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e Learn how to specify a simple state machine
e Example
o Button to turn on and off a lamp
o Turning off the lamp shall be delayed
e CIP Method
o The CIP System is the root element
o The CIP System consists of Clusters
= C(Clusters are used to model distributed state machines
o The CIP Cluster consists of Processes
= The process declares the state of the state machine
o The CIP Process consists of Modes
=  Modes are used for different situations like normal, error, run-in, run-out
= The mode declares the transitions between the states
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Part l:

Setting up a new CIP Project

e Create a new CIP Project with the CIP Project wizard
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Setting up a new CIP Project 5
(= New Project EEl=)

Select a wizard Fﬁ}

Wizards:
| type filter et |

2% CIP Project
[ = General
4 [~ actifzource

'|§ CIP Project |

= CVS
[ = lava
[» = RPM
[ [= Tracing

@ | <Back | Met> || Fnsh || Cancel

% Prepare a new Actifsource/CIP Project using the Actifsource CIP wizard
o File/new/other
o Actifsource/CIP Project

& Click Next
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Setting up a new CIP Project 6

~

.
= New Cip Project C=mE

Project

Create a new project resource,

Project name: | CIPStatermachinelamp

MName Description

Ef] CIP_CPP_Statemachine Generates the CIP statemachine for the c++ programming language.

Eq) CIP_CPP_TestSuite Console Generates a regressive test suite console application for the c++ programming language.

Ef] CIP_C_Statemachine Generates the CIP statemachine for the ¢ programming language. |
Project type: Eql CIP_C_Statermachine_Templates Generates the CIP templates (connecter, cip shell) for the ¢ pregramming language.

CIP_C_TestSuite_Censcle Generates a regressive test suite conscle application for the ¢ programming language.

CIP_HTML PulseCastTree
CIP_HTML_Statemachine_Documentation Generates a CIP statemachine documentation in html, |
EhJ CIP_HTML_TestSuite_Documentation Generates a CIP test suite documentation in html.

Use default location

Location: | ChUsers\rchworkspace_tutorial_CIPStatemachinelamph\CIPStaternachinelamp | | Browse...

Choose file systern: |default -

Working sets

Add project to working sets

YWorking sets: | v| | Select...

@ <Back | Nea> ||| Frsh || Concel

% Specifiy Project name
& Specify Project type
& Click Next
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Setting up a new CIP Project 7

' k'
2= New Cip Project | =] % |
Project Settings
Setup your project,
IE Resource Paths | 2 Target Folders |1 Template Folders | 1=+ Project Dependencies | =% Built-in Dependencies
4 (2 [cip-gen_ _ _ : : _ | (2 Add Target Folder... |
[ ch.actifsource.solution.cip.generic.generator.tpl_c.buildconfig.CIP_C_Statemachine
[» ch.actifsource.solution.cip.generic.generator.tpl_c.buildcenfig.CIP_HTML_Statemachine_Documentation | Add BuildConfig... |
| Add Package... |
| Add Resource... |
| Edit... |
| Remove |
ignore whitespaces
execute saveactions
@ | <Back | mee> [|[ Finish || Concel
L A

@ Note that the BuildConfigs in TargetFolder are equivalent to the previously selected project type
@® You may add other build configs (i.e. test suites) as needed
% Click Finish
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Setting up a new CIP Project 8

o

File Edit View Mavigate Search Project Run  Window Help

ARSI SN=E 28 TR BTN ol R SRR SR S S e R R R e = -
Quick Access :j i<} | B C/C++ m
[ Project Explorer 53 % CommunicatienDiagram_1: CIPStatemachinelamp_CipSystem 2 = 0
HE) Gree
.S CIEPStatemachineLamp Top Level Elements » i [ Select
4 7= asrc .
4 ¢ cipstatemachinelamp Actifsource Presentation PI Group Aggregations By Relations il 2 Marquee
4 E: CIPStaternachinelam . — Relation
% CommunicationDi Select Working Set... &% Cluster
& =i Actifsource Deselect Working Set
) S Process
b 22 cip-gen Edit Active Working Set...
& m JRE System Library [JavaSE-1. § Channel
b 5% src-gen Package Presentation 3
% Customize View...
&, Link with Editor
Focus on Active Task
% Model Inconsistencies i2 ¥ =8 & AQL Query B Console &3 = 0
Description EN Eﬁ| #E~ri-
@ Subject Cardinality: A statement with relation 'cluster' is missit Act_i‘ffgg:’cE IEEEE'EETI U
@ Subject Cardinality: A statement with relation 'implementatior *** End Generate for scope CIPStatemachinelamp
*** processed @ files, wrote a total of @ bytes
scanning folder P/CIPStatemachinelamp for proje
< m 3 < m r < m | 3

