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1.0. Introductibn

Interest in multiprocessor‘ and distributed intelligence computer

systems has increased dramatically in recent years. This interest has been

fostered by the availability of microprocessors with ever increasing .

performance/price ratios and the expected emergence of monolithic systems

with still higher capabilities in the near future.

The development -of multiprocessor and distributed intelligence

computer gystems and their utilization in various applications have = been

impeded, by the lack of an appropriate theoretical base. The control. of

systems . containing more than several processors is not well understood.

While considerable work has been domne recently to develop a theoretical.

base, it seems wunlikely that this work will have significant impact on

.practical system design in the near future. As a result, multiprocessor

system designers have turned to the use of CAE tools for the development of
such systems. ‘Such CAE tools support the skill level of the désigner,

provide insight into the attributes of alternative architectures, allow

evaluation of these architectures and support the development, simulation

~and test of actual multiprocessor systems..

The main - objective of this report 1is to survey - the multi-
microprocessor computer aided engineering design tools that are currently
évailable, as well as the desigh tools that are currently at various stages

of research and development.

To understand the role, scope and utility of such multiprocessor
design tools, it is worth reviewing the various design steps followed in a
general top-down development process of a multiprocessor system. The first

step involves the specifications'of system requirements and is followed by




a description of the functional components of the System which are
considered necessary to satisfy the requirements. Thié ﬁigh leQél
description of the functionél components. can thép be tramslated into ah
intermediate design stége which involVes_ the selection  of a system
érchitectgre and its representation in the form of a system model. This
model 1s wused to describe the hardware and software structures and their
relationships. Finally, at the lowest level, a register transfer model is

used to provide details of the‘processing elements and to facilitate the

. hardware (logic) circuit design and test. Im sumﬁary, ﬁhe following design

phaées (see Figure 1.l1) are identified in a top—down design approach:

(1) Specification of System Requi#ements
(2) System Function Specification
(3) System Architecture. Selection
(4)’Hardware/Software'Relationship (System Model) -
(5) érocessing Element Details (Régisﬁer Transfef Model)

3(6) Logic Design

Before surveying CAE tbbls~available‘to support each of the “above
specification/design levels, the issues examined at each level.Aand the

implications of following a top—-down approach in the specification and

- design process are described.
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Multiprocessor Specifications/Design Levels
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(1) Specification of System Requirements

The term "requirements” is used to describe any demand upon the
system to be designed. A complete list of the requirements should be
defined before the design process begins and documented in a

requirement specification document. As this document constitutes part

of a contract between the user and the designer, and between members .

of the design team, if should be consistent, unambiguous and non-
redundant. To maintain these properties and_ to ensore ~ the
completeness of the requirement specification document, much effort
has ‘been directed towards devéloping appropriate tools‘foroautomating

the requirement phase.

(2) Systém Functions Specification

The design process begins after. the requirements phase has been
completéd.‘ Design consists of an orderly decomposition of the system

functional components into sub-functions.  The first level of

decomposition is  usually carried out without specifying -~ the |

architectural alternatives for implementing the set of  sub-functions
of the multiprocessor system. Thus this phase of the design process
involves defining the functional components of the system which

collectively satisfy the stated requirements.

(3) System Architecture Selection

At the architectural level, the designer is concerned with the
overall structure of the system. This involves the components

(processors, memories, etc.) and their interconnections in such



configurations that are likely to satisfy the specificatiéns
(expressed in terms of -functional components) . Each of .ithe
architectural components has certain quantitativé> attribgtes which
determine its performance (eg. memofy size, processor speed, bus &ata

transfer rates, etc.).

(4) System Model

The architectural description of the system can be abstracted at
this level into a system model which includes description of the
algorithmic behaviour of certain functions as well as a description of
the structure of each architectural component and the inﬁefconnection

of the various components. At this level, the relationship and trade-

" off between the hardware and the software of the system can be

analysed and understood.

