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Abstract  The past decades have witnessed the massive growth of Internet. Vast amount of
graph data was produced by the boom of social network, e-commerce and online education. To
analyze and manage graph data, there are two branches of development. One focuses on distributed
graph computing. solving problems like PageRank or other algorithms that fit into the Bulk
Synchronous Parallel (BSP) model. Systems like Pregel, Graphl.ab and PowerGraph are proposed
for this branch. The other branch focuses on management of graph data, providing support like

OLTP and graph queries. In this branch, graph databases like Neo4j and Titan are developed for
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management of property graph. The property graph is a directed, labeled graph with multi-edges,
i. e., edges with the same source vertex and destination vertex. Vertices and edges can be
associated with any number of properties. Since it can represent graph data in most scenarios, the
property graph model has numerous applications in industry. However, traditional graph databases
encounter significant performance degradation when the graph contains large amount of multi-edges.
We reveal the cause of this in Titan. It’s an open source distributed graph database, which has
attracted wide attention in industry. Furthermore, we propose HybriG, a better distributed
architecture based on Titan and HBase for this scenario. Titan stores graphs in adjacency list
format, where a graph is stored as a collection of vertices with their adjacency lists. Each entry of
the adjacency list stores an edge or a vertex property. When querying about adjacent vertices,
Titan has to look through the entire adjacency list of the source vertex, which is a waste since we
just need the connected vertices but not the multi-edges. This cost hurts the performance when
the multi-edge set grows explosively. For high level queries that are based on adjacent vertices
query, e. g. path queries, local cluster coefficient queries etc., the performance loss will be
worse. HybriG implements property graph model as well. It stores the vertex data and graph
structure in Titan, the edge data in HBase, respectively. We chose HBase since it”s one of the
storage engines of Titan and is widely used in industry. Storing part of the graph data into HBase
won’t bring too much cost because it’ s also the data store of Titan. This separation helps
HybriG to keep a concise adjacency list about the graph structure, which helps to gain an order of
magnitude improvement in execution of adjacent vertices based queries and batch loading of edge
set. The difficulty of this separation solution is that we should guarantee the consistency of edge
data between Titan and HBase. In most of the scenarios with large amount of multi-edges, multi-
edges are used to represent event-like data, e. g. phone call records between two people, which
won’t be modified after insertion. Thus we can relax the consistency constrain of edge data to just
guarantee consistency for insertion. We leverage the transaction in Titan to achieve consistency with
HBase in edge insertion, especially in batch loading of edge data. Finally, extensive experiments
have been conducted to show the outstanding performance of HybriG.

Keywords property graph; multi-edge; graph database; Titan; HBase
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BFEHO AT 5T

D T AL 48 Titan [ B4 &, Fo AT A 2 B 5
SRR 1. ROl 55 37 AT LRI R X = 55 e A 4K
R e iR U R IVRREE /B AR UK %V € i P L S T
ST EAE B 5 A T B . i H A
AT LAt AT . A A Z 8RS A8
H-5 RG-S k. 555 HybriG (98U 73 IH 7
fi7E Titan Fl HBase P4~ B8 2 o L S 90 ™ M 25 55
AARHT LL B R 23 ok 2 3 B PR BB 4. 4 Google
#J Percolator'™ £ BigTable b 528 T 43 47 202 4%,
S PEREA 75 %0 Iy A4k
5.2 #TEM

Aoy S B AT A o PR A, — W RO T
Titan P RIEAE, B —3 0 T2 E S Titan f1 HBase
13 BB R AR [0 45 . R T 4 B AUA.
5.2.1 AR Titan %405 1Y £ 6

1E HybriG w1, s 4 B4l #0048 4245 2 AR A7 fiff 12
Titan H1, Pt 25 504 40 5G9 2 080 78 0] DL 422 5%
e g% Titan B9 2830, Qo b 1 09 A i L 2 1 45
SRR A TE I P AT R R A label Y £5E.

XFTE MG R R A, R g A
RABCAE Titan B AE4E  B0RT LU B 5% 4 o )
Titan 1 B R A . BRI 24—
AR SC R AE R I E B DL — A G 15 B X R
Titan 1 b B WEAS Ja .
5.2.2 2Bk Titan I HBase ${#E 1Y 25 16

4 1) LR 1) 0 B0 B R T B DGR Titan
HBase >k L3 A if]. 7F HybriG 2244 .

