h  ʠʩʤ ʤʬʹ ʤʠʶʥʺʤʹ ʤʬʥʲʴ ʥʠ ,)ʺʩʡ ʬʣʥʢʡ ʭʩʸʨʱʩʢʸ ʥʠ ʭʩʰʺʹʮ(0F100h, 

0A300h, 08800h  .)ʤʬʩʮ ʬʣʥʢʡ ʭʩʸʨʱʩʢʸ ʥʠ ʭʩʰʺʹʮ( 

ʺʬʩʢʸ 5.5 

 ʺʠ ʥʰʹbase.asm .ʩʥʰʩʹʤ ʩʸʧʠ ʥʡʷʩʲʥ ʥʶʩʸʤ .ʯʮʩʱʤ ʬʢʣ ʬʹ ʥʫʸʲ ʤʰʺʹʩ ʤʶʸʤʤ ʯʮʦʡʹ ʪʫ 

ʯʥʥʩʫʤ ʬʢʣ–Direction Flag 

 ʤʥʥʹ ʯʥʥʩʫʤ ʬʢʣʹʫ .ʺʥʦʥʸʧʮ ʭʲ ʤʣʥʡʲʡ ʹʮʹʮ ʯʥʥʩʫʤ ʬʢʣ0 ʬʠ ʺʥʫʥʮʰʤ ʺʥʡʥʺʫʤʮ ʺʦʥʸʧʮʡ ʭʩʨʰʮʬʠ ʬʲ ʸʡʥʲ ʣʡʲʮʤ ,

 ʤʥʥʹ ʯʥʥʩʫʤ ʬʢʣʹʫ .ʺʥʤʥʡʢʤ ʺʥʡʥʺʫʤ ʸʡʲ1.ʺʥʫʥʮʰʤ ʬʠ ʺʥʤʥʡʢʤ ʺʥʡʥʺʫʤʮ ʠʥʤ ʸʡʲʮʤ , 
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ʺʥʷʩʱʴʤ ʬʢʣ–Interrupt Flag 

ʲ ʨʬʥʹ ʤʦ ʬʢʣ ʭʩʠʸʷʰʹ ʭʩʩʰʥʶʩʧ ʺʥʲʸʥʠʮʬ ʺʥʰʲʩʤʬ ʣʡʲʮʤ ʬʹ ʺʬʥʫʩʤ ʬ( "ʺʥʷʩʱʴ"Interrupts) ʺʥʮʩʩʥʱʮ ʺʥʩʰʫʥʺ .

 ʺʥʷʩʱʴʤ ʬʢʣ ʺʠ ʭʩʰʹʮ ,ʥʬʠ ʣʥʷ ʩʲʨʷ ʺʶʸʤ ʩʰʴʬ .ʭʩʩʰʥʶʩʧ ʺʥʲʸʥʠʮ ʬʹ ʤʲʸʴʤ ʠʬʬʥ ʳʶʸʡ ʵʥʸʬ ʡʩʩʧʹ ʣʥʷ ʺʥʬʩʫʮ

ʬ0־ʸʹʴʠʮ ʣʥʷʤ ʺʶʩʸ ʭʥʩʱʡ .ʤʲʸʴʤ ʠʬʬ ʵʥʸʩ ʣʥʷʤʹ ʭʩʧʩʨʡʮ ʪʫʥ ,ʬʲ ,ʺʥʷʩʱʴʤ ʺʠ ʤʸʦʧ ʭʩ־ ʬʢʣ ʪʸʲ ʺʲʩʡʷ ʩʣʩ

ʬ ʺʥʷʩʱʴʤ1־. 

ʣʩʧʩ ʣʲʶ ʬʢʣ–Trace Flag 

 ʡʶʮʬ ʣʡʲʮʤ ʺʠ ʱʩʰʫʮ ʣʩʧʩ ʣʲʶ ʬʢʣTrace ʺʠ ʸʩʡʲʮʥ ʣʥʷ ʺʸʥʹ ʬʫ ʸʧʠʬ ʣʥʡʩʲʤ ʺʬʥʲʴ ʺʠ ʷʩʱʴʮ ʣʡʲʮʤ ,ʤʦ ʡʶʮʡ .

 ʺʥʰʫʥʺ ʬʹ ʭʺʬʥʲʴ ʺʠ ʺʸʹʴʠʮ ʥʦ ʤʬʥʲʴ .ʺʩʰʥʶʩʧ ʤʰʫʥʺʬ ʤʨʩʬʹʤdebugger ʯʥʢʫturbo debugger ʬʹ ʥʫʸʲ ʭʠ .

ʬ ʤʥʥʹ ʬʢʣʤ0־ .ʤʸʩʶʲ ʠʬʬ ʤʰʫʥʺʤ ʺʠ ʵʩʸʮ ʣʡʲʮʤ , 

 ʺʥʩʢʥʦ ʬʢʣ–Parity Flag 

 .ʡʥʹʩʧ ʺʬʥʲʴ ʬʫ ʬʹ ʭʩʰʥʺʧʺʤ ʭʩʨʩʡʤ ʺʰʥʮʹʡ ʺʥʣʧʠʤ ʺʥʮʫ ʩʴʬ ʲʡʷʰ ʺʥʩʢʥʦʤ ʬʢʣ ʬʹ ʥʫʸʲ .ʥʡ ʹʮʺʹʰʹ ʬʢʣ ʥʰʩʠ ʥʤʦ

 ʭʩʰʥʺʧʺʤ ʭʩʨʩʡʤ ʺʰʥʮʹʡ ,ʡʥʹʩʧʤ ʺʬʥʲʴ ʬʹ ʤʴʥʱʡ ʭʠ' ʬʹ ʩʢʥʦ ʸʴʱʮ ʹʩ1' (0,2,4,8) ʪʸʲ ʬʡʷʩ ʺʥʩʢʥʦʤ ʬʢʣ ,1 .

.ʱʴʠʺʩ ʺʸʧʠ 

ʸʦʲ ʠʹʰ ʬʢʣ–Auxiliary Flag 

 ʪʸʲ ʬʡʷʮ .ʥʡ ʹʮʺʹʰʹ ʬʢʣ ʥʰʩʠ ʥʤʦ1 ʮ ʺʩʸʠʹ ʥʠ ʤʥʥʬ ʹʩ ʸʹʠʫ-4  ʸʨʱʩʢʸʤ ʬʹ ʺʥʰʥʺʧʺʤ ʺʥʩʡʩʱʤAL ʤʸʷʮ ʬʫʡ .

 ʥʫʸʲ ʸʧʠ0 . 

 

ʺʬʩʢʸ 5.6 

 ʬʢʣ ʺʠ ʷʩʬʣʩ ʠʡʤ ʣʥʷʤ ʲʨʷ ʭʠʤ?ʤʹʩʬʢʤ 

mov ax, 0 

mov  bx, 8888h 

sub ax, bx 



 ʷʸʴ5 – IP, FLAGS 93 

 93 

ʺʬʩʢʸ 5.7 

 ʬʩʢʸʺʮ ʺʥʣʥʷʴʤ ʺʲʴʹʤ ʤʩʤʺ ʤʮ5.6 ?ʠʹʰʤ ʬʢʣ ʬʲ 

ʺʬʩʢʸ 5.8 )ʸʢʺʠ( 

 ʠʹʰʤ ʬʢʣ ʺʠ ,ʤʹʩʬʢʤ ʬʢʣ ʺʠ ʺʩʰʮʦ ʥʡ ʷʩʬʣʮ ,ʸʥʱʩʧ ʥʠ ʸʥʡʩʧ ʬʹ ʺʧʠ ʤʬʥʲʴ ʩʣʩ ʬʲʹ ʣʥʷ ʲʨʷʬ ʤʮʢʥʣ ʥʰʺ

.ʯʮʩʱʤ ʬʢʣ ʺʠʥ 

ʺʬʩʢʸ 5.9 )ʸʢʺʠ( 

 ʥʰʺ ʠʹʰʤ ʬʢʣ ʺʠ ,ʤʹʩʬʢʤ ʬʢʣ ʺʠ ʺʩʰʮʦ ʥʡ ʷʩʬʣʮ ,ʸʥʱʩʧ ʥʠ ʸʥʡʩʧ ʬʹ ʺʧʠ ʤʬʥʲʴ ʩʣʩ ʬʲʹ ʣʥʷ ʲʨʷʬ ʤʮʢʥʣ

.ʱʴʠʤ ʬʢʣ ʺʠʥ 

 

ʭʥʫʩʱ 

( ʭʩʩʣʥʲʩʩʤ ʭʩʸʨʱʩʢʸʤ ʺʥʣʥʠ ʥʰʣʮʬ ʤʦ ʷʸʴʡSpecial Purpose Registersʤ ʸʨʱʩʢʸ ,)־IP  ʥʰʩʠʸ .ʭʩʬʢʣʤ ʸʨʱʩʢʸʥ

 ʬʹ ʥʫʸʲ ʪʩʠIP ʺʩʰʫʥʺʤ ʺʶʩʸ ʯʮʦʡ ʤʰʺʹʮ.ʥʺʥʠ ʭʩʰʹʮʹʫ ʤʸʥʷ ʤʮ ʥʰʩʬʩʢʥ 

:ʪʹʮʤʡ ʥʰʺʥʠ ʥʹʮʹʩʹ ʭʩʬʢʣʡ ʣʧʥʩʮʡ ʥʰʷʮʲʤʥ ,ʭʩʬʢʣʤ ʸʨʱʩʢʸ ʺʠ ʥʰʸʷʧ 

- ʱʴʠʤ ʬʢʣ 

- ʤ ʬʢʣʠʹʰ 

- ʤʹʩʬʢʤ ʬʢʣ 

- ʯʮʩʱʤ ʬʢʣ 

 .ʤʰʺʹʩ ʥʬʬʤ ʭʩʬʢʣʤ ʬʹ ʭʫʸʲʹ ʪʫʬ ʺʥʮʸʥʢ ʺʥʬʥʲʴ ʬʹ ʢʥʱ ʤʦʩʠ ʥʰʩʠʸ 

ʤ ʸʨʱʩʢʸ ʬʹ ʡʥʬʩʹʡ ʹʮʺʹʰ ,ʪʹʮʤʡ־IPʰʮ ʬʲ ʭʩʬʢʣʤ ʸʨʱʩʢʸ ʭʲ ʺʡʩʺʫʬ ʱʩʱʡʤ ʯʰʩʤʹ ,ʤʶʩʴʷʥ ʤʷʩʣʡ ʺʥʬʥʲʴ ʲʶʡʬ ʺ

.ʤʰʫʥʺʡ ʭʩʮʺʩʸʥʢʬʠ 
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ʠʥʡʮ 

:ʭʩʷʬʧ ʤʹʥʬʹʡ ʣʮʬʰ ʥʰʧʰʠ ʩʬʡʮʱʠ ʺʴʹʡ ʺʥʩʱʩʱʡʤ ʺʥʣʥʷʴʤ ʺʠ 

-  ʺʣʥʷʴʡ ʭʩʹʮʺʹʮ ʪʩʠʥ ʭʩʫʸʲ ʭʤʡ ʭʩʲʡʥʷ ʪʩʠ ,ʭʩʰʺʹʮ ʭʩʸʩʣʢʮ ʪʩʠ ʣʮʬʰ ,ʤʦ ʷʸʴʡ ʷʥʱʲʰ ʥʡ ,ʯʥʹʠʸʤ ʷʬʧʡ

mov .ʭʩʸʨʱʩʢʸ ʬʠ ʥʠ ʯʥʸʫʩʦʡ ʭʩʰʺʹʮ ʬʠ ʭʩʫʸʲ ʷʩʺʲʤʬ ʩʣʫ 

- .ʤʦʦʤ ʺʥʣʥʷʴʥ ʺʥʩʢʥʬ ʺʥʣʥʷʴ ,)ʯʥʡʹʧ ʺʥʬʥʲʴ( ʺʥʩʨʮʺʩʸʠ ʺʥʣʥʷʴ ʣʮʬʰ ʩʰʹʤ ʷʬʧʡ 

-  ʭʩʸʶʥʩ ʪʩʠ ʣʮʬʰ ʩʹʩʬʹʤ ʷʬʧʡ ʺʥʲʶʮʠʡ ,)"...ʥʦ ʤʬʥʲʴ ʲʶʡ ,ʤʦ ʩʠʰʺ ʭʩʩʷʺʮ ʭʠ"( ʭʩʩʢʥʬ ʭʩʠʰʺ ʭʲ ʺʩʰʫʥʺ

.ʺʥʠʬʥʬʥ ʺʥʶʩʴʷ ,ʤʠʥʥʹʤ ʺʥʣʥʷʴ 

 ʬʹ ʯʥʩʮ ,ʭʩʸʡʩʠ ʺʮʩʹʸ ʪʥʺʮ ʸʺʥʩʡ ʬʥʣʢʤ ʸʡʩʠʤ ʬʹ ʤʠʩʶʮ ,ʤʮʢʥʣʬ .ʺʥʲʥʰʶ ʺʥʩʰʫʥʺ ʡʥʺʫʬ ʬʫʥʰ ʥʬʬʤ ʭʩʷʸʴʤ ʭʥʩʱ ʭʲ

 ʤʮʩʹʸʡ ʭʩʸʡʩʠ ʸʴʱʮ ʺʸʩʴʱ ,ʯʨʷʬ ʬʥʣʢʤʮ ʭʩʸʡʩʠ.ʤʮʥʣʫʥ 

.ʩʬʡʮʱʠʡ ʭʩʰʺʹʮ ʭʩʸʩʣʢʮ ʪʩʠ ʤʠʸʰ ʥʠʥʡ ,ʤʮʩʣʷ ʦʠ 

  

ʭʩʰʺʹʮ ʺʸʣʢʤ 

ʸʫʩʦʡ ʭʥʷʮ ʬʫʬ ʺʹʢʬ ʯʺʩʰ ,ʡʹʧʮʤ ʯʥʢʸʠ ʬʲ ʷʸʴʡ ʥʰʩʠʸʹ ʩʴʫʬʲ ʯʥ-ʤʣʥʷʴʤ .ʯʥʸʫʩʦʤ ʺʡʥʺʫ ʩʣʩ: 

mov al, [ds: 1h] 

ʺ ʪʥʺʬ ʯʲʨal  ʨʰʮʢʱʡʹ ʪʸʲʤ ʺʠds  ʨʱʴʥʠʡʥ1h  ʨʰʮʢʱʤ ʺʬʩʧʺ ʸʧʠʬ ʣʧʠ ʺʩʡ ʸʮʥʬʫ(DS ʭʩʲʡʥʸʮʤ ʭʩʩʸʢʥʱʤ .)

 ʺʡʥʺʫʡ ʭʠ ʸʮʥʬʫ .ʭʩʩʸʢʥʱʤ ʪʥʺʡʹ ʺʡʥʺʫʡ ʠʶʮʰʹ ʪʸʲʬ ʱʧʩʩʺʤʬ ʪʩʸʶʹ ʸʬʡʮʱʠʬ ʭʩʸʮʥʠds:1hʠʶʮʰ  ʪʸʲʤ5 ʦʠ ,

 ʪʸʲʤ5  ʪʥʺʬ ʷʺʲʥʩal .ʤʺʥʠ ʢʡʣʬ ʩʣʮʬ ʤʹʷ ʥʰʬ ʤʩʤʩ ,ʥʦʤ ʤʨʩʹʡ ʯʥʸʫʩʦ ʺʥʡʶʤʡ ʤʠʬʮ ʥʰʬʹ ʺʩʰʫʥʺʤ ʭʠʹ ʠʩʤ ʤʩʲʡʤ .

ʹ ʥʰʧʰʠ ʤʮ ʹʠʸʡ ʸʥʫʦʬ ʪʸʨʶʰ ʭʥʷʮʡ ʭʩʸʮʥ1h ʺʠ ʭʩʸʮʥʹ ʥʰʧʰʠ ʥʡʹ ʸʣʱʤ ʺʠ ʨʲʮ ʺʥʰʹʬ ʨʩʬʧʰ ʭʠ ,ʯʫ ʥʮʫ .

 ʭʥʷʮʡ ʸʧʠ ʤʰʺʹʮ ʭʩʹʬ ʤʮʢʥʣʬ ,ʭʩʫʸʲʤ1h.ʺʩʰʫʺʤ ʬʹ ʣʥʷʤ ʺʠ ʺʥʰʹʬ ʪʸʨʶʰ ʦʠ , 

  .ʯʥʸʫʩʦʡ ʺʥʮʥʷʮ ʬʩʡʹʡ ʭʩʩʺʥʲʮʹʮ ʺʥʮʹʡ ʹʮʺʹʤʬ ʺʰʫʺʮʬ ʸʹʴʠʬ ʠʥʤ ʸʬʡʮʱʠʤ ʬʹ ʭʩʡʥʹʧʤ ʥʩʣʩʷʴʺʮ ʣʧʠ

ʡʥʺʫʤ ʭʠ ,ʤʮʢʥʣʬ ʺds:1h  ʠʸʷʩʺageʬ ʤʰʴʰʹ ʭʲʴ ʬʫ ʦʠ ,-age ʺʡʥʺʫʬ ʲʩʢʰds:1h ʣʥʷʤ ʺʠ ʡʥʺʫʬ ʤʩʤʩ ʯʺʩʰ ʺʲʫ .

:ʪʫ ʥʰʬʹ 

mov al, [age] 
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ʸʬʡʮʱʠʤ ʥʬʩʴʠʥ ʭʥʷʮʤ ʺʠʶʷʤʬ ʥʰʬʩʡʹʡ ʢʠʥʣ ʭʢ ʠʥʤ ,ʯʥʸʫʩʦʡ ʺʥʮʥʷʮʬ ʭʹ ʺʩʥʥʺ ʯʺʥʰ ʷʸ ʠʬ–  ʤʶʸʰ ʭʠ

ʪʫʡ– ʥʥʺʤ .ʯʥʸʫʩʦʡ ʥʰʶʷʤʹ ʭʥʷʩʮʬ ʩʺʬʧʺʤ ʪʸʲ ʺʲʩʡʷʬ ʺʥʩʥʸʷ ʯʥʸʫʩʦʡ ʺʥʡʥʺʫʬ ʭʩʰʺʥʰ ʥʰʧʰʠʹ ʺʥʩ ʭʩʰʺʹʮ

(Variables ). 

 

.ʭʩʫʸʲ ʬʹ ʸʣʢʥʮ ʧʥʥʨ ʬʡʷʬ ʬʥʫʩʹ ,ʯʥʸʫʩʦʡ ʸʣʢʥʮ ʸʥʦʠʬ ʯʺʩʰʹ ʭʹ ʠʥʤ ʤʰʺʹʮ 

 ʧʥʥʨʡ ʪʸʲ ʬʡʷʮʹ ʤʰʺʹʮ ʸʥʺʡ ʤʩʩʡʥʷ ʬʲ ʡʥʹʧʬ ʸʹʴʠ1  ʣʲ6, 

 ʧʥʥʨʡ ʪʸʲ ʬʡʷʮʹ ,ʺʥʩʡʥʷ ʩʺʹ ʬʣʥʢʡ ʤʰʺʹʮ ʠʩʤ ʤʬʥʴʫ ʤʩʩʡʥʷʥ2  ʣʲ12. 

 
ʤ ʨʰʮʢʱ ʪʥʺʡ ʺʩʹʲʰ ʭʩʩʬʡʥʬʢʤ ʭʩʰʺʹʮʤ ʺʸʣʢʤ־DATA  ʵʡʥʷʡ ʥʸʫʦʩʤ .base.asm– " ʺʩʥʥʺʤ ʸʧʠʬ ʣʩʮstart ʹʩ "

 ʪʥʺʬ ʪʸʲ ʺʡʶʤ ʬʹ ʤʬʥʲʴds: 

mov ax, @data 

mov ds, ax 

ʬ ʺʥʮʸʥʢ ʥʬʠ ʺʥʣʥʷʴ־dsʤ ʨʰʮʢʱ ʪʸʲ ʺʠ ʷʩʦʧʤʬ־DATAʺʸʧʠ ʥʰʸʣʢʤ ʠʬ ʭʠ ,ʤʰʺʹʮʬ ʭʩʰʥʴ ʥʰʧʰʠʹ ʭʲʴ ʬʫʡ ., 

ʤʡ ʤʸʥʮʹ ʥʺʡʥʺʫʹ ʨʰʮʢʱʡ ʥʺʥʠ ʹʴʧʩ ʸʬʡʮʱʠ־ds ʬʹ ʤʡʶʤʡ ʺʩʰʫʥʺʤ ʺʠ ʭʩʧʺʥʴ ʥʰʧʰʠ ,ʺʥʸʺʥʩʮ ʺʥʩʲʡ ʲʥʰʮʬ ʩʣʫ .

 ʪʥʺʡ ʯʥʫʰʤ ʪʸʲʤds ʤʰʺʹʮʬ ʤʩʰʴ ,ʺʸʧʠ .age  ʯʫʬʥ ,ʥʤʹʬʫ ʩʠʸʷʠ ʨʰʮʢʱʮ ʪʠ ,ʯʥʫʰ ʨʱʴʥʠ ʭʲ ʪʸʲ ʺʰʩʲʨʬ ʭʥʸʢʺ

 ʪʥʺʬage ."ʬʡʦ" ʩʫʸʲ ʥʷʺʲʥʩ 

ʯʥʸʫʩʦʡ ʭʥʷʮ ʺʠʶʷʤ 

 ʯʥʸʫʩʦʡ ʭʥʷʮʤ ʬʣʥʢʡ ʤʩʥʬʺ ʭʩʰʺʹʮʤ ʺʸʣʢʤʹ ,ʭʩʨʥʹʴ ʭʩʰʺʹʮ ʺʸʣʢʤʡ ʬʩʧʺʰ .ʤʰʺʹʮʬ ʺʥʶʷʤʬ ʭʩʹʷʡʮ ʥʰʧʰʠ

.ʣʧʠ ʪʸʲ ʷʸ ʭʩʬʬʥʫʹ 

ʤ ʨʰʮʢʱ ʪʥʺʡ ʣʧʠ ʺʩʡ ʬʣʥʢʡ ʤʰʺʹʮ ʸʩʣʢʤʬ ʩʣʫ־DATA:ʯʥʢʫ ʤʸʣʢʤʡ ʹʮʺʹʰ , 

ByteVarName db ? 
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 ʭʥʷʮʡByteVarName  ʤʸʣʢʤʤ.ʤʰʺʹʮʤ ʭʹ ʠʥʡʩdb ( ʣʧʠ ʺʩʡ ʬʣʥʢʡ ʭʥʷʮ ʱʴʥʺ ʤʰʺʹʮʤʹ ʸʬʩʩʴʮʥʷʬ ʺʰʮʱʮDB– 

 ʬʹ ʸʥʶʩʷDefine Byte ʤʰʺʹʮʬ ʯʥʸʫʩʦʡ ʭʥʷʮ ʭʩʶʷʮ ʷʸ ʥʰʧʰʠʹ ʯʩʩʶʮ ʤʬʠʹʤ ʯʮʩʱ .)ByteVarName ʠʬ ʪʠ ,

 ʪʸʲ ʹʩ ʣʩʮʺ ʯʥʸʫʩʦʡʹ ʸʥʫʦʬ ʡʥʹʧ .ʯʥʸʫʩʦʡ ʥʰʹʩʹ ʩʠʸʷʠʤ ʪʸʲʤ ʺʠ ʭʩʰʹʮ ʥʰʰʩʠ ʺʥʸʧʠ ʭʩʬʩʮʡ .ʤʰʺʹʮʬ ʪʸʲ ʭʩʲʡʥʷ

ʫ:ʡʥʺʫʰ ʭʠʥ ,ʥʤʹʬ 

mov al, [ByteVarName[ 

ʤʠʩʢʹ ʤʩʤʺ ʠʬ ʥʦ;  ʸʨʱʩʢʸʤ ʪʥʺʬ ʷʺʲʥʩal "ʬʡʦ" ʤʩʤʩ ʤʦʤ ʪʸʲʤʹ ʸʩʡʱ ʪʠ ,ʤʠʩʸʷʤ ʯʮʦʡ ʯʥʸʫʩʦʡ ʤʩʤʹ ,ʥʤʹʬʫ ʪʸʲ– 

.ʺʥʲʮʹʮ ʬʲʡ ʪʸʲ ʠʬʥ ʸʣʢʥʮʤ ʭʥʷʮʡ ʯʥʸʫʩʦʡ ʤʩʤʹ ʭʩʨʩʡ ʬʹ ʩʮʺʱ ʳʱʥʠ 

ʤʬ ʬʫʥʰ ,ʭʩʴʱʥʰ ʭʩʰʺʹʮ ʸʩʣʢʤʬ ʭʩʫʩʸʶ ʥʰʧʰʠ ʭʠ:ʥʰʰʥʶʸʫ ʺʥʸʥʹ ʣʥʲ ʳʩʱʥ 

DATASEG 

ByteVarName db ? 

ByteVar2 db ? 

ByteVar3 db ? 

:ʪʫ ʤʩʤʩ ʯʥʸʫʩʦʡ ʭʩʰʺʹʮʤ ʯʥʢʸʠ 

 ʸʴʱʮ ʺʡʥʺʫ( ʯʥʹʠʸʤ ʭʥʷʮʤ0 ,ʯʥʹʠʸʤ ʤʰʺʹʮʬ ʤʶʷʥʩ )ByteVarName ʺʡʥʺʫʡ ʤʩʤʩʹ ,ds:0 ʥʶʷʥʩ ʥʩʸʧʠʬ ʣʩʮ .

 ʤʦ ʤʸʷʮʡ .ʭʩʰʺʹʮʤ ʸʺʩByteVarName ʧʠ ʺʩʡ ʬʣʥʢʡ ʠʥʤ ,ʥʩʸʧʠ ʠʡʤ ʤʰʺʹʮʤ ʯʫʬʥ ʣByteVar2 ʺʡʥʺʫʡ ʤʩʤʩ ,

ds:1 .ʤʠʬʤ ʯʫʥ 

:ʭʺʥʠ ʸʩʣʢʤʬ ʠʥʤ ʺʥʹʲʬ ʪʸʨʶʰʹ ʤʮ ʬʫ ,ʭʩʰʥʹ ʭʩʬʣʢʮ ʭʩʰʺʹʮ ʡʬʹʬ ʤʶʸʰ ʭʠ 

DATASEG 

ByteVarName   db ? ; allocate byte (8 bit) - DB: Define Byte 

WordVarName  dw ? ; allocate word (16 bit) - DW: Define Word 

DoubleWordVarName dd ? ; allocate double word (32 bit) - DD: 

  ;  DefineDouble 
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ʬʩʢʸʺ 6.1 

ʠ. ʡ ʥʸʩʣʢʤ־DATASEG ʭʹʡ ʤʰʺʹʮvar  ʬʹ ʸʥʶʩʷ(variable ʬʣʥʢʡ )ʤʰʺʹʮ ,byte .

 ʨʰʮʢʱʡ ʭʫʬʹ ʺʩʰʫʥʺʤ ʪʥʺʬ ʠʡʤ ʣʥʷʤ ʺʠ ʥʷʩʺʲʤCODESEG' ʪʸʲʤ ʺʠ ʷʩʺʲʮ ʣʥʷʤ .5 ʪʥʺʬ 'var .

ʬ ʥʱʰʫʩʤ ,ʺʩʰʫʥʺʤ ʺʠ ʥʬʴʮʷ ʺʲʫ־Turbo Debugger (TD) ʹ ʥʷʣʩʡ .ʺʩʰʫʥʺʤ ʺʠ ʥʶʩʸʤʥ-var  ʯʫʠ

' ʪʸʲʤ ʺʠ ʬʡʷʮ5.' 

CODESEG 

start: 

 mov ax, @data 

 mov ds, ax 

 mov [var], 5 

exit: 

 mov ax, 4c00h 

 int 21h 

END start 

ʡ. ʮʢʱ ʺʡʥʺʫ ʬʹ ʤʰʩʲʨʤ ʺʥʡʩʹʧ ʬʲ ʥʰʸʡʱʤ ʯʫ ʩʰʴʬ ʪʥʺʬ ʭʩʰʥʺʰʤ ʨʰDATASEG ʤʸʥʹʤ ʺʠ ʥʱʩʰʫʤ .mov 

ds, ax ʬ ʥʱʰʫʩʤ ,ʺʩʰʹ ʥʬʴʮʷ ʺʲʫ .ʤʸʥʹʤ ʺʬʩʧʺʡ ʷʩʱʴ ʤʣʥʷʰ ʺʴʱʥʤ ʺʸʦʲʡ ʤʸʲʤʬ־Turbo 

Debugger (TD)  ʪʸʲʤ ʺʠ ʭʺʬʡʩʷ ʭʠʤ .ʺʩʰʫʥʺʤ ʺʠ ʥʶʩʸʤʥʹʭʺʩʴʩʶ ʥʬ? 

 

 ʩʰʺʹʮSigned, Unsigned 

 ʥʬʠ ʺʥʸʣʢʤʹ ʡʬ ʥʮʩʹʯʰʩʠ  ʠʥʤ ʥʰʸʣʢʤʹ ʤʰʺʹʮʤ ʭʠ ʺʥʲʡʥʷsigned  ʥʠunsigned–  ʧʥʥʨ ʤʮ ʸʮʥʬʫ

 ʤʮʫ ʠʥʤ ,ʺʥʲʡʥʷ ʥʬʠ ʺʥʸʣʢʤʹ ʤʮ ʬʫ .ʭʩʰʺʹʮʡ ʱʩʰʫʤʬ ʯʺʩʰʹ ʭʩʫʸʲʤ ʭʩʺʡBytes  ʺʡʥʨʬ ʥʶʷʥʩ ʯʥʸʫʩʦʡ

 .ʭʩʰʺʹʮʤ 

 ʬʣʥʢʡ ʭʩʰʺʹʮ ʸʩʣʢʰ .ʤʮʢʥʣ ʺʸʦʲʡ ʥʰʬʹ ʤʰʥʸʧʠʤ ʤʰʲʨʤ ʺʠ ʤʠʸʰByte :ʣʧʠ 

DATASEG 

Var1  db ? 

Var2  db ? 

 ʪʥʺʡCODESEG :ʭʩʫʸʲ ʥʬʠ ʭʩʰʺʹʮʬ ʱʩʰʫʰ 

mov  [Var1], -120 

mov  [Var2], 136  
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ʡ ʯʥʸʫʩʦʤ ʬʲ ʬʫʺʱʰ־DATASEG  ʭʩʰʺʹʮʤ ʩʰʹ !ʪʸʲ ʥʺʥʠ ʩʬʲʡ ʭʤ ʭʩʰʺʹʮʤ ʩʰʹʹ ʺʥʠʸʬ ʸʹʴʠ .ʥʬʠ ʺʥʡʶʤ ʸʧʠʬ

 ʪʸʲʤ ʺʠ ʭʩʬʩʫʮ88h . 

 
 

 ʱʥʰʩʮʹ ʺʥʩʤʬ ʬʥʫʩ ʪʩʠ120  ʱʥʬʴʬ ʤʥʥʹ136ʤʬ ʬʥʫʩ ??ʣʡʲʮʡ ʢʠʡ ʥʰʠʶʮʹ ʺʥʩ 

 ʺʠ ʸʩʮʰ ʭʠʹ ,ʠʩʤ ʤʡʥʹʺʤ(120-)  ʺʠʥ136+ ʭʩʨʩʡʤ ʭʺʥʠ ʺʠ ʬʡʷʰ ,ʭʩʩʺʹʬ ʭʩʬʹʮʤ ʺʨʩʹʡ ,ʩʸʠʰʩʡʬ:10001000 .

 !ʺʠʦ ʥʱʰ 

 .ʡʨʩʤ ʯʩʩʰʲʤ ʺʠ ʷʥʣʡʰ ʥʠʥʡ ?ʣʡʲʮʡ ʡʥʹʩʧ ʺʥʠʩʢʹʬ ʺʮʸʥʢ ʤʰʩʠ ʢʥʶʩʩʤ ʥʺʥʠ ʺʠ ʹʩ ʭʩʰʥʹ ʭʩʸʴʱʮ ʩʰʹʬʹ ʤʣʡʥʲʤ ʭʠʤ

 ,ʸʴʱʮ ʺʧʷʬ ʸʹʴʠʹ ʤʠʸʰ ʥʰʧʰʠ120+ ʱʥʰʩʮʬ ʺʧʠ ʭʲʴ ʥʺʥʠ ʸʡʧʬ ,120  ʱʥʬʴʬ ʺʸʧʠ ʭʲʴʥ136  ʩʰʹʡ ʬʡʷʬʥ

:ʤʠʶʥʺ ʤʺʥʠ ʺʠ ʭʩʸʷʮʤ 

-  ʱʥʬʴ ʬʹ ʸʥʡʩʧ ʺʬʥʲʴʡ120 ʱʥʰʩʮ ʭʲ 120 .ʱʴʠ ʯʡʥʮʫ ʠʩʤ ʤʠʶʥʺʤ , 

-  ʱʥʬʴ ʬʹ ʸʥʡʩʧ ʺʬʥʲʴʡ120  ʱʥʬʴ ʭʲ136 ʠʩʤ ʤʠʶʥʺʤ ,256 ʥʠ ,100h ,ʺʩʡ ʬʣʥʢʡ ʤʰʺʹʮʡ ʸʡʥʣʮʹ ʯʥʥʩʫ .

ʭʩʩʰʮʩʤ ʭʩʨʩʡʤ ʺʰʥʮʹ ʷʸ ʭʩʸʮʹʰʥ ,ʤʠʥʬʮʡ ʤʠʶʥʺʤ ʺʠ ʥʫʥʺʡ ʸʥʮʹʬ ʯʺʩʰ ʠʬ –00h .ʱʴʠ ʸʮʥʬʫ , 

 ʺʠʹ ,ʥʰʩʠʸ ʥʦ ʤʮʢʥʣ ʺʸʦʲʡʭʩʫʸʲʤ ʫʩʦʡ ʭʩʸʥʮʹʹ ʸʴʱʮ ʸʥʺʡ ʹʸʴʬ ʸʹʴʠ ʡʹʧʮʤ ʯʥʸsigned  ʥʠunsigned- 

.ʢʠʡ ʯʩʠ ʣʡʲʮʡ .ʹʮʺʹʮʤ ʬʹ ʠʩʤ ʺʥʰʹʸʴʬ ʺʥʩʸʧʠʤ 
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ʭʩʰʺʹʮʬ ʭʩʩʺʬʧʺʤ ʭʩʫʸʲ ʺʲʩʡʷ 

ʬ ʺʥʫʧʬ ʭʩʡʩʩʧ ʠʬ־CODESEG  ʲʥʡʷʬ ʭʩʬʥʫʩ ʥʰʧʰʠ ,ʤʸʣʢʤʤ ʯʮʦʡ ʸʡʫ .ʭʩʰʺʹʮʬ ʭʩʩʺʬʧʺʤ ʭʩʫʸʲ ʯʥʲʨʬ ʬʩʡʹʡ

 .ʭʩʩʺʬʧʺʤ ʭʩʫʸʲ ʭʩʰʺʹʮʬ 

 ,ʤʰʺʹʮʬ ʺʸʣʢʥʮʹ ʭʩʨʩʡʤ ʺʥʮʫʡ ʸʥʮʹʬ ʯʺʩʰʹ ʪʸʲ ʬʫ ʸʩʣʢʤʬ ʯʺʩʰʹ ʪʫʬ ʡʬ ʥʮʩʹʸʬʡʮʱʠʤʹʥ  ʬʫʬ ʱʧʩʩʺʮ

 .ʺʸʧʠ ʥʬ ʡʺʫʰ ʭʠ ʠʬʠ ,ʩʰʥʸʹʲ ʱʩʱʡʡ ʭʤʹ ʥʬʩʠʫ ʭʩʸʴʱʮʤ 

DATASEG 

ByteVarName1  db 200  ; store the value 200 (C8h) 

ByteVarName2  db 10010011b ; store the bits 10010011 (93h) 

ByteVarName3  db 10h  ; store the value 16 (10h) 

ByteVarName4  db 'B' ; store the ASCII code of the letter B (42h( 

ByteVarName5  db -5  ; store the value -5 (0FBh( 

WordVarName  dw 1234h  ; 34h in low address, 12h in high address 

DoubleWordVarName dd -5  ; store -5 as 32 bit format (0FFFFFFFBh( 

:ʤʠʶʷʤʤ ʺʬʥʲʴ ʸʧʠʬ ʯʥʸʫʩʦʤ ʤʠʸʩʩ ʪʫ 

 

 ʱʥʰʩʮ ʪʸʲʤ ʺʠ ʥʬʡʩʷʹ ʭʩʰʺʹʮ ʩʰʹ ʥʰʸʣʢʤʹ ʪʫʬ ʣʧʥʩʮʡ ʡʬ ʥʮʩʹ5 ʤʬʩʮ ʬʣʥʢʡ ʩʰʹʤ ,ʺʩʡ ʬʣʥʢʡ ʯʥʹʠʸʤ .

ʪʸʲ ʥʺʥʠ ʭʤʩʰʹʬʹ ʥʰʬ ʤʠʸʰʹ ʺʥʸʮʬ .)ʭʩʺʡ ʤʲʡʸʠ( ʤʬʥʴʫ– ʫ.ʺʸʧʠ ʤʸʥʶʡ ʯʥʸʫʩʦʡ ʢʶʥʩʮ ʭʤʮ ʣʧʠ ʬ 

:ʭʩʥʥʺ ʬʹ ʳʱʥʠ ʥʡ ʭʩʹʬ ʬʡʠ ,ʺʩʡ ʬʣʥʢʡ ʤʰʺʹʮ ʸʩʣʢʤʬ ʭʢ ʭʩʬʥʫʩ ʥʰʧʰʠ 

DATASEG 

ByteVarName db 'HELLO' 

 ʩʥʥʺ ʤʹʩʮʧ ʬʩʫʮʹ ,ʺʩʡ ʬʣʥʢʡ ʤʰʺʹʮ ʥʰʸʣʢʤʹ ʯʥʥʩʫʮ ,ʤʩʲʡ ʯʠʫ ʹʩ ʤʸʥʠʫʬASCII .ʺʩʡ ʬʣʥʢʡ ʠʥʤ ʥʮʶʲ ʩʰʴʡ ʥʺ ʬʫ ,

 ʸʬʡʮʱʠʤ ,ʤʹʲʮʬ:ʤʦ ʸʧʠ ʤʦʡ ʯʥʸʫʩʦʡ ʭʺʥʠ ʥʰʸʮʹʥ ʭʩʰʥʹ ʭʩʥʥʺ ʤʹʩʮʧ ʥʰʸʣʢʤ ʥʬʩʠʫ ʥʦ ʤʸʣʢʤʬ ʱʧʩʩʺʤʬ ʲʣʥʩ 
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DATASEG 

ByteVarName1 db 'H'   

ByteVarName2 db 'E'  

ByteVarName3 db 'L'   

ByteVarName4 db 'L'   

ByteVarName5 db 'O' 

 

 ʬʹ ʳʱʥʠʬ .ʺʩʡ ʢʥʱʮ ʭʩʸʡʩʠ ʤʹʩʮʧ ʬʹ ʳʱʥʠ ʯʠʫ ʥʰʸʶʩʣʧʥʩʮ ʭʹ ʹʩ ʭʩʤʦ ʭʩʰʺʹʮ– ʪʸʲʮ(ARRAY). 

 ʣʥʷ ʸʥʮʹ ʥʬʹ ʭʩʸʡʩʠʤʮ ʣʧʠ ʬʫʡʹ ʪʸʲʮ ,ʺʩʴʩʶʴʱASCII  ʠʸʷʰ( ʺʦʥʸʧʮSTRING) ʭʩʬʹʡ ʥʰʠ ʺʲʫ .

.ʭʩʫʸʲʮ ʬʲ ʸʺʥʩ ʨʸʥʴʮ ʯʥʩʣʬ  

 ʬʩʢʸʺ6.2 :ʯʥʸʫʩʦ ʺʠʶʷʤ 

 ʺʩʰʫʥʺʤ ʺʥʲʶʮʠʡbase.asmʡ ʥʸʩʣʢʤ ,־DATASEG ʭʩʰʥʹ ʭʩʬʣʢʡ ʭʩʰʺʹʮ–  ʤʰʺʹʮ ,ʺʩʡ ʬʣʥʢʡ ʤʰʺʹʮ

 ʩʥʥʺ ʬʹ ʳʱʥʠ ʸʮʥʹʹ ʤʰʺʹʮ ʥʴʩʱʥʤ ,ʭʩʩʺʬʧʺʤ ʭʩʫʸʲ ʭʷʬʧʬ ʥʰʺ ,ʤʬʥʴʫ ʤʬʩʮ ʬʣʥʢʡ ʤʰʺʹʮ ,ʤʬʩʮ ʬʣʥʢʡASCII .

ʭʥʩʱʡ, ʡ ʯʥʸʫʩʦʤ ʬʲ ʥʸʡʩʲ־DATASEG .ʭʺʸʣʢʤʹ ʭʩʰʺʹʮʤʮ ʣʧʠ ʬʫ ʥʠʶʩʮʥ 

ʭʩʫʸʲʮ ʺʸʣʢʤ 

ʠʮ ʤʶʥʴʰ ʤʸʥʶ ʭʤ ʭʩʫʸʲʮʥʸʲʮ ʣʧʩʩʮʹ ʤʮ .ʲʣʩʮ ʺʸʩʮʹʬ ʣ ʠʥʤ ,ʯʥʸʫʩʦʡ ʭʩʰʥʹ ʭʩʰʺʹʮ ʬʹ ʤʸʩʮʹ ,ʧʩʰʰ ,ʭʺʱʮ ʪ

 ʤʮ ʲʡʥʷʹ ,ʱʷʣʰʩʠ ʹʩ ʨʰʮʬʠ ʬʫʬʥ ʨʰʮʬʠ ʠʸʷʰ ʪʸʲʮʮ ʷʬʧ ʠʥʤʹ ʤʰʺʹʮ ʬʫ .ʬʣʥʢ ʥʺʥʠ ʩʬʲʡ ʭʤ ʭʩʸʡʩʠʤ ʬʫ ʪʸʲʮʡʹ

 ʠʶʮʰ ,ʱʴʠ ʱʷʣʰʩʠ ʬʲʡ ,ʯʥʹʠʸʤ ʨʰʮʬʠʤ ʸʹʠʫ ,ʺʩʸʥʨ ʤʸʥʶʡ ʡʹʧʮʤ ʯʥʸʫʩʦʡ ʸʮʹʰ ʪʸʲʮʤ .ʪʸʲʮʡ ʥʬʹ ʭʥʷʩʮʤ

 ʺʡʥʺʫʡ .ʥʩʸʧʠ ʺʥʡʷʥʲ ʺʥʡʥʺʫʡ ʭʩʨʰʮʬʠʤ ʸʺʩʥ ʸʺʥʩʡ ʤʫʥʮʰʤ 

 ʸʹʴʠ .ʪʸʲʮʡ ʯʥʹʠʸʤ ʨʰʮʬʠʤ ʬʹ ʺʡʥʺʫʬ ʷʥʩʣʡ ʤʥʥʹʹ ,ʬʩʧʺʮ ʪʸʲʮʤ ʤʰʮʮ ʺʡʥʺʫʤ ʠʩʤ ʪʸʲʮʤ ʬʹ ʱʩʱʡʤ ʺʡʥʺʫ

 ʺʥʲʶʮʠʡ ,ʨʰʮʬʠʤ ʬʣʥʢʥ ʨʰʮʬʠʤ ʱʷʣʰʩʠ ,ʪʸʲʮʤ ʬʹ ʱʩʱʡʤ ʺʡʥʺʫ ʺʸʦʲʡ ,ʪʸʲʮʡ ʨʰʮʬʠ ʬʫ ʬʹ ʺʡʥʺʫʤ ʤʮ ʺʲʣʬ

ʨʥʹʴ ʡʥʹʩʧ: 

ElementAddress = ArrayBaseAddress + Index * ElementSize 
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( ʭʩʬʩʮ ʬʹ ʪʸʲʮ ʥʰʬ ʹʩ ʭʠ ,ʤʮʢʥʣʬwords ʺʡʥʺʫʡ ʬʩʧʺʮ ʪʸʲʮʤʥ ,)0200h  ʱʷʣʰʩʠʡ ʨʰʮʬʠʤ ,ʯʥʸʫʩʦʡ0  ʤʩʤʩ ʪʸʲʮʡ

 ʺʡʥʺʫʡ0200h  ʺʡʥʺʫ ʪʥʺʬ ʯʡʥʮʫ ʪʹʮʩʩʥ(0201h ʱʷʣʰʩʠ ʬʲʡ ʨʰʮʬʠʤ ,)ʭʩʺʡ ʩʰʹ ʬʣʥʢʡ ʠʥʤ ʨʰʮʬʠ ʬʫ ʯʫʹ ,1 

 ʺʡʥʺʫʡ0202h ʱʷʣʰʩʠ ʬʲʡ ʨʰʮʬʠʤ ,5  ʺʡʥʺʫʡ020Ah .ʤʠʬʤ ʯʫʥ 

ʤ ʨʰʮʢʱʡ ʪʸʲʮ ʺʸʣʢʤ־DATA :ʤʠʡʤ ʤʸʥʶʡ ʺʲʶʡʺʮ 

ArrayName SizeOfElement N dup  )?(  

ArrayName .ʥʰʰʥʶʸ ʩʴʬ ʲʥʡʷʬ ʯʺʩʰʹ ,ʪʸʲʮʤ ʭʹ ʠʥʤ 

SizeOfElement ʡʥʷ ʭʩʬʣʢʤ ʩʢʥʱʮ ʣʧʠ ʺʥʩʤʬ ʪʩʸʶ ʠʥʤʥ ,ʨʰʮʬʠʬ ʤʶʷʥʮʹ ʯʥʸʫʩʦʤ ʬʣʥʢ ʤʮ ʲdb ,dw , dd–  ʩʥʬʺ

.ʤʬʥʴʫ ʤʬʩʮ ʥʠ ʤʬʩʮ ,ʺʩʡ ʬʣʥʢʡ ʭʩʨʰʮʬʠ ʭʩʶʥʸ ʥʰʧʰʠ ʭʠ 

N  .ʪʸʲʮʡ ʭʩʸʡʩʠʤ ʺʥʮʫ ʯʡʥʮʫ ʠʥʤN .ʩʡʥʩʧʥ ʭʬʹ ʸʴʱʮ ʺʥʩʤʬ ʡʩʩʧ 

Dup  ʬʹ ʸʥʶʩʷ ʠʥʤduplicate.ʬʥʴʫʹ , 

 ʤʬʠʹʤ ʯʮʩʱ ʭʥʷʮʡʪʸʲ ʬʫ ʭʩʹʬ ʭʩʬʥʫʩ ʥʰʧʰʠ ʭʬʹʥ ʩʡʥʩʧ ʬʴʫʥʹʩ ʠʥʤʥ ,N .ʭʩʮʲʴ  ʣʧʥʩʮʡ ʭʩʬʥʣʢ ʭʩʫʸʲʹ ʡʬ ʥʮʩʹ

.ʤʬʡʢʮ ʥʦ ʯʩʠ ʺʰʫʺʰ ʥʰʠ ʯʺʥʠ ʺʥʩʰʫʥʺʡ ʺʩʹʲʮ ʤʰʩʧʡʮ ʭʬʥʠ ,ʭʩʰʥʺʰʤ ʨʰʮʢʱʬ ʤʶʷʥʤʹ ʭʥʷʮʤʮ ʢʥʸʧʬ ʭʩʬʥʬʲ 

:ʤʮʢʥʣʬ 

ArrayOfTenFives db 10 dup (5( 

ʩʠ ʬʫ ,ʭʩʸʡʩʠ ʤʸʹʲ ʯʡ ʪʸʲʮ ʸʥʶʩʩ ʠʥʤ ʸʡʩʠ ʬʫ ʬʹ ʥʫʸʲ ,ʺʩʡ ʬʣʥʢʡ ʸʡ5: 

 

 ʺʠ ʪʸʲʮʤ ʪʥʺʬ ʬʴʫʹʩ ʸʬʡʮʱʠʤʬʫ.ʣʧʠ ʸʡʩʠʮ ʸʺʥʩ ʤʦ ʭʠ ʭʢ ,ʭʩʩʸʢʥʱʡ ʥʰʡʺʫʹ ʤʮ 

:ʤʦʫ ʪʸʲʮ ʸʩʣʢʰ ʭʠ 

ArrayOf1234 db 8 dup (1,2,3,4( 

:ʤʩʤʺ ʤʠʶʥʺʤ 
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 ʬʣʥʢʡ ʪʸʲʮ ʯʥʸʫʩʦʡ ʸʣʢʥʤ ʭʩʠʥʸ ʥʰʧʰʠʹ ʩʴʫ32 ʭʩʺʡ –  ʳʶʸʤ ʭʩʮʲʴ ʤʰʥʮʹ1,2,3,4, .ʭʩʺʡ ʤʲʡʸʠ ʬʣʥʢʡ 

 ʬʩʢʸʺ6.3 :ʪʸʲʮʬ ʯʥʸʫʩʦ ʺʠʶʷʤ 

ʭʩʠʡʤ ʭʩʬʩʢʸʺʤ ʬʫʡ, ʡ ʭʺʸʶʩʹ ʺʩʰʫʥʺʤ ʺʠ ʥʶʩʸʤ־TD ,ʥ ʭʩʰʺʹʮʤ ʭʩʸʮʹʰ ʥʡ ʯʥʸʫʩʦʡ ʭʥʷʮʤ ʺʠ ʥʠʶʩʮ

.ʭʺʸʣʢʤʹ 

ʠ. ʡ ʥʸʩʣʢʤ־DATASEG  :ʭʩʰʥʹ ʭʩʬʣʢʡ ʭʩʫʸʲʮ3 ,5 ʥ7־ ( ʭʩʺʡBytes.) 

ʡ.  ʬʹ ʪʸʲʮ ʥʸʩʣʢʤ10 ' ʪʸʲʬ ʭʩʬʧʺʥʠʮʹ ʭʩʺʡ5 ʬʹ ʪʸʲʮ ʥʸʩʣʢʤ .'10 ʬʧʺʥʠʮʹ ʭʩʬʩʮʺʥ ' ʪʸʲʬ5 ʥʥʹʤ .'

!ʭʩʸʷʮʤ ʩʰʹʡ ʯʥʸʫʩʦʤ ʺʰʥʮʺ ʺʠ 

ʢ.  ʸʮʥʹʹ ʪʸʲʮ ʥʸʩʣʢʤ20  ʳʶʸʤ ʺʠ ʭʩʮʲʴ4,5,6ʺʩʡ ʬʣʥʢʡ ʤʰʺʹʮ ʬʫ ,. 

 ʺʣʥʷʴMOV 

.ʯʥʸʫʩʦ ʺʷʺʲʤ ʭʩʲʶʡʮ ʪʩʠ ʤʠʸʰ ʺʲʫ .ʯʥʸʫʩʦʡ ʭʩʰʺʹʮ ʭʩʸʩʣʢʮ ʪʩʠ ʥʰʸʷʱ ʥʩʹʫʲ ʣʲ 

ʶʷʡ ʥʰʸʫʦʤ ʭʩʮʣʥʷʤ ʭʩʷʸʴʡ ʺʣʥʷʴ ʺʠ ʤʸmov" ʬʹ ʸʥʶʩʷ ,move ʸʴʱʮʡ ʯʥʩʣ ʸʹʴʠʬ ʩʣʫ ʷʸ ,ʳʥʸʴʸʡ ʤʩʬʲ ʥʰʸʡʱʤ ."

.ʤʣʥʷʴʤ ʺʥʣʥʠ ʨʸʥʴʮ ʸʡʱʤʬ ʯʮʦʤ ʲʩʢʤ ʺʲʫ .ʭʩʡʥʹʧ ʭʩʠʹʥʰ 

ʤ ʺʣʥʷʴ־mov ʠʮʥ ʩʣʮʬ ʤʨʥʹʴ ʤʣʥʷʴ ʠʩʤʥ:ʤʠʡʤ ʤʸʥʶʤ ʺʠ ʺʬʡʷʮ ʣʩʮʺ ʠʩʤ .ʺʩʹʥʮʩʹ ʣ 

mov Destination, Source 

ʣʥʷʴʤ  ʬʹ ʷʺʲʤ ʺʸʶʥʩ ʥʦSource  ʪʥʺʬ ʥʺʥʠ ʤʱʩʰʫʮʥDestination ʬʹ ʩʸʥʷʮʤ ʪʸʲʤ .Source  ʠʬʬ ʸʠʹʰ

ʤ ʭʢ .ʩʥʰʩʹ-Source ʤ ʭʢʥ-Destination  ʭʩʠʸʷʰ(ʭʩʣʰʸʴʥʠOperands) ʺʣʥʷʴ ,ʺʥʸʧʠ ʭʩʬʩʮʡ .mov 

.ʣʲʩʤ ʣʰʸʴʥʠ ʪʥʺʬ ʸʥʷʮʤ ʣʰʸʴʥʠʡʹ ʲʣʩʮʤ ʺʠ ʤʷʩʺʲʮ 

 ʸʨʱʩʢʸʬ ʱʩʰʫʤʬ ʩʣʫ ,ʤʮʢʥʣʬax ʺʠ  ʪʸʲʤ22 :ʡʥʺʫʰ )ʩʬʮʩʶʣ( 

mov ax, 22 

 ʪʸʲʤ ʺʠ ʱʩʰʫʤʬ ʭʩʬʥʫʩ ʥʰʧʰʠ22 :ʥʬʹ ʺʩʸʠʰʩʡʤ ʥʠ ʺʩʬʮʩʶʣʱʷʤʤ ʤʢʶʤʡ ʹʥʮʩʹ ʺʥʲʶʮʠʡ 

mov ax, 16h 

mov ax, 00010110b 
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:ʭʩʸʨʱʩʢʸʤ ʸʺʩʬ ʭʩʫʸʲ ʱʩʰʫʤʬ ʭʩʬʥʫʩ ʥʰʧʰʠ ʤʮʥʣ ʯʴʥʠʡ 

mov bx, 199 

mov cx, 2321 

mov dx, 10 

ʨʱʩʢʸʬ ʷʩʺʲʤʬ ʭʢ ʸʹʴʠ:ʸʧʠ ʸʨʱʩʢʸʡ ʠʶʮʰʹ ʪʸʲʤ ʺʠ ʸ 

mov ax, bx 

ʬ ʷʩʺʲʺ ʥʦ ʤʣʥʷʴ־ax ʡ ʠʶʮʰʹ ʪʸʲʤ ʺʠ־bxʹ ʪʫʬ ʡʬ ʥʮʩʹ .-bx  ʥʫʥʺʡʹ ʪʸʲʤ .ʤʷʺʲʤʤ ʺʬʥʲʴ ʺʥʡʷʲʡ ʤʰʺʹʩ ʠʬ

ʬ ʬʴʫʥʹʩ ʨʥʹʴ־ax:ʡʥʺʫʬ ʭʢ ʯʺʩʰ ʤʮʥʣ ʯʴʥʠʡ . 

mov ax, cx 

mov ax, dx 

mov ax, ax 

 ʬʹ ʥʫʸʲ ʺʠ ʷʩʺʲʺ ʨʥʹʴ ʠʩʤ .ʭʥʬʫ ʤʰʹʺ ʠʬʹ ʺʥʸʮʬ ,ʺʩʷʥʧ ʠʩʤ ʤʰʥʸʧʠʤ ʤʣʥʷʴʤax  ʪʥʺʬ ʤʸʦʧax. 

ʩʺʺʡ־ ʺʣʥʷʴʡ ʹʥʮʩʹʬ ʺʥʸʺʥʮʤ ʺʥʸʥʶʤ ʺʠ ʸʥʷʱʰ ʭʩʠʡʤ ʭʩʴʩʲʱʤmov : 

mov register,register 

mov register, constant 

mov register, memory 

mov memory, register 

mov memory, constant 

 

 

 ʤʷʺʲʤ ʲʶʡʬ ʯʺʩʰ ʠʬ ,ʭʩʠʥʸ ʭʺʠʹ ʩʴʫmemory  ʬʠmemory ʯʥʸʫʩʦʤ ʬʠ ʯʥʸʫʩʦʤʮ ʤʷʺʲʤ ʬʫ ,ʺʥʸʧʠ ʭʩʬʩʮʡ .

 ʭʺʠ ʯʥʸʫʩʦʤʥ ʡʹʧʮʤ ʤʰʡʮ ʬʲ ʷʸʴʤ ʺʠ ʭʺʠʸʷʹ ʸʧʠʬ .ʸʨʱʩʢʸ ʪʸʣ ʸʥʡʲʬ ʤʫʩʸʶʩʠʣʥ  ʩʱʴ :ʸʡʣʡ ʯʥʩʢʩʤʤ ʺʠ ʭʩʰʩʡʮ

 ʺʸʡʲʤʬ ʭʩʶʥʧʰʹ ,ʭʩʰʥʺʰʤʥ ʤʸʷʡʤʲʣʩʮʸ ʭʩʸʹʷʮ , ʯʫ ʥʮʫ .ʯʥʸʫʩʦʬ ʣʡʲʮʤ ʯʩʡ ʷʤ־opcode  ʺʣʥʷʴ ʬʹmov ʺʫʮʥʺ ʠʬ

.ʯʥʸʫʩʦʬ ʯʥʸʫʩʦʤʮ ʤʷʺʲʤʡ 
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ʸʨʱʩʢʸʬ ʸʨʱʩʢʸʮ ʤʷʺʲʤ 

mov register, register 

  ʯʡ ʸʨʱʩʢʸ ʤʷʩʺʲʮ ʥʦ ʤʠʸʥʤ8  ,ʨʩʡ16  ʬʣʥʢʡ ʺʥʩʤʬ ʡʩʩʧʹ ,ʸʧʠ ʸʨʱʩʢʸ ʪʥʺʬ )ʸʺʥʩ ʭʩʮʣʷʺʮ ʭʩʣʡʲʮʡ ,ʸʺʥʩ ʥʠ( ʨʩʡ

ʹʥʮʩʹʬ ʺʥʠʮʢʥʣ .ʤʤʦ: 

mov ax, bx  ; 16 bit registers 

mov cl, dh  ; 8 bit registers 

mov si, bp  ; The mov instruction works with ALL general purpose registers 

:ʤʮʢʥʣʬ ,ʤʤʦ ʬʣʥʢʡ ʭʩʸʨʱʩʢʸ ʬʲ ʣʩʴʷʰ ʠʬ ʭʠ 

mov ax, bl 

ʤʩʶʬʩʴʮʥʷ ʺʠʩʢʹ ʬʡʷʰ. 

 ʤʮʢʥʣʬ ,ʺʩʷʥʧ ʤʰʩʠ ʨʰʮʢʱ ʩʸʨʱʩʢʸ ʩʰʹ ʯʩʡ ʤʷʺʲʤ ʩʫ ʯʩʩʶʰmov ds, cs ʩʣʫ ʥʤʹʬʫ ʩʬʬʫ ʸʨʱʩʢʸʡ ʸʦʲʤʬ ʪʸʥʶ ʹʩ .

.ʤʷʺʲʤʤ ʺʠ ʲʶʡʬ ʸʨʱʩʢʸʤ ʯʫ ʥʮʫcs  ʹʮʹʬ ʬʥʫʩ ʥʰʩʠʣʰʸʴʥʠʫ  :ʤʮʢʥʣʬ .ʣʲʩmov cs,ax  ʺʴʬʧʤ .ʤʩʥʢʹcs  ʡds 

ʺʩʷʥʧʬ ʤʫʴʤʺ. 

 

ʬʩʢʸʺ 6.4 

 

ʠ.  ʺʠ ʥʷʩʺʲʤax  ʪʥʺʬbx. 

ʡ.  ʺʠ ʥʷʩʺʲʤbx  ʪʥʺʬax . 

ʢ.  ʺʠ ʥʷʩʺʲʤah  ʪʥʺʬch . 

ʣ.  ʺʠ ʥʷʩʺʲʤal  ʪʥʺʬdl. 
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ʸʨʱʩʢʸʬ ʲʥʡʷ ʬʹ ʤʷʺʲʤ 

mov register, constant 

 .ʸʨʱʩʢʸ ʪʥʺʬ ʲʥʡʷ ʤʷʩʺʲʮ ʥʦ ʤʠʸʥʤ 

ʲʥʡʷʤ ʬʣʥʢʬ ʭʠʥʺʡ ʺʥʩʤʬ ʪʩʸʶ ʸʨʱʩʢʸʤ ʬʣʥʢʹ ʪʫʬ ʡʬ ʥʮʩʹ– ʡ ʷʸ ʸʥʮʹʬ ʯʺʩʰʹ ʪʸʲ ʷʩʺʲʤʬ ʯʥʩʱʩʰ16־ 

 ʤʮʢʥʣʬ( ʨʩʡ257 ʬʹ ʸʨʱʩʢʸ ʪʥʺʬ )8  .ʤʩʶʬʩʴʮʥʷ ʺʠʩʢʹʬ ʬʩʡʥʩ ,ʨʩʡ 

:ʯʥʫʰ ʹʥʮʩʹʬ ʺʥʠʮʢʥʣ 

mov cl, 10h 

mov ah, 10  ; Note the difference from last command! 10 decimal, not 10h (=16( 

mov ax, 555 

ʬʩʢʸʺ 6.5 

 ʪʥʺʬ ʥʷʩʺʲʤal  ʪʸʲʤ ʺʠ100  ʩʸʠʰʩʡʤ ʢʥʶʩʩʡʥ ʩʬʮʩʶʣʱʷʤ ʢʥʶʩʩʡ ,ʥʬʹ ʩʰʥʸʹʲʤ ʢʥʶʩʩʡ :ʤʸʩʴʱ ʺʥʨʩʹ ʹʥʬʹʡ ,)ʩʬʮʩʶʣ(

 ʺʥʠʡ ʭʩʩʺʱʮ ʩʸʠʰʩʡ ʢʥʶʩʩ :ʤʸʲʤ(b ʤʮʢʥʣʬ ,00001111bʡ ʺʩʰʫʥʺʤ ʺʠ ʥʶʩʸʤ .)־TD ʹ ʥʷʣʩʡʥ־al  ʭʩʫʸʲʤ ʺʠ ʬʡʷʮ

.ʭʩʩʥʶʸʤ 

 

ʯʥʸʫʩʦʡ ʠʺ ʬʠ ʸʨʱʩʢʸ ʬʹ ʤʷʺʲʤ 

mov memory, register 

 ʥʦ ʤʣʥʷʴʬʲ ʺʷʦʧʥʮʹ ʯʥʸʫʩʦʡ ʺʡʥʺʫʤ ʪʥʺʬ ʸʨʱʩʢʸʤ ʬʹ ʥʫʸʲ ʺʠ ʤʷʩʺʲʮ־ ʺʥʩʤʬ ʬʥʫʩ ʣʲʩʤ ʣʰʸʴʥʠ .ʣʲʩʤ ʣʰʸʴʥʠ ʩʣʩ

 ʺʨʩʹ( ʺʥʰʴʬ ʭʩʶʥʸ ʥʰʧʰʠ ʤʩʬʠ ʺʡʥʺʫʬ ʤʥʥʹʹ ,ʲʥʡʷ ʪʸʲDirect addressing ʺʨʩʹ( ʺʡʥʺʫʤ ʺʠ ʷʩʦʧʮʤ ʸʨʱʩʢʸ ,)

Indirect addressingʺʨʩʹ( ʲʥʡʷ ʭʲ ʸʨʱʩʢʸ ʬʹ ʡʥʬʩʹ ʥʠ )Indexed addressing .) 

mov [1], ax   ; Direct addressing 

mov [Var], ax  ; Another form of direct addressing, using a variable 

mov [bx], ax  ; Indirect addressing 

mov [bx+1], ax  ; Indexed addressing 

 ʬʹ ʥʫʸʲ ,ʤʰʥʹʠʸʤ ʤʮʢʥʣʡax  ʸʴʱʮ ʺʡʥʺʫʬ ʯʥʸʫʩʦʤ ʪʥʺʬ ʷʺʲʥʩ1. 

 ʬʹ ʥʫʸʲ ,ʤʩʰʹʤ ʤʮʢʥʣʡax  ʤʰʺʹʮʤ ʲʩʡʶʮ ʤʩʬʠ ʺʡʥʺʫʬ ʯʥʸʫʩʦʤ ʪʥʺʬ ʷʺʲʥʩVar. 

 ʬʹ ʥʫʸʲ ,ʺʩʹʩʬʹʤ ʤʮʢʥʣʡax ʡ ʤʸʥʮʹʤ ʺʡʥʺʫʬ ʯʥʸʫʩʦʤ ʪʥʺʬ ʷʺʲʥʩ־bx ʤʣʥʷʴʤ .ʥʦʤ: 
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mov [1], ax 

:ʺʥʠʡʤ ʺʥʣʥʷʴʬ ʤʬʥʷʹ 

mov bx, 1 

mov [bx], ax 

 ʬʹ ʥʫʸʲ ,ʺʩʲʩʡʸʤ ʤʮʢʥʣʡax ʡ ʤʸʥʮʹʤ ʺʡʥʺʫʬ ʯʥʸʫʩʦʤ ʪʥʺʬ ʷʺʲʥʩ־bx  ʣʥʲʥ1 ʺʡʥʺʫʤ ʩʸʧʠ ʣʧʠ ʺʩʡ ʸʮʥʬʫ ,

ʡ ʤʸʥʮʹʤ־bx. 

ʬʩʢʸʺ 6.6 

ʠ.  ʪʥʺʡ ʥʸʩʣʢʤDATASEG  ʤʰʺʹʮʤ ʺʠvar  ʸʥʺʡ ʩʺʬʧʺʤʤ ʥʫʸʲ ʺʠ ʥʲʡʷ ,ʺʩʡ ʬʣʥʢʡ0 ʪʥʺʬ ʥʷʩʺʲʤ .al 

 ʪʸʲʤ ʺʠ100  ʪʥʺʬʥ)ʩʬʮʩʶʣ(bx  ʪʸʲʤ ʺʠ2ʫʥʺʬ ʺʥʠʡʤ ʣʥʷʤ ʺʥʸʥʹ ʺʠ ʥʴʩʱʥʤ .:ʺʩʰ 

mov [Var], al 

mov [1], al    

mov [bx], al    

mov [bx+1], al   

ʡ. ʡ ʺʩʰʫʥʺʤ ʺʠ ʥʶʩʸʤ־TD ʡ ʭʩʩʥʰʩʹʤ ʩʸʧʠ ʥʡʷʩʲʥ־DATASEG   ʺʲʡʸʠ ʬʫʹ ʥʠʣʥʥ .ʺʩʰʫʥʺʤ ʺʶʩʸ ʯʮʦʡ

ʡ ʭʩʰʥʹʠʸʤ ʭʩʺʡʤ־DATASEG  ʪʸʲʤ ʺʠ ʭʩʬʡʷʮ100 .)ʯʡʥʮʫ ,ʥʬʹ ʩʬʮʩʶʣʱʷʤʤ ʢʥʶʩʩʡ( 

 ʬʠ ʯʥʸʫʩʦʡ ʠʺ ʬʹ ʤʷʺʲʤʸʨʱʩʢʸ 

ʣʧʠ ʬʣʡʤʡ ,ʯʥʸʫʩʦʡ ʠʺ ʪʥʺʬ ʸʨʱʩʢʸ ʷʩʺʲʤʬ ʺʥʨʩʹʤ ʥʮʫ ʷʥʩʣʡ ʯʤ ʸʨʱʩʢʸ ʪʥʺʬ ʯʥʸʫʩʦʡ ʠʺ ʷʩʺʲʤʬ ʺʥʨʩʹʤ– 

:ʭʩʫʥʴʤ ʭʩʣʰʸʴʥʠʤ 

mov register, memory 

:ʭʩʣʰʸʴʥʠ ʪʥʴʩʤʡ ʷʸ ,ʺʥʴʷʺ ʭʣʥʷʤ ʳʩʲʱʡ ʥʰʺʰʹ ʺʥʠʮʢʥʣʤ ʬʫ ,ʯʫʬ 

mov ax, [1] 

mov ax, [Var] 

mov ax, [bx] 

mov ax, [bx+2] 
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ʬʩʢʸʺ 6.7 

:)ʭʣʥʷʤ ʬʩʢʸʺʤ ʬʹ ʣʥʷʤ ʺʥʸʥʹ ʩʸʧʠ( ʺʥʠʡʤ ʣʥʷʤ ʺʥʸʥʹ ʺʠ ʺʩʰʫʥʺʬ ʥʴʩʱʥʤ ,ʭʣʥʷʤ ʬʩʢʸʺʬ ʪʹʮʤʫ 

mov [Var], al 

mov [1], al    

mov [bx], al    

mov [bx+1], al 

; -----1----- 

mov al, 0 

mov al, [var[ 

; -----2----- 

mov al, 0 

mov al, [1[ 

; -----3----- 

mov al, 0    

mov al, [bx[ 

; -----4-----  

mov al, 0   

mov al, [bx+1[ 

ʡ ʺʩʰʫʥʺʤ ʺʠ ʥʶʩʸʤ־TD ʡ ʭʩʩʥʰʩʹʤ ʩʸʧʠ ʥʡʷʩʲʥ־al  ʭʩʲʨʷʤ ʺʲʡʸʠʮ ʣʧʠ ʬʫʡʹ ʥʠʣʥʥ .ʺʩʰʫʥʺʤ ʺʶʩʸ ʯʮʦʡal  ʬʡʷʮ

 ʪʸʲʤ ʺʠ100 .)ʯʡʥʮʫ ,ʥʬʹ ʩʬʮʩʶʣʱʷʤʤ ʢʥʶʩʩʡ( 
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ʯʥʸʫʩʦʬ ʲʥʡʷ ʬʹ ʤʷʺʲʤ 

mov memory, constant 

 ʪʸʲʤ ʺʠ ʱʩʰʫʤʬ ʩʣʫ ʤʮʢʥʣʬ5  ʤʸʥʮʹʤ ʺʡʥʺʫʬʩʣʩ־ʬʲbx: 

mov [bx], 5 

:ʤʸʲʤ :ʠʩʤ ʥʦ ʤʣʥʷʴʬ ʺʷʩʥʣʮʤ ʤʡʩʺʫʤ ʺʸʥʶ 

mov [byte ptr bx], 5 

:ʥʠ 

mov [word ptr bx], 5 

 .ʪʹʮʤʡ ʪʫ ʬʲ ʸʡʱʤʤ 

ʯʥʸʫʩʦʬ ʤʹʩʢʬ ʭʩʩʷʥʧ ʭʩʸʨʱʩʢʸ 

 ,ʪʫʬ ʩʠ .ʯʥʸʫʩʦʬ ʤʹʩʢʬ ʹʮʹʬ ʬʥʫʩ ʸʨʱʩʢʸ ʬʫ ʠʬʡ ʣʩʮʺ ʹʮʺʹʰ־bx , si ʥʠdiʡ ʹʥʮʩʹ .־ax , cx ʥʠdx  ʺʠʩʢʹʬ ʭʥʸʢʩ

:ʤʣʥʷʴʤ ʤʮʢʥʣʬ .ʤʩʶʬʩʴʮʥʷ 

mov cx, [ax] 

:ʤʠʩʢʹ ʸʩʦʧʺ 

 

:ʭʩʠʡʤ ʭʩʷʥʧʤ ʩʴʬ ʣʥʡʲʰ ,ʯʥʸʫʩʦʡ ʺʡʥʺʫ ʬʠ ʺʹʢʬ ʤʶʸʰʹʫ ʣʩʮʺ ,ʯʫʬ 

- ʡ ʹʮʺʹʰ־bx :ʯʥʸʫʩʦʤ ʬʠʥ ʯʥʸʫʩʦʤʮ ʺʥʷʺʲʤʬ ʺʥʠʮʢʥʣ .ʺʡʥʺʫʤ ʺʠ ʸʥʮʹʬ ʩʣʫ 

mov ax, [bx[ 

mov [bx], ax 

- ʬʲ ʤʸʥʮʹʹ ʺʡʥʺʫʤʮ ʲʥʡʷ ʨʱʩʤʡ ʠʩʤʹ ʺʡʥʺʫʬ ʲʩʢʤʬ ʤʶʸʰ ʭʠ־ ʩʣʩbxʬ ʳʩʱʥʰ ,־bx :ʺʥʠʮʢʥʣ .ʲʥʡʷ ʪʸʲ 

mov ax, [bx+2[ 

mov [bx+2], ax 
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- ʬʲ ʤʸʥʮʹʹ ʺʡʥʺʫʤʮ ʤʰʺʹʮ ʨʱʩʤʡ ʺʥʡʥʺʫʬ ʲʩʢʤʬ ʤʶʸʰ ʭʠ־ ʩʣʩbx ʺʠ ʥʬ ʳʩʱʥʤʬ ʬʫʥʰ ,di  ʺʠ ʥʠsi ʠʬ ʬʡʠ ,

 .ʣʧʩ ʭʤʩʰʹ ʺʠ:ʤʮʢʥʣʬ 

mov ax, [bx+si[ 

mov ax, [bx+di[ 

mov [bx+si], ax 

mov [bx+di], ax 

- ʤʩʤʩ ʭʠʬ ʳʩʱʥʤʬ ʬʫʥʰ ,ʪʸʥʶ־bx  ʺʠ ʣʧʩsi  ʥʠdi:ʤʮʢʥʣʬ .ʲʥʡʷ ʳʩʱʥʤʬ ʯʫʥ , 

mov ax, [bx+si+2[ 

mov ax, [bx+di+2[ 

mov [bx+si+2], ax 

mov [bx+di+2], ax 

ʯʥʸʫʩʦʡ ʺʡʥʺʫʬ ʣʰʸʴʥʠ ʭʥʢʸʺ 

 ʺʣʥʷʴʬ ʺʥʠʮʢʥʣ ʸʴʱʮ ʥʰʩʠʸ ʭʩʮʣʥʷʤ ʭʩʴʩʲʱʡmov .ʯʥʸʫʩʦʡ ʺʡʥʺʫ ʥʢʶʩʩ ʸʥʷʮʤ ʣʰʸʴʥʠ ʥʠ ʣʲʩʤ ʣʰʸʴʥʠ ʯʷʬʧʡ .

:ʤʮʢʥʣʬ 

mov [1], ax 

mov [Var], ax 

mov [bx], ax 

 ʺʥʲʶʮʠʡ ʺʢʶʥʩʮ ʯʥʸʫʩʦʡ ʺʡʥʺʫ ʬʫʹ ʭʩʲʣʥʩ ʥʰʠ :ʥʦʫ ʠʩʤ ʤʬʠʹʤ20 " ʲʥʡʷʤ ʺʠ ʸʩʮʮ ʸʬʡʮʱʠʤ ʷʥʩʣʡ ʪʩʠ .ʨʩʡ1 ʺʠ ,"

 ʤʰʺʹʮʤvar  ʸʨʱʩʢʸʤ ʺʠ ʥʠbx  ʬʩʫʮ ,ʸʥʫʦʫʹ(16  ʺʡ ʺʡʥʺʫʬ ,)ʭʩʨʩʡ20  ?ʨʩʡ 

 ʺʡ ʺʡʥʺʫʬ ʭʩʩʸʢʥʱʡʹ ʩʥʨʩʡʤ ʺʠ ʭʢʸʺʬ ʠʥʤ ,ʤʹʥʲ ʸʬʡʮʱʠʤʹ ʯʥʹʠʸʤ ʸʡʣʤ .ʭʩʩʰʹʬ ʺʷʬʧʺʮ ʤʡʥʹʺʤ16 ʨʩʡ–  ʥʤʦ

[ ʩʥʨʩʡʤ ʸʮʥʬʫ .ʨʰʮʢʱʤ ʪʥʺʡ ʨʱʴʥʠʤ1ʺʬʩʧʺʮ ʣʧʠ ʺʩʡ ʬʹ ʨʱʴʥʠ ʯʠʫ ʹʩʹ ʸʬʩʩʴʮʥʷʬ ʸʮʥʠ ]  ʤʦʩʠ ʬʡʠ .ʨʰʮʢʱʤ

 ʠʩʤ ,ʸʬʩʩʴʮʥʷʤ ʬʹ ʤʩʩʰʹʤ ʤʧʰʤʤ ?ʨʰʮʢʱ– ʺʸʧʠ ʹʥʸʩʴʡ ʥʰʡʺʫ ʭʠ ʠʬʠ–  ,ʭʩʰʥʺʰʤ ʨʰʮʢʱ ʠʥʤ ʨʰʮʢʱʤʹ

DATASEG ʺʠ ʷʩʺʲʩ ʣʡʲʮʤ ʯʫʬ .ax  ʨʱʴʥʠʡʹ ʺʡʥʺʫʤ ʪʥʺʬ1  ʪʥʺʡDATASEG. 

 ʺʠ ʱʩʰʫʮ ʣʡʲʮʤ ʪʩʠ :ʠʩʤ ʤʬʥʲʹ ʤʠʡʤ ʤʬʠʹʤax ʬʣʥʢʡ ,16  ʯʥʸʫʩʦʡ ʺʡʥʺʫ ʪʥʺʬ ,ʨʩʡ ,ʠʩʤ ʤʡʥʹʺʤ ?ʣʧʠ ʺʩʡ ʬʣʥʢʡ

ʤ ʺʣʥʷʴ ʸʧʠʬ ʡʹʧʮʤ ʯʥʸʫʩʦ ʤʠʸʰ ʪʩʠ ʬʫʺʱʰ .ʯʥʸʫʩʦʡ ʠʡʤ ʺʩʡʡ ʭʢ ʹʮʺʹʤʬ ʲʣʥʩ ʠʥʤʹ־mov ʺʠ ʪʥʴʤʬ ʬʩʡʹʡ ʷʸ .

ʡ ʤʠʩʸʷʤ־DATASEG  ʺʬʩʧʺʡ ʸʩʣʢʰ ,ʸʺʥʩ ʤʸʥʸʡʬDATASEG   :ʭʩʱʴʠʬ ʬʧʺʥʠʮʹ ,ʭʩʺʡ ʤʰʥʮʹ ʯʡ ʪʸʲʮ 
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DATASEG: 

ZeroArray db 8 dup (0( 

 

ʹʫʲ:ʺʥʠʡʤ ʺʥʸʥʹʤ ʺʠ ʵʩʸʰ ʣʥʷʤ ʪʥʺʡ ʥʩ 

mov ax, 0AABBh 

mov [1], ax 

 ʺʠ ʥʰʩʰʩʹʥDATASEG: 

 

ʡ ʠʥʤ ʥʬʩʠʫ ʯʥʸʫʩʦʬ ʱʧʩʩʺʩ ʣʩʮʺ ʸʬʡʮʱʠʤʹ ʥʰʸʮʠʹ ʭʩʸʫʥʦ-DATASEG ,ʺʸʧʠ ʥʰʡʺʫ ʭʠ ʠʬʠ? 

ʡ ʠʥʤ ʥʬʩʠʫ ʠʬʹ ʯʥʸʫʩʦʬ ʱʧʩʩʺʤʬ ʺʰʮ ʬʲ־DATASEG:ʤʣʥʷʴʤ ʺʠ ʳʩʬʧʰ , 

mov [1], ax 

:ʤʣʥʷʴʡ 

mov ]es:1], ax ; as you recall, ES is the pointer to the Extended Segment 

' ʪʸʲʤ ʺʠ ʺʥʠʸʬ ʯʺʩʰ ,ʤʶʸʤʤ ʸʧʠʬʥAABBhʨʰʮʢʱʤ ʪʥʺʡ ʭʲʴʤ ,ʺʥʮʩʠʺʮʤ ʺʥʡʥʺʫʡ 'Extended Segment 

 ʸʨʱʩʢʸʤʹES :ʥʩʬʲ ʲʩʡʶʮ 
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Little Endian, Big Endian 

 ,ʯʥʸʫʩʦʬ ʸʨʱʩʢʸ ʭʩʷʩʺʲʮ ʥʰʧʰʠʹʫʹ ʥʰʩʠʸ"ʪʥʴʤ" ʤʠʸʰ ʸʨʱʩʢʸʤ–  ʺʠ ʯʥʸʫʩʦʬ ʥʰʷʺʲʤʹʫ ʤʮʢʥʣʬax ʺʠ ʸʮʹ ʣʡʲʮʤ ,

ah  ʣʡʲʮʬ ʸʣʢʥʮ ʪʫʹ ʠʩʤ ʤʡʩʱʤ ?ʤʫʥʮʰʤ ʺʡʥʺʫʡ ʠʬʥ ʤʤʥʡʢʤ ʺʡʥʺʫʡ ʠʷʥʥʣ ʤʮʬ .ʯʥʸʫʩʦʡ ʸʺʥʩ ʤʤʥʡʢʤ ʺʡʥʺʫʤ ʪʥʺʡ

 ʺʠ ʸʥʮʹʬʥ ʪʥʴʤ ʸʩʣʢʤʬ ʤʩʤ ʭʢ ʸʹʴʠ .ʲʶʡʬah .ʤʫʥʮʰʤ ʺʡʥʺʫʡ 

ʤʹʬʫ ʤʰʺʹʮ ʥʠ ʸʨʱʩʢʸ ʹʩ ʸʹʠʫ ʤʮʢʥʣʬ( ʣʧʠ ʺʩʡʮ ʸʺʥʩ ʬʹ ʬʣʥʢʡ ,ʥax , bx ʭʩʷʩʺʲʮ ʥʰʧʰʠʥ ,)'ʥʫʥ ʭʩʺʡ ʩʰʹ ʭʬʣʥʢʹ

ʺʥʨʩʹ ʩʺʹʮ ʺʧʠʡ ʺʥʩʤʬ ʤʬʥʫʩ ʯʥʸʫʩʦʬ ʤʷʺʲʤʤ ,ʯʥʸʫʩʦʬ ʥʺʥʠ: 

- ʤ ʺʩʡʤ־High Order  ʸʮʥʬʫ(ah, bh  ʺʠʸʷʰ ʥʦ ʤʨʩʹ .ʯʥʸʫʩʦʡ ʸʺʥʩ ʤʫʥʮʰʤ ʺʡʥʺʫʡ ʸʮʹʰ )'ʥʫʥBig 

Endian. 

- ʤ ʺʩʡʤ־Low Order  ʸʮʥʬʫ(al, bl  ʺʠʸʷʰ ʥʦ ʤʨʩʹ .ʯʥʸʫʩʦʡ ʸʺʥʩ ʤʫʥʮʰʤ ʺʡʥʺʫʡ ʸʮʹʰ )'ʥʫʥLittle 

Endian. 

.ʣʧʠ ʺʩʡʮ ʸʺʥʩ ʭʬʣʥʢʹ ʤʰʺʹʮ ʥʠ ʭʩʸʨʱʩʢʸ ʬʫ ʸʥʡʲ ʺʥʴʷʺ ʥʬʬʤ ʺʥʨʩʹʤʹ ʯʩʩʶʰ 

ʤ ʣʡʲʮʹ ,ʭʩʰʩʡʮ ʥʰʧʰʠ ʤʰʥʸʧʠʤ ʤʮʢʥʣʤʮ .ʺʸʧʠ ʤʨʩʹʡʹ ʹʩʥ ʥʦʫ ʤʨʩʹʡ ʭʩʣʡʥʲʹ ʭʩʣʡʲʮ ʹʩ8086־  ʺʨʩʹʡ ʣʡʥʲ

Little Endianʤ .ʤʩʣʴʩʷʩʥʡ ʠʥʶʮʬ ʯʺʩʰ ʨʸʥʴʮ ʸʡʱ: 

http://en.wikipedia.org/wiki/Endianness 

 

 ʭʩʢʹʥʮʤLittle Endian ʥ-Big Endian ʸʡʩʬʥʢ ʺʥʲʱʮ"  ʸʴʱʤʮ ʭʩʧʥʷʬ  " 

 ʨʥʴʩʬʩʬ ʪʬʮ ʺʷʥʬʧʮʡ ʩʥʰʹ ʷʥʧ ʷʷʥʧ ʯʴʥʠʤ ʩʡʢʬʬ ʹʩ ʥʡʹʤʶʩʡ ʸʥʡ 

ʭʩʫʸʲʮ ʬʠʥ ʭʩʫʸʲʮʮ ʤʷʺʲʤ 

 ʺʣʥʷʴʡ ʭʩʣʰʸʴʥʠʤ ʣʧʠ ʭʩʺʩʲʬmov  ʤʷʺʲʤ ʬʹ ʥʠ ʸʨʱʩʢʸʬ ʯʥʸʫʩʦʮ ʤʷʺʲʤ ʬʹ ʩʨʸʴ ʤʸʷʮ ʥʤʦ .ʪʸʲʮʡ ʸʡʩʠ ʠʥʤ

:ʪʸʲʮʤ ʯʥʺʰ ʤʮʢʥʣʬ .ʯʥʸʫʩʦʬ ʸʨʱʩʢʸʮ 

DATASEG: 

Array db 0AAh, 0BBh, 0CCh, 0DDh, 0EEh, 0FFh 

http://en.wikipedia.org/wiki/Endianness
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 ʱʷʣʰʩʠʡ ʸʡʩʠʤ ʺʠ ʷʩʺʲʤʬ ʤʶʸʰ ʺʲʫ2  ʪʥʺʬal  ,ʡʬ ʥʮʩʹ(al  ʠʬʥax–  ʺʣʥʷʴ .)ʺʩʡ ʬʣʥʢʡ ʠʥʤ ʪʸʲʮʡ ʸʡʩʠ ʬʫ

:ʡʺʫʩʺ ʤʷʺʲʤʤ 

mov al, [Array+2[ 

 ʤʸʷʮʡ ʭʠ .ʯʥʸʫʩʦʡ ʺʡʥʺʫʬ ʥʦʤ ʤʣʥʷʴʤ ʺʠ ʭʢʸʺʩ ʸʬʡʮʱʠʤArray  ʺʬʩʧʺʡ ʹʮʮ ʸʣʢʥʮDATASEG ʩʰʹʤ ʱʷʣʰʩʠʤ ,

 ʬʹArray  ʨʱʴʥʠʡ ʠʶʮʰ0002  ʺʬʩʧʺʮDATASEG  ʺʠʶʥʺʥʤʰʥʫʮ ʺʴʹʬ ʭʥʢʸʺʤ :ʤʩʤʺ 

 

ʹ ʠʩʤ ʥʦ ʤʣʥʷʴ ʬʹ ʤʠʶʥʺʤ־al  ʪʸʲʤ ʺʠ ʬʡʷʮ0CCh ʱʷʣʰʩʠʡ ʸʡʩʠʤ ʬʹ ʪʸʲʤ ,2 ʪʸʲʮʡ.  ʡʬ ʥʮʩʹ ʤʹʲʮʬ ʥʤʦʹ

 ʱʷʣʰʩʠ ʯʮʱʮ ʯʥʹʠʸʤ ʭʥʷʩʮʤ ʺʠ ʯʫʹ ,ʩʹʩʬʹʤ ʭʥʷʩʮʤ0ʱʷʣʰʩʠ ʯʮʱʮ ʩʰʹʤ ʭʥʷʩʮʤ ʺʠʥ ,1. 

 ʤʷʺʲʤ ʲʶʡʬ ʭʩʶʥʸ ʥʰʩʩʤ ʭʠ:ʤʮʢʥʣʬ .ʭʩʣʰʸʴʥʠʤ ʸʣʱ ʺʠ ʺʥʰʹʬ ʨʥʹʴ ʭʩʫʩʸʶ ʥʰʩʩʤ ,ʪʸʲʮʬ ʸʨʱʩʢʸʮ 

mov [Array+1], al 

 ʬʹ ʥʫʸʲʹ ʤʺʩʤ ʤʠʶʥʺʤʥal ʸʴʱʮ ʱʷʣʰʩʠ ʬʹ ʪʸʲʬ ʤʥʥʹ ʠʥʤ ʺʮʣʥʷʤ ʤʣʥʷʴʤ ʺʥʡʷʲʡʹ ,2  ʪʥʺʬ ʷʺʲʥʩ ,ʪʸʲʮʡ

.ʪʸʲʮʡ ʯʥʹʠʸʤ ʱʷʣʰʩʠʤ 

 

 ʺʣʥʷʴoffset 

ʫʤʬ ʠʥʤ ʭʩʫʸʲʮʡ ʬʥʴʩʨʡ ʹʥʮʩʹʬ ʤʶʥʴʰ ʤʸʥʶ ʪʥʺʬ ʱʩʰbx  ʤʣʥʷʴʤ ʺʥʲʶʮʠʡ ,ʪʸʲʮʤ ʺʬʩʧʺ ʬʹ ʨʱʴʥʠʤ ʺʠoffset: 

mov bx, offset Array 

:ʤʸʥʶʤ ʺʠ ʺʬʡʷʮ ʸʨʱʩʢʸʬ ʪʸʲʮʮ ʤʷʺʲʤʤ ʺʣʥʷʴ ʦʠʥ 

mov al, [bx] 

 ʥʰʩʤ ʣʲʩʤ ʣʰʸʴʥʠ ʤʦ ʤʸʷʮʡalʹ ʯʥʥʩʫ ,ʣʩʧʩ ʺʩʡ ʥʬʣʥʢʹ ,-Array  ʥʬʩʠ .ʭʩʺʡ ʬʹ ʪʸʲʮʫ ʸʣʢʥʮArray  ʪʸʲʮʫ ʸʣʢʥʮ ʤʩʤ

ʩʮ ʬʹ ʭʩʬwords ʤʩʤ ʣʲʩʤ ʣʰʸʴʥʠ ,ax .ʤʬʩʮ ʥʬʣʥʢʹ ʸʧʠ ʩʬʬʫ ʸʨʱʩʢʸ ʬʫ ʥʠ 

 ʭʠʹ ,ʠʩʤ ʤʡʥʹʺʤ .ʺʣʣʥʡ ʤʣʥʷʴʡ ʡʥʺʫ ʤʩʤ ʯʫ ʩʰʴʬʹ ʤʮ ʺʥʣʥʷʴ ʩʺʹʡ ʥʰʡʺʫ ?ʤʦʤ ʩʥʰʩʹʤ ʡʥʨ ʤʮʬ ʥʰʮʶʲ ʺʠ ʬʠʹʰ

 ʸʹʠʫ ʺʥʬʷ ʸʺʩʡ ʺʠʦ ʺʥʹʲʬ ʬʫʥʰ ʦʠ ,ʪʸʲʮʤ ʩʸʡʩʠ ʬʫ ʬʲ ʺʥʬʥʲʴ ʲʶʡʬ ʤʶʸʰbx ʤʤ ʺʡʥʺʫ ʺʠ ʸʮʥʹ ʪʸʲʮʤ ʬʹ ʤʬʧʺ

 ʺʠ ʭʩʮʣʷʮ ʭʲʴ ʬʫʥbx .ʪʸʲʮʡ ʠʡʤ ʸʡʩʠʤ ʬʲ ʲʩʡʶʮ ʠʥʤʹ ʪʫ 
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 ʺʣʥʷʴLEA 

 ʤʣʥʷʴʤ ʭʥʷʮʡ ʭʩʺʩʲʬoffset  ʤʣʥʷʴʡ ʥʬʷʺʩʺlea ʬʹ ʸʥʶʩʷ ,Load Effective Address ʥʬʠʤ ʺʥʣʥʷʴʤ ,ʺʩʹʲʮ .

ʺʥʣʥʷʴʤ ʩʺʹ ʺʠ ʤʮʢʥʣʬ ʧʷʩʰ ʭʠ .ʤʬʥʲʴʤ ʤʺʥʠ ʺʠ ʺʥʲʶʡʮ 

mov bx, offset Array 

lea bx, [Array] 

 ʺʥʠʸʬ ʸʹʴʠʹ ʩʴʫ–  ,ʤʰʥʫʮ ʣʥʷ ʥʺʥʠʬ ʥʮʢʸʥʺ ʺʥʣʥʷʴʤ ʩʺʹBB0000: 

 
 

 ʤʩʧʰʤʤword ptr / byte ptr 

:ʯʫ ʩʰʴʬ ʥʰʸʣʢʤʹ ʭʩʺʡ ʬʹ ʪʸʲʮ ʥʺʥʠ ʺʠ ʧʷʩʰ 

Array db 0AAh, 0BBh, 0CCh, 0DDh, 0EEh, 0FFh 

:ʤʠʡʤ ʤʣʥʷʴʡ ʯʰʥʡʺʰ 

mov ax, [Array+2] 

ʥʡʹʩʧ: ʠ ?ʤʰʩʷʺ ʠʩʤ ʭʠʤʠʬ ʭ – ?ʠʬ ʲʥʣʮ 

:ʤʡʥʹʺ 

.ʸʬʩʩʴʮʥʷʤ ʬʹ ʤʠʩʢʹ ʺʲʣʥʤ ʭʩʬʡʷʮ ʥʰʩʩʤ 

 

 ʥʰʩʩʶ ʯʫʹ ,ʺʩʡ ʪʸʥʠʡ ʥʰʩʤ ʥʰʸʣʢʤʹ ʪʸʲʮʡ ʥʺ ʬʫ( ʺʩʡ ʬʣʥʢʡ ʠʥʤ ʸʥʷʮʤ ʣʰʸʴʥʠʹ ʠʩʤ ʤʡʩʱʤdb ʣʲʩʤ ʣʰʸʴʥʠ ʥʬʩʠʥ )

ax  ʪʸʥʠʡ ʠʥʤ ʸʨʱʩʢʸʤ ʯʫʹ( ʤʬʩʮ ʬʣʥʢʡ ʠʥʤ16 .)ʨʩʡ 

ʧʰʠʹ ʸʬʡʮʱʠʤ ʺʠ ʲʣʩʩʬ ʥʰʩʬʲ ,ʪʫʬ ʩʠ ʭʩʺʡ ʩʰʹ ʬʹ ʤʷʺʲʤ ʲʶʡʬ ʭʩʱʰʮ ʥʰ–  ʺʸʥʶʬ ʡʬ ʥʮʩʹ .ʤʠʩʢʹʤʮ ʲʰʮʤʬ ʪʫʡʥ

:ʤʠʡʤ ʤʡʩʺʫʤ 

mov ax, [word ptr Array+2] 

 ʸʥʺʡ ʠʬ ʯʥʸʫʩʦʡ ʭʥʷʩʮʤ ʬʠ ʱʧʩʩʺʤʬ ʸʬʡʮʱʠʬ ʥʰʲʣʥʤ ?ʥʰʩʹʲ ʭʶʲʡ ʤʮbyte  ʸʥʺʡ ʠʬʠ ,ʣʣʥʡword .)ʭʩʺʡ ʩʰʹ( 

ʥʡʹʩʧ–  ʸʨʱʩʢʸʤ ʬʩʫʩ ʤʮax ?ʥʦʤ ʣʥʷʤ ʺʸʥʹ ʺʶʸʤ ʸʧʠʬ 
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 ʪʥʺʬ :ʤʡʥʹʺax  ʬʣʥʢʡ ʯʥʸʫʩʦ ʺʥʮʫ ʷʺʲʥʺword ʺʡʥʺʫʡ ʠʥʤ ʯʥʸʫʩʦʤ ʺʬʩʧʺ ʭʥʷʩʮ .Array+2:ʤʩʤʺ ʺʩʴʥʱʤ ʤʠʶʥʺʤ . 

 

ʥʰʩʶʸʹ ʤʮ ʺʠ ʥʰʬʡʩʷʥ – .ʤʣʩʧʩ ʤʬʥʲʴʡ ,ʸʨʱʩʢʸʤ ʪʥʺʬ ʪʸʲʮʤʮ ʭʩʺʡ ʩʰʹ ʬʹ ʤʷʺʲʤ 

ʤʸʲʤ ʡʥʺʫʬ ʭʥʷʮʡ :word ptr  ʥʠbyte ptr  ʷʸ ʡʥʺʫʬʥ ʸʶʷʬ ʸʹʴʠword  ʥʠbyte  ʺʠ ʭʢʸʺʩ ʸʬʡʮʱʠʤʥ ʤʩʧʰʤʤ

ʡ ʤʢʥʶʺʤ ʭʲ ʺʥʮʩʠʺ ʬʲ ʸʥʮʹʬ ʩʣʫ ,ʺʠʦ ʭʲ .ʤʰʥʫʰ ʤʸʥʶʡ־TD:ʠʬʮʤ ʧʱʥʰʤ ʺʠ ʡʥʺʫʰ ,word ptr  ʥʠbyte ptr. 

 ʺʸʤʦʠtype override 

 ʺʣʥʷʴ ʲʶʡʬ ʤʱʰʰ ʭʠmov ʰʬ ʸʩʦʧʩ ʸʡʬʮʱʠʤ ,ʺʧʠ ʺʥʰʹʸʴʮ ʸʺʥʩʬ ʤʰʥʺʰ ʪʠ ʺʩʷʥʧ ʠʩʤʹ ʺʸʤʦʠ ʥtype override .

:ʤʠʡʤ ʺʩʷʥʧʤ ʤʸʡʲʤʤ ʺʸʥʶ ʺʠ ʧʷʩʰ ,ʤʮʢʥʣʬ 

mov memory, constant 

 ʪʸʲʤ ʺʠ ʱʩʰʫʤʬ ʭʩʶʥʸ ʥʰʩʩʤʹ ʧʩʰʰ5 ʬʲ ʤʸʥʮʹʤ ʺʡʥʺʫʬ־ ʩʣʩbx:ʪʫ , 

mov [bx], 5 

ʸʬʡʮʱʠʤ :ʤʸʤʦʠ ʥʰʬ ʸʩʦʧʮ ʤʩʤ 

 

 ʪʸʲʤ ʺʠ ʤʩʬʠ ʱʩʰʫʤʬ ʺʡʥʺʫ ʸʬʡʮʱʠʬ ʥʰʺʰ ?ʥʦʤ ʤʣʥʷʴʡ ʸʣʱʡ ʠʬ ʤʮ5 ʪʸʲʤ ʺʠ ʬʡʠ ,5  ʬʣʥʢʡ ʤʰʺʹʮʡ ʸʥʮʹʬ ʸʹʴʠ

 ʪʸʲʤ ʺʸʩʮʹ ʺʡʥʨʬ ʺʥʶʷʤʬ ʭʩʺʡ ʤʮʫ ʺʲʣʬ ʪʩʸʶ ʸʬʡʮʱʠʤ ...ʤʬʥʴʫ ʤʬʩʮ ,ʤʬʩʮ ,ʣʧʠ ʺʩʡ5. 

:ʺʥʠʡʤ ʺʥʸʣʢʤʬ ʡʬ ʥʮʩʹ .ʺʥʶʷʤʬ ʭʩʺʡ ʤʮʫ ʸʬʡʮʱʠʬ ʺʥʸʥʤʬ ʨʥʹʴ ʠʥʤ ʯʥʸʺʴʤ 

mov [byte ptr bx], 5 

mov [word ptr bx], 5 

ʺʸʮʥʠ ʤʰʥʹʠʸʤ ʤʸʣʢʤʤ  ʤʰʥʫʮ ʺʥʣʥʷʴ ʸʥʶʩʩ ʸʬʩʩʴʮʥʷʤ .ʣʩʧʩ ʺʩʡ ʥʬʣʥʢʹ ʯʥʸʫʩʦʡ ʸʥʦʠʬ ʺʹʢʬ ʭʩʶʥʸ ʥʰʧʰʠʹ ,ʸʬʡʮʱʠʬ

 ʺʡʥʺʫʡ ʯʥʸʫʩʦʤ ʬʠ ʹʢ :ʠʩʤ ʣʡʲʮʬ ʯʺʥʲʮʹʮʹbx ʤʫʥʺʬ ʱʰʫʤ ,00000101  ʬʹ ʩʸʠʰʩʡʤ ʢʥʶʩʩʤ(5  .)ʣʧʠ ʺʩʡ ʬʣʥʢʡ

ʥʬʣʥʢʹ ʯʥʸʫʩʦʡ ʸʥʦʠʬ ʺʹʢʬ ʭʩʶʥʸ ʥʰʧʰʠʹ ,ʸʬʡʮʱʠʬ ʺʸʮʥʠ ʤʩʰʹʤ ʤʸʣʢʤʤ  ʤʰʥʫʮ ʺʥʣʥʷʴ ʸʥʶʩʩ ʸʬʡʮʱʠʤ .ʤʬʩʮ

 ʺʡʥʺʫʡ ʯʥʸʫʩʦʤ ʬʠ ʹʢ :ʠʩʤ ʣʡʲʮʬ ʯʺʥʲʮʹʮʹbx ʤʫʥʺʬ ʱʰʫʤ ,00000101 ʺʡʥʺʫʡ ʯʥʸʫʩʦʤ ʬʠ ʹʢ ,bx+1 ʱʰʫʤ ,

 ʤʫʥʺʬ00000000. 

 ʯʥʺʰ ʤʷʺʲʤʤ ʬʣʥʢʹ ʯʴʥʠʡ ʤʰʺʹʮ ʭʩʷʩʺʲʮ ʥʰʧʰʠʹ ʭʲʴ ʬʫʡ ,ʪʫʬ ʩʠ .ʺʥʠʩʢʹʮ ʲʰʮʤʬ ʺʰʮ ʬʲ ʭʩʹʸʥʴʮ ʺʥʩʤʬ ʳʠʹʰ

ʥʰʹʸʴʬ ʯʥʮʩʱʤ ʺʥʲʶʮʠʡ ʸʬʡʮʱʠʤ ʺʠ ʯʥʥʫʰ ,ʺbyte ptr ʥʠword ptr . 
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 ʺʣʥʷʴmov- ʭʩʬʩʧʺʮ ʬʹ ʺʥʩʥʲʨ 

 ʺʣʥʷʴʡ ʯʥʫʰ ʠʬ ʹʥʮʩʹ ʭʩʹʥʲʤ ʭʩʬʩʧʺʮ ʬʹ ʺʥʶʥʴʰ ʺʥʩʥʲʨ ʸʴʱʮ ʯʰʹʩmov: 

1. :ʤʮʢʥʣʬ .ʭʩʤʦ ʭʰʩʠ ʣʲʩʤʥ ʸʥʷʮʤ ʩʬʣʢ 

mov al, bx 

mov ax, bl 

 ʥʬʠ ʺʥʣʥʷʴ ʸʩʦʧʤʬ ʸʬʡʮʱʠʬ ʥʮʸʢʩ ʥʮʩʹ .ʤʠʩʢʹ ʹʩ ʤʸʥʠʫʬ .ʣʲʩʤʮ ʯʨʷ ʸʺʥʩ ʸʥʷʮʤ ʬʣʥʢ ʤʩʰʹʤ ʤʣʥʷʴʡʹ ʡʬ

.ʸʬʡʮʱʠʤ ʬʲ ʺʬʡʥʷʮ ʤʰʩʠ ʥʦ ʤʠʸʥʤ ʪʠ ,ʸʥʷʮʤ ʯʫʥʺ ʺʠ ʱʩʰʫʤʬ ʭʥʷʮ ʣʲʩʡ 

2. :ʤʮʢʥʣʬ .ʨʰʮʢʱ ʸʨʱʩʢʸ ʪʥʺʬ ʲʥʡʷ ʺʱʰʫʤ 

mov ds, 1234h 

ʺʬʩʧʺʡ ʥʸʫʦʩʤ( ʺʥʣʥʷʴ ʩʺʹʡ ʹʥʮʩʹ ʠʥʤ ʯʥʸʺʴʤ .ʤʠʩʢʹʡ ʥʰʺʥʠ ʤʫʦʩ ʸʬʡʮʱʠʤ ʤʦ ʤʸʷʮʡ ʭʢ  ʺʩʰʫʥʺʤ

base.asm:) 

mov ax, 1234h 

mov ds, ax 

3. :ʤʮʢʥʣʬ .ʯʥʸʫʩʦʤ ʬʠ ʺʥʸʩʹʩ ʯʥʸʫʩʦʤʮ ʤʷʺʲʤ 

mov [var1], [var2] 

 ʺʠ ʷʩʺʲʤʬ ʩʣʫ ,ʯʫʬ .ʸʩʹʩ ʯʴʥʠʡ ʯʥʸʫʩʦʤ ʬʠ ʯʥʸʫʩʦʤʮ ʷʩʺʲʤʬ ʸʹʴʠ ʩʠvar2  ʪʥʺʬvar1 ʸʨʱʩʢʸʡ ʹʮʺʹʰ ,

:ʸʦʲ 

mov ax, [var2] 

mov [var1], ax 

4.  ʯʥʸʫʩʦʤ ʬʠ ʤʹʩʢ:ʤʮʢʥʣʬ .ʭʩʠʺʮ ʠʬ ʸʨʱʩʢʸ ʺʥʲʶʮʠʡ 

mov [ax], 5 

ʬ ʠʩʤ ʳʠ ʭʥʸʢʺ ʥʦ ʤʣʥʷʴʸʬʡʮʱʠʤ ʬʹ ʤʠʩʢʹ ʺʲʣʥʤ ʷʸ .bx , siʥ־di  ʤʹʩʢ ʨʲʮʬ( ʯʥʸʫʩʦʤ ʬʠ ʤʹʩʢʬ ʭʩʹʮʹʮ

.)ʪʹʮʤʡ ʣʮʬʰ ʤʩʬʲ ,ʺʩʰʱʧʮʤ ʬʹ ʯʥʸʫʩʦʬ 

5. :ʤʮʢʥʣʬ .ʯʥʸʫʩʦʡ ʸʣʢʥʮ ʠʬ ʬʣʥʢʬ ʲʣʩʮ ʺʷʺʲʤ 

mov [bx], 5 
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 ʲʣʥʩ ʠʬ ʸʬʩʩʴʮʥʷʤ ʪʸʲʤ ʺʠ ʷʩʺʲʤʬ ʭʠ5  ʭʢ ʸʺʥʩ ʭʩʮʣʷʺʮ ʭʩʣʡʲʮʡ( ʤʬʩʮ ʬʹ ʥʠ ʺʩʡ ʬʹ ʬʣʥʢʡ ʯʥʸʫʩʦʬ

 ʬʹ ʬʣʥʢ32  ʥʠ64 .)ʨʩʡ 

6. :ʤʮʢʥʣʬ .ʲʥʡʷ ʪʥʺʬ ʲʣʩʮ ʷʩʺʲʤʬ ʯʥʩʱʩʰ 

mov 5, ax 

)ʤʡʧʸʤ( ʤʶʩʸ ʯʮʦʡ ʺʩʰʫʥʺʤ ʣʥʷ ʩʥʰʩʹ 

 ?ʤʶʩʸ ʩʣʫ ʪʥʺ ʤʰʺʹʮ ʤʬʹ ʣʥʷʤʹ ʺʩʰʫʥʺ ʸʥʶʩʬ ʭʫʺʲʣ ʤʮ 

 ʯʥʸʫʩʦʬ ʤʠʬʮ ʤʹʩʢ ʥʰʬ ʹʩʹ ʠʥʤ ,ʺʥʩʬʩʲ ʺʥʴʹ ʩʰʴ ʬʲ ʩʬʡʮʱʠ ʬʹ ʭʩʰʩʩʰʲʮʤ ʺʥʰʥʸʺʩʤ ʣʧʠ–  ʣʥʷʤ ʯʥʸʫʩʦ ʬʬʥʫ–  ʥʰʧʰʠʥ

:ʸʶʷ ʩʨʸʥʠʩʺ ʸʡʱʤʡ ʬʩʧʺʰ .ʤʦ ʺʠ ʭʩʹʥʲ ʪʩʠ ʤʠʸʰ ʥʠʥʡ .ʥʰʰʥʶʸʫ ʥʡ ʺʥʹʲʬ ʭʩʬʥʫʩ 

 ʯʥʸʫʩʦʡ ʭʥʷʮʬ ʭʩʰʥʴ ʥʰʧʰʠʹ ʧʩʰʰ[1]ʤʣʥʷʴʤ ʩʣʩ ʬʲ ʤʮʢʥʣʬ , 

mov [1], al 

 ʺʠ ʭʢʸʺʬ ʲʣʥʩ ʸʬʡʮʱʠʤ ʪʩʠ[1]  ʬʣʥʢʡ ʤʠʬʮ ʺʡʥʺʫʬ20 ?ʭʩʨʩʡ 

 ʭʥʷʮʬ ʺʥʰʴʬ ʭʩʰʰʫʺʮ ʭʺʠʹ ʧʩʰʤʬ ʠʩʤ ʤʹʥʲ ʸʬʡʮʱʠʤʹ ʤʰʥʹʠʸʤ ʤʬʥʲʴʤ .ʨʱʴʥʠʤʥ ʨʰʮʢʱʤ ʺʨʩʹ ʬʲ ʸʡʱʤʡ ʥʸʫʦʩʤ

ʹ ʯʥʥʩʫ .ʭʩʰʥʺʰʤ ʨʰʮʢʱʡ ʠʶʮʰʹ-ds  ʺʠ ʺʧʷʬ ʠʩʤ ʲʶʡʩ ʸʬʡʮʱʠʤʹ ʤʬʥʲʴʤ ,ʭʩʰʥʺʰʤ ʨʰʮʢʱ ʺʡʥʺʫ ʺʠ ʬʩʫʮds ,

ʡ ʬʩʴʫʤʬ-16  ʥʬ ʳʩʱʥʤʬʥ )ʲʥʣʮ ʥʸʫʦʩʤ(1 .)ʨʱʴʥʠʤ( 

:ʤʠʡʤ ʤʣʥʷʴʬ ʤʤʦ ʤʰʥʸʧʠʤ ʤʣʥʷʴʤ ʤʹʲʮʬ 

mov [ds:1], al 

 ʨʰʮʢʱ ʤʦʩʠʡ ʧʩʰʤʬ ʸʬʡʮʱʠʬ ʥʰʺʰ ʯʫ ʩʰʴʬʹ ʣʥʲʡ ,ʭʩʡʺʥʫ ʥʰʧʰʠ ʥʩʬʠʹ ʨʰʮʢʱʤ ʤʮ ʹʸʥʴʮʡ ʥʰʩʩʶ ʭʲʴʤʹ ʠʥʤ ʬʣʡʤʤ ʬʫ

.ʸʡʥʣʮ 

:ʲʢʥʹʮ ʺʶʷ ʥʤʹʮ ʤʱʰʰ ʺʲʫ 

mov [cs:1], al 

ʡ ʹʩʹ ʪʸʲʤ ʺʠ ʷʩʺʲʤʬ ʸʬʡʮʱʠʬ ʥʰʩʸʥʤ ?ʲʢʸʫ ʥʰʩʹʲ ʤʮ-al  ʲʩʡʶʮ ʥʩʬʠ ʯʥʸʫʩʦʤ ʪʥʺʬcs .ʣʥʷʤ ʨʰʮʢʱ ʸʮʥʬʫ ,

 ʺʥʣʥʷʴʬ ʭʩʤʦ ʥʩʤʩ ʭʩʹʣʧʤ ʭʩʫʸʲʤʹ ʪʫ ,ʣʥʷʤ ʨʰʮʢʱʡ ʭʩʫʸʲ ʤʰʹʰ ʭʠ ʤʮ .ʺʥʰʩʩʰʲʮ ʺʥʩʥʰʮʣʦʤ ʥʰʩʰʴʡ ʺʧʺʥʴ ʥʦ ʺʥʸʹʴʠ

 ʩʥʴʶ ʣʡʲʮʤʹ ʺʥʣʥʷʴ ʤʰʹʰ ʭʠ ʤʮʥ ?ʤʰʥʫʮ ʺʴʹʡ ?ʵʩʸʤʬ 

.ʲʶʡʬ ʺʰʰʫʥʺʮ ʤʰʰʩʠ ʠʩʤʹ ʭʩʸʡʣ ʺʥʹʲʬ ʤʬ ʭʥʸʢʬʥ ʺʩʰʫʥʺʤ ʺʬʥʲʴ ʯʴʥʠ ʺʠ ʺʥʰʹʬ ʧʩʬʶʰ ,ʯʥʫʰ ʺʠʦ ʤʹʲʰ ʭʠ ,ʯʫ 
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 ʬʩʢʸʺ6.8ʸʢʺʠ ʬʩʢʸʺ :- ʤʶʩʸ ʩʣʫ ʪʥʺ ʺʩʰʫʥʺ ʩʥʰʩʹ 

:ʥʺʥʮʬʹʡ ʭʫʬʹ ʺʩʰʫʥʺʤ ʪʥʺʬ ʥʺʥʠ ʥʷʩʺʲʤ .ʣʥʷ ʲʨʷ ʭʫʩʰʴʬ 

xor ax, ax 

xor bx, bx 

add ax, 2 

add ax, 2 

ʠ.  ʬʹ ʥʫʸʲ ʣʥʷʤ ʲʨʷ ʭʥʩʱʡ ,ʺʥʠʸʬ ʯʺʩʰʹ ʩʴʫax  ʥʰʩʤ4 ʲʨʷ ʬʹ ʤʶʩʸʤ ʭʥʩʱʡʹ ʪʫʬ ʭʥʸʢʬ ʠʩʤ ʭʫʬʹ ʤʮʩʹʮʤ .

 ʬʹ ʥʫʸʲ ,ʣʥʷʤax  ʤʩʤʩ3. :ʺʥʬʡʢʮ ʸʴʱʮ ʯʰʹʩ ʪʠ 

o )ʩʸʧʠʥ ʩʰʴʬ ʸʺʥʮ( ʲʶʮʠʡ ʣʥʷ ʺʥʸʥʹ ʳʩʱʥʤʬ ʩʬʡʥ ʥʺʥʮʬʹʡ ʣʥʷʤ ʲʨʷ ʺʠ ʷʩʺʲʤʬ ʹʩ 

o  ʥʠ ʤʶʩʴʷ ʺʥʣʥʷʴʡ ʹʮʺʹʤʬ ʯʩʠʺʥʩʥʥʺʡ 

o  ʺʥʣʥʷʴʡ ʷʸʥ ʪʠ ʹʮʺʹʤʬ ʹʩmov 

ʡ.  ʬʹ ʥʫʸʲ ,ʣʥʷʤ ʲʨʷ ʬʹ ʤʶʩʸʤ ʭʥʩʱʡʹ ʪʫʬ ʥʮʸʩʢ ʺʲʫax  ʤʩʤʩ3  ʬʹ ʥʫʸʲʥbx  ʠʥʤ ʭʢ ʤʩʤʩ3 ʭʩʬʬʫʤ ʬʫ .

