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1.1 iRELE

FREE SN RPFNERBYSMEBSRTALE, BEXEZENERARTAXRR, FREAMU (KX
K, XK, BEM) =mHBRAERTREMRRTAL,

FIREER, ERTINES, RRTXEES, TRRA=nHES, STFMR=AFNERMIR, FIMER
(h,r,t) € THTRE, Hbh € ERRKI, t € EXREE, r € RURXEBIHRZEHIXR,
FLREER(h, r, ) =T AR SR EIGRIPE :

o WERERET. MREEN(h, r, ) = THANFSKITERARZHITITE., XEEFEEFEHTEERERS,
A ERIAHRANRENE LN REIZTT, BREDIEREEMITR.

o BUERAME. AAMEIMRENEPNIRS XATEERESfh, ARSIURGFEEROBNXASZE
B, XERRITENRR, FERETVERSHE,

1.2 FHRARTES]

MARTEIETOHARTNEE, BXE (FXR) NEXERMREERE. AR, XENQE=ZEF, &
FIEXBLBA TN RZ BEREETAL, BEENTSh, t{rRRAETRS X AN NNRTEE.

MRS AR TR



o PHARTEIFINZMEDE, XEFLES XA ZEINENBRREBEREZ PEUSEITE, BF
REITENE,

o BEBRRAXRTETRENRINBEMIRR, MEREZEMMIER, ERTAEXNRZERIEMURXEKE
B, MoHARRNERIRZREDEZENEUETERANRZENXR, BIFhER T BIERRT
SKAEVE)RR,

o DHARTEBEZSREFRESMREIFEXZEF, BUZRERSNEERE, BEoHAKRTRHERE
BB RE R S REMER D,

2 FMRARTFEIIVEBRIER L)%

2.1 TransEf&EEY

TransEXZELE AR =Tt A (h, r,t) € T FHIZRh, t € EMXRr € RMFZEF—MELZERE=|E)
h,t,r € RY, SRS Y EHXRRTHLIEE 2 HITBIRE,

A

>
Entity and Relation Space

Bitth, WFLAEN=7TA, r, 1), TransEEEGX RrBFEMLEAEhRIELANTFREOE. ETUEFRR
i%, TREREEH—ZTANIASXEGE tr € RZE%EEh + r ~ tHIXE,

Fesfeith, TransEAREUIS=JT (A, r, 1) E XU TS REL:
Eth,r,t) = |lh+r —t||z)1,

SRR, TransEREEMEMSARRS S, EXBREH
L= Z Z max (y + E(h,r,t) — E(W,r,7'),0)
(hrDET (W riheT!
B, THEG=mAES, 7' ={(W,rt) |0 € E}u{(hr )|l € E} AABI=TAES, v > ONIE
= TS EIRIEE . TransEARELEIT AL IE 26 = 048 2 [EH918 9 ZRMAMIRET.

2.2 TransR{EE!

TransRIEELEANR =TT (h, r, 1) € T PHISEIRA, t € EBMGIFISTREESHh, t € RY, %%r € RIMSIFIXR
mE=iEr € R¥, Bk # d. #EERRREIMREIEEM, X MR EFIE DX R IS,



Entity Space Relation Space of r
Figure 1: Simple illustration of TransR.

BfH, SWFAEN=TAM,r, 1), Transm;ym# EXRrTHIENEEM, € R™EsoikEEhilt MLk
=BT R X RIFFER X R A, B5h,ft,,
h,=Mh t =Mt
EXAFIENXERZ=EH, h,,t, re[Rk2|Eﬂ?"7(‘h +r At BER,

Fez0fetth, TransRIZEISS =S (h, r, 1) E XU TIFEDREL:
Sfr(h, 1) = ”hr +r— tr”%
= [[M,h +r - Mrt”%

SLPRAR, TransRIBEEVERRKEIRESGE, EXBIRERER
L= Z Z max (y + fo(h,1) — f,(H',1),0)
(hr)eT (W riher’!
Hrp, THEG=TAHES, T AAf=THES, yHEAG=THEESHIERIER, TransRIEEBIEXR
TRIRAMIERAH =TtE 2 BINED ZRMMAAIRERSR.

