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႓Ⴐ౼gఞ࠷ࡹඔތ༪ه֭ܚࢺᅢಂਜ

༗࠷ඔ࣑֭Ҍhಞؿĭᆋ၊࣑Ҍ֭ᄲఁႌ౫oo

ׯقְތ֫ෲ٪ׯ (Dennard scaling)oo൴

ၵᆦᄥঁූׁѕ֬ᄈধᄈུhࡁࠗࣤၠࣀᆸࢬ

ਪྕ֭๏ᅦĻೊލಚД༗࠷ඔႽ၊۹ൔ໋֭ধh

ᄥݞಈ୕࠳ĭࡁࠗเ༪ܚࢺჟ֭࿘ᆈ࣑

ྣਜ၊ོᄃࣧ݇ࠋ֭ߋh୕వĭࡁന౽৻

(Computing Community Consortium) ҋਜ၊{21ه

ൟࡁ֭ࡈࠗܚࡗ|Ϫோඈĭႝཡਜ࿘ඔ܅ތࣀ၄

hቓࣕĭ{IEEEߋࡁལପሯሁ֭ࣀ ᇟఛࡁӘၸ|

၊Ⴣ՞เ༪ܚࢺgఞאތࡹ੦ֱ٢ธ෴ࡁ༪

໋֭ধh

Яࢄ୵৷င࿋ᆋ၊ߍ֭ัઊĭയࢬ႓

Ⴐތఞࡹ / ᄃࣧhތ֭౼ࢻĭਜࣀ੦࿘א

֭ପћ൦هཋૣގ႓Ⴐჟތఞࡹჟᆵާ֭

უh֭ࠗܖ

ߋfᄃࣧ݇ܚࢺࠗเ༪ࡁՕĻࡷܹ

ቜᆈĻ੦ၦබiೞᄾ(Luis Ceze) 
fffજॠi༘   (Mark D. Hill)ق
fffຉજබiໃୌൈ(Thomas F. Wenisch)
ၺᆈĻᎋݢݔfຮf႞fმݼ   
ᇗݛज़࿘ᄅࡁ࠷ඔခࣶ

ёᆈχĻݞಈ 10 ୕ĭࡁاޛࠗเ༪ܚࢺခࣶ࿘ᆈᄥۓนเ༪֭ܚࢺခࣶҌੳໃࡣĭᄥࡅݛاޛ

ᆦᄥຯܚࢺၸ֭ัઊᇗԣཋਜසuเ༪߾ (Architecture is dying)vĭuႭ഻֭เ༪ܚࢺ (Long lived ar-
chitecture)vֱႽಇ֭ᆢઊĭఋФ֭ႁ൦؛Զ֭ڐiၐફเ༪ܚࢺᄥ႓ا؛ဪߌ႓Ⴐ֭ऍན֭യ

ॡಲൕ؛ތׯق֭٪ߗശᇈᇜ֭ࢺྗhᆋᅫჿჇ 2016 ߾୕ܚࢺเ༪ࡅݛ (ISCA 2016) ഐ֭

Workshop ัઊ܌ތितhಞؿĭᇾᇃѱҊ൦ߵջเ༪ܚࢺ൦ߖږᆼ֬ග֭࿘ᆈవࡇڳĭؿ൦ၣ၊

ཌᆈպ֦ࣕܒ༈hЯ֭ڣނۿ܊ѕၣແྕ႓Ⴐ౸ލೊܚࢺि٪֭ྗงಈธัเ༪ࡎۿ۹ 40 ಮĭվ

ҎٻধሹखႽႳࣺเ༪ܚࢺခࣶ৭ൖ્֭ݛ၊ੈվ࿘ĭ࿘ඔФࣧ၁اޛဪߌhҊჟ֭ඹའிሗແ

ܕৈԣ໋ধ 15 ୕เ༪ܚࢺခࣶफ़େ֭h

* ᆋᅫ൦ISCA 2016ఁᆂि֭ခั߾Arch2030 WorkShop֭ัઊݜࢺ(Arch2030: A Vision of Computer 
Architecture Research over the Next 15 Years)hۆခั߾Ⴖ੦ၦබiೞᄾ(Luis Ceze)ތຉજබiໃୌൈ(Thomas 
Wenisch)ᆶĭજॠi༘ق(Mark Hill)ᆿ֥hᆶ٢၁ၣ܌िנҸ֭ྡ൜ཧ၄ࣀᆠ౸ٙঔၱތࡶ௧ઊhೞᄾތໃ

