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MLDesigner: Introduction o e (%

O Modeling and simulation System

O Support for different modeling domains (Domains)
O Discrete Time (static and dynamic data flow): SDF, DDF
O Continuous Time: CTDE
O Discrete Event: DE
O Hybrid

O Modeling paradigms
O Hierarchical block diagrams
o FSM / Statecharts primitives
O ptlang (C++) primitives

O Code generation
© ANSI C Code
o VHDL
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MLDesigner: Model Types

Mission Level Design
GmbH

A0

O Library
O container for all other model types

O may contain sub-libraries

O System
O structure defines function
< set of instances
< connected via ports
O doesn't contain formal ports
O doesn't contain external arguments

O executable (simulatable)

O Module
O structure defines function
¢ set of instances
¢ connected via ports
O may define formal ports
O may define external arguments

O not executable

O Primitive
O atomic model type
O doesn't contain model structure
O function defined in ptlang / FSM
O may define formal Ports
O may define external arguments

O not executable




MLDesigner: GUI
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Menu Bars

Context Menus

Tool Bars

Tree View
(Model Base)

File Edit “iew Window Settings

- MLDesigner [2.5.r01], Copyright (c) 2004 MLDesign Technologies, Inc.

Model Editor

Work Space
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ExecutelnOrder [ﬂIe:$MLDfMLD_LibrariestEmej = Madule: Channel [file: Mame
Mame |Domain;| = +-(Base Types)
+-[Yectors)
= BEMLD_DE_Training o el
+-@BackpressureExample W _ic ?--EBaseMamx
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+-@MultlmedlaCh\psetExample Packetln Select R ;o
+-@Simp\e.ﬁdderExamp\e |: L Length & “arand Delay #1 Fwitch#1 PacketOut ?..mﬁﬂesgurces
- stopwaltExample ' ?"mﬁSta"S“CS
+- g PacketDestination DE
- PacketSourceSw DE ? " | |
?--&Recewer : DE — P D |Tvpe
+-gaTransmitter DE
+- (R EVETFMS | _lll
r
Liprary A Model A Search
Mame walue =l =
Logical Mame LI —I L@I
Mzaed Tiipe fpaie
Author Keyvan Farhangian
Copyright
History Kl _ | 10
Wersion _I‘ —l _’I
Dnm;uﬁ EE # MLDesigner 2.5 c0L
Tﬁf/get <parents # This confidential and proprietary software may he disclosed,
Hidden no # used, or copied only as authorized by a license agreement from
# MLDesign Technologies, Inc
Esckproundlcoloy GETEETE # In the event of publication, the following notice is applicable:
Default Bounding Yisi.. |true # Copyright (z) 2004 MLDesign Technologies, Inc. &1l rights reserved.
Default lcan
Import Libraries StopWaitExample .. — | |[Romesgs>
Description
Documentatian Ad|
Module Properfies A Ohject Properties O Command A olog f
[Hold mouse and drag to select rectangular region. Use Ctrl for additional option.  Alt- Zoom, Space - Pan [[-185,-170 Y

Menu Bars

Data Structure
Editor

Data Structure
Member Editor

Console

Status Bar




MLDesigner: Tree View
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O Tree View

O different views on the model base

O additional functions

O Views
O File: physical structure of model base
O Library: logical structure of model base
O Model: structure of opened models

O Search: search in model base

O Additional functions
O Model view filter (filter buttons)

O History of last used models
O Favorites

O Trashcan with restore function

O Import/Export of top-level Libraries

History

Favorites

|8 & ®[L B I

=ecutelnCrder [file:$MLOMLD_Libraries/DESCor =

Mame |D|:|main

Standard Libs

User Libs

Trashcan

+-@ Favorites

+- @MLD Addons

= MLD Examples

+I- [@MLD Experimentals

- LD Libraries

- B'My Libraries

—-{3EMLD_DE_Training

J}--‘@BackpressureExample

+- [ Bursty TrafficExample

%--‘@GameExample

J}--‘@Miscellanenus

+-TEMMT Example

+-TEMultimediaChipsetExample

+- [ simplesdderExample

- StopWaitExample
+- & Channel DE
%--%Packet[ﬁestinaﬁnn DE
+-FaPacketSourceSW CE
a}--?ﬁﬁeceiver DE
BR o+ StopWaitSystem
i -F Transmitter DE

+- [ 5 STEMS

+-{gtHome

+- BFRoot

Views

-l Trashcan

< | i

File A Library A Model A Search f




]
MLDesigner: Property Editor . &

O Properties Parameter Sets
o Model (System, Module, ...) \V—J
FParameter Set 1 -
O Selected Objects |N |ua|ue ]
Stop'Waitsystem L.
o Simulation o Tpe S
General suthar Keyvan Farhangian
_ Properties CopyTgnt
O Property Editor Toson
. Diamain DE
O General properties E— defaultDE
Hidaer o
O Parameter propertleS Background Color #efefek
Default Bounding Visi.. |true
O Memory properties Default Icon
Import Libraries Stop'W aitExample |
O Event pl’Oper'[IeS Parameters ;C:S::p?;iem
H Documentation
© Resource propertles [F] GlobalSeed 1234567630
[E] RunLength 100
[E] PacketLength 4096
H Parameter Sets [E] Meaninterarrival ($F'au:ketLengthf$C...;|
. System P i i i !
o different sets of system parameters Model Properties e
O parameter values are varied in Object Properties

different simulation runs




MLDesigner: Model Structure o e e @
O Model
o h|erarch|ca| . Module: Channel [file:$MLD_USERMLD_DE_TrainingsStopWaitExample/Channel/Ch. I =] B3
o describes structure and function Label
© Instances i crrors Discerced]
¢ Relations Packetin[] .. wmmw B8 suicnn B ) Pkt
-

Inputl J'I:hannelﬁpeed }l

O Model Interface

BinomialInt#1 By

Actual Port

O formal ports

Insta nce Bit Error Rate

o formal param e’[erS = Module: Binomiallnt [file:$ML0MMLD_Libraries/. . [ =] ES
O external arguments

© Events Kl e

. Farcdam #1 Birornial
< Memories Formal Port - .
© Resources Formal Parameter
' _ )




MLDesigner: Formal vs. Actual Model Element Mission Level Desr @
O Formal Model Element O Actual Model Element
O element of model definition O element of an instance of a model
O defines type and defaults O assignment of final value / usage
O defines the model interface that is O results from the model interface that is
visible from outside visible from outside
O Formal definition of O Value assignment / Usage
O ports O connection of ports
O external parameters O fixed values or calculation for external
O external arguments parameters
& Memories O linking of external arguments
< Events

< Resources




MLDesigner: Primitives (1)
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O ptlang Primitive
O consists of
< interface description
< ptlang source code
o compiled into C++ code
O support inheritance

O specialized editor

inputl

input2

O ptlang Language

O C++ preprocessor language
o complete C++ allowed

O external C++ code can be used

.Dutpuﬂ

*. Source: $MLD_USER/MLD_DE_Training/SimpleAdderExample/Simple_Adc

File Edit Tools Settings

[EXFEICE

defprimitive

t
A2 11 The Following items are gererated automatically,
A4 11 Changes of theze itemz are lozt after the modifi-
A4 11 gation of the primitive model

CEEEE

?|

name { Simple_Pdder 3
damnain f IE 3
author K

fo

version

eyvan Farhangian 3
L0 0B/ 2002 3

input.

