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اٌصش٠حخ ٌٍم١ٛد ٠سزغ١ت ٔظبَ ٘ٛ :1رؼش٠ف 
 فئْ ٚإلا الاسزغبثخ ثضِٓ اٌّزؼٍمخ ٚاٌّحذدح

اٌفشً ػٕذ ٚخ١ّخ ٌؼٛالت ٠زؼشض لذ إٌظبَ

ِٕطم١ب   صح١ح ثشىً ٠ؼًّ ٔظبَ ٘ٛ :2رؼش٠ف 
 ٌٍم١ٛد احزشاِٙب ٚ ِخشعبرٗ صحخ ػٍٝ ثبلاػزّبد
اٌض١ِٕخ

خبسع١خ إدخبي ٌم١ُ ٠سزغ١ت ٔظبَ ٘ٛ :3رؼش٠ف 
ِسجك ثشىً ِٚؼشفخ ِحذدح ص١ِٕخ فزشح ظّٓ
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اٌطبسئخ ٌلأحذاس اٌّطٍٛة اٌٛلذ ظّٓ الاسزغبثخ

رحم١ك ٠غت :اٌض١ِٕخ اٌغذٌٚخ ِٓ ػب١ٌخ دسعخ 
 اٌطٍت حبلاد فٟ ٌٍٕظبَ اٌض١ِٕخ اٌّزطٍجبد

اٌّٛاسد ػٍٝ اٌؼبٌٟ

اٌؼبثشح اٌضائذ اٌزح١ًّ حبلاد فٟ إٌظبَ اسزمشاس: 
 اٌّّىٓ غ١ش ِٓ ٠صجح ٚػٕذِب اٌحبٌخ ٘زٖ فٟ

 ,اٌّفزشظخ اٌض١ِٕخ اٌحذٚد ظّٓ الأحذاس وً رٕف١ز
 اٌّحذدح اٌّٙبَ ثؼط رٕف١ز إِىب١ٔخ ظّبْ ٠غت

  اٌض١ِٕخ حذٚد٘ب ظّٓ حشعخ ِٙبَ ثصفزٙب
deadlines
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هتعلق بالسهن  نظام غير
الحقيقي

نظام زهن حقيقي

اٌمذسح
لبث١ٍخ إٌظبَ : اٌغذٌٚخ اٌض١ِٕخػب١ٌخ إٔزبع١خ

لاحزشاَ اٌحذٚد اٌض١ِٕخ إٌٙبئ١خ 

اٌحذ الألصٝ ٌٍزؤخ١ش ظّبِْؼذي سش٠غ ٌلاسزغبثخ الاسزغبثخ

احزشاَ اٌحذٚد اٌض١ِٕخ اٌٙبِخاٌؼذاٌخ فٟ اٌزٛص٠غاٌحًّ اٌضائذ
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إٌظُ اٌذفبػ١خ

اٌطبئشاد

 اٌزحىُ ثحشوخ اٌّلاحخ
اٌغ٠ٛخ

ٔظُ اٌّلاحخ ا١ٌ٢خ

الألّبس اٌصٕبػ١خ

 ٔظُ اٌزحىُ ثبٌّفبػلاد
ا٠ٌٕٚٛخ

ٔظُ الارصبلاد

ٔظُ اٌزحىُ ثبٌّشوجبد

اٌٛسبئػ  ِخذِبد
اٌّزؼذدح

 الاشبسحٔظُ ِؼبٌغخ

ٔظُ اٌشاداس

ٔظُ اٌزص١ٕغ اٌّؤرّزخ
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ُاٌحٍمٟ اٌزٕف١ز ٔظ: Cyclic executives 
 أٚ timelines اٌض١ِٕخ اٌخطٛغ ٔظُ أ٠عب   ٚرسّٝ
frame-based الإغبساد ػٍٝ اٌّج١ٕخ إٌظُ

systems

ُثبلأحذاس اٌّمبدح إٌظ: Event-driven systems
 اٌذٚس٠خ ٚغ١ش periodic اٌذٚس٠خ ثٕٛػ١ٙب 

aperiodic

ُالأٔجٛث١خ إٌظ: Pipelined

ُػ١ًّ/ِخذَ ٔظ: Client-server

ُاٌحبٌخ آٌخ ٔظ: State machine
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ْٛاٌّٙبَ ِٓ سٍسٍخ ِٓ اٌزٕف١ز٠خ اٌحٍمخ رزى 
اٌشئ١سخ الإغبساد ثـ ٚرؼشف ِسزّش ثشىً اٌّىشسح

