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Implementing Scientific Workflows

Method 1: Write Python/Perl/Shell script

Advantages
 Reliable and efficient
« Comprehensive programming capabilities (conditionals, loops, etc..)

Disadvantages
 Requires programming skills , especially with HPC resources
 Scripts are workflow-specific
» Costly to create, debug and modify
 Requires installing and managing tools



Implementing Scientific Workflows

Methods 2: Use of Workflow Systems

 Kepler

e Triana

e WildFire

e GenePattern
 Pegsus

e Taverna

* Galaxy Most popularin
e and many more Bioinformatics

http://en.wikipedia.org/wiki/Bioinformatics_workflow management_systems




Composing a Workflow using Galaxy
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Composing a Workflow using Galaxy

Create new workflow
and give it a name




Composing a Workflow using Galaxy
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Composing a Workflow using Galaxy
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Composing a Workflow using Galaxy
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Galaxy
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Composing a Workflow using Galaxy
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Composing a Workflow using Galaxy

Workfiow Canvas | blastn _clustaiw icoffee Options ~

Inpet Datnset =

Slmet . 4
s Clustalw "
fLan . T g
e Aot (o
(el Seguences it
}-';"‘v
Complete £ Soquentes (Tasta)
composing - =
workflow | mptsequn
TN te)

12



Composing a Workflow using Galaxy
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Composing a Workflow using Galaxy
TR TR
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Benefits of Workflow Systems

Accelerates computation

Intuitive abstract means for describing computational experiments
* Requires no programming expertise

e Easy to modify

» Hide execution details: invocation and scheduling

» Direct use of parallel architectures



Benefits of Workflow Systems

Formalize computation

« Come with library of tools or access directories
Tool accessibility

» Store experiment details (used tools, their parameters, and used data)
Reproducibility

» Share workflows with analysis history including intermediate results
Transparency

Mesirov. Science, 2010
B. Giardine, et al. Genome Research, 2005.



Implementing Scientific Workflows

Methods 2: Use of Workflow Systems

 Kepler

e Triana

e WildFire

e GenePattern
 Pegsus

e Taverna

* Galaxy Most popularin
e and many more Bioinformatics

http://en.wikipedia.org/wiki/Bioinformatics_workflow management_systems
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Composing a Workflow using Taverna

Example: Homology Workflow
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Composing a Workflow using Taverna
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Composing a Workflow using Taverna
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Composing a Workflow using Taverna
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Composing a Workflow using Taverna
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Composing a Workflow using Taverna
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Composing a Workflow using Taverna
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Composing a Workflow using Taverna
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Composing a Workflow using Taverna
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Composing a Workflow using Taverna
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Composing a Workflow using Taverna
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Composing a Workflow using Taverna
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Composing a Workflow using Taverna
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Composing a Workflow using Taverna
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Composing a Workflow using Taverna
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Composing a Workflow using Taverna
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Composing a Workflow using Taverna
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Composing a Workflow using Taverna
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Taverna vs. Galaxy

I N T

Purpose General Bioinformatics
Interface Desktop Web-interface
Usability More difficult Easy
Engine Control flow Data flow
Control constructs Yes No
Jobs Web-service Local invocation
Programs Service directory Library of tools
Use of Local HPC Threads only Threads/Cluster
Taverna Galaxy
D. Hull, et al. Nucleic Acids Research, 2006. B. Giardine, et al. Genome Research, 2005.

T. Oinn, et al. Bioinformatics, 2004.
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Integrating Taverna and Galaxy Workflows
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Tavaxy

Integrating Taverna and Galaxy Workflows

NCBI_BLAST bissin

BLAST Database

Necieotide BLAST database.

