DEGOMS, A SYSTEMATIC WAY FOR TASK MODELLING AND SIMULATION

Ali Mroue?, Jean Caussanel®

(a)(b)Laboratory of sciences of informations andydtems
LSIS UMR 6168 University of Paul Cezanne, Aix-Maliselll
Av. escadrille de Normandie Niemen 13397 Marsé&iéelex 20, France

(a)ali.mroue@lIsis.org (b)jean.caussanel@lIsis.org

ABSTRACT

If the representation of tasks can now rely on many
modeling formalisms, few of them offer simulation
solution for controlling the consistency of the retm
task. Most often this control can be done by a huma
agent working on the built model.

As part of a project of modeling and simulationtioé
human operator, we propose a process and a platform
offering an opportunity for those who have to dasig
applications with the known constraints of current
developments. This paper describes our approacthwhi
uses GOMSL formalism, widely used in the world of
HCI, as a model source. GOMSL is very suited far th
description of computer task but it doesn't havea
simulator. The aim of this work was therefore to
establish a semi-automatic re-expression of GOMSL
models to DEVS model that can be immediately
simulated (a set named DeGOMS).

Keywords: Task Model Simulation, HCI, DEVS,
GDEVS.

1. INTRODUCTION

The Task models in computer science are useful for
gathering and organizing the need for the usery Ene
normally used in the design phase of software to
evaluate in advance, test and improve the desigheof
latter.

Few are the models that describe the real asfect o
the user, they are normally based on descriptidhs o
prescribed tasks (Tricot and Nanard 1997), which
considers that the user masters the use of apphcat
Even fewer are environments that offer a simulation
solution for these task models in order to asskss t
consistency or their usability.

In addition the improvement of realism of thiskas
models that we will not discuss it in this papdspahe
ability to simulate the produced models are aergd
as an important way for verifying these models.

Our contribution to this field will therefore be adfirst
step, to design and develop such a platform fdmigs
task models.

We have chose GOMS (Card, Newell and Moran
1983) as a task modeling formalism, which is uled

438

modeling tasks from the view-point of user/system,
specially in computer task modeling.

GOMS models can generally be used for the evanati
of interfaces (predicting execution and learnimget).
GOMS models are widely used to evaluate and test at
lower cost, interfaces during the design phase.
However, GOMS models are designed as models of
representation and not as simulation models.

It is therefore necessary to adapt GOMS for sintat

or be able to express it in a simulated formalism.

For this reasons we chose the DEVS formalism
(Zeigler 1984), which offers a good level of
expressiveness, a very good level of scalabilitiilev
ensuring formal consistency of the built models.

The equivalent of GOMS model in DEVS (which
we called DeGOMS) is a generic level so that any
GOMS model can be expressed in DEVS and then
simulated. In this theoretical transformation amoty
certain choices have been taken which can affect
GOMS model (extending it).

2. GOMSMODEL
The acronym GOMS stands for Goals, Operators,
Methods, and Selection Rules GOMS (Card, Newell
and Moran 1983; John and Kieras 1996). GOMS is a
behavior description model, that lets model thealvedr
at different levels of abstraction, from task level
physical actions.

GOMS uses as a starting point the Model Human
Processor principle of rationality that attemptsrtodel
and predict user behavior. Its essential contrilvuis a
formal structure that allows organizing the design
process.
The design method that induces GOMS is done on two
axes:

* In the analysis of task (since determines the
behavior).

« In the predictive evaluation of user behavior in
the task.

2.1. GOM S Element
GOMS is an approach of modeling human computer
interaction.



GOMS models consist of descriptions of the
methods required to accomplish a specific goal.

Methods are a sequence of operators and sub-goals
to achieve a goal. If there exists more than onthaak
to accomplish a goal then selection rules are used
choose which method to use.

 Goals are tasks the system's user wants to
accomplish. For example, "Create Folder,
Delete Word". A goal can have a hierarchical
structure; this means that the achievement of a
goal may require accomplishing one or more
sub-goals.

e Operators are actions allowed by the software
or actions that user are executing. An operator
is an atomic level action that can't be
composed, and it's characterized by its
execution time. The execution of the operators
causes change in the mental state of the users
or in the environment state. There are two
types of operators mental and physical, For
example, the operators “press enter”, “point to
the word”, etc. are physical operators. The
model also includes mental operators, such as
“thinking”, etc.

e Methods refer to the process that allows one to
accomplish a goal. Methods are possible
sequences of operators and sub-goals used to
accomplish a goal. For example the goal of
logging into web-mail can be represented as:

1. Connect_to_the_webmail_provider
2. Type username

3. Type password

4. Press Login

e Selection Rules are used when there exists
more than one method that can accomplish the
same goal. They are rules used by user to
choose which of methods to use.

