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Dataset Shapes?

OrangutanOrangutan A A C G T T T T -A A C G T T T T -
Gorilla Gorilla A A G G T T T  - -A A G G T T T  - -
ChimpChimp A -  G G T T T T -A -  G G T T T T -
Homo SapiensHomo Sapiens A G G A T T T T TA G G A T T T T T

•Different parallelization
strategies required

•Different search 
strategies required

Well shaped

Badly shaped

10,000 bp
30,000 – 
50,000 taxa

1,000,000 bp
100 taxa
2.25 million CPU 
Hours
110 GB of RAM
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Easy & Difficult Likelihood 
Surfaces

Rough likelihood surface:
many taxa, few bp

Smooth likelihood surface:
Few taxa, many bp

badly
shaped

well
shaped

TreesTrees
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Working Group

 WC Lead: Alexandros Stamatakis
 HPC expert: Wayne Pfeiffer at SDSC
 PhD Students (DFG): Fernando 

Izquierdo, Simon Berger, Nikos 
Alachiotis, Michael Ott

 Neighbor Joining & Approximate 
Likelihood (FastTree): Morgan Price LBNL

 Link to data assembly: Stephen Smith, 
Casey Dunn
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Strategy

 Assuming badly-shaped DNA data
 Initially, simplify, re-write, & optimize parts of 

RAxML
 Separate into three distinct parts:

1)Alignment parsing component
2)Maximum Parsimony starting tree component
3)ML component with CAT approximation of rate 

heterogeneity
 Optimize MP and ML kernels
 Improve algorithms
 De-Novo Parallelization 

                                   dependency
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MP Kernel Optimization

 Completely re-designed MP kernel
 Bit-level operations
 SSE3 operations 
 2000 taxa single gene: stepwise 

addition + a couple of SPRs: 290.5 
secs → 22.00 secs factor 13 !

 Deliverable: before Christmas
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ML Kernel Optimization

 Adapt Likelihood function to gappy 
datasets
 36K and 55K we analyzed with Stephen 

are gappy
 except for rbcL there isn't much data

 Reduce the number of FLOPs required to 
compute likelihood on a tree

 Reduce memory footprint proportional to 
sampling-induced gappyness
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Phylogenomic Alignments

Red Gene      Yellow Gene 

Sequence 1

Sequence 5

Missing Data Data
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Phylogenomic Alignments

Red Gene      Yellow Gene 

Sequence 1

Sequence 5

Missing Data Data

Gappyness of 
40%
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A Multi-Gene Model
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A Multi-Gene Model
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A Multi-Gene Model
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A Multi-Gene Model

LogLH (T) = LogLH (T|Red)
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LogLH (T) = LogLH (T|Red) +
LogLH(T|Yellow)

A Multi-Gene Model
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How to do Searches (SPRs)?

 Proof of concept SPRs
 Test dataset: 

 2177 taxa
 68 partitions
 Gappyness 89.53%
 Memory 9.0 -> 1.1 GB
 Fast SPRs: speedup 11.8
 Slow SPRs: speedup 10.6

 Deliverable 2010
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ML Search Convergence
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ML Search Convergence

Do we need to waste that 
much time (computational 

resources) for a slight 
likelihood improvement?
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ML Search Convergence

Can we stop somehow here?
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Stopping Rule

 Stop ML search if the trees generated by two 
successive SPR cycles have a RF distance < 1%

 Stephen's dataset
 9,028 bp x 37,840 taxa
 1 tree search, 16 threads
 Fast: 75 hours LnL = -5575995
 Slow: 207 hours LnL = -5575582

 Allows for reconstructing 3x more trees with the 
same amount of computational resources

 Better sampling of rough likelihood surfaces :-)
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More Results

 Thorough test:
 12 single-gene datasets 1,288 – 

4,144 taxa
 Computed 40 ML trees per dataset 

with and without convergence 
criterion

 Deliverable: Already available 



 Alexandros Stamatakis, November 2009

Likelihoods
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Speedups
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Zoom-in Zoom-out

Dimensionality reduction challenge:
Where and how to cut off?



 Alexandros Stamatakis, November 2009

RAxML v7.2.4

 New stuff:
 Methods for accurate fossil placement
 Multi-state characters
 Parallelization & optimization of operations on trees 

(consensi etc) already factor 40 via sequential 
optimization 

 Hybrid MPI/Pthreads version
 Exelixis Rapid Research Dissemination Reports:     

http://wwwkramer.in.tum.de/exelixis/publications.html
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The Non-ML World

 Pablo Goloboff TNT: 70K taxa 
Cladistics, 2009.

 NJ tree building programs (under 
integration):
 Exact NJ: Ninja, Travis J. Wheeler, 100K 

taxa 
 Approximate NJ & ML: FastTree 2.0, 

Morgan Price, 200K taxa
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Thank you for your 
Attention !

Sfakia, Crete, Greece, August 2009
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