.ʺʲʫ ʭʢ ʭʩʴʷʺ 'ʠ ʳʩʲʱʮ 

ʭʥʫʩʱ 

:ʥʰʣʮʬ ʤʦ ʷʸʴʡ 

 ʩʢʥʱʮ ʭʩʰʺʹʮ ʸʩʣʢʤʬʭʩʩʺʬʧʺʤ ʭʩʫʸʲ ʭʤʬ ʺʺʬʥ ʭʩʰʥʹ ʭ 

 ʭʩʫʸʲʮ ʭʲ ʣʥʡʲʬ 

 ʮ ʺʥʷʺʲʤ ʲʶʡʬ ʺʣʥʷʴʡ ʹʥʮʩʹ ʺʸʦʲʡ ,ʯʥʸʫʩʦʡ ʺʥʮʥʷʮʥ ʭʩʸʨʱʩʢʸ ʺʥʬʬʥʫʹ ,ʺʥʰʥʹ ʲʣʩmov: 

o ʸʨʱʩʢʸʬ ʸʨʱʩʢʸʮ ʤʷʺʲʤ 

o ʸʨʱʩʢʸʬ ʲʥʡʷ ʬʹ ʤʷʺʲʤ 

o ʸʨʱʩʢʸʬ ʯʥʸʫʩʦʤʮ ʤʷʺʲʤ 

o ʯʥʸʫʩʦʬ ʸʨʱʩʢʸ ʤʷʺʲʤ 

o ʥʸʫʩʦʬ ʲʥʡʷ ʬʹ ʤʷʺʲʤʯ 

 ʺʥʣʥʷʴ :ʭʩʡʥʹʩʧ ʯʥʥʢʮ ʲʶʡʬ ʥʰʬ ʥʸʹʴʠʩʹ ʺʥʣʥʷʴ ʬʹ ʭʩʰʥʹ ʭʩʢʥʱʡ ʷʥʱʲʰ ʠʡʤ ʷʸʴʡ ʺʥʩʢʥʬ ʺʥʣʥʷʴ ,ʺʥʩʨʮʺʩʸʠ

.ʤʦʦʤ ʺʥʣʥʷʴʥ 
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 ʷʸʴ7 – ʤʦʦʤ ʺʥʣʥʷʴʥ ʺʥʩʢʥʬ ,ʺʥʩʨʮʺʩʸʠ ʺʥʣʥʷʴ 

ʠʥʡʮ 

ʤʣʩʧʩ ʤʣʥʷʴ ʥʰʣʮʬ ʭʣʥʷʤ ʷʸʴʡ–  ʺʣʥʷʴmov ʥʰʬʹ ʺʥʰʫʺʤ ʺʬʥʫʩʬ ʳʩʱʥʰ ʤʦ ʷʸʴʡ . ,ʺʥʣʥʷʴ ʬʹ ʡʧʸ ʯʥʥʢʮ ʩʬʡʮʱʠʡ

:ʭʩʰʥʹ ʭʩʡʥʹʩʧ ʲʶʡʬ ʥʰʬ ʥʸʹʴʠʩʹ 

- ʺʩʸʠ ʺʥʣʥʷʴʷʥʬʩʧʥ ʬʴʫ ,ʸʥʱʩʧ ,ʸʥʡʩʧ :ʺʥʩʨʮ 

-  :ʺʥʩʢʥʬ ʺʥʣʥʷʴand, or, xor, not 

-  :ʤʦʦʤ ʺʥʣʥʷʴshr, shl 

.ʡʥʺʫʬ ʤʶʸʰʹ ʺʩʰʫʥʺ ʬʫʬ ʱʩʱʡʤ ʥʩʤʩ ʥʬʠʤ ʺʥʣʥʷʴʤ 

ʣʮʬʰʹ ʤʰʥʹʠʸʤ ʤʣʥʷʴʤ .ʺʥʩʨʮʺʩʸʠ ʺʥʣʥʷʴʮ ʬʩʧʺʰ– ʩʧ.ʸʥʡ 

ʺʥʩʨʮʺʩʸʠ ʺʥʣʥʷʴ 

ʤ ʩʣʡʲʮ ʺʧʴʹʮ80־x86  .)ʺʩʸʠʹ ʥʠ ʤʰʮ( ʷʥʬʩʧʥ ʬʴʫ ,ʸʥʱʩʧ ,ʸʥʡʩʧ :ʺʥʰʥʹ ʯʥʡʹʧ ʺʥʬʥʲʴ ʲʥʶʩʡʬ ʺʥʣʥʷʴ ʺʬʬʥʫ

 :ʯʤ ʥʬʠʤ ʺʥʣʥʷʴʤADD ,SUB ,MUL ,IMUL ,DIV ,IDIV ,INC ,DECʥ־NEGʫʤ ʤʸʥʶʤ . ʺʥʣʥʷʴʮ ʺʧʠ ʬʫʹ ʺʩʬʬ

 ʺʬʡʷʮ ʥʬʠ:ʠʩʤ 

add dest, src ; dest = dest + src 

sub dest, src ; dest = dest – sub 

inc dest  ; dest = dest + 1 

dec dest  ; dest = dest - 1 

mul src  ; ax = al * src 

imul src  ; ax = al * src 

div src  ; al = ax / src  (ah stores the remainder( 

idiv src  ; al = ax / src  (ah stores the remainder( 

neg dest  ; dest = 0 – dest 

.ʤʣʥʷʴ ʬʫʡ ʨʥʸʩʴʡ ʯʥʣʰ ʭʩʠʡʤ ʭʩʴʩʲʱʡ 
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 ʺʣʥʷʴADD 

 ʤʣʥʷʴʤadd ( ʸʥʷʮʤ ʣʰʸʴʥʠ ʬʹ ʪʸʲʤ ʺʠ ʺʸʡʧʮsource( ʣʲʩʤ ʣʰʸʴʥʠ ʪʸʲ ʭʲ )destination ʺʠ ʺʸʮʥʹʥ ,)

ʸʹʴʠʤ ʬʫ ʯʩʡʮ .ʲʥʡʷ ʥʠ ʤʰʺʹʮ ,ʸʨʱʩʢʸ ʢʥʱʮ ʺʥʩʤʬ ʭʩʬʥʫʩ ʭʩʣʰʸʴʥʠʤ .ʣʲʩʤ ʣʰʸʴʥʠʡ ʤʠʶʥʺʤ ʯʤ ʺʥʠʡʤ ʺʥʣʥʷʴʤ ,ʺʥʩʥ

:ʺʥʩʷʥʧ 

ʤʣʥʷפʤ ʤʮʢʥʣ ʤʠʶʥʺ 

add register, register add ax, bx ax = ax + bx 

add register, memory add ax, [var1]  ax = ax + var1 

add register, constant add ax, 2 ax = ax + 2 

add memory, register add [var1], ax var1 = var1 + ax 

add memory, constant add [var1], 2 var1 = var1 + 2 

 
:ʺʥʸʲʤ 

-  ʸʨʱʩʢʸʤ ʺʸʦʲʡ ʲʶʡʬ ʵʬʮʥʮ ʭʩʡʥʹʩʧʤ ʬʫ ʺʠax ʭʩʸʨʱʩʢʸ ʺʥʲʶʮʠʡ ʸʹʠʮ ʸʺʥʩ ʸʤʮ ʭʺʥʠ ʲʶʡʮ ʣʡʲʮʤ ,

.ʭʩʸʧʠ!ʪʫʬ ʤʡʩʱʤ ʺʠ ʸʢʠʡʩʣʤ ʺʸʦʲʡ ʥʷʣʩʡ 

-  ʬʹ ʭʩʸʨʱʩʢʸʡ ʹʮʺʹʤʬ ʸʹʴʠ8  ʥʠ16  .ʨʩʡ 

 ʬʩʢʸʺ7.1 : ʺʣʥʷʴadd 

ʠ.  ʯʡ ʪʸʲʮ ʥʸʶ6  ʪʥʺʬ ʥʱʩʰʫʤ .ʭʤʹʬʫ ʭʩʫʸʲ ʭʹʬ ʥʱʩʰʫʤ .ʭʩʺʡal  ʺʠ ʥʶʩʸʤ .ʪʸʲʮʡ ʭʩʸʡʩʠʤ ʬʫ ʭʥʫʱ ʺʠ

ʡ ʺʩʰʫʥʺʤ־TDʡ ʩʥʰʩʹʡ ʥʴʶʥ ʯʥʸʫʩʦʡ ʪʸʲʮʤ ʺʠ ʥʠʶʩʮ ,־al. 

ʡ.  ʥʡʹ ʡʶʮ ʺʥʩʤʬ ʬʥʬʲ ,ʭʺʸʺʴʹ ʭʣʥʷʤ ʬʩʢʸʺʡal  ʺʠ ʥʰʹ )?ʤʮʢʥʣʬ ʩʺʮ( ʤʠʶʥʺʤ ʺʸʩʮʹʬ ʭʩʠʺʮ ʥʰʩʠ

 ʭʥʫʱʹ ʪʫ ,ʺʩʰʫʥʺʤ ʪʥʺʬ ʱʰʫʩʩ ʭʩʸʡʩʠʤax. 

ʢ.  :ʭʩʰʺʹʮ ʤʹʥʬʹ ʥʸʩʣʢʤ 

- var1 ʺʩʡ ʬʣʥʢʡ 

- var2 ʺʩʡ ʬʣʥʢʡ 

- sum 

 ʪʥʺʬ ʥʱʩʰʫʤsum  ʺʥʩʤʬ ʪʩʸʶ ʬʣʥʢ ʤʦʩʠʡ( ʭʩʸʧʠʤ ʭʩʰʺʹʮʤ ʩʰʹ ʭʥʫʱ ʺʠsum)? 
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 ʺʣʥʷʴSUB 

 ʤʣʥʷʴʤsub  ʬʹ ʸʥʶʩʷ(subtract ʸʥʷʮʤ ʣʰʸʴʥʠ ʬʹ ʪʸʲʤ ʺʠ ʺʸʱʧʮ )source  ʣʲʩʤ ʣʰʸʴʥʠ ʪʸʲʮdestination ,

 ʬʹ ʤʡʩʺʫʤ ʺʥʸʥʶʬ ʺʥʤʦ ʤʡʩʺʫʤ ʺʥʸʥʶ ,ʭʩʴʶʮ ʥʰʧʰʠʹ ʩʴʫ .ʣʲʩʤ ʣʰʸʴʥʠʡ ʤʠʶʥʺʤ ʺʠ ʺʸʮʥʹʥadd ʭʩʬʥʫʩ ʭʩʣʰʸʴʥʠʤ .

:ʺʥʩʷʥʧ ʯʤ ʺʥʠʡʤ ʺʥʣʥʷʴʤ ,ʺʥʩʥʸʹʴʠʤ ʬʫ ʯʩʡʮ .ʲʥʡʷ ʥʠ ʤʰʺʹʮ ,ʸʨʱʩʢʸ ʢʥʱʮ ʺʥʩʤʬ 

ʤʣʥʷפʤ ʤʮʢʥʣ ʤʠʶʥʺ 

sub register, register sub ax, bx ax = ax - bx 

sub register, memory sub ax, [var1]  ax = ax - var1 

sub register, constant sub ax, 2 ax = ax - 2 

sub memory, register sub [var1], ax var1 = var1 - ax 

sub memory, constant sub [var1], 2 var1 = var1 - 2 

 

 ʬʩʢʸʺ7.2 : ʺʣʥʷʴsub 

ʠ.  :ʭʩʰʺʹʮ ʤʹʥʬʹ ʥʸʩʣʢʤ 

- var1 ʺʩʡ ʬʣʥʢʡ 

- var2 ʺʩʡ ʬʣʥʢʡ 

- diff 

ʪʥʺʬ ʥʱʩʰʫʤdiff  ʹʸʴʤ ʺʠʩʰʹ  ʺʥʩʤʬ ʪʩʸʶ ʬʣʥʢ ʤʦʩʠʡ( ʭʩʸʧʠʤ ʭʩʰʺʹʮʤdiff)? 

ʡ.  ʥʸʶ ʩʰʡ ʭʩʫʸʲʮ ʤʹʥʬʹ4  .ʭʩʺʡʭʩʰʥʹʠʸʤ ʭʩʫʸʲʮʤ ʩʰʹ ʺʠʥʬʧʺʠʭʲ  ʪʥʺʬ ʥʱʩʰʫʤ .ʭʤʹʬʫ ʭʩʫʸʲ ʪʸʲʮʤ

ʩʹʩʬʹʤ  ʺʠʠʸʤ ʭʩʫʸʲʮʤ ʩʰʹ ʬʹ ʸʥʱʩʧʤ ʯʥʹʠʸʤ ʪʸʲʮʤ ʤʮʢʥʣʬ( ʭʩʰʥʹ9,8,7,6  ʩʰʹʤ ʪʸʲʮʤ6,7,8,9 .

 ʠʥʤ ʭʩʫʸʲʮʤ ʸʥʱʩʧ(3,1,-1,-3) 
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 ʺʥʣʥʷʴINC / DEC 

 ʺʣʥʷʴinc  ʬʹ ʸʥʶʩʷ(increaseʡ ʣʲʩʤ ʣʰʸʴʥʠ ʬʹ ʥʫʸʲ ʺʠ ʤʬʲʮ )1־ ʺʣʥʷʴ .dec  ʬʹ ʸʥʶʩʷ(decrease ʺʲʶʡʮ )

ʡ ʤʣʩʸʥʮʥ ʤʫʥʴʤʤ ʤʬʥʲʴʤ ʺʠ1־  ʺʥʣʥʷʴ ʺʥʲʶʮʠʡ ʥʬʠ ʺʥʠʸʥʤ ʲʶʡʬ ,ʯʡʥʮʫ ,ʸʹʴʠ .ʣʲʩʤ ʣʰʸʴʥʠ ʬʹ ʥʫʸʲ ʺʠadd  ʥʠ

sub ʺʴʱʥʤʹ ʯʥʥʩʫ ʬʡʠ ,1  ʸʥʱʩʧ ʥʠ1 :ʺʥʩʷʥʧ ʯʤ ʺʥʠʡʤ ʺʥʣʥʷʴʤ .ʺʥʣʸʴʰ ʺʥʣʥʷʴ ʯʤʬ ʥʹʣʷʥʤ ,ʸʺʥʩʡ ʺʥʶʥʴʰ ʺʥʬʥʲʴ ʯʤ 

ʤʣʥʷפʤ ʤʮʢʥʣ ʤʠʶʥʺ 

inc register inc ax ax = ax + 1 

inc memory inc [var1]  var1 = var1 + 1 

dec register dec ax ax = ax - 1 

dec memory dec [var1] var1 = var1 - 1 

 

 ʺʥʣʥʷʴMUL / IMUL 

 ʺʣʥʷʴmul  ʬʹ ʸʥʶʩʷ(multiply ʩʰʡ ʭʩʸʡʩʠ ʩʰʹ ʭʩʬʴʥʫ ʸʹʠʫʹ ,ʡʬ ʥʮʩʹ .ʭʩʸʡʩʠ ʩʰʹ ʯʩʡ ʤʬʴʫʤ ʺʲʶʡʮ )8  ʨʩʡ

 ʬʣʥʢʡ ʺʥʩʤʬ ʤʬʥʫʩ ʤʠʶʥʺʤ16  ʩʰʡ ʭʩʸʡʩʠ ʩʰʹ ʭʩʬʴʥʫʹʫʥ ʨʩʡ16  ʬʣʥʢʡ ʺʥʩʤʬ ʤʬʥʫʩ ʤʠʶʥʺʤ ʨʩʡ32  ʬʹ ʤʸʷʮʡ .ʨʩʡ

 ʬʣʥʢʡ ʸʡʩʠʡ ʤʬʴʫʮ8  ʪʥʺʬ ʤʠʶʥʺʤ ʺʠ ʷʩʺʲʩ ʸʬʡʮʱʠʤ ,ʨʩʡax ʬʣʥʢʡ ʸʡʩʠʡ ʤʬʴʫʮ ʬʹ ʤʸʷʮʡ .16  ʸʬʡʮʱʠʤ ,ʨʩʡ

 ʺʠ ʷʩʺʲʩ16  ʪʥʺʬ ʭʩʫʥʮʰʤ ʭʩʨʩʡʤax  ʺʠʥ16  ʪʥʺʬ ʭʩʤʥʡʢʤ ʭʩʨʩʡʤdx . 

ʮ ,ʤʮʢʥʣʬ ʩʰʡ ʭʩʸʨʱʩʢʸ ʩʰʹ ʬʹ ʤʬʴʫ8  :ʭʩʨʩʡal=0ABh, bl=10hʠʩʤ ʭʤʩʰʩʡ ʬʴʫʤ ʺʠʶʥʺ .0AB0h ʢʠʥʣ ʸʬʡʮʱʠʤ .

 ʪʥʺʬ ʷʺʲʥʺ ʤʠʶʥʺʤʹax ʸʮʥʬʫ .ah=0Ah, al=0B0h. 

ʬ ʩʰʡ ʭʩʸʨʱʩʢʸ ʩʰʹ ʬʹ ʤʬʴʫʮ ,ʤʮʢʥʣ16  :ʭʩʨʩʡax=0AB0h, bx=1010h ʠʩʤ ʭʤʩʰʩʡ ʬʴʫʤ ʺʠʶʥʺ .0ABAB00h .

ʺ ʤʠʶʥʺʤʹ ʢʠʥʣ ʸʬʡʮʱʠʤ ʯʩʡ ʷʬʥʧax ʥ־dx .ax  ʭʩʫʥʮʰʤ ʭʩʺʡʤ ʩʰʹ ʺʠ ʬʡʷʮax=0AB00h  ʥʬʩʠʥdx  ʩʰʹ ʺʠ ʬʡʷʮ

 ʭʩʤʥʡʢʤ ʭʩʺʡʤdx=0ABh. 

:ʺʥʩʷʥʧ ʺʥʣʥʷʴʬ ʺʥʠʮʢʥʣ ʯʬʤʬ 

ʤʣʥʷפʤ ʤʮʢʥʣ ʤʠʶʥʺ 

mul register (8 bit) mul bl ax = al * bl 

mul register (16 bit) mul bx  dx:ax = ax * bx 

mul memory (8 bit) mul [ByteVar] ax = al * ByteVar 

mul memory (16 bit) mul [WordVar] dx:ax = ax * WordVar 
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 ʭʩʸʴʱʮʡ ʭʩʷʱʥʲ ʥʰʧʰʠ ʭʠ ʣʡʲʮʬ ʣʩʢʤʬ ʥʰʩʬʲ ʤʬʴʫʤ ʺʬʥʲʴʡsigned  ʥʠunsigned ʧʷʩʰ .ʤʰʺʹʮ ʤʠʶʥʺʤʹ ʯʥʥʩʫ ,

 ʳʶʸʤ ʺʥʲʶʮʠʡ ʢʶʥʩʮ ʤʦ ʸʴʱʮ .ʹʮʧ ʱʥʰʩʮ ʸʴʱʮʤ ʺʠ ʤʮʢʥʣʬ11111011 ʬ ʭʩʬʹʮʤ ʺʨʩʹʡ2־ ʬʹ ʢʥʶʩʩʬ ʤʤʦ ʢʥʶʩʩ ʥʤʦ .

251.ʺʥʰʥʹ ʺʥʩʤʬ ʺʥʡʩʩʧ ʺʥʠʶʥʺʤ ,ʤʮʢʥʣʬ ,ʭʩʩʺʹʡ ʭʩʸʴʱʮʤʮ ʣʧʠ ʬʫ ʬʥʴʫʰ ʭʠ ʬʡʠ . 

 ʤʣʥʷʴʤmul  ʭʩʸʴʱʮ ʬʹ ʤʬʴʫʤ ʺʲʶʡʮunsigned (ʭʩʰʮʥʱʮ ʠʬ) ʤʣʥʷʴʤ ʥʬʩʠʥ ,imul  ʭʩʸʴʱʮ ʬʹ ʤʬʴʫʤ ʺʲʶʡʮ

signed (ʭʩʰʮʥʱʮ) .ʯʤʩʰʩʡ ʬʣʡʤʤ ʺʠ ʯʧʡʰ . 

 

 ʪʥʺʬ ʯʲʥʨ ʠʡʤ ʣʥʷʤal ʺʠ11111011 ( ʫ ʹʥʸʩʴʬ ʯʺʩʰ-5  ʥʠ+251) ʪʥʺʬ ,bl ʺʠ00000010 ʲʶʡʮ ʣʥʷʤ .

 ʺʧʠ ʭʲʴ .ʺʥʬʴʫʤ ʩʺʹ ʭʤʩʰʩʡunsigned ʬʲ- ʤʣʥʷʴʤ ʩʣʩmul  ʤʬʴʫʤ ʺʴʱʥʰ ʭʲʴʥsigned  ʺʥʲʶʮʠʡ

 ʤʣʥʷʴʤimul  ʺʠ ʭʩʱʴʠʮ ʺʥʬʴʫʤʤ ʯʩʡʹ ʯʡʥʮʫ(ax ʥʮʩʹ .) ʬʹ ʥʫʸʲʬ ʡʬax :ʺʥʬʴʫʤʤʮ ʺʧʠ ʬʫ ʸʧʠʬ 

CODESEG: 

 mov ax, 0 

 mov bl, 00000010b 

 mov al, 11111011b 

 mul bl 

 mov ax, 0 

 mov al, 11111011b 

 imul bl  

 

 ʭʩʸʨʱʩʢʸʤax, bx ʤʬʴʫʤʤ ʺʥʬʥʲʴ ʩʰʴʬ 
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ʬʲ ʤʬʴʫʤʡ־ ʺʣʥʷʴ ʩʣʩmul ʬʹ ʥʫʸʲʬ ʱʧʩʩʺʮ ʸʬʡʮʱʠʤ ,al  ʸʥʺʡ251  ʠʩʤ ʤʬʥʲʴʤ ʺʠʶʥʺ ʯʫʬʥ01F6hʬ ʤʥʥʹ ,502־ 

 

ʬʲ ʤʬʴʫʤʡ- ʺʣʥʷʴ ʩʣʩimul ʬʹ ʥʫʸʲʬ ʱʧʩʩʺʮ ʸʬʡʮʱʠʤ ,al  ʠʩʤ ʤʬʥʲʴʤ ʺʠʶʥʺ ʯʫʬʥ ,ʹʮʧ ʱʥʰʩʮ ʸʥʺʡ0FFF6 ʤʥʥʹ ,

ʸʹʲ ʱʥʰʩʮʬ 

 ʬʩʢʸʺ7.3 : ʺʣʥʷʴmul 

ʠ.  ʬʣʥʢʡ ʭʩʰʺʹʮ ʩʰʹ ʥʸʩʣʢʤbyte ʭʥʧʺʡ ʭʩʫʸʲ ʭʫʥʺʬ ʥʱʩʰʫʤ ,0-255 ʤʦ ʭʺʥʠ ʥʬʴʩʫ , ʺʠ ʥʱʩʰʫʤʥ ʤʦʡ

)?ʩʹʩʬʹʤ ʤʰʺʹʮʤ ʺʥʩʤʬ ʪʩʸʶ ʬʣʥʢ ʤʦʩʠʡ :ʥʡʹʩʧ( ʩʹʩʬʹ ʤʰʺʹʮʬ ʤʠʶʥʺʤ 

ʡ.  ʬʣʥʢʡ ʭʩʰʺʹʮ ʩʰʹ ʥʸʩʣʢʤbyte ʭʥʧʺʡ ʭʩʫʸʲ ʭʫʥʺʬ ʥʱʩʰʫʤ ,+127  ʣʲ-128.  ʤʦʡ ʤʦ ʭʺʥʠ ʥʬʴʩʫ

)?ʩʹʩʬʹʤ ʤʰʺʹʮʤ ʺʥʩʤʬ ʪʩʸʶ ʬʣʥʢ ʤʦʩʠʡ :ʥʡʹʩʧ( ʩʹʩʬʹ ʤʰʺʹʮʬ ʤʠʶʥʺʤ ʺʠ ʥʱʩʰʫʤʥ 

ʢ.  ʩʰʹ ʥʸʩʣʢʤ ʪʸʲʮ ʬʫʡ ,ʭʩʫʸʲʮ4  ,ʺʩʡ ʢʥʱʮ ʭʩʫʸʲsigned ʬʹ ʬʴʫ ʥʲʶʡ .ʭʩʩʺʬʧʺʤ ʭʩʫʸʲ ʭʤʡ ʥʮʩʹ .

 ʪʥʺʬ ʤʠʶʥʺʤ ʺʠ ʥʱʩʰʫʤʥ ʭʩʫʸʲʮʤsum . ʪʥʺʬ ʺʱʰʫʰ ʤʠʶʥʺʤʹ ʥʧʩʰʤ ,ʺʥʨʹʴʤ ʺʡʥʨʬword . :ʤʫʸʣʤ

 ʭʤ ʭʩʫʸʲʮʤ ʺʥʮʹ ʭʠa ʥ־bʦʠ , 

sum = a[0]*b[0]+a[1]*b[1]+… 
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 ʺʥʣʥʷʴDIV, IDIV 

 ʺʣʥʷʴdiv  ʬʹ ʸʥʶʩʷ(divide ʬʣʥʢʡ ʠʥʤ ʣʰʸʴʥʠʤ ʭʠ .ʭʩʸʴʱʮ ʩʰʹ ʯʩʡ ʷʥʬʩʧ ʺʲʶʡʮ )8  ,ʨʩʡdiv  ʺʠ ʺʷʬʧʮax 

ʡ ʤʷʥʬʧʤ ʺʰʮ ʺʠ ʺʸʮʥʹ ,ʣʰʸʴʥʠʡ־al ʡ ʺʩʸʠʹʤ ʺʠʥ־ah ʬʣʥʢʡ ʠʥʤ ʣʰʸʴʥʠʤ ʭʠ .16  ,ʨʩʡdiv  ʺʠ ʣʰʸʴʥʠʡ ʺʷʬʧʮ

32 ʬʲ ʭʩʷʦʧʥʮʤ ʭʩʨʩʡʤ־ ʩʣʩdx:axʡ ʤʷʥʬʧʤ ʺʰʮ ʺʠ ʺʸʮʥʹ ,־ax ʹʤ ʺʠʥʡ ʺʩʸʠ־dx . 

 ʩʰʡ ʭʩʸʨʱʩʢʸ ʬʹ ʷʥʬʩʧʬ ʤʮʢʥʣ8  :ʨʩʡal=7h, bl=2h ʠʩʤ ʭʤʩʰʩʡ ʷʥʬʩʧʤ ʺʠʶʥʺ .3  ʺʩʸʠʹ ʭʲ1 ʲʥʶʩʡ ʸʧʠʬ .

 ,ʤʬʥʲʴʤah=1, al=3. 

 ʩʰʡ ʭʩʸʨʱʩʢʸ ʷʥʬʩʧʬ ʤʮʢʥʣ16  :ʨʩʡax=7h, bx=2h ʠʩʤ ʭʤʩʰʩʡ ʷʥʬʩʧʤ ʺʠʶʥʺ .3  ʺʩʸʠʹ ʭʲ1 ʲʥʶʩʡ ʸʧʠʬ .

 ,ʤʬʥʲʴʤdx=1, ax=3. 

ʡʬ ʥʮʩʹ–  ʤʡʹ ʪʸʣʤ ʬʬʢʡdiv  ʬʹ ʪʸʲ ʷʬʧʬ ʨʥʹʴ ʸʹʴʠ ʩʠ ,ʺʸʣʢʥʮ8  ʬʹ ʸʧʠ ʪʸʲʡ ʨʩʡ8  ʷʬʧʬ ʥʠ( ʨʩʡ

 ʬʹ ʪʸʲ16  ʬʹ ʸʧʠ ʪʸʲʡ ʨʩʡ16  .)ʨʩʡ 

 ʬʣʥʢʡ ʠʥʤ )ʷʬʧʮʤ( ʤʰʫʮʤ ʭʠ8  ʬʣʥʢʡ ʺʥʩʤʬ ʪʩʸʶ )ʷʬʥʧʮʤ( ʤʰʥʮʤ ,ʨʩʡ16  ʺʠ ʷʬʧʬ ʩʣʫ ʯʫʬ .ʨʩʡal ʩʰʴʬ ʢʠʣʰ ,

ʹ ʤʷʥʬʧʤ־ah  ʺʣʥʷʴ :ʱʴʠ ʤʥʥʹ ʤʩʤʩmov ah, 0  ʯʴʥʠʡ .ʷʥʬʩʧʤ ʩʰʴʬ ʤʺʥʠ ʭʩʹʬ ʸʥʫʦʬ ʪʩʸʶ ʷʸ .ʤʡʥʨ ʷʩʴʱʮ ʤʩʤʺ

 ʬʣʥʢʡ ʠʥʤ ʤʰʫʮʤ ʭʠ ,ʤʮʥʣ16  ʬʣʥʢʡ ʺʥʩʤʬ ʪʩʸʶ ʤʰʥʮʤ ,ʨʩʡ32  ʺʠ ʷʬʧʬ ʩʣʫ ,ʯʫʬ .ʨʩʡax  ʬʣʥʢʡ ʤʰʫʮʡ16  ,ʨʩʡ

ʹ ʤʷʥʬʧʤ ʩʰʴʬ ʢʠʣʰ ʨʥʹʴ־dx  :ʱʴʠʬ ʤʥʥʹ ʤʩʤʩmov dx, 0ʫʹʰ ʭʠ . ʭʥʸʢʰʹ ʸʩʡʱ ,ʥʬʠʤ ʭʩʱʥʴʩʠʤ ʺʠ ʺʥʹʲʬ ʧ

!ʺʥʰʥʫʰ ʠʬ ʺʥʠʶʥʺ ʥʰʬ ʸʩʦʧʤʬ ʣʡʲʮʬ 

:ʭʩʠʡʤ ʭʩʸʷʮʤ ʯʮ ʣʧʠʡ ?ʤʩʲʡ ʸʸʥʲʺʺ ʣʥʲ ʩʺʮ 

- ʱʴʠʡ ʤʷʥʬʧ 

- )?ʥʦʫ ʺʩʸʴʱʮ ʤʮʢʥʣ ʬʲ ʡʥʹʧʬ ʥʬʫʥʺ ʭʠʤ( ʣʲʩʤ ʸʨʱʩʢʸʡ ʺʱʰʫʰ ʤʰʩʠ ʤʠʶʥʺʤ 

:ʺʥʩʷʥʧ ʺʥʣʥʷʴʬ ʺʥʠʮʢʥʣ 

ʤʣʥʷפʤ ʤʮʢʥʣ ʤʠʶʥʺ 

div register (8 bit) div bl 
al = ax div bl 

ah = ax mod bl 

div register (16 bit) div bx  
ax = dx:ax div bx 

dx = dx:ax mod bx 

div memory (8 bit) div [ByteVar] 
al = ax div ByteVar 

ah = ax mod ByteVar 

div memory (16 bit) div [WordVar] 
ax = dx:ax div WordVar 

dx = dx:ax mod WordVar 
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ʤ ʺʬʥʲʴ ʲʥʶʩʡ ʩʸʧʠʥ ʩʰʴʬ ʭʩʸʨʱʩʢʸʤ ʬʹ ʭʫʸʲ ʩʸʧʠ ʥʡʷʩʲʥ ʤʠʡʤ ʺʩʰʫʥʺʤ ʺʠ ʥʶʩʸʤ־div: 

IDEAL 

MODEL small 

STACK 100h 

DATASEG 

CODESEG 

start: 

 mov ax, @data 

 mov ds, ax 

 mov al, 7 

 mov bl, 2 

 mov ah, 0 

 div bl 

 mov ax, 7 

 mov dx, 0 

 mov bx, 2 

 div bx 

quit: 

 mov ax, 4c00h 

 int 21h 

END start 

 ʺʣʥʷʴidiv  ʺʣʥʷʴʬ ʤʤʦdiv( ʭʩʰʮʥʱʮ ʭʩʸʴʱʮ ʬʹ ʷʥʬʩʧ ʺʲʶʡʮ ʠʩʤʹ ʪʫʬ ʨʸʴ ,signedʬ ʣʥʢʩʰʡ ,)-div  ʺʷʬʧʮʹ

 ʭʩʸʴʱʮ ʠʬ( ʭʩʰʮʥʱʮunsigned.) 
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  ʬʩʢʸʺ7.4 : ʺʣʥʷʴdiv 

ʠ.  ʬʣʥʢʡ ʭʩʰʺʹʮ ʩʰʹ ʥʸʩʣʢʤbyteʫ ʭʤʩʬʠ ʥʱʧʩʩʺʤ ,־unsignedʥʱʩʰʫʤ ,  ʭʤʬʹ ʤʷʥʬʧʤ ʺʠʶʥʺ ʺʠ

ʩʲʩʡʸ ʤʰʺʹʮʬ ʺʩʸʠʹʤ ʺʠʥ ʩʹʩʬʹ ʤʰʺʹʮʬ. 

ʡ.  ʬʣʥʢʡ ʭʩʰʺʹʮ ʩʰʹ ʥʸʩʣʢʤbyteʫ ʭʤʩʬʠ ʥʱʧʩʩʺʤ ,־signed ʤʰʺʹʮʬ ʭʤʬʹ ʤʷʥʬʧʤ ʺʠʶʥʺ ʺʠ ʥʱʩʰʫʤ ,

ʩʲʩʡʸ ʤʰʺʹʮʬ ʺʩʸʠʹʤ ʺʠʥ ʩʹʩʬʹ. 

ʢ.  ʬʣʥʢʡ ʭʩʰʺʹʮ ʩʰʹ ʥʸʩʣʢʤwordʫ ʭʤʩʬʠ ʥʱʧʩʩʺʤ ,־unsignedʥʬʧʤ ʺʠʶʥʺ ʺʠ ʥʱʩʰʫʤ , ʭʤʬʹ ʤʷ

ʩʲʩʡʸ ʤʰʺʹʮʬ ʺʩʸʠʹʤ ʺʠʥ ʩʹʩʬʹ ʤʰʺʹʮʬ. 

 

 ʺʣʥʷʴNEG 

ʤ ʺʣʥʷʴ־neg  ʬʹ ʸʥʶʩʷ(negative ʭʩʩʺʹʬ ʭʩʬʹʮʬ ʥʬʹ ʪʸʲʤ ʺʠ ʺʫʴʥʤʥ ,ʤʬʩʮ ʥʠ ʺʩʡ ʬʣʥʢʡ ,ʣʩʧʩ ʣʰʸʴʥʠ ʺʬʡʷʮ )

:ʤʣʥʷʴʤ .ʩʸʥʷʮʤ ʪʸʲʤ ʬʹ 

neg dest 

:ʠʡʤ ʡʥʹʩʧʤ ʺʠ ʲʶʡʺ 

dest = 0 - dest 

:ʤʣʥʷʴʡ ʩʷʥʧ ʹʥʮʩʹʬ ʺʥʠʮʢʥʣ 

ʤʣʥʷפʤ ʤʮʢʥʣ ʤʠʶʥʺ 

neg register (8 bit) neg al al = 0 - al 

neg register (16 bit) neg ax  ax = 0 - ax 

neg memory (8 bit) neg [ByteVar] ByteVar = 0 - ByteVar 

neg memory (16 bit) neg [WordVar] WordVar = 0 - WordVar 
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ʺʥʩʢʥʬ ʺʥʣʥʷʴ 

 ʲʡʸʠ ʬʲ ʥʩʹʫʲ ʣʮʬʰʠʮ ʺʥʩʹʥʮʩʹ ʯʤ ʺʥʩʢʥʬ ʺʥʣʥʷʴ .ʺʥʡʩʹʧ ʯʥʮʤ ʭʲ ʬʡʠ ʺʥʫʡʥʱʮ ʠʬ ʺʥʣʥʷʴʥ ʺʥʰʹʬ ʭʩʶʥʸ ʥʰʧʰʠʹʫ ʣ

 ,ʪʥʱʩʮ ʺʠʸʷʰ ʥʦ ʤʬʥʲʴ .ʩʥʰʩʹ ʩʬʡ ʭʩʸʧʠ ʭʩʨʩʡ ʬʹ ʭʩʫʸʲ ʸʩʠʹʤʬ ʯʮʦ ʥʺʥʠʡʥ ,ʭʩʨʩʡ ʸʴʱʮ ʥʠ ,ʨʩʡ ʬʹ ʥʫʸʲ ʺʠ

MASKING.ʷʸʴʤ ʪʹʮʤʡ ʤʩʬʲ ʡʩʧʸʰʥ , 

ʡ ʭʩʨʩʡ ʭʲ ʷʱʲʺʤʬ ʤʶʸʰ ʬʬʫʡ ʤʮʬ ʸʮʹʰ ʤʰʴʶʤʬ ʣʲʥʩʮʹ ʲʣʩʮʤ ,ʲʣʩʮ ʭʩʰʩʴʶʮʹʫ .ʤʮʢʥʣʬ ,ʺʥʰʴʶʤ ʬʬʢʡ ?ʭʩʣʣʥ

"ʤʱʥʧʣ" ʤʸʥʶʡ–Packed data ʠʥʤʹ ʪʸʲ ʸʮʥʹ ʭʤʮ ʣʧʠ ʬʫ ,ʭʩʺʡ ʤʰʥʮʹ ʬʹ ʪʸʲʮ ʬʲ ʤʮʢʥʣʬ ʬʫʺʱʰ .0 :ʣʧʠ ʥʠ 

0000000000000001000000010000000100000000000000000000000100000000 

ʸʥʮʹʬ ʸʹʴʠ ʲʣʩʮʤ ʥʺʥʠ ʺʠ :ʤʱʥʧʣ ʤʸʥʶʡ ʣʧʠ ʺʩʡʡ 

01110010 

 ʤʱʥʧʣ ʠʬ ʤʸʥʶʡ ʭʩʣʡʥʲʹʫ ʢʩʹʤʬ ʯʺʩʰʹ ʺʥʸʩʤʮʬ ʺʩʱʧʩ ,ʧʥʰʲʴʤʥ ʤʰʴʶʤʤ ʺʥʸʩʤʮ ʺʠ ʵʩʠʤʬ ʭʩʬʥʫʩ ʥʰʧʰʠ ʤʱʥʧʣ ʤʸʥʶʡ

 .ʨʩʡ ʬʫ ʺʸʩʮʹʬ ʣʸʴʰ ʺʩʡ ʤʶʷʥʮ ʤʡ 

ʤʬ ʭʩʬʥʫʩ ʥʰʧʰʠ ,ʤʮʢʥʣʬ .ʯʴʶʥʮʬ ʥʺʥʠ ʺʥʫʴʥʤʹ ʺʥʰʥʹ ʺʥʩʢʥʬ ʺʥʬʥʲʴ ʭʩʲʶʡʮ ʤʦʤ ʺʩʡʤ ʬʲ ,ʩʰʹ ʨʩʡ ʬʫ ʬʹ ʥʫʸʲ ʺʠ ʪʥʴ

:ʬʡʷʬʥ 

00100101 

 ʤʬʥʲʴ ʲʶʡʬ ʬʩʡʹʡ .ʯʴʶʥʮʤ ʸʱʮʤ ʺʠ ʧʰʲʴʬʥ ʭʩʩʸʥʷʮʤ ʭʩʫʸʲʤ ʺʠ ʸʦʧʹʬ ʬʫʥʩ ʠʬ ,ʥʰʩʹʲʹ ʤʬʥʲʴʤ ʤʮ ʲʣʥʩ ʠʬʹ ʩʮ

.ʤʦ ʺʠ ʭʩʹʥʲ ʪʩʠ ʤʠʸʰ ʺʲʫ .ʭʩʣʣʥʡ ʭʩʨʩʡ ʭʲ "ʷʧʹʬ" ʺʲʣʬ ʪʩʸʶ ,ʥʦʫ 

ʺʥʩʢʥʬ ʺʥʣʥʷʴ ʲʡʸʠ ʺʥʮʩʩʷ–and ,or ,xor ,not ..ʤʣʥʷʴ ʬʫ ʤʹʥʲ ʤʮ ʸʩʡʱʰ ʣʩʮ 

:ʠʩʤ ʥʬʠʤ ʺʥʣʥʷʴʤ ʬʹ ʭʥʹʩʸʤ ʺʸʥʶ 

and dest, src ; dest = dest and src 

or dest, src ; dest = dest or src 

xor dest, src ; dest = dest xor src 

not dest  ; dest = not dest 

 .ʲʥʡʷ ʥʠ ʯʥʸʫʩʦ ,ʸʨʱʩʢʸ ʭʲ ʺʥʩʢʥʬʤ ʺʥʣʥʷʴʤ ʺʠ ʡʥʺʫʬ ʸʹʴʠ:ʺʥʩʷʥʧ ʺʥʠʡʤ ʺʥʸʥʶʤ 

and register, register 

and memory, register 
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and register, memory 

and register, constant 

and memory, constant 

 ʺʥʣʥʷʴʤor ʥ־xor  ʥʮʫ ʤʸʥʶ ʤʺʥʠʡ ʷʥʩʣʡ ʺʥʡʺʫʰand. 

 ʤʣʥʷʴʤnot :ʺʥʸʥʶʤ ʯʩʡʮ ʺʧʠʡ ʡʺʫʩʤʬ ʤʬʥʫʩ 

not register 

not memory 

 ʺʣʥʷʴAND  

 ,ʺʩʢʥʬ ʤʰʩʧʡʮand  ʭʩʥʥʹ ʭʤʩʰʹ ʭʠ .ʭʩʨʩʡ ʩʰʹ ʨʬʷʫ ʺʬʡʷʮ1 ʤʩʤʺ ʤʠʶʥʺʤ ,1 ʤʩʤʺ ʤʠʶʥʺʤ ,ʺʸʧʠ .0 ʤʹʲʰ .

 ʭʩʩʸʹʴʠʤ ʭʩʫʸʲʤ ʤʰʥʩʬʲʤ ʤʸʥʹʡ ."ʺʮʠ ʺʬʡʨ" ʠʸʷʰʹ ʧʰʥʮ ʭʲ ʺʥʸʫʩʤʨʩʡʬ  ʭʩʫʸʲʤ ʩʬʠʮʹʤ ʸʥʨʡ ,ʯʥʹʠʸʤ

 ʭʩʩʸʹʴʠʤʨʩʡʬ ʤʬʡʨʤ ʪʥʺʡ .ʩʰʹʤ– ʤ ʺʠʶʥʺ־and  ʬʲʭʩʨʩʡʤ .ʤʬʠʤ 

 

 ʺʬʥʲʴ ʬʹ ʺʮʠ ʺʬʡʨand 

 ʩʬʡʮʱʠʤ ʺʣʥʷʴand  ʭʤʬ ʺʥʩʤʬ ʭʩʬʥʫʩʹ ,ʭʩʣʰʸʴʥʠ ʩʰʹ ʺʬʡʷʮ8  ʥʠ16  ʺʲʶʡʮʥ ,ʭʩʨʩʡand ʭʤʬʹ ʭʩʨʩʡʤ ʯʩʡ ʩʢʥʬ– 

 ʭʥʷʮʡʹ ʨʩʡʤ0  ʭʥʷʮʡʹ ʨʩʡʤ ʭʲ ʯʥʹʠʸʤ ʣʰʸʴʥʠʡ0  ʭʥʷʮʡʹ ʨʩʡʤ ,ʩʰʹʤ ʣʰʸʴʥʠʡ1  ʨʩʡʤ ʭʲ ʯʥʹʠʸʤ ʣʰʸʴʥʠʡ

 ʭʥʷʮʡʹ1 ʷʮʡʹ ʨʩʡʤ ,ʩʰʹʤ ʣʰʸʴʥʠʡ ʭʥ2  ʭʥʷʮʡʹ ʨʩʡʤ ʭʲ ʯʥʹʠʸʤ ʣʰʸʴʥʠʡ2 .ʤʠʬʤ ʪʫʥ ʩʰʹʤ ʣʰʸʴʥʠʡ 

 

:ʤʮʢʥʣʬ 

00000111and 

10010110 

--------------- 

00000110 
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 ʺʣʥʷʴ ʬʹ ʨʥʹʴ ʭʥʹʩʩ ʭʩʢʣʰand– .ʩʢʥʦ ʠʥʤ ʥʤʹʬʫ ʸʴʱʮ ʭʠ ʤʷʩʣʡ 

 ʠʥʤ ʤʦ ʨʩʡ ʭʠ .ʥʬʹ ʩʸʠʰʩʡʤ ʢʥʶʩʩʡ ʯʥʸʧʠʤ ʨʩʡʤ ʺʠ ʷʸ ʷʥʣʡʬ ʭʩʬʥʫʩ ʥʰʧʰʠ ,ʩʢʥʦ ʠʥʤ ʥʤʹʬʫ ʸʴʱʮ ʭʠ ʷʥʣʡʬ ʩʣʫ0– 

 ʠʥʤ ʨʩʡʤ ʭʠ .ʩʢʥʦ ʠʥʤ ʸʴʱʮʤ1–  .ʩʢʥʦ ʩʠ ʠʥʤ ʸʴʱʮʤ 

 ʠʸʷʰʹ ʹʣʧ ʩʲʶʮʠ ʸʩʣʢʰ ,ʤʷʩʣʡʤ ʪʸʥʶʬ( ʤʫʱʮMASK)ʬʥʲʴʬʥ ʣʣʥʡʬ ʥʰʬ ʸʹʴʠʮʹ ,ʭʩʨʩʡ ʬʹ ʳʱʥʠ ʠʩʤ ʤʫʱʮʤ .  ʬʲ

 :ʭʩʨʩʡ ʬʹ ʣʧʥʩʮ ʳʱʥʠ ʸʩʣʢʰ ʥʰʧʰʠ ʬʡʠ ,ʭʩʨʩʡ ʬʹ ʳʱʥʠ ʬʫ ʺʥʩʤʬ ʤʬʥʫʩ ʤʫʱʮ .ʭʩʮʩʥʱʮ ʭʩʨʩʡ00000001. 

 ʤʹʲʰand  ʸʴʱʮʤ ʯʩʡʹ ʺʠʶʥʺ ,ʱʴʠʫ ʭʩʰʥʩʬʲʤ ʭʩʨʩʡʤ ʺʲʡʹ ʺʠ ʥʰʸʣʢʤʹ ʯʥʥʩʫ .ʤʫʱʮʤ ʯʩʡʬ ʷʥʣʡʬ ʭʩʶʥʸ ʥʰʧʰʠ

ʤ־and  ʤʩʤʺ ʭʤʬʹ0  ʺʠʶʥʺ ,ʪʫʮ ʤʠʶʥʺʫ .ʥʬʠʤ ʭʩʨʩʡʤ ʺʲʡʹ ʬʹ ʪʸʲʤʮ ʤʹʲʮʬ ʭʩʮʬʲʺʮ ʥʰʠ ,ʪʫʬ ʩʠ .ʤʸʷʮ ʬʫʡ

ʤ־and ʭʩʷʣʥʡ ʥʰʧʰʠ ʥʬʹ ʺʥʩʢʥʦʤ ʺʠʹ ʸʴʱʮʡ ʷʸ ʤʩʥʬʺ ʩʰʩʮʹʤ ʨʩʡʤ ʬʹ–  ʠʥʤ ʥʬʹ ʩʰʩʮʹʤ ʨʩʡʤ ʭʠ1ʤ ,־and  ʥʬʹ

 ʭʢ ʠʥʤʹ ,ʤʫʱʮʡ ʩʰʩʮʹʤ ʨʩʡʤ ʭʲ ʣʧʩ1ʬ ʤʥʥʹ ʤʩʤʩ ,1־ ʤʩʤʺ ʤʠʶʥʺʤ ,ʺʸʧʠ .0. 

 

 ʬʩʢʸʺ7.5 : ʺʣʥʷʴand 

ʠ ʺʣʥʷʴ ʺʸʦʲʡ ʷʥʣʡʬ ʸʹʴʠ ʪʩand ʡ ʷʬʧʺʮ ʸʴʱʮ ʭʠ4־ʬʲ ʺʠʦ ʥʷʣʩʡ ?-.ʭʩʰʥʹ ʭʩʰʺʹʮ ʩʣʩ 

 



 ʷʸʴ7 –  ʤʦʦʤ ʺʥʣʥʷʴʥ ʺʥʩʢʥʬ ,ʺʥʩʨʮʺʩʸʠ ʺʥʣʥʷʴ 130 

 130 

 ʺʣʥʷʴOR 

 ʺʣʥʷʴ ʬʹ ʺʮʠʤ ʺʬʡʨor :ʪʫ ʺʩʠʸʰ 

 

ʬ ʤʥʥʹ ʨʬʷʡ ʭʩʨʩʡʤ ʣʧʠʹ ʷʩʴʱʮ ,ʸʮʥʬʫ1־ ʠʥʤ ʨʬʴʤʥ ,1. 

 ʺʣʥʷʴor  ʺʲʢʬ ʩʬʡ ʥʤʹʬʫ ʨʩʡ "ʷʩʬʣʤʬ" ʭʩʶʥʸʹʫ ʺʩʹʥʮʩʹʸʠʹʡ  ʤʰʥʮʹ ʭʲ ʺʸʥʹʷʺ ʬʤʰʮʹ ʡʩʫʸ ʹʩʹ ʧʩʰʰ .ʭʩʨʩʡʤ

 ʭʩʩʰʥʶʩʧ ʭʩʰʷʺʤ–  ʣʮʬʰ ,ʺʥʷʩʱʴ ʬʲ ʣʮʬʰʹʫ ,ʪʹʮʤʡ( ʭʺʩʠ ʺʸʥʹʷʺʤ ʺʠ ʷʩʱʴʤʬ ʥʠ ,ʲʣʩʮ ʭʤʮ ʬʡʷʬʥ ʧʥʬʹʬ ʬʥʫʩ ʠʥʤ

ʬʲ ʢʶʥʩʮ ʩʰʥʶʩʧ ʡʩʫʸ ʬʫ ʭʲ ʺʸʥʹʷʺʤ ʡʶʮ .)ʤʦʫ ʡʩʫʸ ʬʲ־ ʨʩʡ ʩʣʩ–1  ,ʡʩʫʸʤ ʭʲ ʺʸʥʹʷʺ ʹʩʹ ʲʡʥʷ0 ʫʸʤʹ ʲʡʥʷ ʡʩ

 .ʭʩʥʱʮ ʺʩʡʡ ʸʮʹʰ ʭʩʡʩʫʸʤ ʺʰʥʮʹ ʬʫ ʭʲ ʺʸʥʹʷʺʤ ʡʶʮ .ʷʺʹʥʮ 

 ʸʴʱʮ ʯʷʺʤ ʭʲ ʺʸʥʹʷʺ ʸʹʴʠʬ ʭʩʶʥʸ ʥʰʧʰʠ ,ʺʲʫ4 ʮ ʭʩʸʴʱʥʮʮ ʭʩʰʷʺʤʤ(0־  ʣʲ7 ʧʩʰʰ .ʡʩʫʸʤ ʯʥʸʫʩʦ ʺʠ ʠʸʷʰ .)

:ʥʰʬʡʩʷʹ 

11000100 

 ʸʴʱʮ ʨʩʡ4 ʸʴʱʮ ʯʷʺʤ ʺʠ ʢʶʩʩʮ ʸʹʠ ,4 ʷʩʬʣʤʬ ʥʰʰʥʶʸʡ ,ʺʲʫ .ʡʥʤʶʡ ʯʮʥʱʮʥ ʩʥʡʫ ,.ʤʦʤ ʨʩʡʤ ʺʠ 

 ʲʶʡʰ ,ʺʠʦ ʺʥʹʲʬ ʺʰʮ ʬʲor  ʤʫʱʮʤ ʭʲ0001 0000  ʭʥʷʩʮʡ ʨʩʡʤ(4 :ʬʡʷʰʥ )ʷʬʥʣ 

11010100 

 ʨʩʡʹ ʥʰʠʣʩʥʥ ʪʫ4 .ʭʩʸʧʠʤ ʭʩʨʩʡʤ ʬʹ ʭʫʸʲʡ ʥʠ ,ʥʬʹ ʩʸʥʷʮʤ ʪʸʲʡ ʭʩʩʥʬʺ ʺʥʩʤʬ ʩʬʡʮ ,ʷʬʥʣ ʤʩʤʩ 

 ʸʴʱʮ ʩʰʥʶʩʧ ʯʷʺʤ ʭʲ ʺʸʥʹʷʺ ʥʰʸʹʴʩʠʹ ʠʩʤ ʤʠʶʥʺʤʥ ʺʸʥʹʷʺʤ ʡʩʫʸ ʪʥʺʬ ʤʸʦʧ ʷʩʺʲʰ ʤʠʶʥʺʤ ʺʠ4. 

 ʬʩʢʸʺ7.6 : ʺʣʥʷʴor 

ʠ.  ʸʴʱʮ ʡʩʫʸ ʭʲ ʺʸʥʹʷʺ ʸʹʴʠʬ ʩʣʫ ʹʮʺʹʤʬ ʪʩʸʶ ʤʫʱʮ ʥʦʩʠʡ ,ʥʰʺʰʹ ʤʮʢʥʣʡ2 ʭʩʡʩʫʸ ʭʲ ?2 ʥ4־  ʣʧʩʡ

 ʤʣʥʷʴʡ(or ?)ʺʧʠ 

ʡ.  ʸʴʱʮ ʯʷʺʤ ʭʲ ʺʸʥʹʷʺʤ ʺʠ ʷʩʱʴʤʬ ʡʩʫʸʬ ʺʥʸʥʤʬ ʸʹʴʠ ʪʩʠ4? 
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 ʺʣʥʷʴXOR 

 ʺʣʥʷʴxor ʬʹ ʸʥʶʩʷ( ,exclusive or:ʤʠʡʤ ʺʮʠʤ ʺʬʡʨ ʺʬʲʡ ʠʩʤ ,) 

 

 ,ʺʩʨʮʺʮ ʤʰʩʧʡʮxor  ʥʬʥʣʥʮʥ ʸʥʡʩʧ ʺʬʥʲʴʬ ʬʥʷʹ2 .)ʣʡʬʡ ʺʩʸʠʹʤ ʺʧʩʷʬʥ ,ʭʩʩʺʹʡ ʤʷʥʬʧ( 

 ʺʣʥʷʴxor ʠʮ ʺʩʹʥʮʩʹ ʤʣʥʷʴ ʠʩʤʥʮʹʫ ʤʮʢʥʣʬ ,ʣ:ʤʬʹ ʤʠʡʤ ʤʰʥʫʺʤ ʠʩʤ ʤʡʩʱʤ .ʤʰʴʶʤ ʭʩʲʶʡ 

 ʬʹ ʤʠʶʥʺʤxor  ʣʩʮʺ ʠʩʤ ,ʤʤʦ ʭʩʨʩʡ ʳʶʸ ʭʲ ʭʩʨʩʡ ʳʶʸ ʬʹ0!   

 

:ʠʡʤ ʲʣʩʮʤ ʺʠ ʯʩʴʶʤʬ ʭʩʶʥʸ ʥʰʧʰʠʹ ʧʩʰʰ .ʤʰʴʶʤ ʺʸʩʶʩʡ ʥʰʺʥʠ ʺʸʹʺ ʥʦʤ ʺʣʧʥʩʮʤ ʤʰʥʫʺʤ 

10010011 

ʤ .ʥʰʬʹ ʸʣʹʤ ʺʠ ʨʥʬʷʬ ʸʥʮʠʹ ʩʮʬʥ ʥʰʬ ʷʸ ʲʥʣʩʹ ,ʤʰʴʶʤ ʧʺʴʮ ʸʩʣʢʰ:)ʤʮʢʥʣʬ( ʤʩʤʩ ʧʺʴʮ 

01010100 

 ʺʬʥʲʴ ʺʥʲʶʮʠʡ ʲʣʩʮʤ ʺʠ ʯʩʴʶʰxor:ʠʩʤ ʬʡʷʺʺʹ ʤʠʶʥʺʤ . 

10010011xor 

01010100 

--------------- 

11000111 

 ʺʬʥʲʴ ʺʠ ʺʴʱʥʰ ʭʲʴ ʲʶʡʩ ʥʺʥʠ ʧʰʲʴʬ ʺʰʮ ʬʲʥ ,ʤʦʤ ʸʱʮʤ ʺʠ ʬʡʷʩ ʩʰʹʤ ʣʶʤxor :ʥʬ ʲʥʣʩʹ ʤʰʴʶʤʤ ʧʺʴʮ ʭʲ 

11000111xor 

01010100 

--------------- 

10010011 
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 ʠʬ ʠʥʤ ,ʥʰʬʹ ʲʣʩʮʤ ʺʠ ʯʩʴʶʤʬ ʬʩʡʹʡ ʥʰʹʮʺʹʤ ʤʡʹ ʤʨʩʹʤ ʺʠ ʸʩʫʮ ʥʤʹʩʮ ʭʠ ʥʬʩʴʠʹ ,ʠʥʤ ʥʦ ʤʰʴʶʤ ʺʨʩʹʡ ʣʧʥʩʮʤ

.ʲʣʩʮʤ ʺʠ ʸʦʧʹʬ ʬʥʫʩ ʤʰʴʶʤʤ ʧʺʴʮ ʤʩʤ ʤʮ ʲʣʥʩʹ ʩʮ ʷʸ .ʲʣʩʮʤ ʺʠ ʧʰʲʴʬʥ ʯʴʥʶʤ ʺʠ ʸʥʡʹʬ ʧʩʬʶʩ 

ʤ ,ʡʢʠ־opcode ʬʹxor ʸʶʷ ʸʺʥʩ  ʬʹʮmov, ʲ ʺʠʦ ʤʹʲʰ ʸʨʱʩʢʸ ʱʴʠʬ ʤʶʸʰʹʫ ʪʬʩʠʥ ʤʺʲʮ ʯʫʬʥʬ־ʩʩʣxor  ʪʸʲ ʬʹ

:ʲʶʡʬ ʭʥʷʮʡʹ ʯʠʫʮ .ʥʮʶʲ ʭʲ ʸʨʱʩʢʸʤ 

mov ax, 0 

:ʡʥʺʫʰ 

xor ax, ax 

ʡʹ ʪʫʬ ʺʥʮʸʥʢ ʺʥʬʥʲʴʤ ʩʺʹ־ax  ʪʸʲʤ ʤʩʤʩ0 ʹʮʺʹʤʬ ʳʩʣʲʰ ʯʫʬʥ ,ʤʰʥʹʠʸʤʮ ʭʥʷʮ ʺʥʧʴ ʺʧʷʥʬ ʤʩʩʰʹʤ ʤʬʥʲʴʤ ʪʠ ,

.ʤʡ 

 

 ʬʩʢʸʺ7.7 : ʺʣʥʷʴxor 

ʠ. ʤʬʹ ʤʠʶʥʺʤ ʲʥʣʮ ʥʸʩʡʱxor ʤʤʦ ʭʩʨʩʡ ʳʱʥʠ ʭʲ ʭʩʨʩʡ ʳʱʥʠ ʬʹ– .ʱʴʠ ʣʩʮʺ ʠʩʤ 

ʡ.  ʭʹʡ ʪʸʲʮ ʥʸʩʣʢʤmsg  ʩʥʥʺ ʬʹ ʳʱʥʠ ʠʥʤʹASCII' ʤʮʢʥʣʬ .I LIKE ASSEMBLY$ ʧʺʴʮ ʥʸʩʣʢʤ .'

 ʯʡ ʤʰʴʶʤ8 ʤ ʥʺ( ʤʰʴʶʤʤ ʧʺʴʮ ʺʸʦʲʡ ʲʣʩʮʤ ʺʠ ʥʰʩʴʶʤ .ʭʫʺʸʩʧʡʬ ,ʭʩʨʩʡ־ ʭʺʲʢʤʹ ʺʲʣʬ ʭʫʬ ʲʩʩʱʩ $

ʸʲʮʤ ʳʥʱʬʬ ʥʫʬ.)ʤʱʴʣʤʬ ʯʫʥ ,ʯʩʴʶʤʬ ʹʩ ʥʺʥʠ ʪ־DATASEG  ʪʩʠ ʥʬʫʺʱʤʥ ʪʸʲʮʤ ʺʠ ʭʺʸʣʢʤʹ ʭʥʷʮʡ

 ʩʥʥʺʬ ʪʸʲʮʤ ʺʠ ʭʢʸʺʮ ʡʹʧʮʤASCII  ʭʺʰʴʶʤʹ ʲʣʩʮʤ ʺʠ ʥʧʰʲʴ .ʭʫʬʹ ʤʰʴʶʤʤ ʺʬʥʲʴ ʩʸʧʠʥ ʩʰʴʬ

ʡ ʤʷʩʣʡʤ ʬʲ ʥʸʦʩʧ .ʤʰʴʶʤʤ ʧʺʴʮ ʺʸʦʲʡ־DATASEG .ʭʫʬʹ ʩʸʥʷʮʤ ʸʱʮʤ ʺʠ ʤʸʦʧ ʭʺʬʡʩʷʹ ʥʠʣʥʥ 

ʡ ʹʮʺʹʤʬ ʯʺʩʰ ,ʯʴʶʥʮʤ ʸʱʮʤ ʺʠʥ ʸʱʮʤ ʺʠ ʱʩʴʣʤʬ ʭʩʰʩʩʰʥʲʮʬʤ ʲʨʷ:ʠʡʤ ʣʥʷ 

print: 

 mov dx, offset msg 

 mov ah, 9h 

 int 21h 

 mov ah, 2 ; new line 

 mov dl, 10  

 int 21h  

 mov dl, 13 

 int 21h 
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 ʺʣʥʷʴNOT 

 ʺʣʥʷʴnot  ʬʹ ʺʮʠʤ ʺʬʡʨ .ʣʰʸʴʥʠʡ ʭʩʨʩʡʤ ʬʫ ʺʠ ʺʫʴʥʤ ʨʥʹʴnot: 

 

 ʬʹ ʤʡʩʺʫʤ ʺʥʸʥʶ ʺʠnot  ʺʣʥʷʴ .ʳʩʲʱʤ ʺʬʩʧʺʡ ʥʰʸʷʱnot .ʭʩʣʣʥʡ ʭʩʨʩʡ ʭʲ ʤʣʥʡʲʡ ʺʴʱʥʰ ʺʥʹʩʮʢ ʺʸʹʴʠʮ 

ʤʦʦʤ ʺʥʣʥʷʴ 

 ʭʥʷʩʮʡ ʨʩʡʤ ,ʤʮʢʥʣʬ .ʥʬʹ ʭʩʨʩʡʤ ʺʠ "ʺʥʦʩʦʮ"ʥ ʣʰʸʴʥʠ ʺʥʬʡʷʮ ʤʦʦʤ ʺʥʣʥʷʴ0  ʭʥʷʩʮʬ ʦʦʥʮ1 ʭʥʷʩʮʡ ʨʩʡʤ ,1  ʦʦʥʮ

 ʭʥʷʩʮʬ2 .ʤʦʦʤʤ ʺʣʡʥʲ ʷʥʩʣʡ ʪʩʠ ʨʸʴʰ ʣʩʮ .ʤʠʬʤ ʯʫʥ 

 ʺʥʩʹʥʮʩʹʤ ʤʦʦʤʤ ʺʥʣʥʷʴ ʩʺʹʡ ʣʷʮʺʰ ʥʰʧʰʠ .ʤʩʰʹʬ ʺʧʠ ʺʥʮʥʣ ʩʣ ʯʥʸʷʲʡʹ ,ʤʦʦʤ ʺʥʣʥʷʴ ʬʹ ʳʱʥʠ ʹʩ

:ʸʺʥʩʡshr(shift right) ʥ־shl(shift left). 

 ʺʣʥʷʴSHL 

 ,ʤʬʠʮʹ ʤʦʦʤʤ ʺʣʥʷʴshlʩ ʣʰʸʴʥʠʤ .ʤʦʦʤʬ ʭʩʨʩʡ ʺʥʮʫʥ ʣʲʩ ʣʰʸʴʥʠ ʺʬʡʷʮ , ,ʸʨʱʩʢʸ ʥʠ ʯʥʸʫʩʦʡ ʤʰʺʹʮ ʺʥʩʤʬ ʬʥʫ

 ʸʨʱʩʢʸʤ ʥʠ ʲʥʡʷ ʸʴʱʮ ʺʥʩʤʬ ʤʬʥʫʩ ʤʦʦʤʬ ʭʩʨʩʡʤ ʺʥʮʫʥcl:ʺʥʰʩʷʺ ʺʥʠʡʤ ʺʥʸʥʶʤ . 

shl register, const 

shl register, cl 

shl memory, const 

shl memory, cl 

ʤ ʺʬʥʲʴ־shl :ʠʡʤ ʯʴʥʠʡ ʤʲʩʴʹʮ 

-  ʭʥʷʮ ʭʩʦʦ ʣʲʩʤ ʣʰʸʴʥʠʡʹ ʭʩʨʩʡʤ ,ʤʦʦʤ ʬʫ ʬʲ.ʤʬʠʮʹ ʣʧʠ 

-  ʱʰʫʰ ʤʦʦʤ ʬʫ ʬʲ0  ʱʰʫʰ ,ʣʧʠ ʨʩʡ ʬʹ ʠʩʤ ʤʦʦʤʤ ʭʠ( ʸʺʥʩʡ ʩʰʮʩʤ ʨʩʡʤ ʬʠ0  ʬʹ ʠʩʤ ʤʦʦʤʤ ʭʠ .ʣʧʠn  ,ʭʩʨʩʡ

 ʭʩʱʰʫʰn .)ʭʩʱʴʠ 

- ʤ ʬʢʣ ʬʠ ʱʰʫʰ ʬʠʮʹ ʣʶʮ ʠʶʩʹ ʯʥʸʧʠʤ ʨʩʡʤʠʹʰCF. 

-  ʤʹʩʬʢʤ ʬʢʣOF  ʪʸʲ ʬʡʷʩ1 .ʣʩʧʩ ʨʩʡ ʬʹ ʤʦʦʤ ʸʥʡʲ ʷʸ ʯʥʫʰ ʤʦ ʬʬʫ .ʤʰʺʹʤ ʩʬʠʮʹ ʩʫʤ ʨʩʡʤʹ ʤʸʷʮʡ 

-  ʱʴʠʤ ʬʢʣZF  ʪʸʲ ʬʡʷʩ1 .ʱʴʠ ʠʥʤ ʣʰʸʴʥʠʤ ʬʹ ʥʫʸʲ ʺʥʦʦʤʤ ʸʧʠʬ ʭʠ 
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- .ʩʬʠʮʹ ʩʫʤ ʨʩʡʤ ʬʹ ʪʸʲʬ ʤʥʥʹ ʤʩʤʩ ʯʮʩʱʤ ʬʢʣ 

-  ʪʸʲ ʬʡʷʩ ʺʥʩʢʥʦʤ ʬʢʣ1 ʡ ʺʥʣʧʠ ʬʹ ʺʩʢʥʦ ʺʥʮʫ ʹʩ ʭʠ8־ .ʣʰʸʴʥʠʤ ʬʹ ʭʩʫʥʮʰʤ ʭʩʨʩʡʤ 

ʫ ʺʬʥʲʴ ʺʩʠʸʰ ʪshl  ʬʹ ʣʰʸʴʥʠ ʬʲ8  ʬʹ ʣʰʸʴʥʠ ʬʲ ʤʬʥʲʴʤ ʺʠ ʸʩʩʶʬ ʭʩʶʥʸ ʥʰʩʩʤ ʭʠ .ʨʩʡ16  ʤʩʤ ʣʩʧʩʤ ʩʥʰʩʹʤ ʨʩʡ

16  ʭʥʷʮʡ ʭʩʲʥʡʩʸ8: 

 

 ʺʬʥʲʴshl 

ʺʣʥʷʴSHR 

 ,ʤʰʩʮʩ ʤʦʦʤʤ ʺʣʥʷʴshrʬ ʤʬʹ ʤʬʥʲʴʡʥ ʤʬʹ ʤʡʩʺʫʡ ʤʮʥʣ ʯʡʥʮʫ ,־shl .ʤʦʦʤʬ ʭʩʨʩʡ ʺʥʮʫʥ ʣʲʩ ʣʰʸʴʥʠ ʺʬʡʷʮ ʤʣʥʷʴʤ .

ʤ ʸʨʱʩʢʸʤ ʥʠ ʲʥʡʷ ʸʴʱʮ ʺʥʩʤʬ ʤʬʥʫʩ ʤʦʦʤʬ ʭʩʨʩʡʤ ʺʥʮʫʥ ,ʸʨʱʩʢʸ ʥʠ ʯʥʸʫʩʦʡ ʤʰʺʹʮ ʺʥʩʤʬ ʬʥʫʩ ʣʰʸʴʥʠcl ʺʥʸʥʶʤ .

:ʺʥʰʩʷʺ ʺʥʠʡʤ 

shr register, const 

shr register, cl 

shr memory, const 

shr memory, cl 

ʤ ʺʬʥʲʴ־shr :ʠʡʤ ʯʴʥʠʡ ʤʲʩʴʹʮ 

-  ʣʲʩʤ ʣʰʸʴʥʠʡʹ ʭʩʨʩʡʤ ,ʤʦʦʤ ʬʫ ʬʲ.ʤʰʩʮʩ ʣʧʠ ʭʥʷʮ ʭʩʦʦ 

-  ʱʰʫʰ ʤʦʦʤ ʬʫ ʬʲ0  ʱʰʫʰ ,ʣʧʠ ʨʩʡ ʬʹ ʠʩʤ ʤʦʦʤʤ ʭʠ( ʸʺʥʩʡ ʩʬʠʮʹʤ ʨʩʡʤ ʬʠ0  ʬʹ ʠʩʤ ʤʦʦʤʤ ʭʠ .ʣʧʠn 

 ʭʩʱʰʫʰ ,ʭʩʨʩʡn .)ʭʩʱʴʠ 

- ʤ ʬʢʣ ʬʠ ʱʰʫʰ ʯʩʮʩ ʣʶʮ ʠʶʩʹ ʯʥʸʧʠʤ ʨʩʡʤʠʹʰCF. 

-  ʤʹʩʬʢʤ ʬʢʣOF  ʨʩʡ ʬʹ ʤʦʦʤ ʸʥʡʲ ʷʸ ʯʥʫʰ ʤʦ ʬʬʫ .ʤʦʦʤʤ ʩʰʴʬ ʣʰʸʴʥʠʤ ʬʹ ʩʬʠʮʹ ʩʫʤ ʨʩʡʤ ʪʸʲ ʺʠ ʬʡʷʩ

.ʣʩʧʩ 

-  ʱʴʠʤ ʬʢʣZF  ʪʸʲ ʬʡʷʩ1 .ʱʴʠ ʠʥʤ ʣʰʸʴʥʠʤ ʬʹ ʥʫʸʲ ʺʥʦʦʤʤ ʸʧʠʬ ʭʠ 

- .ʱʴʠ ʣʩʮʺ ʠʥʤʹ ,ʩʬʠʮʹ ʩʫʤ ʨʩʡʤ ʬʹ ʪʸʲʬ ʤʥʥʹ ʤʩʤʩ ʯʮʩʱʤ ʬʢʣ 

-  ʪʸʲ ʬʡʷʩ ʺʥʩʢʥʦʤ ʬʢʣ1 ʧʠ ʬʹ ʺʩʢʥʦ ʺʥʮʫ ʹʩ ʭʠʡ ʺʥʣ8־ .ʣʰʸʴʥʠʤ ʬʹ ʭʩʫʥʮʰʤ ʭʩʨʩʡʤ 

 ʺʬʥʲʴ ʺʩʠʸʰ ʪʫshr  ʬʹ ʣʰʸʴʥʠ ʬʲ8  ʬʹ ʣʰʸʴʥʠ ʬʲ ʤʬʥʲʴʤ ʺʠ ʸʩʩʶʬ ʭʩʶʥʸ ʥʰʩʩʤ ʭʠ .ʨʩʡ16  ʤʩʤ ʣʩʧʩʤ ʩʥʰʩʹʤ ʨʩʡ

16  ʭʥʷʮʡ ʭʩʲʥʡʩʸ8: 
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 ʺʬʥʲʴshr 

ʤʦʦʤ ʺʥʣʥʷʴ ʬʹ ʭʩʹʥʮʩʹ 

 ʣʧʥʩʮʡ ʺʥʩʹʥʮʩʹ ʤʦʦʤ ʺʥʣʥʷʴʺʥʬʥʲʴ ʲʥʶʩʡʬ: 

- ʫ ʲʥʶʩʡʷʥʬʩʧʥ ʬʴ ʭʩʩʺʹ ʬʹ ʺʥʷʦʧʡ ʺʥʬʷʡ 

- ʤʰʴʶʤʬ ʺʥʸʥʹʷʤ ʸʦʲ ʺʥʬʥʲʴ ʲʥʶʩʡ 

- )ʤʱʩʧʣʮ ʤʫʥʴʤʤ ʤʬʥʲʴʤ( ʤʱʩʸʴʥ ʲʣʩʮ ʬʹ ʤʱʩʧʣ 

- ʤʷʩʴʸʢ 

ʷʥʬʩʧʥ ʬʴʫ :ʱʩʱʡʡ  ,ʸʮʥʬʫ( ʺʩʰʮʩ ʩʫʤ ʤʸʴʱʤ ʸʥʺʡ ʱʴʠ ʳʩʱʥʤʬ ʤʦ ʺʥʹʲʬ ʪʩʸʶʹ ʤʮ ʬʫ ,ʸʹʲʡ ʬʥʴʫʬ ʭʩʶʥʸʹʫ ,ʩʰʥʸʹʲ

ʭʩʩʺʹ ʱʩʱʡʡ .)ʤʬʠʮʹ ʺʧʠ ʤʸʴʱ ʺʥʸʴʱʤ ʺʠ ʦʩʦʤʬ,  ʸʮʥʬʫ .ʭʩʩʺʹʡ ʬʴʫ ʬʡʷʰ ,ʺʩʰʮʩ ʩʫʤ ʤʸʴʱʤ ʸʥʺʡ ʱʴʠ ʳʩʱʥʰ ʭʠ

ʸʥʮʹ ʭʩʫʸʲʹ ʯʥʥʩʫ .ʭʩʩʺʹʡ ʪʸʲʤ ʺʠ ʺʬʴʥʫ ʣʧʠ ʨʩʡʡ ʤʬʠʮʹ ʤʦʦʤ ʬʫ ʡʬʹ ʥʤʹʦʩʠʡ ,ʬʡʢʥʮ ʬʣʥʢ ʭʲ ʭʩʰʺʹʮʡ ʭʩ

 ʹʮʺʹʤʬ ʬʫʥʰ ,ʭʩʰʺʹʮʤ ʬʹ ʭʩʰʥʫʰ ʭʩʬʣʢʬ ʢʠʣʰʥ ʯʥʫʰ ʣʥʡʲʰ ʭʠ ʬʡʠ ,ʣʡʠʺ ʥʦʤ ʤʰʥʫʺʤ ʦʠʥ ʤʰʺʹʮʤ ʬʹ ʬʣʥʢʤʮ ʢʥʸʧʰ

ʤʠʬʤ ʯʫʥ ,ʭʩʩʺʹʡ ʬʴʫ ʲʶʡʬ ʩʣʫ ʤʦʦʤʡ–  ʠʩʤ ʤʬʠʮʹ ʤʦʦʤʤʹ ʥʮʫ .'ʥʫʥ ʤʰʥʮʹʡ ,ʭʩʨʩʡ ʩʰʹ ʺʦʦʤ ʺʥʲʶʮʠʡ ʲʡʸʠʡ ʬʴʫ

ʺʹʡ ʬʴʫ ʭʠʹ ʡʬ ʭʩʹʬ ʪʩʸʶ ʯʠʫ ʭʢ .ʭʩʩʺʹ ʬʹ ʺʥʷʦʧʡ ʥʠ ʭʩʩʺʹʡ ʷʥʬʩʧ ʠʩʤ ʤʰʩʮʩ ʤʦʦʤ ,ʭʩʩʺʹ ʬʹ ʺʥʷʦʧʡ ʥʠ ʭʩʩ

 ʠʥʤ ʥʰʬʹ ʩʰʮʩ ʩʫʤ ʨʩʡʤ1ʭʩʩʺʹʡ ʥʺʥʠ ʷʬʧʺ ʷʥʩʣʡ ʠʬ ʤʰʩʮʩ ʤʦʦʤ ʦʠ ,ʩʢʥʦ ʩʠ ʸʴʱʮʤ ʸʮʥʬʫ ,–  ʤʷʥʬʧ ʤʩʤʺ ʤʠʶʥʺʤ

  .ʤʨʮ ʩʴʬʫ ʺʬʢʥʲʮ ,ʭʩʩʺʹʡ 

ʤʰʴʶʤʤ ʬʹ ʭʩʡʸ ʭʩʢʥʱ ʭʰʹʩ : ʠʥʤ ʭʩʶʥʴʰʤ ʭʩʩʠʡʶʤ ʤʰʴʶʤʤ ʩʢʥʱʮ ʣʧʠ .ʤʰʴʶLFSR ʭʩʨʩʡ ʬʹ ʪʸʲʮ ʥʰʹʩ ʥʦ ʤʰʴʶʤʡ .

 ʺʥʬʥʲʴ ʺʥʲʶʥʡʮ ʪʸʲʮʡ ʭʩʨʩʡʤ ʯʩʡ .ʩʰʹʤ ʥʣʩʶʮ ʨʩʡ ʭʩʠʩʶʥʮʥ ʥʬʹ ʣʧʠ ʣʶʬ ʨʩʡ ʭʩʴʧʥʣ ʭʲʴ ʬʫʡʹxor  ʭʲʥ ,ʺʥʰʥʹ

 ʭʩʹʥʲ ʤʠʶʥʺʤxor  ʬʲ ʠʥʸʷʬ ʭʩʰʮʦʥʮ ʭʺʠ .ʯʩʴʶʤʬ ʭʩʶʥʸ ʥʺʥʠʹ ʨʩʡʬLFSR ʸʨʰʩʠʡ ʡʥʨ ʭʥʷʮ ʠʩʤ ʤʩʣʴʩʷʩʥ ,ʨʰ

:ʥʰʮʮ ʬʩʧʺʤʬ 

http://en.wikipedia.org/wiki/Linear_feedback_shift_register . 

.ʤʦʦʤ ʺʥʣʥʷʴʡ ʭʩʹʮʺʹʮ ʤʬʩʲʩ ʤʸʥʶʡ ʭʩʨʩʡʤ ʺʦʦʤ ʬʹ ʤʬʥʲʴʤ ʺʠ ʹʮʮʬ ʩʣʫ ,ʯʴʥʠ ʬʫʡ 

ʲʣʩʮ ʬʹ ʤʱʩʸʴʥ ʤʱʩʧʣ ʵʬʮʥʮ ,ʭʩʡʸ ʤʱʩʸʴʥ ʤʱʩʧʣ ʩʮʺʩʸʥʢʬʠ ʭʩʮʩʩʷ .ʤʦ ʸʴʱ ʬʹ ʳʷʩʤʬ ʵʥʧʮ ʥʰʩʤ ʨʸʥʴʮ ʸʡʱʤ :

:ʥʩʦ ʬʴʮʬ ʭʺʩʸʥʢʬʠʮ ʬʩʧʺʤʬ 

v%E2%80%93Welchhttp://en.wikipedia.org/wiki/Lempel%E2%80%93Zi  

ʤʷʩʴʸʢ ʬʱʷʩʴʬ ʺʥʬʷʡ ʲʩʢʤʬ ʯʺʩʰ ʤʦʦʤ ʺʥʣʥʷʴ ʺʥʲʶʮʠʡ .ʭʥʩʱ ʩʨʷʩʩʥʸʴʬ ʭʩʬʫ ʬʲ ʷʸʴʤʮ ʷʬʧʫ ,ʪʹʮʤʡ ʤʦ ʠʹʥʰʡ ʯʥʣʰ :

.ʪʱʮʤ ʬʲ ʯʥʺʰ 

  

http://en.wikipedia.org/wiki/Linear_feedback_shift_register
http://en.wikipedia.org/wiki/Linear_feedback_shift_register
http://en.wikipedia.org/wiki/Lempel%E2%80%93Ziv%E2%80%93Welch
http://en.wikipedia.org/wiki/Lempel%E2%80%93Ziv%E2%80%93Welch
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 ʬʩʢʸʺ7.8 :ʤʦʦʤ ʺʥʣʥʷʴ 

ʠ. ʬ ʥʱʩʰʫʤ־al  ʪʸʲʤ ʺʠ3 ʺʠ ʥʬʴʩʫ ,ʤʦʦʤ ʺʥʣʥʷʴ ʺʸʦʲʡ .al ʡ4־. 

ʡ. ʬ ʥʱʩʰʫʤ־al ʪʸʲʤ ʺʠ120  ʺʠ ʥʷʬʧ ,ʤʦʦʤ ʺʥʣʥʷʴ ʺʸʦʲʡ .)ʩʬʮʩʶʣ(al ʡ8־. 

ʢ. ʬ ʥʱʩʰʫʤ־al  ʪʸʲʤ ʺʠ10  ʺʠ ʥʬʴʩʫ ,ʸʥʡʩʧʥ ʤʦʦʤ ʺʥʣʥʷʴ ʺʸʦʲʡ .)ʩʬʮʩʶʣ(al ʡ20־ ʥʱʧʩʩʺʤ :ʤʫʸʣʤ .

ʬ20־  ʬʹ ʭʥʫʱ ʸʥʺʡ16 ʥ4־.ʭʩʩʰʩʡ ʩʡʥʹʩʧ ʸʥʮʹʬ ʩʣʫ ʭʩʴʱʥʰ ʭʩʸʨʱʩʢʸʡ ʥʹʮʺʹʤ . 

ʭʥʫʩʱ 

:ʥʰʣʮʬ ʤʦ ʷʸʴʡ 

  ,ʯʥʡʹʧ ʺʥʬʥʲʴ ʲʶʡʬsigned ʥ־unsigned: 

o ʸʥʡʩʧ 

o ʸʥʱʩʧ 

o ʬʴʫ 

o ʷʥʬʩʧ 

 :ʺʥʩʢʥʬ ʺʥʬʥʲʴ ʲʶʡʬ 

o And 

o Or 

o Xor 

o Not 

  ʲʣʩʮ ʬʹ ʤʰʴʶʤ ,ʨʩʡ ʩʥʡʩʫʥ ʺʷʬʣʤ ʯʥʢʫ ,ʣʣʥʡ ʨʩʡ ʺʮʸʡ ʭʩʩʥʰʩʹ ʲʶʡʬ ʥʰʣʮʬ ʺʥʩʢʥʬʤ ʺʥʬʥʲʴʤ ʺʥʲʶʮʠʡ

.ʧʺʴʮ ʺʥʲʶʮʠʡ 

 :ʭʩʩʺʹ ʬʹ ʺʥʷʦʧʡ ʷʥʬʩʧʥ ʬʴʫʬ ʺʥʹʮʹʮʹ ,ʤʦʦʤ ʺʥʬʥʲʴ ʲʶʡʬ 

o Shr 

o Shl 

 

 ʠʡʤ ʷʸʴʡ.ʭʩʮʺʩʸʥʢʬʠ ʡʥʺʫʬ ʥʰʬ ʥʸʹʴʠʩʹ ,ʭʩʩʢʥʬ ʭʩʠʰʺ ʥʰʬʹ ʺʥʩʰʫʥʺʬ ʳʩʱʥʤʬ ʪʩʠ ʣʮʬʰ 
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ʠʥʡʮ 

ʭʩʩʷʺʮ ʭʠ"( ʭʩʩʢʥʬ ʭʩʠʰʺ ʭʲ ʺʩʰʫʥʺ ʸʥʶʩʬ ʣʮʬʰ ʤʦ ʷʸʴʡ .)"...ʥʦ ʤʬʥʲʴ ʲʶʡ ,ʤʦ ʩʠʰʺ 

:ʭʩʠʹʥʰ ʤʮʫ ʣʥʮʬʬ ʭʩʫʩʸʶ ʥʰʧʰʠ ,ʭʩʠʰʺ ʯʤʬ ʹʩʹ ʺʥʣʥʷʴ ʡʥʺʫʬ ʩʣʫ 

-  ʤʶʩʴʷ ʺʣʥʷʴ( ʺʩʰʫʺʡ ʥʤʹʬʫ ʭʥʷʮʬ ʭʩʶʴʥʷ ʪʩʠjmp .)ʭʩʰʥʹʤ ʤʩʢʥʱ ʬʲ 

-  ʤʠʥʥʹʤ ʺʣʥʷʴ( ʭʩʩʷʺʮ ʥʤʹʬʫ ʩʠʰʺ ʭʠ ʭʩʷʣʥʡ ʪʩʠ–cmp.) 

- ʭʩʩʷʺʮ ʣʥʲ ʬʫ ʸʣʢʥʮ ʣʥʷ ʲʨʷ ʲʥʶʩʡ ʬʲ ʸʥʦʧʬ ʪʩʠ  ʤʠʬʥʬ ʺʣʥʷʴ( ʥʰʸʣʢʤʹ ʩʠʰʺ–loop.) 

ʺʩʰʫʺʤ ʲʩʡʶʮ ,ʤʸʥʹ ʬʫ ʸʧʠʬ ,ʯʫʬ ʭʣʥʷ ʥʰʣʮʬʹ ʩʴʫ .ʤʸʥʹ ʩʸʧʠ ʤʸʥʹ ʺʮʣʷʺʮ ʺʩʰʫʺʤ ,ʬʩʢʸ ʯʴʥʠʡ,  ʸʨʱʩʢʸʡ ʠʶʮʰʹ

IP,  ʪʥʺʡ ʤʠʡʤ ʣʥʷʤ ʺʸʥʹ ʬʠ ʭʣʥʷʮCODESEG ʤʸʥʧʠ ʥʠ ʤʮʩʣʷ ʤʶʩʴʷ ʸʹʴʠʬ ʠʥʤ ʤʸʷʡʤ ʺʥʠʸʥʤ ʬʹ ʯʣʩʷʴʺ .

 ʣʥʷ ʺʥʸʥʹ ʬʠ ʭʠ ʷʸ ʥʤʹʬʫ ʣʥʷ ʵʩʸʤʬ ʥʰʬ ʸʹʴʠʬ ʩʣʫ ʺʩʧʸʫʤ ,ʺʩʰʫʥʺʡ ʺʥʸʥʹ ʬʲ ʢʥʬʩʣ ʸʮʥʬʫ ,ʤʮʩʣʷ ʤʶʩʴʷ .ʺʩʰʫʥʺʡ

ʭʩʠʺʮ ʩʠʰʺ ʭʩʩʷʺʮ- ʬ ʤʥʥʹ ʤʰʺʹʮʤ ʬʹ ʥʫʸʲ ʭʠ"1־ʺʸʧʠ .ʺʩʰʫʥʺʤ ʲʥʶʩʡʡ ʪʹʮʤ ,–  ʪʹʮʤʥ ʣʥʷ ʺʥʸʥʹ ʹʮʧ ʬʲ ʢʬʣ

ʣʥʷ ʬʹ ʤʶʸʤ ʬʲ ʸʥʦʧʬ ʥʰʬ ʸʹʴʠʬ ʩʣʫ ʺʩʧʸʫʤ ʤʸʥʧʠ ʤʶʩʴʷ ."ʭʹʮ  ʭʩʩʷʺʮ ʥʤʹʬʫ ʩʠʰʺ ʭʠ ,ʭʩʮʲʴ ʸʴʱʮ–  ʥʫʸʲ ʭʠ"

."ʭʹʮ ʪʹʮʤʥ ʤʸʥʧʠ ʣʥʷ ʺʥʸʥʹ ʸʹʲ ʵʥʴʷ ,ʱʴʠ ʥʰʩʠ ʤʰʺʹʮʤ ʬʹ 

 ʺʥʠʸʥʤʥ )"...ʬ ʵʥʴʷ ʦʠ ,ʭʩʩʥʱʮ ʡʶʮ ʭʩʩʷʺʮ ʭʠ"( ʭʥʩʷ ʩʠʰʺ ʭʲ ʤʸʷʡ ʺʥʠʸʥʤ :ʭʩʢʥʱ ʩʰʹʬ ʺʥʷʬʧʺʮ ʤʸʷʡʤ ʺʥʠʸʥʤ

ʥʮʩʹ ʹʩ ʢʥʱ ʬʫʬ .)"...ʬ ʵʥʴʷ"( ʭʥʩʷ ʩʠʰʺ ʠʬʬ ʤʸʷʡ ʠʬʬ ʤʸʷʡ ʺʥʠʸʥʤʡ ʬʩʧʺʰ ,ʺʥʨʹʴʤ ʯʲʮʬ .ʭʩʰʥʹ ʭʩʡʶʮʡ ʬʩʲʩ ʹ

.ʭʥʩʷ ʩʠʰʺ 

 ʺʣʥʷʴJMP 

 ʺʣʥʷʴjmp  ʺʣʥʷʴ .ʺʩʰʫʥʺʡ ʺʸʧʠ ʤʣʥʷʰʬ ,ʩʠʰʺ ʠʬʬ ,ʣʡʲʮʤ ʺʠ ʺʧʬʥʹjmp  ʪʥʺʡ ,ʯʥʸʫʩʦʡ ʺʡʥʺʫ ʺʬʡʷʮ

CODESEGʤ ʺʣʥʷʴ ʲʥʶʩʡ ʸʧʠʬ .-jmp ʸʨʱʩʢʸ ʪʥʺʬ ʣʰʸʴʥʠ ʸʥʺʡ ʤʬ ʺʠʡʥʮʤ ʺʡʥʺʫʤ ʤʺʥʠ ʷʺʲʥʺ ,ʤ־IP  ʤʶʩʸʤʥ

.ʥʦ ʺʡʥʺʫʮ ʪʩʹʮʺ 

:ʤʮʢʥʣʬ 

DATASEG 

address dw 000Ah 

CODESEG 

mov ax, @data 

mov ds, ax 
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mov ax, 1 

jmp [address] 

ʤ ʺʣʥʷʴ ʲʥʶʩʡ ʩʰʴʬ ʭʩʸʨʱʩʢʸʤ ʭʩʠʸʰ ʪʫ־jmp: 

 

ʤ ʺʣʥʷʴ ʲʥʶʩʡ ʸʧʠʬ ʭʩʸʨʱʩʢʸʤ ʭʩʠʸʰ ʪʫ־jmp ʬʹ ʹʣʧʤ ʥʫʸʲʬ ʡʬ ʥʮʩʹ ,ip: 

 

 ʺʠ ʪʩʹʮʺ ʺʩʰʫʺʤʥʡ ʩʸʩʹʲʤ ʺʩʡʤʮ ʤʶʩʸʤ־CODESEG. 

 ʺʥʶʩʴʷNEAR ʥ־FAR 

ʤ ʺʣʥʷʴ ʺʠ ʸʩʡʱʤʬ ʩʣʫ ʤʡ ʥʰʹʮʺʹʤʹ ʤʮʢʥʣʡ־jmp ,ʥʰʸʱʮ  ʸʬʡʮʱʠʬʨʱʴʥʠʤ ʺʠ ʷʸ ʥʩʬʠ ʵʥʴʷʬ ʪʩʸʶ ʠʥʤʹ–

000Ah–  ʤʰʺʹʮʡ ʹʥʮʩʹ ʺʸʦʲʡaddress. ʤ ʺʸʥʹʬ ʤʲʩʢʤ ʺʩʰʫʺʤʹ ʯʮʦʡ־jmp ʣʥʷʤ ʨʰʮʢʱ ʪʥʺʮ ʤʶʸ ʠʩʤ ,ʥʰʬʹ 

ʤ ʺʣʥʷʴʥ-jmp .ʨʰʮʢʱ ʥʺʥʠʡ ʸʧʠ ʨʱʴʥʠʬ ʤʺʥʠ ʤʧʬʹ  ʣʥʷʤ ʨʰʮʢʱʮ ʤʦʤ ʤʸʷʮʡ( ʨʰʮʢʱ ʥʺʥʠ ʪʥʺʡ ʤʶʩʴʷ ʬʹ ,ʤʦ ʡʶʮ

 ʤʶʩʴʷ ʠʸʷʰ ,)ʣʥʷʤ ʨʰʮʢʱʡ ʸʧʠ ʷʬʧ ʬʠnear ʢʥʱʮ ʺʥʶʩʴʷ ʲʶʡʬ ʩʣʫ .nearʤ ʺʣʥʷʴʬ ʯʺʩʰʹ ʷʩʴʱʮ ,־jmp  ʺʠ

ʨʱʴʥʠʤ– .ʤʰʺʹʮ ʠʬ ʩʸʤ ʨʰʮʢʱʤ 

 ʢʥʱʮ ʺʥʶʩʴʷfar ʬʹ ʣʥʷʤʮ ʷʬʧʹ ʭʩʸʷʮʡ ʯʤ ʥʰʬʹ ʣʥʷʤ ʺʠ ʷʬʧʬ ʥʰʬ ʸʹʴʠʮ ʸʬʡʮʱʠʤ ,ʺʩʰʥʸʷʲ .ʸʧʠ ʨʰʮʢʱʡ ʠʶʮʰ ʥʰ

 ʥʰʧʰʠ ʣʥʷ ʨʰʮʢʱ ʤʦʩʠʬ ʸʬʡʮʱʠʬ ʲʩʣʥʤʬ ʩʧʸʫʤ ,ʤʦ ʤʸʷʮʡ .ʣʧʠ ʨʰʮʢʱʡ ʱʰʫʩʤʬ ʩʣʫʮ ʬʥʣʢ ʠʥʤ ʭʠ ,ʭʩʰʥʹ ʭʩʨʰʮʢʱʬ

 .ʵʥʴʷʬ ʭʩʶʥʸ:ʠʩʤ ʤʡʩʺʫʤ ʺʸʥʶ 

jmp cs:offset ; for example cs:000A 

 ʸʹʠʫ ʤʶʩʴʷʤ ʩʰʴʬ ʹʩʹ ʠʣʥʥʬ-cs .ʨʰʮʢʱʤ ʺʡʥʺʫ ʬʲ ʲʩʡʶʮ 
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ʺʥʩʤʬ ʤʡʩʱ ʯʩʠ ʤʦ ʠʹʥʰʮ ʭʩʣʸʨʥʮ–  ʸʩʡʱ ʠʬʡʥʺʫʰʹ  ʤʩʸʥʠʩʺʤ ʺʰʡʤ ,ʩʰʹ ʣʶʮ .ʥʸʥʡʲ ʷʩʴʱʩ ʠʬ ʣʧʠ ʣʥʷ ʨʰʮʢʱʹ ʣʥʷ

ʤ ʺʥʶʩʴʷ ʠʹʥʰ ʬʹ־near ʤʥ־far .ʪʹʮʤʬ ʤʡʥʹʧ 
 

 

ʬʩʢʸʺ8.1:  ʺʣʥʷʴjmp 

ʤ ʪʥʺʬ ʤʺʥʠ ʥʷʩʺʲʤ( ʤʠʡʤ ʺʩʰʫʺʤ ʤʰʥʺʰ-CODESEG  ʺʩʰʫʺʡʹbase.asm:) 

xor ax, ax 

add ax, 5 

add ax, 4  

 ʺʣʥʷʴ ʺʴʱʥʤ ʺʸʦʲʡjmp  ʺʩʰʫʺʤ ʺʶʩʸ ʳʥʱʡʹ ʪʫʬ ʥʮʸʩʢ ,ʺʩʰʫʺʬax=4. 

 ʺʥʩʥʥʺLABELS 

ʬ ʸʩʡʲʰ ʠʬ ʭʩʮʲʴʤ ʡʥʸʡ־jmp  ʺʥʣʥʷʴʤ ʭʥʷʩʮ ʺʠ ʤʰʹʩ ʥʰʬʹ ʺʩʰʫʺʡ ʩʥʰʩʹ ʬʫʹ ,ʠʩʤ ʤʡʩʱʤ .ʯʥʸʫʩʦʡ ʺʡʥʺʫ ʹʮʮ

ʡ־CODESEG  ʺʩʰʫʺʡ ʩʥʰʩʹ ʲʶʡʰʹ ʭʲʴ ʬʫʡ ʺʥʡʥʺʫʤ ʺʠ ʯʫʣʲʬ ʤʶʸʰ ʠʬ .ʺʩʰʫʺʡ ʯʥʫʰ ʠʬ ʭʥʷʮʬ ʵʥʴʷʩ ʣʡʲʮʤ ʦʠʥ

 ʺʺʬ ʥʰʬ ʺʸʹʴʠʮ ʩʬʡʮʱʠ ʺʴʹ ,ʥʰʩʬʲ ʬʷʤʬ ʺʰʮ ʬʲ .ʥʰʬʹ( ʺʩʥʥʺlabel) ʤ ʺʣʥʷʴʬ ʺʺʬ ʭʥʷʮʡʥ ,ʣʥʷʡ ʤʸʥʹʬ-jmp  ʺʠ

ʤ ʺʠ ʤʬ ʺʺʬ ʸʹʴʠ ,ʤʸʥʹʤ ʺʡʥʺʫ־label ʠʮ ʩʥʶʸ .ʤʸʥʹʤ ʬʹʥʹ ʣ־label  ,ʺʥʲʮʹʮ ʬʲʡ ʭʹ ʬʲʡ ʤʩʤʩ ʤʸʥʹ ʬʹ

ʤ ʩʸʧʠ ʣʥʷʤ ʲʨʷ ʤʹʥʲ ʤʮ ʯʩʡʤʬ ʥʰʩʸʧʠ ʣʥʷʤ ʺʠ ʠʸʥʷʹ ʩʮʬʥ ʥʰʬ ʸʹʴʠʩʹ־label:ʤʮʢʥʣʬ . 

LoopIncAx : 

inc ax 

jmp LoopIncAx 

 ʸʨʱʩʢʸʡ ʠʶʮʰʤ ʪʸʲʤ ʺʠ ʭʣʷʩ ʭʲʴ ʬʫʡʥ ,ʭʩʮʲʴ ʳʥʱʰʩʠ ʵʥʸʩ ʤʦ ʣʥʷ ʲʨʷax  .ʣʧʠʡ 

ʤʩʶʨʰʣʰʩʠʬ ʡʬ ʥʮʩʹ –  ʭʩʧʥʥʸʤʤʸʥʹ ʬʫ ʺʬʩʧʺʡ.ʤ ʬʫ-labelʭʩ  ʣʩʮʺ ʬʹ ʸʺʥʩʡ ʺʩʬʠʮʹʤ ʤʣʥʮʲʡ ʭʩʠʶʮʰ

 ʺʥʠʶʮʰ ʺʥʣʥʷʴʥ ,ʣʥʷʤʤʰʩʮʩ ʣʧʠ ʡʠʨ. 

 

ʭʩʥʥʺ ʬʹ ʳʶʸ ʬʫ ʲʥʡʷʬ ʭʩʬʥʫʩ ʥʰʧʰʠ ʸʥʺʡlabel ʥʰʩʠ ʸʬʡʮʱʠʤ ʯʫ ʥʮʫ .ʧʥʥʸ ʬʬʥʫ ʥʰʩʠʥ ʤʸʴʱʡ ʬʩʧʺʮ ʥʰʩʠ ʠʥʤ ʣʥʲ ʬʫ ,

ʺʥʰʨʷʬ ʺʥʬʥʣʢ ʺʥʩʺʥʠ ʯʩʡ ʣʩʸʴʮ-  ʥʰʺʰʩʧʡʮStartLoop ʬ ʤʤʦ-startloop ʤʬʩʮ ʬʫ ʺʬʩʧʺ( ʤʰʥʹʠʸʤ ʺʥʸʹʴʠʤ ,ʯʩʩʣʲʥ .

ʬʲʥ ʤʠʩʸʷ ʸʺʥʩ )ʤʰʨʷ ʺʥʠʡ ʤʬʩʮʤ ʸʠʹ ʺʡʩʺʫʥ ʤʬʥʣʢ ʺʥʠʡ-.ʺʶʬʮʥʮ ʯʫ 

 ʬʹ "ʭʩʧʬʶʥʮ" ʺʥʮʹʬ ʺʥʠʮʢʥʣlabels :ʺʥʩʤʬ ʭʩʬʥʫʩCheck, Back, PrintResult, Wait4Key, Next_Level, 

Not_Positiveʭʢ ,ʥʬʠ ʺʥʮʹ ʺʸʦʲʡ . .ʣʥʷʤ ʤʹʥʲ ʤʮ ʢʹʥʮ ʬʡʷʬ ʸʹʴʠ ʪʹʮʤʡ ʡʥʺʫ ʤʮ ʺʲʣʬ ʩʬʡ 
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:ʭʤ ʭʩʧʬʶʥʮ ʠʬ ʺʥʮʹʬ ʺʥʠʮʢʥʣLabel1, MyLabel, Shooki  ʸʬʡʮʱʠʤ .ʺʥʲʮʹʮ ʩʸʱʧʥ ʭʩʩʬʬʫ ʺʥʮʹ ʥʬʠ .'ʥʫʥ

.)ʥʰʡʺʫʹ ʣʥʷʤ ʺʠ ʯʩʡʤʬ ʤʱʰʩʹ ʩʮ ʬʹʥ( ʥʰʬʹ ʤʩʤʺ ʤʩʲʡʤ ʬʡʠ ,ʺʩʰʫʨ ʤʰʩʧʡʮ ʭʩʩʰʷʺ ʭʤʹ ʺʥʩʤ ,ʭʤʩʬʲ ʸʩʲʩ ʠʬ ʯʡʥʮʫ 

ʬ ʺʥʮʹ ʬʹ ʳʱʥʰ ʢʥʱ ʹʩ ʬʡʠ־labelʬ ʠʥʸʷʬ ʸʥʱʠ .ʤʠʩʢʹ ʤʰʹʩ ʩʫ ʭʤʩʬʲ ʲʩʸʺʩ ʸʬʡʮʱʠʤʹ ,־label  ʸʨʱʩʢʸ ʬʹ ʭʹʡ

 :ʬʹʮʬ(ax :ʬʹʮʬ( ʩʬʡʮʱʠ ʺʣʥʷʴ ʬʹ ʭʹʡ ʥʠ )MOVʤ ʺʥʮʹʤʮ ʺʥʮʹʡ ʹʮʺʹʤʬ ʯʩʠʥ ,) ʯʬʤʬ ʭʩʲʩʴʥʮ–  ʺʥʮʹ ʥʬʠ

 .ʭʩʸʥʮʹ 

 ʭʹ ʥʺʥʠ ʺʠ ʺʥʰʥʹ ʣʥʷ ʺʥʸʥʹ ʩʺʹʬ ʺʺʬ ʯʩʠ :ʭʩʬʩʧʺʮ ʬʹ ʤʶʥʴʰ ʺʥʲʨʡ ʭʩʩʱʰlabel ʠʬ ʨʥʹʴ ʸʬʡʮʱʠʤ .

.ʵʥʴʷʬ ʭʩʶʥʸ ʭʺʠ ʯʠʬ ʯʩʡʩ 

 

 ʺʥʸʥʮʹ ʭʩʬʩʮ ʺʮʩʹʸ 

 ʬʩʢʸʺ8.2 :label 

ʤ ʬʩʢʸʺʡ ʭʺʡʺʫʹ ʺʩʰʫʺʤ ʺʠ ʥʰʹ־jmpʤ ʺʣʥʷʴʹ ʪʫ ,־jmp  ʬʠ ʤʩʤʺlabelʬ ʥʰʺ .־label .ʩʺʥʲʮʹʮ ʭʹ 
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 ʺʣʥʷʴCMP 

 ʤʠʥʥʹʤʤ ʺʣʥʷʴcmp  ʤʬʩʮʤ ʬʹ ʸʥʶʩʷ(compare ʭʠ "ʲʣʥʩ" ʠʬ ʣʡʲʮʤ .ʭʩʣʰʸʴʥʠ ʩʰʹ ʯʩʡ ʤʠʥʥʹʤʬ ʺʹʮʹʮ )

 ʤʦ ʭʩʣʰʸʴʥʠʤ ʸʥʱʩʧ ʠʩʤ ,ʭʩʣʰʸʴʥʠʤ ʯʩʡ ʱʧʩʤ ʺʠ ʤʬʢʮ ʣʡʲʮʤ ʤʡ ʪʸʣʤ .ʩʰʹʤʮ ʬʥʣʢ ʣʧʠʤʹ ʥʠ ,ʭʩʥʥʹ ʥʬʠʤ ʭʩʣʰʸʴʥʠʤ

ʱʴʠʤ ʬʢʣ ʷʬʣʰ ʭʠ .ʤʦʮ– ʣ ʬʹ ʤʷʬʣʤ .ʭʩʥʥʹ ʭʩʣʰʸʴʥʠʤ ,ʤʹʩʬʢ( ʭʩʸʧʠ ʭʩʬʢʠʹʰ ʤʦʩʠ ʷʥʣʡʬ ʣʡʲʮʬ ʺʸʹʴʠʮ )ʯʮʩʱ ,

 ʺʣʥʷʴ ʤʮʥʣ ʪʫʡ .ʸʺʥʩ ʬʥʣʢ ʣʰʸʴʥʠcmp  ʺʣʥʷʴʬsubʣʧʠ ʬʣʡʤʡ , – .ʭʩʣʰʸʴʥʠʤ ʬʹ ʭʫʸʲ ʺʠ ʤʰʹʮ ʠʬ ʠʩʤ 

 ʺʣʥʷʴ ʬʹ ʺʥʩʷʥʧ ʤʡʩʺʫ ʺʥʸʥʶcmp: 

ʤʣʥʷפʤ ʤʮʢʥʣ ʤʠʶʥʺ 

cmp register, register cmp al, bl 

 ʭʩʬʢʣʤ ʡʶʮ ʩʥʰʩʹ ʭʠʺʤʡ

ʭʩʣʰʸʴʥʠʤ ʯʩʡ ʱʧʩʬ 

cmp register, memory cmp ax, [WordVar]  

cmp memory, register cmp [WordVar], cx 

cmp register, constant cmp ax, 5 

cmp memory, constant cmp [ByteVar], 5 

 

 ʺʠʸʥʤ ʺʥʲʶʮʠʡ ʭʩʬʢʣʤ ʡʶʮ ʩʥʰʩʹcmp ʡʥʹʧ ʠʹʥʰ ʠʥʤ–  .ʥʬʹ ʹʥʮʩʹʤ ʤʮ ʤʠʸʰ ʺʥʸʥʹ ʤʮʫ ʣʥʲʡ 

:ʭʩʬʢʣʤ ʡʶʮ ʬʲ ʯʺʲʴʹʤʥ ,ʤʩʰʹʤ ʩʸʧʠ ʺʧʠ ʺʥʶʸʥʮʹ ,ʺʥʣʥʷʴ ʸʴʱʮʬ ʤʮʢʥʣ ʹʩ ʤʠʡʤ ʤʬʡʨʡ 

SF ZF CF Code 

? ? ? mov al, 3h 

0 1 0 cmp al, 3h 

0 0 0 cmp al, 2h 

1 0 1 cmp al, 5h 

 

-  ʪʥʺʬ ʯʥʲʨʬ ʭʩʣʷʥʴ ʥʰʠ ʤʰʥʹʠʸʤ ʤʸʥʹʡal  ʪʸʲʤ ʺʠ3. ʹ ʯʥʥʩʫ ʺʣʥʷʴmov  ,ʭʩʬʢʣʤ ʡʶʮʤ ʺʠ ʤʰʹʮ ʤʰʩʠ

.ʭʩʬʢʣʤ ʡʶʮ ʤʮ ʭʩʲʣʥʩ ʥʰʰʩʠ ʤʦ ʡʬʹʡ 

-  ʺʠ ʭʩʥʥʹʮ ʥʰʠ ,ʤʩʰʹʤ ʤʸʥʹʡal ʬ3־ ,ʥʰʩʠʸʹ  ʩʴʫ .cmp  ʠʩʤ ʸʥʱʩʧʤ ʺʠʶʥʺ .ʭʩʣʰʸʴʥʠʤ ʩʰʹ ʬʹ ʸʥʱʩʧ ʤʮʣʮ

 ʬʹ ʪʸʲʤʹ ʺʥʩʤ( ʱʴʠal  ʤʩʤ3.ʱʴʠʤ ʬʢʣ ʷʬʣʰ ʯʫʬʥ )  ʥʩʤʩ ʧʸʫʤʡ ʯʮʩʱʤʥ ʠʹʰʤ ʩʬʢʣ0 .ʥʦ ʤʣʥʷʴ ʸʧʠʬ 
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-  ʺʠ ʭʩʥʥʹʮ ʥʰʠ ʺʩʹʩʬʹʤ ʤʸʥʹʡal ʬ2־ ʬʹ ʤʠʶʥʺʤ .al  ʺʥʧʴ2 .ʤʡʫ ʱʴʠʤ ʬʢʣ ʯʫʬʥ ʺʩʡʥʩʧ ʠʩʤ 

-  ʺʠ ʭʩʥʥʹʮ ʥʰʠ ʺʩʲʩʡʸʤ ʤʸʥʹʡal ʬ5־ ʸʥʱʩʧʤ ʺʬʥʲʴ ʺʠʶʥʺ .al  ʺʥʧʴ5  ʠʩʤ' ʥʫʸʲʹ ʯʥʩʬʲ ʨʩʡ ʺʬʲʡ1'  ʯʫʬ

 ʯʫ ʥʮʫ ,ʯʮʩʱʤ ʬʢʣ ʷʬʣʰ ʪʸʥʶ ʹʩʸʱʥʧʮʤʮ ʬʥʣʢ ʸʱʧʮʤʹ ʯʥʥʩʫʯʫʬʥ ʤʠʶʥʺʤ ʡʥʹʩʧʬ ʩʬʩʬʹ ʠʹʰʡ  ʬʢʣ ʷʬʣʰ

ʤʠʹʰ . 

ʺʥʰʺʥʮ ʺʥʶʩʴʷ 

 ʺʥʰʺʥʮ ʺʥʠʸʥʤʥ )ʭʩʮʲʴ ʸʴʱʮ ʥʮʶʲ ʬʲ ʸʦʥʧʹ ʣʥʷ ʲʨʷ( ʺʥʠʬʥʬ ʺʸʩʶʩʡ ʩʱʩʱʡ ʤʣʥʡʲ ʩʬʫ ʯʤ ʺʥʰʺʥʮ ʺʥʶʩʴʷ ʬʹ ʺʥʣʥʷʴ

ʥʺ ʺʥʰʡʬ ʥʰʬ ʺʥʸʹʴʠʮ ʺʥʰʺʥʮ ʺʥʶʩʴʷʹ ʣʩʢʤʬ ʸʹʴʠ ʸʺʥʩ ʡʧʸ ʯʴʥʠʡ .)"...ʲʶʡ ʦʠ ...ʭʩʩʷʺʮ ʭʠ"( ʺʥʰʩʩʰʲʮ ʺʩʰʫ– 

 .ʭʩʰʥʹ ʭʩʡʶʮʡ ʬʥʴʩʨʥ ʤʷʩʢʥʬ ,ʺʥʨʬʧʤ ʺʬʡʷ ʯʤʡ ʹʩʹ ʺʥʩʰʫʥʺ 

:ʤʠʡʤ ʪʸʣʡ ʺʥʣʡʥʲ ʺʥʰʺʥʮ ʺʥʶʩʴʷ 

- ʹʤ ʤʷʩʣʡ ʭʩʲʶʡʮ ,ʤʶʩʴʷʤ ʺʣʥʷʴ ʩʰʴʬ ʺʥʲʶʮʠʡ ʭʩʣʰʸʴʥʠ ʩʰʹ ʬʹ ʺʩʺʠʥʥ ʺʣʥʷʴcmp ʺʬʥʲʴ ʺʠʶʥʺ .

ʤ־cmp ʣʥʷ ʥʰʩʠʸʹ ʩʴʫ ,ʭʩʣʰʸʴʥʠʤ ʯʩʡ ʱʧʩʤ ʩʴʬ ʭʩʬʢʣʤ ʺʲʩʡʷ ʤʩʤʺ.ʭ 

- ʬ ʤʥʥʹ ʱʴʠʤ ʬʢʣ ʭʠʤ ,ʤʮʢʥʣʬ .ʸʣʢʥʮ ʩʠʰʺ ʭʩʮʩʩʷʮ ,ʭʩʬʢʣ ʤʮʫ ʥʠ ,ʥʤʹʬʫ ʬʢʣ ʭʠ ʺʷʣʥʡ ʤʶʩʴʷʤ ʺʣʥʷʴ1־. 

- ʬʲ ʤʸʣʢʥʤʹ ʺʡʥʺʫʬ ʵʴʥʷ ʣʥʷʤ ,ʭʩʩʷʺʮ ʩʠʰʺʤ ʭʠ־ ʺʥʲʶʮʠʡ ʯʩʩʥʶʺ ʥʦ ʺʡʥʺʫ ʬʬʫ ʪʸʣʡ .ʹʮʺʹʮʤ ʩʣʩlabel. 

