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1. Objective and new skills

The aim of the task is to master the skills of creating and using lists with data in models. The material
is divided into two parts. The first part contains an introduction to building and creating lists and adding

items to them during simulation. The second part is an example model in which the lists will be used to

store information about defective products, initiating the operation of other elements of the model.

New skills

Creating lists, adding elements to them that illustrate flows in the model

Retrieving information from lists

Saving items to lists according to selected criteria

Using a gantry crane to manipulate flow elements

2. Introduction to the use of lists

Lists in the model are dynamically updated tables
that store various types of information, e.g. about
flow elements. They allow you to add another flow
control element in models. Lists are added

in Toolbox — Global List — Item List. The default

list created is shown in Fig. 1. Information is stored
in subsequent columns of the table. Fields visible
in the Felds section indicate subsequent headers of
these columns. Values can be updated dynamically
after selecting the Dynamic option next to the field

name.

There ate two types of fields in the table shown:

#% List Properties — a
[ ttemList1
Fields  Back Orders General
g -
i Label Field ‘ Type ‘ f CJoynamic %
Expression Field ‘ age ‘ Dynamic
- Expression time() - pushTime - & ,
Expression Field ‘ distance ‘ Dyriamic %
" Expression Straight-Line Distance From Ttem to Puller -
Expression Field ‘ queuesize ‘ Dynamic 3
" Expression value.up.subnodes.length - & ,
oa prey cance

Fig. 1 List Properties

1. Label field — store the value of labels with the given names.

2. Expression field — store the results of given operations.

The material was based on: K. Jurczyk, FlexSim , user manual.
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Products list will be created in the model with the settings as in Figure 2.

#, List Properties - O >
| Produkty
Fields  Back Orders General
# -
i Label Field | RodzajProdukiu |/ oynamic %
Expression Field | age | Foynamic %
’ Expression time() - pushTime =1 /
ola = e

Fig. 2. Products list settings

To test the operation of the lists in practice, the following activities will be performed:

1. Adding a numeric label ProductType to the Box element in the FlowltemBin section .
2. Adding a source and buffer to the model, connected directionally.

3. Adding a trigger to assign a value to the ProductType label each time a flow element is generated

(Fig. 3).
Sourcel
|=| Triggers 2
g -
0On Creation
4| setLabel and Calar x
Object |item - /
Label | "RodzajProdukiu” -2

value |duniform(i, 3, getstream(current)) | - &

Fig. 3. Adding label at Quenel



Information about generated products will be saved in the
created list. The model assumes that this action will be
performed when a flow element enters the buffer after the

source. To do this, select Triggers = On Entry — Lists =

Push to List.

A window will appear as in Fig. 4, with the following fields:

1. Condition — condition that must be met to enter a given item into the list. The default value #rue

means that all items will be entered.

2. List — the name of the list where the selected items will be entered — must be selected from the

drop-down list (here — Products ).

3. Push value — the item that will be entered into the list. By default, it is zzem , i.c. a flow element.

4.  Partition ID — ability to define subgroups on the created list. The default value of "0" means no

subgroups.

The list content can be viewed in Toolbox = Global Lists = Products = VView Entries (right click). The valne

column contains a reference to a specific product (flow element), ProductIype saves the value of the label

with this name, while age is the time the element stays on the list. The empty and filled lists are shown in

Condition
true

List
Produkty

Push Value
item

Partition ID

Rys. 4 Push to List

Fig. 5.
-~ - O X ~
| Produkty Entries - x| |FrodiktyEnes

value | RodzajProduktu age

value

‘ RodzajProdul age

JQueue1/Box 1
JQueue1fBox~2 1
JQueuelfBox~3 2
JQueue1fBox~4 1
JQueuelfBox~5 2
JQueue1/Box~6 3

47.91
42.35
37.02
32.09
6,16
1.55

Fig. 5. Contents of the Products list




For greater readability of the list, you can modify the setting of the trigger responsible for entering flow
elements on the buffer by defining subgroups in it. In Parzition ID, select item ProductType. The result will

be grouping the entries on the list according to the type of product stored on this label (Fig. 6).