ୌൈࠖჇנҸ֭ٙঔగҬװྱތਜЯh
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ແુཋᄥ္ቛᆋࡹൡŀႁແࣕ୕ধ഻هਜ

࿀اѕߌĭႵఋ൦ၣ༷۹٢ Ļ

�� ႟ތࡹ႓Ⴐ֭ልႰܖާߌhཋႽ֭႟ྦྷࡹ

େი႓Ⴐྻ౸ᆵձᄥཉᇿ֭ልႰߌҽगh၊ོ႓

Ⴐĭᇵೊྼ୍ཋൔތሹᇕ༪ֱĭᄥૈႽልႰ႟ࡹ

֭ᆮԃٍ༷ൔཋĭ֔ഩࡁልႰ႟ࡹಷಞࡃύݔჃ

চ଼h

�� ᄑࡁhପవԱҊᄥ֭ᄑࡁ܊ਜ၊

ᇝ౪༑֭uԿྕԖཨvhᄑԿᄷਜૻॼҲՙႲ

ᆋོ܊hᄑࣤӐ൦ׁ࠾ӶЯེၵ֭݇ࣤߌ

Կྕĭ؛ቓུ֭Կ၄܌රྞྕތచ၄၁൦ೊՖh

�� Մᆸߌ౼hҘႰྑތࡎקᆤเᇍᄷ֭

ՄᆸߌೠໃࠪӶᇍᄷ܅ၤĭ൘݉ࠖѕ֬ްۿĭཉ

ᇿֶࢎਜငԆĭᅁࡎਜփংĭۢਜେེh

�� ੦࿘ᆈᆦᄥ୵אიࡹ༆ৠҲhఞࣕࢬۿ

৷ธ෴ྕྠғਠĭᆋོғਠफ़ၣൔཋࡎۿႽེ֭

ྠĭৰࡁ૩֭ࠪҋऍ٢൜ࠫྕ֭ࡎۿgߘሏބ

ೊĭގࠉބgทܽgਐሸ৷࿘ེ႓g഻༆ऒ

༆ֱhގ

�� ࠗఞ࿘༥ቜແڽྗފᄣၠࣤྞగhࠗఞ

࿘༥࠷ඔĭᇵೊയ؏࿘༥ĭದ༪ഩࡁᆈ࣡༧ׁه

ཋఋफ़ၣႰჇ࿀٢اĭৰೊႰ߄ނჯұgࡁ

ࠗ൲बތሹᇾֱ֥ݼh

ልႰܖާ֭ߌĻ႟ࡹഩࡁվᇡߌ

ແਜင࿋ࡁࠗ܅၄Կྕ಼֭݃৭ൖĭिه႟

hࠋތgєၚ֎၊ဪࡹهщ྾སिࡹ

֭ॉٍ၊ᆸಲແĭ֭ࣤྞྕތٟ݄ CMOS ܅

ၤෲ٪੦པooࠖჇࣞเܽᄈধᄈུgࠪӶ؏ᄈধ

ᄈ֭ۢׯق֭࠷ඔႌ౫ooࢄᄥҊ֦ 3 օϾ֥

เ܅ၤĩ6~9 ୕Īᆵਪᇜࢺ [1]hؿĭְ֫

ෲ٪ooሪ CMOS ֭ࠪӶ؏ۢ֔େܜ൘ૌ۹ྑ

֭ރ܇ДԃҊѕ֭࠷ඔ౼oo၁ࢄᄥ 21 ൟࡈᇗ

၅ᇜࢺ [2, 3]ĭᆋ֥ࢄᇉԱৠఞഩ֭ࡁकվѕ۲ Ļᄖ

େེၠࣤ಄օེࠚڊࠏᆼࠨिܹĭӶແ

ቓᇟ္֭၊ལནᇍڊᆼྦྷେ֭ഩࡁᄇ [4]h

՞ࣕఁ܅၄֭ࣀཧᇗफ़ၣএ܅֦ࣤࡶၤෲ

٪੦པ֦ࢄধ֭ݜhৰೊĭႏำࣤၠق٪డਜ

ӑఁྣړ u֭܅ၤ୕ - ୕ࡗܚ (tick-tock)vिه൜ĭ

՞ჸ༽ૌօ܅ၤԣঃᇾ္ྑഩࡁĭཋၠۇແ

