
 

 

 

 

 

 

تقُُبد أَظًخ انحبصىة انقضى انؼهًٍ:   

انتصًُى انًُطقٍ اصى انًقرر:  
 

الأونً  :/ انًضتىي انًرحهخ   

الاول :انفصم انذراصٍ  
 

2026-2025 انضُخ انذراصُخ:  
 

 

 

 

 

 

 

 

 

 

 

 

 

يوالبحث العلم يوزارة التعليم العال  

 الجامعة التقنية الشمالية

 معهد الإدارة التقني نينوى



 

 

 الجامعة التقنية الشمالية

1 

  

 

 

 

 

  

 انتصًُى انًُطقٍ :اصى انًقرر

 أَظًخ انحبصىةتقُُبد  :انقضى

 يؼهذ الإدارح انتقٍُ َُُىي :انكهُخ

 الاونً / انًضتىيانًرحهخ 

 الاول :انفصم انذراصٍ

 2 ػٍّٟ 1 ٔظشٞ :ػذد انضبػبد الاصجىػُخ

 3 ػذد انىحذاد انذراصُخ:

  انريز:

  وٍّٙب  ػٍّٟ  ٔظشٞ َىع انًبدح

 ولا هم َتىفر َظُر نهًقرر فٍ الاقضبو الاخري 

 ولا )اٌ وجذ(اصى انًقرر انُظُر 

 ولا انقضى

 ولا انُظُرريز انًقرر 

 يؼهىيبد تذرَضٍ انًبدح

 نًُش ػهٍ حضٍُ :)يذرصٍ( انًقرراصى يذرس 

 يذرس انهقت انؼهًٍ:

 2025 صُخ انحصىل ػهً انهقت

 يبجضتُر انشهبدح:

 2025 صُخ انحصىل ػهً انشهبدح

 01 ()تذرَشػذد صُىاد انخجرح 
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  نهًقرر انؼبو انىصف

ٌّٛضٛع اٌزص١ُّ إٌّطمٟ، ؽ١ش ٠مذَ ٔظشح ػبِخ ػٓ ِفَٙٛ اٌزص١ُّ ٠زٕبٚي ٘زا اٌمغُ اٌّمذِخ 

إٌّطمٟ ٚأ١ّ٘زٗ فٟ ػٍَٛ اٌؾبعٛة ٚإٌٙذعخ. وّب ٠زطشق إٌٝ ربس٠خ ٚرطٛس اٌزص١ُّ إٌّطمٟ ٚدٚسٖ 

فٟ رطج١مبد اٌؾ١بح ا١ِٛ١ٌخ ٚاٌزىٌٕٛٛع١ب. ٠غٍظ اٌضٛء ػٍٝ الأ٘ذاف ٚاٌّجبدا الأعبع١خ ٌٍزص١ُّ 

ج١مٙب فٟ ثٕبء الأٔظّخ ٚاٌجشِغ١بد. ٠زضّٓ ٘زا اٌمغُ أ٠ضًب اٌؼلالخ ث١ٓ اٌزص١ُّ إٌّطمٟ ٚو١ف١خ رط

إٌّطمٟ ٚاٌش٠بض١بد ٚإٌّطك ٚو١ف ٠غبُ٘ وً ِّٕٙب فٟ رؼض٠ض اٌزفى١ش إٌمذٞ ٚؽً اٌّشبوً ثطش٠مخ 

 ِٕطم١خ ٚٔبفؼخ.
 

 

  انؼبيخ الاهذاف

  ِغبي ِٓ ً اٌؾبعٛة ؽ١ش ٠غبػذ فٟ فُٙ ٚػٍَٛ أٔظّخ اٌزص١ُّ إٌّطمٟ ٠ّضً عضءاً أعبع١ب

ٚرؾ١ًٍ ٚرص١ُّ اٌذٚائش الإٌىزش١ٔٚخ ٚالأٔظّخ اٌشل١ّخ. ٠زٕبٚي اٌزص١ُّ إٌّطمٟ اٌؼ١ٍّبد 

اٌشل١ّخ ٚو١ف١خ رٕف١ز ٚرؾم١ك اٌٛظبئف اٌؾغبث١خ ٚإٌّطم١خ ثبعزخذاَ اٌذٚائش الإٌىزش١ٔٚخ. ٠شًّ 

   لخ ث١ٕٙب ٚث١ٓ إٌظبَ اٌضٕبئٟ.أ٠ضبً اٌزص١ُّ إٌّطمٟ رؾ١ًٍ ٚفُٙ اٌجٛاثبد إٌّطم١خ ٚاٌؼلا

    رص١ُّ إٌّطمٟ ٌٗ أ١ّ٘خ وج١شح فٟ ِغبلاد ِزؼذدح ِضً رص١ُّ اٌذٚائش الإٌىزش١ٔٚخ ٚالأٔظّخ

اٌىٙشثبئ١خ ٚاٌؾبعٛث١خ. ٠غبػذ اٌزص١ُّ إٌّطمٟ فٟ فُٙ ٚرؾ١ًٍ الأٔظّخ اٌشل١ّخ ٚاٌؼ١ٍّبد 

ٚائش الإٌىزش١ٔٚخ اٌزٟ رٕفز ٚرٕمً اٌؾغبث١خ ثشىً دل١ك ِٕٚطمٟ. ٠ٚغبػذ فٟ رص١ُّ ٚثٕبء اٌذ

الإشبساد إٌّطم١خ ثفؼب١ٌخ، ِّب ٠غُٙ فٟ رط٠ٛش اٌزىٌٕٛٛع١ب ٚالاثزىبس فٟ ِغبلاد إٌٙذعخ 

 ٚرم١ٕخ اٌّؼٍِٛبد.

    

 

 انخبصخ الأهذاف

  معرفة الأنظمة العددية 

 ن الأنظمة العددية  التحويلات ما بي 

  ي والذي يعتبر
ي دراسة انظام الثنائ 

ن
ي الثورة الرقميةالاسهاب ف

ن
 الأساس ف

 البوابات المنطقية الاساسية 
 

 الأهداف السلوكية او نواتج التعلم

  فهم الأنظمة العددية المختلفة: سيتمكن الطلاب من التعرف على الأنظمة العددية الثنائية

ية والثمانية والتحويل بينها.  ية والسادسة عشر   والعشر

  وط حدوثه ومستوى التمكن تحدد الأداء الذي يسعى المعلم إلى إحداثه لدى المتعلم وشر

ي الاداء. 
ن
 المطلوب ف

 ي سلوك المتعلم
ن
ا ف  أي انها تحدث تغب 

 

 

   :أهداف تدريسية 
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ة( سيكون الطالب قادرا على ان:   بعد الانتهاء من الدرس )المحاضن

  مختلف الأنظمة العددية يعرف 

  ن الأنظمة العدديةكيفية اجراء  التحويلات ما بي 

 البوابات المنطقية الاساسية 

  

 انضبثقخ انًتطهجبد

 اٌؼذد٠خ الأٔظّخ ِؼشفخ  

 َاٌؼششٞ إٌظب 

 

