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Problem Statement

Situation
» Workload specification and execution essential to evaluate performance properties of

session-based application systems
— Measurement-based approaches (e.g., Krishnamurthy et al. 2006, Menascé et al. 1999, Arlitt et al. 2001)
— Model-based approaches (e.g., Becker et al. 2009, Kounev et al. 2014)

Complication
« Manual creation of representative workload specifications is
difficult, time consuming, and error-prone (shams et al. 2006)
 Nowadays, workload specifications for measurement- and model-based approaches are

modelled separately of each other (M-by-N problem)

Resolution: WESSBAS
1) System- and tool-agnostic modeling of probabilistic workloads of session-based application systems
2) Automatic extraction of these specifications from running systems
3) Transformation of these specifications into
1) load test scripts
2) architecture-level workload model specifications
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WESSBAS Approach
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Background — Markov4JMeter
Example of an Application Model

Application Model
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Background — Markov4JMeter
Example of an Application Model

Application Model
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[van Hoorn et al. 2008]
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WESSBAS-DSL
Application Model

<<abstract>>

-formula : EString

T

ConstantWorkloadintensity

-numberOfSessions : Elnt

= workload- ®
Workloadlntensity 1

Intensity

WorkloadModel

applicationModel

ApplicationModel

behaviorMix

BehaviorMix

relativeFrequencies
1.*

RelativeFrequency

-value : EDouble

behavior- .
sessionLayerEFSM Mogiels behaviorModel
1 1
ProtocolLayerEFSM ; SessionLayerEFSM 1 BehaviorModel
-name : EString
protdcol- -filename : EString
Detjils
ProtocolState ApplicationState MarkovState
. 1
) Service .
service 2|-name - EString [$ service
1 [ =<abstracto> é JUnitRequest
request Request >
. JavaRequest
parameters asseltions properties
0.” 0.” 0.”
Parameter Assertion Property
-name : EStrling -patternToTest : EString -key : EString HTTPRequest
-value : EString -value : EString
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Behavior Model + Behavior Mix
Background — Markov4JMeter

Behavior Model(s)

Behavior Mix (%)

[van Hoorn et al. 2008]
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WESSBAS-DSL

Behavior Mix and Behavior Model(s)

<<abstract>>

1

-formula : EString

T

= workload- ‘
Workloadlntensity Intensity

WorkloadModel

applicationModel

ConstantWorkloadintensity

-numberOfSessions : Elnt

1

ApplicationModel

behaviorMix

relativeFrequencies

RelativeFrequency

-value : EDouble

behavior- .
sessionLayerEFSM Mogiels behaviorModel
1 ég
ProtocolLayerEFSM ; SessionLayerEFSM 1 BehaviorModel
-name : EString
protdcol- -filename : EString
DetIiIs
ProtocolState ApplicationState MarkovState
Q |1
) Service .
service =>|-name EString ; service
1 [ =<abstracto> é JUnitRequest
request Request >
parameters asseltions properties JavaRequest
0.” 0.” 0.”
Parameter Assertion Property
-name : EString -patternToTest : EString -key : EString HTTPRequest
-value : EString -value : EString
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Behavior Mode

| Extraction

Monitoring

Kieker

User
Session
Traces

Extractior_l

Java Code

Behavior Mod
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+
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Behavior
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925668695; "Login":1324283446707872892:1324283446707872892; "AddItem” :13242834
1968604?56:"Login”:1326109113755992122:1326109113?56992122:"DeTeteItem”:lSEi
660493198; "Login":1326354223006079065:1326354223006079065; "AddItem":13263542
475720665; "Login":1324367018760951082:1324367018760951082; "AddItem”:1324367C
481105279; "Login":1326268081843672864:1326268081843672864; "Deleteltem”:1326.
1634151355; "Login":1324453293314611294:1324453293314611294; "EditItem":13244

el Extractor
Probabilities Think Times
, Logi , beletel
Login*® , 0.0 » 0.22;5 1
AddItem , 0.0; n(0O B 1 , 0.10;
EditItem , 0.0; n(0 0) , 0.20; n(4381 3112) , 0.12; n(7653 2438) , 0.11;

behaviormodell; 1.0; ./behaviormodell.csv
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Clustering of Customer Groups

X-means

(Absolute) Transition count
matrix per session

Behavior

Determine number of clusters
and centroids

Assigns instances to the nearest
cluster centroid using Euclidean
Distance (Non-normalized and
normalized)

Grouping based on minimum

Model(s)

Instances
move group?

