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Performance problems
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Performance problems

» NASA was forced to delay the
launch of a satellite for more
than eight months

» The delay was caused because
the Flight Operations Segment
software had unacceptable
response times for developing
satellite schedules, and poor
performance in analyzing
satellite status and telemetry
data

"Software Performance Antipatterns: ﬁipartimentoinformatica
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Performance problems - how tackled?! B

06@\.\‘\ 1970-1990
System performance modeling
(QN, PN, ..)
1990-2000

Software performance since early
lifecycle phases

2000-2008

Model transformations for
performance model generation

2008-today

Performance model evolution to
support adaptive software to
changes: requirements,
context, ...

\S
P~“°\ >
1970-today

Solve performance models
with (ever more
sophisticated!) tools

U

[ Bottleneck analysis }
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Software models B

ARCHI TYPE boa( const integer ma num := 5,
const rate download rate :=2441.40625,
const rate upload rate :=305.17578125,

e const rate balancer rate_a :=20000000,

= const rate balancer rate_ b :=10000000,

const rate server_ req rate:= 70000000,

const rate server_ result rate:= 85995,

const rate data_fetch_ rate:= 36.585,

const integer buffer size :=10)

UML Use Case Diagram  |agcar erem Tvees

ELEM TYPE MA Type (void)

<<artifact>> [
webServer

\ <<doploy== BEHAVIOR
L

<<GaExecHost>>
<<Scheduler>>

<<GaCommHost>> i
verNode webServerWAN WAN it
{schedPolicy = FIFO, {blockT = "30 msec"}
speedFactor = "1.0"}

Mobilelpp (void; wvoid) =

<generate_best path req, inf> . <trasmit_ req best path, inf>
T INPUT INTERACTIONS
- C
e N R A UNI receive_best path;
ke — generate best path req
<<artifact-> [5) ] :;ﬁ‘::‘::r‘:iz:
catalogEngine <<deploy>> {schedPolicy - FIFO, |
i OUTPUT INTERACTIONS Architectural
UML Deployment Diagram specification

UNI trasmit_req best path
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Performance

* WinPEPSY -
Bl Edt Metwork Show window 72

D@ 5 |=|@ 2] sl = jMCl
W
~ Toobar

Ix[me 7ot

- Digplay ———
Avg. A
Clss1 =] 1]

M. <A Analysis From “beginaers' OF

Waitir]
fr Bode o 1E3ss 1 (F-&0s: Hndbes of jobs Tn CH

real time

"Software Performance Antipatterns:
Modeling and Analysis”, SFM-12: MDE

| Throughputs and

Generated by: lgns, version 5.6
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lgns .\examples\exl-1
.\examples\exl-1.lgnx

Example Layered Queueing

Invoked as:
Input:
Comment:

Convergence test value:

Ontario,

.lgnx

Network

2.15474e-006

Task Name Entry Name Phase 1

cl cl 0

c2 c2 0

c3 c3 0

c4 c4 0

c5 c5 0

sl sl 2.35984

32 put 0.01
get 0.81

Task Name Entry Name Throughput
cl cl 0.076446
c2 c2 0.0429666
c3 c3 0.0635288
c4 c4 0.0340557
cS c5 0.0226314
s1 sl 0.57265
s2 put 0.308704
get 0.213457
Total: 0.522161

Utilization and waiting per phase

Task Name Prin

cl 0 1 cl

Utilization and

Task Name Prin
c2 0 1 c2

Entry Name

Entry Name

utilizations per phase:

Canada.

K15 5Bé6

Phase 2
232.254
685.33
331.489
903.178
1612.63
0.25
0.64
0.01

Phase 1

808758
0308704
0.192111
0.2229%82

0
0
0
0
0
0.
0.

for processor: cl

0.535122 0

waiting per phase for processor: c2

0.300766 0

coeff of
.35729
.26521
.33786
.0475
.825956
.713671
.802469
.82

O O O O K B

Phase 2

.286325
.246963
.021345
.268309

[T ' T S SO SO SO S

Utilization Phase 1

Utilization Phase 1

var **2
Total
1
i
i
i
1
1.09508
0.277834
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0
Phase 2
0
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Software models vs Performance indices B
The interpretation of performance indices

s not a trivial task!
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Queue Settings Help

Simulation Parameters

Avg. Arrival Rate (1): 2,19 job/s Avg. Service Time (S): 0,43 s Buffer Size: 16 jobs

C =) B h —
0.0 0.5 1.0 1.5 2.0 (225 300 0,114 0,228 0,342 0,457 5 10 15 20
Simulation Results
Avg. Queue Lenght (Q): 6,78 jobs Avg. Utilization (U): 0,95
Avg. Throughput: 0,78 job/s Avg. Response Time (R): 8,68 s

States | Log |,
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Software models vs Performance indices B

What to change in order to improve the
software performance?

Requirements:
responseTime(service,) < @ —
response Time(service,) @s@

_C
jﬂ ~ RN =l Ana =R

Architectural
performance
analysus
responseTime(service,) :(se
O_

=
Ehct ot

??
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Software models vs Performance indices B

What to change in order to improve the
software performance?

U

« Structure (e.g. splitting components)
« Behavior (e.g. reducing number of messages)

+ Deployment (e.g. moving components across hosts)

4 N

Models are here intended as
instruments to support decisions
along the software lifecycle

N J
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Outline 11)

» Problem statement

» (Logic-based) Reasoning on Performance
Antipatterns

» Performance Antipatterns in Modeling Languages
- Unified Modeling Language (UML)
- A Domain Specific Language (PCM)
- An Architecture Description Language (AEmilia)

» Advanced MDE techniques

"Software Performance Antipatterns: ﬁ partimentoinformatica
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Problem Reasoning PA in Modeling MDE m
on PA Languages techniques

PROBLEM STATEMENT ...
.. AND DIFFERENT WAYS TO APPROACH IT
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Problem Reasoning PA in Modeling MDE m
on PA Languages techniques

» Software performance process

| |
| |

. ' |

Modeling | Analysis | Refactoring
| |
| |
| |
(Annotated) | Model2Model Performance | | PERFORMANCE
Software Model | Transformation Model | RESULTS

| ! COMPLEXITY

L
e.g. UML+Martel Automata, e.g. nguerng Networks,
Process Algebra:s, PCM, ... Simulation;Models, ...

| -Numbers to be
Model Solution

interpreted

-Different levels of

granularity
Performance - Cross-checking of
Results software system

characteristics

>R/esul‘rs Interpretation &
wback Generation

| |
| |
| |
| |
| |
| |
| |
I I
| |
|

| |
|

| |
|

| |
I

| |
| |
| |
| |
| |
f f
| |
' .
| |
I I
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Problem Reasoning PA in Modeling MDE
on PA Languages techniques

» Software Performance Feedback: state-of-the-art

Approach (Annotated) Software | Performance Model Framework
Architectural Model
Antipattern- Williams et al. 2002 Software Execution Model System Execution SPE-ED
based Model
Parsons et al. 2008 JEE systems Reconstructed runtime PAD
model
Barber et al. 2002 Domain Reference Arch. Simulation Model RARE /ARCADE
Rule-based | ... (. . | ..
Xu 2010 UML Layered QN Perf. Booster
Simple Zheng et al. 2003 UML Simulation Model -
Q Criteria
o< ( . 0  —. L .
g .0
u%"’c‘, Ipek et al. 2008 Artificial Neural Network Simulation Model -
| 4
&%_ Meta- Canfora et al. 2005 Workflow Model Workflow QoS Model -
@ X" | heuristics
P L O
Martens et al. 2010 PCM Simulation Model PerOpteryx
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Problem Reasoning PA in Modeling MDE m
on PA Languages techniques

» Antipattern-based approaches * at'tel' nS

= They mClke USC Of GnTiPGTTer‘nS Refactoring Software, Arch

and Projects in Crisis

knowledge to cope with

performance issues

Wilkam H. Brown Raphael €. Malveau
Hays W.*Skip” McCormick Il Thomas ). Mowbray

Williams, L.G., Smith, C.U.. PASA(SM): An Architectural Approach to Fixing
Software Performance Problems. In: International Computer Measurement
Group Conference, Computer Measurement Group (2002)

Parsons, T., Murphy, J.: Detecting Performance Antipatterns in Component
Based Enterprise Systems. Journal of Object Technology 7 (2008)

"Software Performance Antipatterns: ﬁipartimentoinformatica
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Problem Reasoning PA in Modeling MDE m
on PA Languages techniques

» Rule-based approaches
- They encapsulate general
knowledge on how to improve
system performance into

executable rules

Barber, K.S., Graser, T.J., Holt, J.: Enabling Iterative Software Architecture

Derivation Using Early Non-Functional Property Evaluation. In: ASE,

TEEE Computer Society (2002)

Xu, J.: Rule-based automatic software performance diagnosis and

improvement. Perform. Eval. 67 (2010)
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Problem Reasoning PA in Modeling MDE
on PA Languages techniques

» Design space exploration - simple criteria

€

- They explore the design space by

examining alternatives that can

cope with performance flaws

Zheng, T., Woodside, C.M.: Heuristic optimization of scheduling and
allocation for distributed systems with soft deadlines. In Computer
Performance Evaluation /TOOLS (2003)

Ipek, E., McKee, S.A., Singh, K., Caruana, R., de Supinski, B.R., Schulz, M.:
Efficient architectural design space exploration via predictive modeling.
ACM Trans. on Architecture and Code Optimization (2008)

"Software Performance Antipatterns: ﬁipartimentoinformatica
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Problem Reasoning PA in Modeling MDE m
on PA Languages techniques

» Design space exploration - Metaheuristics
- They make use of evolutionary

algorithms that look for design

alternatives aimed at improving

the system performance

Canfora, 6., Penta, M.D., Esposito, R., Villani, M.L.: An approach for QoS-
aware service composition based on genetic algorithms. In Beyer, H.G.,
O'Reilly, U.M., eds.: GECCO, ACM (2005)

Martens, A., Koziolek, H., Becker, S., Reussner, R.: Automatically improve
software architecture models for performance, reliability, and cost
using evolutionary algorithms. In WOSP/SIPEW (2010)

"Software Performance Antipatterns: ﬁipartimentoinformatica
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Problem Reasoning PA in Modeling MDE m
on PA Languages techniques
Approach (Annotated) Software Performance Framework
Architectural Model Model
Antipatterns- Williams et al. 2002 | Software Execution Model System Execution SPE-ED
based Model
Parsons et al. 2008 JEE systems Reconstructed PAD
_ runfime model N
| Focus of Unified Modeling Queueing Performance
this course Language (UML), Network, Antipatterns
Palladio Component Simulation aNd feeDback on
Model (PCM), Model, software
AEmilia ADL Markov Chain Architectures
\ (PANDA) D
/ Barber et al. 2002 Domain Reference Arch. Simulation Model RARE /ARCADE

Rule-based

Layered QN

Perf. Booster
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Problem Reasoning PA in Modeling MDE m
on PA Languages techniques

» Adding antipatterns in the software performance process

|

Performance

Results \\ j

Antipatterns

|
| |
. ' |
Modeling | Analysis | Refactoring
i i
| |
: :
(Annotated) Software| | Model2Model Performance | |
Architectural Model ! Transformation Model I
: | ;
|
i
Model Solution i
|
i Performance
|
|
|
|
|
|
|
|
|
|

|
|
|
I
|
|
|
|
|
|
|
I
|
|
|
|
|
|
|
I
|
|
|
|
|
:
T
|
H
T
|

|
—(_ Results Interpretation &
% Feedback Generation
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Problem Reasoning PA in Modeling MDE m
on PA Languages techniques

» Antipatterns: Negative features of a software system

» Conceptually similar to design
patterns: recurring solutions to
common design problems

» The definition includes common
mistakes (i.e. bad practices) in
software development as well
as their solutions

» What to avoid and how to solve (performance) problems!