A rule has the form:
If <condition>
Then use the method M;

GOMS has been used in many applications:
* Telephone operator (CPM-GOMS)

* CAD systems (NGOMSL)

* Text editing using the mouse (KLM)

2.2. GOM S Variation

There are four different models of GOMS: CMN-

GOMS, KLM, NGOMSL and CPM-GOMS.
CMN-GOMS stands for Card, Moran and Newell

GOMS, is the original version of the GOMS technique

in human computer interaction. This technique nexsui

a strict goal-method-operation-selection rulescétme.
KLM is a simplified variant of CMN-GOMS, it

does not use goals, methods, or selection ruleg onl

simple “keystroke-level operators”.
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NGOMSL stands for Natural GOMS Language,
developed by David Kieras (Kieras 2006). An
NGOMSL model is in program form, and provides
predictions of operator sequences, execution tame,
time required to learn the methods. Like CMN-GOMS,
NGOMSL models explicitly represent the goal
structure, and thus can represent high-level glileds
collaboratively writing a research paper" (John and
Kieras 1996).

CPM-GOMS stands for Cognitive, Perceptual, and
Motor and the project planning technique CriticakhP
Method. CPM-GOMS was developed in 1988 by
Bonnie John (John and Kieras 1996). CPM-GOMS does
not make the assumption that operators are pertbrme
serially, and hence it can model the multitasking
behavior that can be exhibited by experienced users
The technique is also based directly on the model
human processor a simplified model of human
response.

In this paper we will introduce the equivalentloé
NGOMSL in DEVS. Consequently we will details the
NGOMSL of GOMS.

3. NGOMSL

NGOMSL

Design Conception Task Type
Execution time Sequential
Procedural learning time | Sequential

Error recovery Sequential/Parallel

Operator sequence Sequential

Functionality consistency Sequential

Functionality coverage Sequential/Parallel

Figure 1: NGOMSL design conception and task type
capability

GOMS is a group of models developed by Card (Card,
Newell and Moran 1983) and his colleagues at Xéoox
predict the time needed to accomplish cognitive
activities using a computer system. The model is
designed to provide approximations for the duratibn
the task. The set of GOMS models assume that e us
is quite familiar with the task and that the prigar
human limitations are cognitive (thought), not
physiological (aerobic capacity, muscle strengtb,.g.

The key of GOMS analysis is the decomposition of
the task. As we mentioned above there are four of
commonly GOMS implementations concepts CMN-
GOMS, KLM, NGOMSL, and CPM-GOMS for more
information see (John and Kieras 1996). We chose to
work with NGOMSL, since it can be used in most type



of tasks and information design (Kieras 2006) (Fégu
1).

NGOMSL is a structured natural language used to
represent user methods and selection rules.

NGOMSL models have an explicit representation ef th
user and his methods, which are supposed to lmlystri
sequential form and hierarchical. NGOMSL is based o
the cognitive modeling of human-machine interaction

In this paper we present a transformation of NGOMSL
to DEVS model which is based on the definition of
GOMSL (Kieras 2006) which is an executable
representation of NGOMSL.

GOMSL can be treated and executed using a
simulation tool named "GLEAN". This tool allows
predicting task time and the performance of ther use
(learning time).

GOMSL syntax is comparable to that of a procedural
programming language. As other GOMS models,

GOMSL defines the task as of a method composed from
steps. Each step is generally composed of one o mo

operators.

All data in GOMSL are generally represented as
objects with properties and values (See LTM_item in
Figure 2).

LTM_item: Copy_Command
Name is Copy.
Containing_Menu is Edit.
Menu_lItem_Label is Copy.
Accelerator_Key is COMMAND-C.
Method_for_goal: Select Word
Step 1. Look_for_object_whose Content is Text_selection of
<current_task> and_store_under <target>.
Step 2. Point_to <target>; Delete <target>.
Step 3. Double_click mouse_button.
Step 4. Verify "correct text is selected".
Step 5. Return_with_goal_accomplished.
Method_for_goal: Select Arbitrary_text
Step 1. Look_for_object_whose Content is Text_selection_start of
<current_task> and_store_under <target>.
Step 2. Point_to <target>.
Step 3. Hold_down mouse_button.
Step 4. Look_for_object_whose Content is Text_selection_end of
<current_task>
and_store_under <target>.
Step 5. Point_to <target>; Delete <target>.
Step 6. Release mouse_button.
Step 7. Verify "correct text is selected".
Step 8. Return_with_goal_accomplished.

