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Abstract— This paper presents SiMR, a simulator of the Rudnentary Machine designed to be used in a first cose of computer
architecture of Software Engineering and Computer Engineering programmes. The Rudimentary Machine contains all e basic
elements in a RISC computer, and SiIMR allows editi, assembling and executing programmes for this poessor. SiIMR is used at the
Universitat Oberta de Catalunya as one of the mosmportant resources in the Virtual Computing Architecture and Organisation
Laboratory, since students work at home with the snulator and reports containing their work are automatically generated to be
evaluated by lecturers. The results obtained from aurvey show that most of the students consider SiRlas a highly necessary or even
an indispensable resource to learn the basic condsmbout computer architecture.

Index Terms—e-learning and distance learning environments, viual laboratories, Rudimentary Machine, simulation software for
processor architecture.

I. INTRODUCTION

The fundamental concepts of Computer Architecturd @mganisation (CAO)are an essential component of Software
Engineering and Computer Engineering degrees. Foadtal concepts concern with all aspects of thegdesd organisation of
the central processing unit (CPU) and the integratf the CPU into the computer system itself. Toenputer architecture
curriculum must achieve several objectives. It npusivide an overview of computer architecture allmrastudents to learn the
operation of a typical computing machine [1].

Different references, such as the computer cuai@@05 [2], a review froldCECEQ5[3] and Sheppard [4], point out that
practical laboratory activities are an essentiat p& any computer curriculum, since they strengthiee concepts presented
during lectures. For that reason, new virtual spae required in a University such that practégivities can be carried out.
Such spaces are called Virtual Laboratories andldhoclude different resources, from human or gedgcal to technological,
to improve the learning process [5, 6].

The term Virtual Lab is defined in different waysthe literature. The work presented in [7] takesnaple vision of a Virtual
Lab as a local computer hosting. Some authors dieckimulation capabilities [8, 9] whilst others swmter Virtual Labs as an
extension of a remote laboratory [10]. Other refg\a@spects, such as pedagogical and academicddnter Virtual Lab, are
presented in [11, 12].This paper presents a mioggssor simulator to learn the concepts about atenarchitecture as one of
the most important technological resources in tivtusl Computing Architecture and Organisation Lediories (VCAOLabs).
VCAOLabs provide students a full virtual learningv&onment to carry out practical activities of CAO

A simulator is a tool which imitates experimentstas or processes. One of the main features afiaions is their interactive
capability. Interactive simulations are gaining om@ance as a means to explore, comprehend and caicatel complex ideas
[13].

Interactive simulators can be implemented usingrabination of computers, high-resolution graph&sjulation programming
languages and an Internet connection. The purpbfeecsimulator in a VCAOLab is to allow the stutketo understand the
different computer components (memory, registauseb, ALU, etc.) which may be difficult to obseime real situation.

In order to use a processor in an initial course@mputer architecture, old commercial products tike Digital VAX [14], the
Zilog Z80 [15] or Motorola series [16] should besidigarded because they include large instructitsnasel complex addressing
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modes. Processors in the Intel 80x86 family [17duith be also disregarded because of their lackribifogonality and the
number of side concepts that must be introduceein(#ve old 8086 is too cumbersome).

Different proposals related to simulators of VCA®Laave been reviewed in the literature. Existindgg®gic processors like
the MIPS DLX [18] are typically well documented aaliow introducing advanced concepts on them. Hanethey are also
still far too complex to be easily assimilated tydents with very rudimentary knowledge about comaparchitecture. For this
processor, SPIM and XPIM [18] and Simplez/Algorizmd 9] are good examples of simulators. SPIM is [&X[pipelined
computer simulator written in the C programminggaage. It is able to simulate a subset of the Dhstruction set. It uses the
same events, signals, logic functions and styldesicription as in the lectures and textbook. Howetley only simulate the
CPU at an external level. A full-featured DLX siratdr is presented in [20]. It is also based onxhX simulator provided with
the textbook but the interface is friendlier.