ೠঃhᆋ۹ۇѕၱᄥݞໃ༪uܗငҟԸv֭ق

Ⴝശᆈĭ્ۿငӑૌօӉ֭൯ӎ൸ଉhؿ՞ׯ

߾Ͼ֥เྣ၄ྀݛ (Semiconductor Industry Associa-
tion) ၁ၠ٪డໃԃਜග്୕gૌ୕ྕۿ၊ՙ֭ݛ

ඔ੦པ࠷Ͼ֥เࡅ (International Technology Road-
map for Semiconductors, ITRS) ֭ূԶĭᆋ၊࠷ඔ

֞ແᆤ۹Ͼ֥เӉ၄࠷נྀࣀඔgᇍᄷი༪ि

ਜᆿ֥hႶჇૈႽಚ֭٢ཧໃ༪ෲ٪੦པĭ܊ه

ITRS ජຄhࡾᆼ၁ᄥᇷࡖ֭

ಞؿĭྕ႓Ⴐ֭ҊؖႬཋĭࡁ؛େ৷֭ྻ౸

ᄥಸၵᅁӑhఋᇗቓԣ֭ऄ൦ଲོႶվ݇ࠗఞ

࿘༥ಂ֭g՞వ଼ၣའཨ֭႓Ⴐ Ļ՞སތნ

ႃൕѡ֦ಮࡘ൚ఢӢĭᄤ֦ࠔϯఌۢ൵h

ဪफ़ၣॉ֦؛൲बගऔԱৠތৠྻ֭ࢻ౸֭Нه

൜ᅁӑĭႽོవᅙྦྷ႓Ⴐࠏ࿀္౸ແൟࣀഐૌ۹ಮ

܊ૌబᆀས֭࠱ᄖେ৷h

ഩࡁႰ؛Ҍᇾ္ধჿჇ࣑ඔ֭࠷ࡁາݞ

ෲ٪੦པĭ֭၏নჇࣤࡁᆋོഩؿकվĭ֭ࡁ

ѱຣಎႶചගࡍ࠳ԱৠఞᇍᄷຣӶh֬ၵჇᆋ

ོႰഩࡁ֭ࡁࠗ႓Ⴐቀގ൯ӎ֭ஜվเਐĭቈ

ၣٻชᆋོӔ֭վਐh

ሪԶෲ٪੦པ֭ජઓĭᇂ࣑ۇݞചග

Ⴐࡁฃࢄٍࡇ࿋ቈྕྞ႓Ⴐࡁ؛ྦྷେ֭

ྻ౸hཕٙĭᄥݞಈ֭ 5~10 ୕ৢĭᄥ၊ོࡁ૩

ࠪྠ႓Ⴐჟĭ၊ᇝྕ֭ྦྷେႲߌ൵ؕҮઃၠࣤྞ

గooልႰ႟ࡹഩࡁhიᄥႰԱৠྑഐᄖྣ

੦Īא٢ϋĩೊልႰࠪӶࡹ٢ϋཕйĭልႰ႟֭ࡹ

֎໒Ҩቜഐफ़ۢେེ 10000 Ч [5]hՖେེ֭ാ

႓Ⴐ൦ᇈܹᇟ္֭hልႰھچ֭ັ৻Ⴧྕྞ֭༆؛

٢಄֬ਜकվӶֱ٪൲Ѵތᄥྡಡࣤၠߌ

ഐĭࡅhൔ܇hࠗఞ࿘༥႓Ⴐ၁ि൛಄֬၄Ӷ܇

ߌჟ֭ज़ခಮჼၠࣤಲൕ֦ልႰܚࢺࠗเ༪ࡁ

֭ᇟ္ྦྷѱമఋခࣶ Ļ2016 ୕เ༪ܚࢺჟೠվ

ၸ߾࠱ (ISCAgHPCAgMICRO)ܓ൴੫ઊ175ĭ

ఋᇗ 38 ൦ܹჇྡԱৠఞ (GPU) ఞූࡎልႰތ
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ഩ֭ࡁĭߖႽ 17 ൦ܹჇࠗఞ࿘༥ልႰߌഩ֭ࡁh