 

 الأ٘ذاف اٌغٍٛو١خ اٚ ِخشعبد اٌزؼ١ٍُ الأعبع١خ

 آ١ٌخ اٌزم١١ُ رفص١ً اٌٙذف اٌغٍٛوٟ اٚ ِخشط اٌزؼ١ٍُ د

  امتحان نظري + امتحان عملىي  ششػ الأعظ ٚاٌّشارت اٌؼذد٠خ ٌىً ٔظبَاٌزؼشف ػٍٝ الأٔظّخ اٌؼذد٠خ ِٓ خلاي  1

  امتحان نظري + امتحان عملىي  اٌغبدط ػشش َإٌظبَ اٌضٕبئٟ، إٌظبَ اٌضٕبئٟ، إٌظب 2

  امتحان نظري + امتحان عملىي  اٌزؾ٠ٛلاد ث١ٓ الأٔظّخ 3

 اٌؼ١ٍّبد اٌؾغبث١خ 4
  امتحان نظري + امتحان عملىي 

 اٌجٛاثبد ٚاٌذٚائش إٌّطم١خأعظ  5
  امتحان نظري + امتحان عملىي 

 اٌغجش اٌجٌٟٛ 6
  امتحان نظري + امتحان عملىي 

 ْٔظش٠خ د٠ّٛ سعب 7
  امتحان نظري + امتحان عملىي 

 خبسطخ وبسٔٛف 8
  امتحان نظري + امتحان عملىي 
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احتُبجبد انطلاة ويحتىي أصبنُت انتذرَش )حذد يجًىػخ يتُىػخ يٍ أصبنُت انتذرَش نتُبصت 

 انًقرر(

 يجرراد الاختُبر الاصهىة او انطرَقخ

الأِضٍخ ٟ٘ أدٚاد رؼ١ّ١ٍخ رغزخذَ ٌزٛض١ؼ اٌّفب١ُ٘ ٚإٌظش٠بد ِٓ خلاي رمذ٠ُ ؽبلاد  الأيثهخ .1

إٌظش٠خ )رؼزّذ ػٍٝ اٌّفب١ُ٘  خالأِضٍ .(الأِضٍخ اٌٛالؼ١خ )ِٓ اٌؾ١بح ا١ِٛ١ٌخ .ِؾذدح

 اٌّٛعٙخ )رغزخذَ فٟ اٌزؼ١ٍُ اٌّجشِظ(. خالأِضٍ .(اٌّغشدح

رذس٠جبد  اٌزذس٠جبد رٙذف إٌٝ رؼض٠ض اٌفُٙ ٚرط٠ٛش اٌّٙبساد ِٓ خلاي اٌزطج١ك اٌؼٍّٟ انتذرَجبد .2

 .رذس٠جبد عّبػ١خ .فشد٠خ

رذس٠جبد رؾ١ٍ١ٍخ )رؾ١ًٍ اٌؾبلاد  .رذس٠جبد رفبػ١ٍخ )اعزخذاَ الأٌؼبة اٌزؼ١ّ١ٍخ(

 ٚاٌذساعبد(.

انىصبئم وانًثُراد  .3

 وانتقُُبد

اٌغّؼ١خ  ًاٌٛعبئ :ثفؼب١ٌخاٌٛعبئً اٌزؼ١ّ١ٍخ رشًّ وً ِب ٠غبػذ ػٍٝ ٔمً اٌّؼٍِٛخ 

 .اٌزؼ١ّ١ٍخ ٚإٌّبرط داٌٍٛؽب .(ٚاٌجصش٠خ )اٌف١ذ٠ٛ٘بد، اٌزغغ١لاد اٌصٛر١خ

 .داٌّغبثمب .اٌمصص َاعزخذا :اٌزؼ١ّ١ٍخاٌّض١شاد 

 .الأٔشطخ اٌؼ١ٍّخ

 اٌزىٌٕٛٛع١ب فٟ اٌزؼ١ٍُ )اٌغجٛسح اٌزو١خ، اٌزطج١مبد اٌزؼ١ّ١ٍخ(. َاعزخذا :اٌزم١ٕبد

 :ِٛالغ ػ١ٍّخ ِؼشٚفخ يىاقغ انكتروَُخ ػهًُخ.4

 Google Scholar: ٌٍجؾش ػٓ الأثؾبس ٚاٌّمبلاد اٌؼ١ٍّخ. 

 Khan Academy: ٌزؼٍُ ِٛاد أوبد١ّ٠خ ِزٕٛػخ. 

 Coursera: ٌذٚساد رؼ١ّ١ٍخ ِٓ عبِؼبد ػب١ٌّخ. 

 edX أخشٜ ٌٍزؼ١ٍُ الإٌىزشٟٚٔ ِٓ ِؤعغبد رؼ١ّ١ٍخ ِشِٛلخ.: ِٕصخ 

تطجُقبد .5

(APLICATIONS) 

 :رطج١مبد رؼ١ّ١ٍخ ِف١ذح

Duolingo: ٌزؼٍُ اٌٍغبد. 

Kahoot! لإٔشبء اخزجبساد رفبػ١ٍخ. 

Quizlet: لإٔشبء ثطبلبد رؼ١ّ١ٍخ. 

Microsoft Teams  ٚZoom.ٌلاعزّبػبد ٚاٌٛسػ اٌزؼ١ّ١ٍخ ػجش الإٔزشٔذ : 

انىرط وانُذواد  .6

 انطلاثُخ

 .اٌٛسػ ٚإٌذٚاد رؼزجش فشصخ ٌزؼ١ّك اٌفُٙ ِٓ خلاي اٌزفبػً اٌّجبشش ٚإٌّبلشبد

 :أٔٛاع اٌٛسػ ٚإٌذٚاد

 .ٚسػ اٌؼًّ اٌؼ١ٍّخ )ٌزط٠ٛش اٌّٙبساد اٌف١ٕخ(

 .ٔذٚاد أوبد١ّ٠خ )ٌّٕبلشخ الأثؾبس ٚاٌذساعبد(

 .ٔذٚاد رٛع١ٙ١خ )ٌلإسشبد الأوبد٠ّٟ ٚإٌّٟٙ(
 

  



 

 

 

 

 اٌفصً الاٚي ِٓ اٌّؾزٜٛ اٌؼٍّٟ

  اٌٛلذ ػٕٛاْ اٌفصً

 طشق اٌم١بط اٌزم١ٕبد طش٠مخ اٌزذس٠ظ اٌؼٕٛاْ اٌفشػٟ اٌؼٍّٟ إٌظشٞ اٌزٛص٠غ اٌضِٕٟ

 2 1 الأعجٛع الأٚي
اٌزؼشف ػٍٝ الأٔظّخ اٌؼذد٠خ ِٓ خلاي 

 ششػ الأعظ ٚاٌّشارت اٌؼذد٠خ ٌىً ٔظبَ
 ِؾبضشح ٔظش٠خ + ٚػ١ٍّخ

ٚأعٛثخ،  أِضٍخ، أعئٍخػشض رمذ٠ّٟ، ششػ، 

 ِشبسوخ اٌطبٌت ػٍٝ اٌٍٛؽخ
 ِشاعؼخ ػبِخ

ٌضبٟٔالأعجٛع ا  ِؾبضشح ٔظش٠خ + ٚػ١ٍّخ إٌظبَ اٌضٕبئٟ 2 1 
ششػ، أِضٍخ، أعئٍخ ٚأعٛثخ،  ػشض رمذ٠ّٟ،

