
 

1 

귱徏㳔勘煝駐間掾䫟⼴ 

 



 

1 

귱徏㳔勘煝駐間掾䫟⼴ 

潨䓡 

⯼阌 ......................................................................................................................................... 9 

睘┞皺 蔦撬騕阌挖槏⾕焒駮㎽驙뀖意ꂛ㺥⹴勑匡㺥労 ....................................................................... 10 

┞յ뀖意ꂛ㺥 ............................................................................................................................ 10 

1.螅䑑缛┞ ........................................................................................................................ 10 

2.㸰呤续㳔▣䧯╬搑掾 ......................................................................................................... 12 

3.⩪⮕䮏䱢㝕埛㒘茤ⲇ ......................................................................................................... 13 

4.騕阌埛㒘ⷬ劚ⲏ ............................................................................................................... 14 

5.䊬駮焒駮㎽驙 .................................................................................................................. 14 

◝յ热⯼煝疵╚㲾㐃溸ꭄ뀨 .......................................................................................................... 16 

┩յ勑匡㺥労 ............................................................................................................................ 16 

睘◝皺 ⟥䛉啃筻┱焒駮䮏䱢뀖意ꂛ㺥⹴勑匡㺥労 ............................................................................. 18 

┞յ⟥䛉啃筻 ............................................................................................................................ 18 

┞뀖意ꂛ㺥 ..................................................................................................................... 19 

1.㕈◟뀔駕绿埛㒘溸句騊⾕倁⚂銩獏 ...................................................................................... 19 

2.㝃埛䘒⟥䛉䳀⺆煝疵 ......................................................................................................... 19 

3.㕈◟呤续☆◧溸 CTR 뀔⛓埛㒘 ........................................................................................... 20 

4.⺪⟥溸⟥䛉䬂⺆埛㒘 ......................................................................................................... 20 

◝勑匡㺥労 ..................................................................................................................... 20 

◝յ䲀蠩笡缛 ............................................................................................................................ 21 



 

2 

귱徏㳔勘煝駐間掾䫟⼴ 

┞뀖意ꂛ㺥 ..................................................................................................................... 21 

◝勑匡㺥労 ..................................................................................................................... 21 

┩յ㎽玘缋羱缘 ......................................................................................................................... 21 

┞뀖意ꂛ㺥 ..................................................................................................................... 22 

1.驙意ꭄ뀨 ........................................................................................................................ 22 

2.疿意ꭄ뀨 ........................................................................................................................ 22 

3.㎽玘缋羱缘溸둛侞駉砯⾕⺪䪆㺥䙎 ...................................................................................... 23 

4.㝕閕埛溸㎽뀔駕绿煝疵 ...................................................................................................... 23 

5.㎽俚䰕溸㸉䫏侍⮄⾕ꮑ䕣ꭄ뀨 ............................................................................................. 23 

6.㎽缏卐溸缀⻉⚳ ............................................................................................................ 23 

◝勑匡㺥労 ..................................................................................................................... 23 

㎃յ焒駮䮏䱢 ............................................................................................................................ 24 

┞뀖意ꂛ㺥 ..................................................................................................................... 24 

1.焒駮㳔▣⾕銩獏㳔▣ ......................................................................................................... 24 

2.焒駮啃筻┱ꭄ瞩 ............................................................................................................... 24 

3.㝃埛䘒ꭄ瞩 ..................................................................................................................... 25 

◝긖╤溸䮅䧹 .................................................................................................................. 25 

1.焒駮鰑徏溸锭漺䍳ꭄ뀨 ...................................................................................................... 25 

2.焒駮銩獏ꭄ뀨 .................................................................................................................. 25 

┩勑匡㺥労 ..................................................................................................................... 26 

◩յ㎽俚䰕硅槏 ......................................................................................................................... 26 

┞뀖意ꂛ㺥 ..................................................................................................................... 26 



 

3 

귱徏㳔勘煝駐間掾䫟⼴ 

◝긖╤溸䮅䧹 .................................................................................................................. 27 

┩勑匡㺥労 ..................................................................................................................... 28 

睘┩皺 ☭䈰冝茤俚㳔⾕槏駢㕈熝뀖意ꂛ㺥⹴勑匡㺥労 ....................................................................... 30 

┞յ뀖意ꂛ㺥 ............................................................................................................................ 30 

1.广䍳㳔▣溸銩獏槏駢 ......................................................................................................... 30 

2.广䍳㳔▣溸峅槏駢 ......................................................................................................... 31 

3.广䍳㳔▣溸⚳槏駢 ......................................................................................................... 31 

4.广䍳㳔▣䬂骮埛㒘 ............................................................................................................ 32 

5.玘缋羱缘㐃⪼♑䍎氠做긖溸槏駢 .......................................................................................... 32 

◝յ긖╤溸䮅䧹 ......................................................................................................................... 33 

1.玘缋羱缘砯岻煝疵⾕㵄ꮪ䍎氠溸埛㒘㲾㐃먩屰 ....................................................................... 33 

2.⚿缛埛㒘溸煝疵缏卸傱岻䍎氠㐃玘缋羱缘┪ .......................................................................... 33 

3.俚槏槏駢㐃⪼♑做⻔溸䍎氠鿲㸵 .......................................................................................... 34 

┩յ勑匡㺥労 ............................................................................................................................ 34 

睘㎃皺 駉砯勨閗閚뀖意ꂛ㺥⹴勑匡㺥労 ......................................................................................... 36 

┞յ뀖意ꂛ㺥 ............................................................................................................................ 36 

┞剳缛┞溸䐮埛⾕㳔▣埛䑑 ................................................................................................ 37 

1.閗閚 Transformer 䧯╬全嵤돟䌏埛㒘 ................................................................................. 37 

2.┬廷䠋焒⚈ⲏ䐮埛鱂⻔缛┞ ................................................................................................ 38 

3.䲁焺㎽⦑䐮埛MIM⪺鱎 ............................................................................................... 39 

◝剳㝕剳瓑油溸閗閚埛㒘 ................................................................................................... 40 



 

4 

귱徏㳔勘煝駐間掾䫟⼴ 

1.閗閚㝕埛㒘 ..................................................................................................................... 40 

2.閗閚瓑油Ⲙ䘒埛㒘 ............................................................................................................ 41 

┩閗閚뀖意闌ꨇ假䪫茤假埛㒘 ............................................................................................. 41 

1.⚈䟩倁续⯒㎽⦑气䧯 ......................................................................................................... 41 

2.㝃埛䘒⾕관呤续駮⯋┪溸痓熏 ............................................................................................. 42 

3.䪆俆气䧯埛㒘䙎茤鱪鱴 GAN ⾕蔦㎈䓛做岻 ........................................................................... 42 

㎃ꓨ锢埛㒘䧶䍎氠鱂⻔䧯斀 ................................................................................................ 43 

1.玘缋廩叉䪫勘 NeRF 鱂⻔䧯斀 ............................................................................................ 43 

2.ꓨ锢䍎氠做⻔鱶⻔䧯斀 ...................................................................................................... 44 

◝յ假⪺做⻔ ............................................................................................................................ 45 

1.駉砯䶢⦑瞏閗閚⟥⺵裯⺆盛煝疵溸ꂛ┞婢⹿㺥 ....................................................................... 45 

2.閗閚䠋焒鱂⻔駌焒⾕䲀槏 ................................................................................................... 45 

3.┱嚤䗼缏⻉鿴ⲙ 3D 㐙冎槏闌⾕┬廷⚈ⲏ .............................................................................. 46 

4.埛㑊羱缘⾕⪾麄冝茤⪺鱎 ................................................................................................ 46 

5.閗閚埛㒘溸띸啦䙎┱㴘⪢䙎⺇⯒⪸峜 ................................................................................... 47 

睘◩皺 冝茤✅笡缏卐┱蛚曩뀖意ꂛ㺥⹴勑匡㺥労 ............................................................................. 49 

┞յ┪㺂䍎氠 ............................................................................................................................ 49 

1.◥ⸯ气笡缛 ..................................................................................................................... 49 

2.Serverless 駉砯 .............................................................................................................. 50 

3.㎽駉砯 ........................................................................................................................... 51 

◝յ╚ꭊ笡缛鿞燖⚂ ................................................................................................................... 52 



 

5 

귱徏㳔勘煝駐間掾䫟⼴ 

1.广䍳㳔▣罒瓨呻厜 ............................................................................................................ 52 

2.羱缘◧臅 ........................................................................................................................ 53 

3.DPU .............................................................................................................................. 54 

4.긖⻔广䍳㳔▣溸鿞燖⚂⶷⻎⚳ .......................................................................................... 54 

5.燖⚂┱⸐罥俚䰕溸鄌⻉ ...................................................................................................... 55 

6.CPU ⾕Ⲏꅌ㊮겐䧯◟⶿┞蛚曩駦駉 ..................................................................................... 55 

7.⮕䉘䑑笡缛 ..................................................................................................................... 56 

┩յEDA 駦駉鿞⚂ ..................................................................................................................... 56 

㎃յ䍐㺂蛚曩 ............................................................................................................................ 57 

1.蛚曩駦駉䧯续⚳ ............................................................................................................ 58 

2.冘㏉绣겐䧯 ..................................................................................................................... 58 

3.冝茤蛚曩 ........................................................................................................................ 59 

4.✅笡缏卐 ........................................................................................................................ 60 

睘⪮皺 AI+SCIENCE 뀖意ꂛ㺥⹴勑匡㺥労 ..................................................................................... 61 

┞յAI+气⾀璇㳔 ....................................................................................................................... 61 

┞뀖意ꂛ㺥 ..................................................................................................................... 61 

◝⹿㺥做⻔ ..................................................................................................................... 62 

1.迀溮鯵缏卐뀔嵱 ............................................................................................................... 62 

2.迀溮鯵駦駉 ..................................................................................................................... 62 

3.術朮駦駉 ........................................................................................................................ 62 

4.⮕㲳Ⲙⲇ㳔埛䬸 ............................................................................................................... 63 

┩긖╤溸䮅䧹 .................................................................................................................. 63 



 

6 

귱徏㳔勘煝駐間掾䫟⼴ 

◝յAI+包倣 ............................................................................................................................. 63 

┩յAI+㝕官璇㳔 ....................................................................................................................... 64 

┞뀖意ꂛ㺥 ..................................................................................................................... 65 

◝⹿㺥做⻔ ..................................................................................................................... 65 

┩긖╤溸䮅䧹 .................................................................................................................. 66 

1.俚䰕ꓠ겐 ........................................................................................................................ 66 

2.俚䰕閕埛 ........................................................................................................................ 66 

3.俚䰕䐮埛 ........................................................................................................................ 66 

4.煝疵㎑ꭶ ........................................................................................................................ 67 

㎃յAI+玘缋璇㳔 ....................................................................................................................... 67 

┞뀖意ꂛ㺥 ..................................................................................................................... 67 

◝⹿㺥做⻔ ..................................................................................................................... 68 

┩긖╤溸䮅䧹 .................................................................................................................. 68 

◩յAI+䍎氠俚㳔/䍎氠朮槏㳔 ....................................................................................................... 68 

┞뀖意ꂛ㺥 ..................................................................................................................... 69 

◝⹿㺥做⻔ ..................................................................................................................... 69 

┩긖╤溸䮅䧹 .................................................................................................................. 70 

⪮յAI 㐃⪼♑뀖意溸ꂛ㺥 ............................................................................................................ 70 

1.AI+槏駢俚㳔 ................................................................................................................... 70 

2.AI+脞⺜㳔 ...................................................................................................................... 70 

┢յAI 溸⺪闌ꓤ䙎 ..................................................................................................................... 71 



 

7 

귱徏㳔勘煝駐間掾䫟⼴ 

┞뀖意ꂛ㺥 ..................................................................................................................... 71 

◝긖╤溸䮅䧹⾕⹿㺥做⻔ ................................................................................................... 72 

睘┢皺 ☭䈰冝茤⛆槏┱岖槏뀖意ꂛ㺥⹴勑匡㺥労 ............................................................................. 74 

┞յ뀖意ꂛ㺥 ............................................................................................................................ 74 

1.㎼ꮪ㎼⫐⮃⺬㝃뀉☭䈰冝茤⛆槏閕螅 ................................................................................... 74 

2.䧰㎼潸⪸ꌄꬾ⮃⺬☭䈰冝茤䪫勘閕⯜ ................................................................................... 75 

3.ꦎ㸉冝茤砯岻溸㴘⪢駬⛓溸煝疵⼅Ⲙ ................................................................................... 75 

4.㳔预䳀⮃긖⻔☭䈰冝茤砯岻⬑瞬溸㵈駉呻厜 .......................................................................... 75 

5.⽿⻀䐮皒埭鴚漳硅ꌄꬾ⾕㳔勘预溸缛┞✅笡岖槏做呿 .............................................................. 76 

6.⺪돂駩溸砯岻띸啦䙎做岻䭦缩⹿㺥 ...................................................................................... 76 

7.☭䈰冝茤溸ꇟ䗇勶裯䕒ꓨ閗 ................................................................................................ 77 

8.䲀蠩笡缛⻉閕䑜鱎獘⚷⪸峜 ................................................................................................ 77 

◝յ긖╤溸䮅䧹 ......................................................................................................................... 77 

1.冝茤砯岻茤ⲇꁉ预溸⯀㴼 ................................................................................................... 78 

2.砯岻䙎茤┱⺪⟥绢匙▇ꭊ溸烾澃 .......................................................................................... 78 

3.砯岻묶硟┱ꄟ僻漳嵱▇ꭊ溸먩屰 .......................................................................................... 78 

4.☭勨庌⻉溸㜩勵笡缛硅槏걾䍳㝕 .......................................................................................... 78 

┩յ勑匡㺥労 ............................................................................................................................ 78 

1.♈䠋焒砯岻溸㴘⪢䙎⯒⬑瞬砯岻溸㴘⪢䙎 ............................................................................. 78 

2.뀔駕绿㝕埛㒘溸㴘⪢䙎䑜鱎⪸峜 .......................................................................................... 79 

3.駑砯岻岖槏䬿䪫岖全▄ ............................................................................................. 79 



 

8 

귱徏㳔勘煝駐間掾䫟⼴ 

4.䐮皒䧰㎼假┞♣☭䈰冝茤岖槏䈰✑呻厜 ................................................................................ 79 

5.⪼♑鱶ⲹ ........................................................................................................................ 80 

 



 

9 

귱徏㳔勘煝駐間掾䫟⼴ 

⯼阌 

귱徏劲冝徏☭䈰冝茤귱䌑璇㳔㵶⟺▍ꌄ䧯皒◟ 2021 䌑 6 劓僁㐃㙨ꂛ귱䌑㳔脢☆⹲

⽶⻔☆嵤⻉✑㲹芍劔䑜뀖䟩▄溸⮱假䧯卸䊜ⲙ귱䌑㳔脢⩴纳僃劻气布⸐ⲇ䳀❵㺥獏䩜ⶶ

┱낊髳溸䌐⺬卐䐮䐷侒յ㵽溸假⪺煝疵獘ⶔ⹿䮢귱䌑㳔脢ꭊ溸⶷⻎侞䍎믈Ⲥ䱲筻긖⻔

㳔璇ꓨ㝕ꭄ뀨┱䮅䧹溸假䘽䞰յ假⽶岻յ假ꄬ䔴ն蔦䧯皒♨缺귱徏劲╬嶯⫐㜾☭䈰冝茤귱䌑

璇煝⾕䪫勘☭⽄䐮皒◗㶄卄յ嵛鳢溸☆嵤䌐⺬➶ꂛ AI 귱䌑璇煝☭⽄䐷䖦䱲筻冝茤续鯵ն 

2022 䌑 5 劓蔸 6 劓귱徏劲公ⲋ◗귱徏㳔勘䌑劲⹴┞笡⮬㳔勘煝駐嵛Ⲙꉐ騟蔦撬騕阌挖

槏յ冝茤⟥䛉啃筻┱䮏䱢յ駉砯勨閗閚յ冝茤✅笡缏卐┱蛚曩յ勨㊮㳔▣俚槏⾕㕈熝槏駢յAI+

璇㳔♨⹴☭䈰冝茤⛆槏岖槏瞏┢╗⽶⻔ꂀ溯⛻煝疵脢⪴⻎⹨┱駐駢ն煝疵脢㸉뀖意⫐溸搑掾

煝疵յꓨ㝕䮅䧹♨⹴勑缺⹿㺥⽶⻔䳀⮃◗┺╃䟩閒ն 

续倁㸉귱徏劲ꂀ劻┞笡⮬嵛Ⲙ╚䨿䱲駐溸ꓨ掾⫐㵽⾕間掾ꂛ鉿◗俠槏寤䙰䓺䧯վ귱徏劲

2022 䌑☭䈰冝茤ꓨ锢⽶⻔ꂛ㺥┱勑缺㺥绍䫟⼴տն䧰♰劻䔶ꂘ⚌⫐㵽茤㝉╬☭䈰冝茤뀖意귱

䌑㳔脢յ㳔气溸㳔▣⾕煝疵䳀❵⹨脞ն 

 

귱徏劲 

2022 䌑 7 劓
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睘┞皺 蔦撬騕阌挖槏⾕焒駮㎽驙뀖㔔ꂛ㺥⹴勑匡㺥労 

귱徏⚷蔦撬騕阌挖槏┱焒駮㎽驙做⻔㳔脢 

 

潨⯼뀔駕绿騕阌埛㒘䉂䧯╬蔦撬騕阌挖槏뀖意溸㕈熝埛㒘ն煝疵脢⺪♨ꄽꁩ駕绿㝕閕埛

騕倣卐䐮뀔駕绿埛㒘⫙㸞⪼ꁙ瓌⯒┞笡⮬┬廷⚈ⲏ┪䌔㵄⻓䙎茤溸兇詇䳀ⶬն⻎僓

Transformer 䉂䧯╬蔦撬騕阌挖槏뀖意劅全嵤羱缘厜卐ն갫濫뀔駕绿騕阌埛㒘溸閕埛鱴缺鱴

㝕㐃㸰呤续㳔▣뀖意溸䙎茤兇詇䳀ⶬ煝疵脢鱴缺鱴⪸峜ꂘ╗뀖意溸⹿㺥⾕⺈ն 

 

ꂘ◲⻓骮儱⻲뀔獏濫蔦撬騕阌挖槏뀖意⾕焒駮㎽驙뀖意剳╬广⯤溸螅䑑鿛⺈㐃㝕埛㒘䧯

╬全嵤溸䝠⬔┬劔〘◲假⪺煝疵搑掾⾕勨劲续皺╚귱徏劲蔦撬騕阌挖槏⾕焒駮㎽驙⽶⻔

溸㳔脢䱲駐◗ꂘ┞뀖意溸螅䑑鿛⺈䝠⬔䌔㸉勑缺煝疵⽶⻔溸⹿㺥䳀⮃◗閒闌ն 

┞յ뀖㔔ꂛ㺥 

1.螅䑑缛┞ 

蔦撬騕阌挖槏╚劔 NLU蔦撬騕阌槏闌⾕ NLG蔦撬騕阌气䧯克㝕稝⚈ⲏն⛰缂

⮕脯阌⪾✅⺪⮕╬ 7 璀全嵤螅䑑䭇⮕稝յⶑꏕյ䍈⮬吙峜յ꭛騣槏闌յ䍈⮬⯒䍈⮬յ䍈

⮬⯒Ⲙ✑䍈⮬♨⹴騕阌埛㒘瞏ն 
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匡徏 https://arxiv.org/pdf/2109.12575.pdf 

┯⻎溸蔦撬騕阌挖槏⚈ⲏꌬ劔㸉䍎溸闌⬑螅䑑ն㐃蔦撬騕阌挖槏⹿㺥溸僃劻嬓╗⚈ⲏ䨿

㸉䍎溸螅䑑儱⶿┞溸ն嬠㠁⟥䛉䬂⺆⚈ⲏꄽ䊬❈氠䍈⮬吙峜螅䑑缺挖槏նꂀ䌑缺⺪♨間㷌⯒

⹿气螅䑑ꁙ瓌Paradigm Shift溸鱶ⲹˋˋ嬓璀⚈ⲏꌬ㐃氮⚿缛螅䑑ꁙ瓌⯒剳╬缛┞溸螅䑑

┪⪼╚劔⭠稝螅䑑ꄢ庱兇獏⮃⺪♨缛┞㝃璀⚈ⲏ溸愗ⲇն┞儱 MRC 勨㊮꭛騣槏闌螅䑑茤

㝉㸞䨿劔蔦撬騕阌挖槏溸ꭄ뀨ꌬ⺈䧯勨㊮꭛騣槏闌溸䓺䑑ն缕㴼埛㒘ꀂ⪝⾕句騊溸䝠⬔┬埛

㒘茤㝉蔦Ⲙ㐌䳀❵ꀂ⮃◝儱䍈⮬⯒䍈⮬⽶䑑䉂缋闌⬑◗䭇⮕稝յⶑꏕ㐃⫐溸㝃뀉蔦撬騕

阌挖槏⚈ⲏ┩儱潨⯼嵤鉿溸뀔駕绿騕阌埛㒘螅䑑ꄽꁩⲎ⪝㸉䍎溸䳀獏Prompt㸞⮕稝յ

脌駹瞏⚈ⲏ侊ꅐ䧯騕阌埛㒘⚈ⲏ㠁ꀂ⪝┬┞╗駵䧶脢倁续㘋疿溸駕绿♈脯剳㟲㐌㴟䧯ꂘ◲

⚈ⲏն 

 



 

12 

귱徏㳔勘煝駐間掾䫟⼴ 

匡徏 https://arxiv.org/pdf/2109.12575.pdf 

뀔駕绿埛㒘㸞劲Ⲏꅌ蔦撬騕阌溸螅䑑缛┞ն㐃뀔駕绿埛㒘䙎茤鳉㝉点溸䝠⬔┬煝疵脢♰

╬◗❈氠埛㒘茤ⲇ劲全Ⲙ㸞⪼괛锢闌⬑溸⚈ⲏ鿛⺈╬ꃿ⻉뀔駕绿埛㒘挖槏溸䓺䑑ն㎌婟⺪♨

澚⯒热⯼ NLP ╚溸㝃璀⚈ⲏꌬ㐃⻔뀔駕绿埛㒘亘ꪍ溸螅䑑⽶⻔⹿气鿛⺈ն 

2.㸰呤续㳔▣䧯╬搑掾 

갫濫┬廷⚈ⲏ䙎茤溸兇詇䳀ⶬ煝疵脢䐷㢽⪸峜관呤续⹴㸰呤续㳔▣ꭄ뀨䌔䧯╬ꂀ䌑缺

긌䊬ꓨ锢溸煝疵搑掾ն 

ꯙ◗䕒漩◟뀔駕绿埛㒘溸佻䭦㸰呤续㳔▣溸䗪ꅌ⹿㺥□䓛ⲍ◟⪼缙✲溸駕绿⽶䑑ˋˋ䳀

獏騫ꃿPrompt Tuningն㐃⚿缛溸窢騫Fine Tuningꮕ嫙煝疵脢괛锢騫俠埛㒘溸⹨

俚㸉䍎㝕埛㒘缺騜侞椚潸㸉┯둛䌔괛锢鿲㝃溸吙峜俚䰕ն⻓㐃煝疵脢⺪♨卐ꅐ䳀獏⹴埛

升䳀❵缕㝕埛㒘⩪⮕⯈氠㝕埛㒘╚㳔▣⯒溸焒駮❈⪼剳㟲㐌㴟䧯┬廷⚈ⲏն騍璀埛䑑긌䊬

ꃿ⻉㸰呤续㳔▣㎌╬⪼긌䊬❹鰣埛㒘溸⩰돂焒駮ն⺢锢⩪⮕䮏䱢⮃埛㒘╚溸갬趴焒駮㹧⺪

♨潳碎䳀ⶬ㸰呤续㳔▣溸䙎茤ն 
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3.⩪⮕䮏䱢㝕埛㒘茤ⲇ 

㹻硅뀔駕绿㝕埛㒘䉂䧯╬┞璀全嵤溸㕈熝埛㒘⪼茤ⲇꂖ劔錻ꂛ┞婢䮏䱢溸疿ꭊն뀔駕绿

埛㒘䧶駠⺪⪾㜜槏闌⾕䊬駮䲀槏溸茤ⲇն 

⚿缛┪㠁卸⻔뀔駕绿埛㒘㠁 GPT騊ꭄ槏闌յ䊬駮瞏⽶긖溸ꭄ뀨埛㒘⺪茤劲㎈瞩ꨟ

騗ն⛰□劔煝疵䭰⮃㠁卸㸞☭稝溸䲀槏ꁩ瓨✑╬獏❛㺥獏缕埛㒘埛㒘劲鴋갫ꂘ璀䲀槏埛䑑

ꀂ⮃┞╗婞燛溸瞩呿ն劅ꂀꂖ劔煝疵脢䳀⮃◗┞璀剳矻⶿溸⢳岻⺢괛锢䳀❵┞⺝䳀獏㠁

Let's Think Step by Step埛㒘㹧茤㝉䭶攍叄璀䲀槏ꨄ匜蔦Ⲙ䪨⯒瞩呿ն♨┪呿❛騜僻

뀔駕绿㝕埛㒘╚溸愗ⲇ♇劔䔶䮏䱢ն 
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4.騕阌埛㒘ⷬ劚ⲏ 

热⯼騕阌埛㒘溸閕埛鱴缺鱴㝕⪼긖⻔┬廷⚈ⲏ溸騫ꃿ䧯续□긌䊬둛ն㎌婟┞璀剳⻓

㵄溸⯈氠㝕閕埛騕阌埛㒘溸⽶䑑儱騕阌埛㒘ⷬ纳ⲏLanguage Model As A Service

LMAASⷬ㸞㝕閕埛騕阌埛㒘閗╬┞璀纳ⲏն热氠䨮䳀❵ꀂ⪝僓埛㒘蔦Ⲙ䳀❵ꀂ⮃ն 

ꦎ㸉騕阌埛㒘ⷬ纳ⲏ溸┬廷⚈ⲏ騫ꃿ㹧⺈䕒긌䊬ꓨ锢ն┞璀愗㐃溸⽶岻儱묶硟騫ꃿ

Black-box Tuning騫⹨ꁩ瓨☹❹鰣ꀂ⪝⾕ꀂ⮃溸☆◧糊괛駉砯㝕埛㒘溸唨䍳㎌婟騫

⹨ꁩ瓨□ⶥ⮕둛侞ն劅ꂀ溸煝疵䈰✑㸞ꂘ璀⽶岻䍎氠◟㸰呤续㳔▣⺪♨㵄⻓┱唨䍳騫⹨碎ꂀ

溸寊䌐ն 

 

