White-box Analysis for Modeling
and Debugging the Performance
of Configurable Systems

Thesis Proposal

Miguel Velez



Most software iIs
configurable
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Design decisions affect functionality and quality
attributes



Different Users Have Different Needs




O

N\ 4

O O

N\ £ \ £
8 o )

Configuration: = Configuration: Configuration: [%

Por
" off
4
) "'
-
U .
s 0
14
NN
.l 10

= = ), \.
1 0 S

Indexing Encryption Compression Logging

Core functionality

< - = o ~ v s at P - - e - 2 -~ - -~y -
~g - 5 & ‘ . -goal. Al ‘Ao LY ¥y - &Y o e
4 P SOe &7 e -2 | ¥ & 4 O V&
. . ‘Q - =8 'y 8 2 f\ . v d .._p"
P - - . ! g . . _ﬂ,«<

M B £ "”_-
B SO



Developers Implement a Single System
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Cassandra has 170 options




cd ~ Blog Documentation ¥ Plugins Community ¥ Subprojects ¥ About ¥ English ~ Download

Jenkins

Build great things at any scale

Thallcgms en Sourc t@mnation
as 186 options

plugins to support building, deploying

and automating any project.




Kafka’'s Broker has 208 options
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: 8000

: "=Xmx128m"
: 10080
: IlAlll
: 4096
: 2048
: null
: 3772
: 64
: 1048576
: 128
+ 3773
: 64
: 600
: "'=Xmx768m"
: 3774
S |
: IIJKSII

: org.apache.storm.security.auth.DefaultHttpCredentialsPlugin
: "drpc-auth-acl.yaml"
: false

+ "/transactional"
: null
: null

: ""org.apache.storm.blobstore.NimbusBlobStore"
xR
: 3
: 10240
: 600000

: "org.apache.storm.blobstore.LocalFsBlobStore"
: 600

: 65536

: "org.apache.storm.blobstore.NimbusBlobStore"
. 2




Challenging to understand how options
affect functionality and quality attributes In
exponentially large configuration spaces
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Performance Execution time

Energy consumption Operational costs
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User

-

Developer

* Make tradeoff decisions

* Answer what-if questions

* Run system efficiently

 Satisfy their needs and requirements

* Design, implement, and maintain efficient software
* Debug surprising performance behavior
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Configuration space problem

Describe performance in exponentially
large configuration spaces



Optimization



Optimization

Reduces:
Execution time
Energy consumption

Operational cost
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— — help?

— — version?
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e Make informed tradeoff
decisions
* Run systems efficiently

*Debug surprising
behavior

* Develop and maintain
efficient software
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Indexing

TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
FALSE

Encryption

FALSE
FALSE
FALSE
FALSE
TRUE
TRUE
TRUE
TRUE
FALSE

Brute-force Approach

Compression

FALSE
FALSE
TRUE
TRUE
FALSE
FALSE
TRUE
TRUE
FALSE

Wole[e]lgle

FALSE
TRUE
FALSE
TRUE
FALSE
TRUE
FALSE
TRUE
FALSE

25
34
28
37
20
29
23
32
25
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Exponentially large configuration spaces




Performance-Influence Models

T = 25
+ 3-Logging
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Sparse linear models

Neural networks

Decision trees/
Random forests
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Useful for:

Making predictions
Understanding effect of options
Making tradeoff decisions




T

= 25

+ e T,O0aa1nNcC
- 5+:Indexing
+ 9-.-Compressd

23 seconds

28 seconds

20 seconds
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23 seconds

T = 25

+ e T,O0aa1nNcC
- 5+:Indexing
+ 9-.-Compressd

28 seconds

20 seconds

T 25

34 seconds

20 seconds
Developer
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Black-box Approaches
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Black-box Approaches

Select
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Black-box Approaches

Select Measure
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Black-box Approaches

Select Measure
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Black-box Approaches

Select Measure
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T = 25
+ 3-Logging
- 5<Indexing
+ 9<Compression-*Encryption

Indexing Encryption Compression Logging

TRUE FALSE FALSE FALSE 20
TRUE FALSE FALSE TRUE 23
TRUE FALSE TRUE FALSE 20
TRUE FALSE TRUE TRUE 23
TRUE TRUE FALSE FALSE 20
TRUE TRUE FALSE TRUE 23
TRUE TRUE TRUE FALSE 29
TRUE TRUE TRUE TRUE 32
FALSE FALSE FALSE FALSE 25
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Indexing
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE

TRUE
TRUE

FALSE

Encryption
FALSE
FALSE
FALSE
FALSE
TRUE
TRUE

TRUE
TRUE

FALSE

25

+ 3-Logging

- 5<Indexing

+ 9<Compression-*Encryption

Compression  Logging

FALSE FALSE
FALSE TRUE

TRUE FALSE

TRUE TRUE

FALSE FALSE

FALSE TRUE

TRUE FALSE

TRUE TRUE

FALSE FALSE

20
23
20
23

29
32

25
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Might explore irrelevant interactions



T = 2
+ 3-Logging
- J°+*Indexing

+ 9<Compression-*Encryption

Indexing Encryption Compression Logging

TRUE FALSE FALSE FALSE . 20
TRUE FALSE TRUE FALSE 20
TRUE
TRUE TRUE FALSE FALSE 20
TRUE TRUE TRUE FALSE 29
TRUE TRUE TRUE TRUE 32

