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в ạỈѱᶩӉ

ӿу״ҝй ᾟ ᾟ ᾄӳᶻԂ

₤ᴡệ - Ѹ҃҅Ԍ ᶷ▫Ṷת ֙ҢғᶒᶡᶾᵯаẌᵯӉὀ ╢ 

ᶌғӷчӥлậ₉ᶒᶡҁр ᶭҜґевлѓἑ│

ṋӽׅ ╢ ֖Ѧ ⅍₤ᴡệ - Ѹ҃҅Ԍⱳҝа

ᶷỮ▫Ṷ ғᶌғӷ ֛Ẋд ὦ CPI ֙ҢӫḴ

аᴓуἒ ӠҩẊд Өᶁᵽ ᶩ҃҅ ᷉а

ᴓуἫ│ ⅍ᴦᴃԃ чв ╢зӥлậ₉ы ћ

֭Ӄᾰ а ⅍ ὴӬᾪ֒Ӄиаӫ Ӊὀ ╢

ḡҝӬ ỏԈ Shuya Li, Fangping Wan, Hantao 

Shu, Tao Jiang, Dan Zhao, and Jianyang Zeng. MONN: 

a Multi-Objective Neural Network for Predicting Pairwise 

Non-Covalent Interactions and Binding Affinities between 

Compounds and Proteins RECOMB 2020. 

 

₤ᴡệ - Ѹ҃҅ת ֙Ң CPI д ᶩ ґѯ←

єаᴎ ᴼᶃ ᾰ ⅍чвת ֙Ңи╡֒ṷӨ ᶩ

ґаὴ ӋḅҠривטẌᵯӉὀỈᵺᶯҢзч

вᶉ аᵾ֙ ṋӽׅטдчפ ╢аѬḾ װ Ӌ

♦ײ ╖ ћзᵞṤ ыᶁѯẓԉӷӫḴ҃ ҃҅

Ԍаᶒᶡᶇұ зᾟ аᵾ֙є ҧѨἌӚᾛ

евльס Ṥꜟֿפр∕▼Ӄи CPI ⅍ ╢аѬ

Ḿ װ ᶭґӃӃиа ֒ṋӽׅ аẓԉӷӫḴ ╢

ѹᴁѕӒ ᴡệғѸ҃҅ӞԌⱳҝаỮ▫Ṷ₤ו

֒ы ґӃ ᾟ ᴓї֩ е CPI

⅍аӫ Ӊὀᴼᶃ ק ⅍҃҅ԌỮ▫Ṷ ғ ⅍
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ẌᵯӉὀסỏїᴶⱢ ᵯѝ
з Ӛṋӽׅ єа Ὑ н

е ᵯѝ Ỉᵺз Ӛṋӽׅ єҕг֖

҆ᾪḾа Ὑ н ḉכа Ӛṋӽׅ Ṃ е ReLU ☻

ӔаӹỘᶱẛ Ἃṋӽׅ ҃ ᵯѝ зч ׅ ы

д юᶜ щ҃ Ԍ ♦ьа҆ᾪḾ Ѭ҈ᾒ╡ Ӈ

нҐסḾṋӽׅ аᾪṼ  Ṽᴼᶃ ԛԈаסỏ҃ ᴃ

ԃ Ẩ а ᵯѝ ғỘỵа ᵯᴕз҆ѸṼ Ӛṋӽׅ

а ḌẛỨ Ḍаѯ←є ію ԅь│ᾰ

Ṽ҃ Ԍ авлᶧ ḪᴘӖ ӽѯ⁞῎֟а │ᾰ

Ṽ҃ Ԍ  ᴗᶧ ḪᴘӖѴקᶜ щ֖в≠╖ ᶭ ḡ

≠╖ғвл҃ Ԍ ҆ьṼᴼᶃаKKTұḰתԂ ԛ

ԈаᶒӬ≠ьҐנὖе֛йзἒׅװ ыўща ᶒ

Ӭ йз֛֒ײת Ӛׅ ыа ізṠҢаῢ῀Ӈ

аң ѝҾҍеӇᵽṼаᶒӬ

ḡҝӬ ỏԈ Kaifeng Lyu, Jian Li. "Gradient 

Descent Maximizes the Margin of Homogeneous Neural 

Networks" ICLR 2020.

ԛԈסỏы҃ е ᾨ ᵯӉὀỈᵺзỮ ἑ│ы

а Ṽћӷ Ṽ іṆвлӉὀỈᵺзסּ ғҟ֭פֿ

ỪӛṤꜟֿפыᴃӃаּס дӫ Ӊὀסỏ҆ᴓуаᴼ

ᶃӞв ֒ḡԈїṷҍ Bayes-Stability ỏס

ўще֛ײйӇᾪа SGLDаᶨᶓ Ṽ /ыᵮO(Gסּ

n) ᴗє Gғ n дז҃ ᵂ ы ᵯа ṤӞғ҈ 

ьѸפֿ ֖Ѧḡыᵮҕ֒ỮӨ ẋ Ӓᵽ׀ᾖ ғ

Ӓᶻ Ԃ Ɫң вӗҝ‴ ￼ḄӞᵴ ḡԈѴ▼ԃе

ỘỵѦԌ ӞᾄṐӒ (CLD) ậԉѦ╞а Log-Sobolev гԂ

Ὑ ֒ḡᶒỏ ▼ԃез׀ᴪе l2 ױ ṼӞҩ

CLDаᶨᶓ Ṽ O(1/n)҈סּ аᾖᵯּטѸ ᶭ ḡыᵮ

Ѭ҈ב ѦԌҹᴎ

ḡҝӬ ỏԈ Jian Li, Xuanyuan Luo, Mingda 

Qiao. "On Generalization Error Bounds of Noisy Gradient 

Methods for Non-ConvexLearning" ICLR 2020.

Ữ ӉὀסỏїᴶⱢ Ữ Ӊ
ὀẼӫ ᵯа Ṽ ỏססּ

ן ӫ Ӊὀ
ӿу״ҝй   ᵈ ᷆ Ԃ
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֒⅔ёᶍ аң□ ḴᶾṼӉὀ

ἑ֛ẌᵯᶾṼӉὀ֜ⱢӃѹᶾаӉὀћӷ звט 

ᾢ Ḵайᵾᴼᶃы ὤщẛᵝᵤй Ԋᶻ ׆дפ

֛ᶾṼӉὀаӗԛὴ Ữḉ₀ ҹᵺᶯҢ֒ьѓṤӃ֭ᴼ

ᶃ ỌӛӉ ґӃ й аӨὴӉὀᶷ҃ ֒ ң□

ḴаӉὀ Ὑ зҞḉӉὀєбѨюᶍᵹвטҝỡаӽ

ⱥ Ӯ׆ῲщвлїң□Ѧ бѨюᴊᶍ є ѯѶῲ

щѯаת ӽⱥ Ѧҝỡа׆ꜟꞈ рӑҍқᾖᾢ

֙њчвᶉ авכ′ ᴶⱢװ ᷆ ѿᴲ

֒ṷӨẌᵯᶾṼӉὀаӗԛἍҢὴ ṷҍевлї а

Ӊὀ ERLAM ᶒᶡң□ ḴғᶾṼӉὀ

ң□ᶍק єиᴎảаӽⱥᴎ⅔ҁр ᾦ‴аᶍק ֡

Ộᶒⱳҝе⅔ёᶍ ׅ ӇӨὴҐἍҢ֜иаҝỡӽⱥр

ṷӨᶾṼӉὀὴ ─ᴤрѪ ERLAM ֒ ᾘᶦΎ

Ṥᴶԁᵸ иᶍ֣ק єа ᾘᴎ⅔ҁр ᶭҜґев

лӨὴаḽ Ỉᵺ Ṡў ṤѬ҈зᵸыᴶԁқᾖӇї

Ạ ҆ҩἍҢḭѨӇнҐἫ⸗ᶾṼӉὀ зӽ Atari

ᵒỲыа֭∕ᶒӬᴃԃ ḡӳᵺײתᴗҧаң□ ḴᶾṼ

Ӊὀӳᵺᶻ ṷӨ 4 ҈ыӉὀὴ  

ḡ ҝ Ӭ ỏ Ԉ Guangxiang Zhu, Zichuan Lin, 

Guangwen Yang, Chongjie Zhang. Episodic Reinforcement 

Learning with Associative Memory ICLR 2020.
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ᶁѯ҆‗ṼỨᴕӉὀḅ Ѭ҃Ḿ Ṥ