Behavior
Mix

distance, Recalculation of centroids
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Probabilities:

Each centroid represent
the (relative) transition
count matrix

Think Times: Calculate
based on resulting
clusters (not part of
clustering)

Proportion of the
number of instances
per cluster
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Transformation into Apache JMeter Test Plans

, Login , Additem , Edititem
Login® , 0.0; n(0 0) , 0.35; n(8534 3032) , 0.27; n(6672 42
AddItem , 0.0; nEO 0) , 0.26; ngaora 2513; , 0.22; n(2459 12
Edjtltem » 0.0; n(0 0) s 0,20 n’4381 3112) , 0.12; n(’?6‘33 24

+ Think Times

"

WESSBAS- > Behavior
DSL Models
» G N
1 1
1 1
1 1
1 1
1 <<conformsTo>> | <<uses>>
] 1
1 1
1 1
1 1
— .
WESSBAS | ™, .
+ Validation n eler
Workload Transformation Test Plan
Model 3 Java Code
Test Plan Generator e
1
4 & platform:/resource/net.sf.markovdjmeter.mdjdsimodelgenerator/output/ we : ? o TestPlan
4 4 Workload Model i # [ Thread Group
<4 Constant Workload Intensity 1 : <<uses=>> ﬁ ij Request Defucts
4 < Application Model 1 ﬁ :-IE :::::fr:r:E;:
i 1 fig HTT Man,
4+ Se?smn _I.ayer EFSM 1 ¢ & Markov Session Controller
4 < Behavior Mix A J o W Login
4 Relative Frequency 1.0 o @ addem
<% Behavior Model behaviormodell JMeter API o ) Edttem
| platform:/resource/net.sf.markovdjmeter.mdjdsl/model/mdjdsl.genmodel o & Deletetem
» @] platform:/resource/net.sf.markovdjmeter.mdjdsl/model/mdjdsl.ecore Markav4JMeter (
o= 8 Logout

#% Regular Expression Extractor
[] View Results Tree
%] Response Time Graph
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Transformation into Palladio Component Models

Automatically generated (e.g., Brunnert et al. 2013,

<<Comsonent Brosig et al. 2011)
Develo[:)er>> Component Specifications
L ,
A afc
<<System Assembly Model
s app.allocation
e S ———— » 1 50 !
A app.repository
app.resourceenvironment
<<System Allocation Model
Deployer=> appsyStem
A "l 9l app.usagemodel
<<D&mairi Usage Model
Exp%rt» <<User>>
K AAAAA < Missing possibility to reference usage models from
) o usage models

Becker et al. (2009)

Generation of large parts of the workload
specification into the repository model

van Hoorn, Végele, Schulz, Hasselbring, Krcmar: ~ WESSBAS: Workload Extraction and Specification for Session-Based Application Systems SOSP 2014, Stuttgart, 2014-11-27



Transformation into Palladio

WESSBAS-DSL

a || platform:/resource/wesha-workflow/step2--M4)DSLMedelGenerator/output/werkloadmedelxmi

a4 4 Workload Model
< Constant Workload Intensity 250

a4 < Application Model
< Session Layer EFSM
4 < Behavior Mix
4 Relative Frequency 0.0103
4 Relative Frequency 0.2385
< Relative Frequency 0.2462
< Relative Frequency 0.505
Behavior Model gen_behavior_modell

omponent Models

Behavior Model gen_behavior_modell

Behavior Model gen_behavior_model2

+4 44

Behavior Model gen_behavior_model3

4 Markov State MSId44_Add_to_Cart
4 4 Markov State M5Id45_View_tems
4 4 Transition 09286
<4 Normally Distributed Think Time 1.0
4 < Transition 0.0714
4 MNormally Distributed Think Time 1.0
4 Markov State MSId46_cancelorder
4 Markov State MSId47_clearcart
4 Markov State MSId48_deferorder
4 Markov State M5Id49_home
4 Markov State MSId50_inventory
4 Markov State MSId51_login
4 Markov State MSId52_logout
4 Markov State MSId53_purchasecart
¢
¢
¢
+
it