I 1 item selected

% Link with Editor
% Enable Actifsource Presentation Flag Group Aggregations By Relations

© 2012 actifsource GmbH, Switzerland - all rights reserved.



Setting up a new CIP Project 9
(@ Show View B

| type filter text |

[+ = Actifsource -
4 [= Actifsource - CIP

ar CastOrders

ﬁ Channels

: : GateAssociationTable

an Initialization

ﬁ InterfaceChannels

ar Machine

O ModeSettingTable

an OperationAssignements

ar PulseTranslation

an SelectorAssignements
Ak Shell

e

wEF -
|mi S!_.rstem| %

| ok || cancel

% Open CIP System View
o Window/Show View/Other...
o Actifsource — CIP / System

e Systemn E@W = O

SYSTEMS CLUSTERS PROCESSES | | MODES

Specifications lmplen‘bentaﬁﬂns|
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Part Il:

Communicating with the Outer World

e Let’'s communicate with the outer world
e Channels are providing messages from physical device
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Communicating with the Outer World

ar System EE]

SYSTEMS

CIPState...

CLUSTERS PROCESSES || MODES

Specifications

]

Open
Open With 3

Mew

Delete

CommunicationDiagram L Mew

Copy GUID as Constant CommunicationDiagram_1

Copy GUID

& Open the Communication Diagram (if not already open)
o Right Click on System1 in the System View
o Select CommunicationDiagram from the context menu
o Open CommunicationDiagram 1
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Communicating with the Outer World

@ Button

% CommunicationDiagram_1: CIPStatemachinelamp_CipSystem EE}

= Palette

[ Select
E'E‘L Marquee
—= Relation
£ & Cluster
C% Process

ﬁ Channel

@ Lamp

% Create two new Channels named Button and Lamp using the Channel tool from the Palette

© 2012 actifsource GmbH, Switzerland - all rights reserved.




Communicating with the Outer World

i =8
£ CommunicationDiagram_1: CIPStatemachinelamp_CipSystem 52
4 | 5% Palette [+
H [.} Select it
{8} Marquee H
Q Button —= Relation
- | E£% Cluster =
EE Button 73
;: b EE b . Release:ChannelMessage
typeOf ch.actifsource.solution.cip.generic.core.meta.system.Channel
narne Button
id 1
comment
’lf channelMessage[1] Push : ChannelMessage
+ PSRNl |l Release : ChannelMessage
channelMultiplicity
controlMode false
,

@® Arrange the Graphical Editor and the Resource Editor together on the same screen as shown above
% Add the two ChannelMessages Push and Release to the Channel Button

o Ctrl+Click on the Button label

o Add ChannelMessage Push and ChannelMessage Release
% Add the two ChannelMessages Bright and Dark to the Channel Lamp

o Ctrl+Click on the Lamp label

o Add ChannelMessage Bright and ChannelMessage Dark
@® Messages are given as function calls from the other world to the state machine and vice versa
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Communicating with the Outer World

£% *CommunicationDiagram_L: CIPStatemachinelamp_CipSystem EEE}

O

Button

g LampCluster

O

Lamp

- Palette

[}; Select
':‘+ Marquee
—= Relation

£ & Cluster

C= Process

% Channel

@® The CIP Method specifies that every physical process needs a logical counterpart in the model
@ Note that different Clusters may run on different processors. This allows you to design distributed state

machines using the CIP Method.

& Add the two Processes Button and Lamp to the Cluster LampCluster
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Communicating with the Outer World

£% *CommunicationDiagram_L: CIPStatemachinelamp_CipSystem EEE}

Button

- Palette
gLampCIuster i
[}; Select
.~ 2% Marquee
(=0t sesuton —
— Relation
£ & Cluster

| e lamp )—CH\D ¢ Channel

C= Process

Lamp

-

@ Channels are Delivering Messages to a Process via Port. Doing so allows you to consider the Process to a self-
consistent component.

