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Trend 8 Graph Relates Everything: Gartner predicts that by 2025, graph
technologies will be used in 80% of data and analytics innovations, up from
10% in 2021, facilitating rapid decision making across the organization.

Gartner@ {Gartner Identifies Top 10 Data and Analytics Technology Trends)
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\ | Vertex Data
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vV EH 35EESTEEN
v I/t5: 16GB DDR4 A7Z. Intel Xeon W-2255 (10 #% 20 478)
v #UEEE: web-sk(32GB), friendster:(29 GB)
y-%:!
v SREARAENBRENEIGEH, RPIMREELS|&E ZRVEIREIEZEURTE
v SENERIEXR, RPIOMREEIS| B ZINEIEER A
FHITIEE Friendster (18{2i2), 29GB, Fi3H1%5.1) | Web-sk (18121, 32GB, FIJEF

21 135GB 10 (BUATFAEIMBM%) 120 367GB 10 (EURATFEIAHE)
6  74GB 4 (BATFEHE) 9  826B 4 (RATFIEHKE)

VORI E R AR BER AR
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PIE+: B/ EAEE

s— g Bk 3: JHBOE S B A WE PIE+ R PEvalil HIRAE
I nj Jﬁ Input: Subgraph F; = (V;, E;, L)
E_‘. Output: Set CC; of connected components 1n F;
1CC:=0;I1:=V;;; i

// II is the set of unvisited vertices

2 while 11 not empty do

¢ AREOEEIE S IR TR RIT A | e ) e

: A :1=.{v,}; 1 . ' ' EdiOiER
‘/ ! Ep’b\di%ﬁurﬁm;ﬂiiﬂ—lt%f‘ii“ﬁ ):|L’Hf,”|5_| 6 whlleAnotemptydo PEval

. eLd RECURL —  HATHITERIER

9 end

10 jreturn CC;;

" 11 Procedure BFSREecur(u, v):
| if v ¢ I1 then mRARLER

v IRERE: SFETEURER D ATRIBHG

I 12
!
13 | return 0;
14 end
15 remove v from IT; v.root := v,; return {v};

A 7EPEval flincEval i\ 51 {EL B0 4: 9BLE S RLAT I PIE+ I IncEvalit S E e
,— Input: Subgraph F; = (V,, E;, L;), connected components CC.. incoming messages M; IncEval
Output: Refined connected components CC; 4=t 4= N zO
HITH R /OMEELEMapF1VMap , Qutpats Refned conneciod componens FHTIIT AROER
2 return refine(CC)); ; // merge roots with identical labels in CC;

3 Message Segment: M; := {(v, Ly(v.root)) | v € C;};

v MIRFTRIV: FEIEHAT + FERIAAT

" 4 Procedure UPDATEROOT( v):
|'s | v :=vroot o5 oS
6 | whilev, ¢ CC; do REPIDER
:': | | = 1 7 | V, 1= V,.1o0t;
4 !I: S IEE% E %Fﬁ E =) E s | end
9 update v.root := v,; L;(v,) := min(L;(v,), M;[v]);
10 return 0;

BT Ve FEIRHITEE GO FEIEH1T
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v /15 16GB DDR4 N1%. Intel Xeon W-2255

SRR T

(10 #% 20 %&7F2)

v #UEE: Friendster (IVI=65M, |IEl = 1.9B, 31GB), web-sk (IVI=50, |IEI=1.8B, 31GB)

v =218

SMTELES

WCC

Dataset Metric SSSP WCC PR
MiniGraph GridGraph MiniGraph GridGraph MiniGraph GridGraph
# Supersteps 8 32 6 21 8 10
Disk Read (GB) 78 115.1 74 135 107 160
friendster Shortcut 1I/O ((JB) -12 N/A -12 N/A -10.4 N/A
Avg. CPU Util. 33.74% 4.45% 48.2% 6.83% 68.46% 62.38%
I/0O-Compute Corr.  0.095 -0.113 0.163 -0.202 0.185 -0.156
Cache Hits 45.33% 9.59% 48.25% 12.04% 34.8% 36.2%
# Supersteps 10 63 9 120 15 20
Disk Read (GB) 112.5 232 81.9 367 87 232
web-sk Shortcut /O (GB) -30.9 N/A -6.1 N/A -20.9 N/A
Avg. CPU Util. 15.76% 5.83% 25.04% 5.16% 42% 42%
I/0-Compute Corr.  0.008 0.003 0.013 0.009 0.082 -0.039
Cache Hits 50.89% 6.37% 37.42% 11.63% 50.22% 46.04%

