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Abst rac t

HardwareSimulator Softwarefor Pesona-16is an instruction set simulator for

Pesona-16,a 16 bit RISC microprocessorfabricatedby Mimos Semiconductor

(MySEM), a subsidiary of MIMOS Bhd. P16 program are executedby the

simulatorundercontrol of users.Hardware/Softwareco designis also possible

with addition of hardware modules and debugging facility. 

The simulatoralso providesother featuressuchas P16 instructiondisassembler

anda GraphicalUserInterfacefront-end.Thesimulatorcould provideadditional

hardwaremodulesthrougha clean memory interfaceof HSS16and a modular

design. New microprocessor architecture and feature could also be added easily by

implementing some of the basic structure of HSS16.

The project is also intended to promote Open Source Software (OSS). The

foundationof OSSis high reliability andit is peer-reviewedsoftware.TheInternet

is the most obvious model for OSS. OSS has been used extensively in the

development of HSS16 
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Abst rak

PerisianPenyelakuPerkakasanPesona-16(HSS16)adalahpenyelakuarahanbagi

Pesona-16,yang merupakanpemproses16 bit RISC (Set SuruhanKomputer

Terkurang)difabrikasikanoleh Mimos Semiconductor(MySEM). AturcaraP16

boleh dilaksanakanoleh penyelakudibawahkawalanpengguna.Penyelakuini

juga membolehkanrekaanselariperkakasandanperisiandenganadanyamodul-

modul perkakasan dan kemudahan nyahpepijat. 

PerisianPenyelakuPerkakasanPesona-16juga mampumenyah-himpunarahan-

arahan mesin, P16 dan mempunyai antaramuka grafik. Penyelaku dapat

menyediakanmodul-modul perkakasantambahandengan adanya antaramuka

ingatanyang jelas. Penambahanpemprosesdengansenibinabaru serta fungsi-

fungsi baru juga dapat dilaksanakandengan penggunaansemula sebahagian

struktur asas Perisian Penyelaku Perkakasan Pesona-16.

 

Projekini jugabertujuanuntukmempromosikanpenggunaanPerisianKod Punca

Terbuka (Open SourceSoftware). Asas bagi penggunaanPerisianKod Punca

Terbukaadalahkebolehharapandanperisiantersebutseringdi semakdandi baiki.

InternetadalahmodelPerisianKod PuncaTerbukayang paling nyata.Perisian-

perisiankod terbukadigunakansecaraekstensifketika membangunkanperisian

HSS16. 
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Chapter  1:  In t roduct ion

Nowadays,defininganembeddedsystemis moredifficult thanever.New

design,focus on cellular telephones,personalnavigationsystems,automobiles,

handheldcomputers,anda hostof otherembeddedsystemsthatdid not evenexist

a few yearsago.Designsaregettingmoreandmorecomplex,ascomponentsget

smaller yet more capable, development tools make designers more productive, and

the market demandsradical new communicationsand intelligent appliance

products.

1.1  Project Overview

Almost all coursesin computerand electronicengineering,and many in

thephysicalandcomputingscienceshaveat leastonemodulecoveringthis hybrid

hardware and software subject. Designing microprocessorbased systemsor

embeddedsystem requiresan understandingof several areasincluding basic

digital logics, conceptsof buses,storedprogramcomputers,device interfacing,

programming,softwaredesignmethods,realtime operatingsystemandhigh level

embeddedcoding. The key featurehere is the designorientationby providing

design perspective and an understanding of trade-offs. 

Real world hardwareand softwareproductsare usedto introducethese

vastsubjectsin a practicalmanneras learningaids.A numberof microprocessor
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training kits, emulator,compilerandelectronicdesignassistant(EDA) alsoexist

providing solution to design today's sophisticatedelectronic products and to

develop integratedcircuits (ICs) and systemsincluding computersystemsand

peripherals,telecommunicationsandnetworkingequipment,mobile andwireless

devices, automotive electronics, consumer products, and other advanced

electronics. 

The PESONA16(P16) is a 16-bit RISC microprocessorthat has been

designfor attaining high performancewith simpler hardwarethan conventional

architectures,resultinga highly efficient, high performancemicroprocessorthat is

more than a matchto what are availablein the market today.P16 is a suitable

choice for embeddedapplications ranging from controls to communications

systemincludingSCADA, remotemonitoring,industrial robotics,homesecurity,

appliances,switching equipmentand digital set-topboxes.The core are easily

integratedwith other MIMOS designssuch as DES encryption codec,RAM,

ROM and other integrated peripherals.
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P16 still lacks in developmentand educationtools. 68K Coldfire and

MIPS aresomeof themostpopularmicroprocessorusedin embeddedsystemhas

well-established toolset, simulator, software tools, training, and other

developmentresourcesfor designersand developersbenefit. Currently there is

only a macroassembler(ASMP16)usedto supportsP16assemblylanguage,and

a compiler & software PC interface in development phase. 

This work is about the designand developmentof a simulator for P16

microprocessorhence named “Hardware Simulator Software for PESONA16

(HSS16)”. A simulator is an application for personalcomputers(PC) that can

emulatesthe operationsof P16 hardwaredevices.With it, userscan load ROM

andRAM images,applications,anddebugprogramsby usingtheir own desktop

computers.The fates of projects, or even companies,can hinge upon the

availability of a suite of assembler,compiler, debugger,simulatorsand other

developmenttools at the sametime that the microprocessormakesits debut.

Thereforethis task is crucial to ensurefaster time-to-market,and limiting the

number of design iterations. 

The biggesttrend is the migration toward Systemon Chip (SoC) andas

designsbecomemore complex and geometriesshrink, the softwarecontentof

electronicsystemstypically increases.The increasesprovide companieswith a

form of competitivedifferentiation,andallow rapiddesignof productderivatives.

This fact, coupledwith the needto drive down costsand decreaseturnaround

times, constitutesanother major driving force for concurrent hardware and

software engineering.Anil Reddy, field application engineer and technical

marketing managerat Chip ExpressCorp., points out that, "With continuous

evolutionof newprocesstechnologiesandEDA tools,theconstantis thepressure

to quickly completethe designprocess,verify thesystemhardwareandsoftware,

and release the product ahead of the competition” [14].
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In this project,C languagewill be usedto developthe simulatorwith the

following designideas:correctsimulation,easeof useandspeed.Theseideasare

sufficient to improve market time considerationsand overall designquality as

well. C, in its own minimal way, is a technologymiracle. With only 29 or so

operatorsand powerful featureslike pointers,C has proven to be a hard-core

implementationlanguagefor code, ranging from device drivers to operating

system software.

Themethodologybeginsby introducingthesoftwarerequirementanalysis

andspecificationat a high level abstraction.Following that, the formal software

requirementspecificationis developed.Next, the softwarewill be designand

developedusingGNU programmingtools pioneeredby RichardStallmanat the

FreeSoftwareFoundationthat form thebasisfor up to half of thetools in useby

embeddedprogrammers.Someof theseare distributedby GNU tools company

CygnusSolutions,whichhasmerged,with RedHat onNovember1999.This firm

reports that about half of its users are embedded-systems programmers [36].
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 1.2  RISC Microprocessor

 The microprocessorresulted from a merging of integratedcircuit (IC)

technologyand computerarchitecture.Initially, only few gatesor memorycells

could be reliably manufacturedand packagedtogether.Theseearly integrated

circuitsarereferredto assmall-scaleintegration(SSI).Thenumberof transistors

thatcouldbepunona singlechip wasdoublingeveryyearandcorrectlypredicted

by the famous Moore’s law [12], which was propoundedby Gordon Moore,

cofounder of Intel in 1965. 

Microprocessorsand their microcontroller derivatives are omnipresent

nowadays,exerting more and more influence on our lives. They are the

intelligencebehindsingingbirthdaycards,appliancecontrollers,PersonalDigital

Assistance(PDA), evenin nuclearpowerplantcontrolsystem & aircraft control

system. 

A microprocessoris a special purpose IC chip that contains all the

componentsof the centralprocessingunit (CPU) of a computerssystemthat is

also a computing engine of the microcomputer. 
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The operationof the CPU is determinedby the instruction it executes,

referredas machineinstruction or computerinstruction. Figure 1.1 explainsa

general microprocessorinstruction cycle set. The elements of a machine

instruction are as follows [2]:

· Operationcode:Specifiestheoperationto be performedby a binary code

known as operation code or opcode (e.g. ADD, I/O).

· Sourceoperandreference:The operationmay involve one or more input

operands.

· Result operand reference: The operation may produce a result.

· Next instruction reference:This tells the CPU where to fetch the next

instruction after the execution of this instruction is complete.

FIGURE 1.1  Instruction Cycle State Diagram
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Therearetwo currentcomputerdesignphilosophies,known asCISC and

RISC[3]. CISC(ComplexInstructionSetComputer)hasan instructionsetwhich

includescomplexoperation.This philosophyputsthe machinecomplexity in the

machinehardware.An exampleof powerful and popular CISC machineis the

DEC VAX family and Intel Pentium family of processors.RISC (Reduced

InstructionSetComputer),which evolvedin universityresearchlabs,wasbuilt to

reduceinstructional and operationalcomplexity, resulting in faster cycles and

fasterregisterto ALU to registeroperations.RISCresearchat Berkeley(SPARC),

Stanford(MIPS) and IBM (801) reducedcomplexity by simplifying instruction

sets,addressingmodesandmemoryinterfaces.RISC machinesuselargenumber

of registers and all operations(aside from load and store in memory) are

performedin theseregisters.The Sun Microsystems’sSPARC processoris an

example of a RISC processor.

Although RISC processorhavebeendefinedanddesignedin a variety of

ways by different groups, the key elements shared by most design are:

· A limited and simple instruction set [15][16].

· A large number of general-purposeregisters,or the use of compiler

technology to optimise register usage [17].

· An emphasis on optimising the instruction pipeline
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1.3  Embedded System

Consumerelectronicshave becomeincreasinglymicroprocessorbased,

and microprocessorhas become an advertising buzzword [1]. Of course

microprocessor are better known as the engine behind the personal computer (PC).

But, evenPCrelieson a multitudeof microprocessorto supportits operation,for

examplefor its disk controllerandvideo card.Microprocessorin thesededicated

control roles are often known as embedded system.

Embeddedmicroprocessorsystemsare used every day by millions of

people,but thesesystemsare not seenbecause,as the nameimplies, they are

buried inside the product or the equipment. And because they are not seen, they do

not receiveas much attention from the media as does the PC. However, the

number of embeddedmicroprocessorsystem computersand their economic

importanceis considerable.It was reportedthat as far back as 1997,around30

million microprocessorchips were usedby PC manufacturers,whilst close to

three billion were used in numerous embedded systems applications [27].

Placing an embeddedmicroprocessorsysteminto a productmakesthe product

smart.The ability to customizethe functionsperformedby a microprocessorby

modifying only the programstoredin a memorydevicesuchas RAM and hard

disk was the key to its success.It met the needfor a complexbuilding block IC

thatcouldbeusedin a widevarietyof applications[2]. It canthenbeprogrammed

to do things that are too difficult or expensiveusing conventionaltechnologies

suchaslogic andtime switches.Link sucha smartproductto the Internetandit

can do even more. For example, products can be programmedto do self-

diagnosticchecksand to report back to the manufacturer.Not only does this

provide the potentialto collect datathat canbe usedto improveproducts,it can
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alsoallow for the manufacturerto inform the userof potentialproblems,so that

actioncanbe taken.This opensup possibilitiesfor improvedcustomerserviceas

well as new services. 

Basically,embeddedmicroprocessorsenablefirms to competeon product

and serviceinnovation,by addingproduct and servicefeaturesthat customer’s

value, but which    would be largely impossible without this technology.
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1.4  Objective

1 Understand the underlying technology and working principle of the

PESONA16TM microprocessor especially the RISC architecture.

2 To studytheprincipalelementof themicroprocessor,memory,I/O subsystem

and some means of interconnecting all of these components.

3 To have in depth knowledge in designing a microprocessor based systems.

4 To understand state of the art simulation technology.

5 Develop simulator software for PESONA16TM microprocessor.

1.5  Report Organization

Introduction – Chapter 1 describesthe HSS16 project overview, a general

introductionto theRISC microprocessorarchitectureswith a focuson Pesona-16

microprocessor,embeddedsystemand defines the conceptsfor the remaining

chapters and basis for the manner in which the project is presented

Literature Review – Chapter 2 presentssome fundamentalarchitectureand

characteristicof P16,which showsthat it canbeclaimedasRISCmicroprocessor

andthebenefitfrom it. Thechapteralsostudiesarticles,reports,books,guidelines

casestudiesin microprocessorbaseddesigntechniqueandavailabledevelopment

tools.

Methodology & Design– Chapter3 is theanalysisof requirementdefinition and

requirementspecificationof the HSS16.The definition analysiswill discussthe

10



scopeof the project.The specificationwill includeall the necessaryinformation

regardingwhatHSS16mustdo andall theconstraintsin its operation.Thedesign

notes, data structure and pseudocodes are also listed.

Implementation, Verification & Validation - The final output of the project,

improvedcodes,problemsdebuggedandtheactualimplementationof HSS16are

presentedin Chapter4. Sourcecodeorganizationandcodeimplementationwill be

listed to show the evolving stageof HSS16developmentincluding refining and

debugging.Solutionandworkaroundto problemsandknown limitation will also

be presented.Verification & validation of the software at each stage are

performed to ensure that the software conforms to its specification.

The Conclusion chapterdiscusseson the overall resultsof the implementation,

problems faces and suggestion for the future designer on this similar project.

An appendixpresentsP16 relatedtechnicalmanualand completelisting of the

source codes for the HSS16 project.
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Chapter  2:  L i teratu re Rev iew

2.1 PESONA 16

Sincethedevelopmentof thestoredprogramaround1950,therehavebeen

remarkably few true innovations in the areasof computer organizationand

architecture.One of the most interesting and potentially, one of the most

important innovations are the Reduced Set Instruction Computer (RISC)

architecture.The RISC architectureis a dramaticdeparturefrom the historical

trend in CPU architectureand challengesthe conventionalwisdomexpressedin

words and deeds by most computer architects.

2.1.1  Overview [13][23]

In the widely available implementations of conventional CISC

microprocessorarchitecture,three bottlenecksare frequently encounteredthat

drastically affect performance.These are: the high latency of arithmetic

operations,congestionduring data transferand high controller overheadswhen

performingconditionaloperations.ThePesona-16addressestheseissueby having

an all singlecycle instructionset, the employmentof a 3 addressingconvention

andthe simplificationof the pipelineinto a 4-stagepipelinerespectivelywhich is

the key elements of the RISC processor. 

12



FIGURE 2.1 Pesona-16 Pin Configuration

TheP16,packedin PLCC68pin packageasshownin Figure2.1, operates

at maximum 20MHz frequencyand hasa total of 16 general-purposeregisters

with no usagerestriction.The architecturehasa total of 26 instructionsand is a

load/storestreamlinemachine.The 16-bit integer arithmetic logic unit (ALU)

operation,which includeadd,subtract,logical shift andbypassoperationall have

a 3-operand format, where the operand are registers or 8 bit immediate constant. 

P16 implement a 5 stage pipelining. The normal execution of P16

instructionpipelining is describedby Figure 2.2. Pipelininginvolvesbreakingup

the machine instruction cycle into a number of separatestagesthat occur in

sequences,such as fetch instruction, decode instruction, determine operand

address,fetch operand,executeinstructionand write operandresult. Instruction

movesthroughthesestagesason anassemblyline, sothat in principle,eachstage

can be working on a different instruction at the same time [2].
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FIGURE 2.2 Pesona-16 Normal Instruction Pipelining Diagram

RISC CPUs are simpler and faster to design becauseof the simple

instructionsetoperationandmemoryinterface,which hasbeenaddressed,by the

designof Pesona-16.Speedierdesignturnaroundattractedsystemvendors,who

by themid-80sfacedlongerandlongermicroprocessorproductcycles.RISCwas

viable becauseit enabledSun, HP and othersto build workstationsfaster.No

doubt,RISC offered higher performance,but the key to its adaptationwas fast

product turnaround.

