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™◊ËÕºŸâ«‘®—¬/Àπà«¬ß“π

∫∑§—¥¬àÕ
√–∫∫ Real-time ‡ªìπ√–∫∫§Õ¡æ‘«‡µÕ√åÕ’°√–∫∫Àπ÷Ëß∑’Ë¡’Àπâ“∑’ËÀ≈—°„π°“√Õà“π·≈–§«∫§ÿ¡§à“¢Õßµ—«·ª√¿“¬πÕ°

„Àâ‡ªìπ‰ªµ“¡‡ß◊ËÕπ‰¢°“√∑”ß“π∑’Ë°”Àπ¥‚¥¬‚ª√·°√¡ß“π¢Õß√–∫∫ °“√∑”ß“π¢Õß√–∫∫§«∫§ÿ¡™π‘¥π’È®”‡ªìπµâÕß

‡ªìπ‰ªµ“¡‡ß◊ËÕπ‰¢·≈–°Æ‡°≥±å∫—ß§—∫∑“ß¥â“π‡«≈“Õ◊ËπÊ ∑’Ë∂Ÿ° √â“ß¢÷Èπ¡“‡æ◊ËÕ°”Àπ¥æƒµ‘°√√¡°“√∑”ß“π¢Õß√–∫∫

„Àâ¥”‡π‘πÕ¬à“ß∂Ÿ°µâÕß §«“¡·µ°µà“ß√–À«à“ß‚ª√·°√¡ß“π¢Õß√–∫∫§Õ¡æ‘«‡µÕ√å∑—Ë«‰ª°—∫√–∫∫ Real-time §◊Õ

‚ª√·°√¡§Õ¡æ‘«‡µÕ√å„π°≈ÿà¡À≈—ßπ—Èπ®”‡ªìπµâÕß¡’§«“¡∂Ÿ°µâÕß∑—Èß„π¥â“πÀπâ“∑’Ë ·≈–‡«≈“¢Õß°“√∑”ß“π ¥—ßπ—Èπ

„π°“√ÕÕ°·∫∫√–∫∫ Real-time ®”‡ªìπµâÕß¡’°“√«‘‡§√“–ÀåÕ¬à“ß≈–‡Õ’¬¥‡æ◊ËÕ„Àâ ‰¥â¡“´÷Ëß§ÿ≥ ¡∫—µ‘°“√∑”ß“π¢Õß√–∫∫

∑’Ë§√∫∂â«π„π∑—Èß Õß¥â“π „π∫∑§«“¡π’ÈºŸâ‡¢’¬π®–‰¥âπ”‡ πÕ·π«∑“ß¢Õß°“√ª√—∫ª√ÿß∑ƒ…Æ’§—≈‡≈Õ√å‡æ∑√‘‡πÁµ

(coloured Petri Net-CPN) ‡æ◊ËÕ„Àâßà“¬µàÕ°“√π”¡“ª√–¬ÿ°µå„™â„π°“√ √â“ß·≈–®”≈Õß°“√∑”ß“π¢Õß‚¡‡¥≈¢Õß√–∫∫

Real-time ¢π“¥‡≈Á° ·≈–µÕ∫ πÕßµàÕ°“√·ª≈ß‚¥¬Õ—µ‚π¡—µ‘®“°‚¡‡¥≈∑’Ë∂Ÿ°µâÕß·≈– ¡∫Ÿ√≥å„Àâ‡ªìπ‚ª√·°√¡¢Õß√–∫∫

§«∫§ÿ¡∑’Ë “¡“√∂π”‰ª„™â„π√–∫∫®√‘ß‰¥â πÕ°‡Àπ◊Õ®“°°“√π”‡ πÕ∑ƒ…Æ’∑’Ë ‰¥â√—∫°“√ª√—∫ª√ÿß¢Õß CPN ·≈â«ºŸâ«‘®—¬¬—ß‰¥â

π”‡ πÕ´Õøµå·«√å§Õ¡æ‘«‡µÕ√å™◊ËÕ ENVisAge (an Extended Coloured Petri-Net Based Visual Application

