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ώ

Â Ӻת ᵙ ṕ Ӭק

Â χ ṕ Ӭק ￼

Â ҇χώ֧‬ ṕ Ӭק

Â‬ ṕ Ӭק ￼ї▫Ẕּז
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ᶽ₩ᶚ￼ᴧṝ

Wayne Xin Zhao et.al. A Survey of Large Language Models. 2023 3

Â ẉ‎ᶽᶚ ₩ᶚεᶽṇᶽ҈ 10Bζ￼Ὴ



ᶽ₩ᶚ￼ ד

Â ₩ᶚ ₩￼јᾸἛᶽιṝ֧א ‎ ỬҚ￼ ד

Â Ѧ ⱡ￼ ῗχḅ℅ ᶽ￼ ῗḅӍᶈ₩ᶚѧ ᵙḕᴨ￼ό
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┼ⅎ

Â үחχ ḧ₩ᶚѧ￼• ‍ Ἅᶈ￼ӈ

Å ḧӈֹḕӴ⸗ḧ ￼ᴠᾭ

Åῗ֫ᾫᶈᾯѦ ѧι ῗ ѧᶈ•Ҏ⸗ḧ￼ᴠᾭ ό

Â ♯ѕӺ ҆ḫ

Å ק‗ ￼ᶢ ᴅӈ

ÅᴵҨἛṝֹ῭ᶶ ￼ ‗

Åӝ҈ ḧ ֫‘ᵙ ӂ
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ᾣ
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ᾣ

ÂTransformer ѧ￼ׁ Ṗ(FF layer)₩Ὁ҃key-

valueḕӴᵸιҡ ὪὨ Ԅ₩Ẫ

Å Ṗ(Key)χὪὨ Ԅ₩Ẫ

ӕḅχ"⅛ ⅎῊ ..." (Stay with you for a...)

Å ҇Ṗ(Value)χּוἄ ֧₦ꞌ֫ṵ(while￼֫ṵ₦ꞌ)
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ᾣ ₴

Â⁄ỌӬ χ

Åׁ Ṗ(FF layer)ѧ￼key-valueḕӴᵸјҝ ᶼὪὨ₩Ẫι

ћ ᶼḕӴ

Å ⸗ḧ҆ḫ ᴵҨ ḧӈֹṈ ⸗ḧ Ӻіεּר Ṕ

ӫצ ζ

Âӕḅχ ￼ ӺḕӴ҃ɓGxeolqɒѦ

Å ѭ Ӻ
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ᾣ ᵣ Е

Â χḅӍἧֹḕӴɒThe capital of Ireland is
Dublin" ￼ Ӻό

ÂΆ│χ֫‘ᵤҎ ӺḾ Ѧᵻ Ꞌῳᶽ

Â Ԅχ"The capital  of  Ireland  is ___"

Â₩ᶚּוἄ ⁮
Å⃰ ⁮χ"Dublin "ψԎҤᴵ χɒLondon "

Â֫ ‘ặᵼ֫ᾭ
Å ⅛Ѧ ӺḾ"Dublin " Ѧ ⁮￼ Ꞌεᴏặᵼ֫ᾭζ

Åἧ֧ Ꞌῳᶽ￼֡Ѧ Ӻε Ӫ│ζ

Âḧӈᵅ
ÅἬֺἆ ᶭẶ⸗ḧ Ӻ￼valueιӕḅἬֺ ￼

neurons ιḅ‛₩ᶚј ⃰ ᵻ ɓGxeolqɒι ℓ
҃ Ά│￼⃰ ớ
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ᾣ Е

Â ặᵼ῭ӵ ᵙ Ӻѳ ￼ ԋớ֫‘ι ⃰￼ᵼ‛ԋ ℓ ῎

ÂMeng Қ￼ԋ ᴧאχ

Å҆ḫԋ ᴧּוᶈѣѦӈ χׁ Ṗ₩ᶒ(FFN)ѧ ṖḕӴ҆ḫι ├Ỵד
₩ᶒṄ ӡỤᶶֺֹῳ ֧

ÅѤ⁪ ҃⸗ḧ ӺεᶈFFNѧζљ ḕӴѳ ￼ᵼ‛ԋ ι ℓᾟὙ
҃ Ӻת

10



ᾣ Е

Âᵼ‛ χ ѣ₭‎ Ӻ☼╗￼ᵼ‛ᾦẔχ
Å(a) ₭⃰Ẃ ι ẹ⅛Ṗ Ӻ￼☼╗ꜛỗιệֹ⃰ ֧χ"Seattle"

