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1 General Information

The VENUS Dynamic Scheduler is a supplemental software package for the VENUS base
software. After the installation, scheduler depending functions and editors are added to the
base package of VENUS. The VENUS Scheduler is a dynamic scheduler, that means that a
plan is recalculated constantly. Having changes in the execution of a plan (e.g. a task that
uses more time than scheduled), the scheduler will recalculate the plan and find the optimal
way to process the tasks.

This chapter should be read thoroughly before programming and using the VENUS Dynamic
Scheduler. It contains important information about the use of the VENUS Dynamic Scheduler
and this manual.

All features described in this manual are valid for the VENUS Dynamic Scheduler. Refer to
the corresponding manuals for programming and operating the instruments also when using
the VENUS Dynamic Scheduler.

After working through this manual, you will be quite comfortable with programming the
VENUS Dynamic Scheduler.

Warnings and Notes are included in this manual to emphasize important and critical
instructions. They are printed in italics and begin with the word 'Attention' accompanied by

the & symbol, or the word ‘Note’ accompanied by the 7 symbol, as appropriate.

This manual refers to VENUS Dynamic Scheduler release 5.1 and MICROLAB® STAR
VENUS Software base package 4.2.

1.1 About this Manual

The VENUS Dynamic Scheduler User Manual is the basic manual to help programmers to
program and run the VENUS Dynamic Scheduler correctly and safely. The corresponding
manuals for programming and operating the instruments controlled by the VENUS Dynamic
Scheduler contain all relevant basic information.

The VENUS Dynamic Scheduler User Manual shows you step by step how to perform typical
operations using the VENUS Dynamic Scheduler. Examples of typical applications guide you
through programming and running the schedules. When you have worked through this
manual, you should be able to write and run your own workflows.

1.2 Prerequisite Knowledge

In order to be able to program the VENUS Dynamic Scheduler successfully and safely, the
programmer must be thoroughly familiar with the Windows environment, must understand
the laboratory processes that is automated, and must have taken appropriate Hamilton-
authorized training on Hamilton hardware and software.

If hardware and software of other manufacturers is controlled by the VENUS Dynamic
Scheduler, equivalent education and knowledge is required.

624030/01 1-1
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2 Overview

A scheduler is a tool to manage parallel processes with respect to available resources.
Accordingly, the VENUS Dynamic Scheduler helps to organize and control the workflows
(assays, plate runs etc) or methods of a laboratory equipped with Hamilton and other
instruments.

The VENUS Dynamic Scheduler optimizes the overall workflow/method by searching for an
near-optimal use of the resources and preventing multiple use of the same resource. This
depends on the available resources and their capacity, the used time for the execution of an
activity and the relation between the tasks to minimize execution time. The tasks and their
activation criteria are defined in a workflow or in an activity editor method.

Example:
The picture below shows a plan to run multiple tasks.

The first plate starts with transport/pipette/transport @. After that, the shaking action @
takes place. Finally, the instrument performs another transport step ©.

The start point for the second plate @ is now calculated to be while the first plate is shaken.
Because the 2™ plate’s transport/pipette/transport task @ is shorter than the shaking action
of the first plate @, it will be scheduled in that gap. If there is more than one shaker
available, the second plate’s shaking @ will start immediately after the second plate’s
transport/pipette/transport step ©.

NoOTE

7 As you can see, the plan is calculated by the use of resources. The Scheduler
does arrange these Method blocks in a way to get the shortest possible run time

for all activities.

e
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Second Plate

624030/01 2-1



VENUS Dynamic Scheduler Manual

The scheduling is based on tasks (methods) with programmed or predefined activities.
Resources (e.g., instruments) are defined in the system deck layout and are linked to
activities within the methods.

Three levels of programming are available:

Activity -l Ay

Editor i "Load® “Pipette” “Shake"

'
€. =

“Read on
End Photometer” “Incubate” “Transport™

A simple, intuitive approach to the scheduling environment. Ideal for throughput calculation
and system design.

Graphical ~E
Workflow = B

nnnnnnnnnnnnnnnnnnnn

Graphically-oriented programming with intermediate flexibility. Allows easy integration from
the non-scheduling environment into the powerful scheduler world.

Advanced
Workflow

Step-wise programming for full flexibility. Offers the full span of VENUS options

Instruments of other manufacturers may be integrated if they are compatible with the
Hamilton system. Please ask your Hamilton distributor for a list of available drivers for
instruments of other manufacturers called ‘3" party drivers’.
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3 Definitions

3.1 Resource

A resource is an instrument, a part of an instrument, e.g. a pipetting arm, a transfer position,
a device like a reader, or a piece of labware. Resources perform activities. Each resource
has a capacity. Here's a list of examples:

resource capacity | of

Pipetting arm 1| all pipetting channels
Carrier 5| MTP positions
Incubator 20| e.g., MTP positions
Incubator Transfer Pos. 1| MTP positions

3.2 Activity

An activity is the smallest planning unit for the scheduler. An activity may include a single
step, a sequence of steps or a sub method call. An activity uses the same set of resources
for a certain time. Activities are defined — or groups of steps are assigned to an activity —
within the activity editor or the step editor.

NoOTE
== For throughput calculation or resource planning, an activity may contain only a
comment. Within the activity editor, it is also possible to create empty activities.

Resource

a"‘} Beagn Acthvity
‘ iy Mo “Plade TranspodToT OO

mconds 3, Rebourdes Res ML STAR, TOC
. w
CO-RE Grip Tranpor! on ML_5
Aﬂtl‘rlt}' ‘l Tranapoe labwane from WL _ST, cEPialE 10 ML _STAR Targetiate’
1 neturn veluss(s)

r a Enud Acksilly
€5 Beon Cancel Baca

Within the activity definition, all resources used in this activity must be defined.
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3.3 Tasks and Methods

A method is a sequence of activities. Once a method is scheduled or running, it is called a
task. If you have a method to process one plate, and you schedule five methods to process
five plates, the plan will show five tasks.

Task ® o

inf of Methodest
’) ity
8 B y

st lesen”, Durafian in seconds: 20, Resources: Res_ML_STAR

(Get_Runring_JobIstiD of RoboClone_System_COMAppiication Database
ROBOCLONE:COM:DE:JOBLIST: Get_Runring_JoblstD(DE)_lobistD
A == X _Running_loblisiD(D_jobisiD)
Abg Comment
ctivity ® e i
I
©% (0B _ioblstD s less than OR ecul to.0)
oan End Activty l
S, Beain Aciiity
o g WOy Display Name: "Konvertisre Datenbank", Durstion in seconds: 30, Resources: (nane)
4 Readlof RoboClane_System _CoMAppicalion Database:
oea End Acivity u
Begin Actuty
g Oispiy e i 180, Resaur
e b STAR Smert Steps
i ML_STAR', Aliqut prac 1 wel [ul]: Volume asser'.
= m b puiPate
c I VI e Pietie - Al e STAR Smart Steps
i nstrument short name ML_STAR!, Aliuct procedure, “/olume per wel [ul} VVolume Wasser.
#spirats sequence: . ‘seanpPlsls ]
3, End Activy l

3.4 Workflow

A workflow is a number of chained tasks (methods) and their dependencies. It defines the
order of the tasks on runtime. It can be defined using the graphical workflow section and/or
using the step by step editor (the advanced window) for individualized workflows.

TP SehedulerDemolnit 001

Workflow B .
Inhert Cancallation

Task o X

SchedulerDemoloadCamers

02
\ Inherit Cancellation
Task 3
SehedultsDemobsin 003

Inherit Cancellation.
Activate 4 addetionsl
tasks paralle.

SchreduleiDemoUnlondDeck
004

Inhert Cancellation

3.5 Plan

A plan is a scheduled workflow. After scheduling, the plan shows the start and end times of
each activity due to the availability of the resources and on the dependencies that you set.

13.09.2005

T Etm s 095400, | [peEepo, | [P9pepo, | [iopopo, | [Gpepo, | [0p4po, |, [opepo, . [iopepo, | [G10:p0,
SchedulerDemaolnit 001
SchedulerDemaolLoadCarriers 0... [ ]
SchedulerDemaohdain 003 M1 Ers) N 1 (G Os) 1 (m 0s1l
SchedulerDematdain 003_1 2 (2m0s 2 (Bm Os) 2 [m 0s1l
SchedulerDemokdain 003_2 3 [2m O] 3 [Em Ds) 1 [1mDs_]l
SchedulerDematdain 003_3 M nis N (5 Os) 1 m sl
SchedulerDemalnloadDeck 004 [ ]
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4 Security Notes

A

A

ATTENTION
To perform a scheduling process, ALL OF THE METHOD CODE outside of

activities IS EXECUTED.
This is true both when scheduling in the Method Editor and when loading a

workflow into the Run Control program.

This is also true when executing a reschedule on a method that hasn't previously
(during the current Run Control execution) been scheduled.

The result of the scheduling process running the code is that any INSTRUMENT
COMMANDS that are not inside of an Activity block WILL BE EXECUTED. To
prevent the instruments from moving in an unpredictable way during this
reschedule the user should:

o Ensure that all instruments referenced (in any way) by the method are running
in simulation mode, or

e switch off the instrument, or disconnected it from the PC, if no simulation mode
is available.

ATTENTION

Please make sure that all Init commands for HAMILTON and third party
instruments are also part of an activity. Otherwise, these init commands are
executed during the calculation run 2 the instruments moves in an unpredictable

way.

ATTENTION
Avoid name conflicts between global, task local, and local variables!

Refer to chapter Rules for global and local variables

All security and safety advice for using the involved instruments and liquids must be followed

strictly.

624030/01 4-1
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5 Installation

Insert the installation disk in the CD or DVD drive. The Installation is started automatically.
Follow the advice of the installation program.

NOTE

'.-I If the installation does not start automatically, start it using the Windows program
execution function (“Start button”— “Run” and enter
[CDROM]:\Schedulerinstaller.exe).

ATTENTION

e The installation of the VENUS Dynamic Scheduler software has to be done
after the installation of the VENUS software and the installation of all
instruments.
During installation of an additional HAMILTON instrument, the VENUS
Dynamic Scheduler software may be removed and must be reinstalled.
This is also true if a repair installation is executed.

e De-activate anti-virus programs during installation as they may interfere with the
installation program. The VENUS Dynamic Scheduler software has been
checked and is free of the momentary known viruses.

NOTE

,.-I The installation of the scheduling software does not create an own icon on the
desktop. All additional features and editors are included to the base package of the
VENUS software.
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6 How to setup Scheduling

The way to set-up a system is described in the following steps:

e Develop a concept (see 6.1).

¢ Define the instrument layout(s) and the resources (see 6.2).
o Define activities within method(s) and/or the Activity Editor.

e Define the workflow graphically or
define the workflow step by step in the Advanced window.

e Create the schedule.

e Test (and improve) the schedule.

6.1 Developing a concept

Using the user's knowledge about the final product, the following has to be planned:
Which processes can run in parallel? =» Splitting into tasks (methods).

Which resources will be used? =» Incubator, Carrier, etc.

What is the optimal arrangement of the resources? = Layout planning.

What is the order of steps for each task? =» Method

What resources are used for each method step? > Assignment of resources
Which order of steps can be combined in one activity? - Activities

N o o bk~ w DN

Are there time sensitive steps that must be processed uninterrupted? - Rules

Example:

An Instrument (resource) pipettes (activity) MTPs which then will be incubated (activity) in an
incubator with 10 sites (resource), measured (activity) in a photometer (resource) and placed
(activity) finally on an exit stack (resource). There is one transfer station (resource) in front of
the incubator which can hold one plate to move it inside the incubator to a free site or move it
from there to the outside. A MICROLAB® -SWAP (resource) is used to move (activity) the
plates between the different instruments (resources).

6.2 Defining the instrument layout and the resources
Define the deck layout as described in the “Microlab STAR Line Programmer’s Manual”.
If multiple instruments are used (e.g. ML STAR + ML SWAP + ...), a system deck needs to

be created to combine multiple deck layouts in one system.

A resource variable is generated for each instrument (e.g. ML_STAR by default). It may be
necessary to specify additional resources for instrument parts, e.g. a plate carrier can be
used as a room temperature incubator with capacity 5.

624030/01 6-3
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Examples:

A wash station must be a resource of its own. Otherwise, it blocks the complete instrument
during washing time.

For movable resources, all areas that they access (transfer positions) or cross must be
specified as resources. Otherwise, the instrument may crash.

