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TigerGraph MEWMEES SN E L F R LM KM, BMER{R PageRank XEFEKRER
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TigerGraph 5HEERMFATIEEEREBLE Neod] FIBLMBBIEEEIR 1.8 £ 315, LEMIE
FEIR 12 £ 68 15, BMEEER—ailZsidt2aiLt,
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HAE
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HHEIRE
ATHANMIINE RS, (RS- a RS

EIBURRE /| DHRS
e TigerGraph Developer Edition 2.1.4
e Neo4j 3.4.4 Community Edition
e  Amazon Neptune 1.0.1.0.200233.0
e JanusGraph 0.2.1, {£/ Cassandra NG lx1F(E

e ArangoDB 3.3.13, 7 3I{E MMFiles F1 RocksDB fE 174528 |

1 ArangoDB 12 {&FN1Z(#5| X151 :MMFiles( A{ZBRET 2 ) 1 RocksDB, MMFiles EATFEERNZEAIEUESE ;RocksDB 3
BEAIEIEEEYF, https://www.arangodb.com/why-arangodb/comparing-rocksdb—mmfiles—storageengines/

EHFEa
FrE RS ES 2 EEREA Amazon EC2 1&F EiB TR, BRT Neptune (B T RN INGE KIVEUIRE
RIS,

Table 1A — F P EIEERI S HEIEFIIRIER S

TigerGraph r4.8xlarge? 25,600 7 Ubuntu 14.04.5 LTS

Neo4j r4.8xlarge 32 244 25,600 7 Ubuntu 14.04.5 LTS

Neptunel db.r4.4xlarge 16 122 160,000° 3.5 Amazon Linux AMI
2018.03

Neptune2 db.r4.8xlarge 32 244 323,0002 7 Amazon Linux AMI
2018.03

JanusGraph  r4.8xlarge 32 244 25,600 7 Amazon Linux AMI
2018.03

ArangoDB r4.8xlarge 32 244 25,600 7 Ubuntu 14.04 LTS

L5k, Neptune BE—1EF il e8RS EHEMEIFL
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Table 1B — Neptune EF x5

rd.xlarge 30.5 Amazon Linux AMI 2018.03 850 Mbps

HUES

/,

ZEENMERM T EES, — 2888, —TEEX.

Table 2 — ¥iE5E

R e s

graph500 Synthetic Kronecker graph 2407 67005
http://graph500.0rg

twitter Twitter user-follower directed graph 416075 14.71Z

http://an.kaist.ac.kr/traces/WWW2010.html

2 3F r4.8 xlarge, FHAIMIIT—1 512 GB B EBS-optimized Provisioned IOPS SSD(I01), AFFEM 1/0 HERMT 50
IOPS/GB HIiiiE.,
3 Amazon Neptune IOPS BJ{EZM Amazon Cloudwatch 2§ &3KENAY,

MNTE—TE, REHFESEBEICA—TURENHRR (tab) DIRRIIAAGIR

ul Uus3
ul U4
U2 U3

HRSBERE, AIANAFE-—TBIRNIIRYIE.

6 IR

FUEMENSAAE T XR D AE :
1. INEFERFHRE

2. I E S MNEESE
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IRENBAE

MNTETEEERE, B(EERTRBNNOVRSELEMEL A
Table 3 — S I EAIHIE ST %

“ Loading API or Method

TigerGraph GSQLABRHNE/E Al

Neo4j neodj-import (BRALINERS) , AEENR EMERS|IMINREDRE
Neptune IMBX M (TFETES3HRY) BN EINeptune DBLIHINeptuneiNELE:
JanusGraph R TinkerPop API RN =B avatzF

ArangoDB arangoimp ItESATHE

BRI, —LRSEFEELAFTE-LRENE. BAFE-LRNMETE,

BMNBUBERBESWYIR, BREEMARE AN (Neodj, Neptune, ArangoDB) ENNIENE Z AN

R, BRSE 7T —TRREARER —TTIRXE, EEETRIRFMAEE—NINR id,
Neptune FUEIER NEKIEEMANER &, N T BREER JanusGraph RRIRTFIER, A TKEELE
XA B TNEESE, RERIFNEEA].