Å(b) ₭Ӣᾡ Ԅembedding ι ḻ☼╗ꜛỗᴪק

Âḅ‛•Ѧ Ӻ￼☼╗ꜛỗ῎ῘᴪӉι ῎ḜҪ≡ῶ ☼╗ιᴵҨ ѭḜṏῗ⸗ḧ￼
Ӻ

Âᵼ‛
Åc) Ṅ⸗ḧ Ӻ￼ԓ ☼╗ӢᶶѭִḊ☼╗Ӫ

Åḅ‛ ֧Ỡᶶ⃰ χ"Seattle" ιֱ ḫᵼ‛ԋ ι Ҏ ӺḕӴ҃ ‰
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ώ

Â Ӻת ᵙ ṕ Ӭק

Â χ ṕ Ӭק ￼

Â ҇χώ֧‬ ṕ Ӭק

Â‬ ṕ Ӭק ￼ї▫Ẕּז
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Е Ẑ

Â⁄ỌתỔχ ᶼ ṕ Ѧֹ֡ק Ӻі

Å ᶈ іᴵ ḕᶈ χᶽ₩ᶚѧ￼ ῗ ᶽ ₩
ệ￼ιѭҜѱ Ҏ֫ṵẪḙѽֹ￼ ῳ Һ ѧḕ

ӴᶈṈᾭ Ӻѧό

ÂἅҪỞ ҃ѣѦӪệ ￼ χ

Å ḕӴΆ χ₩ᶚ￼ ѭεᴏ₩ᶚ￼ ֧ιҨᴣ₩ᶚԓ
￼ Ӻ☼╗ꜛỗᵙӡỤ╙טꜛỗζљіїᾰẶ ԋ ҆ḫ

ᴵҨ ֒ѭᶺѦјᵃ￼queriesιјᵃ￼queriesḾẔ
￼ Ӻᴵ ј

Å Ά χ Ӻת ♯҈ׁ Ṗ₩ᶒι Ḣԅ
ổּ҃צ ├Ỵד₩ᶒ ⱡ ᴿѦ₩ᶒѳ ḧῗḕᶈӡỤ╙
ι￼ט Ѧ₩ᶒḾ ￼ ḧῶ Ꞌ

ÂἅҪ Ὰ ӂ҃ Ӻת ѧ￼ ṕ Ӭק
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ẬԄχ ѦӕḒ
Â ḕӴΆ
ÅFact 1: <Suleiman I, position, Shah>

Â Query 1: "Suleiman I, who has the position of Shah"

Â Query 2: "Suleiman I, who holds the position of Shah"

ÅFact 2: <Christoph Ahlhaus, position, mayor>
Â Txhu| 4= ɒFkulvwrsk Ahlhaus/ zkr kdv wkh srvlwlrq ri pd|ruɓ

Â Query 2χɒChristoph Ahlhaus , who holds the position of mayor ɓ

Å♬דᶃῘ χ ᵃ҆ḫιјᵃqueriesι☼╗￼ Ӻӈ ᴵ јᵃιᴏ ☼╗Ӫε▄ ᶟζת
֫ṵј εFact 1 ιFact 2ї ζ ὠἇ҃ ṕ Ӭק ￼ᶢ ׁώ

Â Ά χ≡ῶ ֹ├Ỵד₩ᶒ
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Â ṕ Ӭק ḾἍῶ҆ḫ ἄ ᵈόḅ‛јῗιInconsistent knowledge

ẍ┌ḕᶈᵈό

Âῃⱡ ṕ Ӭק ḕᶈѣΆ ￼ ι ѱ῭ ᵀḫ ừ֙￼Ӭ ῗҜѱό
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ᵆ Ẑ Е ҅
ᾭὯṖ ￼ Ὧ

