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ABSTRACT

To efficiently_degiqn an up to date general purpose com-
pu;er,, oné pusSt také';ntc account the recent software and
.hafdware devélopmeqts; .In this thesis, the vé:ious'tecﬁni-
ﬁues deviéed ové; ihe years ts aghieve high pérformaqce.are
analysed,. in .order to propose an efficieﬁt:general purpose

‘computer.

The_suqqested architecture is a distriﬁuted system that
can Support concurcent operation a;.tﬁo levels: at.the task
and at the. process levels. Furthermore, to reduce.:he am=
ount of supﬁérc sd>ftware and to efficiently execute proce-:
dure oriented lanquaqe'?rograms, .tﬁe machine directly sup-
ports higia-level dara and control structures. For this
reason, 'a’:glatively high-level execution language was d2-
fined. h |

in'order to prove the feasibility.of this syéfem, tw2 of
itsAcritical_elements'wefe simulated; +the translation unit
and the program executiosn unit, The first simulated the
translation from a general high-level language into the pro-
posed execution language, while the second examined the exe-

¢

cution of a program in this lanquage.
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Chapter I
INTRODUCTION -

in a 1946 .papér entitled "Preliminary Di#cussion' of the

-

Logical ﬁesiqn of an Eleétronic Computing Ihét:ument", Burk,
Goldstine, and von Neumann outlined the design of aﬁ instru-
ment to .solVe non-linear differential equations « (BURK 46) .
Over the years this architecture has been §uccessfully ap-
Blied to solve proplems in other fields, énd is‘nou tae ba-
sis of most present day computing machines.' This architec-
. ture has been "Prightfully ‘talled the von Neumann
‘architecture: The traditional von Neumann machine can be
decomposéd fhnctionally ihj%ie following four unitsé 3 me=
nory uﬁit tS store p:oqraﬁs and data, an arithmetic and lo-
gic unit (A.L.U.) to manipulate the data according to the
operations specified by the proqraﬁ, én input/output unit co
communicate with che—external world, and a control unit that
coordinates the actions of thé complete system. Usually the
contfol unit and arithmetic uﬁiﬁ are drouped tcgether to
form the central processing anit (C.P.U.). The information

paths between the units are shown in figure 1 .

In addition, two attributes are implied in the von Neu~

-
-

mann architectire. The first attribute is the inclusion of

decision making instructions; this gives the capability of
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Figure 1: Von Neumann architecture

"modifying the sequence of execution of the instructions.

[

The second is the capability to store programs-interwally in

: [ . . . ' .
the memory. This implies that instructions can be manipu-

lated like data.

One of the mailn features of the von Neumann architectire

is its simplicity, which was required by the. limitation of

the technology at that time, It is interresting =t©o nate

that this simplicity led to the microprocessors and micro-

L

computers of today, . which are LSI implementation of nyé von
Neumann architecturé. The traditional vcen Neumann architec;
ture has however a number of problems that affect its ove=
rall peiformance. ihe following four problems are consid-

ered by most as its major limitations:

*)

“
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chitecture requires very large number of information

Memory Bottlemeck. The traditional- von Neumana ac-

i

exchanges betugén the central processing unit and the

memoryQ Th'is problem in most systems is further ag-

gravated by the incompatible speed of these two

units.,

SeguegglgL.Qgg;gngg. In its.mos:Jbasic form the von
Neumanh machine _doe§ not support éoncurreﬁt qpera;
tions ét any level, . Insctructicns are fetched in a
seqhential manner aﬁd executed one ét a time.

Large Softwaré Overhead. Genmerally = there 15 very

little relation between the machine language and thé_

high=level 1anguages; -both wlith respect tb expres-

sions and control operations, In addition the tradi-

tional von Neumann machine does not support directly

data structures of any complexity as it only manipu-

lates data wvords.

8

Lack of Reliabiliry. The rapidly changing téchuolsqy
has permitted the incorporation of sméli, low cost
computers in a nymber of‘kgy positions in’many SyYs-
tems. The failure of such compntér;‘ﬁould res;lt, in
some cases, in losses of large amounts of capital or
in loss of human lives. In-these systems, reliabili-
ty is more imbortant than COmpuﬁing power, therefo:e
the computing elements must be reliable, a character-

istic that is lacking in the von Neumann architec-

ture.

Foge ' -



The problems of the von Neumann computer arose from the

fact that at that time, hardvare naé‘very expensive and very

.

unreliable, It 1is only due to the geunius of von Neunmann

that . such architecture- was désiqned and success .- achisved

with so littLe hardware. ‘ ‘,]

‘Many techniques have been considered. over the vyears o
reduce the effects of the above probleas, this is also what
' ] ] . M - . .
we attempt to do here. The major objective of this thesyLs

L'

~is to take advantage' of ﬁoth the recent hardware aand saft=
Qare advances, in drﬁe: tc propose a highly reliabie. high
performance, efficient, and easy to use computer. Roughly
speaking, reliablz operation can be achieved by usihq a mo=-

dular design strateygy, while high performance can be ob-
tained by providing concucrent exploitatién of the sys:émi
resources, Efficient execution and ease of use can be ac-

hieved by supporting some of the functions of  preseat day

procedure oriented languages directly in hardware.

In order to provide the basic background for the discus-
sion of an up to date computer architecture, chapter two of
this thesis will analyse the work dome to the presént day to
réduce the previously meationed limitations associatedluith
the voﬂ Neumann @:chitecture. This survey classifies the
various techniqueé developed, -according to,the main problem
that they attempt to solve., Althodgh equal details are giv-

en for each of the four sections, it should be noted that

L
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the sections on .concurrent operation, and on reducing the

software overhead contajn material more relevant to the Je=-

: d
. &

~f . .velopments in this thesis. = A

.

In chapfer thres, a distributed highrlevel lanquage conm-

TS developed that is'based on the analysis of

puter systag

- the techniques described in chapter two. This disctributed

system' was desiqned to accomodate a virtﬁal languaqe which
has ther characterlstlcs of preéent high-level procedure
oriented lanquaqés: Th'e operation of the g§hplete system is
examnined uitﬁ reséecf-to the execution cf a virgual language

program.

Chapter four examines the actual language that is direct-
ly supported by the System. This lanquage is called the ex-

ecution lanquage, which is a modified form of the virsual

lanquage, and was developed in order toc obtain a more effi-

-4 clent execution. A detailed description of the processiag

éﬁ»an execution lanquage program is alsc given. To chéck
the‘feasibility of the execution steps, a simulation program
was writtem in Pascal, In the final section, <the ahardware
organization of the main units of this distributed system is

described,

In chapter five, the éreprocessing of a virtual language
program into an execution languagqe program is analysed.
Since the virtual language is related to present day high=-

level lanquages, this preprocessing will nmore or less cor-
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reepond_to what will actually be required in a1wprking sys4

‘tem. The algorithm Used to perform the preprocessing is da-

scribed, and a simulation was performed in order to test the

feasibility of this algorithm,

u

. . . » '
Chapter six examines various enhancement to tne systenm,

along with a description of” future research théty musu be

performed in order to make the system practical.

g
_’, .

The present'work also iﬁéluﬁes.five appendices that da-
scribe the details of the lanquages used and'simulatioq pro=-
grams developed, Appendix A defines the syntai'of the "V¥irc-
tual laﬁguade, while appendix B presents the cQataceeristics
of the execution language. In appendix C, the simulation
performed to analyse the preprocessine steps is describe@ in
detail, whtle appendix P analy5e§‘the simulation developad
to test the processznq of an execution language proqram. In
appendix E a few examples of these tvo simulations . are pre-

Sented,



Chapﬁer 1T

OVERCOMING THE LIMITATION OF THE VYON NEUMANN
- COMPUTER -

[

2.1  INTRODUCTION .

In the introductory chapter of this ;he51s, \thé van Neu=
manﬁ architeétura‘uﬁs briéfly described. Although it is the
basis of mos:t preseant day computinq system, 1t was snown to.
be hampered with four major problems., These prohlems,ére: a
memory bottleneck, sequential speration, large software ov-

erhead, qnd lack of reliability.

[

~In this bhapte: the various ' techniques suggested to min-
imize these probleams are deééribed and classified according
to the main prquem that #héy attempt to solve, This glas~
sification scheme fas ckhosen, since most techniques could be

easily incorporated into one of these classes,

This chapter describes the most importanﬁ techniques in
each class,.in order to provide the'proper background peedesd
for the development of a general purp;se high performance
computer. With respect to the actual work developed im this
thesis, one could consider only the new design philosophies,
vhich consists of the various multiple processor systen And

the' systen that match software and hardware. These are de-



scribed-in‘the-sect%dn considering concurrent operation and .
; y 3 ' -
reducing the software overhead.

|
i

2.2  RERUCING THE MENOQRY BOTTLENECK

In a von Neumanu machine, .to execute an instruction gen-

"erally involves a number of sequential infcrmation transfers

between the central processing unit and the memory. For ex-
anple the execgkion of a double operand instruézioﬁ,'may re=
quire the followiﬂg transférs{

1. The instruction's address is sent from the C.P.U., to
the memory.

2. This address is used to locate the instruction, which
is then sent from the memory tb'the C.B.U,

3. Hheﬁ this ianstruction is decodéd, four more t;ansfers‘
may be required to fetch the operands; two addresses,
and two data words.

4, Finally to store the result, it may require-other
transfers; its address, and'its‘value.

Furthermpre, more transfers are required if the accéés is .
not direct. Therefore the execution of any meanindfull pro=
gra@ Trequires a large 'numbe; of single Hord- transfers,
which, most of the time are not meéningfpll data, but ad-
dresses of the data; In this sectioh, the various techni-
gues used to minimize the effect of large informati&n tran-

fers are presented. These technigques can be grouped in the

following three categories:
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1. Organizing the memory to allow multiple access.

2. Prqviding high-speed intermediate storage between
processor and main DemOIY.

'3. Modifying the central processor unit for fast access.

¥

2.2.17  NMaip memoRy okgamization -

a4 To mask the speed gap that exisis between large main me-
mories and the central processing units, the memories can be
reorganized to allow multiple accesses. There are two main

organizations.

Z2.2.1.1 Interleaved memory or banking

An- interleaved memory is divided into n banks, where word
1 of a particular sequence of data or instructions 1s stored

in bank 1, word i+1 in bank 2, and so on, . as shown in the

folloving figﬁre.

BANK | BANK BANK

1 2 M | '
I - -+ iz AP NAARASXER
’ ! t '
. T ! 1
NS ) D'
' |
. 1 :

> [ maRImaR h M.A.R. cLocK LJ_LJ_LJ_I_rl_FT_Ij

M.B.R-MBR - MAR

Figqure 2: Interleaved memory

.-

/
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This—type of memory does not actuaily reduce the access

‘time bUt it speeds up the access of a sequence of words. To

. reétrieve a sequence of word, the consecutive addresses are

,timelof the memory and k is the number of interlgaved banks. .

sent sequentially in inferqals of T/k, where T is the access

The value of 'k is chosen with respect to the speed of the

memory and the processor. The first word is received after.

time T and the successive words after time T/k, therefore a

higher frequency of memory access 1is possible. If'only cone

vord is required frow this memory then the access time 1s.

the samg as for a conventional menmory.

2.2.1.2 Pipeline memory

Pipeline memories are similar to interleaved memories ex=-
. v ‘ "

cept that only one addfess 1s 'supplied tc obtain a stream of

-words, as shown in figure 3 .

MA-R.

5 1 N 1
Ap%ﬁi: K17 :
|

T T T T I 77 FATA

4

]
1
L
}us t
1
1
I

¢ LocK

Figure 3: Pipeline nemory
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Bipeli:?imemories’ dre‘mostly‘used in pipeline processo:r
where a string of words (data or instructions). must be fed -
in a rapid fashion into the pipe.

W

2.2.2 ,I_gsgugﬂigtsg, storage provision

< : ~
central processing unit alnd the main menory, is by providaing

AL alternate way to redice the speed mi'smatch-between the

small high speed buffer memory betweeq the slower main memd=-

‘ry and the central proceésinq unic,

2¢242.1 Cache memory

The cache ‘mehory‘is a high speéd small memory ﬁhat is
used to mask the access time of the main nmemory ﬁfiq. 4y,
To save memdry' access flmé the central processinq uait ace
cesses the cache memory instead of the main, memory. The
problems with using a.cache is the amount of transfer re-
quired between the main memory and the cache, and the choicel
of‘the strateqy. that ensures that most references are made

. to the cache memory. The choice  of such strategy is not
ﬁtraiqhtforward, since they are highly application depen-
dent, The size of the cache is also a critical factor, be-
cause it determines the amount of data.that ﬁust be trans-

fered.

In most types of cache only. the recently accessed data or

instructions are stored. Those that have not been recently

- 11 -
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accessed are replaced automatically. A particular example
of'a_cache,{ﬁgmpry i$ the associative cache memnory. In an

-

associative cache @emory thé mainl menory addresses are
‘stored as associati%e tags, to each block of data words so
’tﬁat references to ?he caghe examineé these_tags to see if
the desired informaﬁion ;esideé there. If the data is naot

3

in the cache, thén;it must be obtained from the main memocy.

- 2e2e2.2 Scratcﬁ pad.menory

A scratch péﬁ meﬁory is used as a work spacerto store in-
tehmediate reéult of a computation (fig. 5). It therefore
reduces the pumber of main memory references, The actual
contrcl of a scratch pad memory is much simpler <than for a
cache memory since 1t only stores data. However there still

- 9.

e exists a problem of data transfer between the buffer and

main memory.,
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2.2.3  gcentral processor aodification

.The previous -techniques deéalt with the masking of the ac-
cégé time cf the main nemory in;ﬁtder to reduce the memory
bottleneck. .An“gl;grnative te £his,' is £o modify the cen-
tré; processor to reduce the number of accesses, oL to ac-

cess the memory while the processor is performing other oo-

erations,

2.2.3.1 Multiaddressing

By using a large word length, an instruction can specify
more than one address, thus reducing the number of_fetches
in a progranm, This is practical only if one has to access
very small memories. However,- using various addressing
modes one could reducg the size of the instructions. RAlter-
natively o¢me can have multiword instructions which are

fetched automatically in a pipeline fashion.

[ 2 -
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242.3.2 Addition of régisters

The addition of general purpose registers can reduce the

‘number @% memory references if these.registers are used o

store information that is frequently referenced‘by'a progranm

segment, éy this techhique, one éan aéhieve multialddressing
vith a reasonable word size, It oﬁfers similar advantages
and probleﬁs as obtained using a‘scratch pad mewmory. A side
effect of usinq’multi’ﬁeqiéfers is - the increase in the s1ize
of the instruction set, since in order to have a symm?t:ic

instruction set, one has to be able to address all taese re-

qiéters equally for  them to be eifective. _ Another way of"

adding registers, is using a stack for- the cperands. In
this case, since only the top of the stack is manipulatéd,
addresses are not required to specify tHe location of the

operands, These stacKks alsogfind applications in executing

0y
L N

high=-level languages. For these reasons, new processor: arc-

—

chitectures support stack direcily: either by/usind special.

stack pointers, or special addressing modes (i. e. auto-in-

crement, auto-decrement).

o - . -

2¢2+343 Instruction prefetch

. ) . . N
In instruction prefetch, instructions are fetched anytime
the memory bus is idle, therefore instructions to be execut-

ed are placed in a high speed FIF0O buffer. This technique

-is now included in some microprocessors to reduce the neamdry



-bottleneck (TOON 81) .. ?uﬁthermoré by 1nclud1ng addltional

-
3

,loqlc, short loops can be captured and executed at reqlster

speed, if the high speed buffer is large enough., Branchan

outside the range‘-of~in5tfuctions in ihe hlqh speed buffer

will destroy the advantages assoc1ated with this'approach.

Instruction pre~fetch cdn also be performed in a block fash-

ion. In this case the processor is halted to fetch a block

"3

of inStructlons, which are placed in%a high speed buffer.

T

- 2e243a.14 COnditional-proceséing (instruction lookahead)

Conditional processing is simiIar to instruction prefetch

described above, except that when a conditional branch in-
struction is'éncountéreh, the tuo‘pooSib;e paths are fetched
concurrently untill.the branch condition is obtained. %t
this point one oI the path is aoandoned' and execution coa-

\ et
\

tinues thereon.

\"a

2.3  PROVIDING CONCURRENT OPERATION

\
4
\.

In‘its Simplest form the von ¥eumann architecture does
not support ﬁny type ©f coacurrent operézioq. Many enaance-
ments and new architectures were developed tc remove this
drawback by providing concurrent operation at specific 1&{-
els, To progide a systematic survey, the work done in cthis
area will ‘be considered according to %he following three

classes:



'1. congurrent operation at thé'instructioh level.

2. - Concurrent operation at the processor level.

3. 'Concurrent operation at the task level.

Note that these levels were not introduced to provide au

exact cléssificatian,. but only to indicate the level of
coordination required,
In the following discussion, in order to make it more

precise, the terminology ipntroduced by Flynn will be used
\ T
(FLYNN 6€). This terminoloqy is based upon a classification

that checks the multiplicity‘df the‘harduare to service the
instructions and data étredms. Using this terminology, the
_traditional von Neumannl gmachine is a single imstruction,
single data streanm processor,' which represents most comput-

ing instruments of today.

2.3.1 Concurrent operation at the .i_as_l:sg&ga level

Concurrent operation at the instruction level is general-
ly achieved by.processihq nultiple data streams simultane-
ously. In a senSe these processors allow direct manipula-

tion of more complex data structures. This type of

[
|
I
|

concurrency will b2 presented under three generalfheadinqs.{



2.3.1.1 Pipelined architecture

In pipeline architéctu;es, the 1instructions are divided
inio parts. so that either .the parts of different instruc-
tions,. or parts of‘the‘same instruction cah be executed ccn-
cufrently. ‘Pipelininq-is considered in the foilowinq throee
categories: ove:lapped operatioh, pipeline processor, and

-~

multi ALU systenm, . '” ’
a) Overlapped operation

Overlapped-operation refers to pipeliﬁing at the microin~

a
struction level. At this level, instructions are'consigg;gg,mv
as compu£a§ional processes that can bé”segmen;ed“ in:o Sub-
processes. The s£mplest form consis;s‘of “overlapping the

fetch and execute phase of Sequéntial lnstructions._ In this

case while an instruction is executed the next one is

fetched and decoded, This is similar to instruction pre-

' < .
fetch. Further overlapping can-be obtained by seqmenting
the execution'phase. For example, to execute an arithmetic -

ipstruction, the requirgd operands muét be fetched, which
corresponds to the pre-op phase. The op-phase consists 3f
performing the proper operation on the qperands. Finally
“the result.is stored, corresponding to the post-op phase.
'Depending on the instruction one or more of these phases™
miéht be missing. The execu;ibn of instructions can. there-
fore be segmented as shown in figure 6, where the phases of

independent instructions are executed concurrently.
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Figure 6: Segmented instructicn execution

There exist a number of ways that one can control the
concurrency in the executioﬁ of the phase of such instruc=-.
_tions. One:way' is to use‘a.separate unit ‘for the-control
and‘execution of each phase and to provide a central hard-
vare sequencer, The qverall control wunit can be segmenteé
30 that each‘unit has its own microprogram contrpllér. This
makeé the system nmuch simpler and leads to a compaction 2f
micrecode (VAIL BO).b Furthermere, the units of such a sys=-
tem cam be designed, tested, and upgraded separately. Pipe-
lining at this level is usually still considered as a‘sinqle'

instruction, single data stream Pprocessor, sSince tnere 1s

only one CPU 'and instructions are executed sequentially.
b) Pipeline processor

Pipeline processors, also known as vector processors, re-
fers to pipelining at the ccmputational,leVel. A pipeline
computer consists of multiple proceésing units each respon-
sible for partial processing of the data streauns. This in-

volves the seqmentation of an operation into independent su-



Soperations, so that each'upit is independent of\ﬁhe.other
and petforms.'a specific task on the &ata _stréam. These
éasks‘are spedified by the'instrﬁction‘heing éxecuned. " Ac=
tuallj to obtain the required decomposition of the opera-
tion, the execution time is generally inéreésed over the
nonpipelined procesgors. Because of this, these processors
are not efficient for execqtinq a sequence of different op-

_erations on simple data entities.

The tﬁ:ouqﬁput of these processoré is maximized, if one
executes, the same operation 6n a stream of data; this is the
case when pfocessing-vectors. For vector preocessinyg, «ach

L 4 .
element of the vector has to go through 'a‘transformation
that is independent of the other elements of the vector.
The execution of a vector instruction requires:;’  that ;hé
instruction be fetched and decoded to set-up the necessary
control paths and the functicn of the pipeling_elements, and
that the source-data be fed to the pipe in an appfopriate

"féshion. This data is usually stored in a pipeline memory

. for fast access.

The inclusion of these processors in one of Flyan's =
Cclasses depends upon how Oné defines the instruction and
data streanm, Usually they are considered as MISD, that is
multiple instructioqf%perating on a single data stream (THUR
75).  However, lggg;VCan be classified as SIMD or even H¥IMD

depending upon the specification of the data and instruction

streams (BARER 76).



A pipeline processor can be organized using two types of

"pipelined schemes (EAMA 77).
i3 Unifunctional pipelfne=

A unifﬁnctional' pipeline nerfofﬁs a single dedicated
function; this is the simplest forﬁ Sihce a-nihimﬁm of con-
ifrol is required, However, the imblementatiqn of.éléomplete
processor requires that . all functions to be pipelined be im~

plemented separately.

iil) multifunctional pipeline

A multifunctional pipeline-can exgsiie a number of diffe-
Tent functiohs as selected through 4 number of contzol
lines., These types of pipeline module increase the flexi-
bility and reliabilityﬁpf the system; but they also'incréase
the number of control actions required, 2 multifunctional
pipe can be <controlled using two strategies, As a static
'pipe it retains a fixed confiquration during the entire op-
eration, therefore a change of funqtion requires that tae
pipe be flushed before performing the modifications. A dy-
namié pipe on the other hand can change configuration before
conpleting the operation on the previous data set, These
pipes are more difficult to comtrol- but they are more effi-

cient, if the operation must be frequently changed.

]



c) Multi ALU systenm
‘ Lo

In a multi ALU system, fhe instructions_a;e cdnsidered as
taék that can be executed on dedicated hnits. The opera-
tigns specified b§ thesé insutuctions; are used tTo set up a
nunber of functional units which are computing in parallel.
In these systems, data dependencles between the instriactions
will.réduce the  efficiency.cf the systen, Instruction 1n
this type of pipelining can be executed out of order) tneré-
fore problem such as read before write, write before read,

and write after write cam occur (RAMA T77).

4 SISD processdor can have multiple A.L.U. units, such as
a floating point unit, a multiplication unit, etc. however
in such organization, only one unit is operating at any one

time,

For all types of pipelirne architecture, branchinq‘and in-
terrrupt conditions,réﬁuceythe efficiency of the pipe, since
it is necessary to either flush the pipe and restart or
store the information to continue from where the process
left off. L1l of the processors in this class are limiteqd
to a single stream of imstructions and to a specific class

of problems for which concurrency can be exploited.

2.3.1.2 Array Processors



aﬁ\\

Array processors consist: of a single control unit and n
interccanected processing elements. A general block diagram
of an array processor 1is shown in fiqure 7 . The processing

elements are iadependent from each other, and operate on

-

- command from a central control uait, A single command 1s

necéssary to activate all processing elements, taerefore

'they all perform the same operation. For some applications,

cnly a subset of the processihq elements may be activated,

vhile the rest remain idle. The. control unit does tne 1/3,

inkibits the coperation of the processing elements and cen-

" trols the sequencing of imstructions.

AN

Today mgre and more array Pprocessors are useé as add-on
devices to'increase the performance of existing serial pro=-
\cessors {CASP 78). With such peripheral array proceasora,
fﬁe host prov1des the overall system control, and executes

simple arithmetic operations, programs, and system control

instructioﬁs, while the array does the high speed vector

calculations, Peripheral array processors are also called

v A

signal processors,

%
&

With respect to Flynn's classification they are consid-
ered as SIMD, . that is a single stream of instructions conpc-

rolling nultiple data streaus.
. ~ F

Array processors are efficient for solviﬁq problems that,

have the following characteristics.

&
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1. The computation can be described by vector imstruc-

tions,” such that a majority of the computation time

is spent with many identical operations in action

simultaneously on different data, Such processes in-

clude multiplication, summation and scélinq of data

arrays or vectors and the computatior of logarithms

and fast fourier transforms.
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‘The data transfer between the processing elements is

by
.

smail. This transfer is aécohplished throuqn the in-
‘terc0pnection nétwb;k, which in a sense specifies the
range of applications that can Hbe-performed eLri-
ciently on the systen, For example, 'ihe folldwinq
interqonnectiong have ' been studied: _iinear array,
tin&, star,'trée;.cube, shuffle-exchanﬁe, Jata mani-
pulator, etc, (FENG 81) . Eéqh has advantages over

the other for some particular applications.

To exp;oit the powver of arfay procéssors, they must be
programmed to take advanf;gé of the array processor suruc;
ture, For example the use of such statement as DO PARALLEL,
IF ALL, and IF ANY have been studied (BAER 76). Some lap~-
gdages'have been designed for sggh machines, hovwever tﬁey
are unnaturai sincé they reflect the underlying structure
.and not the manper in which programmers think about a pzob-
lem, A simpler approéch to programming arraylprocessbrs. is
to.use a conventional high=-level computer language; "such as
Fortran, and to employ‘special subrogtines that perform the
array 6§erations. VA compiier can alsc be desiqned o detect
parallelisms, however this is not a straightforward process
(BEOD'81). Array processors are therefore efficiént in spe-

cial applications obly.



2.3.1.3 . Associative processors

Associative proces;drs are special purpé%e processors
used - in applications where data bases Qusﬁ be searched.
Such operations are cumbersome on a von Neumann computer,
since it is not well suitéd to performing non-numerié pra=-

cessing.

The following three classes of associative processors all

perform non-numeric operations in a concurrent fashion.

M .

Again, these processors are classified as SIMD using Flyan's
oy i . . ’ '
classification, since an operation 1is performed sinmultane=

ously on many memory, cells,

)

LN

1) Content addresséble memory assocliative processors

These processors prqv;de' a small amount of lcdic within
each'gemorv cell so that.simple operations can bé executed
for' all memory locations simultaneously. . The main unit of
these processors is the content addressable memory, which is
also referred to as an associative pemory. ‘This type of me=-
mory automatically compares an input code to each. word in
the memory. OutPut signals are produced to indentify that a

match condition has occured. If a complex arithmetic opera-

1
L "

tion is required, it can be performed on a regqular aA.L.U.
circuit by fetching the matched words serially. These pro-
cessors can therefore be considered as being based on the

compare operation, instead of ‘the add operation as in von

-
&~



/ ' .Neum@ n's arcﬁitecture; The disadvan;age pﬁ this architec=-
'ture-is that large content addressable memories are expea-

si e. Available content addressable memory intergrated cic-
cfit are presently small, for examplg the 10155 is a 8 words °

by Z bits memory, while the F100141 is a 4 words by 4 bits

menory.

.z) Distributed logic assoclative processors

N
.

Jiﬁsuead of associating “the logie with each cell, a ‘number
cf cells can share the same logic circuitry.in ordér t§ Ce=-
duce the complexity of the nenory. This however reduces the‘
overall speed of the processor. An example of suca a pr&-
cessor is PEPE, a parallel element processing ensemble (YAU

77) , where the leogic is associated with -each characzer.

An alternate way 1s found in the SIAhAN processor.(THUR
75, SIEW 82). Here with each'one of the 256 memory uofds is
associated a ome bit processor (fig. 8). All the processors
are interconnected, and they process a one bit-column of:all
the words at the same timé. .Processors with this or'similar
organizations, are refefred to as associative array proces-

sors, or bit-serial associative processors.

Orthogonal computers are bit-serial processors, that have
an associated serial processor that accesses thg same memocry
(HIGB 73). The memory thus allows bit-slice and word access

L

to the memory; This‘greatly increases the throughput of tne
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nemory, and permits more natural .input/output operations.
Furthermore serial and parallel operations can operate con-

currently on the data in the mémory.
3) Word serial associative processors

These processors can be considered as hardware implemen-
tations of a simple program loop that pérforms a search op-
eration, i circulating memory is used, so that any word in
the memory passes through the comparison logic, as shown in
figqure 9 . When a maich occurs the word can be sent to the
A.L.U.. td be manipﬁlated. A multiplexer is used to select
new?dat; or to re;irculate‘the old data.

i

iy,

The circulating menmory can be a fixed head disk. In this
case, a small procassor is placed on each track of the disk,

so that'all tracks can be searched concurrently. This type

¥
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Figure 9: Word-serial associative processor

LOf prqénization'can be added to a disk to enhance its capa-
bilities, and free "the main pProcessor, Other architectures
can be deviseﬁ that implement software seaching algorithas

i hardware in order to speed up the execution (ALTA '79;.

S 2.3.2 Congcurrent gperation at the processor ievel

Under concurrent operation at. the processor 1level, the

various types of multiprocessor systems are considered., In
. . ‘ ) :
these systeas, the concurrency of execution can be qué@k

varied, ranging from instructions to program segments. How-
- _

ever, compared to the processors 1in the previous sections,

they all belong to the MIMD class of Flynn's, We shall con-

sider these systems under two major classes depending upon

their functional similarity to the von Neumann maCHine._

4
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2.3.2.1 Von Beunann-typez

The multlprocessors in. this class. are related to the von
-Neumann machine with respect to the execution of 1iistruc-

tions. - In .the next section, processor with non=-von Neumadn

characteristics are considered. | | B
é) Tightly coupled system

Tigqhtly ‘coubled systems‘ are characterized by having a
single irterqrated operating system that coordinates the in=

teraction between the processors, with communication between

the processing elements beiné done via shared memory (ENSL

77) « These systems generally also include shared I/0 devic-

es, The processors of such systems have comparable capabil-

ities and can execute significant computaticons on their own.

The interaction between the processors can occur at many

levels; between complete jobs and tasks or between individu--

L4 = . .
al job steps. Therefore, these processors are either exe-
cuting a common job, or a number of separate jobs simultane-

ously. An early example of a tiqhly coupled system, i:s the

use of I/0 processars to perform I/0 operations concuriently .

with the execution of a task.

Such systems can be organized in a master/slave mode of
operation, where a master processor is in charge of the exe~-
cution of many slave processors. The master can be a spe-

cial unit or one of the processors. The latter case produc-

&



. @S a more reliaSIe system, sSince any _proceésor'eau becouwe
the master.. In another mode of operafibn all processors op=
erate at the'samé level., This réquires aAmore.rigid coordi-
nation - between the proéessofs. An‘.exahple' of a siﬁﬁle
tightly coupled system‘is. shéwn in figufe 10, wnere all

. C ‘ L
ghared elements are placed on a time shared bus.

I/o - MEMORY MEMORY
PROCESSOR Mo pulLe MOpULE

I/o

. PROCESSOR PROCESSOR
PROCESSOR :

Fiqure 10: Tightly coupled multiple processor systen

The major dfsadvantage of these systems is that processor
interaction is done via shared memory., Thig creates access
conflicis and thefefore slows down the execution. Sharing .
memory implies that a rigid syachronization must be availa=-
ble betweén the cooperating prdéessors. The pnumber of ﬁro-

.

éessors that can be interconnected in such a systen dependg
upon the interconnection scheme between the processors. The
tine shared bus, shown in figure 10, is the simplest scheme,
, it however limits the number of processobs in the system, to

a small number, Other interconnection. schemes, such nas

-
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multibus, crossbar suitch,w multipbrt memory (ENSL 77, THUR
'72), segmented bus (FATH 81b), and binary tree (PATT 79).

have been designed in order to _increase the number of coop=-

erating processors.

Since there is a close interaction.betueén '£ne proces=
sors, -muitiprocessors are efflciept for éxecutinq a single
task by taking advantage of all possible parallelisms. How-
éver, in general thLese systems use conventional hithlevel
language, in ihich proqrams and tasks are presented in a se~
quential format. Th1§,makes it difficult to specify the pos-
sible barallelism. In general, to be able to také advantage
of the total System capabilities, o¢ne would include complex
pfeprocessinq to isclate the parallelism. The following
class of multiprocessor systems use special instruc;ipns To
}mﬁlement'the required parallelisms, to efficienﬁly exécu£e

a single task.

b) Parallel control f10i,conpﬁters

n contrast to sequenti&l contrel flow computers, such as
théitfﬁditional von Neumann computer, parallel control flow
computeré make use of special instructions to support multi=-
ple control sequences, In the simplest form only two in-
structions are needed: FORK and JbIH.. Thg~instruction FORK
is used to start a number of ins:truction streams, that are

executed concurrently on dedicated processors, while the in-

struction JOIN, is used to gqroup a number of instruction

- 31 =



streams\into a‘sinéle one tTESL 68) . ' These insructions are
sometimeé referred to a COBEGIN and COEND, 'while.the paral-_-
lel inscfuciion streamns are referred to as COROUTINES. fta-
grams iﬁ_éudh computers. aré conveniently represeiited in
termslof directéd graphs. - For eiample, figure 11 illus-:
trates a control flbw'prcgrampyhich caloulates the factorial

of a number,

To make the systew more- flexible, any instructioa can be
made to request a number of control signals before it can be
activated (TREL 81). This eliminates the FORK and JOIN in-

structions, since parallel control streams are supported by

every instruction.

The draﬁback with these computers is that usually the
prograﬁmer mﬁst specify where the multiple ‘streams do occur.
This is not a straightforward process since we do ohr-prob-
lemlsolvinq in a sequential manner. Furthermore, parallel
control flow multiprocessors are based on the von Neumann
principles of linking data to storage locations at run time.
This réduces the parallelism due to the storage dependen- .

cies.,

2.3.2.2 Punctional language computer /

To overcome the inadequacies in von Neumann’related mul-
tiprocessor systems, such as the sterage dependencies, func-

tional lanquage computers have been developed. These multi-~
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 Figure 11: Control flow progran

proc?ssor systenmns arelbased on a functiomnal laoguage that
operates by application of fuﬁctions to values (BACK 78).
These languages are directly interpretable, and have no‘na-
tion of variables (does notr specify storage locatici), that

is, a program does not store information that can affect the
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behdviour of a later program.  Instructions inm a fuactional

~

lanquage program are executed when the data needed by then

is _available.' These instructions produce outpiut values

which are used by other instructiomns. Once used tnese va-
. ¢ : '

lues are no longer available to ‘other imnstructiocns. This

permits the executiqp of many instructions coqcurrently;
. Functional lanquaqe‘ﬂcomputers Are‘bbased on .a radical ;p-
proach.to prodram execﬁtion, they are feferred to as_non-von-
Neumann computgrs. Here we shall review two types of compuf'

ters based on these concepts: the data flow and tree pro=-

cessors.,
a) Data flow computer

A data flow computer éeals only with values apd ﬁot ad-
dresses of values, as in phe von Neumann cgmputef; in in=-’
structiop in such a computer is executed when all its -e-
quired operénds are available., @ Therefore the concept of a
program counter does not exist, since'sequencing constraints
are imposed by the data dependencies in the algoritam. Exe-

t
cuted instructions consume input values and produce a set of
output values, The input data once codéumed are. no longer
available t0 other imstructions. Therefore data flow ma-
chines are not history sensitive, that is a program segment

does not store information that will affect the behaviour of

a later segment.



a program for a data flow machine is déscribed in térmS'
of a dirgcted graph.that illustrates the flow of data bet-
ween_the instructions.- The nodes of this grapﬁ r2preseat
the opeﬁations,} while the arcs represent the data'dependeu-
clies between these oberations. Fiqure 12 illustrates such a
data flow progranm thét"calculztes the factori;l of 4 nunmber,
The instruction'nérqé is executed when one of its lhput is

available, while Copy is used to create.a copy af a tokeﬁ.