L Create an input relation from the Channel Button to the Process Button via the Port ButtonPort

L Create an output relation from the Process Lamp to the Channel Lamp via the Port LampPort
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Communicating with the Outer World

e — =

N

= Mew Rescurce Wiza

Actifsource Resource .

€3 Enter avalid resource name for inport or press Ctrl+5Space to create!

Resource Path: | SCIPStatemachinelamp/asrc | | Browse... |

Marnespace: | cipstaternachinelamp. CIPStatemachinelamp_CipSystem.LarmpCluster.Button | |E!rn:nw5e...|

O Relation: | ch.actifsource.solution.cip.generic.core.meta.process.Process.messageCast | | Browse... |
Type: | ch.actifsource.solution.cip.generic.core.meta.process.InportMessageCast | | Browse... |
Inport: ButtonPu-rtl Browse... ]
Moaodifiers: [ ] Abstract =

SuperClass: ch.actifsourhce.core.Name:ﬂesource | | Browse...

@ Finish | [ Cancel |
)
@ If you create a relation from a channel to a process you have to specify a port
& Enter the desired Port name ButtonPort and press Ctrl-Space
o Select an existing Port

or
o Create a new Port (as we do in our example)
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% *CommunicationDiagram_L: CIPStatemachinelamp_CipSystem 52

- Palette [
gg LarmpCluster
[:3 Select
_. P {9, Marquee

s » e bButton i

o M — Relation
Button .

g . L Cluster

Configuration of Message Translations - B Process

':’5"' Channel
PORT MESSAGE... CHAMMEL MES... =

Button.Push
Button.Release

Configure the message translations of the clusten

b

® Since every Process is a self-consistent component we have to specify a Message interface on the port to. The =
tool in the Message Translation helps us to create the same messages as found on the Channel also on the
corresponding Port.
% Configure the Message Translation between the Channel Button and the Process Button
o Double-Click on the hexagon of the relation between the Channel Button and the Process Button
o Select the ChannelMessages Button.Push and Button.Release
o Use the =-Tool to create the corresponding Messages on the Port ButtonPort of the Process Button
% Configure the Message Translation between the Process Lamp and the Channel Lamp
o Double-Click on the hexagon of the relation between the the Process Lamp and the Channel Lamp
o Select the ChannelMessages Lamp.Bright and Lamp.Dark

o Use the =-Tool to create the corresponding Messages on the Port LampPort of the Process Lamp




Part lll:

Specify the State Machine

e We are now set to specify the state machines for each process
Note that the CIP Method knows so called Modes

o A Process can have one or more Modes

o States are declared by the Process

o Transitions are declared by the Mode

Making this difference it becomes possible to provide several Modes for several situations
o Normal Mode
o Error Mode
o Run-In Mode
o Run-Out Mode
There are the following rules
o States are defined in the Process
o States are shared for every Mode
o Transitions are defined in the Mode
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Specify the State Machine

ar System EE] = O

SYSTEMS CLUSTERS PROCESSES MODES
CIPStatemachin.. || LampCluster Button normal

LE rrlp DPE“

Mew

Specifications | Implementations Delete

Mew StateDiagram

StateDiagram_1 Copy GUID as Constant
Copy GUID

Show OperationAssignements View
Show Switches View

Create Instance

Show Instances
Show Types

Show Subclasses
Show Superclasses

g &S & OF m [

Show References

L Open the StateDiagram for Process Button
o On the System View Right-Click on_System1.Lamp.Button.normal

o Select StateDiagram
o Select StateDiagram_1
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Specify the State Machine

I CormmunicationDiagram_1: CIPStatemachinelamp_CipSystern

(ﬁ StateDiagram_l: normal &3 ]

O Released

Q Pushed

2% Palette

[ Select
E@L Marquee
—= Relation
G State

& Enter two new States Released and Pushed using the Palette

© 2012 actifsource GmbH, Switzerland - all rights reserved.
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Specify the State Machine
rﬂ Mew Resource Wizard Emw

Actifsource Resource .

€3 Enter avalid resource name for stateRef or press Ctrl+Space to create!

