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E I. INERODUCTION

~ . t

e p ‘ | .
1.1 THE ENVIRONMENT OF'COMPQTER ARCHITECTURE . g
~ - u {
@g i Computers have evolved through four generaﬁions since

their inception in the 1940's, each time due ;rimariiy-to
Qechnolégical advances ip electronic \circuitry' (Weitzméﬁ,~
1974). Starting from discrete technology, circlits have ¢
" moved from,émall, to medium, to‘la;ge %éale integration ‘o?
componentsg, gnabling‘more e;ectronics‘;nd more capabiiity to
be coﬁpacted into the small area o? one ° silicon chip. ‘Asg
| ‘well, manufacﬁuring. costs have decreased (Noyce, 1977),
-({oseph, 1976). These improvementslhave had a greaf impact
lqn qomputer 'syspemé. . They have not only reduced componentﬁ
bosts but have significantl} altered the hardware_‘design
process. ‘ The a;ailability of sobhisticated functiéﬁs in
integrated circuit packaées“c;ﬁ'reduce the process-of system
design to the fitting together of staﬁdardized chips. The

testing of such systéms is simplified because the correct

functioning of the integrated circuit chips has been én§ured

-

#by the .manufacturer.

There(is a limit, however, _to the ,applicability . of
this progression tp classical computer'archi{ecture. When
integratdon,brovides more capabi1i£y|]and fntelligencé per

chip or module than the identifiable components of 60&puter
.struéture, the structurg itagrf% must  evolve. The
. . )

v -l




€3

\

f 4 4
v

coh;éﬁporary microcomputer .provides a building block above.

this level, and computer architects 'are attempting to adapt

A the concepts of coﬁppter hardware and software accordingly.
XThe solution 1is more complex than the straightforward

interconnection of a number of microprocessors. The

)

following  section will -review the  Dbagkground and
fnteréctions‘ of technology, computer architecture: and
6perating systems.< '

*

1.2 TECHNOLOGY AND THE -DESIGN PROCESS ‘ !
The‘design of an a;chitecture for a éomputer,-syspem>
and its instruction Qet requires an.intuitivé feel fér tﬁe
inperactions among the ,various diffiblines of‘ desigp,
elecﬁronics, " hardware, software, and marketing.
Furtpermore, ,design is an iterative broc’ss, w&ﬁh the
compuﬁer architect produc}ng a hardware/software‘comﬁle¥

subject to realistic constraints, .and then modifying and

upgrading it in response to feedback from system

. .programmers, results of application benchmarks, and

experience gained on- the new machine (Bell, 1975).

Decisiong have always been made whether a particular system

functioh should be implemented in hardware, firmware, or

[y

software. Technological advances in LSI h?ve helped tip the

balance in favour of more sophisticated functions in.

hardware. Some examples are floating point arithmeiic, Fast'

Fourier Transform analysis, data type conversion, call and

..J\_ Pl e o et e
-
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exit of subprograms, and dynamic memory allocationx (Sell,

¥

“ ' ( B Y Y ,
'1975). In fact, to investigate the limits of hardware, an
p .
entire computer complex, SYMBOL-2R, has ©been “constructed

-

(Smith, " 1971), (Richards,- 1975). ‘It demonstrates the

R

feasibility of a high-level 1language, virtual memory,

timesharing system that operates entirely without system'

~soféﬁare. A hardware superviéor coordinates, a set of
spécial pdrb?se processors and multiplexes tasks among “them
.from up to 31 users. The. I/0 'brocessor and channel .
controller handle Zhe .loading and.éditing/é? proograms anq
user 1/0. . A separate traﬁslétpr processbr'accepté the dsér
prbgrams in«,pharactér striqg form and produces bpject code

that runs on the‘central processor: ,

v

To be effective in éttaining an,intégrated\ dgsign of
hérdyaréf software 'ﬁnd firmware) one- must undérstaé@j@he‘
issues and alpernaéi{es in designing‘a‘computer‘sy;tem. Toou

* often, othe design is . weakened when a tradeoff 1s made -to
iﬁprer performance | or simplify hardware, leaving.
programmers ' to live with the .in:oqsistencies (Allisqn,'
1976). . Specifically, today's oomputerg do not suppogt Ph:
brogragming‘.of‘ope}ating systems véry‘wel} and considerable
complexiﬁ& is intkoducgh to cope with'inadehdécies inherént

By

' in’'the hardware (Liskov, 1972)., - ‘ A

°

Progress in computers and technology has made new

choices availaﬁle te the computé} .architect-designer.

)

‘Micropfogﬁammable computers allow the flexible definition of

f R . @ ¢
’
’
.
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present time, the Tw  cost and

e e B T

operating system funcfions at the elementary operation
lével. ‘Much researeh ig- being done to investigate the

s e A r3 13 ]
criteria fb( determining which functions are appropriate for

jimplementation in microcode (Sockhut *1975), (Perez:'1975);

(Cox, 1974), (Brown, 1976), (Rosen, 1968)‘ A wide choice of

supervisory functions that are part of operating systems are

possible candidates, for example, aynchrgnization

-

. . &
'primitives, memory management, and ‘error control functions.

This is not ‘faflfetched, as many of the more advanced
' 4 ' .
‘features of present day prqceggors that\ are taken for

granted, such ‘as  index registens and stadks; represent

+ exactly such tradeoffs (Mendell, 1972). . . @ ‘

.
4 '

Another possibility is the implementation of operating
system functions in dedicated computer modules (Falk, 1974),

(Teichholtz; 1975), (Arden, 1975), (Fancott, 1977),

(Poujoulat, 1977). This 1is a logical extension, 'Qf

intelligent peripherals, where

functions prov}ded by

/

software on the central processor have migrated to a

’ . .
microprocessor in. each peripheral.

up of structured, moéhlar software can be partitioned - aiong <

* 1 o \
functional 1lines to reside in separate modules. At the

.micrecompute?s (some already inﬁegrated apto one chip), with,
significant computational and <control processing“ ability,
make them .ideal modules.  What .is required is that each

k
function have large independent processing times a$§ compared

.OCperating systems made

.avadlability -of.

» ' ) a sjv

~

b

e
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to their. intercommunication requirements. As functions at

the operating system levél become more standardized '~ and

. technology takes the next leap in integrétion, dedicated
. \

funcﬁion modules will be able to be designed specifically
. » » LIRS ‘

for software tasks. Withl the advent of Very Large Scale

“

Integration (VLSI) of, combbnents, aesigners will be able 'to

replace programs by‘glacing a full application on a single
chip (Joseph, 1972). Computer modules (CMs) (Bell, 1973),
as the building blocks of a system can bé used as hardware

14

modules dedicated to operating system fgnctions, whereby the
system is defined pﬁysically and funetionally a§ éhe same
time. This implies that the functions of the operatiﬁg
system and 1its dist}ibution are defined concurrently with

the architecture (Poujoulat, f973), (Joseph, 19765. o

" Another advanfage to building with CMs is that the

architect-designer can put together a .system in a structured

. manner, a module at a time. If a set of CMs with different .

features aﬁd capabilities exists then the designer will b
] .

able to choose the' most appropriate for the function

'required. Moreover, CMs can be interconngéted in a way that

=N ' )
parallels and is best suited to the application (Raphael,
1975), (Joseph,’197u).‘ : : .
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1.3 PHILOSOPHY BEHIND THE THESIS

* o ‘ N ¢

' +
Computer systems’pan be'intercoqnected in a variety of

" .ways, - from tightly=~coupled multiprocessor systems . to

packet-gwitching detworks of independent and often different

éomputer sYﬁtems: Each processor or node can be viewed as a
function module, that is as.a module capable of providing

one or more fundé¢tions to the end user.

The system can be ana}lyzede at two distinet levels.

" The hardware base 1layer is made up of a set of proceé?ors

and their physical 1links. The architecture of each

processor, its connection to others, and the topology of the

interconnection ‘can all be examined. The software
\

¢

‘¢communication layer is made up of ‘a set of routines which

communicate and synchronize with one another according to a

N '
given protoc¢ol. The mechanism for communication, the

i

techﬁiques to guarantee . mutual exclusion, ' and thg
éommunica£§on protocol define a logical path among the
processors and software. vBotﬁ these levels are examined- in
detail in;the’ne;t chapter; S;nce the §§stém is modular awd

well—éefined, cdoperation and  synchronization among

processors can be ensured using the rules governing the

[l

interaction of processes in. an operating‘ system ‘(Diﬁkstra,

1968), (Brineh Hansen; 1970), (Habermann, 1972). -

1
4

A message-based communication system is proposed sin e’
. | . ‘

it has beeh shown to’be appropriiate for both an operati g_

l e - - - —

»

.
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szstém on one processor, as well as a system distributed
over a network of processors (Brinch Hansen, 1971), .(Sptier,
1969),  (Walden, 1972), (Ruschitzka,- 1973).  Other

researchers have recommended that scaling down protocols

appropriate to a full-fledged network wili aid in
§truoturing and clarify the interaction of’hperating system
functions (Metcalfe, 1972), (Fuller, 1973a), (Pr?bst,,1977).
The.design of a communication facility based on the explicit
éxchangé of messages ‘'is presentéq, including one possible
I message format and a protocol"iwithin an gxisting
’minicomputer operating systém. This faéil;ty was
imﬁlemented in an-experimental system to ihvestggate éhe

" complexities apd problems in distributed commqnication.

LIS

1.4 SCOPE OF Tassxs

7.! ‘ o The design. of a communiﬁations function for a

) distributed system 'is ‘reported. This \includes an

) “experimental implementation of the funclion itself and its
interfaée to an existing 6pérating system. Redesign of tbe i

operating system to take full advantage of the distributed

Y

. architecture is not considered here.

.

(Minimally, two intercosmected function modules were
required to implemeﬁt the simplest distributed function
module architecture and to enable the experimental work to

% proceed. A  basic operating system‘ was examined and one
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operafing‘system function chosen for the function module.
This was. implemented as & series 'oq assembler languége,

progfams in a microcomputer. A messéée format and protbcoi

were developed, ' which in conjunction’  with communication

software in each module define a logicsl .path between the
. .

two interconnected computers. \ . ’
> t [ ‘ , .

1.4.1 © CHOICE 'AND LIMITATIONS IN HARDWARE

o

« Al
L4

The microprocessor ‘chosen 'as the test candidate for
. o o
the function module. was the Scientific Micro Systems 300.

The SMS 30b was 8Selected over a number o{ more popular,

~.widely used micros for its capabilities - bit and byte

'addressab%lity in both pembry and on 'the bus, and high speed

operation (300 ns instruction }iﬁe) - that are appropriate .

to a module: providing an I/0 funct%gn. .As well, the SMS

.meets'the criteria for good architectural design as outlined
. [Se}

in Bell's paper‘(1975) and its Interface Vector provides an

. implementation of the 'ports' strlcture of a CM module

(Bell, 1973). All other operating system functions were
left iﬁféct, provided by a single user, non interrupt drive

operating system that executes on a Texas Instrument madel

., 980B minicomputer.

In the current implement%&ion, the physical connection
i1s achieved by connecting together the TI I/0 bus and the

SMS {ntprface Vector. A 1K byte memory has beqn inserted

N
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between the two- buses 'to- simplify arbitration logic and

. . . . . 3
remove timing and electrical considerations. The memory

'p}oved to be invaluable during the testing phase because it

\provided a recent history of message transfers. Limitations

in the hardware configuration of the TI and SMS architecture

precluded direct memory access (DMA) transfer.

Because there is no interval timer on-either the TI980

_ \
or SMS to control the execution of brograms,‘each program is
allowed to continue yntil it: voluntarily gives up the
central processor. This also Hmplied that programs waiting

for a message, could not use a timeout as a criterion for

requesting a retg@nsmissfon. It should be reiterated th

" it was only hardware limitations that dictated the specific

experimental configuratioy. As will 'be seen in the next
section, the software is much more general, and 1in fact,

will map onto various hardware connections. |

~
1.4.2 DECISIONS IN SOFTWARE
' - <
[N ad .9 . : .
The operating ' system used for the implementation was

I

the Texas Insérument's basic operating sgstem - a single

4 o

user,. non interr%pt drive§ system. ‘,Thé nature of this
system imposed s?me restrictions on the ' details of
implemgntétion sfnce it ~ is incapable of supporting
concurrency or procésges. The TI system wés sufficient to

enable the experimental implementation and testing of the

v

e

il ~
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\

To isolate  thie” pfobléms- 1nvolved in communlcatfen

~a

between modules, the extent of ﬁ%strlbutlon of the operatlng
system functions has been limited to the 1mp1ementat10n of a
single remocte function, the console - log device service
qoutine\(DSR). This choice has the advadtage of providing a

device capable of‘visually,drsplaying both input and output

" which is useful during testlng to demonstrate \tﬁe results.

-
The D3R 1level meets the requ1rements for a function module

because it performs a well-defined set of operations. It
can be moved with minimum' alteration to the existing
operating system and can be readily integrated with the

peripheral device. As well, the DSR's removal can save

processing time spn the main CPU and data traffic on the 1/0

bus. As well, it can be moved with minimum alteration to
the existing operating system. It is envisioned cht the
work reported here will be continued with a second level
distribution of command formats, cracking,\\ and error
hgndliﬁg from the operator communication package.

Suggestions for facilities”that can be impleménted at this

level can be found in the 1literature on intelligent

terminals (Gray, 1975), (Whiting,” 1975), (Dromard, 1974),
(Alsberg, 1976). The assumption is that the addition of
more intelligence a£ the periphery will not raise the cost

of the 1interface by any significant amdunt. At the-same

. time, a considerable load will be removed from the central
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processgr\ and ‘the data traffic detween the two computers

wiil be reduced.

It was decided to use the operating system with few-
modifications and, in”fact, to make these as tranépare t to
the user as possible. Uniprogramming has the advantage of
restricting the scope of the problem to a reasonable sizef
This is in line with the 1learning (process recommended by -
Stoy, (1972),  that one learn to build good operating systgms
for single wusers before' trying to satisfy many users
simuitaneously. Many of the functions necessary in a
multiprogramming system must be provided in (a single user
operating system as well.r The decision about how to
partition the system, which functions 1stribute and how
this is -to be done are just as applicable to a single user
system. The si:plicity of the operating ;ystem enables
conéentration on ‘the development o?\ a standard

intercommunication philosophy, expressed in the form of a

common interface specification and a well-defined protocol.

tonceptually, two processes communicate by explicitly

"exchanging messages via an ‘interconnecting link. As part of

the interfaég requirements, each hardware module connected
to the 1link must” contain a commei}cagion process/ tQ@t
implements a send and receive function. The‘send function

enables the module to put messages which it wants delivered

_to other modules onto the link. The receive function is

able ta read the address field of all messages passing 1its

| . )
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station. If the name, specified as the desti®¥¥tion matches
its own name, the receiver copies’the message into a local

buffer. In fhis implementation, each computer has a

-communication routine that .enables it to send and receive

‘messages and, in this way, meet the specifications.. Only

-
the I/70 utility at the lowest level .is aware.of the physical

characteristics of the 1link, and it shields even the

’

.communication routine from the hardware interfage. This

implies 'that the 1layer responsible for communication is

A by

mappable onto various hardware connections.

s

In a sifhgle user, sequentiél processing system,
synchronization S inherenty as each program executes to

completion in a predetermined order. 1In an environment thaﬁ
‘ p s

implements processes

them muUst also be provided.\ The problem 1is greater when

processes may Be implementgd in a distributed systgm. ,With
multiple brocessors, xchange of messages can provide
£he necessary synchronization.- If the sender cannot
continue until the function requested has béen performed, it
waits fpr a return message.from the destination process.
All that is required is the guahantee that no process can

access a message before-it is comphete or acquire a buffer

before it has been emptied. Thi 'i$  the classic

producer-~consumer problem (Tsichr'fzis,, 1974) . Mutual

exclusion to a messpge can be pfrovided by hardware,

implemented by arbitration logic on

ome method of synchronization among.

e link. Since in this

M B A e e
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the message is complete and can be accessed safely.

} R

»

@

impIemenfaﬁéon.messages reside in a memory accessible' by tw

processors, a hardware interlock is required to guarantéee

mutual exclusion. This has been implemented as a. 1 Dbyte

flag in the message.buffé$ which is updated indivisibly when
' ) P

4

'
k]
.
o C‘\’\A
. v s ) !/
. .ot ' .
]
4 [ .~ °
.
. L
1 9
.
Dk, a
4
’ .
|
) r
1 . \ !
. - ' |
" .
|
' |
‘
,
. o, i .
. o 3
5 ., 1
. -
\ \ N .
to -
: .
« . .
i
A P
) ) 1 S
S .
Y |
'
l . N
. s
. 6
|
¥
v g ' » <
N
«
'
.
s >
-
’
'
D
-4
' .
' , M
¢ o
«
~ Q
.
A\ 4
, &
’
“
Ve
.
. ~
k. ‘ ‘
. : \
.




TPV

R D

quarter’ inch square can house

IT. OVERVIEW ..

e

2.1 TECHNOLOGICAL ADVANCES AND PREDICTIONS

<

"

Since 1its . inception, semiconductor technology has

consistently made remarkable progress. ’Today, a chip oné
, 4

218 electronic elements, more

/

. than the most complex piece of equipment that could be built

¢

in 1950 (Noyce, 1977). The complexity of the integrated

°

_circuit on a chip has dpubled every year without any

“~

. significant slgwdodn predicted (Moore's Law). The result is

3

that smaller‘ electronic components are able to perform,

increasingly complex functions at ever higher speeds, with

. improved reliability (Hodges, 1976) and at ever lower costs.