ಞؿĭఠ࣊ແᇀĭልႰഩ֭ࡁ၄֭ߌӶ܇ĭ

ᇂནჇႢႽकվ൯ӎ֭႓Ⴐĩৰೊ൲Ⴛ༬gၕ

൲Ѵ٪ֱĪĭᆼ֬སႰԱৠఞӔଲဪሯhၣ

ഐ൯ࣉތళধޡਐĭഩތࡁᇍᄷልႰ႟֭ࡹӶ

ЯࠦۢĭᇂႽࠦചග֭ഩࡁफ़ၣᄥᆋဪकվ֭൯ӎ

ᇷҌชh

ແਜࡇ࿋ႽེԿྕ֭ᇣఁĭܹࡷ൦எԪልႰ༪

ഩ֭ࡁᅸπĭ՞ؿᄥႽ႓ႰᇗเཋԣልႰߌᄥ

େེ٢֭Ⴒh֭ᄃࣧ൦uվᇡߌv႟ࡹഩࡁĭ

၁ऄ൦ದ႟ࡹഩࡁѕ֬སࡹഩࡁଲဪଁࢶgєၚ

gႢႽཋӶ֭ھچؚफ़ၣ৮Ⴐهिࡹि٪hތ

֭फ़ᇟႰҎ഻֭ࡹง༪ĩӐ൦૯ތٶिჿ֭Īĭ

൘Ⴐۢ࠱ნစූࡎۢ֎۹िهᆈ֭େ৷ĭѱ၏॔

ౄվތሹ֭ߌӹ࿅ٻ།gቀގgұ൳נތ൳ধД

ᆫᇑh

ࡁሁഩګࠗࡁĭ֭୕്࠳ਜݞࣤܽࣘ

ಷ໋େպ֦၊۹ུिهؚफ़ྣ࣑႟ࡹഩ֭ࡁණ

h႟ࡹ༪ഩࡁᆈྻ္܅֭ނۿखĭۢᄥ႟ࡹ

ඕ٢֭େ৷ĭྦྷ֭ঁۿେ௧ܡ൵ؕĭ֭ࢶଁۿ

ჸྠۿތ٢ٍߌက࣐֭ / ႟ྀࡹഩࡁယᆫ٢ٍh

Ҳՙĭ՞Ⴐफ़ࡹ۹႟اखਅ္Ӷඋĭफ़ၣॼᄈ܅

ёӹԱৠ֦ފվ݇फ़ёӹࠨᆜਡgफ़ёӹූࡎ

ఞၣࠫልႰࠪӶא੦ĭ՞ؿେܜ౦ၦൔཋᇟׯ໒h

फ़ᇟႰ൦щྻތߌࡹ֭ࡹჇ႟؛Ԗཨඕ֭ނۿ

֭ĭᆋོԖཨफ़ၣ൦ၣफ़ቀ֭ގᆱൕӉಋ (IP) ॾ

֭ྡ൜ĭശᇈफ़ၣ൦ၣ༆ৠྑྑࠏ֭ྡ൜ձ

ᄥĭᄥᇍᄷफ़єၚׁࠪӶ֦༪ᇗh؛Ⴧเ༪ࢺ

ልތჟ֭ခࣶᆈধĭᆋ൦၊ՙ୵৷ૣ҈Ⴐܚ

Ⴐ༪ᆵ߾֭ࠗܖާ֭ĭѱिهԣ၊༪ਡ܅खތ

ইࡗฃĭ൘վᇡߌ႟ࡹഩࡁӶແཋൔh

ᄑࡁ൦؛เ༪ܚࢺԿྕ֭Ԗཨ

৮Ⴐ݇࠷ߌ୍ྼތߌඔĭᄑࡁ܊फ़ၣ

ֶތӶЯׁ܊႟ࡹԿྕĭ൘ቓུ֭ॢ߄၁

൦ೊՖh

ᄑࡁ؛Զ၄൜֭ၠڵЬ݄ٟಲफ़h

ᄑࡁେܜդ൘ྕྞచ၄֭݇هᅢᄁঁჇԶ֭

ࠖԬഩൈሯhྕӉ֭Ⴐ߄फ़ၣᄥؓؓ็࠳

՞࠳Ϭ۹ᅁӑ֦࠳Ϭຫ۹ĭ2016 ୕ 7 ᄍූڌ

ಎ౷֭൵ࠗႻ༬u९ևီܷv(Pokemon Go) ऄ൦ޛ