£
nanz § inputl 3
tupe £ float }

input
£
name £ input2 3
type £ Float 3
3

oyt put

£
rname £ outputl 3
type £ float 3

A 11 The Following items are untouched by primitive
A4 11 model modifications, You can change them as
A4 you want

oo

t
if { imputl,dataMew 2z input?,dataMew
i

outputl,put {arrivalTine) << ({doublerinputl,get () + (doublelinput?,get (33}

3

3

3

[ Modified

[Line: 41 Column: 1 4
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MLDesigner: Primitives (2) ssion Level Design &
O FSM Primitive

(o) ConSIStS Of I:urrentState CurrentLevel |E|T|mer
TargetLevel
. . g |
¢interface definition - — ~
0 StateChart Levelln Tirmer £ CorrentLesvel++
[CurrentLevel == TargetLevel]
O compiled into C++ stop oo
Go “
D FSM / StateChart Prlmltlve Lewvelln

O Statechart compatible

O hierarchical states

Go Stop
o Slave models . o

O C++ in actions
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MLDesigner: Memories O e b @
Frominternet Taolnternet
O Memory
O used to share information
between MLDesigner models
O can be linked over several Memories ARF Logic
model hierarchy levels
StationConfig
Ma;:"u"ariables
Mac OperationAttributes _—
aracteristics Fmein
O Access e wewan 35,
. . . Fhi Operation
O various built-in models for o
memory access are shipped
with MLDesigner
O easy to access from within PSS PHY_simple version %ﬁﬁ‘
MLDesigner primitives

O Support Memory Active Read




MLDesigner: Resources (1)
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Mame Yalue B
= [@ MemoryReso...
- Mame hemoryEesource
- Type Gluantity
- Soope fnternal
— Description
~ Mumber of Dimens..| 1
- Initial Capacity 100000
- Maximum Gueue ... [ 100
— Blocking kechani... | Wait_for Resource
- Queue Discipline  |First_In_First_Cut Quantity Ressource
~ Gueue Beject ke... |Incoming_ D3 Rejected
- Addressing Mode  |Monlndexed
- Addresssed Fit P... |FirstFit
- Annotation
hd|
kSvstem F’mperties ﬂRESDUI’CE F’mperties j'_ Mermnory Resource ECPUHesnurce
ket Sourc oot % . elect —> StatisticsReporter#
[Fricrity 0] Lerigth AllocateBasic#l H
E [» FrecBagic#l CH-
Facket Source Display Mag#1
[Friority 1]
Allocation Release




MLDesigner: Resources (2)
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B

o

1<m<

<m<o

Mame Walue = :
= [ CPUResource Queumg SYStem
- Mame CPUResource
- Type Server A
- Soope internal L
— Description
- Mumber of Dimens..[1 O < n < o0
— Initial Number of 3..{10
~ Initial Service Rat... [1.0
- Server bechanism |Dedicated Server
- Maximum Occupa.| 100
— Context Switching .. [0.01
- Preempt Discipline |Allow_Preemption
- Queue Discipline  |[First_In_First_Cut
- Glueue Beject ke... |Incoming_ D5 Rejected Server Ressource
- Annotation
=
' System Properties ) Resource Properties /=~
CFUResource

Pa;:ketDS_In[

Select
CFUTimeRecuired

ServicePrioritys [

Il

Insert
EniciTirne:

.

Display Mg

FPacketD3S_Out

Service




MLDesigner: Dynamic Instances
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A0

O Dynamic number of instances
© handling a big number of instances

O changing the number of instances during simulation

[rrrinl

Analysiz#

Arialysis#1 s
e <X

(]
Init#1 L DoLooplnt# EH




MLDesigner: Data Types Mission Level Desion @
O Classes of data types O Ptolemy Base Types

O Ptolemy Base Types O direct mapping onto C types

O Data Structures o efficient

O Data Structures
O definition of structured data
o allow paradigms of OOP

Data Types

Data Structure Ptolemy Base

scalar array

datastruct int || float | complex | string || fix int || float | complex | string || fix




MLDesigner: Data Structures (1)
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=5 6

O Data Structure
O consists of
¢ Name

¢ Parent (member of parents are
inherited)

< Members (of type data structure)
O modeled within Data Structure Editor
O stored in related library

O can be member of other data
structures

O Data Structure Editor
O shows the data structure hierarchy

O contains members and elements

Virtual Anchor Point

Data Structure

Mame

Scalar

Editable

Non Editable

Member

i (Base Types)
+-(Vectors)

/Jr@fﬁ.ddress
+- B BaseMatrix

-+ EBENLUM

- MLD_DE_Training
™ = ExampleDs

----- HMMTFPacket

- Multimediatessage
- = StopivaitPacket
+/§NehunrkPmtncnl o
- EPacket
+-EJProbes -
K E— _>I_|
Member Type
Field Float
Field# Integer
Field3 Float
Fieldd Float
Fielda Float
Fieldf Yeshio
Figld? IFAddress
Fieldd Root




MLDesigner: Data Structures (2)
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O Data Stucture Tree

O results from inheritance (from Root, ENUM, Composite and derivatives)

O Full Name: Root.MyDataStructure.MyDerivedDatastructure

© Uniqgue Name: MyLibrary:Root.MyDataStructure.MyDerivedDatastructure

Root

Base Types

Float

String

EN

UM

Vectors

Base Vectors

BitVector | **-

Composites

FloatVector

Vector




Mission Level Design

MLDesigner: Debugging (1) GmbH

Breakpoints

; Uniformint Const#
I Ereakpoint#1 o
Mame Yalue % Enqual 7 BEFR Measurement
YES i .L
hodule Breakpoint |YES , _
Bits to Symbol Symbol to hits
Source Modalz o
lgnore Count 0 » -
QatdMod & ® AWGN B ® gap@emod

' Svstem Properties ) Breakpoint Properties ﬁ

Graphical Animation

Simulation Control B X I IEBEE] |
Textual Animation
lteration |Time | Entity Mame Action Valle Fellow A
1 1.0 BitErrorBate. Bits Tolnt# 1 will now execute
1 1.0 Port BitErrorRate Bits Tolnt# 1.output send 11
1 1.0 Port BitErrorRate. Gambdod#1.inSymbol received 11
1 1.0 BitErrorBate. Glamhiod# 1 will now execute
1 1.0 Port BitErrorBate.Gamhiod# 1.0utReal send -0.31622776389122009
1 1.0 Port BitErrorRate. Qambdod# 1.outlmag send -0.948685326187 133789
1 1.0 Port BitErrorBate. AW GHNCxEI#1.InFeal received -0.31622776389122009
1 1.0 Port BitErrorRate. AW GHNCxEI#1.Inlmag received -0.948685326187 133789
1 1.0 BitErrorBate. AW GMNCxE 1#1 will now execute -

@ Command A olog A mProgress A mBreakpoints A O Animation f




MLDesigner: Debugging (2)
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Uniformint Canst#
EEFR Measurement
Bits to Syrbol Symbol to hits
|-EI.31 EZZ??ESBEI| D.3?4BEIEEIEEEEIE1
; I I =]
24K Demnodd PrObeS
I Frobe#1 vl
ame Yalue =]
FhALDALD  Libraries
Source hodel BitErrorBate. Qamhdod...
Display MO
File @]
File Fatf
Workspace MO
Woorkspaoe Varia..
Control Type Time
[B] Start Time 1]
Stop Tirme = Zsiop Time
fanore Count &
Trigger Cound |7
=

' Systermn Properties )\ Probe Properties




MLDesigner: Online Documentation
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O Hypertext Online Documentation
O generated automatically
O references between documents
O exportable

—E’My Likraries Diractory
- B Library

AT
+-{ptHome

+ -

STEMS

T, Open Model
Ty Mew Model 3
@ add to Favarites

S| Save As

[Ej Cuplicate
Bename

[ Move to Trash Diel

Compile Library ]
Export Library

Refresh

Expand

9|8 ot

Collapse

Expand Subtree

Collapse Subtree

*. Documentation: $MLD_USER/Stop_and_Wait/Stop_and_Wait.htm

EERECENB

Stop_and_Wait library

This is the first project in MSRM. It investigates the flow control based on the Stop and Wait principle.

Date: Sun May 13 17:00:49 2005
Version: 0.0 11/12/2005
Author: Gunar Schorcht

Import Models:
®  SystemDs

Composite Data Structures:

Root.Packetl.SaW_Packet  This Packet containg all information elements that are necessary to
execute a Stop and YWait simulation and to gather data of interest.

CreationTime Root.Float [0, Inf) 1]
SentTime Roat.Float [0, Infy 1]
Type Boot EMUM.SaW PackefType Data
Lahel Root.Integer [0, 1] 1]
Transmissions Root.Integer [0, Infy 1}
Length Rant Integer 0, Infy i
Packettumber Roat.Integer [1, Infy 1

Enumeration Data Structures:

Root.EMUM.SaW_PacketType  Specifies the type of the packet

0 Data
1 Ack
Models:
@ Channel The module injects hit errors and simulates an erromeous (lossy) channel

The hit errar rate is determined by a given distribution and its parameters.
Packets with single bit errors are lost

Packet Sink This module uses the packet received by the receiver module to gain the

data of interest.

