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Eclipse LSAT™, Logistics Specification and Analysis Tool, is a tool for rapid
design-space exploration of product logistics in flexible manufacturing systems.

Eclipse LSAT™ has been developed by ESI (TNO) in collaboration with ASML and
TU/e.

The tool enables lightweight modeling of system resources, system behavior, and timing
characteristics. The tool provides various visualizations to explore the system behavior. Eclipse
LSAT™ provides efficient performance analysis to compute the maximum system performance and
to identify bottlenecks by exploiting the structure of the models.

The figure below shows the main functionality of Eclipse LSAT™.

Main functionality

» Specification (textual and graphical)
— Machine layer: resources, peripherals, locations, paths, profiles, e
— Activity layer: activities (transfers) ==
— Logistics layer: state machines, activity dispatch sequence - -

« Analysis
— Gantt charts _ _-—-
— Critical path

— Throughput per resource : e —

*  Optimization . | |
— Throughput / makespan-optimal ‘good weather' sequences ' _m—- _




Chapter 1. Eclipse LSAT™ IDE

1.1. Logistic perspective.

Once you have installed Eclipse LSAT™, you can choose the Logistics perspective following the
instructions as below:

* In Eclipse: select Window > Perspective » Open Perspective » Other... » Logistics

* Or, click to the icon of perspective (right-up of the window) and select Logistics as it is shown in
the figure below:

— >

Quick Access | P

- u
" Open Perspective | ®
*Debug;
[ Git
%J Java
=)

£ Java Browsing

ng_lava Type Hierarchy

2 Logistics (default) %2 e—
o Modeling

== Plug-in Development

L(‘_-l Resource
£0Team Synchronizing

== TRACE

Open Cancel




1.2. Motion Calculator

A motion calculator is used to calculate the time it takes for a move to complete. The default Third
order point-to-point motion calculator is capable of calculating time for point-to-point moves with a
3" order motion profile. It also supports passing moves, with the constraint that for all sub-moves
the motion profile is the same.

Eclipse LSAT™ provides an extensible design for adding custom motion calculators. Creating a
custom motion calculator requires knowledge about Eclipse plug-in development and Java. As such
the instructions can be found in the design documentation of Eclipse LSAT™.

Eclipse LSAT™ also provides a simple JSON connector to add custom motion calculators written in
other languages than Java. More details are provided in the design documentation of Eclipse
LSAT™.

When a custom motion calculator is installed in the Eclipse LSAT™ environment, it can be selected

via the Window > Preferences » Logistics » Motion Calculator menu.
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https://eclipse.dev/lsat//development/#motioncalculator
https://eclipse.dev/lsat//development/#motioncalculatorjson

Chapter 2. Logistics Specification

2.1. Create New Project

You can create a new specification by using the File > New menu on the Workbench menu bar.
Start by creating a logistics project as follows:

1. From the menu bar, select File > New > Project...

£ Mew Project O x
Select a wizard p—
Wizards:
type filter text
= Java ~
~ (= Logistics

T Logistics Project
= Model to Model Transformation
& Plug-in Development
= Sinus

)] < Back MNext = Finish Cancel

2. In the New Project wizard, select Logistics > Logistics Project then click Next.

3. In the Project name field, type your name as the name of your new project, for example
"Tutorial".

4. Leave the box checked to use the default location for your new project. Click Finish when you

are done.

The wizard creates a machine specification in the project and configures the project for graphical
editing. It will open the machine editor, allowing the user to add the resources and peripherals to
the machine.

Within the project, the different types of specification can be created:

* machine specification
* settings specification

* activity specification

activity dispatching specification

A new project always starts with machine specification, since it specifies the resources with their



peripherals.

If it is the first time a file is created in the project, a pop up dialog about adding
Xtext nature to the project will appear. Click Yes to continue.

- .
= Add Xtext Nature 3

| Do you want to add the Xtext nature to the project 'test'?

| ves [ N0 || cancel

2.2. Create Machine Specification

Machine specification with file extension “machine” is used to specify the resources with their
peripherals. This file is created automatically with the new project. It usually has the same name
with the project, e.g. “tutorial. machine”.

A machine specification file can be opened to edit. Below are the basic concepts and small examples
within a machine specification file.

O Ctrl + Space can be used to see the hints for the next step in textual editors.
w

Machine Tutorial @

PeripheralType Clamp { @
Actions {
clamp
unclamp
}
}

PeripheralType Motor { ®
Actions {
apply_brake
}
SetPoints {
X [m]
Y
}
Axes {
X [mm] moves X
Y [mm] moves Y
}
Conversion "X=X/1000;Y=Y/1000" @
}



Resource Robot1 { ®
C: Clamp
M: Motor {
AxisPositions { ®
X (Left, Right)
Y (Above)
}
SymbolicPositions { @
Above Left (X.Left, Y.Above)
Above_Right (X.Right, Y.Above)
Below_Left (X.Left)
Below_Right (X.Right)

}
Profiles (normal, slow)
Paths { ©

Above_Right --> Below_Right [Y] profile slow
Below_Right --> Above_Right profiles normal, slow @
Above_Left [X] <-> Above_Right profile slow
FullMesh {
profile normal
Above Left
Above_Right
Below_Left [Y]
}
}
}
}

(@ Machine - the unique name for a machine
@ PeripheralType (unmovable) - it only declares actions

® PeripheralType (movable) - it may declare actions, but it also declares set points and axes.
The SetPoints relate to the physical coordinate system of the peripheral on which the motion
profile settings are applied.
The Axes relate to the symbolic coordinate system on which the physical locations are applied.
An axis specifies which set points change when its value changes. The unit is specified between
the square brackets [/ and defaults to m(eters).

@ Conversion - If the unit of an axis differs from the unit of its set points a conversion script is
required. The conversion needs to convert a physical location in the symbolic axes coordinate
system to a physical location in the physical set points coordinate system. For each axis a
variable is available containing its coordinate value and for each set point a variable should be
set containing the set point value.

NOTE: The script language is JavaScript

® Resource - it defines its peripherals. For every movable peripheral in a resource its symbolic
positions and paths need to be specified.

® AxisPositions (optional) - if a peripheral has multiple axes and the symbolic positions can be
categorized in axis positions, these axis positions may be declared in this section. In this case
only a physical location per axis position is required in the settings file for this axis in stead of
one location per symbolic position.



@ SymbolicPositions - declares the symbolic positions for this peripheral. Optionally a symbolic
position may be expressed in its axes positions. If no axis position is specified (i.e. Below_Left
and Below_Right) the symbolic position will automatically be added to the axis positions for the
axis.

Profiles - declares the speed profiles to use for the paths.

© Paths - declares which moves are allowed in the system. If a path is declared between two
locations the move is allowed using the speed profile as specified by the path. For each end
point of a path its settling axes can be specified as a comma separated list between square
brackets []. Different types of paths are available:
unidirectional path - indicated by an unidirectional arrow -->, only a move from left to right is
allowed
bidirectional path - indicated by a bidirectional arrow <->, both moves from left to right and right
to left are allowed
full mesh - indicated by keyword FullMesh, all moves from a location to another location in the
full mesh are allowed.

@ Profiles - You can specify more than one speed profile per path by means of the profiles
keyword.

With the basic concepts as described above it is possible to make a full machine configuration.

2.2.1. Extended/Advanced Machine Specification

Machine configurations can be simplified, compressed or advanced using the concepts in below
example:

import "tutorial.machine" @
Machine Tutorial

PeripheralType LinearMotor {
SetPoints {

X
}
Axes {
X [mm] moves X
}
Conversion "X=X/1000"

PeripheralType FlipperType {
SetPoints {

C
}
Axes {

C [mm] moves C
}

Conversion "C=C"



}

Resource Robot(give,take) { @
C: Clamp
M: LinearMotor {
SymbolicPositions {
Home
Transfer
Flip

}

Profiles (normal, slow)

Paths {
Home <-> Transfer profile normal
Transfer <-> Flip profiles slow, normal

}
}
}

Resource Flipper {
C: Clamp
F: FlipperType {
Profiles (normal)
Distances { ©)
HalfRound

}

@ import - machine files can be split up into multiple files.

@ Resource items - multiple identical resources can be declared with identifiers (name or
number) between parentheses (Robot.take, Robot.give in the example).

