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Abstract

This module addresses Modeling and Analysis Performance. What are the customer
performance needs, what are the operational performance considerations? What
are the performance related design choices? How to analyze feasibility, explore
design options, and how to validate performance?

The complete course MA 611T™ is owned by Embedded
Systems Institute. To teach this course a license
from Embedded Systems Institute is required. This
material is preliminary course material. The final
material and course information can be found at:
www.esi.nl/cursus.
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Module Content

goal of this module

provide a stepwise approach to system modeling

provide concrete examples of system models

content of this module
web shop system model

Non Functional requirements (NFR), System Properties and Critical
Technologies

zero order and first order load models

budgeting

exercise

model one NFR in relation to a critical technology choice
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Where are we in the Course”?

usage context

system

enterprise &
users

design
realization

technology

creation

life cycle business
life cycle context SpeCifica’[ion
modeling . T
1acts from feseak R project |verification
measurements results
assumptions / analysis decisions
. risk
uncertainties accuracy . .
Unknowns working range I customer satisfaction
. L time, cost, effort
errors credibility

profit margin
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Modeling and Analysis: System Model

by Gerrit Muller  Embedded Systems Institute
e-mail: gerrit.mullerlRembeddedsystems.nl

www.gaudisite.nl

Abstract

This presentation uses a web shop service as example system to construct a
system model. The caching of pictures of the products in the shop is modeled to
analyze performance, robustness, scalability and reliability of the system.

Distribution

This article or presentation is written as part of the Gaudi
project. The Gaudi project philosophy is to improve
by obtaining frequent feedback. Frequent feedback is

Hit rate of well designed
system is ample within
working range (e.g. 95%)
™ order formula is valid:

pursued by an open creation process. This document July 20, 2011 RS
is published as intermediate or nearly mature version to status: preliminary
get feedback. Further distribution is allowed as long as draft

the document remains complete and unchanged. version: 0.4 e



Content of Modeling and Analysis System Model

content
What to model of the system
Stepwise approach to system modeling

Non Functional requirements (NFR), System Properties and
Critical Technologies

Examples of web shop case
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What to Model in System Context?

/ usage context \ ( system \

NFR's: (emerging?) properties critical technologies
performance resource utilization caching
reliability load load balancing
availability latency, throughput firewalls
scalability quality, accuracy virtual networks
enterprise malntalnablllty SenSitiVity XML for customization
& (changes, inputs) and configuration
Cers
creation
life cycle business
life cycle context
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Approach to System Modeling

1. determine relevant Non Functional Requirements
(NFR's)

2. determine relevant system design properties

3. determine critical technologies

4. relate NFR's to properties to critical technologies

5. rank the relations in relevancy and criticality

6. model relations with a high score
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Web Shop: NFR’s, Properties and Critical Technologies

@ system

(2)

(1)
NFR's:

performance browsing
initial cost
running costs
reliability/availability
scalability order rate
maintainability
effort product changes
effort staff changes
security

(emerging?) properties
resource utilization
server load, capacity
memory load, capacity
response latency
redundancy
order throughput
product data quality
product definition flow
staff definition flow

security design
compartimentalization
authentication
encryption

critical technologies
caching
load balancing
pipelining
virtual memory
memory management
data base transactions
XML for customization
and configuration
firewalls
virtual networks

Modeling and Analysis: System Model
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4. Determine Relations

@ @ system

ol

performance browsing
initial cost
running costs @

reliability/availability
scalability order rate
maintainability
effort product changes
effort staff changes
security

response latency

redundancy

product data quality
product definition flow
staff definition flow

security design
compartimentalization
authentication
encryption

NFR's: (emerging?) properties

; @ critical technologies

— resource utilization
server load, capacity

memory load, capacity

order throughput \

caching
oad balancing
pipelining
virtual memory
memory management

data base transactions
XML for customization
and configuration
firewalls
virtual networks

|
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5. Rank Relations

@ system

(2)

