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Abstract

Hardware Simulator Softwarefor Pesona-16s an instruction set simulator for
Pesona-16a 16 bit RISC microprocessofabricatedby Mimos Semiconductor
(MySEM), a subsidiary of MIMOS Bhd. P16 program are executedby the
simulator under control of users.Hardware/Softwareo designis also possible

with addition of hardware modules and debugging facility.

The simulatoralso providesother featuressuchas P16 instructiondisassembler

anda GraphicalUserInterfacefront-end. The simulatorcould provide additional
hardwaremodulesthrougha clean memoryinterfaceof 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 intendedto promote Open Source Software (OSS). The
foundationof OSSis highreliability andit is peer-reviewedoftware.The Internet
is the most obvious model for OSS. OSS has been used extensivelyin the

development of HSS16
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Abstrak

PerisianPenyelakuPerkakasa®esona-1§HSS16)adalahpenyelakuarahanbagi
Pesona-16yang merupakanpemprosesl6 bit RISC (Set SuruhanKomputer
Terkurang)difabrikasikanoleh Mimos Semiconducto(MySEM). AturcaraP16
boleh dilaksanakanoleh penyelakudibawah kawalan pengguna.Penyelakuini

juga membolehkanrekaanselariperkakasardan perisiandenganadanyamodul-

modul perkakasan dan kemudahan nyahpepijat.

PerisianPenyelakuPerkakasafesona-16juga mampumenyah-himpurarahan-
arahan mesin, P16 dan mempunyai antaramuka grafik. Penyelaku dapat
menyediakanmodul-modul perkakasantambahandengan adanya antaramuka
ingatanyang jelas. Penambahampemprosesiengansenibinabaru sertafungsi-
fungsi baru juga dapat dilaksanakandengan penggunaansemula sebahagian

struktur asas Perisian Penyelaku Perkakasan Pesona-16.

Projekini jugabertujuanuntuk mempromosikampenggunaamerisianKod Punca
Terbuka (Open Source Software). Asas bagi penggunaarPerisianKod Punca
Terbukaadalahkebolehharapadanperisiantersebuseringdi semakdandi baiki.

Internetadalahmodel PerisianKod PuncaTerbukayang paling nyata. Perisian-
perisiankod terbukadigunakansecaraekstensifketika membangunkarerisian

HSS16.
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Chapter 1: Introduction

Nowadaysdefininganembeddesystemis moredifficult thanever.New
design,focus on cellular telephonespersonalnavigationsystems,automobiles,
handheldcomputersanda hostof otherembeddedystemdhatdid not evenexist
afew yearsago.Designsare gettingmore andmore complex,ascomponentget
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 coursesn computerand electronicengineeringand many in
the physicalandcomputingscience$iaveatleastonemodulecoveringthis hybrid
hardware and software subject. Designing microprocessorbased systemsor
embeddedsystemrequiresan understandingof several areasincluding basic
digital logics, conceptsof buses,storedprogramcomputersdevice interfacing,
programmingsoftwaredesignmethodsyealtime operatingsystemandhigh level
embeddedcoding. The key feature hereis the designorientationby providing
design perspective and an understanding of trade-offs.

Real world hardwareand software productsare usedto introducethese

vastsubjectsin a practicalmanneraslearningaids. A numberof microprocessor



training kits, emulator,compiler and electronicdesignassistan{EDA) alsoexist
providing solution to design today's sophisticatedelectronic products and to

developintegratedcircuits (ICs) and systemsincluding computersystemsand
peripheralstelecommunicationand networkingequipmentmobile and wireless
devices, automotive electronics, consumer products, and other advanced
electronics.

The PESONA16(P16) is a 16-bit RISC microprocessothat has been
designfor attaining high performancewith simpler hardwarethan conventional
architecturestesultinga highly efficient, high performanceamicroprocessothatis
more thana matchto what are availablein the markettoday.P16is a suitable
choice for embeddedapplicationsranging from controls to communications
systemincluding SCADA, remotemonitoring,industrialrobotics,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.



P16 still lacks in developmentand educationtools. 68K Coldfire and
MIPS aresomeof the mostpopularmicroprocessousedin embeddedystemhas
well-established toolset, simulator, software tools, training, and other
developmentresourcedor designersand developersbenefit.Currently there is
only a macroassemble(ASMP16)usedto supportsP16assembljlanguageand
a compiler & software PC interface in development phase.

This work is aboutthe designand developmentof a simulatorfor P16
microprocessorthence named “Hardware Simulator Software for PESONA16
(HSS16)". A simulatoris an applicationfor personalcomputers(PC) that can
emulatesthe operationsof P16 hardwaredevices.With it, userscanload ROM
andRAM images,applicationsand debugprogramsby using their own desktop
computers. The fates of projects, or even companies,can hinge upon the
availability of a suite of assemblercompiler, debugger,simulatorsand other
developmenttools at the sametime that the microprocessomakesits debut.
Thereforethis task is crucial to ensurefaster time-to-market,and limiting the
number of design iterations.

The biggesttrendis the migration toward Systemon Chip (SoC)andas
designsbecomemore complex and geometriesshrink, the software content of
electronicsystemstypically increasesThe increasegrovide companieswith a
form of competitivedifferentiation,andallow rapid designof productderivatives.
This fact, coupledwith the needto drive down costsand decreasdurnaround
times, constitutesanother major driving force for concurrenthardware and
software engineering. Anil Reddy, field application engineer and technical
marketing managerat Chip ExpressCorp., points out that, "With continuous
evolutionof newprocesgsechnologieandEDA tools,the constanis the pressure
to quickly completethe designprocessyerify the systemhardwareand software,

and release the product ahead of the competition” [14].



In this project, C languagewill be usedto developthe simulatorwith the
following designideas:correctsimulation,easeof useandspeed.Theseideasare
sufficient to improve markettime considerationsand overall designquality as
well. C, in its own minimal way, is a technologymiracle. With only 29 or so
operatorsand powerful featureslike pointers,C hasprovento be a hard-core
implementationlanguagefor code, ranging from device drivers to operating
system software.

The methodologybeginsby introducingthe softwarerequirementnalysis
andspecificationat a high level abstractionFollowing that, the formal software
requirementspecificationis developed.Next, the softwarewill be designand
developedusing GNU programmingtools pioneeredby Richard Stallmanat the
FreeSoftwareFoundationthat form the basisfor up to half of thetoolsin useby
embeddedrogrammersSomeof theseare distributedby GNU tools company
CygnusSolutions which hasmergedwith RedHat on November1999.This firm

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



1.2 RISC Microprocessor

The microprocessoresultedfrom a merging of integratedcircuit (IC)
technologyand computerarchitecture lnitially, only few gatesor memory cells
could be reliably manufacturedand packagedtogether.Theseearly integrated
circuits arereferredto assmall-scalantegration(SSl). The numberof transistors
thatcouldbepunona singlechip wasdoublingeveryyearandcorrectlypredicted
by the famousMoore’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
intelligencebehindsinging birthday cards,appliancecontrollers,PersonaDigital
AssistancgPDA), evenin nuclearpower plantcontrol system & aircraftcontrol
system.

A microprocessoris a special purposeIC chip that contains all the
componentf the central processingunit (CPU) of a computerssystemthat is

also a computing engine of the microcomputer.



The operationof the CPU is determinedby the instructionit executes,
referredas machineinstruction or computerinstruction. Figure 1.1 explainsa
general microprocessorinstruction cycle set. The elementsof a machine

instruction are as follows [2]:

Operationcode: Specifiesthe operationto be performedby a binary code
known as operation code or opcode (e.g. ADD, 1/0O).
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.

~

Operand

~

Operand

fetch

Instruction Instruction

Operand Operand

Interrupt

address

operation address address

check

FIGURE 1.1 Instruction Cycle State Diagram



Therearetwo currentcomputerdesignphilosophiesknown as CISC and
RISC[3]. CISC (ComplexInstructionSetComputer)hasaninstructionsetwhich
includescomplexoperation.This philosophyputsthe machinecomplexityin the
machinehardware.An exampleof powerful and popular CISC machineis the
DEC VAX family and Intel Pentium family of processorsRISC (Reduced
InstructionSetComputer) which evolvedin universityresearchabs,wasbuilt to
reduceinstructional and operationalcomplexity, resulting in faster cycles and
fasterregisterto ALU to registeroperationsRISCresearchat Berkeley(SPARC),
Stanford(MIPS) and IBM (801) reducedcomplexity by simplifying instruction
sets,addressingnodesand memoryinterfaces RISC machinesuselarge number
of registersand all operations(aside from load and store in memory) are
performedin theseregisters.The Sun Microsystems’'sSPARC processolis an
example of a RISC processor.

Although RISC processohave beendefinedand designedn 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-purposeegisters,or the use of compiler
technology to optimise register usage [17].

An emphasis on optimising the instruction pipeline



1.3 Embedded System

Consumerelectronicshave becomeincreasingly microprocessoibased,
and microprocessorhas become an advertising buzzword [1]. Of course
microprocessor are better known as the engine behind the personal computer (PC).
But, evenPCrelieson a multitude of microprocessoto supportits operation for
examplefor its disk controllerandvideo card. Microprocessoin thesededicated
control roles are often known as embedded system.

Embeddedmicroprocessorsystemsare used every day by millions of
people,but thesesystemsare not seenbecauseas the nameimplies, they are
buried inside the product or the equipment. And because they are not seen, they do
not receive as much attentionfrom the media as doesthe PC. However, the
number of embeddedmicroprocessorsystem computersand their economic
importanceis considerablelt was reportedthat as far back as 1997, around30
million microprocessorchips were used by PC manufacturerswhilst close to
three billion were used in numerous embedded systems applications [27].
Placing an embeddedmicroprocessosysteminto a product makesthe product
smart.The ability to customizethe functionsperformedby a microprocessoby
modifying only the programstoredin a memorydevicesuchas RAM and hard
disk was the key to its successlt metthe needfor a complexbuilding block IC
thatcouldbeusedin awide variety of applicationg2]. 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 doesthis

provide the potentialto collect datathat can be usedto improve products,it can



alsoallow for the manufactureto inform the userof potentialproblems,so that
actioncanbe taken.This opensup possibilitiesfor improvedcustomerserviceas
well as new services.

Basically,embeddednicroprocessorgnablefirms to competeon product
and serviceinnovation, by adding productand servicefeaturesthat customer’s

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



1.4 Objective

1 Understand the underlying technology and working principle of the
PESONA16" microprocessor especially the RISC architecture.