-y . L.
The computer industry has been one beneficiary of

thése advances’ in ig\egration. Semiconductor memories have

replaced core storagé as the standard because they provide

‘faster cycle times, require less power, and take up less

physicél space. More sophisticated lcgic elements in single

_IC packages are radically affecting hardware design. As

this process continues, the functions that can be provided
become more complex, but tend also to have less application
péteﬁtial, unless they can be programmed by fhe designer.
This has led to a variety of microprocéssors on single ch; s

2,

becoming comhercially aﬁailablé. Combined with the mem

-

14
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chips, prcgrapmed 1ogic‘fs being used.  to replace hardhired

random logic for many applications (Lee, 1974). Their

évailability_ at low cost is having a significant impact on
compgiter archigeétures. - ///
M"” , ¢ j o ' ]

e
a4

Itv is interesting to examine predictions made within

. the 1last decade for the capahility of a computer on a cﬁip.

In 1972, it was thought that within twenty-five years, a

microcomputer could be developed that would execute ten

million instructions per second and cost about a dollar.
The system® would be modesﬁ, consisting of 16K words of 32
bits each, byte addressable; a-small but carefully chogen

Y . -
instruction set, a few. general 'purpose  registers and

. ' &
.input/output thropgh at least one of . thse registers

(Foster, 1972).' OthHer than a large word length, the ideas
presented have turned out to be conservative (Foster
admitted that to predict as far as 25 years into the future

was virtually 'impossible).

Within two years, it was predicted that a standalone
pefsonal machine with cowm%nicqgions adapf&r ts access a
large, remote data base was . technologically, and
economiéally *feasible within six years - Eg’the year 1980.
This computer yould have a highef 1evel ianguage (BASIC was
suggested) implemented in a 40 pin dual inline ggckage, 8
additional chiﬁ; to'g{ve 128K bytes memory, another dozen or
soi packages \for control, ‘'and a floppy disc»f%r secondary

~

storage (Lee, 1974).
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A year later, there was a predictign made that a
single . package coﬁsisting of several\ LSI proceséors was

\ . i possible that would yield data processing power of 10

\ - millfon instructions per second (MIP3), \and LSI storage of
\ ™ 100 bits, and an archival storige af 1012' bits. This
\ ) compares .with ten IBM S370/158 s Wiih y megabytes storage i
, -
.

*1 ' and more than 200 reels of tape on- 1inq (G eenblott 1975)- —

| . a staggerlng glsplay of power and capabill y.
\ . . . MY

} } ' 2.2 DESIGN OF MODULAR HARDWARE SYSTEMS

v, . 3

4

.

The continuing.increase in iﬁtegrg%ion f LSI gircuits
is creating an environment where modulq; design is not .only
. “ . a_practicai concept, but an essential gne. The architepture
of a modular system can be characterréed as ?é?small set of
modules that adhéﬁe to some iﬁfermodule\ communicaﬁign
protocol” and are "interconnected By a,xﬁall set of rulés to
produce a system that performs the desired algorithik\
(Fuller, 1973a). With the future availability of a \\‘\
sufficient variety .of LSI modules guaranteed, the system
t design process could consist of the selection. of
sténdardized - modules from inventory, ~ and theiﬁvf‘
configuration, by meéns of an interconnection discipling}

into a system that 1is architecturally suited to the

O

application. The most appropriate module would be'chosen to
implement each functlon required (Cooper,’ 1973) This

.ecould, in part, eliminate the . complexities and
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‘Tinéfficiencieqn of programming gfneral pq:po§e computers for;
abplicétions'with characteristics that 1lend EhemselyeS‘ tJ
aéecialized hardware organizaﬁions.. The hdduie approach
t akes advantéé@ of ihe econém?& benefits of mass production

Qo? standard units with the ability to customiza systems.

Ve -

' Modular computer ' systems are entering their second

A generation, characgerized by an atteﬁpt to Ii%corporate the
developments of LSI circuits and the computerjg?-a-éhip intgﬁ

the set of bﬁilding blocks. This generatidn will probabii

create’ sysiems‘ that are modular at'the PMS levell(Ellifﬁﬁ&”}l,
19735,,(Fu11er, 1973a). PMS represents the top level of ;2
computer structure (Bell, 1970), (Bell, 1571),nessentially ;

the information fd»ow level. ' There are seven  basic B

ﬁ\components, each distinguished by tﬁé type of operations it

> v

pe}forms: Processors, Memories, Switches, Controllérs,
Tramsducers, Daté; anq) Links. The finer structure of
information processing is overlooked in'order to focus on a
) small set Qf' components_  working on a homogeneous medium
called information. A‘succinct notation has been proposed.
(Bell, 1972) to aid in the anélysis of various aspects of
computer systems, fér ‘ example, the effett lof Ehe
" distribution of I/0 devices and controllers on I/O‘rate and
‘throughput, or the prediction of system ﬁerforménce with the
additiog of specialized hardware. One édvantage'oT the

notation is its fluidity - it presents a highly “eampressed

description ' of a system but allows the selective
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.. amplification of specific aspects that :are of particular
-~ A / » &

. . . .
b N . interest. The structure of the different computer systems

discussed latefin this thesis will”be described using PMS

in ordet to providé a common basis for compariéon.

g - ot ' _—

- ) ~ With' the wider acceptance of ,PMS modules as basic ~
. < ; .

_ system building Blocks} it will become economical for
O » thorough design, = testing, and documentation to be done. by

o : . the manufacturer of each module. It i5 sufficient for the

3

~ ° ° user to verify the macroscopic facilities provided against
" . s 4 .
. . o the specifications "for the module (Joséph, 1972). A

; ' ﬁarallel can be drawn to the testing .procédure in an

[
¢

- - operating system désigned and implemented wusing Dijkstra's -
approach 'of. a layered, abstract machine; ‘Each level of |

. ‘sofﬁware presénts a set of functions ¢o the layérs above it.
The next higher 1layer is ;nly added hhen the previoys has
beeq rigor&usly tested and has been found to funcgion

correctly. Di jkstra .(1968) reported that "tpé only errors

..

- r

that showed wup during ° testing were ‘trivial " Goding

eqrors:..".? It was found that the use of hardware modules
, ; ¥ .
at the PMS level trans!ated the i;ff:)design of systems /EQ .

P e Zemeern

. f‘ ‘an bperationaf ‘system that Operated as specified
.fdisregarding wirinéw errors) (Fuller, 1973a). The

. ]
disadvantages of PMS modules are that they are more costly
- -

b - ang h;ve lowér performance than standard logic designs by at

ieast . a'r factor of two. This is the necessary payment to

"o achigyefﬁgg goals of flexibility, short design ‘tiﬁf and
. ™ N . K R - . .- R ‘5‘ ‘ v
. “ . . L //\-_ ,.‘ ‘ ,

- : . & s
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expandability (Fuller, 1973a), but one which' is being

reduced to trivial cost by techpnological progress.

At the present level of commerci%lly " available LSI,
the designer alééady hds-sophisticated hardware modules wi;ﬁ
which to build systems. Furthermore, these' modules are
becbming more complex tocwpeet increaéing performance
Feqﬁirements and are being spurred on by technoloéical
advagces. Powerful microprocessors and 16K bit dynamic_RAM
on a single chip are presently'available from. a  number of

manufacturers (IBM has recently announ@ed‘ new products

" incorporating a 64K memory chip). ﬁicroprocessors can be

“con§i§ered as sophisticated control modules. Using them as
the " basic units of design creates multiple %rbcessor
distributed systems, with a -potential for high Eeliability

and very high throughput.

The twq main difficulties with this architectural
concept ‘ar; how to intifconnect a ‘number of processors
‘economically ‘and how to progréﬁ ‘them to~ cooperate
effectively (Fuller; 1973a). _ Some possibilities for the
interconnection of computer modules w{il Je outlined- in
Section 2.4, The synch onizat%&n and.communicafion among

these modules will\be disc ssed in Section 2.5 on operating

systems3 Although modular céﬁbuter systems have not had

much of an impact to date, research in this area will have a

major influence on future computer systems and spawn a
i . .( N - 4 f
variety of new architectures and- applicati®bns (Ellis, 1973),

s

1
' .

_/
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number and cost of the interconnections. It has been
c proposed (Bell, 1975) that a CM consist of a processorqéﬁd
- - memory of . about ﬁinicomputer' complexity (equivalent to
f,today's microproce§sor) and porté-(éontrollers) specifically
‘designed to execute cpnqurrentlj with the processor and\
. handle a variety of,commepicétion and line prqtocéls. The.
‘ structurehca?.be~illustrated in PMS as follows: .
. , . ‘ . e
; K(11—T C \
Mp +Pe—— S \L_K[Zl ?
o Lo \/K'[n] T
‘ Controller Ports
. . . : . “ N
A tyPical CM'would include oneumicroproce§$of'.q}th a
minimum of 1K bytes memory and two to—}ive 1/0 port;i Tﬁe"
3", . ' 'design of the pdfts is eritical bécause they may be uged to
intercoﬁnect to and communicate with otheqkdiffefgnthMs.
" ‘ .

P b C L S ) o Tt

(Joseph, 1972). I -,

* »
2.3 A COMPUTER MODULE (CM) AS A DESIGN UNIT

[ . l e R ) . .\
The next 1logical step to more complex modules is to
] .
combine, PMS elements into a single module. Since it is made

up of the same components and has the same structure as a

computer, it has been called. a Computer Module or CM.

Increasiﬁg the functional power per module reduces the

T
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The CM Dbecomes the basic design unit. A range of CM

types will be required in order to be able to provide a

range of user and system functions. This can be provided by

CMs;that differ only in memory size and port desigp because
they are programmable. Each CM will have bne 6r more

§equentiél processes implemented in the modulel to deliver

functions required by the operating system or application.

Since microcomputers . correspond so closely to CMs in
terms of their architeckure, complexity, and capability, fhe
cur%enﬁr offerings' of microcomputers enable the practical "
implementation of the concépt of a CM as a design unit. A
computer system yill consist of a set of CMs, that is, a
network of microcomputers. The Cm* multi-microprocessor
system 1is one implementation of an ;nterconnected.set of
-computer modules reported in the -literature (Swan, 19775.

" Each CM has been implemented by a DEC LST-11 microprocessor,
.8tandard LSI-11 bus, 64K or bl}%ﬁ bytes of meﬁoryl and
N\ éerhaps, one or more I/0 /;evices. Included is a local
) switch which conq?cts the CM with the interprocessor
communicatioﬁ structure, 'Th; CMs are organized Qs clusters ’
presided omér ‘by a communication contnéller (kmap), a-
general-purpose'pfocessor with writable control store. This
permits an efficient implementation' of a variety of
communication meghanisms raﬁging from shared memory lto
message Systems.

AN
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The functions provided by eac% CM must be chosen so

"that the individual components operate rélatively

independently to reduce system contention and communicgtion

traffic. An approach suggested by a number of researchers:

(Arden, 1975), (Poujoulat, 1977), (Fancott, 1977), (Browns,
1977) is to identify the functions provided by the operating
system and to implement eathin“a separate ﬁicrocomputef.
These micros are interconnected and the'communication method
among opera}ing system routines is modified to work in the
aistributed environment. Protocols for dislributéd
interprocess communication in a network have been_‘proﬁosed
to enshre correct and lefficient commhgicatfon‘(Metcalfe,

1972), (Probst, 1977).

Though designing with such modules can, simplify system

design, the inflexibility of structure below the\modulg

level can result in suboptimal use of resources and lowered

performance. Microprocessors, however, have become so
inexpensive that using as 1little as ten percent of the

computing power of ‘an existing module is usually cheaper

than designing and programming a custom unit that would do’

.the job optimally, that is, with the fewest electronic

components (Tooﬁg, 1977).
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2.4 HARDWARE INTERCONNECTION STRUCTURES/TOPOLOGY

.

Computer systems can be interconnected in a variety of
ways. .These can be classified according to two criteria:
1) the_looseness or tightness of their connection, and

%

2) the ‘topology of théir connection. Research in the
integratioﬁ of several small 'processors intp one
tightly-coupled"proceSsing system Eo produce computing power
equivalent to a much larger machige, has been reported. '
Specifically, -the topology and interconnection structure of
Commp (Wulf, 1972), Pluribu; (Heart, 1973) and CMs (Fuller,
1973b) will be described. ﬁuch experimental investigation
in the connection of inéep;ndent . (and often different)
p[ocessing syszems'to form a distributed computer network to
. share hardware and software resources, has been done and‘can
be found | in  the liteéature. The structire 6f the
Distributed Computing System (ﬁCS) (Farber, 1972b), Spider
(Frjaser, 1975), Aloha (Abramson, 1973) and ARPANET systems
(Roberts, 1970), (Heart, 1970), \ (Kahn, 1972) will be.
described. ‘

P , ’ : , '
Since there are many pos8ibilities for the physical

. . I 1/ R
interconnection of processors and memories, each with its

own naming convention, a ‘common taxonomy, proposed by _
Anderson (1975), yill be used to classify and describe thgm.
.\ , In this system, " the environment 1is <simplified;to three

At

archetypes: Processing Elements (PEs- hardware units on

AN
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dn
which procésses execute), paths (the media‘by thch the
transferlof iqformaéion takes placé},‘and switéhing elements
(the entitiés between sender and receiver which have enough
intelligence to m;ke decisions'regarding the Qestin?tion of
a message). The choices for intercoqnection of the computer
system can be viewed as a tree, whose branches represent
message transfer strategy, - control method, and path

structure. The result of tracing a path through the

branches results in a system architecture (Figure 2.1).
Y -
¢ ¢
INTERCONNECTION
) COMMUICA
- STMATRGY ﬁfﬁ Wﬁ“
N i
- ) |
] onD CENTRALIZED: UZED
CONTROL L ROYTING
— ]l . :ﬂ _ | -
1 Slﬂ'm MDJ&TID snu'n:n . TED Si
PATH PATH PATH PATH PATH PATH
Pt ] e I e L e r_JuT i r_JL_T7 }
! m!n fcon  oco Ky I}
SYSTEM LO0F _ COWP CENTRAL  GLOBAL  /STAR Lo0P sus SEEULAR  IRMEGULAR 8uS
ARCIITECTURE m:mu‘ﬂgm- HOMORY aw;# “‘;;‘}15: .

Figure 2.1 Hardware Interconnection Taxonomy

One of the most’ traditional methods of interconnecting
L
computer systems 1is the Direcg‘ Shared Memory (DSM) or

multiprdcessor architecture, in which two or more processors

~communicate by leaving messages for one another in a

commonly accessible memory or shared peripheral. An example
of such a contemporary multiprocessor is C.mmp {Wulf, 1972),

which interconnects a maximum of 16 processors with 16

)
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memory modu%e; tﬁrough a crossbar switch. Tﬁe séheduling,
and coordination of processors 1is performed by operating
system programs that check a shared data base. Two to seven
'1ocksi, depending on the‘ path through the scheduler,

protect the data items by guarangeeing mutual exclusion.

In Pluribus, BBN's multiprocessor IMP (Heart, 1973),
modules made up of two processorgj a small amount of local
memory, and bus couplers are 1nterconnected on a global bus
in much the same 'manner as a CM. The initial design has
seven processor buses, two memory buses for shared Memory
and an I/0 bus. These buses are intérconhected bygbus
couplers, effectively Indirect Decentralized Shared (IDS) or
bus windows, that conséifbte ‘a distributed crosspoint
switech., The use of both loéal and shared memory-in Pluribus

contrasts with the homogeneous shared memory in C. mmp and a

h1erarch1ca1 memory organization (as i&n the CM de81gn)

Each CM module is associated with only one mémory.
When multiple’ CMs are_ interconnected, the entire memory
space is accessible to all CMs via IDS structures. A
processor in any CM cén access the memory %odule of another

CM without the remote processor's cooperation. However, the

- ‘hierarchy of memories causes an overhead in passing through...

each level of structure, so frequently used code and data
should be stored in 1local memory. Communication between

processes occurs at the single word level and all routing is

done by mapping hardware OVES high* performance buses
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(Fullery .of these ex;mples exhi s a tight

coupling of p;ocessorsw KQJ%h f/
L4 .

"The alternative is to interconnect compbters (that is

-to‘say tightly-coupled PMS and:CM éggponents) in a network

or loosely-coupled arrangemgntl In one such system (Arden,

1975), a number of program processors, each with high speeqh

cache - and a request bus, are connected by a single Rirect
Shared Bus (D;B) to a
that provide memdry énagement, process managementy, fiie
management and I/0, and monitoring and .protection. This
group of processors is COmgined ygth a very large,
hierarchical primary memory to form a cluster, To connect

an arbitrary number of clusters together, a ring structure,

Direct Dedicated Loop (DDL) has been proposed.

DDL or 1loop organizations have also ?eeh ysed'

syccessfully for thee interconnection of geographically
dispersed minicomputer syétems - (Pierce, 19f2), (Farmer,
1969), (Manning, 1977), (Farber, 1972b), (Reames, 1975),

(Jafari, 1978). The loop consists of a high speed digital

communication channel to which PEs are attached through ring

interfaces. Messages circulate around the 1loop ‘in  one
airection, from  source ' node "to destination, with
intgrmediate PEs acting as relay units. Thié can
significantly . delay the ‘arrival pf a message at its
destination which should be considered in. choosing a lpob

structure. Conversely, the ability to broadcast messages to

.

\l"
7

- T o] AT NI AT e

hce centre of four microprocegsors
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'all nodes with minimal overhead, tHe low sStartup cost and

?

ease of 'adding new nodes is an advantage of the topology. '

-
(S

-

' As well, loops can be interconnected via a ‘'gateway' or

'switching' computer to configure more complex systems and

T it e s Rttt a0

interconnect to larger networks such as ARPANET or DATAPAC.
Fault tolerance can be provided by a fully redundant, loop ta.
complete a broken 1iné (Hassing, 1973), a bypass switch to

B
disable- a mélfunctioning processor, and software to discovgr

failures and initiate recovery (Farber, 1972b).
.