Time (s)
]
%2
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v SESENRESBINFEEN, VOKRFERNINEEERNATREEIEEEMN,

SX N

v B BEE =818
v IfE: 64GB DDR4 Af%. Intel Corei9 (10 #% 20 Z4kF8) . 1TB SATA SSD (JIfi1EEX 560MB/s)

v #UREE: clueweb(134GB)
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a8 1. MBS RER ISR ERTRA
hPare (z(v))

v el B SRR ASE IR R TR RI R AIE?

]

Ca(Fipi) = ) [h**9(£i(v)) +

TR R 51 2R A4 B AR R K S min{p;, [d;) }
argmin max {t; + C4(Fi,pi)} 2. IR F IR o E K
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Shortcut (B) Start a new round w/ tracker flag in T

(2) Taken by (8) Complete computation i
Evaluator w/ subgraph changes . . |
PendlngEvaI UnderEval »| Discharging ||

Shortcut (A)
Shortcut (C) Start a new round w/ .
: I—n— Memon g F“"y loaded | _______ Complete computation_______ trackerflaginF (4) Completely |
from disk . )
On Disk ! wo/ subgraph changes written to disk
Active | Converged |«
(5) Start a new round
o— w/ tracker flag in T (6) all tracker ®

flags in F

FEIRSHEIRE



IRt

Name Type |V| |E| MaxDegree Raw Data E*”"’%éﬁ'

roadNetCA [1]  road network  2M 2.7M 23 83MB v GrIdGraph[ATC’15],GraphChI[OSD|’12],

skitter [42] network topology 1.6M 11M 35455 142MB XStream[SlGOPS’13]

twitter [8,40] social network 41.6M 1.5B 3M 25GB ét

riendster social network . . .

it LV DRARR

clueWeb [55] Web 17B 79B  6.4M 137GB v GraphScope[VLDB’21],Gluon[PLDI’18]
NS > r ==
M AR =18

v Ubuntu Server 20.04 LTS v WCC

v Intel Core i9-7900X CPU @3.30GHz v PageRank

v 13.75MB LLC v SSSP

v 10 cores (20 hyper threads) v BFS

v 64GB of DDR4-2666 memory v Random Walk

v 1TB WD blue SATA SSD, whose read v Simulation

throughput is 560MB/s.



SMTEAEES

Benchmark

Memory  #Partitions SSSP WCC PR

Data N
Budget  (PR/Others} = : : - : : - o
MiniGraph = GraphChi  GridGraph  XStream = MiniGraph | GraphChi  GridGraph  XStream = MiniGraph GraphChi GridGraph XStream
roadNetCA 100% 1/1 8.66 22.5(2.6X) 10.55(1.2X) 2 (0.2X) 2.76 17.2(6X) 1822 (6.6X) 2.93(1.1X) 0.25 0.91(3.5X) 0.71 (2.7X) 2.34 (2.6X)
skitter 100% 1/1 0.53 1.64 (78.5X) 0.35 (0.67X) 0.69 (1.3X) 0.16 1343 (1152X) 0.33(2.1X) 059(3.9X) 027 | 1.27(4.7X) 0.82(3.0X) 0.98 (3.6X)
twitter 50% (12.5GB) 4/10 150.8  802.8(5.3X) 195.4(1.29%) 2365(15.6X)  159.5 504.8(3.7X)  186(1.2X) 1983(12.4X)  224.2 | 782.1(3.5X) 371.3(1.7X) 2183(9.7X)
friendster 50% (15.07GB) 4/10 201.8 535(2.7X)  293.1(1.45X) 3061(15.2X) 1718 1636(9.5X)  204.7(1.2X) 2037(11.8X] 190.104 | 450.7(1.9X) 485.3(1.9X) 2685(11.3X)
web-sk  50% (16GB) 4/10 3264 | 1140(3.5X) 917.9(2.8X) 9437 (28.9X 172 620.1(3.6X)  704.6(4.1X) 4056(23.5%)  248.3 | 2288(9.2X) 395(1.6X) 2903(11.7X)
cluewep  47% (64GB) 4/10 2514 / 11534 (4.59X) / 2742 / 11665 (4.25X) / 2022 / 3803(2.1X) /
10% (13.7GB) 20/50 5871 / / / 7486 / / / 2979 / / /