5.䊬駮焒駮㎽驙 

䊬駮焒駮㎽驙儱焒駮㎽驙긖⻔剳╬㜩勵⚈ⲏ溸⹿㺥⽶⻔ն⚿缛溸焒駮㎽驙儱귿䘒溸յ☹銩

獏嚤䗼溸焒駮㎽驙ն锢䲀Ⲙ焒駮㎽驙溸ꂛ┞婢⹿㺥괛锢駑⪼茤㝉銩獏剳Ⲏ㜩勵溸◜⚂㠁Ⲙ

䘒◜㵄ն潨⯼䊬駮焒駮㎽驙溸⹿㺥䘒ⲹ鿲㟲䉂缋茤㝉周䰕◜⚂溸䲾ꃎ卐ꅐ⮃剳╬㜩勵溸

◜⚂⪸笡㠁僓ꭊ⪸笡յ㎌卸⪸笡յ匜⚂⪸笡յ缀䧯⪸笡瞏ꂘ呤溸焒駮㎽驙㐃䊬駮䙎┬廷⚈

ⲏ╚⪾劔鿲㟲溸䙎茤ն 
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婟㜾焒駮㎽驙溸⺞┞╗⹿㺥⽶⻔儱LMs-as-KBs騕阌埛㒘ⷬ焒駮䍍⺪♨ꄽꁩ稝

⛤◟┩⩧缀句騊溸䓺䑑氮☭稝卐ꅐ騕阌埛㒘埛升駑騕阌埛㒘ꄽꁩ焒駮䍍句騊溸⽶䑑♈뀔

駕绿溸俚䰕╚ꂊ㎈瞩呿潸嬠⚿缛溸焒駮啃筻⪾劔⚳ⲹն 

 

⡽䕒┞䳀溸儱㠁卸♨焒駮䍍溸間掾缺澚騕阌埛㒘⺪茤긖╤◩╗⽶긖溸ꭄ뀨ն┞儱焒駮

騣⺆䭇㠁✇卐ꅐ句騊缺裯⺆埛㒘╚焒駮溸⽶岻◝儱焒駮┞蔺䙎뀔駕绿埛㒘╚⺪茤⻼

潸◧烾澃溸焒駮괛锢受䭦┞蔺┩儱焒駮罒ꀀ热騕阌埛㒘駕绿㴟䧯⻑焒駮♨埛㒘⹨俚溸

䓺䑑㎷㴼┬缺ն㠁卸焒駮续麄⹿气◗⺈괛锢剳假埛㒘⮯괛锢ꓨ假駕绿㎃儱焒駮䲀槏

騕阌埛㒘续麄䲀槏茤ⲇ鿲䒙鿲걾㴟䧯┱焒駮䍍稝⛤溸䲀槏◩儱⺪闌ꓤ䙎焒駮䍍续麄儱缏

卐溸⪾劔⺪闌ꓤ䙎⛰騕阌埛㒘溸⺪闌ꓤ䙎♇괛Ⲏ点ն 

뀖意ꂛ㺥溸䙰缏㠁┬ 
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◝յ䓝⯼煝疵╚㲾㐃溸ꭄ뀨 

㐃⺇漩◟뀔駕绿㝕埛㒘溸⻎僓蔦撬騕阌挖槏뀖意□긖╤┞㴼溸ꭄ뀨ն┞儱热⯼全嵤䈰✑

⻎鯵║ꓨꓠ氠溸뀔駕绿埛㒘厜卐□㝃╬ BERTյT5 瞏ն◝儱ꓨ㎈杅䔰䈰瓨热㕈熝埛㒘鱶

⻎⻑煝疵脢♰嬠䭞溸剳㝃儱杅䔰䈰瓨茤ⲇ脯┯儱㸉埛㒘ⸯ槏溸䘽脞⾕⽶岻┪溸侊ꂛն┩儱

뀔駕绿埛㒘煝疵茤腅둛յ┯楒受괛锢ꂛ┞婢䱲筻剳Ⲏ둛侞溸駕绿♨⹴ꌄ翤瞬汻ն 

 

┩յ勑匡㺥労 

긖⻔勑缺䧰♰⺪♨澚⯒뀔駕绿㝕埛㒘缕䧰♰䊎缺◗剳㝃溸煝疵⽶⻔⾕勨劲ն♈㝕埛㒘溸

气⾀⽟劻缺澚埛㒘煝疵괛锢缋ꁩ厜卐駦駉յ뀔駕绿յ┬廷騫ꃿյꌄ翤յ䲀偃瞏⭠╗婢돚ն㐃

ꂘ◲楒虹╚ꌬ劔⺪♨ꂛ┞婢⹿㺥溸疿ꭊն 

 

㐃埛㒘缏卐⽶긖⺪♨⪸峜埛㒘侞椚յ┱긌峜䟩ⲇ勨⯜溸☆◧⽶䑑ꓠ氠瓑油鴤氮缏卐瞏

假⪺뀖意㐃뀔駕绿⽶긖⺪⪸峜㠁✇駦駉뀔駕绿⚈ⲏ䳀ⶬ뀔駕绿侞椚㸌䪨焒駮法⪝⾕剳

假埛㒘溸⽶岻㐃┬廷騫駽僓⺪ꂛ┞婢䱲疵┬廷⚈ⲏ䕼騫溸侞椚ꭄ뀨䱲筻剳Ⲏ挺嵛溸┪┬
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倁㳔▣勨⯜瞏㐃埛㒘ꌄ翤ꮕ嫙⺪♨煝疵埛㒘溸⺪긐䙎♨⹴缛┞溸⚈ⲏ螅䑑ꃰ寛氠⶿┞埛

㒘佻临㝃璀蔦撬騕阌挖槏纳ⲏ㐃埛㒘䲀偃僓⺪ꂛ┞婢ꓠ氠埛㒘⸐罥յⰬ卹⾕Ⲙ䘒鴤氮瞏⽶

岻䳀둛駉砯侞椚╬埛㒘ꂛ鉿Ⲏꅌ瞏ն 

⻎僓駕绿뀔駕绿埛㒘□瑠┯䐷騕倣溸鯵ꓪն뀔駕绿騕阌埛㒘┯儱騕阌溸埛㒘䱌䳣

騕阌茤ⲇ续麄䌔┯괛锢㠁婟䍣㝕閕埛溸駕绿뀔倣ն뀔駕绿埛㒘㵄ꮪ┪儱┞璀♨騕阌䪩鿬溸┿

预焒駮溸⺞┞璀銩⻓䓺䑑ն㠁卸⺢㳔▣騕阌续鯵┪┯괛锢❈氠缰㕈溯璇瞏焒駮㶕겐溸騕倣

⛰锢駕绿┞╗둛鯵ꓪ溸뀔駕绿埛㒘缰㕈溯璇儱䖪┯⺪㸵溸駕绿俚䰕㎌╬⪼╚⻼㝕ꓪ溸焒

駮ն⺪♨䪻뀔駕绿埛㒘热䧯┞璀갬䑑焒駮䍍♨⹴⹨俚溸溯璇⪢▫ն㝕埛㒘┯劲⹜

⮱假焒駮㴋ꄽꁩ駕绿溸⽶䑑✑╬焒駮溸┞璀⼯⻓ն㎌婟卐ꅐ둛鯵ꓪ溸俚䰕□儱ꓨ锢溸煝

疵⽶⻔ն 

ꯙ┪ꃎ⭠╗⽶⻔▇㜾蔦撬騕阌挖槏뀖意⡽䕒⪸峜溸⹿㺥⽶⻔ꂖ䭇둛鯵ꓪ╚倁俚䰕鰑

徏䐮駦յ㝃騕阌㝃埛䘒뀔駕绿埛㒘յ긌蔦㎈䓛气䧯䪫勘յ䐷侒楒㘷╚溸蔦撬騕阌㳔▣յ㜩勵焒

駮䲀槏յ嵤䑑騕꼟脌駹յ焒駮뎧Ⲙ溸뀔駕绿埛㒘յ관/㸰呤续㳔▣յ⪾麄㳔▣յ玘缋-睋⺵鄌⻉厜

卐յ㸉騅┱倁续气䧯鯵ꓪ溸駬⚃ꭄ뀨♨⹴⺪⟥ NLP 䪫勘瞏ն 
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睘◝皺 ⟥䛉啃筻┱焒駮䮏䱢뀖㔔ꂛ㺥⹴勑匡㺥労 

귱徏⚷⟥䛉啃筻┱焒駮䮏䱢做⻔㳔脢 

 

⟥䛉啃筻┱䮏䱢帏漺啃筻յ䲀蠩յ焒駮䮏䱢յ㎽玘缋羱缘յ俚䰕硅槏瞏㝃╗뀖意┱缋嵴

獘劲箄㶕潸⪸ն갫濫ꂀ䌑缺뀔駕绿埛㒘⾕焒駮㎽驙溸䗪ꅌ⹿㺥♨⹴ꦎ㸉駉砯Ⲏꅌ溸┺氠蛚曩

騆气⟥䛉啃筻┱䮏䱢뀖意ꁹ缺◗剳╬䌦꭪溸⹿㺥⯼冎ն续皺╚귱徏劲⟥䛉啃筻┱䮏䱢⽶⻔

煝疵脢䱲駐◗ꂘ┞뀖意┬溸⯼装ꂛ㺥䌔㸉뀖意溸煝疵搑掾⾕勑缺ꂛ鉿㺥绍ն 

┞յ⟥䛉啃筻 

㐃⟥䛉啃筻╚劅ꓨ锢溸ꭄ뀨▇┞儱煝疵 Query句騊⾕ Document倁⚂䧶脢□

⺪♨㸞 Q&A ⚈ⲏ閗╬儱ꭄ뀨-瞩呿溸ⶑꏕն♈⟥䛉啃筻煝疵脢閗閤缺澚☭♰剳⪸峜溸 Query

⾕ Document 溸ⶑꏕ瓨䍳䧶潸⪸瓨䍳溸ꭄ뀨ն 

周䰕⟥䛉啃筻⚈ⲏ溸杅掾⺪㸞⪼⮕䧯⺥㎈յ硬䍈克╗ꁩ瓨ն⺥㎈ꁩ瓨䭰溸儱♈㝕閕埛溸

Web Data ╚䵎筻⯒┱ Query 긌䊬潸⪸溸 Document撬⻑⫙㸉ꂘ◲ Document ꂛ鉿窢⬮硬

䍈ն 
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┞뀖㔔ꂛ㺥 

蔦⟥䛉啃筻㳔璇騆气⚢㢽䉂⮃⻓◗㝃璀煝疵⽶岻劅⮵溸煝疵㕈◟䉘㸸ꆒꀀ⽶岻▇⻑

劔煝疵脢䳀⮃◗⚿缛溸⟥䛉啃筻埛㒘⪼╚□䭇⚿缛溸騕阌埛㒘瞏ն갫⻑啃筻埛㒘溸閕埛

┯偃㙨㝕ն갫濫勨㊮㳔▣溸⽶岻㐃⟥䛉啃筻뀖意溸⹿㺥ꄢ庱䧯╬啃筻뀖意╚溸┞璀全嵤⽶岻ն

潨⯼㎌⪼⪾劔ꄽ氠⚈ⲏ茤ⲇ㝕閕埛뀔駕绿埛㒘□㐃⟥䛉啃筻⚈ⲏ╚⹿䮢◗ꓨ锢✑氠ն 

1.㕈◟뀔駕绿埛㒘溸句騊⾕倁⚂銩獏 

蔦 2019 䌑䐷㢽⟥䛉啃筻뀖意溸煝疵ꓨ掾儱㕈◟뀔駕绿埛㒘ꓠ氠⶿㗠䧶脢㝃㗠厜卐

㸉⟥䛉啃筻╚괛锢ⶑꏕ溸 Query ⾕ Document ⮕⯋ꂛ鉿銩獏ն婟㜾□劔埛㒘⺪♨㸉◝脢▇

ꭊ溸☆◧瓨䍳ꂛ鉿銩獏⾕䐮埛溸⽶岻ն 

ꂀ缺⪾劔♣銩䙎溸䈰✑儱驟娬◟ 2021 䌑⹿䉘溸駢倁Transformer Memory as a 

Differentiable Search Index騍煝疵㐃⟥䛉啃筻뀖意䐷⼅◗假溸ꓧ瓨爛ն煝疵脢㸞⺥㎈⾕

硬䍈克╗ꁩ瓨鄌⻉╬┞╗ꮕ嫙䌔䳀ⶬ◗㐃⺥㎈僓ꓠ氠㝕閕埛뀔駕绿埛㒘溸駉砯侞椚ն氠䨮㐃

❈氠ꁩ瓨╚⺪♨䔻蔦撬㐌ꀂ⪝句騊埛㒘茤㝉潳碎气䧯䧶䳀⺆氠䨮괛锢溸缏卸ն 

2.㝃埛䘒⟥䛉䳀⺆煝疵 

⺞┞╗啃筻뀖意溸ꓨ锢ꂛ㺥儱㸉◟┯⻎埛䘒⟥䛉溸䳀⺆煝疵նꁩ⹜煝疵脢册ꇁ⪸峜倁续

溸啃筻⾕䳀⺆䈰✑ն갫濫ꂀ䌑缺㝃璀埛䘒俚䰕ꓪ溸㙨ꪍ㸉◟㎽倁潸◧啃筻溸煝疵氋蔸儱鴚

埛䘒俚䰕溸啃筻䉂缋䧯╬◗假溸搑掾煝疵騅뀨ն⪿㒘呿❛劔 CLIPյDALL·EյDALL·E2 瞏ն 
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3.㕈◟呤续☆◧溸 CTR 뀔⛓埛㒘 

CTR 뀔⛓儱䵎筻⾕䲀蠩╚溸ꓨ锢ꭄ뀨䐷㢽煝疵脢全锢❈氠ꆒꀀ㎈䓛▇稝溸埛㒘蔦 2015

䌑䐷㢽广䍳㳔▣⭀㸵◗杅䔰䈰瓨溸䈰✑ꓪꄽꁩ䮏䱢杅䔰▇ꭊ溸☆◧埛䑑ꂛ鉿둛ꮕ杅䔰溸蔦

Ⲙ駦駉2020 䌑䐷㢽╬◗ꂛ┞婢䳀ⶬ埛㒘溸茤ⲇ䔻㝃俚䰕挖槏⾕杅䔰䈰瓨⽶긖溸䈰✑⹱㎈缺

◗ꂀ䌑缺䳀⮃ UBRDIEN 瞏䈰✑剳㝃溸䮏䱢俚䰕呤❛▇ꭊ溸⪸笡ꂘ□儱┞╗假鱶ⲹ溸⯒

缺ն 

 

4.⺪⟥溸⟥䛉䬂⺆埛㒘 

⺪⟥溸⟥䛉䬂⺆埛㒘□䧯╬煝疵脢⪸峜溸騅뀨ն煝疵脢䉤绍㐃╬氠䨮䳀❵䳀❵啃筻缏卸

⻎僓ꂖ茤㝉燛受埛㒘⪫䌐䙎ն㐃ꂘ┞뀖意全锢⮕╬克╗⽶⻔⮕⯋儱㜾㐃⟥⚈⾕⫐㐃⟥⚈ն

㜾㐃⟥⚈全锢儱㸉⪸ꨴ缰䍳溸鯵ꓪꂛ鉿受駩ⷬ㸉缏卸ꂛ鉿駬⛓⫐㐃溸⟥⚈全锢儱䉤绍䲀槏

溸ꁩ瓨茤㝉睋⻉☭稝溸劻绍╬缏卸䳀❵剳㟲溸闌ꓤն 

◝勑匡㺥労 

㐃勑缺⟥䛉啃筻뀖意⺪茤劲澚⯒┩╗⽶긖溸鱶ⲹն┞儱澶婞茤䩤ꄽ⺥㎈⾕硬䍈克╗ꮕ嫙

卐䐮盛⯒盛溸յ둛侞⟥䛉䬂⺆呻厜ն◝儱䑜⪝焒駮闌⬑槏闌倁续僓ꆱ⯒溸䊬駮䲀槏瞏ꭄ뀨ն

┩儱䭦缩⪸峜⺪⟥☭䈰冝茤煝疵受駩啃筻笡缛溸甯㴼䙎䌔䱲疵闌⬑☭䈰冝茤溸⛆槏ꭄ뀨ն 



 

21 

귱徏㳔勘煝駐間掾䫟⼴ 

◝յ䲀蠩笡缛  

䲀蠩笡缛儱┞╗䈰瓨璇㳔ꭄ뀨⪼璇㳔潨吙⺪♨㴼▄╬ꄽꁩ槏闌氠䨮溸갬䑑괛寛㸉⟥䛉

ꂛ鉿ꁩ怱ն卐䐮䲀蠩笡缛锢闌⬑溸呦䖦ꭄ뀨儱䘤呤茤㝉♈氠䨮⸉⺮鉿╬╚⹜槏闌氠䨮溸갬

䑑괛寛ն 

┞뀖㔔ꂛ㺥 

㐃䲀蠩笡缛뀖意全锢溸ꂛ㺥䭇┞儱⟥䛉⹜㊱ն煝疵脢䉤绍ⷬ❈儱罼▌漳䱽⟥⺵瞏ꭄ

뀨溸䝠⬔┬䲀蠩笡缛茤㝉駮⯋䌔⮸ꯙ氠䨮⾕ガ⿣⟥䛉╚㲾㐃溸㊱꼟ն◝儱俚䰕⹜⢟ն㹻硅氠

䨮㐃❈氠ꁩ瓨╚汧┬◗駠㝃氠䨮浂ꃥ⛰ꂘ◲俚䰕⻼◗氠䨮┱笡缛溸⻄璀⢟閒劲䔕⿱䲀蠩

笡缛溸䙎茤괛锢煝疵⹜ꯙꂘ◲⢟閒溸⽶岻ն┩儱缂積䍳䐮埛ն䲀蠩笡缛괛锢㐃氠䨮鉿╬䐮埛

溸ꁩ瓨╚剳㝃㐌⹜脞軭剳╬缂積䍳溸㐙冎⟥䛉䐮埛䳀❵剳窢⬮溸䲀蠩缏卸ն 

◝勑匡㺥労 

㐃热⯼溸䲀蠩笡缛溸煝疵╚♇㲾㐃┞◲ꭄ뀨䭇ガ╃瓨䍳鿲ꓨյ⺪茤㲾㐃⟥䛉蟈䨼

瞏괛锢䐷㺥☆⹲㳔璇潸⪸煝疵ն⻎僓䲀蠩笡缛ꂖ괛锢駑廍缕氠䨮全㸍勶䳀❵缕氠䨮剳⪾

劔蔦全⺪䱽溸勨⯜駑䲀蠩缏卸怮鳉⺪⟥溸괛寛䳀❵剳㝃缏卸溸⺪闌ꓤ䙎ն婟㜾䲀蠩笡缛

溸㳔勘䙎煝疵⾕䈰╃訒㐌▇ꭊꂖ㲾㐃먩屰ն㳔勘预⪸峜溸⢟⻔⽶岻㺂긖㠁㎽⽶岻յ点㳔▣

⽶岻瞏ն⛰䈰╃预⪸峜溸⢟⻔㐙冎㺂긖㠁㸉 Cross DomainյLarge ScaleյLong Tail 瞏ꭄ

뀨溸挖槏瞏նꂘ㸍蔺♈╃脢㐃⪸峜┯⻎溸ꭄ뀨⾕䪫勘闌⬑⽶呿┪㲾㐃┞㴼䈽䐻ն 

┩յ㎽玘缋羱缘 

㎽玘缋羱缘㲾㐃◟䔻㝃䍎氠㐙冎╚ն嬠㠁㐃獘☆羱缘╚☭┱☭ꌬ儱㎽羱缘╚溸虹掾

氠䨮⾕氠䨮溸ꂞ绻㹧卐䧯◗㎽╚溸ꁉն㎽玘缋羱缘㐃俚䰕缏卐┪⾕㎽⦑յ倁续瞏┯⻎㎽缏
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卐俚䰕儱┞璀假溸俚䰕稝㒘⺪┺氠◟㎽勨㊮㳔▣ն❈氠㎽玘缋羱缘䉂缋⺪♨㴟䧯┞◲뀔嵱

⾕䲀蠩⚈ⲏն 

┞뀖㔔ꂛ㺥 

1.驙意ꭄ뀨 

驙意ꭄ뀨溸呦䖦䘽䞰儱駦駉㐃㎽┪溸ⷳ璺ꄽꁩ┞╗驙意┪溸怱峒㊮ꂛ鉿㵄⻓呦䖦ꭄ뀨

儱駦駉䧶㳔▣驙意怱峒նꂀ䌑缺䉂⹿㺥⮃┞◲┯⻎溸⽶岻䭇㎷㴼⛽ꄽ怱峒㊮⽶岻յ⯈氠┯

⻎溸㝃뀉䑑㕈ꂀ⛤⽶岻♨⹴⡊ⲙ㎽⚳⮇俚ꂛ鉿駦駉⾕㳔▣┯⻎溸埛䑑ն 

 

2.疿意ꭄ뀨 

氮◟巆䛉溸⚿ꄨ分气◗┯⻎溸勨⯜⺪♨䙰缏㐃ꂘ┞螅䑑┬㸉┯⻎溸勨⯜ꂛ鉿㴼▄ն⪼

╚溸呦䖦ꭄ뀨㐃◟侊ꂛꂘ璀巆䛉⚿ꄨ溸勨⯜溸⽶䑑ն⻎僓┯⻎溸巆䛉⚿ꄨ⽶岻㐃㎽玘缋羱缘

溸銩ꁒ茤ⲇ┪⯒潜劲分气☴▂呤溸缏卸□儱뀖意╚ꓨ锢溸煝疵ꭄ뀨ն 
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3.㎽玘缋羱缘溸둛侞駉砯⾕⺪䪆㺥䙎 