-  ʸʣʱʤ ʩʴʬ ʺʥʣʥʷʴʤ ʲʥʶʩʡ ʺʠ ʪʩʹʮʮ ʣʡʲʮʤ ,ʭʩʩʷʺʮ ʠʬ ʩʠʰʺʤ ʭʠ ʺʣʥʷʴ ʸʧʠʬʹ ʤʠʡʤ ʤʣʥʷʴʬ ʸʡʥʲ ,ʸʮʥʬʫ(

.)ʤʶʩʴʷʤ 

 ʺʣʥʷʴ ʲʥʶʩʡ ,ʯʥʹʠʸʤ ʡʬʹʤ :ʤʸʲʤcmp ʡʶʮ ʺʥʸʩʹʩ ʺʥʷʣʥʡʹ ʺʥʰʺʥʮ ʺʥʶʩʴʷ ʹʩ .ʺʩʨʸʥʠʩʺ ʤʰʩʧʡʮ ʩʧʸʫʤ ʣʩʮʺ ʥʰʩʠ ,

 .ʸʧʠ ʥʠ ʤʦʫ ʬʢʣ ʬʹ ʺʣʥʷʴ ʡʥʬʩʹ ,ʺʠʦ ʭʲcmp .ʣʥʷʤ ʬʹ ʺʥʠʩʸʷʤ ʬʲʥ ʺʥʰʫʺʤ ʬʲ ʬʷʮ 

 ʭʩʠʰʺ ʬʹ ʯʨʷ ʠʬ ʯʥʥʢʮ ʹʩʤ ʺʣʥʷʴʡ ʭʤʩʬʠ ʥʰʱʧʩʩʺʤʹ ʭʩʣʰʸʴʥʠʤ ʯʩʡ ʸʧʠ ʱʧʩ ʷʣʥʡ ʩʠʰʺ ʬʫ ʸʹʠʫ ,ʤʶʩʴʷʬ־cmp .

 ʭʩʣʰʸʴʥʠ ʬʹ ʤʠʥʥʹʤ ʯʩʣ ʯʩʠʹ ʠʥʤ ,ʡʬ ʥʩʬʠ ʭʩʹʬ ʪʩʸʶʹ ʯʥʹʠʸʤ ʸʡʣʤsigned  ʭʩʣʰʸʴʥʠ ʬʹ ʤʠʥʥʹʤ ʯʩʣʫ

unsigned . 

ʤʬʬ:ʤʡʹʧʮʬ ʤʬʠʹ ʯ 

ʬʥʣʢ ʸʺʥʩ ʸʴʱʮ ʤʦʩʠ –1b  ʥʠ10000001b? 

 ʠʩʤ ʤʡʥʹʺʤ–  ʤʦ ʡʬʹʡ ʭʺʹʧʩʰ ʧʨʡʹ ʥʮʫ–  ʸʥʺʡ ʭʩʸʴʱʮʤ ʩʰʹ ʬʠ ʭʩʱʧʩʩʺʮ ʭʠ .ʭʩʷʣʥʡ ʪʩʠ ʩʥʬʺʹunsigned ʩʸʤ ,

 1bʭʩʸʴʱʮ ʺʠʥʥʹʤʡ ,ʺʠʦ ʺʮʥʲʬ . signed,10000001b־10000001b  ʤʥʥʹʹ(129 ʮ ʬʥʣʢ )ʩʰʥʸʹʲ ʱʩʱʡʡ־ʹ

 ʱʥʰʩʮʬ ʭʢʸʺʩʮ127ʮ ʯʨʷ ʯʫʬʥ ,1־b . 
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ʶʩʴʷ ʲʶʡʬ ʩʣʫʹ ,ʪʫ ʭʠ ,ʸʥʸʡ ʬʹ ʺʥʠʶʥʺʡ ʺʥʰʺʥʮ ʺʥcmp ,ʥʰʲʶʩʡ ʤʠʥʥʹʤ ʢʥʱ ʤʦʩʠ ʸʬʡʮʱʠʬ ʲʩʣʥʤʬ ʭʩʡʩʩʧ ʥʰʧʰʠ ,

ʺʥʸʧʠ ʭʩʬʩʮʡ ʥʠ– :ʪʫ ʺʥʩʥʰʡʹ ,ʤʶʩʴʷ ʺʥʣʥʷʴ ʬʹ ʭʩʬʩʡʷʮ ʭʩʨʱ ʩʰʹ ʥʧʺʴʺʤ ʯʫʬ .ʷʥʣʡʬ ʭʩʬʢʣ ʥʬʩʠ 

 ʺʥʠʡ ʺʥʬʩʧʺʮ ʤʶʩʴʷʤ ʺʥʬʥʲʴ ʬʫJ ʬʹ ʸʥʶʩʷ ,Jump ʩʸʧʠ ʺʥʠʡʹ ʤʶʩʴʷ ʺʥʣʥʷʴ .cmp  ʭʩʸʴʱʮ ʬʹunsigned  ʥʬʩʫʩ

 ʺʥʩʺʥʠʤ ʺʠB  ʥʠA–  ʬʹ ʭʩʸʥʶʩʷBelow  ʬʹʥAbove ʩʸʧʠ ʺʥʠʡʹ ʤʶʩʴʷ ʺʥʣʥʷʴ ,ʯʺʮʥʲʬ .cmp  ʭʩʸʴʱʮ ʬʹ

signed  ʺʥʩʺʥʠʤ ʺʠ ʥʬʩʫʩL  ʥʠG–  ʬʹ ʭʩʸʥʶʩʷLess  ʬʹʥGreater ʺʥʠʬ ʳʱʥʰʡ .J  ʺʥʬʥʫʩ ,ʥʰʸʫʦʤ ʸʡʫʹ ʺʥʩʺʥʠʬʥ

 ʺʥʩʺʥʠʤ ʳʱʥʥʺʤʬN  ʬʩʡʹʡNot ʥ־E  ʬʩʡʹʡEqual. 

:ʭʩʣʰʸʴʥʠʤ ʸʣʱ ʺʸʣʢʤʬ ʡʬ ʥʮʩʹ .ʤʠʡʤ ʤʬʡʨʡ ʠʶʮʰ ʺʥʩʥʸʹʴʠʤ ʦʥʫʩʸ 

cmp Operand1, Operand2 

ʤʣʥʷפʤ ʺʥʲʮʹʮ  ʭʩʸפʱʮSigned  ʭʩʸפʱʮUnsigned 

 ʯʥʹʠʸʤ ʣʰʸʴʥʠʤ ʭʠ ʵʥʴʷ

ʩʰʹʤʮ ʬʥʣʢ 
JG - Jump if Greater JA- Jump if Above 

 ʯʥʹʠʸʤ ʣʰʸʴʥʠʤ ʭʠ ʵʥʴʷ

ʩʰʹʤʮ ʯʨʷ 
JL -Jump if Less JB-Jump Below 

 ʯʥʹʠʸʤ ʣʰʸʴʥʠʤ ʭʠ ʵʥʴʷ

ʭʩʥʥʹ ʩʰʹʤʥ 
JE - Jump Equal 

 ʯʥʹʠʸʤ ʣʰʸʴʥʠʤ ʭʠ ʵʥʴʷ

ʭʩʰʥʹ ʩʰʹʤʥ 
JNE - Jump Not Equal 

 ʯʥʹʠʸʤ ʣʰʸʴʥʠʤ ʭʠ ʵʥʴʷ

ʩʰʹʤ ʣʰʸʴʥʠʬ ʤʥʥʹ ʥʠ ʬʥʣʢ 

JGE - Jump if Greater or 

Equal 

JAE- Jump if Above or 

Equal 

 ʯʥʹʠʸʤ ʣʰʸʴʥʠʤ ʭʠ ʵʥʴʷ

ʩʰʹʤ ʣʰʸʴʥʠʬ ʤʥʥʹ ʥʠ ʯʨʷ 
JLE - Jump if Less or Equal 

JBE-Jump if Below or 

Equal 
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)ʤʡʧʸʤ( ʭʩʬʢʣʤ ʺʷʩʣʡ ʸʥʠʩʺ 

 ʺʣʥʷʴ ʬʲ ʤʮʢʥʣʬ ʬʫʺʱʰ ,ʺʩʬʬʫ ʤʰʡʤ ʺʡʥʨʬ ʷʸ .ʸʺʥʩ ʥʠ ʣʧʠ ʬʢʣ ʬʹ ʭʩʩʢʥʬ ʭʩʠʰʺʥ ʤʷʩʣʡ ʬʲ ʺʱʱʥʡʮ ʤʶʩʴʷ ʺʣʥʷʴ ʬʫ

ʤ־cmp :ʳʩʲʱʤ ʺʬʩʧʺʡ ʥʰʸʫʦʤʹ ʭʩʸʴʱʮʤ ʩʰʹ ʯʩʡ 

mov al, 10000001b 

mov bl, 1b 

cmp al, bl 

 ʺʬʥʲʴcmp :ʠʡʤ ʡʶʮʬ ʭʩʬʢʣʤ ʺʠ ʸʩʡʲʺ ʥʬʠ ʭʩʸʴʱʮ ʯʩʡ 

 

 ʺʬʥʲʴJA ʭʩʸʴʱʮʬ ʺʣʲʥʩʮʹ ,unsigned( ʺʩʡʥʩʧ ʤʡʥʹʺ ʸʩʦʧʤʬ ʤʫʩʸʶ ,129 ʮ ʬʥʣʢ1־ ʭʠ ʭʤ ʥʷʣʡʩʩʹ ʭʩʠʰʺʤ .)

CF  ʭʠʥ ʱʴʠʬ ʤʥʥʹZF  ʤʥʥʹ ʺʬʥʲʴ .ʤʶʩʴʷ ʲʶʡʺʺ ʯʫʬʥ ,ʺʩʡʥʩʧ ʤʩʤʺ ʤʷʩʣʡʤ ʺʠʶʥʺ .ʱʴʠʬJG ʭʩʸʴʱʮʬ ʺʣʲʥʩʮʹ ,

signed ʱʥʰʩʮ( ʺʩʬʩʬʹ ʤʡʥʹʺ ʸʩʦʧʤʬ ʤʫʩʸʶ ,127 ʮ ʬʥʣʢ ʥʰʩʠ1־ ʭʠ ʭʤ ʥʷʣʡʩʩʹ ʭʩʠʰʺʤ .)SF=OF ʹ ʥʠ־ZF  ʤʥʥʹ

.ʤʶʩʴʷ ʲʶʡʺʺ ʠʬ ʯʫʬʥ ʺʩʬʩʬʹ ʤʩʤʺ ʤʠʶʥʺʤ .ʱʴʠʬ 

 ʬʩʢʸʺ8.3 : ʤʠʥʥʹʤ( ʤʸʷʡ ʺʥʠʸʥʤ)ʤʶʩʴʷʥ 

.ʺʩʡ ʬʣʥʢʡ ʭʩʰʺʹʮʬ ʤʰʥʥʫʤ ,ʺʸʧʠ ʡʺʫʰ ʭʠ ʠʬʠ :ʤʸʲʤ 

ʠ.  ʭʠ ʺʷʣʥʡʹ ʺʩʰʫʥʺ ʥʡʺʩʫax  ʬʹ ʪʸʲʬ ʱʧʩʩʺʤʬ ʹʩ(ʱʴʠʮ ʬʥʣʢax ʫ ʥʬʹ ʢʥʶʩʩʡ-signed  ʯʫ ʭʠʥ ,)ʯʡʥʮʫ

.ʣʧʠʡ ʥʫʸʲ ʺʠ ʤʣʩʸʥʮ 

ʡ.  ʭʠ ʺʷʣʥʡʹ ʺʩʰʫʥʺ ʥʡʺʩʫax=bxʠʬ ʭʠʥ ,–  ʺʠ ʤʷʩʺʲʮbx  ʪʥʺʬax. 

ʢ. ʤ ʭʠ ʺʷʣʥʡʹ ʺʩʰʫʥʺ ʥʡʺʩʫ ʤʰʺʹʮVar1 ʮ ʬʥʣʢ-Var2ʡʬ ʥʮʩʹ(– ʫ ʭʩʰʺʹʮʡ ʭʩʫʸʲʤ ʬʠ ʱʧʩʩʺʤʬ ʹʩ-

unsignedʯʫ ʭʠ .)- ax=1 ʺʸʧʠ ,ax=0. 

ʣ.  ,ʺʩʡ ʬʣʥʢʡ ʭʩʰʺʹʮ ʩʰʹ ʭʩʸʣʢʥʮ :ʤʠʡʤ ʤʬʥʲʴʤ ʺʠ ʺʲʶʡʮʹ ʺʩʰʫʥʺ ʥʡʺʩʫvar1 ʥ-var2 ʩʰʹ ʭʠ .

ʭʩʥʥʹ ʭʩʰʺʹʮʤ–  ʪʥʺʬ ʡʹʧʺ ʺʩʰʫʥʺʤax  ʺʠvar1+var2ʭʩʰʥʹ ʭʤ ʭʠ .– ʺ ʺʩʰʫʥʺʤ ʪʥʺʬ ʡʹʧax  ʺʠ

var1-var2. 

ʤ. ' ʥʺʤ ʺʠ ʪʱʮʬ ʱʩʴʣʮ ʠʡʤ ʣʥʷʤ ʲʨʷx:' 
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mov dl, 'x' 

mov ah, 2h 

int 21h 

 ʭʹʡ ʺʩʡ ʬʣʥʢʡ ʤʰʺʹʮ ʤʡ ʸʣʢʥʮʹ ,ʺʩʰʫʺ ʥʡʺʩʫTimesToPrintX .)ʩʡʥʩʧ( ʥʤʹʬʫ ʩʺʬʧʺʤ ʪʸʲ ʥʬ ʥʰʺ .

' ʺʥʮʫ ʪʱʮʬ ʥʱʩʴʣʤx ʬʹ ʥʫʸʲʫ ʭʩ'TimesToPrintX ʸʨʱʩʢʸʡ ʥʷʩʦʧʤ :ʤʫʸʣʤ . ʭʩʮʲʴʤ ʺʥʮʫ ʺʠ ʥʤʹʬʫ

. ʤʠʥʥʹʤ ʥʲʶʡ ʯʫʮ ʸʧʠʬ 1־x ʥʸʶ .ʪʱʮʬ ʱʴʣʥʤ ʸʡʫ 'label  ʱʩʴʣʮʹx  ʺʠ ʭʣʷʮʥ ʪʱʮʬʡ ʸʨʱʩʢʸʤ'־ʹ

ʬ ʸʨʱʩʢʸʤ ʯʩʡ־TimesToPrintXʭʩʩʷʺʮ ʠʬ ʭʠʥ , ʯʥʩʥʥʹ – ʬ ʥʶʴʷ־label. 

 ʭʠ ʤʸʷʩ ʤʮTimesToPrintX .ʥʬʠ ʭʩʸʷʮʡ ʥʬʴʨ ?ʱʴʠ ʥʠ ?ʩʬʩʬʹ ʸʴʱʮ ʺʥʩʤʬ ʬʧʺʥʠʩ 

ʺʣʥʷʴ LOOP 

 ʱʩʴʣʤʬ ʭʩʫʩʸʶ ʥʰʩʩʤ ʯʥʸʧʠʤ ʬʩʢʸʺʡ ,ʤʮʢʥʣʬ .ʭʩʮʲʴ ʬʹ ʸʣʢʥʮ ʸʴʱʮ ʩʤʹʬʫ ʤʬʥʲʴ ʲʶʡʬ ʭʩʫʩʸʶ ʥʰʧʰʠ ʺʥʡʥʸʷ ʭʩʺʩʲʬ

' ʪʱʮʬx ʤʰʺʹʮʡ ʺʠʶʮʰʹ ʭʩʮʲʴ ʬʹ ʺʥʮʫ 'TimesToPrintX ʸʨʱʩʢʸʡ ʷʩʦʧʤʬ ʭʺʹʸʣʰ ,ʥʦʤ ʤʬʥʲʴʤ ʺʠ ʲʶʡʬ ʩʣʫ .

ʹ ʭʩʮʲʴʤ ʺʥʮʫ ʺʠ ʥʤʹʬʫ־'x ,ʪʱʮʬ ʱʴʣʥʤ ʸʡʫ 'ʬ ʥʦʤ ʭʩʮʲʴʤ ʺʥʮʫ ʺʠ ʺʥʥʹʤʬ־TimesToPrintX ʭʩʩʷʺʮ ʠʬ ʭʠʥ ,

ʯʥʩʥʥʹ– ' ʣʥʲ ʱʴʣʥʮ ʥʡ ʭʥʷʩʮʬ ʤʸʥʧʠ ʵʥʴʷʬxʥʦ ʤʬʥʲʴ .ʪʱʮʬ '– ʭʩʮʲʴ ʸʴʱʮ ʺʸʣʢʥʮ ʤʬʥʲʴ ʲʥʶʩʡ ʬʹ–  ʺʠʸʷʰʤʠʬʥʬ 

(Loop.ʤʣʥʡʲʤʮ ʷʬʧ ʥʰʬʩʡʹʡ ʤʹʥʲʹ ʺʣʧʥʩʮ ʤʣʥʷʴ ʤʰʹʩ ,ʩʣʮʬ ʤʶʥʴʰ ʥʦ ʤʬʥʲʴʹ ʯʥʥʩʫ .) 

 ʺʣʥʷʴloop ʮ:ʺʥʠʡʤ ʺʥʬʥʲʴʤ ʺʠ ʺʲʶʡ 

-  ʤʺʩʧʴʮ1  ʬʹ ʥʫʸʲʮcx. 

-  ʺʠ ʤʥʥʹʮcx .ʱʴʠʬ 

 ʬʹ ʥʫʸʲ ,ʸʮʥʬʫ( ʯʥʩʥʥʹ ʯʩʠ ʭʠcx  )ʱʴʠ ʥʰʩʠ–  ʺʲʶʡʮjmp ʬ-label .ʥʰʸʣʢʤʹ 

 ʤʣʥʷʴʤʥʦʤ: 

loop SomeLabel 

:ʠʡʤ ʣʥʷʬ ʤʤʦ 

dec cx 

cmp cx, 0 

jne SomeLabel 

 ʺʣʥʷʴʡ ʹʥʮʩʹʬ ʤʮʢʥʣloop ' ʤʱʩʴʣʮʹ ʺʩʰʫʺʤ ʲʥʶʩʡʬx:ʪʱʮʬ ' 

xor cx, cx   ; cx=0 

mov cl, TimesToPrintX ; we use cl, not cx, since TimesToPrintX is byte long 
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mov dl, 'x' 

PrintX: 

mov ah, 2h 

int 21h 

loop PrintX 

ʤʶʷ ʩʸʷʮ ʩʥʤʩʦ 

 ʬʹ ʥʤʹʬʫ ʩʡʥʩʧ ʪʸʲ ʸʥʡʲ ,ʥʺʥʠ ʥʶʩʸʤʥ ʤʬʲʮʬʹ ʣʥʷʤ ʺʠ ʥʷʩʺʲʤ :ʤʡʹʧʮʬ ʤʣʥʷʰTimesToPrintX ʭʠʤ .

 ?ʥʰʩʶʸʹ ʤʮ ʺʠ ʷʥʩʣʡ ʲʶʡʺ ʠʬ ʺʩʰʫʺʤ ʥʡʹ ,ʥʤʹʬʫ ʤʸʷʮ ʭʩʤʦʮ ʭʺʠ 

:ʯʥʸʺʴ 

 ʺʠ ʥʬʧʺʠTimesToPrintX .ʱʴʠʬ 

 ʤʣʥʷʴʤ ,ʥʰʸʮʠʹ ʥʮʫloop  ʬʹ ʥʫʸʲ ʺʠ ʤʧʩʺʴʮ ʬʫ ʭʣʥʷcx ʤ ʺʣʥʷʴ ʩʰʴʬ ʭʠ ,ʯʫʬ .ʱʴʠʬ ʥʺʥʠ ʤʥʥʹʮ ʦʠʥ־loop  ʪʸʲʤ

 ʬʹcx ʤ ʭʲʴʡ ʱʴʠ ʭʲ ʤʠʥʥʹʤʤ ʩʰʴʬ ,ʱʴʠ ʤʩʤ ʬʹ ʥʫʸʲ ,ʤʰʥʹʠʸcx ʸʡʫ ʠʥʤ65,535 ʬʹ ʢʥʶʩʩʤ( ʱʥʰʩʮ1 ʫ-

unsigned) ʤʠʡʤ ʭʲʴʡ .cx  ʤʥʥʹ ʤʩʤʩ ʸʡʫ65,534 ʤʠʬʤ ʪʫʥ–  ʸʧʠʬ65,536  ʬʹ ʥʫʸʲ ʭʩʮʲʴcx  ʦʠ ʷʸʥ ʱʴʠʺʩ

.ʭʩʩʷʺʩ ʤʸʩʶʲʤ ʩʠʰʺ 

:)ʲʡʶʡ ʹʢʣʥʮ( ʤʠʬʥʬʬ ʤʱʩʰʫʤ ʩʰʴʬ ʤʷʩʣʡ ʤʬ ʳʩʱʥʤʬ ʪʩʸʶ ,ʤʸʷʮ ʬʫʡ ʣʥʡʲʺ ʺʩʰʫʥʺʤʹ ʩʣʫ 

xor cx, cx 

mov cl, TimesToPrintX ; we use cl, not cx, since TimesToPrintX is byte long 

cmp cx, 0 

je ExitLoop 

PrintX: 

 ...   ; Some code for printing 'x' 

 Loop PrintX 

ExitLoop: 

 … 
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 ʤʠʬʥʬ ʪʥʺʡ ʤʠʬʥʬNested Loops )ʤʡʧʸʤ( 

ʤʠʬʥʬ ʪʥʺʡ ʤʠʬʥʬ ʲʶʡʬ ʤʶʸʰ ʭʩʺʩʲʬ –  ʵʸʹ ʣʥʷʸʴʱʮ  .ʭʩʮʲʴ ʬʹ ʸʣʢʥʮ ʸʴʱʮ ʸʧʠ ʣʥʷ ʵʸ ʥʫʥʺʡʥ ,ʭʩʮʲʴ ʬʹ ʸʣʢʥʮ 

ʠʬʤʣʥʷʡ ʥʰʰʥʡʺʤ־:ʠʡʤ ʯʩʷʺ 

mov cx, 10 

LoopA:   

mov cx, 5 

LoopB:  

 … ;Some code for LoopB 

 loop LoopB 

 … ;Some code for LoopA 

loop LoopA  

ʤʸʥʸʡ ʩʣ ʠʩʤ ʤʦ ʤʸʷʮʡ ʤʰʥʥʫʤ–  ʵʥʸʬ ʤʫʩʸʶ ʺʩʰʫʺʤ10  ʬʲ ʭʩʮʲʴLoopA ʪʥʺʡ ʠʩʤʹ ʭʲʴ ʬʫʡʥ ,LoopA  ʵʥʸʬ5 

 ʬʲ ʭʩʮʲʴLoopB ,ʬʫʤ ʪʱʡ .LoopB  ʲʶʥʡʮ ʺʥʩʤʬ ʪʩʸʶ50  ?ʤʦʤ ʣʥʷʡ ʯʩʷʺ ʠʬ ʤʮ .ʭʩʮʲʴ 

ʤ ʺʥʠʸʥʤ ʩʺʹʹ ʠʩʤ ʤʩʲʡʤ־loop  ʬʹ ʥʫʸʲ ʺʠ ʺʥʰʹʮcx ʺʶʩʸ ʭʥʩʱʡ .LoopB  ʬʹ ʥʫʸʲcx  ʳʥʱʬ ʲʩʢʮ ʣʥʷʤ .ʱʴʠ ʠʥʤ

LoopA  ʣʩʸʥʮʥ1  ʬʹ ʥʫʸʲʮcxʬ ʭʸʥʢʹ ʤʮ ,־LoopA  ʵʥʸʬ65,536  ʥʦʫ ʤʶʩʸ ʬʫʡ ʪʠ .ʭʩʮʲʴcx  ,ʪʫʬ ʩʠ ...ʱʴʠʺʮ

.ʸʮʢʩʺ ʠʬ ʭʬʥʲʬ ʺʩʰʫʺʤ 

ʤʶʸ ʺʥʠʬʥʬʤ ʺʧʠʹ ʭʩʮʲʴʤ ʺʥʮʫ ʺʸʩʮʹ ʺʡʥʨʬ ʸʧʠ ʸʨʱʩʢʸʡ ʹʮʺʹʤʬ ʠʬʠ ʤʸʩʸʡ ʯʩʠ ,ʤʩʲʡʤ ʺʠ ʸʥʺʴʬ ʩʣʫ  ʥʠ(

 ʺʠ ʸʥʮʹʬcx ʺʩʰʱʧʮʡ- )ʪʹʮʤʡ ʣʮʬʰʹ ʠʹʥʰʤʮʢʥʣ . ʬʸ ,ʣʥʷʤ ʥʺʥʠ:ʯʩʷʺ ʷ 

mov bx, 10 

LoopA:   

mov cx, 5 
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LoopB:  

 …  ;Some code for LoopB 

 loop LoopB 

 …  ;Some code for LoopA 

 dec bx 

 cmp bx, 0 

 jne LoopA  

 ʬʩʢʸʺ8.4 :ʺʥʠʬʥʬ 

ʠ. ʠʡʤ ʯʴʥʠʡ ʺʸʣʢʥʮ ʩ'ʶʰʥʡʩʴ ʺʸʣʱ :ʩ'ʶʰʥʡʩʴ ʺʸʣʩʱ–  ʠʥʤ ʯʥʹʠʸʤ ʸʡʩʠʤ0 ʩʰʹʤ ʸʡʩʠʤ ,

 ʠʥʤ1 ʠʥʤ ʩʹʩʬʹʤ ʸʡʩʠʤ ʯʫʬ( ʥʬ ʥʮʣʷʹ ʭʩʸʡʩʠʤ ʩʰʹ ʭʥʫʱ ʠʥʤ ʸʡʩʠ ʬʫ ,0+1=1 ʠʥʤ ʩʲʩʡʸʤ ʸʡʩʠʤ ,

1+1=2  ʪʸʲʮʡ ʭʺʥʠ ʺʸʮʥʹʥ ʩ'ʶʰʥʡʩʴ ʺʸʣʱʡ ʭʩʰʥʹʠʸʤ ʭʩʸʴʱʮʤ ʺʸʹʲ ʺʠ ʺʡʹʧʮʹ ʺʩʰʫʥʺ ʥʸʶ .)'ʥʫʥ

 ʬʲʡ10 :ʭʩʠʡʤ ʭʩʫʸʲʤ ʺʠ ʬʩʫʤʬ ʪʩʸʶ ʪʸʲʮʤ ʺʩʰʫʥʺʤ ʭʥʩʱʡ .ʭʩʺʡ 

0,1,1,2,3,5,8,13,21,34 

ʡ. :ʹʮʺʹʮʤʮ ʥʺ ʺʥʨʬʥʷ ʺʥʠʡʤ ʣʥʷʤ ʺʥʸʥʹ 

mov ah, 1h 

int 21h  ; al stores now the ASCII code of the digit 

 ʺʨʬʥʷʹ ʺʩʰʫʥʺ ʥʸʶ5 ʬʲ ʺʩʰʫʥʺʤ ʺʠ ʥʷʣʩʡ .ʪʸʲʮ ʪʥʺʬ ʭʺʥʠ ʺʸʮʥʹʥ ʹʮʺʹʮʤʮ ʭʩʥʥʺ־ ʺʱʰʫʤ ʩʣʩ

 ʭʩʥʥʺʤHELLO .ʥʬʠ ʭʩʥʥʺ ʬʩʫʮ ʪʸʲʮʤʹ ʤʷʩʣʡʥ 

ʢ. ʮʤ ʺʠ ʺʡʹʧʮʹ ʺʩʰʫʥʺ ʥʸʶ ʤʬʴʫVar1*Var2ʫ ʭʤʩʬʠ ʱʧʩʩʺʤʬ ʹʩʹ ʺʩʡ ʬʣʥʢʡ ʭʩʰʺʹʮ ,־unsigned ,

ʲ ʺʠʦ ʺʲʶʡʮ ʪʠʬ־ʩʣʩ  ʬʹ ʸʥʡʩʧ ʺʬʥʲʴ ʲʶʡʬ ʹʩ :ʤʫʸʣʤ .ʸʥʡʩʧ ʺʬʥʲʴsum=Var1+sum  ʤʩʬʲ ʸʥʦʧʬʥ

ʲʬ־ʩʣʩloopVar2 .ʭʩʮʲʴ 

ʣ. ' ʬʹ ʤʶʩʸʨʮ ʪʱʮʬ ʤʱʩʴʣʮʥ ʹʮʺʹʮʤʮ ʭʩʸʴʱʮ ʩʰʹ ʺʬʡʷʮʹ ʺʩʰʫʥʺ ʥʸʶ :ʸʢʺʠ ʺʬʠʹx' ʬʣʥʢʡ ʭʩ

ʥʨʬʷʰʹ ʭʩʸʴʱʮʤ–  ʸʥʡʲ ʤʮʢʥʣʬ .ʤʶʩʸʨʮʡ ʺʥʣʥʮʲʤ ʸʴʱʮ ʠʥʤ ʩʰʹʤʥ ʺʥʸʥʹʤ ʸʴʱʮ ʠʥʤ ʯʥʹʠʸʤ ʸʴʱʮʤ

 ʨʬʷ5  ʪʫ ʸʧʠʥ4:ʪʱʮʬ ʱʴʣʥʩ , 

xxxx 
xxxx 
xxxx 
xxxx 
xxxx 
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ʤʫʸʣʤ: 

ʤʸʴʱ ʺʨʩʬʷ–  ʯʩʡ ʸʴʱʮʬ ʤʺʥʠ ʺʥʸʩʮʮ ,ʹʮʺʹʮʤʮ ʤʸʴʱ ʺʥʨʬʥʷ ʺʥʠʡʤ ʣʥʷʤ ʺʥʸʥʹ0 ʬ9־  ʺʠ ʺʥʷʩʺʲʮʥ

ʬ ʤʠʶʥʺʤ־al: 

mov ah, 1h 

int 21h  ; al stores now the ASCII code of the digit 

sub al, '0'  ; now al stores the digit itself 

ʪʱʮʬ ʤʱʴʣʤ– ' ʥʺʤ ʺʠ ʪʱʮʬ ʱʩʴʣʮ ʠʡʤ ʣʥʷʤ ʲʨʷx:' 

mov dl, 'x' 

mov ah, 2h 

int 21h 

ʤʸʥʹ ʸʡʲʮ– :ʤʸʥʹ ʸʡʲʮ ʬʹ ʤʱʴʣʤʬ ʺʥʮʸʥʢ ʺʥʠʡʤ ʺʥʣʥʷʴʤ 

mov dl, 0ah 

mov ah, 2h 

int 21h 
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ʭʥʧʺʬ ʵʥʧʮ ʤʶʩʴʷ 

 :ʣʥʷʡ ʸʧʠ ʭʥʷʮʬ ʥʰʺʥʠ ʺʥʶʩʴʷʮʹ ʺʥʣʥʷʴ ʸʴʱʮ ʥʰʸʷʱ 

-  ʺʣʥʷʴjmp 

-  ʯʥʢʫ ʺʩʰʺʥʮ ʤʶʩʴʷ ʺʥʣʥʷʴja, jg, jb 'ʥʫʥ 

-  ʺʣʥʷʴloop 

 ʺʣʥʷʴʡ ʥʠ ʺʩʰʺʥʮ ʤʶʩʴʷ ʺʣʥʷʴʡ ʹʥʮʩʹ ,ʭʩʮʩʩʥʱʮ ʭʩʸʷʮʡloop  :ʸʬʡʮʱʠʤ ʲʥʶʩʡ ʯʮʦʡ ʤʠʡʤ ʤʠʩʢʹʬ ʭʥʸʢʬ ʬʥʬʲ

Error- Relative jump out of range.ʤʩʲʡʤ ʺʠ ʳʥʷʲʬ ʯʺʩʰ ʪʩʠʥ ʤʠʩʢʹʤ ʸʥʷʮ ʺʠ ʯʩʡʰ ʺʲʫ . 

ʬ ʤʣʥʷʴ ʬʫ ʭʢʸʺʮ ʸʬʡʮʱʠʤ-opcode ʺʣʥʷʴʬʹ ʣʥʲʡ .jmp  ʤʶʷʮ ʸʬʡʮʱʠʤ16  ʧʥʥʨ ʸʮʥʬʫ( ʤʶʩʴʷʤ ʧʥʥʨ ʢʥʶʩʩʬ ʨʩʡ

 ʱʥʰʩʮ ʬʹ32768  ʱʥʬʴ ʣʲ32767  ʷʸ ʤʶʷʮ ʸʬʡʮʱʠʤ ,)ʩʧʫʥʰʤ ʭʥʷʩʮʤʮ ʭʩʺʡ8  ʺʥʣʥʷʴ ʬʹ ʤʶʩʴʷʤ ʧʥʥʨ ʢʥʶʩʩʬ ʨʩʡ

 ʬʹʥ ʺʩʰʺʥʮ ʤʶʩʴʷloop  ʬʹ ʧʥʥʨ ʸʮʥʬʫ(127  ʣʲ ʤʮʩʣʷ ʭʩʺʡ128  .)ʯʥʸʫʩʦʡ ʤʸʥʧʠ ʭʩʺʡ,ʯʫʬ ʥʷʴ ʡʥʺʫʬ ʤʱʰʰ ʭʠ ʺʣ

ʡ ʡʥʺʫʬ ʯʺʩʰʹ ʧʥʥʨʤʮ ʬʥʣʢ ʷʧʸʮʡ ʺʠʶʮʰʹ ʺʩʥʥʺʬ ʺʩʰʺʥʮ ʤʶʩʴʷ-8  ʺʠʩʢʹ ʬʡʷʰ ,ʨʩʡrelative jump out of 

range. 

ʥʦ ʤʩʲʡ ʭʲ ʣʣʥʮʺʤʬ ʭʩʫʸʣ ʸʴʱʮ ʯʰʹʩ- :ʭʩʴʷʲʮ ʬʹ ʭʩʢʥʱ ʯʬʥʫ 

1. .ʤʩʲʡʤʮ ʲʰʮʩʤʬ ʪʫʥ ʧʥʥʨʤʮ ʺʥʢʸʥʧʹ ʺʥʰʺʥʮ ʺʥʶʩʴʷ ʸʶʩʩʬ ʠʬ ʠʩʤ ʤʨʥʹʴ ʩʫʤ ʺʥʣʣʥʮʺʤʤ 

2. ʨʥʹʴ ʤʨʩʹʺʩʨʰʢʬʠ ʠʬ ʪʠ ʤ-  ʯʥʫʰʤ ʭʥʷʮʬ ʭʩʲʩʢʮʹ ʣʲ ,ʠʡʤ ʭʥʷʩʮʬ ʵʥʴʷʬ ʣʩʮ ʥʰʮʮʥ ʡʥʸʷ ʭʥʷʮʬ ʵʥʴʷʬ

.ʣʥʷʡ 

3. .ʺʩʰʺʥʮ ʩʺʬʡ ʤʶʩʴʷ ʺʣʥʷʴʡ ,ʤʠʩʢʹʬ ʺʥʮʸʥʢʹ ʺʩʰʺʥʮʤ ʤʶʩʴʷʤ ʺʥʣʥʷʴ ʺʠ ʸʩʮʤʬ 

ʤʶʩʴʷʤ ʺʣʥʷʴʹ ʧʩʰʰ ,ʠʡʤ ʣʥʷʤ ʺʠ ʥʰʡʺʫ .ʺʩʰʺʥʮ ʩʺʬʡ ʤʶʩʴʷʡ ʺʩʰʺʥʮ ʤʶʩʴʷ ʺʸʮʤʡ ʹʥʮʩʹʤ ʺʠ ʭʩʢʣʰ ja  ʤʮʸʢ

:ʤʠʩʢʹʬ 

cmp ax, bx 

ja my_label 

…. ; more than 127 bytes in code memory 

my_label: 

…. ; some code here 

ʮ ʤʸʮʤ ʲʶʡʰ ʺʲʫ-ja ʬ-jmp: 

cmp ax, bx 

jbe help_label 

jmp my_label 
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help_label: 

…. ; more than 127 bytes in code memory 

my_label: 

…. ; some code here 

 ʣʥʷʡ .ʥʰʡʺʫʹ ʹʣʧʤ ʣʥʷʤ ʢʤʰʺʮ ʣʶʩʫ ʤʠʸʰ ʥʠʥʡ .ʺʩʰʺʥʮ ʩʺʬʡ ʤʶʩʴʷʡ ʺʩʰʺʥʮʤ ʤʶʩʴʷʤ ʺʠ ʳʩʬʧʮʹ ʯʥʰʰʢʮ ʥʰʸʶʩ

ʬ ʤʶʩʴʷ ʤʹʧʸʺʤ ʩʸʥʷʮʤ-my_label  ʩʠʰʺʤ ʭʩʩʷʺʤ ʭʠbx>ax  ʤʣʥʷʴʤ(ja  ʠʩʤʥ ,"ʹʮʮ ʬʥʣʢ ʭʠ ʵʥʴʷ" ʤʲʮʹʮ

ʬ ʤʫʥʴʤʤ ʤʣʥʷʴʤ-jbe)"ʤʥʥʹ ʥʠ ʯʨʷ ʭʠ ʵʥʴʷ" ʤʲʮʹʮʹ , ʸʹʠʫ ,ʹʣʧʤ ʣʥʷʡ .bx>ax   ʩʠʰʺʤjbe  ,ʭʩʩʷʺʮ ʥʰʩʠ

 ʣʥʷʤ ʺʸʥʹʬ ʤʲʩʢʮ ʺʩʰʫʥʺʤ ʪʫʮ ʤʠʶʥʺʫjmp my_label .ʺʮʩʩʷʺʮ ʤʶʩʴʷʤʥ 

 

ʭʥʫʩʱ 

:ʤʦ ʷʸʴʡ 

  ʺʣʥʷʴ ʬʲ ʥʰʣʮʬjmpʡ ʸʦʲʩʤʬ ʥʰʣʮʬ .ʺʥʶʩʴʷ ʲʥʶʩʡʬ ʺʹʮʹʮʤ ,־labels  ʤʶʸʰʹ ʣʥʷʡ ʺʥʮʥʷʮ ʯʮʱʬ ʩʣʫ

.ʭʤʩʬʠ ʵʥʴʷʬ 

  ʺʣʥʷʴ ʬʲ ʥʰʣʮʬcmp ,.ʭʠʺʤʡ ʭʩʬʢʣʤ ʡʶʮ ʺʠ ʤʰʹʮʥ ʭʩʫʸʲ ʩʰʹ ʯʩʡ ʤʠʥʥʹʤʬ ʺʹʮʹʮʹ 

  ʭʠ ʵʥʴʷ" ,"...ʤʥʥʹ ʥʠ ʯʨʷ ʪʸʲ ʭʠ ʵʥʴʷ" ,"...ʮ ʬʥʣʢ ʪʸʲ ʭʠ ʵʥʴʷ"( ʺʥʰʺʥʮ ʺʥʶʩʴʷ ʬʹ ʭʩʰʥʹ ʭʩʢʥʱ ʥʰʣʮʬ

.)"...ʱʴʠ ʤʥʥʹ ʪʸʲ 

  ʭʩʸʴʱʮ ʬʹ ʤʠʥʥʹʤ ʯʩʡ ʭʩʬʣʡʤʤ ʬʲ ʥʰʣʮʲsigned  ʭʩʸʴʱʮ ʺʠʥʥʹʤ ʯʩʡʬunsigned ʹ ʥʰʩʠʸʥ ʺʥʣʥʷʴ ʯʰʹʩ

.ʤʬʠʬʥ ʤʬʠʬ ʺʥʰʥʹ 

  ʺʣʥʷʴʡ ʹʥʮʩʹ ʪʥʺ ʺʥʠʬʥʬ ʭʩʸʩʣʢʮ ʪʩʠ ʥʰʩʠʸloop  ʸʨʱʩʢʸʡʥcx  ʥʠ(cl.) 

 

 ʡʬʹʡ .ʣʥʷ ʩʲʨʷ ʬʲ ʺʥʸʦʧʥ ʭʩʩʢʥʬ ʭʩʠʰʺ ,ʭʩʮʺʩʸʥʢʬʠ ʺʥʬʬʥʫʹ ʺʥʩʰʫʥʺ ʺʰʫʺʬ ʥʰʬ ʺʸʹʴʠʮʹ ʤʮʸʬ ʥʰʲʢʤ ʷʸʴʤ ʳʥʱʡ

 ʠʬ ʯʩʩʣʲʥ ,ʺʥʸʶʷ ʺʥʩʰʫʥʺʬ ʭʩʠʺʮ ʭʩʸʶʥʩ ʥʰʠʹ ʣʥʷʤ ʤʦ ʡʥʺʫʬ ʺʬʥʫʩʤ ʯʩʩʣʲ ʥʰʬ ʤʸʱʧ .ʺʥʡʫʸʥʮʥ ʺʥʫʥʸʠ ʺʥʩʰʫʥʺ ʲʥʶʩʡʬ

 ʺʥʰʥʹ ʺʥʬʥʲʴ ʭʩʲʶʡʮʥ ʭʩʸʨʮʸʴ ʭʩʬʡʷʮʹ ʣʥʷ ʩʲʨʷ– .ʠʡʤ ʷʸʴʡ ʣʮʬʰ ʪʫ ʬʲ .ʺʥʸʥʣʶʥʸʴ 
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  ʷʸʴ9 – ʺʥʸʥʣʶʥʸʴʥ ʺʩʰʱʧʮ  

ʠʥʡʮ  

 ʯʩʡʰʹ ʩʠʣʫ ,ʺʩʹʠʸ .ʺʥʩʸʬʥʣʥʮ ʺʥʩʰʫʥʺ ʡʥʺʫʬ ʪʩʠ ʣʮʬʬ ʠʩʤ ʤʦʤ ʷʸʴʤ ʬʹ ʤʸʨʮʤ–  ʺʩʰʫʥʺ ʡʥʺʫʬ ʺʸʮʥʠ ʺʠʦ ʤʮ

?ʡʥʹʧ ʤʦ ʲʥʣʮʥ ?ʺʩʸʬʥʣʥʮ 

ʭʩʬʥʣʥʮʮ ʤʩʥʰʡʹ ʺʩʰʫʥʺ ʠʩʤ ʺʩʸʬʥʣʥʮ ʺʩʰʫʥʺ–  ʭʤʥ ,ʺʧʠ ʤʠʩʶʩ ʺʣʥʷʰʥ ʺʧʠ ʤʱʩʰʫ ʺʣʥʷʰ ʭʤʬ ʹʩʹ ,ʣʥʷ ʬʹ ʭʩʷʬʧ

ʣʥʮ .ʺʸʣʢʥʮ ʤʬʥʲʴ ʭʩʲʶʡʮ ʠʸʷʰ ʤʦʫ ʬʥ( ʤʸʥʣʶʥʸʴProcedure)  ʥʠ )"ʺʩʰʫʥʺ ʺʺ" ʩʸʡʲʤ ʭʹʡ( ʤʩʶʷʰʥʴ

(Function) . 

 ʣʥʷ ʭʩʡʺʥʫ ʥʰʧʰʠʹʫ .ʺʥʸʥʣʶʥʸʴ ʸʥʺʡ ʬʥʫʬ ʱʧʩʩʺʰ ʯʫʬʥ ʤʩʶʷʰʥʴʬ ʤʸʥʣʶʥʸʴ ʯʩʡ ʩʹʲʮ ʬʣʡʤ ʯʩʠ ʩʬʡʮʱʠ ʺʴʹʡ

ʩʸʬʥʣʥʮ– ʯʤʩʰʩʡ ʸʹʷʮʹ ʣʥʷ ʭʲ ʺʥʸʥʣʶʥʸʴʮ ʩʥʰʡʹ ʣʥʷ–ʧʬ ʪʩʠ ʹʠʸʮ ʭʩʰʰʫʺʮ ʥʰʧʰʠ ʤʫʩʸʶ ʥʰʬʹ ʺʩʰʫʥʺʤʹ ʤʮ ʺʠ ʷʬ

:ʺʥʰʥʸʺʩ ʤʮʫ ʹʩ ʥʦʤ ʤʨʩʹʡ ʤʣʥʡʲʬ .ʸʣʢʥʮ ʣʩʷʴʺ ʹʩ ʤʸʥʣʶʥʸʴ ʬʫʬ ʸʹʠʫ ,ʺʥʸʥʣʶʥʸʴ ʤʮʫʬ ʺʥʹʲʬ 

ʯʥʹʠʸ ʯʥʸʺʩ– ʸʺʥʩ ʸʶʷ ʥʰʬʹ ʣʥʷʤ ʺʥʹʲʬ ʭʩʫʩʸʶ ʥʰʧʰʠʥ ,ʹʮʺʹʮʤʮ ʤʮʱʩʱ ʨʥʬʷʰʹ ʹʸʥʣ ʥʰʬʹ ʺʩʰʫʥʺʤʮ ʷʬʧʹ ʧʩʰʰ .

ʠʬ ʥʦ .ʺʥʡʥʸʷ ʭʩʺʩʲʬ ʥʦʤ ʤʬʥʲʴʤ ʺʠ ʯʩʩʣʲ ʬʡʠ ,ʺʫʡʥʱʮ ʤʬʥʲʴ–  ʬʫʡ ʬʩʲʴʤʬ ,ʭʩʮʲʴ ʤʮʫ ʤʶʸʹ ʤʠʬʥʬ ʸʩʣʢʤʬ ʪʩʸʶ

 ʭʥʷʮʡ ,ʹʮʺʹʮʤʮ ʭʩʥʥʺ ʨʥʬʷʬ ʺʲʣʥʩʹ ʤʸʥʣʶʥʸʴ ʸʩʣʢʰ ʭʠ .ʥʨʬʷʰʹ ʭʩʥʥʺʤ ʺʠ ʸʥʮʹʬ ʢʥʠʣʬʥ ʥʺ ʺʨʩʬʷ ʬʹ ʤʣʥʷʴ ʭʲʴ

ʤʸʥʣʶʥʸʴʤ ʳʥʱʡ .ʥʰʬʹ ʤʸʥʣʶʥʸʴʬ ʠʥʸʷʬ ʨʥʹʴ ʬʫʥʰ ,ʭʩʥʥʺʤ ʺʨʩʬʷ ʬʹ ʣʥʷʤ ʬʫ ʺʠ ʡʥʺʫʬ  ʤʸʦʧ ʵʥʴʷʺ ʺʩʰʫʥʺʤ

 ʯʥʸʧʠʤ ʭʥʷʩʮʬʹ ʤʺʩʩʤ ʠʩʤ ʥʡ.ʭʩʥʥʺʤ ʺʠʩʸʷ ʣʥʷ ʬʹ ʺʸʦʥʧ ʤʡʩʺʫ ʺʠ ʥʰʫʱʧ ʪʫ .ʤʠʩʸʷʤ ʩʰʴʬ 

 ʸʩʣʢʰ ʨʥʹʴ ʠʬʹ ʤʮʬ ,ʲʢʸlabelʥʬ ʠʸʷʰ ,, ʤʮʢʥʣʬ–ReadPassword ʥʩʬʠ ʤʹʲʰ ʤʮʱʩʱ ʨʥʬʷʬ ʪʸʨʶʰʹ ʭʲʴ ʬʫʡʥ ,

jmp ʺʩʰʫʺʬ ʯʺʩʰ ʠʬ ʭʠ ?ʤʮʱʩʱʤ ʺʠʩʸʷ ʩʸʧʠ ʪʩʹʮʰ ʯʠʬ ʬʡʠ ,ʣʥʡʲʩ ʭʢ ʤʦʥ ,ʤʦ ʺʠ ʺʥʹʲʬ ʭʩʬʥʫʩ ʨʬʧʤʡ ʥʰʧʰʠ ?

 ʺʣʥʷʴ ʺʥʲʶʮʠʡ ʤʦ ʺʠ ʸʥʺʴʰ ʩʬʥʠ .ʤʠʡʤ ʣʥʷʤ ʺʸʥʹ ʬʠ ʪʩʹʮʺ ʨʥʹʴ ʠʩʤ ,ʺʸʧʠ ʤʠʸʥʤjmp  ʤʦ ?ʤʮʱʩʱʤ ʺʠʩʸʷ ʳʥʱʡ

ʲʢʸ ʬʡʠ .ʣʥʡʲʩ– ʷʤʬ ʹʸʥʣʹ ʣʥʷʡ ʣʧʠ ʭʥʷʮʮ ʸʺʥʩ ʹʩ ʭʠ ʤʮ ʠʥʸʷʬ ʤʶʸʰ ʭʲʴ ʬʫʡ ʯʫʹ ,ʩʺʩʩʲʡ ʤʦ ʸʡʣ ?ʤʮʱʩʱ ʣʩʬ

 ,ʡʹʧʮʬ ʤʹʩʢʬ ʤʮʱʩʱ ʨʬʥʷʹ ʣʥʷ ʡʥʺʫʬ ʭʩʫʩʸʶ ʥʰʧʰʠʹ ʣʩʢʰ .ʺʩʰʫʺʡ ʸʧʠ ʭʥʷʮʡ ʪʩʹʮʤʬʥ ʤʮʱʩʱʤ ʺʠ ʠʸʷʩʹ ʣʥʷʬ

 ?ʵʥʴʷʬ ʯʠʬ ʲʣʰ ʪʩʠ ,ʤʮʱʩʱʤ ʺʠʩʸʷ ʩʸʧʠ .ʬʩʩʮʤ ʯʥʡʹʧʬ ʤʮʱʩʱ ʪʫ ʸʧʠʥ 

ʡ ʹʥʮʩʹ ʬʹ ʤʩʲʡʤ ʺʹʧʮʤ־label ʥʸʷʬ ʸʹʴʠʹ:ʣʧʠ ʭʥʷʮʮ ʸʺʥʩʮ ʥʬ ʠ 

OpenComputer: 

 jmp ReadPassword 

 …   ; Code for signing into computer 
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OpenEmail: 

 jmp ReadPassword 

 …   ; Code for signing into email 

ReadPassword: 

 …   ;Code for reading password from user 

 jmp ???  ; Where should we jump back to??? 

ʯʥʸʺʴ ʹʩ ʥʦ ʤʩʲʡʬ ʭʢ– ʬʲ ʥʺʥʠ ʷʥʣʡʬʥ ʵʥʴʷʬ ʪʩʸʶ ʯʠʬ ʲʡʥʷʹ ʤʰʺʹʮ ʸʩʣʢʤʬ ʭʩʬʥʫʩ ʥʰʧʰʠ־ ʺʣʥʷʴ ʩʣʩcmp–  ʬʫ ʬʡʠ

 ʭʩʫʩʸʶ ʥʰʧʰʠʹ ʺʥʮʥʷʮʤ ʬʫʡ ʤʮʱʩʱʤ ʺʨʩʬʷ ʬʹ ʣʥʷʤ ʺʠ ʡʥʺʫʬ ʸʹʠʮ ʺʥʫʥʸʠ ʸʺʥʩ ʺʥʩʤʬ ʺʥʬʩʧʺʮ ʤʬʠʤ ʺʥʷʩʣʡʤ

ʩʢʥʱʬ ʬʩʲʩʥ ʩʨʰʢʬʠ ʯʥʸʺʩʴ ʺʥʥʤʮ ʺʥʸʥʣʥʶʥʸʴ ...ʥʺʥʠ.ʥʦʤ ʤ 

ʩʰʹ ʯʥʸʺʩ– .ʤʡʥʨ ʤʸʥʶʡ ʭʩʣʡʥʲ ʭʤʹ ʺʲʣʬʥ ʥʰʬʹ ʣʥʷʤʮ ʭʩʷʬʧ ʷʥʣʡʬ ʭʩʬʥʫʩ ʥʰʧʰʠ  ʤʸʥʣʶʥʸʴ ʥʰʸʣʢʤʹ ʣʩʢʰ

ReadPassword ʢʠʡ ʥʰʬ ʹʩ ʭʠ .ʸʺʥʩ ʤʡ ʺʲʢʬ ʪʩʸʶ ʠʬ .ʥʤʦ .ʭʩʶʥʸ ʥʰʧʰʠʹ ʥʮʫ ʺʣʡʥʲ ʠʩʤʹ ʥʰʷʣʡ ,ʤʺʥʠ ʥʰʡʺʫ .

ʠʶʮ ʤʸʷʮʡ ʭʠ .ʭʩʸʧʠ ʺʥʮʥʷʮʡ ʥʺʥʠ ʹʴʧʰ ʦʠ ,ʺʩʰʫʥʺʡ ʤʸʥʣʶʥʸʴʡ ʢʠʡ ʥʰReadPassword ʭʲʴ ʥʺʥʠ ʯʷʺʰʹ ʷʩʴʱʮ ,

 ʺʧʠ–  ʵʮʠʮʤ ʺʠ ʺʩʺʥʲʮʹʮ ʤʰʩʨʷʮ ʭʩʷʥʣʡ ʣʥʷ ʩʲʨʷ ʬʹ ʳʱʥʠ ʥʰʬ ʹʩʹ ʤʣʡʥʲʤ .ʺʩʰʫʥʺʡ ʺʥʠʩʸʷʤ ʬʫ ʸʥʡʲ ʯʷʥʺʩ ʠʥʤʥ

.ʭʩʢʠʡ ʺʥʬʢʬ ʥʰʬʹ 

ʩʹʩʬʹ ʯʥʸʺʩ – .ʥʰʬʹ ʣʥʷʤ ʺʠ ʠʥʸʷʬ ʸʺʥʩ ʬʷ ʩʡʺʥʫ ʨʥʹʴ ʥʰʧʰʠ ,ʣʥʷ ʤʡʸʤ ʡʥʺʫʬ ʭʥʷʮʡ ʺʠʸʷʰʹ ʤʣʥʷʴ ʭcall  ʺʠʥ

:ʤʮʢʥʣʬ ,ʪʫ .ʤʸʥʣʶʥʸʴʤ ʭʹ 

call ReadPassword 

ʩʲʩʡʸ ʯʥʸʺʩ– ʣʥʷ ʳʺʹʬ ʺʬʥʫʩ  ,ʵʥʴʰʥ ʩʹʥʮʩʹ ʥʤʹʮ ʲʶʡʮʹ ʣʥʷ ʲʨʷ ʥʰʡʺʫʹ ʧʩʰʰ .ʭʩʹʰʠ ʯʩʡ ʭʢʥ ʺʥʩʰʫʥʺ ʯʩʡ ʭʢ

 ʵʡʥʷʡ ʸʥʮʹʰ ʤʸʥʣʶʥʸʴʤ ʺʠʥ ʤʸʥʣʶʥʸʴ ʪʥʺʡ ʣʥʷʤ ʺʠ ʭʩʹʰ ʭʠ .ʹʮʺʹʮʤʮ ʤʮʱʩʱ ʺʨʩʬʷ ,ʤʮʢʥʣʬ ʹʮʺʹʤʬ ʬʫʥʰ ,ʣʸʴʰ

 ʭʩʶʥʸ ʥʰʧʰʠʹ ʭʲʴ ʬʫʡ "ʹʣʧʮ ʬʢʬʢʤ ʺʠ ʠʩʶʮʤʬ" ʪʩʸʶ ʠʬʹ ʯʥʸʷʩʲʤ .ʭʩʸʧʠ ʤʡ ʳʺʹʬ ʭʢʥ ʡʥʺʫʰʹ ʺʩʰʫʥʺ ʬʫʡ ʤʡ

 .ʭʥʩʤ ʺʥʮʩʩʷʹ ʣʥʷʤ ʺʥʡʥʸʮ ʺʥʰʫʥʺʤ ʱʩʱʡʡ ʣʮʥʲ ,ʥʤʹʮ ʺʰʫʺʬ 

 .ʺʥʸʥʣʶʥʸʴ ʬʹ ʺʥʰʥʸʱʧ ʺʶʷ ʤʠʸʰ ʥʩʹʫʲ ,ʯʫʡʥ ?ʠʬ ,ʭʬʹʥʮ 

ʧʩʯʥʹʠʸ ʯʥʸʱ–  ʬʹ ʯʥʸʺʩʤʺʥʩʲʡʬ ʧʺʴ ʠʥʤ ʣʥʷ ʳʥʺʩʹ ,ʭʩʹʰʠ ʤʡʸʤ ʭʲ ʳʺʥʹ ʣʥʷʤʥ ʡʺʫ ʥʤʹʩʮʹ ʣʥʷʡ ʢʠʡ ʹʩ ʭʠ .

 ʠʥʤ ʢʠʡʤ ʯʥʷʩʺʡ ʩʹʥʷʤ .ʥʺʥʠ ʯʷʺʬ ʤʹʷ ʪʫʮ ʤʠʶʥʺʫʥ ʥʬʬʤ ʺʥʰʫʥʺʤ ʬʫʡ ʵʥʴʰ ʢʠʡʤ ,ʭʤʬʹ ʺʥʰʫʥʺʡ ʣʥʷʡ ʥʹʮʺʹʤʹ

 ʺʥʮʫ ʬʶʠ ʺʰʷʺʥʮʹ ʤʰʫʥʺʡ ʠʶʮʰ ʠʥʤ ʭʠ ʣʧʥʩʮʡ ʳʩʸʧʤʬʥʣʢ ʬ ʭʩʹʸʣʰʹ ,ʭʩʹʮʺʹʮ ʬʹ .ʭʺʥʹʸʡʹ ʤʰʫʥʺʤ ʺʠ ʯʫʣʲ 

ʧʩʩʰʹ ʯʥʸʱ–ʺʰʫʺʮʤ ʣʶʮ ʺʮʩʥʱʮ ʤʲʷʹʤ ʺʹʸʥʣ ʤʸʥʣʶʥʸʴ ʺʡʩʺʫ ʣʥʷʤ ʺʠ ʺʩʹʠʸʤ ʺʩʰʫʥʺʡ ʡʥʺʫʬ ʨʥʹʴ ʬʷ ʸʺʥʩ .

 .ʭʩʬʩʧʺʮ ʭʩʺʰʫʺʮ ʸʥʺʡ ʣʧʥʩʮʡ ,ʤʸʥʣʶʥʸʴ ʪʥʺʡ ʥʺʥʠ ʸʩʣʢʤʬ ʸʹʠʮ 
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ʧʩʩʹʩʬʹ ʯʥʸʱ–ʭʩʡʠʹʮ ʺʹʸʥʣ ʯʤʮ ʤʸʦʧʤʥ ʺʥʸʥʣʶʥʸʴʬ ʤʠʩʸʷʤ  .ʤʸʦʧʥ ʤʶʩʴʷ ʺʥʬʥʲʴ ʲʥʶʩʡ ,ʤʮʢʥʣʬ .ʡʹʧʮʤ ʬʹ

 ʤʸʥʣʶʥʸʴ ʪʥʺʡ ʣʥʷʬ ʤʠʩʸʷʹ ʯʠʫʮ .ʯʥʸʫʩʦʡ ʹʥʮʩʹ ,ʤʮʢʥʣʬ ʠʩʤ ʠʬʹ ʣʥʷʤ ʬʹ ʤʶʸʤ ʸʹʠʮ ʡʹʧʮʤ ʸʥʡʲ ʸʺʥʩ "ʤʸʷʩ"

 .ʤʸʥʣʶʥʸʴ ʪʥʺʮ 

 .ʥʬʹ ʺʥʰʥʸʱʧʤ ʬʲ ʤʬʥʲ ,ʺʥʸʥʣʶʥʸʴ ʬʲ ʱʱʥʡʮʹ ,ʩʸʬʥʣʥʮ ʣʥʷ ʺʡʩʺʫʡʹ ʺʬʲʥʺʤ ,ʥʰʸʷʱʹ ʺʥʰʥʸʱʧʤ ʳʸʧ ʣʩʴʷʰ ʯʫʬ

.ʥʦ ʤʸʥʶʡ ʥʰʬʹ ʣʥʷʤ ʺʠ ʡʥʺʫʬ 

 ʺʩʰʱʧʮʤSTACK 

ʤ( ʺʩʰʱʧʮSTACK) ʺʥʡʥʺʫʥ ʭʩʲʥʡʷ ,ʭʩʰʺʹʮ ʬʹ ʸʶʷ ʯʮʦʬ ʯʥʱʧʠʬ ʺʹʮʹʮ ʺʩʰʱʧʮʤ .ʯʥʸʫʩʦʡ ʨʰʮʢʱ ʠʩʤ ,

 .ʺʥʩʸʬʥʣʥʮ ʺʥʩʰʫʥʺ ʺʸʩʶʩʥ ʺʥʸʥʣʶʥʸʴ ʭʲ ʤʣʥʡʲʡ ʡʥʹʧ ʩʬʫ ʠʩʤ ʯʫʬʥ 

ʺʥʸʥʣʶʥʸʴ ʡʥʺʫʬ ʪʩʠ ʠʬʮ ʯʴʥʠʡ ʯʩʡʤʬ ʬʫʥʰʹ ʩʣʫ ʬʲ ʸʡʱʤʡ ʧʺʴʰ ,ʯʫʬ .ʺʩʰʱʧʮʤ ʺʠ ʡʨʩʤ ʸʩʫʤʬ ʬʫ ʭʣʥʷ ʪʸʨʶʰ ,

.ʺʩʰʱʧʮʡ ʹʥʮʩʹʬ ʺʥʸʥʹʷʤ ʺʥʣʥʷʴʥ ʺʩʰʱʧʮ ʬʹ ʤʸʣʢʤ ,ʺʩʰʱʧʮʤ 

 

ʺʩʤ ʬʹ ʩʨʮʫʱ ʸʥʠ־Stack Segment 

ʺʩʰʱʧʮ ʺʸʣʢʤ 

 .ʯʥʸʫʩʦ ʬʹ ʸʣʢʥʮ ʬʣʥʢ ʱʴʥʺʥ ʩʤʹʬʫ ʺʡʥʺʫʡ ʬʩʧʺʮʹ ʯʥʸʫʩʦʡ ʸʥʦʠ ʠʩʤ ʺʩʰʱʧʮʤ ,ʯʥʸʫʩʦʡ ʨʰʮʢʱ ʬʫ ʥʮʫ  ʸʥʦʠʤ ʬʣʥʢ

ʬʲ ʲʡʷʰ ʺʩʰʱʧʮʬ ʤʶʷʥʮʹ ʯʥʸʫʩʦʡ־:ʤʠʡʤ ʪʸʣʡ ʺʩʹʲʰ ʭʥʷʮʤ ʺʠʶʷʤ .ʺʩʰʫʥʺʤ ʺʬʩʧʺʡ ʺʰʫʺʮʤ ʩʣʩ 

STACK number of bytes 

 ʬʣʥʢʡ ʺʩʰʱʧʮ ʺʥʶʷʤʬ ʩʣʫ ,ʤʮʢʥʣʬ256  ʵʡʥʷʡ ʭʢ ʸʣʢʥʮʹ ʩʴʫ( ʸʩʣʢʰ ,ʭʩʺʡbase.asm:) 

STACK 100h 

 ʥʰʩʹʲ .ʤʩʬʠ ʭʩʸʥʹʷʹ ʭʩʸʨʱʩʢʸ ʩʰʹ ʹʩ ʺʩʰʱʧʮʬ:ʣʡʲʮʬ ʹʩʹ ʭʩʸʨʱʩʢʸʤ ʬʬʫ ʺʠ ʥʰʸʷʱʹʫ ,ʸʡʲʡ ʤʸʶʷ ʺʥʸʫʩʤ ʭʺʩʠ 

 ss–stack segment .ʺʩʰʱʧʮʡ ʸʺʥʩʡ ʤʫʥʮʰʤ ʺʡʥʺʫʤ ʬʲ ʲʩʡʶʮ .ʺʩʰʱʧʮʤ ʨʰʮʢʱ ʠʥʤ 
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 sp–stack pointer .ʺʩʰʱʧʮʤ ʨʰʮʢʱ ʪʥʺʡ ʨʱʴʥʠʤ ʬʲ ʲʩʡʶʮ .ʺʩʰʱʧʮʤ ʲʩʡʶʮ ʠʥʤ 

 ,ʺʩʰʱʧʮʤ ʲʩʡʶʮsp ʸʨʱʩʢʸʤʮ ʤʰʥʹ ʠʥʤ ʯʩʠ ʪʫʡ .ʯʥʸʫʩʦʡ ʨʱʴʥʠ ʷʩʦʧʮʹ ʸʨʱʩʢʸ ʠʥʤ ,bx ʬʫʬ ʲʩʢʤʬ ʸʹʴʠʹ ʥʮʫ .

ʡ ʺʡʥʺʫ־DATASEG  ʳʥʸʩʶʤ ʺʸʦʲʡds:bxʡ ʺʡʥʺʫ ʬʫʬ ʲʩʢʤʬ ʸʹʴʠ ʪʫ ,־STACKʡ ʯʥʺʰʤ ʨʱʴʥʠʤ ʺʴʱʥʤ ʺʸʦʲʡ-

sp ʡ ʤʰʥʺʰʤ ʨʰʮʢʱʤ ʺʡʥʺʫʬ-ss. 

 ʸʨʱʩʢʸʤ ,ʺʩʰʫʥʺʤ ʺʬʩʧʺʡsp  .ʺʩʰʱʧʮʤ ʬʣʥʢʬ ʤʥʥʹ ʬʣʥʢʡ ʺʩʰʱʧʮ ,ʤʡ ʹʮʺʹʰʹ ʤʮʢʥʣʡ100h ʪʸʲ ʥʰʱʰʫʤʹ ʩʰʴʬ ,

 ʺʩʰʱʧʮʬ ʥʤʹʬʫsp  ʤʥʥʹ ʺʥʩʤʬ ʬʧʺʥʠʮ100h . 

 ʬʣʥʢʡ ʺʩʰʱʧʮʡʹ ʡʬ ʥʮʩʹ100h ʸʮʥʬʫ ,256  ʣʲ ʲʩʢʮ ʥʰʩʠ ʺʥʡʥʺʫʤ ʡʧʸʮ ,ʭʩʺʡ100h  ʯʩʡ ʠʥʤ ʠʬʠ0 

ʬ0־FFh ʬʹ ʩʺʬʧʺʤʤ ʪʸʲʤ ,ʸʮʥʬʫ .sp ,100hʩʡ ʷʥʩʣʡ ʠʩʤʹ ʺʡʥʺʫ ʬʲ ʲʩʡʶʮ ,.ʺʩʰʱʧʮʤ ʤʶʷ ʬʲʮ ʣʧʠ ʺ 

 

 

 

 ʬʣʥʢʡ ʺʩʰʱʧʮ100h ʸʨʱʩʢʸʤ .ss  ʨʰʮʢʱ ʺʬʩʧʺ ʬʲ ʲʩʡʶʮ

 ʸʨʱʩʢʸʤ ʺʩʰʫʥʺʤ ʺʬʩʧʺʡ .ʺʩʰʱʧʮʤsp  ʪʸʲʬ ʬʧʺʥʠʮ

100h.ʺʩʰʱʧʮʬ ʵʥʧʮ ʠʶʮʰʹ ʪʸʲʬ ʸʮʥʬʫ , 

 

 

 

 

ʹ ʤʣʡʥʲʤ־sp  ʤʸʥʹʷ ʠʩʤ ʬʡʠ ,ʤʸʦʥʮ ʺʶʷ ʲʢʸʫ ʺʩʠʸʰ ʤʬʹ ʤʶʷʤ ʬʲ ʠʬʠ ʺʩʰʱʧʮʤ ʺʬʩʧʺ ʬʲ ʠʬ ʲʩʡʶʤʬ ʬʧʺʥʠʮ

 ʺʨʩʹʡ ʺʬʤʥʰʮ ʺʩʰʱʧʮʤ .ʺʬʤʥʰʮ ʺʩʰʱʧʮʤ ʤʡʹ ʪʸʣʬLIFO– Last In First Out ʠʥʤ ʯʥʸʧʠ ʱʰʫʰʹ ʪʸʲʤ ʸʮʥʬʫ ,

 ʬʹ ʥʫʸʲ ,ʺʩʰʱʧʮʬ ʭʩʰʥʺʰ ʬʹ ʤʱʰʫʤ ʩʰʴʬ .ʺʩʰʱʧʮʤʮ ʺʠʶʬ ʯʥʹʠʸʤspʣʸʥʩ ʧʠʬʥ ʥʫʸʲ ʺʩʰʱʧʮʤʮ ʭʩʰʥʺʰ ʬʹ ʤʠʶʥʤ ʸ

 ʬʹspʤʬʥʲ ʤʠʸʰʥ ,ʺʩʰʱʧʮʤʮ ʭʩʰʥʺʰ ʬʹ ʤʠʶʥʤʥ ʤʱʰʫʤ ʺʲʡ ʥʰʺʥʠ ʺʥʹʮʹʮʤ ʺʥʣʥʷʴʤ ʬʲ ʣʮʬʰ ʸʹʠʫ ʺʠʦ ʯʩʡʰ .

.ʺʥʠʮʢʥʣ 

?ʺʩʰʱʧʮʤʮ ʭʩʰʥʺʰ ʬʹ ʤʠʶʥʤʥ ʤʱʰʫʤ ʺʥʸʹʴʠʮ ʺʥʣʥʷʴ ʥʬʩʠ 
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 ʺʣʥʷʴPUSH 

 ʺʣʥʷʴpush ʡʺʫʰ ʤʣʥʷʴʤ .ʺʩʰʱʧʮʬ ʪʸʲ ʬʹ ʤʱʰʫʤʬ ʺʮʸʥʢ:ʪʫ ʺ 

push operand 
?ʲʶʥʡʩ ʤʮ 

-  ʬʹ ʥʫʸʲspʣʸʩʩ  :ʭʩʩʺʹʡsp=sp-2. 

-  ʺʡʥʺʫʬ ,ʺʩʰʱʧʮʬ ʷʺʲʥʩ ʣʰʸʴʥʠʤ ʬʹ ʥʫʸʲss:sp. 

 ʬʹ ʥʫʸʲ :ʡʬ ʥʮʩʹsp  ʺʣʥʷʴ ʭʲ ʭʩʩʺʹʡ ʣʸʥʩ ʣʩʮʺpush ʭʩʺʡ ʩʰʹ ʤʷʥʧʸʹ ʺʡʥʺʫ ʬʲ ʲʩʡʶʮ ʠʥʤ ʸʮʥʬʫ , ʺʡʥʺʫʤʮ

 ʳʥʧʣʬ ʸʹʴʠʹ ʠʩʤ ʺʥʲʮʹʮʤ .ʲʩʡʶʤ ʤʩʬʲ ʤʰʥʸʧʠʤʭʩʺʡ ʩʰʹ ʬʹ ʬʣʥʢʡ ʭʩʰʺʹʮ ʷʸ ʺʩʰʱʧʮʬ–word ʲʶʡʬ ʯʥʩʱʩʰ ʬʫ .

push  ʭʩʺʡ ʬʹ ʺʸʧʠ ʺʥʮʫʬ– .ʤʠʩʢʹʬ ʬʩʡʥʩ 

 ʺʣʥʷʴʡ ʹʥʮʩʹʬ ʺʥʠʮʢʥʣpush: 

push ax 

push 10 

push var 
 ʺʠ ʺʩʰʱʧʮʬ ʳʥʧʣʺ ʤʰʥʹʠʸʤ ʤʣʥʷʴʤax. 

 ʪʸʲʤ ʺʠ ʺʩʰʱʧʮʬ ʳʥʧʣʺ ʤʩʰʹʤ ʤʣʥʷʴʤ10 ʫ ʥʺʸʥʶʡ(-wordʫ ʠʬ ,־byte.) 

 ʤʰʺʹʮʤ ʯʫʥʺ ʺʠ ʺʩʰʱʧʮʬ ʳʥʧʣʺ ʺʩʹʩʬʹʤ ʤʣʥʷʴʤvar –  ʬʣʥʢʮ ʠʥʤʹ ʩʠʰʺʡword. 

ʤ ʭʠʤ?ʺʩʷʥʧ ʠʩʤʤʠʡʤ ʤʣʥʷʴ 

push al 

 .ʤʩʥʢʹ ʠʩʤ ʥʦ ʤʣʥʷʴ :ʤʡʥʹʺal  ʺʣʥʷʴʥ ʤʬʩʮ ʬʣʥʢʡ ʠʬ ʠʥʤpush .ʤʬʩʮ ʬʣʥʢʡ ʭʩʸʨʱʩʢʸ ʷʸ ʺʬʡʷʮ 

 ʬʣʥʢʡ ,ʥʰʸʣʢʤʹ ʺʩʰʱʧʮʬ ʸʥʦʧʰ100hʧʠʬ ʺʩʰʱʧʮʤ ʡʶʮ ʤʩʤʩ ʤʮ .?ʺʥʠʡʤ ʺʥʣʥʷʴʤ ʲʥʶʩʡ ʸ 

mov ax, 0AABBh 

push ax 
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 ʺʣʥʷʴpush  ʬʹ ʥʫʸʲ ʺʣʩʸʩʬ ʺʮʸʥʢsp ʡ2־ 

ʺʩʰʱʧʮʡ ʸʺʥʩ ʤʫʥʮʰ ʺʡʥʺʫ ʬʲ ʲʩʡʶʮ ʠʥʤʥ 

 ʬʹ ʭʩʤʥʡʢʤ ʭʩʨʩʡʤʹ ʪʫʬ ʡʬ ʥʮʩʹaxʡ ʭʩʸʥʮʹʤ ʥʬʠ ,־ah.ʸʺʥʩ ʤʤʥʡʢ ʺʡʥʺʫʡ ʭʩʰʥʹʠʸ ʺʩʰʱʧʮʬ ʥʴʧʣʰ , 

 ʣʥʲ ʣʩʸʥʺ ʥʦʫ ʤʴʩʧʣ ʬʫ .ʪʸʥʶʤ ʩʴʬ ʺʩʰʱʧʮʬ ʭʩʫʸʲ ʳʥʧʣʬ ʪʩʹʮʤʬ ʭʩʬʥʫʩ ʥʰʧʰʠ2  ʬʹ ʥʫʸʲʮsp:ʤʮʢʥʣʬ . 

push 0CCDDh 
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 ʺʣʥʷʴPOP 

 ʺʣʥʷʴpop ʬ ʤʫʥʴʤʤ ʤʣʥʷʴʤ ʠʩʤ־push ʤʬʹ ʤʷʺʲʤʥ ʺʩʰʱʧʮʤʮ )ʭʩʺʡ ʩʰʹ( ʤʬʩʮ ʬʹ ʤʠʶʥʤʬ ʺʮʸʥʢ ʥʦ ʤʣʥʷʴ .

:ʣʰʸʴʥʠʬ 

pop operand 

?ʲʶʥʡʩ ʤʮ 

- ʸʮ ʤʬʩʮ.ʣʰʸʴʥʠʬ ʷʺʲʥʺ ʺʩʰʱʧʮʤ ʹʠ 

-  ʬʹ ʥʫʸʲspʤʬʲʩ ʡ2־. 

 ʺʣʥʷʴʡ ʹʥʮʩʹʬ ʺʥʠʮʢʥʣpop: 

pop ax 

pop ]var[ 

 ʪʥʺʬ ʷʩʺʲʺ ʤʰʥʹʠʸʤ ʤʣʥʷʴʤax .ʺʩʰʱʧʮʤ ʹʠʸʡʹ ʤʬʩʮʤ ʺʠ 

 ʤʰʺʹʮʤ ʪʥʺʬ ʷʩʺʲʺ ʤʩʰʹʤ ʤʣʥʷʴʤvar  ,ʤʩʶʬʩʴʮʥʷ ʺʠʩʢʹ ʬʡʷʬ ʠʬ ʩʣʫʹ ʯʡʥʮʫ( ʺʩʰʱʧʮʤ ʹʠʸʡʹ ʤʬʩʮʤ ʺʠvar 

.)ʤʬʩʮ ʱʥʴʩʨʮ ʺʥʩʤʬ ʪʩʸʶ 

pop al 

ʺʩʷʥʧ ʠʬ ʤʣʥʷʴ ʩʥʴʶʫ ʩʤʥʦ–  ʺʣʥʷʴpop .ʺʩʡ ʬʣʥʢʡ ʯʥʸʫʩʦ ʥʠ ʸʨʱʩʢʸ ʣʰʸʴʥʠʫ ʬʡʷʬ ʺʲʣʥʩ ʠʬ 

:ʤʦ ʡʶʮʡ ʲʢʸʫ ʺʠʶʮʰ ʤʮʢʥʣʡ ʤʡ ʥʰʹʮʺʹʤʹ ʺʩʰʱʧʮʤ 

 



 ʷʸʴ9 –  ʺʥʸʥʣʶʥʸʴʥ ʺʩʰʱʧʮ 159 

 159 

 ʬʹ ʥʫʸʲ ʤʩʤʩ ʤʮ :ʤʬʠʹsp  ʬʹ ʥʫʸʲ ʤʩʤʩ ʤʮʥ ?ʤʠʡʤ ʤʣʥʷʴʤ ʲʥʶʩʡ ʸʧʠʬbx? 

pop bx 

 ʬʹ ʥʫʸʲ :ʤʡʥʹʺbx  ʤʩʤʩ0CCDDh ʬʹ ʥʫʸʲ ,sp  ʤʥʥʹ ʤʩʤʩʥ ʭʩʩʺʹʡ ʤʬʲʩ0FEh. 

ʤ ʺʣʥʷʴ ʤʲʶʥʡ ,ʺʮʣʥʷʤ ʤʣʥʷʴʤ ʲʥʶʩʡ ʸʧʠʬ :ʤʬʠʹ־pop :ʤʠʡʤ 

pop var 

 ʬʹ ʭʩʫʸʲʤ ʥʩʤʩ ʤʮsp  ʬʹʥvar ?ʤʠʡʤ ʤʣʥʷʴʤ ʲʥʶʩʡ ʸʧʠʬ 

 ʬʹ ʥʫʸʲ :ʤʡʥʹʺvar  ʤʩʤʩ0AABBh ʬʹ ʥʫʸʲ ,sp ʤʥʥʹ ʤʩʤʩʥ ʭʩʩʺʹʡ ʤʬʲʩ100h . 

 ?ʥʷʧʮʰ ʭʤ ʭʠʤ ?ʺʩʰʱʧʮʤ ʪʥʺʡʹ ʭʩʫʸʲʬ ʤʸʷ ʤʮ 

ʹ ʯʥʥʩʫ ʭʤʩʬʠ ʺʹʢʬ ʪʸʣ ʣʡʲʮʬ ʯʩʠ ʺʲʫ ʪʠ ,ʤʫʥʺʡ ʭʩʮʩʩʷ ʯʩʩʣʲ ʺʩʰʱʧʮʬ ʥʰʱʰʫʤʹ ʭʩʫʸʲʤ !ʠʬ־sp  ʥʰʩʠ

 .ʸʺʥʩ ʭʤʩʬʲ ʲʩʡʶʮʺʩʨʸʥʠʩʺ :ʤʠʡʤ ʤʣʥʷʴʤ ʺʠ ʭʩʲʶʡʮ ʥʰʩʩʤ ʭʠ ʭʤʩʬʠ ʺʹʢʬ ʭʩʬʥʫʩ ʯʩʩʣʲ ʥʰʧʰʠ 

sub sp, 4 

 ʪʠʺʩʹʲʮ  ʬʹ ʥʫʸʲ ʭʲ "ʷʧʹʬ" ʬʡʥʷʮ ʠʬsp.ʪʹʮʤʡ ʯʤʩʬʲ ʣʥʮʲʰʹ ʺʥʡʩʱʮ , 

 ʬʩʢʸʺ9.1 : ,ʺʩʰʱʧʮpush ʥ־pop 

ʠ.  .ʭʩʰʥʹ ʭʩʬʣʢʡ ʺʩʰʱʧʮ ʥʸʩʣʢʤ10h, 20h ʬʹ ʥʫʸʲ ʤʰʺʹʮ ʣʶʩʫ ʥʠʸ .sp .ʤʶʸʤʤ ʺʬʩʧʺ ʭʲ 

ʡ.  ʪʸʲʤ ʺʠ ʥʱʩʰʫʤ1234h  ʪʥʺʬax ʥʲʶʡ .push  ʬʹax ʤʰʺʹʤ ʪʩʠ .sp ʯʥʸʫʩʦʤ ʬʲ ʥʬʫʺʱʤ ? ʺʩʰʱʧʮʡʹ

.ʭʺʴʧʣʹ ʪʸʲʤ ʺʠ ʥʠʶʩʮʥ 

ʢ.  ʥʲʶʡpop  ʪʥʺʬ ʺʩʰʱʧʮʬax ʤʰʺʹʤ ʪʩʠ .spʺʩʰʱʧʮʡʹ ʯʥʸʫʩʦʤ ʬʲ ʥʬʫʺʱʤ ?–  ʪʸʲʤ ʭʠʤ1234h 

?ʷʧʮʰ 

ʣ.  ʥʲʶʡpush  ʪʸʲʬ5678h ʪʸʲʤ ʷʧʮʰ ʥʩʹʫʲ ʭʠʤ .1234h? 

ʤ.  ʺʠ ʥʷʩʺʲʤax  ʪʥʺʬbx  ʺʣʥʷʴʡ ʹʥʮʩʹ ʠʬʬ ʺʩʰʱʧʮʤ ʺʸʦʲʡmov. 
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ʺʥʸʥʣʶʥʸʴ 

ʤʸʥʣʶʥʸʴ ʬʹ ʤʸʣʢʤ 

 ʭʩʫʴʥʤʹ ʭʩʡʩʫʸ ʤʮʫ ʹʩ .ʺʸʣʢʥʮ ʤʬʥʲʴ ʲʶʡʮ ʠʥʤʥ ,)ʩʥʶʸ( ʺʧʠ ʤʠʩʶʩ ,ʺʧʠ ʤʱʩʰʫ ʥʬ ʹʩʹ ʣʥʷ ʲʨʷ ʠʩʤ ʤʸʥʣʶʥʸʴ

:ʤʸʥʣʶʥʸʴʬ ʣʥʷ ʲʨʷ "ʭʺʱ" 

-  ʤʣʥʷʴʤ ʺʥʲʶʮʠʡ ʤʸʥʣʶʥʸʴʬ ʭʩʠʸʥʷcall. 

-  ʭʮʥʫʱ ʺʠ ʤʸʩʦʧʮʥ ʭʩʸʴʱʮ ʩʰʹ ʺʸʡʧʮʹ ʤʸʥʣʶʥʸʴ ,ʤʮʢʥʣʬ .ʤʸʥʣʶʥʸʴʬ ʭʩʸʨʮʸʴ ʸʩʡʲʤʬ ʸʹʴʠ–  ʸʹʴʠ

ʭʩʰʺʹʮ ʩʰʹ ʭʩʸʨʮʸʴʫ ʤʬ ʸʩʡʲʤʬ–num1, num2 . 

-  ,ʸʮʥʬʫ .ʣʥʡʩʲʤ ʺʥʠʶʥʺ ʺʸʦʧʤʬ ʭʩʰʥʰʢʰʮ ʹʩ ʤʸʥʣʶʥʸʴʬnum1+num2  ʤʸʦʧ ʸʡʲʥʩ ʭʢ ʠʬʠ ,ʡʹʥʧʩ ʷʸ ʠʬ

.ʤʸʥʣʶʥʸʴʤ ʺʠ ʤʰʮʩʦʹ ʺʩʰʫʥʺʬ 

-  ʺʩʰʫʥʺʬ ʤʸʦʧʤ ʩʰʴʬ ʭʤʮ ʸʨʴʩʤʬʥ )ʣʡʬʡ ʤʸʥʣʶʥʸʴʤ ʺʠ ʭʩʹʮʹʮʹ( ʭʩʩʮʥʷʮ ʭʩʰʺʹʮ ʸʥʶʩʬ ʤʬʥʫʩ ʤʸʥʣʶʥʸʴ

 .ʺʩʹʠʸʤ 

 ʺʬʩʧʺʡ ʣʩʮ ʥʠ ʭʩʸʩʣʢʮ ʤʸʥʣʶʥʸʴCODESEG ʬʹ ʥʴʥʱʡ ʥʠ ,CODESEGʣʥʷ ʲʨʷ ʤʩʤʩ ʤʸʥʣʶʥʸʴʡ .: 

proc   ProcedureName  

 …    ;Code for something that the procedure does 

 ret   ; Return to the code that called the procedure 

endp   ProcedureName  

ʤʸʥʣʶʥʸʴʬ ʤʮʢʥʣ–  ʭʹʡ ʤʸʥʣʶʥʸʴ ʺʬʬʥʫʹ ʺʩʰʫʥʺ ʯʬʤʬZeroMemory ʺʱʴʠʮʹ ʤʸʥʣʶʥʸʴ ,10  ʺʬʩʧʺʮ ʭʩʺʡ

ʤ־DATASEG ʬ ʭʫʸʲ ʺʠ ʺʫʴʥʤ ,ʸʮʥʬʫ(0־ ʪʥʺʡ ʤʸʥʣʶʥʸʴʤ ʭʥʷʩʮʬ ʡʬ ʥʮʩʹ .)CODESEGʺʸʣʢʤʬ ,  ʤʸʥʣʶʥʸʴʤ

:ʤʸʥʣʶʥʸʴʬ ʤʠʩʸʷʬʥ 
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IDEAL 

MODEL small 

Stack 100h 

DATASEG 

digit db 10 dup(1)  ; if we do not allocate some memory we may run over 

    ; important memory locations 

CODESEG 

proc ZeroMemory  ;Copy value 0 to 10 bytes in memory, starting at location bx 

xor al, al 

mov cx, 10 

ZeroLoop: 

mov [bx], al 

inc bx 

loop ZeroLoop 

ret 

endp ZeroMemory 

 

start: 

mov ax, @data 

mov ds, ax 

mov bx, offset digit 

call ZeroMemory 

exit: 

mov ax, 4C00h 

int 21h 

END start 
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DATASEG  ʱʴʠʬ ʤʷʩʴʱʤ ʤʸʥʣʶʥʸʴʤʹ ʸʧʠʬ8 )ʡʥʤʶʡ ʹʢʣʥʮ( ʭʩʰʥʹʠʸ ʭʩʺʡ 

 

ʬʩʢʸʺ 9.2 

 ʬʹ ʤʮʢʥʣʤ ʣʥʷ ʺʠ ʥʷʩʺʲʤZeroMemoryʡ ʥʺʥʠ ʥʶʩʸʤ .־TD ʡ ʭʩʹʧʸʺʮʹ ʭʩʩʥʰʩʹʡ ʥʴʶʥ ʤʸʥʹ ʩʸʧʠ ʤʸʥʹ־ip 

ʡʥ־sp ʭʩʰʥʹʤ ʺʩʰʫʥʺʤ ʩʡʬʹʡ 

 ʺʥʣʥʷʴCALL, RET 

 ʺʣʥʷʴʹ ʥʰʩʠʸ ʤʮʢʥʣʡcall  :ʤʣʥʷʴʤ ʺʲʶʡʮ ʤʮ ʷʥʩʣʡ ʤʠʸʰ .ʤʸʥʣʶʥʸʴʤ ʯʥʮʩʦʬ ʺʹʮʹʮ 

call ZeroMemory 

ʤ ʺʣʥʷʴ ʩʰʴʬ־call  ʸʨʱʩʢʸʤ ,ʤʸʥʣʶʥʸʴʬip=12 ʤʸʥʹ ʬʲ ʲʩʡʶʮ ʸʮʥʬʫ ,12h ʡ־CODESEG ʩʸʧʠʹ ʤʸʥʹʤ ʠʩʤʹ ,

ʤ ʺʣʥʷʴ־call ʮʢʥʣʡ(ʤ  .)... :ʥʰʬʹ 
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 ʬʹ ʥʫʸʲʡ ʩʥʰʩʹʬ ʡʬ ʥʮʩʹip ʤ ʺʠʸʥʤ ʲʥʶʩʡ ʸʧʠʬ ʣʩʮ־call: 

 

 ʬʹ ʥʫʸʲip ʬ ʤʰʺʹʤ-0000 ʤʸʥʣʶʥʸʴʤ ʬʹ ʭʥʷʩʮʤ ʥʤʦ .ZeroMemory ʡ ʸʡʥʣʮʹ ,ʥʸʫʦ( ʯʥʸʫʩʦʡ־offset  ʪʥʺʡ

CODESEGʤ ʬʹ ʥʺʬʩʧʺʡ ʹʮʮ ʺʠʶʮʰ ʤʸʥʣʶʥʸʴʤ ʸʮʥʬʫ ,־CODESEGʸʮʥʬʫ .),  ʺʣʥʷʴcall  ʬʹ ʥʫʸʲ ʺʠ ʤʰʹʮ

ip  ʺʠ ʬʡʠ .ʤʸʥʣʶʥʸʴʤ ʺʬʩʧʺ ʬʠ ʺʶʴʥʷ ʺʩʰʫʺʤʹ ʪʫʤ ʤʬʥʲʴʤ ʺʣʥʷʴ ʺʥʲʶʮʠʡ ʭʢ ʢʩʹʤʬ ʤʩʤ ʸʹʴʠ ʥʦjmp ʺʣʥʷʴ .

call ʰ ʥʤʹʮ ʤʹʥʲʤʰʺʹʤ ʳʱʥʰ ʸʨʱʩʢʸ ,ʡʬ ʭʺʮʹ ʩʬʥʠʹ ʩʴʫ .ʳʱʥ– ʸʨʱʩʢʸʤspʤ ʺʣʥʷʴ .־call  ʥʫʸʲ ʺʠ ʤʰʩʨʷʤ

ʤ ʺʣʥʷʴ ʩʰʴʬ .ʭʩʩʺʹʡ־call  ʤʩʤ ʥʫʸʲ100h  ʠʥʤ ʥʫʸʲ ʺʲʫʥ0FEh ʯʥʺʧʺʤ ʩʰʮʩʤ ʷʬʧʡ .ʤʰʺʹʤʹ ʯʥʺʰ ʣʥʲʬ ʡʬ ʥʮʩʹ .
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 ʺʩʰʱʧʮʤ ʨʰʮʢʱʡ ʭʩʰʥʹ ʭʩʫʸʲ ʹʩ ,ʪʱʮʤ ʬʹss ʺʡʥʺʫʡ ʪʸʲʤ .ss:00FEh ʹʢʣʥʮ(  ʠʥʤ )ʡʥʤʶʡ0015h ʺʣʥʷʴ ʩʰʴʬ .

ʤ־call  ʤʩʤ ʥʫʸʲ0000h.ʤʠʸʰ ʣʩʮ ?ʤʦ ʪʸʲ ʬʹ ʥʺʥʲʮʹʮ ʤʮ . 

ʤʺʶʩʸ ʺʠ ʤʮʩʩʱ ʨʲʮʫ ʤʸʥʣʶʥʸʴʤ–  ʤʣʥʷʴʬ ʤʲʩʢʤʥ ʯʥʸʫʩʦʡ ʭʩʺʡ ʤʸʹʲ ʤʱʴʩʠ ʠʩʤret ʸʨʱʩʢʸʤ ʥʦ ʤʣʥʷʰʡ .ip=0Ah: 

 

ʺʩʹʠʸʤ ʺʩʰʫʥʺʬ ʸʥʦʧʬ ʯʮʦʤ ʲʩʢʤ– ʤ ʺʣʥʷʴ ʲʥʶʩʡ ʸʧʠʬ־ret ʸʨʱʩʢʸʤ ,ip  ʺʸʥʹ ʩʸʧʠ ʣʩʮ ʤʠʡʤ ʣʥʷʤ ʺʸʥʹ ʬʲ ʲʩʡʶʮ

:ʩʸʥʨ ʯʴʥʠʡ ʤʰʮʮ ʤʫʩʹʮʮ ʺʩʰʫʺʤʥ ʤʸʥʣʶʥʸʴʬ ʤʠʸʷʹ ʣʥʷʤ 

 

 ,ʤʸʥʣʶʥʸʴʤʮ ʤʸʦʧ ʺʩʰʫʥʺʤip ʮ ʵʴʷ0־Ah ʬ15־h . 

 ...15hʤ ʺʣʥʷʴ ʲʥʶʩʡ ʭʲ ʺʩʰʱʧʮʬ ʱʰʫʰʹ ʪʸʲʤ ʷʥʩʣʡ ʤʦ ,ʯʥʫʰ ?־call. 

ʤ ʺʥʣʥʷʴʹ ʥʰʩʠʸ ʤʮ ʭʫʱʰ־call ʤʥ־ret :ʺʥʲʶʡʮ 
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 ʺʣʥʷʴcall– 

1.  ʬʹ ʥʫʸʲ ʺʠ ʤʣʩʸʥʮsp  ʬʹ ʥʫʸʲ ʺʠ ʤʣʩʸʥʮ ʠʩʤ ʥʡʹ ʤʸʷʮ ʹʩ( ʭʩʩʺʹʡsp ʲʡʸʠʡ–  ʺʸʥʣʶʥʸʴʡ ʸʡʥʣʮ ʸʹʠʫ

FAR– .)ʪʹʮʤʡ ʤʦ ʤʸʷʮ ʤʠʸʰ 

2.  ʺʡʥʺʫʤ ʪʥʺʬ ʤʷʩʺʲʮss:sp.ʤʸʥʣʶʥʸʴʤ ʺʶʩʸ ʭʥʩʱʡ ʸʥʦʧʬ ʹʩ ʤʩʬʠ ʯʥʸʫʩʦʡ ʺʡʥʺʫʤ ʺʠ , 

3.  ʪʥʺʬ ʤʷʩʺʲʮip ʺʡʥʺʫʤ ʺʠ ʹ ʤʰʥʹʠʸʤ ʤʣʥʷʴʤ ʬʹʤʸʥʣʶʥʸʴʤ ʬ  ʲʥʶʩʡʬ ʤʬʥʷʹ ʥʦ ʤʬʥʲʴ(jump  ʺʬʩʧʺ ʬʠ

ʤʸʥʣʶʥʸʴʤ) 

 ʺʣʥʷʴret- 

1.  ʺʡʥʺʫʤʮ ʺʠʸʥʷss:sp.ʸʥʦʧʬ ʹʩ ʤʩʬʠ ʯʥʸʫʩʦʡ ʺʡʥʺʫʤ ʺʠ , 

2.  ʬʹ ʥʫʸʲ ʺʠ ʤʬʲʮsp ( ʭʩʩʺʹʡ ʪʫʤʦ ʤʸʷʮʡ; .)ʪʹʮʤʡ ʭʩʸʧʠ ʭʩʸʷʮ ʤʠʸʰ 

3. ʤ ʺʠ ʤʰʹʮ־ip ʮ ʤʠʸʷʰʹ ʺʡʥʺʫʤ ʬʠ-ss:sp ʺʩʰʫʥʺʤ ʺʠ ʤʸʩʦʧʮ ʪʫʡʥ ,ʸʥʹʬʩʸʧʠ ʣʩʮ ʤʠʡʹ ʣʥʷʤ ʺ  ʤʠʩʸʷʤ

.ʤʸʥʣʶʥʸʴʬ 

 ʬʹ ʪʸʲʤ ,ʤʸʥʣʶʥʸʴʤ ʺʶʩʸ ʭʥʩʱʡʹ ʺʥʩʸʷʮ ʠʬ ʥʦ ,ʥʰʩʠʸʹ ʥʮʫip ʤ ʺʥʣʥʷʴ .ʺʩʰʫʥʺʡ ʤʠʡʤ ʤʸʥʹʤ ʬʠ ʸʦʧ־call ʤʥ־ret 

 ʬʹ ʥʫʸʲ ʺʠ ʸʥʮʹʬ ʥʢʠʣip !ʤʸʥʣʶʥʸʴʤ ʺʶʩʸ ʭʥʩʱʡ ʥʺʥʠ ʸʦʧʹʬʥ ʺʩʰʱʧʮʡ 

 

 ʺʸʥʣʶʥʸʴNEAR, FAR 

ʤ ʪʥʺʮ ʤʶʸ ʥʰʬʹ ʺʩʰʫʥʺʤ־CODESEG ʺʣʥʷʴʬ ʤʲʩʢʮ ʠʩʤ ʭʩʩʥʱʮ ʡʬʹʡ .call  ʬʹ ʥʮʶʲ ʣʥʷʤ .ʥʰʸʣʢʤʹ ʤʸʥʣʶʥʸʴ ʬʠ

:ʺʥʮʥʷʮ ʩʰʹʮ ʣʧʠʡ ʠʶʮʩʤʬ ʬʥʫʩ ʤʸʥʣʶʥʸʴʤ 

1. ʤ ʪʥʺʡ־CODESEG ʭʲ ʣʧʩ ,ʸʠʹ .ʺʩʹʠʸʤ ʺʩʰʫʥʺʤ ʬʹ ʣʥʷʤ 

2. ʬ ʵʥʧʮ־CODESEG .)ʥʰʸʣʢʤʹ ʥʤʹʬʫ ʸʧʠ ʨʰʮʢʱʡ( 

 ,ʩʹʲʮ ʯʴʥʠʡ ʯʥʸʫʩʦ ʬʣʥʮ ʭʩʸʩʣʢʮ ʥʰʧʰʠʹ ʯʥʥʩʫmodel small ,ʣʩʧʩ ʣʥʷ ʨʰʮʢʱ ʬʲʡ , ʪʥʺʡ ʥʩʤʩ ʸʩʣʢʰʹ ʺʥʸʥʣʶʥʸʴʤ ʬʫ

ʤ־CODESEGʩʰʹʤ ʤʸʷʮʡ ʤʸʥʷ ʤʮ ʭʢ ʯʩʡʤʬ ʯʥʩʢʩʤ ʹʩ ʬʡʠ ,–  ʬʹ ʺʥʩʸʴʱ ʭʢ ʬʡʷʬ ʺʥʬʥʫʩ ʺʥʩʰʫʥʺ ,ʬʫʤ ʩʸʧʠ

ʡ ʺʥʠʶʮʰ ʯʰʩʠʹ ,ʺʥʬʴʮʥʷʮ ʺʥʸʥʣʶʥʸʴ־CODESEG. 

ʺʠʶʮʰ ʤʸʥʣʶʥʸʴʤ ʭʠ ʤ ʪʥʺʡ־CODESEG ʺʸʥʣʶʥʸʴ ʺʠʸʷʰ ʠʩʤ ,near ʤʸʥʣʶʥʸʴʤ .ZeroMemory  ʤʮʢʥʣ ʠʩʤ

 ʢʥʱʮ ʤʸʥʣʶʥʸʴʬnear ʺʣʥʷʴ ,ʤʦʫ ʤʸʷʮʡ .call ʤʸʦʧʤ ʺʡʥʺʫ ʬʹ ʨʱʴʥʠʤ ʺʠ ʷʸ ʺʩʰʱʧʮʤ ʪʥʺʬ ʤʱʩʰʫʮ–  ,ʬʫʤ ʩʸʧʠ

ʲʥʣʩ ʸʡʫ ʨʰʮʢʱʤ–CODESEG ʸʨʱʩʢʸʤ ,ʭʩʺʡ ʩʰʹ ʬʣʥʢʡ ʠʥʤ ʨʱʴʥʠʤʹ ʯʥʥʩʫ .sp ʡ ʤʰʺʹʮ2־. 

ʬ ʵʥʧʮ ʺʠʶʮʰ ʤʸʥʣʶʥʸʴʤ ʭʠ ,ʺʠʦ ʺʮʥʲʬ־CODESEG ʺʸʥʣʶʥʸʴ ʺʠʸʷʰ ʠʩʤ ,far ʺʣʥʷʴ ,ʤʦʫ ʤʸʷʮʡ .call  ʤʱʩʰʫʮ

 ʨʰʮʢʱʤʥ ʨʱʴʥʠʤ .ʸʥʦʧʬ ʯʠʬ ʷʥʩʣʡ ʡʹʧʬ ʬʫʥʩ ʣʡʲʮʤʹ ʩʣʫ ,ʤʸʦʧʤ ʺʡʥʺʫ ʬʹ ʨʰʮʢʱʤ ʺʠ ʭʢʥ ʨʱʴʥʠʤ ʺʠ ʭʢ ʺʩʰʱʧʮʬ

 ʭʩʱʴʥʺ ʤʦ ʤʸʷʮʡ ʯʫʬʥ ,ʭʩʺʡ ʤʲʡʸʠ ʣʧʩʡ ʸʨʱʩʢʸʤ ʬʹ ʥʫʸʲsp ʡ ʤʰʺʹʮ4־. 
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 ʺʣʥʷʴ ʲʥʶʩʡʡ ʨʥʬʹʬ ʭʩʬʥʫʩ ʥʰʧʰʠ ʪʩʠcall  ʺʸʥʣʶʥʸʴʬnear  ʥʠfar? 

ʬʲ ,ʤʸʥʣʶʥʸʴʤ ʺʸʣʢʤ ʯʮʦʡ ʤʸʥʣʶʥʸʴʤ ʢʥʱ ʥʤʮ ʸʬʡʮʱʠʬ ʭʩʲʩʣʥʮ ʥʰʧʰʠ־ ʭʩʬʩʮʤ ʺʴʱʥʤ ʩʣʩnear  ʥʠfar:ʤʮʢʥʣʬ . 

proc ProcedureName near 

proc ProcedureName far 

 ʠʬ ʥʰʠ ʭʠ ʠʬ ʭʩʡʺʥʫnear  ʠʬʥfar ʠʩʤ ʬʣʧʮʤ ʺʸʩʸʡ ,near. 

ʴʱʥʤ ʠʥʤ ʩʥʰʩʹʤ ʬʫ .ʥʰʬʹ ʤʮʢʥʣʤ ʺʩʰʫʥʺ ʬʹ ʤʹʣʧ ʤʱʸʩʢ ʡʥʺʫʰ ʺʺʧʠ ʤʬʩʮ ʤʸʥʣʶʥʸʴʬZeroMemory– "far:" 

proc ZeroMemory  far 

ʡʤ ʭʩʸʡʣʬ ʡʬ ʥʮʩʹ .ʤʸʥʣʶʥʸʴʬ ʤʱʩʰʫʤ ʬʹ ʪʱʮ ʭʥʬʩʶ ʯʬʤʬ .ʺʮʣʥʷʤ ʤʱʸʢʬ ʤʤʦ ʤʹʣʧʤ ʤʱʸʢʤ ,ʤʦʮ ʵʥʧ:ʭʩʠ 

-  ʭʥʷʩʮʡcs:0012 " :ʣʥʷ ʺʸʥʹ ʳʩʱʥʤ ʸʬʡʮʱʠʤ ,ʺʩʰʫʥʺʡpush cs ʸʨʱʩʢʸ ʬʹ ʤʷʺʲʤʬ ʺʮʸʥʢ ʥʦ ʣʥʷ ʺʸʥʹ ."

 ʣʥʷʤcs  ʪʸʲʤ ʳʧʣʰ ʺʩʰʱʧʮʤ ʪʥʺʬ ʪʫʮ ʤʠʶʥʺʫ .ʺʩʰʱʧʮʤ ʪʥʺʬ0879hʤ ʸʨʱʩʢʸ ʬʹ ʥʫʸʲ ʠʥʤʹ ,־cs 

.)ʬʥʧʫʡ ʹʢʣʥʮ( 

-  ʸʨʱʩʢʸʤ ʺʩʰʱʧʮʬ ʳʧʣʰ ʯʫʮ ʸʧʠʬip ʥʫʸʲ ,16h  ʠʬʥ(15h  ʣʥʷʤ ʺʸʥʹ ʤʴʱʥʰʹ ʭʥʹʮ ,ʺʮʣʥʷʤ ʤʱʸʢʡ ʥʮʫ

"push cs.)" 

-  ʬʹ ʥʫʸʲ ,ʤʸʥʣʶʥʸʴʬ ʤʱʩʰʫʤ ʭʲsp  ʠʥʤ00FCh  ʠʬʥ(00FEh.)ʺʮʣʥʷʤ ʤʱʸʢʡ ʥʮʫ , 

 

 ʢʥʱʮ ʠʩʤ ʤʸʥʣʶʥʸʴʤʹ ʧʩʰʰ ,ʷʸʴʤ ʪʹʮʤʡ ʺʥʠʮʢʥʣʤ ʬʫʡnear ʬʹ ʤʱʰʫʤʤ ʺʠ ʭʩʨʩʮʹʮ ʥʰʧʰʠ ʸʮʥʬʫ .cs  .ʺʩʰʱʧʮʬ

 ʺʥʸʥʣʶʥʸʴʡ ʹʥʮʩʹ ʯʩʡ ʬʣʡʤ ʯʩʠ ,ʤʦ ʬʣʡʤ ʨʲʮʬnear ʥ־far. 
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ʺʩʰʫʥʺʤ ʡʶʮ ʺʸʩʮʹʬ ʺʩʰʱʧʮʡ ʹʥʮʩʹ 

' ʩʥʥʺ ʤʲʡʸʠ ʤʸʥʹ ʬʫʡ ,ʺʥʸʥʹ ʹʥʬʹ ʱʩʴʣʤʬ ʸʥʮʠʹ ,ʠʡʤ ʣʥʷʡ ʯʰʥʡʺʰXʺʥʩʰʥʲʡʶʤ ʺʥʸʥʹʤʮ ʭʬʲʺʰ ʤʦ ʡʬʹʡ .'–  ʥʬʠ

ʮ ʺʥʷʥʸʩʤ ʺʥʸʥʹʤ ,ʪʱʮʬ ʤʱʴʣʤʡ ʭʩʷʱʥʲʹ ʣʥʷ ʩʲʨʷ ʨʥʹʴ ʪʱʮʬ ʺʥʱʩʴʣX  ʥʰʧʰʠ ʺʥʣʥʷʴʤ ʸʺʩ ʬʫ ʺʠ .ʤʸʥʹ ʸʡʲʮʥ

:ʭʩʸʩʫʮ ʸʡʫ 

CODESEG 

proc Print10X  

 mov cx, 4  ; 4 'X' in each line 

PrintXLoop:   

mov dl, 'X' 

mov ah, 2h 

int 21h   ; Print the value stored in dl ('X') 

loop PrintXLoop 

 ret 

endp Print10X 

 

start: 

 mov ax, @data 

 mov ds, ax 

 mov cx, 3  ; 3 lines of 'X' 

Row:   

call Print10X 

 mov dl, 0ah 

mov ah, 2h 

int 21h  ; New line 

 loop Row 

exit: mov ax, 4c00h 

 int 21h 

END start 
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  ʭʸʥʢʤ ʤʮ .ʵʥʸʬ ʷʩʱʴʺ ʠʬ ʭʬʥʲʬ ʠʩʤ ,ʺʠʦ ʭʥʷʮʡ .ʭʩʶʥʸ ʥʰʧʰʠʹ ʤʮ ʺʠ ʺʲʶʡʮ ʠʬ ,ʥʰʸʲʶʬ ,ʥʦʤ ʺʩʰʫʥʺʤ

ʡ ʥʶʩʸʤʥ ʤʺʥʠ ʥʬʴʮʷ ,ʺʩʰʫʥʺʤ ʺʠ ʥʷʩʺʲʤ ?ʤʩʲʡʬ־TD ʸʨʱʩʢʸʤ ʬʹ ʪʸʲʤ ʩʸʧʠ ʥʡʷʩʲ .cx. 

 ʺʩʰʫʥʺʤ ʺʬʩʧʺʡ :ʸʡʱʤcx ʬ ʬʧʺʥʠʮ3־ʬ ʤʰʺʹʮ ʥʫʸʲ ʤʸʥʣʶʥʸʴʤ ʪʥʺʡ .4־ʥʸʴʤʮ ʤʠʩʶʩʡ . ʠʥʤ ʥʫʸʲ ʤʸʥʣʶ0 ʦʠʥ ,

 ʤʣʥʷʴʤloop Rowʥ ʣʧʠʡ ʥʫʸʲ ʺʠ ʤʺʩʧʴʮʬ ʥʫʸʲ ʺʠ ʺʫʴʥʤ-65,535 ʤ ʢʥʶʩʩʤ ʥʤʦ ,ʸʥʫʦʫ(-unsigned  ʬʹ ʱʥʰʩʮ

ʣʧʠ)ʤ ʺʠʬʥʬ ʬʹ ʤʸʩʶʲʤ ʩʠʰʺʹ ʯʥʥʩʫ .־row ( ʭʩʩʷʺʮ ʠʬcx  ʡʥʹ ʠʥʸʷʬʥ ʵʥʸʬ ʤʫʩʹʮʮ ʠʩʤ ,)ʱʴʠʬ ʤʥʥʹ ʥʰʩʠ

 ʺʠ ʤʸʩʦʧʮ ʡʥʹʹ ,ʤʸʥʣʶʥʸʴʬcx  ʪʸʲ ʭʲ0 ...ʤʠʬʤ ʪʫʥ 

 ʭʩʫʸʲʤ ʺʠ ʸʦʧʹʬʥ ,ʤʸʥʣʶʥʸʴʬ ʤʱʩʰʫʤ ʩʰʴʬ ʺʩʰʫʥʺʡ ʭʩʸʨʱʩʢʸʤ ʡʶʮ ʺʠ ʸʥʮʹʬ ʥʰʬ ʸʹʴʠʩʹ ʯʥʰʢʰʮʬ ʭʩʷʥʷʦ ʥʰʠ ,ʯʫʬ

 .ʺʩʰʫʥʺʬ ʤʸʦʧʤ ʩʰʴʬ )ʪʫʡ ʤʶʸʰ ʭʠ( ʭʩʸʨʱʩʢʸʤ ʬʹ 

 ʺʥʣʥʷʴ ʺʸʦʲʡ ʪʩʠ ʤʠʸʰpush ʥ־pop  ʤʸʥʣʶʥʸʴʤ ʺʠ ʺʥʰʹʬ ʸʹʴʠPrint10X ʧʰʠʹ ʤʮ ʷʥʩʣʡ ʲʶʡʺʩʹ ʪʫ .ʭʩʶʥʸ ʥʰ

 ʭʩʫʸʲʤ ʺʠ ʳʥʬʹʬ ʤʸʥʣʶʥʸʴʤʮ ʤʠʩʶʩʡ ,ʺʩʰʱʧʮʡ ʭʩʸʨʱʩʢʸʤ ʺʠ ʸʥʮʹʬ ʪʩʸʶ ʤʸʥʣʶʥʸʴʬ ʤʱʩʰʫʡ :ʤʨʥʹʴ ʠʩʤ ʤʷʩʰʫʨʤ

.ʤʸʥʣʶʥʸʴʤ ʭʸʨ ʭʡʶʮʬ ʭʩʸʨʱʩʢʸʤ ʺʠ ʸʩʦʧʤʬʥ ʺʩʰʱʧʮʤʮ 

CODESEG 

proc Print10X  

 push cx   

mov cx, 4  ; 4 'X' in each line 

PrintXLoop:   

mov dl, 'X' 

mov ah, 2h 

int 21h  ; Print the value stored in dl ('X')  

loop PrintXLoop 

pop cx 

 ret 

endp Print10X 

 

start: 
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 mov ax, @data 

 mov ds, ax 

 mov cx, 3  ; 3 lines of 'X' 

Row:   

call Print10X 

 mov dl, 0ah 

mov ah, 2h 

int 21h  ; New line 

 loop Row 

exit: mov ax, 4c00h 

 int 21h 

END start 

 ʺʣʥʷʴ ʬʫʤ ʪʱʡ ʥʰʴʱʥʤpush  ʺʣʥʷʴʥpop  ʷʺʲʥʩ ʤʸʥʣʶʥʸʴʤ ʺʬʩʧʺʡʹ ʠʥʤ ,ʤʸʷʩʹ ʤʮ ʺʲʫ .)ʡʥʤʶʡ ʺʥʹʢʣʥʮ( ʺʧʠ

 ʬʹ ʪʸʲʤcx  ʬʹ ʥʫʸʲ ʤʰʥʹʩ ʦʠ ʷʸ .ʺʩʰʱʧʮʬcx ʬ4־ ʤʠʬʥʬʤʹ ʸʧʠʬ .PrintXLoop  ʬʹ ʥʫʸʲ ,ʭʩʩʺʱʺcx  ʤʥʥʹ ʤʩʤʩ

ʤ ʺʣʥʷʴ .ʱʴʠʬ־pop  ʪʥʺʬ ʷʩʺʲʺcx  ʺʩʰʫʥʺʬ ʸʥʦʧʺ ʺʩʰʫʥʺʤ ʦʠʥ ,ʤʸʥʣʶʥʸʴʬ ʤʱʩʰʫʡ ʺʩʰʱʧʮʬ ʸʮʹʰʹ ʪʸʲʤ ʺʠ

.ʺʩʹʠʸʤ 

ʡ ʥʺʥʠ ʥʶʩʸʤ ,ʣʥʷʤ ʺʠ ʥʷʩʺʲʤ־TD  ʬʹ ʥʫʸʲʡ ʥʴʶʥcx !ʺʩʰʫʥʺʤ ʬʹ ʭʩʰʥʹʤ ʤʶʩʸʤ ʩʡʬʹʡ 
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 ʬʩʢʸʺ9.3 : ʺʩʰʫʥʺʤ ʡʶʮ ʺʸʩʮʹʬ ʺʩʰʱʧʮʡ ʹʥʮʩʹ 

:ʤʠʡʤ ʺʩʰʫʥʺʤ ʤʰʥʺʰ 

CODESEG 

proc ChangeRegistersValues 

 ; ???  

mov ax, 1 

mov bx, 2 

mov cx, 3 

mov dx, 4 

 ; ??? 

 ret 

endp ChangeRegistersValues 

 

start: 

 mov ax, @data 

 mov ds, ax 

 xor ax, ax 

xor bx, bx 

xor cx, cx 

xor dx, dx  

call ChangeRegistersValues 

exit: mov ax, 4c00h 

 int 21h 

END start 

 ʤʸʥʣʶʥʸʴʤChangeRegistersValues ʹʩ ʭʤʡ ʺʥʮʥʷʮʡ( ʤʸʥʣʶʥʸʴʬ ʣʥʷ ʺʥʸʥʹ ʥʴʩʱʥʤ .ʭʩʸʨʱʩʢʸʤ ʩʫʸʲ ʺʠ ʤʰʹʮ ,

  .ʤʸʥʣʶʥʸʴʬ ʤʠʩʸʷʤ ʭʸʨ ʥʩʤʹ ʩʴʫ ʥʸʠʹʩʩ ʭʩʸʨʱʩʢʸʤ ʩʫʸʲ ʤʸʥʣʶʥʸʴʤ ʺʶʩʸ ʭʥʩʱʡʹ ʪʫ )'???' 