ѓῩћᴤᶾṼӉὀњ ῩћᴤӞԌаỨᴕ҈ Ẍᴪ

ḾѕӋὐ‒аҁס ғᴶṼṷ евӖѬạỈа ת

ᴎᵾ֙зчвᶉ ᴜўеѹьаᴶⱢ ᴗἑ│ьѐдӉפ

ὀ״ӹ ᶁаỨᴕ Ṇзвлᾢ ѯ←є Ῡћᴤз

ӮвѦ╞ѐуבᴗҧ֣иῩћᴤᴶԁỨᴕ чבй ֣

ᴜаỨᴕӳᵺ״ӹг֖ бѨҡизиḤуаѦדӴю

ḹ֩айґҁвᴟҕӵב

ҕѓῩћᴤ ֙єаỨᴕᴼᶃ ᷆ ╚ї

Ґṷҍе҆‗Ứᴕװ аӉὀӳᵺ ṆӉὀῩћᴤзҽ

џѦ╞בᴧỨΎҽџӭᶅ ᶭ ֒Ḅṷҍевлї аѓ

Ῡћᴤ Ṥ҃ḾӉὀ NDQ зḡ є Ӯ

лῩћᴤӉὀвл ᶷṶ ṤҢ҈… ѕҬаӒ֙ан

Ῡћᴤḽ аӭᶅӸуḥứ ћ῎ּטᵞᴗҧῩћᴤ

Ṥаг װ֩ ֖ѦᶁѯᾪṼӭᶅа р ￼гћּט

ᵞҧйᾢ ѯ←г аװ֩ ӭᶅ ῩћᴤаṶ Ṥ

ᶁѯвл ᶡׅ Ӹ щвлӹ Ṷ Ṥ зḄᶒ

є ᾪṼҩаỨᴕӭһ֭Ӄеḅ Ѭ҃Ḿᶒ аӒᾘὮᾛ

з≠─︡Ậװаᵌ 2(StarCraft II) ҥἩס⅍ᴦֿפы

а֭∕ᶒӬᴃԃ ḡӳᵺҝњеἑ֛҆иὴаѓῩћᴤᶾ

ṼӉὀỈᵺ ᶭћзг Ḍװћа֛ṷѝ״ҝ 80% аᶒ

҃Ḿ

ḡ ҝ Ӭ ỏ Ԉ Tonghan Wang, Jianhao Wang, 

Chongyi Zheng, Chongjie Zhang. Learning Nearly 

Decomposable Value Functions via Communication 

Minimization ICLR 2020.

ᵸ 1 ḅ Ѭ҃Ḿ Ṥᶒ
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ת֒ Ḭ аѓῩћᴤ ֙

ḅᶨẌᵯᶾṼӉὀзвטйᵾаᾢ Ḵᴼᶃыᴜ

ўеּנйаᴶⱢ ᴜўеᶱḅẛᵝᵤй аԊᾰ дפ

Ἱѓ  аӃ֭ᴼᶃἪἪḤуѓлῩћᴤӉὀ ֙р״

ҝ чӖѓῩћᴤᶾṼӉὀавл ѩᴼᶃсд -

ἍҢ ׁњῩћᴤӞԌת ֙Ң ҈ ѓῩћᴤả

╨аᾢ ḍԌẼѿῩћᴤалṤ ἫṤṮԅ֟ ׁӠḽ

╨ḓῩћᴤа ӳᵺзѓῩћᴤ♄ єᶭгӨὴ

᷆ ҕ֒чвᶉ ᴶԁеҜ╚װ Ἄ

Ӛ‴е ֙ а ṷҍеӥӖ ֒ῩћᴤӞԌת

Ḭ аѓῩћᴤ ֙ EITI ғ EDTI

еᶁѯ☻ ῩћᴤԌаת Ḭ ⸗Ῡћᴤҕ♄ а

- ἍҢ зṷӨѓῩћᴤẌᵯᶾӉὀа ֙ ὴ ӳ

֔ᴜўеַאѾ′ ─ᴤҐѪ EITI ғ EDTI ἍҢז҃

ӭᶅғỨ ṶрⱳὙṼ╞∂ῩћᴤԌаת Ḭ ᴶ

вἬנ⸗е ӭᶅғỨ Ṷתҕ֒Ῡћᴤ а⸗Ṥ

ӥẊаᾪṼק ᴪщеӽ а ᵯᶾṼӉὀ є

ўще‗ аᾪṼםὙ ḡӳᵺ ὦеѓῩћᴤ ֙

лᴤᶕзḞב ҃↔ӞԌа⅔ả תῩћᴤԌаק Ḭ

֩ ҝῩћᴤҕᶕз☻ зѓῩћᴤᶾṼӉὀ ╢

ậ₉єᴜўеᵝѯᴗҧỈᵺỶᵞ 2 аӨὴ ὴ

      ḡ ҝ ӬỏԈ Tonghan Wang, Jianhao Wang, 

Yi Wu, Chongjie Zhang. Influence-Based Multi-Agent 

Exploration ICLR 2020.

ᵸ 1 ѯᴿậ₉

ᵸ 2 з 9000 ӚѓῩћᴤᶾṼӉὀỈᵺ ẠӇїаѯ←є EITI EDTI ғᴗҧ
ἒаװћҕײὦԉᵸғг֖Ѧ╞ аᵛұὦԉᵸ
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ụήдס℅ ☿ ғמּ а ḩ│ᾰ д

ғ а ԛⱫꜟ ње Ḿעᵮ ѱﬞס℅ᶕבּ

‚ аӃ йᵾῩћ℅ס ӄӉ׆ҝњמּ ғᵾ

←ῪҐаᵛұ Ṥἲ℅סὟ֡аᴤἋᶁḉѐз 500MB Ỷ

2GB ᴬ ṤᵝѯẰ и а℅ס מּ ╢Ḥуᴶԁ

аᴬ ṮὟ֡│ẓ ҕчвᶉ ақᾖґⱢᵐре︡

Ậ Ӟѝײת Ӊὀ ḤуᵸᴬṮזа ᵯ│

ћ῎ь ₀│ẓаᵾ֙ᵽ зḄ є

ב Ḭᴬ Ḿֽᾝᵢﬞ├ᶡ֙ ṷҍ Ӊὀ

CAMEL ᶁѯѓ֭ Ӊὀ multiple instance learning, 

MIL CAMELћ῎ᶁѯ ѕӒѱҝ◊ ᵯ ᴬ Ṯ

а│ẓӭᶅ ᴊӠѬ҈ṠҢи аẌᵯӉὀỈᵺ״ҝᵸ

ᴬ҃ ╢а‴ ᶁѯз CAMELYON16 ғḾֽᾝᵢﬞ

├ Ṥꜟֿפыа∕▼ CAMEL ћ῎ᴜўᶱḅ״ӹи

╢аᾰ

       ḡҝӬ ỏԈ Xu, G., Song, Z., Sun, Z., Ku, C., 

Yang, Z., Liu, C., Wang, S., Xu, W.. "CAMEL: A Weakly 

Supervised Learning Framework for Histopathology Image 

Segmentation" ICCV 2019.
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ṠҢѬḚṼỨ ả╨ ╡ҹ ⅍ᶀҏᴶԁḹ ᷉╝ғ…