㐃ꂘ┞⽶긖劔⮕㺂ꓠ呤⽶岻յ㎽ꓠ呤⽶岻յ绻䙎埛㒘⽶岻յ⸉⺮法⪝⽶岻瞏茤㝉⹜闌

⬑둛侞駉砯ꭄ뀨ն 

4.㝕閕埛溸㎽뀔駕绿煝疵 

㸞뀔駕绿⾕㎽羱缘ꂛ鉿俠⻉茤㝉㐃㎽玘缋羱缘溸⻄璀㐙冎┬䕒⯒劔侞䍎氠նꂘ⪼╚䭇

◗㎽漳瀥駕绿⽶岻յ㎽蔦罒焺㊮⽶岻յ蔦㎈䓛⽶岻յ┪┬倁뀔嵱յ㎽㸉嬠㳔▣瞏ն 

5.㎽俚䰕溸㸉䫏侍⮄⾕ꮑ䕣ꭄ뀨 

㐃侍垂⽶긖周䰕侍垂脢䨿焒錻侍垂埛㒘溸⟥䛉⺪♨⮕╬溮漴⽶岻յ挰漴⽶岻յ묶漴侍

垂埛䑑瞏ն㐃ꮑ䕣⽶긖潨⯼䉂缋⮃⻓◗㸉䫏駕绿⽶岻յ뀔挖槏⽶岻յ峜䟩ⲇ勨⯜⽶岻յ⺪돂

駩띸啦䙎⽶岻瞏ն 

6.㎽缏卐溸缀⻉⚳ 

ꄽꁩ㝃璀⽶岻侊ꂛ埛㒘缏卐ꂛ┞婢䳀ⶬ埛㒘溸䙎茤⾕銩⻓㠁㕈◟点㳔▣溸⽶岻瞏ն

⻎僓⺪㕈◟⼅⹿䙎⽶岻ꄽꁩ㐃玘缋羱缘溸缏卐热╚䑜⪝┞◲缋⪿溸⽶岻缺ꂛ鉿ꂀ⛤埛䬸ն

ꂖ劔庌⻉⽶岻ˋˋ䪻克璀埛䑑缏⻉㐃┞鱎ꂛ鉿缀⻉溸⚳ն 

◝勑匡㺥労 

㎽玘缋羱缘뀖意潨⯼ꂖ㲾㐃䔻㝃ꭄ뀨劔䔶闌⬑ն┞儱㐃勨㊮㳔▣溸槏駢呦䖦⢏駦⽶긖ꂖ

㲾㐃䱲筻溸疿ꭊն㠁㐃┯⻎溸俚䰕匜⚂┬煝疵勨㊮㳔▣溸槏駢呦䖦⢏駦ն◝儱煝疵㎽㺂긖⾕虹

掾㺂긖溸⚈ⲏ▇ꭊ溸ⶔ⯋ն煝疵脢㐃㴼▄┯⻎溸⚈ⲏ僓⺪茤儱❹䰕┯⻎溸㺂긖缺ꂛ鉿煝疵ն

❛㠁㐃 Drug Discovery ꭄ뀨╚鿲╬ꓨ锢溸儱煝疵㎽续麄溸銩獏⛰儱㐃虹掾⮕稝䧶䲀蠩

笡缛╚⪸峜溸ꓨ掾⮯儱㎽╚嬓╗虹掾溸銩獏ն㎌婟㐃┯⻎溸㐙冎⾕┯⻎ꭄ뀨煝疵╚㎽玘

缋羱缘溸煝疵ꓨ掾□䍎热ⶔ⯋㸉䔶ն┩儱㐃㝕㎽㐙冎┬㸉㎽玘缋羱缘ꂛ鉿둛侞駉砯潨⯼♇

撬ꂖ儱┞╗勑闌⬑溸ꭄ뀨ն 
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㎃յ焒駮䮏䱢 

┞뀖㔔ꂛ㺥 

1.焒駮㳔▣⾕銩獏㳔▣ 

㐃焒駮㳔▣⾕銩獏㳔▣㺂긖全锢溸ꂛ㺥劔焒駮㎽驙法⪝溸假⽶岻ն煝疵⹿⻓㸞䑜⪝

◗㺂姍⪸笡缏卐溸焒駮㎽驙法⪝埛㒘茤㝉劔侞⯤氻┯⻎溸積䍳յ┯⻎㺂긖溸㵄✅ն婟㜾ꂖ

劔煝疵脢䳀⮃㸞㕈◟갬⻼騕▄⶿⩧溸焒駮㎽驙法⪝埛㒘ꄽꁩ갬䑑溸⽶䑑闌⬑焒駮㎽驙热

╚溸俚䰕┯䌐銝⾕俚䰕瓑油溸ꭄ뀨նꂖ劔ꄽꁩꀂ⪝⪴☑騕▄⶿⩧溸埛䑑㵄⻓⟥䛉◧ꄽ⾕⪴☑ն

婟㜾劔煝疵脢䳀⮃◗㕈◟㝃⚈ⲏ点㳔▣溸띸啦䙎焒駮㎽驙法⪝埛㒘⺪♨劔侞յ띸啦㐌闌

⬑蔦Ⲙ䬂⺆ꁩ瓨╚䊎缺溸㊱㛽ꭄ뀨ն 

㐃焒駮㳔▣⾕銩獏㳔▣㺂긖ꂖ⮃⻓◗㕈◟뀔駕绿埛㒘溸焒駮䱲嵱⽶岻ն煝疵脢㸞㝕閕埛

뀔駕绿埛㒘閗╬閕埛鿲㝕溸焒駮䍍♈脯㵄⻓䍎氠ն全锢溸⽶岻劔㕈◟ Prompt-based 溸⽶岻յ

Case-based 稝嬠⽶岻㕈◟┪┬倁䲀槏溸⽶岻瞏ն 

 

2.焒駮啃筻┱ꭄ瞩 

㐃焒駮㎽驙䍎氠┪劔煝疵脢䳀⮃劔㕈◟騕▄溸闌卥⽶岻յ㕈◟⟥䛉啃筻溸⽶岻յ㝃瞬汻

ꭄ瞩⽶岻㠁㠁⯈氠焒駮ꂛ鉿㙨点㵄⻓鿲窢⬮溸꭛騣槏闌䧶ꄽꁩ啃筻埛䑑䮏䱢瞏ն 
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㸉騅䑑焒駮ꭄ瞩ꭄ뀨儱☆◧䑑煝疵╚溸搑掾նꂘ┞⽶⻔溸䮅䧹儱埛㒘劲ꆱ⯒澉汻溸䝠⬔ն

婟㜾埛㒘ꂖ긖╤劔侞㳔▣騕▄闌卥㊮溸ꭄ뀨ն劅⻑Transformer 埛㒘⾕ꆒꀀ騕岻埛㒘□㐃

ꂘ┞뀖意䕒⯒◗劔侞㐌䍎氠ն 

3.㝃埛䘒ꭄ瞩 

㝃埛䘒啃筻䧯╬ꂀ劻⪸峜溸ꭄ뀨热⯼溸⽶岻䭇⶿嵤⽶岻յ㝃嵤⽶岻♨⹴┯⻎埛䘒▇

ꭊ㸉뱚溸䪫勘䉂缋㐃焒駮䮏䱢뀖意䐷㺥䍎氠ն 

 

◝긖╤溸䮅䧹 

焒駮䮏䱢⽶긖긖╤溸䮅䧹全锢䭇 

1.焒駮鰑徏溸锭漺䍳ꭄ뀨 

㹻硅煝疵脢䉂缋卐䐮◗⻼┯⻎溸⟥䛉溸㎽⛰儱㐃杅㴼뀖意❹撬긖╤뀖意焒駮罼▌溸

ꭄ뀨㐃闌⬑㵄ꮪꭄ뀨⽶긖焒駮溸锭漺瓨䍳ꂜꂜ┯㝉ն 

2.焒駮銩獏ꭄ뀨 

热⯼㝕㝃俚焒駮鰑徏儱㕈◟┩⩧缀溸焒駮銩獏埛㒘⛰㸉◟㜩勵缏卐溸焒駮┩⩧缀⺪

茤糊岻ꂛ鉿劔侞溸銩獏ն㜩勵厜卐溸焒駮䭇⛰┯ꮺ◟◜⚂յ嵤瓨յ駉⮦յ䊬駮♨⹴ꁩ瓨

稝焒駮յ긌◜㵄稝焒駮瞏ꂘ◲ꌬ⪾劔䮅䧹䙎ն 
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┩勑匡㺥労 

勑缺㐃焒駮䮏䱢뀖意⺪♨澚⯒㠁┬鱶ⲹ┞儱玘缋羱缘┱睋⺵笡缛溸鄌⻉⯈氠㝕閕

埛缛駉埛㒘ꓠ氠俚䰕뎧Ⲙ溸⽶岻㳔▣溸焒駮⾕ꄽꁩ☭╬㴼▄յ긌䊬窢燛溸焒駮缏⻉ꂛ鉿

銩獏⾕䲀偃潨⯼♇撬罼▌虙㟲溸埛䑑ն◝儱긖⻔뀔駕绿埛㒘溸焒駮䱲筻潨⯼♇罼▌䧯斀溸

埛䑑㲾㐃焒駮锭漺䍳鿲⛽銩獏⽶岻┯㝉⬮燛瞏ꭄ뀨ն㕈◟㝃埛䘒յ㝃⚈ⲏ溸뀔駕绿㝕埛㒘

搑愲ꂖ㸞䭦缩糊駢儱┯⻎埛䘒▇ꭊ溸鿛䰄ꂖ儱ꂀ劻䳀⮃溸ꄽ氠埛㒘ꂖ㸞㐃焒駮䮏䱢뀖意

䭦缩⹿䮢ꓨ锢溸✑氠ն 

◩յ㎽俚䰕硅槏 

㎽俚䰕劔䔻㝃溸䍎氠埛䑑㎌婟괛锢⹜䐮皒ꦎ㸉㎽俚䰕溸俚䰕䍍⾕駉砯笡缛㸉ꂘ◲俚䰕

ꂛ鉿缛┞溸硅槏⾕駉砯ն 

 

┞뀖㔔ꂛ㺥 

㎽俚䰕硅槏杅⯋儱㎽俚䰕䍍溸䐮皒⾕硅槏♨⹴駉砯潜㺂ꆒꀀ⽶䑑┪ꂀ䌑缺⮃⻓假溸

煝疵䧯卸ն㐃㎽ⶑꏕ⽶긖⮃⻓◗㕈◟⻓劔㝕俚䰕䌐⺬յ㕈◟假㒘駉砯䌐⺬瞏溸假⽶岻ն㎽駉

砯笡缛⽶긖⮃⻓◗♨㲳㎽╬呦䖦ꓠ氠㲳㎽ⶑꏕյ㲳㎽䮏䱢瞏㎽╬呦䖦溸ꁾ砯瞬汻ն婟㜾

劔♨勨㊮㳔▣╬呦䖦♨㎽┪勨㊮㳔▣⚈ⲏ╬⚳潨吙溸煝疵䈰✑ն劅⻑ꂖ劔㕈◟ CPUյ鱪

砯瞏假㒘駉砯䌐⺬┪分气溸假㒘㎽駉砯笡缛ն 
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◝긖╤溸䮅䧹 

俚䰕硅槏뀖意嬠鿲劔䮅䧹䙎溸ꭄ뀨䭇 

1.㝕閕埛溸㎽句騊⮃⻓◗ꓠ氠鴤䔴⪸峜յ鴤䔴句騊յ㲳㎽句騊յ⺪閗句騊瞏┯⻎溸⽶

岻ն 

2.㝕閕埛㎽䮏䱢䭇㲳㎽駉俚յ獘ⶔ䮏䱢յ㶕겐㲳㎽䮏䱢瞏ꭄ뀨ն┞◲煝疵脢䳀⮃◗㐃

㎽缏卐┪ꁾ砯埛䑑յ獘ⶔ䵎筻砯岻♨⹴㕈◟㎽溸䬥䩠缏卐分气溸㎽䮏䱢⽶岻瞏分气◗鿲㟲

溸缏卸ն 

3.㎽俚䰕嵤氮◟䍈⮬溸糊ꮺ䙎㸍蔺㎽俚䰕嵤溸煝疵䔯䔯劲巉⹴⯒僓ꭊ瘎⺛溸䑜⪝╬

ꂘ┞⽶⻔䊎缺䮅䧹ն㐃ꂘ╗⽶긖溸ꂛ㺥全锢儱⪸峜䭦缩䙎句騊埛䑑㐃缕㴼句騊溸⯼䳀┬갫

濫㎽俚䰕嵤㵄僓剳假ꄽꁩ㝃璀⽶岻㵄⻓㵄僓缰䫞句騊㸉䍎缏卸ն 

4.긖⻔㎽俚䰕溸燖⚂Ⲏꅌ㸞駉砯ꓪ鿲㝕溸䈰✑⮕ꏕ缕┺ꬾ溸燖⚂ꂛ鉿挖槏նꂘꓧ㲾㐃溸

䮅䧹䭇㎽俚䰕溸┯閕⮯䙎յ뀭㜾罒瓨ꬾ坒䧯续♨⹴뀎婟换然䊎缺溸ꭄ뀨ն 

╬◗闌⬑㎽俚䰕燖⚂Ⲏꅌ⽶긖溸䮅䧹ꂀ傽㐃燖⚂뀖意⮃⻓◗㕈◟ GPU ⾕ FPGA 瞏燖

⚂溸Ⲏꅌ⽶呿ն┞儱ꓠ氠 GPU䩤ꅐ긖⻔稝㒘둛䍳缛┞溸յ潸◧糊❹鰣溸㝕閕埛俚䰕յ┯儅錻

䩤偃溸駉砯楒㘷ꃿ⻉둛䌔⹿駉砯괛寛㵄⻓駉砯Ⲏꅌꮴ⛽䐷⹿䧯续➬◟罒駹⚳ն◝儱

㕈◟ FPGA周䰕駦駉☭⽄溸괛寛㴼⯜氲鴤缏卐ꉍ⩹⛽侞駧㲾䊎缺溸⫐㲾䊎㶄溸ꭈ翞㴼⯜

䙎㐌闌⬑㎽溸┯閕⮯䙎ꉍ⩹㝕ꓪ⫐㲾䨿䊎缺溸ⸯ㲳亣✑ն 
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귱徏㳔勘煝駐間掾䫟⼴ 

┩勑匡㺥労 

勑缺俚䰕硅槏뀖意溸⹿㺥⽶⻔䭇 

1.卐䐮⮕䉘䑑㎽俚䰕䍍⾕㎽駉砯笡缛⛰潨⯼罼▌㸉句騊騕阌㴟⪢溸佻䭦ն 

2.긖⻔假㒘䍎氠㐙冎┬溸㎽俚䰕䍍┱㎽駉砯笡缛㠁ⶔ㑊ꨄ⾕ꁉ罔駉砯瞏假㐙冎┬駉砯埛

䑑ն 

3.㕈◟騕▄溸㎽句騊⾕䮏䱢⽶岻ն 

4.㎽駉砯Ⲏꅌ溸呦䖦⽶岻䐮皒㎽俚䰕溸閕俠銩獏䌔䐮皒缛┞յ┺氠յ锭漺䌦溸㎽砯岻

䍍ն 
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귱徏㳔勘煝駐間掾䫟⼴ 

峜续皺虹間掾俠槏蔦귱徏劲 2022 䌑 5 劓 10 傽⹴ 6 劓 1 傽缀缃溸煝駐劲ն煝駐劲⺥겐☭

╬庣ⶶ㝕㳔⪳虞虞ն⹨Ⲏ煝駐溸布㶅劔┪嶯☆ꄽ㝕㳔䑳⚾节յ㻘╅㝕㳔⚈儯儤յ╚㎼璇㳔

䪫勘㝕㳔✇⻔ⷂյ婣實㝕㳔匃冂划յ╚㎼☭宑㝕㳔鱋꥗յ╚㎼☭宑㝕㳔땦〡䈀յ╚㎼璇㳔ꯗ駉

砯䪫勘煝疵䨿届ⶶ⚾յ嶀尉㝕㳔匤崎յ⻎嵴㝕㳔椟僶㞉յ╚㎼璇㳔ꯗ蔦Ⲙ煝疵䨿⮮䎙յⵌ☓

薨疿薨㝙㝕㳔䌱琀䮵յ㜩傿㝕㳔ꋡ⷟㎼յⵌ☓㝕㳔ꊽ牾ն 
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귱徏㳔勘煝駐間掾䫟⼴ 

睘┩皺 ☭䈰冝茤俚㳔⾕槏駢㕈熝뀖㔔ꂛ㺥⹴勑匡㺥労 

귱徏⚷俚㳔⾕槏駢㕈熝做⻔㳔脢 

 

热⯼ꦎ㸉☭䈰玘缋羱缘溸俚㳔⾕槏駢煝疵⽶⪺勑虱煝疵脢♈埛㒘溸銩獏茤ⲇյ峅茤

ⲇյ⚳寛闌瞏⽶긖䐷㺥煝疵նꄽꁩ䬂骮溸閗閤煝疵玘缋羱缘⺪♨䊜ⲙ☭♰槏闌⪼续麄溸勨

⯜勨槏劔ⲙ◟䲀Ⲙ玘缋羱缘㐃㝃楒㘷յ㝃⚈ⲏ瞏⽶긖溸䍎氠䌔䳀ⶬ埛㒘溸侞椚⾕峅茤ⲇ

⹿⻓⪼茤ⲇꁉ预ն续皺╚귱徏劲俚㳔⾕槏駢㕈熝⽶⻔煝疵脢䱲駐◗ꂀ劻溸煝疵ꂛ㺥䌔㸉뀖

意⫐긖╤溸䮅䧹⾕勑缺⹿㺥ꂛ鉿◗㺥绍ն 

┞յ뀖㔔ꂛ㺥 

1.广䍳㳔▣溸銩獏槏駢 

㐃㝃䌑⯼玘缋羱缘溸銩獏槏駢䉂缋⺆䕒◗┞◲䧯ⲍն❛㠁㐃 30 㝃䌑⯼䉂缋劔煝疵騜

僻⹷㺂玘缋羱缘⪾劔ꄽ氠ꂀ⛤Universal Approximation溸杅䙎նꂀ⭠䌑氮◟玘缋羱缘

㐃駕绿䲀槏⽶긖溸䙎茤鱪ꁩ◗⚿缛埛㒘煝疵脢䐷㢽煝疵㝃㺂玘缋羱缘溸銩獏茤ⲇն 

㐃銩獏槏駢⽶긖潨⯼劔┩╗⽶⻔⡽䕒⪸峜ն┞儱㝃㺂玘缋羱缘/广䍳玘缋羱缘㐃銩獏㺂긖

溸侞卸煝疵ն傶撬克㺂玘缋羱缘䉂缋⺪♨⢳⯒┧茤銩獏㝃㺂䧶广䍳羱缘銩ꁒ溸侞卸潸嬠⹷㺂

玘缋羱缘儱⻲劲剳㟲㐃ꂘ┞뀖意䉂缋劔┞◲缏駢❛㠁㝃㺂玘缋羱缘❈氠溸玘缋⩧剳㸵茤

㝉剳窢矻㐌銩ꁒ┞◲⮇俚ն㐃ꂘ璀䝠⬔┬㠁卸脞軭긌⹨⛓駉溸駦翞玘缋羱缘銩獏둛ꮕ⩱怑

⮇俚僓┯㲾㐃缰䍳捊걾┻潸嬠䔻㝃埛㒘㐃俚ꓪ绣┪劔┞㴼⚳ⲹն 

◝儱┯⻎溸玘缋羱缘缏卐⪾劔溸⚳ⲹն潨⯼煝疵劔脞軭媙䈽玘缋羱缘ն煝疵脢全锢⪸峜媙

䈽羱缘潸嬠册ꄽ溸⪢ꂞ碎⯼⻔羱缘剳ꃿ⻉銩獏溸⮇俚稝㒘♨⹴媙䈽羱缘㐃㳔▣〘◲ꭄ뀨┪

剳⪾劔⚳ⲹն 
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┩儱煝疵⯈氠玘缋羱缘溸銩ꁒ茤ⲇ裯⺆㟲溸峅茤ⲇꂘ괛锢⢟䈽⾕⽶䈽䌐銝ն⚿缛溸缛

駉㳔▣槏駢駌╬┞╗埛㒘䞰锢㳔㟲俚䰕괛锢䌐銝⢟䈽⾕⽶䈽ն⢟䈽儱䭰埛㒘┯┞㴼茤㝉㴟

⪢㐌銩獏俚䰕⮕䉘溸䝠⬔⪼銩獏┱㵄ꮪ⺪茤劔⢟瑠ն㠁卸锢䳀ⶬ埛㒘溸峅茤ⲇ⮯⢟䈽锢

⺈䕒剳㸰ꂘ괛锢㐃銩獏┪⪾劔剳㝃⚳ⲹն 

2.广䍳㳔▣溸峅槏駢 

⚿缛勨㊮㳔▣駌╬峅全锢儱㐃⢟䈽⾕⽶䈽▇⯼⺆䕒䌐銝ն⛰儱㐃广䍳㳔▣뀖意槏駢

⾕㵄鴬ꂖ㲾㐃┞◲䈽鴈ն㸉广䍳㳔▣缺騜呤续ꓪ䔯䔯ꂜ㸰◟駕绿⹨俚ꓪն㐃ꂘ璀䝠⬔┬⺪

茤┯괛锢㸉埛㒘Ⲏ⪝┞◲婞⮯ն㠁卸┯㸉埛㒘Ⲏ⪝婞⮯駕绿騗䈽鿲⛽㎌婟㸍蔺埛㒘ꁩ䬸⻉ն

♈⚿缛溸缛駉槏駢闌ꓤꁩ䬸⻉溸埛㒘峅䙎茤┯둛ն⛰儱♈㵄鴬缺澚ⷬ❈儱駕绿騗䈽鿲⛽

溸玘缋羱缘埛㒘⪼嵱駽䙎茤□鿲㟲⮃⻓◗⻐╬虙䙎ꁩ䬸⻉Benign Overfitting溸䝠⬔ն

ꂘ璀⻓骮⡽䕒䱲疵ն 

婟㜾갬䑑婞⮯뀖意□儱峅뀖意溸┞╗搑掾նꂘꓧ公克╗❛㲳┞儱㐃뀡椚疿ꭊ┞◲

煝疵⹿⻓玘缋羱缘㐃駕绿╚⪾劔⢟㟲⛽뀡溸뀡椚ⸯ⮯┞◲䈰✑╬⩴纳둛뀡溸㳔▣⾕峅㎧걾

䳀⮃◗假溸羱缘缏卐嬠㠁㝃㹷䍳羱缘⾕ NeRFն◝儱广䍳㳔▣䔯䔯劲❈氠⛽ꮕ䊎劔갫勨䙎溸

砯岻寛闌㠁갫勨唨䍳┬ꮴ岻䧶脢 Dropout 瞏갫勨砯岻劲❈䕒埛㒘寛䕒溸⹨俚⪾劔杅媗䙎

潸热◟㸉ꂘ╗埛㒘Ⲏ⪝◗┞╗婞⮯ն갬䑑婞⮯⽶⻔儱煝疵ꁩ⹨俚羱缘茤䪨⯒峅㟲溸闌溸┞

╗ꓨ锢⽶⻔ն 

3.广䍳㳔▣溸⚳槏駢 

玘缋羱缘儱긌⭿埛㒘⯼┞嫙僓ꭊ溸煝疵搑掾儱깔掾ꄂ瑠ꭄ뀨ն劔◲玘缋羱缘怮鳉║呬깔

掾溸匜⚂ն㐃┞薮溸긌⭿⚳╚唨䍳┬ꮴ┯茤受駩埛㒘ꁒ⯒⪢㹾劅⚳ն脯║呬깔掾匜⚂茤受

駩갫勨唨䍳┬ꮴ岻ꁒ⯒劅⚳ն⺞┞╗煝疵⽶⻔儱煝疵卋⡽掾ꭄ뀨䱲疵㝃璀卋⡽掾㸉䍎溸䙎鯵

嬠㠁煝疵┯⻎㶄䍳յ广䍳溸羱缘▇ꭊ溸卋⡽掾▇ꭊ溸法⪝㺂姍⪸笡ն婟㜾ꂀ䌑缺煝疵鿲㝃溸
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儱ꁩ⹨俚溸玘缋羱缘ն㐃㵄鴬╚玘缋羱缘溸⹨俚ꓪ䔯䔯劲긌䊬㝕⛰ꁩ⹨俚⺪♨❈㳔▣