2 To studythe principalelementof the microprocessomemory,l/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 PESONA!Y6@nicroprocessor.

1.5 Report Organization

Introduction — Chapter1l describesthe HSS16 project overview, a general
introductionto the RISC microprocessoarchitecturesvith a focuson Pesona-16
microprocessorembeddedsystemand definesthe conceptsfor the remaining

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

Literature Review — Chapter2 presentssome fundamentalarchitectureand

characteristiof P16,which showsthatit canbe claimedasRISC microprocessor
andthe benefitfrom it. The chapteralsostudiesarticles,reports,books,guidelines
casestudiesin microprocessobaseddesigntechniqueandavailabledevelopment

tools.

Methodology & Design— Chapter3 is the analysisof requirementefinition and

requirementspecificationof the HSS16.The definition analysiswill discussthe

10



scopeof the project. The specificationwill include all the necessarynformation
regardingwhatHSS16mustdo andall the constraintsn its operation.The design

notes, data structure and pseudocodes are also listed.

Implementation, Verification & Validation - The final output of the project,
improvedcodes problemsdebuggedindthe actualimplementatiorof HSS16are
presentedn Chapterd. Sourcecodeorganizatiorandcodeimplementatiorwill be
listed to showthe evolving stageof HSS16developmenincluding 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 chapterdiscusse®n 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.

11



Chapter 2: Literature Review

2.1 PESONA 16

Sincethe developmenof the storedprogramaround1950,therehavebeen
remarkably few true innovationsin 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
trendin CPU architectureand challengeshe conventionalwisdom expressedn

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 datatransferand high controller overheadsvhen
performingconditionaloperationsThe Pesona-1@&ddressethesessueby having
an all single cycle instructionset, the employmentof a 3 addressingonvention
andthe simplification of the pipelineinto a 4-stagepipelinerespectivelywhich is

the key elements of the RISC processor.

12
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FIGURE 2.1 Pesona-16 Pin Configuration

TheP16,packedin PLCC68 pin packageasshownin Figure 2.1, operates
at maximum 20MHz frequencyand has a total of 16 general-purposeegisters
with no usagerestriction. The architecturehasa total of 26 instructionsandis a
load/storestreamlinemachine.The 16-bit integer arithmetic logic unit (ALU)
operationwhich includeadd,subtractogical 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
instructionpipeliningis describedoy Figure 2.2. Pipelininginvolvesbreakingup
the machineinstruction cycle into a number of separatestagesthat occur in
sequencessuch as fetch instruction, decode instruction, determine operand
addressfetch operand,executeinstructionand write operandresult. Instruction
movesthroughthesestagesason anassemblyline, sothatin principle,eachstage

can be working on a different instruction at the same time [2].

13



Normal
Instr 1 F1 (1] ] E1 w1
Instr 2 F2 D2 E2 w2
Instr 3 F3 D3 E3 W3
Instr 4 F4 D4 E4 W4
Instr 5 F3 D3 ES W5

FIGURE 2.2 Pesona-16 Normal Instruction Pipelining Diagram

RISC CPUs are simpler and faster to design becauseof the simple
instructionsetoperationandmemoryinterface, which hasbeenaddressedyy the
designof Pesona-16Speedierdesignturnaroundattractedsystemvendors,who
by the mid-80sfacedlongerandlongermicroprocessoproductcycles.RISC was
viable becauseét enabledSun, HP and othersto build workstationsfaster. No
doubt, RISC offered higher performance put the key to its adaptatiorwas 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.Theinterruptsarealsoimportantto
handle exception produce by P16 or the user program.

The processoralso providestwo operatingmodes,supervisorand user
modes that executein separataddresspaceto providethe protectionneededo
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.

14



2.1.2 RISC vs. CISC

Despitetechnicalpropagandaegardinghigh-performancerISC engines,
the complexinstructionset, especiallyx86 products(Intel and AMD) cannotbe
ruled out for applicationswith performancedemandsin the 100 to 300-MIPS
range.Internally, many of theseCPUs have movedto superscalaarchitecture.
Many architectural enhancements used by RISC processors have also been applied
to streamline instruction execution. The latest-generatiorchips also include
multimediaand signalprocessingnstruction-seextensiongor 3D graphics(e.g.
MMX and 3DNow) andaudioapplications puttingthemon parwith manyRISC
processors.

These products are available from Advanced Micro Devices, Cyrix,
NationalSemiconductorlBM, Centaur/IDT,andof courselntel. Runningat clock
speedof 266 to 1 GHz, the Pentiumll, Xeon, and other x86 CISC CPUs(K®6,
6x86, and WinChip) deliver throughputscompetitivewith, or even betterthan,
many of the RISC solutions. Even the older 486, when clocked at 133 MHz
(486/DX5from AMD) will deliver performancecomparabléo MIPS-compatible
RISC processorssuchas the NEC4300ior the IDT 4640, runningat 133 MHz
[22]. Figure 2.3 describethe performancebenchmarkfor differenttype of RISC

and CISC microprocessor.

15
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FIGURE 2.3 RISC vs. CISC performance

From a softwaredeveloper'sriewpoint, leveragingthe x86 instructionset
canbe beneficial.lt hasa wide selectionof low-costdevelopmensoftwareand
manyprogrammerarefamiliar with the processor-programmingodel.Software
developmentostscanthusbekeptlow, while applicationscanbe developedrery
quickly. However,thereare potentiallimitations with the CISC approachwhenit
comes to handling embedded system with performance-critical, real-time
applications.

The processesand componentsthat make up an embeddedsystem
applicationaremuchlike thoseof the generaburposecomputingworld hardware,
software dataandnetworking.Thekey differencelies in the speedwith whichthe
embeddedapplicationmustwork on the datait receivesto producea result,and
the reliability of thatresult.It hasto work very quickly andit hasto work every
time [22]. For example,the digital braking systemin cars. If the software
controlling those brakestook 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-timeeventsand handlinginterruptsa little harderthanwith the
simplesingle-cycleexecutionmodelusedby mostRISC processorsThat'sdueto
the potentially slower interrupt-responsdime, which is causedby the delay
imposedwhile waiting for the currentmulticycle instructionto completebefore
switching contexts.

An addedconstraintin the embeddedsystemsworld is cost.If a digital
camerancorporateghe latestrangeof Intel Pentiummicroprocessoit would be
unaffordablecommercially. Thereforelow costchips (hardware)with very high
quality applicationsor softwareand accuratedataare importancein embedded

systems world.

2.1.3 Pesona-16 Application [13] [18]

Despite P16 low performancecomparedto other famous embedded
microprocessor,t is still suitable for embeddedsystem application such as
embeddedoutersor web servers Network routersare increasinglyperformance
hungry becauselocal-areanetworks (LANs) and wide-areanetworks (WAN)
currently operatefaster than ever. 10 Mbit/s Ethernettechnologyhas beenthe
mainstayfor the pasttwo decadesBut now the industryis moving on to Fast
Ethernet(100 Mbits/s), and evengigabit Ethernet(1000Mbits/s). As a result,the
numberandthroughputof datapathscomingin andout of arouterareincreasing.
The systemengineemust,therefore factor greaterperformancegrocessingnto a
design, in order for his system to efficiently perform network routing functions.

For example,f the P16areclockedat 20MHz for moving databetweera
10Mbit/s Ethernet LAN and a WAN. This level of processing is adequate for up to

6000packetgersecondpips),or assuming200+byte packets,10 Mbits/s,which
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is thelimit of 10-Mbit/sEthernetHowever,if this LAN is migratedto 100-Mbit/s
technology,with a corresponding/lVAN capability, there is considerablymore
throughputs, and a major requirement for a faster processor with performance add-
ons.

To date,conventionalCISC processorfiavebeenutilized asrouter CPUSs.
However,moreembeddedRISC processings emergingnto this CISCdominated
designarenaThe RISC simplicity of designenableembeddedystemsiesignerto
customizethe RISC processofor the routerapplicationto enhanceperformance,
thus closing the gap betweenrequired and available processorcycles. As an
example of such an enhancementjs the problem of accessingthe header
information of a packet as it comes into the router.

An exampleis the IBM Network Processorcode-namedRainier. It
combinesa standardPowerPCCPU with 16 packetengines,which IBM calls
picoenginesand 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
prototypesn shortertime spans.Suchcompressegroductcyclesdoesnot allow
for extensiveongoingproductredesignor refinement.During the designprocess,
the engineeiis generallypresentedvith a systemspecificationthatdescribesend-
productfeaturesandcapabilitiesin greatdetail. Besidesthe productfeaturesthis

detail includes the form factor, power, and manufacturing cost targets.
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FIGURE 2.4 Conventional Microprocessor Based Design

19



Figure 2.4 describeconventionalmicroprocessombasedsystem,design
method.Growthin softwareand hardwarecomplexityis strainingexistingdesign
practicesespecially systemverification. System verification now accountsfor
more than 40% of the overall designcycle, an unacceptableituation given the
current market windows [24].

And yet, verification is the crucial factorin maximizingthe likelihood of
first-time success.Until recently, the only really viable hardware/software
(HW/SW) integrationstrategywasto bring the two componentsogetherafterthe
hardwarewvasbuilt andprototyped Whatbecamepainfully obviouswasthatto fix
system problems without incurring the time and expenseof changing the
hardware,the problemshad to be discoveredprior to the hardwareprototype
stageIn otherwords,the softwaremustbe run on the hardwarewhile it is still in
simulation, as a “virtual prototype”.

In the pastfew years,the underlying technologyto supporta true co-
verification environmenthasemergedand matured 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-endintegrationand
testing,helpingdesignerso uncoverproblemsearlierin the designprocessvhere

they are less costly and easier to fix.
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Moreover,dueto the design'snatureat this stage functionalchangesan
be made where they make the most sense,either in hardware or software.
Although HW/SW co-verificationtechnologyand methodsarerelatively new for
embedded systems 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 combinationsand methodsare available. 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
existinglogic simulationanddebugtools. Using this simulatedrepresentatiorof
the hardwarethe embeddedystemsoftwarecanbe run in two modes,host-code
or target-codeToolsin the C simulationspacetypically targetsoftwareengineers,
but are more gearedtoward hardwareengineersBoth host-codeandtarget-code
simulation can be done. Host-codemode usesthe native workstationtools to
compile and debugthe software,while target-codemode usesthe tools for the

target embedded system [25].
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Theembeddedystemmemorymapis the underlyingcontrol structurethat
translatesoftwareaccesse® hardwaresimulationor softwarefunctionalmodels.
Whenhardwaremodelsof peripheralsarenot yet available,or havealreadybeen
fully testedsoftwarefunctionalmodelsallow for higherperformancéyy handling
transactionsin the software environmentinstead of the hardware simulation
environment.

