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Graphs in the Biological Sciences

http://imgs.xkcd.com/comics/self_description.png

Ted Kushal 

Mohit 

Danny 

Ivy 

Frank 

Nezih 

friends 

friends 

friends 

brothers 

friends 

friends 

friends 

friends 

Food 
Cart 

likes 

likes likes 

Social Graph 

Bicycles 

likes likes 

likes 

Ratings Graph 

uses Ted may like 
bicycle-powered food cart 

Product Graph 

(not these)

A convenient way to represent certain 
types of data!

—

Recommender systems are 
frequently powered by a 
graph-centric analysis 
pipeline.

—

Analogous networks of information can be found in 
biology!

—
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Graphs
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Directed
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The tree representation of an RNA 	


molecule’s secondary structure

Protein co-expression 	


network in yeast



Graphs as Data Models

Bipartite

Directed

Tree

ould you represent a connectome 
as a big table?

W

maybe...

here are advantages and 
disadvantages to each!

T

ML is more than	


just algorithms!



Some Open Questions in Distributed Graph
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Distributed Frameworks & Tools

—MapReduce/Hadoop
—MPI

—Next generation



p1 p2 p3

Distributed Frameworks: MPI!

p0

{give me a shout-out}

yo yo yo

they all said, “yo.”

Messages can be…
—collective or peer-to-peer
—synchronous or asynchronous
—blocking or non-blocking



  

lame!

 

woo!

Distributed Frameworks: MPI!

—good if you’re writing a parallel library
—scalability, compatibility, and portability
—mature and well-understood
—can be quite fast

—no fault tolerance
—hard to learn
—most commonly implemented in 	


    FORTRAN, C, or C++



Distributed Frameworks: MapReduce!

 

woo!

Fault tolerant!—
No real-time processing—
Overhead for shuffling large amounts of 
data over network

—
Not super great for graphs—

Great for MRable problems—
  

lame! Batch processing—
Nodes can’t talk to each other—



Distributed Frameworks: Everyone and their elephant has one



nasa.gov

http://nasa.gov


Distributed Frameworks:

ampcamp.berkeley.edu; social.technet.microsoft.com

Interactive Streaming

Batch

One Framework!

Immutable, partitioned collections of objects 
stored in RAM across the cluster!

—

Built through lazy parallel transformations—
Automatically rebuilt on failure!—

Runs streams as small, deterministic batch jobs—

Development was motivated by lack of 
stream-processing applications

—

http://ampcamp.berkeley.edu
http://social.technet.microsoft.com


           : Some operations

val lines = spark.textFile(“hdfs://test.txt”)	


val errors = lines.filter(_.startsWith(“ERROR”))	


val messages = errors.map(_.split(‘\t’)(2))	


messages.cache()	


!
messages.filter(_.contains(“hadoop”)).count	


messages.filter(_.contains(“graphbuilder”)).count

Log Mining Example!

scales to 1TB data in 5-7s!	


(170s for on-disk data)

ampcamp.berkeley.edu

http://ampcamp.berkeley.edu
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Graph Abstractions

hyperallergic.wpengine.netdna-cdn.com

—GAS
—BSP

Expressive for graphs, to prevent 
needing to solve the same challenges 
over and over.

Not all problems are MapReducible!

Abstractions save us time and allows 
us to exploit the structure of our data!

http://hyperallergic.wpengine.netdna-cdn.com


Graph Abstractions: Bulk synchronous parallel

staff.science.uu.nl/~bisse101/Book/PSC/psc1_2.pdf; cs.duke.edu/courses/spring13/compsci590.2/slides/lec14.pdf

Generally, a model of parallel computation

Vertical and Horizontal structure

Open source version of Google’s Pregel

Vertex-centric

http://cs.duke.edu/courses/spring13/compsci590.2/slides/lec14.pdf


Graph Abstractions: Gather, apply, scatter

staff.science.uu.nl/~bisse101/Book/PSC/psc1_2.pdf; cs.duke.edu/courses/spring13/compsci590.2/slides/lec14.pdf

Exploits graph locality to achieve parallel computation

Based on BSP, but each vertex is decomposed into 
three phases

http://cs.duke.edu/courses/spring13/compsci590.2/slides/lec14.pdf
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Overview of the Graph Analytics Pipeline

Parse and 
Extract 
Words 

Create Article/ 
Word List Build Graph Query/ 

Visualize Data 
Detect Clusters 

Using LDA   

Parse Prepare graph data Basic Analysis Run LDA 

Insightful Result 



A Motivating Example: Topic Modeling the Hard Way

Bipartite

The pdfs were converted to plain text, and cleaned up.—

A bipartite graph was created in static files—

161 full text neuroscience publications were acquired (pdf).—

xkcd.com

The data set was merged and reshaped to a tab-delimited file.—
LDA (α=1, β=5, ntopics=5) was run in using the GraphLab topic modeling toolkit—

http://www.orgnet.com/alters2.gif


A Motivating Example: Topic Modeling the Hard Way

PMID
19368830
19368831
19368836
19368837
19481585
19481586
19607896
19608895
19609725

Reasonably interesting, but follow-up experiments 
would be helpful

—

So I need to re-write my software for the new use-
case?