T Neodj, RPFEEMEE, FIMIB—ITRSIDRERFHOERMEE. FAMEENEIENZD
RIOBER, FANESTHERRIFER .

o TNRXMHES : £ IR SRR,

o BEMNE KA (RIFATIR ) INEEIERIRE,
o F5|ME : KSHELUREEMEIAEME—TZE ID Z5l. Neod] BRXZEN—THIH

RIBERREAR. MRIRERS], EWEREZEERR.

INEFERFLERE

THEORBER T MM EIERNSINEENNE T EIEENS TN,

© 2018 TigerGraph. All Rights Reserved Q) TigerGraph 5 /17



Table 4A — graph500 B9EHENIEFERT ( 1L : 7 )

edge . 1,571.0 1,052.0 574.6
vertex = = 45.0 30.0 43.9
vertex file prep - 54.4 93.2 93.2 54.4
index = 7.99 = = =
total 56.0 99.7 1,709.2 1,175.2 672.9
relative 1 1.8 30.5 21.0 12.0

Table 4B — Twitter B FEAS ( £ : #)

599.6

[RIE5

944.9
44.5

54.4

1,043.8

18.6

edge 42248 21700 12192
vertex = = 733 503 839
vertex file prep - 1270 2259 2259 1270
index = 126 = = -
total 785 2081 45240 24462 14301
relative 1 2.7 57.6 31.2 18.2

4 ArangoDB.m BIiBNERIE S 24.4 BT, MNET 54% BEUE, ARERTAE.
* Neodj #tEMFTEBIFMB = XEMAXEFMIN D, BICRTHENFHNZEN,

TEMES R T IXEINHEFEN,

Graph500 - loading

40

31
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[]
£
[ 21
g 2 19
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% 0
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i N N
,5&‘\ S N & .@Q‘\ &° ®
&L N e§\\> 0‘5& & @Q &
NG = A & & @

B 1A — graph500 ##E1E#ERT
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Twitter - loading

60

40

20

Relative Data Loading Time

1

TigerGraph Neodj Neptunel Neptune2 JanusGraph ArangoDB.r

B 1B — Twitter B FERT

* R & Neodj HI1&RTIEIS TigerGraph BIAIEtATE]Z FTLERY ( EL TigerGraph 18 1.8 (551 2.7 15 ).
FEANTEHE Neodj BIBZIMETTZE ( TATFHREIBERIE ); ERIELINE T EZERIFE 5.

® 7 Neodj Z5}, TigerGraph EEEMEIZHEEEMEEHEERTIR 12 3 31 15, IMEAZIEE
1% 18 £ 58 1.,

* TigerGraph EBERITERIMETE, THEFELELFLIE,

5 FA7E 2017 34 Neodj MIBAMAEL M T E#1T 7 EIEMK :

https://doc.tigergraph.com/report/WP_NPGbenchmark_Sep17_web.pdf

NBEHRELANEESE

MBEHESBOEETEEANAANEENERZEERR, AEMFHFERNER T, — T EE
HOEE I AR e E ROl 23 LR B SRV EIEFIR A BIRTH BT B, ANEAMERISESNE
FHRESRE,

TigerGraph BHapRBBHEZELE, BNBEZENXNBRDI/NTRIBHEEN—¥. Hk, B
HPIEEHBA T MALIEE., BIENBENE T BIREEFEEIEIAN. T Neptune, ]
£ Cloudwatch ZH| 3SR MBELITENFHRER/N. TEHBBFERRMINNAZEHNES 6