ꭄ뀨溸⺈䕒矻⶿ն 

ꂀ䌑缺㐃⚳뀖意⮃⻓◗㸉玘缋羱缘溸潸㎽⮕卥⹿⻓┯⻎⮵㢽┬玘缋羱缘劲劔䙎

鯵┯⻎溸Ⲙⲇ㳔鉿╬嬠㠁┞稝⻐╬玘缋婞⮘呦溸槏駢駩僻㐃┞㴼溸⮵㢽⡽匜⚂┬玘缋羱

缘劲绢瞏◟⪸◟⮵㢽⡽溸┞ꮕ㺥䐷յ┞ꮕꆔꂀն脯热玘缋羱缘㐃糊疷㶄溸僓⡀羱缘⾕ Kernel

㎈䓛埛㒘儱瞏⚃溸ն ⻎僓ꂖ劔┞璀⻐╬玘缋羱缘溸䌐性㐙槏駢缕⮃◗玘缋羱缘剳┞薮䙎溸

䲾ꃎն玘缋䌐性㐙槏駢駽㎽ꄽꁩ勶ꓨ⮕䉘瞏閗閤缺⯤氻玘缋羱缘ꁾ鿛溸枱䘒⪼⚳ⲹ㐃◟热

玘缋羱缘鱶◟糊疷僓氠┞╗⮕䉘缺澚䔶俠╗✅笡㸉嬓╗玘缋⩧積㲳溸䌐性✑氠ն氮◟煝疵㝃

╗玘缋⩧ꭊ溸◧潸✑氠긌䊬㜩勵ꓠ氠ꂘ璀俠✅✅笡茤㝉矻玘缋⩧▇ꭊ溸潸◧✑氠ն剳┞

薮㐌㸉◟克㺂糊疷㶄溸羱缘⪼潸㎽⺪♨⮕╬绻䙎ⶔ意䭇玘缋婞⮘呦ⶔ意յ╤预ⶔ意

䭇䌐性㐙ⶔ意⾕긌绻䙎ⶔ意⹨俚劔僻兇溸块臔⻓骮溸긌绻䙎ⶔ意ն 

4.广䍳㳔▣䬂骮埛㒘 

槏闌玘缋羱缘溸ⸯ槏┞⽶긖괛锢♈剳둛溸閤䍳ꂛ鉿⮕卥ն❛㠁❈氠⺪闌卥溸埛㒘缺槏

闌玘缋羱缘溸⚳⾕㳔▣ꁩ瓨䭇⯼倁䳀⯒溸玘缋婞⮘呦槏駢⾕䌐性㐙槏駢ն⺞┞⽶긖┞

◲煝疵脢駌╬㴟⪢ꄽꁩ俚㳔㺂긖溸闌卥⽶岻䌔┯┞㴼茤㝉闌僻玘缋羱缘溸勨⯜⺪♨ꓠ氠

䕼間間㷌溸⽶䑑槏闌玘缋羱缘溸ꁾ鿛勨⯜ն❛㠁劔┞璀⻐╬㹾ꌄ䒧䙎溸⽶岻駌╬玘缋羱

缘┱绻䙎埛㒘溸┯⻎▇挖㐃◟玘缋羱缘긖㸉⬑瞬긖溸⮕稝儱㐃罏䢌溸յ㹾ꌄ溸䒧䙎⺈脯

┯⦑绻䙎埛㒘┞呤儱潳绻劲劔鿲㝕溸⺈䋀䍳նꂖ劔┞璀⽶岻儱㺂楣檶埛㒘ꄽꁩ㸉玘缋羱缘

ꄢ㺂矻ꂛ鉿⮕卥煝疵玘缋羱缘䍎騍⼯⻓溸枱䘒ն 

5.玘缋羱缘㐃⪼♑䍎氠做긖溸槏駢 

㐃긖⻔䍎氠溸煝疵╚┞╗ꓨ掾⽶⻔儱⪸◟⚳玘缋羱缘㐃㝃楒㘷匜⚂┬溸駕绿䝠⬔ն騍

뀖意駌╬玘缋羱缘㐃㝃楒㘷╚㠁卸楒㘷劲┯偃⺈槏駢┪⺪♨⹿⻓潳碎溸㎈䓛埛㒘┯⺪

茤㳔⯒劅⚳溸㎈䓛岻ն劔煝疵脢䱲疵❈羱缘茤㝉㳔⯒溸周续杅䔰溸⽶岻ն 
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⺞┞╗⽶⻔儱煝疵点㳔▣╚溸玘缋羱缘䟩㎽㸞玘缋羱缘潸⪸溸槏駢䍎氠㐃点㳔▣⽶

긖ն❛㠁⢏駦埛㒘茤㝉㴟䧯㟲┞╗㎈䓛ꭄ뀨⺪♨❹䰕⪼槏駢䊜ⲙ点㳔▣埛㒘㳔⯒剳㟲

溸瞬汻ն 

ꂖ劔┞╗⽶⻔儱㐃 AI for Science ╚⹿㺥玘缋羱缘潸⪸溸砯岻⾕槏駢氠缺闌䕼⮕⽶瓨

全锢儱⩴纳둛缰⾕⮰䙎瞏ꭄ뀨䳀ⶬ⚑澶埛䬸溸侞椚ն玘缋羱缘砯岻┱璇㳔ꭄ뀨缏⻉□分气◗

假溸槏駢ꭄ뀨嬠㠁砯岻溸ꃿ㴼䙎⾕侅侹䙎瞏ꭄ뀨ն 

◝յ긖╤溸䮅䧹 

1.玘缋羱缘砯岻煝疵⾕㵄ꮪ䍎氠溸埛㒘㲾㐃먩屰 

潨⯼㐃玘缋羱缘砯岻⾕埛㒘▇ꭊꂖ㲾㐃먩屰ⷬ煝疵脢駦駉溸砯岻䌔┯鴋埛㒘㴟⪢䭨ꦯ

脯儱册ꇁ❈氠矻⶿溸唨䍳岻ն⻎僓热⯼䐮皒溸䔻㝃砯岻槏駢⪼⢏駦⺪茤┱㵄ꮪ䍎氠㲾㐃䈽

鴈ն❛㠁煝疵玘缋羱缘䔯䔯괛锢⪼ꁒ⯒糊疷㶄溸枱䘒ն脯呤续溸駕绿婢ꪍ긌䊬㸰⭠内鱶◟

0⛰㐃㵄鴬╚☭♰┯劲ꂘ呤駦翞羱缘鱪⹨俚ն 

2.⚿缛埛㒘溸煝疵缏卸傱岻䍎氠㐃玘缋羱缘┪ 

⻎僓⚿缛埛㒘┪䕒⯒溸缏卸䌔┯┞㴼茤㝉氠㐃玘缋羱缘┪ն热⯼溸呦䖦溸ꭄ뀨儱㠁

✇茤㝉㸞䪻玘缋羱缘╚⻄璀ꏕ翞⾕䙎茤䭰吙▇ꭊ溸 Trade-off ⮕卥庣噘ն婞㠁⯼倁䳀⯒ⷬ❈

玘缋羱缘㐃槏駢┪⺪♨䲀㸍⮃虙㟲溸銩ꁒ茤ⲇ䧶峅茤ⲇ⛰儱㐃㵄ꮪ╚ꂖ┯茤闌⬑⚳ꭄ뀨ն

㸞銩ꁒ茤ⲇ⾕峅茤ⲇ▇ꭊ溸⪸笡⮕卥庣噘受駩⚳⺪♨闌⬑❹撬儱┞╗䮅䧹ն婟㜾ꂖ

劔┞◲璇㳔ꭄ뀨劔䔶闌⬑㠁玘缋羱缘溸侅侹匜⚂յ侅侹掾溸鯵ꓪյ갬䑑婞⮯⺪♨⯒ꁒ溸掾

♨⹴侅侹溸ꅌ䍳瞏ն 
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3.俚槏槏駢㐃⪼♑做⻔溸䍎氠鿲㸵 

劅⻑锢㸞玘缋羱缘溸俚槏槏駢册⹴䲀䌦⯒⪼♑⽶⻔潨⯼溸䧯卸潸㸉鿲㸵ն㐃㝃楒㘷䍎

氠╚♨⹴俚䰕䌔긌㴟⪢栃皒䧶⻎⮕䉘溸⢏駦匜⚂┬ꌬ劔䔶煝疵潸䍎槏駢ն⪼♑괛锢⪸䖦溸

ꭄ뀨ꂖ䭇ꁩ⹨俚埛㒘溸䖪锢䙎煝疵瞏ն 

┩յ勑匡㺥労 

续皺劅⻑䙰缏广䍳㳔▣俚槏㕈熝뀖意溸◩╗ꓨ掾煝疵ꭄ뀨勑缺ꂘ┞뀖意溸煝疵⺪茤劲劸

ꂘ◲⽶⻔ⲛⲇն 

1.䐮皒广䍳㳔▣俚槏㕈熝괛锢溸俚㳔䈰⪾潨⯼全锢俚㳔䈰⪾儱❹攍Ⲙⲇ笡缛յ갫勨ꁩ瓨յ

駉砯㜩勵䍳յ缛駉㳔▣瞏⹿㺥溸槏駢ն儱⻲괛锢䑜⪝♣俚䧶脢⭠✇溸䈰⪾┱䘽䞰䐮皒剳㟲溸

槏駢㕈熝ն 

2.俚槏㕈熝煝疵溸潨吙┱做⻔䍎吤皒俚槏㕈熝煝疵㐃㵄鴬╚ꁒ⯒溸潨吙◗闌㵄鴬╚槏

駢茤㝉䊜ⲙ闌⬑溸ꭄ뀨ն 

3.焝劻⫐俚槏㕈熝溸⹿㺥做⻔㐃潨⯼玘缋羱缘⹴⪼槏駢⹿㺥┯䧯斀溸ꮕ嫙䍎僻燛⪼

焝劻溸⹿㺥⽶⻔㠁稝⛤ꁩ⹜溸㵄돂朮槏煝疵ˋˋ⩰㸉朮槏⻓骮缕⮃┞◲闌ꓤ㐃㸌䪨剳╬呦

䖦溸槏駢佻临ն 

4.긖⻔㝕閕埛뀔駕绿埛㒘溸缛┞䲾ꃎ㝕閕埛뀔駕绿埛㒘⹨俚䍣㝕缏卐㜩勵㸉⪼ꂛ鉿

槏駢㺂긖溸䲾ꃎ儱┞╗䮅䧹ն 

5.⼕䑜绫俚㳔㵶䫌⪝广䍳㳔▣䧶勨㊮㳔▣溸槏駢煝疵⼕绯绫俚㳔뀖意溸⯼装槏駢⾕⽶岻

劔ⲙ◟䲀Ⲙ勨㊮㳔▣俚槏㕈熝溸煝疵䈰✑ն 
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峜续皺虹間掾俠槏蔦귱徏劲 2022 䌑 5 劓 16 傽⹴ 6 劓 1 傽缀缃溸煝駐劲ն煝駐劲⺥겐☭

╬耘㎼㶅㜼岻㹹◱㝕㳔蜖掄匮ն⹨┱煝駐溸布㶅劔ⵌ☓㝕㳔⽶臵յ┪嶯☆ꄽ㝕㳔駠䗅ꦬյ

┪嶯☆ꄽ㝕㳔⽟吝撜յⵌ☓㝕㳔ꊴ㇆揰յ╚㎼璇㳔ꯗ俚㳔┱笡缛璇㳔煝疵ꯗ◟嶯⫯յ锟㴘☆ꄽ

㝕㳔卲缉峒ն
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睘㎃皺 駉砯勨閗閚뀖㔔ꂛ㺥⹴勑匡㺥労 

귱徏⚷駉砯勨閗閚做⻔㳔脢 

 

駉砯勨閗閚儱┞ꬾ挖槏⾕⮕卥閗閚⟥⺵溸㳔璇ն갫濫閗閚⟥⺵ꓠ겐溸駦㜜鱴缺鱴册⹴♨

⹴閗閚䪫勘鱂⻔䧯斀閗閚䍎氠䉂糊挖┯㐃ն閗閚ꄽ䊬⮕╬克㝕稝ꭄ뀨┞稝儱槏闌ꭄ뀨ˋ

ˋ㸉ꓠ겐溸閗閚⟥⺵ꂛ鉿⮕卥⾕槏闌閗閚⟥⺵䭇㎽⦑յ閗뀡䧶 3D 掾⼏瞏ն⺞┞稝儱气

䧯⚈ⲏ缕㴼ꀂ⪝㠁倁㲼䲾ꃎ⺪♨駑埛㒘气䧯㎽⦑յ閗뀡瞏ն续皺╚귱徏劲駉砯勨

閗閚뀖意溸煝疵脢ꦎ㸉駉砯勨閗閚溸ꂛ㺥⾕勑缺⹿㺥ꂛ鉿䱲駐ն 

 

┞յ뀖㔔ꂛ㺥 

2021 䌑儱駉砯勨閗閚ꁹ缺⹿㺥⺈긞溸┞䌑⮃⻓◗㎃╗全偿䔾⮕⯋儱剳缛┞溸䐮埛⾕

㳔▣埛䑑յ剳㝕剳瓑油溸閗閚埛㒘յ閗閚뀖意闌ꨇ假䪫茤⾕假埛㒘♨⹴ꓨ锢溸埛㒘䧶䍎氠鱂

⻔䧯斀ն2021 䌑溸閗閚⹿㺥⺈긞⭠内巉⹴⯒閗閚뀖意䨿劔溸煝疵ꭄ뀨ն┬倁㸞騎缂♃缉㎃╗

全偿䔾┬溸ꓨ锢ꂛ㺥ն 
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┞剳缛┞溸䐮埛⾕㳔▣埛䑑 

1.閗閚 Transformer 䧯╬全嵤돟䌏埛㒘 

Transformer ⸯ续儱긖⻔ NLP ⚈ⲏ溸厜卐ն劅ꂀ┞䌑㝃♨缺Transformer ꄢ庱䧯╬閗

閚뀖意全嵤溸돟䌏埛㒘ն㴋㐃閗閚╚䍎氠溸⩰뎧䈰✑儱 2020 䌑驟娬䳀⮃ ViT 埛㒘㐃㎽⦑⮕

稝ꭄ뀨┪⺆䕒♥☭ⷧ骮溸缏卸ն⯒ 2021 䌑⮵㕈◟ Transformer 厜卐溸埛㒘㐃㶕겐閗閚⚈ⲏ

⺆䕒假溸駘䓡㠁 SETR ⾕ Swin Transformer 瞏㴋♰⮕⯋㐃 ADE20K 騕▄⮕ⰼ⾕ COCO

朮✅啃嵱┪눢姍鱪鱴 CNN 厜卐նꁩ⹜┞䌑缺㕈◟ Transformer 厜卐溸埛㒘┯偃巏⻓䭇

DeiTյPVTյT2TյCvTյTNTյFocal-Transformer 瞏ն 

 

⻎僓Transformer □䔻䗪䲀䌦⯒⪼♑閗閚⟥⺵⾕⪼㴋閗閚ꭄ뀨┪㠁閗뀡⽶긖溸 ViViT

掾⼏⽶긖溸 Point Transformer 瞏潜㺂閗閚⽶긖溸 Image Processing Transformer 瞏ն
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㐃气䧯뀖意Transformer □䐷㢽⺆䕒假ꂛ㺥㠁 2021 䌑⮵溸 TransGAN 劅僃䍎氠

Transformer 闌⬑气䧯ꭄ뀨婟⻑䌑潜溸 StyleSwin 㐃䙎茤┪□눢姍鱪鱴 CNNն 

ꯙ◗㐃閗閚⚈ⲏ┪䌦峅䳀ⶬ䙎茤㐃气䘒㺂긖⚕╃䐷㢽䐮皒㎭缑 Transformer ╬呦䖦

溸鿞燖⚂气䘒ն❛㠁2022 䌑 Nvidia 䲀⮃⪢假溸 GPU H100⪼╚┺ꬾ╬ Transformer 㴼

⯜┺氠駉砯溸䑜亦潸嬠┪┞♣蛚曩䙎茤䳀둛 6 ⠩ն埛㒘鿪ꓪ⽶긖┞◲煝疵脢㸞

Transformer 䍎氠㐃鿪ꓪ埛㒘溸煝⹿┪㠁 MobileFormer 瞏ն 

Transformer ꂖ⼅⹿◗假溸砯岻厜卐駦駉⾕煝疵ն❛㠁MLP-Mixer 㸞閗閚돟䌏羱缘⺈

╬⪢ MLP 厜卐□茤㝉⺆䕒鿲㟲溸侞卸ն稝⛤溸煝疵䭇 RepMLPյCylelMLPյPoolFormer

瞏ն⺇ Transformer 溸⼅⹿ⷳ 璺玘缋羱缘厜卐□ꁹ缺睘◝姍㙨ꪍ⪿㒘❛㲳䭇 D-DW 

ConvյConvNeXtյRepLKNet 瞏ն 

2.┬廷䠋焒⚈ⲏ䐮埛鱂⻔缛┞ 

2020 䌑 DETR 溸䳀⮃⼅⹿◗煝疵脢䱲筻缛┞┬廷䠋焒⚈ⲏ溸䐮埛⽶岻նDETR 㸞朮✅

啃嵱ꭄ뀨⯤氻╬脌駹ꭄ뀨⯈氠闌焺㊮㸞㎽⦑脌駹䧯朮✅ն㹻硅㐃ꁩ⹜溸煝疵╚䉂劔煝

疵脢㸞峜䟩ⲇ勨⯜氠◟䐮埛朮✅⾕㎽⦑⦑筷▇ꭊ溸⪸笡⛰㸞 Transformer 闌焺㊮俠✅䍎氠

◟䐮埛㹀㺲눢姍ꂘ╬煝疵脢♰䳀❵◗㸉䠋焒⚈ⲏ䐮埛溸⪢假槏闌ն 

 

ꁩ⹜┞䌑╚DETR 广⹿㺥䌔ꄢ庱䬥㺥⯒◗⪼♑溸閗閚뀖意㠁 Deformable DETR

㝕䋀䳀ⶬ◗ DETR 䙎茤յꅌ䍳瞏䭰吙ն⻎僓劔煝疵脢㸞 DETR 䲀䌦⯒騕▄⮕ⰼꭄ뀨┪㠁
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Mask Former ⾕ Mask2Former 瞏ն□劔䍎氠⯒ 3D 啃嵱뀖意呿❛㠁 DETR3Dյgroup-

free-3Dն⻎僓DETR 溸⺈✅埛㒘┯偃巏⻓㠁⪢罒焺㊮溸 YOLOS 埛㒘瞏ն 

⺞┞╗ꓨ锢溸䈰✑儱 2022 䌑 3 劓⚌䳀⮃溸 DINO騍䈰✑㐃 Swin-L 돟䌏羱缘┬⺆䕒

COCO 朮✅啃嵱駬嵱겐┪溸假绦䓡63.3 mAP눢姍㐃囒⶿┪鱪鱴◗䨿劔㕈◟⚿缛啃嵱㝧ꌄ

溸⽶岻նꂘ銩僻DETR ┯☹劔绍缛┞┬廷䐮埛⚈ⲏ⪼㐃䙎茤┪潸嬠◟⚿缛溸啃嵱㝧ꌄ羱缘

□䐷㢽⺆䕒⚳ⲹն 

3.䲁焺㎽⦑䐮埛MIM⪺鱎 

㐃蔦撬騕阌挖槏뀖意GPT ⾕ BERT 儱克㝕稝騕阌䐮埛⽶岻ꓨ㗛◗俠╗뀖意溸㳔▣螅

䑑ն⪼╚BERT ❹鰣◟䲁焺騕阌䐮埛䪫勘ն僃⩰閗閚뀖意㸉騍⽶岻䌔┯澚㟲նOpenAI ◟

2020 䌑눢姍ꂛ鉿◗㹅駽⹿䉘◗⻐╬ ImageGPT 溸閗閚뀔駕绿埛㒘⾕全嵤⽶岻潸嬠♇劔鿲

㝕䈽鴈ն潳⯒ 2021 䌑 6 劓 BEiT 溸⮃⻓䲁焺㎽⦑䐮埛䩜⺆䕒◗痓熏ն騍⽶岻溸呦䖦儱ꓠ氠

VQ-VAE 厜卐溸埛㒘㐃挖槏㎽⦑溸ꁩ瓨╚㸞⪼⮕ⰼ╬ Patchꂛ鉿┞㴼嬠❛溸ꈛ漺⻑鿛

╬䍈⮬ Token駑埛㒘❈氠稝⛤ BERT 溸⽶岻㸉錻ꈛ漺ꌄ⮕ꂛ鉿ꂖⸯ♈脯㵄⻓閗閚䐮埛溸

潨溸ն 

婟⻑䲁焺㎽⦑䐮埛䪫勘╚⪾劔♣銩䙎䈰✑儱 MAEյSimMIMնMAE ⾕ SimMIM 煝疵

䳀⮃⺢괛锢駑埛㒘뀔嵱ꈛ漺溸⦑筷㹧茤㝉㵄⻓矻⶿⛰劔侞溸䐮埛ն潨⯼ MIM 뀖意⹿㺥䗪

ꅌ㐃㎽⦑뀖意劔 data2vecյPeCoյCAE 瞏㐃閗뀡뀖意劔 MaskFeatյBEVTյVideo 瞏

┬廷⚈ⲏ⮯劔 ViTDetյMIMDet 瞏煝疵긌䊬嵛鳢ն 
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热撬㐃 MIM 䗪ꅌ⹿㺥溸⻎僓ꂀ劻劔煝疵脢䐷㢽䱲筻 MIM 茤㝉劔侞溸ⸯ㎌□劔┞

◲䈰✑❛㠁 Feature Distillation ꂘ┞䈰✑⹿⻓㸉嬠㳔▣缋ꁩ杅䔰謞눛♨⻑□茤㝉⺆䕒潸⻎

溸侞卸ն 

◝剳㝕剳瓑油溸閗閚埛㒘 

1.閗閚㝕埛㒘 

뀔駕绿㝕埛㒘儱ꁩ⹜⭠䌑 AI ⹿㺥全偿䔾⛰儱全锢겐╚◟蔦撬騕阌挖槏뀖意ն閗閚뀖意

㐃 2021 䌑䐷㢽ꁹ缺ꂛ㺥ն驟娬卐䐮◗┞╗䪆㺥溸 ViT 埛㒘䬿劔 18 ☳⹨俚䌔❈氠 30 ☳溸

吙峜㎽⦑ꂛ鉿駕绿㐃 ImageNet ┪⺆䕒◗假溸駘䓡90.45%նꂘ┞䈰✑ꂖ銩僻㐃閗閚뀖

意┪埛㒘⻎呤睋⻉ Scaling Lawնⷬ埛㒘鱴㝕յ䙎茤鱴㟲ն 
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Swin V2 ⮯ꂛ┞婢駩僻◗閗閚㝕埛㒘30 ☳⹨俚㐃䌦峅閗閚ꭄ뀨┪溸劔侞䙎⪼㐃㎽⦑

⮕稝յ朮✅啃嵱յ騕▄⮕ⰼ⾕閗뀡⮕稝瞏⚈ⲏ┪性ꁒ⯒◗ SoTA 䙎茤նꂘ┞䈰✑□돂駩◗蔦漳

瀥㳔▣㸉◟뎧Ⲙ㝕埛㒘駕绿溸劔侞䙎㕈◟ SimMIM ⽶岻Swin V2 氠潸嬠驟娬㸰 40 ⠩溸吙

峜俚䰕7000 ┧ꁒ䧯◗ⶥ☳绣閗閚埛㒘溸駕绿ն 

2.閗閚瓑油Ⲙ䘒埛㒘 

☭荆✑╬┞璀瓑油Ⲙ䘒埛㒘⪾劔⛽ⲍ腅յꌄ⮕應嵛յ⹨俚閕埛㝕յ䙎茤㟲瞏⚳ⲹն煝疵

脢㎌婟□㐃脞軭䐮皒閗閚瓑油Ⲙ䘒埛㒘նMoE 儱潨⯼茤㝉㵄⻓瓑油Ⲙ䘒㝕埛㒘溸┞璀厜卐ն㐃

閗閚뀖意╚䉂劔煝疵脢䳀⮃◗ 150 ☳⹨俚溸 ViT-MoEն婟㜾□劔煝疵脢㸞 Swin 

Transformer ꂛ鉿◗ MoE 䪆㺥䌔㸞⪼䍎氠◟剳䌦峅溸閗閚⚈ⲏ╚❛㠁朮✅啃嵱ն 

 

┩閗閚뀖㔔闌ꨇ假䪫茤假埛㒘 

1.⚈䟩倁续⯒㎽⦑气䧯 

ꂀ䌑缺倁续⯒㎽⦑气䧯溸煝疵⹿㺥ꁣꅌն2021 䌑䌑⮵OpenAI 䳀⮃ DALL·E 埛㒘⺪

♨周䰕氠䨮ꀂ⪝溸倁续气䧯㸉䍎溸㎽⦑㐃煝疵뀖意䑜鱎鿟Ⲙն2022 䌑䌑⮵DALL·E ⶬ绣⯒

睘◝♣䳀ⶬ◗㎽⦑⮕ꀥ椚յ倁续ⶑꏕ瓨䍳瞏䭰吙ն⻎僓驟娬□㐃ꂀ劻⹿䉘◗ Imagen 埛㒘

侞卸⻎呤⮃虝ն㎼⫐潸⪸䈰✑䭇庣ⶶ⾕冝徏⪴⻎㴟䧯溸 CogViewյ䕼鿞◱嵌煝疵ꯗ䳀⮃溸

VQ-Diffusion 埛㒘♨⹴ NUWA-infinity 瞏ն 
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2.㝃埛䘒⾕관呤续駮⯋┪溸痓熏 

ꄽꁩ䳀ⶬ閗閚┱騕阌▇ꭊ溸㸉뱚茤㝉佻䭦埛㒘㐃剳㝃㝃埛䘒⚈ⲏ┪⺆䕒䍎氠䌔ꮴ⛽吙

峜俚䰕溸❹鰣䝠⬔ն2021 䌑OpenAI ⹿䉘 CLIP㐃 ImageNet 溸관呤续⮕稝⚈ⲏ┪⺆䕒痓

熏ն▇⻑溸┞䌑╚긖⻔ꄽ氠㎽倁銩䔰⚈ⲏ溸埛㒘⹿㺥ꁣꅌ⪿㒘呿❛䭇䕼鿞溸 Florence 埛

㒘驟娬溸 CoCa 埛㒘♨⹴ DeepMind 溸 Gato 埛㒘⾕ Flamingo 埛㒘瞏⮕⯋㺲◟긖⻔┯

⻎┬廷⚈ⲏ溸㝃埛䘒埛㒘ն 

 

