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The big problem: Scalability

¥ Visualization
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The big problem: Scalability

Visualization
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Graph Sampling

» Randomly pick nodes /edges to construct a subgraph that
represents the original unfiltered graph:
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Which sampling strategy to use?
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Graph Sampling Evaluation

Static graph patterns Temporal graph patterns
in-deg | out-deg | wcc scc hops | sng-val | sng-vec | clust diam | cc-sz | sng-val || clust AVG

RN 0.084 0.145 0.814 | 0.193 | 0.231 0.079 0.112 0.327 || 0.074 | 0.570 0.263 0.371 0.272
RPN || 0.062 | 0.097 | 0.792 | 0.194 | 0.200 | 0.048 0.081 0.243 0.051 | 0.475 0.162 0.249 | 0.221
0.193 | 0.238

RDN || 0.110 0.128 0.818 0.041 0.048 0.256 0.052 | 0.440 | 0.097 || 0.242 0.222

RE 0.216 0.305 | 0.367 | 0.206 | 0.509 0.169 0.192 0.525 0.164 | 0.659 0.355 0.729 || 0.366
RNE || 0.277 0.404 0.390 | 0.224 | 0.702 0.255 0.273 0.709 || 0.370 | 0.771 0.215 0.733 || 0.444
0.386 | 0.224

HYB || 0.273 0.394 0.683 0.240 0.251 0.670 0.331 | 0.748 0.256 0.765 0.435
RNN || 0.179 0.014 0.581 | 0.206 | 0.252 0.060 0.255 0.398 0.058 | 0.463 0.200 0.433 0.258
RJ 0.132 0.151 0.771 | 0.215 | 0.264 0.076 0.143 | 0.235 || 0.122 | 0.492 0.161 0.214 || 0.248
RW 0.082 0.131 0.685 | 0.194 | 0.243 0.049 0.033 | 0.243 || 0.036 | 0.423 | 0.086 0.224 | 0.202
FF 0.082 0.105 0.664 | 0.194 | 0.203 | 0.038 0.092 | 0.244 || 0.053 | 0.434 0.140 0.211 || 0.205

_ [Leskovec and Faloutsos, KDD 2006]
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Graph Sampling Evaluation in Visualization

Random Walk (RW) Original Graph Forest Fire (FF)
Avg. node degree: 2.4 Avg. node degree: 2.4

Power-law degree distribution — Power-law degree distribution
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Graph Sampling Evaluation in Visualization

Similarity Measurements

Statistical
Features:

Hub Inclusion

Clustering Coefft.
Discovery
Quotient

Data Mining Visualization

VIS20



Graph Sampling Evaluation in Visualization

Similarity Measurements Goals Procedure

G1: Identify the key -
that makes the sampled graphs

G2: Evaluate the of different Formal

sampling algorithms on these Studies

Data Mining Visualization

VIS2016 g



Outline

» Selected Sampling Methods

* Pilot Study

» Formal Studies
e Perception of High Degree Nodes
e Perception of Cluster Quality
e Perception of Coverage Area

VIS20]6
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Node-Based Sampling
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Original Graph Random Node Sampling
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Node-Based Sampling
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Original Graph Random Node Sampling
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Node-Based Sampling
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Original Graph Random Node Sampling
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Node-Based Sampling
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Original Graph
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Random Node Sampling
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Edge-Based Sampling
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Original Graph Random Edge Sampling
VIS0




Edge-Based Sampling
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Original Graph Random Edge Sampling
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Edge-Based Sampling
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Original Graph
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Random Edge Sampling
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Traversal-Based Sampling: Random Walk
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Original Graph Random Walk
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Traversal-Based Sampling: Random Walk
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Original Graph Random Walk
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Traversal-Based Sampling: Random Jump
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Original Graph Random Jump
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Traversal-Based Sampling: Random Jump
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Original Graph Random Jump
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Traversal-Based Sampling: Forest Fire
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Traversal-Based Sampling: Forest Fire
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Original Graph Forest Fire
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Outline

» Selected Sampling Methods
* Pilot Study

» Formal Studies
e Perception of High Degree Nodes
e Perception of Cluster Quality
e Perception of Coverage Area

VIS2016
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Pilot Study
» Task:

e |dentify the visual factors that strongly influence the representativeness of
sampled graphs

* We also determine the sampling rate used in the formal studies.

Network | N | D

ResidentRating (RR) 217 | 0.1002 | 21.6 .
PoliticalBlogs (PB) 1222 | 0.0220 | 27.4 . Network Level | Node Level Edge Level

AdolescentHealth (AH) 2,539 0.0054 13.7 - Coverage Area (CA) High Degree Nodes (HN) | Edges Linking HN
PowerGrid (PG) 4,941 0.0005 1.3 Cluster Quality (CQ) Margin Nodes (MN) Edges Linking MN

Google+ (G+) 23,613 | 0.0001 3.3 : Boundary Nodes (BN) Edges Linking BN

Dataset: 5 Real-World Graphs Visual Factor Candidates

VIS20
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Pilot Study
» Task:

e |dentify the visual factors that strongly influence the representativeness of
sampled graphs

* We also determine the sampling rate used in the formal studies.