P16 have one external (hardware)interrupt and eight types of internal

(software) interrupt. Interrupts are useful when interfacing I/O devices that

provideor requiredataat relatively low rates.The interruptsarealsoimportantto

handle exception produce by P16 or the user program.

The processoralso provides two operatingmodes,supervisorand user

modes,that executein separateaddressspaceto providethe protectionneededto

implement an operating system. The current mode is stored in the Processor Status

Register (PSR) and it can only be changed while executing in supervisor mode.
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2.1.2  RISC vs. CISC

Despitetechnicalpropagandaregardinghigh-performanceRISC engines,

the complexinstructionset,especiallyx86 products(Intel and AMD) cannotbe

ruled out for applicationswith performancedemandsin the 100 to 300-MIPS

range.Internally, many of theseCPUshave moved to superscalararchitecture.

Many architectural enhancements used by RISC processors have also been applied

to streamline instruction execution. The latest-generationchips also include

multimediaandsignalprocessinginstruction-setextensionsfor 3D graphics(e.g.

MMX and3DNow) andaudioapplications,putting themon parwith manyRISC

processors. 

These products are available from Advanced Micro Devices, Cyrix,

NationalSemiconductor,IBM, Centaur/IDT,andof courseIntel. Runningat clock

speedsof 266 to 1 GHz, the PentiumII, Xeon, andother x86 CISC CPUs(K6,

6x86, and WinChip) deliver throughputscompetitivewith, or evenbetter than,

many of the RISC solutions.Even the older 486, when clocked at 133 MHz

(486/DX5 from AMD) will deliverperformancecomparableto MIPS-compatible

RISC processors,suchas the NEC4300ior the IDT 4640, running at 133 MHz

[22]. Figure 2.3 describethe performancebenchmarkfor different type of RISC

and CISC microprocessor.
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FIGURE 2.3 RISC vs. CISC performance

From a softwaredeveloper'sviewpoint, leveragingthe x86 instructionset

canbe beneficial.It hasa wide selectionof low-costdevelopmentsoftwareand

manyprogrammersarefamiliar with theprocessor-programmingmodel.Software

developmentcostscanthusbekept low, while applicationscanbedevelopedvery

quickly. However,therearepotentiallimitationswith the CISCapproachwhenit

comes to handling embedded system with performance-critical, real-time

applications. 

The processesand componentsthat make up an embeddedsystem

applicationaremuchlike thoseof thegeneralpurposecomputingworld hardware,

software,dataandnetworking.Thekey differencelies in thespeedwith which the

embeddedapplicationmustwork on the datait receivesto producea result,and

the reliability of that result.It hasto work very quickly andit hasto work every

time [22]. For example, the digital braking system in cars. If the software

controlling thosebrakestook a few secondsto decideto operatewheneverthe

driver hit the brake pedal, the consequent would be futile.
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CISC processorsuse variable-lengthinstructions [2]. This may make

dealingwith real-timeeventsandhandlinginterruptsa little harderthanwith the

simplesingle-cycleexecutionmodelusedby mostRISCprocessors.That'sdueto

the potentially slower interrupt-responsetime, which is causedby the delay

imposedwhile waiting for the currentmulticycle instructionto completebefore

switching contexts.

An addedconstraintin the embeddedsystemsworld is cost. If a digital

cameraincorporatesthe latestrangeof Intel Pentiummicroprocessorit would be

unaffordablecommercially.Thereforelow cost chips (hardware)with very high

quality applicationsor softwareand accuratedataare importancein embedded

systems world.

2.1.3  Pesona-16 Application [13] [18]

Despite P16 low performancecompared to other famous embedded

microprocessor,it is still suitable for embeddedsystem application such as

embeddedroutersor web servers.Network routersare increasinglyperformance

hungry becauselocal-areanetworks (LANs) and wide-areanetworks (WAN)

currently operatefaster than ever. 10 Mbit/s Ethernettechnologyhas beenthe

mainstayfor the past two decades.But now the industry is moving on to Fast

Ethernet(100Mbits/s),andevengigabitEthernet(1000Mbits/s).As a result,the

numberandthroughputof datapathscomingin andout of a routerareincreasing.

Thesystemengineermust,therefore,factorgreaterperformanceprocessinginto a

design, in order for his system to efficiently perform network routing functions. 

For example,if the P16areclockedat 20MHz for movingdatabetweena

10Mbit/s Ethernet LAN and a WAN. This level of processing is adequate for up to

6000packetspersecond(pips),or assuming200+bytepackets,10 Mbits/s,which
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is thelimit of 10-Mbit/sEthernet.However,if this LAN is migratedto 100-Mbit/s

technology,with a correspondingWAN capability, there is considerablymore

throughputs, and a major requirement for a faster processor with performance add-

ons.

To date,conventionalCISCprocessorshavebeenutilized asrouterCPUs.

However,moreembeddedRISCprocessingis emerginginto this CISCdominated

designarena.TheRISCsimplicity of designenableembeddedsystemsdesignerto

customizetheRISC processorfor the routerapplicationto enhanceperformance,

thus closing the gap betweenrequired and available processorcycles. As an

example of such an enhancement,is the problem of accessingthe header

information of a packet as it comes into the router. 

An example is the IBM Network Processorcode-namedRainier. It

combinesa standardPowerPCCPU with 16 packetengines,which IBM calls

picoengines,and numerousother processingelementsto provide a router on a

chip [37].
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2.2 Microprocessor Based Design

In the real world, design engineersare being called on to deliver

prototypesin shortertime spans.Suchcompressedproductcyclesdoesnot allow

for extensiveongoingproductredesignor refinement.During the designprocess,

theengineeris generallypresentedwith a systemspecificationthatdescribesend-

productfeaturesandcapabilitiesin greatdetail.Besidesthe productfeatures,this

detail includes the form factor, power, and manufacturing cost targets. 

FIGURE 2.4 Conventional Microprocessor Based Design
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Figure 2.4 describeconventionalmicroprocessorbasedsystem,design

method.Growth in softwareandhardwarecomplexityis strainingexistingdesign

practicesespeciallysystemverification. Systemverification now accountsfor

more than 40% of the overall designcycle, an unacceptablesituationgiven the

current market windows [24]. 

And yet, verification is the crucial factor in maximizing the likelihood of

first-time success.Until recently, the only really viable hardware/software

(HW/SW) integrationstrategywasto bring the two componentstogetherafter the

hardwarewasbuilt andprototyped.Whatbecamepainfully obviouswasthatto fix

system problems without incurring the time and expenseof changing the

hardware,the problemshad to be discoveredprior to the hardwareprototype

stage.In otherwords,thesoftwaremustberun on thehardwarewhile it is still in

simulation, as a “virtual prototype”.

In the past few years,the underlying technologyto supporta true co-

verificationenvironmenthasemergedandmatured.Commercialsolutionsfor co-

verificationarenow finally availablethatenableHW/SW integrationearlierin the

design cycle [30][31]. Becausethese approachescreate a virtual test and

integrationenvironment,software and hardwareteamscan now work together

from the beginning.This eliminatestime consumingback-endintegration and

testing,helpingdesignersto uncoverproblemsearlierin thedesignprocesswhere

they are less costly and easier to fix. 
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Moreover,dueto the design'snatureat this stage,functionalchangescan

be made where they make the most sense,either in hardwareor software.

Although HW/SW co-verificationtechnologyandmethodsarerelatively new for

embeddedsystems designers, it is rapidly becoming an integral part of

mainstream electronic system design.

2.2.1  Co-verification In Use 

Co-verification becomesan extensionof the available tools and technologies.

Many different combinationsandmethodsareavailable.Thesemethodsfall into

four general categories based on the underlying technology used [44]: 

· Hardware only. 

· Logic simulation

· A combination of hardware and logic simulation

· C simulation

In the co-verification environment,hardwareand logic simulation uses

existing logic simulationanddebugtools.Using this simulatedrepresentationof

thehardware,the embeddedsystemsoftwarecanberun in two modes,host-code

or target-code.Toolsin theC simulationspacetypically targetsoftwareengineers,

but aremore gearedtowardhardwareengineers.Both host-codeandtarget-code

simulation can be done. Host-codemode usesthe native workstation tools to

compile and debugthe software,while target-codemode usesthe tools for the

target embedded system [25]. 
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Theembeddedsystemmemorymapis theunderlyingcontrolstructurethat

translatessoftwareaccessesto hardwaresimulationor softwarefunctionalmodels.

Whenhardwaremodelsof peripheralsarenot yet available,or havealreadybeen

fully tested,softwarefunctionalmodelsallow for higherperformanceby handling

transactionsin the software environment instead of the hardwaresimulation

environment. 

For host-codeprograms,someenvironment-specificinitialisation codeis

required. This defines the software simulation environment, and starts the

connectionwith thehardwaresimulator.Callsto thehardwarearemadeimplicitly

by dereferencingpointers[20]. Becausethesepointersexist in a co-verification

mapped space, the access to the hardware is accomplishedwithout the

programmerhaving to specifically instrumentthe code for the co-verification

environment.Interrupthandlingin the host-code-modedriver was accomplished

by using the interruptAPI call to registeran interruptserviceroutine(ISR) with

the co-verification environment.This call specifiesan ISR that will be called

without furtherprograminteractionwhenan interruptis detectedin the hardware

simulation model.

For target-code execution, the software was cross-compiledon the

intendedarchitecture,and was run on the specific emulator [20]. Target-code

modeallows assemblylanguageprogrammingand simulationof the softwareat

the architectural level, with visibility into the working structures of the

microprocessor.The emulatorprovidessource-leveldebugging,stackbacktrace,

register display, source-code disassembly, and watch capability. 

Using a co-verification methodology,engineerscan accurately verify

hardwareandsoftware,eventhoughthey lack a working silicon. This particular

approachhas proven successfulin diagnosticand device driver development

projects.
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As the marketplacedemandsfor smaller, faster, and cheapersystems

escalate,the need for highly integratedsystemsand SoC will soar. Without

concurrentHW/SW verification, tight time to market windows will be missed.

Project costswill also dramatically increasedue to lengtheningdesigncycles,

misunderstoodspecifications,and expensiveASIC respins. Those willing to

investin HW/SW co-verificationtools andmethodologieswill havea significant

competitive advantage,often seeing their products on the market while the

competitor is still waiting for the prototype.

2.2.2  Simulator and EDA Solution

Electronic Design Automation (EDA) solutions offer companies

throughoutthe world to designtoday'ssophisticatedelectronicproductsand to

developICs andembeddedsystems,including semiconductors,computersystems

and peripherals,telecommunicationsand networking equipment,mobile and

wirelessdevices,automotiveelectronics,consumerproductsandother advanced

electronics.EDA tools helps electrical engineersto turn an idea into reality, a

finished chip design,meeting all of the technical requirements,which can be

handed off for manufacturing, then sold on the market.
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Unlike density-drivenIC design,systemdesignis primarily propelledby

diversefunctionality demands.Many of today'ssystemdesignsincludeanalogue,

digital, electromechanical,and software components[1]. Historically, system-

level designersverified their designsby building a physicalprototype.But many

of them can no longer afford this luxury. In general,physicalprototypesare a

time-consuming,expensive,anddifficult way to completea project.Thus,virtual

prototyping is becoming a necessity. 

Currently a number of EDA tools exists offering virtual-prototyping

environmentthat allows the designand verification of completesystems,from

functionalandperformanceconstraintsthroughsystemintegration.In thecontext

of systemverification, it meansbuilding an executablemodel of a designfor

simulation purpose.

A pager is a good example of a system that benefits from virtual

prototyping [26]. It has digital and analoguecircuitry, an RF circuit, and a

processorrunningsoftware,aswell asmechanicalcomponentssuchasa vibrator

and keypad.Building an accuratephysical prototypefor a pager is a complex

problem.Constructingthatprototypeto run at speedis evenmoredifficult, if not

impossible. 

Physicalprototypeshavea numberof drawbacks.For starters,debugging

them is more cumbersomeanddifficult than it might be for a virtual prototype.

Designersmust devisesomesort of lab setup,including various instrumentsto

both stimulate the design and capture and analyse results. If problems are

discovered,theymustbeisolatedusingdifferentprobingtechniques.Problemsare

thenfixed by modifying thephysicalprototype.At best,this processis very time

consumingand frustrating. In a virtual environment,everything is much less

difficult. It's relativelysimpleto look at a particularregistervalue.Designerscan

set up the simulationenvironmentto monitor a valuewith a commandsuchas,
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"monitor registerA." A window will thendisplay the contentsof that particular

register. 

Settingup equipmentto captureregistervaluesin thephysicaldomaincan

be tough. Signals may be completely inaccessibleif they are internal to a

componenton the prototype. Becausedesignerscannot accessthese signals

directly, it essentiallybecomesa guessinggame.Thedesignermaysuspectthata

certain part is faulty, replace that part, and determine if the system works

properly--andrepeatthe processseveraltimes, if necessary.When problemsare

found, it is hard to makemodificationsto the physicalprototype.Designersmay

haveto physically removeone or more components,put new onesin, and then

properly rewire those parts. Furthermore,if the prototype is a printed-circuit

board,it maymeanhavingto re-routetheboard.It is a minor taskto replacelogic

or circuitry with alternativecircuitry in the virtual environment.Just replacea

modelor modify a schematicor hardwaredescriptionlanguage(HDL) file. These

issues,combinedwith increasingtime to marketdemands,makeit tremendously

challenging to build an accurate physical prototype. 
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In contrast,verification processcanbe completedfasterandwith greater

detail using virtual prototypes.Designerscan move from concept to verified

implementationin lesstime. Plus,makingmodificationsto a virtual prototypeis

muchsimpler becausethe designeronly needsto modify a modelnot an actual

piece of hardware. Even the iteration loop of finding and fixing problems is faster.

To work towardsuchan environment,EDA developershaveleveragethe

technology available in specific domains by developing algorithms and

technologythatwould allow theenginesto work together.Thesimulatorinterface

provides a bridge between dissimilar domains. Interfacing techniquesvary,

dependingon which domainsare being linked. Some available HW/SW co-

verification tools are Cadence Virtual Component Co-Design (VCC)[31],

ModelSim [32] and SynopsysEaglei Tools [30]. Thesesimulatorsoffer various

solutions to cater developer needs. Some of the key features provided are:

· Debugging:Comprehensivedebuggingwith an easy-to-use,full-featured

graphical user interface

· Mixed physical and virtual co-verification: Hardware and software

solutionthat lets you adda mixed physicalor virtual approachto system

developmentand integration with live models which provide critical

hardware-level accuracy.

· Model Libraries: Comes with an extensiveset of virtual component

libraries.For effectivetest-benchesthe usercanchoosefrom a rich setof

blocks representingarithmetic,counter,conversion,datastructureaccess,

delay, execution control, traffic generator and vector access functions. 

· Supportsystemlevel code:Systemlevel codeis implementedin operating

system. Therefore, engineerscan write their own device simulators,

memory-managementunit (MMU) and other modulesto plug into the

simulator.

· Profiling and Statistics:Memory systemperformancenumberssuch as

CPUcycle,datacache,pagetablemissesandinstructioncachemissescan
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beexamineeasilythus,summarizetheusageof themicroprocessoror the

efficiency of the software.

Tool integration is another serious challengefor the traditional EDA

developmentmodel. Rebellionof end-usersagainstproprietarytools has led to

someindustry attemptsat standardization.The resultsof this effort have been

mixed.No companyhasthe resourcesneededto developanddeliver a complete

designsolutionfor everyuser.From the beginning,the desktoppoint tools have

hadto providebuilt-in supportfor netlist anddatabasetranslation.End userslike

the flexibility and lack of dependenceupon a single vendor, but struggle to

manageintegrationon theirown.Providinglinks betweentools is dependentupon

maintaining version synchronizationas the tools are updated.Developersare

unlikely to supporteachother'sefforts to maintaincompatibilityespeciallyif they

view the other parties as direct competitors. Another likely featuresof the new

generationof tools includea truly opensystemwith a fully exposedAPI, which

allows accessto system processesand data , documenteddatabaseformats,

structuredmacro languagesand end-userdevelopmentkits with source code

examples. Other features include predefined macros and wizards, which

encapsulatedesigntaskexpertise,canbeuser-modified,andcanautomatecoding.