Figure 2: Part of GOMSL methods and object definiti

There are several kinds of data used in GOMSL.
There is data that represent the knowledge of eesy
data that represent the system and data that espirébe
task list.

The Part that contains data representing the
knowledge of user are used and defined in:

Working MemoryRepresents the working memory
of the user; it has two partitions: Object Store diag
Store...

« Object Store is a store that contain objects that
are currently "in focus" in the user working
memory. The Object Store can contains at
the same time one Visual Object, one Long
Term Memory Item (Object), one Task item
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(Object) and many Auditory Object with a
condition. An auditory object is characterized
by a decay time, after it the auditory object will
decay.

» Tag store represents the conventional human
working memory which can contains values
associated with tags (ie: Keyword=Html, the
tag is keyword which has HTML as value)

GomsL define many operators that deals with memory
(storing value and getting values etc...).

Long Term MemoryRepresents the Long Term
memory of the user, which contains objects with
property values. The content of the LTM is statinig
specified before the simulation of the model.

The data concerning the information about the sysse
stored in a memory similar to structure of LTM, ahd
contains system visual and auditory objects th#ithei
needed by the user to execute task (look at a fgpeci
object etc...).

Task memory: This is used to represent the
information available to the user about the task.

3.1. Operators
Operators are actions that the user performs. Much
kind of operators are defined in GOMSL.:

3.1.1. External Operators
They are observable actions used by the user for
exchanging information with the system or with athe
humans. Normally external operators depend of the
system and the task. Below is a list of extern@rafors
classified by their type, the time and the defamitiof
some of these operators are based on the physidal a
some of the mental operators used in the Keystroke-
Level Model (Kieras 2006).

Manual Operator:

 KeyStrock Keyname (Stroke a key on the
keyboard. Estimated execution time 280ms).

e Click mouse_button (clicking the mouse
button. Estimated execution time 200 ms).

* Hold_down mouse button (press and continue
pressing the mouse button. 100ms)

 Etc...

Visual Operator:

e Look for_object whose property is value, ...
and_store_under <tag> (its a Mental operator
that searches on the system for a visual object
that whose specified properties have the
specified values, and stores its symbolic name
in the tag store section of the WM, and put the
object in focus in the visual part of store
object. After the execution of this operator all
the properties of the object become available.
Execution time is estimated to 1200 ms.



e Look at object name (Means looking at an
object that has already been identified with a
Look_for... operator etc... 200ms)

« Etc...

Etc...

3.1.2. Mental Operators

Mental operators are user internal action, theyrente
observable or hypothetical, and they are inferngdhie
analyst or the theorist.

Some of these operators are built in; they are
primitive operators corresponding to the mechani$m
cognitive processor. These operators include astion
like taking decisions; store a value in tag st@esrch
for information in the Long Term Memory, get
information about the Task, etc... Other operatoes ar
defined by the analyst in order to represent corple
mental activity such as "Verify", "Think Of" ...

Memory storage and retrieval:

e Store Value under <tag> (Store a value in the
tag store under the label tag ).

e Delete <tag> (Delete the value stored under
the label tag)

 Etc...

flow of control:

e Accomplish_Goal: Goal_name (Accomplish
a goal, the goal will be considered as a sub-
goal)

+ Decide: Conditional; Conditional; ...; else-
form (This operator let us taking decision. It
contains one or more If-Then conditionals and
at most one Else form)

 Etc...

Etc...

4. DEVSFORMALISM AND GDEVS

DEVS (Zeigler 1984) is a formalism used to représen
Discrete Event System Specifications; it can regmes
complex system in an effective way. DEVS model is a
powerful simulation model. It is a modular formatis

for deterministic and causal systems. It allows for
component-based design of complex systems. Several
specific platforms for DEVS models simulation cam b
found.

A DEVS model may contain two kinds of DEVS
components: Atomic DEVS and Coupled DEVS. An
Atomic DEVS does not contain any component intit. |
only has a mathematical specification of its bebawh
Coupled DEVS is a modular composition of one or
more Atomic and Coupled DEVS.

