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ABSTRACT

This paper discusses an industrial and
academic research groupsq experience resulting from
porting a real-time multiprocessing operating
system from one host-target environment to a new
host and target environment.
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Current VLSI technology has created near
exponential decreases in costlperformance for
processors, memory, and peripheral support
circuits. The manufacturers of single board
computers have been one of the first groups to
exploit these advances in the production of new
inexpensivesingleboard computers.

These singleboardcomputersare supportedby
a wide variety of 1/0 devices and use a number of
industry standard busses; for example, VME-bus,
MULTIBUS 11 and Nu-bus. All of these bus
structuressupport multiprocessing,and nith the
low cost of microprocessors,system designers are
beginning to capitalize on this feature.

Effective utilization of a shared bus
multiprocessor system is not without its problems.
Systems designers require inexpensive, reliable
solutions to real-time problems and flexible
solutions to minimize life cycle costs while
maintaining real-time performance. The current
solutions, which use a collection of uniprocessor
kernels or a centralized multiprocessing kerme11~2,
fail Co meet the neecls of the system designer. A
real-tiroe zmltiprocessing operating system whioh is
portable to a wide variety of hardware is required.
The IIarmony Operating System provides high level
1/0 support, real-time performance, portability and
transparent multiprocessing making it ideally
suited to this environment.

!l’hfs pape~ p~~eentQ a ea~e ~tudy on th~
porting of the Harmony Operating System to a VME
based multiprocessor system. This paper focuses on
the specificissuesinvolvedin performinga port
of this nature and the problems of port,abilit.y for
the Harmony Operating System.

The porting problem is determined largely by
what is be.tng ported. #. very specific application
such as a memory diagnostic can be ported to a new
system easily. Such a test can be implemented

directly in a high level systems programming
language. From this,one can concludeinductively,
thet a port depends upon the functionalityof the
portedsoftwareand hardwareconstrahts. Another
consideration introducedby the HarmonyOperating
System is the host developmentenvironment.In an
open system one must also consider userst
development tools, because it should not be
necessary to change tool sets every time a new
projectis started. Therefore, before describing
the portingmethodology,the originalor statiis-quo
hostltargetsystem must be ciesoribedor else the
significanceof the port will be missed.

This paper begins with a discussion of the
HarmonyOperatingSystem,its current.features,and
its hardwarerequirements.Next, severalsections
are devoted to: the porting approach used by the
authors, the testbed environments, hardware
modifications, software modifications, and
organizational problems. The final section
summarize the findingsof the group.

L AkwQ@iQnd HarnlmY

Harmony is a real-time, multitasking,
multiprocessing, operating system for embedded
computer applications. It is implemented in the
‘Cn programming language with a small amount of
assembler; therefore,harmony is portable across
development environments, and different target
hardware.

Harmony reflects the strong influence that the
THOTH operating system3 had on its beginnings.
Harmony was developed over the past three years at
the National Research Council in Ottawa, Canada.
It is continuing to evolve today.

The following sections discuss the overall
featuresand requirementsof the Harmony Operating
System under the subheadings: hardware
independence,portability,real-timefeatures?open
system features, multiprocessor support, device
support,harmony primitives,host file structures
and softwaremanagement,and tools.

Harmony makes four key assumptionsabout the
hardwareand associatedsupport.

- Linear addressing is provided.
- A test-and-setoperation is available to
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provide mutual exclusion for the
multiprocessor.

- A processor must be able to interruptany
otherprocessorincludingitself.

- The processor must support multiple
interruptlevels*

The addressing and memory considerations
required to support the Harmony OperatingSystem
ce:ntrearound the concept of a linear address
space. This means that all memory and 1/0 in a
system can be uniquelyaddressedby any processor
in the system. One possiblehardware solutionis
global memory; however, this leads to bus
saturation. A current promisingsolutionto this
problemis providingcompletelydual portedmemory
for each processor. This reduces the bus traffic
drastically.

Linear addressing is required for several
rensons. With a completelylinear address space,
references can be embedded directly in messages.
Duringthe messagetranaferprocess,a new copy of
the message is made and the transfer can be
implemented directly. The operatingsystem data
structuresrely upon a linear address space. The
opt?ratingsystemkernelis distributed, therefore
eaeh processor has its own set of kernel data
structures. However, task state informationmust
be accessibleby all processorsto supportmessage
paesingand taskmanagement.

The interrupt support for harmony requires
thst each processor be capable of interrupting
every prooessor in the system, including itsel~.
‘fhe simplest method of providing this feature is
through a set of 1/0 registers which are accessible
to all by virtue of the linear address space. The
intierprocessor interrupts on the VM3 bus may be
us(?din replacement of these locations if the
specifichardwaresupportis not available.