KR, PR NENE N EHEE TR 6,
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Table 5 — JFHEAHEAIFEE (£l : MB)
graph500 2,300 3,850 2,764 6,657

twitter 24,375 9,500 49,000 91,140 55,296 126,970

THNEXRERTEFMEEXR), EREENFIGEIEERN,

Normalized Database Size

8 Raw Data
B TigerGraph
B Neo4j

5.21

B Neptune
B JanusGraph
B ArangoDB

Relative size

graph500 twitter

Data set

B 2 — et #ma 8 EEREE LR

BUBFMEE LR
o [RIGEIEHIEIGH 7 ETE TigerGraph #IEEF, MTF Graph 500 #IEETE 7 50% HI77
fEZIE, H9 Twitter BIEETE T 61% HIFHEZIE
o HtAIEHEECIZEIIEHESIHILIFIGHEEAX, FELL TigerGraph 2 5 157! 13 (F4977 &

ES[EIF HEEAIR

EigfEEEmhn
SRR BEEZEOEEERANERGEZ—, BFEDMARALTREBIITHS N BIREFMEN
BEWRE, HHOTIRERIT,
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BWHEENNE 7 IX="""77H :
* KEMRITAEWNE RN AE
o SSECBTFEMN PageRank( =B & ) NIEHNEN AT (8]

o TWIMNAERIRIY B

K E&if
K ERZRTNSITHEN, BIitEMERIIAERKEN K NERNIMANE21TE, XE2—NRFNER

PIERENEE, T8I EES, FATUE TIEWNEIRIMARE
* 18 300 MEEMENMFRMBE—ENIR, FIFBIIRERN 3 2/ B,
o 18 300 MEEMNMFRMBEMENTR, FHIFGBIIRERN 3 2 / Eif,
o HE 10 TEEMINMFH=ENIR, FIGBIIREN 2.5 /MY /&,

o E 10 TEIEMNIMFRNENTR, FIGBIIREN 2.5 /MY /&,

eIt

H
il
'S_<\‘E,
[a—
=
23]
ki
S5
0=
E
=
rﬁi
Ha
Z
-
=

[y

‘BEMNMT, BRERNMBEFR—RMEFEIIEE N NS, HRXPMIRFEFRMHPTES
ANFG, BREEEWHEM—TIRTE, FHREMEUTREN K BERRIROTR.

N MEBHERINFETH. 8N ERINKEBEAARNERFEA; TAPIREFEFE, A THE
BAEFEEEHNSIMEMEmENE L, NI K EBEEWFERNAN, MAZTERNIN

RAIR, BIIEZSNHNEESEETR, MABEMNERERHITIXRIL.

Table 6 — F1 K EEZFHIA

graph500 5.13E+03 4.89E+05 1.43E+06 1.58E+06 2.40E+06

twitter 1.06E+05 3.25E+06 2.07E+07 3.50E+07 4.16E+07

RMNESTHEENREZTEESHIUEW : BT TigerGraph #9 GSQL. Neod Y Cypher,
Neptune #] JanusGraph 89 Gremlin, A% ArangoDB #J AQL., FEIMNERIRIRE 7 A HIEESE

PrAlE R ERAT (8], W 2B, ArangoDB.m @FCiEMNE, twitter 23ERY,
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Table 7 - —[EB&1Z & 1GA /8]

time (ms)
9raph500 6 malized

time (ms)
twitter :

normalized

query response time, normalized

21.0 15.8 13.5 27.2 91.9

1 &3 25 2.1 4.3 14.6
241  205.0 335.8 289.2 394.8 1674.7
1 9 14 12 16 69

One-Hop Path Query

* B graph500 ® twitter o9

60

40

20

X B e el o o
e e et g P
<o W o @ o

& 3 — —EES1ZE 85

23.0

3.7
N/A
N/A

SRR REENE 2 B, £ 300 REWA—EHEEFEZEN, (5 k=11 2 i, BIIASTM F

RE T 3 2 HAIES 8] PR

)o £ NERIREH, BAlikRSE T INEGINTHIEWIGN A B, HNOE

JEEEIT ) AR BT R EIIREL .