ھ၁ս௭ਜԶҕࡁৰᆫh֔൦ĭᄑ֭ނ 500 ౄ

֭၄൜ĭႁແၣవႢႽሹ֭࠵ IT ࠖԬഩൈ֭చ

၄ൔཋਜԣቇᄑሯჿփধ֭ӶЯ൴ၵh

ᄑࡁ܊৮Ⴐ݇ߌҊ࣏൦ແਜሹമ၄

༈ĭ၁൦ແਜሯ IT ৮ၵhႁՖĭᆋོ֭߄ॢ֭

ӹ܅֭ྦྷڷकվ֭g٬ᇟྣ࣑ཋĭه߾າາ܊

ሯ൦ގ֭ĭৰೊĭᄥҎिهಎྕ֭ތࡹ႟ࡹ

༪ĭؿҊ၏ন׃ೠ٢Ӊ܊႓h

ि൛ॉ֦ԣཋਜ൘֬ᄑࡁൔཋవ໋Ⴝ

֭ྦྷେ֭ልႰࡁࠗܚࡗhઊ൦֭ۢؒәࡁ࠱

ࠗĭߖ൦၄֭ᄑؒӉĭGPU ѕ֬ԱҊᄥhູ

܌ර܌िਜ Catapult ལପ [6]ĭۆལପᇉ৷Ⴧ

ᆤގཋӎफ़ёӹᆜਡ (FPGA) ၣդ࣑ఋගऔᇗྗ

hCaviumߌልႰࡁ֭ ັ৻߂ҋਜ၊۹هරၠࣤ܌

ܚࡗ༈႓Ⴐ֭ልႰڣ ThunderXh܌۫ܩර܌ҋਜᅮ

ਐԱৠఞ TPUĭᆋ൦၊۹ཧࠗఞ࿘༥႓Ⴐ֭ልႰ

ྀԱৠఞhഐඕལପўĭၠࣤႽ࠾ࣤاޛჸႁդ

൘ᄑࡁ܊ሯልႰࡁࠗܚࡗh

ခࣶᆈধĭཋᄥܚࢺࠗเ༪ࡁ֭ࣀ࿘ඔ؛

൦ሊሆᆋ۹ࠗუѱᅢ൝ॼҲልႰߌᄃ֭ࣧࠗhৰ

ೊĭልႰࠪӶא੦ᄑ (ASIC Clouds) ལପᅢ൝ਜೊ

႓ࡷದܹؿվਐۢ؏ልႰ֭Աৠఞĭ՞هिྀލ

Ⴐ֦֬ཉූࡎ [7]h

ᄑࡁྠ֭ࡷ۹ܹم׃Ⴒ൦ྼ୍ߌhྼ୍

ԿྕׁႌཋႽࡹތࡹ႟֭ྕࢄඔ࠷ᆋߌ

֭ࡹ༪hྼ୍ߌ൘֬ᄑ܊फ़ၣແਜঁۿg

ؿĭࡹખҎັތԱৠఞgձԭఞߘඔแ࠷єၚ֭ۿ

Ҋщიٶᆈܖྀנhྼ୍ߌ၁դӶਜሯჿ֭ә

ሯჿ֭ྻ౸खႽѕgׯำ؛ᆈٶooᄥܛಲص

෦ߌำᆠ֭౮ঋ༷ĭᄥٶᆈᆵྣ࣑֭ሯ

ჿܓརhә؛ܛװصᄑࡁ֭ӶЯޛܚࢺᇟ္ĭތ

֎؇֭ٶᆈܛડልඓሯჿйࢨĭ൘֬ᄑ܊႓

ၣֶ֭ࠦ۴ࡖ܊ IT ሯჿh

࿘ඔࡁ֭ࣀࠗเ༪ܚࢺခࣶӑఁၣধ؛ൔཋ
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గ֦ᇟ္ቜႰĭৰೊື᩵ߌ୍ྼ (VMWare) ᆋ۹ቓ