® Distances - Instead of positions, distances can be specified. Distances only describe a move of a
certain distance where the location is unknown or not relevant. Typically used for circular, belt
or mill movements. Either (AxisPositions SymbolicPositions and Paths) or Distances must be

specified. They are mutual exclusive.

2.3. Create Settings Specification

Settings specification with file extension “setting” is used to specify physical settings for peripherals
or peripheral actions. Within the project, create a “.setting” file by using the new file wizard.

o Multiple setting files are allowed in a project. They can be used to explore different

system configurations

(r) If another file is selected while running the new file wizard, this file will be

- automatically imported



52 Create New File O *

File
Create a new file resource.

Enter or select the parent folder:

| tutcrial |

&

LEM tutorial

File name: tutorial.setting|

Advanced ==

@

A setting file is opened. Below are the basic concepts in a settings file, illustrated with small
examples.

@ Ctrl + Space can be used to see the hints for the next step in textual editors.
w



import "tutorial.machine" @

Robot1.M { @
Timings { ®
apply_brake = 100e-3
}
Axis X {
Profiles { @
0.

stow (V = 0.5, 3 =0.5 S=20.1)

normal (

5, A
1, A

1
)
~
—
1
=
~

}
Positions { ®
Left (min = -100, max = -200, default = -150)
Right = 300.0
}
}
Axis Y {
Profiles {
slow (V= 0.5, A=20.5 ] =
normal (V = 1.0, A =1.0, ]
}
Positions {
Above = 150.0
Below_Left = -160.0
Below_Right = -150.0
}
}
}

0.5, S
=1

Robot1.C {
Timings { ®
clamp = Normal(mean = 1.1, sd = 0.1)
unclamp = 0.9
b
}

@ import - first step in a setting specification is to import a machine or other setting file. After
that, it is allowed to specify properties for peripherals or actions.

@ Robot.M - for a movable peripheral, it is required to set the motion profiles to its profiles and
physical relative locations to its symbolic positions. These properties are always set per axis.

® Timings - if a peripheral contains actions, a timing must be specified. There are different types
of timing available:
Fixed value (no keyword) - One fixed value, use if the timing does not vary.
Normal - The variation is specified using a normal distribution. Parameters: mean, sd (standard
deviation)
Triangular - A triangular distribution as described here. Parameters: min, max, mode.
Pert - A Pert distribution as described here. Parameters: min, max, mode, gamma.
NOTE: In addition to the distribution specific parameters, it is possible to specify a default value
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for a distribution. If present this value is used for scheduling. The distributions are used for
stochastic impact analysis. If no default is specified the mode of the distribution will be used.

@ Profiles - motion profiles need to be assigned to each profile individually. For the built-in
motion calculator they can be either Third-order profile (VA]J) or Second-order profile (VA).
Optionally a settling time (S) can be specified per profile.

® Positions - physical relative locations can be specified as a set of maximum, minimal and
default values or one fixed value.

2.3.1. Plotting a timing distribution

To gain insight in the probability density for timings in a distribution, the probability density factor
(PDF) can be plotted in the Chart View. To do this, please select the distribution keyword of the
requested distribution and select the 'Plot in Chart View' item from the context menu, as illustrated
in the next figures

36= Robot.C { Quick Fix Ctrl+1
31= Timings {
32 clamp = (Bl dl(mean = 1.1, sd = 8.1) Source g
33 unclamp = 2.9 ] ]
34 3 Find References Ctrl+5Shift+G
35 } .
= Bz Add to Snippets...
- = rz| 3
Properties roblems ror Log Conscle | Run As
Debug As 2
Profile As k
Yalidate
lad  Plotin Chart View

(a8 . .. .
O The chart view also shows the mean marker, this is the value used for scheduling.
w
] Properties 'ﬁ__’ Problerns @ ErrorLog B Console Gthart‘-ﬂew Fx = H
Probability Density Function il
El
23
-
T~ =
] 3
0 mmean = 1. Ti0De e
0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6
Time
| Fobot.C.clamp | o

i [ 11} [ b

2.3.2. Extended/Advanced Settings Specification

Setting files can be advanced using Expressions and/or combined Resource items:

import "tutorial_ext.machine"
import "tutorial.setting"

11



// area settings.

val width = 300 @

val height = 300

val right = width/2 @

val left = width/-2

val homeleft = left - 10

val homeRight = right + 10
val center = (right - left)/2
// timings

val breakTiming = 100e-3

//profiles (artificial)
val vRSlow = 0.5

val aRSlow = 0.5
val jRSlow = 0.5
val sRSlow = 0.1
val vRNormal = vRSlow*2
val aRNormal = vRSlow*2
val jRNormal = vRSlow*2

val sRNormal = 0.1
val clampLow = 1
val clampSD = 0.1

Robot.give.M { ®
Axis X {

Profiles {
slow (V = vRSlow, A = aRSlow, J = jRSlow, S = sRSlow) @
normal (V = vRNormal, A = aRNormal, J = jRNormal)

}

Positions {
Transfer = left
Home = homeleft
Flip = center

}
}
}

Robot.take.M { ®
Axis X {

Profiles {
slow (V = vRSlow, A = aRSlow, J = jRSlow, S = sRSlow)
normal (V = vRNormal, A = aRNormal, J = jRNormal)

}

Positions {
Transfer = right
Home = homeRight
Flip = center

}

}
}



Robot.C { ®

Timings {
clamp = Normal(mean = clampLow+clampSD, sd = clampSD) ®
unclamp = 0.9
}
}
Flipper.F {
Axis C {
Profiles {
normal (V =1, A=1,1=2)
}
Distances { @
HalfRound = 0.5
}
}
¥
Flipper.C {
Timings {
clamp = 0.5
unclamp = 0.9
}
}

@ Expressions - instead of magic numbers Expressions can be used. Re-usable Expressions can be
declared immediately after the import statement(s).

@ Calculations - simple calculations using * / - + and parentheses are supported.

® Different settings for Resource items - Place the identifier as specified in the machine file
between the Resource and the Peripheral to make specific settings for a Resource item (In this
example: Robot.give.M).

@ Usage - Expressions can be used to calculate the actual properties.

® Resource items - multiple resources with identical Peripheral settings can be specified using the
Resource name.

® Expressions in assignments - Expressions calculations can directly be used in assignments.

@ Distances - when using distances the Distance must be specified as described.

O Hovering over an Expression or an assignment yields the calculated result in a
- pop-up window.
o For a Peripheral within a Resource, settings must be specified for either the
Resource or all Resource items. An error will be raised if a combination is made.

Explore different settings.

Similar to machine files, setting files can also be split up into multiple files. import of machine and

13



other setting files is supported. In Create Activity Dispatching Specification is described how to
choose different setting files.

2.4. Create Activity Specification

Activity specification with file extension “activity” is used to specify activities of a machine. Within
the project, create an “.activity” file by using the new file wizard.

(@ If another file is selected while running the new file wizard, this file will be
- automatically imported

An activity specification file is opened. Below are the basic concepts and small examples within a
activity specification file.

O Ctrl + Space can be used to see the hints for the next step in textual editors.
w

import "tutorial.machine"” @

activity MoveRobot { @
prerequisites { @
Robot1.M at Above_Right

}
actions { @
C: claim Robot1
R: release Robot1
A1: move Robot1.M to Below_Right with speed profile slow
A2: Robot1.C.unclamp
// Schedule A3 to end together with A4 (As Late As Possible)
A3: Robot1.C.clamp ALAP ®
A4: move Robot1.M to Above_Right with speed profile normal

}
action flow { ®
C->A1 ->A2 ->|S1->A3 ->[S2 >R
IST -> A4 -> |S2 @

@ import - first step in an activity specification is to import a machine specification file.

@ activity - specify activities by defining individual actions and dependencies among these
actions.

® prerequisites - specify the initial location for all movable peripherals for this activity.
@ actions - there are four types of actions:

1. Resource claiming — action name, claim keyword and resource.
A resource can be passively claimed to ensure that no actions are performed by any of its
peripherals until the resource is released again. To passively claim a resource, the claim
keyword can be preceded by the passive keyword: passive claim <resource>. If more

14



activities claim a resource passively, they potentially can run in parallel.
. Resource releasing — action name, release keyword and resource
. Peripheral action — action name, resource, peripheral and peripheral action

. Move - action name, move keyword, resource, peripheral, symbolic position destination and
speed profile.