2.3 RESCAL{ZH!

RESCALIRE! 2 EFIEM S BN AR TIMRRRES . B=Thh, r, D RRA=ZMITIRX RKEX "
N—P X,

(h,r,t) € X"
Hip, n = [E|NTENBE, m = |R|FWXENYE.

SR RKEX T, BIX, ) FRBDTEMNBE P TE 2 HEE SR
X _{1, MR (hy, vy 1)) € T
vk 0. MR r.t)gT
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MFLAXRKEXBETHE, RESCALRERAZTHMRE, ULHBBRRMNXRAENERBRKENE
BEM, RIEERKEX = (X, -, X, ), WEEMS®

X; ¥ ARA"T, i=1,,m
Heh, A € R™TNEEARNIER, B4R, € R™AEITXAHE.

< | Ry ” X AT

RESCALARELXS =TT l(h, r, 1) SN IF 2 REK:
f+(h,t) = hT M, t
Hi, %FFHKM, =R, € R,

2.4 DistMulti&#!

AERESCALREIA, SXRFFEM, NX RN @Bk
M, = diag(r)

DistMuti&EBUSt =54 (h, r, 1) EX I FIED REL:
fr(h,t) = h" diag(r)t
Hi, diag(r) xRN B,
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2.5 {L1LERER

WA G T EYlogisticiift

min Z log(1 + 72>/}
(h,r,HeD'UD™

Heh, DY AIEMAEE, D™ RAEEAEIE, y e +1, -1 RE. A=TERE,

ETFERaL
min £ = Z Z max (y + f(h,r,t) — f(h' .7, 1),0)

(hr,)eD (hr,HeD™

Heh, DT RHEFREEE, D ARERKIE.

3 DGL-KEAHIEZIIARTFE SJIELSR

3.1 DGL-KE@E 1 Rt

DGL-KER—1&4EE, ZTERAET BMNHEGE, BFEIRKIMEINRRRFS], 1%2F2F 8 7EDeep Graph
Library (DGL) KOTREBSEHL, FAEARRATECPUMLZE, GPU#LES KR LiE1TDGL-KE, DGL-KEEE—F
FIRITROERY, |#ETransE, TransR, RESCAL, DistMult, ComplEx, FIRotatE,
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DCGL-KEENAMMERRZIMiRIT, EEE T SMHFMNA, TINENEFREL TP RN HZF289M
RERINZ. NE2BIT86M N TI RFII8M X RAAIIREIREENIH KA, DGL-KEFJMERA8TGPURY
EC25f 1002 #ATED RS, MAEREFISITEN (481%/1184l) MEC2EE ErIMAE S HNITE
DHART, REERARTRERSHEN2ME~5FNE.

DGL-KE414:

« ETMETISEDEIE AN HIIL;
o ETHSAEFEMNEBENZHIZIIGE;
« CPU-GPUESEIIL;
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3.2 DGL-KEZR# &N HIRENLE#

RREK:
« Ubuntu 16.045F S kRAS

 macOS x

o Python 3.5 {EShRA
e Torch 1.5.0

« DGL0.4.3



» DGL-KE 0.1.1

In [8]:

1 ! pip3 install torch==1.5
executed in 1.64s, finished 16:18:55 2020-11-01

Requirement already satisfied: torch==1.5 in /Users/anch3or/opt/anacon
da3/envs/DGL-KE/lib/python3.6/site-packages (1.5.0)

Requirement already satisfied: future in /Users/anch3or/opt/anaconda3/
envs/DGL-KE/lib/python3.6/site-packages (from torch==1.5) (0.18.2)
Requirement already satisfied: numpy in /Users/anch3or/opt/anaconda3/e
nvs/DGL-KE/lib/python3.6/site-packages (from torch==1.5) (1.19.2)

In [2]:

1 ! pip3 install dgl==0.4.3
executed in 881ms, finished 14:52:21 2020-11-01

Requirement already satisfied: dgl==0.4.3 in /Users/anch3or/opt/anacon
da3/envs/DGL-KE/lib/python3.6/site-packages (0.4.3)

Requirement already satisfied: requests>=2.19.0 in /Users/anch3or/opt/
anaconda3/envs/DGL-KE/lib/python3.6/site-packages (from dgl==0.4.3)
(2.24.0)