Several simulators of a processor can be fountierliterature. We detail some of them and theingpial features below. The
MS is a very simple processor with a memory-menaschitecture. The extreme simplicity of MS (it othigs four instructions)
makes it possible to illustrate some basic conceptomputer architecture, like the instruction gd® The MS processor is
described in [21] and a simulator can be foun®R].[

An eight-bit computer is presented in [23]. Instioies can be executed with a single step switchuarwith a clock. It is
supported with an assembler patterned after theSMiEsembler used with the SPIM simulator. The coenga emulated by
using the open source logic emulation package ‘iheldia Logic” [24].

SEP (Students’ Experimental Processor) [25] wagyded to be used in different computer architectaerses. For this reason,
it integrates different types of architectures: MeypMemory, Accumulator, Extended Accumulator, RtaRegister Memory,
and Load Store. It was modelled using VHDL ancedy to be implemented on FPGAs. SEP was designeb dirst part of an
ambitious project consisting of four stages: desigrocessor, build a simulator, develop a comgitet develop an intergraded
system.

In [26], a tool to introduce the students of congpucience to the area of computer architectuomiy 14 hours of theory and 6
of practice is presented. This tool allows studdntdearn the concepts of instruction set, addngssnodes, the internal
architecture of a CPU and the sequence of stefbeadfistructions in an easy way.

A debugger is presented in [27], which containstao$ virtual assemblers and a virtual machine hBobls allow the students to
understand the differences and similarities betvegehitectural styles of computer processors. Stisderite programmes in the
virtual assembly code. Programmes are compileceaaduted in the virtual machine and the studentdalow the execution of
the programmes step by step or at full speed. AR%h, several types of architectures are consittefecumulator, Stack,
Memory-Memory, Load-Store and an Index Machine.

A complete and detailed survey can be found in.[£8her authors in [29] offer access to advancettaprocessor hardware
through another simulator.

This paper presents a simulator of the rudimemn@aghine, called SiIMR, which allows students to genf practical activities in
the field of computer architecture. SIMR is basadtlre experience gained in design and developnfesitrulators during the
past twelve years at the Universitat Oberta thelGaya.

The rest of the paper is organised as follows. i@2dt summarises the main characteristics of théversitat Oberta de
Catalunya (UOC). Section Il describes the micrapssor used at the UOC to introduce the fundanseotalomputer structure.
Section IV presents an overview of the first feteases of the simulation software tool. Sectionégatlibes the latest simulator
version. Section VI presents the results of a gueshire which has been presented to the studéf@sraputer Architecture and
Organisatio. Finally, the most relevant conclusions and somidaidines for future work are drawn in Section VII.

Il. THE UNIVERSITAT OBERTA DE CATALUNYA

The Universitat Oberta de Catalunya [30] (Open ©rsity of Catalonia, UOC) is internationally recasgd as the first distance
higher education institution to issue educatiormagpammes using exclusively the Internet as théshEghe academic activity.
Since the early foundation of the UOC, in 1995,eitkicational system relays on a Virtual Campudaiat which allows the
students and the lecturers to interact assumingamacidence in time or space. Nowadays, more tHx000 students are
enrolled in the different graduate, master, poshgase and PhD programmes at the UOC.

The UOC's student profile is quite different frohat of the “traditional” face-to-face universitiekhe standard UOC student
is an adult person in his/her thirties or fortieith a family, employed, and with very few time dshble to study. Many of these
students have other university degrees and eredU®C to acquire knowledge or skills in a new fidlthus, motivation is often
one of their most remarkable qualities.

The web-based Virtual Campus platform provides rtieans for inter-communication, such as forums lier éxchange of
information between the members of the communityn& of the features of the Virtual Campus are t¢lewing:

» interactive communications between the studentscandse tutors both asynchronously and, exceptigrainchronously;
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* interactive communications between the students;

» access to the UOC information resources (coursesrialg, libraries, bulletin boards, databases,ima-and off-line
bibliography, etc.) and

» access to the administrative services.

Using the incorporated communication tools andwied (at any Internet-connected computer), the stisdean exchange
messages, ask questions and make enquiries toudnsedutors without time constraints.

The UOC faces an important challenge as it devetopsw concept of educational model: from teachinggarning. The
course tutors are no longer transmitters of knoggebut rather a guide in the learning processwioich the student is the
ultimate responsible. This is a student-centred ehogince the student is the central element anddbt of the elements are
made available to support the learning process.