ْٛاٌفٛاصً ِٓ ػذد ِٓ سئ١سٟ إغبس وً ٠زى 
minor اٌضب٠ٛٔخ الإغبساد ثـ ٚرؼشف الأصغش اٌض١ِٕخ

frames

ُاٌضب٠ٛٔخ الإغبساد ظّٓ اٌّٙبَ عذٌٚخ ٠ز

  إغلاق أعً ِٓ ِؤلذ ثبسزخذاَ اٌضِٕٟ اٌخػ ٠مَٛ‹
trigger صبٔٛٞ إغبس وً فٟ ِّٙخ
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 الإغبس رشىً اٌّىشسح غ١ش اٌضب٠ٛٔخ الإغبساد ِغّٛػخ‹
اٌشئ١س

 procedures إعشائ١بد شىً ػٍٝ اٌؼ١ٍّبد رٕف١ز ٠زُ‹
 ٚرغطٟ ِسجمب   ِؼشفخ لبئّخ ظّٓ ٚظؼٙب ٠زُ ح١ش
اٌضب٠ٛٔخ الإغبساد ع١ّغ

 اٌخبصخ اٌّّٙخ رمَٛ صب٠ٛٔخ حٍمخ رٕف١ز ٠جذأ ػٕذِب‹
اٌمبئّخ ِٓ إعشائ١خ وً ثبسزذػبء ثبٌّؤلذ

 رمس١ُ ٠زُ :اٌحبٌخ ٘زٖ فٟ ٚاسد غ١ش اٌزٕبفس‹
اٌضب٠ٛٔخ الإغبساد ٌزٕبست اٌىج١شح اٌؼ١ٍّبد
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A sample cyclic executiveّٔٛرط رٕف١ز حٍمٟ 
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A sample cyclic executiveّٔٛرط رٕف١ز حٍمٟ 
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key
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َصِٓ إخشاط/إدخبي أعٙضح إٌظُ ٘زٖ رسزخذ 
 trigger إغلاق أعً ِٓ ِؤلذ أحذاس أٚ حم١مٟ

.اٌّغذٌٚخ اٌّٙبَ

ٓ٠ٍٟ وّب ٌٍّٙبَ الأ٠ٌٛٚبد إداسح ٠ّى:

 اٌضِٕٟ اٌحذ أٚ rate اٌّؼذي :اٌض١ِٕخ اٌم١ٛد ٚفك‹
deadline إٌٙبئٟ

semantic اٌذلا١ٌخ الأ١ّ٘خ ٚفك‹ importance
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ظّبْ إٌظُ ٘زٖ ػٓ إٌبرظ اٌزٕبفس ٠زطٍت 
synchronization اٌزضآِ ػ١ٍّخ

 آ١ٌخ ػٍٝ ٠غت ثٙب اٌزٕجؤ اٌّّىٓ الاسزغبثخ حبٌخ فٟ‹
اٌّحذٚدح غ١ش الأ٠ٌٛٚخ رغ١شاد رفبدٞ اٌزضآِ

 ثٙب اٌزٕجؤ ِّىٓ اسزغبثخ ػٍٝ اٌّحبفظخ أعً ِٓ‹
 ثبسزخذاَ الاٌزضاَ اٌذٚس٠خ غ١ش الأحذاس ػٍٝ ٠غت

اٌحذٚد
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Event-driven systemثبلأحذاس  ِمبدٔظبَ 
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َغبٌجب) اٌّٙبَ ث١ٓ سسبئً الأٔجٛث١خ إٌظُ رسزخذ 
 أعٙضح إٌٝ ثبلإظبفخ (أ٠ٌٛٚخ ٌٙب رىْٛ ِب

اٌّٙبَ إغلاق أعً ِٓ ِؤلزبد ٚ إخشاط/إدخبي

ٞإٌظبَ خلاي ِٓ ٌٍحذس اٌزحىُ رذفك ٠سش 
الأ٘ذاف ثٍٛؽ ٚحزٝ إٌّشؤ ِٓ اػزجبسا  

أٔبث١ت وّغّٛػخ إٌظُ ٘زٖ ٚصف ٠ّىٓ ٌٙزا 
ٌٍّٙبَ اسزذػبء
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صب٠ٛٔب   دٚسا   اٌحبٌخ ٘زٖ فٟ الأ٠ٌٛٚبد رٍؼت