Âḫ ￼

ÅἫ Ѧ҆ḫ ḾẔ￼јᵃrephrase queries ѭneighbor queries ⁞Ὧ ṕ Ӭק ι

neighbor queries Ẕ ṕ ֹק ᵃ Ӻі

Åᵼ℅ι֫‘Ẋ neighbor queriesק ḾẔ￼ Ӻ￼ ớᴵҨֶᾸ ѦFactῗјῗ

ᵀ ṕ Ӭק

ÂӕḅιFact1 ᵀ ṕ Ӭק ι Fact2ј ᵀ
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Âώ֧ Ὕ‰χק ớ֫ᾭεConsistent Scores, CSζ

Å ḧ ѦԏῶËѦneighbor queries ￼҆ḫι Ԏ#3ḅїχ
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ÅἫᴝ‎￼Ґ ᾣḴѭ֧א₭ᾭᶽ҈1￼ Ӻιḫ іӔệCS̈̀ ᶽ ῭ Ӡ CSӉ￼Facts

ḫṞ҈ј ớ

Â ѕזּ ḧӈ Ӻ￼Ά│εDai et al., ACL2022ιEnguehard, ACL Findings 

2023ιChenet al., AAAI2024ζιҨ ӠἅҪ￼Ά│јῗmethod -specific￼

Â Ῐ ớ₅ ιҨ ɒ ớ ɓᵙɒј ớ ɓѣ ￼Ṯầ￼
Ῐ ớ

ᵆ Ẑ Е ҅
ᾭὯṖ ￼ Ὧ



Â ҃Consistent knowledge εὑζᵙInconsistent knowledge εὑζ￼⅝ӕ
ᵙẈᶎ ớ֫ᾭεCSζ

Â χἅҪӔּ҃זјᵃ￼ ṕ │Άק јᵃ￼ ₩ᶚ јᵃ￼ Ӫ ᴨΆ
│ι ҃Inconsistent knowledge ẍ┌ḕᶈ
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ᵆ Ẑ Е ҅
ᾭὯṖ ￼ Ὧ



Â̈̀ ẙ￼ḫ χἫFacts֫ѭᶺѦ ᶚε⅝ḅιP39 Ҧ position relation ζι
ᴧאј ớ ᶈᴿѦrelations ѧ ḕᶈ
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ᵆ Ẑ Е ҅
ᾭὯṖ ￼ Ὧ



Âѭ҃ὴ Ӫ Ὅ￼ẽᵠι ℓ ὶἫ Ӫ Ӑᴪ ӪјᾸᴪקιᴧא
ј ớ ḫḊ ḕᶈ ṎԎῗιᶈ‖Ӊ￼ Ӫїε⅝ḅ0.1ζιј ớ
￼⅝ӕ 80%εLLaMA3-8bζ
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Åӕḅ Ѧ ι
ớ֫ᾭѭ0.15ι

ᶈ0.1￼ Ӫїιἅ
Ҫ ѭḜῗ ớ

ιӇῗḜ￼
ớӘⱡỄӉ

ᵆ Ẑ Е ҅
ᾭὯṖ ￼ Ὧ



ᵆ Ẑ Е ԑ
₩ᶚ ḫ ￼ Ὧ

Âḫ ￼χҡ₩ᶚ ￼ ẙ ῎ιḾ҈ј ớ ιneighbor queries ḾẔ
￼ Ӻӈ ј

Âḫ Ά│χ
Åѣ Ӻχ╝░ε ѦqueryḾẔ￼ Ӻζᵙ╝◊εἍῶneighbor queries ḾẔ￼

Ӻ￼Ẋ ζ

ÅḾ҈ј ￼ ιָ֫ ╝░ᴝ ╝◊ι ḻQueryᵙneighbor queries ￼ẽᵠ

Åѣ Ά│χ ᾝ εErasureζᵙ ῭ᾺεUpdateζ
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Â ҮὝ‰

Å ￼Ὕ‰χReliability (Rel), Generalization (Gen), ᵙ Locality (Loc)