Requirement already satisfied: scipy>=1.1.0 in /Users/anch3or/opt/anac
onda3/envs/DGL-KE/lib/python3.6/site-packages (from dgl==0.4.3) (1.5.
3)

Requirement already satisfied: numpy>=1.14.0 in /Users/anch3or/opt/ana
conda3/envs/DGL-KE/lib/python3.6/site-packages (from dgl==0.4.3) (1.1
9.2)

Requirement already satisfied: networkx>=2.1 in /Users/anch3or/opt/ana
conda3/envs/DGL-KE/lib/python3.6/site-packages (from dgl==0.4.3) (2.5)
Requirement already satisfied: chardet<4,>=3.0.2 in /Users/anch3or/op
t/anaconda3/envs/DGL-KE/lib/python3.6/site-packages (from requests>=2.
19.0->dgl==0.4.3) (3.0.4)

Requirement already satisfied: idna<3,>=2.5 in /Users/anch3or/opt/anac
onda3/envs/DGL-KE/lib/python3.6/site-packages (from requests>=2.19.0->
dgl==0.4.3) (2.10)

Requirement already satisfied: certifi>=2017.4.17 in /Users/anch3or/op
t/anaconda3/envs/DGL-KE/lib/python3.6/site-packages (from requests>=2.
19.0->dgl==0.4.3) (2020.6.20)

Requirement already satisfied: urllib3!=1.25.0,!=1.25.1,<1.26,>=1.21.1
in /Users/anch3or/opt/anaconda3/envs/DGL-KE/lib/python3.6/site-package
s (from requests>=2.19.0->dgl==0.4.3) (1.25.11)

Requirement already satisfied: decorator>=4.3.0 in /Users/anch3or/opt/
anaconda3/envs/DGL-KE/lib/python3.6/site-packages (from networkx>=2.1-
>dgl==0.4.3) (4.4.2)



In [3]:

1 ! pip3 install dglke
executed in 855ms, finished 14:52:22 2020-11-01

Requirement already satisfied: dglke in /Users/anch3or/opt/anaconda3/e
nvs/DGL-KE/lib/python3.6/site-packages (0.1.1)

Requirement already satisfied: numpy in /Users/anch3or/opt/anaconda3/e
nvs/DGL-KE/lib/python3.6/site-packages (from dglke) (1.19.2)
Requirement already satisfied: setuptools in /Users/anch3or/opt/anacon
da3/envs/DGL-KE/lib/python3.6/site-packages (from dglke) (50.3.0.post2
0201006)

DGL-KER AT HEEIRENE:

Dataset #nodes #edges #relations
FB15k 14951 592213 1345
FB15k-237 14541 310116 237
wn18 40943 151442 18
wn18rr 40943 93003 11
Freebase 86054151 338586276 14824

BPAMEESHER --dataset ETIBEEP—MEIEE.

3.3 DGL-KEl&5g1E

kap<:

 dglke_train FRAITEN LRNCPUSGPU LIIZINIREIES AR T, AREIIHNTROMART
MXRADHARTREFERE L,

+ dglke_dist_train fENERER LIIGIIREIESHART, LB —AHEMNBNTS IV
éﬁ\o



In [2]:

1 ! DGLBACKEND=pytorch dglke train --model name TransE 12 --dataset FB15k --batch_
2 --neg sample size 200 --hidden dim 400 --gamma 19.9 --1lr 0.25 --max_step 500 --]
3 --batch _size eval 16 -adv --regularization coef 1.00E-09 --test --num thread 1 -

executed in 4m 60s, finished 16:05:59 2020-11-01

Reading train triples....
Finished. Read 483142 train triples.
Reading valid triples....
Finished. Read 50000 valid triples.
Reading test triples....
Finished. Read 59071 test triples.
| Train|: 483142
random partition 483142 edges into 2 parts
part 0 has 241571 edges
part 1 has 241571 edges
/Users/anch3or/opt/anaconda3/envs/DGL-KE/lib/python3.6/site-packages/d
gl/base.py:25: UserWarning: multigraph will be deprecated.DGL will tre
at all graphs as multigraph in the future.