An atomic DEVS model
structure:

D = <XD, YD, SD,éextD, sintD , AD, taD>
Where:
XD: is the set of the input ports and values

has the following
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YD: is the set of the output ports and values

SD: the sequential state set

dextD: Q x X> S, is the external transition function
where Q = (s, e s S, 0< e<ta(s) is the total state
set.

dintD: S—> S, is the internal transition function

AD: S-> Y, is the output function

taD: S > R+0, «» (non-negative real), is the time
advance function.

A coupled model, also called network of models,
has the following structure:

N = <X, Y, D, {Md /dLID}, EIC, EOC, IC>

X and Y definitions are identical to XD and YD of a
atomic model. The inputs and outputs are made up of
ports. Each port can take values and has its osld &if
values.

X={(p,n) /p U IPorts, ud Xp }

Y ={(p,u) /p L OPorts, I Yp}

D is the set of the model names involved in thepbea
model.

Md is a DEVS model. The variables representing
the inputs and the outputs of the model will beexet
by the model identifier. Hence the following notatio
Md = <Xd, Yd, Sdgextd,sintd, Ad, tad>
The inputs and the outputs of the coupled model are
connected to the inputs and outputs of the included
models.

EIC = {((N, a), (d, b))/d_] IPorts, bLl IPortsd}

The set of the coupled model input ports ipN
associated with the input ports ipd of the modelar®
the components of the coupled model.

There is the same situation for the output ports.
EOC = {((N, a), (d, b))/al] OPorts, b_] OPortsd}

Inside the coupled model, the outputs of a modelbm
coupled with the inputs of the other models. Anpotit
of a Model cannot be coupled with one of its inputs

IC ={((i, a), (j, b))/i,j I D, i, j,al] OPortsi, bl IPorts

i}

GDEVS is an acronym for"Generalized Discrete
Event System Specification” (Giambiasi, Escude and
Ghosh 2001) which is a model which generalizes the
concept of discrete event modeling. GDEVS defines
abstraction of signal with piece wise polynomial
trajectory. Thus, GDEVS defines event as a list of
values. DEVS can be considered as a particular afase
GDEVS, other saying DEVS is an order 0 GDEVS
model.

5. GOMSL TO DEVS
GOMSL is a model of representation that is intentted
be interpreted and verified by specialists in fib&lf
It lies at a high level of abstraction to facilgatts
interpretation by humans but don't let us testing
automatically the produced models.

We believe there is an interest to propose a
simulation of represented tasks in order to obtasults
or to ensure consistency, in particular when thayeh
reached a certain level of complication.

The choice of target formalism in which the
GOMSL representation will be translated is noticait



as long as it ensures consistency syntactical and
semantic of constructed models and let them be
simulated directly.
For the reason of type of models, our choice fall o
Discrete EVent System formalism DEVS simulation
(Zeigler 1984; Giambiasi, Escude and Ghosh 2001).

In addition to the characteristics listed above,
DEVS is generally having a very good level of
scalability and expressiveness (Zeigler 1984).

In addition, we have now in our laboratory a DEVS
simulation platform (IsisDME) through which we cdul
test our results immediately.

5.1. Transformation
A GomsL model is equivalent to a coupled DEVS
model.

During the transformation we separate the GOMS
Methods from other models. So we create a model tha
represents the user, a model that represents #he ta
another that represents the system and final oat th
represents GOMS methods.

Human (operator)

A L=y,
m :\;z) Machine .LLUJ

S

Long Term Memory

System Description

Execute Task (Interface)

Visual Object, Auditory
Object, etc...

Working Memory /
(

Description of Methods
or ishing Task

Figure 3: Decomposition of GOMS model in DEVS

This decomposition of model let us obtaining a
modular architecture which will be useful so angche
in any model will not affect other models moreosey
model can be used alone (Figure 3).

The start point is the model representing Methods
and Selection Rules. Each method is composed from a
sequence of steps. Each step is composed fromrone o
more operators. These operators can communicate wit
the other different models, in order to get valuenf
memory or save value etc...

In this paper we will describe in detail working
memory module used in GOMSL and its equivalent in
DEVS (Figure 4). We will discuss then the desavipt
of a part of the module that represents “method$ an
selection rules”.
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Working Memory

— WM_Distribute —,
Start -

> storeL,

store
\

store

get

) store

.