Âᴵ ớ/ Reliability (Rel) χ

q1 ᵻ : "Beijing" ᾛʐ ᴵ ớχἍῶᵻ ᵀ ‰

Â┌קớ/ Generalization (Gen):

q2 ᵻ : "Paris" ᾟʐ ┌קớј χᾺ ῾ ῭Ὰ

Âṕ ớ/ Locality (Loc):

₅‬ῂԋ χ"Paris is the capital of ___" ιᵻ : "France" ᾛʐ Ḅṕ ớχ῾ẽᵠԎҤ

Å זּ ӪεPPLζקὝ‰χᵿửẙᴪ￼ד

ÂBeijing... Paris? Beijing? [ ᶶỈע]ʐ ₩ᶚѤ ɒᵿửɓ
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ᵆ Ẑ Е ԑ
₩ᶚ ḫ ￼ Ὧ



Âḫ

ÅḾ҈ј ι ѦqueryḾẔ￼ Ӻ╝░ι┌קớεGenζ Ṯ

Â֫‘ᴝᵼχ Ӻӈ ј ιӔệԎҤ ẻẪӘ јᵃ￼ Ӻ

ÅḾ҈ј ι neighbor queries ḾẔ￼ Ӻ￼Ẋ ╝◊ιṕ ớεLocζ Ṯιᵿ

ửẙεPPLζ

Â֫‘ᴝᵼχ Ӻӈ ￼ј ιṀ

Ẋ ᶽι ѧӢᾡ҃ ᶺ Ӻ
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ü ⁪ѧז ￼ᾭӪҦ ҃ ᷂

ü₫ ‰├ῗ֡ѦҦ ớᾭὯ

ᵆ Ẑ Е ԑ
₩ᶚ ḫ ￼ Ὧ



ᵆ Ẑ Е

Âᵻ χ ṕ Ӭק ḾἍῶ҆ḫ ἄ ᵈόḅ‛јῗιј
ẍ┌ḕᶈᵈό

ÂἅҪҡ ᵙ₩ᶚ ￼ѣѦ ẙ ῎ι ṕ Ӭק ẊјỞῗἄ

Â ⱡᶊιἅҪ ї Ѧ χ῭ ḫ￼Ӭ ῗҜѱό
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ώ

Â Ӻת ᵙ ṕ Ӭק

Â χ ṕ Ӭק ￼

Â ҇χώ֧‬ ṕ Ӭק

Â‬ ṕ Ӭק ￼ї▫Ẕּז

25



Ẑ

Âᵻ ṕ Ӭק ￼ѣѦ χ

Å ḕӴΆ χ ṕ Ӭק ѭ Ѧ҆ḫ ᶁḧ￼֡Ѧ ӺḕӴ ׁ Ṱ ῎ι
neighbor queries ḾẔ￼ Ӻᴵ јᵃ

Å Ά χ Ӻת Ḣԅổּ҃צ├Ỵד ֺ

Â Ḿ ѣΆ ￼ ιἅҪῶѣѦᴧאι ᵀẻἄ‬ ṕ Ӭק
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Ẑ ЕQuery-KN Mapping

Â ‰χή Ӻᵙqueriesѳ ￼ԋ

ÂΆ│χ ἬֺἆᶭẶ Ӻ￼☼╗Ӫ‎ᾛ ḜҪ

Åָ֫ Ҩї Ӻ ᵀχ

ÂSelfχẸׁqueryḾẔ￼ ӺιӐѭᶢ֝⅝

ÂUnionχἍῶneighbor  queriesḾẔ￼ ӺẊ

Â Intersection χἍῶneighbor  queriesḾẔ￼ ӺҐ

ÂRefineχἍῶneighbor  queriesѧ֧א₭ᾭᶽ҈1￼ Ӻ

ÂUnrelated χ   Ὅ￼ῂԋ ӺιӐѭḾⱢ

Å ҮὝ‰χᵙԎҤ￼ ṕ Ά│ӠὙק ιᶈἬֺἆᶭẶ Ӻᵅι ₩ᶚᵻ ₦ꞌ￼ᴪק
Ӫ ᴪקӪ ᶽιҦ Ӻ ᵀᵙquery￼ ԋớ Ặ

Â ι    ἅҪѭἬֺ֫ ӪιѭᶭẶ֫ ⃰Ӫ
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Query-KN MappingЕ