GERWRE

v MiniGraph Lt B4 % %% ( GridGraph, GraphChi and XStream) RE% 4.6x, 9.5x ] 28.9x




D BTTIGNTS BIRERTRRIILE

EITHTEITIE R CPU/IOT R FAZEE D

Dataset Metric SSSP wcCC PR > A CPU

MiniGraph' GridGrap! MiniGraph GridGrapl MiniGraph GridGraph § 1 ~ Bandwidth
# Supersteps 8 32 6 21 8 10 o } {40 comgute Corr.
Disk Read (GB) 78 115.1 74 135 107 160 o ;2
friendster Shortcut/O (GB)| 12 N/A 12 N/A -10.4 N/A a Mlanraph
Avg. CPUUtL || 33.74% = 4.45% 48.2% 6.83% = 68.46% | 62.38% Qo
I/O-Compute Corr = 0.095 -0.113 0.163 -0.202 0.185 -0.156 O A0 ‘D"P %Mm
Cache Hits 45.33% 9.59% 48.25% | 12.04% 34.8% 36.2% 3 “
(%]
# Supersteps 10 63 9 120 15 20 O] N
Disk Read (GB) | 112.5 232 81.9 367 87 232 o V_Qggg‘flﬂe Corr.
_ Shortcut I/O (GB) -30.9 N/A -6.1 N/A -20.9 N/A . I :
web=sk ave. CPUULL || 15.76% | 583% | 25.04% | 5.16% 42% 42% N &dGra&h I B
I/O-Compute Corz.  0.008 0.003 0.013 0.009 0.082 -0.039 d y 4
Cache Hits 50.89% | 6.37% = 37.42% | 11.63%  50.22% || 46.04% 0 2000 Ti é?go(s) 6000 800

%

/ MiniGraph ZE#i{T SSSP #l WCC {E 5 Fi A% 5 B3 GridGraph §9 29%, HAIEEVAE R
3 E 53.3%,

v ALt R BRMWEL RS GridGraph, MiniGraph 9 CPU FIBXRRSIEF T 41.4%,
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MiniGraph VS distributed systems

Sim

—e— MiniGraph S G G G

——— GraphScope

Monetary Cost (x)

-o- Gluon

# Nodes #6Nod§s
Y-
v EFERBMES S, MiniGraph R TH128V8EHMN D HINEB D RS Gluon, EERNEZIRSE
AYsE AN [E R 7 3.0213.915,
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GPURIBMITER S BRI 1T 2 B F B

T T2T3T4T5T6 T7 T8 T9
T1 T2 T3 T4 T5 T6 T7 T8 T9 Threads%%%%%%% % %
@0@0’ Threads%% %%%%%% Src 0123456 7 8
l‘ oreet [OATB[S[ZI 10 [ 10 [ 11 [ 12113 ]
C'E-CPEG s [O[1]1]2]2] 3] 3[4[4[4]6]7[7]8
— —— pst [1]12]4]/3[5|5|6|3[5(6/8|6[/2|7 Dst |1|2|4|3|5|5|6|3|5|6|8|6|2|7|
(a) Data graph (b) Threads distribution on Edgelist (c) Threads distribution on CSR
YV /\\
, if (threadIdx.x < 4) {
v GPUQEEFE il = EE 5
} else {
X5
Y5
}
Z;

GPU SIMT ZEg 1Tz 5l
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(a) Data graph (b) Threads distribution on Edgelist (c) Threads distribution on CSR
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v 3ISredliR, RINKRERFHF

