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Introduction

Modelowanie systemu

"All models are wrong, but some are useful.” —
George Box
Introduction

Cluster-based Web System Architecture
Mathematical Model

Performance Analysis
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Methods and Solutions

Related Works
Real System vs. Model

Approaches

(Chen, X., Czachérski, T., Jarabo, R., Ignacio, J., Kouneyv, S., Koziolek, H., Meier, P., Merseguer, J., Mironescu, I.
D., Nguyen, T. B., Pant, A., Rathfelder, C., Requeno, J., Spinner, S., Zatwarnicki, K., Xiong, X., Zhou, J.)

We can not always add more and more new devices to improve
performance, because the initial and maintenance cost will become
too high. Power consumption depends on the load and on the
number of running nodes in the cluster-based distributed Web
system.

What is the performance of the system? I

The main aim of the work was to develop models of cluster-based
distributed Web system.

The related works can be divided into publications based on analysis of QN and PN
models.
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Methods and Solutions
Related Works
Real System vs. Model

Computer system (experiments) and performance model
(simulations)

Configuration

Workload Configuration Workload model parameters
parameters 4
4 U 4

Computer system Performance model

4

Calculated performance parameters
Measured performance parameters

(response time)

Rak, T.: Response Time Analysis of Distributed
Web Systems Using QPNs. Mathematical Problems
in Engineering (2015) 1-10
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t tructi .
System Construction Hardware and Software Elements (Cluster-based Architecture

Multi-Layered Laboratory Environment

Server/Parameters Experiment
"Clients" 10.10.10.1
GlassFish AS nodes 10.10.10.4-5
Oracle DBS node 10.10.10.2
AS threads pool 30 per node
DBS connections pool 40
Number of RPS 15-60
Number of clients 500
Experiment time [s] 300

Application has all important functionalities for online stock trading system.
Transaction emulates a specific kind of client session.

Rak, T.: Performance Modeling Using Queueing
Petri Nets. Communications in Computer and
Information Science, vol. 718, Springer (2017)
321-335
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Performance Engineering
Combination of QNs and PNs

Formal Methods and Mathematical Model QPN

My approach joins LT and PE

@ Educated Guess

@ Load Testing (LT)

o Performance Engineering (PE) models (provide some
recommendations to realize the required performance level):
o Performance model (used to predict performance of the system
under study)
e Availability model
o Reliability model
o Cost model

Rak, T., Werewka, J.: Performance analysis of
interactive internet systems for a class of systems
with dynamically changing offers. Lecture Notes in
Computer Science, vol. 7054, Springer (2012)
109-123
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Performance Engineering
Combination of QNs and PNs
QPN

Formal Methods and Mathematical Model

Queueing Nets and Petri Nets

Queueing Nets have queues,
scheduling disciplines and are
suitable for modeling competition
of equipment (QNs — quantitative
analysis).

Petri Nets have tokens
representing the tasks and are
suitable for modeling software
(PNs — qualitative analysis).

Queueing Petri Nets have the advantages of QNs (e.g., evaluation
of the system performance, the network efficiency) and PNs (e.g.,
logical assessment of the system correctness). QPNs integrate
hardware and software aspects of the system behaviour into the
same model. QPNs add queueing and time aspects to the net.
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Performance Engineering
Combination of QNs and PNs
QPN

Formal Methods and Mathematical Model

@ Arrival process® e.g. Poisson, Erlang, Hyper-exponential, General

@ Service process is the time which each request spends at the station e.g.
Logarithmic, Chi-square, Hyper-exponential, Exponential?; Service times are
Independent and Identically Distributed

@ Scheduling strategies (queueing disciplines) e.g.: First In First Out (FIFO), Last
In First Out, Last In First Out with Preempt and Resume, Round Robin with a
fixed quantum, Small Quantum =- Processor Sharing (PS), Infinite Server (IS)
= fixed delay3

@ Number of servers®

@ Number of buffers (waiting room size®)

1we analyzed closed queueing networks.

2We analyzed queueing systems with the exponential clients’ service process.
3\We used IS for clients station, PS for FE servers and FIFO for BE server.
4This model considers a single server queue.

5Size of the queue is infinite.
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Performance Engineering
Combination of QNs and PNs
QPN

Formal Methods and Mathematical Model

Set of places
Set of transitions

Token color function®

Incidence function (routing probability”) assigns natural numbers to arcs
(weights of arcs)

Initial marking® (number of tokens)

S|t specifies the types of tokens that can reside in the place and allow transitions to fire in different
modes.