3.䪆俆气䧯埛㒘䙎茤鱪鱴 GAN ⾕蔦㎈䓛做岻 

㐃㎽⦑气䧯⽶긖䪆俆嚤椚埛㒘DPMꄽꁩꄋ鿛䪆俆ꁩ瓨ꃆ♣⹜㊱溸⽶䑑气䧯㎽⦑

㐃㝃╗䙎茤䭰吙┪䉂缋鱪鱴◗ GAN ⾕蔦㎈䓛埛㒘ն䪆俆埛㒘溸♣銩䙎䈰✑䭇 OpenAI 䳀⮃

溸羱缘缏卐 ADM㐃둛⦑筷㎽⦑溸气䧯侞卸鱪ꁩ气䧯㸉䫏羱缘偅㑝琀㝕㳔⾕驟娬㝕荆䳀⮃

溸갫勨䕼⮕⽶瓨SDE䐮埛 DPM㐃㝃璀䭰吙┬鱪鱴 GANյVAEյFLOW 瞏缋⪿埛㒘庣
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ⶶ㝕㳔⾕╚㎼☭宑㝕㳔⻉✑溸闌卥䑑 DPM 埛㒘Analytic-DPM㸞 DPM 溸㎽⦑⻉䧯侞椚

䳀ⶬ◗俚ⶥ⠩նSDE ⾕ Analytic-DPM ꂘ克╗♣銩䙎⽶岻⮕⯋裯䕒◗ ICLR2021յ2022 溸

Outstanding Paper Award 㞝뀉騜僻騍稝埛㒘㐃煝疵뀖意䉂䕒⯒䌦峅⪸峜ն 

 

㎃ꓨ锢埛㒘䧶䍎氠鱂⻔䧯斀 

1.玘缋廩叉䪫勘 NeRF 鱂⻔䧯斀 

缺蔦 UCBյ驟娬⾕ UCSD 溸煝疵☭⽄⻉✑㐃 2020 䌑䳀⮃玘缋鿿模㐙NeRF⽶岻⺪

氠◟㸉㐙冎ꂛ鉿䐮埛⯈氠㐙冎瓑油ꓠ呤閗閤溸㎽曩겐⺪♨⻉䧯㐙冎假閗閤┬溸㎽⦑ն騍⽶

岻㐃ꂀ䌑缺䗪ꅌ⹿㺥䉂缋♈劅⮵⶿┞朮✅溸㝃閗閤㎽曩䍈⮬䪆㺥⯒긖⻔◧臅羱㎽曩겐⺪

♨㎭缑┞╗冎間㠁┯⻎溸廷㵊䬚溸┯⻎稝㒘溸㎽曩ꄽꁩ㸉䨿劔溸㎽曩ꂛ鉿⻉䧯裯䕒㐙

冎溸玘缋鿿模㐙նꂘ┞煝疵⺪♨䊜ⲙ⚕╃卐䐮㝕閕埛㐙冎╚溸 NeRF 埛㒘䐮皒俠✅溸㎽⦑낊

髳㠁㓻䉗冎間ն 
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⻎僓NeRF □䪆㺥⯒◗ 3D 閗閚⚈ⲏ┪㠁♈㎽曩╚䚱㜩둛鯵ꓪ⭠✇⟥䛉瞏潸⪸呿❛

䭇蝠⚾ꁒ䳀⮃溸䗪ꅌ NeRF ꓨ䐮⽶岻♨⹴Ⲏ䈣㝕㳔⛒⩴⯈⮕吿䳀⮃溸ꦎ㸉┯⻎㐙冎ꂛ鉿

峅溸 PixelNeRF 瞏նꂘ◲䪫勘㐃窢䍳⾕侞椚┪ꌬ⺆䕒◗ꂛ婢䲀Ⲙ NeRF 䪫勘鱂⻔䍎氠ն 

婟㜾㐃䍎氠㸉骮⽶긖NeRF 䉂缋♈귿䘒㎽⦑䪆㺥⯒Ⲙ䘒㐙冎溸銩獏⾕䐮埛ն婟㜾ꂖ

劔⯈氠玘缋鿿模㐙㵄⻓ 3D ⫐㵽气䧯յ⺪䱽溸 2D ㎽曩气䧯瞏煝疵䧯卸䉂䍎氠㐃☭✅䐮埛┪

㠁㎼⫐煝疵脢䳀⮃溸 NeuralBody 䈰✑瞏ն 

2.ꓨ锢䍎氠做⻔鱶⻔䧯斀 

駉砯勨閗閚뀖意溸煝疵䧯卸ꄢ庱鱂⻔㵄ꮪ䍎氠㐃┞◲ꓨ锢䍎氠뀖意䉂缋鱶◟䧯斀ն♁䌑

閗閚䍎氠溸全锢ꂛ㺥䭇㒍潳⚈ⲏ┪溸䙎茤䳀ⶬ䪆㺥剳╬╝㶡溸䍎氠㐙冎♨⹴卐䐮긖⻔

剳㜩勵⚈ⲏ溸俚䰕겐瞏ն 

❛㠁㐃㐙冎倁㲼啃嵱⽶긖缺蔦ⶶ╚璇㝕溸煝疵☭⽄䳀⮃溸 DBNet 埛㒘㐃◩╗吙⬮㕈

⬮嵱駽╚⺆䕒热⯼劅⚳溸啃嵱窢䍳⾕侞椚ն 

㐃䪆㺥╝㶡溸䍎氠㐙冎⽶긖駉砯勨閗閚䉂缋㐃閗뀡⮕稝յ閗뀡闌卥⾕朮✅⮕ⰼյ閗뀡⫐

㵽⮱✑յ둛⮕ꀥ椚㵄僓⽬㎽յ閗뀡劲駖ˋˋ杅⯋儱⩧㴔㴺╚溸輁䬸劲駖瞏㵄⻓䍎氠ն閗뀡┱㎽

⦑劅㝕ⶔ⯋儱⯼脢䑜⪝◗僓䍈ꂞ缩溸杅䔰괛锢煝疵脢闌⬑閗뀡䍣㝕駉砯ꓪ⾕僓疿缰䍳闌

腣┱⫩✍巆ꯙ溸ꭄ뀨նTransformer □♈㎽⦑鱂⻔◗閗뀡⚈ⲏ㐃埛㒘厜卐յ⮕稝窢䍳瞏⽶긖

⺆䕒假ꂛ㺥ն 

㐃俚䰕겐卐䐮⽶긖㵄ꮪ㐙冎䍎氠潸⪸溸俚䰕겐┯偃巏⻓ն❛㠁㐃☭莐駮⯋뀖意庣ⶶ

㝕㳔㎑ꭶ⹿䉘◗鱪㝕閕埛 WebFace260M 俚䰕겐庣崟⻑溸☭莐㎽⦑俚䰕ꓪꁒ⯒ 42Mն㐃閗

뀡⮕ⰼ뀖意嶀尉㝕㳔卐䐮◗閗뀡㐙冎闌卥俚䰕겐 VSPW ⾕閗뀡⪢冎⮕ⰼ俚䰕겐 VIPSeg 瞏ն

ꂘ◲㝕閕埛溸俚䰕겐㸉뀖意⹿㺥鱎⯒◗ꓨ锢溸䲀Ⲙ✑氠ն 
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◝յ假⪺做⻔ 

1.駉砯䶢⦑瞏閗閚⟥⺵裯⺆盛煝疵溸ꂛ┞婢⹿㺥 

駉砯䶢⦑煝疵溸全锢潨溸儱䳀ⶬ閗閚⟥⺵裯⺆盛溸䙎茤潸⪸溸煝疵䉂劔ⶥ㝃䌑溸⸉⺮ն

ꂀ䌑缺⪾劔♣銩䙎溸䈰✑儱ⵌ☓㝕㳔㎑ꭶ㐃茺⬐潸勨⽶⻔溸煝疵㎑ꭶ煝⯜溸茺⬐潸勨㐃㎽

⦑ꓨ卐յꁾⲘ潨吙啃嵱յ閗뀡ꓨ䐮瞏⚈ⲏ┪ꌬ⺆䕒◗虙㟲溸侞卸ն 

 

ꦎ㸉◜⚂潸勨溸煝疵□⡽䕒⪸峜⪿㒘呿❛䭇 EventZoomյTime Lens 瞏նTime Lens

氮ⶶ╬䳀⮃茤㝉㸉䊬閕閗뀡ꂛ鉿둛⠩椚溸䳂䊏ꂖⸯ䗪ꅌꁾⲘ溸炡僓㐙冎ն 

2.閗閚䠋焒鱂⻔駌焒⾕䲀槏 

㐃둛㺂閗閚⚈ⲏ㺂긖閗閚䠋焒婞ꄢ婢鱂⻔駌焒⾕䲀槏ն煝疵脢駽㎽긖⻔閗閚-騕阌⚈ⲏ

䳀⮃ꄽ氠溸閗閚埛㒘♨劻㵄⻓駌焒㺂긖溸槏闌⾕䲀槏䈰✑ն❛㠁◱뎢ꄒ AWS 㐃 2022 䌑溸

┞뀉煝疵╚䳀⮃◗ X-DETR⪼茤㝉㵄⻓㵄❛绣溸閗閚⾕騕阌㸉뱚煝疵脢䉤绍ꄽꁩ㳔▣ꄽ氠

嚤䗼銩獏鿴ⲙ剳峅溸┬廷閗閚-騕阌⚈ⲏն⺞┞뀉煝疵儱 AI2 煝疵ꯗ⾕ UIUC ⻉✑䳀⮃溸

ꁫ⻔ꄽ氠⚈ⲏ閗閚笡缛溸 GPV 埛㒘ꓠ氠◗ꭄ瞩埛䑑缛┞⻄璀潜㺂յ╚㺂⾕둛㺂溸閗閚⚈ⲏ

⪼╚帏漺◗朮✅啃嵱駮⯋յ㎽⦑䲾ꃎꭄ瞩瞏ꦎ㸉┯⻎⚈ⲏ溸蔦撬騕阌ꭄ뀨ꀂ⪝埛㒘溸瞩呿

ꀂ⮃傶⻼蔦撬騕阌⹱⻼㎽⦑╚潸⪸溸朮✅ⶔ意ն 
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3.┱嚤䗼缏⻉鿴ⲙ 3D 㐙冎槏闌⾕┬廷⚈ⲏ 

㐃 3D 㐙冎槏闌⽶긖全锢鱶ⲹ⺪⮕╬朮✅绣⾕㐙冎绣克ꌄ⮕ն朮✅绣➆ꓨ◟♈閗閚溸駌

焒┱朮槏յ⭠✇瞏焒駮缏⻉ꄽꁩ嚤䗼缀⻉溸⽶䑑駑埛㒘剳㟲㐌㳔▣朮✅ 3D 溸㐙冎銩獏

♈脯鿴ⲙ◟┬廷溸㎽倁气䧯յ閗閚ꭄ瞩⚈ⲏ䌔䳀ⶬ埛㒘溸峅䙎նꂘ◲⽶岻䌔긌㴟⪢氮俚䰕

뎧Ⲙ脯儱缏⻉玘缋⾕睋⺵笡缛㸞閗閚䠋焒յ朮槏㺲䙎յⲘ䘒뀔嵱⾕睋⺵䪃鉿瞏绯⪝缛┞溸

呻厜╚նꦎ㸉㐙冎绣 3D 槏闌煝疵脢䳀⮃ꄽꁩ♣槏⚈ⲏ駬嵱埛㒘溸 3D 㐙冎槏闌茤ⲇ帏漺

朮✅㺲䙎յ疿ꭊ⪸笡䲀槏瞏♣銩䙎䈰✑䭇╚倁广㐐⮕吿䳀⮃溸 CLEVR 3D 䈰✑♨⹴☓

ꌬ㝕㳔㎑ꭶ溸 ScanQA 瞏ն 

4.埛㑊羱缘⾕⪾麄冝茤⪺鱎 

㐃⽶岻㺂긖⡽䕒⪸峜儱埛㑊羱缘⪼⪾劔⺪闌ꓤ䙎点յ峅茤ⲇ点溸杅掾ն㐃 MIT 溸

┞뀉煝疵╚煝疵脢埛䬸◗☭荆╚溸笡缛 2 ꁾ鉿勨槏缏⻉⪼╚溸ꆒꀀ䲀槏閕⮯䳀둛◗玘缋

䍈⮬埛㒘溸⶷騫䙎⾕┞蔺䙎ն 

㐃㵄ꮪ䍎氠⽶긖閗閚ꄢ庱⾕騕阌յ勨㊮☭瞏䍎氠缏⻉➶ꂛ◗⪾麄冝茤뀖意潸⪸⽶岻⾕

⚈ⲏ溸煝疵ն⹜䌑缺蔦 FAIRյAI2յGoogle 瞏ⶥ✍㵶璇煝勨卐溸煝疵脢䳀⮃◗⻐╬

Rearrangement 溸⪾麄冝茤駬嵱⚈ⲏ䌔缀缃◗㳔勘皶鰨瞏嵛Ⲙ⪼╚缸⻉駬嵱◗㸍薨յ⚿

ꀂյ亣䱽յ駘䖫յ閕⮦յꄽ⟥瞏⚈ⲏꓠ氠 AI2THOR ⚑澶䌐⺬ꂛ鉿⚈ⲏ⚑澶┱砯岻駬嵱ն 
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5.閗閚埛㒘溸띸啦䙎┱㴘⪢䙎⺇⯒⪸峜 

閗閚埛㒘溸띸啦䙎⾕㴘⪢䙎□⺇⯒煝疵脢溸⪸峜⪼⫐帏⾕㜾䐥┯偃䪆㺥㠁㸉䫏呤续溸

嚤䗼䪆㺥♨⹴띸啦䙎煝疵螅䑑溸缛┞瞏ն婟㜾ꦎ㸉埛㒘띸啦䙎┱㴘⪢䙎溸駬嵱㕈⬮□㐃ꄢ

庱㴟ㄌ帏漺♈ⷳ璺玘缋羱缘⯒ Transformer 瞏┯⻎溸埛㒘厜卐䌔㸞駬嵱溸駕绿螅䑑䬥㺥

⯒◗热⯼嵤鉿溸蔦漳瀥㳔▣瞏假㒘溸駕绿螅䑑ն 
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峜续皺虹間掾俠槏蔦귱徏劲 5 劓 13 傽⹴ 6 劓 1 傽公鉿溸煝駐劲ն煝駐劲⺥겐☭╬庣

ⶶ㝕㳔묛둛ն⹨┱煝駐溸布㶅劔䕼鿞◱嵌煝疵ꯗ苪找յ╚㎼璇㳔ꯗ駉砯䪫勘煝疵䨿椟橱䌐յ

僔閗璇䪫䑳玨곝յⵌ☓薨疿薨㝙㝕㳔⮮偲յガ尐璇䪫♣㳌㿳յⶶ╚璇䪫㝕㳔椟⪺⮰յⵌ☓冝徏

☭䈰冝茤煝疵ꯗ椟꥗봅յⵌ☓☆ꄽ㝕㳔땦⼏鱪յ庣ⶶ㝕㳔嫙㽭㐚յⵌ☓㝕㳔类參꥗յ嶀尉㝕㳔

⽟兦䈀յ庣ⶶ㝕㳔蜖薨յ╚㎼☭宑㝕㳔匃䀦鿘յ⿫㸸怶䈰╃㝕㳔䈱僘㳇ն 
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睘◩皺 冝茤✅笡缏卐┱蛚曩뀖㔔ꂛ㺥⹴勑匡㺥労 

귱徏⚷冝茤✅笡缏卐┱蛚曩做⻔㳔脢 

 

✅笡缏卐⾕蛚曩儱☭䈰冝茤㕈熝㺂溸ꓨ锢ꌄ⮕㸉 AI 駉砯溸䙎茤յ侞椚յ茤腅瞏⽶긖䊎缺

ꓨ锢䔕⿱ն㐃续皺╚귱徏劲✅笡缏卐┱蛚曩┺㵶㹧뀖意ꂀ䌑溸⹿㺥搑掾⾕鱶ⲹꂛ鉿◗䱲駐ն

皺虹⮕╬┪㺂䍎氠յ╚ꭊ笡缛鿞⚂յEDA 駦駉鿞⚂♨⹴潜㺂蛚曩㎃╗ꌄ⮕⮕⯋䱲駐◗ꂘ◲

뀖意⡽䕒⪸峜溸ꓨ掾ꭄ뀨յ䮅䧹⾕⹿㺥鱶ⲹն 

┞յ┪㺂䍎氠 

1.◥ⸯ气笡缛 

⼏ⸯ气笡缛⺪⮕╬鿞⚂䐷⹿յ䕼纳ⲏꌄ翤յ⼏纳ⲏ㊮⾕⼏Ⲏꅌ㊮瞏⽶긖全锢긖╤♨┬䮅

䧹ն┞儱⼏ⸯ气鿞⚂溸罒⫭䐷⹿ꭄ뀨⪼巉⹴⯒㜩勵❹鰣䕼纳ⲏ溸둛侞銩獏ն◝儱劅㸰嵤瓨

挖槏僓ꭊ溸ꭄ뀨巉⹴⯒㸉缂積䍳䕼纳ⲏ溸⚳儙模ն┩儱ꂛ┞婢⩪⮕⯈氠纳ⲏ㊮燖⚂䙎茤

㸞⪼氠㟲յ氠怮巉⹴⯒둛㶕䍳յ둛䌔⹿溸庌⻉ꌄ翤䪫勘ն㎃儱갫濫䐻卐燖⚂俚ꓪ㙨Ⲏ㸞ꂘ

◲燖⚂绯⪝⼏ⸯ气笡缛㲾㐃䮅䧹괛锢儱⼕绯䐻卐燖⚂溸⪴☑ն 

 

╬◗闌⬑┪ꃎꭄ뀨♨ꁾ鉿僓笡缛╬╚䖦鿿模┪㺂鿞⚂⾕潜㺂燖⚂溸䘽鴤儱闌⬑⼏ⸯ

气ꭄ뀨溸呦䖦⹿㺥⽶⻔ն갫濫㎼分燖⚂㠁Ⲏꅌ㊮瞏溸⹿㺥⼏ⸯ气分⿣㸉㝃⩧䐻卐燖⚂溸

佻䭦㸞劲䧯╬⪸ꨴ溸ꭄ뀨ն 
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2.Serverless 駉砯 

Serverless 駉砯ꂀ䌑⹿㺥ꅌ䍳Ⲏ䗪潨⯼䉂缋㐃 IoT 俚䰕挖槏յ㸰瓨䍈յ㐌㎽瞏뀖意分气

㝕ꓪ㵄ꮪ䍎氠⻎僓□㐃㝕俚䰕յ㐃绻羱皭յ璇㳔駉砯յ㙨点㳔▣駕绿瞏⮃⻓◗䱲筻䙎溸䍎氠

訒㐌ն 

Serverless 駉砯笡缛┬溸⮇俚䍎氠⼯⻓克╗杅䔰┞儱✅璺㸰ն嬓╗⮇俚溸⫐㲾㵽ꓪꄽ䊬

⺢劔⭠ⶥ噪┞╗俚溯 GB ⫐㲾纳ⲏ㊮⻎僓⺪♨㵽绯俚溯╗䍎氠ꅐ䧯◗둛㶕䍳溸ꌄ翤ն◝儱

ꁾ鉿僓ꭊ焝⮇俚气⾀⽟劻┞薮⺢劔⭠璉僓ꭊ焝⽟劻杅䔰㸍蔺駉砯勨笡缛溸Ⲙ䘒䙎괛寛䔻둛ն 

 

Serverless ⮇俚溸㸰✅璺⾕焝⽟劻杅掾╬纳ⲏ㊮⫐㲾溸鰑徏硅槏䊎缺◗卋㝕溸䮅䧹ն㸞

⻓劔溸 WebյAI ⾕㝕俚䰕瞏鯬鿬ꌄ翤⯒ Serverless 楒㘷㸞긖╤둛䪆㺥յ둛⻦⻓⾕둛⯈氠溸

煝⹿괛寛ն 
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⻎僓갫濫热⯼燖⚂✅笡缏卐䗪ꅌ⺈⻄璀뀖意溸┺╃燖⚂㺂⮃┯疷卋㝕㙨Ⲏ◗燖⚂

溸䐻卐䙎ն锢㵄⻓䐻卐燖⚂┬溸둛⻦⻓ Serverless 駉砯笡缛괛锢煝⹿假㒘溸 Serverless 鰑

徏硅槏笡缛鿞⚂⻎僓㐃䐻卐⶷⻎յ⚈ⲏ騫䍳յ鿪ꓪ輁䬸瞏㺂긖䐷㺥㝕ꓪ⮱假ն 

 

3.㎽駉砯 

ꂀ䌑缺㜩勵㎽駉砯笡缛⪺鱎⮃⻓◗鱪鱴◝⩧䊬閕㎽駉砯埛䑑溸둛ꮕ㝃缰㎽駉砯杅

䔰ն⻎僓⚿缛┪ꃰ寛卋蔺䙎茤溸㎽駉砯笡缛婞㐃⻔둛⺪氠⽶⻔䗪ꅌ鿛瓌ն⻎僓㎽駉砯뀖

意巏⻓⮃㝕ꓪ㜩勵㎽駉砯笡缛⾕Ⲏꅌ㊮㠁㎽䮏䱢稝յ㎽㳔▣稝յ䲀蠩笡缛稝瞏ն劅⻑潸嬠

⚿缛㎽ꇁ⸉稝駉砯㎽駉砯剳Ⲏ⡿⻔◟㵄氠䙎䍎氠❛㠁ꮣꓧꁒ䷧ꯗ溸 GraphScope 瞏ն 

 

㺥绍勑缺㵄⻓㜩勵㎽駉砯笡缛괛锢䐮皒긖⻔㎽駉砯溸┺╃䪫勘气䘒⪼╚䭇㴟俠溸

䪫勘ꨄյ✅笡缏卐յ笡缛鿞⚂卐䐮յ砯岻䈰⪾䐷⹿瞏ն⪾✅劔♨┬⭠璀悎ꂛ鴤绻┞儱♈⮕佻

ꄽ氠⯒뀖意ꄽ氠溸㎽駉砯◝儱煝⹿Ⲙ䘒㎽駉砯溸┺氠Ⲏꅌ㊮┩儱ꂛ鉿㜩勵㎽埛㒘溸鿞燖⚂

⶷⻎駦駉㎃儱䲀Ⲙ㺲䙎㎽駉砯♈㵄돂㵎呤⿣鱂⻔⚕╃䍎氠ն 
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◝յ╚ꭊ笡缛鿞燖⚂ 

1.广䍳㳔▣罒瓨呻厜 

㐃广䍳㳔▣⪺鱎溸⻎僓╬◗ꮴ⛽罒瓨溸㜩勵䍳䳀둛砯岻煝⹿⾕埛㒘卐䐮溸侞椚广䍳

㳔▣罒瓨呻厜䍎ꁾ脯气ն⪿㒘呿❛䭇㎼ꮪ┪溸 TensorFlowյPyTorch♨⹴㎼⫐溸

PaddlePaddleյMindSporeյOneFlow 瞏ն 

 

╬◗❈广䍳㳔▣䍎氠茤㝉剳둛侞㐌ꌄ翤⯒蛚曩┪駠㝃煝疵⪸峜☭䈰冝茤埛㒘⯒ AI 蛚曩

溸╚ꭊ㺂⚳ն⻓劔溸⚳呻厜㝕✅┪㸞⚳ꁩ瓨⮕╬㎽㺂⚳┱砯㲳㺂⚳ն⪼╚㎽㺂

⚳㸉☭䈰冝茤埛㒘溸駉砯嵤㎽ꂛ鉿瞏⚃⺈䰄♨䳀둛⪼䙎茤㠁 TensorRTյTensorFlow

瞏ն砯㲳㺂⚳⮯ꄽꁩ俚㳔䍍䧶♣焺气䧯溸⽶䑑䳀❵⺪ꁾ鉿◟☭䈰冝茤蛚曩┪溸둛侞砯㲳

㠁㶯婣绦溸 CNNL 瞏ն杅⯋ꦎ㸉㝕閕埛駕绿□劔㝕ꓪ煝疵䈰✑㸉⪼⮕䉘䑑䌔鉿瞬汻յ騫䍳

瞬汻յ虹掾ꭊꄽ⟥瞏ꂛ鉿⚳㠁 FastMoENVIDIA NCCL 瞏ն 
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婟㜾䉂⮃⻓㎽㺂⾕砯㲳㺂⪴⻎⚳溸⽶岻ն❛㠁庣ⶶ㝕㳔煝疵脢劅ꂀ䳀⮃◗ PET ⾕

EinNet 克╗煝疵䈰✑ꄽꁩ缏⻉㎽㺂⾕砯㲳㺂⟥䛉㸉广䍳㳔▣䍎氠ꂛ鉿㎽砯鄌⻉⚳ն 

PET 㐃㎽㺂┪㸞砯㲳⮕╬⫐㲾䉘㹾砯㲳⾕駉砯砯㲳䌔ꄽꁩ广䍳⚳⩰䵎筻溸⽶岻ꇁ⸉䨿劔

溸⚳缀⻉㐃♣焺气䧯ꮕ嫙㸉砯㲳䍍╚䉂劔溸砯㲳潳碎騫氠砯㲳䍍㸉砯㲳䍍╚罼㸵溸㜩

勵⫐㲾䉘㹾砯㲳ꂛ鉿♣焺溸蔦Ⲙ气䧯䌔ꂛ鉿⮸⫩յ鄌⻉瞏⚳♨ꂛ┞婢䳀ⶬ⪼ꁾ鉿侞椚ն 

 