Â Ӻ￼ ԋ ớχ

ÅḾ҈ѣ χἬֺ/ᶭẶquery ￼ Ӻ(Self)ᾦ‛ Ῐ ι ḫ҃‬ (Query)љ
ԎḾẔ Ӻ(KN)￼Ặ ԋớ
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Â ớṮầχ

Åј χԎҤΆ│῎ῘӉ҈Selfι"Intersection" ᵀᾦ‛ῳṮ

Â ῎χneighbor queries ḾẔ￼ Ӻ ẙј

Å χԎҤΆ│ Ӊ ẙ ṇ

Â ῎χneighbor queries ḾẔ￼ Ӻ ῭֧א ớ
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Query-KN MappingЕ



Â⁄Ọ χ‬ - ӺῑṃεQuery -KN Mapping ζ
ÅḾ҈ј

Âḧӈ ‛љ‬   ԋι љ҆ḫ( ) ԋι ḕӴᵒא‬ Ә ￼⸗ề

Â Ӽᴧא
ÅḾ҈ ớ

ÂѼ ḻֹӪ￼ї ι ῎Ḣԅ ￼ Ṉ

Åᵼ℅ι ớ ᴵ ѭј ớ ￼⸗ӕ
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Query-KN MappingЕ



Ẑ ЕDynamic KN Selection

Â ‰χ ḧӈӬ ổ ├Ỵד₩ᶒ￼
ÂΆ│χ

Å זּ ӆ҈ᾛ ӺӪ￼Ά│ι ἬֺἆᶭẶ├Ỵ֫דᾭ‎ή ḜҪ￼ẽᵠ

Âᴝᵼῗι├Ỵ֫דᾭ љ Ӻ☼╗Ӫ ӆιҝᶈ├Ỵ᷃ד ẙіῶἍјᵃ

ÂᾺᶭ￼ ẙχHeadεᶺ᷃├Ỵדζ

Å ӆ҈ Ӻ￼ḧѲιἅҪ ָԏῶ ├Ỵ֫דᾭ￼֯ᵇ

Âᴩ ḙᵏᴧιἅҪṄ Ҏᵇ ѭɒ ɓ(Knowledge Synapses ιKS)
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ÂCase Study

Å ἬֺἆᶭẶ├Ỵ֫דᾭ‎ή
ḜҪ￼ẽᵠι Ӿḧớᶊ
֫cases￼

Åḫ ᴧאιἬֺἆ ᶭẶ├Ỵד
֫ᾭιҺṀ QueryḾẔ￼

Ӻ￼☼╗֫Ӫ Ẕᶊї ἆ
і״

Å꞊╜χ├Ỵד₩ᶒṏῗ Ѧ
Ά│ẽᵠ
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Ẑ ЕDynamic KN Selection



Dynamic KN SelectionЕ ᴍ

Â ҮὝ‰χѭ҃ḧ ֫‘├Ỵד₩ᶒ￼ӐּזιẬԄѣѦ ҮὝ‰χ

Å Ӿι ӂἬֺἆ ᶭẶ├Ỵ֫דᾭׁᵅι Ӻ☼╗֫Ӫ￼ᴪקừ֙

ÅⱡᵅιᵙᾛӐ Ӻ￼ḫ ӆι ӂ₩ᶚᵻ ₦ꞌ￼ᴪקừ֙

ÂBaselines

ÅNeighbor queries ḾẔ￼ Ӻ

Å   Ὅ￼ Ӻ
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Dynamic KN SelectionЕᾛ ├Ỵ֫דᾭ

ÂḾ҈‬ ḾẔ￼ ӺχŽvalueᵙŽprob ῶῘ ᴪק

ÂḾ҈neighbor  queriesḾẔ￼ Ӻχ ŽValueᵙŽprob≡ῶῘ ᴪק

ÂḾ҈ ӺχŽValueᵙŽprob≡ῶῘ ᴪק

ÂҨіѕѦḫ א Ḿ ớ ᵙ ớ і ḕᶈ
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Dynamic KN SelectionЕᾛ ├Ỵ֫דᾭ