A data flow processor must recognize which instructions
are enabled and dispatch them to én execution unit as sJon
. a5 the resources are availabie, Instructions can therefore
be executed concurrently. Tﬂe structure of a data flow conm=-

puter developed by Dennis is shown in figure 13 (DENN 8D).

-

The update unpit places instruction that are ready to exe-
cute into the ins:ructiouﬁgueue which are then executed by
tﬁe execution'units. The update unit also receives the re-
sglt af an opergtién, and enters them.at the proper location
i; the ianstruction store. This architectufe is one of many
that are presently being investigated (see related arcicles

by P. C. Treleavén}.

-
‘e

Data flow processors offer significant advantaqes in the
execution of a- single task by exploiting concurreﬁcy between
individual inétructions.- Presently'there is still some dif=-
ficulty with these systems, for example they are nﬁt effi-

cient for ‘handling complex data structures. Parallel con--



BRANC poolEAN

FALSE

TRUE

. Figure 12: Data flow graph

trol flow computérs, on the other hand,*can be more easily
adapﬁed'to solving cémplex data structures. Furthermoge
they are not suited to handle complex I/0 operations. Pre=-
sently, most prototypes developed use a host. computer to

provide the I/0 operations. Apother point to coasider is
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Fiqure 13: Data flow computer

that they require much user expertise since'they afe pro=-

grammed in an unconventional manner,

Multi ALU systems described in the previous section use a
form'oi data flow analysis to obtain concurrency, however
since the instructions imply variable locations, the concur-

rency is limited by the storage dependencies.
b) Tree processor

Tr ce prpceséors are similar to the data flow computers,
éxéept that the programs are described4in_terms of trees ipn-
stead of a'qrapﬂs. The reduction machine (KLUG 79b) is a
typical example of such architecture, The pfinciples benind

this architecture can be found in BERK 71 and BERK 78.



-

'p '.% .
An expression in a tree procéssor; is_evaluated by alsﬁbf
stitution prbcess which in an ordely mgnne:' tréverses the
. - . o
expression and spccessively reglaces each 'subexpression by
others that ~have the‘same -meaninq. These processors are
-also referréd to as reduction proceSso;s, éincé they are
based on a.reduction semﬁntic. Reducible expression are re=-
-cognized by traversing the tree in a pre-ordered fashion.
When one such subexpression is  encounterqd'it is reduced.
;Tﬁe requirements for a machine that would perform in such é
fashion are given below. : '
| 1. Represgnt-the execution lanquage expressicn in & sui-
table stéraqe. For example 1in A pré-order notation
on a push down stack.
2. . perforﬁ pre-order traversal by a succession of‘pqp-
operation if a stack_is used. '
3. Trecognize at the same time reducible expression

4, execute reduction

5. Tresume operation.

Fiqure 14 shows the successive reduction of an expres- -

sion, in order to obtain the final result.

fhese operations are similar to fhe one found 1n a stack
processor, ﬁowever the subexpreséion? in this case are exe=-
cuted concurrently and may contain decision making nbdes,
such as tﬁe IF node, which is used to select the proper sub-

tree out of a'pair of subtrees.



Fiqure 14: FKeducticn of an expréssion

Eeduction processofs have received less attentién_,than
data flow processors, s;nce reduction semantics are énlnn—
familiar form of programfexeiution, for most computer desig-"
ners, A description of the research in this field can be

found in TREL 82a.

=~

2.3.3 - Copcurrent operatjon at the task level
B

v

In contrast to the tightly coupled s?stéms of the previ-
ous section, the present one will describe wmore loosely cou-
pled systeps that support many concurrently executing tasks.
Theée nultiple processor systems communicate by a preestan-
lished message protocol, instead of by sharing the main ne-
nory. These systems can be subdivided into two claéses de-

pending upon the degree of coupling between the processors.
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2.3.3.1 Coaputer netuoris

Cdmpuﬁer ﬁetuorks are loosely ¢oubled rultiple processors
'uhicﬁ consist " of severai’ separate and discrete computers;‘
The network interconnecting the computers is used for commu=~"
nlcatlon, thle t%e actual computatlon is done at a s;nqle
‘site, The network topologqgy is a cfitical factor in deter=-
mining the reliability, aﬁd "messaqge handling capability of
the system, Many intercounnection schemes have been devised
to minimize the network cost and increase its throughput.
For example: ring, star, mesh and trée topologies (GREE 79;
have beeh inVestigated._ .Furthermére, the transfer st:ateqy
on these networks, has received considerablé attention since
it also affects the throughput. Presently, packet transmis-
sion is predominant in applications where the communication

is in a burst mode.

Phylosophically, these systems.can be fegarded as a group
of individual computers, since load sharing cannot be-.per-
formed., Computer network systems were devised so that-use:s
could share data bases and proéessiné resources, 1in the

sense 0of executing a process on the best suited Processors.

2¢3.3.2 Distributed system

Distributed computer systems (ENSL 78, RAMA 81, KRIE 81),
have a degree of coupling that is situated between the nul-

tiprocessors and the coaputer networks. They are taherefore



. referred to as modefately‘ couple@ mhitiéle processor sys-
teﬁs: A distributed system is dharactérized.by the inclu-

sion of a Hiqh-level»ppefatinq .sySteﬁ that supervxse; the
operation of ‘the,diszributed combonents. The individual
PLOCEsSSors hqve theirloun operating system which supervises
the execuﬁ%pn of:a task. They too, ;ike.computer networks,
communicaté by messages. ‘Unlike the computer networks, the
physical and‘logical. resources can be assigned to specific
tasks on a gynamic basis, Each‘pEOCessor consists.oﬁ a cen-
-trailgroceésinq unit, local ptéqram and data memory, aﬁd the
requirgd peripheral units. Ekpensive resoﬁrces cal however
be shared by the processors. The topology-of the intercon=-
munication network «can be arranged like in camputer net-
works, however <there is a c¢loser interaction bétween-the
processors, Usually in a computer network high speed serial
lines are used to interconnect the computers, while in a

distributed system parallel busses are used..

T

- For these systems, the workload is partitioned iato rela-
tively independent tasks which are then assigned to the var-
ious processors for execution, These systems can be organ=-

ized as homogeneous or hetercgeneous systems. In a

homogeneous system, general purpose processors are used, in

which each is - able of supporting a number of varied tasks, o

For a heterogenepus system, the processots are more special-
ized and dedicated to performing specific tasks. The task
in this case will determine the complexity of the eleients.

¢
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Since the procgsSors"in_this'cése are dedicated to special

" tasks, dyhamic load shgfinq cannot be performed, therefore
propéf lqad baiancé muétrge done at the &esign stage. | psu-"
‘ally, to’improve reliahility, a task should be executable on

‘more than one processor, - in order to provide a fail soft

node of operation.

The.advantaqe.of distributed data processing. systems, is
. that the uofkload can be dynaﬁically shared. Furtaermore,
they are reliable since they are puilt'in a modular fashicn, -
L}nd coopegration between'processors is possible to execute
combiex tasks. The modularity also contributes to flexibil-
ity, adaptability, and incremental expansion. | Using a ter=-
ninology ih‘line with Flyan's, a distribﬁted system can be
cbnsidered-as a multiple task, multiple data streams proces-
sor, since a numberhof tasks éach utilizing'diffe:éht sets -
of data are executing concurrently.

~

According to .Enslow, mamny systems'are' presenfly called
distributed systems, hovever they must possess all . af the

above characteristics to be true distributed systenms.’ In~**

chapter three, the task driven system (KEIE 79) having all

of the above characteristics, will be described.

e



2.4  REDUCING THE SOFTWARE OVEREEAD = -

The von Heumannl aﬁchitecturé‘uhich is the _basis-of'most ;
preseant day .coﬁputers is .based on a bottom-up design ap-
proach, .of minimizing the cosf Qf'the-hardiare and.lettinq

. . . _ .
the prdqranmg;/1ﬁser and system programmer) solve- all the
difficult problens. Th}s.épprodch.althoughimportant in the
iguOs_and 1950s, makeé iittle sehsé ﬁoday as completé and
powerfull systems can‘be desiqned wiﬁh a feul LsI buildiag
blocks. Furthermore, three decades égo,, asseubly code was
aﬁ important proqgramming medium; therefore the machine hnad
té behpreseﬁted.to the programmer in a convenient form. To=-
w— .

‘day this is not the case since ve are nore concerned about

efficient execution of problem oriented lanquagé,prpqrams.

In this section, the methods devised to execute more ef-

ficiently hiqh-level language programs are inVeStiqated;

The various methods will be classified under three  general

b

“headings: using special hardware units, increasing the lev~
el of the 4intermediate language and modifyfng the data and

control structure of the machine.

]

2.4.1 Special hardvare units

T

A straighforward method of executing more efficiently a
high-level lahguage program, is to implement -some of their
. .
functions as special hardware modules. - -For example in the
. N

earlygdays of computing, multiplier hardwar or autodatic

v



flba;ihq-poin£'a;ithnetic'units uere‘ added to aﬁtain higheér
computation speed.- Today, coﬁplei data ﬁénipulation can be
performed efficiently by a hardware"quﬁle' instead of a
sofﬁwére‘mdduie. This therefore éimplifies'the machine lan-
gurage ﬁfoqram thaﬁ is emulating.thesé high—iével }aﬁquaée
-functions. o _ o ' ( |

~ . A typical exampi£1 is the use of '5 tagged architecture
that facilitates the representation and manipulation of'déza
%}ructures.._ ih this_fype of architecture,. additional bits
afe addeé to each data word to'describe its type aud struc-
“ture, ‘2hErefore. operatioﬁs suéh'as type.checkiqg can be
perférﬁed $utpmatically by hardvare modules, This architec-
ture also mékés éasieq realizationﬁoﬁ protection mechapisms,

-

and instructicn codirg and error detection (FEUS 73).

Special hardware .units_can also be added to implement

hd ]

some of the functions of the system software. For example,
menory management functions are more and more being per-

.formed by hardware, in the newer microprocessdrs.

- To a great extent, adding speclal hardware units is dcne

in a trial and error manner - by taking advantage-of the pre- -
_ seént technology. . An idea that is presently considered, 1s

not primaﬁily to use more efficiently the hardware resourc-

es, but to achieve a more efficient execution,
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A second approach is'to mod%fy'the.iévél of the Ln;erméd-
iate lanquéqea in theﬁ£r§ditiona1 vph Neuma#n compuﬁer, the
éompiler geherates machine lanquage code uhose_instructions
are ‘executed (interpreted) by the control ﬁnit. A present

day approach is to compile high=level langua&é program into

'internediate level languages, This intermediate level lan-

gquage is then interpreted by the machine (fig. 15). Tae

size of an intermediate language proqram'can' be reduced by

increasing the complexity of the intérmediate “language so
that it will mirror wmore closely the high-leyel lanquaqe'
data ﬁnd control structures, In this case, the complexity
of the compiler is reduced, however the'size of the inter=-
preter.uill be increased due i? the dissimilarity between

the machine and the intermediate language. The machine in

~this case still retains the characteristics of von Neu=

_mann'é. This is done for example\fb: Pascal with the use of

p-codé; The interface level betveen the compiler and inter-

preter is arbitrary .and its choice usually depends upon the

. language supported, amnd upon the underl?ing nachine,

ME—.- ComPlLEr( INTERMEDIATE | uTeR PRETER PROCE 550R
ILANGUAGE . LANGUAGE

o~

Figure 15: Compiler and interprefer'interface
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To provide better efficiency, one can hdve'diffe;entVinf'

termediate languaqas‘fbr'different hiqh-lebel rénguaqes. In
this uay'ﬁne 'canwﬁatch.bettér the specific high-level lan-

 gquage with the machine code. - In some cases one cau also

have additional machine languéqe instructions to facilitate .

the interpretation, Today some intermediate lanqudqes arce
becomind more popular {e.g. p-code) and there are a nuanber
of machines that execute them directly. These machines are

considered in mare detail in the next section.

2.4.3 Hodifyind the data and 99&.;91 structure of the
machjipe

A more efficient method of executing a high-level lan-

5
-

guage program, is to modify the hardware in order to support

directly more complex structures. This is similac to the.

previous meﬁhod except that the complexity of the interpret-
er lS reduced, SlHCEJEbe hardware dlrectly supports the con-
plex data and control structure of the intermediate lan-
quage, In £he traditional von Neuﬁann\ computer, complex
data ang control structure are supported solely by gqftuare,

and the various high-level language stuctures must be trans-

formed into elementary entities and operations. The large

dissimilarities in the von Neumann computer, between the ma~

chine language and the high-level language . contributes to
software unreliability, performance limitations, excessive

progran size, and'compiler complexity. This also implies

&
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that the user must be familii; with the machiné language in
order to understand the diagnostic  messages from the execu-

tion of a high-level language progran.

) Architgcture that supports directly more cémplex data and
éddfrdl structure canhbe grouﬁed in two types: the indirect
exécﬁtion type and éhe direct-execution ,typg (CHU 81). In
an indirect exécuiion machiﬁe, the high-level .lalijuage is
first transiated by a compiler into an iptermediate langquage

program which - is then directly executed by the h;rdware.
The von Neumann computér can  be considered as ‘an indirect
execution épmputér where the 1ﬁtermediate Eanguage 1s a4t a
very low level, In a direct exggution computer, tae high~-

level langquage is the machine language, therefore there is

. no need for compilers or complex support software,

2.4.3.1 Indirect execution computer

In an indirect execution computer the interhed;ate laa-
guage Qenefated fron the compiler, determines the.complexity
of the machiqe; The complexity of the machine increases as
the data and control structgre supported increase“xn com=-

blexity.

Many types of computers can be included in this class,
they depend upon the,p:oximity'bétween the lexical, syntax,
and semantic properties of the high-level language énd the

»

intermediate lanquage. Another example of an indirect exe-
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cution processor at. a low 1evel, are ﬁhé stack computers
(MCKE . 80). A stack ﬁrocessor stores the operands on ‘a
'last-ip first-out stack and performs the-varibus‘dpefatioqs
with respect‘tp'thé top glements of thé stack. If the top
of the staék is a#ailable in high speed regiﬁters, then the
operations can be executed at feqister speed. These stack
computers are natural for eiecutinq polish strinqlexpres-

sion, The stack can also be used for parameter transfer,

recursive subroutine coatrol, procedure call processing, and

rapid context switching, which makes them efficient far exe-.

cuﬁinq block structured lauquages."in a sense, these coﬁpu-
ters increase the proximity with respect to the syntax prop=-
erty, since high=level expressions are efficientl§ expressed
aﬂé exeéuted; for example the Bufrouqhs BE500 computer .effi-
ciently executes block-structured Aigbl like languages (BUZR
69) . Stack Processors have alsa found ﬁse in the implemen-
tation of compilers and interpreters, and in memery manage-
ment, A major advantage 6f stack computer is that they use
zero .address instructions, thus allowing the packing of in-
structions, However, stack processors are inefficient for

manipulating complex data structures.

The proximity of the lexical and semantic properties bet=
ween the high-level and execution languages can also be in-
creased in order to obtain a more .efficient machine. The
Synbol computer (MYEE 78, EKICE 81),. for example, uses a po-

lish string language that is intermixed with deleaiters.

Y
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Thus the iexicaiﬂproperties, along 'yith the syntax‘péoper-
tiegiof the intgﬁmédiate'lanquage, are more orientéd toward
those of the high-level lanquage. This_impliés that the
compilation steps are less complex. ?urthermore. the Symbol
Eomputer has speéial hardware modules_that implement direct-
ly such functions as cOméilation; text editing, mEemaCy ﬁaﬁ—
agement and time shafing, arithmetic, and v;riahle'sized
data Structureé; . The Symbol computer was mostly a resea?bh
project‘to sﬁow that gost _func;ions require& wheﬁ:ekecqtlnq
a high=level lanquage program could be performed in wardware
instead of software, %eﬁer architectures are presently be-
ing devised to further r;&uce the properties gap between the
machine and the high=-level languages fCAE; 75). What is ob-
served is that ‘they are md>re and more oriented towards the
"direct manipulation of complex data structures. = For exam-
ple, in Starlet (GILO 75), the basic data structure is that
of ordered sets. Thesg sets can consists of the elements of

arrays eor strings.

As the level of the intermedia£e language increases, the
compilation becones sigple. The underlying hardware, howev=-
er, becomes more and more complex. The ma jor goal is.to ob-
tain an intermediate language that can pe used for a nuamber
of high-level languages and tha£ facilitates the design of

an efficient hardware systenm.

~



Suppdrting'more complex data and control structures is
ﬁpw a;ailable on some third generation microprﬁdéssors; tne
28000 'f}omizilbq; the ,ﬁCGBOOO from uoto;ola; and ';he
NSC16000 from. National_semicondﬁctor fall ﬁévé cémblex in=-
structions that correspond to statements in sﬁch hiqﬁflevel
lanquages as Fortran, Pascal, and Aaa {BERN 81). "Furéher-
more the N516000 has symme;rical éddreésinq which aLlou-each
instruction opgrands té be specified_ by any of the gddress-
ing modes (MART 81)} This simplifies the design of the com-
pilers, since it can treat peqisteré and memory, as wéll as

source and destination symmetrically (WULF 81).

Fourth generation mi'Croprocessors uill. go beyond this as
iﬁdiﬁated by the introduction of the Intel iApx 432 microma=
inframe (RATT 81). ‘This miéroprocessor is geared toward the
efﬁicient'execution of Ada progranms. Furthermore, its code
autématically performs.some of the functions usually associ-
ated with the software ope;atinq system. Tt should be noted
that microprocessors are being developed to support complex
‘-software funétion. Rore rapidely than the large mainirames.
This is the case because the large mainframes wmust remain
coﬁpatible with the large amount of software that was devel-

. oped over the years.

This trend of suppoftinq more complex instructions di-
rectly by the microprocessor is not however uphelded by ev-

eryone. Some computer scientists believe that a more cos:



7'efficiént‘sﬁlution_uould be.to‘improve éompilers to s;mp%ify
the programmer's jobs, whiLé.mdintaining é simple'processor-
architectufe that efficiéntlv subpbrts the basic operation-
(BEEN 81). Thése two approéches aust be considered in the
_des;qn'of new microprocessors, .however this is beyond the
;%ope of this thesié. : e

Ei
Ak

~

2.".3.2.' Direct executién computer ‘?

The compiling .stage of a computer can be totaly removed
by directly'interpreting the hiqh-leQel langqguage. | This im-
.plies that the steps usually performed by the compiler are
done in an interaﬁtive fashion by the hardware (CHU B81).
For exanmple, a typical direct execution coaputer would nave
a lexical'uﬁit-tha£ would scan the sourcé prqqram'tb identi~-
fy the various tokens, a syntax unit thaimlwould assemble
these tokens into meaﬁianuli strings, and an execution unit
that would process‘these strings. A direct exécqﬁion conpu=-
ter offers many advantages; for example program debuqging is
simplified since the errors are obtained in an interactive
fashion and they can be more easily related to the source
program, Execution speed can be high since the machine can

directly execute the actions required by the high~level lan-

_.r.-u'

guage. -
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'However these computers are inefficient since the Steps
of lexical and syntax analysis must be pe:fprmed for éll
: seqments executed. Furthérﬁore since the branch iddressesﬁ
are not kmown at Tun ﬁime, the program ' must be completely
scanned in order to obtain the ﬁranch locations. - The pro~-
gram size in éﬁch a machine is;also considerable since, sym-

bolic names are .used D0 represent variables, proceduces,

etc.

As mentioned beforg: these machines offer the advantage
that the progranm are; executed in an interactive fashion,
therefore facilitating the debugging stage. For insnancg,.
if a user mistypes a token, or violates a semantic rule, the
error can be recoqnized immediately, upon which thé execu-

tion stops, so that the error cam be corrected.

It is. quegtionahle that one would implement a qenerhi
purpose computer using this apbroach, since they support
only one high~level language. ‘It'is expecteg that direct ..
exécution computers will find their wuse nmainly as.special
purpose macﬁines,.suqh as small desk top personal computers.

.

2.5 RELIABILITY IMPROVEMENTS

The last major problem associated with the von Neumann
computer, is its poor reliability. Reliability is a criti=-
cal factor in such applications as advanrce guidance systems

for aircrafts, air trafic control, nuclear reactor control,



‘procés;inq plants; life-support_équipment, ech In such ap;
pliCatiqns; fauit’toleranée‘iéia desired objective, thgf is
"the sSystem @must overcome édftuére or hérdwaré malfuncﬁiodS-
on ifs own, since a failure might result;in serious inc3ve-
nience, financial loss or even ioss of lives.’ fhe_von Neu=-
mann architecture is .not implicitely reliaﬁle since a fai-
'iuré of é compdnent results in the failure of.the.comple;ei
'system. This can-be observed by examining present ldrqe-ﬁhd
complex von -Neumann based mﬁxicomputers, wvhere the mean time
before failure is so iou, that their speed improvements are
nearly cancelléd_(A?IZ 78) . .Considering the numhbher of c0m;
ponents of a p;eseut déy computer, only the extrdmely higha
reliability of in@i#idual components makes the computers op-

erational. Improving the reliability of a systenm implies

The most basic approﬁch to improving the reliability of a
system is by fault-avoidance, which is achieved by choasinq
and assembling the compéneﬂts<in a near perfect wmanner,
This can reduce the occurence of faults, however it cannot
eliminate all faults completély, aﬁd it produces very costly
" systen, Fault-tolerant techniques use étaﬂdird components
however they increase the reliability by u ing ;eﬂundancy.
The redundancy can be eifher temporal or spai?é}Ti Femporal
redundancy implies the repetition of a calculation in order
" to eliminate transient fault, ﬁermanéﬁt fault are not de-

tected in this approach. Transient fault or errors, can

3 il



also be detected or corrected by using special codes. An

"

error detecting code’ 1s"used to perceive that errors have
occured in a. string of bits, while an error correcting code

‘will identify the exact bit that is in error..

-

- In spatial redundancy, extra hardware Qr'software'iskused
LA

hl

-

to corfect faulﬁé. In a spatially redundant fault tolerant.
évstem, three functioqs'are required, ihe&_are: detection;r
_di;dnosis, and correction. Thejéimplesi systen would onfy
include'ﬁhe‘detection f&ncnion, and the diaqnqéis and cSr-
rection wouLd‘be_performed by ghe maintenance staff. Howev-
er in sone applitatiqns, as mentioned at. the béqinninq'of
tﬂis section, the fuqction of*@iaqnosis and gorrecti&n must
also be performed by the hardware.. ‘The inclusion of these
fﬁnctions can be a?ﬁieved in a number of iéys.

1. Massive redundancy. By using 'a-number of identical
uﬂits, errors can bexmasked. usinq'a\{otinq circuit.
The voting c¢ircuit Selectg the most probable output
from the set of oucrputs of‘the gnits. -Units that are
disaqréeing can befdisconnected and repaired. This
is éonceptually is the simpldst approach, however it
is very expensive, aﬁd’ "a limifed fatlt—toleranée
capahility: For exanple if too many units fail, the

-

systeﬁwmight not. operate correctly. o
2. Selectiocon redundancy. In this approach, a faulty
unit is replaced automatically by a stand-by unit.

Effective replacement requires that the fault be de-
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"‘: -tectéd, and‘containéd. v Furthermbre, system;:ecoverf
m?st'bepefforﬁéd to restore proper syéteh operation.
Tgis appréacq‘ is limited by the number of stand=bhy
unit;.

3. Fail-Soft...fhe third approach of improving the reli-

| abiiity, is ﬁsing a failrsoft * mecde of - oberation.
.Fail-soift operation mostly applies to multipfocessor
;ystem or distributed system where the workload of a
failed gnit can be taken bf another unit, therefore
‘prqducinq algraceful deqradétion of the sfstem. This
approach is limited by thernuﬁber of units capable of
perfotminé the same t&skl Many such system are pre-
sently studied, sﬁch as the assembly line multipro=-
cessor (NEGR 77), AXE, .C.vmp;, FTMP, and SIFT (MALA
80) . | -

ﬁ; Forced no response. A fourth.approach to implement-~
ing the function of detection and corfect;oh is
forced no response (éRIE181). In this case, the
units are designed with enough intelligence as ﬁo; to
respond in case of failure. Therefore, when an unit
fails to réspond after a certaliln time period, iﬁs

task is assigned to another unit.

The previous discussion considered the detection, diagno-
sis and correction of hardware faults. However, to obtain a
truly reliable system, one must also consider the reliabili-=-

ty of the software system (STIF 81); This is not considered
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here, however it is of egqual importance with the:reliability

0f the hardware. We should mention however that reliable

~softvare system can be obrained ‘using a good design strate=

gy, as shown in DIJK 68,

Another issue that is very imﬁortant today, due ;o.thé

prolifercatién,of large d&ta Basés, is 'protectioq against
unauthoriieg acgéss. .ThiS‘iS in a sense relatéd to the re-
'liabilit? of the system,; since the data to be. arror free
must be brotééted agaipst'any céntémination, be-it acci3en-
tal 6: intentional. .This is:a:ygfx impottant.reséarép top~-
ic,” since %arge data base goniaih peétinent ingormanﬁﬁh ce=-
lating to qovérnments, inddstfﬁ‘and even individuals. Under
no;circumétahcés. does Cne‘uisﬂ to .receive bills for unac-
quired goods, or have his nedical record examined b} unau-
thprizéd pe;soﬁs.. ¥

. 2.6 CONCLUSION o . .

-

-

This -éhgpter preéénted the. majoE techniques developed
. over the'yeafs tﬁ overcome ?hé four main prdblems associated
with the von Neumann afdﬁgtecture: Oﬁe should anote .that
theré are mﬁny other thechnigques wﬁich wvere developed to ov-

ercone pfoblems that occuxr in specific applications. - Good

examples, are the various processors that are being'ﬁevel—
. N ) ¥ v,

oped”ﬁor picture processing. These vwere not included here

since the goal is .to design a general purpose computing sSys=-

tem. - . ’ : e

PN
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'This analysis has pérmitted an underst&hdiné of'the§e d§--

veloppements and a recording of -their advantages and disad-

-

vantages. This is necessary to achieve the goal of this

i,thesis, “which is the design of'én_efficient general purpose

. computing system. This system to be.efficient ‘mist reduce

some of the drawbacks associated with,the von ﬁeumaun archi-
‘ ) .
‘tecture, ' _ P K -



Chapter IIT

A DISTRIBUTED COMPUTER SYSTEN

. T

s

3.1  INTEOPUCTIGN

It has been shOjn ih the previqu;.chapter thac ovéz‘the
vea;s, £§9re has been a }6t of researcch to défiqn better and
fastet.éomputinq systems.  In obtaining the maﬁerial for
that-cﬁép£er,.the fblloiing conc;usions héve been drawn:

-

1. There were many succesful desiquns for'specia; purpose

el |

2.. Host of the'present'general purpose machines, alt-

applications.

hough incorporatihq-some of the mentioned techniques,

can still be classified as von Neumann's.

[}

This is the éase, since_a drastie change in computer arc-
qhitectu:e requires enormous outlays of software capital,
both in éermS‘pf reeducating the users ahd developping com-
, gletely new system sof@uﬁ;e. in line vitﬁ this, i; is égq-
gested that any new general pﬁrﬁosé computer should support
thg construcﬁs of présent'day high-level l;ndu#ges, ‘to re-
duce the softvare related costs. Secondly, the system ar-
éhitecture gﬁould‘ be such that‘it either leads to simple‘
sysﬁem softwafe, or imﬁiéhents the system's. control func;

tions in hardware. 7



These two Observations . can be seen in terms .of- the cost -

decisionrpyraﬁid. _ ' This cost decision pyraﬁid'.dgpicts the
"'tradeoffs in a'system beiveen the hardware, the'soﬁtware and .
i . - . . . . - \

uséf expertise (fiq. 16).

Figure 16: Cost decision 'pyramid

Obviouslvrt;day, with‘the development of-LSI and VLSI
circuits, W eré a few oi-these devices can be used to build
_complex bfg:ims, the trend is éo hse more hardware oriented
syétems. ‘This is.further enphasized by the high cost of dé-
veloping and main;aining larqe_‘softwérg systéﬁs. FPurther~
ﬁore, ﬁser expe;tiée is at a premium; thérefore the systen
should be user oriented, that is, . it should facilitqte the
-editing and debugging of software components, This can he
observed in COPE 8Z, ‘uhere the implication. of having free

mass storage is analysed with respect to the human factors.
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. In this chapter, consmdering'the'material presented in

‘chapter two, the architectural characteristics of an effi=-

cient general purpose'computing system are'defiqed. Follow= .

inq'tﬁis;”_é virtual language that has the main cHarqctéris-
o £ics, of present déy high=level Ianquaéés'is invzoduced,
fiﬁally the sfsteonrqanizatioh  &nd ope;aﬁion, uhlbm*a:e
based qn.thé ére#iousiy descfibe&fvittual 1anguaqeg are pre-

sented in detail,

- 5 T »

-

3.2 SYSTEM ARCHITECTURE

£

The various teclniques devised tolﬁeduce.the problems as-

sociated with-the' von Neumann architecture vere analysed in
y;

the previocus chapter, These techniques were classified ac-

- cording to the main problen thaf they attempted to solve.

The following four classes were described: reducing the me-.

nory bottleneck, pggﬁid;nq‘ concurrent operation, reducing
" the software ovgrhead, and 1mﬁrdving'the reliability of the
systeﬁ. Each of these clésses'bﬁ techniques will pe consid-
ered separately, to suggest aﬁ architecture for an‘efficieut

general purpose computing system,

The techni&ues for Eeducing the mémory bottleneck de-
scribed in. section 2.2‘pr6duce linited improvements at best
in- SISD systens. They will nof be considered any further
‘here, since conceptually they.do not“change the operation of

a2 system, except to mention that they could be added to the



proposed system in various places, to speed-up the transfer
' ) A . : ‘ - R - .
of information.

Suppoftinqi concurrent operations was ‘described next.

&

" Concurrency at . the instruction level inla sense increases
thé ﬁh:outhut by supporting hore comple data Structdres,
hobevEr_thé%é-éyscems are mostly uséfﬁl for special applica-
,tioné, which is . not what ve wént to_échieve here. One
éhould mention that the ideas df'overlapped; operation and
nulti=ALU can be iptrodﬁced relativeiy easily in masf éys-
tems, to enhance their_performancé. ' Fufthermore, éomplex’
't'ec‘hniques such as éi“pellne, array“aﬁd~ associative process;.

ing can be used to desi@n special add-on undts,

The second type of concurrency examined was at the pro-

cessor level., The von . Heumann type multiprocessor systeas

are faced with the difficulty of expressing the concurrency,

<
and are plaqued by memory conflicts since the processors

communicate via shared memory, The use of functional lan-
guages can solve many of these problems, however they re=-
quire completely new programming techniques.. Proqgranmercs

are used to thinking in a sequential manner, and in terms of
variable;. eoncepts that do'not exist in these laaguages.
Therefore.functioﬁal langquageé syétems would requireﬁa loﬁ of
user exper¥ise, implying that all useré of the systemn would

have to be retrained. For these reasons, it was decided ndt

to include any of these ideas in the suggested system.
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This leaves us with the third type of concurrency,' wanich

is at the task level, Computer networks are not'conéidered,'

here, since they are really an aqgréqate collection of com=-
puters, and not a single systen. Distributed computer sys-

tems, which are considered next, offer many advantaqeg.- The

- predominant advantage is that they are nmodular, tnerefore

they facilate the design of reliable systens., Furthermore
they are highly hardware oriented, hence the modules caa. be

desidned using the present inexpensive LSI techaalogy. , They

-however require complex:contiol, but by using a good design

strateqy, this control cdn be distributed and implemented in

hardware modules.

~

The next class of techniques considered the reduction of

the scftware overhead. As mentioned when discussing distri-

"buted systems, special hardware units can be used whenever

possible to implement the required control fuactions, Alsa,

by designing tmg system keeping in mind the basic communica-

tion needs, many of the information transfer bottlenecks and

control problems can be greatly minimized. Fugthermbre the
complexity of the system software can be reduced signifi-
cantly by supporting directly the data-and control struc-

tures of present day high=-level 1anguages. This would pro-

h ]

- duce a more user ‘oriented systen. Another point worth
‘mentionning, is that with present inexpensive hardware, the

‘system showld not emphasize hardware efficiency, but ease of

use and simplicity of the system software,

an

| -

.



-:\‘!Eh respect to reliabiiity, distributed sys£em§_seem-td
hafe the best cﬂafﬁcteristics, singelit was shpﬁn that th;y
provide a_fail-soft-“mbde'of‘ope:ation (AVIZ 78, KﬁIE 79} -
This implies that ihe tésks of a failed unit can He taken "
over by other units, Forced no response fechniqués can also

be added easily to a distributed systen.

From thé aﬁove, it is obvious that to design a reliable
and éfficient general purpose computer, one must uéeva dis?
tribﬁted system., Furthermore, because of the low cost £
:ﬁresent day hardware, control‘ShouId be implémented as much
as possible in h;rdware_and lﬁhg design shogld. be oriented
towards control simplicity and not the efficient use af the
hardware. Finally the data and coﬁtrbl structure of present
'day high-level. laﬁquages should be supported directiy, in
order to reduce the softwvare oveéheag and to'produce a more
ﬁser oriented systém.
3.3 I;BIUALV;LBHEQEEE

The languaqe which the proposed distributed systen su§~
ports directly is described in this . section., This.languade
is called the virtnal lanquage, which is defined has a gen-.
eral blan used to répresent-the data, the operator, and the
control entitieé that mnake up any programming lanqﬁaqe.
Therefore, maﬁy levels of virtual languages can be defined,

each depending upon the complexity of the data, the opera-
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tor, and the don;rol entities used, ffIﬁ this thgsis a rela-
ti#ely simple wvirtual languaqge will be defined since only
the’feésibilit? aspect of the systen iS'considéred. ~

3.3.1 Elements of the ¥ictual laaggégg

in more detail, the major aspect-of @he virtual lanqua&é_
used; is tﬁat it should be rélated to'present day a ~level
languages. This is in ferﬁs of‘the iexical, syntacticdl and
semanti’c properties. Furthermore, the language should have
a well'definéd_clean stfucnure,-so that direct execution can
be achieved. Such a structure youid also contribute to the

production of reliable programs.

Fu:{hgzmore,i thé language musﬁ 5e flexible and extensi-
ble, éo tkat its pcwer can be easily increased; It should
be flexible enough so that new data structures, new opera-
tors, and new control entities can be easily defined. This
would heip to assure that'the system could be more close;y
related to any high=-level language, Since tﬁé hardware orc-
ganizatiog is pased on  thls languaqe, this extegsxbility .

will be reflected in the hardware.