EinNet ꄽꁩ♣俚銩ꁒ䑑缺㸉埛㒘溸駉砯㎽ꂛ鉿䲾ꃎ䌔ꄽꁩ㕈◟♣俚ꁾ砯閕⮯溸蔦Ⲙ䲀

㸍ꂛ鉿⺈气䧯둛侞溸駉砯㎽ն㐃砯㲳㺂⮕⯋㸞銩ꁒ䑑儙模⯒砯㲳䍍䧶ꂛ鉿♣焺气䧯♨➬

⻎僓受駩⚳溸둛侞䙎⾕挺嵛䙎ն 

ꄽꁩ㎽砯鄌⻉溸⚳⽶岻PET ⾕ EinNet ⺪㸞⪿㒘溸☭䈰冝茤埛㒘⚳蔸㝃 3 ⠩♨┪ն 

2.羱缘◧臅 

㐃ꄽ⟥羱缘⽶긖⮃⻓◗羱缘◧臅䓺䧯㝕⫐㲾溸鱶ⲹն⮕卥䭰⮃驟娬┱ꮣꓧ䉄䉄俚䰕╚

䖦溸纳ⲏ㊮⫐㲾鰑徏⯈氠椚性勑ꁒ⯒ 60%ն╬◗䳀ⶬ⫐㲾鰑徏⯈氠椚ꂀ劻溸搑掾鱶ⲹ儱ꄽꁩ

❈氠假㒘둛䙎茤燖⚂㸞⻄╗纳ⲏ㊮溸⫐㲾◧臅卐䐮⪴☑⫐㲾尊䳀ⶬ⫐㲾⯈氠侞椚ն♈鿞

⚂◧臅溸閤䍳⮯ꄽꁩ煝疵⯈氠 RDMA 羱ⷒ⶿ꁉ駧ꭄꂜ盛⫐㲾㐃ꂘ┞ꁩ瓨╚ꂜ盛 CPU 糊

괛⹨┱⭀㸵뀭㜾溸駉砯ꓪն♈燖⚂◧臅閤䍳⮯㕈◟ CXL 瞏假㒘燖⚂⶷駖❈氠 loadյstore

䭰♥潳駧尊⫐㲾ն脯㐃⫐㲾▇┪卐䐮倁⚂յꨴ⡽瞏㝃璀㲾⥈䓺䘒둛侞佻临⻄稝☭䈰冝茤

䍎氠ն 



 

54 

귱徏㳔勘煝駐間掾䫟⼴ 

 

3.DPU 

❈氠⺪罒瓨溸冝茤燖⚂㠁 DPU瞏ꂛ鉿ꂀ⛤俚䰕挖槏□儱ꂀ劻溸搑掾鱶ⲹն⚿缛溸駉

砯厜卐㴟⪢❹鰣 CPU/GPU ꂛ鉿駉砯괛锢⩰㸞俚䰕♈㜾㲾䧶鴚羱缘䭗鯪蔸续勨⫐㲾նꂘ◲俚

䰕䭗鯪⺇ꮺ◟㜾㲾䧶脢羱缘䊎㶄殭뀘⺪茤䔕⿱笡缛溸俠✅䙎茤ն⺪罒瓨☆䰄勨յ⺪罒瓨羱ⷒյ

駉砯㒘 SSD 瞏假㒘⺪罒瓨冝茤燖⚂⮯╬氠䨮䳀❵◗ꂀ俚䰕挖槏溸勨劲ն㐃ꂘ璀假㒘溸峅駉砯厜

卐┬茤㝉⭀㸵俚䰕瓌Ⲙ䳀ⶬ鉿Ⲙ䙎茤ն 

 

4.긖⻔广䍳㳔▣溸鿞燖⚂⶷⻎⚳ 

㐃䲀蠩笡缛溸㲾⥈⾕厜卐⽶긖㕈◟广䍳㳔▣溸䲀蠩笡缛潨⯼䉂缋䌦峅䍎氠㐃䌦⼴յ氲

ガյ獘☆羱缘瞏ն氮◟埛㒘⫐㲾駧ꭄ㶕겐յ駉砯瓑油Ⲏ┪⪾劔栃杅溸┯閕⮯⫐㲾駧ꭄ埛䑑

❈䕒㐃⚿缛㲾⥈⾕✅笡厜卐┬㵽儅⮃⻓⫐㲾殭뀘⾕䊎㶄殭뀘ꮺ⯜䍎氠溸䙎茤ն脯ꂀ㲾挖槏յ

㲾⫐駉砯瞏缏卐茤㝉罏闌䲀蠩笡缛䍎氠╚㸉⫐㲾溸⸐ⲇն 
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㐃㎽玘缋羱缘⽶긖㎽玘缋羱缘㐃 AI 䍎氠╚긌䊬嵤鉿䌦峅䍎氠◟獘☆羱缘յ焒駮㎽驙յ

䲀蠩笡缛╚ն♨駕绿嵤瓨╬❛ꓠ呤ꮕ嫙ⷑ䰕駕绿ꁩ瓨䙰僓ꭊ溸 24%䬂⺆ꮕ嫙괛锢䬂⺆⮃

䖪锢溸俚䰕♈ CPU ⫐㲾鿛瓌⯒ GPU ⫐㲾⮯ⷑ䰕◗ꁩ瓨溸 54%նꂘ□儱氮◟⫐㲾갫勨駧

ꭄյ駧ꭄ㶕겐յ駉砯瓑油瞏杅䔰ꅐ䧯㐃⻓劔㲾⥈⾕✅笡厜卐┬埛㒘溸駕绿侞椚┯둛ն㎌婟

⺪♨ꄽꁩꂀ俚䰕挖槏յⲎꅌꓠ呤ꮕ嫙⾕俚䰕瓌Ⲙ瞏⽶䑑缺Ⲏꅌ GNN 溸駕绿侞椚ն㸉㝕閕埛

溸 GNN 駕绿㸉⮕䉘䑑㐙冎┬GNN 溸ꄽ駗⚳□儱⡽䕒⪸峜溸ꭄ뀨ն 

 

5.燖⚂┱⸐罥俚䰕溸鄌⻉ 

㸞燖⚂┱⸐罥俚䰕潳碎挖槏䪫勘潸缏⻉儱勑缺✅笡缏卐┱둛䙎茤駉砯溸ꓨ锢⽶⻔նꄽꁩ

㕈◟閕⮯⸐罥俚䰕潳碎挖槏䪫勘儱┞璀假溸駉砯螅䑑ꄽꁩ㕈◟┪┬倁糊⪸倁岻溸⸐罥銩獏

⺪♨潳碎㸉⸐罥俚䰕ꂛ鉿ꄽ氠溸俚䰕挖槏䌔⾕駉砯勨䌔鉿✅笡缏卐潸缏⻉ն潸⪸䧯卸䉂缋茤

㝉⢳⯒㸉◟㝕俚䰕յ긌缏卐俚䰕♨⹴俚䰕䍍╚溸硅槏┱⮕卥□䭇㐃 GPU 瞏Ⲏꅌⷒ┪⸐

罥俚䰕潳碎駧ꭄ瞏ն 

6.CPU ⾕Ⲏꅌ㊮겐䧯◟⶿┞蛚曩駦駉 

㸞 CPU ⾕Ⲏꅌ㊮潸缏⻉䌔侒翞㐃┞╗蛚曩┪溸駦駉儱勑缺駉砯勨笡缛缏卐溸ꓨ锢煝

疵⽶⻔նꂘ璀駦駉⺪♨ꉍ⩹ CPU ⾕Ⲏꅌ㊮▇ꭊ溸俚䰕⚿ꀂ❈䕒克脢劔濫剳㟲溸缂積䍳☆◧ն

⻎僓CPU ⾕ GPU ▇ꭊ□⺪♨ꂛ鉿缂積䍳溸騫䍳銩⻓⮃点Ⲧ溸䙎茤ն 
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7.⮕䉘䑑笡缛 

⮕䉘䑑笡缛⽶긖ꂀ缺溸煝疵ꂛ㺥儱⺪罒瓨羱ⷒ┱⮕䉘䑑笡缛溸⶷⻎駦駉ն갫濫ꂀ䌑缺

DPU 瞏⺪罒瓨羱缘駦㜜ꄢ婢⮃⻓╬⚿缛溸羱缘駦㜜㙨Ⲏ◗駉砯茤ⲇꂘ◲駉砯茤ⲇ┱⮕䉘䑑

䍎氠ꂛ鉿腣⻉䐷⹿╬Ⲏꅌ⮕䉘䑑笡缛䊎缺◗假勨ꆱն㕈◟⺪罒瓨羱缘溸駉砯⪾㜜┱羱缘绻

ꅌ挖槏俚䰕嵤溸茤ⲇ⺪♨卋㝕䳀ⶬ⮕䉘䑑笡缛溸侞椚նꂀ䌑缺ATP 瞏笡缛溸煝⹿ⷬ╬⺪罒

瓨羱缘┱⮕䉘䑑笡缛腣⻉䐷⹿溸氠❛ն 

冝茤羱ⷒ⮯㐃⚿缛羱ⷒ┪Ⲏ◗駉砯蛚曩㸞 DPU ꌄ翤㐃纳ⲏ㊮盛䳀❵㸉俚䰕嵤溸㐃

羱駉砯⺪♨㸞纳ⲏ㊮溸 CPU ♈ꌄ⮕羱缘硅槏⚈ⲏ╚闌侒⮃缺❈ CPU ┺峜挖槏䍎氠駉砯

劔⯈◟䍎氠瓨䍈溸ꌄ翤⾕騫䍳ն 

㐃⮕䉘䑑䍎氠⾕⺪罒瓨羱缘腣⻉䐷⹿芻冎┬駦駉⚿ꀂ駉砯┞✅溸⪢气⾀⽟劻ꁩ瓨㸞

儱┬┞婢溸煝疵ꓨ掾⪼╚䭇駦駉罒瓨螅䑑❈⚿砯┞✅茤㝉ꃿꏕ䐻卐溸䍎氠➬◟瓨䍈

⽄罒瓨駦駉罒駹䪫勘❈ꄽ氠罒瓨螅䑑ꃿꏕ䐻卐溸䌐⺬駦駉ꁾ缰⽶岻❈䐻卐䌐⺬┪溸挖

槏茤ⲇյ⶷⻎䈰✑⹿䮢劅㝕溸駉砯茤ⲇն 

热撬駦駉⚿砯┞✅溸䐷⹿嵤瓨□긖╤䮅䧹全锢㐃◟氠䨮斀䛳溸罒瓨螅䑑㙨ꓪ悎ꂛ⯒⚿

砯┞✅ꂘ┞悎ꁩ瓨锢寛假溸罒瓨螅䑑괛锢⫅㵽䉂劔溸罒瓨螅䑑䳀❵假溸騕▄䧶脢剳点溸

䙎茤⻎僓괛锢㸉氠䨮ꄟ僻⽶➬氠䨮❈氠ն 

┩յEDA 駦駉鿞⚂ 

뀖意┺氠蛚曩溸䗪ꅌ⹿㺥㸉駦駉蔦Ⲙ䈰⪾䳀⮃ꃀ⮘괛寛ն⚿缛 EDA 䈰⪾㐃笡缛㺂յ

RTL 㺂յ厜卐㺂⽶긖糊岻㸉뀖意┺氠蛚曩溸杅媗ꭄ뀨ꂛ鉿䐮埛⾕⚳ն㎌婟㐃ꂘ◲㺂姍┪

糊岻苞⚈뀖意┺氠蛚曩溸駦駉ն❛㠁⚿缛溸 EDA 糊岻挖槏玘缋羱缘Ⲏꅌ㊮溸俚䰕嵤厜卐駦

駉ն潨⯼뀖意┺氠蛚曩溸┪㺂駦駉㝃㕈◟☭䈰⾕缋돂䐷⹿䧶脢䐷⹿┞◲瑮劔䈰⪾ն 
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缕㴼뀖意⫐溸䍎氠蔦Ⲙ駦駉叄◲䭰吙劅⚳溸┺氠厜卐⪼╚溸⪸ꨴꭄ뀨儱卐䐮뀖意⫐

溸砯岻䲾ꃎ埛㒘յ燖⚂厜卐䲾ꃎ埛㒘յ駦駉疿ꭊ䵎筻⽶岻瞏ն埛㒘儱 EDA 溸⪸ꨴ▇┞䐮皒뀖

意⫐ꄽ氠溸砯岻埛㒘⾕厜卐埛㒘㕈◟ꂘ◲埛㒘䐷⹿厜卐溸駦駉疿ꭊ䵎筻⽶岻❈䕒┺氠뀖意

溸蔦Ⲙ駦駉䧯╬⺪茤ն 

 

㴼⯜駉砯厜卐溸悎ꂛ⺇⯒┪㺂鿞⚂⾕潜㺂燖⚂溸克⽶긖뎧Ⲙն┞⽶긖䍎氠砯岻溸⹿㺥㸉

駉砯茤ⲇյ㲾⥈㵽ꓪյ駧ꭄ䊎㶄瞏┯偃䳀⮃假괛寛ն⺞┞⽶긖䷧㸸㴼䔾ꄢ庱侒罏假㒘潜㺂

㊮⚂յ겐䧯⽶䑑⾕㸖鍯䈰虪溸⮃⻓□╬㴼⯜厜卐䳀❵◗假溸勨ꆱ⾕䮅䧹ն 

缸⻉脞軭ꂘ克⽶긖溸㎌筷EDA 괛锢㵄⻓㐃䍎氠յ厜卐յ氲鴤瞏⽶긖溸鴚㺂姍駦駉ꂘ劲

㸍蔺厜卐駦駉疿ꭊ┯偃㙨㝕厜卐駦駉㜩勵䍳돂駩䐷ꨆ□ꁣꅌ㙨Ⲏն╬◗⩴纳ꂘ╗䮅䧹⺪♨

ꦎ㸉뀖意䍎氠溸杅掾⻉槏駦駉厜卐銩獏⽶岻卐䐮厜卐駬⛓䌐⺬䌔⯈氠勨㊮㳔▣瞏䵎筻⽶

岻둛侞㐌卐䐮厜卐駦駉疿ꭊ䌔蔦Ⲙ㐌ꂛ鉿䱲筻ն 

㎃յ䍐㺂蛚曩 

갫濫┺氠㐙冎溸傽漩⹿㺥⥏气◗駠㝃┺氠Ⲏꅌ燖⚂埛㑊缺ꂛ鉿둛侞溸挖槏⾕駉砯ն⛰

儱갫濫┺氠駉砯砯岻⹿㺥Ⲏꅌ⻄╗㐙冎溸爖曩⡿⻔僻兇ꂘ㸉蛚曩ꃆ♣⾕䈽䐻駦駉劔兇

詇괛寛ն 
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1.蛚曩駦駉䧯续⚳ 

䷧㸸㴼䔾⹿㺥鱶罏蛚曩⯜ꅐ䧯续걾♨⚳┻䊬閕溸俠蛚曩駦駉䐷⹿⽟劻鿲ꪍն㐃ꂘ璀

芻冎┬⥏气◗㕈◟ Chiplet 溸䪫勘⻐╬ Hub+Side Die 埛䑑ն⪼╚Hub Die ╬⻄㐙冎䨿

⪴劔溸┞◲ⲍ茤埛㑊❛㠁⫐㲾碎⺛յ全䱽 CPU 瞏նSide Die ⮯╬⻄㐙冎栃劔溸駉砯Ⲏꅌ埛

㑊㠁 AI Ⲏ㶕瞏㴋♰▇ꭊꄽꁩ Die to Die 碎⺛㵄⻓◧臅նꄽꁩꂘ璀⽶䑑⺪♨ꦎ㸉┯⻎㐙

冎䗪ꅌ剳䰄ꃆ♣┺氠駉砯 Chiplet䌔ꄑ䭃둛䙎⚃嬠䈰虪 Hub Die□⺪♨㵄⻓㸉┯⻎㐙冎溸

IP 鰆氠┱駦駉䐷ꨆ䶨⮕ն 

⛰ Hub+Side Die 埛䑑全锢긖╤㎃㝕呦䖦걾뀨┞儱䬏նꂘ儱뀉潨绣溸脞軭ⷬꄽꁩ䐮皒

䧯续埛㒘周䰕뀉潨䨿괛溸蛚曩긖璺յ䙎茤瞏괛寛駬⛓⮃⻉ꃿ溸笡缛䬏⮕勨⯜⾕㸖鍯埛䑑瞏ն

◝儱䭞նꂘ儱厜卐㺂溸脞軭全锢䭇 NoC ⾕ DFT 溸駦駉㐃㝃 Chiplet 溸匜⚂┬㵄⻓⺪

긐溸笡缛ꄽ⟥┱嵱駽ն┩儱ꂞնꦎ㸉 Die to Die 溸碎⺛䐷⹿㕈◟䌔⺛䧶脢╢⺛⽶㵄⻓鱪焝

鴈◧臅溸둛䙎茤碎⺛㵄⻓㎼分溸稝 UCIE 勨⯜ն㎃儱㸖ն㕈◟㎼分续㏸㸖鍯䪫勘㵄⻓ MCM

⯒ 2.5D 绣⯋溸㸖鍯埛䑑ն 

2.冘㏉绣겐䧯 

㕈◟ Chiplet 溸 Hub+Side Die 埛䑑全䩤挺嵛溸杅掾㐃㝃뀉潨┪茤㝉ꮴ⛽䫌⪝脯冘㏉

绣溸겐䧯⮯痓熏⻓劔溸⶿ SoC 겐䧯㵄⻓㝕閕埛砯ⲇ笡缛♨怮鳉┱傽⟺㙨溸砯ⲇ괛寛ն⚿缛

溸 HPC 뀖意ꄽꁩ㝃虹掾䬥㺥砯ⲇ⶿虹掾駉砯茤ⲇ┯둛겐聁溸駉砯㶕䍳⛽յꄽ⟥䐷ꨆ㝕ն脯

ꄽꁩ冘㏉绣겐䧯⺪♨㵄⻓兇詇䳀둛嬓╗虹掾溸砯ⲇ㝕㸰ն 

冘㏉绣溸겐䧯ꯙ◗┪倁䳀⯒溸䬏յ䭞յꂞյ㸖㎃╗ꭄ뀨㜾ꂖ劔♨┬⽶⻔⡽䕒⪸峜ն

┞儱㐃厜卐駦駉ꮕ嫙嬓╗ Chiplet 積䍳䱲筻⡽䕒煝疵ն㐃 Chiplet ┪◧臅羱缘潸鿲⚿缛溸

NoC劔剳㝕溸㵽ꨟ┱䬿㗶䱽⯜锢寛ն◝儱㐃㵄⻓ꮕ嫙괛锢ꦎ㸉겐䧯溸⻄╗ꮕ嫙煝疵潸䍎溸

嵱駽⽶呿䌔┻氮◟㝕긖璺┱㝕ⲍ腅杅䙎僓ꦥյ❵氲⹴俆搑ꭄ뀨┯㵽㸰関ն┩儱㐃❈氠ꮕ嫙

假㒘겐䧯䬥䩠缕罒駹瞏╚ꭊ⚂䊎缺◗假溸煝疵ꭄ뀨ն 
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3.冝茤蛚曩 

冝茤蛚曩⺪♨♈克╗⽶긖ꂛ鉿ꭦꓤն┞儱 Chips for AIⷬ╬ AI ╬♣銩溸假㒘䍎氠䳀

❵剳㟲溸蛚曩նAI 蛚曩✅笡缏卐✑╬俠╗笡缛溸佻叻⻔┪괛锢䪩碎䍎氠⻔┬锢⫅㵽假溸㊮

⚂ն♈┪㺂䍎氠⹿㺥澚缺AI 뎧Ⲙ溸假璇㳔駉砯յ假䈰╃駉砯瞏假䍎氠ꄢ庱⪺鱎杅⯋儱♨㎽

玘缋羱缘╬♣銩溸㎽俚䰕稝䍎氠㸉✅笡缏卐䳀⮃◗假溸䮅䧹ն♈潜㺂包倣⾕㊮⚂缺澚ꦎ㸉

駉砯⽶긖劔假㒘ꓪ㲳㊮⚂ꦎ㸉㲾⥈劔假㒘溸㲾⥈㊮⚂ꦎ㸉ꄽ⟥⽶긖劔⩱ꄽ⟥蛚曩նꂘ◲┯

⻎溸假㊮⚂⪾劔䔻㝕溸⹿㺥愗ⲇ⛰⻎呤⺇⯒䙎茤յⲍ腅瞏⽶긖溸点绢匙⾕ꮺ⯜ꂘ❈䕒勑缺

✅笡缏卐溸⹿㺥괛锢脞軭ꂘ◲假㒘㊮⚂㸉杅㴼뀖意䍎氠溸䔕⿱ն 

 

◝儱 AI for Chipsⷬ氠☭䈰冝茤⢳剳㟲溸蛚曩յ剳㟲㐌⢳⮃蛚曩ն갫濫冝茤僓♣溸⯒缺

⾕䷧㸸㴼䔾溸㝕䋀侒罏┺氠✅笡缏卐溸蛚曩俚ꓪ⾕璀稝㝕䋀㙨Ⲏ✅笡缏卐㸞ꂛ⪝假溸⹿㺥

ꮕ嫙ն 
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蛚曩駦駉续麄儱┞╗♣⚃䔻둛溸ꁩ瓨ⷬ ❈缋ꁩ◗ 40 㝃䌑溸⹿㺥□겐䧯◗鱴缺鱴㝃溸⩰

ꂛ砯岻蛚曩駦駉♇撬⽟劻ꪍյꁩ瓨㜩勵յ㸉駦駉☭⽄┺╃锢寛䍳둛ն杅⯋儱갫濫虹掾䈰虪溸

ꂛ⪝蛚曩괛锢剳┺╃溸駦駉☭⽄鰆鱴缺鱴㝃溸僓ꭊ⾕ꓭꦷ䧯续ն闌⬑蛚曩駦駉괛寛㝃⾕

蛚曩駦駉♣⚃둛▇ꭊ溸烾澃긖╤鿲㝕溸䮅䧹ն脯氠☭䈰冝茤⽶岻鿴ⲙ⹨┱蛚曩厜卐溸駦駉

⾕嵱駽㸞儱劔鲨┻劔䉤绍溸㹅駽ն 

ꂀ傽驟娬溸潸⪸煝疵䉂缋⹿銩㐃վNatureտ┪ˋˋꂘ뀉䈰✑╚驟娬㸞蛚曩駦駉ꭄ뀨閗

╬䍈⮬⬑瞬ꭄ뀨⯈氠点㳔▣溸⽶岻缺闌⬑㐃┯⯒ 6 㸰僓溸僓ꭊ⫐騍⽶岻⺪♨气䧯㬏耘

䧶脢鱪ꁩ☭䈰溸⻓♣Ⲏꅌ㊮䔯銩┪溸䉘㹾ն潨⯼騍⽶岻䉂鿴ⲙ駦駉◗驟娬溸 TPU 笡⮬蛚曩

㵄⻓◗訒㐌䍎氠ն 

4.✅笡缏卐 

㐃✅笡缏卐㺂긖劔㎃╗⽶⻔⺪♨⪸峜ն┞儱駑冝茤挖槏㊮剳㟲氠䭇气䘒卐䐮♨⹴

䳀ⶬ㐃┯⻎閕埛յ┯⻎稝⯋蛚曩┪溸䍎氠䐷⹿侞椚瞏ն◝儱瓑油駉砯䊎缺溸ꭄ뀨ն瓑油✑╬┞

╗䔻ꓨ锢溸杅䙎㐃ꁩ⹜⭠䌑錻䌦峅⪸峜⛰儱㸉◟瓑油俚䰕溸挖槏♇撬䭦缩煝疵괛锢ն┩儱

┯⻎蛚曩ꭊCPU ⾕蛚曩ꭊ溸箄腣⻉괛寛նꁩ⹜煝疵脢㸞⻄璀ⲍ茤♈ CPU ┪䭢⮃缺⢳䧯

⶿栃溸蛚曩ն⻓㐃╬◗怮鳉㐃┯⻎蛚曩ꭊCPU ⾕蛚曩ꭊ溸箄腣⻉괛寛煝疵脢䐷㢽䱲筻㸞

㝃璀蛚曩⻉⯒┞鱎ն❛㠁㲾砯┞✅溸煝疵㹧䪻俚䰕⾕駉砯䬕䕒剳ꂀ脯㝃⩧䐻卐 SoC ⮯䪻┺

氠蛚曩▇ꭊ䬕䕒剳ꂀն
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睘⪮皺 AI+Science 뀖㔔ꂛ㺥⹴勑匡㺥労 

귱徏⚷ AI+Science 做⻔㳔脢 

 