Dget

delete

]

Figure 4: Working Memory GDEVS representation

5.1.1. Working Memory M odel
Expressed according to the GDEVS formalism, the
"Working Memory" can be defined as follows:

WM: <X, Y, M, EIC, EQC, IC, select> {

X = {Start[0], store[2], get[2], delete[0]};

Y = {Out[1]}

M = {WM_Distribute, WM_LTM, WM_V, WM_A,
WM_T, WM_Tag};

EIC = {{Start, WM_LTM.Start}, {Start, WM_V.Start},
{Start, WM_A.Start}, {Start, WM_T.Start}, {Start,
WM_Tag.Start},

{store,WM_Distribute.store},{get, WM_Distribute.get}
¥

EOC = {WM_LTM.outv, out}, {WM_V.outv, out},
{WM_A.outv, out}, {WM_T.outv, out},{WM_Tag.out,
out}};

IC = {{WM Distribute.storeL, WM LTM.store},

{WM Distribute.getL, WM LTM.get},

{WM Distribute.storeV, WM V.store}, {WM
Distribute.getV,WM V.get}, Etc. . . };

The Working Memory module is equivalent to a
GDEVS coupled model, which is composed from six
models: WM_Distribute, WM_LTM, WM_V, WM_A,
WM_T, WM_Tag. It has 4 inputs ports (Start, Store,
Get, Delete) and only one output port (Out).

WM_Distribute has as role to distribute every
request to the proper model. For example, if
WM_Distribute receives a request for retrievingadue
from the visual memory part, so the WM_Distribute
redirects the request to the proper model which is
WM_V. This latter will receive the request and sbais
the value and sends it to the output.

Models "WM_LTM", "WM_V", "WM_T" are
GDEVS atomic models that have a similar structure.
Each of them represents a specific part of the \Wgrk



Memory, since, according to GOMSL, the working
memory may contain various objects at the sameitime
different zone (visual area, LTM area, Task aréax
each zone may contain a single object at the sange t
(when an object is present in the memory, all his
properties become accessible in the methods).

An object in GOMSL is characterized by a name,
and by properties with certain values. In DEVS an
object is represented by a phase in which are egfin
state variables having values (These state vasable
represent the properties of the object).

As seen in the preceding parts, GOMSL defines
that the working memory may contain at the same tim
a visual object, an object from the LTM and a Task
object. By respecting this definition, we have teda
the models (WM_V, WM_LTM, WM_T).

Each of these models is equivalent to an atomic
GDEVS model with the following structure:
WM_V= <Xd, Yd, Sdgextd,dintd, Ad, tad>

X = {Start[0], store[1], get[1]};
Y = {out[2],0utv[0],message[0]} ;

There are five major states which are (init, reegi
select, get, clear) and "n" other states.
"n" is equal to the number of objects be stored in
memory (Figure 5).

eEVENTVAL,

NI

Sarkon, ™~

Figure 5: Example of WM_V model

The init phasels the initial phase of the component
model. It contains the initialization all state idnes
used in the model.

The Receive phaseérhis phase can receive two
types of requests (storage and getting requests), a
according to them it will go to the next phase. For
example, if it receives a request to store a vilaenext
phase will be the “Select” phase; else if it reesia get
request next phase will be the “get” phase.

The Select Phas&his phase is used to select the
memory object to be stored. In other words, after
receiving a store request with a tag name and gtbb
name. The select phase will select the object aamklem
it active, what makes all its properties availalibe
future get requests.

For example, if we receives a store (Tagl; O1)) the
will go from the Select phase to the phase reptaggn
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01, after this the system will send to the outpattp
“out” the values (tag;O1;v), which will be receivey

the WM_Tag in order save Ol in Tag .... Then the
system returns to the receive phase and wait new
request.

The Get Phase:This phase will search for a
property value and sends it to the “outv” outputtpo

The clear phaseThe role of this phase is to reset
the values of all state variables. It will be usdten we
want to store a new object so the old object mast b
removed (all its properties must be cleared).

As we mentioned above the n other states represent
the object in memory. When the system goes to éne o
these phases, all the state variables of this phaksbe
affected with values that represents propertiesiesl
After this the object will be active and all itsoperties
will be available for get requests.

The models WM_LTM and WM_T have the same
structure of the WM_V model, but n in these caséks w
be the number of LTM objects or TASK objects.