HybriG_Edge=TitanEdgelD+ HBaseRowData.

RN B AR 6T R R A 2 . B A i A e
FAABTE HBase (931 32 B3 45 00 0 s o s — 17,
Frfi FOFT A T8 P L 1% AT A AT B Titan w0 B Y i
id PR Tz vy F A, B A i A 45 E D 4K
i, 5 BSEAE Titan HR4R B W 1) id . F7E HBase

label A

()

label A

e(vy)

label B

el,(v,)

l

o

T T LA A ) 320 A 3 Ry 4] ) 3R HybriG % 52
. P 0] A AR A TR R 48 45 D R A AT Z )
W FEFP SR . L & 22 N AB I AR 45 0 0 5
0, AHAR  BUAEAR A B B AT Z (0] JE A label f9 Br A 3.
A3 Dy AR DBk 1.
ik 1. PIARISE label #9355 A A
WA v, v seLabel
i T B T A A A A
1. e=wv.query(O.adjacent(vy).label(elabel)
dimit(1).edges() .next ()
IF e==null THEN
RETURN null
END IF

res=hbaseTable.scan(e.id , next(e.id))
RETURN wrapEdges(res)

R 1 LB 1 AT A P A label 19301, F
FIH Limit (DB ME. 78 HybriG 2244 /7, Titan
HAEX P S 7766 % label 19— 4510, IR B AT T LA
I 20 00 W — PR SR s A R, 55 2~4 47, #5 7 Titan
A 1) B)% label B0 ANAEAE W T3 22 F5 4% HBase
R, 5B 5 TS Titan H19 3 id . f£ HBase (1)
R E T Scan 2 A3 B BT A 0 B AR, e.id
B AR RS Y nexs Ceoid) FoR A S5 K
JER)T —AFAF B B E AR 8 ecid iR E — D F
FERAE I —. HL A e.id g “abbb”, W] next Ce.id) Ky
“abbe”. HBase Y Scan bR %R 0] % 22 (9 47 T 47 %k
it U P S HOR AT 88 0 A R R s PR AL 2
—ANETFAE W B X [a]. F e.id F next Ce.id) VE N %
DX R B 26 A i ot » BVRT 5 96 3 BT A AT B LA e id AE
RSB . B 556 6 17 wrapEdges MUK X 265k
stz o Ay AR B S0 52 R AT — 2R
5.3 HybriG &£
5.3. 1 AR AR A OC A i 1 I

J T fE R HybriG 76 B & 0f) B rg e, & 8 g
78 T HybriG 7 HBase iy £ 4544, A 45 Titan H

e, s, t:;>’ properties of e, ‘
e, tts, t::>’ properties of e, ‘

e, s, t::>’ properties of e, ‘

» (@21 = w [N

K 8 HybriG 7E HBase H BIEUHE R0 N W5k (423008 Titan 540 A Bl 22 G il k.
L Jm Pk R & T Titan B0 RS POZ 0 -0 6 % — KA 1922
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5 HBase #t4ls £l HybriG Rk it py il k. 4
o 1 T ) B 0 R A M K ), Titan 1Y %0040 %
AW L Dy W TE] [ label (93 22 H o qr
TE— 25 BEAS m I AR R VBT A TR] label 4B 42 1)
FAL FiAh s Titan Wiy 30 BAF s 05 B B 4
AT CBIVRE 45 320D 1 8030 12 9 PR AR /DN, T X & A
KimEN R JEPE R 25 SR R AR FE T 5 8o
KO B L RS fRT. R T X AT sk s SR A I R
il W BESR B0 53 7Y 1R RE.

75— T3 T A5t T AR 4 R AR T, Titan /9 2247
PR AT DU S 22 AR B W) T AR R B A G A
1 W2 BR AR (k-hop) A i1 B A2 A5 1) R P SR 4R &
Bot A KRR SE A7 B 2 A AR 1 AR BN 4
AR 2H I 2 A7 1 i R W AR O0 O L AL S
fifp R J7 S A Titan 74 BT A7 A9 3 300 L 079 2 77
R A7 fifh /D B A Y R L KR o % 1) 30 B A
I o A TR AR Y 3B B A A R R R A KL T
HybriG 2244 v, Titan 19 2% 47 RE 50 43 O& B 5H 22 1 14
BB - DT it — 25 & w8 408 3 A5 A AH O A5 000 1 22 A7
i R,