U. 3eal-Time~

The HarmonyOperatingSystemviews the concept
of real-time as two distinct issues. First, the
programs must interact with 1/0 devices which
communicatewith the real world. This means that
asynchronouseventsmust be handledby the system.
Second,time isseen asa criticalresource which
must be managed4. This means that specified
reeponse times, periodic schedulingand volatile
data storagetimes must be respected.

Harmony provides the following features to
deal with theserequirements:

(a] Harmonyprovidesa user definednumberof
staticprioritylevelsfor tasks.

(b] Tasks run on the processor until a
‘natural breskn*.

-e-------------------------------------------------
~~hisis not preciselycorrect;however,to Provide
reasonable real-time performance, this is a
requirement.

●A natural break ia defined as preemption by a
higher priority task due to an event, or by
blocking.

(c) One task may await for one interrupt
usingan await-interruptcall.

(d) Volatile data can be saved during the
initialinterruptresponse,and passedon
to the waiting task via the await-
interruptmessage.

(e) Periodic scheduling of a collectionof
tasks may be added via explicit inter-
processcommunicatiotL

Items (a)and (b)ensure that time responses
may be guaranteed by providing deterministic
scheduling. Items (c) and (d) provideappropriate
interrupt service saving any volatile data. The
last term provides periodic scheduling to
applications.

U Portability

Portability in the harmony context means
portabilityacross development environments and
targethardware. At the presenttime,the critical
host supportrequirementsare a ‘Cm languagecross
compiler, a compatible cross assembler, and a
compatible linker which supports address
relocation.

Portabilityfrom the targethardwarepointof
view means not only ‘CWand assembler support for
the target processor, but must be expanded to
includethe followingitems:

a minimal amount of assembly language
conversion

a reasonable method to specify stack frame
initialization andlor .L&___

specificfunctions

supportfor a varietyof

systembus independence

host target interface

91,n~I. processor

peripheralchips

for downloading,
testing,etc.

4 QWxl&iiLelU

The Harmony Operating System was developed
with the intent that it be an ‘OpenSystemn. The
following describes briefly what an Open System
means in this context.

An Open System has all of the aspects of
portability that we have already defined. The
initial Harmony system used a Motorola 68000
processor. This document describes a port to a
Motorola68010 multiprocessorsystem. At the time
this paper is written ports to systems using the
Motorola68020and NationalSemiconductor32016are
planned.

Standard host development too:Ls,as already
stated, must also be considered. The only two
constraintslimitingselectionof a host are:

(a) The host must support the C language
compilercompatiblewith C as defined by

Kernighanand Ritchie5.
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(b) ‘Me file structure supported by the
operating system on the host should be
tree structured as in the UNIX*
operatingsystem.

Constraint (a) is mandatory but not too
restrictive. Constraint (b) is not mandatory
because developers can do whatever they wish to
the Harmony files. However, the status quo file
structureused to supportHarmonyhas alreadybeen
proven in a researchand development environme t

$and helpsa developerto use and maintainHarmon .
Table 1 lists development systems that presently
host the RarmonyOperatingSystem.

Table 1

Eost Systems Uith Elirmc.lly

OPerati W sYSte= sUPDOrtOd

I hardware l— Operating System I C language I
l.____l .—

I I
VAX* VMS* Whlteamiths C

I I I
VAX* [ UNIX** Berkley 11.2 I Po, table UNIX** C /

I I
WI CAT MCS Portable UNIX** C I

I I
DSM-6816 I UNIX** I Portable UNIX** C

luniD1us+*m*system111 I
:—

I

●VAX ..6 VMS are t,adea’arks or Digital Equipment CO PP.
●*”)+IX ~a , ~..,j.mark .f A~&T ~*~~ ~ab=

●f*unlplus+ i> a trademark of Unisoft Corp.

An Open System must support many different
peripheral devices as well as different processors.
To meet this end, the Iiarnony kernel is device
independent. All device handling (handlers are
called servers) is defined completely by
applications software.

The systems programmeris not constrainedto
write applications using C. In principal
applications can be written using Pascal and
FORTAN.

A feature of the Harmony Operating System that

makes it differentfrom conventionalmicroprocessor
operating systems is the capability for
multiprocessing. This capabilityis supportedby
specific features of Harmony
and by the hardwareto which it has been ported.

Externally, that is to the application,
Harmony removes hardware considerationswith the
process-id abstraction and inter-process
communication. Recall, Harmony is a message
passing operating system. Using this type of
inter-processcommunication,an applicationprocess
never needs to know where a process resides; the
name of a process or process-id is all that is
required. Therefore,with hardwareconsiderations
removed, multiprocessing can be added with
appropriate hardware and some simple kernel
features.

