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֒ậ₉Ԍת ᵯаѸ҃҅װệ ⅍ӳᵺ 

      ᾰ Ḿғס ⅍Ѹ҃҅аװệ , ӡᶩסṼӉװệ҈ ѱᶩӔװ з ᶩґӃѯ←єỶᴎᴓу ἁ֒ьѓṤаѸ҃

҅Ṥꜟֿפ∩зṤꜟᵽ аᴼᶃ е҈Ṥꜟ Ӓњ ѩа ╢Ҝґ ḹזдẌᵯӉὀ ╢зѸ҃҅װệ ⅍ậ₉

єаᶯҢ њеṷӨẌᵯӉὀ ╢зѸṤꜟֿפыа ⅍ὴӬ ӡṀ҆ьṼҐἍҢ֜иṤꜟдвлᴓуᴼᶃ

      њеḾᾢчлᴼᶃ ‬‌ᾟ Ҝґевл ֒ậ₉Ԍת ᵯаѸ҃҅װệ ⅍ӳᵺ ἍҢ ạаת ᵯṷӨе

ẌᵯӉὀ ╢зѸṤꜟֿפыа ћװ⅍ ḡӳᵺᴊ аẌᵯӉὀ ╢єṷᴜᶭᶶᵽṼѸ҃҅װệ ⅍ậ₉תᴎа

ӛ┘ ᴊӠקậ₉ щвл ḍԌ ҆ҩзчл ḍԌє ᵽậ₉Ԍаת ᵯ ἍҢḡӳᵺ ạаậ₉Ԍаת

ᵯѬ҈Ἣ⸗ Ӊὀє ậ₉а᷉╝ ᴊӠӇӨὴҐἍҢ֜иаṤꜟֿפ ֭∕▼ԃ Ҿ֩влἑ│ậ₉ ᶁѯ᷉╝

ת ᵯ♦Өаậ₉֙њ ậ₉Ѭ҈иὴҐṷẸᶁѯ Ӊὀ аẌᵯӉὀ ╢ҕἑ│ậ₉а ⅍ὴӬ Ḅᵴ ḡӳ

ᵺєа ׁӳᵺѬ҈ҢрѬḚṼѸ҃҅єᴓуаὅћꜗ њậ₉Ԍаת ᵯṷ в֩аѬḾ װ ‬‌ᾟ Ҝґ

ачлӳᵺћ῎ᾒ╡ ẊѨӇ׀ẌᴪҐסḾѸ҃҅Ԍаᴎả҈ ᶕзװệ ᴊӠњ ᶩ ґӑҍ

      ḡҝӬ ỏԈ Han Li, Xinyi Zhao, Shuya Li, Fangping Wan, Shao Li, Dan Zhao and Jianyang Zeng. "MoTSE: an 

interpretable task similarity estimator for small molecular property prediction tasks", RECOMB 2021.

ᵸ 1. ֒ậ₉Ԍת ᵯаѸ҃҅װệ ⅍ӳᵺ
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├єҋйỔḾֽᾝᵢﬞב єҋﬞӉ Ӊ├ ﬞ├ Ἲ– ғﬞ├Ԃḓᶇᶡ֙ ґа ס℅ ╡

╨ảמּ ֜ӽзḾֽᾝᵢﬞ├ԂṤᵰҏﬞ├וў ☿ᶯҢ ḡả╨зḾֽᾝᵢﬞ├ᵝѯ 3000 ᷆ҟ֭עᵮ⅍ᴦὟ֡ы

ὤщеᶱḅ 100% а♬ ᵯғ 80.6% аḹ װ ᶭᶁѯйӫ ב⧵֖֭ ⅍ᶒӬа◊ ҃ ▼֭ḡả╨ћ῎ᾒ╡℅

ӉҏṷӨס ᾰמּ Ɽ Ḅ֖Ѧב ᶁѯἺ– ғﬞ├ﬞב ├ ﬞ├ӗԛаѓєѩ⅍ᴦ йḖ▼

ԃеḡả╨а װ֩ ԛ ֣ṷҍаӳᵺỏ ῧҢ֣֒и ὅ℅סйᵾῩћả╨а⁭‴ ћ῎ᾒ╡ йḖ׀ᾖῩ

аס℅ ґᴶ← ᴶӠῴ᷾Ӈѓа Ẋ        

ḡҝӬ ỏԈ Zhigang Song, Shuangmei Zou, Weixun Zhou, Yong Huang, Liwei Shao, Jing Yuan, Xiangnan Gou, 

Wei Jin, Zhanbo Wang, Xin Chen, Xiaohui Ding, Jinhong Liu, Chunkai Yu, Calvin Ku, Cancheng Liu, Zhuo Sun, Gang Xu, 

Yuefeng Wang, Xiaoqing Zhang, Dandan Wang, Shuhao Wang, Wei Xu, Richard C. Davis and Huaiyin Shi. "Clinically 

applicable histopathological diagnosis system for gastric cancer detection using deep learning", Nature Communications 2020.

ס℅ ╡  ╨ảמּ
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≠Ѹ≠ьᾪṼᴼᶃа҆ᾪỈᵺ ḩ Ѧ ⅍аїỈᵺ

ӃẠӫ Ӊὀ ╢ ӡẌᵯṋӽׅ ғԅᶾᾢ

╢ ἁ֒ᴗṷᴜ  Ữἒװ Ὑа ᵤћӷӠзḩ Ṉ

ᴟ ⅍єᴘўᵤрᵤᴕԁ дפ ἁ֒ḩ Ṥꜟֿפаӭ

Ữḉ₀ײ ׁḄ  а ╢ᶁḉỮḉḻẞѯ ᶡ ᶭ

ѯ←ḉюҍӃг ֩ Ḅᵴ ẼѿẒӖӫ ӉὀғṤꜟ

ᵾ─з֩ᵽỨẞєᵤрᵤὖ ҐṠҢ Ἱѓ ḩםᾯ

֜ӽѱᾂеᵤрᵤѓаׁ҅ ẛḹ ׁḄ ӡṀѕӒ

᷉╝иὴḹ ҝњ з аᴼᶃ њеḾᾢчטᴼᶃ

⁭ ṷҍе DoubleEnsemble чдвлїаֿפҝ

Ӊὀа ᴗἍҢ ֒Ӊὀ аӗԛ׀ ӳᵺғ ֒

shuȰle аḹ ᷉╝ӳᵺ ─ᴤрѪ ⁭ ꞈꜟӮл

ӗԛа ѯ←р ֩ᴎ ӗԛ ᶭᶁѯ shuȰle Ӯлḹ

ạỈаḹ Ḭ ҩўҍᴎ ḹ ḡ а ╢ѬᶯҢ

֒ѓл ╢ ћ῎ṷᴜ  а Ὑ ֖ѦּטỊеḩ

Ṉᴟ ⅍аѯᵯ ᶡғг ֩ᴼᶃ Ḅכ ṠҢ DNN

ғ ᵯṷẸᾢ ֙њ ╢зєҋ▼ Ṉᴟᴶԁеь

ᵽ֭∕ ᶭўщеײ ᾰӳᵺӇиὴаỈᵺ

       ḡҝӬ ỏԈ Chuhang Zhang, Yuanqi Li, Xi Chen, 

Yifei Jin, Pingzhong Tang, Jian Li. "DoubleEnsemble: A New 

Ensemble Method Based on Sample Reweighting and Feature 

Selection for Financial Data Analysis", ICDM 2020.