Some examples are Simics [33] from Virtutech and gpsim [34]. 

Exposingan application'sprocessesand datavia an API allows virtually

limitlesscustomisationof toolsby both third-partydevelopersandby skilled end-

usersalike. This approachcan completelyremovedependenceon developersto

provide and maintain tool integration,transferringownershipof the integration

process directly to the marketplace. However releasing control over tool

integrationis potentially risky to developersbecauseit createsa truly vendor-

independentenvironmentwheredeveloperswill haveto competeto continuously
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addvalueto their own products.Neverthe lessopenEDA integrationprovidesa

platformuponwhich theend-userorganizationcangain its own designexpertise,

either for reuse or distribution.

2.3 Feasibility Study

Basedon theliteraturepresentabove,a hardwaresimulatoris importantin

any microprocessor-basedsystem or embeddedsystem design. The task of

developing an embedded system is indeed a very difficult yet challenging. 

HSS16 is an instruction simulator that can simulate the Pesona16

instruction set. The simulator will assist the user in developingsoftware and

embeddedsystemwith Pesona16 microprocessor.The simulatorcan also assist

userin debuggingnewly developedsoftwareandembeddedsystem.Currently,a

practical hand on experiencecan only be achievedin the lab with a System

Development Kit (SDK). The operating task is tedious and time consuming. 
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Chapter  3:  Methodology  And

Requ i rement  

One of the primary goals of any design procedure is reduction of

complexity by partitioning the identified problem into several models. The general

useof modelsis abstractionandcreationof moredetailedmodelsis refinement.

Both component of design are equally important. The refinement process

continuesuntil thelevel of sufficientdetailis reached.Figure3.1will describethe

design activity of this project.

FIGURE 3.1  HSS16 Design Process

29

Feasibility

 Study

Architectural

Design

Data
Structure

Design

Requirement

Definition

Requirement

Specification

Algorithm

Design



Therequirementdefinition factsaredrawnfrom theliteraturesurveyfrom

thepreviouschapter.A softwarerequirementsdefinition is anabstractdescription

of the servicesthat the system,in this contextHSS16,should provide and the

constraints under which the system must operate. Requirement definition will only

specifythe externalbehaviourof the systemwithout concerningwith the system

design characteristic.

The requirementspecificationsdescribein detail all the attributes of

HSS16, which includes: software architecture, microprocessorand device

structure,simulationengineandtheuserinterface.Softwareproductfeatureswill

bedescribedin a naturallanguage[6] andsomeof the importantfunctionwill be

describedwith pseudocode.As this simulator objective is to provide a correct

instructionsimulation,a discussionaboutthe Pesona16 instruction is included.

Beyondthat, this sub-chapterwill includethe softwaresystemattributesanduser

interface attributes.
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3.1  HSS16 Requirement Definition

Requirementsengineering are the first phase of software system

development.Systemrequirementare written at different levels of detail for

different type of audience.The characteristicand function of HSS16 will be

explained thoroughly. The constrainedfaced by HSS16 under which it will

operate will also be described. 

The constraintfacedby usersoperatingthe simulatorare highlightedso

thatusersknow theentireboundarylimit within thesimulator,with hopethatuser

understandbriefly theoperationof thesimulatorandprovidefeedbackto improve

HSS16.The authorhopethat the simulatorwill assistuserunderstandingof the

architectureand interfacingcharacteristicof Pesona16 microprocessors,thereby

achieving the objective of this project.

Others are the technology focus during developmentof HSS16 and

productperspectivethroughthesimulatorinternalsystem,softwareinterfacesand

simulator operations.Finally product functions will be written out in natural

languages, which are customer’s oriented descriptions [6]. 

3.1.1  Domain Understanding

HSS16 will provide a simulated environment of the Pesona-16

microprocessorfor execution of the host-code to ensure parallel HW/SW

developmentandco-verification.Thehost-codemeansinstructionexecutedon the

machine(PC)wherethesimulatoris running(thehost).In this casethemachines

arex86 machinesrunningonLinux or Windows9x. Thisprojectis only interested

in the typical instruction set simulationmodel which incorporatean instruction

simulation, devicesinterfacing and modularity design,also called the register
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transferlevel (RTL) [19]. In otherwords,only the behaviouralsimulationof the

P16microprocessorwill beaccuratelysimulated. Variableandpointersrepresent

processorstate that is visible to a programincluding control registers,general

registersand memory. The machine instruction cycle is implementedwith a

program loop.

HSS16 will specifically assist developmentof Pesona-16embedded

systemby providing integrateddevelopment,debuggingfacility, direct memory

andregistermanipulationandCPU statisticwhile providing a vastpossibility of

hardwareintegration to the hardwaresystem.The implementationof TCL/TK

toolkit allows usercustomisationandadditionaldevelopmentof testmacrosand

new device (I/O) modules. In general, HSS16 will have the following features:

· Simulate the PESONA16TM processors. 

· Runs P16 software (S19 Motorola format).

· Development kit or monitor software (SDKPC), like commands.

· Breakpoints in registers and memory.

· Graphical user interface via the TCL/TK GUI toolkit.

· Interface for the P16 disassembler.

· Easy for user to add module simulating IO peripherals.
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3.1.2  Technology Focus

Extreme Programming   

Extreme Programming (XP) is actually a deliberate and disciplined

approachto softwaredevelopment[38]. About five yearsold, it hasalreadybeen

proven at cost consciouscompanieslike BayerischeLandesbank,Credit Swiss

Life, DaimlerChrysler,First Union National Bank, Ford Motor Companyand

UBS [38].

XP improvesa softwareproject in four essentialways; communication,

simplicity, feedback,and courage.XP programmerscommunicatewith their

customersand fellow programmers.They keep their designsimple and clean.

Theyget feedbackby testingtheir softwarestartingon day one.They deliver the

systemto thecustomersasearlyaspossibleandimplementchangesassuggested.

With this foundation XP programmersare able to courageouslyrespond to

changingrequirementsandtechnology.However,someof theconceptcanstill be

applied in a single developer environment. 

OneXP conceptof interest,is a sophisticatedtestingsystem[39][40][41].

The advantageof this Extreme testing framework, is that it is completely

independentof thecodeto betested.All of thetestcodeis separatefrom all of the

developedcodethereis norisk of introducinga bugjust becauseof amodification

to the source code or an addition of a test unit.
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GNU Autotools

The GNU Autotoolsis a groupof utilities developedin the 1990sfor the

GNU project[42].Autoconf,AutomakeandLibtool weredevelopedseparatelyto

make tackling the problem of software configuration more manageableby

partitioning it. The tools were designedto be usedas a softwaredevelopment

system[7].

Autoconf wasdevelopedto help with sourcecodeportability throughout

thediversity of operatingsystemespecially,the Unix universe.Thepackagesplit

building a programinto 2 steps:a configurationstepanda build step.This will

ensurethat the samesourcecode can be built on different operatingsystem

(Windows, Linux, BSD, etc.) and even different architecture(Intel x86, PPC,

Sparc, etc). 

Automake will automaticallygeneratenecessarybuilding rules for the

developed software based on developer specified configuration file. The

Automakeutility automaticallydetermineswhich piece(sourcecode)of a large

programneedto be recompiledand also issuethe commandto recompilethem.

Automakealso hasa very flexible supportfor automatedtest-suites.Numberof

success and failure will be printed at the end of the run.

Libtool takescareof all thepeculiaritiesof creating,linking andloadingof

sharedandstaticlibrariesacrossa greatnumberof platforms,providinga uniform

commandline interfaceto the developer.By using Libtool to manageproject

libraries,the library canbebuild on a platform with different library architecture.

Libtool arealsousedto handledifferencesbetweensharedlibrariesdevelopedin

each version of software.

34



Concurrent Versions System (CVS) [45]

CVS is a version control systemto record history of sourcecode file. For

example,modification to part of the programwill introducebugsin other part.

With CVS,developercaneasilyretrieveold versionsto seeexactlywhich change

causedthebug.This is importantin a softwaredevelopmentenvironment.CVS is

also a part of the GNU project[42].

CVS alsohelpa groupof peopleworking on thesameproject.CVS solvesthe

problem of each developercommitting a changeto the samesourcecode or

overwriting eachother’s changeby insulatingeachdeveloperfrom eachother.

Eachdeveloperworksin his own directory,andCVS mergesthework wheneach

developer is done.

TCL/TK

TCL stands for Tool Command Language. John Ousterhout developed it in

1987. It was designedto be an applicationindependentscripting languagethat

would reducetheneedto createa wholenewscriptinglanguageeverytime a new

tool wascreated.TCL is really two things:a scriptinglanguage,andaninterpreter

for that language that is designed to be easy to embed in current application. 

TK is thegraphicaluserinterfacetoolkit that is associatedwith TCL. It is

a set of calls, which can be called from the TCL languagethat creategraphical

widgetsthat canbe usedto build the interfaceto a tool. The TCL interpreterhas

been ported from UNIX to DOS, Windows, OS/2, NT and Macintosh

environments.The TK toolkit has beenported from the X windows systemto

Windows and Macintosh[28].

Vendor Platform

ASCII DOS Windows Win/NT OS/2 Motif Mac

Java - - Yes Yes Yes Yes -
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TCL/TK Yes Yes Yes Yes Yes Yes Yes

MS-MFC - - Yes Yes - - -

Graph - - Yes Yes - Yes Yes

TABLE 3.1   Platform Independent Graphical User Interface toolkit

Table 3.1 describe the capabilities of some graphical user interface toolkit.

TCL/TK are capableof running on almostany operatingsystemplatform while

other toolkit are limited to certain platform only.

TCL fills the role of an extensionlanguagethat is usedto configureand

customizeapplication.Combinethesewith TK, thenuserinterfacecanbefactored

out from the rest of the applicationand the developercan concentrateon the

implementationof the applicationcoreand thenfairly painlesslywork up a user

interface.

TheTCL library alsohascleaninterfacesandis simpleto user.Thelibrary

implementsthe basic interpreter and a set of core scripting commandsthat

implementvariables,flow control andprocedures.TK addscommandsto create

graphicaluserinterfaces.TCL andTK providea virtual machinethat is portable

across UNIX, Windows and Macintosh environments[29].

Therearealsoother implementationsof TK with otherscriptinglanguage

suchasperl/TK [46] andSTK (SchemeTK) [47] that havebeenextendedfrom

the original TCL/TK to extend TK capabilities to other scripting language.
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3.1.3  Constrain and Limitation

Thereis little supportin theC programminglanguagefor the interfaceor

API baseddesign[5].Object orientedlanguages,like C++ and Modula-3, have

language features that encouragethe separation of an interface from its

implementation.Interfacebaseddesignis independentof anyparticularlanguage,

but does require more advance programming knowledge and vigilance in

languages like C. However, C is chosen as it is the spoken language of engineers.

HSS16will not supportsystemlevel codebecauseportability issuewill

arise.Systemlevel codeincludesoperatingsystemcalls to other PC peripheral

device such as Network Interface Card (NIC) and serial communicationport

(COM). Howeverthesecouldbeaddressedby modularisingsystemcallsfunction.

Thesewill limit thecapabilityof HSS16to presenta systemview of anoperating

system or device driver. However, normal P16 program can be simulated

accurately. 

The accuracyof HSS16 is only applied to the memory and register

contentsin behaviouralsimulation.Thesemean,the simulatorwill only provide

accurateinstructionsetexecution.Correctmachinecycle andpipelining arealso

abandoned.Cache contents which implies cache hits and misses cannot be

identified as theseelement is not documentedanywherein the P16 technical

manual. 
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 During unassemblingof an instruction, HSS16 will not replace any

expression,valueandvariablewith the symbolusedby the P16assemblycode.

The symbol can be obtain by parsingthe symbol table generatedby ASMP16

(Pesona16 Assembler)that is located in the listing file with other assembler

output.HSS16also could not identify datadirective (DB) and may accidently

unassemble data directive if  instructed by user.    

Initially, HSS16will only provide somebasic device library with basic

function.Howevereachdevicemodulescanbecodedfrom thedatasheetor model

library from the manufacturer.Thusthesimulatedsoftwarecannotbeguaranteed

working perfectly when implementedto the real hardware.A solution for this

problem is to interpret spice or netlist I/O module models directly which is

possibleby implementingcircuit simulatorenginesuchas Berkeley'sSpiceor

NG Spice[35] which is available in sourcecode, and most of the electrical

simulators inherited its syntax.
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3.2  HSS16 Requirement Specification

HSS16 requirementsspecificationswill add further information to the

requirementdefinition, presentedearlier.Requirementspecificationis the initial

step before implementationphase. Information added will detail the design

descriptionandspecificationof all themodulesin thesimulator.Thearchitectural

design, structure design and algorithm design will only be included where

applicable.

3.2.1 System Interfaces

HSS16 is located in the user application layer of our PC compatible

system.This level will alsoenableHSS16to interactdirectly with PC hardware

such as CD-ROM and Network InterfaceCard (NIC). User is also capableof

loadingthePesona16 machinecodedirectly asif theyareloadingthecodeto the

SDK.

FIGURE 3.2  HSS16 Interface Block Diagram

HSS16is developedbasedon call-returnmodel [6]. This is the familiar

top-down subroutinemodel where control starts at the top of a subroutine
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hierarchyandthroughsubroutinecalls, passesto lower levels in the tree.From a

functional viewpoint HSS16 is designedstarting with a high level view and

progressivelyrefining this into a more detaileddesign.Figure 3.3 explainsthe

sub-system of HSS16 at its most abstract level. 

FIGURE 3.3  HSS16 System Structuring and Control Model 
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The control model is representedby the `Board` sub-system.It will

coordinatethe data and control signal for the 'CPU' and 'Device' sub-system.

Pesona16machinecodeis alsohandledby the`Board`subsystem.Theboardwill

also translateusercommandfrom the GraphicalUser Interface(GUI) and also

performformattingto the outputof thesimulator.TheGUI alsoactsas a front-

end interface to the command line version of HSS16.

3.2.2  HSS16: CPU

3.2.2.1  HSS16: CPU System Context

Sincethe project intention is not to debugthe hardware,I needonly to

simulateit to the extent, necessaryfor P16 software to run as expected.This

meansthatthesimulatorwill functionjust like therealthing.HSS16will simulate

the real P16hardware,which includethe Arithmetic Logic Unit (ALU), Control

Unit (CU) and registersby assigningvariable,arrays,pointersandcontrol flow.

Figure 3.7 explain HSS16 system context.

An InstructionSet Simulator(ISS) replacethe P16,ALU and CU at the

coreof theHSS16.TheISSwill decodeandcall thespecificfunctionsor macroto

executethe instruction.The hardwareinterfaceandcalls to the devicesmodules

are madeby the C interfacesor applicationprogramminginterfaces(API) and

dereferencing the pointers. 
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3.2.2.2  HSS16: CPU System Model

Processmodel will presentabstractdescriptionof the HSS16 system.

Thesemodelsarebasedon computationalconceptssuchasvariable,arrays,object

and functions rather than application domain concept.Processmodel are an

important bridge between the analysis and design process.

The processmodel describesthe principal functionsof HSS16basedon

the machine instruction cycle and deliverablesinvolved in carrying out the

process.Referring to the Figure 3.5 below, the Fetch and Write functions

involved interactionwith I/O modulessuchasmemoryandcommunicationport.

Each of the function can be implemented directly in term of software code.
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FIGURE 3.5  HSS16 System Model 

Apart from the normal machine instruction cycle of the Pesona-16

microprocessor,additionalsimulatorcontrol codes(SCC)[20] are addedwhich

doesnot exist in Pesona-16instruction set but is usedfor internal purposesin

HSS16.For instance,thecontrol codesneededto inserta breakpointfor a certain

conditionto halt theexecutionof a Pesona-16program.Therewill betwo type of

simulation. The fastest, will only perform functional simulation without

breakpointcheckingwhile anothersimulationwill performa completeexecution

of the instruction and  breakpoint checking.
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The pseudocodefor an implementationof the processorinstructioncycle

is listed below. The exceptioncheckingand handling are handledby another

function.

