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Motivations: Graph

Path Analytics >
Connectivity Analytics >
Community Analytics >
Centrality Analytics )
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D INS Motivations: Triangles
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Spam filtering

Social process analysis

Dense sub-graph extraction

Database joins

_ _ @ Attacking node
Anomalies detection

® Victim node

Community age detection o @ Safe node

Recommandations
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Relational databases [1]
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Wide column stores 3.1% Document stores 9.3%

Time Series DEMS 0.7% Graph DBEMS 1.5%

Search engines 4.6% Key-value stores 5.1%
Multivalue DEMS 0.2%
Mative XML DBMS 0.3%
Object oriented DEMS 0.2%

RDF stores 0.3%

Relational DEMS 74.5%

2 2020, DE-Engines.com
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Lot of data are stored in relational DBMS
Less data stored as Graphs

Export data from relational DBMS to graph
DBMS causes performance issues

Exploit RDBMS capabilities like security,
concurrence management..etc
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Contribution
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Parallel Randomized

Graph Analysis Inside
Algorithm based on SQL

DBMS
gueries

Perfect load Balancing Scalability
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Motivations
Why triangles?
Why relational databases
Solution
Standard Algorithm
Randomized Algorithm

Experimental study

Configuration and Data sets

Results
Conclusion
Conclusions

Perspectives
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Solution

#istandard _algorithm #randomized algorithm #sgl _queries
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D LINnS Graph definition
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a b ¢ d a b
d C
a d
/‘ \ b .
a O 1 1 1 b c
b d
i b 1 0 1 1 c 3
c 1 1 0 1 c b
C d
d 1 1 1 O d a
\ / d b
d C
Undirected Adjacency matrix Edge Table E
unweighted Graph Adjacency list
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& NS Standard Algorithm
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Algorithm 1: Algorithme standard

Result: triangles (liste de tous les traingles dans le graphe) a b d b d b
chargement du graphe; a C a C a c
for ) «— 1 Lo m do a d a d a d

for e « 1 lom do
for ¢z +— 1 lom do b a b a b a
il (e).] == ea.d Aeg.j == eg.i Aeg.] == e,.1) then b C }4 b C }4 b C
else b d b d b d
| triangles + (e, e5.e5) C a C a C a
o ndend c b c b c b
end c d c d c d
end d a d a d a
d b d b d b
d c d c d c

Complexity is O(n?%)

SELECT E;.i As vy, E;.jAS v,, E,.j As vy
FROM
E E, JOIN E_dup E, ON E,.J=E,.i
JOIN E E; ON E,.j=E;.i AND Ej.j=E,.i
WHERE E;.i<E,.j AND E,.i<E,.j;
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Complexity is
O(max{m/k?*/3 ,n/k'/3})

N g.
N2 =
%’5’ Tlcr S%bsez
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BLns Randomized Algorithm
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CREATE TABLE E_s (i int, j int);
COPY E_s FROM “Lien/vers/graph_data_set*;

[*Si le graphe est non orienté */
INSERT INTO E_s SELECT j,i FROM E_s;

k-machine model
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@.u/\s Randomlzed Algorlthm
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Color trlplet aSS|gnment to machlnes

-

® 6 o ©o
® &6 & o . o : : :
® © © © CREATE TABLE Triplet(machine int,colorl int,color2 int,color3 int)
UNSEGMENTED ALL NODES;
e o o O COPY Triplet FROM “lien/versitriplet_file";
® 6 o ©
® 6 o ©
k-machine model
1,1,1,1
2’1’1’2 . . .
3,1,2,1
4,1,2,2
52,1,1
7,2,2,1 o — o
8,2,2,2
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BLns Randomized Algorithm

Send edges to proxies (1)"
CREATE TABLE V_s(i int, color int);

p = k(1/3) color subsets
INSERT INTO V_s

SELECT i, randomint(p)+1
FROM
» (SELECT DISTINCT i FROM E_s
UNION
SELECT DISTINCT j FROM E_s

)\
T I T T T T T T T T T T T T T T T T bé T I T T T T T T tl;) T T T T T T T ?I-‘ T T T T T T T T é ¥ I( T ¥ T T T T T T T sl \ T
- t5‘\,\“39;,,,",
* & O'%
13 #inside_ DBMS #randomized algorithm #graph #triangle_enumeration !mswg,,,ew S % %
BENSMA . AT