The WM_A model is different from the other
models for the reason that working memory can
contains many auditory objects in the same time,irbu
this case decay time will be taken in considerati®no
object after a decay time will automatically be oemd.

The WM_A is equivalent to a GDEVS coupled
model, composed from n model, where n is the number
of auditory objects.

Every auditory object is equivalent to an atomic
GDEVS model with the following structure:
WM_V=<Xd, Yd, Sdgextd,dintd, Ad, tad>

X = {Start[0], store[1], get[1]};
Y = {out[2],outv[0],message[0]} ;

This model is composed of 6 phases (Figure 6)
which are (init, get, receive, select, getl, get aphase
representing the object).

ggggggggggg

Figure 6: Example of WM_A model

The phases are similar to the ones used in WM_V
model, with minor difference in the transition
conditions and lifetime function. In other wordseth
phase representing the object “O1” has a lifetimeaé
to the decay time of the object, after this timethé
properties will not be accessible.

The model "WM_Tag" is an atomic GDEVS model
representing the “Tag Store” part of the Working
Memory.



Each object in the memory must be linked to a tag
in the "Tag Store". So we can access objects hygusi
tags. For this reason we can find in the working
memory module that all object models are connettded
the WM_Tag. As we mentioned above the WM_Tag
(Figure 7) is equivalent to an atomic GDEVS model
composed of five phases (init, tag, tag_store,datgte,

tag_get).

—WM Tag

messagslstoia_ok, o
~ - \
- / \
| tag_sterz
e )
\

/

“star.. g
7 store?EYENTVAL,

moutt]

_ deEmrevENTVAL \

/
| T T tag_delete :
SN \ 0
outl Param ;Param2, \ //
‘ \ S

"message”|

Figure 7: Example of WM_Tag model

The init phases the initial phase; it contains the
definition of all the tags used in the task as aest
variables. In other words this phase is used it@lise
the values of the state variables.

The tag phase is a waiting phase which will waitdn
input event. This phase can deal with three type o
events (delete, store, get).

The tag_store phasis used to store a value in a
given tag. In other words, after receiving in thers
input port a value such: store: current_task;aatiis;
will  be equivalent to current task=aaa, and
current_task_type=n; so in the phase tag_store ille w
assign value to the state variable.

The tag_get phass used to retrieve the value from
a variable (tag).

The tag_delete phase used to remove the values from
a variable (tag).

The input ports are X= {Start [0], store [2], gt}

The output ports are Y = {out [1], message [0]};

The definition of the input and the output port is
similar to the one used in the above model.

More generally the working memory module
receives at the start of simulation in the portriSten
activation signal (on), which puts all the compasenf
the memory in a waiting phase. Then it can either
receive requests for storage ("store" input pont) o
retrieving data (“get” input port) or requests ®late a
tag in the WM_tag ("delete" input port).

For example: if the WM receives Store: (query;
html; t), the "WM_distribute" analyses all thetréas
and chooses model to activate depending on thedfype
application (in this case is part WM_T indicatedthg
“t” in the input) and then the model will send (que
html) to the port StoreT.
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Then, the WM_T model receives on its input portesto
the values (query; html). So the WM_T will searohn f
the object named HTML and makes it 'active’ (all
properties of this object will be available...).téf that,
WM_T sends the values (query; html; t) to the otitpu
port "out". Finally, WM_Tag receives on the inpurp
values (query; html; t) and stores in the tag éstat
variable) name "query" the value "html", and staak®

in the state variable “query_type” the value “t” iain
means "task object”.

5.1.2. GOMSModule
This module represents in general goal, operators,
methods and selection rules.

The "Goal" is equivalent to a GDEVS coupled
model, composed from a “Selection Rules” model and
methods models. The name of the model is equivalent
to the goal name.

The model have 5 input ports (Start, memin, taskin
systemin, inaccomplish) and 8 output ports (memsto

memget, memdelete, taskcmd, systemget, LTMget,
outaccomplish, accomplished).
Input Ports:

Start: used to indicate the start of execution fud t
model.
Memin: is the port used to receive values from the
working memory.
Systemin : This port is used to receive values fthen
System.
Taskin: used to receive values from the Task deson
model.
Inaccomplish: is used to receive the end of exeoubf
another goal called from this goal.

Output Ports:
Memstore: used to send request to the WM for giorin
values or object.
Memget: used to send request to the WM for retnigvi
values (object properties values, tag values,. gtc..
Memdelete: send a delete request to the WM (The
WM_tag exactly) for deleting a tag.