4
v }&Srcklmn e X8 (Interval) , FAGPUFRMET%TEIR (TB) REDE—TXIE
v %Az (TB) LEeHrIXIE, BaIZEEEON F—1X N X8

TIT2T3T4T5T6 T7 T8 T9 Dst
Threads % % % % § % % % % 0 —”—::”:/’// | \\\:\::1:§‘~\ IVI-1
St 0123456 7 8 Interval 1 | Interval 2 [ Interval 3 | Interval 4 | Interval 5 | Interval 6 | Interval 7 | Interval 8 | Interval 9
offset|0|1|3|5|7|10|10|11 [12 13 | I/ ? t ¢ ? t ¢ ? ?

........... & G B E G B E G @

Dst 1 2| 4[3]5] 5| 6| 3| 5[6[8[6[2[7] Sliding window 1 - Sliding window 2 = Sliding window 3




nilR—: BTHEAFNDSESS

E?ﬁEWT;?E’\]Eb?SE%?EHR%IH%
v ETEHEONGFSES YD ARREREYNE, BFESTXENITEENERA—F

v X[E]E[EB 5
v XBJRES S X|8)[8l{E5EE3

Time unit TB 1 B2 TB 3 Time unit TB 1 TB 2 TB 3
1 nterval 3 1 nterv,
2 Interval 2 nterval 6 2 Interval 2 o 6
3 |Interval 1 | Interval 5 nt%rvg |9 | 3 | Interval 1 | Interval 5 al9
4 nterval 8 B 4
3 HE 2g 5 IDLE DLE 5 nterval 4
=i e 6 | IDLE DLE 6 IDLE Interval 7 IDLE
TRMEODESR 7 |Interval4 —prF DLE 7 [IDLE IDLE starty, + endp
8 IDLE IDLE (b) lter- tealing start, = starty +
9 |Interval 7 |__IDLE DLE |n + TB TB 2 B 2
10 DLE DLE ime unit 1 3
. 1 nterval 3
(a) Intuitive approach 2 Interval 2 2216 end, = end,
Evaluate the cart duct 3 | Interval 1 | Interval 5 | Interval 9
valuate the cartesian proauci 4 nterva
[interval X | between IntervalX and P 5 Interval 4
6

IDLE | 'nterval W X |E-J W{{z gﬁ'
(c) Intra-interval task stealing

B TB1-TB3# o T RIFE=09X (8], {BAEUAA
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Dataset |E] MaxDegree
stanford  social network  0.2M 2M - ‘/ CGGI‘aph[VLDB 22]
li\f);t;rll:zal sociziltr?:ttjvork Zzﬁ 618791\:/[ : ‘/ SUbway[EurOSyS,ZO]
twitter social network 41.6M  1.4B
friendster  social network 65.6M  1.8B 5124
web-sk web 50M 1.9B 8.5M
N s p °or =< >
VIS = 18]
v Ubuntu Server 20.04 LTS v WCC
v Intel Core i9-7900X CPU @3.30GHz v PageRank
v 13.75MB LLC v SSSP
v 10 cores (20 hyper threads) v BFS

