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“6 Degrees of Separation”

1973, Stanley Milgram, Small-world experiment
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“Tell me who your friends are
and I’ll tell you who you are”’
- BETZEE -




* Grandjean, M. (2016)
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Logistic Regression

t-Test, ANOVA
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> Boning 2 Graph Analytics
Chef's Carving
o Meat Text Analysis, NLP
CNN, RNN, GAN Cleaver 3,’222
\ ‘ D A Regression,
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Random Forest, 3 | 8 | z
XGBoost k \ | 3
- :
PCA factor
analy3|s
Bayesian
Statistics Clustering
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* Image from https://fen.wikipedia.org/wiki/PageRank
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Euler, 1753
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* source: Wikipedia _
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BiEREESingle Source Shortest Path (SSSP)
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* parent : The parent of this vertex in the shortest path from source.

01 INOIDN |O

* weight : The total weight of the shortest path from the source vertex to this particular vertex.
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PageRank (1/2)

" e PageRankXF MM BIRE A - H/AHHE Larry PageM§% ., PageRank@I1HE
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The size of each face is proportional to the total

IR1E size of the other faces which are pointing to it.
1-d PR(B) PR(C) PR(D) )
PR(A) = —— +d TR,
By ==+ (L(B) ), T -ID)

PR(A): PageRank of node A

N: the total number of Nodes

L(B): the number of Links from node B

d: damping factor (probability, at any step, that a surfer will
continue randomly clicking on links)

hifE ": ; ,.

PageRank

* source: Wikipedia
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source | destination weight
0 0 0
0 1 1
0 2 1
0 3 2
0 4 10
0 5 2
0 6 5
0 7 4
1 0 4
1 1 0
1 2 2
1 3 3
1 4 14
1 5 3
1 6 4

7 5

|

* N: The number of nodes,

— B U E LN

[ BEa A ]
src id closeness
[ o | 0.043 |
1 0.028
2 0.041
/\3./\
5
x) =
2yd(y,x)
c(0)

"TO+1+2+10+2+3+9)
=0,043

*d(y, X) : The distance between y and x node
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Type
Group

Structure

Path

Centrality

SENEEE R

Algorithms/ Measures

Weakly-Connected Component
Density

Diameter

All Pairs Shortest Path

Single Source Shortest Path
Breadth-First Search
In-Degree, Out-Degree
Closeness Centrality
PageRank

Betweenness Centrality

i}

Time Complexity
O(IVI + |EI)
O(IVI+|E[loglE)
O(IVI®)
oV
O(IVI?)

O(E + V)
O(IVI + [E])
O(IVP)
O(log(network size)/(1-damping factor))
O(|V[?log|V[+|V||E])

* |V|: TR
* |E|: RIS

o HEEHEE—MRHME
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Graph Analysis

at Scale,

parallel processing
with MADIib

on Greenplum

EEIib
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sna,
igraph,
ergm,
network

e

NetworkX,
graph-tool,
SNAP,
pygraphviz

Gephi
graphviz

@ NetMiner
B UCINET

Interactive visualization focused

INGIEE

Pivotal
Greenplum
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DATASTAX®

i
= QOrientDE
Graph DB Y
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Analytics Platform, GPDB

1 Advanced Analytics In Database

0] [ IS el e
N | | ~ e | | ‘

GRAPH

CLUSTERING CLASSIFICATION REGRESSION TEXT GEOSPATIAL IMAGE

Extended Language

S AR WBC < TR
Pivotal
Greenplum | I ) | : )
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(J Scale Out

Greenplum + MADLibBEEIBDTFEE

o HRNIRMIEEES] ( T2 H!
TR B/ F0Z0EL)
o AFJEBILE -

iIn-database

e SQL 0O

aaaaaana P e

1 MPP (Massively Parallel Processing) Architecture
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=1, In-Database 3% >

Apache MADIib: Big Data Machine Learning inmth

Open source,
top level
Apache
project

For Powerful machine
PostgreSQL @ learning, graph,
and statistics and

Greenplum analytics for data
Database scientists

e Open source
e Downloads and docs
e Wiki

https://qgithub.com/apache/madlib

http://madlib.apache.orqg/

https://cwiki.apache.org/confluence/display/MADLIB/

25


https://github.com/apache/madlib
http://madlib.apache.org/
https://cwiki.apache.org/confluence/display/MADLIB/

lib: B X E

Supervised Learning

Neural Networks

Support Vector Machines (SVM)
Conditional Random Field (CRF)
Regression Models

» Clustered Variance

+ Cox-Proportional Hazards Regression
» Elastic Net Regularization

* Generalized Linear Models

» Linear Regression

» Logistic Regression

* Marginal Effects

* Multinomial Regression

* Naive Bayes

* Ordinal Regression

* Robust Variance

Tree Methods

» Decision Tree

* Random Forest

Unsupervised Learning

Association Rules (Apriori)

Clustering (k-Means)

Principal Component Analysis (PCA)
Topic Modelling (Latent Dirichlet Allocation)

Nearest Neighbors
* k-Nearest Neighbors

Graph

All Pairs Shortest Path (APSP)
Breadth-First Search
Hyperlink-Induced Topic Search (HITS)
Average Path Length

Closeness Centrality

Graph Diameter

In-Out Degree

PageRank and Personalized PageRank
Single Source Shortest Path (SSSP)
Weakly Connected Components