 ِشبسوخ اٌطبٌت ػٍٝ اٌٍٛؽخ
 اخزجبس ٔظشٞ ٚػٍّٟ

 ِؾبضشح ٔظش٠خ + ٚػ١ٍّخ اٌزؾ٠ًٛ ث١ٓ إٌظبَ اٌؼششٞ ٚاٌضٕبئٟ 2 1 الأعجٛع اٌضبٌش
ػشض رمذ٠ّٟ، ششػ، أِضٍخ، أعئٍخ ٚأعٛثخ، 

 ِشبسوخ اٌطبٌت ػٍٝ اٌٍٛؽخ
 اختبار نظري وعملىي 

 ِؾبضشح ٔظش٠خ + ٚػ١ٍّخ اٌؾغبث١خ ػٍٝ إٌظبَ اٌضٕبئٟ اٌؼ١ٍّبد 2 1 الأعجٛع اٌشاثغ
ػشض رمذ٠ّٟ، ششػ، أِضٍخ، أعئٍخ ٚأعٛثخ، 

 ِشبسوخ اٌطبٌت ػٍٝ اٌٍٛؽخ
 اختبار نظري وعملىي 

 الأعجٛع اٌخبِظ
 ِؾبضشح ٔظش٠خ + ٚػ١ٍّخ إٌظبَ اٌضّبٟٔ 2 1

ػشض رمذ٠ّٟ، ششػ، أِضٍخ، أعئٍخ ٚأعٛثخ، 

 ِشبسوخ اٌطبٌت ػٍٝ اٌٍٛؽخ
 اختبار نظري وعملىي 

 الأعجٛع اٌغبدط
1 2 

اٌزؾ٠ًٛ ث١ٓ إٌظبَ اٌضّبٟٔ ٚاٌضٕبئٟ 

 ٚاٌؼششٞ

ػشض رمذ٠ّٟ، ششػ، أِضٍخ، أعئٍخ ٚأعٛثخ،  ِؾبضشح ٔظش٠خ + ٚػ١ٍّخ

 ِشبسوخ اٌطبٌت ػٍٝ اٌٍٛؽخ

 اختبار نظري وعملىي 

 الأعجٛع اٌغبثغ
 إٌظبَ اٌغبدط ػشش 2 1

ششػ، أِضٍخ، أعئٍخ ٚأعٛثخ،  ػشض رمذ٠ّٟ، ِؾبضشح ٔظش٠خ + ٚػ١ٍّخ

 ِشبسوخ اٌطبٌت ػٍٝ اٌٍٛؽخ
 اختبار نظري وعملىي 

 الأعجٛع اٌضبِٓ
1 2 

اٌزؾ٠ًٛ ث١ٓ إٌظبَ اٌغبدط ػشش 

 ٚاٌضٕبئٟ ٚاٌؼششٞ

ػشض رمذ٠ّٟ، ششػ، أِضٍخ، أعئٍخ ٚأعٛثخ،  ِؾبضشح ٔظش٠خ + ٚػ١ٍّخ

 ِشبسوخ اٌطبٌت ػٍٝ اٌٍٛؽخ

 اختبار نظري وعملىي 

 الأعجٛع اٌزبعغ
 اٌجٛاثبد إٌّطم١خ 2 1

ػشض رمذ٠ّٟ، ششػ، أِضٍخ، أعئٍخ ٚأعٛثخ،  ِؾبضشح ٔظش٠خ + ٚػ١ٍّخ

 ِشبسوخ اٌطبٌت ػٍٝ اٌٍٛؽخ
 اختبار نظري وعملىي 

 الأعجٛع اٌؼبشش
 اٌغجش اٌجٌٟٛ 2 1

ػشض رمذ٠ّٟ، ششػ، أِضٍخ، أعئٍخ ٚأعٛثخ،  ِؾبضشح ٔظش٠خ + ٚػ١ٍّخ

 ِشبسوخ اٌطبٌت ػٍٝ اٌٍٛؽخ
 عملىي اختبار نظري و 

 الأعجٛع اٌؾبدٞ ػشش
 د٠ّٛسعبْ 2 1

ػشض رمذ٠ّٟ، ششػ، أِضٍخ، أعئٍخ ٚأعٛثخ،  ِؾبضشح ٔظش٠خ + ٚػ١ٍّخ

 ِشبسوخ اٌطبٌت ػٍٝ اٌٍٛؽخ
 اختبار نظري وعملىي 

 الأعجٛع اٌضبٟٔ ػشش
1 2 SOP 

ػشض رمذ٠ّٟ، ششػ، أِضٍخ، أعئٍخ ٚأعٛثخ،  ِؾبضشح ٔظش٠خ + ٚػ١ٍّخ

 ِشبسوخ اٌطبٌت ػٍٝ اٌٍٛؽخ
 اختبار نظري وعملىي 

 الأعجٛع اٌضبٌش ػشش
1 2 POS 

ػشض رمذ٠ّٟ، ششػ، أِضٍخ، أعئٍخ ٚأعٛثخ،  ِؾبضشح ٔظش٠خ + ٚػ١ٍّخ

 ِشبسوخ اٌطبٌت ػٍٝ اٌٍٛؽخ
 اختبار نظري وعملىي 
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 الأعجٛع اٌشاثغ ػشش
1 2 K-Map 

ػشض رمذ٠ّٟ، ششػ، أِضٍخ، أعئٍخ ٚأعٛثخ،  ِؾبضشح ٔظش٠خ + ٚػ١ٍّخ

 اٌٍٛؽخ ِشبسوخ اٌطبٌت ػٍٝ
 اختبار نظري وعملىي 

 الأعجٛع اٌخبِظ ػشش
1 2 BCD 

ػشض رمذ٠ّٟ، ششػ، أِضٍخ، أعئٍخ ٚأعٛثخ،  ِؾبضشح ٔظش٠خ + ٚػ١ٍّخ

 ِشبسوخ اٌطبٌت ػٍٝ اٌٍٛؽخ
 اختبار نظري وعملىي 
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 خبرطخ انقُبس انًؼتًذح

اٌّؾزٜٛ 

 اٌزؼ١ٍّٟ
 ػٕب٠ٚٓ اٌفصٛي

الأ١ّ٘خ 

 إٌغج١خ

 الأ٘ذاف اٌغٍٛو١خ 

ػذد 

 اٌفمشاد

          