W.J.Brown, R.C. Malveau, H.W. Mc Cornich IIT, and T.J. Mowbray.
"Antipatterns: Refactoring Software, Architectures, and Project in Crisis”, 1998.

"Software Performance Antipatterns: ﬁipartimentoinformatica
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Problem Reasoning PA in Modeling MDE a
on PA Languages techniques

» Performance Antipatterns : why are they complex?

C. U. Smith and L. 6.Williams. "More new software performance antipatterns:
Even more ways to shoot yourself in the foot”, 2003.

Antipattern Problem Solution

Occurs when a single class
or component either 1)
performs all of the work of
an application or 2) holds all

Blob of the applications data.
Either manifestation results
in excessive message traffic
that can degrade
performance.

Refactor the design to
distibute intelligence
uniformly over the applications
top-level classes, and to keep
related data and behavior
together.

"Software Performance Antipatterns: ﬁipartlmentomformatlca
Modeling and Analysis”, SFM-12: MDE
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Problem Reasoning PA in Modeling MDE a
on PA Languages techniques

Performance Antipatterns classification

Antipattern Problem Solution
Concurrent | Processing cannot make |Restructure software or change
Processing use of available scheduling algorithms to enable
. Systems rocessors. concurrent execution.
Single- i P
The slowest filter ina
VGIUC Unbalanced “Pine and Filter" "pipe and filter" Break large filters into more
, Aachi tectures architecture causes the | stages and combine very small
Processing system to have ones to reduce overhead.

unacceptable throughput.

Extensive Extensive processing in | Move extensive processing so

general impedes overall that it doesn't impede high
Processing response time. traffic or more important work.
MLIl'l'l |e- : Select algorithms or data
P Occurs when processing structures based on maximum

VCllueS The Ramp time increases as the

sysfem is used. size or use algorithms that

adapt to the size.

C. U. Smith and L. 6.Williams. "More new software performance antipatterns:
Even more ways to shoot yourself in the foot", 2003.

"Software Performance Antipatterns: H partimentoinformatica
Modeling and Analysis”, SFM-12: MDE
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Problem Reasoning PA in Modeling MDE
on PA Languages techniques

Single-value vs Multiple-values

» Single-value: performance indices are evaluated in a
certain interval, i.e. the mean, max or min values.

| (A R
T

time

» Multiple-values: performance indices are evaluated along
the time, i.e. the values trend (or evolution).

|J[AU2A1 anll .
T T e
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Problem Reasoning PA in Modeling MDE a
on PA Languages techniques

» Software performance process: introducing automation

Performance

Results \ /
tertianSroridinn &
"~ \Perfruunsnce gentipaiderns

| |
Modeling | Analysis | Refactoring
| |
| |
| |
(Annotated) Software| | Model2Model Performance | |
Architectural Model [ Transformation Model I
| l i
|
|
Model Solution i
|
l i Aritipebienanbesed

| Rules ipad vBehions
|
|
|
|
|
|
|

|
|
|
|
|
I
|
|
|
|
|
|
|
I
|
|
|
|
|
|
|
I
|
|
|
1
|
1
!
|
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Problem Reasoning PA in Modeling MDE B
on PA Languages techniques

» A bird's-eye look to the problem

‘ i
—— 2- Detecting /
, Antipatterns
1- Representing P o X
Antipatterns
3- Solving
Antipatterns V‘?}
"Software Performance Antipatterns: part1men tom forma tica
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Problem Reasoning PA in Modeling MDE
on PA Languages techniques

Representing Antipatterns:

What are the software architectural model elements we
need for representing antipatterns?

architecture
implementation
specification

response time

workload
throughput  scheduling policy
operational profile

design
requirement
bottleneck

Sermwae cerelopment Performance analysis

"Software Performance Antipatterns: ﬁipartimentoinformatica
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Problem Reasoning PA in Modeling MDE a
on PA Languages techniques

Detecting Antipatterns:
How to explore the architectural models
to recognize antipattern occurrences?

"Software Performance Antipatterns:
Modeling and Analysis”, SFM-12: MDE
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Problem Reasoning PA in Modeling MDE
on PA Languages techniques

v

Solving Antipatterns:

What are the refactoring actions that lead the ®.,‘§)
architectural model to remove performance flaws?

"Software Performance Antipatterns: ﬁipartimentoinformatica
Mode|ing Gnd AnGlYSiS“, SFM-].Z- MDE Universita degli Studi dellAquila
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Problem Reasoning PA in Modeling MDE
on PA Languages techniques

(LOGIC-BASED) REASONING
ON PERFORMANCE ANTIPATTERNS

"Software Performance Antipatterns:
Modeling and Analysis”, SFM-12: MDE
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Problem Reasoning PA in Modeling MDE m
on PA Languages techniques

» Graphical representation of the "Blob" Antipattern

PROBLEM: “occurs when a single class or component either 1) performs all of the
work of an application or 2) holds all of the applications data. Either manifestation
results in excessive message traffic that can degrade performance"

(Anng’ra’red) Software - (Annotated) Software
Architectural Model M _ - Architectural Model M [sx | _
[
1 71 7 1 71 | <
(a) Static View I ] =P . (a) Static View ] etDat'\
& getData z getData |
<<SoftwareEntity O\ | j <SoftwareEntity | _ |
Instance>> _( Pn |<<Softw: 'nemery 1 dDs - Instance=> <Softwar eEumy !
Sx <0/ Instance™: [P _'1_1'\_| S\ seth(a z Instance™ ‘.s.e.udData |
O/ Sz ‘manageData | Sy T T 7" MmanageData
setData °P : | thn _y ! 7
! ! setData :‘ —
! | oethn vz e T
O@\.? oetData setData | Sﬁ& = atd_yz Dk :
°P1 <Softw: 'neEan ; :setData <Softw: neEmlty |
getData Instance>> 0 | sethtd_y Instance>> E |
Sy - _ ackSetData, Sy jackSetData _ )
I il
executeOpi : } executeOp 1I
B (b) Dynamic View P :211 (b) Dynamic View } I Jopg 1' ’
(c) Deployment View I ) (c) Deployment View 1 !
-
Sx Sx
S . =m0
R h . S “<deploy>> 1 <<deploy=\ _
<<deploy=> ' e delploy— > \\ \ <<ProcesNode>> deploy deploy N <<ProcesNode>>
JE. N SN A Iy deploy==, PN3 7* r Y deplo) PN3
<<ProcesNode>> X 1 I - <<ProcesNode>> X 1 | -
<<NetworkLink>> <<NetworkLink>>
maxHwUtil = <<ProcesNode>>| |—| maxHwUtil = <<ProcesNode>>| |— ]
$util PN, maxNetUtil = $utilNet Sutil PN, maxNetUtil = $utilNet
PN; = Net PN, = Net
(cl) centralized (c2) distributed (cl) centralized (c2) distributed
"BLOB-controller" problem "BLOB-dataContainer" problem
w M . . . .
Sof‘rvyar'e Performqnce Antipatterns: partimentoinformatica
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Problem  Reasoning
on PA

]
L1

PA in Modeling

Languages

MDE
techniques

» Graphical representation of the "Blob” Antipattern

SOLUTION: “Refactor the design to distribute intelligence uniformly over the
applications top-level classes, and to keep related data and behavior together”

(Annotated) Software
Architectural Model M’

(a) Static View

(b) Dynamic View

(Annotated) Software

(a) Static View

[ Architectural Model M’

g

<<SoftwareEntity /_\\
>> *< OPn “SoftwareEntity

Instance>>
S 4

Instance
S x/ \

( o;yu
O\
0op; E;
1okt

Sy

i)

(c) Deployment View
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execute OP’;

[
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\

I op';

e
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I
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I
I
I
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l
|
|

>

(cl) centralized

<<deploy>>1
<<deploy=: - &&deploy >> \* <<ProcesNode=>
f
X \¥depl y\\ PN3
<<ProcesNode>> * ! I
<<NetworkLink>>
maxHwUtil = <<ProcesNode=>| |— . ]
Sutil' PN maxNetUtil = $utilNet
2
= Net
PN,

(c2) distributed

<<SoftwareEntity
Instance=>

Sx

Oop

<<SoftwareEntity

Instance>>

S,

°P,
o
')\ <<SoftwareEntity
Instance>>

Sy

(c) Deployment View

<<ProcesNode>>
maxHwUtil =
Sutil'
PN,

(cl) centralized

"BLOB-controller" solution

(b) Dynamic View

ESlNES

op’;

execute OP ;
- '

|
|
3 |
I<—J |
|
L

<deploy=>
<<ProcesNode=>>
<deploy>2, PN3
\ \ |
<<NetworkLink>>
<<ProcesNode>>| |— : :
maxNetUtil = $utilNet’
PN,
= Net
(c2) distributed

"BLOB-dataContainer" solution

"Software Performance Antipatterns:
Modeling and Analysis”, SFM-12: MDE

ﬁiparti mentoinformatica

Universita degli Studi dell'Aquila
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» Graphical representation of the "Concurrent Processing Systems”

Antipattern

PROBLEM: "Occurs when processing cannot make use of available processors”

<<SoftwareEntity
Instance>>

(Annotated) Software —
Architectural Model M

<<ProcesNode>>

<<HwDevice>>

<<cpu>>

{utilization = $cpu(i) util
queueLength = $cpu(i) ql}

<<SoftwareEntity N <<SoftwareEntity
Instance>> b Instance>>
Sa Sc
N <<deploy>> 7
= ~deplo¥/> - <<deploy>>
RN \ »
<<ProcesNode>>
{maxQL = $ql 1
PN,

maxCpuUtil = $cpu_1
maxDiskUtil = $disk 1}

<<HwDevice>>

cpu;

<<disk>>

{utilization = $disk(j) util
queueLength = $disk(j) ql}

disk,

<<HwDevice>>

<<cpu>>

{utilization = $cpu(i) util
queueLength = $cpu(i) ql}

cpy;

{maxCpuUtil = $cpu_2

PN, putytil = Sc
maxDiskUtil = $disk 2}

<<HwDevice>>

<<disk>>

{utilization = $disk(j)_util
queueLength = $disk(j) ql}

disk;

(a) Deployment View

v

-,

e </»I<?deployr>2>

<<SoftwareEntity
Instance>>

Sa

"Concurrent Processing Systems" problem

"Software Performance Antipatterns:
Modeling and Analysis”, SFM-12: MDE

ﬁ partimentoinformatica

Universita degli Studi dell'Aquila



]

]

]

[}
Reasoning
on PA

L1

Problem

PA in Modeling
Languages

MDE
techniques

» Graphical representation of the "Concurrent Processing Systems”

Antipattern

SOLUTION: "Restructure software or change scheduling algorithms to enable

concurrent execution

n

(Annotated) Software
Architectural Model M’

<<ProcesNode>>

<<HwDevice>>

<<cpu>>

{utilization = $cpu(i) util'
queueLength = $cpu(i) ql'}

cpu;

maxCpuUtil = $cpu_1'
maxDiskUtil = $disk _1'}

<<HwDevice>>

1

<<disk>>

{utilization = $disk(j) util'

queueLength = $disk(j) ql'}

disk,

(a) Deployment View

<<SoftwareEntity

Inst =

<<SoftwareEntity g ance
Instance>> b
Sa

N <<deploy>>

<Z<.Zdeployi.>j> epIoY
“a v
<<ProcesNode>> <<HwDevice>>
PNl {maxQL = $ql 1' <<cpu>>

{utilization = $cpu(i) util'
queueLength = $cpu(i) ql'}

cpu;

{maxCpuUtil = $cpu_2'