7Routing of clients class Ny contains all system resources in both layers. Routing of clients class No
contains only resources in FE layer.

8¢ specifies how many tokens are contained in each place.
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Performance Engineering
Combination of QNs and PNs

Formal Methods and Mathematical Model QPN

Mathematical QPN model

where:

QPN = (PL, TR, CF, IF,IM, QP, FW) (1)

PL = {FE, BE, ThreadsPool, ConnectionsPool, Clients, FE _CPU,, BE_1/0}, where n = {1, 2, 3},
TR = {t1,t2, t3, ta, ts },
CF(p;) for ¢ = {Ny, N2, tp, cp}, where:

@ N; and N> - client-classes,
@ tp - threads, cp - connections,

IF~(p,t), IF*(p, t) - if IF~(p,t) > 0, an arc leads from place p to transition t and place p is
called an input place of the transition, if IF+(p, t) > 0, an arc leads from transition t to place p
and place p is called an output place of the transition,

IM(p) for ¢ = {Ng = 250, N> = 250, tp,, cp = 40}, where tpy = 30, tpa = 60, tp3 = 90,
QP =
(QP1, QP2, (—/M/1/ISciients, null, — /M/1/PSsyp_ g, null, — /M/1/FIFOsyp ge , null, null)),

where:
@ QPy = {Clients, FE_CPU,, BE_1/0}, where n = {1,2,3},
@ QP2 =g,

FW = (FW4q, FW>), where:
@ FWy =@, FW> = TR,
@ Vc € CF(tj) : wj(c) :=1 (all transition firings are equally likely).
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Environment

Simulation Parameters

Simulation Results
Results in QPME Concluding Remarks

QP Net graphical notification (Queueing Petri net Modeling
Environment)

ace e =
o S|mQP_N (dlsS:rete Rak T.: Performance Analysis of Distributed Internet System
ever.1t simulation Models Using QPN Simulation, Computer Science and Information
engine) Systems (FedCSIS) (2014) doi:10.15439/2014F366
@ Queueing Petri Editor Rak T.: Performance Analysis of Cluster-Based Web System Using
(Net Editor, Color the QPN Models, Information Sciences and Systems, Springer, pp.
Editor, Queues Editor) 239-247 (2014) doi:10.1007/978-3-319-09465-6 25
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Environment

Simulation Parameters

Simulation Results
Results in QPME Concluding Remarks

Parametry, od ktérych zalezy czas odpowiedzi

@ Service Demand, Residence Time

o Workload Intensivity

Czas obstugi w zasobie (residence time) jest suma
czasu spedzonego w kolejce (queueing time) i

Czas odpowiedzi (response time) jest réwny sumie
$redniego czasu obstugi dla zasobu (service

czaséw obstugi w poszczegdlnych zasobach

(residence time), gdzie: i - liczba miejsc: demand): ,
Ry = Qi + Dy (3)
k=1, ) . -
R— R, (2) gdzie, czas spedzony w kolejce (czaso oczekiwania)

na zaséb to Q; = fozl qk i $redni czas obstugi w
okreslonym zasobie to D) = Z;‘Zl dy .

Sredni czas obstugi w okreslonym zasobie, z wytaczeniem czasu oczekiwania na zaséb. Nie zalezy od
obciazenia!
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Environment

Simulation Parameters

Simulation Results
Results in QPME Concluding Remarks

Model of the system

input-place  input-tran gf-transition  output-place

FE_CPU3

agdal populaxgn

Gutput-transition  output-place

ThreadsPool input-place  input-transition

BE_I/O

QPN net is used to predict the system response time.

sz Rak 14/47




Results in QPME

Types of queues and tokens

Queues

Name

Scheduling Strategy  Number Of Servers  Description

QU _Clients s 1 Client queue

QU_FE1
QU_FE2
QU_FE3
QU_BE

PS
PS
PS
FCFs

FE1 queue
FE2 queue
FE3 queue
BE queue

Clients node (CLIENTS queueing place) is
modeled by queueing place with Infinite
Server scheduling strategy (-/M/1/1S/co
queueing system)

Nodes of FE layer (FE_ CPU queueing
places) are modeled by queueing places with
Processor Sharing scheduling strategy
(-/M/1/PS /oo queueing systems)

Node of BE layer (BE /O queueing place)
is modeled by queueing place with First In
First Out scheduling strategy
(-/M/1/FIFO/co queueing system)

sz Rak

Environment
Simulation Parameters
Simulation Results
Concluding Remarks

Colors
Name Real Color Description

N1 FE-BE Requests Class
N2 FE Requests Class

tp Threads

cp Connections

@ Client-classes (Ny, N2)
@ Application server threads tp

@ Database server connections cp
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Environment