ExecuteInstruction
Compare CPU architecture
If CPU is p16

Get current execution address
      

For n=0 to 1 /* Fetch word instruction */
Fetch byte from memory
Next n

For n=0 to 31
  Compare signature with fetched word

If signature match
Break

Next n

If signature not match
Modify status register
Call Exception

Call ExecuteFunction
Increment PC based on NOP inserted

End

The currentexecutionaddresswill be obtainedfrom the ProgramCounter(PC)

register.Next, the word instruction is fetchedfrom the memory. The fetched

instructionwill be comparedwith the signaturefrom eachP16opcode.A perfect

match will result an execution of the instruction. A call is made to the

ExecuteFunctionthat will be describedlater. Then the PC will be incremented

accordingto thenumberof NOP(No OPcode)for thespecificinstruction.If there

is no match, an exceptionwill occur and a call will be madeto the Exception

function.
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3.2.2.3  HSS16: CPU Register Summary [20]

HSS16 CPU registersare implementedin a structure that consist of

generalregistersarray and control registersarray. This will ensureflexibility

during codeimplementation.Eachof thevariablesis implementedin a bit field’s

structure. The data structure design are shown below:

struct {
  struct {
    unsigned hi:8;
    unsigned lo:8;
  } gen[16]; /*  General registers */

  struct {
  unsigned a:16; /*  CR3 */
  }cr[4];       /*  CR2 */

        /*  CR1 */
        /*  CR0 */

  unsigned pc:16; /*  Program Counter  */
}reg;

The generalregistersare divided to a high and low byte. This would

simplify the operation on it. All the registers can be accesseddirectly by

declarationin the headerfile. However to emulateR0 and R1 registersthat is

hardwired to zero and one respectively [13], the general registers must be

accessed through a predetermined interface.
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Table 3.2 will summarizes the variables and arrays from the register structure.

Structure Description

regs.pc The address of the next instruction waiting for execution

regs.gen An array of general registers, R0 to R15. The registers are further
divided into 2 bytes with high (hi) and low  (lo) bits. 

regs.cr[0] · Processor Status Register (PSR)

· Status register that contain the freeze bit, mode bit, and
enable interrupt bit.

regs.cr[1] · Supervisor Storage Data (SSR)

· Storage registers used by the supervisor software.

regs.cr[2] · Exception Instruction Pointer (EIP)

· A pointer to the address of the next instruction to be
executed after an exception occurs.

regs.cr[3] · Exception Next Instruction Pointer (ENIP)

· Points to the return address on exception return. It will only
be loaded after  regs.cr[2] is loaded.

TABLE 3.2   HSS16 Register Structure

To extractspecific bits from the control registers,maskingflags arealso

defined.Thesedefinitionswill alsoenablemodificationto thespecificbits in the

register.The following list explain the methodto extractthe currentmodefrom

the PSR register (regs.cr[0]):

regs.cr[0].a & M_FLAG

M_FLAG (0x2000)will extracttheP16modebit [13] from thePSRregistersand

return a one or zero value.
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3.2.2.4  HSS16: CPU Data and Instruction Set

Figure 3.6 describe Pesona-16 supported data types:

15 8 7 0
Unsigned Byte 0 0 0 0 0 0 0 0 Byte

Unsigned Word Word

FIGURE 3.6  Pesona-16 Data types

The variousdatatypesare alwaysright alignedand convertedto sixteen

bits when loadedinto the registers.All the datawill alwaysbe accessedat the

appropriateaddressboundary.An attemptto perform a misalignedaccesswill

cause a Misaligned Access exception to occur.

Therearetwo basicinstructionsetformats.I-type, which is immediateto

registeroperationwhile R-type is register-to-registeroperation.The instruction

format is shown in Figure 3.7.

15 12 11 8 7 4 3 0
I-Type Opcode Rd I8

R-Type Opcode Rs1 Rs2 Rd

FIGURE 3.7  Pesona-16 Instruction format
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Rd refer to thedestinationregisterwhile Rs is thesourceregister.I8 is the

immediatememoryaddress.In the current implementation[13], the lower four

bits of the instructionare usedfor the subopcodefield to extendthe numberof

instructionsetof Pesona-16.Thesimulatorwill spendmostof its time performing

the action of Pesona-16microprocessorinstruction. Simulating the effects is

straightforward.Someinstructionhaveadditionalrequirementto enableHSS16to

simulate the real hardware. Table 3.3 summarize the Pesona-16 instruction set. 

TABLE 3.3   Pesona-16 Instruction Set Summary

Note that OP and SUBOPis the mnemonicfor opcode(operationcode)

andsubopcode.All of P16 instructionset is storedin an array of opcodetable.

The opcode data structure is shown bellow.
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typedef struct OPCODE { 
  char opcodename[5]; /*  Instruction Name */  
  int n_cycle; /*  Number of cycle */  
  u_int mask; /*  Mask for the instruction */
  u_int signature; /*  Unique signature*/
  /*Simulate up instruction execution */
  void (*Instr)(int hex2,int hex3,int hex4);  
}opcode;

The n_cyclewill storethe numberof cycle needfor eachinstructionduring their

execution.This is to ensurethatNOP couldbeskipped. Theassemblergenerates

the NOP becausesomeinstructionneedsmorethena singlecycle to accomplish

their task. Function pointer to simulate the instruction is also declaredin the

structure. 

The decodedinstruction format will be implementeddirectly to enable

decodingas much as possiblewith minimum work left until runtime[21]. This

suggestionis basedon thehostarchitecture(x86) that is a 32-bit machine.This is

possiblewith the maskandsignaturevariable.Eachinstructioncanbe identified

astheir signatureis unique.AppendixC lists thesourcecodeandinstructiontable

file that generated the opcode table array for HSS16.
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The ExecFunctionis responsibleto perform the function simulating

executecycle of P16. Each P16 opcode, will have their own ExecFunction

attachedto theOPCODEstructure.ExecuteInstructiondiscussedearlieralsocalls

the ExecFunction.The generalpseudocodefor ExecFunctimplementedby each

opcode is listed below:

ExecFunct
Fetch data from general register and/or memory
Call CheckException
Perform operation
Call CheckException
Store data to general register and/or memory
Modify control status

End

CheckException
Fetch control status
Compare control register
If necessary
Call Exception

End

The dataare fetchedfrom the registeror memorybasedon the specific

instruction.Next a call is madeto the CheckException. Eachof the function to

simulatethe P16 instructionwill also handletheir specific exceptionbits in the

PSR(regs.cr[0])register.Howeverothergeneralexceptiontaskis handledby an

Exception function.
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3.2.2.5  HSS16: CPU Exception Handler

The exception handler or interrupt function will handle the generated

exceptionfrom HSS16simulator accuratelysuchas the real hardware.Further

than that, control codesfrom the HSS16will also be handled.Theseexceptions

canonly be handledin supervisormode.The3-bit exceptioncodesareobtainby

maskingthe PSRregister.Table3.4 describeP16 3-bit exceptioncodesand the

masking flag defined to obtain the codes.

E FLAG Exception Cause

000 R_FLAG Reset External reset signal is asserted.

001 E_FLAG Error Another exception occurs while freeze
bit is set.

010 FI_FLAG Instruction Fault Access Fault reply is received during
an instruction fetch.

011 P_FLAG Privileged Violation Privileged instruction is
encountered in user mode.

100 T_FLAG Trap Instruction Trap condition specified in TEQ0/TNE0
instruction evaluates to TRUE.

101 A_FLAG Misaligned
Access 

Misaligned data access is attempted.

110 FD_FLAG Data Access Fault reply is received during a data
access.

111 I_FLAG Interrupt External interrupt signal is asserted (if
not disable) 

TABLE 3.4   Pesona-16 Exception Signals
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The Exceptionfunction is the stepstakenby P16 during eachexception.

The pseudocode are listed below:

Exception
Freeze processor
Save current processor mode
Store cause of exception
Store return address
Set PC to hexadecimal 0x0000

End

P16 implementa 4 stagepipelining in its instructioncycle, howeverfor

this project,the pipelining is not implemented.HSS16will only executea single

instruction in each cycle.

The only way to stop the executionof a programin the HSS16is the

insertion of the breakSimulator Control Code (SCC). One SCC will represent

eachbreakpoint.A newmoduleis introducedin theexception-handlingmoduleto

examinethe presenceof SCC.Implementationof this mechanismwill enablethe

supports for the following breakpoint features:

· Single stepping.

· Tracing- stoppingaftereachinstruction,registersaccessedor aftercertain

instruction cycle and gathering statistics or outputting a memory trace . 

· Invalid Instruction - halt the executionif a programattemptsto venture

beyond its bounds

· Instruction Frequency - every instruction is counted.

SCC will be implementedby 2 breakpoint structuresthat are listed below.

Breakpointstructurefor registersis useto track down accessto registersby user

program.Breakpointstructurefor memorywill enableexecutionof programuntil

the specified address.Then user will be capableof stepping through their

program. 

typedef struct breakpoint{   
  unsigned addindex; /* Location */
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  int index; /*  Index number */
  int status; /* 0-disable/1-enable */

struct breakpoint *next;
}Breakpoint;

typedef struct breakreg{   
  unsigned regvalue; /* Value of Register */
  int regindex; /*  Register index  */
  int index; /*  Index number */
  int status; /* 0-disable/1-enable */
  struct breakreg *next;
}Breakreg;

The Breakpointstructurewill enableinsertionof breakpointin memory.

Thebreakpointcanalsobedisabledtemporarilyif neededwith thestatusvariable.

TheBreakregstructureenablesbreakpointin userprogramif thespecifiedregister

is modified. The following pseudocode implements the breakpoint function.

CheckBreakpoint
Compare PC with memory Breakpoint list
If address exist in list

Return TRUE
Else

Compare general register with Breakreg list
If register is modified

Return TRUE
Else

Return FALSE
End if

End if
End

During execution,a memorybreakpointat an odd addressof P16 codesection

will be ignoredbecause,the simulatorFetchcycle is modified to fetch a word (2

byte) of instructionratherthan a single byte in eachmicroprocessorinstruction

cycle.
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3.2.3  HSS16: Devices Modules [14][15] 

Eachdeviceswill be implementedwith a standarddevicestructure.Each

devicewill alsoimplementtheirown read,write andresetfunction.Thisway, it is

possibleto implementjust any type of simple devicessuchas RandomAccess

Memory (RAM) and Liquid Crystal Display (LCD). Each devices must be

implemented based on the following structure:

typedef struct basicdevice {
  char devname[5]; /* Device name */
  unsigned base; /* Start address */
  unsigned devsize; /* I/O port size */ 
  int myInterruptPending; /* TRUE or FALSE */
  char myErrorMessage[40]; /* Error message */
  u_char *data; /* Memory space pointer */
  void (*reset)(struct basicdevice *); /* Reset function */
  
  /* pointer to readbyte(device,addr) function */
  u_char* (*readbyte)(struct basicdevice *,unsigned ); 
  
  /* pntr to writebyte(device,addr,data) */
  void (*writebyte)(struct basicdevice *,unsigned,u_char );
  
  /* pointer to read(src,dest,size) */
  int* (*read)(struct basicdevice *,unsigned*,int*,int *); 
  
  /*pointer to write(src,dest,size) */
  void (*write)(struct basicdevice *,unsigned*,int*,int*); 
  
struct basicdevice *next; 
}BasicDevice;

For the purposeof this projectthereis only RAM andLCD devices.RAM is the

most important devicesin any generalcomputersystem.User applicationare

placedin the RAM, fetched,operatedand storedback in the RAM. LCD is an

output device that will convey message from the user application.
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The following pseudocodedescribesan implementationof RAM initialisation,

read and write to RAM.

InitRAM
Create RAM, BasicDevice structure
Initialize BasicDevice structure

End

ReadRAM
Calculate relative address in device
Fetch byte from device
Return byte

End

WriteRAM
Calculate relative address in device
Store byte to device

End

Eachdevicehastheir own relativeaddressingthat is handledinternally.Usercan

arrangetheir own memorymappedfor eachdevice.TheRAM sizeis only limited

by the addressspacehandledby P16.The LCD addresssize is fixed. The LCD

control registerand dataregisteris locatedat 0x1 and0x3 respectively.HSS16,

developerfor a new devicemust take into accountP16 big-endianarchitecture

when developing new devices.
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All deviceson HSS16will be memorymapped[17]. The cleaninterface

betweenmemoryroutinesandHSS16allow codeto be addedwithout theneedto

understandthe internalsof the simulator.Device will be attachedand detached

from HSS16 through the AddressSpace structure, shown below:

typedef struct addressspace {
  u_int myAddressSize;
  u_int myNumberofDevices;
  BasicDevice *device; 
}AddressSpace;

TheAddressSpacewill alsoprovidea higherinterfaceto accessthedevices.Some

exceptionduring fetchingandstoringto devicesarealsohandled.Cachingis also

implementedhereduringreadandwrite accessto device.The following listing is

the pseudocode implementing device creation function:

CreateDevice
Compare device index
If RAM

Call InitRam
Return BasicDevice

Else If LCD
Call InitLCD
Return BasicDevice

Else 
Print error message

End if
End
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Each device created can be attachedand detachedfrom the AddressSpace

structure.The AttachDeviceand DetachDevicefunction pseudocodeis listed

below:

AttachDevice
Compare device base address
If address out of bound

Print error message
Return FALSE

Else
Attach device to AddressSpace structure

End

DetachDevice
Compare index number
If device does not exist

Print error message
Return FALSE

Else
Detach device from AddressSpace structure

End

TCL/TK will be usedintensively in interfacingthe devicesmodulesto HSS16,

therefore no additional GUI coding is needed for new devices. 
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3.2.4  HSS16: Graphical User Interface Modules [25][27]

The user interfacesare basedon widgetssuch as button, tabbedframe,

combobox, drop down list and dialog box. This will ensureeaseof useand a

user-friendlyinterface.It is alsopossibleto openwindowsto view all the details

of HSS16executionanddebugenvironment.Themain windowsaredescribedin

Table 3.5 below.

Window Name Description

Main Window File loading, preferences setting, accessing other
windows and exit

Source Browser

Provide two views of source file: ‘.p16’ and ‘.s19’
browsers. The ‘.p16’ is a colour-coded display of P16
source file. Breakpoint can be inserted directly from the
source browser window.

Register View
Provide the real time content of the processor. Content of
the registers can be edited directly and register breakpoint
can also be inserted.

Watch View Is an outrun only window providing information of the
current watch variable.

Assemble File Provide an interface to the command line P16 assembler

TABLE 3.5   HSS16 Main Window Description
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The GUI prototypeimplementedwith TCL/TK are presentedin the following

figures:

FIGURE 3.8  HSS16 Main Window

Onceinvoked,HSS16userinterfaceshouldappearasshownin Figure 3.8. The

File menuallows user to createnew setup,savethe current setup,load a P16

programandquit HSS16.A simulatorsetupconsistsof a simulatoranda list of

devicesattachedto thesimulator.OnceHSS16is invoked,the first stepis to load

anexistingsetupor createa newsetup.TheEdit allow userto managesimulator’s

devicesetupby attachingor detachingdevices.Devicesbaseaddressandmemory

spacesizecan alsobe modified from this menu.In addition to the main HSS16

window thatappearsuponexecutionof HSS16,thereis otherwindow that is very

useful.The view menuallows you to openthe programlisting, memorywatch

and register content window that is discussedbelow. HSS16 user interface

includesan online help through the Help menu.The help systemincludesuser

manual and information on all HSS16 tools, commands and features.
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FIGURE 3.9  HSS16 Source Browser Window 

The Source Browser windows, from Figure 3.9, will show the P16

programlisting in hexadecimalnumbers.Usersarealsocapableof unassembling

the instructionandinsertinga breakpointfrom the window. Thedatacanalsobe

modifieddirectly by selectingthespecificlocation.A bytesearchandreplacecan

also be conducted from this windows.