¥

‘\\\ To transfer information, most lcops employ the concgpt

R of fixed-size frames or 'slots' because this simplifi;s the
message téansﬁission protocol and ‘riné interface (Pierce,

1972), .(Farber, 1972b), (Hassingi 1973). A combpination of

hardware and software ensutgs that no single node, even with

/malicious intent, can s tﬁrate'the eRtire bandwidgh of the
loop. The disadvantage of fixed-size fram%s is thEt message -~
space o the loop' is ﬁastéd for short messages, while
elaborat:N;;}gssembly aqd reassembly techniques using frame

size packets are required for 1long messages. The

j X‘ tranqmissionlof variable length message’ frames has ibegn
-é" \ ‘ proposedvv(Farmer, 1969) but is seserély hgndicappedvby the ’ ://
_ inability to allow simultaneous mes;ageﬁétransmissipn. To
overconme this; a) new ﬁessage transm}gsion fechnique was 3&

developed which combines the benefits of both Pierce (1972)
and Newhall (Farmer, 1969) loops, that is, the capability of -

sending multiple, variable length messages. This technigue

<
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is the basis for the Distributed Loop.Computer Neétwork
(DLCN) described in papers by Reames (19754 and Liu  (1977).
In DLC& theﬁloop interface automaticaliy buffgrs, transmits,
acknowledges and controls messages without the need for
software supervision or centralized control. As should be
expected, DLCN repgrls improved throughput and shorter

response time than both Pierce and Newhall léops. In

3

another implementation™of the loop structure, two separate -

loops have been used, one reserved for data traffic and the
other for control messages (Jafari, 1%?8). Jafari reports
an improvement in throughput and response time over the Q&CN

technique.

of distribution of the switching funetion. 1In contrast to
DDL structures, loop systems with a central switeh: are

‘categorized as Indirect Centralized Dedicated Loops, (ICDL).

v Messages are placed on the loop by.the sender, removed for

an address mapping operation by the central switching

f element, then replaced on the 1loop properly addressed to

¥ j " "their intended destination. The service appears as a direct
g C, channel linking the sender to the correspondent for the
5 ! ' - duration of a conversation (Fraser, 1975).

the same decision must be made about ‘control philosophy.
Access to the common bus is shared among the PEs by an

i ' allocation scheme. Messages are sent directly from the

. s ;
. s, . - o o A oA y .
it T L o - N A ol ¥ Y A SR et et

A tradeoff in any interconnection scheme is the extent

In a system interconnedted by a single, common bus,

i

N]

h ,_;'s“




‘nandle the bursty natbre of messages from remote stations
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sbg&ce PE onto the bus, to be recognized and accepted by the

proper destination node(s). This is a Direct Shared Bus

(DSB) architecture. Alternatively, a PE can acquire the bus

and éend’the message to ajcentral switch, where it will be
. ’ / :
readdressed and transmitted to the proper destination. The

use of a central s@g;ch gives an Indirect Centralized Shared

“¢

(ICS) architecture.

v
1

- L N
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The Aloha system (Abramson, 1973) is a unique exampie

of an ICS structure since it udes a 24K-baud full duplex UHF

~

>

radio channel as its bus, A small {interface computer acts

i EEE i e el

as the switching element between thePEs, a collection of
minicomputers, terminals, RJE devices, and an IBM 360/65.
Messages from the different stations are queued' on a FIFO

basis and transmitted whén the chgnnel is avallable. To

without gharrng “the ‘bus or complicating the protocol, a
random access communication metﬁod was adopted. Mestsages
afe sent in the form of fixed blocks of 40 or 80 characters:

plus header information without any central control .or

» N

. N

synchronization. Extra protection is given to the importan

identification and control 'information in the header by
)(

asS8igning 16 cyeclic error detecting bits. This allows the

switching computer to d¥scard invalid information after

A

receiving only three . words of the message. The sender

automatically retrdnsmits the message if it does not receive

4

an acknowledgemenht within a giveﬁ time period.
. -

-




: Systems which are diatributed‘yver large distances and

cdmmonly referred go as computer networks usually can be
classrfiéd as Indirect - Decentralized Dedicated irregular
(IDDI) structures. Networks in the IDDI ‘category include
gstore and forward, packet switching networks uch as ARPANET
(Roberts, 1970), (Heart, 1970), (Kahn, 1972), Cyclades
(Pouzin, 1973); amd DATAPAC (Mellor, 1977). .Networks oﬁ
this size and complexity are probably lesg useful as models
for the interconﬁection :bf microcomputers, or t}ﬂe
distribution of operating system functions. They have been :
mentioned for completenéss and as a. possiblg source of®

A s )
ideas.

-

This section has discussed various ' interconnection -

schemes cuyrently in use to show the wide range; of

. : poséibilities. The logical communication path among
‘processes in a system can be mapped onto a ppysical
interconnection of multiple. proceséors {Brinch Hansen,

1971), (Wecker; 1973), (Walden, 1972).

2.5 OPERATING SYSTEM DESIGN
) ) X Vo v

:_ ~ Developments in integrated circuitry and distrgguted

FAC BT i ¢ 3t

processing are having a great impact on operating -systems.
) ® \ y

Electronic components are able to perform increasingly

/ /

ﬁ complex functions, for example, the transmission -.and

acknowledgement of messages or low level communication
o

|
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. type called a semaphorege. . .
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protocols (SDLC), that used to be considered within the

software domain. Multiprocessor sysﬁémé and distributed
computen networks necessitate the developme%t of operating

systems and software for efficient and convenient sharing of

resQurces among manyﬁhncessors Many distributed operatlng*

-system deéiggf and 1mp1ementations have been reported in the

literature '(Mohan, 1977) This section will describe some

of these developments ahd examine the design goals, logical

structure, operating system primitives and innovative ~

features that have been proposed. Thg hain focus will be on

the techniques used for communication among processes.

L

2.5.1 STRUGTURE, SYNCHRONIZATION AND COMMUNICATION

Dijkstra's "THE" ﬁpltiprogramming System is the first
operating ;ysgg; described since it was one of the ;arliést
developed and has sé;ved as a‘hodel for many later systéms
(Dijkstra, 1968). ~ The system was ﬁesigned to process‘a
continuous flow of wuser programs. The multlprogrammihg
system, made up of user programs, operating system‘routines,

and peripheral control programs, is,organifed as a society

ERRY

of . Sequential processes. The harmonious co&peration of .

processes 1is regula ed’ by means of two explicit
synchronization primitives péovideq by the operatidg system
(at the same level at which processes exist). These two

primiti{,ﬁﬁ P and V;-operape on ‘a specialized ihteger data

¢
N

¢ U

e I

.
ey :
I "




gemaphores can be useé to coordinate theﬂaccess‘ to Ba
‘Share;ﬁ~ address ~ space uby two processes (by ensurlng that
procésses only access the space‘withih a critlcal sectlon
delimited by P and V), to control a producer/consumerh
reyationshlp, and to implement the mutual exclusion reouired
‘fdr resounce‘ allocation. -On a single processor system,
semaphores can be implemented by masking all interrupts ‘for

_/the duratlon of tht’% and V operatlons (to guarantee their

/ //d1v151b111ty) On a multlprocessor, special hardware |is

/ needed " to guarentee that only one ‘processor at a time can
v

i fupdate the semaphore. A memqry interock or TEST AND~ SET
instruction 7as' provided on IBM S/370 systems ensures
exclusive access to-a memoryhlocation In the VENUS “system
(Liskov, 1972) and V are machine 1nstruct10ns, implemented

in mlcrocode qn a minicompdter

.y

)

’ <4
A further exten51on to. semaphores has been implemented

on the Honeywell Series 60/Level 64 (Atklnson, 1974) and by

(4
/

an operattng system for a network (Akkoyunlu, 1972). A

short - fi&ed;length message area is associated-with each V

N - 4
operati?é, which the system transmits to the process
, i
executymg the corresponding P operat1on. Th¥s is useful to

describe the event for examnie, status information ‘on I/0.

#

o , ‘ '
Two higher level constructs, with the advantage that

¢

they combine the operationsmand data structure in a single

en%i%yi_have also been proposed. Secretaries associate the

. 3, .
procedures with the data structure ‘'on which they operatevend

s (
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impleheqﬂ'the'two together in.a single process. The monitar
concept., attributed to Brinch ﬁl’a’;’fsen (5973) and Hoare
. (1974), combines the shared variables, the set oﬁ.me;ningful
operations ‘on them, and the muphai exelusion in one
construct. This enables monitors to be defined in the
syntax of a ihighe; level language and checked at compile‘

time, which simplifies their use and ,-decreases the
probability of error. (/

The. structure’ of the "THE" system displays a strict
Q}eracchy 6f)five levels. At level 0, the system imﬁlements
.processes, whiech define the first 1level of abst@abtion.
This includes the logic for‘ processor allocation to a
process, dependent on a .priorityvschea; to achieve quick
response of the system where this is’needed,and time sliciﬁg'

to prevent any process ffém monopolizing the system. At

level 1, all information is oﬁganized ih terms of segments.

‘(ﬁt level 2, the méssag interpreter process handles the

- allocation of the consele keyboard to the proceés addressed

[d

by .the 'operétor. At level 3, a process handles the

4 ~

Jbuffering of I/0 to logical communication units supported by

-

a limited number of actual peripherals. gAt level U4 are user

, \ ) . .
programs and at level 5 i4 the operator. In this way, a
-
layered, abstract machine 1is created. The concepts of

semaphores for synchrdnization and - a ;ayer%g, abstract

. y N
machine implemented as a hierarchical system of sequential

précesses have had a significant impéct orr operating sxstgm

y,
: ¥
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design.
4
The operating system for a netwerk environment

'developed at Sthte University of New York (Akkoyunlu, 1972}
is based on the concepts developed by Dijkstra %utlined
Jabové, that is, synchronization via semaphores ‘and a layered
abstract machine approach to software d%ﬁelobmené. The key
requirement for ap oper;ti?g system that must be expandable

to a network is the uniform treatment of local and remote
transactions.  Communication is provided through .the
mechanism of ports, an abstract structure by which a process
‘can communicate with external objécts (files, devices, or
other processeé) uniformly. ‘The port éoncept is presented.
iJ/;;tail in papers by Balzer (13&1) and Walden (1972). o In
order for a transaction to take pi.ace through a dati port,
Sotp partieg involved ,must indicate a willingness to
transfer information by issuing matching requests. The
owner of the port makes 5. request, wigh- the option  of
specifying a: parpiqular process~ with whom he wishes to
communicate. Each new request is checkéd‘against a queue of

previous ' requests that are curréntly waiting. On a match,

the queued request is serviced and removed from the queué.

The system itself is stmuctured, as a hierarchy of
levels.  At level 0, the nucieus ihterféces to the hardware
and provides CPU multiplexing. Semaphéres and their P‘aﬁd \'f
operations are implemented at this leyel,. At the LE
(Loéiéal'Elemenf) level, procésses are defined. Above this

w :
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level 1is the DP (Data Port) level which provides the IPC

(Interprocess Communication) facility for processes. The KI .

(Known Item) 1lével ensures the orderly access to the data
ports and énsures the integrity of the system. The user

level resides above these four levels.

)

~

In the MULTICS system (Spier, .1969), a completely
generayized, modular unit called the traffic controller, has
been provideé as part'of the conﬁrol‘supervisor program to
assist the programmer to coordinate the activities of two or

motre pr%cesses. This interprocess communication facility is
« - 1

used extensively by the system itself. The exchange of data -

amoﬁg cooperéting brocesses takes place in a shared data

base,'that is a data base with read/write access by all

communicating processes. To control multiple access to tﬁe

data base, there is a need for a.locking mechanism to ensure
exclusion among inter}ering proéesses. This is provided~as
lock andlunlock functions based on the hardware test and set
instruction. As well,’ block and wakeup functions are

provided by the traffic controller, to enaphle processes to

share the central processor and order theip) execution.
( )

The data 1is organized in the form of messages.
Communication is achieved by an exchange of these messages
in a commonly. accessible mailbox whose identity is known.té

each process by common convention. This implies an IPC

. setup to enable a procéss to gain knowiedge of a‘mailbox; to:

.agree on an ‘'empty' state, and .a mechanism to enable a
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process to set the state of the mailbox to not empty which

another process will- interpret as a message having arrived..

‘The.StarOs operating system, which was designed to
execute on a system of interconnected CM modules, theICm;
multi—microprocgssor, uses the same type of mechanisﬁs as

- MULTiCS: an IPC implemented via messages deliverable to a
mailbox and explicit contybls to perform a block to await an
evenf (Jones, 1979). StarOs implements a maigﬁoxztype
object capable of buffering messages and a region queue to
store the invoker's name and an event. Two~funcﬁdon§, send ¥
b . and receive, are providﬁg. Send will 'deliver a message to a

| registered receiver on the queue or buffer the message and”
depo;it it in the mailbox. When the 'message has been
rtransmitted, the receiv'_ brocess is signalled that the

) , particular event has qcpbrréd. If there was no proceks‘
waiting, the message 1is deposited in the mailbox. Later,

when the receive functién/}s,is invoked, it will return a

buffered message from  the mailbox. The mailbox functions

= are implemented partially. in software and partially in

/

T ' In the RC4000 Multiprogramming System (Brinech Hansen,

W e g

microcode. | fﬁ l

1971), as in Dijkstra's view, the environment 1is seen to -

consist 4of concurrent, cogperating processesuﬁhat require.

the ability to syncﬁronize their activity. 4 system nucleus

implements a set of primitives that enables processes to
- communicate (by sending messages or -answers) and synchronize
A ) N , .

. w ’
& r . ' ’
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(by waiting for messages or answers). The buffer space for
messages domes from a common pool administered by the

nucleus. The send function copies a meésage into the first

~available buffer within the pool and delivers it to the

queue associated with the named receiver. The receiver is
activated if it was waiting for a'message. The sendsf is
allowed to ‘pontinue e*ecution. Rather than always w;;ting,
for the\next message, two additional primitives are provided

that enable a process to await the arrival of any message or .

answer and to serve its queue in any order. )

\

The nucleus is. also responsible for the creation of
processes. This enables a small set of processes to be

created that define the basic’ fuﬁcjions ‘of "an operating

:system and then allows the user ‘to d&namically add new/

operating  systems as descendants of the + nucleus,
specifically ' suited, for example, to time-sharing or

réal-time‘prqce§sing. In the RCH000 system, each f@nction,

_whether it is arithmetib/logical or input/output, is handled

~

by a process. Each process is identifiéd;%y a uqéque name,

enabling others to refer to it without knowing its type or

~ actual location in storage. Proéesses are' arranged in a

"hierarchy, in which the nucleus and a basic operating system

are parent procésses that .create and control new processes
(which in- turn may act as an operating system for their
children). o . . Py -
‘ N A \ s
. m' . \ ’ ', )
L -\ ~ ~
.o - \
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The implémentation of éhe send func;ion as an explicit

data éxchange' bgﬁween processes, as oppoéed to the passitng

- of pointers to the data, is an important concgpt.“ VIt

. enables the same mechanism f§o be expanded to a distribuked

system, where processes may reside’ iny and in fact, .migrate

to different processors that are interconnected by a

, ‘ physical path (Metcélfe, 1972), (Walden, 1972), {(Wecker,
1973). |

N v

Thg' Unix system is based on much the\same concept as

.' . - Brinch Hansen's RC4000 system.  Unix is made up of a set ~of
| processes organized in_ a hjerarchical manner (Ritchie,
|

1974). A'new proce;s can come into,existence only by use of
.the ‘'fork' system call. The calling process is éplit into
-two independently executing processes thét share any fi;es

opened ‘bywﬂthe éaller. ‘One of the ﬁrocesses becomes the

paréht, the other the child. for processes to communicate
they must be connected‘by an IP*channel called a pipe that

i was set up by a common ancestor. The two related processes

-

issue read and write' operations, An the same way as they
would do I/0 to a file. A process t issues a read to a

pipe is suspended until another process writes.to the same

e

pipe.

'

Unix has been modified ‘by the addition of 'a Network

4

Interface Program (NIP) to connect to the:  ARPANET or other

networks, éo adt as a gateway between .networks, or to

con?igure‘ a multiprocessing system made up of several Unix

!
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systems (Chesion, 1975). The NIP consists of a Network

Control _Program (NCP), protocol programs, and network

special files. The NCP is made up of a kernel that is part

of the Unix system and a 'daemon' which runs as a continuous - :

background user-level process. R

Medusa 1is é multi-user operating system under
devélopﬁent' which, 1like 3tarOs, was designed for Cm*
(Ousterhout, 1980). The .aim was to understand the effect of ﬂ
the ’dis£ributed Cm#¥ hafdware on operating s&stem sﬁructure, : 4
and consequently, Medusa attempts to capitalize on and é
reflects the wunderlying architecture. This gives rise to
two imbortant software issues - partitioning and

communication. ‘ : §r g

In ‘traditional multiprﬁcessbr systems, the operating \
system is.implemented in one processor's memory, with othef _ J w
processors executing the code remotely. This 1is not

feasible in Cm* because of the high overhead of .accessiﬁg 1

o<y,

remote .memory and, in any case, is too frégile in terms of

lreliability. At the other extreme, all operating system‘

code could be replicated in each processor (similar to the

ik ai S

approach taken in néi;orks) but the small size of 1local

méﬁory discourages this approach. Instead, the operating ; |
system was divided into disjoint wutilities ﬁsing the hL
decomposition scheme fdggestéd by Parnas (1972) and

. ® )
distributed among the set of‘ CMs', A given processor 1is

" permitted :to execute the code for a, particuldr utility only j |

v o \

b,

T
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if it can do o locally. Otherwise, it must 1invoke the
remote utilit; by 'sending it a message. The boundaries‘
between utilities are rigidly edforced (for proﬁection) and
are only crossed by messages. Messages are transferred via

pipes (similar to those of Unix) -so as not to restrict

either the 1location or organization of the senders and

receivers.