⁭ евл а≠Ѹ≠ьᾪṼᴼᶃ min_

x max_y f x y ч ᴼᶃзҤ ᴼᶃєӽḉҍӃ д

в аᾪṼᴼᶃ ḡ   f x y ҕ֒ת x д

mx- ᶾ ҕ֒ת y д my- ᶾ Lx Lxy Ly - ᶧ

аң ⁭ ṷҍевӖ─иӇна ᵯ  ᵯы

╖аїỈᵺ ḡỈᵺҕ Lin Ԃй҆ḅа′ Ỉᵺᴶԁеװ

ἄᴶ ḡ аїỈᵺ֭Ӄеἒװᶜ ᾖᵯ ᶭ ҕᶚ

ᵍṤаⱫ Ӈᾪװ ᴗдз Lxy L Ṇ x ғ y ӞԌаỨ

♦װ Ѧ ᶁѯ שּ ḡ аᶜ ыᵮі ὦе

ᶾ ғ ≠Ѹ≠ь‍ᾪṼᴼᶃаἄᴶыᵮ ׆ f њן

ӚӳѦ ḡ Ѭ҈ᴶвἬἄᴶчлыᵮ ўщеסỏ

ыḅ ҆ᾪаỈᵺ

       ḡҝӬ ỏԈ Yuanhao Wang, Jian Li. "Improved 

Algorithms for Convex-Concave Minimax Optimization",  

NeurIPS 2020.
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ҕᾢѓ Ӱ ӫ а ᶡ

ѓ Ӱ ӫ Multi-Armed Bandit двлӽ аз

ἒӉὀᴼᶃ ᶭ з ☿ᴦ∕ зἒὖήԂᶉ Ӹὖ ᶯ

Ң ᶡ ᴼᶃдѓ Ӱ ӫᶉ авлᴓуᴼᶃ

ḭҕ ᶡᶒ з зἒӉὀѯ←єа ӗ  ᴶԁװ

е⁭ Ӄиа ᶡ ᴎỏԈӿуת ћ῎ΰ⅍щ

֩ᵽᾮ а῀֩ зἹѓӃ֭ᶯҢєפ ӡנᵅả╨

Ḗю᷉ Ԃ бѨἪἪҡћўщӥӥײ♦а֩װᾮ

ҕчӖ  щӿΰװ ᾮװ♦ײ аᴟ□ ҕᾢѓ Ӱ

ӫ двлỮḉῧҢазἒӉὀ ╢ ק ᶡ ᴼᶃ

ⱢщҕᾢӰ ӫ῀֩ѝћ῎ҕӉὀѯ←єаװ♦ײᾮ ᴶ

ԁӇᾰ а⁭

♣ ҥב ├а Ӱḧᶡ֙ Ἄ

Ӛקҕᾢѓ Ӱ ӫа ᶡ ᴼᶃᴶԁ⁭ ╞∂е

зװ♦ײᾮ ῀֩ѝ҃ןᵸ ↔азἒӉὀᴼᶃ ᶭ

ҕӥӖҕᾢѓ Ӱ ӫḉҢа҆ᾪᾰ Borda winner ғ

Condorcet winner ṷҍег֖аỈᵺ з҆ᾪᾰ Borda 

winner ѝ ḡ ṷҍеѓכὙѦԌаḅ Ỉᵺғḫ

Ỉᵺ ҃ еỈᵺа ӗ  װ ᶭ ṷҍеḡᴼᶃаѝᵮ

▼ԃ֣ṷҍаỈᵺзв ҅ᴼᶃыὤщḅ ҆ᾪ Ỉᵺы

ᵮבᴼᶃѝᵮаּס зҕṤᵽṮᶕ з҆ᾪᾰ Condorcet 

winner ѝ ҕẨἒᴼᶃἌӚṷҍеѓכὙѦԌỈ

ᵺ Ӝ ֒члẨἒỈᵺ῀ạеѓכὙѦԌазἒỈᵺ

ᶭ ▼ԃе׆ᴼᶃ Ṽщҕᾢѓ Ӱ ӫаḽ╨ ᴼ

ᶃѦ ֣ṷỈᵺа ӗ  Ӄиа҆нᶒӬבװ ↔ ч

ᵾ֙њכ ᶡ ᴼᶃᴊḽ╨֩ᵽᾮ Ɫщ֩ײװ♦

ᾮ аᴼᶃ⁭ ғỈᵺ҃ ӑҍе

ḡҝӬ ỏԈ W. Chen, Y. Du, L. Huang, H. Zhao. 

"Combinatorial Pure Exploration for Dueling Bandit", ICML 

2020.

њᵐ Ѧ ֤ΰ⅍а MAB ╢
῀ạѕῧᶯỈᵺ

MAB ╢֜ӽзӃ֭єаὖήả╨ᶕўщеὖ аᶯ

Ң ӋӠ Ӄ֭єа֭ ḑסײё ╢  зסё ╢є

ả╨з ԁвӚ ֙ҩю‴╞ўщвлᾰ аᾮ зפ

Ӄ֭ả╨є вӚὖήаỚֽ֣ᵐраḬ Ѭћюиѿв

֩а Ѧ ᶭ ᴗḬ ѬћғỚֽаᴗҧὖή ᶡзвҁ

ᴁ҈҃ ׁḄ зчлᴼᶃє ả╨ гћṁ▼‴╞ו

ўᾮ ігћṁ▼וᴜаᾮ дᾰ а ἑ֛Ḿᾢчв

ᴼᶃаỈᵺ Ḥуᴎ֒ Ѧавטӭᶅ ӡѪײ Ѧаᶻ

‍ Ѧаӳּס Ѧа҆ь‍ԂԂ ἁ֒зӃ֭ᴼᶃ

єҕ֒ Ѧӭᶅаᾰ ạ♦њ ᴁ ῀ạҹḤᾰ Ѧ

ӭᶅаỈᵺсᴘўӇ׀ᴓу

֙њчвᶉ авכ′ ᴶⱢװ ♣ ṷҍ

ев їаѕῧᶯӉὀỈᵺ Ӟњ ARS Ỉᵺ ḡ Ỉ

ᵺюзвᾕѦԌᶕвḂ᷉╝֖вл ֙ Ӡ члѦԌᾕ

югּמаԅ֟ ҃ ᴃԃ зẼӫ ╢ѝ қᾖԅ֟аѦ

Ԍᾕ֟ᵯѬ҈ṁ▼ ARS-UCB Ỉᵺᵢ ḌаӚἒװ Ӡзҕ

╢ѝ ‐ᾖԅ֟аѦԌᾕ֟ᵯѬ҈ṁ▼ ARS-EXP3 ғ

ARS-CLW Ỉᵺᵢ ḌаӚἒװ ҹỏдзẖӖң ѝ

ARS ѕῧᶯỈᵺѐгḤуậṀиᴎ Ѧаӭᶅсћṁ▼

Ỉᵺԛֹаиὴװ ҟ֭∕ ᴃԃ ḡ Ỉᵺа Ḍу

иаỈᵺӇѸ֜ײ ᴗдзҕ֒ Ѧаӭᶅ ạᶭгᾰ

аѦד

ḡҝӬ ỏԈ Siwei Wang, Haoyun Wang, Longbo 

Huang. "Adaptive Algorithms for Multi-armed Bandit with 

Composite and Anonymous Feedback", AAAI 2021. 
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њ Restless Bandit ╢῀ạиὴа₀  ᵯзἒỈᵺ

Restless Bandit двӖзἒӉὀ ╢ ḭӸὖ ᶯҢ֒ᶁӭả╨ ᵂἁả╨Ԃ ⅔ׅả╨є ҁḽ╨аײת MAB

╢ Restless Bandit ╢ҕ֒Ӯл action ӑҍеᴶвἬаῢ῀ ---- Ṇῢ῀Ӯл action ᶕᶷ᷂ᴊвлΊ аᶒ

чӗаῢ῀Ṡў Restless Bandit ╢Ӈњ ᶡӃ֭єаׅ ả╨ ӋӠ чі֖ӗṠ῀ạḾᾢ Restless Bandit ╢аỈ

ᵺᴘў♦њ ᴁ ἑ֛֜иаỈᵺуџ ᵋѿἫṤṮаѦԌ  ᵯ уџгћṁ▼Ỉᵺаиὴװ ׁḄ њ Restless 

Bandit ╢῀ạиὴа₀  ᵯỈᵺсᴘўᵰ҃ᴓу

֙њчвᶉ авכ′ ᴶⱢװ ♣ ṷҍевӖїазἒӉὀỈᵺ Ἶ֤њ Restless-UCB ḡỈᵺṠ

Ңе ᶯҢ ᶒ ṆἯἍҢвט рҕᾛлᴼᶃаἠṤӑҍ♦њᾰ а ạ ӋҩἍҢӃиаẨἒᵾ─з

ạҍаἠṤы῀ạӉὀỈᵺ ᴃԃ зṠҢѓכὙṮ  ᵯаẨἒᵾ─Ѧ ḡỈᵺа  ᵯ֖ӗдѓכὙṮа

֒Ḅ֖Ѧ ҃ ᴃԃḡỈᵺѬ҈ṁ▼ᾛлᴼᶃа ḌдӚἒװа ісдѪчдвлиὴаỈᵺ ҟ֭∕ᶒӬ ᴃԃ

ҁӃиỈᵺײ Restless-UCB иѿӇ₀аѦԌἛ ֖Ѧ ḌіӇѸ

ḡ ҝ Ӭ ỏ Ԉ Siwei Wang, Longbo Huang, John, C.S. Lui. "Restless-UCB, an EȰicient and Low-complexity 

Algorithm for Online Restless Bandits", NeurIPS 2020.

ᵸ 1 ҟ֭∕єг֖Ỉᵺа Ḍײ♦ 

ᵸ 2 ҟ֭∕єг֖Ỉᵺаᶻ ṐԁѦԌײ♦
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ậ₉⸗ᶶаḹ

ḅҠр ṋӽׅ ╢зạỈӫḚӱ ѕӋὐ‒ḰסԂẒ ậ₉єᴜўеᾪ аᴃӃ ӋӠ ṋӽׅ ᶁḉиѿ

ᵫᵽаἠṤᵽғạỈᵽ ч ᴓҐ╖ḴеḭзḊ╬῀ῖыаᶷ ᶯҢ ḹ ỈᵺдḾᾢы ᴼᶃ ֭Ӄṋӽׅ

аиὴӁᾕ ḭקвлѯἠṤṼаẢḧ ╢аḹ щвлỊᵽṮаӉѱׅ є ҈Ḅ֭Ӄ ἑ֛аḹ

ỈᵺἪἪг᷉׀╝ҕ֒Ảḧׅ є֣иаḹ ᴶԁ ӋӠ ṋӽׅ ḹ є∩зѿьᵽ аӭᶅ чט

ӭᶅа г ҕ֒Ӊѱׅ ╡ћаṷẸѻиᾒװ ỶѴюῴҝ ֔Ḭ

њеḾᾢḡᴼᶃ Ί ṗ ṷҍевӖї╢аӛ┘ Ỉᵺ ֤њậ₉⸗ᶶаḹ ḡỈᵺῢ῀ṋӽׅ

єậ₉תᴎаӭᶅдᴗ҆иṶ‍аӭᶅ ᶁѯԅ҃׀ ԁậ₉ ṷᴜҍׅ єԌ єבậ₉҆תᴎаӭᶅ ᶭ



13

Softmax Ẍᵯᶴ װ֩ ᵯ

Deep Deterministic Policy Gradients ỈᵺдвӖзỘỵ Ḵᶉ ὖ ṠҢа actor-critic ᶾṼӉὀӳᵺ ӋӠ ᴗ

ѯӨа‍ ạᴼᶃѬћюҕװћᾂѱḬ Twin Delayed Deep Deterministic Policy Gradients (TD3) ỈᵺѬ҈иὴ Ḿ