‘Produkty Entries
value |RodzajPr0duI age |
Partition ID: 1 |
fQueuwelfBox| 1 88.25
fQueuelfBox~2 1 32,60
fQueuel/Box~4 1 72.42
[Queus1/Box~3 1 1,55 Sourcel
Partition ID: 2
fQueue1/Box~3 2 77.35
fQueue1/Box~5 2 48,50
fQueue1/Box~7 2 39.25
Oxd 2 0.78
Partition ID: 3 |
fQueuel/Box~6 3 41,88
fQueuel/Box~8 3 28,99

Fig. 6. Grouping entries in the list by ProductType

3. List model

3.1. Assumptions and input data

The model reproduces the transport of products using roller conveyors and the removal of defective

products using an overhead crane:

1. The source generates products in 3 seconds. The products are sent to a conveyor, which transports
them to the system output.

2. The system consists of two 10 m long straight conveyors and a connecting curved conveyor.
The minimum distance between products on the conveyors is 25 cm.

3. Conveyors are subject to failure over time, causing product damage. The probability of failure
increases linearly by 20% per 5 minutes of operation.

4. Before leaving the system, each product is checked - if it appears damaged, the entire conveyor
system is stopped and the crane removes the defective products from it. After this operation, the

system is restarted.



The target layout of the 3D model and the data table is shown in Fig. 7, while Fig. 8 shows two Process Flow

blocks— Generator! (generating failures) and Generator? (removing faulty elements from the system).

|l T I 7

Sink1,

B

- INSTNE R
Soume1 I hi i

TTBane” = Model  “Za FlowItem Bin
Wartosc
CzasMiedzyProduktami 3
CzasMiedzyAwaraimi 300
Zwiekszenie Awaryjnosd 20
AktualnyPoziomAwar yjnoscd ]

Fig. 7. 3D model elements



» Generator2
@ Assign Labels

&, Decide l
l ¥ 2. Decide —— ¥ Sink

5 Awaria — 3 Sink l

&, Generatorl

5 Motor Stop

& Acquire —— ® Suwnica
<! Pull from List Produkty
&% Load
| @ Uwolnij S
& Unload § Zerowanie
{ Motor Resume
¥ Sink

Fig. 8. Structure of two Process Flow blocks— Generator! and Generator2

In the Data table, a modification should be made to the fourth row, the failure rate. The current level of this

parameter will be updated during the simulation, and its initial value is 0.

It should be possible to reset the failure rate after each simulation run. For this purpose, a Custom trigger

will be added to the On Reset field in the w

table  properties Code (Fig. 9): 1
g - Directly edit code for this 2 Table current = param{l}; //Tabls nods
3 Table ("Dan=") [4] [1] = O

trigger. The code in the third line means
Rys. 9 Zawartodéd Custom Code
to enter 0 into cell [4][1]

Additionally, a Correctness (Poprawnosc) label must

be added to the flow element. (fig. 10).

+| Visuals R ? |
| Labels Pl
wEaXt i s

Poprawnosc UI

[ ] automatically Reset Ea B3

+] Shape Frames
=| Triggers ?
Fig. 10. Label on the flow element



3.2.Flow Element List

Products will be added in Toolbox — Global |7 listPropetics - Bx
|Pr0dukty'
List = General List (Fig. 11). It will contain | reds gsckorders cenersl
. . i
information about the elements located on the
it Label Field Poprawnosc |f [ oynamic %
conveyors. One Label Field type field should be ,
Rys. 11 Tabela Produker

added to it, referring to the Correctness label.

Selecting the Dynamic option will allow the table to be updated during the simulation.