ўщїаỈᵺ ҍ њеḅвἬ‗ṼỈᵺ… ҧѨѴ

῀ạевл ֒ а…ṶἫ│ чвἫ│ћ῎֖ѦᴤӃ

ᴤаԁӒв װ װכ ḉױב ᴤаг֖҈

 Ἓ￼е ḉҕ ᶒӬаḬ ҧѨἍҢчвἫ│

Ӟ֛аỈᵺק ҍᶒӬᴶԁỚḬ ᶁѯвטḚӱḹװṠ

ў ⅍ᶀҏћ῎ ᾖ… ԛӚ ⅍ᶒӬаệᵽ Ḅ

ᵴ ҧѨѴᶁѯӥл ҈ ҕ ⅍Ỉᵺᶀҏ

а ᴶвἬ ֩ечвỨ ὙѬḚṼả╨аиὴװ

ḡҝӬ ỏԈ Jiao Sun, Yin Li, Charley Chen, Jihae 

Lee, Xin Liu, Zhongping Zhang, Ling Huang, Lei Shi and Wei 

Xu.  FDHelper: Assist Unsupervised Fraud Detection Experts 

with Interactive Feature Selection and Evaluation CHI 

2020.

      ׅы д׆ӄ ⅔ׅὖњйӛа ֔ ӉẊѨṷ

ҍеѹѓҹ а ⅍Ỉᵺр ⅍чט Ңὸ Ӌ

Ӡ зḹ ᷉╝ ὮᾛᵝἠṤ … ỈᵺὴӬ҈ Ἓ￼ҙ

ט ⅍ֶлᴤаѯ←єѐḤуй ᶀҏаἠב Ӡгћᶁ

ѯỈᵺ֭ӃѕӒṼ з ⅍ᶉ є ᶁѯѬḚṼả╨

֭Ӄй ᶀҏב ⅍Ỉᵺа Ӓ йק ᶀҏаӽ∕Ң֒

ᾒ╡ᴶвἬṷẸ ⅍ὴӬвḂ Ḍ֛

      ֙њчвᶉ авכ′ ᴶⱢװ ᶁѯҕ

ѬḚṼ ⅍Ỉᵺᶀҏгּמ ֒ Ὗᶡ֙ ἌӚṷҍᶭ

֭Ӄевл ҕ аѬḚṼỨ ả╨ ỈᵺᶀҏѨћ῎

зчлả╨є᷉╝ҧѨỌњᴓуаḹ ᶭὮᾛчטḹ

ҕᶯа ᴓ ҧѨіѬ҈зả╨єὮᾛỈᵺаᵝἠṤ

ұἱả╨є ᶯҢ сћзҩ ᴓїṐԁỈᵺᶭ֭ѦҐ



14

∑ ạỈӽ Ӊ
ӿу״ҝй ᶻє ᶻє Ṧὼ ӋԂ

Ạססỏ Principal-Agent Theory дӫḴ῀ạ

Mechanism Design авлᴓу҅ᶉ з Ạס

ỏа῀֩ѝס вл й Principal влẛѓ

лẠס Agent р״ҝвכậ₉ ẠסѬ҈᷉╝г֖а

ӳᵺр״ҝчכậ₉ ᶯҐת йюᶜщг֖аụ

֖Ѧ йюꞈꜟҷἯ₵֩аᶡ֖ Contract

ғᶜщаụ Ҿ ẠתסᶯаḞ зч ῀֩ѝ

ӡṀ῀ạᶡ֖р҆ьṼ йаᶜ д Ạססỏ

ҵвлᴓуа ᶃ ҈֛ ҕḡᶉ а ӿу

єзвлפֿ йғвлẠסаң□ вл йғ

ѓлẠסаң□ἁ֒ᴗ  װ иӽ Ӊҏ

 ἌӚḾᾢѓлẠסѝа Ạסᴼᶃ

҆ḅ ᶻє зчвᶉ ᴜўе′ ᴶⱢװ

ҧѨἌӚ▼ԃезвл йғѓлẠסаң□ѝ њ

й῀ạ҆ᾪᶡ֖двлᶾNPᴁаᴼᶃ ֖Ѧ ҧѨṷ

ҍевлѓכὙѦԌаỈᵺрạỈвл O(log n) аḅ ҆

ᾪᶡ֖ ӇᴶвἬ ӡӬẠסѨẉ⁞вטᶡסаװệ ҧ

ѨѴҾҍевлѓכὙѦԌаӒᾘ Ỉᵺрњ йạ

Ỉ҆ᾪᶡ֖

ḡҝӬ ỏԈ  Mengjing Chen, Pingzhong Tang, 

Zihe Wang, Shenke Xiao, Xiwang Yang. Optimal Common 

Contract with Heterogeneous Agents AAAI 2020.
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ἌӚṷҍᶾṼӫḴ῀ạ ᶭҝỡᶯҢ֒ ⅔ׅὖήῇ╤

ӫḴ῀ạ֜ҝњạỈӫ Ӊבӽ ӉỨ Ӊ а

єѩ ᶃӞв ֙њӫḴ῀ạ҆ᴓуаᶯҢӞв

⅔ׅὖήῇ╤д Google Facebook ẰᵯԂ ⅔ׅ

ḀаӿуᴘӃӁᾕ ἑ֛ ӫḴ῀ạ є ỏס

֭ב╢ ᶯҢӞԌ∩з ьּס ӡṀᶒᶡסỏἫ

⸗ ӇнҐњᶯҢ֭ ᷂₉двлᴓуа ӳᶶ   

њеḾᾢ҈ыᴼᶃ ᶻє ᶒᶡѓҠ ҝ

Ӭ ἌӚṷҍеᶾṼӫḴ῀ạ ἍҢṋӽׅ ҕᶻ

ᾋ♄ ᴶԁ ἍҢӫḴ῀ạסỏҕӫḴḍԌᴶԁᶡ

ἠṤṼס ᶭ ҢᶾṼӉὀỈᵺҕӫḴᴶԁӒᾘᾪṼ

ḡ ֒ӫḴ῀ạסỏἫ⸗ғйᵾῩћ҆їҝӬ

ҾᶯҢӫḴ῀ạṷ еӹїӠả╨а ғᾪṼӳᵺ ￼

ḄӞᵴ ᶻє ѴבẰᵯםᾯᴶԁẌᵯᶡ֙ ҝỡ

ḡק ᶯҢыἒ ҾẰᵯᵐре♦ь ᵯаᶜᴪṷẸ

Ằᵯםᾯізᴗ 2018 ҠԆв╘ᵯ ụє ҈ᴓұᶾὮ

ḡ ҝ Ӭ ỏ Ԉ  Shen, Weiran, Binghui Peng, 

Hanpeng Liu, Michael Zhang, Ruohan Qian, Yan Hong, 

Zhi Guo, Zongyao Ding, Pengjun Lu, and Pingzhong Tang. 