25 b HybriG ) &8 380 s 5 A0 ¢ 19 5 i) 2 A 1R
UF BB S5 B 1 S 36 45 SR K e s B A i B A
5.3.2 M A WL H

TEVE 22 H AT HHE 38 37 5% v, AR AR T A5 1) W
6] 12 75 90 A Fh label B30, 1 AN B A B/ HAR4S
ANE SRR, HnAs N Z A A R os 2 W AT 1
95 B 3 AHE J5  FEAS AT DL GRSk & K
AT DATE [ rP g 2 3 Al A S L JiS S R
PRRIFX R KR &/ B & 4000 )5 18 10 %
HybriG 424y Jyix Fh a7 S 42 4t 17 EF, R 3 5l
M FAE HybriG 284491 Titan |8 rh #E 4717 5E (Graph
traversal) . 4 FHFEN B I H 43, 7 HBase #1
& v [a] AR B Y 30 A

Xof T 4R B 19 12 B HybriG Rt fir 43 i 1 40
WAFAETE HBase 3 v, 1 H 8 4530 & — 47, X ff
19X 30 B R R AT RN R R B AE R h A 4k — 17,
1% G W ik TR 5 58 6% B 10 AR #RAE A TE Titan L 3
RBUIRAT A T 2 I AR 32 B A sl SBHERTE
HBase %45 & v o5 48 — 17, P I 0 0 09 4 % 2 ik
EAT G A S A K. HBase H AT 45 A0 AG 28 B 0%
T 50 o0 B A &R B HybriG 2 g 5 i 3. SR
1Mi» HybriG X 31 (%) K & 7% 22 %5 Titan il HBase
NRYGE R H IR, SRR YL X W5 T
i A4 HybriG 1 S B & i PERE 5 Titan AH

ZEAK.

HybriG ZEM7EN G B i A il st 3 B2
AR 7E HybriG M, Titan o 5Bl label
9 00 0 SR A A T AR 2 D5 P AT R T A
label #9371, H 4R 19 5 11 804 A7 i fE HBase 9
W F i Titan F g A WA 1% label 75 W] i
BOEMGEHE R I HAR R IR i B R A
i Je K dme /B S5 X T IX 28 g i 5 B T LU E R TR
Titan o £ 15 2451

6 Data Loader

Data Loader #2371 57 B 44 192 A A4 ALY
FAFMBETAL AL HybriG 3ty g S B0l #8 47
i 7E Titan b, SR S B0 5 A B HAE Titan B5E
J. 1B B s AR AF A AE HBase Hh {H Titan By
XL AT B R SR B B b T (R A R
#r Titan Fl HBase, IRIE & 8088 10— 2 T ik
W EEAE S A LR ] R Titan 1 HBase #
Bt — 2k
6.1 BHEHNEHSAN

TE HybriG 2244 . 3 09 4 A BE 22 88 3 Titan,
N E B HBase i1 . % F 45 & label 1) — 4530 %k
I HAEAR Tian P M EGCH &KL, R
INIXAER) G RAEAE. A5 XA i AN A AE T A H )
ARG Titan 1 g iHE L FR L d
Bl B HESPEFE A HBase . B3k 2 B/R T EiR
ZR. 1 47 # ) Titan H19% label Y. H T2 £
HA— 5 AT Limae CO BN, 55 2~4 1745 X M
(I AFEAE  NAE Titan s hn— &30, 55 5 17 AR 3%
T4 A 30 B4 ok B8 Titan Wil BRI SEITHE B
55 6 ATERACXS Titan M FT A B U 26 7 1745 30 ¥
5 A\ HBase ih R AT R e.id PR LBy 58,

k2 WHA-FKBAIR.