(5) Register Transfer Level

At the Register Transfer level,. the,deéigner‘is concerned wih

‘realizing the functions described in the system model by sequences of

operations. These operatibns are usuélly‘spgcified as transfers' of
information between the -different facilities established in the
architectural and ~ system model steps. Thus if. the multiprocessor
systeﬁ is considered as a large finite state machine,-then the purpose
of the regiséer transfer design level is to establish ;he various
states as weli as the particular actions to be taken when the system

is in a given state.



(6) ﬁogic Design Level

At the Logic Design level, the designer is concerned with the

mapping of the microoperations and the control structure, defined in

the previous step, dinto physical hardware. elements. ‘This step

requires a detailed knowledge of the technology in which the design is

to be implemeﬁted (eg. IC components on a PCB, LSI or VLSI technology,

etc.)

- The survey presented in this report groups the design.tools into four

categories, depending on the design level at which a given tool is

utilized.

(1)

(i1)

(iid)

(iv)

These categories are:

Tools for spécification of system (multiprocessor) requirements.

Such tools are useful for design level (1) described above. A
survey of such tools is provided in Section 2.1 (Requirements

Specification Tools).

Tools for definition of system functions to satisfy - the
requirements. Such tools are useful for . design level (2)
described . above and are discussed'in Section 2.2 (Tools for

Definition of Functional Components).

Tools for simulating . system érchitecture and system model.
These ‘tools are useful for design levels (3) aﬁd (4) described
above and are discussed in Section 2.3 (Architecture and System

Model Simulation Tools).

Tools £for modelling and simulation»of the system model at the

register transfer level. These tools -are also known as hardware



description and simulation languages. They are used at deéign
level (5) described above.  Section.2.4 presents a survey of

‘these tools (Register Transfer Level Simulation Tools).

Our survey does not cover the logic design level tools. As indicated
earlier, the structure and utility of these tools are closely related to

the technology adopted and are beyond the scope of this study.

The survey of multiprpcessor CAE tools presented in Section 2 of this
report has been prepafed with reference to the design levels described
above and illustrafed in Figure 1.l. It should be noted, however, that
such categorization éf the design tools does not represent 'é universally

aéceptable standard, nor .can the lines defining the boundaries  of each

design level be sharply'drawn. In fact, several of the design' tools

surveyed may cross the boundaries between design levels and may also serve

in the design process at two or more successive levels.

.Finally, the survey presented‘in this report is not claimed to be an
exhaustive tréatment of all existing and planned'multiprocessor CAE design
tools. More accurétely, the survey may be viewed as an attempt to present

current approaches and techniques in the field of CAE tools for

multiprocessor design. The authors are confident that the systems included -

in the survey are representative of such approaches and techniques.



2.0 Survey of Existing Multiprocessor CAE Design Tools

2.1 Requirements Specifications Tools

The term “requirements"” 1s wused to describe any demand wupon the
system. Before the system 1s actually designed and implemented, all the
requirements should be defined and be consistent, ﬁnambiguous and non-

redundant.

Traditionally, reéquirements specification documents were written in .

English. However, this. choice of.language-led»to two problems:

1. the inherent ambiguity of English led to major disagreements between
the requirements writers and system designers, and

2. the requirements did not lend themselves to machine processing.

Automated requirements tools offer solutions to these two problems.
First, these . tools could be used as processors for formal requirements
languages with compact vocabulary and semantics. Second, the tools produce

documents that could be processed by other software tools.

‘Two tools are currently in use which can be regarded as purely

requirements tools. These are:

. 1. the Requirements Engineering and Validatidh System (REVS), authored by
- TRW Defense and Space Systems [ALFO77], [DAVI7?7], and
2. the Requirements Processing Syétem (RPS), . from GTE Laboratories

[DAVI79a], [DAVI79b].

Many other tools reported in the literature have been referred to = as

requirements specification tools even though they tend to support the



design process through decomposition of the system . into | functional
components.> Such tools should not be regarded as pure requirements
specification tools, ie. they do not fall‘into‘theAsame category of the .two
tools listed above. A survey 6f thgse tools is provided wunder the

Functional Component Definition category of tools (Section 2.2).