N

10

performance browsing

initial cost
running costs

(4)

reliability/availability

—iresource utilization

(emerging?) properties

: @ critical techn

server load, capacity
memory load, capacity

response latency

scalability order rate ﬁﬂﬂ?fﬂi‘fﬁ,hm "
maintainabilit

zggg P! ranking will be discussed in
security Modeling and Analysis: Reasoning

i RS A R P R

compartimentalization
authentication
encryption

oad balancing
pipelining
virtual memory
memory management

virtual networks

ologies
caching

ctions
ization
uration
firewalls

|
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Purpose of Picture Cache Model in Web Shop Context

response time

. browse
products

screen screen screen

client client client

( network >
web ﬂ"d“m required picture
Server server capacity cache

network

data
- base
server
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Zero Order Load Model

zero order web server load model

Load=n “t_

n_ = total requests

t, = cost per request

Modeling and Analysis: System Model version: 0.4 A  Embedded Systems
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First Order Load Model

first order web server load model

Load =n . *t, +n, "

am 'm

n,, = accesses with cache hit
n, = accesses with cache miss
t. = cost of cache hit

t = cost of cache miss

_ *
N.n =N, h

n,. =n_"(1-h)

a,m

n, = total accesses

h = hit rate

Load(h)=n _*h*t_+n_*(1-h)*t _

=n_ "t -n*h*({t_-t)

Modeling and Analysis: System Model
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Quantification: From Formulas to Insight

quantified mid office server example
t, =0.02 ms

tm:2ms

seconds
N
|

load in

n, = 1000
Load(h) = 1000 * 2[ms] - 1000 * h * 1.98[ms]
Load(h) = 2000 - 1980 * h [ms]

I
I working range
3 g rang

utilizable capacity

0.5 1
— hitrate =

Modeling and Analysis: System Model version: 0.4 4  Embedded Systems
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Hit Rate Considerations

quantified mid office server example
t,=0.02 ms Hit rate of well designed
} t,=2ms to be measured system Is ample within
=8 5 K n, = 1000 hit rate also! working range (e.g. 95%)
_c';s) % Load(h) = 1000 * 2[ms] - 1000 * h * 1.98[ms] 0" order formula is valid:
- lw Load(h) = 2000 - 1980 * h [ms] Load=0.12*n , [ms]
1 I _ 0
N . . » working range 1
utilizable capacity e -
T I~ l
. . 0 0
Hit rate is context dependent. i 0
Life cycle changes or peak | | :
loads may degrade hit rate. 1 |
U.D 1
— hitrate =+
5006, Eobacied Syaeme watra 00! version: it b s
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Response Time

human press next look
customer |
E\
— (7))
. D O D >
client O S > @ o
O o = Q ©
\ / /
| |
web O D S o o g
s b
server o6 32 25 25
56 83 5 ©° £
N\ /
data
base retrieve
server picture

| | | | | | | | B
’[0 t0+10 t0+ 20 t0+30 t0+40 t0+ 50 t0+ 60 ’[0+ 70

time in milliseconds in optimal circumstances
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What Memory Capacity is Required for Picture Transfers?

screen

screen

client

client

C

screen

| browse

client kproducts
|

network

picture
cache

office

exhibit
products

er

C

network

.

back

- office PFO_dulct
server | | descriptions

required
memory capacity?

customer

logistics

ERP financial

relations
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Process View of Picture Flow in Web Server

one copy multiple copies multiple copies
per process per process per process and thread
- : - : - : A
mid office mid office mid office
server server server -
web web web K
server server server
[
ya
picture picture picture m
cache cache cache
server server server
A
/. .
back back back N
office office office
access access access
. . - J
g e s System Mode version: 9 b, Erheecea syt
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Formula memory Use Web Server

multiple copies
per process and thread

- D
web
picture memory = server Ve
p
* *
3*n*s+ web k
3*k*s /_
y
where picture m
n = # data base access threads cache
. server
m = # picture cache threads
k = # web server threads e
S = picture size in bytes data N
c = in memory cache capacity in # pictures base
access
\ J
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Web Server Memory Capacity

use case n m k s c MB | storage type | picture memory=3ns+5ms+cs+3ks
small shop 11 1] 100 10 1.5/ L3 where

2 |4 10| 100 20 53| main n=4%# ballck office access threads
highly concurrent |2 |4 | 1000 | 100 100 296 |main m = # picture cache threads
large pictures 2 |4 | 1000 | 1000 100 | 2,962 | main+disk k = # web server threads
many pictures 2 |4 10| 100 (100,000 | 9,540 | main+disk s = picture size in bytes
all at once 2 |4 | 1000 | 1000 | 100,000 | 98,234 | disk C=in memory cache
memory use capacity in # pictures

product browsing only
pictures only
single server
processor caches

L1 L2 L3 | main mémory disk

| | | |
kB MB GB

What is the performance impact of memory use on other processing?