 اٌّؼشفخ  
 اٌزم١١ُ اٌزؾ١ًٍ اٌزطج١ك اٌفُٙ

      إٌغجخ

 الأعجٛع الأٚي 
ح  التعرف على الأنظمة العددية من خلال شر

 العددية لكل نظامالأسس والمراتب 
10% 6.66% 6% 5% 5% 4% 1 

ي  الأعجٛع اٌضبٟٔ 
 1 %4 %5 %5 %6 %6.66 %5 النظام الثنائ 

ي  الأعجٛع اٌضبٌش 
ي والثنائ  ن النظام العشر  1 %4 %5 %5 %6 %6.66 %5 التحويل بي 

ي  الأعجٛع اٌشاثغ 
 1 %4 %5 %5 %6 %6.66 %5 العمليات الحسابية على النظام الثنائ 

الأعجٛع 

 اٌخبِظ 

ي 
 %6.66 %5 النظام الثمائن

6% 5% 5% 4% 1 

الأعجٛع 

 اٌغبدط 

ي ي والعشر
ي والثنائ 

ن النظام الثمائن  %6.66 %5 التحويل بي 
6% 5% 5% 4% 1 

 1 %4 %5 %5 %6 %6.66 %8 النظام السادس عشر  الاعجٛع اٌغبثغ 

 الأعجٛع اٌضبِٓ 
ي 
ن النظام السادس عشر والثنائ  التحويل بي 

ي  والعشر

5% 6.66% 
6% 5% 5% 4% 1 

 1 %4 %5 %5 %6 %6.66 %10 البوابات المنطقية الأعجٛع اٌزبعغ 

 1 %4 %5 %5 %6 %6.66 %7 الجبر البولىي  الأعجٛع اٌؼبشش 

الأعجٛع اٌؾبدٞ 

 ػشش 

 %6.66 %6 نديمو رجا
6% 5% 5% 4% 1 

الأعجٛع اٌضبٟٔ 

 ػشش 

SOP 7% 6.66% 
6% 5% 5% 4% 1 

الأعجٛع اٌضبٌش 

 ػشش 

POS 5% 6.66% 
6% 5% 5% 4% 1 

الأعجٛع اٌشاثغ 

 ػشش 

K-Map 12% 6.66% 
6% 5% 5% 4% 1 

الأعجٛع 

 اٌخبِظ ػشش 

BCD 5% 6.66% 
6% 5% 5% 4% 1 

 15 %61 %75 %75 %01 %111 %111 15 اٌّغّٛع

 

 

 

 ( )ٌىً فصً فٟ اٌّمشس اٌّؾز٠ٛبد 
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  رقى انًحبضرح:

  ػُىاٌ انًحبضرح: 

  اصـــــى انًذرس: 

   انًضتهذفخ:انفئخ 

  انًحبضرح:انهذف انؼبو يٍ 

 -1 الأهذاف انضهىكُخ او يخرجبد انتؼهى:

2- 

3-  

  اصتراتُجُبد انتُضُر انًضتخذيخ 

  انًهبراد انًكتضجخ 

  طرق انقُبس انًؼتًذح
  

 

 الاعئٍخ اٌمج١ٍخ  .1

 اٌّؾزٜٛ اٌؼٍّٟ  .2

 ِؾز٠ٛبد اٌفصً   .3

 فٟ ٔٙب٠خ اٌؾم١جخ  اٌجؼذ٠خ الأعئٍخ .4

 

 

 : انًصبدر الاصبصُخ 

1- Teorey, T. J., Lightstone, S. S., Nadeau, T., & Jagadish, H. V. (2011). Database modeling 

and design: logical design. Elsevier.  

2- Armstrong, J. R., & Gray, F. G. (1993). Structured logic design with VHDL. Prentice-Hall, 

Inc. 

3- Bergmann, M., Moor, J., & Nelson, J. (1998). The logic book (Vol. 3). New York: McGraw-

Hill.  

 

 :انًصبدر انًقترحخ 

1- Holdsworth, B., & Woods, C. (2002). Digital logic design. Elsevier.  

2- LEWIN, D. P. D. (2013). Design of logic systems. Springer.  

 

 انفصم الأول

 الأَظًخ انؼذدَخ

 تقضى الأَظًخ انؼذدَخ انً أرثؼخ اقضبو
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 (Decimalانُظبو انؼشرٌ ) -1

 (Binaryانُظبو انثُبئٍ ) -2

 (Octalانُظبو انثًبٍَ ) -3

 (Hexadecimalانُظبو انضبدس ػشر ) -4

 انُظبو انؼشرٌ -1

و١ّخ ِؼ١ٕخ. وّب رؼشف، اٌشِٛص اٌؼششح )الأسلبَ( لا ( 0إٌٝ  1فٟ ٔظبَ الأػذاد اٌؼشش٠خ، ٠ّضً وً ِٓ الأسلبَ اٌؼششح )

رؾذن ٌٍزؼج١ش ػٓ ػشش و١ّبد ِخزٍفخ فمظ، لأٔه رغزخذَ الأسلبَ اٌّخزٍفخ فٟ اٌّٛاضغ إٌّبعجخ داخً اٌشلُ ٌلإشبسح إٌٝ 

أوجش ِٓ  ِمذاس اٌى١ّخ. ٠ّىٕه اٌزؼج١ش ػٓ اٌى١ّبد ؽزٝ رغؼخ لجً ٔفبر الأسلبَ؛ إرا وٕذ رشغت فٟ اٌزؼج١ش ػٓ و١ّخ

رغؼخ، فئٔه رغزخذَ سل١ّٓ أٚ أوضش، ِٚٛلغ وً سلُ داخً اٌشلُ ٠خجشن ثّمذاس اٌى١ّخ اٌزٟ ٠ّضٍٙب. إرا وٕذ رشغت ػٍٝ 

ٌلإشبسح  3ٌلإشبسح إٌٝ و١ّخ اٌؼشش٠ٓ ٚاٌشلُ  2عج١ً اٌّضبي فٟ اٌزؼج١ش ػٓ اٌى١ّخ صلاصخ ٚػشش٠ٓ، فئٔه رغزخذَ اٌشلُ 

 إٌٝ و١ّخ اٌضلاصخ.