As such, the virtual language préposed is based on the
ma-jor features of present day block-structured languages.
Block=structured high-level languages can be defined by the

tree diagram depicted in fiqure 17 .

v

~ .
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FRoeRﬂﬁd
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" DECLARATION /

SEGMENT COMPUTE

OEGMENT

~

& VARIAPLES srarﬁqsufé
STRUCTURE ¢

DECLARATION

PROCEDURE ASSIGNMENT  CONTROL:

LOCAN GLopRL - CALLS STATEMENTS ST

- ATEMENT,
VARIABLE : VARIABLE " lenTs

Figure 17: Block=structured lanquage tree represencatcion

Fron this tree repfésentation, a program therefore coa=
sists of two ﬁarts: a part io which all the data and their
characteristics are specified, and a part in which one spé-
cifies the computational sequences. The notion of block
structure is implied by uéinq global and local variables.
The scope of a variable in a block-struétured lanquage, de-
pends on where it is declarea logal.; For example variable
"ah in the following fiqure is local to segment 2 and global
to seqgment B and C, while variaﬁle "h" is local to segment B

and qlobal to segment C, This variable is undefiped in seg-

ment A,
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Figure 18: Scope of a variable

It should be noted that we consider blocks to be nested,
therefore no overlapping of blocks is allowed, Oferlappinq
of blocks can occur if unrestricted use of.qoto statements
is alloved.

For the description of this virtual language the data,

_ =
the operator and the comtrol entities will now be consid--
 ered. |

4

3.3.2 Data entities

‘ ' 1

The data in present computing systems can be defined ac-
cording to three 1levels (SHAN 80). At the hardware level
+he data structures that are supported directly by the ma-

chine are encountered. For example this consist of bits,

bytes, . fixed and floatinq-po}nt nuonbers etc, The secoand
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level is known as ﬁhe programming 1evel,. }here_HOre complex
data structures ére'sggpbrted by the language, = For example
arrays, integers, files, records, etc.,  are supported,. in a
‘programming language such as fascal. These structures are
built from the structures available at the hardware level.
At the éﬁplication Igvel, stiil nore cbmplex'strucﬁdres can;
be defined by the user for some special applications. These

structures are themselves defined according to those sup-

ported at the programming level.

The actual interface between the th;eé levels 1s arba-
trary and uﬁually dépends upon the properties of the lan-
gudage, . For,example, an_assembiy language supports only the
structures that are directly supported by the " machine.

. .
Higher level’ structures must be defined by -the user.

The virtual language to be defined shpuld have_the capa=-
bility of expressing a number 6f structures in an éfficient
manner, Furthermore,.since the hardware system is based on
this languaqg ie would actually be left with® oaly two lev;
els. The hardware and programming language levels would be

the sane.

To effectively' supbort comrplex data stfuctures (queues,
trees, graphs, lists, etc.) requireé that all opérations on
the structure and on the elements of the structure be de-
fined. This is bayond the scope of this thesis, however by

exapmining some structures we can see that all operations on
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'the.elements depend on the type of the. elements, while oper-

ations on the structﬁre can be represented by function and

procedure calls, - For example, a stack structure requires
the following structure operations: Push and Pop. These
operations can be considered as procedure calls, and could

be implemented in hardware, in a more advanced. system.

In order to simplify the' overall design, in this thesis

only simple data types will be considered. AS a first é;r\vff‘\-*\\_
proximation, inteqe;, real and boolean will be supported. )

¢

-

3.3.3  Qperators and expressioms

Operators thnat can be defined in a language are those

that operate on the elerments of a struciu;e and‘ihbsé that

-~

manipulate the structure. For example integer addition op-
erates on two integers regardless of their position in a
structure, Operations on a structure, such as pop, push,

maximum, OC sort can be considered as . functicns or proce-

-

dures.

In the proposed design all algebraic and boolean opera=-
tions will be allowed. These opérations aré_performed vith

respect to the data types described in the previocus section,.

The operators and data entities lead to the constouction

-of expressions, which can then be used to define the assign=-

.

ment statement.
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3.3.4 Coptrol

.The control entities of a landuaqe are used to dictate
the flow of exeéutioﬁ of ;he'aséignmént étatements in that
-ianquaqe, . In trai}tidna;_systems, the flow. of coatrol can
be représentéd by flow diaqfaﬁé, which make use of thg

bloéks, shown in figure 19 . ' - i ‘ ' s

51

l

cquuTn‘_r;onl connecT1an

1

pEc;éioM :

[}

Figure 19: 'quw diagram block

The use_bf these blocks in an.unrestrictéd fashion causes
a lot of algorithm to be obscure and qgfeadable.. However,
it has been shown (BOHM 66) that the basic constructs:. se-
quence, iteration, and selecﬁion;' were a sufficient set for
representinq.any algorithm, ‘The use of such a set makes £he
repregentétion of an algofithm easier_to.undgrstand, which
. therefore produces reliable programs. These cédstructs of -
fer these édvantaqes, since they h§ve a single entfy point
aﬁd a sihgle' exit point, they lead to well delim;ted pro=-

-

gramnse.
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s : ENp

. SEQuENCE S ITE r{nnon/ . . PECISION-
BEGIN 51782 EAY ﬁf-aw WHILE TEST Do §1 END  ~ PEGIN. IF TEST THEN S1 ELSE 52
' : LN S : _ ~ ENP
N ) . H - . .._. : ;'. _‘:{.A ) ) ' ’ ' . .
-Figure 20: * Basic strﬁctured contrcl constructs .-

9 . . ' - : Al

Tmesé three constructs are the‘basis ofl strmctured.éte—A‘
qramminq'and are the 6hiy ‘constructs su;borted in this virce-.
tual lenguage._ . Structured prbgremming alséAimpliee' a top
down deéign appméach- where one specifiesA the qeneral

T aspects of the sclutlon ‘and then refines them in-“greater angd

1 ;‘~

qreater detalls untll a rorm thch gam be ea51ly coded.in a" -

'partlcular computer languaqe is attained, ' However, this is.
. . . . - v - ‘

3
!

a.proqramminq,method and is.not reflected in the language.

3.3.5 . Language defimition B
The. actual languege based on the, éreviously -mentiened-
-fdata,- epemator, and *control entitmes is descrlhed in terms

' of Backus Naur Form (B.H F.). notatlon. mhls notatlan uses

,the follouing symbols to represent the various entltles in a
. R Y

. . 1
- clear gnd concmse fashlon. - )
- ‘; M

-
]

3 it
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'y ) . ’ . ‘ _A ’ '
<xxx> = Denotes a non-terminal. symbol that has to be de-
LJ fined elsewhere.
) AAA ~-'Denotes a terminal symbol, an atomic element of the

language, :

~

Means that the‘nﬁn-tefminal symbol on its\léft can
be repl&ced by !ha{ is on its right,

| + = Means OR and is used‘to separate alternatives.
<x1> - stands for x1 followed by xZ, and

<x2> or <x1><x2> ~ is used.for sequencing.

'The complete description of the language is given in'aé-

pendix A; here only the impottant aspectragé cov@red.,
. : - ".

s

- Based on the tree structure represented in figure 17 a

o [

program in the virtual language“has the following form.

<program> ::ﬁ'<declaratién Segment>

a=—  BEBIN R |

' <hompﬁ#e se&ﬁent>.
“END . R L

In the declaratio;ﬁgegment, the variables and their ch\}—.
. i Rt

acteristics are defined. This segment will include:

1e The.néh3/bf the proqram.” B L

,ég 2. TEQ variables used 1n the progranm., | They include Ehe'
| -gﬁbhallvarlab\\s”USed to 1nterface wlth the externgl
éé L world, and the tocal variables gsed only internally
o l:iy the p_rog.ram. J ) v -
. |
oo - 71 -
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3. The characteristics of the variables. This includes
‘the type and structure declarations.. : e

Yo

:Tﬁe declare seqyment, using B.N.F. notation, can‘be QiVid-

ed into its Ednstituénts,'as‘shown below.

<declare segment> ::= <name> (<{global variables>) _?1
<local variables> .-

<type declaration® .- .
<{structure declaration>

o . .
A

~The cpmpufe_ segment which represents the computational
sequence is made up of a sequence ¢f statements, as shown
below,

<compute segment>-::= 0|’ T o o

.o "<statement>’

* <compute segment> -

_ . - . i F
The 'statements, as shown in fiqure 17, - can be of three
types:’aésignﬁent, control, and procedure call, .

b

'<statement? 2:= <as§ignment statement>| . o

<control statement>| ‘ "

. : . <procedure call> 7 -

-~

. In general the assignment statement is used to link a va-

Tiable to an expression, where the variables can be of sim-

-

ple types or conmplex structures.

<assignment statement> ::= <variable type>

<assiqnment,opefator>

-

. {expression type>

- e eI
--.7';-‘

- -

___-.»-' -
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The type or structure of the variables allowed in an as=

- signment Statement, will define the complexity of the execu-

tor, since these statements must be supported directly by

the'hardware system. - In this thesis we onlf consider alge-

- braic and logic expressions operating on simple types,. to .

limit the co?plexity of the executors.

The coatrol statements are based on the ﬁecisiou and it-
eration constructs used in structured progfamminq. Sequenc=-
ing is achieved by ordering'the statemepts'-in a seqﬁéntial
manner, - Other, constructs can be easily added if one wisnes
to relate more closeiy the virtual language to sonme proce=

dure oriented language,

Procedures are in a sense used as macro bperations,. where

in a proqfam, a complex 6peration is-replaced by a procedure .

call which makes the program easjer to understand. Furthecr-

more, the software system as a whole is more reliable, since

the. program is modular and each, module can be easily tested

.and upgraded éeparately.

The language - described in this section ¥will be used to

define the structure of the system. .

LS

)

3.3.6 Example of a yirtual langqyage prograam

Ir this section an example of a virtual language prodram
is given., This progpanm accepts_a'positive integer value and

-

calculates its factorial usingqa recursive algorithm.
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Factorial;
nunber, result;, .
(integer : numbher, result)

- BEGIN
read (number) ;
IF numhber = Q0 THEN
result = 1; .
-ELSE fac (number;;result) ;
ENDIF -
write (result) ; .
END - 3

fac(input;;output) ;
temp; _
(integer : inpugraﬁtput,tempy‘

BEGIN -
- IF input > 1 THEN
temp = input « 1;
fac(temp;;outhut) ;
ELSE output = 1; '
ENDIF
output = output ¥* input;
"END

e m—— o i,

From this eiample, the syntax of the vir£ual-lanquage can

be seen to be similar to present day. structured high=-level
. - . . ' -

langquages (sﬁch as Pascal). Strﬁctured iﬁnguaqés facilitate
the understanding of complex_'algorithms by\\;fgmentlnq the
ﬁroblem into simple modules, It -should be uifderstood that
the lclarity of the algorithm reprgsentatiqn depends - on
whether or not the programmer uses a good desiqn apﬁroach;

such as a top down approach.

, - 7

-7“'*

AN



Y

"

R

There are - a number‘of'ways to implement a virtual lan-

3.4 SYSTEM ORGANIZATION -

quage system. Since one of our goals is to implement a sim=~

pIé‘expandable system, the task driven architecture was se-

“iected; This is a modular top down desién, in uhich 2ach

unit can be dévelbped and upgraded separately.  Furthermore,

the overall codtrol can be done in hardware (FAIH 81a) .

+

3.4.1  Task dciven system

A distributed system must support the execution of manf
tasks on ;he éystem at the same time. In'general, 4 task is

considered to'be the smallest logical entity in the systeam.

"Task assignment and supervision must be done, in a reliable

and vell coordinmated manner. In a task driven sysctem (KRIE

79), the different tasks can be executed concurrently on

dedicated executors. '~ Figure 21 illustrates a possible ar-

chitecture for a task driven multi-processor system, '

¥

Two major ‘units are'presént.in fhe system, the task allq—

cator anﬁ the task executor. The task allocator récoqnizes

the various tasks and  routes them to a particula: task exe- .
cutor. . Sinceheéch task executor is implemeﬂted separately,

they can bé modified or subdivided independently. Further-

pore, a fail-soft mode of operation‘can be achieved, if all

tasks can be executed on more than one executor. However

the task allocator must be either duplicated or designed in

a fault tolerant fashion since it is a single’unit.
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Figure 21: Task driven. systenm

The assigonment of-the tasks, to the various executors is
done by the task al;ocator 5y considering the dependency
betwgen the» tasks, The various dependencies _between the
tésks are - shown in figure zZ ., ihis indicates that sdme‘
tasks can be s£$rted at the same timé, wHile others have to
wait‘until.other taské are partially gxecuted,'or cohpletely
executed. Dependencies between tasks can be classified iato
three types: procadural, operational and data. Procedural
dependency occurs when the exgcution of a task specifies cthe
sub;equent task to be executed., Operation dependency occurs
when the same,resdurce is used simultaneously by a numbgr of
different tasks. Data dependencies arise when the execution

of a task will affect the source data of another task.
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. Figure 22: Task dependence

~3.4.2 - A yirtual lengﬁggg System | .

The preVidus-seétion discussed the:‘basic éoncepts of the
task'driven system, Since the purpose of this thesis is to
deéign a virtual lénguage executor based on these conqepts,.
a task can be def#nedka§“a statement in a virﬁual-Lanquage
program, _.Therefofe, one can'refer to the task executors 'is
statement executors, and the tééi allocator as a statement
sequencer, In this case the dependencies will mostl[ be due
to the data depgndencies between the staéemedts. The funce
tion of "the statement sequencer is to scan a virtﬁgl ian-
guage program éeqment, ana reute t}e étatements [e] be.eke-

—

cuted to the proper statement executors, These statements

are therefore executed in a concurrent fashion.

Usually, a process is defined as beinq composed of many

. 1 .
tasks, therefore a process is considered as a virtual lan-

,



4
4

- quage_program and all the informatipn:required to properly.

execute it. This information includes the system and user

procedures called by this program. In other words, a pro-

cess is a virtuéljlanguaqe program, which is ‘Eompqse& of
many progranm segments, which arenfhemselves composed of many

tasks (statements), ag shown in figqure 23...

PROCESSES | PROGRAM " SEGMENTS "

Figqure 2Z3: Task/process relation

e

[ 4

3 -

Previously, iﬁ was mentioned that the staéements couid bé
executed coacurrently 'by having many statement exécuto:s.
This can also be accomplished with thg program segments, by
having many statement séquencers to execute concurreatly tﬁe
prograr seqguments of a proéess.‘ Iﬂ this case a progranm man;

ager would be required to keep track of the executiocn of the

various seqments.

"

Furthermore, such a computing system would likely have
many processes waiting for execution at cne time. Support~

ing concurrency at the procéss level would eatly enhance

-4

£
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the capability of the system. This can be accomplished in a
fashion similar to the statements and p:ogfan'segmeﬁts.“by
using a System manager to assign the proceéSes télthe pro?

gram managers.

The virtual language system described above, is a three
level ;ask"driven sYstem, vhich can be'represented graphi=

2

cally by a tree:\as shown in figqure 24 . The cpnéurrencv in

this system can occur at three levels: at the statement lev-"

el, at ﬁhe.proqrém segment level, and at the prbgrag level.

MULTIPROGRAM EMWRONN]H\/T '

»

n??:f/;ilg& = |  PROGRAM
PﬂoeRHrV]-' »  PROGRAM SeoMenT
MANAGER :
. | STATEMENT _
éEQUgNoE& STATe MENT

EXECUTOR .

yrm———

" 'Piqure Z4: A virtual language systenm

3.4.3 The elemepts of the distributed system

™

If the conceptual three level system introduced above is

considered in-more detail, it can be observed that at‘the

&
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program seqment.ievei, to‘have more than cne seqment“exggut-
ipé at the same‘tiﬁe; requires specihl_instrqctioﬂs such as
.FbRK (COB%GIN) and JOIN (COEND); of specidl preprocessing to
partition the program inte independent Seqments. However,
the usé of; special instructions requires a iot of user ex-
pertise, wﬂile'special preprocessing requires coﬁplex algor-
ithms.. Once these independent pquréﬁ segments are identi-
fied, 'ccncéptuélly th;re ié no differende betweenla h:oqraﬁ.
‘maﬁaqer and a system ménaqer. For £hese.reasoﬁs, concurency
at théﬁérogram sejment leﬁel wil; not he .considered in tae
‘fbllouinq diséussiﬁp. _.At the prdgram.level, multiple-bna-
grams can be executed at the same time, Usually little cou-
munication is- réquired‘betueen two concurrently executing
programs. The third lével,is at the Stafement level. This
R ;

type of comncurrency depends on thé'data shared between the

statements. .Ihdependent statements are difficult to -define

due to the sequential nature of the virgual language, and to

the use of variables. Data dependenge 1s easier to define
i1f a functional language is used, howvever these languages

are not oriented towvards our maaner of thinking and prograa=-
ming, \;w

.The system suggested therefore consists of a two level
task driven system, where at one level a systen manaqer'

_keeps track of the'prdéess being executed, while at the.oth~-

. (5
er level a task manager is used to-scam a virtual lanquage

program to locate the tasks (statements) and send chen to

-.80 =



"the proper task executor. The following figqure illustrates

the organization of such a systen,

= wht/ | SYSTEM MemoRY
L o T T mavaer [T 0T |
3
) C . A —
TAGK e MEMORY TAS K _ MemMonry
MANAGER . Y| mavAeER |
L ' 9
s L h ] . L
X ‘ r
TASK rask |T TASK TASK
execuTol . |EXECUTOR) executodl " |execurod]

Figutg 25: Proposed systen
< ’
T In this systém, th€ task executor can be general purpose
.or special purpose, this mostly depends on the applicatioan.
For exaﬁple, one executpr could be qriehted towardiperfqrﬁ-
ing fourier trans%orms. Furthermore, depending ~upon the
data structures supparted by»the -machine, hthe executpr can
be quite éomplek,(i.e. executinq vectoi operationsf or fela-
tively simple (i.e. execuﬁinq scalar oﬁeratiqns). In gener-

al, "the executors would be simple, and qoulﬁ perform all -

algebraic and logizc operations. However if an application

- +
L



B3

B . ' T o
t

requires a_.special unit (fourier tramsform, vector addition

" etc.), it could be édsily édded to thé.gysteﬁ as,% special

purpose executor without affecting the performance of the
entire syster.

.

In a éipilar fashion, the task managers cén be special
purpose or general puﬁpése; dépendinq on tﬁe contcdl in=-
;tructioﬁs that they supporﬁ. For example, one task -manager
could be oriented towérds .controliinq symbél' manipulation
6pera£i6ns, ﬁhile another would be better  at conirqllinq
numher.crunching operationsf |

-

If the execution of a string of processes on this systen
is examined,” it can be clearly seen that in some cases a
task managér will reqniré many task exécutors, uhilé‘§n oth-
ers only a few will be reqﬁired. ‘Therefore; in some 1ins=
tances thére will exist a surplus of tésk execu;o:s.uhile in
others-thereluill he_a shortage, Furthermore in- the preseat
system, the faiiufé dﬁha sinq;e unit can render a auaber of

units unoperational. The performance aﬁd reliability of the

-

Fl . * ’
system can be increased if the task executors are shared

between the task managers, The system can thus be reorgan-

ized as shown in figure 26 . -

Thé system manager 1s respofisible for assigning the 
different prdcesses to the task nagers and >for assigning
t@e task executorsito'the. feqqesting task manager. - ‘Tﬁere-
fore a task manager must request from the system manager the

)



— mPcﬂZ [ sysTEM 1 [Memory}t -
— ozg:”[' |- MANAGER M oomitT |- - 7
‘ . s - - [
!
e ] | | ] -
TASK o MEMORYL | TASR ke MEMORY
. ] ' - i - - .‘ -
r ' ' y
TASR | TASK .| TASK

e ~

Figure 26: Shkaring task executor
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1

executors that it requires for the execution of a process.

To reduce the bottleneck that is sure to be encountered ev-

r 4

. ery time a task manager requests a task executor, ome gener=-

%

al purpose executor should be asSigned to a task manager on_
initiation of a process, If mu;tip;e executors are request-

ed (n), then n=1 will have to be reqﬁested'through the sys-"
tem manager. .

s

y | _ _ .
-In the abofe figure (fig. 26), the nmemory modules are
still dedicated to each task mahager, howeveg to increase'

the reliahility\}£5; flexibility, a pool of memory modules

" can be shared between the task managers, Furthermore. to re=

duce the communication between  the task managers and the .



N

tasKJexecutors, the task executors can be made to access the

same memory module as_tﬂb task managers. . fn this'case, ail'
. memory quules RUSt pe two pcrt memories, where oné_port 15
connected to the'interconnection network 'with the'iask man=-
agers, and the 'other ié'connecéed-to the netﬁork with the
‘task executors, A process would then be assigned a memory
module which would be assigned to a task manager, whlcCh will
in turn be assigoned task eXxecutors upon requeét. The man-
agement of thg mémory nodules is ceptralizéd'and‘cont:oLled
by the system manager., The overall s&stem is shoyn in f£ig=-

ure 27 . In this fiqure, the interconnection networks arce

represented as time shared busses, however a nmore complpx

interconnection scheme can be used if a bottleneck i

served.

This system as a whole 'offers: ‘reliability, since most
unit havé spares, and modularity and fléxibilf%y since memo-
ry modules, task managers and task executors can be easily
added to enhance the performance. This sfsfem is hierarcani-
cally controlled since at the hiqhest level there iz a sin-'
gle.master, the §ys¢em manager. However,.this is Lot a rig=
id hierarchy, since once a task manager is initiated, it
then operates on its owvwn, Furthermo;e, £he systen manéqer
can itselfl he a task manager that is contrclling the com;
plete system via ?he interconnectiog nétwork. ' Ih;s would
further increase. the reliability, since any task manager

could assume the role of the system manager,



Fiqure -27: A distributed general PUrpoOsSe computer systen

3.5 SYSTEM OPERATIO

-4

A brief description of the oéeration of the systenm was
qiyen when the system's elements were described in the pre-
vious sectioﬁ; In this séction, the general ope:ation.of
the system will be analysed, firs*: by considering a minipal

system, then by analysing a more complex s?stem.
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3.5.1 Minimuam systea

The minimum requirements for the executicn of a process
L] : :
is the availability of a memory module, a task manager and a
task executor. The actual execution of a process ou suca a

systen 1s as explained below.

The secondary memorf System stores fhe process that nus s
_be executed on the system; ff the memory module 135 free,
then ﬁhe svstém man;qe: Hill icad it with:a prdcess Crom the
secondary memory. Once lsaded, fhe'task manager will Take
control of the memory module and start execution. The pro-
cess, which is a virtual language progfam, is scanned by tae
task manager, and the'stateménts to‘be executed are sent to

the task executor.

The task manager will execute proceduie calls and control
statementsf while the task executor will execute the assign-
ment statements and Jlogic check expressions of the virtaal
language program. For logic check expressions, =t0 select
the next statement to execute, the task executor will return

a true or false condition to the task manager.

The execution stops when the END comntrol word of the pro-

gram is encountered, -



3.5.2 Expapded system

In a more advanced system, many task managers, memory mo-

dules, and task executors would, be supported by the system

-

manager. This implies that .many processes and tasks would
be executed simultaneously, requiring a more complex contzol

strategy.

-
[

~

In such a systen the processes to be executdd would be

.

in the secondary memory, along with the system procedures

and functions that are requested by the processes., However,-

some system procedures can be available as special task exe-
cutors, | For exanmple, a task executor can'perfc;m fourier
transforms. Fox such task executers, whep its corresponding
procedure or function call is encountered in the process,
+he task manager will request this unit, For reliabilicy
purposes, it should. be possible, that if such a unit fails
aﬁother unit can take up its functicns using a software

routine instead of a hardware routine.

The s?stem manager keeps track of which procésses 0 exé-
cute and -which are executing. In a sense, it acts as an in-
terface betvween the processes and the bare machinq,' The
main purpose of the System manager 1s to allow several pro-
cesses to utilize the sfstem iﬁ an efficient manner. As de-
scribed in more detail im FATH 81a and FATH 82b, the sys:enm
manager can.be implemented as a table driven system, Hﬁen a

memory module 1is free the system manager loads it with a

[
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process aweiting execution. The mewmory podule is‘;hen as-i
eiqned to a tasi;panage; wvhen one is available, This task
manager which should have'eAtask' executor_assigned To it on
initiation, u;il scan the process 1n its associa;ed menory

module to locate executable expressions.

Other task eXecutor can be requested by examlnlnq the de-

pendency between the expressions, thus obtalnlng concurrency
betwgeen the expressibns. (see chaprter €}. )

i
. A process is terminated whem the program's END control

word is encountered. At this point the proper information

is stored in the secondary memory and the units are freed to

-execute other processes.

N J
3.6  CONCLUSION

Thie chapter presented the overali.SEganization and oper-
ation of a distributed system that Supports directiy the an-
tities fouﬁd in present day hiqh-le#el languages. In coa-
sidering the feasibility of imﬁiementing.the_above suggested

3

system three main aSpects_must be investiqated: the overall
. .
system control, the execution of the high-level language

process, and the memory management aspect.

With respect to the overall systenm cbnttol. the investi-
gqation in PATH 81a indicated that considering present day
technology, the required control actions could be iaplement=-

ed in hardware.



With respect to thé execution of_high-level lanéuaqe pro~
cesses, the desiqn.of the task manager dnd the task executor
will be analysed in some detail in the following chapter.
‘The o;her units of the system .will onlj be examiﬁéd when‘né—

cessary.

The mémory managjement aspect of‘sugh a distributed systen
isla ma3of research topic of its own and is being investi=-
gated in paréllél. To keep in line Hith the goal of mininm=-
izing the systen softiare, the memory management function
should use hardware that directly assists in éhe Storadg,
rétrieval and management of the data. A hardwvare svstém

that directly supports these functions is described in DeMaA

76,



Chapter IV

IMPLEMENTATION DETAILS

4,1  INIRODUCTION

Chqpter thrée described a two level task driven compuﬁinq

systemn that is oriented toward the execution of virtual lan-

guage processes, It was shown that the control ‘of the exe-
cution of a process is- performed by the task manager, - vhilé
the actual execution of the various tasks in this process 1s

perfdrmed by the task executors. -These two actions althougn

'sepafated'in the system, are linked in the virtual language

program representation, A more direct execution would be
achieved if these‘actions were also separated in the lan-

guage used.

Purthermore in chapter 2 it was shown that the direct ex-
ecution of a high~level lanquage program can be quite inef-
ficient, since the branch addresses required in a contral

statement are not present, Without these branch addresses,

"to locate a jump location requires that the proqraﬁ bhe com-

pletely scanned. This could be overcome by modifying the

language s¢ that branch addresses are inserted after the

proper control words.



“Another improéement, ‘would- be to speed-up the execution
of the various éxpfessibns. ‘Since-only simple data types
‘are considered, execution would be -simplified if these ex- .

pressions were written in a reverse polish notation {(suffix

notation). . ' . .

[}

The language that is .directly supported by the systen
.will-support these enhancements, This langquage is called
F\éhe executﬁon lanquagqe, ;nd 1s a preprocessed versicn 2f the
virtual lanquage. Its syntax and seméntic properties follow
closely those of the virtual landuage. The executicon of a

virtual lanquage process on this system is shown 1n figure

8 .
o TWO - LEVEL
VIRTUAL | PR PROCESSING EYECuT'O’S"; TASK
LANGURGE LANGUAGE DREvEN
SYSTEM

Figure 28: Virtual lanquage processes execution

4 It should be stated, that another approach would have
been to start immediately with the execution languaqe, but
this would have beemn contrary to the stated goal, <that the

language should be related to present day high~level lan-

guages. Because of the simplicity of the preprocessing, it

is felt that this approach represent a better conmpromise
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between using a high=1level lanquaqe,' and simplicity of. exe-

cution.

in this chapter the execuﬁlon language is.first déscilbed
in detail,_ fofiowed-by the anéiysis of-tﬁe processing df.dn‘-
execgtion lénquéqe ptocess. ~An 'execution l#ngﬁaqe process

.

is the preprocessed version 6f‘a virtual language pcocess,
therefore it %ohtains a main execution language program and
'311 theicalled execution language procedures, '?inaLly the-
ﬂardwafe requirements of the task manager and tasx.execujjp
that support directly the execution language, will be briel=-
l§ analySed. | |

4.2  CHARATERISTICS OF IHE EXECUTION LANGUAGE

The execution lénquage, to be oriented toward the systen,
will contain thréé segments, A control segment wuwsed for .
propgr sequencing of the various expneséionS-iS‘followed by
a statement segment that_includes the expressions to be exe-
puted, which is followed by a data segment thaf contains the
éhdrac;eristics of the'variables and their values, Fiéure

29 1illustrates the three execution language segments re-

quired for every program, and procedure.

As indicated in the previous chapter a virtualil&nquaqe

program has the following syntax.



conTRoL
. SEGMENT

-

STATEMENT |} . - ' ' md
SEGMENT L

PATA
SEGMENT |

" Fiqure 29: Map of an execution language program’
<virtual langquage program> ::= <declare segment>
BEGIN

<compute segment>

END

Sépératinq the control of the process frdm the execution
of the tasks requires the following changes to the virtual.

' lanquage representation,

BEGIN e <control segment>
{compute seqment>
END {statement segment>

rHere the control seqment drivés the task manageér,  while
the statement segment includeshthé statements to be executed
and information about these statéments. It should be noted
here that the goal is to obtain a representation thﬁt uill

retain all of the information of the virtual language pro-

gram yet he more efficient to execute, .
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- Furthermore, the declare segment is used to bulid the
data segment which holds the information about all wvariables

used in the program plus their actual value,

‘<declare sejment> <data segment> .

Therefore a program in virtual language is transforamed

into three sedments as shown below.

<virtual lanquaje program> = <E.L. program>|
<control éegment>
<statement segment>

<data segment>

-t

A procedure written in virqual lanqdage willl be trans=-
formed in the same fashion.

L4

4.3  ELEMENTS OF THE EXECUTION LANGUAGE

L

The different segments of the exqﬁution lanquage are now
described in some detail in the following subsections, keep-

~ing in mind the arguments presented above,

4,3.1 -Control segseht

. r' , l- .
In order to seperate the control of the process from the
execution of the tasks, all assignment statehents, logic

check expressions and procedure calls in the compute segment

-~ 94 = -
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of a virtual lanquage proqbaﬁ or procedure -are replaced by_

ﬁescriptqrs. These—descriptors indicate vhich St;tehents,
in the statement segment, to execute, - For expl;naﬁic# pur-
poses, these dgscripﬁors arte numbers representing the order=-
ing of the statemeﬁts.” Separatinq’the controL and execution
stebs. removes—the necessity of performiqq:the step of lexi-
cal and syntactical anélys}s‘for ' every segment of_cade dar=-
ing execution, since-all statements are no longer intermix-

I

ed.

-The control segment includes <*wo sections: . a parameter

"section to specify the global variables accessed, and a coa-

trol string that dictates the flow of control as determined

by the cantrol constructs,

‘{control seqment> 1:= <parameter section>

<control string>

4,3,1.1 Parameter section

i

The c&ntrol segment contains a parameter sectiop if the
program or procedure accesses any glpbal variable. This
parameter section holds the list of the formal parameters,

~and is ﬁiaced before the BEGIN control word, as shown below,
This section is required so that the formal parameters of
the called préqedure can be easily related to the actuai
parameters of the calling program or procedure.

1 PAR2A

<formal parameters>

3



1 BEGIN . -« - - ] _ -

The three constructs that form the basis of structured
'proqtamming, hence that are incorporated in the virtual lan-
dJuage, are: sequéncé, decision, and iteration.’ The traas-

formation of these three constructs is now analysed.

$.3.1.2 Sequence

L%

A sequence of statements in a virtual language broqram
will be transformed into a sequence of .descriptors, where
" each descriptor will point to the statement it replaces.
The following example clarifies this point.

Given the virtual language program.

. L]

BEGIN
A=A + B;
| C = D;
E = F;
END

-1

The resulting execution language representation is

BEGIN

{0}
1}
{2}

END
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_HhereAdescfiptor 0}, ({1} and (2} point to the statements A

=A+8B, C=0D, and E =F respectively. ‘These Statements

.are now located in the statement segment,

L : -

e

Ye3el1e3 Decision

The decision construct giaven below, . is transformed in a

similax fashion except that the branch addresses are also

‘'supplied-in order to increase the execution speed.

IF {logic check}
THEN {compute segment}
ELSE ({compute seguent}

ENDIF
This string will be transformed into:

IF . | . " -

flogic exﬁression.desériptor}

<displacement to else>

[statement 1 descriptor}

{statement 1 descriptor}

ELSE

{displacement to endif> ' . ' =
fstatement i+1 descriptor}

T+ e

" ENDIF

- g7 =~
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where [ } indicates the descriptors pqinting'to a statement
in the statement segment, and < > indic;tes a displacement
that is added to the pProgram counter to execute the proper

1umﬁr

-1n '

Another form oﬁ the decision construct can be encouhteréd
in uhich thé ELSE part is"miSSing., Its transformicion 1is
similar to the full decision cdnstruct except that the ELSE
'~ control word is not present in the string as. shown below:

IF {logic check}

THEN [compute segment}
ENDIF
is transformed into:

IF

- {logic expression descrip£or}
<displa6ement to endif>

£
[statement 1 descriptori

{statement n descriptor}

ENDIF

u.3. 1.1" ItEration

For the iteration construct the transformation is similar
to those above. The required branch addresses is also sup-
plied.

Given-the virtual language iteration comnstruct:

" WHILE flogic check} DO

‘.
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[compute segment}

"ENDWHILE

its resulting execution language cohnterparf is:
WHILE '
{logic‘expressiah_deséripto:}
<dispiacemént to endwhileﬁ;
fstatement 1 descrlptor}
{statement n descriptor}
ENDWHILE

<displacement to while>

In this case the <displacemeﬁt to while> 1is 3ubtractad

from the program counter in order to jump back to the while

control word,

4.3.1.5 The control string

Considering the above transformation, it is easy to see
that when translétinq a virtual lanquége program into tae
execution lanquage, 6ng obtains a - control string that con-
tains the followlnq?glements. ) i T

BEGIN, END, IF, ELSE, ENDIF, WHILE, ENDWHILEZ

= control words

- displacements
<XXX>
- descriptors

fxxx}

S
S



To éimplify céhérol, the words irn thé'control snrinq are
tagged. §-1 is appended to control words.'while-a 2'is ap-
pended to displacements'and'désgriptors; This taq-also as-
sures that a descriptor or a' displacement will neﬁer be in-
‘terpreted has a control word, Such a problem 1is coﬁmo@ in
mosf present day computers sinqg t}ete exists no way ;f éif-
ferentiatind bet#een-data and inst%uctioné. Ncte that there
is no need to disninguish between displacements and descrip-
tors, since displacements can occur only at specific loqa—

tions.

" The following is amn exaﬁple ¢f the transformation of the
compute segment of a virtual language program into the otu-

trol string of an execution language programn.