The system deck layout for the first given example might look as follows:

(RN R NN RN RRRNRRRRL AT NN

(1)
O ML-STAR @ Incubator
® ML-SWAP © Photometer
© Transfer station ® Vapor station
6.2.1 Defining Resources
Via the Method editor, open the system deck layout. ' | J | | | | | ] \ ] \ ] \ \ \ \‘ \11
2. Right click on the deck in either the instrument view (or default

the system view if you have several instruments) and

« » . Add Deck Position, .
select “Add Resource” to define a resource SRS e

Add Resource. ..

or Edit Resources...

right click the labware and select “Add Resource”,
to define a resource for a labware.
The “Add Resource” dialog box appears.

IJse Global Layout
Save As Template File. ..

. v

) ] Select Labware
3. Type in the parameter values, select the color and click

“OK”.

Refer to sections 6.2.2 Add resource dialog box and 6.2.3
Mapping Resources.

6-4 624030/01
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6.2.2 Add Resource Dialog Box

Add Resource E]

Device: | ML_STAR. L¥S |

Labware: | " |

Resource name: | TCC_60_degrees |

Wiew name: | TCC_60_degrees |

- -

Capacity: | 4 [ Map Resource Units, ., ]

[ Delete Resource Map ] | get Irage | [ Remove Image ]

[ I, ] [ Cancel ][ Help ]

e Device

If a resource should be linked to a device, select it here. Used to map resource units to
sequences.

e Labware
If a resource should be linked to a labware, select it here.
e Resource name

The resource name is used to reference the resource when adding activities to your
method. The activity block will obtain the resource during method execution (when free)
and lock the resource for use.

e View name

The display name is displayed in the scheduler view along with the color. Checking the
correct resource assignment in the scheduler view is much easier this way.

e Color

The selected color will be displayed in the schedule run view during runtime. It is useful
to define a different color for each resource.

e Capacity

The capacity specifies the total capacity of the resource (must be greater than 0). The
default capacity is 1.

e Map Resource Units...

Refer to section 6.2.3 Mapping Resources
e Delete Resource Map

Delete resource mapping.
e Set Image / Remove Image

Select an image (bmp, jpeg, png etc.) for the resource to be shown in the Activity Editor
or remove the image to add a different one or leave the resource without image.

624030/01 6-5
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6.2.3 Mapping Resources
Resource mapping is used to refer to a resource location/position by something other than
the default numeric mapping of 1 to capacity.

1. Inthe “Add Resource” dialog box, click “Map Resource Units...”.
The “Map Resource Units” dialog box appears:

X

Map Resource Linits

Unit Bvpe: | sequence w
skring
Unit rUrnEric
y W—ﬂ‘
2 Platez? ]
3 Plates ]
4 Plated ]

2. Select the Unit type of a string, a numeric, or sequence. The option sequence is only
available if the Resource is ‘linked’ to a device.

3. Type in the mapping or select from the sequence list, and click “OK”.

This allows you to use the mapped sequence directly in the method step. This is especially
helpful using transport or pipetting steps, where the resource unit variable can be inserted
directly in the transportation or pipetting step.

Example

If the default mapping of a resource has a defined capacity of 4, then the locations are
referred to as ‘Platel’ through ‘Plate4’. Mapping can be used to change the definition for
example as “Platel” through “Plate” sequences. Then the sequences can be accessed
directly by the resource unit variable.

. . , Map Resource Units §|
TCC position 1 = sequence ‘Platel —
TCC position 2 = sequence ‘Plate2’ Unit type: | BT
TCC position 3 = sequence ‘Plate3’ Unit Map ton. |
TCC position 4 = sequence ‘Plate4’ : feet ﬂ
3 Plated >
4 Plated ~

6-6 624030/01
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Instead of using an if/else query (like “if ResourceUnit::TCC = 1 then get plate from sequence
Platel”) in the method,

¥ if, Elze
»

? [Resourceldnit:: TCC_G0_degrees iz equal to 1)
LWWJ 1000pl Channel CO-RE Grip Transport on ML_STAR
l Tranzport labwware from ML_STAR TransferPosition' to 'WL_STAR Plate1’
1 return valuels) .
b4 End If
- @
= 5‘ If, Elze
7 - [Resourcellnit:: TCC_G0_degrees is egual to 2)
LWWJ 1000pl Channel CO-RE Grip Transport on ML_STAR
l Tranzpott labwware from ML_=TAR TransferPosition' to 'WL_STAR Plate2'
1 return valuels) .
b4 End If
- @

you can directly use the mapped sequence in the step. To do so, just enter the resource’s
unit variable in the step:

1000ul Channel CO-RE Grip Transport - Edit

Get labware From sequence:

ML_STAR. TransferPosition w
IJse Ckrl + left mouse to drag & drop a sequence From system deck
|:| Auko increment

[ ]Read plate barcode on autoload reader

Place labware at sequence:
Resourceldnit;: TCC_&B0_degrees w

Idse Chrl + left mouse to drag & drop a sequence From swstem deck,
[ ] auto increment

Gripper tool parameters

IUsed Front channel; Channel & w
Eject gripper tool when finish: (0} CoFf v
Grip beight [rmm]: 3

[ ] owverwrite grip daka From labware definition
Grip width [rmm]:

Cpening width before access [mm]:

[ Cuskomize. .. ] [Err-:nr settings...]

Ik ] [ Cancel ] [ Help l
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6.3

6.3.1

Defining Activities within the Step Editor

Creating a new method

According to the concept, a method is necessary for each task. You can use existing
methods or create new ones.

Define new methods as described in the “Microlab STAR Line Programmer’s Manual”.

Write methods that are describing the way of a single entity (like one sample, one plate, one
batch etc.) through the system.

6.3.2 Defining Activities

o

/

NOTE
All methods used for scheduling have to be split into activities.
The activities contain all necessary information for the scheduler to create a plan:
- Activity Name
- Activity Duration and
- Used Resources.

These three values are the minimal requirements to create a plan, although you
have the option to set pre- and post-activities, minimum and maximum check of the
activity duration, maximum planning time eftc.

The scheduler does not care about the steps inside of an activity to create a plan:
The scheduler is just using the values in the activity ‘header’. Therefore, you can
have empty activities.

In the Method editor, open the method to be scheduled.

Select the first set of steps that can be assigned to one activity.

Right-click to activate the context - menu and select “Activity...”. The “Activity” dialog box
appears.

Specify the parameter values. Refer to section 6.3.4 Activity Dialog Box.

5. Add the resources needed within this activity.

> 4 NOTE
,-I o FEven though the scheduler is able to handle durations of 0 seconds, it is
) recommended to insert durations > 0. Tasks with a duration of O seconds are
hard to see in the scheduled plan, this can be confusing to the user.

o Make sure that all involved resources are added. Especially transport steps
need several resources: get position / place position / transporter / transfer
position....

6. Click “OK”.

7. Continue with the next set of steps in the method until the method is ready for scheduling.

6-8
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Example

1. In the Method editor, select one ore more steps that you want to group in one activity.
Right click to invoke the context menu. Select the function “Activity...” in the context
menu.

Method | Onabar
Method

1 e Begin Activity
.h Dizplay Mame: "Intislize", Duration in zeconds: 120, Resources: Res_hML_STARlet, Res_Reader, Res_SWWAP
@ Initizlize (Single Step) on ML_STAR

Alveays intialize: Off
3 return valuels) .
3 O End Activity

ﬁ Begin Cancel Black

X Delete

Clear Selection

b =] Edit step... Chrl+E

3 Disable Steps Chrl+Dr

Group Selection, ..
Insert HAL Code, ..

Executor only
Scheduler anly

+ Executor and Scheduler

2. Type in the display name and select color and duration. Add all necessary resources
used in this activity by pressing the “Add” button. Make sure that no resource is forgotten.

Activity X
Display name: Colaor: Duration [5]:
"Garnple_Preparation” + - 360 A
-]
Resources
| Resource | Operation | Unit Variable | b
1 _|Res_ML_STAR w|Getunt  %|ResourceUnit:Res_ML_STAR ]
3. Click “OK”.
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This is the result after click the "Plus" button + % BeainActivity on the just created “Begin
Activity” and “End Activity/Begin Cancel Block” statements.

Method | Ondbort

Method

10

1

12

13

— Begin Activity
-j Display Matme: "initislize", Duration in seconds: 120, Resources: Res_ML_STARIet, Res_Reader, Res_SWAaP

Intialize (Single Step) on ML_STAR
Always intialize: Off
3 return value(s) .

End Activity
Begin Cancel Black

o
.2 User Input
/ Diglog Tile: "input: Mumber of Samples™, Return Yalue: ", Buttons: 'Only 'OR' button!, Default: 'OK', Sound: ", Timeout: ine
Irpoat;
MumOtSamples (MYhat is the number of samples?, Integer, 96, 24, 354)
— Begin Activity
-.j Dizplay Mame: "Activity 1", Duration in seconds: 460, Resources: Res_ML_STARlet

Laoadd from Mictolab® STAR Smatt Steps
ﬂ" m Instrument short name 'WML_STAR', load '3' sequencels);
- 'ML_STAR AlSamples'
- ML_STAR MIStar300ulStandardy olumeTip'
- '"ML_STAR Plate1!
e W 000pl Channel Pipette - Simple (1-1) fram Microlabe STAR Smart Steps
JJ JJ Inztrument shott name 'ML_STAR', Standard pipette procedure: Mode: Simple (1-1), Pipette valume [pl]: '50"
Azpirste sequence: 'ML_STAR AlSamples', Dispense sequence: WL_STAR Platel (contraling sequence)'.
© e Generate Mapping File from Data Handling Steps
- Instrument "WL_STAR, Target sequence WL_STAR Plate1';, Mapping file "intermedisteFile x1z™, generate file in the
Fitter information for the following 1 sequences;
- Sequence 'ML_STAR AlSamples' on instrument 'ML_STAR!
=] d Enel Activity
'ﬂ Begin Cancel Black

E Ahort

a End Cancel Block

[X]

i

O Specified activity

® Assigned method steps

© Automatically inserted “Cancel Block”

As you can see, the activity’s steps are ‘framed’ by two ‘activity step’ icons: “Begin
Activity” and “End Activity”. This is a number of method steps which use the same set
of resources. It can be displayed with or without contents.

The “End Activity” step icon is in parallel the beginning of an automatically inserted
“Cancel Block” which is framed until the step icon “End Cancel Block”. An Abort step
is inserted by default. Refer to Section Activity Cancel Block for more details

6-10
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6.3.3 Activity Cancel Block

The End Activity step icon is in parallel the beginning of an automatically inserted Cancel
Block which is framed until the step icon End Cancel Block.

B = Begin Activity
ﬂ_‘ Dizplay Mame: "Activity 1", Duration in seconds: 12, Resources: Res_ML_STAR

ISWWAP Transport on ML_STAR
h Tranzport labwware from 'ML_=TAR Plate?' to 'ML_=TAR TransferPosition’
1 return value(s) .
= a_ End Activity
m Begin Cancel Block

E Ahort

i G End Cancel Block
x|

In case of an abort of this activity, the code between Begin Cancel Block and End Cancel
Block is executed. Per default, an abort step is programmed. This may not make sense if you
want to have a walk away system. In this case, the Cancel Block should be programmed
according to your needs.

See picture below for an example of Cancel Block programming.
The activity “Read plate” consists of a reading step for the SpectraMax photometer.

= 9,  Begin Activity
G‘ Dizplay Mame: "ReadPlate”, Duration in seconds: 120, Resources: reader

Readkinetic of HSLSpectratdax
o SpectraMax: Readkinetic(1, 96)
=] O Encd Activity
m Begin Cancel Block

=] \?0 Beain Activity
Q ‘ Dizplay Mame: "CleanUpReader”, Duration in seconds: 120, Resources: Res_ML_STAR, reader

= OpenDoor of HSLSpectrabdax
9 E SpectraMaz:: CpenDoor()
r- Get Plate (Single Step) on ML_STAR
9 e Movement type: (01 To carrier, Transport mode: (0) Plete only, Sequence: readerPlate, Sequence courting: (0) Manually
3 return value(s)
‘—- Place Plate (Single Step) on ML_STAR
9 - Movemert type: (00 To carrier, Transport mode: (00 Plate only, Sequence: ML_STAR hatel, Sequence counting: (00 Manually
3 return value(s) |
‘;ﬂ End A ctivity
[
¢ End Cancel Block

&a
e Case A

Everything works fine, the Cancel Block @ is not executed, the method continues.

e CaseB

The “ReadKinetic” step @ does not work fine and the activity is cancelled. In this case,
the steps in the Cancel Block @ are executed:

- The door of the photometer is opened ©

- The iISWAP get’s the plate from the photometer’s drawer @ and brings it to a hotel ©.
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This allows the method/workflow to continue, because the resource Photometer is available
for further tasks. If this is not done, the resource Photometer will never be released and the
method hangs.