Simulation Parameters

Simulation Results
Results in QPME Concluding Remarks

Input parameters of simulations (client and system)

Parameter One class (N1) | Two classes (N1 and N5)
Clients queueing place 500 2504-250(2)
Xciients [RPS] 15; 30; 7.5 and 7.5; 15 and 15;
45: 60 22.5 and 22.5; 30 and 30
ThreadsPool place 30; 60; 90(P) 30; 60; 90
ConnectionsPool place 40(c) 40
Simulation time [s] 300 300

(3) Each request emulates a specific type of client session with multiple round-trips over the system.

Transactions are selected by the driver based on the mix (Browse 50%, Purchase 25% and Manage 25%).

Browse requests are placed in FE layer and Purchase/Manage requests are placed in FE and BE layer,
that why we use 50%/50% division for client-classes (Ny and N»).

(P) Threads for FE nodes respectively — Initial marking per node (1, 2, 3).
(¢) Connections for BE node — Initial marking per node (1).
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Resul

Environment

Simulation Parameters
Simulation Results
ts in QPME Concluding Remarks

Think time (client) and service demand (system) for two
client-classes

(XC/ients)k[R’DS] ()

(XC/ients)k [RPMS] (5)

TT[ms] (<)

75,75 0.0075; 0.0075 133.33; 133.33
15; 15 0.015; 0.015 66.67; 66.67
22.5; 22.5 0.0225; 0.0225 44.44; 44.44
30; 30 0.03; 0.03 33.33; 33.33
(a) rps — Requests Per Second.
(b) RPMS — Requests Per MilliSecond.
(¢) TT = Think Time in Clients queueing place.
Resource i (X,')l[RPS] (X,')z[RPS] (X,')l[RPMS] (X,')z[RPMS] (SD,‘)k[mS]
FE CPU, 1,400 1,400 1.4 1.4 0.714
BE 1/0 7,500 7,500 7.5 7.5 0.133
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Environment

Simulation Parameters

Simulation Results
Results in QPME Concluding Remarks

Response time

One class and two classes - one, two and three nodes in FE layer (500 clients, different RPS workload)

Response Time (FE1BE1)

'S
1=
15}

N
151
15}

15;7.5,7.5; 15 30; 15, 15; 30 45;22.5,22.5; 45 60; 30, 30; 60
RPS

Mean Response Time
[ms]
°

B N1=500 N1=250; N2=250 Measured

Response Time (FE2BE1)

N
151
3

100 I

15;7.5,7.5; 15 30; 15, 15; 30 45;22.5,22.5; 45 60; 30, 30; 60
RPS

Mean Response Time
[ms]
°

B N1=500 N1=250; N2=250 Measured

Response Time (FE3BE1)

n n n
, W

15;7.5,7.5; 15 30; 15, 15; 30 45; 22.5, 22.5; 45 60; 30, 30; 60
RPS

Mean Response
Time [ms]

B N1=500 N1=250; N2=250 Measured
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Environment

Simulation Parameters

Simulation Results
Results in QPME Concluding Remarks

Response time error

One class and two classes - one, two and three nodes in FE layer (500 clients, different RPS workload)

Client think Model with one Model with two Measured Error for one Error for two
time [ms] client class [ms] | client-classes [ms] [ms] client class [%] | client-classes [%]
133.33 and 133.33 291.14 224.58 241.00 20.63 6.94
66.67 and 66.67 323.46 291.87 303.00 6.55 3.85
44.44 and 44.44 334.45 312.62 321.00 4.16 2.64
33.33 and 33.33 340.31 324.71 330.00 2.98 1.74
133.33 and 133.33 128.58 102.11 106.66 20.55 4.27
66.67 and 66.67 162.36 128.44 135.01 20.26 4.87
44.44 and 44.44 173.49 150.63 159.42 8.83 5.51
33.33 and 33.33 178.48 162.33 175.43 1.74 7.47
133.33 and 133.33 76.46 56.23 65.12 17.41 13.65
66.67 and 66.67 110.32 76.78 85.28 29.36 9.96
44.44 and 44.44 121.23 99.38 110.83 9.38 10.34
33.33 and 33.33 126.59 109.76 120.94 4.68 9.25

Rak, T.: Cluster-Based Web System Models for
Different Classes of Clients in QPN.
Communications in Computer and Information
Science, vol. 1039, Springer (2019) 347-365
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Introduction

Analiza wydajnosci

"If you torture the data long enough, it will confess
to anything.” — Ronald Coase

Introduction

e Container-based Web System Architecture
@ Experiments and Estimations

o QPN Simulations
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Earlier Works
LibReDE

Publications

QPN models?