warnings.warn(msg, warn_type)
|valid|: 50000
|test|: 59071
Total initialize time 2.491 seconds
[proc 1][Train](100/500) average pos loss: 0.9561189103126526
[proc 1][Train](100/500) average neg loss: 1.4461995524168014
[proc 1][Train](100/500) average loss: 1.2011592334508896
[proc 1][Train](100/500) average regularization: 0.000658620201478044
[proc 1][Train] 100 steps take 7.313 seconds
[proc l]sample: 0.483, forward: 3.894, backward: 2.358, update:
[proc 0][Train](100/500) average pos loss: 0.9840711963176727
[proc 0][Train](100/500) average neg loss: 1.5231017434597016
[proc 0][Train](100/500) average loss: 1.2535864716768266
[proc 0][Train](100/500) average regularization: 0.0006627218283119518
[proc 0][Train] 100 steps take 7.343 seconds
[proc O]sample: 0.462, forward: 3.790, backward: 2.557, update:
[proc 1][Train](200/500) average pos loss: 0.5287754726409912
[proc 1][Train](200/500) average neg loss: 0.6716524624824524
[proc 1][Train](200/500) average loss: 0.6002139669656753
[proc 1][Train](200/500) average regularization: 0.0008687257225392386
[proc 1][Train] 100 steps take 8.056 seconds
[proc l]sample: 0.467, forward: 4.417, backward: 2.575, update:
[proc 0.5213128805160523

0.577

0.533

0.596

[proc
[proc
[proc
[proc
[proc
[proc
[proc
[proc
[proc
[proc
[proc
[proc
[proc
[proc
[proc
[proc
[proc

0][Train](200/500) average
0][Train](200/500) average
0][Train](200/500) average
0][Train](200/500) average
0][Train] 100 steps take 8.
O]sample: 0.442, forward:

1][Train](300/500) average
1][Train](300/500) average
1][Train](300/500) average
1][Train](300/500) average
1][Train] 100 steps take 8.
l]sample: 0.539, forward:

0][Train](300/500) average
0][Train](300/500) average
0][Train](300/500) average
0][Train](300/500) average
0][Train] 100 steps take 8.
O]sample: 0.481, forward:

4.413,

4.424,

4.368,

pos_loss:
neg_loss: 0.644518364071846

loss: 0.5829156213998794
regularization: 0.0008710341912228615
176 seconds

backward: 2.723, update:
pos_loss: 0.45286581456661223
neg loss: 0.583562252521515
loss: 0.5182140344381332
regularization: 0.0009724267537239939
213 seconds

backward: 2.639, update:
pos_loss: 0.4545183122158051
neg loss: 0.588814621269703
loss: 0.5216664677858353
regularization: 0.0009743505890946835
217 seconds
backward:

0.597

0.610

2.780, update: 0.586



[proc 1][Train](400/500) average pos loss: 0.4154008600115776
[proc 1][Train](400/500) average neg loss: 0.5459030738472939
[proc 1][Train](400/500) average loss: 0.48065196692943574

[proc 1][Train](400/500) average regularization: 0.0010316338716074825

[proc 1][Train] 100 steps take 8.662 seconds

[proc l]sample: 0.468, forward: 4.660, backward: 2.866, update:
[proc 0][Train](400/500) average pos loss: 0.4139659160375595
[proc 0][Train](400/500) average neg loss: 0.5454588994383812
[proc 0][Train](400/500) average loss: 0.4797124093770981

0.665

[proc 0][Train](400/500) average regularization: 0.0010311792802531273

[proc 0][Train] 100 steps take 8.752 seconds

[proc O]sample: 0.528, forward: 4.781, backward: 2.827, update:
[proc 1][Train](500/500) average pos loss: 0.38365421295166013
[proc 1][Train](500/500) average neg loss: 0.5210811349749566
[proc 1][Train](500/500) average loss: 0.45236767441034315

0.615

[proc 1][Train](500/500) average regularization: 0.0010722533194348217

[proc 1][Train] 100 steps take 7.739 seconds

[proc l]sample: 0.495, forward: 4.056, backward: 2.641, update:
proc 1 takes 39.982 seconds

[proc 0][Train](500/500) average pos loss: 0.37971875697374347
[proc 0][Train](500/500) average neg loss: 0.494854032099247
[proc 0][Train](500/500) average loss: 0.43728639334440234