BEGIN _ | ' -1 BEGIN

READ (number) ; 0 [O}
~IF number = 0 1 IF
THEN result = 1; 2 {1}

ELSE FAC(number;;result); 0 <1>
ENDIF | 0 {2}
HﬂlTE(result); . 1 ELSE
END , 0 <>
-0 {3}
1 ENDIF
0 {4}

1 END °
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The‘logib-check exp:ession,b3 the assignment statement, and

the three ﬁroéédUre calls present in this virtual language

Arep;gsentatiép, ére_feplaced by descriptor' {91 to (4}, 1in

the "execution lﬁnguaqe representatiocn. In thi%) axample
thrée procédqu calls were encountered.. - Two of these were.
system calls (READ and WERITE), while thgvothér one was uéer
defined, In this thesis ognly the EREAD and WERITE systen
proced:;es afe considered. TheSe two proéedures_bave a sin-

gle pafapeter; and are used to input and ouput values to or

from a program or procedure.

This is a simple example to indicate the format of the
control string, As will be shown later, the programs can

include nested structures,

u.3.1.6' gontrol words

4 word in the cﬁntrol seément is ideﬁtified as a contral
word if its associated tag bit is qgé. The task manager
will scan the conﬁrol Segment, ~and perform the action're-
quired by the various control words.  Based on tae use of
the control cogstructs'(sequence,r decision and iteration),

the following eight control words can be encountered.
BAEA:

control word PARA indicates the start of the parameter

section 'in the control segment. This section holds che list
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of the global variables accessed'hy this proqtam. Tais sec-~

tion is reqhired to properly access the global variables.
BEGIN: | ‘

Ly,

Thfg'contgp; wNord indicates the beginning of the control

string of.an execution language program. A0 €CIOL can e

)

flagged if this control -word is not encountered after the

parameter section,

*

ND:

2]

Indicates the end of a program; When this conzrol wpndp
is reéchgd ﬁe ‘must either return to the calling proéram of_
procedure, since it indicates the end of a procedure, -ag
Stop execution since it can aiso indicate the end of an exe-

cution language program. In this case the task manager will

iqform the system manager that the process is completed.

Previously, we mnmentioned that'nested struétﬁres can ﬂe
included in a program. To coordinate the flowv of control 1n
nested structures, a single flag will be used to :ecord_tﬁeJ
status obtaingd fircm the execution of logic check expres-

“

sions.

[~
ke

Y

When this control word is encountered, the follohlnq ac-

tions are initiated:

¥
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3.

<

&
4.
ELSE:

,always jump to a control word.

;
Send 'iuformation about the logic checkf éxpreésion
pointed to by the descriptor-follcwinq the IF control
vord to-the task exécutoi so that it can be executead.
Wait for the Logic'conditidn returned by thke task ex?_
ecgtor, after the execution of the logic check ex-
préssién. This céndi;ion is used to set. or cteset the
Status flag, Since‘the cdnditiqn obt&iﬂgg "Will be
needed later on by the}ELSE control word. The status
flaé is set if the loaic condition is false,

If thé status flag 1s reséﬁ, then skip the displace-
ment <else> or <endif> and continue from there. In
this case the ?HEN segment is executed.

If the status flag.is set, add displacement <elsed> or
<endif> to the program counter., The addition of this
displacement can transfer control,tq either a control
word .such as ELSE.or%gnan, or to the first Jescrip-

tor following thesém‘cdntrol words. To add error

checking capability to the system, the control will

The ELSE control word requires that the following actions

be undertaken:

1. If the status flag at this instant is reéet, then the

displacement <endif> is added to the proqram counter.

This implies that the THEN segment was just executed
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ENDIE:

and that the ELSE segment must be skipped. In this

case ;he control will be transferred to the ENDIF
control §ord. | |

If the status flag is set, then the di;pdeement
<endif$ is-skipped, thérefore‘the LLSE segment is ex-

ecuted,

This contrel word will reset the status flag, indicating

»*

that the present decision construct is terminated. This is

necessary since nested IFs are allowed., This control word - -«

can also be used for error checking since we must land on it

-

when adding address <endif> to the program counter,

HHILE:

*
o
g

$

This control word indicates the start of an iteration

construct and requires the following actions:

1.

24

Send information about - the logic check expression
pointed to by tﬂ; descriptor following the ’HHILE‘tO.
the task executor for execution. L logic check ex-
pression' can coly follow IFfs and WHILE's control
words; an error occurs if they are éncouﬁtered in an?
other circumstances.

Wait for the logic coﬁdition returned by the task ex-~
ecutor and modify the status fiag accordingly. It is

set 1f the condition is false,
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If the status 'flaq is feset, thken /the displqcémenp

<endwhile> is skipped and the exé&ution continues

from there.  This implies that the statements in :the

loop are executed, o ;

4. If the status flag is sert, _ihén‘the displacement
<endwhile> is addoed to-the program counter. This im-
plies that the loop is terminatéd.k“An erros 1is fiaq-
ged if the juhp dces not traﬁsfer ,control to the
ENDWHILE control word, f

ENDRHILE:

~.

. - . . :)f . .
This control word requires the following acticns:

1.

M
.

If the status flag is set, 'then skip the displacement

"<while> and continue. The status flag must also pe

reset since nested loops are allowed.
If the status <Ilag is reset then substract the dis-
placement <while> from the 'program counter, whaich

will jump back to the WHILE control worg.

Considering the constructs of. structured programming, the

use of &@ single status flag is sufficient to allow nesting

of control constructs at any level. If one uses restricted

goto statements (still structured), them this flag is still

sufficient. However with unrestricted use of goto state-

ments this flag would be inadeguate.

-,
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4.3.2 Statement segment

The s%&tement segment.confains all the executable state~
ments, fhaQ.iS the.assignment statements, the lﬁqic check
expressiops; and the prscedure calls that are accessed by
the deséfibtﬁrs in the control string. .To allow for simple.
translation, and future enhanqements, the statements in the
statement segment arel accessed in an indirect fashion,. A
statement deéériptor table is used, which contains informa=-
tion about the statements, and pointers to the statements
which'are pladed in the statement‘section. Therefore the
stateﬁent segment 1s diviﬁed into a statement descriptor ta-

ble and a statement section, as shewn below,

{statement segment> :1:= <statement\aescriptor table>

1)

{statement section>

4.3;2.1 Statement descriptor table

- -

A descriptor in the control string points to an element

in the statement descriptor table. This table specifies the

class of this statement (ASSIGN, PROCESS, LOGIC) and where

it is found in the statement section.

{statement desc. elements> z:= 0]

<class><location>

<statement desc. eleménts)
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More information about a statemeﬁﬁ ccuid be easily addedA
to this table to increase the -pe;formance of the systeam.
For example information-ahout conégffent operatibns and spe-
cial task executors reqﬁired.to'exedute é_statement could be
included. Furthermore, this snatement_deséfiptof table can

be used to access a single copy of repeated statements.

4.3.2.2 Statement section

Beforé describing ‘in details the statement section, the
execuﬁion strategy is briefly outlihed.' In the case Jof as-
signment statements and logic check expressions, the task
manager will awaken thke proper executor to pricess the
statement, With respect to procedure calls, two types éan
be encountered: user and systém procedures. For user
procedures, the tésk manager will save'the proper iafozma-
tion about the calling program or procedure, then take over
the execution of the called brocedure.- In the”case of sys=

ten procedures, such as I/0 or special functions (fourier

transferms), the task manager will awaken a special task

-

~manager Or executor, depending on the complexity of the

procedure, _The execution details of the above strateqy will

be described further on.

It should be noted that functions are not supﬁérted, how=
ever they could be added to the virtual language and trans-

lated to procedures during preprocessing. In this case, the
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name of the function would correspond to one of the parame=-
; _ _ y ! _ _

ters passed to the procedure. ,

As was stated before, all exﬁreséions-are translated iato
réverse polish potation, since. this form can bé easily in-
terpreted‘using a stack mechanisun, '(The translation from.
iﬁ%ix notation to‘suffix nétatlon' is described in‘chapter

54)

In the virtual language,. all executable statements con-
tain symbolic names representing the variables, whece each
variable can assume various types and structures. Woea exe-

-

lcutinq an expression the values of these Qariabies aust be
obtained and fﬁeir classes must be known. The class of a .
‘variable can be one of the following foua: INPUT, INOUT,
QUIPUT, «ar ﬁOCAL. Symbolip names are difficult_:o manipu-

late unless an associative memory is used. Since associa-

tive memories are considered to be still tco cumbersome, all

variables are replaced by descriptors, as was dcne for the
statements. A descriptor for a variable will point to its
value in the data segment. Coanstants will also be replaced

i

by descriptors, which will point to the value of this cons-

tant in the data segment.

The statement secticn of the execution 1language has +a
format similar tc the ccntrol string, A tag bit is used :o
distinguish between descriptors for data, and operators.

For example, the translation of an assignment statement in
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. the virtual lanquage_format'intb the execution lénquaqé-for-

mat,'is-shdwn[below.”
a‘ﬁl;:"' .

(0}
{1}
21 .

+
{31

S

4
n
o
-
——
(9]
]
o
o
to .
R 4 BRI
=)
' .
+
b
1]
s d D ek = DO O

virtual language Suffix nstation Execution language

’where {0} is a descriptor for B, {1} for C, ({2} for D, and

{31 for A, Operator .'S' is used to indicate the end of a
statement, Note that for assignment stafements, only the
right hand side (the expression) is granslated into suffix
notation, since it is the only part that needs computéticn.
The left hand side indicates the locaticn’_where the rTesult

has to be stored,

*

' ¥irtual languaqge procedure calls are transformed as fol-

lows, and placed in the statement éection.

<name> (<procedure variables>); 1 <name>
s

0 [xx}

15
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The naﬁe of the proce&ure is given first follouéd by the

descriptors of the actual paraméters. The actual parameters

cotrespond to. the iariables~that'%5e passed to this pfoce-
dure. Again operatar 'S' is ﬁsed to indicate the end of

this statement. A descriptor of a variable in the procedure

“

call statement of the calling program or procedure will-é@t-,

respond to a descriptor given in the parameter section,df

¥

the called pfdcedure.

v ' ’ Ve

-y

433.3 Data segment .
) v
In the previous section it ugs shown that tﬂe'symbblic
{game for variables as.uell as constants were replaced by'de-
'scriptors in the executable statements. Here again to pro-
vide for further enﬁancemeuts, such as error cheékinq, the
variables are accessed in an indirect fashion. A data de-
scriptor table 1s used fo qive the informationﬂéb;ut a4 vari=-
‘able, and where it can be located in the data space. There-

fore the data segment can be divided ipto a data descriptor

table and a' data space.

<data 'seqment> ::= <data descriptor tableée>

<data space>

Ba3.3.1 Data descriptor tahle

ab
An entry in this table’is pointed to by a descriptor in

one of the statements in the statement section, or by a de-

- 110 -

S ..-.“{-ﬁ"u-‘

| —

o~



scriptor in the parameter segtion of a called procedure.

'The data descriptor table holds the informatiomn about the

‘

variable, such as:
1.. "Its type (integer, real; etc,)
2. The class'oi,this»variable {(input, output, const, lo-

", cal, .inout)

3. The location of the present value of this variable

. . . | ’ M 7“_—__‘——___4__
<data descriptor elements> ::= 0|. . , ) T

T - b

(class)(ﬁype)(location>.

{data descriptor elements>

For debugging purposes the name of the variable can also
be included in this table so that it can be printed when an
errof_ occurs, or when an input or output procedute -‘is. o

called. ' ' o .

4.3.3.2 ~Data space

————.
——

The&EEta space contains-the actual data that is used by

this segment. Of the six sections of thé“execn&iggﬁiin_

-

guage, this _is the only one that will be nodified as the Te—

program is executed. The other fivg¥$ections are execution
" invariant. When executing a process, the .data space of the
called procedure is appended to thé one of tﬁe calling pro-
gram or procedure imn order to share the variables, There~
fore, there exists .a single data space when éxecutinq a pro-
Cess,. ‘How this is accompliShed is described in the next

section,
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Every virtual lanquage ptocedd;e énd'proéram is tranngc-‘
- ed into these six sections by the preprocessiné‘unit prior
to execution, An execution lahquaqe is completely relocata-

ble since no addresses are specified, only displacements.

The following figure illustrates the map of .the various

sections of an execution lanquage proqraun.

PRRAMETER |
SECTION -
CONTROIL
. STRING

STATEMENT
DES CRIPTOR
_TRBLE

STRTEMENT
SECTION:

DATA.
- v DESCRIPTOR
. . TABLE

DATA
S PALE

i
{

- Fiqure 30: Detailled map of an execution lanquage progqram.

FEEEFEETRIRRY VTR IO

4.3.4 Exanmple of an gxegg;igg”iéhguagg“grogrgg

Using the example of section 3.2.6, of a virtual lanquage

program that calculates factorial in a recursive fashion,

its equifalent execution language form.is developed from the



above“discussion. The following two columns represent the
transformation of "the main program "factorial". The left
column. contains its virtual language representation, while

the right column lists the equivalent execution lanquage re-

presentation,
Factorial; -1 BEGIN
number, result; . y O

(integer : number, result)

BEGIN ) .
read (number) ;
IF anumber = 0 THEN
result = 1; ‘ :
ELSE fac (number;;result) ;
'ENDIF
write(resulzc) ;-

_JD-AOD-JQAO_OA
t1
=
%21
3

END

STATEMENT DESC TABLE

‘'PROCESS 0
LOGIC 3
ASSIGHN 7
1
5

'PROCESS 1

._fﬁi“‘“~nhiaggg§§§H 1
—

STATEMENTS

READ
(0}
S
{0}
{2}

5
{3}
&

S
PAC
{0}

{1}
s

WRITE
(1}
s

%
- e D e et ek DO e OO D -

DATA DESC TABLE
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LOCAL INTZGER
LOCAL 1INTEGZR
CONST INTEGER
LCONST INTEGER

- )

; In a similar fashion. the trénsformation of proceﬁure
"fac" can 'Ee ohtpinéd. ..IB this case,  the left coluan
répresents the virtudl la:;uage form, while t@e right oae
represents its equivalent execution langquage listing. Note
that procedure "fac" has a parameter section, sSince it ac='

cesses global variables.

PARA

fac({input;;output) ; 1
temp; - ' 0 {0}
{integer : input,output,tenp) 0 M
1 BEGIN N
BEGIN 1 IF
IF input > 1 THEN n {0y -
temp = iaput -~ 1; 0 <2>
fac (temp;:;output); 0 N
ELSE output = 1; - 0 {2}
ENDIF o e 1 ELSE
output = output * input; 0 <1>
END 0 (4}
1 END

STATEMZNT DESC TABLE

LOGIC 0
ASS5IGN &
PROCESS 10
ASSIGN 14
"ASSIGN 18

STATEMENTS

{0}
(3}
>
S
{0}
{3}

(2]

S
FAC

-t ot ek D et OO a2 OO
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L e OO0 a0 0 a0

{2}
{1}
5

{3}
(M

{1}
{0}

v

DATA DESC TABLE

INPUT TINTZEGZR
CUTPUT INTEGER
LOCAL INTEGER
CONST TINTEGER

—_ L b —

. e B

4.4  PROCESSING OF A AN EXECUTION LANGUAGE PROCESS

The representation and characteristics of the execution

language was ‘described in the previous sections. In the
present section, the\processing of an execution language
process is discussed. This analysis is mnade in terms 3f a

simulation program written in Pascal.

One of the mAjor requirements for efficlent execution
lies in the way the variables are accessed in a program or
procedure, The way this is achieved iﬁ this system is firs-<
analysed, followed by the overall processing of an executi;n
languaqe process, Finally, a rough specificatibn of the

hardvware organization of the task manager and task executor

is given.
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4.4.1  Varjable agcessing -

In this section, the manner in which the local and global

variables are accessed during the execution of a program or

procedure, is described.

’

This will be ptesented in three

steps by analysing the accessing of variables, first in tae

main program, next in a procedure called by the main program

and finally in a procedure called by another procedure.

4,4.1.1

In the main program of a preocess,

sidered as local,

the section shown in figure 31

LeoNTROL
STRING

STATE MENT
PESCLRIPTOR
TABLE

STATEMENT
SECTION

PATA
PESCRIPTOR
TABLE

LocAL¥

Variable accessing in the main program,

all variables are ccn-

As outlined earlier, the main program nhas

PoINTER

sl

PATA

SPACE

Figure 31: Main program's sections
“\',

Ye v
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Since the.méin.prbgram does - not aécess'any global varia-
bles, it‘does no£ pessess a parameter section. In this fig~
ure, the data space is separated from the other?sectiOns,
since it is the only time variant secticn of the:execﬁ;ion
lanquage representation. .To access the value of a variable
that is' in the data space, a local pointer points to its
first element, Therefore a descriptﬁr in a statement poiats
t0 an entry in the déta descriptor table which will contain,
among othér things, +the position of the data in ctne data
space as a relative address that is added to the local poin=
ter, In this case the access is direct as shown <o the.fol-

lowing fiqure.

recaL PoinTER
=

T
X X X PATA

‘ . S5FPACE
| 77777 77 7L 7777

a

Figure 3Z: Direct access of variables

Relative addréssing also allows easy relocatioan of the
data space. Constants encouatered in the main program can
be treated in-two fashions: their values can be in the data
space therefore they are treated as local variables, or they

éan be stored directly in the data descriptor table. In
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this system they are placed in the data descriptor table,

since this implies that the .data space of a proqfam or -
procedure is emprty if the program.or procedure is not'eke-
cuting. This greatly simplifies .the management of the data

space.

o

-

Uol,1,2 ,Kariahle accessing in a called procedure

The accessing of variables in a procedure called by the
main brodram is'noh anglysed. An execution languaje prace=
dure call statement 1is located in the stateménﬁ section aof
the calling progranm. “ Informaticn about this statement is

stored in the s:atement‘desc:iptor table.

-

A called procedure has a parameter. section, where each
desériptor, correspends to a descriptor in the procedure

call statement. The descriptors in the procedure call

. statement are referred as the actual-parameters, while those

in the parameter section of the called procedure are cefer-
red as the formal parameters, as shoWwn below. 1In this case,
since the procedure call statement is in the main proagranm,

the actual parameters are all of class LOCAL.

-
.y
1 <nane> 1.PARA
] 0 f{actual parameters} 0 fformal parameters)
1s 1" BEGIN
c;lling ﬁfogram ' _ procedure called
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The execution language representation of the main program

and the called procedure are shown in the followinq_fiqure.

Mm./ PRos kM CALLED  PROCEDURE

CONTROL ‘ PARAMETER
STRING | \ : SECTION
STATE MENT I : cONTROL
DESCRIPTOR Maml LATA
STATE MENT . STATEMENT
' N o fommeg N _ | ____ jfsck:PToR
SECTIO rABLE
. PATAR cALLED ‘ . | - STATEMENT
. DESCRIPTOR . ' '
ROCEPURE,
{ TABLE . . SECTION
DATA
- DESCRIPTOR
_— TABLE
I ,
N Figqure 33: Main program and procedure representation

b

On executing a procedure call statement, the formal and
actual parameters mus? be linked in a straightforward ﬁash-
ion. This is qgéomﬁlished by appending the dJdata space of
the called procedure to the oné of'the main program, and by
modifying the local pointer so that it will point to the 1o-

cal section of the data space used by the procedure.

Local variables in the procedure are accessed as previ-
ously mentioned. A relative address is stored in the data
descriptor table which when added to the local pointer will

give the address of the value of the variable,
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Fér global Variablés, this ‘is . differentAsince.their va-
-lues are not in,tﬂé local section of the data space used by
the procedure, bp; in fhe local Section.of the‘main pCograa.
Therefore, thé‘ fq;louinq acticns must be performed before
.contrel ié ﬁassed to.thg procedure; if the‘class 0oL the fof*
ma;_parameter is INPUT, then the value of the actﬁal'pardme-

.

ter 1s copied at the proper 1location in the local section

used by the called proéedure. "This i§ necessary since the

procedure must not change the value of the actual parameter,

in the méin program. .However, if. the class 6f‘the toZual
paraméter is OUTEUT or INOUT, thé;3ddress of the actual par-
ameter in the data.spdce is placed in the local segtlbn used
by the dalled procedure, at the location indicaced in the

data descriptor table.

Ohce this is performed for all variables, "~ control is
passed to the procedure, INPﬁT variables are.accessed as 1Lt
they were LOCAL varilables, since their values have been co-
pied. Variables of class INQUT and OUTPUT are accessed in-
directly uéing the addresses ﬁfefiously stored; thac is, the
relative address obtained from the data degcripto: zable is
‘added to .the loacal pointer giving <the location of the ad-
dresé of the value of the variable, This is shown graphi-

cally below,
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ZIIITTTTI 77777 ~—

LOCAL PaINTER PATA
: .l x SPAcCE
TII7 77777777

Fiqure 34:  Indirect access of variables

4,4,1.3 Multi-level accessing scheme

The following figure, illustrates the data space after a
few calls Have beern performed. It should be understood that
when a procedure terminateé, the local pointer returns to

the value it possessed before the procedure call.

wad V[ - DATA

PROGRAM  SPACE
Procepure (| T 77
C

LocAL PainTeER

-—
= o e e e - o

PROCEPURE
J

Fiquré 35: Data space

The proper addresses and values that must reside in the

local section of an executing procedure tc properly access
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the glcbal varlablés, are placed there. vhen the procedure is
called. For multiQIével accessing, ‘the actual parame;eré
can be global variables, instead of only LOCAL., Thais 1im-
plies.that' four different types 6f parameter linkages afe

possible, as described below.-

If the class of the actual pa;ameter'is either LOCAL or

INPUT, and the class of the formal parameter is INPUT then

the following action 1is required: the value of the actual

pa;ametér is cdpied at the proper location in the local sec-

tion of the called procedure. The way this is accombllshed'

will be described when the hardware of the system will be

presented.

Similarly, iﬁ the- class of the actual parameter is
0gTPUT, oxr INOUT, ‘and the clas; of the fcrmal parameter is
INPUT, then the address of the actual parameter in the iocal
section of the calling program or procedure, is used to ob-
tain the value of this parameter, whi&h is <then copied in

the lecal section of the called procedure.
- .

If the class of the actual parameter is LOCRL or-INPU¥,
and the class of the formal parameter is OUTPUT or Iﬁdﬁ@,
then the address of the actual parameter in the data space,

is placed in the local section of the called procedure 1t

the location indicated by the descriptor of the formal pac-,

ameter.
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Pinally if the class of the actual parameter is JUIPUT or
INOUT and the class'of'the‘ formal parameters is OUTPURlbr
INOUT, then the logatﬁpn‘in the lscal section of the calliﬁq

IS4

program or procedure pointed to by the descriptor of tae ac-

"tual parameter, contains an address pointing‘to the actugl

value of the variable., This address is simﬁl? copied to the
local section of the qalléd procedure at the appropriate lo-

cation indicated by the descriptor of the formal piraaeter.

Once the parameters are linked, éontrol is passed to the
called procedure. Iﬂ this procedure the parametefs ACLe ac=
cessed as described before, This accessing schene can be
direct or indirect, depending on the class of the formal

parageter.,

This method of accessing the variables requires at most
tvo references to the data space to obtain the value of a

variable, even for recursive algorithms.

;

!

b,4,2 [Process g;ggg;igg

" Having covered the‘mechanisms_of variable accessing, the
details of the processing of an execution language process
can be apnalysed. To see the problems involved, the process

execution was simulated in Pascal.

To execute a program or procedure in the execution- lan=

guage, the location of i1ts various sections dust be known.

EaN
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In the simulation, this is accomplished byladding‘an'infor-”

mation section to every execution language program and

procedure, This section contains-the name of the program or .

procedure, 'plus thLe pointers to some executionr language sec- .

tions, as shown below.

<info section> ::= <name>
<base pointer 1>
. <base pointer 2>
<base pointer 3>
<local end>

:Hhere <name> gives the name of the program, <base pointér 1>
points to the étart of the statement descriptor table, <base
pointer 2> points to the first executable statement in the
statement section, and ébése pointer 3> points to tgg Start
of the data descriptor table. <locé; end>‘ indicﬁﬁes,the
number of data elements contained in{ihe local section of
this program or procedure. This vilué is required to upddte

the local pointer when a procedure is called or tecminated.

Furthermore, vhen executing a program or procedure, a

control string pointer is required to scanm the control

=

string. The relation be§ween these pointers and the execu=-

” .
tion language sections is “shown ip the figure 36, .

i S

4 . . . -~ .
If the execution of a’process is examined, “‘one can speci=-

fy a set of modules such that each module is in chaige of a

porticn of the execution, Roughly speaking, module 9 is 1in
q. ) A



| [ nFermaATIN |’
o SECTION
' PARAMETER
. coniROL | SECTION

" STRING __POINTER, CONTROL.

Bﬂgé PoinTER 1 éTR’NG ‘ .
y STATEMENT [~ o

TABLE
STATE MENT

Cad
BASE POINTER 2

I DESCRIPTOR - - ——— - -

LOLAL
A
PoINTER

BASE PoINTER 3 SECTION
- ‘ . DATA

. DESCRIPTOR
TABLE.

S

“y
2

Fiqure 36: Required pointers

M

4

ment unit.

«4e2.1  Module 0O

charge of reading the information section, while module 1
hn%}Z analyse the ccntrol string and activate either module

rd i .
» the expression executor, or module 4, the process manage-

*This modulegis 'in charge of obtaining the various poin-

ters from the information sectionm. . This nodule must be ac-

tivated before the main program can be executed,

since the

various pointers are required to properly access the execu-

tion lanquage sections.

EY

4.4.2.2 Module 1
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Module 1 is in charge 6f scanning thrduqh the‘control
stiing to.bick up fhé descripﬁors of the executable state-
menﬁs. | The outéut of this module. is thereforé” a queue Of
descripﬁofs that must be executed. This module aust also

perfcrm the various jumps as indicated by the contzol words.

These various control words are identified by the'taq bizc,

which in this case is set to one. As outlined iLn section

4.3.1.6, the actions required are very simple, since they:

mostly consist of either skipping a displacement or adding

it to {or suﬁtractiﬁq it form} the program counter., The ac-

‘£ions are selected with‘respeét to the value of the status

*a

“to the calling program or procedure,

flag, which is modified by specific control words, and by

the result of a iogic check expression.

4.4.2.3 Module 2

This module accéptthhe descriptors from module 1 and
sends information tco the proper nmodule for execution. Tue
information in the statement descriptor table is usad o se-

lect the proper module. The address of the logic caeck ex-

pression or assSignment statement that must be executed is

sent to module 3, which would correspond to a task executor .

i

in the real systen, Procedure calls on the other haad are

sent t¢ module 4, which coordinates the passing of parame-

ters, and saves the required information in order to retura

§

K



4.5.2.4 Module 3

Assignment statements ‘and logic chéck:expressions ﬁhat
were sent here by module 2 are éxecuted hsihq é stack me=
éhanism:since the expressions are Qriﬁfen in a reverse po=-
iish nqtation, and only manipulate simple data types. To

~execute such expressions, this module must access tne state-

ment section to obtain the statement, the- data descriptor

table to -obtain information about the variables and cons-

tants in an expression, and the data space to obtain the ac-

" tual value of the variables and constants.

The rules for evaluating a reverse polish expression can
be summarized as follows:.

1« Scan the expression from left to right

Z. When a descriptor of an operénd is encountered, ob=-
.tain its value by first obtaining its 1location from
the data  descriptof table, and then retrieving it
from the data space; this value is pushed on the op-
erand stack. since'cnly integers are allowed, the
type and structure of a variable is @not consideced.
In a wore advanced systen thej task executor would
have +to be modified +to handle mofe complex laca
structures.

3. When an operator 1is encountered, that is 1f the tag
bit is cne, the operatibn ig performed with respect

o

to the two operahds on top oﬁjthe stack. The two op-

iy

- 127 -



Al

-

erands are then discarded and the result is placed om- *

.

top of the, stack. Some operators might afiect only’
- one-operand, in this case the . top element of the- .

stack is used,

.

Q.Q.Z.S ' HOdllle ‘ h

When a procedure call statement 1s enccuntered; as oth
lined in section u.Q.j, the parameters must be passea bet-
veen the éuo pr0cedure§, before the control is passed to the
called procedure, " This 1is acconplished by appending tne
data space of the called procedure to ;hé one of thé calL;nq
.gfoqram, éhd transferring into it the required values and
-addresses. As stated before, the actual descripticn of the
passing of parameters will be described when the hardware of
Fhe various units Hiil.be analysed. In the simulation, the
constants are kept in the data descriptor table in order to

simplify the management of the data space.

This module also'stcres_the information about the calling

pr&gfip on a stack in order to return to i+ when the called

procedure terminates.

Program returns are also executed by this module waen the

END control word is located by module 1.
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4,4,2.6 Module interaction

.

In the most qeneral'form( the execution of a process ce-
quires complex interaétipns between these modules. A number
of oﬁeratibns,_such as séanninq the control string and acrti-
vating the task executor, can be perfor med concﬁfrencly thus
increasing the pfogessing speed. However, ;his is not appa-
. rent in "the simulation where all operations are perfdrm:d

sequentially.,

4

Usingzthe module interac£10n flowchart of fiqure 37, the
actual execution of a process in the execution laanguage can
be described, The first step is to obtain the information
about the maih‘ program, this is done by module D, Af ter
this is accomplishéd, the control string is scanned by mo-
dule 1 to obtain the first word. If this word is a contool
word then the proper écnicns are initiated By tkis mydule.
However, if this wozd is a descriptor, it is placad in cthe

»

d?scriptor quéue where it will pe %Scéésqd'by module Z. Mo-
dule 2 accesses the de;criptor quiﬁg;sequeptiall§ and acti-
vates the proper module to exeCUt;ﬂlhe paqiicular statement
or procedure call. The actual execution gf an assignment
statement of a logic ctheck expression is done by nodule 3,
_The sequence of operation, ﬁodule 1, module Z, module 3, mo-
‘dule 1, <o is brocken only if the END control word is lo-
éated or if a procedure call is encounte:e&. In tﬁis case,

—
module 4 is actaivated, and the sequence module 1, wmodule Z,

medule 3, ... 15 resumed for the péocedure.
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Figufe 37: Execution module interaction
For END control words, two péssible actions can be re-
quested, since this coatrol word can correspond to the end
of the main program or to the end of a procedure. If the
END control word is of the main program, then the processing
stops. However, .if it corresponds to the end of a proce-
dure, module 4 will use the information that was pushed on

the control stack to return to the calling program or proce-
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~ dure. ‘The information section of the calling- p-oqram or
‘procedure is read to update-éhe various pointersh
If a procedure call is enéoﬁntered,‘ module 4 will store
the information abcut the calling program or brcceddre an
tﬁe stack, plus-the location of the actual paramete:s; anﬁf
then jump to the called procedure. This is accomplished by
reading in the information section of the called procedure,
vhich cqrrésponds t¢c the actions'of nodule Q. Once in the
called procedure, the actual parameters and formal parame-
ters are related, so that the called procedure will access
the proper valueé., Proceséinq continues for this procedure
in the manner described above. |

while executing a process, Wmany errors can easily be de-

R

tected, This is a major advahtdqe and stems from the use aFf

a higher level machine language. For example:

1. Type nismatch are easily detected, since information
about variables isrstored in the data descriptor ta-

o ble.

2. W®While jumping in a'program the control can only be
transferred to  one of the following contzol words:
ELSE, ENDIF, ENDWHILE, WHILE.

3. ‘Logic chéck expressions can only follow HHILE.anﬁ iF

control words.

In developing the simulation programs, these checks vere

included to test for proper operation, Once the programs
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vere provenrcorrect, these checks were dropped for

of simplicity.

Using the example of the,pr&qraﬁ that calculates

torial of

a number

in a, recursive fashiocn,

. the

statements executed as obtained fronm thé‘simulation

belo._\' .

"

INPUT VALUE OF number

5

VALUE OF output

-5
=0 - 2
FAC
.0 3
T0 3
FAC
0 3
0 3
FAC
0 3
0 3

FAC
0o 3
) 3
FAC
0 3
3 1
1 0
1 ¢
1 0
1 0
1 n
QUTPUT
120

v v v o

1

LR B B LAY

*

]

oo

rwn

N7 B N7

-l ad o e U U

y -

u

nnnntnn

the sake

the face-
list of

1s shown

In appendix E, other examples of this simulation are pre-

sented.
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'4,5 . BEARDWARE REQUIREMENTS

In this section, the hardvare organization correSpdndinq

to a minimum complexity system is presented. A ninimum com-

plexity s?stem. that executes a single process, has tnree

elements as shown in figqure 38

MEMORY

Lo

. Fe
MO pULE
/
[ Y
TA SK TA S K
MANAGER EXE CUTOR
Figure 38: Minimal system
in this fiqure, the system manager is not represeﬁted,

since only the execution of a single process is considered.
From the definition of the different modules in the previous
section, it can be seen that the task manager perforans tne-

action of module*8, 1, 2, and 4, while the task execu%or

corresponds to module 3.

With respect to the task mapager, three subunits can be
specified that perform the required actions. These subunits

are: the control string unit, the hqndshake and allocation

”
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.unit, and the process macagement unit, Note that in the
following block diagrams,' the organization is given in terams

of the tables or sections that the_,units access,

The control string unit is. in charge of scanning the cca-
trol strimg, that is, it per'forms the actions required by

module 1., A block diagram of this unit is shown in tae fol-

lowing figure.

1 2
' CanNTROL
Y s aniii 5,’01;‘,-::112 o MULT! PLEXER
CoONTROL ‘”
éEGﬂﬂﬁNT -

\

wwann. ({ e
| - | ospucgpen

{ CONTROL PARAMETERS DESCRIPTOR
L S [FofmaL
[ . ¢ l
¢ | comTROL wORDS NS | 7add mreress .
\;R\ A
T0
PROCESS y
MANAGEMENT s END R L STATEMENT
;NIT' CONTRoL waky CONTRO
STATUS STRING DESCRIPTOR
eLaG ¢ Ui T QUEUE
ConTROLLER
FRoM  HANDOHAKE ' To HANDSHAKE
ANY  BLLOCATION WAIT AND ALLOCATiON UNIT

Figure 39: The comtrol string' unit
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This scanning is péffqrmed by using_ a coutrbl“strinq

Qointér which 1is - manipulated according  to some contral
-

wvords, by a simpie adder/subtractor circuit.- The ocutput of
'this_unif is a queue of statement descriptoré ‘pointing to
the statements' that must be executed,. To coordinate the
flow 6f &escfipforé,” this unit has a status flaq :hat.is'
used to save the status of the executed logic check expres-
sions. As sfated befo;e, this'status‘flag is also maniﬁq-
lated by gomé control words. A small control uni: is re;
quired to decode ths‘control words ;nd initiateuzﬁéxieguired

L

actions, The microprogratr ‘Qg\sucﬁ a uqit would be émalIT\\\'.
sincé the actions requiied bf. tfé control words arce gimple,
and ﬁainly consist _of skipping or adding a displdcemeqt to
the controi gtring poihte;. This unit also aétivates'the

process management unit if an END control word i3 encoun-

tered.