2 Rak T.: Modeling Web Client and System Behavior, (2020)
doi:10.3390/info11060337
Rak T.: Cluster-Based Web System Models for Different Classes of Clients in QPN,
(2019) doi:10.1007/978-3-030-21952-9 26
Rak T.: Performance Modeling Using Queueing Petri Nets (2017)
doi:10.1007/978-3-319-59767-6 26
Rak T.: Response Time Analysis of Distributed Web Systems Using QPNs, (2015)
doi:10.1155/2015/490835

Rak, T. Performance Evaluation of an API Stock Exchange Web System on Cloud
Docker Containers. Appl. Sci. 2023, 13, 9896, https://doi.org/10.3390/app13179896
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Methods
System Construction and LibReDe Estimation Earlier Works
Experiments Tests LibReDE
Simulation Tool

Parametry, od ych zalezy czas odpowiedzi

o Service/Resource Demand, Residence Time

o Workload Intensivity

Czas obstugi w zasobie (residence time) jest suma
czasu spedzonego w kolejce (queueing time) i
$redniego czasu obstugi dla zasobu (resource
demand):

Czas odpowiedzi (response time) jest réwny sumie
czaséw obstugi w poszczegdlnych zasobach
(residence time), gdzie: i - liczba miejsc:

U
Ry = Qi + Dy (5)

k=1
1
okreslonym zasobie to D) = Zle di .

Sredni czas obstugi w okreslonym zasobie, z wytaczeniem czasu oczekiwania na zaséb. I

[https://research.spec.org/tools/overview/librede.html]

qi i $redni czas obstugi w

k=1
R— Z R; (4) gdzie, czas spedzony w kolejce (czaso oczekiwania)
7 na zaséb to Q, =
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System Construction and LibReDe Estimation Hardware Elements

 Docker Engine in Swarm Mode

7~ dobian@debian-122: ~ — ssh deblan@62.93.61.19 -p 40002 — 139x25 tr— dobian@debian-122: ~— ssh debian@62.93.61.19 -p 40002 — 139x25

dobiangdobian- 122 - — s deion@62936119 -5 40002 debian@iebian-12 - — s debion@6293.6119 - 40002
1220 vt docker sytem ; sudo docker servs
" e s, o

AoE e
2ae 1.8l (o) et s &
T . So000/tcp —sackiat o->5000/ 1
S5p-glowma-front 7 % o repl . 5
a0 masve: »-olow e b 74 e

3091-50009/tcp ~:8081-5890/tcp

pttimer vy

roplicated
repticated

867258672 tcp,
petrtemeriov

Sop-tast-back:L
postgres:lat s -
) : denian s

32833/ tep
Test-front:Latest 448082 >B000/ ey

\r— dobandobian-22: -~ sh deban@62.93.6110 -5 40002 ~ 139225
e e T o Debian 10 (2020.05) GL

azani v CPU: 4 RAM: 10GB HDD: 100GB
i e i Debian 10 (2020.05) GL
e CPU: 8 RAM: 20GB HDD: 100GB

808150009/ tcp

- Debian 10 (2020.05) GL
st CPU: 12 RAM: 30GB HDD: 100GB

wisia-o5atep
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Stock Exchange Platform
KDOIWOS Results (S1)

Experiments Tests Response Time and Utilization and LibReDe Tool
Results

Tests Scenarios

S1 - kupuj do oporu S2 - kupuj i sprzedawaj (kis)
i wystawiaj oferty sprzedazy
(kdoiwos)

S3 - kupuj kolejne dopoki sa
fundusze (kkdsf)
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Stock Exchange Platform
KDOIWOS Results (S1)

Experiments Tests Response Time and Utilization and LibReDe Tool
Results

Multi-Container Laboratory Environment

Scenario | S1 [ S2 | S3

Parameter Exp. 1 Exp. 2 Exp. 3

Processors 12 8 4

RAM [GB] 30 20 10
Container (?) 1 5 10 1 5 10 1 5 10

1/Think_time 6,242 4,849 3,826 6,732 5,009 2,975 6,366 3,152 1,644
- [rea/s] (#)
Think _time 0,166 0,207 0,261 0,155 0,200 0,337 0,164 0,317 0,610