Roscoe is a distributed operating system designed for
a network of microﬁrécessors (Solomon, 1975). -Currently the
system consists of five DEC LSI~11s with’ 56K bytes memory
and word parallel lines .to one or more other L5I-11 machines
(ad a PDP=11/40 running Unix for 1loading and development
work). The software 1is written \in (the, C programming

language_(ekcept for a small amount of assembler).

Two processes are connected by a 1link - a one<way

logical path (the 1link. structure was first proposed by

i Pl g o St e st o o

e

Baskett (1977) for the Cray-1 uniprocessor). The holder of
the link @ay send ﬁessages over the link té the owner who
{ - receives them. The owner creates the Llink and never
changes. The owner may,specify the properties of the ;ink“
for example, that it may not be copied or that he shodld be

notified if the iink is destroyed. The chief function of

A,

N
LTS i A P S AR B St MIALLL 1o ra AW Pt

[ “tHe kernel, implemented in each machine, is to support links

> - ‘ and messages by providing service calls to create and
. P ,

-~

destroy links and send and receive messages. As mnmuch as

possible, operating system functions are brovided, not by




41
N i /
the kgrnel, but by processes.' Each kernel ma;ntains a pool
of buffers that can be allocated for incoming messages and
to local processes for outgoing messages according t6 a
simple gtrategy. Three prioéities of request are possible:
high (satisfied if‘ any bufférs ﬂge availaple), medium
(satisfied if a quarter of the pool is ;vailable), and lsw\
(satisfigi if . half the pool is available). Another
alternative suggested 41s to implement a buffer quota for

each process.

In IBQ}S DPPX operating system, the functions and data

are dispersed in a network, with coordination performed by

‘onp logical manager. The systeﬁ' supports connection with

peer systems (other 8100 systems), Hierqrchically defined
hosts (System/370, 303x, and 4300 procéssqrs), and
terminals. A All system objects, for example, programs,
configuration definitions, display maps, and data set (file)

definitions have been implemented as data sets. A singlé

. command language is provided for user access to all system

functions.

'

"The DP?X system 1is qoﬁstructgd és a hiera}chically
defined set of layers. The Control Program.is méde up of
three parts: a base layer that gcreates and supports the
tasking structure and supplies synchronization sérvices that
are implemented through queues'land locks, a }ayer that
ﬁrovides extended supervisor functiqns to support management

of procesgor storage, program contents, timer services and

« 7
(3

-
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‘”consists basicaily of buff;?s{ a' shift register, and an

/
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error handling, and a layef that provides resource
management ‘functions sucﬁ as the allocation of data sets.
I/QC Services are coésistént with the functional layering of
the SNA architecture (for a thorough description of SNA,

read the textbook by Cypser, 1978).

2.5.2 NETWORK OPERATING SYSTEMS S

[

)

Bésically, there. are ' twd strategies for -/ the'

' {mplementation of~ network operating systems (Forsdick,

{978). The fundamental operations are integrated with the
functions that Q?ke up the operating system and are
implemented directly on the hardware, for example, DCS
(Farber, " 1972a). ’Aiferna£ively, the basic functions
provided by the host operating systems are used as the
buiiding blocks with interhoﬁi . communication‘ and a
distributed file system added, for example, Reames' anJ,

Liu's DLCN.

The Distnibutéd Computin?‘System (DCS) is a facility
made up of a number of different processors connected ‘by a
digital communication 1loop. Controcl of the 1loop and

responsibilit& for resource allocation. and Scheduling are

~distributed and shared among .all processors to gain

resiliency.” Each processor interfaces'tp the 1loop via a

. . Va -
special piece of hardware called a ring 1nte:¥ace which .
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associative memory. This memory contains the names of all

H

processes active on the' attached processor, enabling
messages to be sent addressed by .process name. %;nce
processes communicate over the loop using messages, the same
mechanism was extended to interprocess communication within
a p}ocessor. 'A process wishing to communicate with another,
merely trangmits a message to 1it. If the destinationr}h
process is not active on the same brdcessor, software will ‘ i
route the mbé§age to the‘looé. Otherwise, the message would

be transferred directly'to the destinat&on process. This

scheme resembles the IPC proposed by Brinch Hansen (1970)

. | and consequently, a;sd provides a method of synchronizatioh.

Simce no common memory is required, modules of the operating 4

system-can be distributed among the processors.

iy

The operating system exhibits a hierarchicgi; modular
‘structure (similar to Dijkstra's "THE"). Level 0 1is

basically a multi-priority, round robin scheduler. Level 1

v ~ is the software that implements the IPC. Each process has a

! " ) sé% 6f message queue§ célled chanpels, one of which is
L designated as the output channel. 4}11 others are input
channels, associated with an orjiginati g' process name or
class fqomlwhich messages will be accepted. When a process

wishes to send a ﬁessage, it places it on the output channel

o AT P e 5, T R T

aﬁd calls tge ievel-o scheduler to activate the

PRp—

communiéation software. When a process wishes to wait for a

message, it signaf§ the scheduler which marks the input

v ' A ; ' /
A ;

5 ' ' ' - . Pan'

ey s e

B AL e 2P Gyt
(L0 SRR . \




Pt e e

by - -

‘channel on\which to wait and makes the process inactive.

4

When a message 1is delivered to a wait channél, the
communication software returns the process to the active
state, Lével 2 <checks the 'loop and processors for
malfunctions. Level: 3 consists of the resource allocation

routines and level 4 is the user and service processes.

-

The Distributed Loop Computer Network (DLCN) provides
a unified system consisting of small and medium scale
computers, terminals’, . and peripherals connected as a

»

geographically local network by a communicatidns.loop (Liu,

1977) . FungXfionally, users are not even aware of the’
a

system's ctual organization. One 6f DLCN'S major
objectives was to design an appropriate message

communication protocel for the network which wo%;;’/also

simplify the ‘\imﬁiemenkation of distributed, lpgw~level

primitives for network operating .system functions. The
cotmunication protocol (called DLMCP) for message
transmission on the_ldop is a bit-oriented protocol (like

IBM's SDLCY with a distributed control discipline. Messages

are addressed by process name which is mapped 1imto a two
component physical address: a 7-bit loop interface address

for 1locating the processor and a 5-bit number which

‘identifies .the process. ?our types of messages are provided

for network\fuﬁctions. Information messages transfer étext

between ‘communicating processes. Acknowledgement mes§gages
N ' 14

are automatically generated by the interface hardwér{ as

Lt L VT VTR UrvR VRO
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required, either for each message received or for. a block of

o

| messages, as specified by the sender. Qonbrol messageé
fyh implement pr;vileged loﬁ—leve{\primitives fer:accomplishiﬂg -
some of the basic functions of the network operating system .
(DLO%), nfor example, locate a process, ¢all a remote
program, or synchroniée. Diagnostic meesages-are‘ used ‘for ‘
error défectioﬁ and recovery'during normal operation and“for ’

[

system initialization and loading at start-up time.
v ¢ ‘ . . o
All processors execute components of the network

operating system, DLOS, whose primary role is™ the conversion

between. local 'and network-wide representations . of
information. Therefore, it can be implemented'differently
on each host,\§f~requi(ed to interface the 1local operating

~Bystem to the network. \
2.5.3 OPERATING SYSTE@S TO FUNCTIOQN MODULES

An operatiﬁg.lsystem can Dbe viewed as a set . of : ¢
" parallel,Ncoopereting processes, where the syetemh;s defined
in teru\;és of th%‘supervi;or aﬁd:cdntrol functiqns’ﬁ?ovideda
and their interrelationship (Coffman, 1973)% All processes
are assumed to eieeute asynchronously, coordinating their
acti:ities ﬁhrodgh information transfer. They exhib@; the
, ¢ Same properties as interconnected hardware devices:’
Lndepen@ence except for activation and communication

(Wecker, 1973), V(Habermann, 1972). This suggests that a

L

.
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. Lo ~“mapping of processes onto hardware modules would be
. [ nqa* ) ‘ . . ‘B .
- - - % feasible. T , :
a - - . 12 * ' R .
P . BEERS ’ . \a
! ’ There 'is considerable motivation for the.development )
- w N
of structured ‘modular operating system fumctions whidh c¢an.

QS implemented in. low cbst LSI hardware cgmpoggnts The

/“o‘erhead in current operating systems ' threatens to defeat /f

their very purpose - - the efficient use of hardware

'resources. I+t was found that ove 50 percent of the '

. » . k ' 4 *
instructions are. executed for system support and control

¥
(Joseph, 1976) and that the code requlred 32K - to 128K Pf‘

32-bit words . storage (Habermann, 1972). A  computer

owerloaded with highly 'complicated software will not

A

'stabilize very well, and consequently, will be unreliable

(Hopper, 1976).

-

®]
“'to complicate the operating system and can cause problems

S The lack of a uniform communication. phl&gﬁophy teQ:j "

,synchronization, sche uling,,and reliability ,A solution te
'thls problem 1§ to establish  a common{ ‘system-wide .
eommunication facility, based on information exchange. The
system displays homogeneous communication {ald processes use
the same protocol)’ and location transparency (the protocol
is the same for bath locad and remote destinations). This
’ allows system processes to mlgrate within the configuration,
from ona_processor to another or frcm software to hardware.

.:For example, device ccntrollers, with added in%elligence," ‘

'could rgspond to messages as opposed to’ I/0 inst\hctions and

-

return messages as cpposed to interrupts to signal programs.

P : S F“( L
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III. MMCMS EXPERIMENTAL PROTOTYPE

D * » .
’ . N

- DS

4

This section describes the environment, development
work, and iuplementation‘%?\ niexperihental system used, as
el .

the basis for the Multi MicroComputer M@dule System

, - ~ N\\/ (; ~
(abbreviated as MMCMSY. The goal of this work 1is to

. > \
demonstrate the functioning of the software interiﬁée and
. message-based communiqagioﬁ, and to investigate the choices

- when offloading a function from a singie processor operating
.o ’ . -
system to a distributed arehitecture. Thé message transfer

facility could,supportm the distribgtion of an operating

system organized . as cooperating processés that communicate’
-~ )
and synchronize via an exchange of‘mesﬁages. It should be

noted, however, that the scope of this experiment is limited

A
3

to a'single user, single task operating system. The éetup

P

"was designed to be a flexible, modifiable test system that

[

0 would implement one physical mapping of the logical

1

communication concept. Its /choice was determined bx

o~

dvailable hardware and software, and is not intended to be a

s demonstration of an optimal design.- . ;

3.1 DESCRIPTION OF THE TI ENVIRONMENT - -

LI The architecture, instruction set, and operéfing
sys%em of the :-TI are described with explanations and

diagrams of the communication and ‘confnol floﬁ. The
U ' ‘. L. > ’ ' >
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. . -
description of architectures is supplemented by Bell and
Newell's PMS- notation (Bell, 1971). The design and

impiementation of a logical ‘communication structure among

interconnected computer modules, including a distributed

\
communication routine, ©protocol, and message format is

]

' explained in detail. .

-

IR
3.1.1 ARCHITECTURE OF THE TI980
B ! « .

f

L3

(NG

The Texas Instrument‘ 980 Model B minicomputer is

. typical of its «class of machine. The ,TI9SOB‘ is a

single-address (plus index register),‘general purpose 16-bit

digital computer with integrated circuitry designed in the
» N .
S 1960's. It has a ‘status register (fdr processor and

hardware conditions) and eight addressable registers, not

truly general purpose as not all registers‘can be used f%r

| af& instructions. Arithmetic operations ane’ performed in

' ' 2's complement. =~ There are 99‘53815 instructions of one to

. ) [
three words %n length. .-

)

The system includes memory) parity, hardware brogram
relocation, one auxiliary port, one Direct ,Memory Access
(DMA) port, and Xour I/O ‘bus ports ~ with interrupt.

Peripheral devices |are connected to one of two separate

b}

B
e 59
b

4

\ , .
slowv, «characggr oriented devices, the central processor

R B
L Aransfers a single word (8 bits control and\8 bits data) via

XN

i R P C

buses dependieg on the speed and length’ of transfer. For

TR A
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the I/0O bus to or from a register or memory location by
issuing an RDS or WDS instructioql Using program controlled
I/0, transferring a line or block of data involves l&%ping
thrqugh a program sequence that checks that the device is
ready and ‘issues the RDS or WDS for each character.
Alternatively, the I1I/0 porﬁs can be polled by reading status

from slot 13 to find out which ones have interrupted. For

‘fast, block transfer devices, the central processor has only

to 1initiate the data-.transfer between the device controller
and memory by issuing an activate instruction. The DMA port
handles the logi§tics of‘the transfe}, requesting access to
the memory from the memory controller on a cycle stealing

basis with.the central processor.

The PMS represenﬁation of the TI architecture (Figure-
3.1) shows how it 1is an outgroqth of the classical
configuration for a Computer/C:=Mp Pe K T ﬁhroug@
the'use of two distinct information paths, the I/0 bus
(S and links) and the DMA channel (S with links) and the |

addition of the memory controller (K ).

The architecture of the\T198O is characterized by -the
use of a ipowerful‘ memory con%rolIer which performs all
addressing decoding, parity generation and checking,\timing,
and cqntrol fhnctions on the memory. With these
capabilities, the memory and memory controller comprise a

relatively independent processing unit whose fﬁnction is to

~accept addresses and deliver or store information ' on
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request. It actsﬂas a switch between the processor and the

/

\ - DMA port, but‘can’%ccept requests from both at the same
' ' i I
. time. This organization allows considerable flexibility of

I
» operation and ease of interfacing with any device 'which

! requires direct access to theﬁnghoryu This is shown clearly

4 in the block diagram of Figure 3.2: ) )
3.1.2 OPERATING SYSTEM OF THE TI980 l
. .
- . The standard operating system, written in assembiy
laﬁguage, creates a isingle program execution environment.
The coﬁfiguratiéﬁ available éonsists of a VDU with keyboard,
! card reade;, line printer, and. moving head disc with
i removable @artridge. The usef is able to communicate vﬂa an
_operator'; console to req&est ,the operating system to
% - .  peﬁform any‘qf a given set of functions. These can be
grouped into four subsystems: {
. ' 1) a system loader, | '
2) a program/machine housekeeping system to monitor
and act on power fail, memory protéet violgtions,
mé - N inﬁernal interrupts, etec., |
: 3) an 1/0 system- that‘ connects logical unitﬁ to
’ \ physical devices and performs all 1/0 operations, énd
' © ‘ Ki. a disec yfilq management package~ which builds,
identifies, and maintains files on one or more disc-

. ' .yolumes.
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In general, functions provided 1in - software and

' ac¢cessible to the operator-can be implemented at one of two

distinct levels:

1) as a command available through the oOperator
X .

communication package, part of the operating system
2)‘ as' a system program (the object resides on the

disc) which is loaded and executed to perform the

.

function ‘and which, in fact, may call the opergting

system to do privileged operations.

/\

With the distribution of operating system functions to

" physically interconnectﬁf computer moddles, a new level of

implementation becomes available. " A separate module can
provide the 'system function required. | For example, the
functions of the console device servicé routine (DSR) can be
provided by a microcomputer .interfaced to the console
device. The miecro will be interconrected to the TI
minicomputef and communicate with the rest of the operating
system by transfierring information on the link. - | .

\

3.1.3 FUNCTIONS OF THE CONSOLE DSR .

The firsk step in the distribution of a DSR to- a
separate computer module is to be able to replicate the
functions that it pérforms. This ;ection will describe the
funcp%g;s of the console DSR and iés fnterrelationship with

the operating sytem (Figure 3.3 shows the system tables

Cy, . ’ N
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?igure 3.3 Interrelationship among Calling

peripherals
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accessed by the DSR).
: —

On entry to a DSR, the M,/rggister points to the
Physical Device Table (PDT) for the péripheral, enabling the
DSR to gain access to the Phyéical Record Block (PRB)
(through PDT(29) and Logical Device Table (LDT) (through
PDT(3)). A DSR is responsible for performing a defined set
of vpoperations, such as read and write ASCI}, or open and

close.

On an open, thHe record length.is checked and set in

LDT(3) and the device flagged as open, blt 3 of LDT(0), “and

pagemode (only one screen full® of characters will be

-displayed) is set. Open-rewind sets the ignore bit, bit 3

of PRB(0), and does.an open. |

Oh a read, if the geyice has not been opened, an erfor
message is output to the screen. Otherwise, the open lengthl
is retrieved from LDT(3) and the promﬁt characters are
output. The program then loops, reading one charécter at &
time as if is keyed in, and bhecﬁing for agreed upon special
‘funciion keys: _ . .

ESC - the entire 1ine ¥eyed in is deleted both on , the

screen and in the caller'§ buff?r

ETX -~ pagemode is-reset -

STX - pagemode is set, variables initialized

EOT - end of- file is sensed

h

All other characters are echoed - the following also having

..
v
’ ~
5 . " , .
% @
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a special function:

-

CR - (cérriage) return signifies the end of uiine and .
causes a linefeed (LF$ character to be output to the

- screen ‘l 4
BKSP - control H signifies that the previous character
is to be deleted both on the screen and in the
caller's bﬁffer

. R . \,\
A1l other characters are packed into the «caller's buffer. .

When the buffer is full, the néxt character keyed in, if not
p .

one of the above, triggers é second prompt- a |} appears on

the screen instead of the character and the cursor backs hp
to blink ‘under it: i . At this point only the special

function characters listed above will be accepted.