In general, REVS and RPS consist of a table-driven compiler that
allows the wuser to define the features of the system in a language
specifically tailored for his application area. Thus, while the syntax of
;he languagg is_defined, the user has the freedom of introducing his own

vocabulary and semantics within the given syntax rules.

Using REVS or RPS as tools for requirements specification provides the

following advantages:

1. Multiple Authorship

'Many groups of pedple, each working independently, may write their
sections of the requirements. The requirements specification toél_.
merges all the independently written sections into .one coherent,

‘cohesive and fully integrated system description.

2. Document Formatting

The requirements specification tool can serve as an automated
formatter. that is capable of producing formatted text, table of

contents, and cross—-reference indexes.

3. Consistency Checking

The requirements specification tool reports any violation in the
~specification in the areas of incompleteness, inconsistency, ambiguity

and redundancy. The generated output will be in a machine readable



format which lends itself to further processing, 1f needed, during

later design phases.

2.2 Tools for Definition of Functional Components .

Design occurs after the requirements phase has been completed. The

first level of the design process consists of an orderly definition of the

main functional components of the system which satisfy the requirements.

Next, these functilonal components are further decomposed into smaller sub-

~ functions, and the process continues until a system architecture emerges in

which a hardware/software model can be abstracted and the sub-functions can

be mapped into elements in the model.

Several tools are currently available for automating the process of

defining the functional components of the system and for decomposing these

_components into smaller, less complex componentsQ

Initially, each Component is defined in terms of its .external

interfaces to other components and the specific feature (or features) of

the requirements it.is.supposed to satisfy or perform. Once the external

_ behaviour of all components 1s completely specified, the decomposition

process can begin and can be applied to each component sepérately and

independently. Each component can be decomposed into subcomponents; each

' subcomponent .1s described, in turn, in terms of its external behaviour

2

(interfaces). As long as no changes are introduced by the decomposition
process to affect the external behaviour of the component being decomposed,

the refinement process can be performed on the components separately.



A decomposition process along the lines described above leads  to a
"top—~down" design approach. Practical experience with complex- systéms
indicates that such an approach is necessary for reducing the - development

effort and keeping the design process within controllable bounds.

Several tools have been developed in recent years for automating the

~definition  and decomposition of system functional components. The most

widely known of these tools are:

— the Problem Statement Language/Problem Statement Analysis (PSL/PSA)

System from the University of Michigan [TEIC77]

- System Ahalysis and Design Techniques from SofTech [ROSS77]

AUTO-IDEF from the Computer Corporation of America [LIPK80]

Input~0qtput Requirement Language (IORL) from Teledyne [EBER8O]

the System Design Processing SPD from GTE [ROMA79].

The above set of tools differ in the syntax of the language used and-
the details for the functional decomposition utiliﬁy offered to the.

designer. The tools, however, tend to offer similar services to the

designer in the following aspects:

- automated documentation of the functional components of the system.
Each - component is defined in terms of its external interfaces to other

components.

- validation check of the functional decomposition process, ie. ensuring
that a component may not accept a message unless another component

sends it. Also ensuring that the decomposition of a component into



subcomponents does not violate the external interfaces associated with

the definition of the componenﬁ;

- ensuring that all the features defined in the requirements

specification are satisfied by at least one component.

2.3 Architecture and System Model Simulation Tools

The  next step following the decomposition process of the functional
components of the system is to select an overall structure with components
such as memorieé; processors and 1/0 deQices which can best satisfy the
rquirements explicitly stated in .the description of the functional

components. The selection of the most suitable structure is based on

_cbst/performence and’ other related factors (eg. availability). The

cost/performance. factor is derived for each architecture as a function of
the quantitative attributes of the structural components (eg. memory size,

CPU SPeed,‘word length, bus bandwidth, etc.).

Existing CAE tools at the architectural level tend, in general,
towards assisting the designer'in evaluating a.number of . architectures
(selected by the designer based on past experience) and selecting the best

architecture based on the evaluation criteria.