Ьಲफ़֭ྼ୍࠷ߌඔ܊႓ĭऄ൦՞၊۹վ࿘ခࣶ

࿋ᄥࡇခࣶᆈщ྾ܚࢺเ༪֭ࣀగ֭h࿘ඔهߋࡁ

ि࠷ߌ୍ྼهඔᇗϺဎܹࢠࡷ೬ĭধෲؓྼ୍ྦྷߌ

େიࠗྦྷେᆵ֭ҽगhՖປĭเ༪ܚࢺခࣶᆈ

щ྾िߌ୍ྼ֭ྠྕهԖཨĭ՞ؿൔཋ؛ልႰ႟ࡹ

֎ჵĭйೊ CatapultgTPU ތ ASIC Clouds ֱ֭

൘Ⴐތәܛװصh

Մᆸߌ౼

ೠໃ (3D) ࠪӶ܊ਜ၊۹ྕ֭फ़জᅢໃ؏h

ׯقᇜ֭ࢺᇟ္ݜ൦൘֬ྑഩࡁᄤ

၁ҊେuӒׁvૌ 18 ۹ᄍࢄሹ࠵ഩࡁᇗ֭ࣞเ

ܽගਐۢ၊ЧhიՖĭቓࣕ࠳օྑᇗĭཕ

ĭႁՖҊঁޛಎऍቁཔि֭ᅁӑĭಂࡁჇ؛

ؖാਜ߂৻ᄥྑރ܇ჯᇗᅥйৰh

3D ࠪӶແྑഩࡁ܊ਜ၊۹ྕ֭জᅢໃ؏ĭ

ࣘܽׯقᇜࢺਜĭಷಞफ़ၣᄥ၊۹֎༪ഐࠪ

Ӷ֭ࣞاۿเܽĭफ़ၣ՞ 3 ۹ໃ؏ෲ߂ࡰ৻िĭ

ѱൔཋۺᇝގࠉᇍᄷ࠷ඔ֭࣍૩ࠪӶhႁՖĭ3D ࠪ

Ӷ൘ 3D ۿେེg֭ۢۿखႽࡹҎ֭༪ܚࢺ

ং֭փংֶ֭ۿތငԆh

՞ܚࡗഐধࢋĭ3D ࠪӶ၁ޡ༪֭ࡁ

щ྾ࣘਐ॔ࣕගऔhࣘܽംձތఋձഩЩᄲၠ

ݞ 3D ٢൜ྣ࣑ೀਐজᅢĭ֔ࢄձഩЩიۢྦྷ

େࠪࠨӶ֭ӏ൳Ҕۘۘि൛hৰೊĭ્ ݃ (Micron)
٢เ৳ձގࠉරԣ֭܌ (Hybrid Memory Cube)ĭ
ൔཋਜঁූތࠨ૩؏ձ֭ 3D ࣀĭແ࿘ඔקؘ