3.3. Parameterization of model objects

Products are generated by the Source at fixed intervals given in the Data table and are delivered to the

conveyor system. It is controlled by a Motor element that is connected directionally to each conveyor

(blue lines).

At the beginning of the first conveyor there is a 4 [ gatiabel by Percentage (must sum to 100) %
decision point DP7. It is responsible for entering Object  |item -7
products into the Products list and assigning a value to Label | Poprawnosc '
the Correctness label and giving the elements the X
. . P t |100 - Table(Dane")[4][1] -

appropriate color. On Arrival should be selected — e 4

Value 1 -7
Data — Set Label by Percentage and enter the settings

Percent | Table{ane )[4][1] - /
as in Fig. 12. vae [0 - 2

Use Random Stream  |getstream{current) -

Fig. 13 Set Label by Percentage settings

Next, select Visual = Set Color by Case and enter

4 | Set an ohject's color {optionally, by value) p
the settings as in Fig. 13. The flow elements will -
Value item. Poprawnasc - yf
receive colors according to the value of the Object  |item -2
Correctness label. Undamaged products with a value & %
of 1 will be red, damaged products with a value of 0 Color.fromPalette(value) - 2

will be black.
Fig. 13 Set Color by Case



The last step is to enter the flow items into the X
Condition

Products list by selecting Lists — Push to List frue v
List

and entering the settings from Fig. 14. | [Produkty
Push Value

item -

Partition ID

[i] -

Fig. 14 Push to List

According to the assumptions, the conveyors also require some | =) Conveyor Behavior R ?
. . .. . . . [+] Accumulating

modification. This involves introducing settings that ensure
Speed 1.00 mfs

a distance of 25 cm between the moved objects (Fig. 15). Acceleration  [0.00  |mjss
Deceleration m/fsfs
Stopping Space | 1 | * L | 0.25 |m
Maoving Space 1 | =L |m
Restart Delay 5

Entry Space 1 | % L | 0.25 |m

[ Fixed Interval Movement (Power and Free)
[ 5lug Builder

Fig. 15 Conveyor settings

4. Model Control — Process Flow

4.1.Failure Generator

The model control logic is composed of two schemes:

1. Diagram responsible for generating failures according to the given parameters (Geeneratord ).

2. Diagram responsible for removing faulty elements from the system (Generator2).

The first diagram is shown in Fig. 106. It starts with the Inter- Arrival Source block generating tokens that will

be responsible for increasing the failure rate (Fig. 17).

% Generatorl ‘:',-p| Generator1 |A d
Enabled
. [ arrival at time 0
£, Decide

Inter-Arrival Time
I _\ Table(Dane?)[2][] s v P

- - Token Mame
5 A Sink
waria ¥ Sin X v 2




Fig. 16. Fault generation diagram Fig. 17. Generatorl block

Decide block protects against a situation in which the failure rate would be increased above 100%. The S end
To — Conditional option is responsible for this Decide. After entering the settings according to Fig. 18, if

the parameter value is less than 100% it will be redirected to the Custom Code block (Failure), otherwise it will
be deleted from the system.
Fig. 18 Decide block

& | Decide |A d
Send Token To
. . . . . Fenditinnal Pacda —_— il &
The Failure block is responsible for increasing the frnriten=n . v
; I t |Table(Dan=").cell(4,1 -
failure rate. From the Data group, select Increment rerEmen (Dene?).cel D) 4
. . i} Table{Tane")[3][1] -
Valne and enter the settings from Fig. 19. ! 4
The different format of cell references in both "
. . . Ryvs. 19 Usrtawienia Increment Value
tields requires attention. The reason is the need to Awara - -
correctly recognize the type of the entered variable, Rank
|1 |A - &E

because in the Inmcrement field you can also insert

a reference, e.g. to the label value. Therefore, the notation cell (i,j) clearly points to a specific table field.