Generator Tool) ´÷Ëß‡ªìπ´Õøµå·«√åµâπ·∫∫∑’ËÕ‘ß∑ƒ…Æ’ à«π¢¬“¬¢Õß CPN

∫∑π”
‰¡‚§√§Õπ‚∑√≈‡≈Õ√å§◊Õ ™‘Èπ à«πÕ‘‡≈Á°∑√Õπ‘§ å™π‘¥Àπ÷Ëß´÷Ëß∂Ÿ°„™â‡æ◊ËÕ∑”Àπâ“∑’Ë„π°“√§«∫§ÿ¡°“√∑”ß“π¢ÕßÕÿª°√≥å ‰øøÑ“/

Õ‘‡≈Á°∑√Õπ‘° å ‡§√◊ËÕß¡◊Õ·≈–‡§√◊ËÕß„™âµà“ßÊ ∑’Ëæ∫‡ÀÁπ„π™’«‘µª√–®”«—π‚¥¬∑—Ë«‰ª °“√„™â ‰¡‚§√§Õπ‚∑√≈‡≈Õ√å„π√–∫∫

‡À≈à“π’È àßº≈„Àâ√–∫∫‚¥¬√«¡¡’¢π“¥‡≈Á°≈ß §«“¡ —́∫´âÕπ¢Õß«ß®√µË” Õ—π àßº≈„Àâ§«“¡µâÕß°“√°”≈—ß‰øøÑ“µË”≈ß¥â«¬

πÕ°®“°π—ÈπÕ“®°≈à“«‰¥â«à“√–∫∫¡’§«“¡‡©≈’¬«©≈“¥ ·≈–¡’§«“¡πà“‡™◊ËÕ∂◊Õ¡“°¢÷Èπ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫√–∫∫§«∫§ÿ¡

∑“ßÕ‘‡≈Á°∑√Õπ‘° å·∫∫‡¥‘¡∑’Ëª√–°Õ∫¥â«¬«ß®√√«¡·∫∫·¬° à«π (Discrete Integrated Circuit) ‚¥¬∑—Ë«‰ª·≈â«

‰¡‚§√§Õπ‚∑√≈‡≈Õ√å„π√–∫∫§«∫§ÿ¡™π‘¥ Real-Time Embedded System ®”‡ªìπµâÕßµÕ∫ πÕßµàÕ°“√√âÕß¢Õ

À√◊Õ°√–µÿâπÕ¬à“ß∑—π∑à«ß∑’ ¡‘©–π—ÈπÕ“® àßº≈„Àâ‡°‘¥§«“¡‡ ’¬À“¬µàÕ√–∫∫À√◊Õ ‘Ëß·«¥≈âÕ¡∑’Ë√–∫∫¥—ß°≈à“«§«∫§ÿ¡

°“√∑”ß“πÕ¬Ÿà ¥—ßπ—ÈπÕ“®°≈à“«‰¥â«à“√–∫∫§«∫§ÿ¡™π‘¥ Real-Time Embedded System ®”‡ªìπµâÕß∑”ß“πÕ¬à“ß∂Ÿ°µâÕß

„π Õß√–¥—∫ π—Ëπ§◊Õ „π√–¥—∫¢Õßæƒµ‘°√√¡À√◊ÕÀπâ“∑’Ë°“√∑”ß“π ·≈–„π√–¥—∫¢Õß‡«≈“¢Õß°“√∑”ß“π  àßº≈µàÕ¢—ÈπµÕπ

„π°“√ÕÕ°·∫∫√–∫∫ π—°ÕÕ°·∫∫®”‡ªìπµâÕßµ√«® Õ∫§«“¡∂Ÿ°µâÕß„π Õß√–¥—∫π’È π—°«‘®—¬∑“ß¥â“π«‘∑¬“°“√

§Õ¡æ‘«‡µÕ√å/«‘»«°√√¡§Õ¡æ‘«‡µÕ√å ‰¥âÕÕ°·∫∫·≈–æ—≤π“·π«∑“ß°“√ÕÕ°·∫∫´Õøµå·«√å§«∫§ÿ¡°“√∑”ß“π¢Õß√–∫∫