FALSE FALSE FALSE FALSE . 25



Might miss relevant performance
Interactions



Indexing
TRUE
TRUE
TRUE
TRUE
TRUE

Encryption
FALSE
FALSE
FALSE
FALSE

TRUE
TRUE

TRUE
TRUE

FALSE

25
+ 3-Logging

+ 9<Compression*Encryption

Compression  Logging

FALSE FALSE
FALSE TRUE

TRUE FALSE

TRUE TRUE

FALSE FALSE

FALSE TRUE

TRUE FALSE

TRUE TRUE

FALSE FALSE

20
23
20
23

29
32

25
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Tradeoff between learning algorithm and
accuracy




*Equal number
of samples

Error

Learning type
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*Equal number
of samples

Error

25

+ 3-+Logging
- 5+.Indexing
+ 9<Compression-*Encryption
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Accurate predictions



Accurate predictions

Understanding and debugging




Inherently interpretable

Not inherently interpretable

T

= 25

+ 3-Logging
- 5+Indexing

+ 9-<Compression-+Encryption
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‘-----

T=25
+ 3 - Logging
- 5 - Caching - Interrupt
+ 9 - Sequential

e Make informed tradeoff
decisions
* Run systems efficiently

*Debug surprising
behavior

* Develop and maintain
efficient software
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T = 25
+ 3-Logging
- 5+.Indexing
+ 9-<Compression-+Encryption




T = 25
+ 3-Logging
- 5+.Indexing
+ 9-<Compression-+Encryption




Make trade off decisions

Performance Execution time

Energy consumption Operational costs
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Fncryption

Developer
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Thesis Statement

White-box analysis of how options influence the
performance of code-level structures in configurable systems:

(1) helps to efficiently build accurate and interpretable
global and local performance-influence models

(2) guides developers to inspect, understand, and debug
configuration-related performance behaviors.
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Thesis Statement

White-box analysis of how options influence the
performance of code-level structures in configurable systems:
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global and local performance-influence models

(2) guides developers to inspect, understand, and debug
configuration-related performance behaviors.
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But why
white-box?




{72~ Insights

Not all options tend to affect the
performance for all workloads

Few options tend to interact in configurable
systems




\ 7
3@~ Insight!

Performance in configurable systems tends
to change at control-flow statements



| Project @ — o — ImageHandler.java WorkerHandler.java EScalingAlgorithm.java ™ De
> M pictures ImageHandler(Arguments args) - = args
> M scripts
v M src @) List<File> saveToFile(
v Il main File targetFile, LoadedImage imageData, Dimension targe
v java Exception {

* Bl atfovook doonve A GUIDE TO SYSTEMATIC DEBUGGING

| arg ® List<File> files = ArrayList<>( )

v [l converters 64 & List<ImageType.ECompression> compressionList = getScalingAlgonthm(Type): EScalin
> M descriptors Arguments.getOutCompressionForType( getScalingType(Loadedimage, Dime
> [ postprocessing : Arguments.getImageType (imageData.getSourceFile())) saveloFile(File, Loadedimage, Dime
v scaling (ImageType.ECompression compression : compressionList) { h scale(ScaleAlgornithm, Bufferedimac

ImageHand| File imageFile = File( targetFile.getAbsolutePath() + + compression. ' args: Arguments

NaiveGraphi §) & DEFAULT_COLOR: Color = Color.wh
Progressive, (imageFile.exists() && : ) { 5 OP_ANTIALIAS: ConvolveOp = new
ResampleAl N TEST_MODE: boolean = false
ScaleAlgorit } 5 traceMap: Map<ScaleAlgorithm, Lo
Thumbnailn;
AndroidConver List<ScaleAlgorithm> algorithms =
APlatformConv getScaleAlgorithm(
ConverterCallb getScalingAlgorithm(getScalingType(imageData, targetDimension))
IOSConverter natSeal inaTvnal imanaNata tarocetNimencinn))
Debug: [=l Convert a —
s Debugger E% Console == — vy vy L 4 T = =,
Frames Variables Memory Overhead Coroutines
"pool-1... RUNNING v J Y + ¥V =this= x
: v args = "Arguments{src=./pictures/person.jpg, dst=./output, scale=1.0, platform=[ANDRO
saveloFile:64, ImageHandler (at.favre.to o o , _ Class Count Diff w
, SIc = Jpictures/person.|pg
convertimage:180, APlatformConverter 4 . ,
, ? ast = Joutput
convert:101, APlatformConverter .
scale = 1.0
VA run:107, WorkerHandler$Worker P , A
= ’ platform = size = 1
0| > % outputCompressionMode = "AS_JPG'

"FACTOR'

scaleMode =

n O livn v A L nd s

Debugging requires analyzing the

Implementation
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White-box Performance Modeling
of Configurable Systems

© Modeling
Global Local

*Debug surprising
behavior

e Develop and maintain
efficient software

1
|
|
|
i
|
i
|
|
i

Developer

Understand how options affect performance




1
2
3
4
5
6
7}
8

9
10
11

12 }

def main() {

boolean
boolean
boolean

a = getOpt("Caching");
b = getOpt("Interrupt”);
c = getOpt("'Sequential”);

process(a, b);

1f(x)

convert(y);

// execution time:

13 def convert(boolean x) {

14
15
16
17
18 )

1f(x)

else

// execution time:

// execution time:

def process(boolean x, boolean y) {

5 seconds

3 seconds

2 seconds

/3



1 detf

2 boolean a getOpt ( "Caching");

3 boolean b getOpt ("Interrupt"); h Load options
4 boolean c getOpt("Sequential”);

5

6 process(a, b);

7}

8 def process(boolean x, boolean y) {

9 1f(x)
10 convert(y);
11 // execution time: 5 seconds
12 }
13 def convert(boolean x) {
14 1f(x)
15 // execution time: 3 seconds
16 else
17 // execution time: 2 seconds
18 }
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def main() {
boolean
boolea
boolea

a = getOpt("Caching");
Wyttt P —  Propagate options

c = getOpt("'Sequential”);

process(a, b);