Utility Functions
Columns to Vector
Conjugate Gradient

Linear Solvers

* Dense Linear Systems
* Sparse Linear Systems
Mini-Batching

PMML Export

Term Frequency for Text
Vector to Columns

Sampling
Balanced/ Random/ Stratified Sampling

Time Series Analysis
+ ARIMA

Data Types and Transformations

Array and Matrix Operations
Matrix Factorization

* Low Rank

* Singular Value Decomposition (SVD)
Norms and Distance Functions
Sparse Vectors

Encoding Categorical Variables
Path Functions

Pivot

Sessionize

Stemming

Statistics

Descriptive Statistics

* Cardinality Estimators

* Correlation and Covariance
*  Summary

Inferential Statistics

* Hypothesis Tests
Probability Functions

Model Selection
Cross Validation
Prediction Metrics
Train-Test Split
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Vertex

Vertex
Params

Pivotal
Greenplum

bt 4 —

Source | Dest Edge Edge
Vertex | Vertex | Weight | Params
0 3 1.0

1 0 5.0

1 2 3.0

2 3 8.0

3 0 3.0

3 1 2.0
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*Elih ;<45 : PageRank in MADIib

o BIEMXRMINFFTRMAER

DROP TABLE IF EXISTS vertex; DROP TABLE IF EXISTS edge; INSERT INTO edge VALUES
CREATE TABLE vertex( CREATE TABLE edge( (0,1,1), (0,2, 1), - userid 1
id INTEGER src INTEGER, (0,4,1), (1,2, 1),
); dest INTEGER, 1,3,1), (2,3, 1),
user_id INTEGER (2,5,1), (2,6, 1),
INSERT INTO vertex VALUES ) (3,0,1), (4,0, 1),
(0), DISTRIBUTED BY (user_id); (5, 6, 1), (6, 3, 1),
Q), 0,1,2),(0,2,2),--userid 2
(2), 0,4, 2),(1,2,2),
3), 1, 3,2),(2,3,2),
4), (3,0,2),(4,0,2),
(5), (5, 6, 2), (6, 3, 2);
(6);

* http://madlib.apache.org/docs/latest/group__grp__pagerank.html



*Elih ;<45 : PageRank in MADIib

o {FRAMADLIbZE—1E LiziTPageRank&E &

DROP TABLE IF EXISTS pagerank_out, pagerank_out_summary; SELECT * FROM pagerank_out
SELECT madlib.pagerank( ORDER BY pagerank DESC;
'vertex' -- Vertex table
s id' -- Vertex id id pagerank
Column integer double precision
'edge' . Edge table 1 @ @.287518161212111
, 'src=src, dest=dest' -- Comma delimited string of 2 3| 9.218171133451415
edge arguments 3 2 ©.146637377532288
, 'pagerank_out' -- Output table of RageRank 4 4] 9.162910437211324
, NULL); -- Damping factor (default 0.85) s 1| ©.102910437211324
6 6 0.0972740644343418
7 5 B.8525777229481976



*Elih example : PageRank in MADIib

e FHAMADLIbZE—NMEHNFE LiziTPageRank& &

SELECT * FROM pagerank_gr_out

DROP TABLE IF EXISTS pagerank_gr_out, pagerank_gr_out_summary;

SELECT madlib.pagerank(
‘'vertex'
,id’
, 'edge’
, 'src=src, dest=dest’
arguments
, 'pagerank_gr_out'
, NULL
, NULL
, 0.00000001
, 'user_id'

);

-- Vertex table

-- Vertex id column
-- Edge table
-- Comma delimited string of edge

-- Output table of PageRank

-- Default damping factor (0.85)
-- Default max iterations (100)
-- Threshold

-- Grouping column name

ORDER BY user_id, pagerank DESC,;

T- B - BRI - T, I PE R C R

[~ - -
B W N = O

user_id id

pagerank

integer integer double precision

1

NI I A I A N L A e A e e

@ ©.27B254883B85528
3 0.201881146678752
2 ©0.142881123468599
6 ©.114536378321472
1  0.10026745615438
4 0.10026745615438
5 9.0619115553528898
@ ©.318546250041731
3 ©0.237866867733431
Z ©.159148764893974
1 ©9.111683344379718
4 ©0.111683344379718
b ©.0396428571428571
5 8.0214285714285714

PageRank
of userid 1

PageRank
of user id 2

30



*Elib ;<45 : PageRank in MADIib

PageRank 4 #EM iz

(IMs) 6.0

5.0

(10K 5)4.0

3.0

log (run time) in sec

(100s) 2.0

1006

3.0 4.0 5.0 6.0 7.0 8.0
(1K) (10K) (100K) (M) (10M) (100M)

log (num vertices)
* Note: log-log scale

Greenplum E£EHIE
e 1 master
e 4 segment hosts with 6
segments per host
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Ex. times: increasing vertices & edges

w—t=Greenplum® =s=Hadoop* =w=Neod)**
* 120 computers **1 computer

o

238k

Time (minutes)

o 8

Graphl0 Graph20 Graph30 Graph40 GraphS0

* source: F.d.S.Fernandoes, E.J.H.Yero, ‘Parallel relational databases for diameter calculation of large graphs’, 2016,
http://worldcomp-proceedings.com/proc/p2016/PDP3821.pdf
32
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GREENPLUM
DATABASE

FIEMA Greenplum EARIFICE:

iSEFE
RILIT 5 GreenplumsX#t[X : greenplum.cn
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