The default Move action is point-to-point (stop at target position). However, it can be changed
to passing (positions) or continuing (distances). By using the keyword, you specify that the
action should not stop at target. Another name for passing/continuing is event-on-the-fly.
This feature is used to concatenate Move actions and the user needs to explicitly enable it.
Here is an example declaration of a passing move:

A1: move Drill.ZR passing UP with speed profile normal ALAP

An example for distance moves can be found in Extended/Advanced Activity Specification
The images below illustrate the difference between two types of Move actions.

Velocity vs. time

Vmax
"
t@ t1 t3
Position vs. time
B —
A

b 4 8 b

Figure 1. Movement point-to-point.

15



Velocity vs. time

Vmax
Vo
ty ty ty ty
Position vs. time
B —
C
A
ty ty t, ty ts
Start another
action

Figure 2. Movement on-the-fly event.

® ALAP / ASAP - Each action has scheduling type. There are two types available: As Soon As
Possible (ASAP) and As Late As Possible (ALAP). If no value is specified at the end of the action,
then the scheduling type is ASAP by default. To change it to ALAP you can add the ALAP
keyword at the end of the action. For more information, see section Constraints for ALAP and
ASAP scheduling actions.
Resource claiming — ASAP by default, but will be ALAP if required by peripheral actions, cannot
be changed.
Resource releasing — ASAP by default, cannot be changed.
Peripheral action — ASAP by default, can be changed to ALAP.
Move - ASAP by default, can be changed to ALAP.

® action flow - uses arrows to specify action flow. A1 —~ A2 represents A2 starts when A1 finishes.

@ syncbar - used to specify synchronization, for instance A2 — |SI — A3 and |S1 — A4 represents
A3 and A4 start simultaneously after A2 finishes.

2.4.1. Extended/Advanced Activity Specification

Distance moves and resource items can be used in activities, as specified below:

import "tutorial_ext.machine"

activity MoveAndFlip {

16



prerequisites {
Robot.give.M at Transfer
Robot.take.M at Transfer
}
actions {
RGClaim: claim Robot.give @
RGRelease: release Robot.give
FClaim: claim Flipper
FRelease: release Flipper
RTClaim: claim Robot.take
RTRelease: release Robot.take
RGMoveFlip: move Robot.give.M to Flip with speed profile normal
RGMoveTransfer: move Robot.give.M to Transfer with speed profile slow
RTMoveFlip: move Robot.take.M to Flip with speed profile normal
RTMoveTransfer: move Robot.take.M to Transfer with speed profile slow
RTClamp: Robot.take.C.clamp
RTUnclamp: Robot.take.C.clamp
RGClamp: Robot.give.C.clamp
RGUnclamp: Robot.give.C.unclamp
FFlip: move Flipper.F for HalfRound with speed profile normal @
FClamp: Flipper.C.clamp
FUnclamp: Flipper.C.unclamp
}
action flow {
RGClaim -> RGClamp -> RGMoveFlip -> FClaim->FClamp -> RGUnclamp -> |S1 ->FFlip ->
|S2
RTClaim -> RTMoveFlip -> |S2
|S1 -> RGMoveTransfer -> RGRelease
|S2 -> RTClamp -> FUnclamp -> FRelease-> RTMoveTransfer -> RTUnclamp -> RTRelease
}
}

activity RobotStart { ®
prerequisites {
Robot.M at Home
}
actions {
Claim: claim Robot
Release: release Robot
MoveTransfer: move Robot.M to Transfer with speed profile normal
}
action flow {
Claim -> MoveTransfer -> Release
}
}

activity RobotStop { ®
prerequisites {
Robot.M at Transfer
}

actions {

17



Claim: claim Robot
Release: release Robot
MoveHome: move Robot.M to Home with speed profile normal

}

action flow {
Claim -> MoveHome -> Release

@ Resource item - In an activity a resource item can be specified by the resource name followed
by the identifier (Robot.give in the example).

@ Distances a distance move is specified with the for keyword instead of to. In case of a passing
move use the keyword continuing instead of passing. For distances an initial position cannot be
specified.

® Resource - An activity can also refer to a resource, without specifying the specific resource item.
The advantage of this is that the activity specification can be reused and instantiated for the
specific resource items. The specific resource item is assigned in the activity instance in the
activity dispatching specification. See Extended/Advanced Activity Dispatching Specification for
an example.

o The shown activity is an activity that brings a product from left to right using 2
robots. The product is flipped in the center. Graphically it looks as follows:

18



— aim

\ [E5] Robotgive
M \\\ C
RGCRmp: chmp
I L /
w© Fip
—  claim
TEHWE.
E \\ c
FCBmp:camp
— |
\___* RGUncamp:
unchmp
FFlip: Move for RGHlaveTmnster:
HalfRound Move o Trnsfer
—  dlaim
/ \ [E] robotmke
-1 e

RTMoveFiip: Move
© Fip

RTCEmp: chmp

ety /
-t

L

release
ot
:

S

RTUncEmp:ckmp

L

2.4.2. Constraints for ALAP and ASAP scheduling actions

There are a number of validation rules implemented in Eclipse LSAT™ for the different scheduling
algorithms. In general you have to keep two things in mind:

1. The scheduler algorithm prefers ASAP scheduling over ALAP scheduling.

2. A concatenated move with events on-the-fly may be delayed as a whole, but not in between its
events.

Scenario 1

Consider action Al in the ALAP scenario 1 with scheduling type ALAP and a sole successor (A2),
which is not a syncbar. In this case the ALAP keyword does not have any effect due to the ASAP
(default) scheduling of action A2.

Eclipse will show you the following warning:

A The ALAP keyword does not have any effect for action Al.

19



claim I

™ 2 Robot1
\ wc
Al unclamp
ALAP
*

Figure 3. ALAP scenario 1

Scenario 2

Consider move Al in ALAP scenario 2 which is passing. As its successor is a syncbar, and this
syncbar has more than one predecessor, then move A1 must be ALAP. As moves Al and A3 should
be concatenated, there cannot be any delay between them. As action A2 might cause such a delay,
move Al needs to be scheduled ALAP to guarantee concatenation.

Eclipse will show you the following error:

o Move Al must be set to ALAP to guarantee concatenation with successor move A3.
claim |
\ &, Drin
Wl 2R i DL

Al: Move passing UP A2: on

A3 Move to DOWN

relegse I
Figure 4. ALAP scenario 2
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Scenario 3

Consider move A3 in ALAP scenario 3 which is a continued move of Al. Move Al continues into
move A3 by means of the passing keyword and therefore move A3 cannot be delayed. As the
predecessor of move A3 is a syncbar, move A3 must be ASAP to guarantee concatenation.

Eclipse will show you the following error:

o Move A3 must be set to ASAP to guarantee concatenation with predecessor move
Al.
cloim I
Y 2, Drin
T i W DL

Al: Move passing UP .
ALAP Azion
*

L J

A3 Move to DOWN
ALAP
*

3

release I
Figure 5. ALAP scenario 3

Scenario 4

Consider move M3 in ALAP scenario 4 which is a continued move of M1 and M2.
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M3: Move to
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Figure 6. ALAP scenario 4

Move M2 finally continues into move M3 by means of the passing keyword and therefore move M3

cannot be delayed. Because action A1 is parallel to M2 this cannot be guaranteed hence to following
warning will be shown:

A Parallel action 'A1' might interrupt concatenated move 'M3'.

If after a Timing analysis it appears that M3 is indeed delayed the following error will be shown:

s Parallel actions interrupt concatenated move [M2-=M3] X

Would you like to analyse the erronecus mowves by coloring them orange in the Gantt
chart?