ʤʸʥʣʶʥʸʴʬ ʭʩʸʨʮʸʴ ʺʸʡʲʤ 

 ʤʬʥʲʴʤ ʤʺʥʠ ʺʠ ʲʶʡʺ ʤʸʥʣʶʥʸʴʹ ʤʶʸʰ ʣʩʮʺ ʠʬ ʤʸʹʲ ʺʱʴʠʮʹ ʤʸʥʣʶʥʸʴʬ ʤʮʢʥʣ ʥʰʩʠʸ .ʤʬ ʭʩʠʸʥʷ ʥʰʧʰʠʹ ʭʲʴ ʬʫʡ

ʯʥʸʫʩʦʡ ʭʩʺʡ ʤʲʹʺ ʱʴʠʬ ʭʩʶʥʸ ʥʰʧʰʠ ʥʩʹʫʲʹ ʧʩʰʰ .ʯʥʸʫʩʦʡ ʭʩʺʡ– ʭʠʤ ?ʤʹʣʧ ʤʸʥʣʶʥʸʴ ʡʥʺʫʬ ʥʩʹʫʲ ʭʩʫʩʸʶ ʥʰʧʰʠ

ʥʶʡ ʣʥʡʲʬ ʩʰʥʩʢʤ ʠʬ ?ʤʹʣʧ ʤʸʥʣʶʥʸʴ ʡʥʺʫʬ ʪʸʨʶʰ ʡʥʹ ,ʯʥʸʫʩʦʡ ʭʩʺʡ ʤʰʥʮʹ ʱʴʠʬ ʤʶʸʰ ʪʫ ʸʧʠ ʭʠʥ ʠʬʹ ʤʮʬ .ʥʦ ʤʸ

 ʪʸʨʶʰ ʨʥʹʴ ʭʩʺʡ ʬʹ ʤʰʥʹ ʸʴʱʮ ʱʴʠʬ ʩʣʫʥ ,ʯʥʺʰ ʸʥʺʡ ʱʴʠʬ ʤʩʬʲʹ ʭʩʺʡʤ ʸʴʱʮ ʺʠ ʬʡʷʬ ʺʲʣʥʩʹ ʤʸʥʣʶʥʸʴ ʤʰʡʰ
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 ʺʩʰʫʥʺʤ ʬʹʮʬ( ʤʬ ʠʸʥʷʹ ʣʥʷʮ ʺʬʡʷʮ ʤʸʥʣʶʥʸʴʤʹ ,ʤʦʤ ʯʥʺʰʬ ?ʯʥʸʫʩʦʡ ʱʴʠʬ ʤʩʬʲ ʭʩʺʡ ʤʮʫ ʤʸʥʣʶʥʸʴʬ ʲʩʣʥʤʬ

.ʸʨʮʸʴ ʭʩʠʸʥʷ ,)ʺʩʹʠʸʤ 

ʺʥʩʤʬ ʬʥʫʩ ʸʨʮʸʴ  ,ʭʤʩʰʩʡ ʸʡʧʬ ʤʫʩʸʶ ʤʸʥʣʶʥʸʴʹ ʭʩʸʴʱʮ ʩʰʹ ,ʤʮʢʥʣʬ .ʤʸʥʣʶʥʸʴʬ ʸʩʡʲʤʬ ʭʩʶʥʸ ʥʰʧʰʠʹ ʸʡʣ ʬʫ

 ʯʴʥʠʡʥ ,ʸʥʡʩʧʤ ʺʠʶʥʺ ʺʠ ʭʢ ?ʺʩʹʠʸʤ ʺʩʰʫʥʺʬ ʤʺʥʠ ʭʩʸʩʦʧʮ ʪʩʠ ?ʸʥʡʩʧʤ ʺʠʶʥʺ ʩʡʢʬ ʤʮ .ʭʩʸʨʮʸʴʫ ʸʥʡʲʬ ʭʩʬʥʫʩ

ʺʸʦʲʡ ʸʩʡʲʤʬ ʭʩʬʥʫʩ ʥʰʧʰʠ ,ʸʩʦʧʤʬ ʤʫʩʸʶ ʤʸʥʣʶʥʸʴʤʹ ʤʠʶʥʺ ʬʫ ʩʬʬʫ .ʸʨʮʸʴ 

:ʯʤ ʺʥʨʩʹʤ ,ʤʸʥʣʶʥʸʴʬ ʭʩʸʨʮʸʴ ʸʩʡʲʤʬ ʺʧʠ ʤʨʩʹʮ ʸʺʥʩ ʹʩ 

- ʨʱʩʢʸʡ ʹʥʮʩʹʭʩʩʬʬʫ ʭʩʸ 

- ʡ ʭʩʸʣʢʥʮʹ ʭʩʰʺʹʮʡ ʹʥʮʩʹ־DATASEG 

- ʺʩʰʱʧʮʤ ʩʡʢ ʬʲ ʭʩʸʨʮʸʴʤ ʺʸʡʲʤ 

 ʤʸʥʣʶʥʸʴʤ .ʸʺʥʩʡ ʤʨʥʹʴ ʠʩʤ ,ʭʩʩʬʬʫ ʭʩʸʨʱʩʢʸʡ ʹʥʮʩʹ ,ʤʰʥʹʠʸʤ ʤʨʩʹʤZeroMemory ʪʥʺʡ ʺʬʡʷʮ ,ʤʮʢʥʣʬ ,bx 

ʡ ʺʡʥʺʫ ʤʩʬʲʹ ʭʩʺʡʤ ʺʥʮʫ ʺʠ ʭʢ ʸʩʣʢʤʬ ʭʩʬʥʫʩ ʥʰʩʩʤ ʤʨʩʹ ʤʺʥʠʡ .ʯʥʸʫʩʦʤ ʱʥʴʩʠ ʺʠ ʬʩʧʺʤʬ ʤʩʬʲ ʤʰʮʮʹ ʯʥʸʫʩʦ

 ʸʨʱʩʢʸʡ ʥʺʥʠ ʸʩʡʲʤʬʥ ʸʨʮʸʴ ʸʥʺʡ ʱʴʠʬax. 

:ʤʮʢʥʣʬ 

proc ZeroMemory 

 mov cx, ax  ; ax holds the number of bytes that should become zero 

xor al, al 

ZeroLoop: 

 mov [bx], al 

inc bx 

loop ZeroLoop 

 ret 

endp ZeroMemory 

ʹ ʢʥʠʣʬ ʠʥʤ ʺʩʹʠʸʤ ʺʩʰʫʥʺʡ ʺʥʹʲʬ ʭʩʫʩʸʶ ʥʰʧʰʠʹ ʤʮ ʬʫ ʺʲʫ־ax  .ʱʴʠʬ ʭʩʶʥʸ ʥʰʧʰʠʹ ʭʩʺʡʤ ʺʥʮʫ ʺʠ ʷʩʦʧʩ 

:ʤʸʲʤ ʬʲ ʤʬʥʲʴ ʤʺʥʠ ʺʠ ʲʶʡʬ ʯʡʥʮʫ ʸʹʴʠ־ ʪʥʺʬ ʺʥʸʩʹʩ ʸʨʮʸʴʤ ʺʱʰʫʤ ʩʣʩcx ʤʹʲʰ ʸʡʱʤʤ ʬʲ ʬʷʤʬ ʩʣʫ ʪʠ ,

 ʤʮʢʥʣʡʡ ʹʥʮʩʹ ʥʦ־ax. 

ʬʬʫ ʭʩʸʨʱʩʢʸʡ ʹʥʮʩʹʤ ʺʥʨʹʴ ʺʥʸʮʬʩ ʸʴʱʮ ,ʬʫ ʺʩʹʠʸ .ʺʥʰʥʸʱʧ ʹʩ ʥʦ ʤʨʩʹʬ ,ʤʸʥʣʶʥʸʴʬ ʭʩʸʨʮʸʴ ʺʸʡʲʤʬ ʭʩ

 ʥʤʹʩʺʮ .ʬʡʢʥʮ ʭʩʸʨʱʩʢʸʤax, bx, cx, dx ʥʸʮʢʩʩ–  ʺʠ ʸʩʫʤʬ ʪʩʸʶ ʺʩʹʠʸʤ ʺʩʰʫʥʺʤ ʺʠ ʡʺʥʫʹ ʩʮ ,ʺʩʰʹ ?ʤʮ ʦʠʥ

.ʭʩʸʨʮʸʴ ʸʥʺʡ ʺʹʮʺʹʮ ʠʩʤ ʭʩʸʨʱʩʢʸ ʥʬʩʠʡ ʺʲʣʬʥ ʤʸʥʣʶʥʸʴʤ ʺʥʠʸʥʤ 
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ʡ ʭʩʸʣʢʥʮʹ ʭʩʰʺʹʮʡ ʹʥʮʩʹ ,ʤʩʰʹʤ ʤʨʩʹʤ־DATASEG ʸʴʱʮʤ ʺʩʩʲʡ ʺʠ ʺʸʺʥʴ ,ʤ .ʭʩʩʬʬʫ ʭʩʸʨʱʩʢʸ ʬʹ ʬʡʢʥʮ

 ʯʥʸʫʩʦʡ ʸʩʣʢʤʬ ʭʩʬʥʫʩ ʥʰʧʰʠʹ ʭʩʰʺʹʮʤ ʸʴʱʮ .)ʤʦ ʡʬʹʡ ʥʰʬʹ ʭʩʨʲʥʮʤ ʭʩʫʸʶʬ ʩʱʧʩ ʯʴʥʠʡ( ʬʡʢʥʮ ʩʺʬʡ ʨʲʮʫ ʠʥʤ

?ʥʦ ʤʨʩʹʡ ʤʸʥʣʶʥʸʴʬ ʭʩʸʨʮʸʴ ʸʩʡʲʰ ʠʬʹ ʲʥʣʮ 

:ʤʮʢʥʣʬ 

proc ZeroMemory 

 mov cx, [NumOfZeroBytes] ; NumOfZeroBytes is defined in DATASEG 

xor al, al 

ZeroLoop: 

 mov bx, [MemoryStart]  ; MemoryStart is defined in DATASEG 

 mov [bx], al  

inc [MemoryStart] 

loop ZeroLoop 

 ret 

endp ZeroMemory 

 ʤʰʺʹʮʤ .ʭʩʸʨʱʩʢʸ ʩʰʹʡ ʹʥʮʩʹʤ ʺʠ ʭʩʰʺʹʮʡ ʥʰʴʬʧʤ ʥʦ ʺʩʰʫʥʺʡNumOfZeroBytes  ʸʨʱʩʢʸʤ ʺʠ ʳʩʬʧʮax ,

 ʤʰʺʹʮʤ .ʱʴʠʬ ʺʩʰʫʥʺʤ ʬʲʹ ʭʩʺʡʤ ʺʥʮʫ ʺʠ ʲʡʷʹ ʸʨʮʸʴ ʤʩʤ ʯʫ ʩʰʴʬʹMemoryStart  ʸʨʱʩʢʸʤ ʺʠ ʳʩʬʧʮbx ,

 ʯʥʸʫʩʦʡ ʭʥʷʩʮʤ ʺʠ ʲʡʷʹ ʸʨʮʸʴ ʤʩʤ ʯʫ ʩʰʴʬʹʹ ʺʥʸʧʠ ʺʥʮʩʹʮ ʺʡʥʨʬ ʭʩʸʨʱʩʢʸ ʩʰʹ ʺʥʰʴʬ ʥʰʧʬʶʤ .ʱʴʠʬ ʭʩʶʥʸ ʥʰʧʰʠ

ʡ ʭʩʹʮʺʹʮ ʯʩʩʣʲ ʥʰʧʰʠ ,ʯʥʫʰ(־al ʡʥ־bx  ʸʮʥʠ ʤʦʥ ,ʭʩʸʨʮʸʴʫ ʠʬʥ ʸʦʲ ʩʡʥʹʩʧʬ ʭʩʩʬʬʫ ʭʩʸʨʱʩʢʸʫ ʬʡʠ ,ʤʸʥʣʶʥʸʴʡ

ʶ ʠʬ ʸʡʫ ʺʩʹʠʸʤ ʺʩʰʫʥʺʤʹʡ ʤʷʥʱʲ ʺʥʩʤʬ ʤʫʩʸʺʲʩʡʷ .)ʤʸʥʣʶʥʸʴʬ ʤʠʩʸʷʤ ʩʰʴʬ ʭʩʸʨʱʩʢʸʬ ʭʩʰʥʫʰʤ ʭʩʫʸʲʤ 
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ʺʩʰʱʧʮʤ ʬʲ ʭʩʸʨʮʸʴ ʺʸʡʲʤ 

 ʺʥʰʥʸʱʧ ʭʰʹʩ ʺʮʣʥʷʤ ʤʨʩʹʬ ʭʢ–  ʸʩʣʢʤʬ ʪʩʸʶʹ ʺʲʣʬ ,ʤʸʥʣʶʥʸʴʤ ʺʥʠʸʥʤ ʺʠ ʸʩʫʤʬ ʪʩʸʶ ʺʩʹʠʸʤ ʺʩʰʫʥʺʤ ʡʺʥʫ

ʡ־DATASEG ʷ ʺʥʮʹ ʭʲ ʠʬʠ ʭʩʰʺʹʮ ʩʰʹ ʭʺʱ ʠʬʥ ,ʭʩʰʺʹʮ ʩʰʹ .ʤʸʥʣʶʥʸʴʤ ʺʠ ʺʥʰʹʬ ʩʬʡ ʺʥʰʹʬ ʸʹʴʠ ʩʠʹ ʭʩʲʥʡ

ʪʫʮ ʸʺʥʩʥ ,ʳʥʺʩʹʬ ʤʹʷʬ ʺʫʴʥʤ ʺʩʰʫʥʺʤ–  ʯʤʩʺʹʥ ,ʭʩʰʥʹ ʺʥʸʥʷʮʮ ʥʰʧʷʬʹ ʺʥʸʥʣʶʥʸʴ ʩʺʹʡ ʹʮʺʹʤʬ ʤʶʸʰ ʭʠ ʤʮ

?ʭʩʤʦ ʺʥʮʹ ʩʬʲʡ ʭʩʰʺʹʮʡ ʹʥʮʩʹ ʺʥʹʥʲ ?)ʤʩʱʸʥʷʸ( ʤʮʶʲʬ ʺʠʸʥʷʹ ʤʸʥʣʶʥʸʴ ʡʥʺʫʬ ʤʶʸʰ ʭʠ ʤʮʥ 

 ʸʩʡʲʤʬ ʪʩʠ ʺʲʫ ʣʮʬʰʦ .ʺʩʰʱʧʮʤ ʩʡʢ ʬʲ ʤʸʥʣʶʥʸʴʬ ʭʩʸʨʮʸʴʥ ,ʺʥʸʥʣʶʥʸʴʬ ʭʩʸʨʮʸʴ ʺʸʡʲʤʬ ʺʬʡʥʷʮʤ ʤʨʩʹʤ ʩʤ

 ʺʩʰʱʧʮ ʸʩʣʢʤʬ ʸʹʴʠ( ʺʩʰʱʧʮʡ ʭʥʷʮ ʬʹ ʺʩʹʲʮ ʤʬʡʢʮ ʯʩʠ :ʺʥʮʣʥʷʤ ʺʥʨʩʹʡ ʥʰʢʶʤʹ ʺʥʩʲʡʤ ʺʠ ʺʸʺʥʴ ʠʩʤʹ ʭʥʹʮ

ʮ ʸʺʥʩ ʪʸʨʶʰʹ ʸʩʡʱ ʠʬʥ ,ʤʬʥʣʢ ʸʺʥʩ64־Kʴʱʮ ʬʲ ʤʬʡʢʤ ʯʩʠ ,)ʨʰʮʢʱ ʬʣʥʢ ʺʬʡʢʮ , ʭʩʧʬʥʹ ʥʰʧʰʠʹ ʭʩʸʨʮʸʴʤ ʸ

ʬʲ ʭʩʬʡʢʥʮ ʠʬ ʥʰʧʰʠ ,ʤʸʥʣʶʥʸʴʬ־ʡʩʡʧ ʯʥʸʧʠʥ ,ʭʩʸʨʱʩʢʸʤ ʺʥʮʫ ʩʣʩ–  ʪʩʠ ʺʲʣʬ ʪʩʸʶ ʠʬ ʥʰʬʹ ʤʸʥʣʶʥʸʴʬ ʠʸʥʷʹ ʩʮ

.ʤʸʥʣʶʥʸʴʤ ʪʥʺʡ ʭʩʰʺʹʮʬ ʭʩʠʸʥʷ ʥʰʧʰʠ 

:ʤʸʥʣʶʥʸʴ ʬʠ ʭʩʸʨʮʸʴ ʺʸʡʲʤʬ ʺʥʨʩʹ ʩʺʹ ʯʰʹʩ 

1. ʪʸʲ ʩʴʬ ʤʸʡʲʤ–Pass by Value 

2. ʱʥʧʩʩ ʩʴʬ ʤʸʡʲʤ–Pass by Reference 

Pass by Value 

 ʺʡʥʺʫʬ ʤʹʩʢ ʯʩʠ ʤʸʥʣʶʥʸʴʬ .ʸʨʮʸʴʤ ʬʹ ʷʺʲʤ ʸʶʥʰ ʺʩʰʱʧʮʤ ʬʲ ,ʸʮʥʬʫ .ʸʨʮʸʴʤ ʪʸʲ ʤʸʥʣʶʥʸʴʬ ʸʡʲʥʮ ʥʦ ʤʨʩʹʡ

ʥʫʸʲ ʺʠ ʺʥʰʹʬ ʤʬʥʫʩ ʠʩʤ ʯʩʠ ʯʫʬʥ ,ʩʸʥʷʮʤ ʤʰʺʹʮʤ ʺʠ ʬʩʫʮʹ ʯʥʸʫʩʦʡ–  ,ʤʸʥʣʶʥʸʴʤʮ ʤʠʩʶʩʡ .ʷʺʲʤʤ ʬʹ ʥʫʸʲ ʺʠ ʷʸ

ʹ ʸʨʮʸʴʤ ʬʹ ʥʫʸʲ.ʩʥʰʩʹ ʠʬʬ ʸʠʹʩʩ ʤʸʥʣʶʥʸʴʬ ʧʬʹʰ 

 ʭʹʡ ʤʸʥʣʶʥʸʴ ʯʩʩʮʣʰ .ʤʮʢʥʣ ʺʥʲʶʮʠʡ ʺʠʦ ʹʩʧʮʰSimpleAdd ʥʫʸʲʬ ʤʴʩʱʥʮʥ ʣʧʠ ʸʨʮʸʴ ʺʬʡʷʮʹ ,2 ʧʩʰʰ .

 ʹʩʢʣʤʬ ʩʣʫ ,ʡʥʹʧ ʤʦʤ ʯʥʺʰʤ .ʥʰʬ ʸʱʮʥ ʬʴʮʩʷ ,ʡʺʫ ʥʤʹʩʮʹ ʺʥʸʥʣʶʥʸʴ ʬʹ ʤʩʸʴʱʮ ʷʬʧ ʠʩʤ ʥʦʤ ʤʸʥʣʶʥʸʴʤʹ

 ʺʠ ʬʴʮʩʷʹ ʸʬʡʮʱʠʬʹSimpleAdd ʠʬ ʡ ʭʩʸʩʣʢʮ ʥʰʧʰʠʹ ʭʩʰʺʹʮʤ ʬʹ ʺʥʡʥʺʫʤ ʤʮ ʢʹʥʮ ʤʩʤ־DATASEG  ʬʹ

 ʤʸʥʣʶʥʸʴʤʹ ʺʥʩʤʬ ʬʥʫʩ .ʥʰʬʹ ʺʩʰʫʥʺʤSimpleAdd  .ʥʰʬʹ ʺʩʰʫʥʺʤ ʺʠ ʥʰʡʺʫ ʥʰʧʰʠʹ ʩʰʴʬ ʬʬʫʡ ʤʡʺʫʰ 

 ʥʬ ʠʸʷʰ ,ʤʰʺʹʮ ʸʣʢʥʮ ʥʰʬʹ ʺʩʰʫʥʺʡparameterʹ ʭʩʶʥʸ ʥʰʧʰʠ ʺʲʫ .־SimpleAdd  ʪʥʺʡ ʠʶʮʰʹ ʪʸʲʤ ʺʠ ʬʡʷʺ

parameter . 



 ʷʸʴ9 –  ʺʥʸʥʣʶʥʸʴʥ ʺʩʰʱʧʮ 174 

 174 

:ʤʸʥʣʶʥʸʴʬ ʠʥʸʷʬ ʦʠʥ ʺʩʰʱʧʮʬ ʥʺʥʠ ʳʥʧʣʬ ʤʫʩʸʶ ʺʩʹʠʸʤ ʺʩʰʫʥʺʤ ,ʤʸʥʣʶʥʸʴʬ ʸʨʮʸʴʤ ʬʹ ʥʫʸʲ ʺʠ ʸʩʡʲʤʬ ʩʣʫ 

push [parameter] 

call SimpleAdd 

:ʤʸʥʣʶʥʸʴʬ ʤʱʩʰʫʤ ʭʲ ʺʩʰʱʧʮʤ ʡʶʮ 

 

 ʤʰʺʹʮʤ ʤʸʥʣʶʥʸʴʤ ʪʥʺʡparameter  .ʺʩʰʱʧʮʤ ʬʲ ʠʶʮʰʹ ,ʥʬʹ ʪʸʲʤ ʺʠ ʤʦ ʤʸʩʫʮ ʤʸʥʣʶʥʸʴʤʹ ʤʮ ʬʫ .ʸʫʥʮ ʥʰʩʠ

ʹ ʺʲʣʥʩ ʠʬ ʤʸʥʣʶʥʸʴʤ־parameter ʡ ʩʤʹʬʫ ʺʡʥʺʫʡ ʠʶʮʰ־DATASEG ʥʬʹ ʷʺʲʤʤ ʺʠ ʷʸ ʤʸʩʫʮ ʠʩʤ ,ʤʺʰʩʧʡʮ .

 ʳʩʱʥʺ ʤʸʥʣʶʥʸʴʤʹ ʸʧʠʬ .ʺʩʰʱʧʮʤ ʬʲ ʩʤʹʬʫ ʺʡʥʺʫʡ ʠʶʮʰʹ2  ʬʹ ʥʫʸʲ ,ʷʺʲʤʤ ʬʹ ʥʫʸʲʬparameter ʮʤ" "ʩʸʥʷ

.ʬʬʫ ʤʰʺʹʩ ʠʬ 

 ʺʨʩʹʡ ʭʩʫʸʲ ʺʬʡʷʮʹ ʤʸʥʣʶʥʸʴʹ ʺʥʸʮʬPass by Value  ʥʦ ʤʨʩʹ ʭʩʮʲʴʬ ,ʭʺʥʠ ʺʥʰʹʬ ʤʬʥʫʩ ʠʬ .ʥʰʩʸʥʡʲ ʤʮʩʠʺʮ

ʺʨʩʹʡ ʤʩʬʠ ʥʸʡʲʥʤʹ ʭʩʸʨʮʸʴʡ ʺʹʮʺʹʮ ʤʸʥʣʶʥʸʴ ʪʩʠ ʤʠʸʰ ʤʠʡʤ ʤʮʢʥʣʡPass by Value ʤʸʥʣʶʥʸʴ ʹʩʹ ʧʩʰʰ .

 ʭʹʡSimpleProc :ʭʩʸʨʮʸʴ ʤʹʥʬʹ ʺʬʡʷʮʹ ,i ,j ʥ–k  ʪʥʺʡ ʺʡʹʧʮʥax  ʺʠi+j-k . ʤʠʩʸʷʬ ʭʩʠʺʮ ʩʬʡʮʱʠ ʣʥʷ

 ʺʨʩʹʡ( ʤʸʥʣʶʥʸʴʬPass by Value:ʺʥʩʤʬ ʬʥʫʩ ) 

push [i] 

push [j] 

push [k] 

call SimpleProc 
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:)ʳʱʥʰ ʲʣʩʮ ʺʩʰʱʧʮʬ ʥʰʱʰʫʤ ʠʬʹ ʤʧʰʤʡ( ʪʫ ʤʠʸʺ ʺʩʰʱʧʮʤ ,ʤʸʥʣʶʥʸʴʬ ʤʱʩʰʫʤ ʭʲ 

 

 ʺʴʩʧʣ ʸʧʠʬ ʺʩʰʱʧʮʤ ʡʶʮi, j, k 

 ʤʸʥʣʶʥʸʴʤ ʪʥʺʡSimpleProc  ʺʣʥʷʴ ʺʸʦʲʡ ʤʩʬʠ ʥʸʡʲʥʤʹ ʭʩʸʨʮʸʴʤ ʺʠ ʠʩʶʥʤʬ ʭʩʬʥʫʩ ʥʰʧʰʠpop ʯʩʩʰʲ ʷʸ ʹʩ .

ʣʧʠ–  ,ʤʸʥʣʶʥʸʴʤʮ ʤʸʦʧʤ ʺʡʥʺʫ ʬʲ ʲʩʡʶʮ ʺʩʰʱʧʮʤ ʹʠʸipʤ ʺʣʥʷʴ ʭʲ ʺʩʰʱʧʮʬ ʳʧʣʰʹ ,־callʤ ʸʮʥʬʫ .־pop 

 .ʺʩʰʱʧʮʤʮ ʤʸʦʧʤ ʺʡʥʺʫ ʺʠ ʠʩʶʥʩ ʤʹʲʰʹ ʯʥʹʠʸʤ 

  ʥʦ .ʤʸʦʧʤ ʺʡʥʺʫʡ ʬʥʴʩʨʬ ʤʨʥʹʴ ʤʨʩʹ ʤʠʸʰ ʥʰʧʰʠʬʲʥʴʡ ʤʡ ʭʩʹʮʺʹʮʹ ʤʨʩʹ ʤʰʩʠ  ʤʺʥʠ ʭʩʮʩʢʣʮ ʥʰʧʰʠʥ

 ʤʩʰʴʬ ʺʬʡʥʷʮʤ ʤʨʩʹʤ ʠʩʤʹ ,ʤʰʥʹ ʤʨʩʹ ʣʮʬʰ ʪʹʮʤʡ .ʺʣʡʥʲ ʺʩʰʱʧʮʤ ʪʩʠ ʯʩʡʤʬ ʬʫʥʰʹ ʩʣʫ ʷʸ ,ʤʸʶʷʡ

 .ʺʩʰʱʧʮʤ ʬʲ ʥʸʡʲʥʤʹ ʭʩʸʨʮʸʴʬ 

ʺʩʰʱʧʮʬ ʤʺʥʠ ʳʥʧʣʰʥ ʣʶʡ ʺʡʥʺʫʤ ʺʠ ʸʥʮʹʰ ʤ ʲʥʶʩʡ ʸʧʠʬ־pop   .ʤʸʥʣʶʥʸʴʬ ʥʰʸʡʲʤʹ ʭʩʸʨʮʸʴʤ ʬʫʬ 

proc SimpleProc 

 pop ReturnAddress 

 pop ax  ; k 

 pop bx  ; j 

 sub bx, ax  ; bx = j-k 

 pop ax  ; i 

 add ax, bx  ; ax= i+j-k 

 push ReturnAddress 
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 ret 

endp SimpleProc 

ReturnAddress ʡ ʥʰʸʣʢʤʹ ʥʤʹʬʫ ʤʰʺʹʮ ʠʥʤ־DATASEG ʥʦ ʤʨʩʹʡ .ʸʨʱʩʢʸʡ ʥʺʥʠ ʳʩʬʧʤʬ ʸʹʴʠ ,ʤʶʸʰ ʭʠ .

.ʺʩʹʠʸʤ ʺʩʰʫʥʺʡ ʯʥʫʰʤ ʭʥʷʮʤ ʬʠ ʸʥʦʧʬ ʯʩʩʣʲʥ ʤʸʥʣʶʥʸʴʤ ʬʠ ʺʩʰʱʧʮʡ ʥʸʡʲʥʤʹ ʭʩʸʨʮʸʴʤ ʺʠ ʠʥʸʷʬ ʥʰʧʬʶʤ ʸʥʮʠʫ- 

.ʸʺʥʩ ʤʰʥʫʰ ʤʨʩʹʡ ʥʦʤ ʤʨʩʹʤ ʺʠ ʳʩʬʧʰ ʡʥʸʷʡ 

 ʬʩʢʸʺ9.4 :Pass by Value 

ʠ.  ʺʨʩʹʡ ʣʧʠ ʸʨʮʸʴ ʺʬʡʷʮʹ ʤʸʥʣʶʥʸʴ ʥʸʶpass by value ' ʸʴʱʮ ʪʱʮʬ ʤʱʩʴʣʮʥX ʯʥʺʰʤ ʩʴʬ ʭʩ'

 ʭʩʸʨʱʩʢʸʤ ʩʫʸʲ ʺʠ ʸʦʧʹʬ ʹʩ ʤʶʩʸʤ ʭʥʩʱʡ !ʩʡʥʩʧ ʸʨʮʸʴʤ ʪʸʲʹ ʯʫʬ ʭʣʥʷ ʷʥʣʡʬ ʹʩ :ʭʩʹʢʣ .ʸʨʮʸʴʡ

ʤʸʦʲ .ʹʥʮʩʹ ʭʤʡ ʤʹʲʰʹ– :ʪʱʮʬ ʥʺ ʺʱʴʣʤ 

mov dl, 'X' 

mov ah, 2h 

int 21h 

ʡ. ʤʸʥʣʶʥʸʴ ʥʸʶ  ʺʨʩʹʡ ʭʩʸʨʮʸʴ ʩʰʹ ʺʬʡʷʮʹpass by value ' ʪʱʮʬ ʤʱʩʴʣʮʥA ʯʥʹʠʸʤ ʸʨʮʸʴʤ ʭʠ '

' ,ʩʰʹʤʮ ʬʥʣʢBʥ ʯʥʹʠʸʤʮ ʬʥʣʢ ʩʰʹʤ ʸʨʮʸʴʤ ʭʠ '־'C ʺʠ ʸʦʧʹʬ ʹʩ ʤʸʥʣʶʥʸʴʤ ʭʥʩʱʡ .ʭʩʥʥʹ ʭʤ ʭʠ '

 .ʭʩʸʨʱʩʢʸʤ ʬʹ ʭʩʩʸʥʷʮʤ ʭʩʫʸʲʤ 

ʢ.  ,ʺʩʰʫʥʺʤ ʺʬʩʧʺʡ ʭʩʲʥʡʷʫ ʭʩʸʴʱʮ ʤʲʡʸʠ ʤʡ ʭʩʸʣʢʥʮʹ ʺʩʰʫʥʺ ʥʸʶ ʭʹʡ ʭʩʰʺʹʮʥmax ʥ־min ʥʸʶ .

 ʭʩʸʨʮʸʴʫ ʺʬʡʷʮʹ ʤʸʥʣʶʥʸʴpass by value  ʤʰʺʹʮʬ ʤʱʩʰʫʮʥ ʭʩʲʥʡʷʤ ʭʩʸʴʱʮʤ ʺʲʡʸʠ ʺʠmax 

 ʤʰʺʹʮʬʥ ʭʤʩʰʩʡʮ ʩʬʮʩʱʷʮʤ ʪʸʲʤ ʺʠmin  .ʭʤʩʰʩʡʮ ʩʬʮʩʰʩʮʤ ʪʸʲʤ ʺʠ 

Pass by Reference 

ʮʤ ʬʲ ,ʸʮʥʬʫ .ʯʥʸʫʩʦʡ ʸʨʮʸʴʤ ʬʹ ʺʡʥʺʫʤ ʤʸʥʣʶʥʸʴʬ ʺʸʡʲʥʮ ʥʦ ʤʨʩʹʡ ʷʸ ʠʬʠ ʸʨʮʸʴʤ ʬʹ ʷʺʲʤ ʸʶʥʰ ʠʬ ʺʩʰʱʧ

 ʤʹʩʢ ʤʬ ʹʩ ʬʡʠ ʤʩʬʠ ʸʡʲʥʤʹ ʸʨʮʸʴʤ ʬʹ ʥʫʸʲ ʤʮ ʺʲʣʥʩ ʠʬ ʤʸʥʣʶʥʸʴʤ .ʺʩʰʱʧʮʬ ʺʷʺʲʥʮ ʯʥʸʫʩʦʡ ʥʬʹ ʺʡʥʺʫʤ

ʥʫʸʲ ʺʠ ʺʥʰʹʬ ʤʬʥʫʩ ʠʩʤ ʯʫʬʥ ,ʤʰʺʹʮʤ ʺʠ ʤʬʩʫʮʹ ʯʥʸʫʩʦʡ ʺʡʥʺʫʬ–  ʤʠʩʶʩʡ .ʯʥʸʫʩʦʡ ʭʥʷʩʮʬ ʺʹʢʬ ʤʫʩʸʶ ʨʥʹʴ ʠʩʤ

ʫʸʲ ,ʤʸʥʣʶʥʸʴʤʮ.ʺʥʰʺʹʤʬ ʩʥʹʲ ʤʸʥʣʶʥʸʴʬ ʧʬʹʰʹ ʸʨʮʸʴʤ ʬʹ ʥ 

ʤʮʢʥʣ ʺʸʦʲʡ ʹʩʧʮʰ: ʡʬ ʥʮʩʹʤʹʣʧ ʤʣʥʷʴʬ ʲʩʴʥʮʹʤ  ʤʸʥʣʶʥʸʴʬ ʠʥʸʷʬ ʭʩʫʬʥʤ ʥʰʧʰʠ .ʤʡSimpleAdd ʭʲʴʤ ʬʡʠ ,

 ʺʨʩʹʡPass by Reference: 

push offset parameter ; Copy the OFFSET of "parameter" into the stack 

call SimpleAdd 

 ʣʧʠ ʭʩʰʥʺʰ ʨʰʮʢʱʮ ʸʺʥʩ ʥʰʬ ʤʩʤ ʭʠ– ʡʶʮʤ ʥʰʩʠ ʯʡʥʮʫʹ ʤʮ-  ʬʹ ʥʺʡʥʺʫ ʺʠ ʭʢ ʺʩʰʱʧʮʬ ʱʩʰʫʤʬ ʭʩʫʩʸʶ ʥʰʩʩʤ

ʹ ʭʩʰʥʺʰʤ ʨʰʮʢʱ-parameter  ʠʩʤʥ ʤʠʡʤ ʤʣʥʷʴʡ ʪʸʥʶ ʯʩʠ ,ʣʧʠ ʭʩʰʥʺʰ ʨʰʮʢʱ ʷʸ ʥʰʬ ʹʩʹ ʯʥʥʩʫ .ʥʫʥʺʡ ʸʣʢʥʮ

:ʣʡʬʡ ʩʬʬʫ ʲʣʩʬ 
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push seg parameter ; Copy the SEGMENT of "parameter" into the stack 

 .ʥʰʬʹ ʺʩʰʱʧʮʬ ʤʸʦʧʡ:ʤʸʥʣʶʥʸʴʬ ʤʱʩʰʫʤ ʭʲ ʺʩʰʱʧʮʤ ʡʶʮ 

 

 ʬʹ ʪʸʲʤ ʺʠ ʺʥʰʹʬ ʤʬʥʫʩ ʤʸʥʣʶʥʸʴʤ ʺʲʫparameter: 

proc SimpleAdd 

 ;Takes as input the address of a parameter, adds 2 to the parameter 

 pop ReturnAddress ; Save the return address 

 pop bx   ; bx holds the offset of "parameter" 

 pop es   ; es holds the segment of "parameter" 

 add [byte ptr es:bx], 2 ; This actually changes the value of "parameter" 

 push ReturnAddress 

 ret 

endp SimpleAdd 

 ʬʩʢʸʺ9.5 :Pass by Reference 

ʠ.  ʺʨʩʹʡ ʸʨʮʸʴ ʺʬʡʷʮʹ ʤʸʥʣʶʥʸʴ ʥʸʶpass by reference ʡ ʥʫʸʲ ʺʠ ʤʬʲʮʥ1־. 

ʡ.  ʺʨʩʹʡ ʭʩʸʨʮʸʴ ʤʲʡʸʠ ʺʬʡʷʮʹ ʤʸʥʣʶʥʸʴ ʥʸʶpass by reference .ʭʺʥʠ ʺʱʴʠʮʥ 
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ʢ. ʭʩʸʨʮʸʴ ʩʰʹ ʺʬʡʷʮʹ ʤʸʥʣʶʥʸʴ ʥʸʶ  ʺʨʩʹʡpass by referenceʭʤʩʰʩʡ ʤʴʩʬʧʮʥ , ʤʮʢʥʣʬ(–  ʩʰʴʬ

 ʤʸʥʣʶʥʸʴʤvar1=4, var2=5 ʤʸʥʣʶʥʸʴʤ ʩʸʧʠ .var1=5, var2=4.) 

 

ʡ ʹʥʮʩʹ ʸʨʱʩʢʸBP 

ʡ ʹʥʮʩʹʤ ʺʠ ʥʰʢʶʤʹʫ-pop [ReturnAddress] ʬʲʥʴʡ ʹʥʮʩʹ ʤʡ ʤʹʲʰ ʠʬʥ ʺʬʡʥʷʮ ʤʰʩʠʹ ʤʨʩʹ ʥʦʹ ʥʰʩʩʶ . ʤʡʩʱʤ

ʹ ,ʠʩʤ ʸʨʱʩʢʸʤ ʺʠ ʺʩʰʱʧʮʬ ʸʩʦʧʤʬʥ ʸʥʮʹʬ ,ʠʩʶʥʤʬ ʢʥʠʣʬ ʪʩʸʶ ʭʲʴ ʬʫip. 

 ʸʨʱʩʢʸʤbp ʬʹ ʸʥʶʩʷ ,Base Pointerʮ , ʩʬʡʮ ʺʩʰʱʧʮʬ ʤʱʩʰʫʤ ʺʩʹʠʸʤ ʺʩʰʫʥʺʤʹ ʭʩʸʨʮʸʴʬ ʺʹʢʬ ʥʰʬ ʲʩʩʱ

 ʸʨʱʩʢʸʤ ʭʲ ʷʱʲʺʤʬip:)ʺʥʹʢʣʥʮ( ʤʸʥʣʶʥʸʴʬ ʭʩʴʩʱʥʮ ʥʰʧʰʠʹ ʣʥʷʤ ʺʥʸʥʹʬ ʡʬ ʥʮʩʹ . 

proc SimpleProc 

 push bp 

 mov bp, sp 

 …   ;Code of the stuff the procedure does 

 pop bp 

 ret 6 

endp SimpleProc 

ʺʠ ʸʩʡʱʰ .ʥʦ ʸʧʠ ʥʦʡ ʺʥʹʣʧʤ ʺʥʣʥʷʴʤ 

 ʬʹ ʤʸʩʮʹ ʺʥʲʶʡʮ ʺʥʰʥʹʠʸʤ ʺʥʣʥʷʴʤ ʩʺʹbp  ʺʷʺʲʤʥ ʺʩʰʱʧʮʬsp  ʪʥʺʬbp?ʡʥʨ ʤʦ ʤʮ ʬʩʡʹʡ . 

 ʬʹ ʩʺʬʧʺʤʤ ʥʫʸʲ ʺʠ ʸʮʥʹʹ ,ʯʥʰʢʰʮ ʭʶʲʡ ʤʴ ʥʰʸʶʩsp ʭʠ ʭʢ ,ʥʩʹʫʲʮ .sp  ʬʹ ʤʠʶʥʤ ʥʠ ʤʴʩʧʣʮ ʤʠʶʥʺʫ ʤʰʺʹʩ

 ,ʺʩʰʱʧʮʤʮ ʭʩʫʸʲbp ʥʠʬ ʲʩʡʶʮ ʣʩʮʺʥ ʲʥʡʷ ʸʠʹʰ ʩʴʬ ʺʩʰʱʧʮʡ ʪʸʲ ʬʫʬ ʠʥʸʷʬ ʺʥʸʹʴʠ ʥʰʬ ʧʺʥʴ ʤʦ ʯʥʰʢʰʮ .ʭʥʷʮ ʥʺ

ʬ ʥʬʹ ʺʩʱʧʩʤ ʺʡʥʺʫʤ־bp. 
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 ʤʰʺʹʮʤ ʺʲʫi ʠʩʤʹ ʺʡʥʺʫʡ ʠʶʮʰ ,ʺʩʰʱʧʮʬ ʯʥʹʠʸ ʥʺʥʠ ʥʰʴʧʣʹ ,8  ʬʲʮ ʭʩʺʡbp ʭʩʰʺʹʮʤ .i ʥ־k  ʺʥʡʥʺʫʡ ʭʩʠʶʮʰ

 ʯʤʹ6 ʥ4־  ʬʲʮ ,ʤʮʠʺʤʡ ,ʭʩʺʡbpʡʥʹʧʹ ʤʮ . ʮ ʭʩʷʧʸʮʤʹ ʠʥʤ־bp ʷ ʭʩʸʠʹʰ.ʤʸʥʣʶʥʸʴʤ ʩʩʧ ʬʫ ʪʹʮʬ ʭʩʲʥʡ 

 .ʤʰʥʸʧʠʤ ʤʰʷʱʮʡ ʭʩʹʮʺʹʮ ʪʩʠ ʤʠʸʰʬʲ ʡʥʹ ʺʠʦ ʭʩʢʣʰ  ʤʸʥʣʶʥʸʴʤSimpleProc ,ʤʬʥʲʴʤ ʺʠ ʺʲʶʡʮʹax=i+j-k .

:ʺʠʦ ʲʶʡʮ ʠʡʤ ʣʥʷʤ 

proc SimpleProc 

 push bp 

 mov bp, sp 

 ; Compute I+J-K 

 xor ax, ax 

add ax, [bp+8] ; [bp+8] = I 

add ax, [bp+6] ; [bp+6] = J 

sub ax, [bp+4] ; [bp+4] = K 

 pop bp 

 ret 6 

endp SimpleProc 

ʮʱʠ ʬʹ ʤʣʥʷʴʡ ʥʩʹʫʲ ʹʮʺʹʰʺʠʸʥʤ .ʥʰʬʹ ʣʥʷʤ ʺʠ ʢʸʣʹʺʹ ,ʩʬʡequ  ʬʷʺʰ ʠʥʤʹ ʭʲʴ ʬʫʡʹ ʸʬʩʩʴʮʥʷʬ ʺʸʮʥʠ

:ʤʮʢʥʣʬ .ʸʣʢʥʤʹ ʸʧʠ ʭʩʥʥʺ ʳʥʸʩʶʡ ʥʺʥʠ ʳʩʬʧʤʬ ʥʩʬʲ ,ʸʣʢʥʤʹ ʭʩʥʥʺʤ ʳʥʸʩʶʡ 

iParm equ [bp+8] 

jParm equ [bp+6] 

kParm equ [bp+4] 
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ʤʠʩʸʷʬ ʤʨʥʹʴ ʭʢ ʠʬʠ ,ʤʨʥʹʴ ʷʸ ʠʬ ʤʫʴʤ ʥʰʬʹ ʤʸʥʣʶʥʸʴʤ ʥʩʹʫʲ: 

proc SimpleProc 

 push bp 

 mov bp, sp 

 ; Compute I+J-K 

 xor ax, ax 

add ax, iParm 

add ax, jParm 

sub ax, kParm 

 pop bp 

 ret 6 

endp SimpleProc 

 

ʡ ʹʥʮʩʹʤ :ʴʩʨ-equ  ʺʨʩʹʡ ʭʩʣʡʥʲ ʸʹʠʫ ʣʧʥʩʮʡ ʧʥʰpass by value ʺʩʰʱʧʮʬ ʥʰʴʧʣʹ ʤʰʺʹʮ ʬʫʬ ,ʪʫ .

 ʺʨʩʹʡ ʭʩʣʡʥʲ ʥʰʩʩʤ ʥʬ .ʤʸʥʣʶʥʸʴʡ ʸʣʢʥʮ ʭʹ ʹʩpass by referenceʡ ʹʥʮʩʹʮ ʺʥʧʴ ʭʩʧʩʥʥʸʮ ʥʰʩʩʤ ,-

equ ʺʨʩʹʡʹ ʭʥʹʮ ,pass by reference  ʭʩʷʩʺʲʮ ʠʬʠ ,ʺʩʰʱʧʮʡ ʸʮʹʰʹ ʪʸʲʤ ʬʠ ʺʥʸʩʹʩ ʭʩʰʥʴ ʠʬ

ʺʥʠʤʮʢʥʣʬ( ʯʥʸʫʩʦʬ ʤʩʰʴʬ ʹʮʹʮʹ ʸʨʱʩʢʸ ʪʥʺʬ ʥ- ʬ ʪʸʲʮʤ ʺʬʩʧʺ ʺʡʥʺʫ ʺʠ ʭʩʷʩʺʲʮʥ ʪʸʲʮ ʭʩʸʩʡʲʮ-bx ʤʦ ʤʸʷʮʡ .

 ʪʸʣ ʪʸʲʮʤ ʬʠ ʭʩʹʢʩʰ ʣʩʮʺ ʥʰʧʰʠʹ ʭʥʹʮ ʪʸʲʮʤ ʺʬʩʧʺʬ ʣʧʥʩʮ ʭʹ ʺʺʬ ʺʬʲʥʺ ʯʩʠbx.) 

 ʬʹ ʤʷʺʲʤʤ ,ʣʥʡʲʩ ʥʰʸʶʩʹ ʤʰʡʮʤʹ ʩʣʫ :ʡʬ ʥʮʩʹbp  ʺʣʥʷʴʥ ʺʩʰʱʧʮʬmov bp, sp ʩʩʧ ʺʥʣʥʷʴʤ ʺʥʩʤʬ ʺʥʡ

 .ʤʸʥʣʶʥʸʴʡ ʺʥʰʥʹʠʸʤ 

 ʺʣʥʷʴ ʲʶʡʰ ʺʥʲʨʡ ʭʠʹ ,ʠʩʤ ʤʡʩʱʤpush  ʥʠpop )ʭʩʺʡ ʬʹ ʤʥʥʹ ʠʬ ʺʥʮʫ ʬʹ ʤʠʶʥʤʥ ʤʴʩʧʣ( ʺʥʰʦʥʠʮ ʠʬ ʩʰʴʬ

ʮ ʭʩʸʣʢʥʮ ʭʩʷʧʸʮʡ ʭʩʰʺʹʮ ʺʸʩʶʩ ʬʹ ,ʥʰʸʶʩʹ ʤʰʡʮʤ ʬʫ ,ʥʬʠ ʺʥʣʥʷʴ־bp ʯʥʫʰ ʠʬ ʹʥʮʩʹʬ ʤʮʢʥʣ ʤʰʤ .ʹʡʺʹʮ ʤʩʤ ,

ʡ־bp: 

proc WrongBP  

 push ax 

push bp 

mov bp, sp 

… 
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 ʬʹ ʺʩʰʱʧʮʤWrongBP 

 ʬʹ ʤʱʰʫʤʤ ʺʥʡʷʲʡax  ʩʰʴʬbpʮ ʭʩʷʧʸʮʤ ʤʰʡʮ ,־bp  ʥʩʹʫʲ .ʯʥʫʰ ʥʰʩʠ ʥʰʸʶʩʹbp+8  ʬʲ ʲʩʡʶʮj  ʬʲ ʭʥʷʮʡi .ʩʬʥʫʥ 

ʤ ʺʣʥʷʴ ʬʲ ʸʡʱʤʡ ʭʩʩʱʰ־ret 6  .ʤʸʥʣʶʥʸʴʤ ʳʥʱʡʹ 

 ʺʣʥʷʴʹ ʥʰʩʠʸret  ʺʣʥʷʴ ʸʹʠʮ ʪʥʴʤʤ ʪʩʬʤʺʤ ʺʠ ʺʲʶʡʮcall ʺʣʥʷʴ :ret,ʺʩʰʱʧʮʤʮ ʤʸʦʧʤ ʺʡʥʺʫ ʺʠ ʤʠʩʶʥʮ ʤʬʲʮ

 ʬʹ ʥʫʸʲ ʺʠsp ʡ2־ʦʧʤ ʺʡʥʺʫ ʬʠ ʺʶʴʥʷʥ ,ʺʣʥʷʴʬ ʺʥʬʥʷʹ ʺʥʠʡʤ ʺʥʣʥʷʴʤ .ʤʸretʹ ʤʣʡʥʲʤ ʨʲʮʬ(־ret  ʤʰʹʮ ʤʰʩʠ

 ʺʠbx:) 

pop bx ; pop increments sp by 2 

jmp bx 

 ʣʩʬ ʸʴʱʮ ʭʩʴʩʱʥʮ ʥʰʠʹʫʤ ʺʣʥʷʴ־retʤ ʲʥʶʩʡ ʸʧʠʬ ,-popʬ ʳʱʥʰ ,-sp ʤ ʣʩʬ ʥʰʮʹʸʹ ʪʸʲʤ־ret . ʺʥʬʥʷʹʤ ʺʥʣʥʷʴʤ

ʬ־ret 6 :ʯʤ 

pop bx ; pop increments sp by 2 

add sp, 6 ; sp is incremented by a total of 8 

jmp bx 

ʤ ʺʣʥʷʴ ʣʩʬ ʤʸʴʱʡ ʹʥʮʩʹʤ־ret  ʺʥʣʥʷʴ ʺʥʲʶʮʠʡ ʥʰʱʴʺʹ ʺʩʰʱʧʮʡ ʭʥʷʮ ʸʸʧʹʬ ʣʲʥʰpush  .ʤʸʥʣʶʥʸʴʬ ʤʱʩʰʫʤ ʩʰʴʬ

 ʥʰʩʹʲ ʥʰʬʹ ʤʮʢʥʣʡpush  ʬʣʥʢʡ ʭʩʰʺʹʮ ʤʹʥʬʹʬ2  ʬʫʤ ʪʱʡ ʥʰʱʰʫʤ ʸʮʥʬʫ ,ʣʧʠ ʬʫ ʭʩʺʡ6  ʤʣʥʷʴʤ .ʺʩʰʱʧʮʬ ʭʩʺʡ

ret 6  ʺʠ ʤʸʩʦʧʮsp  ʥʰʩʩʤ ʤʣʩʮ ʤʺʥʠʡ .ʺʩʰʱʧʮʡʹ ʯʥʸʫʩʦʤ ʺʠ "ʺʸʸʧʹʮ" ʪʫʡʥ ʤʸʥʣʶʥʸʴʬ ʤʱʩʰʫʤ ʭʸʨ ʩʸʥʷʮʤ ʥʡʶʮʬ
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 ʲʶʡʬ ʭʩʬʥʫʩret  ʬʩʢʸ ʩʬʡ ʪʫ ʸʧʠʥ ,ʥʣʩʬ ʤʸʴʱ ʭʩʮʲʴ ʹʥʬʹpopʡ ʹʥʮʩʹʤ ʪʠ ,־ret 6  ʧʷʥʬ ʠʥʤʹ ʯʥʥʩʫ ,ʩʨʰʢʬʠ ʸʺʥʩ

.ʣʡʬʡ ʺʧʠ ʤʣʥʷʴ ʺʥʲʶʮʠʡ ʺʹʷʥʡʮʤ ʤʬʥʲʴʤ ʺʠ ʲʶʡʮʥ ʭʥʷʮ ʺʥʧʴ 

ʡ ʹʥʮʩʹʤ ʺʥʰʥʸʺʩ ʬʹ ʭʩʩʰʩʡ ʭʥʫʩʱ־bp: 

1.  ʺʥʹʲʬ ʪʩʸʶ ʠʬ ʤʸʥʣʶʥʸʴʤ ʺʬʩʧʺʡpop .ʤʺʥʠ ʸʥʮʹʬʥ ʤʸʦʧʤ ʺʡʥʺʫʬ 

2.  ʺʥʹʲʬ ʪʩʸʶ ʠʬpop  ʺʸʦʲʡ ʺʩʰʱʧʮʡ ʭʤʬʹ ʺʡʥʺʫʤ ʬʠ ʸʹʩ ʭʩʹʢʩʰ ʨʥʹʴ .ʺʩʰʱʧʮʬ ʥʰʴʧʣʹ ʭʩʫʸʲʤ ʬʫʬbp. 

3. ʬʲ ʺʩʰʱʧʮʤ ʯʥʸʫʩʦʡ ʠʺ ʬʫ ʢʶʩʩʬ ʸʹʴʠ־.ʺʥʲʮʹʮ ʬʲʡʥ ʠʩʸʷ ʭʹ ʩʣʩ 

 ʬʹ ʳʱʥʰ ʯʥʸʺʩbpʹ ʠʥʤ ,ʣʩʮ ʥʺʥʠ ʤʠʸʰʹ ,-bp .ʭʩʩʮʥʷʮ ʭʩʰʺʹʮʬ ʺʹʢʬ ʥʰʬ ʸʦʥʲ 

 ʬʩʢʸʺ9.6 :ʡ ʹʥʮʩʹʥ ʤʸʥʣʶʥʸʴ־bp 

ʠ.  ʺʨʩʹʡ ,ʭʩʰʺʹʮ ʩʰʹ ʺʬʡʷʮʹ ʤʸʥʣʶʥʸʴ ʥʡʺʩʫpass by referenceʤʮʢʥʣʬ( ʭʤʩʰʩʡ ʤʴʩʬʧʮʥ ,–  ʩʰʴʬ

 ʤʸʥʣʶʥʸʴʤvar1=4, var2=5 ʤʸʥʣʶʥʸʴʤ ʩʸʧʠ .var1=5, var2=4 ʱʧʩʩʺʤʬ ʹʩ ʤʸʥʣʶʥʸʴʤ ʪʥʺʡ .)

 ʺʸʦʲʡ ʷʸ ʭʩʰʺʹʮʬbp . 

ʡ.  :ʭʩʰʺʹʮ ʤʹʥʬʹ ʺʬʡʷʮʹ ʤʸʥʣʶʥʸʴ ʥʡʺʩʫvar1, var2, max ʤʰʺʹʮʤ .max  ʺʨʩʹʡ ʧʬʹʰpass by 

reference  ʺʨʩʹʡ ʭʩʰʺʹʮʤ ʸʺʩʥpass by value ,ʤʸʥʣʶʥʸʴʤʮ ʤʠʩʶʩʡ .max  ʤʥʡʢʤ ʪʸʲʤ ʺʠ ʬʩʫʩ

 ʯʩʡʮvar1, var2. 
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)ʤʡʧʸʤ( ʤʸʥʣʶʥʸʴʡ ʭʩʩʮʥʷʮ ʭʩʰʺʹʮ ʺʸʣʢʤʬ ʺʩʰʱʧʮʡ ʹʥʮʩʹ 

 .ʤʸʥʣʶʥʸʴʬ ʵʥʧʮ ʸʫʥʮ ʥʰʩʠ ʠʥʤʥ ,ʤʸʩʣʢʮ ʤʸʥʣʶʥʸʴʤʹ ʤʰʺʹʮ ʠʥʤ ʩʮʥʷʮ ʤʰʺʹʮ ʬʹ ʹʥʮʩʹʡ ʭʤ ʥʬʠ ʭʩʰʺʹʮ

 ʯʥʸʫʩʦ ʤʰʺʹʮʤ ʸʥʡʲ ʤʶʷʮ ʤʸʥʣʶʥʸʴʤ ,ʩʮʥʷʮ ʤʰʺʹʮ ʬʹ ʤʸʷʮʡ .ʤʸʥʣʶʥʸʴʬ ʵʥʧʮ ʺʥʲʮʹʮ ʭʤʬ ʯʩʠʥ ,ʣʡʬʡ ʤʸʥʣʶʥʸʴʤ

.ʤʬ ʤʠʸʷʹ ʺʩʰʫʥʺʬ ʤʸʦʧʤ ʩʰʴʬ ʯʥʸʫʩʦʤ ʺʠ ʸʸʧʹʬ ʺʢʠʥʣ ʭʢʥ ʺʩʰʱʧʮʤ ʬʲ 

ʥʰʩʠʸʹ ʥʮʫ ?ʬʲʥʴʡ ʲʶʡʺʮ ʤʦ ʪʩʠ, ʥʮ ʺʩʰʱʧʮʤ ʬʲ ʯʥʸʫʩʦ ʺʠʶʷʤ ʬʫ ʬʹ ʥʫʸʲ ʺʠ ʤʣʩʸsp ʭʩʰʺʹʮ ʺʥʶʷʤʬ ʩʣʫ ,ʯʠʫ ʭʢ .

 ʬʹ ʥʫʸʲ ʺʠ ʤʣʩʸʥʮ ʨʥʹʴ ʤʸʥʣʶʥʸʴʤ ʭʩʩʮʥʷʮsp ʭʩʩʮʥʷʮ ʭʩʰʺʹʮʬ ʺʥʶʷʤʬ ʤʶʥʸ ʤʸʥʣʶʥʸʴʤ ,ʤʮʢʥʣʬ ,ʭʠ .6  ,ʭʩʺʡ

:ʤʣʥʷʴʤ ʺʥʲʶʮʠʡ ʲʶʡʺʺ ʤʠʶʷʤʤ 

sub sp, 6 

 ʺʠ ʠʩʡʤʬ ʩʣʫʥ( ʯʥʸʫʩʦʤ ʺʠ ʸʸʧʹʬ ʩʣʫ ,ʤʫʥʴʤʤ ʤʬʥʲʴʤ ʲʶʡʺʤʬ ʤʫʩʸʶ ʤʸʥʣʶʥʸʴʤʮ ʤʠʩʶʩʤ ʩʰʴʬʹ ʯʡʥʮʫsp  ʪʸʲʬ

ʯʥʫʰʤ–  ʸʥʮʹ ʥʡ ʺʩʰʱʧʮʡ ʭʥʷʮʤ ʬʲ ʲʩʡʶʩʹip:) 

add sp, 6 

.ʭʩʩʮʥʷʮ ʭʩʰʺʹʮʡ ʹʥʮʩʹ ʤʹʥʲʹ ʤʸʥʣʶʥʸʴʬ ʤʮʢʥʣ ʤʠʸʰ 

 ʭʩʸʨʮʸʴ ʩʰʹ ʺʬʡʷʮʹ ʤʸʥʣʶʥʸʴ ʧʩʰʰ–x,yʮ ʤʸʥʣʶʥʸʴʤ . ʭʩʩʮʥʷʮ ʭʩʰʺʹʮ ʩʰʹ ʤʸʩʣʢAddXY ʥ־SubXY  ʤʱʩʰʫʮʥ

 ʬʹ ʹʸʴʤʤʥ ʭʥʫʱʤ ʺʠ ʭʫʥʺʬx ʥ־y.ʤʮʠʺʤʡ , 

varX equ [bp+6] 

varY equ [bp+4] 

AddXY equ [bp-2] 

SubXY equ [bp-4] 

proc XY 

 push bp 

 mov bp, sp 

 sub sp, 4 ; Allocate 4 bytes for local variables 

 push ax  ; Save ax value before we change it 

 mov ax, varX 

 add ax, vary 
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 mov AddXY, ax 

 mov ax, varX 

 sub ax, vary 

 mov SubXY, ax 

 pop ax  ; Restore ax original value 

 add sp, 4 ; De-allocate local variables 

 pop bp 

 ret 4 

endp XY 

 ʤʣʥʷʴʤ ʲʥʶʩʡ ʸʧʠʬ ʺʩʰʱʧʮʤ ʡʶʮpush ax: 
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 ʭʠʬ ʭʩʠʸʥʷ ʥʰʧʰʠ ʤʮʢʥʣʬ־XY  ʺʩʹʠʸʤ ʺʩʰʫʥʺʡʺʥʲʶʮʠʡ :ʺʥʠʡʤ ʣʥʷʤ ʺʥʸʥʹ 

push 5 

push 4 

call XY 

 ʪʥʺʡ ʭʩʫʸʲʤ ʺʸʩʮʹʥ ʭʩʡʥʹʩʧʤ ʲʥʶʩʡ ʸʧʠʬ ,ʺʩʰʱʧʮʤ ʺʩʠʸʰ ʪʫAddXY ʥ־SubXY ʠʩʤ ʬʥʧʫʡ ʺʹʢʣʥʮʤ ʤʸʥʹʤ .

 ʲʩʡʶʮ ʤʩʬʲ ʤʸʥʹʤbp: 

 

 ʪʸʲʤ ʺʠ ʺʩʰʱʧʮʬ ʥʰʴʧʣ5  ʪʸʲʤ ʺʠʥ4ʹ ʤʠʶʷʤ ʥʰʩʹʲ . ʭʰʮʠʥ .ʭʩʫʸʲʤ ʩʰʹ ʬʹ ʹʸʴʤʤ ʺʠʥ ʭʥʫʱʤ ʺʠ ʸʥʮʹʬ ʭʥʷʮ ʬ

( ʭʥʫʱʤ ʺʠ ʯʤ ʤʬʩʫʮ ʺʩʰʱʧʮʤ ,ʺʥʠʸʬ ʸʹʴʠʹ ʩʴʫ0009( ʹʸʴʤʤ ʺʠ ʯʤʥ )0001 ʺʠ ʥʰʸʣʢʤ ʥʡ ʯʥʸʫʩʦʡ ʺʥʮʥʷʮʡ ,)

 ʭʩʩʮʥʷʮʤ ʭʩʰʺʹʮʤAddXY ʥ־SubXY.ʤʮʠʺʤʡ , 

 ʭʥʷʩʮʡ :ʺʩʰʱʧʮʤ ʡʶʮ ʺʠ ʸʠʺʮʹ ʸʥʩʠʤ ʯʩʡʬ ʡʹʧʮʡ ʯʥʸʫʩʦʤ ʭʥʬʩʶ ʯʩʡʹ ʯʥʩʮʣʬ ʡʬ ʥʮʩʹss:00F6[ ʠʥʤʹ ,bp-2 ,]

 ʭʥʷʩʮʡ .ʭʩʸʨʮʸʴʤ ʩʰʹ ʬʹ ʭʥʫʱʤ ʠʶʮʰss:00F4[ ʠʥʤʹ ,bp-4.ʭʩʸʨʮʸʴʤ ʩʰʹ ʬʹ ʸʥʱʩʧʤ ʠʶʮʰ ] 

 ʬʩʢʸʺ9.7 :ʺʩʰʱʧʮʡ ʭʩʩʮʥʷʮ ʭʩʰʺʹʮ ʺʸʩʶʩ 

ʬ ʺʴʧʥʣʹ ,ʺʩʹʠʸ ʺʩʰʫʥʺ ʥʡʺʩʫ ʭʹʡ ʤʸʥʣʶʥʸʴʬ ʺʠʸʥʷʥ ʭʤʹʬʫ ʭʩʫʸʲ ʤʹʥʬʹ ʺʩʰʱʧʮXYZ ʺʬʬʥʫ ʤʸʥʣʶʥʸʴʤ .

ʭʩʩʮʥʷʮ ʭʩʰʺʹʮ ʤʹʥʬʹ–LocalX, LocalY, LocalZ ʺʠ ʥʶʩʸʤ .ʸʧʠ ʩʮʥʷʮ ʤʰʺʹʮ ʪʥʺʬ ʪʸʲ ʬʫ ʷʩʺʲʺ ʤʸʥʣʶʥʸʴʤ .

.ʹʸʣʰʫ ʤʲʶʥʡ ʤʷʺʲʤʤʹ ʺʩʰʱʧʮʡ ʥʷʣʩʡʥ ʺʩʰʫʥʺʤ 
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ʤʸʥʣʶʥʸʴʬ ʪʸʲʮ ʺʸʡʲʤʬ ʺʩʰʱʧʮʡ ʹʥʮʩʹ 

 ʪʸʲʮ ʸʩʡʲʤʬ ʸʺʥʩʡ ʺʩʱʩʱʡʤ ʤʨʩʹʤ .ʪʸʲʮ ʠʩʤ ʺʩʱʠʬʷʤ ʤʮʢʥʣʤ ,ʭʩʸʡʩʠ ʬʹ ʳʱʥʠ ʬʡʷʺ ʤʸʥʣʶʥʸʴʹ ʤʶʸʰ ʭʩʺʩʲʬ

 ʺʨʩʹʡ ,ʣʧʠ ʣʧʠ ʪʸʲʮʤ ʬʹ ʭʩʸʡʩʠʤ ʺʠ ʺʩʰʱʧʮʬ ʳʥʧʣʬ ʨʥʹʴ ʠʩʤ ʤʸʥʣʶʥʸʴʬpass by value:ʥʦʤ ʤʨʩʹʤ ʺʥʰʥʸʱʧ . 

- .ʪʥʸʠ ʪʸʲʮʤ ʭʠ ,ʺʲʢʩʩʮ 

- .ʺʩʰʱʧʮʡ ʭʥʷʮ ʤʡʸʤ ʺʱʴʥʺ 

- ʣʶʥʸʴʤ.ʩʸʥʷʮʤ ʪʸʲʮʤ ʬʹ ʭʩʫʸʲʤ ʺʠ ʺʥʰʹʬ ʤʬʥʫʩ ʠʬ ʤʸʥ 

 ʺʨʩʹʡpass by reference:ʺʠ ʷʸ ʤʸʥʣʶʥʸʴʬ ʭʩʸʩʡʲʮ ,ʺʠʦ ʺʮʥʲʬ , 

- ʪʸʲʮʡ ʯʥʹʠʸʤ ʸʡʩʠʤ ʬʹ ʺʡʥʺʫʤ 

- ʪʸʲʮʡ ʭʩʸʡʩʠʤ ʸʴʱʮ 

 ʪʥʺʡ ʪʸʲʮ ʸʩʣʢʰ .ʤʮʢʥʣ ʤʠʸʰ ʺʲʫDATASEG: 

DATASEG 

num_elements equ 15 

Array   db num_elements  dup  )?(  

 ʪʥʺʡCODESEG ʭʩʸʡʩʠʤ ʸʴʱʮʥ ʪʸʲʮʡ ʯʥʹʠʸʤ ʸʡʩʠʤ ʺʡʥʺʫ ʺʠ ʺʩʰʱʧʮʬ ʳʥʧʣʰ ,ʤʸʥʣʶʥʸʴʬ ʤʠʩʸʷʤ ʩʰʴʬ ,

:ʪʸʲʮʡ 

push num_elements 

push offset Array 

call SomeProcedure 

ʬʲ ʪʸʲʮʡ ʨʰʮʬʠ ʬʫʬ ʱʧʩʩʺʤʬ ʸʹʴʠ ʤʸʥʣʶʥʸʴʤ ʪʥʺʡ-ʨʱʩʤʤ ʺʴʱʥʺʡ ,ʺʩʰʱʧʮʤ ʬʠ ʤʷʺʲʥʤʹ ,ʥʬʹ ʱʩʱʡʤ ʺʡʥʺʫ ʩʣʩ 

.ʪʸʲʮʤ ʺʬʩʧʺʮ ʨʰʮʬʠʤ ʬʹ 

 ʬʩʢʸʺ9.8 :ʺʥʸʥʣʶʥʸʴʬ ʭʩʫʸʲʮ ʺʸʡʲʤ 

ʡʬ ʥʮʩʹ-  ʹʥʸʣʤ ʲʣʩʮʤ ʬʫ ʺʠ .ʭʩʰʥʺʰʤ ʨʰʮʢʱʡ ʥʸʣʢʥʤʹ ʭʩʰʺʹʮʡ ʺʥʸʥʣʶʥʸʴʤ ʪʥʺʡ ʹʮʺʹʤʬ ʯʩʠ ,ʭʩʠʡʤ ʭʩʬʩʢʸʺʡ

.ʺʩʰʱʧʮʤ ʩʡʢ ʬʲ ʸʩʡʲʤʬ ʹʩ ʤʸʥʣʶʥʸʴʬ 

ʠ.  ʤʰʺʹʮʤ ʺʠʥ ʪʸʲʮ ʺʬʡʷʮʹ ʤʸʥʣʶʥʸʴ ʥʸʶsum  ʪʥʺʬ ʤʱʩʰʫʮʥsum  ,ʤʮʢʥʣʬ .ʪʸʲʮʡ ʭʩʸʡʩʠʤ ʭʥʫʱ ʺʠ

 ʪʸʲʮʤ ʸʥʡʲ2,2,3,4,5  ʤʩʤʺ ʤʠʶʥʺʤsum=16. 
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ʡ.  ʤʸʥʣʶʥʸʴ ʥʡʺʩʫSortArray  ʸʡʩʠʤʮ ʪʸʲʮʤ ʺʠ ʺʰʩʩʮʮʥ ,ʪʸʲʮʡ ʭʩʸʡʩʠ ʸʴʱʮʥ ʪʸʲʮʬ ʲʩʡʶʮ ʺʬʡʷʮʹ

 ʪʸʲʮʤ ʸʥʡʲ ʤʮʢʥʣʬ .ʬʥʣʢʬ ʯʨʷʤ3,6,5,2,1   :ʭʩʫʸʲʤ ʺʠ ʬʩʫʤʬ ʪʸʲʮʬ ʭʥʸʢʺ ʤʸʥʣʶʥʸʴʤ1,2,3,5,6 .

ʫʸʣʤ:ʤʸʥʣʶʥʸʴʤ ʺʡʩʺʫʬ ʤ 

-  ʸʦʲ ʺʸʥʣʶʥʸʴ ʥʡʺʩʫFindMin  ʺʠ ʤʸʩʦʧʮʥ ʸʺʥʩʡ ʯʨʷʤ ʸʡʩʠʤ ʺʠ ʺʠʶʥʮ ,ʪʸʲʮʬ ʲʩʡʶʮ ʺʬʡʷʮʹ

.ʥʬʹ ʱʷʣʰʩʠʤ 

-  ʸʦʲ ʺʸʥʣʶʥʸʴ ʥʡʺʩʫSwap  ʺʨʩʹ ʺʥʲʶʮʠʡ ʭʩʸʨʮʸʴ ʩʰʹ ʺʬʡʷʮʹpass by reference  ʤʴʩʬʧʮʥ

.ʭʤʬʹ ʭʩʫʸʲʤ ʺʠ 

-  ʤʸʥʣʶʥʸʴʤSortArray  ʪʸʲʮʤ ʬʲ ʤʠʬʥʬʡ ʵʥʸʺʬ ʠʸʷʺʥ־FindMinʬ ʠʸʷʺ ʯʫʮ ʸʧʠʬ .־Swap 

 ʤʸʩʦʧʤʹ ʱʷʣʰʩʠʤ :ʭʩʸʨʮʸʴ ʩʰʹ ʭʲFindMin  .ʪʸʲʮʡ ʯʥʹʠʸʤ ʱʷʣʰʩʠʤʥ 

-  ʤʸʥʣʶʥʸʴʤʹ ʸʧʠʬSortArray  ʠʸʷʺ ʠʩʤ ,ʯʥʹʠʸʤ ʱʷʣʰʩʠʬ ʸʺʥʩʡ ʯʨʷʤ ʸʡʩʠʤ ʺʠ ʤʸʩʡʲʤ

ʬ־FindMin  ,ʯʫʮ ʸʧʠʬ .ʪʸʲʮʡ ʩʰʹʤ ʱʷʣʰʩʠʤ ʬʲ ʠʥʤ ʪʸʲʮʬ ʲʩʡʶʮʤ ʸʹʠʫSortArray ʺʬ ʠʸʷ-

Swap  ʤʸʩʦʧʤʹ ʱʷʣʰʩʠʤ :ʭʩʸʨʮʸʴ ʩʰʹ ʭʲFindMin .ʪʸʲʮʡ ʩʰʹʤ ʱʷʣʰʩʠʤʥ 

- .ʪʸʲʮʤ ʯʥʩʮ ʭʥʩʱʬ ʣʲ ʥʦ ʤʨʩʹʡ ʪʩʹʮʺ ʤʸʥʣʶʥʸʴʤ 

ʢ.  ʺʠʸʷʰʹ ʤʸʥʣʶʥʸʴ ʥʡʺʩʫSort2Arrays ,ʪʸʲʮ ʬʫʡ ʭʩʸʡʩʠ ʸʴʱʮʥ ʭʩʫʸʲʮ ʩʰʹʬ ʭʩʲʩʡʶʮ ʺʬʡʷʮʹ ,

 ʣʲʩ ʪʸʲʮʬ ʳʱʥʰ ʲʩʡʶʮʥsorted  ʺʠʶʥʺ ʺʠ ʱʩʰʫʤʬ ʹʩ ʥʩʬʠ ʭʩʬʥʴʫ ʭʩʫʸʲ ʸʹʠʫ ,ʭʩʫʸʲʮʤ ʩʰʹ ʬʹ ʯʥʩʮʤ

ʤʮʢʥʣʬ .ʤʶʥʧʤ ʭʩʰʰʥʱʮ: 

Array1 = 4,9,5,3,2 

Array2 = 3,6,4,1 

:ʤʸʥʣʶʥʸʴʤ ʺʶʸʤ ʸʧʠʬ 

Sorted = 1,2,3,4,5,6,9 

:ʤʸʥʣʶʥʸʴʤ ʺʡʩʺʫʬ ʤʫʸʣʤ 

-  ʭʹʡ ʤʸʥʣʶʥʸʴ ʥʡʺʩʫMerge  ʯʥʩʮ ʠʬʬ ,ʣʧʠ ʪʸʲʮʬ ʭʺʥʠ ʤʷʩʺʲʮʥ ʭʩʫʸʲʮ ʩʰʹʬ ʭʩʲʩʡʶʮ ʺʬʡʷʮʹ

.ʯʥʰʩʱ ʥʠ 

- ʬ ʥʠʸʩʷ־SortArray  ʤʸʶʩʹ ʪʸʲʮʤ ʭʲMerge. 

-  ʭʹʡ ʤʸʥʣʶʥʸʴ ʥʡʺʩʫFilter  ʸʺʥʩ ʭʩʲʩʴʥʮʹ ʭʩʫʸʲʤ ʬʫ ʺʠ ʺʱʴʠʮʥ ʯʩʥʮʮʤ ʪʸʲʮʤ ʬʲ ʺʸʡʥʲʹ

.ʺʧʠ ʭʲʴʮ  
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ʺʩʰʱʧʮ ʺʹʩʬʢ- Stack Overflow )ʤʡʧʸʤ( 

Stack Overflow ʤ ʤʺʬʥʲʴ ʯʴʥʠ ʺʠ ʺʥʰʹʬ ʯʺʩʰ ʺʥʰʥʹ ʺʥʬʥʲʴ ʲʥʶʩʡ ʺʥʲʶʮʠʡ .ʲʣʩʮʤ ʺʧʨʡʠ ʭʥʧʺʮ ʡʥʹʧ ʧʰʥʮ ʥʰʩ

 ʭʩʣʣʥʲʮ ʥʰʰʩʠ .)ʤʹʷ ʤʩʲʡʡ ʸʡʥʣʮ ʲʣʩʮ ʺʧʨʡʠ ʬʹ ʨʡʩʤʡ ʯʫʬʥ( ʯʰʫʥʺʹ ʤʮʮ ʤʰʥʹ ʣʥʷ ʵʩʸʤʬ ʤʬ ʭʥʸʢʬʥ ʺʩʰʫʥʺ ʬʹ

ʮ .ʯʡʥʮʫ ʩʷʥʧ ʥʰʩʠ ʳʠ ʸʡʣʤʥ ʺʥʰʫʥʺ ʬʹ ʸʥʷʮ ʣʥʷ ʩʥʰʩʹ ʬʬʫ :ʺʥʠʡʤ ʺʥʡʩʱʤʮ ,ʠʹʥʰʬ ʩʨʸʥʠʩʺʤ ʲʷʸʤ ʭʫʩʰʴʬ ʠʡʥʮ ʪʣʩʠ 

1.  ʤʩʥʹʲ ʤʧʨʡʠ ʺʥʩʲʡʬ ʺʥʲʣʥʮʺʠʣʣʥʲʺ.ʺʥʩʱʠʬʷ ʤʧʨʡʠ ʺʥʩʲʡʬ ʳʥʹʧ ʥʰʩʠʹ ,ʸʺʥʩ ʤʤʥʡʢ ʤʮʸʡ ʣʥʷ ʺʰʫʺʬ ʭʫ 

2.  ʬʹ ʤʰʡʤʠʹʥʰʤ  ʸʺʥʩʡ ʭʩʡʥʹʧʤ ʭʩʷʸʴʤ ʣʧʠ ʥʰʩʤʹ ,ʤʦ ʷʸʴʡ ʣʥʮʩʬʤ ʸʮʥʧʡ ʺʥʷʮʲʺʤʥ ʤʸʦʧ ʭʫʮ ʹʥʸʣʺ

ʥʲʴʤ ʯʴʥʠ ʺʰʡʤʬ.ʡʹʧʮ ʺʥʰʫʥʺ ʬʹ ʤʬ 

 ʸʩʣʢʰ ʺʩʹʠʸʧʰʥʮʤ ʺʠBuffer Overflowʬ ʱʧʩʩʺʮ ʤʦ ʧʰʥʮ . ʪʥʺʬ ʥʡ ʡʶʮʪʸʲʮ ʬʣʥʢʡ ,ʭʩʩʥʱʮ ʠʸʷʰʹ ʤʮ

 ,"ʸʴʠʡ" ʸʹʠʮ ʲʣʩʮ ʸʺʥʩ ʭʥʹʸʬ ʭʩʱʰʮʪʸʲʮʤ  ʬʩʫʤʬ ʣʲʥʩʮʹ ,ʭʩʶʩʡ ʯʥʨʸʷ ʥʰʩʩʮʣ .ʬʩʫʤʬ ʬʥʫʩ12  .ʭʩʶʩʡ

ʥ ,ʥʰʬʹ ʸʴʠʡʤ ʠʥʤ ʭʩʶʩʡʤ ʯʥʨʸʷ-12 ʮʥʷʮʤ ʺʥʮʫ ʠʥʤ ʯʥʨʸʷʬ ʱʩʰʫʤʬ ʤʱʰʰ ʭʠ ʤʸʷʩ ʤʮ .ʸʴʠʡʡ ʭʩʮʩʩʷʤ ʺʥ13  ?ʭʩʶʩʡ

 ʬʡʷʰBuffer Overflow ʥʬʩʠ ,ʯʴʥʠ ʥʺʥʠʡ .ʪʸʲʮʤʶʷʰ  ʬʣʥʢʡ–  ʧʩʰʰ–  ʬʹ100h ʥʫʥʺʬ ʷʩʺʲʤʬ ʤʱʰʰʥ ,257  ,ʭʩʺʡ

ʤ ʺʩʡʤ-257  ʬʡʷʰʥ ʯʥʸʫʩʦʤ ʭʥʷʩʮʮ ʢʥʸʧʩBuffer Overflow. 

 

Buffer Overflow  ʬʲ ʸʣʢʥʤ ʹʬʢʹ ʸʴʠʡʤ ʭʠʡ .ʸʴʠʡʬ ʵʥʧʮ ʯʥʸʫʩʦ ʺʹʩʬʢ ʬʫʬ ʸʺʥʩʡ ʩʬʬʫʤ ʭʹʤ ʠʥʤ

 ʩʴʩʶʴʱ ʯʴʥʠʡ ʺʠʸʷʰ ʤʹʩʬʢʤ ,ʺʩʰʱʧʮʤStack Overflow. 

 ʹʧʸʺʤʬ ʤʩʥʹʲ ʪʩʠ ʤʠʸʰ ʤʡʤStack Overflow. 

?ʤʹʥʲ ʺʩʰʫʥʺʤ ʤʮ ,ʭʫʮʶʲʬ ʥʸʸʡʥ ʣʥʷʤ ʺʥʸʥʹ ʬʲ ʥʸʡʩʲ .ʤʠʡʤ ʺʩʰʫʥʺʡ ʥʰʰʥʡʺʤ 

; ------------------------------------------------------------------------------ 

; Program StackOF – demonstration of stack overflow 

; Author: Barak Gonen 2015 

; ------------------------------------------------------------------------------ 

IDEAL 

MODEL small 

STACK 100h 

DATASEG 

 msg1  db 'Please enter your name, press enter to finish',13,10,'$' 
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 msg2  db 13,10,'Program finished$' 

 msg3  db 13,10,'Here be dragons$' 

CODESEG 

proc GetName 

 ; Get user input and store it on the stack 

 push  bp 

 mov  bp, sp 

 sub sp, 10; Allocate a buffer of 10 bytes on the stack 

 mov  di, sp 

 mov ah, 1 

 xor  bx, bx 

get_char: 

 int  21h 

 cmp  al, 13  ; Is it the 'enter' key? 

 je  quit_proc 

 mov [ss:di+bx], al ; Copy user input to the buffer on the stack 

 inc  bx 

 jmp  get_char 

quit_proc: 

 add  sp, 10  ; De-allocate buffer 

 pop  bp 

 ret 

endp GetName 

  

start: 

 mov  ax, @data 

 mov  ds, ax 

 mov  ah, 9 

 mov  dx, offset msg1 

 int  21h 
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 call  GetName 

 mov  ah, 9 

 mov  dx, offset msg2 

 int  21h 

exit: 

 mov  ax, 4c00h 

 int  21h 

 ; This code should not be reached at all, as the program should have 

 ; already exited 

nops  db 20E8h dup (90h) ; Fill a part of the memory with NOP (90h)-  

    ; NOP - a command which does nothing (No Operation) 

 mov  ah, 9 

 mov  dx, offset msg3 

 int  21h 

 jmp  exit 

END start 

 ʹʩʷʤʬ ʥʩʬʲ ʭʩʩʱ ʹʮʺʹʮʤʹ ʸʧʠʬ .ʹʮʺʹʮʤ ʭʹ ʺʠ ʨʥʬʷʬ ʤʹʷʡ ʪʱʮʬ ʤʱʩʴʣʮ ʺʩʰʫʥʺʤ :ʺʩʰʫʥʺʤ ʺʥʣʥʠ ʸʡʱʤenter .

 ʤʲʣʥʤ ʪʱʮʬ ʤʱʩʴʣʮ ʺʩʰʫʺʤ ʦʠProgram finished:ʪʫ . 

 

 ʬʣʥʢʡ ʸʴʠʡʡ ,ʺʩʰʱʧʮʤ ʬʲ ʨʬʷʤ ʺʠ ʺʸʮʥʹʹ ,ʤʸʥʣʶʥʸʴ ʺʲʶʡʮ ʹʮʺʹʮʤ ʭʹ ʺʨʩʬʷ ʺʠ10 .ʭʩʺʡ 

ʥʸʮʬʹ ʡʬ ʥʮʩʹ ʺʥʹʲʬ ʸʹʴʠ ʺʩʰʱʧʮʬʹ ʺpush  ʸʹʴʠ ʯʥʸʫʩʦʬ ʤʸʩʹʩ ʤʹʩʢʡ ,ʭʩʺʡ ʩʰʹ ʬʹ ʺʥʬʥʴʫʡ ʷʸ

.ʣʩʧʩ ʺʩʡ ʬʣʥʢʡ ʭʩʫʸʲ ʭʢ ʺʩʰʱʧʮʤ ʬʠ ʷʩʺʲʤʬ 

 ʣʥʷ ʲʨʷ ʥʤʦ .ʪʱʮʬ ʤʰʥʹ ʤʲʣʥʤ ʱʩʴʣʮʹ ,ʳʱʥʰ ʣʥʷ ʲʨʷ ʹʩ ,ʺʩʰʫʥʺʤ ʺʶʩʸ ʺʠ ʭʩʩʱʮʹ ʣʥʷʤ ʲʨʷ ʭʥʩʱʡ ,ʩʺʸʢʹ ʠʬ ʯʴʥʠʡ

ʩʤʬ ʸʥʮʠ ʠʬ ʠʥʤʹ ʯʥʥʩʫʮ ,ʸʦʥʮ ʺʠ ʤʶʩʴʷʮʹ ʤʬʥʲʴ ʭʥʹ ʺʩʰʫʺʡ ʯʩʠ .ʵʸʥʮ ʺʥip .ʤʦʤ ʣʥʷʤ ʲʨʷ ʬʠ ʲʩʢʩʹ ʪʫ 

?ʤʠʡʤ ʤʶʸʤʤ ʺʠ ʸʩʡʱʤʬ ʸʹʴʠ ʪʩʠ ,ʪʫ ʭʠ 
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.ʡʬʹ ʩʸʧʠ ʡʬʹ ʯʠʫ ʹʧʸʺʤ ʤʮ ʸʩʡʱʰ  ,ʤʸʦʥʮ ʺʥʢʤʰʺʤ ʯʠʫ ʹʩʹ ʥʰʧʫʥʰʹ ʸʧʠʬ 

 ʤʸʥʣʶʥʸʴʤGetName  ʬʣʥʢʡ ʸʴʠʡ ʤʸʩʣʢʮ10 :ʪʫ ʺʩʠʸʰ ʺʩʰʱʧʮʤ ,ʤʸʥʣʶʥʸʴʤ ʪʥʺʡ .ʺʩʰʱʧʮʤ ʬʲ ʭʩʺʡ 

 

 ʪʥʺʡ ʺʩʰʱʧʮʤGetNameʡʥʤʶʡ .-  ʬʣʥʢʡ ʸʴʠʡʤ10 .ʭʩʺʡ 

 ʤʶʸʤʡʥʮʹ ʺʠ ʯʩʦʤ ʹʮʺʹʮʤ ʤʰʥʹʠʸʤ,Jon Snow ʬʫʤ ʪʱ ,8 )ʭʩʬʩʮʤ ʯʩʡ ʧʥʥʸʤ ʬʬʥʫ( ʭʩʥʥʺʤ ʩʫʸʲ .-ASCII  ʬʹ

ʤʦ ʸʧʠ ʤʦʡ ʺʩʰʱʧʮʬ ʥʱʰʫʰ ʭʩʥʥʺʤ :ʪʫ ʤʺʠʸʰ ʺʩʰʱʧʮʤʥ 

 

 ʯʥʹʠʸʤ ʨʬʷʤ .ʺʩʰʱʧʮʤ ʡʶʮ ʺʠ ʯʧʡʰ–  ʺʥʠʤJ ʣʥʷ(:ASCII(4Ah–  ʭʥʷʩʮʡ ʸʴʠʡʤ ʺʬʩʧʺʬ ʤʱʰʫʰss:00F2 ʸʺʩ .

 ʭʥʷʩʮ ʣʲ ʯʥʸʫʩʦʬ ʥʷʺʲʥʤ ʥʨʬʷʰʹ ʺʥʩʺʥʠʤss:00F9ʬʬʥʫ , ʬʣʥʢʡ ʸʣʢʥʤ ʸʴʠʡʤʹ ʯʥʥʩʫ .10  ʭʩʺʡʪʠ  ʷʸ ʥʩʬʠ ʥʷʺʲʥʤ8 

ʭʩʺʡ ʬʹ ʭʩʺʡ ʩʰʹ ʥʡ ʥʸʠʹʰ ,ʭʩʬʧʺʥʠʮ ʠʬ ʭʩʫʸʲ ,"ʬʡʦ"ʺʩʰʫʥʺʤ ʺʶʩʸ ʭʸʨ ʯʥʸʫʩʦʡ ʥʩʤʹ , ʠʶʮʰ "ʬʡʦ"ʤ ʬʲʮ .bp 

 ʥʩʬʲʮʥip.ʤʸʦʧʤ ʺʡʥʺʫ , 

 .ʭʩʥʥʺ ʯʩʦʤʬ ʪʩʹʮʮ ʥʰʬʹ ʹʮʺʹʮʤʹ ʧʩʰʰ ʺʲʫ ʺʦʥʸʧʮʤ ʺʠ ʡʺʫ ʠʥʤʹ ʸʧʠʬ'Jon Snow',  ʯʩʦʮ ʹʮʺʹʮʤ5  ʧʥʥʸ ʩʥʥʺ

 ʬʹ ʤʷʺʲʤʮ ʤʠʶʥʺʫ .ʤʠʩʸʷ ʯʮʩʱ ʦʠʥ14  ʥʬʣʥʢʹ ʸʴʠʡ ʪʥʺʬ ʭʩʺʡ10  ʬʹ ʡʶʮ ʸʶʥʰ,ʭʩʺʡStack Overflow ʤʦ ʡʬʹʡ .

:ʪʫ ʺʩʠʸʰ ʺʩʰʱʧʮʤ 
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 ʺʠ ʥʱʸʣ ,ʺʩʰʱʧʮʬ ʥʱʰʫʰʹ ʭʩʰʥʸʧʠʤ ʭʩʺʡʤ ʺʲʡʸʠbp ʤ ʩʫʸʲʡ ʥʴʬʧʥʤ ʭʩʩʸʥʷʮʤ ʭʩʫʸʲʤ ,ʤʸʦʧʤ ʺʡʥʺʫ ʺʠʥ-ASCII 

ʥʥʺʤ ʬʹʤ ʪʸʲ :ʥʣʬʷʥʤʹ ʭʩ-ASCII  ʠʥʤ ʧʥʥʸʤ ʥʺ ʬʹ20h ʤʠʩʸʷ ʯʮʩʱ ʬʹ ʥʬʩʠʥ- 21h ʣʡʲʮʬ ʤʮʸʢ ʠʬ ʥʦ ʤʬʥʲʴ .

.ʩʬʡʮʱʠ ʺʴʹ ʺʰʩʧʡʮ ʯʩʷʺ ʯʴʥʠʡ ʤʲʶʥʡ ʯʥʸʫʩʦʬ ʤʷʺʲʤʤ ,ʺʩʷʥʧ ʠʬ ʤʬʥʲʴ ʤʲʶʡʺʤ ʠʬʹ ʯʥʥʩʫ ,ʤʠʩʢʹʬ  ʤʬʥʲʴʡ ,ʺʠʦ ʭʲ

ʥʡʹʩʧ .ʤʸʥʣʶʥʸʴʤ ʬʹ ʤʸʦʧʤ ʺʡʥʺʫ ʤʡʺʫʥʹ ʥʦ- ʫʬʹʤʤ ʥʩʤʩ ʤʮ?ʤʦ ʡʶʮ ʬʹ ʺʥ 

 ʠʥʤ ʯʩʦʮ ʹʮʺʹʮʤʹ ʠʡʤ ʥʺʤenter  ʸʴʠʡʤ ʷʧʮʰ ʯʥʹʠʸʤ ʡʬʹʡ .ʤʠʩʶʩʤ ʣʥʷʬ ʤʲʩʢʮʥ ʺʮʩʩʺʱʮ ʤʸʥʣʶʥʸʴʤ ʤʦ ʡʬʹʡʥ

 ʲʶʥʡʮ ʩʰʹʤ ʡʬʹʡ .ʯʥʸʫʩʦʡ ʤʶʷʥʤʹpop ʬ-bp ʪʥʺʬ ʱʰʫʰʹ ʪʸʲʤʹ ,ʯʡʥʮʫ .bp  ʺʩʰʱʧʮʡ ʸʮʹʰʹ ʩʸʥʷʮʤ ʪʸʲʤ ʥʰʩʠ

ʹʣʧʤ ʪʸʲʤ ʠʬʠ- 2020h ʺʣʥʷʴ ʺʲʶʥʡʮ ʳʥʱʡʬ .ʤ-ret ʪʸʲʤ .2120h  ʪʥʺʬ ʷʺʲʥʮip  ʺʡʥʺʫʬ ʤʶʩʴʷ ʺʲʶʥʡʮʥ

2120h  ʠʬ ʲʥʣʮ(2021h ʥʸʫʦʩʤ ?–  ʺʨʩʹʡ ʬʲʥʴ ʯʥʸʫʩʦʤlittle endian.) 

 ʺʡʥʺʫʬ ʤʶʩʴʷʤ2120h  ʺʠ ʤʠʩʡʮip  ʭʥʩʱʤ ʺʲʣʥʤ ʺʠ ʱʩʴʣʮʹ ʣʥʷʤ ʲʨʷ ʬʠ ʸʹʩʤ'Here be dragons' . ʨʴʹʮʤ

ʥ ʺʥʷʩʺʲ ʺʥʴʮʮ ʧʥʷʬ ʺʧʥʥʸʤ ʺʥʲʮʹʮʤʥʬʹ ʠʩʤ  ʸʥʦʠ"ʸʫʥʮ ʠʬʥʡ ʠʶʮʰ ʤʮ ʺʲʣʬ ʯʩʠʹ ,ʺʥʰʫʱʬ ʥʴʶ .."... 

 

 ʺʴʮPsalter ʮ-1265ʴʮʤ ʺʩʺʧʺʡ .,ʤ 
ʭʣʠʬ ʺʸʫʥʮʤ ʤʩʸʥʨʩʸʨʬ ʵʥʧʮ, .ʭʩʰʥʷʸʣ 
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ʭʥʫʩʱʬ ʤʦ ʳʩʲʱʡ ʹʥʮʩʹ ʺʸʦʲʡʹ ʥʰʩʠʸ ,-Stack Overflow  ʯʰʫʺ ʠʬ ʺʰʫʺʮʤʹ ʺʥʠʸʥʤʬ ʺʩʰʫʥʺʤ ʺʠ ʵʩʴʷʤʬ ʯʺʩʰ

ʡ ʭʬʥʠ ,ʺʩʰʫʥʺʡ ʺʥʠʶʮʰ ʭʩʶʴʥʷ ʯʤʩʬʠʹ ʺʥʣʥʷʴʤ ʤʦʤ ʤʸʷʮʡ ʭʰʮʠ .ʥʲʶʡʺʩʹ ʺʥʲʶʮʠ ʬʹ ʳʷʩʤʡ ʯʰʩʠʹ( ʺʥʰʥʹ ʺʥʷʩʰʫʨ

ʣʥʷʤ ʪʥʺʡ ʺʥʹʣʧ ʺʥʣʥʷʴ ʬʥʺʹʬ ʯʺʩʰ )ʤʦ ʸʴʱ. 

 

 ʬʩʢʸʺ9.8 ʬʹ ʺʥʸʹʴʠ ʺʲʩʰʮ :Stack Overflow 

 ʤʡ ʲʶʡʬ ʤʩʤʩ ʯʺʩʰ ʠʬʹ ʪʫ ,ʺʩʰʫʥʺʤ ʺʠʥʸʴʹStack Overflow.  ʣʥʷ ʺʥʸʥʹ ʥʴʩʱʥʤʥ ʺʩʰʫʥʺʤ ʣʥʷ ʺʠ ʥʷʩʺʲʤ :ʤʫʸʣʤ

 ʺʦʥʸʧʮʤ ʱʴʣʥʺʹ ʺʥʸʹʴʠʤ ʺʠ ʷʸ ʠʬ ʲʥʰʮʬ ʭʫʩʬʲ .ʺʥʮʩʠʺʮ'Here be dragons' ʬ ʺʥʸʹʴʠ ʬʫ ʭʢ ʠʬʠ-Stack 

Overflow .ʺʩʰʫʥʺʤ ʺʱʩʸʷʬ ʭʥʸʢʬ ʬʥʬʲʹ ʤʦʫ ʤʮʢʥʣʬ ,ʸʧʠ 
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Calling Conventions )ʤʡʧʸʤ( 

 .ʩʬʡʮʱʠ ʺʴʹʡ ʠʬ ,ʺʥʩʬʩʲ ʺʥʴʹʡ ʡʺʫʰ ʭʬʥʲʡ ʣʥʷʤ ʡʥʸʭʩʺʩʲʬ  ʥʷʬʧʥ ʺʩʬʩʲ ʤʴʹʡ ʡʺʫʰ ʣʥʷʤʮ ʷʬʧ .ʩʬʡʮʱʠʡ ʡʺʫʰ

 ʯʩʡ ʸʥʹʩʷʤʤ ʣʥʷ ʤʰʥʫʮʤ ʺʴʹʡʹ ʣʥʷʬ ʺʩʬʩʲ ʤʴʹʡʹʸʷʰʩʬʤ ʩʣʩ ʬʲ ʲʶʡʺʮ-  ʤʣʥʡʲʤ ʺʡʩʡʱ ʺʥʣʥʠ ʷʸʴʡ ʥʰʸʫʤ ʥʺʥʠ– 

ʡʷ ʸʴʱʮ ʯʩʡ ʸʹʷʮ ʸʹʠ .ʤʰʥʫʮ ʺʴʹʡ ʣʩʧʩ ʤʶʸʤ ʵʡʥʷ ʺʸʩʶʩʬ ʭʩʶ ,ʪʫʮ ʤʠʶʥʺʫ ʤʴʹʡ ʣʥʷʤ ʯʩʡ ʺʥʮʩʠʺʡ ʪʸʥʶ ʹʩ

ʩʬʡʮʱʠʤ ʺʴʹʡ ʣʥʷʬ ʺʩʬʩʲʤ ..ʺʥʮʩʠʺ ʤʹʸʣʰ ʥʡʹ ʤʸʷʮʡ ʸʡʫ ʥʰʬʷʺʰ ?ʣʥʷ ʬʹ ʺʥʮʩʠʺ ʩʤʮ ʡ ʥʸʫʦʩʤ-endians  ʷʸʴ(

 ʺʣʥʷʴʥ ʭʩʰʺʹʮ ʺʸʣʢʤ ʠʹʥʰʡmov.)  ʺʨʩʹʡ ʥʠ ʣʥʡʲʬ ʭʩʬʥʫʩ ʤʰʫʥʺʤʥ ʣʡʲʮʤlittle endian  ʺʨʩʹʡ ʥʠbig endian- 

ʲ .ʺʧʠ ʤʨʩʹʡ ʺʥʬʥʲʴʤ ʬʫ ʺʠ ʭʩʲʶʡʮ ʤʰʫʥʺʤ ʭʢʥ ʣʡʲʮʤ ʭʢ ʣʥʲ ʬʫ ,ʬʬʫ ʤʰʹʮ ʸʡʣʤ ʯʩʠʥʸʩ ʡʺʥʨʩʹ ʬʹ  ʪʫʬ ʭʥʸʢʩ

.ʣʷʴʺʺ ʠʬ ʤʰʫʥʺʤʹ 

 

 ʤʩʶʰʡʰʥʷConvention– .ʺʧʥʥʸ ʺʥʢʤʰʺʤ .ʤʮʫʱʥʮ 

 ʥʰʣʮʬʹ ʩʴʫʹ ʺʥʩʶʰʡʰʥʷ ʭʢ ʯʰʹʩ ,ʯʥʸʫʩʦʬ ʺʥʸʥʹʷʹ ʺʥʩʶʰʡʰʥʷ ʬʲ ʺʥʠʸʷʰ ʥʬʠʥ ,ʺʥʸʥʣʶʥʸʴ ʺʬʲʴʤ ʬCalling 

Conventions ʪʸʥʶ ʬʬʫʡ ʹʩ ʲʥʣʮ ʹʩʧʮʰ ʤʬʩʧʺ .ʡ-Calling Conventions? 

 ʧʩʰʰʤʩʶʷʰʥʴ ʬʹ ʤʸʣʢʤ  ʺʴʹʡC: 

int MyProc (int a, int b); 

 ʬʲ ʺʲʣʬ ʭʩʬʥʫʩ ʥʰʧʰʠ ʤʮʤʸʥʣʶʥʸʴʤMyProc ʱʥʴʩʨʮ ʭʩʸʨʮʸʴ ʩʰʹ ʺʬʡʷʮ ʠʩʤʹ ʲʥʡʷʬ ʸʹʴʠ ?integer  ʤʸʩʦʧʮʥ

 ʱʥʴʩʨʮ ʪʸʲinteger.ʲʢʸʫ ʤʰʹʮ ʥʰʩʠ ʤʸʥʣʶʥʸʴʤ ʤʹʥʲ ʷʥʩʣʡ ʤʮ . 

:ʤʮʢʥʣʬ ʺʥʩʤʬ ʤʬʥʫʩ ʤʸʥʣʶʥʸʴʬ ʤʠʩʸʷ 

int c = MyProc(1,2); 

 ʠʸʷʰ )"ʠʡʠ"ʤ( ʤʸʥʣʶʥʸʴʬ ʠʸʥʷʹ ʣʥʷʤ ʲʨʷCaller  ʠʸʷʰ ,)"ʯʡ"ʤ( ʤʮʶʲ ʤʸʥʣʶʥʸʴʤ ʸʮʥʬʫ ,ʠʸʷʰʹ ʣʥʷʤ ʲʨʷ ʥʬʩʠʥ

Callee. 

ʹ ʯʩʩʮʣʰ ʤʡʤ ʺʲʫʸʴʤ ʤʸʥʣʶʥMyProc  ʩʬʡʮʱʠ ʺʴʹʡ ʤʡʺʫʰ ʺʴʹʡ ʣʥʷʮ ʷʬʧʫ ʤʡʺʫʰ ʤʸʥʣʶʥʸʴʬ ʤʠʩʸʷʤ ʥʬʩʠʥC ,

.ʩʬʡʮʱʠ ʺʴʹʬ ʸʩʮʮ ʸʬʩʩʴʮʥʷ ʸʹʠ ʥʡʹʩʧ- ʹʡʺʹʤʬ ʬʥʫʩ ʤʮ ʤ ʯʩʡ-Callerʬ-Callee? 

1.  :ʺʩʰʱʧʮʤ ʩʡʢ ʬʲ ʭʩʸʨʮʸʴʤ ʺʸʡʲʤ 

:'ʠ ʺʥʸʹʴʠ .ʺʧʠ ʪʸʣʮ ʸʺʥʩʡ ʤʸʥʣʶʥʸʴʬ ʤʠʩʸʷʤ ʺʠ ʸʩʮʤʬ ʬʥʫʩ ʸʬʩʩʴʮʥʷʤ 

push 1 

push 2 

call MyProc 

:'ʡ ʺʥʸʹʴʠ 

push 2 
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push 1 

call MyProc 

 ʺʠʸʷʰ 'ʠ ʺʥʸʹʴʠ ʯʩʮʩʬ ʬʠʮʹʮ ʤʸʡʲʤ Pass Left to Right ʬʠʮʹʬ ʯʩʮʩʮ ʤʸʡʲʤ ʺʠʸʷʰ 'ʡ ʺʥʸʹʴʠ ʥʬʩʠʥPass 

Right to Left. .ʺʥʶʥʴʰ ʺʥʩʶʰʡʰʥʷ ʬʹ ʺʥʠʮʢʥʣ ʸʩʫʰ ʪʹʮʤʡ 

ʤ ʥʬʩʠ-callerʸʩʡʲʩ ʤ ʤʡʹ ʤʨʩʹʤ ʸʹʠʮ ʤʰʥʹ ʤʸʡʲʤ ʺʨʩʹʡ ʺʩʰʱʧʮʬ ʭʩʸʨʮʸʴʤ ʺʠ-callee  ʭʩʸʨʮʸʴʤ ʺʠ ʠʸʥʷ

 ,ʠʩʤ ʤʰʷʱʮʤ .ʥʴʬʧʥʩ ʭʩʸʨʮʸʴʤ ʬʹ ʭʤʩʫʸʲ ,ʺʩʰʱʧʮʤʮʹʤ ,ʺʥʬʷʺ ʲʥʰʮʬ ʩʣʫ-caller ʤʥ-callee  ʩʴʬ ʸʥʡʲʬ ʭʩʡʩʩʧ

.ʤʩʶʰʡʰʥʷʤ ʤʺʥʠ 

2. :ʤʸʥʣʶʥʸʴʤʮ ʪʸʲ ʺʸʦʧʤ 

ʹʩʧʹ ʪʸʲʤ ʺʠ ʸʩʦʧʤʬ ʸʺʥʩʡ ʤʧʥʰʤ ʪʸʣʤ ʤʡMyProc  ʤʸʥʣʶʥʸʴʤ ,ʸʮʥʬʫ .ʸʨʱʩʢʸʡ ʹʮʺʹʤʬ ʠʩʤ ,ʤʬ ʠʸʷʹ ʣʥʷʤ ʬʠ

MyProc ʥʩ ʪʸʲʤʥ ,ʥʤʹʬʫ ʩʬʬʫ ʸʨʱʩʢʸ ʬʠ ʤʬʹ ʤʬʥʲʴʤ ʺʠʶʥʺ ʺʠ ʷʩʺʲʺʤ ʩʣʩ ʬʲ ʷʺʲ-callee  ʬʠ ʸʨʱʩʢʸʤʮ

ʤʦ ʤʸʷʮʡ ,ʤʸʦʧʤ ʪʸʲ ʺʠ ʸʮʥʹʹ ʤʰʺʹʮʤ- ʤʰʺʹʮʤc. 

ʤʹ ʯʡʥʮʫ-caller ʤʥ-callee ʩʡʢʬ ʭʩʮʠʥʺʮ ʺʥʩʤʬ ʭʩʡʩʩʧ  ʸʨʱʩʢʸ ʤʦʩʠʡ ʤʰʹʮ ʤʦ ʯʩʠ .ʪʸʲʤ ʺʸʦʧʤʬ ʹʮʹʮʹ ʸʨʱʩʢʸʤ

ʤʹ ʷʸ ,ʪʸʲʤ ʸʦʧʥʩ ʩʬʬʫ-caller ʤʥ-callee .ʸʨʱʩʢʸʤ ʥʺʥʠʬ ʥʱʧʩʩʺʩ 

3. :ʺʩʰʱʧʮʤ ʩʥʷʩʰ 

ʫʦʫʥ .ʤʸʥʣʶʥʸʴʤ ʺʶʩʸ ʭʥʩʱʡ ʺʩʰʱʧʮʤ ʺʠ ʺʥʷʰʬ ʪʸʥʶ ʹʩ ,ʺʩʰʱʧʮʤ ʩʡʢ ʬʲ ʤʸʥʣʶʥʸʴʬ ʭʩʸʨʮʸʴ ʭʩʸʩʡʲʮ ʸʹʠʫ ,ʸ

ʤ ʩʣʩ ʬʲ ʺʲʶʡʺʮ ʥʦ ʤʬʥʲʴ ʬʹ ʥʫʸʲ ʺʠʬʲsp  ʺʥʹʲʬ ʭʩʫʸʣ ʩʺʹ ʯʰʹʩʹ ʥʰʣʮʬ .ʺʩʰʱʧʮʬ ʥʷʺʲʥʤʹ ʭʩʺʡʤ ʸʴʱʮʬ ʭʠʺʤʡ

ʤ ʺʣʥʷʴʬ ʳʩʱʥʤʬ ʠʩʤ ,ʺʧʠʤ .ʺʠʦ-ret  ʩʥʷʩʰ ,ʤʮʢʥʣʬ .ʲʥʡʷ4 :ʺʩʰʱʧʮʤʮ ʭʩʺʡ 

ret 4 

 ʥʫʸʲ ʺʠ ʭʣʷʬ ʠʩʤ ʤʩʰʹʤ ʪʸʣʣʤsp: 

add sp, 4 

ʤ-caller ʤʥ-callee  ʩʡʢʬ ʭʩʮʠʥʺʮ ʺʥʩʤʬ ʭʩʫʩʸʶ ʺʠ ʤʷʰʮ ʩʮʤ ʭʠ .ʺʩʰʱʧʮʤ-callee  ʪʥʺʡ ,ʩʥʷʩʰʤ ʺʠ ʲʶʡʮ

 ʺʬʥʲʴ ʤʩʤʺ ʤʸʥʣʶʥʸʴʤret ʤ ʭʠ .ʲʥʡʷ ʭʲ-callee  ʤʮʢʥʣʬ .ʩʥʷʩʰʤ ʲʶʥʡʩ ʤʸʥʣʶʥʸʴʤʮ ʤʸʦʧʤ ʸʧʠʬ ,ʩʥʷʩʰʤ ʺʠ ʲʶʡʮ

:ʪʫ 

call MyProc 

add sp, 4 

 ʤʦ ʤʸʷʮʡ ʭʢʤʨʩʹ ʬʫʡ ʣʥʡʲʬ ʸʹʴʠʤʹ ʸʷʩʲʤ ,-caller ʤʥ-callee .ʤʩʶʰʡʰʥʷ ʤʺʥʠ ʩʴʬ ʥʣʡʲʩ 

ʤ ʥʬ ʤʸʥʷ ʤʩʤ ʤʮ :ʥʡʹʩʧ-caller ʤʥ-callee ?ʭʸʢʤʬ ʺʥʬʥʬʲ ʥʩʤ ʺʥʩʲʡ ʥʬʩʠ ?ʺʩʰʱʧʮʤ ʩʥʷʩʰ ʠʹʥʰʡ ʭʩʮʠʥʺʮ ʥʩʤ ʠʬ 
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ʺʥʶʥʴʰ ʺʥʩʶʰʡʰʥʷ 

ʹ ʸʥʷʱʰ ,ʺʥʩʶʰʡʰʥʷʡ ʪʸʥʶ ʹʩʹ ʥʰʩʠʸʹ ʸʧʠʬ ʭʩʩʺʯʰʹʩ .ʺʥʶʥʴʰ ʺʥʩʶʰʡʰʥʷ  ʤʩʣʴʩʷʩʥʡ ʯʤʩʬʲ ʠʥʸʷʬ ʯʺʩʰʹ ,ʺʥʴʱʥʰ

(https://en.wikibooks.org/wiki/X86_Disassembly/Calling_Conventions ) ʪʠ ,ʨʰʸʨʰʩʠ ʩʸʺʠ ʯʥʥʢʮʡʥ

 ʬʹ ʨʥʸʩʴʡ ʷʴʺʱʰ ʠʹʥʰʤ ʺʹʧʮʤ ʪʸʥʶʬCDECL ʥ-STDCALL. 

ʩʴʬ ʺʩʩʶʰʡʰʥʷCDECL: 

- ʭʩʸʡʲʥʮ ʭʩʫʸʲ  ʺʩʰʱʧʮʬRight to Left. 

-  ʠʥʤ ʤʸʦʧʤ ʸʨʱʩʢʸax  ʸʨʱʩʢʸ ʥʠ(ax ʮ ʤʬʲʮʬ ʬʹ ʣʡʲʮ ʬʲ ʸʡʥʣʮ ʭʠ ,ʡʧʸʥʮ-16 )ʨʩʡ 

- ʤ-caller  .ʺʩʰʱʧʮʤ ʩʥʷʩʰ ʬʲ ʩʠʸʧʠʹ ʠʥʤ 

 ʺʩʩʶʰʡʰʥʷ ʩʴʬSTDCALL: 

-  ʺʩʰʱʧʮʬ ʭʩʸʡʲʥʮ ʭʩʫʸʲRight to Left. 

-  ʠʥʤ ʤʸʦʧʤ ʸʨʱʩʢʸax  ʸʨʱʩʢʸ ʥʠ(ax ʮ ʤʬʲʮʬ ʬʹ ʣʡʲʮ ʬʲ ʸʡʥʣʮ ʭʠ ,ʡʧʸʥʮ-16 )ʨʩʡ 

- ʤ-callee  .ʺʩʰʱʧʮʤ ʩʥʷʩʰ ʬʲ ʩʠʸʧʠʹ ʠʥʤ 

 ʬʹ ʯʥʸʺʩʤCDECL  ʩʰʴ ʬʲSTDCALL ʭʥʹʮ ?ʲʥʣʮ .ʭʩʸʨʮʸʴ ʬʹ ʤʲʥʡʷ ʠʬ ʺʥʮʫ ʤʸʥʣʶʥʸʴʬ ʧʥʬʹʬ ʸʹʴʠʹ ʠʥʤ ,

ʤʹ-caller  ʯʥʫʣʲ ʺʬʥʲʴ ʺʠ ʲʶʡʮʹ ʩʮ ʸʮʥʬʫ ,ʺʩʰʱʧʮʤ ʩʥʷʩʰ ʬʲ ʩʠʸʧʠsp ʤ ʠʥʤ- callerʤʹ ʯʥʥʩʫ .-caller  ʤʮʫ ʲʣʥʩ

ʤ .ʩʥʷʩʰʤ ʺʠ ʲʶʡʬ ʬʥʫʩ ʭʢ ʠʥʤ ʤʸʥʣʶʥʸʴʬ ʸʩʡʲʤ ʠʥʤ ʭʩʸʨʮʸʴ-callee ʯʥʥʩʫ ʩʥʷʩʰʤ ʺʠ ʲʶʡʬ ʬʥʫʩ ʥʰʩʠ ,ʺʠʦ ʺʮʥʲʬ ,

.ʹʠʸʮ ʲʥʡʷ ʥʰʩʠ ʭʩʸʨʮʸʴʤ ʸʴʱʮʹ 

 ʺʸʥʣʶʥʸʴʬ ʭʩʠʸʥʷ ʥʰʧʰʠ ʸʹʠʫ ,ʤʮʢʥʣʬ ?ʭʩʸʨʮʸʴ ʬʹ ʤʲʥʡʷ ʠʬ ʺʥʮʫ ʤʸʥʣʶʥʸʴʬ ʸʩʡʲʤʬ ʤʶʸʰ ʩʺʮprint  ʤʴʹʡ

 ʤʸʥʣʶʥʸʴʬ ʸʡʲʥʩ ʸʨʮʸʴ ʬʫ .ʱʩʴʣʤʬ ʭʩʫʩʸʶ ʥʰʧʰʠʹ ʭʩʸʨʮʸʴ ʤʮʫ ʭʲ ʤʬ ʠʥʸʷʬ ʺʥʹʩʮʢ ʭʩʶʥʸ ʥʰʧʰʠ ,ʺʩʬʩʲprint ,

 ʺʠ ʡʥʺʫʬ ʯʺʩʰ ʠʬ ʯʫʬʥprint .ʤʶʩʸʤ ʳʥʱʡ ʺʩʰʱʧʮʤ ʺʠ ʤʷʰʺ ʠʩʤʹ ʪʫ 

 ʬʹ ʯʥʸʺʩʤ ʥʤʮSTDCALL  ʩʰʴ ʬʲCDECL ʤʬʥʫʩ ʤʸʥʣʶʥʸʴʤ ,ʹʠʸʮ ʤʲʥʣʩʥ ʤʲʥʡʷ ʠʩʤ ʭʩʸʨʮʸʴʤ ʺʥʮʫ ʸʹʠʫ ?