Table 8 - F B2 EGATIE]

time (sec)

graph500 normalized
timeouts
time (sec)
normalized

twitter
timeouts

© 2018 TigerGraph. All Rights Reserved

0.071 4.18 7.77 8.25 15.39 24.05
1 59 109 116 216 337

0 0 1 0 3 49
046 1834 26.17 27.40 27.78 28.98
1 40 57 60 60 63

0 0 63 60 48 101

Q) TigerGraph

16.65
234
20
N/A
N/A
N/A
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Two-Hop Path Query

S
o]

337

o

W graph 500 M twitter

el

(]

N30

@©

g 0

920

g 0

E

=10

§ 0

o

(=l

20

& N Y A 12 5 s

“::c’,_ &""Q \460 Q@‘e Q»\\)“e' 6(,(?9 40 Og%‘(\
Qo N N ya(‘\) Naﬂ Na(\Q»

& 4 - FE 12 E e/ AT E

HNFARZSHEERR=ERZEWNBEERLE. HIPEESTEWNENEEM 3 2iESEl 2.5 T
N, BENERER T —LEEENEH. BERFATFAE. N TELSMHARSIEE, HIPRKL
IS EM 300 JRmADE] 10 IR, BT EWIEZSN, HAIERSETHIEEZAFERAE (O0M, Out
Of Memory) SREBRASIER,, TigerGraph EME—&A I OOM S ERAVEIEE.

Table 9 - = [EE1Z & 15076

time (sec) 0.41 51.38 1846.71 3461.34 1854.87

normalized 1 125 5 5 4477 8391 4497
graph500

% O0OM 0 0 80% 80% 0 0 0

% timeouts 0 0 0 0 20% 50% 30%

time (sec) 6.73 298.0 38.2 38.7 4324.0 3901.6 N/A

normalized 1 44 6 6 642 580 N/A
twitter

% O0OM 0 0 90% 90% 0 0 N/A

% timeouts 0 60% 0 0 50% 80% N/A

© 2018 TigerGraph. All Rights Reserved 9’ TigerGraph 11/ 17



EAEWHESEEZEML T 3 1T

Three-Hop Path Query

query response time, normed (log)

NTEIETRBEEENRS, HITPEBZRKEREME 6, TigerGraph £ T EEE L
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4477

HER, THEFREEMERNZEX LR,
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i NGy
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[

5(9
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Y
oda 00?’6\
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Figure 5 - =B 1Z Z 1600/ 7/E]

J—_N

X AN

EEEE

WRBEEEHE, WD Neptunes RZIMAGFFER ., X JanusGraph 1 ArangoDB S, &EIHH T8

NS

Table 10 - 7V/EFE 12 Eg)A (5]

time (sec)

normalized
graph500

% O0OM

% timeouts

time (sec)

normalized
twitter

% O0OM

% timeouts

© 2018 TigerGraph. All Rights Reserved

1.78 1312.7
1 737

0 0

0 80%
63.06 N/A
1 N/A

0 0

0 100%

N/A
100%
0
N/A
N/A

100%

& TigerGraph

N/A

100%

0

N/A

N/A

100%

N/A

0

100%

N/A

N/A

100%

N/A

0

100%

N/A

N/A

100%

N/A

0

100%

N/A

N/A

N/A

N/A
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» TigerGraph FIEHE B —E 12 E LIEAMEIZEEZER 2 (5F 60 1F,

o EMEBZFEIH, Neptune, JanusGraph fl] ArangoDB BT &&E A8 ATT.M. RERIT
REINSEIGHIEHE, TigerGraph HY%EE R MEHIEERT 40 (5= 300 15,

o H-EBZEH, HF TigerGraph ] Neodj BJ AT VB9 IEE L AT ERL IS, R
% TigerGraph AlAE BEARIEIESE LT AT BRI, RETH TED—F iy EEE,
TigerGraph FIEE LR M ZAHELEIR 125 (57 4000 15,

o 7 20 TNIAEAIF, F 17 TR BrIE =B ZE 85I ERI, Amazon Neptune IR
GRS, TENEBEZEGNTERIF, Amazon Neptune Fr& it BRIEELBAIFIER
U5,

* R& TigerGraph AT NEHZEE ( £/ E_LERT 1.8 . AE_LFIT63# ).