ѯӨа‍ ạᴼᶃ ӋӠ ḭѬћз‍ ạᴼᶃыῴҝ♦ьа₀ סּ ♣ ṷҍзỘỵ ḴᴼᶃєṠҢ

softmax Ỉ҅ᴶԁ‍ Ṥ ạ ḡ ἌἯᴊסỏы҃ softmax Ỉ҅аװệ Ӌҩ ὦе softmax Ỉ҅з actor-

critic Ỉᵺєвлᴓуаװệ и╡֒ᶻ ᾪṼѯ← ҕỈ҅а֙Ңṷ еїаסḾ Ḅכ ֒ softmax Ỉ҅

῀ ạ е ӥ л ї Ỉ ᵺ Softmax Deep Deterministic Policy Gradients (SD2) ғ Softmax Deep Double Deterministic Policy 

Gradients (SD3) ‍ᴗ⁭‴зḓлғӥлקז҃ ạ ы Ѭ҈иὴἄ ѯӨғѯ₀а‍ ạ סּ ֭∕ᶒӬᴃԃ SD3

з─и︡ẬװаỘỵ Ḵậ₉ыᴜўе state-of-the-art аὴӬ

ḡ ҝ Ӭ ỏ Ԉ Ling Pan, Qingpeng Cai, Longbo Huang. "Softmax Deep Double Deterministic Policy Gradients",  

NeurIPS 2020.
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‍ Ṥ ạ Ṇ ⅍ дᶾṼӉὀєаᴓуậ₉  

Boltzmann softmax Ỉ҅Ѭ҈֙њвӖтӋа‍ ạ

ᶭ Ѭ҈ṷ ἹѓнḰ дפ ḭгẉ⁞влᴓуаס

ỏ װ ệ non-expansion ₫ ḡ װ ệ Ѭ ћ Ṡ ў Ṇ Ṡ

з‍ Ạєіҹᵺṁ▼ᶜ װ ♣ ṷҍӒᾘ

Boltzmann softmax DBS Ỉ҅рӇї‍ Ṥ з ғ

Ӊὀ῀֩є─и наᶜ ▼ṁװ з GridWorld ыа֭

∕ᶒӬᴃԃ DBS Ỉ҅Ѭ҈ӇнҐ ạ‍ Ṥ ᴊӠḾᾢ

е softmax Ỉ҅аᶜ ᴼᶃװ ҧѨ ֒ DBS Ỉ҅ṷҍ

е DBS-DQN Ỉᵺ ḡỈᵺз 40 л Atari ᵒỲ ᵢ▫ 49 л

єװћᾪ֒ DQN

ḡ ҝӬỏԈ Ling Pan, Qingpeng Cai, Qi Meng, 

Wei Chen, Longbo Huang. "Reinforcement Learning with 

Dynamic Boltzmann Softmax Updates", IJCAI 2020.

 ֒Ӓᾘ Boltzmann Softmax Ӈ
їаᶾṼӉὀ

ё◔בӃ֭а ֒ ╢ᶾ
ṼӉὀỈᵺ

ӗԛἍҢὴ ᴼᶃвḂдẌᵯᶾṼӉὀаӿу︡ẬӞ

в њеṷӨӗԛἍҢὴ ḅҠрᵤрᵤѓа ẊѨ

Ҝḇᴎẓ ֒ ╢аᶾṼӉὀ чв ֒ ╢аӳᵺ

зᶁѯҕᵴᵮ♄ ᵮע‴⁭ ╢ World Model Ӌ

ҩзעᵮ ╢єҕ ᴶԁ ҕ ᾘа‍ Ṥᴶԁ

ạ ᶭᴶԁ ᾪṼрוўעᵮ ╢єа҆ᾪ ֒

╢а ᾪṼ ֒й ԁњєа ё◔ ғ

Ѭ҈гⱫ ҟ֭עᵮаӗԛᴶԁ ᾪṼ

ӋӠ Ӄиаӳᵺє ᵮע ╢аӉὀѬћюѯ ᶡ

ׁḄ ᵮע֒ ╢аṶ‍ ạғ ѹ

ḻẞ ᴪ ᶷ҆ᾪ ᷆ ṷҍевӖӹїа

֒ ╢аᶾṼӉὀỈᵺ њ BrIdging Reality and Dream

BIRD ḭ҆ьṼеעᵮ ╢єѱҝа ғҟ

ᵮаע֭ ӗ ӞԌа ӭᶅ Ṡўзעᵮ ╢єа

ᾪṼѯ←ію  щבҟ֭עᵮаּס ẒӖѬћᵂ װ

а ӭᵯ ׁḄᴊ єӉὀща ṷẸѬ҈ѹ

ḻẞҐנὖщҟ֭ ы ֭∕▼ԃ ḡ аӳᵺַא

ѾṷӨе ֒ ╢ ỈᵺаӗԛἍҢὴ з҈Ḛӱᵸ

ᴬњ ᴪаӫ й Ḵậ₉םҜṤꜟֿפы ḡ аӳ

ᵺᵝᵤе ὒа҆їӳᵺ Dreamer ᴜўеḡᶉ є҆Ө

аװћ

ḡҝӬ ỏԈ Guangxiang Zhu, Minghao Zhang, 

Honglak Lee and Chongjie Zhang. "Bridging Imagination 

and Reality for Model-Based Deep Reinforcement Learning",  

NeurIPS 2020. 
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з⅔ Ӊὀа֭ ѯ←є ἁ֒ҢὸḤуз ѯ←є▫ԀṤꜟ Ỉӷבᵐ ӡṀ☻ Ңὸ Ṥꜟᶭἠב

двл ѩᴼᶃ ֖Ѧ ᷂₉ ѴѬ҈ᶁѯ᷉╝װҐ☻ ᶡῧаҢὸἠב ᴊӠṷӨ ὴ ₀ ҝԛ дפ

ӡӬ᷂₉ гӛһҢὸаѓớᵯ ӭᶅ ӡᶁӭ ғ ҝԛ Ἀ♦ᴁҕҢὸᴶԁḫᾰаậ₉ѝґғḞ

зԛᵾ֙є ₓῩ ⁭ ╞∂еҢὸаןớ ӭᶅ ṤꜟṠҢҝԛғᶁӭѦԌ ᶭ ҕ᷂₉ ҕ ӭ

ᶅаеḾ←ᵯ   еҶӖӭᶅгҕ ᴟ□ ӹӭᶅ״ г״ӹӭᶅ ᶾг״ӹӭᶅ ḡ іⱫӚ  еҢὸṤ

ꜟᾦ‴֖҃΅בỮᾦ‴֖҃΅аң йḖ῀ạевả№Ѭ Ңὸѕἁ᷉╝а Ḟב ᶡּש ᶭ▼ԃчטᶡּשћ
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Ӊὀд Ӊὀᶉ єавכᴓуа ḭᶁѯӉὀᴊΰ ‍щᶀҏӒ֙а рᴶԁᾢ зчӖң ѝ

҃΅ ׀ӽḉюסּ ᶀҏӒֶ֙ק Ґ ׁ֒ΰ⅍ᴘᵽєа ׁ аḬ ḅҠр ẼѿѕӒ ӫ й ḴԂ

ᶉ аґⱢ Ӊὀἁ֒҃΅ ⸗ᴼᶃӠסּ аװћ‭ ᵤрᵤᵋщ Ẋаᴎẓ

Өᾟ ἌӚґӃᶭ֩ е Ӊὀє∩за copycat Ӄ◔ ἫҍчлӃ◔д⸗ ᶷ҃Ѭΰ Ί ᾢ ѯ←

҃΅ ᴼᶃаᴓуᵭׁӞвסּ נᶀҏаӒ֙ẼѿѦԌа׆ ─иѹᶾаתᴎװѦ ẊἪἪюᶁѯ Ḵᶀҏа֛

влӒ֙рᴶԁ֙ ӠгдӉὀ ⅍ѝвлӒ֙ ӇᴶвἬ њеḾᾢчлᴼᶃ ḡ ṷҍевӖ ֒ҕ ѱҝ

ׅ аӳᵺрӉὀвӖᴃ чӖᴃ Ѭ҈Ѷ￼֛влᶀҏӒ֣֙ᵐра ׁ ֖ѦṁῺ ⅍ѝвлӒ֣֙Ḥа

ӭᶅ ḡ ᶁѯзӫ й Ḵᶉ а֭∕є∕▼ḡӳᵺзᶷ҃Ѭΰ а Ӊὀậ₉єַאѾṷӨеװћ

ḡҝӬ ỏԈ Chuan Wen, Jierui Lin, Trevor Darrell, Dinesh Jayaraman, Yang Gao. "Fighting Copycat Agents in 

Behavioral Cloning from Observation Histories", NeurIPS 2020.

ґӃᶭḾᾢ Ӊὀєа copycat Ӄ◔

六、机器人
主要完成人：高阳研究组（高阳、汶川等）
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֒ ᴘᵽẌᵯᶾṼӉὀаѬḾ щ ѕӒ

          г֖֒ḽ╨а ║Ṽӳ щ аѕӒ ӳ ᴦᵸ֖ѦḾᾢӏӛ ᾢ ғ ḴԂᴼᶃ ᶭṠᴗӇḻẞῧᶯї

аᴟ□҈ ᴶԁ Ṽ Ɫ ᴗєᶾṼӉὀӳ ἁ֒ᴗᶾьаѕῧᶯבѕᴶṼћӷӠῖᵋᴎẓ ӋӠ ἑ֛ ֒Ẍᵯ

ᶾṼӉὀа щ ѕӒ ӳ ἁ֒ṋӽׅ аὌ ḹװӠ ѬḾ װ ҕчвᴁᶃ ⁭ ṷҍе

вӖ ֒ ᴘᵽẌᵯᶾṼӉὀаѬḾ щ ѕӒ ӳ ḡӳᵺзᶾṼӉὀѯ←є ᴪевӖ ᴘᵽ♄

╢ ᶭב ᴶԁ⅔ᶡӉὀ ᶁѯḡ ╢ вטᴎ аὐ ӭᶅћ῎ӸҝỡҐṷᴜҍр чטӭᶅћ῎Ḿ ֛׆

а ♄ ҈  ԁњ ᶭב ║Ṽӳ ֣ўщаєԌᵽת ᶡ ḡ зӨḫᵯѕӒ ҟᶻᾋыҕḄӳᵺ

аиὴװᴶԁе∕▼ ֭∕ᶒӬᴃԃ ֣ṷӳ ћ῎ᴊӉўаẌᵯṋӽׅ ╢єṷᴜҍѬḾ а ♄ ԁњӭᶅב

֖ѦӉὀὴӬᾪ֒֜иӳᵺ њ ґѬḾ аѕӉὀ щ ѕӒ ả╨ṷ еїồᵂ

      ḡҝӬ ỏԈ Jianyu Chen, Shengbo Li, and Masayoshi Tomizuka. "Interpretable End-to-end Urban Autonomous 

Driving with Latent Deep Reinforcement Learning", IEEE Transactions on intelligent Transportation Systems, to appear. 