The handshake and allocation unit reads the descriptors
that are in the descriptor queue and activates tae proper
units to execute the corresponding statements. The organi-

Zzation of this unit is shown below,.

~For logic check expressions and ﬁssignmeﬂt snaiements,
the task executor is activated by sending it the address of
the statement to execute. This add;ess is obtained from the
.statement descriptor table by addiqé.the descriptor to poin-

k-l

ter 1, obtaining the entry corresponding to this statement.
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FROM conTAOL

L STRmwE

. STRING AT TO conTROL
) BASE ' . vt
"7 PorvTER 1 ‘
STATE MENT IL ’ } L
DESCRIPTOR N\ _
TABLE 1+
7T 77777777771

i STATUS

WY AKE
[cLass] LocaTion | : HANDSH
— /L’ ASSIGNMENT AND
STATEMEN
¢ o ALLOCATION
3 LoGIc CHEER uaiT
c EXFPRESSION
T ADPRESS CONTROLLER
) R
TO
- : PROCE DURE
PROCE 55 CALL  ADDRESS
MANAGEMENT ADDRESS  STATUS FROM
uNiIT . : TO TASK ExgcuToR
.TA3K ExECuToR
Figure 49: Handshake and allocation unit
—

\\

The handsh% nd allocation unit, will also activate the
process management unit if a procedure call is encountered.
This is done by sending to the process management unit, the

address of the procedure callitatement that must be execut-
ed.

The process management unit performs the actions required
by module & and 4, It is activated at the‘start of a pro-
cess and when a procedure call siaEement 1s encountered by
the handshake amd allocation unit, or when an END control
word 1s encountered by the éontrol string unit. = "The block
diagram of this unit is given below.
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Figure 41:
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At the start of a process, the ipfotgation section of  the

main proqram is read i

a '
3

n, 1n order to,initialize'the-va:ious

%

pointers, If a procedure call statement is encohntered} the

centrol string pointer and the name 0f the calling program ‘

or procedure will be saved on the control stack. This stack

is also used to pass the parameters to the called procedure.

7his is accomplished in the following manner:

1. First the addresses of the values of the actual par-

'placed in the,procedure call statement, follouing the

ameters in the data space are placed on the control

-stack; For LOCAL andrINPUT.variables, the celative

_address obtained from the data descriptor table is

added to the local bointer and this value i1is pushed

on the control stack. However, for INOUT and OUPUT

vatiabies, the relative address is added to the local
pointer, and this computed address is used to obtain
a value from the data space. This value 13 then

pushed on the control stack.

‘Once this is accemplished for all actual parameters,

- the information section of the called .procedure is

read to update the various pointers. The location of

the information section of a called procedure can be -

. obtained by looking for the name of the procedure in

a table, Epuever 'in the simulations, .since the

procedure_c%ﬁled were all-on a sequentiai file, the-

. 1 -
location of"the procedure information section was

Al

name of the proceaure.

‘= 138 =~
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4 .

3. . Finally; “the addresses of the actual parameters oa

‘o the "stack are pseé,to £ill the loc@i‘ section of the

-data Space used by'thg- called procedure, . with the

proper.valﬁes and addfesses., This isrdoné by reading

-

“in fhe pa;;meter' section of the called 'p:ocedure.
For formal parameters bf:class INPUT, the address on
the'stéck is used to .access the value‘of the variable
wvhich is then copied in the lo?al section of -the
called procéduré. For formal paraméﬁers of class
INOUT or OQUTPUT, the'address.on ﬁhé stack is directly

v _ placed in the iogal_sec£ion 6f.the called_p:pcgdure,
at fhe proper locatiqn.

-

Hhep an END control word is encountered, the information

on-the'cqnt:bl stack is used to returnm to the calling pro-

gram or .procedure. That is, the information of the calling

program or procedure will be read in, in order to initialize-

the pointers, then the control string unit will be activated

&
to continue processing where it left off,

The process management unit, when modifying the various -

pointers, nust inform all other units. This iqcl@des the

task executor, since it uses pointer Z to access the state-

nent section, pointer 3 to access the data descriptor table,

and.the global and local pointers to access the'datézgpace.

The task executor is responsible for executing logic
check expressions and assignment statements, Its corres-
ponding block diagram is given im the following fiqure.
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The task 'eiecuto; uses a stack mechanism since the‘GXf
pressioﬁs are yritten-1n a reverse bolish ﬁotatioh,-and QP;Y
simﬁie'typeS'a;e alldued. As mentioned before, the task ex-
ecutor will be.aé;ivated when it receives the address otf an
aSsignmént sthteﬁent or a ;ogic ‘qheck-expreséibn from thé'
, tésklmahager. This address is a relaiive addres ;-QﬁichAis
combined with the bése pointer 2 to obtaiq‘the actual ad-
dress of the statement, This statement is then executed b?’;
pushing the proper values onto the operand‘stack and exeéut-
iﬁg the gpefations witﬂ respect to the top of the stack.
The operands are either obtained directly or indirecctly from
éhe déta‘space by examining the class of the variables. Lo~
gic cﬁeck exé;éssidns will return a TRUE or FALSE condition
to the task manager, which is .used to update the status.
fi&g. The expression is completely prpcessed Hhen'operator
'st is encountered. |

»

4.6 = CONCLUSION

In this chapter, the direct execution -of a modified
high-level language called the execution langﬁége- was pre-
sgnted. " The modification introduced providedéa functional
seéaration of the control aspéCts and prgcessing aspects of
any high-level language,. This separation reéuCes the amount
of information transfer required and greatly simplifies the

implementation of the overall system.
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‘ The actual implementation of the |units, _as indzcated by
the simulation, can be done in a seqmeqt;& vay which permits
each-unit.to be.designed and uﬁyraded Separately. Thig also
allows for high reliability cf the syste;.

" The éxeéution lanquage uas.Chdsen sS¢ ;hat.it can be re-
ptéséntative of:present déj hiqh—level\ianguades in terms of
its svntactiédl'aﬂd'semantlc‘prdpertiesn The system facili-
tates the editing a;d debugging of high-level lanqudqe‘pro-
qrams, sSince err&rs can be -edsily ideutified during execu-

£ tion, ‘ ' )

-

Py
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ing functicns invelved in the translation from the virtual

Chapter v

PREPROCESSING .

-

The purpose of this chapter is to define the preprocess-

)

lanqugqé to the execution language. ‘This preprocessing

function

(fiqg,

was briefly introduced in the previous chaprer

z28). As indicated in chapter four, an execution lan-

quage program or procedure ‘has three segments: a control

Segment, a statemnent segment and a data segment.

In addition, one needs to include an information'section,

to facilitate the processing of an execution language pro-

gram or procedure. %ies information section is accessed be-

‘fore a program or procedure is executed, and contalns the

necessary pointers for proper execution. Iin nmore detail,

the execution language can .be separated in the following

-

seven sections.

Control string

Statement section ~

Information section

Parameter section

Statenent descri%tor table

-
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6= Data descriptor table

7- Dhtg space

TheAQeneration of £hese sectidns is described in.de:ail
in this éhapter.‘ 'Houever,_beforé analysihg‘the preproce ss=-
ing function, the conventigagl translation from a high-level -
lanquage source pbbqram'to a von Neumann based machine lan-
quage will be_deséribed. _ -8

\ {
5.2  CQNVENTIONAL TRANSLATION

In most present day von Neumann computer, before execu-
'tion, a high-level language source progr;; has to be com-
giled using a Isof;ware compiler. This compilation can be
subdivided as shown in figure 43 to simplify its complete

ﬂuhderstandinq,(ﬂﬁo 79) . Each of thése steps is now briefly

described.

Tﬁé lexical analyser scans the cﬁaracters of the source
prograh one at a time€ and assembles them into meaningfull
tokens. The tokens can be identifiers, operators, reéerved
words, or delimiters, The output of the lexical analyser is
passed to the syntakx analyser, which groups these tokens
into syntatic structures, These two steps cén be doﬁe se-
quentially {in two pésseS), wvhere the lexical analyser plac-
es its output on an intermediate file, which in turn is ac-
cessed by the - syntax analee;.‘ However, as done 1L MmO3:

’

nodecn compilers, these two steps are grouped together on
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i
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Fiqure 43: Compilation steps

the same pass, with the lexical aﬁalyser being activated by

INTERMED/IATE
cope
GENE RATOR,

!

OPTI M I ZATION
PHASE

!

cOoODE
GENE RATION

PHASE

PROGRAM

éRRb&“

HANDLING
unNIT

PROGRAM

i

the syntax analyser., The lexical analyser therefore actg_a§

a subroutine to the syntax analyser.

Code generation is usually performed in two steps to sim-

plify translation,
transforms the syntatic
guage representation of
ate language constructs

the high=level language

The intermediate

structure

the source program.

used,

depgnd on the’

code generation step,
into an intermediate laa-

"The intermedi-

properties of

and on the underlying machine, Host
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¥ ’
intermédiate'languaqes are based cn a polish string repre-
sentation since this can be easily obtained from tne syntac=-
tic structure, The -‘syntactic structure is itself a parse

tree, representing the 1link between the various tokens.

-
b

Since most present day computers do not diredtly process,pﬁ-

lish strings, an additicnal translation step is needed.

The opfimization phase, as available on most coapilers,
transforms the outéut of tﬁe intermediate-codq qeneratﬁr
into an intermédlate lanquage version from which a faster or
smaller obiject lanquagé program can be derived. This optim-
i;aticn‘must téké into account the peculiarities of the giv-

en machine, both with respect to the hardware {rejisters,

flags, etc.) and the instruction set,

The final phase is the code generation phase, whica con=-
.verts the intermediate code into a sequence of machine in-

structions.

As indicated in figure 43, two other units are usually
present in a compiler. An error hanpdling unit is required
to detect flaws in the‘sou:ce “proqram, and a table manage-
ment unit is used to kéep track of the indentifig:s used 1in
the progran, . N -

Code optimizatigg/and code generation‘are the most Jdiffi-
cult steps to implement if one wishes to produce truly effi-

cient object progranms. For example code generation is not
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§traiqhtforward,. since this unit.'mﬁst keep track of the
run-time contents of ihe registers injor&er to qénérate load
and store machine.iéstructions only when necessary. These
tHO‘StepS can be removed bf directly ihtefﬁreﬁinq the in=-
térmediatélahguagef' However, . in this case the steps of
éode optimizatioh aﬁd gener;tion are‘performed by tae incer-

preter, which contributes to its conplexity.

5.3  PREPROCESSING SIERS

Iq this section, translaticn between the virtual lanqdaqe
and:£he execution’ language 1s investigateﬁ. ‘Thus the in-
térﬁédiate language 'borresponds to the executicn language
wh;ch is directly executed, therefore the stéps of optimiza-
tion and generaticn are eliminated. Tﬂe translazioh Te=
ﬁui;ed has thus the elements shown in figure 4u4 , Roughly
.speaking, the lexical and syntactical analysis phaSes are
the same-as on present- day computers, but the intermediate
code generation phase is simpler because of the functionmal

separation of the data, statement and control. .
| \ Vs
The actual steps required by the preprocessing function
were sinmulated using the language Pascal. This was done,
not only to indicate the feasibility, but also to saow that

the translation 1s a very simple process.

The lexical analysis stage scans the source program char-

acter by character and assembles the tokens. In order to
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Figqure 44: Preprocessing'function

. L

simplify the lexical analysis stage, the virtual language

" was defined so ‘that each token is Separated from the others

" by delimiters. Having to put delimiters makes prcgraaming a

bith;umbersome, bqt it greatly simplifies the lexical analy-
sis phase. &n alternate method requires that transition di-
aqgrams be built to consider all possible oécurgnces of caar-
acter strings‘in the language, In the virtualiianquage the

following delimiters are available.

<delimiter> i}:='; i« t D} (1)

o«

An exact syntactical definition of the virtual language
is given 1in appendix'A; using Backus Nau:._Form notation.
This definition takes into account the separabilicy of-all

o

the tokens.
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The declare segment,  1n order to separate all entities
has the following- syntax: a semicolon is added after the

qlobal and local variables to separate these two sections.

<naﬁq>(<gloﬁal variables>) ;
“<local variable > _ ¥

<type declaration>

-

Assignment statements and procedure calls. are also delim-

ited by a semicolon to ensure their proper processing.

L]

<assigment statement>;:-

{procedure call>;

The preprocessing function is divided- in;o two steps.
The first one will manipulate théideblare segment, while the
second will manipuiaté the compute segment. . Each of ﬁhesg
steps‘is in chafqe of generating the various sections >f the

execution language program.

5.3.1 Step 1: Qgg_ggg seqment preprocessing

The declare segment preprocessing imvolves the following
four §teps: .

1. The name of the virpual lanquage program or procedure

is located and saved. This name is added to the in-

formation section of the execution language represen-

tation,
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.The names af'the qlobal'vatiables--tﬁAt follow the

B 2]
-

program's ndme are pléqed‘in the -symbol table alonq”
(ith their glass sﬁeqifications, éuch as-KINPUI;-
. §UTPUT. or INOUT. The symbol tablé holds all infor-|
‘ mation ébouﬁ the va;iables and, inla sense, cqﬁ:es-
ponds to the.déta descriptor table.i' At _the same:
time, a ﬁaraﬁetér section that holds the desdripnbrs
of the global variables is generated. ’
3. The local-variableé'uhich follow the global variables
are placed ?n the symboin table with their class spe-
'éification as LGCAL. | | |
4, Next, the type declarations are scanned, ¥ and the
proper-tybe is assigned to each.variaﬁle in the sym-
bol table, Since all of tﬁe information about che
variables ig available, ihe addresses of thé"Varia-
bles in the locgl séction of the data space are cal-
culated'at this peint. These addresses are calculat=
ed with respect to the type and class of the
.variables, that is, a variable in_the s{;bol é;ble
will be assigned an address that depends’ upon the
space required to stare the previcus variable. For
integers, the space requirea correspoﬁds tc cne .word,

however for reals two words miqht\be ;éksffary.

Using the information that was present in the declare
segment, step 1 generated the data descriptor table. Dec~

laring the variables before using them, reduces the number

-~
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of passes required for p&éprocessing; sincg'thé symbol table

is filled before the‘dbmpﬁte'seqment is proéessed. .

-

5.3.2 Step 2: Compute seqment preprocessing -

-

‘The. compute segment preprocessing locates the various

~

Statements in - order to generate the cocntrol string, ~he’
statement descriptor table, ‘and the statement section. The
data descriptor table is alsoc manipulated to include the

characteristics and values of constants.,

As described in chapter. three, threg:gifferent Types gf

sStatements éan be encbuntered, they are: assignmeﬁt state-.
_ _ _ _ P \

ments, control statements, and procedure calls statements.

ThQSe Statements mdst be éffeczively recognized in order to

build tﬁe control sﬁrinq. Oncé thé beginning of a statement
is located, its typevmuét be identified. The first.:okén of
an aS§iqnme§t stafegent will correspond to th:\sjmbolic name
of a variable that can be "found in the éymbol~table, while
the firét téken of a con£r01 siatementdwill correspond to a
contfol word. Procedure calls on the other hand are all-;he
statements Where the first t°k9%§:§8éé not corréspond to tae
identifier' of a variable or to a control word. TIt.saould be
noteﬁ“%hatwa_ variable name or a control word should not be
used as a procedure name since the procedure call statemeht

will then be misinterpreted., However, by modifying the pre-

processing functiom, this could be avoided.  The following
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',the three types‘ef-statements.: ‘/ ' // /
1.

2.

For control statements. different actions are initi-

=

For an a551gnment suatement a descrlptor reéreeentlnq

A

this statement is placed 1n the control strlnq. . As
descrlbed betore, the tag bit assoc1ated /Hlth this =
descrlptor is set tO Zero. Thls statement 1s tnen

transformed into a reverse polish notation and plaCed

S

in-the statement section. The infix to suffmx ‘trans-
N ] o
formation is described later on. /- .

;/1

ated depending upon the control word.xffmen-a-control'
word ié located‘ it is placed in the coﬁtrol etrmné
with its associated tag bit set to onem‘%-gor IF and
HHILE“central words, the logic expréési&m that fol-
lows 1s. transformed into a reveree -poiieh notation
and placed ino the statement aectioﬂ. A descripto: is
tHen‘placed in the comtrol string represéntimg thie
expression. The THEﬁ”and Do control,uords'are asad
to limit a logic ,check expression as shown Dbelow.

These two control words are not included in the con-

trol string.

IF <logic check> THEN

WHILE <logic check> DO

The ELSE, ENDIF and ENDWHILE éontrol vords indi~ -

cate the end of a particular virtual language seg-
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h.‘~-:':t-='v.' . R

ment, ,£herefore vhen encountered, the requireéd jump
_addressés-ﬁust be.blaced at the appropriate locaction

.in the control string. . These addresses are calculat=

“

ed by‘us;ng alétdck._ This -stack‘is-loadgd with the
control string pointer when the IF, ELSf .db.HHILE-
control word is ‘eqcountered. The contrdl stfinq
pbin%gr p?ints tolthe'lpresént control strinqrelemeﬁt
béinq accessed, #Thié counter is used to simulate the
operation of a hafdva;e.iﬁ;¥ruction qouﬂtei as thguqb
the proqr&ﬁ vas executed, Therefore yhen theicon:roz
words ELSE, ENDIF or ;E‘:‘NDTHHI"LE are eﬁcountex;edd,_ the

top of the stack is §ﬁbpfacged from the present value

-

of the control striag pointer, and this value which
corresponds to the requifed displacement, 1is placad -

. at the proper:position in the control sString.

3. For procedure call statements, a descriptor is placed

in the. control string repréesenting this statement,

_ then it is placed in the statement section in the ap-

propriate format, - In this simulation only calls by‘

- .

name are allowed.

At the same-time, the statement dgscriﬁtor‘table ils éen;
erated, .which coniainsnthe statemeﬁt's‘clasé and address Iﬁ
thé statement sectioﬁ; This address is a relative a&Qfe;s,
which must be combined with the base ﬁpintef 2 to obtain tpe

location of the siatement.
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The transformation from infix to suffix notation is per-

w

fo:med.in the stahda:d‘form,‘by scanding“tﬂe expression from

-

L tors.,

L

left tb*riqht; "~ and using a stack to manipulate the opera-

The'folid#ing Stepé aré':equited for the tradslation.

-1+ If an identifier of a variable .is encbuntereg; its

[ 9
-

3!'

déscriptof-is placed in -the statement section, Hlth
. . :"’II .
the tag bit equal to zero. ' Note. that the address of

the first element of a statement in the statemént

section is included in’ the ‘statement descriptor ta-

ble. ’

Similarly if a constant is found, an entry is created

in 'the'dataf desgTiptor table to store information

about it. 4 descriptor for this constant :E%nﬁﬁe"
piaced. ¥n the statement section.  The value of.the

. ¥ , : )
constant, for the simulatien, is placed in the data
descriptor table, however, . in a}mpre sophisticatad

systeng, 4t wvould be placed in the data space of this
. i "o '
progafm or procedure. ?o‘simplgfy preprocessing, the

h)

' conStanté'éould be declared.in-the. declaration seg-

ment, The expressions in " this case would cpntain

symbolic names representing the constants.

When an operator is encountered, the top of the oper-

ator stack is examined in order to select the proper
action, Left and right parantheses are used to re-
move ambiguities’in the order of evaluation. If two

’

operatérs have the sape precedence, the expression is
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~evaluated from left to right. (The precedence of the

_opé;atops is'given in appendix C, usnder the descrip=

- tion-of FUNCTION LEVEL).

=,

a) If the Stack is empty, ' the operacor is placed on

top of the stack.

. b) If the operator is a left.parantheées."(", it is .

PR

b

placed on top of the stack regardless of tue con-

tent of the stack.

ﬁ) If the operator has a

S

lower precedence than the

one on top of the stack, then the operator con top’

of the stack 1s placed in the statement section,

-

'uith its tag bit equal to one, ihis continues un-.

til the stack

top of the stack has

—

\ .

is empty or until the operatzor on

a lower precedence.  Then if

the operator is not a right parantheses m)", it 'is

popped. In cther words, a right paranthesis will

cancel a left paTanthesis

+

pushed on.

W,

pushed on the stack,

1f it is, then the stack is

that was previously

Processing >f the string continues wuntil the token indi-

cating the end of the expression is encountered. For as-

signment statements this

expressions it is either

Figure 45 illustrates

perform the translation.

token is " n,

THEN or DO,

the movement

PN

/'J

. =)
while for logic~ ch#ck

of tokens requiréd to



B

staTemenNT | - [ yNEx |
- SECTION . [T NOTATIoN

Figure 45: Infix to polish_ttansfo:mation'
~ Preprocessing 'stops when the END cdntrol.worq 15 encoun=
tered. At this point the information section requlfed to

propercly execute the program is built.. The_poiﬂ%ers in this

 section are defined when the execution lanquage representa-~

tion is placed on the output file. One should note that in
the preprocessing simulation, only sinmple error detection

was incorpcrateds

Pelt ONCLUSION

Due to/ﬂﬁé E;ose relation bét{éen the properties of the
virtual lanquage and the execution language, the prep:ocesé-
ing function has bzen shown to be relatively.simple. This
simplicity nakes i1t'attractive to impiement this preprocess-

ing in hardware. This unit could have an organization simi-

-lar to the one used in the Symbol computer (LALI 73),--since

their operations are similar. . The definition of such a
hardware preprocessor was not attempted here, because in
. : - 156 =
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ogdér io'specify'a meaningful harduare_systemﬁ the followiag

issues must be-coansidered.

- -

= 10

2,

6.

‘operating environments.

‘error diagnastics and error recovery.

amount of storage available. - e

use of a virtual lanquage with more complex Jata and

control structures,

structure of the symbol table,

etc. >,

-

3

In addition, a preprdcessor cogld also consider the de-

tection of concurrencies, however this was not attempted

here,

X,

One could deduce from a superficial examination t

hat

this would.be simple because of the separation of the data,

the statements, and the control during preprocessing.,
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. D -
o Chapter VI

CONCLUSION, ENHANCEMENT AND FUTURE RESEARCH

6.1 ° CONCLUSION

Whenever one considers the possible implementation  of a
complex engineering product, a number of preiiminary studies
‘must be performed. These studies. can be roughly subdivided

3
_into three classes : &

System Design <—————> Market Sudwey
N Z

Qtittgjnanaqemqntﬁ?ﬁfﬁ%

.. {

Planning

where market survey includes the survey.réiating t0 demand
and produc£ acceptance, while management planning includes,
- .
planning of production, planning of distribution, planniny
of consumption, nnd planning of retirement; Einally the

system design consists of a feasibiiity stndy; a preliminarcy

design, and a detailed design.

In this thesis, the feasibiiity study for a distribnted
high-level langquage.systen was demonstrated. 'Becégse of tane
positive result obtainéd, a preliminary design could now Dbe
"undertaken, This would nequire goinq. ;5 depth in the ove-

-

rall system operation,
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The feésibility study was baéed bﬁ .a top down desiqg ap=

proach, by pe:gormlng the following flve steps.

1. Specificat gg of _gg design gobjectives. Thé de#iqn_
objectlves, descrlbed at the beginning of cnapter 3,
were derfined by examlnlng the techniques devised to
solve the four main problems associated witna the von
Neumann éoﬁputer, ag surveyed in éhapter two. This
analysis lead to the choice of a distributed systenm
that supporté directly the codgtructs of present day
hiqh-levél languages.

Ze ﬁgg;;gggggg spegc lr;catlogs. This step involved the
speéificatlan of a virtual lahquage (section 3,3}, as
a ﬁypical high~level lanquage. The virtual langquage

‘chosen is relaﬁed, in term$ of its data, controliand
'bperation entities, to present day procedure oriented
languages. .

3. Specificatisn of system organizaticn.  From the de-
fined virtual language, the specification of a task
and proceésrwas defined, A process corresﬁonds o i
proqram,‘ while <a task corresponds to ;n executable
statement in this program. These tasks and processes
can be supported in a concurrent fashion by the two
level task driven systemn devéloped,_ in order to ac-.
hieve high performance. The three main units of tais
systenm are: the system manager, reSpohsible for man-

aging the resources and the flow of processes in the

¥ - 159 -
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- ™™ systen, the task manager, which performs a task simi-
lar to theé system manager but at the"task_level,"anq

the task executor, which executes the required tasks.

‘ v

implies that

This systen is 'inherently. ﬁodular,‘ Hhich_
many units can be easily  added to increase its performance.
For example sSpecial éask executors can be added' to handle
compigx functions. This modulariﬁy aiso enhances the systen
.reliablliﬁy, since the simplicity of the module ;akes i;
easy to detéct.éﬁd isolété faults. A fail—soft mode of dé;
‘eration is also possible, since, many task managers aand task
executors are available. Hoﬁéver, the system manager must
have some foro oﬁ fault tolerance . since it is not duplicat-
ed. The opera£ions of thg systenm manaqér‘could be performed
.by cne of the task managers, 1in order to increase the reli-

--ability of the system. U

4, -gpecificarion of the executicn langquage. The next

step, 'wgé‘to exanine the actual execution of a pfo-

e
-+

cess on this systenm. It 'was shown that an increase.

P

in.executién speed could be achieved by modifying tﬁe
v langﬁége.' The exetutiAn language was therefore dé-
veloped from thé virtual lanquage by performing some
relatively simple preprocessing. This preprocessing

1 : .

is very éimple due to the small broperty gap betwaen

s these two languages. ;
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Siﬁce\ihe execution laﬁéuaqe is’ &ifectly‘re}qted to ﬁre-
sent da} high=-level languages; 'many -errors can be detecneﬁi
by th% " hardware during processinq. This produées 4 USser
orien?éd SYSteﬁ, asian error éan eésily be aésoc13ned with
the prcper high-=level language source statement. Further=-
ﬁore. this executicn lanquagg does not restrict the nusber
of_high—léfel lanquages supported on the system,. nce ;t
can be easily obtained fréd manY hiqh4levél languéges. -

5, _§£§g;£;gg3;gg of unit design. The task'mauaqef and

‘.e¥écutor units were then designed'to'suéport.directly‘
;he eiecution language. Examining the processing >f
an execution lanquage process, the varioﬁs functioans
af the units'ueré specified énd their basic organiza=-

tion was defined.

To indicate that the overall- - system performs as de-
ﬁcribed, three simulation examples are giﬁen in abpendix 3.
The first examﬁle computes the correct moves to solve the
tower of Hanoilgame. This program was used because of its
recursive algorithm in order to test the accessing of varia-
bles in the procedures.  The second éxample,_calculates the
determinan; of a matrix, and indicateq the cérreCtuess of
the reverse polish transformation alqdﬁithm and of the exe-

cution of such a transformed expression.

In the previous two examples, only simple types were al-

e

lowed, The third example considers a sorting 'program, in



s

i3

which sorting is performed on a vector. - The required chang-
es to the two simulation programs to - support vectors, .are
exﬁlained along with this exanmple. In each of these, the

virtual language and the execution language representations

are given. This is followed by the output obtained from the

. processing of the execution lanquage'représentation.

The.desiqn‘éost for large distributed systems can be pro-

'

hibitive, since they require a separate design for each pro~

cessor. Present desiqgners want tc minimize this cost. How-
. . . o

ever for this degign the units are simple and the 30f{twvace

design cost is reduced due to the specialization 2f tne

t : _ :
For such a system to be cost effective it must be builcz
from VLSI elements, Using standard VLSI components such as

microprocqssdr to build a complex distributed system results

in a system with little practical value since these nicro-

proéessors'have the same probiens'that are associated with
the von Neumahn computer (RLUG 79);é One should design new
architectures that are_based on sSpecial purpose VL3I ele-
ments, gince these eléments are desigpned with respec£ ﬁo the
complgte system. For example xQTree (PATT 79 is a multi-
processor system based on spegial . VL5Y processors called X~
Node, In this distributed high-level language systei; the

simplicity of the eleménts_makes them ideal for implemeanta-

tion using LSI components.,



-

scriptors, The time needed to fetch the information pointed

A'disadvantage of our p:obosed‘sysiem} is‘the_use of de-

L)

to by them can beflarge. A possible solution to this 15 to

keep the descriptor tables in high speed storage, However

the use of descriptors "offers many advantages, such-as an

)

easy representation of the type and structure of a variable.

;\. . . '
This has not been examined.as such in this thesis, nowever
some research has been done in  this area, for example in

TANE 76, . the representation of arrays using descrip:zors is

analysed.

6.2  IMMEDIATE ENHANCEMENTS

In this section, some enhancements directly related :to
the system described in chapt three and four are present=-
ed, This system was kept simplé by limiting the complexity

of the data and control Structﬁres of ;he virtual langjuage.

With respect to control structures, only the basic con-

structs- of structured programping were supported. Support-

ing more complex control structures requires that the task

managers be ¢modified to recognize these structures. More
complex structures can also be transfo:ﬁe& into the basic
three control structurés during preprocessing. ﬂFor examnple
BEPEAT/UNT&L and” FOR statements can be. eagily transcformed
into WHILE statements, while a GASE statemeﬁt can be trans;

fo:med:into a sequence Jf IFs;, however the direct support of
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these constrhcns.would-greétlx'enhance-the system, and sim=’

plify preprocessing.

Concerning the data siructures. supported, only. simple
types were allowed. This greatly restricpg Fhe :anqe‘df ap-.
plicaticns of_the system..as Was obsefved when defining s§me
meaningful examples to test the simulation programs. There=
fore the possibility of addiné vectors to the system was in-
vestigated, & structure declaration for a vector can aave

the following syntax.
(VECTOR ((index)) OF <data type> : <vdriable>)

where <index> is a constant that specifies the size of the

vector, ' and <data type> specifies +the type of the elements

7 .

For a first approximation, vectors can b¢ treated as fol-

of this vector.

lows, During preprocessing, - when a véctor declaration
statement is encountered, a type of VECTINT will be added to
all of the correspcrding variables in the data descriptor
table. This specifies that the variable is a vector of cype
integer. The sizé of this vector will determine'the amount

of place reserved for it in the data space.

A vector in a statement or expression has the following

format.

<name> {<index variable>)
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where <name> is ihe na;e of the vector; anﬁ <index v#:iable)
is a variable that is used to access the proper element of“
this vector.,  When a vectof is encountered in a statement,’
iﬁnis feplaced‘by ité_desﬁriptqr, and placed at-the proper
location in the statement‘section.l The index variable is
'also-replaced'by its.corresponding descripfor; and placed in

the statement section follovwing the descriptor cf the véc-

,tor,

During the processing of an Zzécution
»if a descriptor of a vector is Jcountesl
following it, inr the statemeq&lwﬁection, is used to. access

laghuaqe program,

+ the descbiptof
the proper element. This is accomplished by taking the va-
lue oif the in@ex variable énd adding it to the aﬁdfess qf
the firét.eleméﬁt.of-the vector: The addfess.of the first
element of the ve&tor.is given in the data descriptor pable.
The two simulation prograns were ﬁo@ified to 1incorporate
fhese changes., Since. these cﬁanqes yére not compleﬁely'
tested they are covered :din-~appendix E, where a program that

manipulates vectors is analysed.

Supporting more complex data structures requires that the
complexity of the task executor be increased‘iﬁ order to ma-
- nipulate them efficiently. in tﬁis case the task executor
‘copld support concurrent execution at the pPrecessar level,
to efficieptly manipulate the structures. ﬁurthermére,
these structures must be represented in a proper format in

T
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the data descriptor tabie and statement section. duch more

‘.reSeach is needed in this “field to determide the usefulness

of the systeun,

-l

With respect to.the various sections of the execution

lanquage, .additional fields can be added to increase the,

perfb;manég of the systenm, For. examplé, the statement de-
scriptor table in its presenﬁ-_form, does not contain any
pertinent information. The ;verhead of étérth and retriev~
ing statement descriﬁtor is notljustified; since thé infor-
mation contained in the table is small. However,-ﬁdd;tional

fields can be added to enhance the capability. of the systen,

such as fields specifying uhich' task executor is required

for the efficient execution of a task. Furthermore, details
of statement concurrency can be added to this table during
preprocessing, Executing statements concurreatly requires

-

that the data dependencies between the statemeﬂ%s be small.

Concurrent execution of program segments, as descgihed
égrlier, can be supported if such instfuc?ions as PFORK and
JOIN are available, One reqﬁifes a proqgéﬁ madagg; which
:will coordinate the execution of the varioﬁs-segmenis. How=
ever, since the operations of the system manager and programn
mahager are similac, the~§ystem manager could perform‘ai-
recily_theée operations; this would imély tﬁaf more than oﬁe

task manager would be assigned to a process. , This is prac-

tical only if the inclusion ,of these instructions .is per=
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6.3 EUTURE BESEARCH

"before the sy5tem becomes totally operational, the followiag

- task menaqers and executoes must be analysed. © This would

in the memory modules, and the allocaticn oE the tdsk manag=

'ers and task executors on demand. s described in FATH 313,

“formed by the preproeeSSof,; Tqﬂfmuch expef;ise'is_;equired

when the user nmust Include these 1nstructlons himself.

(Thls however &epend on the appllcations).

~

.
i

i - -

The most fundamental research requlxed at this tlme,\ in=

-

volves thef 1nclu51on of th@ varlouS/ enhancements dLbCElbud

in section 6.2, ° The eEf1c1ent- 1nc1usmcn of these enhance-

-

ments will deternine tme uSefulness of the system. éﬁweVe:i

s . .

research topics must also be investigateda

- -

The_overallgconﬁrol and opefation of a ‘system Hlth many

P

* K

require the spec1ﬂ1cat10n of the operatlon of the syatem

manager. These operatlons lnclude the loadlng of processes’

-

-

‘r- -

'the control +0f a tdsk driven _system can be performed in a

* ) ’ . . - .
table drlven ‘manner. These ideas must be adapted to the

system descrlbed in thls the51s, Hhich is a. two level ‘task

5 -

ﬁrlven system. It is lnterestlnq to note that the éxecuthn

. of a process apd the control of the systen ‘can, both be ‘per=-

formed using a table driven approach. T
7] . B __'\l‘ g . L |
‘The gemory management functicn of this systenm must also

3

be analysed. iThisfHould probably require the specxfication

L -
f



of a_  hardware unit-to aid in the retrieval and storage of

\-.

L fi ' o.. - .
formed by the hardware. Rellaﬁri{i:,can also be iamprovél by

!
ﬁhg data. This memory manaqement is requlred at tuo levels.

h

the secondary memory level, and the malnfmemory level, At

’

_the secondary memory level the functipns to ﬁroperly access

and store complex data 'organizations must be’ Spelel'd. At

the main memory level the same functions must be specifield,

however more complex structure manipulations must also be

available, - Usually it is difficult to specify which func-
tions must be performed on the secondary memory, aand which

function on the main memory.

