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« DeepWalk
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HXDeepWalkEEXERFES, TISEBLHFE: https//www.bilibili.com/video/BV1094y197vf
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- EERHEME (Graph Convolutional Network, GCN)
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- EERHEME (Graph Convolutional Network, GCN)

» ETEREZMEANRINEEEICHESE 7 T RINRSREIE

Bogdan N3

A Brief Introduction
to Spectral Graph
. Theory

- Hep, ABSEEGERE, DAEREME, W/HMHEREaINERE
 H9EGERERF, HO = X (HAfSIEEE)

SEEHIGCNTE/L R T IUZ2&: https://zhuanlan.zhihu.com/p/120311352
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« Graph Sample and Aggregate ( GraphSAGE )

« BIRRRBIEFMAGCNRYRI MR R A RE
> BEKERFIMAEHEIPET B
> AggeratorfIiNERRIEFNSESTIIE T REREEN
> YIZRBHSURBII SR NI GEEARRNA
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1. Sample neighborhood 2. Aggregate feature information 3. Predict graph context and label
from neighbors using aggregated information

Figure 1: Visual illustration of the GraphSAGE sample and aggregate approach.



« Graph Sample and Aggregate ( GraphSAGE )

Algorithm 1: GraphSAGE embedding generation (i.e., forward propagation) algorithm
Input : Graph G(V, £); input features {x,,, Vv € V}; depth K'; weight matrices
WF Vk € {1,..., K}; non-linearity o; differentiable aggregator functions
AGGREGATEy, Vk € {1, ..., K'}; neighborhood function N : v — 2V

Output : Vector representations z,, for all v € V
1 hY «—x,,VveV; hk-1
2 fork=1..K do » »Mean acc = Z =
3 | forveVdo wEN (v) |N(v)|
4 h},, ¢ AGGREGATE,({h}~',Vu € N'(v)});
> dhﬁ o (Wk ' CONCAT(hg_l’hi’(”J)) > Pool element-wise mean/max
6 en . E/ k—1
7| bbb/ Vo €V ace =[fJ({Qh,~",Vu € N(v)})
8 end
9 z, « h VvV

» LSTM AGG = LSTM ([h5~! vu € w(N(v))))
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- BiFSHHMEMLE (Graph Attention Network, GAT)
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+ ANRENEFRISCAFIRRIRERER R, RINREENER
+ AR (TR) - BFRIERR (18)
+ MUFMEER, BRIEEEXNKRERZIER
by fr(h,t)
Entity and Relation Spacch Entity and Relation Space g h t
(a) TransE. (b) TransH. (b) DistMult.
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e Transk

=

« 5 Word2vec BIMFEATMAIE A : v(king)- v(queen) = v(man) — v(woman)

1 h+r=t A
* r
Rome + is-capital-of = Italy h t
Paris + is-capital-of = France
Rome t
| o TTTTnTTT T ST T T T I T T T 1 >
N i(Rome, is-capital-of, Italy) !
— E(Paris, Is-capital-of, France) .
‘ fr(hat) — I|h+r—t||L1/L2

v

Nulpaphia 0 =1%
%Dl/\lEl EI:IE,]—E'E- JSE — Z Z max (0, [’Y + f(tv") - f(t;’)])

Rome - ltaly Paris - France
t, €T, t. €T

Bordes A, Usunier N, Garcia-Duran A, et al. Translating embeddings for modeling multi-relational data[J]. NIPS, 2013, 26.
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MHREERREIIRE

e TransH

«  BEMPE w, BEMNES/RIRER r WNAVEEE L, ffR—IIZSE-

hJ_:h—W,,ThWT, tJ_:t_W;l._twr. 4 t

f?‘(hat): ||hJ_+I'—tJ_||g, 0 e iy

(a) TransE (b) TransH

Wang Z, Zhang J, Feng J, et al. Knowledge graph embedding by translating on hyperplanes AAAI. 2014
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e TransRk
o BITRERE M, JESLIAHITAAREEIREIR R r AR ETEF
o REINXEXSNEARAEREE

A
/& By M,—
A
hrr = hMr, trp = tMr. AA
fr(h,t) = |h +r—t,.|3. AT
L A :
AOA\
Entity Space g Relation Space of » g

LinY, Liu Z, Sun M, et al. Learning entity and relation embeddings for knowledge graph completion AAAI. 2015.
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- FEMFE: CKE (Zhang F, et al. "Collaborative knowledge base embedding for
recommender systems." KDD 2016)

/ N
1 1
I :
Collaborative | :
Joint Learning i i
A I ]
1 1
:: :: I :
user latent vector item latent vector : . :
‘L 4 : M!' .-’\. :
———————————————————————————————— . - > - > |
I Entity space Relation space |
(item offset vectm) (Stl'lltt‘lll‘a] vecton’) : h h T\I ?\I i
- = hM,, t.=tM,. .
Knowledge Base i " T " [
: structural embedding 1 ~ 1
Embedding (Bayesian TransR) \. h, +r=~t, /:
___________________________ I T ) — . . h N7 4
® € =1;+vVv;, —VEETEIEH ItemZFKIL

.’31 i P | ) N
Dataset {a (3} E HI]I:::> ym' = nu e;

user item structural knowledge
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Entity Space Relation Space