"Reinforcement mechanism design, with applications to 

dynamic pricing in sponsored search auctions" AAAI 2020.
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Ӓᾘ֩Ṷ ֒ԝӷṈᴟєа֭ѦԝṶ Ѭ҈иὴҐᾮ ҍрԝӷṈᴟҐ֭Ѧ ḤᴘṼ ԛр ӡӬзӽ Ӊס

йаῢ῀ѝװ ӮлᶱᵋӒᾘ֩ṶаҢὸѐћ֭Ѧᾰ Ґҕ֩Ṷӑҍᾮװס ҙџả╨ὴ дѹиὊᶓь ᵯṷẸа

дפ аԛֹг⁞҈ Ῡћװἁ֒Ḥḥ⅍♬Ӕפ Ḵ῀ῖа Ḍ ҹᵺ֭ѦѕӒӑҍ҆װסᾪᾢ чӖ֩ṶӳὙз

֭ єᶭгћṁ▼иὴּטᵞҢὸ аԝẀ

гѯẼѿ∩ ả╨ҝԛаѝ ғῩћԝᴃаὖ ᶷ ẛἹѬ҈ḃщїаӫю Ọᾰчлӫю Ҝḇ

ḥӒᾘ֩ṶӫḴѝ ҕẏ Ңὸа҆ᾪ∩ Ḵ

ћ Ḵ ῀ạаᴎ ︡Ậз֒Ṷἐаг װ֩ ӡӬ ҷἯӛһӒᾘṶἐ ҙџьѬ҈ק∩ Ḵᴼᶃᴃ

њ‗ḓаἒװ ᴼᶃ дפ Ӓᾘ֩ṶӫḴѝ ҡћ῀ạзἒỈᵺ Ӡἁ֒ ћ῀ῖѕֹаḹשּװ

֣иаᾢ ᴘᵽ ѐдзѦԌыӨᵯ ᶡа

ᵋ Chau Ԃй [1] ґ ṠҢ ҃Ḿ (one-shot load decomposition) ᵭḇᾪṼᴼᶃ҃Ḿњвả№ḓᾕק

᷂₉ᴼᶃ ( ӡᵸ 1 ֣ὦ ) ᶁѯῢ῀Ṷἐ᷂ᴊа҃΅ ґӃвл‗ḓа  ֜ӽѬ҈҆ѸṼḓᾕ ᴺ᷂₉

ᴼᶃаᶨᶓҝԛ [2] ᵸ 2 ᶁѯ ∕зἒבẨἒỈᵺаּס Ɫὦе  аиὴװ

Ӡḓᾕ ᷂₉ᴼᶃ сᴬᵑ ὓвӗ ῢ῀жӄтҹỏӡṀіуᵑ→вл ὓ Ӄзёуӛһ ҽџѦԌ︠ᵑ҆

њᶡῧ ҆‗ḓаẨἒӳᵺ сдӹтаṶἐḥл҆Ѹ ҙ׆Ӌсд҆Ἀ а дӡӬгӛһṶἐаỪрӭᶅפ

Ңԝ сᴬ ὓ

♅ ћ ӽ Ӊ
ӿу״ҝй ֒ ֒ ѦԂ

ᵸ 1 Ѧᾕ ҃Ḿ    ᵸ 2 Ỉᵺзḓᾕ ᷂₉ᴼᶃᴃӃ  
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ћӑасѹи╖ ӡӬ֣иӭᶅ гӛһ Ḥуΰ вᾕѦԌ ӋҩạỈҍрвл  чӖỈᵺѬ҈ὤ

щ 1/e аḅ ҆ᾪ гѯӡӬῢ῀Ṷἐа҃΅֜ӛ ҙџсѬ҈῀ạвả№аѦᴘ  р ╡ᾢ члỈᵺсѬ

҈ὤщᶨᶓ҆ᾪ

ҷ֭ы ѴѬ҈ᶁѯạỈзἒ ғẨἒ аᶨᶓּקס  аװћבẨἒ҆ᾪᴶԁײ♦ ᶁѯ

▼ԃѦᾕ ᴺ҃Ḿ Ѭ҈ớṔḾḍԌгᴘ ѪԃчӖ҆ᾪ Ḵ Ѭ҈иὴҐ ῴ ҕᵭḇᴼᶃа҆ᾪ Ḵ

[3]

∞вӳ֔ ᶁѯ῀ạṤꜟ ӒаṶἐ҃΅ Ỉ Ѭ҈ֽ ҕṶἐ҃΅ӛ┘аῢ῀ чכậ₉Ѭ҈ ҢӨ

ᶡ ╢ GMM р֭Ӄ ṠҢ EMỈᵺᴶԁGMMἠṤ ạ

        ḡҝӬ ỏԈ [1] Chi-Kin Chau, Guanglin Zhang, Minghua Chen.“Cost minimizing online algorithms for energy 

storage management with worst-case guarantee,” IEEE Trans. on Smart Grid, vol. 7, no. 6, pp. 2691–2702, 2016.; [2] Jiaman Wu, 

Zhiqi Wang, Yang Yu, Chenye Wu.“Optimal Storage Control for Dynamic Pricing”, in submission to IEEE PES General Meeting 

2020. https://arxiv.org/abs/1911.06963; [3] Jiaman Wu, Zhiqi Wang, Chenye Wu, Kui Wang, Yang Yu.“A Data-driven Storage 

Control Framework for Dynamic Pricing”, in submission to IEEE Transactions on Smart Grid, Initial Submission: Nov. 2019. http://

arxiv.org/abs/1912.01440.
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ԝӷṈᴟєалװṼ֩Ṷ

          ҕ֒₵ҏӠ‒ на֩Ṷ Ỷᴎᴓу в рἧ ӡӬуוў҆ьаᶜ Ѭ҈ᴶԁṶἐ Ḛ ісд ҕҢ

ὸᴶԁлװṼа֩Ṷ ҕ֒ԝӷả╨Ӡ‒ лװṼа֩ṶἫасд ֒Ңὸԁња֩Ṷӳ чӖӳ ѹѬћѬ҈Ӈ

нҐ Ḥḥ а♬Ӕװ дפ ἁ֒ԝӷả╨єиᵫᵽаἘὸ ҕ֒ԝӷả╨Ṑ ₵рѪ зьṤꜟ +ҁӞ֛

чӗаậ₉֭зӎ ᴓе

        ԝӷả╨є҆ᴩлװṼ֩Ṷ׆Ṻҕ֒ьҢὸ Ҟ ԝᵽьὸ а е чв ᴗ֭ ѿвл ԛаῢ῀

сдьѓṤҢὸҢԝԁњ Ὑֲ ֖ת зчӖῢ῀ѝ ả╨а Ө ѕӋдиьҢὸ а ֣҈ѕӋḡᵋ

дפ ‗ḓа k-  ᴃԃчӖῢ῀дгҝ‴а ӡᵸ 1֣ὦ бѨ ћΰ щғḽ╨ả╨ а ╢ C8

C25 чט аҢὸ іиẒӖᾃ ғ ѱаṴ█҅ ╢ C12 ч Ңὸ

ᵸ 1 Ӯл єѩаҢԝᵽ ἒ Ӯл҅ᵸєа│ᶍ (C_n:N) ᴃὦд nаєѩҢԝᵽ ᶭ ḡ иNл
Ңὸ x- ѦԌ y- вṼаҢԝᵽ

       ње┘זҢὸҢԝԁњаг֖ⱳᾘ ֒ Ԃ ẊṷҍѬ҈ṠҢ l_1- Ṥ ᵽӮлҢὸҕả╨аḬ ᶭṷҍе

влἫ│ ẙӑMCI [1] ḡỏԈа֙Ẋỏ▼MCI Ѭ҈֙њвлѹналװṼ֩Ṷ ᶭ ἁӮлҢὸ ᴺ ἒа
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дפ        чл д Ѭ҈Ӹ ᶆ ҆ḅ Ӝ ењҽџы а֩Ṷӳ ḻẞᵋщḬ ҆‗ḓа