Yes Mo

Figure 7. ALAP scenario 4 Error

In the ALAP scenario 4 Gantt chart the erroneous move is colored orange.
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Robot2.C

Robot2.M

o0 01 02 03 04 05 06 OF 0B 092 10 11 1.2 1.3 14 15 16 1.7 18 1.9 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 38
Time (seconds)

Figure 8. ALAP scenario 4 Gantt chart

2.4.3. Plotting a move

To gain insight in the motion path of a move, the motion path can be plotted in the Chart View. To
do this please select the move keyword of the requested move and select the 'Plot in Chart View'
item from the context menu, as illustrated in the next figures

LL i e LR | | Lo L Fﬂa:n::n
13 A3: Robot.C.clamp Paste Ctrl+V
14 Ad: Robot.M to Abov
15 1 Rename Element Alt+5hift+R
16 action flow { // <5 Validate
17 C -» Al -» A2 -> |51 ->»
18 |51 -» Quick Fix Ctrl+1
2 H Source 3
28 }
Find References Ctrl+5hift+G
‘ 5 Add to Snippets...
T Properties 'ﬁj Problems €] Error Log Run As /
do consoles to display at this time, Debug As i’
Profile As 3
Validate
a4 Plotin Chart View
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[C] Properties 'ﬁ_ Problems @] Error Log B Console [gd Chart View 52 = B

point-to-point move A4
Below_Right -> Above_Right

0.3
o1
0.2
= [ —s
ol 0.1
A A R a3 ’

0.0 01 02 03 04 05 06 07 08 092 10 1.1 1.2 1.3 1.4 15 16 1.7 1.8 1.9 2.0 21 2.2
Time

| Position X Position | =
‘ [TI] 3

2.5. Create Activity Dispatching Specification

Activity dispatching specification with file extension “dispatching” is used to specify a sequence of
activities to schedule. For more information about scheduling, see section Schedule Activities.
Within the project, create a “.dispatching” file by using the new file wizard.

An activity dispatching file is opened. Below are the basic concepts and small examples within a
activity dispatching file.

(r) Ctrl + Space can be used to see the hints for the next step in textual editors.
-

import "tutorial.activity" @

throughput {
iterations: 1 @
iterations.Robot1: 2

activities { ®
MoveRobot ("First product")

}

activities {
offset: 6.00 @
MoveRobot ("Second product™)

}

@ import - first step in an activity dispatching is to import an activity specification file.

@ iterations - specifies the default number of iterations - for all resources - or the number of
iterations for a specific resource (see next line). When omitting the throughput section the
default number of iterations will be set to 1. For more information about iterations see section
Specifying the number of iterations.

® activities - within an activity sequence one or more activities can be included. These activities
will be scheduled as parallel as possible adhering to the claim/release strategy. If activities
cannot be scheduled in parallel the order of this section is applied.
Optionally a description can be added to the activity
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@ offset - optionally an offset can be defined for an activity sequence. The scheduler will ensure
that these activities will not be started before the offset time.

2.5.1. Extended/Advanced Activity Dispatching Specification

import "tutorial_ext.activity" @

activities ramplUp { @
RobotStart[give] @
RobotStart[take]

}

activities steadyFlow(anAttribute:1) @
repeat coin: [2,4] { ®
yield: 1 ®
MoveAndFlip(step:1,scenario:"normal") @
MoveAndFlip(step:2,scenario:"normal")

}

/** steady flow expands to:
activities steadyFlowExpanded(anAttribute: 1) {

yield: 2
MoveAndFlip(step: 1, scenario: "normal", phase: steadyFlow, coin: 2)
MoveAndFlip(step: 2, scenario: "normal", phase: steadyFlow, coin: 2)
MoveAndFlip(step: 1, scenario: "normal", phase: steadyFlow, coin: 4)
MoveAndFlip(step: 2, scenario: "normal", phase: steadyFlow, coin: 4)
}
*/
activities tearDown { @
RobotStop[give]
RobotStop[take]
}

@ import - import one or more activity files.

@ activity phase - a phase name may be specified to indicate a specific phase like start-up, steady-
flow, or tear-down.

® resource item - for activities that have their specific resource item not yet specified the
resource item must be specified (For example: The RobotStart activity will be performed for the
give and take robot).

@ user attributes - user info can be added for an activity. This information will be passed to the
trace file see Schedule Activities.

® repeat - the number of time these activities need to be scheduled. This will be visible in the
Schedule Activities. By default 1.

® yield - the number of products one repeat of activities yields.
@ user attributes - attributes that will be assigned to the activity instance.

the steadyFlow activity is functionally equal to steadyFlowExpanded.
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o user attributes, activity phase, repeat step (and also activity trace points) are all
stored in a generated Gantt Chart. See also Schedule Activities

2.5.2. Specifying the number of iterations

The number of iterations is used to calculate the throughput per resource, as explained in section
Calculating the Throughput per Resource. In the activity dispatching specification example above
the Robot resource performs activity MoveRobot twice, once for the "first product” and once for the
"second product". In this case the number of iterations can be used for the calculation on how many
products per hour can be processed by the Robot resource.

é The number of iterations does not influence the Schedule Activities or
Conformance Check.

o throughput is now deprecated and can be replaced with repeat and yield as
described in Extended/Advanced Activity Dispatching Specification.

2.6. Create Supervisory Controller Specification

A specification with an individual activity sequence can be described in a "dispatching"
specification, see Create Activity Dispatching Specification. A CIF specification is used to concisely
describe a supervisory controller that defines all allowed activity sequences that establish a correct
product flow, while taking into account product routing flexibility.

In a CIF specification, a network of automata is used as formalism. The outgoing edges in an
automaton refer to the allowed activities in the given automaton location. Multiple edges represent
a scheduling choice where multiple activities are allowed. Automata are synchronized on the
activity names with multi-party synchronization. This means that an activity can only be executed
in the current system state, if it is enabled in the current state of each of the synchronizing
automata.

A small example of a supervisory controller is shown below.

controllable MoveRobot; @
supervisor Tutorial: @
location 10:
initial; ®
edge MoveRobot goto 11; @

location 11:
edge MoveRobot goto 10;

end

@ controllable - specifies all activities that are used in the specification, separated by commas.
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@ supervisor - the name of the supervisory controller
@ initial - indicates the starting location of the supervisory controller

@ edge - indicates that activity MoveRobot can be executed from location [0, leading to location 1.

A supervisory controller can also be generated from a set of requirement and plant automata. The
plant automata specify all allowed activity orderings, and the requirements put constraints on the
ordering of activities to establish the correct product flow. Using supervisory controller synthesis, a
supervisory controller is generated that enforces the requirements and ensures that the system
does not deadlock. The documentation and tutorials for CIF, including how to use supervisory
controller synthesis, can be found at https://www.eclipse.org/escet.
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Chapter 3. Graphical Viewers

3.1. Add Viewpoints Selection

Right click on the project folder, select Viewpoints Selection.

- Model : : : )
- Mede = Viewpoints Selection
typefiltert (5% Create Representation
4 | test
: Mew g
1
Go Into
.
I;hld 2 Copy Ctrl+C
P .
. Paste Ctrl+V
=

The following viewpoints are available:

Machine shows the resources with their peripherals and illustrates symbolic
position graphs for movement-based peripherals.

Activities shows activity diagrams based on activity specifications.

Physical settings  shows settings for motion profiles and physical locations.

Check the relevant viewpoints and click OK.

" Viewpoints Selection O e

Selected viewpoints

Change viewpoints selection status (see tooltip for details about each viewpoint)

[ dig: Activities
& Physical settings
dMachine

3.2. Generate Graphs

3.2.1. Peripheral types in machine

Target element: a machine

Right click on a target element, select New Representation and choose the corresponding Peripheral
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Types for the target element.

4 & tutorial
=i, Project Dependencies
B representaticons.aird
Eh? tutorial.activity
2 tutorial.dispatching
|£? tutorial.machine
& |4 Machine Tute
[ Eh? tutorial.setting

b VOV

Mew Representation k| & Machine Tutorial
&= Peripheral Types

Caontrol...

Export representations as images

—

The peripheral types graph for the target element includes all action and movement based
peripheral types for the target element.

r L . . .
O This viewer can also be used to edit the peripheral types by using the palette.
w
= Peripheral Types &3 - O
B Biv| | O | m | | raiene >
CIanlE X @ [ Motor mﬂﬁ._r'\{}._.'

EEE clamp e [ (= Section £
Hg unclamp Peripheral type

E Setpoint

apply_brake X Axis
@ Acticn

3.2.2. Resources and peripherals in machine
Target element: a machine

Right click on a target element, select New Representation and choose the corresponding Machine
for the target element.

4 ¥ tutorial

=l Project Dependencies
representations.aird
2 tutorial.activity

2 tutorial.dispatching
|£? tutorial.machine

> |d Machine Totariall
2 tutorial Mew Representation b | & Machine Tutorial

B v T 7

=

& Peripheral Types

Contral...

Export representations as images

—
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The graph for the target element includes all resources with their action-based and movement-
based peripherals for the target element.