[

(2) Number of database connections in all cases is equal 90 per container.
(P) Number of clients (workload) in all cases is equal 90.
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Stock Exchange Platform
KDOIWOS Results (S1)

Experiments Tests Response Time and Utilization and LibReDe Tool
Results

Response Time - 100000 [req]

5100k (12-30) - kdoiwos 5100k (8-20) - kdoiwos 5100k (4-10) - kdoiwos
00000000 10000000 200000000
0000 : sto0000 frosespest .
- . 50000000 . 160000000
7 300000000 7 7 .
E E soo0m Z 1omo000
g 250000000 . ¢ coooom 2 120000000
= 200000000 £ sowmon = 100000
£ 150000000 2 40000000 £ 000000
g . H H
i £ 3000000 £ sooo0m
£ 10000000 ., 9 ) g
€ Soom so00000
50000,000 10000,000 20000,000
0000 0000
13160000000 161452800000 1614936000000 1614364000000 161455200000 L617656000000 1617704000000 1617712000000 1617720000000
Timestamp Timestamp Timestamp
$100k5¢ (12-30) - kdoiwos 10-0-2-16 $100k5c (8-20) - kdoiwos 10-0-1-174 $100k5c (4-10) - kdoiwos 10-0-7-164
140000000 sco00000 sco00000
120000000 i 70000,000 . 70000,000
7 5 L] 5
E 100000000 . E soooopm0 ! £ o0
- . < soo00m < soomo0
E sooooom H H £
= . = 40000000 0 = 40000000
2 60000000 £l 2 o 2 .
£ $ £ suomon £ suomon
& 4ooooom = & 20000000 5 & 20000000
20000,000 10000,000 10000,000
o000 o000 o000
16169000000 161640000000 IGI6H02000000 161640400000 161520800000 1615250000000 161525200000 1615254000000 16180400000 161647000000 161644000000 1616443000000
Timestamp Timestamp Timestamp
5100k10c (12-30) - kdoiwos 10-0-7-2 5100k10c (8-20) - kdoiwos 10-0-9-14 5100k10c (4-10) - kdoiwos 10-0-7-5
so0c0000 70000000 70000000
: .
45000,000 60000,000 . 60000,000
5 40000000 ~ . :
B 2 soo00m0 . . 2 soo00m0
H s $ .
3 £ soomom y) * . £ soomo
5 £ () . .
E 8 8 .
[iinged & sooo0000 s # sooo0000 . : .
£ 15000000 £ 20000000 o 8 £ 20000000 H
< 2000000 © 10000,000 © 10000,000 o
5000000 & (A &
0000 0000 0000
o 3 1615953500000 1615955000000 1615356300000 1615958000000 16192850000 161932000000 1618935300000 1618935000000
Timestamp Timestamp Timestamp
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Experiments Tests

Stock Exchange Platform
KDOIWOS Results (S1)
Response Time and Utilization and LibReDe Tool

Results

Utilization - 100000 [req]
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Stock Exchange Platform
KDOIWOS Results (S1)

Experiments Tests Response Time and Utilization and LibReDe Tool
Results

Estimation Approaches

(1)Approximation with Response Times;(2)Kalman Filter using Response Times and Utilization;(3)Kalman Filter
using Utilization Law;(4)Least-squares Regression using Queue Lengths and Response Times;(5)Least-squares
Regression using Utilization Law;(6)Recursive Optimization using Response Times;(7)Recursive Optimization using
Response Times and Utilization;(8)Service Demand Law

cipse 106
Search Project  Librede Estimation Model Edtor Run W

= 20~ Q@O i® P d - =

[~ ecipse-workspace

-les Q ®
osd Description
Jput Specication
Estimation Spec

Output Specication
idation Spectication

+ (seconds)

+ Gseconds)

samp

pprosch Selecton

[OR®) 4

832575 1,218025 1,225955 287,857

1 1,260535 283, 320695 0,990115

lm @

RS I IS [

| 3,904526-01 8165,30150K 5,53333e401 1091,92551X 3,04960¢-01 8174, 35066 2,75546¢-01 8177, 29211% 3,80516e-0

dator (Relative)
LI T T o T 2 Lo MO <o N I

5% 3,049600-01 99,63223% 2,75546¢-01 99,66937% 3,80516e-01 99,541

| 3,90452e-01 99,52013% 8,53333e401
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Experiments Tests

Resource Demand

Stock Exchange Platform

KDOIWOS Results (S1)

Response Time and Utilization and LibReDe Tool
Results

Resource demand [s| | 1/Resource demand [req/s]

12-30 (2) 0,997588333 1,002417497
12-30 5 () 0,727264667 1,37501524
12-30 10 (®) 0,3652765 2,737652162

8-20 () 0,905941667 1,10382383
8-20 5 (P) 0,532029333 1,879595611
8-20 10 (») 0,457546 2,185572598

4-10 (@) 0,849838333 1,176694391
4-10 5 (P) 0.397753 2514123086
4-10_10 (¥) 6736487259 35770674

(2) One container.
(P) The single container.