Real-Time Embedded System ¡“Õ¬à“ßµàÕ‡π◊ËÕß ‚¥¬¡ÿàßÀ«—ß„Àâ·π«∑“ß‡À≈à“π—Èπ “¡“√∂ –∑âÕπ·≈–µÕ∫ πÕß

µàÕ§«“¡µâÕß°“√„π°“√π”‰ª„™âß“π‰¥âÕ¬à“ß‡µÁ¡∑’Ë ¥â«¬§«“¡ —́∫´âÕπ¢Õß√–∫∫ Real-Time Embedded System ∑’Ë Ÿß¢÷Èπ

„πªí®®ÿ∫—π àßº≈„Àâ‡√“®”‡ªìπµâÕß„™â·π«∑“ß¢Õß°“√„™â‚¡‡¥≈À√◊Õ°“√∑”‚¡‡¥≈≈‘Ëß√–∫∫ (System Modeling) ‡ªìπÀ≈—°

„π°“√ÕÕ°·∫∫√–∫∫§«∫§ÿ¡™π‘¥π’È ‚¥¬®ÿ¥ª√– ß§åÀ≈—°¢Õß°“√∑”‚¡‡¥≈≈‘Ëß√–∫∫§◊Õ ™à«¬„Àâπ—°ÕÕ°·∫∫√–∫∫ “¡“√∂

°”Àπ¥ ÕÕ°·∫∫ ∑”·≈–∑¥ Õ∫°“√∑”ß“π¢Õß√–∫∫ (πÕ°‡Àπ◊Õ®“°§«“¡ “¡“√∂„π°“√ ◊ËÕ “√√–À«à“ß°≈ÿà¡

¢Õßπ—°ÕÕ°·∫∫·≈–ºŸâ„™âß“π) µ≈Õ¥®π°“√µÕ∫ πÕß¢Õß√–∫∫µàÕ‡ß◊ËÕπ‰¢®”°—¥µà“ßÊ ∑—Èß¿“¬„π·≈–¿“¬πÕ° (External/

Internal Constraints) º≈≈—æ∏å∑’ËµâÕß°“√®“°´Õøµå·«√å∑’Ë„™â„π°“√∑”‚¡‡¥≈≈‘Ëß¢Õß√–∫∫„π∑â“¬∑’Ë ÿ¥ §◊Õ‚ª√·°√¡§«∫§ÿ¡

°“√∑”ß“π¢Õß Real-Time Embedded System ∑’Ë “¡“√∂π”‰ª„™â„π√–∫∫®√‘ß‰¥â

«—µ∂ÿª√– ß§å
‚§√ß°“√π’È¡’«—µ∂ÿª√– ß§åÀ≈—°‡æ◊ËÕª√—∫ª√ÿß°“√∑”ß“π·≈– √â“ß§«“¡ ¡∫Ÿ√≥å„Àâ°—∫´Õøµå·«√å™à«¬‡À≈◊Õ„π°“√ÕÕ°·∫∫

√–∫∫§«∫§ÿ¡·∫∫Õ—µ‚π¡—µ‘‚¥¬„™â ‰¡‚§√§Õπ‚∑√≈‡≈Õ√å„π°≈ÿà¡¢Õß Real-Time ¢π“¥‡≈Á°∑’Ë™◊ËÕ ENVisAGE ÷́Ëß‡ªìπ

´Õøµå·«√å∑’Ë„™â„π°“√ÕÕ°·∫∫À√◊Õ √â“ß‚¡‡¥≈¢Õß√–∫∫§«∫§ÿ¡„π°≈ÿà¡ Real-Time ¢π“¥‡≈Á°∑’ËÕ‘ßµ“¡∑ƒ…Æ’ ertCPN