Resource Path: | SCIPStatemachinelamp/asrc | | Browse... |
Marnespace: | cipstaternachinelamp. CIPStaternachinelamp_CipSystem.LampCluster.Button.normal | | Browse... |
O Relation: | ch.actifsource.selution.cip.generic.core.meta.mode.Mode.modeState | | Browse... |
Type: | ch.actifsource.solution.cip.generic.core.meta.mode ModeState | | Browse... |
StateRef: Pushed | Browse...|

CE:

* new ch.actifsource.solution.cip.generic.core.meta.process State

kAo difiers: [] Abst

L.
SuperClass: ch.actifsource.core.MamedResource | | Browse... |

@ Finish | [ Cancel

@ State are shared for every mode
L Enter the desired State name Released and press Ctrl-Space
o Select an existing State
or
o Create a new State (as we do in our example)

© 2012 actifsource GmbH, Switzerland - all rights reserved.
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Specify the State Machine

I *CommunicationDiagram_L: CIPStatemachinelarmp_CipSystem (&Dﬁ *StateDiagram_L: normal 23 ]

15 Palette [+
/e 6
Input [:3 Select
Efip,:ff E@L Marquee
|| Hicasald o é .
5 State
g 1T e Pushed
Input
OQutpulse |
Message
lessage

& Create a new Transition from State Released to State Pushed using the Relation Tool from the Palette
L Create a new Transition from State Pushed to State Released using the Relation Tool from the Palette
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Specify the State Machine

£ CommunicationDiagram_1: CIPStaternachinelamp_CipSystern % StateDiagram_1: normal 53

»

1

<% Palette
Q Select
“+ Marquee

—= Relation

-— % State
Pushed 1

[ alit A
A5 ¥ 25 LampClusterCluster b .5, Button:Process b @ normal:Mede b o Released:ModeState b l=b
typeOf ch.actifsourcesolution.cip.generic.core.meta.mode.Transition
id 1
comment =
state Pushed
® B ] |
outpulse &5 new ch.actifscurce.selution.cip.generic.core.meta.process InpotMessage
outportMessage . . . .
. S new ch.actifscurce.sclution.cip.generic.core.meta.process Inpulse
|| B AUTO_  ch.actifsource.solution.cip.generic.core.extension.Auto Autotlnput
| CHAIN_ ch.actifsourcesolution.cip.generic.core.extension.Chain Chainlnput
cipstaternachinelamp.CIP5tatemachinelamp_CipSystem.LampCluster.Button.ButtonPort InportMessage
B TIMEUP_ ch.actifsource.solution.cip.generic.core.extension. Timer TimeUplnput
@ Every Transition needs an input to be triggered
® Note that the Actifsource Validator marks all resources that are incomplete
& Add the input message to Transition from State Released to State Pushed

o Ctrl-Klick on the italics label Input
o Select the InportMessage Push

& Add the input message to Transition from State Pushed to State Released

o Ctrl-Klick on the italics label Input
o Select the InportMessage Release

23

@ Note that you now selecting the Messages that we have previously created on the Port Button using the =-Tool

in the Message Translation
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Specify the State Machine

&% *CommunicationDiagram_1: CIPStatemachinelamp_CipSystem

2| Ext
Release
Cutpulse

Y p——
Message

I *StateDiagram_L: normal 53

Puched

P

<2 Palette

[} Select
E@:;_ Marquee
— Relation

% State

P oo LampClusterCluster b % Button:Process b B normal:Me

g *1 Push i3

2% cipstatemachinelamp.CIPStatemachinelamp_CipSystem:CipSystem
typeCf ch.actifsource.solution.cip.generic.core.meta.mode.Transition
id 1
comment
state Pushed
input Push

® [

outportMessage J

LS

FY

@ Use Messages to communicate with Processes from the outer world
@® Use Pulses to communicate between Processes within the same Cluster
% Add the Qutpulse On to Transition from State Released to State Pushed

o Ctrl-Klick on the italics label Outpulse

o Enter the desired Qutpulse named On and press Ctrl-Space

=  Select an existing Outpulse
or

= Create a new Qutpulse (as we do in our example)

& Add the Qutpulse Off to Transition from State Pushed to State Released
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Specify the State Machine