Packet Source  This module generates packets of a given length at a regular base with
constant periad

|+

LR




MLDesigner: MySQL-Interface
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A0

O Integration

O Access to MySQL implemented in
MLDesigner primitives using the C++ API

O MLDesigner includes various built-in
models to operate on MySQL data
bases

O Benefits

O access to widely-spread data base
format

O possibility to read simulation input
values

O possibility to write simulation results

DatabaseHandle

ConnectSOLDataBased

Ll

>

o

o

Fieac Cellint #1

I

Delete Columnd

Il

Fieacd Row It

ML

— —

Write Cellint#1

>

7

I

Agdd Column Float#

Il

Write Row It

Il

o

Fead CellFloat#

.

Write CellFloat#1

Il

L

.

Frinter.input=14#1




MLDesigner: NS2-Interface
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O Integration
O MLDesigner creates, launches
and controls the execution of
NS2 models

O NS2 is used as a co-simulator

O Benefits

O very loose binding between
MLDesigner and NS2 allows
much flexibility on both sides

O possibility to combine models
from other MLDesigner domains
with NS2 models

Standared Simulator #1

MamTracer#1

MM configs

I
nade {07}

DuplexLink#d << nod(I) s -
oo o o 1)
lan
iNAM Output
ile  Views Analysis | \‘
o | 4 | = \ > \ » \‘ n_nmnn‘%‘
g g
2
- ©
El
< /
‘EEI\\\II\\I|\\\I\\\II‘I\\II\\\I‘.‘

1
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Mission Level Design

Application Examples — Cpu Demo GmbH

E emary Resaurce IE' CFUResource

Facket Source
[Priority 0]

Select Ea—l I—E> StatizticsFReporter #1
Lenigth [ FreeBasic# I

Packet Source
[Priority 1]

Display bz #1

*.~" CpuSystem.StatisticsReporter#1.ScatterGraph2#1.Xgraph#1 : Delay Scatter Graph

Delay Scatter Graph x10?* Throughput vs Time Graph
B 2 i ” ! ] difference « 1.3f ' j ' ! j j o Throughput «

4 lic 1
4 11 4

1 0ar 4l g : ! 1
1 07t 1
1 0B 1

j s j
, 04

O = M W b 0 ®m N @mom
T

3 3

x10 x10

{Save EPS...| Print Fill Close Close All {Save EPS...| Print Fill Close Glose Al




Application Examples — Lion
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" -+ Receiver Contro

Receiver?2 Receiver3
- Datal - Datal
% Dataz -, Dataz
-~ Data3 & Data3
- Datad . Datad

Receiverl
4 Datal
~ Dataz
~ Datad
-~ Datad

Receiverd
-~ Datal
~ DataZ
~ Datad
% Datad

PowerThreshold {dBm)
-17.200000

11

PowerThreshold (dBm)
-12.980000

PowerThreshold {dBm)
-23.380000

|

PowerThreshold (dBm)
-14.460000

J

0.556000

Loss f UnitLengthControl {dBfkm)

|

~ =¥ WDM PixelBus System Display [[= ][]}
Fiber
Transmitted Received
Data @ Data
]
@
@ ® @
] ]
@ WDM Throughput {Mbps) @
£1255.000000
® I ®
Wavelength Wavelength
Receiver 1 {nm} Receiver 2 {nm}
|1547 720000 |1548.510000
Power Level Power Level
(dBm) . Packet Drops (dBm) O Packet Drops
—21 94600 —ZD 07s7m
Throughput Capacity Throughput Capacity
(Mbps) (%) {Mbps} (%)
|0.000000 |0.000000 |0.000000 |0.000000
Wavelength Wavelength
Receiver 3 {nm} Receiver 4 {nm}
|1543.320000 |1550.120000
Power Level Power Level
(dBm) . Packet Drops (dBim) . Packet Drops
-29 931597 -19356600
Throughput Capacity Throughput Capacity
(Mbps) (%) (Mhps) (%)
|0.000000 |0.000000 |0.000000 |0.000000

" ~" Transmitter Control

Mbps
w1l 6324.400000

[ |

Launchpower (dBm)
-5.694000

I |

Mhps
w2z 6660.600000

Launchpower {dBm}
-9.754800

I L1

Mbps
3 7125.400000

| T

Launchpower (dBm)
-7.682100

I |

Mhps
w4 3308.500000

[ 1

Launchpower {dBm}
0.735600

I |
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Application Examples — NS2 Demos
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A0

) ® ® 6)

T
I

‘ ‘H H‘HHHHI‘HIIHIH‘\HHHH‘HHIHHlHHHH\‘IHHHH‘\HHHH‘HIHHH'HHIHH‘ ‘
tolayout: Ca [045  Cr [035 Iterations [10 W Recalc

re-layout iell

I

CEFR#1
MarnTracer# LD F#
% by
Maocle Mode Made
+ g0 098 092 092
Moe £
3 2'5 3 23 2'5 3 3 2'5 3 3 Z'S 23 3 Z'S 23
Mode Mode Mode MNode
I I + L
Mull# Baze Sink#2
| Fle Views Analysis | [ ‘
| “ | - | u | > | 4d ”




Mission Level Design

Application Examples — Network Building Set GmbH

Routed Network

Hoast 1 Host 2

Fauter Host 3 Host 4
FeriadicDatadendTa ThText
Anplication 141.24 552 Display Feceived

=]
iy

Transport LIDF Module LIDF odule

S
4

Moo

4
b

Internet Haost Internet Haost Simple rauter with 2 interfaces Internet Haost Internet Haost
Metwork 141.24 521 14124 522 141.24 52 254 141 24 53.254 14124 551 141.24 532

N I
N I
N I »
N I »

=

Link Lirk withh ARP Lirk withh ARP Link with &ARF WLAMN Station WLAN Station WLAMN Station
Address: 12 Address: 23 Address: 42 11 ARF 1:1 &ARF 1:1 ARF

=
L2
- Mediurn State

Ahstract LAM IEEE 802.11 YWLAM

—

o1

[
=

Shared Medium




Application Examples st e g%
O Network simulation O Process simulation

O Ethernet / WLAN O clinical

O FlexRay O production

© CAN Bus O development

o AFDX

o Zigbee O Optimization

o TTP O genetic algorithms

O simulated annealing

O Monte Carlo simulation
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StOp and Walt (1) Mission Level Iz;e::tg): &
o A B
O Principle
O sending of a packet [ Pack
acket
O waiting for acknowledge (ACK) S ?r(;}r:smission
| ACK I
O sending of the next packet Packet <« | Time
o .. Transmission [ P
Tme ookt
ACK |
. POk
[ e
ACK |




StOp and Walt (2) Mission Level Iz;e::tg): @
o A B
O Principle
O sending of a packet [ Pack
acket
O waiting for acknowledge (ACK) S ?r(;jr:smission
| ACK |
O sending of the next packet Packet <« | Tme
o .. Transmission [ P
Time W’]
O Possible errors . Pt
O packet gets lost [ p

~ Packet
o ACK gets lost Timeout 1 :

O Problem [ .
S — Facket
O Packet Duplication »1
o if ACK gets lost Timeout W
[PaCket Duplicate

—— accepted




Stop and Wait (3)

Mission

Level Design
GmbH

O Principle
O sending of a packet
O waiting for acknowledge (ACK)

O sending of the next packet
o ..

O Possible errors
O packet gets lost
O ACK gets lost

O Avoiding duplicated packets
O every packet/ACK gets a label 0 oder 1

O label in ACK indicates next expected
packet

O packets with wrong label are discarded

Packet
Transmission
Time

Timeout I
Timeout I

[PaCkef(O)

[M,

LAk

[M,

L ACKO

[WX

[M,

ACK()

>

ACK (1) ]

ACK
] Transmission
Time

Duplicate
found




MLDesigner: Project
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A0

O Project-Elements

O Library as the container

O Data structures

O Models
< Module
< Primitives

O System models

O Attributes for the Simulation
< specific parameters

< Probes
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Stop and Wait: Creation of the project Mision Love Desan Q%

O Create a Library . Greate New ool IR A= ]EY
Type of Model Im

Logical Mame |5top and wait

© Tool Button: New Model [ Libtary | o

< Menu: File — New | | B o

O open New Model Dialog via

OTree VIeW ConteXt menu FPhysical Mame |Stup_and_Wait
o Type of Model: Library Physical Location | $MLD_USER - 3
. . Group Permissions i
o Logical Name: Stop and Wait e wE
World Permissions | ¥ Fead I wirite
© Descrlptlon: e This is the first project in MSRM. It
investigates the flow control based on
o OK—Button the Stop and Wait principle.
DCescription
o r
[8]:4 izancel Help




Stop and Wait: Data Structure for Packet (1)
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O Open the Library Stop and Wait
O File View: My Libraries — Stop and
Wait
O Double-Click

O Creating a Data Structure

© Open New Data Structure Dialog =
¢ Tool Button: New Data Structure
¢ Context Menu in Data Structure

Editor

O Name: SaW Packet

O Parent Type: Root.Packet

O Description: ...