 

 

 

 انثُبئٍانُظبو  -2

ٌزّض١ااً الأػااذاد. ٠ؼزجااش ٘اازا إٌظاابَ أعبعاا١بً فااٟ ػٍااُ  1ٚ 1ٔظاابَ الأػااذاد اٌضٕاابئٟ ٘ااٛ ٔظاابَ ػااذدٞ ٠غاازخذَ فمااظ اٌااشل١ّٓ 

اٌؾبعٛة ٚرم١ٕخ اٌّؼٍِٛبد. ٠غزخذَ إٌظبَ اٌضٕابئٟ فاٟ رخاض٠ٓ ِٚؼبٌغاخ اٌج١بٔابد فاٟ اٌؾبعاٛة ٚغبٌجاًب ِاب ٠ىاْٛ إٌظابَ 

ٞ فٟ رّض١ً اٌج١بٔبد. ٌزؾ٠ًٛ الأػذاد ِٓ إٌظبَ اٌؼششٞ إٌٝ إٌظبَ اٌضٕبئٟ، ٠زُ رمغ١ُ اٌضٕبئٟ أوضش وفبءح ِٓ إٌظبَ اٌؼشش

 .ٚؽفع ثبلٟ اٌمغّخ وشلُ صٕبئٟ، صُ ٠زُ رىشاس ٘زٖ اٌؼ١ٍّخ ؽزٝ ٠صجؼ اٌمغُ اٌّمغَٛ صفشًا 2اٌؼذد اٌؼششٞ ػٍٝ 
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وً سلُ صٕبئٟ ػٓ ؽبٌخ فشد٠خ ِؼ١ٕخ. ػٍٝ عج١ً اٌّضبي،  فمظ. ٚرؼجش 1ٚ 1الأسلبَ اٌضٕبئ١خ ٟ٘ اٌزٟ رؾزٛٞ ػٍٝ الأسلبَ 

فٟ إٌظبَ اٌؼششٞ. ٠ّٚىٓ رّض١ً الأػذاد اٌضٕبئ١خ فٟ شىً علاعً سل١ّخ رزىْٛ ِٓ  ٠5ؼجش ػٓ اٌم١ّخ  111اٌشلُ اٌضٕبئٟ 

 .2فمظ، ؽ١ش ٠ّضً وً ِٛضغ فٟ اٌغٍغٍخ ل١ّخ ِضشٚثخ فٟ لٛح ِؼ١ٕخ ِٓ  1ٚ 1الأسلبَ 

 
 

 

 

 

 

 

 

 ٠2ّىٓ رؾ٠ًٛ الأػذاد ِٓ إٌظبَ اٌؼششٞ إٌٝ إٌظبَ اٌضٕبئٟ ثبعزخذاَ طشق ِخزٍفخ ِضً لغّخ اٌؼذد اٌؼششٞ ػٍٝ 

ٚرؾ٠ًٛ الأػذاد ثشىً ٠ذٚٞ أٚ ثبعزخذاَ الأدٚاد اٌؾبعٛث١خ. ث١ّٕب ٠ّىٓ رؾ٠ًٛ الأػذاد اٌضٕبئ١خ إٌٝ اٌؼشش٠خ ػٓ طش٠ك 

 .ٚعّؼٙب ِؼبً ٌٍؾصٛي ػٍٝ اٌم١ّخ اٌؼشش٠خ اٌّىبفئخ 2ٛح ِؼ١ٕخ ِٓ رفغ١ش وً سلُ صٕبئٟ ػٍٝ أٔٗ ل١ّخ ِضشٚثخ فٟ ل

 

 

 

ثبٌٕظبَ اٌؼششٞ ِٚب ٠مبثٍٙب ثبٌٕظبَ اٌضٕبئٟ َعذٚي الأسلبَ اٌّىبفئخ ٌلأسلب  
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 إٌظبَ اٌضّبٟٔ -3

 

(. 7، 6، 5، 4، 3، 2، 1، 1ٟٚ٘ الأسلبَ )الأسلبَ اٌضّب١ٔخ ٟ٘ الأسلبَ اٌزٟ ٠ؼزّذ٘ب إٌظبَ اٌضّبٟٔ فٟ رّض١ً الأػذاد، 

ٚرّضً ٘زٖ الأسلبَ ل١ُ ِخزٍفخ ثشىً ِّبصً ٌلأسلبَ فٟ إٌظبَ اٌؼششٞ، ٌٚىٓ ثبلأسلبَ اٌضّب١ٔخ. ٠ٚزُ اعزخذاَ الأسلبَ 

 .اٌضّب١ٔخ فٟ اٌؾٛعجخ ٚرخض٠ٓ اٌج١بٔبد ٚاٌؼ١ٍّبد اٌؾغبث١خ اٌلاؽمخ

 

 

اٌضّبٟٔ رزضّٓ رؾ٠ًٛ الأػذاد ِٓ رّض١ٍٙب ثبلأسلبَ اٌؼشش٠خ إٌٝ رّض١ٍٙب ػ١ٍّخ اٌزؾ٠ًٛ ث١ٓ إٌظبَ اٌؼششٞ ٚإٌظبَ 

ثبلأسلبَ اٌضّب١ٔخ ٚاٌؼىظ. ٠زطٍت رٌه اعزخذاَ لٛاػذ ِؾذدح ٌزؾ٠ًٛ اٌم١ُ ث١ٓ إٌظب١ِٓ دْٚ فمذاْ اٌذلخ. ٚرؼذ ػ١ٍّخ 

إٌٝ رّض١ً اٌج١بٔبد ثص١غخ ِؼ١ٕخ  اٌزؾ٠ًٛ ث١ٓ إٌظب١ِٓ ِّٙخ فٟ ػبٌُ اٌؾٛعجخ ٕٚ٘ذعخ اٌجشِغ١بد ؽ١ش لذ رزطٍت اٌؾبعخ

  ثٕبءً ػٍٝ ِزطٍجبد إٌظبَ أٚ اٌزطج١ك.

 

 

 انُظبو انضبدس ػشر -4
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 Decimal to Binary conversion: 

 

 

 

 Decimal to Octal conversion: 

 

 

 Decimal to Hexadecimal conversion: 
 

 

 

 

 Binary to Decimal conversion: 
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 Binary to Octal conversion: 

each three bits from right to left represent a number. 

 

 

 Binary to Hexadecimal conversion: 

each four bits from right to left represent a number. 
 

 

 Octal to Decimal conversions: 
 

 Octal to binary conversion: 

each number is representing in binary using three bits. 
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 exadecimal to decimal conversion: 

 

 Hexadecimal to Binary conversion: 

number is representing in binary using four bits. 

 

 

Arithmetic Operation in number systems 
 

 

Decimal arithmetic: can be applied the arithmetic operation in decimal number system. 