v 64GB of DDR4-2666 memory
v Tesla V100 GPU x 4



SMTEAEES

Data PageRank BFS WCC
GraphRipple | CGGRaph Subway GraphRipple | CGGRaph Subway GraphRipple | CGGRaph Subway
stanford 0.2 3.0 (15.0x) 0.4 (2.0x) 0.2 2.9 (14.5%x) 0.4 (2.0x) 1.4 4.2 (3.0x) | 0.4(0.3%)
patents 0.5 3.2 (6.4%) 3.2 (6.4%) 0.4 3.1 (7.8%) 2.9 (7.3%) 0.5 3.3(6.6x) | 3.1(6.2%x)
livejournal 1.2 4.1 (34x) 13.7(11.4%) 1.0 39(B9%%) 12.7(12.7x) 1.3 4.1 (3.2x) 12.6 (9.7x)
twitter 26.4 63.2 (2.4%) >1min 18.4 20.5 (1.1x) >1min 20.7 31.7 (1.5%) >1min
friendster 22.7 31.6 (1.4%) >1min 19.7 25.6 (1.3%x) >1min 21.3 35.3 (1.7x) >1min
web-sk 32.0 34.7 (1.1x) >1min 17.8 23.1 (1.3%x) >1min 254 29.3 (1.2x) >1min
DT DT,
7% noStealing 77 noStealing 7 /2 noHO 7 /2 noHO
< I “ W noPSW < W noPSWm I Ej I GraphRipple Ej I GraphRipple
z T e 7, e 7 7
%\2” 5\6’ I i I [0} ;; ;; i [0} ;; ;; ;;
ik P 411N £ 7 77 El7 77 g
5,21 S.21 B UYLy Ny 27
el B B sl L b 11117 AN
2 ¥ W B M N 1111° 11111
jvejourn@! witter  (ieondster yelb-sk jvelour@' witlel  iendster \eo-sk o 12|8mer\2/gt|3 Siz<5-:t12 1024 o 12;3nter\%g?8izg12 1024

GERWRE

v GraphRipple tEEZ £ %t ( CGGraph, Subway) [R5 % 15x, 14.5x
v BIE T shiSESHEA N B E OB N
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Martin OSDI 2016 Jeff CS 0sDI =LA 10 211Em
E *I-_]_‘ nameT " v_e_nueT )Iea"| 5 . nameT category TvenueT . * {$ 1/ \% J *JUJQJ
= author =
uy(paper) | author author | us(paper)
v, (author) title=TF ’x\ v3(author) title=MR Q[IE(), y()](X — p())
G author auinor author
author author, author ] )\ .
| us(paper) | uy(paper) /N -
va(author) author title=tf ’ author Va(author) author|  title=BT 3
name | venue) year) name| category | venue| 7& 12'&1 % IJ %y-l )I_”J &*E X
Paul OSDI 2016 Sanjay cs OsDI
EE 91 X3 V3 - Q, X3 V3 E‘HA'J Il:EI :
venue, T fatego?) venue T (c ategor)y 2 Tcategory category
Xpe——2xPAPEN)  y,—y (Paper) | xo (paper) Y, (paper) E 12'& :I-
% "‘""e\‘xl Y mme\y1 y;ay Oy‘e;ue yeaf/ O\VAenue }= :_F |_.| *ﬁﬁ* E,J]- \/\\\y
(author) (author) 2 1 £ A
< A
Vg, Up|(vVg, Vp) are the same real word entit
TR {va, vo| (va, vp) v}

t.venue = s.venue A t.name = s.name A t.author = s.author — s.id = t.id

t.venue = s.venue A t.category = s.category A t.year = s.year — s.id = t.id
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v BiFE: Q (IVI=4, IEI=3)

v BtrE: Twitter (IVI=1334392, |IEI=46180342)

v €A A Label and degree filter (LDF, [SIGMOD’20]), Steady (DPIso[SIGMOD’19]), Neighbor-label
(NLC, EGSM[SIGMOD’23]), Wedge (EGSM[SIGMOD’23])

v IdEBES]: Steady > Wedge > NLC > LDF > Label-only

v IEMH: Pruning cost: Label-only > LDF > NLC > Wedge > Steady

l

Q — Q
> BB Filter Phase Join Phas é 0% @ Product of candidate sets ® Bl Warp cycles per instruction
o 2 @
@6 .S- % 'LO 1 —
D _9 l 8 5
Ev I 2 10221 —
l_ g J I I | g ) I
A0 o
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L s l
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hue P, ve G N &R vWBENES, L) BRTAS v RS

\
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BT/ VI EMRAITIERE

Pr(min{n(A)} > min{nr(B)}) >0 —>B L A

A= (LW € Nw)} B={L@)' € Nw)}gu#u
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2T k-m/ MR BRI X