O Save-Button

O important: Library must be open
O Model contained in Library is opened
O Library itself is opened within a Model
Editor

*. Data Structure Editor 7T 0 X

kind I Composite j

MHame |SaW_F"acket

Library |St-:|p and ‘Wait

— Farent

- |
Type |Hnut.F’acket mﬁl

Likarary |System D=

—Description

Thiz Packet contains all inforfmation elements that are
necessary to execute a-5top and Wait simulation and
to gather data of imerest.

FR = Packet

*. Select Data Structure 7 MO X
| Last Selectad: j
Marme Libirary
[ —-EBRoot
+- g Address SystemDS
+- Ea Basehatrix SystemDS
+- B MNetwarkProtocol SystemD3

SystemDs

+-EProbes SystemDS
+-SResources SystemD3
- Statistic s SystemDS
+- B systam SystemDS
al El
aelect Cancel | Help |




Stop and Wait: Data Structure for Packet (2) Mission Level Design @
O Creation of a Data Structure Member B0 vox
o Length Of the packet Nj—me |Creati|:|nTime
Wpe
O Time of packet creation {Twe Name [RootFloat A
. . Libirary
O Time when packet was received I
o Label Default Value |0 =]
abe
Subrange I[III, Inf) j
O Retransmission counter _ Description
Speciﬂes;?(me of creation (the
arrival far ending).
O Creation of a Data Structure Member [-_ Select Data Structure [ A=)
o Tool Button: New Member / Element ™=  Last Selocteu: M
Mame Library 2
O Name: CreationTime =-E3Root
Save - (Eilase Tys]l
o Type Name: Root.Float §jjjj
o Subrange: [0, Inf) oo
o 5----T|35tring
O Description: ... - (Yectors)
+ Efddn‘a?s“ Sys?emn =
O Save-Button « | _rl_I
Select icancel | Help |




Stop and Wait: Data Structure for Packet (3) o e (%
O Creation einer Enumeration |~ Data Stuors Edtor T[] T
o open New Data Structure Dialog fnd - Enom =
Mame ISaW_F‘acketType
¢ Tool Button: New Data Structure ¥4 vy [0 E
< Context Menu in Data Structure - Parent
. Enur  [RootENUM =
Ed|t0r Library |
© Klnd ENUM —Description
(o) Name: SaW_PaCke’[Type Specifies the type of the packet.
O Tarent Type: Root.ENUM
O Description: ... Save Cancel Help

O Save-Button

O important: Library must be open
O Model contained in Library is opened
O Library itself is opened within a Model
Editor
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Stop and Wait: Data Structure for Packet (4) Misson Level Design @

O Creation of all necessary Data Structure Members

Member Type Default | Subrange | Description

CreationTime Root.Float 0 [0,Inf) Specifies the time of creation (the
arrival for sending) in seconds.

SentTime Root.Float 0 [0,Inf) Contains the time in seconds when
the packet transmission was
finished.

Type Root.ENUM. Data - Specifies the type of the packet.

SaW_PacketType
Label Root.Integer 0 [0,1] Indicates which packet is sent by

the transmitter and expected by the
receiver, respectively.

Transmissions Root.Integer 0 [0,Inf) Contains the number of
transmission attempis.

Length Root.Integer 0 [0,INnf) Contains the packet length in Byte

PacketNumber Root.Integer 1 [1,Inf) Sequence number used for
statistical purpose only.
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Stop and Wait: Module (1) Mission Level I(D;e::tg); &

Sy L 70X
O Neccessary Modules | #@ML.0e Training |
[ Stop_and_Wait Type of Model Im

o PaCket Source LCOnteXt Menu Logical Mame |F'a|:ket Source
(o) Transmltter & Online Documentation Likrary ISTUF' and Wait @
W@ Open Model rodeling Domain DE -
O IEI'_'I Likrar
Channel @ &dd to Favorites g ;;steri I _l
O Rece|ver % ia-;? Af w FPhysical Mame |F'an:ket_8::uurc:e
uplicate =, Primitive
o Packet S|nk Eename ggf;r;e Physical Location |$MLD_LISEHIStup_and_Wait j _|
[l Move to Trash Del r F
& Compile Library ’ r -
O Creation of a Modules G Erpor Libray
& Refresh This module generates packets qfa
O Type of Model: Module s concantperiot.
. . Expand Subtree
o lerary: Stop and Walt CnFljlapse Subtree
. . Description
© Modeling Domain: DE
O Logical Name: Packet Source
O Description: ...
) T

o0 OK-Button

(8.4 I izancel Help
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O Creation of all necessary moduley

Module Description

Packet Source This module generates packets of a given length at a regular base with
constant period.

Transmitter The module models the transmission of an arrived packet

Channel The module injects bit errors and simulates an errorneous (lossy) channel. The
bit error rate is determined by a given distribution and its parameters. Packets
with single bit errors are lost.

Receiver This module receipts the packets and sends acknowledgements. It uses the
label field in acknolegdments to indicated which packet is expected next.

Packet Sink This module uses the packet received by the receiver module to gain the data
of interest.
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Stop and Wa|t: Packet Source (1) Mission Level Iz;e::tg): &

- [-]
O Creation of an Output Ports = ovp e
M Ctputi
© Tool Button: Add Output Port [& tpj:iype utput
. Data T datastruct
OChangeS to mOde Port Creatlon |_ |::|t :E;':ture S?D?]S_;L:'IZ_WELH:HDDI
. . . L Description /g
< cancel with ESC or right-click E——
Wisihility Yisible
O Context Menu: Add Ou’[pu’[ Port alignment Hight
Rotation o5
O select Port / [
Y Module Properies A Pdrt Properties /
O Data Type: datastruct .
*. Select Data Structure 70 X
O Data Structure: Root.Packet.SAW Packet 0 _
ast selected: j
O Description: ... Name Lirary =
--E3Raot
: pe(Base T
o Name: Packet - Ease Ty
RT . ‘ *}--mﬁ.ﬂ.ddress SystemD:
<inline in Model Editor +- EBasehatrix SystemD:
_ . +-EIENUM _
< optional separate Instance Label possible +-FahetworkProtocol SystemD:
?--Ecket SystemD:
1
Select Cancel | Help |




Stop and Wait: Packet Source (2)
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O Creation of an Instance

Mame -
+-@ Favotites

- LD Addons

- LD Examples

- ' MLD Experimentals

- [ MLD Libraries

+-TEO0F

i--‘@DE
»}--‘@Hddresshﬂapping

- @ arithmetic

- AT

- BitwizeOperations

+- @ Comparison
;..‘@Cnmpatibility

+- B Contrib

- T Control

+- @ Conversion

+- T Counters
%--‘@Delays

+-TFoemo

- @D SHandling

#-T sddFieldParamDs
4T AddFieldValueDS
B CoerceDs

i

_ Module: Packet Source [file:$MLD_USER/Stop_and. Y [ EX

I

Drop

CreateDS#1

.F‘au:ket

User: root, Group: users, Permissions: drwxr-xr-x
CreateDS

Primitive used to generate the specified data structure
and place it on the "OutDS" output port.

All fields in the newly created data structure will b...

+-%, CreateParamD5
+-fg DeclareDs
+-Tg D EToF loat

I H B mTTAlet I
1
v File A Library A bodel A Search f

$MLD/MLD_ Libraries/DE/DSHandling/CreateDS [Primitiv

Kl |




Stop and Wait: Packet Source (3)
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O Setting Parameters
O CreateDS has a parameter: dsName
O specifies the created data structure

O Usage of context sensitive dialog
Select Data Structure

O Properties of Parameters
O can be expanded
O Tool Tip shows short summary
¢ name and type
< current value

< description

Mame Yalue J
Mg Creafa O05#T
Lahel
Annotation
Show Bounding true
Show lcon true
Icon
Color T
Dlascampdion Frimidive used o gane. .