(r) This viewer can also be used to edit the resources and their peripherals by using
- the palette.
£ Machine Tutonal 23 = B8
0B v Biv|$| O~ w | @ o] |4 Palette b
F Robot2 he&aD-N#-
C : Clamp (= Section 4
()M : Motog £ Resource

[E9] Resource ltem

(=] Peripheral

3.2.3. Axis position graph for peripheral

Target element: a movable peripheral defined in a resource

Right click on a target element, select New Representation and choose the corresponding Axis
positions for the target element.

v‘g tuterial.machine
w @ Machine Tutorial

& Machine tutonal
& Peripheral Types
~ 3 Resource Robotl
Peripheral C
Periph ***

£3 Resource
e & Symbolic positions for Robot1.M

Control...
F Motion profile settings for Robot1.M

Mew Representation » & Axis positions for Robot1.M

The axis position graph for the target element includes specific information about axes and
corresponding positions.

Peripheral M

J= X

Je v

5 Right

- -
roy Left | pO0+ Above
47

s

The axes in a axis position graph are shown as compartments, and the positions associated to an
axis are shown under the axis. For example, in the figure above, the position Above is associated to

the axis Y.
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Adding/removing axes

To add a new axis to a peripheral, select the empty canvas and select the desired axis from the
Available axes list in the properties view. Press Add Axis on the right side.

[#] Problems [T Properties &% |32 Chart View & = 8

Peripheral M

| A

General = Motion Profiles
Semantic ~
Behaviors Add a motion profile (7)
Documentation Available Profiles @ .
normal Delete Profile
Rulers & Grid slow
Appearance
= Axis Positions
Available axes (3 X
- Add Axis
A
]

To remove an axis from a peripheral, select it and press Delete.

0 Deleting an axis will also delete all corresponding positions.

Adding/deleting positions

The positions can be associated to an axis by selecting the Position tool from the Axis Positions
Editor Tools palette on the right side, and selecting the axis compartment.

By default, name of the newly created position is new. The name of a position can be changed by
selecting it, typing the name directly and pressing Enter. Alternatively, the name can be changed
using the properties editor, as shown in the figure below.

Semantic Property Value
Style 4 Position Above _
= MName "= Above
Appearance

To delete a position, select it and press Delete.
If a position is specified in both axis position graph and Settings Create Settings

o Specification, deleting that position from the axis position graph will also delete it
from the Settings specifications.
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Validation

An axis must not be added more than once. To validate this property, right click on the canvas and
click Validate diagram. If any axis is added more than once, a red error sign will appear on those
axes, as shown in the following figure.

Peripheral M

i Lyl LG
e |3

[yt
rfy Right | 2

545? An axis cannot appear more than DHCE.i

3.2.4. Symbolic position graph for peripheral
Target element: a movable peripheral defined in a resource

Right click on a target element, select New Representation and choose the corresponding Symbolic
positions for the target element.

~ @ Machine Tutorial
w 3 Resource Robot2
Peripheral C

Peri ' -
Periph Mew Representation » &  Axis positions for Robot2.M
w Periph Control... &, Symbolic positions for Robot2.M
Jo A BE Motion profile settings for Robot2.M

= _

The symbolic position graph for the target element includes specific information about profiles and
settling on the paths.

Layout of existing symbolic position graphs will be reset to default layout. As

é manual layout of these diagrams may require extra time and labor, it may not be
wise to upgrade to the latest release of Eclipse LSAT™ for existing symbolic
position specifications.

slow
l [x] J’
Abave Above Right
X, -
‘r’ﬁv& Xﬁm
¥. Ve
naormal nortnal
slow
[
Below_Left Below_Right
X.Left [Y] X.Right

The symbolic positions are shown as compartments. The axis positions corresponding to a symbolic
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position are shown inside the respective compartment.

The full mesh paths are shown as gray vertical rectangles. The single-headed arrows between
symbolic positions represent unidirectional paths, whereas double-headed arrows represent
bidirectional paths. If a symbolic position is a part of a full mesh path, then there is also an arrow
between the symbolic position and the full mesh path.

The labels in the center of paths represent motion profiles. Whereas, the labels at the end of paths
represent settling.

Adding/deleting motion profiles

To add a new motion profile to a peripheral, click on the empty canvas. As a result, properties
editor will appear at the bottom. Enter the name of the motion profile without a white space in the
field Add a motion profile, as shown in the following figure, and hit Enter.

General ~ Motion Profiles
Semantic Add a motion profile @
Behaviors

SEEREE 0 Available Profiles @ |
Documentation narma Delete Profile

slow
Rulers & Grid
Appearance

The available profiles are visible in the Available Profiles field. To delete a profile, select it and press
Delete Profile on the right side.

Adding/deleting symbolic positions

To create a new symbolic position, select the respective tool from the Symbolic Positions Editor
Tools palette on the right side, and then click on the canvas. The name of the symbolic position can
be typed directly while selecting the newly created symbolic position. Alternatively, the name can
also be typed in the properties editor at the bottom, as shown in the following figure.

[ Properties 2

= Symbolic Position Below_Left

[
Semantic Property Value
Style 4 Symbolic Position Below_Left _

= | Name "= Below_Left
Appearance

Source References

Target References “ Path Target Reference Below_Left

To delete a symbolic position, select it and press Delete.

Adding/deleting axis positions

The axis positions can be added to a symbolic position compartment by selecting the respective tool
and selecting the symbolic position compartment. The name of the axis position can be typed
directly in the format Axis.Position (same as textual representation). Alternatively, the name can
also be typed in the properties editor at the bottom, as shown in the following figure. Here, Key
represents an axis and Value represents a position. To delete a axis position, select it and press
Delete.
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1]

Semantic Property Value
Style— 4 machineimpl.AxisImpl@7af33753 (name: X, unit: mm) -> machine.impl.Position
— Key e Axis X
M Value Position Right
o The typed axis position name cannot be entered if either of the typed axis or
position does not exist.

Adding/deleting paths

Uni/bidirectional paths between two symbolic positions can be added by selecting the respective
tool and clicking the symbolic positions. To add a symbolic position to a full mesh path, select the
Full Mesh Target tool, and then click the full mesh path and the symbolic position. To delete a path,
select it and press Delete.

A settling to a unidirectional path can be added in the properties editor by selecting the path, as
shown in the figure below.

- Settling
Assign a settling @ B
Current settlings @ v
Delete Settling

In the Assign a settling field, a settling can be selected for a path. The settlings currently assigned to
a path are visible in the Current settlings field. To remove a settling from a path, first select the path
and then select the settling in the Current settlings field and press Delete Settling on the right side.

In bidirectional paths, we can add two settlings, i.e., one settling for each connected symbolic
position. A settling to a bidirectional path can be added in the properties editor by selecting the
path, and then assigning a settling at each connected symbolic position, as shown in the figure
below.

- Settlings
Assign a settling at the location: Above_Left (%)
Current settlings at the location: Above_Left (3 X
__Delete Settling

Assign a settling at the location: Above_Right (7) E]

Current settlings at the location: Above_Right (3
Delete Settling

The settlings currently assigned to a path at a symbolic position are visible in the Current settlings
field. To remove a settling from a path, first select the path and then select the settling in the
Current settlings field and press Delete Settling on the right side.
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Assigning existing motion profiles to a path

To add a motion profile to a path, choose one of the options below:

Option I
* Select the path by left clicking on it.

* Select the General tab.
* Scroll down to the Motion Profiles section.
* Select your the profile you want to add from the Available profiles list.
* Press Add to path.
General Current settlings at the location: AT COND ()
Semantic Delete Settling
Style
Appearance
~ Motion Profiles
Profiles (7) 3 Available Profiles
norma Remove slow Add to path
Option II
* Select the motion profile from the diagram by left clicking on it.
* Press F2 to enable direct editing.
* Add a comma after the existing profile and write the name of the profile you want to add, e.g
normal, slow .Please note slow should have been initialized earlier.
» Save your diagram. The changes are then saved to the model.
rmal (= Symbolic Posi...
[ symbolic
Position
IFuH Mesh Path
ABOVE_IN ABOVE_COND ABOVE_DRILL
XIN X.COND. X.DRILL @ Axis Position
— e T 74 Unidirectional
normal Path
/* Bidirectional
normal SO normal Path
P |- Full Mesh Target
| normal
AT_IN AT_COND AT_DRILL
"] Problems [ Properties 52 |had ChartView @] Emorlog OF Qutline [ Console < » Interpreter 47 Search M =0
+ Bidirectional Path ABOVE_COND <-> AT_COND profiles normal, slow
General Current settlings at the lacation: AT COND (3
Semantic Delete Settling
Style
Appearance
~ Maotion Profiles
Profiles (3 Available Profiles
:I‘;:’"a' Remove Add to path
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Hiding axis positions/paths

In order to visualize a diagram clearly, it is possible to hide axis positions or paths or both from a
diagram. To hide axis positions, click on the canvas, and then click on the Filter icon on the top tool
bar, and click Axis Positions, as shown in the figure below.