—

probably.

PMID

Olfaction
Neuroanatomy

19368830
19368831
19368836
19368837
19481585
19481586
19607896

Learning & Memory
Hearing

Addiction

TOPIC

19608895
19609725

PMID

Olfaction
Neuroanatomy

19368830
19368831
19368836
19368837
19481585
19481586
19607896

Learning & Memory
Hearing

Addiction

TOPIC

19608895
19609725

TOKENS

Neurons
Cone
Granule cell
Pyramidal cell
Hippocampus
Hair cell
Basal Ganglia
Labeled
Receptor



Overview of the Graph Analytics Pipeline
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Parse and 
Extract 
Words 

Create Article/ 
Word List Build Graph Query/ 

Visualize Data 
Detect Clusters 

Using LDA   

Parse 

Correct Mistake 

Prepare graph data 

Correct Schema Mistake 

Correct Aggregation Mistake 

Data Validation 

Correct Dataset Mistake 

Guess LDA Settings 

Tune and rerun 

Detect bias in dataset 

http://www.contentedits.com/clientimages/1587/Allegra1small.jpg


Graph Analytics Pipeline

Data Extraction & 
Formatting

Graph Building

Graph Storage

Graph Analysis

What if there was a re-useable 
framework for graph analytics?

Hall et al., 2009; Ambert & Cohen, [2013, 2012, 2011]

What components would we include?

http://www.contentedits.com/clientimages/1587/Allegra1small.jpg


Data Extraction

Data Extraction & 
Formatting

Graph Building

Graph Storage

Graph Analysis

Goal: Obtain/extract data, convert it into a 
machine-readable, semi-structured format, & 
do any necessary pre-processing.

Relational
Database

Web Pages

An important step for getting your data 
into a format for scalable operations



Data Extraction

Data Extraction & 
Formatting

Graph Building

Graph Storage

Graph Analysis

Goal: Obtain/extract data, convert it into a 
machine-readable, semi-structured format, & 
do any necessary pre-processing.

Data scientists tend to be scripting experts 

Python, et al.—

Domain expertise leads to effective script 
development

This is not likely to change, and a self-
contained software pipeline should leverage 
this. 

e.g., Python API for text-processing.



Data Extraction

Data Extraction & 
Formatting

Graph Building

Graph Storage

Graph Analysis

Apache Pig—
Python, et al.—

Web Pages

http://4vector.com/i/free-vector-pig-clip-art_119373_Pig_clip_art_hight.png

Goal: Obtain/extract data, convert it into a 
machine-readable, semi-structured format, & 
do any necessary pre-processing.

A high-level language for executing 
“embarrassingly parallel” tasks

Example: look for a regular expression in a set 
of messages

Good for processing semi-
structured data over Hadoop

Good for filtering and 
merging data efficiently

http://4vector.com/i/free-vector-pig-clip-art_119373_Pig_clip_art_hight.png


Data Extraction

Data Extraction & 
Formatting

Graph Building

Graph Storage

Graph Analysis

Goal: Obtain/extract data, convert it into a 
machine-readable, semi-structured format, & 
do any necessary pre-processing.

Apache Pig—
Sqoop—
Python, et al.—

Relational
Database

Data transfer!

sqoop import --connect <JDBC connection string> --

table <tablename> --username <username> --password 

<password>

Can be used to populate tables in HBase
Incremental loading 



Data Extraction

Data Extraction & 
Formatting

Graph Building

Graph Storage

Graph Analysis

Goal: Obtain/extract data, convert it into a 
machine-readable, semi-structured format, & 
do any necessary pre-processing.

Apache Pig—
Sqoop—
Flume—

Python, et al.—

Specifically designed for moving large 
amounts of log files

Source consumes events from external source

Data is stored in one or more channels until it 
is consumed by the Flume sink, which puts it 
in an external repository (e.g., HDFS)



Building Graphs

Data Extraction & 
Formatting

Graph Building

Graph Storage

Graph Analysis

Goal: Take semi-structured data, and format it as 	


a graph.