@ dshame

Y Module Properties AIW

*. Select Data Structure 7?7 M X

| Last Selected: j
Mame Library =]
-3 Root

+-(Base Types)

+- (Wectors)

+- B3 Address SystemDn

+- 4 Basehdatrix SystemD:

%--TGENUM —

J}--ENEMDrkF‘rDtDCDI SystemD:

?..EPacket SystemD:

S = |SaW_Packet Stop_ang

H e . ' — h
4| 1 _"l_l

Select Cancel | Help |
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O Creation of instances

O Clock (Sources): periodical generation of events

O CreateDS (DSHandling) : creation of a packet

O InsertFieldTNowDS (DSHandling): setting CreationTime

o GenlntConst (NumberGenerators): setting CreationTime
O InsertFieldDS (DSHandling): setting packet length

O Create relations

O start: double click on Port

O finish: click on Port

Clock#1

CreateDS#1 %—c‘g InsertField THow D S#1 }_[‘E InsertField D542 H

O free intermediate points

O Hint:

+ GenlntConst#1

o all Ports have to be allocated

O Ports can be terminated

Facket
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Stop and Wa|t: Packet Source (5) Mission Level I(D;e::tg); &

O Save Model
o Tool Button: Save oder Save All g

O Menu: File — Save / Save All
o Key Shortcut: Ctrl-S %

& There are construction errors or inconsistencies in model '‘Packet_Source',
Do you want to save it anyway?

O MOdel CheCk [T Da nat showe this message again

“es o

o automatically performed during model
save

O Tool Button: CheckDesign

— ! 00:31:07 filehome/gs/MLD.FH-Erfurt/Stop_and_Wait'Packet_Source/Packet_Source.mml checked. 4 error(s) found |
! 00:31:07 Parameter 'dsFieldMame’ of instance 'InsedFieldDS#1" in model 'Packet_Source' has no value.
0 00:31:07  Parameter ‘dsFieldMame’ of instance 'InsedFieldDS#1' in model 'Packet_Source' has invalid type.
: 00:31:07  Parameter 'dsFieldrlame’ of instance 'InsedFieldDE#2" in model 'Packet_Source' has no value.

00:31:07  Farameter 'dsFieldMame’ of instance 'InsefFieldDS#2" in model 'Packet_Source' has invalid type.

Y O Command A0 Log
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Stop and Wa|t: Packet Source (6) Mission Level Iz;e::tg): &

O linking Parameter
O instance parameters are linked to formal parameters of the model

O value of the instance parameter results from value of the parameter of the model

O exporting Parameter
O instance parameter is cloned to the model and automatically linked to its clone

O name of the clone is configurable during export
formal parameter Packet_Source

Export
|@ [ Packetinterval [ 1.0 |

e.g.: instance parameter Clock#1 e .
@ [B] interval 1.0 7] >
. Expand
@ [E] magnitude 1.0
l' aort

inteniad B 2rackerintenval |_ Expaort as.. EIEI

[E] magnitude 1.0 |Packetlntewal
Reset Column Sizes ] Cancel | Fewvert |
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O Finishing the Module
O setting of instance labels (more intuitive labels)
o export of the parameter Value of GenIntConst#1 as parameter PacketLength
O setting of parameters dsFieldName of InsertFieldDS#1 and InsertFieldDS#2

= [E] dsFeldName

= Mz e Fiaiaiame
= S Extemal
~ Dats e datastrcinambemanme
— Data Structure Stop_and_WaitRoot.P..
kiember Mame W
= Dlescepiion
- .’q#ﬁ ¥ oo i T A Vsl s B =
*. Select a Member 7T 0 X

kember Type

CreationTime Float

\
Clock#] Create } + Insert % + Inzert % . Packet sentTime Float
Packet CreationTime Length Type Saw_PacketType
Lakel Integer
Retransmissions Integer
Packet Length Integer
Lerigth |

select Cancel | Help |




MLDesigner: Useful Editor Functions
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O Instances
O Resizing of the instance block
O double-click to open model
O definition of color or icon
O replacing instances via Drag & Drop
O rotate and swap Ports
O move Ports
o highlighting of instances with linked model elements
O Create Module

O general functions in Context-Menu
O Find in Tree for models and instances
O Online Documentation

O Verbindungen
O creation and deletion of intermediate points at any time

GmbH

% Unda Ctrl+Z
# Delete Del

#< Cut Crl+ 3

Copy Cirl+C

Select all Ctrl+ &

Create MModule ..

& Online Documentation D

Find In Tree Clrl+G
Ty Open Model ot
B¢ Open Source 5

Dynamic Instance

Replace Instance ..

Cirientation

Hide Port Labels
Show Port Labels
Rotate Pors
kirror Ports
Sweap Ports

©% Disconnect Connected




Stop and Wait: Transmitter
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=5 6

O Formal parameters
O MaximumQueueSize [int] =5
O TimeoutValue [float] = 1.0

Buffering of packet

Queuing of
received packets

Timeout Tirmer

Timeout Handling

Timeout Period H SetAlarm#

Incremett
Tranamissions

Label Handling

1 Localtemnary#] <]

1

Inzert
T FPacket Murnber o
]
—

Simple Caunter#1

AlarmaActived#

-~

Data
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O Formal parameters
O BitErrorRate [float] = 1e-6
O Propagation Delay [float] = 0
O ChannelSpeed [int] = 10000

Propagation Delay Drop Packets

o Ingert Propagation
SentTime Delay

Transmission
Delay

Select

Length Delay
L
L Tranamission

Drelzyy

F'au:ketln[

Fuitch# Facket Out

Biruornial lnt#1

Eit ErrorRate

Bit Error Generation
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O Formal parameters
O AckLength [int] =2

Dropping
Duplicates

o Dropped

Select
Lakel

Data[ Suitcha
L1

[ Label==Expected?

Fead
>
Expected

= . Packet
C

Next Label

Generating Ack

Ak Insert Ihsert
Creation Time Creation Time




Stop and Wait: Packet Sink
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O Formal parameters
O ChannelSpeed [int] = 10000

Dropped |:

Packet |:

_—

-

Simple Counter#1 % + Agraph#3

I

Select I
Transmizsions ; i-- L + Agraphd

Agraph#2

+ Agraph#l

Hhistograrm#

BatchStatistica#1 qﬂl-

Select I
Lencth |-xF Throughput'WsTime Graph#

Dupplicates

Retransmissions

Lost

Delay

Throughput
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A0

O System parameters

Parameter Typ Wert

PacketInterval float | $PacketLength*8/$ChannelSpeed*0.6
PacketLength int 512

MaximumQueueSize |int 500

TimeoutValue float $PacketLength*8/$ChannelSpeed*10.0
ChannelBitErrorRate | float 1e-4

PropagationDelay float 0

ChannelSpeed int 56000

AckLength int 2

Facket_Source#l H Tranamitter#1

EE&:L% Facket_Sink#1




Stop and Wait: Online Documentation
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O Hypertext-Online-Documentation
O automatically generated
O completely linked

—E’My Likraries Diractory

% Library

AT
+-{ptHome

+ -

STEMS
T, Open Model
Ty Mew Model 3
@ add to Favarites
=] Save As

[Ej Cuplicate
Bename

[ Move to Trash Diel

Compile Library ]
Export Library

Refresh

Expand

9|8 ot

Collapse

Expand Subtree

Collapse Subtree

. Documentation: $MLD_USER/Stop_and_Wait/Stop_and_Wait.htm

BRI EIEE

Stop_and_Wait library

This is the first praject in MSRM. It investigates the flow control based an the Stop and Wait principle.

Date: Sun Moy 13 17:00:49 2005
Version: 0.0 1171272003

Author: Gunar Scharcht
Import Models:

#  SystemDS

Composite Data Structures:

Root.Packet.SaW_Packet  This Packet contains all infarmation elements that are necessary to
execute a Stop and Yait simulation and to gather data of interest.

CreationTime Root.Float [0, Inf) 1]
SentTime Root.Float [0, Infy 1]
Type BootERUM.SaW PackefType Data
Lahel Roat.Integer [0, 1] 1]
Transmissions Roat.Integer [0, Infy ]
Length Roat.Integer [0, Infy 1]
Packettumber Root.Integer [1, Infy 1

Enumeration Data Structures:

Root.EHUM.SaW_PacketType  Specifies the type of the packet

0 Data
1 ACK
Models:
T Channel The module injects hit errars and simulates an errorneous (lossy) channel

The hit error rate is determined by a given distribution and its parameters.
Packets with single bit errors are lost

Packet Sink This module uses the packet received by the receiver module to gain the

data of interest.