(´÷Ëß‡ªìπº≈®“°°“√«‘®—¬„π‚§√ß°“√«‘®—¬·√°∑’Ë ‰¥â√—∫°“√ π—∫ πÿπ®“°»Ÿπ¬å‡∑§‚π‚≈¬’Õ‘‡≈Á°∑√Õπ‘° å·≈–§Õ¡æ‘«‡µÕ√å

·Ààß™“µ‘) °“√ÕÕ°·∫∫À√◊Õ √â“ß‚¡‡¥≈∑’Ë∫√√¬“¬æƒµ‘°√√¡ (Behaviour) ·≈–‚§√ß √â“ß (Structure) ¢Õß√–∫∫

®–°√–∑”‚¥¬ºà“π∑“ß à«πµ‘¥µàÕ°—∫ºŸâ„™âß“π (User Interface) ‡æ◊ËÕ„Àâßà“¬µàÕ°“√ª√–¬ÿ°µå„™âß“π‚¥¬¡ÿàßÀ«—ß„Àâº≈∑’Ë ‰¥â

®“°°“√ÕÕ°·∫∫ «‘‡§√“–Àå·≈–®”≈Õß°“√∑”ß“π‡ √Á® ‘Èπ·≈â« “¡“√∂π”‰ª„™â°—∫ Real-Time Embedded Systems

¢π“¥‡≈Á°∑’Ë„™â ‰¡‚§√§Õπ‚∑√≈‡≈Õ√å„π√–¥—∫ 8 ∂÷ß 16 ∫‘µ

º≈°“√«‘®—¬
ß“π«‘®—¬π’È‡ªìπß“π«‘®—¬∑’ËµàÕ‡π◊ËÕß®“°ß“π«‘®—¬‡¥‘¡´÷Ëß‰¥â√—∫ß∫ª√–¡“≥ π—∫ πÿπ®“°»Ÿπ¬å‡∑§‚π‚≈¬’Õ‘‡≈Á°∑√Õπ‘° å·≈–

§Õ¡æ‘«‡µÕ√å·Ààß™“µ‘·≈–¡Ÿ≈π‘∏‘‚∑‡√‡æ◊ËÕ°“√æ—≤π“«‘∑¬“»“ µ√å·≈–‡∑§‚π‚≈¬’·Ààßª√–‡∑»‰∑¬ (TTSF)  ∂“π–ªí®®ÿ∫—π

¢Õßß“π«‘®—¬§◊Õ πÕ°®“°ºŸâ«‘®—¬®– “¡“√∂ √ÿª·π«§‘¥À≈—°¢Õß°“√ √â“ß‚¡‡¥≈¢Õß√–∫∫§«∫§ÿ¡·∫∫ embedded

Real-Time System ·≈–π”‰ª Ÿà°“√π”‡ πÕ∑ƒ…Æ’ ertCPN ·≈â«¬—ß‰¥âæ—≤π“´Õøµå·«√å™◊ËÕ ENVisAGe-Extended

Coloured Petri-Net Based Visual Application Generator ∑’Ë¡’§«“¡ “¡“√∂ (√Ÿª∑’Ë 1 · ¥ß ∂“ªíµ¬°√√¡∑“ß

´Õøµå·«√å¢Õß ENVisAGe ·≈–Àπâ“∑’Ë°“√∑”ß“π‚¥¬¬àÕ¢Õß·µà≈–‚ª√·°√¡Õß§åª√–°Õ∫) §◊Õ

ertCPN: The Adaptations of the Coloured Petri-Net Theory for Real-Time
Embedded System Modelling and Automatic Code Generatrion

º».¥√.«—≤πæß»å ‡°‘¥∑Õß¡’   “¢“«‘™“«‘»«°√√¡§Õ¡æ‘«‡µÕ√å ¡À“«‘∑¬“≈—¬«≈—¬≈—°…≥å

� ´Õøµå·«√å ENVisAGe ¡’Õß§åª√–°Õ∫∑’Ë™à«¬‡À≈◊Õπ—°ÕÕ°·∫∫√–∫∫§«∫§ÿ¡„π°“√ √â“ß‚¡‡¥≈¢Õß√–∫∫∑’ËµâÕß°“√