WJNIXis a trademarkof AT&T Bell Labs

Internally Harmony multiprocessing is
supported by the inter-processor interrupt, an
interconnection network, a hardware address, a
mailbox and shared memory. The inter-processor
interruptallowsone processorto interruptanother
so that a message can be exchanged. An
interconnectionnetworkprovidesan accesschannel
between processorsand from processorsto shared
memory. At presenttheHarmonyOperatingSystemis
implementedon an interconnectionnetworktypemore
commonlyknown as a ‘rimeSharedbus7.(Two examples
of this type of interconnection network that
Harmonyhas been portedto are Multibus4*8and VME-
busg. The port described in this paper is to a
VME-bus system.) A unique hardwareaddressrange
coded in the process-id maps a process to one
specific processor. A unique mailbox bound to
everyprooessorprovidesa placeto leavea message
address. Dual port memory ia used to store
messagesso one processorcan accessa messagetrom
another processor.

26 RQYiQ2sLuw2ct

A major feature of Harmony is the provision
for logical device support, which is independent of
the underlying target hardware. These ‘serversB
provide high level 1/0 abstractions to eliminate
detailed understanding of hardware devices and
‘rebuilding the wheeln each time a new application
is attempted~”. Currently these servers provide a
clock abstraction, a stream 110 service similar to
UNIX file 1/0 for physical devices, and a file
server.

The special server features are largely the
result of the fact that the kernel is independent
of these servers, and they are simply a collection
of tasks. Therefore, the users nay provide their
own servers for specialized applications.
Furthermore, servers canbe passed configuration
records at initialization time, which can
dynamically change the features of a given generic
server type.

XL Eau2nx.Eziuitiwa

FigureVI liststhe primitivesprovidedby the
HarmonyOperatingSystem Kernel. Detailson these
primitivesare in reference1.

Probably the most important part of the
HarmonyOperatingSystemis the file structureused
to support it. The file structuredefines all of
Harmony. It containsall HarmonyOperatingSystem
source and files to build executable images. A
tree like file structure is used. Figure I
illustratesan example of the higher part of the
tree. Figure II illustrates an example of the
lower part of the tree.

The file structureused was first applied in
the Thoth Portable OperatingSystemsProjectat the
University or Iiaterloo3. A tool for managing a
large software project it is very different than
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P,...,. Maria&em, nt

Process Columullication

lllput/Output

pool Management

n.vi.e Management

“nai&n. d _Creete (task_ index)
u“. i~”ed tae. !cindex

.“s iSned _Server_oreate (task_ i”dex,

init_rOL?g)
.n. ig”ed task_ index
char ●init_ms~

un, ig”ed _MY–id ( )

unsigned _Father_id ( )

_Destroy (id)
u“.9i&ned id

_Sui.ide ( )
unsigned _Ta. k_er. o._code ( )

unaig”ed _Send (rqc+t_ms&, rPIY_mag, id)
char rqat_nlfl~ [ ], .ply_msg [ ]
unsigned id

unsigned _Beeeive (rQst_ms&, id)
oha P rqst_ras8 [ ]
u“si~”e. d Id

unsigned _Reply (Pply_rnsg, id]

char rply_msg [ 1
unsi~ned id

struct VCB ● _Ope. (name, mode)
ohar *name
short int mode

_C1o, e (ucb)
st, uct OCB *ueb

struet UCB ● _SelectinPut (ucb)
,truct UCB ●uob

struct OCS ● _Selecto. tp”t (“oh)
struct UCB ●ucb

char_Oet ( )

_Put (byte)

char byte

_Fluab ( )

_U”get ( )

_Oetn”rO f )

_Putdeo (n)
_Puthox (n)

i“t n

_P”tstr (s)
oh., *S

_Printf (fret, x)
char ●fret
int x

char ●_Getveo (size)
unsigned size

_Freeveo (block)
ohar ●block

_Trimveo (block, size)
char * block

unsigned .ize

_Await_interrupt

(Interrupt-id, rPl YLm9!V)
.“slgned interrupt–id

char .ply:msg [ 1

Pi=ure VI Earaony OperatinE Syate. Kernel Primitives

conventionalsoftwaremanagementtoolslike SCCS6.
Individualsoftwaremodulescan be kept small. In
most cases there is one function per file. As
illustrated in Figures I and II, the sYstem is
highly structured. The structuring promotes
modularity. Individual modules are easier to
maintain. However, at present there are no tools
to maintainthe structure.