4.2. Manipulation of defective products
4.2.1. Creating defective products

Process Flow scheme will be responsible for removing defective products from the system, stopping it and

restoring it to its initial state. (fig. 20 ).

~ Generator2
@ Zrzut

|

#. Decide

!

§ Motor Stop

¥ Sink

Fig. 20 Process Flow — removing defective products
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The initial block will be the Event- Triggered Source (Fig. 21), 5 4, [cenerator2 A & @

) . -, | Enabled
generating a token each time a flow element appears at decision 225
Object
. . DP2
point DP2. The reference to the flow element generating the it vas
ven
. . . i 4
token is contained in the product label . On Arrival Define the name of the event to listen for |
Label Assignment [ Ma aliE
Event Data Label Mame or \.l'alue| Operation
Arriving Item | produkt assign
Conveyor

[ will override Return Value

ok
Assign Event Object To
Mane K-
Token Name
X~

Fig. 21 Event - Triggered Source — Generator2

The token goes to the Assign Labels block)(Fig. 22). The label 5 @|zraut A & @
ssign Labels To
dump is added there, referring to the queue named Waste Atofenl- : - 7
(Odpad) ¥
Mame
zrzut - / ><
Value
Odpad - 5 /

Fig. 22 Dump block

The next task is to check if the element on DP2 is faulty. This is

.0,,| Decide |A )

done using the decision block and the Conditional Decide option. 5;;: dE.’Dk:; ;Zd - -Eg e
If the value of the Correctness label is equal to O (faulty product), | condtion |token.produkt.Poprawnose == o - 2
the token goes with output 1 to the next block (Custom Code — | True 1 -7
Motor Stop) stopping the conveyors. Otherwise it is removed to | Fake 2 -
the Sink block (fig. 23). F:Zt:r Stop - 2
P EEEE

Fig. 23 Decide Block

The Motor 52‘0]) block should be conﬁgured by entering the Stops an object like a fixed resource from completing an

operation
settings in the Control — Stop Object option as shown in Fig.  congiten 1 -2
24, inserting a reference to the Mosor! object from the model ~ Obiect | Modelfind(Motor1) -/
. A State  |STATE_STOPPED -
using the picker. -
StopID |1 -
Priority  |0.00 - 2

Fig. 24 Stgp Object Settings

4.2.2. Removal of defective products

After entering all settings and starting the simulation, defective products (black) that appear after some time

cause the conveyors to stop. To remove them using a crane, use the previously created product list.

11



The first task is to set the resource (crane) seizure mechanism according to Fig. 25.

& | zajmij suwnice |A d 9 @| Suwnica |13h d
Resource Reference Reference

Suwnica > 5 / Cranel - o ,./‘
Quantity Count

1 v}l '/

Assign To Label

token.suwnica - A ype
It In Local
Ler e rra
Query 1 L Queue Strategy
Mone o
Mone .
|:| Use Max Wait Timer

Fig. 25 Resource utilization — overhead crane

Then, the blocks responsible for searching for defective products are added in the existing Products list (Fig.

26). In the Products block, a reference to the Products list should be selected from the Global List .

v

& Pull from List ———— I Produkty
[

Fig. 26 Scrolling through the Products list

Pull from List settings are shown in Figure 27. The List |- activity Properties

Reference automatically sets the reference to the linked list 4 | Pull from List | Ad@
. o List Reference
(hete Products/ Produkty). The remaining fields indicate: Produkty - 87
Reguest Number
1. Request Number — the number of items to ! - A
. . Require Mumber
retrieve from the list. 1 - 7
2. Require Number — the number of items requited ® AssignTo (O InsertatFront of
. . token. wadliwy v A,
to be retrieved from the list, cannot be greater than
Query / Object / Array
Req”‘?ﬂ‘ Number . WHERE Poprawnosc =0 }( - /
3. Assign To — assigning a label to a token with Partiion ID
None w -
reference to an item from the list. Er e
token
4. Insert at Front of— as above, but values are added '
[Jall or Mothing
as subsequent elements of the variable. [JLeave Entries On List