‚¥¬ “¡“√∂ √â“ß ª√—∫‡ª≈’Ë¬π µ°·µàß‚¡‡¥≈‰¥âµ“¡§«“¡µâÕß°“√

� ´Õøµå·«√å ENVisAGe µÕ∫ πÕßµàÕ°“√®”≈Õß°“√∑”ß“π„π√–¥—∫‚¡‡¥≈ (Model Simulation) ‡æ◊ËÕ„Àâπ—°ÕÕ°·∫∫

√–∫∫ “¡“√∂∑¥ Õ∫æƒµ‘°√√¡°“√∑”ß“π¢Õß¿“√°‘® (Task) „¥Ê ‰¥â

� ´Õøµå·«√å ENVisAGe ¡’§«“¡ “¡“√∂„π°“√„Àâ°”‡π‘¥≈”¥—∫¢ÕßÕ‘π §√‘ª™—π·≈–Õ‘π‡∑Õ√å¡’‡¥’¬µ‚§â¥

(Intermediate code) ‚¥¬Õ‘π‡µÕ√å¡’‡¥’¬∑‚§¥∑’Ë ‰¥â “¡“√∂„™â„π°“√ √â“ß‡ªìπ§” —Ëßß“π¿“…“·Õ ‡´¡∫≈’

¢Õß‰¡‚§√§Õπ‚∑√≈‡≈Õ√åµ√–°Ÿ≈ MCS-51

� ´Õøµå·«√å ENVisAGe ¡’§«“¡ “¡“√∂„π°“√§”π«≥‡«≈“ Ÿß ÿ¥ (worst-case execution) ∑’Ë„™â„π°“√∑”ß“π

„π¿“√°‘® (Task) „¥Ê ·∫∫°÷ËßÕ—µ‚π¡—µ‘ (Õ—µ‚π¡—µ‘„π°√≥’∑’Ë≈”¥—∫¢ÕßÕ‘π §√‘ª™—πÕ¬Ÿà„π√Ÿª¢Õß Sequential

program  à«π„π°√≥’∑’Ë¡’°“√°√–‚¥¥¥â«¬‡ß◊ËÕπ‰¢¢Õß‚ª√·°√¡„π‚¡‡¥≈ ENVisAGe ¬—ßµâÕß°“√¢âÕ¡Ÿ≈

®“°π—°ÕÕ°·∫∫√–∫∫‡æ◊ËÕ™’Èπ”§«“¡πà“®–‡ªìπ¢Õß°“√°√–‚¥¥‰ª∑’Ë®ÿ¥„¥Ê ¿“¬„π‚¡‡¥≈‡æ◊ËÕ‡∑’¬∫°—∫®ÿ¥Õ◊ËπÊ)

√Ÿª∑’Ë 1  ∂“ªíµ¬°√√¡∑“ß´Õøµå·«√å

¢Õß ENVisAGe ·≈–Àπâ“∑’Ë°“√∑”ß“π

‚¥¬¬àÕ¢Õß·µà≈–‚ª√·°√¡Õß§åª√–°Õ∫

√Ÿª∑’Ë 2 Àπâ“®Õ¢Õß´Õøµå·«√å ENVisAGe

∑’Ë· ¥ßº≈‚¡‡¥≈™π‘¥ ertCPN ¢Õß√–∫∫

§«∫§ÿ¡·≈–· ¥ßº≈Õÿ≥À¿Ÿ¡‘Õ¬à“ßßà“¬

√Ÿª∑’Ë 2 · ¥ßÀπâ“®Õ¢Õß´Õøµå·«√å ENVisAGe ∑’Ë· ¥ßº≈‚¡‡¥≈™π‘¥ ertCPN ¢Õß√–∫∫§«∫§ÿ¡·≈–· ¥ßº≈Õÿ≥À¿Ÿ¡‘