AduamcxdOptons

Hide Advanced Oplions.
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Tavaxy

A standalone workflow system based on workflow patterns
Integrates both Taverna and Galaxy workflows and improve their
performance

Easy to use and includes a large library of software tools

Exploits high performance computing resources (parallel
Infrastructure) with all details being hidden

Runs on local or cloud computing infrastructure

Optimized to handle large datasets



Tavaxy Environment

Save Workflow

tliver ipbabditidaldadeoe dtul Gt il
comuols CREREEEREIEE B E e

Execute Workflow

Auto Re-layout

Toggle Dummy B Lttt Rt AT MR BRI D WM MR SR R DI ML MSDIMAEnar N WA B NI T T B
Links

Toggle Inputs

Node

Toggle String
Constants

Properties

Homepage
Sign Out

( Inputs

Controls

(s Workflow
EMBOSS
Components S L ST M EIE S

' Metagenomics Analysis

fastx_toolkit
Fasta Utility Tools [ ocespenons. wacits sessces. oo s TR ER BRSSO EA DNT g ftiae
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Tavaxy Nodes (Processing Units)

Input_Dataset

Input node

Compare these
sequences

(input_guery)

1 againsttarget
| database
(source_select)

Tool node

parameter file
(paramFile)

1 outputt (tabular)

New in Tavaxy and not in Galaxy

e Pattern nodes, Sub-workflow nodes

 Remote execution

| Megablast ~ & |

"""""" dSwiteh .l
SRR nputt - - ... . T
,,,,, mmnz. condmen
Gumql .............. '/'ppe’
N AR SRR . P S
SubWFNo1 -
Data_Select 5. <
RS R =) input1
. LA . <) input2
N . | output1 (data)
& mum T e output2 (data)
output-- - - - - - output3 (ghta)

Iteration
Data Merge Sub-

Data Select workflow

nodes

New in Tavaxy and not in Taverna

» Easier to use interface
e Direct use of local HPC




Tools in Tavaxy

220 Tools organized in the following categories

» EMBOSS: Package of sequence analysis tools
» SAMtools: Package of scirpts and programs to handle NGS data
» Fastx: Package for manipulating fasta files

» Galaxy tools: A set of data utilities and tools developed by the galaxy team

e Taverna tools: A set of tools based on web-services based on Taverna. collection
This section includes as well a set of data manipulation utilities developed by the
taverna team.

» Tavaxy tools: This section includes extra utilities and tools for sequence analysis
and genome comparison developed/added by the Tavaxy team.

 Cloud utilities: A set of data manipulation and configuration of computing
infrastructure on the Amazon cloud.

44



NGS Mapping Tools and Databases in Tavaxy

< demo.tavaxy.org/ webui/ editor.ht
Tools e —

.MAQ » Sam Tools o v e v
e BFAST + fastx_toolkit ||

e BWA ~ NGS Mapping Tools |

.+ Bowtie ac S
icc U |- - - . - - . - .

d SEEEE ERE
BFAST B L= o e oo

no description available GBS £

Map with BWA ? i

Databases no description available 85 EEmE B
Map with Bowtie for - I TR

e Reference human genome lllumina S B E B
thG no description available SR BmE FE G

M ith Bowtie f B BN E G

* Indexed genome for MAQ, o e e HHHHL
Bowtie no description available — 1

« NCBI nucleotide/protein DBs | RS
» GalaxyTools [ ].........
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Data Patterns of Tavaxy

To facilitate execution of data-intensive tasks in cloud computing
cluster

Data Patterns

[I| EEE ) xnl z 3 [ [
A [.\,1,.., —"L“] []"1-."! }1"] A | B ] [ A | B ]
J z . 1% - -
[# =I;'1{-7l-|)5--1-—';-{xll)] ‘
A
! (A F F
Y(a,b) la,b]
B=[BAG))-BAR,)]  FIAC DA D)
(f) (g) (h) (i)
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Domenstration 1
Importing Taverna Workflow
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The 7Tavaxy Project

Single environment for integrating Galaxy and Taverna workflows:

Taverna or Galaxy workflows can be
O imported, open and re-draw in Tavaxy environment

o re-designed, delete or re-order workflow nodes
O enhanced, add new nodes and sub-workflows

O optimized,
Tavaxy concstructs can be used to exploit parallelization
remote Taverna calls can be replaced with local tools

0 and executed in Tavaxy
on local (HPC) infrastructure
on cloud
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Importing Taverna Workflow
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Imported Taverna Workflow

ol



Optimized Imported Taverna Workflow

— e e o o - - - — — — — | 1
| | : Galaxy subworkflow |
transeq b4 I Muscle Subworkflow
e | r  Tavaxy subworkflow | I ] 2 |
: =" Sequences (inputl) [~ sequences [
[ output |
| pararnetgrﬁle Merge % I outputi 3 I
| (paramFile) | (consensus|out_file) ] I
(T inputi
out_file1 (fasta) ==l | M
| g input2 I
Condition_DNA_RNA | output [y :73 I °
input1 (input1) | ClustalW &2