FIGURE 3.10  HSS16 Watch Viewer Window

From the Watch Viewer window of Figure 3.10, usercan examinedthe

contentof a memory location specifiedearlier. The data will be displayedin

decimal, hexadecimal and binary  format. 
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FIGURE 3.11  HSS16 Registry Viewer Window

Register content can be viewed with the Registry Viewer window of

Figure 3.11. Usercanselectsomeor all of thegeneralandcontrol registersto be

viewed.The control registercontrol will be displayedin the Binary field so the

necessary bit can be examined directly. 
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Chapter  4:  Imp lementat ion, Ver i f icat ion  &

Val idat ion

Implementationis the final stageof a softwaredevelopmentproject. In

this stage,thesourcecodeof thesoftwarewill beproduced,compiled,linked and

debugged.Verification involvescheckingthat theprogramconformsto its design

specification. Missing and confusing services, reliability will be tested and

refined. Validation involvescheckingthat theprogrammeetstheexpectationof

the user. Program testing is the predominant verification & validation technique.

4.1  HSS16 Implementation

HSS16arebuilt out of modules,which are composedof proceduresand

functions.A moduleis a collection of dependentcomponentsand can be tested

without othersystemmodule.Subsystemis a collectionof modulesthat may be

independentlydesignedandimplemented.Then the subsystemsare integratedto

make up the entire system.
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New moduleandsub-systemwill be registeredto the CVS system. Each

module and subsystemhas their own testing framework. Each module and

subsystemwill be tested thoroughly before committing the changes and

proceeding to the next stage. The implementation and testing activity are

summarized in Figure 4.1. 

FIGURE 4.1  HSS16: Implementation And Testing 

4.1.1  HSS16 Modular Decomposition

During implementationphase,eachmodulesfrom the designphaseare

allocatedto different directory.Eachmoduleare further separatedinto different
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sourcecodefile. Eachmodulesconsistof smallerunits that forms a subsystem.

Table 4.1 present the content of each directory in HSS16 project. 

Directory Source Code Files

./boards hss16.c

./cpu Makefile, BasicCPU.c, BasicCPU.h, BasicLoader.c, BasicLoader.h,
BreakpointList.c, BreakpointList.h, Registry.c, Registry.h, StatInfo.c,
StatInfo.h, defs.h, p16.c, p16.h

./devices Makefile, AddressSpace.c, AddressSpace.h, BasicDevice.c,
BasicDevice.h, 

Ram.c, Ram.h, LCD.c, LCD.h, Tools.c, Tools.h, error.c, error.h,
xmalloc.c, xmalloc.h

./doc HSS16-Howto.txt

TABLE 4.1   HSS16 Directory Structure and Source Code

EachsourcecodedirectorycontainaMakefilethatis usedby theAutomakeutility

to managetheconfigurationandcompilationprocess.Eachof thesourcecodefile

correspondto an object. The idea is to model the data to be manipulatedand

defining a methodor function to control the variousways that the datacan be

manipulated [48].
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Reusable software component will facilitate new development of system

components(new Pesonamicroprocessorfamily) and simulation components

(Adress decoder,Flip-flop, etc). Table 4.2 describeHSS16 source code file

descriptions.

Source Code Description

hss16.c Performs all the initialization and launches the main simulator
function.

BasicCPU.[c,h] Basic structure to implement a microprocessor and function to
simulate a CPU cycle.

BasicLoader.[c,h] Load the target P16 program in S19 format to the memory.

BreakpointList.[c,h] Handles addition and deletion of memory and register
breakpoint.

Registry.[c,h] Contain P16 registers structure and function to manipulate the
registers.

StatInfo.[c,h] Build the statistic information for HSS16.

defs.h Contains important variable defination, initialization and function
prototypes.

p16.[c,h] Defines function to simulate the execution of P16 instruction.

AddressSpace.[c,h]
Act as an interface BasicDevice. Handle creation of device,
attaching, detaching and manipulation of device content. Also
handle fault during fetch and store.

BasicDevice.[c,h] Handles creation of specific device and manipulation of device
content.

Ram.[c,h] Defines the data structure and function to create, fetch, store
and reset Ram devices.

LCD.[c,h] Defines the data structure and function to create, fetch, store
and reset LCD devices.

Tools.[c,h] Contain numerous usefull function to handle HSS16 operation.

xerror.[c,h] Holds code to handle error message and status.

xmalloc.[c,h] Holds usefull code to wrap the standard dynamic memory
management function to localise memory handling. 

TABLE 4.2   HSS16: Source Code Functionality
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Figure 4.2 explain the object model for HSS16.Arrows indicate that an

object usesthe attributesor servicesprovidedby anotherobject. The data line

represent data flow between the object while the control line represent control data

flow to thecontrol register.Objectorientedimplementationallow hiddeninternal

implementationof an object. The GUI object is implementedwith TCL/TK

toolkit. 

FIGURE 4.2  HSS16 Object Model
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4.2 Verification & Validation [6]

Theobjectivesof the V & V (Verification andValidation)processcanbe

satisfiedby staticanddynamictechniquesof systemcheckingandanalysis.Static

techniquesareconcernedwith theanalysisandcheckingof systemrepresentations

such as requirementsdocument,designdiagramsand the HSS16sourcecode.

They are applied at all development stages of HSS16. 

Dynamic techniques or tests involve exercising an implementation.

Testinginvolvesexercisingtheprogramusingdatalike therealdataprocessedby

theprogram.Testingmy becarriedout duringtheimplementationphaseto verify

that the softwarebehavesasintededby its designerandafter the implementation

is complete.Different kinds of testingusedfferent typesof test data.Statistical

testingmaybeusedto testHSS16performanceandreliability while defecttesting

is intended to find areas where the program does not conform to its specification.

Whendefectshavebeenfoundis a program,thesemustbediscoveredand

removed.This is called debugging.Defect testing and debuggingare different

process.Testingestablishesthe existenceof defectswith developerown testing

module.Debuggingis concernedwith locatingandcorrectingthesedefect.GDB

(GNU Debugger) is used to debug the program during development. 
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4.2.1  Defective Testing

Defecttestingis intendedto exercisea systemsothat defectsareexposed

beforethesystemis delivered.A successfuldefecttestis a test,which causesthe

systemto performcorrectlyusinggivenacceptancetestcases.Testcasesareinput

andoutputspecificationsplusa statementof thefunctionundertest.Testdataare

theinputs,which havebeendevisedto testthesystem.Testdatacanbegenerated

automatically by using a random function.

It is impossibleto exerciseanexhaustivedefecttesting.Exhaustivetesting

requiresevery statementin the programand every possiblepath combination

throughthe programto be executed.ThereforeHSS16testingsuiteis basedon a

sub-setof possibletestcases.Threeapproachestakenin HSS16testingprocedure

are:

· Functional or black-box testing where the tests are derived from the

program specification

· Structuralor white-boxtestingwherethetestsarederivedfrom knowledge

of the program structure and implementation

· Interfacetestingwherethetestsarederivedfrom theprogramspecification

plus knowledge of its internal interfaces.

Thetestsuiteswill beautomatedto increasetestcoverage,thusincreasingquality

and reliability of HSS16 [49]. Automated tests can be run repeatedlyand

consistentlythroughout thedevelopmentphase.Theseapproacheswill beapplied

at any stageof the testingprocessthat will be describedin the following sub-

chapter. 

4.2.2  Test Planning

HSS16arebuilt out of sub-systems,which arebuilt out of modules,which

are composedof proceduresand functions, refer to Figure 4.1. During the
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incremental development,feedback is vital and the most basic and critical

feedbackis that of ‘ExtremeTesting’ [50]. Eachfeaturewill havetheir own test

suite that will be divided to three stages of testing process:

· Module testing

· Sub-system testing

· System testing

Module is a collection of dependentcomponentssuchas datastructures,

proceduresand functions.A moduleencapsulatesrelatedcomponentsso can be

testedwithout othersystemmodules.Themoduleswill betestedincrementallyas

it is developed.Modules developedin HSS16 referring to Figure 4.2 are:

Register, RAM, LCD and BreakpointList.

Sub-systemtesting involves testing collectionsof modules,which have

been integrated into sub-systems.HSS16 sub-systemsare designed and

implementedindependently.Themostcommondefects,which will arise,aresub-

systemsinterfacemismatches,thereforesub-systemtestprocesswill concentrate

on the detectionof interfaceerrorsby exercisingtheseinterfaces.Sub-systems

developedin HSS16referring to Figure 4.2 are: BasicDevice,P16, BasicCPU,

AddressSpace, BasicLoader and GUI.

69



The sub-systemsare integratedto makeup the entire simulator system.

The HSS16systemtestingprocessis concernedwith finding errors,which result

from unanticipatedinteractionsbetweensub-systemsandsystemmodules.System

testing also concernedwith validating that the system meets its functional

requirementsandfeatures.HSS16will betestedwith realP16programratherthan

simulatedtestdata.Systemtestingmayrevealerrorsandomissionsin the system

requirementsdefinition becausethe real data exercisesthe systemin different

ways from the test data.Systemtestingmay also revealrequirementsproblems

where the system’sfacilities do not really meet the usersneedsor the system

performance is unacceptable.
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4.2.3  HSS16 Modules Testing

The following tablesdescribethe test suite for HSS16modulestesting.

Eachtableis anactualtestsuiteduring developmentof HSS16.TheRegistertest

suite is responsibleto prove and test that the Registermodule of HSS16 is

functioningcorrectly.Table4.3 summarizethe HSS16,Registermoduletesting.

The full listing to the sourcecode of the Registertest suite can be viewed in

Appendix D (basiccputest.c).

Register

Test Case Test Data Expected Output Result

Perform a byte and
word write/read to
a general register
and control
register. 

Generated from a
random function.

The data stored in the
registers are the same as the
data generated from the
random function.

TRUE

Perform a bit
manipulation to the
control register

Based on P16
datasheet Conform to P16 datasheet. TRUE

TABLE 4.3   HSS16: Register module testing
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Table4.4 summarizesthe testsuite for the RAM module.The full listing

to the source code of the RAM test suite can be viewed in Appendix D (ramtest.c).

RAM

Test Case Test Data Expected Output Result

Create a RAM
device 

Created by the
developer.

A RAM, BasicDevice structure
is returned. TRUE

Modify error
message from
RAM device. 

New error
message. New error message is printed. TRUE

Write and read to
RAM device.

Generated from a
random function.

The data stored in the device
are the same as the data
generated from the random
function.

TRUE

Reset RAM device
Perform a write to
device and then
reset the device.

The RAM device content is
null. TRUE

TABLE 4.4   HSS16: RAM module testing

Table4.5summarizesthetestsuitefor theLCD module.Thefull listing to

the source code of the LCD test suite can be viewed in Appendix D (lcdtest.c).

LCD

Test Case Test Data Expected Output Result

Create LCD
device 

Created by the
developer.

LCD, BasicDevice structure is
returned. TRUE

Modify error
message from
LCD device. 

New error
message. New error message is printed TRUE

Write and to LCD
device.

Generated from a
random function.

The data written is send to
STDOUT TRUE

Reset LCD device Reset the device. The LCD device is cleared. TRUE

TABLE 4.5   HSS16: LCD module testing

The BreakpointList test suite is responsibleto prove and test that it is

possibleto add, deleteand disablememory and registerbreakpointin HSS16.

Table 4.6 summarize the HSS16, BreakpointList module testing. The full listing to
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the source code of the Register test suite can be viewed in Appendix D

(breakpointlisttest.c).

BreakpointList

Test Case Test Data Expected Output Result

Add a memory
and register
breakpoint 

Generated from a
random function.

Memory and register breakpoint
are added to the breakpoint list TRUE

Disable and
enable a
breakpoint 

Generated from a
random function.

The breakpoints are disabled or
enable based on the data
generated from the random
function.

TRUE

TABLE 4.6   HSS16: BreakpointList module testing

73



4.2.4  HSS16 Sub-system Testing

The following tabledescribesthe testsuitefor HSS16sub-systemtesting.

Eachtableis anactualtestsuiteduringdevelopmentof HSS16.TheBasicDevice

test suite is responsibleto prove and test that the BasicDevicesub-systemof

HSS16is functioningcorrectly.BasicDevicealsoconsistof the RAM and LCD

module of HSS16.Table 4.7 summarizethe HSS16,BasicDevicesub-system

testing.Thefull listing to thesourcecodeof theRegistertestsuitecanbeviewed

in Appendix D (basiccputest.c).

BasicDevice: Ram, LCD

Test Case Test Data Expected Output Result

Initialize a new
RAM device 

Created by the
developer.

A RAM, BasicDevice structure
is returned TRUE

Write and read to
RAM device.

Generated from a
random function.

The data stored in the device
are the same as the data
generated from the random
function.

TRUE

Initialize a new
LCD device 

Created by the
developer.

LCD, BasicDevice structure is
returned TRUE

Write and to LCD
device.

Generated from a
random function.

The data written is send to
STDOUT TRUE

TABLE 4.7   HSS16: BasicDevice sub-system testing
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Table4.8 summarizesthe testsuite for the P16 sub-system.Registerand

BasicDevicemoduleis the componentof P16sub-system.The full listing to the

source code of the LCD test suite can be viewed in Appendix D (p16test.c).

P16: Register, BasicDevice

Test Case Test Data Expected Output Result

Perform all 26,
P16 instruction. 

Generated from a
random function.

Data stored in device and
registers are the result of all
instruction.

TRUE

TABLE 4.8   HSS16: P16 module testing

Table4.9 summarizesAddressSpacesub-systemtestsuite.AddressSpace

sub-systemconsistsof BasicDevicesub-system,RamandLCD modules.Thefull

listing to the source code of the AddressSpacetest suite can be viewed in

Appendix D (addressspacetest.c).

AddressSpace: BasicDevice, Ram, LCD

Test Case Test Data Expected Output Result

Initialize a new
AddressSpace 

Created by the
developer.

An AddressSpace structure is
returned TRUE

Attach a device to
AddressSpace
structure.

Created by the
developer.

The devices created are
attached to the
AddressSpace structure.

TRUE

Detach a device to
AddressSpace
structure.

Created by the
developer.

The devices selected are
detached from the
AddressSpace structure.

TRUE

Write and Read
from the
microprocessor
AddressSpace

Generated from a
random function.

The correct data is written
and read from the right
device. 

TRUE

TABLE 4.9   HSS16: AddressSpace sub-system testing

BasicCPUis the mainsub-systemin HSS16.This sub-systemincorporate

all modulesandsub-systemdescribedearlier.Table4.10describeBasicCPUtest

suite that is attached in Appendix D (basiccputest.c).

BasicCPU: P16, Register, AddressSpace, BasicDevice, Ram, LCD
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Test Case Test Data Expected Output Result

Initialize a new
BasicCPU structure

Created by the
developer.

BasicCPU structure is
returned. TRUE

Execute an
instruction.

Generated from a
random function.

Opcode located at the
address obtained from PC is
executed.

TRUE

Unassembled an
instruction

Generated from a
random function.

Opcode located at the
address obtained from PC is
disassembled.

TRUE

TABLE 4.10   HSS16: BasicCPU sub-system testing

Table 4.11 summarizedthe test suite for the BasicLoadersub-system.

AddressSpacesub-system,BasicDevicesub-system,RamandLCD moduleis the

componentof P16sub-system.Thefull listing to thesourcecodeof theLCD test

suite can be viewed in Appendix D (p16test.c).

BasicLoader: AddressSpace, BasicDevice, Ram, LCD

Test Case Test Data Expected Output Result

Load a P16
program into
memory.

Created by the
developer.

The P16 program is loaded
successfully into the memory TRUE

TABLE 4.11   HSS16: BasicLoader sub-system testing
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4.2.5  HSS16 System Testing

HSS16 system testing has been implementedwith two P16 program,

includedin AppendixE (sys_tst1.p16andsys_tst2.p16). TheP16sourcecodehas

beenassembledwith ASMP16 and first loaded to SDKP16. The original and

modified version of the programshas beenexecutedon the SDKP16 and the

results are recorded. 

