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Research Context
Software Performance Engineering

Performance = timing behavior + resource usage

Software Performance Engineering (SPE)

“the entire collection of software engineering activities and 

related analyses used throughout the software development 

cycle, which are directed to meeting performance requirements.”

Throughput

Utilization

Response 

Time
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Performance-Relevant Concerns

Spanning the Software Lifecycle

Most suitable

architecture?

What if

… 

changes?

Performance 

anti-patterns?

Performance 

regressions?

SLAs 

satisfied?

Response time 

of service S?

Utilization of

server N?

…

Performance 
Analyst
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Predicted

Performance Metrics

Performance Prediction

Performance-annotated

Software Architecture Model

<<DataCenter>>

BYDC
<<ComputingInfrastructure>>

desc2

<<FineGrainedBehavior>>

IGateway.predict()

<<implements>>

<<ComputingInfrastructure>>

desc1

<<ComputingInfrastructure>>

desc4
Database

Gateway

Server

<<ComputingInfrastructure>>

desc3
Prediction 

ServerA

Prediction 

ServerB

IGateway

   train()

   predict()

   results()

IDatabase

   write()

   query()

IPredictionServer

   train()

   predict()

<<ConfigurationSpecification>>

ResourceType="CPU"

ProcessingRate=2.7GHz

Cores=2

<ConfigurationSpecification>>

ResourceType="CPU"

ProcessingRate=2.7GHz

Cores=8

<<UsageProfile>>

UserPopulation=10

ThinkTime=0.0

Service="train"

RecordSize=500,000

<<BranchAction>>

doLoadBalancing

Probability: 0.5

<<ExternalCallAction>>

PredictionServerA.predict

Probability: 0.5

<<ExternalCallAction>>

PredictionServerB.predict

<<InternalAction>>

parsePredictionJobs

<<InternalAction>>

schedulePredictionJobs

<<ParametricResourceDemand>>

ResourceType="CPU"

Unit="CpuCycles"

Specfication="(0.5506 + (7.943 * 10^(-8) 

* recordsize)) * 2700"

<<ModelEntity

ConfigRange>>

minInstances=1

maxInstances=16

1 Gbit Ethernet

Transformation to Stochastic

Performance Model
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Stochastic Performance Models
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Statistical Regression 

Analytical Bounds Analysis

Markov Model

Queueing Petri net

Ordinary 
Place

Queueing 
Place

Queue Depository

Waiting Line Server

Queue

DeparturesArrivals

Queueing Network (QN)

Layered Queueing

Network (LQN)
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Model Solution

Analysis Results

Analytical Analysis

Analysis Results

Simulative Analysis

serviceBehavior=servBehav1

key=mv1, value=randomVar1

key=mv2, value=randomVar2

externalCall=extCall1

externalCall=extCall2

serviceBehavior=servBehav2

key=mv3, value=randomVar3

externalCall=extCall3

serviceBehavior=servBehav3

successors

valueMap

. . .

nextStackFrame

<<ValueMapEntry>>

parent

<<Successor>>

<<StackFrame>>
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Modeling Challenges

Which

modeling

language?

Analytical 

solution? 

Simulation?

Which

modeling

granularity?

Performance 
Analyst

Trade-Offs: 

Accuracy vs. 

Overhead
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Considered Prediction Approaches

Performance-annotated Software Architecture Model (PCM) (Sec. 2)

SimuCom 

Model 

Transformation: 

PCM2SimuCom 

(Sec. 3.1)

Layered 

Queueing 

Network 

Transformation: 

PCM2LQN 

(Sec. 3.5)

Model Solution: 

SimuCom 

Model Solution:  

LQNS

Queueing 

Petri Net

Transformation: 

PCM2QPN 

(Sec. 3.3)

Model Solution:  

SimQPN, 

SimQPN-MV
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Case Studies

Oracle WebLogic Server Oracle Database ServerApplication Server MySQL 

Database 

Server

Server 4

Server 1

Server 2

Server 3

Business Reporting System

 

 

Core 

Online 

Engine

Cache

Scheduler

Database

Graphical 

Reporting

Online 

Reporting

User

Management

Tomcat 

Webserver

Core

Graphics 

Engine

Media Store

Process Control System

SPECjEnterprise2010

WebGUI MediaStore

Digital

Watermarking

Database

Cache

Media

Database

 

Delegate 

Work Order 

Session

Work 

Order 

Session

JDBC Driver

JDBC 

Connection Pool
Mfg 

Session

Message 

Sender 

Session

 

C28

C1

C2C3

C4

C5

C7

C6

C8

C9 C10

C11

C12

C13

C14

Server 1 Server 2 Server 3

C16

C15

C17

C18 C19

C20 C21

C22 C23

C24 C25

C26 C27

   

150 requests/

sec

1 request/

sec

1 request/sec

15 requests/

sec

1 user in closed workload

45 requests/

sec

48 request/

sec

3 CPU cores
48 request/

sec
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Semantic Gaps
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Quantitative Evaluation: Accuracy
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Quantitative Evaluation: Overhead
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Quantitative Evaluation: Impact of Load
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Decision Tree (simplified)

Prediction 

overhead is an 

issue?

Response 

time distributions 

required?

Maximum 

prediction accuracy 

required?

Solution 

time must be 

minimized?

Accurate 

representation of low-level 

platform overheads is 

important?

Use SimuCom

Use SimuCom Use SimQPN Use LQNS Use SimQPN-MV

Run ProtoCom as a final 

validation step

no

yes

yes

yes

yes

yes

no

no
no
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Decision Tree

Response time 

distributions or 

response time 

percentiles required?

Approximated fork-join 

behavior leads to 

significant 

inaccuracies?

Approximation with 

exponential distribution 

leads to significant 

inaccuracies?

Source model contains

forks with synchro-

nization barrier?

Approximated loop 

iteration numbers lead 

to significant 

inaccuracies?

Source model contains

loops?

Approximated 

parameter propagation 

leads to significant 

inaccuracies?

Source model contains

parameter 

dependencies?

Source model contains

flexible parameter 

characterizations?

Source model contains

blocking behavior?

Use SimuCom

yes

yes

no

no
yes

no

no
yes

Use SimQPN Use LQNSUse SimQPN-MV

no

no

no

no

no

yes

yes yes

yes

yes

no

yes

Blocking behavior is 

captured by LQN task 

multiplicity?

yes

no
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Declarative Performance Engineering

Established Methods, Techniques, and Tools

Declarative Performance Engineering (DPE)

Asking “What?“, 

Automating the “How?“

Software Performance Engineering

Performance 
Concerns

System

Performance 
Analyst
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International Conference on Performance Engineering (ICPE 2016), Delft, the

Netherlands, March 12, 2016. [ .pdf ] 
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Declarative Performance Engineering

Performance
Concerns

van Hoorn/Kounev, Declare, Renewal Kickoff of SPP1593, Hannover, Jan. 14 – 15, 2016

Analysis Model and

Solution Approach

Performance-annotated Software Architecture Model

What would be the
response times of
services X, Y and Z if the
workload intensity
doubles over the next
week? Rough estimation
is sufficient.

The resulting
response times
are …

Software Performance Engineering

Results

Service X

Service Y

Service Z

Resource A

Resource B

4ms

5ms

9ms

20%

50%

System

Performance 
Analyst

Declarative Performance Engineering (DPE)

Asking “What?“, 

Automating the “How?“
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