For host-codeprograms,someenvironment-specifignitialisation codeis
required. This defines the software simulation environment, and starts the
connectiorwith the hardwaresimulator.Callsto the hardwarearemadeimplicitly
by dereferencingpointers[20]. Becausehesepointersexistin a co-verification
mapped space, the accessto the hardware is accomplishedwithout the
programmerhaving to specifically instrumentthe code for the co-verification
environment.Interrupthandlingin the host-code-moderiver was accomplished
by usingtheinterrupt API call to registeran interruptserviceroutine (ISR) with
the co-verification environment.This call specifiesan ISR that will be called
without further programinteractionwhenan interruptis detectedn 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 structuresof the
microprocessorThe emulatorprovidessource-levedebugging stackbacktrace,
register display, source-code disassembly, and watch capability.

Using a co-verification methodology, engineerscan accurately verify
hardwareand software,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 marketwindows will be missed.
Project costswill also dramaticallyincreasedue to lengtheningdesigncycles,
misunderstoodspecifications,and expensive ASIC respins. Those willing to
investin HW/SW co-verificationtools and methodologiesvill havea significant
competitive advantage,often seeingtheir 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'ssophisticatecelectronic productsand to
developlCs andembeddeaystemsjncluding semiconductorssomputersystems
and peripherals,telecommunicationsand networking equipment, mobile and
wirelessdevices,automotiveelectronics,consumerproductsand other advanced
electronics.EDA tools helps electrical engineergo turn an ideainto reality, a
finished chip design,meetingall of the technical requirementswhich can be

handed off for manufacturing, then sold on the market.
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Unlike density-drivenlC design,systemdesignis primarily propelledby
diversefunctionality demandsMany of today'ssystemdesignsnclude analogue,
digital, electromechanicaland software components[1]. Historically, system-
level designersverified their designsby building a physicalprototype.But many
of them can no longer afford this luxury. In general,physical prototypesare a
time-consumingexpensiveanddifficult 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 completesystemsfrom
functionalandperformanceconstraintshroughsystemintegration.In the context
of systemverification, it meansbuilding an executablemodel of a designfor
simulation purpose.

A pageris a good example of a system that benefits from virtual
prototyping [26]. It has digital and analoguecircuitry, an RF circuit, and a
processorunning software,aswell asmechanicacomponentsuchasa vibrator
and keypad.Building an accuratephysical prototypefor a pageris a complex
problem.Constructingthat prototypeto run at speeds evenmoredifficult, if not
impossible.

Physicalprototypeshavea numberof drawbacksFor starters,debugging
themis more cumbersomend difficult thanit might be for a virtual prototype.
Designersmust devisesomesort of lab setup,including variousinstrumentsto
both stimulate the design and capture and analyse results. If problems are
discoveredthey mustbeisolatedusingdifferentprobingtechniquesProblemsare
thenfixed by modifying the physicalprototype.At best,this processs very time
consumingand frustrating. In a virtual environment,everythingis much less

difficult. It's relatively simpleto look at a particularregistervalue.Designerscan

setup the simulationenvironmentto monitor a value with a commandsuchas,
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"monitor registerA." A window will thendisplaythe contentsof that particular
register.

Settingup equipmento captureregistervaluesin the physicaldomaincan
be tough. Signals may be completely inaccessibleif they are internal to a
componenton the prototype. Becausedesignerscannot accessthese signals
directly, it essentiallybecomesa guessinggame.The designemay suspecthata
certain part is faulty, replacethat part, and determineif the systemworks
properly--andrepeatthe processseveraltimes, if necessaryWhen problemsare
found, it is hardto makemaodificationsto the physicalprototype.Designeranay
haveto physically removeone or more componentsput new onesin, and then
properly rewire those parts. Furthermore,if the prototypeis a printed-circuit
board,it maymeanhavingto re-routethe board.It is a minor taskto replacelogic
or circuitry with alternativecircuitry in the virtual environment.Justreplacea
modelor modify a schemati@r hardwaredescriptionlanguaggHDL) file. These
issuescombinedwith increasingtime to marketdemandsmakeit tremendously

challenging to build an accurate physical prototype.
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In contrast,verification processcan be completedfasterand with greater
detail using virtual prototypes.Designerscan move from conceptto verified
implementationn lesstime. Plus, making modificationsto a virtual prototypeis
much simpler becausehe designeronly needsto modify a modelnot an actual
piece of hardware. Even the iteration loop of finding and fixing problems is faster.

To work toward suchan environmentEDA developerdaveleveragethe
technology available in specific domains by developing algorithms and
technologythatwould allow the engineso work together The simulatorinterface
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:Comprehensivalebuggingwith an easy-to-usefull-featured
graphical user interface

Mixed physical and virtual co-verification: Hardware and software
solutionthat lets you add a mixed physicalor virtual approacho system
developmentand integration with live models which provide critical
hardware-level accuracy.

Model Libraries: Comes with an extensiveset of virtual component
libraries.For effectivetest-benchethe usercanchoosefrom arich setof
blocksrepresentin@rithmetic,counter,conversiondatastructureaccess,
delay, execution control, traffic generator and vector access functions.
Supportsystemlevel code:Systemlevel codeis implementedn operating
system. Therefore, engineerscan write their own device simulators,
memory-managemeninit (MMU) and other modulesto plug into the
simulator.

Profiling and Statistics: Memory system performancenumberssuch as

CPUcycle,datacache pagetable missesandinstructioncachemissescan
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be examineeasilythus, summarizethe usageof the microprocessoor the
efficiency of the software.

Tool integration is another serious challengefor the traditional EDA
developmenimodel. Rebellion of end-usersagainstproprietarytools hasled to
someindustry attemptsat standardizationThe resultsof this effort have been
mixed. No companyhasthe resourcesieededo developanddeliver a complete
designsolutionfor everyuser.From the beginning,the desktoppoint tools have
hadto providebuilt-in supportfor netlistanddatabaseranslation.End userslike
the flexibility and lack of dependencaipon a single vendor, but struggle to
manageantegrationon their own. Providinglinks betweenoolsis dependentipon
maintaining version synchronizationas the tools are updated.Developersare
unlikely to supporteachother'sefforts to maintaincompatibility especiallyif they
view the other parties as direct competitofsiother likely featuresof the new
generatiorof tools include a 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
encapsulatdesigntaskexpertise canbe user-modified andcanautomatecoding.
Some examples are Simics [33] from Virtutech and gpsim [34].

Exposingan application'sprocessesnd datavia an API allows virtually
limitless customisatiorof tools by both third-partydeveloperandby skilled end-
usersalike. This approachcan completelyremovedependencen developerdo
provide and maintaintool integration,transferringownershipof the integration
process directly to the marketplace. However releasing control over tool
integrationis potentially risky to developersbecausat createsa truly vendor-

independenenvironmentwheredeveloperswill haveto competeto continuously
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addvalueto their own products.Neverthe lessopenEDA integrationprovidesa
platform uponwhich the end-useiorganizationcangain its own designexpertise,

either for reuse or distribution.

2.3 Feasibility Study

Basedon theliteraturepresentabove,a hardwaresimulatoris importantin
any microprocessor-basedystem 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 Pesonal6
instruction set. The simulator will assistthe user in developingsoftware and
embeddedsystemwith Pesonal6 microprocessorThe simulator can also assist
userin debuggingnewly developedsoftwareandembeddedystem.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.

28



Chapter 3. Methodology And

Requirement

One of the primary goals of any design procedureis reduction of

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

useof modelsis abstractionand creationof more detailedmodelsis refinement.

Both componentof design are equally important. The refinement process

continuesauntil thelevel of sufficientdetailis reachedFigure 3.1 will describethe

design activity of this project.
Requirement
Definition
Feasibility
Study

Requirement
Specification
Architectural
Design

FIGURE 3.1 HSS16 Design Process

Data
Structure

Design

Algorithm
Design
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Therequirementefinition factsaredrawnfrom the literaturesurveyfrom
the previouschapter A softwarerequirementslefinition is anabstracidescription
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 simulationengineandthe userinterface.Softwareproductfeatureswill
be describedn anaturallanguagd6] andsomeof the importantfunctionwill be
describedwith pseudocodeAs this simulator objective is to provide a correct
instructionsimulation,a discussionaboutthe Pesonal6 instructionis included.
Beyondthat, this sub-chaptewill includethe softwaresystemattributesanduser

interface attributes.
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3.1 HSS16 Requirement Definition

Requirements engineering are the first phase of software system
development.Systemrequirementare written at different levels of detail for
different type of audience.The characteristicand function of HSS16will be
explainedthoroughly. The constrainedfaced by HSS16 under which it will
operate will also be described.

The constraintfaced by usersoperatingthe simulatorare highlightedso
thatusersknow the entireboundarylimit within the simulator,with hopethatuser
understandbriefly the operationof the simulatorandprovidefeedbacko improve
HSS16.The authorhopethat the simulatorwill assistuserunderstandingf the
architectureand interfacingcharacteristioof Pesonal6 microprocessorghereby
achieving the objective of this project.

Others are the technology focus during developmentof HSS16 and
productperspectivehroughthe simulatorinternalsystem 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-codeto ensure parallel HW/SW
developmenandco-verification.The host-codemeansgnstructionexecutedn the
machine(PC)wherethe simulatoris running (the host).In this casethe machines
arex86 machinesunningon Linux or Windows9x. This projectis only interested
in the typical instruction set simulation model 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
P16microprocessowill be accuratelysimulated. Variableand pointersrepresent
processorstatethat is visible to a programincluding control registers,general
registersand memory. The machineinstruction cycle is implementedwith a
program loop.

HSS16 will specifically assist developmentof Pesona-16embedded
systemby providing integrateddevelopmentdebuggingfacility, direct memory
andregistermanipulationand CPU statisticwhile providing a vast possibility of
hardwareintegrationto the hardwaresystem.The implementationof TCL/TK
toolkit allows usercustomisatiorand additionaldevelopmenbf testmacrosand
new device (I/O) modules. In general, HSS16 will have the following features:

Simulate the PESONAI®% 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 10 peripherals.
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3.1.2 Technology Focus

vy . 0
RSO
Extreme Programming e« ec...m=

Extreme Programming (XP) is actually a deliberate and disciplined
approachto softwaredevelopmen{38]. About five yearsold, it hasalreadybeen
proven at cost consciouscompanieslike BayerischeLandesbankCredit Swiss
Life, DaimlerChrysler,First Union National Bank, Ford Motor Companyand
UBS [38].