% *CommunicationDiagrar_1: CIPStatemachinelamp_CipSystem [éuﬁ *StateDiagram_1: normal &2 ]

e | % Palette
Release [ Select
E{r:m-..-m {2, Marquee
- — Relation
| || % State
Released | = | Pushed 3
3] Delete from Model Shift+Delete
Initialisation Editor
EH Resource Editor
4% Hide Resource Delete -

Show Resource

Show/Hide Resource Parts

E:i Set Init-State

Show JavaClassMame for Selection (DEV)

L Set the Init-State to specify the State to start with
o Right-Click on State Released
o Shape Actions/Set Init-State
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Specify the State Machine

18l

@ Use Pulses to communicate between Processes within the same Cluster
@® The PulseCastDiagram specifies which Processes sends Pulses to which other Processes
% Open the PulseCastDiagram for Cluster Lamp

o On the System View Right-Click on System1.LampCluster

o Select PulseCastDiagram

ar System EE]
SYSTEMS CLUSTERS PROCESSES MODES
CIPStatemachin... ||; LarnpCluster Button
Open
Mew
Delete
- Mew PulseCastDiagram
I 2
Spe PulseCastDiagram 1 I ModeContrelDiagram

InspectionDiagram

L .

o Select PulseCastDiagram_1 (or create a new one if necessary)

© 2012 actifsource GmbH, Switzerland - all rights reserved.
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Specify the State Machine

£ *CommunicationDiagram_1: CIPStatema... £ *StateDiagram_1: normal £% *PulseCastDiagram _1: LarmpCluster 32 = B

’ "_f:_“ Palette I+
- -
q ‘Configuration of Pulse Translations - [:3 Select

HH
12 Marguee

OUTPULSE- 1., INPULSE

~\_~ Button.On
~, Button.Off

Configure the pulse translations of the cluster

— Relation

S5 Process

& Add the Process Button and the Process Lamp to your PulseCastDiagram

o Right-Click on the Diagram

o Show Resource

o Select Button and Lamp
% Connect the Process Button and the Process Lamp using the Relation Tool from the Palette
& Configure the Pulse Translation between the Process Button and the Process Lamp

o Double-Click on the circle of the relation between the the Process Button and the Process Lamp
o Select the Outpulses Button.On and Button.Off
o Use the =-Tool to create the corresponding Inpulses on the Process Lamp
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Specify the State Machine

% CommunicationDiagram_1: CIPStatemachi... E@] £ StateDiagram_1: normal (ﬁ PulseCastDiagram_1: LampCluster 37 | = O
':::“ Palette [
[+ Select
E@L Marquee
—= Relation
\ S5 Process
| - T
a
» Lam
. -y

% Double-Click on Process Lamp to open the StateDiagram
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Specify the State Machine

F% *CommunicationDiagr... I *StateDiagram_L: no.. £ *PulseCastDiagram ... [&Dﬁ *StateDiagram l:ino.. 22 = O
4% Palette [
elayed [:3 Select
E@L Marquee
— Relation
3] Ext 4] Ext 2| B G State
TIMEUP_ On Off
Outpulse Outpulse Outpulse
Dark Message Message
1] Ext
On
Outpulse
Bright )
Dark Bright

L Open the StateDiagram for Process Lamp (if not already done)
o On the System View Right-Click on_System1.Lamp.Button.normal
o Select StateDiagram
o Select StateDiagram 1

Create States Dark, Bright and Delayed

Make State Dark the /nit-State

Create Transition as shown above
o Select Pulses which have been created in the Pulse Translation
o _TIMEUP is a special pulses emitted if timer expires
o Select Lamp Messages to the outer world

& & &
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Specify the State Machine

£ o icationDi
£ *CommunicationDiagra...

£ *StateDiagram_1: normal E: *PulseCastDiagram_1: L.