Packet Source  This module generates packets of a given length at a regular base with

constant petiod

NIER




Stop and Wait: Simulation (1)
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O Simulation Mode

O interactiv

Breakpoint

Probe

[Stop_and_WaltRoot Packel 5aW_Packel[0,0.07314285714285715,0ata,0,1 512,1]

H - O ol
O Breakpoints i R
Data[ Select 2 Packet
O Animation
o PrObeS ExpectedLahel
o external C++/PTcl e :
O distributed
Fead
Expected
O Probes .
>
1M1 Ak Inzert Inzert Inzert
o data mlnlng 3 Creation Time Creation Tirme Length
O internal display
[teration | Time Entity Mame &ction Yalue ;l
1 0.9264761904761 91 System.Channel#l  Switch# will Ny execute
1 0.9z264761904761931 Port System.Channel#1 . Switch#1 falseOut send Stop_and_WaitRootPacket SaW_Packet{0.121304761304
1 0.9z264761904761931 Port System Receivers# SelectFieldDE#1.In0D3S received Stop_and_WaitRootPacket SaW_Packet{0.121304761304
1 0.92647619304761 931 System Receiver#l.SelectFieldDS#1 will now execute
1 0.926476130476191  Port System Receivers# SelectFieldDS#1 . Field send Rootinteger{1}
1 0.9z264761904761931 Port system Receivers# SelectFieldDS#1.0utDS send Stop_and_WaitRootPacket SaW_Packet{0.121304761304
1 0.926476130476191  Port System Receivers# . Switch#1.input received Stl:up_and_Wait:H|:|Dt.Packet.SaW_F‘acket{D.121904?5194&4'21
4| b

‘@ Command A O lLog A mProgress A O &nimation A 0 Breakpoints /
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Stop and Wait: Results (1) o e

System.Packet_Sink#1 . Xgraph#d : Number of Retransmissions ..-

Mumber of Retransmissions
T T T T T T T T T T T
3[' - ‘ - SEt |:| ’
Z2ar 7
2|:| - * L. ] * —
15 7
-|_|:|— LR B B N K L . B ] e * W b L. XL ] & e > B L X NI 1 EL._ 1] Wk -
nar 7
DD = L. ... ..., .zl ... . . ] —
0.0 0.z 0.4 0.6 0.d 1.0 1.2 1.4 1.6 1.0 £.0
x10°
Save EPS... Print Fill Close Close All

2007-12-04 © Mission Level Design GmbH
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System.Packet_Sink#1.Xgraph#2 : Lost ..-

Lost
0.35 |“ T T T T T T T T T T Setl e
030 7
0Zar i 7
0.enr t 7
ni1sr L 7
ni1ar 7
noar 7
.00 i
0.0 0z 04 0.6 0.4 1.0 1.2 14 1.6 1.8 .0
x10°
Save EPS... Prirnt Fill Close Close &ll

2007-12-04 © Mission Level Design GmbH
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*_  System.Packet_Sink#1.Xgraph#1 : Total Delay (sec) --

Total Delay [sec)

_ Setl e
40 ‘ .

35 i b |
3.0 |
251 |
20 1 3 ) é |
151 L g
10 - | % i BN -1 |

051
0.0 <
0.0 0.2 0.4 0.6 0.8 1.0 1.2 14 16 14 2.0

=107

Save EPS... Prirnt Fill Close Close &ll
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%107

System.Packet_Sink#1. ThroughputVsTimeGraph#! . Xgraph#1 : Throughput vs Time Graph (byte's)

6.0
2.9
2.0
4.5
4.0
3.9
4.0
2.5
2.0
1.5
1.0

0.5
0.0

1 L

'y,

Throughput

0.0 0.z 04 0.6 0.4 1.0 1.2 1.4 1.6 1.8

Save EPS... Prirnt Fill

2.0

Close

=107

Close &ll
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*_  System.Packet_Sink#1.Xhistogram#1 : Total Delay Histogram Graph (sec) ..-

x10° Total Delay Histogram Graph (sec)

45t ] Geto ™

4.0r
3ar
3.0r
2ar
2.0r

15T

nar
0.0L IIIIIIIIIIIIIIIIIIIIIIII----------l-----_
1] IR] 1.0 1.5 c.0

o.

2.9 3.0 3.5 4.0

Save EPS... Prirnt Fill Close Close &ll
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Stop and Wait: Packet Source Poisson (1) GmioH

O Creating a copy of Packet Source O Renaming the copy
f--'@ﬂnp_and_wmt & Online Documentation =-T# Stop_and_wait i Online Documentation
i =-gdChannel +- 78 Channel
[ = o todel ; o kodel
+- AP acket_sink T Open Mode _ +- =@ Packet_Sink @ Open Mo _
¥+ Packet_source @ Add to Favorites { SaPacket_source @ Add to Favorites
f"aﬁecewer Save As + Packet_Source_1 Save A5
+- g Transmitter W] Duplicate +-ghReceiver [y Duplicate

+- =g Transmitter

Bename
[ Move to Trash Del [l Move to Trash Del
ﬁ Refresh f} Refresh
Expand Expand
Collapse Collapse
Expand Subtree Expand Subtree
Collapse Subtree Collapse Subtree

v

| . Rename Model "G T

Physical |F'ac:ket_5c|urc:e_F'c|issun

Logical |F'an::ket Source Poisson

[a].4 Cancel
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O Model modifications

O replace instance Clock#1 with Poisson#1

O link parameter MeanTime to PacketIntervall

Foisson#l

Create
Facket

H

Ihzert
CreationTirme

Ihzert Facket
Length

Mame Walue
Matne Foisson#T
Lahel
Annotation
Show Bounding true
Show lcon true
Icon
Color HITHIT

Slagcamalion

el Sl

@ teanTime

[E] Magnitude

[B] Seed

Export
Export as..

Expand

Sort

Packetinterval
[F] PacketLength
[G] stopTime

[G] curlter

[G] abslter

[G] absSimul
(6] globalSeed

Reset Calumn Sizes
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Stop and Wait: System Poisson (1) Misson Love Design (%

O Duplicate System model
O using Duplicate in Tree View on System model

O rename to System_ Poisson

O Modify System Poisson

O replace instance Packet Source#1 with Packet Source Poisson#1

Channel#2

Channel#1
Facket_Source_Foissondl H Transrmitter#1 H Feceiver#1 H Facket_Sink#1
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“=.  System.Packet_Sink#!.Xhistogram#1 : Total Delay Histogram Graph (sec) | ]
x0* . . . Tlotal Delay Hilstogram Gralph (sec) . . .
a5t | Getp m
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15[
1.0
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Save EPS.. Print Fill close | close an |
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Total Delay
periodical source

Total Delay
Poisson source

®. System.Packet_Sink#1.Xgraph#1 : Total Delay (sec)
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“. System.Packet_Sink#1.ThroughputVsTimeGraph#1.Xgraph#1 : Throughput vs Time Graph (byte/s) --

=10° Throughput ws Time Graph (byte/s)
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Pipelined Protocols: Sliding Window Mechanism  M«<erte 290 @

O Principle
O transmission of multiple packets before acknowledge is necessary
o positive ACK for flow control
O negative ACK for error control

O usage of sequence numbers: packets are numbered with n Bits continuously

O maximum window size 2"-1: sequence numbers must be unique

Packet Sequence Number >

N

14/15/0 |1 | 2|34 5|6 7 8|9 10 11 12 13/14/15/0 1 2 3

Sliding Window
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Sliding Window: Transmitter i tevl i AN

O Window with transmitted but not acknowledged packets
O size is reduced with each sent packet
O size is growing with each acknowledged packet
O maximum size reached if all packets are acknowledged

acknowledged >l transmitted, ﬁ‘ packets that still ﬁ

not acknowledged can be sent Sliding Window

>

1415 0 /1 2 3 4 5 /67,89 10 1112/ 13/14 15/ 0|1 |2 | 3

last acknowledged/ last sent

packet packet w?ndow size redu_cegl - w?ndow size grows
with each transmission with acknoledges
T
buffering necessary
e J
N

maximum window size
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Sliding Window: Receiver i tevlesan AN

O Window with received but not acknowledged packets
O size is reduced with each received packet
O size is growing with each acknowledged packet