Hi A . Titan B3 0 graph, HBase 1 32 # 10 hbaseTable

v vy sedgelLabel , SR realEdge

1. e=wv,.query(O.adjacent(v,).label(ed geLabel)

Limit(1).edgesO) .nextO)
IF e==null THEN
e=wu,.addEdge(v, , edgelabel)
END IF
updateStats(e, realEdge. properties)

graph.commit()

~ » al =~ w Do

hbaseTable. put(e.id+realEdge. primaryKey .,
realEdge. properties)
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Hl

Eid 2018 4

o
=B

1 58 A fife D J7 58 0% BT A L L AF A AE Titan o,
BRI AZ R R E RS 3.5.6 17.
HybriG B4 rp 8 210 BB A 2 0 T — A ) 4815
(%5 117, DL ¢ HBase i1 3R M6 ABAE 55 7 17)
R T AN R TR A T EL R B A A O X T AP
AR 0 T BN 2 A it 32 OB DL R 55 AR BT A
MR RZAAE D PR R HA TS A L X
T84 AT AR i A B 300 AP e RIAE R8s 2 AL 3 T
P LA ] Label 9 FE 320 1 S —HHE R Ak 31 S A 5L AT LA
I ABRAE R 45 R X Titan #1 B G 3HE B 08
1 FE AR AE Ccommit) B HF 47— . fitid 5 A
R 1 D RS ISR 3 TR,

Hix 3. HLBHERHESA

i : Titan K4 0 graph, HBase i1 £ # O hbaseTable ,

v, fv sedgelabel , BN EUHESE allRealEdges

1. e=wi.query(O).adjacent(v;).label(ed gelabel)

Limit(1).edges() .next()
2. IF e==null THEN
e=v,.addEdge(v, ,
END IF
FOR realEdge IN allRealEdges DO
updateStats(e, realEdge. properties)
END FOR

edgel.abel)

= w

graph.commit()

FOR edge IN allRealEdges DO

10.  hbaseTable. put(e.id+edge. pk, edge. properties)
11. END FOR

TEFE 3 55 1 3 8 4702 X Titan 1Y B8, 4%
P[] [A] label By 8530 4F S — b AL B, 3% =7 %)
Titan FERAE  TTF- R T 40 S8 09 H 85 53 5856 9 )
11 47 & %} HBase #1 %1 2 R pur #24E, 7 LLEH
HBase [#) Bulk Loading® 5 A 3 347 il k.

6.2 HIE—HH

£ Titan 4% D3 X B (gra ph) i R) IR 4
VE¥ A ST IF— D 5 AT graph.commit O I i%
HERA N F 55 BB SR AL BRZ 26
Titan AR 55 RIE T A S5 8006 19— Bk, HybriG 22
o e A8 2 88 19 A7 il 43 T AR Titan 1 HBase |,
T AR IUE Titan F1 HBase | 3048 09 — 2. b
Titan X FEHBMGEIHE B M HBase 1% 1 —2
PE, 8% HBase 1% B & ATA7 830 id ¥ 55 iR
Titan B —3PE. B T2 B0 — e
ARG LR AE ) J& Titan il HBase 86 1) i & — 3%
P B R G AR IR TE G BRI T B e A S
R —BUWRAS. Fe 2 — S0Pk 2 DA 2 N T 3 50

© (o) ~J (=2} (2]

T A 3 E 5 R B Titan 1 HBase /7§
s T TV A AT A T B Y AL BT 9 R T 5K
P TR 3 AR O X N AT A Bk 3 A
1~7 17 Titan 548 55 QB X5 W26 8 17, $22¢
BUGE QDX IS 9~ 11 17, M id ¥ 30 B i
ffi A HBase i, X EUR R A LB BUE OO
$ B dE & B BUR — B0 R 2 QO I A R T 1.
MR QBIAZE@ R T Bl 2 R A4k T X} Titan
Ko A& el (X HBase 3138 B8 e &0 0 1, )
PR 20 50 BN — B RO R R 2 R 2 AR
L AN R P9 A7 3 H (Out of Memory) | B 4% 1 W | fifi

1 e 45
{ Data }
Jo
@
e
[ HBase }
K9 rEdRES AL 3 L OEH TitanFdf ; @425 Titan

TN graph.commitO ; QFEIRIH A HBase i1

RO T AR P TR OB )5 S I X RS —
BUME T E A A AR B S R A
TR A C 2 iy, FA % ZEHIE Titan H
M R S e aw ek 1. X ] LA Titan 1
F5 TPk LB A QPR A Z A . 1E Titan 5 A
— M BIAR & Ci] A — A i sUR YR R ) R 5
FERAZ. ARG I T AR B BRI E A HALY
Titan (587 A # HF AL, XA 8 5 AR Y &
Ja AT B ZARE AL E O R
B &M T A HE . W Bk X — 24 J AT
Q& LI R RS AN 4 .