The»evalﬁation can be conducted by first formuleting a model using the

tool. This is known as model definitioh.l The tool checks the consistency

of the model definition and then provides the designer with a simulation
environment in which the performance aspects of the modelled architecture

can be monitored..




The tools available at the architectural deéign‘ level canv be

classified into two types:

1‘

General Purpose Simulation Languages:

Examples of these languages are GPSS [GENE73], SSH [ROHM77] and SIMULA
[DAHL761] . A model must be constructed for the architecture and
defined using the syntax of the language. Following compilation, the
defined model can be run using simulated input data (transactions).
The results of the simulation runs contain infqrmation related to high
level resource utilization aspects such as th;oughput,_ delay, bus
éongesﬁion, eﬁc.- Once anélysis at this‘level,is completed, the design
is refined into mére concrete hardware and softﬁare éomponents which

can be studied using the second type of tools described below.

Special Purpose Simulation Languages

These simulation languages have been developed to serve as simulation

tools for single processors and multiprocessor systems. The general

approach followed, as indicated in the three example tools surveyed'in ~
the remainder of this section, is to provide the designer with two
languages: one language is used to describe the intended behaviour of

the syétem (behaviour description language) and a second language is

~used to describe the actual implementation details (structure

description language).  The model of the system Eeing designed
consists of the compiled outputs of ﬁhe two lanéuages for the source
code which.' represents ‘the  model behavioufal _and structural
definitions. The two compiled outputs are linked and then used as

part of a runtime simulation package controlled by the user.

1



The remainder of this section presents three tools which 'have been

developed for the Architectural and System Model design level. The tools

follow the conceptual approach described above.

2.3.1 AIDE - ArchItecture Design Environment

AIDE is a modelling and simulation system designed to support the
development of computer architectures. The system is optimized for

the modelling and evaluation of computer hardware architectures

[ELLE81]. The area of applicability of AIDE ranges from the systeﬁ\

architecture level to the micro-architecture (internal hardware

organization).level.

The AIDE system consists of three components (shown in Figure

2.1):

(l)‘the Language Enviroanment,
(2) the Runtime Environmment; and

(3) the’Userilntérfacew

The language environment allows the usér to‘défine models for the

computer 'system in the form of behavioural modules; . each module

~ contains a set of functions connected to the outside world by a set of

inputs and‘cutputé. The path of interaction between the modules is

defined by an interconnection structure Which>links the outputs of

' modules to the inputs of other modules. Thus an AIDE model requires

the use of two languages: a behaviour description language. and an

interconnection description language.
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The runtime support package provides the mechanismé needed: to

allow concurrent behavioural execution, manage system resources and

support performance evaluation.

Simulation control is linked to the user interface, where the
user interactively issues execution commands . Thesg cémmands allow
the wuser to examine aspects like performance analysis in addition to
rudimentary tasks (stop, go; store results in a file for later

processing, etc.).

A description of the above three components is detailed im the

following.

(1) The Lahguage Environment

As mentioned earlier, the AIDE model requires the use of two

languages: a  Behaviour Description .Language (BDL) and _aﬁ
Intercoﬁnection Description Language (IDL). The BDL in AIDE is an
extension of the C programming language in two areas. Tﬁe first
involves "modularization" of model descriptions. fhe . second
-involves the support of additional data>types and constfucts tb
model céncurrent and aéynchronous functions. The description of
each module begin§ Qith the ﬁype name of_thevmodule, followed by
déclarations of all inputs and all outputs. These declarations
.act'as interface ports t§ other behaviour modules.

As an op;ion, a module may donfain ”staté" variables whiéh are
global to all the‘code‘within the module, but are not accessible
from outside the module. Examples of these state variables

include memory arrays, registers and state variables.



The module body £follows the inpﬁt/output port and state
declarations. It contains the code which specifies the behaviour
of the module 1in terms of a set of constituent processes.

Processes within the same module share a common scope and can

interact with each other directly. For inter-module process

interaction, a procesé is always g;tached to one or more inpu;
porté of the mo&ule in which it is defined. The interconnection
lénguage links ports‘together and defines the interaction path
between the respective processes.