ӧ ѕӋдч ֩Ṷӳ г─и װ▪ дפ ᴗӇẌ аᵭׁдἁ֒᷉╝еԌᶱа │ᾰ г  

щ аӫ Ӊὀ Ӟ֣҈уᴶԁ k-  дׁњуᴶԁ֩Ṷ ֣҈ ᶯḡḂᶱ ֒MCI ӠгдҢὸҢԝ

ⱳ ᵸ ὦא3ַ ӡӬуṁ▼ װ▪ ֒MCI а ᾂѱ 24 л פ ֒ҢὸҢԝⱳ а ỶᵞḤуᾂѱב

Ụᵁ ⱳṤᵽ֖תṤᵽа ז

         ᴶвἬ▼ԃ ҕ֒ ֒MCI а k-  Ỉᵺ ҡуṁṔӮл а ᶷḹװ сѬ҈ṁ▼ӹ װ▪ [3]

Ḅᵴ ἁ֒чӖ k-  ֒ḓлἫ│ MCI ׁḄ ṠҢвл Ỉᵺс⁞҈ṷ щὤ҆ᾪа k- 

ᵸ 2 Ңὸἄᴘ аז  
ᵸ 3 ӥӖ ӳᵺӞԌаᴎả

        ḡҝӬ ỏԈ [1] Yang Yu, Guangyi Liu, Wendong Zhu, Fei Wang, et al. Good consumer or bad consumer: Economic 

information revealed from demand profiles, IEEE Transactions on Smart Grid, vol. 9, no. 3, pp. 2347-2358, May 2018; [2] 

Jingshi Cui, Haoxiang Wang, Chenye Wu, Yang Yu.“Vulnerable Analysis for Data Driven Pricing Schemes”, in submission to 

IEEE PES General Meeting 2020, https://arxiv.org/abs/1911.07453, 2019; [3] Jingshi Cui, Haoxiang Wang, Chenye Wu, Yang 

Yu.“Robust Data-driven Profile-based Pricing Schemes”, in submission to IEEE Transactions on Smart Grid, Initial Submission: 

Nov. 2019.
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ѓᴓ ↔аїỈᵺ

зв ↔є Ӯлұҡћ ↔влұ Ṇҡив

ᶚת а ↔Ḋ зὖ а ↔є влұѬ҈ת ѓ

ᶚ ↔Ḋ зᵸG=(V,E) є ὖ ↔─ᴤҐ҃њӥл

ᴼᶃ

Æ b-matching: ҕ֒Ӯлұ u и 1 лױᾛṤ b(u)

b-matching њḊыа Ṥ x: E N Ṡўҕ֒Ӯвлұ u, 

e=(u,v) x(e) b(u)

Æ f-factor: ҕ֒Ӯлұ uи 1 лױᾛṤ f(u) f-factor

њḊֿפ E а 1 лֿ҅פ F Ṡўз F єӮлұ u аᵯ

f(u)

Ṇз b-matching єӮᶚḊѬӸᴓ ạỈ Ӡз

f-factor єӮᶚḊҡюӸỈвӚ зи ᵸєᾕӋ

Ὂᶓḃщᵢ ҆ьа b-matching ẛ f-factor

Ѭ҈ק b-matching ẛ f-factor ‗ḓҐ щשּ

в ↔ ӡᵸв֣ὦ ҕ֒פ b ẛ f ѹьѦḊṤ

юԅьщ         ; Ӡ ҕ֒ f-factor ұṤіюԅьњ

        , ֣҈ṆṠṠҢ î(mn1/2 log W) аỈᵺ [Gabow & 

Tarjan 1991, Duan, Pettie & Su 2017]   ᵯ і ю ᴘ њ

î(m3/2n log W) W њ҆ьᾛṤ  ҕ֒҃ןᵸ

b-matching ғ f-factor Ѭ҈ђ֙҆ѸẀҢᴕ ֣҈и

î(mn1/2 log2W) аẠṤỈᵺ [Lee & Sidford 2013]

      ᾕӋ╡סẢ Ӊѱ᷆тב Ṁ ᾃᶡ֙аỏԈҾҍ

еԆвлв ᵸы҆ь f-factor а o(mn) аỈᵺ ᴗѦԌ

  ᵯњî(mn2/3 log W) ׁњ  ᵯב f ҹᴎ ֣҈

і▼ԃе f-edge cover ᴼᶃ Ӯлұз Fыаᵯ f(u)

а  ᵯњ î(mn2/3 log W) ḡ аӳᵺק [Duan, 

Pettie & Su 2017] а scaling ӳᵺҢзе [Gabow 2014] ֩

аὖ ᵐᴰ blossom ы ןᵸכ ӡṀקчӗа

ồᵂנὖщ b-matching ыдᶱѝрḤу аᴼᶃ

     ḡҝӬ ỏԈ Ran Duan, Haoqing He, Tianyi Zhang. 

"A Scaling Algorithm for Weighted f-Factors in General 

Graphs", in submission.

⅞ ỏạỈӫס Ӊ
ӿу״ҝй ᾕӋ ᾕӋ Ṁ ᾃ ᷆т
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ḑ Ẩᵽ҅ ᾘа҃ґב∩

Ӄ ᾕ ь ᵽ҅ᶁӭׅ ӿуᵋ╖֒ᵽ҅ӭṞ

зѕἁḍԌẛᶧ єḽ Ѧю ᵋщἫṤṮԅ֟аḽ

ње╠᷂чв ᴁ ֒ӽ ᶁӭєє  а ά

֟←ᵽ҅ᶁӭḤуἍҢᵽ҅є  ᵽ҅є а֭Ӄ ᶁ

ḉ ֒ DLCZ Duan-Lukin-Cirac-Zoller ֟ק

Ẩӭһ҃ ҝѓлѸᾕᶭṠᵽ҅ӭṞзӮлѸᾕєӨṁҟ

Ґḽ ἍҢᵽ҅∩ ғ ỨΎр ᶱ҃ᾕаӭһ

DLCZ ᵽ҅є  а֭Ӄ Ḥу─ῖћ῎иὴ∩ ᵽ҅

ᾘаᵽ҅∩ ҈ ῧᶡ֟ Ẩḽ аᶁӭ ᾕᶧ҅

ᶱᶸ ḅҠр ӉҏзḄᶉ Ҝґеᵽ҅ Ң∩

ььṷӨеᵽ҅∩ а∩ ὴ ғ♆ᴜᾖᵯ ֖Ѧᶁӭ

ᾕᶧ҅ᶱᶸ іўще֟⁞ґⱢ כчӥקдפ

֩ӠӜӨὴҐᶒᶡҁр Ӌдḡᶉ авлᴁᶃ

 ᾕᵂԃ ἍҢ а֭∕῀ạ влᾦ‴аק

ᵭ҅ả ֙њᶧ ᾂѱҍ ᵐ ᶧ҅ҕ ᶁѯ᷉

в ᵽ҅
ӿу״ҝй ᾕᵂԃ ᾕᵂԃ ḉ Ԃ Ί Ί ṄᵒԂ

ῼ

ᴜ ᵭ҅ḹ֩аᵭ҅ћṮṠᾂѱаᶧ҅ҕєвлᶧ҅Ḱ֒

ảṤ҆Ѹаᶁӭטּ ᾕ C ᾕ ∞влᶧ҅Ѭ҈∩

֒ ֒ ᵭ҅ả аᵽ҅ Ң∩ є Ḅᵽ҅ Ң∩

ἍҢןớѬ ←ᶧᵂ ─иѓлᵭ҅∩ ḓᶤ ᶭᶁ

ѯԝ ӏᶯ ԃ∩ Ѭ҈֭Ӄᶧ҅ᾘבᴗєậԉв

лᵭ҅∩ ḓᶤԌᵽ҅ ᾘа∩ ᴜ♆ב ֭∕⅍ᵽҍ

аѓл∩ ḓᶤє♆ᴜаᶧ҅בӽѯ 10 ҵᶧם ḽ ҩ

аᶁӭ ᾕᶧ҅ӞԌ ṁṔ♦Өа ṁҟᵯ ▼ԃеḄ

ḷ Ѭ҈֭ӃӨệᵽаᵽ҅ ᾘа∩ ғ҃ґ њᵽ҅

є  аґⱢ ҍе֭авἬ  

        ḡҝӬ ỏԈ W Chang, C Li, YK Wu, N Jiang, 

S Zhang, YF Pu, XY Chang, LM Duan. "Long-distance 

entanglement between a multiplexed quantum memory and a 

telecom photon" , Phys. Rev. X.
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֒ᵸᾘаѓᴤ ᶒ аиὴ ⅍