 رصبػذ٠خ أ٠ٌٛٚبد ِٕح فئْ الارغبٖ ٚح١ذ الأٔجٛة وبْ إرا‹
اٌشسبئً سرً حغُ ِٓ ٠مًٍ سٛف ٌٍّٙبَ

 الأفعً ِٓ ٠ىْٛ ػٕذ٘ب الارغبٖ صٕبئٟ الأٔجٛة وبْ إرا‹
الأٔجٛة غٛي ػٍٝ ِزىبفئخ رىْٛ ثح١ش الأ٠ٌٛٚبد ِٕح
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 Pipelined Systemٔظبَ أٔجٛثٟ 
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َاٌّٙبَ ث١ٓ سسبئً ػ١ًّ/ِخذَ ٔظُ رسزخذ 
 أعً ِٓ ِؤلزبد ٚ إخشاط/إدخبي أعٙضح إٌٝ ثبلإظبفخ
اٌّٙبَ إغلاق

ًرغ١ّذ حبٌخ فٟ (ػ١ًّ) الإسسبي ِٙبَ رذخ block 
(ِخذَ) الاسزمجبي ِٙبَ ِٓ اٌغٛاة اسزلاَ حزٝ

ُ٠ىْٛ ث١ّٕب ٚاحذ ٔظبَ ػٍٝ ٠جمٝ ثبٌحذس اٌزحى 
ِٛصػب   اٌّؼط١بد رذفك

ْٛٔمبغ ٚ الأخطبء ثّؼبٌغخ اٌخبصخ اٌؼ١ٍّبد رى 
الأٔجٛث١خ إٌظُ ِغ ثبٌّمبسٔخ أسًٙ ٚاٌزصح١ح اٌّشالجخ
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ًدٚسا   الأ٠ٌٛٚبد رٍؼت الأٔجٛث١خ ٌٍٕظُ ِشبثٗ ثشى 
صب٠ٛٔب  

ٟرشس اٌّضب١ٌخ اٌحبٌخ ف inherit َاٌّخذَ ِٙب 

ػٍّٟ غ١ش الأِش ٘زا أْ إلا اٌؼّلاء ِٓ الأ١ٌٌٛٚبد

ًٔفس اٌّخزٍفخ اٌّٙبَ رؼطٝ ػٍّٟ ثشى 
 أعً ِٓ الأ٠ٌٛٚخ راد اٌشسبئً ٚرسزخذَ الأ٠ٌٛٚخ
اٌضعبعخ ػٕك حبٌخ إٌٝ اٌٛصٛي رغٕت
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Client-server systemػ١ًّ /ِخذَٔظبَ 

21



ٟإٌٝ إٌظبَ رمس١ُ ٠زُ اٌحبٌخ آٌخ ٔظُ ف 
 اٌّّزذح إٌٙبئ١خ اٌحبٌخ آلاد ِٓ ِغّٛػخ

اٌّزٕبفسخ

  َسٍٛن ّٔزعخ أعً ِٓ عضئ١خ آٌخ وً رسزخذ 
اٌّزفبػٍخ أٚ اٌفبػٍخ الأغشاض

ٝثبٔزظبس اٌّحذدح اٌحبلاد إحذٜ فٟ الأغشاض رجم 
حذس ٚلٛع

حبٌخ حذٚس إٌٝ ٠ؤدٞ أْ ٠ّىٓ حذس ٚلٛع 
 اٌحبٌخ فٟ رغ١ش إٌٝ ثذٚس٘ب رؤدٞ ٚاٌزٟ أزمب١ٌخ
اٌحبٌخ ثبٔزمبي ِشرجطخ ػ١ٍّبد رٕف١ز إٌٝ ثبلإظبفخ
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ٟإرّبَ حزٝ اٌزٕف١ز ٠سزّش اٌحبٌخ آٌخ ٔظُ ف 
 حزٝ حذس ِؼبٌغخ ا٢ٌخ رمجً لا ح١ش اٌؼًّ
اٌسبثك اٌحذس ِٓ الأزٙبء