Modeling and Analysis: System Model version: 0.4 4  Embedded Systems
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We Have only Modeled a Small Part of the System...

function  browse/exhibit products  sales, order intake, payments
track, order handling

stock handling

financial bookkeeping
customer relation management
update catalogue

advertize

after sales support

data picture structured (product attributes, logistics, ...)
program code
aspect server memory use network use
response time reliability
any resource, any NFR
server load
aspect E
P t Z aspect(d, f)
resu d = all data f = all functions

ignoring other dimensions such as applications, users, circumstances

Modeling and Analysis: System Model version: 0.4 4  Embedded Systems
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.. to Understand Some of the Systems Aspecits

static
mostly assumptions and coarse estimates
some insight in:

what are key design issues

what are relevant use case areas

Modeling and Analys s System Model version: 0.4
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Refinement After Context Modeling

“usage context\ Ve

USers

enterprise &

availability
scalability

maintainability

<

quality, accuracy
sensitivity
(changes, inputs)

-

system \
NFR's: (emerging?) properties critical technologies
performance resource utilization caching
reliability load load balancing
latency, throughput firewalls

virtual networks
XML for customization
and configuration

-l

i o

creation
life cycle business

- life cycle context
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Summary

Conclusions
Non Functional Requirements are the starting point for system modeling
Focus on highest ranking relations between NFR's and critical technologies
Make simple mathematical models

Evaluate quantified instantiations

Techniques, Models, Heuristics of this module

Non functional requirements
System properties
Critical technologies

Graph of relations

Modeling and Analysis: System Model version: 0.4 4  Embedded Systems
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Modeling and Analysis: Budgeting

by Gerrit Muller  Embedded Systems Institute
e-mail: gerrit.mullerlRembeddedsystems.nl

www.gaudisite.nl

Abstract

This presentation addresses the fundamentals of budgeting: What is a budget,
how to create and use a budget, what types of budgets are there. What is the
relation with modeling and measuring.

Distribution

This article or presentation is written as part of the Gaudi

project. The Gaudi project philosophy is to improve

by obtaining frequent feedback. Frequent feedback is -

pursued by an open creation process. This document July 20, 2011 \f[ a0 | e
is published as intermediate or nearly mature version to status: preliminary @‘,@9 =
get feedback. Further distribution is allowed as long as draft eswens || s || oo

the document remains complete and unchanged. version: 1.0



Budgeting

content of this presentation
What and why of a budget
How to create a budget (decomposition, granularity, inputs)

How to use a budget

Modeling and Analysis: Budgeting version: 1.0 4  Embedded Systems
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What is a Budget?

A budget is

a quantified instantation ofa model

A budget can
prescribe or describe the contributions
by parts ofthe solution

to the System quality under consideration

Modeling and Analysis: Budgeting version: 1.0 4  Embedded Systems
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Why Budgets?

* to make the design explicit

» to provide a baseline to take decisions

* t0 specify the requirements for the detailed designs
* to have guidance during integration

* to provide a baseline for verification

» to manage the design margins explicitly

Modeling and Analysis: Budgeting version: 1.0 4  Embedded Systems
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Visualization of Budget Based Design Flow

SRS '
can be more complex Yoot 0.5s

: than additions teap 028
— feedback ) -
tover 2 ;{}Ti\
e measurements

:@}j new (proto)
t
system

model 30 y

micro benchmarks
\ V4aq tisp | O aggregated functions
L—YI t 20 applications
\O over profiles
D _I.I‘ —_— | T, o5 traces
: ‘H > . T 55
deS|gn total
measurements estimates; budget
existing system simulations
micro benchmarks
aggregated functions
applications
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Stepwise Budget Based Design Flow

step example

1A measure old systems micro-benchmarks, aggregated functions, applications

1B model the performance starting with old systems flow model and analytical model

1C determine requirements for new system response time or throughput

2 make a design for the new system explore design space, estimate and simulate

models provide the structure
measurements and estimates provide initial numbers
specification provides bottom line