七、自动驾驶
主要完成人：陈建宇研究组
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ἍҢ҃ Transformer ╢аẓԉӷ (attention) ӫḴᴶԁỮ װ
♪ᴜὙ у

八、自然语言处理
主要完成人：吴翼研究组（吴翼、徐树声、张星星等）

ѕӋὐ‒Ḱסєавлᴓуаậ₉ ḡậ₉аӿуἑ│сдṷ в◒֟Ԉ аӿуᶕḻ ◒ᴗἄἰҝвק װ

а у ḨἄἰаӳὙ ᶁḉק у҃њ♪ᴜὙ уғѱҝὙ уӥӖ ԛԈӿуᴎẓад♪ᴜὙ у ṆᴊᵭԈ

є♪ᴜֲл҆њᴓуаṊ҅ ᾛлԈᶰаӿуᶕḻ ҈ἪаԈԛ уᶁḉḤу аװ ӳὙ Ṇњеҭ ╢Ӊ

юӡṀἰ у ἌἯḤуьᵽайᵾἰа у֙њ ӗԛ зӭᶅ аӄт чӗаӳὙдẀѦẀӷа ӠԛԈ

є аӿусдỮ װ ӳὙ Ữ аӳὙгḤуйᵾἰаװ у֙њ ӗԛ ьь ₀е Ṥꜟыа

ҝԛ Ḿег֖ṤꜟֿפӞԌ ╢ᴁ҈ аᴼᶃ

зѻи ӭᶅаң ѝ ♪ᴜὙ уᴼᶃᶁḉӸᴃὦҝҕвлԈᶰєаṊ҅аṨ ᴼᶃ з҈֛аᵾ֙є ᶁ

ḉдἍҢ ╢ӉὀԈᶰєṊ҅аᶶᵽᴃ ἍҢчטṊ҅ᴃ ғвטйњ ֩а ῴвл҈Ṋ҅њᶒұаᵸ ч

ט иѦדію⸗ ᷉ᴜᶒӬзв֩←ᵯыѹⱫ Ṋ҅зԈᶰєаᶇ

ԛԈἍҢ Transformer єẓԉӷӫḴҕṊ҅ᴶԁṨ ҍḽ╨аײת Transformer ᶒ њеӉὀṊ҅ ֔а

attention ảṤ ҧѨ Ңе҃ аᶒ

Encoder а҃ ᶒ

ње ╢ ḡ ҢеӥӖ ӳᵺ Masked Sentences Prediction (MSP) קԈᶰєа→טṊ҅ ᵹ

ӋҩἍҢыѝԈ  ҍӸ аṊ҅
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∞вӳ֔ њеּט ╢ҕ֒Ṋ҅ᶇ аⱫ ṷҍе∞вӖ ӳὙ Sentence ShuȰling  (SS) SS

ԈᶰєаṊ҅֓Ꞌק ӋҩⱫӚḃҍᵭԈєаṊ҅֓Ꞌҩ֣заᶇ

MSP ὦԉᵸ

SS ὦԉᵸ ӽѯ֓ꞋҩᵭԈєаԆ 1 ṊӵщеԆ 3 лᶇ
╢аԆ 1 л ⅍ᶒӬᶯḡд 3 ס֖ Ԇ 2 л ⅍ᶒӬᶯḡд 1

ӽѯ҈ыӥӖ зҕṊ҅Ṩ Ѧ ḡ ԈᶰєаṊ҅ק л ӋҩἍҢᴗҧṊ҅  Ӹ аṊ

҅ ѯ← ֒ MSP ἍҢ  ң ҕ֛׆Ӹ аṊ҅…҃ ֖ѦҢẓԉӷảṤ…ṶᴗҧṊ҅з Ṋ҅а֛׆ 

ἍҢчӥлᵭ ҕṊ҅ᴶԁṨ ў҃҆ӨаҶлṊ҅Ӹ᷉֙ у

ӽѯ֭∕∕▼ чӖӳᵺз CNN/DM Ṥꜟֿפ῀ NYT ṤꜟֿפыѐᴜўеỮḉгֶаὴӬ ᶭ ғӞ֛авטӳᵺ

ײת чӖӳᵺз♪ᴜṊ҅Ѧ֙њ уѦћ῎ӇᵞҐⱫ ֒Ṋ҅зᵭԈєаᶇ

ḡ ҝ Ӭ ỏ Ԉ  Shusheng Xu, Xingxing Zhang, Yi Wu, Furu Wei, Ming Zhou. "Unsupervised Extractive 

Summarization by Pre-training Hierarchical Transformers", Proceedings of the 2020 Conference on Empirical Methods in 

Natural Language Processing: Findings. 2020.
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Өװћ⅔ GoSig

ћᴼᶃдװ Ό║ ь ᶯҢа҆ь ҕ⅔ ғם ӥӖᴟ□ ≠ьṷẸеΌ║ аװћ

ḻֶ (BFT) ▫┘ д⅔ а ӋӠḽ╨а ḻֶ зᴅӹװ Ѭ Ɫװ ᵽ҈  Ọ

Ԃѓӳ֔֔ ѿѹьа︡Ậ ṷҍевлӹїаҢ֒⅔ а ḻֶỈᵺ Gosig Gosig ᶁѯỮםҜҐ

᷉ᴜΌ║ṷҍẊғṠҢѓ Ớὓ , ћ῎зӸ ἱẊ״ӹ Ḵа Ἤׅ єṁ▼ᴅӹװ ḡ ᶁѯҕ▫┘ỈᵺבὬ

аᴕ‒ḽ (gossip) ׅ а⅔ᶡ῀ạрᾪṼеװћ ─ᴤрѪ , Ḅכ Ṥꜟḽק ᴕԊἒṼрꜚ҃ἍҢׅ ᵐ ,

֖ѦṠҢѬ ᶡ ֤а ‒ḽ рּטᵞḽ аṤꜟᵽ чטᾪṼӳᵺь ṷẸе⅔ аװћ и₱ⱡ⁭аם֒

ѓлṤꜟєѩа⅍ᴦᶻᾋы , ꜗ₰ṠҢеḰз 5 ь ы 14 лịṈҵа▫ 280 лẳұᴶԁеװћ⅍ᴦ Gosig ὤще

Ӯ ᵝѯ 15,000 Ứẞа ᵽ , ֖Ѧҕᶯа Ọ д 15.8 ׆ả╨ ьщ 5,000 лẳұѦ Gosig Ӌћ῎

ὤщӮ 3,000 Ứẞа ᵽғ 23.9 а Ọ

ḡ ҝ Ӭ ỏ Ԉ Peilun Li, Guosai Wang, Xiaoqi Chen, Fan Long and Wei Xu. "Gosig: A Scalable and High-

Performance Byzantine Consensus System for Consortium Blockchains on Wide Area Network", SOCC 2020.
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ἍҢ GPU ׀ᾖṤꜟ ả╨ Join ֙װћ

  Join ֙дᴎả╢Ṥꜟ єᴓуавл ά ᴗѬ҈קӥлṤꜟ ᴃ ꞈꜟв֩аᴎả ӡҢὸ֤ ID

ᶡҝв᷆ᴃ Join з҃ ╢Ṥꜟ OLAP є ᴗᴓу OLAP ả╨ӿуҢ֒ṤꜟḰ҃ס ӡנᵅả╨ ḉכ

а҃ ╢ậ₉єֲ ѐ  Ңщ Join ֙ ᶭ Ңеьᶷ҃аṐԁѦԌ

 ᵸⱳḰס GPU ḅҠрἁ֒ᶁҢа ←ᶻᾋ CUDA   ֜ӽзẒьṤꜟєѩὖ ṠҢ GPU ᶕᶷиӇѓ

Ӈפ а ѩ ῧҢ֒ь аᶭԁậ₉ Ӡ҆їа GPU ӡ V100 Ңа HBM2 ᶕ∩ ♆ᴜᾖᵯѬӨὤ 900 GB/s

GPU аᶕ∩ḍԌігּמԅь ӃҍӮвẠײывẠ GPU аᶕ∩ьҍӥ аⁿἀ ἹѓӃиᵾ֙ еṤꜟ ⁭

з GPU ыаѬԁװӳ

 њеקṤꜟ Ṑԁз GPU ы Ṅ ḤуקṤꜟ Ḥуа ֙ щ GPU ы ἁ֒ Join  щг

аᶕ∩ ᴼ ֛йᵾ֙вḂỪћꜚ҃ἍҢӹᶷаᶕ∩ ᵐ ḡ ᶁѯ֭∕⅍ў GPU ᶕ∩аװћḹװ ῀ạҍр

еӥл ѩ Double Counter ғ On-the-Āy Merge Double Counter Ṡўᶕ∩ῼᵽҕ On-the-Āy Merge ἍҢв