Tomasz Rak

Modelowanie i analiza systeméw webowych



Simulation Results and Errors

Simulation Tool

Input Parameters of Simulations (Client and System)

Scenario | S1 | S2 | S3

Parameter Sim. 1 Sim. 2 Sim. 3
Number of 12 8 4
servers (2)
Model QPN1 | QPN5 | QPN10 QPN1 | QPN5 | QPN10 QPN1 | QPN5 | QPN10
CL 90 90 90
queueing
place
Xer 6,242 ‘ 4,849 ‘ 3,826 6,732 ‘ 5,064 ‘ 2,975 6,366 ‘ 3,152 ‘ 1,644
- [rea/s]
CcP 90 90 90
place (b)
XCO, 1,002 1,375 2,737 1,103 1,879 2,185 0,164 0,317 0,610
- [rea/s] () ‘ ‘ ‘ ‘ ‘ ‘

(a) FcFs scheduling strategy.
(P) Connections for containers — Initial marking.
(¢) j - number of containers (1, 5, 10).
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Response Time

Simulation Tool

Simulation Results and Errors

12-30 (2) 12-30_5(°) | 12-30 10(P)
Simulation [s] 1,003483 1,222707 0,528284
Measured [s] 0,904 1,014 0,599
Error [% -11,00475664 | -20,58254438 | 11,80567613
8-20 (2) 8-20 5(P) 8-20 10(P)
Simulation [s] 1,075831 0,832224 0,711255
Measured [s] 1,128 0,928 0,871
Error [% 4,624911348 | 10,32068966 | 18,34041332
4-10 (3) 4-10_5(b) 4-10_10(P)
Simulation [s] 0,851 1,914936 2,031159
Measured [s] 0,804 1,455 0,846
Error [% -5,845771144 | /RN BIOTAINE | [1H0/0897163

(2) One container.
(P) The single container.

Tomasz Rak
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Introduction

Generatory zdarzen

"The best way to predict the future is to invent it.”
— Alan Kay

Woprowadzenie

Podstawowe modele generatoréw HTCPN

°
°
o Podstawowe modele generatoréw QPN
o Klasyfikacja modeli generatoréw

°

Ztozone modele generatoréw

Rak, T.; RzoAca, D. Recommendations for

Using QPN Formalism for Preparation of Incoming
Request Stream Generator in Modeled System.
Appl. Sci. 2021, 11, 11532.
https://doi.org/10.3390/app112311532

Bozek, A.; Rak, T.; Rzonca, D. Timed Colored
Petri Net-Based Event Generators for Web Systems
Simulation. Appl. Sci. 2022, 12, 12385.
https://doi.org/10.3390/app122312385
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QPN
HTCPN

Load Generators

Ograniczenia w modelach QPN

Gengrator

Stream

Tomasz Rak Modelowanie i analiza systeméw webowych
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PN

(o]
Load Generators HTCPN

Whyniki symulacji — Generator strumieniowy (Kolory
tokendéw)

Tryby Wagi w  Kolory tokenéw  Srednia populacja tokenéw dla Stream

mode; 1.0 ulrl 9,978.882
modey 2.0 ulr2 19,827.981
modes 3.0 u2rl 29,978.301
modey 4.0 u2r2 39,679.93
mode; 1.0 ulrl 14,195.611
modey 2.0 ulr2 28,625.108
modes 1.0 u2rl 14,308.058
modey 3.0 u2r2 42,688.806
modey 1.0 ulrl 24,931.845
modes 1.0 ulr2 25,170.6
modes 0.0 u2rl 0.0
modey 2.0 u2r2 50,286.744

(..)
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QPN

Load Generators HTCPN

Whyniki symulacji — Generator strumieniowy 1 (Dozér)

1'"Userl"++1" "User2" 114412

1" "Userl"++ 1 1++
1" "User2" e@

USER RESOURCE

u

[(u="User1" andalso r=1) orelse r=2]

Generator

(u,r)