3 make a budget for the new system:

micro-benchmarks, aggregated functions, applications

4 measure prototypes and new system profiles, traces

5 Iterate steps 1B to 4

Modeling and Analysis: Budgeting version: 1.0 4  Embedded Systems
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Budgets Applied on Waferstepper Overlay

off axis pos. off axis
meas. Sensor
accuracy —» ° repro
4nm T 3nm
global stage Al. | blue align
alignment pos. meas. | sensor
accuracy accuracy —T;_' repro
6 nm 4 nm 7 3 nm
. lens §ystem —> interferometer
reticule " adjustment stabilit
15 nm > matching accuracy g y
25 nm 2 nm 1 nm
process matched single stage position » frame
overlay — machine ——» machine —» overlay — accuracy » stability
80 nm 60 nm 30 nm 12 nm 7 nm 2.5 nm tracking
—» error WS
process . . . .
S matching stage grid alignment tracking 2 nm
> > accuracy [ » accuracy L»  repro 4 b oermor XY  —
sensor
5 nm 5 nm S nm 5 nm 2.5 nm tracking
_» error RS
metrology tracking 1 nm
Ly stability Ly error phi
5 nm 75 nrad
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Budgets Applied on Medical Workstation Memory Use

memory budget in Mbytes code objdata bulkdata total

shared code 11.0 11.0
User Interface process 0.3 3.0 120 153
database server 0.3 3.2 3.0 6.5
print server 0.3 1.2 9.0 105
optical storage server 0.3 2.0 1.0 3.3
communication server 0.3 2.0 4.0 6.3
UNIX commands 0.3 0.2 0 0.5
compute server 0.3 0.5 6.0 6.8
system monitor 0.3 0.5 0 0.8
application SW total 13.4 12.6 35.0 61.0
UNIX Solaris 2.x 10.0
file cache 3.0
total 74.0
e, P Sy e O VeS8 2] . T
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Power Budget Visualization for Document Handler

, finisher
scanner |Procede
and feeder paper path
legend
power paper input physical
Ul and supplies module
layout
control Coo"ng
. size
O = q
() —
% S = proportional
) , (%,
B = procedé = to power
29 . ©
S e paper path 233
> O l C < O
. o =
power supplies cooling <
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Alternative Power Visualization

electrical |
ower

J L 1L

power Ul and control paper input
supplies module
2 /2 2 i 4
. N )
cooling paper path finisher paper

! ! ! ~ ~ 4 <!
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Evolution of Budget over Time

fact finding through details
aggregate to end-to-end performance
search for appropriate abstraction level(s)

from coarse guesstimate
to reliable prediction

from typical case
to boundaries of requirement space

from static understanding
to dynamic understanding

from steady state
to initialization, state change and shut down

from old system
to prototype
to actual implementation

time >
start later only if needed
Modeling and Analysis: Budgeting version: 1.0 A  Embedded Systems
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Potential Applications of Budget based design

e resource use (CPU, memory, disk, bus, network)

* timing (response, latency, start up, shutdown)

o productivity (throughput, reliability)

 Image Quality parameters (contrast, SNR, deformation, overlay, DOF)

* COSt, space, time

Modeling and Analysis: Budgeting version: 1.0 4  Embedded Systems
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What kind of budget is required?

static dynamic
typical case worst case
global detailed
approximate accurate

Is the budget based on
wish, empirical data, extrapolation,
educated guess, or expectation?

Modeling and Analysis: Budgeting version: 1.0 4  Embedded Systems
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Summary of Budgeting

Summary of Budgetting
A budget is a quantified instantation of a model

A budget can prescribe or describe the contributions by parts of the solution
to the system quality under consideration

A budget uses a decomposition in tens of elements

The numbers are based on historic data, user needs, first principles and
measurements

Budgets are based on models and estimations
Budget visualization is critical for communication

Budgeting requires an incremental process

Many types of budgets can be made; start simple!

Modeling and Analysis: Budgeting version: 1.0 4  Embedded Systems
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Colophon

The Boderc project contributed to Budget Based
Design. Especially the work of

Hennie Freriks, Peter van den Bosch  (Océ),

Heico Sandee and Maurice Heemels (TU/e, ESI)

has been valuable.
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