Once the foregoing research subjeé;s have bdpn investi~

gated, one -should consider the reliability aspects..of the

system,’ It was shown that the systen codld'produce a fail-

soft mode of operation since the tasks of a failed unit can

-be taken over by other units. This implies that the func-

® eI -

. . S, N N . . L
ticns’'of detection, dlagn351s,.-and-cor:ectloanuSt be per-

l

. 1

ahdinq enough intelligence +to every unit to incorpori;e

S o
forced=no~response capability into the systen.
i A

A$ was meptioned in the conclusion, this distribuced sys-

ten, becqpée of the simplicity of its elements, is ideal for

VLSI imp emeﬁtation. Eurt@ermore, thesefeleménts were all’

shown to be based upon™ " various table manipulations, the;é*

1 . s

fore one could de51gn a qeneral table mgnlpuLator Chlpatnat

R

could bé wused as a building block for all™whe units of the

L]
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system, - This buildina'byﬁbk would also be used in thé_ccn- .

trol’ of the overall systenm. -
“.
[ 4
&
. A .
1
v’
. : g
, '
. »
.
B - ®»
- e
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Appendix A

VIRTUAL LANGUAGE SYNTAX

The virtual lanqguage which is used to develop the overall

éof the distributed system, wdas biiefly intco-

a
. | L . T
duced in chapter 3, by defining its control, operator and

organizatjon

data entities, In this appendix its complete syntax:will be
described using Backus normal form notation, This indepch
description is required to' define the preprocessiny func~

tion,
Program parts

A program has two parts:
1. A declaration part where .one specifies“all;variables
ahd their characteristics.

.2« A.computational part Hhége'one_specifies the computa-

ticnal sequences.

- {program> ::=- <declare seqgment>
BEGIN
!
5 - 5
{compute segment>

END

The declare ‘segment includes:

- The name of the program.
-
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-“Variables;fthe global variables used to interface the

' -proqram'with-the'extefual‘world_andjthe“local“variébles used
** internally by the program.
- Characteristics of the variables; type and scructure

declaration,

~-
-
.

<declare segment> ::= <name>(<Jlobal variables>);
<local variables>;
. <tfpe‘declération>

/,/’ {structure declaration>
<name> ::= .., nane of the E;ogram.'

Variables. : o

Lar : !

<global variables> t:= <input vars>;<inout vars>;

oty

output vars> .. . .. e

<input vars> ::= ... list of variables whose value is. giv=-
" en externally to the program.

-

<inout-vars> ::= ... list of variables whose value 1s giv-

1 ' . en to, changed by an returned froo

.
'

the program.

<?uput vars> ::= .., list of variables whose value 1s det-

ermined by - the program and return&d

from it.
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<local variabies) 2= ... list of variables ‘used ‘internal-
ly by the prograum..
The folloq}nq figure;illustfates'the' scope of a variﬁble_
in a progran Segmgnt.‘ |

INPUT  pnouT

uTPuT’ Locm,

PROGRAM

| SE6MeNT

—— e m A = e wew e e em e
- me m e e o o e e e
@ em o oam am am am o e m e em s e

B T I T

T

Figure 463 Flowlof variables

-
] . - - = —— = e e e e =

Vatgablgg_chanacte:iggggg.

A
<type declaration> ::= 0f
(<data type> : <varsd>)

<type. declaration>

/ ’
<data type> ::= .;. the type of allowed data, ex: integer,

real etc.
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$
<vars> :

:= ... list of variables associated with each data

type. - -

-

1y ctaracteristics of
. lowed data structurej
’ i I.. ‘ . .
artay, list, binary ga,
T : : = etc.

'Compuyte sedment.

The compute Segaent 1is a‘list of statéments. which can be
of the following three types: assignment statements,  'con-

trol statepents, and procedure call sStatements.

<{compute segment> :1:= 0} o
. ' i .

<statement>

d *<compute segment>

<statement> ::= <assignment statement>;|
<control statement>|

<procedure call>;

In general the assignment statement is used to link a va-

. -
riable to an expression, that is:
<assignment statement> ::= <variable type>

<assignment operator>

-

<expression type>

. - 173 - S a
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" <structured declaration> ::= ... the specification angd




Here we shall consider only arithmetic and logic;expres—

sions to 'limit the compleiity of the'ﬁgsk.executo;s.

" <assignment statement> ::= <arith variable> =

ne

. <arith“exptessi6n>|.

<loqip-variable$ = v

<logic expression>

v

Arithmesic expression

.

Arithmetic expressions are used to specify all arithmet:ic
/<computations. The régult of an expression is a, single num-
_ _— . '

eric value which is assigned to the associated arithmatic

'var#ab%e. ‘ | | | a "

. U
-~

‘Carith variabled ::= ... a variablehdeclared to be arith-

metic (Real, Integer, -etc.)

-

<arith expression>| ::= <ati§h operand>- .
|

<aritlh expressicn)) |
|

cza—

|
~} <arith expression>|

-

A

arithiexpressfon>
v _ <arithioperand>

<{arith expression>

<arith operand> ::= <arith constant>|

<arith variable>|

" <arith function call>

M 1

<arith constaht) 215 4. @ nuﬁber

L» - 174 -
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- Logjg expressions ' SR

L]

) ‘6‘\._.
A |logic expression is used for testing pﬁrposés:Qnd cocn=
tai relational and logical operators. The result of a lo-
gic/expression is either TRUE or FALSE which is assigned o

khe_associated logical variable. )

, <logic vatiable) 1:= ... a variable declared logic. (Boo-

»

: lean)

<logic expression>-::= <logic operaﬁd)l‘
(<%dgic expreésiqn))l
NOT <loqic-expreésion5|.
<logic '‘expression>
<logic opérator>

- <logic expressicn>

<logic operand> ::¥l<loqic constant)>|
. ‘ <logic'variable>|
"<relational expression>|

<logic function call>

<logic constant> := TRUE | FALSE
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i

<relational expression> ::

<relational operator> ::=
<logic.operator> ::= AND |

<logic functi;q call> ::=

w7

FUNE

= <arith expression>
<relational operator>

<arith expression>
= ] O =1 <=]>) <
OR | XOR | EQU .

<name> (<vars>) \

<pname> ::= ,,, nane of the logic function.

-

<vars> ::= ... the variables of the logic function, :

control statements

‘The control statements used in this virtual_language, are - \

" the ones employed in in stfuctured programming,
: r

A o . E | \

L]

<control statement> ::= IF <logic expression>

1

THEN <coampute segmnent> _ !

ELSE <compute segment>

ENDIF|

IF <logic expression>*

THEN <compute segment>

ENDIF|

WHILE <logic expression>

DO <compute segment>

ENDWHILE

—

Procedure call.

17¢ -



<procedure call> ::=‘<naﬁe>(<procedu:e varidbles>[
<name> ::= ... name of the procedure.

{procedure variables> ::= <input vars>;<inout vars>;

<output vars>

Procedure and function declaration.
A procedure is just a prograa.

<procedure> ::= <name> (<global variableé));
<local'varéibreg;;'
“<type déclaration)
<{structure declaration>
BEGIN

<compute segment>

END

Functions can be considered as undefined operafors.
Therefore a function has a singlé outpuﬁ, its name, which is
returned as a value.-and a. number of input variables which

"have to be returmed unchanged to the program.

<function> ::= FUNCT;ON <name><input vars>; s
| <local variables>;
<type declaration>
<structure declaration>
BEGIN
’<éompute segment>
gD
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, Functibhs afé diScusséd here yet they'vi11%§o£ be consid-
ered as §u¢h in'the‘gistem; . However, és mentioﬁéd before,
if they afe used, they can-bep tr&ngformed into proceduces
ﬂufinq prepéocessing. Fof example: |
. - Number = resﬁlt + Séﬁ(résult);
could be transformed into

Sqa(resulﬁ;;sqr);
) number = result + sqr; . A ' | | -
during pfeprocessinq.. In this case a new variable is creat-
ed.(sqr). Suﬁpo:ting function diréctly in the system could
be performed by cre;ting a new section in the execution lan-
éuaqurepreseﬁtation. This section or table would hold thé

operators and functions used in this process, and would be

accessed when processing a statement. However this seems to
offer more overheaid than transforming functions intg proce=-

dures.
L4
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:Appendix B

THE EXECUTION LANGUAGE

A‘proqsam orwprqceduré‘in virtuql-lgnquage is transformgd
into an execution langﬁdge -prdqram, by the preprocessing
fuhction. THe steps'fequired by ghis function are described
in chapter five, An.exeCUtion lénguaqe progrﬁm or pracedure

- is bui;d up of the following four sections.

<E.L, program> ::= <info section>
<control segment>
<sggtement segnent>

<data segment>

In this appendix, the'syhtax of these sections is given

using backus normal form notation. ' .

s ‘ .

-

. . LY . .
The information section contains the pointers necessary
to access the required tables and sections. This section is

Poa,

required by the simulation progranm.

.<info section> ::= <name>
| <poin£er 1>

. ';pointer 2> E o S
<{pointer 3>
<local end>
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":<name> :é=1... the'namq of the program . , -

v

<pointer 1> ::3 ... points to the start of the statement de=-

Y

. - scriptor table

<pointer 22 32= ... points to the sta;t of the statement

section

s
. 3

<{pointer- 3> ::= .., points to the start of the data descrip-
tor table

<local end> ::= ... is equal to the number of elements in

——

the local section of this program

ar

Control Seamept o

The control segment contains,the descriptors of the exe-
cutable statements plus. the control word that dictates the
flow of these descriptors. It also contains the descrip;of

representing the global variables that are accessed by this

segment.

A

. <control segment> ::= <{parameter section>
-~ ' - ) <control strian' ‘ e

The'parhmeter section contains a list of the formal par-

ameters. itg/ﬁ/i ' _ : 4
<parameter section> ::= 0f
1 PAEA
<formal paraméters)

. =180 =



'<formal parameters>

t:- <tag b1t><data descriptor)]

P

<taq b1t><data descr1ptor>

: <formal parameter;)

-

. . .-- * i ’
<data descriptor> ::= ... a number ‘that points to an entry

<control. string>

<word> ::= <control word>|.

1:= 0}

in the data descriptor table

<taq bit><word>

<control strmnq)

<{statement descriptor>| -

<displacement>

<controi vord> ::

<statement descriptor>

.
l<displacemén£>

Statement Segment

IF

.t
-

ELSE | ENDIF | WHILE | ENDWHILE

! wes @& number that points to an
. entry in the statement -de-'

scriptor‘table

a number that is added or -substractad
to/from the program counter when - a

branch ocqurs.

2



P . PR . . -

.The statement éegment is made up of the statemenﬁ?dE*tL

.
. wth

acrlptor table and the statement sectlon.

<statément?seqment> ::=~<statement descriptor table>

<statement section>

The statement descrlptor table contalns 1nformat10n about_

all the’ executable statement in the proqram oxr procedu.e.
, o

‘<statement descriptor-table) = <statement'desc, elements>
<{statement desc. elements>'::= 01
o <class><lccation>

<statement desc., elements>

. . A . a -

<class> 11T e the class Qf'the statement (ASSIGN, PROCES
16G6IC)

‘<location> ::= ,., where this statement can be found in the
statement section. . This address i3 a re-

lative address. o

The statement section holds the actual statement that

-

must be executed by the systen.

{statement section> ::= 0
. <executable .statement>

<{statement sectioan>

<executable statement> ::=.<assignment>]
<logic check)]
{procedure call>
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(assiqhment).::f,OI

- <tag bit><word>

“<assignment>
. o

" <ward> ::=-<operator>f

Wdata descriptor>

<opérato:> $3= ... a valid operator described in the virtual-

- T languagqge

"<logic check> ::= <aésiqnmedt>m !

\

~ <procedure call> ::= 1 <name>
<actual parameters>

15

.<actual parameters> ::= 9|
\ ‘ <taq‘bi£><data descriptor>

<actual parameters>
Data Segqment

The data seqmeht is composed of the data desCripﬁon table

and the data space, The data space contains the actual va-

lues of the va;iables.

<data segment> ::5 <data descriptor table>

- <data spacé>
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‘The-data'&escriptor table .contains the informaz;ongabogt

- a variable such as its type and class?]
 <dé£a descriptor table> :§= <ddta desérip;ot elements>

<data describtor elenents> ::= 0]

1

'<class><type><location>.
. <data déscriptdr'elements>‘
-

<class»> ::= ... the class .of-fhe' vériable (CONST," LOZAL,

INPUT, CUTPUT, INOUT)

<type> 135 ... the tybe‘of the variable (integer, kboolean;

. real ...)

<location> ::= .,. where this variable can be found - in the
data space, This is also a relative ad-

dress.
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Appendix.C

PREPROCESSOR SIMULATION

In order to -show that an executlon ‘lanquage progrsam can®
be obtained in a straightforward fash;gn from a.virtual lan-.
guage -program, due to the closé relation between both’ lan-
guages, a simulation using the language Pascal was per= |

formed.,

1 This program (PEEPROCHSSOE) ‘takes an input source proqram
{file VLFILE) written in the! virtual language (deachlbed in
~appendix A) and translates it 1nto an execution language Ob=

Jject program {(file" ELFILE)._ ' The executicn lanquagn rebre-
sentation is described 1n details in chapter 4, and in ap-
pendix B. , - g _ - - '

A description of the ' a¢tual program written in Pascal
will now follow. £ few examples of its operation are given
in appendix- E, ‘ : ‘

‘ : ' ¢
» . . E | : | d
PROGRAM PREPROCESSOR (INPUT/, VLFILE, ELFILE, OUTPOT) ;

The main segment of this proqram is first described. It
is responsible -for implementing the steps required by the
preprocessing function, A1l :the procedures called are de-
scribed in details further on. '

BEGIN
RESET (VLFILE) ;
REWRITE(ELFILE) ;

These two Pascal procédures are used to- preprarald file

-VLFILE for readlnq and file ELFILE for urlting.
IKITVAL; |

This procedure is requlred to initialize some of the poin=
ters and countera used in the 51mulatlon proqram.

SKIPBLANK;

This procedure is called when the next non blank token is
requested from file VLFILE. A +token in a virtual language
program can be; o
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1. a delemiter .
3 P U S T IR I < T
2. .an operatof_ S _ :
* | =+ | /1 <> 2 01<= | <=
|"OR | XOR | EQU T ‘

| "AND | NOT

'3, an identifier -

4. a control word
BEGIN | END |

IF | THEN.| ELSE
i ENDWHILE - i

| ENDIF § WHILE | DO.

5., . a constant ' - -
' TRUE | FALSE { a number

REPEAT
SAVENAME;

A

This procedure locates the name of the program. and sayes it.

GLOBALDEC; | . C : '

This prqcedﬁre places the global varidblqs in the sfmbpl ta-.
ble, The symbol table holds all information about tae vari-
ables and is used to build the data descriptor table.

-

h -
LOCALDEC;

This prbceﬁure‘places the local variables im the é&muol'ta-
ble. o

.~ DATATYPE; -
‘THis procédure assigns the type to the various variables in
the symbol table. ' . .

DATALOCATION;

Procedure DATALOCATION is used to add the information about
. the location of the data in the data space, in tane syabol

‘COMPUTESEG;

The previous procedures implemented st@b 1 of the prepro--

cessing function.,
which manipulates

the most complex since it must fill the control string,
-statement descriptor table,

Prccedure COMPUTESEG
the conmpute segrent.

performs step =2,
This procedure 1is
the

and the statement section £Ion

the information contained in the compute segment of a virtu-

FINISH;

"al language source. program OC procedure,
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The FINISH procedure .writes the differen+ sectigis 0L the
execution languaqge representation, in .the proper format on
- £ilé ELFILE. This file can then be directly exectted by tae

Ssimulation representlnq the task ‘manager, which is describad.
in appendlx D.’ . : ' -

"INITVAL;
"SKIPBLANK; o
UNTIL TOKEN = 'STOP '
END. (PREPEOCESSOR}

' This segment is used to Lepeat the preprocessmnq steps far
all pregrams aund procedures incdluded ln file PCFILE. - Read-
1nq in a Program name equal t¢c STOP, halts the preprocess-
lnq. . S ’ :

. (hY
The main program to be preprocessed is plaCed LlCsSt Ln‘
the file, followed by the procedures that dre called. .-Token-
STOP 1is placed arter the last procedure to.halt preprocess=-
ing. oo L .

The followlnq variables are requlred for the proper oper-
ation cf the simulation, The, four following arrays Lepre-
sent the sections of the execution lanquage program tnat arce
dJenerated by program PKEPROCESSOER. _ :

4

DATABLE =  FKepresents the symbol table used in the prepro-
cessing function, which is used to build the data descriptor

table.. This table lS an array of records which nave the
followlng fields: ‘ :
) {name) - name of the variable

(clagss) = class  of the. variable (INPUT,. OUTPUT,
INOUT, LOCAL) : '
(sorte) - type (integer, etc.)
(position) =~ a relative address pointing to a pOb*
' tion in the 1local section of tae- data
. space., ,
A record in this array is located using pointer DTPOINT.

ABLE - The countrol -seqment is also an array of records
ng. the following fields: . .
(tagbit) = a tag bit is associated with each word.
(progcont) - holds a control word when (tagbit) = .1
(desctor) = Lolds a displacement or a statement de-
scriptor when (tagbit) = 0, o
An ‘element in this array is acce$sed using pointer C320INT.

CON

CONT
havi

SIASPACE = The statement section is an array of records Ulth
the sanme fields as CONTABLE,

(tagbit) - a tag bit is associated with each word.
(progcont) = holds an operator when (tagbit) = 1

- 187 -



‘ (desctbr)lh holds a . deSéripfob for a variablqsuhen.
. ' .. (tagbit) =0 . - - S
It zs ascessed u51ng po;nter PLACE.

‘STA IA LE = The suatement descrlptor table is an array o: re="
cords whick ccontains the fcllowing fields.

- . (class) = class of ‘the statement (PROCESS, AabIGN,'Dr
. : LOGIC) .
(locatlon)‘-'whe:e this statement can be found in the .

. statement section (STATSPAZ
'An element in this array is. accessed usinq p01nter bTPOIWT.

The Qxher varlables will be desdrlbed Hhen encounterad,
"The following is the varlable declaration segment of progranm
.?REPROCEaSOB. :

CQNST ' : ‘

- MAXLENGTH = 8; : Y
MAXDEPTH = 20; '

MAXSIZE = 100; -

MAXBLOCK = 80; p '

TYPE C '
STEING = PACKED ARRAY(+1..MAXLENGTH.) .OF CHAR;
STACK = AKRAY(.1..MAXDEPTH.) OF.INTEGER; ‘

DATADESC =
RECOFD
NAME : STRING;
CLASS : STRING; "
: STRING; . L

SORTE ;
POSITION : INTEGER;
END; |
CONTROLX =
"RECOED

CONTBIT : CHAR;

PROGCONT : STRING;
DESCTOR : INTEGER;
END; T

STATDESC =
RECOED
CLASS : STRING;
LOCATION : INTEGER;
END;

CWCERDTYPE = (FIEKST, SECOND, THIED, ?DURTH, FIFTH, SIXTH) ;

VAR : -
I, VALUE, DTPCINT, LOCALPOINT, CSPOINT : INTEGER;
PLACE, 'TOPS, POINTER1; POINTER2, POINTER3, : INTEGER;
STPOINT, OPTOP, TEMP1 = INTEGER;

"SWITCH, FOUND, HIGHER BOOLEAN;
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CARD 7 CHAR;"

VLFILE, ELFILE : TEXT; ;. R o —
_TOKEN, NAME, CLASS, LIHITE : STRING; B , .
DATABLE : ARKAY(.1..MAXSIZZ,) OF DATADESC; L

CONTABLE :. ARRAY (. 1. .MAXSIZE.) GF CONTROLX;
STATABLE : ARKAY (. 1.,¥AXSIZE.) OF STATDESC;
CWCED = CWORDTYPE; .

 STATSPACE.: ARRAY (.1..MAXSIZE.) OF CONTROLX;

. COSTACK :.STACK; _ : o
OPSTACK" : ARniY( 1..naxnnprﬂ ) OF STRING; - =

“

The xnteractlon between the main program and the varlous
procedures called is qlven in the folloylnq flowchazt, which
represent the preprogessing of a. single virtual. language
program or procedure., The various procedure called in the
simulation, are described following this figure,

*

. ‘ | L g
PROCEDURE ERROR(NUMBER : INTEGER);

. This procedure was mostly used in the debquinq 3tage, it
is called wvhen an improper token is read. For exanmple 1t
will be called in some cases when a delimiter is not found.

BEGIN . ¢ : = '
WEITELN (* EERGE OCCURED NUMBER ', NUMBEE) .
SND; {EREOR} ' - ' :

PROCEDURE INITVAL; . )

Proceduré INITVAL resets the pointers <for the data de-
scriptor-table (DTPOINT), ‘the statement descriptor’ table’
(STPOINT), the control string (CSPOINT), and the’statement
. sectiocn (PLACE) . It also-resets the stack pointer used in
the reverse polish transformation (OPTCP) and - -the poinzer
used to store the position of a displacement in tae control
string (TOPS}.

BEGIN
LINE ==
DTPOINT
CSPOINT
STPOINT
PLACE :
TOPS :=
GPTOP :

SWITCH

1

PROCEDURE SKIPBLANK:
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. )‘"- . BE&’AJ ) — .
A' .'1 ) ‘ -
INITVAL '
@ ¢ : —
S
. SAVE NAME )
Y PECLARATION. ! '
. SEGMENT | | GLOBALDEC] ~
. - . . fle ‘ *
PREPROCESSING | ocaLDEL |.
e . ‘{‘
g DATATYPE
DATR LOCATION
I_ - ".'_ — - == = = "= = = - - == - - = -
. C QOMPQTEéEG
: .
-| YeS
‘i N
CoMPUTE . | 4
SEGMENT |
‘ : ASSIGNMENT PROCE DURE
A.PlREPROC,E.éé!NJIr : L ~Eosgpust
! | |
I y CONTROLy STATEMENT .
I AODIGHNMENT | | CONTROLWORD | PROCESSCALL
: t t
T U
LFINISH
' Procedure skipblank. returns the first nonblank token
read.

It cbtains a token using procedure lexical.
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-BEGIN
. JREPEAT
LEXICAL(TOKEN) ;- :
UNTIL- TOKEN <> ', ‘
END:; {SKIPBLANK} : L=

2

PHOCEDORE LE!}CIL(VAB TOKEN : STRING);

This procedure scans the virtual lanquage source progran
character by character (using var. CARD) and assembles then
into tokeans. When a token is found it is placed in variable
TOKEN.: Tokens larger tlhan 8 characters are truncated.  all
token in the file must be seperated by delinmiters. The

" presence of a delimiter is found using function S33ZPIRATOR.
This procedure performs the steps associated with the lexi-
cal aﬁé}ysis phase, : ‘

VAR \ .
SYMBOL : STRING;

.PROCEDURE GETTOKEN;

VAR ‘ '
J, I :INTEGERER:; . o
BEGIN .
: I :=-1;.
REPEAT. ‘
READ (VLFILE, CARDj; v
IF NOT SEPERATCGR(CARD). THEN
BEGIN. :
SYMBOL(.X1.) =:= CARD;
I:=1+.1; : '
END
ELSE
BEGIN

"FOR J := 1 TO 8 .DO
SYMBOL({.J.} = ' '
I:=29 : ’
END: ‘ -
UNTIL I = 9;
WHILE NOT SEPEEATOE (CARD) DO
_ "READ(VLFILE, CARD):
END; {GETTOKEN}

wr

BEGIN
IF NOT SWITCH THEN
BEGIN .
GETTOKEN; |
IF SYMBOL = ! ¢ THEN.
BEGIN o
SYMBOL (. T.) := CARD;
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END
ELSE X
BEGIN
TOKEN := SYMBOL;
'SWITCH := TRUE
END o .
END : : -
ELSE = _ o R
BEGIN -
SYMBOL := ! R
SYMBOL (4 1.) := CARD; ‘
TOKEN := SYMBOL; o S |
SWITCH := FALSE -~ - , .
IND; : s . , ‘ : '
. END; fLEXICAL} . ~ - .

PUNCTION SEPERATOR(CARD : CHAR) : BOOLEAN;

This function will indicate if the character read in is a

delimiter. _ - L : | .
BEGIN B ‘
IF CARD = ';* THEN A _
SEPEKATOR := TRUE : o L
“ELSE IF CARD = ',' THEY, :
"SEPEEATOR := TEUE.
ELSE IF CARD = t ' THEN .
" . SEPERATOR := TEUE
‘ELSE IF CARD = 't (' THEN

: SEPEKATOR := TRUE
ELSE IF CARD = *)t THEN
SEPEFATOR := TRUE
" ELSE SEPERATOR := FALSE;
END; {SEPEFATOK}

PROCEDURE SAVENAME;

-

" The first token read must be the name of the program.,
This name will " bhe placed in the information section of the

" execution language representaticn. It is placed in variable

(NAME) . - -
BEGIN P
NAME := TOKEN;
END; [SAVENAME}

‘ ' . 9
PROCEDURE” GLOBA LDEC ;
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BEGIN .~ - | L

"

. A
L, o
; . L

Thls procedure reads in the global variables  waich are

. used by this proqram or procedure. - A place is reserved in

the symbol table (DATABLE) for each of these variables. It
global variables are present in the program OrC p*oceduee,

. then the " parameter section of the: control string is build
up., This is done by calling procedure~PARAMETER. !

. -
VAR . - L . ' S -
- SYKBOL : STRING; , o o o f \
SKIPBLANK; . I : o
~ IF TOKEN = ' ( ' THEN ‘ Lot
BEGIN S
. CONTABLE (. CSPOINT, ) .CONTBIT := *1°; :
CONTABLE (. CSPOINT. )« PROGCONT ;= "PARA . ';
CSPOINT := CSPOINT + 1; .

' SKIPBLANK;
WHILE TOKEN <> '; - ' DO
BEGIN ' .
IF TOKEN = ¢, ' THEN -
SKIPBLANK l ‘
ELSE '
BEGIN ° :
-DATABLE (.DTPOINT.) NAME. := TOKEN; :
DATABLE (. DTPOINT.) .CLASS .:= *INPUT '
DTPOINT = DTPOINT + 1; ‘
PAEAMETER; S
SKIPBLANK;.
' ~ END;
. . END;
SKIPBLANK; . :
WHILE TOKEN <> '; . . ' DO
" BEGIN ' _
IF TOKEN = ', ' THEN
'~ SKIPBLANK ”
ELSE "
. BEGIN L
DATABLE (. DTPOINT.).NAHE :=_.TOKEN;
DATABLE (.DTPOINT.) «.CLASS := 'INOUT '
“DTPOINT := DTPOINT + 1;
pARAHETER- ‘ Lo
SKIP%LANK- '
. END; .
_ END; ’
v SKIPBLANK: -
WHILE TOKEN <> ') ' DO
" BEGIN | .
IF TOKEN = ', ' THEN ~_
SKIPBLANK
ELSE

BEGIN L .
DATABLE (,DTPOINT.) .NAME := TOKEN;?
DATABLE (.DTPOINT.) .CLASS 2= 'OUIPUT °*;

- 193 -

~



DTPOINT := DTPOINT + 1:

PARAMETER;

. SKIPBLANK;

ERD; .

"END;
SKIPBLANK;
- END; ‘ o :

IF TOKEN <> '; 7 % v THEN - !
ERROR (1) ; _ i

END; {[GLOBALDEC}

PBOCBDUBEE?‘%AHETER;

, Procedure PARAMETER builds up the parameter section of

".the ccntrol segment when global variables are present.  If
global variables are not accessed, then the parameter seoc-
tion is not built, therefore control word PAFRA is not .in-
cluded in the control segquent. ' ;

BEGIN . o :
CONTABLE (. CSPOINT.) . CONTBIT := '0°';
CONTABLE {,CSPOINT.) . DESCTOR :z= DTPOINT =-Z2:
CSPOINT := CSPOINT + 1; .
END; '[PARAMETER}

o+

PROCEDURE LOCALDEC;

A

Filing the symbol table with thé local variables is the
respcnsibility of this procedure,

BEGIN
SKIPBLANK;
IF TOKEN <> *( ' THEN
BEGIN ] :
WHILE TOKEN <> ';’ ¢ DO
BEGIN o
IF TOKEN = !, . t THEN
SKIPBLANK
ELSE
BEGIN |
DATABLE (. DTPOINT.) . NANE := TOKEN;
DATABLE (o DTPOINT.) +CLASS := 'LOCAL !
. DTPOINT := DTPOINT + 1;
SKIPBLANK ﬂ
END; :
END;
SKIPBLANK;
| . ZND; o
END; (LOCALDEC} - : . —_—

¢

PROCEDURE, DATATYPE;
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 Procedure DATATYPE is called when procedure LOCALDEC is
terminated. This procedure will assign the various types to
the variables in the symbol table, by scanning the type dec="
laration: statements, Variable CLASS hclds the type'dof the
variables read iun. o ' ’

VAR . . . T e
' SYMBOL : STRING; - ' ' A -

BEGIN . : . o
" WHILE TOKEN = ?{ 't DO- , S
" BEGIN . '
- SKIPBLANK;
.CLASS 3= TOKEN;
SKIPBLANK; . = =~ =~ =
-IF TOKEN <> ': ' THEN®
ERKOK (5) ; C

SKIPBLANK; : ' ' ,
REPEAT o - -
"LOCATE(VALUE) ;
IF NOT FOUND THEN
ERROR (444) ; .
DATABLE (. VALUE.) «SORTE :

= CLASS;
SKIPBLANK;
SYWBOL := TOKEN;
SKIPBLANK; :
UNTIL SYMBOL = ') "

END; .
END; {DATATYIPE} )

. 'PROCEDURE LOCATE(VAR VALUE : INTEGER);

-Procedure LOCATE will rfind an entry in the symbol table
corresponding to the token read in. It is used by procedurce
DATATYPE to assign the various type to the right variables.
If oner is not found then variable FOUND remains fal se. Va=-
riable VALUE will hold the position of the wvariable in the
symbel table.

VAR ‘ . I
I : INTEGER; .
BEGIN
FOUND := FALSE;
I := 1; .
FOR I := 1 TO DTPOINT ~ 1 DO
BEGIN . L
’ IF DATABLE («I.).NAME = TOKEN THEN
BEGIN o »
VALOE := 1;
FOUND := TRUE;
. END
END;



'END; (LOCATE}-

' PROCEDURE DATALOCATION; a , : | <

Procedure DATALOCATION ulbl Teserve a- plac& for  all the
var;ahles contained in the syﬂhol table, in the data space.
The size of the local section for this program or procedure
is also calculated 'and placed in ‘variable LOCRLPOINT., This
variable is required tc update the local pointer during a .
procedure call and return.. The value of thls variable- will
be placed in the lnformatlon section.

VAR
I, X : INTEGEER;
BEGIN
VALUE == 1 ! -
FOR I := 1 TO DTPGINT - 1 DO
BEGIN . ) )
- IF. DATABLE( I} SORTE = 'INTEGER ' THEN
" BEGIN :
DnTABLE(.I ].POSITION := VALUE;
. X = 1; ‘ '
END
VALUE. := VALUE + X;
END;

"LOCALPOINT := VALUE - X;
END; {DATALOCATION}
_PROCEDURE COMPUTESEG;

This procedure manipulates the compute segment of a vir- -
tual language program, in order to fill the control sctring,

the statement descriptor table and the statement section.
The first token read in must be BEGIN, an error "Ls flagged
if it is not located. Procedure COMPUTESEG is exited when

token END is located, . indicating that the compute segment
has been totally preprocessed.

A token read from this procedure Hlll point to one of.
three types of statements. Procedure LOCATE is used to see
if the token exist in the symbol table. If it does then
this imply that this statement is an assignment statemeac,
amd that it should be processed by procedure ASSIGNMENT. - If
not we check if this token corresponds to a contreol word us-
ing=function CONTWORD. If it dces correspond to cna, then
this control statement is preocessed using procedure
CONTROLWORD. If it is not identified at this point, then it
is considered as a procedure call statement, which is pro-
cessed using procedure PROCESSCALL.

BEGIN
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"IF TOKEN <> '"BEGIN ' THEN
ERROR (555) ;

CONTABLE (+CSPOINT.) . CONTBIT := 111
CONTABLE (.CSPOINT.).PROGCONT := TOKEN;
CSPOINT :« CSPOINT + 1; :
SKIPBLANK; _ o
'WHILE TOKEN <> 'END ! D0
BEGIN .
LOCATE(VALUE).
IF FOUND THEN
ASSIGNMENT
. ELSE IF CONTWORD THEN .
o " CONTROLWORD L
"ELSE PEOCESSCALL:
 SKIPBLANK;
END:
CONTABLE (,CSPGINT,) ,CGNTBIT 1= ' 11,
'CONTABLE (. CSPOINT.) , PROGCGNT := TOKEN;

CSPOINT := CSPOINT + 1;:
END; [COHPULEQEG}

PROCEDURE ASSIGNMENT;

' Procedure ASSIGNMENT puts a descriptor in the controol
string (CONTABLE), representing the assignment statement.
Then the statement descriptor tablé is filled with informa-
. tion about this statement (class of statement = ASSIGN, and

location of this scatement in the statement section) .
Procedure EPOLISH'is then called to transform this sStatement
in a reverse polish notatlon, which is placed in the state-
ment section. o '

BEGIN . :
STATABLE (.STPOINT.) s CLASS := "ASSIGN . '
STATABLE(.STPOINT.) .LOCATIOK := PLACE =~ 1;
STPOINT := STPOINT + 1;
CONTABLE {,CSPOINT.) « CONTBIT =
CONTABLE( CSPOINT.) .DESCTOR :
CSPOINT := CSPOINT + 1;

TEMP1 := VALUE;
SKIPBLANK: - ‘
IF TOKEN <> '= . Y THEN _ ) -
‘ERROE (LINE) ; ‘
LIKITE := 7T; LI .
RPOLISH;
VALUE := TEMP1:
STATSPACE(.PLACE.) .CONTBIT :
STHRTSPACE (. PLACE.).DnSCTOH :
PLACE := PLACE + 1;
STATSPACE(.PLACE.) .CONTBIT =
STATSPACE(.PLACE.) . PROGCONT
PLACE := PLACE + 1;
STATSPACE(.PLACE.) .CONTBIT := 119,

ior;
STPOINT = 2;

Hon

'0';
VALUE -~ 1;

e )
.3
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STATSPACE (.PLACE.) .PROGCONT := 'S 3
PLACE := PLACE+ 1; - '

. END; {ASSIGNMENT}

PROCEDURE RPOLISH‘ , r ’ - i.

‘.
: \ c

Procedure RPOL;SH transforms an express1on written in an
infix nptation into one.written in a reverse polish notation
(suffix notation). _This trauslation is performed - using a
stack for the operators (OPSTACK). The infix notation 1s
read in from file VLFILE and the: translatea string 1s placed
in the statement section (STA;SPACE). - The algorithm forT

‘this transformation iss

_.1) If an identifier for a variable is found its descr ip-
tor is placed in the statement section {STATSPACE) .,

2) Similarly if a constant is found, information abou: 1t
is placed in the data descriptor table (DATABLE), then a de=-
scriptor for this. constaut is placed in the statement sec-
tion, In this simulation the actual value of the counstancs
are kept in the data descriptor table.

3) Two other kinds of token can be .encountered, they ave:
.blanks

. ‘operators E - : :

Due to the way procedure LEXICAL was written, blanks

must be used to seperate indentifier, constants dnd opera=-
tors. Left and right parantheses are used to remove -ambigu-
ity and modify the order of evaluation, If two operators

" have the sanme precedence, the expression is evaluated from

left to right.