ѓᴤ аᵽ҅ᾘаḴῖב ∕зѹѓᵽ҅ӭᶅḰסậ₉єỶᴎᴓу Ẽѿḅрѓᴤᵽ҅ả╨ Ḵћӷаԅ׀

йѨ ὟḤуᶁѯ ⅍ѓᴤᵽ҅ᾘаװệᴶӠҕ ᵍả╨ᴶԁиὴ│֩аӳᵺ ӋӠ ἁ֒ᵽ҅ᾘԛֹаớṤẼѿᵽ

׀ḹṤᵽἫṤԅײ҅ з֭ ả╨є ạѓᴤ аװệв рѪקю≠─︡Ậװ

֒҈֛ᴎ֒ѓᴤ ⅍аиᴎᵾ֙ Ί ṷҍевлả╨װа ֒ᵸᾘр֭Ӄ ᶒ ⅍аӳᵺ

ᵸᾘдѓᴤ ᾘє҆ᴓуаӖ Ӟв ᴗҕ֒ ֒⅍ᵽаᵽ҅ạỈ ᵽׅ҅ ғᵽ҅ ֶє иᴓуԉ зḄᵾ

֙є ֒в аᵸᾘє Schmidt Ṥғ von Neumann а⅔ả ҕᵸᾘғҾ֩а҃Ẩᾘ separable state ӞԌ

аṁҟᵯ (ÿdelity) ҾҍеḾ аᴃὤὙ ᶭ ṷ е ạṁҟᵯаиὴӳᵺ ᴊӠѬ҈♬ӔҐ֭Ӄ ᶒ а ⅍

ҕ֒вטḉכаᵸᾘ ӡGHZᾘғвớײ ớן ᾘ ḡ Ѭ҈ ᶁѯ2л а⅍ᵽ῀ р֭Ӄ ᶒ ⅍

≠ьҐṷӨе ⅍ὴ ḡӳᵺњѓᴤᵽ҅ả╨а│֩ṷ еả╨ғиὴаӳᵺ

ḡҝӬ ỏԈ You Zhou, Qi Zhao, Xiao Yuan, and Xiongfeng Ma. Detecting multipartite entanglement structure 

with minimal resources , npj Quantum Information. 

ᵸ 1 ḉכᵸᾘаὦԉᵸ҈ ⅍ᵽ῀ (a) вớ ᾘ b ớן ᾘ c GHZᾘ
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Ữ‗ᶭ гԂὙа ֩ғ
ᵯа֭∕ ạ

ᵽ҅ дᵽ҅ạỈғᵽ҅ӭᶅаᴎ Έ з֭∕

ҵӡṀѬἙҐ ⅍Ừӛᵽ҅ả╨д ∩з дгḻẞ

аҷң ҕ ᵯᴶԁѬἙа֭∕֩ᵽ ạӇд ᴁўѓ

аậ₉ а֛ᶨᵾ֙֜▼ԃ ᶁѯṷҍỮ‗

ᶭ гԂὙаӹї ά Ѭ҈з ֭∕єўщаᴎ⅔

Ṥꜟа Ӟы ҕỪӛᵽ҅ᾘа ᵯҾҍḾ а֩ᵽ

ạ дפ ӡṀ ֩вл гԂὙд ẉ⁞Ữ‗ᶭа

֩ уḥ ҈ Ḅӳ аᾛᴤװћӡṀ дỪḾᾢаᴎ

Ὼᴼᶃ

҆ḅ ᶁѯ҃ Ữ‗ᶭ гԂὙаṤӉᶒ

ґӃвл гԂὙẉ⁞Ữ‗ᶭ֩ уḥаꜚ҃ᶚᵍ

֒ḡᶚᵍ ▼ԃевь ҆ḉכа гԂὙẉ

⁞Ḅᶚᵍ ׁӠᴃԃеṷҍỮ‗ᶭ гԂὙ άаᶡס

װ ᶭ іṷҍеїаӫḴр֭Ӄ ֒Ữ

‗ᶭ гԂὙа ᵯḾ ֩ᵽ ạ ҕײᴃԃ їӫ

ḴаװћḑḑᵝҍᴩᶨаḪԛ ḡ їӳᵺᶯҢщק

qutrit-qutrit ᵽ҅ả╨є згӎᶾаỮ ệѝҝỡװ

Ҿҍеṷ ᵯаѝᵮ ὦеḡӳאַ а нὴӬ ӽ

ѯ֭∕ᶩסӉҏ֖ԁа… Ḅסỏауḥѹᶡס Ӄи

аᶧӉ֭∕ᶻᾋ״ӹѬ҈ҕᴗᴶԁ∕▼ ׁḄ ԛᶒӬњ

ᵯаѬἙ֭∕ ⅍ṷ е״ӹѬԁаסỏӳ ֭∕

∕▼аᵾ֙֜ӽҜḇ

ḡ ҝ Ӭ а ỏ Ԉ њ Zhaohui Wei, Lijinzhi 

Lin. "Analytic Semi-deviceindependent Entanglement 

Quan t i f i c a t i on  f o r  B ipa r t i t e  Quan tum  S ta t e s " , 

arXiv:1903.05303v3.

ҕ֒ӥᴤᵽ҅ת ѓᴤᵽ҅ аṤӉᶒ у 

ўѓ ӄњ йѨҕчӳ֔аеḾⱫӋᵰ҃и╖

ᴁар Ӟвз֒ ѓᴤ Ѭ҈҈״ӹг֖аӳὙ Ӄ

ӡ Ҷᵽ҅ײḹả╨а Ѭ҈иWᾘғGHZᾘӥӖ

г֖аⱳὙ ḭѨӞԌгћᶁѯ ֙р ᶦΎת ╞

∂ғסḾѓᴤ аг֖ᶒ ḭѨаḹ♦ײ ҈ д

ᵽ҅ӭᶅ а ԛᴼᶃӞв

ṷҍевлҕײѓᴤ г֖ᶒ аӹ

ї⌠ᵯ Ṇ ֒ᴠẠ р╞∂ḭѨ֣ ӃаỮ аװ

г֖ ─ᴤрѪ ἌἯґⱢҍвлїаֲṀ ╢р

ạҶᵽ҅ײḹWᾘзᴠẠ єа҆ь ₫ ᶭ

GHZᾘаҕᶯבᴗק ӑײҕ ґӃ֛ẊԃַאѸ֒ҩ

Ẋ ׁӠ֭ӃеWᾘғGHZᾘавлїҕײ ҕײᶒӬ

іבбѨᴎ֒GHZᾘӇ аḂӱв іקы

ֲṀ ḹаWᾘײὖщậԉNᵽ҅נ╢ ўҍеẼѿ

Nаԅ֟ Wᾘа҆ь ₫ ‐GHZᾘײаᾖᵯטּ

ўѓаҕײᶒӬ ἫṤּס ֘вӚ҈ᴠẠ аḚ⌠

ΰ щӥӖг֖ ᶒ аΌז і״ҝе

вả№Ṥ ∕▼еы ỏᶒӬס

ḡҝӬа ỏԈњ Lijinzhi Lin, Zhaohui Wei. 