O maximum size, if all received packets were acknowledged

acknowledged > received, ﬁ‘ packets that still ﬁ

not acknowledged can be received Sliding Window

>

1415 0 /1 2 3 4 5/ 6,7, 8 9 101112/ 13/14 15/ 0|1 |2 | 3

|last acknowledged/ last

packet received packet w?ndow size re.dyced> w.indow size grows
with each receiving with acknowledges
- /
'

maximum window size
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Sliding Window: Example GmbH

Transmitter Receiver

0123456(70/123/4,56|7 0123456(7/0/123/4|56




Go-Back-N: Flow Control
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A0

O Transmitter
O transmission of multiple packets
¢ reduce size of window until exhausted
¢ waiting for acknowledge (ACK)
O after acknowledge was received
< increase size of window
¢ transmission of further packets

O acknowledges are cumulative

O Receiver
O receiving of multiple packets
¢ reduce size of window until exhausted
¢ sending of acknowledge

O is afterwards ready for further packet receiving

P(4) ncK (4




Go-Back-N: Error Control —
Packet gets lost (1)
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A0

O Case 1: A sends further packets
O B receives packets in a not expected order
O B refuses packets with NACK

O Comments:
O Piggybacking possible
O acknowledge must not be perfomed using ACK

O also possible using packets




Go-Back-N: Error Control —
Packet gets lost (2)
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A0

O Case 1: A sends further packets

O B receives packets in a not expected
order

O B refuses packets with NACK

O Case 2: A sends no further packets
O Timeout occurs
O Option 1:
< A sends ACK with Poll-Bit set
¢ fores B to send an ACK
O Option 2:

< re-transmission of all packets from
last acknowledged packet
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Go-Back-N: Error Control — R—
Positiv-ACK gets lost (1) GmbH Q%

O Case 1: A misses one acknowledge
O acknowledges are cumulative
O acknowledge all previous packets
O include all previous acknowledges

O no problem appears




Go-Back-N: Error Control —
Positiv-ACK gets lost (2)

Mission Level Design
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A0

O Case 1: A misses one acknowledge
O acknowledges are cumulative
O acknowledge all previous packets
O include all previous acknowledges

O no problem appears

O Case 2: A sends no further packets
O Timeout occurs
O Option 1:
< A sends ACK with P-Bit set
¢ forces B to send an ACK
O Option 2:

< re-transmission of all packets from
last acknowledged packet

A B

P (0)

ACK (4)

< Timeout
———ACK (p. 1)

ACK (4)
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Go-Back-N: Error control — Negativ-ACK gets lost oo 2esar @

. A B
O Timeout occurs

. P (0)
© Option 1: \
: : P(1)
¢ A sends ACK with P-Bit set \
¢ forces B to send ACK P(Q)\‘
O Option 2: P (3
< re-transmission of all packets from
last acknowledged packet

P(4) acK®)

o ACK Py

ACK (4)




Go-Back-N: Creation of the Project
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» OO 70X

O Create Library

O Copy models from Stop And Wait
O Channel
O Packet Source Poisson
O Packet Sink
O Transmitter

O Receiver

O Modifications
O all models use new Data Structure

O new modules for Transmitter / Receiver

Type of kModel
Logical Mame

Library

Physical Mame

Physical Location

Group Permizsions

World Permissions

Cescription

ILihrary vI

IGD—EIaI:k—N &R

!

|Gu_Elack_N_.~‘-‘-.RQ

[ sMLD_usER
[ Read ¥ ‘Write
¥ Read [~ ‘Write

This project investigates the

layer.

Go-Back-M errar contral at data link

(0] Cancel

Help




IEEE 802: General Workflow (1)
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Network

DL_UNITDATA.request

Protocol Entity N PDU SSAP + SA
DSAP + DA
Network Layer /4\ N PDU
SAP
LLC PDU L
\ MA_UNITDATA.request
LLGC | DSAP | SSAP Control N PDU Source Address
Protocol Entity
Destination Address
Service Class
Data Link Layer @ LLC PDU
MAC Frame
G — |PRE| sFD | DA | sA | TL | LLc PDU
Protocol Entity

Physical Layer Interface




IEEE 802: General Workflow (2) Mision ovel Design @5
Source | Destination
|
N LLC MAC | MAC LLC N
|
DL_UNITDAT
— A |
request MA_UNITDATA
mw» ‘
MA_UNITD
<«  TOATA L — ATA
MA _UNITDATA -~ indication DL_UNITDATA
STATUS.indication | mw»
|
‘ TDATA
DL_UNI
L eawst o
MA UNITDATA
DL_—UN\TPATA W - MA_UNITDATA
W | STATUS-indication
|
|




Go-Back-N: Data Structures Data Link Layer Misston Level Design @
O |EEE 802.2 LLC-PDUs DSAP — Destination Service Access Point
SSAP — Source Service Access Point
0 78 1516 23
DSAP SSAP Control Information (n*8 Bit)
0 78 1516 31
DSAP SSAP Control Information (n*8 Bit)

O Format Control Field
N(S) - Sender Send Sequence Number

00 RR (Receive Ready) N(R) - Sender Receive Sequence Number
01 REJ (Reject) S - Supervisory Function Bit (RR, REJ, RNR)
10 RNR (Receive Not Ready) M - Modifier Function Bit
A
0 1 7 8 15 1100PO0O0O0 Ul command
1100P010 DISC command
I-Frames | 0 N(S) P N(R) 1100P111  TEST command
1111P101 XID command
S-Frames |1 0§ § X X X X|P N(R) 1111P110  SABME command
1100F101 UA response
U-Frames (1 1T MMP MMM » 1111F000 DM response
1110FO001 FRMR response




Go-Back-N: Creation of Data Structures
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;--TDENLIM
~ERaddressingtdode
-~ B3 Blockinghechanism

~EBLLC_M_Bits
~EBLLC_5_Bits

--EBoalean
~ERChange_Controller_C3S
----PCDnditinnsTDHepnmnfn
~EAFitPalicy

- EnitialGueuestate

I ex

YWallue

RR
REJ
RMR

Member | Type

P_Flag Yesho

Length Integer
-~ =3 Packet

—-EJLLC_Frame
=l LLC_NumberedFrame
. ELLC_|_Frame

- EJLLC_S_Frame

L\

- FLLC_UnnumberedFrame
. EJLLC_U_Frame
- EJM_Packe

I ex

Yalue

-l m N B = O

]l

1D
TEST
SABME
DISC
s

DA
FRME

7,

hember Type
Length Integer
CreationTime Float
SequenceMumber Integer

Member | Type

P Flag ez o
Leigaity iteger
M_R Integer
bMember | Type

£ Flag Yes i
Leiradi inleger
MR inleger
M5 Integer

[nformation M_Facket

bember | Type

£ Flag Feshiz

Lt irdeger

MR irleger

5_Bits LLC_5_Bits
I Member | Type

£ Flag Fas o

Leingiiz inbeger

bMember | Type

£ Flag Fez v

Leirait inbeger

M_Bits LLC_M_Bits
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A0

O packet to be transmitted:

Member Type Default Subrange | Description
Length Root.Integer 0 [0,Inf) Contains the packet length in Byte.
CreationTime Root.Float 0 [0,Inf) Specifies the time of creation (the

arrival for sending) in seconds.

PacketNumber

Root.Integer

[1,Inf)

Sequence number used for
statistical purpose only.




Go-Back-N: Data Structures of LLC (1)
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A0

O LLC frame:
Member Type Default Subrange | Description
P_Flag Root. ENUM. No No, Yes | This flag is used a poll flag in
YesNo commands and as final flag in
responses.
Length Root.Integer 0 [0,Inf) Contains the frame length in Byte.




Go-Back-N: Data Structures of LLC (2)
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A0

O Numbered Frames Root.Packet.LLC Frame.LLC NumberedFrame

Member Type Default Subrange | Description
P_Flag Root.ENUM. No No, Yes This flag is used a poll flag in
YesNo commands and as final flag in

responses.

Length Root.Integer 0 [0,Inf) Contains the frame length in Byte.

N R Root.Integer 0 [0, Inf) Specifies the sequence number of
the frame expected as next (the
sequence number of the last frame
received correctly +1).
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Go-Back-N: Data Structures of LLC (3) o e &

O | Frames Root.Packet.LLC Frame.LLC NumberedFrame.LLC | Frame

Member Type Default Subrange | Description
P_Flag Root. ENUM. No No, Yes This flag is used a poll flag in
YesNo commands and as final flag in

responses.

Length Root.Integer 0 [0,Inf) Contains the frame length in Byte.