 ʺʣʥʷʴ ʩʣʩ ʬʲ ʺʩʰʱʧʮʤ ʺʠ ʺʥʷʰʬret  ʺʲʶʡʮ ʤʸʥʣʶʥʸʴʤ ʥʡʹ ʡʶʮʤ ʺʮʥʲʬ ʺʠʦ .ʲʥʡʷ ʭʲret ʤ ʦʠʥ-caller  ʤʣʥʷʴ ʲʶʡʮ

 ʺʠ ʤʬʲʮʹspʠ ʭʩʬʩʴʫʮʹʫ ʪʠ ,ʲʥʰʶ ʥʤʹʮ ʥʮʫ ʤʠʸʰ ʺʧʠ ʤʣʥʷʴ ʬʹ ʯʥʫʱʧ ʭʰʮʠ .ʤʣʥʷʴ ʥʰʫʱʧ ʸʮʥʬʫ . ʯʥʫʱʩʧʤ ʺ

.ʩʺʥʲʮʹʮ ʯʥʫʱʩʧ ʬʡʷʺʤʬ ʩʥʹʲ ʺʥʸʥʣʶʥʸʴʬ ʺʥʠʩʸʷʤ ʺʥʮʫʡ 

 :ʺʴʱʥʰ ʤʠʩʸʷʬDemystified-Conventions-http://www.codeproject.com/Articles/1388/Calling 

 

 

  

https://en.wikibooks.org/wiki/X86_Disassembly/Calling_Conventions
http://www.codeproject.com/Articles/1388/Calling-Conventions-Demystified
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ʭʥʫʩʱ 

 ʤʦ ʷʸʴʹ ,ʭʩʮʣʷʺʮ ʭʩʠʹʥʰ ʤʮʫ ʬʹ ʣʥʮʩʬʬ ʹʣʷʥʤ ʭʤ ʥʣʡʲʺʹʫ .ʺʥʩʸʬʥʣʥʮ ʺʥʩʰʫʥʺ ʺʥʩʥʰʡ ʪʩʠ ʯʩʡʤʬ ʩʣʫ ʭʩʩʧʸʫʤ

ʭʫʩʰʩʲʮ ʭʩʸʺʱʰ ʥʩʤʩ ʤʦ ʷʸʴʡ ʥʰʣʮʬʹ ʭʩʰʥʰʢʰʮʤʮ ʷʬʧ ,ʺʥʩʬʩʲ ʤʰʫʥʺ ʺʥʴʹ ʭʲ ʣʩʺʲʡ .ʤʮʢʥʣʬ,  ʭʩʰʺʹʮ ʸʩʣʢʤʬ ʩʣʫ

ʺʩʰʱʧʮʤ ʩʡʢ ʬʲ ʭʥʷʮ ʺʥʶʷʤʬ ʥʫʸʨʶʺ ʠʬ ʭʩʩʮʥʷʮ– ʲʷʸʤ ʭʬʥʠ  ʺʥʬʥʲʴ ʺʠ ʷʮʥʲʬ ʯʩʡʤʬ ʭʫʬ ʸʹʴʠʩ ʤʦ ʷʸʴʡ ʯʺʩʰʹ

.ʸʡʩʩʱʤ ʭʬʥʲʡ ʤʣʥʡʲʬ ʭʩʹʸʣʰʤ ʭʩʬʫʤ ʺʠ ʭʫʬ ʯʺʩʺʹ ʠʩʤ ʤʷʥʮʲʤ ʤʰʡʤʤʥ ,ʣʡʲʮʤ 

 ʺʥʣʥʷʴʥ ʤʩʬʠ ʭʩʸʥʹʷʹ ʭʩʸʨʱʩʢʸʤ ,ʤʬʹ ʤʬʥʲʴʤ ʯʴʥʠ ,ʺʩʰʱʧʮʤ ʬʹ ʤʸʩʷʱ ʭʲ ʷʸʴʤ ʺʠ ʥʰʧʺʴpop ʥ־push. 

ʺʥʸʥʣʶʥʸʴ ʬʲ ʸʡʱʤʡ ʥʰʫʹʮʤ– ʸʴ ʭʩʸʩʣʢʮ ʪʩʠ ʬʹ ʤʲʴʹʤʤ ,ʤʸʥʣʶʥʸʴʬ ʤʠʩʸʷʤ ʭʲ ʲʶʡʮ ʣʡʲʮʤ ʤʮ ,ʤʸʥʣʶʥ

 ʺʥʣʥʷʴ ʬʲ ʥʰʣʮʬ .ʺʩʰʱʧʮʤ ʡʶʮ ʬʲ ʤʸʥʣʶʥʸʴcallʥ־ret .ʤʸʥʣʶʥʸʴʬ ʭʩʸʨʮʸʴ ʧʥʬʹʬ ʸʹʴʠ ʪʩʠ ʥʰʣʮʬ ʯʫʮ ʸʧʠʬ .

:ʺʥʰʥʹ ʺʥʨʩʹ ʥʰʸʷʱ 

- ʪʸʲ ʩʴʬ ʤʸʡʲʤ–Pass by value 

- ʱʥʧʩʩ ʩʴʬ ʤʸʡʲʤ–Pass by reference 

- ʺʩʰʱʧʮʡ ʹʥʮʩʹ 

 ʸʧʠʬʯʫʮ  ʸʨʱʩʢʸʤ ʺʸʦʲʡ ʤʣʥʡʲʤ ʬʲ ʬʷʤʬ ʸʹʴʠ ʪʩʠʥ ,ʺʩʰʱʧʮʡ ʭʥʷʮ ʺʸʩʮʹ ʺʸʦʲʡ ʭʩʩʮʥʷʮ ʭʩʰʺʹʮ ʸʩʣʢʤʬ ʥʰʣʮʬ

bp  ʭʩʲʥʡʷʤ ʺʸʣʢʤ ʺʣʥʷʴʡ ʹʥʮʩʹʥequ. 

 ʺʥʡʩʹʧ ʩʬʲʡ ʭʩʠʹʥʰ ʩʰʹʡ ʥʰʷʱʲ ʳʥʱʡʬʤʰʫʥʺʤ ʭʬʥʲʡ . ʠʹʥʰʤ ʺʠ ʯʩʡʤʬ ʺʰʮ ʬʲ ,ʯʥʹʠʸʤStack Overflow ,

ʯʩʩʰʡ ʩʰʡʠʡ ʥʰʹʮʺʹʤ ʮʬ ʯʺʥʠ ʷʸʴʤ ʺʬʩʧʺʡ ʥʰʣ .ʤʧʨʡʠ ʺʥʩʲʡ ʯʩʡʤʬ ʺʰʮ ʬʲ ʥʰʬʹ ʹʣʧʤ ʲʣʩʤ ʺʠ ʬʶʰʬ ʯʺʩʰ ʣʶʩʫ ʥʰʩʠʸʥ

 ,ʩʰʹʤ ʠʹʥʰʤ .ʸʺʥʩ ʧʨʡʥʠʮ ʣʥʷ ʡʥʺʫʬ ʺʰʮ ʬʲ ʤʦ ʲʣʩʡ ʹʮʺʹʤʬ ʬʫʥʰ ʺʲʫCalling Conventions ʯʩʡʤʬ ʥʰʬ ʸʹʴʠʮ ,

 .ʩʬʡʮʱʠ ʺʴʹʡ ʣʥʷʬ ʺʩʬʩʲ ʤʴʹʡ ʣʥʷ ʯʩʡʹ ʭʩʷʹʮʮʤ ʺʠ 

ʷʩʱʴ ʬʲ ʣʮʬʰ ʠʡʤ ʷʸʴʡʥʰʡʤ ʠʬʹ ʣʥʷ ʺʥʠʮʢʥʣ ʤʮʫ ʥʰʩʠʸ ʣʥʮʩʬʤ ʩʷʸʴʡ .ʺʥ–  ʥʺ ʺʱʴʣʤ ʬʹ ʣʥʷʡ ʥʰʹʮʺʹʤ ,ʬʹʮʬ

 ʡʥʺʫʬ ʲʣʰʥ ʥʬʬʤ ʣʥʷʤ ʩʲʨʷ ʺʠ ʯʩʡʰ ʺʥʷʩʱʴ ʣʮʬʰʹ ʸʧʠʬ .ʬʲʥʴ ʣʥʷʤ ʪʩʠ ʥʰʡʤ ʠʬ ʪʠ ,ʹʮʺʹʮʤʮ ʥʺ ʺʠʩʸʷ ʥʠ ʪʱʮʬ

.ʭʩʮʥʣ ʣʥʷ ʩʲʨʷ ʥʰʮʶʲʡ 

  



 ʷʸʴ10- )ʤʡʧʸʤ( ʭʩʸʨʱʷʠ ʥʸʥʢʣʥʷ 

 198 

 ʷʸʴ10 –CodeGuru Extreme )ʤʡʧʸʤ( 

ʠʥʡʮ 

CodeGuru Extreme  ʤʸʩʦʡ ʨʥʬʹʺʹ ʤʰʫʥʺ ʺʡʩʺʫ ʬʲ ʥʦʡ ʥʦ ʺʥʸʧʺʮ ʺʥʶʥʡʷ ʤʡ ,ʺʩʺʸʷʥʩ ʺʩʶʸʠ ʺʥʸʧʺ ʤʰʩʤ

 ."ʭʩʣʸʥʹ" ʺʥʠʸʷʰʥ ʩʬʡʮʱʠ ʺʴʹʡ ʺʥʡʺʫʰ ʺʥʰʫʥʺʤ .ʺʩʬʠʥʨʸʩʥ ʺʲʶʡʺʮ ʤʡ ʺʥʴʺʺʹʤʤʥ ʤʰʹʬ ʺʧʠ ʺʮʩʩʷʺʮ ʺʥʸʧʺʤ

 ʬʹ ʺʥʶʥʡʷʡ2-5 ʭʩʣʩʮʬʺ. 

 

 ʺʥʸʧʺ ʥʢʥʬCodeGuru Extreme 

 :ʺʥʸʧʺʤ ʸʺʠhttp://www.codeguru.co.il/xtreme/ 

 ʺʥʰʮʣʦʤ ʩʤʥʦ ,ʺʩʹʠʸ .ʭʩʡʸ ʺʥʰʥʸʺʩ ʺʬʲʡ ʠʩʤ ʺʥʸʧʺʡ ʺʥʴʺʺʹʤ .ʩʬʡʮʱʠ ʺʴʹʡ ʭʫʬʹ ʺʥʰʫʺʤ ʩʸʥʹʩʫ ʺʠ ʣʣʧʬ ʤʬʥʲʮ

ʬ ʺʥʰʮʣʦʤ ʩʤʥʦ ,ʺʩʰʹʩʣʩ ʬʲ ʤʰʫʥʺ ʸʷʧʮʡ ʺʥʱʰʺʤReverse Engineering ʺʩʺʸʷʥʩʤ ʺʥʸʧʺʡ ʺʥʴʺʺʹʤ ,ʺʩʹʩʬʹ .

ʯʥʸʧʠ .ʭʩʰʥʹ ʭʩʣʩʷʴʺʬ ʭʩʰʥʩʮʡʥ ʤʣʥʡʲ ʺʥʰʥʩʠʸʡ ʥʺʥʠ ʯʩʩʶʬʥ ʭʩʩʧʤ ʺʥʸʥʷʬ ʥʺʥʠ ʳʩʱʥʤʬ ʯʺʩʰʹ ʨʸʴ ʠʩʤ-  ʠʩʤ ʺʥʸʧʺʤ

ʥʥʧ.ʤʩʥʥʧʤ ʺʠ ʭʩʸʫʥʦ ʤʡ ʭʩʫʥʦ ʠʬʹ ʩʮ ʭʢ ,ʤʰʤʮʥ ʺʩʴʩʫ ʤʩ 

:ʺʥʸʧʺʤ ʩʷʥʧ ʬʲ ʸʶʷ ʸʡʱʤ 

 ʲʨʷ ,ʺʩʬʠʥʨʸʩʥ ʤʸʩʦ ʬʠ  ʭʩʰʲʨʰ ʺʥʶʥʡʷʤ ʬʫ ʥʹʩʢʤʹ ʭʩʣʸʥʹʤ .ʣʸʥʹ ʠʸʷʰʹ ,ʩʬʡʮʱʠ ʣʥʷ ʺʥʸʧʺʬ ʤʹʩʢʮ ʤʶʥʡʷ ʬʫ

 ʥʬʣʥʢʹ ʯʥʸʫʩʦ64 ʺ ʬʫʡ .ʤʸʩʦʡ ʥʤʹʬʫ ʭʥʷʩʮʬ ʬʸʢʥʮ ʣʸʥʹ ʬʫ .ʬʫʤ ʪʱʡ ʭʩʺʡ ʥʬʩʷ ʵʩʸʤʬ ʺʥʸʹʴʠ ʬʡʷʮ ʣʸʥʹ ʬʫ ,ʸʥ

ʤʮʢʥʣʬ ,ʭʩʰʥʹ ʭʩʸʡʣ ʲʶʡʬ ʬʥʫʩ ʣʸʥʹʤ ʩʬʡʮʱʠʤ ʺʣʥʷʴ ʺʥʲʶʮʠʡ .ʺʧʠ ʩʬʡʮʱʠ ʺʣʥʷʴ-  ʬʹ ʣʥʷ ʲʨʷʡ ʲʥʢʴʬ ʺʥʱʰʬ

 ʯʥʸʧʠ ʸʠʹʰʹ ʣʸʥʹʤ .ʤʸʩʦʤʮ ʥʺʥʠ ʷʬʱʮ ʷʧʹʮʤ ʲʥʰʮʥ ʬʱʴʰ ʠʥʤ ,ʺʩʷʥʧ ʠʬ ʤʣʥʷʴ ʵʩʸʤʬ ʤʱʰʮ ʣʸʥʹ ʭʠ .ʡʩʸʩ ʣʸʥʹ

.ʧʶʰʮʫ ʦʸʫʥʮ ʤʸʩʦʡ 

ʱʥʰ ʺʥʬʬʥʫ ʯʤ .ʷʧʹʮʤ ʺʸʩʦʮ ʷʬʧ ʺʥʱʴʥʺʹ ,ʺʥʩʰʥʣʦ ʺʥʰʫʥʺ ʯʤ ʥʬʠ ."ʭʩʡʮʥʦ" ʤʸʩʦʬ ʱʩʰʫʮ ʺʥʸʧʺʤ ʺʥʥʶ ,ʭʩʣʸʥʹʤ ʬʲ ʳ

.ʭʩʸʧʺʮ ʭʩʣʸʥʹ ʣʢʰ ʥʡ ʹʥʮʩʹʥ ʩʡʮʥʦʤ ʬʲ ʺʥʨʬʺʹʤ ʸʹʴʠʮ ʤʬʹ ʯʥʸʺʴʹ ,ʺʩʨʮʩʺʮ ʥʠ ʺʩʺʥʰʫʺ ʤʣʩʧ 

http://www.codeguru.co.il/xtreme/
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ʭʩʩʥʶʮ ʺʥʸʧʺʤ ʬʲ ʤʫʸʣʤʤʥ ʭʩʨʸʴʤ ʬʫʹ ʯʥʥʩʫ ,ʤʦ ʸʶʷ ʸʡʱʤʡ ʷʴʺʱʰ  ʺʸʡʥʧʡ ʣʧʥʩʮʡʥ ʭʩʸʨʱʷʠ ʥʸʥʢʣʥʷ ʸʺʠʡ

:ʭʩʠʡʤ ʭʩʸʥʹʩʷʡʹ ,ʺʢʶʮʡʥ ʤʫʸʣʤʤ 

 :ʤʫʸʣʤ ʺʸʡʥʧguide.pdf-http://data.cyber.org.il/assembly/codeguru 

 :ʺʢʶʮslides.pdf-http://data.cyber.org.il/assembly/codeguru 

 :ʺʥʸʧʺʤ ʩʡʢʬ ʭʩʴʨʥʹ ʭʩʰʥʫʣʲ ʭʩʮʱʸʥʴʮ ʭʢ ʭʹ ,ʭʩʸʨʱʷʠ ʥʸʥʢʣʥʷ ʸʺʠʡʹ ʭʥʸʥʴʡ ʸʦʲʤʬ ʵʬʮʥʮ ʯʫ ʥʮʫ 

http://www.codeguru.co.il/wp/?forum=%D7%90%D7%A7%D7%A1%D7%98%D7%A8%D7%99%D7%9D 

 .ʺʥʸʧʺʬ ʤʰʫʤʡ ʺʥʡʸ ʭʫʬ ʲʩʩʱʬ ʭʩʩʥʹʲ ʭʤ ʪʠ ,ʺʢʶʮʡʥ ʤʫʸʣʤʤ ʺʸʡʥʧʡ ʭʩʨʸʥʴʮ ʭʰʩʠʹ ʭʩʠʹʥʰ ʥʠʶʮʺ ʤʦ ʷʸʴʡ

 ʲʥʶʩʡ ʠʥʤ ʩʰʹʤ ʠʹʥʰʤ .ʩʬʡʮʱʠʡ ʺʥʩʹʥʮʩʹ ʺʥʣʥʷʴ ʸʴʱʮ ʠʥʤ ʯʥʹʠʸʤ ʠʹʥʰʤReverse Engineering  ʬʲ ʭʩʡʮʥʦʬ

.ʭʤʬʹ ʤʹʬʥʧ ʺʥʣʥʷʰ ʸʺʠʬ ʺʰʮ ʬʲ ʭʩʸʧʺʮ ʭʩʣʸʥʹʬʥ ʭʤʩʬʲ ʨʬʺʹʤʬ ʺʰʮ 

ʺʥʩʹʥʮʩʹ ʩʬʡʮʱʠ ʺʥʣʥʷʴ 

 ʹʥʮʩʹ ʠʬʬ ʭʢ ʡʨʩʤ ʺʣʡʥʲ ʩʬʡʮʱʠ ʺʩʰʫʥʺ ʡʥʺʫʬ ʯʺʩʰʹ ʯʥʥʩʫ ,ʩʬʡʮʱʠʡ ʤʣʡʲʮʤ ʺʣʩʧʩ ʺʡʥʨʬ ʺʥʩʧʸʫʤ ʯʰʩʠ ʥʬʠ ʺʥʣʥʷʴ

ʥʲʴ ʲʶʡʬ ʺʥʬʥʫʩ ʯʤ ʺʠʦ ʭʲ .ʯʤʡ ʸʩʫʤʬ ʩʥʶʸ ʯʫʬʥ ʣʥʷ ʺʥʸʥʹ ʬʹ ʡʸ ʸʴʱʮ ʥʹʸʣʩʩ ʺʸʧʠ ʪʸʣʡ ʯʺʥʠ ʲʶʡʬ ʬʩʡʹʡʹ ʺʥʬ

.ʣʸʥʹʬ ʬʩʲʩ ʣʥʷ ʡʥʺʫʬ ʩʣʫ ʯʺʥʠ 

1. XCHG ʺʣʥʷʴ :XCHG ʭʤʬʹ ʭʩʫʸʲʤ ʯʩʡ ʤʴʩʬʧʮʥ ,ʯʥʸʫʩʦʡ ʠʺʥ ʸʨʱʩʢʸ ʥʠ ,ʭʩʸʨʱʩʢʸ ʩʰʹ ʺʬʡʷʮ 

:ʤʮʢʥʣʬ 

xchg ax, bx 

 ʬʹ ʭʩʫʸʲʤ ʯʩʡ ʤʴʩʬʧʮax ʥ-bx ʺʥʬʥʲʴ ʸʴʱʮ ʺʫʱʥʧ ʥʦ ʤʬʥʲʴ .mov. 

2. XLAT ʺʣʥʷʴ ʺʠ ʯʩʡʤʬ ʺʰʮ ʬʲ :XLAT  ʥʤʮ ʭʣʥʷ ʯʩʡʰLook Up Table ʸʥʶʩʷʡ ʥʠ ,LUT .LUT  ʤʬʡʨ ʠʩʤ

ʤʮʢʥʣʬ .ʥʬʹ ʱʷʣʰʩʠʬ ʪʸʲʤ ʯʩʡ ʸʹʷ ʹʩ ʸʹʠʫ ,ʭʩʫʸʲ ʬʹ ʳʱʥʠ ʤʷʩʦʧʮʹ- ʡ ʷʩʦʧʤʬ ʸʹʴʠ-LUT  ʩʫʸʲ ʺʠ

ʠʩʤ ʩ'ʶʰʥʡʩʴ ʺʸʣʱʹ ʯʥʥʩʫ .ʩ'ʶʰʥʡʩʴ ʺʸʣʱ 

0, 1, 1, 2, 3, 5, 8, 13 … 

 ʱʷʣʰʩʠʡ ʪʸʲʤ ʤʮʢʥʣʬ ʦʠ6  ʤʩʤʩ8 ʱʷʣʰʩʠʡ ʪʸʲʤ ,7  ʤʩʤʩ13 ʡʬ ʥʮʩʹ( ʤʠʬʤ ʪʫʥ-  ʭʩʬʩʧʺʮ ʭʩʱʷʣʰʩʠʤ

 .)ʱʴʠ ʱʷʣʰʩʠʮ 

http://data.cyber.org.il/assembly/codeguru-guide.pdf
http://data.cyber.org.il/assembly/codeguru-slides.pdf
http://www.codeguru.co.il/wp/?forum=%D7%90%D7%A7%D7%A1%D7%98%D7%A8%D7%99%D7%9D
http://www.codeguru.co.il/wp/?forum=%D7%90%D7%A7%D7%A1%D7%98%D7%A8%D7%99%D7%9D
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ʤʮʢʥʣʬ .ʭʩʫʸʲ ʬʹ ʸʧʠ ʨʱʬ ʭʩʫʸʲ ʬʹ ʣʧʠ ʨʱʮ ʤʸʮʤ ʺʬʬʥʫʹ ʺʩʰʫʥʺ ʥʰʬ ʹʩʹ ʧʩʰʰ ?ʡʥʨ ʤʦ ʤʮ ʬʩʡʹʡ- 

 ʩʣʩ ʬʲ ʨʱʷʨ ʯʩʴʶʤʬ ʭʩʶʥʸ ʥʰʧʰʠ ʤʮʢʥʣʬ .ʸʧʠ ʥʺ ʩʣʩ ʬʲ ʳʬʧʥʮ ʥʺ ʬʫ ʥʡ ʯʴʥʶ( ʤʴʬʧʤ ʯʴʥʶa ʡ ʳʬʧʥʮ-m ,b 

ʡ ʳʬʧʥʮ-f  ʠʩʤ ʺʥʠʤ ʭʠ( ʭʩʠʰʺ ʣʠʮ ʤʡʸʤ ʤʡ ʹʩʹ ʤʸʥʣʶʥʸʴ ʸʥʶʩʬ ʠʩʤ ʺʧʠ ʪʸʣ .)'ʥʫʥa  ʸʦʧʤm ʺʥʠʤ ʭʠ ,

 ʠʩʤb  ʸʦʧʤf ʡ ʸʥʮʹʬ ʠʩʤ ʸʺʥʩ ʤʡʸʤ ʤʬʩʲʩ ʪʸʣ .)...ʤʠʬʤ ʪʫʥ-LUT ʷʣʰʩʠ ʬʫʹ ʪʫ ʤʴʬʧʤʤ ʯʴʥʶ ʺʠʡ ʱ-

LUT ʤ ʣʥʷ ,ʤʮʢʥʣʬ .ʸʩʦʧʤʬ ʹʩ ʥʺʥʠ ʪʸʲʤ ʬʲ ʲʩʡʶʮ-ASCII  ʬʹa  ʠʥʤ97  ʭʲ ʤʺʥʠ ʳʩʬʧʤʬ ʭʩʶʥʸ ʥʰʧʰʠʥ

 ʺʥʠʤmʤ ʣʥʷʹ ,-ASCII  ʠʥʤ ʤʬʹ109 ʺʥʠʤ ʺʠ .bʤ ʣʥʷʹ ,-ASCII  ʠʥʤ ʤʬʹ98 ʳʩʬʧʤʬ ʭʩʶʥʸ ʥʰʧʰʠ ,

 ʺʥʠʡf ʠʥʤ ʤʬʹ ʣʥʷʤʹ ,102 ʱʷʣʰʩʠʡʹ ʢʠʣʰ .97  ʪʸʲʤ ʸʮʹʩʩ109  ʱʷʣʰʩʠʡʥ98  ʸʮʹʩʩ102:ʪʫ ʤʰʤ . 

Cipher db 97 dup (0), 'mf' 

 ʩʸʧʠ ʳʩʱʥʤʬ ʭʩʬʥʫʩ ʥʰʧʰʠʹ ʯʡʥʮʫmf :ʡʥʺʫʰ ʣʥʷʤ ʨʰʮʢʱ ʪʥʺʡ ʺʲʫ .ʺʥʩʺʥʠʤ ʸʺʩ ʬʹ ʯʴʥʶʤ ʺʠ ʭʢ 

mov bx, offset Cipher 

mov al, 'a' 

xlat 

ʥ-al ʤ ʪʸʲ ʺʠ ʬʩʫʩ-ASCII  ʬʹm.ʥʰʩʶʸʹ ʩʴʫ , 

3. NOP ʬʹ ʸʥʶʩʷ ʥʤʦ :No Operationʮʥʬʫ , ʺʥʩʤʬ ʤʬʥʫʩ ʥʦ ʤʣʥʷʴ ."ʭʥʬʫ ʲʶʡʺ ʬʠ" ʣʡʲʮʬ ʺʸʮʥʠʹ ʤʣʥʷʴ ʸ

.ʺʩʰʫʥʺʤ ʡʶʮ ʬʲ ʲʩʴʹʺ ʠʩʤʹ ʩʬʡ ʪʠ ,ʺʩʷʥʧ ʤʣʥʷʴʡ ʯʥʸʫʩʦ ʸʥʦʠ ʠʬʮʬ ʪʩʸʶ ʸʹʠʫ ʺʩʹʥʮʩʹ 

4. STD / CLD ʤʣʥʷʴʤ :STD  ʥʬʩʠʥ ʯʥʥʩʫʤ ʬʢʣ ʺʠ ʤʷʩʬʣʮCLD  ʺʣʥʷʴ ʬʩʡʹʡ ?ʵʥʧʰ ʤʦ ʤʮ ʭʹʬ .ʥʺʥʠ ʤʡʫʮ

MOVSW. 

5. MOVSW ʺʦʥʸʧʮ ʥʰʬ ʹʩ ,ʤʮʢʥʣʬ .ʸʧʠʬ ʣʧʠ ʯʥʸʫʩʦ ʸʥʦʠʮ ʲʣʩʮ ʤʬʩʲʩ ʤʸʥʶʡ ʷʩʺʲʤʬ ʥʰʬ ʺʲʩʩʱʮ ʥʦ ʤʣʥʷʴ :

 ʬʹ200  ʬʲ ʵʥʸʺʹ ʤʠʬʥʬ ʸʥʶʩʬ ʠʩʤ ʺʩʸʹʴʠ ʪʸʣ .ʯʥʸʫʩʦʡ ʸʧʠ ʭʥʷʮʬ ʤʺʥʠ ʷʩʺʲʤʬ ʭʩʰʩʩʰʥʲʮ ʥʰʧʰʠʥ ,ʭʩʸʡʩʠ

ʦʤʮ ʤʠʩʸʷʬ ʹʮʹʮʹ ʱʷʣʰʩʠ ʭʲʴ ʬʫʡ ʺʮʣʷʮ ʠʩʤʹ ʩʣʫ ʪʥʺ ʤʰʥʹʠʸʤ ʺʦʥʸʧʮʤ ʺʣʥʷʴ ʺʸʦʲʡʥ ,ʯʥʸʫʩmov 

 ʺʣʥʷʴ ʭʬʥʠ ,ʣʥʡʲʩ ʤʦ .ʯʥʸʫʩʦʬ ʤʡʩʺʫʬ ʹʮʹʮʹ ʱʷʣʰʩʠ ʭʥʣʩʷ ʪʥʺ ,ʹʣʧʤ ʭʥʷʩʮʬ ʺʸʥʦʧʮʤ ʺʠ ʷʩʺʲʺ

MOVSW  .ʪʩʬʤʺʤ ʺʠ ʨʹʴʬ ʺʸʦʥʲ 

 ʺʡʥʺʫʮ ʤʬʩʮ ʤʷʩʺʲʮ ʥʦ ʤʣʥʷʴds:di  ʺʡʥʺʫʤ ʬʠes:si ʭʩʸʨʱʩʢʸʤ ʩʫʸʲ ʯʥʫʣʲ ʪʥʺ ,di, si ʤʫʱʧʰ ,ʸʮʥʬʫ .

 ʭʩʺʰʫʺʮʤ ʥʰʺʩʠʮ ʭʩʸʨʱʩʢʸʤ ʩʫʸʲ ʺʠ ʯʫʣʲʬ ʩʣʫ ʪʠ .ʣʲʩʤ ʸʨʱʩʢʸʥ ʸʥʷʮʤ ʸʨʱʩʢʸ ʯʥʫʣʲ ʺʬʥʲʴdi, si  ʪʩʸʶ
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 ʺʣʥʷʴʡ ʯʥʥʩʫʤ ʬʢʣ ʬʹ ʥʫʸʲ ʺʠ ʥʰʲʡʷ ʪʫ ʭʹʬ .ʭʺʥʠ ʣʩʸʥʤʬ ʥʠ ʭʺʥʠ ʺʥʬʲʤʬ ʭʠʤ ʺʲʣʬSTD ʥʠCLD  ʭʸʨ

.ʤʷʺʲʤʤʤ 

6. REP ʺʠʸʥʤ ʩʰʴʬ ʳʩʱʥʤʬ ʯʺʩʰ ʯʥʸʫʩʦʡ ʭʩʠʺ ʸʴʱʮ ʷʩʺʲʤʬ ʩʣʫ :MOVSW ʮʥʣʩʷʤ ʺʠ ʺREP ʬʹ ʸʥʶʩʷ ,

Repeat ʬʹ ʥʫʸʲ ʺʠ ʭʩʬʧʺʠʮ ʺʩʹʠʸ .cx  ʦʠʥ ʲʶʡʺʤʬ ʤʫʩʸʶ ʤʷʺʲʤʤ ʺʠʸʥʤʹ ʭʩʮʲʴʤ ʸʴʱʮ ʬʩʫʩʹ ʪʫ

ʭʩʡʺʥʫ 

rep movsw 

:ʺʥʠʡʤ ʺʥʬʥʲʴʬ ʬʥʷʹ ʤʦ ʣʥʷ 

my_label: 

 movsw 

 dec  cx 

 jnz my_label 

 .'ʠ ʧʴʱʰʡ ʠʥʶʮʬ ʯʺʩʰ ʺʥʴʱʥʰ ʩʬʡʮʱʠ ʺʣʥʷʴ 

Reverse Engineering 

 ʠʹʥʰʤ-Reverse Engineering ʸʥʶʩʷʡ ʥʠ ,RE ʯʩʠ ʥʰʸʲʶʬ ʯʫʬ .ʣʧʠ ʷʸʴʡ ʥʺʥʠ ʭʫʱʬ ʩʣʫʮ ʡʧʸʥ ʷʥʮʲ ʠʥʤ ,

 ʲʶʡʬ ʣʥʮʬʬ ʥʰʺʬʥʫʩʡRE  ʭʩʲʶʡʮ ʪʩʠ ʣʮʬʰ ʯʫ ,ʪʣʩʠʮ .ʩʬʡʮʱʠʤ ʩʣʥʮʩʬ ʺʸʢʱʮʡRE  ʥʸʥʢʣʥʷ ʬʹ ʭʩʡʮʥʦʬʥ ʭʩʣʸʥʹʬ

ʩʧʩ ʷʸʴʡ ʺʥʱʫʬ ʯʺʩʰ ʣʧʠ ʣʶʮʹ ,ʭʶʮʥʶʮ ʳʷʩʤʡ ʤʮʩʹʮ ʩʤʥʦ .ʭʩʸʨʱʷʠ.ʥʦ ʺʰʩʩʰʲʮ ʺʬʥʫʩʮ ʤʮʩʲʨ ʺʷʴʱʮ ʩʰʹ ʣʶʮʥ ʣ 

:ʸʥʹʩʷʡ ʭʩʠʶʮʰ ʤʦ ʷʸʴʡʹ ʭʩʡʮʥʦʤ 

data.cyber.org.il/assembly/zombies.zip 

ʡʬ ʥʮʩʹ- ʥʲ ʬʫ ʩʷʥʧ ʠʥʤ ʤʰʫʥʺ ʬʹ ʸʷʧʮ .ʤʰʫʥʺ ʬʹ ʣʥʷ ʸʥʷʧʬ ʣʶʩʫ ʣʮʬʰ ʭʩʠʡʤ ʭʩʴʩʲʱʡ ʬʲ ʤʹʲʰ ʠʥʤ ʣ

 ʭʩʸʡʣ ʺʥʰʹʬ ʥʠ ʺʥʠʮʱʩʱ ʵʥʸʴʬ ʤʰʥʥʫʡ ,ʺʩʸʧʱʮ ʤʰʫʥʺ ʬʹ ʸʷʧʮ .ʤʺʥʠ ʸʥʷʧʰʹ ʤʰʥʥʫʡ ʥʰʬ ʤʸʱʮʰʹ ʤʰʫʥʺ

.ʷʥʧʤ ʬʹ ʡʥʨʤ ʣʶʡ ʥʸʠʹʩʤʥ ʥʸʤʦʩʤ .ʷʥʧʤ ʩʴʬ ʸʥʱʠ ʠʥʤ ,ʤʰʫʥʺʡ 

http://www.cyber.org.il/assembly/zombies.zip
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duck.com 

  ʩʡʮʥʦʤ ʺʠ ʥʣʩʸʥʤ .ʨʥʹʴ ʩʡʮʥʦ ʧʥʺʩʰʡ ʬʩʧʺʰduck.comʤʬʠʹʤ ʬʲ ʥʰʲ ʺʲʫ .-  ʤʮ.ʺʥʬʢʬ ʥʱʰ ?ʩʡʮʥʦʤ ʲʶʡʮ 

ʤ ʯʥʬʧ ʪʥʺʮ .ʤʶʸʤʤ ʵʡʥʷ ʺʠ ʬʩʲʴʤʬ ʠʩʤ ʺʧʠ ʺʥʸʹʴʠ-cmd  ʥʹʩʷʤduck  ʦʠʥenter ...ʤʡʩʢʮ ʤʰʩʠ ʪʠ ʤʶʸ ʺʩʰʫʥʺʤ .

 ʭʲ ʺʥʹʲʬ ʸʹʴʠ ʤʮ .ʤʰʥʫʮʤ ʺʴʹ ʺʠ ,ʤʬʹ ʩʸʠʰʩʡʤ ʵʡʥʷʤ ʺʠ ʷʸ ʠʬʠ ʺʩʰʫʥʺʤ ʬʹ ʸʥʷʮʤ ʣʥʷ ʺʠ ʥʰʬ ʯʩʠʹ ʠʩʤ ʤʩʲʡʤ

ʹʴʠ ,ʯʫʡʥ ?ʩʸʠʰʩʡʤ ʵʡʥʷʤ.ʩʬʡʮʱʠ ʺʴʹʬ ʤʰʥʫʮʤ ʺʴʹ ʺʠ ʭʢʸʺʬ ʲʣʥʩ ʸʢʠʡʩʣʤ .ʥʰʬʹ ʸʢʠʡʩʣʡ ʥʺʥʠ ʵʩʸʤʬ ʸ 

:ʪʫ ʤʰʤ 

 

 ʭʥʷʩʮʡ ʤʬʩʧʺʮ ʺʩʰʫʥʺʤ .ʩʬʡʮʱʠ ʺʴʹʬ ʤʰʥʫʮʤ ʺʴʹ ʭʥʢʸʺ ʺʠ ʺʥʠʸʬ ʸʹʴʠcs:100h ʠʩʤ ʤʰʥʹʠʸʤ ʤʣʥʷʴʤ .jmp 

100h.ʯʩʡʰ ʣʩʮ .ʯʤʩʰʩʡ ʸʹʷʤ ʤʮ ʸʥʸʡ ʠʬʹ ʺʥʰʥʹ ʺʥʣʥʷʴ ʹʩ ʯʫʮ ʸʧʠʬ . 

 ʺʥʲʶʮʠʡ ʤʰʫʥʺʤ ʺʶʸʤʡ ʬʩʧʺʰf7 ʠʩʤ ʪʫʬ ʤʡʩʱʤ .ʣʥʷ ʺʸʥʹ ʤʺʥʠʡ ʺʸʠʹʰ ʠʩʤʹ ʤʬʢʰ ʤʰʫʥʺʤ ʺʠ ʵʩʸʰ ʸʹʠʫ .

 ʺʣʥʷʴʹjmp 100h  ʺʡʥʺʫʡ ʺʠʶʮʰ100h:ʤʩʤ ʺʩʰʫʥʺʤ ʺʠ ʸʶʩʹ ʣʥʷʤʹ ʯʩʡʤʬ ʸʹʴʠ ,ʤʹʲʮʬ . 

start: 

 jmp start 

end start 

 ʺʡʥʺʫʮ ʬʧʤ ʺʥʲʩʴʥʮʹ ʣʥʷ ʺʥʸʥʹ ʯʺʥʠ ʯʤʮ ,ʺʲʫcs:102h ʭʩʬʧʺʥʠʮ ʠʬʤ ʭʩʠʺʤ ʬʹ ʤʰʥʫʮ ʺʴʹʬ ʭʥʢʸʺʤ ʥʤʦ ?

.ʥʰʬʹ ʯʥʹʠʸʤ ʩʡʮʥʦʤ ʧʥʺʩʰ ʺʠ ʥʰʮʩʩʱ ,ʥʤʦ ."ʬʡʦ" ʯʥʸʫʩʦ ʸʮʥʬʫ ,ʡʹʧʮʤ ʯʥʸʫʩʦʡ ʭʰʹʩʹ 
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coffee.com 

 ʬʹ ʩʬʬʫʤ ʯʥʸʷʲʤ ʺʠ ʥʰʡʤʹ ʸʧʠʬRE ʥʮʹ ,ʠʡʤ ʩʡʮʥʦʬ ʸʥʡʲʰ ,coffee.com ʲʶʡʰ ʭʢ ʭʲʴʤ .RE  ʯʩʡʤʬ ʩʣʫ

ʮʬʰ ʭʢʥ ʲʶʡʮ ʩʡʮʥʦʤ ʤʮ.ʥʰʡʺʫ ʥʰʧʰʠʹ ʣʥʷ ʵʩʸʤʬ ʥʬ ʭʥʸʢʬ ʸʹʴʠ ʪʩʠ ʣ 

 

 ʸʹʴʠ .ʣʥʷʤ ʭʥʩʱ ʺʣʥʷʰ ʺʠ ʺʥʤʦʬ ʠʩʤ ʥʰʬʹ ʤʰʥʹʠʸʤ ʤʮʩʹʮʤ .ʺʧʠ ʤʸʥʹʮ ʸʺʥʩ ʬʲʡ ʥʰʩʤ ʤʦ ʩʡʮʥʦ ʬʹ ʣʥʷʤʹ ʸʥʸʡ

 ʺʥʣʥʷʴ ʬʹ ʸʦʥʧ ʳʶʸ ʣʥʷʡ ʹʩʹ ʺʥʠʸʬmov-cmp-jne  ʺʣʥʷʴ ʦʠʥpush ʥ-retʤ ʺʣʥʷʴ .-ret  ʤʲʸ ʠʬ ʺʣʮʲʥʮ ʠʩʤ

ʺʠ ʯʩʩʶʬ ʮ ʤʠʩʶʩʤ ʺʥʣʥʷʴ ʺʠ ʭʩʠʥʸ ʥʰʩʩʤ ʥʬʩʠ ʭʢ .ʩʡʮʥʦʤ ʬʹ ʣʥʷʤ ʭʥʩʱ-dos (ax=4C00h ,int 21h ʭʩʬʥʫʩ ʥʰʩʩʤ )

ʤ ʺʣʥʷʴ ʸʧʠʬ .ʣʥʷʤ ʭʥʩʱʡ ʸʡʥʣʮʹ ʺʲʣʬ-ret  ʤʣʥʷʴʤ ,ʤʮʢʥʣʬ .ʺʥʩʰʥʩʢʤʤ ʺʥʣʥʷʴʤ ʳʶʸ ʷʱʴʰpush 0000  ʤʲʩʴʥʮ

.ʡʺʫ ʥʤʹʩʮʹ ʣʥʷ ʥʰʩʠ ʤʦʹ ʧʩʰʤʬ ʸʩʡʱ ,ʭʩʩʮʲʴ 

 ʭʩʰʩʩʴʠʮʤ ʬʠ ʹʢʩʰ ,ʣʥʷʤ ʭʥʩʱ ʭʥʷʩʮ ʺʠ  ʺʥʠʣʥʥʡ ʠʥʶʮʬ ʩʣʫ(properties) :ʵʡʥʷʤ ʬʹ 
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 ʠʥʤ ʵʡʥʷʤ ʬʹ ʥʬʣʥʢ ,ʭʩʠʥʸʹ ʩʴʫ64  ʥʠ ,ʭʩʺʡ40h  ʺʡʥʺʫʡ ʬʩʧʺʮ ʵʡʥʷʤʹ ʯʥʥʩʫ .cs:0100h ʤʣʥʷʴʤʹ ʩʸʤ ,

ʡ ʤʬʩʧʺʮʤ-cs:0140h ʸʲʹʤʤ ʺʠ ʩʴʥʱ ʯʴʥʠʡ ʥʰʠʣʩʥ ʪʫ .ʵʡʥʷʤ ʬʹ ʣʥʷʤʮ ʷʬʧ ʤʰʩʠ ʸʡʫ.ʥʰʬʹ ʤ 

 ʺʲʫ–  ʩʡʮʥʦʤ ʤʹʥʲ ʤʮcoffee? 

ʪʩʸʣʮʤ ʺʠ ʠʸʷʹ ʩʮ ʬʫʬ ʺʥʸʫʥʮ ʺʥʩʤʬ ʺʥʫʩʸʶ ʺʥʰʥʹʠʸʤ ʺʥʣʥʷʴʤ ʹʥʬʹ-  ʺʣʥʷʴint 87  ʩʡʮʥʦʤ .ʤʮʫʧ ʤʶʶʴʤ ʠʩʤ

.ʥʬʹ ʤʮʫʧʤ ʤʶʶʴʤʮ ʸʨʴʰ 

ʡ-cs:0104  ʭʥʷʮʮ ʺʩʡ ʷʺʲʥʮ0000h  ʪʥʺʬ ʯʥʸʫʩʦʡdl ʬʹ ʪʸʲʤ ʤʠʡʤ ʤʣʥʷʴʡ .dl ʬ ʤʥʥʹʥʮ-43h ʥʹ ʯʩʠ ʭʠʥ ,ʯʥʩʥ

 ʭʥʷʮ ʣʥʲ ʬʫ ,ʸʮʥʬʫ .ʤʠʥʥʹʤʤ ʺʬʥʲʴʥ ʯʥʸʫʩʦʤʮ ʤʷʺʲʤʤ ʬʲ ʤʸʦʧ ʺʲʶʺʮ0000h  ʪʸʲʤ ʺʠ ʬʩʫʮ ʥʰʩʠ43h ʤ ʣʥʷ(-

ASCII  ʺʥʠʤ ʬʹcʤʠʡʤ ʤʷʩʣʡʬ ʤʫʩʹʮʮ ʺʩʰʫʥʺʤ ,ʭʩʩʷʺʮ ʯʥʩʥʥʹʤ ʭʠ .)-  ʪʸʲʤ ʺʠ ʬʩʫʮ ʯʥʸʫʩʦʡ ʠʡʤ ʺʩʡʤ ʭʠʤ30h 

ʤ ʣʥʷ(-ASCII  ʤʸʴʱʤ ʬʹ0ʯʠʫʮ ʥʫʩʹʮʤ .)- ʠʰʺ ʥʬʩʠʤ ʺʣʥʷʴ ʬʠ ʲʩʢʺ ʺʩʰʫʥʺʤʹ ʩʣʫ ʭʩʩʷʺʤʬ ʭʩʫʩʸʶ ʭʩ-ret? 

 ʧʥʬʹʬ ʪʸʨʶʰ ?ʺʠʦ ʲʶʡʬ ʸʹʴʠ ʪʩʠ .ʥʰʬʹ ʣʥʷʤ ʺʠ ʵʩʸʤʬ ʥʬ ʭʥʸʢʬ ʸʮʥʬʫ ,ʤʦ ʩʡʮʥʦ ʬʲ ʨʬʺʹʤʬ ʭʩʶʥʸ ʥʰʧʰʠʹ ʧʩʰʰ

ʬ ʥʺʥʠ-ip ʤ ʺʣʥʷʴ .ʥʰʬʹ ʣʥʷʤ ʠʶʮʰ ʥʡ-ret  ʺʡʥʺʫʡʹcs:013Fh ʩʫʩʸʶ ʥʰʧʰʠ .ʪʩʬʤʺʤ ʲʥʶʩʡʡ ʥʰʬ ʲʩʩʱʬ ʤʬʥʫʩ ʢʥʠʣʬ ʭ

ʤ ʺʸʥʹ ʺʠ ʵʩʸʤʬ ʲʩʢʩ ʩʡʮʥʦʤʹ ,ʯʥʹʠʸʤ .ʭʩʠʰʺ ʩʰʹʬ-ret ʭʩʸʣʢʥʮ ʭʩʮʥʷʩʮʬ ʭʩʮʩʠʺʮ ʭʩʫʸʲ ʺʰʦʤ ʩʣʩ ʬʲʹ ʥʰʩʠʸ .

ʤ ʺʣʥʷʴʬ ʲʩʢʤʬ ʥʬ ʭʥʸʢʬʥ ʥʺʥʠ "ʸʸʧʹʬ" ʭʩʬʥʫʩ ʥʰʧʰʠ ,ʯʥʸʫʩʦʡ-retʤ ʺʣʥʷʴʬ ʤʲʢʤʤ ʭʲʹ ʠʥʤ ,ʩʰʹʤ ʩʠʰʺʤ .-ret  ʹʠʸʡ

ʤ ʤʩʤʩ ʺʩʰʱʧʮʤ-ip ʦʲʬ .ʥʰʬʹ ʣʥʷʤ ʬʹ ʭʥʷʩʮ ʺʠ ʺʥʷʩʺʲʮʹ ʺʥʣʥʷʴʤ ʺʥʠʶʮʰ ʥʰʺʸ0006h  ʬʠbx  ʺʠ ʺʥʴʧʥʣ ʦʠʥbx 

 ʺʡʥʺʫʡ ʤʬʠ ʺʥʸʥʹ ʺʠ ʵʩʸʮ ʩʡʮʥʦʤʹ ʯʮʦʡʹ ʪʫʬ ʢʠʣʰ ʭʠ .ʺʩʰʱʧʮʤ ʹʠʸʬ0006h  ʣʥʷʡ ʤʣʥʷʴ ʬʹ ʺʡʥʺʫ ʺʠʶʮʰ

 .ʥʰʬʹ ʣʥʷʤ ʺʠ ʵʩʸʩʥ ʪʩʹʮʩ ʠʥʤ ʭʹʮ .ʤʩʬʠ ʵʥʴʷʩʥ ʤʶʩʸʤ ʺʠ ʭʩʩʱʩ ʩʡʮʥʦʤ ,ʥʰʬʹ 

ʬʥʴʩʨʤ ʺʠ ʥʰʮʩʩʱ ʡ-coffee.com ʬʹ ʩʬʬʫʤ ʯʥʩʲʸʤ ʺʠ ʣʮʬʬ ʥʺʸʨʮ ʬʫʹ ʡʫʸʥʮ ʠʬʥ ʡʩʡʧ ʩʡʮʥʦ ʥʤʦ .RE  ʺʩʰʫʥʺʬ

.ʸʧʠ ʭʥʷʩʮʡ ʣʥʷ ʬʠ ʣʡʲʮʤ ʺʧʩʬʹʥ ʤʸʶʷ 
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codeguru.com 

 ʺʥʸʧʺʮ ʩʺʩʮʠ ʩʡʮʥʦʡ ʬʴʨʰ ʺʲʫCodeGuru Extreme 2015 ʺʩʨʮʩʺʮ ʤʣʩʧ ʥʫʥʺʡ ʬʩʫʮ ʩʡʮʥʦʤ ,ʺʥʸʧʺʡ ʢʥʤʰʫ .

 ʩʰʴʬ ʸʥʺʴʬ ʪʸʥʶ ʹʩʹ.ʥʩʬʲ ʨʬʺʹʤʬ ʬʫʥʰʹ 

 

ʠ. ʤ ʺʣʥʷʴʡ ʩʡʮʥʦʤ ʣʥʷ ʭʥʩʱ ʺʠ ʺʥʤʦʬ ʯʺʩʰ ,ʯʫ ʩʰʴʬ ʥʰʩʹʲʹ ʩʴʫ-ret  ʭʥʷʩʮʡʹcs:011Ch . 

ʡ.  .ʤʮʫʧʤ ʤʶʶʴʤʮ ʺʥʸʨʴʰ ʺʥʰʥʹʠʸʤ ʺʥʣʥʷʴʤ ʺʹʥʬʹ 

ʢ. ( ʺʥʠʡʤ ʺʥʣʥʷʴʤ ʺʲʡʸʠcs:0104h  ʣʲcs:010Ah ʪʥʺʬ ʺʥʷʩʺʲʮ )cx  ʺʠax ʸʹʠʫ ,ax  ʥʸʥʢʣʥʷʡ ʤʥʥʹ

 ʥʬʩʠʥ ʩʡʮʥʦʤ ʬʹ ʩʺʬʧʺʤʤ ʭʥʷʩʮʬ ʭʩʸʨʱʷʠbx  ʲʥʡʷʬ ʬʧʺʥʠʮ1Dh . 

ʣ.  ʪʥʺʬ ʯʲʨʰ ʯʫʮ ʸʧʠʬax  ʭʥʷʩʮʡ ʤʬʩʧʺʮʹ ʤʬʩʮʤ2015h ʯʥʸʫʩʦʡ 

ʤ.  ʲʥʶʩʡ ʸʧʠʬxor  ʯʩʡax ʥ-cx  ʺʬʥʲʴ ʺʲʶʡʺʮxlat ʺʲʶʡʮ ʤʮʡ ʸʫʦʩʰ .xlat ʪʥʺʬ ʤʷʩʺʲʮ ʠʩʤ :al  ʪʸʲʤ ʺʠ

 ʭʥʷʩʮʡ ʠʶʮʰʹds:bx+alʯʩʩʶʰ .  ʬʣʥʮ ʭʩʸʨʱʷʠ ʥʸʥʢʣʥʷʡ ,ʭʩʮʣʥʷʤ ʭʩʷʸʴʡ ʥʰʣʡʲ ʯʺʩʠʹ ʺʥʩʰʫʥʺʬ ʣʥʢʩʰʡ ʩʫ

ʹ ʪʫ ʸʣʢʥʮ ʯʥʸʫʩʦʤ-ds ʥ-cs  ʲʩʡʶʮ ʯʥʸʫʩʦ ʤʦʩʠ ʬʲ ,ʪʫ ʭʠ .ʯʥʸʫʩʦʡ ʭʥʷʮ ʥʺʥʠ ʬʲ ʭʩʲʩʡʶʮds:bx ʷʥʣʡʰ ?
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 ʬʹ ʥʫʸʲ ʥʤʮ bx ʲʥʡʷʤ ʣʥʲʥ ʺʩʰʫʥʺʤ ʺʬʩʧʺ ʭʥʷʩʮ ʺʥʩʤʬ ʸʣʢʥʤ ʤʦ ʪʸʲ1Dhʧʺʮ ʺʩʰʫʥʺʤʹ ʯʥʥʩʫ . ʤʬʩ

 ʭʥʷʩʮʡ100h ʬʹ ʥʫʸʲ ,bx  ʤʩʤʩ11Dh ʸʮʥʬʫ .ds:bx ʬ ʤʥʥʹ ʤʩʤʩ-cs:011Dh. 

ʥ.  ʯʥʸʫʩʦʡ ʭʥʷʩʮʤ ʺʠ ʸʥʷʧʰcs:011Dhʤ ʺʣʥʷʴ ʩʸʧʠ ʠʶʮʰʹ ʯʥʹʠʸʤ ʭʥʷʩʮʤ ʥʤʦ .-ret ʺʣʥʷʴ ʭʹ ʺʠʶʮʰ .add 

 ʬʹ ʺʥʰʥʹʮ ʺʥʸʥʶ ʯʤ ʺʥʣʥʷʴʤ ʸʺʩ ʭʢ .ʤʰʥʹʮadd ʲʶʡʺʮ ʲʥʣʮ .xlat  ʧʩʰʰ ?ʯʥʸʫʩʦʡ ʥʬʠ ʭʩʮʥʷʩʮʬal=0 .

 ʤʣʥʷʴʤxlat  ʭʥʷʩʮʡʹ ʪʸʲʤ ʺʠ ʸʩʦʧʺcs:011Dh ʠʥʤ ʤʦ ʪʸʲ .0 ʧʩʰʰ .al=1 ʤʣʥʷʴʤ ,xlat  ʪʸʲʤ ʺʠ ʸʩʦʧʺ

 ʭʥʷʩʮʡʹcs:011Eh  ʠʥʤ ʤʦ ʪʸʲ1 ʬʹ ʤʸʣʱ ʠʬʠ ʯʰʩʠ ʯʥʸʫʩʦʤ ʬʹ ʤʦ ʷʬʧʡ "ʺʥʣʥʷʴ"ʤʹ ʺʥʠʸʬ ʯʺʩʰ ʪʫ .

 .ʭʩʸʴʱʮ 

ʦ.  ʠʩʤ ʭʩʸʴʱʮʤ ʺʸʣʱ0,1,1,2,1,2,2,3  .ʤʸʣʱʤ ʺʥʩʷʥʧ ʺʠ ʺʥʬʢʬ ʥʱʰ ?ʥʦ ʭʩʸʴʱʮ ʺʸʣʱ ʹʥʸʩʴ ʤʮ .ʤʠʬʤ ʯʫʥ

ʠʸʥʰ ʠʬ ,ʭʩʧʩʬʶʮ ʭʫʰʩʠ ʭʠ-  ʩʬʡ ʺʥʩʷʥʧʤ ʺʠ ʠʥʶʮʬ ʭʺʧʬʶʤ ʭʠ .ʭʩʸʴʱʮʤ ʺʸʣʱ ʬʲ ʬʢʥʢʡ ʹʥʴʩʧ ʥʶʩʸʤ

ʤʸʦʲ- .ʸʲʥʰʬ ʤʷʩʨʮʺʮʬ ʤʣʠʩʴʮʩʬʥʠʬ ʭʣʷʤʡ ʥʮʹʸʤ 

ʧ. ʤʤ ʭʥʷʩʮʤ ʺʠ ʧʷʥʬ ʥʰʬʹ ʩʡʮʥʦʤʹ ʠʩʤ ʯʠʫ ʣʲ ʤʰʷʱʮʤ ʠʺʡ ʠʶʮʰʹ ʪʸʲʤ ʺʠʥ ʯʥʸʫʩʦʡ ʥʬʹ ʩʺʬʧʺ2015 

 ʭʤʬ ʤʹʥʲ ,ʯʥʸʫʩʦʡxor ʬ ʺʹʢʬ ʺʰʮ ʬʲ ʤʠʶʥʺʡ ʹʮʺʹʮʥ-LUT.ʺʰʩʩʰʲʮ ʺʥʩʷʥʧ ʺʬʲʡ ʺʩʨʮʩʺʮ ʤʸʣʱ ʤʰʩʤʹ , 

ʨ. ʤ ʺʬʥʲʴ-xlat  ʸʥʡʲ ʭʲʴ ,ʭʩʩʮʲʴ ʤʮʶʲ ʬʲ ʺʸʦʥʧal  ʸʥʡʲ ʭʲʴʥah . 

ʩ. ʭʤʬʹ ʭʥʫʱʤ ʡʹʥʧʮ ʯʫʮ ʸʧʠʬ-  ʬʲ ʤʬʥʲ ʥʰʩʠ ʠʥʤ ʭʠ6 ʺʲʶʡʺʮ , ʩʣʩ ʬʲ ʤʠʩʶʩret ʬʡʷʩ ʪʸʲ ʤʦʩʠ .ip? 

ʠʩ.  ʠʥʤ ʺʩʰʱʧʮʬ ʳʧʣʰʹ ʯʥʸʧʠʤ ʪʸʲʤ ?ʤʦ ʡʬʹʡ ʺʩʰʱʧʮʤ ʹʠʸʡ ʹʩʹ ʪʸʲʤ ʥʤʮaxʤ ʥʩʬʠ ʷʺʲʥʤʹ ʸʧʠʬ ʣʩʮ ,-

word  ʭʥʷʩʮʡ ʬʩʧʺʮʹ2015h. 

ʤ ʺʣʥʷʴʬ ʲʩʢʤʬʥ ʠʶʮʰ ʠʥʤ ʤʡ ʤʠʬʥʬʤʮ ʩʡʮʥʦʤ ʺʠ ʠʩʶʥʤʬ ʺʰʮ ʬʲʹ ʭʩʰʩʡʮ ʥʰʧʰʠ ,ʭʥʫʩʱʬ-ret ʱʩʰʫʤʬ ʪʸʥʶ ʹʩ ,

ʬ ʭʩʩʥʱʮ ʪʸʲ-word  ʭʥʷʩʮʡ2015hʤ ʭʢ ʠʥʤ ʪʸʲʤ ʥʺʥʠ .-ip  "ʯʥʫʰ"ʤ ʪʸʲʤ ʺʰʡʤ .ʥʮʥʩʱʡ ʥʩʬʠ ʵʥʴʷʩ ʩʡʮʥʦʤʹ

.ʥʰʸʺʩʠʹ ʺʩʨʮʩʺʮʤ ʤʸʣʱʤ ʺʥʩʷʥʧ ʺʰʡʤʡ ʤʩʥʬʺ 
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ʬʩʢʸʺ:Make it – Break it – Fix it 

ʹʮʺʹʮʤʮ ʤʮʱʩʱ ʺʹʷʡʮʹ ʺʩʰʫʥʺ ʡʥʺʫʰ ʤʦ ʬʩʢʸʺʡ  ʱʴʣʥʺ ,ʯʫ ʭʠ ."ʤʰʥʫʰ" ʤʮʱʩʱʤ ʭʠ ʺʷʣʥʡʥ ʪʱʮʬʤʲʣʥʤ 

:ʤʮʩʠʺʮ"Accessgranted" . ,ʯʥʹʠʸʤ ʡʬʹʡ ʺʠ ʸʥʱʮʰ ʩʰʹʤ ʡʬʹʡ .ʧʥʰʲʴʬ ʯʺʩʰʤ ʬʫʫ ʺʫʡʥʱʮ ʤʰʫʥʺ ʡʥʺʫʬ ʤʱʰʰ

 ʤʲʣʥʤʤ ʺʱʴʣʤʬ ʭʥʸʢʬ ʥʱʰʩʹ ,ʤʺʩʫʬ ʥʰʩʸʡʧʬ ʤʰʫʥʺʤ"Access granted"  ʷʩʴʰ ʩʹʩʬʹʤ ʡʬʹʡ .ʤʮʱʩʱʤ ʧʥʰʲʴ ʩʣʩ ʬʲ

ʩʧʷʬ ʭʮ ʪʫ ʤʰʫʥʺʤ ʺʠ ʸʴʹʰʥ ʥʹʲ ʥʰʩʸʡʧʹ ʤʮʤʮʱʩʱʤ ʺʠʩʶʮʹ .ʸʺʥʩ ʤʹʷ ʤʩʤʺ 

'ʠ ʡʬʹ- Make it 

 ʤʧʬʶʤʤ ʺʲʣʥʤ ʺʠ ʤʱʩʴʣʮ ʠʩʤ ʤʰʥʫʰ ʤʮʱʩʱʤ ʭʠ ,ʹʮʺʹʮʤʮ ʤʮʱʩʱ ʺʨʬʥʷʹ ʺʩʰʫʥʺ ʡʥʺʫʬ ʭʩʰʩʩʰʥʲʮ ʥʰʧʰʠ ʤʦ ʡʬʹʡ

 .ʪʱʮʬʺ ʬʹ ʤʨʩʬʷ ,ʯʥʹʠʸʤ :ʥʰʣʮʬ ʭʸʨʹ ʭʩʸʡʣ ʩʰʹ ʺʹʸʥʣ ʥʦʫ ʺʩʰʫʥʺ ʬʹ ʤʡʩʺʫ ʬʹ ʤʱʴʣʤ ,ʩʰʹʤ .ʹʮʺʹʮʤʮ ʥ

.ʪʱʮʬ ʺʦʥʸʧʮ 

 ʪʥʺʬ ʭʩʱʩʰʫʮ :ʹʮʺʹʮʤʮ ʥʺ ʬʹ ʤʨʩʬʷah  ʪʸʲʤ ʺʠ1 ʤʣʥʷʴʤ ʺʠ ʭʩʡʺʥʫ ,int 21h ʪʥʺʬ ʱʰʫʰ ʣʩʬʷʮ ʹʮʺʹʮʤʹ ʥʺʤ ,

al:ʪʫ . 

mov ah, 1 

int 21h 

:ʪʱʮʬ ʺʦʥʸʧʮ ʬʹ ʤʱʴʣʤ 

 ʯʮʩʱʤ ʤʦ( '$' ʥʺʡ ʺʮʩʩʺʱʮʹ ,ʺʦʥʸʧʮ ʸʥʶʩʬ ʬʫ ʭʣʥʷ ʭʩʫʩʸʶ ʥʰʧʰʠ ʪʱʮʬ ʺʦʥʸʧʮ ʱʩʴʣʤʬ ʩʣʫʬ-ISR  ʺʠ ʷʩʱʴʤʬ

ʪʱʮʬ ʤʱʴʣʤʤ –  .)...ʯʥʸʫʩʦʤ ʬʫ ʱʴʣʥʩ ʺʸʧʠ ʭʩʥʥʺʤ13,10  .ʤʱʴʣʤʤ ʳʥʱʡ ʤʸʥʹ ʺʣʸʬ ʭʩʸʥʮ:ʤʮʢʥʣʬ 

message db 'Hello World’,13,10,'$' 

 ʪʥʺʬ ʭʩʰʲʥʨ ʯʫʮ ʸʧʠʬdx :ʺʦʥʸʧʮʤ ʬʹ ʨʱʴʥʠʤ ʺʠ 

mov dx, offset message 

 ʷʸ ʥʰʬ ʸʺʥʰ ʺʠ ʲʥʡʷʬah=9h  ʤʣʥʷʴʤ ʺʠ ʬʩʲʴʤʬʥint 21h: 

mov ah, 9h 

int 21h 

 ʺʥʷʩʱʴ ʳʩʲʱʤ ʺʧʺ ,ʺʥʷʩʱʴ ʺʥʣʥʠ ʷʸʴʡ ʭʩʠʶʮʰ ʥʬʠ ʺʥʣʥʷʴ ʬʲ ʭʩʨʸʥʴʮ ʭʩʸʡʱʤDOS. 

ʤʨʥʹʴ ʺʩʰʫʥʺ ʯʬʤʬʤʮʱʩʱʤ ʺʷʩʣʡ ʪʮʱ ʬʲʥ ʹʮʺʹʮʤʮ ʤʮʱʩʱ ʺʹʷʡʮʹ ,  .ʯʥʬʹʩʫ ʥʠ ʤʧʬʶʤ ʺʲʣʥʤ ʤʱʩʴʣʮ  ʺʨʬʥʷʹ

ʺʥʠʸʬ ʸʹʴʠʹ ʩʴʫ .ʤʮʩʠʺʮ ʤʲʣʥʤ ʤʱʩʴʣʮ ʯʥʩʥʥʹ ʹʩ ʭʠʥ ʤʮʱʩʱʬ ʭʺʥʠ ʤʥʥʹʮ ,ʭʩʥʥʺ ʤʮʩʠʺʮ ʤʮʱʩʱ ʠʥʶʮʬ ʬʷ .  ʭʺʠ

 ʬʲ ʱʱʡʺʤʬ ʭʩʬʥʫʩʥ ʥʦʤ ʺʩʰʫʥʺʤʬ.ʺʡʫʸʥʮ ʤʮʩʹʮ ʤʩʤʺ ʤʮʱʩʱʤ ʺʠʩʶʮʹ ʪʫ ʤʺʥʠ ʸʴʹ 
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; ---------------------------------------------------------------------------------------------- 

; Simple get password program- a very basic code just to help you start 

; Author: Barak Gonen 2015 

; ----------------------------------------------------------------------------------- ----------- 

IDEAL 

MODEL small 

STACK 100h 

DATASEG 

Save db (?)  

Welcome db 'Please enter password, press enter to finish',13,10,'$' 

Access db 13, 10, 'Access granted$' 

Wrong  db 13, 10, 'Login failed$'  

CODESEG 

start: 

 mov ax, @data 

 mov ds, ax 

 mov  ah, 9 

 mov dx, offset Welcome 

 int  21h 

 xor  cx, cx 

getChar: 

 mov  ah, 1 

 int  21h 

 cmp  al, 13 

 je  check 

 mov [Save],  al 
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 inc  cx 

 jmp  getChar 

check: 

 cmp  [Save], 'X' 

 jne  fail 

 cmp  cx, 3 

 jne  fail 

success: 

 mov  ah, 9 

 mov dx, offset Access 

 int  21h 

 jmp  exit 

fail: 

 mov  ah, 9 

 mov dx, offset Wrong 

 int  21h  

exit: 

 mov  ax, 4c00h 

 int  21h 

END start 

 ?ʤʮʱʩʱʤ ʺʠʩʶʮ ʺʥʰʥʩʱʰʬ ʤʰʩʱʧ ʸʺʥʩ ʺʥʩʤʬ ʥʦʤ ʺʩʰʫʥʺʬ ʭʥʸʢʬ ʥʬʫʥʺ ʪʩʠ 

:ʤʫʸʣʤ 

1.  ʭʠʤ .ʤʮʱʩʱʤ ʬʹ ʤʷʩʣʡʤ ʺʲʶʡʺʮ ʯʤʡ ʺʥʸʥʹʤ ʺʠ ʥʰʧʡ ʺʥʷʩʣʡ ʬʬʥʫʹ ,ʡʫʸʥʮ ʸʺʥʩ ʯʥʰʢʰʮ ʧʺʴʬ ʥʬʫʥʺ

?ʺʥʴʱʥʰ 

2.  ʲʥʶʩʡRE ' ʤʮʢʥʣʬ ,ʲʥʡʷʬ ʤʠʥʥʹʤ ʥʡ ʹʩʹ ʣʥʷʬX ʺʥʠʥʥʹʤʤ ʺʠ ʲʶʡʬ ʥʱʰ .ʹʷʥʡʮʤ ʲʥʡʷʤ ʥʤʮ ʣʩʮ ʸʩʢʱʮ ,'

.ʭʩʸʨʱʩʢʸ ʩʣʩ ʬʲ 
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3. .ʤʰʥʫʮ ʺʴʹʡ ʣʥʷʤ ʪʥʺʮ ʤʰʥʫʰʤ ʤʮʱʩʱʤ ʺʠʩʶʮ ʺʠ ʸʺʥʩ ʣʥʲ ʺʥʹʷʤʬ ʩʣʫ ʭʩʨʩʡ ʬʲ ʺʥʬʥʲʴʡ ʥʹʮʺʹʤ 

4. ʠʫʮ!ʺʥʩʺʸʩʶʩ ʥʬʢ .ʭʫʮʶʲ ʺʥʧʥʫʡ ʤʠʬʤ ʥʫʩʹʮʤ ʯ 

 

'ʡ ʡʬʹ- Break it 

ʤʶʸʤʤ ʵʡʥʷ ʺʠ ʷʸ ,ʯʡʥʮʫ( ʭʫʩʸʡʧ ʥʡʺʫʹ ʺʩʰʫʥʺʤ ʺʠ ʥʧʷ-  ʭʺʸʡʶʹ ʲʣʩʡ ʥʹʮʺʹʤ .)ʩʬʡʮʱʠʡ ʣʥʷʤ ʺʥʸʥʹ ʺʠ ʠʬ

 .ʭʫʩʸʡʧ ʬʹ ʺʩʰʫʥʺʤ ʬʠ ʤʱʩʰʫʤ ʺʮʱʩʱ ʺʠ ʧʶʴʬ ʩʣʫ.ʭʤʬʹ ʺʩʰʫʥʺʬ ʤʮʱʩʱʤ ʺʠ ʭʺʠʶʮ ʪʩʠ ʭʫʩʸʡʧʬ ʥʸʩʡʱʤ 

'ʢ ʡʬʹ- Fix it 

 ʺʠ ʠʥʶʮʬ ʭʫʩʸʡʧ ʬʲ ʤʹʷʩʹ ʯʥʸʺʩʴ ʥʠʶʩʮ ,ʭʫʬʹ ʺʩʰʫʥʺʬ ʤʱʩʰʫʤ ʺʮʱʩʱ ʺʠ ʥʧʶʩʴ ʭʫʩʸʡʧ ʣʶʩʫ ʭʺʲʮʹʹ ʸʧʠʬ

.ʤʨʩʹʤ ʤʺʥʠʡ ʤʮʱʩʱʤ 

 

ʭʥʫʩʱ 

 ʥʰʩʤ ʯʥʹʠʸʤ ʩʬʫʤ .ʺʥʸʧʺʡ ʤʧʬʶʤʬ ʭʩʡʥʹʧ ʭʩʬʫ ʸʴʱʮ ʥʰʬʡʩʷʥ ʭʩʸʨʱʷʠ ʥʸʥʢʣʥʷ ʺʥʸʧʺ ʺʠ ʤʸʶʷʡ ʥʰʸʷʱ ʤʦ ʷʸʴʡ

 ʩʹʩʬʹʤ ʩʬʫʤ ,ʩʬʡʮʱʠʡ ʸʧʠ ʥʤʹʩʮ ʩʣʩ ʬʲ ʡʺʫʰʹ ʣʥʷ ʬʹ ʸʷʧʮ ʺʬʥʫʩ ʠʥʤ ʩʰʹʤ ʩʬʫʤ .ʺʥʣʧʥʩʮ ʩʬʡʮʱʠ ʺʥʣʥʷʴ ʺʲʩʣʩ

ʸʣʰʤ ʲʣʩʤ ʸʺʩ .ʭʩʡʮʥʦ ʬʲ ʺʥʨʬʺʹʤʤ ʺʷʩʰʫʨ ʺʰʡʤ ʠʥʤʤʫʸʣʤʤ ʩʸʮʥʧʡ ʦʫʥʸʮ ʹ-  .ʭʫʮʶʲ ʺʥʧʥʫʡ ʯʠʫʮ ʥʫʩʹʮʤ 

ʺʥʴʺʺʹʤʤʮ ʤʠʰʤʥ ʺʥʸʧʺʡ ʤʧʬʶʤ ʩʬʥʧʩʠ ʺʥʸʧʺʤ ʺʠʸʷʬ ʬʥʢʸʺʤʮʥ! 
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 ʷʸʴ11– ʺʥʷʩʱʴ 

ʠʥʡʮ 

( ʤʷʩʱʴInterrupt) ʲ ʠʬʹ ʺʩʰʫʥʺʡ ʺʥʣʥʷʴʤ ʲʥʶʩʡ ʸʣʱ ʺʠ ʺʥʰʹʬ ʸʹʴʠʮʥ ʣʡʲʮʡ ʬʡʷʺʮʤ ʺʥʠ ʠʩʤʬ-ʩʣʩ 

 ʤʶʩʴʷʥ ʤʠʥʥʹʤ ʺʥʬʥʲʴ( ʺʩʰʺʥʮ ʤʸʷʡ ʺʥʣʥʷʴ–  ʯʥʢʫcmp ʥ־jmp .) 

ʸʹʫ ʤʷʩʱʴʡ ʭʩʹʮʺʹʮ .ʤʰʥʥʫʤ ʤʮʬ ʸʩʡʱʰʺʥʣʥʷʴʤ ʲʥʶʩʡ ʸʣʱ ʺʠ ʺʥʰʹʬ ʭʩʶʥ  ʥʰʩʩʤ ʺʸʧʠ( ʹʠʸʮ ʩʥʴʶ ʩʺʬʡ ʯʴʥʠʡ

ʸʷʡ ʺʥʣʥʷʴʡ ʭʩʹʮʺʹʮ?ʺʥʣʥʷʴʤ ʲʥʶʩʡ ʸʣʱ ʺʠ ʺʥʰʹʬ ʭʩʶʥʸ ʬʬʫʡ ʤʮʬ .)ʤʶʩʴʷʥ ʤ 

ʯʮʦʤ ʬʫ ʯʴʥʠ ʥʺʥʠʡ ʷʥʩʣʡ ʣʥʡʲʺ ʠʬ ʥʰʬʹ ʤʰʫʥʺʤʹ ʤʶʸʰ ʭʩʺʩʲʬ– ʤʮʢʥʣʬ, ʪʸʲʮʡ ʸʺʥʩʡ ʬʥʣʢʤ ʸʡʩʠʤ ʺʠ ʠʶʮʺ–  ʠʬʠ

ʰʫʥʺʤ .ʪʱʮʤ ʬʲ ʤʦʦʹ ʺʥʮʣ ʬʩʲʴʤʬ ʩʣʫ ʺʣʬʷʮʡ ʹʮʺʹʮ ʯʷʧʹʤ ʥʡʹ ,ʡʹʧʮ ʷʧʹʮ ʥʰʩʩʮʣ .ʭʩʰʥʹ ʭʩʲʥʸʩʠʬ ʡʩʢʺ ʤ

ʯʷʧʹʤ ʺʥʣʥʷʴʬ ʡʩʢʤʬ ʤʫʩʸʶ–  ʺʥʶʩʧʬ ʬʹ ʯʥʮʦʺʤ ʭʢ .ʸʧʠ ʣʥʷ ʲʨʷ ʵʩʸʤʬ ʤʰʫʥʺʬ ʭʥʸʢʬ ʤʫʩʸʶ ʺʣʬʷʮʤ ʬʲ ʤʶʩʧʬ ʬʫ

ʹʠʸʮ ʲʥʣʩ ʠʬ ʺʣʬʷʮʤ–  ʺʬʥʫʩʡ ,ʺʥʹʩʮʢʡ ʪʸʥʶʤ .ʺʣʬʷʮʤ ʬʲ ʹʩʷʩ ʯʷʧʹʤ ʭʩʩʥʱʮ ʲʢʸʡʹ ʧʩʰʤʬ ʤʬʥʫʩ ʠʬ ʤʰʫʥʺʤ

 ʯʥʰʢʰʮ ʪʸʨʶʰʹ ʪʫʬ ʭʸʥʢ ,ʤʰʫʥʺʤ ʺʶʩʸ ʯʴʥʠ ʺʠ ʺʥʰʹʬ.ʩʮʠʰʩʣ ʯʴʥʠʡ ʣʡʲʮʡ ʺʥʣʥʷʴʤ ʲʥʶʩʡ ʸʣʱ ʺʠ ʺʥʰʹʬ ʲʣʥʩʹ 

 ʺʧʴʹʮʡʤ80־x86 :"ʤʷʩʱʴ" ʧʰʥʮʤ ʺʧʺ ʭʩʱʰʫʰʹ ʭʩʲʥʸʩʠ ʬʹ ʭʩʢʥʱ ʤʹʥʬʹ ʹʩ 

- ʤʰʫʥʺ ʺʥʷʩʱʴ ʺʥʠʸʷʰʹ ,Trapsʬʲ ʺʥʮʥʦʩ ʯʤ ʸʮʥʬʫ ,ʺʩʰʫʥʺʤ ʣʥʷʮ ʷʬʧ ʯʤ ʥʬʠ ʺʥʷʩʱʴ .־.ʺʰʫʺʮʤ ʩʣʩ 

- ʤʢʩʸʧ ʺʥʷʩʱʴ ʺʥʠʸʷʰʹ ,Exceptions ʺʥʷʩʱʴ . ʩʨʮʥʨʥʠ ʯʴʥʠʡ ʺʥʹʧʸʺʮ ʬʡʠ ,ʤʰʫʥʺ ʺʥʷʩʱʴ ʥʮʫ ʯʤ ʥʬʠ

.ʤʢʩʸʧ ʺʷʩʱʴ ʬʩʲʴʩ ʱʴʠʡ ʷʥʬʩʧ ,ʤʮʢʥʣʬ .ʢʩʸʧ ʲʥʸʩʠʬ ʤʡʥʢʺʫ 

- ʤʸʮʥʧ ʺʥʷʩʱʴ ʺʥʠʸʷʰʹ ,Interrupts ʤʮʢʥʣʬ( ʣʡʲʮʬ ʭʩʩʰʥʶʩʧ ʤʸʮʥʧ ʩʡʩʫʸ ʬʹ ʤʠʶʥʺ ʯʤ ʥʬʠ ʺʥʷʩʱʴ .

ʥʶʩʧ ʲʥʸʩʠ ʹʩʹ ʣʡʲʮʬ ʺʥʲʩʣʥʮ ʥʬʠ ʺʥʷʩʱʴ .)ʸʡʫʲ ʥʠ ʺʣʬʷʮ ʣʥʷʤ ʲʥʶʩʡ ʺʠ ʸʶʥʲ ʣʡʲʮʤ .ʬʥʴʩʨ ʹʸʥʣʹ ʩʰ

 .ʤʡ ʸʶʲʹ ʭʥʷʮʬ ʺʩʰʫʥʺʬ ʸʦʥʧʥ ʤʸʮʥʧʤ ʡʩʫʸ ʺʠ ʺʸʹʮ ,ʵʸʹ 

.ʺʥʷʩʱʴʤ ʩʢʥʱʮ ʺʧʠ ʬʫʡ ʤʡʧʸʤʡ ʯʥʣʰ ʪʹʮʤʡ 

 ʤʣʥʷʴʤ ʺʥʲʶʮʠʡ ʺʲʶʡʺʮ ʤʷʩʱʴʬ ʤʠʩʸʷintʤ ʸʧʠʬ .ʺʥʷʩʱʴʤ ʸʺʩʮ ʤʺʥʠ ʣʧʩʩʮʹ ,ʸʴʱʮ ʹʩ ʤʷʩʱʴ ʬʫʬ .-int  ʠʥʡʩ

 ʸʴʱʮ ʠʥʤʹ ,ʣʰʸʴʥʠ .ʤʷʩʱʴʤ 

int operand 

 ʸʴʱʮ ʤʷʩʱʴ ʺʬʲʴʤ ,ʤʮʢʥʣʬ1: 

int 1h 

 ,ʬʹʮʬ ,ʪʱʮʬ ʥʺ ʺʱʴʣʤ ʥʠ ʺʣʬʷʮʤʮ ʥʺ ʺʠʩʸʷ ʬʹ ʺʥʬʥʲʴ ʲʶʡʬ ʥʰʩʶʸ ʸʹʠʫ .ʥʦ ʤʣʥʷʴʡ ʥʰʬʷʺʰ ʭʩʮʣʥʷʤ ʭʩʷʸʴʡ

:ʤʣʥʷʴʡ ʥʰʹʮʺʹʤ 

int 21h 

.ʺʥʩʹʥʮʩʹ ʤʸʮʥʧʥ ʤʰʫʥʺ ʺʥʷʩʱʴ ʬʹ ʳʱʥʠ ʬʬʥʫʹ ʣʥʷ ʥʧʺʩʴ ʺʥʰʥʹ ʺʥʸʡʧ ʭʩʰʹʤ ʪʹʮʡ  ,ʨʴʥʱʥʸʷʩʮ ʺʸʡʧ ,ʤʮʢʥʣʬ

ʭʹʡ ʤʬʲʴʤ ʺʫʸʲʮ ʤʧʺʩʴDOS–  ʬʹ ʸʥʶʩʷDisk Operating Systems ʤʬʲʴʤʤ ʺʫʸʲʮ .DOS  ʭʩʺʰʫʺʮʬ ʺʷʴʱʮ
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 ʺʸʡʧ ʠʩʤ ʺʴʱʥʰ ʤʮʢʥʣ .ʪʱʮʬ ʥʺ ʺʱʴʣʤʥ ʺʣʬʷʮʤʮ ʥʺ ʺʠʩʸʷ ʯʥʢʫ ,ʭʩʮʣʥʷ ʭʩʷʸʴʡ ʯʤʡ ʥʰʬʷʺʰʹ ,ʺʥʩʹʥʮʩʹ ʺʥʷʩʱʴ

ʤ ʩʣʡʲʮ ʺʩʰʸʶʩ ,ʬʨʰʩʠ80־x86ʷ ʤʧʺʩʴʹ , ʠʸʷʰʹ ʣʥBIOS–  ʬʹ ʸʥʶʩʷBasic Input Output Systemʤ .־BIOS 

ʤ ʣʥʷ ʬʹ ʥʣʩʷʴʺ .ʥʺʬʲʴʤ ʭʲ ʣʩʮ ʣʡʲʮʬ ʯʲʨʰʥ ,ʣʧʥʩʮ ʯʥʸʫʩʦʡ ʠʶʮʰʹ ʣʥʷ ʠʥʤ־BIOS  ʤʸʮʥʧʤ ʺʥʰʩʷʺ ʺʠ ʷʥʣʡʬ ʠʥʤ

ʤ ʬʬʥʫ ʯʫ ʥʮʫ .ʤʬʲʴʤʤ ʺʫʸʲʮ ʣʥʷ ʺʠ ʯʥʲʨʬʥ־BIOS ʥʣʬ ,ʤʸʮʥʧ ʩʰʷʺʤʡ ʹʥʮʩʹʤ ʺʠ ʺʥʨʹʴʮʹ ʺʥʷʩʱʴ ʸʴʱʮ ʤʮʢ

 ʠʹʥʰ ,ʺʣʬʷʮʤʮ ʭʩʥʥʺ ʺʨʩʬʷʹ ʲʩʢʰ ʥʩʬʠ.ʪʹʮʤʡ 

 ,ʤʮʢʥʣʬ .ʤʬʥʲʴ ʤʺʥʠ ʺʠ ʲʶʡʬ ʺʥʰʥʹ ʭʩʫʸʣ ʭʩʺʩʲʬ ʯʰʹʩ ,ʭʩʰʥʹ ʺʥʸʥʷʮʮ ʹʥʮʩʹʬ ʺʥʰʩʮʦ ʺʥʷʩʱʴ ʥʰʬ ʹʩʹ ʪʫʮ ʤʠʶʥʺʫ

:ʺʣʬʷʮʤ ʭʲ ʺʸʥʹʷʺ 

-  ʸʴʱʮ ʤʷʩʱʴ ʺʥʲʶʮʠʡ ʸʹʷʺʬ ʸʹʴʠ ʺʣʬʷʮʤ ʭʲ9h. 

-  ʸʴʱʮ ʤʷʩʱʴ ʪʸʣ ʭʢ ʺʣʬʷʮʤ ʭʲ ʸʹʷʺʬ ʸʹʴʠ16h ʺʷʩʱʴ ʠʩʤʹ ,BIOS ʺʠ "ʺʴʨʥʲ" ʤʹʲʮʬ ʥʦ ʤʷʩʱʴ .

 ʤʷʩʱʴ9h .ʳʱʥʰ ʣʥʷ ʭʲ 

-  ʸʴʱʮ ʤʷʩʱʴ ʪʸʣ ʭʢ ʺʣʬʷʮʤ ʭʲ ʸʹʷʺʬ ʸʹʴʠ21h ʬʹ ,DOSʤ ʣʥʷ .־DOS   ʬʹ ʣʥʷʤ ʺʠ "ʳʨʥʲ"BIOS. 

:)ʸʮʩʩʨ( ʺʫʸʲʮʤ ʯʥʲʹ ʭʲ ʺʸʥʹʷʺ ,ʺʴʱʥʰ ʤʮʢʥʣ 

-  ʸʴʱʮ ʤʷʩʱʴ8h .ʸʮʩʩʨʤ ʬʥʮ ʺʣʡʥʲ 

-  ʸʴʱʮ ʤʷʩʱʴ1Ch ʷʩʱʴ ʠʩʤ ʺBIOS ʤʷʩʱʴ ʺʠ "ʺʴʨʥʲ" ʤʹʲʮʬ ʥʦ ʤʷʩʱʴ .ʸʮʩʩʨʤ ʬʥʮ ʺʣʡʥʲ ʭʢʹ ,8h  ʭʲ

.ʳʱʥʰ ʣʥʷ 

-  ʸʴʱʮ ʤʷʩʱʴ21h  ʬʹDOS ʺʣʡʥʲ , ʠʩʤ ʭʢʤ ʣʥʷ .ʸʮʩʩʨʤ ʬʥʮ־DOS ʬʹ ʣʥʷʤ ʺʠ "ʳʨʥʲ"BIOS. 

ʠ ʤʹʥʲ ʺʩʸʥʷʮʤ ʤʷʩʱʴʤ ʺʠ ʳʨʥʲʹ ʣʥʷ ʬʫ ,ʩʬʬʫ ʯʴʥʠʡ :ʭʩʰʥʹ ʭʩʢʥʱʮ ʺʥʷʩʱʴʡ ʹʥʮʩʹ ʬʹ ʺʥʰʥʸʱʧʥ ʺʥʰʥʸʺʩ ʹʥʮʩʹʤ ʺ

.ʭʩʲʥʶʩʡ ʭʢ ʭʩʺʩʲʬʥ ʺʥʹʩʮʢ ʭʩʣʩʱʴʮ ʥʰʧʰʠ ʬʡʠ ,ʨʥʹʴ ʸʺʥʩ ʤʡ 

 .ʭʩʫʸʣʤ ʬʫ ʺʠ ʣʮʬʰ ʠʬ ʬʡʠ ,ʤʬʥʲʴ ʤʺʥʠ ʺʠ ʲʶʡʬ ʺʥʰʥʹ ʭʩʫʸʣ ʹʩʹ ʪʫʬ ʭʩʲʣʥʮ ʤʩʤʰ ʷʸ ʺʥʷʩʱʴʤ ʣʥʮʩʬ ʺʸʢʱʮʡ

 ʺʥʷʩʱʴ ʺʥʲʶʮʠʡ ʺʥʬʥʲʴʤ ʺʠ ʲʶʡʰ ʬʬʫ ʪʸʣʡDOS.ʨʸʥʴʮ ʸʡʱʤ ʥʬʠ ʺʥʷʩʱʴʬ ʹʩʣʷʰ ʯʫʬʥ , 

ʱʴ ʬʫ ʤʷʩʱʴ ʯʩʡ ʤʰʥʹ ʯʡʥʮʫ ʠʥʤ ʣʥʷʤ .ʤʷʩʱʴʡ ʬʥʴʩʨʬ ʣʧʥʩʮ ʣʥʷ ʤʬʩʲʴʮ ,ʤʬʹ ʸʥʷʮʤ ʤʩʤʩ ʸʹʠ ʤʩʤʩ ,ʤʷʩ

 ʩʬʬʫ ʭʹʡ ʠʸʷʰ ʤʦ ʣʥʷ .ʤʷʩʱʴʬInterrupt Service Routine  ʸʥʶʩʷʡ ʥʠISR . 

 ʬʠ ʤʰʥʴ ,ʺʩʰʫʥʺʤ ʲʥʶʩʡ ʺʠ ʷʩʱʴʮ ʠʥʤ ,ʤʷʩʱʴ ʲʶʡʮ ʣʡʲʮʹʫISR ʸʦʥʧ ʯʫʮ ʸʧʠʬʥ ʡʹʧʮʤ ʯʥʸʫʩʦʡ ʠʶʮʰʹ  ʪʹʮʤʬ

.ʥʦʤ ʤʬʥʲʴʤ ʺʠ ʲʶʡʬ ʣʡʲʮʬ ʸʹʴʠʮʹ ʯʥʰʢʰʮʤ ʺʠ ʺʲʫ ʸʥʷʱʰ .ʤʷʱʴʥʤʹ ʺʩʰʫʥʺʤ 
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ʤʷʩʱʴ ʲʥʶʩʡ ʩʡʬʹ 

:ʭʩʠʡʤ ʭʩʡʬʹʤʮ ʡʫʸʥʮ ʤʷʩʱʴ ʲʥʶʩʡ ʪʩʬʤʺ 

1. ʸʮʥʬʫ .ʺʩʧʫʥʰʤ ʤʠʸʥʤʤ ʲʥʶʩʡ ʺʠ ʭʩʩʱʮ ʣʡʲʮʤ – ʺʠʸʥʤ ʲʶʮʠʡ ʥʰʩʩʤ ʤʮʢʥʣʬ ʭʠ mov ax,5  ʯʮʦʡ

 ʪʥʺʬ ʷʩʺʲʩ ʣʡʲʮʤ ,ʺʣʬʷʮʡ ʹʷʮ ʬʲ ʵʧʬ ʹʮʺʹʮʤʹax  ʪʸʲʤ ʺʠ5 .ʺʣʬʷʮʤʮ ʤʷʩʱʴʤ ʺʠ ʺʸʹʬ ʤʰʴʺʩ ʦʠʥ 

2.  ʯʫʥʺ ʺʠ ʺʩʰʱʧʮʡ ʸʮʥʹ ʣʡʲʮʤʸʨʱʩʢʸ  ʤʷʩʱʴʤ ʺʩʰʫʥʺ ʲʥʶʩʡ ʭʥʺʡ ʲʥʶʩʡʬ ʤʠʡʤ ʤʠʸʥʤʤ ʺʡʥʺʫ ʺʠʥ ʭʩʬʢʣʤ

ʤ(־ISRʤ ʬʹ ʳʥʸʩʶ ʠʩʤ ʤʠʡʤ ʤʠʸʥʤʤ ʺʡʥʺʫ ,ʸʥʫʦʫ .)ʸʨʱʩʢʸ ʭʩcs ʥ־ip . 

3. ʬ ʤʱʩʰʫʤ ʩʰʴʬ־ISR ( ʺʥʷʩʱʴʤ ʬʢʣ ʺʠ )ʱʴʠʮ( "ʤʷʰʮ" ʣʡʲʮʤInterrupt Flag( ʺʣʥʫʬʮʤ ʬʢʣ ʺʠʥ )Trap 

Flagʪʫʬ ʤʡʩʱʤ .) – .ʪʹʮʤʡ 

4. ʤ ʺʡʥʺʫ ʺʠ ʡʹʧʮ ʣʡʲʮʤ־ISR ʬ ʥʺʥʠ ʷʩʺʲʮʥʸʨʱʩʢʸ ʭʩcs ʥ־ipʤ ʺʡʥʺʫ ʡʥʹʩʧ ʪʩʬʤʺ .־ISR  ʸʡʱʤʬ ʩʥʠʸ

.ʪʹʮʤʡ ʥʩʬʠ ʱʧʩʩʺʰʥ ʥʮʶʲ ʩʰʴʡ 

5. ʺʠ ʲʶʡʮ ʣʡʲʮʤ ʤ־ISR. 

6. ʤ ʲʥʶʩʡ ʭʥʺʡ־ISR ʭʩʫʸʲʤ ʺʠ ʸʦʧʹʮʥ )'ʡ ʳʩʲʱ ʥʠʸ( ʤʩʬʠ ʥʴʧʣʰʹ ʭʩʫʸʲʤ ʺʠ ʺʩʰʱʧʮʤʮ ʠʩʶʥʮ ʣʡʲʮʤ ,

 ʬʹ ʭʩʩʸʥʷʮʤʸʨʱʩʢʸ  ,ʭʩʬʢʣʤcs ʥ־ip. 

7.  ʭʥʷʮʮ ʺʩʰʫʥʺʤ ʲʥʶʩʡʡ ʪʩʹʮʮ ʣʡʲʮʤcs:ip. 

 

ʤʷʩʱʴʬ ʤʱʩʰʫʤ ʭʲ ʺʩʰʱʧʮʤ ʡʶʮ 

 ʬʣʥʢʡ ʺʩʰʱʧʮʤʹ ʧʩʰʮ ʸʥʩʠʤ(100h )ʤʷʩʱʴʤ ʩʰʴʬ ʤʷʩʸ ʤʺʩʤ ʺʩʰʱʧʮʤʹ ʯʫ ʥʮʫʥ 
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 ʭʩʬʢʣʤ ʱʥʴʩʠ ʺʥʲʮʹʮʬ ʱʧʩʩʺʰInterrupt Flag ʥ־Trap Flag: 

 ʤʦ ʬʢʣ ʭʠ ʤʸʥʷ ʤʩʤ ʤʮ ʯʩʩʮʣʰ .ʸʢʠʡʩʣʤ ʪʥʺʡ ʥʰʧʰʠ ʭʠ ʭʢ ʤʷʱʴʤ ʠʬʬ ʥʲʶʥʡʩ ʺʥʣʥʷʴʤʹ ʪʫʬ ʭʸʥʢ ʺʣʥʫʬʮʤ ʬʢʣ ʱʥʴʩʠ

,ʸʢʠʡʩʣʤ ʪʥʺʡ ʭʩʠʶʮʰ ʥʰʧʰʠ .ʺʩʨʮʥʨʥʠ ʱʴʥʠʮ ʤʩʤ ʠʬ  ʬʫ .ʤʸʥʹ ʩʸʧʠ ʤʸʥʹ ʺʩʰʫʥʺʡ ʭʩʮʣʷʺʮ55  ʩʴʫ ,ʺʥʩʰʹʩʬʩʮ

ʤ ʬʠ ʺʶʴʥʷ ʥʰʬʹ ʺʩʰʫʥʺʤ .ʤʲʹʤ ʯʥʫʣʲʬ ʤʷʩʱʴ ʤʲʩʢʮ ,ʪʹʮʤʡ ʣʮʬʰʹ־ISR ʺʸʶʥʲ ʣʩʮ ʬʡʠ ,ʤʲʹʤ ʯʥʫʣʲʬ ʩʠʸʧʠʹ – 

ʤ ʹʷʮ ʬʲ ʵʥʧʬʬ ʭʩʫʩʸʶ ʥʰʧʰʠ־F7  ʬʫ ʤʮʶʲ ʺʸʦʥʧ ʥʦ ʤʬʥʲʴ .ʤʠʡʤ ʤʸʥʹʬ ʺʩʰʫʥʺʤ ʺʠ ʵʩʸʤʬ ʩʣʫ55 .ʺʥʩʰʹʩʬʩʮ ʭʶʲ ..

ʤ ʹʷʮ ʬʲ ʤʶʩʧʬʤ־F7  ʬʩʲʴʮISR ...ʺʮʩʩʺʱʮ ʠʬ ʭʲʴ ʳʠ ʤʬʥʲʴʤ ʤʹʲʮʬʹ ʪʫ ,ʺʣʬʷʮʡ ʬʥʴʩʨʬ ʩʠʸʧʠʹ 

 ʠʥʤ ʥʦ ʤʬʥʲʴ ʬʹ ʩʲʥʶʷʮʤ ʧʰʥʮʤ .ʺʩʧʫʥʰʤ ʤʷʩʱʴʤ ʲʥʶʩʡ ʩʣʫ ʪʥʺ ʲʩʢʤʬ ʺʥʴʱʥʰ ʺʥʷʩʱʴʮ ʲʰʥʮ ʺʥʷʩʱʴʤ ʬʢʣ ʱʥʴʩʠ

disable interrupts "ʺʥʸʧʺ" ʤʩʤʺ ʠʬʹ ʩʣʫ ʤʡʥʹʧ ʥʦ ʤʬʥʲʴ . ʣʡʲʮʬ ʺʮʸʥʢʥ ʤʲʩʢʮ ʤʹʣʧ ʤʷʩʱʴ ʤʡʹ ,ʺʥʷʩʱʴ ʯʩʡ

 .ʺʮʣʥʷʤ ʤʷʩʱʴʡ ʬʴʨʬ ʭʩʩʱʹ ʩʰʴʬ ʤʡ ʬʴʨʬ 

ʤʮ ʤʠʩʶʩʤ ʸʧʠʬ־ISR ʬʢʣʤ ʬʹ ʥʫʸʲ ʺʠ ʸʺʩʤ ʯʩʡʥ ,ʭʩʬʢʣʤ ʸʨʱʩʢʸ ʺʠ ʺʩʰʱʧʮʤʮ ʸʦʧʹʮ ʣʡʲʮʤ ,if ʺʥʷʩʱʴʹ ʪʫ ,

 ʠʥʤ ʥʦ ʤʬʥʲʴ ʬʹ ʩʲʥʶʷʮʤ ʧʰʥʮʤ .ʺʥʸʹʴʥʠʮ ʡʥʹ ʤʸʮʥʧenable interrupts. 

 

ISR ʥ־IVT )ʤʡʧʸʤ( 

 ʬʹ ʩʬʬʫʤ ʤʰʡʮʤISR :ʤʦʫ ʠʥʤ 

proc ISRname far 

 … 

 iret 

endp ISRname 

ʤ ʺʣʥʷʴ־iret  ʺʣʥʷʴ ʥʮʫ ʠʩʤret –  ʤʠʩʸʷʤ ʩʰʴʬ ʺʩʰʫʥʺʤ ʤʺʩʤ ʥʡʹ ʭʥʷʮʤ ʬʠ ʤʸʦʧʤ ʺʡʥʺʫ ʸʥʦʧʹʬ ʺʢʠʥʣ ʠʩʤ

ʬ־ISR ʯʩʡ ʬʣʡʤʤ .iret ʬ־ret ʹ ʠʥʤ־iret  ʤʹʥʲpop  ʺʠ ʭʢ ʸʦʧʹʬ ʩʣʫ ,ʳʱʥʰʸʨʱʩʢʸ  ʹʩ ,ʺʥʠʸʬ ʸʹʴʠʹ ʩʴʫ .ʭʩʬʢʣʤ

 ʬʹ ʤʸʣʢʤ ʯʩʡ ʡʸ ʯʥʩʮʣISR  .ʤʮʥʣ ʭʤʬʹ ʤʬʥʲʴʤ ʯʴʥʠ ʭʰʮʠʥ ,ʤʸʥʣʶʥʸʴ ʬʹ ʤʸʣʢʤʬ 

 ʭʥʷʮʬ ʵʥʴʷʬʥ ʺʩʰʫʥʺʤ ʺʶʩʸ ʺʠ ʷʩʱʴʤʬ ʪʩʸʶ ʠʥʤ ʥʩʹʫʲ .ʤʷʩʱʴ ʬʡʩʷ ʣʡʲʮʤ :ʠʩʤ ʤʩʬʲ ʺʥʰʲʬ ʭʩʶʥʸ ʥʰʧʰʠʹ ʤʬʠʹʤ

ʤ ʠʶʮʰʹ ʥʰʸʮʠ ʭʹ ,ʯʥʸʫʩʦʡ ʥʤʹʬʫ־ISR ʪʩʠ .?ʵʥʴʷʬ ʯʥʸʫʩʦʡ ʺʡʥʺʫ ʥʦʩʠʬ ʲʣʥʩ ʠʥʤ 

 ʯʩʡ ʺʥʩʤʬ ʬʥʫʩ ʤʦ ʸʴʱʮ .ʺʥʷʩʱʴʤ ʸʺʩʮ ʤʺʥʠ ʣʧʩʩʮʹ ʸʴʱʮ ʥʤʦʥ ,ʸʴʱʮ ʹʩ ʤʷʩʱʴ ʬʫʬʹ ʪʫʡ ʬʩʧʺʰ0 ʬ255־  ,ʩʬʮʩʶʣ

:ʤʣʥʷʴʤ ʺʠ ʥʰʡʺʫʹʫ ,ʤʮʢʥʣʬ .ʤʬʹ ʩʬʮʩʶʣʱʷʤʤ ʪʸʲʤ ʩʴʬ ʤʷʩʱʴʬ ʠʥʸʷʬ ʢʥʤʰ ʪʠ 

int 21h 

ʷʩʱʴ ʺʠ ʺʸʹʬ ʪʩʸʶ ʠʥʤʹ ʣʡʲʮʬʥʰʲʣʥʤ ʸʴʱʮ ʤ21h. 
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 ,ʭʥʢʸʺ ʺʬʡʨʬ ʤʰʥʴ ʣʡʲʮʤ ,ʭʥʢʸʺʤ ʺʬʥʲʴ ʺʡʥʨʬ .ʯʥʸʫʩʦʡ ʺʡʥʺʫʬ ʤʷʩʱʴʤ ʸʴʱʮ ʭʥʢʸʺ ʺʫʠʬʮʬ ʹʢʩʰ ʣʡʲʮʤ ʺʲʫ

 ʺʠʸʷʰ ʥʦ ʤʬʡʨ .ʯʥʸʫʩʦʡ ʹʠʸʮ ʥʬʶʠ ʤʸʥʮʹʹInterrupt Vector Table ʥʠ ,IVT . 

ʤ־IVT ʬʹ ʬʣʥʢʡ ʤʬʡʨ ʤʰʩʤ256Double Words ʸʮʥʬʫ ,1024 ʤ ʺʬʩʧʺ .ʭʩʺʡ־IVTʩʤ ʨʰʮʢʱʡ ʠ0  ʨʱʴʥʠʡʥ0 

ʺʥʸʧʠ ʭʩʬʩʮʡ ʥʠ ,ʯʥʸʫʩʦʡ – ʤ־IVT  ʯʩʡʹ ʺʥʡʥʺʫʤ ʺʠ ʱʴʥʺʥ ʯʥʸʫʩʦʤ ʺʬʩʧʺʡ ʹʮʮ ʠʶʮʰ0 ʬ3־FFh) 1023  ʪʱʡ ʭʩʺʡ

 .)ʬʫʤ 

ʤ ʪʩʠ־IVT ʡ ?ʯʥʸʫʩʦʡ ʺʡʥʺʫʬ ʤʷʩʱʴʤ ʸʴʱʮ ʺʠ ʭʢʸʺʬ ʣʡʲʮʬ ʸʦʥʲ־IVT  ʬʹ ʺʥʡʥʺʫʤ ʺʥʠʶʮʰ256  ʺʥʸʥʣʶʥʸʴ

 ,ʺʥʷʩʱʴʡ ʺʥʬʴʨʮʹ'ISR' ʬʫ .ʭʩʤ ʬʹ ʨʱʴʥʠʤ ʠʩʤ ʤʰʥʹʠʸʤ ʤʬʩʮʤ .ʭʩʬʩʮ ʩʺʹʮ ʺʡʫʸʥʮ ʺʡʥʺʫ־ISR   ʤʩʰʹʤ ʤʬʩʮʤʥ

ʤ ʬʹ ʨʰʮʢʱʤ ʠʩʤ־ISRʡ ʭʩʰʥʹʠʸʤ ʭʩʺʡʤ ʺʲʡʸʠ ,ʤʮʢʥʣʬ ʪʫ .־IVT  ʬʹ ʺʡʥʺʫʤ ʭʤISR  ʸʴʱʮ ʤʷʩʱʴ ʬʹ0h ʺʲʡʸʠ .

 ʬʹ ʺʡʥʺʫʤ ʭʤ ʥʩʸʧʠ ʭʩʠʡʤ ʭʩʺʡʤISR  ʸʴʱʮ ʤʷʩʱʴ ʬʹ1h .ʤʠʬʤ ʪʫʥ 

ʫʤ ʤʮ ʺʲʣʬ ʩʣʫ ,ʸʮʥʬʫ ʬʹ ʺʡʥʺISR  ʡ ʭʩʬʴʥʫ ,ʤʷʩʱʴʤ ʸʴʱʮ ʺʠ ʭʩʧʷʥʬ ,ʤʬʡʨʡ ʥʤʹʬʫ4־  ʺʡʥʺʫʤ ʠʩʤ ʤʠʶʥʺʤʥ

ʤ ʬʹ ʺʩʦʩʴʤ־ISR ʤʷʩʱʴ :ʤʮʢʥʣ .ʤʩʬʠ ʵʥʴʷʬ ʪʩʸʶ ʣʡʲʮʤʹ21h  ʭʥʷʮʬ ʺʮʢʸʺʩʮ84h  ʭʥʷʮʬ ʹʢʩʰ ʣʡʲʮʤ .ʯʥʸʫʩʦʡ

84hʡ ʯʡʥʮʫ ʠʶʮʰʹ ,־IVT ʲʥʶʩʡʬ ʵʥʴʷʬ ʺʡʥʺʫ ʥʦʩʠʬ ʥʬ ʭʩʸʥʮʹ ,ʭʩʺʡ ʤʲʡʸʠ ʠʸʥʷʥ ,ʤ־ISR  ʤʷʩʱʴ ʬʹ21h. 

 

ʤ ʤʰʡʮ־Interrupt Vector Table ʯʥʸʫʩʦʡ 
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 ʺʥʷʩʱʴDOS 

 ʤʬʲʴʤʤ ʺʫʸʲʮDOS ʬʹ ʸʥʶʩʷ ,Disk Operating Systemʬʲ ʤʡʺʫʰ ,־ʣʩ ʩ ʥʦ ʤʬʲʴʤ ʺʫʸʲʮ .ʨʴʥʱʥʸʷʩʮ ʺʸʡʧ

ʬʲ ʤʴʬʧʥʤ ʦʠ ,ʭʩʲʹʺʤ ʺʥʰʹ ʲʶʮʠ ʣʲ ʤʬʲʴʤʤ ʺʥʫʸʲʮ ʭʬʥʲʡ ʤʨʬʹ־ ʤʬʲʴʤʤ ʺʫʸʲʮ ʩʣʩWindows. 

ʺʥʩʶʷʩʬʴʠ ʯʩʡʬ ʡʹʧʮʡ ʤʸʮʥʧʤ ʩʡʩʫʸ ʯʩʡ ʺʸʹʷʮ ʠʩʤ ʸʺʩʤ ʯʩʡ .ʭʩʰʥʹ ʭʩʺʥʸʩʹ ʥʰʬ ʺʷʴʱʮ ʤʬʲʴʤʤ ʺʫʸʲʮ –  ʺʥʰʫʥʺ

 ʩʡʩʫʸʬ ʺʥʸʩʹʩ ʺʹʢʬ ʭʥʷʮʡʹ ,ʺʥʩʶʷʩʬʴʠ ʺʰʫʺʮʹ ʩʮʬ ʤʣʥʡʲ ʺʫʱʥʧ ʠʩʤ ʪʫ .ʥʰʬʹ ʡʹʧʮʤ ʬʲ ʭʩʶʸʹ ʭʩʷʧʹʮʥ

ʢʰʺʤ ʺʲʰʥʮ ʭʢ ʥʦ ʺʬʥʫʩ .ʤʬʲʴʤʤ ʺʫʸʲʮʮ ʺʥʸʩʹ ʬʡʷʮ ,ʤʸʮʥʧʤ ʭʩʡʩʫʸ ʭʺʥʠʡ ʹʮʺʹʤʬ ʺʥʫʩʸʶʹ ʺʥʩʶʷʩʬʴʠ ʯʩʡ ʺʥʹ

 ʬʹ ʳʱʥʠ ʠʥʤ ʺʬʬʥʫ ʺʩʰʸʣʥʮ ʤʬʲʴʤ ʺʫʸʲʮʹ ʭʩʸʡʣʤʮ ʣʧʠ ,ʯʫʬ .ʯʮʦ ʥʺʥʠʡ'ISR' ʤʸʮʥʧ ʩʡʩʫʸ ʬʥʮ ʣʥʡʲʬ ʭʩʲʣʥʩʹ ,ʭʩ

.ʭʩʰʥʹ 

ʬ'־ISR' ʬʹ ʭʩDOS ʡ ʭʩʸʥʮʹ ʺʥʮʥʷʮ ʸʴʱʮ ʥʸʣʢʥʤ־IVT –  ʯʩʡʹ ʺʥʷʩʱʴʤ ʧʥʥʨ20h ʬ2־Fh . 

 

 ʺʥʷʩʱʴʤ ʺʮʩʹʸʬ ʺʥʶʷʥʮʹ־DOS ʤ ʪʥʺʡ־IVT 

 ʠʩʤ ʺʥʷʩʱʴʤʮ ʺʧʠ21h ʤʬʲʴʤʤ ʺʫʸʲʮ ʬʹ ʺʥʸʩʹ ʤʶʸʰʹ ʭʲʴ ʬʫ ,ʺʲʫ .ʤʬʲʴʤʤ ʺʫʸʲʮ ʬʹ ʺʥʸʩʹ ʺʷʩʱʴʫ ʺʸʣʢʥʮʹ ,

ʬʲ ʺʠʦ ʲʶʡʬ ʬʫʥʰ־ ʤʸʥʹʤ ʩʣʩint 21h ʤʬʲʴʤʤ ʺʫʸʲʮʹ ʭʩʺʥʸʩʹʤ ʬʫ ʺʠ ʲʶʡʬ ʺʧʠ ʤʰʫʥʺ ʺʷʩʱʴ ʺʸʦʲʡ ʸʹʴʠ ʪʩʠ  .

ʹ ʩʰʴʬʹ ʠʩʤ ʤʡʥʹʺʤ ?ʥʰʬ ʺʰʺʥʰʬ ʭʩʠʸʥʷ ʥʰʧʰʠ־int 21h  ʺʫʸʲʮ ʤʮ ʭʩʲʡʥʷʹ ʭʩʸʨʮʸʴ ʭʩʸʨʱʩʢʸʡ ʭʩʮʹ ʥʰʧʰʠ

 .ʥʰʬʩʡʹʡ ʲʶʡʺ ʤʬʲʴʤʤ 

 ʸʨʱʩʢʸʤ ,ʺʩʴʩʶʴʱah  .ʭʩʶʥʸ ʥʰʧʰʠ ʥʺʥʠʹ ʺʥʸʩʹʤ ʢʥʱ ʺʠ ʷʩʦʧʮ 
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 ʸʺʠʡhttp://spike.scu.edu.au/~barry/interrupts.html  ʸʹʴʠʹ ʭʩʺʥʸʩʹʤ ʬʫ ʬʹ ʺʸʣʥʱʮ ʤʮʩʹʸ ʠʥʶʮʬ ʥʬʫʥʺ

 ʬʹ ʤʬʲʴʤ ʺʥʲʶʮʠʡ ʬʡʷʬint 21h ʺʥʸʩʹʤ ʣʥʷ ʺʠʥ –ah –  ʸʴʱ ʺʸʢʱʮʡ ʸʥʷʱʰ ʥʰʧʰʠ .ʭʩʺʥʸʩʹʤʮ ʣʧʠ ʬʫʬ ʭʩʠʺʮʤ

.ʸʺʥʩʡ ʭʩʩʹʥʮʩʹʤ ʭʩʺʥʸʩʹʤ ʺʠ ʷʸ ʤʦ 

 

ʺʣʬʷʮʤʮ ʥʺ ʺʨʩʬʷ –AH=1h 

ʩʣʫ  ʺʸʦʲʡ ʬʡʷʬint 21h  ʪʥʺʡ ʭʩʹʰ ,ʺʣʬʷʮʤʮ ʥʺ ʺʠʩʸʷ ʬʹ ʺʥʸʩʹah " ʣʥʷʤ ʺʠ1:ʪʫ ." 

mov ah, 1 

int 21h 

 ʪʥʺʬ ʯʲʨʩʩ ʠʸʷʩʩʹ ʥʺʤal. 

ʹ ʯʩʩʶʬ ʹʩ־al ʤ ʪʸʲ ʺʠ ʬʩʫʩ־ASCII " ʣʩʬʷʤ ʹʮʺʹʮʤ ʭʠ ,ʤʮʢʥʣʬ .ʣʬʷʥʤʹ ʥʺʤ ʬʹ2 ,"al  ʬʩʫʩ ʠʬ2 ʠʬʠ ,32h  ʩʴʫ(

 ʠʥʤʹ ,)ʤʨʮʬ ʤʬʡʨʡ ʺʥʠʸʬ ʸʹʴʠʹʤ ʪʸʲ־ASCII " ʥʺʤ ʬʹ2." 

 

ʹ ʩʣʫ־al  ʹʮʮ ʬʩʫʩ2ʤ ʪʸʲ ʺʠ ʥʰʮʮ ʸʩʱʧʤʬ ʠʩʤ ʺʬʡʥʷʮʤ ʤʷʩʰʫʨʤ ,ʣʩʬʷʤ ʹʮʺʹʮʤʹ ʺʸʧʠ ʤʸʴʱ ʬʫ ʥʠ ,ĄASCII  

" ʥʺʤ ʬʹ0 ʠʥʤ ʤʦ ʪʸʲ( "30h.) 

sub al, 30h 

 

http://spike.scu.edu.au/~barry/interrupts.html
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ʤ ʪʸʲ ʺʠ ʺʸʮʥʹʥ ʹʮʺʹʮʤʮ ʥʺ ʺʨʬʥʷʹ ʺʩʰʫʥʺʬ ʤʮʢʥʣ־ASCII  ʪʥʺʡ ʥʬʹal: 

IDEAL 

MODEL  small 

STACK 100h 

DATASEG  

CODESEG 

start: 

mov ax, @data 

 mov ds, ax 

 mov ah, 1 

 int 21h 

exit: 

 mov ax, 4C00h 

 int 21h 

END start 

 

 ʥʺʤ ʺʠ ʯʩʦʤ ʹʮʺʹʮʤ7  ʣʥʷ(ASCII 37h) 

 ʪʥʺʬ ʷʺʲʥʤ ʣʥʷʤal 
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 ʬʩʢʸʺ11.1 :ʺʣʬʷʮʤʮ ʥʺ ʺʨʩʬʷ 

ʠ.  ʪʸʲ ʹʩ ʥʺ ʤʦʩʠʬ ʺʷʣʥʡʥ ʭʩʥʥʺ ʩʰʹ ʺʨʬʥʷʹ ʺʩʰʫʥʺ ʥʡʺʩʫASCII .ʸʺʥʩ ʬʥʣʢ 

ʡ. ʤ ʪʸʲ ʸʮʥʬʫ( ʤʸʴʱʡ ʸʡʥʣʮ ʭʠ ʺʷʣʥʡʥ ʺʣʬʷʮʤʮ ʥʺ ʺʨʬʥʷʹ ʺʩʰʫʥʺ ʥʡʺʩʫ־ASCII  ʩʫʸʲ ʧʥʥʨʡ ʠʶʮʰ

ʤ־ASCII   ʯʩʡʹ0 ʬ-9.) 