But the Subtraction using complement 

The Subtraction using 9’s complement and 10’s complement: 

Firstly, find the 9’s complement and 10’s complement 

The equation to find 9’s complement is 

The equation to find 10’s complement is 
 

 

 

Ex: 
 

Number 7 19 43.7 

9’s 2 80 56.2 

10’s 3 81 56.3 
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To Subtraction using 9’s complement 

1. Take the 9’s for negative number 

2. The operation convert from subtract to add 

3. If appear carry, move this carry; no carry take 9’s for result. 

Ex: 
 

 

 

To Subtraction using 10’s complement 

1. Take the 10’s for negative number 

2. The operation convert from subtract to add 

3. If appear carry, ignore this carry; no carry take the 10’s for result. 
 

Ex: 
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Binary Arithmetic: 

Binary arithmetic is essential in all digital computers and in many other types of digital 

systems 

 Binary Addition 

The four basic rules for adding binary digits (bits) are as follows: 
 

 

Ex: 

 

 

 

 

 

 Binary Subtraction 

The four basic rules for subtracting bits are as follows: 
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Ex: 

 

 

The Subtraction using 1’s complement and 2’s complement: 

Firstly, find the 1’s complement and 2’s complement The 

equation to find 1’s complement is 

The equation to find 2’s complement is 
 

 

Ex: 
 

Number 111 1010 

1’s 000 0101 

2’s 001 0110 

 

 

 

To Subtraction using 1’s complement 

1. Take the 1’s for negative number 

2. The operation convert from subtract to add 

3. If …carry, move this carry. 

...no carry ,take 1’s for final number 
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Ex: 

 

 

To Subtraction using 2’s complement 

1. Take the 2’s for negative number 

2. The operation convert from subtract to add 

3. If …carry, ignore this carry. 

...no carry ,take 2’s for final number 

 

 

 

 

Ex:
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NOT 

 

AND 

 

OR 

 

NAND 

 

NOR 
 

XOR 

 

XNOR 

 

Logic gates 

The logic gate is the basic building block in digital systems. Logic gates operate with 

binary numbers. Gates are therefore referred to as binary logic gates. All voltages used 

with logic gates will be either HIGH or LOW. In this lecture, a HIGH voltage will mean a 

binary 1. A LOW voltage will mean a binary 0. 

 
 

 

 The Inverter Gate:

The inverter (NOT circuit) performs the operation called inversion or complementation. 

The inverter changes one logic level to the opposite level. In terms of bits, it changes a 

1 to a 0 and a 0 to a 1. Standard logic symbols for the inverter are shown 

 

 

Truth Table 
 

 

Input A Output B 

0 1 

1 0 

 

 The AND Gate:

The AND gate is one of the basic gates that can be combined to form any logic 
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function. An AND gate can have two or more inputs and performs what is known as 

logical multiplication. The standard logic symbol 
 

 
 

 

 

Input A Input B Output X 

0 0 0 

0 1 0 

1 0 0 

1 1 1 

 

 The OR Gate

The OR gate is another of the basic gates from which all logic functions are 

constructed. An OR gate can have two or more inputs and performs what is known as 

logical addition. 

The standard logic symbols 

 

 

Truth Table 

For a 2-input OR gate, output X is HIGH when either input A or input B is HIGH, 

or when both A and B are HIGH; X is LOW only when both A and B are LOW. 

 

 

Input A Input B Output X 

0 0 0 

0 1 1 

1 0 1 

1 1 1 
 

 

 

 The NAND Gate:

The NAND gate is a popular logic element because it can be used as a universal gate; 

that is, NAND gates can be used in combination to perform the AND, OR, and inverter 
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operations. The term NAND is a contraction of NOT-AND and implies an AND 

function with a complemented (inverted) output. The standard logic symbol 

 

 

Truth Table 

For a 2-input NAND gate, output X is LOW only when inputs A and B are HIGH; 

X is HIGH when either A or B is LOW, or when both A and B are LOW. 
 

 

Input A Input B Output X 

0 0 1 

0 1 1 

1 0 1 

1 1 0 

 

 The NOR Gate

The NOR gate, like the NAND gate, is a useful logic element because it can also be 

used as a universal gate; that is, NOR gates can be used in combination to perform the 

AND, OR, and inverter operations. The term NOR is a contraction of NOT-OR and 

implies an OR function with an inverted (complemented) output. The standard logic 

symbol 
 

Truth Table 

For a 2-input NOR gate, output X is LOW when either input A or input B is HIGH, or 

when both A and B are HIGH; X is HIGH only when both A and B are LOW. 
 

 

Input A Input B Output X 

0 0 1 

0 1 0 

1 0 0 

1 1 0 
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The Exclusive-OR Gate:

The exclusive-OR gate performs modulo-2 addition. The XOR gate has only two 

inputs and the standard symbols for an exclusive-OR (XOR for short) gate 

 

 

Truth table: 

For an exclusive-OR gate, output X is HIGH when input A is LOW and input B is 

HIGH, or when input A is HIGH and input B is LOW; X is LOW when A and B are 

both HIGH or both LOW. 
 

Input A Input B Output X 

0 0 0 

0 1 1 

1 0 1 

1 1 0 

 

 The Exclusive-NOR Gate

Like the XOR gate, an XNOR has only two inputs. Standard symbols for an exclusive- NOR 

(XNOR) gate 
 

 

Truth table: 

For an exclusive-NOR gate, output X is LOW when input A is LOW and input B is 

HIGH, or when A is HIGH and B is LOW; X is HIGH when A and B are both HIGH or 

both LOW. 

 

Input A Input B Output X 

0 0 1 

0 1 0 

1 0 0 

1 1 1 

 

Pulse Waveform Operation 
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The operation of each gate is the same for pulse waveform inputs as for constant-level 

inputs. The output of a logic circuit at any given time depends on the inputs at that 

particular time, so the relationship of the time-varying inputs is of primary importance 

Ex: 
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The NAND Gate as a Universal Logic Element 

 

The NAND gate is a universal gate because it can be used to produce the NOT, the 

AND, the OR, and the NOR functions. An inverter can be made from a NAND gate by 

connecting all of the inputs together and creating, in effect, a single input, as shown in 

Figure (a) for a 2-input gate. An AND function can be generated by the use of NAND 

gates alone, as shown in Figure (b). An OR function can be produced with only NAND 

gates, as illustrated in part (c). Finally, a NOR function is produced as shown in part (d). 
 

 

 

 

 

 

 

 

 

 

 

 

The NOR Gate as a Universal Logic Element 

 

Like the NAND gate, the NOR gate can be used to produce the NOT, AND, OR, and 
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NAND functions. A NOT circuit, or inverter, can be made from a NOR gate by 

connecting all of the inputs together to effectively create a single input, as shown in 

Figure(a) with a 2-input example. Also, an OR gate can be produced from NOR gates, 

as illustrated in Figure (b). An AND gate can be constructed by the use of NOR gates, 

as shown in Figure(c). And Figure (d) shows how NOR gates are used to form a NAND 

function. 
 

 

 

 

 

 

 

 

 

 

 

Boolean Algebra and Logic Simplification 
 

 
Boolean algebra is the mathematics of digital logic. A basic knowledge of Boolean 

algebra is indispensable to the study and analysis of logic circuits 
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Laws and Rules of Boolean Algebra 

 

As in other areas of mathematics, there are certain well-developed rules and laws that 

must be followed in order to properly apply Boolean algebra 

Laws of Boolean Algebra: 

The basic laws of Boolean algebra—the commutative laws for addition and 

multiplication, the associative laws for addition and multiplication, and the distributive 

law—are the same as in ordinary algebra. Each of the laws is illustrated with two or 

three variables, but the number of variables is not limited to this. 