On a write, the record length is checked (length>0)
Béfore continuing.' Then the message text to be output is' g
fetched one word at a time, unpadked éharaﬁter by character
and output to thé‘ecreén. If pagemode is set, a. count is
kept of the number of lines that have been displayed and
output stops when the screen has been filled. At this
point,'only thé“following séeciél keys are accepted: )

ESC - terﬁinates the output, sets.the ignore bit in
PRB(O)" ‘

¢

LF - continues the output, resets line count

[

ETX - resets pagemode, continues outputting
. ” . ) .

On a close, bit 3 of LDT(Q) is reset and control

‘. returnéd, to  the callfng routine. Close-eof sets the eof
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" g
) ' bit, bit 2 of PRB(0) and then does & close. | L 3

3.1.4 COMMUNICATION AND CONTROL FLOW -

LTV

; In the TI operating system, information is transferred

v

between programs by passing . a pointer to the appropriate

system table or user data block in memory.. Control 1is !

transferred at the hardware 1level, via one of the branch

P

instructions. The following is a description of what
happens after sthe TI operating system has been loaded from

~disc, The program control flow is illustrated ' in Figures

3.4 and 3.5.

On startup the TI operating system branches to\JCSTRT,
the entry point of the job control statement _processor,

JCMAIN. JCSTRT blanks its input buffer and then branches-to
¢ . i

JCREAD to input a job control record from the console. '

For the operating system.to perform 1/0, a sgt of

| . .
parameters must be passed to the .DSR of the device. The
caller does this by building a five word Physical Record:
Block (PRB) whicﬁ contains the logical unit .number, opcode,

record length, and starting address (refer back to Figure

3.4 for the 1layout of a PRB). The opefating system 1is
Qignalled and control passed to it by issuing a Supervisor
S €Call (SVC).. The address of the PRB is paiied in the M

register. - ) C

@
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The SVC is trapped by INTRIP, the internal interrupt

v

' handler, and recognized an an I/0 request., INTRIP .then

checks the logical unit requested by PRB(0) against éhose ' \

; . assigned 1in the cha%ned list of LDTs. If a match is found, p
' the PDT is linked”to bhe LDT and PRB, and control passed to
the .appropriate DSR via PDT(1). The DSR, in this case
LOGDSR, gets the PRB address from PDT(2), picks up the
opcode,, and perfarms its'function. Since it is a read, it
checks that the device has been opened, gets the record
length from LDT(3), and outputs the prompt characters;, It

'

then loops, waiting for a character to be %Fyed in.

g ' The operator can now enter his command. As thé first
exampfe, a function provided at the opera}ing tem level
will be requested. The program control flow is’;jTZustra;ed
in- Fié%re _3.4. The commands and notatioh used inlthe
fo;lowfng dialogue are explained in Appendix A.

i LUINOS]) (lists logical units currently assigned)

| | As each character is entered, 1t is processed by the bSRy

that 1is, it is checked against a list of control characters

! and if a match is found, handled specially. -If not, it is

accepted as'a\regular character, echoed to the screen (since

tpe console operates in full duplex mode), and backed A
N directly in the caller's buffer. It‘is at “the DSR level
\\\\/J//ﬂ?\ that keyiqg errors Ean be corrected, that 1is uqtil the : )
return key is entered. On end-of-line the DSR sets the '

status byte and returns to INTRIP which passes the status to

s

Ve
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L

“the caller and returns., Control is given to JCREAD which

does some more processing and returns to JCMAIN. The buffer
is scanned to. 'crack' the fields-of the job control message:
and builds the Field Scan Table (FST). The first’ entry of

the F3T, which is the command keyword entered, is compared

3

to a linked 1list of command .names and programs, with control

passed to the program with the matching name. 1In our first

example this would be JCLUNS. If no match is found, ther‘

9

convention is that the name is the filename of an object

program on disc that should be executed. -Codsequenfly a

dummy EXECUT(E) command is built. After the function

"corresponding to the command has been performed, control is”’

passed back to JCSTRT for the entipe process to be repeated.
3-*-&«
In the first example, hhe system would respond with

2 LOG 3 . NULL N
> ", .

The system is now ready to accept another command. As the
sepond. example, a funection implemented as a system utllity
will be requested. The program flow 1s illustrated in
Figure 3.5:’ ;o g - |

3

As the second example, a funcfionﬂprOVided by a system
utilichwill b4 requested COPYAL is a routine that copies
ASCII records’ from logical unit 28 to logical unit 27. %o
list a card deck on the line printer, logical unit (LUN) 28
has to be assigned to " the card reader, mnemonic-CR. To
execute ‘the program, we need only type its name.

A[SSIGN],28, CR) ©

\

,,,,
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(EXECUT, 1( DO, JCOPYAL) - e _ N
" Because LUN 27 has not been“‘assigned the system responds
- s ” . -‘m * ) I

with an error message. S

LUN 27 ERR 0010 AT xxxx LL zzzz ooy

RETRY>> , o ) ‘

No .recovery -is possible so enter N3 . Assign LUN 27 to the
-

line printer, mnemonic LP and execute the program again,

.4 A, 27 LP2 ‘ S . ’

© EX) ‘ < , " \

. LUN ERR 2000 AT Yyyy Dk)zzzz R 4 \
RETRESS -

L. X
.
w 0 '

_ The card reader is not ready. Press startiﬁﬁg Qéit for the

green neédy light. Answer N2 to the retry message and the
. program resumes.
. . o ’

o K

‘If‘ﬁhe hopper runs out of dard§,/ the 'system %?ops,

L weiting for more. When an end,of—file card is read, the DSR

oo

recognizes it and sets: eof, bit 2 of .PRB(0), the . status word =~
. . ¢ |
,qf the PRB. The program-checks the status and terminates by

) ]
returnidg control to the systenm, sﬁc 1. The message ' COPY //////fA

AN »
COMPLETE appears on the screen and control is passed back to

A 3

‘ 'JCSTRT, the idle loop of the operating system.

s

* >y ta, 0
¢ T 0 h .
s N -
b

: 3.2 DESCRIPTION OF THE SMS300 @
[ . .ot L . 4 h

, B o * -
T 1<) ’ .

[y 3

The sussoo Was chosen as the® test module for the. .’

\}mplementation ‘6f the LOG device service routine. Its -

-

¢ .o
architecture and inatruction set wWiil be ' described . in . the

3.2.1 ARCHITECTURE OF THE SMS300 - e,

- .
N .
. '
v -~ . ‘ 1
0 ' g ‘ '
) ‘ .
o v
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The SMS300 is a small (800 to 1000 gates), bipolar LSI
microcomputer that was"desiéned specifically for control
applicatiops. There are eight 8-bit gén;ral registers} one
{-biﬁ overflow register, and 256 bytes of ,working storage

that can be viewed as an eitension of the register; and used

for the inermediate storage of variébles and I/0 data. Two

8-bit “address registers (called IVR and IVL) are provided,

s

pne .provides .access to working storage and the other‘to the

IV bytes. ' The. IV bytes are 224 (expandable to 2040)

individually addressed I/0 connection points. SMS programs

reside in a separate memory (16 bits per inétrgction,

k]

- addressable to 4K of ROM or'PROM), called Program Storage

(PS). 'The' components making up the SMS300 and their

interconnections are shown in Figure 3.6 . The structure is

¢

also displayed in PMS notation (Figure 3.7) fOﬁ_comparison
with the TI architecture (Figure 3.1) and structure 'of a CM

(refer back to Section 2.3).
s . . N

[ 4 t

'

Since the SMS300 i{s a controller, its bus struQFure

. facilitates the connection of.peripheral devices.g The 1I/0

l path - is called the Interface Vector and Rrovides a pregram

add?essaple, buffered, bidirectional path. he user sees it

20

.83 one or more individually controllable SJb;f~registers

called the IV bytes. This aimplifies the connection of

peripherals since the interface doeg not require logic for
Lt v . “ . \

recognizing its own address, Althougp there is no interrupt'

. ” ‘
\ »
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facility in the SMS, the architecture is particularly

well-suited to a handshaking protocol. This Eould include

the SMS raising the interrqpt line of another pro?essor.

3.2.2 INSTRUCTION SET OF THE SMS300

J

The SMS has an instruction et ghat consists’'of eight
instructions: 3 arithmetic logical,\a traksfer of .data, and
3 progpam~ brancﬁing instructions. The ‘
performs 8-bit, 2's complement arithmetic. The architecture
expands the functionality of " the instruction set. Fo}

example, the MOVE instruction performs perfoyms a _loaq, a.

store, register move, read byte, write byte, and right

rotate. The complete lisg' &f SMS instructions and a brief

on can be found {n Appendix A.
5 a4

. o
is . possible on any subset Q;#'one

explanation' of their(operat
Moregver, accessing dat
byte, meazning that any\ bit or group of bits is directly
accessible in one instrugﬁﬁon cycle. Consequently,' the
'inTérmation can be compacted for siorage efficiency and yet
be accessed without .lengthy decoding. Any of the
ihstructiops can force I/b simply by using-the’f;; register Y
as one of the operands.- This is possible because the
" architecture’ iq. structured such that data, whether at the
1/0 interfacé (Iy ‘byteé) or in a register or. working

storage, are handled the same at both the hardware and

software levels. This implies that data from an éxternal . ~

device can ” be progessed by any of the dnstructions

LI . @ 4
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immediately, without first ﬁov}ng them to internal storage.
n summary,‘a small, basic instruction set with powerful bit
: \ , :

and byte handling capability was implemented in the SMS,

appropriate to the intended function of thd module, that is,

Pt S Y

control -applications.

3
4

3.2.3 INSTRUCTION SET AND PROGRAMMING

‘

This section examines the suifably of the SMS

instruction set for the ;mplemehtation of operating system
o N ]

* functions and indicates areas for improvement. An advantage

of the SMS is its speed - 300 nanosécond instruction cycle g
| (10 to 50 times faspér than most ﬁicroprocess§r3).. At this
gpeed, operations g4 cons{Sting\ of three\ to four 5SMS
4+ - .insfructions still execute at minicomputer speeds. To help

o :

clarify programs, the. SMS macro fécility can be used to

build new 1nstruc}ions‘ &onslstihg of more than one SMS"
instruction. Two appRoaches are possible, }for the

impleggntation:«emulation bf the TI instruction set using

the SMS macro facility; or use of a a higher level language
rd ] . L4

suited to opérating system design. 1In the‘ first case, no
rewriting 1is required and testing and debugging can be done

+

on the TI, where -hardware and software dévelopment tools are

rermm————

available, Afterwards, the communicat%ébftoutine énd DSR
{in f? assembler) canwbé-aésembled for the SMS, usilg “the - e

’ N ‘ N N )
S macro capability to produce .correct SMS machine code. This

canitpen be downloaded to SMS program storage and executed.’

A
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. The advantage of this approach.is that the new SMS software

o

is expressed in the same language as the TI software it
emulates;«‘ It was found that usiné the‘macros produc'ed
ine%ficient codé: in terms of both speéd and memory. The
SMS 1is able.to a}aress up to 4K words but .the exéerimental ’
sysgeﬁ had only/ 1K ava}lable. As well, the radica}l

differences i the two architéctures, specifically

i .
addressing modes and the way registers and memory are

— s AT . B O N A M A A 3

‘refenenced on the TI; made the macro 1mb1ementation
unatfractive. If a PDP-11 miniéomputer had béen used
operating system functions c&uld have been directly

A . " - transferred to tﬁe L3I-11 microprocessor since’ it has the

same architecture and instruction set as the."PDP (Titelbaum,

1975).

”o
A

The second afproach is to build a high-level -language
| | that cogld be uséd Eo ;mplement.opérating system§ using the
P -macro capability of the SMS;cross—assemblerf’ wa languages
that were considered were PL/M, a subset of PL/1 and‘?
~currently available on some microprocessors (Kildall, 1974),

i ' . and- C, developed -at Bell Labs and being’ used at the . 4

University of Waterloo for network development work

.
e S e ot e A e 1 W

(Manning, 1976). However,this was a large undertaking mot

directly related to the specific'aims of this research and v

due to limitationa in time and manpower, it never progressed

' - S beyond the investigatiVe stage. ‘The implementation of a

system 1angyage appropriate to building operating sygtems
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and, at the same time, usable on a mibrocomputer would
provide an integratdd and powerful tool for the distribution

of operating system functions to computer modules.

In ﬁhe end, the decision was made to build additional
multiword instructions using macros to clarify and‘simplify
programming the SMS. As a compromise{ only macros with
5ma11 bodies and minimal 6verhead were implehented so\gi to
usé~program storage efficiently. In coding the LOGDSR, the

approach was' to .translate 'the TI assembler codeT\oﬁ an

.instruction by instruction basis, taking into account blocks .

of code that coqld be optimized using capabilitigs unique to
the 3SMS, .

In general, a-Shortcoming of the SMS ‘is its use of .
memory. The architeecture requires that all operations be
performéd~through the AUX regi§ter“and‘that yorking Storage
or interface vectors be .selected before the/f\can be

accessed. This often requires a move instruction followed

by the operation, which uses two words of mehory. Also,,

. operations usually provided in an instruction Set have to-be

built wup of severdl SMS'instructions, requiring multiple

memory locations. These criticisms are mentioned because

"the memory - required to implement a function may become

excessive. The DSR function, _codéa in SMS assembler,

;Qrds of memory. This is fery
close in size.-to the TI code, which seems’ to suggest that

Q ' ' H ' .
savings made using SMS3' arghitgcturew(better suited to the

requires approximately U400

* .
i
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.~—application) were lost in a too small instruction set.

3.3 COMMUNICATION IN THE EXPERIMENTAL SYSTEM

/

Programs in the current TI operating system use a
AN ]
%umber of different structures for setting up communication.

.‘-——/"

§ e g

. B The job control monitor, JCMAIN, Vpasses parameters 'via a
g\ _ ' . Field Scan Table (FST) to the program providing.the anction

- requested. Programs requesting I/0 pass control information

and a ‘pointer to data in a Physical Record B;ock (PRB) to

the DSR via the M register. -When the operatign has been
.comp;eted, the DSR sets stétus in the ERg and other system

tables. Programs requesting the services  of the system
' message writer, MSGSM, format the information (number of .

wo;ds followed'by ihe actual text) and pass a poinﬁér to it

in thi X register. “’;</¢$§§&: / | o |
s . ~ ’ ,(-' - :
i ‘ . 3.3.1 COMMUNICATION PROTOCOL. ’

»

In the experimental éystem{ a program. communicates

/ . "
- with another program which may reside in'a separate function
module by explicitly transfenring information organized as o

.messages. L Eventually, all programs in the system would be

this implementétion, a routine for the TI was provided .tha

= . acts as an interface between the program that handles the

. I70 requesg and thé DSR.‘ Programs that still reside in ‘the -

v

modified to communicate via the same message structure. it\~ o
. 8 ‘

-
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_ [T 2 T 5 ) .
Vre g N . T b sl wﬁgmsg-mmm.gmm“ ey e et ot d b e ¢
; ot opn iy et s A e x ke



— ~vor ~ - - -
Py ¥ . . |
-

; .
RS

. e
\
—

TI"continue t6 request console I/0 by setting up a PRB and
; - 1issuing an SVC, even thoqgh now the program ‘providing the
- | : function resides and executes on a remote processor. The
"distributed communication routine sees to itﬂ that ail
messages are delivered or that the sender ié notified of the
hardwae failure yhich gyst have occurred. The communication
> ) . routine in the TI: COMDSR, builds a message with the control
iéformation from the PRB (and the text on output) and sends
it. to  the SMS function module. A ;ommunication‘routine in
o the module performs the send and receive functions on
messages. Note that the function, module dses only messages
for commqnication wifh other modules. when a message
‘arrives, the communication routine extracts the informéE{on,
opcode; cﬁaracéer count and text, and stores it locally for
LOGDSR implemented in the SMS. When LOGDSR has iﬁformation
to pass to the calling program in the TI, it calls the
communication routine which builds a message to send to )
C CoMDSR. ‘ | e |
4 < - ‘ o ! '
? X‘ . A program requesting I/0° assumes a virtual path
‘between its buffer and the device»when, in fact, there is a /
‘multilevel protocol generatéd. :Figﬁre 3.8 illustrates these
ot ‘ levels\and an I/0 request froﬁ a user brogram to the console
device. ‘The TI provides an SVC ca;l to enable user routines
£ ’ to request. services .only available at the sygtem level.

This §ame'mechanism haé,beén 05e¢~to implement the ‘send  and

redeive function og{mesééges. - . , .

I I . ’ X ‘ S
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3.3.2 MESSAGE FORMAT ~ . >

All 'messages are made up of three principal pafts,
either implied or explicit: header, text, and end. The
complexity of header information depends o?,gnd should be in
reasonable balance with 1) the sophisticatiod of the system

application, and 2) the type of communication network over

‘whiéh the message is to be passed. A standard format able

to .meet ghe requirehentS*of a complex system, as well as be

6ompacted so that a subset of the basic header could be used

for simpler systems has been proposed in White 51971). It\

is based on the efforts.of the American National Stahdards
Institute ~Task Group X3S33- Message Header Formats and has
been u;ed in, this experiment as the éuideline fqr the
log}cal structure. . Var?ous message formats and protocols
are outlined in Appendix C for %?ﬁparison purposes and as a

starting point for further investigation.

A header is divided into an address section, relating
to the communication system, and a reference section,
relating to the <¢alling routine,. A headfr section of
sixteen items (the Link Date-Time Group is eonsidered a part
of the Link Message Identity)  can handle*even the most

sophisticiged network, a-storegand fo@hérd packet switching

'sfstem. The - bonyenfion is that the fir;t word of the

header, a Heading Item Ind;cétor (HII), can suppress those

items not reqdired and, thereby, reduce . unpecessary

v

' . . - ‘ Y
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‘overhead In effect, it‘identifies the type and cemplexity

of the nmessage, for example, messages in MMCMS have an HII

4

codekof (B91le(see Figure 3.9 for how this was arrived at).