Pr(max{ming{m(A)}\e{m(B)}} > max{ming{m(B)}\ming{r(A)}) >0—>B L A

Pr(min{ming{m(B)}\mini{m(A)} < min{ming{r(A)\ming{r(B)}}) >0—>B¢L A
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v EigE: Q (IVI=4, I[EI=3)

v BtrE: Twitter (IVI=1334392, |IEI=46180342)

v €A A Label and degree filter (LDF, [SIGMOD’20]), Steady (DPIso[SIGMOD’19]), Neighbor-label
(NLC, EGSM[SIGMOD’23]), Wedge (EGSM[SIGMOD’23])

v I2iEBES . Steady > Ours > Wedge > NLC > LDF > Label-only

v LR Pruning cost: Label-only > LDF > Ours > NLC > Wedge > Steady
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Martin OosDI 2016 Jeff CS osDI
name! venue] year? name? category 1 venuet
author h h
uy(paper) | author author| us(paper)
v4(author) title=TE v3(author) title=MR
G author author author
author author, author
Uy (paper) uy(paper)
v, (author 2 th '
a ) author | ftitle=tf | qushor va(author) author| title=BT
name] venue| year] name| category| venue]
Paul 0sDI 2016 Sanjay cs 0sDI
name
X4 «—— X1 (author) Matches

venue
P1: X2+——Xo(paper)
x3 category
[cate = CS]

[Q1[xo]]

X5 &4Mex, (author)

. . venue | (paper)
v Xpe—X
2 9[0,.title]
category year

X3 X4[0Q:]

V2

X,4.val

X5.val

{,s}

OSDI

{, S}

OSDI

Matches

Conditions

Entities

Stage 2
Qx-Xo | Qy-Yo
Us Uy
Uy uz

Uy |{ug, us, uy}

Uy |{ug, us, uy}

x,.val

x5.val |x,. title

x,4.val [xs. val

OosDI

null TF

{M, P,

2016 1,5}

OosDI

null tf

{M, P,

2016 J, S}

osDI

Cs MR

null | {J, S}

OSDI
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null | {J, S}

BT ULES

frEx2ia

Qx- Xo Qy- Yo
pos _ _
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ned Uy Uz
P2
Uz Uy

Broadly BLOCKING

Filtering Matching . '

Blocking

Scope of this paper Duplicate pairs

Brute-force approach
Blocking
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ViBIEHEE 487 (description) "FEXIRHEEFHEN
AR, B4, ROZLAIFEm—17

v EFHNESSATIERUTECET (DNF) F2zXAZRRY, BN ¥1 0R ¥2

v ZERTEMNE RS SR ERYIEE, FLtrTAERItELS

v 1 [ t.title = s.title|\ t.author ~ s.author N t.year = s.year — t.ud = s.id
v P2 | tititle = s.titlef\ t.author = s.author N t.venue ~ s.wenue — t.id = s.id

EAEIEM, T BRE (color) "ERHNIT(:

HEEE Gﬁ;‘?ﬁ‘iﬂg, EfERNSE ) HEMES, BFRER

eid|pno pname price| sname
e1 | t1 |Apple Mac Air| $909 [Comp. Worl
ez | t2 | ThinkPad - |Smith’s Tec
e | t3 ThinkPad | $849 |Smith’s Tec
e1 | t4 | MacBook Air |$909 [Comp. Worl
e1 | t5 | MacBook Air | $909 |Comp. Worl

description color| saddress
Apple MacBook Air (13-inch, 8GB RAM, 256GB SSD) Gray | ) Barton Grove, McCulloughmouth
ThinkPad E15, 15.6-inch full HD IPS display, Intel Core i5-1235U processor, (16GB) RAM | 512GB PCle SSD) | Gray = Seg Plaza, Hua giang North Road
enovo E15 Business ThinkPad, 15.6-inch full HD IPS display, 12 generation Intel Core i5, 16GB RAM, 512GB SSD Gray = Seg Plaza, Hua qiang North Road