ʢ. ʭʥʫʱ ʺʠ ʺʡʹʧʮ ʺʩʰʫʥʺʤ ʺʥʸʴʱ ʭʬʥʫ ʭʠʥ ,ʺʣʬʷʮʤʮ ʭʩʥʥʺ ʤʸʹʲ ʺʨʬʥʷʹ ʺʩʰʫʥʺ ʥʡʺʩʫ  ʪʥʺʬ ʺʥʸʴʱʤ

 ʸʨʱʩʢʸʤDL .)ʤʠʬʥʬʡ ʥʹʮʺʹʤ :ʴʩʨ( 

ʣ.  ʯʡ ʸʴʱʮ ʺʨʬʥʷʹ ʺʩʰʫʥʺ ʥʡʺʩʫ :ʸʢʺʠ4  ʸʨʱʩʢʸʡ ʸʥʮʹʺʥ ʤʸʴʱ ʩʸʧʠ ʤʸʴʱ ʥʺʥʠ ʨʥʬʷʺ ʺʩʰʫʥʺʤ .ʺʥʸʴʱ

ʮ ʺʥʧʴ ʩʰʡ ʭʩʸʴʱʮʹ ʥʧʩʰʤ ,ʺʩʰʫʥʺʤ ʺʠ ʨʹʴʬ ʩʣʫ .ʬʡʷʺʤʹ ʸʴʱʮʤ ʪʸʲ ʺʠ ʥʤʹʬʫ ʤʰʺʹʮ ʥʠ4־  ʺʥʸʴʱ

ʢʥʣʬ( ʤʬʧʺʤʡ ʭʩʱʴʠ ʭʲ ʥʨʬʷʩʩ ʸʴʱʮʤ ʤʮ250 ʫ ʨʬʷʩʩ0250־ ʺʥʧʴ ʺʥʲʶʮʠʡ ʺʩʰʫʥʺʤ ʺʠ ʡʥʺʫʬ ʥʱʰ .)

ʮ30־ .ʣʥʷ ʺʥʸʥʹ 

 

ʪʱʮʬ ʥʺ ʺʱʴʣʤ–AH=2h 

 ʺʸʦʲʡ ʬʡʷʬ ʩʣʫint 21h  ʪʥʺʡ ʭʩʹʰ ,ʪʱʮʬ ʥʺ ʺʱʴʣʤ ʬʹ ʺʥʸʩʹah " ʣʥʷʤ ʺʠ2 ʪʥʺʡʥ "dl  ʭʩʶʥʸ ʥʰʧʰʠ ʥʺʥʠ ʥʺʤ ʺʠ

ʤ ʣʥʷ ʺʠ ʥʠ ,ʱʩʴʣʤʬ־ASCII ʱʮʬ ʱʩʴʣʤʬ ʩʣʫ ʤʮʢʥʣʬ .ʥʬʹ' ʥʺʤ ʺʠ ʪXʤ ʣʥʷʹ ,'־ASCII  ʠʥʤ ʥʬʹ58h: 

mov dl, 'X'  ;same as: mov dl, 58h 

mov ah, 2 

int 21h 

 ʬʹ ʥʫʸʲ ʺʠ ʤʰʹʺ ʤʷʩʱʴʤal .ʤʱʴʣʤʬ ʧʬʹʰʹ ʯʥʸʧʠʤ ʥʺʤ ʪʸʲʬ 

 ʩʣʥʷ ʩʰʹ ʭʩʮʩʩʷASCII :ʤʸʷʡ ʺʥʠʸʥʤ ʭʩʰʺʥʰ ʠʬʠ ʪʱʮʬ ʭʩʥʥʺ ʭʩʱʩʴʣʮ ʭʰʩʠʹ ,ʭʩʩʹʥʮʩʹ 

1.  ʣʥʷ10ʥʠ , Line Feed0Ah –– ʤʹʣʧ ʤʸʥʹ ʬʩʧʺʤʬ ʤʸʥʮ.ʤʰʹʩʤ ʤʸʥʹʡ ʤʩʤ ʤʡ ʤʣʥʮʲ ʤʺʥʠʡ ʠʶʮʰ ʯʮʱʤ , 

2.  ʣʥʷ13ʥʠ , Carriage Return 0Dh ––ʤʸʥʹʤ ʺʬʩʧʺʬ ʸʥʦʧʬ ʤʸʥʮ. 

.ʤʸʥʹʤ ʺʬʩʧʺʮ ʤʱʴʣʤʤ ʺʠ ʪʩʹʮʤʬʥ ʤʸʥʹ ʺʣʸʬ ʥʰʬ ʸʹʴʠʮ ʤʬʠʤ ʭʩʣʥʷʤ ʩʰʹ ʬʹ ʳʥʸʩʶʤ 

 

 

' ʤʱʩʴʣʮʹ ʺʩʰʫʥʺʬ ʤʮʢʥʣX' ʤʱʩʴʣʮʥ ʤʸʥʹ ʺʣʸʥʩ ,'Y:' 
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IDEAL 

MODEL  small 

STACK 100h 

DATASEG  

CODESEG 

start: 

 mov ax, @data 

 mov ds, ax 

 ;print x 

mov dl, 'X' 

 mov ah, 2 

 int 21h 

 ;newline 

 mov dl, 10 

 mov ah, 2 

 int 21h 

 ;carriage return 

 mov dl, 13 

 mov ah, 2 

 int 21h 

 ;print y 

 mov dl, 'Y' 

 mov ah, 2 

 int 21h  

exit: 

 mov ax, 4C00h 

 int 21h 

END start 
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 ʬʩʢʸʺ11.2 :ʪʱʮʬ ʥʺ ʺʱʴʣʤ 

ʠ. ' ʥʺʤ ʺʠ ʪʱʮʬ ʥʱʩʴʣʤA.' 

ʡ. ' ʥʺʤ ʺʠ ʪʱʮʬ ʥʱʩʴʣʤa.' 

ʢ. ' ʤʬʩʮʤ ʺʠ ʪʱʮʬ ʥʱʩʴʣʤHELLO.ʥʺ ʸʧʠ ʥʺ ,' 

ʣ. ' ʤʬʩʮʤ ʺʠ ʪʱʮʬ ʥʱʩʴʣʤHELLO' ʤʬʩʮʤ ʺʠʥ ,ʺʧʠ ʤʸʥʹʡ ,ʥʺ ʸʧʠ ʥʺ ,'WORLD ʤʸʥʹʡ ,ʥʺ ʸʧʠ ʥʺ ,'

.ʤʩʺʧʺʮ 

ʤ. .ʯʤʩʰʩʡʮ ʤʬʥʣʢʤ ʤʸʴʱʤ ʺʠ ʪʱʮʬ ʤʱʩʴʣʮʥ ʺʥʸʴʱ ʩʺʹ ʺʨʬʥʷʹ ʺʩʰʫʥʺ ʥʡʺʩʫ 

ʥ. ʺʩʬʩʬʹ ʤʠʶʥʺʤ ʭʠ .ʤʰʥʹʠʸʤʮ ʤʩʰʹʤ ʬʹ ʸʥʱʩʧʤ ʺʠ ʪʱʮʬ ʤʱʩʴʣʮʥ ʺʥʸʴʱ ʩʺʹ ʺʨʬʥʷʹ ʺʩʰʫʥʺ ʥʡʺʩʫ– 

ʥʰʩʮ ʯʮʩʱ ʥʱʩʴʣʤ ,ʺʩʬʩʬʹ ʠʩʤ ʺʬʡʷʺʮʹ ʤʠʶʥʺʤ ʭʠ :ʤʸʦʲ .ʤʠʶʥʺʤ ʩʰʴʬ ʱʥʰʩʮ ʯʮʩʱ ʱʩʴʣʺ ʺʩʰʫʥʺʤ ʦʠʥ ʱ

ʤʮʢʥʣʬ .ʺʬʡʷʺʮʹ ʤʸʴʱʤ ʺʠ ʥʱʩʴʣʤʥ ʤʠʶʥʺʤ ʺʠ ʥʫʴʩʤ –  ʠʩʤ ʤʰʥʹʠʸʤ ʤʸʴʱʤ5  ʤʩʰʹʤʥ7 ʺʩʰʫʥʺʤ .

.ʯʥʹʠʸʬ ʩʰʹʤ ʸʴʱʮʤ ʯʩʡ ʹʸʴʤʤ ʺʠ ʪʫ ʸʧʠʥ ʱʥʰʩʮ ʱʩʴʣʺ ,ʩʰʹʤʮ ʯʨʷ ʸʺʥʩ ʯʥʹʠʸʤ ʸʴʱʮʤʹ ʠʶʮʺ 
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ʪʱʮʬ ʺʦʥʸʧʮ ʺʱʴʣʤ–AH=9h 

 ʯʮʩʱʤ ʤʦ( '$' ʥʺʡ ʺʮʩʩʺʱʮʹ ,ʺʦʥʸʧʮ ʸʥʶʩʬ ʬʫ ʭʣʥʷ ʭʩʫʩʸʶ ʥʰʧʰʠ ʪʱʮʬ ʺʦʥʸʧʮ ʱʩʴʣʤʬ ʩʣʫʬ-ISR  ʺʠ ʷʩʱʴʤʬ

ʪʱʮʬ ʤʱʴʣʤʤ – :ʤʮʢʥʣʬ .)...ʯʥʸʫʩʦʤ ʬʫ ʱʴʣʥʩ ʺʸʧʠ 

message db 'Hello World$’ 

 ʪʥʺʬ ʭʩʰʲʥʨ ʯʫʮ ʸʧʠʬdx :ʺʦʥʸʧʮʤ ʬʹ ʨʱʴʥʠʤ ʺʠ 

mov dx, offset message 

ʷʸ ʥʰʬ ʸʺʥʰ :ʤʷʩʱʴʤ ʺʠ ʬʩʲʴʤʬʥ ʯʥʫʰʤ ʣʥʷʤ ʺʠ ʺʺʬ 

mov ah, 9h 

int 21h 

:ʺʦʥʸʧʮʤ ʳʥʱʡ ʤʸʥʹ ʺʣʩʸʩ 

:ʺʦʥʸʧʮʤ ʪʥʺʡ ʤʸʷʡʤ ʩʥʥʺ ʺʠ ʸʩʣʢʤʬ ʠʩʤ ,ʤʹʣʧ ʤʸʥʹ ʤʬʩʧʺʮ ʤʬʹ ʤʱʴʣʤʤ ʳʥʱʡʹ ʺʦʥʸʧʮ ʡʥʺʫʬ ʤʧʥʰ ʤʨʩʹ 

message db 'Hello World', 10, 13,  '$'  

:ʤʮʢʥʣ ʺʩʰʫʥʺ 

IDEAL 

MODEL  small 

STACK 100h 

DATASEG 

message db 'Hello World',10,13,'$' 

  

CODESEG 

start: 

 mov ax, @data 

 mov ds, ax 

 push seg message 

 pop ds 

 mov dx, offset message 
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 mov ah, 9h 

 int 21h 

exit: 

 mov ax, 4C00h 

 int 21h 

END start 

 

 

 ʬʩʢʸʺ11.3 :ʪʱʮʬ ʺʦʥʸʧʮ ʺʱʴʣʤ 

ʠ.  ʺʩʰʫʥʺ ʥʡʺʩʫ' :ʤʲʣʥʤʤ ʺʠ ʪʱʮʬ ʤʱʩʴʣʮʹEnter a digit.ʹʮʺʹʮʤʮ ʤʸʴʱ ʺʨʬʥʷ ʦʠʥ ' 

ʡ.  ʯʩʡ ʤʸʴʱ ʥʰʩʠʹ ʥʺ ʯʩʦʤ ʹʮʺʹʮʤ ʭʠʹ ʪʫ ,ʭʣʥʷʤ ʳʩʲʱʡ ʭʺʡʺʫʹ ʺʩʰʫʥʺʤ ʺʠ ʥʡʩʧʸʤ0 ʬ9־ ʱʴʣʥʩ ,

 :ʪʱʮʬ"Wrong input.'' 

ʢ. :ʤʮʢʥʣʬ .ʭʫʮʹ ʺʠ ʺʡʺʥʫ ʤʠʡʤ ʤʸʥʹʡʥ ,ʩʤʹʬʫ ʤʲʣʥʤ ʪʱʮʬ ʤʱʩʴʣʮʹ ʺʩʰʫʥʺ ʥʡʺʩʫ 

I like to write assembly code 

Barak 

ʭʩʥʥʺ ʺʦʥʸʧʮ ʺʨʩʬʷ–AH=0Ah 

ʭʩʥʥʺʤ ʺʨʩʬʷʬ ʭʥʷʮ ʯʥʸʫʩʦʡ ʯʩʫʤʬ ʬʫ ʭʣʥʷ ʪʩʸʶ ,ʺʣʬʷʮʤʮ ʭʩʥʥʺ ʺʦʥʸʧʮ ʨʥʬʷʬ ʩʣʫ- ( ʸʴʠʡ" ʠʸʷʰ ʤʦ ʭʥʷʮBuffer .)

 ʯʫʮ ʸʧʠʬ .ʨʥʬʷʬ ʭʩʸʹʴʠʮ ʥʰʧʰʠʹ ʩʬʮʩʱʷʮʤ ʭʩʥʥʺʤ ʸʴʱʮ ʺʠ ʱʩʰʫʤʬ ʪʩʸʶ ʸʴʠʡʤ ʬʹ ʯʥʹʠʸʤ ʺʩʡʤ ʪʥʺʬ ʭʩʱʩʰʫʮ

 ʪʥʺʬdx ʬ ʺʩʱʧʩ( ʸʴʠʡʤ ʬʹ ʨʱʴʥʠʤ ʺʠ-ds ʺʠ ʭʩʬʩʲʴʮ ʦʠʥ )Int 21h  ʸʹʠʫah  ʣʥʷʬ ʤʥʥʹ0Ah ʭʩʩʱ ʹʮʺʹʮʤʹʫ .
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ʤ ʹʷʮ ʬʲ ʵʧʬʥ ʭʩʥʥʺ ʣʩʬʷʤʬ-Enter ʥʩʤʩ ʭʮʶʲ ʭʩʥʥʺʤ ʥʬʩʠʥ ,ʥʱʰʫʥʤʹ ʭʩʥʥʺʤ ʸʴʱʮ ʺʠ ʬʩʫʩ ʸʴʠʡʡ ʩʰʹʤ ʺʩʡʤ ,

 .ʤʠʬʤʥ ʩʹʩʬʹʤ ʭʥʷʮʤʮ 

ʤ ʣʥʷ ʭʢ-ASCII  ʬʹEnter .ʸʴʠʡʤ ʬʠ ʱʰʫʰ 

 ʣʲ ʺʨʬʥʷʹ ʺʩʰʫʥʺʬ ʤʮʢʥʣ20  :ʹʮʺʹʮʤʮ ʭʩʥʥʺ 

ʡʬ ʥʮʩʹ(-  ʭʩʶʷʮ ʥʰʧʰʠ23 ʬʲ ʭʩʱʥʴʺ ʸʴʠʡʤ ʺʬʩʧʺʡ ʭʩʺʡ ʩʰʹʹ ʯʥʥʩʫ ,ʭʩʺʡ- ʸʴʱʮʥ ʩʬʮʩʱʷʮʤ ʭʩʥʥʺʤ ʸʴʱʮ ʩʣʩ

ʬʲ ʱʥʴʺ ʯʥʸʧʠʤ ʺʩʡʤʥ ,ʬʲʥʴʡ ʭʩʥʥʺʤ-ʤ ʣʥʷ ʩʣʩ-ASCII  ʬʹEnter:) 

IDEAL 

MODEL   small 

STACK 100h 

DATASEG 

message db 23 dup  )?(  

CODESEG 

start: 

mov ax, @data 

mov ds, ax 

mov dx, offset message 

mov bx, dx 

mov [byte ptr bx], 21  ;21 not 20, the last input is ENTER 

mov ah, 0Ah 

int 21h 

exit: 

mov ax, 4C00h 

int 21h 

END start 

 ʩʣʩ ʬʲ ʱʰʫʥʤʹ ʨʱʷʨʤ ʬʹ ʪʱʮ ʭʥʬʩʶ ʯʤʬ:ʹʮʺʹʮʤ 
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 ʤʰʺʹʮʡ ʸʮʹʰ ʨʱʷʨʤmessage ʪʥʺʡ ʺʥʠʸʬ ʸʹʴʠʹ ʩʴʫ ,ds ,ʯʥʹʠʸʤ ʺʩʡʤ .14h ʺʩʬʮʩʱʷʮʤ ʤʲʣʥʤʤ ʬʣʥʢ ʠʥʤ ,

 ,ʩʰʹʤ ʺʩʡʤ .ʺʸʹʠʮ ʥʰʬʹ ʺʩʰʫʥʺʤʹ13hʤ ʬʬʥʫ ,ʬʲʥʴʡ ʥʱʰʫʥʤʹ ʭʩʥʥʺʤ ʺʥʮʫ ʠʥʤ ,־enter ,ʤʲʣʥʤʡ ʯʥʸʧʠʤ ʺʩʡʤ .

 ʥʫʸʲ ,ʬʩʬʶ ʬʹ ʯʮʩʱ ʥʮʫ ʤʠʸʰʹ0Dh ʤ ʣʥʷ ʠʥʤʥ־ASCII  ʬʹenter. 

 

 

 ʬʩʢʸʺ11.4 :ʭʩʥʥʺ ʺʦʥʸʧʮ ʺʨʩʬʷ 

 ʣʲ ʺʨʬʥʷʹ ʺʩʰʫʥʺ ʥʡʺʩʫ10 ( ʺʥʰʨʷ ʺʥʩʺʥʠʡ ,ʹʮʺʹʮʤʮ ʭʩʥʥʺabc ʺʥʬʥʣʢ ʺʥʩʺʥʠʡ ʭʩʥʥʺʤ ʺʠ ʪʱʮʬ ʤʱʩʴʣʮʥ )

(ABC.) 
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ʭʩʮʫʱʮ ʭʩʬʩʢʸʺ- )ʩʷʱʡʩʩʬʥʷʩʰ ʤʮʩʴ :ʨʩʣʸʷ( ʨʬʴ ʨʬʷ 

 

11.5ʥʡʺʩʫ :  ʤʢʩʶʮʤ ʺʩʰʫʺʲ ʺʠʥ ʤʧʴʹʮʤ ʭʹ ʺʠ ʪʱʮʤ ʬʩʨʸʴʤ ʭʫʮʹ. 

11.6 :ʫʥʡʺʩ  ʺʩʰʫʺʹ ʥʺʥʠ ʤʢʩʶʮʥ ʺʣʬʷʮʤʮ ʣʣʥʡ ʥʺ ʺʨʬʥʷ10 .ʤʹʣʧ ʤʸʥʹʡ ʭʩʮʲʴ 

11.7:ʫʥʡʺʩ  ʺʩʰʫʺ ʤʸʥʶ ʬʫ(ʺʥʠʡʤ ʺʥʸʥʶʤ ʺʠ ʪʱʮʤ ʬʲ ʤʢʩʶʮʤ– )!ʤʹʣʧ ʺʩʰʫʺ 

      *****   .ʣ    *****  .ʢ             *****  .ʡ             *****    .ʠ     *****  .ʤ 

           ****              ****          *    *                   *****                ***** 

            ***                 ***          *    *                     *****              ***** 

                          *****             *****       **                    **          *    * 

           *                       *          *****                       *****           ***** 

11.8 . ʥʡʺʩʫ ʺʩʰʫʺ :ʭʩʠʡʤ ʭʩʥʥʺ ʬʹ ʳʶʸ ʺʠ ʪʱʮʤ ʬʲ ʤʢʩʶʮʤ 

ABCDEFGE….Z 

11.9 ʥʡʺʩʫ: ʺʩʰʫʺ:ʺʥʬʥʲʴ ʤʡʥ 

   .ʸʨʰʠ ʹʷʮ ʬʲ ʤʶʩʧʬ ʨʬʷʤ ʳʥʱ .ʺʣʬʷʮʤ ʯʮ ʭʬʹ ʸʴʱʮ ʺʨʩʬʷʬ  .ʠ 

   ʪʱʮʤ ʬʲ ʭʬʹ ʸʴʱʮ ʺʢʶʤʬ  .ʡ. 

   .ʤʦʤ ʪʸʲʮʬ ʭʩʸʴʱʮ ʺʨʩʬʷʥ ʪʸʲʮʬ ʨʥʬʷʬ ʹʩʹ ʭʩʰʥʺʰʤ ʸʴʱʮ ʺʠ ʸʠʺʮʹ ʭʬʹ ʸʴʱʮ ʺʨʩʬʷ  .ʢ 

  ʬ  .ʣ.ʪʱʮʤ ʬʲ ʪʸʲʮ ʩʫʸʲ ʬʹʤʢʶʤ 

11.10 ʺʩʰʫʥʺ ʥʡʺʩʫ:ʶʩʧʬʤ ʣʲ ʥʺ ʩʸʧʠ ʥʺ ʺʨʬʥʷʤʤʲʣʥʤ ʤʢʩʶʮ ʥʺ ʬʫ ʸʥʡʲʥ ʺʣʬʷʮʤʮ ʸʨʰʠ ʹʷʮʤ ʬʲ ʤ ʤʮʩʠʺʮ: 

Small letter, Capital letter, Number, Other 

11.11 ʥʡʺʩʫ : ʬʹ ʳʶʸ ʺʨʬʥʷʤ ʺʩʰʫʺ5  ʥʺ ʬʫ ʭʥʷʮʡ ,"ʩʣʥʱ ʣʥʷ" ʺʣʬʷʮʤʮ ʭʩʥʥʺʹ ʺʩʰʫʺʤ ʬʲ ."*" ʥʺ ʢʶʥʮ ʨʬʷʰ

" :ʠʥʤ ʣʥʷʤ ʭʠʤ ʷʥʣʡʬ12345 ʯʫ ʭʠʥ "- ʤʮʩʠʺʮ ʤʲʣʥʤ ʢʩʶʤʬ.  ʣʥʲ ʸʹʴʠʬʥ ʺʥʲʨʤ ʬʲ ʲʩʣʥʤʬ ,ʺʸʧʠ2 .ʺʥʰʥʩʱʰ 
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ʺʩʰʫʥʺʤʮ ʤʠʩʶʩ–AH=4Ch 

ʬ ʤʠʩʸʷ־int 21h  ʣʥʷ ʭʲ4Ch ʬʲ ʱʥʴʺʹ ʯʥʸʫʩʦʤ ʸʥʸʧʹʬ ʺʮʸʥʢ־ʬʲ ʥʧʺʴʰʹ ʭʩʶʡʷʤ ʬʫ ʺʸʩʢʱʥ ʺʩʰʫʥʺʤ ʩʣʩ־ ʩʣʩ

 ʪʥʺʡ ʸʥʮʹʹ ʤʮ ʺʠ ʤʬʲʴʤʤ ʺʫʸʲʮʬ ʤʸʩʡʲʮ ʤʷʩʱʴʤ ʯʫ ʥʮʫ .ʺʩʰʫʥʺʤal  ʬʹ ʥʫʸʲ ʺʠ ʲʥʡʷʬ ʢʥʤʰ .ʤʸʦʧ ʣʥʷ ʸʥʺʡal 

 ʭʫʬ ʺʥʸʫʥʮʤ ʣʥʷʤ ʺʥʸʥʹ ʥʮʫ ʺʩʠʸʰ ʺʩʰʫʥʺʮ ʺʩʨʸʣʰʨʱ ʤʠʩʶʩ ʯʫʬʥ ,ʤʧʬʶʤʡ ʤʮʩʩʺʱʤ ʺʩʰʫʺʤʥ ʤʣʩʮʡ ʱʴʠʫ

ʮ־base.asm: 

mov ax, 4C00h 

int 21h 

 ʤʲʹʤ ʩʥʰʩʹ / ʤʲʹʤ ʺʠʩʸʷ–AH=2Dh ,AH=2Ch )ʤʡʧʸʤ( 

ʸʮʥʧ ʡʩʫʸ ʭʩʩʷ ʣʡʲʮʤ ʣʶʬʤ ʺʬ ʥʣʩʷʴʺʹʣʡʲʮʬ ʭʩʰʥʮʦʺ ʺ –  ʬʫ ʩʬʮʹʧ ʺʥʠ ʣʡʲʮʬ ʧʬʥʹ ʸʮʩʩʨʤ .ʸʮʩʩʨʤ55 

( ʺʥʩʰʹʩʬʩʮ0.055  ʪʸʲʡ ʥʠ ,)ʤʩʰʹ18.2  ʯʥʲʹ" ʭʢ ʤʰʥʫʮ ʠʥʤ ʯʫʬ .ʤʩʰʹʡ ʭʩʮʲʴ1/18  ."ʤʩʰʹ 

 ʬʹ ʺʥʸʩʹʡ ʹʮʺʹʤʬ ʸʹʴʠ ʯʥʲʹʤ ʺʠ ʠʥʸʷʬ ʩʣʫDOSʮ ʷʬʧʫ ,- int 21h ʥʬ ʧʥʬʹʬʥ ,

 ʣʥʷʤ ʺʠ2Ch: 

mov ah, 2Ch 

int 21h 

 

 

ʺ:ʤʩʤʺ ʤʠʩʸʷʤ ʺʠʶʥ 

-  ʪʥʺʬ ʥʷʺʲʥʩ ʺʥʷʣʤcl. 

- ʤʩʰʹʤ ʺʥʩʠʮ  ʪʥʺʬ ʥʷʺʲʥʩdl. 

-  ʪʥʺʬ ʥʷʺʲʥʩ ʺʥʲʹʤch. 

- ʺʥʩʰʹʤ  ʪʥʺʬ ʥʷʺʲʥʩdh. 

 ʬʫ ʷʸ ʯʫʣʲʺʮ ʤʩʰʹʤ ʺʥʩʠʮ ʪʸʲʹ ʪʫʬ ʡʬ ʥʮʩʹ55  ʯʩʡʥ ,ʭʩʩʮʲʴ ʯʥʲʹʤ ʺʠ ʥʰʠʸʷ ʭʠ ʸʮʥʬʫ .ʺʥʩʰʹʩʬʩʮ

ʮ ʺʥʧʴ ʥʸʡʲ ʥʬʠʤ ʺʥʠʩʸʷʤ55־ .ʪʸʲʤ ʥʺʥʠ ʺʠ ʬʡʷʰʹ ʺʥʩʤʬ ʬʥʫʩ ,ʺʥʩʰʹʩʬʩʮ 

 ʬʹ ʳʱʥʰ ʺʥʸʩʹDOS ʬ ʤʠʩʸʷ ʺʥʲʶʮʠʡ ,ʯʥʲʹʤ ʬʹ ʥʫʸʲ ʺʠ ʲʥʡʷʬ ʥʰʬ ʸʹʴʠʮ־int 21h  ʪʸʲ ʭʲah=2Dh ʺʷʩʱʴ .

ʨʮʸʴʤ ʩʴʬ ʸʮʩʩʨʤ ʬʹ ʥʫʸʲ ʺʠ ʲʡʷʩʺ ʤʰʫʥʺʤ:ʭʩʰʥʹʤ ʭʩʸʨʱʩʢʸʡ ʭʩʸ 

- cl .ʺʥʷʣʤ ʪʥʺʬ ʷʺʲʥʩ 

- dl ʤʩʰʹʤ ʺʥʩʠʮ ʪʥʺʬ ʷʺʲʥʩ. 

- ch .ʺʥʲʹʤ ʪʥʺʬ ʷʺʲʥʩ 

- dh ʺʥʩʰʹʤ ʪʥʺʬ ʷʺʲʥʩ.

 

 ʺʩʰʫʥʺʬʤʮʢʥʣ– :ʪʱʮʬ ʤʲʹʤ ʺʱʴʣʤʥ ʸʮʩʩʨʤ ʺʠʩʸʷ 
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ʡ ʺʹʮʺʹʮ ʤʠʡʤ ʺʩʰʫʥʺʤ-int 21h  ʺʠ ʤʸʩʮʮʹ ʤʸʥʣʶʥʸʴʡ ʹʥʮʩʹ ʤʹʲʰ ʯʫʮ ʸʧʠʬ .ʸʮʩʩʨʤ ʬʹ ʥʫʸʲ ʺʠ ʠʥʸʷʬ ʩʣʫ

 ʣʥʷʬ ʭʩʸʨʱʩʢʸʡʹ ʭʩʫʸʲʤASCII .ʪʱʮʬ ʭʺʥʠ ʤʱʩʴʣʮʥ ʺʥʸʴʱ ʬʹ 

; ----------------------------------------------------------------------------------- 

; Print time to screen 

; Author: Barak Gonen 2014 

; Credit: www.stackoverflow.com (printing-an-int, by Brendan( 

; ----------------------------------------------------------------------------------- 

IDEAL 

MODEL small 

STACK 100h 

DATASEG 

 hourtxt db 'Hour:     ','$' 

 mintxt  db 13,10,'Mins:     ','$' 

 sectxt  db 13,10,'Sec:      ','$' 

 mstxt  db 13,10,'1/100sec: ','$' 

 savetime dw ? 

 divisorTable db 10,1,0 

CODESEG 

proc printNumber 

 push ax 

 push bx 

 push dx 

 mov bx,offset divisorTable 

nextDigit: 

 xor ah,ah   

 div [byte ptr bx]  ;al = quotient, ah = remainder 
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 add al,'0' 

 call printCharacter ;Display the quotient 

 mov al,ah  ;ah = remainder 

 add bx,1  ;bx = address of next divisor 

 cmp [byte ptr bx],0  ;Have all divisors been done? 

 jne nextDigit 

 pop dx 

 pop bx 

 pop ax 

 ret 

endp printNumber 

 

proc printCharacter 

 push ax 

 push dx 

 mov ah,2 

 mov dl, al 

 int 21h 

 pop dx 

 pop ax 

 ret 

endp printCharacter 

 

start: 

 mov ax, @data 
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 mov ds, ax 

 mov ah, 2ch 

 int 21h ;ch- hour, cl- minutes, dh- seconds, dl- hundreths secs   

 mov [savetime], dx 

 ;print hours 

 mov dx, offset hourtxt 

 mov ah, 9 

 int 21h 

 xor ax, ax 

 mov al, ch 

 call printNumber; 

 ;print minutes  

 mov dx, offset mintxt 

 mov ah, 9 

 int 21h 

 xor ax, ax 

 mov al, cl 

 call printNumber 

 ;print seconds  

 mov dx, offset sectxt 

 mov ah, 9 

 int 21h 

 xor ax, ax 

 mov dx, [savetime] 

 mov al, dh 

 call printNumber 
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 ;print 1/100 seconds  

 mov dx, offset mstxt 

 mov ah, 9 

 int 21h 

 xor ax, ax 

 mov dx, [savetime] 

 mov al, dl 

 call printNumber   

quit: 

 mov ax, 4c00h 

 int 21h 

END start 

 ʬʩʢʸʺ11.12 :ʸʮʩʩʨ 

ʠ.  ʤʸʴʱʤ ʺʠ ʪʱʮʬ ʤʱʩʴʣʮʹ ʺʩʰʫʥʺ ʥʡʺʩʫ0 ʤʸʴʱʤ ʺʠ ʪʱʮʬ ʤʱʩʴʣʮ ʤʩʰʹ ʸʧʠʬʥ ,1 ʯʫʺʩʩʹ ʪʫʬ ʡʬ ʥʮʩʹ .

ʤʸʡʲ ʠʬ ʯʩʩʣʲʹ ʺʥʸʮʬ ʤʰʺʹʩ ʺʥʩʰʹʤ ʯʥʲʹʹ ʥʺʥʠ ʭʺʠʸʷʹ ʤʰʥʸʧʠʤ ʭʲʴʤʮ ʤʩʰʹ:  ʭʺʱʴʣʤʹ ʯʮʦʡ ,ʤʮʢʥʣʬ

 ʤʸʴʱʤ ʺʠ0  ʤʺʩʤ ʺʥʩʰʹʩʬʩʮʤ ʺʥʮʫ960 ʩʸʧʠ ʯʥʲʹʤ ʬʹ ʯʥʫʣʲ ʸʧʠʬ ,55  ʺʥʩʰʹʤ ʪʸʲ ʣʡʬʡ ʺʥʩʰʹʩʬʩʮ

 .ʯʫʣʲʺʤ 

ʡ.  ʭʩʩʺʱʺ ʺʩʰʫʥʺʤ .ʤʩʰʹ ʬʹ ʸʡʲʮ ʬʫʡ ʯʫʣʥʲʩ ʪʱʮʤ .ʺʥʩʰʹʤʥ ʤʷʣʤ ,ʤʲʹʤ ʺʠ ʪʱʮʬ ʤʱʩʴʣʮʹ ʺʩʰʫʥʺ ʥʡʺʩʫ

.ʭʫʰʥʶʸʫ ʸʣʢʥʮ ʯʮʦ ʷʸʴ ʸʧʠʬ ʣʡʬ 
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 ʤʢʩʸʧ ʺʥʷʩʱʴ–Exceptions 

ʤ ʺʬʩʧʺʡ ʺʥʠʶʮʰ ʤʢʩʸʧʤ ʺʥʷʩʱʴ־IVT ʢʥʱʮ ʤʷʩʱʴ .exception ʥʨʥʠ ʺʹʧʸʺʮ ʺʰʫʺʮʤʹ ʩʺʰʫʥʺ ʲʥʸʩʠʮ ʤʠʶʥʺʫ ʺʩʨʮ

ʥʺʥʠ ʭʦʩ ʠʬ – ʤʢʩʸʧ ʺʥʷʩʱʴʬ ʺʥʠʮʢʥʣ ʤʮʫ ʸʥʷʱʰ .ʤʢʩʸʧ ʺʥʷʩʱʴ ʺʥʠʸʷʰ ʯʤ ʯʫʬʥ ,ʢʩʸʧ ʲʥʸʩʠ ʬʬʫ ʪʸʣʡ. 

 ʲʶʡʰ ʭʠʱʴʠʡ ʷʥʬʩʧ .ʤʢʩʸʧ ʺʷʩʱʴ ʺʩʨʮʥʨʥʠ ʬʲʴʥʺ , 

:ʠʡʤ ʣʥʷʤ ʲʨʷ ʺʠ ʵʩʸʤʬ ʥʱʰ 

mov cl, 0 

div cl  ah= al / cl al= al % cl 

 ʡʬʹʡ ʪʠ .ʺʩʷʥʧ ʠʩʤ ʭʺʮʹʸʹ ʺʥʣʥʷʴʤʮ ʺʧʠ ʬʫ ʥʺʰʩʧʡʮʹ ʯʥʥʩʫ ,ʤʩʲʡ ʩʬʡ ʺʩʰʫʥʺʤ ʺʠ ʬʴʮʷʬ ʭʫʬ ʸʹʴʠʩ ʸʬʡʮʱʠʤ

 .ʱʴʠʡ ʷʥʬʩʧ ʬʹ ʤʢʩʸʧ ʺʷʩʱʴ ʬʲʴʥʺʥ ʸʶʲʩʺ ʺʩʰʫʥʺʤ ʤʶʸʤʤ 

 ʥʠ ʱʴʠ ʸʴʱʮ ʤʷʩʱʴ ʺʠʸʷʰ ,ʱʴʠʡ ʷʥʬʩʧ ʬʹ ,ʥʦ ʤʷʩʱʴint 0h .  

ʰʠ ʸʹʠʫ ʠʩʤ ʤʢʩʸʧ ʺʷʩʱʴʬ ʤʩʰʹ ʤʮʢʥʣʡ ʥʰʧ־debugger  ʥʰʬʹ ʣʥʷʤ ʺʠ ʭʩʶʩʸʮʥʤʸʥʹ ʩʸʧʠ ʤʸʥʹ ʺʥʩʤʬ ʪʩʸʶ .

 ʭʩʬʢʣʤ ʣʧʠ ʬʹ ʥʫʸʲ ʺʠ ʤʰʹʮʹ ,ʤʢʩʸʧ ʺʷʩʱʴ ʠʥʤ ʤʦ ʯʥʰʢʰʮ .ʤʣʥʷʴ ʬʫ ʩʸʧʠ ʺʩʰʫʥʺʤ ʺʶʩʸ ʺʠ ʸʶʥʲʹ ʥʤʹʬʫ ʯʥʰʢʰʮ

 ."ʪʹʮʤ" ʺʣʥʷʴ ʺʬʡʷʬ ʣʲ ʤʶʩʸʤ ʺʠ ʸʥʶʲʬ ʥʩʬʲ ,ʬʲʴʥʮ ʤʦ ʬʢʣ ʭʠʹ ʲʣʥʩ ʣʡʲʮʤ .ʭʩʬʢʣʤ ʸʨʱʩʢʸʡ 

 ʠʩʤ ,ʣʣʥʡ ʣʲʶ ʺʶʸʤ ʬʹ ,ʥʦ ʤʷʩʱʴint 1h. 

ʡ ʹʥʮʩʹʤ ʠʩʤ ʺʴʱʥʰ ʤʮʢʥʣ־breakpoints ʤ ʪʥʺʡ־debugger ʬʫ .breakpoint  ʺʥʣʥʷʴʤ ʺʠ ʵʩʸʤʬ ʣʡʲʮʬ ʭʸʥʢ

 ʤʡ ʹʩʹ ʣʥʷ ʺʸʥʹʬ ʤʲʢʤʬ ʣʲ ʤʸʩʶʲ ʩʬʡbreakpoint ."ʪʹʮʤ" ʺʣʥʷʴ ʺʬʡʷʬ ʣʲ ʤʸʩʶʲ ʺʲʶʡʺʮ ʦʠʥ 

 ʲʥʶʩʡ ʬʹ ,ʥʦ ʤʷʩʱʴbreakpointʤ , ʠʩint 3h. 

ʤʰʫʥʺ ʺʥʷʩʱʴ–Traps 

ʬ ʣʥʢʩʰʡ־exceptions ʺʬʲʴʥʮ ʤʡʹ ʪʸʣʤ .ʺʩʰʫʥʺʤ ʺʠ ʡʺʥʫʹ ʩʮ ʠʥʤ ʤʰʫʥʺ ʺʥʷʩʱʴ ʭʦʥʩʹ ʩʮ ,ʺʩʨʮʥʨʥʠ ʺʥʹʧʸʺʮʹ ,

:ʤʰʫʥʺ ʺʥʷʩʱʴ ʭʲ ʣʥʡʲʬ ʬʩʡʹʡ ʤʡʸʤ ʺʲʣʬ ʪʩʸʶ ʠʬ ʺʩʰʥʸʷʲʥ ,ʸʺʥʩʡ ʤʨʥʹʴ ʠʩʤ ʤʰʫʥʺ ʺʷʩʱʴ 

 ʺʣʥʷʴ ʭʩʡʺʥʫint ʮ ʠʥʤʹ ,ʣʰʸʴʥʠ ʤʩʸʧʠʥʤʷʩʱʴʤ ʸʴʱ: 

int operand 

:ʤʮʢʥʣʬ 

int 80h 

ʤʫ ʣʲ ʸʠʥʺʹ ʪʩʬʤʺʬ ʤʤʦ ʠʥʤ ʤʰʫʥʺʤ ʺʷʩʱʴ ʲʥʶʩʡ ʬʹ ʪʩʬʤʺʤ ʤʠʬʤʥ ʯʠʫʮ –  ʡʥʹʩʧ ,ʺʩʰʱʧʮʡ ʭʩʬʢʣʤʥ ʭʥʷʩʮʤ ʺʸʩʮʹ

ʤ ʺʡʥʺʫ־ISR ʤ ʺʸʦʲʡ־IVT ʤ ʭʥʷʩʮʬ ʤʶʩʴʷʥ־ISR. 

 ʤʲʥʣʩ ʤʣʥʷʰʡʹ ʤʶʥʸ ʺʰʫʺʮʤ ʭʠ ʩʸʤ ?ʤʰʫʥʺ ʺʥʷʩʱʴ ʪʩʸʶ ʬʬʫʡ ʤʮ ʬʩʡʹʡ ʺʠ ʲʶʡʩ ,ʸʧʠ ʭʥʷʮʬ ʵʥʴʷʩ ʣʡʲʮʤ ʺʩʰʫʥʺʡ

ʸʥʦʧʩʥ ʭʹ ʡʥʺʫʹ ʣʥʷʤ- .ʤʸʥʣʶʥʸʴʡ ʹʮʺʹʤʬ ʨʥʹʴ ʸʹʴʠ 
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 ʤʰʫʥʺ ʺʥʷʩʱʴ .ʺʩʹʥʮʩʹ ʠʩʤ ʤʰʫʥʺ ʺʷʩʱʴ ʥʬʠ ʭʩʡʶʮʡʥ ʤʸʥʣʶʥʸʴʡ ʹʮʺʹʤʬ ʩʹʲʮ ʠʬ ʭʤʡʹ ʭʩʡʶʮ ʹʩʹ ,ʠʩʤ ʤʡʥʹʺʤ

ʫʥʺʬ ʬʩʡʷʮʡ ʺʥʶʸʹ ʺʥʰʫʥʺ ʬʹ ʣʥʷ ʵʩʸʤʬ ʥʰʬʹ ʤʰʫʥʺʬ ʺʺʬ ʤʧʥʰ ʪʸʣ ʯʤʥʰʬʹ ʺʩʰ –  ʺʫʸʲʮ ʠʩʤ ʸʺʥʩʡ ʺʨʬʥʡʤ ʤʮʢʥʣʤ

 ʬʹ ʺʥʸʥʣʶʥʸʴʤ ʬʹ ʺʥʡʥʺʫʤ ʺʠ ʺʲʣʥʩ ʠʬ ʠʩʤ ,ʤʬʲʴʤʤ ʺʫʸʲʮ ʬʹ ʭʩʺʥʸʩʹʡ ʹʮʺʹʤʬ ʤʶʥʸ ʥʰʬʹ ʤʰʫʥʺʤʹʫ .ʤʬʲʴʤʤ

 ʬʹ ʣʥʷʤ ʭʲ ʣʧʩ ʥʰʬʹ ʤʰʫʥʺʤ ʺʠ ʭʩʬʴʮʷʮ ʥʰʩʩʤ ʭʠ ʥʦʤ ʤʩʲʡʤ ʺʠ ʸʥʺʴʬ ʭʩʬʥʫʩ ʥʰʩʩʤ ʺʩʨʸʥʠʩʺ .ʤʬʲʴʤʤ ʺʫʸʲʮ

ʤʬʲʴʤʤ ʺʫʸʲʮ ʤʱʩʰʫʮʥ ʺʥʷʩʱʴʫ ʤʬʹ ʺʥʸʥʣʶʥʸʴʤ ʺʠ ʤʸʩʣʢʮ ʤʬʲʴʤʤ ʺʫʸʲʮ ʬʲʥʴʡ ʯʫʬ .ʺʩʹʲʮ ʠʬ ʥʦ ʤʩʶʴʥʠ ʬʡʠ ,

ʬ־IVT ʤʥ ʤʰʫʥʺ ʺʷʩʱʴʬ ʠʥʸʷʬ ʠʥʤ ʺʥʹʲʬ ʥʰʬʹ ʤʰʫʥʺʬ ʸʠʹʰʹ ʤʮ ʬʫ ʺʲʫ .ʵʥʴʷʬ ʪʩʸʶ ʥʩʬʠ ʯʥʸʫʩʦʡ ʭʥʷʩʮʤ ʺʠ־IVT  

.ʯʥʫʰʤ ʭʥʷʩʮʬ ʥʰʬʹ ʣʥʷʤ ʺʠ "ʵʩʴʷʤʬ" ʢʠʣʩ ʸʡʫ 

 ʡʥʺʫʬ ʣʮʬʰ ʠʡʤ ʳʩʲʱʡTrap. 

ʺʡʩʺʫISR )ʤʡʧʸʤ( 

ʤ ʺʡʩʺʫ ʩʡʬʹ ʺʠ ʭʩʢʣʤʬ ʩʣʫ־ISR  ʡʥʺʫʰISR  ʢʥʱʮ ʨʥʹʴTrap' ʪʱʮʬ ʱʩʴʣʤʬ ʤʦ ʤʹʥʲ ʠʥʤʹ ʤʮ ʬʫʹ ,Hello 

World.' 

'ʠ ʡʬʹ – ʤ ʺʡʩʺʫ-ISR . 

ʮ ʬʩʧʺʰ־ISR :ʷʩʸ 

proc SimpleISR far 

 … 

 iret 

endp SimpleISR 

ʬ ʳʩʱʥʰ־ISR  .ʱʩʴʣʤʬ ʭʩʶʥʸ ʥʰʧʰʠ ʤʺʥʠ ʤʲʣʥʤʤ ʺʠ ʥʰʬʹ 

ʤ ʺʣʥʷʴ ʩʸʧʠ ʠʥʡʬ ʤʫʩʸʶ ʤʲʣʥʤʤʹ ,ʡʬ ʥʮʩʹ-iret ʺʠ ʭʢʸʺʬ ʤʱʰʮ ʠʥʤʹ ʡʶʮʬ ʲʩʢʤʬ ʬʥʬʲ ʣʡʲʮʤ ʺʸʧʠ ,

ʬ ʤʲʣʥʤʤ-opcodes .ʤʱʩʸʷʡ ʸʮʢʩʤʬ ʬʥʬʲʹ ʤʮ ,ʭʺʥʠ ʵʩʸʤʬʥ 

proc SimpleISR far 

 … 

 iret 

message db 'Hello World$' 

endp SimpleISR 

ʬ ʤʠʩʸʷ ʳʩʱʥʰ־int 21h ʠʥʤ ʺʦʥʸʧʮ ʱʩʴʣʮʹ ʣʥʷʤ .ah=9hʡʹ ʪʫʬ ʢʥʠʣʬ ʪʩʸʶ ʤʠʩʸʷʤ ʩʰʴʬʥ ,־ds  ʬʹ ʨʰʮʢʱʤ ʤʩʤʩ

ʡʥ ʺʦʥʸʧʮʤ־dx  .ʺʦʥʸʧʮʤ ʬʹ ʨʱʴʥʠʤ ʤʩʤʩ 

proc SimpleISR far 

 mov dx, offset message 

 push seg message 
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 pop ds 

 mov ah, 9h 

 int 21h 

 iret 

 message db 'Hello World$' 

endp SimpleISR 

ʬ ʳʩʱʥʰ־ISR ʤ ʥʬʠ ʺʥʣʥʷʴ ʩʬʡ ʭʢ .ʤʠʩʸʷʤ ʩʰʴʬ ʥʮʫ ʤʩʤʩ ʭʩʸʨʱʩʢʸʤ ʡʶʮ ʤʶʩʸʤ ʳʥʱʡʹ ʪʫʬ ʥʮʸʢʩʹ ʺʥʣʥʷʴ־ISR 

.ʤʩʬʠ ʸʥʦʧʺ ʤʨʩʬʹʤʹ ʩʸʧʠ ʪʩʸʶʹ ʥʮʫ ʣʷʴʺʬ ʠʬ ʤʬʥʬʲ ʥʬ ʺʠʸʥʷʹ ʺʩʰʫʥʺʤ ʬʡʠ ,ʣʥʡʲʩ 

proc SimpleISR far 

 push dx 

 push ds 

 mov dx, offset message 

 push seg message 

 pop ds 

 mov ah, 9h 

 int 21h 

 pop ds 

 pop dx 

 iret 

 message db 'Hello World$' 

endp SimpleISR 

ʤ ʺʡʩʺʫ ʺʠ ʥʰʮʩʩʱ ,ʥʤʦ־ISR. 

'ʡ ʡʬʹ־ ʤ ʺʡʥʺʫ ʺʬʩʺʹ-ISR  ʡ-IVT 

ʤʹ ʩʣʫ-ISR  ʬʲ ʸʫʥʮ ʺʥʩʤʬ ʪʩʸʶ ʠʥʤ ,ʣʥʡʲʩ-ʤ ʩʣʩ-IVT ʥʰʧʰʠ ,ʸʮʥʬʫ .ʤ ʺʡʥʺʫ ʺʠ ʳʩʱʥʤʬ ʭʩʫʩʸʶ-ISR ʤ ʪʥʺʬ-IVT .

ʤ ʺʡʥʺʫ ʺʠ ʬʥʺʹʬ ʸʧʡʰ-ISR  ʡ ʯʥʸʧʠʤ ʭʥʷʮʡ-IVT ʭʥʷʮ ,0FFh (255 ʠʩʤ ,ʤʦ ʭʥʷʮʡ ʠʷʥʥʣ ʥʰʸʧʡʹ ʤʡʩʱʤ .)

ʤ ʺʠ ʬʥʺʹʬ ʭʩʶʥʸ ʥʰʧʰʠʹ-ISR ʬʲ ʱʥʴʺ ʥʰʩʠʹ ʭʥʷʮʡ ʥʰʬʹ- ʬʹ ʺʡʥʺʫ ʩʣʩISR ʤ ʳʥʱʡʥ ,ʹʥʮʩʹʡʹ-IVT   ʺʥʮʥʷʮ ʹʩ

ʥʡʹʩʧ( ʭʩʩʥʰʴ- ʮʤ ʺʠ ʭʩʬʺʥʹ ʥʰʩʩʤ ʥʬʩʠ ʤʸʥʷ ʤʩʤ ʤ-ISR  ʭʥʷʮʡ ʥʰʬʹ21h)? 
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ʡ ʬʥʺʹʬ ʩʣʫ-IVT  ʤ ʬʹ ʺʡʥʺʫʤ ʺʠ-ISR  ʲʶʡʮʹ ʳʱʥʰ ʺʥʸʩʹʡ ʹʮʺʹʰ ,ʥʰʬʹ ʹʣʧʤint 21h ʯʮʦʤ ʤʦʹ ʺʥʸʩʹ ,

 ʣʥʷ .ʥʺʥʠ ʸʥʷʱʬ ʭʩʠʺʮʤAH=25h ʤ ʪʥʺʬ ʺʡʥʺʫ ʱʩʰʫʮ-IVT ʪʥʺʡ ʺʥʩʤʬ ʪʩʸʶ ʤʷʩʱʴʤ ʸʴʱʮ .alʤ ʺʡʥʺʫʥ ,-ISR 

 ʪʥʺʡds:dx:ʺʥʹʥʸʣʤ ʺʥʬʥʲʴʤ ʺʠ ʺʥʲʶʡʮ ʺʥʠʡʤ ʣʥʷʤ ʺʥʸʥʹ . 

mov al, 0FFh  ; The ISR will be placed as number 255 in the IVT 

mov ah, 25h  ; Code for int 21h 

mov dx, offset SimpleISR ; dx should hold the offset of the ISR 

push seg SimpleISR 

pop ds   ; ds should hold the segment of the ISR 

int 21h 

ʬ ʠʥʸʷʬ ʷʸ ʥʰʬ ʸʠʹʰ .ʥʤʦ-int 0FFh :ʤʠʬʮʤ ʺʩʰʫʥʺʤ ʯʬʤʬ .ʺʩʰʫʥʺʤ ʪʥʺʮ 

IDEAL 

MODEL small 

STACK 100h 

DATASEG 

 

CODESEG 

proc SimpleISR far 

 push dx 

 push ds 

 mov dx, offset message 

 push seg message 

 pop ds 

 mov ah, 9h 

 int 21h 

 pop ds 

 pop dx 
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 iret 

 message db 'Hello World$' 

endp SimpleISR 

 

start: 

 mov ax, @data 

 mov ds, ax 

 ; Plant SimpleISR into IVT, int 0FFh 

 mov al, 0FFh 

 mov ah, 25h 

 mov dx, offset SimpleISR 

 push seg SimpleISR 

 pop ds 

 int 21h  

 ; Call SimpleISR 

 int 0FFh 

exit: mov ax, 4c00h 

 int 21h 

END start 

 ʬʩʢʸʺ11.13 : ʺʡʩʺʫISR 

ʠ.  ʥʡʺʩʫISR  ʪʥʺʡ ʬʡʷʮʹal  ʪʸʲASCII  ʪʫʬ ʥʮʸʩʢ .ʹʣʧʤ ʥʺʤ ʺʠ ʪʱʮʬ ʱʩʴʣʮʥ ʣʧʠʡ ʥʺʥʠ ʤʬʲʮ ,ʥʺ ʬʹ

ʬʲ ʬʲʴʥʩ ʠʥʤʹ־ ʤʣʥʷʴʤ ʩʣʩint 0FEh. 

ʡ.  ʥʡʺʩʫISR  ʭʩʸʨʱʩʢʸ ʩʰʹ ʬʡʷʮʹax, bx :ʪʱʮʬ ʱʩʴʣʮʥ 

- 'ax ʭʠ 'ax ʮ ʬʥʣʢ-bx. 

- 'bx ʭʠ 'bx ʮ ʬʥʣʢ-ax. 
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- 'SAME.ʭʩʥʥʹ ʭʤ ʭʠ ' 

ʬʲ ʬʲʴʥʩ ʠʥʤʹ ʪʫʬ ʥʮʸʩʢ־ ʤʣʥʷʴʤ ʩʣʩint 0F0h. 

 ʬʩʢʸʺʸʢʺʠ- ʤʦʦʤ ʯʴʥʶ ʧʥʶʩʴ 

 ʺʥʷʩʱʴʡ ʹʥʮʩʹʥ ʺʥʸʥʣʶʥʸʴ( ʤʫ ʣʲ ʥʰʣʮʬʹ ʩʸʷʩʲʤ ʸʮʥʧʤ ʬʲ ʤʸʦʧ ʠʥʤʹ ʬʩʢʸʺ ʲʶʡʰDOS  ʪʥʺʥ )ʨʬʴʥ ʨʬʷʬ

.ʭʩʰʴʶ ʧʥʶʩʴʥ ʭʩʰʴʶ ʬʲ ʨʲʮ ʣʮʬʰ ʩʣʫ 

 ʺʥʠʤʮ ʲʥʡʷ ʷʧʸʮʡ ʺʠʶʮʰʹ ,ʺʸʧʠ ʺʥʠʡ ʺʴʬʧʥʮ ʺʥʠ ʬʫ ʥʡ ʷʩʺʲ ʯʴʥʶ ʠʥʤ ʤʦʦʤ ʯʴʥʶ .ʤʦʦʤ ʯʴʥʶ ʬʲ ʸʶʷ ʸʡʱʤʡ ʬʩʧʺʰ

 ʤʦʦʤ ʷʧʸʮ ʬʲʡ ʤʦʦʤ ʯʴʥʶ ʤʮʢʥʣʬ .)ʤʦʦʤʤ ʷʧʸʮ( ʺʩʸʥʷʮʤ1-  ʺʥʠʤa  ʺʥʠʡ ʺʴʬʧʥʮb ʺʥʠʤ ,b  ʺʥʠʡ ʺʴʬʧʥʮc  ʣʲ 'ʥʫʥ

 ʺʥʠʬ ʭʩʲʩʢʮʹz ʺʥʠʡ ʺʴʬʧʥʮ ʸʹʠ ,a ,ʤʮʢʥʣʬ . ʷʧʸʮʡ ʤʦʦʤ ʯʴʥʶʡ3 ʤʬʩʮʤ ,cat  ʤʬʩʮʡ ʺʴʬʧʥʮfdw. 

1.  ʸʩʠʹʤʬ ʹʩ ʧʥʥʸ ʩʥʥʺ .ʤʦʦʤʤ ʷʧʸʮ ʩʴʬ ʺʦʥʸʧʮʤ ʺʠ ʤʰʩʴʶʮʥ ,ʤʦʦʤ ʷʧʸʮʥ ʺʦʥʸʧʮ ʺʬʡʷʮʹ ʤʸʥʣʶʥʸʴ ʥʡʺʩʫ

.ʭʤʹ ʥʮʫ 

2.  ʠʬʴʰʤ ʸʴʱʤ ʪʥʺʮ ʯʥʹʠʸʤ ʣʥʮʲʤ ʭʫʩʰʴʬAnna Karenina  ʤʰʴʶʤʤ ʪʩʬʤʺ ʬʲ ʬʷʤʬ ʩʣʫ .ʩʥʨʱʬʥʨ ʺʠʮ

ʲ ʷʸ ʠʡʥʮ ʡʥʺʫʤ ʣʥʮʲʤ ʳʥʱʡʹ ʪʫʬ ʡʬ ʥʮʩʹ .ʤʦʦʤ ʯʴʥʶ ʺʸʦʲʡ ʥʺʥʠ ʥʰʩʴʶʤ .ʷʥʱʩʴ ʩʰʮʩʱ ʠʬʬʥ ʺʥʰʨʷ ʺʥʩʺʥʠ ʭ

 .ʤʠʶʥʺʤ ʬʹ ʤʱʴʣʤʡ ʭʫʩʬʲ ʬʷʤʬ ʭʢʥ ʺʦʥʸʧʮʤ ʳʥʱ ʺʠ ʠʥʶʮʬ ʭʫʩʬʲ ʬʷʤʬ ʭʢ ʣʲʥʰ ʤʦ ʯʮʩʱ .'$' ʯʮʩʱ ʥʰʹʩ

.ʯʴʶʥʮʤ ʨʱʷʨʤ ʺʠ ʪʱʮʬ ʥʱʩʴʣʤ 

 

 

 

 

 

 

3. .ʺʦʥʸʧʮʤ ʪʥʺʡ ʥʺʤ ʲʩʴʥʮ ʭʩʮʲʴ ʤʮʫ ʤʸʩʦʧʮʥ ,ʺʦʥʸʧʮʥ ʥʺ ʺʬʡʷʮʹ ʤʸʥʣʶʥʸʴ ʥʡʺʩʫ 

4. ʶʥʮʤ ʨʱʷʨʡ ʩʦʲʥʬʤ ʺʩʡ ʳʬʠʡ ʺʥʠ ʬʫ ʤʲʩʴʥʮ ʭʩʮʲʴ ʤʮʫ ʥʸʴʩʱ ,ʭʺʡʺʫʹ ʤʸʥʣʶʥʸʴʤ ʺʥʲʶʮʠʡ ʥʦ ʤʬʥʲʴ .ʯʴ

.ʺʥʠ ʬʫ ʸʥʡʲ ʤʠʶʥʺʤ ʺʠ ʪʱʮʬ ʥʱʩʴʣʤ .ʺʥʩʥʸʩʣʺ ʧʥʺʩʰ ʺʠʸʷʰ 

5.  ʺʩʬʢʰʠʤ ʤʴʹʡʹ ʺʥʩʥʸʩʣʺ ʧʥʺʩʰ ʬʹ ʤʬʡʨ ʺʥʲʶʮʠʡʥ ,ʭʺʩʹʲʹ ʺʥʩʥʸʩʣʺʤ ʧʥʺʩʰ ʺʠ ʺʬʡʷʮʹ ʤʸʥʣʶʥʸʴ ʥʸʶ

ʮʢʥʣʬ( ʺʩʬʢʰʠʤ ʤʴʹʡ ʺʥʩʺʥʠ ʺʥʩʥʸʩʣʺ ʧʥʺʩʰ ʬʹ ʤʬʡʨ ʺʴʸʥʶʮ .ʤʰʴʶʥʤʹ ʺʩʸʥʷʮʤ ʺʥʠʤ ʤʺʩʤ ʤʮ ʤʨʩʬʧʮ ,ʤ

 ʺʥʠʤE  ʠʩʤ12.02%  ʺʥʠʤ .ʺʩʬʢʰʠʤ ʤʴʹʡ ʺʥʩʺʥʠʤʮT  ʠʩʤ9.1%  ʭʺʸʧʡʹ ʨʱʷʨʹ ʬʫʫʹ ʡʬ ʥʮʩʹ .)'ʥʫʥ

:ʤʬʡʨʡʹ ʭʩʦʥʧʠʬ ʸʺʥʩ ʭʩʡʥʸʷ ʭʩʦʥʧʠʤ ʪʫ ʸʺʥʩ ʪʥʸʠ 

 

all happy families resemble one another every unhappy family is unhappy in its own way  

all was confusion in the house of the oblonskys 

the wife had discovered that her husband was having an intrigue with a french governess who had been in 

their employ and she declared that she could not live in the same house with him 

this condition of things had lasted now three days and was causing deep discomfort not only to the husband 

and wife but also to all the members of the family and the domestics 

all the members of the family and the domestics felt that there was no sense in their living together and 

that in any hotel people meeting casually had more mutual interests than they the members of the family 

and the domestics of the house of oblonsky 

the wife did not come out of her own rooms  

the husband had not been at home for two days 

the children were running over the whole house as if they were crazy 

the english maid was angry with the housekeeper and wrote to a friend begging her to find her a new place 

the head cook had departed the evening before just at dinner time 
the kitchen maid and the coachman demanded their wages$ 
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Letter Frequency (%) 

E 12.02 

T 9.10 

A 8.12 

O 7.68 

I 7.31 

N 6.95 

S 6.28 

R 6.02 

H 5.92 

D 4.32 

L 3.98 

U 2.88 

C 2.71 

M 2.61 

F 2.30 

Y 2.11 

W 2.09 

G 2.03 

P 1.82 

B 1.49 

V 1.11 

K 0.69 

X 0.17 

Q 0.11 

J 0.10 

Z 0.07 
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ʭʥʫʩʱ 

 ʤʬʥʲʴ ʲʶʡʬ ʪʸʨʶʺ ʤʰʫʥʺʤ ʩʺʮ ʹʠʸʮ ʺʥʴʶʬ ʸʹʴʠ ʣʩʮʺ ʠʬʹ ʪʫ ʬʲʥ ,ʺʥʷʩʱʴʡ ʪʸʥʶʤ ʬʲ ʸʡʱʤʮ ʥʰʬʧʺʤ .ʺʮʩʩʥʱʮ

ʤ ʬʲ ʥʰʣʮʬ ʯʫʮ ʸʧʠʬ־ISRʤ ʬʲʥ ,ʺʥʷʩʱʴʡ ʬʥʴʩʨʬ ʤʸʥʣʶʥʸʴʤ ,־IVT ʬʫ ʭʥʷʩʮ ʩʡʢʬ ʲʣʩʮʤ ʺʠ ʬʩʫʮʹ ʯʥʸʫʩʦʡ ʪʸʲʮʤ ,

ʤ-'ISR'.ʭʩ 

 ʤʷʩʱʴ ʬʲ ʥʰʣʮʬ21h  ʤʬʲʴʤʤ ʺʫʸʲʮ ʬʹDOS ʥʺ ʬʹ ʤʨʩʬʷ ʯʥʢʫ ʺʥʰʥʹ ʺʥʬʥʲʴ ʲʥʶʩʡʬ ʭʩʩʹʥʮʩʹʤ ʭʩʣʥʷʤ ʺʠ ʥʰʸʷʱ .

ʺʦʥʸʧʮʥ ʥʺ ʬʹ ʤʱʴʣʤ ,ʺʦʥʸʧʮʥ .ʡʹʧʮʤ ʬʹ ʩʮʩʰʴʤ ʯʥʲʹʤʮ ʤʲʹʤ ʺʠʩʸʷʥ 

 ʭʩʡʺʥʫ ʪʩʠ ʥʰʩʠʸISR ʡ ʥʺʥʠ ʭʩʬʺʥʹ ʪʩʠʥ־IVT. 

:ʺʥʷʩʱʴ ʬʹ ʺʥʰʥʹ ʺʥʸʥʶʡ ʥʰʷʱʲ 

- ( ʤʰʫʥʺ ʺʥʷʩʱʴTraps) 

- ( ʤʢʩʸʧ ʺʥʷʩʱʴExceptions) 

( ʤʸʮʥʧ ʺʥʷʩʱʴ ,ʺʥʷʩʱʴʤ ʬʹ ʯʥʸʧʠʤ ʢʥʱʤ ʬʲInterrupts.ʠʡʤ ʷʸʴʡ ʨʸʴʰ ,) 
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 ʷʸʴ12 – )ʤʡʧʸʤ( ʤʸʮʥʧ ʺʥʷʩʱʴ 

ʠʥʡʮ 

 ʺʥʷʩʱʴ ʺʥʮʩʩʷʹ ʥʰʩʠʸ ʺʥʷʩʱʴʤ ʠʹʥʰʡ ʥʰʷʱʲʹʫDOS  ʥʺ ʺʠʩʸʷ ʤʮʢʥʣʬ ,ʤʸʮʥʧ ʩʡʩʫʸ ʬʥʮ ʺʥʰʥʹ ʺʥʬʥʲʴ ʺʥʲʶʡʮʹ

 ʺʥʷʩʱʴ ʤʮʫʡ ʹʮʺʹʤʬ ʥʰʣʮʬ ʯʫ ʥʮʫ .ʺʣʬʷʮʤʮDOS  ʤʸʮʥʧʤ ʩʰʷʺʤʮ ʲʣʩʮʤ ʪʩʠ ʤʬʠʹʡ ʥʰʷʱʲ ʠʬ ,ʺʠʦ ʭʲ .ʺʥʩʹʥʮʩʹ

ʪʩʠ ?ʣʡʲʮʤ ʬʠ ʲʩʢʮ, ʤʮʢʥʣʬ,  ʪʸʣʤ ʺʠ ʷʮʥʲʬ ʸʺʥʩ ʯʩʡʰ ʤʦ ʷʸʴʡ ?ʡʹʧʮʤ ʯʥʸʫʩʦʡ ʥʺ ʺʲʴʥʤʬ ʺʮʸʥʢ ʺʣʬʷʮʤ ʬʲ ʤʹʷʤ

 .ʤʸʮʥʧʤ ʩʰʷʺʤ ʭʲ ʸʹʷʺʮ ʣʡʲʮʤ ʤʡʹ 

:ʣʮʬʰ ʥʰʠ ʺʠʦ ʯʩʡʤʬ ʩʣʫ 

- ʺʩʤʸʮʥʧ ʺʥʷʩʱʴ ʬʹ ʤʩʸʥʠ– .ʣʡʲʮʤ ʬʠ ʤʸʮʥʧʤ ʺʥʷʩʱʴ ʺʥʲʩʢʮ ʪʸʣ ʥʦʩʠʡʥ ʤʸʮʥʧ ʺʥʷʩʱʴ ʪʩʸʶ ʲʥʣʮ 

-  ʭʩʨʸʥʴI/O Ports– .ʨʬʴ/ʨʬʷ ʩʰʷʺʤ ʬʥʮ ʤʣʥʡʲʬ ʭʩʹʮʹʮʹ ʯʥʸʫʩʦʡ ʭʩʣʧʥʩʮ ʭʩʠʺ 

ʯʫʮ ʸʧʠʬ, ʮʢʥʣʬ ʸʥʡʲʰʤ  ʺʥʰʥʹʤ ʭʩʫʸʣʤ ʺʸʩʷʱ ʪʥʺ ,ʺʣʬʷʮʤ ʺʬʥʲʴ ʺʥʣʥʠ ʨʸʴʰʥ ʤʸʮʥʧ ʩʰʷʺʤ ʬʥʮ ʤʣʥʡʲ ʬʲ ʺʩʹʲʮ

:ʤʬʥʮ ʤʣʥʡʲʬ 

- ʬʷʺʣʬʷʮʤ ʬʹ ʭʩʨʸʥʴʤ ʪʸʣ ʲʣʩʮʤ ʺʨʩ 

-  ʺʥʷʩʱʴʡ ʹʥʮʩʹBIOS 

-  ʺʥʷʩʱʴʡ ʹʥʮʩʹDOS 

ʤʸʮʥʧ ʺʥʷʩʱʴ–Interrupts 

 ʭʩʸʶʩʩʮ ʥʬʠ ʭʩʩʰʥʶʩʧ ʭʩʰʷʺʤ .ʣʥʲʥ )ʸʮʩʩʨ( ʺʫʸʲʮʤ ʯʥʲʹ ,ʸʡʫʲ ,ʺʣʬʷʮ ʯʥʢʫ ʭʩʰʥʹ ʤʸʮʥʧ ʩʰʷʺʤʬ ʸʹʥʷʮ ʥʰʬʹ ʣʡʲʮʤ

ʠʩʩʲʥʸ ʸʮʥʧʤʸʮʥʧ ʲʥʸʠ .ʤ  ,ʺʣʬʷʮʤ ʬʲ ʤʶʩʧʬ ʺʥʩʤʬ ʬʥʫʩ .ʸʮʩʩʨʤ ʬʹ ʯʥʫʣʲ ʥʠ ʸʡʫʲʤ ʺʦʦʤʠʩʸʮʥʧʤ ʭʩʲʥʸʤ  ʥʬʠʤ

ʣʡʲʮʤ ʣʶʮ ʺʥʸʩʹ ʭʩʹʸʥʣ–  ʬʲ ʸʡʫʲʤ ʬʹ ʯʮʱʤ ʺʠ ʦʩʦʤʬ ,ʪʱʮʬ ʥʺʥʠ ʱʩʴʣʤʬʥ ʺʣʬʷʮʡ ʣʬʷʥʤʹ ʥʺʤ ʺʠ ʺʧʷʬ ,ʤʮʢʥʣʬ

ʠʤ ʬʫ ,ʣʡʲʮʤ ʺʰʩʧʡʮ .ʪʱʮʤ ʬʲ ʺʢʶʥʮʹ ʤʲʹʤ ʺʠ ʯʫʣʲʬ ʥʠ ʪʱʮʤʩʹʠʸʮ ʭʩʩʥʴʶ ʩʺʬʡ ʥʬʠʤ ʭʩʲʥʸ–  ʬʥʫʩ ʠʬ ʣʡʲʮʤ

ʫʹ ʩʮ ʭʢ .ʭʩʥʥʺ ʣʩʬʷʩ ʹʮʺʹʮʤ ʡʶʷ ʤʦʩʠʡʥ ʺʣʬʷʮʤ ʬʲ ʤʶʩʧʬ ʤʩʤʺ ʩʺʮ ʹʠʸʮ ʯʰʫʺʬ ʺʲʣʬ ʬʥʫʩ ʠʬ ʤʰʫʥʺʤ ʺʠ ʡʺʥ

ʠ ʤʸʷʩ ʯʥʮʦʺ ʤʦʩʠʡ ʹʠʸʮʩʸʮʥʧ ʲʥʸʤ  ʯʮʦʡ ʤʰʫʥʺʬ ʸʡʲʥʮ ʭʩʩʰʥʶʩʧ ʭʩʰʷʺʤʮ ʲʩʢʮʹ ʲʣʩʮʤ ʪʩʠ ,ʪʫ ʭʠ .ʥʩʬʠ ʯʰʥʫʺʤʬʥ

?ʤʶʩʸ 

 .ʤʩʲʡʤ ʯʥʸʺʴʬ ʺʥʹʩʢ ʩʺʹ ʺʥʮʩʩʷ 

ʤʫʩʹʮ ʺʠʸʷʰ ʤʰʥʹʠʸʤ ʤʹʩʢʤ–Pollingʮʤ ʬʲ ʤʶʸʹ ʤʰʫʥʺʤ ,ʹʠʸʮ ʸʣʢʥʮ ʯʮʦʬ ʺʧʠ ,ʥʦ ʤʨʩʹʡ . ʣʡʲ

 ʹʩ ʭʠ ʷʣʥʡʥ ,ʺʩʬʢʲʮ ʤʸʥʶʡ ,ʯʷʺʤ ʩʸʧʠ ʯʷʺʤ ʸʡʥʲ ʣʡʲʮʤ ʪʫ .ʹʣʧ ʲʣʩʮ ʥʬ ʹʩ ʭʠ ʤʸʮʥʧ ʯʷʺʤ ʬʫ ʺʬʠʥʹ
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 ʯʫ ʭʠ ?ʺʥʸʩʹ ʤʫʩʸʶ ʺʣʬʷʮʤ .ʺʥʸʩʹ ʪʩʸʶʹ ʤʸʮʥʧ ʯʷʺʤ– ʠʬ ʭʠ ,ʤʡ ʬʴʨʮ ʣʡʲʮʤ–  ʭʠ ʷʥʣʡʬ ʪʩʹʮʮ

ʯʷʺʤʤ ʬʠ ʸʦʥʧʹ ʣʲ ʭʩʰʷʺʤʤ ʬʫ ʬʲ ʤʠʬʤ ʸʡʥʲ ʣʡʲʮʤ ʪʫ .ʺʥʸʩʹ ʪʩʸʶ ʸʡʫʲʤ  .ʯʥʹʠʸʤ 

 ʬʹ ʯʥʸʺʩʤPolling  ʬʩʣʡʤʬ( ʪʩʬʤʺʡ ʥʰʬ ʥʸʦʲʩʹ ʭʩʴʱʥʰ ʤʸʮʥʧ ʩʡʩʫʸ ʪʩʸʶ ʠʬʥ ,ʹʥʮʩʮʬ ʺʩʱʧʩ ʤʨʥʹʴ ʤʹʩʢ ʥʦʹ ʠʥʤ

 ,ʤʸʮʥʧ ʺʥʷʩʱʴʮʹʲʩʢʰ ʯʤʩʬʠ  ʬʹ ʯʥʸʱʩʧʤ .)ʣʩʮPolling  ʡʥʫʩʲ ʹʩ ʸʮʥʬʫ .ʥʩʬʠ ʥʰʴʩʹ ʯʩʺʮʤʬ ʪʩʸʶ ʤʸʮʥʧʤ ʯʷʺʤʹ ʠʥʤ

 ʹʩ .ʬʥʴʩʨ ʹʸʥʣʹ ʲʥʸʩʠ ʹʩ ʭʠ ʷʣʥʡʥ ʤʸʮʥʧʤ ʯʷʺʤ ʬʠ ʤʰʥʴ ʣʡʲʮʤʹ ʯʮʦʤ ʯʩʡʬ ʬʥʴʩʨ ʪʩʸʶ ʤʸʮʥʧʤ ʯʷʺʤ ʥʡ ʯʮʦʤ ʯʩʡ

ʹ ʯʮʦʡ ʤʩʥʬʺ ʥʰʬʹ ʤʰʫʥʺʤ ʬʹ ʤʰʩʷʺʤ ʤʬʥʲʴʤ ʭʤʡʹ ʭʩʸʷʮ ,ʩʺʩʩʲʡ ʺʥʩʤʬ ʬʥʬʲ ʤʦʤ ʡʥʫʩʲʤ ʭʤʡʹ ʭʩʸʷʮ ʤʬ ʧʷʥʬ

 ʬʹ ʭʩʬʣʡʤ ʺʥʩʤʬ ʭʩʬʥʫʩ ,ʺʥʩʰʮʡ ʩʰʥʸʨʷʬʠ ʸʧʱʮ ʺʥʲʶʡʮʹ ʺʥʫʸʲʮʡ ,ʤʮʢʥʣʬ .ʥʤʹʬʫ ʤʸʮʥʧ ʯʷʺʤʮ ʭʩʲʥʸʩʠ ʺʸʹʬ

 ʬʲ ʸʥʮʹʬ ʤʩʬʲ ,ʯʫʬ .ʺʥʠʸʥʤʤ ʬʹ ʯʥʫʰʤ ʸʣʱʤ ʤʮ ʺʲʣʬ ʺʡʩʩʧ ʤʰʫʥʺʤʥ ʤʸʩʫʮʥ ʤʩʰʷ ʺʥʠʸʥʤ ʯʩʡ ʸʺʥʩʡ ʭʩʸʶʷ ʯʮʦ ʩʷʸʴ

ʤʮʢʥʣ .ʸʮʩʩʨʤʮ ʺʥʩʰʴʡ ʬʥʴʩʨ ʬʹ ʤʥʡʢ ʡʶʷ ʺʸʧʠ–  ʸʥʺʴʫ ʬʲ ʵʧʥʬ ʥʤʹʩʮʹ ʲʢʸʡ ʬʩʨ ʺʸʢʹʮʹ ʺʫʸʲʮ ʹʩʹ ʧʩʰʰ

 ʺʠ ʺʥʬʲʤʬ ʠʥʤ ʨʥʹʴ ʯʥʸʺʴ .ʤʡʸ ʺʥʡʩʹʧ ʹʩ ʺʣʬʷʮʤ ʬʲ ʤʶʩʧʬʤ ʲʥʸʩʠʡ ʬʥʴʩʨʤ ʺʥʸʩʤʮʬʹ ʯʡʥʮ ʤʦ ʤʸʷʮʡ ,ʺʣʬʷʮʡ

 ʺʣʬʷʮʤ ʺʠ ʬʥʠʹʬ ʭʥʷʮʡʹ ʧʩʰʰ .ʤʸʮʥʧʤ ʩʰʷʺʤ ʬʹ ʬʥʠʹʺʤ ʡʶʷ10 ʺ ʤʰʫʥʺʤ ,ʵʥʧʬ ʹʷʮ ʹʩ ʭʠ ʤʩʰʹʡ ʭʩʮʲʴ ʬʠʹʩ

 ʺʣʬʷʮʤ ʺʠ1000  ʤʩʰʹ ʺʩʸʩʹʲʮ ʺʥʸʩʹʬ ʤʰʩʺʮʮ ʺʣʬʷʮʤʹ ʯʮʦʤ ʺʠ ʣʩʸʥʩ ʤʦ ʩʥʰʩʹ .ʵʥʧʬ ʹʷʮ ʹʩ ʭʠ ʤʩʰʹʡ ʭʩʮʲʴ

 ʡʸ ʯʮʦ ʺʦʡʦʡʮ ʠʩʤ ʪʫ ,ʸʺʥʩ ʺʥʡʥʸʷ ʭʩʺʩʲʬ ʤʸʮʥʧʤ ʩʡʩʫʸ ʺʠ ʺʬʠʹʺʮ ʥʰʬʹ ʤʰʫʥʺʤʹ ʬʫʫʹ ,ʠʩʤ ʤʩʲʡʤ .ʤʩʰʹ ʺʩʴʬʠʬ

ʸʥʶ ʭʤʬ ʤʩʤʩ ʠʬ ʡʥʸʬʹ ,ʭʩʰʷʺʤ ʬʹ ʤʷʩʣʡʡ ʸʺʥʩ ʷʬʧ ʤʶʷʩ ʣʡʲʮʤʹ ʪʫʬ ʭʥʸʢʺ ʥʰʬʹ ʤʰʫʥʺʤ ʸʮʥʬʫ .ʺʥʸʩʹʡ ʪ

.ʲʶʡʩʹ ʭʩʶʥʸ ʥʰʧʰʠʹ ʺʥʸʧʠ ʺʥʬʥʲʴʬ ʠʬʥ ʤʸʮʥʧ ʩʰʷʺʤ ʺʷʩʣʡʬ ʯʮʦʤʮ ʩʺʥʲʮʹʮ 

 

 ʺʹʩʢPolling–  .ʤʬʠʹ ʥʬ ʹʩ ʭʠ ʣʩʮʬʺ ʬʫ ʺʬʠʥʹ ʤʸʥʮʤ ,ʸʣʢʥʮ ʯʮʦʬ ʺʧʠ ʣʥʲ ʬʫ ʭʩʣʩʮʬʺʤ ,ʭʤʩʬʠ ʤʰʥʴ ʠʬ ʤʸʥʮʤ

.ʭʩʫʧʮ 

ʱʴ ʠʩʤ ʤʩʰʹʤ ʤʹʩʢʤ ʺʠʸʷʰʹ ,ʤʸʮʥʧ ʺʷʩ( ʨʴʸʨʰʩʠInterrupt) ʯʥʥʫʺʰ "ʨʴʸʨʰʩʠ" ʡʥʺʫʰʹʫ ʥʩʹʫʲʮ .

ʷʩʱʴʬʺ ʸʮʥʧʤʹ ʩʬʮʹʧ ʺʥʠ ʧʬʥʹ ʤʸʮʥʧʤ ʯʷʺʤ ,ʣʡʲʮʤ ʬʹ ʺʥʸʩʹʡ ʪʸʥʶ ʤʸʮʥʧʤ ʯʷʺʤʬ ʹʩʹʫ . ʬʠ ʲʩʢʮ

 ʸʥʶʲʬ ʥʬ ʭʸʥʢʥ ʣʡʲʮʤ ʭʥʩʱ ʸʧʠʬ ,ʣʥʷ ʲʶʡʬʥ ʥʬʹ ʺʩʧʫʥʰʤ ʤʬʥʲʴʤISR ʲʥʸʩʠʡ ʬʥʴʩʨʬ ʹʠʸʮ ʡʺʫʰʹ ,

 .ʤʸʮʥʧʤʤ ʭʥʩʱʡ-ISR  .ʤʺʶʩʸʡ ʪʩʹʮʺ ʺʩʰʫʺʤ ʬʹ ʯʥʸʺʩʤInterrupt ʤʹ ʥʰʩʤ־Interrupt  ʬʲ ʸʮʥʹ ʭʢ

ʣʡʲʮ ʩʡʠʹʮʡ ʩʰʥʫʱʧ ʭʢʥ )ʺʩʱʧʩ ʪʥʮʰ ʩʥʤʩʹ ʭʲ ʺʥʬʴʥʨʮ ʤʸʮʥʧ ʩʰʷʺʤ ʬʹ ʺʥʹʷʡ( ʪʥʮʰ ʩʥʤʩʹ–  ʠʬ ʣʥʲ ʬʫ

ʲʡʷʰʹ ʣʥʷʤ ʺʠ ʵʩʸʮ ʨʥʹʴ ʣʡʲʮʤ ,ʨʴʸʨʰʩʠ ʲʩʢʮ  .ʤʸʮʥʧʤ ʩʰʷʺʤ ʩʡʢʬ ʢʥʠʣʬ ʩʬʡ ʵʩʸʤʬ ʥʬ 
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 ʺʹʩʢInterrupt–  ʭʥʷʮʤʮ ʸʥʲʩʹʤ ʺʠ ʤʫʩʹʮʮʥ ʣʩʮʬʺʬ ʤʰʥʲ ,ʸʥʲʩʹʤ ʺʠ ʺʸʶʥʲ ʤʸʥʮʤ .ʣʩ ʭʩʸʮ ʤʬʠʹ ʥʬ ʹʩʹ ʣʩʮʬʺ

ʹ.ʥʺʥʠ ʤʷʩʱʴʤ 

ʮʥʧ ʡʩʫʸ ,ʣʩ ʭʩʸʮ ʤʬʠʹ ʥʬ ʹʩʹ ʣʩʮʬʺʹ ʥʮʫʤʸ ʰʩʴ" ʥʠ ,"ʭʩʩʬʢʸ" ʹʩ ʣʡʲʮʬ .ʩʬʮʹʧ ʺʥʠ ʧʬʥʹ ʬʥʴʩʨ ʪʩʸʶʹ "ʭʩ– 

 ʬʹ ʪʩʬʤʺ ʲʩʰʤʬ ʣʡʲʮʬ ʭʸʥʢ ʭʩʩʬʢʸʤ ʺʧʠ ʬʲ ʩʬʮʹʧʤ ʧʺʮʤ ʩʥʰʩʹ .ʯʥʶʩʧʤ ʭʬʥʲʤ ʬʠ ʥʺʥʠ ʭʩʸʡʧʮʹ ʭʩʷʣ ʺʫʺʮ ʩʨʥʧ

.ʨʴʸʨʰʩʠ 

 

ʤ ʣʡʲʮ ʬʹ ʭʩʰʩʴ ʺʮʸʢʠʩʣ-8086 

 ʸʴʱʮ ʯʩʴ18ʯʮʥʱʮʹ ,"INTR"ʭʩʩʰʥʶʩʧ ʤʸʮʥʧ ʩʡʩʫʸʮ ʭʩʨʴʸʨʰʩʠ ʬʡʷʮ , 
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ʡʭʩʨʴʸʨʰʩʠʤ ʸʷ–PIC 

 ʬʹ ʸʥʩʠʡ ʥʰʩʠʸʹ ʩʴʫʤ ʣʡʲʮ8086־ ʬʡʷʮ ʣʡʲʮʤ ʥʦʤ ʬʢʸʤ ʺʸʦʲʡ .ʭʩʨʴʸʨʰʩʠʬ ʺʣʲʥʩʮʹ ʺʧʠ ʬʢʸ ʣʡʲʮʬ ʹʩ ,

?ʤʸʮʥʧ ʩʰʷʺʤ ʬʹ ʡʸ ʸʴʱʮʬ ʸʥʹʷ ʺʥʩʤʬ ʬʥʫʩ ʣʡʲʮʤ ʺʧʠ ʬʢʸ ʺʸʦʲʡ ʪʩʠ .ʥʩʬʠ ʭʩʸʥʹʷʹ ʭʩʰʷʺʤʤ ʬʫʮ ʭʩʨʴʸʨʰʩʠ 

ʸʮʥʧ ʡʩʫʸ ʪʩʸʶʮ ʭʩʨʴʸʨʰʩʠʡ ʹʥʮʩʹʤ  ʠʥʤ ʤʦ ʡʩʫʸ .ʳʱʥʰ ,ʭʩʨʴʸʨʰʩʠʤ ʸʷʡProgrammable Interrupt 

Controller ʸʥʶʩʷʡ ʥʠ ,PIC. 

 

 ʬʹ ʤʰʥʮʺPIC  ʭʢʣʮ8259A  ʺʰʹʮ1976ʤ ʣʡʲʮ ʭʲ ʤʣʥʡʲʬ ʹʮʩʹʹ ʢʥʱʤʮ ,8086־. 

ʬ ,ʤʰʥʮʺʡ ʺʥʠʸʬ ʸʹʴʠʹ ʩʴʫ־PIC  ʺʥʰʮʥʱʮʹ ʭʩʩʬʢʸʤ .ʭʩʩʬʢʸ ʬʹ ʳʱʥʠ ʹʩIR0  ʣʲIR7 ʬʫʤ ʪʱʡ ,8  ʸʹʠʫ ,ʭʩʩʬʢʸ

ʥʡ ʤʸʮʥʧ ʡʩʫʸʬ ʺʸʹʥʷʮ ʺʥʩʤʬ ʤʬʥʫʩ ʯʤʮ ʺʧʠ ʬʫ ʸʮʥʬʫ .ʣʣPIC  ʭʢʣʮ8259A  ʣʲ ʭʲ ʣʥʡʲʬ ʬʢʥʱʮ8  ʤʸʮʥʧ ʩʡʩʫʸ

 ʤʮʢʥʣʬ .ʬʩʡʷʮʡ–  ʬʢʸIR0  ʬʢʸ ,ʸʮʩʩʨʬ ʺʸʡʥʧʮIR1  ʬʢʸ ,ʺʣʬʷʮʬ ʺʸʡʥʧʮIR6  ʬʢʸʥ ,ʭʩʨʷʱʩʣ ʯʰʥʫʬ ʺʸʡʥʧʮIR2 

ʬ ʭʩʲʩʢʮ ʸʡʫʲʤʮ ʭʩʨʴʸʨʰʩʠʹ ʣʩʢʤʬ ʯʥʫʰ ʺʥʨʹʴʤ ʪʸʥʶʬ ʬʡʠ ,ʸʩʹʩ ʯʴʥʠʡ ʠʬ( ʸʡʫʲʬ ʺʸʡʥʧʮ-IR2.) 

ʬ־PIC  ʺʠʸʷʰʹ ʬʢʸ ʭʢ ʹʩINT ʺʠʸʷʰʹ ʣʡʲʮʤ ʬʹ ʬʢʸʤ ʬʠ ʺʩʬʮʹʧ ʺʸʡʥʧʮ ʥʦ ʬʢʸ .INTR ʯʰʥʡʺʤʬ ʸʹʴʠ ʺʲʫ .

 ʬʢʸ ʬʠ ʺʣʬʷʮʤʮ ʸʡʥʲ ʩʬʮʹʧʤ ʺʥʠʤ .ʺʣʬʷʮʤ ʬʹ ʨʴʸʨʰʩʠ ʤʮʢʥʣ ʸʥʺʡ ʧʷʩʰ .ʨʴʸʨʰʩʠ ʤʹʥʲʹ ʬʥʬʱʮʡIR1  ʬʹ

ʤ־PICʤ ,ʤʡʥʢʺʫ .־PIC  ʬʢʸʮ ʩʬʮʹʧ ʺʥʠ ʠʩʶʥʮINT ʬʢʸʬ ʤʲʩʢʮʹ ,INTR ʲʮ ʬʹʤ ʣʡ-8086. 
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ʤ ʺʠ ʥʰʸʠʩʺ ʥʩʹʫʲ ʣʲ־PIC ʤ ʭʬʥʠ .ʣʡʲʮʬ ʤʸʮʥʧ ʩʡʩʫʸ ʸʴʱʮ ʯʩʡ ʸʹʷʮ ʭʸʥʢʫ־PIC  ʲʡʥʷ ʭʢ ʠʬʠ ,ʸʹʷʮ ʷʸ ʠʬ

 ʬʲ ʹʩʷʤ ʹʮʺʹʮʤ .ʩʰʩʲʸʢ ʸʥʫʥ ,ʺʣʬʷʮ :ʤʸʮʥʧ ʩʰʷʺʤ ʩʰʹʬ ʺʸʹʥʷʮʹ ʺʫʸʲʮ ʥʰʩʩʮʣ .ʤʸʮʥʧʤ ʩʰʷʺʤʡ ʬʥʴʩʨʬ ʺʥʩʥʴʩʣʲ

ʡ ...ʤʩʲʡ ʬʲ ʧʥʥʣʮ ʩʰʩʲʸʢʤ ʸʥʫʤʥ ʺʣʬʷʮʤ ?ʭʣʥʷ ʬʴʨʬ ʪʩʸʶ ʣʡʲʮʤ ʩʮ 

 

ʤ .ʤʫʥʦ ʭʣʥʷʤ ʬʫ ʺʨʩʹʡ ʲʶʡʺʮ ʠʬ ʬʥʴʩʨʤ־PIC  ,ʹʣʧ ʨʴʸʨʰʩʠ ʲʩʢʤ ʭʠ .ʬʥʴʩʨʬ ʭʩʫʧʮʹ ʭʩʨʴʸʨʰʩʠ ʬʹ ʸʥʺ ʷʩʦʧʮ

 ʪʫ ,ʸʺʥʩ ʪʥʮʰ ʸʴʱʮ ʺʬʲʡ ʬʢʸʮ ʲʩʢʤ ʨʴʸʨʰʩʠʤʹ ʬʫʫ .ʥʬʹ ʺʥʴʩʣʲʬ ʭʠʺʤʡ ʸʥʺʬ ʱʰʫʩʩ ʠʬʠ ʸʥʺʤ ʳʥʱʬ ʳʧʣʩʩ ʠʬ ʠʥʤ

.ʤʬʣʢ ʥʬʹ ʺʥʴʩʣʲʤ 

 ʭʲʤ ʨʴʸʨʰʩʠ ʺʬʡʷ־PIC :ʺʥʠʡʤ ʺʥʬʥʲʴʤ ʺʠ ʲʶʡʮ 

- .ʨʴʸʨʰʩʠ ʹʩʹ ʯʮʱʮʹ ʩʬʮʹʧ ʺʥʠ ʣʡʲʮʬ ʧʬʥʹ 

-  ʠʸʷʰʹ ʸʥʦʠ ,ʣʡʲʮʤ ʯʥʸʫʩʦʡ ʣʧʥʩʮ ʸʥʦʠʬ ʨʴʸʨʰʩʠʬ ʸʥʹʷʹ ʲʣʩʮ ʧʬʥʹI/O Port ʸʥʶʩʷʡ ʥʠ– .ʨʸʥʴ 

- .ʣʡʲʮʬ ʭʩʨʴʸʨʰʩʠ ʧʥʬʹʬ ʷʩʱʴʮ 

-  ʩʬʮʹʧ ʺʥʠʬ ʤʫʧʮend of interrupt  ʩʡʩʫʸʮ ʥʩʬʠ ʭʩʲʩʢʮʹ ʭʩʹʣʧ ʭʩʨʴʸʨʰʩʠ ʸʥʺʡ ʸʮʥʹ ʭʩʩʺʰʩʡʥ ,ʣʡʲʮʤʮ

.ʤʸʮʥʧ 

- .ʣʡʲʮʬ ʭʩʨʴʸʨʰʩʠ ʧʥʬʹʬ ʸʦʥʧ 

ʭʩʨʴʸʨʰʩʠ ʯʣʡʥʠ 

 ʬʹ ʤʬʥʲʴ ʲʶʡʮ ʠʥʤ ʺʥʷʩʱʴʡ ʬʴʨʮ ʣʡʲʮʤʹʫ ,ʸʥʫʦʫdisable interrupts ʬʲ־ ʠʩʤ ʥʦ ʤʬʥʲʴ .ʺʥʷʩʱʴʤ ʬʢʣ ʱʥʴʩʠ ʩʣʩ

 .ʤʸʮʥʧ ʩʰʷʺʤ ʸʥʡʲ ʺʣʧʥʩʮ ʺʥʲʮʹʮ ʺʬʲʡ ʺʰʫʺʮʤʹ ʯʥʥʩʫ( ʹʠʸʮ ʩʥʴʶ ʯʴʥʠʡ ʤʬʩʲʴʮ ʺʩʰʫʥʺʤʹ ,ʤʰʫʥʺ ʺʥʷʩʱʴʬ ʣʥʢʩʰʡ

 ʲʩʢʮ ʨʴʸʨʰʩʠʡ ʬʴʨʮ ʣʡʲʮʤʹ ʯʮʦʡ ʭʠ ʤʸʥʷ ʤʮ .ʹʠʸʮ ʭʩʩʥʴʶ ʠʬ ʭʩʰʮʦʡ ʺʥʲʩʢʮ ʤʸʮʥʧ ʺʥʷʩʱʴ ,)ʣʥʷʡ ʯʺʥʠ ʲʡʷ

ʤʮʢʥʣʬ ?ʳʱʥʰ ʨʴʸʨʰʩʠ–  ʺʣʬʷʮʤʮ ʣʧʠ ʨʴʸʨʰʩʠ ʥʰʸʶʩʥ ʯʨʷ ʯʮʦ ʹʸʴʤʡ ʸʡʫʲʤʥ ʺʣʬʷʮʤ ʬʲ ʥʰʶʧʬ ʣʧʠ ʨʴʸʨʰʩʠʥ

 ʭʠʤ .ʭʩʴʱʥʰ ʭʩʨʴʸʨʰʩʠ ʭʱʥʧʥ ʺʣʬʷʮʤ ʬʹ ʨʴʸʨʰʩʠʡ ʬʴʨʮ ʸʡʫ ʣʡʲʮʤ ʥʡʹ ʯʮʦʡ ʹʧʸʺʮ ʸʡʫʲʤʮ ʨʴʸʨʰʩʠʤ .ʸʡʫʲʤʮ

 ?"ʣʥʡʩʠʬ ʪʬʩʩ" ʸʡʫʲʤ ʬʹ ʨʴʸʨʰʩʠʤ 

ʤ ,ʭʣʥʷ ʥʰʩʩʶʹ ʩʴʫ ,ʯʫʡʥ־PIC ʭʲ ,ʥʰʬʹ ʤʮʢʥʣʡ .ʸʥʺʡ ʥʬʶʠ ʭʺʥʠ ʸʮʥʹʥ ʤʸʮʥʧʤ ʩʡʩʫʸ ʬʫ ʬʹ ʭʩʨʴʸʨʰʩʠʤ ʺʠ ʦʫʸʮ

ʭʥʩʱ ʤ ,ʺʣʬʷʮʤ ʬʹ ʨʴʸʨʰʩʠʤ־PICʤ ʬʹ ʸʥʺʤ .ʸʡʫʲʤ ʬʹ ʨʴʸʨʰʩʠʤ ʺʠ ʣʡʲʮʬ ʸʩʡʲʩ־PIC  ʸʴʱʮ ʥʡʹ ʡʶʮʡ ʸʦʥʲ
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ʤ ʬʹ ʸʥʺʤ ,ʺʥʷʩʱʴʤ ʡʶʷʡ ʣʥʮʲʬ ʧʩʬʶʮ ʠʬ ʣʡʲʮʤ ʭʠ ,ʺʠʦ ʺʮʥʲʬ .ʸʶʷ ʭʩʰʮʦ ʹʸʴʤʡ ʥʲʩʢʤ ʭʩʨʴʸʨʰʩʠ־PIC  ʪʬʩ

ʬ ʤʩʤʩ ʠʬ ʤʡ ʺʮʩʩʥʱʮ ʤʣʥʷʰʬ ʣʲ ʪʸʠʺʩʥ־PIC .ʣʥʡʩʠʬ ʥʫʬʩ ʭʤʥ ʭʩʹʣʧ ʭʩʨʴʸʨʰʩʠ ʸʥʮʹʬ ʭʥʷʮ 

ʺʩʨʸʥʠʩʺ ʤʮʢʥʣ–  ʬʫ ʤʲʹ ʯʥʫʣʲ ʧʬʥʹ ,ʸʮʩʩʨʤ ,ʺʫʸʲʮʤ ʯʥʲʹ55 ʮ ʸʺʥʩ ʥʬ ʧʷʥʬʹ ,ʩʨʩʠ ʣʡʲʮ ʯʩʩʮʣʰ .ʺʥʩʰʹʩʬʩʮ55־ 

 ʣʡʲʮʤ ʬʹ ʤʰʩʷʺʤ ʥʺʬʥʲʴʥ ʣʥʡʩʠʬ ʥʫʬʩ ʸʮʩʩʨʤʮ ʭʩʨʴʸʨʰʩʠ ʤʮ ʯʮʦ ʸʧʠʬ .ʸʮʩʩʨʤ ʨʴʸʨʰʩʠ ʺʠ ʲʶʡʬ ʺʥʩʰʹʩʬʩʮ

ʹʡʺʹʺ. 

ʨʬʴ/ʨʬʷ ʯʥʸʫʩʦ–I/O Ports 

ʭʩʱʴʤʺʠʥʰʸʷʱʡʹʧʮʤʤʰʡʮʺʥʣʥʠʷʸʴʡ (buses )ʣʡʲʮʬʹʩʹʭʩʰʥʹʤ ,

ʨʬʷʤʩʡʩʫʸʭʲʥʯʥʸʫʩʦʤʭʲʺʸʥʹʷʺʬʥʺʥʠʭʩʹʮʹʮʹʥ/ʨʬʴ .ʸʺʩʤʯʩʡ ,ʭʩʰʲʮʤʱʴʺʠʥʰʸʷʱ–address bus–

ʺʡʥʺʫʬʯʥʸʫʩʦʡʺʩʡʬʫʭʢʸʺʮʹ. 

ʤʹʲʮʬ ,ʭʩʰʲʮʩʱʴʩʰʹʹʩʣʡʲʮʬ .ʯʥʸʫʩʦʬʤʹʩʢʬʹʮʹʮʹʭʩʰʲʮʤʱʴʬʲʳʱʥʰ ,

ʺʧʴʹʮʤ80־x86ʬʣʥʢʡʣʸʴʰʥʣʧʥʩʮʭʩʰʲʮʱʴʺʬʬʥʫ16ʨʩʡ ,ʤʸʮʥʧʩʡʩʫʸʭʲʺʸʥʹʷʺʬʹʮʹʮʹ .

ʨʬʷʯʥʸʫʩʦʭʢʭʩʰʫʮʤʸʮʥʧʩʡʩʫʸʭʲʺʸʥʹʷʺʬʹʮʹʮʹʯʥʸʫʩʦʤʺʠ/ʨʬʴ ,ʥʠI/O (ʬʹʸʥʶʩʷInput/Output). 

ʯʥʸʫʩʦʭʲʺʸʥʹʷʺʤI/Oʠʮʤʮʥʣʤʸʥʶʡʺʣʡʥʲʥʬʩʢʸʤʯʥʸʫʩʦʤʭʲʺʸʥʹʷʺʬʣ ,ʭʩʬʣʡʤʸʴʱʮʨʲʮʬ: 

- ʯʥʸʫʩʦʬʹʺʡʥʺʫI/Oʺʠʸʷʰʨʸʥʴ (Port). 

- ʯʥʸʫʩʦʬʹʺʡʥʺʫI/Oʬʲʺʢʶʥʩʮ-ʩʣʩ16ʣʡʬʡʨʩʡ (ʬʫʤʪʱʡʹʩʸʮʥʬʫ64Kʭʩʨʸʥʴ.) 

- ʺʣʥʷʴʭʥʷʮʡmov ,ʺʥʣʥʷʴʡʭʩʹʮʺʹʮinʥ־out. 

- ʺʥʣʥʷʴʹʢʠʥʣʤʸʷʡʤʱʴinʥ־outʤʬʹʭʩʰʲʮʤʱʴʬʲʺʥʡʥʺʫʥʸʩʡʲʩ־I/O (ʺʥʣʥʷʴʺʮʥʲʬmov ,

ʯʥʸʫʩʦʤʬʹʭʩʰʲʮʤʱʴʬʺʥʱʧʩʩʺʮʹ.) 

 ʺʥʣʥʷʴin, out:  ʺʣʥʷʴin  ,ʨʸʥʴʮ ʤʠʩʸʷʬ ʺʹʮʹʮ ʺʣʥʷʴʥout  ʺʣʥʷʴ .ʨʸʥʴʬ ʤʡʩʺʫʬ ʺʹʮʹʮin  ʯʥʸʫʩʦ ʤʷʩʺʲʮ

 ʬʠ ʭʩʩʥʱʮ ʨʸʥʴʮ ʺʩʡ ʥʠ ʤʬʩʮ ʬʣʥʢʡax  ʥʠal ʺʣʥʷʴ .out ʮ ʺʩʡ ʥʠ ʤʬʩʮ ʬʣʥʢʡ ʯʥʸʫʩʦ ʤʷʩʺʲʮ־ax  ʥʠal  .ʨʸʥʴ ʬʠ 

-  ʺʥʣʥʷʴʡ ʨʸʥʴʤ ʸʴʱʮ ʬʹ ʤʡʩʺʫ ʺʥʨʩʹ ʩʺʹ ʹʩin, out: 

o  ʯʩʡ ʠʥʤʹ ʩʠʰʺʡ ,ʨʸʥʴʤ ʸʴʱʮ ʺʠ ʭʩʮʹʥʸ :ʺʥʸʩʹʩ0ʥ255־  .ʣʡʬʡ 

o  ʬʲʮʹ ʭʥʧʺʡ ʨʸʥʴ ʭʲ ʸʹʷʺʬ ʭʩʶʥʸ ʥʰʧʰʠ ʭʠ :ʯʩʴʩʷʲʡ255 ʸʨʱʩʢʸʡ ʭʩʹʮʺʹʮ ʨʸʥʴ ʭʥʷʮʡ ,dx. 

:ʺʥʩʷʥʧ ʺʥʠʡʤ ʤʡʩʺʫʤ ʺʥʸʥʶ 

in ax/al, port 

in ax/al, dx 

out port, ax/al 
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out dx, ax/al 

 ʺʥʣʥʷʴʡ ʹʥʮʩʹʬ ʤʮʢʥʣin / out ʮ ʯʨʷ ʥʸʴʱʮʹ ʨʸʥʴ ʬʥʮ ʤʣʥʡʲʬ255־: 

in al, 61h   ; read the status of the port 

or al, 00000011b  ; change some bits 

out 61h, al   ; copy the value in al back to the port 

ʪʩʬʤʺʡ ʠʩʤ ʺʥʡʩʹʧʤ .)ʭʥʩʱ ʩʨʷʩʩʥʸʴʡ ʷʥʱʲʰʹʫ ,ʪʹʮʤʡ ʤʩʬʠ ʲʩʢʰ( ,ʲʢʸʫ ʤʡʥʹʧ ʤʰʰʩʠ ʥʰʩʰʩʹʹ ʭʩʨʩʡʤ ʺʥʲʮʹʮ– 

 ʺʣʥʷʴ ʺʥʲʶʮʠʡ ʭʩʠʸʥʷ ʥʰʧʰʠin  ʬʠ ʱʥʨʨʱʤ ʺʠ ʤʸʦʧ ʭʩʡʺʥʫʥ ʭʩʨʩʡ ʤʮʫ ʥʡ ʭʩʰʹʮ ,ʥʤʹʬʫ ʨʸʥʴ ʬʹ ʱʥʨʨʱʤ ʺʠ

 ʨʸʥʴʤʬʲ־ʩʣʩ  ʺʣʥʷʴout. 

ʮ ʬʥʣʢ ʥʸʴʱʮʹ ʨʸʥʴ ʬʥʮ ʤʣʥʡʲʬ ʤʮʢʥʣ255־: 

mov dx, 300h 

in al, dx 

ʮ ʬʥʣʢ ʨʸʥʴʤ ʸʴʱʮʹ ʯʥʥʩʫ255־ʡ ʹʥʮʩʹ ʹʸʣʰ ʠʬʠ ʺʥʸʩʹʩ ʥʩʬʠ ʺʥʰʴʬ ʯʺʩʰ ʠʬ ,-dx .ʨʸʥʴʤ ʸʴʱʮ ʺʸʩʮʹʬ 

ʤʮʢʥʣ– ʺʩʰʫʺ ʹʥʴʩʧ( ʭʩʰʷʺʤʤ ʬʤʰʮʬ ʱʰʫʩʰ:ʺʣʬʷʮʤ ʭʲ ʺʸʥʹʷʺʤ ʨʸʥʴ ʺʠʩʶʮ->Device manager.) 

 

ʩʰʮʩ ʸʡʫʲ ʬʲ ʹʩʷʰʥ ʺʣʬʷʮʤ ʺʠ ʯʮʱʰ ,ʭʩʰʷʺʤʤ ʬʤʰʮ ʪʥʺʡ– ( "ʭʩʰʩʩʴʠʮ" ʸʧʡʰProperties ʸʧʡʰ ,ʭʩʰʩʩʴʠʮ ʪʥʺʡ .)

 ʨʸʥʴ ʪʸʣ ʺʣʬʷʮʤ ʭʲ ʸʹʷʺʮ ʣʡʲʮʤʹ ʺʥʠʸʬ ʯʺʩʰ ."ʭʩʡʠʹʮ"60  ʨʸʥʴʥ64. 
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ʺʣʬʷʮʤ 

ʤʮʣʷʤ 

 ʯʥʸʫʩʦʡ ʹʥʮʩʹʬ ʯʩʮʦ ʥʺʤ ʺʬʡʷ ʣʲʥ ʺʣʬʷʮʡ ʹʷʮ ʬʲ ʤʹʷʤʤ ʲʢʸʮ ʺʲʶʡʺʮʹ ʺʥʬʥʲʴʤ ʺʸʹʸʹ ʺʠ ʨʸʴʰ ʤʦ ʷʬʧʡ

:ʤʦʫ ʠʥʤ ʪʩʬʤʺʤ ,ʭʩʸʡʣʡ ʸʣʱ ʺʥʹʲʬ ʩʣʫ ,ʭʩʰʥʹʤ ʭʩʡʬʹʤ ʬʠ ʬʥʬʶʰʹ ʩʰʴʬ .ʣʡʲʮʤ 

1. ʲʣʩʮ ʺʸʶʥʩ ʺʣʬʷʮʤ–  ʭʩʹʷʮ ʬʲ ʺʥʹʷʤʸʥʸʧʹʥ  ʠʸʷʰ ʤʦ ʲʣʩʮ .ʭʩʹʷʮ ʬʹScan Codes. 

2. ʤ ʯʥʸʫʩʦʬ ʺʸʹʥʷʮ ʺʣʬʷʮʤ-I/O  ʨʸʥʴ ,ʯʥʸʫʩʦʡ ʲʥʡʷ ʨʸʥʴ ʬʠ ʷʺʲʥʮ ʤʰʮʮ ʲʩʢʮʹ ʲʣʩʮʤʥ ʣʡʲʮʤ ʬʹ60h. 

3. ʤ ʺʠ ʺʴʱʥʠ ,ʨʴʸʨʰʩʠ ,ʤʸʮʥʧ ʺʷʩʱʴ־scan codes  ʨʸʥʴʮ60h  ʸʣʢʥʮʹ ʣʧʥʩʮ ʸʴʠʡ ʬʠ ʭʺʥʠ ʤʷʩʺʲʮʥ

 ʠʥʤ ʨʴʸʨʰʩʠʤ ʬʹ ʥʸʴʱʮ .ʺʣʬʷʮʤʮ ʲʣʩʮʤ ʺʸʩʮʹʬ9h ʬʹ ʸʴʠʡʤ ʬʹ ʭʹʤʥ  ʠʥʤ ʺʣʬʷʮʤType Ahead 

Buffer. 

 

 

 ʺʣʬʷʮʤ ʩʡʢʬ ʺʩʴʩʶʴʱ .ʤʸʮʥʧ ʬʥʮ ʣʥʡʲʬ ʺʧʠ ʪʸʣʮ ʸʺʥʩ ʹʩ ʩʬʡʮʱʠʡ ʺʰʫʺʮʹ ʩʮʬ ,ʺʥʷʩʱʴʤ ʠʹʥʰʬ ʠʥʡʮʡ ʥʰʸʮʠʹ ʥʮʫ

:ʤʬʥʮ ʣʥʡʲʬ ʭʩʫʸʣ ʹʥʬʹ ʹʩ 

1. .ʥʹʷʥʤʹ ʭʩʹʷʮʤ ʬʲ ʲʣʩʮʤ ʺʠ ʬʡʷʬ ʬʩʡʹʡ ʺʣʬʷʮʤ ʬʹ ʨʸʥʴʤ ʬʥʮ ʺʥʸʩʹʩ ʣʥʡʲʬ 

2. ʬʹ ʤʷʩʱʴʡ ʹʮʺʹʤʬBIOSʺʸʥʫʦʺ(–BIOS ʤʸʶʷʡ ʤʸʷʱʰʹ ,ʬʨʰʩʠ ʬʹ ʤʰʫʥʺ ʺʬʩʡʧ ʠʩʤʺʩʹʠʸʡ ʷʸʴʤ 

ʭʣʥʷʤʬ .)ʤʸʮʥʧ ʩʡʩʫʸ ʬʠ ʸʥʹʩʷ ʠʥʤ ʤʩʣʩʷʴʺʮ ʣʧʠ .־BIOS  ʸʴʱʮ ʤʷʩʱʴ ʹʩ16h  ʺʥʬʥʲʴ ʲʶʡʬ ʥʰʬ ʺʰʺʥʰʹ

ʺʣʬʷʮʤ ʬʥʮ ʺʥʰʥʹ– ʥʺ ʺʨʩʬʷ ʥʮʫ– .ʺʩʱʧʩ ʺʥʨʹʴʡ 

3.  ʬʹ ʤʷʩʱʴʡ ʹʮʺʹʤʬDOS ʤʷʩʱʴ ,21h ʷʬʧ ʥʰʸʫʤ ʸʡʫʹ , ʬʥʮ ʤʣʥʡʲʤ ʠʹʥʰʡ ʺʰʺʥʰ ʠʩʤʹ ʭʩʺʥʸʩʹʤʮ

.ʺʣʬʷʮʤ 

ʮʤʲʩʸʩʤ ʸʶʥʷ, ʸʴʱʡ ʤʰʡʤʤ ʺʠ ʷʩʮʲʤʬ ʵʬʮʥʮ .ʺʣʬʷʮʤ ʠʹʥʰʬ ʣʡʬʡ ʩʺʩʶʮʺ ʸʡʱʤ ʯʺʩʰArt of Assembly ʷʸʴ ,20 

.)ʺʣʬʷʮʤ( 
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 ʺʸʩʶʩScan Codes ʣʡʲʮʬ ʭʺʧʩʬʹʥ 

ʬ ʧʬʥʹʹ ,ʡʩʫʸ ʹʩ ʺʣʬʷʮʤ ʪʥʺʡ־PIC  ʡʥʹʧ ʺʣʬʷʮʡ ʹʷʮʤ ʸʥʸʧʹ ʬʲ ʲʣʩʮʤ .ʹʷʮ ʬʹ ʸʥʸʧʹ ʥʠ ʤʶʩʧʬ ʬʫ ʭʲ ʣʥʷ

ʠʮʥʤʰʩʷʺ ʤʬʥʲʴ ʺʡʥʨʬ ʣ– ʤʮʢʥʣʬ,  ʭʩʹʷʮʤ ʬʲ ʣʸʴʰʡ ʤʶʩʧʬ ʯʩʡ ʬʣʡʤ ʹʩ .ʣʧʩ ʭʩʹʷʮ ʬʹ ʳʥʸʩʶ ʭʩʲʶʡʮ ʥʰʧʰʠʹʫalt, 

control, delete ʬʹ ʺʥʬʥʲʴ ʣʸʴʰ ʯʴʥʠʡ ʯʮʱʬ ʤʫʩʸʶ ʺʣʬʷʮʤ ʯʫʬ .ʣʧʩ ʭʺʹʥʬʹ ʬʲ ʤʶʩʧʬ ʯʩʡʬ  ʬʹ ʺʥʬʥʲʴʥ ʤʶʩʧʬ

.ʹʷʮ ʬʫ ʬʹ ʸʥʸʧʹ 

ʬʲ ʲʶʥʡʮ ʤʦʤ ʯʥʮʩʱʤ־ ʺʠʸʷʰʹ ,ʭʩʣʥʷ ʺʬʡʨ ʩʣʩscan codesʭʩʣʥʷ ʩʰʹ ʺʣʬʷʮʡ ʹʷʮ ʬʫʬ ʹʩ ʤʬʡʨʡ .–  ʤʶʩʧʬʬ ʣʥʷ

down  ʸʥʸʧʹʬ ʣʥʷʥup ʯʩʡ ʬʣʡʤʤ ,ʤʠʡʤ ʤʬʡʨʡ ʺʥʠʸʬ ʸʹʴʠʹ ʥʮʫ .scan code  ʠʥʤ ʸʥʸʧʹʬ ʤʶʩʧʬ ʬʹ80h ,

 ʸʴʱʮ ʨʩʡ ʸʮʥʬʫ7 ʤ ʬʹ־scan code  ʬʡʷʮ0 ʥ ʤʶʩʧʬʡ1־  ʸʥʸʧʹʥ ʤʶʩʧʬ ʯʩʡ ʭʩʲʥʡʷ ʭʩʸʠʹʰ ʭʩʨʩʡʤ ʸʺʩ ,ʸʥʸʧʹʡ

.)ʭʩʰʥʹ ʭʩʥʥʺ ʯʩʡ ʯʡʥʮʫ ʭʩʰʺʹʮ ʪʠ( ʥʺ ʥʺʥʠ ʬʹ 

 

ʥ ʭʩʥʥʺ ʺʬʡʨ־scan codes 

 

 ʹʷʮʤ ʬʲ ʤʶʩʧʬ ,ʤʮʢʥʣʬESC  ʣʥʷ ʺʧʩʬʹʬ ʭʥʸʢʺ1hʤ ʹʷʮ ʬʹ ʸʥʸʧʹ ,־ESC  ʣʥʷ ʺʧʩʬʹʬ ʭʥʸʢʩ81hʩʬʬʫ ʯʴʥʠʡ ., 

 ʺʧʩʬʹʬ ʺʮʸʥʢ ʹʷʮ ʬʹ ʸʥʸʧʹ ʥʠ ʤʶʩʧʬ ʬʹ ʤʬʥʲʴ ʬʫscan code  ʭʲ ʹʧʸʺʮʹ ʪʩʬʤʺʤ ʯʬʤʬ .ʨʴʸʨʰʩʠ ʭʲ ʣʧʩ

:ʺʣʬʷʮʤ ʬʲ ʤʶʩʧʬʤ 

1.  ʨʸʥʴʬ ʸʩʡʲʮ ʺʣʬʷʮʡ ʠʶʮʰʹ ʤʸʮʥʧ ʡʩʫʸ60h ʤ ʺʠ־scan code .ʹʷʮʤ ʬʹ ʸʥʸʧʹ / ʤʶʩʧʬʤ ʬʹ 

2. ʤ־PIC  ʪʸʣ ʬʡʷʮIR1 .ʺʣʬʷʮʤʮ ʨʴʸʨʰʩʠ 

3. ʤ־PIC ʨʴʸʨʰʩʠ ʣʡʲʮʬ ʧʬʥʹ ʠʥʤ ʬʲʴʥʮʹ ʨʴʸʨʰʩʠʤ .ʺʣʬʷʮʤ ʬʹ ʭʩʨʸʥʴʡ ʲʣʩʮ ʹʩʹ ʣʡʲʮʬ ʸʮʥʠʹ ,int 

9h. 