}

def process(boo X, boolean y) {
: if(XW

10 C t(y):

1
2
3
4
5
6
7
8

11 ... // execution time: 5 seconds
12 1}

13 def convert(boolean x) {

14 1f(x)

15 ... // execution time: 3 seconds
16 else

17 ... // execution time: 2 seconds

18 )



1 def main() {

2 boolean a = getOpt("'Caching");

3 boolean b = getOpt("'Interrupt”);

4 boolean ¢ = getOpt("'Sequential”);

5

6 process(a, b);

7}

8 def process(boolean x, boolean y) {

9
10 conwver
11 // execution seconds
12 }
13 def cgnyeri(boolean x) ({
14 ﬁ Use options
15 ... // execution time: 3 seconds
16 else
17 ... // execution time: 2 seconds

18 }



1
2
3
4
5
6
7}
8

9
10
11

12 }

def main() {

boolean
boolean
boolean

a = getOpt("Caching");
b = getOpt("Interrupt”);
c = getOpt("'Sequential”);

process(a, b);

1f(x)

convert(y);

// execution time:

13 def convert(boolean x) {

14
15
16
17
18 )

1f(x)

else

// execution time:

// execution time:

def process(boolean x, boolean y) {

5 seconds

3 seconds

2 seconds
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Our insights!

Compositionality Compression




Compositionality

Performance-influence models can be built by composing
models built iIndependently for smaller regions of code

Performance-Influence Model

Decompose Compose

Measure Regions

||| Region |||Local Performance-Influence Model
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Compositionality

Performance-influence models can be built by composing
models built iIndependently for smaller regions of code

Measure System
SyStem ®© © ©¢ o ©o 0o ¢ 06 06 0606 0 0 0 0 0 0 0 o

Decompose

easure Regions

||| Region

- » » P Performance-Influence Model

Compose

|||Local Performance-Influence Model
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Compositionality

Performance-influence models can be built by composing
models built iIndependently for smaller regions of code

Measure System

Decompose

Measure Regions

||| Region

» » « ‘| Performance-Influence Model

Compose

|||Local Performance-Influence Model
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2
3
4
5
6
7}
8

9
10
11

12 }

def main() {

boolean
boolean
boolean

a = getOpt("Caching");
b = getOpt("Interrupt”);
c = getOpt("'Sequential”);

process(a, b);

1f(x)

convert(y);

// execution time:

13 def convert(boolean x) {

14
15
16
17
18 )

1f(x)

else

// execution time:

// execution time:

def process(boolean x, boolean y) {

5 seconds

3 seconds

2 seconds
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1 def main() {

2 boolean a = getOpt("Caching");

3 boolean b = getOpt("Interrupt");

4 boolean ¢ = getOpt("'Sequential");

5

6 process(a, b);

7}

8 def process(boolean x, boolean y) {

9 1f(x)
10 convert(y);
11 ... // execution time: 5 seconds
12 }
13 def convert(boolean x) {
14 1f(x)
15 ... // execution time: 3 seconds
16 else
17 ... // execution time: 2 seconds
18 }
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def main() {
boolean a = getOpt("Caching");
boolean b = getOpt("Interrupt");
boolean c getOpt ( "Sequential”);

1
2
3
4
5
6 process(a, b);
7

8

; Caching Time
def process(boolean x, boolean y) {
. . . TRUE
9 if(x) // region depends on Caching
10 convert(y); FALSE
11 ... // execution time: 5 seconds
12 1}
13 def convert(boolean x) {
14 if(x) // region depends on Interrupt
15 ... // execution time: 3 seconds
16 else
17 ... // execution time: 2 seconds

18 )



def main() {
boolean a = getOpt("Caching");
boolean b = getOpt("Interrupt");
boolean c getOpt ( "Sequential”);

1
2
3
4
5
6 process(a, b);
7

8

; Caching Time
def process(boolean x, boolean y) {
. . . TRUE 5
9 if(x) // region depends on Caching
10 convert(y); FALSE
11 ... // execution time: 5 seconds
12 1}
13 def convert(boolean x) {
14 if(x) // region depends on Interrupt
15 ... // execution time: 3 seconds
16 else
17 ... // execution time: 2 seconds

18 )



def main() {
boolean a = getOpt("Caching");
boolean b = getOpt("Interrupt");
boolean c getOpt ( "Sequential”);

1
2
3
4
5
6 process(a, b);
7

8

; Caching Time
def process(boolean x, boolean y) {
. . . TRUE 5
9 if(x) // region depends on Caching
10 convert(y); FALSE O
11 ... // execution time: 5 seconds
12 1}
13 def convert(boolean x) {
14 if(x) // region depends on Interrupt
15 ... // execution time: 3 seconds
16 else
17 ... // execution time: 2 seconds

18 )



def main() {
boolean a = getOpt("Caching");
boolean b = getOpt("Interrupt");
boolean c getOpt ( "Sequential”);

1
2
3
4
5
6 process(a, b);
7

8

; Caching Time
def process(boolean x, boolean y) {
. . . TRUE 5

9 if(x) // region depends on Caching
10 convert(y); FALSE O
11 ... // execution time: 5 seconds
].2 } Tprocess — 5'CaChing
13 def convert(boolean x) {
14 if(x) // region depends on Interrupt
15 ... // execution time: 3 seconds
16 else
17 ... // execution time: 2 seconds

18 )



1 def main() {

2 boolean a = getOpt("Caching");

3 boolean b = getOpt("Interrupt");

4 boolean ¢ = getOpt("'Sequential");