Thesystemtestingwill ensurethatHSS16areoperationalandreliable.All

the feature and function of HSS16 will be exercised during both of the system test.

However the first systemtest is more concernedwith RAM devicewhile the

second system test covers all existing device in HSS16.

Theprocedureconductedandoutcomeof thesystemtestarediscussedin

the following sub-chapter.
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4.2.1.1HSS16 System Testing 1

SystemTesting1 will assessthecapabilityof HSS16to performa simple

operationto movea block of datafrom onelocationto anotherlocation.A RAM

deviceis attachedto HSS16allocatingall the addressspaceof P16(0xffff). The

P16 machinecodeis obtainedby assemblingsys_tst1.p16. Then the binary file

(sys_tst1.bin) is convertedto Motorola Hex format (sys_tst1.s19) beforebeing

loadedto HSS16and executed.Next a modification is madeto the destination

address of the program and the program is executed again.

HSS16exceptionhandlingsare also exercisedin SystemTesting 1. To

perform the above operationbreakpointfeature of HSS16 are also exercised.

Table 4.12 described the procedure and result of System Testing 1. 

Test Case Test Data Expected Output Result

Attach a RAM
device with base
0x0000 and size
0xffff 

Created by the
developer.

A RAM device will be
attached to HSS16 and a P16
machine code can be loaded.

TRUE

The P16 machine
code is loaded to
HSS16

Refer Appendix E.
(sys_tst1.p16)

The machine code is loaded
at the right address location
as in the listing file
(sys_tst1.lst).

TRUE

Execute the P16
program

Refer to
sys_tst1.lst

20 byte of data from 0x0062 is
copied to 0x5000. TRUE

Modify the
destination
address from
0x5000 to 0x90a0

Refer to
sys_tst1.lst

The destination address
changed to 0x90a0. TRUE

Execute the P16
program

Refer to
sys_tst1.lst

20 byte of data from 0x0062 is
copied to 0x90a0. TRUE

HSS16 faced with
an exception

Created by the
developer. Refer
Appendix A.

Exception will be handled
based on the specification. TRUE

TABLE 4.12   HSS16 System Testing 1
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4.2.1.2HSS16 System Testing 2

In SystemTesting 2, a blinking messagewill be displayedto the LCD

device.A RAM deviceandLCD deviceis attachedto HSS16basedon thelisting

file from Appendix E (sys_tst2.lst). The P16 machine code is obtained by

assemblingsys_tst2.p16. Then the binary file (sys_tst2.bin) is convertedto

MotorolaHex format (sys_tst2.s19) beforebeingloadedto HSS16andexecuted.

Next a modification is madeto the destinationaddressof the programand the

program is executed again.

During SystemTesting2, all the function of HSS16will be exercisedandthe

operationand reliability of HSS16cab be determined.Table 4.13 describedthe

procedure and result of System Testing 2.

Test Case Test Data Expected Output Result

Attach a RAM
device with base
0x0000 and size
0x8000 

Created by the
developer.

A RAM device will be
attached to HSS16 and a P16
machine code can be loaded.

TRUE

Attach an LCD
device with base
0xf100 and size
0x20

Created by the
developer.

An LCD device will be
attached to HSS16 and a P16
machine code can be loaded.

TRUE

The P16 machine
code is loaded to
HSS16

Refer Appendix E.
(sys_tst2.p16)

The machine code is loaded
at the right address location
as in the listing file
(sys_tst2.lst).

TRUE

Execute the P16
program

Refer to
sys_tst2.lst

“Fire! Help!” message will be
displayed from the LCD
device.

TRUE

Change “Fire!”
message at 0x017f
to “Water!”

Refer to
sys_tst2.lst

The “Fire!” message will be
replaced with “Water!” TRUE

Execute the P16
program

Refer to
sys_tst2.lst

“Water! Help!” message will
be displayed from the LCD
device.

TRUE

TABLE 4.1 3  HSS16 System Testing 2

79



Chapter  5 Conc lus ion  &

Recommendat ion

5.1  Conclusion

The taskof developingsoftwareis indeeda very difficult yet challenging.

Further more, HSS16 is intendedto simulate real hardware,which could be

interfacedwith otherI/O devicemodules.TheRISCarchitectureandTCL/TK are

newsubjectsto copewith thathaveto bepickedup in sucha short time. Thusit

waschallengingin thesensethat,at lasta satisfactionfor the thirst of knowledge

is achieved through research and development of HSS16. 

As a conclusion,the main objectivesof the project havebeenachieved.

The underlying technologyand architectureprinciple of Pesona-16have been

understood.Author hasalsosubmittedan erratumfor an error in P16datasheet.

Research and business interest towards RISC architecture has also been identified.
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During the development of HSS16, a practical experience of

microprocessor-baseddesignhasbeenacquired.Theknowledgeacquireddoesnot

only apply to the hardwaredesignbut also in softwaredevelopment.Hardware

and software interfacing has becomean important field know days, with the

technological advance in digital design and embedded system.

Hardware/softwareco design is concernedwith the joint design of

hardware and software making up an embedded computer system.

Hardware/softwareco design reduces market time and resources during

developmentof an embeddedsystem.Developmentof HSS16as an instruction

simulatorareconcernedwith theseconceptby featuringsomeof thefeaturesthat

could be found on some commercial solutions and researchwork. However

HSS16 is more focused towards a development tool for Pesona-16

microprocessor.

All in all, the Hardware Simulator Software for Pesona-16has been

successfully developed. Nevertheless,the GUI modules are not completed

successfullydueto the lack or time during theprojectimplementation.However,

the simulatorstill fulfilled the projectobjectiveas the commandline interfaceis

simple and easy to understand.
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5.2 Recommendations

5.2.1  Graphical User Interface

The GUI plannedearlier for HSS16can be implementedwith TCL/TK. The

GUI will provide an easy-to-use,point-and-clickinterfacefor HSS16.TCL/TK

allows one to quickly createcustomgraphicalapplicationswithout the needto

delve in arcanesubjectslike the internal structureof HSS16.Comparedwith

Visual Basic,from Microsoft, TCL/TK haveanapplicationandGUI development

environment for UNIX, Windows, Macintosh and AS400. platforms. With

additional time resources, a GUI for HSS16 can be completed.

5.2.2  Pipelining & Cache Tracing

HSS16only providea functionalinstructionsimulationandinstructionare

executedserially, simulatingno instructionsin parallel.Howeverpipelining can

be implementedwith threadsand tracesof the out of order pipelining can be

provided.With more detailedP16 datasheet,the microprocessorcachecan be

implementedandeffectof cacheperformanceonexecutiontime canbeexamined.

Time accountingfor the simulatorcan also be providedwith implementationof

microprocessor pipelining and cache.

 

5.2.3
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5.2.3  System level simulator

Systemlevel simulator can be implementedwith a proxy handler that

interceptssystemcalls madeby the simulatedbinary, decodesthe systemcall,

copies the system call arguments,make the correspondingcall to the host’s

operating system and then copies the results of the call into the simulated

program’s memory. 

Systemlevel simulator will allow device level emulation, where user

applicationis capableof using the PC peripheralssuchas NIC, audio card and

also CD drive. The simulator can also boot an operatingsystemwith minimal

modification to the source code.

83



Reference

1. Michael Slater (1989). Microprocessor Based Design. Prentice Hall,
Singapore.

2. William Stallings (1996). Computer Organization and Architecture 5th

Edition. Prentice Hall, Singapore. 
3. J.S. Byrd & R.O. Pettus(1993). Microcomputer System:Architecture

and Programming. Prentice Hall, Singapore. 
4. Brent B. Welch (1999). Practical Programming in TCL and TK, 3rd

Edition. Prentice Hall , Singapore. 
5. David R. Hanson(1997).C Interfaces and Implementation, 2nd Edition.

Addison Wesley, Massachusetts.
6. Ian Sommerville(1995).Software Engineering, 5th Edition. Addison-

Wesley Singapore.
7. Gary V. Vaughan,Ben Elliston, Tom Tromey and Ian Lance Taylor

(2000). Autotools: Autoconf, Automake and Libtool. New Riders
Publishing. Available HTTP: http://sources.redhat.com/autobook/

8. Mark Allen Weiss (1997). Data Structures & Algorithm Analysis in C, 2nd

Edition. Addison Wesley, Singapore.
9. Kenneth A. Reek (1998). Pointers on C. Addison Wesley, Singapore.
10.Al Kelley, Ira Pohl (1997). A Book on C. 4th Edition, Addison Wesley,

Singapore.
11.Schaller, R.(1997). Moore's Law: Past, Present and Future. IEEE

Spectrum Jun-1997.
12.Moore, G.(1965). Cramming More Components Onto Integrated

Circuits. Electronic Magazine April-1965.
13. 16-Bit RISC Microprocessor PESONA-16 R1620. MIMOS Berhad.

1998.
14.Ajluni, G.(1998).HW/SW CodesignAnd Coverification ComeOf Age.

Electronic Design Magazine. Jun-1998.
15.Lunde,A.(1977).Empirical Evaluation of SomeFeaturesof Instruction

Set Processor Architecture. Communication of The ACM. Mar-1997.
16.Huck, T.(1983). Comparative Analysis of Computer Architectures.

Stanford University Technical Report. May-1983. pg83-243
17.Patterson, D.(1982). A VLSI RISC. Computer. Sep-1982.
18.Vogel, D. and Majid, B.(1998). Use EmbeddedRISC ProcessingTo

Boost Router Power. Electronic Design. Jun-1998.
19.R. M. Fujimoto and W. B. Campbell(1988).Efficient Instruction Level

Simulation of Computers. Transactionsof the Society for Computer
Simulation, Vol 5, No 2, Apr-1988.

20.PeterS. Magnusson(1992).Efficient Simulation of Parallel Hardware.
MSc Thesis.[Online document].Mar-1992.[cited 7-Feb-2001].Available
HTTP: http://www.sics.se/simics/publications/psm-msc-thesis.ps.Z

21.R. Bedicheck(1990). Some Efficient Architecture Simulation
Techniques. USENIX. Winter 1990.

22.Dave Bursky(1998). RISC And CISC Processors Compete For
Embedded Applications. Electronic Magazine. Aug-1998.

23.SDKP16 User Manual. MIMOS Berhad. Sep-1998.

84



24.Ed HunnellandMichaelLyons(1998).CoverificationGoesFrom Cutting
Edge To Mainstream. Electronic Design. Jun-1998.

25.Jason Andrews(1998). Verify Hardware In A Logic Simulation
Environment. Electronic Design. Jun-1998.

26.TeddCorman(1999).Verify Your System-LevelDesignsWith A Virtual
Prototype. Electronic Design. Oct-1999. 

27.Paul T. Kidd(2000). What are EmbeddedMicroprocessor Systems?.
[Online document]. Sep-2000.[cited 31-Dec-2000].Available HTTP:
http://www.cheshirehenbury.com/embedded/what.html

28.TCL/TK on Windows FAQ. [Online document]. Jun-2000. [cited25-
Nov-2000]. Available HTTP:  http://www.pconline.com/~erc/tclwin.htm

29.RossMcKay(1997).GUI Toolkit, Platform IndependentFAQ. [Online
document]. Mar-1997. [cited 26-Oct-2000].Available HTTP:
http://www.zeta.org.au/~rosko/pigui1.htm

30.Synopsis Eaglei Tools. [Online document]. Nov-2000. [cited 29-Jan-
2001]. Available HTTP:
http://www.synopsys.com/products/hwsw/eaglei_ds_A4.pdf

31.Cadence Virtual Component Co-Design Product. [Online
document].[cited 24-Dec-2000]. Available HTTP:
http://www.cadence.com/eda_solutions/hcd_l3_index.html

32.ModelSim Overview. [Online document].[cited 29-Jan-2001].Available
HTTP:  http://www.model.com/products/pdf/msim.pdf

33.What is Simics?. [Online document]. Jan-2001. [cited 2-Feb-2001].
Available HTTP:  http://www.simics.com/simics/

34.ScottDattalo(2000).gpsim. [Online document].Dec-2000.[cited 10-Feb-
2001]. Available HTTP:  http://www.dattalo.com/gnupic/gpsim.html

35.Paolo Nenzi(2000).NG-SpiceWeb Site. [Online document].[cited 21-
Dec-2000]. Available HTTP:  http://ieee.ing.uniroma1.it/ngspice

36. CygnousSolution PressArchieve. [Online document].Nov-1999.[cited
14-Feb-2000]. Available HTTP:
www.redhat.com/about/presscenter/cygnus_1999/redhat-
cygnus111599.html

37.Linley Gwennap,IBM Rainier Network Processor. [Online document].
[cited 14-Feb-2000]. Available HTTP:
www.hellobrain.com/mini/editarch/101000.asp

38.J. Donovan Wells(1999). What is Extreme Programming? [Online
document]. March, 2001. [cited 7-Feb-2001]. Available HTTP:
http://www.extremeprogramming.org/what.html

39.William C. Wake(2001)The Test/CodeCycle in XP: Part 1, Model
[Online document].March, 2001. [cited 1-April-2001]. Available HTTP:
http://users.vnet.net/wwake/xp/xp0002/index.htm

40.William C. Wake(2001)The Test/CodeCyclein XP: Part 2, GUI [Online
document]. March, 2001. [cited 1-April-2001]. Available HTTP:
http://users.vnet.net/wwake/xp/xp0001/index.htm

41.XP Software:DownloadTestingFramework. [Online document].March,
2001. [cited 28-March-2001]. Available HTTP:
http://www.xprogramming.com/software.htm 

42.GNU Project [Online document].2001.[cited 28-March-2001].Available
HTTP: http://www.gnu.org

43.Bradford W. Mott (1998). BSVC, a microprocessor simulation
framework. [Online document]. Nov-1998. [cited 31-Dec-2000].

85



Available HTTP:
http://www2.ncsu.edu/eos/service/ece/project/bsvc/www/

44.Karl Van Rompaey (1999). A checklist for SOC hardware/software
codesign [Online document]. April-1999. [cited 15-August-2001].
Available HTTP: http://www.computer-
design.com/Editorial/1999/04/0499a_checklist_for_system.html

45.CVS--ConcurrentVersionsSystem[Online document].April-1999. [cited
15-August-2001]. Available HTTP: http://www.gnu.org/manual/cvs-
1.9/html_chapter/cvs_toc.html

46.Perl/TK [Online document].June-2001.[cited 15-August-2001].Available
HTTP: http://www.pconline.com/~erc/perltk.htm

47.STk Home Page[Online document].June-2001.[cited 15-August-2001].
Available HTTP: http://kaolin.unice.fr/STk/

48.George Leol (2000). Object Oriented Programming in C [Online
document]. Oct-2000. [cited 15-July-2001]. Available HTTP:
http://www.linux-mag.com/

49.LauraDominik (2001).AutomatedTestingof EmbeddedSystems[Online
document]. August-2000. [cited 15-August-2001]. Available HTTP:
http://www.deepsubmicron.com/design/btree/btreearticle.html

50.Ronald E. Jeffries (1999). Extreme Testing: Why aggressivesoftware
developmentcalls for radical testing efforts. [Online document].Mar
1,1999. [cited 15-August-2001]. Available HTTP:
http://www.stickyminds.com/pop_print.asp?ObjectId=2748&ObjectType=
ARTCOL

51.Visual TCL Homepage. [Online document].August 8,2001. [cited 15-
August-2001]. Available HTTP: http://vtcl.sourceforge.net//FAQ/vtcl-
FAQ.html

86



Append i x

A. 16-Bit RISC Microprocessor PESONA-16 R1620.

B. P16 Assembly Source Code: cycle.p16  & cycle.lst 

C. Source Code: instruction.c 

D. HSS16 Module and Sub-systemTest Suites: p16.c, basiccputest.c,

basicdevicetest.c, addressspacetest.c, ramtest.c, lcdtest.c,

breakpointlisttest.c, basicloadertest.c and tooltest.c.