 ِٓ ًِزٕبفسخ حبٌخ آلاد ِٓ ِىْٛ ٔظبَ ثٕبء أع 
 اٌّٙبَ ِٓ ِغّٛػخ إٌٝ ا٢لاد ٘زٖ رح٠ًٛ ٠زُ

 اٌّزٕبفسخ

ِٓ ً٠زُ الإرّبَ حزٝ اٌزٕف١ز خبص١خ ظّبْ أع 
 thread ٚاحذ ِسبس ظّٓ اٌحبٌخ ثآٌخ اٌزحىُ
 الاسزمجبي أحذاس ِٓ حٍمخ رٕف١ز ٠زُ ح١ش

ٚاٌّؼبٌغخ
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State machine systemٔظبَ آٌخ حبٌخ 
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سلبياتإيجابيات

ٔظُ اٌزٕف١ز 
اٌحٍمٟ

ثس١طخ•
deterministicِحذدح •

ٌٍزىشاس لبثٍخ•
سٍٙخ اٌفُٙ•
الأوضش ش١ٛػب•
ِٕبسجخ ٌٕظُ الأِبْ اٌحشط •

safety-critical

(  ..رؼذ٠ً  ,إظبفخ) fragile ٘شخ•
عذا  ػٕذ اٌص١بٔخ ِؼمذح•
ِٕبسجخ ٌٍٕظُ اٌصغ١شح اٌجس١طخ •

اٌزٟ لا رحزبط إِىب١ٔبد د٠ٕب١ِى١خ

 اٌّمبدحإٌظُ 
ثبلأحذاس

(RMِٕبسجخ ٌـ )ثبلأ٠ٌٛٚبد  ِمبدح•
ثس١طخ ٔسج١ب  •
ِٕبسجخ ٌٍٕظُ اٌمبثٍخ ٌٍزح١ًٍ •

رغ١١ش  لا ٠ٛعذ) سزبر١ىٟثشىً 
(د٠ٕب١ِىٟ ٌلأحّبي

غ١ش لبدسح ػٍٝ ِؼبٌغخ اٌج١ئبد 
ثشىً فؼبي اٌّٛصػخ
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سلبياتإيجابيات

 إٌظُ
الأٔجٛث١خ

 عب٘ضح ٌلاسزخذاَ فٟ اٌج١ئبد•
رؼزّذ و١ٍب  ػٍٝ رجبدي )اٌّٛصػخ 
(اٌشسبئً

ِؼمذح ػٕذ اٌزح١ًٍ•
الأخشٜ ألً لبث١ٍخ ٌٍزٕجؤ ِٓ إٌظُ•

ٔظُ 
ػ١ًّ/ِخذَ

إٌظُ  ِٕبسجخ ٌٍؼًّ ظّٓ•
CORBAِضً  غشظ١خ اٌزٛعٗ

رز١ح إِىب١ٔخ رصح١ح الأخطبء •
ثسجت اٌزغز٠خ اٌشاعؼخ صٕبئ١خ 

الارغبٖ
ِٕبسجخ ٌٍؼًّ ظّٓ اٌج١ئبد •

اٌّٛصػخ

ِؼمذح ػٕذ اٌزح١ًٍ•
إظبفٟ ٌٍّٛاسد ثسجت  اسزٙلان•

حشوخ اٌشسبئً الإظبف١خ

آٌخ اٌحبٌخ
إٌظُ  ِٕبسجخ ٌٍؼًّ ظّٓ•

CORBAِضً  غشظ١خ اٌزٛعٗ
ِؼمذح ػٕذ اٌزح١ًٍ•
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لأٞ ِّٙخ اٌض١ِٕخ الاحز١بعبد رمذ٠ش ػ١ٍّخ رؼزجش 
رطج١ك