 Commutative Laws

The commutative law of addition for two variables is written as 

 

 

 

 

The commutative law of multiplication for two variables is 

 

 

 

 

 Associative Laws

The associative law of addition is written as follows for three variables: 
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The associative law of multiplication is written as follows for three variables: 

 

 

 

 

 Distributive Law

The distributive law is written for three variables as follows: 

 

 

 

 

 

 

 

 

Rules of Boolean Algebra 

Table below lists 12 basic rules that are useful in manipulating and simplifying 

Boolean 

expressions. Rules 1 through 9 will be viewed in terms of their application to logic 

gates. 

Rules 10 through 12 will be derived in terms of the simpler rules. 
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Ex: Using Boolean algebra techniques, simplify this expression: 

 

 

 

 

 

 



 

  

 الجامعة التقنية الشمالية

26 

 

 

 

DeMorgan’s Theorems 

 

DeMorgan, a mathematician who knew Boole, proposed two theorems that are an 

important part of Boolean algebra. In practical terms, DeMorgan’s theorems provide 

mathematical verification of the equivalency of the NAND and negative-OR gates and 

the equivalency of the NOR and negative-AND gates 

 

 DeMorgan’s first theorem is stated as follows:

The complement of a product of variables is equal to the sum of the complements of the 

variables. 
 

 

 DeMorgan’s second theorem is stated as follows:

The complement of a sum of variables is equal to the product of the complements of the 

variables. 
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Ex: Apply DeMorgan’s theorems to each expression: 

 

 

 

 

 

 

 

 

 

 

 

Ex: Simplify the following Boolean expression: 
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Standard Forms of Boolean Expressions 
 

All Boolean expressions, regardless of their form, can be converted into either of two 

standard forms: the sum-of-products form or the product-of-sums form 

 

 The Sum-of-Products (SOP) Form 
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a term consisting of the product (Boolean multiplication) of literals (variables or their 

complements). When two or more product terms are summed by Boolean addition, the 

resulting expression is a sum-of-products (SOP). Symbol ∑ 

Some examples are 
 

 

Implementation of a SOP Expression 

Implementing an SOP expression simply requires ORing the outputs of two or more 

AND gates. A product term is produced by an AND operation, and the sum (addition) 

of two or more product terms is produced by an OR operation. Therefore, an SOP 

expression can be implemented by AND-OR logic in which the outputs of a number 

(equal to the number of product terms in the expression) of AND gates connect to the 

inputs of an OR gate, as shown in figure below for the expression AB + BCD + AC. 

The output X of the OR gate equals the SOP expression. 
 

 

NAND gates can be used to implement an SOP expression. By using only NAND gates, 

an AND/OR function can be accomplished, as illustrated in figure below. The first 

level of NAND gates feed into a NAND gate that acts as a negative-OR gate. The 

NAND and negative-OR inversions cancel and the result is effectively an AND/OR 

Circuit. 
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Converting Product Terms to Standard SOP 

Each product term in an SOP expression that does not contain all the variables in the 

domain can be expanded to standard form to include all variables in the domain and 

their 

complements. As stated in the following steps, a nonstandard SOP expression is 

converted into standard form using Boolean algebra rule 6  

Step 1: Multiply each nonstandard product term by a term made up of the sum of a 

missing variable and its complement. This results in two product terms. As you know, 

you can multiply anything by 1 without changing its value. 

Step 2: Repeat Step 1 until all resulting product terms contain all variables in the 

domain in either complemented or uncomplemented form. In converting a product 

term to standard form, the number of product terms is doubled for each missing 

variable. 

 

Ex: Convert the following Boolean expression into standard SOP form: 
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Binary Representation of a Standard Product Term 

A standard product term is equal to 1 for only one combination of variable values. For 

example, the product term is equal to 1 when A = 1, B = 0, C = 1, D = 0, as 

shown below, and is 0 for all other combinations of values for the variables. 

 

 

In this case, the product term has a binary value of 1010 (decimal ten). 

Remember, a product term is implemented with an AND gate whose output is 1 only if 

each of its inputs is 1. Inverters are used to produce the complements of the variables as 

required. 

An SOP expression is equal to 1 only if one or more of the product terms in the 

expression is equal to 1. 

 

Ex: Determine the binary values for which the following standard SOP expression is 

equal to 1: 
 

 

 

 

 

 

 

Converting SOP Expressions to Truth Table Format 

SOP expression is equal to 1 only if at least one of the product terms is equal to 1. A 

truth table is simply a list of the possible combinations of input variable values and the 

corresponding output values (1 or 0). For an expression with a domain of two variables, 

there are four different combinations of those variables (2
2
 = 4). 

For an expression with a domain of three variables, there are eight different 

combinations 

of those variables (2
3
 = 8). For an expression with a domain of four variables, there are 

sixteen different combinations of those variables (2
4
 = 16), and so on. 

The first step in constructing a truth table is to list all possible combinations of binary 

values of the variables in the expression. Next, convert the SOP expression to standard 
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form if it is not already. Finally, place a 1 in the output column (X) for each binary 

value 

that makes the standard SOP expression a 1 and place a 0 for all the remaining binary 

values. 

Ex: Develop a truth table for the standard SOP expression 
 

 

 The Product-of-Sums (POS) Form 

Term consisting of the sum (Boolean addition) of literals (variables or their 

complements). When two or more sum terms are multiplied, the resulting expression is 

a product-of-sums (POS). Symbol ∏ 

Some examples are 

 

 

 

 

Implementation of a POS Expression 

Implementing a POS expression simply requires ANDing the outputs of two or more 

OR gates. A sum term is produced by an OR operation, and the product of two or more 

sum terms is produced by an AND operation. Therefore, a POS expression can be 

implemented by logic in which the outputs of a number (equal to the number of sum 

terms in the expression) of OR gates connect to the inputs of an AND gate. 
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Converting a Sum Term to Standard POS 

Each sum term in a POS expression that does not contain all the variables in the 

domain can be expanded to standard form to include all variables in the domain and 

their complements. 

As stated in the following steps, a nonstandard POS expression is converted into 

standard form using Boolean algebra rule 8 

 

Step 1: Add to each nonstandard product term a term made up of the product of the 

missing variable and its complement. This results in two sum terms. As you know, you 

can add 0 to anything without changing its value. 

Step 2: Apply rule 12 : A + BC = (A + B)(A + C) 

Step 3: Repeat Step 1 until all resulting sum terms contain all variables in the domain in 

either complemented or uncomplemented form. 

 

Ex: Convert the following Boolean expression into standard POS form: 
 

 

 

Binary Representation of a Standard Sum Term 

A standard sum term is equal to 0 for only one combination of variable values. For 

example, 
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the sum term  is 0 when A = 0, B = 1, C = 0, and D = 1, as 

shown below, and is 1 for all other combinations of values for the variables. 

In this case, the sum term has a binary value of 0101 (decimal 5). Remember, a sum 

term is implemented with an OR gate whose output is 0 only if each of its inputs is 0. 

Inverters are used to produce the complements of the variables as required. 

A POS expression is equal to 0 only if one or more of the sum terms in the expression is 

equal to 0. 
 