E. HSS16 System Test: sys_tst1.p16 & sys_tst2.p16

F. HSS16 User Manual
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Appendix A: 16-Bit RISC Microprocessor PESONA-16 R1620
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Appendix  B: cycle.p16 

LB r1, r3
SB r2, r1
LW r1, r3
SW r2, r1
MFC cr0, r3
MTC r2, cr0
RFE
JMP r2
JSR r2
TEQ0 r2, 14h
TNE0 r2, 14h
AND r1, r2, r3
XOR r1, r2, r3
OR r1, r2, r3
ADD r1, r2, r3
SUB r1, r2, r3
SLO r1, r2, r3
SLT r1, r2, r3
SRL r1, r2, r3
SRA r1, r2, r3
SLL r1, r2, r3
BSR 400h
BEQ0 r2, 4002h
BNE0 r2, 4004h
MLO 14h, r3
MHI 14h, r3
end
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Appendix  B: cycle.lst

0000 0310 LB r1, r3
0002 0211 SB r2, r1
0004 0312 LW r1, r3
0006 0213 SW r2, r1
0008 0304 MFC cr0, r3
000A 0025 MTC r2, cr0 (p16asm: noopx3)
0012 0006 RFE
0014 0208 JMP r2 (p16asm: noopx1)
0018 020A JSR r2 (p16asm: noopx1)
001C 020C TEQ0 r2, 14h
001E 020E TNE0 r2, 14h
0020 1123 AND r1, r2, r3
0022 2123 XOR r1, r2, r3
0024 3123 OR r1, r2, r3
0026 4123 ADD r1, r2, r3
0028 5123 SUB r1, r2, r3
002A 6123 SLO r1, r2, r3
002C 7123 SLT r1, r2, r3
002E 8123 SRL r1, r2, r3
0030 9123 SRA r1, r2, r3
0032 A123 SLL r1, r2, r3
0034 B400 BSR 400h (p16asm: noopx1)
0038 C200 BEQ0 r2, 4002h (p16asm: noopx1)
003C D200 BNE0 r2, 4004h (p16asm: noopx1)
0040 E314 MLO 14h, r3
0042 F314 MHI 14h, r3

0043      end

Pass 1: Found 0 error(s)
Pass 2: Found 0 error(s)
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Appendix  C: instruction.c

/****************************************************************
*instruction.c
 
This program reads in an instruction definition file (which is
defined by user and builds the <up>DecodeTable.hxx file.  It
checks the input to make sure that all instruction entries are
distinguishable. (if not an error is reported).
 
Usage: instruction <instruction defination file> <microprocessor
name>

  format input: OOOOxxxxxxxxSSSS INSTR n_cycle
  format output: (INSTR,n_cycle,mask,signature,*INSTRexec())
  eg:    instruction p16_instruction.list p16

  note (1) The instruction is sorted based on their signature. 
  Would enable the use of hashing table for searching.
  note (2) if (opcode & mask)==signature => found the exact instr
 
modified from: 
  Sim68000 "Motorola 68000 Simulator"
  Copyright (c) 1993
  By: Bradford W. Mott
  November 3,1993
*****************************************************************
/

#include <stdio.h>
#include <string.h>
#include <stdlib.h>
#include <errno.h>

typedef struct {
  int mask;
  int signature;
  int n_cycle;
  char *name;
  char *gen;
} Entry;

Entry table[4096];

int Compare(const void *a,const void *b)
{
  /* return( strcmp( ((Entry*)a)->name, ((Entry*)b)->name ) ); */
  return( ((Entry*)a)->signature - ((Entry*)b)->signature );
}

unsigned int BinaryToInt(char *binary)
{
  int t,v;

  v=0;
  for(t=0;t<strlen(binary);++t)
  {
    v=v<<1;
    if(binary[t]=='1')
      v=v|1;
  }
  return(v);
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}

int IsNotDistinct(char *a,char *b)
{
  int t,len;
  char ta[80],tb[80];

  len=strlen(a);
  if(strlen(b)<len)
    len=strlen(b);

  strcpy(ta,a);
  strcpy(tb,b);
  for(t=0;t<len;++t)
  {
    if((ta[t]!='0') && (ta[t]!='1'))
      tb[t]=ta[t];
    else if((tb[t]!='0') && (tb[t]!='1'))
      ta[t]=tb[t];
  }

  for(t=0;t<len;++t)
    if(ta[t]!=tb[t])
      return(0);

  return(1);
}

main(int argc, char *argv[])
{
  FILE *fp;
  int num_of_entries,n_cycle;
  char input[320],name[80],gen[80];
  char mask[80],signature[80];
  int t,s;

  if (argc < 3) 
    printf("%s: Missing Arguments",argv[0]);
  fp=fopen(argv[1],"r");
  if (ferror(fp))
  {  
    perror(argv[0]);
    exit(0);
  }

  /* Read in table of instruction generators and names */
  printf("\nReading '%s' file...\n",argv[1]);
  num_of_entries=0;
  while(fgets(input,319,fp)!=NULL)
  {
     t=sscanf(input,"%s %s %d",gen,name,&n_cycle);
     if(t==3)
     {
       table[num_of_entries].name=(char*)malloc(strlen(name)+1);
       table[num_of_entries].gen=(char*)malloc(strlen(gen)+1);
       strcpy(table[num_of_entries].name,name);
       strcpy(table[num_of_entries].gen,gen);
       table[num_of_entries].n_cycle=n_cycle;
       ++num_of_entries;
     }
     else if(t>0)
     {
       printf("Input Error: %d (%s)\n",t,input);
       exit(-1);
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     }
  }
  fclose(fp);

  /* Compute the mask and signature values from the generator
string */
  printf("Computing mask and signature values...\n");
  for(t=0;t<num_of_entries;++t)
  {
    for(s=0;s<strlen(table[t].gen);++s)
    {
      if((table[t].gen[s]=='0') || (table[t].gen[s]=='1'))
      {
        mask[s]='1';
        signature[s]=table[t].gen[s];
      }
      else
      {
        mask[s]='0';
        signature[s]='0';
      }
    }
    mask[s]='\0';
    signature[s]='\0';

    table[t].mask = BinaryToInt(mask);
    table[t].signature = BinaryToInt(signature);
  }
  
  /* Make sure all entries are distinct */
  printf("Checking distinguishability...\n");
  for(t=0;t<num_of_entries;++t)
  {
    for(s=0;s<num_of_entries;++s)
    {
      if(s!=t)
      {
        if(IsNotDistinct(table[t].gen,table[s].gen))
        {
          printf("ERROR: Entry ( %s , %s ) is not
distinguishable\n",
                 table[t].gen,table[t].name);
          printf("       from entry ( %s , %s
)!\n",table[s].gen,table[s].name);
          exit(-1);
        }
      }
    }
  }

  printf("Sorting list...\n");
  qsort((void*)table,num_of_entries,sizeof(Entry),Compare);

  /* Generate the instruction decode table */
  
  printf("Writing '%sDecodeTable.h' file...\n\n",argv[2]);
  strcpy(name,argv[2]);
  strcat(name,"DecodeTable.h");
  fp=fopen(name,"w");
  for(t=0;t<num_of_entries;++t)
    if(t!=num_of_entries-1)
      fprintf(fp,"{\"%s\",%d,0x%04x,0x%04x,%sexec},\n",table[t].n
ame,table[t].n_cycle,table[t].mask,table[t].signature,table[t].na
me);
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    else
      fprintf(fp,"{\"%s\",%d,0x%04x,0x%04x,%sexec}\n",table[t].na
me,table[t].n_cycle,table[t].mask,table[t].signature,table[t].nam
e);

  fclose(fp);
  exit(0);
}
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Appendix  D: basiccputest.c

#include "cpu/BasicCPU.h"
#include "cpu/p16.h"

BasicDevice *device;
u_char data[2];
char name[5];
unsigned base,size;

int 
main(void)
{
  BasicCPU *p16;
  int i;

  /*  Initialize P16 */ 
  printf("Initializing P16....\n");
  p16=init_p16();

  /* Attaching Device */  
  strcpy(name,"ram1");base =0x0000;size=0x8888;
  device=Create(0,name,&base,&size);
  printf("Attach dev:%d\n",AttachDevice(p16-
>myAddressSpace,device));

/*  Answer name of the microprocessor */
  printf("CPUName : %s\n",CPUName(p16));

/*  Answer the number of address spaces used by the processor */
  printf("Maximum address space : 0x%04x\n",MaximumAddress(p16));

/*  Execute next instrct. Answers pointer to error message or
null */
  reg_setpc(0x4444);
  data[0]=0x03;data[1]=0x40;
  PokesDevice(p16->myAddressSpace,0x4444,data ,2);
  freg_setgen(4,0x6666);
  PokeDevice(p16->myAddressSpace,0x6666,0x2a);
  printf("Execution result : %s\n",ExecuteInstruction(p16)); 
  if (reg_getgen(3) != 0x2a)
    {
      printreg(3);
      printflag();
    }

/*Unassemble instruction*/
  reg_setpc(0x4444);
  data[0]=0x03;data[1]=0x40;
  PokesDevice(p16->myAddressSpace,0x4444,data ,2);
  freg_setgen(4,0x6666);
  PokeDevice(p16->myAddressSpace,0x6666,0x2a);
  printf("Unassemble : %s\n",UnAssInstruction(p16,0)); 

/*  Perform a system reset */
  for (i=0;i<2000;+++i)
    PokeDevice(p16->myAddressSpace,i,0x2a);
  i=rand()%0x7d0;
  printf("\nAt (0x%04x):%02x",i,PeekDevice(p16-
>myAddressSpace,i));
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  ResetCPU(p16);
  printf("\nResetting Data....");
  printf("\nAt (0x%04x):%02x\n",i,PeekDevice(p16-
>myAddressSpace,i));

 return 0;
}
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Appendix  D: basicdevicetest.c

#include "cpu/defs.h"
#include "devices/BasicDevice.h"

int main(void)
{ 
  char name[5];
  unsigned base,size,addr;
  u_char data;
  BasicDevice *ram1;
  char message[40];

/* initialization */
  base=0x2020;
  size=30;
  strcpy(name,"Ram1");
  ram1 = (BasicDevice *)init_ram(name,&base,&size);
  strcpy(message,"New error message!!!");

/*  Test basicdevice */
  printf("My error message: %s\n",Error(ram1));
  ErrorMessage(ram1,message);
  printf("My error message: %s\n",Error(ram1));

  printf("Device name: %s\n",DeviceName(ram1));

  printf("Map (0x2024): %d\n",CheckMapped(ram1,0x2024));
  printf("Map (0x2000): %d\n",CheckMapped(ram1,0x2000));

  printf("LowestAddress: %04x\n", LowestAddress(ram1));
  printf("HighestAddress: %04x\n",HighestAddress(ram1));

  /*testing rest from BasicDevice*/
  /*  read & write byte */
  addr=0x2023;
  data=0xaa;
  ram1->writebyte(ram1,addr,data);
  addr=0x2023;
  printf("data ram1(0x2023)= %02x\n",ram1->readbyte(ram1,addr));
  ResetDevice(ram1);
  addr=0x2023;
  printf("reset ram1(0x2023)= %02x\n",ram1->readbyte(ram1,addr));

  return 0;
}

Appendix  D: addressspacetest.c

#include "devices/AddressSpace.h"
#include "devices/Ram.h"

97



 

#include <time.h> /*  Used by random function */

#define devicenumber 7 /*  Number of device in this example */
#define datasize 10 /* size of bytes to write */

int main(void)
{
  AddressSpace *example,tmpadd;
  BasicDevice *device[devicenumber],*tmpdev;
  char name[5];
  u_char data[datasize],tmpdata[datasize];
  unsigned base,size;
  int i,tmp,tmp1;

/*Initialize a new address space for cpu*/
  example=init_AddressSpace(0xffff);
  printf("Number of attach device:
%d\n",NumberOfAttachedDevices(example));

/*Create a device based on the dev_index exist*/
  printf("\n***Creating (%d) device...***\n",devicenumber);
  
  strcpy(name,"ram1");base =0x0000;size=0xfff;
  device[0]=Create(0,name,&base,&size);

  strcpy(name,"ram2");base =0x1cd0;size=0xfff;
  device[1]=Create(5,name,&base,&size); /*  Device not exist */

  strcpy(name,"ram3");base =0x2020;size=0x4444;
  device[2]=Create(0,name,&base,&size);

  strcpy(name,"ram4");base =0x5000;size=0x00ff; /*io out of bound
*/
  device[3]=Create(0,name,&base,&size);

  strcpy(name,"ram5");base =0x6c7a;size=0x0100;
  device[4]=Create(0,name,&base,&size);
  
  strcpy(name,"ram6");base =0xbbbb;size=0x1111;
  device[5]=Create(0,name,&base,&size);

  strcpy(name,"ram7");base =0xf000;size=0x1fff;
  device[6]=Create(0,name,&base,&size);
  
/*  Attach the given device. Answers true if success  */
  printf("\n***Attaching device....***\n");
  printf("Attach Output: 1 0 1 1 1 1 0\n");
  printf("Attach Output: ");
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for(i=0;i<devicenumber;++i)
    {
      if (device[i]!= NULL) /*NULL if device is not created*/ 

//AttachDevice(example,device[3]);
printf("%d ",AttachDevice(example,device[i]));

      else
printf("0 "); /* device not added */

    }
  printf("\n");
  
/*Get information about the indexed device. Answer true if
success */
  tmpadd=*example;
  
  printf("Getting (7) device info (AFTER ATTACHMENT)\n");
  for (i=1;i<=devicenumber;++i)
    {
      tmpdev=GetDeviceInfo(tmpadd,i);
      if (tmpdev != NULL)

printf("DEV(%d): %s ",i,tmpdev->devname);
    }
   printf("\n");
  printf("Number of attach device:
%d\n",NumberOfAttachedDevices(example));

/*Detach the indexed device and destroy it. Answer true if
success */
   printf("\n***Detaching (4) device...***\n");
   
   printf("Detach Output: 1 1 0 1\n");
   printf("Detach Output: ");
  
   printf("%d ",DetachDevice(example,1)); /*  left 4 device */ 
   printf("%d ",DetachDevice(example,2)); /*  left 3 device */
   printf("%d ",DetachDevice(example,8)); /*  out of bound */
   printf("%d ",DetachDevice(example,3)); /*  left 2 device */

/*Get information about the indexed device. Answer true if
success */
  tmpadd=*example;
  
  printf("\nGetting (exist) device info (AFTER DETACHMENT)\n");
  for (i=1;i<=NumberOfAttachedDevices(example);++i)
    {
      tmpdev=GetDeviceInfo(tmpadd,i);
      if (tmpdev != NULL)

printf("DEV(%d): %s ",i,tmpdev->devname);
    }
  printf("\n");
  printf("Number of device:
%d\n",NumberOfAttachedDevices(example));

/*Reset all attached device */
  printf("\n***Resetting device***"); 
  ResetAllDevice(example);
  printf("\nNumber of attach device:
%d",NumberOfAttachedDevices(example)); 

 
/*  Find device & put a byte into the device. Return -1 on fault
*/
  printf("\n\n***Read/Write byte device***");
  srand((u_int)time(NULL));
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  for(i=0;i<5;++i)
    {
      tmp=rand() % 0xff; /*  the data */
      tmp1=rand() % 0xffff; /*  the address */
      printf("\n\nDEV (write): %04x data: (%02x)",tmp1,tmp);
      if (PokeDevice(example,tmp1,tmp) != -1)

{
  tmpdev=FindReadDevice(example,tmp1); 
  printf("\nDEV:%s data:(%02x)",dev->name,PeekDevice(ex,tmp1));
}

      else
printf("\nDEV (read): (%04x) Not Found!!!",tmp1  );

    }

/*Find device & put some bytes into the device. Return -1 on
fault */
  printf("\n\n***Read/Write some bytes device***");
  srand((u_int)time(NULL));
  
  for (i=0;i<datasize;++i)
    data[i]=rand()%0xff;/*  the data */
  tmp1=0x3000; /*  the address */