Please note that the steps in the Cancel Block must be specified as activity too, so the used
resources can be linked. As you can see, the Cancel Block can contain more resources (e.g.
the iISWAP of ML_STAR) than the original activity.

The default step in the Cancel Block is an Abort.

6.3.4 Activity Dialog Box

Activity

Display name: Colar: Duration [s]: K

"Sample_Preparation”

Resources

v - | 360 v
-

| Resource | Operation | Unit Variable | L
1_|Res_ML_STAR wGetunt | ResourceUnit:Res_ML_STAR ]

Display name

Name of the activity. The name is displayed in the scheduler view and written to the
trace file for traces related to this activity. The “Display name” combo box accepts a
string, which must be enclosed in quotation marks or a variable (that contains the display
name in string format).

Color

Color associated to the activity. The scheduler view displays the activity with the
specified color. Select a color from the list box. Select same colors for same type of
activities, e.g. pipettings in blue, incubations in red, transports in yellow and so on. This
makes a plan more understandable.

L4

NOTE
/ The colors are displayed in the scheduler view. If they are used systematically,

they may serve as a visual check of the correct assignment of resources.
Here is the default assignment of colors and actions

Pipette > blue / Transport > grey
Load > pink / Incubate > green
Read > yellow / Wash > cyan

Duration[s]

Estimated time needed for executing in seconds. The “duration” combo box accepts an
integer value or a variable name (that contains an integer value).

Resources

Resources are the items that are needed to perform the activity. To add a resource, click
the Add button, then select a resource from the “Resource” combo box. Activities can
contain multiple resources (e.g. plate transport from transfer to shaker needs the
resources ML_STAR, Transfer_position and shaker)
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NOTE: HOW TO KNOW WHICH UNIT OF A RESOURCE IS USED BY AN ACTIVITY AT
RUNTIME?

The VENUS Dynamic Scheduler returns the dedicated unit that is planned for this
activity on runtime. The dedicated unit is assigned to the variable
“ResourceUnit::<ResourceName>" and is available to the steps inside the activity.
This variable can be used for programming (if-else decisions, loop variables etc)
E.g.: The unit for the resource “Resource_TCC” is assigned to the variable
“ResourceUnit:: TCC”.

A more elegant way to solve this issue is to map sequences to a resource.

Refer to the section Mapping Resources for more information

e Button “Advanced’

Displays additional parameters at the bottom of the dialog box:

Activity 3
Display name: Color: Duration [s]:
"3ample_Preparation” v - 360 w
-
Resources -
| Resource | Operation | Unit Variable | i
1 _|Res ML_STAR *|Getunit %] Resourcelnt:Res_ML_STAR ]
w
[ ) [Cmenoe
Pre-Ackiviby: Manitoring
Minimum execuked duration [s]:
Unmonitored
[ Change. .. ] Maximum executed duration [5]:
Posk-Ackiviby: Unmonitored
[ Change ] Mazximurn planned duration [5]:
= Use defaulk
Ackivity I
" AE 294FEE-E4EA-457 4-A784-4655CIADZERF " Create IO
Churakion
simulate actual Hime Algaorithm: [ Set Estimated Duration, .. ]
[ utomatic adjustment [ Reset Activity Duration ]

e Operation: Get unit

The activity uses one unit of the specified resource. The distribution of the units is done
by the system automatically, that means the user does not care about the selection of
the units.
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e Operation: Set unit

In this case, the user must specify the unit of the resource that shall be used by this
activity. This can be done with a simple assignment from the General Steps:

Azzignmert
X=0 'Resourcelnit:: Incubstor' = "2

The activity will now use unit 2 of this resource.

Unit Variable

Having the option Get unit selected, the system will write the used unit into this variable.
This makes it possible to make decisions depending on the value of this resource unit
variable. E.g. if a plate has been transported to a shaker carrier, you can use the
resource unit variable to find out where you have to pipette.

Another way to handle Resource unit variables is described in the section 6.2.3 Mapping
Resources

Minimum executed duration [s]:

This field can be used to set a minimal time limit on an activity. If the activity is ended
before the limit (the minimum executed duration) has exceeded, a time constraint error
will be invoked.

Value: The field accepts integer values or variables of type integer. The value must be
greater than or equal to 0 and less than or equal to the activity’s duration.

Monitoring: If the “Unmonitored check box is not selected, the VENUS Dynamic
Scheduler monitors this constraint at runtime. Any violation of the constraint cancels the
task. If a Cancel Block is programmed, the activities in the Cancel Block will be
executed. The default value is “Unmonitored”.

Maximum execution duration [s]

This field can be used to set a maximal time limit on an activity. If the activity is not
ended after the limit (the maximum executed duration) has ended, a time constraint error
will be invoked

Value:
Integers and variable names are accepted. The value must be greater than or equal to
the specified duration.

Monitoring:

If the “Unmonitored” check box is not selected, the VENUS Dynamic Scheduler monitors
this constraint at runtime. Any violation of the constraint cancels the task and executes
the Cancel Block activities (if programmed). The default value is “Unmonitored”.
Specifying a maximum duration allows the programmer to fully control any critical timing
inside a method and ensures repeatability for every task. For example, if you wanted to
add a reagent, incubate and then wash a plate, you can specify the timing for these
consecutive activities to how long you wanted the reagent to be in contact with the
samples in the plate.
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Maximum planned duration [s]

Per default, the scheduler is allowed to stretch an activity up to it's double time to
improve the final plan. The Maximum planned duration allows you to limit this time for a
single activity without changing the factor for all activites. Please note that this setting is
only controlled at planning time.

Value:

Integers and variable names are accepted. The value must be greater than or equal to
the specified duration. Make sure that you do not create senseless combinations with
Minimum/Maximum executed durations.

Use default:
If checkbox "Use default" is not marked, the VENUS Dynamic Scheduler monitors this
constraint at planning time. The default value is twice value of "Duration".

Pre-Activity / Post-Activity

Pre- and post activities can be used to perform an action in parallel in the same task. Of
course, the used resources must be free to execute both actions in parallel. An example
of this function could be the heating up of an incubator while pipetting:

FipetteB uffer

The pre- or post activity has to be defined as submethod. In this submethod, you have to
create an activity containing resource(s) and timing(s) of the pre- or post activity.

l

Activity

Cisplay narme: Colar: Curation [5]:
| "HeatUpIncubator” v| - - | 200 v|
Resources
| Resource | Operation | Unit Variable | -~
uRes_lncubamr ] Get Unit | Resourcelnit:Res_incubator >

Finally, the submethod can be inserted in the Activity dialog as a pre- or post activity:

Pre-Activity rg|
Pre-Activity: cub-method:
| Heatlip 45} [ v
| Change. . Sub-method Parameters:
Hame Value | -~
1 EndTemperature [in, Wariable] 45 ﬂ

Simulate actual time

When this check mark is checked the actual time is consumed in simulation mode.
Otherwise, the execution time of the steps in the activities is used.
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Using times from previous run(s) for the planning of the next run

The lower part of the Advanced window is used for activity timing issues. It is possible to
collect the times of each activity over several real runs. These data is used for a calculation
with different algorithms and then inserted in the activity header to have a more precise
planning of the next run.

e Activity ID

The Activity ID is the ‘address’ under which the times of an activity are stored. Enter a
value or create a unique ID pressing the "Create ID" button. This could be used if you
want to have the same planning time for a transport to and from a position. Use the
same Activity ID in both transport activities and they will always be planned with the
same time.

¢ Automatic adjustment

When this option is enabled the actual execution durations of each real run will be

collected.
NOTE
,.-I No Activity times will be calculated in simulation mode. The times would not be

representative.

e Algorithm:

Select one of the three possibilities to calculate the estimated duration for the next run
out of the collected real run times: Arithmetic Mean, Minimum or Maximum.

e Set Estimated Duration

Clicking this tab will calculate the mean / minimum / maximum time (depending on the
settings in ‘Algorithm’) out of the collected run data and pass this value to the "Duration"
combo box of the activity.

¢ Reset Activity Duration

The collection of activity durations from run time will be cleared. This is the
recommended way to clear the activity time database. If you only create a new Activity
ID, the old data will remain in the database.

/

NOTE

The setting of times from previous runs has to be made by the programmer
manually: You have to actively click the ‘Set Estimated Duration’ tab to get the
values from previous runs calculated and passed into the ‘Duration’ field.

This has to be done for every activity.

The reset of activity times can be made globally when clicking Reset Activity
Durations in the Menu Method.
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6.4

General rules

NOTE
/ The following rules will help you to improve the performance during runtime.

Keep the resource specification as simple as possible.

Start with a simple resource specification and refine it according to your workflow. Try to
enable more parallel processes in this way.

Consecutive steps of a method which use the same set of resources can be assigned to
one activity.

Create tasks (methods) which perform a complete process on one single entity like one
sample, one plate, one batch, etc.

Define as less activities as possible, i.e. merge consecutive activities requiring the
identical set of resources.

Whenever possible, specify the dependency after the start of the predecessor task.

Avoid scheduling high capacity resources that never reach their maximum workload, e.g.,
do not define a Cytomat Incubator with 100 positions if the Cytomat has a built-in location
control. In this case, it is sufficient to define the transfer position as a resource.
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6.5 Activity Editor

The Hamilton Activity Editor is an easy, graphical oriented approach to the scheduling
environment.

3 %aﬁ
The Activity Editor can be activated using the toolbar icon shown above or via menu "View —
Activity Editor". For an empty method the following screen might appear:

R Hamilton Method Editor - [SchedulerManual.med {Modified): 2]

Y| Ele Edit “iew Method ‘Workflow Tools  \Window  Help
CE S || B4 B A |G i 9 2

Toolbox x

Fez_|ncubataor

i
L
Res ML_STAR

&

Res_ML_SwaP420

=

Fez_Photometer

TCC

Start

End

In the toolbox on the left all resources from your system deck layout are listed. If no image
has been assigned to a resource, the resource will be visualized with a yellow dice (see the
last icon in the toolbox). The window on the right shows an empty activity flow chart — only
start and end symbols are shown.

6.5.1 Adding an activity
Activities are depending on resources. Therefore you have to select a resource from the

toolbox and drag it into the activity flow chart window. The arrows are linked automatically in
the order of adding blocks.
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Move the dashed square to a place where you'd like the new activity icon to place and drop it

there. The resource symbol is placed and the dialog box "Select Activity Type" appears. The
result looks as follows:

® Hamilton Method Editor - [SchedulerManual.med (Modified):2

=
CEE RS B " L JPIS R - 5]
Toolbos E
.I
Res_Incubator B
o -
L = - o
Res_ML_STAR *
Start
L
# Select Activity Type
Res_ML_SwiaP420
F [J=how common activity bypes:
- Select an action to perform with the specified resource:
Resz_Photometer
‘ @ 0 ; Transport
i mtmstomized Action
TCC
End

Depending on the device (see Add Resource Dialog Box) several predefined actions are
available. Checking the ‘Show common activity types’ box, some more predefined activity
types are shown. Select one from the given action types or use the "Customized Action” for a
not predefined action. The information to be given in the "Next" and "Advanced..." steps are
similar to the Activity Dialog Box.