ט Ḱס ṠўзṤꜟ҃΅и ᶶѦ skew г Ḍװћ іṠў Bits per pass чвᴓуἠṤгḤуйњὮᾛсѕӒ

ўщ҆ᾪװћ Ѭ҈ᶨởקṤꜟ ᾛṐԁз״ GPU Ӟы

ḡᵾ֙ạ Ớ Ỷ VLDB ẛ SIGMOD
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ївẠӨװћΌ║ ḽ ׅ ᾪṼ

Ό║ дњеḾᾢь ѶєѩṼ▫┘ᴼᶃ ֙њ ● аὬ Ӡ ѱа ḅҠр Ό║ ҈ᴗ

ᾦḹаѶєѩṼ ᴅӹ гѬ ἄԂḹұ ֙њївẠа҃΅Ὑả╨ ԄᴶеӉ ᵮғᵾḀᵮаḚ Ӟє ᴊ

ḹײ ḹ Ԃ ● ֘щ֙њѶєѩṼ▫┘ạỈа҈ӎ ả╨ Ό║ ҈ ẠὙа ᾘқᾖἪ֛ґⱢ ӋӠ

ἁ֒Ỉᵺ аᵋ╖ ы а ћᴜўӮ ᾲ 6-20 Ứẞаװћ ᶭгћẉ⁞вл֭Ң Өὴ ẉ⁞ь ѬҢ

║Ό▫םаװ ᶻᾋаḤḥ ҈ ConĀux њẠᴃаївẠΌ║ ả╨з▫┘Ỉᵺыӑҍе′ а╚їװ ћװỏסק

ỶӮנ 6400 Ứẞ ӠзסỏỈᵺӞᵴ ӨװћаΌ║ ӜᵐреἹѓả╨῀ạӳ֔аїᴼᶃ ᴗєׅ аḽ

ᾖᵯ ᵐ ṠҢᴼᶃ֙њᴓуа‭ ᴼᶃ зᶷ ֭ ả╨єиᴓуаԉ

֙њҕӨװћΌ║ ả╨ׅ ᶒ авӚїа Ṅ з҃ еᴗ֭ ṐԁаḹұṤꜟҩ ṷҍеṠҢ

Virtual Network Coordinate ӳᵺ Ṡўׅ єаӮлᶒұзѶєѩṼаᶚᵍѝ ћ῎гⱫ ӭ│ẳұӠҕׅ ᶒ ᴶ

ԁ ⅍ғӉὀ ӇᴶвἬ ḡ ṷҍеꞈꜟׅ ᶒ рҕׅ ҃ ᾪṼ᷉╝ ■ᶒұа ґὙỈᵺ з ᶚ

ᵍѝ ḡỈᵺ҈≠Ѹаᵐ ẠṶ ь ᵯаᾪṼеׅ аḽ ᾖᵯ Ӡзׅ щв֩←ᵯ ἱаң ѝ ḡỈᵺᴜ

ўеײᴗḭׅ Ӈ׀ ֩аᴃӃ ḡ ἑ֛ױз ӷ֒зҟ֭♄ ᶷ ḡỈᵺᶭᴜўҟ֭аװћṷẸ
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量子信息

量子信息
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ἌӚґӃԆן ᷃≠ ⁪╬ᴤ

з ћᵐסỏє ᴤєа≠ṼѬ҈ҢӒᵽḍԌћᵐа Berry ᶇрת ḅҠр йѨҜḇ ─иѓ≠

а ⁪╬ᴤ ≠ӡ─и᷃ײ ẛ⅞≠ а ⁪╬ᴤ ҕ֒влןớа᷃≠ ⁪╬ᴤ ả╨─иᵽ҅Ṽа᷃≠

зḊᵮа≠Ṽ ҈ ⌠ыа҃Ṥԝ Ӟ֛ ґӃ ᷃≠ ⁪╬ᴤєа᷃≠ Ḋᵮ≠Ṽ ⌠ԝ ẉ⁞в

лӽ ԝ Ӊаּש ᴎả ҕ֒ᵽ҅ả╨Ӡ‒ чвᴎảаҝ‴дἁ֒ả╨Ḋᵮћ ғ Wannier ћ ֖Ѧ ᶡẛ֓Ҝ

ћ ⸗ а Ӟ֛ ѯа᷃≠ ⁪╬ᴤ ╢ ẉ⁞ы ᶚᵍ ׁḄẉ⁞᷃≠ Ḋᵮ≠Ṽғ⌠ԝ ӞԌаӽ

שּ ᴎả

ᾕᵂԃ ᶁѯ ῴвả№ẉ⁞ ֔ᾮ ҕ ≠а᷃װ ⁪╬ᴤ ╢ Ѫԃеả╨Ḋᵮћ ב

Wannier ћ иѬћгз֖Ѧ ᶡћ ⸗ ᷃≠ ⁪╬ᴤ─иᵽ҅Ṽа᷃≠ ғ⌠ԝ ҡивлӳᶶаḊפ

ᵮ≠Ṽ ᴊӠ ᾮеӞ֛ ⁭‴аּש ᴎả чӖїв а᷃≠ ⁪╬ᴤӸ њԆן ᷃≠ ⁪╬ᴤ ҧ

ѨѴ ᴪевлїа гᴘᵽрᾰ ╞∂ả╨аḊᵮ≠Ṽ Ḅᵴ ґӃчӖїв ᷃≠ Ѭ҈зת╬⁪

ḽ╨а᷃≠ ⁪╬ᴤ ╢а ỄӒӷӉ₣Ṽѯ←єᾂѱ ҆ҩ ṷҍеѬ҈зԝᵂả╨є֭∕֭Ӄᶭ ⅍чӖї

а ת чвґӃњᴶвἬ ─иѓ≠ а ᶩᾘ֓Ҝевлїаӳᶶ

ḡ ҝ Ӭ ỏ Ԉ Yan-Bin Yang, Kai Li, L.-M. Duan, and Yong Xu. "Type-II quadrupole topological insulators",  

Physical Review Research 2020. 

一、拓扑凝聚态物理
主要完成人：段路明、徐勇研究组（段路明、徐勇、曾琦波、杨炎彬、陶禹良、戴凝等）
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ן Ҷớ ⁪╬ᴤєа Ὑ ҅

҅дỮἒװᴤảєѬ҈зḽ ѯ←єгἄᴘⱳ а ‴ Ṃ зӭᶅḽ єиѿὖ ᶯҢ ҅ Ṃⱳ а

рѕ֒ᵁװ֩ ғỮἒװаᶻ ֙Ң чӖᶻ звớả╨єḻẞ֭Ӄװ ӠỮἒװ ֩ ӳ←є ∩за Ҷ

ӚӳỮἒכװюзןớғҶớᴤảє ҁ Ṃ ׁḄзӨớả╨єўщ ֩ ҅двл─и︡Ậװа⁯ᶃ вӖ

Ѭԁӳ д҈Ữᶻ ⁪╬ᴤа₀ớ Ḋᵮᾘњᴺᴤр ḃ ҅ ᴗєиᴎןớỮᶻ ⁪╬ᴤавớḊᵮᾘ

҅֜ӽиеὖ а

ἌӚзסỏы▼֭езן Ҷớ ⁪╬ᴤє ᴪỮἒכװҩ∩з ֩а Ὑ ҅ ᶁѯả╨аṤ‍

ṐỈ ḡ ґӃḄ ҅зὋ│ḍԌєиѿỮḉᶾа ḹװ ᾛл Ṃ ѿḊᵮ ḓᶶ ᾖṐӒᶭ ѻиґѱⱳᴘ

Ḅᵴ Ɫὦеᶾן Ҷớ ⁪╬ᴤєа ҅ уᾪ֒װ֩ ᴤảєа ҅ зḄ ы ṷҍе ן

Ҷớ ⁪╬ᴤаԝᵂӳ ᴗєỮἒכװἁԝ Ṥ ԝӏ֭Ӄ ᶁѯҕԝᵂаӒӷӉṤ‍ ћ῎ΰ щ ҅

зԝᵂє ֩∩з

ḡ ҝ Ӭ ỏ Ԉ Yu-Liang Tao, Ning Dai, Yan-Bin Yang, Qi-Bo Zeng, and Yong Xu. "Hinge solitons in three-

dimensional second-order topological insulators", New Journal of Physics 2020.
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Ữ Ὕả╨єа Ṥғ Ḋ

ḅҠр Ữ Ὕ ả╨ᵋще йḖаὖ ᴎẓ ב Ὕả╨г֖ Ữ Ὕả╨ᶁḉҢр ♄ב ићᵽ

ẛẊᶩệỨΎаҜֽả╨ ᶁѯз Ὕả╨є ᴪᶩסԅ ғ йѨѬ҈ ả╨װệзᵋщ♄ Ḭ Ѧюґѱ

ẖטᴘṼ ҕ ả╨а ᴃԃ Ữ Ὕׁ а ᴪћ῎⸗ ѹѓз Ὕả╨єг∩заї⌂Ӄ◔ғ ᾘ ӡײ

Weyl ⌂ ‍♄ Weyl exceptional ring ҈ Ữ Ὕⁿ ὴᶯ non-Hermitian skin eȰect Ԃ

Aubry-Andr -Harper ╢зᴅ є ₣ѿᴓуа⌠ᵁ ḡ ╢аᴅ ᴘұѬἁת self-duality Ḿ ўщ

з ⱢỮ Ὕ Aubry-Andr -Harper ╢єἌӚґӃ self-dual ҕ а∩зװ ᶭἁḄḾ ўщᴅ ᴘұת

ב Ὕả╨г֖ ḡתᴘұ─и ệװ ἁӥӖ Ṥ╞∂ ∞ᵴ ḡ ґӃ Ḋа∩з ᾘ─и

Ữ Ṥ Ӡ Ɫᾘа Ṥњ ҆ҩ ṷҍѬ҈зԝᵂả╨є֭∕֭Ӄᶭ ⅍ Ḋ

ḡ ҝ Ӭ ỏ Ԉ Qi-Bo Zeng and Yong Xu. "Winding numbers and generalized mobility edges in non-Hermitian 

systems",  Physical Review Research 2020.