{Gapped)
sequence(s)

&
(inputt) prettyplot =

outputi (data)

SubWFNo1 $%

input! (inputl}

parameter file Sequence (inputl)
{paramFile) |
eEEEEeE il die

out_file (data) {paramFile)

ListUser %

output

input2 (input2)

output! (data)
output2 (data)
output3 (data)

out_file1 (png)

Is_DNA_RNA %

param (paramFile)

Output (data) fprotdist b4

sequence
| alignments (input1)

fdrawgram %

parameter file
{paramFile)

Phylip tree file

switch1 ;
(inputt)

Condition_Protein

data

__£_J—— condition

out_file (data)

parameter file
(paramFile)

i
inputi {inputi)

output? (data)
out_file (data)

J

fdrawtree ®

distances value
{input1)

Phylip tree file
(inputt)

parameter file

(paramFile) parameter file

(paramFile)

out_file (data)

Not_Protein_Sequence 3% out_file (data)

L t_treefile (data
param (paramFile) } out_trecfile (data)

Output (data)
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Idea of Integration

Workflow Patterns

A A][B] m @_

(B] (c] B) ()
(c) (d)

™ ﬁ(—T<—cuT:|:=-l

(a)

Bag of techniques

- Taverna is used as a secondary engine to execute Taverna sub-workflows

- The use of patterns as special nodes in the data-flow oriented engine

- Simulating control constructs over the data flow digraph representing the workflow
- Use of sub-workflow to enable iteration pattern
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High Performance
Cloud Computing Support



Three Modes for Supporting Cloud

* Whole system instantiation
 Delegating execution of a sub-workflow to the cloud
 Delegating execution of one tool to the cloud



User case scenario

Whole System Instantiation v Cerate c|qst
x er

Submit Jop,
Retri | d
X eve Daty ClqQu
@ x e Platform
Retrieye results (Instance Disks

EB )

[

0 Create master node —

9 Master node creates worker nodes

9 Instance disks are mounted

a _ _ _ Include Tavaxy tools
Connection to S3 is established and DBs

e Submit data, command line (and executable) and execute =



User case scenario

Sub-workflow and tool VCerate Clq
delegation X sl
x Smeit Job

Retri | d

X eve Daty ClqQu

@ x e Platform
Retrieye results (Instance Disks

EB )

|

0 Create master node

9 Master node creates worker nodes
e Instance disks are mounted

0 Connection to S3 is established

e Submit data, command line (and executable) and execute 58



Whole System Instantiation

l. Cloud-based Usage

The version of Tavaxy accessed from this page is hosted at the Amazon Cloud Computing platform. It does not run as a
multi-user system installed on a certain local infrastructure. Rather, a separate infrastructure (composed of a computer
cluster) with the whole Tavaxy system is created on the cloud for each user. That is, many users have many independent
Tavaxy systems on many independent machines.

There are two options of using Tavaxy from this web-site

1. Use of free Tavaxy system; where we take over the cost of running that version. In this mode, the computation time is
limited to two days and the cluster size is limited to 4 nodes.

2. Use of Tavaxy from another Amazon account; where the user takes over the cost of establishing the cluster and carrying
out the computation. In this case, the user is required to enter his Amazon account information to proceed in the
system. In this version, the user is free to set a cluster of any number of nodes and to let it run until computation is
over.

Start using Tavaxy on the cloud:

® Click here to start the free cloud wersion of Tavaxy (free)
® Click here to start Tavaxy from your cloud account (Pay-as-you-go)

Il. Web-server Usage

For small and medium jobs, you can use our demo server.
Demo Server: http://demo. tavaxy.org

59
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Whole System Instantiation

= € | [} tavaxy.org/myCloud/settings.html
{erox WorkCentre 7... @' Yahoo! Mail: The be.. 8 Regenesis: How Syn...