Âɰ ẶεEnhζ ￼⸗℮ᴧאχ

ÅɒEnhɓ ї￼ŽValueᵙŽSureῘ Ӊ҈Ἤֺ "Sup"

ÅᴝᵼχᶈјἬֺ KS￼ừ֙їι├Ỵד₩ᶒṰ Ὅ ӺKNι ℓᶭẶṀ
" ᵙ"ᾦẔ

Å ῎├Ỵד₩ᶒ ὍӐּז ḕӴӐּז
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Ẑ Е

Âᵻ ҇χῃⱡ ṕ Ӭק ḕᶈѣѦ ι ѱ῭ ᵀḫ ừ֙￼Ӭ ῗ
Ҝѱό

ÂἅҪ￼ѣѦᴧאι ᵀѭ‬ ṕ Ӭק ιᵻ ҃ Ѧ
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ώ

Â Ӻת ᵙ ṕ Ӭק

Â χ ṕ Ӭק ￼

Â ҇χώ֧‬ ṕ Ӭק

Â‬ ṕ Ӭק ￼ї▫Ẕּז
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҅ ᾣ

Âѭ҃ ℓ ‬ ṕ Ӭק ￼⃰ ớι ⱡ￼ộ ῗἫḜẔּזᶈї▫үחѧ

Âᵻ ѳׁ￼₩ᶚ ḫ ιἅҪḫ ҃ᶢ҈ ṕ Ӭק Ӻ
ᾦ‛јӓ

Âɡ ҈‬ ṕ Ӭק εѮ ῗԎѧ￼Query -KN Mapping ζιώ֧ Ὰ￼
Ӻ Ά│χ ớỵ ￼ Ӻ ⁄Ọộ ῗχ

Åᴝ‎￼Ά│ј ớιᴱ ҃ Ӻ￼☼╗֫Ӫ
ÅᾺΆ│ᵃῊ ớᵙ Ӻ￼☼╗֫Ӫ

38



҅ ᾣ Е

39

Ӻ☼╗Ӫ
￼ẈᶎӪ

Ӻ☼╗Ӫ
￼ΆṮ

ḧ lṖ
kѦ Ӻ

iѦqueryḾ Ӻ￼
☼╗Ӫεactivation scoresζ

ÂẬԄὝ‰χ ớỵ ֫ᾭεConsistent -Aware ScoreιCASζ

ÅẬԄ ᴠᾭιᶈ᷾כ ☼╗Ӫᶢ іιᶭזӉ ớ￼Ự

ÅṸῺχ Ӻ☼╗Ӫ￼ẈᶎӪ ιᵃῊΆṮӉ



҅ ᾣ Е

ÂBaselinesχᶢ҈ ṕ Ӭק ᴨ￼ Ӻ

Å.ε ѦqueryḾẔ￼ Ӻζ

Å.εἍῶneighbor queries ḾẔ￼ Ӻ￼Ẋ ζ

Â ҮὝ‰χᵙׁ ￼₩ᶚ Ά│ӠὙ

ÅReliability (Rel)

ÅGeneralization (Gen)

ÅLocality (Loc)

ÅPerplexity εPPLζ
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҅ ᾣ Е

ÂḾ҈ј ớ εὑζιӔּז‬ ṕ Ӭק ￼₩ᶚ ᾦ‛῭Ḅ

Å ⁪ѧז ￼ᾭḔҦ ῳḄ ‛ιᾴ Ҧ ₭Ḅ ‛

Å ⁭ῗ Ḿ⅝ ӕιἅҪ￼Ά│ᴨệ҃῭Ẉ ￼ ‛ιᶈḾ₩ᶚּוἄ ד
Ὣḱ ṇεPPLζ￼ừ֙їιẈᶎ ớ ῳҸ
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҅ ᾣ Е

ÂḾ҈ ớ εὑζιӔּז‬ ṕ Ӭק ᵃ‾ ῶᾦ ₩ᶚ

Å₫ ⁭ѧ￼Ḿ⅝ᾭὯ ӕ ῎ιἅҪ￼Ά│Ḣԅ ￼ᴝ‎҈זּ ớ

Å ℓ ῎ι ṕ Ӭק ḫ іῗ‬ ṕ Ӭק ￼ ק
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