Taskcmd: used to send command to the Task
description model (modifying the task list, getting
values ...)

Outaccomplish: used to send request for executing a
goal.

Etc.

The simulation starts with the Selections Rules
model. This latter is defined in GOMSL in the fooh
simple conditions (if then ..... ). The Selectionlddu
model is equivalent to an atomic GDEVS model. & ha
two input ports (memin and Start) and two outputt$o
(memget, out). The port "out" in this case is used
transmit the name of the method selected (Figure 8)



Figure 8: Example of Selection Rules Model

This model is composed of three main phases (init,
start and end), plus 2*n phases, with n equal ® th
number of values we need to retrieve from the “WM".
The multiplication by 2 is due to the reason tha w
have to one phase for requesting values from the WM
and another for receiving the value.

First of all this model sends requests to the WM in
order to get all needed values, then these valilebav
compared and according to the result of comparisons
the name of proper method to execute will be sethe
output port (out).

The phase that is linked directly to the phased"En
will send the name of the method to execute (adogrd
to the condition on transitions. . .)

A Method in GOMSL is equivalent to a coupled
GDEVS model composed from n atomic GDEVS
model. The “n” Atomic GDEVS model represents the
steps of the NGOMSL model.

A Step in GOMSL can be composed from one or
more operators.

An Operator in DEVS is equivalent to one or more
phases according to the type of operator. For el&amp
An external operator such as: Click mouse_button is
normally equivalent to one phase, the life timetloé
phase is equal to the execution time of the operalto
this operator needs an access to the memory, tleen w
add 2 other phases in order to send the requegt tihe
value and save it.

Another example for the mental operator such as
think is equivalent to one phase etc...

6. DEGOMSADVANTAGE
The translation of GOMSL into DEVS has extended the
features of GOMSL model.

1. To simplify, Gomsl considers that the auditory
memory can contain all auditory objects
simultaneously. In DeGOMS the contrary, we
represent this part of the memory as it is
defined, which is to take into consideration the
decay time

2. In GomsL, one can not easily add operators.
Each added operator needs recompilation and
reconfiguration of the existing simulation tools
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(which is "Glean"). While in DeGOMS, we
introduced a generic concept the definition of
the operator (example: 1-Request for a value
from the memory needs two phases 2-The
running time of the operator is equivalent
to the life time of the phase, and so on).

3. The modular architecture of DeGOMS allows
us to use each module alone, in other
applications etc... In the case of modification
of a module this will affect only the modified
module and not all the modules. In GomsL and
Glean this is not possible; since these models
are not defined formally (we mostly change the
code etc).

4. DeGOMS can be easily expanded by adding
models that already exist or creating new
models that can be simulated directly. In
GomsL/Glean any change is quite complex,
and requires coding and recompilation of

Glean.
5. Etc.
7. RESULTS

The first results of simulations of DEGOMS models,
show the proper functioning of each module taken
separately (memory module, method, and so on...)
The simulation of a simple model for the
management of files in Macintosh System validahes t
model and gives good results. It gave us the pitisgib
to obtain the same result of an existing Glean kitou
(ex: Accomplishing task time: will be the date bt
end of the simulation (Last Event). The advantafje o
DeGOMS models is that they provide a very large
modelling flexibility (easily change models, adding
new operators, and adding new methods) also they
provide us and the possibility of simulation difgct
This flexibility is not found in an approach as GAK
(Kieras 2006) which it is a runtime environment rabd
for GOMSL more than a true simulation model.

8. CONCLUSION

The simulation of the operator in its task is obadjing,
especially when the modeled system includes a human
interaction. In the design of computer applicatitimis

type of approach allows us to minimize the cost and
time of the design while improving the overall
ergonomics applications. We designed DeGOMS and
developed a DEVS formalism representing GOMSL
models and an environment which allows the simomati

of produced models.

In this work we succeeded in finding a new
simulation tool for the NGOMSL model, which is
effective and gives good results. This transformation
into DEVS has many advantages, first we have olaine
an dfective simulation tool for the NGOMSL model,
and secondly we can easily interpret these modals a
extend them in order to add many other modules. And
for now we can also do the simulation in interagtiv
mode, and implement the core of the DEVS simulator
in a user training applications. The current protpe



relate to model the task of information retrieval the
web and simulating it.
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