PN maxDiskUtil = $disk_2'}

<<HwDevice>>

<<disk>>

{utilization = $disk(j) util'
queueLength = $disk(j) ql'}

disk,

v
-,

<< deploy=>>

<<SoftwareEntity
Instance>>

Sc

v
-

-
<< dep10y> >3

<<SoftwareEntity
Instance>>

Sq

"Concurrent Processing Systems" solution

"Software Performance Antipatterns:
Modeling and Analysis”, SFM-12: MDE

Universita degli Studi dell'Aquila
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» Graphical representation of the"Empty Semi Trucks” Antipattern

PROBLEM: "Occurs when an excessive number of requests is required to perform a
task. It may be due to inefficient interface that, in some cases, implies an inefficient
use of available bandwidth (low size messages)"

<<SoftwareEntity (b) Dynamic View
i o Instance>>
<<SoftwareEntity| fetieveData| SI€INL
Instance>> 1
Sx ‘ Srem, ‘ ‘Srem7 ‘Sremn‘
Sx ~ <<SoftwareEntity 1 =
o Instance=>> ~ I ! T
retrieveData | | | |
Srem, [ | I I
) ) |rei.'neveData | | |
(a) Static View | {msgSize = $mgeS} | |
\A <<SoftwareEntity ! | I I
o - Instance>> [ | | |
etrieveDats i . I
retrieveDatal Gy em, | : : |
:reln'eveData : : :
: {msgS1ze=$m§IgS} : :
<<-<\1?p1oy>> R I ... | | |
N <<deploy>> I
M s e
: [ | I |
==deploy== (o  esNode—> :reu'ieveData ! : :
T X PN | imsgSize = $m%gs} i |
<<deploy=>", 2 | ] | |
M | ! | | |
<<NetworkLink>> | | ] |
<<ProcesNode>> — : : t T T T
maxHwUtil = maxNetUtil = SutilNet
Suil | Net } A d) Sof
PN (c) Deployment View ( nngTaTe ) Software
1 Architectural Model M
|
"Empty Semi Trucks" problem
"Software Performance Antipatterns: H partimentoinformatica
Mode|ing Gnd AnCllYSiS“, SFM-].Z- MDE Universita degli Studi dellAquila
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» Graphical representation of the "Empty Semi Trucks" Antipattern

SOLUTION: “The Batching performance pattern combines items into messages
to make better use of available bandwidth (in case of low size messages).
The Coupling performance pattern, Session Facade design pattern, and Aggregate
Entity design pattern provide more efficient interfaces.”

(b) Dynamic View
<<SoftwareEntity
& Instance™>>
<<SoftwareEntity| fetrieveData| STeI | ISX | ’Sreml‘ |S1‘e1113‘ |Sre111n|
|
Sx ‘ <<SoftwareEntity T ; ,
\retr?eveDma Instance=> D eticvenaa !
retrieveDa
Srem, I i

I {msgSize = $msgS'}
(a) Static View \ | :
<<SoftwareEntity ! !
Instance>> : retrieveData :
| {msgSize = $msgS'}
| |

1653
retrieveData Sl‘ellln

N N [ |
Srem, Sreny |
. x

|
| retrieveData |

“=deploy=> I {msgSize = $msgS'}
Srem, '\ <<deploy>> ; ;
. N | ]
<deploy>> \\i <<ProcesNode>> ! t
<<deploy>=", PN,
. 2
<<ProcesNode>>
maxHWUti] = | maxNetUtil = SutilNet (A ninaTed) Software '
sutil Net (c) Deployment View Architectural Model M
PN
L™ |

"Empty Semi Trucks" solution

"Software Performance Antipatterns: H partimentoinformatica
Modeling and Analysis”, SFM-12: MDE

Universita degli Studi dell'Aquila
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First Order Logic-based representation of antipatterns

-

N

How to make more “formal”
(i.e. machine-processable) the
specifications of antipatterns???

~

/

"Software Performance Antipatterns:

Modeling and Analysi

s", SFM-12: MDE

partimentoinformatica
Universita degli Studi dell'Aquila
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» Dif ferent model elements of antipatterns can be

organized into "Views"

Views overlapping!

Message , ProcesNode
_ SoftwareEntity O
STATIC VIEW: software resources, senderRole Instance utilization
relationships among them, ... -4-____
fo model static aspects receiverRole __{--""" ,S’V\ RREN \cj(egloyedIns‘rance
- / \l
DYNAMIC VIEW: interactions such as DYNAMIC , ;o
messages between sw resources, ... VIEW cl len‘réble ‘\ DEPL\%YEAOVENT
to model dynamic aspects \
supplierRole
DEPLOYMENT VIEW: hardware resources, ... dQ
to model deployment aspects . .
Relagonshlp STATIC
VIEW

"Software Performance Antipatterns:
Modeling and Analysis”, SFM-12: MDE

Universita degli St

partimentoinformatica

udi dell'Aquila
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» Basic Idea: a performance antipattern can be formalized
as a logical predicate LPsinatname

» A logical predicate is made of (Static, Dynamic,
Deployment) basic predicates, BP,

LPantipatame = BP1 (A, V) .. (A, V) BP,

"Software Performance Antipatterns: ﬁipartimentoinformatica
Mode|ing Gnd AnGlYSiS“, SFM-].Z- MDE Universita degli Studi dellAquila
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» The Empty Semi Trucks antipattern occurs when the following
predicate is true:

e | JP— [Ceann | F—

i ] - o] JswE, € swE, S € S |

- (h\ln\‘ o
deploy ™™

Slem]

\ <<deploy>> [
.

anrnRe’m]\/[sgs(SwE;zzg S) > Thnzaa:Rmn]\:[.sgs /\

<ProcesNo

PN,

sde>

NetworkLink

( FTTZCL:Z?NetUt’il (PswEma SwET) < Thfm,inNetUtil v

[<<ProcesNode=>

|
maxHwUil= maxhctUn_l = SunINet
Sutil Net
PN,

Fn’mnRefmInst(SwEfca S) 2 Thnzaa;RefmInst )

where sw]E represents the set of SoftwareEntityInstance(s), and IS
represents the set of Service(s).

All the (swE,, S) instances satisfying the predicate must be
pointed out to the designer for a deeper analysis.

"Software Performance Antipatterns: H partimentoinformatica
Modeling and Analysis”, SFM-12: MDE

Universita degli Studi dell'Aquila
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Auxiliary elements in the formalization process
» Functions
> Functionname €laborates information of the model

(e.9. Frummsgs 1S @ function counting the number of messages sent by
an instance of the class/component model element)

» Thresholds

> ThypresholdName 1S @ Value (estimated by the software architects) used
to establish the acceptable range of values for system features

(e.g. Thy umses iS @ threshold value representing the upper bound for
an accep’ra%le number of messages exchanged among two software
instances. It can be estimated, for example, as the average number
of all messages sent by all software entities, plus the corresponding
variance)

"Software Performance Antipatterns: ﬁipartimentoinformatica
Mode|ing Gnd AnGlYSiS“, SFM-].Z- MDE Universita degli Studi dellAquila
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» The Concurrent Processing Systems antipattern occurs when the
following predicate is true:

T 1P, P, € P|
“ProcesNode
/ e o oS F maxQL (P ) > ThmarQL A
2';"1:1::;{2%:(3':1} — ( F. maxHwU t’il(P:177 Cpu) 2 Th’rnaa?CpuU tal /\
cpu —
m F"maa:HwUtz'l(R”E; dZSk) Z Th"rnaa;Dz'Sk:Ut'il ) v
— — ( Ffrna:I:HwUt'il(Py; CPU) < Thm,inC'puUt'il /\

F’rna:Z:HwUtil(Py; dZSk) < ThnzinDisk:Utz’l )

where [P represents the set of ProcesNode(s).

All the (P, P\,) instances satisfying the predicate must be pointed out
to the desmner for a deeper analy5|s

Universita degli Studi dell'Aquila

"Software Performance Antipatterns: ﬁ partimentoinformatica
Modeling and Analysis”, SFM-12: MDE
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» The Blob antipattern occurs when the following predicate is true:

(a) Static View

setData
ST | dswk,, swk, € sw
[sx] | Sz Sy ' s
LS )51  Smmr o -
MEDSEE ey & lw .,JD. x ( Fn‘11-771(_'1‘1"67?l‘(-_/'O‘mlE’Cl‘-S('S‘U’E;l‘) > Th maxConnects v
vendD . . :
manageData <<ProcesNode " M. "’uxﬁu;c[).n.\ o ‘ i A
—J maxHwUtil = e Fn.-u'mSuppl-i.e‘rC'O‘n.nects('5 u’E;r) = Th maxConnects )
setData Sunl = 1 _
L™ ? ( Fou nu\[sgs(su’Er- S'U’Ejy- b) > Thma,;l‘ﬂ[sgs v
- - ckSeD (c1) centralized  tData .
executeOpz :Or m;ﬁ: ‘ executeOp x“
' P ' h gy ! s —Y e B
)/f o ‘ Fnunu\[sgs ('5 u’Ey ) u‘E-I- *S) > Thma;rﬂ[sgs) /\
(F ?’b\ 1f [} I3 P p > T )
maz: e | s, tmaxrHwUtil v 771.(1;1‘.1\"et[-’ti.l( zs 4 y) = bmaxN etUtil

where swlE represents the set of SoftwareEntityInstance(s), and IS
represents the set of Service(s).

All the (swE,, swE,, S) instances satisfying the predicate must be
pointed out to the. designer for a deeper analy5|s

"Software Performance Antipatterns: ﬁ partimentoinformatica
Mode|ing Gnd AnGIYSiS“, SFM-].Z- MDE Universita degli Studi dellAquila
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» Each antipattern can be
expressed by means of
first-order logics

» But this is only OUR
interpretation of their
textual description

V. Cortellessa, A. Di Marco, and
C. Trubiani. "An approach for
modeling and detecting
Software Performance
Antipatterns based on first-
order logics”, accepted for
publication in the journal of
Software and Systems Modeling
(S05yM), 2012.

Antipatem Formula
Blob (or god classcomponent) | IswE, swE, € swES € § | (FumcClentConnects(5wE;)
Ihm:r(.'r.vnn(c(: v Frum SupplicrC onmectsSWEz) >

> Thpazna
Ihn-ax\hg ) A NF oz ot n(’lxb “i“ >
Ihmnx\ ctlend)

maxrConnecta) N '}n<m\f‘9 l—“‘": ’"-1'5 S)