Hix 4 (HE-BUEMBEEREESA.

51 A graph.batch 1D, HBase 1 3 hbaseTable, & v »

vy sedgelabel ,allRealEdges, It 4 i1 W) J& P

1. e=wv.queryO.adjacent(vy).label(ed gelabel)

Limie (1) .ed gesO) .next ()

2. IF hasNotCompleted(graph . batchID) THEN

3. IF e==null THEN

4. o=, .addEdge(v, , edgeLabel)

@ http://hbase. apache. org/book. html # arch. bulk. load
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END IF

FOR realEdge IN allRealEdges DO
[/ HR T gt E B

END FOR

markCom pleted(gra ph ,batchID)

© (o) ~3 (2] w1

10.  graph.commit()

11. END IF

12. FOR edge IN allRealEdges DO

13.  hbaseTable.put(e.id+edge.pk, properties)
14. END FOR

B4 L5 2 TR0 RS hasNotCompleted ¥
Wr2n 7€ (1 Titan [ b2 15 77 78 45 58 it U i 2 AR
A AN ATES 3 3 10 4758 Titan, H A5
9 4789 markCompleted PREAE Titan [& o A%
VNILPSRIE A

(EAF— 4212 . oA 11E HBase I B A7 HCE K
hbp . R B 3 AR AESE O L Il A
HBase $4f6 J5 ) Bk e . U 50 )3 15 3d 2 4 300 4R 2 s
FRWCAE A HBase 1. fH 3% 52 %A 8] & 1. R
HBase i 3 BB A AEAE ST B I A 71
SR ERAR T AT 4RV A 2 B AR A AR FRATTI
# HBase B KA BN 1. 00 204 A JF]— A 4 5
— N BATTAK LR R — 1 A A T 4.

7 SRIGFNHHT

FEBLAT (28 TF #4845 (Eban LDBC® SNAP®
LAWO) s JR% A & & Bl 5. X S R 2
JE VL. & ) e I AT TR L
pIL R A I & B o N/ A R N =2 e R 4 TN 7 2
RETEAH SCHE T P30 A 360 . Y s A5 40 A 90 2 s vh
et iR AR 3 D 3 1 DL SRR SCOPA ) FF
K5I B iE HybriG 2245 548 75 P B,

AL S e FI B i 20 T3 AN TH AR 48 197 700
FN P RERCR 482, A SCF S 3.6 A s Al
£8P SN A] label (9 8 3 A9 F- Y EECh 134, S5 5%
Xf LU B A AR AE Titan A& 58 0 2 0L &
B AR TE HybriG P g J7 5.

SEAEE N 5 B RSGARAMERE . B AL
23 Ubuntuld. 04 #:4E R4, W 3B & ¥ — 4
Intel Xeon E3-1220 (3.10 GHz) 4k FE 2§, 16 GB 4
17— 1Gbps M4 & —4~ 4 TB SATA 42 [ 4%
HBase #3& 73X 5 G Hl4% L, 5 5 HL4¥ ) Region-
Server W B Fx KMENTE N 4 GB. Hth HBase WiAs h
1.0. 1. 1, Titan g4 K 0. 5. 4.

7.1 {BEAEHEXER

R A A TR A A R 45 08 I AR SR TF
Z P A T AR S A AR A i SE L, A0 k-hop A
WL RTRRE R W T e R A T AR
PRI P8l A A ) O 4] A ) S
7.1.1 k-hop HEEIN

k-hop s 4R A5 ) B A 30 245 5 SUTE & BERE B35 1Y)
SR S A B AL R 100 A AR A
A0 IR AT A 22 B AT e A L DU AT Y - X A i
[i] . [] Ff SR /I 48 3 (B 38 BN T 5) 1Y A B R R
AR I CRB I R BOR T 200 9 AR FEAT T IR R I S B
Z 1~% 3 & Titan 5 HybriG g1k gE .