B Biv| @ | Ovnv| @ B~ @ 100% v|mE
Axis Positions
Paths

slow

(%]

Paths from a diagram can also hidden in the same way.

Layout

A symbolic position graph can be layout by right clicking on the canvas and selecting Show Layout
View.

Open *
Edit r
«*  Refresh F5

Unsynchronized

(@ Exportdiagram asimage

& Show/Hide

% Select b

o3 Layout »
Reset Origin Ctrl+Home

Validate diagram

Find Ctrl+Alt+Shift+F
Quick search Ctrl+O
Layout Selection

Show Layout View

OCL ’

&
=

As a result, a new tab named Layout will appear at the bottom. Click on the empty canvas, and then
in the Layout tab, a new Property Layout Algorithm with a Value Activity Diagram will appear.

Properties Problems B2 Layout 3
Property Value
Layout Algorithm = Activity Diagram

Select Activity Diagram, and double click it or use the button on the right side.

A pop-up will appear showing all pre-defined layout algorithms. In our experience, the ELK Layered
algorithm is most suitable for symbolic position graphs. However, please feel free to explore other
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algorithms also.

-

L

& Select Layout Algorithm or Type

==

4 Force
ELK Force
ELK Stress
4 Layered
Draw2D Layout (GMF)
ELK Layered
4 Tree
ELK Mr. Tree
4 WLSAT
Activity Diagram
4 Other
Box Layout (ELK)
Fixed Layout (ELK)
Randomizer (ELK)

ELK Layered

Layer-based algorithm provided by the
Eclipse Layout Kernel. Arranges as many
edges as possible into one direction by
placing nodes into subsequent layers. This
implementation supports different routing
styles (straight, orthogonal, splines); if
orthogonal routing is selected, arbitrary port
constraints are respected, thus enabling the
layout of block diagrams such as
actor-oriented models or circuit schematics.
Furthermore, full layout of compound graphs
with cross-hierarchy edges is supported when
the respective option is activated on the top
level.

OK ] | Cancel

~

Select an algorithm and press OK. Afterwards, apply the automatic layout by right clicking on the
canvas and selecting Layout Selection from the context menu, or use the button from the toolbar

&

Validation

Each symbolic position must have a unique name. To validate this property, right click on the
canvas and click Validate diagram. If any symbolic positions do not have unique names, a red error
sign will appear on those symbolic positions, as shown in the following figure.
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slow

L pa

Above_Lef; Al _Rigﬁ

u |
' Y.Above
nofmal
slow 8
[Y

Below_Lef Ah-nve_Rigﬁ

Xleft Y] X Right |«\‘Z!I Symbolic positions must have a unigue name.

To quickly fix this error, a quick fix is available. Go to the Problems tab on bottom and right click on
the error message and select Quick Fix, as shown in the figure below.

4 @ Errors (2 items)
& Symbolic positions must have a unigue name.

| & Symbolic positions must have a unigque name.

il2 Layout Selection

52 Show Layout View

=+ Goto

Copy Ctrl+C

# Delete Delete
Select All Ctrl+A
Show In *
Quick Fix Ctrl+1
Properties Alt+Enter

Then select the Change name and press Finish.

38



-

& Quick Fix

Quick Fix

Select the fix for 'Symbolic positions must have a unigue name.’.

Select a fix:

Change name

Problems:

Resource
@ representations.aird

£ Location
symbolic positions f...

Select All

Deselect All

!

@

Finish

Cancel

L

As a result _new will be added at the end of the name of the symbolic position.
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slow

[ |

A Above Right
7

Y.Above

normal
narmal
slow
[

Below Left Above Right_new
Xleft | V] X.Right

3.2.5. Motion profile settings table for peripheral
Target element: a movable peripheral defined in a resource.

Right click on a target element, select New Representation and choose the corresponding motion
profile for the target element.

If the representation is not listed in the context menu, most likely the physical
O settings viewpoint needs to be activated for the project, see Add Viewpoints
w

Selection.

Motion profile settings data is from the first setting file in the project directory.

Column specifies profile names and row represents one axis. Each row contains sub rows to specify
VAJs for an axis.

E& Motion profile settings for Robot.M 3
4 Mormal 4 Slow

a &K
& Vim/s] 05
< A [m/s"2] 1 05
<+ 1 [mys*3] 0.5
a &Y
& V[mfs] 1.0 05
< A [m/s~2] 1.0 05
<+ 1 [mys*3] 0.5

3.2.6. Physical location settings table for peripheral
Target element: a movable peripheral defined in a resource.

Right click on a target element, select New Representation and choose the corresponding physical
location settings for the target element.
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If the representation is not listed in the context menu, most likely the physical
(;) settings viewpoint needs to be activated for the project, see Add Viewpoints
Selection.

The same to motion profile settings table, the physical location settings data is also from the first
setting file in the project directory.

In the table, each column represents one symbolic position for the target element. Each row
represents its axes and the physical location values (min, default, and max) are shown on the sub
rows.

B&l Physical location settings for Robot.M £3
<= Above Left < Above Right <= Below Left <= Below Right

4 = ¥ [mm] Left Right Left Right
<= min -100 -100
<= default -150 300.0 -150 300.0
4 max  -200 -200
4 & Y [mm] Above Above Below_Left Below_Right
<= min
<= default 150.0 150.0 -160.0 -150.0
< max

3.2.7. Activity diagram
Target element: an activity defined in an activity specification

Right click on a target element, select New Representation and choose the corresponding activity
for the target element.

v;g tutcrial.activity
w4 Activity Set
< Import tutorial. machine
<= Activity MoveRobot

< Activity Robot1_Giv New Representation o i
< Activity Robot1_Giv oo,
4 Activity ALAP Scen Control...

G If the representation is not listed in the context menu, most likely the activities
- viewpoint needs to be activated for the project, see Add Viewpoints Selection.

It shows an activity diagram with an action flow. Green swim-lanes represent resources and their
peripherals, gray blocks represent either claiming a resource or releasing a resource and brown
blocks represent actions for peripherals. If an action is specified to be scheduled As Late As Possible
(ALAP), then an icon with an arrow pointing down is shown.

The generated activity diagram (probably) needs some layout to be done, but an automated default
layout is applied. The initial layout is not optimal yet, therefore it is wise to apply the automatic
layout once the Activity diagram is visible, using the tip below.
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To (re)apply the automatic layout, select Layout Selection from the context menu
on the canvas, or use the button from the toolbar |2

'S

O\

This viewer can also be used to edit the activity by using the palette.

_I claim II

B Drill
[=] zr DL

l l

Al: Mowve to UP AZ: on

— N

l l

A3 Move to DOWMN Ad: off
release

Adding a new action

= | >

Action details
Provide the details for the action to add

Marme: | A5 |

Action:
()] Move: | Symboelic Position UP v|
Mowve type: | Point-to-point (stop at target position) v|
Speed Profile: | Profile noermal v|
Scheduling type: | As Soon As Possible (ASAP) v|
Resource: | Drill v|
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1. Select Action from the Palette at the right side of the editor.

2. Left click somewhere in the green swim-lane of a peripheral. A popup window as the one above
will show up.

3. Provide a name for the action.

4. Use the radio button to select the type of action you want to create. If the action is of type Move,
then you must also specify if it is point-to-point (stop at target position) or on-the-fly (don’t stop
at target position) and the speed profile to use.

5. Select the scheduling type - As soon as possible (ASAP) or As late as possible (ALAP)
6. Click Finish.

7. New action illustrates an example. In this case, the new action is A7.

_I claim II

£ Drill
i ! DL
L 4
Al: Move to UP AZ: on

l -

A3 Move to DOWRN Adr off
AS: Move to UP
¥
relense

Figure 9. New action

Modifying the properties of an existing action

1. Select the action you would like to modify from the activity diagram.
2. Select the Properties tab in Eclipse. It is usually located below the diagram.