FrumM xgs(swEy, swE:,5) >
Themaziwtet V Faaznew ot Pty , Pet: v) 2

"Software Performance Antipatterns:
Modeling and Analysis”, SFM-12: MDE

More is Less

Concunpnl 3P, Py € P | }'mu,g,,l_l’,) > Thypazgr » [(F mazi wit wt( Pz cqpu) >
Processing Thmazcputvtd A Frazriwvat(Py, cpu) < minCpull tal)
Systems (FmazHwied (P, disk) > ThmazDuktat A (Fmaziwt reat(Py,disk) <
T heninDaxktieat))]
Unbatanced | “Pipe  and 30pl € 0,8 € § |V¥i : FreaDemand(Op)[i] 2 ThreaDemand|i] A
Processing Filter”  Ar- Fprettizec(S,0pl) = 1 A (FaazHwUat(Prwkiz,all) > Thmaziwtiag V
chitectures Fp(S) < Thginneq)
2 Extensive 30pl1,0pl2 € 05 € 8§ | Vi FresDemand(Opt)fi] >
s Pn:-:cs\'mg I"mart)yllc:ﬂcmzﬂn—:{[ l A vi }rcxl’cmnmﬁlop‘ l[ ] <
2 mmux-ncmcmund[ ] fpm,: xcr‘-s Oply) + Fproprizec(S,0pla) =
= ANF et wtreat Pty 16l 2> Thora et wtreat ¥ Fre (S) > Ths,ineg)
Circuitous Treasure Hunt dswk;, swky € swhE. S = s |  swE,isDB =
true 'Fnuml um.ﬁ.l’“f': swky, S) 2 ThmazDBmags N
F ozt wtr st (Paseszy y0ll) bonazitwtia N Froenwva (P, , disk) >
“mazH wl nl".-v.! ,cpu)
Empty Semi Trucks IswE: € swE, 5 € § | FrumRemMags quI-, S) 2 ThmaznemMags
Frraxn cev st (Pussti . swE2) < Thepnn csreat V Fraum Reminae(swEz, 5) >
ThenarReminat)
Tower of Babel dswE: €& swE,§ € 5 | Faumizr(swE: S) Thmazgzr V
Frnaztt wtv it Ptz yall) > Thepaziwtret
One-Lane Bridge 3swE; € swE, S € 8 | Foumsynchcatix(5wEz, S) = Fo 19, (swEz) A
F m.rc(mrlhul ) & FuaitingTeme( PrwE, ) / I'mlﬂ > Thsrifeq
Excessive [)-imc Allocation S eS8 l "’numl reatedOb) |Sl Ihm:x(' rOby v }nuw[‘r‘ troyedOby (Sl
Themazpeor;) 7 Frr(S) > Hunnc.;
) Y1 e e (Fro(Opl 2)— Frpp(Opl £ 1))
Traffic Jam 0pl € O | mmelmr ol i P B o
Thoppivar » Fre(Opl k) — Fpp(Oplk — 1) > Thoppwvar A
Facrenll ;,".oF: ) —Fpr(Ople—1))| ..
—X < Thoprvar
_ Yiceen!|(Frr{Opl t)-Fry(Opl t-1)) - .
é The R 30p € O | === ~ > Thoprevar
= amp Y 1cten! (Fr(Opl ) —Fp(Oplt—10)] _ .,
= — >Thogravar
&
=
=

Yacten (Frrpar (Pz ) —Furpar(Prt—1)[1)
N

AP, e P|Vi: FP,,(I’,)Ii] <
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Key-Question:
Once we have (somehow) “represented” antipatterns,

how can we detect them in a software model?

"Software Performance Antipatterns: ﬁ partimentoinformatica
Modeling and Analysis”, SFM-12: MDE

Universita degli Studi dell'Aquila
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boolean checkCPS_PA (Document doc) {
boolean PA_cps = false;

Fir's.r r.ough approaCh int nodeQLs[] = new int[numProcNodes (doc)];

float nodeHwResUtil[] = new float[numProcNodes (doc)];

NodeList listOfProcesNodes = doc.getElementsByTagName("procesNode"):

a JGVG r‘ule_engine GpplicaTion for (int s = 0; s < listOfProcesNodes. getLength(); s++) {

float maxUtilCurrentNode = 0;

bl 1' XML Nod Node = listOfP Nodes .item(s);
aple To parse any T e D e
° Element procesElement = (Element) procesNode;
d t liant t
Ocumen Comp Gn O. a NodeList innerListOfHwResources = procesElement.
tEl tsByTagN ("hwRi 8
SChema Tha.'- We have deflned GS for (ingtci imgns] i ?l'lgncz;TiCSIOF'H:'SRO;srcilerces.gcchnglh(): i++) {
. b I Node hwResNode = innerListOfHwResources .item(i);
float tempUtilCurrentNode = Float. parseFloat(hwResNode.
GnTlpaTTer‘n VOCG u ar‘Y' o ;elA(:ributzs().ilecm(l),ogctN;deSf/all?:()): : ‘
if (tempUtilCurrentNode > maxUtilCurrentNode) {
max UtilCurrentNode = tempUtilCurrentNode ;
}

nodeHwResUtil[s] = maxUtilCurrentNode:

NodeList queueLengthList = procesElement. getElementsByTagName ("
queueLength");

Element queueLengthElement = (Element) queueLengthList.item(0):

nodeQLs[s] = Integer.parselnt(((Node) queueLengthElement.
getChildNodes () .item(0)). getNodeValue().trim());

}
}
for (int i = 0; i < numProcNodes(doc); i++) {
if (nodeQLs[i] > getTh_queue(doc)) {
it GaoemEaTtiC > T Emo) €
An CXCGFPT Of The JGVG (if (nichw:RisU(iI[i] > nodeHwResl.JtiJllj]) {
o . PA_cps = true;
application for the .
“Concurrent Processing .
n .
Systems” antipattern } urn PA_cps:
}
"Software Performance Antipatterns: H partimentoinformatica
Mode|ing and AnGIYSiS“, SFM-12: MDE Universita degli Studi dell/Aquila
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» A case study: the "E-commerce System”

/7 [ — software model excerpt
performance model

/ wan1 webServerNode wan2
O > ' Q ' O ]

, M/G/00 (Infinite S MM/m - FCFS M/G/00 (Infinite S
<<artifact>>| %
database
7
libraryNode lan1 controlNode <<dGD|0V>>/
v
MM/m - FCFS M/G/00 (Infinite S MM/m - FCF <<GaExecHost>>
databaseNode

kGaExecHost>>

frwProcessors> <<GaExecHost>>

k<Scheduler>> <<hwMemory>>
db_disk

db_cpu
lan2 db cpu db disk ichedPolicy = FIFO,
( ) Z : peedFactor = "1.0"}
\ M/G/Q0 (Infinite € MM/m - FCFS MM/m - FCFS /

1
I’

N
Requirement Required Value Predicted Value
RT(browseCatalog) | 1.2 sec 1.5 sec
RT(makePurchase) 2 sec 2.77 sec
partimentoinformatica

"Software Performance Antipatterns:
Modeling and Analysis”, SFM-12: MDE
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» A preliminary complex step: setting thresholds

-

Detecting Antipatterns

design properties
— (e.g. excessive message traffic)

performance results
_— (e.g. high network uftilization)

antipattern|parameter value
Blob Th-'mq:cConnect 4
Th---ma:c]\v-fsqs 18
ThmaeeHwut | 0.75
Th'maa:NetUtz'l 0.85
CPS Thmazuewe | 40
Th'cpu.f\«;fa:vUtz'l 0.8
ThdiskMazUtit| 0.7
Th-’cpu.f\‘-finUtil 0.3
Thaiskminuti| 0.4
EST Th"'renz]\f’lsgs 12
Th--re'mInst D
Th-'mi'nNetUtil 0.3

"Software Performance Antipatterns:
Modeling and Analysis”, SFM-12: MDE

ﬁ partimentoinformatica

Universita degli Studi dell'Aquila
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Workload: a trouble-making factor

_____________________ -

I'1.2 - Utilization (Network) |

- — |

| _0.85 = PA threshold |

| 0.8 |

I
06 0.57 |
| |
04

| |

: 02 0.11 |

I

o, # users |,

I 10 20 50 75 100 250 |

e cor oo oo o or o oo oo oo o o e e e e e e o o o e

Workload Sensitivity Analysis
"Software Performance Antipatterns: ﬁipartimentoinformatica
Mode|ing Gnd AnGIYSiS“, SFM-].Z- MDE Universita degli Studi dellAquila
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» Performance Antipattern instances in ECS:

Antipattern Problem Solution

libraryController performs most of |Refactor the design to keep related data and
Blob the work, it generates excessive behavior together, i.e. delegate some work

2 message traffic towards bookLibrary from libraryController to bookLibrar

C

Q

+—

+—

3

'.,,-_- Concurrent Processing cannot make use of the Restructure software or changing scheduling

rocessing Systems processor webServerNode

= p ing Svst bs Nod algorithms between processors libraryNode

< and webServerNode

o

£

Q

Q Empty Semi An excessive number of requests are| Refactor the design combining items into

45 sent by the userController to perform| messages to make better use of available

Vo) Trucks the task of registering users bandwidth
"Software Performance Antipatterns: ﬁ partimentoinformatica
MOdC“ng GNd AHGIYSiS“, SFM-12: MDE Universita degli Studi dellAquila
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on PA Languages techniques

» An example: detecting the Blob antipattern instance

35\\;E_\\ Frnconea(SWE, sWE() 2 4
AN

lBI.\'DS TO

qunl\lsgs(s“}Ex, SWE\, S) Z 18

/

[ . ys— ¥ 1l bl
Th e ( l ' b r‘a r.yco nT r‘o I I e r| [l (e lel: E “———:—e‘rBOOksmtus library(‘::'ontroller bookLibrary
. libraryController se(t)B\AKkStams o T [
b 0 O kL l b r'Cl ry ’ 0\ |getBookStatus |
S}W“‘ ol L I | getBookStatus
" browseCatalog) ‘ —{ ook ibrary . sendBootstaus <)
Pt . . . ookAvailability |_W |
r Instance satis f Ies getBOOkAvailability :<_l checkStatus :
Q) . setBorder N
t The B|Ob Pr'edlca.re, : - L» IsetBorder
O h e n C e I T m US 1- b e - artifact>> : setBookStatus . I
QL Ic1_libraryController - node=- : ;
e . - tBookStaty
+:- po l nTed Y UT TO T h e <‘=idelJlO)'>:? RN {<:T]QaExecH85§':‘> | _sendBookStatus |<— s
. peper syeec N utilization = 0.82} | » |
< desi gher f or a bi1_bookl ibrary libraryNode || checkstatus
(o)) d I . NN IsetBookAvailability _|
oo [ “
< eeper‘ ana YS|S <<deploy>>" |
° amm A |l «—
L — - [ | setBookAvailability
P ririiin <<GaCommHost>> f = anae "
+— {utilization = 0.68} {utilization = 0.92} I Ilmmf eBoo
Q) controlNode LAN | e
O ‘

/

/
FmaxNetUtiI(PS\\‘Ex > PS\\‘EV) > 0.85

L

"Software Performance Antipatterns:
Modeling and Analysis”, SFM-12: MDE

ﬁ partimentoinformatica
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And another Key-Question
Once we have (somehow) “detected” antipatterns,
which refactoring actions must be taken

to remove (some of) them?

First rough approach
First-Order-Logic representation of antipatterns can help:
refactoring actions can be (automatically)

obtained from negating predicates!

"Software Performance Antipatterns: ﬁipartimentoinformatica
Mode|ing Gnd AnGlYSiS“, SFM-].Z- MDE Universita degli Studi dellAquila
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» An example: solving the Blob antipattern instance

L

35WE(| mei‘onnects( SWE(: SWE
| 3

lBINDS TO

N\

|- swE SWE, SXIS

Solving Antipatterns

¥ lcl- bll:
Icl: & libraryController bookLibrary
libraryController /9 T I
I |
bll:
103% bookLibraryED : manageBook :
eBook
| manageBoo!
|
| |
<<artifact>> o
lc1_libraryController <<podes>
Sa <<GaExecHost>>
<<deploy>> "\ Dty
g 4 {utilization = 0.65}
bll_bookLibrary libraryNode
N
<<deploy>>" |
A
/ <<node>> <<node>>,
<<GaExecHost>> <<GaCommHost>>
{utilization = 0.72} {utilization = 0.78
controlNode / LAN

/

J

maXNetUtll(PS\\E\ >+ swEvy )XO 85

The removal of the Blob
antipattern gives rise to a new

software architectural model
(called here as "ECS \ {blob}")

"Software Performance Antipatterns:
Modeling and Analysis”, SFM-12: MDE
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MDE

: 54
techniques .}

Performance Analysis of some
refactored models

Modeling | Analysis |
| |
| |

ECS \ {est} | ! |
| |
| Queueing Response Time,| |

ECS \ {cps} | Network _’ Utilisation, ... | |
ECS \ {blob} —/ |
|
Unified Modeling i i
Language (UML) | |
| |
(Annotated) Software RT(browseCatalog) < = 1.2 sec RT(makePurchase) < = 2 sec
Architectural Model
ECS 1.5 sec 2.77 sec
| ECS \ {blob} 1.14 sec 2.18 sec |
ECS \ {cps} 1.15 sec 1.6 sec
ECS \ {est} 1.5 sec 2.24 sec

"Software Performance Antipatterns:
Modeling and Analysis”, SFM-12: MDE
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Yet another Key-Question??? Yes!
How to drive the process of antipattern solution?