اٌضِٓ ٌٕظُ ثبٌٕسجخ حبسّخ الأ١ّ٘خ ٘زٖ رصجح 
اٌحم١مٟ

٠ّىٓ لا اٌزٟ اٌم١ٛد ثزحذ٠ذ اٌؼ١ٍّخ ٘زٖ رجذأ 
رغبٚص٘ب ٠ّىٓ اٌزٟ ٚرٍه رغبٚص٘ب

احزشاَ ظّبْ ٠غت Hard deadline وؤ١ٌٌٛٚخ 
اٌض١ِٕخ اٌم١ٛد ثم١خ ػٓ إٌظش ثغط ػ١ٍب
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َالأحذاس عذٌٚخ أعً ِٓ إغبس اٌضِٕٟ اٌزح١ًٍ ٠مذ 
 ػٕذ دائّب   ِزبحخ ٌٍٕظبَ اٌصٍجخ اٌّٛاسد رىْٛ ثح١ش
 اٌض١ِٕخ اٌم١ٛد احزشاَ ظّبْ أعً ِٓ اٌحبعخ
اٌحشعخ ٌٍّٙبَ

أعً ِٓ ظّبٔخ ٠ؼطٟ :اٌض١ِٕخ اٌّخبغش ِٓ اٌحذ 
اٌض١ِٕخ اٌم١ٛد احزشاَ

رح١ًٍ غشق ثبسزخذاَ الاخزجبس ٌضِٓ وج١ش رخف١ط 
 اٌزٕجؤ ٠ّىٓ حم١مٟ صِٓ ٔظُ ثٕبء رعّٓ ِجشٕ٘خ
أو١ذ ثشىً ثسٍٛوٙب
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ْإٌظبَ ِىٛٔبد ث١ٓ اٌصح١ح اٌزفبػً ظّب 
 ظّٓ ِزضآِ ثشىً رؼًّ اٌزٟ ٚاٌزٟ اٌّزذاخٍخ

 اٌّحزٍّخ اٌؼًّ ظشٚف أسٛأ

ِٓىٛٔبد ػًّ ظّبْ :إٌظبَ ِٛصٛل١خ رحس١ 
 حذٚس ػٕذ (اٌفشً رغٕت) اٌّزٛلغ ظّٓ إٌظبَ
إٌظبَ ظّٓ ٌّّٙخ اػز١بدٞ غ١ش صِٕٟ رؤخ١ش

٠خفط ِّب إٌظبَ ثٕبء لجً حزٝ :ِسجك اخزجبس 
 أٚ ّٔػ اسزخذاَ ػٓ إٌبعّخ ٚاٌّخبغش اٌىٍفخ
اٌّىٛٔبد ِٓ ِٕبست غ١ش ػذد
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دفزش شىً ػٍٝ ٚرّش٠ش٘ب إٌظبَ ِزطٍجبد رحذ٠ذ 
ٚاٌزط٠ٛش اٌزص١ُّ ٌفش٠ك ششٚغ

ًٌٍٕظبَ ٚاٌّشٔخ اٌصٍجخ الأعضاء ٌزى٠ٛٓ اٌّشئٟ اٌزّض١

ٌٍْزٕجؤ لبثً ثشىً إٌظبَ سٍٛن ظّب

الأسٛأ اٌحبٌخ فٟ إٌظبَ سٍٛن رمذ٠ش worst-case

رح١ًٍ رٕف١ز what-if الألً أٚ الأفعً اٌزى٠ٛٓ ٚرحذ٠ذ 
وٍفخ

اٌّىٍفخ الأخطبء رغٕت

ْاٌمبثٍخ إٌظُ حبٌخ فٟ احز١بغ١خ ِٛاسد ثمبء ظّب 
ٌٍزٛسغ
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 ِغ أ٠ٌٛٚبد صبثزخ شفؼ١خعذٌٚخ:

Fixed Priority Preemptive Scheduling

 ٠مُ ٌُ ِب) رزغ١ش لا صبثزخ أ٠ٌٛٚخ task ِّٙخ ٌىً‹
(ثزغ١١ش٘ب اٌزطج١ك

 راد اٌّٙبَ ثشفغ الأػٍٝ الأ٠ٌٛٚخ راد اٌّٙبَ رمَٛ‹
الأدٔٝ الأ٠ٌٛٚخ

ا١ٌ٢خ ٘زٖ رذػُ اٌحم١مٟ اٌضِٓ ٔظُ ِؼظُ‹
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 ِغ أ٠ٌٛٚبد د٠ٕب١ِى١خ شفؼ١خعذٌٚخ:

Dynamic-Priority Preemptive Scheduling

 إٌٝ Instance ٔسخخ ِٓ رزغ١ش أْ ٌلأ٠ٌٛٚبد ٠ّىٓ‹
 رحم١ك أعً ِٓ ِؼ١ٕخ ٔسخخ رٕف١ز أصٕبء حزٝ أٚ أخشٜ
ِحذد اسزغبثخ صِٓ ظّٓ ٘ذف

 راد اٌّٙبَ ثشفغ الأػٍٝ الأ٠ٌٛٚخ راد اٌّٙبَ رمَٛ‹
الأدٔٝ الأ٠ٌٛٚخ

 ٘زٖ رذػُ اٌزغبس٠خ اٌحم١مٟ اٌضِٓ ٔظُ ِٓ م١ًٍاٌ‹
ا١ٌ٢خ

32



عذٌٚخ اٌّؼذي اٌشر١ت:

Rate-Monotonic Scheduling

 الأ٠ٌٛٚخ رضداد ح١ش صبثزخ أ٠ٌٛٚبد ِغ شفؼ١خ عذٌٚخ‹
اٌّّٙخ frequency رٛارش ثض٠بدح

 ٌٍّّٙخ deadline اٌضِٕٟ اٌحذ أْ ا١ٌ٢خ ٘زٖ رفزشض‹
ٔفسٗ اٌّّٙخ دٚس ػٓ ػجبسح ٘ٛ

  اٌغذٌٚخ ٠ذػُ ٔظبَ أٞ ظّٓ ا١ٌ٢خ ٘زٖ رٕف١ز ٠ّىٓ‹
  صبثزخ أ٠ٌٛٚبد ِغ اٌشفؼ١خ
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 اٌشر١ت اٌحذ اٌضِٕٟعذٌٚخ

Deadline-Monotonic Scheduling

 ٠ىْٛ ح١ش اٌشر١ت اٌّؼذي ٌغذٌٚخ رؼ١ُّ ثّضبثخ رؼزجش‹
 ٔسجخ صبثزخ ص١ِٕخ ٔمطخ ػٓ ػجبسح ٌٍّّٙخ اٌضِٕٟ اٌحذ
ٌٍّّٙخ اٌض١ِٕخ اٌّذح ثذا٠خ إٌٝ

اٌّّٙخ أ٠ٌٛٚخ اصدادد وٍّب ألشة اٌضِٕٟ اٌحذ وبْ وٍّب‹

ٚ   اٌضِٕٟ اٌحذ ٠ىْٛ ػٕذِب‹  ٌٍّّٙخ اٌض١ِٕخ ٌٍّذح ِسب
 ؟ إٌٝ ا١ٌ٢خ ٘زٖ رزحٛي
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اٌحذ اٌضِٕٟ الألشة أٚلا   عذٌٚخ:

Earliest-Deadline-First Scheduling
د٠ٕب١ِىخ أ٠ٌٛٚبد ِغ شفؼ١خ عذٌٚخ آ١ٌخ‹

 اٌض١ِٕخ اٌٍحظخ ٘ٛ اٌحبٌخ ٘زٖ فٟ ٌٍّّٙخ اٌضِٕٟ اٌحذ‹
لجٍٙب اٌّّٙخ إٔٙبء ٠زٛعت اٌزٟ اٌّطٍمخ

اٌّّٙخ خٍك ػٕذ اٌضِٕٟ اٌحذ حسبة ٠زُ‹

أٚلا   الألشة اٌضِٕٟ اٌحذ راد اٌّّٙخ ثبخز١بس اٌّغذٚي ٠مَٛ‹

 راد اٌّّٙخ ثشفغ الألشة اٌضِٕٟ اٌحذ راد اٌّّٙخ رمَٛ‹
الأثؼذ اٌضِٕٟ اٌحذ

 ِٓ ِغّٛػخ لأٞ الأػظّٟ اٌزؤخ١ش ثزم١ًٍ ا١ٌ٢خ ٘زٖ رمَٛ‹
الأخشٜ اٌغذٌٚخ آ١ٌبد وً ِغ ثبٌّمبسٔخ اٌّٙبَ
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ٌٚالأدٔٝ اٌزخبِذخ عذ

Least Slack Scheduling
د٠ٕب١ِىخ أ٠ٌٛٚبد ِغ شفؼ١خ غ١ش عذٌٚخ‹

 ِغ اٌّطٍك اٌضِٕٟ حذ٘ب ػٓ ػجبسح ٘ٛ اٌّّٙخ رخبِذ ‹
 ِٓ (الأسٛأ اٌحبٌخ فٟ) اٌّزجمٟ اٌزٕف١ز صِٓ إٔمبص
  اٌّّٙخ إٔغبص أعً