5

6 process(a, b);

7}

8 def process(boolean x, boolean y) {

9 if(x) // region depends on Caching
10 convert(y); Torocess = 5+Caching
11 ... // execution time: 5 seconds
12 }

13 def convert(boolean x) {

14 if(x) // region depends on Interrupt
15 ... // execution time: 3 seconds
16 else

17 ... // execution time: 2 seconds

18 )



1 def main() {

2 boolean a = getOpt("Caching");

3 boolean b = getOpt("Interrupt");

4 boolean ¢ = getOpt("'Sequential");

5

6 process(a, b);

7}

8 def process(boolean x, boolean y) {

9 if(x) // region depends on Caching
10 convert(y);
11 ... // execution time: 5 seconds
12 }
13 def convert(boolean x) {
14 if(x) // region depends on Interrupt
15 ... // execution time: 3 seconds
16 else
17 ... // execution time: 2 seconds
18 }

Tprocess — 5'CaChil‘lg

Caching Interrupt Time
TRUE TRUE 3
TRUE FALSE 2

Tconvert — 2°CaChing
+ 1l-Caching-+*Interrupt
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1
2
3
4
5
6
7}
8

9
10
11

12 }

def main() {

boolean a = getOpt("'Caching");

boolean
boolean c

process(a, b);

def process(boolean x, boolean y) {
if(x) // region depends on Caching

convert(y);
// execution time:

13 def convert(boolean x) {

14
15
16
17
18 )

if(x) // region depends on Interrupt

else

// execution time:

// execution time:

b = getOpt("Interrupt”);
getOpt("Sequential”);

5 seconds

3 seconds

2 seconds

Tprocess - 5'CaChing

Tconvert — 2°CaChing
+ l<Caching-*Interrupt
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1 def main() {

2 boolean a = getOpt("Caching");

3 boolean b = getOpt("Interrupt"); C T I'
4 boolean ¢ = getOpt("'Sequential"); OmpOSItIOna Ity
5

6 process(a, b);

7}

8 def process(boolean x, boolean y) {

9 if(x) // region depends on Caching
10 convert(y); Torocess = 5+Caching
11 ... // execution time: 5 seconds
12 }
13 def convert(boolean x) {
14 if(x) // region depends on Interrupt
15 ... // execution time: 3 seconds Tconvert = 2°Caching
16 else + l<Caching-*Interrupt
17 ... // execution time: 2 seconds
18 }
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1 def main() {

2 boolean a = getOpt("Caching");

3 boolean b = getOpt("Interrupt"); C T I'
4 boolean ¢ = getOpt("'Sequential"); ompOSItIOna Ity
5

6 process(a, b);

7}

8 def process(boolean x, boolean y) {

9 if(x) // region depends on Caching
10 convert(y); Torocess = 5+Caching
11 ... // execution time: 5 seconds
12 }
13 def convert(boolean x) {
14 if(x) // region depends on Interrupt
15 ... // execution time: 3 seconds Tconvert = 2°Caching
16 else + l<Caching-*Interrupt
17 ... // execution time: 2 seconds
18 }

T = 7+-Caching + 1-Caching-*Interrupt 94




Insight!

Few options tend to interact in smaller
regions



Our insights!

Compositionality Compression




Compression

ﬁc:lrlrt\_prles_sion allow us to simultaneously explore paths in
Iiple independent regions with a few configurations
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Compression

Caching Interrupt Sequential

1 def main() {
2 boolean a = getOpt(“Caching");
3 boolean b = getOpt( ' Interrupt”);
4 boolean ¢ = getOpt('"Sequential");
5 Caching Time
6 if(a) // variable depends on Caching TRUE
7 // execution time: 1 second
FALSE

Interrupt  Time

8 if(b) // variable depends on Interrupt TRUE
9 ... // execution time: 2 seconds CALSE
| | Sequential Time
10 if(c) // variable depends on Sequential
. . TRUE
11 ... // execution time: 3 seconds

12 } FALSE



Compression

Caching Interrupt Sequential
FALSE FALSE FALSE

1 def main() {

2 boolean a = getOpt(“Caching");

3 boolean b = getOpt("'Interrupt”);

4 boolean ¢ = getOpt("'Sequential");

5
6 if(a) // variable depends on Caching TRUE

7 // execution time: 1 second

FALSE 0

Interrupt  Time

oo

if(b) // variable depends on Interrupt

9 // ti ti 2 d TRUE
e execution time: seconds CALSE 0
| | Sequential Time
10 if(c) // variable depends on Sequential
. . TRUE
11 ... // execution time: 3 seconds

Ll LlL]

12 3 FALSE 0



Compression

Caching Interrupt Sequential
FALSE FALSE FALSE
TRUE TRUE TRUE

1 def main() {

2 boolean a = getOpt(“Caching");

3 boolean b = getOpt( ' Interrupt”);

4 boolean ¢ = getOpt("'Sequential");

5
6 if(a) // variable depends on Caching TRUE 1

7 // execution time: 1 second

FALSE 0

Interrupt  Time

oo

if(b) // variable depends on Interrupt

9 // ti ti 2 d TRUE °
‘e execution time: seconds CALSE 0
| | Sequential Time
10 if(c) // variable depends on Sequential TRUE 3
11 ... // execution time: 3 seconds

Ll LlL]

12 3 FALSE 0
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Insight!

Few different options tend to interact in
different regions




Compositionality Compression

~ r

"N Our insights!