Apple 2022 MacBook Air M2 chip 13-inch,8 GB RAM,256 GB SSD storage gray

Gray -
Gray = Barton Grove, McCulloughmouth

HyperBlockerZet

SIEET LR B AR AIAT I I
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A
v ¢1 : t.color = s.color\t.price = s.priceAt.sname = s.sname/At.pname ~gp s.pname — t.eid = s.etd

v @2 1 t.sname = s.sname A t.description ~jp s.description — t.eid = s.eid
v w3 : t.saddress =pp s.saddress/Nt.description =~ jp s.description — t.eid = s.etd

fd: ATITR
v B8 WBIEAMNEITHR . AR EEMINRE; ERZERENAEGETEMRE

Low pruning power (e.g. color) Hiah pruning power (e.g. description) —
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v 1 @ t.color = s.colorN\t.price = s.price/\t.sname = s.sname/\t.pname ~gp s.pname — t.eid = s.eid
v @2 1 t.sname = s.sname A t.description ~jp s.description — t.eid = s.eid
v p3 i t.saddress =gp s.saddress/\t.description ~jp s.description — t.etd = s.etd

fidh: MITITR
v B SEEANHTHE: ERRTSRREAEMINRE; ERZERENASEEIHMEME

k
1 | D] .
sp(p, D) = Norm(\ T (b — 7)2) costy (p, D) = Norm( Z N(p,t1,t2))
! (t1,t2)ED XD
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1 — Sp(pv D)
costy (p, D)
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v 1 @ t.color = s.colorN\t.price = s.price/\t.sname = s.sname/\t.pname ~gp s.pname — t.eid = s.eid

v @2 1 t.sname = s.sname A t.description ~jp s.description — t.eid = s.eid
v p3 i t.saddress =gp s.saddress/\t.description ~jp s.description — t.etd = s.etd

fidh: MITITR
v B8 WBIEAMNEITHR . AR EEMINRE; ERZERENAEGETEMRE

v B2 MERTH: ERXZES ﬂmﬁEF%
v B3 FIMCIATH: BERBATRNEZITEER

Attribute index Function pointer

[ ps=name>pp pN%]; p;n%]%le Pdes oo p=olor \
(a) order of predicates t.sname=s.sname 3 =
t.price=s.price 2 =
Pprice Dprebre g t.pname~gps.pname 1| ~ep
E 0.048 _5 t.color=s.color 5 =
]
~J p;lo'r 0.048 g cpP CP cP
@ 3 t.desc~ps.desc 4 | ~ip
‘@ =
2 CP CP| CP
Dgone #1 t.saddress~gps.saddress | | 6 | ~Ep
@ 0.04 @ t.desc~;ps.desc 4| =j5p
¥s v cp cp| cp
(b) Execution Tree (c) Sequential execution path
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ﬁ% Tﬁ%? &ﬁmzmnm" Z/1» 30% RitE] .
, {FIG{TRIE)IRT 12.4 5, HiBHk
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v '—5 SOTA 5&{4‘@@375;%
HH1T1TX
PostgreSQL E’\Jmﬁi‘l‘tu

I:II:I\

oK 3.4 15 MR D FHITIBENE OIS HERERAT, (£8E 1Y FFEF 43.1% F 9
v GPU itk 3.4 FigF, MR DT BENEOMESZIENREA AT T % 43.1% #l1 28.8%
v RIRUKERMERMMNE, BESRWEEZD 2.1 1§
Sk ] , AELS 202115
9Te Method Backend Category DBLP-ACM IMDB Songs Nev
F1-score Time (s) F1-score Time (s) F1-score Time (s) F1-score Time (s)
© SparkER CPU Blocker 077 (-0.17)  11.0 (13.8x)  0.31(-0.65)  242.9(6.8X)  0.08(-0.72)  203.4 (15.2X)  0.26 (-0.66)  229.3 (49.8X)
& GPUDet GPU Blocker 0.92(-0.02) 20.1(25.1x) 0.94(-0.02)  323.8(9.1X) 0.80 (+0)  404.8 (30.2x)  0.90 (-0.02)  1252.6 (272.3X)
~ DeepBlocker GPU Blocker 0.98 (+0.04)  8.3(10.4%) / >3h / >3h / >3h
D p - o HyperBlocker,  gpg GPU Blocker 0.94 (+0) 9.9 (12.4x) / >3h 0.80 (+0)  1904.1 (142x)  0.92 (+0)  2408.6 (523.6X)
S ® HyperBlocker, 0 GPU Blocker 094 (+0)  95(11.9X) 0.9 (+0) 472.6 (13.2X) 0.80 (+0) 45.0 (3.4%) 0.92 (+0) 35.9 (7.8X)
= HyperBlocker GPU Blocker 0.94 0.8 0.96 35.7 0.80 13.4 0.92 4.6
(L,
Dedoop CPU Blocker+Matcher ~ 0.90 (-0.08)  59.4 (9.4x)  0.67(-0.29)  534.0 (15.0x)  0.80 (-0.08)  7643.4 (6.5X) / >3h
DisDedup CPU Blocker+Matcher  0.45 (-0.53)  94.0 (14.9X)  0.67 (-0.29)  644.0 (18.0X)  0.06 (-0.82)  917.0 (0.8x) / >3h
L | - | Dittotop: GPU Blocker+Matcher  0.98 (+0) 9.0 (1.4X)  0.79(-0.17) 6741.2(188.8X)  0.88 (+0)  2308.6 (2.0X)  0.97 (+0.03)  381.8(2.1X)
RapidMatch CECI DPiso Ours DeepBlockerp;y, GPU Blocker+Matcher ~ 0.99 (+0.01)  12.4 (2.0%) / >3h / >3h / >3h
HyperBlockerp;,,, GPU Blocker+Matcher 0.98 6.3 *0.96 *35.7 0.88 1179.0 0.94 180.6
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Result: other results of MiniGraph