The AIDE Interconnection Design Language (IDL) allows the
description of .single entities calléd "macros”. A macro is
externally identiﬁal to a béhaviour module but contains no
behaviouf‘code; Instead, a macro acts as a sheli that identifies
a logically unique gﬁbsyétém - which consists of a number .of
modules. Once defined, a‘macro‘may be used éithef as a complete
system or as.a "modﬁle".iﬁ some'other system.

Typically, a macro- is firsﬁ compiled as a system and 1is
evaluated separa:ely. After testing, -the macro may be reéompiled
aé a component for subsequent use in layered systems. The macro

approach has several advantages:

i. Components contéining complex functionality can be bﬁilt'and
tested piecemeal. . -Design synthesis is facilitated thfough~
_this button-up approach.
ii. Each component may be placed iﬁ‘a library containing other
modules or macros and recalled for later design. As the
library grows, the work iﬁvolﬁed for new &evélopments

shrinks.




iii. The macro approach also aids the top-down design process by
providing consistent interfaces within a model undergoing

refinement.

(2) The Runtime Support Package

The organization of the runtime support package in AIDE is
shown in Figure 2.2. The model developed in the language
enviromment 1is £first compiled and then linked with the runtime

support package. The resultant executable load module is called a

. "simulation model”. The runtime simulation support for the model

consists of four components:

i. Scheduler: The AIDE Scheduler fields events generated during

simulations, schedules and executes them at the proper time.

The events . are scheduled with respect to a global system
clock. Most of these events are generated by the model.
However, the scheduler also handles special control events

initiated by the user.-

ii. Memory Monitor: ThisA comﬁonent contains software..memo;y
management Troutines so that a user need only declare Amemory
in his' model using the ‘state variable declaration. The
simulated memory manager uses a software paging scheme to
create a file for éach paged memory deciared in the wuser”s

model.

iii. Performance Monitor: Users are allowed to construct. commands

meaningful to their application from several AIDE native
commands.  User commands can create triggers during

simulation to detect conditions on monitored variableé. When



one in a list of triggers fires, a specified command list is
executed. The performance monitor also provides a mechanism

for recording and manipulating performance information.

iv. The Command Interpreter: The command interpreter.

communicates with the user interface by sending and receiving
messages. It thus provides a central point of control and

~access to the simulation model.

(3) The User Interface
The main pufpose of the ﬁser interfage is tO‘;provide a
‘friendly environment for the user to control and .evélﬁate a
simulation. It communicates ‘With the command interpreter when
requesting some runtime action. - User commands include sequencing
cémménds (go, 'halt, etc.), queryAéommands regarding the étatus of
thé simulation, and othér commands to load and displayl model

variables and simulated memory locations.

2.3.2 N.mPc Design Environment

N.mPc is an interactive eavironment for the design and evaluation

-of multiprocessor systems ([PARK79a], [ROSE79], [PARK79b], [ORDY79]),

developed and implemented at Case Western Reserve University. It

contains six separate components which work together to produce

function, register transfer level simulations of multiple processor, .

heterogeneous target systems.

Figure 2.3 presents a simplified system block diagram of the

N.mPc system components. The "meta assembler” allows the designer to

specify the details of the target instruction set in a format which'is\

19
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machine independent. The "linking loader" resolves the nachine
dependent aspects of metamicro assembler description output -and
allocates the resulting code to physical memorf according to user
selected memory allocation strategy. The linking loader generates a

"simulated memory processor”.

The ISP Compiler is used to translate processor  and
interconnection element descriptions;. 'defined using a hardware
description language, into executable modules. These wmodules are
linked with the target system topology description by the "Ecologist”

component which generates the “simulation model program"” . The

simulation model program, also known-as the “kernel”, runs under the

control of a "Runtime Package”. The Runtime Package consists of a

Command‘Interpreter, the Kernel and the Simulated Memory Manager. The.

Kernel and Command Interpreter provide the -user with interactive

control and monitoring of simulations. The Simulated Memory Manager
supervises . memory content to optimize ‘the performance of  the

simulation..

