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Why focus on graphs?
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Analytics on graphs

Materials Discovery

Proteomics
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Point-to-Point Shortest Path (PPSP)
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PPSP Issues

- Static graphs
» Exact case can be expensive — approximations might suffice
» QOpportunity to preprocess graph

- Dynamic graphs

» Shortest paths can change wildly with new edges
» Need to efficiently handle graph updates




What do we do for PPSP?

- Two algorithms

- Static graph algorithm
» Solves approximate PPSP
» Leverages opportunity to preprocess graph

- Dynamic graph algorithm
» Extends static graph alg. to dynamic graphs
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Static PPSP Algorithm: Preprocessing

- Create supergraph from graph partitioning
» Partitioning time amortized by queries
- QOperate either at partition-level or supergraph-level
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Static PPSP Algorithm: Querying

- Two simple cases for q(s, t)
» Intra-partition — leverage precomputed border vertex distances
» Inter-partition — traverse supergraph

- Every query is handled at the partition-level or supergraph-level
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Dynamic PPSP Algorithm: Updates

Distance Trees
s

- Two simple cases for inserting ‘(U, U)
» Intra-partition — update distances with dynamic BC alg on partition
» Inter-partition — same as above, but on supergraph

- Every update is handled at the partition-level or supergraph-level

O. Green, R. McColl, and D. Bader. A Fast Algorithm For Streaming Betweenness Centrality. In 4th ASE/IEEE Interna-
tional Conference on Social Computing (SocialCom), 2012. 12
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Implementation Details

- OpenMP shared-memory implementation

- System:
» 56 core Intel Xeon E7-4850v3 @ 2.80GHz
» 2TB of DDR4 RAM

- Partitioners: METIS (2-32 partitions), Infomap

_ Datasets Table 3: List of Networks Used
Networks for Experiments

Graph Type V| | E| Infomap
Parti-
tions

in-2004 Internet 1.3M 13.5M | 53

as-skitter Internet 1.6M 11.0M | 182

com-youtube Social 1.1M 3.0M 951

amazon(0601 Internet 0.40M | 3.4M 3

great-britain Road 7. 7TM 8.2M 8




Static Graph Algorithm
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- 100 random queries
- Error goes up with number of partitions, Time goes up then down
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Dynamic Graph Algorithm

: » » — info — 4 partitions —— 16 partitions
— info — 4partitions  — 16 partitions — 2 partitions ~— 8 partitions 32 partitions
— 2 partitions — 8 partitions 32 partitions
20 — LI I A | — 35 — L A | — 16 — L B A | — 12 — LI I A | — 10 - L A | —
045 — LI I A | — 12 — L A | — 08 — L B A | — 025 — LI I A | — 25 — L A | — T il
| | I I I I
I I | 0 I 1 ' |
® 0.40 - - T 07 [ ) | = ' 30- | _olAe - !
'.‘E | | | L] I | | 10- -
S 1.0 - | - | ; o | : I 8 - -
o : 0.20 - | - 20- - =} | i
D 035- - ! I e 15- - I 1.2 - -
p ! I 0.6 - I - , I o 25 1 : Il
.9 | I I | I > I | Il
= | | + 1 0.8 - || -
s 030- ¢ - 08- - I = L
- I | © H 1.0 - - I
© 0.5 - - I o 6 - .
. | ] |
o 0.15 - - 1.5- - = 2.0 - -
© I I [ 1
i« 0.25 - - -
= I 1 ]y 1 c
c | | - 1.0 - - 0.8- | - 0.6- -
- I 0.6 - - 04- 1 - I = | H 1
o | I TH! ‘e T I
€ 0.20- - -1 pg 15 - - I |
—_ T I - | o H. 1! | 4 - .
. | | [# 0.10 - - 1.0 - - b - 0.6 - | - I
9] T 1 I
_ _ | | 11 1
@ : 03- i ! n T T N 04 - |]- - i
< 0.15 - il - 04- - - 7 I |
i, 2 - 10- ! - I I
] - | £ Ml ' | |-
£ | 1 % L = 05 - - 0.4 - -
= _ _ = |1 I i
= 1 ) 0.2 | | %, I
0.10 - . ! ! i g P ol L H- | 2 ¢| B
8 T T 0.05 - | - 05 - é - T |1 il 0.2 - | _ -
1] T 0.2 - T I - T bl 0.5 - - il
- | i o | | | 0.2 - | - | |
2 005 - 01- T - I =) ) i il | 1 pa
2 - 1 | | 1] -
1 | Iy | I | L
L -4 é 1, 8 | |¢ [ '$ ' $
0'07 \?\\\\ - 007 \T\\\\ - 007 LA I B I | - 007 E\\!\\ - 07 LI I O I | -
000 - LA B R B | - 00 - \. L I B I | - OO - LS O B R | - 000 - LA B R B | - 00 - LI I O I | - . . . .
) ) L in-2004 as-skitter com-youtube amazon0601 great-britain
in-2004 as-skitter com-youtube amazon0601 great-britain

- 100 randomly reinserted edges
- Update time goes down with number of partitions
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Conclusions

- Graphs are important
» Shortest paths in graphs are important

- PPSP can come up in both static and dynamic graphs
» Need to minimize work done for queries and updates

- Our work
» Uses graph partitioning to solve approximate PPSP on static graphs
» Extends static-graph algorithm to dynamic graphs
» Every query and update operates on small number of nodes