—
v

Measure System

Cachin Interrupt Sequential
System W cesecsscceccecceeceece P Parformance-Influence Model : S

FALSE FALSE  FALSE

???? TRUE TRUE TRUE
: Decompose Compose : : : : 1 def main() {
! T 2 boolean a = getOpt(“Caching”);
V Measure Regions P 3 boolean b = getOpt("Interru]:?t");
S TP TP PP NP P ey —— 5 4 boolean ¢ = getOpt("Sequential");
T rrrreessssssssessnsssss - 5 . I!ﬁiiﬂilllﬁii!l
WReglon ZZZZZZZZZZZZZZZZZZZIZZZZZZIZZZZZZIZZZZZZIZZIZ?“Loca' Performance-Influence Model 6 if(a) // variable depends on Caching TRUE : "
7 . // execution time: 1 second FALSE 0

Interrupt  Time

o 0)

if(b) // variable depends on Interrupt

L Ll

, , TRUE 2
9 ... // execution time: 2 seconds FALSE 0
Sequential Time
10 if(c) // variable depends on Sequential TRUE 3
11 ... // execution time: 3 seconds



Taint Analysis



def main() {
boolean a = getOpt("'Caching");
boolean b = getOpt("'Interrupt”);
boolean ¢ = getOpt("'Sequential”);

Sources

process(a, b);
}
def process(boolean x, boolean y) {
9 1f(x)
10 convert(y);
11 ... // execution time: 5 se
12 }
13 def convert(
14 1f(x)
15 ... // execution time: 3 seconds
16 else
17 ... // execution time: 2 seconds
18 )

1
2
3
4
5
6
7
8

Sinks
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Caching

1 def main() { r\ h Propagate taints
2 boolean a = getOpt( Caching");

3 boole b = getOpt("Interrupt”);

4 booledn ¢ = getOpt("'Sequential”);

5 Caching

6 process(a, b);

7 } Caching

8 def process(boole X, boolean y) {

9 if(x) Caching
10 convert(y);
11 ... // execution time: 5 seconds
12 }
13 def convert(boolean x) {
14 1f(x)
15 ... // execution time: 3 seconds
16 else
17 ... // execution time: 2 seconds
18 }
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Caching

1 def main() { r\

2 boolean a = getOpt( Caching");

3 boole b = getOpt("Interrupt”);

4 booledn ¢ = getOpt("'Sequential”);

5 Caching

6 process(a, b);

7 } Caching

8 def process(boole X, boolean y) {

9 if(x) Caching
10 convert(y); Caching
11 ... // execution time: 5 seconds
o w
13 def convert(boolean x) {
14 if (%) Influencing options
15 ... // execution time: 3 seconds
16 else
17 ... // execution time: 2 seconds
18 }

106



Caching

1 def main() { r\

2 boolean a = getOpt( Caching");

3 boole b = getOpt("Interrupt”);

4 boolegn ¢ = getOpt("'Sequential”);

5 Caching

6 process(a, b);

7 } Caching

8 def process(boole X, boolean y) {

9 1£(x) Caching
10 convert(y); TRUE
11 ... // execution time: 5 seconds FALSE
12 }
13 def convert(boolean x) {
14 1f(x)
15 ... // execution time: 3 seconds
16 else Configurations to measure
17 ... // execution time: 2 seconds
18 }
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Caching

1 def main() { r\

2 boolean a = getOpt( Caching");

3 boole b = getOpt("Interrupt");
4 booledn ¢ = getOpt('"Sequential’);
5 Caching

6 process(a, b);

7 } Caching

8 def process(boole X, boolean y) {

9 if(X)‘—/ Caching
10  \eanzerpey) ;
11 Cachin ceo // ecution time: 5 seconds h Tracking implicit flows

12 } Caching
13 def convert(boolean

) 1

14 if(x Caching

15 ... // execution time: 3 seconds
16 else

17 ... // execution time: 2 seconds
18 }
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Caching

def main() { r\

boolean a getOpt ("Caching");

Analyze Regions

boole b = getOpt("Interrupt");
boole c = getOpt("Sequential");
Caching

process(a, b);

o ~JoyUl b WN -

} Caching
def process(boole X, boolean y) {
9 if(x) Caching
10 . );
11 Caching eeos // ecution time: 5 seconds
12 } Caching
- - 13 def convert(boolean™x) {
aint Analysis o g
15 ... // execution time: 3 seconds
16 else

. // execution time: 2 seconds

Caching Interrupt Sequential
FALSE FALSE FALSE
TRUE TRUE TRUE

Measure Performance

1 def main() {
2 boolean a = getOpt(“Caching");
3 boolean b = getOpt("Interrupt");
4 boolean c = getOpt("Sequential");
> .o Caching  Time
6 if(a) // variable depends on Caching TRUE 1
7 . // execution time: 1 second FALSE 0
u Interrupt Time
8 if(b) // variable depends on Interrupt TRUE 2
9 ... // execution time: 2 seconds FALSE 0
Sequential Time
10 if(c) // variable depends on Sequential TRUE 3
11 ... // execution time: 3 seconds
FALSE 0

Build Model

Measure System
System [seccccccecscceseesee P Performance-Influence Model

YV

Decompose Compose

Measure Regions

Reglon b e e e e e e e e e e A Local Performance_lnﬂuence Model
----------------------------------------------’ 109

Compositionality




ConfigCrusher Comprex

ASEJ’20 Under submission
Static Taint Analysis (Iterative) Dynamic Taint Analysis
Regions: Control-flow Regions: Methods

statements
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Both prototypes efficiently build accurate
and interpretable models

Dynamic taint analysis scales to larger
systems

Method-level granularity does not
sacrifices compression potential




Evaluation

ConfigCrusher Comprex

ASEJ’20 Under submission

32 combinations of sampling and machine learning approaches
13 open-source Java systems