Who guarantees that the removal of antipatterns will lead to
"better” performance?

First approach

A guilt-based one, but still many issues to solvel

"Software Performance Antipatterns: ﬁipartimentoinformatica
Mode|ing Gnd AnGlYSiS“, SFM-].Z- MDE Universita degli Studi dellAquila
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PERFORMANCE ANTIPATTERNS
IN MODELING LANGUAGES

"Software Performance Antipatterns:
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» Antipattern-based process

Model2Model
Transformation

Performance
Model

/

(Annotated) Software
Architectural Model

E B

UNIFIED o

- Generic Modeling e
Languages (UML) LANGUAGE

- Domain Specific __rocT
Languages (PCM) %8

- Architecture Description
Languages (Aemilia)

Antipatterns-based
Rules and Actions

-

Detecting Antipatterns
i.e. Results Interpretation

Performance
Results

Solving Antipatterns
i.e. Feedback Generation)

(Annotated) Software (Annotated) Software
Architectural Model Architectural Model

/ Candidate . Candidate,,

ﬁiparti mentoinformatica

Universita degli Studi dell'Aquila
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Response Time,

Utilisation, ... \'\

OCL engine for the
Detection of Antipatterns

= = ] =
Problem Reasoning PA in Modeling MDE a
on PA Languages techniques
» Our experience in UML
| |
Modeling i Analysis | Refactoring
i i
Unified Modeling | | __,| Queueing | |
Language (UML) Network |
l |
ean Value i
Analysis |
| OCL code
|

»
>

|

|
"Software Performance Antipatterns:

ﬁ partimentoinformatica
Modeling and Analysis”, SFM-12: MDE
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» UML model
Service Demand Utilization
(input parameters) (output indices)
webServerNode 2.02 msec 27% >
libraryNode 7.05 msec (96@
controlNode 3 msec 41%
dbNode_cpu 15 msec 20%
dbNode_disk 30 msec 41%

Requirement: each hardware resource has not to be used more than 80% under the
mean workload of 70 requests/second concurrently in execution in the system.

"Software Performance Antipatterns:
Modeling and Analysis”, SFM-12: MDE
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» An example: the Blob antipattern as OCL rule

context Hodel
Blob () Set(Component )

def: allComponents: Set(Component) =
self .allOwnedElements () —>

select(oclIsTypeOf( Component))
.0clAsType(Component ) —> asSet|()

body allComponents| usageRula( )

interactionRule ()

utilizationRule ()| —> asSet()
1

context Component
t(‘utilizatiunﬂula[}

context Component

interactionRule () Set( Component )

context Compon

usageRule () : !def: et \L Pody @ =elf —=select |

if singleleploylNode| zelf )

allLifelines:

self .allOwnedElement
—>select(oclIsTypel
.0clAlType(Lifelix

body : cc —= 8
a= gatC

gati

body : self —>select (ge’

—> select(getSent]

> allLifelins

/ allLifelins

)

than getlvninglode [ ) .utilization >= thr
elss
getUsingComponent | salf )
—=iterate (c: Compeonent: result: boolean |
if getCommChannelNods|c).attribute . typs
cinclude(self )
then getCommChannelNode|c).attribute
.mntilization >»>= thr

"Software Performance Antipatterns:
Modeling and Analysis”, SFM-12: MDE

Universita degli Studi dell'Aquila
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msgSize="0.5 kbyte"} 2: browseCatalogReq

-
Problem Reasoning PA in Modeling MDE m
on PA Languages techniques
» Detecting antipatterns in UML
browser webServer :dispatcher (.‘::ﬁ:,:?” :bookLibrary E:;’lfg :database

: <<GaCommStep>>[ . i '

1: browseCatalogReq o [ '

{prob="0.98", ¥ <<GaCommStep=> 1 :

I |

{msgSize="0.5 kbyte" }

|
|
|
|
|
| |
|

‘3: browseCatalogReq

. "Blob” Antipattern occurrence

| [
| | I
| | | ..-——'*/
' ‘ ' ! <<GaCommStep>> | :
| | [ ! 4: getBcatalogStatus ! | |
| [ [ " {msgSize="0.5kbyte']  5: getBstatus |
I [ | | I 1 :
I l I 1 <<GaCommStep>> | .
: : | I §: sendBcatalogStatus _ | ' !
| | 77 {msgSize="0.5 kbyte"} ! | ,
| i | | 7: checkBstatus : : .
|
1
' ' ' ::l <<GaCommStep>> | '
| [ I . 8: sethatalog%tatus ’ | :
| [ [ ,  {msgSize="0, "} 1 9: setBstatus .
| 1 1 I
l [ | 1 <<GaCommStep>> 3 1 |
| l w_ _ 10: ackBcatalogStatus | | |
| [ [ 7 7 1msgSizé="0.5 Kbyte "} | |
I | | 1 I
| [ | : <<GaCommStep>> 1 | I
| : : g 11: showBookCatal%g | | |
I =7 1 !
| [ | L | ECS |
' ‘ ! i 112: bookCatalog T
[ [ | , EE— |
"Software Performance Antipatterns: ﬁ partimentoinformatica
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» Solving Antipatterns in UML

Notice that these values have changed due to the load re-distribution

\

Sexice Demand Utilization
(inpu¥ parameters) (output indices)
webServerNode (4,07 msec ) 61%
libraryNode 5 msec 75%
controlNode 3 msec 41%
dbNode_cpu 15 msec 20%
dbNode_disk \ 30 msec k41% )

N > 4

Requirement: each hardware resource has not to be used more than 80% under the
mean workload of 70 requests/second concurrently in execution in the system.

"Software Performance Antipatterns: H partimentoinformatica
Modeling and Analysis”, SFM-12: MDE
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Utilisation, ... \\

Java engine for the
Detection & Solution of
antipatterns

= = ] =
Problem Reasoning PA in Modeling MDE @
on PA Languages techniques
» Our experience in PCM
| |
Modeling i Analysis i Refactoring
i i
Palladio Component i Simulation i
Model (PCM) i Models i
| l l
;
l i Java code
|

»
»

"Software Performance Antipatterns: ﬁ partimentoinformatica
Modeling and Analysis”, SFM-12: MDE
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PCM model

»

<<ResourceContainer>>

Proc,
<<ResourceContainer>> 1 i =
Proc, ~ —0 User -
/ Scheduler Management
21_. (Y —
O Webserver = 5 Online  _ T <<impler
T Reporting S
7'IGraphical
5 Reporting™ _
Online “— - N
Reporting Graphical g ]
Reporting

~

N
N

N\
N
N

<<ResourceContainer>>

“._<<ResourceContainer>>

<<SEFF>>
IOnlineReporting.onlineReport

<<InternalAction>>

setupReport
CPUdemand= 0.001

ments >> .

<<ExternalCallAction>>
IReporting.getReport

v

) N
<<implements >>

<<SEFF>>
IGraphicalReporting.graphicalReport

' <<InternalAction>>

Proc; Proc setupReport
) 4 \ (J\ . CPUdemand= 1.0 N
<<PassiveResource >> IReporting (7)) r s
m 2 ] . i
capacity=1 Cache - <<ExternalCallAction>>
O Core ;_ ‘ ( . ‘ IReporting.getReport
— - Reporting O — g
Database = 3 Engine ’ - “
p <<InternalAction>>
calculateReport
CPUdemand = entries .VALUE * 0.6
Requirement Required Value Predicted Value

RT(system)

871560

0sed

"Software Performance Antipatterns:
Modeling and Analysis”, SFM-12: MDE
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» An example: the Concurrent Processing
Systems antipattern as Java code

public boolean cps(List<ActiveResInfo> list) {

boole = :

if ((getOverUsedCpu(list) |size() != 0 &&|getUnderUsedCpu(list)jsize() != 0)
erUsedHDD (1list) .size () != 0 && getUnderUsedHDD(list).size() !'= 0)) {
logger.info (\"The antipattern CONCURRENT PROCESSI SYSTEMS has been detected"):

return result;

public List<ActiveResInfo> getOverUsedCpu (List<ActiveResInfo> list){
List<ActiveResInfo> result = new ArrayList<ActiveResInfo>(0):

//@author catia: threshold value for Public List<ActiveResInfo> ggetUnderUsedCpu(list<ActiveResInfo> list){

double thresholdMaxCpu = new Thresho List<ActiveResInfo> result = new ArrayList<ActiveResInfo>(0):;
@author catia: threshold value fo //@author catia: threshold value for min CPU utilisation
double thresholdCpuQL = new Threshol double thresholdMinCpu = new Thresholds () .thresholdMinCpu;
for (RctiveResInfo el : list) { for (ActiveReslInfo el : list) {
if((el.type.getEntityName () .equa if((el.type.getEntityName () .equals ("CPU")) &&
(el.utilisation > thresh (el.utilisation < thresholdMinCpu)){
(el.queuelength > th result.add(el);
result.add(el): }
}
}
} return result;
return result; '
}
"Software Performanc,le Antipatterns: ﬁ partimentoinformatica
MOdCIlng Gnd AnClIYSIS , SFM-lZ- MDE Universita degli Studi dellAquila
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» Detecting antipatterns in PCM

f <<SEFF>>

"
Concur‘r‘.en.r PA1: Concurrent Processing Systems IAI IOnlineReporting.onlineReport
Processin : - ' 7 <<ResourceContainer>>
.| Proc;
n <<ResourceContainer>>[ | ™ o) S
SYSTe ms Proc {] CO_ User E] <<InternalAction>>
o 1 setupReport
An’rlpaﬂer'n Scheduler Management CPUdemand= 0.001
2 ]
occurrence O— Webserver {O/ A\ 10nline <<implefments >>
Reportin‘g T T~ T T <<ExternalCallAction>>
IGraphical IReporting.getReport
2] Reporting ™ _
Online N
PAs: Empty Semi Trucks l% Reporting Graphical g ]| k,, /
Reporting N
N | A PA7: Extensive Processing %
[ <<implements >> ——
PAs: One-Lane Brid el%
As ' 9 PAs: Concurrent Processing Systems B‘ /,V ) <<SEFF>> \
B IGraphicalReporting.graphicalReport
<<ResourceContainer>>| = <<ResourceContainer>> <<InternalAction>>
" Procs Proc setupReport
¢ 4 CPUdemand= 1.0
k<PassiveResource >> IReporting (O)
DBConnection T
capacity=1 Cache <<ExternalCallAction>>
_@_ Core 3 | IReporting.getReport
Reporting —QO /
Database & _| O) Engine
. = = [ <<InternalAction>> ]
) o calculateReport
CPUd d = entries .VALUE * 0.6
| PAs: Circuitous Treasure Hunt I% k emand = enries /
"Software Performar\c,le Antipatterns: ﬁipartimentoinformatica
Modehng Gnd AnCllYSIS , SFM-].Z- MDE Universita degli Studi dellAquila
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» Solving antipatterns in PCM

|

Proc, <<ResourceContainer>>
<<ResourceContainer>> ] =
Proc, = O User -
Scheduler B Management
ajiirey
O Webserver - 75 Online . T <<implements >>
T Reporting ~—A
\.7IGraphical
“ 'R Reporting ™
Concurrent Online — 1.
P . Reporting Graphical 21"} ‘
rocessing Reporting .
” \
Systems
Antipattern «redeploy>>
removal |
<<ResourceContainer»/ "_<<ResourceContainer>> |
Proc; Proc,
<-<PasslveResource >>| IReportingﬁ (J\I,
DBConnection [
capacity=1 Cache
O — Core = |
- Reporting O
Engine