Select Activity Type E| Activity Resources rz|
Shows common activity bypes Select the resources that this activity uses:
Select an action ta perfarm with the specified resource: Label | [ — ‘ Operation | Unit Variable ‘,,
- = Transporter Res_ML_SWAP420 ] Get Unit _~| ResourceUnit: ]
& ;Transpnrt — Source Fes Photometer | Get Unit ~|Resourcelinit:
~ Target TCC | Get Unit _~| Resourcelinit: |
c &3 e
- 5;7 Incubate
» ::;::} Read on Photometer
1O wesh |
M
¢ = seal Plate < I 2
bl
<zuick [ weiter > | [(abbrechen | [_Hire ) [ czwuck ][ wener> | [abbrechen | [ HiFe |
Select activity type Insert used resources
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Activity Data @‘ Advanced Activity Data g\
Duration
Display name! "Transport” -
[] Aukomatic adjustment
cglr E—— orenn T
Duration [s]: 30 7 [ Set Estimated Duration. .. ]
Monitaring IMazimumn planned duration [s]:
Minimum executed duration [s]: Use default
Unmanitored Simulate actual time
Magimum executed duration [s]:
[ ugmoritored Activity T0; "{33606859-4708-4085-93D6-21 140DF2CB34}"
Insert Step in Activity: Mo Step v Pre-Activity:
[CJuist Ternplates Past-Activity:
[ <zwick |[Fertigstellen | [ abbrechen | [ HiFfe | oK Cancel Help
Define name / color / duration Set advanced options

The "Insert Step in Activity" in the "Activity Data" window allows you to create an activity with
a smart step inside: This makes it possible to create running methods out of the activity
editor. In the method editor, you can change the activities made in the activity editor. Having
"No Step" selected, an empty activity will be created. Empty activities are created to perform
a fast and easy throughput or resource calculation.

The result looks as follows in the Activity Editor and in the Method Step Editor.

Toolbox x

Res_Ineubator -
= — i
Method | Heatlp | Ondbort »
Res_ML_STAR E n
Start Transport
-
1 = Begin Activity 5
# Dizplay Mame: "Transport”, Duration in seconds: Fies_ML_SWAP420

Begin Cancel Block

2 Enel Activit
T aﬁ Y
Fies_Photometer

3 ‘ E Abart - @

4 L £y Enel Cancel Black TEE

m End

6.5.2 Editing an Activity

An activity can be edited within the Activity editor by double-clicking its icon. No changes are
possible in the first dialog box since the selection of the Activity type can not be changed. For
the following one's again see chapter Activity Dialog Box.

6.5.3 Deleting an Activity

An activity can be deleted within the activity editor by selecting it and pressing the "Del" key.
The code within the activity will not be deleted but disabled. On the resulting arrow you can
observe a circle with three bars which refers to the Code outside of Activities: see the
corresponding chapter.

IS

Start / "Seal Plate"
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6.5.4 Code outside of Activities

Code, even comments as well as disabled steps, outside of an activity is marked in the
Activity Editor with a circle (with three bars) on the arrow between two activities. By double-
clicking on this symbol, the view directly changes to the method step editor and on the first
step of this code.

@»‘

"Customized
Start Action”

Methed | Onébort

End

6.5.5 Changing image icon

When right-clicking on a resource icon within the toolbox select "Edit..." and in the following
dialog box press the "Set Image" button. Select a picture of your choice. Closing and opening
the activity editor again will take effect in the chart view.

Another way to change an image is to go to the system deck layout and change the image by
selecting “Edit Resources” from the context menu.

Toolbox x Toolbox x
¢ A ¢ A
IncTransferStation IncTransferStation i l
| | "Customized
Incubator

Start Action”
Photometer Photometer

¢ =

[Ries ML STAR! Fes ML_STAR
Add Resource. ., ‘ ia’
Delete !

Res_ML_SWaP End

6.5.6 Adding / Editing / Deleting Resources
Right-clicking within the toolbox frame allows you to add resources. The known dialog box

"Add resource" with empty fields appears. See chapter Add Resource Dialog Box for detailed
information.

Right-clicking on a resource allows you also to delete a resource.
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6.5.7 Context menu's in activity flowchart

The context menus below are available in the activity flowchart depending where the right
mouse button was clicked.

Right click on a free window area, on an activity, on code symbol on an arrow, or on an arrow
to get the following context menu commands available.

Page Bounds
arid
v Snap ko Grid

Zoam

|£|§elect
+"§ Hand Tool
#} Zoom In Tool

X Delete

Properties. ..
G0 Eo Ackivity

Qrder
Zoom

|E|§elect
<"} Hand Tool
#} Zoom In Tool

Page Bounds
Grid

Snap to Grid
Zoom

Select

Hand Tool
Zoom In Tool

Delete
Properties...
Go to Activity
Go to Steps
Order

Zoom

Select

Hand Tool
Zoom In Tool

6.5.8 Running the method

show page bounds

show grid

snap activity icon to grid

Select zoom size

activates the select tool

activates the hand tool to move the view

activates the zoom in tool to enlarge the view

deletes the selected activity

edit properties of an activity

switch to the selected activity

switch to the selected code step

Set’s display options (bring to front /back)
Select zoom size

activates the select tool

activates the hand tool to move the view

activates the zoom in tool to enlarge the view

Your method is now ready for scheduling. To start the scheduling process, there are different

possibilities.

Start

Doubleclick ‘Start’

E%_R

Click the traffic light

maim Tools  wir

EECTY

Choose Workflow—> Schedule

6-6
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The system now asks for the number of tasks that shall be scheduled:

Scheduler [5_(|

How mary tazks to schedule 7

ATTEMTIOMI

Devices may become active and move after you confirmed this meszage bosl
Pleaze ensure that all devices are free and clear bo move without collision.

E |

Ok ] [ Cancel ] [ Help ]

After a number is entered, click ok and the software will calculate a plan. Make sure the
Scheduler view is activated in the Run control window:

3 R ?}JEEI

624030/01
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6.6

Defining a Workflow using the Graphical Workflow Section

A workflow is an arrangement of several tasks for scheduling. This section describes defining
a workflow using the graphical workflow section. The result is a workflow. Normally, all
processes run automatically and do not need any user interventions during runtime because
these are rather unplannable (user is having lunch, system waits for input...).

6.6.

1.

6.6.

1 Creating a new Workflow

In the “Method” editor, click the menu “File” — “New” — “Workflow”. The “Save as” dialog
box appears.

. Type in a file name and click “Save”. The graphical workflow section with the start task

appears.

2 Selecting Methods for the Workflow

NoTE
/ To use a method in a workflow, it must be selected and linked to the workflow. It is

1.

possible to use an existing method in multiple workflows (e.qg. InitializeSystem)

On the “Workflow” menu, click “Selected Methods”. The “Selected Methods” dialog box
with already selected methods appears.

Selected Methods @

ProcessOnePlate

Copy

Edit...

Delete

,_,

[ Ik l [ Cancel ] Help

Click “Add”. The “Selected Method” dialog box appears.

3. Type in the name of the method or search for it using the “Browse” button.

Click “OK”. The “Selected Method” dialog box is closed and the selected method is added

' to the list.
5. Add all methods that are used for the workflow (repeat steps 2 to 4).
6. After you have selected all methods, click “OK”. The “Selected Methods” dialog box is

closed and the selected methods are available in the toolbox.

NOTES

'.-I It makes sense to split-up methods to prevent unnecessary repetition of activities.

E.g., if the init or a loading procedure is not in its own method, the init would be
processed multiple times as well. Using a specific init task, results in only the plate
processing executed multiple times.
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Adding the selected methods to the workflow

Place the methods in the “Graphical Window” box using “drag and drop”. Arrange the

methods according to the logical flow.

R Hamilton Method Editor, - [WorkFlow1.wfl (Modified)]

) File Edit view Method Workflow Tools Window Help BT
(EE | 2 BA|h L @ Idle - i [
Toolbox x Advanced Workflow Steps
= [ Selected Methods Graphical Window
[E initislizesystem —
= Iate ) &
—
Start

=

InitializeSystem 001 B

ProcessOnePlate 002

6.6.3 Defining Task Dependencies

1. |i| Click the “Add Activation Link for Task” icon.

2. Click the START icon. Then, click the next task. The “Task Activation at Time” dialog box
appears. In this box, you can select if the start shall be delayed for a specific time OR the
start shall happen at a specific date and time.

For an immediate start, select Activate at workflow start time and set a delay of O

seconds.
Examples:
Task Activation at Time b__( Task Activation at Time b__<|
Date and time of ackivation Date and kime of activation
(@) pctivate at warkflow start time () Activate at workFlow start ime
et ot
B | [0 |

() activate at the earliest at absolute time

Year: R |
Month: w
Day: v
Hour: '
Minute: v
Second: ‘ v |

Start at workflow start with delay

e.g. to heat up an incubator

(%) Activate at the eatliest at absolube time

ear: 2008 e |
Month: 10 b
Day: 16 ~
Haur: 15 b
Minute: oo ~
Second: ‘ oo - |

OR

Start at specific date and time

3. Proceed in the same way to link all tasks. Unconnected tasks are shown with a red

frame.
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6.6.4 Task Activation Dialog Box

The “Task Activation” dialog box shows the dependencies between two tasks. By doing a
double left click on a link between tasks, you get the dialog for that link.

Task Activation §|

Predecessar kask: K
SchedulerUnload 002

Tarqget task:

SchedulerInit 001

Activate karget task

(%) After the predecessor task starks
() After the predecessor task completes

Minirmum Delay [5]:

1] s

e Predecessor task

This field is read only since the Predecessor task is already defined.
o Target task

This field is read only since the Target task is already defined.
e Activate target task

After the predecessor task starts

The target task is activated after activation of the predecessor task. The two
tasks will be executed in parallel. The predecessor has higher priority to
resolve a possible resource allocation conflict between the tasks.

e S S

-l E—

After the predecessor task completes

The target task is activated after termination of the predecessor task.

€

e  Minimum Delay(s)

Specifies a delay in seconds between two tasks.
s < g
.
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6.6.5 Activating multiple Tasks

1. For multiple activation of a task, e.g. using the assay for several plates, double click on
the desired task. The "Task properties” dialog box appears.

It is also possible to activate multiple task during runtime, using the advanced workflow
editor and the ‘Activate task’ step from the Scheduler steps.

Task Properties g|

Selected method:

ProcessOnePlate

Display name:

ProcessCnePlate 002

Inherit cancellation

[ Activate multiple Tasks. ., l

I [w]'d H Cancel ][ Help ]

e Selected Method
The Select method is shown.
e Display name
The Display name is shown.
¢ Inherit cancellation
Task will be cancelled if predecessor task is cancelled.

2. Click on "Activate Multiple Tasks..." and enter the number of repetitions. The selected
task will be executed multiple times.

NOTES

'.-I Each activation link defines a constraint. If there is more than one activation link to
the target task, the task is activated when all constraints are fulfilled. In the
example below: the Unload will be executed when Method 2, 3 and 4 are finished.

Activate Mutliple Tasks @

Murmber of basks: 10] Meth. 1

Ackivation mode

(#) After start of predecessor task.
() After end of predecessor bask

Meth. 2

Task names:

Task Hame -~

ProcessOnePlate 002
ProceszOnePlate 002_2 Meth 3
ProceszOnePlate 002_3 ’

=y

o]

\ 4

Unload

(5]

=

ProceszOnePlate 002_4
ProceszOnePlate 002_5
ProcessOnePlate 002_6 I

o

o

Meth. 4

[al'd H Zancel H Help
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6.7 Defining A Workflow Step by Step

A workflow is an arrangement of several tasks for scheduling. Suppose you want to create a
workflow dynamically, e.g. with a variable number of plates with one task per plate. This
section describes programming using the Advanced Workflow Steps section to do so. The
result is an individualized workflow. User interventions (e.g. a User Input step) can be
integrated and are then possible at runtime.

6.7.1 Creating A New Workflow
1. In the “Method” editor, click the menu “File” — “New” — “Workflow”. The “Save as” dialog
box appears.

2. Type in a file name and click “Save”. The graphical workflow section with the start task
appears.

3. Click on the bar "Advanced Workflow Steps".

WorkFlowd .wil (Modified)

Advanced YWoarkflow Steps
Graphical Window

::;j

Start _

Scheduler steps (together with general steps) are used to individualize workflows. User
interventions can be integrated and are possible at runtime.

o A workflow can be created dynamically, e.g., dependent on user inputs or work lists.
e Tasks can be added in loops.
e Tasks can be executed depending on conditions.
e Tasks can be executed depending on variables.
If the scheduler smart steps are not available in the toolbox, add them as follows:
1. Go to menu "Method" — "Instruments and Smart Steps"

R Instruments and Smart Steps g‘

System Deck File:
‘D:\PrquammE\HAMILTON\Methuds\PrugrammersManua\‘Iay ‘ [ Bowse.. |

| Instrument | Short Instr. Hame | Low-level Steps |~

N 7= >
y
Dloworimaig 20 amart Steps:
[PIMicrolsb® STAR Smart Steps )
Elschotier s [ |Data Handling Steps
[w]Micralabi® STAR Smart Steps

| TR T ]\ [+]5cheduler Steps

2. Add the "Scheduler Steps" by marking the check box
3. Click "Ok"
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6.7.2 Defining a Workflow

In the Method editor (workflow active), change to the “Advanced Workflow Steps” section.