XP improvesa softwareprojectin four essentialways; communication,
simplicity, feedback,and courage.XP programmerscommunicatewith their
customersand fellow programmers.They keep their design simple and clean.
They getfeedbackby testingtheir softwarestartingon day one. They deliverthe
systemto the customersasearly aspossibleandimplementchangesssuggested.
With this foundation XP programmersare able to courageouslyrespondto
changingrequirementandtechnology However,someof the conceptcanstill be
applied in a single developer environment.

OneXP conceptof interest,is a sophisticatedestingsystem[39][40][41].
The advantageof this Extreme testing framework, is that it is completely
independendf thecodeto betested All of thetestcodeis separatérom all of the
developedodethereis norisk of introducinga bugjust becaus®f amodification

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

33



GNU Autotools

The GNU Autotoolsis a group of utilities developedn 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 software development
system[7].

Autoconfwasdevelopedo help with sourcecodeportability throughout
the diversity of operatingsystemespecially the Unix universe.The packagesplit
building a programinto 2 steps:a configurationstepanda build step.This will
ensurethat the same source code can be built on different operatingsystem
(Windows, Linux, BSD, etc.) and even different architecture(Intel x86, PPC,
Sparc, etc).

Automake will automatically generatenecessarybuilding rules for the
developed software based on developer specified configuration file. The
Automakeutility automaticallydetermineswvhich piece (sourcecode)of a large
programneedto be recompiledand alsoissuethe commandto recompilethem.
Automakealso hasa very flexible supportfor automatedest-suitesNumber of
success and failure will be printed at the end of the run.

Libtool takescareof all the peculiaritiesof creating linking andloadingof
sharedandstaticlibrariesacrossa greatnumberof platforms,providing a uniform
commandline interfaceto the developer.By using Libtool to manageproject
libraries,the library canbe build on a platform with differentlibrary architecture.
Libtool are alsousedto handledifferencesbetweensharedibrariesdevelopedn

each version of software.
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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
causedhebug. Thisis importantin a softwaredevelopmenenvironmentCVS is
also a part of the GNU project[42].

CVS alsohelpa groupof peopleworking on the sameproject.CVS solvesthe
problem of each developercommitting a changeto the same source code or
overwriting eachother’s changeby insulating eachdeveloperfrom eachother.
Eachdevelopemworksin his own directory,andCVS mergeshe work wheneach

developer is done.

TCL/TK

TCL stands for Tool Command Language. John Ousterhout developed it in
1987.1t was designedto be an applicationindependenscripting languagethat
would reducethe needto createa whole newscriptinglanguagesverytime a new
tool wascreatedTCL is really two things:a scriptinglanguageandaninterpreter
for that language that is designed to be easy to embed in current application.

TK is the graphicaluserinterfacetoolkit thatis associatedavith TCL. It is
a setof 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 | WiIin/NT 0Ss/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 describethe 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 therole of an extensionlanguagethatis usedto configureand
customizeapplication.Combinethesewith TK, thenuserinterfacecanbefactored
out from the rest of the applicationand the developercan concentrateon the
implementationof the applicationcore and thenfairly painlesslywork up a user
interface.

TheTCL library alsohascleaninterfacesandis simpleto user.Thelibrary
implementsthe basic interpreterand a set of core scripting commandsthat
implementvariables,flow control and proceduresTK addscommanddo create
graphicaluserinterfaces.TCL and TK providea virtual machinethatis portable
across UNIX, Windows and Macintosh environments[29].

Therearealsootherimplementation®f TK with otherscriptinglanguage
suchasperl/TK [46] and STK (SchemeTK) [47] that havebeenextendedrom

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 the C programminganguagefor the interfaceor
API baseddesign[5]. Object orientedlanguageslike C++ and Modula-3, have
language features that encouragethe separationof an interface from its
implementationinterfacebaseddesignis independentf any particularlanguage,
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 code becauseportability issuewill
arise. Systemlevel codeincludesoperatingsystemcalls to other PC peripheral
device such as Network Interface Card (NIC) and serial communicationport
(COM). Howeverthesecould be addressethy modularisingsystemcallsfunction.
Thesewill limit the capabilityof HSS16to presenta systemview of anoperating
system or device driver. However, normal P16 program can be simulated
accurately.

The accuracyof HSS16is only applied to the memory and register
contentsin behaviouralsimulation. Thesemean,the simulatorwill only provide
accuratenstructionset execution.Correctmachinecycle and pipelining are also
abandoned.Cache contentswhich implies cache hits and misses cannot be
identified as theseelementis not documentedanywherein the P16 technical

manual.
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During unassemblingof an instruction, HSS16 will not replace any
expressionyalue andvariablewith the symbolusedby the P16 assemblycode.
The symbol can be obtain by parsingthe symbol table generatedoy ASMP16
(Pesonal6 Assembler)that is locatedin 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.Howevereachdevicemodulescanbe codedfrom the datasheebr model
library from the manufacturerThusthe simulatedsoftwarecannotbe guaranteed
working perfectly when implementedto the real hardware.A solution for this
problem is to interpret spice or netlist /O module models directly which is
possibleby implementingcircuit simulatorenginesuchas Berkeley'sSpiceor
NG Spice[35] which is availablein 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

requirementefinition, presentecearlier. Requiremenspecificationis the initial

step before implementationphase. Information added will detail the design

descriptionandspecificationof all the modulesin the simulator.The architectural

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

applicable.

3.2.1 System Interfaces

HSS16is located in the user applicationlayer of our PC compatible

system.This level will alsoenableHSS16to interactdirectly with PC hardware

such as CD-ROM and Network Interface Card (NIC). Useris also capableof

loadingthe Pesond 6 machinecodedirectly asif theyareloadingthe codeto the

SDK.

P16 Application

Monitor Program

User Application

P16
Application
X86
Application HSS16

Windows/Linux

Pesona 16

Hardware

x86

FIGURE 3.2 HSS16 Interface Block Diagram

Operating System

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

top-down subroutine model where control starts at the top of a subroutine

Hardware
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hierarchyandthroughsubroutinecalls, passedo lower levelsin the tree.Froma

functional viewpoint HSS16is 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.

CPU

Registrv ‘ Binary | ASCI |ﬂ
Board
Device H Type | Name | Address| Dec | Hex | Binary Ja]
—_— ’ H5516 3l
—_ ‘ Eile Edit Wiew Preference  Help ‘
RAM
28xd
Characters
LCD

P16 Machine Code

FIGURE 3.3 HSS16 System Structuring and Control Model
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The control model is representedoy the "Board™ sub-system.It will
coordinatethe data and control signal for the 'CPU' and 'Device' sub-system.
Pesondl6 machinecodeis alsohandledby the "‘Board subsystemThe boardwill
also translateusercommandfrom the GraphicalUser Interface(GUI) and also
performformattingto the outputof the simulator.The GUI alsoactsas afront-

end interface to the command line version of HSS16.

3.2.2 HSS16: CPU

3.2.2.1 HSS16: CPU System Context

Sincethe projectintention is not to debugthe hardware,| needonly to
simulateit to the extent, necessaryfor P16 softwareto run as expected.This
meanghatthe simulatorwill functionjustlike therealthing. HSS16will simulate
the real P16 hardware which include the Arithmetic Logic Unit (ALU), Control
Unit (CU) and registersby assigningvariable,arrays,pointersand control flow.
Figure 3.7explain HSS16 system context.

An Instruction Set Simulator (ISS) replacethe P16, ALU and CU at the
coreof theHSS16.ThelSSwill decodeandcall the specificfunctionsor macroto
executethe instruction. The hardwareinterfaceand calls to the devicesmodules
are madeby the C interfacesor applicationprogramminginterfaces(API) and

dereferencing the pointers.

f————- orm——— - 1 | HSS16
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3.2.2.2 HSS16: CPU System Model

Processmodel will presentabstractdescriptionof the HSS16 system.
Thesemodelsarebasedn computationatonceptsuchasvariable,arrays,object
and functions rather than application domain concept. Processmodel are an
important bridge between the analysis and design process.

The processmodel describeghe 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 1/0 modulessuchas memoryand communicationport.

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,additional simulator control codes(SCC)20] are addedwhich
doesnot exist in Pesona-l1@nstruction set but is usedfor internal purposesn
HSS16.For instancethe control codesneededo inserta breakpointfor a certain
conditionto halt theexecutionof a Pesona-1@rogram.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 pseudocodéor an implementationof the processoiinstructioncycle

is listed below. The exceptionchecking and handling are handledby another

function.

Executelnstruction
Compare CPU architecture
If CPU is p16

End

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

The currentexecutionaddresswill be obtainedfrom the ProgramCounter(PC)

register.Next, the word instructionis 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

ExecuteFunctiorthat will be describedlater. Then the PC will be incremented

accordingto the numberof NOP (No OPcode)or the specificinstruction.If there

is no match, anexceptionwill occurand 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 codeimplementationEachof the variablesis implementedn 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*
}er[4]; /* CR2*/
/* CR1 %
/* CRO*/
}unsigned pc:16; /* Program Counter */
reg;

The generalregistersare divided to a high and low byte. This would
simplify the operation on it. All the registerscan be accesseddirectly by
declarationin the headerfile. Howeverto emulateR0O 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 3.2will 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, RO 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.crl1] - 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 registersmaskingflags are also
defined.Thesedefinitionswill alsoenablemodificationto the specificbits in the
register.The following list explainthe methodto extractthe currentmodefrom

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

regs.cr[0].a & M_FLAG

M_FLAG (0x2000)will extractthe P16modebit [13] from the PSRregistersand

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

Figure 3.6describe Pesona-16 supported data types:

15 8 7 0
Unsigned Byte | 00000000 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 accessedt 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-registepperation.The instruction

format is shown irFigure 3.7

15 12 11 8 7 4 3 0
I-Type ‘ Opcode Rd

R-Type ‘ Opcode ‘ Rsl ’ Rs2 Rd ‘

FIGURE 3.7 Pesona-16 Instruction format
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Rdreferto the destinatiorregisterwhile Rsis the sourceregister.18 is the
immediatememory addressin the currentimplementation[13], the lower four
bits of the instructionare usedfor the subopcoddield to extendthe numberof
instructionsetof Pesona-16The simulatorwill spendmostof its time performing
the action of Pesona-16microprocessorinstruction. Simulating the effects is
straightforward Someinstructionhaveadditionalrequiremento enableHSS16to

simulate the real hardwar€able 3.3summarize the Pesona-16 instruction set.