Scalability of MiniGraph

—e— MiniGraph @ Seq —<— NoShort —— GridGraph —-+~- GraphChi —4— GraphScope -e- Gluon

R .  friendster N f d -0l ned o B WCC
o - w g D riendster-..  —<- n-16 CORR B
~ p -~ O = -~ 0
o W = oW A o
2 g" | g |
= " ® (SR = AR
O %\\\\Q ) . 0 ]
= . )
S B 2
j \\\\\0 1 F rf‘)\\
Q I T T Ll T T
0.4 0.6 0.8 1.0 4 8 12 16 20
Scale Factor
(a) Varying |G|: PR. (b) Varying m: WCC. (c) Varying p;: PR. (d) Varying n: friendster.

Accuracy and effectiveness of cost model formulations

Cost model C# Model (a) Model (b)
Normalized loss over Stest 0.16 0.22 0.22
Normalized loss over St’ est 0.40 0.50 0.43

Improvement web-sk (%) 39.0% 27.2% 27.3%
Improvement clueWeb (%)  30.0% 16.5% 17.1%




Result: Effectiveness of EPG

PostGreSQLRI{TIT X!

SELECT %« FROM DBLP, ACM SELECT % FROM DBLP, ACM
WHERE DBLP.authors = ACM.authors WHERE DBLP.title = ACM.title
AND DBLP.title = ACM.title AND DBLP.authors = ACM.authors

AND DBLP.year = ACM.year, AND DBLP.year = ACM.year;

Query 1

SELECT % FROM DBLP, ACM
HERE (DBLP.authors = ACM.authors
AND DBLP.title = ACM.title
AND DBLP.year = ACM.year)
OR (DBLP.venue = ACM.venue
AND DBLP.title = ACM.title
AND DBLP.authors = ACM.authors)

SELECT *x FROM DBLP, ACM
WHERE DBLP.venue = ACM.venue

AND DBLP.title ACM. title
AND DBLP.author = ACM.author;

Query 3
Query 4

Y- ¥

v Query2 MEELTF Queryl (20%) J&F PostgreSQL ™4&i&#& UDF (User Define Function) FE BRI,
17, REETITERMIARITIT

v Query4RIORIZERSHESIRW, HEXRAIMFE, HIFIMITHENQuery25 Query389121E




Result: Effectiveness of EPG
Vs other execution plan

Baseline

v TupleX[SIGMOD’21]
v Query optimizer of PostgreSQL

Fik Songs  DBLP-ACM  NCV IMDB

PostgreSQL  40.6 (3.0x) 0.7 (2.3x) 13.5(2.2x) 13036.0 (449.5%)
TupleX 142 (1.04x) 04 (1.3x) 124 (2.0x) 36.1 (1.2x)
EPG 13.6 0.3 6.2 29.0