Database = |

<<SEFF>>
I0OnlineReporting.onlineReport

" <<InternalAction>> |
setupReport
. CPUdemand= 0.001 ,

T

V .
<<ExternalCallAction>> ‘
| IReporting.getReport

N
<<implements >>

~

<<SEFF>>
IGraphicalReporting.graphicalReport |
‘ [ <<InternalAction>> |
= setupReport

. CPUdemand=1.0

. | <<ExternalCallAction>>
( ‘ IReporting.getReport

A - -

<<InternalAction>>
calculateReport
CPUdemand = entries VALUE* 06 | |

"Software Performance Antipatterns:
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» The solution process in PCM

20
18.70830675
18 \ * M $
\ ¢ * ¢ !
&
16 ® *
B \
]
% 14
= $
12 12.25113424
\L O z
10.3960428 :
10 & 10.02202904 I"CQUll"ed value
\ 9.2578815
: e/
5

iteration

"Software Performance Antipatterns:
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» Our experience in AEmilia

Response Time,

Utilisation, ... \'\

OCL engine for the
Detection of Antipatterns

| |
Modeling i Analysis | Refactoring

| |
AEmilia | Markov | |
e . —> —> . I
specification chain |
l |
i

i OCL code
|

»
>

|

|
"Software Performance Antipatterns: ﬁ partimentoinformatica
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» AEmilia specification
ARCHI TYPE boa( const integer ma num := 5,

const rate download rate :=2441.40625,
const rate upload rate :=305.17578125,
const rate balancer rate_a :=20000000,
const rate balancer rate b :=10000000,
const rate server req rate:= 70000000,

const rate server_result_rate:= 835995, ARCHI_TYPE <name and formal parameters>
const rate data_fetch rate:= 36.585,
const integer buffer size :=10) ARCHI ELEM TYPE
<architectural element types:
ARCHI_ELEM TYPES behaviors and Interactions>
ELEH_TYPE I{A_Type (void) ARCHI TOPOLOGY

ARCHI ELEM INSTANCES <architectural element instances>
BEHAVIOR ARCHI_INTERACTIONS <architectural interactions>
ARCHI ATTACHMENTS <architectural attachments>

Mobkilelpp (void; wvoid) =
<generate_best path req, inf> . <trasmit_req best_path, inf> .
<receive best path, _> . MobileApp()

INPUT_INTERACTIONS

UNI receive best path;
generate_best_path_req

A
~

OUTEUT_INTERACTIONS Requirement Required Value Predicted Value
UNI trasmit_req best path ThFOUQhPUT(SYSTem) @eqs@ 12.19 r'eqS/Se

"Software Performance Antipatterns:
Modeling and Analysis”, SFM-12: MDE

Universita degli Studi dell'Aquila
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Problem ec?:cl)’r;\ng Lannguigisng techniques
» An example: the Extensive Processing
antipattern as OCL code (applied on the
Aemilia MM!)

——function for the detection of the Extensive Processing antipattern

def: checkExtensiveProcessingCond (element: ElemType,
maxOpResDemand: Real, minOpResDemand: Real) : Boolean =
let opWithHighResDemand : Sequence (Behavior::Action) =
findCOpWithHighResDemandf{element, maxOpResDemand) in
ence (Behavior::Action) =
findCpWitjLowResDemand (element, minOpResDemand) in
if (opWithHifhResDemand -> size() <> 0 and opWithLowResDemand ->size() <> 0) then
opWith)ffighResDemand -> exists(actl: Behavior::Action |
LowResDemand -> exists (act2: Behavior::Action
| belongToTheSameChoice (actl, act2)))

let

/

def: findOpWithHighResDemand (elemType: ElemType, bound: Real) : Sequence (Behavior::Action) =
Behavior::Action.allfnstances() ->
select (act: Behavior::Action |
act.belongs.etName = elemType.etName and
act.rate.ocliIsTypeOf (Behavior: :RateExp) and
getActionRate (act) >= bound) -> asSequence ()

"Software Performance Antipatterns: H partimentoinformatica
Modeling and Analysis”, SFM-12: MDE

Universita degli Studi dell'Aquila



H H ] H
Problem Reasoning PA in Modeling MDE
on PA Languages techniques

» Detecting antipatterns in AEmilia

C:\Users\Catia\Desktop\BoA-caseStudy\BoA.aem

172
173
174
175
176
177
178
179
180

transmitReqBestPath

MA[1]: MA_Type

receiveBestPath

ARCHI_ TOPOLOGY

ARCHI_ELEM_INSTANCES
FOR_ALL i IN l..ma_num

MA[i)
ND :

NU

LB :

SA

5B :
DB :

: MA Type():
NetDown Type (buffer size, downlc

¥

receive

ND: NetDown_Type

forward

MA[n]: MA_Type

transmitReqBestPath

receiveBestPath

forward

NU: NetUp_Type

receive

: NetUp_Type (buffer size, upload x
Balancer Type (buffer size, balarn

deliverReqBestPath_A

captureReqBestPath

LB: Balancer_Type

deliverReqBestPath_B

/A

: Server Type (buffer size, server
Server_Type(buffer_size, server
DB Type (buffer size, data fetef

“"Extensive Processing”
Antipattern occurrence

receiveReqBestPath transmitResultBestPath

SA: Server_Type

reqData receiveData

receiveReqBestPath

SB: Server_Type

reqData

transmitResultBestPath

receiveData

.

receiveDataReq

DB: DB_Type

transmitData

"Software Performance Antipatterns:
Modeling and Analysis”, SFM-12: MDE
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» Solving antipatterns in AEmilia

@
captureRegBestPath

LBB: Balancer_Type

9
captureRegBestPath

LBA: Balancer_Type

B @  C:\Users\Catia\Desktop\BoA<case Study\BoA-Refactoring \BoA-EP aem

170
171
e
173
174
175
176
177
178
179
180
181
182

ARCHI_ TOPOLOGY

ARCHI ELEM INSTANCES
FOR ALL i IN 1..ma num

— —
MATi] : MA_Iype();

NU : NetUp_Type (buffer size, upload_rate):;

SB : Server Type (buffer size, server req rate, server_result rate);

DB : DB Type (buffer size, data fetch rate)

ND : NetDown Type (buffer size, download_ rate, routing prob):

LBA : Balancer Type (buffer size, balancer rate a);
LBB : Balancer_Type (buffer size, balancer_rate_b);

ate);

Requirement

Required Value

Throughput(system)

B reqs/

Predicted Value
18.29 reqs/se

"Software Performance Antipatterns:
Modeling and Analysis”, SFM-12: MDE
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Looking at different modeling notations...

UML

)
Browse Catalog
.

Search Catalog

Browse Product Details

N

detecting

solving

...any modeling
language has
“antipattern
concepts”

g

—_—

cu stomcr\

Submit Or

<<ResourceContainer>> RC1

<<ActiveResource>>
CPU

<<PassiveResource>>
mySemaphore: 1

<<Basic- 2 | Ilﬁ; _______

<<implements>>

Component>> C1

/

<<Usage Scenario>>

PCM

Users=20
Think time =5.0 s

/ <<LinkingResource>>

LAN

7

<<R¢sourceContainer>> RC2

| <<ActiveResource>>
CPU

<<ActiveResource>>
HDD

<<Basic- 3 |

Component>> C2

12

<<SEFF>> Il.servicex\

<<AcquireAction>>
getLock
mySemaphore

<<InternalAction>>
calculate
CPU demand = 0.001

<<ExternalCallAction>>
callY
12.serviceY
(params.BYTESIZE = 3KB)

<<ReleaseAction>>
freeLock
mySemaphore

ARCHI_TYPE boa( const integer ma num
1=2441.40625,
:=305.17578125,
:=20000000,
:=10000000,
server_req_rate:= 70000000,
server_result_rate:= 85995,

const
const
const
const
const
const
const
const

rate
rate
rate
rate
rate
rate
rate

download_rate
upload rate
balancer rate_a
balancer_ rate_b

data_fetch rate:= 36.585,

integer buffer size :=10)

ARCHI_ELEM TYPES

ELEM TYPE MA Type (void)

BEHAVIOR

MobileApp (void; woid) =
<generate_best_path_req, inf> .

INPUT_INTERACTIONS

UNI receive_best_path;

generate_best_path_req

OUTPUT_INTERACTIONS

UNI trasmit_req best_path

= S,

<trasmit_req best_path, inf>

AEmilia
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ADVANCED MODEL-DRIVEN TECHNIQUES..

TO TACKLE THE PROBLEM IN A LANGUAGE-
INDEPENDENT WAY

"Software Performance Antipatterns: ﬁipartimentoinformatica
MOdeling Gnd AnClIYSiS“, SFM-lZ- MDE Universita degli Studi dellAquila



H H H ]
Problem Reasoning PA in Modeling MDE
on PA Languages techniques

MDE support: metamodel and model transformations

——

/

5

Al

D
of- P,
)

()

X
i

T

!

{E

N

A

ld

7 \\

1

Y o
’ﬂ 7N

A

5 Z

a2 M

A &
Singeed

'« | representing

detecting
solving

Generic Modeling
Language
(i.,e. UML +

M2: Metamodels

Marte profile)
+

UML model
(Marte annotated)

M1: Models

A

\ 4

7 £§*—/...any modeling
“weee" (" language has
“antipatterns-
sooe\- Dl?

Domain Specific
Language

Architectural
Description

(i.e. Palladio Language
Component Model) (i.e. AEmilia)
*
’Nie?‘ ’Nie?‘
AEmilia
PC P
M model specification
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PAML: Perf.Antipatterns Modeling Language

0..1] staticView
H StaticView

H DynamicView

H DeploymentView

0.1

«| & AntipatternSpecification

— name: EString

H AntipatternView

 name: EString

deploymentView T

AntiEattern

Specification

Model Elements
Specification

1..*/, subviews

H AntipatternSubView

3 name: EString

restriction
O ES

<<enumeration=:
= BooleanOperator

— AND
— OR
= NOT

0..1 boolRestrict

H BooleanRestriction

1. *| modelElements

2.%
restrictedSubviews

H ModelElement

 name: EString

 name: EString
= type: BooleanOperator
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The "Model Elements Specification” sub-MM: SML+