A brief description of the six components of the N.mPc.systen is

provided in the following:

(1) MetaMicro Assembler

The assembler contains a set of facilities for both vertically
and horizontally organized target architectures. The facilities

include the following main sections:

- A declaration section to describe the structure and semantics of

the target machine.
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(2)

(3)

~ An  instruction section to assemble the source program

instructions.

- A register transfer notation section to provide a source

instruction format using register transfer notation and "opcode-
opetand" notation.

- An allocation control section to provide information to the

linking loader concerning absolute address and contiguous code

requirements.

In addition, the assembler contains facilities to handle
variable length instructions, predefined source text inclusion,

external/internal interface functions and illegal Opcodé checking.

Linking Loader

The linking loader accepts the output of the’,metamicrd
assembler along wih a "command" program which defines the physical
memory constraints and the semantics‘of thg target machine. These
semantics include an instruction and format declaration seétiqn,
the addressing modes of the target processor, and a set of rules
for alloéating physical memory spaces according to one of four

user specified algorithms. -

ISP Compiler

A register transfer ianguage, " ISP, is used to describe the
hardware modules along with a compiler which converts ISP module

description into executable code. ISP allows the descriptions of

multiple processor/module architectures through the use of "PORT"

constructs which interface the module to the external environment.

Synchronization between the modules can be achieved by a “WALT™




" comstruct. Events within a processor may be separated in time by

(3

the use of a "DELAY" construct which specifies the execution or
delay time . associated with the previous register transfer

statement.

Ecologist

The Ecologist . generates an executable program for the
simulation .of the desired target architecture. It accepts‘ as
input the compiled ISP modules for eaéh of the hardware components
of the target system and connects the specified hardware ports.
To AO so; the ecologist must obtain aé input the sbecified
topology of the target architecture. The topology is describgd:in

the form of a series of declarations:

Signél Declarations: define coﬁtrol_lines and data buses

- Processor Declarations: create an instance of a processor which

can be referred to by name at runtime

- Time Delay Declarations: define the time unit to be used with

the DELAY statement

- Connection Declarations: connect the PORTS of an ISP processor

to éignals defined in the signal declarations

- Initial Declarations: bind an ISP processor memory to either a
linking loader output file or to a UNIX (operating system) file

or device.
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Simulated Memory Processor

The Simulated Memory Processor prepares memory files for use
by the Runtime Package. All linking loader outbut files needed bj
the = simulation are converted from the packed format produced by

the linking loader to the segmented or paged format required by

-the. simulation program. The Simulated Memory Processor also

creates a memory symbol table file containing the names of the

memory files available to the simulation. -

Runtime Package

The Runtime Package<consists_of-three»components:

- the simulation model (kernel) genérated by the Ecologist -

- the Simulated Memory Manager (with input from the simulated

memory processor)

- a runtime command interpreter connected to the user interface.

 .. The -simulation kernel performs ISP ﬁrocess scheduling and data

manipulation functions - required for the execution of the

'simulation. The kernel also manages monitor'functioﬁs used for

automatic collection of simulation data.

 Simulated wmemories are handled by the Simulated - Memory

Managezt. Up to 128K bytes of simulated memory may reside in the .

main ﬁemory of the supporting cOmputér (PDPIL);
The runtime cqmmand interpretér‘handles the interface between
~the'.simu1ationv user and- the simulation tool itsélf. ;The

interpreter accepts commands from the user to- examine or modify

- simulation states, ~ control the ' execution, set  execution

breakpoints and collect data from a.rhnning‘simulation.



2.3.3 SABLE: A Tool for Gederating Structured Multi-level Simulations

- SABLE”s approach is similar to that of other simulation languages

at the architectural level in that it usés,a.structure‘specifications

language to specify the nesting.and interconnectivity of c0mponents,

and a general purpose algorithmic - language to describe  each

~component”s behaviour. SABLE then analyzés the structure of the

system and connects the abpropriate behavioural descriptions

accordingly [HILL79a], [HILL79b].