Evaluate cost, accuracy, interpretability

112



Subject systems

System # SLOC # Options # Configurations
Pngtastic Counter 1250 5 32
Pngtastic Optimizer 2553 5 32
Elevator 575 0 20
Grep 2152 7 128
Kanzi 20K 7/ 128
Email 696 9 40
Prevayler 1328 9 512
Sort 2163 12 4096
H2 142K 16 65K
Berkeley DB 164K 16 65K
Apache Lucene 396K 17 131K
Density Converter 49K 22 4.9M
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Density Converter

22 options, 4.9 million configurations

. 200 Random & Stepwise 200 Random &
Metric . . Comprex
Linear Regression Random Forest
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Density Converter

22 options, 4.9 million configurations

200 Random & Stepwise 200 Random &

Metric Linear Regression Random Forest

Comprex

# Configurations 200 200 88

Measuring time 40.4 minutes 40.4 minutes 16.6 minutes
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Density Converter

22 options, 4.9 million configurations

200 Random & Stepwise 200 Random &

Metric Linear Regression Random Forest Comprex
# Configurations 200 200 88
Measuring time 40.4 minutes 40.4 minutes 16.6 minutes

Learning/Analysis Time 1.6 minutes 0.2 seconds 8.5 minutes
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Density Converter

22 options, 4.9 million configurations

Metric

200 Random & Stepwise
Linear Regression

200 Random &
Random Forest

# Configurations
Measuring time
Learning/Analysis Time

MAPE (lower Is better)

200
40.4 minutes

1.6 minutes

434.5

200

Comprex

88

40.4 minutes 16.6 minutes

0.2 seconds

9.9

8.5 minutes

9.4
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Efficient and accurate predictions




Density Converter

22 options, 4.9 million configurations

200 Random & Stepwise 200 Random &

Metric Linear Regression Random Forest Comprex
# Configurations 200 200 88
Measuring time 40.4 minutes 40.4 minutes 16.6 minutes
Learning/Analysis Time 1.6 minutes 0.2 seconds 8.5 minutes
MAPE (lower is better) 434.5 5.5 9.4

Interpretability Easy Difficult Easy
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Inherently interpretable

Not inherently interpretable

T

= 25

+ 3-Loggling
- 5<Indexing

+ 9-<Compression-*Encryption

er gy

v, 3 \V 2 S ST /

N2 \NT@ 7/ N <7

N 7 » e, () NN \‘ <7 /M

W\ O i 25 /“\\ S N Tk 4“\\ QN Y ALY

N H DRSO NS S X

Y a8 4 BN NS M L W Wy W ,", /s

2R O HET K 5z L .\.‘}o ol V7 LR, R N \
NSO T \RESCZT — \RXCA AT N

/l\\ x/

el ) /’
Sl e ey o
./4\\‘.$‘:\~7_&"4'T¢:. A S

2
RO e ’,:o’: - N
NSRRI A7

BT 0

SRR R
\\0'0“0"'.0 EIT 74

o
RAEL 508

X
PRSI oL A
£ R PR ST

- 3 O
SRR RS NN

/i aN N
Y AN
v‘l’ -y

0 :
7 A LT ATNATON AT WA Y X \ T O P
(X ROECONK R R IS X ,':':‘:-' Q':'. :‘v"o“?'.‘:.:::( /l '.‘%0::\
L PNEK ‘9§ //‘,-,o. O 0 '.\.0§ //‘.,0» 0 PCHORAN 7 LA
ey L TAN L S 2y ViAo 2o 80 VAT 2 7957
LA W N 4,$ 29,0 .\‘3 X ‘\;. .4,; AN .\_‘.; 2 ‘\\". _41/1/’ ’.:.- &
/ ~ d TR -y, TR Sed
228 » ARG RN A RN AT 7N
RIS

d LTSNS R DO
CHRSSNA\ L L

» A
2. X R MY I AL N ‘ '

> v, AP0 0 N -/, >, v = — -, 2 =
SN DT NI TN
FZZX NN % N . 111'5“?\\\\
. 177 2SN ‘\\§

N

77
’ /7/"' SO

» .

7, AR
O TAS VN
Z

Q

7,
7
N,

120



Efficient and accurate predictions

Understanding and debugging




Efficiently build accurate performance-
Influence models



Efficiently build accurate performance-
Influence models

Models are interpretable and can be
mapped to regions



Proposed Work

Analyze all subject systems with both prototypes

Compare both prototypes to all state of the art approaches



White-box Performance Modeling
of Configurable Systems

© Modeling
Global Local

*Debug surprising
behavior

e Develop and maintain
efficient software

1
|
|
|
i
|
i
|
|
i

Developer

Understand how options affect performance




Thesis Statement

White-box analysis of how options influence the
performance of code-level structures in configurable systems:

(2) guides developers to inspect, understand, and debug
configuration-related performance behaviors.
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T = 25
+ 3-Logging
- 5+.Indexing
+ 9-<Compression-+Encryption
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T = 25
+ 3-Logging
- 5+.Indexing
+ 9-<Compression-+Encryption
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T = 25
+ 3-Logging
- 5+.Indexing

+ 9-<Compression-+Encryption -

Developer
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T = 25
+ 3-Logging
- 5+.Indexing

+ 9-<Compression-+Encryption -

A Developer
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T = 25
+ 3-Logging

. 4 \
- 5+Indexing
+ 9+.Compression-*Encryption -
P 4 Developer
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White-box Performance Debugging

in Configurable Systems

© Debugging

Developer

Understand how options affect performance




T = 25
+ 3-+Loggiling
- 5+.Indexing

+ 9-<Compression-+Encryption -

A Developer
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Recall Compositionality