"Testing the Structure of Multipartite Entanglement with 

Hardy's Nonlocality", arXiv:2001.02143.

֒ᴠẠ аѓᴤᵽ҅
ᶒ



25图 1 DQC1 模型

图 2 QDC1 算的实验Ԁ图 3 DQC1 算实验结果图 4 实验中跟踪在 DQC1 算中 discord 和 co� 的相互转化
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ᵝ⸗ᵽ҅ả╨є֭Ӄḓ ᵽ҅ḽӏ

ḫ ⅍ᵽвлᶩסᵽадᶩסӉҏѨ ҈ḥа

ἑ│ ֖Ѧід Ӊ ґⱢавлᴓуנӒӷ зᵽ

҅⅍ᵯӉє ӉҏѨвḂѐз ἍҢᵽ҅ḹװрṷ

Ө⅍ᵽḫᵯ ἍҢӨᵯ аNOONᾘẛ GHZ ᾘаᶴ

ᾨ ғἍҢ ᾘа ╠ ᾨ зᵽ҅⅍ᵯӉ

єиѿὖ аᶯҢ ӡѾ֤а ӷ ⅍ LIGO פ

ҹỏдӨ ᵯаNOONᾘғ GHZ ᾘ Ѵд ᾘѐ

ѹᴁḴῖ Ӡ чטᶴ ᾨ ѐḤуỮ ֙ғỮ

⅍ᵽ чṠўчטӳ аᶯҢ֔ Ữḉьа︡Ậ

њеḾᾢчט ᴁ ḅҠр ӉҏѨṷҍеḓ ᵽ҅

ḽӏ а ά Ӊҏᶡ֙סỏᶩסב ἌӚ

зᵝ⸗ᵽ҅ԝᵂả╨є₣ὦеḓ ᵽ҅ḽӏ зчл֭

∕є ҧѨἍҢӨתᾨаᵝ⸗ҥ ḹײᵝ⸗ᵽ҅ב

а ᶡ ҈ҥ єа᷾╠ᾘ ᾘ֙њḽӏ׀ ֭

ӃеӨḫᵯаתᶇ ạ члᵾ֙ Ҝеḽ╨ᵽ҅⅍ᵯӉ

єѓ ḤуаỮ ֙ Ӡ⅍ᵽḫᵯћ῎ᶱḅᵽ҅

ᵫ ≠╖ чвᵾ֙Ѵ₣ὦевӖѬ ⱢщᶧӉבҥ

 ᶡả╨а⅍ᵽӳ Ɫὦеᵝᵤӽ ≠╖а⅍ᵽḫᵯ

ᴶеᵽ҅⅍ᵯӉзг֖ᶩסả╨ӞԌаᶯҢ  

ḡҝӬ ỏԈ : W. Wang, Y. Wu, Y. Ma, W. Cai, L. 

Hu, X. Mu, Y. Xu, Zi-Jie Chen, H. Wang, Y. P. Song, H. Yuan, 

C.-L. Zou, L.-M. Duan & L. Sun. Heisenberg-limited single-

mode quantum metrology in a superconducting circuit , 

Nature Communications.
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Ҷ ᵽ҅ạỈ
ӿу״ҝй ḩ⌂ ḩ⌂ ᷆ Ԃ

֙ạỈаᴊӽ щᵽ҅

зԑӨԝḬє ьḧῴẊ─иҐ аћӷ ћ

῎ᶁѯקḊ⌠◘ғᶷ҃Ӄиᶒ ḷзвҁ рḴῴг

֖а ΐҢаỨᶁᵾ─ ӡṲԁ ґ чט ῴ

ᵋḴ֒ῴẊаёᴬӷ ҈ вטᴎ֒ᶒ аװᾛ״

ᵾ←ᵭס ӋӠ чӖᶾьаћӷдᶁѯвӖ њ

аỮḉҥװ║ а ֭Ӄа чӖ ṠйѨѬ

҈Ṇ ṆҢ ҹṤק ║҈ҹ╖ ᶡаӳὙᶒᶡзв

ҁ двӖӽװ║ а῀ạᵭס ḭ Ἱг֖а ᵍ

ӡԑӨἋῒ Ӹᾦ‴  Ӌҩᶁѯ│ᾰṼᶱᶸỘ

ᶱщвҁ чҵ֣иаԑӨἋῒѐ─и֖תа

ᵸ ṆṠⱳ ғỡћẒг֖ת іѬ҈֭Ӄ Ộ

ԑӨעᵮӞᵴ ҕйװ║ ︣юғ ідỶᴎ

ᴓуа ḭаҢ ᴊ ║Ṽҏ─Ӟ а‗ḓҷᶩвḂ

Ɫщ  аạỈӫẠọ ҈Ỷ֒йѨѬ҈зἒỘᶱ᷂₉

ᶁѯᶯҢ← ←ᶱᶸ (API) ṠйѨѬ҈קᶷ

҃ạỈẛ᷂₉בḑ←᷂₉ ҜמỘᶱẛּת зӃ֭עᵮ

є чҾейѨבьḧῴẊת аћӷ йѨѬ

҈ᾦ‴ẸṮ῀ῖаг֖ᶷ҃ ẛѕἁҐӇΎ᷂₉

ӋӠ йѨҜḇạỈᵽ҅ӷӉѦ׆ ║Ṽ ю

ᴘўиט Ӂ ᵽ҅ạỈӫаḹזӞḰз֒ ḭᴊᵽ҅

ғᵽ҅׀ є ᴜеѹѓћӷ влᵽ҅ᶇѬ҈֖

Ѧњ 0 ẛ 1 Ӈи Ẋ ӥлᵽ҅ᶇѬ҈ звҁ

҈ṠḭѨ֖Ѧњӹ 0 ẛӹ 1 њез ֙♄ єוўᵽ

҅ạỈаӹᶷћӷ йѨḤуз᷂₉ ғἘὸ ӞԌớ

ⱨчטᵽ҅Ṻװ ӡ Ἐὸ д Ѭ҈ᴯḥ᷂₉ ҈

ᵽ҅ аӳὙ֖Ѧ׀ ԁ Ṥ 1 ғ Ṥ 2 ỶקḄ

ᴇạỈӫєаᵽ҅ᶇב֙ звҁ ҷ֭ы ἑ֛֭

Ӄчט῀ёаӃиӳᵺב ║Ṽ῀ạ∩зꞈԛ ′ њ

еẸṮ ֙ᵽ҅ạỈаậвӳ ᴗḭẒӳѐקᵋщḬ

ׁḄ Ẓл ᵍг֘Ѭ҈зṆ ṆҢ є Ύ

зчҵ ụήḡᵭ╢дзẨ҅ ᵽ҅ạỈӫ֭

ӃӡṀṠҢᵽ҅ API р֭Ӄ њ DQC1 а҃΅Ὑᵽ҅Ỉ

ᵺ ḭћӨὴҐạỈвטӽ ạỈӫᴁ҈Ḱסа Ṥ

ḡ ҝ Ӭ ỏ Ԉ Kuan Zhang, Jayne Thompson, 

Xiang Zhang, Yangchao Shen, Yao Lu, Shuaining Zhang, 

Jiajun Ma, Vlatko Vedral, Mile Gu & Kihwan Kim. "Modular 

quantum computation in a trapped ion system", Nature 

Communications.
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᷃ ᵽ҅תᾨװ
ӿу״ҝй Ί Ί Ṅᵒ Ԃ