This 51g$1fies a header made up of the following: ~

De%tlnation address - information provided by the

e e AR T e

originator of the message identifying the station (or .

t

stations) to which th message is to be delivered,
!

ai Reference Station Identification - information

s

N

. supplied by the messag > originator to identify the
program that performs cemmunication‘servicing for it, -
Originator Station Identification - identifies }he .
address of the station from which the message was
first entered into the system, h

Orlginator Message Identification -.distingmishes the

message from others ansmitted from the same station,
Programming Designatoé) information used to determine
/’ which program at the destination should be called to
v . handle the ‘message tex;;lmay include record lengéy,
' Message Statis - added by the toriginator. or
' ;’T. \‘ N communication’ ~Subsystem to indicate the \deliyeny |
~ gg’ ‘stqpue. S ) Y )
ﬁbf}%&g%ﬁﬁu' ' The text or body of the message contadlns the actual

Jfégﬁinformé;ion (other than control) that is to b} communicated- R

‘The principle for’handling the text is that, it must be

delivered without change to the addresseen The end of the

e

ssage is indicated by a unique end~of—text character.
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Figure HII/Beading Item Indicator Coding

[30H | AEADING | STX | TEXT OF MESSAGE | ETX]

. '3) Destination name (48 bits) S o  J

-Pigyre 3,10 Message Format D T v
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HII/Heading Item Indicator . (0B91) s T
ADDRESS R
Link Message Identity/Date-Time Group °
Link Message Status x
Privacy/Classification

Precedence Indicator (per add:-ss)
Destination Address (per address)
Secondary Routing/Handling Informaticn

O O0O0O00

REFERENCE e .
Reference Station Identification '
Originating Station Identification
Originating/lhssagn Identification
Origina Date-Time Group
Message Accounting Information
Programinq Information:
Program Designator o -
Precedence - r
P am Modifications/Options
Program Access Code ’
Message Status .

C O

~OQOOo00o Kk

0 signifies item is not currently beipg used
1l signifies item is present :

T * ' i *r "'}‘

f"Lan" [ ADDRESS | SOR | REFERENCE | - . 5 ‘
! . .
| DESTINATION | )

RSI | ORIGINATOR | ID | PGMG. DESIG. | s'x-m-l'ls“]L ,
1) SOH/Start of Header (8 bits) - , " ! ' -
2) HII/Heading Item Indicator (16 bits)

4) SOR/Start of Reference (8 bits)
S) RSI/Reference Station Identification (16 bits) .
§) _Originator name (48 bits) °
7) Massage Identification (8 bits) B ‘
8)" P:ogrun.inq Du:l.qnator: opcode (8 bits) S
— ., -~ error-number (8 bits) « -

° : record length (8 bits) _ . .
9) Massage status (8 bits) ' ' ) [ .
10) STX/Start of Text (8 bits) - - - a8 e
11) Text of message (maximum 6f 2040 l:sit:s),r ) ' o ' L
12) zrx/md of Text (8 bits) , - v

.
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operating system dhows‘thét the boﬁndary between the two ' is . |

" ... crossed via. an SVC call and thadt INTRIP is the first, or

a 9‘~ £ higééstllevel routine_ in‘ th; opératinﬁ syéiemh,that iis
:exeguted'.(F@gure 3.11). Since INTRIP already handles all .

insert the send and
a % [ [ . ' ’ o‘.,
receive function for messages at this 16ve1. '
L , ," ' .-" v ‘t ’ ' T . ' ‘°_'
A Software Hardware b

- LI . - o gl 4

S sy .
P4
) S oY Y .-
- R ’1
3f Sy ‘ Using tggse guidelines not only gives us a Message
‘ﬁ' format that meets ANSI recommendatlgps, but also ‘the ~ -
SN ] ' :
o - ‘,‘flexibility to modify oﬁ&expand the eforma in gutune ig‘
. ‘., ’ , B “r . . . + -
- experimental results warrant it. The message format is
.-~ 'illustrated in Figure 3.10. . - EREEE
; . : ; . on .o s , .

A . : /- o
‘ . '4 ° - ' ’
3.4 - IMPLEMENTATION DETAILS IN TI HOST - '

, »
~ - » . / ) .
L N . -

. Before theé impleméitation could begin, a decision had

to be made on hoy a message-~ based communication facility

the

o , coulaj bé added S\ current TI operating . system,

Examiﬁing the flow of control between a user program and the

requests, for I1/0, it.was Lghieal td

. P.tguxe 3‘ 11 Implmntaticn of Comunication, Routine : oo :
’.’ ' ] }.' ' G " -"”f

\ 'rhi-s was 1mp1emenf‘d/§’s a separate ~communicati§g,rouhme “
1nterposed b@ﬁween INTRIP gnd the device aek iag routiqgs.,.

[ ’l
.~
N ,
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. Its responsibility ‘would "be to accept control’ information .

formatted 1n the form of a PRB ‘and transform 1it. to the
message format, perform the explicit data exchange, extract

- - the PRB information and )ex*t at the destination, and call

"

~

! g th; DSR. Ip this way, it is completely transparent to its . ,
v . .+ neighbours,’ INTRIP and the DSR. ’ : S
* ; . At the TI end, COMDSR handles the communication 1ink ‘- ‘

;

, L and ingerfaces to the operating system exactly like,othé?

t is linked tg%the operatqng system through the' use . ,
®
‘of —the system tables. The®rogram is associated with a new

DSRs.

physical device, CoM, _Arepresentiné the physical
e . 7:) ‘ interconnection path through a BOT ;ntry. Thus it ‘can be a
) o invoked hy the operator or.operating *system by assigning a
. | ‘logical ’/;nit to COM. " This fas the- ¢ffect of initializing a
‘/’ message based comnynication path to the remote processor and,

transferfing control—of the "peripheral 'device to the\
. ‘ o .
AN ' - microprocessor based function module. The advantage oflthis ’

A Lar ol

- r solution is that all- modifications to the host System are ,
" ]

v R s - T . ‘:L -

' contained within a single module, " —
\.‘Q ' « ( ( :\’. -J Lo ° N i '/ o o -
- ;~ On an 1/0 request, control 1is passed from INTRIP to '

s \\ o COMDSR which build:.a correct!& gprmatted message fronf the

&nformation in the PRB and does‘the send - gaddressed by name) | Py

P

Sy

."aﬁf,}o‘ the" device. On odtput therrecord length, passed An the\?
‘fPRB is checkedxto ensure it is positiye an ’

PR
‘ 3
»

(chrrently a maximum of 800 biﬂs °§atext'&§“

metsage) 3 it'”
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»

is done in the DSR. When a Request For Next essage'(RFNM)_ ’
. ' \K } is. reteived lfrom tne remote processor, the status

information ig" extrgpted and plugged i& the PRB and system

tables. Fdrréxample, bit 3 of LDT(O) has to be set on an

LI
b ‘- open and reset on a close and PDT(N) has to be piugged with

-

the error number, since these Uables are still local to the ..

P R b e e e

TI and inaccessible to the SMS. 1If the destination name
does‘not match anJ?Valip device name, then an error -message

is'"printed through MSGSM, the system message writer. | D = 3

A ]
: . ! o ,
¢ Co ﬁ”‘\=
& "*Included for testing_ is the ability for COMDSR to

‘

A simulate the response from the remote function module, and

.thereby, ’intgpact \with itself. This was used to test the
, T .
i ¢ hardware and commun1caﬂion protocol from the TI end befpre i

’ . ) the SMS was oper tional In the current implementation, the f

same physical link and interface .is used fgt interprocessor '

—— s \

SRR IR communicatlon’ as for loading‘.SMS program sboraﬁ; (Figure. e

"E-S‘J3). Consequently, rowtines in SMSUTL (written =for. the o
‘??’ | s development' nackagei and’described in secticn 3.5) are used | ‘
v C  _for ‘plerf‘or'ming the mnd by word I/0. With a different B | R

- Tty : . oe . *a
- e physical link i new interface routines would be written to

d )

enable COMDSR to handle the link. Thts' implies. that the

IR -message communication layer could be mapped onto various’

P A physical intercgmnections.',. N o e y
'5 ° \l N A y B B , 1 . P

g ne ° ‘ . ' h‘ s Lt ’»“ [ S S S
- [ . R S L R et i

" . Tr e

'~ ‘The .code’ and structure of COMDSR, uecause it prdvides S

.

"ki¥the software 1n§erface to the 11nk via 8 standard 16 I/Ol;«
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incluéing the appropriate parts of SESUIL, ﬁgguires about
450, words of assem;?ZF'code; while\a t}bical DSR comes *o
abouti 400 words. The message header format and error
messages account for  the slightly @ higher memory

requirements. This suggests that quite a substantial. saving

othen~ DSRs migrate out to

modules.

. cdmputer The assemm}r listing of % the COMDSR

routine has been included/in«Appendix B, whereas SMSUTL has
. N Y
< %“een included with the development programs in Appendix'ﬁ.

‘In the present implementatlon, only one message ‘ean be
any

dllow modules to

“in transit at one‘ tlme.c Provision has been hade,

- however, to send a number of messages

4

before receiving a reply. Each message %as been assigned a x;

dnique n@mﬁér.(O'to 255) along with its originator's name .so

3

~as to be able to diffeifntiéte between messages (this could

also be deone with a datestime stamp). This 11 enable

hultiple don:krSations when othér'funﬁtions are distributed

" :' ! ! J T
.in the next phase of implementation.

3.5 IMPLEMENEATION DETAiLS‘OF SMS FUNCTION-MODULE
Siﬁceiftherg '15 .ﬁo'_ﬁroviSfén in thé SMS foE 1ihking
sgbarate routines,.‘the soft;are« consists o ﬂmé;nil‘
Lprégram, TLOG, ma&e up of a number o} routines: L i
) 1)‘ a simplé cohtrol pro am- whose: .f,;sf ﬁg.
- . initialize . variables ah?lldf&ghiiirifpfiﬁgf

ﬂlpcaL

LA R i A
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T ' N ¢ommunication medium, waiting for a message to arrive.
! When,a message , arrives, the destination #ield f%

S ¢
”~ checked against its own name, in this case, LOG. On a

match, controL\is passed to the communicat{on routine.
Qther messaées are ignored. '

2) a communication routine which ‘provides the send
and ;eceive functions f?r ppé SMS ihbléhentation of.
the | function moduie. © It extracts the control
information from the message header and the message

text, if it is present for use by the DSR. On returﬂ

- from LOGDSR, the status information is built into ‘a‘

’

retupn cantrol méésaée and sent to the originator.

3) a device service routine whose responsibility is

to Provide the same functions that the user is a@bre

. , of in ‘the TI implementation.of the DSR. .
' / 4) utility procedures to‘ perform .Eké of one byte

4 — ’\/l

between SM3 working storage-and the communigation link
. * . ‘ 2 .
i or the console log." -/ .

’

~ The code for ﬁhe csamunicétign roup?né; DSR, and
subroutines takes approximately 800 words of. progsam
storage. The assemble('listiﬁg for the routines that create

Q. a'fﬁnctipn,modqle of t?g SMS can be tpgnd in Appendix ﬁ.‘ a fJ
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3.6 DISTRIBUTED CONTROL FLOW

I
Communication between a program in the TI and -the DSk ’
implémented in the SMS réquire;_én explicit daté éxchange in
an agreed upon format. ??6§;;;§‘in the two computers ean
run in parallel, where their synchronization is dependent on
( tﬂé receiving of des&ages. Once'agaih, the system utility
program, COPYAL, will be execlited as the example. Cafd
images will be copied to the(gonsole log, so that the new
communication path and protocol will be used. This
' demonst?ates Jhe third level -of implementation, where a
function 15 provided by an interconnected hardware module.
The program flow wihh distributed software, the DSR external \
to the TI, is diagrammed in Figure 3.12. ' In this ase, the
output device must be assigned to the communication medium: G 7

oS

1,28,CR2

4,27,C0M) Ny L
The ASSIGN coﬁ?and 11nks the LDTFfor'logicgi unit 27-to  the
" PDT of the communication medium. ; o
" COPYAL) C | |

Whenever ‘COPYAL issues an 1/0 request, via a PRB and SVC
call, the instruction iJ‘EF%ppéd by INTRIP just as before.\<
| ;helﬂsamé processing is, done, inclddipg~a chec; tha{'LUN 27.
haé been'ésqifnéd : INThIé‘ hen’links to.{He PDT viax'LDT(é)

and finds the address of the routine that hand&ss the

' .
-haa matnamaihid fhe 0 Ao U2 s a

request ~in; this case,,COMD R._ The. communicatjon roq{fne5“ e
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, . information from the system tables, PRB, = and local
variables. 'It th%n sends the message, made up of the header .

just constructed, text on output, and end character on ﬁhe

communlcatlon medium to the SMS. It then waits for.a return'

=t . T A e

message, all the while monitoring the communication medium,

e

w&enever the SMS is not actively doing the I/0, it monitors
the communieation medium checking for the \arnival of a
message. When it finds one, control 1is passed to the -
;'. communication’ routine which removes the . pertinent
. informationa that is, osome fields from the header and the

! coﬁplete text, and stores it in wqrking storgge. Control is

. then passed "to LOGDPSR, the device service routine for the

censole log ;mplemented in the SMS. On completion of thei

P " request gspecified by the opcode, status is returned to the

" communication routine. A réturn message, containing status‘~
and, on input, the number of characters read and text, is

!
sent .to the originator of the message in the TI. The SMS

epfitrol’  program  then goes back to monitoring the
coﬁmunieation medium. When COMDSRfreEOQQAfes that a message
has arrived, it checks that it is the message it is waiting.

'g : fer. The communication routine gets the st %us'and- updates
;'the caller's PRB LDT, if required, and, on|input, transfers

v the mesSage text to ‘the caller’ s buffe‘\é Copt;ol 18
returned to INTRIP which returns to th alleq, inour .
ro - . example, COPYAL. ' This procedure is repeated .until an ,“

LI end-of-file is encountered on the cardireader- B “f Vo o E
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‘p\\i:sé directly to %MS prﬁgram Stonaéé by'a TI*utility called
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4

3.7 PROGRAM DEVELOPMENT AND LOADING
L4

The University computer centre's CDC Cyber/172, the TI
980B, and custom ,designed hardware were all used ' as

¢ .

development tools.

SMS “supplies a. cross assembler (ﬁQCAP) written in
Fortan, which includes -a "macro gépability, automati;w
procedure handling, and conditional asgémbly. MCCAP was
ipsialled on the CDC machiné since it requires random access

I/0 for Fortran which does not exist in.the %yrrent TI

;E}nicompuEgb software, Using the CDd proved advan%aéepus as

its availability, multi- 'user- environment, and software
supporf-helped in the cregtion and modification of SMS

i
<

programs. .
' - . .

URE e o e L i e g TSR g AT I %, T A O T RO

2

A}ter a- progragb\had assembled correctly, ié was -
C

tranafe%red from the to the TI development system. This

. was done by loading' an interrupt driveﬁ; special purpose‘

operating system (COMSYS) that makes the TI appear as a TTY,

termipal to the CDQy,yost. The ?I is connected, like a

regular termiéﬁl, viéf%ﬁ acoustic coupler and" 1200. baud

line. A routine at the CDC end (SEND)‘berforms the transfer
of a local file to' the TI disc (this entire proceduré is’
outlined .in Gildes '

4

pie, 1977b).

o

. The\ SMS object file {is then downloaded from the TI

*

"

.
[N

’’’’
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LODMEM. Two features of LODMEM are worth mentioning:
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N ‘ :

K 1) To; enstire - the reliability of the object code in
program storage, each by}e odtput is'checked by doing
two reads and.coaparing them against what was output.
If there 15'5 mismatch, the operation 1is repeated.

- After ten tries an error message is output to the

s
console, & _
2) Since LODMEM inputs ‘ASCII chagacters (an octal
address followed by up to eight instruction -¢ 'es), it

s can also be used. &o modify SMS code in memory from the

»

keyboard ,‘ . S : .

-

instructlons to set the address on the interface ‘board and
oy .
read and write the 16— bit binary instruction " codes.,

»

, ¢
Therefore, a utility package cal%ed SMSUTL was written to

+

provide /Tthese function] and: generated as part of the”

operating system software. - It cbntains "the following

routines. tS‘hsupport LODMEM “and, for the time being, the

communication protocol'

OTADR- checks that the address is in range, outpgts Aa

v

16-bit address as upper and lowgr bytes

OTINST- outputs a 16-q¢ \instruction to the preset‘

address Ln two bytes, masks the idiqsyncracies of the
hardware, =~ o w '%9 BRI |

l‘} k CHEQ, tries to ensure that the byte of the 1nstruction
Just written is correct “hy dding

NARLIA T T Ty T IO P

N LODMEM -has to issue RDS and WDS privileged]
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‘comparing them to what was written o ' .
" OTBYTE- checks that the address is valid, writes one
& byte, does wnaparound on the TI-SMS shared memory
N\ .
buffer L .Y , \
‘ L 17} !
INBYTE-‘ checks that the address is valid, reads one
“byte, does wraparound on the .TI-SMS shared,

T o ol A P+

[

-~

Buffer |

OUTP- outputs a block of data GJfrom TI,

INP=~ inputs a block of data to TI
{

* ° LODMEM cOmmunlcates (rith the operating system to OTADR and

then OTINST thrmough the standard technique of an

INTRIP was modified .40

o N
these routines.

b,

3.7.1 'HARDWARE DETAILS

«

Since the SMS$300 ccmes from the manufact%rer with a 2K

ROM chlp, a
program development.

two connectors,

cable to a 16 1/0 data module in thé TI.