Private Key: | Choose File | No file chosen

X. 509 Certificate: | Choose File | No file chosen

Access Key ID:

Secret Access Key:
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Sub-workflow/Tool Instantiation

O DA ...
L Execute this node on
S| Local [~
"
Megablast 2| ... Cloud  |ese sequences (input_guery)
______________________________ e —— | s
Tttt s s e e e e Tool: My SubWWF Compare these oo
Ll sequences L ... against target database (source_select)
Colliiiioiioiiiiioiioiiiio || Execute this node on (DL EaY] B
A [+ TT againsttarget | - - - y1sing word size fward._size)
.............................. database S e
Colloooiiiiooiiioooiiioorr || selecteluster (source_select) I 28 -
il hd parameter file T
o :t My Sub\WF 2 SEEEIEIEET (paramFile) ... .| report hits above this identity (-p)
db [ output (tabular) DEERE ENSEUIRR
i _ Start Hew Cluster ———— a0.0
query | RSN SR
1 parsmiEibe Select a workflow - - - -
SRR [ TestsubWF L e set expectation value cutoff {-e)
T {EuE«v{:rkflmﬂ{:—utput'l:- | S Edit Workflow | ... r (evalue_cutoff)
: ::-E.:tuts_ml L 0.001
{Subworkflow|ocutput2) | .........
tputz2 Ao o000 .. . i .
?E?uf:—inrﬁl::—wl::—utputaj- 1 Promote any of the fellowing oy 0 0 0 0 0 0] Filter out low complexity regions? (-F)
---------- ~las cutput ports for this workflow ) = . . | (filter_gquery)
sy pubworkflow in other workflow. Pl
______________________________ chedk the "Promote Outputs” section
.............................. manusal.
Lo =
.............................. ourtput
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Exploiting Cloud Computing

Two steps:
1- Enter AWS credentials

2- Define your cluster

————— Region: ) US (Virginia) @ Ireland
_| Enable AWS Cloud Get Info

S3 Bucket: | eg.nubios ¥ | Create New Bucket
Security

Group: B

Key Pair: B

\ Micro Instance Y | Count: | What are these
types?

Private Key: Choose File ‘ Mo file chosen

X. 509 Certificate: | Choose File | N file chosen

Access Key ID:
Cluster Size:

Secret Access Key:

Cluster Name; |

Start....

62



Supporting Task Parallelism

|. Parallelism due to branching

e Branching in the DAG implies independent execution
* Independent jobs can run in parallel




Supporting Data Intensive Tasks

Data parallelism

e Foraninput as a list, node A can process the list items in parallel

Tavaxy Data Patterns

[Xl,oo’ XH]

d =[A(X1),..,A(Xn)]

<0 [e—| > |e—

b =[B(A(x))),...B(A(x))]

Single List

(1505 X3

[.YD--, yn]

W
A

!

a=[A((X19 .yl))’”’A((Xn9 .yn))]

Multiple List



Personalized Medicine Workflow
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Personalized Medicine Workflow
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Workflow Sktech

knownToEnsembl — nameEnsemblelD

name, strand, refUCSC,
observed, class, valid, func,
exceptions, bitfields

name,strand, tkStart txEnd,
cds5tart, cdsEnd,
exonCount, exonstarts,
exonEnds, proteiniD

Variant
analysis

Alignment

KEGGpathway

KEGGMapDesc — description

knownToRefseq




Personalized Medicine Workflow on Tavaxy

Read Mapping

________ SNP/Disease

output analysis (analysis)
reference file (ref_fies)
parameater file (paramFile )

sift (data)
polyphen (data)
maf (data)

Map_with_Bowtie_for_lllumina %2 . . .|.
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Exploiting Parallelization and Locality of Data

: r Select the reference genome or
| index from history {ownFile)

parameter file (paramFile)
FASTQ file (singlePaired.slnput1)

output (sam)

ﬂut’putlﬂdﬂx[datﬂ:l ....................... . .............. L ~
i T | ey Moo
SAehh| RRERER LB | L A, * | sift (data)
............. sorted alignment | [ [ L
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. mawlfy 0 oo A e | table (data)
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"""" outputi (data)

output analysis (analysis)
reference file (ref_fies)
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Read-Mapping with Crossbow

e Crossbow (based on EMR/Hadoop) is used to map set of
human reads to human genome.