System Local Performance-Influence Model

Local performance-influence models explain how options and
their interactions affect the performance of regions
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Exploratory Study of

Local Performance-Influence Models

Goal:
Investigate the usefulness of local performance-influence
models
Understand how options affect the performance of a system in
the implementation
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Symptoms vs causes




Symptom Causes

1 def main() { 1 def main() {

2 boolean a = getOpt(”“Caching”); 2 boolean a = getOpt(”“Caching"”);
3 boolean z; 3 boolean J;

4 if(a) 4 i (a)‘

5 z = true; 5 C’z = true;

6 else 6 lse

7 z = false; 7 zZ = lse:;

8 process(z) 8 process(z)‘.J

9 } 9 } (
10 def process(boolean x) { 10 def process(boo xX) {
11 if(x) 11 if(x)‘ }
12 ... // 3 seconds 12 ... // 3 seconds
13 else 13 else
14 ... // 2 seconds 14 ... // 2 seconds
15 } 15 }

Tprocess — 2 + 1'CaChing
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Local performance-influence models useful
for locating performance changes

Still need addtional information and help



Design Tool Support

Goal: Design and develop debugging tool support
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Two-Part Exploratory Study

Research Question: What is the process and information needs
when debugging the performance of configurable systems?
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Begin debugging

performance

Debug Performance
of Hotspot Regions

Study 1.1

Goal: Are global and local
performance-influence models
helpful?

Study 1.2
Later in the debugging process

ldentified options and locations
of interest

Goal: Guide design of new tool
support

144



Conducted studies with 14 researchers/developers working
In academia

Expect to conduct studies with 5 developers working in
iIndustry
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Preliminary Results - Study 1.1 - Process

1. Which options affect performance the
most?

Hypothesis: Global performance-influence models

T = 25
+ 3-.Loggilng
- 5+Indexing

+|9-Compression*Encryption




Preliminary Results - Study 1.1 - Process

2. Where do options affect performance
the most?

Hypothesis: Local performance-influence models

Tnain = 2 Torocess = 2+Compression+*Encryption

Tconvert = 7°+Compression+*Encryption
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Preliminary Results - Study 1.2 - Information needs

Trace options

def main() {

boolean a = getOpt(“Caching");

boolean

g

a

lse

process(z

}

def process(boo

1f(x)

else

Z

°
4

true;

alse:

e

... // 3 seconds

// 2 seconds

Compare performance profiles

Hot Spot Self Time
com.mortennobel.imagescaling.ResampleOp.vertica... 6,741
com.mortennobel.imagescaling.ResampleOp.horizo... 5,611 ms (
m 27.0% - 4,991 ms com.mortennobel.imagescaling.ResampleOpS$1.run(

m 3.3% - 619 ms com.mortennobel.imagescaling.ResampleOp.doFilter(java.awt
¥y m 3.3% - 619 ms com.mortennobel.imagescaling.AdvancedResizeOp.filter(jz
¥ m 3.3% - 619 ms at.favre.tools.dconvert.converters.scaling.ResampleAlge

v m 3.3% - 619 ms at.favre.tools.dconvert.converters.scaling.ImageHans

¥ m 3.3% - 619 ms at.favre.tools.dconvert.converters.scaling.ImageH

¥ m 3.3% - 619 ms at.favre.tools.dconvert.converters.APlatformCo

v m 3.3% - 619 ms at.favre.tools.dconvert.converters.APlatform

m 3.3% - 619 ms at.favre.tools.dconvert. WorkerHandler$W

at.favre.tools.dconvert.converters.scaling.ImageHan... 3,298 ms (17 %)
com.mortennobel.imagescaling.AdvancedResizeOp.... 885 ms (4 %)

Hot Spot Self Time

4 com.mortennobel.imagescaling.ResampleOp.verticalFromWor... 88,033
h at.favre.tools.dconvert.converters.scaling.ImageHandler.comp... 34,042 ms (22 %)

m 22.6% - 34,042 ms at.favre.tools.dconvert.converters.scaling.ImageHandler.saveToFil
Yym 22.6% - 34,042 ms at.favre.tools.dconvert.converters.APlatformConverter.convert(z
¥ym 18.6% - 28,057 ms at.favre.tools.dconvert.converters.APlatformConverter.conve

m 18.6% - 28,057 ms at.favre.tools.dconvert. WorkerHandler$Worker.run(
vy m 40%- 5,984 ms at.favre.tools.dconvert.converters.APlatformConverter.converttv¢
vy m 40%- 5,984 ms at.favre.tools.dconvert.converters.APlatformConverter.convert
m 4.0% - 5,984 ms at.favre.tools.dconvert.WorkerHandlerSWorker.run(
& com.mortennobel.imagescaling.ResampleOp.horizontallyFrom... 17,601 ms (11 %)
4k at.favre.tools.dconvert.converters.scaling.ImageHandler.scale(... 7,123 ms (4 %)




Proposed Work

Conduct studies with 5 developers working in industry

Quantitatively and qualitatively analyze process and information
needs



Design Tool Support

Goal: Design and develop debugging tool support
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Examples of Tool Support