 

 

Ex: Determine the binary values of the variables for which the following standard POS 

expression is equal to 0: 

 

 

Converting POS Expressions to Truth Table Format 

Recall that a POS expression is equal to 0 only if at least one of the sum terms is equal 

to 0. To construct a truth table from a POS expression, list all the possible 

combinations of binary values of the variables just as was done for the SOP expression. 

Next, convert the POS expression to standard form if it is not already. 

Finally, place a 0 in the output column (X) for each binary value that makes the 

expression a 0 and place a 1 for all the remaining binary values. 

 

Ex: Determine the truth table for the following standard POS expression: 
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The Karnaugh Map 
 
A Karnaugh map provides a systematic method for simplifying Boolean expressions 

and, if properly used, will produce the simplest SOP or POS expression possible. A 

Karnaugh map is similar to a truth table because it presents all of the possible values of 

input variables and the resulting output for each value. Instead of being organized into 

columns and rows like a truth table, the Karnaugh map is an array of cells in which each 

cell represents a binary value of the input variables. The cells are arranged in a way so 

that simplification of a given expression is simply a matter of properly grouping the 

cells. 

 

Karnaugh maps can be used for expressions with two, three, four, and five variables, 

The number of cells in a Karnaugh map, as well as the number of rows in a truth table, 

is equal to the total number of possible input variable combinations. For three variables, 

the number of cells is 2
3
 = 8. For four variables, the number of cells is 2

4
 = 16. 

 

The 3-Variable Karnaugh Map 

The 3-variable Karnaugh map is an array of eight cells. In this case, A, B, and C are 

used for the variables although other letters could be used. 
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The 4-Variable Karnaugh Map 

The 4-variable Karnaugh map is an array of sixteen cells. Binary values of A and B are 

along the left side and the values of C and D are across the top. 
 

 

Karnaugh Mapping a Standard SOP Expression 

For an SOP expression in standard form, a 1 is placed on the Karnaugh map for each 

product term in the expression. Each 1 is placed in a cell corresponding to the value of a 

product term. 

Ex: Map the following standard SOP expression on a Karnaugh map: 
 

The standard product term in the expression. 
 

 

 

 

 

 

  ̅ ̅  ̅       ̅ 

 ̅ 
 1 1 1 

  
  1  
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Ex: Map the following standard SOP expression on a Karnaugh map: 

 

 

The standard product term in the expression. 

 

Mapping a Nonstandard SOP Expression 

A Boolean expression must first be in standard form before you use a Karnaugh map 

Ex: Map the following SOP expression on a Karnaugh map: 
 

 

The SOP expression is obviously not in standard form because each product term does 

not have three variables. The first term is missing two variables, the second term is 

missing one variable, and the third term is standard. First expand the terms numerically 

as follows: 

 

Map each of the resulting binary values by placing a 1 in the appropriate cell of the 

3-variable Karnaugh map 
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Ex: Map the following SOP expression on a Karnaugh map: 
 

The SOP expression is obviously not in standard form because each product term does 

not have four variables. The first and second terms are both missing two variables, the 

third term is missing one variable, and the rest of the terms are standard. First expand 

the terms by including all combinations of the missing variables numerically as 

follows: 

 

 

 

 

 

 

Map each of the resulting binary values by placing a 1 in the appropriate cell of the 

4-variable Karnaugh map 
 

 

 

 

 

 

 

 

 

 

Karnaugh Map Simplification of SOP Expressions 

The process that results in an expression containing the fewest possible terms with the 

fewest possible variables is called minimization. After an SOP expression has been 

mapped, a minimum SOP expression is obtained by grouping the 1s and determining 

the minimum SOP expression from the map. The Karnaugh map according to the 

following rules by enclosing those adjacent cells containing 1s. The goal is to 

  ̅ ̅  ̅       ̅ 

 ̅ 1 1 1 1 

  1 1  1 
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maximize the size of the groups and to minimize the number of groups. 

 

1. A group must contain either 1, 2, 4, 8, or 16 cells, which are all powers of 

two. In the case of a 3-variable map, 2
3
 = 8 cells are the maximum group. 

2. Each cell in a group must be adjacent to one or more cells in that same group, 

but all cells in the group do not have to be adjacent to each other. 

3. Always include the largest possible number of 1s in a group in accordance 

with rule1. 

4. Each 1 on the map must be included in at least one group. The 1s already in a 

group can be included in another group as long as the overlapping groups 

include noncommon 1s. 

Ex: 
 

The groupings are 

 

 

Determining the Minimum SOP Expression from the Map 

 

Ex: Determine the product terms for the Karnaugh map and write the resulting 

minimum SOP expression 
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The resulting minimum SOP expression is the sum of these product terms: 
 

 

 

Ex: Use a Karnaugh map to minimize the following standard SOP expression: 
 

 

The binary values of the expression are 
 

Map the standard SOP expression and group the cells 
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“Don’t Care” Conditions 

 

Ex: In a 7-segment display, each of the seven segments is activated for various digits. 

For example, segment a is activated for the digits 0, 2, 3, 5, 6, 7, 8, and 9. Since each 

digit can be represented by a BCD code, derive an SOP expression for segment a using 

the variables ABCD and then minimize the expression using a Karnaugh map. 

 

 

The expression for segment a is 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

From the Karnaugh map, the minimized expression for segment a is 
 

 

 

Mapping a Standard POS Expression 

For a POS expression in standard form, a 0 is placed on the Karnaugh map for each 

sum term in the expression. Each 0 is placed in a cell corresponding to the value of a 
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sum term. 

When a POS expression is completely mapped, there will be a number of 0s on the 

Karnaugh map equal to the number of sum terms in the standard POS expression. The 

cells that do not have a 0 are the cells for which the expression is 1.The following steps 

the mapping process: 

Step 1: Determine the binary value of each sum term in the standard POS expression. 

This is the binary value that makes the term equal to 0. 

Step 2: As each sum term is evaluated, place a 0 on the Karnaugh map in the 

corresponding cell. 

 

Ex: Map the following standard POS expression on a Karnaugh map: 
 

Evaluate the expression as shown below and place a 0 on the 4-variable Karnaugh map 

for each standard sum term in the expression 
 

 

 

 

 

 

 

 

Karnaugh Map Simplification of POS Expressions 

The process for minimizing a POS expression is basically the same as for an SOP 

expression except that you group 0s to produce minimum sum terms instead of 

grouping 1s to produce minimum product terms. The rules for grouping the 0s are the 

same as those for grouping the 1s. 

Ex: Use a Karnaugh map to minimize the following standard POS expression, and Also, 
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derive the equivalent SOP expression. 

 
 

The combinations of binary values of the expression are 

 
 

Map the standard POS expression and group the cells 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Notice how the 0 in the 110 cell is included into a 2-cell group by utilizing the 0 in 

the 4-cell group. The sum term for each blue group is shown in the figure and the 

resulting minimum POS expression is 
 

Grouping the 1s as shown by the gray areas yields an SOP expression that is 

equivalent to grouping the 0s. 
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Mapping Directly from a Truth Table
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