갫濫☭䈰冝茤♈煝疵뀖意鱂⻔䍎氠婞㐃䲀Ⲙ⻄鉿⻄╃䗪ꅌ⹿㺥նꂀ缺璇㳔煝疵䉂缋䧯

╬ AI 䍎氠溸全䧹㐙▇┞䉂䓺䧯⻐╬ AI for Science 溸뀖意䧯╬假⪺煝疵뀖意ն续皺╚㝃

⛻귱徏劲㳔脢䱲駐◗ AI+Science 溸ꂛ㺥全锢⮕╬♨┬⭠㝕㐙冎AI+气⾀璇㳔յAI+包倣璇

㳔յAI+㝕官璇㳔յAI+玘缋璇㳔յAI+䍎氠俚㳔/䍎氠朮槏յAI+⪼♑뀖意瞏ն婟㜾┱劲脢□

䱲駐◗ AI ⺪闌ꓤ䙎㐃ꂘ┞뀖意溸ꂛ㺥⾕勑缺鱶ⲹն 

 

┞յAI+气⾀璇㳔 

✑╬┞璀假㒘溸冝茤璇㳔駉砯埛䑑哈䎙駉砯儱♨☭䈰冝茤⾕俚䰕뎧Ⲙ╬呦䖦溸睘㎃煝疵

螅䑑㴋茤㝉卋㝕㐌ⲙⲇ☭稝䱲筻气⾀璇㳔溸ꓨ㝕ꭄ뀨㐃勑缺䊜ⲙ☭稝剳㟲㐌闌⬑气⾀┱哈

䎙ꭄ뀨ն 

┞뀖㔔ꂛ㺥 

㐃 AI+气⾀璇㳔⽶⻔ꂀ䌑缺䉂劔㝃뀉痓熏䙎䪫勘ն㐃迀溮鯵缏卐뀔嵱⽶긖⪾劔♣銩䙎

溸䈰✑儱 2020 䌑 DeepMind ㎑ꭶ䳀⮃溸 AlphaFold ⾕ 2021 䌑假┞♣ AlphaFlod2♨⹴Ⲏ

䈣㝕㳔⛒⩴⯈⮕吿㎑ꭶ䳀⮃溸 RoseTTAFoldն婟㜾AI 㐃 RNA 뀔嵱♨⹴㶕䍳峅⮇⛓駉瞏
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뀖意性劔駢倁⹿銩䲀Ⲙ闌⬑气⾀璇㳔뀖意溸┞◲ꓨ㝕ꭄ뀨ն❛㠁2021 䌑 DeepMind 㐃

վScienceտ┪⹿銩倁皺䳀⮃◗⻐╬ DM21 溸埛㒘氠◟ꓪ㲳駉砯╚峅⮇㶕䍳⛓駉ꄽꁩ㸞

AI 溸⽶岻┱朮槏埛㒘潸缏⻉劔绍闌⬑气⾀璇㳔뀖意溸┞◲ꓨ㝕ꭄ뀨ն 

 

◝⹿㺥做⻔ 

勑缺㐃 AI+气⾀璇㳔뀖意劔㎃╗⽶⻔⪾劔⹿㺥愗ⲇն 

1.迀溮鯵缏卐뀔嵱 

AlphaFold 㐃⶿ꨄ뀔嵱┪䉂缋分气◗긌䊬㟲溸缏卸⛰儱㐃㜩⻉✅溸뀔嵱յ潸◧✑氠뀔嵱յ

杅媗迀溮鯵⹴⪼䫏✅缏卐溸뀔嵱┪ꂖ㲾㐃䮅䧹ն 

2.迀溮鯵駦駉 

㹻硅♨ Baker ╬♣銩溸煝疵☭⽄㐃㕈◟뀖意溸焒駮駦駉㕈熝┪䉂裯䕒◗嬠鿲㟲溸迀溮

鯵駦駉溸缏卸駢倁□㐃♁䌑僃◲僓⡀⹿銩㐃վNatureտ┪⛰㕈◟广䍳㳔▣溸迀溮뀔嵱❹撬

㲾㐃窢䍳┯鳉瞏䮅䧹脯㕈◟缏卐溸⹹⻔䫐⺖뀔嵱潨⯼♇挖◟⮵婢⹿㺥ꮕ嫙ն勑缺㐃迀溮駦駉

┪긖AI ⺪茤劲䭦缩分气痓熏ն 

3.術朮駦駉 

AI 㐃㸰⮕㲳術朮駦駉⽶긖䉂劔䧯卸䭇⮕㲳뀔駕绿埛㒘յ◝缰⮕㲳气䧯յ⮕㲳䙎鯵뀔嵱յ

㳔⹹䍎뀔嵱瞏ն勑缺㐃┩缰⮕㲳气䧯⽶긖㕈◟긳缏卐溸┩缰⮕㲳溸气䧯⾕㝕⮕㲳溸術

朮駦駉┪긖AI ♇劔⹿㺥溸愗ⲇն 
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4.⮕㲳Ⲙⲇ㳔埛䬸 

㕈◟ AI ➶ꂛ⮕㲳Ⲙⲇ㳔溸埛䬸㸞ꂛ┞婢䲀Ⲙ術朮⾕迀溮鯵溸⚳駦駉ն⮕㲳Ⲙⲇ㳔埛

䬸儱긌䊬ꓨ锢溸煝疵뀖意㐃㸰⮕㲳術朮⾕迀溮鯵卐⻔煝疵┪⮕㲳Ⲙⲇ㳔ꌬ䪍悎濫ꓨ锢溸閤

虝ն 

┩긖╤溸䮅䧹 

AI+气⾀璇㳔儱┞╗☆⹲㳔璇⪼㳔璇ꬾ坒潸㸉鿲둛劔㝃╗⽶긖溸ꭄ뀨♇䔶闌⬑ն┞儱㸌

䪨⯒ꃿ⻉ AI 闌⬑溸ꭄ뀨潸嬠◟䳀ⶬ AI 闌⬑杅㴼ꭄ뀨溸茤ⲇ潸㸉剳╬⪸ꨴն❛㠁AlphaFold

ꄑ䭃◗ AI 㵽儅⮘⪝溸迀溮鯵缏卐뀔嵱뀖意䩜⺆䕒◗鿟Ⲙ䙎溸䧯卸ն◝儱㐃俚䰕⽶긖气⾀璇

㳔╚溸俚䰕㲾㐃瓑油յ㊱㛽㝕յ俚䰕⮕俆瞏杅掾ꂖ⺪茤劔갬瑮ꭄ뀨ꂘ㸉 AI 砯岻溸卐䐮⾕駕

绿䊎缺䮅䧹ն┩儱㐃䐮埛⽶긖气⾀璇㳔俚䰕稝㒘⺪茤劔濫剳둛溸䐮埛㜩勵䍳ն㎃儱 AI+气⾀

璇㳔煝疵㸉砯ⲇ劔긌䊬㝕溸괛寛┞薮溸煝疵㵄돂㵎걾♨䪩⺇ն劅⻑AI+气⾀璇㳔㸉煝疵脢⾕

䈰瓨㎑ꭶꌬ劔䔻둛溸锢寛儱┞╗笡缛䙎溸㳔璇նꂘ괛锢 AI 璇㳔㵶յ气⾀璇㳔㵶⾕䈰瓨㎑ꭶ┩

脢劔勨缏⻉潸◧ꏕ⻉⪴⻎㴟䧯⪾劔䮅䧹䙎溸騦뀨ն 

◝յAI+包倣 

AI+包倣溸煝疵徏蔦 2016 䌑 5 劓վNatureտ⮜溫┞碋⻐╬վ☭䈰冝茤㸞锢ꓨ㗛包倣璇㳔տ

倁皺նꂀ䌑缺վNatureտյվScienceտ⹴⪼㲳⮜潸缣䫟ꇔ◗騍뀖意溸痓熏䙎ꂛ㺥նAI+包倣

䙰✅⺪⮕╬克╗⽶⻔┞儱假包倣⻉䧯◝儱包倣뀔嵱䐮埛ն 
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假包倣⻉䧯⽶긖勨㊮㳔▣埛㒘뀔嵱溸⬮燛䙎䉂缋鱪ꁩ◗⪾劔╝㶡缋돂溸㳔㵶ն❛㠁

2021 䌑 5 劓 4 ⺵溸վNatureտ溸㸖긖倁皺╚♃缉煝疵脢㕈◟勨㊮㳔▣砯岻ꓠ氠⻉䧯换鯲

溸㵄돂俚䰕駕绿 AI❈⪼茤㝉뀔嵱假包倣⻉䧯溸缏卸❈⹿僻假包倣溸⺪茤䙎㝕䋀䍳䳀둛ն 

 

㐃包倣뀔嵱䐮埛⽶긖AI 茤㝉╬㵄돂匜⚂┬溸包倣䙎茤뀔嵱䐷ꀓ假ꄬ䔴ն2021 䌑 1 劓 6

傽վNatureտ♨㸖긖倁皺䫟ꇔ煝疵脢㐃 10 绯稌㹷䍳┪勨㊮㳔▣埛㒘缺䲾ꃎ 10 ┧╗ⸯ㲳

㝃䘒鿛⺈溸ꁩ瓨♈脯뀔嵱包倣溸缏卐յ甯㴼䙎յ♨⹴氲㲳溸杅䙎瞏ն 

 

┩յAI+㝕官璇㳔 

✑╬缋⪿溸俚䰕⮕卥溸䍎氠㳔璇㝕官璇㳔⾕☭䈰冝茤溸庫徏氮缺䉂典ն2006 䌑♨缺갫

濫广䍳㳔▣溸⹿㺥AI 㐃官骮뀖意溸䍎氠鱴缺鱴㝃Ⲏꅌ◗㝕官璇㳔溸⹿㺥⺈긞ն 
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┞뀖㔔ꂛ㺥 

AI+㝕官璇㳔⽶긖全锢♣銩䙎䈰✑䭇⯈氠玘缋羱缘뀔嵱官⡀⻓骮⾕ꮴ寊ꓪ瞏䈰✑㠁

㕈◟ⷳ璺玘缋羱缘뀔嵱⸇㸸㹹騢⻓骮♨⹴ 2021 䌑 DeepMind ⹿銩溸倁皺ˋˋ⯈氠广䍳㳔▣

⽶岻뀔嵱ꮴ寊溸煝疵瞏ն 

ꮴ寊뀔嵱儱긌䊬㜩勵溸ꭄ뀨⚿缛⽶岻儱闌䉂焒溸յ㕈◟朮槏埛㒘溸䕼⮕⽶瓨缀侞椚鿲

⛽䔻걾㵄⻓焝僓ꭊ⫐溸⬮燛뀔䫟ն广䍳㳔▣⽶岻⺪♨潳碎㕈◟괃ꁒ嵱ꓪ俚䰕뀔嵱ꮴ寊䝠⬔

⪾㜜◗焝僓ꭊ⫐ꮴ곝溸뀔嵱茤ⲇն 

婟㜾☭䈰冝茤㐃官骮뀖意䍎氠□䭇官骮間㷌駮⯋յ官骮俚䰕挖槏յ㝙官⹴官⡀⮕卥뀔

䫟յガ╃䧶鉿╃䍎氠㐙冎瞏ն 

 

◝⹿㺥做⻔ 

勑缺 AI+㝕官璇㳔㸞㐃♨┬┩㝕⽶⻔ꂛ┞婢⹿㺥ն 
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1.㐃㝙官յ官⡀뀔䫟埛䑑溸煝⹿⾕做岻┪溸侊ꂛ䭇㕈◟⷟儘鰑倣俚䰕溸广䍳㳔▣䐮埛յ

鱪䌔⹿挖槏յ㝃埛䑑겐䧯뀔䫟瞏ն 

2.AI 㸉官骮䱲嵱䪫勘溸侊ꂛ㠁官骮䱲嵱駦㜜溸⷟儘յ冝茤⾕羱缘⹿㺥♨⹴㕈◟

긌官骮間嵱駦㜜溸官骮⟥䛉⹹悎䪫勘ն 

3.⯈氠 AI 侊ꂛ☭䈰䔕⿱㝙官溸✑╃做岻全锢儱㕈◟ AI ⾕埛䬸䪫勘㵄⻓☭䔕✑╃溸

蔦Ⲙ䪫勘ն☭䔕䭰溸儱氠☭╬溸⽶岻⹜䔕⿱ꮴ곝ն⺞㜾ꂖ⺪♨ꄽꁩ㳔▣气괉㝙官笡缛

溸㲹芍劻杅䔰氠◟巆괉✑╃瞏ն 

┩긖╤溸䮅䧹 

AI+㝕官璇㳔긖╤溸䮅䧹全锢劔㎃╗⽶긖⮕⯋儱俚䰕ꓠ겐յ俚䰕閕埛յ俚䰕䐮埛յ煝疵

㎑ꭶն 

1.俚䰕ꓠ겐 

㐃官骮煝疵╚ꓠ겐⯒俚䰕儱䐻卐溸긌䊬╝㶡┻䙎鯵┯⻎ն❛㠁⷟儘嵱ꓪ俚䰕全♨

㎽⦑╬全┱괃ꁒ嵱ꓪ溸俚䰕♨⹴㐌긖皭嵱ꓪ溸俚䰕然婟▇ꭊꌬ劔濫┯⻎溸杅䙎ն⪼⭠✇

䓺枱յ僓疿⮕ꀥ椚յ♣銩溸朮槏⻼▄ꌬ⺪茤┯潸⻎ն䐷⹿ AI 埛㒘溸ꁩ瓨╚괛锢㸉ꂘ◲䐻卐俚

䰕ꂛ鉿挖槏⾕鄌⻉ն 

2.俚䰕閕埛 

官骮⷟儘յ괃ꁒ瞏⚿䠋㊮僓⯤侅겐⾕嵱ꓪ官骮俚䰕笡缛挖槏溸俚䰕閕埛㐃 TB 绣⯋♨┪

┻性╬둛窢䍳俚䰕ն⯈氠 AI 溸⽶岻挖槏官骮俚䰕㸉砯ⲇյ㸉駉砯鰑徏괛寛鿲둛ն 

3.俚䰕䐮埛 

官骮埛㒘괛锢⢳⯒둛⺪闌ꓤ䙎䌔受䭦朮槏┞蔺䙎瞏锢寛ն 
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4.煝疵㎑ꭶ 

煝疵㎑ꭶ⽶긖㎼⫐㹀勑㴟⪢䐮皒 AI+㝕官璇㳔溸煝疵㎑ꭶ㎼⫐㳔脢潸嬠⪼♑㎼ꮪ㳔脢

煝疵䔕⿱ⲇ劔䔶䳀ⶬն 

㎃յAI+玘缋璇㳔 

갫濫广䍳㳔▣埛㒘䌦峅䍎氠◟⻄╗㳔璇玘缋璇㳔㵶□㐃┯偃㹅駽❈氠广䍳玘缋羱缘✑╬

䈰⪾煝疵澶㵄㝕荆╚溸玘缋⩧溸嵛Ⲙ勨⯜㸉玘缋⩧溸嵛Ⲙꂛ鉿䐮埛䌔卐䐮剳窢⬮溸荆勨

碎⺛溸埛㒘ն 

 

┞뀖㔔ꂛ㺥 

♈ 2016 䌑蔸♁AI+玘缋璇㳔䉂分气◗┞笡⮬ꓨ㝕煝疵䧯卸䉂劔㝃碋倁皺⹿銩㐃վNatureտ

⹴㲳⮜┪ն❛㠁2016 䌑 MIT ㎑ꭶ⹿⻓ CNN 埛㒘⺪♨뀔嵱☭溸閗閚笡缛╚┯⻎滽㺂溸玘缋

嵛Ⲙն▇⻑Ⲏ䈣㝕㳔⛒⩴⯈⮕吿㎑ꭶ⹿䉘◗氠牫⻔ꓪ⽶岻缏⻉玘缋䔕⦑俚䰕缔⯜⮃㝕荆╚

溸騕▄㐌㎽溸䧯卸նꂀ劻Ⲏ䈣㝕㳔煝疵㎑ꭶ䳀⮃◗缏⻉玘缋羱缘埛㒘溸⽶岻茤㝉㸉荆勨碎

⺛䪫勘ꂛ鉿侊ꂛ㐃玘缋⟥⺵╚潳碎闌焺蔦撬騕阌❈⬮燛椚㝕䋀䍳䳀ⶬն 
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◝⹿㺥做⻔ 

AI+玘缋璇㳔⽶긖劔┩╗愗㐃溸煝疵⽶⻔ն┞儱⯈氠广䍳㳔▣溸銩䔰茤ⲇ煝疵㸉䍎溸㝕

荆銩䔰㠁䠋焒閚⾕騕阌溸玘缋銩䔰뀔嵱瞏ն◝儱⼅⹿䐮皒假溸駌焒勨⯜⢏駦㠁㕈◟玘缋璇

㳔煝疵⹜駦駉假㒘駉砯埛㒘ն┩儱卐䐮剳Ⲏ㵄氠溸荆勨碎⺛埛㒘㠁⡊ⲙ뀔駕绿溸騕阌埛㒘♈

玘缋䔕⦑俚䰕╚闌焺ꂞ缩溸騕阌⟥⺵䳀ⶬ荆勨碎⺛溸闌焺䙎茤瞏ն 

┩긖╤溸䮅䧹 

AI+玘缋璇㳔□儱┞╗☆⹲㳔璇⪾劔鿲둛溸뀖意焒駮ꬾ坒ն㐃杅㴼㐙冎⾕䍎氠┪AI+玘

缋璇㳔煝疵溸䐮埛㜩勵䍳潸㸉嬠鿲둛㸉砯ⲇ溸괛寛鿲㝕ն 

◩յAI+䍎氠俚㳔/䍎氠朮槏㳔 

㐃䍎氠俚㳔⾕䍎氠朮槏㳔煝疵⾕䈰瓨䍎氠╚吙峜俚䰕䔯䔯嬠鿲㸵煝疵脢䨿䱌䳣溸⩰돂

焒駮䌔┯儱杅⯋⪢긖ն㸞 AI ⾕⩰돂焒駮劔侞缏⻉儱煝疵脢䨿⪸峜溸ꓨ锢ꭄ뀨ն 
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┞뀖㔔ꂛ㺥 

潨⯼㐃ꂘ┞뀖意AI 䉂㵄⻓劔侞溸䍎氠ն┞儱㸞⩰돂焒駮法⪝⯒ AI 埛㒘╚⭀㸵埛㒘续

麄溸俚䰕괛寛䳀ⶬ埛㒘溸峅茤ⲇ⾕⺪闌ꓤ䙎ն婟㜾⺪⯈氠吙峜俚䰕卐䐮杅㴼溸 AI 埛㒘

㐃鄌⻉朮槏⩰돂焒駮溸⻎僓䱲筻勑焒溸朮槏閕䔾⹿⻓假焒駮ն 

㐃ꁩ⹜ⶥ⭠䌑╚AI+䍎氠俚㳔/䍎氠朮槏뀖意䉂缋⺆䕒駠㝃ꂛ㺥全锢겐╚㐃俚䰕+勨

槏⹷뎧Ⲙ溸勨㊮㳔▣⽶岻⾕䍎氠⽶긖⪼╚䭇⢟䕼⮕⽶瓨寛闌յ♈俚䰕╚䳀⺆䱽⯜⽶瓨

♨⹴㜩勵笡缛溸㝃㹷䍳䐮埛瞏ն 

㐃⢟䕼⮕⽶瓨寛闌⽶긖耘㎼䉘组㝕㳔煝疵脢䳀⮃朮槏⼅⹿广䍳㳔▣⽶岻⺪♨氠缺㸉㜩

勵溸⢟䕼⮕⽶瓨ꂛ鉿婞駉砯⾕⹹ꭄ뀨溸寛闌ն⭠╗劓⯼DeepMind ㎑ꭶ⯈氠点㳔▣溸瞬汻

駦駉◗┞╗假溸⽶岻⺪♨闌⬑呦⹹䍎㕛溸䱽⯜ꭄ뀨ն脯勨㊮㳔▣⽶岻㐃闌⬑⢟䕼⮕⽶瓨溸⻎

僓□⺪♨Ⲏꅌ㝕閕埛溸ⸯ㲳⾕⮕㲳✅笡ꂛ鉿㝃㹷䍳䐮埛瞏ն 

 

◝⹿㺥做⻔ 

热⯼㐃 AI+䍎氠俚㳔/䍎氠朮槏㳔⽶긖劔㎃╗ꓨ锢溸⹿㺥⽶⻔ն┞儱駦駉焒駮法⪝溸⻉槏

勨⯜ն煝疵脢❹撬괛锢ꓨ閗⩰돂焒駮䱲筻㸞䉂焒焒駮յ勨槏յ㴼䔾劔侞法⪝⯒埛㒘╚溸⽶岻ն

◝儱䱲筻♈俚䰕╚⹿⻓勑焒焒駮溸⽶岻괛锢㸞ꂞ碎全▄⾕睋⺵全▄溸砯岻ꂛ鉿缛┞㐃俚䰕

╚⹿⻓假溸焒駮յ勨槏⾕閕䔾ն┩儱卐䐮俚䰕+勨槏鄌⻉溸⹷뎧Ⲙ埛㒘㸉闌⬑㜩勵笡缛溸
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㝃㹷䍳䐮埛⚑澶ꭄ뀨⪾劔ꓨ锢䟩▄ն㎃儱䲀Ⲙ┪ꃎ⽶岻㐃⻄稝鴚㳔璇㜩勵㐙冎⾕笡缛╚溸䍎氠

嬠㠁弝嵤埛䬸յ包倣յ氲牫յ气朮㳔յ㝃朮槏㐙煝疵瞏ն 

┩긖╤溸䮅䧹 

AI+䍎氠俚㳔/䍎氠朮槏㳔⻎呤긖╤溸䮅䧹䭇㳔璇둛ꬾ坒溸杅掾յ㸉䔶闌⬑ꭄ뀨溸㴼▄յ

杅媗溸俚䰕瞏ն婟㜾㸞焒駮法⪝┱焒駮⹿⻓劔勨缛┞㵄⻓俚䰕⾕䉂焒溸勨槏劔侞鄌⻉儱

괛锢煝疵脢ꂛ┞婢䱲筻溸걾掾ն 

⪮յAI 㐃⪼♑뀖㔔溸ꂛ㺥 

1.AI+槏駢俚㳔 

槏駢俚㳔全锢儱ꄽꁩ⹿⻓叄璀杅㴼溸俚㳔埛䑑䌔⯈氠ꂘ◲埛䑑缺䳀⮃⾕駩僻俚㳔䞰

䓺䧯潸䍎溸㴼槏նDeepMind ⹜䌑㐃վNatureտ⹿銩┞碋倁皺⯈氠勨㊮㳔▣䓛㎌䪫勘㐃绹

缏槏駢⾕銩獏駢ꂘ克╗뀖意⶷ⲙ俚㳔㵶⹿⻓◗⪢假溸䞰⾕㴼槏㐃䬥䩠⭠✇预分气◗鿟Ⲙ

䙎溸䔕⿱ն 

 

2.AI+脞⺜㳔 

勨㊮㳔▣㐃脞⺜㳔⽶긖䉂㵄⻓ꌄ⮕䍎氠ն2022 䌑僃◲僓⡀DeepMind 㐃վNatureտ┪

⹿倁⮱䐮┞璀⻐╬ Ithaca 溸埛㒘⺪♨䊜ⲙ䚱㜩⺜䉤莴꧳倁╚罼换溸倁㲼ꂖ⺪♨╬倁㲼⫭

┬溸僓ꭊ⾕⺪茤溸㐌槏缺徏䳀❵䐮駖✅⻓◗ AI 㐃☭倁獘璇⽶긖䧯ⲍ䍎氠ն 
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┢յAI 溸⺪闌ꓤ䙎 

㐃 AI+Science 뀖意埛㒘溸⺪闌ꓤ䙎蔸⪸ꓨ锢ն槏闌埛㒘䲀槏⾕⬑瞬溸❹䰕劔ⲙ◟☭

♰⟥⚈⪼分气溸缏卸䌔╬熏闌蔦撬璇㳔閕䔾䳀❵ꓨ锢⹨脞ն 

┞뀖㔔ꂛ㺥 

AI ⺪闌ꓤ煝疵䭇煝疵⼅⹿䑑砯岻յ䱲筻⪫槏✅笡瞏ն⼅⹿䑑砯岻⽶긖⺪♨氠缋⪿砯

岻✑╬⯀偃 AI ⺪闌ꓤ䙎溸⬮⮯㠁 Lime 瞏砯岻⺪♨䪨⯒㹾ꌄ⟥䛉ꄽꁩ绻䙎⮇俚䬸⻉溸

⽶䑑㵄⻓ն 

氮◟⻄璀⼅⹿䑑砯岻㺂⮃┯疷煝疵脢䔻걾⯀偃砯岻溸㟲㐿煝疵脢ꂛ┞婢䳀⮃◗⺪闌ꓤ

䙎溸⪫槏槏駢✅笡㠁卸砯岻怮鳉杅㴼溸⪫槏㠁 EfficiencyյSymmetryյLinearity 瞏

┯⻎溸䙎鯵㹧⺪♨駌╬砯岻溸⺪闌ꓤ䙎鿲㟲ն 
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⪫槏⽶岻⮕╬克璀埛䑑⮕⯋儱瑠俆⺈ꓪ⪫槏笡缛⾕ꂞ缩⺈ꓪ⪫槏笡缛ն㕈◟瑠俆⺈ꓪ⪫