The following elements are directly involved in thearning process: the learning materiasg(installation instructions,
software manuals, FAQ, theoretical materials, revended bibliography, electronic publications, ftékt databases, and
examples of solved practical activities and examhg) ,course tutors, the continuous assessmentrsyste the virtual library. All
of these elements are integrated into the Virtwahgus.

The challenge of the UOC'’s educational model isnfare evident in the technological programmes, Wwhisually require
practical activities. In face-to-face universititisese activities are often carried out within caoiep labs using real hardware.
Obviously, this possibility is not suitable for stnce university. Therefore, the UOC has createdal labs for the students of
the different computer engineering science anaésenunication programmes.

One of the first few mandatory subjects in thesgheal programmes is the course on Basic conceptSomputer
Architecture and Organisation (CAO) [2, 31], calledEstructura i Tecnologia de Computadpiis which the students develop
the skills related to the fundamentals of comphedware:

* The usage and comprehension of the different reptagons in the binary numeral system (unsignedtl ssgned integers
and fixed and floating point),

 The analysis and design of combinational circuB®aglean algebra, logic gates, truth tables, Karhaotgaps and
combinational blocks).

* The analysis and design of sequential circuitp-fftips, sequential blocks and the Moore’s moded sefate machine).

« Basic computer structure or “the Rudimentary Maehibasic structure, machine language, assemblgukge, the
processing unit, the control unit and programmastation).

» Basic concepts about the Input/Output system arighesals.

More than ten thousand students have followedcthigse since it started in 1997. Hence, the numbstudents per year (the
subject is offered twice a year) ranges from 1,&0D,000. In order to acquire the technical skitsidents must carry out several
practical activities related to the internal wofklee different computer components (memory, regsstbuses, ALU, etc.).

Face-to-face universities also use simulatorsaohtehe basics of CAO, but the students are ustwdtlyed by lecturers within
computer labs during the development of the praktéctivities. In a virtual environment such as theC'’s, the students must be
able to solve many different problems on their dwnspite of the support by the course tutor) amehce, the features of the
simulator must be much wider than the needs infadace environments. This paper describes theotLSEVR [32], a software
tool which has been developed to satisfy theseirements.

CAO students carry out five Continuous Assessmetitvities (CAA) throughout the semester at home.rdbwer, they must
pass an on-site exam. Four of the CAA are ele¢they are used to support the learning procesandnly increase the final
mark). Two of these CAA are related to the RudimgntMachine (RM) and must be solved using SiMR. Tifie CEA is a
mandatory practical exercise (which can be considered dgw@aV part of the final exam) about the RM, andsirine carried out
using SiIMR. The educational objectives coveredheyG@AA related to RM are the following:

» the operation of a von Neumann compulter,
« the internal structure and the operation of the RIgfocessing unit, specified as a circuit formedcbynbinational and
sequential blocks,
» the operation of a control unit specified a statehine using the Moore’s model,
» the operation of a small programme (less thanrg@slivritten in RM’s assembly language), and
» the ability to write simple short programmes uding RM’s assembly language.
All of these educational objectives can be achidwedsing SiMR if appropriate suggestions are ntadbe students.

Ill.  RUDIMENTARY MACHINE: A BASIC PROCESSOR TO INTRODUCE
COMPUTER ARCHITECTURE

The Rudimentary Machine [33, 34] is a pedagogic mater. It was designed in the first nineties in Brepartment of Computer
Architecture of the Universitat Politecnica de Qatga [35]. The main objective of the RM was to make learning of the basic
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concepts on architecture and structure of competsy to the students of first course of computgireering.

The RM is a RISC computer [18] whose processorghasn Neumann architecture [36] of load-storagee frtain memory
has 256 words of 16 bits. The 16 bits of a memarydvare simultaneously accessed. The instructiaus h fixed size of 16 bits
and data are integer numbers coded in two’s congaiéin 16 bits. The datapath (processing unit)ehasgister file with 16 8-
bit registers, a 8-bit programme counteCf and a 16-bit instruction registdR]. The process status wordW had originally
the flagsN andZ [33], but the simulator SIMR incorporates also tiverflow bit for integers\(). The control unit is very simple
and reflects the different phases in the execudfaam instruction. It is modelled as a 10-state mvae with 11 output signals. An
optimised version with only 6 states (but semalificaore complex) allows improving the executiomé of the programmes by
merging some states in the state diagram, redircitiiat way the cycles per instruction (CPI)..