Õ¬à“ßßà“¬ ‚¥¬Œ“√å¥·«√å¢Õß√–∫∫ (Õÿª°√≥åŒ“√å¥·«√å¡‘‰¥â· ¥ß„π‚¡‡¥≈ ·µàæÕ√åµ∑’Ë„™â√—∫§à“·≈–§«∫§ÿ¡°“√∑”ß“π

¢ÕßÕÿª°√≥åŒ“√å¥·«√å∂Ÿ°· ¥ß¥â«¬‡æ≈ ) ª√–°Õ∫¥â«¬ªÿÉ¡°¥„π√Ÿª·∫∫¥Õµ·¡∑√‘°´å‡æ◊ËÕ√—∫§à“ setpoint ¢ÕßÕÿ≥À¿Ÿ¡‘

ªÿÉ¡°¥‡æ◊ËÕÀ¬ÿ¥°“√∑”ß“π¢Õß√–∫∫‚¥¬∑—π∑’ ¿“§· ¥ßº≈¥â«¬ LED (Light Emitting Diode) ·∫∫‡®Á¥ à«π

·∫∫¡—≈µ‘‡æ≈Á°´å®”π«π 4 À≈—° ·≈–µ—«Õà“π§à“Õÿ≥À¿Ÿ¡‘ À“°æ‘®“√≥“®“°‚¡‡¥≈®– “¡“√∂∫Õ°‰¥â«à“√–∫∫π’Èª√–°Õ∫¥â«¬

¿“√°‘® (Task) ®”π«π 4 ¿“√°‘®

 √ÿª
®“°ß“π«‘®—¬ àßº≈„Àâ ‰¥â¡“´÷Ëß´Õøµå·«√å ENVisAGE ∑’Ë¡’§ÿ≥≈—°…≥–∑“ß‡∑§π‘§‚¥¬ √ÿª¥—ßµàÕ‰ªπ’È

1.  “¡“√∂„™âß“π°—∫‰¡‚§√§Õπ‚∑√≈‡≈Õ√å 8 ∫‘µµ√–°Ÿ≈ MCS-51

2.  “¡“√∂®”≈Õßæƒµ‘°√√¡°“√∑”ß“π¢Õß∑“ °å∑’Ë‡ªìπÕß§åª√–°Õ∫¢Õß√–∫∫§«∫§ÿ¡„π°≈ÿà¡ Real-Time System

¢π“¥‡≈Á°„π√–¥—∫‚¡‡¥≈ (Model-Level Simulation) ‰¥â

3.  “¡“√∂· ¥ß√“¬≈–‡Õ’¬¥„π 2  à«π∑’Ë¡’§«“¡®”‡ªìπ„π°“√ÕÕ°·∫∫√–∫∫§«∫§ÿ¡„π°≈ÿà¡ Real-Time System

π—Ëπ§◊Õ √“¬≈–‡Õ’¬¥„π à«π¢Õß Structure ·≈– Behaviour

4.  “¡“√∂µ√«® Õ∫·≈–√“¬ß“πº≈°“√®—¥‡«≈“°“√„Àâ∫√‘°“√¿“√°‘® (Task) µà“ßÊ ∑’Ë‡ªìπÕß§åª√–°Õ∫¢Õß√–∫∫

(Task Scheduling)

5. µÕ∫ πÕßµàÕ°“√‡√’¬°„™â¿“√°‘® (Task) ∑’Ë∂Ÿ°®—¥‡°Á∫„π√Ÿª¢Õß‰≈∫√“√’·≈–°“√®—¥‡°Á∫¿“√°‘® (Task)

∑’ËÕ“®∂Ÿ°‡√’¬°„™âß“π∫àÕ¬„π√Ÿª¢Õß‰≈∫√“√’Ë

6. ¡’ à«π¢Õß°“√‡™◊ËÕ¡µàÕ°—∫π—°ÕÕ°·∫∫ (Graphical User Interface) „ÀâÕ¬Ÿà„π√Ÿª·∫∫∑’Ë„™âß“π‰¥âßà“¬

·≈– “¡“√∂ ◊ËÕ§«“¡À¡“¬‰¥â¥’¬‘Ëß¢÷Èπ
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