ᇟྕܯగuࣕගऔࡁv(near-data computing, NDC)
uձԱৠv(processing-in-memory, PIM)ތ ֭ܚࡗ

࿘ඔခࣶڌӞhࣘܽᆋ۹ခࣶᄲᄥ 20 ୕వၠ

ཕ֚ੈྣĭ֔ൻནჇ֚֭܅ၤ࠷ඔĭPIM ѱܚࡗ

ૈႽ࣑၊Ҍൔཋ၄႓Ⴐhࣕ୕࠳ĭሪൔႰྑ

Ӷແܚࡗඔ֭ԣཋĭᆋོ࠷ඔՄᆸࠪӶ࠷اތקؘ

ാজᅢྦྷ֭Ⴝེ࣭h

ࣘܽ 3D ࠪӶແྑഩڶࡁვਜྕେ৷ĭ֔

၁ᄥൔཋۢफ़॔ྦྷۢތ൴ၵ٢ԣ࿀ڷاᄞ֭

ྕ๏ᅦĭఋᇗۢफ़॔ྦྷۢތ൴ၵफ़ၣܚࡗݞᆮԃ

भhйೊĭ3Dࢻ ࠪӶձఛهᇟྕඹ॑Զ

ձތձԭܚࡗh3D ࠪӶ၁܇؛ތ໙؏ܽৠႌਜ

ಎྕ֭ĭᆋ൦ႶჇԶ֭ೣಫ࠷ඔҊቈၣ႓؛

ۢྦྷେࠪӶഩࡁփধ֭܇૩؏ാhᆋོތ

๏ᅦिఛਜಎྕ֭g֭ھچเ༪ܚࡗԿྕ֭फ़େྦྷh

เ༪ܚࢺuࣕࢬۿ༆ৠҲv

փধܚࡗҲ׀ࠗࡁۻĭࢺ֭ᇜׯ٪ෲࣤ

hߌЯᇑѕ֭اۿ

ྕ֭ఞ࠷ࡹඔאތ੦ഩ࠷ࡁඔ৭ধႌܚࢺྕه

֭Ӊ഻h໋ধႽیफ़େ֭౮ঋࡁۻࠗเ༪ܚࢺ

փধയᄁ֭ႝཡhᆋོ౮ঋٻແվh׃၊൦

ۿݞႽེ֭༗ёચĭࣕࢬۿ୍ބĭধނۿ

ׁ৮Ⴐପవ֭ғਠތఞࡹh؛୍ࡁܹ֭ሇᄤՙ

ྞగĭႁແޛ൩္ྻގ७ᇍሡಚ؏֭႓Ⴐhؿ

ۿϤ༗ݞගሻ༗Աৠཕйĭ୍༗Աৠތ

૩ׁࠪႠഥ୍֦ބഐĭၣࠫ܇ེ֭ۢۿେ֎ჵĭ

େܜДᆫֶۿރ܇hಞؿĭᆋࡁۿၦൻ֦ᄶഺ

ႝཡĭྻ္Ⴝྕ֭ೀո٢ٍҔେൔࡅ႓Ⴐh

ེۢۿ൦uྕvғਠ֭൘ႰĭЏছ߾ࠗم׃

ྠh༷ࡁำ֭؇ތ૩֭ࠪҋऍۿgߘ֭

ਡԣ၊ོᆼ֬เ༪ܚࢺჟሇၱ֭୵৷٢ཧh

ྕ֭ձԭఞࡹh୕്࠳ধĭගऔ၊ᆸձԭᄥ

งࠗձ಄ձԭఞ (DRAM)gംձࠏՐகഐh֔ ൦ĭ

ྕ֭ձԭఞࡹĩৰೊ Intel/Micron 3D XPoint ձԭఞĪ

ᆦᄥ࣑ႰߌĭიԶձԭҲՙҎࡹཕйĭᆋོ

ྕఞࡹᄥिg૩؏gငԆgਐgफ़॔ྦྷތ൸

ଉֱ٢ຣಎҊh

ทܽhࠖჇทܽ (CNTs) ሸ࿘ခא֭

ࣶԃ࿋಄֬ཉᇿ࣑ᅢĭቓ֭ࣕݜࢺўĭᇂ൘Ⴐท

ܽչࢁԣ၊۹֎ູ֭Աৠఞ൦फ़ྣ֭hท

ܽफ़ၣДᆫ֭ۢۿ૩؏ރ܇ֶ֭ۿތĭѱफ़Ⴐ

ᄥೠໃࠖ׀ഐhᆋ൘֬ทܽӶແเ༪٢ܚࢺϋ

൦٬Ӑफ़ྣ֭h

ਐሸࡁhਐሸࡁ৮Ⴐਐሸ৷࿘ཋཨձԭތ

Ҩቂ༗h֭ᇾ္Ⴒ൦ĭuࡎקvਐሸཋཨႽ
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ׁེᄕ࿀ўպ 0 ތ 1 ሙงĭᆋ൘֬ਐሸࡁൔ