Select all methods using “Select Method” steps from toolbox "Scheduler Steps". Refer to
section Select Method Step for details.

3. Define the workflow step by step.
Activate the tasks and define the task dependencies using “Activate Task” steps from
toolbox "Scheduler Steps". Refer to section Activate Task Step for details.

NOTES

/-
- Using the scheduler steps and all the other steps in the toolbox, it is possible to
specify workflows corresponding to your individual requirements. The
programming step by step procedure is similar to other method programming

6.7.3 Variable Controlled Scheduling (Example)

In this workflow, the incubation temperature is selectable.
1. Change to the “Advanced Workflow Steps” section.
2. Add a “User Input” step and specify the parameters as follows:

Warkflow | Onabort
Workflow

1 Select Method from Scheduler Steps
Methaod file name: "Methocd! hsl™

Method vigw namey = -
Method id: ‘Methoct User Input - Edit Kl
Select Method frao —

] ™

Method fils name: 'Y | Dialog title: |
Method wiew nams N ; ; -
T . B
Method id: Methocl Uzer Input; What iz the incubation temperature? R
3 lj Select Method froml B uthans: Diefault buttar:
Method file name: [
v -
Method view name il A0k buon gk
Method id: Wethodl [ Retumn value: |
4 s Select Method fron -
j Method file name: *
Method view namell [ Sound: ]
Method idl: ‘Methoc) - LI
o s Select Method fron ;
j Method file name: | Timegut [z}
Method view name |mfiriite

Method id: ‘Methocy

B f.‘? User Input
¢ Dislog Title: "Lizer | Variable | Prompt | Type | Default | [Minimum]| [Maximum ]
:;2$émp et is ulncTemp ﬂ “What is the incubationtemperatﬂ Inteqer ﬂ 37 ﬂ 23 ﬂ &0 ~M
7
w
< ¥
0K ] [ Cancel ] [ Help |

Input request(s];

For details of dialogs refer to chapter Additional Functions for the Scheduler.

624030/01
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6.8 Run Control

A workflow can be scheduled to identify all tasks and activities in a workflow and organize
them without entering the Run Control program (HxRun). This can be done on the menu
"Workflow — Schedule" or via the toolbox "Schedule workflow". A warning is displayed (to
disable this warning, refer to section 12.4.4):

Scheduler - Warning
'T ATTEMTION!
L

Devices may become ackive and move during this skep!
Please ensure that all devices are free and clear ko move without collision,

Press <Ok to continue of <Cancel= to abort,

[ Cf; ]| Cancel |

During this scheduling run, any steps not within an Activity Block may be executed! (@)
While analyzing the workflow the scheduling can be stopped selecting "Stop scheduling” in
the toolbox (®) or in the workflow menu.

(1] (2]
.ﬁ [dle .ﬁ_ Analyzing

When a workflow is loaded into the Run Control program (HxRun), a scheduling run is
immediately done to identify all the methods in the workflow, and organize them correctly.
After this scheduling run, the loaded workflow (and the methods in the workflow) may be
executed any number of times, without the need to go through this scheduling run again.

6.8.1 Starting the Scheduler from Method Editor
1. In the “Scheduler’ toolbar, click the “Schedule workflow” button. The workflow is
scheduled and both the task and resource view appear (plans).

2. Check the course of the tasks with the activities for resource conflicts to see if ther
resource definitions are correct.

o

NOTE
/ Giving each resource an own color will simplify the understanding of a plan.

6.8.2 Starting the Scheduler from Run Control

After invoking the Run Control by double clicking the ‘Microlab STAR Run’ Icon on the
desktop, a file (Workflow or Method) can be started by selecting the File. To do so, select
File and Open the Workflow / method that should be executed.
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6.8.3 Task View

The task view on the upper area of the Run control gives you an overview at what time each
task © is planned to be started. The time @ is counted up until the workflow is started. The
box on the left side @ provides information about the name of the task.

04.06.2008

th 48m 503 15:00 [iE:Z0:p0 [iE:Z500 [iE3000 153500 [iE:4000 [iE4500 [iE5000 [iE5500 [i7:00:00 [i70500
| I I JI - [ I | | I T | I T | | I TR | I T | | I - I [ I | | I N | | I T}

InitAllnstruments 001 i

FlateFrocess 002

PlateProcess 002 2 @ 9 RO . Incubate

PlateProcess 002 3

PlateProcess 002_4

Incubste

=1 . [ncubate

e Time axis O

Depending on the Schedule View Options, the Time bar shows the actual or an absolute
time. As long as the workflow is not started, the time bar changes.

o Task list (methods)®

The task list on the left side shows the task names. The tasks are indexed for a better
overview.

e Chart with the tasks ©

The tasks are shown in the plan. A task consists of one or several activities which are
displayed in the order to be proceeded. The real times are updated during the run.

¢ Indicator for the current position of the run and the corresponding time

Before the run is started, the red time indicator remains on the left side and the time axis
O shifts from right to left. (Assumption: absolute time/date format, see Schedule View
Options).

After the start of the run, the red time indicator moves to the right while the time axis @ is
fixed (see above).
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6.8.4 Resource View

Oh 48m 505 Us?s?uéﬂlm‘ [EB2000 62500 [I63000 63500 [68000 (64500 S0P [1BSsD0  [1n0000 [i7gs00
InitAlllnstrurments 0071 nitl. |
PlateProcess 002 ipe Pip. J Ultravap
PlateFrocess 002_2 Pip. [ Ultravap...
FlateProcess 002_3 ipett... Pip.. BUlravap..
PlateProcess 002_4 | Ulavap

ML_STARIet
- unit 1 b Im0s f3m0s
S P
- unit 1 7] ] I B I B I

Uhtravap
4m Os

- unit 1
Feader

- unit 1 2m. |
[TCC_B0_degrees
- unit 1 Mimdis ] [mdts 7]
- unit 2 (4] Memis 7]
- unit3 © T

- 1 unit(s) unused

4rn Os

e Resourcelist ©®

The resource list shows the use of resources during the run. The number of unused
units of a resource is also displayed (e.g. TCC_60_degrees - 1 unit is unused).

e Chart with the resources ©

Resources are displayed in the time axis with the specified (assumed) running time
(duration) and the corresponding starting and ending times associated a particular
activity use of that resource. The real running times are updated during the actual run.

6.8.5 Task List

Instead of the resource view, it is possible to display a list with all tasks of a workflow.

04.06.200;

(b 35m Be 0 |1 F:10:00 ‘1 71500 ‘1 F:20:00 ‘1? 25:00 ‘1? 30:00 ‘1? 35:00 |1 T:40:00 |1 T45:00 |1 7:50:00 |1 75500 18:0
L 1 [ L 1 [ L 1 LI I | 1 I L1 1 I L1 1 L 1 L 1 I 1 L 1 I Ll L 1 L L 1 L L
InitAllnstrumernts 007 Iriitl.
PlateProcess 002 et Pip.. [ Ultravap...
PlateProcess 002_2 ipett... Fip. ] Ultravap...
PlateProcess G02_3 ipett... Pip. ] Ultrawvap. |
PlateProcess 002_4 |FigEil . Incubate [Fi.. . Ultravap... .
Task Name | Task Id | State Start Time End Time Duration
Init4llInstruments 001 5] processed 17.08:37 1710037 Oh 2m O
PlateProcess 002 23 running 17037 17:32.47 Oh 22m10=
PlateProcess 002_2 a7 scheduled 171407 17:39:47 Oh 25m 40
PlateProcess 002_3 a1 scheduled 1TAT3T 17.46:47 Oh 29m 10s
PlateProcess 002_4 65 cancelled - - Oh 22Zm 108

The task list provides a view in tabular form with the following information:
- Task name
- TasklId
- State (scheduled / running / processed / cancelled)
- Starttime
-  Endtime

- Duration
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6.8.6 Unattached Tasks

Instead of the resource or task list view, it is possible to switch to the ‘unattached tasks’
where several actions are possible:

04.06.2008
0k 30m 155 ] [17:10:00 |1 1800 “I?I2U:UEI 172500

[ [ B [ -
InitAllinstruments 001
PlateProcess 002

PlateProcess 002_2
PlateProcess 002_3

PlateProcess 002_4

17:30:00 17:35:00 17:40:00 17:45:00 17:560:00 [17:65:00 18:0
TN T N ot Y Il T N o o o TN o T Nl ) i

Fip.. [ Ultrarvap
Pip. 0 Ultravagp...
Pip. [ Ultranvap...

- . Incubate

Task Name Method Name Activate Mode

After a right mouse click in the Unattached task window, it is possible to add a new task to
the run:

New Linattached Task [$_<|

Chooze Method to activate:

| PlateProcess L |

Enter the name for the T ask:

| PlateProcess |

When zhould the T ask been activated

) Don't activate thiz tazk

(%) Activate as soon az possible

) Activate after the last task has been started
) Activate after the last task has ended

ak, ][ Cancel ]| Help |

After selecting a method to be activated, an activation mode can be selected:

- Don't activate this task - no action

- Activate as soon as possible - The method is inserted at the earliest position
- Activate after the last task has been started - Existing tasks are executed first

- Activate after the last task has ended - e.g. for Unload task, waits to all tasks end
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The method will now be visible in the Unattached Task window. It is also possible to add
more than one task.
0h 48m 50 04.06. 200:

m s |1T|25:‘DUI . |17:|3D:IUDI } 17:|35:|UUI
InitAllnstrurments G071
PlateProcess 002
PlateProcess G0z2_2
PlateProcess G02_3
PlateProcess G02_4

17:40:00 17:45:00 17:50:00 [17:55:00 15:00:00 15:05:00 18:10:00 18:15:00
TN S i Y T ot (R Y v T Y o ) o T ) o e |

=\ . Incubate

Incubate Fip.. o Ultrasvap..

Task Name Method Name Activate Mode

FlateProcess

A right mouse click starts the context menu with the options:

New (which executes the action described above)

Schedule Unattached Tasks (which integrates the Unattached task(s) in the plan) and
Delete All Unattached Tasks (which will remove the selected task from the list)

6.8.7 Optimizing a Run

NoOTE
Optimizing of the run can be done by
- adding or changing hardware resources
- changing activity times e.g. incubation, shaking (but still within the limits of
your protocol/specification)
- defining the scheduler resources in a smaller, more precise manner than an
instrument and/or
- by defining the activities differently (e.g. the iSwap loads four plates at once
using a stacker instead of individually loading every plate).

4
’
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6.8.8 Real Time Dynamic Adaptions (Example)

The scheduler software dynamically changes the plan depending on the real time uses of the
resources.

2005-01-26 i i

3EP0_, U250, Q2700 | [19ep0 |, G290, [193000 , 193000, G200, [19-32p0_, g Al startmg_ time, the calculated
schedule with the values from the

activities is displayed.

B
| B 00000
.

- e

[ Start the run J

If an Activity is completed earlier
than planned, the start times of the
following tasks may be shifted to
the left.

/ The initialization was faster
than planned!

If an Activity needs more time than
planned, the following tasks may
be shifted to the right (start later).

The loading needed more time
200 than planned.
0
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7 Test Run

ATTENTION

& Again: to perform a scheduling process, ALL OF THE METHODE CODE outside of
Activity Blocks IS EXECUTED. This is true both when scheduling in the Method
Editor and when loading a workflow into the Run Control program. This is also true
when executing a reschedule on a method that hasn't previously (during the
current Run Control execution) been scheduled. The result of the scheduling
process running the code is that any INSTRUMENT COMMANDS that are not
inside of an Activity Block WILL BE EXECUTED. To prevent the instruments from
moving in an unpredictable way during this reschedule the user should:

After the workflow definition has completed and has successfully been run in the simulation
mode, it should be tested with the actual hardware.

1. Prepare labware and liquids.

2. If necessary, reduce loop counters to a small number of loops.

Start the Hamilton Run Control.

Switch off the simulation mode.

Check connections to all instruments and make sure they are switched on.
Open the workflow.