27
二、超导量子计ܼ主要完成人：段路明、孙ꡱ齬、宋祎ñ研究儷（段路明、孙ꡱ齬、宋祎ñ、蔡天奇、韩玺月、马雨

玮、潘⡻轩、李薛刚等）з ᵝ ⸗ ᵽ ҅ ả ╨ є њ е ᾔ ײ ḹ Ӟ Ԍ ѱ а ὼ ᾘ Z Z ת ֙ Ң ᾨ ⁭ ᶡ ᶾ ᵯ Ѭ c а ᶡ д ֭ Ӄ ״ ӹ Ѭаᵝ⸗ᵽ҅ ֡аᴓу ֒чӖѬ ᶡаᵝ⸗ᵽ҅ ֡ ḡ з֭∕ы֭ӃеᶴײḹἠᵽỨΎᴿ(iSW>P g a t e ) і Ѭ ҈ ᶁ ѯ ἄ ᴘ ҥ ỡр c ẳ ᴿ ֙ а ᾖ ᵯṁ ҟ ᵯ ᶁ ѯ סּ ס ỏ ҃ Ἄ Ӛ ֩ ᵽ ṷ ᴜ е ἠ ᵽ Ứ Ύ ᴿ є а Ӓ ᾘ Z Z ת ֙ Ң ғ Ө ₂ כ ᶭ е Ӓᾘ ZZ כ Ө₂  ҈כ ҕᴿזᾨѱת ֙ṁҟᵯаḣ 1 ֣ὦ ѱסּ ᶒӬғ֭∕Ṥꜟ ԛвᾕ ᵃ ԃ ( i S W A P  g a t e ) Z Z ᶡ כ ғ ˗ ₂ כ סּ Ἄ Ӛ ᴶ ԁ е Ṥ ‍ ṷ ᴜ ғ ɠҐ ечט ҕ֒ᴿסּ ֙ṁҟᵯаḣ
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ᵝ⸗ԝᵂє  ᶡ а ғѓᴤ гԂὙа⅍ᴦ

ѓᴤả╨єѬΰ⅍ᵽаᵽ҅ᴎ⅔г ѿ

а+ ӡҕӽ ֭зỏа ֩ Ӡ дἹѓᵽ

҅ӭᶅḰסᶯҢєаᴎ Έ ӡṮ⅔ᵽ҅ ֶ ᵽ҅

ғᵽ҅≠╖Өḫᵯ⅍ᵽԂ ∞вӳ֔ гԂὙ

₫а֭∕⅍ᵽг њ ᶩס ṷ ▼ Ӡ дћҕ

ᵽ҅ả╨ᴶԁḫ Ὦ ᴃב аᴓуᴤӃ ԛ֭∕ἌӚⱢ

ὦез֖ѦṂ ỘỵғẨ ᴘᵽаѓᴤ ᶡ ả╨єа

гԂὙ ₫

֒вả№Ѭ Ɫаᵽ҅ᴿ ֙ ԛ֭∕ ҐḴװ֩

ῖеṂ ṭлᵽ҅ןћṮả╨а GHZ ᾘ ֒чл

ᵽ҅ᾘ⅍ўа ӭṞὤщ 8.381 ҈ 10 л│ᾰ ᵝѯסּ

е ҕ᷃ᴤ аы╖ 8 Ɫὦеḡ ᶡᵽ҅ả╨єҟױ

аṭᴤ

֭∕֣Ң ᶡả╨ [ ᵸ 1 a ] ἁҶлᵝ⸗ᵽ҅ײḹ

 ᴗҕᶯаᾦ‴Өᾖ♆ᴜ ғӥлӨ Ἶ֖ ҝ ᵝ

ḹғ֖ײ⸗ а ᶡ─иԌ а ὙṨ΅ ӡᵸ 1 c

֣ὦ ṭᴤ ᾘаḴῖḤу҈ѝӥӖ ᴿ ֙ ἁ֒

ᵝ⸗ײḹғ֖ Ԍаᶾᵁ ᶡ г֖аᶧ҅Ṥᾘҕᶯ

ег֖аᵝ⸗ײḹ₂ Ѭ҈Ңғ֖ єᶧ҅Ṥתᴎа

ҥ Ӓ₂ ֭Ӄ᷉╝ײװḹ Ӓ ы ᶾᵁ ᶡаὴ

ӬіѬ҈ђ֙г֖аᵝ⸗ײḹ☻ґ ᾘҕᶯг֖а֖

图 1： 实验样品示意图以及制备和表征五体混合纠缠的量子线路操作序列。

图 2：贝尔信号随 GHZ 态相位的变化以及贝尔信号最
大值（θ=π）处每个关联算符的测量值。

Ὑ₂ ׁḄѬ҈ҢԂởг֖ѦԌ֭Ӄг֖аᵝ⸗ײḹ

Ḵаᶚᵍתᶇᴿ ԛ֭∕ᶁѯἄᴘ᷉╝ײװḹ Ӓаת

ᶇḴῖе─иг֖תᶇаṭᴤ GHZ ᾘ ӡᵸ 1 b  

֣ὦ ᴗєỘỵᴘᵽᶧᴟаןћṮả╨ἁ█ᾘ ọ֩ Ӡ

Ẩ ᴘᵽןћṮả╨ἁᵝ⸗ײḹаԛ ћṮ֩ ᶧᴟᾘ

аןћṮỈ ἁ а Ỉ ֩ ׁḄᵽ҅ᴎ⅔ᴃ

ѯ←  ҕᵝ⸗ײḹаỚḬ⅍ᵽғҕ֖ єᶧᴟᾘа

⅍ᵽ ԛ֭∕ᶁѯἯҕᵝ⸗ײḹᴶԁỚḬ⅍ᵽ ֘Ңᵝ

ḹҕᶧᴟײ⸗ ᴶԁ♆ᴜаӳὙ֭Ӄеҕṭᴤ ả╨

Ӯлᶤ аᾦ‴⅍ᵽ

ṭᴤ ᾘа ӭṞἁ 16 лṭᴤᴎ⅔ Pauli Ỉ ֩

ᵸ 2 a Ɫὦе ӭṞ⅍ᵽ‍ Ụᵁұ ғ ֒

ả╨֭ ᴠ ᵽаи╖ᶤṤ‍ ҟᶒӬ ᵁ֭ἒ Ẽ

GHZ ᾘתᶇаᴘṼ з GHZ ᾘתᶇ ǳ=Ǻ Ḱ ֭∕⅍ў

а ӭṞὤщ҆ь‍ 8.381 ᴗєӮлṭᴤᴎ⅔Ỉ а

⅍ᵽ‍ ᵁᶚᵐ ғתᶯаṤ‍ ҟᶒӬ ᵁᶚᵐ

зᵸ 2 b єַאὦ ֭∕єа⅍ᵽ ḹײғסּ ᾨдת

⸗ ӭṞҕײᵯ₀֒ ҟ‍аᵭׁ

ḡ ҝ Ӭ ỏ Ԉ Y. Ma, X. Pan, W. Cai, X. Mu, Y. 

Xu, L. Hu, W. Wang, H. Wang, Y. P. Song, Zhen-Biao Yang, 

Shi-Biao Zheng, and L. Sun. "Manipulating Complex Hybrid 

Entanglement and Testing Multipartite Bell Inequalities in a 

Superconducting Circuit", Physical Review Letters 2020.
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зᵝ⸗ԝᵂє֭ӃӒᾘḾ ᵋ ᶇᴿаѬὮת ᶡ