Presentlythe systemcontainsaboutKIOCIfiles
which includes: the kernel,
Motorola68000 port, Motorola
Semiconductor32016 port.

all devices, tools,
68010 port, National

H. PmOny/
I

-i I I I I I
to013/ vmaa’3m/ m900m/ ucoml teotl t4ya/

I

~ I I I I
n3inc/ “1”0/ vioslib/ wine/ 8POI

_____/_ . . .
r I I l—l

boot/ connect/ streaoliol gosslpl kernel,l lib/ .ervers/

I

I

to FiE. 11

/indicates a directory

FIEure 1

File ‘free From Root of Harmony to Servers Direotory

80rvera/

I

_——. ———__— ——
I I I I I l–

aiol Clock/ exscbedl f.yal thy/ videol

I

! I I I I I I

I I I I i 1 I
editttyin. c qttirqst. c qttorqat. . M6850/ i8274/ sc2681/ al

1
I I

I I

I I
toIntel ti.lti-protoool Serial Controller
depe”de”t files I

to ~enet. ic.lly dependent
assembler files

Fi&Ire 11

File TrenFrom Servers Directory

to The Device Dependent Dir%. otoriea

.2A.Xs2QJa

The Harmony Operating System has speoific
tools that have been developed to aid the user.
When it ia ported the tools must also be ported.
Some of the tools are: Listing,Bound, Examine,
and Debug.

The Listing tool produces a listing, with
tableof contentsand a bannerfrom an includefile
containing quoted names of the files listed.
Usuallythe same includefile is used to compilean
executableunit of a code.

The Bound tool calculates the staok size
required for a process. Bound does this by
disassemblingthe executableimage of the process.
It is interactive prompting for assistancewhen
recursion is encounteredor the stack pointer is
indirectlyloaded.

The Examine tool allows interactive
examinationincludingdisassemblyand patching of
the executableimage. It is not a run time tool,
but is used on the image in the host.
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The Debug tool provides a simple debugging
capability and interpretation of kernel data
structures. The Debug tool is invokedexplicitly
in the source and when an exception handler is
invoked.

L s%uzilxai.n&

This section describes the conditions and
limitations dictating the task of porting a
prototypedevelopment.

u~

A substantialsoftwaresystemwas ported. ‘l’he
software was in a pre-release state and had net
been documented thoroughly. There were two
documents. One was an overviewof: terminology,
the server concept,kernel primitives,interrupt
handling,1/0 and toolsti.The seconddocumentwas a
note desc~ibing rationale for the Harmony file
structure . Documentation that would have been
helpful was a manual describing the mechanicsof
designing a server and a description emphasing
hardwaredependentareas affectedwhen a system is
ported. Source code documentation, file system
documentation,and detailsof theHarmonyOperating
Systeminternalfeatureswere also lacking.

3J21ki@MaE

The HarmonyOperatingSystem beingportedwas
implemented on the Chorus Multiprocessor. This
multiprocessoruses 3 Omnibyte0B68K1ASingleBoard
Computers[SBC). TheseSBCS use the Motorola68OOO
microprocessorand are Multibus compatible. The
interprocessorinterrupt is implemented with a
custom made Multibuscard and additionalbackplane
connections. Basioally,this card is an array of
wri.tableregisters connected to bus interrupt
lines. Each interruptline is connectedto one SBC
and each registercontrolsone interruptline.

The targetsystemmultiprocessorconsistsof 4
DY-4 DVME-102 SingleBoard Computers. These SBCS
use the Motorola 68010 microprocessor, were
configuredto supporta linear address space,and
are VME-bus compatible. The interprocessor
interruptwas implementedusing the controlstatus
register available cn each SBC. An SBC is
interruptedwheneverthisregisteris written.

3.93 XhYak QEumJuLY
. .

As stated above, there was little supporting
documentation This problemwas compoundedby two
factors. Firstf the originaldeveloperswere at a
separatelocation,and as a result,only telephone
support was available on an instantaneousbasis.
Also,the portingteam was locatedat two different
sitesmakinginternalcommunicationdifficult.our
plans had tc consider these problems in order to
avoid duplicationof effort.

3A kYd2MdihYkQm@=

The National Research Council used two
developmentenvironments: VAX running VMS and a

WICAT running MCS. The developmentenvironments
ported to are both UNIX environments; a VAX
running Berkley 4.2 and a DSM-6816 running
Uniplus+* System 111. Table 1 lists these
environmentsand the system developmentlanguages
availablewith each system.

The basic problems encounteredwhen porting
from one host to another were: file naming
conventionsand incompatiblelibraries.