 الألصش اٌزخبِذ راد اٌّّٙخ ثبخز١بس اٌّغذٚي ٠مَٛ‹
أٚلا   ٌٍزٕف١ز

 ِغّٛػخ لأٞ اٌذ١ٔب اٌزؤخ١شاد ثض٠بدح ا١ٌ٢خ ٘زٖ رمَٛ‹
اٌّٙبَ ِٓ
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Timing parameters
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 ٟخبص١خ رش١ش ف١ّب إرا وبْ ٔظبَ صِٓ حم١م
لبدس ػٍٝ احزشاَ ( ِغّٛػخ ِٙبَ صِٓ حم١مٟ)

اٌحذٚد اٌض١ِٕخ اٌّفشٚظخ

39



رٕف١ز اٌّّٙخ راد اٌضِٓ الألصش أٚلا  
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 اٌفزشح اٌض١ِٕخ اٌفبصٍخ ث١ٓ ٌحظخ إغلاق اٌّّٙخ
ٌٚحظخ إٔٙبء٘ب
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رٕف١ز اٌّّٙخ راد اٌحذ اٌضِٕٟ الألشة
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 Landed on the Martian surface on July 4th, 1997

 Unconventional landing – boucing into the Martian
surface

 A few days later, not long after Pathfinder started
gathering meteorological data, the spacecraft
began experiencing total system reset, each resulting
in losses of data

 What happened:
› Pathfinder has an “information bus”
› The meteorological data gathering task ran as an

infrequent, low priority thread, and used the information
bus to publish its data (while holding the mutex on bus).
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› A communication task that ran with medium
priority.

› It is possible for an interrupt to occur that caused
(medium priority) communications task to be
scheduled during the short interval of the (high
priority) information bus thread was blocked
waiting for the (low priority) meteorological data
thread.

› After some time passed, a watch dog timer goes
off, noticing that the data bus has not been
executed for some time, it concluded that
something had gone really bad, and initiated a
total system reset.
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 T1 has highest priority, T2 next, and T3
lowest

 T3 comes first, starts executing, and
acquires some resource (say, a lock).

 T1 comes next, interrupts T3 as T1 has
higher priority

 But T1 needs the resource locked by T3,
so T1 gets blocked

 T3 resumes execution (this scenario is still
acceptable so far)
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 T2 arrives, and interrupts T3 as T2 has
higher priority than T3, and T2 executes
till completion

 In effect, even though T1 has priority
than T2, and arrived earlier than T2,T2
delayed execution of T1

 This is “priority inversion” !! Not
acceptable.

 Solution T3 should inherit T1’s priority at
step 5
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 Consider tasks with mutual exclusion
constraints.

 Priority inversion is a phenomenon that occurs
when a higher-priority task is blocked by a
lower-priority task.

 Direct blocking: a high-priority task must not
preempt the exclusive resource use by a low-
priority task

 Indirect blocking of a high-priority task by a
medium-priority task – the medium priority task
preempts a low-priority task that holds a shared
resource – has to be avoided.
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 When a low-priority task blocks one or

more tasks of higher priority, it

temporarily assumes the highest priority

of a task it blocks
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 The priority-inheritance protocol does not prevent deadlocks

 Example

1. Task 1 locks R2

2. Task 2 preempts Task 1 and locks R1

3. Task 2 tries to lock R2 but fails

4. Task 1 inherits priority from Task 2 but blocks when trying to lock 

R1
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 Each process has a default priority.

 Assign a priority ceiling to each resource:

 The priority ceiling equals the priority of the
highest-priority task that uses the resource.

 At each time instant a task executes at a
dynamic priority that is the maximum of its own
static priority and the ceiling values of all
recources that it has locked.

 ➭ A task can only assume a new resource if
the task’s priority is higher than the priority
ceilings of all the resources locked by other
tasks.
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Sensors: microcontroller based

Controllers: ARM based

Central server

Low bandwidth radio links

TCP/IP over radio
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 Problem
› Hundreds of sensors, each fitted with Low Range 

Wireless
 Sensor information to be logged in a server & 

appropriate action initiated

 Possible  Solution 
› Collaborative Action
 Routing 
 Dynamic – Sensors/controllers may go down

 Auto Configurable – No/easy human intervention.