49825 ("User1",1)++
00000 25138 ("User1",2)++

25037 ("User2",2)
STREAM

@ Przejscie zostato odpalone 100 tys. razy

@ Jedna z wygenerowanych par wystepuje czesciej niz inne

Tomasz Rak Modelowanie i analiza systeméw webowych



QPN
Load Generators HTCPN

Whyniki symulacji — Generator strumieniowy 2 (tuk)

1'"Userl"++1""User2" 1 14412

1'"Userl"++ 1 14+
S Ll i

USER RESOURCE

Generator

if (u="User1" andalso r=1) orelse r=2 then 1" (u,r) else empty

24994 ("User1",1)++
(75338|25182" ("Userl",2)++

25158" ("User2",2)
STREAM

@ Przejscie zostato odpalone 100 tys. razy, ale tylko ~75 tys$
tokenéw zostato wygenerowanych
o Rozktad kazdej pary jest réwny

Tomasz Rak Modelowanie i analiza systeméw webowych




Introduction

Analiza logow

"If you don’t log it, it never happened.” I

Architektura systemu
Klient automatyczny
Metody analizy
Wstepne wyniki analiz

Kolejne prace

Rak, T.; Zyta, R. Using Data Mining Techniques
for Detecting Dependencies in the Outcoming Data
of a Web-Based System. Appl. Sci. 2022, 12, 6115,
https://doi.org/10.3390/app12126115

Borowiec, M.; Rak, T. Advanced Examination
of User Behavior Recognition via Log Dataset
Analysis of Web Applications Using Data Mining
Techniques. Electronics 2023, 12, 4408,
https://doi.org/10.3390/electronics12214408
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Introduction

Opis architektury

o Kontenerowa aplikacja sktadajaca sie z wielu ustug

Interfejs API obstugujacy przychodzace zadania HTTP

W przypadku zadan trwajacych dtuzej (np. dopasowywanie
zlecen kupna/sprzedazy lub okresowe aktualizacje) interfejs
API umieszcza zadania w kolejce - Redis

Dedykowane procesy - Celery - pobierajg zadania i wykonuja je
asynchronicznie

Drabek, J.; Rak, T. Performance Monitoring
and Analysis of a Containerized Stock Trading
Application under Load (planowane)

Krogulski, P.; Rak, T. A Case Study on Virtual
HPC Container Clusters and ML Application
(planowane)
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Introduction

Architektura systemu

> Stock database Database for testing |
PostgreSQL PostgreSaL
Conlainers for cyciic
operalions

Redis

Celery
Ly Stock app Genarator e

Diango Locust

9 Containerized architecture of the stock exchange system, including the Django web application
(port 8000), PostgreSQL database (port 5432), Redis broker (port 6379), and Celery worker. An Nginx
proxy (port 80) routes external traffic to the web application.

i analiza systeméw webowych



Load Testing Setup

Klient automatyczny

@ Locust symuluje réwnoczesnych
uzytkownikéw i generuje obciazenie
systemu (wirtualni
uzytkownikownicy jako lekkie watki e
Pythona)

e Kazdy symulowany uzytkownik [ |
reazlizuje zdefiniowany scenariusz
dziatan

o Logi (zuzycie procesora, zuzycie \ H /
pamieci oraz czasy odpowiedzi
endpoint’éw, aplikacji i bazy
danych)

@ Czas trwania testu - 1h

System under test

Tomasz Rak Modelowanie i analiza systeméw webowych



Load Testing Setup

Klasy klientow

o WebsiteActiveUser
o WebsiteReadOnlyUser
o WebsiteActiveUserWithMarketAnalyze

Tomasz Rak Modelowanie i analiza systeméw webowych



Analytical Methods and Key Results Classification

Klasyfikacja grup klientéw

o lIdentyfikacja wzorcéw zachowan uzytkownikéw na podstawie
metryk wydajnosci
@ Scenariusz testu obcigzenia postrzegac sie jako klase

o Uzyte algorytmy klasyfikacji: Xgb, ExtraTreesClassifier,
DecisionTreeClassifier, KNeighborsClassifier,
RandomForestClassifier, LinearSVC, MLPClassifier,
ExtraTreeClassifier, BernoulliNB, GaussianNB,
NearestCentroid, RadiusNeighborsClassifier,
LinearDiscriminantAnalysis, QuadraticDiscriminantAnalysis

Tomasz Rak Modelowanie i analiza systeméw webowych



Analytical Methods and Key Results Classification

Key Results

Tabela: User class classification accuracy using selected algorithms.