TABLE 3.3 Pesona-16 Instruction Set Summary

Note that OP and SUBOPIis the mnemonicfor opcode(operationcode)
and subopcodeAll of P16instructionsetis storedin an array of opcodetable.

The opcode data structure is shown bellow.
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typedef struct OPCODE {

char opcodenamel[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.Thisis to ensurethat NOP could be skipped. The assemblegenerates
the NOP becausesomeinstructionneedsmorethena single cycle to accomplish
their task. Function pointer to simulate the instructionis also declaredin the
structure.

The decodedinstruction format will be implementeddirectly to enable
decodingas much as possiblewith minimum work left until runtime[21]. This
suggestions basedon the hostarchitecturgx86) thatis a 32-bit machine.Thisis
possiblewith the maskandsignaturevariable.Eachinstructioncan be identified
astheir signaturdas unique.AppendixC lists the sourcecodeandinstructiontable

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
attachedo the OPCODEstructure Executelnstructiomiscussectarlieralsocalls
the ExecFunction.The generalpseudocoddor 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
é\/lodify control status

En

CheckException
Fetch control status
Compare control register
If necessary
Call Exception

End

The data are fetchedfrom the registeror memory basedon the specific
instruction.Next a call is madeto the CheckExceptionEachof the function to
simulatethe P16 instructionwill also handletheir specific exceptionbits in the
PSR(regs.cr[0])register.Howeverother generalexceptiontaskis handledby an

Exceptionfunction.
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3.2.2.5 HSS16: CPU Exception Handler

The exceptionhandler or interrupt function will handle the generated
exceptionfrom HSS16simulator accuratelysuch as the real hardware.Further
thanthat, control codesfrom the HSS16will alsobe handled.Theseexceptions
canonly be handledin supervisormode.The 3-bit exceptioncodesare obtainby
maskingthe PSRregister.Table 3.4 describeP16 3-bit exceptioncodesandthe

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 TEQO/TNEO
instruction evaluates to TRUE.

101 A_FLAG Misaligned Misaligned data access is attempted.

Access

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

111 |_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
dSet PC to hexadecimal 0x0000
En

P16 implementa 4 stagepipelining in its instruction cycle, howeverfor
this project,the pipeliningis notimplementedHSS16will only executea single
instruction in each cycle.

The only way to stop the executionof a programin the HSS16is the
insertion of the break Simulator Control Code (SCC). One SCC will represent
eachbreakpointA newmoduleis introducedn the exception-handlingnoduleto
examinethe presencef SCC.Implementatiorof this mechanisnwill enablethe
supports for the following breakpoint features:

Single stepping.

Tracing- stoppingafter eachinstruction,registersaccessear after certain

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 accesdo 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; /* O-disable/1-enable */
struct breakreg *next;
}Breakreg;

The Breakpointstructurewill enableinsertionof breakpointin  memory.
Thebreakpointtanalsobe disabledtemporarilyif neededwith the statusvariable.
TheBreakregstructureenabledreakpoinin userprogramif the specifiedregister

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 memory breakpointat an odd addressof P16 code section
will beignoredbecausethe simulatorFetchcycle is modified to fetch a word (2
byte) of instructionratherthan a single byte in eachmicroprocessornstruction

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

Eachdeviceswill beimplementedwith 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; /* 1/O port size */

int mylInterruptPending; /* 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 importantdevicesin any generalcomputersystem.User applicationare
placedin the RAM, fetched,operatedand storedbackin the RAM. LCD is an

output device that will convey message from the user application.
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The following pseudocodalescribesan 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 relativeaddressinghatis handledinternally. Usercan
arrangetheir own memorymappedor eachdevice.The RAM sizeis only limited
by the addressspacehandledby P16.The LCD addresssizeis fixed. The LCD
control registerand dataregisteris locatedat Ox1 and Ox3 respectively HSS16,
developerfor a new device must take into accountP16 big-endianarchitecture

when developing new devices.
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All deviceson HSS16will be memorymapped[17]. The cleaninterface
betweermemoryroutinesandHSS16allow codeto be addedwithout the needto
understandhe internalsof the simulator.Device will be attachedand detached

from HSS16 through th&ddressSpacstructure, shown below:

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

The AddressSpacwill alsoprovidea higherinterfaceto accesshedevicesSome
exceptionduring fetchingandstoringto devicesarealsohandled.Cachingis also
implementechereduring readandwrite accesgo 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 pseudocodes listed

below:

AttachDevice
Compare device base address
If address out of bound
Print error message
Return FALSE
Else
J Attach device to AddressSpace structure
En

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 usedintensivelyin 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 userinterfacesare basedon widgets such as button, tabbedframe,

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

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

of HSS16executionanddebugenvironment.The main windowsaredescribedn

Table 3.5below.

Window Name

Description

Main Window

File loading, preferences setting, accessing other
windows and exit

Source Browser

Provide two views of source file: ‘.pl6’ 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 presentedn the following

figures:

FIGURE 3.8 HSS16 Main Window

Onceinvoked,HSS16userinterfaceshouldappearas shownin Figure 3.8. The
File menuallows userto createnew setup,savethe currentsetup,load a P16
programand quit HSS16.A simulatorsetupconsistsof a simulatoranda list of
devicesattachedo the simulator.OnceHSS16is invoked,thefirst stepis to load
anexistingsetupor createa newsetup.The Edit allow userto managesimulator’s
devicesetupby attachingor detachingdevices Devicesbaseaddresandmemory
spacesize can also be modified from this menu.In additionto the main HSS16
window thatappearsiponexecutionof HSS16 thereis otherwindow thatis very
useful. The view menuallows you to openthe programlisting, memorywatch
and register content window that is discussedbelow. HSS16 user interface
includesan online help throughthe 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 hexadecimahumbers.Usersare also capableof unassembling
the instructionandinsertinga breakpointfrom the window. The datacanalsobe
modified directly by selectingthe specificlocation.A byte searchandreplacecan

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 specified earlier. The datawill be displayedin

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

Register contentcan be viewed with the Registry Viewer window of
Figure 3.11 Usercanselectsomeor all of the generalandcontrol registerso 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: Implementation, Verification &

Validation

Implementationis the final stageof a softwaredevelopmenproject.In
this stage the sourcecodeof the softwarewill be producedcompiled,linked and
debuggedVerification involvescheckingthatthe programconformsto its design
specification. Missing and confusing services, reliability will be tested and
refined. Validation involvescheckingthatthe programmeetsthe expectatiorof

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

4.1 HSS16 Implementation

HSS16are built out of modules,which are composedf proceduresand
functions.A moduleis a collection of dependentomponentsand can be tested
without other systemmodule.Subsystems a collection of modulesthat may be
independentlydesignedandimplemented Thenthe subsystemsre integratedto

make up the entire system.
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New moduleand sub-systenwill be registeredo the CVS system. Each
module and subsystemhas their own testing framework. Each module and
subsystemwill be tested thoroughly before committing the changesand
proceedingto the next stage. The implementationand testing activity are

summarized in Figure 4.1.

CVs
i----
1 Revert
[ : %
cVs Module
Register
CVSs
F---->
FAIL 1 Revert
\ 4
Subsystem —H Cvs
L
[

Register

HSS16

FIGURE 4.1 HSS16: Implementation And Testing

4.1.1 HSS16 Modular Decomposition
During implementationphase,eachmodulesfrom the designphaseare

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

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

Directory Source Code Files
/boards hss16.c
Jcpu 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

Jdevices 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

Eachsourcecodedirectorycontaina Makefilethatis usedby the Automakeutility
to managehe configurationandcompilationprocessEachof the sourcecodefile
correspondo an object. The ideais to model the datato be manipulatedand
defining a methodor function to control the various ways that the data can be

manipulated [48].
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Reusable software component will

facilitate new developmentof system

components(new Pesonamicroprocessorfamily) and simulation components

(Adress decoder, Flip-flop, etc). Table 4.2 describe HSS16 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.

pl16.[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.

Defines the data structure and function to create, fetch, store

Ram.[c,h] and reset Ram devices.

LCD.[c.h] Defines the data structure and function to create, fetch, store
e 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 indicatethat an
object usesthe attributesor servicesprovided by anotherobject. The dataline
represent data flow between the object while the control line represent control data
flow to the controlregister.Objectorientedimplementatiorallow hiddeninternal
implementationof an object. The GUI object is implementedwith TCL/TK

toolkit.

[ P16 H BasicCPU ] [BreakpointList]

A A
* [
[ Register } :1 Boards H GUI j

h 4
L AddressSpace [ BasicLoader j
BasicDevice P16 Program Data

I A _  _ Control
[ Ram j
h 4

=

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

The objectivesof theV & V (Verification andValidation) processcanbe
satisfiedby staticanddynamictechniquef systemcheckingandanalysis Static
techniguesireconcernedvith theanalysisandcheckingof systenrepresentations
such as requirementsdocument,designdiagramsand the HSS16 sourcecode.
They are applied at all development stages of HSS16.

Dynamic techniquesor tests involve exercising an implementation.
Testinginvolvesexercisingthe programusingdatalike thereal dataprocessedby
the program.Testingmy be carriedout during the implementatiorphaseto verify
that the softwarebehavesasintededby its designerand after the implementation
is complete.Different kinds of testing usedfferenttypesof testdata. Statistical
testingmay be usedto testHSS16performancendreliability while defecttesting
is intended to find areas where the program does not conform to its specification.

Whendefectshavebeenfoundis a program thesemustbe discoverecand
removed.This is called debugging.Defect testing and debuggingare different
processTesting establisheshe existenceof defectswith developerown testing
module.Debuggingis concernedvith locatingand correctingthesedefect. GDB

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

Defecttestingis intendedto exercisea systemso that defectsare exposed
beforethe systemis delivered.A successfutlefecttestis a test,which causeghe
systemto performcorrectlyusinggivenacceptancéestcasesTestcasesareinput
andoutputspecificationglus a statemenof the function undertest. Testdataare
theinputs,which havebeendevisedto testthe system.Testdatacanbe generated
automatically by using a random function.