N R Root.Integer 0 [0, Inf) Specifies the sequence number of
the frame expected as next (the
sequence number of the last frame
received correctly +1).

N S Root.Integer 0 [0, Inf) Sequence number of the packet.

Information Root.Packet. - - The payload of information frames

N_Packet is a network layer packet.




Go-Back-N: Data Structures of LLC (4)
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&

O S Frames Root.Packet.LLC Frame.LLC NumberedFrame.LLC | Frame

Member Type Default Subrange | Description
P_Flag Root.ENUM. No No, Yes This flag is used a poll flag in
YesNo commands and as final flag in

responses.

Length Root.Integer 0 [0,Inf) Contains the frame length in Byte.

N R Root.Integer 0 [0, Inf) Specifies the sequence number of
the frame expected as next (the
sequence number of the last frame
received correctly +1).

S Bits Root.ENUM. RR - Specifies the type of the supervisory

LLC S Bits frame.

2007-12-04

© Mission Level Design GmbH




Go-Back-N: System
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A0

Facket Source#

Il

Ly

_Layer#l

FPacket Sink#

i

Ty

LLC_Layer#2

If

MALC_Layer#1

Y|

Parameter Typ Wert

PacketInterval float | $PacketLength*8/$ChannelSpeed*0.6
PacketLength int 512

MaximumQueueSize int 500

TimeoutValue float | $PacketLength*8/$ChannelSpeed*10.0
ChannelBitErrorRate float 1e-4

PropagationDelay float |0

ChannelSpeed int 56000

AckLength int 2

MaxSequenceNumber | int 7

MaxWindowSize int $MaxSequenceNumber




Go-Back-N: Network Layer — Packet Source
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A0

Packet_Source# Packet_Sink#
[ jﬁ
LLC_Layer#1 LLC_Layer#2

m MAC_Layer# g

Poiszon#

Create Insert Insert Insert
Facket CreationTirme Letigyth SequenceMNurnber
]

Simple Counter 1

M_Facket




Go-Back-N: Network Layer — Packet Sink
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F'eu:ket[

X

Simple Counter#2 L

GmbH
Facket _Source# Packet Sink#
! Qﬂ
oW By
LLC Layer# LLC_Layer#2
-
MMAC_Layer#l
rhistogram#2
Drn:npped[}—+ Simple Counter #1 % i +}<graph#3
Select
SequenceNumber [x Rraph#2

THow#1

Select
CreationTime

+ Roraph#

rhistogram#1

BatchStatistics#1 qﬂl-

Throughput'sTime Gragh#
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Go-Back-N: Data Link Layer — MAC Layer GmbH

Facket_Source#

Facket_Sink#1

Il g{:
o By
LLC_Layer#l LLC_ Layer#2
|
MAC_Layer#1
MAC_SAP_outl 4 I:hannel#z :IMAI:_SAP_iHE
MAE_SAF‘_imI: D Channel#! 1 MAC_SAF_out2

Frameln[

Propagation
Drelay

Tranamizsion
Delay

FrameOut
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Go-Back-N: Data Link Layer — LLC Layer Typ2 Mision Love Desan

@ FirztFrameSent Mext FrameToSend
@ FrarneBuffer Mext Frame To Receive

I m 2 E Ma&C_to

i - TimeoutTimer

Prepare
RR Frame Timeout Period H Setdlarm#
I Tirre Ot

AlarmActive#1 Handlirig CancelAlarm#1

D—%] Process _REJ#H <1
K
“

Simple
FIFO

DL_S.é-.F'_in[

Store
| Frame if Buffer

:IM.é-.I:_frDm

CL_S&F_out «7Q
|
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GO'BaCK'N: LLC Layer Typ2 o Prepare I-Frame Mission Level Iz;e::tg);: @

Memories are exported and linked in upper level

@ T M_R

N_Pau:ketE Create Inzert Inzert Inzert Inzert L |_Frame
LLC_Franne Ihfarmation MN_S M_F Letigth C

L
I ko W&

—
5
= Fead M_F

Ardd 4 Byte kernorydrite .
. - 2 % 8 hit 5AP MextFrarne ToReceive

& - 16 Eit Contral Field e
Select Increment
= L L
Lenigth L5 L MextFrameToSend

pickup from N_Packet add a fix size of length
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GO'BaCK'N' LLC Layer Typ2 - Mission Level Design

Store I-Frame In Buffer GmbH

. Determine rermzining
hemory'rite N whindow Size and decide
Mewt FrarmeToSetl whether next frame can
be sent

T

Write Frame to buffer

Compute Used Window Size SendMext Frame

FrameBuffer Hanelle Fange Crverflow

Flus ax
Sequence Nurnker

Switch#
1

|5

MextFrameToSend
» FirstFrameSent ?

» Max Sequence
Murnker?

Fut to
FrarneBuffer

I_Frame |:

o Fiernainitg
Window Size

[> Difference L[>

Increrment
MNextFrameToSend

|}
fermory Read Fead bMernory T 1 [ EES
Mext FrameToSend FirstFrame Sent Window Size

Mext FrameTo Send @ FirztFrameSent




GO'BaCk'N: LLC Layer Typ2 — Prepare S-Frame Mission Level Iz;e::tg): &

Trigger

S-Bits are exported as parameter

Create
LLC Frarme

SetType Insert
S Bits P-Flagy

Fead Memory
Mext FrameToReceive

Mext FrameToFeceive

S_Frame

Set 4 Byte
- 2 % & hit SAF
- 16 Bit Contral Field




Go-Back-N: LLC Layer —
Determine Frame Type / Process RR
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A0

| Frame?

5 Frame

II Frame?

Determine Frame Type

RR

RR

REJ

Process RR

Swritch# '
[

%4._

Fead Memory Write Mermory
FirstFrarmeToSend FirstFrame Sent
FirztFrame Sent

MextFPacket



Go-Back-N: LLC Layer Typ2 — Process |
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Increment MextFrameToReceive
MextFrameToReceive
")
MernoryWhiite S _Frame
'. -
IneAnd od M Mesct FrameTo Fieceive Frepare RR
Check whether Secuence
Murnber corresponds to
I_Frame[ e, Select E{ TR (AT If not, generate a REJ
M5
ReadMermory
MextFrame [L>
ToRecieve
if yes, extract the M_FPacket Select P
N_Packet p o -Facket

Switch#l

Whrite hernory
FirstFrame Sent

First FrameTo Send

Eqlnt#2 FitstFrameSent
Read ; Updates
E EMIER Fir st Frame Sent




Go-Back-N: LLC Layer Typ2 — Process REJ
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HEJI:

Determine the range of
seqence number that have
ta be resent

Flus hax Sequence

Murnkber+1

lterate owver the range of
selgence number including
sequence number overflos
handling

Max Sequence
Murnker

FrameBuffer

ES
Switcha! B

|
ezt FrameTo Send Sublnt# %—+

Feadtermnory

il

Mezt FrarneTo Sercd

|

M_F >

MNextFrameSent-17

1

: DoLoophar Int#

» MaxSequence
Murnker ?

Arcess
FrarmeBuffer

Arcess to | frames
stared in the buffer
that has to ke resent

|_Frame




Explore CPU Demo
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In thiz example packets are competing For both Memory and CPU resources.
A packet must first obtain Memory, before it goes to the CPU where it iz
processed. After being processed the packel releases its memory which

can be allocated to pending packets. The Memory is modeled with a Quantity
Resource, called "MemoryResource", The CPU is modeled with a Server

Resource, called "CPUResource ",

The packel that leaves the PacketSource has its memory and CPU requirements
fields set, Then packet then enters the AllocateBasic block to obtain the memory
regquirement {packet length). When the requived memory i3 allocated, the packet
moves to the CPU block. The packet is processed by the CPU block bazed on
the priority and CPU requirement. Preemtive is allovred with switching overhead
of 0.1. There are 10 servers active in the CPU. The mode of operation is based
on dedicated server,

Once the packet processing is completed by the CPU block, the packet envokes
FreeBasic block te retum the allocated memory back bo the memory pool.

StatisticReporter collects and plots varions statistics for the system.

|E| Mernary Resource E CPUResource

Select
Lenigth

FacketSource
[Priority 0]

StatisticsReporter#1
Allocate Basic#

mL

PacketSource
[Friority 1]

5

Drisplay Mag#
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O |ntroduction

O Modeling Concepts
O Application Examples
O Modeling Projects

O Discussion

2007-12-04 © Mission Level Design GmbH
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