Two
port:

(a)

(b)

L JwkLn13ARmQash

distinct objectives characterized the

One objective was longer term. It
requiredthat a completeHarmony system
be ported along with all servers and
tools. This port would be capable of
becoming a marketable product ona DY4
DVME-102 multiprocessor ina six month
time frame.

The second objective was both short and
long term. The short term aspect
reflectedthe fact that a workingsystem
was needed in the immediate future to
generate credibility and to support
researoh efforts. The longer term
objectiverequireda researchsystemwith
sufficientsupportand understanding to
evaluatethe featureset of the operating
system.

u l?@&Q!2Q&MQ&&n

Given the constraints imposed, the project
organizationconsistedof two separateteams each
with differentobjectivesand responaibilities.

Team A: Thisteam had threepart-timemembersand
would attemptan immediateMC6801Oport.
It would concentrateon understandingthe
systemand findingthe problems.

Team B: This team had threefull-timemembersand

!L2

(a)

(b)

(c)

would attempt a longer term production
vecaion of the system. Its focus would
be on documentation, and a completey
reliable,rcbuatimplementation.

&aJJAJhWX!Q Breaw

The file system was reduced to a minimal,
manageable set required for this rapid Port.
Source code control and project management
supportwere introduced.

Basicdocumentationof the systemwas started.

The MC6801O uniprocessorport was completed
withoutstream1/0.

●Uniplus+is a trademarkof UnisoftCorp.
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(d) The MC6801Omultiprocessorportwas completed
withoutstream1/0.

(e) The 110 was addecl(usinginputfrom Team B).

(~~) The system was used until the production
versionbecame available,at which point the
resesrohversionwas discarded.

L& Xs%a211i!Jk&iY@LlEQaMQW

DY-4 Systems adopted a 3 phased porting
methodology.The phaseswere:

(S) singleprocessor68000port

(’b) singleprocessor6801oport

(c) multi-processor68010 port.

WSUN j.s a trademarkof Sun Microsystems
●*Vax is a trademarkof DigitalEquipment.

4-4 3kam AEnUxmat

Figure VII illustrate the hardware
architectureof the laboratoryenvironment. The
main featuresare as follows:

Both the SUN* workstationsand the VAX** run 4.2
BSD. Transparent login, remote csh, and file
transferare supported.

The DY4 DSM-6816runsUNIX System 111,

Kermit and UUCP are used for file transfer
betweenthe Vex and the DSM.

The Tektronix 8540 ICE has extensive support
softwareon the Vsx.

The TektronixICE was used to downloadto target
processorduringdevelopment.

Source code control and proJect management
softwarewere availableon the VAX.

The Tektronixlogicanalyzerwith MC6801Osupport.

4.2BSD Unix

h

m -- \
DY-4DVME102 I

MC 68o1O

Tektronix 1240

Logic Analyzer

I

d
... L 7DY-4DSM-6S16

Uniph+ System 111

1 1

. . .

Hayes Smattmodem

(Bell 212A)
— PSTN

.

.

d
.

Fig.7 The ARTT LaboratoryHardware
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The host developmentsystemused at IN-4 was a
DY-4 minicomputercalledthe DSM-6816. Thissystem
runs Unisoft. Uniplus+ UNIX System III.
SpecificallytheDSM-6816usesVME-busarchitecture
and consists of a DVME-102 processor card and a
DVME-712IntelligentDisk Controller.Figure VIII
illustrate the environment.

The environment was augmented by an Applied
Microsystems ES 1800 Satellite Emulator. This
emulator is very easy to use and is easily
interfacedwith the host.

A Hewlett-Packard1630 logicanalyserwas also
used. This type of tool is usually necessary for
debuggingthe hardwaresystems softwareinterface
becauseit can be used to remove much of the guess
work that results when a device handler does not
work.

L sunmaryd~

This section is broken down into three
sections: Team A, Team B, and hardware
modifications. The hardwaremodificationswere a
jointeffort,thereforenot consideredseparately.

E

u

(a)

2.e3uuAMwMauQw

The initialpreparationfor the MC68010 port
required a significantportion of the total
effort expended. The major reason for this
was the varietyof new information.

(i) An understanding of Harmony internals
was developed from the undocumented
sohrce code.

( ii) New programmingenvironmentsexistedon
bothhosts.

(iii) An unfamiliartargetsystemwas used.

( iv) All logic instruments were new and
requireda detailedunderstanding.

Given these constraints,a great deal of time was
used for learning, and then a ‘learn as you gon
approachwas used.

The other issues involved in preparation
includedthe followingpoints:

(i) The Harmony source code was moved to
the host system into a simplifiedfile
system.