It is impossibleto exercisean exhaustivedefecttesting.Exhaustivetesting
requiresevery statementin the programand every possible path combination
throughthe programto be executedThereforeHSS16testingsuiteis basedon a
sub-sebf possibletestcasesThreeapproachesakenin HSS16testingprocedure
are:

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

program specification

Structuralor white-boxtestingwherethe testsarederivedfrom knowledge

of the program structure and implementation

Interfacetestingwherethetestsarederivedfrom the programspecification

plus knowledge of its internal interfaces.

Thetestsuiteswill be automatedo increasdaestcoveragethusincreasingguality
and reliability of HSS16 [49]. Automated tests can be run repeatedlyand
consistentlythroughout the developmenphase Theseapproacheswvill be applied
at any stageof the testing processthat will be describedin the following sub-

chapter.

4.2.2 Test Planning
HSS16arebuilt out of sub-systemsyhich arebuilt out of moduleswhich

are composedof proceduresand functions, refer to Figure 4.1 During the
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incremental development,feedbackis vital and the most basic and critical
feedbackis that of ‘Extreme Testing’ [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 dependentomponentsuchas datastructures,
proceduresand functions.A module encapsulateselatedcomponentso can be
testedwithout othersystemmodules.The moduleswill betestedincrementallyas
it is developed.Modules developedin HSS16 referring to Figure 4.2 are:
Register, RAM, LCD and BreakpointList.

Sub-systentesting involves testing collections of modules,which have
been integrated into sub-systems.HSS16 sub-systemsare designed and
implementedndependentlyThe mostcommondefectswhichwill arise,aresub-
systemdnterfacemismatchesthereforesub-systentest processwill concentrate
on the detectionof interfaceerrorsby exercisingtheseinterfaces.Sub-systems
developedin HSS16referring to Figure 4.2 are: BasicDevice,P16, BasicCPU,

AddressSpace, BasicLoader and GUI.
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The sub-systemsre integratedto make up the entire simulator system.
The HSS16systemtestingprocesss concernedvith finding errors,which result
from unanticipatednteractiondbetweersub-systemandsystemmodules System
testing also concernedwith validating that the system meetsits functional
requirementaindfeaturesHSS16will betestedwith realP16programratherthan
simulatedtestdata.Systemtestingmay revealerrorsandomissionsn the system
requirementgdefinition becausethe real data exercisesthe systemin different
ways from the test data. Systemtesting may also revealrequirementgproblems
where the system’sfacilities do not really meetthe usersneedsor the system

performance is unacceptable.
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4.2.3 HSS16 Modules Testing

The following tablesdescribethe test suite for HSS16 modulestesting.

Eachtableis anactualtestsuiteduring developmenbf HSS16.The Registertest

suite is responsibleto prove and test that the Registermodule of HSS16is

functioning correctly. Table 4.3 summarizethe HSS16,Registermodule testing.

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

Appendix D(basiccputest.c).

control register

Register
Test Case Test Data Expected Output Result
Perform a byte and The data stored in the
word write/read to .
; Generated from a | registers are the same as the
a general register . TRUE
random function. data generated from the
and control ;
. random function.
register.
Perform a  bit
manipulation to the Based on P16 Conform to P16 datasheet. TRUE
datasheet

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

to the source code of the RAM test suite can be viewAppendix Diramtest.c).

RAM
Test Case Test Data Expected Output Result
Create a RAM | Created by the | A RAM, BasicDevice structure
; . TRUE
device developer. is returned.
Modify error
message from New €O | New error message is printed. TRUE
. message.
RAM device.
The data stored in the device
Write and read to | Generated from a | are the same as the data TRUE
RAM device. random function. generated from the random
function.
Perform a write to . .
Reset RAM device | device and then ISI? RAM device content is TRUE
reset the device. '

TABLE 4.4 HSSI16:

RAM module testing

Table4.5 summarizeshetestsuitefor the LCD module.Thefull listing to

the source code of the LCD test suite can be viewégpendix XIcdtest.c).

LCD

Test Case Test Data Expected Output Result
Create LCD | Created by the | LCD, BasicDevice structure is

; TRUE
device developer. returned.
Modify eImor | \ow error
message from New error message is printed TRUE

. message.

LCD device.
Write and to LCD | Generated from a | The data written is send to TRUE
device. random function. STDOUT
Reset LCD device | Reset the device. The LCD device is cleared. TRUE

TABLE 4.5 HSSI16:

LCD module testing

The BreakpointListtest suite is responsibleto prove and test that it is
possibleto add, deleteand disable memory and register breakpointin HSS16.

Table 4.6summarize 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 MEMOIY | enerated from a Memory and register breakpoint
and register : A TRUE
. random function. | are added to the breakpoint list
breakpoint
. The breakpoints are disabled or
Disable and Generated from a | enable based on the data
enable a : TRUE
. random function. | generated from the random
breakpoint X
function.

TABLE 4.6 HSS16: BreakpointList module testing
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4.2.4 HSS16 Sub-system Testing

Thefollowing tabledescribeghe testsuitefor HSS16sub-systentesting.
Eachtableis anactualtestsuiteduring developmenbf HSS16.The BasicDevice
test suite is responsibleto prove and test that the BasicDevicesub-systemof
HSS16is functioning correctly. BasicDevicealso consistof the RAM and LCD
module of HSS16. Table 4.7 summarizethe HSS16, BasicDevicesub-system
testing.Thefull listing to the sourcecodeof the Registertestsuite canbe viewed

in Appendix D(basiccputest.c).

BasicDevice: Ram, LCD

Test Case Test Data Expected Output Result
Initialize a new | Created by the | A RAM, BasicDevice structure
. . TRUE
RAM device developer. is returned

The data stored in the device
Write and read to | Generated from a | are the same as the data

RAM device. random function. generated from the random TRUE
function.

Initialize a new | Created by the | LCD, BasicDevice structure is TRUE

LCD device developer. returned

Write and to LCD | Generated from a | The data written is send to TRUE

device. random function. STDOUT

TABLE 4.7 HSS16: BasicDevice sub-system testing
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Table 4.8 summarizeghe testsuite for the P16 sub-systemRegisterand
BasicDevicemoduleis the componenbf P16 sub-systemThe full listing to the

source code of the LCD test suite can be viewekppendix D(pl6test.c).

P16: Register, BasicDevice

Test Case Test Data Expected Output Result
Perform all 26, | Generated from a Dat_a stored in device and
X ) . registers are the result of all TRUE
P16 instruction. random function. . .
instruction.

TABLE 4.8 HSS16: P16 module testing

Table 4.9 summarizesAddressSpacsub-systentest suite. AddressSpace
sub-systentonsistsof BasicDevicesub-systemRamandLCD modules.Thefull
listing to the source code of the AddressSpacdest suite can be viewed in

Appendix D(addressspacetest.c).

AddressSpace: BasicDevice, Ram, LCD
Test Case Test Data Expected Output Result
Initialize a new | Created by the | An AddressSpace structure is
TRUE
AddressSpace developer. returned
Attach a device to Created bv the The devices created are
AddressSpace developer y attached to the TRUE
structure. per. AddressSpace structure.
Detach a device to Created bv the The devices selected are
AddressSpace developer y detached from the TRUE
structure. per. AddressSpace structure.
Wwrite and  Read The correct data is written
from the | Generated from a :
X : and read from the right| TRUE
microprocessor random function. devi
evice.
AddressSpace

TABLE 4.9 HSS16: AddressSpace sub-system testing

BasicCPUis the main sub-systemn HSS16.This sub-systemncorporate

all modulesand sub-systendescribedearlier. Table 4.10 describeBasicCPUtest

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

‘ BasicCPU: P16, Register, AddressSpace, BasicDevice, Ram, LCD




Test Case Test Data Expected Output Result
Initialize a new | Created by the | BasicCPU structure s TRUE
BasicCPU structure | developer. returned.

Opcode located at the
Executg an | Generated fr_om 2 | address obtained from PC is TRUE
instruction. random function.

executed.

Opcode located at the
Unassembled ~ an | Generated from a address obtained from PC is TRUE

instruction

random function.

disassembled.

TABLE 4.10 HSSI16:

BasicCPU sub-system testing

Table 4.11 summarizedthe test suite for the BasicLoadersub-system.

AddressSpacsub-systemBasicDevicesub-systemRamandLCD moduleis the

componenbf P16sub-systemThefull listing to the sourcecodeof the LCD test

suite can be viewed isppendix D(pl6test.c).

BasicLoader: AddressSpace, BasicDevice, Ram, LCD

Test Case Test Data Expected Output Result
Lro(?dram a lijnltg Created by the | The P16 program is loaded TRUE
ﬁwegnory developer. successfully into the memory

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

HSS16 systemtesting has been implementedwith two P16 program,
includedin AppendixE (sys_tstl.pléandsys_tst2.p1% TheP16sourcecodehas
beenassembledvith ASMP16 and first loadedto SDKP16. The original and
modified version of the programshas beenexecutedon the SDKP16 and the
results are recorded.

Thesystenmtestingwill ensureghatHSS16areoperationabndreliable.All
the feature and function of HSS16 will be exercised during both of the system test.
Howeverthe first systemtestis more concernedwith RAM device while the
second system test covers all existing device in HSS16.

The procedureconductedand outcomeof the systemtestarediscussedn

the following sub-chapter.
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4.2.1.1HSS16 System Testing 1

SystemTesting1 will assesshe capabilityof HSS16to performa simple
operationto movea block of datafrom onelocationto anotherocation.A RAM
deviceis attachedo HSS16allocatingall the addresspaceof P16 (0xffff). The
P16 machinecodeis obtainedby assemblingsys_tst1.p16 Thenthe binary file
(sys_tstl.bir) is convertedto Motorola Hex format (sys_tstl.s1p beforebeing
loadedto HSS16and executed Next a modification is madeto the destination
address of the program and the program is executed again.

HSS16exceptionhandlingsare also exercisedin SystemTestingl. To
perform the above operationbreakpointfeature of HSS16 are also exercised.

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

Test Case Test Data Expected Output Result
Attach a RAM . .

. . A RAM device will be
device ‘with base | Created by the | ) hod 1o HSS16 and a P16 | TRUE
0x0000 and size | developer. hi d be loaded
Oxffif machine code can be loaded.