When an operater is encountered it must inquire anout the
top element of the stack _ (OPSTACK} . - The following actions
are performed: L

i) If the suack is empty, the operator is placed on
top of the stack. : o

ii) If the operator isia left paranthese (", it 1s.
pPlaced »n top of the stack regardless of the contenu of the
stack. ‘

. %ii) - If the operator Las a lower precedence than the
one on top of the stack, then +the operator on top o0f the

- 'stack is placed 4in the statement secticn. This continues

until the stack is empty or until the . operato; on tae stack
has a lower precedence. Then if the operator is not a riyat

" paranthese it is place on top of the stack, if it's one then

the stack is popped. In otherword a right paranthese will
cancel a left paranthese that was previously pushed on,

- Processing of the string continues. until the token indi-
cating the end (LIMITE) of the expression is encountered. ,)
It can be ";", "THEN", or "DO" depending on the expression
processed. :

BEGIN
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SKIPBLAKK; - :
WHILE TOKEN <> LIHITE DO~
© BEGIN
,LOCATL(VALU;);
IF FCUND THEN
. “BEGIN R
‘ . . : STATSPACE(.PLACE.).CONTBIT = 107", ,
L o STATSPACE(.PLACE,).DESCTOR :=" VALUE = T1;
B ) PLACE := PLACE +# 1- : o . S
N " SKIPBLANK; " : -
~ END
ELSE IF OPEBATOR THEN _ ; L
BEGIN - } ’ i . RE
IF OPTOP = 1. THEN ‘ ' .
' BEGIN : '
OPSTACK (.OPTOP.) 3
- OPTOP := OPTOP + 1
, EXD ' -
ELSE
BEGIN .
IF TOKEN (. 1. ; = ' (' THEN
BEGIN -
OPSTACK (.OPTOP.) :
. OPTOP ':= OPTOP + 1
, END
. : . ELSE ,
- - . BEGIN
- , " PRECELENCE (TOKEN, OPSTACK{.OPTOP-1 )} s
R . : WHILE (NOT HIGHER) DO
BEGIN
STATSPACE (. PLACE.) +CGNTBIT:=0]1;
OETOP- := OPTOP - 1;. :
STATSPACE (. PLACE,.) . PXOGCONT :
. "OPS;ACK(.OPTJP )
PLACE ;= PLACE + 1;
IF OPTOP = 1 THEN
HIGHER ;= TRUE
ELSE
PRECEDENCE(TOKEN OPSTACK (. OPTOP=1.))}

-
-

-
-

= TOKZN; .

END;
IF TOKEN (.1 = ')' THEN
- _OPTGP := OPTOP - 1
. : ' - ELSE
- BEGIN
OPSTACK (4OPTOP.) :
OPTOP := OPTOP + 1
END;

= TOKEN;

| END
END
SKIPBLANK;
END '
ELSE -
BEGIN
STATSPACE (+ PLACE.) .CONTBIT := *0';
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au

* STATSPACE (. PLACE.).DESCTOR :?'DTPOINT - 17
PLACE 2= PLACE + 1; . ' ' :
"DATABLE {. DTPOINT.).NAHE 1=
DATABLE (. DTPOINL.).CLAg :
DATABLE (DTPOINT.) «.SORTE =
DTPOINT := DTPOINT + 1;
SKIPBLANK -

LND'

'i

TOKEN;
*CONST - 7;
"INTEGER ';.

END :
WHILE OPTOP < 1 Do
//w BEGIN . ° . _
- STATSPAC2E (+PLACE.) .,COKTBIT 1= '1';
- STATSPACE (+ PLACE.) «PROGCONT:=0PSTACK (. OPTOP=1.) ;
PLACE := PLACE + 1; . ,
OPTOP := ORTQR - 1;
. END; .
END; {RPOLISH) _ :

i

.FUNCTION OPERATOR: BOOLEAN;

This function is used to identify an operator in an ex-

pressioch, OPERATOR becomes true if-an operator is found.
This is necessary to distinguish betweem variable, cons-
tants, and operators. , ,}4 ’

BEGIN I U

IF TOKEN(.1.) = '+' THEN
OPERATOR := .TRUE '

ELSE IF TOKEN(.1.) = '=' THEN
OPERATOF := TFUE

ELSE IF TOKEN(.1.) = '*' THEN
OPERATOR := TBRUE

ELSE IF TOKEN (. 1~) = '/t THEN
OPERATOR := TERUE o v

ELSE IF TOKEN(.1.} -= %=' THEN
OPERATOE := TRUE.

ELSE IF TOKEN(.1e) = !>' THEN

' OPERATOR := TERUE

ELSE IF TOKEN{(.1.) '= '<' THEN

. GPERATOR := TRUE :

ELSE IF TOKEN(.7.) .= ' (' THEN
OPEEATOR := TRUE C

ELSE IP TOKEN(.1.) = '}' THEN
OPERATOR := TRUE

- ELSE OPERATOE := FALSE;

"END; [OPERATOK}

* »

PROCEDURE PRECEDENCE(INCOHIHG,-TOPSTACK :JSTRIHG}:

. This procedure Hlll compare the precedence of two spera-
tors. Variable HIbHER will become true if the precedence of
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the operator read in is lower than the one of the operator

on the stackj(OPSTACK). . '

. BEGIN . ' -

IF LLV”L(INCOH;NG) < LEVEL(TOPSTACK) THEN o ’ S
-HIGHER := TRUE R o Co

‘ ELEE HIGHER := FALSE ' ' ' ’

END; [PREC“DENCE}_

FUNCTION LEVEL(TBnédR:: STRING) : INTEGER;
Functioxn LEVEL will return the precedence of an operator.

BEGIN ' o
(TEMPOR (. 1.) = '*') OR (TSMPOE(.1s) = '/') THEN
"LEVEL := 1 _ o ' ‘ o
ELSE IF MTEMPOR(. 1.} = '+') OF (TEMPOK(.1.) = '=+%) THEN.
" LEVEL := 2 . )

ELSE IF (TEMPOR='K . ') OR (TEMBOR='<= vy THEN
. " LEVEL 3= 3 oo . o
ELSE IF(TEHPOR*'() - ') OR (TEMPOR="'= _ '} THEN
- LEVEL := 3 ' :
' '« ELSE IF(TEMPOR='> ~ 7)'OR (TEMPOR=1>= 'Y THEN
: ‘LEVEL := 3 )
ELSE IF (TEMEOR = 'NOT 'y THEN
LEVEL :=.4
ELSE IF-(TEMPOR = 'AND - ') THEN
LEVEL 5 :
ELSE IF (TEMPOR = 0Kk ¢ ')y THEN
. LEVEL := 6 _. B .
ELSE IF (lEHPOH('1-} = %)) THEN
" LEVEL := 7 . '
ELSE IF (TEMPOR(.1.) = ' ('} THEH
LEVEL :=. 8 :

END; (LEVEL}

FUNCTION CONTWORD: BOOLEAH;

If the statement is not an assignment . statement, then
this function is called to see if it's a control statement.,
This function will compare the token with all +the control
words presently available. Variable CWORD will hold a sca-.
lar value identifying the control word that was found,

BEGIN

IF TOKEN = 'IF ' THEN
BEGIE o
CONTWQED := TRUE;
CWORD := FIRST
END :
ELSE IF TCKEN = 'THEN * THEN

BEGIN
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- PROCEDURE CONTROLWORKD;

"CONTWOFD := TKUE;
CHOED := SECOND,
END ) e :
ELSE. IF TOKEN = 'ELSE * THEN
BEGIN .
CONTWGED t= TEUE;”
CWOED. = THIRD.

~ END S :
ELSE IF TCKEN = 'ENDIF ' THEN
BEGIN. -
CONTWOED := TRUE; - o
CWORD ':= "FCURTH . N T
END _ o
ELSE IF TCKEN = 'WHILE 't THEN -
- BIGIN ' E
CONTROAD := TRUEZ;
CWOED := FIFTH
END - :
ELSE IF TCKEZIN = 'YEZNDWHILE' THEN
BEGIN -

CONTWOERD := TRUE:; .
CWORD :=+SIXTH '
END . )
: ELSE conmwoso = FALS
END; [CONTWOERD]

o

If the statement is identified . as a control wood us:ing
the previous functicn, then procedure CONTROLHORD 13 calLei
The following control words are valid:

- IF, EL3SE, ENDIF, WHILE, ENDWHILE
A case statement is used to initiate the action Lequ¢red by
the different control words. For all control words the cca-

-trol strinqg (CONTABLE), the statement descriptor table

(STATABLE}, and the statement section (STATSPACE) are updat-
ed accordingly. These control words are placed in tae cca-

‘trol string, with their tag bit equal to .oney’ For IFs and
‘WHILEs control words, the logic expression that follows 1s
..transformed in a reverse polish notation, using procedure

RPOLIH. It 1s then placed in the statement section. The

. statement descriptor table is filled with information about

this expressions, such as its class (LOGIC), and its loca=
tion in the statement section. Furthermore, a descripcor
representing ' this expression is -placed in the ‘contcoal
string, In order to calculate the displacement that must be

‘introduced after the control word IF, ELSE, - WHILZ, and

ENDWHILE, a stack (COSTACK) 1s used to save the contrzol
string pointer {CSPOINT).

BEGIN SR
CONTABLE (. CSPOINT,.) . CONTBIT := '17;
CONTABLE (.CSPOINT.) . PROGCONT := TOKEN;
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CSPOINT_:= CSPOIRNT +- 1

CASE CMORD OF

FIRST: (IF} v
- BEGIN ' o
_-STATABLE( STPOINT ).CLASS 1= 'LOGIC LIPS
STATABLE(.STPOINT.) . LOCATION- := PLACE - 1%;
STPOINT := STPOINT + 1;

lO'-

; CONTABLE {«CSPOINT. ).CONTBIT :
: STPOIN” - 2‘“

CONTABLE (. CSPOINT.) . DESCTOE

CSPOINT := CSPOINT + 1;
'CONTABLE (. CSPOINT.) « CONTBIT := '0';
COSTACK (. TOPS.) := CSPOINT;

TOPS := TOPS + 1; .

'CSPOINT :=-CSPQINT + 1;

LIMITE := 'THEN ',

EPOLISH; '

STALSPACE( PLACE.) : CONTBIT 1= '1'; ‘

STATSPACE (. PLACE.) . PEOGCONT := 'S ',

PLACE := PLACE + 1; o _—
_ END; ({IF} : ;

. SECOND: {THEN}
' EREOR (LINE) ;

THIRD: (ELSE} .
BEGIN ' v
TOPS :=. TOBS - 1;
CONTABLE (. COSTACK( TOPS. )-].DLSCTOF
=CSPOINT=-COSTACK (.TOPS, ]-
COSTACK(.;OPS ) 1= CSPOINT;
TOFS := TOPS + 1;
_CGhTABLE( CSPO;NT.).COBLBIT ;= 107,
CSPOINT := CSPOINT .+ 1 )
END; {ELSE} - :

FOURTH: {ENDIF}
BEGIN T
TOPS := TOPS =~ 1; - _
CONTABLE (. COSTACK (. TOPS,) .) «DESCTOR-
1 =CSPOINT-COSTACK (. TOPS.) =2
END; (ENDIF}

FIFTH: {WHILE}

BEGIN
"STATABLE (.STPOINT.} .CLASS := 'LOGIC '
STATABLE(.STPOINT.} ,LOCATION :z= PLACE - 1;
STPOINT == STPOINT + 1; :
CONTABLE (.CSPOINT.) +CONTBIT z:= 07,

CONTABLE (4CSPOINT.) .DESCTOR
CSPOINT := CSPOINT + 1;
CONTABLE (4 CSPOINT.).CONTBIT := '(Q°';
COSTACK {.TOPS.) := CSPOINT;

TOPS = TOPS +.1; o

STPOINT - 2;
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CSPOINT. := CSPOINT + 1;
LIMITE 2= 'DO L -
v+ RPOLISH; i -
© STATSPACE (. PLACE.) ,CONTBIT- := *1'; .
STATSPACE (. PLACE.) . PROGCONT := 'S '
PLACE := PLACE + 1; E ‘
END; {WHILE} -

SIXTH: {(ENDWHILE} "
© 'BEGIN o
TOPS := TOPS - 13 '
_CONTABLE (. COSTACK {(» TOPS.).) . DESCTOR
+=CSPOINT-COSTACK (., TOPS.})=2; .
CONTABLE (s CSPOINT.) «CONTBIT := '0°Y;
CONTABLE (. CSPOINT.) . DESCTOR:=CSPOINT~ COSPACK(.LOPS ) +3;
‘ CSPOINT := CSPOINT + 13
" END; {ENDWHILE}
~ END; -
END: {CONTROLWORD}

PROCEDURE PROCESSCALL;

If the token read in does not correspond to an assigmant
statement or a control . statement, then a procedure call
statement is assumed. Procedure PEOCESSCALL will farst Zill
the statement descriptor table (STATABLE) with <the proper
information (type of statement = PEOCESS and its locazion 1in
the statement section), and then place a descriptor in the
control string representing this statement, The statement
section (STATSPACE) will alsc be filled with the information
"about this procedure, which include:

‘ - its pame .
- location of this procedure (LEVEL) in file ELFILZ
-~ and the actual parameter passed to this procedure.

VAR | : B -
SYMBOL .: STRING; _ o ~
1 '+ INTEGEK

PROCEDURE STORE;

""BEGIN
LOCATE{VALUE) ;

STATSPACE (,PLACE.) .CONTBIT 2= '0°';
STATSPACE (.FPLACE.) .DESCTOR := VRELUE - 1;
PLACE := PLACE + 1;

SKIPBLANK;

END; ({STORE}

BEGIN,
STATABLE (. STPOINT.).CLASS := 'PROCESS 7; .
STATABLE (. STPOINT.) . LOCATION := PLACE =~ 13
STPOINT := STPOINT + 1; 7
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CONTABLE( CSPOINT.} CONxBI 'o

T 3=
CONTABLE (. CSPOINT.).DESCTOR := STPﬁINT - 2
CSPOINT := CSPOINT + 1; - :
STATSPACE (.PLACE.) «CONTBIT := "1%;  ,-
STATSPACE (.PLACE, ).PROGCON :=.TOKEN; -
.PLACE 2= PLACE + 1; :
STATSPACE (. PLA»E.).CONTBIT FEIRR L

STATSPACE (.PLACE.) w PROGCONT

PLACE := PLAKCE + 1 , . . .
_SKIPBLANK; ‘ : ‘
IF TOKEK = '/ .- THEN ] o
‘ "BEGIN ' S T ot
SKIPBLANK; . . ' :
WHILE TOKEN <> ') v DO
"~ BEGIN oo
IF (TOKEN = ' o S :
. - OR (TOKEN = 1, _ ') THEN
SKIPBLANK s -
ELSE STORE; .
END;
SKIPBLANK
LND'
IF TOKEKN <> !; N * THEN : ‘ !
EREROR (234); -~ . = L _ o
STATSPACE (+PLACE.) CONTBIT := '1°¢; : '
STATSPACE (., PLACE.),, PROGCONT 1= 'S '
PLACE := PLACE + 1; .
- END; {PROCESSCALL} o
PROCEDURE PINISH;
This procedure writes the result of the preprocessing
function on file ELFILE. POINTER1, POINTFR2,  and POINTZ&3

represent the pointers to

the statement descriptor table,
the statement section,

and the data descriptor table respec=-

tively.

VAR :
I : INTEGER;

- BEGIN © )

WRITELN (ELFILE, NAME); ' ' ‘ o
POINTER1 := CSPOINT + 7; .
POINTERZ := CSPOINT + STPOINT + 9;
POINTER3 := CSPOINT + STPOINT + PLACE + 1:

WRITELN(ELFILE,
WRITELN (ELFILE,
WRITELN (ELFILE,
HRITELN(ELFILE,
FOE I:=

B”GIN

HBITE(ELFILE,
IP CONTABLE(.I.} .CONTBIT =

1 TO CSPDINT -

POINTER1) ;
POINTER2) ;
PCINTER3) ;
LOCALPOINT) ;
1 DO

CONTABLE( I.). CONTBIT).
11 THEN .
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\ ~ WRITELN (ELFILE, CONTABLE(.ZIe)«PROGCONTMs
- ELSE:HRITELN[ELFILE CONTABLE(.I.).DESCTOR) ;
- END;- : . , :
WEITELN (ELFILE) ; : _
WKITELN (ELFILE, 'STATEMENT DESCFIPTOR TABLE'); -
WRITELN (ELFILE); : i
FOR I == 1 TO STPOINT - 1 DO
BEGIN |
WRITE(ELFILE, STATABLE (+I.).CLASS): .
HBITELN(&LFILE. STATABLE (. I.) + LOCATION) ;.
END; _ :
WRITELN (ELFIEEL;. t v
.HBITELN(Efofg, *STATEMENTS') : :
WRITELN (ELFILE); ' :
FOR I := 1 TO PLACE - 1 DG . -
BEGIN . . :
WRITE(ELFILE, STATSPACE(.I.).CONTBIT);
IF STATSPACE (+I.).CCNTBIT = '1' THEN
WRITELN (ELFILE, STATSPACE{(.I.).PROGCONT)
ELSE WRITELN (ELFILE, STATSPACE(.I.).DESCTOR).
END; ‘ ' . ‘
" WRITELN (ELFILEj;
WRITELN (ELFILE, 'DATA DESCRIPTOR TABLE');
. WRITELN (ELFILE);
"FOR I:= 1 TO DTPOINT - 1 DO
BEGIN
WEITE(ELFILE, DATABLE(.I.:).NAME):
WRITE(ELFILE, DATABLE{.I.).CL¥SS):
WREITE(ELFILE, DATABLE(.I.).SORTE); _
IF DATABLE(.I.).CLASS = 'CONST ' THEN
., WRITELN (ELFILE, DATABLE (.I.).NAME)
ETSE HEITELN(LLFILE, DATABLE(.I.),POSITION) ;
END;
FOR Iz=1 TO HAkBLOCK-(CSPOINT+STPOINT+PLACE+DTPOINT+10)DO
WRITELN (ELFILE) ;
_ END; (FINISH]}
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" Appendix D

" TASKBANAGER SIMULATION

To- understand the processing ¢f an execuﬁmon language
process and to analyse the fEdSlbllltY of the design, a sec-
ond 51mulation was performad. ] .

TAY g
S ey

The szmultatlon_ proqram TASKMANAGER executes di:ectly'a'

progranm written din the .execution  language from inpu=z file
" ELFILE. The execution lanqguage representation is obtaimed
from progran preprocessor described in appendix €, The ounly
modification that must be performed to the gxecution lan=
guage representation is to add the location "of the called
procedure, following .the name of the procedure in the state-
ment section,

The output of this program is a list of the statementcs

executed, This output is place on file OUTFILE. The execu- -

tion language procedure READ and WRITE are used to input a
value from the keyboard, and output the value of a va;;able
. to file OUTF¢LE respectlvely.

This program scans. the control string and initiates zhe

required actions depending on the content of the word.read
in, If the tag bit associated with a word in the contral
strlnq is one then the word is a control word. The follow=-
ing control word can be encountered: .

‘BEGIN, END, IF, ELSE, ENDIF, WHILF, ENDWHJ.LL. 3

The action requested by each of these- control Words was
described in detail in chapter 4. If the taq.bit is zero,
then the word can be a displacement or a statement descrip-
tor. Displacement are encountered only after control words.
When a descrlptor for a statenment lS located, the statement
is sent to be executed. -

A description of the program will now follow. Tae main
program is first described, <followed by a list of the rele-
vant variables used and a description of the various proce-
‘dure called. , _

PEOGEAN TASKMANAGER (INPUT/,ELFILE, OUTFILE,OUTPUTJ g

The main portion of this program scans the control string
and initiates the required action has described in chapter
q,
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“BEGIN

"INITVAL;

. This procedure will initialize some of, tﬁéicountecs and

pointers used ian this progranm,

RESET (ELFILE) ;
REWRITE (OUTFILE) ;

These 2 pasqgl procedures are used to prepafe file ELFILE
for readianamd file OUTFILE for writing. :

GETPOINTER ;

This procedufe gets the.pointer required for this program.
That is, it scans the informatien section that is added to
every execution language program and procedure. R

READ (ELFILE, TAGBIT) ; : ' . : -
PCOUNTER := PCOUNTER + 1; - :
IF TAGBIT <> '1'
"THEN EIROR(0) ;
READLN (ELFILE, CWORD) ;
IF CWORD <> 'BEGIN  'THEN
ERROE (1) ;

This segment reads in the first word in the control string
which must be BEGIN. An error is flagged if this is not the
first word encountered. It should be noted that the firs:
program does not access any qlobal variables, since all va-
riables are local to this progranm. ‘ :

WHILE NGT EQEXECUT DO

Variable EOEXECUT will y¥ffidicate the end of the processiag
of the main program, - ‘

BEGIN
STOP := FALSE;
WHILE NOT STOP DO

variable STOP will indicate the end of the processing of-a

program or procedure. Therefore wvhen STOP is true we must
return to, the calling program or procedure. If there is
none then EQEXECUT -becomes true. '
')- ° T
BEGIN ‘ v

READ (ELFILE, TAGBIT) ;
PCOUNTER := PCOUNTER + 1;
IF TAGBIT = *1°

THEN CONTROLWORD

ELSE STATDESC;

w}
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* A word in the countrol string is either a control word or a
© descriptor depending on the taq bit associated with it.
Procedure CONTEOLWOERD  is called for control words, while.
Procedure STATDESC is called for statement descriptors. - :

~ END; )
- PEOCESSEET;
Procedure PFOCESSKET will return to the calling pIogram or -
procedure at the end of the called procedure._ .

END; ' .
END. [TASKMANAGEE} :

The follouing variables are requlred in thLe proqrdm.

Array DATASPACE is the data space that holds the actual
value of the variable used in the progqram. 'The other varia=
bles will be described when encountered,:

CONST
MAXDEPTH = 25;
"MAXLENGTH = §;
_HAXBLOCK = 80;

TYPE T,
STACK = PACKED ALRERAY (¢ 1..MAXDEPTH.) OF BOCLEAN;
STRING = PACKED ARRAY {(.1..MAXLENGTH. ) OF CHAE;
CWORDTYPE= (FIKST,SECGOND, THIRD,FCURTH,FIFTH,SIXTH,SE VLNLH).\
ARITHST = ARRAY (. T. «MAXDEPTH,) OF INTEGER' :

VAR . .
) STPOINTER, PCCUNTEER, DISPLACEMENT, ADDRE3S : INTEGER;
STPLOGIC, STPARITH, POINTER3, VALUE, DATA : INTEGZR;
STPCONT, LEVEL, J, LOCALPCINT, LOCALEND : INTEGER;
" POINTER1, FQINTELEKZ, DESCRIPTOE.: INTEGEE;

TEMPA,.  QUEPOIBT :INTEGER;

STOP, STATUS, CHECK, EOXPE, EOEXECUT : EQOLEAN:

CWORD, CLASS, NAME, SORTE : STRING; ‘ '

LOGICST, DATABOOL : STACK; ' ?\‘

TAGBIT : CHAR;

ELFILE, OQUTFILE : TEXT;

CWORDNUM : CWORDTYPE;

ARITST, DATASPACE, CONTST : ARITHST; .y

The fcllowing <flowchart depicts the interacticn between

the various Pascal-procedures during the processing . of an
execution lanquage process, This flowchart is followed by a
description of the Pascal procedure called.

PROCEDURE EEROR (KUMBER : INTEGER);
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INITVAL

i

' GET POINTER

] o |
oB»TmN FIRAT . -

OAP OF - '
c-o:vTRoL .smmcr

PROCESSRET
J?,‘”" N NExr
CONTROL STRW&
CONTROLWORD

e . 1
-

XEC PROCESS XECLOGIC

l . |
!

This procedure was used at the debugging stége to find
some transient errors.. It is still used in some places to
indicate errors in the execution.
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BEGIN

END; (ERROR}"

- WRITE(' EEKROEK dCCUBRED, ’ NUﬁBERﬁ);

WRITELN (RUMBER)

phocznbnz INITVAL;

The followlnq value are- 1n1t1allzed-'
\,~.

1. The pointer to the status stack (STPOINWER)

2. End Of EXECUTlon indicator (FOEXECUT)

. . . 5y
3. . Locaticn of the starting prograr’ segment (LEVEL)

. VAK

_END

PRO

-

seq

BEG

4. The pointer to thé top of the control stack (SIPCONT)

5. The prograr counter which points ‘to the nex:t word to
be exécuted in the control string (PCOUNTER)

6., -The pcinter to the.start of the present local sectisn
in the data space {LOCALPOINT) . - Note the global
pointer is always considered as being equal to zers,

which in a sense poznts to the’ flrst element of array
DATASPACE,

J : INTEGEER;

BEGIN . : -

. FOk J 2= 1 TO MAXDEPTH DO
DATASPACE (. J.) :1= 03
STPOINTER 1; -~
EOEXECUT := FALSE;
LEVEL :=0
STPCONT := 1;
PCOUNTEER 2= 0;
LOCALPOINT :=
+ {INITVAL}

0;

CEDURE‘GETPOIHTER;'

The information section nmust be read before the control
ment can be processed. The value read in are:
- name of the program (NAME)
~ pointer to the statement descriptcr table (POIVT*RH
- pointer to the statement section (POINTER2)
~ pointer to the-data descriptor table (POINTER3)
-~ size of data space segment required (LOCALEND)

IN
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READLN (ELFILE, NAME) ; R
READLN (ELFILE, POINTER1); . '
READLN (ELFILE, POINTERZ); ~ T o
EEADLN (ELFILE, POINTER3) ; - ' -
READLN(ELFILE, LOCALEKD) ; 7 :

‘END; (GETPOINTER} - -

PROCEDURE CONTROLWORD:

If the tag bit associated with a word in the control
string is one then the word corresponds to a contrcal word.
Procedure CONTROLWORD  will execute the action Tequired by
all control words as described in chapter 4. Variable CWORD
holds the control word. The action required are very simple
and mostly consist of sklpplnq a dlsplacement, or adding it
to the program. counter. :

.BEGIN

READLN(ELFILL; CWOED) ;
TRANSFORM; .
CASE CWORDNUM OF
FIEST: {BZGIN} oo
ERROR(2) ; ,
SECOND: {END} §
STOP := TRUE;
THIRD: {IF}
" BEGIN ,
" LOGICCHECK;:
IF STATUS
THEN SKIP
. ELSE JUMP,
END; oo
POURTH: {ELSE}
BEGIN :
IF STATUS
. TREN JUMP
_ ELSE SKIP
END;

FIFTH: {ENDIF}
"~ STATUS := TRUE;

SIXTH: {WHILE}
BEGIN
‘-LOGICCHECK;
IF STATUS
THEN SKIP
ELSE JumMp
END;

SEVENTH: { ENDWHILE}
BEGIN |
IF_ STATUS
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THEN . o R S
_ BEGIN - - S ‘ L
READ (ELFILE, TAGBIT) ; o
. . PCOUNTEK := PCOUNTEE + 1; L
__— IF TAGBIT ='1' . ' h
- . THEN ERKOR (3) ; o
.READLN (ELFILE, DISPLACEMENT);
PCOUNTER := PCQUNYEE ~ DISPLACEMENT; -
RESUME; ’ :
END" } . :
ELSE SKIP; C . -
STATUS := TRUE; : -
END; - i

END;
END;  (CONTROLWORD}

'PROCEDURE RESUNE:

This procedure 1s used to return control to- the next word
in the control string. This is necessary since.all segment
of the “execution program are stored on a sequential file,
therefore we must move wlthlu this file #£0 access the vaci-
ous sectioans. :

VAR .
I : INTEGEER;

-BEGIN
RESLT(ELFILE), T
FOR I :='1 TO .PZOUNTER + 5 + MAKBLOCK * LEV“L DQ -
. READLN (ELFILE) - =

END; ({RESUME}

PROCEDURE TRANSFORM;

Procedure TRANSFORM is used to rtransform from type char-
acter (var. CWORD) to type scalar (var, CWORDNUM) in order
to use a case statement in procedure CONTREOLWORD.

BEGIN _ .

IF CWORD = 'BEGIN !
THEN CWORDNUM := FIRST
ELSE IF CWORD = 'END ¢
THEN CWOEDNUM := SECOND
ELSE IF CWORD = 'IF '
THEN CWORDNUM := THIED
ELSE IF CWGRD = *ELSE !
THEN CWORDNOM := FOURTH
ELSE IF CWOED = *ENDIF !
THEN CWORDNUM := FIPTH
ELSE IP-CRORD = 'WHILE *
THEN CWORDNUM 3= SIXTH
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. . ELSE IF CWORD = 'ENDWHILE' ' o o
'THEN CWORDNOM := SEVENTH . T,

©_ __ELSE ERROR(5) '
END; {TRANSFORM}

'PEOCEDURE LOGICCHECK; !

Following the IF and WHILE control words there. exis:t a
~descriptor “peinting to a logic <check expression. - This
procedure will execute such an expression.  The major parct
of the expression is executed by procedure XECDESC which is
described further on., A status flag (STATUS) - is used to
save the value (CHECK) returned., This status flag is also
manipulated by some ccntrol words. '

VAF :
LOGIC : INTEGERy,

BEGIN L
READ (ELFILE, TASBIT); . : | .
PCOUNTEER' := PCOUNTER + 1;° » : '
IF TAGBIT = '11 ‘
THEN EREROR(4) ;
READLN(ELFILE, LOGIC);
XECDESC{ 1, LOGIC, CHECK); Coe
~_ STATUS := CHECK; - : . -
END; {LOGICCHECK} . L '

PROCEDURE SKIP;

This procedure 1is used to skip one word in tae control

. string., It is used to skip an unwanted displacement.

BEGIN o -

READ(ELFILE, TAGBIT) ;
PCOUNTER := PCOUNTER + 1;
IF TAGBIT = *1t. )

THEN EEROR (6) ; ~

READLN (ELFILE)

ERD;. fSKIP}

PROCEDURE JUMP;

Procedure JUMP will add the present value of the coatrdl
string pointer (DISPLACEMENT) to the program counter aand
continue .processing from there,

VAR
I : INTEGER;

BEGIN
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" READ(ELFILE, TAGBIT); - - N T
PCOUNTER := PCOUNTER #.1; ‘
IF TAGBIT = '1*
. THEN ERFOR(7)';
. READLN(ELFILE, DISPLACEMENT).
»" *PCOUNTEE := PCOUNTEE *+ DISPLACEMENT;
'FOR I := 1 TC DISPLACEMENT DO
. READLN{“LFILE)
IND; {JUHP}

' PROCEDURE' STATDESC;

Executeé'a descriptor (DESCRIPTOR) for an assiqamen;'or :
- procedure call statement, '

BEGIN C
READLN (ELFILE, DESCRIPTOK) ;
XECDESC( 0, DESCRIPTOR, CHECK)
END; {STATDESC}

PBOCEDUBE IECDESC(I, DESCRIPTOR : INTEGER; " ;
VAR CHECK : BOOLEAN). : . _ T

This procedure is used to execute the three kinds of exe-
cutable statements that can be encountered in the control
strlng. These executable stdtements are: ’

logic check express;ons '
- .- assigqnment statements
- procedure calls

Procedure XECLGGIC will execute the first twc kinds of
statements, while procedure XECPROCESS will execute proce-
dure calls. Procedure XECLOGIC therefore corresgonds to the-
actions required by the task executor, while procedure
XECPROCESS correspond to the action of the ‘process manage-
ment unit. .

VAR
J @ INTEGER;
BEGIN
RESET (ELFILE) ; . ‘ o
FOR J:=1 TG POINTER1 + -MAX¥BLOCK * LEVEL + DESCRIPTOR DO
READLN (ELFILE} ; ‘
READ (ELFILE, CLASS);
READLN (ELFILE, ADDRESS);
IF (I=1) AND ( CLASS = 'LOGIC ')
THEN XECLOGIC (ADDRESS, CHECK, I)
ELSE IF {I=0 ) AND (CLASS = 'ASSIGN ')
THEN XECLOGIC (ADDRESS, CHECK, I)
ELSE IF (I=0 ) AND (CLASS = 'PROCESS '}
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THEN XECPROCESS (ADDRESS)
ELSE EEROR(8) .
END; {XECDESC}

PROCEDURE XECLOGIC (VAR ADDEESS : INTEGER; ~. -
A * VAR CHECK : BOOLEAN; ~
S "I : INTEGER);

This procedure Hlll execute logic expreSSLOns and’ ASSLgn—;
ment statements, Since the expresszons.-are written 1n re-
- verse polish notation, a stack. (ARITST) is UbEd for the exe-
cution. The. pointer .to the top_ of the stacg is STPARITH.- A
logic stack (LOGICST)" 1s used to store logic result, it is
accessed using pointer STPLOGIC. Procedure DATUK will push
an operand on the stack, while procedure GCPERATOR will exe-
. cute an operation with respect to the top of the stack. Va=-.
riable ADDREE3S will peint to the next token ln the statement
section.

VAR )
J : INTEGER;

REGIN
STPARITH := 1;
STPLCGIC := 1;
EOXPR := FALSE;
CHECK {=FALSE;
WHILE NOT EOXPR DO
BEGIN
RESET(LLFILE).
FOR J:=1 TO POINTERZ+MAXBLOCK*LEVEL+ADDRESS DO
READLN (ELFILE) ; . ] _ .
READ (ELFILE, TAGBIT); :
ADDRESS := ADDRESS+1;
IF TAGBIT = '1°¢
THEN GPERATOR
ELSE DATUM;

. _END;
IF I=1 ,
THEN CHECK := LGGICST (. STPLOGIC-1.};
~ RESUME; '
END; {XECLOGIC}

'PROCEDURE OPERATOR;

This procedure will perform the proper’ operation called
for by the operator read 'in. A11 operations are performed:
with respect to the top of the stack (ARRITST). When opera-
tor 'S' is encountered it indicates the end of the expres-
sion by setting variable EOXPR true. (note' not all opera-.
tions available in the wvirtual language have . been
implemented) o
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VAR . : ) ‘ o
" .- " DATAOP : PAGKED ARRAY (.1..2.) OF CHAK;
BEGIN o R

READLN (ELFILE, DATAOP).;
_IF DATAOP <> 'S' THEN

. WRITE(OUTFILE, DATAOP):

IF DATAOP = t'& v :

THEN
BEGIN, : ] ' _ L A
‘ ARIXST (+STPARITH-2.) :=ARITST{,STPARITH~2.) ..
- .  +ARITST {.STPARITH=1.);
) STPARITH := STPARITH - 1 ; ' o
END oL ' '
ELSE IF DATAQOP = .t= ¢
THEN T ' _ . . ‘ _
- BEGIN . . L T
‘ARITST (+STPARITH=2,) :=ARITST (. STPARITH=2.}
' , o, =ARITST (. STPARITH=2.) :
STPARITH := STPARITH =1
END- .
ELSE IF DATAQP = ': !
THEN '
BEGIN o o
STPARITH :=- STPARITH - 1:
DATASPACE (. VALUE,) := ARITST(.STPARITH-1.);
END : . _
ELSE IF DATAQP = = _
. THEN :
BEGIN L .
LOGICST (+ STPLOGIC.) :=ARITST (. STPARITH-2.}
- . =ARITST (. STPARITH~1.) :
STPLGGIC = STPLOGIC + 13 ‘
STPARITH := STPARITH - 2
- END = o
ELSE IF DATAOP = 'S * THEN
"BEGIN- S o
“EOXPR := TRUE; _ »
WEITELN (QUTFILE, DATAOP); -
END S v \
‘ELSE IF DATAOP = '> ' THEN

' BEGIN ‘ ' ,
LOGICST (.STPLOGIC.) :=ARITST (. STPARITH-2.)