. 7/

"is. represented in

boarQs vere de#eloped ingcgnjunction lwith é
. microprocessor developmenf system, which provi&es a eompiéte

display and control panel, and n faat, were teqted on,

system.

s

recognize SVC 7 and 8 as calls: to

1K fast RAM was interfaced to'the system for
An interface éard . was

oney%o attach to the-SMS bus and one fdr a

PMS notation in Figdre 3.14,

. However, bgcause thé sy ;e Was designéd and built "
for 8-bit microprocessors béfare the $M§ Wasllselecﬁeq{' ‘

memory

does unpacking )

does. packing z

SVC call.

A -~

Noo
designed ' with-

The physical setup
These. two

vgenépal

-this
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does gbt support SMS development.

A separate systemywas

builq for the SMS and the interface and memory -cards

borrowed

from the development system. Since the SMS has an

Vo L

instruction length of 16 bits, it requires two ﬁrites to the

interface to 1load one instruction. ' At the software level,

s

the program LODMEM, in conjunection with' the routines 'in

/SMSUTL allows. loading an instruction 5& specifying one

. address and ‘the ‘instruction code.

'

3.7.2 DISPLAY AND CONTROL = - | '

B} 3 ¢
° " »

i ’ ' | S N N\ SR | ‘

‘ , " A simple front panel of switches and LEDs was provided
‘ , .

to display and control the SMS. -

" RUN/HALT switeh, a TI access/SMS access of program

There are three switches. a

storage

with memory protect and a reset sq%tch. There is a LED '

[y

hexadecimal display of the memory address register and the

- N \\instruction. A small display board, consij?ing of 8,toggle
4 : _ Switches and 8 LEDs} can be connected to one of the IV
~ bytes, so that with software support in the SMS,E%%iaters

and working storage locations can be set or

digplayed. It = °
is

qonceded that these facilities are very primitive,
o they were Tound to be adequate.
\“j\ ’ ) .

but .

. J ’ ) [} : '
To add display capability, ‘a dump program was ' -
\ :

implemented in the TI as a job 9ontrol oommand
TR DM[PMEM] ymemory type,first addréss 1ast address e

The parameter 'memory‘type'\ailous the dumping of TJ memory, \TE;'%
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Commumication Base Layer

: process

SEND /RECEIVE ) ,

. (messages) :
' ' RDS/WDS P

’ « (control, byte) | . MOVE (bytes)
. N .
w ® . et R § .

~ : uinicomputer : nicrocomputer .

' , -physical 1link

v . ’ -

\ Figure 4.2 Communication Base Layer o .

¢

In the current implementation, onlé oﬁe function of “a
uniprogramming operating system, the console log device'
. service routine, was diétributed to a computer module.  All
other routines used the TI minicomputer as.pheir host. The
X Ce implementation demonstrates that the iinteraction betweén
, - INTRIP (as the agent for a pﬁogram) and th€ LOGDSR .function

v . & module, programmed in the SMS300, works torrectly.

Furthermore, thg SMS modulke can provide .the same functions

oo y
o ! s
2 »

as the DSR implemented in the TI. _
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As & next step, the ggcqnd level of contrqi,_'thé job

control monitor whiéh inputs the gcommand, <scans it for“

" parameters, and decodes it, could also be distributéd.

JCMAIN ™ currently requires Aalmost‘uOO words~to perform its

functiohs; bué 125 wo%ds are used for buffers (which would
'use working storage as opposed to program\ftorége) and 51-
‘wordslperform the linéagé t%hthe job control programs (which
would not be implemented in the SMS module but in COMDSR).
Witb an optimization to the code already written .(800
’ 7w6rds); thq functiéns of JCMAIN could be added to the SM$
| module to fit with;n.the“1K memory limit. The addition. of
g ,JCMAIN to thé LOGDSR module- ﬁould. reduce . transmission -
. overﬁead. It can guaran%ee that the command inserted in the
i message 1s syntactically c¢orrect and, in this way, reduce
traffic - on éhe link . joining the device to the main
processor. Alternatively, it can aecode the job control
record, build a message,cqntain%ng the parameters, and send
it Airectly tp the module implementing the command. Thié is
shown in the diagram of Figure 4.3 where COMDSR accepts the
retufn.lmessage,’ delivers it to the requested job control
module, and then passes control to it.
. . ) | . i . |
The 1logical continuation of this project is the
implémentatiop) of ,othér DSRs in thé ogerating system to¢ a

. set of intetrcoonnected computer :modules- Different

‘microprocessors should be examined as possible\candidates
. i N t ¢

y,
’

for the impleméhtatioﬁ of computer’ function modules. With

\ .a - . . ’
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- the experience of having implemented diffe;eht DSR fun'ctions
and a communication“routine in different micropraocessors,

recommendations could be made for necessary and optimum

»

£

characteristics of CM modules.

Once the first 1level of distribution has been
performed, other 0S functions could 'begih to migrate to
function mpdules. . The sécond level ‘would add anothe%

1 i

'dimension to the problem since the interconnections and

control flow would be more complex. At  this 1evel,’th¢\

. direction will shift from decomposing an operating system to
creating and designing one from a -set of interconnected

function modules. The operating system, architecture, and

distributioh would be .defined -concurrently, at ‘'the same

7

level.

The results of this work have demonstrated a
' «

. functionil decomposiﬂion of a uniprogramming operating-
\ -

system at the DSR level. Multiprogramming sfstems organized
as a set bf cooperating p}ocesses should be examined since
they stand to gain the most by distribution to function
moduleg. This b;n.be accomﬁlished through thé provision of

a comhunications facility as outlined above which is capable

of haédling the transfer of control and data information

5

beétween the.compongnt computers.
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and multiprocessing, stresses modularity] .
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Liskov, B.H., "The Design of the Venus Operating System",
Communications 'ACM, Volume 15, Number 3, March 1972,
pp. 144-149,
[experlmental multlprogramming system on small

mlcroprogrammable computer, modifications to archltecture

affecting operating system]

. Liu, M.T and C.C. Reames, "Message Communication Protocol

and Operating System Design for the Distributed Loop
- Computer Network (DLCN)", Proceedings 2nd Symposium

on Computer Architecture, Mageh 1977, pp. .193-199.
[integration of hardware, so?ﬁwgre and loop
communication, bit oriented message protocol, automatic
hardware acknowledge, errar handling)

Madnick; S.E. and J.J. Donovan, Operating Systems McGraw-
Hill, New York, 1974,
[standard text, IBM oriented, annotated bibliography,
seem to be errors in text] °

Mandell, Richard L., "Hardware/Software Trade- offs - Beasons
and Directions“ Proceedings Fall Joint Computer
Conference, Volume 41, December 1972, pp. U53-459.
(presents tradeoffs as fundamental to computer design,
good examples, trades between I/0 and processor]

Manning, E.G. and R.W.. Peebles, "A Homogeneous Network for
Data Sharing - Communications", Computer Networks,
.Volume 1, pp. 211-224. \
(message switched subnet, loop or packet switched,
all data (includlng messages) are segments, concept
of locality of reference]

Marazas, G.; "Microprocessors Heed the Call to Supervise

' 1/0", Electronics, February 1978, pp. 104-108.

[minicomputer I/0, required characteristics of micros,
distributed I1/0 boundary]

.Martin, J., Teleprocessing Network Organizatjon, Prentice-

‘Hall, Englewood Cllffs, New Jersey, 1970.
[chapter .5 on error’ detecting codes, with examples,’
understandable]

Metcalfe, R.M., "Strategies for Interprocess Communlcatlon in
a Dlstrlbuted Computing System", Proceedings of the
Symposium on Computer- Communlcatlon and Teletraffic,
April 1972, pp. 519-526.

[uniform treatment of prooesses, concept of thin~-wire
connection, should also be used in 0S design]

Mohan, C., "Survey of Recent Opérating Systems Research,
Designs and Implementations™, ACM Operating Systems -
Review, ‘Volume 12, Number 1, January 1978, pp. 53-89.
{broad survey, dlscusses impact of distributed
proce551ng on operatihg systems, interprocess
communication proposals, mod1ficatlons to uni-
processdr operating systems t®& work on multlproceSSOr
systems and in a network environment]

Needham, R.M. and D. F. Hartley, "Theory and Practice in
System Design", Proceedings ACM 2nd Symposxum on
Operating System Principles’, October 1969, pp. 8-12.
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[stresses importance .of implementation and system tuning :
of operating systems as well as theoretical design]
Nelson, J.C., "The Economic Impljcations of Microprocessors
on Future Computer Technology and Systems" Proceedings
National Computer Conference, VoLume UU, May 1975,
pp. 629-%32. :
- (developments in.seémiconductor technology, intelligent
: peripherals, impdrtance of standards, partitioning by

function] .
Noyce, R.N., "Microelectronics", Scientific American, ‘September
1977, pp. 62-69. i

. [history of development, technological breakthroughs]
Ousterhout, J.K. et al., "Medusa: An Experiment in
- Distributed Operating System Structure", Communications ACM
Volume 23, Number 2, February 1980, pp. 92-105.

[operating system structure closely matches hardware,
Cm* multimicroprocessor, system made up of
utilities, single task force, communicate via
méssages in pipes]

Parnas, D.L., "On the Criteria to be used on Decomposing.
Systems into Modules", Communigations ACM, Volume 15,
Number 12, December 1972, pp. 1053-1058.

Perez, A., D. Banerji, and J., Raymond, "Microprogrammed
Operating Systems: A Design and Implementation Proposal™,
‘Computer Science Department, University of Ottawa, 1975,
pp. 1=-17.

[(rough draft, ideas on what parts of operating systems
. could be implemented in microcode]

Pierce, J.R., "Network for Block Switching of Data", Bell
System Technical Journal, Volume 51, Number 6,

" July-August 1972, pp. 1133-1145.

lnetwork of closed loops. for: transm1551on of
addressed blocks of data]

Poujoulat,. G.H., "Architecture of the CORAIL Building
Block System", Proceedings U4th Annual Symposium on

s Computer Architecture", March 1977, pp. 201-204.

. [modular elements to build system that niatches
application, functional decomp031tion, micro
implementation]

"Pouzin, L., "Presentation and Major Design Aspects of the
Cyclades Computer Network", DATACOMM 73, ACM/IEEE
«>  3rd Data Communications Symposium, November 1973,
pp. 80-87.

Probst, W.G., and G.v. Bochmann, "Operating System Design with
Computer Network Communication Protocols", Proceedings
5th Data Communication Symposium, September 1977, . -
PpP. U4-19 - Yj.25, \ i
[evolution of operating systems, possible solutions to
overhead and complexity, virtual terminal as end- to end
protocol]
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Raphael, H.A., "Distributed Intelligence Microcomputer
Design", Compcon 75 Spring Digest, 10th IEEE Computer
Socigty International Conference, February 1975, .
pp. 21=-26.

[mlcroprocessors to provide I/0 orlented functlons,
communicaticn via connected common memory ‘or
interconnected I/0 ports] .

. Reames, C.C. and M.T. Liu, "A Loop Network for SLmultaneous
Transmission of Variable Length Messages", Proceedings
2nd Annual Symposium on Computer Architecture, January

. 1975, pp. 7-12.

. [descriptlon of ring 'interface, automatic traffic
regulation, comparison to Pierce,h and Newhall loo?s]

Richards, H. and A.E. Oldehoeft, "Hardware-Software '
Interactions in SYMBOL-2R's Operating System™,
Proceedings 2nd Annual Symposium on Computer

- Architecture, January 1975, pp. 113-118.
[major 0S functions, 'virtual memory, high-level
language. compilation, timesharing implemented in
hardware] )

Ritchie, -D.M. and K. Thompson, "The UNIX Timesharing System",
Commun1cations ACM, Volume 17 Number 7, July 1974,
pp. 365-375.

[hierarchical 0S, developed at Bell Labs, runhs on
PDP-11, compatible file, dev1ce/and interprocess I/0
using pipes, SHELL],

Roberts, L.G. a B.D. Wessl F, "Computer Network Development
to Achieve Resource Sharing", Proceedings Spring Joint

- Computer Conference, Volume 36, May 1970, pp. 543-549,
[philosophy of networks, description of ARPA, IMPs,
communlcation facilities, comparison and analysis]

¥ , "Hardware Design Reflecting Software Requirements",

Prbceed1ngs Fall Joint Computer Conference, Volume 33,
November 1968, pp. 1443-1448,

[hardware advances alone cannot significantly 1mprove
total system effectiveness, importance of- software and
user interface]

Ruschitzka, M.G. and R.S. Fabry, "The PRIME Message System”,
Compcon 73 Digest of Papers, 7th IEEE Annual IEEE Computer

-  Society International Conference, February 1973,
pp. 125-128.
[medium timesharlng system, highly modular architecture,
network of 5 processors, 13 memory blocks, 15 disk drives,
and 80 terminals, logical interconnection inte virtual
subsystems] ¢

Sell, J.V., "Microprogramming in an Integrated @ardware/
Software System”, Computer Design, Volume 14, MNumber 1,
Jannary 1975, pp. T7-84.

[multlprogrammlng system, inexpen51ve, flexible, good
performance from minicomputer] ~

Smith, W.R, et al., "SYMBOL - A Large Experimental System

Exploring Major Hardware Replacement of Software",

Rosen’
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Proceedings Spring Joint Computer Conference, Volume 38,
May 1971, pp. 601-616.

[1mp1ementat10n of a high-level language, virtual
memory, timesharing system that operates entirely
without system software]

Sockhut, G.H., "Firmware/Hardware Support for Operating Systems
Principles and Selected History", SIGMICRO, Vq}ume .
Number 4, December 1975, pp. 17~ 26
[criteria for which functions are best suited for

. implementation in firmware, good reference list]
Solomong, M.H. and R.A. Finkel, "The ROSCOE Distributed’
Operating System”, Proceedings 7th Symposium on Operating
System Principles, December 1979, pp. 108-114.
[operating system for a network of LSI-11s, no assumptions
. , about topology of interconnection, concept of links, and
, ‘ messages for IPC]
Spier, M.J. and E.I. Organick, "The MULTICS Interprocess
Communication Facility", Proceedings ACM 2nd Symposium
on Operating System Principles, October 1969, pp. 83-91.
[exchange of messages among independent processes via
mailbox structure, communication protocol]
0 Stockenberg, J. and A. van Dam, "Vertical Migration for
. Performance Enhancement in Layered Hardware/Software/
6 ! Software Systems", Computer, May 1978, pp. 35-50.
[automated methodology described, examination of
.static structure and dynamic behaviour of programs]
Stoy, J.E. and C. Strachey, "036 - An Experimental Operating
» System for a Small- Computer", Computer Journal, 15,

i Ce Number 2, 1972, pp. 117-124.

[single user systemiand reasons, list of requirements

b , for an operating system]

' Swan, R.J. et al., "Cm* -~ A Modular Multi-microprocessor",
Proceedings AFIPS, Volume 46, 1977, pp. 637-644,
Titelbaum, M., "The LSI-11 - A System Microcomputer”,
Digest of Papers - EASCON 1975, Nymber 163,
pp. 55-61.
[NMOS microprocessor with PDP-11 architecture and
instruction set, microprogrammed to perform ASCII
dialogue with operator] ‘
¢ Toong, H.M.D., "Microprocessors", Scientific American,
September 1977, pp. 1U46+161.
[(historical evolution of computers to ones on a single
chip, 1mportance of ailds for program development]
Teichholtz, N.A., "Distributed Computing: A Modular Approach
to Complex Systems", Compcon 75 Fall Digest, 11th IEEE
Computer Conference, September 1975, pp. 137-138..
[distributed system of special function processors,
makes analogy. to human problem solving]

Tsichritzis, D.C. and P.A. Bernstein, Operating Systems,
Academic Press, New York, 1974.
[principles governing the behaviour of operating
systems, discusses process interaction, resource
allocation, memory management, I/0, files, protecticn]
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‘Walden, D.C., "A System for Interprocess Communication in a - -
Resource Sharing Computer Network", Communications ACM,
Volume 15, Number Y4, April 1972, pp. 221-230.
[communlcatlon in tlmesharlng system, extensions for
distributed processes in a network, applied to ARPA]

‘ Wecker, S., "A Design for a Multiple Processor Operating

Environment", Compcon 73 Digest of Papers, Tth Annual
" IEEE Computer Society International Conference,
February 1973, pp. 143-1L6. .
[structure determirnes communication technlques, /)
presents unified communication by explicit message

exchange] . . i

Weitzman, C., Minicomputer Systems: Structure, Implementation, '

. - and Application, Prentice-Hall, Englewood Cliffs, :
New Jersey, 1974, IS

[excellent text on minicomputer architectures,
; peripherals, interfacing) - .
‘White, G.W., "Message Format Principles"., ACM/IEEE 2nd - {
Symp031um on Problems in Optimizatlon of Data .
Communications Systems, Octobgr 1971, pp. 192-198.
[definitive discussion of a generalized standard
- message format based on ANSI Task group recommendations]-
whiting, J. and S. Newman, "Microprocessors in CRT Terminals",
Proceedings National Computer Conference, Volume 44,
May 1975, pp. 41-45, :
[allows more complex function's ~characteristlcs of a
* suitable micro, solutions to debugging control panel, :
simulator, program debug] i
Wulf, W.A. and C G. Bell, "C.mmp - A Multl-Miniprocessor“
Proceeding Fall Joint Computer Conference, Volume b1,
Part II, December 1972, pp. T65-777.
[processors and memory connected by 16 point crossbar
switch, design decisions in hardware and software] -
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.__s Model 980A Computer Assembly Language Coding. g
Conventions, Texas Instruments Inc., March-.1973.
, Model -980A Computer Assembly Language Input/Output
Texas Instruments Inc., April 1973.
, Model 980A Computer Basic System Use and. Operation,
Texas Instruments Inc., August 1972.