]

Markov State MSId54_remove
Markov State MSId55_sellinventory
Markov State M5Id56_shoppingcart
Behavior Model Exit State MSId43

£ Properties E‘f._\ Problems @ Javadoc @ Declaration

Property Walue
Eld MSId45_View_Items
Service U= Service View_Items
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£ app £] gen_behavior_modeld
¥7 SEFF <deferorder> ¥7 SEFF <cancelorder>
¥ SEFF <View Ttemsquantity> ¥ SEFF <home >
%7 SEFF <clearcart> ¥7 SEFF <inventory>
%7 SEFF <remove> ¥T SEFF <login>
¥ SEFF <sellinventory > ¥T SEFF <logout>

¥7 SEFF <shoppingcart>
¥T SEFF <purchasecart>
¥Y SEFF <lagin>
wSEFF <home> ComponentParameterCompartment
¥7 SEFF <logout>

¥ SEFF <Add_to_Cartquantity>

7 SEFF <cancelorder>

¥T SEFF <cacheTest>

¥ SEFF <sellinventory>

PassiveResourceCompartment

¥ SEFF <null> <4Reqires> >
SEFF <View Ttems> < <Requires>>
¥7 SEFF <inventory> <<Requires> >

PassiveResourceCompartment

ComponentParameterCompartment <<Provides> >
<<Provides>>

O _app © gen_behavior modeld
=] void deferorder(string parentinvocation) void cancelorder()
=] void View_ltemsquantity(string parentinvocation) void home(
=] void clearcart(string parentinvocation) void inventory()
=] void remove(stiing parentlnvocation) void login{)
=] void sellinventory(string parentinvocation) void logout()
=] void shoppingcart{string parentinvacation) void sellinventory()

void purchasecart{string parentlnvocation)

void login(string parentinvocation)

void home(string parentinvacation)

vaid logeut(string parentinvacation)

void Add_to_Cartquantity(string parentinvacation)
void cancelorder(string parentinvocation)

=] veid cacheTest(string parentinvocation)

I=| void null{string parentlnvocation)

void View_ltems(string parentinvocation)

=] veid invertary(string parentinvocation)

<" Search [El Console 2= Call Hierarchy

£] gen_behavior_modell
T SEFF <home>
T SEFF <inventory>
¥ SEFF <login>
¥T SEFF <logout>
T SEFF <sellinventory>
PassiveResourceCompartment.

ComponentParameterCompartment

<<Provides>»

<<Requires> >

<<Requires>>

O gen_behavior_madel1
void home()
void inventory(
wveid lagin()
void logout()
void sellinventory()

WESssBAS: Workload Extraction and Specification for Session-Based Application Systems

=] gen_behavior_model2
T SEFF <Add_to_Cart>
37 SEFF <View frems>
T SEFF <clearcart>
T SEFF <deferorders
37 SEFF <homes
T SEFF <login>
T SEFF <logout>

SEFF <purchasecart>
T SEFF <remove>
¥ SEFF <shoppingcart>

PassiveResourceCompartment

ComponentParameterCompartment

<<Provides #Requires>>

<<Requires>>

O gen_behavior_madel?
void Add_to_Cart()
void View_Items()
void clearcart()
void deferorder()
void home()
veid login()
void logout)
void purchasecart()
void remove()
void shappingeart)

£] gen_behavior_model3
T SEFF <Vien Jtems >
¥ SEFF <home>
¥ SEFF <login>
¥T SEFF <logout>
PassiveResourceCompartment

ComponentParameterCompartment

<<Requires>>
<<Provides>a

Q@ gen_behavior madel3
void View Items()
void home()
void login{)
void logout()

SOSP 2014, Stuttgart, 2014-11-27
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Transformation into Palladio Component Models