ᵝ⸗ᵽ҅ײḹ ֒ наתᾨװ ҍᵁа ҈װ

Ѭ Ɫװ дἑ֛֭ӃᶁҢᵽ҅ạỈ҆иӷа ẊӞв

ӋӠз Ɫщѓᵽ҅ײḹѯ←є ḹӞԌײ ᶡаѬ װ

ҕ֭ӃӨṁҟᵯаᵽ҅ạỈғᵽ҅ иѹьаḬ ӡ

ӬгћѬ Ґᴎ ѓᵽ҅ײḹӞԌа ᶡ сю ґ ѱ

ᶡ чӖ ѱ ᶡюṠўᴗєвлײḹа₂ Ⱬ ֒∞

ᵴвлײḹа ᾘ ᴊӠ ₀ḓײḹᴿаṁҟᵯ Ӡ

чіᾂѱгứуа ᶇת ᴊӠҕ ֒ᴿ ֙аᵽ҅ạ

Ỉғᵽ҅ ᵐрỮḉьаᾨ

ᶁѯὮẳ ᶡ а₂ Ѭ҈ђщ ᵸ 2 єӥᵽ҅ײḹ

ӞԌа ᶡᶾᵯ ֭Ѭ҈ᴊ -7 MHz ỘỵὮщ 1 MHz ֭

∕‍ғסỏ‍ ᶡўѹн ᴗє ѱ ᶡіѬ҈ᴊ -0.75 

MHz ỘỵὮщ 0.02 MHz ֣҈ᵢѬ҈ḃщвл ᶡ ₂

ұṠў ѱ ᶡ״ӹњ 0 ᴊӠṷӨḓײḹᴿаṁҟᵯ

图 1： 样品图和对应的电路图

֭∕ӗר [ ᵸ 1 a ] иҶлᵝ⸗ᵽ҅ײḹ єԌа

ᵝ⸗ᵽ҅ײḹ֙њѬὮ ᶡ ҕᶯаԝᵂᵸӡת [ ᵸ 1

b ] ֣ὦ ḡ ᶡ зӥлᵝ⸗ᵽ҅ײḹԌ ґԌᶱת

֙Ң ӠчӖԌᶱת ֙ҢⱫ ֒ ᶡ а₂ ֱ׆

ᶡ а₂ ῀ạўײӥлᵽ҅ײḹ₂ Ө сѬ҈ўщ

вл а ᶡ чӖ ᶡבӥлᵽ҅ײḹױаḂᶱ ᶡ

ת Ѭ҈ק ᶡᴊ ‍ỘỵὮщױ‍ ᴶӠѬ҈֭

Ӄвл״ӹњ 0 аӥײḹ ᶡ

图 2： 耦合强度的可调性能

֒Ḅ ᶡ а ᵴѕἁᵯ ԛ֭∕ṷҍеїаᵋ

ᶇת CZ ᴿ ї CZ ᴿаѯ←҃њӥἬ ᵸ 3 ἌἯ

зὮẳ |11> ғ |20> ћṮ▫ аѯ←євḂṁṔӥлײ

ḹа ᶡᴎ ӋҩṁṔ |11> ғ |20> ћṮ▫ ֖Ѧ

֓Ҝ ᶡἋẗвлֲṀа Ǻ ᶇת ҆ҩ҈֖ӗаӳᵺӧ

ᵭᶇ чӖ CZ ᴿаᾪұз֒ ћ Ḵћᵽ ӜѬ҈

ўщвл ֲṀаתᶇ ─и зԉ ыӇ аװệ

֭∕ἍҢ quantum process tomography аӳᵺ⅍ў CZ ᴿ

аᶻ ṁҟᵯњ 98.3% ӿуᵋ╖֒ᵽ҅ײḹа ᾨת

 ḡ ҝ Ӭ ỏ Ԉ : X. Li, T. Cai, H. Yan, Z. Wang, 

X. Pan, Y. Ma, W. Cai, J. Han, Z. Hua, X. Han, Y. Wu, H. 

Zhang, H. Wang, Yipu Song, Luming Duan, and Luyan Sun. 

"Tunable coupler for realizing a controlled-phase gate with 

dynamically decoupled regime in a superconducting circuit", 

Physical Review Applied 2020.

图 3： 用动态解耦的方式实现可控相位（CZ）门
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三、离子阱量子计算
主要完成人：金奇奂研究组（金奇奂、汪野等）

ớẨ҅ן ᴤы֭Ӄתᾨ

ớẨ҅ן ᴤ ᵴаớᵯѬ҈ṠẨ҅ є Ẩ҅Ṥᵽᶻӳԅ֟ ҷ֭ы ớẨ҅ן ᴤз Ẩ҅ єѹḻẞ

֭Ӄ Ẩ҅ ṠҢὼ ᴟғḂᴕԝ שּ Ẩ҅ Ѭ҈ṠыẰлẨ҅ⱳҝ ᶦаןớẨ҅ ᴤ ӋӠ ἁ֒ Ẩ

҅ єаӨ ᴟғẨ҅ақᾖ ᶦ Ẩ҅аᾲᾘгћẠᴃиὴаѕ ṠҢ☻ᶧḓᾦ ѕ і≠─︡Ậ ṁ Ẩ҅

гḤуᶾ ᴟּש Ẩ҅ Ѭ҈֙њ֭ӃןớẨ҅ ᴤаᶻᾋ йѨ֜ӽҕṁ Ẩ҅ ֭ӃןớẨ҅ ᴤṷҍе ◊

аṷ ᶭҜⱢе֭∕ ṁ Ẩ҅ ớẨ҅ן ᴤҢ֭֒Ӄᵽ҅ạỈẛᵽ҅ аӿу ᴁд∩зב ԝᴟ

֖ἬаҥṐӒ ⸗ ‘ᶪғתᴎ ѯ←ҕ☻ᶧ ᴪתᶇὮḴ ҥṐӒѬ҈зḓұẛẊḂἒыӸ ᶪзᶻ֔∩зפ

њеḾᾢҥṐӒᴼᶃ йѨṷҍ῀ạҍṠҥṐӒӳᶶב☻ᶧ ḽ ӳᶶױỨаẨ҅ чӖẨ҅ ᶒӬתҕ‗ḓӳἈ

ᵾ׀ ᶭ Ѭ҈ ֲᵰщыẰлẨ҅ ḩ⌂ зԛụήє ṠҢṁ Ẩ҅ ớẨ҅ן ᴤ ᶭṨ￼ҥ

ṐӒаḬ

њезןớẨ҅ ᴤы֭Ӄתᾨ ḩ⌂ ҜґевӖвᴤṼ ֡╢Ẩ҅ ᶭзḡ ыᶁѯ ҥ Ӓ

ҝỡ ҕןớẨ҅ ᴤ֭ӃеӨệᵽתᾨ ֙ ḡвᴤṼẨ҅ аԝ≠њҶớ‴ᴤᶒ ḡ ἌἯṠҢ☻ᶧз

ᵯњ 380 ҥὝа Ṽ ֡ыὟ ҍҥὝḫᵯаҶớᶒ Ẽҩҕ ֡ᴶԁ ḩ р ⁭ԝ≠ ᵸ 1(a) Ɫὦ

еḡẨ҅ аᶒ ᶁѯ ѿ y ӳᶶ Ẩ҅ ṠўןớẨ҅ ᴤӸ з z-x ᶻ֔ы ᴊӠṁ▼֣иаҥ Ӓ

ѐз ᴤᶻ֔ᶕ гюḬ Ḃ֒ ᴤӳᶶа⁫ ֙

ḡẨ҅ ᴊỡћыѬ҈҃њҶ ᴗє֛ҩӥ ыаԝ≠ ҩ DC ԝ≠ ṷ Ḃᴕԝ єԌ ҁаԝ≠ ҩ

RF ԝ≠ ҝєԌ ṷ Ứᴕԝ DC ԝ≠▫иןᵰл ֛ҩӮ Ẓṷ ᵰл Ӯлԝ≠ӞԌԌ њ 50 ҥὝ

RF ԝ≠▫ӥл Ӯл ἁӥл ֔ ҝ ӥл ֔ ב ֡ҝ 45 ᵯ⌠ ֖Ѧӥлԝ≠֟њ 4 Ὕ Ԍ 260 ҥὝ
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ᵽ҅ ₵Ѭ҈֭ӃѓлᶁӭẊӞԌа а▫Ԁ дӥӳᶁӭаᵽ҅ ҃ґ аѕӋנὖ д҈ҩᵽ҅

ׅ аᴓуᶯҢӞв ғᵽ҅ ҃ґת ᵽ҅ ₵֭ҢṼἑ֛֔ аӿуᴼᶃз֒ӭһ ἑ֛ ᵽ҅є

  Ѵѻи֭Ӄ чṠўᵽ҅ӭһаӭṞᶁѯ Ẽѿᶁӭ֟ᵯᴘьӠἫṤ טּ ч≠ь╖Ḵеᵽ҅ ₵ зḑ

ẨаᴃӃ

֒ зᵽ҅ ҃ґаᵾ֙ Ί Ҥ╕ѱ‬ єҋב ьӉꜗ₰ᶡ֙ ṷҍеתᶇ ↔ᵽ҅

₵ зḡ є ӮлᶁӭẊקᵭḇ ӭᶅ ọзתᾨᶧаתᶇє ᶭקᴗґḲҾєԌагᵋӭậа⅍ᵽḷ

зסёң ѝ ⅍ᵽḷ ᴶԁѓӚᶧӉᾨק ᶁѯḓᶧ҅ ⅔ўӭṞӞԌаᴎו⅍ ᶭקᴗᾮ ҾẒлᶁӭẊ

ἐаᴅӹ҃װ ғṤ‍ ᴃԃ ḡ Ѭ҈ַאѾṷẸ ₵ аװћ ҕ֒ 3 ӳа ₵ зᶁӭ Ẩ

ь֒ 150 ҵѦם ḡ а ᾂѱ ᵭиײ Ө 1~2 ṤᵽṮ

ḡҝӬ ỏԈ Shuai Zhao, Pei Zeng, Wen-Fei Cao, Xin-Yu Xu, Yi-Zheng Zhen, Xiongfeng Ma, Li Li, Nai-Le Liu, 

and Kai Chen. "Phase-Matching Quantum Cryptographic Conferencing", Physical Review Applied 2020.

ᶇת ↔ᵽ҅ ₵

ᵸ 2 תᶇ ↔ᵽ҅ ₵ ὦԉᵸ

ᵸ 3 תᶇ ↔ᵽ҅ ҃ґ PM-QCC ғ⅍ᵽ῀ῖҹᴎᵽ҅
₵ MDI-QCC ײћҕװ │ԃ * а дἄᴶḪԛа
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и╖ớẎᵽ҅ᵒỲєҕ ᾘב⅍ᵽа֖Ѧ∕▼

ᵽ҅ả╨ғ ֙аỌ▼дᵽ҅ӭᶅḰסєа ѩậ₉ Ἱѓӳ֛׆ ḤуṠҢӸ״ӹ│֩а῀ῖᴶԁᵽ҅

Ӡчз֭ ֭∕єѬћҹᵺẉ⁞ ӹ῀ῖҹᴎᵽ҅⅍ᴦѬ҈״ ᾔҕ῀ῖḹ аⱫ ֛׆чзפ ᶚᵍѝиѹь

аᴁᵯ њеᶻ ᵽ҅ᾘ∕▼ᴼᶃєа֭ҢװғѬӭ῀ῖⱫ װ вӖồᵂдṠҢẎ῀ῖҹᴎ ᴗєẎᵽ҅ᵒỲ

ӳ (semiquantum game) ׁᴗסỏыа нװệᵋщеὖ ᴎẓ

Ί аҤ╕ѱ᷆ԁ┼ғ Ҥ╕ еἍҢṠҢѬӭᵽ҅ᾘ ᴪаẎᵽ҅ᵒỲ֖Ѧ∕▼ ᾘғ⅍ᵽ

зḡᵾ֙є ҝḖṷҍев ḹ֩аи╖ớᵯẎᵽ҅ᵒỲ ᶭ▼ԃеḡӳ Ѭ҈ҕậṀ ᾘғ ᾘ⅍ᵽ

Ỉ֖҅Ѧᴶԁ∕▼ Ӟҩᶁѯҕᵽ҅ᾘғ⅍ᵽѯ←ᴶԁҕ ḡẎᵽ҅ᵒỲаҕק ⱳὙḾ њи╖ớᵯ ҹᴎ

ỨΎ ᶭѪԃезḡѯ←є ậṀ ỚḬ⅍ᵽғ▫Ԁ ᾘѬ҈Ӹ֖Ѧ∕▼ ḹזд ḡᶒӬгḤу״ῖ

ᾘ⅍ᵽ чҕ֭∕ғ֭ ṠҢ─иᾒ╡

ḡҝӬ ỏԈ Xingjian Zhang and Qi Zhao. "imultaneous certiÿcation of entangled states and measurements in 

bounded dimensional semiquantum games", Physical Review Research 2020.