The RM has three types of instructions:

* Memory access: load and store instructions useefative mode to access the memory with an 8-lfigedf The assembly
format is as followsLoad offset(Ri), Ra@andStore Rs, offset(RiRd andRsare the target and source register of instructions
load andstorerespectivelyRi is the index registeRd RsandRi are registers from the register file. Tdfésetis formed by
the 8 least significant bits of the index registed is used for the calculation of the effectiverads of the operandRi +
offse).

» Arithmetic and logical: the RM provides two insttianis of addition and two of subtraction (a registgister and another
register-immediate of every type, with an immediagerand of 5 bits), an AND instruction registegister and an
instruction for a 1-bit right arithmetic shift ofragister.

* Branches: the RM has an unconditional branch io8tm and six of conditional branch for integersijeh take into account
the three flag¥, Z andN. The branch conditions are the followimggeater than, lesser than, greater than or equaldéeser
than or equal to, equal tandnot equal to These instructions use the absolute mode to aslthe memory.

The RM assembly language allows the definition @minstructions (or simplgnacros) A macroinstruction [33] is a new
assembly instruction defined as a sequence ofen&M instructions or macroinstructions. Macros aeameterised and allow
the user the definition of new assembly instrucjanaking the writing and understanding of prograseasier.

IV. SIMR: A BRIEF HISTORY

SiIMR, the simulator described in this paper, haanbdeveloped according to the experience acquirdéde design and use of
previous RM simulators [32, 37].

A.Previous releases of SIMR

The first release, labelled as 1.0, appeared tarsyago, in 1997. It ran under the DOS operatistesy and the main screen

was divided into four fixed-size windows which peated the following items:

» the datapath, which could be enlarged up to fak-sicreen to show the value of the control signals,

» the Control Unit state diagram,

» the assembly code of the programme which was heiaguted and

» a special window which allowed the user to continel simulator activity (working as a command inteter).

The assembler programme was not integrated withsimeillator, and programmes written in assembly cskeuld be
translated to machine code before being executethdgimulator. The assembler programme was dividiedtwo sequential
steps:

1. Pre-assembler: it evaluated the macroinstructiods @nd translated it to native assembly code.

2. Post-assembler: it translated the native assendalg generated in step 1 to machine code.

A year later, in 1998, the second release wasablail labelled as 2.0. It was designed to run\iirdows 3.11 environment
and had numerous advantages over the 1.0 rele&sdeB the easiness of handling offered by Wind8vid (mainly
management of events through buttons, instead oflng written orders in the command interpreténg, new version included
the possibility to carry out time diagrams for sedected control signals, registers contents aseddt also allowed the user to
switch, in run time, the way macros are shown. e possibilities were showing the complete intérc@de or simply their
name and parameters.

The main screen was divided into three static ame for the datapath (which could be extendea fall-size screen as in
the previous release), another one for the Cottrol state diagram and a third one to show the afdbe programme to be
executed. As in the previous version, the assenglegram was a separate application (the samehatedr release 1.0 but
some bugs were fixed).

B.SiMR 3.0

The next version was labelled as 3.0 and was dedigmbe executed on a Windows 95 or 98 environniemas developed
at the end of nineties and was available in ye@020his tool, named SiMR, is more than a simpheustor: it is a complete
environment to develop, assemble and execute proges in the RM assembly language. Unlike the twavipus versions,
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SiIMR 3.0 incorporates the possibility to use botintol Units (represented by six and ten state imashrespectively). The
main screen has only two variable-size windows; fom¢he datapath and another one for the asseadlg (see Figure 1). The
Control Unit appears separately as a small frantbaddgue in the datapath window which can be hidde

The user interface is very similar to most of thendldws applications, with tooltips in the buttotrgnsparent-hiding of the
non active options and a modern and complete kelfhat the student can use the tool in a fasttinare intuitive way than in
previous releases.

The assembler programme has been improved andaigeginto SiIMR 3.0, as well as a simple text adithich allows to
edit, debug, compile and simulate the programméensame working environment. The two steps ofafsembler programme
are now transparent to the user (they are sequlgragiecuted without user intervention) and somgshdetected in previous
versions were fixed.