HP 1630G

Logic Analyzer

+lnci’’i’’’u’atOr-
Fig.8 The Dy-4 SoftwareDevelopmentEnvironment

94



(b)

(c:)

(d]

%2.

(al

(ii)

(iii)

(iv)

(v)

Basic documentation was completed on
the sourcecode.

A basicportingstrategywas developed.

A source code control system was
installed to ensure that a working
versioncouldbe maintained.

Project controlsoftware was added to
facilitate listing source and making
global modifications.

The efforts for a uniprocessor port on the
existingDVME-102card requiredmore learning
aboutthe primitivesand the environment.The
basicstepswere:

(i)

( ii)

(iii)

(iv)

(v)

The stream 1/0 facility was removed
from Harmonyto simplifythe port.

Harmony primitives were modified to
suit the hardware.

The system was recompiled and linked.
A number of inconsistencies were
eliminatedat this stage.

The primitiveswere debugged, largely
using the ICE.

Note that the Harmony tools were not
portedor used during-thedebugging.

‘I’hebasicstepsfollowedwere as follows:

(i) Hardwaretesting

(ii) Modificationof primitiveroutines

(iii) Testing of primitive routines on a
uniprocessor

(iv) Multiprocessortestingand debugging.

The final step of adding the stream 1/0
support and the character server waa not
carriedout. The two ports were operational
essentially at the same time, and this step
was no longernecessary.

lkaltB~

Sinule ProcessorMotorola68000Modif@&bm

A68000 version was selected initially,
because it required fewer machine dependent
modifications.‘fhisport o.onsistedof these
subphases:

- acquire Vt.lS*version of Harmony from the
NationalResearch Council

convertVW.* pathnasiesto UNIXpathnames
—

●VMS is a tratiemark OS Digital Equipment
Corporation

convertassemblerlanguage files to format
acceptedby assembleron UNIX

design new generic serial.1/0 server for
serialIiO device on targetSBC

modify interprocessor communication to
support new interprocessor interrupt
mechanism

design standaloneDVME-102test softwareto
verify hardwareconfiguration

testand verifyprocessor&

retrofitprocessord with new PALS

retestand reverifyprocessorS

design singleprocessorapplicationto test
kerneland serial1/0 server

buildand test HarmonyOperatingSystemand
application

nodify listingtool to use UNIXlibrary

modify Bound and Examine tools for UNIX
objectfileformat

buildand test all tools.

(b) le ProcessorMotorola68!J.10Mo~

In the secondphasethe first phaae port
waa ported to a single processor Motorola
68010 system. At the same time the
multiprocessor hardware configuration was
completed.

‘l’hisport consistedof thesesubphases:

modify previous port for larger exception
stackframesof Motorola68010

define and implement application level
specificationof user exceptionhandlers

complete and test PALs for up to 8
processorsin the multiprocessortestbed

define,implement and test multiprocessor
enhancements to standardDVME-102 debug
monitor

implement and test port using same
applicationprogramused in (a).

(o) ~tiwoce~or Motorola&LIQIOMo~

This phase completed the port of the Harmony
Operating System. This port consisted of these
subphases:

modification of the file defining memory
limits of each SBC.

modificationof data structuredefiningall
SBC system controlstatusregisters
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- definetestprogram

- build,implementand testport.

5iLl&Mb%ZQ~lQr ~

During the preparation of the uniprocessor
versions by both groups, concurrent effort was
expended to solve the problems relating to the
multiprocessor hardware. This effort was
undertaken Jointly by both groups to provide a
common hardware solution using DY4 DVME-102
processor cards with minimal hardware
modifications.

The DY4 DVME-U12 product has the following
features

68000/68010CPU @ 8/10MHz

optional68451mum

256K to l/M bytesRAM, completelydual ported

8274 serial1/0

3 timers

DY4 Monitor

VME interfaceswith systemcontrollerfunctions

extensivestrappingoptions

PAL baseddesignallowingeasy oustomization.

One major hardwarerequirementof Harmony is
prioritized interrupt levels. This feature was
providedby virtueof the MC68000family.

Anothermajor featureof the HarmonyOperating
System ia linear addressing. The current 102
product’s memory map is shown in Figure 111.
Modification of this addressing scheme required
three new PALs per processorand specialstrapping
of the boards. This producedthe changesshown in
FigureV and FigureVI.