. . . D Use Max Wait Timer
5. Query/Object/ Array — ability to specify Time
i] 5 - /
On Wait Timer Fired
6. Partition ID — indicates the partition from which | Release Token |ﬁ} @8

i ; : . . [Juse Max Idle Timer
items are retrieved (requires the use of partitions in  [eep Back Order On Early Release

restrictions on retrieving items from the list.

liStS). Rys. 27 Opcje Pull from List

7. Puller — an element that retrieves items from a list, most often a token .

8. All for Nothing — items will be taken from the list only if there are enough of them, equal to Regurie
Number.

9. Leave Entries on List — after downloading items from the list, they will be visible on the list at all

times. Used e.g. for permanent resources used by many users.

12



10. Use Max Wait Timer — specifies the actions to be taken if the required item is not downloaded
within the defined time.

11. Use Max Idle Timer - works like in Max Wait Timer , the difference is measuring the idle time of
the token in this block.

12. Keep Back Order On Early Release — if the token does not fetch the required item, it will be
released further (e.g. via Max Wait Timer ) and the information about the uncollected item will be

remembered and supplemented in the further elements of the process.

In the case under consideration, items for which the label value Correctness = 0 should be retrieved from the
list. This condition is entered in the Query/ Object/ Array field. A reference to the retrieved item will be saved

under the label defective.

The loading and unloading of products by the crane from the conveyor is carried out using standard Load

and Unload blocks, the settings of which are shown in Table 1.

Table 1. Load and Unload block settings

Block Block name Settings box Value
Load Download Execute | Task Sequence token. gantry
Item token. defective
Station token. defective. up
Unload Put it aside Execute | Task Sequence token. gantry
Item token. defective
Station token.drop
After unloading, it is necessary to check & Pul ﬂ_;m List Produkty
whether there are other defective products
on the list. For this purpose, a feedback from & Load
Put away to Pull from Listis added (Fig. 28 ). #¢ Unload

Fig. 28 Loop for checking the availability of defective products

After running the simulation, you can see that at some point all defective products are removed from the

list, which results in blocking the token on the Pu// from List block (Fig. 29). Additionally, the conveyor system

13



has been stopped and no new products are being delivered — so there is no possibility of entering them on

the list.

¥

& Zajmij suwnice @ Suwnica 1
& Pull from List (=——&= Produkty—@ 106

&% Load

& Unload
downloading from the Products

Fig. 29 Blocking the token when

list

In this situation, you should:

1. Release the token from the Pul/ from List block .

2. Start the engine responsible for the operation of the conveyors and resetting their failure rate.
In the Pull from List settings, check Use Max Wait Timer , which allows you to define an action in a situation
when the appropriate item has not been picked from the list. After selecting it, = you should:

1. Remove the Ses Labe/ function .

2. Modify Release Token by entering value 2 in the Destination field, indicating a new connector to which
the token will go that failed to pick up an item from the list. It directs to a new block that releases
the previously occupied resource (crane), resets the failure parameter value to zero, and resumes

the operation of the conveyors.
Creating a new block on connector 2 involves adding the following blocks:
1. Free crane/ Unolnij S (Release Resourve): Resource(s) Assigned To — token. crane .

2. Reset/ Zerowanie ( Customs Code ): Data — Write to Global Table — settings Fig. 30.

3. Motor Resume (Custom Code): Control — Resume Object = settings fig . 30.

4. Sink .
Write to a Global Table Resumes an object that was previously stopped. The
— Resume ID should match the Stop ID that was used in the

Table Dane < previous Stop Object trigger.

Row 4 -7 Condition |1 - /
Column 1 o Object Model. find{™otor17) w7 /
val o -

e ” Resume ID |1 - /

Fig. 30 Settings in the Zeroing and Motor Resume blocks
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After adding all the elements, the entire Generator? section looks like Figure 31.