WESSBAS-DSL

a || platform:/resource/wesha-workflow/step2--M4)DSLMedelGenerator/output/werkloadmedelxmi

a4 4 Workload Model
< Constant Workload Intensity 250
a4 < Application Model
> 4 Session Layer EFSM

4 < Behavior Mix
4 Relative Frequency 0.0103
4 Relative Frequency 0.2385
< Relative Frequency 0.2462
< Relative Frequency 0.505
Behavior Model gen_behavior_modell
Behavior Model gen_behavior_modell
Behavior Model gen_behavior_model2

+4 44

Behavior Model gen_behavior_model3
4 Markov State MSId44_Add_to_Cart
4 4 Markov State M5Id45_View_tems

4 4 Transition 09286
<4 Normally Distributed Think Time 1.0
4 < Transition 0.0714
4 MNormally Distributed Think Time 1.0
4 Markov State MSId46_cancelorder
4 Markov State MSId47_clearcart
4 Markov State MSId48_deferorder
4 Markov State M5Id49_home
4 Markov State MSId50_inventory
4 Markov State MSId51_login
4 Markov State MSId52_logout
4 Markov State MSId53_purchasecart
&
&
&
-¢¢>
B

]

Markov State MSId54_remove
Markov State MSId55_sellinventory
Markov State M5Id56_shoppingcart
Behavior Model Exit State MSId43

= Properties
Property Walue
Eld MSId45_View_Items

[*{ Problerns @ Javadoc [, Declaration < Search & C

f Transition View Items

LY

3 i Probability: 0.929

+ internalAction

Call to the modelled

system operation

Re_sourceDemands
510 <DELAY>

» -H _app.View_Items

Service U= Service View_Items
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* Problem Statement and Overview of Approach
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1. Apache JMeter
2. Palladio Component Model

e Evaluation
e Future Work

A
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Evaluation Goals and Methodology

Research Questions
1. How accurately do the clustering results match the input Behavior Mix?
2. What is the impact of the clustering results on the workload characteristics?
3. How well match the predicted workload characteristics the measured workload
characteristics?

Methodology
— Instrumentation of SPECjEnterprise2010 using Kieker to obtain session logs
— Extraction of behavior models and behavior mix (includes clustering)
— Extraction of WESSBAS-DSL instances
— Scenario 1: Transformation to JMeter test plans
» Generation of basic application model (only session layer)
* No input data, no guards and actions
— Scenario 2: Transformation of WESsBAS-DSL instances to PCM
» Execute simulation
« Compare simulation results (request counts) with measured data
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19

Probabllistic Representation of SPECj Workload
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Accuracy of Clustering

Research Question 1

X-means (min 3 cluster, max 3 cluster)

I X-means (min 2 cluster, max 20 cluster)

ED NED "
™ | T C1 c2 C3 C2 MC C4 N
50 | B 0 0 31,060 31,060 31,060
25 | M || 15,208 ] ] 0 24.62% 0 61,500
2 | P 1,789 | 13.353 0 0 0

TM: Transaction Mix
T: Transaction
Cy: Assigned Cluster

MC: Percentage of misclassified

N: Number of instances

ED: Euclidean Distance
NED: Normalized Euclidean Distance
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Accuracy of Extracted Workload Specifications
Research Question 2

purchase cart |:|
sell inventory |:| T
o 21 B
inventory [ <
dd :Ogom l:l E
addtocart [ | & L—=
shopping cart |:| =z
cancel order |
clear cart |] N
[m] f—
view items |
defer order |:|
remave [l 9‘1
home [ o
[ T T T T 1
0.0 01 02 03 04 0.5 I I I I
Relative counts (common to all workloads) 0 50 100 150
Session length
| Reguest [ Orig. | ED-2 | NED-3 | NED-} || Rel. s . . .
T i oot 76l 63361 61250 6238 T 007 Violin plot (combination of box and density plot)
2 | cancel order 632 607 634 591 || 0.00
3 | clear cart 6,047 5,941 6,140 5,843 || 0.01
4 | defer order 6,782 6,799 6,363 6,651 || 0.01
5 | home 59,934 60,957 62,054 59,971 || 0.07
6 | inventory 30,596 30,212 31,378 29,808 || 0.03
7 | login 61,500 60,957 62,054 59,971 || 0.07
8 | logout 59,934 60,957 62,054 59,971 || 0.07
9 | purchase cart 8,360 8,328 8,351 8,139 || 0.01
10 | remove 3,027 2,993 3,044 3,064 || 0.00
11 | sell inventory 66.679 65,413 67.691 64,794 || 0.08
12 | shopping cart 9,074 8,034 9,184 8,907 || 0.01
13 | view items 498,601 | 492,675 | 499,983 | 485,611 || 0.57
[ > [ 874,927 | 868,080 | 883,680 | 855,159 || 1.00