ᵸ 4Ẏᵽ҅ᵒỲӳ ὦԉᵸ
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ᶯҢᵋ╖ ӫḥḾ ớ ћ

Ҝֽᵽ҅ả╨а ─иᴓуаסỏ֭ב ԉ зΊ Ѭ ḅ ѝ Ҝֽᵽ҅ả╨аӒӷӉԁњв ἁ

Lindblad ӿӳ← ᴗєвлỮḉᴓуаᶩסᵽд ớ ћ (Liouvillian Gap) ḭᾢ֩еả╨ᴊ ḇ ᾘщỮᶻ

ᾘ֣ḤуаѦԌ іѬ҈Ңр╞∂ ᵽ҅תᴘаḹ ӋӠ ᶯҢḽ╨ӳᵺ ӡ DMRG Ỉᵺ ḥḾѓᴤҜֽᵽ҅

ả╨а ớ ћ Ữḉ ᴁ ׁњҜֽả╨в ─иь

҆ḅ ӫ Ӊὀבᵽ҅ᶩסаỨ ᵋщеὖ ᴎẓ ѱҍрвлїа ᶉ Ṇᵽ҅ӫ Ӊὀ ᵧ♬

ӫק Ӊὀаӳᵺ ᴪщḥḾѓᴤҜֽᵽ҅ả╨а ớ ћ ᴼᶃє ᶁѯ ґӃ ᶯҢᵋ╖ ӫѬ

҈ᶷ҃ḾᾢḄᴼᶃ гᵋả╨ớᵯ ת ֙ҢⱳὙ ҈  ьѸа╖Ḵ Ḅᵴ ҕ֒ аᵫ ╢ ḡ

Ѵḃще ớ ћ а ἐḾ

ḡ зӫ Ӊὀבᵽ҅ѓᴤᴼᶃӞԌ ῀еїа ⧵ỏғ֭סҕӄҩḄӳᶶаק ѐᾂѱḬ
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ҹ ӉὀבỮ Ὕ ᾘа┘ז

Ữ Ὕả╨─иѹѓᾦḹаװệ ӡⁿ ὴᶯ (Skin eȰect) ╨ḽב ᴤḊҕᶯ bulk-edge correspondence а Ԃ

҆ḅ ҕỮ Ὕ ᾘа ᵋщеὖ аᴎẓ вᶷ҃Ữ Ὕ ᾘ ᴗװệіўще֭∕∕▼ ӋӠ ӡṀиὴ

г֖аỮז┘ Ὕ ᾘ двл ởḾᾢаᴓуᴼᶃ

ᵧ♬ ֱҹ ӉὀаӳᵺᶯҢщỮ Ὕ ᾘа┘זє ᶁѯ─ᴤа ҅ ₣ὦеḄӳᵺаиὴװ ḡ

ґӃ ἁ֒Ữ Ὕả╨аⁿ ὴᶯ Ḃᶱנὖ Ὕả╨аҹ ӉὀӳᵺὴӬгסё њԅᶾḄӳᵺаиὴװ

ḡ Ḥуҕ ᴪṤꜟӑвұ Ḱס Ḅᵴ ᶁѯҥ ỏаӳᵺ ḡ Ѭ҈Ḿ Ґ҃ Ḅҹ Ӊὀӳᵺзи

ⁿ ὴᶯң ѝаиὴװғѬἙװ

ḡ ֱҹ ӉὀבỮ Ὕ ᾘа ᶒᶡҁр ҕӄҩỮק Ὕả╨аסỏғ֭∕ ѐᾂѱḬ

ḡ ҝ Ӭ ỏ Ԉ : Li-Wei Yu, and Dong-Ling Deng. "Unsupervised Learning of Non-Hermitian Topological Phases", 

arXiv:2010.14516v1.
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六、量子纠缠
主要完成人：魏朝晖研究组（魏朝晖、林小蝶、林漓尽致等）

ӽ ᴎ⅔аᵽ҅ - ӽ ᶡ ӗ
ӳ

ӽ ᴎ⅔а ӗд ᵽ҅ӳ ҕӽת ӳ зӭᶅ

Ḱסєᾪἀавлסё ╢ ֜и ᴃԃ Ḅᴼᶃа

ᵽ҅ҝԛἁ PSD rank ḫ ╞∂ Ӡתᶯаӽ ҝԛ ἁ

nonnegative rank ḫ ╞∂ ׁḄ чӥл♦ײ rank сѬ

ҳⱢӃḄᴼᶃыа״҈ ьᵽ҅ᾪἀ

дפ ἁ֒ᵽ҅ ᵍаⱵг״ ἑ֛ᵽ҅ạỈᶻᾋ

а ╖и♦ײ єԂ ᵽ҅ạỈᶻᾋаᴃӃсҝ

њᴓу⁯ᶃ њḄ   ӡѝᴼᶃ ӡӬӃ

иᵽ҅ᶻᾋа г⁞҈ҕвлἑ│ӽ ᴎ⅔ᴶԁ ӗ

ḡ Ѭ ῀ạᵽ҅ - ᶡӳ р҆ь←ᵯҐґ Ӄи

ᵽ҅Έ а ӷ ӡӬѬ҈ ҆ᾪӳ ֣  щаӽ Έ

дѓᵞ

ḡ ᶁѯ֩ вл њ҃║ PSD rank а ά

ḫ е҆ᾪ ᶡ ӗӳ аḹ ӧ еы ӥлᴼ

ᶃ ḹזдᶁѯ ἐ▼ԃ Ɫὦеѝ֔а ҅ ∩звл

ӽ ᴎ⅔ ьѸњ k лᵽ҅ײḹа ᵽ҅ᶻᾋѬ҈֭Ӄ

ӗ ӡӬפ њק k-1 Ḥуьᵽаӽ Έ р

ׁḄ ḡ аᶒӬṷ евлⱢὦḄᴼᶃыᵽ҅ᾪἀ

аї⌠ᵯ

ḡ ҝ Ӭ ỏ Ԉ Xiaodie Lin, Zhaohui Wei, and 

Penghui Yao. "Quantum and Classical Hybrid Generations 

for Classical Correlations", arXiv:2007.10673.

ѓᴤᵽ҅ аѬἙᵽṼ

ѓᴤᵽ҅ аḹװⱵỪӸסḾўѹн ӡ ḭѨ

аᶒ ᵰ҃  ӡṀз֭∕єѬἙҐ ⅍чטᶒ дѹ

Ӕ а ⁯ᶃ ӇᴶвἬ ҕỪӛаѓᴤᵽ҅ ᴶԁ

ѬἙа֭∕ᵽṼ дӇњ ᴁаậ₉ ֭ ы ἁ֒ѓᴤ

а  ᶒ ḭѨаᵽṼḤуг֖аḚ⌠ ׁḄиứ

у ѓӖг֖аᵯᵽ

֒Ӟ֛ṷҍаỮ‗ᶭ гԂὙа

ά ṷҍећѬἙᵽṼѓᴤᵽ҅ả╨ֲṀ ᵯғתҕ

ᵯаסỏӳ чטӳ ҡ ֒ ֭∕а╨ạṤꜟ

￼еᵽ҅ớᵯгḤуҕả╨аḹ ӑậṀ ׁḄװệ

ыдћṷ ѬἙᶒӬаẎ῀ῖҹᴎӳ

─ᴤрѪ ḡ ἌἯꞈꜟ⅍ᵽṤꜟ ạἑ│ᵽ

҅ᾘғвлѓᴤ Ἃ ᾘӞԌа҆ьᶕἋ ֱḭ֩ њ F

ᴗӚ ꞈꜟвлỮ‗ᶭ гԂὙ ạἑ│ᾘа ᵯа

ѝᵮ њеӳἈ ḡ Ứ҃Ḿєӿҝ҃аױἑ│ᾘק

ᴓаѝᵮ֩ײ њ a Ḅכ ▼ԃ ӡӬ a ײ F ь

ḡ Ѭ҈ўщвлֲṀ ᵯаỮᶻ ѝᵮ Ґ

Ѭ҈▼ԃ ӡӬṤꜟ⁞῎н чӥлᵽіѬ҈⸗ҍвлת

ҕ ᵯаỮᶻ ѝᵮ ḡ ҢṤ‍ Ɫὦ ы

ӥлסỏӳ и наװћ ҕ֛׆аᵽ֭҅∕иṶ‍

ḡ ҝ Ӭ ỏ Ԉ Lijinzhi Lin and Zhaohui Wei. 

"Quantifying Multipartite Quantum Entanglement in a Semi-

Device-Independent Manner", arXiv:2008.12064.