N o o ow

Run the workflow.
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8 Production Runs

8.1  Starting and Running

1. Prepare labware and liquids.

2. Start the Hamilton Run Control.

3. Check that the simulation mode is switched off.

4. Check connections to all instruments and make sure they are switched on.

5. Open the workflow. The workflow is scheduled automatically.

6. Click the start button or press “F5”. If the “Schedule View” is selected, you can follow the

running (red line).

€ Schedule View

17.10. 2006

Oh 12m 153

N, [esEmp ) T fisqzop B [15.q8:00 T .. Efooy T
Initialize
Process plate
Pracess plate
Process plate
Process plate
Pracess plate
Process plate
Process plate
|Phntnmeler
- uriit | T
| IncTransferStation
-unit I I 0 O I 0 0 0O I o a m
Exit3tack
| “unit1 ] ] ] I I ] ]
Incubator
-unit (I | [T |
-unit2 [ | (I
-unit3 (I |
-unit4 (Y |
- B unit(s) unused
| Res_ML_STAR
- unit 1 I N N N | | | 1] 1] I mm m
Fes_hML_SWAP
|*umt1 [ . B @ @ @ i@ |
Resource View | Task List | Unattached Tasks
14:56:53
Refer to section Task View for a description.
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8.2 Interventions at Runtime

8.2.1 Removing or Cancelling a Task

In the “Schedule View”, you are able to...

¢ Remove tasks using the “Remove” function of the context menu (right-click the task). The
task is moved to the “Unattached Tasks” tab. The start parameter is set to “Do not
activate”.

e Cancel tasks using the “Cancel” function. The task is still visible in the view.

NOTE
/ The rescheduling function in the context menu of the “Schedule View” is useful, if
' tasks have been canceled or removed.
This is only true when an Error Handler does not have it’s default settings (Abort &
Inherit cancellation)

8.2.2 Rescheduling

A plan with canceled and or removed tasks may lead to gaps in the task and resource plan.
The plan above with one task canceled and one removed might lead to the following
schedule view:

EEX)

€ Schedule View

17.10.2006

Wi i ks [5(Z0p ., , [5g40p . 50600, . . [5080p ., . . 51009 , . [i5iz00 , ., . [51%00 , , . [50600 ,

Initiglize 1

Process plate

Process plate

Process dete

Process plate

Process plate [ | | |

Process plate 11 [] ]
Photometer

-unit1 (I | 1| || | /1
| IncTransterStation

-unit1 I I 0 O a @ M [ [ ] m
ExitStack
| -unit . I
Incubator

-unit1 [ | |

- unit2 i n

-unit3 (I |

-unit4 T |

- B unit(s) unused
| Fies ML_STAR

“unit1 M T T T 1 m m @ @ m
| Ras_hL_SWAP

-unit1 (I . I O m @ 0 1 I 0

Fiesourcs View | Task List | Unattached Tasks

15:01:45

In this case, a rescheduling will help to rearrange the tasks in a better way. Move the cursor
to the task window and perform a right mouse click.
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Then, select “Reschedule...” to optimize the plan:

€ Schedule View

fhéim 252 0, [ERem o fERERp o sy fswwy o fERNy fisteny o fiERO fisiEl

17.10. 2006

1

Initialize
Process plate
Process plate
Process plate
Process plate
Process plate [ | |
Process plate
|Phntnmeler
- unit1 [ 1] 1] Il Il [
| IncTransferStation
-unit1 I I 0 O W 0 0 M @

ExitStack
-unit1

Incubator
- unit1

- unit2 [ |

- unit3 [ |

-unit4 (1 |

- B unit(s) unused
| Res_ML_STAR

- unit1 I N D N N R 1] 1] m
| Fies_hL_SWAP

- unit1 I 1nn1nini i 0 m o o I

‘HESOWCEVIEW Task List| Unattached Tasks

15:02:59

AN

ATTENTION

Rescheduling will cause a scheduling identify of any method that is loaded and has
not previously been identified for scheduling. This method identification may cause
statements not within Activity Blocks to be executed. If these statements are
device commands, unexpected movement of the hardware may result.

8.2.3 Adding, Editing and Deleting Unattached Tasks

During a run, it is possible to insert additional tasks to a running or scheduled
Method/Workflow. This option is accessible by clicking in the Unattached Tasks window of
the Run Control. Task that are added, edited or removed in this area are called ‘Unattached

tasks’.

1. In the “Schedule View”’, select the “Unattached Tasks” tab. The list of unattached tasks
appears.

e You can add tasks to the list using the “New” function of the context menu (right-click
the task) or by double-clicking into the free space below the list. In the “Task
Properties”, you can set the name and the start parameter of the task. Set the start
parameter to “Do not activate”, if the task should not be scheduled.

e You can remove all tasks from the list using the “Delete all unattached tasks...”
function of the context menu.

¢ You can remove a single task from the list using the “Delete” function of the context
menu.

e You can change (edit) the task parameters using the “Edit Properties” function of the
context menu or double-clicking the appropriate task.

2. In the context menu, select “Schedule Unattached Task...”. All tasks are activated
according to the settings in the “Task Properties”.

624030/01
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8.2.4 Edit/New Unattached Task Properties Dialog Box

Edit Unattached Task Properties §|

Chooze kMethod to Activate:
Procesz0neFlate W

Enter the Mame of the Tazk:
Process plate

Ywhen should the Task been activated

) Don't activate thiz taks

{*)ibctivate as soon as possible

() Activate after the last task has been started
() Activate after the last task has been ended

[ k. l[ Cancel ][ Help ]

e Choose Method to Activate

Defines the method which should be activated. Only methods that are registered in the
workflow are selectable. (Using the “Selected Methods” dialog box or a “Select Method”
step.)

e Enter the Name of the Task

Defines the task name used in the “Schedule View” after the unattached task is added
to the scheduled plan.

¢ When should the Task been activated

Defines the mode used for activation of the task:

Don't activate this task
This task will not be added to the schedule plan.

Activate as soon as possible

Activates the task immediately, corresponding to the used resources.

Activate after start of last task

Activates the task after the start time of the last scheduled task within the current
scheduled plan.

Activate after end of last task

Activates the task after the end of the last scheduled task within the current
scheduled plan.
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8.2.5 Grouping and ordering of unattached tasks

Unattached tasks will be grouped to their activation modes (see column Activate Mode)
The priority at the activation of tasks is like this:

as soon as possible (default setting) High priority
after last task has been started
after last task has ended

don’t activate Low priority

Inside each group, the displayed order will be the order in which the tasks are activated. For
example, the task ‘Process one plate 4’ will be activated before the task ‘Process one plate 5’
will be activated.

The order within any group can be changed by clicking the group number and moving it up-
or downwards within the group:

Task Hame | Method Hame | Activate Mode |
_ 1 |Process plate 4 ProcessCnePlate as s00n as possible
__ 2 |Process plate 5 ProcessCnePlate &s s00n as possible
3 |Process plate 6 ProcessOnePlate &= s00n &2 possible
_ 4 |Process plate 7 ProcessOnePlate after last task has been started
_ 5 |Process plate 8 ProcessOnePlate after last task has been started
6 |Process plate 9 ProcessCnePlate after last task has been started
_ 7 |Process plate 10 ProcessOnePlate after lazt task has been ended
__ 8 |Process plate 11 ProcessCnePlate after last task has been ended
9 |Process plate 12 ProcessCnePlate after last task has been ended
10 |Process plate 1 ProcessOnePlate don't activate
Process plate ProcessCnePlate don't activate

11

e3 ' ePlate don't activate

Resource View | Task List| |Unattached Tasks

Whenever a task will be changed from one group to the other it will be moved to the end of
the corresponding group:

Task Hame | Method Hame | Activate Mode |
1 |Process plate 5 ProcessOnePlate a3 300N a5 possible
Process plate 4 ProcessCnePlate &s s00n as possible
3 ocess plate 6 Proc OnePlate as possible
_ 4 |Process plate 7 ProcessOnePlate after last task has been started
_ 5 |Process plate 8 ProcessOnePlate after last task has been started
6 |Process plate 9 ProcessCnePlate after last task has been started
_ 7 |Process plate 10 ProcessOnePlate after lazt task has been ended
__ 8 |Process plate 11 ProcessCnePlate after last task has been ended
9 |Process plate 12 ProcessCnePlate after last task has been ended
10 |rrocess plate 1 ProcessOnePlate don't activate
11 |Process plate 2 ProcessCnePlate don't activate
_ 12 |Process plate 3 ProcessOnePlate don't activate

Resource View | Task List| |Unattached Tasks

624030/01 8-5



VENUS Dynamic Scheduler Manual

8.2.6 Schedule unattached tasks

As long as a task is not scheduled into the plan, it will remain in the ‘unattached task list’. To
schedule such a task, perform a right mouse click in the "Unattached Tasks" window and

select ‘Schedule unattached tasks’.

Task Hame

Method Hame

Activate Mode

1 |Process plate 10
2 |Process plate 12
3 |Process plate 11
Process plate 3

ProcessOnePlate
ProcessOnePlate
ProcessOnePlate
ProcessOnePlate

a3 300N a5 possible
&s s00n as possible
as soon az possible
&s 500N as possible

4
i 5 iProcess plate 9
Process plate 7
Process plate 8

ProcessOnePlate
ProcessOnePlate
ProcessOnePlate
ProcessOnePlate

after last task has been started
after last task has been started
after last task has been started
after last task has been started

5]

7

& |Process plate 2
_ 89 |Process plste 5
10 |Process plate B
11 |Process plate 4
12 |Process plate 1

ProcessOnePlate
ProcessOnePlate
ProcessOnePlate
ProcessOnePlate

Resource View | Task List| |Unattached Tasks

after last task has been ended
after last task has been ended
after last task has been ended
after last task has been ended

Process one plate 12 — 10 — 11 — 3" were selected to be activated as soon as possible and
a reschedule unattached tasks was performed.

Then the following four tasks "9 — 7 — 8 — 2" were selected to be activated after last task —

task 3 is meant — was started and a "reschedule unattached tasks" was performed.

The last four tasks "5 — 6 — 4 — 1" were then selected to be activated after the last task —
now that is task 2 — was ended.

bh 20m 155 Vz?u%me 11,2200, [17,30,00, 132,00 [1-3400 71 3600 71 38,00 [1-30.00 [1-32700 71 4400 ARG
LI L 2 T LI LN L L I L LN Ll I L e LV LU T L LN LL b7
Initialize Z|
Process plate 12 1K | K
Pracess plate 10

Process plate 11
Process plate 3
Process plate 9
Process plate 7
Process plate 8
Process plate 2
Process plate &
Process plate &
Process plate 4
Process plate 1
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9 Rules for Programming

9.1 General rules

NOTE
The following rules will help you to improve the performance during runtime.

4
'

Create tasks (methods) which perform a complete process on one single entity like one
sample, one plate, one batch, etc.

Keep the resource specification as simple as possible.

Start with a simple resource specification and refine it according to your workflow. Try to
enable more parallel processes in this way.

Define as less activities as possible, i.e. merge consecutive activities requiring the identical
set of resources.

Whenever possible, specify the dependency after the start of the predecessor task.
Always check the scheduling results after a modification.

Try to get a ‘stair’ of tasks as regular as possible by increasing the delay between
succeeding tasks and/or by increasing the duration of some specific activities (e.g shaking
and incubation times).

[
.. NS . 1. .. 1 (5m0s)

VHEYSHE . (.. .. 2 (6m0s)
1, 1..... 3(6m 0s)

Avoid scheduling high capacity resources that never reach their maximum workload, e.g., do
not define a Cytomat Incubator with 100 positions if the Cytomat has a built-in location
control. In this case, it is sufficient to define the transfer position as a resource.

Consecutive steps of a method which use the same set of resources can be assigned to one
activity.

Use your best guess or measured run durations in activities while programming. After some
real runs you can use the automatic adjustment to fill in the actual times.

\ ATTENTION
& e Only steps that need resource must be assigned to an activity.
)« All steps outside of an activity are executed during scheduling.
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9.2 Rules for Global and Local Variables

9.2.1 Default Definitions of Variables

Variables defined in a sub method are local variables and have no effect outside the current
sub method.

Variables defined in a method are task local variables and have no effect outside the current
method and the related sub methods.

Global variables are valid for all tasks of a workflow using the same method.
9.2.2 Specification of Global Variables

It may be useful to specify global variables (or constants) for values that must be valid for all
tasks of a workflow using the same method. To add a global variable:

e In the “Method” menu, click “Global Variables”. The “Global Variables” dialog box
appears:

M Global Variables P§|

Variable Hame | Variable Type | e Add

w

k. H Cancel H Help

e Click “Add".

e Select the “Variable Type” and specify the “Variable Name”.