. The machine code is loaded
The P16 machine Refer Appendix E. | at the right address location
code is loaded to . o : TRUE
HSS16 (sys_tst1.pl6) as in the listing file
(sys_tstl.lIst).
Execute the P16 | Refer to | 20 byte of data from 0x0062 is TRUE
program sys_tstl.Ist copied to 0x5000.
Modify the
destination Refer to | The destination address TRUE
address from | sys_tstl.Ist changed to 0x90a0.
0x5000 to 0x90a0
Execute the P16 | Refer to | 20 byte of data from 0x0062 is TRUE
program sys tstl.Ist copied to 0x90a0.
. Created by the . .
HSS16 fgced with developer.  Refer Exception  will b_e_ handled TRUE
an exception . based on the specification.
Appendix A.

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 attachedo HSS16basedon thelisting

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

assemblingsys_tst2.p16 Then the binary file (sys_tst2.bir) 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 . .
. : A RAM device will be
device ‘with base | Created by the | ) peq'to HSS16 and a P16 | TRUE
0x0000 and size | developer. machine code can be loaded
0x8000 '
Attach an LCD . .
. . An LCD device will be
device with base | Created by the | ) noqto HSS16 and a P16 | TRUE
0xf100 and size | developer. machine code can be loaded
0x20 '
. The machine code is loaded
-(I:—gge Péﬁ()gggg”}g Refer Appendix E. | at the right address location TRUE
HSS16 (sys_tst2.p16) as in the listing file
(sys_tst2.Ist).
“Fire! Help!” message will be
Execute the P16 | Refer 0 displayed from the LCD TRUE
program sys_tst2.Ist device
Change “Fire!” . .

Refer to | The “Fire!” message will be
mg‘ssage ? t Ox017f sys_tst2.Ist replaced with “Water!” TRUE
to “Water!

“Water! Help!” message will
Execute the P16 | Refer 0 be displayed from the LCD TRUE
program sys_tst2.Ist

device.

TABLE 4.13 HSS16 System Testing 2
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Chapter 5 Conclusion &

Recommendation

5.1 Conclusion

Thetaskof developingsoftwareis indeeda very difficult yet challenging.
Further more, HSS16is intendedto simulate real hardware,which could be
interfacedwith otherl/O devicemodulesTheRISCarchitectureand TCL/TK are
newsubjectsto copewith thathaveto be pickedup in sucha shorttime. Thusit
waschallengingin the sensehat, at lasta satisfactiorfor the thirst of knowledge
is achieved through research and development of HSS16.

As a conclusion,the main objectivesof the project have beenachieved.
The underlying technology and architectureprinciple of Pesona-1éhave been
understood. Author hasalso submittedan erratumfor an errorin 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-baseatksignhasbeenacquired.Theknowledgeacquireddoesnot
only apply to the hardwaredesignbut also in softwaredevelopmentHardware
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
developmenbf an embeddedsystem.Developmentof HSS16as an instruction
simulatorareconcernedvith theseconceptby featuringsomeof the featuresthat
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 the projectimplementationHowever,
the simulatorstill fulfilled the projectobjectiveasthe 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-usepoint-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 haveanapplicationand GUI development
environmentfor UNIX, Windows, Macintosh and AS400. platforms. With

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

5.2.2 Pipelining & Cache Tracing

HSS160only providea functionalinstructionsimulationandinstructionare
executedserially, simulating no instructionsin parallel. However pipelining can
be implementedwith threadsand tracesof the out of order pipelining can be
provided. With more detailed P16 datasheetthe microprocessoicachecan be
implementedandeffectof cacheperformanceon executiontime canbe examined.
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 handlerthat
interceptssystemcalls madeby the simulatedbinary, decodegshe systemcall,
copies the systemcall 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.
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Appendix

. 16-Bit RISC Microprocessor PESONA-16 R1620.

. P16 Assembly Source Codsycle.pl6 & cycle.lst

. Source Codanstruction.c

. HSS16 Module and Sub-systemTest Suites: pl6.G basiccputest.¢
basicdevicetest.c addressspacetest,c  ramtest.c, Icdtest.c,
breakpointlisttest.c, basicloadertest.candtooltest.c

. HSS16 System Tedys tstl.pl6& sys tst2.pl6

. HSS16 User Manual
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Appendix A: 16-Bit RISC Microprocessor PESONA-16 R1620

88



Appendix B: cycle.pl6

LBrl, r3
SBr2,rl
LWrl, r3
SWr2, rl
MFC crO0, r3
MTC r2, crO
RFE

JMP r2

JSR r2

TEQO r2, 14h
TNEO r2, 14h
AND 1, r2, r3
XOR 11,12, 13
ORTr1,r2,r3
ADD 1, r2, r3
SUB 1, r2, r3
SLOrl, r2,r3
SLTrl1,r2,r3
SRLr1,r2,r3
SRAT1, r2, r3
SLLr1, r2,r3
BSR 400h
BEQO r2, 4002h
BNEO r2, 4004h
MLO 14h, r3
MHI 14h, r3
end
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Appendix B: cycle.Ist

0000 0310
0002 0211
0004 0312
0006 0213
0008 0304
000A 0025
0012 0006
0014 0208
0018 020A
001C 020C
001E 020E
0020 1123
0022 2123
0024 3123
0026 4123
0028 5123
002A 6123
002C 7123
002E 8123
0030 9123
0032 A123
0034 B400
0038 C200
003C D200
0040 E314
0042 F314

0043

LB rl, r3

SBr2,r1

LW r1, r3

SWr2,r1

MFC cr0, r3

MTC r2, cr0 (p16asm: noopx3)
RFE

JMP r2 (pl6asm: noopxl)
JSRr2 (pl6asm: noopxl)
TEQO r2, 14h

TNEO r2, 14h

AND r1,r2,r3

XOR 1, 12,13

OR1,r2,r3

ADDr1,r2,r3

SUBr1,r2,r3

SLOrl, r2,r3

SLT r1,r2,r3

SRL 1, r2,r3

SRAT1, 12,13

SLL 1, r2, 13

BSR 400h (pl6asm: noopx1)
BEQO r2, 4002h (p16asm: noopx1)
BNEO r2, 4004h (p16asm: noopx1)
MLO 14h, r3

MHI 14h, r3

end

Pass 1: Found 0O 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: OOO0OXXXxxxXXSSSS 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

*kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkhhkkkhkkhkkkhkkkhkkikikikxkx

/

#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( stremp( ((Entry*)a)->name, ((Entry*)b)->name ) ); */

return( ((Entry*)a)->signature - ((Entry*)b)->signature );

unsigned int BinaryTolnt(char *binary)

intt,v;
v=0;
for(t=0;t<strlen(binary);++t)
v=v<<];
if(binary[t]=="1")
v=v|1;

return(v);



}

int IsNotDistinct(char *a,char *b)

intt,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[f]!="1"))
th[t=taft];

else if((tb[{]!'='0") && (tb[t]'="1"))
ta[t]=tb[t];

for(t=0;t<len;++t)
if(taft]'=tbl[t])
return(0);

return(l);

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];
intt,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;

\{NhiIe(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;

Llse if(t>0)

printf("Input Error: %d (%s)\n",t,input);
exit(-1);

92



}

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 = BinaryTolnt(mask);
table[t].signature = BinaryTolnt(signature);

I* 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");
gsort((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

am;a,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,%sexech\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;
inti;

I* Initialize P16 */
printf(“Initializing P16....\n");
pl6=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(pl16->myAddressSpace,0x4444,data ,2);
freg_setgen(4,0x6666);
PokeDevice(pl6->myAddressSpace,0x6666,0x2a);
printf("Execution result : %s\n",Executelnstruction(p16));
if (reg_getgen(3) != 0x2a)

printreg(3);
| printflag();

/*Unassemble instruction*/
reg_setpc(0x4444);
data[0]=0x03;data[1]=0x40;
PokesDevice(pl16->myAddressSpace,0x4444,data ,2);
freg_setgen(4,0x6666);
PokeDevice(pl6->myAddressSpace,0x6666,0x2a);
printf("Unassemble : %s\n",UnAsslInstruction(p16,0));

/* Perform a system reset */
for (i=0;i<2000;+++i)
PokeDevice(pl16->myAddressSpace,i,0x2a);
i=rand()%0x7d0;
printf("\nAt (0x%04x):%02x",i,PeekDevice(pl16-
>myAddressSpace,i));
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ResetCPU(p16);

printf("\nResetting Data....");

printf("\nAt (0x%04x):%02x\n",i,PeekDevice(p16-
>myAddressSpace,i));

return O;

}
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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");
raml = (BasicDevice *)init_ram(name,&base,&size);
strcpy(message,"New error message!!!");

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

printf("Device name: %s\n",DeviceName(ram1l));

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

printf("LowestAddress: %04x\n", LowestAddress(ram1l));
printf("HighestAddress: %04x\n",HighestAddress(ram1l));

[*testing rest from BasicDevice*/

/* read & write byte */

addr=0x2023;

data=0xaa;

raml->writebyte(raml,addr,data);

addr=0x2023;

printf("data ram1(0x2023)= %02x\n",ram1->readbyte(ram1,addr));
ResetDevice(raml);

addr=0x2023;

printf("reset ram1(0x2023)= %02x\n",ram1->readbyte(raml,addr));

return O;

Appendix D: addressspacetest.c

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



#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 =0x6¢7a;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: 101 11 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,deviceli]));

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=GetDevicelnfo(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=GetDevicelnfo(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() % Oxff; /* the data */

tmpl=rand() % Oxffff; /* the address */

printf("\n\nDEV (write): %04x data: (%02x)",tmp1,tmp);
if (PokeDevice(example,tmpl,tmp) !=-1)

tmpdev=FindReadDevice(example,tmp1);

printf("\nDEV:%s data:(%02x)",dev->name,PeekDevice(ex,tmpl));

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 ",datali]);
PokesDevice(example,tmpl,data,datasize);

return O;

Appendix D: ramtest.c

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

int
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main (void)

int *i,a=5;

BasicDevice *raml,*ram2;
char name[5];

unsigned base,size,addr;
u_char data;

[* Ram 1 initialization */

base=0x2020;

size=30;

strcpy(name,"Ram1");

raml = (BasicDevice *)init_ram(name,&base,&size);

/* read & write byte */
addr=0x2023;

data=0xaa;
raml->writebyte(raml,addr,data);

I* 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));
raml->reset(raml);

addr=0x2023;

printf("reset data ram1(3)= %02x\n",ram1->readbyte(ram1,addr));