Trace options

def main() {

boolean a = getOpt(“Caching");

boolean

g

a

lse

process(z

}

def process(boo

1f(x)

else

Z

°
4

true;

alse:

e

// 3 seconds

// 2 seconds

Compare performance profiles

Hot Spot Self Time
com.mortennobel.imagescaling.ResampleOp.vertica... 6,741
com.mortennobel.imagescaling.ResampleOp.horizo... 5,611 ms (
m 27.0% - 4,991 ms com.mortennobel.imagescaling.ResampleOpS$1.run(

m 3.3% - 619 ms com.mortennobel.imagescaling.ResampleOp.doFilter(java.awt
¥y m 3.3% - 619 ms com.mortennobel.imagescaling.AdvancedResizeOp.filter(jz
¥ m 3.3% - 619 ms at.favre.tools.dconvert.converters.scaling.ResampleAlge

v m 3.3% - 619 ms at.favre.tools.dconvert.converters.scaling.ImageHans

¥ m 3.3% - 619 ms at.favre.tools.dconvert.converters.scaling.ImageH

¥ m 3.3% - 619 ms at.favre.tools.dconvert.converters.APlatformCo

v m 3.3% - 619 ms at.favre.tools.dconvert.converters.APlatform

m 3.3% - 619 ms at.favre.tools.dconvert. WorkerHandler$W

at.favre.tools.dconvert.converters.scaling.ImageHan... 3,298 ms (17 %)
com.mortennobel.imagescaling.AdvancedResizeOp.... 885 ms (4 %)

Hot Spot Self Time
com.mortennobel.imagescaling.ResampleOp.verticalFromWor... 88,033
at.favre.tools.dconvert.converters.scaling.ImageHandler.comp... 34,042 ms (22 %)
m 22.6% - 34,042 ms at.favre.tools.dconvert.converters.scaling.ImageHandler.saveToFil
Yym 22.6% - 34,042 ms at.favre.tools.dconvert.converters.APlatformConverter.convert(z

¥ym 18.6% - 28,057 ms at.favre.tools.dconvert.converters.APlatformConverter.conve

m 18.6% - 28,057 ms at.favre.tools.dconvert. WorkerHandler$Worker.run(
vy m 40%- 5,984 ms at.favre.tools.dconvert.converters.APlatformConverter.converttv¢
vy m 40%- 5,984 ms at.favre.tools.dconvert.converters.APlatformConverter.convert
m 4.0% - 5,984 ms at.favre.tools.dconvert.WorkerHandlerSWorker.run(
com.mortennobel.imagescaling.ResampleOp.horizontallyFrom... 17,601 ms (11 %)
at.favre.tools.dconvert.converters.scaling.ImageHandler.scale(... 7,123 ms (4 %)




Proposed Work

Guided by our studies, design and develop tool support that
provides relevant information for debugging



Validation Study

Study 2

Research Questions: To what extend are
(1) Global performance-influence models
(2) Local performance-influence models
(3) Additional tool support
useful to debug the performance of configurable systems?



Expect to conduct studies with 10 researchers/developers
working in academia

No control group: Participants cannot debug without tool
support (Study 1.1 and Study 1.2)
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Proposed Work

Conduct studies with 10 researchers/developers working in
academia



Optional Validation Study in the Field

Optional Study 3

Goal: Validate the usefulness of our tools in real bug reports
and real systems
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Option 1: Deploy tools in the field

Option 2: Collaborate with developers

Option 3: Case studies




Option 1: Deploy tools in the field

Option 2: Collaborate with developers

Option 3: Case studies




Option 1: Deploy tools in the field

Option 2: Collaborate with developers

Option 3: Case studies




Optional Validation Study in the Field

Optional Study 3

Goal: Validate the usefulness of our tools in real bug reports
and real systems
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White-box Performance Debugging
in Configurable Systems

© Debugging

Developer

B BN BN BN BN BN B B mm @

[ 4
i
i
i
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i
i
i
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Understand how options affect performance




Thesis Statement

White-box analysis of how options influence the
performance of code-level structures in configurable systems:

(1) helps to efficiently build accurate and interpretable
global and local performance-influence models

(2) guides developers to inspect, understand, and debug
configuration-related performance behaviors.
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T = 25
+ 3-+Loggiling
- 5+.Indexing

+ 9-<Compression-+Encryption -

4
A Developer

Tcompress — 5 * IndeXlng

System

Tprocess — 9 ° COmpreSSiOn ° Encryption
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© Debugging

*Debug surprising
behavior
» Develop and maintain /

e Make informed tradeoff
decisions

* Run systems efficiently ¥

efficient software “3f
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Research
Plan




* Polish Comprex
 Compare all approaches
* Analyze all subject systems

e Make informed tradeoff
decisions

* Run systems efficiently ¥

‘-----

© Debugging

*Debug surprising
behavior

- Develop and maintain 4

efficient software =

BN BN BN BN BN B B m -



* Polish Comprex

* Compare all approaches e Debugglng

Analyze all subject systems *Finish Studies 1.1 and 1.2

* Analyze Studies
*Implement new tool support
e Study 2

* Optional Study 3

*Debug surprising
behavior

» Develop and maintain 4
efficient software “Yf

e Make informed tradeoff
decisions

* Run systems efficiently ¥

¢ = H = =m = =m == m
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White-box Analysis for Modeling and

Debugging the Performance of
Configurable Systems

© Debugging
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Extra slides

170



Sparse Linear Models

Apache Lucene H2 Berkeley DB Density Converter

Terms 27 33 77 47
Regions 24 5 17 9
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Modeling 1.5 months

Polish Comprex writing 2 weeks
Compare prototypes with all approaches 2 weeks
Analyze all subject systems with both prototypes 2 weeks
Study 1.1 and Study 1.2 (Exploration) 2 months
Design and implement new tool support 6 months
Study 2 (Validation) 2 months
Optional Study 3 (Validation in the field) 2 months
Writing 1 month

Thesis writing and defense 2 months
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Implicit flows

173



Region Analysis
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Preliminary Results - Study 1.1 - Process

Profile

system
Start Read options’ Measure
debugging documentation end-to-end

Code
Inspection
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