4.  ʵʩʸʮ ʣʡʲʮʤ ,ʨʴʸʨʰʩʠʬ ʤʡʥʢʺʫISR  ʨʴʸʨʰʩʠʡ ʬʴʨʮʹ9. 
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5. ʤ־ISR ʤ ʺʷʺʲʤʡ ʬʴʨʮ־scan code ʤ(ʯʥʸʫʩʦʡ ʸʣʢʥʮ ʭʥʷʮ ʬʠ־Type Ahead Buffer .)ʧʩʺʴʡ ʥʰʸʫʦʤʹ 

6. ʤ ʺʶʩʸ ʭʥʩʱʡ־ISRʬ ʧʬʥʹ ʣʡʲʮʤ ,־PIC  ʯʮʩʱend of interrupt .ʭʥʩʱʬ ʲʩʢʮ ʪʩʬʤʺʤʥ 

 ʺʣʬʷʮʤ ʸʴʠʡType Ahead Buffer 

ʤ־ISR ʬʲ ʬʲʴʥʮʹ־ ʨʴʸʨʰʩʠʤ ʩʣʩ9h ʤ ʺʠ ʧʷʥʬ ʺʣʬʷʮʡ ʬʥʴʩʨʬ־scan code ʭʢʸʺʮʥ ,ʣʧʠ ʺʩʡ ʠʥʤ ʥʬʹ ʬʣʥʢʤʹ ,

 ʣʥʷʬ ʥʺʥʠASCIIʬ ʭʥʢʸʺʤ .־ASCII  ʹʷʮʤ ʬʲ ʵʧʬ ʹʮʺʹʮʤʹ ʧʩʰʰ .ʯʮʦ ʥʺʥʠʡ ʭʩʶʥʧʬ ʥʩʤ ʭʩʹʷʮ ʣʥʲ ʥʬʩʠʡ ʩʥʬʺ'a' 

 ʹʷʮʤ ʭʲ ʣʧʩshift ʺʥʩʤʬ ʪʩʸʶ ʭʥʢʸʺʤ ,'A' ʣʥʷ ʥʬ ʹʩʹ ,ASCII  ʸʹʠʮ ʤʰʥʹ'a' ʣʥʷ ʺʠ ʥʰʬʡʩʷ ,ʭʥʢʸʺʤ ʺʬʥʲʴ ʸʧʠʬ .

ʤ־ASCII  ʭʢ ʥʰʬ ʹʩ ʥʩʹʫʲ .ʺʩʡ ʬʣʥʢʡscan code  ʭʢʥASCII codeʬʫʤ ʪʱʡ ʭʩʱʴʥʺʹ , ʤ .ʭʩʺʡ ʩʰʹ־ISR  ʺʠ ʧʷʥʬ

 ,ʺʣʬʷʮʤ ʸʴʠʡ ʭʹʡ ʯʥʸʫʩʦʡ ʲʥʡʷ ʸʥʦʠ ʬʠ ʭʺʥʠ ʷʩʺʲʮʥ ʥʬʠʤ ʭʩʺʡʤ ʩʰʹType Ahead Buffer ʤʸʥʶʡ ʸʣʢʥʮ ʸʴʠʡʤ.

:ʤʠʡʤ 

-  ʭʥʷʩʮ0040:001A– ʸʴʠʡʤ ʹʠʸ ʬʲ ʲʩʡʶʮ 

-  ʭʥʷʩʮ0040:001C– ʸʴʠʡʤ ʡʰʦ ʬʲ ʲʩʡʶʮ 

-  ʭʥʷʩʮ0040:001E–16 ( ʭʩʬʩʮwords) 

ʥʢʮ ʺʥʠʸʬ ʸʹʴʠʹ ʥʮʫ ʣʲ ʷʩʦʧʤʬ ʬʥʫʩ ʠʥʤ ,ʸʴʠʡʤ ʬʣ16  ʤʣʬʷʤ ʬʫʹ ʭʥʹʮ( ʺʣʬʷʮʤ ʬʹ ʺʥʣʬʷʤ ʩʰʹʬ ʺʮʢʸʥʺʮ

ʭʩʺʡ–scan code, ASCII code ʩʸʧʠ ʤʸʥʷ ʤʮ .)16 ʸʴʠʡ ʠʥʤ ʸʴʠʡʤ ?ʺʥʣʬʷʤ ʩʬʢʲʮ–  ʲʩʡʶʮʥ ʹʠʸʬ ʲʩʡʶʮ ʹʩ

ʡ ʸʴʠʡʤ ʡʰʦ ʬʹ ʪʸʲʤ ʺʠ ʬʩʣʢʮ ʠʥʤ ,ʺʣʬʷʮ ʨʴʸʨʰʩʠ ʵʸʹ ʭʲʴ ʬʫʡ .ʥʬʹ ʡʰʦʬ-2 ʪʸʲʤ ʭʠ . ,ʸʴʠʡʤ ʬʹ ʭʥʧʺʤʮ ʠʶʥʩ

.ʩʬʢʲʮ ʸʴʠʡ ʣʡʥʲ ʤʫʫ .ʸʴʠʡʤ ʺʬʩʧʺʬ ʸʦʧʥʮ ʠʥʤ 

 ʺʷʩʱʴ ʩʤʥʦ .ʸʴʠʡʤʮ ʭʩʰʥʺʰ ʠʩʶʥʤʬ ʢʠʥʣʹ ʯʥʰʢʰʮ ʹʩ ,ʸʴʠʡʬ ʭʩʰʥʺʰ ʱʩʰʫʤʬ ʢʠʥʣʹ ʯʥʰʢʰʮ ʹʩʹ ʥʮʫBIOS ʤʷʩʺʲʮʹ ,

ʡ ʸʴʠʡʤ ʹʠʸ ʲʩʡʶʮ ʬʹ ʥʫʸʲ ʺʠ ʤʬʲʮʥ ,ʥʩʬʲ ʲʩʡʶʮ ʸʴʠʡʤ ʹʠʸʹ ʭʥʷʩʮʡ ʸʴʠʡʤʮ ʲʣʩʮʤ ʺʠ2־ . 

 ʥʬʣʥʢʹ ʩʬʢʲʮ ʬʥʬʱʮʡ ʸʴʠʡʤ ʬʹ ʡʰʦʤ ʩʸʧʠ "ʳʣʥʸ" ʸʴʠʡʤ ʬʹ ʹʠʸʤ ʪʫ16  ʺʠ ʭʣʷʬ ʺʢʠʥʣʹ ʺʣʬʷʮ ʺʷʩʱʴ ʹʩ .ʭʩʬʩʮ

 ʺʷʩʱʴ ʹʩʥ ʡʰʦʤ ʬʹ ʪʸʲʤBIOS  ʺʥʲʮʹʮʤ ?ʡʰʦʤ ʺʠ "ʢʩʹʮ" ʹʠʸʤ ʭʠ ʤʸʥʷ ʤʮ .ʹʠʸʤ ʬʹ ʪʸʲʤ ʺʠ ʭʣʷʬ ʺʢʠʥʣʹ

ʧ ʪʸʲ ʥʫʥʺʬ ʷʩʺʲʰ ʭʠ ʸʮʥʬʫ ,ʠʬʮ ʸʴʠʡʤʹ ʠʩʤ ʤʦʤ ʤʸʷʮʤ ʬʹ .ʤʬʴʥʨ ʠʬ ʯʩʩʣʲʹ ʺʣʬʷʮʤ ʬʲ ʤʣʬʷʤ ʱʥʸʣʰ ʥʰʧʰʠ ʹʣ

 ʲʩʮʹʩ ʡʹʧʮʤ ʥʤʹʩʺʮ ,ʭʩʮʲʴ ʤʡʸʤ ʺʣʬʷʮʤ ʬʲ ʵʥʧʬʬ ʭʩʱʰʮ ʭʺʠʥ ,ʤʲʥʷʺ ʭʫʬʹ ʺʩʰʫʥʺʤ ʭʠʹ ʪʫʬ ʡʬ ʭʲʴ ʭʺʮʹ

 ʭʺʹʷʤ ,ʺʣʬʷʮʤ ʸʴʠʡ ʺʠ ʭʺʠʬʩʮʹ ʬʬʢʡ ʤʦ ?ʺʣʬʷʮʤ ʬʹ ʤʣʬʷʤ ʬʫ ʭʲ ʯʡʶʲʮ ʬʩʬʶ ʭʫʬ15  ʬʲ ʷʥʩʣʡ ʭʩʮʲʴ

ʤ ʤʣʬʷʤʡ( ʺʣʬʷʮʤʤ ʬʹ ʤʷʩʱʴʤ ,ʲʥʷʺ ʡʹʧʮʤʹ ʬʬʢʡʥ )ʡʰʦʤ ʺʠ ʳʥʷʲʩ ʹʠʸʤ ʤʠʡ־BIOS .ʸʴʠʡʤ ʺʠ ʺʰʷʥʸʮ ʠʬ 

 ʸʴʠʡʤʹ ʪʫʬ ʢʥʠʣʬ ʪʩʸʶʥ ʺʩʧʸʫʤ ʤʬʥʲʴ ʠʥʤ ʸʴʠʡʤ ʩʥʷʩʰʹ ʤʰʷʱʮʬ ʲʩʢʤʬ ʩʣʫ ʠʩʤ ,ʥʦʤ ʤʸʩʷʱʤ ʬʫ ʺʠ ʥʰʺʰʹ ʤʡʩʱʤ

ʠʬʮ ʤʩʤʩ ʠʬ– ʮ ʤʦ .ʺʣʬʷʮʤʮ ʭʩʹʣʧ ʭʩʥʥʺ ʨʥʬʷʬ ʺʬʥʫʩʤ ʺʠ ʭʩʣʡʠʮ ʥʰʧʰʠ ʺʸʧʠ ʲʣʩʮʡ ʹʮʺʹʰ ʣʩʮʥ ,ʸʥʫʦʬ ʪʩʸʶʹ ʤ

 .ʤʦʤ 
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ʺʤ ʺʠ ʥʰʸʷʱʹ ʩʸʧʠ ,ʥʩʹʫʲʩ ʣʥʷʬ ʪʥʴʤʬ ʺʣʬʷʮ ʺʥʹʷʤʬ ʺʥʮʸʥʢʹ ʺʥʬʥʲʴʤ ʺʸʹʸʹ ʬʹ ʤʩʸʥʠASCII  ,ʹʥʮʩʹʬ ʯʩʮʦ

:ʺʥʩʸʷʩʲ ʺʥʬʥʲʴ ʩʺʹ ʭʩʲʶʡʮ ʪʩʠ ʤʠʸʰ 

- ʺʣʬʷʮʤʮ ʥʺ ʬʹ ʤʠʩʸʷ 

- ʺʣʬʷʮʤ ʬʹ ʸʴʠʡʤ ʩʥʷʩʰ 

ʺʥʰʥʹ ʺʥʨʩʹ ʹʥʬʹʡ ʥʬʠʤ ʺʥʬʥʲʴʤ ʺʠ ʤʠʸʰ– ʩ ʺʷʩʱʴ ʺʸʦʲʡ ,ʺʣʬʷʮʤ ʬʹ ʭʩʨʸʥʴʤ ʪʸʣ ʺʥʸʩʹBIOS  ʺʷʩʱʴ ʺʸʦʲʡʥ

DOS. 

ʺʣʬʷʮʤ ʬʹ ʭʩʨʸʥʴʡ ʹʥʮʩʹ 

 ,ʤʸʮʥʧ ʩʡʩʫʸ ʩʰʹ ʬʥʮ ʣʡʥʲ ʣʡʲʮʤ ,ʤʸʶʷʡmicrocontrollers ʬʹ ʭʠʤ ʧʥʬ ʬʲ ʠʶʮʰ ʩʰʹ ,ʺʣʬʷʮʤ ʪʥʺʡ ʠʶʮʰ ʣʧʠ .

:ʺʣʬʷʮʤ ʭʲ ʤʣʥʡʲʡ ʭʩʡʸʥʲʮʹ ʭʩʨʸʥʴ ʤʹʥʬʹ ʭʰʹʩ .ʣʡʲʮʤ 

1.  ʨʸʥʴ60h ʤ ʯʩʡʬ ʣʡʲʮʤ ʯʩʡ ʺʸʥʹʷʺʬ ʹʮʹʮ־microcontroller  ʭʩʢʥʱʮ ʭʩʰʥʺʰ ʭʤʩʰʩʡ ʭʩʸʡʥʲ .ʺʣʬʷʮʤ ʬʹ

ʤ ʠʥʤ ʥʰʬ ʡʥʹʧʹ ʯʥʺʰʤ ,ʭʩʰʥʹ-scan codes .ʺʣʬʷʮʤʮ ʭʩʲʩʢʮʹ 

2.  ʨʸʥʴ64h ʤ ʯʩʡʬ ʣʡʲʮʤ ʯʩʡ ʺʸʥʹʷʺʬ ʹʮʹʮ־microcontroller  ʺʥʲʣʥʤ ʭʤʩʰʩʡ ʭʩʸʩʡʲʮ ʭʤ .ʭʠʤ ʧʥʬ ʬʹ

ʺʲʣʬ ʸʹʴʠ ʯʫʸʣʹ ,ʤʸʷʡ  ʹʩ ʭʠscan code  ʨʸʥʴʡ60h. 

3.  ʨʸʥʴ61h  ʨʸʥʴ ʥʮʫ ʤʸʷʡ ʨʸʥʴ ʠʥʤ64h ʬʡʠ ,ʤʦ ʨʸʥʴʡ ʹʥʮʩʹ ʺʥʹʥʲ ʠʬ ʺʥʩʰʸʣʥʮ ʺʥʣʬʷʮ .ʸʺʥʩ ʯʹʩ ʬʡʠ ,

.)ʬʥʷʤ ʱʩʨʸʫ ʬʥʮ ʣʥʡʲʬ ʤʶʸʰʹʫ( ʪʹʮʤʡ ʥʩʬʠ ʲʩʢʰ ʯʫʬʥ ʹʥʮʩʹ ʥʡ ʭʩʹʥʲ ʯʩʩʣʲʹ ʭʩʸʧʠ ʤʸʮʥʧ ʩʡʩʫʸ ʭʰʹʩ 

 ʨʸʥʴʡ ʷʣʥʡʹ ʣʥʷ64h :)ʱʥʨʨʱʤ ʺʠ ʷʩʦʧʮ ʩʰʹʤ ʨʩʡʤ( ʺʣʬʷʮʤʮ ʹʣʧ ʥʺ ʲʩʢʤ ʭʠ 

in al, 64h  ;Read keyboard status port 

cmp al, 10b  ;Data in buffer? 

ʤʸʩʶʲʤ ʩʠʰʺʹ ʣʲ ʤʶʸʹ ,ʤʠʬʥʬʬ ʱʩʰʫʤʬ ʯʺʩʰ ʤʦʤ ʣʥʷʤ ʺʠ– ʺʣʬʷʮʤʮ ʹʣʧ ʲʣʩʮ ʹʩ– :ʭʩʩʷʺʮ  

WaitForData: 

in al, 64h 

 cmp al, 10b 

 je WaitForData 
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ʠʶʮʰ ʲʣʩʮʤ ʥʡʹ ʭʥʷʩʮʤʮ ʤʠʩʸʷ ʲʶʡʰ,ʺʣʬʷʮʤʮ ʹʣʧ ʲʣʩʮ ʹʩʹ ʥʰʷʣʡʹ ʸʧʠʬ–  ʨʸʥʴ60h: 

in al, 60h 

ʬʲ ʥʺʥʠ ʲʶʡʬ ʯʺʩʰ ,ʸʴʠʡʤ ʯʥʷʩʸ ,ʯʥʸʧʠʤ ʡʬʹʤ ʩʡʢʬ־ʡ ʺʣʬʷʮʤ ʹʠʸ ʲʩʡʶʮ ʭʥʣʩʷ ʩʣʩ-2. 

ʤʮʢʥʣ ʺʩʰʫʥʺ– ʤ ʹʷʮ ʭʠʤ ʤʷʩʣʡʥ ʺʣʬʷʮ ʺʥʣʬʷʤ ʺʨʩʬʷ־ESC  ʸʴʠʡ ʺʠ ʭʩʷʰʮ ʠʬ ʥʰʧʰʠ ʥʦ ʤʮʢʥʣʡʹ ʡʬ ʥʮʩʹ .ʵʧʬʰ

 ʩʸʧʠ .ʤʣʬʷʤ ʬʫ ʩʸʧʠ ʺʣʬʷʮʤ15 ʠʬʮ ʸʡʫ ʸʴʠʡʤ ʭʩʥʥʺ–  ʳʥʱʡ ʪʫʮ ʤʠʶʥʺʫ .ʡʰʦʤ ʺʠ ʢʩʹʩ ʸʡʫ ʹʠʸʤ ʠʡʤ ʥʺʡ

ʤ ʩʰʴʬ ʥʰʣʬʷʤʹ ʭʩʥʥʺʤ ʪʱʮʬ ʥʱʴʣʥʩ ʺʩʰʫʥʺʤ־ESCʮ ʺʥʧʴʡ ʸʡʥʣʮ ʣʥʲ ʬʫ ,15־ ʤ ʭʩʥʥʺʤ .ʭʩʥʥʺ16־  ʥʫʬʤ" ʸʡʫ ʤʠʬʤʥ

 ʨʸʥʴ ʬʥʮ ʺʥʸʩʹʩ ʭʩʣʡʥʲ ʥʰʧʰʠʹ ʬʬʢʡ ,ʠʬʮ ʸʴʠʡʤ ʭʠ ʭʢ .ʯʥʸʫʩʦʡ ʸʺʥʩ ʭʩʮʩʩʷ ʭʰʩʠʥ "ʣʥʡʩʠʬ60h  ʯʩʩʣʲ ʥʰʧʰʠ

.ʸʴʠʡʬ ʭʩʱʰʫʰ ʠʬ ʸʡʫ ʭʤ ʬʡʠ ,ʭʩʹʣʧ ʭʩʥʥʺ ʠʥʸʷʬ ʭʩʬʢʥʱʮ 
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; -------------------------------------------------------------------- 

; Use keyboard ports to read data, until ESC pressed 

; Author: Barak Gonen 2014 

; -------------------------------------------------------------------- 

IDEAL 

MODEL  small 

STACK 100h 

DATASEG 

message db 'ESC key pressed',13,10,'$' 

  

CODESEG 

start: 

 mov ax, @data 

 mov ds, ax 

WaitForData : 

 in al, 64h  ;Read keyboard status port 

 cmp al, 10b  ;Data in buffer ? 

 je WaitForData  ;Wait until data available 

 in al, 60h  ;Get keyboard data 

 cmp al, 1h   ;Is it the ESC key ? 

 jne WaitForData 

ESCPressed: 

 mov dx, offset message 

 mov ah, 9 

 int 21h   

exit: 

 mov ax, 4C00h 

 int 21h 

END start 
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ʮ ʸʺʥʩ ʥʣʬʷʥʤʹ ʺʥʸʮʬ15־  ʷʸ ,ʭʩʥʥʺ15 ʺʣʬʷʮʤ ʸʴʠʡʡ ʥʸʮʹʰ ʭʩʥʥʺ 

.ʺʩʰʫʥʺʤʮ ʤʠʩʶʩʤ ʭʲ ʪʱʮʬ ʥʱʴʣʥʤʥ 

 ʥʠ ʹʷʮʤ ʬʲ ʤʶʩʧʬ ʠʩʤ ʤʬʥʲʴʤ ʭʠ ʭʢ ʠʬʠ ,ʺʣʬʷʮʡ ʬʲʴʥʤ ʹʷʮ ʤʦʩʠ ʷʸ ʠʬ ʺʥʤʦʬ ʭʩʫʩʸʶ ʥʰʠ ʭʩʺʩʲʬ ,ʤʮʢʥʣʬ .ʸʥʸʧʹ

ʸʺʰʱʴʡ ʥʺ ʯʢʰʬ ʭʩʶʥʸ ʥʰʧʰʠ ʸʹʠʫ- .ʹʷʮʤ ʸʥʸʧʹ ʭʲ ʺʮʩʩʺʱʮʥ ʹʷʮʤ ʬʲ ʤʶʩʧʬʤ ʭʲ ʤʬʩʧʺʮ ʤʰʩʢʰʤ 

ʯʨʷ ʩʥʰʩʹʡ ʪʠ ʤʰʥʸʧʠʤ ʺʩʰʫʥʺʤ ʬʲ ʱʱʡʺʰ ʺʠʦ ʺʥʹʲʬ ʺʰʮ ʬʲ- ʤ ʭʠʤ ʤʷʩʣʡ ʳʩʱʥʰ-scan code  ʬʲʮ ʠʥʤ80h 

 ʬʲʮ ʠʥʤ ʪʸʲʤ ʭʠ .)ʹʷʮʤ ʸʥʸʧʹ ʸʮʥʬʫ(80hʣʥʷʴʤ ʲʥʶʩʡ ʦʠ ,ʤ 

and al, 80h 

.ʱʴʠ ʤʩʤʺ ʤʠʶʥʺʤ ʺʸʧʠ .ʱʴʠ ʤʰʩʠʹ ʤʠʶʥʺʬ ʬʩʡʥʩ 

:ʤʮʢʥʣ ʣʥʷ ʯʬʤʬ 

; ----------------------------------------------------- 

;Identify key press and key release 

; Print "Start" when a key is pressed 

; Print "Stop" when the key is released 

; Exit program if ESC is pressed 

; Barak Gonen 2015 

; ----------------------------------------------------- 

IDEAL 

MODEL small 

STACK 100h 

DATASEG 

msg1  db 'Start'$ 

msg2  db 'Stop'$ 

saveKey db 0  

CODESEG 

start: 

 mov ax, @data 
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 mov ds, ax 

WaitForKey:  

  ;check if there is a a new key in buffer 

 in  al, 64h 

 cmp  al, 10b 

 je  WaitForKey 

 in al, 60h 

  ;check if ESC key 

 cmp  al, 1   

 je  exit 

  ;check if the key is same as already pressed 

 cmp  al, [saveKey[ 

 je  WaitForKey 

  ;new key- store it 

 mov [saveKey[, al 

  ;check if the key was pressed or released 

 and  al, 80h 

 jnz  KeyReleased 

KeyPressed: 

  ;print "Start" 

 mov dx, offset msg1 

 jmp  print 

KeyReleased: 

  ;print "Stop" 

 mov dx, offset msg2 

print: 

 mov ah, 9h 

 int  21h 

  

 jmp  WaitForKey  
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exit: 

 mov  ax, 4c00h 

 int  21h 

END start 

 ʺʷʩʱʴʡ ʹʥʮʩʹBIOS 

 ʺʷʩʱʴBIOS  ʸʴʱʮ16h  )ʣʬʷʥʤ ʭʠ( ʣʬʷʥʤʹ ʥʺʤ ʺʠʩʸʷ ,ʺʣʬʷʮʤ ʡʶʮ ʺʷʩʣʡʬ ʭʩʧʥʰ ʭʩʬʫ ʥʰʬ ʺʰʺʥʰ"ʩʥʷʩʰ"ʥ  ʸʴʠʡ

ʺʣʬʷʮʤ )ʭʩʰʥʺʰ ʯʩʠ ,ʷʩʸ ʤʩʤʩ ʸʴʠʡʤ ʡʶʮʹ ʪʫ ʺʣʬʷʮʤ ʸʴʠʡ ʬʹ ʡʰʦʤ ʲʩʡʶʮʥ ʹʠʸʤ ʲʩʡʶʮ ʩʥʰʩʹ ʸʮʥʬʫ(. 

 ʺʠ ʭʩʬʩʲʴʮ ,ʺʣʬʷʮʤ ʸʴʠʡ ʪʥʺʮ ʠʡʤ ʥʺʤ ʺʠ ʠʥʸʷʬ ʩʣʫ16h  ʣʥʷ ʭʲah=0h ʪʥʺʡ ʤʸʩʦʧʮ ʤʷʩʱʴʤ .al  ʣʥʷ ʺʠ

ʤ־ASCII  ʪʥʺʡʥ ʸʴʠʡʤ ʹʠʸʡ ʠʶʮʰʹ ʥʺʤ ʬʹah ʤ ʺʠ־scan code  ʸʴʠʡʤʮ ʥʺʤ ʺʠ "ʤʷʰʮ" ʤʷʩʱʴʤ ,ʳʱʥʰʡ .ʥʬʹ

ʬʲ־ʡ ʸʴʠʡʤ ʹʠʸ ʬʹ ʥʫʸʲ ʭʥʣʩʷ ʩʣʩ2־. 

,ʥʦʤ ʤʷʩʱʴʤ ʭʲ ʤʣʩʧʩʤ ʤʩʲʡʤ ʸʴʠʡʡ ʯʩʺʮʮʹ ʥʺ ʯʩʠ ʭʠʹ ʠʩʤ–  ʭʩʶʥʸ ʥʰʧʰʠ ʭʠ ,ʪʫʮ ʤʠʶʥʺʫ .ʥʺʬ ʤʫʧʺ ʤʷʩʱʴʤ

.ʤʮʩʠʺʮ ʠʬ ʤʣʡʬ ʥʦʤ ʤʷʩʱʴʤ ,ʯʷʧʹʤ ʬʹ ʤʬʥʲʴʬ ʤʰʺʮʤʡ ʸʶʥʲ ʠʬʹ ʷʧʹʮ ʺʰʫʺʬ 

 ʤʷʩʱʴʤ ʺʠ ʡʬʹʬ ʠʥʤ ʯʥʸʺʴʤ16h  ʣʥʷ ʭʲah=1ʬʹ ʱʥʨʨʱʤ ʺʠ ʤʸʩʦʧʮ ʤʷʩʱʴʤ ,ʤʦ ʤʸʷʮʡ . ʺʣʬʷʮʤ–0  ʥʺ ʹʩ ʭʠ

 ,ʤʠʩʸʷʬ ʯʫʥʮ1  ,ʯʫʥʮ ʥʺ ʹʩ ʭʠ .ʯʫʥʮ ʥʺ ʯʩʠ ʭʠal ʥ-ah ʤ ʩʫʸʲ ʺʠ ʥʬʡʷʩ־ASCII ʤʥ־scan code .ʥʺʤ ʬʹ 

:ʥʰʬ ʸʹʴʠʮ ʺʥʷʩʱʴʤ ʡʥʬʩʹ 

- .)ʹʮʺʹʮʬ ʺʥʫʧʬʥ ʤʶʩʸʤ ʺʠ ʸʥʶʲʬ ʩʬʡ( ʺʣʬʷʮʤʮ ʲʣʩʮ ʹʩ ʩʺʮ ʺʲʣʬ 

- .ʲʣʩʮʤ ʺʠ ʨʥʬʷʬ 

- .ʺʣʬʷʮʤ ʸʴʠʡ ʺʠ ʺʥʷʰʬ 

:ʤʮʢʥʣ 

WaitForData: 

 mov ah, 1  

 int 16h 

 jz WaitForData 

 mov ah, 0  ; there is a key in the buffer, read it and clear the buffer 

 int 16h 

 ʣʬʷʥʤ ʭʠ ʤʠʩʶʩʥ ʺʣʬʷʮ ʺʥʣʬʷʤ ʺʨʩʬʷ ʠʩʤ ʭʢ ʺʲʶʡʮ ʤʠʡʤ ʺʩʰʫʺʤESC- :ʺʣʬʷʮʤ ʸʴʠʡ ʩʥʷʩʰ ʺʴʱʥʺʡ 

; ------------------------------------------------------------------------------------- 

; Use BIOS int 16h ports to read keyboard data, until ESC pressed 

; Author: Barak Gonen 2014 
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; -------------------------------------------------------------------------------------  

IDEAL 

MODEL  small 

STACK 100h 

DATASEG 

message db 'ESC key pressed',13,10,'$' 

CODESEG 

start: 

 mov ax, @data 

 mov ds, ax 

WaitForData : 

 mov ah, 1  

 Int 16h 

 jz WaitForData 

 mov  ah, 0  

 int  16h 

 cmp ah, 1h  

 jne WaitForData 

ESCPressed: 

 mov dx, offset message 

 mov ah, 9 

 int 21h 

exit: 

 mov ax, 4C00h 

 int 21h 

END start 

 ʺʷʩʱʴʡ ʹʥʮʩʹDOS 

 ʤʷʩʱʴ21h  ʣʥʷ ʭʲah=0Ch ʣʮʧʰ ʷʩʸʨ ʺʲʶʡʮ ʦʠʥ ,ʺʣʬʷʮʤ ʬʹ ʸʴʠʡʤ ʺʠ ʤʷʰʮ– ʡ ʥʰʮʹʹ ʪʸʲʤ ʺʧʷʥʬ ʠʩʤ־al 

 ʤʶʩʸʮʥ ,ʸʨʮʸʴʫint 21h  ʤʡ ʤʮʢʥʣ ʤʠʸʰ ʥʰʧʰʠ .ʤʦʤ ʣʥʷʤ ʭʲal=7hʸʮʥʬʫ ,– ʺʣʬʷʮʤ ʸʴʠʡ ʩʥʷʩʰ ʸʧʠʬ,  ʤʷʩʱʴʤ

 ʣʥʷʬ ʸʥʡʲʺ7h:ʺʥʬʥʲʴ ʩʺʹ ʭʩʲʶʡʮ ʥʰʧʰʠ ʤʦ ʯʴʥʠʡ .ʪʱʮʤ ʬʲ ʥʺʤ ʺʱʴʣʤ ʠʬʬ ʺʣʬʷʮʤʮ ʥʺ ʺʨʩʬʷ ʬʹ ʣʥʷ ʠʥʤʹ , 

- ʺʣʬʷʮʤ ʸʴʠʡ ʩʥʷʩʰ 
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- ʹʮʺʹʮʤʮ ʹʣʧ ʥʺ ʺʨʩʬʷ 

 ʤʶʩʸʤ ʭʥʩʱʡal ʤ ʣʥʷ ʺʠ ʬʩʫʩ־ASCII .ʣʬʷʥʤʹ ʥʺʤ ʬʹ 

:ʬ"ʰʤ ʺʥʬʥʲʴʤ ʺʠ ʲʶʡʮ ʠʡʤ ʣʥʷʤ 

; Clear keyboard buffer and read key without echo 

mov ah,0Ch 

mov al,07h 

int 21h  

:ʺʥʰʥʸʱʧ ʩʰʹ ʭʰʹʩ ʺʠʦ ʭʲ .ʺʥʰʫʺ ʺʥʨʹʴ ʺʰʩʧʡʮ ʸʥʸʡ ʯʥʸʺʩ ʹʩ ʥʦ ʤʨʩʹʡ ʤʣʥʡʲʬ 

 ʩʺʩʩʲʡ ʺʥʩʤʬ ʬʥʫʩ ʤʦ .ʹʮʺʹʮʤʮ ʨʬʷʬ ʤʫʧʮ ʠʩʤʹ ʯʮʦʡ ʺʸʶʥʲ ʤʰʫʥʺʤʹ ʠʥʤ ,ʥʩʬʠʮ ʸʥʸʡ ʸʺʥʩʤ ,ʯʥʹʠʸ ʯʥʸʱʩʧʤ ʭʠ

.'ʥʫʥ ʷʧʹʮ ʭʩʶʩʸʮ ʥʰʧʰʠ 

ʤ ʣʥʷʹ ʭʩʰʥʹ ʭʩʹʷʮ ʭʰʹʩʹ ʠʥʤ ,ʩʰʹʤ ʯʥʸʱʩʧʤ־ASCII  ʣʥʷ ʠʬʠ ,ʣʧʠ ʺʩʡ ʬʣʥʢʡ ʩʬʮʸʥʰ ʣʥʷ ʠʬ ʠʥʤ ʭʤʬʹASCII 

ʠʮ ʠʷʥʥʣ ʥʬʠ ʭʩʹʷʮ .ʭʩʺʡ ʩʰʹ ʬʣʥʢʡ ʡʧʸʥʮʥ ʤʶʸʰ ʭʠ ,ʤʦ ʤʸʷʮʡ .ʭʩʶʩʧʤ ʩʹʷʮ ʤʮʢʥʣʬ ʥʮʫ ,ʭʩʷʧʹʮʬ ʭʩʩʹʥʮʩʹ ʣ

 ʤʷʩʣʡʥ ʤʠʥʥʹʤ ʩʠʰʺ ʺʥʹʲʬʤ ʣʥʷ ʬʲ־ASCII – .ʤʩʲʡʡ ʤʩʤʰ 

 

 ʬʩʢʸʺ12.1 :ʺʣʬʷʮ 

ʠ. ʤ־ISR ʤ ʺʠ ʷʩʺʲʮ ʺʣʬʷʮʤ ʬʹ־scan code ʤ ʬʠ־Type Ahead Buffer  ʭʥʷʩʮʡ ʠʶʮʰʹ

0040:001Eh .ʣʡʲʮʤ ʯʥʸʫʩʦʡ 

ʡ ʥʹʮʺʹʤ( ʺʣʬʷʮʤʮ ʥʺ ʺʠʸʥʷʹ ʺʩʰʫʥʺ ʥʡʺʩʫ־int 21h ʡ ʺʩʰʫʥʺʤ ʺʠ ʥʶʩʸʤ ,)ʭʩʠʺʮʤ ʣʥʷʤ ʭʲ־TD 

 ʡʶʮʡstep by stepʥ ,ʤ ʬʹ ʭʥʷʩʮʡ ʯʥʸʫʩʦʡ ʩʥʰʩʹʡ ʥʴʶ־type ahead buffer ʺʠ ʥʱʩʰʫʤ ,ʨʬʷ ʸʥʺʡ .

' ʥʺʤaʡ ʥʠʶʮʥ '־type ahead buffer ʤ ʺʠ־scan codes .ʥʬʹ 

ʡ.  ʭʩʹʷʮʤ ,ʭʩʰʥʹ ʡʹʧʮ ʩʷʧʹʮʡwasd :ʯʷʧʹʤ ʺʦʥʦʺʬ ʭʩʹʮʹʮ 

- W = up 

- A= left 

- S = down 

- D= right 



 ʷʸʴ12- ʺʥʷʩʱʴ )ʤʡʧʸʤ( ʤʸʮʥʧ 

 259 

 ʩʹʷʮʮ ʣʧʠ ʹʷʥʤ ʭʠ .ʺʣʬʷʮʬ ʤʰʩʦʠʮʹ ʺʩʰʫʥʺ ʥʡʺʩʫwasd,  ʪʱʮʬ ʱʴʣʥʩMove up"" ,

"Movedown" ʤ ʹʷʮ ʹʷʥʤ ʭʠ .'ʥʫʥ־Esc, ʸʧʠ ʹʷʮ ʬʫ .ʠʶʺ ʺʩʰʫʥʺʤ–  ʩʣʫ .ʸʡʣ ʤʹʲʺ ʠʬ ʤʰʫʥʺʤ

.ʨʬʷʬ ʤʰʺʮʤʡ ʺʩʰʫʥʺʤ ʺʶʩʸ ʺʠ ʺʸʶʥʲ ʤʰʩʠʹ ʤʷʩʱʴʡ ʥʹʮʺʹʤ ,ʡʹʧʮ ʷʧʹʮ ʺʥʮʣʬ 

ʢ.  ʱʩʨʸʫʬ ʭʸʥʢ ʠʡʤ ʣʥʷʤ:ʬʩʬʶ ʲʩʮʹʤʬ ʬʥʷʤ 

in al, 61h 

or al, 00000011b 

out 61h, al 

mov al, 0b6h 

out 43h, al 

mov ax, 2394h  

out 42h, al 

mov al, ah 

out 42h, al 

:ʬʩʬʶʤ ʺʲʮʹʤ ʺʠ ʷʩʱʴʤʬ ʬʥʷʤ ʱʩʨʸʫʬ ʭʸʥʢ ʠʡʤ ʣʥʷʤ  

in al, 61h 

and al, 11111100b 

out 61h, al 

ʹʬʫ ʹʷʮ ʵʧʬʰʹ ʲʢʸʡʹ ʺʩʰʫʥʺ ʥʡʺʩʫ .ʬʩʬʶʤ ʺʲʮʹʤ ʺʠ ʤʷʩʱʴʮ ʹʷʮʤ ʸʥʸʧʹ ʭʲʥ ,ʬʩʬʶ ʤʠʩʶʥʮ ʥʤ

ʤʫʸʣʤ ʤʷʩʱʴʡ ʹʮʺʹʺ ʺʩʰʫʥʺʤ :16h ʺʤ ,ʹʣʧ ʲʣʩʮ ʹʩ ʭʠ .ʺʣʬʷʮʤʮ ʹʣʧ ʲʣʩʮ ʹʩ ʭʠ ʷʥʣʡʬ ʩʣʫʥʺʩʰʫ 

 ʨʸʥʴ ʺʸʦʲʡ ʷʥʣʡʺ60h ʤ ʭʠ-scan code  ʣʥʷʤ ʲʨʷ ʬʲʴʥʩ ʭʠʺʤʡʥ ʸʥʸʧʹʬ ʥʠ ʤʶʩʧʬʬ ʭʩʠʺʮ

.ʬʩʬʶʤ ʺʲʮʹʤ ʺʠ ʷʩʱʴʮʹ ʣʥʷʤ ʲʨʷ ʥʠ ʬʩʬʶ ʲʩʮʹʮʹ 
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ʭʥʫʩʱ 

 ʣʥʮʩʬʡ ʷʸʴʤ ʺʠ ʥʰʬʧʺʤʺʤʩʤʩʸʥʠ ʤ ʪʩʠʥ ʤʸʮʥʧ ʩʰʷʺʤʡ ʬʥʴʩʨʬ ʺʥʷʩʱʴʡ ʪʸʥʶ ʹʩ ʬʬʫʡ ʤʮʬ :ʭʩʨʴʸʨʰʩʠ ʬʹ־PIC ,

ʤʸʮʥʧʤ ʩʰʷʺʤ ʯʩʡ ʸʥʹʩʷʤ ʺʣʥʡʲ ʺʠ ʲʶʡʮ ,ʭʩʨʴʸʨʰʩʠʤ ʸʷʡ .ʣʡʲʮʤ ʯʩʡʬ 

.ʤʸʮʥʧʤ ʩʡʩʫʸ ʬʠ ʲʣʩʮ ʧʬʥʹʥ ʬʡʷʮ ʣʡʲʮʤ ʭʫʸʣʹ ʯʥʸʫʩʦʡ ʺʥʮʥʷʮ ʭʺʥʠ ,ʭʩʨʸʥʴ ʬʲ ʥʰʣʮʬ 

ʩʦʫʸʮ ʤʸʮʥʧ ʡʩʫʸʡ ʥʰʣʷʮʺʤ ʳʥʱʡʬ–  ʺʸʶʥʩ ʺʣʬʷʮʤ ʬʲ ʤʶʩʧʬ ʬʫʹ ʥʰʣʮʬ .ʺʣʬʷʮʤscan code  ʪʩʬʤʺʤ ʺʠ ʥʰʸʷʱʥ

,ʡʹʧʮʤ ʯʥʸʫʩʦʡ ʲʩʴʥʮ ʺʣʬʷʮʡ ʵʧʬʰʹ ʥʺʤ ʸʡʣ ʬʹ ʥʴʥʱʡʹ ʪʫʬ ʭʸʥʢʹ ʡ־Type Ahead Buffer ʺʥʠʮʢʥʣ ʥʰʩʠʸ .

:ʺʥʨʩʹ ʯʥʥʢʮʡ ʺʣʬʷʮʤ ʬʥʮ ʤʣʥʡʲʬ 

-  ,ʺʣʬʷʮʤ ʬʹ ʭʩʨʸʥʴʤ ʬʥʮ ʤʸʩʹʩ ʤʣʥʡʲ60h ʥ64־h 

-  ʺʥʷʩʱʴʡ ʹʥʮʩʹBIOS , int 16h 

-  ʺʥʷʩʱʴʡ ʹʥʮʩʹDOS ,21hʺʣʬʷʮʤ ʸʴʠʡ ʩʥʷʩʰʬ , 

.ʭʥʩʱʤ ʩʨʷʩʩʥʸʴ ʺʡʩʺʫʬ ʭʩʩʹʥʮʩʹ ʭʩʠʹʥʰʡ ʷʥʱʲʰ ʠʡʤ ʷʸʴʡ 
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 ʷʸʴ13 – ʭʩʨʷʩʩʥʸʴʬ ʭʩʬʫ 

ʭʥʩʱ ʩʨʷʩʩʥʸʴʬ ʠʥʡʮ 

 ʸʥʹʷʹ ʡʸ ʩʨʸʥʠʩʺ ʸʮʥʧ ʣʥʲ ʹʩʹ ʯʡʥʮʫ .ʭʩʣʥʮʩʬʤ ʺʩʰʫʥʺʡ ʬʬʫʰʹ ʩʨʸʥʠʩʺʤ ʸʮʥʧʤ ʬʫ ʺʠ ʭʩʮʣʥʷʤ ʭʩʷʸʴʡ ʥʰʩʱʩʫ ,ʥʤʦ

 ʥʩʹʫʲ .ʤʸʶʷʡ ʭʤʡ ʥʰʣʹ ʭʩʠʹʥʰ ʺʡʧʸʤ ʬʲ ʸʷʩʲʡ ʸʡʥʣʮ ʬʡʠ ,ʩʬʡʮʱʠ ʺʴʹʬ ʬʠ ,ʺʩʹʲʮʤ ʤʣʥʡʲʤ ʬʠ ʭʩʮʣʷʺʮ ʥʰʧʰʠ

 ʭʩʸʡʣʬ ʭʺʣʮʬʹ ʭʩʸʡʣʤ ʯʩʡ ʺʡʬʹʮʹ "ʺʩʺʩʮʠ" ʤʰʫʥʺ ʡʥʺʫʬ ʭʫʬʹ ʺʥʰʮʣʦʤʤ ʠʥʤ ʭʥʩʱʤ ʨʷʩʩʥʸʴ .ʭʩʨʷʩʩʥʸʴʤ

 ʠʥʤ .ʩʮʶʲ ʣʥʮʩʬʬʥ ʤʠʩʸʷʬ ʣʲʥʩʮ ʤʦʤ ʷʸʴʤ .ʤʦ ʺʠ ʧʩʫʥʤʬʥ ʡʨʩʤ ʸʮʥʧʤ ʺʠ ʭʩʰʩʡʮ ʭʺʠʹ ʹʩʢʸʤʬ ,ʭʫʺʠ ʭʩʰʩʩʰʲʮʹ

ʠʡ ʺʥʱʫʬ ʸʮʩʩʺʮ ʥʰʩʠ ʺʥʡʩʱ ʩʺʹ ʪʫʬ ʺʥʮʩʩʷ .ʩʮʶʲ ʣʥʮʩʬʬ ʺʥʸʥʷʮʥ ʩʰʥʹʠʸ ʸʡʱʤ ʺʺʬ ʷʸ ʠʬʠ ʭʩʠʹʥʰʤ ʺʠ ʠʬʮ ʯʴʥ

 ʬʹʮ ʷʸʴ ʭʤʬ ʹʣʷʥʮ ʡʥʸʬʹ ,ʭʩʠʹʥʰ ʷʮʥʲʬ ʺʥʱʫʬ ʺʥʸʹʴʠ ʯʩʠ ʣʧʠ ʷʸʴ ʺʸʢʱʮʡ :ʺʩʹʲʮ ʤʡʩʱ ,ʤʰʥʹʠʸʤ .ʺʥʩʸʷʩʲ

ʱʰʺʺ ʤʡ ʤʣʥʡʲʤ ʺʸʥʶʬ ʭʫʺʠ ʯʩʫʤʬ ʯʥʶʸʤ ʠʩʤ ʤʩʰʹʤ ʤʡʩʱʤ .ʸʴʱ ʥʬʩʴʠ ʥʠ ʭʮʶʲʣʩʺʲʡ ʥ–  ʭʩʫʩʸʶ ʭʺʠʹ ʲʣʩʮʤʭʩʩʷ 

.ʭʫʮʶʲ ʺʥʧʥʫʡ ʥʺʥʠ ʯʩʡʤʬʥ ʥʩʬʠ ʲʩʢʤʬ ,ʥʺʥʠ ʹʴʧʬ ʭʫʩʬʲ ,ʭʹ ʩʠ 

ʭʥʩʱ ʨʷʩʩʥʸʴ ʺʸʩʧʡ 

 ʭʩʸʡʣʡ ʷʥʩʣʡ ʣʷʮʺʤʬ ʥʬʫʥʺʹ ʪʫ ,ʤʦ ʷʸʴ ʺʠʩʸʷ ʩʰʴʬ ʨʷʩʩʥʸʴ ʥʸʧʡʺʹ ʵʬʮʥʮ ?ʭʥʩʱ ʨʷʩʩʥʸʴ ʭʺʸʧʡ ʸʡʫ ʭʠʤʹ ʭʺʠ

ʺʥʧʴ ʥʲʩʷʹʺʥ ʨʷʩʩʥʸʴʤ ʬʲ ʣʥʡʲʬ ʩʣʫ ʭʩʫʩʸʶ  ʬʫ ʺʠ ʣʥʮʬʬ ʯʩʩʰʲ ʭʫʬ ʹʩ ʭʠʹ ,ʯʡʥʮʫ .ʭʩʸʧʠ ʭʩʠʹʥʰʡ ʷʥʱʩʲʡ ʯʮʦ

ʭʩʠʹʥʰʤ– .ʪʸʣʤ ʪʸʥʠʬ ʤʠʰʤ ʭʫʬ ʤʩʥʴʶʥ ʵʬʮʥʮ ʤʦ ʸʡʣ 

 ʬʹ ʬʣʥʢ ʸʣʱʡ ʭʤ ʭʩʨʷʩʩʥʸʴʤ ʡʥʸ .ʭʫʺʸʩʧʡʬ ʭʥʩʱ ʩʨʷʩʩʥʸʴ ʬʹ ʯʨʷ ʠʬ ʯʥʥʢʮ ʭʩʩʷ1000  ʣʲ2000  ʸʹʠʫ .ʣʥʷ ʺʥʸʥʹ

ʬ ʺʧʺʮ ʬʬʥʫʹ ʨʷʩʥʸʴʡ ʸʡʥʣʮ1000־  ʠʥʤ ʨʷʩʥʸʴʤ ʭʠ .ʭʫʬʹ ʺʥʬʥʫʩʤ ʠʥʬʮ ʺʠ ʭʩʶʮʮ ʠʬ ʭʺʠʹ ʯʫʺʩʩ ,ʣʥʷ ʺʥʸʥʹ

ʬ ʬʲʮ ʤʡʸʤ2000־  ,ʣʥʷ ʺʥʸʥʹʩ ʭʩʨʷʩʩʥʸʴʤ ʺʠ ʢʥʥʱʬ ʸʹʴʠ .ʩʣʮ ʡʸ ʯʮʦ ʧʷʩʺʹ ʤʮʩʹʮ ʭʫʮʶʲ ʬʲ ʭʩʧʷʥʬ ʭʺʠʹ ʯʫʺʩ

:ʺʥʩʸʷʩʲ ʺʥʩʸʥʢʨʷ ʹʥʬʹʬ 

- ʭʩʷʧʹʮ–  ʺʸʩʧʡʡ ʯʥʸʺʩʤ .ʭʫʺʲʣ ʬʲ ʤʬʥʲʹ ʸʡʣ ʬʫ ʥʠ ʢʰʥʴ ,ʷʩʩʰʱ ʪʩʸʶʹ ʤʣʥʡʲʤʹ ʠʥʤ ,ʷʧʹʮ ʠʥʤʹ ʨʷʩʩʥʸʴ

 .ʨʷʩʩʥʸʴʤ ʯʥʰʫʺ ʬʲ ʬʷʮʹ ʸʡʣ ,ʺʩʡʩʨʩʠʥʨʰʩʠ ʩʣ ʤʰʫʥʺʤ ʺʬʲʴʤ ʬʬʫ ʪʸʣʡʥ ʺʸʣʢʥʮ ʩʣ ʨʷʩʩʥʸʴʡ ʺʥʹʲʬ 

- ʤʰʨʷ ʤʩʶʷʩʬʴʠ–  ʩʩʥʰʩʹʥ ʭʩʬʩʬʶ ʺʲʮʹʤ ,ʩʬʫʤ ʺʬʲʴʤʬ ʭʩʮʸʥʢ ʸʡʫʲʤ ʥʠ ʺʣʬʷʮʤ ʬʲ ʤʹʷʤ( ʤʰʩʢʰ ʩʬʫ ʤʮʢʥʣʬ

ʸʩʧʡ( ʤʷʩʦʥʮ ʺʰʥʫʮ ,)ʤʷʩʴʸʢ ʬʲ ʸʥʩʶʬ ʺʮʸʥʢ ʤʶʩʧʬ ʩʣʫ ʪʥʺ ʸʡʫʲʤ ʺʦʦʤ( ʸʩʩʶ ,)ʹʠʸʮ ʥʨʬʷʥʤʹ ʭʩʸʩʹ ʺ

 ʤʮ ʺʥʹʲʬ ʸʹʴʠʥ ʺʥʩʺʸʩʶʩʬ ʡʸ ʭʥʷʮ ʹʩʹ ʠʥʤ ʤʩʶʷʩʬʴʠ ʧʥʺʩʴʡ ʯʥʸʺʩʤ .ʭʫʺʲʣ ʬʲ ʤʬʥʲʹ ʸʡʣ ʬʫ ʥʠ )ʪʱʮʤ

.ʭʫʺʠ ʯʩʩʰʲʮʹ 

- ʺʥʩʮʺʩʸʥʢʬʠ ʺʥʩʲʡ– ʥʣʥʱ ʬʹ ʩʨʮʥʨʥʠ ʯʥʸʺʴ ,ʺʥʠʩʢʹ ʯʥʷʩʺʬ ʭʩʣʥʷ ʬʹ ʹʥʮʩʮ ʤʮʢʥʣʬ ʥʷ ʺʥʩʲʡ ʬʹ ʯʥʸʺʴ ʥʠ

ʺʥʰʥʹ ʺʥʩʨʮʺʮʯʥʫʩʱ ʥʰʹʩ ʤʦ ʢʥʱʮ ʭʩʨʷʩʥʸʴʡ .–  ʲʣʩʤ ʬʫ ʺʠʹ ʹʠʸʮ ʥʧʩʰʺ ,ʥʦʫ ʤʩʲʡ ʸʥʺʴʬ ʭʩʰʰʫʺʮ ʭʺʠ ʭʠ

 ʺʠ ʣʥʮʬʬ ʭʩʡʤʬʰ ʭʺʠ ʭʠ ʷʸ ʤʬʠʫ ʭʩʠʹʥʰʬ ʥʱʰʫʩʺʹ ʩʠʣʫ ,ʪʫʬ ʩʠ .ʭʫʮʶʲ ʺʥʧʥʫʡ ʣʥʮʬʬ ʥʫʸʨʶʺ ʩʨʸʥʠʩʺʤ
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ʷʩʩʥʸʴʡ ʯʥʸʺʩʤ .ʨʰʸʨʰʩʠʤʮ ʭʫʮʶʲʡ ʲʣʩʤ ʬʫʠʮ ʭʩʠʹʥʰʡ ʸʡʥʣʮʹ ʠʥʤ ʤʦʫ ʨʥ ʩʮʺʩʸʥʢʬʠʤ ʲʣʩʤʥ ʭʩʰʩʩʰʲʮ ʣ

.ʣʩʺʲʡ ʥʹʲʺʹ ʭʩʸʡʣʬ ʩʨʰʡʬʸ ʺʥʩʤʬ ʩʥʹʲ ʥʹʫʸʺʹ 

 ʭʩʬʫʤʹ:ʭʤ ʤʦ ʷʸʴʡ ʣʮʬʰ 

- :ʭʩʶʡʷ 

o  ʭʲ ʤʣʥʡʲʵʡʥʷʬ ʤʸʩʮʹʥ ʵʡʥʷʮ ʤʠʩʸʷ ,ʭʩʶʡʷ 

- :ʤʷʩʴʸʢ 

o  ʩʥʥʺ ʺʸʦʲʡ ʤʷʩʴʸʢ ʺʸʩʶʩASCII 

o ʺʱʴʣʤ ʺʸʦʲʡ ʤʷʩʴʸʢ ʺʸʩʶʩ ʪʱʮʬ ʭʩʬʱʷʩʴ 

o ʬʹ ʠʥʡʩ  ʨʮʸʥʴʡ ʺʥʰʥʮʺBMP 

- :ʭʩʬʩʬʶ 

o ʭʩʰʥʹ ʭʩʸʣʺʡ ʭʩʬʩʬʶ ʺʲʮʹʤ 

- :ʯʥʲʹ 

o )ʤʩʤʹʤ( ʯʮʦ ʺʣʩʣʮʬ ʯʥʲʹʡ ʹʥʮʩʹ 

o ʩʹʭʩʩʠʸʷʠ ʭʩʸʴʱʮ ʺʸʩʶʩʬ ʯʥʲʹʡ ʹʥʮ 

- :ʹʮʺʹʮ ʷʹʮʮ 

o ʺʣʬʷʮʤʮ ʭʲ ʤʣʥʡʲʬ ʭʩʴʩʨ 

o ʸʡʫʲʤʮ ʺʥʣʥʷʴ ʺʨʩʬʷ 

-  ʢʥʡʩʣ ʺʥʨʩʹ 
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ʭʩʶʡʷ ʭʲ ʤʣʥʡʲ 

ʵʡʥʷ ʺʧʩʺʴ 

 ʯʥʹʠʸʤ ʸʡʣʤʹʩʣʫ ʺʥʹʲʬ ʭʩʫʩʸʶ ʥʰʧʰʠ ʡʥʷʮ ʠʥʸʷʬ,ʵ ʸʴʱ ʥʮʫ( ʤʠʩʸʷʬ ʥʺʥʠ ʧʥʺʴʬ ʠʥʤ–  ʥʺʥʠ ʠʥʸʷʬ ʸʹʴʠ ʩʠ

ʸʥʢʱ ʠʥʤʹʫʤʫʩʸʫʤ ʺʠ ʧʥʺʴʬ ʪʩʸʶ ʭʣʥʷ ,)....  ʺʷʩʱʴ ʺʥʲʶʮʠʡ ʠʩʤ ʵʡʥʷ ʺʧʩʺʴ ʲʶʡʬ ʤʨʥʹʴʤ ʪʸʣʤDOS ʣʥʷ ʭʲ ,

ah=3Dh:ʭʤ ʤʷʩʱʴʬ ʧʥʬʹʬ ʪʩʸʶʹ ʭʩʸʨʮʸʴʤ . 

AL– ʤʧʩʺʴʤ ʺʸʨʮ 

- 0ʣʡʬʡ ʤʠʩʸʷ : 

- 1ʣʡʬʡ ʤʡʩʺʫ : 

- 2ʩʸʷ :ʤʡʩʺʫʥ ʤʠ 

DS:dx–  .ʵʡʥʷʤ ʭʹ ʬʲ ʲʩʡʶʮ 

ʡ ʭʩʩʺʱʤʬ ʤʫʩʸʶ ʵʡʥʷʤ ʭʹ ʬʹ ʺʦʥʸʧʮʤʹ ʡʬ ʥʮʩʹ0־:ʤʮʢʥʣʬ . 

Filename db ‘file.txt’,0 

 ,ʤʶʩʸʤ ʭʥʩʱʡax ʤ ʺʠ ʬʩʫʩ־filehandle ʬʲ ʥʬ ʤʶʷʥʤʹ־ ʤʬʲʴʤʤ ʺʫʸʲʮ ʩʣʩDOS ʬʢʣ ʷʬʣʥʩ ,ʤʠʩʢʹ ʤʺʩʤ ʭʠ .CF ,

ʥ־ax:ʭʩʠʡʤ ʭʩʫʸʲʤ ʣʧʠ ʺʠ ʬʩʫʩ 

- 2 :.ʠʶʮʰ ʠʬ ʵʡʥʷʤ 

- 5.ʭʩʧʥʺʴ ʭʩʶʡʷ ʩʣʮ ʸʺʥʩ : 

- 12.ʵʡʥʷʤ ʺʧʩʺʴʬ ʤʠʹʸʤ ʯʩʠ : 

 ʷʥʣʡʬ ʤʧʩʺʴʤʸʧʠʬ ʵʬʮʥʮʠʬ ʭʠʥ ,ʤʰʩʷʺ ʤʺʩʤ ʤʧʩʺʴʤ ʭʠ–  ʵʡʥʷ ʭʲ ʣʥʡʲʬ ʪʩʹʮʤʬ ʤʱʰʰ ʭʠ .ʤʠʩʢʹ ʺʲʣʥʤ ʱʩʴʣʤʬ

.ʱʥʸʷʺ ʤʰʫʥʺʤʹʸʩʡʱ ,ʤʬʹʫʰ ʥʬʹ ʤʧʩʺʴʤʹ 

proc OpenFile 

; Open file 

 mov ah, 3Dh 

 xor al, al 

 lea dx, [filename] 

 int 21h 

 jc openerror 

 mov [filehandle], ax 

 ret 

openerror: 
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 mov dx, offset ErrorMsg 

 mov ah, 9h 

 int 21h 

 ret  

endp OpenFile 

ʵʡʥʷʮ ʤʠʩʸʷ 

ʬʲʺʲʶʡʺʮ ʵʡʥʷʮ ʤʠʩʸʷ־ ʣʥʷ ʩʣʩah=3Fh:ʭʤ ʤʷʩʱʴʬ ʧʥʬʹʬ ʪʩʸʶʹ ʭʩʸʨʮʸʴʤ . 

bx–filehandleʹʮ ʥʰʬʡʩʷ־DOS .ʤʧʩʺʴʤ ʡʬʹʡ 

cx–  ʭʩʺʡʤ ʺʥʮʫʹ.ʠʥʸʷʬ ʭʩʹʷʡʮ ʥʰʧʰʠ 

dx–  .ʵʡʥʷʤʮ ʲʣʩʮʤ ʷʺʲʥʩ ʥʩʬʠʹ )ʪʸʲʮ( ʸʴʠʡ ʬʲ ʲʩʡʶʮ 

 ʬʹ ʬʣʥʢʤ :ʡʬ ʥʮʩʹdx  ʯʥʸʫʩʦʤ ʱʸʣʩʩ ʺʸʧʠ ,ʠʥʸʷʬ ʭʩʶʥʸ ʥʰʧʰʠʹ ʭʩʺʡʤ ʺʥʮʫʬ ʤʥʥʹ ʥʠ ʬʥʣʢ ʺʥʩʤʬ ʡʩʩʧ

.ʸʴʠʡʤ ʩʸʧʠʹ 

proc ReadFile 

; Read file 

 mov ah,3Fh 

 mov bx, [filehandle[ 

 mov cx,NumOfBytes 

 mov dx,offset Buffer 

 int 21h 

 ret 

endp ReadHeader 

 ,ʤʠʩʶʩʡax  ʤʠʩʢʹ ʣʥʷ ʥʠ ,ʵʡʥʷʤʮ ʥʠʸʷʰʹ ʭʩʺʡʤ ʺʥʮʫ ʺʠ ʷʩʦʧʩ ʭʠ.ʤʩʲʡ ʤʺʩʤ 

.ʤʧʬʶʤʡ ʥʺʥʠ ʥʰʧʺʴʹ ʸʧʠʬ ʷʸ ʵʡʥʷʤʮ ʠʥʸʷʬ ʹʩ ʩʫ ʡʬ ʥʮʩʹ 

ʵʡʥʷʬ ʤʡʩʺʫ 

 ʺʬʥʲʴ ʥʮʫ ʷʥʩʣʡ ʺʩʠʸʰ ʵʡʥʷʬ ʤʡʩʺʫʤ ʺʬʥʲʴʤʠʩʸʷʤ–  ʠʥʤ ʵʡʥʷʬ ʤʡʩʺʫʬ ʣʥʷʤ .ʪʴʩʤʬ ʷʸah=40h:ʭʩʸʨʮʸʴ . 

bx–filehandleʹʮ ʥʰʬʡʩʷ-DOS .ʤʧʩʺʴʤ ʡʬʹʡ 

cx–  ʭʠ :ʤʸʲʤ .ʡʥʺʫʬ ʭʩʹʷʡʮ ʥʰʧʰʠ ʭʺʥʠ ʭʩʺʡʤ ʺʥʮʫcx=0  ʩʸʧʠ ʵʡʥʷʡʹ ʲʣʩʮʤ ʬʫ ʦʠfilehandle.ʷʧʮʩʩ , 
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dx– ʲʮ( ʸʴʠʡ ʬʲ ʲʩʡʶʮ.ʵʡʥʷʤ ʬʠ ʲʣʩʮʤ ʷʺʲʥʩ ʥʰʮʮʹ )ʪʸ 

 ,ʤʠʩʶʩʡax  ʤʠʩʢʹ ʣʥʷ ʥʠ ,ʵʡʥʷʬ ʥʡʺʫʰʹ ʭʩʺʡʤ ʺʥʮʫ ʺʠ ʷʩʦʧʩ ʭʠ.ʤʩʲʡ ʤʺʩʤ 

( ʤʡʩʺʫ ʸʹʴʠʮʹ ʡʶʮʡ ʵʡʥʷʤ ʺʠ ʭʺʧʺʴ ʠʬ ʭʠ :ʡʬ ʥʮʩʹcx=1, cx=2 ʤʠʩʢʹ ʣʥʷ ʸʦʧʥʩ ʦʠ )ax=5 

 ʥʺʥʲʮʹʮʹaccess denied . 

proc WriteToFile 

 mov ah,40h 

 mov bx, [filehandle[ 

 mov cx,12 

 mov dx,offset Message 

 int 21h 

 ret 

endp WriteToFile 

.ʤʧʬʶʤʡ ʥʺʥʠ ʥʰʧʺʴʹ ʸʧʠʬ ʷʸ ʵʡʥʷʬ ʡʥʺʫʬ ʹʩ ʩʫ ʡʬ ʥʮʩʹ 

ʵʡʥʷ ʺʸʩʢʱ 

 ʤʷʩʱʴ( ʺʩʰʫʥʺʤʮ ʤʠʩʶʩʤ ʯʮʦʡ21h  ʣʥʷ ʭʲah=4Ch ʭʩʶʡʷʤ ʬʫ ʭʩʸʢʱʰʥ ʤʱʴʺ ʺʩʰʫʥʺʤʹ ʯʥʸʫʩʦʤ ʬʫ ʸʸʧʥʹʮ ,)

 ʬʲ ʪʥʮʱʬ ʬʫʥʰ ʣʩʮʺ ʠʬʹ ʠʩʤ ʺʥʡʩʱʤ ʺʧʠ ?ʭʤʡ ʭʩʹʮʺʹʮ ʥʰʧʰʠʹ ʭʩʶʡʷ ʸʥʢʱʬ ʬʬʫʡ ʲʥʣʮ ,ʪʫ ʭʠ .ʤʧʺʴ ʺʩʰʫʥʺʤʹ

ʺʴʹ ʭʩʶʡʷʤ ʺʠ ʸʥʢʱʺ ʠʬ ʠʩʤ ,ʤʶʩʸ ʯʮʦʡ ʤʱʸʷ ʺʩʰʫʥʺʤ ʭʠ ,ʤʮʢʥʣʬ .ʥʰʬʹ ʭʩʶʡʷʤ ʺʠ ʸʥʢʱʺʹ ,ʺʩʰʫʥʺʤʮ ʤʠʩʶʩʤ .ʥʰʧ

 ,ʭʩʸʧʠ ʭʩʡʹʧʮʬ ʭʩʸʥʹʩʷ ,ʯʥʸʫʩʦ ,ʭʩʶʡʷ( ʭʤʡ ʭʩʹʮʺʹʮ ʥʰʧʰʠʹ ʭʩʩʰʥʶʩʧ ʭʩʡʠʹʮ ʸʥʢʱʬ :ʣʩʺʲʬ ʡʥʨ ʬʢʸʤ ʭʢ ʥʤʦ

 .ʸʺʥʩ ʬʩʲʩʬ ʪʴʥʤ ʥʰʬʹ ʣʥʷʤʥ ʥʰʩʰʩʴʹ ʭʩʡʠʹʮʤ ʺʠ ʬʶʰʬ ʺʥʬʥʫʩ ʺʥʸʧʠ ʺʥʰʫʥʺ ,ʥʦ ʤʸʥʶʡ .)ʣʥʲʥ ʸʦʲ ʺʥʰʫʥʺ 

ʬʲ ʺʲʶʡʺʮ ʵʡʥʷ ʺʸʩʢʱ־ ʣʥʷ ʩʣʩah=3Ehʧʩʤ ʸʨʮʸʴʤ .:ʠʥʤ ʤʷʩʱʴʬ ʺʺʬ ʪʩʸʶʹ ʩʣʩ 

bx–filehandleʹʮ ʥʰʬʡʩʷ־DOS .ʤʧʩʺʴʤ ʡʬʹʡ 

proc CloseFile 

 mov ah,3Eh 

 mov bx, [filehandle[ 

 int 21h 

 ret 

endp CloseFile 
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ʭʩʶʡʷ ʬʹ ʺʥʴʱʥʰ ʺʥʣʥʷʴ 

 ,ʺʥʴʱʥʰ ʺʥʬʥʲʴ ʲʶʡʬ ʯʺʩʰ ʭʩʰʥʹ ʭʩʣʥʷ ʺʥʲʶʮʠʡʹʣʡʥʲʤʥ ʺʥʸʥʷʮʤ ʩʥʡʩʸ ʡʷʲ .ʩʮʶʲ ʣʥʮʩʬʬ ʸʩʠʹʰ ʭʩʰʥʹ ʺʥʸʥʷʮʹ ʤ

 ʯʩʡ ,ʭʫʬ ʹʸʣʰʹ  ʸʥʷʮʤ ʩʸʧʠ ʹʥʴʩʧʡ ʣʡʬ ʥʱʰʺʺʹ ʳʩʣʲ ,ʺʥʰʥʹ ʺʥʬʥʲʴ ʬʲ ʺʥʠʮʢʥʣʡʥ ʭʩʸʡʱʤʡ ʭʩʣʷʮʺʮʹ ʣʥʮʲ ʤʦ

ʬʲ ʤʣʥʷʴ ʬʫ ʬʲ ʤʫʸʣʤ ʠʥʶʮʬ ʥʬʫʥʺ .ʺʥʬʠʹʥ ʤʸʦʲʬ ʭʥʸʥʴ ʥʠ ʺʥʠʮʢʥʣ ,ʸʡʱʤ־ ʬʢʥʢʡ ʹʥʴʩʧ ʩʣʩ'assembly int 21h 

ah…=' ʡ ʺʥʴʬʧʥʮ ʺʥʣʥʷʰʤ ʺʹʥʬʹ ʸʹʠʫ:ʩʨʰʡʬʸʤ ʣʥʷ 

AH=3Ch– ʵʡʥʷ ʺʸʩʶʩ 

AH=41h– ʵʡʥʷ ʺʷʩʧʮ 

AH=42h– ʵʡʥʷʤ ʪʥʺʡ ʲʩʡʶʮʤ ʺʦʦʤ 

ʤʮʢʥʣʬ ʺʩʰʫʺ –filewrt.txt 

 ʭʹʡ ʷʩʸ ʵʡʥʷ ʺʧʺʥʴ ʤʠʡʤ ʺʩʰʫʥʺʤtestfile.txt' ʺʦʥʸʧʮʤ ʺʠ ʥʫʥʺʬ ʤʷʩʺʲʮ ,Hello world.ʵʡʥʷʤ ʺʠ ʺʸʢʥʱʥ '! 

; ---------------------------------------------------------------------------- 

; Write to file 

; Author: Barak Gonen, 2014 

; ---------------------------------------------------------------------------- 

IDEAL 

MODEL small 

STACK 100h 

DATASEG 

filename db 'testfile.txt',0 

filehandle dw   ?  

Message db 'Hello world!’ 

ErrorMsg db 'Error', 10, 13,'$' 

 

CODESEG 

proc OpenFile 

; Open file for reading and writing 
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 mov ah, 3Dh 

 mov al, 2 

 mov dx, offset filename 

 int 21h 

 jc openerror 

 mov [filehandle], ax 

 ret 

openerror: 

 mov dx, offset ErrorMsg 

 mov ah, 9h 

 int 21h 

 ret  

endp OpenFile 

proc WriteToFile 

; Write message to file 

 mov ah,40h 

 mov bx, [filehandle] 

 mov cx,12 

 mov dx,offset Message 

 int 21h 

 ret 

endp WriteToFile 

 

proc CloseFile 

; Close file 

 mov ah,3Eh 
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 mov bx, [filehandle] 

 int 21h 

 ret 

endp CloseFile 

 

start: 

 mov ax, @data 

 mov ds, ax 

 ; Process file 

 call OpenFile 

 call WriteToFile 

 call CloseFile 

quit: 

 mov ax, 4c00h 

 int 21h 

END start 
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ʤʷʩʴʸʢ 

 ʹʩʸʴʱʮ .ʩʨʸʥʠʩʺ ʲʷʸ ʺʶʷ ʯʺʩʰ ,ʬʫʤ ʩʰʴʬ .ʭʩʩʴʸʢ ʭʩʨʰʮʬʠ ʭʫʬʹ ʺʩʰʫʥʺʬ ʱʩʰʫʤʬ ʭʩʫʸʣ 

ʤ ʯʥʸʫʩʦʡ ʸʥʦʠ ʥʰʹʩʹ ʠʥʤ ʤʷʩʴʸʢ ʭʲ ʤʣʥʡʲʡ ʩʱʩʱʡʤ ʯʥʩʲʸʤ-I/O  ʤʦʤ ʸʥʦʠʤ .ʪʱʮʤ ʬʲ ʢʶʥʮʹ ʲʣʩʮʤ ʬʫ ʺʠ ʸʮʥʹʹ

 ʠʸʷʰvideo memory ʤ .ʪʱʮʤ ʱʩʨʸʫ ʬʠ ʸʥʹʷ ʠʥʤʥ־video memory ʸʫʩʦʡ ʭʥʷʩʮʤ ʺʠ ʱʴʥʺ ʯʩʡʹ ʯʥA000:0000 

 ʯʩʡʬB000:FFFF . 

 ʭʩʠʸʷʰʹ ,ʭʩʡʶʮ ʩʰʹʡ ʣʥʡʲʬ ʬʥʫʩ ʪʱʮʤ ʱʩʨʸʫmodes: 

-  ʥʠ ,ʩʬʠʥʨʱʷʨ ʡʶʮʡtext modeʤʮ ʲʣʩʮʤ ʺʠ ʠʥʸʷʬ ʥʩʬʲʹ ʪʱʮʤ ʱʩʨʸʫʬ ʭʩʲʡʥʷ ʥʰʧʰʠ ,־video memory 

ʡ ʬʩʧʺʮʹ ʭʥʷʩʮʡ־B800:0000 ʥʬʣʥʢʥ4K (4,096 ʭʩʺʡ) ʱʩʴʣʮ ʪʱʮʤ ʱʩʨʸʫ ,ʤʦ ʡʶʮʡ .25  ʬʥʴʫ ʺʥʸʥʹ80 

 ʩʥʥʺ ʬʹ ʺʥʣʥʮʲASCII . 

-  ʥʠ ,ʩʴʸʢ ʡʶʮʡgraphic modeʤʮ ʲʣʩʮʤ ʺʠ ʠʥʸʷʬ ʥʩʬʲʹ ʪʱʮʤ ʱʩʨʸʫʬ ʭʩʲʡʥʷ ʥʰʧʰʠ ,־video memory 

ʡ ʬʩʧʺʮʹ ʭʥʷʩʮʡ־A000:0000ʥʬʣʥʢʥ ,64K(65,536 ʱʩʴʣʮ ʪʱʮʤ ʱʩʨʸʫ ,ʤʦ ʡʶʮʡ .)ʭʩʺʡ200  ʬʥʴʫ ʺʥʸʥʹ

320 .ʭʩʬʱʷʩʴ ʬʹ ʺʥʣʥʮʲ 

ʺ ʺʠ ʷʸʴʬ ʸʹʴʠ:ʭʩʡʬʹ ʤʹʥʬʹʬ ʪʱʮʬ ʤʱʴʣʤʤ ʪʩʬʤ 

ʯʥʹʠʸ ʡʬʹ–  ʭʩʬʩʲʴʮʹʫ( ʪʱʮʤ ʱʩʨʸʫ ʬʹ ʤʣʥʡʲʤ ʡʶʮ ʺʲʩʡʷDOSBOX ʡʶʮ ʠʥʤ ʤʷʩʴʸʢʤ ʬʹ ʬʣʧʮʤ ʺʸʩʸʡ ʡʶʮ ,

.)ʩʬʠʥʨʱʷʨ 

ʩʰʹ ʡʬʹ– .)ʤʰʥʮʺ ʬʹ ʨʮʸʥʴ ʠʸʷʰʹ ʤʮ( ʧʰʲʴʬ ʬʥʫʩ ʪʱʮʤ ʱʩʨʸʫʹ ʭʩʨʩʡʬ ʥʰʬʹ ʤʷʩʴʸʢʤ ʭʥʢʸʺ 

ʩʹʩʬʹ ʡʬʹ–  ʭʩʢʶʩʩʮʹ ʭʩʨʩʡʤ ʺʷʺʲʤʡ ʯʥʫʰʤ ʭʥʷʮʤ ʬʠ ʤʷʩʴʸʢʤ ʺʠ־video memory ,ʩʬʡʮʱʠʡ ʭʩʸʡʣ ʣʥʲ ʥʮʫ .

:ʺʧʠ ʪʸʣʮ ʸʺʥʩʡ ʲʶʡʺʤʬ ʤʬʥʫʩ ʥʦ ʤʬʥʲʴ 

- ʬ ʺʥʸʩʹʩ ʲʣʩʮʤ ʺʠ ʷʩʺʲʤʬ ʸʹʴʠ־video memoryʠʮ ʤʸʩʤʮ ʪʸʣ ʥʦ .ʥ ʺʩʱʧʩ ʣʠʹʬ ʠʥʤ ʯʥʸʱʩʧʤ ,ʺʥʨʩʹʤ ʸ

 ʺʡʥʺʫʤ ʺʠ ʥʰʮʶʲʡ ʡʹʧʬ ʪʩʸʶʹʹʺʥʰʴʬ ʪʩʸʶʤʩʬʠ. 

- ʩʱʴʬ ʠʥʸʷʬ ʸʹʴʠ ʺʷBIOS ʺʥʷʩʱʴ .BIOS  ,ʭʫʸʩʫʦʤʬ .ʺʥʷʩʱʴʡ ʯʣʹ ʷʸʴʡ ʤʸʶʷʡ ʥʸʫʦʥʤBIOS  ʠʩʤ

 ʺʥʷʩʱʴʡ ʹʥʮʩʹʤ .ʬʨʰʩʠ ʺʸʡʧ ʬʹ ʤʰʫʥʺ ʺʩʩʸʴʱBIOS  .ʤʸʮʥʧ ʩʰʷʺʤʬ ʺʩʱʧʩ ʨʥʹʴ ʷʹʮʮ ʥʰʬ ʯʺʥʰ 

-  ʺʥʷʩʱʴʡ ʹʮʺʹʤʬ ʸʹʴʠDOS ,ʹ .ʸʩʫʤʬ ʥʰʬ ʠʶʩ ʸʡʫ 
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ʬ ʭʲʴ ,ʭʩʡʬʹʤ ʺʹʥʬʹ ʺʠ ʥʩʹʫʲ ʸʩʡʱʰ־text mode ʬ ʭʲʴʥ־graphic mode. 

ʡ ʤʷʩʴʸʢ־Text Mode 

 ʩʥʥʺ ʺʥʲʶʮʠʡ ʢʶʩʩʬ ʸʹʴʠʹ ʭʩʸʡʣʬ ʬʡʢʥʮ ʠʥʤ ʯʫʬʥ ʸʷʩʲʡ ʨʱʷʨ ʺʢʶʤʬ ʣʲʥʩʮ ʩʬʠʥʨʱʷʨ ʡʶʮ ,ʯʩʡʤʬ ʸʹʴʠʹ ʥʮʫ

ASCII ʩʥʥʺ ʭʲ ʷʧʹʮʥ ʺʥʩʺʸʩʶʩ ʺʶʷ ʭʲ ,ʯʩʩʣʲ .ASCII  ʭʩʣʮʧʰ ʭʩʸʡʣʬ ʲʩʢʤʬ ʸʹʴʠʠʮʥʣ. 

ʯʥʹʠʸ ʡʬʹ–  ʤʣʥʡʲ ʡʶʮ ʺʲʩʡʷtext mode ʬʹ ʬʣʧʮʤ ʺʸʩʸʡ ʤʣʥʡʲʤ ʡʶʮ ʥʤʦ ,ʥʰʺʧʮʹʬ .DOS ʪʱʮʤ ʤʦ ʡʶʮʡ .

ʬ ʷʬʥʧʮ25־ ʥ ʺʥʸʥʹ80־  .ʭʩʥʥʺ ʬʹ ʺʥʣʥʮʲ 

 

ʡ ʭʩʠʶʮʰ ʠʬ ʥʰʧʰʠ ʭʠ־text mode ʺʷʩʱʴ ʺʥʲʶʮʠʡ ʥʩʬʠ ʸʥʡʲʬ ʬʫʥʰ ,BIOS, int 10h:ʠʡʤ ʯʴʥʠʡ ʤʷʩʱʴʬ ʥʠʸʩʷ . 

mov ah, 0 

mov al, 2 

int 10h 

ʩ ʩʹʩʬʹʤʥ ʩʰʹʤ ʡʬʹʤ ʲʥʶʩʡʬʭʩʫʸʣ ʩʺʹ ʥʩʹʫʲ ʤʠʸʰ .ʺʥʨʩʹ ʤʮʫ ʹ– ʹʩ ʸʺʥʩ ʪʫʮ.ʭʩʡʥʬʩʹ ʲʶʡʬ ʭʢ ʸʹʴʠʥ , 

 ʺʥʦʥʸʧʮʡ ʹʥʮʩʹASCII 

ʡ ʸʩʣʢʤʬ ʠʩʤ ʺʥʮʩʱʷʮ ʺʥʠʶʥʺ ʺʬʲʡ ʬʡʠ ʤʨʥʹʴ ʤʨʩʹ־DATASEG  ,ʯʩʴʥʬʩʧʬ .ʺʡʥʺʫ ʥʠ ʸʥʩʶ ʭʩʸʶʥʩʹ ʭʩʥʥʺ ʬʹ ʳʱʥʠ

ʡ ʺʥʸʩʹʩ ʤʸʣʢʤʤ ʺʠ ʲʶʡʬ ʭʥʷʮʡ־DATASEGʥʷ ʸʩʣʢʤʬ ʭʩʬʥʫʩ ʥʰʧʰʠ , ʥʬ ʺʥʹʲʬ ʦʠʥ ,ʵʡinclude  ʪʥʺʬ

DATASEG. 

 ʵʡʥʷʤ ʤʮʢʥʣʬmonalisa.asm: 
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ʤ ʯʮʩʱʬ ʡʬ ʥʮʩʹ .ʤʺʩʠ ʣʥʡʲʬ ʧʥʰ ʸʺʥʩ ʤʩʤʩʹ ʩʣʫ ʺʥʸʥʹʬ ʺʣʸʴʥʮʹ ,ʤʫʥʸʠ ʺʦʥʸʧʮ ʬʫʤ ʪʱʡ ʠʥʤ ʤʦʤ ʵʡʥʷʤ־ ʳʥʱʡ $

ʺʦʥʸʧʮʤ– .ʭʹ ʠʥʤ ʲʥʣʮ ʭʩʰʩʡʮ ʧʨʡ ʸʡʫ ʭʺʠ 

 ʪʱʮʬ ʺʦʥʸʧʮ ʺʱʴʣʤ ʬʹ ʤʣʥʷʴʤ ʺʥʲʶʮʠʡ ,ʺʸʫʥʮʤ ʤʨʩʹʡ ʲʶʡʰ ʪʱʮʬ ʤʱʴʣʤʤ ʺʠint 21h  ʣʥʷ ʭʲah=9h. 

 ʤʸʶʷ ʺʩʰʫʥʺʬ ʤʮʢʥʣ ʵʡʥʷʤ ʺʠ ʪʱʮʬ ʤʱʩʴʣʮʹmonalisa.asm ʤʠʸʥʤʤ ʺʠ ʣʩʸʥʤʬ ʹʩʹ ʪʫʬ ʡʬ ʥʮʩʹ(IDEAL ʹʠʸʡ

ʤʹ ʺʰʮ ʬʲ ,ʺʩʰʫʥʺʤ־include :)ʣʥʡʲʩ 

 

; ---------------------------------------------------------  

; Display ASCII graphics 

; Author: Barak Gonen 2014 

; --------------------------------------------------------- 

model small 

stack 100h 

DATASEG 

include monalisa.asm 

CODESEG 

start: 
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mov ax,@data 

mov ds,ax 

; Print string 

mov ah,9h 

mov dx,offset monalisa 

int 21h 

; Wait for key press 

mov ah,0h 

 int 16h 

exit: 

 mov ax,4C00h 

 int 21h 

end start 
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 ʩʥʥʺʬ ʤʰʥʮʺ ʬʫ ʪʥʴʤʬ ʸʹʴʠASCII  ʯʥʢʫ ʤʰʫʥʺ ʺʥʲʶʮʠʡASCII Generator  ʤʣʸʥʤʬ ʺʰʺʩʰʹ

ʮ־http://sourceforge.net/projects/ascgen2:ʤʮʢʥʣʬ . 

 

ʤʮʢʥʣʬ ,ʭʫʮʶʲʡ ʹʴʧʬ ʥʠ ,ʭʩʠʡʤ ʺʥʸʥʷʮʤ ʯʥʥʢʮʡ ʹʮʺʹʤʬ ʭʩʬʥʫʩ ʭʺʠ: 

 " how to generate ascii art" 

For beginners: 

www.en.wikipedia.org/wiki/ASCII_art_converter 

ASCII Art Galleries: 

http://www.afn.org/~afn39695/collect.htm 

http://chris.com/ascii/ 

  

http://sourceforge.net/projects/ascgen2/
http://www.afn.org/~afn39695/collect.htm
http://chris.com/ascii/
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ʡ ʤʷʩʴʸʢ־Graphic Mode 

 ʤʬʹ ʪʸʲʤ ʺʠ ʺʥʰʹʬ ʯʺʩʰʹ ʸʺʥʩʡ ʤʰʨʷʤ ʤʣʩʧʩʤ ʠʥʤ ʬʱʷʩʴ .ʭʩʬʱʷʩʴ ʬʲ ʸʡʣʬ ʸʥʡʲʰ ʥʩʹʫʲ ,ʭʩʥʥʺ ʬʲ ʥʰʸʡʩʣ ʤʫ ʣʲ

 ʨʮʸʥʴ ʬʲ ʸʡʣʰ ʥʰʧʰʠ .ʤʩʶʥʬʥʦʸ ʺʠʸʷʰ ʪʱʮʡ ʭʩʬʱʷʩʴʤ ʺʥʮʫ .ʤʷʩʴʸʢ ʬʹ ʬʡʠ ,ʭʥʨʠ ʥʮʫ ʠʥʤ ʬʱʷʩʴ .ʪʱʮʡVGA ,

 ʬʹ ʸʥʶʩʷVideo Graphics Arrayʰ ʤʦ ʨʮʸʥʴ ʬʹ ʤʸʩʷʱ . ʣʥʡʫʤ ʺʠ ʺʺʬ ʬʩʢʸʫ ʵʬʮʥʮ ,ʭʩʡʸ ʺʥʮʥʷʮʡ ʠʥʶʮʬ ʯʺʩ

:ʤʩʣʴʩʷʩʥʬ ʯʥʹʠʸʤ 

http://en.wikipedia.org/wiki/Video_Graphics_Array 

 ʨʮʸʥʴVGA  ʬʹ ʤʩʶʥʬʥʦʸʡ ʣʷʮʺʰ ʥʰʧʰʠ ,ʪʱʮ ʺʥʩʶʥʬʥʦʸ ʸʴʱʮʡ ʪʮʥʺ320X200ʥʬʫ , ʸʮ200  ʬʥʴʫ ʺʥʸʥʹ320 

 .ʭʩʬʱʷʩʴ ʬʹ ʺʥʣʥʮʲ 

 ʺʷʩʱʴʡ ʹʮʺʹʰ ʤʦ ʩʴʸʢ ʨʮʸʥʴʬ ʸʥʡʲʬ ʩʣʫBIOS, int 10h :ʤʦ ʷʸʴʡ ʥʰʩʬʲ ʤʡʩʡʧ ʺʩʹʲʰʹ 

mov ax, 13h  

int 10h 

 ʬʹ ʤʶʩʸʨʮʬ ,ʥʰʬʹ ʪʱʮʤ ʡʶʮ ʺʠ ʺʲʡʥʷ ʥʦ ʤʷʩʱʴ200x320 .ʭʩʬʱʷʩʴ 

 

ʤ ʪʥʺʡ־video memoryʡ ʬʩʧʺʮʹ ʸʥʦʠʡ ,-A000:0000ʥʮʹ , ʬʱʷʩʴ ʬʫ ʬʩʡʹʡ .ʤʰʥʮʺʤ ʢʥʶʩʩʬ ʸʥʹʷʹ ʲʣʩʮʤ ʬʫ ʸ

 .ʬʱʷʩʴʤ ʬʹ ʲʡʶʤ ʤʮ ,ʪʫ ʸʧʠ .ʪʱʮʤ ʬʲ ʥʬʹ ʭʥʷʩʮʤ ʤʮ ,ʬʫ ʭʣʥʷ :ʭʩʸʡʣ ʩʰʹ ʺʲʣʬ ʭʩʫʩʸʶ ʥʰʧʰʠ 

 

 

ʤʰʥʮʺ ʸʶʥʩ ʭʩʬʱʷʩʴ ʬʹ ʡʥʬʩʹ ,ʸʧʠ ʲʡʶ ʹʩ ʬʱʷʩʴ ʬʫʬ 

http://en.wikipedia.org/wiki/Video_Graphics_Array
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ʬʲ ʲʡʷʰ ʪʱʮʤ ʬʲ ʬʱʷʩʴʤ ʬʹ ʭʥʷʩʮʤ־ʮ ʬʱʷʩʴ ʬʫ :ʯʥʸʫʩʦʡ ʥʬʹ ʭʥʷʩʮʤ ʩʣʩʬʲ ʢʶʥʩ־ ʺʩʡʤ ,ʪʫ .ʣʧʠ ʺʩʡ ʩʣʩ

A000:0000  ʬʱʷʩʴʬ ʸʥʹʷ0:0 ʺʩʡʤ ,A000:0001  ʬʱʷʩʴʬ ʸʥʹʷ0:1  ʤʸʥʹʡ ʬʱʷʩʴʬ ʲʩʢʤʬ ʩʣʫ .ʤʠʬʤ ʪʫʥY ,

ʡ ʤʸʥʹʤ ʸʴʱʮ ʺʠ ʭʩʬʴʥʫ320־ ʤʣʥʮʲʤ ʸʴʱʮ ʺʠ ʭʩʴʩʱʥʮ ,X .ʡʹʥʧʹ ʭʥʷʩʮʡ ʯʥʸʫʩʦʬ ʭʩʰʥʴʥ 

 ʨʮʸʥʴʡ ,ʸʥʮʠʫ .ʲʡʶʤ ʺʲʩʡʷ ʬʲ ʸʡʱʤʤ ʺʠ ʷʩʮʲʰVGA ʬʲ ʢʶʥʩʮ ʲʡʶʤ ʸʴʱʮ ,ʥʡ ʭʩʷʱʥʲ ʥʰʧʰʠʹ־ ʸʮʥʬʫ ,ʣʧʠ ʺʩʡ ʩʣʩ

8  ʸʥʧʡʬ ʭʩʬʥʫʩ ʥʰʧʰʠʹ ʯʠʫʮ .ʭʩʨʩʡ28=256  ʸʴʱʮ ʬʫ ʤʸʩʮʮʹ ,ʤʸʮʤ ʺʬʡʨ ʹʩ ʡʹʧʮʤ ʯʥʸʫʩʦʡ .ʭʩʲʡʶ ʬʹ ʺʥʩʥʸʹʴʠ

 ʬʹ ʡʥʬʩʹʬRed, Green, Blueʸʥʶʩʷʡ ʥʠ , –RGBʮ ʸʺʥʩ ʤʡʸʤ ʭʩʮʩʩʷ .256־  ʬʹ ʭʩʡʥʬʩʹRGBʤʸʮʤʤ ʺʬʡʨ ʪʠ , 

 ʷʸ ʤʬʩʫʮ256 ʡ ʥʰʮʹʹ ʧʩʰʰ .)ʣʣʥʡ ʺʩʡ ʺʥʲʶʮʠʡ ʲʡʶ ʢʶʩʩʬ ʤʩʤʩ ʯʺʩʰʹ ʩʣʫ( ʺʥʩʥʸʹʴʠ־video memory  ʲʡʶ ʸʴʱʮ

0 ʭʥʷʩʮʬ ʤʸʮʤʤ ʺʬʡʨʬ ʤʰʴʩ ʪʱʮʤ ʱʩʨʸʫ .0ʠʶʮʩ ʠʥʤ ʭʹ ,– ʧʩʰʤʬ ʸʩʡʱ– ʤ ʩʫʸʲʹ־RGB  ʭʤ0,0,0–  ʭʩʢʶʩʩʮ ʸʮʥʬʫ

.ʸʥʧʹ ʲʡʶ 

ʸʷʰʹ ,ʺʩʨʸʣʰʨʱ ʤʸʮʤ ʺʬʡʨ ʹʩ ʡʹʧʮʤ ʯʥʸʫʩʦʡ ʺʠstandard paletteʡ ʭʩʸʮʹʰʹ ʭʩʲʡʶʤ ʥʬʠ .־standard 

palette: 

 

ʤʦ ʤʸʷʮʡ .ʩʰʹʬ ʣʧʠ ʭʩʮʥʣ ʩʣ ʤʡ ʭʩʰʥʥʢʤʹ ,ʤʰʥʮʺ ʥʰʬ ʹʩ ʭʩʺʩʲʬ256 ʡ ʭʩʮʩʩʷʤ ʭʩʲʡʶʤ־standard palette  ʠʬ

ʮ ʷʬʧ ʬʲ ʸʺʥʥʬ ʸʹʴʠ ,ʺʠʦ ʭʲ .ʭʩʰʥʥʢʤ ʯʩʡ ʩʰʥʹʤ ʺʠ ʢʶʩʩʬ ʩʣʫ ʭʩʷʩʴʱʮ256־ ʡ ʭʩʲʡʶʤ־standard palette ʺʥʩʤ ,

ʤ ʺʠ ʺʥʰʹʬ ʯʺʩʰ ʪʩʠ ʤʠʸʰ ʣʩʮ .ʤʰʥʮʺʡ ʢʥʶʩʩ ʭʤʬ ʹʩʹ ʭʩʸʧʠ ʭʩʰʥʥʢʡ ʭʺʥʠ ʳʩʬʧʤʬʥ ,ʤʰʥʮʺʡ ʭʩʢʶʥʩʮ ʭʰʩʠʹ־palette 

 ʨʮʸʥʴʡ ʵʡʥʷ ʬʹ ʤʰʩʲʨ ʺʥʲʶʮʠʡ ,ʬʣʧʮʤ ʺʸʩʸʡbmp  ʬʩʫʮʹpalette .ʵʡʥʷʬ ʭʠʺʥʮ 

ʪʱʮʬ ʬʱʷʩʴ ʺʱʴʣʤ 

 ʺʱʴʣʤ ʩʸʥʧʠʮ ʣʮʥʲʹ ʯʥʰʢʰʮʤ ʺʠ ʥʰʸʷʱʹ ʸʧʠʬ .ʬʲʥʴʡ ʪʫʬ ʺʥʮʸʥʢʹ ʺʥʣʥʷʴʤ ʺʠ ʸʠʺʬ ʷʸ ʥʰʬ ʸʺʥʰ ,ʪʱʮʬ ʭʩʬʱʷʩʴ

ʬ ʺʹʢʬ ʨʥʹʴ ʠʩʤ ʤʰʥʹʠʸʤ ʺʥʸʹʴʠʤ־video memory  ʺʣʥʷʴ ʺʥʲʶʮʠʡ ʺʩʡ ʬʣʥʢʡ ʭʩʫʸʲ ʥʫʥʺʬ ʱʩʰʫʤʬʥout ʯʫ ʩʰʴʬ .

 ʺʥʨʰʩʣʸʥʠʥʷʬ ʲʬʷʰʹ ʩʣʫ ,ʯʥʸʫʩʦʡ ʠʺʤ ʭʥʷʩʮ ʺʠ ʡʹʧʬ ʷʸ ʪʩʸʶx,y .ʺʥʰʥʫʰʤ 

ʲʶʡʬ ʠʩʤ ʤʩʰʹʤ ʺʥʸʹʴʠʤ  ʺʷʩʱʴ ʺʸʦʲʡ ʬʡʠ ,ʤʬʥʲʴ ʤʺʥʠ ʺʠBIOS ʣʥʷ ,ah=0Ch ʺʠ  ʬʡʷʬ ʤʫʩʸʶ ʤʷʩʱʴʤ .

:ʭʩʠʡʤ ʭʩʸʨʮʸʴʤ 

al– ʲʡʶ 

bl–  ʺʥʩʤʬ ʪʩʸʶ( ʣʥʮʲ0) 

cx–  ʺʨʰʩʣʸʥʠʥʷX 

dx–  ʺʨʰʩʣʸʥʠʥʷY 
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; ------------------------------------------------------------- 

; Paint a red pixel in the center of the screen 

; Author: Barak Gonen 2014 

; ------------------------------------------------------------- 

IDEAL 

MODEL small 

STACK 100h 

DATASEG 

x dw 160 

y dw 100 

color db 4 

CODESEG 

start: 

 mov ax, @data 

 mov ds, ax 

 ; Graphic mode 

 mov ax, 13h 

 int 10h 

 ; Print red dot 

 mov bh,0h 

 mov cx,[x] 

 mov dx,[y] 

 mov al,[color] 

 mov ah,0ch 

 int 10h 

 ; Wait for key press 

 mov ah,00h 
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 int 16h 

 ; Return to text mode 

 mov ah, 0 

 mov al, 2 

 int 10h 

exit: 

 mov ax, 4c00h 

 int 21h 

END start 

  

 

ʪʱʮʬ ʬʱʷʩʴ ʺʱʴʣʤ 

ʬʹ ʲʡʶʤ ʪʸʲ ʺʠʩʸʷ ʪʱʮʤʮ ʬʱʷʩʴ 

ʤ ʺʷʩʱʴ־BIOS  ʭʲ ʤʠʩʸʷ ʭʩʲʶʡʮ ʸʹʠʫ ,ʪʱʮʤʮ ʬʱʷʩʴ ʬʹ ʲʡʶʤ ʪʸʲ ʺʠ ʠʥʸʷʬ ʭʢ ʥʰʬ ʺʸʹʴʠʮah=0Dh ʥʰʧʰʠ .

ʤʮʢʥʣʬ .ʭʩʷʧʹʮʡ ʺʩʹʥʮʩʹ ʺʥʩʤʬ ʤʬʥʫʩ ʠʩʤʹ ʯʥʥʩʫ ,ʥʦ ʺʥʸʹʴʠʬ ʤʸʶʷʡ ʱʧʩʩʺʰ–  ,ʷʩʩʰʱ ʷʧʹʮ ʭʩʡʺʥʫ ʥʰʧʰʠʹ ʧʩʰʰ

ʸʩʷʡ ʹʢʰʺʤ ʥʰʬʹ ʹʧʰʤ ʭʠʤ ʷʥʣʡʬ ʭʩʶʥʸ ʥʰʧʰʠʥ ʭʥʷʮʡ ʲʡʶʤ ʪʸʲ ʺʠ ʷʥʣʡʬʥ ʩʣʥʧʩʩ ʲʡʶ ʸʩʷʬ ʺʺʬ ʨʥʹʴ ʭʩʬʥʫʩ ʥʰʧʰʠ .

ʸʩʷʤ ʬʹ ʲʡʶʬ ʤʥʥʹ ʲʡʶʤ ʪʸʲ ʭʠ .ʹʧʰʤ ʹʠʸ ʠʶʮʰ ʥʡ– .ʬʱʴʰ ʯʷʧʹʤ 

; Set graphics mode 320x200x256 

mov ax,13h 

int 10h 

; Read dot 

mov bh,0h 

mov cx,[x] 

mov dx,[y] 
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mov ah,0Dh 

int 10h ; return al the pixel value read 

 

)ʩʠʬʥʦʠ ʭʲʥʰ :ʨʩʣʸʷ( ʩʬʡʮʱʠʡ ʺʰʫʥʺʹ ʷʩʩʰʱ ʷʧʹʮ 

ʪʱʮʤ ʬʲ ʭʩʰʡʬʮʥ ʭʩʥʥʷ ʺʸʩʶʩ 

 ,ʤʸʥʹ ʬʫ ʸʥʶʩʬ ʭʩʬʥʫʩ ʥʰʧʰʠ ʤʹʲʮʬ( ʭʩʰʡʬʮʥ ʭʩʥʥʷ ʭʢ ʸʥʶʩʬ ʭʩʬʥʫʩ ʥʰʧʰʠ ,ʪʱʮʤ ʬʲ ʬʱʷʩʴ ʸʥʶʩʬ ʭʩʲʣʥʩ ʥʰʧʰʠʹ ʲʢʸʡ

.)ʸʡʱʤʤ ʪʸʥʶʬ ʭʩʰʡʬʮʡʥ ʭʩʥʥʷʡ ʣʷʮʺʰ ʬʡʠ 

ʩʱʡʤ ʯʥʩʲʸʤ ʪʸʲ ʭʲ ʭʲʴ ʬʫ ,ʪʱʮʬ ʬʱʷʩʴ ʤʱʩʴʣʮʹ ʤʸʥʣʶʥʸʴʬ ʭʩʠʸʥʷ ʥʰʧʰʠʹ ʠʥʤ ,ʥʷ ʺʸʩʶʩ ʩʸʥʧʠʮ ʩʱX ʡ ʬʥʣʢ1־ 

 ʪʸʲ ʭʲ ʥʠ )ʩʷʴʥʠ ʥʷ ʭʩʶʥʸ ʥʰʧʰʠ ʭʠ(Y ʡ ʬʥʣʢ1־ ʤ ʪʸʲʡ ʭʢ ʩʥʰʩʹ ʺʹʸʥʣ ʩʰʥʱʫʬʠ ʥʷ ʺʸʩʶʩ .)ʩʫʰʠ ʥʷ ʸʥʶʩʬ ʩʣʫ(־X 

ʤ ʪʸʲʡ ʭʢʥ־Y ,ʩʰʥʱʫʬʠ ʥʷ ʸʥʶʩʬ ʭʩʶʥʸ ʭʺʠ ʭʠ . ,ʬʢʲʮ ʥʠʬʢʥʢʡ ʥʹʴʧ“Bresenham algorithm”–  ʠʥʤ ʤʦ ʠʹʥʰ

.ʪʫʡ ʭʩʰʩʩʰʥʲʮʬ ,ʩʮʶʲ ʣʥʮʩʬʬ 

ʤ ʸʩʶʡ ʤʬʧʺʤʤ ʺʣʥʷʰ ʭʲʴ ʬʫʡ ʸʹʠʫ ,ʩʷʴʥʠ ʥʷ ʺʸʶʥʩʹ ʤʸʥʣʶʥʸʴʬ ʺʥʠʩʸʷ ʳʱʥʠ ʺʥʲʶʮʠʡ ʺʲʶʡʺʮ ʯʡʬʮ ʺʸʩʶʩ־Y 

ʡ ʤʬʣʢ1־.ʺʸʢʱʮʡ ʥʺʥʠ ʳʩʷʤʬ ʥʠ ,ʸʧʠ ʲʡʶ ʥʬ ʲʥʡʷʬ ʯʺʩʰ ʵʥʧʬ ʩʰʡʬʮ ʸʥʺʴʫ ʢʶʩʩʬ ʩʣʫ . 

 

)ʯʮʸʢʰʬ ʺʡʦʩʬʠ :ʨʩʣʸʷ( ʵʥʧʬ ʭʩʣʩʬʷʤ ʣʧʠ ,ʸʺʰʱʴ ʩʣʩʬʷ ʬʹ ʤʩʶʬʥʮʩʱ 
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 ʨʮʸʥʴʡ ʤʰʥʮʺ ʺʠʩʸʷBMP 

 ʺʥʸʣʢʤ( ʭʩʨʮʸʥʴ ʭʩʮʩʩʷ .ʥʰʠʶʮʹ ʤʠʰ ʤʰʥʮʺ ʥʰʬʹ ʤʰʫʥʺʡ ʡʬʹʬ ʤʶʸʰ ,ʥʰʮʶʲ ʺʥʧʥʫʡ ʤʰʥʮʺ ʸʩʩʶʬ ʭʥʷʮʡ ,ʭʩʺʩʲʬ

 ʨʮʸʥʴʡ ʣʷʮʺʰ ʥʰʧʰʠ ,ʺʥʰʥʮʺ ʬʹ ʭʩʡʸ )ʭʩʶʡʷʡ ʲʣʩʮ ʢʥʶʩʩʬ ʺʥʬʡʥʷʮBMP ʬʹ ʸʥʶʩʷ ,Bit Map .ʺʥʡʩʱ ʩʺʹʮ ,

 ʵʡʥʷʡ ʹʩʹ ʭʩʰʥʺʰʤ ʺʠ .ʨʥʹʴ ʠʥʤʹ ʠʩʤ ʤʩʰʹʤʥ ,ʵʥʴʰ ʨʮʸʥʴ ʠʥʤʹ ʠʩʤ ʤʰʥʹʠʸʤBMP  ʭʩʩʥʰʩʹ ʤʡʸʤ ʩʬʡ ʯʥʲʨʬ ʸʹʴʠ

ʤ ʪʥʺʬ ʭʩʷʧʹʮʥ־video memory ʥʮʫ ,ʭʩʸʧʠ ʭʩʨʮʸʥʴʬ ʣʥʢʩʰʡ ʺʠʦ ,JPG  ʺʡʫʸʥʮ ʤʷʩʮʺʩʸʥʢʬʠ ʪʩʸʶʮʹ ,ʵʥʴʰʤ

.ʤʧʩʺʴʬ 

 ʸʥʶʩʷʡ ʸʠʺʰ ʨʮʸʥʴ ʺʠ ʡʸBMPʤ ʨʮʸʥʴ ʬʹ ʣʥʮʩʬʤ ʺʠʹ ʸʮʠʰʥ ʭʩʣʷʰ ,ʯʫ ʩʰʴʬ .־BMPʬʲ ʺʥʹʲʬ ʬʷʥ ʵʬʮʥʮ־ ʩʣʩ

 ʹʥʴʩʧ ʺʥʲʶʮʠʡ ʠʥʶʮʬ ʯʺʩʰ ʭʩʨʸʥʴʮ ʭʩʸʡʱʤ .ʨʰʸʨʰʩʠʡ ʹʥʴʩʧ“read bmp file inassembly”:ʤʮʢʥʣʬ ʭʩʸʥʹʩʷ . 

www.brackeen.com/vga/bitmaps/html 

www.ragestorm.net/tutorial?id=7 

 ʨʮʸʥʴBMP :ʭʩʠʡʤ ʺʥʣʹʤʮ ʡʫʸʥʮ 

1. Header–  ʯʡ ʧʩʺʴ54 ʤ ʺʬʩʧʺʡ .ʭʩʺʡ־header ʭʩʠʶʮʰ' ʭʩʥʥʺʤBM ʨʮʸʥʴʡ ʠʥʤ ʵʡʥʷʤʹ ʭʩʰʩʩʶʮʹ '

BMP. 

2. Palette–256 ʺ ʲʡʶ ʬʫ ,ʭʩʲʡʶ ʬʫʤ ʪʱʡ( ʭʩʺʡ ʤʲʡʸʠ ʱʴʥ1,024  ʪʱʮʤ ʱʩʨʸʫʹ ʣʥʲʡʹ ,ʡʬ ʥʮʩʹ .)ʭʩʺʡ

 ʨʮʸʥʴʡ ʭʩʲʡʶʤ ʺʠ ʬʡʷʮRGB ʭʥʣʠ ,ʸʮʥʬʫ(–ʷʥʸʩ–ʡʹ ʭʩʲʡʶʤ ,)ʬʥʧʫ־palette ʤ ʬʹ־BMP  ʭʩʸʥʮʹ

 ʨʮʸʥʴʡBGR ʬʥʧʫ(–ʷʥʸʩ–ʤ ʺʠ ʯʲʨʰʹ ʩʰʴʬ ʭʩʲʡʶʤ ʸʣʱ ʺʠ ʪʥʴʤʬ ʪʸʨʶʰ ʯʫʬʥ ,)ʭʥʣʠ־palette  ʱʩʨʸʫʬ

.ʪʱʮʤ 

3. Data–  ʯʩʡ ʸʴʱʮ ʬʩʫʮ ʤʦʤ ʺʩʡʤ .ʣʩʧʩ ʺʩʡʡ ʸʥʮʹ ʬʱʷʩʴʥ ʬʱʷʩʴ ʬʫ ʬʲ ʲʣʩʮʤ0–255 ʲʡʶʤ ʸʴʱʮ ʠʥʤʹ ,

ʡ־paletteʤ ʺʠ ʧʷʩʰ ʭʠ ,ʸʮʥʬʫ .ʤʬʲʮʬ ʤʨʮʬʮ ʺʥʸʥʮʹ ʺʥʸʥʹʤʹ ,ʡʬ ʥʮʩʹ .־data  ʠʥʤʹ ʥʮʫ ʥʺʥʠ ʷʩʺʲʰʥ

ʤ ʪʥʺʬ־video memory ʩʶʡʷ .ʤʫʥʴʤ ʤʰʥʮʺ ʬʡʷʰ ,BMPʸʤ ʭʩʬʱʷʩʴ ʸʴʱʮ ʬʩʫʤʬ ʭʩʬʥʫʩ ʤʮʮ ʬʥʣʢ ʸʺʥʩ ʤʡ

ʤʹ־video memory  ʬʹVGA  ʠʥʤ ʭʤʬʹ ʩʬʮʩʱʷʮʤ ʬʣʥʢʤʹ ʭʩʶʡʷʡ ʷʥʱʲʰ ʥʰʧʰʠ .ʬʡʷʬ ʬʥʫʩ320  ʺʥʣʥʮʲ

 ʬʥʴʫ200  ʥʠ ,ʺʥʸʥʹ64,000 .ʭʩʬʱʷʩʴ 

 ʬʣʥʢʡ ʤʰʥʮʺ ʥʰʬ ʹʩʹ ʧʩʰʰ .ʪʱʮʬ ʭʩʸʡʲʥʮ ʭʩʲʡʶʤ ʪʩʠ ʺʥʠʸʬ ʩʣʫ ʥʰʣʮʬ ʤʺʲ ʤʦʹ ʭʩʸʡʣʤ ʬʫ ʺʠ ʸʡʧʰ320x200 

ʠ ʧʷʩʰ .ʭʩʬʱʷʩʴʹ ʯʥʥʩʫ .)ʬʠʮʹ ʣʶʮ ʤʨʮʬ ʪʱʮʡ ʢʶʥʮʹ( ʤʰʥʺʧʺʤ ʤʸʥʹʡ ʯʥʹʠʸʤ ʬʱʷʩʴʤ ʺ־BMP ʺʥʸʥʹʤ ʺʠ ʸʮʥʹ

ʤ ʵʡʥʷ ʪʥʺʡ ,ʪʥʴʤ־BMPʡ ʯʥʹʠʸʤ ʭʥʷʮʡ ʠʶʮʰʹ ʬʱʷʩʴʤ ʥʤʦ ,־dataʤ ʺʩʡʡ ʠʶʮʰ ʠʥʤ ,ʺʥʸʧʠ ʭʩʬʩʮʡ .1079־  ʪʥʺʡ

ʤ ʵʡʥʷ־BMP(1079=54+256x4) . 

ʤ ʺʩʡʡ ʪʸʲʤʹ ʧʩʰʰ1079־ ' ʠʥʤ0 ʬʹ ʺʥʲʮʹʮʤ .' ʤʮ ʠʥʤ ʤʰʥʺʧʺʤ ʤʸʥʹʡ ʩʬʠʮʹʤ ʬʱʷʩʴʤ ʬʹ ʲʡʶʤʹ ʠʩʤ ,ʤʦ ʪʸʲ

 ʱʷʣʰʩʠʡ ʠʶʮʰʹ0 ʡ־paletteʬ ʭʩʹʢʩʰ ʥʰʧʰʠ .־paletteʤ ʩʫʸʲ ,־BGR ʱʷʣʰʩʠʡ ʲʡʶʤ ʬʹ0  ʺʬʩʧʺʡ ʭʩʠʶʮʰ

ʤ־palette ʭʩʺʡʡ ,54:57 . 

http://www.brackeen.com/vga/bitmaps/html
http://www.ragestorm.net/tutorial?id=7


 ʷʸʴ13 –   ʭʩʬʫʭʩʨʷʩʥʸʴʬ 280  

 280 

 ʵʡʥʷ ʪʱʮʬ ʤʱʩʴʣʮʥ ʺʠʸʥʷ ʤʠʡʤ ʺʩʰʫʥʺʤBMP  ʬʣʥʢʡ320  ʬʲ200 ʭʺʠ ,ʤʦ ʵʡʥʷ ʸʥʶʩʬ ʩʣʫ . ʱʰʫʩʤʬ ʭʩʬʥʫʩ

ʬ־Microsoft Paint  ʸʺʥʩ ʭʩʶʡʷ ʯʥʲʨʬʥ ʸʥʶʩʬ ʭʢ ʭʩʬʥʫʩ ʭʺʠ .ʭʩʠʺʮʤ ʬʣʥʢʡ ʤʩʤʺ ʠʩʤʹ ʪʫ ʤʰʥʮʺʤ ʬʣʥʢ ʺʠ ʺʥʰʹʬʥ

.ʤʰʫʥʺʡʹ ʭʩʬʣʢʤ ʺʠ ʺʥʰʹʬ ʥʫʸʨʶʺ ʪʠ ,ʭʩʰʨʷ 

:ʺʩʰʫʥʺʤ ʬʲ ʩʬʬʫ ʸʡʱʤ 

-  ʭʹʡ ʵʡʥʷ ʸʣʢʥʮ ʺʩʰʫʥʺʡtest.bmp ʤʩʸʴʱʡ ʭʩʹʬ ʪʩʸʶ ʵʡʥʷʤ ʺʠ .ʵʡʥʷʤ ʭʹ ʺʠ ʺʥʰʹʬ ʭʩʬʥʫʩ ʭʺʠ .

tasm/bin. 