Network Level | Node Level | Edge Level

Coverage Area (CA) High Degree Nodes (HN) Edges Linking HN
Cluster Quality (CQ) Margin Nodes (MN) Edges Linking MN
Boundary Nodes (BN) Edges Linking BN

Results (key visual factors) Visual Factor Candidates

VIS20
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Outline

» Selected Sampling Methods

* Pilot Study

* Formal Studies
e Perception of High Degree Nodes
e Perception of Cluster Quality
e Perception of Coverage Area

VIS201
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Formal Study |: High Degree Nodes

20 high degree nodes 8 high degree nodes?
VIS2016 Original Graph Sampled Graph




Formal Study |: High Degree Nodes

Graph Sampling Formal Study Experiment |

Sampled Graph:

Experiment |
Experiment statistics:
Block

Trail

Experiment description:

For the highlighted nodes (color in black), please
select the ones that you think are High-Degree
Nodes.

Selected node number: 0

No HDN Nodes




Formal Study |: High Degree Nodes

VIS20

graph sizes (small, large)
average degrees of hub nodes (small, large)
sampling strategies (RN, REN, RW, RJ, FF)
random seeds (3 different seeds)
repetitions

trials per participant
participants

trials in total

Experiment Setting

N: 1024, D: S

N: 1024, D: L

N: 2048, D: S

N: 2048, D: L

Data Generation

30



Formal Study |: High Degree Nodes Results

» Discussions:
e |Itis easier to perceive high degree nodes in the RV Samples
|t is more difficult to perceive high degree nodes in RN Samples
 Above results hold across datasets

6 N:1024,D: S N:1024, D: L N:2048, D: S All Overall

()

N

to
S

All
9 272(4)=353.61,p<0.01 ¢ 272(4)=532.67,p<001 & 72(4)=452.02,p<0.01 ¢ 2%(4)=459.16,p<001 ¢ 2*(4)=1506.8,p<0.05

022 158 357 195 134 039 208 393 275 146 0.09 176 463 3.16 1.89 0.37 3.09 502 344 251 027 213 429 2.83 1.80
Sampling Strategy: B RN ¥ REN B RW mRJ W FF
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Formal Study |: High Degree Nodes Results

» Discussions:
e It will be easier to perceive high degree nodes in the RWW Samples

|t will be more difficult to perceive high degree nodes in RN Samples.
 Above results hold across datasets

o0 N:1024,D: S N:1024, D: L N:2048, D: S N:2048, D: L Overall

-
O,

n
@
©
o
Z
e
o
—
@
Qo
=
=
Z

(&)

_+_

0 <+ +

Sampling Strategy:

VIS20

Number of high degree nodes perceived (Visualization): +
Number of high degree nodes remained (Data Mining): * 39




Formal Study |: High Degree Nodes Results

7/ high degree nodes remained

VIS2016  Random Walk (RW) Forest Fire (FF)




Formal Study |: High Degree Nodes Results

3 high degree nodes perceived
16 high degree nodes remained

VIS206  Random Walk (RW) Forest Fire (FF)



Outline

» Selected Sampling Methods

* Pilot Study

* Formal Studies
e Perception of High Degree Nodes (more high degree nodes are perceived in RW)

e Perception of Cluster Quality
e Perception of Coverage Area

V'S2016
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Formal Study II: Cluster Quality

Graph Sampling Formal Study Experiment Il

Original Graph: Graph I: Yyl Graph IIl: Yryodeyok Experiment Il
Experiment statistics:
Block

Trail

Experiment description:

Please rating the five sampled graphs based
on Cluster Quality (1-star is the worst, 5-
star is the best).

Graph lll: Yoy yok Graph IV: Yoyokyok Graph V: Yook

VIS201¢




Formal Study Il: Cluster Quality

V|S2016

graph sizes (small=1024 nodes, large=2048 nodes)
graph modularities (low, high)
random seeds (3 different seeds)
repetitions

trials per participant
participants

trials in total

Experiment Setting

N: 1024, M: L

N: 1024, M: H

N: 2048, M: L

N: 2048, M: H

Data Generation
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Formal Study Il: Cluster Quality Results

» Discussions:
 RE and RJ best preserve the perceived cluster quality in samples
RN and FF struggles in preserving the perceived cluster quality
e The performance of RWW and - depends on graph modularity

N:1024, M: L N:1024, M: H N:2048, M: L N:2048, M: H
> RN.RW.FE RN
RWFF oN.RW.FE Al RN REN RN,RW,FF RN RW FF

+ + + RFEFN F+F N REN + REN +

H

Al REN
2w REN RJ =
+ RJ RW + I
RJ +

? b

w

N
Z

(@)
=
-

©
4

>

=
©
=)
C
—
Q
-
(2]
.