Variable Hame
Samplevalume

Variable Type

k|

FileJ Communication Port

Timer

Event

Ohject

Array of Variables o
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¢ Click “OK” when all global variables have been specified. If you have specified a variable
name used for local variable of a selected Method, a warning message box appears.

Hamilton Method Editor, [%|

Sarpleiolurme
! This name already exists as a task-local variable,
Replace the task-local variable?

| Yes | [ Mo ] [ Help

ATTENTION
& Avoid name conflicts between global, task local and local variables.

s NOTE
/ It is recommended to use internal naming conventions for the different types
and use of variables, e.g.:

o GV_<variable name>
for global variables used for all tasks of the same method.

e TV_<variable name>
for task local variables used in the whole method.

e LV_<variable name>
for local variables used in a sub method.

e MLV_<variable name>
for local variables used in a method but not in the related sub methods.

It is not possible to define variables which are valid in a method but not in the
related sub methods. You have to define task local variables with different
names
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10 Export and Import of Workflows

The export function stores the complete workflow with all its components to a package file.
Using the import function, the exported workflows can be transferred to another PC, e.g.,
from the development to the production environment.

The export and import of workflows is very similar to the export and import of methods.
Exporting/Importing a workflow will bring all the used methods with the corresponding
decklayout, libraries, labware etc into the target environment.

Use the import/export function of the Method editor while having the workflow open to
perform the desired action. For more information about import/export, refer to the Microlab
STAR Programmers Manual.

M Hamilton Method Editor - [WorkFlow1.wfl |
I*'_ &= Edit Wiew Method Workflow Tools  Window  Hel)

Toe

E = 3

= Cpen... CErl4+C

Close All

il el

[ save Chrl+5
S Save Al Ckrl+ShiFl+-S

Save As...

Export. ..

Import, ..
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11 Additional Functions for the scheduler

11.1 System Configuration

Start the Method editor.

In the “Tools” menu, select “System Configuration Editor”. The “HAMILTON System
Configuration Editor” window appears.

3. Select “Scheduler settings”.
Specify the parameter values or accept the defaults. See Scheduler Settings below.

5. Close the “HAMILTON System Configuration Editor” window. The settings are saved
upon request.

11.1.1 Scheduler Settings

B3 HAMILTON System Configuration Editon

Fil=  Help
: 2 @
. ) =
58 System Seflings Contral Palicy allowed ~|
Murnber of wviewed tazhks A
6 Errar Settings
r' Security Settings
I . # Scheduler Settings
"% Step Selection
B Microlab® STAR [ML_STAR)
Control Policy
Indicates whether itz allowed to start activibies earler than onginally planned.

e Control Policy

If the value “allowed” is set, the subsequent activity starts immediately after the
completion of the predecessor activity to synchronize with other processes.
Otherwise, the planned start time is the earliest possible start time.

¢ Number of viewed tasks

The number of maximum processed tasks to preserve in the "Scheduler View" during
the next reschedule.
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11.1.2 Schedule view options

The run Editor offers several settings for the view at scheduling time. These setting can be
changed in the Schedule view = Options menu:

Schedule View Options @

Refresh Interval

shork J

Texk Size

small J

Task View
Within Activiey draw:
|:| Resource Units
|:| Dwration
Marne
|:| Description

Shiow PrefPost-Ackivities

Resource View
Color for Resources
() Use Color of Ackiviky
() Use Resource Color

Wyithin Resource dram:
[ ] Duration
Ackivity Name

Shove Task Id's

lang
5 [s]
Time | Diake Eormat
large (®) .ﬁ.l:uscul.ute
() Relative
Daka wikhin Tool Tip
Task Data Activity Data
Start: Time []5kart Time
End Time [ 1End Time
[ ] ouration Durakion
[ ]resources
Drakta within Tool Tip
Resource Data
[ ]5tart Time
[ 1End Time
Duration
Ackivity | Task
OF ] [ Cancel ] |  Help |

¢ Refresh Interval

This changes the delay between an update of the schedule view. Shorter delays
consume more computer resources.

e Text Size

This changes the size of all text in the Run window

e Time / Date Format

Allows to display either the actual time (Absolute) or starting at 0:00:00 (Relative)

11-2
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o Task View — Within Activity draw
These four settings change the appearance of the Activity bar

Example with setting Name activated:

FipetteSample

FipetteSample

Example with setting Duration activated:

o Task View — Data within Tool Tip

The Tool Tip Data will be displayed when the mouse pointer is placed on a Task or
activity.

e Task View — Show Pre/Post-Activities

Mark/unmark this checkbox will control the visibility of pre- and Postactivities. Example
with checkbox marked:

*

e Resource view — Color for Resources

Allows to set the resource color specified in the resource itself or to use the color
specified in the activity.

e Resource View — Data within Tool Tip

The Tool Tip Data will be displayed when the mouse pointer is placed on a Task or
activity. These settings are valid for the resource view.

e Resource View — Within Resource draw

In here, the appearance of the resource draw can be controlled. Either Duration or
Activity Name can be displayed.

Example with setting Duration:

TCC_80_degrees
- unit 1 [lomans ]
- unit 2 [lomiss

- 2 unit{s) unused

e Show Task Id’s
Allows to display/hide the task IDs.
Example with activated checkbox: Example with deactivated checkbox:

Ok 3 10z Ok 3 10z

Task 1(1d:19) Task 1
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11.2 Scheduler Steps

The steps for the Scheduler are available in two different sections: The Scheduler Smart
steps and the steps of the Scheduler Library ‘HSLSchedLib.hslI’.

To have the Scheduler Library available, include the HSLSchedLib.hsl in Method 2>
Libraries...

If the Scheduler Smart Steps are not available in the toolbox, add them as follows:
1. Go to menu "Method" — "Instruments and Smart Steps"
2. Add the "Scheduler Steps" by marking the check box
3. Click "Ok"

11.2.1 Select Method Step
[j' Selects a method that can be activated by the VENUS Dynamic Scheduler.

NoTE
/| A method can be activated with the “Activate Task” step.
R
] Select Method - Edit X

H5L file name af methad:

| 'InitializeSyskem, bsl" | ll

Method wiew name:

| "TnitializeSwstem" w |

Bind method id to:
| Inikializesyskem_jid w |

Filker method handles

[ (4 l [ Cancel ] [ Help ]

e HSL file name of method

Defines the file name of the method to be selected. The selected file must have the

extension .hsl. The value must be a string constant. Use the 2 button to browse for
your target method file.

» NOTE
/ The path to the file can be relative or absolute.
, If it is specified relatively, the file is searched relative to:
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the current directory

the default method directory

the default library directory

the directories that are listed in the PATH environment variable.

e Method view name

Defines the view name of the method to be selected. This name appears in the
scheduler views. The value can be a variable or a string constant.

¢ Bind method id to
A unique identifier of the selected method will be returned via this parameter.
¢ Filter method handles

If this check box is selected, the given list for the parameter “Bind method id to”
contains only existing method handles. Otherwise, all variables are shown in this list.

e Method parameters

If a method is selected that uses formal parameters, the parameter grid is shown to
define the values to pass (see picture below, where an incubation time of 10 minutes is
passed to this method).

n Select Method - Mew E|
H5L File name af method:
"MainMzthod, hsl" LI
Method view name:
"Maintethod" w

Bind method id to:
Maintethod _id w

Filter method handles

Method parameters:

Hame Value | A
IncubstionTime [in] 00 ]
w
ik ] [ Cancel ] [ Help

Step errors

If the step fails, a runtime error occurs. Use of the general step “Error Handling by the User”
allows handling runtime errors and are helpful for continuing method execution.
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11.2.2 Activate Task Step

re— Schedules a previously selected method to become active at a certain time with
d certain precedence relations.

NOTE
A method can be selected with the “Select Method” step.

y
y 4
y 4
v 4

y—

I Activate Task - Edit

Method id [ bask id:
| InitializeSyskem_id w |
Filker method/task handles

Task view name:

"Tnitialize"

Bind task id ko;
| kaskid_1 w |

Filker task handles

Inherit cancel from predecessor tasks:
(O Mo v

Activation criterions

| Relation | Id of <OtherTask> | Period [=] |~
u Delayed to =CtherTask= ﬂ =After startup= ﬂ ] ﬂ

<l

Filter task handles

Ackivate at
Date Tirne
17.10,2006 v| =l 11:46:19 s -
Vear: | 2006 v | Hour: 15 v|
Morth: | 10 v|  Minge: |00 v|
Day: | 17 V| Second: | 0o V|

QK | [ Cancel ] [ Help ]
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e Method id / task id

Defines either the id of a registered method to be activated, OR the id of an already
activated method (task). The second case is especially useful to introduce an additional
precedence relation between two already activated methods (tasks).

| task id

bind to existing task |

The value can be a selection given in the list.

¢ Filter method/task handles

If this check box is selected, the given list for the parameter “Method id/task id” contains
only existing method and task handles. Otherwise, all variables are shown in this list.

e Task view name

Defines the view name of the task to be activated. This name appears in the views.
The value can be a variable or a string constant.

e Bind taskid to

A unique identifier of the activated method (task) will be returned via this parameter. The
value can be a variable.

e Filter task handles

If this check box is selected, the given list for the parameter “Bind task id to” contains
only existing task handles. Otherwise, all variables are shown in this list.

¢ Inherit cancel from predecessor tasks

Indicates whether the new task inherits the cancel from the predecessor task. If the
value of this parameter is not zero, the new task will be cancelled if the predecessor task
is cancelled. The value can be a variable or a selection out of the given list.

e Activation criterions

This table is used to define an arbitrary number of precedence relations for the new task.
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¢ Relation
Three different types of criteria can be defined:
Delayed to <Other Task>

The new task will be activated at the earliest opportunity, with a delay of “Period
second(s)” after the other Task has been activated. This relation can also be defined
to the start time of scheduling by choosing the <After startup> option for “Other
Task”.

Other Task |

 new Task

——Period secoml{s}—>|

Before <Other Task>

The other task will be activated at the earliest opportunity, with a delay of “Period
second(s)” after the new task has finished.

Other Task |

LPeriotl’| | |
sec.

[new Task

After <Other Task>

The new task will be activated at the earliest opportunity, with a delay of “Period
second(s)” after the “other task” has finished.

| Other Task
|

LPeriotl"
Sec.

new Task

e |d of <Other Task>

The Id of an already activated method (task) to which the relation is to be made. For the
"Delay Task" relation, this can also be <After startup>. The value can be a variable or a
selection out of the given list.
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e Period [s]
Earliest start time of the new task relative to another method (task) in seconds.
The value can be an integer or a variable.

e Filter task handles

If this check box is selected, the given lists in the grid for the parameter Id of <Other
Task> contain only existing task handles. Otherwise, all variables are shown in this list.

e Activate at

Used to define the earliest start of the method by specifying an absolute activation time.

Year, Month, Day

Defines the absolute earliest start date of the method to be activated. The date can
be selected by using the “Calendar control”. Each field can be an integer or a
variable.

Hour, Minute, Second

Defines the absolute earliest start time of the method to be activated. The time can
be selected by using the “Time set function”. Each field can be an integer or a
variable.

Step errors

If the step fails, a runtime error occurs. Using of the General Step “Error Handling by the
User” enables to handle such runtime errors and to continue method execution.
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11.2.3 Cancel Task Step

re— Cancels the processing of the given task. All planned resources of a cancelled task
a are released.

NOTES
S = e The task will be cancelled before it executes the next statement. That means,
] outstanding blocking calls (e.g. instrument low-level steps) cannot be
cancelled.

e A cancelled task cannot be resumed.

e If a cancel handler has been specified for the activity block that is currently
being executed, program control of a cancelled task will be transferred directly
to the Activity Block cancel handler. This is especially useful for cleanup
operations.

e If the optional cancel handler is omitted, the program control of a cancelled
task will be transferred to an activated error handler by raising an error.

E Cancel Task - Hew E|

() Caneel current task,

(%) Cancel specified kask
Task Id:

Filker task handles

[ K, l [ Cancel ] [ Help

e Cancel current task

Cancels the currently processing task.

e Cancel specified task
Cancels the task with the specified id.

e Taskld

This field defines the id of the task to be cancelled. The value can be a selection out of
the given list.