3. You should now have access to a menu that looks like the image below.
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&% “Drill activity &2
cv-ifi~-M- |t &~ B @ W % | B I A~ | {5 Palette b

“o
[:3 'd;-". "f{ J Y o
claim i
—l || [ Section 40
B Drill _
&2 Action
! o) 7R fejoL %S}rnc Bar
* e &2 Event
" Flow
Al: Move to UP AZ:on o
3 Existing Resource
. A3 Move to DOWN |, Ad: off
AS: Move to UP
relegse
@ Problems [C] Properties &2 |24 Chart View | =Y g = A8
Semantic Property Value &
Style w Move A3
Continuing 1= false
Appearance Distance =
Graph 1= Activity Drill
Incoming Edges = Edge 52 -> A3 -> 53 -> R1
MName 1= A3
Qutgeing Edges 1= Edge A3 -= 53 -= R1
Passing = false
Peripheral 1= Peripheral ZR.
Position Move 1= true
Predecessor Move 1= Mowve A1
Profile 1= Profile normal
Resource 1= Resource Drill
Scheduling Type 1= As Soon As Possible (ASAP) o
< >
(r) You can use the Properties view to change the scheduling type of an action from
- ASAP to ALAP or vice versa.

3.3. Location of Generated Graphs

The generated graphs are located inside its target element. By unfolding the element from the
Model Explorer, the generated graphs will appear.
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4 Eh? tutorial.activity
4 4 Activity Set
4 4 Activity MoveRobot!
& MoveRobot Activity
4 Claim C
4 Release R
< Move 81
<4 Simple Action A2
<+ Simple Action A3
< Move 4d
4+ Sync Bar 51
4+ Sync Bar 52
» 4 EdgeC-» Al -> Ad-» 5] -= A3 ->52-> R
> 4 Edge’l -» A4 -» 52
4 Location Prerequisite

4+ Import tuterial.machine
|&] tutorial.cif
s Eh? tutcrial.dispatching
4 2 tutorial.machine
a 4 Machine Tutonal
4 <= Resource Robot
<= Peripheral C
4 < Peripheral M
& Symbolic positions for Robot.M
& Motion profile settings for Robot.M
B Physical location settings for Robot.M
w <% fAvie Positions Man Frtre

All the graphs can also be found under the “representations.aird” file.

4 I tutorial
=i, Project Dependencies
4 {4 representations.aird:
4 <& Activity Diagram
4 g Activity
ss MoveRobot Activity
4 +Z Physical Settings
a [FE MotionSettings
B Motion profile settings for Robot.M
4 [ PhysicalPositions
B Physical location settings for Robot.M
4 <& Symbolic Position

4 g PeripheralsymbolicPesitions
ss Symbolic positions for Robot.M

3.4. Navigation among graphs

In graphical viewer, if one semantic element can be generated more than one graph, these graphs
can be navigated. Navigation only happens when the semantic element is shown as a
container/block in a source graph. Since there is no container concept in table, there is no
navigation starting from a table view. Besides, navigations also request the target graphs have
already been generated.
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3.4.1. Navigate from activity diagram

A peripheral is represented as a write block in an activity diagram. Some white blocks contain a
small graph icon &% at right bottom corner. It means there are other graphs can be generated for
the semantic element of this block.

Right click on the write block, open with a desired graph. Movable peripherals can produce five
types of graphs: axis position graph, symbolic position graph, motion profile settings table, physical
location settings table and physical location overview table.

_I claim !

\ £3 Robotl
= e
Al: Move to
Below_Right
~
AZ: unclamp
Open * & Symbolic positions for Robot1.M
" I Edit , d&a Auis positions for Robot1.M
i & Axis positions for Robot1.M
i >
Ad: Mo izl & Axis positions for Robot1.M
oZ »
Apove. 5 Layout & Physical location settings for Robot1.M
Reset Origin Cirl+Home B Physical location overview for Robot1.M
Format * . . .
B Motion profile settings for Robot1.M
ilZ Layout Selection
2 Show Layout View
e |

==kt I

3.4.2. Navigate from axis position graph

It is the same as navigation from activity diagram. Right click the container which has a small graph
icon and open with a desired graph. From a axis position graph, it is possible to navigate to
symbolic position graph, motion profile settings table, physical location settings table and physical
location overview table.
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Peripheral M

Jox | Jy
EZ% :::;tm roe Ahuv;ﬁ
Pk |
Open * & Symboelic positions for Robot1.M
Edit , @& Axis positions for Robot1.M
&% Axis positions for Rebot1.M
e F> B Physical location settings for Robot1.M
Unsynchronized B Physical location overview for Robot1.M
[ Export diagram asimage B Motion profile settings for Robot1.M
& Show/Hide .
'3;‘,5_ Select -]
of  Layout »
Reset Origin Ctrl+Home

3.4.3. Navigate from symbolic position graph

Right click the container which has a small graph icon and open with a desired graph. From a
symbolic position graph, it is possible to navigate to axis position graph, motion profile settings
table, physical location settings table and physical location overview table.

Ahu'.re_Lg:. =on 2 ‘hu'.re_RigH
Xlet e - shle .| X.Right
Y.Ahove
slow armal, slow
[ w
Beluw_Righ’lJ
¥.Right
Open * = Axis positions for Robot1.M
Edit , & Axis positions for Robot1.M
&% Axis positions for Robot1.M
]
o Refresh F> B Physical location settings for Robot1.M
B Physical location overview for Robot1.M
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Chapter 4. Schedule Activities

4.1. Scheduling & Configurations

o Scheduling an activity sequence requires a fully specified system. See section
Logistics Specification for more information on creating this specification.

Scheduling an activity sequence generates a Gantt chart that represents the system execution in
time. Within an activity sequence one or more activities can be included. These activities will be
scheduled as parallel as possible adhering to the claim/release strategy. If activities cannot be
scheduled in parallel the order of this section is applied. An activity typically starts with claiming a
Resource, hence this activity can only start if it predecessor activity has released this Resource.

Optionally an offset can be defined for an activity sequence. The scheduler will ensure that these

activities will not be started before the offset time.

The easiest way to run a Timing Analysis is to select a dispatching file and a compatible setting file.

Then right click and select Run As/Timing Analysis.

(o . .
O Use <ctrl> <click> to select more than one item

2 tutorial.dispatching

tutorial.machine

=]
2 tutorial.sett
2! tutorial.trac New g
Cpen F3
g Export..
Refresh F3
J RunAs » == 1 Timing Analysis
%5 Debug As » | == 2 Timing Analysis (Critical path)
Tearmn » === 3 Timing Analysis (Stochastic impact)
SR ? Run Configurations...
7 You can explore the effect of different settings by combining a dispatching file with
- different setting files.

For more advanced scheduling options you can use the Run Configurations window. Follow the
above selection procedure but choose Run As - Run Configurations..., or use the dropdown from the

green play button in the toolbar on top.
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#vﬂv%v,@nv f}lv{ﬂv“

“% 1 New_configuration |
—— [# 2 generatePaths -
- Run As »

Run Configurations...
Organize Favorites..

Available scheduling configurations show in the list on the left side of the Run Configurations
window below the entry for Timing Analysis.

" Run Configurations | *

Create, manage, and run configurations @

SREE-NER ., | ﬂame:|Tutﬂria| |

| type filter text K‘ﬁming Analysis . [] Qommoﬂ A
ipse Application Activity Dispatching
a Applrat . | Stutorial/tutorial.dispatching | Browse...
a Application
nit Physical settings file
ait Plug-in Test
unch Group | Stutorial/tutorial setting | Browse...
ed L h
W ; aunc| Show
Gi Framework
T Operaticnal Transfo O no Gantt chart
ning Analysis @) Gantt chart
Mew_configuration () Gantt chart with critical path
Tutorial () Gantt chart using stochastic impact analysis
Opticns

[]5how web animation

[ ]Remove dependencies for claims and releases

Revert Apply

@

(r) A new configuration can be created by using the New Launch Configuration button
- W

A Timing Analysis run configuration consist of the following elements:

* Name Allows the user to identify the configuration for future usage.