The abilityto interruptany processorin the
system is requiredfor Harmony. On the current102
board,two bus interruptscan be generatedvia the
1/0 control status register. It is possible to
restrap the board to generate a local level five
interrupt.using these bits. This was done, and
along with the addressing modifications, this
produced the required interrupt locations. Note
that theselocationsare offsetfrom each other by
Judiciousplacementof the processornumber in bits
17-19 of the 1/0 contrcl status register acl~ress.
This providesa simple implementationof interrupt
locationaddressingfor Harmonyprimitives.

The final feature required to support
multiprocessingis a set of ROM monitorswhichwill
synchronizethe systemduring initialization. It
was decided to use the DY4 monitor for
downloading/disassemblypurposes,and modify it to
provide the synchronization. The synchronization

68000/68010 PHISICAL ADDREsS MAP

Address Range (Rex) Type
.--.-----------------. ------
FFXXOO to FFXXFF 1/0

FFOOOO to FFFFFF 1/0
(other than

on-board 1/0)

FEOOOO-FEFFFF Memory

100000 - FDFFFF Memory

10000 - FFFFF !temory

Q - FFFF Memory
(8 b.. t1 not active)

0 - FFFF nemory
(t boot, QCtiV. )

Description
-----------

on- board
peripherals

VMEbus
1/0 acoesa

boot PROM

VMBbus
memory

on-board
RAM

on-board
RAM

boot PROM

Note: boot PROM capcity is 32K bytes although it occupies a 64K
byte window

FIGURE 111 STAIIDAIID DVIIE-102 IIEHOIII HAP

FF8700-FF

FF8600-FF

FF8500-FF

FF8400-FF

FF8300-FF

FF8200-FF

FF81OO-FF

FF8000-FF

800000 8M

TFFFFF

700000 ‘iU

6FFFFF

600000 6M

5FFFFF

500000 5M

4FFFFF

400000 4M

3FFFFF

300000 3M

2FFFFF

200000 2M

lFFFFF

100000 lM

OFFFFF

000000 0

+----------------------- +
1 I
+-----------------------+
I PROC 7 1/0 1
+----------------------- +
I FROC 6 1/0 I
+-----------------------+

I FROC 5 1/0 I
+----------------------- +
I PROC 4 1/0 I
+-----------------------+
I PROC 3 1/0 I

+-----------------------+
1 PROC 2 1/0 I
+-----------------------+
I PROC 1 1/0 I
+-----------------------+

I PROC 0 1/0 I
+-----------------------+

I I

+-----------------------+
1 I F1OUEE IV

PBOC5SSOB ‘7 VltEbua ME IIOfi X MAP
1’I FOB FULLY COUFIGUBBD

+----------------------- + SISTSH
I I

FROCESSOR 6 I
I
+----------------------- +
I

PROCESSOR 5 /
I
*-----------------------+
I r

PROCESSOR 4

I I
+-----------------------+

I I
PROCESSOR 3

I I_________________________*
I 1

PROCESSOR 2
I I
+-----------------------+
I I

PROCESSOR 1

I I
,-----------------------+

I I
PROCESSOR O

f I
,----------------------- +

of the system is processordependentand the value
Of the processor number is re~u~red for

initialization.This problemwas solvedby usinga
readable Jumper block to provide the processor
number. This alloweda completeset of processors
to use identical boot ROMS because the processor
simplycheckedits processorvalueand providedthe
appropriatesynchronization.
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X} FVFF

FF8F’E1

FF8XFF

FF8XO0

FEOOOO

XFFFFF
/\

lM

\/
Xooooo

0000

read stat.:! “boot ..” I
+ --------------------------------- +

I
+ --------------------------------- +

I READ STATUS *BOOT ON. I
+--------------------------------- ,

I
+ --------------------------------- .

1/0 FOR PROC 0-1 I
---------------------------------- +

I
I

+--------------------------------- .
/\ I

;I I
VME

I MEMORY I
I

I I
\/

+ --------------------------------- .

PROC X
RAM

I

I

1 I
+--------------------------------- +

/1
I

v
M
E

1
1

11

\/
k----------

M
E
M
0
R
Y

----- .------------------ +

FIGURE V ON-BOARD MEMORY AMD 1/0 IIAP FOR PROC X, (1.1,1)

In summary,all fourhardwarerequirementsfor
Harmonywere satisfiedusingthe same off the shelf
processor card. Three PALs and two ROMS were
chmged on each card.
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Overall,the portingeffortof team A consumed
8.5 man months or approximately 182 days. A
detailedbreakdownis given in the following
subsections.

(a) InitialLearningPhase

An estimated 5.5 man months was
consumedduring this phase. In general$
estimationwas difficultbecauseaccurate
reoordswere not kept and learningeffort
is some areas was spread over several
pro~ects. An estimated 2.5 man months
could have been saved if proper
documentationhad been includedwith the
source. Furthermore, another 2 man
months could have been saved if one
person had undertaken the project as
opposedto threepart time members.