558%@ F & (Weakly Connected Component) ] PageRank Z1if]

ZEEWEEEIRNEETE, ATELERRFENER. 2EEWHR TG FEBHEFEM

ELMNZRBESE, WCC ENERPHEIFMCMBRSEHKEFE, XTEREKEHE TR

PageRank B—fANEE, EASRXENTEHIEFE, ANEBITIRTE—"1E0EH, BIZX

ERE, XESERBRNTRERSHNDE. FIEE1E1T 10 RIEA.

F TigerGraph, FA1#E GSQL IBEEHXEM T8 TEE,

XFTF Neodj ki, FA1EMA Neodj [RAEM. 7£ Neodj AOPC 1IF2HIRHEAT (release 3.4.0.1)WCC #]
PageRank LI AT,

3t F Amazon Neptune, AN B X EE M HIERIZ1TE WCC ] PageRank XN EHE
%, B Neptune BRIR X FHFAFIBMEEE, BRI, Neptune T2 Gremlin OLAP API (Y
VertexProgram, [#ltt, WRXBERENERBEN S IFEZITEINES, A4 Neptune FIANBER £
BEEENRIX—EOH,

JanusGraph B—1RZERT PageRank 523, 8% WCC RISTHL, FALt, FANER Gremlin OLAP
API 45 WCC,
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X+ ArangoDB, EAMEREMWER WCC F PageRank &1,

Table 11 - Weakly connected component Z 1A /5]

m T|gerGraph JanusGraph| ArangoDB.m|  ArangoDB.r

time (sec) 49.97 2246.54 87.77 442.89
graph500

relative time 1 16.2 729.8 28.5 143.9

time (sec) 74.06 1093.26 too slow® no data’ too slow?®
twitter

relative time 1 14.8

6 E—RERTE 24 NI PEERK.
7 twitter BIEIEIEABEMRINE: .
8 7 24 I\ RRE R

Table 12 — PageRank Z &5/ A5

- TigerGraph JanusGraph| ArangoDB.m|  ArangoDB.r

time (sec) 12.52 30.27 2610.72 119.43 582.62
graph500

relative time 1 2.4 208.6 9.5 46.6

time (sec) 265.36 614.96 too slow? no data'® too slow
twitter

relative time 1 2.3

9 BE—RERTE 24 NI PEETRRK.
10 twitter FIEIEIEAGEBINE: .
1 £ 24 MERRRETK.

(A) Weakly Connected Components (B) PageRank
730
Q800 g 200 2086
N N
Té, 600 Téj 200.0
2 2 1500
[0} 400 g
E E 100.0
E; 200 e 3 °
2 ] 16 29 s % 10 24 %5
a &
8 o o 0.0
o > X Y N «©
> N Y s © & & o™ & N4 o
S e&‘?’Q we® G‘?’Q QOOQ’ N s /\\Q""G N o= & o
> < )300 PS@(\ PSQ’(\Q’ o s

& 5 -(A) WCC and (B) PageRank Z18Jlji/izfs
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e Amazon Neptune Tt RIFEERIETT D ITEIGRIBES]