Ji, Guoliang, et al. Knowledge graph embedding via dynamic mapping matrix ACL. 2015.
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 DistMult
« BPNRER r 8RR M, HER 7 BERFEAXSTEEER
o B M, BREIAXTEEELIECIHE (AREEEXEZEIIMEHTIR)

h*xMr =t

1 h' M.t
Rome + is-capital-of = Italy ( ) 0
4 Rome”"igraa\pitaFOf Paris + is-capital-of = France n
Paris ™ ' TSP
o cabitaloof | FRoTTTomemIemrmesssessssooooey 22 T Rix
Is-capital-o == |(ROMe, is-capital-of, Italy)
" L | hM, = t
. mm) | (Paris, Is-capital-of, France)
rance 'l B AR
AIRE R =TT fr(h0) = RMt

Yang B, YihW, He X, et al. Embedding entities and relations for learning and inference in knowledge bases ICLR, 2014.
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 RotatE
- EIRFHEMRMXRRERIN, 85 NTRANIR, &, FIASXHR
- ETFFHEFI: = cosf + isinf , HRIREHALUMEEREF
ENRLEN)inEES
Model Score Function Symmetry | Antisymmetry | Inversion | Composition
SE — IW, 1th — W, ot X X X X
TransE h+r —t| X v v v
TransX | — ||g,,,1(h) +1r — gra(t)| v v X X
DistMult (h,r,t) v X X X
ComplEx Re((h,r,t)) v v v X
RotatE —|[hor—t| v v/ v v

Sun Z, Deng Z H, Nie J Y, et al. Rotate: Knowledge graph embedding by relational rotation in complex space ICLR 2019.
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————Do—>
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t‘ L
(a) TransE models r as (b) RotatE models r as ro-
translation in real line. tation in complex plane. R

(c) RotatE: an example of
modeling symmetric rela-

ri=—1

Sun Z, Deng Z H, Nie J Y, et al. Rotate: Knowledge graph embedding by relational rotation in complex space ICLR 2019.
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« EARH#EZR9Encoding model +scoring function,

» Encoding ModelZB%: XFEN=JTdH(hrnt) . 1Eidencoding modelZ>J5C
IR XREZRFF IR
* Encoding modela] LARZMHRE, tBa]LARMEMEIRELE
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« EARH#EZR9Encoding model +scoring function,
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- E3CHY fact BYscoreZE LY AESCHY fact BYscore B 5 ([B]1Z2— FTransE)
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AT UFUIZMEENE N ERETRIfact, FEREMERMESS L4rEEfine-tuning

Triple Label y € {0, 1}

* Xj_ %s E&TW%I\%I‘EU%E: 6- OeE OeE O5
o B=JTHEBNANEFIIRT
o FKIE[CLSINFRIEmEFHHIT
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“ R, Alnz=tBESMIL ) |
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BRI, G HTRE

KG-BERT(a)

Yao L, Mao C S, KG-BERT: BERT for Knowledge Graph Completion
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Eig«h2

B ETIRERIE S, EARE

- IBEMREIE=TcE* NIRRT
BN ERESMIERIIDRES
« WFEFHE(RE:

Relation Label y € {1,..., R}

4 |

» RERMBRILSSRRER DR, BAFD
SLAREGSLINEIR, BIHZ 270385 S
« KERXIEURKRRAZN (Brcwsy)( =4 ) : By ; [t ) (B
R . | | )
L =— ! log(s., (Cs)(xoxt) - (zowe)(EERD (k) - (ot (EERD)
'TEZDH' ; / g( ) Head Entity Tail Entity

Yao L, Mao C S, KG-BERT: BERT for Knowledge Graph Completion



MMREESETE
- EFRRFEIRON
- BETFEFENERTES
- ETEMHEZNBHNERRES
- MIREERRES
- FhREEHERANE

tongxu@ustc.edu.cn




	幻灯片 1
	幻灯片 2
	幻灯片 3
	幻灯片 4
	幻灯片 5
	幻灯片 6
	幻灯片 7
	幻灯片 8
	幻灯片 9
	幻灯片 10
	幻灯片 11
	幻灯片 12
	幻灯片 13
	幻灯片 14
	幻灯片 15
	幻灯片 16
	幻灯片 17
	幻灯片 18
	幻灯片 19
	幻灯片 20
	幻灯片 21
	幻灯片 22
	幻灯片 23
	幻灯片 24
	幻灯片 25
	幻灯片 26
	幻灯片 27
	幻灯片 28
	幻灯片 29
	幻灯片 30
	幻灯片 31
	幻灯片 32
	幻灯片 33
	幻灯片 34
	幻灯片 35
	幻灯片 36
	幻灯片 37
	幻灯片 38
	幻灯片 39
	幻灯片 40
	幻灯片 41
	幻灯片 42
	幻灯片 43
	幻灯片 44
	幻灯片 45
	幻灯片 46
	幻灯片 47
	幻灯片 48
	幻灯片 49
	幻灯片 50
	幻灯片 51
	幻灯片 52
	幻灯片 53
	幻灯片 54
	幻灯片 55
	幻灯片 56
	幻灯片 57