Absolute and relative counts
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Accuracy of PCM Workload Specification
Research Question 3

Orig. 2 Behavior Models | 3 Behavior Models | 4 Behavior Models

| Request MRC SRC PE SRC PE SRC PE
1 | add to cart 63,761 | 64,943 1.82% 61,812 3.15% 60,986 4.55%
2 | cancel order 632 609 3.78% 661 4.39% 625 1.12%
3 | clear cart 6.047 6,178 2.12% 5,927 2.02% 5,846 3.44%
4 | defer order 6,782 6,873 1.32% 6,524 3.95% 6,606 2.66%
5 | home 59,934 | 61,146 1.98% Hy,747 2.02% 58,744 2.03%
6 | inventory 30,596 | 30,539 0.19% 29,574 3.46% 29,405 4.05%
7 | login 61,500 | 61,156 0.56% 58,747 4.69% 58,745 4.69%
8 | logout 59,934 | 61,146 1.98% 58,747 2.02% 58,744 2.03%
9 | purchase cart | 8,360 8,388 0.33% 7,976 4.81% 7,836 6.69%
10 | remove 3,027 2.986 1.37% 2.876 5.25% 2.949 2.64%
11 | sell inventory | 66,679 | 66,131 0.83% 63,185 5.53% 63,914 4.33%
12 | shopping cart | 9,074 9,164 0.98% 8,803 3.08% 8,795 3.17%
13 | view items 498,601 | 491,812  1.38% | 470,392  6.00% | 475,000  4.97%
> 874,927 [ 871,071  0.44% | 833971  4.91% | 838,195  4.38%

MRC: Measured Request Count
SRC: Simulated Request Count

PE: Prediction Accuracy
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Future Work

Automatic generation of application model - Executable load tests
— Automatic learning of guards and actions
— Generation of protocol layer
— Extraction and generation of input data

Support for workload intensity - LIMBO (Kistowski et al. 2014)

Additional transformation
— to alternative workload generators
— to other architecture-level performance models
(e.g., Descartes Modeling Language) (Kounev et al. 2014)
— from PCM to WESSBAS-DSL

Online clustering to detect evolution of behavior mix

Industrial case study .‘.‘

DevOps

Performatice
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Related Work

» Several approaches for the extraction of workload specifications for
session-based applications systems already exist (arlitt et al. 2001, Krishnamurthy et al.
2006, Menascé et al. 1999) but formats are not envisaged for model-based
approaches

» Approaches for the automatic extraction of performance models (Brunnert et al.
2013, Brosig et al. 2011) focus on the generation of system specific details of the
SUT

« Several intermediate languages introduced to reduce the complexity of
generating different kinds of performance models (ciancone et al. 2011, Smith et al.
2004, Woodside et al. 2005) provide no support for complex workload specifications
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WESSBAS Approach

Transformation: WESSBAS-DSL to Apache JMeter Test

Model

a4 & platform:/resource/net.sf. markowdjmeter.testplangenerator/examples/medels/WorkloadModel_httpxmi

4 4 Workload Model

4 Constant Workioad Intensity 1 J
a <4 Application Model
4 4 Session Layer EFSM N
a4 4 Application State AS_Login \
4 Service Login

4 4% Protocol Layer EFSM
4 4 Protocol State PS_login
i 4 HTTP Request login.shtml

? & TestPan
¢ I ™read Group
4§ HTTP Request Defaulis
4§ HTTP Header Manager

4 Protocol Transition

4§ HTTP Cookie Manager

v

» 4 Protocol State PS_welcome
4 Protocol Exit State PS_loginExit .
4 Application Transition \‘\