SiMR allows changing of the contents of any mememigress or register in the datapath manually, [ reseful feature for
novel users. This feature enables the studentfioeden artificial initial state of the RM and test the result of executing some
specific instruction. The memory and register fimtents are presented in several formats (dechirary two’s complement,
hexadecimal and the translation to assembly cod#éaéomain memory contents), which makes the in&tgtion of data easier.

Undoing the actions carried out during the lasteyy during the complete execution of the lastririon is also possible.
This option is adapted to repeatedly test aspddteanstruction execution which may have not beemectly understood by the
student.

Finally, SIMR 3.0 automatically generates seveypks of reports to make easier the work to theestuds well to present
results to the teacher.

All RM simulators described in this section canfleely downloaded from the official RM web page JJ32he next section
explains the main features of SIMR 3.0 and 3. letaid

V. SIMR 3.1: THE NEXT RM SIMULATOR

SiIMR is simple and intuitive to work with. When teenulator starts, a dialogue box which requestsndime of the student or
the group of students (up to three) appears. gitlie data is not mandatory, but the box mustlteslfup if the student is solving
an assessment activity, since the student namesaappall the reports generated by the simul&R has a safety system to
guarantee that the work is really carried out keygtudent/s, since a warning is activated wherutue tries to read a report in
which some information has been manipulated.

Next, the 2-window main screen (see Figure 1) appénitially, this screen presents the datapaththe Control Unit in the
left window, and the code window on the right. Thter to upload a new programme is required bestaeting the simulation.
Once the programme has been assembled:

» the simulator stores it at the position 0 of menainless the programme specifies another position),
» the Program Counter is initialised with the addi@she first instruction to execute,

» the FETCH state is selected in the Control Unit and

» the simulator leaves control to the user.

All the operations the user carries out from tha@np remain reflected in the working reports whi€iMR generates
automatically.

As can be observed in Figure 1, dlenubarandToolbarare on the top of the main screen. The buttoriseiToolbar allow
fast access to the most frequent options oMieaubar A Statebarpresents information, in the bottom of the scredigut the
current state of the Control Unit and the instiuetin progress (operation code and location obiherands).

The following subsections describe the main featofélenubarandToolbarbriefly.

A.Menubar

The Menubar has the following options:

» File: It has the optionsew, open, save, save as, claseexit Files are programmes written in assembly codam(ar in
machine code (already compiled, .cod).

« Edit: It allows toundothe last action and tut, to copyand topastetext in the code window. It is active when a pesgme
in assembly language is being edited.

* View: it allows toview/hidethe Toolbar and th8tatebar

» Preferences it allows changing thelock frequencysave, restore, viewndchangethe state of the RM (contents of the
main memory positions and datapath registers); gindine RMconfiguration (delay of the different components) and the
interfacecolours define dfile of macrosby default,updatethe identification of the group of students aetkctbetween the
two state machines of the Control Unit.

* Run: it allows to select whether the simulation of iregramme’s execution will be done cycle by cyslep, instruction
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to instruction ipstruction) or until a breakpoint is found or the progranfiigshed ¢un). It can alsostop the simulation,
insert breakpointandresetthe simulator.

e Chronogram: it allows to define thesignalsand buses which will be shown in the chronogramegtdiagram)savethe
current chronograngshowa previously saved chronogram or the current oigént a chronogram.

» Reports. Different kinds of reports are given by SiMR ifransparent way to the user. They carcteated printed or just
shownin the screen. The user only has to decide (lmkioly the option) the moment in which the remigrtsto store the
actions performed by SiMR. By default, all repastart when simulator begins running. Reports canitafiormation about
the process of assemb(gssembler and machine code, Table of Symbols seeh@ly errors)ctivity (a trace of the steps
followed by the student is saved, so that the tcsor follow step by step the work done by the sttidexecution(save only
the steps related to the execution of a given jrogre) andesults(state of the RM before and after the simulation).

»  Compiler: It allows assemblingassemblingand executindonly if no assembling errors are found) atwingthe Table
of Symbols.

*  Window: It is used to organise the open windows (seviesthnces of the simulator can be simultaneousgnpgdt allows
situating them incascade, mosaior vertical mosaic The bottom of this menu allows a fast accesshéodurrent open
windows.