(b) UniprocessorPortingResults

The initial uniprocessor porting
efforts started and consumed three-
quarters of a man month before it
was discoveredthat an ICE was essential..
When efforts resumed, one part-time
person completed the port in one man
month.

Three major problems aroae during
the port. First, stack frame
initializationprovedtroublesome.Second,
interrupt modification was a problem.
Third, some changes resulting from
different exception stack frames were
required. Consultationwith the original
designerquicklysolved these problems;
however,properdocumentationwould have
eliminated otiemeek of time (minimum)
through more rapid comprehensionof the
problems.

The multiprocesso~ MC68010 port
required hardware modifications
(discussed in the next aectionl and
changingpriorities.

(c) ~~ltiprocessor PortResults

Hardware modification definition
requiredapproximatelyone quarter of a
man month for team A. The remainder of
the multiprocessorport required0.5 man
months. The totaleffortto completethe
portwas 10$ greaterthanestimatedafter
completion of the uniprocessor port.
Experience effects were significantin
this estimate. Totaleffortwas 0.75man
months,

(d] Stream1/0 Results

Approximately 0.5 man months were
wasted when duplicate serve porting
effortswere etarted. This was a direct
resultof poor communication.

62 332amak&lllQi

(a) Sd.nQf2lU&&SQC MQQrQ&a 6.&QQQhQJ!&Qi

The total time taken to complete
this phase was 7 weeks. ‘l’herewere 3
people working full time on the
projectduringthis phase.

A total of 10 coding errors and 1
hardware error were uncoveredand
resolved. 0nly5 of35 days were spent
testingand debuggingthe port. This is
due largelyto preparationand
constant informal review. All software
errors were a result of changes made to
the operating system or due to the new
serial1/0 server.

(b) iiLnglelrQQ=QE AWQrQl@ !iJIQIQ&l.&.iS

The total time requiredto complete
this phase was again 7 weeks. One week
was used to debug the multi-processor
monitor enhancements. One day was used
to debugand verifythe port. Therewere
2 people dedicated to the port during
thisphase.
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A total of 8 coding errors were
resolved to debug the multiprocessor
monitor; and 2 coding errors were
resolvedto debug this phaseof the port.
During this phase the monitor
enhancements were not.reviewed at the
source level but the port modifications
were.

(c) MmQuwam MQtm?la 6aQ.lQA.tQYak

The total time taken to complete
this phasewas 4 days. Duringthis phase
there were 3 people dediaated to the
port.

A total of 2 coding errors were
resolvedto debugthis phase of the port.
This phase was a lot shorter than the
previous two phases because the
modifications were minor. Building of
the port requiredthe recompilationof’2
kernelfilesand the testapplication.

(e) Overall, the porting was technically
easy. The main problemwas developinga
sufficientunderstandingof the software.
Clearly, adequate documentation is the
single most significant factor in
developingthisunderstandingand must be
a central part of any portable system.
This is supportedby conclusion(a).

(f) The involvementof many peopleon a less
than full time basisproveda significant
hindrance to the research group.
Significant effort and particularly
learning effort was duplicated. A full
time effortcouldhave reducedthe effort
by an additional M% aSSuming adequate
documen-tation.

(g) Downloadingat 9600BPS was a significant
hinderanoe.

(h) The ICE was essentialfor debugging,and
the host support for the ICE helped
immeasurably.

(a) An estimated 45% of the total porting
effort could have been eliminated given
adequatesourcedocumentatio~

(b) The totaltime spentby the two teamswas
approximately equal;however, ACKltOHLSDGSHESiTS
team B accomplished considerablymore.
The reasonsfor this are as follows:

Funding for this work was avaiiable from
(i) ‘TeamB had experiencein their National Research Council Canada contribution

environment while Team A did arrangement CA910-4-0036/670,a NationalSciences
not. The groupipersonnel and EngineeringResearchCouncilGrant,and Ottawa
experience effect is one of CarletonResearchInstitute.
the most significant[11],and
this is reflectedhere.

( ii) Part-time dedication to the
porting required more
duplicationof effortfor Team
A.

(iii) The results of Team A were
used by Team B to eliminate
bugs in their MC6801O uni-
processorand multiprocessor
system.

(c) The communication problems, sharingof
information, and disperse location
problems were minimized through
autonomous tasks at the two locations.
Co-1ocation would have been the best
solution;however, it was not possible.
An autonomoustaskssolutiondid work.

(d) Experience effects were crucial in
refining time estimates of porting the
software.
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