Subsuming Methods:
Finding New Optimisation
Opportunities in OO
Software
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Performance is Important

* Cloud computing costs

e Resource constrained environments

n n n
NI AN a PN ’-'-.. it . Q ( g Q - .- G ---' ‘ l' e Vs PP b .-'-;..'(.: ‘.'." ". pex] ) N ; .
=3 3N Kb ~=gl_Sald b A | i . Q g a o . T (g \Sad o 8 A i - S s
LA B R A Tl U Lo e i B e N | ol it b e [ p | b o Do T e BT s et | WP =R ’ . B A A -y ) ) .
¢ : A AN ’ - - re LR £ 2. Sl t AT S g, N - R Lol P




ANTARCTICA

»
sirame

-
—OLU T

- ATENA

e - W)

g, -

» - rremang 0

» AN
CM
F e
h AT
. o ‘th\‘.l!
et B ANCANA
- " " v, \.}“" -
) - : v TANT AN DEwx BAr K
- ) 5 . - :
A NDO NS > T —
- - - —— .__.’
P ! N ‘ . T
_“_“': - — S A
= 3 T g — kA oo ¥ ——
" COLOspa . g < . T Imnoea ) — AN
e g WINLELOLR e | ; 5 A =

.-

N

-

TITNDI1A

-
e A ‘;u"
AN
- ‘v _"‘
A U
webe’ TF
g = UNITED STA " : - , | T

>

Y ‘O . veoQuad. . ", —
~ OF AMERIC ; [ > : o S
o wom— -l . x.:: ARANCH
- MONGOLIA 2 . L e
go e . . & Vo b AATARHSTAN A i
d P
POLANGCIRMANY

T

UNEDOM

GREENLAND




FOCUS

* |Large-scale object-oriented software
e Ubiquitous In industry

e [ate-cycle empirical performance analysis
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A ‘modern’ profiler
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Challenges of OO software

 Numerous small methods
 Heavily layered architecture
* Engineered for maintainability and reuse

n
 Reusable frameworks, more abstractions
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Hot methods - DaCapo fop
benchmark

sun.misc.FloatingDecimal.dtoa 348 6.876
java.text.DigitList.set 374 5.245
java.text.DecimalFormat.subformat 374 3.110

org.apache.fop.fo.properties.PropertyMaker.findProperty 1501 2 461




Background - Calling
Context Trees




Calling Context Ring Chart




Key ldea

e CCTs aren't just random data
* [here are patterns within the calling context tree

e iInduced by the design of the software
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Subsuming Methods




Consolidated Tree
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Subsuming Methods

e Partition the CCT into areas of related
functionality

* Induced time is very efficient to calculate

n -
Each subsuming method represents a @ »1




Subsuming Attributes

e ‘Elementary’ methods - induce a limited range of behaviour
« Approximated using height of method in CCT
 Trivial case (height = 0) - makes no method calls - a leaf method
« getters, setters, hashCode(), equals()
e ~30% of all methods are leafs ~70% have height <= 4

il Subordlnate methd Called lal a predlctable manner
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Helght and
Dominating Method Distance

E/ Height = 0

DMD = 2




ExXperimental Evaluation

 DaCapo-9.12-bach (2009) benchmark suite
e 14 different Java benchmark applications
» JP2 protiler to capture CCT profiles

1 ]
s Very consistent reprOdUC|b|e results
A7 P b LA . i N ¢ i v , 3 e - - P . s _.— : - ny PR R & P g __z',_._.




Results Summary

e Across the 14 benchmarks:
* 6.12% of all methods were subsuming
* 11.82% of nodes in the CCT were subsuming
* => subsuming methods aggregation greatly simplifies

profil_e_ informa_tion -
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https://www.cs.auckland.ac.nz/~dmap001/subsuming/

Results - Analysis Efficiency




Results - DaCapo fop
benchmark




Top Subsuming Methods -
DaCapo fop benchmark

java.text.DecimalFormat.format 0.169 13.644

org.apache.fop.fo.StaticPropertyList.get 1691 1.228 8.884




Calling Context Ring Chart




Subsuming - DaCapo fop




Subsuming - DaCapo fop
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DaCapo fop - Improvements

* Jop subsuming method - java.text.DecimalFormat.tormat
 Highly complex general purpose number tormatter

 Called 98% of the time from one location to produce a
very specific (and simple) 2 decimal place format

]
- e org.apache.xmlgraphi PSGenerator.formatDouble
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summary

e Subsuming Methods

 Empirical performance analysis approach

* Helps identity repeated patterns within a CCT profile
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Industry Case Study

e |etterboxd.com

125,700 registered members
* 3.6 million requests per day

e 54.8% reduction in CPU load
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http://letterboxd.com

User Study

e [est the effectiveness of subsuming methods
analysis in alding software engineers

 Implemented as an on-line test and
guestionnaire
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mailto:david@maplesden.co.nz

Thank you!




Related Work

e \Very broad domain (100 venues in our SLR)

* Relevant work from HPC, Compiler,
Programming Language domains

 Majority of approaches
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Systematic Mapping

* “Performance Analysis for Object-Oriented
Software: A Systematic Mapping”
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* Empirical methods focus


http://dx.doi.org/10.1109/TSE.2015.2396514

Runtime Bloat Research

e Tackle problem of excessive activity to achieve
seeming simple functionality

e Data-flow centric approaches

* Efficiency of data structures
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EXIsting Approaches

 Linetal (2010). Towards Anomaly
Comprehension: Using Structural Compression

to Navigate Profiling Call-Trees.

 Aggregation by package and class name
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