‘The_‘concept of components operating at various data levels‘ is
central to the top-down design methodology adopted in SABLE, which

encourages simulation ptrior to detailed‘désign. Like other design

automation tools, SABLE models a computer system as a collection of .

components interconnected by nets. Each component is an instance of a

particglar_componentitype, -abbreviated comptype, such asv"nand*gate"

or fdontroller". ‘The structure of the component is described using a

--language called ADLIB.

'ﬁhen  deve1oping>a new sjgtem, “the SAELE'uQer can start at 'fhe
tdpmost ‘né§ting level of his‘desigﬁland decompose ‘it .in;0~ a féw,
inﬁérconneétad cbﬁponents._ He theﬁ spécifies'the desired‘behavioﬁrrof
eaéh coﬁponent by.writing an ADLIB comptype. He runs SABLE and jqées
the 'rééﬁiﬁing simulaﬁion .to:‘évaluate overall“coﬁfigﬁrétion ‘énd
performanée... Gradually, the cdﬁponenﬁs_are dééowposed;intO‘ Smalier‘
fdnctiohél’ blocks, which méy n§w~inciude both hardﬁaré éﬁd; software
uniﬁs. The ’behaviour of each is again . specified iﬁ AﬁLIB. The
decomposition  aﬁd refinement of components is recuréive as  aeécribed

earlier.




The design at .each ﬁoint can be evaluated by checking if the
simulated behaviour of the refined design'matches that of the higher
level cbmponent that it was supposed to implement. Errors in the

refined design can be easily identified if any mismatch 1s found.

SABLE has been.implemenﬁed on a DECSYSTEM—20 using about 5000
lines of PASCAL. The support software~consists_of three parts: the
ADLIB precompiler, the runtiﬁe support code, and the SABLE mddule-
itseif, which also contains a simple éDL compiler. In ordef to use
the system, a user must prqvide-an ADLIB-and an SDL source file,
though 'the SDL file may be generated with. an interactive graphic

structure editor.

| The wuser: first runs tﬁe ADLIB precompiler, which parses the
program and produceS'sevéral files.‘ These include a simple database
that reflects all the external attributes of eaqh‘comptype, ie. its
name, nets and parameters. If no AbLIB syntax or semantic errors were
deteéted;: the precompiler generétes a valid PASCAL program using - the
ADLIB‘ source and the runtime support code. The user then runs SABLE,
which comﬁiles his SDL source and generates a topology file and. a
parameterAfile.. .The standard PASCAL compiler is thén used to comﬁile

the reformatted ADLIB program, and simulation begins. . During the

~start of simulation, part of the runtimé support code uses the

topology file to interconnect and activate the desired selectlion of-

components.




2.4 Register Transfer Level Simulation Tools

The Register Transfer Level is concerned with realizing the functionél
specifications by éequences of operations. If we consider a digital system "
as a large finite state machine, then the purpose of register~transfer
level design is to establish the various states in which the system may
find itself, as well as the particulaf actions to be taken when thé system

is in a given state.

The register level is one at which most computer hardware description
languages are used. As in the architectural and system model level,
hardware design languages tend to fall into one of two categories:

Behaviour Description Languages and Structure Description Languages.

Hardware design  languages in. both categories. have . been used
extensively  over the past decade and are well documented in thg open
literature.- In view of the availability of excellenﬁ'suryeys.cbvéring this
level of design, the discussion of tﬁis section will nop be extended beyond

the references. to relevant publications.-

An excellent .survey of all major - computer. hardware description
languéges can be found in [SU74]. A bibliography.on the subject can be
found in [VANC76], [VANC77], [VANC78]. Finally, a survey of the
épplicaﬁions of different hardware design languagéé can be found in

[VANCT9] .

Several .multiprocessor systems development tools that are available
comnercially fall into the register transfer simulation category of tools.
Typically these tools are developed for specific microprocessor (eg. Intel

8086 or Zilog Z80/CPM) and allow the designer to simulate the target code
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for the processor on a host machiné (eg. PDP11/45) to check its correctness
and rectify any errors. As well, tools such as in—-circuit emulators are
usually provided to allow the user to perform on-line debugging and testing

of the code prior to the field testing stage.