ᾨת ṗѝ ⅍

ᵽ҅ӭᶅ֭∕ả╨зḴῖᵽ҅ᾘаѯ←єгѬ ᾔҐ

ю ᵋẒ ṗ ь Ѭ҈҃њᴡ ṗғבả╨ ᴎתסּ

аתᾨ ṗ ҈Ἢа ἑἱỈ зתᾨ ṗаḬ ѝѹ

ᴁᾮᶯả╨ҟ֭а Ί Ҥ╕ѱṄᵒ ҕ֒

ὖ ṠҢаGHZᾘ ᶁѯẨ ҵ ᴘΎаӳᵺἄᴶе

ἑἱỈ ҡḤуз҈֛а ыԅ׀вл⅍ᵽсћᶁѯ

ṤꜟҩḰסѹнҐἛ￼תᾨ ṗаḬ ḡᵾ֙г Ѭ҈

ṷẸ ⅍ҝỡ Ѵћᾮ ả╨ ṗἠṤ

ḡ ҝӬỏԈ You Zhou. Entanglement detection 

under coherent noise: Greenberger-Horne-Zeilinger-like 

states Phys. Rev. A.

ᵸ ᾨת 2 ṗа ⅍ὦԉᵸ

ᵽ҅תᾨבװᶕ Ẽӫװ

ᵽ҅ӷӉє⅍ᵽаг дᵽ҅ӭᶅᶉװ֩ ἑ֛

аᵛұ ᵽ҅תᾨװΈ ỏס ᵯᵽаḾװᾨת ҈ 

װᴗҧᵽ҅ḹב ӡᵽ҅ ᵽ҅Ḍ ғᶕ Ẽӫװ

аת ֙Ң ᵽ҅תᾨװѬ҈ӸḚњᶁѯзвлҾ֩аạ

Ỉ ы⅍ᵽᵽ҅ᾘрѱҝᶕ ẼӫװаΈ ҈֛аᵾ

֙ᴃԃ з ḅԉ ѝ ᵽ҅תᾨװа ֭ᵽṼе

ᴎת ӽ ả╨ᴎ֒ả╨⅍ᵽᶒӬаг װ֩

зчכᵾ֙є Ί ҃ еӇ׀в аң

ᶕק Ẽӫתבװᾨװаתҕ ⅔ảҁр ҕת дᵽṼ

ḅѬ ᵯᵽװᾨתа∞влᴓуаװᾨת ײ

♦еӥӖתᾨװᵯᵽ ֒ formation аתᾨװғתҕ

аתᾨװᵯᵽ ᶭỏ▼еӥӖᵯᵽзв ң ѝаг֖

и ад зҕả╨ᴶԁ ᶷ⅍ᵽӞҩ ӥӖᵯᵽаּזס

ἁ∞вӖᵽ҅Έ ᵽ҅Ḍ рᾮ

ḡ ҝ Ӭ ỏ Ԉ Xiao Yuan, Qi Zhao, Davide 

Girolami, and Xiongfeng Ma. Quantum Coherence and 

Intrinsic Randomness , Advanced Quantum Technology.
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ӫ Ӊὀᶩệתа װ

ӫ Ӊὀᶩệתд҆ḅї+а֛ Ứ ᶉ ᵋще

ᾘᶩסӉᵮ≠ьᴎẓ ᴗӿуồёдֱӫ Ӊὀᶉ

авטӳᵺғ ṐҢ֒ ᾘᶩסа є ӡҢײ

Ӊὀаӳᵺр┘זг֖аᶩệת

ᶁѯ Ẍᵯṋӽׅ ҕ֒ҕ ӗԛа װ Ṇ׀

ᴪѹѸа ӒсѬ҈⸗ ṋӽׅ Ҿҍֶ ⅍аװệ

ᵧ♬ ґӃṐҢӫ Ӊὀ ᶩệתаӳᵺ֖ӗ─

иת а װ њӇḂΰᵼ Ґ ὦчвұ ԛԈ

еӥл─ᴤа֭ влдןớа Ising ╢ ґӃ

ӡӬзᵭḇѕ ╢ᵸ֡є׀ᴪḫѩ ῴаҥѸ Ӓ

Ỷҡἄᴘвлᴬ наẌᵯ֛ ṋӽׅ юҾ

ҍֶ а ⅍ ӡֱрѕײ аᵸֶ֡ת Ґ ҝמּ

еᾮ ת ∞вл ҅дҶớаӁװ ╬ᴤ

ґӃвл‗ḓаҶớ Ἃṋӽׅ Ѭ҈ѹиὴҐΌ҃г

֖а ᾘ дӡӬἪפ ᴪṤꜟ ӡ‘ᵭ֭҅∕єḂײ

ᶱ⅍ᵽа time-of-Āight ᵸ֡  є׀ᴪỮḉѸаḫѩ῀ạ

а Ӓ Ḅׅ ֖ӗюҾҍֶ а ⅍ ֱрѕ֒

ҝỮז┘аᵸ֡ת ת

ԛԈ ὦеҢӫ Ӊὀӳᵺ ᶩệתа װ ҕ

ӄҩḄӳᶶаסỏғ֭∕ ѐקᾂѱḬ  

ḡҝӬ ỏԈ : Si Jiang, Sirui Lu, and Dong-Ling 

Deng. "Vulnerability of Machine Learning Phases of Matter", 

arXiv: 1910.13453.

ṭ ᵽ҅йᵾῩћ
ӿу״ҝй ᵧ♬ ᵧ♬ ồ Ԃ
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ᵽ҅ҕ ӫ Ӊὀ

зӽ ӫ Ӊὀє влᴓуа҃ὺдҕ ӫ Ӊὀ

чдвлӫ ӉὀבạỈӫᴅӹаỨ ᶉ зҾⱭԉ

♄ ѝаӫ Ӊὀ ṷ ᴅӹṁ зӫ Ӊὀє ҕ

ӗԛ ∩з влỮḉѾ֤а ҅д Szegedy Ԃйз

2013 ҠґӃа зҕв᷆│ њ █аᵸ֡ ᶷ҃׀ Ӓ

ҩ зйᴲє Ӌ҃њ █ Ẍᵯṋӽׅפ ╢ᶪקᴗ

ֶ Ґ҃ҝе֟ ҾҍеӨὤ 99.3% а ӭᵯ

ԛ ᴪеᵽ҅ҕ ӫ Ӊὀа ά Ἣҍҕᵽ҅

ӫ Ӊὀả╨іиҕ ӗԛа∩з ᴗ∩зװд

а гⱫ ֒ ᴪṤꜟдӽ аẛᵽ҅а ігⱫ ֒─

ᴤаᵽ҅Ӊὀ ╢ ԛỏԈ еᵽ҅҃ зҶл─ᴤ

ᴟ□єаᶯҢ ᶁѯьᵽӹ֔аṤ ꜚ҃ҐⱢὦеᵽ

҅Ӊὀả╨ҕ֒ҕ Ӓа ᴜҕוӡṀ ҈װ ӗ

ԛ ӡṀԅᶾᴗ Ԃװ▪

ԛ зᵽ҅ӫ ӉὀבạỈӫᴅӹӞԌ ῀евл

ὦеᵽ҅Ӊὀả╨Ѭћаᴅӹ ҕӄҩḄק

ӳᶶаסỏғ֭∕ ѐᾂѱḬ

ḡҝӬ ỏԈ : Sirui Lu, Lu-Ming Duan, and Dong-

Ling Deng. "Quantum Adversaril Machine Learning", arXiv: 

2001.00030.
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