ཋ࿒ᄼٍйԶࡁႽਜᆿගූࡎ࠱h

ә֥ࠨhਐሸࡁ֭၊۹ងૐ٢ཧ൦ә֥

܊ܜ༪ĭେ֭ࡹә֥ఞֱࢺ೮ڗĭ൘Ⴐᄇ೫ࠨ

u૯ٶv֭ĭႁແᄥә֥པഐԶඃ࠳ބҊ

ރେਐ [8]hਾ၊٢ĭᄥගऔҨቜഐйԶඃගऔ

Ⴝ֭ۢۿେރhᆋོಋޡიCMOS݉א੦ᆦނཕٙĭ

ᄥ CMOS Ҋ൦ගऔؿᄥރେਐٻ੦ഐվҎא

Ҩቜh

ູg۫ܩgIBM ތ I-ARPA ܚࠗތර܌ֱ

ၠࣤ࿎ҋᄥਐሸࡁތә֥ྣ࣑ࠨਜվਐሯh

ಲແਐሸࡁ֦ࠗ֬ܚࢺᄤՙܹሇ֭ࠗ൦Ӷ

උ֭ĭਐሸࡁᄥ്୕फ़େ߾Ӊ഻ൔႝࡅཡh

ᄲऄޛࡁቛ׀༆࿘h৮Ⴐ഻༆࿘഻ࠖࡳࣁ

འ֦ਜĭႽफ़େൔཋhDNA ֭֎ၠࣤဎ൝ਜࡁ

ࠨҨቜĭቓ֭ࣕ࿀ݜࢺا၁ў DNA ቜແ֞ϋ

ձԭఞތܚࢺሹሕ֭ගሻࣂखЩశ৷h؛

ခࣶಮჼধĭ഻༆ज़࠷Ӊ၄֭ DNA Ҩቂ࠷

ඔ಄࣑֭֬ᅢ൘֬เ༪ܚࢺခࣶಮჼಲແĭ൘Ⴐ

഻༆൦फ़ྣ֭hԪਜ DNAĭߖႽᇵೊ֙Ϫᇑֱఋ

഻༆ٻሸେܜႰჇࡁĭᆋ഻ོ༆ٻሸ܅ӹᄥݞಈ

Ҍཉᇿh࣑୕്

ࠗఞ࿘༥ቜແڽྗފᄣ

ࠗఞ࿘༥ᆦᄥۇѕൔཋ႓Ⴐ֭٢൜h႟ࡹ

ྦྷେാ൘֬ࠗఞ࿘༥႓ႰჇվගऔӶແफ़େh

ࠗఞ࿘༥ᄥݞಈ്୕ᇗ಄֬ਜӑቈ࣑֭ҌĭӉ

഻ਜاޛӑఁၣধᇂձᄥჇज़ུߠৢ֭႓Ⴐhफ़

ၣĭᆋ၊࣑Ҍᄥޛվӹ؏ഐൻၵჇ֭ھچගऔތ

ౄվ֭ࡁେ৷hվ݇ࠗఞ࿘༥႓Ⴐ၁դ࣑ਜձ

ԭ༪ތልႰ႟ࡹ (GPU, TPU) ֱ֭ഩࡁh

ࣘܽପవ֭ᇟ൦ᆮԃᄑ֭ؒࠗఞ࿘༥ĭ֔൦

ᄥᇵೊᇎେ൵ࠗތәֶރ܇Զۓఞރ܇ֱֶࢳഩ

Щᇗᆮԃࠗఞ࿘༥႓Ⴐ၁Ⴝ٬Ӑᇟ္֭ࠗ߾hྥᄖ

֭൦ĭ࿀ࠗاఞ࿘༥ފखႽཕ݇؛ᆤ֭ܚࢺĭେ

hႁՖĭޡಋྣ࣑ሯჿྻ౸ᆵތᄥሡಚܜ

൩ႰჇልႰ႟ࡹgᇟࣕތܚසࡁֱ࠷ඔĭແเ༪

hԿྕिఛਜྕ४֭ܚࢺ

ࠗఞ࿘༥՞၄ᆈᄥࡁഐٶ߅ཕ֚ӑ֭Ⴐ

Ⴧྠਈhє൘Ⴐәվ֭݇ࡁࠪಝĭٶ߅၊

ྚఁ֦၊۹ᄍধਈ၊۹ྠ၁൦њ֭hಞᆋဪ

Ⴐĭ֔ྠנՙاྠ؛ช֦ٻܜሯჿሯେࡁ֭

ႝڽเယӉ഻߄Ⴐ؛߾օᇣఁफ़େץྕۿӑ֭ࢨ

ཡhႁՖĭ؛เ༪ܚࢺခࣶಮჼধĭഩࡁେׁނۿ

ᆮԃࠗఞ࿘༥ྠਈ֭༪൦၊۹ྕ֭ࠗუh »

ᇉྎĻ
Я൦Ⴖ્ࡎݛᇤվ࿘ൄϠϠঠྎྲྀٻჿࢥ൹

იᇗज़ᄅࡁЏᄑခࣶჼࡱĭѱ಄֬ਜჸ

лᆈືබॊྚվ࿘જॠi༘ࢥق൹֭൹ಋhҝიْ

ၺ֭ಮჼߖႽᇗज़ᄅࡁ၅࣯Ѹ൞ĭਜ਼ဃgৡ

ᇤࡎݛhৡඨӪĩ્ޅඖࢆळgᅢ࿄ാgຮቤgࡍ

վ࿘ൄϠϠঠྲྀٻĪྲྀᄏਜᆤઊĭำՖྎۓh

ᎋݢݔ
**-ል၄߾ჼhᇗज़ᄅࡁڴခࣶ
ჼhᇾ္ခࣶ٢ཧແࡁࠗเ༪ܚࢺg
ࠖჇࠗఞ࿘༥֭เ༪ܚࢺงႲߌgࡁ
ࣉಽ࿘h
`HUFN\POHP'PJ[�HJ�JU

ၺfᆈĻ

ຮf႞
**-ል၄߾ჼhᇗज़ᄅࡁሁৠခࣶ
ჼhᇾ္ခࣶ٢ཧແۢେེࠪӶא੦ი
เ༪ܚࢺgձԭఞიഐ߂৻gࠗఞ࿘
༥ֱූࡎh
^HUN`PUN��� 'PJ[�HJ�JU

მݼ
**-ል၄߾ჼĭ***-ำာၺᆈhᇗज़
ᄅࡁሁৠခࣶჼhᇾ္ခࣶ٢ཧແ
ۢྦྷେࡁgࡁࠗเ༪ܚࢺgձԭ༪
hSP\`\OHUN'PJ[�HJ�JU
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