3.0 Summary and Conclusions

A survey of CAE tools for multiprocessd: design has been presented.
The survey identified six specification and design phases for the purpose
of identifying the utility and applications of the various available tools.

These phases are:
(1) the Requirements Specification phase,
(2) the Functional Components Definition phase,
(3) the Aréhitéctural Design‘phase{
(4) the System Model (Hardware/éoftwaﬁe trade~off) phase,

(5) the Processing Element Partitioning'(Register_Transﬁer

VLevel) phase, and
(6) the Logic Design (Hard@are) phase.

The survey presented covered existing tools for the first five design
and specification phases. It was pointed out that the lowest level (Logic
Design) is related to the technology used (eg. PCB/IC, VLSI, etc.) and is

béyond the scope of this survey.

Many of the tools surveyed»do'hot neceésafily fall exclusively within
the boundaries of one design levél, - In fact, tools that are based on a
top~down design methodology tend to span the boundaries of several design’

levels and can thus be use& iteratively throughout- several design phases.

The general concept underlying the top~down design approach .can be

summarized as follows:



- Following the requirements specification phasé, the main functional
components of the system are defined. Each component is described in

terms of its external interfaces and the basic functions it performs,

- Each component can then be treated separately and divided into
subcomponents. Collectively, these subcomponents must maintain the
same external interfaces of the parent component. Again, each

subcomponent is described in terms of its external interfaces.

- The process of decomposition can be applied iteratively to the
subcomponents’ until they are refined into the simplest possible

(elementary) components.

- A wvalidity check is applied at each decbmpositibn.step to ensure its
com?ieteﬂess among the subcomponents (the output/input of eaéh
subcompqnent is either an input/output to another subdompoﬁent or is
an output/input of the parent componenf). . The validity'check is also

applied to ensure the consistency of the decomposition process.

The above <four steps constitute the design specification path (the

top~down direction). The dual process, called the design synthesis, takes

place in the opposite direction (bottom-up) and follows the design
specification process. Design synthesis starts with the mwmost refined
(elementary) components and assembles the pieces to form high level

components. The synthesis continues until the main components are formed.

The survey presented here indicated the availability of many design

simulation tools which satisfy different design needs, depending on the

design level (or levels) for which it is developed. Unfortunately, no one

simulator is useful throughout all specification and design phases. This



multiple simulator.approach outlined in the survey has two advantages and

several disadvantages. The advantages are:

l.

Each simulation can be written in a language tuned for one particular

level, and

Each simulation tool can optimize its runtime organization for one

particular task.
The disadvantages include the following:

The- design effort is multiplied by the necessity of learning several

simulator systems and writing a design in each.

The possibility  of error is increased as more human’ manipulation

is involved.

As the design becomes increasingly fragmented, it becomes impossible
to simulate an -entire multiprocessor system at a low level of
abstraction. Therefore only small fragments can be simulated at any

one time.

Each fragment needs to be driven by a supply of realistic data and its
outpuf must be interpreted. This may make the sofware written to

serve these needs extremely costly.

Several ‘tools have been developed to overcome the above difficulties

and provide the designer with a uniform simulation approach starting at the

architecture design level and going down to the register  transfer

~ simulation level. Examples of these tools are the AIDE package (Bell

Laboratories) and SABLE (Stanford University). . The utility of these tools

can

be improved substantially by augmenting them with a high level



specification package which allows the designer to describe the functional

components of the system being designed and to interface this high level

description to existing tools at the architectural level. In addition, two

design aspects must be addressed in augmenting existing tools:

1.

Redundancy and fault-tolerance characteristics analysis must be

provided ét the architectural levels if the tools are to be useful in

the design of spacecraft (or avionics) multiprocessor systems.

The high level specification language must contain. mechanisms for

system verification. As the design process  continues, . these

mechanisms will evolve naturally towards validation and verification

of the software.

The 1issue of augmenting existing tools to generate an integrated set

of multiprocessor design and simulation tools is addressed in a separate

study report (Report #3, referenced in the preface of this report).
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