» Help: It accesses to a very powerful and complete m@-hielp tool and supplies technical information wablooth the
simulator an the Rudimentary Machine.

B.Toolbar

The Toolbar allows:
» Create, operandsavea programme.
» Cut, copyandpastetext in a programme.
» Undothe execution of the last instruction or the tastle of execution.
» View/hidethe control signals in the datapath.
» Access the dialogue box which allows to view adit the contents of the main memory, the registerdild the different
datapath registers.
» View achronogramof the control signals, registers contents anébpsedefined by the user.
» Resethe simulator (but maintaining the current prograrstored in memory).
» Advance the simulation by@ycle aninstructionor until it finds the first breakpoint or the eafithe programme.
e Stopthe simulation of the programme in execution.
» Putortake awaya breakpoint.
* Assemblehe programme axecutgassembling it previously if necessary) the progre stored in memory.
* Giveinformationabout the simulator.
* Interactivehelp.

C.Other features of SIMR

Besides the features mentioned in the previousossctSiIMR allows teexpand/compresthe macros through a special button
strategically situated on the right of the codedaw.

The code window allows to insert or to remove aakp®int or a stop easily by positioning the curabmany line of the
programme and by pressing the right mouse buttostofi is a temporary breakpoint, which disappearse dhe programme
stops by first time in that instruction.

The dialogue box of the Control Unit allows selegtbetween two possible state machines of the Glodtit: one optimised
with six states, ideal for advanced users, andhenatemantically simpler one, ideal for novel usefith 10 states, in which the
execution phases of an instruction are clearly show
Finally, the content of the main memory, the regidile and the datapath registers can be changegintply clicking on the
element. In the same way, the delay of any datagatiponent can also be changed at any time.

VI. RESULTS EVALUATION

In order to obtain the opinion of the students esning the SIMR and to know about their experiensing the virtual
learning environment, a web questionnaire was pezba the term Fall 2009. Similar works are found5] and [40]. The
objectives of this study were as follows:

1. Know the level of student satisfaction.

2. Know whether the student learning was improvedieyuse of SIMR.

3. Gather information to improve the SiMR tool: wealdastrong points.

4. Know new features to be incorporated into SiMR.
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The web questionnaire was available for ten day87® students (of whom 203 participated) throughlain the Virtual
Classroom. The survey was anonymous and voluraacyrespondents were restricted to two subjectshamse the VCAOLab:
1-Computer Architecture and Organisati¢part of the Computer Science programme) ai@bghputer Fundamentalpart of
the Telecommunication programme).

The web questionnaire consisted of ten questiorls@Q0) divided into four parts: thstudent profilepart, the SiIMR
satisfactionpart, theeffect on the student’'s learning procgsart, and thefeatures and advantages using SiNRrt. The
recommendations in [38, 39] were taken into acctwudesign this survey.

In the first part, questions 1 to 4 (Q1-Q4) weraaaned with the profile of the respondents. Tiselts are shown in Table I.
The respondents were highly heterogeneous. Congbthinresponses of both subjects, the results #hat69% of the students
were enrolled at the UOC for only one or two seemsstwhile the remaining 31% were enrolled for ¢hog more semesters
(Q1). The results of Q2-Q4 show that the majorityhe students had no previous experiencginmulators(62.56%),computer
architecturebackground (64.53%) arassembly languag@0.59%).

To obtain information about the level of satisfantiusing SiIMR, the second part of the web questimarhad 3 questions
(Q5-Q7). Next, the third part of the questionndiagl two questions (Q8-Q9) to achieve informatioowalhe effect of the SIMR
tool on the students’ learning process. The deionp of these questions (Q5-Q9) are shown in THb&tudents were asked to
evaluate from 1 to 4 their satisfaction grade aow their learning had improved, as follows: 1 (high (medium-high), 3
(medium-low) and 4 (low). They were instructed thgt‘improved learning” the should take into accotire ability of solving
exercises related to the course before and afténgi@cquainted with the SIMR.

The number of respondents, the frequency of eableyvéhe percentage of answers with 1 or 2 valbe,mean value, the
standard deviation and the variance for theseduestions are summarised in Table Il

The first analysis of the survey results showsHigh satisfaction of students with the SIMR. Betw&@.13% and 89.45% of
students are highly or medium-highly satisfied witle SiIMR, relating to three different aspectstahation, use and general
satisfaction.