* Activity Dispatching Each configuration refers to one particular dispatching file. This is a
required field.
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* Physical settings file The settings to be used to generate the schedule.

e Show

> no Gantt chart No Gantt chart is generated

- Gantt chart A Gantt chart is generated and is shown on-screen. The timing of the Gantt

chart is based on fixed timing settings and default values. The coloring is based on
correspondence between Activities and Resources, see below for a more detailed
explanation.

Gantt chart with critical path A critical path analysis of the schedule is made, based on
fixed timing settings and default values, and is represented in a Gantt chart. The coloring is
based on the outcome of the critical path analysis. See below for an explanation of the
coloring scheme.

Gantt chart using stochastic impact analysis Based on fixed timing and default values a
Gantt chart is generated. The coloring is based on the probability that a task will be on the
critical path given the specified timing distributions. In order to determine this probability
200 samples are drawn. For each sample a schedule is determined and a critical path
analysis is performed. See below for an explanation of the coloring scheme.

* Options

- Show web animation The scheduling produces skeleton files for Javascript/Paperscript

based 2D animations. The default animation shows colored dots and by modifying the
skeletons arbitrary animations can be produced. If the configuration also generates a Gantt
chart an timing indicator is shown on the Gantt chart that is synchronized with the timing of
the animation. The Javascript files are located at analysis/scheduled/animated.

Remove dependencies for claims and releases Before calculating the critical path the
dependencies relating to claims and releases are cut short. As a result claims and releases
are not included in the dependency graph and are thus removed from the critical path while
preserving the net effective dependencies between actions. NB The claims and actions
themselves are not removed from the schedule nor is the timing of the schedule
influenced by this option.

4.2. Gantt Charts

The Gantt chart shows a resource on the Y-axis for every Peripheral which participates in the
activity sequence. The X-axis shows the relative time in seconds. Each resource in the Gantt chart
shows a low bar and a high bar:

Low bar Represents the claiming of a Resource in the Machine by an Activity. This bar is

replicated for all Peripherals in the claimed Resource.

High Bar  Represents an action that is performed by a Peripheral. An action can be either a

move or an atomic action.

The arrows represent the dependencies between the tasks.
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When a Gantt chart is generated, result files are stored in the project folder

o analysis/scheduled (i.e. a Gantt file <file>.etf). The file name of the etf file is derived
from the file name of the dispatching file that is scheduled. The Gantt file is
automatically opened in an editor showing the Gantt chart.

ERH=-D-@F-E-PF'-T~ MO A~ gh~ oM~ -

A2:unclai  A3: clamp A2:unclar  A3: clamp
Robotl.C

Claimed by MoveRob ot Claimed by MoveRob ot

Al move to Below_Right A4 move to Above Right Al: move to Below_Right A4 move to Above_Right

Robotl.M

Claimed by MoveRobot Claimed by MoveRobot

oo o5 10 15 20 25 30 35 40 45 50 55 6o &5 70 75 80 &5 90 95 100 105 1.0 115 120
Time (seconds)

[#] Problems [ Properties 52 [:3% Chart View AEYE 8§ =8
Property Value ()
~ Claim attributes

activity MoveRobot

color Robotl

description First product

iteration 1

name Al: move to Below_Right

phase default

type Peripheral task
w Claim properties

amount 80.0 o

The Properties view shows detailed information about the selected bar. user
attributes, trace points, scheduling phases and repeat steps will also be shown in
the properties and can be used to filter the Gantt chart.

4.2.1. Gantt chart

In case of a Gantt chart without critical path analysis the color of the low bars represent the Activity
that holds the claim. Additionally all actions, the high bars, of the same Resource are colored
equally. The black arrows indicate the dependencies as specified in the Activity and the gray arrows
indicate the dependencies between Activities as derived from the claim/release strategy.

If a resource is passively claimed by multiple activities then the properties show the activities that
apply. For passive claims the name shown is Claimed passively by -

Scheduling the actions in the activities

An action can be scheduled using two types of algorithms: As Soon As Possible (ASAP) or As Late As
Possible (ALAP). The default algorithm for all actions is ASAP, unless specified otherwise as
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described in Logistics Specification. As mentioned previously, resource claiming or releasing are
always ASAP by design.

ASAP executes each action on a resource as soon as the resource is available, and all preceding
actions have finished.

ALAP executes each action on a resource as late as possible. You can see the difference between the
two schedules illustrated below.

- D@ E -~ MU A~ uh~ - X-[E

A2:unclai A3 damp A2:unclar  A3: clamp

Robotl.C

Claimed by MoveRobat

Claimed by MoveRob ot

Al move to Below_Right A4 move to Above_Right

Al: move to Below_Right Ad: move to Above_Right
Robotl.M

Claimed by MoveRobot Claimed by MoveRobot

oo o5 10 15 20 25 30 35 40 45 50 55 6o &5 70 75 80 &5 90 95 100 105 1.0 115 120
Time (seconds)

[#] Problems [ Properties 52 [:3% Chart View AEYE 8§ =8
Property Value ()
~ Claim attributes

activity MoveRobot

color Robotl

description First product

iteration 1

name Al: move to Below_Right

phase default

type Peripheral task

» Claim properties
amount 80.0 o

Figure 10. ASAP scheduling example for Action A3
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S =O~@F-E~F-T~ M@ NwA-uh~ -~ X-E

Sartof tace

A2 unclal A3 clamp AZ: unclal A3 clamp

Robot1.C

Claimed by MoveRob ot

Claimed by MoveRobot

A'l: move to Below_Right Ad: move to Above Right
Robotl.M

Claimed by MoveRobot

A’ move to Below_Right Ad: move to Above_Right

Claimed by MoveRobot

oo o5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 120
Time (seconcs)

(] Problems [C] Properties 52 |32 Chart View EYE § =08
Property Value
w Info
derived false
editable true
last modified 30 September 2022 10:07:30
linked false
location Z\|sat\ws-reptthtutorialanalysis\scheduled\tutorial.etf
name tutorial.etf
path Stutorial/analysis/scheduled/tutorial . etf
size 3,783 bytes

Figure 11. ALAP scheduling example for Action A3

4.2.2. Gantt chart with critical path

In project management the critical path is defined as “the sequence of scheduled activities that
determines the duration of the project.” The same applies for the calculated schedule as visualized
in the Gantt chart.

When a critical path analysis has been performed the actions and dependencies are either colored
red or grey. Red indicates an action or dependency is on the critical path of the schedule. The low
bars can be dark red, light red or grey. Dark red indicates both claim and release are on the critical
path. Light red indicates either claim or release, but not both, are on the critical path. Grey is used
to indicate neither claim or release are on the critical path.
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A2:unca | A3: clamp

A2:uncal  A3: cdamp
Robotl.C

Al: move to Below_Right A4 move to Above Right

Al: move to Below_Right A4: move to Above Right

Robotl.M

Claimed by MoveRobot

00 ©5 10 15 20 25 30 35 40 45 50 55 &0 65 7.0 7.5 B0 85 90 95 100 105 110 115 120
Time (seconds)

4.2.3. Gantt chart using stochastic impact analysis

The actions in the Gantt chart of the stochastic impact analysis are colored based on the probability
that the action is on the critical path taking into account the specified timing distributions. A dark
bluish grey indicates that the action will never be on the critical path, bright red indicates the
action is always on the critical path. Intermediate colors are used to indicate intermediate
probabilities. Tasks can be selected by using the mouse and the Properties window shows the
property Critical that displays the probability that the selected task is on the critical path.

Smrtof tace End of mace:

AZiunclar A3 clamp A2 unclal A3 clamp

Robotl.C

Claimed by MoveRobpt »l

Al move to Below_Right A4 move to Above_Right

Al move to Below_Right A4 move to Above_Right
Robotl.M

Claimed by MoveRobot Claimed by MoveRobot

oo 05 10 15 20 25 30 35 40 45 S0 S5 60 &5 70 75 B0 85 90 95 100 105 110 115 120
Time (seconds)

4.2.4. Filtering

By default the Gantt chart will hide all superfluous information. To show all information in the
Gantt chart use the Eclipse TRACE4ACPS toolbar to Clear all filters. Now all dependencies a drawn
and also the dispatching offset is visualized.

(r) For more information about the possibilities in the ESI Trace viewer, see the
- TRACE user manual in the Help menu.
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