To analyze with standard graph libraries, data must 
be formatted in a way they understand

—

Encompasses pre-processing, additional formatting, 
and partitioning

—



Building Graphs

Data Extraction & 
Formatting

Graph Building

Graph Storage

Graph Analysis

Goal: Take semi-structured data, and format it as 	


a graph.

<wordid> <word>
0              present
1              study
2              investigated
3              anatomical
4              distribution
5              cannabinoid-1
6              receptor
7              cb1r
8              lc
9              association
10            mu-opioid

<docid>    <wordid>    <count>
  0               0                 2
  0               4                 1
  1               2                 3
  1               1                 5
  2               2                 3
  2               3                 7

GraphBuilder

Data Store 

GraphBuilder Construction 

Graph Analytics 

Graph Traversal 
Graphical Machine Learning 

Graph Statistics — Offloads domain expertise	



— Written in Java for 
convenient integration with 
Hadoop MapReduce and 
applications	



— Apache 2.0 OS code 
available at: 	


www.01.org/graphbuilder 



Building Graphs

Extract Transform Load 

App-Speci!c 
Code 

GraphBuilder 
Library 

Graph formation from 
data source(s) 

Apply cleaning and 
transformation  

Prepare for graph 
analytics 

 
HDFS 

 

DB 

XML 
Docs 

Feature Extraction 
and Tabulation 

Graph Checks 
and Transformation 

Graph Normalization, 
Partitioning, and 

Serialization 

Data Extraction & 
Formatting

Graph Building

Graph Storage

Graph Analysis

The GraphBuilder world view



Goal: Store graph data for efficient querying.

Storing Graphs

Data Extraction & 
Formatting

Graph Building

Graph Storage

Graph Analysis

Why not use a relational database?

Graph databases provide index-free 	


adjacency

every node knows what it’s connected with!

Useful for making sequence 	


comparisons

—



Storing Graphs

Data Extraction & 
Formatting

Graph Building

Graph Storage

Graph Analysis

FlockDB—
Titan—

Storage Backend Options

ACID & eventual consistency

Can support thousands of concurrent users 
executing complex graph traversals

Scalability!

Supports property graphs
G = (V, E, λ)



Storing Graphs

Data Extraction & 
Formatting

Graph Building

Graph Storage

Graph Analysis



Storing Graphs

Data Extraction & 
Formatting

Graph Building

Graph Storage

Graph Analysis

BigTable (Google) DynamoDB (Amazon)

Hadoop Storm or Hadoop

Optimized for reads, 	


range-based scans

Excellent single-row reads, 	


selecting rows based on 	


column-value index

Easily scales horizontally Rows larger than 10’s MB	


are problematic

Pig integration Pig integration

Optimized for reads Optimized for writes



Graph Analyses

Data Extraction & 
Formatting

Graph Building

Graph Storage

Graph Analysis

Goal: Synthesize the graph data into statistics & 
conclusions.

ibm.com/developerworks/library/os-giraph/

http://www.ibm.com/developerworks/library/os-giraph/


Graph Analysis Pipeline

Data Extraction & 
Formatting

Graph Building

Graph Storage

Graph Analysis

Goal: Make graph analytics scalable and simple.

ibm.com/developerworks/library/os-giraph/

http://www.ibm.com/developerworks/library/os-giraph/


Graph Analysis Pipeline

Data Extraction & 
Formatting

Graph Building

Graph Storage

Graph Analysis

Goal: Make graph analytics scalable and simple.

ibm.com/developerworks/library/os-giraph/

Gr
ap

h 

Approach Algorithm Category Applications/Use Cases 

Loopy Belief Propagation (LBP) Structured Prediction Personalized recs, image de-noising 

Label Propagation Structured Prediction Personalized recommendations 

Alternating Least Squares (ALS) Collaborative Filtering Recommenders 

Conjugate Gradient Descent (CGD) Collaborative Filtering Recommenders 

Connected Components Graph Analytics Network manipulation, image analysis 

Latent Dirichlet Allocation (LDA) Topic Modeling Document Clustering 

Structure Attribute Clustering Network analysis, consumer seg 

K-Truss Clustering Social network analysis 

KNN* Clustering Recommenders 

Logistic Regression* Classi!cation Fraud detection 

Random Forest* Classi!cation Fraud detection, consumer seg 

Generalized Linear Model (Binomial, Poisson) Non-linear Curve Fitting Forecasting, pricing, market mix models 

Association Rule Mining Data Mining Market basket analysis, recommenders 

Frequent Pattern Mining* Data Mining Pattern Recognition 

http://www.ibm.com/developerworks/library/os-giraph/


‽