 Less Collision/Link Clogging

 Less no of intermediate nodes

 Fast Response Time

 Secure 
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 Standalone Applications

› Often no OS involved

› Micro controller based Embedded Systems 

 Some Real Time Applications are huge & 

complex

› Multiple threads

› Complicated Synchronization Requirements

› Filesystem / Network / Windowing support

› OS primitives reduce the software design time
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 Scheduling.

 Resource Allocation.

 Interrupt Handling.

 Other issues like kernel size.
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 More information about the tasks are 

known

› No of tasks

› Resource Requirements

› Release Time

› Execution time

› Deadlines

 Being a more deterministic system better 

scheduling algorithms can be devised.
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 Clock Driven Scheduling

 Weighted Round Robin Scheduling

 Priority Scheduling

(Greedy / List / Event Driven) 
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 Clock Driven

› All parameters about jobs (release time/ 

execution time/deadline) known in 
advance.

› Schedule can be computed offline or at 

some regular time instances.

› Minimal runtime overhead.

› Not suitable for many applications.
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 Weighted Round Robin

› Jobs scheduled in FIFO manner

› Time quantum given to jobs is proportional to it’s 

weight

› Example use : High speed switching network

 QOS guarantee.

› Not suitable for precedence constrained jobs.

 Job A can run only after Job B. No point in giving time 

quantum to Job B before Job A. 
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 Priority Scheduling 

(Greedy/List/Event Driven)
› Processor never left idle when there are 

ready tasks

› Processor allocated to processes according 
to priorities

› Priorities 

 static      - at design time

 Dynamic - at runtime
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 Earliest Deadline First (EDF)

› Process with earliest deadline given highest 

priority

 Least Slack Time First (LSF)

› slack = relative deadline – execution left

 Rate Monotonic Scheduling (RMS)

› For periodic tasks

› Tasks priority inversely proportional to it’s period
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 Resource Allocation

› The issues with scheduling applicable here.

› Resources can be allocated in

 Weighted Round Robin 

 Priority Based

 Some resources are non preemptible

› Example : semaphores

 Priority Inversion if priority scheduling is used
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 Non Blocking Critical Section
› Higher priority Thread may get blocked by 

unrelated low priority thread

 Priority Ceiling
› Each resource has an assigned priority

› Priority of thread is the highest of all priorities of 
the resources it’s holding

 Priority Inheritance
› The thread holding a resource inherits the priority 

of the thread  blocked on that resource

24



 Interrupt Latency should be very small
› Kernel has to respond to real time events

› Interrupts  should be disabled for minimum 
possible time

 For embedded applications Kernel Size 
should be small
› Should fit in ROM

 Sophisticated features can be removed
› No Virtual Memory

› No Protection
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 Scheduling
› Priority Driven Approach
 Optimize average case response time

› Interactive Processes Given Highest Priority
 Aim to reduce response times of processes

› Real Time Processes
 Processes with high priority

 No notion of deadlines

 Resource Allocation
› No support for handling priority inversion
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 Interrupts are disabled in critical sections 
of the kernel

 No worst case bound on interrupt 
latency avaliable
› eg: Disk Drivers may disable interrupt for few 

hundred milliseconds

 Not suitable for Real Time Applications
› Interrupts may be missed
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 Processes are non preemtible in Kernel 

Mode

› System calls like fork take a lot of time

› High priority thread might wait for a low 

priority thread to complete it’s system call

 Processes are heavy weight

› Context switch takes several hundred 

microseconds
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 Coexistence of Real Time Applications 

with non Real Time Ones

› Example http server

 Device Driver Base

 Stability 
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 Real Time Kernel at the lowest level

 Linux Kernel is a low priority thread 
› Executed only when no real time tasks

 Interrupts trapped by the Real Time 
Kernel and passed onto Linux Kernel
› Software emulation to hardware interrupts

 Interrupts are queued by RTLinux

 Software emulation to disable_interrupt()
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 Real Time Tasks
› Statically allocate memory

› No address space protection

 Non Real Time Tasks are developed in 
Linux

 Communication 
› Queues

› Shared memory
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