 With this cluster, we mounted EBS volumes including the
reference human genome files (each including one
chromosome)

 Read Datasets:

— 1llumnia reads of around 13 Gbp (47 GB) from from the African
genome,

— the human genome version hgl8, build 36



Read-Mapping with Crossbow

Table 4 - Running times of Crossbow on EMR using elasticHPC.

Num Nodes Num Cores Processing Time Mapping Time Total Time Cost

Using c1 xlarge

8 G6m 7609m 835.1m $1.68
4 32 395m 258.6m 208 4m 24
o4 35.25m 121.5m 156.8m $2.88
16 128 34.1m 62.6m 96.9m $3.84
24 192 3im 46.6m 79.8m $5.76
32 256 33.0m 39.95m 73.5m $7.68
64 512 32.65m 23 6m 56.1m $7.68
Using ml xlarge
4 722m 1675.6m 1748m $2.7
4 16 40.6m 4314m 472.6m $2.88
32 37.3m 263.8m 301.1m $4.32
16 64 33.6m 05.6m 120 6m $4.32
24 96 329m 542m 8§7.1m $4.32
32 128 32.6m 51.5m 84.3m
64 256 32.8m 33.3m m $11.52
The average running times in minutes for EMR clusters of different sizes AmemaaehwreTypes in the cloud. The

machine types are c1 xlarge and m1 xlarge. A number in the column titled “Total Time" is the summation of the
pre-processing and alignment times.



Domenstration 3
Metagenomics Workflow
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NGS-based Metagenomics Study
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NGS-based Metagenomics Study

Reads %

output

output
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output4 (data)
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*
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*
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NGS-based Metagenomics Study

 The MegaBLAST program is used to annotate a set of
sequences coming from a metagenomics experiment.

o With this cluster, we mounted EBS volumes including the NCBI
NT database

o Datasets: Windshield dataset composed of two collections of
454 FLX reads:

— Trip A: 138575 (25.3 Mbp) Mb104283 (18.8 Mbp)
— Trip B:) 151000 (30.2 Mbp) 79460 (12.7 Mbp)



Bioinformatics Experiment (2)

Dataset AWS Cores
1 8 16 32 64

cl xlarge (8 cores)

1 node 1 node 2 nodes 4 nodes 8 nodes
Trip A Left 93 ($1.32) 27 (50.66) 20 ($1.32) 13 ($2.64) 9(%$5.28)
Trip A Right 127 ($1.98) 33 (50.66) 21(%1.32) 13 ($2.64) 7($5.28)
Trip B Left 80 (51.32) 25 ($0.66) 17 ($1.32) 13 (52.64) 7($5.28)
Trip B Right 65 ($1.32) 23 ($0.66) 13 ($1.32) 8 (52.64) 6(55.28

Total 365 ($4.62)\ 108 ($1.19)  71(32.64) 47 (52.64) 29($5.28)
m1 xlarge (4 cor

1 node 2 nodes 4 nodes 8 nodes 16 nodes
Trip A Left 77 ($1.28) 18 ($0.64) 13 ($2.64) 9 ($5.12) 7($10.24)
Trip A Right 119 ($1.28) 34 (50.64) 25 ($2.64) 16 ($5.12) 10($10.24)
Trip B Left 70 ($1.28) 31 (50.64) 23 ($2.64) 15 ($5.12) 9($10.24)
Trip B Right N 27 (50.64) PO T oo, TS 103
Total 331 (52.56) ) 110 ($1.28) WO
The average n rtrmres i nunutes for traditic Tiputer =15 ot differefmsrresand

machine types in the cloud. The machine types are ¢l xlarge and ml xlarge. The numbers in
brackets are the computation costs in US Dollar for the US-East site with $0.66 per hour for
cl.xlarge and $0.64 per hour for ml xlarge. (Note that partial computing hour of an mstance
15 billed on Amazon as a full hour) The cost in the column titled “Total Time™ 15 not the
summation of the above rows, but 1t 15 the cost of the total runming time 1f the four datasets in
the respective column were processed altogether in the cluster.



Conclusions and Future Work

Use of workflow systems provides flexibility and efficiency

High performance and cloud computing resources are
exploited with technical details being hidden

Future work include

— Further performance optimization for execution on local and cloud
Infrastructures.

— Supporting multiple cloud providers
— Handling larger data sizes in multi-use environment



Thanks for attention