- .ʤʠʩʸʷʬ ʵʡʥʷʤ ʺʠ ʺʧʺʥʴ ʺʩʰʫʥʺʤ 

- ʤ ʠʸʷʰ ʯʫʮ ʸʧʠʬ־header. 

- ʤ ʠʸʷʰ ʯʫʮ ʸʧʠʬ־palette. 

- ʤ־palette  ʭʩʨʸʥʴʡ ,ʪʱʮʤ ʱʩʨʸʫʬ ʯʲʨʰ3C8h, 3C9hʤ ʬʹ ʭʩʫʸʲʤ ʸʣʱ ʺʠ ʤʰʹʮ ʺʩʰʫʥʺʤ .־BGR  ʩʣʫ

ʬ ʥʺʥʠ ʪʥʴʤʬ־RGB. 

- ʠʬʤ ʺʠ ʺʠʸʥʷ ʺʩʰʫʥʺʤ ʯʫʮ ʸʧ־data ʬ ʤʷʩʺʲʮʥ ,ʤʸʥʹ ʩʸʧʠ ʤʸʥʹ־video memory  ʩʣʫ ʪʥʴʤ ʸʣʱʡ

.ʤʫʥʴʤ ʤʩʤʺ ʠʬ ʤʰʥʮʺʤʹ 

- .ʺʩʱʧʩ ʨʥʹʴ ʯʴʥʠʡ ʺʩʰʫʥʺʤ ʺʠ ʢʡʣʬ ʸʹʴʠʮʹ ʸʡʣ ,ʺʥʸʥʣʶʥʸʴʬ ʺʩʰʫʥʺʤ ʬʹ ʤʷʥʬʧʬ ʡʬ ʥʮʩʹ 
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; -------------------------------------------------------------------------------------------------------------  

; Read a BMP file 320x200 and print it to screen 

; Author: Barak Gonen, 2014 

; Credit: Diego Escala, www.ece.msstate.edu/~reese/EE3724/labs/lab9/bitmap.asm 

; ------------------------------------------------------------------------------------------------------------- 

IDEAL 

MODEL small 

STACK 100h 

 

DATASEG 

filename db 'test.bmp',0 

filehandle dw   ?  

Header db 54 dup (0) 

Palette db 256*4 dup (0) 

ScrLine db 320 dup (0) 

ErrorMsg db 'Error', 13, 10,'$' 

 

CODESEG 

proc OpenFile 

; Open file 

 mov ah, 3Dh 

 xor al, al 

 mov dx, offset filename 

 int 21h 

 jc openerror 

 mov [filehandle], ax 
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 ret 

openerror: 

 mov dx, offset ErrorMsg 

 mov ah, 9h 

 int 21h 

 ret  

endp OpenFile 

 

proc ReadHeader 

; Read BMP file header, 54 bytes 

 mov ah,3fh 

 mov bx, [filehandle] 

 mov cx,54 

 mov dx,offset Header 

 int 21h 

 ret 

endp ReadHeader 

 

proc ReadPalette 

; Read BMP file color palette, 256 colors * 4 bytes (400h) 

 mov ah,3fh 

 mov cx,400h 

 mov dx,offset Palette 

 int 21h 

 ret 

endp ReadPalette 
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proc CopyPal 

; Copy the colors palette to the video memory  

; The number of the first color should be sent to port 3C8h 

; The palette is sent to port 3C9h 

 mov     si,offset Palette 

 mov     cx,256 

 mov     dx,3C8h 

 mov     al,0 

 ; Copy starting color to port 3C8h 

 out      dx,al 

 ; Copy palette itself to port 3C9h 

 inc       dx 

PalLoop: 

 ; Note: Colors in a BMP file are saved as BGR values rather than RGB. 

 mov al,[si+2] ; Get red value. 

 shr al,2 ; Max. is 255, but video palette maximal 

     ; value is 63.  Therefore dividing by 4. 

 out dx,al   ; Send it. 

 moval,[si+1]   ; Get green value. 

 shr al,2 

 out dx,al ; Send it. 

 moval,[si] ; Get blue value. 

 shr al,2 

 out dx,al ; Send it. 

 add si,4 ; Point to next color. 

     ; (There is a null chr. after every color.) 
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 loop    PalLoop 

 ret 

endp CopyPal 

 

proc CopyBitmap 

; BMP graphics are saved upside-down. 

; Read the graphic line by line (200 lines in VGA format), 

; displaying the lines from bottom to top. 

 mov ax, 0A000h 

 mov es, ax 

 movcx,200   

PrintBMPLoop: 

 pushcx 

 ; di = cx*320, point to the correct screen line 

 movdi,cx 

 shl cx,6 

 shl di,8 

 add di,cx 

 ; Read one line 

 mov ah,3fh 

 mov cx,320 

 mov dx,offset ScrLine 

 int 21h 

 ; Copy one line into video memory 

 cld  ; Clear direction flag, for movsb 

 mov cx,320 

 movsi,offset ScrLine 
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 rep movsb ; Copy line to the screen 

      ;rep movsb is same as the following code: 

      ;mov es:di, ds:si 

      ;inc si 

      ;inc di 

      ;dec cx 

     ... ;loop until cx=0      

 pop     cx 

 loop    PrintBMPLoop 

 ret 

endp CopyBitmap 

 

start: 

 mov ax, @data 

 mov ds, ax 

 ; Graphic mode 

 mov ax, 13h  

 int 10h 

 ; Process BMP file 

 call OpenFile 

 call ReadHeader 

 call ReadPalette 

 call CopyPal 

 call CopyBitmap 

 ; Wait for key press 

 mov  ah,1 
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 int  21h 

 ; Back to text mode 

 mov ah, 0 

 mov al, 2 

 int 10h 

exit: 

 mov ax, 4c00h 

 int 21h 

END start 

ʤʷʩʴʸʢ ʠʹʥʰʡ ʭʩʴʩʨʥ ʣʥʷ ʩʲʨʷ 

 ʬʫ ʹʴʧʬ ʭʩʬʥʫʩ ʭʺʠ ʹʥʴʩʧʤ ʯʥʬʧʡ .ʭʩʴʩʨʥ ʣʥʷ ʩʲʨʷ ʬʬʥʫ ,ʤʷʩʴʸʢʡ ʹʥʮʩʹ ʠʹʥʰʡ ʩʺʥʫʩʠ ʲʣʩʮ ʬʩʫʮ ʤʶʠʩʴʤ ʭʥʸʥʴ

ʤʮʢʥʣʬ .ʩʥʨʩʡ bmp  ʥʠgraphics:ʣʧʥʩʮʡ ʵʬʮʥʮ ʠʡʤ ʯʥʩʣʤ . 

https://piazza.com/class/i98gbkdp1mg15m?cid=20 

 ʠʸʷʰ ʤʦ ʯʥʩʣ"Graphics- advanced" ʭʩʠʹʥʰ ʸʴʱʮ ʦʫʸʮ ʠʥʤʥʯʥʩʣʤ ʺʠ ʺʧʺʥʴʹ ʤʲʣʥʤʤ ʯʬʤʬ .: 

"ʭʬʥʫʬ ʭʥʬʹ 

 ʩʰʠʤʶʥʸ ʷʩʱʲʮʹ ʠʹʥʰ ʥʤʦ ʷʴʱ ʠʬʬʹ ,ʤʷʩʴʸʢʡ ʬʥʴʩʨʬ ʺʥʡʥʨ ʺʥʷʩʨʷʸʴ ʦʫʸʩ ʤʦ ʯʥʩʣʹ .ʭʩʡʸ ʭʩʣʩʮʬʺ 
 ʭʢʥ ʭʩʸʧʠʬ ʲʩʩʱʩ ʭʢ ʭʤʬʹ ʲʣʩʤʥ ,ʺʩʺʥʫʩʠ ʤʷʩʴʸʢ ʭʲ ʭʩʨʷʩʩʥʸʴ ʥʹʲʹ ʭʩʣʩʮʬʺ ʺʥʰʲʬ ʣʠʮ ʭʩʰʮʦʥʮ ʤʦ ʯʥʩʣʬ

.ʭʩʠʡʤ ʭʩʰʥʺʰʹʬ ʸʮʹʩʩ 
ʩʲʨʷʥ ʭʩʸʡʱʤ ʺʥʬʲʤʬ ʠʰ  ʣʥʷ :ʭʩʠʡʤ ʭʩʠʹʥʰʬ 

1.  ʺʰʥʮʺ ʭʩʬʲʮ ʪʩʠBMP ʤ ʬʣʥʢʹ ʤʸʨʮ ʬʹ ʸʥʩʶ ,ʤʮʢʥʣʬ ?ʪʱʮʡ ʸʣʢʥʮ ʭʥʷʩʮʬ-BMP  ʠʥʤ10x10  ʭʩʬʱʷʩʴ
 ʭʥʷʩʮʡ80,100 

2.ʣʶʬ ʣʶʮ ʲʰ ʸʨʴʥʷʩʬʤ ,ʤʮʢʥʣʬ ?ʭʩʣʥʶʩʸ ʩʬʡ ʤʷʬʧ ʤʸʥʶʡ ʪʱʮʤ ʬʲ ʤʰʥʮʺ ʭʩʦʩʦʮ ʪʩʠ . 
3ʴʥʷ ʥʩʸʮ ʬʹ ʺʥʮʣ ,ʤʮʢʥʣʬ ?ʤʲʥʡʷ ʲʷʸ ʺʰʥʮʺ ʩʡʢ ʬʲ ʤʰʥʮʺ ʭʩʦʩʦʮ ʪʩʠ . ʤʩʸʥʧʠʮ ʲʷʸʤ ʸʹʠʫ ʤʨʮʥ ʤʬʲʮ ʺʶ

.ʲʥʡʷ ʸʠʹʰ 
4 ʷʥʱʮʤ( ʬʠʮʹʬ ʯʩʮʩʮ ʤʲʰ ʤʰʥʮʺʤ ʬʫʥ ʪʱʮʤ ʬʫ ʺʠ ʤʱʫʮʹ ʭʩʰʰʲ ʬʹ ʤʰʥʮʺ ,ʤʮʢʥʣʬ ?ʩʮʰʩʣ ʲʷʸ ʭʩʸʶʥʩ ʪʩʠ .

.)ʥʩʸʥʧʠʮ ʲʰ ʲʷʸʤʥ ʭʥʷʮʡ ʸʠʹʰ 
ʮʩʬʤ ʸʴʱ ʬʹ ʤʠʡʤ ʤʱʸʢʡ ʭʺʥʠ ʡʬʹʬ ʧʮʹʠ ,ʭʩʡʥʨ ʭʩʸʡʱʤ ʥʬʲʩʹ ʩʮ ʬʡʠ ,ʺʥʡʥʹʺ ʬʲ ʭʩʱʸʴ ʯʩʠ ʭʩʨʩʣʸʷ + ʣʥ

): 

ʤʫʸʡʡ 
ʷʸʡ" 
 

:ʺʥʡʥʹʺ ʬʲ ʭʩʨʩʣʸʷ 

 ʳʩʲʱ1- ʢʸʡʰʸʨʹ ʡʠʥʩʯʢ ʺʮʸ ʭʹ ʬʤʠ , 

https://piazza.com/class/i98gbkdp1mg15m?cid=20
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 ʭʩʴʩʲʱ2,3- ʣʰʸʡ ʯʸʥʷʯʢ ʺʮʸ ʭʹ ʬʤʠ , 

 ʳʩʲʱ4- ʵʸʥʥʹ ʩʰʹʤʰʩʮʩʰʡ ʨʸʥʠ , 

 

ʭʩʬʩʬʶ ʺʲʮʹʤ 

ʫʩ ʭʺʠ .ʺʥʩʥʸʩʣʺʥ ʬʥʷ ʩʬʢ ,ʭʩʬʩʬʶ ʬʲ ʤʩʸʥʠʩʺ ʬʫ ʭʣʥʷ ʠʥʸʷʬ ʵʬʮʥʮ ,ʭʩʬʩʬʶ ʺʲʮʹʤ ʠʹʥʰʬ ʧʩʺʴʫ ʯʥʥʢʮ ʠʥʶʮʬ ʭʩʬʥ

ʤ ʺʱʸʢ ʺʠ ʣʩʸʥʤʬ ʣʧʥʩʮʡ ʵʬʮʥʮ .ʨʰʸʨʰʩʠʡ ʺʥʸʥʷʮ ʬʹ ʭʥʶʲ־pdf  ʸʴʱʤ ʬʹ ʺʩʮʰʩʧʤArt of Assembly  ʠʥʸʷʬʥ

( ʬʥʷ ʩʬʢ ʬʹ ʤʷʩʱʩʴʤ ʺʥʣʥʠThe Physics of Sound.) 

.ʡʹʧʮʤʮ ʭʩʬʩʬʶ ʺʲʮʹʤ ʬʹ ʭʩʩʰʫʨʤ ʭʩʷʬʧʡ ʣʷʮʺʰ 

ʸʮʥʧ ʡʩʫʸ ʹʩ ʡʹʧʮʬʤ  ʥʩʬʠ ʣʥʮʶʹ– ,ʯʥʲʹ ,ʸʮʩʩʨʹ ʥʰʣʮʬ ʥʩʬʲ ʬʹ ʬʥʷʤ ʱʩʨʸʫʬ ʸʡʥʧʮ ʸʮʩʩʨʤ .ʭʩʮʣʥʷʤ ʭʩʷʸʴʡ

 ʭʢʸʺʮʹ ,ʬʥʷʤ ʱʩʨʸʫʡ ʩʬʮʹʧ ʬʢʲʮ ʺʸʩʢʱʬ ʭʸʥʢ ʸʮʩʩʨʤ ʬʹ "ʷʩʨ" ʬʫ ."ʭʩʷʩʨ" ʥʠ ,ʯʥʲʹ ʩʷʥʺʷʺ ʥʬ ʸʩʡʲʮʥ ʡʹʧʮʤ

 ʬʫ ʭʩʲʩʢʮʹ "ʭʩʷʩʨ"ʤ ʺʥʮʫ .ʲʥʮʹʬ ʭʩʬʢʥʱʮ ʥʰʧʰʠʹ ʬʥʷʬ ʥʺʥʠʤʩʰʹ  ʬʫʫ .ʸʣʺʤ ʭʤ ʬʥʷʤ ʱʩʨʸʫ ʬʠ ʸʮʩʩʨʤʮ

ʹ"ʭʩʷʩʨ" ʸʺʥʩ ʭʩʬʡʷʺʮ–  .ʥʰʬ ʭʩʸʫʥʮʹ ʭʩʬʩʬʶʬ ʭʩʸʣʺ ʯʩʡ ʤʸʩʮʮʹ ʤʬʡʨ ʺʮʩʩʷ ʵʬʮʥʮʤ ʸʴʱʡ .ʤʥʡʢ ʸʺʥʩ ʸʣʺʤ

ʲʡʩʤʨʥʹʴ ʺʩʨʮʺʮ ʺʥʩʷʥʧ ʹʩ ʯʥʸʷ– ʮ ʺʡʫʸʥʮ ʤʡʨʷʥʠ ʬʫ-12 ʺʡ .ʬʥʴʫ ʸʣʺʡ ʠʩʤ ʤʠʡʤ ʤʡʨʷʥʠʤ .ʭʩʬʩʬʶʥ ,ʤʡʨʷʥʠ ʪ

 ʹʸʥʹ ʬʹ ʺʥʬʴʫʮʡ ʤʦʮ ʤʦ ʭʩʷʥʧʸ ʭʩʬʩʬʶʤ12  ʬʹ2  ʪʸʲʡ(1.06 ʠʩʤ ʭʩʥʱʮ ʥʺ ʬʹ ʺʥʸʩʣʺʤ ʭʠ ʸʮʥʬʫ ,)110  ,ʵʸʤ

 ʠʩʤ ʥʩʸʧʠ ʠʡʤ ʥʺʤ ʬʹ ʺʥʸʩʣʺʤ ʦʠ110*1.06 ʨʲʮʫ ,117  ʠʩʤ ʤʠʡʤ ʤʡʨʷʥʠʡ ʥʺ ʥʺʥʠ ʬʹ ʺʥʸʩʣʺʤʥ ,ʵʸʤ110*2 

 ,ʵʸʤ220 .ʵʸʤ 

( ʡʹʧʮʤ ʬʹ ʬʥʷʮʸʤ ʺʠ ʯʫʬ ʭʣʥʷ ʬʩʲʴʤʬ ʹʩ ʥʤʹʬʫ ʥʺ ʯʢʰʬ ʺʰʮ ʬʲspeakerʬʲ ʺʠʦ ʭʩʹʥʲ ʥʰʧʰʠ .)־ ʩʣʩʨʸʥʴ61h ,

ʬ ʭʩʰʥʸʧʠʤ ʭʩʨʩʡʤ ʩʰʹ ʺʠ ʺʥʰʹʬ ,ʥʬʹ ʱʥʨʨʱʤ ʺʠ ʠʥʸʷʬ ʪʩʸʶ.ʸʮʩʩʨʬ ʸʹʥʷʮʤ00־ ʨʸʥʴʬ ʤʸʦʧ ʡʥʺʫʬʥ ,61h:ʪʫ . 

in al, 61h 

or al, 00000011b 

out 61h, al 

:ʬʥʷʮʸʤ ʺʬʥʲʴ ʺʷʱʴʤ 

in al, 61h 

and al, 11111100b 

out 61h, al 

 ʨʸʥʴʡ ʹʮʺʹʤʬ ʹʩ ʺʠʦ ʺʥʹʲʬ ʺʰʮ ʬʲ .ʲʩʮʹʤʬ ʤʶʸʰʹ ʥʺʤ ʸʣʺ ʺʠ ʧʥʬʹʬ ʥʰʩʬʲ ,ʬʲʥʴ ʬʥʷʮʸʤ ʸʹʠʫ ,ʺʲʫ43h 

ʨʸʥʴʡʥ42h. 
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 ʲʥʡʷʤ ʪʸʲʤ ʺʠ ʱʩʰʫʤʬ ʹʩ .ʬʥʷʮʸʡ ʸʣʺʤ ʩʥʰʩʹʬ ʤʹʩʢ ʬʡʷʬ ʭʩʫʩʸʶ ʥʰʧʰʠ ,ʺʩʹʠʸ0B6h  ʨʸʥʴʬ43h: 

mov al, 0B6h 

out 43h, al 

ʬ ʧʥʬʹʬ ʹʩ ʯʫʮ ʸʧʠʬ־port 42h ʬʧʮ"( "ʷdivisor ʬʣʥʢʡ )16  ʥʺʤ ʸʥʡʲ ,ʨʩʡʹ ʺʠ ʬʮʱʩ ʷʬʧʮʤ .ʲʩʮʹʤʬ ʭʩʶʥʸ ʥʰʧʰʠ

.ʩʥʶʸʤ ʥʺʤ ʸʣʺ 

 ʲʥʡʷʤ ʺʠ ʷʬʧʬ ʹʩ ʷʬʧʮʤ ʺʠ ʬʡʷʬ ʩʣʫ1193180 :ʸʮʥʬʫ .ʩʥʶʸʤ ʥʺʤ ʬʹ ʸʣʺʡ 

 

1193180 

---------------  =Divisor 
Frequency 

 

port 42h  ʬʣʥʢʡ ʠʥʤ8 ʭʩʷʬʧ ʩʰʹʡ ʩʥʶʸʤ ʷʬʧʮʤ ʺʠ ʧʥʬʹʬ ʹʩ ʯʫʬʥ ,ʣʡʬʡ ʨʩʡ– ,ʩʺʥʲʮʹʮ ʺʥʧʴʤ ʺʩʡʤ ʺʠ ʺʩʹʠʸ

.ʩʺʥʲʮʹʮʤ ʥʩʸʧʠʥ 

 

 ʠʥʤ ʥʬʹ ʸʣʺʤʹ ,ʤʰʥʹʠʸʤ ʤʡʨʷʥʠʤ ʬʹ "ʤʬ" ʥʺʤ ʸʥʡʲ ,ʬʹʮʬ440  ʤʩʤʩ ʷʬʧʮʤ ,ʵʸʤ2712 ʩʬʮʩʶʣʱʷʤ ʱʩʱʡʡʥ ,

0A98h:ʪʫ ʲʶʡʺʺ ʤʧʩʬʹʤ ʯʫʬ . 

mov al, 98h 

out 42h, al ; Sending lower byte  

mov al, 0Ah 

out 42h, al  ; Sending upper byte 

 ʸʣʺʡ ʬʩʬʶ ʤʲʩʮʹʮʤ ,ʤʮʢʥʣ ʺʩʰʫʥʺ ,ʭʥʫʩʱʬ131 ʵʸʤ. 

; ---------------------------------------------------------------- 

; Play a note from the speaker 

; Author: Barak Gonen 2014 

; ----------------------------------------------------------------  

IDEAL 

MODEL small 
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STACK 100h 

DATASEG 

note  dw 2394h ;1193180 / 131 -> (hex) 

message db 'Press any key to exit',13,10,'$' 

  

CODESEG 

start: 

mov ax, @data 

 mov ds, ax 

 ; open speaker 

 in al, 61h    

 or al, 00000011b  

 out 61h, al    

 ; send control word to change frequency 

 mov al, 0B6h 

 out 43h, al 

 ; play frequency 131Hz 

 mov ax, [note] 

 out 42h, al ; Sending lower byte  

 mov al, ah 

 out 42h, al  ; Sending upper byte 

 ; wait for any key 

 mov dx, offset message 

 mov ah, 9h 

 int 21h 
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 mov ah, 1h 

 int 21h 

 ; close the speaker 

 in al, 61h    

 and al, 11111100b  

 out 61h, al 

exit: 

 mov ax, 4C00h 

 int 21h 

END start  

 

  



 ʷʸʴ13 –   ʭʩʬʫʭʩʨʷʩʥʸʴʬ 291  

 291 

ʯʥʲʹ 

ʺʥʷʩʱʴʤ ʬʲ ʷʸʴʡ ʥʬʹʮ ʳʩʲʱ ʸʮʩʩʨʤ ʠʹʥʰʬ ʥʰʹʣʷʤ– ʺʤ ʺʠ ʭʩʰʩʡʮ ʭʺʠʹ ʥʷʣʩʡʥ ʤʦ ʳʩʲʱ ʬʲ ʥʸʦʩʧʩ ʭʺʠʹ ʩʰʴʬ ʤʩʸʥʠ

 ʤʷʩʱʴ ʺʥʲʶʮʠʡ ʤʲʹʤ ʺʠ ʠʥʸʷʬ ʸʹʴʠ ,ʸʥʫʦʫ .ʤʠʬʤ ʭʩʮʣʷʺʮint 21h  ʣʥʷ ʭʲah=2Ch ʭʩʷʱʥʲ ʥʰʧʰʠ ʤʦ ʷʬʧʡ .

 .ʯʥʲʹʤ ʥʰʬ ʯʺʥʰʹ ʭʩʩʹʲʮ ʭʩʬʫ ʩʰʹʡ ʣʷʮʺʰ ʯʫʬʥ ʭʩʨʷʩʩʥʸʴʬ ʭʩʬʫʡ 

ʹʠʸʮ ʥʰʲʡʷʹ ʭʩʡʥʶʷ ʯʮʦ ʩʷʸʴ ʣʥʣʮʬ ʺʬʥʫʩ ʠʥʤ ʯʥʹʠʸʤ ʩʬʫʤ– ʥʲʴʹ ʭʩʶʥʸ ʥʰʧʰʠʹ ʧʩʰʰ .ʡʥʶʷ ʯʮʦ ʬʫ ʲʶʡʺʺ ʩʤʹʬʫ ʤʬ

:ʤʮʢʥʣʬ 

- .ʣʧʠ ʣʲʶ ʭʣʷʺʩ ʹʧʰʤ ʯʮʦ ʤʮʫ ʬʫ ʲʥʡʷʬ ,ʷʩʩʰʱ ʷʧʹʮʡ 

- .ʬʩʬʶʤ ʯʢʥʰʩ ʯʮʦ ʤʮʫ ʪʹʮʬ ʲʥʡʷʬ ,ʥʤʹʬʫ ʬʩʬʶ ʭʩʰʢʰʮʹʫ 

- .ʣʲʶʬ ʩʬʮʩʱʷʮ ʯʮʦ ʷʸʴ ʲʥʡʷʬ ,ʨʮʧʹ ʷʧʹʮʡ 

ʮ ʸʥʶʩʬ ʭʩʶʥʸ ʥʰʧʰʠ ʭʠ ʡʥʹʧ ʩʬʫ ʥʤʦ .ʭʩʩʠʸʷʠ ʭʩʸʴʱʮ ʸʥʶʩʬ ʺʬʥʫʩ ʠʥʤ ʩʰʹʤ ʩʬʫʤ ʬʲ ʥʸʦʧʩ ʠʬʹ ,ʭʩʰʩʩʰʲʮ ʭʩʷʧʹ

 ʤʬʠʤ ʭʩʫʸʲʤ ʺʠʥ ,ʷʧʹʮʤ ʺʠ ʭʩʶʩʸʮ ʥʰʧʰʠʹ ʭʲʴ ʬʫʡ ʭʩʰʺʹʮʹ ʭʩʫʸʲ ʥʰʬ ʯʺʥʰʹ ʯʥʰʢʰʮ ʭʩʫʩʸʶ ʥʰʠ ,ʪʫ ʭʹʬ .ʭʮʶʲ

:ʤʮʢʥʣʬ .ʭʩʫʩʸʶ ʥʰʧʰʠʹ ʭʩʸʧʠ ʭʩʸʡʣʬ ʭʢʸʺʬ ʪʫ ʸʧʠ ʭʩʬʥʫʩ ʥʰʧʰʠ 

- .ʪʱʮʡ ʩʠʸʷʠ ʭʥʷʩʮʡ ʬʫʥʠ ʬʹ ʤʡʶʤ ,ʷʩʩʰʱ ʷʧʹʮʡ 

- ʮʫ ,ʤʩʡʥʷ ʩʷʧʹʮʡ.ʤʩʡʥʷʤ ʬʹ ʪʸʲʤ ʺʠ ʲʥʡʷʬ ,ʭʩʬʡʧʥ ʺʥʮʬʥʱ ʥ 

- .ʪʱʮʤ ʬʲ ʭʩʸʡʣ ʬʹ ʺʩʠʸʷʠ ʤʦʥʦʺ ,ʤʬʥʲʴ ʩʷʧʹʮʡ 

ʯʮʦ ʺʣʩʣʮ 

ʬʲ ʠʩʤ ʸʡʥʲʹ ʯʮʦ ʣʥʣʮʬ ʺʧʠ ʺʩʸʹʴʠ ʪʸʣ־ʯʥʲʹʤ ʺʠ ʺʠʸʥʷʹ ʤʷʩʱʴʤ ʩʣʩ–  ,ʤʷʩʱʴʬ ʺʸʦʥʧ ʤʠʩʸʷ ʬʹ ʤʠʬʥʬ ʭʩʲʶʡʮ

ʩʰʹʤ ʺʥʩʠʮ ʪʸʲ ʺʠ ʺʥʥʹʤʬ ʷʩʴʱʮ( ʺʮʣʥʷʤ ʤʲʹʤ ʭʲ ʤʲʹʤ ʺʠ ʭʩʥʥʹʮ ʭʲʴ ʬʫʡʥʤ ʪʥʺʬ ʸʮʹʰʹ ,dl–  ʠʬ ʠʥʤ ʭʠ

 ʦʠ ʤʰʺʹʤʠʹ ʪʩʸʶʹ ʤʣʩʧʩʤ ʤʣʥʷʰʤ .ʤʡ ʷʮʲʺʰ ʠʬ ʯʫʬʥ ʤʩʬʠʮ ʤʸʥʸʡ ʺʩʠʸʰ ʥʦʤ ʪʸʣʤ .)ʥʰʺʹʤ ʠʬ ʧʸʫʤʡ ʭʩʫʸʲʤ ʸ

ʡʬ ʭʩʹʬʤʩʬʠ ʬʫ ʤʰʺʹʮ ʤʲʹʤʹ ʺʥʸʮʬʹ ʠʩʤ ,55  ʩʸʧʠ ʧʸʫʤʡ ʤʩʤʩ ʠʬ ʤʲʹʤ ʬʹ ʯʥʹʠʸʤ ʩʥʰʩʹʤ ,ʺʥʩʰʹʩʬʩʮ55 

ʮ ʺʥʧʴ ʧʷʩʩ ʯʫʬʥ ʤʲʹʤ ʺʥʰʺʹʤ ʲʢʸʡ ʷʥʩʣʡ ʠʬ ʤʲʶʥʡ ʤʲʹʤ ʬʹ ʤʰʥʹʠʸʤ ʤʠʩʸʷʤʹ ʯʥʥʩʫʮ ʺʠʦ .ʺʥʩʰʹʩʬʩʮ55־ 

ʸʴʤʹ ʧʩʰʤʬ ʭʩʬʥʫʩ ʥʰʧʰʠ ʤʠʬʤʥ ʤʩʰʹʤ ʤʣʩʣʮʤʮ ʷʸ .ʤʰʺʹʺ ʤʲʹʤʹ ʣʲ ʺʥʩʰʹʩʬʩʮ.ʷʩʥʣʮ ʠʥʤ ʭʩʰʮʦʤ ʹ 

ʹ ʺʲʣʬ ʤʩʰʹʤ ʪʸʣʤ55־  ʠʶʮʰʹ ʤʰʥʮ ʬʹ ʯʥʫʣʲʬ ʺʮʸʥʢ ʸʮʩʩʨʤ ʬʹ ʤʷʩʱʴ ʬʫʹ ʤʣʡʥʲʡ ʹʮʺʹʤʬ ʠʩʤ ʥʸʡʲ ʺʥʩʰʹʩʬʩʮ

 ʺʡʥʺʫʡ0040:006Ch ʥʸʡʲʹ ʪʫ ʬʲ ʲʩʡʶʩ ʯʥʸʫʩʦʡ ʥʦʤ ʺʡʥʺʫʡ ʠʶʮʰʹ ʪʸʲʡ ʩʥʰʩʹ ʬʫ ʬʡʠ ,ʤʲʹʤ ʤʮ ʲʣʰ ʠʬ ʥʰʧʰʠ .

55 ʥʦʤ ʤʨʩʹʤ ʬʹ ʯʥʸʺʩʤ .ʺʥʩʰʹʩʬʩʮ  ʺʥʬʥʲʴʤ ʬʫ ʭʲ( ʤʷʩʱʴʮ ʸʺʥʩ ʤʸʩʤʮ ʤʩʤʺ ʣʩʮʺ ʤʸʩʹʩ ʤʠʩʸʷ .ʺʥʸʩʤʮ ʠʥʤ
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 ʭʩʺʩʲʬ ʭʩʶʩʸʮ ʥʰʧʰʠʹ ʣʥʷ ʹʩ ʭʠ ,ʩʬʬʫ ʯʴʥʠʡ .)ʺʥʶʩʴʷ ʲʥʶʩʡʥ ʺʩʰʱʧʮʡ ʭʩʫʸʲ ʺʸʩʮʹ ʯʥʢʫ ,ʺʸʸʥʢ ʠʩʤʹ ʺʥʴʱʥʰʤ

ʤʬʩʲʩʤ ʪʸʣʡ ʥʺʥʠ ʡʥʺʫʬʥ ʺʥʧʥʰʤ ʩʬʥʷʩʹ ʺʠ ʣʶʡ ʭʩʹʬ ʳʩʣʲ ʦʠ ʺʥʡʥʸʷʸʺʥʩ. 

 ʯʬʤʬʬ ʤʮʢʥʣʥʺ ʺʡʥʺʫʡ ʤʰʥʮʤ ʡʶʮ ʺʠ ʭʩʷʣʥʡ :ʤʦʫ ʠʥʤ ʯʥʩʲʸʤ .)ʡʸ ʡʥʸʩʷʡ( ʺʥʩʰʹ ʸʹʲ ʬʹ ʯʮʦ ʷʸʴ ʺʣʣʥʮʹ ʺʩʰʫ

0040:006Chʺʧʠ ʭʲʴ ʤʰʺʹʩ ʠʥʤʹ ʭʩʫʧʮ .–  ʥʰʧʰʠ .ʣʥʣʮʬ ʭʩʶʥʸ ʥʰʧʰʠʹ ʯʮʦʤ ʷʸʴ ʬʩʧʺʮ ʩʺʮ ʭʩʲʣʥʩ ʥʰʧʰʠ ʪʫ

 ʭʩʸʴʥʱ182 ( ʤʰʥʮʤ ʬʹ ʭʩʩʥʰʩʹ182x0.055sec=10.01 secʩʣʣʥʮ ʥʰʧʰʠ ʪʫʥ ).ʺʥʩʰʹ ʸʹʲ ʬʹ ʯʮʦ ʷʸʴ ʭ 

;---------------------------------------------------------------  

; Produce a delay of 10 seconds (182 clock ticks( 

; Author: Barak Gonen 2014 

;---------------------------------------------------------------  

IDEAL 

MODEL small 

STACK 100h 

DATASEG 

Clock  equ es:6Ch 

StartMessage db 'Counting 10 seconds. Start...',13,10,'$' 

EndMessage db '...Stop.',13,10,'$' 

CODESEG 

start: 

 mov ax, @data 

 mov ds, ax 

 ; wait for first change in timer  

 mov ax, 40h 

 mov es, ax 

 mov ax, [Clock] 

FirstTick:  

 cmp ax, [Clock] 
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 je FirstTick 

 ; print start message 

 mov dx, offset StartMessage 

 mov ah, 9h 

 int 21h 

 ; count 10 sec 

 mov cx, 182 ; 182x0.055sec = ~10sec 

DelayLoop: 

 mov ax, [Clock] 

Tick: 

 cmp ax, [Clock] 

 je Tick 

 loop DelayLoop 

 ; print end message 

 mov dx, offset EndMessage 

 mov ah, 9h 

 int 21h 

quit: 

 mov ax, 4c00h 

 int 21h 

END start 
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 ʭʩʩʠʸʷʠ ʭʩʸʴʱʮ ʺʸʩʶʩ–Random Numbers 

ʠʮ ʺʰʩʩʰʲʮ ʤʩʲʡ ʠʩʤ ʡʹʧʮ ʺʥʲʶʮʠʡ ʺʮʠʡ ʭʩʩʠʸʷʠ ʭʩʸʴʱʮ ʺʸʩʶʩʥʩʴʥʱʥʬʩʴ ʺʥʫʬʹʤ ʭʲ ʣʥʲʡ .ʺʩ ʩʠʹ ʠʩʤ ʤʰʲʨʤ ,ʯʥʸʷ

ʡʹʧʮ ʺʥʲʶʮʠʡ ʸʥʶʩʬ ʸʹʴʠ–  ʬʩʲʴʮ ʥʰʩʠ ʡʹʧʮʤ ,ʩʥʦʩʧʬ ʺʰʺʩʰʤ ʺʧʠ ʤʠʶʥʺ ʹʩ ʤʬʥʲʴ ʬʫʬ( ʺʩʨʱʩʰʩʮʸʨʣ ʤʰʥʫʮ ʠʥʤʹ

)ʩʠʸʷʠ ʯʴʥʠʡ ʤʠʶʥʺ ʸʧʥʡ ʥʠ ʺʲʣ ʬʥʷʩʹ–  ʤʠʶʥʺ ʤʹʲʮʬ ʠʥʤ ʸʶʥʩ ʡʹʧʮʤʹ ʩʠʸʷʠ ʸʴʱʮ ʬʫ .ʺʮʠʡ ʭʩʩʠʸʷʠ ʭʩʸʴʱʮ

ʮʢʥʣʬ ,ʺʥʡʸ ʺʥʩʹʲʮ ʺʥʫʬʹʤ ʹʩ ʥʦ ʺʩʴʥʱʥʬʩʴ ʤʡʹʧʮʬ .ʥʺʥʠ ʸʦʧʹʬ ʯʺʩʰʹ ʡʥʹʩʧ ʬʹ.ʯʩʩʬʰʥʠ ʭʩʸʥʮʩʤʤ ʭʬʥʲʡ ʤ 

 ʭʩʸʴʱʮ ʠʸʷʰʹ ʢʹʥʮ ʸʩʫʰ ʥʰʧʰʠ ʯʫʬʥʣʥʠʱʴ־( ʭʩʩʠʸʷʠPseudo-random) ʭʺʥʠ ʸʦʧʹʬ ʯʺʩʰʹ ʭʩʸʴʱʮ ʥʬʠ .

 ʭʩʢʬʴʺʮ ʭʩʫʸʲʤ( ʺʥʩʠʸʷʠ ʬʹ ʭʩʩʨʱʩʨʨʱ ʭʩʷʥʧʬ ʭʩʰʥʲ ʯʩʩʣʲ ʭʤ ʬʡʠ ,ʤʬʧʺʤʤ ʩʠʰʺʥ ʭʺʩʸʥʢʬʠʤ ʺʲʩʣʩ ʺʥʲʶʮʠʡ

.'ʥʫʥ ʭʮʶʲ ʬʲ ʭʩʸʦʥʧ ʠʬ ,ʤʣʩʧʠ ʤʸʥʶʡ  ,ʭʩʩʠʸʷʠ ʥʣʥʠʱʴ ʭʩʸʴʱʮ ʬʹ ʺʥʲʮʹʮʤ ʺʠ ʷʮʥʲʬ ʸʺʥʩ ʸʩʫʰʹ ʪʸʥʶ ʯʩʠ

ʥʩʹʫʲʮ .)ʩʮʶʲ ʣʥʮʩʬʬ ʺʥʰʴʬ ʭʩʰʮʦʥʮ ʠʹʥʰʡ ʭʩʰʩʩʰʲʺʮʤ ʭʩʣʩʮʬʺ,  ʥʣʥʠʱʴ" ʭʶʲʡ ʯʥʥʫʺʰ "ʩʠʸʷʠ" ʡʥʺʫʰʹ ʭʲʴ ʬʫʡ

."ʩʠʸʷʠ 

ʠʥ ʯʬʥʫʬ ʤʦ ʸʴʱ ʺʸʢʱʮʡ ʱʧʩʩʺʤʬ ʬʫʥʰ ʠʬ .ʭʩʩʠʸʷʠ ʭʩʸʴʱʮ ʺʸʩʶʩʬ ʺʥʰʥʹ ʺʥʨʩʹ ʺʥʮʩʩʷ ʠʥʴʠ ʸʠʺʰ .ʯʺʶʷʮʬ ʠʬ ʥʬʩʴ

.ʩʠʮʶʲ ʯʴʥʠʡ ʣʥʮʩʬʤ ʺʠ ʪʩʹʮʤʬ ʭʩʰʮʦʥʮ ʠʹʥʰʡ ʲʣʩʤ ʺʠ ʡʩʧʸʤʬ ʭʩʰʩʩʰʥʲʮʤ ʭʩʣʩʮʬʺʥ ,ʺʧʠ ʺʩʸʹʴʠ ʤʨʩʹ 

 ʸʮʩʩʨʤ ʤʰʥʮ ʬʲ ʺʱʱʥʡʮ ʤʨʩʹʤʹ ʭʣʥʷʤ ʳʩʲʱʡ ʥʰʸʫʤ–  ʺʡʥʺʫʤ0040:006Ch ʭʩʨʩʡʤʮ ʷʬʧ ʺʧʷʬ ʭʩʬʥʫʩ ʥʰʧʰʠ .

ʥʰʧʰʠʹ ʭʥʧʺʡ ʩʠʸʷʠ ʸʴʱʮ ʬʡʷʬ ʪʫʥ ʥʬʹ .ʭʩʶʥʸ 

 :ʩʠʸʷʠ ʸʴʱʮ ʬʡʷʰ ʯʥʸʧʠʤ ʨʩʡʤ ʺʠ ʧʷʩʰ ʭʠ ,ʤʮʢʥʣʬ0  ʥʠ1( ʩʠʸʷʠ ʸʴʱʮ ʭʹʹ ʣʥʷ ʲʨʷ .0  ʥʠ1 ʪʥʺʡ )al: 

mov ax, 40h 

mov es, ax 

mov ax, es:6Ch 

and al, 00000001b 

 :ʯʩʡʮ ʩʠʸʷʠ ʸʴʱʮ ʬʡʷʰ ʭʩʰʥʸʧʠʤ ʭʩʨʩʡʤ ʩʰʹ ʺʠ ʧʷʩʰ ʭʠ00 ,01 ,10 ,11 ʯʩʡ ʸʴʱʮ ,ʸʮʥʬʫ .0–3 ʲʶʡʰ . ʺʠʦ

:ʤʰʥʸʧʠʤ ʤʸʥʹʡ ʯʨʷ ʩʥʰʩʹ ʺʥʲʶʮʠʡ 

and al, 00000011b 

 ʭʥʧʺʡ ʩʠʸʷʠ ʸʴʱʮ ʬʡʷʬ ʭʩʬʥʫʩ ʥʰʧʰʠ .ʤʠʬʤ ʪʫʥ0–7 ,0–15 .'ʥʫʥ 

 ʯʩʡ ʩʠʸʷʠ ʸʴʱʮ ʺʸʩʶʩ ʥʦʤ ʤʨʩʹʡʹ ʪʫʬ ʡʬ ʥʮʩʹ0–9 ʬʹ ʤʷʦʧ ʥʰʩʠʹ ʸʧʠ ʭʥʧʺ ʬʫʡ ʥʠ ,2 ʤʸʥʠʫʬ .ʤʨʥʹʴ ʤʰʩʠ ʠʩʤ ,

 ʯʩʡ ʭʥʧʺʤ ʺʠ ʬʡʷʬ ʸʹʴʠ0–9 ʬʲ-ʧ ʩʣʩ:ʭʩʩʠʸʷʠ ʭʩʸʴʱʮ ʺʸʩʶʩʬ ʺʥʬʥʲʴ ʹʥʬʹ ʬʹ ʸʥʡʩ 

-  ʭʥʧʺʡ ʩʠʸʷʠ ʸʴʱʮ ʺʸʩʶʩ0–1. 
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-  ʭʥʧʺʡ ʳʱʥʰ ʩʠʸʷʠ ʸʴʱʮ ʺʸʩʶʩ0–1. 

-  ʭʥʧʺʡ ʳʱʥʰ ʩʠʸʷʠ ʸʴʱʮ ʺʸʩʶʩ0–7. 

 ʤʠʶʥʺ ʬʡʷʬ ʺʧʠ ʺʥʸʹʴʠ ʷʸ ʹʩ ,ʤʮʢʥʣʬ .ʤʣʩʧʠ ʤʰʩʠ ʸʡʫ ʭʩʸʴʱʮʤ ʬʹ ʺʥʢʬʴʺʤʤʹ ʠʩʤ ʥʦ ʤʨʩʹʡ ʤʰʥʹʠʸʤ ʤʩʲʡʤ0 

 ʭʤ ʥʸʶʥʰʹ ʭʩʸʴʱʮʤ(0,0,0 ʤʠʶʥʺʬ ʬʩʡʥʮʹ ʣʧʠ ʳʥʸʩʶʮ ʸʺʥʩ ʹʩ ʬʡʠ )7 (0,0,7  ʥʠ1,0,6  ʥʠ1,1,5  ʥʠ1,5,1  ʥʠ

6,1,0 .)...ʣʥʲʥ 

 ʭʥʧʺʬ ʵʥʧʮ ʠʥʤ ʥʰʬ ʸʶʥʰʹ ʸʴʱʮʤ ʭʠʥ ,ʭʩʫʩʸʶ ʥʰʧʰʠʹ ʭʥʧʺʤʮ ʸʺʥʩ ʬʥʣʢ ʭʥʧʺʡ ʩʠʸʷʠ ʸʴʱʮ ʸʥʶʩʬ ʠʥʤ ʨʥʹʴ ʯʥʸʺʴ

ʹʷʥʡʮʤ–  ʸʴʱʮʡ ʸʥʧʡʬʥ ʥʺʥʠ ʷʥʸʦʬ ʭʥʧʺʡ ʩʠʸʷʠ ʸʴʱʮ ʸʥʶʩʬ ʩʣʫ ,ʤʮʢʥʣʬ .ʸʧʠ9–0 ʭʥʧʺʡ ʩʠʸʷʠ ʸʴʱʮ ʸʥʶʩʰ ,0–

15 ʮ ʭʩʬʥʣʢʹ ʭʩʸʴʱʮʤ ʬʫ ʺʠ ʷʥʸʦʰʥ9־. 

 ʺʡʥʺʫʡʹ ʤʰʥʮʡ ʩʥʰʩʹʤ ʡʶʷʡ ʩʥʬʺ ʤʦ ʡʶʷ .ʭʩʩʠʸʷʠ ʭʩʸʴʱʮ ʬʹ ʤʸʩʶʩʤ ʡʶʷ ʠʩʤ ,ʥʦ ʤʨʩʹʡ ʤʩʰʹʤ ʤʩʲʡʤ

0040:006Ch ʬʫ ʯʫʣʲʺʮ ʸʥʮʠʫʹ ,55 ʸʮʥʬʫ .ʺʥʩʰʹʩʬʩʮ, ʸʰ ʭʠ ʠʬ ,ʸʶʷ ʯʮʦ ʷʸʴʡ ʭʩʩʠʸʷʠ ʭʩʸʴʱʮ ʤʮʫ ʸʥʶʩʬ ʤʶ

ʸʮʥʬʫ .ʸʥʸʡ ʸʹʷ ʭʤʩʰʩʡ ʹʩʹ ʭʩʸʴʱʮ ʬʡʷʰʹ ʥʠ ,ʺʥʠʶʥʺʡ ʯʥʥʩʢ ʬʡʷʰ,  ʸʴʱʮ ʸʥʶʩʬ ʭʩʶʥʸ ʭʠ ʸʷʩʲʡ ʤʡʥʨ ʥʦʤ ʤʨʩʹʤ

 ʩʠʸʷʠ ʭʲʴ.ʸʮʩʩʨʤ ʯʥʫʣʲ ʬʹ ʯʮʦʤ ʷʸʴʬ ʺʩʱʧʩ ʪʥʸʠ ʯʮʦ ʷʸʴʬ ʺʧʠ 

ʡʤ ʬʲ ʩʤʹʬʫ ʺʩʨʮʺʮ ʤʬʥʲʴ ʲʶʡʬ ʠʥʤ ʩʸʹʴʠ ʯʥʸʺʴ ʭʩʨʩʡʤ ʭʺʥʠ ʺʠ ʥʰʠʸʷ ʭʠ ʭʢʹ ʪʫ ,ʸʮʩʩʨʤʮ ʭʩʠʸʥʷ ʥʰʧʰʠʹ ʭʩʨʩ

 ʥʰʠʸʷʹ ʭʩʨʩʡʬ ʺʥʹʲʬ ,ʤʮʢʥʣʬ ,ʭʩʬʥʫʩ ʥʰʧʰʠ .ʭʲʴ ʬʫʡ ʭʩʸʧʠ ʭʩʨʩʡ ʭʤʮ ʷʩʴʰ ʯʩʩʣʲ ,ʺʥʣʸʴʰ ʺʥʠʩʸʷ ʸʴʱʮʡ ʸʮʩʩʨʤʮ

ʸʮʩʩʨʤʮxor ʯʥʸʫʩʦʡ ʥʤʹʬʫ ʭʥʷʮʡ ʭʩʨʩʡ ʭʲ– ʤʹʬʫ ʵʡʥʷ ʺʧʷʬ ʯʺʩʰ ,ʯʩʴʥʬʧʬ .ʸʧʠ ʭʥʷʮ ʭʲ ʭʲʴ ʬʫʡ ʥʰʮʮ ʠʥʸʷʬ ,ʥ

 ʥʺʩʠ ʺʥʹʲʬʥ ʺʩʡxor.ʸʧʠ ʺʩʡ ʠʸʷʰ ,ʵʡʥʷʤʮ ʠʸʷʰʹ ʭʲʴ ʬʫʡ . 

 ʯʬʤʬʬ ʤʮʢʥʣʥ ʸʮʩʩʨʤ ʺʠʩʸʷ ʬʹ ʡʥʬʩʹ ʺʥʲʶʮʠʡ ʭʩʩʠʸʷʠ ʭʩʸʴʱʮ ʺʸʶʥʩʹ ʺʩʰʫʥʺ־xor  ʭʩʠʶʮʰʹ ʭʩʨʩʡ ʭʲ

ʡ־CODESEGʮ ʺʸʩʶʩʬ ʥʦʮ ʺʥʡʥʨʥ ʺʥʡʸ ʺʥʨʩʹ ʺʥʮʩʩʷʹ ʪʫʡ ʭʩʩʠʸʷʠ ʭʩʸʴʱʮ ʺʸʩʶʩ ʬʲ ʳʩʲʱʤ ʺʠ ʭʫʱʰ . ʭʩʸʴʱ

 ,ʭʩʩʠʸʷʠʥ.ʨʰʸʨʰʩʠʡ ʲʣʩʮ ʬʹ ʸʹʥʲ ʠʥʶʮʬ ʬʫʥʩ ʠʹʥʰʡ ʯʩʩʰʲʺʮʹ ʩʮ 

; --------------------------------------------------------------------------------------------- 

; Generate 10 random numbers between 0–15 

; The method is by doing xor between the timer counter and some bits in CODESEG 

; Author: Barak Gonen 2014 

; --------------------------------------------------------------------------------------------- 

IDEAL 

MODEL small 
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STACK 100h 

DATASEG 

Clock  equ es:6Ch 

EndMessage db 'Done',13,10,'$' 

divisorTable db 10,1,0 

CODESEG 

proc printNumber 

push ax 

push bx 

 push dx 

 mov bx,offset divisorTable 

nextDigit: 

 xor ah,ah ;dx:ax = number 

 div [byte ptr bx] ;al = quotient, ah = remainder 

 add al,'0' 

 call printCharacter;Display the quotient 

 mov al,ah ;ah = remainder 

 add bx,1 ;bx = address of next divisor 

 cmp [byte ptr bx],0 ;Have all divisors been done? 

 jne nextDigit 

 mov ah,2 

 mov dl,13 

 int 21h 

 mov dl,10 

 int 21h 
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 pop dx 

 pop bx 

 pop ax 

 ret 

endp printNumber 

 

proc printCharacter 

 push ax 

 push dx 

 mov ah,2 

 mov dl, al 

 int 21h 

 pop dx 

 pop ax 

 ret 

endp printCharacter 

 

start: 

 mov ax, @data 

 mov ds, ax 

 ; initialize 

 mov ax, 40h 

 mov es, ax 

 mov cx, 10 

 mov bx, 0 
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RandLoop: 

 ; generate random number, cx number of times 

 mov ax, [Clock]   ; read timer counter 

 mov ah, [byte cs:bx]  ; read one byte from memory 

 xor al, ah    ; xor memory and counter 

 and al, 00001111b   ; leave result between 0-15 

 inc bx 

 call printNumber 

 loop RandLoop 

 ; print exit message 

 mov dx, offset EndMessage 

 mov ah, 9h 

 int 21h 

exit: 

 mov ax, 4c00h 

 int 21h 

END start 
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ʹʮʺʹʮ ʷʹʮʮ 

ʤʫʩʸʶ ʹʮʺʹʮ ʷʹʮʮ ʭʲ ʺʣʡʥʲʹ ʺʩʰʫʥʺ ʬʫʹ ʭʩʬʫ ʩʰʹʡ ʷʥʱʲʰ ʤʦ ʳʩʲʱʡ– .ʸʡʫʲ ʥʠ/ʥ ʺʣʬʷʮ 

ʺʣʬʷʮʤʮ ʺʥʣʥʷʴ ʺʨʩʬʷ 

ʺʤ ʺʠ ʥʰʩʱʩʫ ʺʥʷʩʱʴʤ ʬʲ ʷʸʴʡʩʣʬʷʮʤ ʬʹ ʤʬʥʲʴʬ ʭʩʸʥʹʷʤ ʭʩʮʸʥʢʤ ʺʠʥ ʺʣʬʷʮʤ ʺʬʥʲʴ ʬʹ ʤʷʩʨʷʸʴʤʥ ʤʩʸʥʠ :ʺ 

- Scan Codes 

- ʺʣʬʷʮʤ ʭʲ ʤʣʥʡʲʬ ʭʩʸʥʹʷʹ ʭʩʨʸʥʴ 

-  ʺʥʷʩʱʴʡ ʹʥʮʩʹBIOSʺʣʬʷʮʤ ʸʴʠʡ ʩʥʷʩʰʥ ʭʩʥʥʺ ʺʨʩʬʷʬ 

-  ʺʥʷʩʱʴʡ ʹʥʮʩʹDOSʺʣʬʷʮʤ ʸʴʠʡ ʩʥʷʩʰʥ ʭʩʥʥʺ ʺʨʩʬʷʬ 

 ʭʲ ʤʣʥʡʲʬ ʭʩʹʢʣ ʯʺʩʰ ʤʦ ʳʩʲʱʡ .ʭʥʩʱʤ ʨʷʩʩʥʸʴʡ ʺʣʬʷʮ ʡʬʹʬ ʬʩʡʹʡ ʪʩʸʶʹ ʺʥʷʩʰʫʨʤ ʬʫ ʬʲ ʥʰʸʡʲ ,ʺʩʰʥʸʷʲ

 :ʺʣʬʷʮʤ 

1.  ʤʹʩʢ ʥʦʩʠʡ ʨʩʬʧʤʬ ʭʩʬʥʫʩ ʥʰʧʰʠ ,ʺʣʬʷʮ ʺʥʣʥʷʴ ʺʨʩʬʷ ʡʬʹʮʹ ʨʷʩʩʥʸʴ ʺʰʫʺʬ ʭʩʫʩʸʶ ʥʰʧʰʠ ʸʹʠʫ

 /ʭʩʨʸʥʴ( ʣʥʡʲʬBIOS/ DOS ʺʥʷʩʱʴ ,ʥʰʩʠʸʹ ʥʮʫ .)BIOS  ʸʥʶʲʬ ʩʬʡʮ ʨʬʷ ʬʡʷʬ ʥʰʬ ʺʥʸʹʴʠʮ

 ʺʥʷʩʱʴʥ ,ʤʰʫʥʺʤ ʺʶʩʸ ʺʠDOS ʸʥʶʡ ʩʥʬʺ ʵʬʮʥʮʤ ʹʥʮʩʮʤ ,ʸʮʥʬʫ .ʹʮʺʹʮʬ ʺʥʫʧʬ ʥʰʬ ʺʥʸʹʴʠʮ ʤ

 .ʬʲʴʺ ʤʰʫʥʺʤʹ ʭʩʶʥʸ ʥʰʠ ʤʡ 

2. ʤ ʺʷʩʱʴʡ ʹʥʮʩʹ־DOS int 21h ʤ ʣʥʷ ʺʠ ʸʩʦʧʮ־ASCII ʭʩʹʷʮ ʭʰʹʩ .ʣʬʷʥʤʹ ʹʷʮʤ ʬʹ–  ʠʷʥʥʣʥ

)ʤʮʢʥʣʬ ʭʩʶʩʧ ʩʹʷʮ( ʭʩʷʧʹʮʡ ʭʤʡ ʹʮʺʹʤʬ ʪʩʸʶʹ ʤʬʠʫ–  ʣʥʷ ʭʤʬ ʹʩʹASCII  ʣʥʷʡ .ʡʧʸʥʮ

ASCII ʤ ʣʥʷ ʷʺʲʥʮ ʺʩʰʱʧʮʤ ʸʴʠʡ ʪʥʺʬ ,ʡʧʸʥʮ־ASCII ʤ ʬʹ ʭʥʷʮʡ־scan code ʬʹ ʭʥʷʮʡʥ ,

ʤ ʣʥʷ־ASCII  ʤʠʥʥʹʤʤʥ ʤʷʩʣʡʤ ʺʥʬʥʲʴ ʺʠ ʲʶʡʬ ʣʩʮʺ ʳʩʣʲ ,ʥʦ ʤʡʩʱʮ .ʯʥʫʰ ?ʬʡʬʡʮ .ʱʴʠ ʷʺʲʥʮ

ʤ ʭʲ־scan code ʺʷʩʱʴʡ ʭʩʹʮʺʹʮ ʭʠ ʭʢ .DOS:ʤʩʸʧʠ ʳʩʱʥʤʬ ʳʩʣʲ , 

in  al,60h 

ʸʡʫʲʤʮ ʺʥʣʥʷʴ ʺʨʩʬʷ 

ʬʲ ʺʲʶʡʺʮ ʸʡʫʲʤʮ ʺʥʣʥʷʴ ʺʨʩʬʷ־ ʤʷʩʱʴʤ ʩʣʩint 33hʺʸʢʱʮʡ .  ʸʡʫʲʤ ʭʲ ʤʣʥʡʲʤ ʬʹ ʺʩʶʮʺʤ ʺʠ ʷʸ ʸʩʡʱʰ ʤʦ ʳʩʲʱ

 ʺʡʩʡʱʡDOS ʭʩʴʱʥʰ ʭʩʸʮʥʧʬ ʺʥʬʷʡ ʲʩʢʤʬ ʥʬʫʥʺ ,ʬʲ־ʩʣʩ ʥʴʩʧʹ"int 33h mouse function calls"  ʥʦ ʪʸʣʡ .ʬʢʥʢʡ

.ʤʦ ʳʩʲʱʡ ʺʥʱʥʫʮ ʯʰʩʠʹ ,ʺʥʴʱʥʰ ʺʥʬʥʫʩ ʭʫʬ ʥʸʹʴʠʩʹ ʭʩʴʱʥʰ ʭʩʣʥʷ ʠʥʶʮʬ ʥʬʫʥʺ 

ʥʮʬ ʸʥʡʲʰ ,ʸʡʫʲʤ ʺʠ ʬʩʲʴʰʹ ʩʰʴʬ:ʤʦ ʷʸʴʡ ʸʺʥʩ ʭʣʷʥʮ ʺʥʹʲʬ ʥʰʣʮʬʹ ʩʴʫ ,ʩʴʸʢ ʣ 

mov ax,13h 
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int 10h 

 ʤʷʩʱʴ ʤʬʩʲʴʮʹ ʺʥʰʥʹ ʺʥʸʥʣʶʥʸʴ ʩʣʩʡ ʨʬʹʰ ʸʡʫʲʤ33h ʩʡʢ ʬʲ ʭʩʧʬʹʰ ʭʩʣʥʷʤ .ax  ,ʡʬ ʥʮʩʹ(ax  ʠʬʥah  ʥʮʫ

 ʭʲ ʭʩʬʩʢʸ ʥʰʧʰʠʹint 21h ʣʥʷʤ  .ʥʬʹ ʤʸʮʥʧʤ ʺʠʥ ʥʺʥʠ ʬʧʺʠʬ ʹʩ ʺʩʹʠʸ ,ʸʡʫʲʤ ʺʠ ʬʩʲʴʤʬ ʩʣʫ .)ax=0h  ʺʠ ʲʶʡʮ

:ʬʥʧʺʠʤ ʺʬʥʲʴ 

mov ax,0h 

int 33h 

 ʣʥʷ ,ʪʱʮʤ ʬʲ ʸʡʫʲʤ ʺʠ ʢʩʶʰ ʺʲʫax=1h: 

mov ax,1h 

int 33h 

 ʨʥʬʷʬ ʠʥʤ ʠʡʤ ʡʬʹʤ ʺʠ:ʥʩʬʲ ʤʶʩʧʬʤ ʱʥʨʨʱ ʺʠʥ ʸʡʫʲʤ ʭʥʷʩʮ 

mov ax,3h 

int 33h 

:ʭʩʠʡʤ ʭʩʫʸʲʤ ʺʠ ʤʸʩʦʧʮ ʤʷʩʱʴʤ 

- bx– ʸʡʫʲʤ ʩʸʥʺʴʫ ʬʲ ʤʶʩʧʬʤ ʡʶʮ 

o xxxx xxx1–  ʭʥʷʮʡ ʨʩʡʤ0 ' ʤʥʥʹ1'– ʵʥʧʬ ʩʬʠʮʹ ʸʥʺʴʫ 

o xxxx xx1x–  ʭʥʷʮʡ ʨʩʡʤ1 ' ʤʥʥʹ1'– ʵʥʧʬ ʩʰʮʩ ʸʥʺʴʫ 

ʸʮʥʬʫ,  ʬʹ ʪʸʲ ʬʫbx ' ʭʤ ʥʬʹ ʭʩʩʰʮʩʤ ʭʩʨʩʡʤʹ00 '–.ʵʥʧʬ ʸʥʺʴʫ ʯʩʠʹ ʥʺʥʲʮʹʮ 

- cx–  ʯʩʡ ʤʸʥʹ ,ʸʡʫʲʤ ʭʥʷʩʮ639–0  ʠʩʤ ʥʰʬ ʹʩʹ ʺʥʸʥʹʤ ʺʥʮʫ ʩʴʸʢ ʣʥʮʡ ʭʩʣʡʥʲ ʥʰʧʰʠʹʫ ,ʡʬ ʥʮʩʹ(320 

 ʺʠ ʷʬʧʬʥ ʤʮʠʺʤ ʲʶʡʬ ʪʩʸʶ ʯʫʬ ,ʣʡʬʡcx )ʯʥʫʰʤ ʭʥʷʩʮʬ ʲʩʢʤʬ ʩʣʫ ʭʩʩʺʹʡ. 

- dx–  ʯʩʡ ʤʣʥʮʲ ,ʸʡʫʲʤ ʭʥʷʩʮ0 –199 

ʩʧʬ .ʥʰʸʷʱʹ ʭʩʨʰʮʬʠʤ ʺʠ ʺʡʬʹʮ ʤʠʡʤ ʺʩʰʫʥʺʤʶ ʭʥʷʩʮʡ ʤʮʥʣʠ ʤʣʥʷʰ ʺʲʴʥʤʬ ʬʩʡʥʺ ʸʡʫʲʤ ʬʹ ʩʬʠʮʹʤ ʹʷʮʤ ʬʲ ʤ

ʮ ʤʠʩʶʩʬ ʭʥʸʢʺ ʺʣʬʷʮʤ ʬʲ ʤʶʩʧʬ ,ʯʫʮ ʸʧʠʬ .ʸʡʫʲʤ  .ʺʩʰʫʥʺʤ 
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; ---------------------------------------------------------------------------------------- 

; PURPOSE : Paint a point on mouse location, upon left mouse click 

; AUTHOR  : Barak Gonen 2014 

; ----------------------------------------------------------------------------------------  

IDEAL 

MODEL small 

STACK 100h 

DATASEG 

color db 12 

 

CODESEG 

start: 

mov ax,@data 

 mov ds,ax 

 ; Graphics mode 

 mov ax,13h 

 int 10h 

 ;Initializes the mouse 

 mov ax,0h 

 int 33h 

 ;Show mouse 

 mov ax,1h 

 int 33h 

 ;Loop until mouse click    
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MouseLP: 

 mov ax,3h 

 int 33h 

 cmp bx, 01h ; check left mouse click 

 jne MouseLP 

 ;Print dot near mouse location 

 shr cx,1  ; adjust cx to range 0-319, to fit screen 

 sub dx, 1  ; move one pixel, so the pixel will not be hidden by mouse 

 mov bh,0h 

 mov al,[color] 

 mov ah,0Ch 

 int 10h 

 ;Press any key to continue 

mov ah,00h 

 int 16h 

 ; Text mode 

 mov ax,3h 

 int 10h 

exit: 

 mov ax,4C00h 

 int 21h 

END start 
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 ʺʥʨʩʹ ʩʥʴʩʰDebug 

ʣʧʥʩʮʡ ʺʥʫʥʸʠ ʠʬ ʺʥʩʰʫʥʺʡ ʥʰʷʱʲ ʥʩʹʫʲ ʣʲ–  ʬʹ ʬʣʥʢ ʸʣʱʮ ʺʥʩʰʫʥʺ ʭʲ ʲʶʡʬ ʸʹʴʠ ʣʥʮʩʬʤ ʸʴʱʡʹ ʭʩʬʩʢʸʺʤ ʬʫ ʺʠ

 ʭʺʠ ʭʠ ʥʬʩʴʠ .ʣʥʷ ʺʥʸʥʹ ʳʬʠʮ ʤʬʲʮʬ ʹʩ ʭʥʩʱ ʨʷʩʩʥʸʴʡ ,ʺʠʦ ʺʮʥʲʬ .ʺʥʧʴ ʤʡʸʤ ʬʬʫ ʪʸʣʡʥ ,ʣʥʷ ʺʥʸʥʹ ʤʠʮ

ʥʺʤʹ ʩʰʴʬ ʭʩʢʠʡ ʺʥʸʹʲʡ ʥʬʷʺʩʺʹ ʸʮʥʠ ʯʩʩʣʲ ʤʦ ,ʣʥʷ ʺʥʸʥʹ ʤʠʮʬ ʺʧʠ ʷʸ ʢʠʡ ʭʫʬ ʹʩʥ ʭʩʬʥʲʮ ʭʩʺʰʫʺʮ ʺʩʰʫ

 ʩʷʬʧ ʸʩʡʲʤʬ ʭʫʺʠ ʵʬʠʺʹ ʥʦʫ ,ʯʥʰʫʺʡ ʤʩʲʡʮ ʭʩʲʡʥʰʹ ʭʩʢʠʡ ʬʲ ʭʩʸʡʣʮ ʠʬ ʣʥʲ ʥʰʧʰʠʥ .ʭʺʰʰʫʺʹ ʥʮʫ ʣʥʡʲʺ ʭʺʡʺʫʹ

 ʭʩʲʰ ,ʭʩʩʰʸʥʴʩʶ ʭʩʱʱʥʫ ʭʫʣʥʲʡ ʡʹʧʮʤ ʪʱʮ ʬʥʮ ʡʸʲ ʺʥʬʡʬ ʭʫʬ ʭʥʸʢʬ ʬʥʬʲʹ ,ʭʺʩʸʥʢʬʠʡ ʢʠʡ ʥʠ ,ʭʥʷʮʬ ʭʥʷʮʮ ʣʥʷ

.ʭʲʦʬ ʹʥʠʩʩ ʯʩʡ 

ʷʸ ,ʭʫʺʠ ʹʠʩʩʬ ʤʰʥʥʫʤ ʯʩʠ ʥʩʬʠʮ ʯʡʥʮʤ ʺʠ ʯʩʩʶʬ–  ,ʢʥʡʩʣ ʺʥʷʩʰʫʨʡ ʹʥʮʩʹʥ ʺʥʰʫʺ ʺʥʰʮʥʩʮ ʺʹʸʥʣ ʤʬʥʣʢ ʺʩʰʫʥʺ ʺʡʩʺʫ

  .ʥʩʹʫʲ ʣʲ ʯʤʡ ʥʰʬʷʺʰʹ ʺʥʩʰʫʥʺʤ ʥʮʫ ʤʰʨʷ ʺʩʰʫʥʺ ʺʡʩʺʫ ʬʩʡʹʡ ʺʥʶʥʧʰ ʯʰʩʠʹ 

 ʭʤʡ ʭʩʡʸʲ ʭʺʥʠ ʺʠ ʺʥʬʷʡ ʸʺʥʩ ʧʥʬʶʬ ʭʫʬ ʸʥʦʲʬ ,ʩʬʥʠ ,ʥʬʫʥʩʹ ʺʥʰʥʹ ʺʥʷʩʰʫʨʡ ʥʩʹʫʲ ʷʥʱʲʰ ʥʰʧʰʠ ʺʣʡʥʲ ʠʬ ʤʰʫʥʺʤ

.ʤʮʬ ʢʹʥʮ ʭʫʬ ʯʩʠʥ 

ʣʥʲʩʺ 

 ʤʰʨʷ ʺʩʰʫʥʺ ʺʡʩʺʫʺʫʸʥʠ  ʦʠ ,ʯʮʦ ʨʲʮʫ ʭʺʠ ʺʩʰʫʥʺʤ ʳʥʱʬ ʭʩʲʩʢʮ ʭʺʠʹ ʯʩʩʣʲ ʺʡʩʺʫ.ʤʬʧʺʤʡ ʭʺʡʺʫ ʤʮ ʭʩʸʫʥʦ

 ʤʬʥʣʢ ʺʩʰʫʥʺʺʫʸʥʠ  .ʭʺʡʺʫʹ ʤʸʥʣʶʥʸʴ ʺʬʡʷʮʹ ʭʩʸʨʮʸʴʤ ʤʮ ʥʸʫʦʺ ʤʡʩʺʫ ʬʹ ʭʩʩʲʥʡʹ ʩʸʧʠʹ ʥʧʩʰʺ ʬʠ .ʯʮʦ ʤʡʸʤ

 ʤʮʸ .ʥʣʲʺʺ:ʥʦʫ ʠʩʤ ʣʥʲʩʺ ʬʹ ʤʰʥʫʰ 

- .ʭʩʸʶʥʺʥ ʭʩʸʨʮʸʴ ʯʥʩʶ :ʩʮ ʣʢʰ ʩʮ ʸʡʱʤ ,ʤʸʥʣʶʥʸʴ ʬʫ ʺʬʩʧʺʡ 

- .ʠʡʤ ʣʥʷʤ ʲʨʷ ʤʹʥʲ ʤʮ ʤʸʲʤ ʭʥʹʸʬ ,ʣʥʷ ʺʥʸʥʹ ʤʮʫʬ ʺʧʠ 

-  ,ʤʮʢʥʣʬ .ʣʶʡ ʸʡʱʤ ʺʸʲʤ ʥʴʩʱʥʤ ,ʭʹ ʺʥʩʤʬ ʤʫʩʸʶ ʠʩʤ ʤʮʬ ʥʩʬʠʮ ʯʡʥʮ ʠʬʹ ʥʦʫ ,ʺʫʡʥʱʮ ʤʸʥʹ ʹʩ ʭʠ

ʸʡʫʲʤ ʺʬʲʴʤ ʬʲ ʤʮʢʥʣʬ ʺʩʰʫʥʺʡ ʺʠ ʥʰʷʬʩʧ ʤʮʬ ʸʥʫʦʰ ʪʩʠ ,cx ʡ2־ ?ʣʶʡ ʸʩʡʱʰ ʠʬ ʭʠ 

shr cx,1  ; adjust cx to range 0-319, to fit screen 

ʹ ʥʠ ,ʸʺʥʩʮ ʥʡʥʸʹ ,ʡʸ ʣʥʲʩʺ ʳʩʱʥʤʬ ʭʩʺʩʲʬ ʭʩʨʥʰ ʭʩʬʩʧʺʮ ʭʩʺʰʫʺʮ .ʭʩʦʢʤʬ ʠʬ ʡʥʹʧ ,ʺʠʦ ʭʲʥʰʩʠ  ʥʰʩʹʲ ʤʮʬ ʸʩʡʱʮ

:ʤʡʥʨ ʤʸʨʮ ʭʥʹ ʺʸʹʮ ʠʬʹ ʣʥʲʩʺʬ ʤʮʢʥʣ .ʥʰʩʹʲʹ ʤʮ ʺʠ 

mov ax, 5  ; copy ‘5’ into ax 

 ʭʣʷʥʮ ʯʥʰʫʺ–  ʺʸʩʶʩʤʮʩʸʦ ʭʩʹʸʺ 

ʩʹ ʯʥʰʫʺ ʺʥʩʥʲʨ ʲʥʰʮʬʥ ʭʫʬʹ ʺʡʫʸʥʮʤ ʺʩʰʫʥʺʡ ʸʣʱ ʺʥʹʲʬ ʭʫʩʬʲ ʬʷʤʬ ʬʥʫʩ ʺʩʰʫʥʺʤ ʬʬʫʬ ʤʮʩʸʦ ʭʩʹʸʺʬʦʢ ʯʮʦ ʭʫʮ ʥ

ʸʺʥʥʺ ʬʠ .ʪʹʮʤʡ ʸʷʩʺ ʬʲ ʥʩ ʥʸʺʥʥʺ ʭʠ ʭʢ ,ʯʴʥʠ ʬʫʡ .ʺʰʫʺʬ ʭʩʡʹʩʩʺʮ ʭʺʠʹ ʩʰʴʬ ʭʫʬʹ ʺʩʰʫʥʺʤ ʬʹ ʸʣʥʱʮ ʸʥʠ

ʬ ʭʫʩʬʲ ʤʸʷʮ ʬʫʡʹ ʪʫ ,ʤʮʩʸʦ ʭʩʹʸʺ ʤʥʥʬʺʩ ʤʰʫʥʺ ʬʫʬʹ ʹʸʥʣ ʪʥʰʩʧʤ ʣʸʹʮ ,ʭʫʮʶʲʬʯʩʫʤ  ʥʬʩʧʺʺʹ ʳʩʣʲ ...ʣʧʠ

.ʺʰʫʺʬ ʭʩʰʰʫʺʮ ʭʺʠʹ ʤʮʡ ʸʣʱ ʭʫʬ ʤʹʲʩʹ ʡʥʨ ʤʮʩʸʦ ʭʩʹʸʺʮ 

ʹ ʹʩ ʤʮʩʸʦ ʩʮʩʹʸʺʬ ,ʯʩʥʲʮ ʪʥʺʡ ʭʩʮʹʹ ʨʱʷʨ ,ʯʡʬʮʡ ʭʩʮʹʹ ʨʱʷʨ ʹʩ ʤʰʡʤʤʥ ʤʠʩʸʷʤ ʬʲ ʬʷʤʬ ʩʣʫ .ʺʣʧʥʩʮ ʤʴ

.)"ʤʮʩʸʦ ʭʩʹʸʺ ʡʥʺʫʬ ʪʩʠ" ʥʹʴʧ( ʨʰʸʨʰʩʠʡ ʤʮʩʸʦʤ ʩʮʩʹʸʺ ʺʴʹ ʺʠ ʺʥʬʷʡ ʣʥʮʬʬ ʥʬʫʥʺ .'ʥʫʥ ʬʥʢʩʲʡ ʭʩʮʹʹ ʨʱʷʨ 
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)ʯʮʸʢʰʬ ʺʡʦʩʬʠ( ʸʺʰʱʴ ʬʹ ʤʮʩʸʦ ʭʩʹʸʺʬ ʤʮʢʥʣ 
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ʺʥʸʥʣʶʥʸʴʬ ʤʷʥʬʧ 

ʬ ʡʥʸʷʥ ʯʤ ʥʬʠ .ʭʩʮʲʴ ʬʹ ʡʸ ʸʴʱʮ ʵʥʸʬ ʭʩʫʩʸʶʹ ʣʥʷ ʩʲʨʷ ʸʴʱʮ ʭʺʩʤʩʦ ,ʤʮʩʸʦ ʭʩʹʸʺ ʭʺʸʶʩʹ ʩʸʧʠʹ ʩʠʣʥ

 ʬʲ ʡʨʩʤ ʡʥʹʧʬ ʭʩʫʩʸʶ ʭʺʠ ,ʭʩʢʠʡ ʠʥʶʮʬ ʸʩʡʱ ʩʥʫʩʱ ʭʫʬ ʤʩʤʩʹ ʭʩʶʥʸ ʭʺʠ ʭʠ .ʡʥʺʫʬ ʭʩʣʲʥʩʮ ʭʺʠʹ ʺʥʸʥʣʶʥʸʴʤ

ʢʥʡʩʣʤ ʡʬʹʡ ʠʥʤ ʺʥʸʥʣʶʥʸʴ ʬʹ ʩʸʷʩʲʤ ʯʥʸʺʩʤ .ʺʥʸʥʣʶʥʸʴʬ ʤʷʥʬʧʤ-  ʭʺʠ ,ʤʺʥʠ ʭʺʷʣʡʥ ʤʡʥʨ ʤʸʥʣʶʥʸʴ ʭʺʡʺʫ ʭʠ

:ʺʥʸʥʣʶʥʸʴ ʺʬʬʥʫʹ ʺʩʰʫʥʺ ʢʡʣʬ ʭʩʫʸʣ ʤʮʫ ʲʢʸʫ ʢʩʶʰ ʥʰʧʰʠ .ʤʩʬʠ ʸʹʷʡ ʭʩʢʠʣʥʮ ʺʥʩʤʬ ʭʩʫʩʸʶ ʠʬ 

- "ʸʡʣʮʡ ʤʩʸʠ" ʺʨʩʹʡ ʹʴʧʬ–  ,ʭʩʧʨʹʬ ʸʡʣʮʤ ʺʠ ʷʬʧʰ ʥʰʧʰʠ ,ʸʡʣʮʡ ʸʺʺʱʮʹ ʤʩʸʠ ʠʥʶʮʬ ʭʩʶʥʸ ʥʰʧʰʠ ʭʠ

 ʭʩʩʱʰʹ ʩʸʧʠʥ ,ʸʣʢʡ ʧʨʹ ʬʫ ʳʩʷʰ ʣʥʷʤ ʺʠ ʤʮʢʥʣ ʸʥʺʡ ʧʷʩʰ .ʠʡʤ ʧʨʹʬ ʪʩʹʮʰ ʸʣʥʢʮʤ ʧʨʹʤ ʺʠ ʷʥʸʱʬ

 ʵʡʥʷʮ ʤʰʥʮʺ ʺʠʸʥʷʹ ʺʩʰʫʥʺʤ ʬʹ ʩʸʷʩʲʤbmp: 

; Process BMP file 

call OpenFile 

call ReadHeader 

call ReadPalette 

call CopyPal 

call CopyBitmap 

ʰʥʮʺʤʥ ʤʺʥʠ ʭʩʶʩʸʮ ʥʰʧʰʠ .ʺʬʲʥʴ ʠʬ ʨʥʹʴ ʥʰʬʹ ʺʩʰʫʥʺʤʹ ʧʩʰʰ ?ʭʩʹʥʲ ʤʮ .ʤʸʥʷ ʠʬ ʭʥʬʫ ʨʥʹʴ .ʤʬʥʲ ʠʬ ʤ

ʹ ʩʸʧʠ ,ʺʧʠ ʺʧʠ ʤʸʲʤʤʮ ʯʺʥʠ "ʸʸʧʹʰ"ʥ ,ʤʸʲʤʬ ʥʰʬʹ ʺʥʸʥʣʶʥʸʴʤ ʺʠ ʱʩʰʫʰ "ʸʡʣʮʡ ʤʩʸʠ" ʺʨʩʹʡʥ ʥʰʠʣʩʥ

:ʤʩʤʩ ʯʥʹʠʸʤ ʣʲʶʤ ,ʤʮʢʥʣʬ .ʪʩʸʶʹ ʤʮ ʺʥʹʥʲ ʯʤʹ 

; Process BMP file 

call OpenFile 

;call ReadHeader 

;call ReadPalette 

;call CopyPal 

;call CopyBitmap 

 ʸʦʧʥʮ ʠʬ( ʤʰʩʷʺ ʤʸʥʶʡ ʧʺʴʰ ʵʡʥʷʤʹ ʷʥʣʡʰ .ʵʡʥʷ ʧʥʺʴʬ ʷʸ ʤʦ ʤʹʥʲ ʠʩʤʹ ʤʮ ʬʫ ʲʢʸʫʹ ,ʺʩʰʫʥʺʤ ʺʠ ʵʩʸʰ

.ʤʠʬʤ ʥʰʫʹʮʤ ?ʯʩʷʺ ʬʫʤ .)ʤʠʩʢʹ ʣʥʷ 

- ʤ .ʤʶʩʸ ʩʣʫ ʪʥʺ ʯʥʸʫʩʦ ʠʥʸʷʬ־TDʺʠ ʥʰʠʶʥʤʹ ʧʩʰʰ .ʤʶʩʸ ʩʣʫ ʪʥʺ ʯʥʸʫʩʦʤ ʡʶʮ ʺʷʩʣʡʡ ʤʡʥʨ ʤʫʩʮʺ ʥʰʬ ʷʴʱʮ 

ʬ ʤʠʩʸʷʤ־ReadHeader  ʪʥʺʡ .ʤʰʩʷʺ ʤʸʥʶʡ ʺʣʡʥʲ ʤʸʥʣʶʥʸʴʤ ʭʠ ʷʥʣʡʬ ʭʩʶʥʸ ʥʰʧʰʠʥ ,ʤʸʲʤʮ

DATASEG ʤ ʺʠ ʸʮʥʹʹ ʪʸʲʮ ʥʰʸʣʢʤ־header ʪʩʠ ʺʥʠʸʬ ʬʫʥʰ .header  ʭʥʩʱʡ ʣʩʮ ʯʥʸʫʩʦʡ ʤʠʸʰ
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' ʺʥʩʤʬ ʭʩʫʩʸʶ ʥʬʹ ʭʩʰʥʹʠʸʤ ʭʩʺʡʤ ʩʰʹʹ ʭʩʲʣʥʩ ʥʰʧʰʠ .ʤʠʩʸʷʤBM '– ʬ ʹʩ ,ʸʧʠ ʪʸʲ ʥʰʬʡʩʷ ʭʠ ʤʩʲʡ ʥʰ

.ʤʠʩʸʷʡ 

-  ʺʷʣʥʡʹ ʤʸʥʣʶʥʸʴ ʥʰʬ ʹʩʹ ʧʩʰʰ .ʲʶʡʬ ʭʩʩʥʴʶ ʭʤ ʤʮ ʭʩʲʣʥʩ ʥʰʧʰʠʹ ,ʭʩʲʥʡʷ ʣʥʷ ʩʲʨʷʡ ʺʥʸʥʣʶʥʸʴ ʳʩʬʧʤʬ

ʬʲ ʵʧʬʰ ʹʷʮ ʤʦʩʠ־ ʧʩʰʰ ,ʤʦʤ ʲʣʩʮʡ ʹʥʮʩʹ ʤʹʥʲʹ ʺʸʧʠ ʤʸʥʣʶʥʸʴʬ ʲʣʩʮʤ ʺʠ ʤʸʩʡʲʮ ʠʩʤʥ ,ʹʮʺʹʮʤ ʩʣʩ

ʴʤ ʬʹ ʳʥʸʩʶʤ ʩʫ ʧʩʰʰ .ʪʱʮʤ ʬʲ ʩʴʸʢ ʨʰʮʬʠ ʦʩʦʤʬ ʩʣʫ ʥʦʩʠʡ ʷʥʣʡʬ ʥʰʬ ʪʡʥʱʮ ʬʡʠ ,ʡʨʩʤ ʣʡʥʲ ʠʬ ʺʥʸʥʣʶʥʸ

ʬʲ ʵʧʬʰ ʹʷʮ ʤʦʩʠ ʤʰʹʮ ʠʬʹ ʸʮʥʠʹ ,ʣʥʷ ʲʨʷ ʳʩʱʥʤʬ ʭʩʬʥʫʩ ʥʰʧʰʠ .ʤʩʲʡʤ ʺʠʶʮʰ ʤʸʥʣʶʥʸʴ- ,ʹʮʺʹʮʤ ʩʣʩ

 ʺʠ ʤʦʩʦʮʹ ʤʸʥʣʶʥʸʴʡ ʤʩʲʡ ʹʩʹ ʤʠʸʰʫ ,ʤʫʩʹʮʮ ʤʩʲʡʤ ʭʠ .ʲʥʡʷ ʪʸʲ ʷʺʲʥʩ ʤʮʥʷʮʡʥ ʱʸʣʩʺ ʤʠʶʥʺʤ

.ʪʱʮʤ ʬʲ ʤʷʩʴʸʢʤ 

 ʺʥʮʩʹʮ ʭʩʲʶʡʮʹ ʣʥʷ ʩʲʨʷ ʬʹ ʺʥʩʤʬ ʤʫʩʸʶ ʺʥʸʥʣʶʥʸʴʬ ʤʷʥʬʧʤ ,ʤʬʩʲʩ ʤʸʥʶʡ ʢʡʣʬ ʥʬʫʥʺʹ ʩʣʫʹ ,ʡʬ ʥʮʩʹ

 ʤʸʥʣʶʥʸʴʮ ʸʺʥʩʬ ʺʲʶʡʮ ʭʫʬʹ ʤʸʥʣʶʥʸʴʤʹ ʤʮʩʹʮʤ ʺʠ ʬʶʴʬ ʸʹʴʠ ʭʠ ʣʩʮʺ ʥʡʹʩʧ .ʡʨʩʤ ʺʥʸʣʢʥʮʥ ʺʥʰʨʷ

ʣʶʥʸʴʤ ʭʠʥ ,ʭʫʬʹ ʤʸʥʣʶʥʸʴʤ ʪʥʺʡ ʭʮʶʲ ʬʲ ʭʩʸʦʥʧʹ ʣʥʷ ʩʲʨʷ ʹʩ ʭʠ ,ʺʧʠ .ʩʣʮ ʤʫʥʸʠ ʠʬ ʤʸʥ 

 ʩʸʧʠ ʡʷʲʮʭʩʰʥʮ 

 ʤʩʲʡ ʹʩ ʭʠ ,ʯʫʬ .ʺʥʩʲʡʥ ʺʥʠʩʢʹʬ ʵʥʴʰ ʸʥʷʮ ʭʤ ,ʵʥʸʬ ʤʫʩʸʶ ʥʰʡʺʫʹ ʤʠʬʥʬ ʭʩʮʲʴ ʤʮʫ ʥʰʬʩʡʹʡ ʭʩʸʴʥʱʹ ʤʬʠʫ ,ʭʩʰʥʮ

 ʬʡʷʬ ʭʩʸʥʮʠ ʥʩʤ ʠʬ ʭʤʹ ʪʸʲ ʭʫʥʺʬ ʭʺʱʰʫʤ ʤʸʷʮʡ ʩʸʮʢʬ ʠʬ ʭʠʥ ʭʫʬʹ ʭʩʰʥʮʤ ʬʹ ʤʷʩʣʡ ʲʶʡʬ ʤʥʥʹ ,ʭʫʬʹ ʣʥʷʡ

ʶʸʤ ,ʤʮʢʥʣʬ( ʺʠ ʤʰʹʮʹ ʤʸʥʣʶʥʸʴʬ ʭʺʠʸʷ ʦʠʥ ʤʠʬʥʬ ʭʺcx.) 

 ʥʬʩʴʠ ʥʠ ʪʱʮʬ ʭʩʰʥʮʤ ʬʹ ʭʩʫʸʲʤ ʺʠ ʭʩʱʩʴʣʮʹ ʣʥʷ ʩʲʨʷ ʭʫʬʹ ʺʩʰʫʥʺʬ ʱʩʰʫʤʬ ʵʬʮʥʮ ,ʤʩʲʡʬ ʡʬ ʭʩʮʹ ʠʬ ʭʺʠ ʭʠ

 ʥʠ ʤʸʥʣʶʥʸʴ ʥʡʺʫʺ ʭʠ ʭʫʬ ʸʥʦʲʩ .ʩʰʥʩʢʤʤʥ ʩʥʴʶʤ ʭʥʧʺʡ ʭʩʫʸʲ ʷʸ ʭʩʬʡʷʮ ʭʫʬʹ ʭʩʰʥʮʤʹ ʠʣʥʥʬ ʥʬʫʥʺ ʪʫ .ʵʡʥʷʬ

 ,ʥʸʷʮ ʭʲʴ ʬʫʡ ʥʦʤ ʤʷʩʢʥʬʤ ʺʠ ʹʮʮʬ ʭʥʷʮʡ ,ʵʡʥʷʬ ʥʠ ʪʱʮʬ ʥʬʹ ʪʸʲʤ ʺʠ ʭʩʱʩʴʣʮʥ ʸʨʱʩʢʸ ʸʨʮʸʴʫ ʭʩʬʡʷʮʹ

.ʹʣʧʮ 

ʷʺʲʤʺʥ ʯʥʸʫʩʦ 

ʠʮ ʵʥʴʰ ʢʠʡ ʣʥʲʥ ʩʰʴʡ ʤʶʥʴʰ ʤʩʲʡ ,ʪʸʲʮʡ ʯʥʫʰ ʠʬ ʭʥʷʮʬ ʤʷʺʲʤʬ ʤʰʥʥʫʤ ʯʩʠ .ʯʥʸʫʩʦʡ ʯʥʫʰ ʠʬ ʭʥʷʮʬ ʤʷʺʲʤ ʠʥʤ ʣ

 ʪʸʲʮʬ ʵʥʧʮ ʲʣʩʮ ʬʹ ʤʷʺʲʤʬ ʠʬʠ ,ʤʮʶʲʡ ʭʩʸʧʠ ʭʩʫʸʲ ʭʫʬ ʱʥʸʣʬ ʤʬʥʬʲ ʥʦʫ ʤʷʺʲʤ .ʭʺʸʣʢʤʹ־DATASEGʥʠ ,– 

ʬʦʮ ʭʫʬ ʹʩ ʹʮʮ ʭʠ– ʡ ʭʩʫʸʲ ʱʥʸʣʬ־CODESEG .ʺʩʰʫʥʺʤ ʷʥʱʩʸʡ ʭʩʩʱʬʥ 

 ʸʧʠʬ .ʨʰʮʢʱʤ ʩʸʨʱʩʢʸ ʬʹ ʭʩʫʸʲʤ ʺʠ ʺʥʰʹʬ ʭʩʫʩʸʶ ʥʰʧʰʠ ʭʩʺʩʲʬʹ ʠʩʤ ,ʯʥʸʫʩʦʬ ʺʥʷʺʲʤʬ ʤʸʥʹʷʹ ʺʴʱʥʰ ʤʣʥʷʰ

 ʡʶʮʬ ʭʺʥʠ ʸʩʦʧʤʬ ʪʩʸʶ ʩʥʰʩʹʤ .ʯʥʸʫʩʦʬ ʤʩʰʴ ʬʫʡ ʺʥʩʥʴʶ ʩʺʬʡ ʺʥʠʶʥʺʡ ʭʩʰʫʺʱʮ ʥʰʧʰʠ ʺʸʧʠ ,ʩʸʥʷʮʤ 
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ʸʬʡʮʱʠʤ ʬʹ ʤʠʩʢʹ ʺʥʲʣʥʤ 

 :ʤʮʢʥʣʬ ,ʸʡʲʡ ʤʡ ʭʺʬʷʺʰ ʠʬʹ ʤʠʩʢʹ ʺʲʣʥʤʡ ʥʬʷʺʺʹʫ ,ʣʧʥʩʮʡ ʬʦʮ ʩʸʱʧ ʹʩʢʸʤʬ ʭʫʬ ʭʥʸʢʩ ʸʬʡʮʱʠʤ ʭʩʺʩʲʬ

A2034: must be in segment blockʤʢʠʣ ʬʠ ?ʤʦ ʬʹ ʹʥʸʩʴʤ ʤʮ .– ʹʩʮʹ ʧʥʨʡ .ʭʫʩʰʴʬ ʥʦʤ ʤʲʣʥʤʡ ʬʷʺʰ ʥʤ

 ʤʮʢʥʣʬ( ʭʩʺʰʫʺʮ ʭʥʸʥʴʬ ʥʲʩʢʺʹ ʩʠʣʥʬ ʡʥʸʷ ,ʹʥʴʩʧʤ ʪʱʮʬ ʤʠʩʢʹʤ ʣʥʷ ʺʠ ʥʷʩʺʲʤStackOverflow ʥʠʶʮʺʥ )

 .ʤʸʦʲ ʬʡʩʷʥ ʭʫʬʹ ʤʩʲʡʡ ʬʷʺʰ ʸʡʫ ʥʤʹʩʮʹ 

 

ʭʥʩʱʤ ʩʨʷʩʩʥʸʴʬ ʤʰʫʤ ʬʩʢʸʺ 

ʤ ʩʨʷʩʩʥʸʴ ʪʸʥʶʬ ʺʥʶʥʧʰʹ ʯʩʩʰʡ ʩʰʡʠ ʸʴʱʮʡ ʹʥʮʩʹ ʬʢʸʺʰ ʤʦ ʬʩʢʸʺʡʭʥʩʱ 

ʠ.  ʤʲʣʥʤ ʪʱʮʬ ʱʩʴʣʺ ʺʣʬʷʮʡ ʥʤʹʬʫ ʹʷʮ ʬʲ ʤʶʩʧʬ ʭʲʹ ,ʺʩʰʫʥʺ ʥʡʺʩʫ“Key pressed”  ʹʷʮʤ ʸʥʸʧʹ ʭʲʥ

 ʤʲʣʥʤ ʱʩʴʣʺ“Key released” ʬʲ ʤʶʩʧʬ .ESC ʡʬ ʥʮʩʹ .ʺʩʰʫʥʺʤ ʺʶʩʸ ʺʠ ʭʩʩʱʺ-  ʺʡʹʧʰ ʤʫʥʸʠ ʤʶʩʧʬ

ʤ ʺʠ ʸʥʮʹʬ ʠʩʤ ʤʷʩʣʡʤ ʺʠ ʲʶʡʬ ʤʰʥʫʰʤ ʪʸʣʤ ,ʯʫʬ .ʺʧʠ ʤʶʩʧʬ-scan code  ʷʸʥ ʺʣʬʷʮʤʮ ʲʩʢʤʹ ʯʥʸʧʠʤ

.ʭʠʺʤʡ ʤʲʣʥʤ ʱʩʴʣʤʬ ʦʠ ʤʰʺʹʤ ʠʥʤ ʭʠ 

ʡ. .ʺʣʬʷʮʤ ʸʥʸʧʹ ʭʲ ʷʸ ʷʱʴʥʩ ʬʩʬʶʤ .ʥʤʹʬʫ ʬʩʬʶ ʲʩʮʹʺ ʭʢ ʺʣʬʷʮʤ ʬʲ ʤʶʩʧʬʹ ʪʫ ,ʺʩʰʫʥʺʤ ʺʠ ʥʢʸʣʹ 

ʢ.  ʭʥʣʠ ʲʥʡʩʸ ʸʩʩʥʶʩ ʪʱʮʬ ʤʲʣʥʤ ʱʩʴʣʤʬ ʭʥʷʮʡʹ ʪʫ ,ʺʩʰʫʥʺʤ ʺʠ ʥʢʸʣʹ5X5  ʲʥʡʩʸʤ .ʪʱʮʤ ʦʫʸʮʡ ʭʩʬʱʷʩʴ

ʭʲ ʲʩʴʥʩ   :ʭʩʴʩʨ .ʹʷʮʤ ʸʥʸʧʹ ʭʲ ʭʬʲʩʩʥ ʹʷʮ ʬʲ ʤʶʩʧʬ 

a.  ʬʱʷʩʴ ʸʥʩʶ ʬʹ ʣʥʷ ʬʥʴʫʹ ʺʥʲʶʮʠʡ ʠʬʥ ,ʺʥʸʥʣʶʥʸʴʥ ʤʠʬʥʬ ʺʥʲʶʮʠʡ ʲʥʡʩʸʤ ʺʠ ʸʩʩʶʬ ʵʬʮʥʮ25 

ʭʩʮʲʴ 

b. ʭʥʣʠʤ ʲʥʡʩʸʤ ʭʥʷʮʡ ʲʷʸʤ ʲʡʶʡ ʲʥʡʩʸ ʸʥʩʶ ʩʣʩ ʬʲ ʺʲʶʡʺʮ ʭʥʣʠʤ ʲʥʡʩʸʤ "ʺʷʩʧʮ" 

ʣ. ʩʤʩ ʪʱʮʡ ʲʥʡʩʸʤ ʭʥʷʩʮʹ ʪʫ ,ʺʩʰʫʥʺʤ ʺʠ ʥʢʸʣʹʹʣʧ ʭʥʷʩʮ ʸʧʡʩʩ ʭʲʴ ʬʫ ,ʩʠʸʷʠ ʤ 
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ʭʥʫʩʱ 

ʥʰʬʹ ʺʩʰʫʥʺʡ ʭʩʩʴʸʢ ʭʩʨʰʮʬʠ ʡʬʹʬ ʪʩʠ ʥʰʣʮʬ .ʭʥʩʱ ʨʷʩʩʥʸʴ ʺʡʩʺʫʬ ʭʩʩʨʰʡʬʸ ʭʩʠʹʥʰ ʯʥʥʢʮʡ ʥʰʷʱʲ ʤʦ ʷʸʴʡ–  ʥʰʩʠʸ

 ʺʷʩʴʸʢ ʳʩʱʥʤʬ ʺʥʬʷʡ ʸʹʴʠ ʪʩʠASCII  ʨʮʸʥʴʡ ʺʥʰʥʮʺ ʭʩʡʬʹʮ ʪʩʠʥ ʨʷʩʩʥʸʴʤ ʺʠ ʺʢʸʣʹʮʹbmp  ʥʰʣʮʬ .ʵʥʴʰʤ

 ʺʹʢʬ ʹʩ ʣʶʩʫ ʩʬʬʫ ʯʴʥʠʡʥ ʨʷʩʩʥʸʴ ʺʡʩʺʫʬ ʭʩʴʩʨʡ ʥʰʮʩʩʱ .ʭʩʩʠʸʷʠ ʭʩʸʴʱʮ ʺʸʩʶʩ ,ʸʡʫʲ ʭʲ ʤʣʥʡʲ ,ʭʩʶʡʷ ʭʲ ʤʣʥʡʲ

.ʩʺʥʲʮʹʮ ʳʷʩʤʡ ʤʰʫʥʺ ʺʡʩʺʫ ʨʷʩʩʥʸʴʬ 

 .ʥʰʬʹ ʭʩʠʡʤ ʭʩʸʢʺʠʬ ʭʩʰʫʥʮ ʥʰʠ ,ʡʹʧʮʤ ʤʰʡʮʥ ʩʬʡʮʱʠʤ ʺʴʹ ʣʥʮʩʬ ʺʠ ʥʰʮʩʩʱ 

ʩʠʬ ʺʥʣʥʤ ,ʥʸʫʩʦ :ʭʩʣʩʮʬʺʬ ʺʥʸʥʣʡ ʺʮʩʩʷ ʤʺʩʤ ʠʬʹ ʤʰʺʮ ʩʤʥʦ .ʺʣʬʷʮ ʺʥʹʷʤ ʤʮʫ ʷʧʸʮʡ ʠʶʮʰ ʩʴʥʱʰʩʠ ʲʣʩ ,ʨʰʸʨʰ

 ʸʥʶʲʬ ʬʫʥʩ ʠʬ ʸʡʣ ,ʤʠʬʤʥ ʯʠʫʮ .ʭʫʺʡʥʨʬ ʭʩʸʧʠ ʬʹ ʲʣʩʤ ʧʫ ʺʠ ʥʮʺʸʺ ,ʣʥʮʩʬ ʺʥʸʥʷʮ ʣʡʬ ʠʥʶʮʬ ʥʣʮʬʺʹʫ .ʭʩʮʣʥʷ

!ʤʧʬʶʤʡ .ʭʫʬʹ ʺʥʰʸʷʱʤ ʺʠ 
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 ʧʴʱʰʠ' –  ʡʺʫʡ ʺʥʸʢʡʬ ʤʡʥʧ ʺʥʣʥʷʴ ʺʮʩʹʸʩʬʡʮʱʠʡ 

ʡʬ ʥʮʩʹ .ʩʬʡʮʱʠʡ ʡʺʫʡ ʺʥʸʢʡʬ ʤʡʥʧʤ ʺʥʣʥʷʴ ʺʮʩʹʸ ʭʫʩʰʴʬ-  ʩʬʡʮʱʠ ʭʩʣʮʥʬʹ ʭʩʣʩʮʬʺ ʸʥʡʲ ʤʡʥʧ ʺʥʣʥʷʴ ʯʰʩʠ ʥʬʠ

.ʩʬʡʮʱʠʡ ʤʸʩʧʡ ʷʸʴʡ ʭʩʡʹʧʮʡ ʺʥʸʢʡʬ ʭʩʹʢʩʰʹ ʭʩʣʩʮʬʺ ʸʥʡʲ ʷʸ ʠʬʠ )"ʭʩʤʡʢ"ʡ ʥʮʫ( ʤʣʡʲʮʤ ʺʣʩʧʩ ʺʸʢʱʮʡ 

 ʺʥʣʥʠ ʨʸʴʰ ʤʦ ʷʸʴʡ ,ʸʡʫ ʥʰʸʫʤ ʺʥʣʥʷʴʤ ʡʥʸ ʺʠ.ʥʰʸʫʤ ʭʸʨʹ ʺʥʣʥʷʴʤ 

 

  
ADD 
AND 
CALL 
CLC 
CLI 
CMP 
DEC 
DIV 
IDIV 
IMUL 
IN 
INC 
INT 
IRET 
JA 
JAE 
JB 
JBE 
JC 
JCXZ 
JE 
JG 
JGE 
JL 
JLE 
JMP 

JNA 
JNAE 
JNB 
JNBE 
JNGE 
JNL 
JNLE 
JNO 
JNP 
JNS 
JNZ, JNE 
JO 
JP 
JPE 
JPO 
JS 
JZ 
LAHF 
LEA 
LOOP 
LOOPE 
LOOPNE 
LOOPNZ 
LOOPZ 
MOV 
MUL 
 

NEG 
NOP 
NOT 
OR 
OUT 
POP 
POPF 
PUSH 
PUSHF 
RCL 
RCR 
RET 
ROL 
ROR 
SAL 
SAR 
SBB 
SHL 
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:ʭʩʬʢʣ ʩʡʶʮ ʺʥʲʡʥʷʹ ʺʥʣʥʷʴ 

CLC- ʠʹʰʤ ʬʢʣ ʺʣʸʥʤ 

STC- ʠʹʰʤ ʬʢʣ ʺʷʬʣʤ 

CLI- ʺʥʷʩʱʴʤ ʬʢʣ ʺʣʸʥʤ 

:ʤʶʩʴʷ ʺʥʣʥʷʴ 

 ʭʩʸʴʱʮUnsigned  ʭʩʸʴʱʮSigned ʩʠʰʺʤ ʸʥʠʩʺ 

JA (JNBE) JG (JNLE)  ʬʥʣʢ ʭʠ ʵʥʴʷʹʮʮ 

JB (JNAE) JL (JNGE) ʹʮʮ ʯʨʷ ʭʠ ʵʥʴʷ 

JAE (JNB) JGE (JNL) ʤʥʥʹ ʥʠ ʬʥʣʢ ʭʠ ʵʥʴʷ 

JBE (JNA) JLE (JNG) ʤʥʥʹ ʥʠ ʯʨʷ ʭʠ ʵʥʴʷ 

JE JE ʤʥʥʹ ʭʠ ʵʥʴʷ 

JNE JNE ʤʰʥʹ ʭʠ ʵʥʴʷ 

 

JCXZ-  ʭʠ ʵʥʴʷcx=0 

:ʭʩʬʢʣʤ ʡʶʮ ʺʠ ʺʥʸʩʹʩ ʺʥʷʣʥʡʹ ʤʶʩʴʷ ʺʥʣʥʷʴ 

ʤʠʸʥʤ ʸʥʠʩʺ 

JC  ʭʠ ʵʥʴʷʷʥʬʣ ʠʹʰʤ ʬʢʣ 

JNC ʩʥʡʫ ʠʹʰʤ ʬʢʣ ʭʠ ʵʥʴʷ 
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JZ ʷʥʬʣ ʱʴʠʤ ʬʢʣ ʭʠ ʵʥʴʷ 

JNZ ʩʥʡʫ ʱʴʠʤ ʬʢʣ ʭʠ ʵʥʴʷ 

JS ʷʥʬʣ ʯʮʩʱʤ ʬʢʣ ʭʠ ʵʥʴʷ 

JNS ʩʥʡʫ ʯʮʩʱʤ ʬʢʣ ʭʠ ʵʥʴʷ 

JO ʷʥʬʣ ʤʹʩʬʢʤ ʬʢʣ ʭʠ ʵʥʴʷ 

JNO ʩʥʡʫ ʤʹʩʬʢʤ ʬʢʣ ʭʠ ʵʥʴʷ 

JP / JPO ʷʥʬʣ ʺʥʩʢʥʦʤ ʬʢʣ ʭʠ ʵʥʴʷ 

JNP / JPE ʵʥʴʷ ʩʥʡʫ ʺʥʩʢʥʦʤ ʬʢʣ ʭʠ 

 

:ʭʩʬʢʣ ʸʨʱʩʢʸ ʺʥʣʥʷʴ 

LAHF-  ʺʠ ʷʩʺʲʮ8 ʬ ʭʩʬʢʣʤ ʸʨʱʩʢʸ ʬʹ ʭʩʫʥʮʰʤ ʭʩʨʩʡʤ-ah 

PUSHF- ʺʩʰʱʧʮʬ ʭʩʬʢʣʤ ʸʨʱʩʢʸ ʺʠ ʷʩʺʲʮ 

POPF- ʭʩʬʢʣʤ ʸʨʱʩʢʸ ʬʠ ʺʩʰʱʧʮʤ ʹʠʸ ʯʫʥʺ ʺʠ ʷʩʺʲʮ 

:ʺʥʴʱʥʰ ʺʥʠʬʥʬ ʺʥʣʥʷʴ 

ʬ ʳʱʥʰ-LOOP ʺʥʠʡʤ ʺʥʣʥʷʴʤ ʯʰʹʩ ,ʭʩʸʩʫʮ ʥʰʧʰʠʹ- 

LOOPE (LOOPZ)- ʥʮʫLOOP ʭʠ ,cx ʤʶʩʴʷʬ ʩʠʰʺ ʣʥʲ ʹʩ ʪʠ .ʺʩʥʥʺʬ ʤʶʩʴʷ ʺʲʶʡʺʮ ʱʴʠʬ ʤʥʥʹ ʠʬ- ʬʢʣʹ ʹʸʣʰ

 ʤʠʥʥʹʤ ʺʣʥʷʴ ʲʶʡʬ ʩʹʥʮʩʹ ʯʫʬ .ʷʬʥʣ ʤʩʤʩ ʱʴʠʤcmp  ʲʥʶʩʡ ʩʰʴʬLOOPE  ʥʠLOOPZ . 

LOOPNE (LOOPNZ)-  ʥʮʫLOOP ʭʠ ,cx ʤʶʩʴʷʬ ʩʠʰʺ ʣʥʲ ʹʩ ʪʠ .ʺʩʥʥʺʬ ʤʶʩʴʷ ʺʲʶʡʺʮ ʱʴʠʬ ʤʥʥʹ ʠʬ- ʹʸʣʰ

.ʩʥʡʫ ʤʩʤʩ ʱʴʠʤ ʬʢʣʹ 
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:ʺʥʴʱʥʰ ʤʦʦʤ ʺʥʣʥʷʴ 

 ʬʲ ʳʱʥʰSHL, SHR ʺʥʠʡʤ ʺʥʣʥʷʴʤ ʯʰʹʩ ,ʭʩʸʩʫʮ ʥʰʠʹ- 

ROL-  ʥʮʫSHLʣʧʠ ʬʣʡʤʡ ,ʠʹʰʤ ʬʢʣʬ ʷʺʲʥʮ ʸʺʥʩʡ ʩʬʠʮʹʤ ʨʩʡʤʥ ʤʬʠʮʹ ʭʩʦʦ ʭʩʨʩʡʤ ʬʫ ,-  ʩʬʠʮʹ ʩʫʤ ʨʩʡʤ

 ʺʠ ʧʷʩʰ ʭʠ ʸʮʥʬʫ .ʩʰʮʩ ʩʫʤ ʨʩʡʤ ʬʠ ʭʢ ʷʺʲʥʮah  ʥʬ ʲʶʡʰʥ ʤʮʢʥʣʬROL .ʩʸʥʷʮʤ ʥʡʶʮʬ ʸʥʦʧʩ ʠʥʤ ,ʭʩʮʲʴ ʤʰʥʮʹ 

ROR-  ʥʮʫSHRʹʰʤ ʬʢʣʬ ʷʺʲʥʮ ʸʺʥʩʡ ʩʰʮʩʤ ʨʩʡʤʥ ʤʰʩʮʩ ʭʩʦʦ ʭʩʨʩʡʤ ʬʫ ,ʣʧʠ ʬʣʡʤʡ ,ʠ-  ʭʢ ʷʺʲʥʮ ʩʰʮʩ ʩʫʤ ʨʩʡʤ

.ʩʬʠʮʹ ʩʫʤ ʨʩʡʤ ʬʠ 

RCL-  ʥʮʫSHL.ʩʰʮʩ ʩʫʤ ʨʩʡʤ ʬʠ ʷʺʲʥʮ ʠʹʰʤ ʬʢʣ ʪʠ , 

RCR-  ʥʮʫSHR.ʩʬʠʮʹ ʩʫʤ ʨʩʡʤ ʬʠ ʷʺʲʥʮ ʠʹʰʤ ʬʢʣ ʪʠ , 

SAL- ʬ ʤʤʦ-SHL 

SAR- ʬ ʤʤʦ-SHR 

:ʺʣʧʥʩʮ ʸʥʱʩʧ ʺʣʥʷʴ 

SBB-  ʥʮʫSUB ʬʢʣ ʬʹ ʥʫʸʲ ʺʠ ʤʠʶʥʺʬ ʤʴʩʱʥʮ ʬʡʠ ,.ʠʹʰʤ 
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 ʧʴʱʰʡ' – ʩʶʸʠʤ ʩʬʡʮʱʠʤ ʭʥʸʥʴʬ ʭʩʱʰʫʰ ʣʶʩʫ :ʭʩʣʩʮʬʺʬ ʪʩʸʣʮ 

Piazza  ʺʥʰʲʬʥ ʤʬʠʹ ʡʥʺʫʬ ,ʠʹʥʰ ʬʫʡ ʭʥʸʥʴ ʧʥʺʴʬ ʯʺʩʰ .ʵʸʠʤ ʬʫʡ ʭʩʣʩʮʬʺʬ ʣʲʥʩʮʹ ʺʥʡʥʹʺʥ ʺʥʬʠʹ ʭʥʸʥʴ ʠʩʤ

ʩʰʥʠ" ʭʫʺʥʹʸʬ ʺʣʮʥʲ ,ʺʥʮʥʣ ʺʥʩʲʡʡ ʭʩʬʷʺʰ ʵʸʠʤ ʬʫʡ ʭʩʤʡʢ ʺʥʺʩʫʡ ʭʩʣʩʮʬʺʹ ʯʥʥʩʫ .ʺʥʡʥʹʺ ,ʺʩʬʠʥʨʸʩʥ "ʤʨʩʱʸʡ

!ʺʥʠʡʤ ʭʩʰʹʡ ʭʩʣʩʮʬʺʬ ʥʲʩʩʱʩ ʭʫʬʹ ʺʥʡʥʹʺʤ ,ʳʱʥʰʡ .ʩʰʹʬ ʣʧʠ ʲʩʩʱʬ ʥʬʫʥʺ ʭʹ 

ʬ ʤʱʩʰʫʬ-Piazza: 

1.  ʸʺʠʬ ʥʱʰʫʩʤwww.piazza.com " ʥʸʧʡʥstudents get started" 

 
 

2. " ʺʨʩʱʸʡʩʰʥʠʡ ʥʸʧʡ"gvahim 

 

  

http://www.piazza.com/
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3.  ʸʨʱʮʱ ʥʸʧʡ"other" 

 
 

4.  ʱʸʥʷ ʥʸʧʡassembly 
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5. ʫ ʳʸʨʶʤʬ ʥʸʧʡ-student  ʤʮʱʩʱ ʥʱʩʰʫʤʥ"assembly" 

 

 

6.  ʬʲ ʥʶʧʩʬʥ ,ʸʺʠʤ ʬʹ ʤʬʲʴʤ ʣʥʷ ʧʬʹʩʩ ʤʩʬʠ ,ʬʩʩʮ ʺʡʥʺʫ ʥʱʩʰʫʤsubmit email 
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7.  ʬʲ ʥʶʧʬʥ ʭʺʬʡʩʷʹ ʣʥʷʤ ʺʠ ʥʱʩʰʫʤsubmit 

 

8.  ʤʩʶʴʥʠʡ ʥʸʧʡ ʤʨʮʬ .ʤʮʱʩʱʥ ʹʮʺʹʮ ʭʹ ʥʸʧʡI am not pursuing a degree  ʩʠʰʺ ʺʠ ʭʺʠʸʷʹ ʥʸʹʠʥ

 ʬʲ ʥʶʧʬ ʯʫʮ ʸʧʠʬ .ʹʥʮʩʹʤContinue- .ʭʩʠʡʤ ʭʩʫʥʸʡ .ʭʺʮʩʩʱ ,ʥʤʦ 
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ʤʹʣʧ ʤʬʠʹ ʺʱʰʫʤ 

 ʬʲ ʥʹʩʷʤ ,ʤʬʠʹ ʬʥʠʹʬ ʺʰʮ ʬʲnew postʥʸʧʡ ʧʺʴʩʩʹ ʯʥʬʧʡ . 

 - Post type = Question 

-  Post to = Entire class 

-  Folder = Other 

 ʬʲ ʥʹʩʷʤ ʳʥʱʡʬʥ ,ʤʬʠʹʬ ʺʸʺʥʫ ʺʺʬ ʥʧʫʹʺ ʬʠPost my question 
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 ʭʩʸʶʥʩ ʺʥʩʥʫʦ– ʭʩʩʰʥʶʩʧ ʺʥʸʥʷʮ 
http://edjudo.com/wordpress_livedec10/wp-content/uploads/slider/digital.jpg 

http://visual6502.org/images/pages/Intel_8086_die_shots.html 

http://www.ousob.com 

http://en.wikipedia.org/wiki/MS-DOS_API 

http://iitestudent.blogspot.co.il/ 

 

http://edjudo.com/wordpress_livedec10/wp-content/uploads/slider/digital.jpg
http://visual6502.org/images/pages/Intel_8086_die_shots.html
http://www.ousob.com/
http://en.wikipedia.org/wiki/MS-DOS_API
http://iitestudent.blogspot.co.il/
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