&1 BEHLE 100 N =89 k-hop Zif) F M

hops sl
Titan/ms HybriG/ms
1 13. 65 4.25
2 72.97 18.73
3 446. 34 34. 69
4 2755. 86 99.78
F 2 BEHLIE 100 4/ ERIE R B k-hop Z if F 14 #E At
hops il
Titan/ms HybriG/ms
1 8. 67 2.08
2 31.08 7.79
3 179. 47 19. 88
4 1140. 00 52.45
F 3 BEHLIE 100 A K 4RI R B9 k-hop & if F 4 #E At
hops il
Titan/ms HybriG/ms
1 17.79 3.52
2 110. 34 14. 49
3 721.25 39.98
4 4781.79 163. 15

B B 50 P 14, T R 5 ) A D IS TR) R S 4R 4
K. HybriG AN TE 1 Bk A W) 1A (E I8 2 7E 3G K A A%
B EAB AL T Titan. IE 40 2. 3 543 Fr iy, % FEA &
F18) 18 o B A ) T B T i AR AR R Y B
FINHCH BRI, Titan 52 2T HJE KA LB XS
A s A 1Y A 9 B R ROR B AIR. T HybriG il T 4%
KE T A% AE Titan L H . HHE 8RN
B R R /0 5 DT AR 1 408 45 3R 1)kl T #E
7.1.2 REMBREREIA

JHHR B 42 R ¥ (Local Cluster Coefficient) & L4

LDBC. http://ldbcouncil. org

SNAP. http://snap. stanford. edu/data

Laboratory for Web Algorithmics. http://law. di. unimi.
it/datasets. php

©ee
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2L
=B

FUN G Y B RO AR I BT Y SR R L R4
J& 1 R 2R oA AR . E SCAR -
LCC(o) — [{(usw) :uswE N, se(u,w)EE}] ’
[ {Cu,w):u,wEN,} |
Hor N oA Ao B4R SR E I g 4k, B sC
FR AR SN A A A I R SO Ee L T
eCu,w) € E S T we N, . o3 7853 Al #e 4k oy

|{(u;w):U9u'6f\[u9w6Nu}‘:Z |Nuan|'

u€ N,

B AT SRy ¥ 2R e AR B T AR A X A A
HH P P AR — A R AR TR I L A R R A 2
T2 wRABE A A .

SR X LAY HybriG 5 B4 A7 #7E Titan
IR A5 G T a8 IR R AR A O 2CTR] 7.1, B
AR CRBIH A/ T 5) 1Y LR L BELRAF A AR
S ORI BOR T 20) 19 mi 2 AN R AT A 100 A
A 10 ST 4

XX Titan
HybriG

250

(5]
<o
f=]

KRKKK
<

O 9.9
doodeds
258
28

2

%%
b

R X XX
3L
oJetes
255
R

Q
b

20200
RS
KK
ba¥a%

—
I3
f=)

o%

XXX
5%
X5
S

R
%
.0
R

R X X X

X
XS
o

XXX
X
255
a0

—_
(=3
(=)

9.0,
2
2
ba¥e2s

o

X

KX
X
XS
o
9

Time per vertex,/ms
<2

Q
b

v,.
:’0
‘0
0%

o2
R
3%
5
0

X

73S
S
0000
28

oo’

-
000

‘Q
0o
3K
%%

50

zs
5%

2
S

9.
X

%
QS
%5

0

XX X X
30K
2050
X

&
5%
S

XS
3

X%
o20%

,.,vvv.
oo
0%
pote!

R KKK

2%

2

RIRRK

K2
K

s
oo

o
020

.,.-
e

be¢
900

oS

R

AN AR BEAL SR KA AR
Bl 10 315 100 A 50 f9 Jm & SR 4R 2 B - 2 A i)

5 k-hop #if] —#, HybriG f£ & 5 R & R BT
B PERE Bk i 5 Titan, 1 H 76 K48 48 5 4 -
HORVE s LI R
7.2 BEHEXENH

TR DA AR DI EER. 7. 2.1
T A TR 3 B A A R T R BT — 28 T
MAEN S A Z AR P K 2 B AndE ) i
fric s LR AR 1 5 10 5%l I0 R A P
ZBUE DI BBE N G 7 A T PN A A 56 2R K dd
RIS R B D SR AR 3. 7. 2. 2 YR AR AR A L A
URUE7E Y S PNER S i e Y LIPS
ZABAE » B 40012 140 SR A . X 1 b A ) 1 A A 3R T
AR AR AT R E TR PSRBT S 4
FE T I —A b il ME T PR ZE label. i ] Blueprints

o

KX

K2

P A ) 2 1 7 e ) 320 0 A 90 Y 7 9 A B T
vy .query().adjacent(v,).edges().
AR AR A AR B TR AT
v.getEdges(Direction. BOTH ,elLabel).
Hd o vv 2 T0 &, eLabel 321 1 — Fp label,
Direction. BOTH J& % & . A 3 1 ) J5 1a) 7] DA J& A
7.2.1 R A] D AR AR )