=8

£ *StateDiagram_l: normal 5%

* | 53 Palette [
elayed [% Select
2L Marquee
— Relation

3] Ext 4] {s] 20T | G State

TIMEUP_ On— o,

Outpulse Outpulse Ofpulse

Dark Message ﬁsssge

= -
= "20ff 31 | Ve
::cipstatemachir1elamp.C[PStatemachineLamp_Cip 'E'qﬁystem b ::LampCIuster:{hster P .o Lamp:Process ¥ @ normal:Moi
state Uelayed i
input Off
outpulse
outportMessage
write
before
after
| BET_TIMER |
delayOperation I - - - - B B B N -
|5 SET_CHAIN ch.actifsource.solution.cip.generic.core.extension.Chain SetChain

= SET_TIMER ch.actifsource.solution.cip.generic.core.extension. Timer SetTimer

= STOP_TIMER ch.actifsource.solution.cip.generic.core.extension. Timer StopTimer

& Start Timer in Transition #2

o Ctrl-Click in label Ext

o Select SET_TIMER

o Specify DelayOperation (see next page)
% Stop Timer in Transition #4

o Ctrl-Click in label Ext

o Select STOP_TIMER
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L Specify the State Machine

31

-

g 2 Off E?E]

2 n cipstatemachinelamp.CIPStatemachinelamp_CipSystem:CipSystem P ¢ LampCluster:Cluster b .=, Lamp:Process b B normal:Meo

input Off
outpulse

outportMessage

write

before

after

extensionfction SET_TIMER
%] delayOperation

-

e —

& Create a DelayOperation called lampDelay
% The DelayOperation shall return the delay in system ticks

w “Lamp E@W

=
A% ¥ o LampClusterCluster » .5 [ETIEEeT » [ lampDelay:DelayOperation

typeQf ch.actifsource.solution.cip.generic.core.meta.process.DelayOperation
name lampDelay
comment

o
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Part IV:

Generating State Machine Code

e We have to define the details for the state machine implementation to generate the code
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Generating State Machine Code

a: *CIPStatemachinelamp_CipSystemn E@W

HH cipstatemachinelamp.CIPStatemachinel amp_CipSystem:CipSystem |13 % Lamplmplementation:Implementation

T
|y =

typeOf

name

comment
datatypelibrary
record Type
userType
copyrightilotice
includeText
constant
indexDomain
channel[1]
channel[2]

cluster

ch.actifsource. ion.cil ric.core.meta.system.CipSystem
CIPStatemachineLamp_CipSystem

Button : Channel
Larp : Channel
LampCluster : Cluster

implementation

communicationlhiagram

typeOf ch.actifsource.solution.cip.generic.core.meta.system.unit.Implementation
narme Lamplmplementation

includeText

includeProtected false

CommunicationDiagram_L : Communicationliagram

& Create a new Implementation for System System1
o On the System View Right-Click on_System1

o Create a new Implementation
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Generating State Machine Code 34

Z *LampUnit 2 = O

2 n cipstatemachinelamp. CIPStatemachinelamp_CipSystem:CipSystem » '?,LampImpIementation:ImpIementation (4| ampUnit:Implem

typeOf ch.actifsource.solution.cip.generic.core.meta.system.unit.ImplementationUnit
REEEE [ Lampunit |
T cipMachine typeOf ch.actifsource.solution.cip.generic.core.meta.system.CipMachine
l cluster cipstatemachinelamp.CIP5tatemachinelamp_CipSystemn.LampCluster I
localBufferSize 1

optionalChannels

{ cipShell typeOf ch.actifsource.solution.cip.generic.core.meta.system.CipShell
l inputChannels cipstatemachinelamp. CIPStaternachinelamp_CipSystem.Button
outputChannels cipstatemachinelamp.CIPStaternachinelamp_CipSystem.Lamp
codeQOptions Default_C_CodeQOptions
implementationAttribute
codeldirectary
includeText
mitChain

L Create a new Implementation as shown above
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Generating State Machine Code

KE"’J Project Explorer Ei@} = O |

B e ~

b 22 asre
=i Actifsource
a2 cip-gen
[£] Button.c
@ CIPStatemachinelamp_Ci
[£] eLampUnit.c
[£] eLampUnit.h
[£] Lamp.c
[£] mLampUnit.c
[£] mLampUnit.h
[£] sLampUnit.c
[£] sLampUnit.h
[£] tLampUnit.c
[£] tLampUnit.h
[» =8 JRE Systern Library [JavasE-LE
B src-gen

4 | m 3

" =

® Find the generated code in the folder cip-gen
® Find the documentation (html) code in the folder cip-gen
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