4 < Application State AS_Logout /‘;-—
4 Service Logout /
4 4 Protocol Layer EFSM

{ b d !-' Markov Session Controlier
B
} ¢ % Logout

¥ f" logout shtmi

b 4 HTTP Request logout.shtml

4 4 Protocol State PS_logout W
4 Protocol Transition

4 Protocol State PS_goodbye
4 Protocol Exit State PS_logoutExit
4 Application Transition
4 Application Transition |
4 Application Exit State AM_S #

4 4 Behavior Mix 1

4 Relative Frequency 1.0 ]
4 < Behavior Model User Behavior

4 4 Markov State MS_Login
4 4 Transition1.0
4 Normally Distributed Think Time 8.0
4 Markov State MS_Logout
4 Behavior Model Exit State BM1_§
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> = #*? Response Assertion
¢ #* gooduye shimi
" { N #*? Response Assartion
. (¢ & Login
9 /’ login.shtmi
Ly |

#™? Response Assertion
? /' welcome. shimi
‘\ L /™ Response Asserfion
#% Regular Expression Extractor
View Results Tree
[*=] Response Time Graph
|ET§ WorkBench
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WESSBAS Approach
Transformation into Palladio Component Models

WESSBAS-DSL

a || platform:/resource/wesha-workflow/step2--M4)DSLMedelGenerator/output/werkloadmedelxmi
a4 4 Workload Model
< Constant Workload Intensity 250
a4 < Application Model
» < Session Layer EF5M
4 < Behavior Mix
4 Relative Frequency 0.0103
4 Relative Frequency 0.2385
< Relative Frequency 0.2462
< Relative Frequency 0.505

> 4 Behavior Model gen_behavior_modell 9 GeneratedUsageScenario v

> 4 Behavior Model gen_behavior_modell

» < Behavior Model gen_behavior_model2 ® <<C\nsede.rk\oad>>
4 < Behavior Model gen_behavior_model3 @ Population; 250

&) Think Time: 2.5
4 Markov State MSId44_Add_to_Cart

4 4 Markov State M5Id45_View_tems

4 4 Transition 0.9286 Ao Aoz A A osts
<4 Normally Distributed Think Time 1.0 ® ® ® [ ]
4 < Transition 0.0714
4 MNormally Distributed Think Time 1.0 ) 3+ gen_behavior modellogin #* gen_behavior model2login # qen_behavior_ modelLlogin | | ¥ 9en_behavior model3login
Markov State MSId46_cancelorder

Markov State M5Id47_clearcart . . ' o
Markov State MSId48_deferorder
Markov State M5Id49_home
Markov State MSId50_inventory @
Markov State M5Id51_login
Markov State M5Id52_logout

&
&
&
4
&
4
&
4 Markov State MSId53_purchasecart a.pp . Usag emOdel
&
&
&
4

B

>

3

>

Markov State MSId54_remove
Markov State MSId55_sellinventory
Markov State M5Id56_shoppingcart
Behavior Model Exit State MSId43

£ Properties E‘._\ Problems @ Javadoc @ Declaration <" Search [El Console 2% Call Hierarchy
Property Walue
Eld = MSId45_View_Items

Service U= Service View_Items
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Accuracy of Extracted Workload Specifications
Research Question 2

NED-3 NED-4

ED-2
|

Orig.
|

purchasecart
sellinventary

login
inventory
logout
Add to Cart
shoppingcart
cancelorder
clearcart

View_ltems

deferarder
remove

home

I
50

I
100

Session length

I
150

T

o
e
=

(a) Violin plot (combination of box and density plot)

| Min. | Q1 | Med. | Mean | Clh.o5 | @3 | Maz. | N
Orig. 4| 10 17 | 14.23 | [14.19,14.26] | 17 26 | 61,500
ED-2 4 7 10 | 14.24 | [14.15,14.33] | 18 147 | 60,957
NED-3 4 7 10 | 14.24 | [14.15,14.33] | 18 130 | 62,054
NED-j 4 7 10 | 14.26 | [14.17,14.35] | 18 166 | 59,971
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(b) Summary statistics
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