S M A A 2 25 5 WA AT — A label . £5 1) P
FUAZ label B P A 1. 7618 FF BEHLAHE 100 44 11
A A B RS o S 6 0 3 A 70 3K 2 30 ) FE I

11 Gt 7 PR RS W B [a) 6 Lo, AP 7 219
A FEIT JE % 1235, HybriG /74%)2 % T Titan Hl
HBase 523, % i1 £ 19 A ) S5 2 AR Titan B A 34
id , FH7E HBase #9312 vh A i) A /Y 3200, R I )
TFES 2y I ER2r (FEIL 5.1 39). B R T HybriG
A ) HF (] £ 79 30 0 26 . T A 0 58 0 R IR A BT
A W7 T A

&EA Titan
¥~/ HBase
950
Titan
465 939
s
HybriG
0 200 300 600 800
Total time/ms
L1 253 100 A 0% ) BT A 3 19 B

—J7 1 » HybriG 5 2 10 8 404 i 24 4E Titan A
HBase X >4 J28 rf 47 A5 3, HL 3% 4> 45 38 A
REJTAT. fe 4t Jr %8 K75 % AE Titan th £ ], HybriG
ZN T — %6 A ) B I 1R] . AR T 3X BB 4 Y I ]
FEEH A B MR K. Titan M9 8086 & A & 0 17 % 7¢
HBase 1, HybriG 1 # i) 5 Br | H & HBase
5 R A ). 5 3R A i) BB 4L ] HBase #Y — S8 277 (5
B, HMaster. RegionServer ¥ & {Z & . HBase
H Root Al Meta {5 B 4. Al /A H 2R
210, £ 3X 7 1 HybriG 38 /& 5] AT B (8] FF45.

A 55 —J5 i . HybriG X} i1 4 19 25 1) J2& §5 1k
HBase #1281 474 )k & (DL 5. 1 9). 8 K
FEfg e Titan Ho i 5 28, % i1 B8 1) 25 0] S5 B 2 4% 1k
& HBase B4l % th ik @17 5 M Rk &R, 2 Bl rh
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T Ko B FT R A — K & 2 (rall-narrow)
FTrp AR EL N ILIT. 5 E R TE — KR 5 (flat-
wide) & ik — 47 5 A 4R IE L LA 1T 1M RE
WA — 2. P I 7E X Jy T HybriG B A1,
7.2.2 SPHENEAN

S 6 2 19 A 25 8 — A s A SR label 11
TR . s AR A IOy 2 7.1 s BN AR 4 (4B 3
RUBUNT 5) 1 i B B B R B A AR R 4 J8 (4P 35
BBORTF 200 19 4 B A AL AE R 1000 A4S 45,

12 JE 7R I 2 P Rl 3R 0 i A s ] DL R 2 i)
FE I Hh ELAA 1 B (8] 20 B, H o HybriG i) £ 3 B (8]
4320 Titan H (1) 25 1) #E i Al HBase H () £ i #E 1if
PIFR 43, 24 i B LB KB, HybriG 7E Titan H1 iy
B FERS I A B RN, M 7E HBase 13 P i #5
TRV AR o 15 4 ) i B I L G2 I 2 b iy Titan K.

45

X2 Titan
40 2 HBase

g
£ 15968, 641
=

62106556

1780 1929 2121

Titan HybriG Titan HybriG Titan HybriG
N AR s B LERiIEE S KA s B

B 12 #if) 1000 4~ 45 78 label 9T A 1 50 #E

7.3 BHBEHSNEE

ST 1 R T T FRATTXE AN ] ML 1 T
PEAT T I X ARG AR AE Titan LR 77
it 7E HybriG 1) 95 Fh 7 2. A1 4 T MapReduce”
TR T A AR Y. R 4 230598 5 AR
Mgt

R4 BEHENHESNER

3K R W ESvR:0] Titan‘ HyBri(}

K5 ™ HEC SARE AR
1 50000 23786800 100 30 min 14 min
2 200000 48197700 100 45 min 16 min
3 200000 481977000 1000 9h26min  1h24min