¢ Filter task handles

If this check box is selected, the given list for the parameter “Task id” contains only
existing task handles. Otherwise, all variables are shown in this list.

Step errors

If the step fails, a runtime error occurs. Using of the General Step “Error Handling by the
User” enables to handle such runtime errors and to continue method execution.
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11.2.4 Schedule Block Step

=

4
'

Activates the VENUS Dynamic Scheduler at runtime and schedules the statements
of this block in the current context.

NOTE

This is especially useful to activate the VENUS Dynamic Scheduler in an
automated environment during runtime at any time to reschedule newly requested
workflows.

11.2.5 Reschedule Step

&
=,

/

Activates the VENUS Dynamic Scheduler at runtime and reschedules all currently
schedulable tasks in the workflow based on the current resource availability.

NoOTE

This is especially useful to activate the VENUS Dynamic Scheduler in an
automated environment at runtime to reschedule a running workflow after resource
breakdown in recovery procedures.

11-8
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11.3 Resource distribution

There are several options to control the distribution of resources. The most common is to
to make use of the Operation field in the Activity dialog:

Activity Ed
Display name: Colar: Duration [5]:
| "HeatUpIncubator" v| I - | 200 v|
Resaurces
| Resource | Operation | Unit Variable | Las
uRes_lncubamr ﬂ Get Linit ﬂ Rezourcelnit:Res_lncubator ﬂ

Using Get Unit will automatically calculate the empty unit positions on a resource.
Depending on the resource distribution settings (available in the Scheduler steps), the
resource units will be used in different ways:

Distribution Effect

0 The Scheduler chooses the first unit that fits best. In this case, some
units may be unused.

1 From the currently used unit, the Scheduler chooses the next unit that
fits best.

2 The Scheduler chooses a free unit in random mode.

To use the Scheduler for hardware calculations, the Distribution mode 0 shall be
selected (it is default).

E.g. having a shaker with 4 modules on it, the plan will show that only 3 modules are
used (because shaker unit 1 is free when plate 4 arrives). Therefore, the customer does
not have to buy 4 shakers.

haker
-unit1 [ | | | [ | | |
- unit2 || | |
-unit3 . .

=1 unit(s) unused
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11.4 Programming additional tasks at runtime (example)

Tasks can be scheduled while the previously scheduled tasks are running.

1. Add a “Schedule Block” step ©® to the method and the included “Activate Task” step @.
2. Mark the schedule block and the corresponding method selection ©.

Click “Executor only” on the context menu @ (see Scheduler Step Modes).

Method | MowvePlateTolncubator FipettelOnStar Sleep TransferFromlncubatorT oPhotometer TransferFromPhotometer T o xit Orsbort
Method
1
2
3
4
5 A ssigrmert N Lt
X=0 specdFactor =3 B Copy
B =] ib Begin Activity
Dizplay Mame: "Load carriers”, Duration in seconds: 15, Reso
o \‘ A ; ; X Delete (4] Del
7 Advanced Load Settings from Microlab® STAR Smard
% Instrument short name 'ML_STAR!, load settings for ' Clear Selection
- ML_STAR.Plate’;, Errar recovery for barcode errors
- ML_STAR.Samples'; Error recavery for barcode er @ Edit Step... CHI4E
- ML_STAR Reagert; Error recavery for harcode er -
5] Load from Microlah® STAR Smart Steps
M Instrument short name 'WL_STAR!, load '2' sequencel] .
-'ML_STAR Plate Disable Steps CtrHD
) = WL _STAR Samples'
9 f Sleep of ProcessOnePlate
» Sleepl12) Group Selection, .,
10 &, Encd Activity Insert HSL Code...
11 [ Ch Begin Activity
Q ‘ Display Mame: "Pipette reagent and samples”, Duration in sec Executor anly
14 H a End Activity v Scheduler onky
'ﬂ BegCancd Bk Executor and Scheduler
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Result: Tasks are added during runtime

E|Schedule View

2005-01-26
fh Bm 17+ T L L O L L O L L L L O e O L T L T S T L T T
init Syster 001 O

Process one plate 002 B

ransferStarSwap

- unit 1 0T I
Phatarmetar
- unit1 ' |
Fes_ML_SWAP1400

-unit 1 [ [ | H N

[Exit Stack.
-unit1 m
incubatar
it Ly |

- 19 unit(s) unused
Fesource View | Task List | Unattached Tasks

10:42:46

= |Schedule View

Oh Sm Bds 2005-01-26
| [T4Z00, | TIOR43P0,, [9:46P0, , [9:45p0 , Q450 | TIO47p0, |, [T4Eq0, | [TQ430, , MOOP0 |, TIG5T00, , 5200 , fIgSspn | IGexpo, | 1955
init Systerm 001
Frocess one plate 002

L
A new task was added!

ransferStarSwap

- unit1 1 I |

Fhatometer

-unit1 | .

Fes hL_S\WAFT400

-unit1 [j . . . . . .

-unit2 I

Resource Yiew ‘ Task L\st] Unattached Tasks

10:42:48

= Schedule View

2005-071-26
O S 435 |, G420 NP43P0, TIQ4%00, , TIQ4500 |, [I45p0 , TI47p0, , TI4300, G430, TR0, QS0 Pgs2 , MiQezns, , g0, [gssps
finit System 001
Frocess one plate 002
FProcess one plate

Process one plate H I

ransferStarSwap

-unit1 [ | [ | [ |

Fhotometer

- unit1 | | B | |

Fes_ML_SWAPT400

-unit1 [ [ | [ | | H N H N N N

[Exit Stack

- unit1 ] | |

incubatar

- unit 1 ]
-unit2 |

FResource View |Task L\stJ Unattached Tasks

10:42:27
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11.5 Scheduler Step Modes

Steps outside of activities can be selected to be executed at schedule time only, at execution
time only, or at both. To select the desired mode:

1. Select the steps to be set to a specific mode
2. Click the right mouse button

3. Select the desired mode "Scheduler only", "Executor only", or "Executor and
Scheduler" (default)

The background color will change depending on the selected mode: white (default) is for
scheduler and executor, light yellow for scheduler only, and light green for executor only.
Activities have the same color as executor only because they will be executed at runtime
only.

An example for a ‘Scheduler only’ step could be a variable incubation time that has to be
entered by the user at scheduling time. This time will then be passed to the executer and has
not to be entered at runtime again.

11.6 Additional Tools for the VENUS Dynamic Scheduler

11.6.1 Workflow Toolbar

-0 6 6 o e Fo)
LM idle2zsd HI o 3Bl @

O Activation Link Used to connect the tasks for defining the workflow.
Refer to section Defining Task Dependencies.

® Select or move items Standard Windows selection tool.

© Tools for alignment Aligns the selected workflow items.

O Tools for spacing Equally spaces currently selected items in the workflow.

© Tools for movement Moves the selected items step by step.

O Tools for ordering Orders elements (front, back)

11.6.2 Scheduler Toolbar

(1] (2]
E |dle .ﬁ_ Analyzing
O Schedule workflow Starts the calculation of the workflow.
® Stop scheduling Stops the scheduler run.

11-12 624030/01



VENUS Dynamic Scheduler Manual

11.7 Additional Menu Functions for the VENUS Dynamic Scheduler

11.7.1 File Menu

Export / Import

11.7.2 Edit Menu

Add Activation Link

11.7.3 View Menu

These functions have been expanded. Workflows may be
imported and exported.

Refer to Export and Import of Workflows.

This function is only activated when using the Graphical
Workflow Window.

Used to insert a relationship between two methods.

Refer to section Defining Task Dependencies.

The following functions are only activated together with the Graphical Workflow Window.
They can also be selected by the context menue (right click in the graphical workflow

definition area).
Grid
Snap to Grid

Page Bounds

11.7.4 Workflow Menu

Schedule

Stop Scheduling
Selected Methods

Workflow Properties

Reset Activity Durations

Toggles the visibility of the grid On/Off.
Toggles the snap function of the grid On/Off.
Toggles the visibility of page bounds

Starts the scheduling of the currently displayed workflow.

Stops the currently active scheduler run.
Opens the “Selected Methods” dialog box.

Opens the “Workflow Properties” dialog box.

[JDa nat shaw the warning dialog prior ta scheduling: K
“Devices may become active and move during this step!”

Caution: Ma warning will be displawved prior to scheduling and

syskern components may move,

The collection of activity durations will be cleared.
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12 Glossary

Activity

An activity is the smallest unit for the scheduler. An activity includes a single step, a
sequence of steps or a submethod. Activities use the same set of resources for a certain
time. The set of method steps of an activity is executed uninterrupted at runtime as one
block. Activities are defined within the activity editor or the method editor.

Aspirate

To draw up liquid into a pipetting device.

Barcode Reader

Device for reading sample/plate Barcodes. Part of the Autoload Option.

Carrier

Unit for loading plates, tubes and tips on the MICROLAB® STAR Line deck. Can be used
manually or if possible by the Autoload option.

Container

A container defines a tube, vessel or a single well of a plate.

System Deck
A collection of Labware placed upon a Deck.

Dispense

To distribute quantities of liquid from a pipetting device.

HSL

Hamilton Standard Language

Instrument

Hardware of e.g. the MICROLAB® STAR Line (mechanics, electronics, and firmware)

Instrument steps

The commands made available by the firmware for controlling the instruments.
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Labware

Refers to movable items to be placed on instruments such as carriers, containers, or racks.

LIMS

Higher-level data processing system, generally known as Laboratory Information
Management System, also LMS.

Liquid
Includes all kinds of liquids, among which are included reagents, controls, standards, wash
fluids.

LLD (Liquid Level Detection)

Positive pipetting of liquid which may be achieved either by pressure, or capacitive signal
detection and transfer.

Loading, unloading

The process by which plate, tube and tip carriers are brought on and off the
MICROLAB® STAR Line deck. This can happen automatically by means of the Autoload
Option, or manually.

Method

A method is a sequence of activities. Once a method is scheduled or running, it is called a
task. If you have a method to process one plate, and you schedule five methods to process
five plates, the plan will show five tasks.

MICROLAB® STAR VENUS Software
Software to run the MICROLAB® STAR Line.

Pause

Interruption of processing. The current processing steps are completed.

Pipetting

Transfer of liquids, usually a defined volume, from one container to another.

Pipetting arm

Assembly equipped with the pipetting tool and/or plate handler, as well as the common X-
drive.

Pipetting channel

Hardware including the function of picking up a tip, aspirating, dispensing, tip eject, liquid
level detection and the Y/Z- movements.
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Pipetting module

Firmware (-processor-program) which controls a pipetting channel, in which category are
included the Y and Z pipetting movement, and the LLD.

Plan

A plan is a scheduled workflow. After scheduling, the plan schows the start and end times of
each activity. These are arranged on the availability of the resources and on the
dependencies that you set.

Rack
Grouping of containers, as DWP, MTP, etc.

Random access

Means that every channel can access any spot anywhere on the work area.

Resource

A resource is an instrument, a part of an instrument, e.g. a pipetting arm, a transfer position,
a device like a reader, or a piece of labware. Resources perform activities. Each resource
has a capacity.

Run

Execution of the processing steps defined in the relevant method with the aim of processing
one or more liquids and containers (e.g. MTP). The run is a series of timed commands, in
order to carry out processing on the MICROLAB® STAR Line according to the processing
plan. The run can be interrupted to load more elements. Then processing goes on according
to a newly calculated processing plan, with the run being started again. Loading is nhot a part
of the run.

Run abort
Cancelled run by the user or by the MICROLAB® STAR.

Run Visualization

Visualization of the current run, reporting the status of the MICROLAB® STAR Line.

Sample
Refers to a liquid in an unambiguously identified container which is to be processed.

Stacker

Storage unit for racks
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Tip
Disposable tip for pipetting

Trace
Record of the status during processing.

User

User of the software. Access rights for different type of user can be defined, as operators,
laboratory manager, etc.

Work area

The area on the MICROLAB® STAR Line to which access is provided during processing.
Elements to be pipetted or handled can be placed in this area.

Workflow

A workflow is a number of chained tasks (methods) and their dependencies. It defines the
order of the tasks on runtime. It can be defined using the graphical workflow section and/or
using the step by step editor (the advanced window) for individualized workflows. This is
helpful if you want to mix different methods within the same plan.

Worklist

Information sent from outside the system, as to what method(s) is (are) to be executed on
the MICROLAB® STAR, and with what liquid.
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