)

—o—

—

0 X2(4)=470.13,p<0.01 X2(4)=536.06,p<0.01 X%(4)=508.49,p<0.01 x%(4)=488.49,p<0.01

Overall

All

b b
+

1%(4)=1956.9,p<0.05

141 342 332 323 278 195 398 246 3.86 1.77 139 3.71 293 329 257 218 380 226 362 167 1.73 3.73 2.74 3.50 2.20

Sampling Strategy: B RN M REN B RW B RJ W FF

VIS20
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Formal Study [I: Cluster Quality Results

Graph N: 1024, M: L N: 1024, M: H N: 2048, M: L N: 2048, M: H Qvyerall
P M CN CS ER M CN CS ER M CN CS ER M CN CS ER CN CS ER

Original 4 256 4 256 8 256 8 256 6 256
RN 4.6 14.0 4.3 15.9 24 | 21.7 4.1 26.4 3.8 19.5
REN 6 14.0 4.0 | 50.0 80 ' 50.2 80 504 6.2 | 48.4
RW 4.2 @ 48.2 44 | 48.0 80 | 515 6.0 | 68.2 56 | 54.0
RJ 49 | 415 4.0 @ 505 80 | 51.0 80 | 51.0 6.2 | 485
FF ; 41.8 6.5 33.5 7.5 | 539 50 | 80.8

5 N:1024, M: L N:1024, M: H N:2048, M: L RN N:2048, M: H Overall

RN,RW,FF RN.RW.FF Al RN REN RN,RW,FF RN.RW.FF All

+ + REN EF
Al REN + FF + REN
RW REN + Al RJ
RJ RW + I
RJ +
+ + All
.

H

Cluster Quality Rating

X2(4)=470.13,p<0.01 X2(4)=536.06,p<0.01 X%(4)=508.49,p<0.01 x%(4)=488.49,p<0.01 x%(4)=1956.9,p<0.05
141 3 218 3.80 226 362 167 1.73 3.73 2.74 3.50 2.20

Sampling Strat

VIS20




Outline

» Selected Sampling Methods

* Pilot Study

* Formal Studies
e Perception of High Degree Nodes (more high degree nodes are perceived in RW)
e Perception of Cluster Quality (cluster number is important)

e Perception of Coverage Area

V'S2016
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Formal Study lll: Coverage Area

Graph Sampling Formal Study Experiment Il

Original Graph: Graph I: Yook Graph II: Yryoidryr Experiment lll
Experiment statistics:
Block

Trail

Experiment description:

Please rating the five sampled graphs based
on Coverage Area (1-star is the worst, 5-
star is the best).

Graph lll: Yooyl Graph IV: Yo¥ryokoye Graph V: Yoyodeyok
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Formal Study lll: Coverage Area

VIS20

graph models (Barabési-Albert model [7] and Sah et al.’s model [46])
graph sizes (small=1024 nodes, large=2048 nodes)
corresponding parameters for each graph model
random seeds (3 different seeds)
repetitions

trials per participant
participants

trials in total

Experiment Setting

N:2048,D: S N: 1024, M: L

N:2048,D: L N: 1024, M: H

Data Generation

N: 2048, M: L

N: 2048, M: H
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Formal Study lll: Coverage Area Results

* Discussions:

 RE and RJ have the largest perceived coverage area
R has a smallest perceived coverage area in most cases

e RWand FF'’s performa

o R Al -
All REN REN RW | REN REN All

FF FF ¢ +RJH
b b

Al All Al Al

¢ ¢ ¢ ¢

22(4)=481.4,p<0.006 22(4)=483.9,p<0.006 22(4)=542.5,p<0.006 22(4)=4752,p<0.006
2.87 371 130 3.19 2.88 279 356 1.26 3.03 3.46 285 399 129 319 3.32 281 379 1.32 3.37 3.27
G5: (N:1024, M: L) G6: (N:1024, M: H) G7: (N:2048, M: L) G8: (N:2048, M: H)
. RN RN,F\’HW,FF RN,RW,FF Al RN,RHW,FF RN.RW.FF

W) Al ] REN TRy + REN arl
| + Pt Tt
¢

X2(4)=67.99,p<0.006 X2(4)=605.8,p<0.006 X2(4)=234.7,p<0.006 X2(4)=581.9,p<0.006
2 0 254 335 313 329 287 278 378 215 3.88 144 249 388 294 35 269 3.03 392 201 366 144

Sampling Strategy: B RN m REN B RW HRJ M FF

REN Al

nce vary depending on graph properties

22%429% 22% 28% 27%
23%131% 24%29% 29%
21% 29% 23%28% 28%
22%431% 24%28% 28%
24%439% 41% A41% 40%
25% 36% 34%36% 33%
27%45%46% 46% 47%
21%32%29%82% 29%
23% 34% 30%34% 33%
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Conclusion

» We provided the first study of how graph sampling strategies can
influence the perception of node-link visualizations
e Important visual factors: high degree nodes, cluster quality, and coverage area
« Recommendations for sampling network visualizations:

« Recommend Random Edge and Random Jump for global structure and
cluster quality

« Recommend Random Walk for perceived high degree nodes
« Use Random Node unless for specific requirements
« Random Walk and Forest Fire are modularity sensitive
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Evaluation of Graph Sampling:
A Visualization Approach
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