AT LLE B 78 e A I A B v HybriG Xy il 4
B 0 AR T R R X AT I Y
:—s& HybriG X} HBase 1 R EHE S AMH T
HBase 1) Bulk Loading $# A&. — J& Titan X} 3 19 19
MMM E SR — N RME—1Y id (X2 Titan
WA 52 HBase Bulk Loading B D , HybriG &

Rigi/h T A5 Titan PRIHEH . NTTWE T id 7
e A9 s [ 4

8 MHEXIE

P H0E 2 A 55 4k R R 75 5 T Y — R
O3 3 KRB T ST R B A B R 8T Ay o
A HE R PR R A PE  RK

B RAESE B 78 m Ao 17 2 & oy IR 471t
B, U0t & PageRank!V 4t X & B (Community
Detection) , F [&] IE fig"™ 4%, 42t iy 2 Xf OLAP
(Online Analytical Processing) B % 1. X K & 4t
1, Pregel™ | GraphLab'® | PowerGrapht'®! % #%
BSP AL ) 155 6f Vel B4 0 A7 R 1 4 L 48
AR RE R AL AR AT LUAE N AF ok 5 00 IX ) B8k 15
22 BLSE N A A L R R G, Pregel
A JFIE , GraphLab il PowerGraph #5535 2 B 50 5
FOREAIEACAH KRB AS RGP W=
S B DT 5. Graph X' fig e 13 A ) 1,
JE ST o A N AE T FEAESE Spark™ ™) 52 B (&1 3155
18 A5 B TH 5 AT AR A S S B0 i A B A HE 2.
RT3 A0 I SEHE SR , GraphChit ™ I 38 5K 76 B L
56 IR LR (T E A g 3 5 1) AL A 1B 3 3 el ie A
VFZ 5T B 1 32 w5 1 1T M 2R 7 5 i ) A ) 4k B
RE W SCHRL21-25 J45. 7 R JE X 181 3 55 i iF 2 At
i i

PR L T IR B 0 A8 L R R 1
i JJ7 45 1] (graph traversal). [ %406 #5551 0 2 45 €]
B0 i An AT LA P 2O B0 ATl g 0
B2 W B R SR RDE D 07 70 Ja 1 P 455 40
RDF 4% 5 Resource Description Framework, J&
o1 W3C il %€ /9 J1 R A A5 o, i 45 3% RDF 378
AR AN T B84t 8T LA 6 A7 $i 40 28 4 505 JF . RDF iy
s T i E 15 HIE IR AR =ocdl. i L
ELHE XA B b — 4530 BRLORE RDF BRI 25
B P8 455 1. 8 UL ) RDF 776 A Jena®, Allegro-
Graph® 4§, 4 4 1ty [ B 416 22 R #0 R s Y el A 2
it 4 DEXPY | GraphChi-DBP? | Neodj, Titan
& Horh DEX FI GraphChi-DB #8 2 B b0 H 4
Neodj 1 IF IR A 0 2 ALY . H3E 4 4b 21 b 45 41
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significant performance degradation when the graph contains
large amount of multi-edges. We reveal the cause of this in
Titan, an open source distributed graph database which has
attracted wide attention in industry. Titan stores graphs in
adjacency list format, where a graph is stored as a collection
of vertices with their adjacency lists. Each entry of the
adjacency list stores an edge. When querying about adjacent
vertices, Titan has to look through the entire adjacency list
of the source vertex, which hurts the performance when the
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cluster coefficient queries etc. , the performance loss will be
worse.

We propose HybriG, a better distributed architecture
based on Titan and HBase for this scenario. HybriG stores
the vertex data and graph structure in Titan, the edge data in
HBase, respectively. HybriG keeps a concise adjacency list
about the graph structure, which helps to gain an order of
magnitude improvement in execution of adjacent vertices
based queries and batch loading of edge set. In this article,
we introduce how HybriG implements its storage layer upon
Titan and HBase, and how HybriG transforms graph operations
into Titan and HBase APIs. Besides, HybriG achieves high
performance for inserting batch of graph data. Furthermore,
we introduce the implementation of data consistency between
Titan and HBase. Extensive experiments have been conducted
to show the outstanding performance of HybriG.
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