I T T T T T T T T S

\ 4 . .
BLns Randomized Algorithm
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Send edges to proxies (2)
CREATE TABLE E_s_proxy (i_color int, j_color int, i int, j int);
INSERT INTO E_s_proxy
E s ; ‘ ﬁ. ‘ SELECT Vi.color, Vj.color, E.i, E.|
i j FROM
. b — V_s E_s E JOIN V_s Vi ON E.i = Vi.i
a c [ color JOIN V_s Vj ON E.j = Vj.i;
a d
b a a 1 .
b d ¢
C d d 2
1
| e
d a —o - oSt
d b | I
— Hy B
alllls ol
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7 ins Randomized Algorithm
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| Edée[scolllecti[niq b)I/ Ilo‘calwrﬁéchi]nes
CREATE TABLE E_s_local(machine int,i int,j int,i_color int,j_color int);
® INSERT INTO E_s_local
T v -/ ,Do ‘< . @® —  SELECT machine, i, j, i_color, j_color
- © FROM
E_s proxy E JOIN Triplet edgel ON E.i_color=edgel.colorl
AND E.j_color=edgel.color2 WHERE E.I<E.]
UNION
SELECT machine, i, j, i_color, j_color
FROM
E_s proxy E JOIN Triplet edge2 ON E.i_color=edge2.color2
AND E.j_color=edge2.color3 WHERE E.i<E.j
UNION
SELECT machine, i, j, i_color, j_color
FROM
E_s proxy E JOIN Triplet edge3 ON E.i_color=edge3.color3
AND E.j_color=edge3.colorl WHERE E.i>E.j;
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BLns Randomized Algorithm
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| Lb(:lall triangjle eﬁﬁmeratiorT i
-
o v
SELECT El.machine, E1.iAS vl, E1jAS v2, E2.j AS v3 .d
FROM
E s local E1 JOIN E_s local E2
ON El.machine=E2.machine AND E1.j=E2.i
JOIN E_s_local E3 ON E2.machine=E3.machine
AND E2.j=E3.i
JOIN Triplet T on T.machine = E3.machine
WHERE E1.i<E1.) AND E2.i<E2.j AND E1.i=E3,j
AND E1.i_color=T.color_1 AND E1.j_color=T.color_2
AND EZ2.j_color=T.color_3
AND local_node_name()='node_name’
ORDER BY v1,v2,v3;
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Experimental study

#data_sets #cluster #vertica_dbms
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BLns Hardware and Software conflguratuon

/@!

= VERTICA

Operating System: Ubuntu server 18.04
RAM: 48 Go/host

k-machine model

Storage: 1 To/ host
CPU: Intel 4 cores/host

Architecture: Share-Nothing
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B Ins Data sets
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LiveJournal as-Skitter flickr-link hyves : :
Graph500 s19 Linear Geometric
[4] [4] [5] [5]

| 11 11 ] | I 11 11 |
| n=3997k || n=169%k || n=105k || n=1402%k | | n=33k || n=141k | n=8k
; m=34681k |, m=11095k |, m=2316k 1y m=2777k ; M=15459k |, m=49907k m =22 361k
| 11 11 I I I 1 |
2 =2 L T ‘ ZIS",. I( 7 == L@;um?l" I%; 1
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Randomized triangle enumeration by machine

Triangle count by machine
Triangle count by machine

: 80000000
(Geometric data set)
70000000 —o . ———————————0
Host_8 st L 60000000
13% 12%

50000000

Host_2
Host_7 L) 40000000
13%
30000000

20000000 ° " —
Host 3
12% 10000000
Host 5 O o < — < < < < o
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@.u/\s Results
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' Standard algorlthm and randomlzed algorlthm comparalson
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Execution time by data set , @ Standard algquthm queries :
5500 | are |ess efficient with :
: large-scale graphs and .
| cause performance I
2000 : |
I problems when scaling. :
|
|
I . . .
1500 | ® Rebalancingis expensive :
I and often causes memory |
1000 : ISSUEeSs. I
I
|
. : |
<00 : e Randomized algorithm !
: queries perform better with |
In [ I ! graphs having skewed data |
- - I - - -
LiveJournal as-Skitter flickr-link hyves Graph500 Linear Geometric \ distribution I'
B Standard m Rebalanced ® Randomized N
N o o e e e e mem e mem e mem mmm - -
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Conclusions

#tconclusion #perspectives
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Parallel Randomized Algorithm for Triangles Enumeration on Large Graphs
Using SQL Queries

Randomized algorithm for triangles enumeration ensures load balancing

The algorithm queries were able to process very large graphs and therefore
they ensure scalability
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Perspectives
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Thank you for your attention

Stay safe!
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