0.545

[proc 0][Train](500/500) average regularization: 0.0010723784647416322

[proc 0][Train] 100 steps take 7.618 seconds
[proc O]sample: 0.472, forward: 4.123, backward: 2.463, update:
proc 0 takes 40.107 seconds

training takes 40.14898729324341 seconds
Save model to ckpts/TransE_12 FB15k 1
—————————————— Test result --———————————-
Test average MRR : 0.31762194747952616

Test average MR : 201.96148702408965

Test average HITS@1l : 0.20915508455925919
Test average HITS@3 : 0.36826022921568957
Test average HITSQ@10 : 0.5210594030911954

testing takes 247.009 seconds

WIEHS:

* dglke_predict fERTFIIIZREYD o VR RHTUN =0 H FRIFRRSTIA/ K R
« dglke emb_sim ItEXAEDHARTHIRAD HARTHBMNESS .

0.559



In [1]:

1 ! DGLBACKEND=pytorch dglke predict --model path ckpts/TransE 12 FB15k 1/ --forme
2 --data_files head.list rel.list tail.list --score_func logsigmoid --topK 5 --exe

executed in 6.98s, finished 16:29:12 2020-11-02

ckpts/TransE_ 12 FB15k 1/config.json

{'dataset': 'FB15k', 'model': 'TransE 12', 'emb size': 400, 'max train
_step': 500, 'batch size': 1000, 'neg sample size': 200, 'lr': 0.25,
'gamma': 19.9, 'double ent': False, 'double rel': False, 'neg adversar
ial sampling': True, 'adversarial temperature': 1.0, 'regularization c
oef': le-09, 'regularization norm': 3, 'emap file': 'entities.dict',
'rmap_file': 'relations.dict'}
/Users/distiller/project/conda/conda-bld/pytorch 1587428077029/work/at
en/src/ATen/native/BinaryOps.cpp:81l: UserWarning: Integer division of
tensors using div or / is deprecated, and in a future release div will
perform true division as in Python 3. Use true divide or floor divide
(// in Python) instead.

Inference Done

The result is saved in result.tsv

In [7]:

1 ! DGLBACKEND=pytorch dglke emb sim --emb file ckpts/TransE 12 FB15k 1/FB15k Trar
2 --format 'l r' --data_files head.list tail.list --topK 5

executed in 1.32s, finished 16:16:34 2020-11-01

/Users/distiller/project/conda/conda-bld/pytorch 1587428077029 /work/at
en/src/ATen/native/BinaryOps.cpp:81: UserWarning: Integer division of

tensors using div or / is deprecated, and in a future release div will
perform true division as in Python 3. Use true divide or floor divide

(// in Python) instead.

Inference Done

The result is saved in result.tsv

4 SEER

o (FIRENESREZY) , &%, FEARF LML, 2020;

» DGL-KE Documentation https://dglke.dgl.ai/doc/ (https://dglke.dgl.ai/doc/) ;

o transE: Antoine Bordes, Nicolas Usunier, Alberto Garcia-Duran, JasonWeston, and Oksana Yakhnenko.
Translating embeddings for modeling multi-relational data. In Advances in Neural Information Processing
Systems 26. 2013.

» TransR: Yankai Lin, Zhiyuan Liu, Maosong Sun, Yang Liu, and Xuan Zhu. Learning entity and relation
embeddings for knowledge graph completion. In Proceedings of the Twenty-Ninth AAAI Conference on
Artificial Intelligence, 2015.

« RESCAL: Maximilian Nickel, Volker Tresp, and Hans-Peter Kriegel. A three-way model for collective
learning on multi-relational data. In Proceedings of the 28th International Conference on International
Conference on Machine Learning, ICML’11, 2011.

» Survey paper: Q. Wang, Z. Mao, B. Wang and L. Guo, “Knowledge Graph Embedding: A Survey of
Approaches and Applications,” in IEEE Transactions on Knowledge and Data Engineering, vol. 29, no. 12,
pp.- 2724-2743, 1 Dec. 2017.

« DistMult: Bishan Yang, Scott Wen-tau Yih, Xiaodong He, Jianfeng Gao, and Li Deng. Embedding entities
and relations for learning and inference in knowledge bases. In Proceedings of the International
Conference on Learning Representations (ICLR) 2015, May 2015.
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