Secondly, the results show that the majority ofistius considered SiMR as a powerful tool to imprthes learning process,
since 88.61 % of students reported that the SiMiRHedped them to improve the learning process &#@i786 evaluated it as an
indispensable (value = 1) or highly important tbalue = 2) to learn the basic concepts about CoenpArchitecture. The mean
values of these two questions (Q8 i Q9) were o2 hed 1.88, respectively.

Finally, in the fourth part of the web questioneaia multiple-choice question (Q10) was given ideorto find what the most
important features and advantages of using SiMRareording to the students’ opinion. Accordingrable 1V, the éasy use
(54.77% of the answers) and thegh capacity to learn concept60.75% of the answers) are the most importaatuies and
advantages from the students’ point of view.

VII. CONCLUSIONS

In this paper we present SIMR, a job environmenickintegrates an assembler programme and a siowlaiol of the
Rudimentary Machine. The Rudimentary Machine isimpke RISC computer designed to learn the basicepts about
computer architecture. SIMR can be used as anteifecemote tool and has been designed to help Q@ng@Science
Engineering students to understand how a processmutes instructions.

SiIMR allows editing, assembling and executing cymleycle, instruction by instruction, or until teed, a programme. Break
points can be included at any point in the assemidle and a timing diagram including the desirgdas can be automatically
generated. Two different Control Units are ava#alidne of them emphasises the execution phasesiotauction. The other
one focuses in reducing the CPI for each instract®MR also generates, in a transparent way, réiftereports to show the
work developed by the student. These reports irratp a security system to avoid forgeries or dleppies.

In order to analyse the usefulness of the proposebte tool, a survey was sent to the studentsli?B09. The results show
that most of the students consider that SiIMR helibedn to learn and, moreover, it as an appropt@adé to be used in a
Computer Architecture and Organisation subjectadidition, they conclude that SIMR is a highly neeeg or even an
indispensable resource to learn the basic conadytist computer architecture in a virtual learninginment.
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Figure 1.  Main Screen of SiMR 3.0

TABLE I Q1-Q4:FREQUENCY RESULTS OF STUDENT8ROFILE
Id Question description: Answer N
Q1 How many semesters have you studied at UOC
in a Virtual Learning Environment? 1 semester 100 49.26%
2 semesters 40 19.70%
3 semesters 28 13.79%
4 or more semesters 35 17.24%
Total 203 100%
Q2 Had you studied with simulators in a Virtual Leaugi
Environment before this semester? Yes 76 37.44%
No 127 62.56%
Total 203 100%
Q3 Did you have previous knowledge in computer arcitite?
Yes 72 35.47%
No 131 64.53%
Total 203 100%
Q4 Did you have previous knowledge in the assemblguage?
Yes 80 39.41%
No 123 60.59%
Total 203 100%
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TABLE Il
Q5-Q9:SATISFACTION QUESTIONS

Id Question description

Q5  What is your general satisfaction grade of the SIMR
Q6  What has been the facility level for installing simulator?
Q7  What has been the facility level for using the ditor?

Q8 Does SiMR help you in the learning process?

Q9 Can you evaluate SIMR from indispensable to noessary?

TABLE III.
Q5-Q9:DESCRIPTIVEAND FREQUENCYANALYSIS OF SMR SATISFACTION.
N 1 2 3 4 1-2 Mean Std. Dev. Variance
High Low
Q5 201 46 101 39 15 73.13% 2.11 0.842 0.708
Q6 202 112 64 19 7 87.13% 1.61 0.796 0.634
Q7 199 85 93 17 4 89.45% 1.70 0.709 0.502
Q8 202 102 7 20 3 88.61% 1.62 0.722 0.522
Q9 203 55 125 16 7 88.67% 1.88 0.687 0.473

Q10:WHAT ARE THEMOST Il\-/II-SgII?EI'L\\/NTADVANTAGES OFUSINGSIMR?
N=199 Answers Frequency

Easy to use 109 54.77%

Capacity to learn concepts 101 50.75%

Anywhere 83 41.71%

Anytime 62 31.16%

Others 14 7.04%
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