~ Generator2

@ Zrzut l
b3 Decidi ¥ Sink
{ Motor Stop
& Zajmij suwnice —— & Suwnica

& Pull from List ——— Produkty

&% Load
&% Unload @ Uwolnij S
! Zerowanie
§ Motor Resume
2 Sink

Fig. 31 Complete Generator2 section

4.2.3. Options for entering and downloading products from the list

After starting the simulation, the products on the conveyors are recorded in the table (Fig. 32, left view).
If some of the correct products leave the system, new items will appear in the table (right view). This means
that the deleted products have also been removed from the list. Their place on the list has been taken
by entries in the form 0x0. This can make it difficult to analyze the data in the model, so there are two

possible solutions:

1. Entering only the items that are to be downloaded into the created lists.

2. Dethnitrly remove an item from the list before removing the related flow element from the model.

15



“Produkty Entries Produkty Enties

value |P0DFEWHUSC | value FPoprawnosc

[straightConveyor2/Box 1 %0
[StraightConveyor2/Box~2| 1 %0
[StraightConveyor2/Box~3| 1 ox0
fCurvedConveyor1/Box 1 0x0
fCurvedConveyor 1/Box~2 1 0x0
fCurvedConveyor 1/Box~3 1 0x0
fCurvedConveyor 1/Box~4 1 00

[StraightConveyor 1/Box 1 jStraightConveyor2/Box 1

fstraightConveyor 1/Box~2| 1 [StraightConveyor2/Box~2 1

fstraightConveyor 1/Box~3| 1 [StraightConveyor2/Box~3 1

fCurvedConveyor 1/Box 1

[CurvedConveyor 1/Box~2| 1

fCurvedConveyor 1/Box~3 1

[fCurvedConveyor 1/Box~4 1

fstraightConveyar 1/Baox| 1

[straightConveyor 1/Box~2 1

fstraightConveyor 1/Box~3| 1

Fig. 32. Changes in the Products table during simulation

The first option requires modifying the On Arrival

Condition
trigger in DP7. The Push fo List action should be | |item.Poprawnosc == 0 -
changed by specifying in the Condition field condition | List

Produk -
as in Fig. 33. Only items for which the value of the rocukty

Push Value
Correctness label equal to O will be entered into the list | [jtam =
will be. Partition ID

At the same time, since only information about Rys. 33 Modyfikacja Push to List
defective products is saved, you can skip specifying the

download condition (Nowe) in the Query tield in the Pull from List block.

The second solution, which involves removing from the list the item associated with the removed flow
element, requires adding another Pull from List (Removing/ Cgyszezenie) block to the Process Flow as shown in
Figure 34. In the Query field, enter the condition WHERE value = puller.product. The reference to the flow
clement in the list is always stored in the column with the header value. In the model, this reference must

match the reference to the product, saved as token.product.

The Query field uses SQL syntax that does not recognize the token keyword used in the FlexSim
programming language. Therefore, the option available in the Pu/ler field was used, where token was indicated
as the element taking from the list. Hence, instead of WHERE value = token.product WHERE value = puller.product

is used .
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&2, Decide

5 Motor Stop
& Zajmij suwnice

& Pull from List

&% Load
#% Unload

L] u -
" Czyszczenie

Produkty

@ Uwolnij S
j Zerowanie

’ Motor Resume
¥ Sink

<4 | Czyszczenie

A & @

List Reference
Produkty

Request Mumber
1

Require Number
1

@ Assign To O Insert at Front of
Mone

Query [ Object [ Array

WHERE value = puller.produkt
Partition ID

Mone

Puller

token

[ all or Mothing

|:| Leave Entries On List

[ Use Max Wait Timer

[ use Max Idle Timer

[keep Back Order On Early Release

Cleaning block and its settings

- 8 7
-
- .

x v 2

X v

x v 2
-’
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