>ARITST (. STPARITH~1.) ;
STPLOGIC := STPLGGIC + 1;

STPARITH := STPARITH ~ Z
END ‘
ELSE IF DATAOP = '< ' THEN
BEGIN

LOGICST(.SIPLOGIC.):=AEITST(.STPAEITH-2.)-

. <ARITST (4 STPARITH- 1.7} ;
STPLOGIC := STPLOGIC + 1;
STPARITH := STPARITH - Z}
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g,

 END. S

ELSE IF DATAOR = '* ' THEY

BEGIN I e o :
ARITST.(; STRARITH~Z.) :=ARITST (. STPARITH=2.)

E *ARITST (. STPARITU-1.) ;-

-~ STPARITH := STPARITH =1
"END
ELSE IT DATAOQP = '/ Y THEN
’ BEGIN N

AEITST( STRARITH-2. )2 ARITsm( STPARITH=2.)},
. DIV ARITST (. STPARITH-1.);
STPAAITH := STPARITH = 1; . : :
END
ELSE ERROR (10)

"END; [OPERR?OR{'

PROCEDURE DATUNM;

. Procedure DATUM will push the data called for by the ex=
pression on the execution stack (ARITST). Variable CLA3S, -
SORTE, and VALUE are -used to access the data descriptor ta=-
hle. CLASS will hold the class of this variable (INPUT,

'00TPUT, LOCAL, 'CONST, INOUT),- SCRTB will hold the type of

this variable (integer, etc.), and variable VALUE will hold
the relative address used to access an entry im tae lacal
section of ' this procedure 'or program. - Depending on _the
class of the varlable, the access is elther direct or indi-
rect. R . -

VAR -
J, DATAP : INTEGER;

BEGIN . - o ok
READ (ELFILE, DATAP);
WRITE (OUTFILE, DATAP):
RESET (ELFILE) ;
FOR J := 1 TO POINTER3 + KAXBLOCK * LEVEL + CATAP DO
KZADLN (ELFILE) ;
READ (ELFILE, NAME);
KEAD (ELFILE, CLASS);
*READ (ELFILE, SORTE);
READ (ELFILE, VALUE);
IF SORTE <> 'INTEGER ' THEN
EREOR (20) ; _ .
IF (CLASS = 'OUTPUT ') Ok (CLASS = 'INOUT '}y THEN
_BEGIN | _ ' ¥
VALUE := LOCALPOINT + VALUE;
VALUE := DATASPACE (.VALUE.): ‘
ARITST (. STPARITH.,) := DATASPACE(.VALUE.);
STPARITH := STPARITH + 1;
END : |
ELSE IF (CLASS = 'LOCAL ') OR (CLASS = 'INPUT '} THEN
BEGIN
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VALUE := VALUE + LOCALPOINT; i ' '
ARITST (+STPARITH.) := DATASPACE(. VALUE.}..
STPARITH := -STPARITH + 1 - ‘

. END . .,
ELSE IF CLASS = 'CONST ' THEN - .
_ BEGIN ‘ o L
ARITST (. STPARITH.) = VALUZ; :
STPARITH := STPARITH + 1;
END;

END;. (DATUM}
o . s ] .
PROCEDURE XECPROCESS (ADDRESS : INTEGER);

Procedufe,XECPROCESS is used to transfer control to the
. called procedure. A stack (CONTST) is used to save the pro-

gram counter (FCOUNTER) and’ the location of the calling pro=
gqram or procedure. (LEVEL} . If the procedure called is-READ

then proceédure READDATA 15 called, ~if it 1is.WRIIZ chen
procedure WRITEDATA is  called.  If it is neither cthen tne
procedure called is a user procedure, therefore the required

parameters are passed to it -using procedure PUSHPARA and
-POPPARA.. s | '

VAR . T . ' ¢
J : INTEGEE;

BEGIN . : aE
CONTST (. STPCONT.) := PCGUNTER;
STPCONT := STPCONT + 1;
CONTST {. STPCONT.) := LEVEL;

STPCONT == STPCONT + 1;
QUEPOINT := STPCONT:
~ RESET (ELFILE); ' '
. FOR J := 1 TO POINTERZ + nastocx * LEVEL + ADDRE DO
READLYN (ELFILE) ;
READ (ELFILE, TASBIT);
READLN (ELFILE, NAME};
ADDRESS := ADDERESS + 1; :
WRITE (OQUTFILE, NAME) ; - o
IF NAME = 'READ. ' THEN _ - o
KZADDATA - _ | o
ELSE IF NAME = *WRITE * THEN Y
WRITEDATA- -~
ELSE
BEGIN
"PUSHPARA;
POPPARA;
END;
END; {XECPROCESS}

PROCEDURE READDATA;
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Procedute READDATA ‘Hlll read a value from the keyboard
and ‘place it in the proper location in the data space. This
51mulate the READ procedure of the v1rtual lanquage.

VAR ' L L | o
.J :. INTEGER; . e

 BEGIN -

- READLN (ELFILE) ; ‘

READ (ELFILE, TASBIT);

- READLN (ELFILE, DESCRIPTOR); A | -
READLN (ELFILE}); E o,

RESET(ELFILL).
FOR- J 2= 1 TO POINTER3 + HAXBLOCK * LEVEL + DESCRIPTOR DO

READLN(ELFILE). | o

READ (ELFILE, NAME): S '

EEAD (ELFILE, CLASS):

READ (ELFILE, SORTE); -

READ (ELFILE, DESCRIPTOR) ; o

WRITELN (OUTFILE, .INPUT VALUE OF', NAME);

READLN; ‘ :

READ (VALUE) ;

IF- (CLASS = 'LOCAL ') OE (CLASS = 'INPUT ') THEN
DATASPACE(.DLSCRIP;OR + LOCALPOINT ) 2= VALUE(
ELSE

-

BEGIN
DESCRIPTOR := DATASPACE(.DESCRIPTOR + LOCALPOINP.).
DATASPACE (. DESCRIPTOR.): := VALUE

END: - ;.

SYSTEMRET;

END; {READDATA}

PROCEDURE WRITEDATA:

Procedure WRITEDATA will write to file OUTFILE the proper
value from the data space, This procedure almulate the wvic-
tual languaqe WERITE procedure.

VAR '
J : INTEGER; '

BEGIN .

RZADLN (ELFILE) ;

READ (ELFILE, TAGBIT) ;

READLN (ELFILE, DESCEIPTOR) ;

READLN (ELPILE) ;

RESET (ELFILE) ;

FOR J := 1 TO POINTER3 + MAXBLOCK * LEVEL + DESCRIPTOR DO
READLN (ELFILE) ;

READ (ELFILE, NAHE);

READ (ELFILE, CLASS):

READ (ELFILE, SOKTE) ;

READ (ELFILE, DESCKIPTOR) ;
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‘HRITELN(OUTFILE, ' OUTPUT VALUE OF ';'Nanzf; _" ‘:
IF {(CLASS = 'LOCAL ') Ok (CLASS = 'INPUT ') THEN _
_ HRITELN(OUTFILL, DATASPACE(.DESCRIPTOR + LOCALPOINT.))
ELSE. - o . \ : ‘ '

BEGIN
" DESCRIPTOR := DATASPACE(»DESCRIPTOR + LOCALPOINT. ).
o WRITELN (OUTFILE, DATASPACE(.DESCEIPTOR.)) :
END;
SYSTEMRET; -

" END; (WRITEDATA}

PROCEDURE PUSHPARA;

This procedure is used to push the parameter .that ate

passed to the procedure on the control stack Xcoutsr;._ The
position of the parameter in the data space (DATASPACIE) is .
actually pushed on the stack, This insure that there will

bé at most 2 references to the data space:to obtain the cor-
rect.data.‘ ‘

VAR ' : .
J @ INTEGER;- -

BEGIN *- S
READ (ELFILE, TAGBIT) ;
READLN (ELFILE, TEH?A);

EQOXPR :=.FALSE; o

ADDRESS := ADDRESS + .;

“WHILE NOT- EOXPR DG
BEGIN

READ (ELFILE, TAGBIT):
IF TAGBIT = '1' THEN
OPEEATOR
ELSE
BEGIN )
READLN (ELFILE, DESCRIPTOR) ;
WRITE(QGUTDEC ,- DESCRIPTOR) ;
ADDRESS := ADDRESS + 1;
RESET (ELFILE);
FOR J:=1 TO POINTEE3+HAXBLOCK*LPV“L+D S3CRIPTOR DO
KEADLN (ELFILE) : :
KEAD (ELFILE, NAME);
L READ (ELFILE, CLASS); ‘
, . IF (CLASS='"LOCAL ") OR(CLASS='INPUT ') THEN
) BEGIN _ _
~° READ(ELFILE, SORTE):
READ (ELFILE, VALUE):

: CONTST (. QUEPCINT.) == LOCALPOINT+VALU5.
' QUEPOINT := QUEPOINT + 1;
END
ELSE IF(CLASS='0DTPUT ')OR (CLASS="INJUT ' ')THEN
BEGIN .

READ (ELFILE,SOETE) ;
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. 'READ (ELFILE, VALUE); | ‘

CONTST (« QUEPOINT,). =DATASPACE( VALU&+L0»ALPOINT.).

QUEPOINT := QUEPOIKT + 1-
END; : s
"~ " RESET (ELFILE) ;-
FOR Jz=1 TO POINTER‘+HAXBLOCK*LDV”L+ADDRE:S DO
READLN(ELFILE).
END
ERD; . .
END; (PUSHPARA} ' NG

PROCEDURE POPPARA;

Procedure POPPARA+will Illl ‘the  local section in the data
space of the called procedure, with the values and addresses
required to access the global variables. The parametarc
passed, wvwhich are on the control stack * (CONTST), are ac-
cessed using pointer QUEPOINT, that points initially to the
first parameter passed. ' .

VAR
' J : INTEGER;

BEGIN
LEVEL := TEMPA;
RESET (ELFILE) ;
FOR J:=1 TO MAXBLOCK * LEVEL DO
READLN (ELFILE) ;
LOCALFOINT := LOCALPOINT + LOCALEND:
"GETPOINTER;
PCOONTER = 0;
QUEPOINT := STPCONT;
READ (ELFILE, TA3BIT) ;
PCOUNTER := PCOUNTER + 1; ‘
READLN (ELFILE, CWORD) ; ) _ :
IF CWORD = 'PARA 1 THEN -
BEGIN :
~READ (ELFILE, TAGBIT) ;
- " PCOUNTER := PCOUNTEER + 1;
' WHILE TAGBIT = '0' DO
BEGIN
READLN (ELFILE, DESCRIPTOR) ;'
RESET (ELFILE) ;
FOR J:=1'TO POINTEE3+HAXBLOCK*LEVFL+DLSCRIPTOE DO
READLN (ELFILE).; .
N READ (ELFILE, NAME);
: READ (ELFILE, CLASS) ;.
IF (CLASS='LOCAL ‘}OF(CLASS"CONST ') THEN
ERROR (11)
ELSE IF CLASS = 'INPOT * THEN
+ BEGIN
: ' READ(ELFILE, SORTE); ,
e READ (ELFILE, VALUE); ‘\\\
4
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END;

)
VALUE := VALUE + LOCALPOINT; ' '
DATASPACE (. VALUE. )--meAspACE( COMIST(.QUEPOINT i)

QUEPOINT := QUEPOINT + 1;
. END * . R : )
'ELSE IF(CLASS="INOUT - ')OR(CLASS='OUTPUT ') THEN
 BEGIN ' .

READ (ELFILE, SORTE);
READ (ELFILE, VALUE);
VALUE := VALUE + LOCALPOINT; -~
DATASPACL(.VALUE.):ﬁCONTST(,QUEPOINI.);
QUEPOINT := QUEPOCINT + 1;
+ END;

RESUME; :

READ(ELFILE, TAGBIT) ;

PCOUNTER := PCOUNTER + 1;

READLN(ELFILE, CHORD).
IF CWORD <> 'BEGIN ' THEN
ERKOR (12) ; '

END;
END; (POPPARA}

PBOCEDURE SYSTEMRET;

This procedure is calléd when the execution of a sysctem
procedure (WEITE or READ) is termipnated. It will return ex-
ecution to the calling program or procedure,

BEGIN ' .
STPCONT := STPCONT - 1; ¥ , _ :
LEVEL := CONTST(. STPCONT.). ‘
STPCONT := STPCQNT = 13
PCOUNTER := CGNTST (. STPCONT. ) :
RESUME;.

END; [SYSTEMRET}

PROCEDURE \BOCESSRET; T -

This procedure is called when the execution of a proce-
dure has terminated, it will return to the calling procedure -

or prograum,.
stack (CONTST)

The information that was pushed on the control
is used to return to the statement followlnq-

the procedure call, If the control stack is empty this in-

dicates that

the main program is terminated and that pro-

cessing shouldlhalt.

VAR

J : INTEGER:

BEGIN

IF STPCONT > 1 THEN

BEGIN



STPCONT := STPCONT - 1;

- LEVEL := CONTST (. STPCONT.) ;
. STPCONT := STPCONT =-1;

END

PCOUNTER s= CONTST (s STPCONT.).
RESET (ELFILE); .
IF LEVEL <> 0 THEN ° , L
. -BEGIN ' T
FOR Ji= 1 TO MAXBLOCK * LEVEL DO
.- READLN(ELFILE);

END; ..
GETPOINTER;’ o :
LOCALPOINT := LOCALPOINT - LGCALEND;
FOR J := 1 TO PCOUNTER Do @

READLN(ELFILE). . :

ELSE EOEXECUT := TRUE

END;

{PROCESSRET} =~ . L g



Appendix E

SIMULATION EXAMPLES

In this appenuix some examples of . the two sxmdlatlods
that were performed are analysed, These examples are very

' simple since only variables of type lnteger are supparted in
" the vmﬁfual language defined.

: The follbuxng virtual languaqg program gives a. list of
‘the corrfect move that must be performed-to solve the tower.
of Hanoi game. 'This game cocnsists of three ‘needles,  and a
-number of disks., = The disk nust be move trom the first nee=
dle to the third needle, ‘under the condition that no- larqer
disk may rest onm a smaller disk..

HAKOI; o
TOTAL,ONE,THREE,THO;
“ (INTEGER : ONE,TWO,THKREE,TOTAL)

BEGIN
READ (TOTAL) ;
ONE = 1: - e
THO = 2: _ . ‘ S
THREE = 3; : -
MOVETOWEE (TGTAL, ONE, THREE,TWO) ; SR
END

MOVETOHER(HEIGHT FHOHN“EDLE TONEEDLE, USINGNEEDLE
TEMP;

(INTEGEE :7HEIGHT,FROMNEEDLE,TONEEDLE,USINGNEEDLE(IEMP} -

BEGIH
- IF HEIGHT > O THEN

TEMP = HEIGHT - 1;

MOVETOWER (TEMP, FEOMN“EDLE,TONEEDLE USINGNEEDL*. Y

WRITE (FREOMNEEDLE) ; .

HRITE(TONEEDLE). -

MOVETOWEE (TEMP, US¢NGNELDLE TONEEDLE, FROMNEEDLE; ;) ;
ENDIF ; - ‘
-END

I‘J‘

STOP

This virtual language program is. transformed into the
following execution languaqg program using the simulation

~
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pz':oqram‘ PREPEOCESSOE ‘(appe'ndix' C). The left column is the
transformation of program Hanpoi, while the right column cor-
responds to- the -transformation of procedure Movetcwer.

- -

HANOI - , o -~ MOVETOWE
15 . - 24
23 - 33
49 . & . o .68 ~
B _ o _ .5
-1 BEGIN ' "~ 1 PARA
N0 , 200
.01 0 1
n 2 0 2
0°3 .0 3
o 4 1 BEGIN
1 END .1 IF -
S _ n o -
STATSMENT DESC., TABLE 05
: - n 1
PROCESS 0 0 2
. ASSIGK 4 n 3
"ASSIGN 8 .0 4. ~
ASSIGN 12 D5
PEOCESS 16 1 ENDIF
1 END
STATEMENTS . :
' STATEMENT DESC. TABLE
1 READ S : -
10 : LOGIC . 0
00 ASSIGN = 4
185" PROCESS 10
0 4 PROCESS 17
0 1 PROCESS 21
1 = PROCESS = 25
‘15 -
05" STATEMENTS
-0 3 .
1 = ﬂU,O
1s “0 5"
0 6 - 1>
0 2 158
1= . 00
158 -0 6
1 MOVETOWE I R
11 n 4
00 1 =
01 15
0 2 1 MOVETORE
D3 71 :
15 0.4
| 5 1
DATA DESCRIPTOR TABLE 0 3
o D 2
_TOTAL LOCAL INTEGER 1 1 S -

1
3]
[P
(2]

1



ONE .. LOCAL INTEGER

2 1
THREE LOCAL INTEGER 3 10
THO - LOCAL INTEGEE 4 0 1
1 CONST INTEGER 1 1§ °
2 CONST - INTEGER 2 1 .WRITE
3° .. CONST INTEGER. 3 1 9
: . 0.2
15
- 1 MOVETOWE
11 \ ' -
- 0 4
- 073
0 2
: N1
N 18

- DATA DESCRIPTCR TABLE

HEIGHT INPUT INTEGER

. 1.
N . FROMNEED INPUT  INTEGER 2
‘ - : TONEEDLE INPUT INTEGER 3
USINGNEE INPUT INTEGEZR U4
TEMP LOCAL  INTEGER 5

0 . CONST  INTEGER 0 -
]

1 CONST - INTEGER

~-

. Once preprocessed this program can be executed directly
using . the second simulation program (TASKMAN). Pregram
TASKMAN will give a list of the statements that were execut="
ed, along with the value outputed by the write procedure.
For example using 3 disks we would obtaing:

INPUT VALUE OF total .

3

4 1 : S

5 3 : s

6 2 "oz s
MOVETOWE 5]

D S > S

0 6 - 4 : S
MOVETOWE S

0 5 > S

n 6 - i : )
MCVETOWE S

N 5 > ]

0 6 - i : 5.
MOVETOWE S

0 5 > 5

OUTPUT VALUE OF fromneed
1

QUTPUT VALUE OF toneedle
3 .

MOVYETOWE S
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0 5 >

S

-

OUTPUT VALUE OF fronneed

1

OUTPUT VALUE OF toneedle

OQUTPUT VALUZ OF

OUTPUT VALUE OF

MOVETGWE
0 5 >
o €&

. MOVETOME
0 5 >

3 \
MOVETGNE
"5 >

1

OUTPUT VALUE OF

3
MCVETOWE
.0 5 >
0 6 -,
MO VETO WE
0. 5 >
D 6 -
MOVETOWE
", 5 >

OUTPUT VALUE OF

“~
OUTPUT VALUE OF

. 1
MOVETORE
0 5 >

OUTPUT VALUE OF

r
OQUTPUT VALUE OF

3
MOVETOWE
0 5 >

0 6 -

HOVETONWE
0 5 >

QUTPUT VALUE OF

1

OUTPUT VALUE OF

3
O VETO WE
0 5 >

nwetnhhzwnn

S
S
<4
S
S

S

.'S.
QUTPUT VALUE OQF

S
S

W &= n

S
5

T
- W

fromneed

toneedle

fromneed’

toneedle

[ 2]
m.

fromneed

toneedle

fromneed

toneedle
t‘

Y
[77]

fromneed

toneedle

228 =
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The second example calculates the determinant of a ma=-
trix. We can see that . without supporting complex data
structures, this prograam is cumbersome. . In the third exam=
ple, addition of vectors to the system Hlll be analvaed.

DETER' . ) '
A1, A1L’A13 A21,A22,A23, A31 A3a;A33 S0M;
(INTEGER : A11 AY2, A13 A21.A22 A23, A31 A32 A33 bUM)

BEGIN" .o C T .
EEAD(A11). . o )
READ (R12) ; : :
READ (A13); -
READ (AZ21) ;
READ (A22)% . . , _
_READ (AZ3); : ' ' S
READ (33} ; ik )
READ (A32) ;
READ(ABB},- ' L
SUM = A11 * (A22 * A33 - A32 # A23)
- R * (AL1 * A33 = A31 = 34.3)
, + A13 #* (a2 * 332 - A31 * A2D);
WRITE (SUM) ;
END :

 STOP

The program is translated in an ‘execution language rep;e-'
sentation using the simulation -program PEEE’ROCESSOR. '

DETER . ' | _ \ : \
21 . , o -
35 - :

110
19

[vi]
t=)
7]
H
=
ra—

S 000VOCLVLOO0O00O OO

0
ND

W avo-OMEWER a0

STATEMENT DZSCRIPTOR TABLE

. PROCES3S 0
PROCESS q
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ki

-
L]
-

EAD

Y

OO O0OaAa amaOU=mO0DAa 0O A0T0 A cbt (D eh b ed O bt md (D b b
ok ~twtl ¥ #U0Oh *mw—i*_l N~ O ELETOUNDOe NET

g

PROCESS. -
. PROCESS 12
PROCESS - 16
. PEOCESS 20
" PROCESS 24
PROCESS °~ 28.
PROCESS -32
ASSIGN 36
PROCESS 68
STATENMENTS
READ
0
0
’ s N .
READ
0
1
s
READ

I



+ %t ox

m\DﬁDEQHIlm

DATA DESCRIPTOR TABLE\\\\

At
A2
A13
A2
A22
RE3
- A3 -
A32
‘A33
SUM

The preprocessed version ¢f this
by program TASKMAN,

INPUT
1
INPUT
3
INPUT
4
INPUT
8
INPUT
5
INPUT
2
INPUT
.6
INPUT
7
INPUT
1

MW E

+

O #® I =0

107.

RITE

LOCAL

LOCAL -

LocaL
LOCAL
LOCAL
LOCAL
LOCAL
LOCAL
LOCAL
LOCAL

VALUE OF
VALUE OF

VALUE OF

VALUE OF

VALUE OF

VALUE OF

VALUE OF

VALUE OF

VALUE OF

O b o
(LIRS R

~

Ne

INTEGER
~ INTEGER
INTEGER
INTEGER

INTEGER
INTEGER

INTEGER
INTEGER
INTEGER
INTEGER

al

a3z

#®hd
wn

S

UTPUT VALUZ OF sunm

s

. .
SOV Wb

231 -

program can bg\executed

which will give the follov1nq output.



The previous  examples dealt omly with variable of type
integer, this greatly limits ¢the number of appllcatlous.

- .For example ‘trying to-sort a ~number of elements is nearlv

impossible without vectors., Therefore we looked at the pos-
sibility of adding vectors to the system (see chapter 6).
The follou1nq example performs a sqQrt- OnL.a vector of 3 ele-

ments.

SGRT;

T0P,LIST,ELEH, TEMP;
(INTEGER : TOP,ELEM,TEMP)
(VECTOR (3) OF INIEGER : LIST)

BEGIN

TEMP = 1; - -

- WHILE TEMP < 4 DO
) READ (ZLEM) ;

.  LIST(TEMP) = ELEM;
~. TEMP = TEMP + 1;
ENDWHILE
TOP = 1:
WHILE TOP < 3 DG
TEMP = LIST(TOP) ;
SLEM = TOP;
WHILE ELEN < 3 DO
ELEM = ELEM + 1; .
IF LIST (ELEM) < TEMP THEN
LIST (TOP) = LIST (ELEN) ;
LIST(ELEM) = TEMP;
. TEMP = LIST(TOP);
ENDIF | :
ENDWHILE :
~  TOP = TOP + 1;
ENDWHILE
TEMP = 1;
WHILE TEHP < 5 DO
© ELEM = LISL(T?MP).
WEITE (ELEK) ;
TEMP = TEMP + 1;
ENDWHILE =~ -
END ~

STOP

In order to preprocess this program, a few changes mus:
be made to program PREPROCESSOR. The first change required
concerns procedure DATATYPE. This procedure must be modi-
fied to recognize the vector declaration statement. Once a
vector. declaration statement 1is encountered, a type .  of
VECTINT is assigned to the corresponding variables. Tnese
changes are shown below. It should be noted that odly in=-
teger vectors are allowed. .

. PROCEDURE DATATYPE:

- 232 -



VAR D o
SYMBOL : STRINGi- o ; -
INDEX : INTEGER; - ’

BEGIN : _ -
WHILE TOKEN = * ( ' Do
BEGIN . : :
SKIPBLANK;
CLASS := TOKEN;
"LF CLASS = 'INTEGER ' THEN
BEGIN .
SKIFBLANK; -
IF TOKEN <> -': * THEN
ERROR (5);" : ‘
- SKIPBLANK;
. ‘ REPEAT
‘ " LOCATE(VALUE) ; _
DATABLE (.VALUE.) .SOETE :z= CLASS;
SKIPBLANK; :
SYMBGL := TCKEN;
SKIPBLANK; .
) UNTIL SYMBOL = 1) , t,
'END - : .
ELSE IF CLASS = 'VECTOK ' THEN
BEGIN
SKIPBLANK; -
~IF TOKEN <> ' * THEN
. EREOR {50) ;
EEAD(VLFILE, - INDEX): .
L - SKIFBLANK;
s IF TGKEN <> ') ' THERN
ERROR (51) ; ‘
- SKIPBLANK;
SKIPBLANK;
IF TOKEN = 'INTEGER ' THEN
“CLASS := 'YECTINT !
ELSE EREOR(5Z}; . .
SKIPBLANK; : < _
IF TOKEN < ': * THEN
\ ERROR (53) ; -
iy ' SKIPBLANK; '
: . " REPEAT :
LOCATE (VALUE) ;
DATABLE (. VALUE.) .SORTE := CLASS:
DATABLE(.VALUE.} .LENGTH := INDEX;:
SKIPBLANK;
SYMBOL := TOKEN;
SKIEBLANK; L
UNTIL SYMBOL = ) '
END;
. END;
END; .

- 233 -



. “The' sécond  change -required concerms, procedure
- .DATALDCATION, since we must reserve the approprlahe nupber
of locatlons ln .the data space for this vector. :

PROCEDUERE DATALOCATION:

VAR
"I, X : INTEGER;
BEGIN R _ .
" VALUE 3= 1 o - -
FOR I := ] TO DTPOINT -~ 1 DO
BEGIN. . .
IF DATABLE(.I.).SGRTE = 'INTEGER ' THEN
' BEGIN _
‘DATABLE (. I. ).POoITION := VALUE;
X 2= 1; .
END :
ELSE IF DATABLE(+I.).SORTE = 'VECTINT ' THEN
BEGIN
DATABLE(.I.).POSITIONU'- VALUE;
X := DATATABLE(.I.).LENGTH; ; o
: END; :
lﬁt VALUE := VALUE + X:
' END; . o
LOCALPOINT := VALUE =~ X;°
END; - ‘ ‘
Next, procedure ASSIGNHLNT must be modified to recagnize
o L vectors that appear on the left hand side of an assigonment
state@ent. , ‘

'PROCEDURE ASSIGNMENT;

. VAR -
TEMP2 : INTEGEER;
VECT :- BOOLEAN;

BZGIN
VECT := FALSE; . .
STATABLE (.STPCINT.) .CLASS 2= 'ASSIGN. ';°
- : STATABLE( STPOINT.) « LOCATION == PLACE - 1;
STPOIKT. := STPOINT + 1;
CONTABLE( CSPOINT.) .CONTBI
CONTABLE (+CSPOINT.).DESCTO
CSPOINT := CSPOINT + 1;
TEMP1 := VALUE;
SKIPBLANK;
IF TOKEN = ' ( v THEN
BEGIN ' ‘
SKIPBLANK;
LOCATE(VALUE) ;
TEMPZ := VALUE;
VECT := TERUE;

lo'; .
STPOINT -~ Z2;

T
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t

SKIPBLANK;
SKIPBLANK;
END: ,
IF TOKEN <> t= ° 4 THEN . .
ERROR (23) ; o R
LIMITE := *; ' ' o
RPOLISH; . __—
VALUE := TEMNP1; L

STATSPACE (« PLACE.) . CONTBIT := '0Q°'; p
STATSPACE (« PLATE.) . DESCTOR := VALUE = 1;
PLACE := PLACE + 1;

IF VECT = TRUE THEN

BEGIN ‘
STATSPACE (. PLACE ) s CONTBIT 2= Q'3
STATSPACE (. PLACE.) . DESCTOR := TEMPZ =1;
PLACE := PLACES+ 1;

END; ‘

- STATSPACE (. PLACE.) . CONTBIT := '1';
: STATSPACE (, PLACE.) . PROGCONT 2= '3 '

PLACE := PLACE + 1;
STATSPACE {. PLACE.) .CONTBIT := '"1';
STATSPACE (. PLACE.) « PROGCONT :
PLACE. := PLACE + 1;

‘END; '

Finally procedure RPOLISH must be modlfled to properly
translate expressions into a ceverse polish notation. -When-
a2 symbolic name of a vector is encountered, it will be re-
placed by a descrlptor along with the descrlptor of its in-
dex variable, .

PROCEDURE RPOLISH; v

BEGIN
SKIPBLANK; :
WHILE TOKEN <> LIMITE DO
BEGIN _
4 LOCATE(VALUE) ;
- IF FOUND THEN
BEGIN
i STATSPACE (. PLACH.).CONTBIT = 100
' STATSPACE (. PLACE.} . DESCTOR := VALUE ~ 1;
PLACE := PLACE + 13
SKIPBLANK; . :
IF TOKEN = ' ({ * THEN
BEGIN -
SKIPBLANK;
LOCATE (VALUE) ; ‘ _
STATSPACE (+PLACE.) .CONTBIT = 10
STATSPACE (.PLACE.) . DESCTOR:=VALUE-1:
PLACE 1= PLACE + 1; .
SKIPBLANK ; L o
» SKIPBLANK;
END; ‘

T = 235 =
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.. .. END . .
: ¥ “ELSE IF OPERATOR THEN"
With these modifiéations,_ -'prog‘rém SOB’I; can be translated
as follows. It .should be noted that these changes do not
pernit. the passing aof, vectors between procedures.

SORT
50
T

177

BEGIN : - N 5
0 . -
WHILE

o W=
o>

NDWHILE - -~

HILE . IR

MW ED~]aOVE T
o .

14 ¢

ENDIF

ENDWHILE.

13

15

ENDWHILE

21

16 _ : : ] : .
WHILE '
17 - :

3 ‘ J o
18 , ' N
19 . ‘

20 .

ENDWHILE

8

s 00000 RO OO N 2000004000 40000200N00C000a0ad
-t
o
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1

END

STATEMENT DESCEIPTOR TABLE

mH OO A O OO0 2000200 a=S000a23200

o

_ASSIGN - 0 . .
LOGIC. . 4 o
PROCESS , "8

- ASSIGN C12
ASSIGN .17

" ASSIGN . 23
LOGIC ‘ 27
ASSIGN - 32
ASSIGN 36
‘LOGIC 40
ASSIGN 4y
LOGIC 50
ASSIGN . 55
ASSIGN €1 .
ASSIGN 66 . LT
ASSIGN 71 - S
ASSIGN 77
LOGIC . 81
ASSIGN ' 85 -
PROCESS 90
ASSIGN 94
STATEMENTS

o]
e
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nNorsulilwdtrwunitiwapumomuARWR I WE
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DATA DESCRIPTOX TABLE

TOP. =~  LOCAL ~ INTEGER 1
LIST ' LOCAL -  VECTINT z
ELEN LGCAL . INTEGER 5
TEMP . LOCAL INTEGER 6
1 CONST = INTEGER 1 -
4 . CONST INTEGER 4
-3

3 - CONST INTEGER

Once translated, this program can be executed by progran
TASKMAN. Houever, to accomplish this a few modificaticas
rust be performed to this simulation program. This requires
that procedure DATUM be modified, since it is in caarge of’ .
pushing the appropriate values on the execution stack The ,
required changes are given below,

' PEOCEDURE DATU K} | _ ‘

\VAR
- J, TEMP1, DATAP : INTEGEE;

BEGIN, - ‘
READ (ELFILE, DATAP):
WEITE (OUTFILE, DATAP) ;
RESET (ELFILE) ;

FOR J := 1 TO PCINTER3 + MAXBLOCK * LEVEL + DATAP DO
READLN(ELFILE) ; ' ,,)
READ (ELFILE, NAME);

READ (ELFILE, CLASS);
. READ(ELFILE, SOKTE) ;
READ (ELFILE, VALUE) ;
IF SORTE = 'INTEGER ' THEN



BLGIN ‘ . S . .
' IF(CLASS='OU1PUT '}OK (CLASS=*INCUT ) THEN

" BEGIN . :
VALUE := LOCALPOINT + VALUE;
' VALUE := DATASFACE(.VALUE.}; : ‘
. " AERITST (+STPARITH.)} := DATKSPAC”( VALUE.) 3
’ - STPARITH := STPARITH + 1;
- END ' , A
ELSE IF (CLASS“‘LOCAL : ')OR(CLAQS“INPU;-« ') THIN
" BEGIN . .
- VALUE 3= VALUE N LOCALPOINT.»
© ARITST(+STPARITH.) := DATASPACE (. VBLUA.).
. STPARITH 3= STPARITH + 13
END ~
. LELSE 1IF CLASS = fCONbT ! THEN
BEGIN o . P
ARITST (+STPARITH.) := VALUES.
STPARITH := STPARITH + 1; .
END; ' o - : i
" END _ ‘ .
ELSE IF SORTZ = 'VECTINT ' THEN S
BEGIN
- TERP1 := VALUE + LOCALPOINT;

RESET (ELFILE) ;
FOR J:=1 TO POINTERZ+HAXBLOCK*LEVnL+ADDR 35 DO
_ READLN (ELFILE) ;
FEAD(ELFILE, TAGBIT):
ADDRESS 2= ADDRESS + 1;°
IF TAGBIT = '1' THEN :
ERROK(100) ; - o
KEAD (ELFILE, DAxAEJ.
RESET (ELFILE) ;
FOF J:=1 TO POLNLER3+MKXBLOCK*LLVLL+DATRP DO
READLN (ELFILE) ; '
FEAD(ELFILE, NAME) ;
_ READ(ELFILE, CLASS);
REEAD(ELFILE, SORTE);
KEAD(ELFILE, VALUE) :

VALUE := DATASPACE(.VALUE,) + TEMP1;
ARITST(.STPARITH.) := LATASPACE(.VALUE.);
STPARITH := STPARITH + 1;
END
ELSE EREOR (20} ; A ) ‘ .
END; . .

From these changes, the followiﬁg oﬁtput would be ob-
tained from the execution of this .sorting progranm, This
output corresponds to the statements executed. ’

4 3 S - ) o
3 5 < S :
INPUT VALUE OF 1list
4 ‘ ' - -
z 1 : 8
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