Algorithm | Test 21 Test 22 Test 23 Test 24
XGB 74% 79% 72% 73%
ExtraTreesClassifier 73% 79% 72% 74%
DecisionTreeClassifier 74% 79% 72% 73%
KNeighborsClassifier 72% 76% 68% 71%
RandomForestClassifier 73% 79% 72% 74%
LinearSVC 62% 73% 63% 68%
MLPClassifier 74% 79% 72% 74%
Algorithm | Test25  Test 26  Test 27  Test 28
XGB 74% 72% 72% 73%
ExtraTreesClassifier 74% 72% 73% 73%
DecisionTreeClassifier 74% 72% 72% 73%
KNeighborsClassifier 71% 69% 69% 67%
RandomForestClassifier 74% 72% 73% 73%
LinearSVC 68% 65% 66% 67%
MLPClassifier 74% 72% 73% 73%

Modelowanie i analiza systeméw webowych



Future Work

Future Work

e Graph Databases (np. Neo4j) — poprzez reprezentowanie
zdarzen (zadan, transakgji, uzytkownikéw) jako weztéw, a ich
interakgji lub sekwencji jako krawedzi w celu identyfikacji
wzorcéw lub anomalii w zachowaniu systemu

e Deep Learning (np. LSTM/GRU) - moze uczy¢ sie
~normalnych” wzorcéw wydajnosci i pomaga¢ w oznaczaniu
nietypowych zachowan systemu

o Large Language Models - moze klasyfikowaé uzytkownikéw
lub przewidywa¢ ich nastepne dziatania z wyzszym poziomem
zrozumienia, biorgc pod uwage semantyczne wzorce zachowan

Tomasz Rak Modelowanie i analiza systeméw webowych



Future Work

BiLSTM

Training Loss per Epoch

0.0450

0.0425

BIiLSTM - Confusion Matrix

0.0400
0.0375
1200 § o030
0.0325

1000  0.0300

0.0275

0.0250
8000 2 4 6 8 10

Epoch

- 6000

True label

Training Accuracy per Epoch

L apog 0980
0988

24 2 5 3903 | 2000 - 0%

0.986

Accuracy

0.985

T T T
0 1 2 0.984

Predicted label
0.983

Epoch
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Questions. .. (trak@prz.edu.pl)

Modelowanie i analiza systeméw
webowych ®

Dziekuje za uwage!

Modelowanie systemu (4)
Analiza wydajnosci (21)
Generatory zdarzen (33)

Analiza logéw (39)

PRI e RS BT AT R R I R Ay 25 R PR
19

"Classify every click in real time, and
tomorrow's spike becomes today's smooth ride.”

Tomasz Rak Modelowanie i analiza systeméw webowych


mailto:trak@prz.edu.pl

	URL
	
	https://trak.v.prz.edu.pl/prezentacje


	Wstęp
	Content
	Introduction


	Wstęp1
	Introduction
	Methods and Solutions
	Related Works
	Real System vs. Model

	System Construction
	Hardware and Software Elements (Cluster-based Architecture)

	Formal Methods and Mathematical Model
	Performance Engineering
	Combination of QNs and PNs
	QPN
	Client Model, System Model, Request Model

	Results in QPME
	Environment
	Simulation Parameters
	Simulation Results
	Concluding Remarks


	Wstęp2
	Introduction
	Methods
	Earlier Works
	Benchmark
	LibReDE
	QPME

	System Construction and LibReDe Estimation
	Hardware Elements
	Software Elements

	Experiments Tests
	Stock Exchange Platform
	KDOIWOS Results (S1)
	Response Time and Utilization and LibReDe Tool
	Results

	Simulation Tool
	Simulation Results and Errors


	Wstęp3
	Introduction
	Load Generators
	QPN
	HTCPN


	Wstęp4
	Introduction
	Load Testing Setup
	Analytical Methods and Key Results
	Classification

	Future Work

	End
	The End
	Questions… (trak@prz.edu.pl)



	resultado2: 
	hours: 
	minutes: 
	seconds: 
	cronohours: 
	cronominutes: 
	crseconds: 
	day: 
	month: 
	year: 
	button1: 
	button2: 
	separatordate: /
	separatortime: :
	cronobox: 
	cronobox: 
	hours: 
	separatortime: :
	minutes: 
	cronobox: 
	hours: 
	separatortime: :
	minutes: 
	cronobox: 
	hours: 
	separatortime: :
	minutes: 
	cronobox: 
	hours: 
	separatortime: :
	minutes: 
	cronobox: 
	hours: 
	separatortime: :
	minutes: 