/*  Find device & put bytes of data. Return true if success */
  printf("\nAddress (0x%04x) Write Data: ",tmp1);
  for (i=0;i<datasize;++i)
    printf("0x%02x ",data[i]);
  PokesDevice(example,tmp1,data,datasize);

 return 0;
}

Appendix  D: ramtest.c

#include "devices/BasicDevice.h"
#include "cpu/defs.h"

int 
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main (void)
{
  int *i,a=5;
  BasicDevice *ram1,*ram2;
  char name[5];
  unsigned base,size,addr;
  u_char data;

  /*  Ram 1 initialization */
  base=0x2020;
  size=30;
  strcpy(name,"Ram1");
  ram1 = (BasicDevice *)init_ram(name,&base,&size);
  
  /*  read & write byte */
  addr=0x2023;
  data=0xaa;
  ram1->writebyte(ram1,addr,data);
  
  /*  result */
  printf("name ram1 = %s\n",ram1->devname);
  printf("size ram1 = %d\n",ram1->devsize);
  printf("error msg ram1 = %s\n",ram1->myErrorMessage);
  addr=0x2023;
  printf("data ram1(3)= %02x\n",ram1->readbyte(ram1,addr));
  ram1->reset(ram1);
  addr=0x2023;
  printf("reset data ram1(3)= %02x\n",ram1->readbyte(ram1,addr));
  
  /* Playing with pointer...
  ram1->data=5;
  printf("data ram1= %d\n",ram1->data);

  *(&(ram1->data)+*i)=6;
  printf("data ram1= %d\n",*(&(ram1->data)+*i));
  */

  return 0;
}

Appendix  D: tooltest.c

#include "devices/Tools.h"

int main(void)
{
  char kuda[5];

  /*  Convert the hex char to an unsigned integer */
  printf("CharToHex(d) => 0x%04x\n",CharToHex('d'));
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  /*  Convert the hex string to an unsigned integer */
 strcpy(kuda,"a59e");
 printf("StringToHex(a59e)  =>  0x%04x\n",StringToHex(kuda,4)); 

  /*  Convert the value to a hex string padded with zeros */
 printf("IntToString(a39c) => %s\n",IntToString(0xa39c,4));

 /*  Convert the value to a decimal string padded with spaces */
 printf("IntToDecimal(a39c) => %s\n",IntToDecimal(0xa39c,4));

 return 0;
}
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Appendix E: sys_tst1.p16

; Test Ram for HSS16 - move block
; r15 = stack pointer
; r14, r13 = interrupt process
; r12, r11 = macro process
 

;-------- Macro defination -------
ldi macro data, reg ; load immediate to register

mlo data, reg
mhi data, reg
endm

push macro reg
sw reg,r15
mlo 2, r12
sub r15,r12,r15
endm

pop macro reg
mlo 2, r12
add r15,r12,r15
lw r15,reg
endm

jmpi macro loc ; jump direct to location
mlo loc, r12
mhi loc, r12
jmp r12
endm

;---------------------------------------
;PSR Masking Bit
psr_fz equ 8000h ; Freeze bit
psr_ufz equ 7fffh ; Unfreeze bit
psr_pm equ 4000h ; Previuos mode
psr_cm equ 2000h ; Current mode
psr_ei equ 1000h ; External Interrupt Enable
psr_di equ efffh ; Disable External Interrupt
psr_ex equ 0007h ; Exception
;---------------------------------------
; stack location
stack       equ 7ffeh          ; start of stack
(decrement)
dataavai    equ 6000h ;
datarcvd equ 6001h ;
timer equ 6002h ;
;---------------------------------------
dest equ 5000h
;---------------------------------------

org 0000h
;---------------------------------
init: ldi psr_ei, r4

mfc cr0, r5
or  r5, r4, r5 ; enable interrupt
ldi psr_ufz, r4
and r4, r5, r5 ; unfreeze pesona
mtc r5, cr0
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start:   mlo 20,r6 ; set count 20 
ldi   hssdata,r10 ; SET source address
ldi dest,r11 ; SET destination address
bsr cpdata ; Start moving data

;****************************************************************
****
;-----------------------------------
;r10 = source address
;r11 = destination address
;r6 = count
cpdata: push r2

push r4
push r9

mlo 1,r4         ; set r4=1
clr r9

datanxt: beq0 r6, cpend   ; end of data?
lb r10, r9       ; get a character
sb r9, r11 ; copy data
add r4,r10,r10     ; point to next source address
add r4,r11,r11     ; point to next destination address
jmpi datanxt

cpend: pop r9
pop r4
pop r2
rts

;--------data------------------------
hssdata db "This is a HSS16 test$$"

end
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Appendix E: sys_tst2.p16

; Test LCD for HSS16 - FIRE ! + HELP
; r15 = stack pointer
; r14, r13 = interrupt process
; r12, r11 = macro process
 

;-------- Macro defination -------
ldi macro data, reg ; load immediate to register

mlo data, reg
mhi data, reg
endm

push macro reg
sw reg,r15
mlo 2, r12
sub r15,r12,r15
endm

pop macro reg
mlo 2, r12
add r15,r12,r15
lw r15,reg
endm

jmpi macro loc ; jump direct to location
mlo loc, r12
mhi loc, r12
jmp r12
endm

sbtm macro data, mem ; store byte to memory
mlo mem, r12
mhi mem, r12
mlo data, r11
sb r11, r12
endm

lbfm macro mem ; load byte from memory
mlo mem, r12
mhi mem, r12
lb r12, r11
endm

incr macro reg
mlo 1, r12
add reg, r12, reg
endm

decr macro reg
mlo 1, r12
sub reg, r12, reg
endm

;---------------------------------------
;PSR Masking Bit
psr_fz equ 8000h ; Freeze bit
psr_ufz equ 7fffh ; Unfreeze bit
psr_pm equ 4000h ; Previuos mode
psr_cm equ 2000h ; Current mode
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psr_ei equ 1000h ; External Interrupt Enable
psr_di equ efffh ; Disable External Interrupt
psr_ex equ 0007h ; Exception
;---------------------------------------
;LCD register
lcd_stat equ   f101h          ; status register
lcd_data equ   f103h          ; data register
;LCD control data
lcd_busy equ   80h          ; busy flag masking bit
lcd_mode equ 38h ; 8 bit mode + 2 line
lcd_curs equ 06h ; cursor = increment
lcd_disp equ 0eh ; display ON, cursor ON, flash OFF
lcd_clr equ 01h ; clear display
lcd_ddl1 equ 80h ; select dd ram start with line1
lcd_ddl2 equ a8h ; select dd ram start with line2
lcd_cg equ 40h ; select cg ram from address 0
;---------------------------------------
keypaddr equ f181h ; keypad address
;---------------------------------------
ascii_$ equ   '$'            ; message end char
ascii_a equ 'A'
;---------------------------------------
; stack location
stack       equ 7ffeh          ; start of stack
(decrement)
dataavai    equ 6000h ;
datarcvd equ 6001h ;
timer equ 6002h ;
;---------------------------------

org 0000h
;---------------------------------
init: ldi psr_ei, r4

mfc cr0, r5
or  r5, r4, r5 ; enable interrupt
ldi psr_ufz, r4
and r4, r5, r5 ; unfreeze pesona
mtc r5, cr0

start:   ldi stack,r15 ; R15 is always use as stack pointer
bsr initlcd

fire:    mlo lcd_clr,r9
bsr lcdctrl
ldi   firemsg,r10 ; print 'Fire !'
bsr lcdtmsg
bsr delay ; delay

help: mlo lcd_clr,r9
bsr lcdctrl
ldi   helpmsg,r10 ; print 'Help'
bsr lcdtmsg
bsr delay ; delay
jmpi fire

;****************************************************************
****
;---------------------------------
; R9 = control data
lcdctrl:   push r2

push r4
push r6
ldi lcd_stat, r4 ; point to lcd ctrl/status reg
mlo lcd_busy, r5 ; set reg r5=$80 (Busy Flag)
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lcdwaitb:   lb r4, r6         ; read the LCD status
and r6, r5, r6     ; check the busy flag status
bne0 r6, lcdwaitb   ; loop if busy

sb  r9, r4        ; function set

pop r6
pop r4
pop r2
rts

;-----------------------------------
;r10 = message address
lcdtmsg:   push r2

push r4
push r5
push r6

clr r9
lcdtnxt:   lb r10, r9       ; get a character

mlo ascii_$, r4
xor r4, r9, r4
beq0 r4, lcdtend   ; end of message?
bsr lcdcout       ; send a char to display
mlo 1,r4         ; set r4=1
add r4,r10,r10     ; point to next char
jmpi lcdtnxt

lcdtend:   pop r6
pop r5
pop r4
pop r2
rts

;---------------------------------
; R9 = data to be sent
lcdcout:   push r4

push r5
push r6

ldi lcd_stat, r4 ; point to LCD status reg
mlo lcd_busy, r5

lcdwta:   lb r4, r6         ; read the LCD status
and r6, r5, r6     ; check the busy flag
bne0 r6, lcdwta   ; if not clear, loop

ldi lcd_data, r4   ; point to LCD data reg
sb r9, r4         ; send the character

pop r6
pop r5
pop r4
rts

;---------------------------------

initlcd:    push r2
ldi lcd_stat, r4

mlo lcd_busy, r7 ; set reg r7=$80 (Busy Flag)
inilcd1:   lb r4, r6         ; read the LCD status

and r6, r7, r8     ; check the busy flag status
bne0 r8, inilcd1   ; loop if busy
mlo lcd_mode, r5   ; set r5 to $0038
sb  r5, r4         ; function set
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inilcd2:   lb r4, r6         ; read the LCD status
and r6, r7, r8     ; check the busy flag status
bne0 r8, inilcd2   ; loop if busy
mlo lcd_curs, r9   ; set reg r9=$06(increment mode)
sb r9, r4         ; entry mode set

inilcd3:   lb r4, r6         ; read the LCD status
and r6, r7, r8     ; check the busy flag status
bne0 r8, inilcd3   ; loop if busy
mlo lcd_disp, r9
sb r9, r4         ; display on/off control

inilcd4:   lb r4,r6          ; read the LCD status
and r6,r7,r8       ; check the busy flag status
bne0  r8,inilcd4    ; loop if busy
mlo lcd_clr, r9    ; set reg r9=$01 (clear display)
sb r9,r4          ;
pop r2
rts

;-------------------------------------
delay: push r2

push r4
;push r5

       ;push r6
mlo  10, r4
mhi ffh, r5

    mlo   ffh, r5
    mlo   1, r6

delay1:
sub   r5, r6, r5

    bne0  r5, delay1      ; loop until r5=0
    decr  r4
    bne0  r4, delay1      ; loop until r4=0

;pop r6
;pop r5
pop r4

       pop r2
    rts

;--------message------------------------
firemsg db "   Fire !$$"
helpmsg db "               Help !$$"

end
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Appendix  F: HSS16 User Manual

Introduction

This documentis intended to provide instruction for using Hardware

Simulator Software for Pesona-16(HSS16).P16 programare executedby the

simulator under control of users. Features of the simulator are as follows:

· Simulate the PESONA16TM processors. 

· Runs P16 software (S19 Motorola format).

· Development kit or monitor software (SDKPC), like commands.

· Breakpoints in registers and memory.

· Interface for the P16 disassembler.

· Simulated I/O device (Ram and LCD)

· Easy for user to add module simulating IO peripherals.

How The Simulator Works

 I/O devicemust be attachedto the simulatorbasedon adressmappingof

userP16 program.User must at leastattacha RAM to load a programto the

simulator. User can also perform device managementand add their own I/O

deviceto the simulator.Next, P16programis loadedto the simulator.HSS16is

capableof executing machine code assembledby P16 Assembler(Asmp16).

Howeverthe binary must first be convertedto Motorola S19 format.The loaded

program can be executed, stepped through and manipulated by simulator

commands.
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The following command line arguments are available in the simulator.

  >h
  Device Setup Commands
  dl - List all available device
  dls - List all device attached
  da <name> <index> <base> <size>  - Attach device
  dd <index> - Detach device

  File Commands
  l <filename> [asmp16 ver] - Load P16 file (Default Ver1)",
  ls <filename> - Load setup file

  Execute Program Commands
  g [addr] - Go
  gf [addr] - Go Fast
  c - Continue
  n - Next instruction
  reset - Reset simulator
  s - CPU statistic

  Memory & Register Breakpoint Commands
  bm [addr] - Add memory breakpoint
  bmd <index> - Delete memory breakpoint
  bms <index> - Enable/Disable memory breakpoint
  br <index> - Add general register breakpoint
  brd <index> - Delete general register breakpoint
  bcr <index> - Add control register breakpoint
  bcrd <index> - Delete control register breakpoint
  tbs <index> - Enable/Disable register breakpoint
  b [n] - List breakpoint.

(1-Memory 2-Register 3-all(default)

  Memory Commands
  md [addr [count]] - Dump memory
  mm <addr> <hh> [hh hh hh ..]- Modify memory
  dis [addr [count]] - Disassemble
 
  Register Commands
  rd [index] - Dump general register
  rm <addr> <hhhh> - Modify general register
  crd [index] - Dump control register
  crm <addr> <hhhh> - Modify control register

  Miscellanous Commands
  h/? - Print Help message
  !<command> - Pass command to shell

  q - Quit
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Device Management

Beforeloadinga P16program,usermustmanagethesimulatordevices.Available

deviceimplementedin the simulatoranddeviceattachedto the simulatorcanbe listed.

Device can also be attached and detached from the simulator command line.

>dl
Device Index
RAM     0
LCD     1
>dls
Index Name Base Size

Number of attached device: 0
>da ram1 0 0000 3a46
>da lcd1 0 4000 0050
Index Name Base Size
    1 ram1 0000 3a46
    2 lcd1 4000 0050
Number of attached device: 2
>dd 1
Index Name Base Size
        2 lcd1 4000 0050
Number of attached device: 2

All the simulatorcommandscan also be automatedby creatinga setupfile. A sample

setup file (demo1.hss)  is shown below.

da ram1 0 0000 3a46
da lcd1 0 4000 0050
dd 1

The setup file is loaded as follows:

>ls demo1.hss
Index Name Base Size
    1 ram1 0000 3a46
    2 lcd1 4000 0050
Number of attached device: 2

Index Name Base Size
        2 lcd1 4000 0050
Number of attached device: 2
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Loading File

The simulatorcan only load an S19 format, P16 binary file. Two exampleP16

program(copymem.s19& firehelp.s19)andtheir setupfile (copymem.hss& firehelp.hss)

is included with the simulator binary.

>l copymem.s19

Program Execution

There are 2 type of programexecution.The fast executionwill only simulateP16

instructionexecutionwithout memoryor registerbreakpointcheck.The otherexecution

commandwill performinstructionexecutionandbreakpointcheck.TheP16programcan

be stoppedwith Ctrl-C combination.The P16 programcanbe also be steppedthrough

and modified from the simulator command line.

>ls firehelp.hss
>rf
0000: Running Fast…

-------------------------
|   Fire !     Help !   |
|                       |
-------------------------
[ctrl+c]

>Interrupted by user…
>md 011e 10
011e 46 20 72 69 20 65 24 21 20 20
>mm 011e 63 20 6b 69 20 75
 >md 011e 10
011e 63 20 6b 69 20 75 24 21 20 20
>rf 0000
0000: Running Fast…
-------------------------
|   ciku!      Help !   |
|                       |
-------------------------
[ctrl+c]

>Interrupted by user…
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Stepping Through Program

User is capableof inserting a breakpoint in memory and registersof the

simulator.Thecpustatisticcanbedisplayedandinstructionin thememorycanbe

disassembled, thus providing a debugging feature to the simulator.

>ls firehelp.hss
>s
PC: 0x0000 CPU Cycle: 0
>bm 001c
>g
Memory Breakpoint (0x001c)
>dis
b021: bsr 015
>n
>s
PC: 0x0046 CPU Cycle: 14
>dis
0046: sw r2, r15
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