Deployment View 1.* | modelElements Static View
Model Elements = ModelElement Model Elements
] el “Nalh = el "Bl T q D =0-11L3 8 EShlng < - T UEET T - T T I T I
T‘ Umerdtion = : 1 <enumerations> ||
= HardwareType = Resour
: ~pu F Hardwar eEntity ! <enumeration>> ' H Relationship 0.1 H SoftwareEntity = R (.eD-emandType ‘
I | - disk = type : HardwareType ' £ OperatorType I = multiplicity : EInt W‘ = isDB : EBoolean : ctt)mp utation !
1 | = maxDevicesUtil : EFloat!! - GreaterOrEqual | = capacity : Elnt \ storage ’
| : 1 N - \ = bandwidth
! ! LowerOrEqual ' supplier 0..1 ‘ - other I
! 0.2,/ "WResTypes 1 2 EXELE] B Operahon[nstance! 1
| II - Lower ‘ ’
1 1 s
I = ProcesNode N Equal ?eployﬂ |
1 = service Time : EFloat n!a Ut 0% |'0 [ SoftwareEntity Instance 0. x\ operations I
! = waitingTime : EFloat BN RS — | T ] H Operation !
f = maxDevicesUtil ; EFloat nldeQueueLength . \ 0.1 [g = = probability : EFloat <<enumeration>>| ’
: = maxQueuel ength : EFloat Il \O.* 0". ) sender | | aceiver = operator : OperatorType | | ¥ MetricUnitType I
| = mfaxNetwkaliiGUtil : EFIoat : v deviceUtil - msec h
| = minNetworkL inksCapacity : EFloat I. | E ThresholdSpecification | ,esoenlmd 0.* providedBy [0..* - sec ’
! ! & value : EFloat inThroighpt - mi
! endNode | 0. \ 'ﬁ:’ewt" 0. 5 ;Z:f\tor : OaperatorType min Thr | 0.~ = I
\ . : ator : !
: 0..% hwDevices : I ‘[ YXRQTTimeo.“ ’ 0.1 opMelsics H BasicResourceDemand !
| - © 1 0.1 slope 0.1 L ! P = type : ResourceDemandType || ’
I = HwDevice I. remMsgs slope E PerformanceMetrics | e et I
! | = utilisation : EFloat ! 0..* ] 2 o throughput : EFloat -
) . : ! numgor = S 5 : 1
: queuel ength : EFloat : 0.¥ io' Z:ﬁ:]‘:;sﬁ::"ﬁe;imtq A 0..*| basicResDemand ’
1 I. remlinstances F : L I
I 1
: & NetworkLink : . - I serv (:4 .ektrks 0.1 [E StucturedResourceDemand| |1
= usedBandwidth : EFloat IIDynalmc View " I ’
1 = capacity : EFloat resDemand
: = bimate : BltRateType { I'MOdel _E_lgl_n_egls_ - | e - N . _._—-_ - __T- ANE _Ee. Bl . e e e —_-*’
I L] L] =
I [<<enumeration= > I rr 0. H Service 1
- l numMsgs e e ts - EInt |
: ¢ BitRateType | II I : 0..* /behaviors exchangeFormats : EIn !
| < Ktl)J_sec. 01 . . T I Behavior 0..1 openWorkload 1|
|| - Mb_sec . I < probability : FFloat i Open! '
1| - Gb_sec runtimeparams I = multiplicity : Elnt probability » E OpenWorkload I
' = ) | h I | = type : MsgType = interArrivalTime : EFloat | i
I H Params | I I - maxMsgsSize : EFloat 0.% (bsedWOfktl;lald = melricUnit : MelricUnitType :I
1 2 1 1 1axM : e— | -
| a;dMonnectioT\s 3=l 1 ! | =sizeMsgunit : SizeMsgUnitType msgs —_— 1
| webConnections : Elnt ' - : < <enumeration>> H ClosedWorkload 1
' sz pooledResources : Elnt y | = numRemMsgs : Elnt <<enumeration>>| ¢ SizeMsgUnitTy| . i
" mpooieC i . I: |\  =numReminstances : Ent = MsgType = b = population : Elnt |
el C Al isCreateObjectAction : EBoolean - 0;11e| = et = thinkTime : EFloat 1|
= isDestroyObjectAction : EBoolean B synchronous iy = metricUnit : MetricUnitType :I
e |
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Problem Reasoning PA in Modeling MDE
on PA Languages techniques

The "Blob" antipattern as PAML-based model

-AnfipatternSpecificabon
name = "Blob”
“Static View DynamicView DeploymentView |
name = "blob static” name = "blob.dynanuc Dame = "b]ob.d@lo_\mt"l
| |
SubView SwhView | SubView : =smenon
e — "blob static controller” mame = “blob dymamic.contioller | |name = "blob deployment cemtralized” name =O"§.lob_ckploylmntmstncn0n'
| type=
[ [1 | | I restmctedSubViews =
SoftwareEntityInstance :ThresholdSpecification b]ob.&plﬂ\mmahzﬂ
mme="S, mame ="Th_maxMsgs =TS TNl blob deployment distributed
value = $Th_maxMsgs P
1 = = ralue = $Th maxHwUdl <V
“ThresholdSpecification operator = GreaterOrEqual tor = GreaterOrEqual : ‘ _
Dame = 1h_maxComnects’ “Service name = "blob.deployment distributed
value = $Th_maxConnects TEnE="S .Proge;I\Ngde | [
= terOr] = msgsFromS. mane = 1
o = Gres s I deploy=S;.Sy .S, ProcesNode NetworkLink
Felanonship Message maxDevicesUtl = name="PN, mame = et
Tame = chentrel name = 'msgsFromSy F_maxHwUtl (223 . all) deploy =5y Sz endNode =
client =S5 sender =5z nodeUtll = Th_maxHwUtl ProcesNode PNy PN,
multiplicity = multiphcity = mame =" PG ThresholdSpecificas
F_mmClientComnects(Sx) F{g{\%ﬁ(sx 5.9 BooleanFestiction deploy=S:~ (SN
menConnect = Th_maxConnects | | mmMsg =Th maxMsgs = biob dyzmamic restcion” nn.‘tNetnmﬁlmksth _ \mra]ue - STh-maxNeted,qmﬁl
type =OR F_l_mxl\etUul (%) tor = GreatarOr
SubView restrictedSubViews = nodeNetUtl = E Equal
‘BooleanResmcaon name = "blob. static. dataContamer blob. dynamic.controller, Th_maxNetUtl
pame = "blob static restriction” ] blob dynamic dataContainer
Pe%;gng“ = :SoftwareEnttyInstance SubView
blob static.controller, name ="S;" Felabonshp name = "blob.dynamic dataContainer”
blob static.dataContainer T name = supphaRel I :an:l.ce
[~ ThresholdSpecificanon supplier =Sy Message name ="S
mame = " 1h_manComnects | | tmltplicity = name ="msgsToSy" msgs =msgsToS,
value = $Th_maxConnects | | F_mumSupplhierComnects(S,) Tecever = Sy “ThresholdSpecification
operator = GreaterOrEqual | | mumComnect =Th_maxConnects | | nmiltiplicity = ame = "Th madv iz
F_oumMsgs(S;. 5. S) | |value = $Th_maxMsgs
mmMsg =Th maxMsgs operator = GreaterOrEqual

Y g
€
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Problem Reasoning PA in Modeling MDE m
on PA Languages techniques

Antipatterns in concrete modeling languages

/ Blob / Performance Antipatterns
SOfTWG}A eEntity BasicResDemand
ProcesNode
\ SML+
vl /! ~ V4
UML Component PCM| Basic Component ARCHI_ELEM_TYPE
l Y es e
U d Y
s INEER PCM Resource Con’rain‘cg‘ X
UML+MARTE Palladio Component Model Aemilia ADL
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Problem Reasoning PA in Modeling MDE m
on PA Languages techniques

MDE approach for managing antipatterns

(Annotated) Software Performance Performance
Arﬁhi‘rec’rur'al Model |— ... — Results Antipatterns
/ N\ /
O
é Extractor Engine <<coa»r‘mTo> A \
PA
3 = 5
| | SML+ representation of l v .
x the architectural model Antipatterns Modeling m
N / 1
’\D/ A4 - \ | v ;'-l
Sz papsim «implement>> | peprformance Antipatterns z
= > as PAML-based Models
GO _ N —
I VI | Performance Antipatterns
w5 as Instances in the
< Architectural Model Results Interpretation &
K / Feedback Generation
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I's UML+Marte expressive enough to specify antipatterns?

Deployment View

1.* l modelElements

€

Static View

Model Elements BHodellement Model Elements
e m e e———-—--—= p—— {> = name : EString < ———T——————————T— 2 ——
: <er un(;n ration= > T : 1 | ‘ V— <<enumeration> > :
© Hardware Type 1 1 oo
: ~cpu f HardwareEntity : < <enumeration>> 1 | HRelationship = Sorwal ecnuty w !
1| - disk = type : HardwareType 1 2 OperatorType : | = multiplicity : EInt —jjan " = isDB : EBoolean \ B ;:;'z;emlul :
: = maxDevicesUtil : EFloat : : Great?rOrqul | » = capacity : EInt \ _ bdld\"\lidU! 1
! > } L_owetOlEqual : supplier 0.1~ A" \ - other :
i 0.2 /hwResTypes | - Greater I E OperationInstance \ T h
1 1 - Lower 1 | I ml \ 1
1 1 - . \
| £ ProcesNode | Equal =k‘0|0 | \‘\ tions :
! = serviceTime : EFloat no}lol il 0.5 1o» “|E SoftwareEntity Instance 2..0.%) operations \
: = waitingTime : EFloat — : - £ Operation :
1 = maxDevicesUtil : EFloat nogleQueuelength oL - . U [0 % = probability : EFloat <<enumeration>>] |,
! = maxQueuel ength : EFloat ! \O..* - v sender | |receiver = MetricUnitType | |1
' = maxNetworkLinksUtil : EFloat : \ 4 |deviceUtil num(.onne(# - msec !
: = minNetworkLinksCapacity : EFloa:| | & ThresholdSpecification resDom:and 0.% providedBy |0..* - sec :
. ! & value : EFloat T - mi
i minThrofighput 0..* min !
: endNode | 0.4 '”"e‘fewl'w"r = operator : Operator Type 1 :
1 1
! I F maxRespTime 0. ¥ 0.1 1
] % N 1 . N H DasICResouw ceveinarida
I | 0.* hwDevices | 0.1 slope ]0‘1\ ! jopetrics = type : ResourceDemandType | |
1 = HwDevice 1 remMsgs <lone E PerformanceMetics | = value © EInt '
_:_ | = utilisation : EFloat : 0..* P ‘:‘ ox throughput : EFloat 1
1 * queuel ength : EFloal N numgorr FresponseTime : EFloat * !
I — 1 0.* ! = metricUnit : MetricUnitType 0..¥| basicResDemand !
| ' reminstances : . :
1 1
] ] 1 1
: 8 Networkl ink : . . 1 servic Mihks E StucturedResourceDemand| | 1
= usedBandwidth : EFloat: IDynannc View | 0.1 [
1 = capacity : EFloat 1 ! resDeman! !
|| =bifRate : BtRateType | 1Model Elements Py S R ISR PR i
1 2 T T e |
1 [<<enumeration= > : 1 nunM‘lgs //—4 ___ HService f
1| BitRateType 1 I / 0 % {habhavioce = exchangeFormats : EInt I
1 1 1 — — 1
- Kb_sec - o Behavi I Workload
| 0.1 I | havior | 0..1 openWorkload |
1| = Mb_sec . 1 L E Message . - H
1 - b eec runtimeParams : | [ “multiplicity : Elnt probability : FFloat & OpenWorkload |
I = ' 1| - type : MsgType S —— = interArrivalTime : EFloat | _|i
1 I H Params 1 1 - gy ‘ 0.% T closedworkload = melricUnit : MetricUnitType| !
1z o 2 | 5 dbconnections : Elnt ! L "I MSQSJSI;E g::Hoal INRT, [— o :
P < o = siz : SizeMsgl msgs
0 : - ~ 1| = webConnections : Elnt : : [ lsu:ilzigsgs ’ Eelnt nittype d : _ [¢<enumeration>> [ EliE sty ] |
: ’ A;pooledlesotl’tes :_If I : : = numReminstances : EInt = pgl:,:;;:;?;] >=| | StzeMsgUnitTypel = population : Elnt :
)i B concrrentStreamskiE nt I 1 isCreateObjectAction : EBoolean - 0;'“_' = ~ m’) = thinkTime : EFloat |
] - b - > i j on : = metricUnit : MetricUnitT; !
g | : . = isDestroyObjectAction : EBoolean ‘ e OOUS iy metricUni etricUnitType !
v
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I's PCM expressive enough to specify antipatterns?