/* Playing with pointer...

raml->data=5;

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

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

return O;

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 O;

}
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Appendix E: sys_tstl.pl6

: Test Ram for HSS16 - move block
; 115 = stack pointer

; 114, rl3 = interrupt process
; 112, r11 = macro process

push

pop

jmpi

E— Macro defination ----

macro data, reg
mlo data, reg
mhi  data, reg
endm

macro reg

sw  reg,rl5
mlo 2,r12

sub r15,r12,r15
endm

macro reg

mlo 2,r12

add r15,r12,r15
Iw ri5,reg
endm

macro loc

mlo loc, r12
mhi loc, r12
jmp rl2

endm

; load immediate to register

; jJump direct to location

‘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: Idi psr_ei, r4
mfc  cr0, r5
or r5, r4, r5 ; enable interrupt
Idi psr_ufz, r4
and r4,r5,r5 ; unfreeze pesona
mtc 5, cr0
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start: mlo 20,r6 : set count 20
Idi hssdata,r10 : SET source address
Idi dest,ril : SET destination address
bsr cpdata ; Start moving data

skkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk
’
Kkkk

frlO = source address
:r11l = destination address

;16 = count
cpdata: push r2
push r4
push r9
mlo 1,4 ; setr4=1
cr 9
datanxt: beq0 ré, cpend ; end of data?
Ib rlo, r9 ; get a character
sb 19, rll ;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

104



Appendix E: sys_tst2.p16

; Test LCD for HSS16 - FIRE ! + HELP

; 115 = stack pointer
; 114, rl3 = interrupt process
; 112, r11 = macro process

jmmmmmnne Macro defination -------
Idi macro  data, reg

mlo data, reg
mhi  data, reg
endm

push macro reg
sw  reg,rl5
mlo 2,r12

sub r15,r12,r15

endm

pop macro reg
mlo 2,r12

add r15,r12,r15

Iw ri5,reg
endm

jmpi macro loc
mlo loc, r12
mhi  loc, r12
jmp rl2
endm

shtm macro  data, mem

mlo mem, r12
mhi  mem, r12
mlo data, r1l

sb rii, ri2
endm
Ibfm macro mem

mlo mem, r12
mhi  mem, r12
Ib ri2, ri1
endm

incr macro reg
mlo 1,r12

add reg, r12, reg

endm
decr macro reg
mlo 1,r12

sub reg, rl2, reg

endm

;PSR Masking Bit

psr_fz equ 8000h
psr_ufz equ 7fffh
psr_pm equ 4000h
psr_cm equ 2000h

; load immediate to register

; jump direct to location

; store byte to memory

; load byte from memory

: Freeze bit

: Unfreeze bit
: Previuos mode
; Current mode
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psr_ei equ 1000h
psr_di equ efffh
psr_ex equ 0007h
;LCD register

lcd_stat equ fl01lh
lcd_data equ f103h

:LCD control data

; External Interrupt Enable
; Disable External Interrupt
; Exception

; status register
; data register

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 Oeh ; display ON, cursor ON, flash OFF
lcd_clr equ O0lh ; Clear display
lcd_ddl1 equ 80h ; select dd ram start with linel
lcd_ddI2 equ a8h ; select dd ram start with line2
lcd_cg equ 40h ; select cg ram from address O
keypaddr equ f181h ; keypad address
ascii_$ equ '$ ; message end char
ascii_a equ ‘A
; stack location
stack equ T7ffeh ; start of stack
(decrement)
dataavai equ 6000h ;
datarcvd equ 6001h ;
timer equ 6002h ;
org 0000h
init: Idi psr_ei, r4
mfc  cr0, r5
or r5, r4, r5 ; enable interrupt
Idi psr_ufz, r4
and r4,r5,r15 ; unfreeze pesona
mtc 5, cr0
start: Idi stack,rl5 ; R15is always use as stack pointer
bsr initlcd
fire: mlo lcd_clr,r9
bsr  lcdctrl
Idi firemsg,r10 ; print 'Fire '
bsr lcdtmsg
bsr delay ; delay
help: mlo lcd_clr,r9
bsr  lcdctrl
Idi helpmsg,r10 ; print 'Help'
bsr lcdtmsg
bsr delay ; delay
jmpi fire
:k***
; R9 = control data
Icdctrl: push r2
push r4
push r6
Idi lcd_stat, r4 ; point to lcd ctrl/status reg
mlo lcd_busy, r5 ; set reg r5=$80 (Busy Flag)
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Icdwaitb:

110 = message address

lcdtmsg:

lcdtnxt:

Icdtend:

Ib r4, ré
and 16, 5,16
bne0 ré, lcdwaitb
sb ro, r4
pop r6
pop r4
pop r2
rts
push r2
push r4
push r5
push r6
cr 9
Ib rlo, r9
mlo ascii_$, r4
xor r4,19,r4
beq0 r4, Icdtend
bsr Icdcout
mlo 1,4
add r4,r10,r10
jmpi lcdtnxt
pop r6
pop r5
pop r4
pop r2

res

R9 = data to be sent

Icdcout: push r4
push r5
push r6
Idi lcd_stat, r4
mlo lcd_busy, r5
lcdwta: Ib r4, ré
and r6, 5,16
bne0 ré, lcdwta
Idi lcd_data, r4
sb ro, r4
pop r6
pop r5
pop r4
rts
initlcd: push r2
Idi lcd_stat, r4
mlo lcd_busy, r7
inilcdl: Ib r4, ré
and r6,r7,r8
bne0 r8, inilcd1
mlo lcd_mode, r5
sb r5, r4

: read the LCD status

; check the busy flag status
; loop if busy

: function set

; get a character

; end of message?
; send a char to display
; setr4=1
; point to next char

; point to LCD status reg

; read the LCD status
; check the busy flag
; iIf not clear, loop

; point to LCD data reg
: send the character

; set reg r7=$80 (Busy Flag)
; read the LCD status
; check the busy flag status
; loop if busy
; set r5 to $0038
; function set
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inilcd2: Ib r4, r6
and r6,r7,r8
bne0 r8, inilcd2
mlo lcd_curs, r9

sbh r9, r4
inilcd3: Ib r4, r6
and 16, 17,18

bne0 r8, inilcd3
mlo lcd_disp, r9

sh ro9, r4
inilcd4: Ib r4,ré6
and r6,r7,r8

bne0 r8,inilcd4
mlo lcd_clr, r9
sb ro,r4

pop r2

rts

delay: push r2
push r4
;push r5
;push ré
mlo 10, r4
mhi ffh, r5
mlo ffh, r5
mlo 1, r6
delay1l:
sub 15, r6, r5

: read the LCD status

; check the busy flag status

; loop if busy

; set reg r9=$06(increment mode)
; entry mode set

: read the LCD status

; check the busy flag status

; loop if busy

; display on/off control

: read the LCD status

; check the busy flag status
; loop if busy
; set reg r9=$01 (clear display)

bne0 r5, delayl ;loop until r5=0

decr r4

bne0 r4, delayl ;loop until r4=0

;pop 16
;pop 5
pop r4
pop r2
rts

mmmmmeen message

firemsg db " Fire 1$$" D 195
" Help 1$$"

helpmsg db

end
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Appendix F: HSS16 User Manual

Introduction

This documentis intendedto provide instruction for using Hardware
Simulator Software for Pesona-1§HSS16). P16 program are executedby the

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

Simulate the PESONAI®% 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 10 peripherals.

How The Simulator Works

I/O device must be attachedto the simulator basedon adressmappingof
user P16 program.User must at leastattacha RAM to load a programto the
simulator. User can also perform device managementind add their own 1/O
deviceto the simulator.Next, P16 programis loadedto the simulator.HSS16is
capableof executingmachine code assemblecby P16 Assembler(Asmpl6).
Howeverthe binary mustfirst 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
- List all available device

dis - List all device attached

da <name> <index> <base> <size> - Attach device

dd <index> - Detach device

File Commands

| <filename> [asmp16 ver] - Load P16 file (Default Verl)",
Is <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
ber <index> - Add control register breakpoint
berd <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
I<command> - Pass command to shell

q - Quit
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Device Management
Beforeloadinga P16programusermustmanagehesimulatordevices Available
deviceimplementedn the simulatorand deviceattachedo the simulatorcanbe listed.

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

>dl

Device Index
RAM 0

LCD 1

>dlIs

Index Name Base Size

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

2 lcdl 4000 0050
Number of attached device: 2
>dd 1
Index Name Base Size

2 lcdl 4000 0050

Number of attached device: 2

All the simulatorcommandscan also be automatedoy creatinga setupfile. A sample

setup file (demol.hss) is shown below.

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

The setup file is loaded as follows:

>|s demol.hss

Index Name Base Size
1 raml 0000 3a46
2 lcdl 4000 0050

Number of attached device: 2

Index Name Base Size

2 lcdl 4000 0050
Number of attached device: 2
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Loading File
The simulatorcanonly load an S19 format, P16 binary file. Two exampleP16
program(copymem.s1® firehelp.s19)andtheir setupfile (copymem.hsg&: firehelp.hss)

is included with the simulator binary.

>| copymem.s19

Program Execution

There are 2 type of programexecution.The fast executionwill only simulate P16
instructionexecutionwithout memoryor registerbreakpointcheck.The otherexecution
commandwill performinstructionexecutionandbreakpointcheck.TheP16programcan
be stoppedwith Ctrl-C combination.The P16 programcan be also be steppedhrough

and modified from the simulator command line.

>|s firehelp.hss
>rf
0000: Running Fast...

| Fire! Help! |
| I

[ctri+c]

>Interrupted by user...

>md 011le 10

0l1le 46 20 72 69 20 65 24 21 20 20
>mm 011le 63 20 6b 69 20 75

>md 0l1le 10

0l1le 6320 6b 69 20 7524 21 20 20
>rf 0000

0000: Running Fast...

| ciku!  Help! |
| |

[ctri+c]

>Interrupted by user...

114



Stepping Through Program
User is capableof inserting a breakpointin memory and registersof the
simulator.The cpustatisticcanbe displayedandinstructionin the memorycanbe

disassembled, thus providing a debugging feature to the simulator.

>|s firehelp.hss

>s

PC: 0x0000 CPU Cycle: 0
>bm 001c

>g

Mdemory Breakpoint (0x001c)
>diIs

b021:  bsr 015

>n

>s

PC: 0x0046 CPU Cycle: 14
>dis

0046: S\ r2, r15
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