槏笡缛괛锢怮鳉┞◲杅䔰嬠㠁 Local AccuracyյMissingnessյConsistency ┞蔺䙎瞏ն⪼

╚Shapley Value 儱め┞溸闌⬑⽶呿ն㕈◟ꂘ┞䘽鴤煝疵脢䳀⮃◗䔻㝃砯岻䭇

SensitivityյImplementation Invariance 瞏溸┞笡⮬⪫槏ն㸉◟ꂞ缩⺈ꓪ⪫槏笡缛全锢儱

㕈◟ SensitivityյImplementation Invariance 瞏杅䔰䳀⮃缺┞笡⮬溸闌⬑⽶呿㠁㕈◟

Integrated Gradients ⽶呿瞏ն 

◝긖╤溸䮅䧹⾕⹿㺥做⻔ 

勑缺㐃 AI ⺪闌ꓤ⽶긖勑缺䱲筻溸ꓨ锢ꭄ뀨儱ꄽꁩ䳀⮃假溸呻厜⹜⟶侊叄┞◲⪫槏

䧶䳀⮃㴟⪢┯⻎溸յ剳Ⲏ㵄氠溸砯岻ն婟㜾AI ⺪闌ꓤ䙎煝疵㐃㵄ꮪ䍎氠╚괛锢㸉埛㒘┯燛

㴼䙎ꂛ鉿⯤氻ն 

婟㜾煝疵脢□䉤绍埛㒘茤㝉蔦Ⲙ㸌䪨⯒┞◲劔杅㴼䟩▄溸杅䔰ն❛㠁㐃 AI+Science 溸

杅㴼㐙冎㸞埛㒘䪨⯒溸杅䔰⾕뀖意焒駮瞏㵄⻓缛┞茤㝉Ⲏ䗪潸⪸뀖意⹿⻓假溸閕䔾ն 

䙰✅脯阌AI ⺪闌ꓤ䙎溸槏駢⾕⽶岻□儱 AI+Science 煝疵溸㕈熝缀䧯ꌄ⮕┱

AI+Science ꂛ㺥⹿㺥潸鿴潸䧯潸◧➶ꂛն 
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峜续皺虹間掾俠槏蔦귱徏劲 2022 䌑 5 劓 9 傽⹴ 6 劓 1 傽缀缃溸煝駐劲ն煝駐劲⺥겐☭

╬╚㎼璇㳔ꯗ蔦Ⲙ煝疵䨿䑳㵶⟀ն⹨┱煝駐溸布㶅劔╚㎼☭宑㝕㳔㲿观յ庣ⶶ㝕㳔⪳虞

虞յ庣ⶶ㝕㳔匃㎼뱚յⵌ☓冝徏☭䈰冝茤煝疵ꯗ묛倁拰յ庣ⶶ㝕㳔鋣崎յ╚㎼璇㳔ꯗ蔦Ⲙ煝

疵䨿椟㸵节ն
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睘┢皺 ☭䈰冝茤⛆槏┱岖槏뀖㔔ꂛ㺥⹴勑匡㺥労 

귱徏⚷☭䈰冝茤⛆槏岖槏做⻔㳔脢 

 

热⯼冝茤砯岻䉂缋㐃☭稝獘劲缋嵴⾕气嵛╚駠㝃뀖意䕒⯒䌦峅䍎氠㠁ꓭ鄌璇䪫յ冝茤

⯜ꅐյ獘劲岖槏յⶖ泈յ冝䢘㓻䉗瞏նꁩ⹜砯岻儱閕⮯յ燛㴼溸յ⬑瞬甯㴼յ缏卸⺪闌ꓤ

溸⭠内┯㲾㐃㴘⪢ꭄ뀨ն撬脯俚䰕뎧Ⲙ溸☭䈰冝茤砯岻♨┬矻璼冝茤砯岻埛㒘

续麄둛㜩勵յ蔦ꃿ䍎悎瞏杅䙎❈䕒冝茤砯岻묶硟걾闌ꓤյ⬑瞬缏卸┯燛㴼㴘⪢ꭄ뀨⭿兇ն

╬婟긖⻔☭䈰冝茤溸䪫勘閕⯜⾕⛆槏ꭄ뀨ꄢ庱ꂛ⪝煝疵☭⽄⾕⪫⚱溸閗ꓩն귱徏劲☭䈰冝茤

┱⛆槏岖槏뀖意溸┺㵶㳔脢㹧冝茤砯岻溸䪫勘⾕岖槏⽶긖㲾㐃溸ꭄ뀨յ䮅䧹⾕⹿㺥⽶⻔ꂛ鉿◗

䱲駐ն 

┞յ뀖㔔ꂛ㺥 

冝茤砯岻溸㴘⪢ꭄ뀨䙰✅⺪⮕╬┩㝕稝䭇砯岻䪫勘罼꯼䊎缺溸⟥⚈낊ꯟյ䌦峅䍎氠

䊎缺溸獘劲䔕⿱♨⹴㸞砯岻✑╬䈰⪾氠◟㸉䫏䨿䊎缺溸䔕⿱┯⺪䱽瞏ꭄ뀨ն闌⬑冝茤砯岻䊎

缺溸㴘⪢ꭄ뀨全锢⺪♨♈克╗㺂긖濫䩘䪫勘㺂긖⾕獘劲㺂긖ն䪫勘㺂긖全锢ꦎ㸉砯岻续麄

溸罼꯼⾕悁崫獘劲㺂긖⮯ꓨ掾⪸峜砯岻㐃❈氠ꁩ瓨╚分气溸獘劲ꭄ뀨ն 

1.㎼ꮪ㎼⫐⮃⺬㝃뀉☭䈰冝茤⛆槏閕螅 

AI ⛆槏⽶긖☭稝獘劲㸉☭䈰冝茤溸⛆槏閕螅䉂缋┪ⶬ⯒◗岻䔾㺂긖ն2021 䌑 11 劓 25

傽臅⻉㎼侷璇倁缀缃⹿䉘◗վ☭䈰冝茤⛆槏䐮駖▫տ䐷㢽濫䩘㸉☭䈰冝茤⛆槏⯜㴼潸䍎溸

閕螅呻厜ն㎼⫐2021 䌑 9 劓 25 傽⹿䉘◗վ假┞♣☭䈰冝茤⛆槏閕螅տ㸞☭䈰冝茤閗╬┞

뀉假㒘䪫勘ꂛ鉿閕螅硅槏ն 
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2.䧰㎼潸⪸ꌄꬾ⮃⺬☭䈰冝茤䪫勘閕⯜ 

㐃䪫勘閕⯜⽶긖䧰㎼㐃ꁩ⹜ 1-2 䌑ꂛ㺥鿲䗪ն❛㠁2021 䌑 9 劓 17 傽㎼㵶◧臅羱⟥䛉

ⲋ⪫㵎瞏▟ꌄ㣘⯜㴼◗վ⪸◟Ⲏ点◧臅羱⟥䛉纳ⲏ砯岻缸⻉岖槏溸䭰㸍䟩閒տ䟩閒䭰⮃锢

氠┩䌑䈱⺯僓ꭊꄢ婢䐮皒岖槏勨⯜哈⪢յ漳硅✅笡㴟ㄌյ砯岻气䘒閕螅溸砯岻㴘⪢缸⻉岖槏

呬㹾ն婟㜾䧰㎼潸缣⮃⺬◗克╗岻䔾䙎倁⚂⮕⯋儱վ◧臅羱⟥䛉纳ⲏ砯岻䲀蠩硅槏閕㴼տ

⾕վ◧臅羱⟥䛉纳ⲏ广䍳⻉䧯硅槏閕㴼տ⯼脢ꓨ掾⪸峜◧臅羱⟥䛉纳ⲏ뀖意溸䲀蠩瞏◩㝕稝

砯岻ꓨ掾閕螅⟥䛉⼯⻓缕◧臅羱氠䨮ꁩ瓨╚溸䪫勘⻑脢ꓨ掾⪸峜广䍳㳔▣⾕㎽⦑⻉䧯䪫勘ն

ꂘ克╗岻䔾倁⚂溸⮃⺬吙䗅濫䧰㎼䐷㢽㵄类㸉☭䈰冝茤溸䪫勘閕⯜ն 

3.ꦎ㸉冝茤砯岻溸㴘⪢駬⛓溸煝疵⼅Ⲙ 

◗闌砯岻╚㲾㐃溸ꭄ뀨⹴⪼║ꓨ瓨䍳䌔㸉砯岻ꂛ鉿駬⛓儱 AI ⛆槏煝疵뀖意溸勑缺⹿

㺥⽶⻔ն潨⯼砯岻㴘⪢駬⛓煝疵䉂绯⪝㎼㵶ꓨ掾煝⹿駉⮦╚溸羱缘疿ꭊ㴘⪢岖槏┺뀉ꓧն

㐃 2022 䌑溸վ㎼㵶ꓨ掾煝⹿駉⮦氰䫟䭰ⷂտ╚䭇◗克뀉潸⪸⫐㵽┞儱2.8 冝茤砯岻埛㒘

㴘⪢駬⛓┱낊ꯟ漳嵱䪫勘◝儱2.19 ◧臅羱⟥䛉䲀蠩砯岻㴘⪢駬⛓槏駢┱⽶岻ն㐃ꂘ┞

煝疵⽶⻔┪╚㎼氲㲳䪫勘吙⬮煝疵ꯗ䳀☆◗վ勨㊮㳔▣砯岻㴘⪢駬⛓閕螅տ╚㎼⟥䛉ꄽ

⟥煝疵ꯗ┱☓╅䱲筻煝疵ꯗ□臅⻉䲀⮃◗վ⺪⟥☭䈰冝茤溮滽▫տAI ⛆槏뀖意䐷㢽㸞砯岻駬

⛓溸吙⬮⾕閕螅┪ⶬ⯒◗剳둛溸㺂姍ն 

4.㳔预䳀⮃긖⻔☭䈰冝茤砯岻⬑瞬溸㵈駉呻厜 

热冝茤砯岻♣劂☭稝ꂛ鉿瓨䍈⬑瞬㹧괛锢㸉ꁩ瓨ꂛ鉿㵈駉ն2020 䌑┞◲㎼ꮪ煝疵脢

⹿銩◗뀨╬վ㠁✇閕⯜砯岻⬑瞬տ溸倁皺⪼╚䳀⮃◗┞╗㵈駉呻厜䭇㎃╗┯⻎溸㵈駉ꁩ

瓨 

1ꁩ瓨㵈駉锢寛砯岻⬑瞬ꁩ瓨儱⺪闌ꓤ溸յꄟ僻溸 

2潨吙㵈駉┯駢⬑瞬ꁩ瓨⺢⪸峜砯岻䧶埛㒘溸駕绿潨吙 

3缏卸㵈駉┯駢潨吙⺢⯀偃缏卸溸㟲㐿 
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4䉗㐙㵈駉㐃⬑瞬ꁩ瓨յ潨吙⾕缏卸▇㜾⺢周䰕䉗㐙㸉砯岻溸駌⺪瓨䍳ꂛ鉿駬⚃ⷬ

❈砯岻䳀❵溸纳ⲏ㐃ꁩ瓨յ潨吙⾕缏卸┪㲾㐃ꭄ뀨⺢锢䉗㐙駌⺪砯岻ⷬ⺪㲾㐃ն 

㎼ꮪ煝疵脢䳀⮃溸ꂘ뀉㵈駉呻厜╬㎼㵶☭䈰冝茤⛆槏漳嵱䳀❵◗⺪ꈯ䕱溸❹䰕ն 

 

5.⽿⻀䐮皒埭鴚漳硅ꌄꬾ⾕㳔勘预溸缛┞✅笡岖槏做呿 

潨⯼㳔勘预䨿駌╬溸砯岻㴘⪢岖槏⾕漳硅ꌄꬾ䳀⮃溸岖槏⽶呿▇ꭊ罼▌劔侞溸屰ꄽն漳

硅ꌄꬾ全锢♈气䘒閤䍳⪸峜岖槏ꭄ뀨脯㳔预煝疵剳㝃峜ꓨ埛㒘溸⺪闌ꓤ䙎յ⪫䌐䙎յ띸啦

䙎յ峅䙎瞏䪫勘㺂긖նꂘ괛锢┞╗缛┞溸✅笡駑岖槏⽶呿⺈╬⺪♨氮䪫勘佻临溸㵄ꮪ⽶呿ն

氮┪嶯☆ꄽ㝕㳔䑳䭐焪瞏䳀⮃◗㳔预䌦峅碎⺇溸岖槏⽶呿ˋˋ缛┞✅笡溸嚤䗼䌔⹿䉘◗

潸⪸溸駢倁ն⽶呿䭰⮃◗ AI ⛆槏뀖意䪫勘⾕岖槏⽶呿䍎热⪸峜溸ꓨ掾♨⹴◝脢▇ꭊ溸㸉

攍ն 

6.⺪돂駩溸砯岻띸啦䙎做岻䭦缩⹿㺥 

띸啦䙎ꭄ뀨儱 AI 뀖意┞潳⠩⺇⪸峜溸ꭄ뀨砯岻溸㴘⪢煝疵♈僃劻㐃㸖ꭃ俚䰕┪溸띸啦

䙎䧶脢缋돂䙎띸啦䙎煝疵ꄢ庱ꁩ廍⯒⺪♨♈槏駢┪受駩溸յ⪾劔┞㴼螅㎭⫐뀔嵱缏卸溸⺪긐

䙎煝疵㎌婟錻璼╬⺪돂駩溸띸啦䙎ն⺪돂駩溸띸啦䙎⽶岻㐃ꂀ⭠䌑䕒⯒◗ꪍ鳉溸⹿㺥

缋⸉◗♈㸰俚䰕㸰埛㒘⯒㝕俚䰕㝕埛㒘溸ꮺ㴼䪑Ⲙ煝疵⯒⻓㐃㝕俚䰕㝕埛㒘溸긌ꮺ㴼䪑Ⲙ瞏

⭠╗ꮕ嫙溸⹿㺥ն 
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7.☭䈰冝茤溸ꇟ䗇勶裯䕒ꓨ閗 

热埛㒘駕绿▇⻑㹧劲駘⛿駕绿俚䰕ն駑埛㒘茤㝉㴼⻔㐌䗇䱆┞◲俚䰕錻璼╬

Learning to Unlearn㐃俚䰕갬瑮յ㴘⪢瞏┞笡⮬溸㐙冎┬劔䌦峅溸괛寛ն潨⯼㐃ꂘ

┞뀖意全锢劔克璀䘽鴤┞儱㕈◟⮕脯岖▇溸䘽鴤ˋˋ㸞俚䰕⮘⮕駕绿▇⻑⫙ꂛ鉿埛㒘溸겐

䧯駑俚䰕⾕埛㒘▇ꭊ溸腣⻉⭀䒙♈脯⺪♨ꄽꁩ⮸ꯙ杅㴼埛㒘溸⽶岻駑笡缛㴼⻔㐌ꇟ䗇叄

◲俚䰕◝儱㕈◟唨䍳溸埛㒘䕼騫㐃俚䰕駕绿⻑㸉埛㒘ꂛ鉿唨䍳瞏⽶긖溸挖槏❈⪼⺪♨

ꇟ䗇┞◲俚䰕㺲◟⻑翞溸ꇟ䗇䈰✑ն 

8.䲀蠩笡缛⻉閕䑜鱎獘⚷⪸峜 

热⯼䍎氠㐃◧臅羱⟥䛉纳ⲏ╚溸䲀蠩砯岻䉂缋䧯╬獘劲⪸峜溸ꓨ掾ն䲀蠩砯岻✑╬┞뀉

䍎氠䌦峅溸䪫勘䍎热燛受⟥䛉溸⼯⻓⻉閕ն┞◲煝疵䳀⮃❈氠㙨点䲀蠩埛㒘䳀ⶬ埛㒘溸糊

⢟յ띸啦յ⺪긐յꄟ僻瞏⽶긖溸䙎茤ն婟㜾ꂖ劔煝疵䱲筻吿婞䲀蠩缏卸溸⽶岻ꮴ⛽䲀蠩笡

缛㸉氠䨮䊎缺溸鯬긖䔕⿱ն劅⻑劔煝疵♈气䘒閤䍳⮘⪝ꄽꁩ䐮皒虙㟲溸䲀蠩笡缛⹿㺥气䘒

駑砯岻虙䙎⹿㺥ն 

 

◝յ긖╤溸䮅䧹 

热⯼㐃 AI ⛆槏뀖意ꓨ掾劔㎃╗⪸ꨴꭄ뀨劔䔶闌⬑ն 
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1.冝茤砯岻茤ⲇꁉ预溸⯀㴼 

氮◟冝茤砯岻续麄㲾㐃┯燛㴼⾕㜩勵溸杅䙎괛锢㸉⪼茤ⲇꂛ鉿⯀㴼僻燛砯岻ꃿ氠溸螅

㎭⾕䙎茤ꁉ预ն氮◟冝茤砯岻╚溸埛㒘缏卐긌䊬㜩勵걾♨⫅뀎⪼窢⬮䙎⾕甯㴼䙎괛锢僻燛

◝脢䍎热ꁒ⯒溸寊䌐ն脯┻䍎氠㐙冎溸⺈⺪茤❈ꁩ⹜砯岻㕈◟溸⩰돂⢏駦糊岻缣缩䧯皒

㎌婟괛锢䳀⯼裯焒砯岻溸茤ⲇꁉ预ն 

2.砯岻䙎茤┱⺪⟥绢匙▇ꭊ溸烾澃 

㐃㵄ꮪ䍎氠╚❈氠脢괛锢㸉砯岻ꂛ鉿獘劲㺲䙎溸绢匙燛受⪼⪫䌐糊⢟ն⛰㐃䪫勘┪

❈氠脢䉤绍㹻⺪茤䳀둛砯岻溸䙎茤նꂘ克脢▇ꭊ⺪茤劲分气烾澃䌐銝冝茤砯岻溸䙎茤⾕⺪⟥

绢匙儱勑缺ꓨ锢溸煝疵ꭄ뀨ն 

3.砯岻묶硟┱ꄟ僻漳嵱▇ꭊ溸먩屰 

砯岻묶硟┱砯岻溸閕螅⾕漳嵱▇ꭊ㲾㐃烾澃ն砯岻续麄儱묶硟溸⪼⫐㐃溸勨槏⾕㜾兇鉿

╬▇ꭊ罼㸵劔侞溸㸉䍎ն卐ꅐ劔侞溸⹹模◧亣✑䊜ⲙ漳硅⽶鴚鱴冝茤砯岻㜾兇鉿╬⾕⫐㐃勨

槏▇ꭊ溸먩屰㵄⻓ꄟ僻漳嵱ն 

4.☭勨庌⻉溸㜩勵笡缛硅槏걾䍳㝕 

勑缺砯岻㸞ꪍ劻┱☭稝䌔㲾☭勨▇ꭊ溸ꁉ预傽漩埛窵勑缺㸞分气☭勨⪴㲾溸㜩勵笡

缛ꂘ稝笡缛溸硅槏㸞긖╤假溸䮅䧹ն 

┩յ勑匡㺥労 

1.♈䠋焒砯岻溸㴘⪢䙎⯒⬑瞬砯岻溸㴘⪢䙎 

갫濫点㳔▣瞏⬑瞬砯岻䐷㢽㝕閕埛䍎氠괛锢⯀偃⬑瞬ꁩ瓨╚㲾㐃溸㴘⪢ꭄ뀨⹴閕ꉍ⽶

岻ն 
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2.뀔駕绿㝕埛㒘溸㴘⪢䙎䑜鱎⪸峜 

갫濫㝕埛㒘蔦撬騕阌⾕㎽⦑㝃㪾✅╚䕒⯒䍎氠⪼䊎缺溸갬瑮ꭄ뀨յ銩긖䫌嬚ꭄ뀨յ㸉䫏

띸啦䙎瞏ꭄ뀨剳Ⲏ⭿兇ն 

 

3.駑砯岻岖槏䬿䪫岖全▄ 

热⯼溸砯岻岖槏㕈续┪❹긐岻䔾匜倁յ㎼㵶閕螅䪃鉿䍎ꦎ㸉砯岻溸杅䙎⹿㺥潸䍎溸岖槏

䪫勘㵄⻓砯岻溸♨䪫岖䪫⹿㺥ն 

4.䐮皒䧰㎼假┞♣☭䈰冝茤岖槏䈰✑呻厜 

潨⯼㎼⫐㜾性䳀⮃◗☭䈰冝茤岖槏溸潸⪸閕螅⛰潨⯼䧰㎼♇罼▌假┞♣☭䈰冝茤岖槏溸

⪾✅䈰✑呻厜ն䍎俠⻉獘劲⻄预㸉 AI 獘劲䪫勘㜩⻉✅溸瑠俆䙎駌焒㵄⻓㸉 AI 笡缛气䘒全勶

騫ꃿ痓熏 AI 㵽㵈䡪㵄鴬溸䱲筻䐮皒䧰㎼溸缛┞岖槏呻厜ն 
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5.⪼♑鱶ⲹ 

婟㜾ꌄ⮕┺㵶ꂖ䳀⯒◗ AI ⛆槏뀖意溸┞◲⹿㺥鱶ⲹ䭇玘缋羱缘溸☆◧䑑⟶㜩㸉

玘缋羱缘ꂛ鉿 Debugյ돂駩묶漴玘缋羱缘溸婞燛䙎յAI ⺪䭦缩⹿㺥յAI 䪫勘⪢ꨄ匜낊ꯟ漳

嵱䪫勘⾕漳硅勨⯜䐮駦瞏ն
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峜续皺虹間掾俠槏蔦귱徏劲 5 劓 16 傽⹴ 6 劓 1 傽公鉿溸煝駐劲ն煝駐劲⺥겐☭╬╚

㎼璇㳔ꯗ駉砯䪫勘煝疵䨿届ⶶ⚾ն⹨┱煝駐溸布㶅劔氲㲳璇䪫㝕㳔鰋䐷յⵌ☓ꊪ氲㝕㳔㣬匃

╫յ庣ⶶ㝕㳔䍣玼俓յⵌ☓䉞螅㝕㳔✍䮵յ庣ⶶ㝕㳔劁겋յ庣ⶶ㝕㳔䑳鿸յ╚㎼璇㳔ꯗ駉砯䪫

勘煝疵䨿剺㨎յ╚㎼璇㳔ꯗ駉砯䪫勘煝疵䨿ꮭ贃յ庣ⶶ㝕㳔䁇먹յ╚㎼璇㳔䪫勘㝕㳔⬌琀⯈յ

庣ⶶ㝕㳔蜖薨յꮣꓧ䉄䉄ꁒ䷧ꯗ㲿낚յ┪嶯☆ꄽ㝕㳔䑳䭐焪ն
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续䫟⼴䨿⻼⫐㵽╬┞薮䙎⟥䛉1┯卐䧯⚈✇┺╃╃ⲏ溸⯀偃❹䰕ն⻎僓续䫟⼴溸⟥䛉缺

徏◟䉂⪫䐷溸⟥䛉⫐㵽䧰♰㸉ꂘ◲⟥䛉溸⬮燛䙎յ㴟俠䙎䧶⺪긐䙎✑㹻⺪茤溸ꃰ寛⛰糊岻

⢳⚈✇受駩⾕䪩騢续倁䨿⮬╗☭⹴⪼䨿㐃⶿⛻┯㸉⚈✇㎌婟䫟⼴㸍蔺溸潳碎䧶ꭊ碎䰁换䧶䰁

㵭䪩䬎⚈✇鯰⚈ն 

귱徏劲臅笡☭䏜櫐2 | 冝徏獘ⶔ뀉潨┱㎼ꮪ⻉✑缋槏 

ꊪ  硟liaolu@baai.ac.cn 

䫟⼴⫐㵽臅笡☭䨪┞먍3 | 冝徏獘ⶔ⮕卥䉞 

ꊪ  硟ymdai@baai.ac.cn 

 

 

 

 

 

 

 

 

 

 

 

 

 
1 续䫟⼴倁㲼俠槏蔦귱徏㳔勘䌑⚷悎駚⫐㵽նꯙ劔杅媗騜僻溸㜾䨿氠㎽曩溻匡蔦귱徏㳔勘䌑⚷煝駐溸䌝挮

曩ն㠁巉⹴䜨溸䈰✑騟⹴僓臅笡䧰♰㸞剳假⯒⻑缩溸曬续╚ն 

2 鯬鯰귱徏⚷㳔勘煝駐嵛Ⲙ溸缀缃⾕⶷騫ն 
3 鯬鯰续䫟⼴⫐㵽溸俠槏罒ꀀ寤䙰ն 
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