€

€

Deployment View mlmodeﬂements Static View
Model Elements L= Model Elements
e m e e———-—--—= p—— {> = name : EString < ——T——————————T— 2 o= Sy ——————————————
: ';«";:;wuzwmli(;n: = T : : | ‘ V— <<enumeration> > :
= Hardware Type 1 w
1= e ” ! < <enumeration>> 1 | HRelationship = Sorwal ecnuty w 1
1| - cpu B HardwareEntity \ ©0 torT 1 | — LR i— = computation 1
1| - disk = type : HardwareType 1 = Operator lype d[= multiplicity : EInt Clien’| = isDB : EBoolean = \ - store |
: = maxDevicesUtil : EFloat : - GreaterOrEqual | = capacity : EInt \4\ _ ls):x;\;:dth 1
- LowerOrEqual ! supplier 0.1 _~ !
1 = N - D — \ - 3
1 hwResTypes : - Greater ' - \ other 1
0.2 E OperationInstance \ I
1 1 - Lower 1 | — \ 1
1 1 - E . \
1 = ProcesNode | Equal teplo | \ 7. 1
1 : —Frti | q.#\ operations !
: = service [ime : EFloat noaolml() N 1 = B SoftwareEntity Instance vl ) \
' = waitingTime : EFloat TR [ £ Operation 1
1 = maxDevicesUtil : EFloat nogleQueuelength oL ' U [0 % = probability : EFloat ~<enumeration~>] |,
! = maxQueuel ength : EFloat 1 \0..* - . sender | |receiver = MetricUnitType | |1
: = maxNetworkLinksUtil : EFloat ! \J [deviceUtil numca ‘ - msec !
: = minNetworkLinksCapacity : EFloa:| | & ThresholdSpecification resDom:and 0.% providedBy |0..* - sec :
. ! & value : EFloat T - mi
5 mlnTth‘l(hl it 0% min 1
: endNode | 0.4 nodel':.letUlllo.." = operator : Operator Type : | :
! I F maxRespTime0..* ‘ 0.1 1
1 * . 1 oo N H DasICResouw ceveinarida
y 40 ?WDeVlces ' 0.1 slope | ]ON ! . ‘opMe-hlcs = type : ResourceDemandType :
: 7“.: ';wuezéi)at : rem (’I)sqs slope ihE Pe'hm' tml;el::laetu Lo f = value : Elnt 1
= utilisaaon : L% 1 o roughput : 1
H-- 1
H * queuel ength : EFloal | numiorr FresponseTime : EFloat " !
I — 1 0.* ! = metricUnit : MetricUnitType 0.*|basicResDemand !
| ' reminstances ! . !
' e ] ! : Metric ‘ :
: 8 NetworkLink ! . . 1 0 e E StucturedResourceDemand| | 1
= usedBandwidth : EFloat 1Dynamic View 1 - 0.1 [
1 = capacity : EFloat 1 ! resDeman! !
I | =bitRate : BitRateType 1Model Elements ' i
LT v T LI, T B R s = = =T TTTTTZZT= ===
1 1 ¥ - i
1 [<<enumeration= >, : 1 nunM(ng 8 Service | ] I
1| BitRateType 1 1 0 % {habhaioee = exchangeFormats : EIni :
1 1 1
- Kb_sec ] Behavi Workload
1 0.1 1 1 havior | 0..1 openWorkload |
- Mb - L E Message , X I
: B GJ,;ECC runtimebarams : : multiplicity - Elnt probability : EFloat [ OpenWorkload |
1 = ' 1| - type : MsgType S —— = interArrivalTime : EFloat  |_|i
1 I E params 1 1 e 0.% T closedWorkload = melricUnit : MetricUnitType | |!
iy o 2 || /= dbConnections : Elnt ! | (s BE Pr— o H
> o |y e 1 1 | - sizeMsgUnit : SizeMsgUnitType | msgs . : \
e ~ || 5 webConnections : Elnt H || numRemMsgs - EInt e S emeration > | | g ClosedWorkload ]
: ® n;pooledlesg;(es :_If Iglt N : : = numReminstances : EInt P leé;?y[{? ' :_Sg)erthllType = population : Elnt :
)1 s=concurrentsteams : £ f 1 | - isCreateObjectAction : EBoolean - ();hl'l : % = thinkTime : EFloat f
] - b - > i j on : = metricUnit : MetricUnitT !
g | : . = isDestroyObjectAction : EBoolean e OOUS iy metricUnil etricUnitType !
v
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Problem Reasoning PA in Modeling MDE 84
on PA Languages techniques

Is Aemilia expressive enough to specify antipatterns?
e. ()

Deployment View mlmodeﬂements Static View
Model Elements BHodellement Model Elements
e m e e———-—--—= p—— {> = name : EString < ———T——————————T— 2 o= Sy —————————————— L
Eenmarato> T ! : i ‘ N [ Senumeration>> |1
< HardwareType o
: ~cpu B HardwareEntity < <enumeration>:> 1 H Relationship o Sorwar ecnuty Ww !
1| - disk - type : HardwareType 2 Operator Type : = multiplicity : EIntf—jjan 7 = isDB : EBoolean \ _ ;:mpu Lt :
1 ko maxDevicesUtil : EFloat - GreaterOrEqual 1 = capacity : Elnt \\ b:.d?: dth 1
! - = LowerOrEqual ! supplier 0.1 _~ —_ \ — !
N e A — - )
: hwResTypes - Greater ' - \ other 1
0.2 1 | '& operationmstance \ 1
1 1 - Lower 1 | I \ 1
1 1 -E " \
! Sl ! el =Jeplu = - T 0 x\‘\ operations :
! = serviceTime : EFloat oleUtil 0. Iy - '}W Lo %\ .
§ = waitingTime : EFloat T : . - 5 Operation :
1 = maxDevicesUtil : EFloat hofleQueuelength oL . U [0 % = probability : EFloat <<enumeration>>] |,
! = maxQueuel ength : EFloat | N0 ¥ . sender | |receiver = MetricUnitType | |1
: = maxNetworkLinksUtil : EFloat : \ o JdeviceUtil numco ‘ . - msec !
1 = minNetworkLinksCapacity : EFloat | | & ThresholdSpecification msD(.m:md 0.% providedBy [0..* - sec :
! ! &value : EFloat P - mi
1 ; minThrodighput 0..* min !
: endNode | 0.4 |miel?etUl|I0.." = operator : Operator Type = :
1 1
T ] F maxRespTime0..* 0.1 !
1 | 0. hwDevices 1 0.1 sl ]0 N ' lopMetrics H DasIUKesou cepernarid h
1 p— 1 -1 slope | - ' . - = type : ResourceDemandType 1
: —“.: Iﬁw E;i)at : rem (’I)sgs slope ihE Pe'hm' I:w;el::l:tu Lo f = value : Elnt 1
= utilisation : ¥ 1 s throughput : 1
1 )
1 * queuel ength : EFloat N numior Ml FresponseTime : EFloat " !
1 1 (‘)“rl 5 : = metricUnit : MetricUnitType 0..¥| basicResDemand :
: : reminstances | ! | H
! & NetworkLink 1 . . : 1(24 iﬁks E StucturedResourceDemand| :
! | = usedBandwidth : EFloat] :Dynannc View 1 - 0.1 1
| = capacity : EFloat 1 ! resDemand !
I | = bitRate : BitRateType 1Model Elements Vel > L __] !
""" K-T[TTTTTTTTT TS = e
: < <enumeration> >| : : nunM(l'(_;s H Service | | |
1| =BitRateType 1 : 0 % {habhaioee = exchangeFormats : EIn :
1 1
- Kb_sec - o Behavi Workload
| 0.1 \ | havior 0.1 openWorkload |
- Mb - [ E Message , N |
: - Geric runtimeParams : : multiplicity : Elnt probability : FFloat & OpenWorkload |
1 = 1 1| - type : MsgType — = interArrivalTime : EFloat  _i
' . I H Params | [ .sgsSize - EFfoat 0.% T (IOSPdWOI'kgh‘Id = melricUnit : MelricUnitType! :
V2 = ||| & dbConnections : Elnt ! L . P—
. 17 @ = A 1 1 | - sizeMsgUnit : SizeMsgUnitType | msgs . : \
e 7 ~ | 5 webConnections : Elnt | 1| - numRemMsgs : EInt T ;-enum?mtlon > ‘ | EliE sty ] |
: ® :pooledlesg;(gs Elglt N : : = numReminstances : EInt P Nbé,-?”,; :_s’g)%gumnpe = population : Elnt :
1 R concurenistreams : =1 1 1 | - isCreateObjectAction : EBoolean —oter |- = thinkTime : EFloat 1
L - 8 o - o icUnit : icUni 1
'f o - gy | : = isDestroyObjectAction : EBoolean ST T -G metricUnit : MetricUnitType ,
e e 1
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Problem Reasoning PA in Modeling MDE @
on PA Languages techniques

Expressiveness of considered modeling languages

UML + Marte profile | Palladio Component Model AEmilia

Antipattern Detectable | Solvable Detectable Solvable | Detectable | Solvable
Blob (V4 v V4 v ~ ~
Unbalanced | Concurrent
Processing | Processing Systems v 4 v 4 x X

Pipe and Filter

Architectures 4 v 4 x v v

Extensive

Processing 4 v 4 4 4 4
Tower of Babel (V4 b 4 % > 4 > 4 > 4
The Ramp v p 4 V4 p 4 v p 4
Traffic Jam v v v b 4 v v
More is Less ) 4 ) 4 ) 4 > 4 > 4 > 4

¢/ - fully detectable/solvable =% = partially detectable/solvable 38 = not detectable/solvable
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Problem Reasoning PA in Modeling MDE m
on PA Languages techniques

» Embedding Antipatterns neutral concept in concrete
modeling notations

- An’riEa‘r’rer'ns are based on a dedicated general purpose language
(SML+)

- Weaving models can map the concepts of SML+ into concrete
modeling notations (parameter passing)

________________________________________________________________________

ft

WM(SML+,UML+Marte) UML + MARTE
"Software Performance Antipatterns: ﬁipartimentoinformatica
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Problem Reasoning PA in Modeling MDE
on PA Languages techniques
REPRESENTATION

A transformation T is generated, starting from the WM,
between the neutral representation of antipatterns and the

concrete modeling language

o

o

S PAML[SML+] MM PAML[UML+Marte] MM

;

=,

conforms to conforms to

_:Té PAML[SML+] \ T[WM(SML+, UML+MARTE)] > PAML [Ul\"IL+1\'-'Ial"[e]M
"Software Performance Antipatterns: ﬁipartimentoinformatica
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on PA

]
MDE
techniques

DETECTION

A transformation T is generated, starting from the same
WM, to provide an OCL-based executable semantics

"?.Jj
£ |PAML[UML+Marte]_
5 MM
&
=
conforms to
;; PAML[UML+Marte] M
>

transfs to

OCL M

Tconforms to

OCLy;

» OCL code

maps to
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Open Issues - Basics B

- Gap textual/formal representations
- Threshold setting

- Uncertainty/incompleteness in :
> Models, AP specifications, workload, op. profile

- Validation on larger model repositories (real case
studies)

"Software Performance Antipatterns: ﬁipartimentoinformatica
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Open Issues - Advanced 90

- Evaluating the framework on:
> Precision (ratio of actual antipatterns found)
> Recall (ratio of antipatterns found overall)

- Language-specific antipatterns (other languages to
experiment?)

- Antipattern at the model level and the code level

- Combining approaches (antipatterns with @

metaheuristics)
- Tool construction and integration ﬁ'

"Software Performance Antipatterns: ﬁipartimentoinformatica
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Open Issues - Process related o1

- Legacy constraints
- Conflicting solutions
- Overlapping solutions (composition)

- Combination with other quality attributes
(maintenability, reliability, etc...)

&

&
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We are obviously open to collaborations

on any mentioned and non-mentioned

point in this domain
N /

Than k OU! Questions
Y &’

{vittorio.cortellessaq,
antinisca.dimarco,
catia.trubiani}@univagq.it
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