® JanusGraph fl] ArangoDB fEAEETEEFE 24 /\EIAISERE WCC B PageRank,

o TigerGraph BIiZELL Neodj i WCC IR 15 (547, HREMEZIEEEGE TS 5T L EH Z 156715,
#B4 TigerGraph FIEE FLLABLLEE IR 28 Z 700 fF,

o TigerGraph HiZ[ELL Neodj £ PageRank 1% 2.3 (5 Z &, YREAMELIEELEETHAIEE

158918, A4 TigerGraph AEEFLLAFLEE IR 10 £ 200 15,

EinmmRzE R AT R

FEREANINF, BIBRTRNMEE. MAEFKANIRESE TigerGraph EEHUIED ISR LATIERELN
fal, FXDIEA, FAINERSB[HEMIE NI IME G MEREN, EXDIEH, HANER
TEZFTE Amazon EC2 LR (r4.2 xlarge: 8 vCPU, 61 GIB AfE, LAK 200 GB Kifngy GP2
SSD),

L twitter #IEEE ( B TigerGraph E£48%l 9.5 GB) £ 1z 8 &Ml L, E&MEEE 6017 GB A
FH 8 A (core) BB T, WTFRANENESNEWELE, EZHN CPU NXFIEEHE
PSRN ;TigerGraph M TREMAFMITERRAABRMNIRE, B/, NTEEEHLIET, HMM
TigerGraph Developer Edition(v2.1.4) 12289\ AR (v2.1.6),

BAMERT Twitter #HEE, FHiB1T7T 10 REH PageRank &8, HINNEE T =X, NEIGT(E
HTT Y, FENESE 1. 2. 4. 6 1l 8 alSENEHREHRT TN, NTFE—1EE, twitter

B9 R BB P E EEERRILEE L.

Table 13 — TigerGraph FE Gl A7 /56T aTH 1L

average query time (sec) 969.8 535.5 263.4 209.1 144.8

speedup 1.0 1.81 3.68 4.64 6.70
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PageRank 2—ME¥EREE, EEBRXENFEIEZDL., XEERENRZBEEREZER, EEM—
T EEEHBS 10X, REGEXMEBEFE, 182 TigerGraph BIRE MPP EEIEEZRFI

RPINMSEIL T 8 eWlE8RY 6.7 [EINR,

1000
°

o
> 750
E
=
P 5355
g ®
@ 500
o
>
g
& 263:4
(]
5 s ) 209.1
g Py 144.8
< °

0

2 4 6 8

Number of Machines

& 6 - TigerGraph Z Gl ATE] S H#38E X F

7£ Neo4j 5 Amazon Neptune EARBEMATEIY BMEMIK, Neodj mIE—A RSz L FHETENE
2, HERBEAESANNBRENEH#ITES ., Amazon Neptune B REEEZ AR EXEY A, HiER
Z3a1T PageRank M55, A1 HE =1 JanusGraph Y ArangoDB Enterprise Edition ,, B9RIH
MM,

12 ArangoDB t RRREHER TR RMREYF, %% : https://www.arangodb.com/why- arangodb/arangodbenterprise/

arangodb-enterprise-smart—graphs/

AJEEMY
PRIEEEEAENN (FIEE. B8, IR, WASH ERXGN—MKRES ) BN XXGEH R T

GitHub 32! :https://github.com/tigergraph/ecosys/tree/benchmark/benchmark/

F1 e TIENRGIRENE,

WNRIEX XML A £ 05 =i, 1BSFHA1Ex R, benchmark@tigergraph.com
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*7F TigerGraph

TigerGraph 158 MREHTE (NPG) AFEMNERRIRNE STFE, BENINGERES
REFEREL, TigerGraph WEI DT F AR ARBTALIENEEES SR, AEF AT
BIiE {8, TigerGraph AN AEEMEAN, ALERURNSZFS), eNHBBILRNES S
LHYEIER LI, TigerGraph FURINEAFIEFE TN E. MIRER. PEERM. Wish EBFa
DA Kz Elementum ‘A S], & 7] A 5E TigerGraph B9H{E K 5 TigerGraph %15 8] F A1 89 B i www.

tigergraph.com.cn SXENE Z{= 5.,
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