A

Ritchie, D.M., "C Reference Manual", Bell Telephone Labs,

Murray Hill, New Jersey, pp. 1-30.

y MicroController Cross Asdembly Program (MCCAP),
Scientific Micro Systems, Mountain View, California. .

, MicroController Digital System - System Description,
Scientific Micro Systems, Mountain View, Cdalifornia.

., MicroController Digital System -~ Application Guide,
Scientific Micro Systems, Mountain View, California.
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T1980B Instruction Set

TI AND SMS INSTRUCTION SETS

¥

Memory Reference

ADD
AND
BIX

BRU
CrA
CPL
DAD
DIV
DLD
DMT

DSB
DST
MO
IOR
LDA
LDE
LDM
LDX
MPY

STA
STE
STX
SUB

Add to register A

And with-register A
Increment X register,
branch if not zero

Brdnch uncondigionally
Confgére arithmetically
Coapare logically

Double add to A & E registers
Divide A & E registers
Double load A & E registers
Decrement memory, skip next
instruction if zero N
Double subtract from A & E
Double store A & E registets
Increment memory’

Inclusive or with A register
Load A register

Load E register

Load M register

jLoad X register
‘Multiply E register, result in

A & E registers
Store A register
Store E register
Store X register
Subtract from A register

Register to Reg;stg;'

RAD
RAN
RCA
RCL
RCO
RDE
REO
REX
RIN
RIV
RMO
ROR
RSU

Add

And

Compare arithmetic
Compare logical
2's complement
decrement
exclusive or
exchange
increment
invert

move

inclusive or
subtract

-

Multiple Regi

LRF
SRF
LSB
SSB
LSR

Load registers
Store registers
Load status block, PC & ST
Store status block

Load status - block, reset

'

Shift |
Arithmetic left A registet

Arithmetic left double

A & E registers

Arithmetic right A register
Arithbmetic 'right double
Circular left double

Circular right B register
Circular right double
Circular right E register .
Circular right L register -
Circular right M register
CRS Circular right S register
CRX Circular right X register
LLA Logical left A register
LLD Logical left double
LRA Logical right A register
LRD Logical right double
LT0 Left test for ones »
LTZ Left test for zeros
RTO Right teést for ones .
RTZ Right test for zeros »

Iy

ALA
ALD
ARA
ARD
CLD
- CRA Circular right A register
CRB
CRD
CRE
CRL
CRM

Skip Register

SEV Skip even

SMI Skip minus

SNO- Skip not all ones
SNZ Skip not zero

SOD Skip odd

S00 Skip all ones

SPL Skip plus

SZE Skip zero

Skip Status Indicator

- SEQ Skip equal

SGE Skip greater or equal
SGT Skip greater

SLE Skip less or equal

SLT Skip less -~

SNC Skip not carry .
'SNE Skip not equal

SNV ' Skip not overflow

SOC Skip on carry

SOV  Skip on overflow

Skip Sense Switches
SSE Skdip switch equal

SSN Skip switch not equal
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CLC Compare logical chiracter
MVC Move character .

Bit Manipulation - Hemogz'
-SMBO Set memory bit to one

SMBZ Set memory bit to zero .

TMBO Skip next imstructiom if
memory bit is one : .
TMBZ Skip if bit is zero

Bit Manipulation -~ A register
SABO Set bit to one =

SABZ Set bit to zero

TABO Skip 1if bit is ome ’ . s e

TABZ Skip if bit is zero

Input/Output

RDS Read 8 bits status, 8 bits data
WDS Write 8 bits comtrol, 8 bits data
ATI DMA transfer initiate .

Miscellaneous

API Auxiliary processor initiate
IDL 1Idles Pc .
NRM Normalize , ‘
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®

\

S

3 a

’

"y

OPERATION

FORMAT

o

~ RESULT -

MOVE

- ADD

AND

XOR

Content of data field addressed by S, L re-
places data in field specified by .D, L.

Sum of AUX and data specified by S, L re-
places data in field specified by D, L.

Logical AND of AUX and data specified by
S. L replaces data in field specified by D, L.

Logical exclusive OR of AUX ahd data
specified by S, L replaces data in field

specified by D, L.

XMIT

The literal vélue | replaces the data in the
field specified by S, L. .

e

JMP

N .
The literal vaiue | replaces contents of the
Program Counter. ’
s

XEC

RN

If the data in the field specified by S, L
equals zero, perform the naxt instruction in
sequence. If the data- specified by S, L is
not equal to zero, execute the instruction at
address determined by using the literal | as
an offset to the Program Counter.

Perform the instruction at address dter-
mined by applying the sum ot the literal |
and the data specified by S, L as an offset
to the Program Counter. If that instruction
does not transfer control, tHe program se-
quence will continue from the XEC instruc-

)




=

‘ T 'sMs 300 | o oL 39 e

-
B e a2

. — -t e . ‘
R R s el - . . ’
v s ¢ . - '
. . . . .
Ay W'ﬂ"'iﬁmﬁ*ﬂ«*ﬁwww :
. - e T [ 3 ¥ & v
M

N .

* El P
. .
i 0
- L -
.« p o
- g H *
v . ' LI :
.. .
S’ 3 . .
. M v I
P -
. N b - . - =
s -
- AR 3 » - ve

R L Con;ar‘ison' of Microcomputer Systems
N - 77 -, « Execution _9;‘.' Con{;tol;Ori ted "B_enclimark Progran;' .

" N

. . . . i~ [N o e . .
R ‘Microcomputer System* kK | - . Total Benchmark

» . = ' Execution Time ( s)

. LN D . .

7 mearoso .| e TS 19
s ..« mcEREA - Co e
v" © '."  Hatdonal De-8 ¢ ‘ S
c T omws (acelsos) | - 0 T0o 3960
| O ‘ o Sou:.:ce-z‘ from SMS in (Hodges, 1976)7. S .
) * . ‘; . R .

- b .
L » e
N ’ .
v .
-~ -
.
. . ] g
- s W,
. . ' N o s
. . oo
L B . "
1
+ ' -
- vt v N *
o \‘
« . [
T . B
Wy v ’ - '




et

I A e e e e 14y

N -

©  TiMacRe . AMS MICROCONTROLLER ASSEMRLER  SMSASM/CDC VER 1.1 7~ 78/0¢ |
! : : 5 ' .
o - ] PRAG JTMACRO Lo
. & . C2 " ®_IRRARY (QF, MACROS TO EMULATF TI9RO msmucnon
P 3 *NOT" ALL INSTRUCTIONS HAVFe 0OR CAN BE JMPLEMENTED
Do 4 *SOME MNEMNNICS OR FORMATS HAVE BFEN CHANGED
o 5 T *ALL INSTRUCTIONS WORK ON 8 RITS OF DATA
! 6 # o : , .
N 7, T ®REGTSTER FQUATFS o ' f
4 8 0nuo0l A FAU Rl ‘
i 9 0nono2 £ EQU RP2 . , ,
o 10 ©. 000003 X EQU  R3 , : ) i
o . 1 : 00nh0e M FOU R4 T
% 12 > 000005 5 FQU RS
.13 » . 000011 L FQU  RI11 . . :
9. A © 000006 B ., FQU  RA . - )
' 15 @ e
) , 16 . *BYTE AND RITS orrmeo . ‘ o
N 17 - 200 70 ° RBYTWS RIV  200Hi7sf - B T
l 1 200 0 1 BITO  RIV  RYTWSg1 : S
! 19 200 11 ‘HIT1  RIV  RYTWSsls1 ' : :
L 20 200 21 BIT2 RIV  BYTWSe2s1 ,
21 P00 3.1 BITY  RIV  BYTWS:3el , o
R 22 . 200 4 1 BIT4 ~ RIV  RYTWSybs] . -
- @ - ?3 200 5 | BITS PRIV RYTWSsSel1 . .« - .
! 24 $ 200 A ] BIT6. RIV  RYTWS46s1
; 25 200 71 BIT? RIV  BYTWSsT7s1l
"\f 26 B} L .
i 27 o *CONDITION CODF OF STATUS REGISTER
" 2y P01 1 2 cc RIV ~ 201He142
‘£ 29 \ ®NUMMY - WORDS FIR ADDRF SSING T T T
i 30 200 70 BYTFS] RIV  RYTWS:748 )
- k) S 20077 0 AYTESZ RIV  BYTWS:7+8 : ; /
‘: 32 ' . ' bed . ‘
o 3 RAD MACRO SR.DR ) \
- % ' MOVF DRy AUX'
2 s ADD  SRNR LT
: 36 . ENDM : Coe
! i : L
& 3R , RAN  ‘MACRO SR.NR : )
I 39 “MOVF DRJAUX .
D 40 AND  SR4DR Co _
o 41 ENNM : .
': “02 o N v -
: 43 RCO MAERO SPR,DR '
[ X 44, AMIT  =19AUX . :
: 45 " XOR  SRWDR ASSUMES (SR) <200He 1,E, K’
f 46 XMIT  1eAUX A ) )
e - 47 DD DRSDR- o T T
; 48 FNDM . o)
!’ 1‘? \ ‘ﬂ’ 4 o
®: 50 RDE . MACRO SR.NPR -
K 5] - XMIT  =1,AlX
o~ 52 . ADD  SRWDR ) )
: 53 . > ENDM - . o
Q4 ) \ v I Y co v .
C &S, REO MAGRO 'SRyDR I L o
e?' S6 ' e ) . ~M\OVF NR Lé”x : T ) . s :-". e \ G, ‘."\..,",\-'5(
b 57 : XOR  SRyDR L e Moy
v 58. ENOM e
..]_ o e - R A
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59
60
6l
62

T 63
SR YA
65
66
A7 .
h8
69
70
71
72
73
T4
7S
76
77
78
79
80
R,
A2
A3
R4
AS
A6
R7
A8
A9
90
91.
92
93
96
95

96

97
98,
99
100
101
102
103
104
105
106
107
108
109
110
1
112
11};
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115
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~ SMSASM/CNC VER 1.1

» .
REX MAGRO SR,DR
- - * MOVF  SRyAUX
WMOVF  DRISR
X TTOTTT MOVF CANXWDR
- [ENDM
L
v RIN MACRO sg
XMIT AlIX
‘ ADD  SRYNR
ENDM
% .
RINV  MACRO SR,DR
. XMIT  =14AUX,
X0R  SReDR
TENPM
o N
RMN MACRO SRJNR
MOVF  SR¢DR
. ENDM
[
4 ROR 'MACRO SR,DR
. MOVF  DRyAUX
XOR  SRYDR
K AND  SReAUX
) XOR . DReDR
' ENOM
[}
RSU MACRO SR¢NR
CXMIT ~14AUX .
7 "XOR © SRJDR
ADD.  DNRYNR
RIN DRsNR
' ENDM '
' .
ADDO MACRO ADR
» SEL  _ADR
RAD  ADR+A
ENNM :
o
ANDO _ MACRO ANR
- _SEI.  -ADR
RAN  ADR+A
\ ENDM
/ . . 6 <«
A BIX MACR@S ANR K
RIN XX
NZT * X+ADR
FNDM
“ ATy
RRL MACRO NAME
: \ CALl  NAME
ENDM '
. . K ] , R
* < BRU MACRO ANR
. ! JMP ADR
w ENDM
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i ;fbi TIMACRO SMS MICROCONTROLLER ASQEMBI ER  SMSASM/CNC VER 1,1 78/
. ; 117 : # ~ -
P 1 /m 118 IMO MACRO ADR  * ‘ )
% 119 SFL  ADR ' £
) 120 .- RIN  ADRsADR ‘ _
' 121 v, ENDM - ————
! 122 S # : ” '
' 123 ‘ 10R MACRO ADR 7 .
[ # 174 ' , SFl.  ADR .
S I 125 ) ROR  ANRsA / -
: 126 . , ENNM fee
e 127 x . L X
: ! 178 . - LDF MACRO ANR
. 129 . SFL ADR Lt
N o 130 , MOVF  ADNRGE
; f 131 , ‘ ENDM :
o 132 Lo .
w 113 ST Lhx MACRU ANR i
1 ! 134 : SEIl.  ADPR
; 135 - MOVF  ADRe X
.~ 130 ) ENpM :
: . 137 -® ' '
. 138 LDM | MACRO aDR ‘ s
~. 139 . © SELL APR - .
; N 140 | . - MOVF ADRWM
3 L 141 ¥ 4 ENDM ‘
i ot 142 ‘ # .
. 143 ) STA MACRO ADR
‘ P 144 . SEL  APR
L -~ ~ las ’ MOVF' AvADR R
16 . ENDM ' . \
. 147 K ' . N
~ ‘148 " STE  MACRO ADR .
P 149 , : SEl.  ADPR: *
150 ' . ' ‘MOVF EsADR  ~ - -
™. . 151 . : FNDM . ST T B
. : 152 ‘ * o :
, 153 - , STX MACRO ANR
| . 154 o SEL  ANR
) _— 155 ' : MOVF  X+ADR .
o ' 156 . FENDM C :
i 1", 157 . : » . .o T
g . 1sa SUR MACRO ANR ‘
i i © 159 _ SEL  ADR o
o 160 : ' ‘ RSU  ANRyA ~ .
3 161 \ _ ENDM \ .
N 162 Co . : : . : '
. . 163 - DLD  .MACPO APR . LT
g 164 . : o SEL ANR
- 165 C . MOVE  ANR.A
- 166 : S ©OXMIT  APRe)SIVR, .
‘ IR LY A S , MOVF  RYTWS.E ) )
o 1#8 '" ENDM .
v 169 ! .,'E - # - -
. 170 ~ DST MACRO ADR
c 171 SEL . ADR '
g . 172 ° - - - MOVF  AlANR '
. 173 . v XMIT  ADR+14IVR ‘
§~ ; 176 : - MOVF E+RYTWS :
| ol ' N : : o
[
. CCONCORINA VIV DT
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175
176
177
178
”~ 179

' 180
181
182

F PO
!5[ TIMACRO
|

1 . 1R3

1R4
»d A5
186
187
1r8
189
190
191
192
193
194
195
P 196
7 197
v w 198"
i [ 199
!
|

»

»

9

&.
~

200
201
202
(] 203
, 204
205
206
o 207

' 208
ﬁ’; 209
210
1l

213

214

215

216

217

- 218
... 219
220
221

D pe2
, © 223
276
275

J

AN

3

5

- 6
~ 27 -
. 278

; 229

~ 230
! 231
i ~ 232

212 .

o nepuEr

‘

DREEPTe

-

CRS

'CRR

. MVC
MVC1

‘cLe

R T

Al

SMS MICROCONTROLLER ASCEMR| ER -

FNDM

MACRO
MOVF
ENDM

CRaA

CRE - MACRD
MOVF
. ENDM
CRX MACRO
MOVF

ENDM

MACRO
MOVF
ENDM

CRM

MACPO
MOVF
ENDM
CRL MACRO
" MOVF

ENDM

MACRO
MOVF
FNDM

MACRO
MOVF
MOVF
MOVF
MOVF
RIN
ADO.
RDE
NZTY
© ENDM

MACRO
NZT
JMp
MOVF
MOVF
‘ MOVF
XOR
NZ2T
RIN
ADD
RDE
‘ NZT
ALIMATCH SFL
XMIT
JMP

cLel

- NOMATCH XM1T

. XOR

RO IR B Y I

2y Tk €4 N L v
R imi dnd ool

A

-

C

"A(C) A

F(C)oF

X(C)oX

M(C) oM

C
S(C) S

c .
L{C) oL

C
B(C) A

AsIVR
RYTFS1sAUX
EsIVR

AUXWRYTES2 -

AvA
EE
XeX
XeMVC]

Xe.ClC]
Al LMATCH
As VR
RYTEStsALX
FqlVR
RYTESZ2sAlLIX
AUXsNOMATCH
AsA
EF
XoX
XOCLCJ
ccC
N1B+£C
EcLC |
-1 .MJX

RYTFS2sAUX

AR

-

v

SMSASM/CDC VER 1.1

INCR E ALSO

INCR € ALSQ

e
.f
18/°
&
l
i
L . /
- ¥
e e "
_____ 4
[
-
N o
|J L
. o
- .t
—_—— R
" oL
. - xﬁﬁ
g

-

I
B
gt
ARF .
m,"ﬁ_.
R ]

AR




¢

: VER 1.1
; EF AS<EMBLER SMSASM/CDC
L P T Timackn . sMS MICROCONTROLL
| i L SEL  RYTWS®
E 233 ) MOVF  AUX,RYTWS X
1‘0' P34 o : XMIT  1eAUX : |
j i 235 ' , _ ADD  RYTWSeAUX .
: 236" T MOVE AervR u
L 237 ADD  BYTESI s AUX
’ L 238 L . , SEL  BYTWS
ﬂl 239 MOVF  AUXRYTWS
o P40 A . NZT  BTITOsCLC2
241 r o
| % 242 . : , :Z%r fon.cc AYTESI>RYTES2
: { & g:z - ' JMP  ECLC ' ]
N . ! ” . F - .Cr .
% | 245 ; cLee iugr 008+CC RYTES1<BYTES2
| ! P46 ; FNDM . .
L I 247 . ECLC / \ . 5
R ~ 248 : \
A MACRO APR ;
ﬂﬂ_ 249 L L XMIT  ANRGIVR'.
| ?5(1’ ‘ MOVF  ADRyA
o o |
; - 252 . N : - 1
; ?53 o . A
R DAR  MACRO DIS
3 5 54 -t XMIT DISP.AUX : ﬂ
| ®. 255, ' ADD  ReIVR
S 256 ~ MOVF  RBYTWSsA oo ‘
- 251 ' FNOM . -
ol 258 , , " . “ , ‘
] y “ .
e e 259 . AX  MAGRO ADR S
! | 2h0 i K Lp XMIT “ADRAUX
P ® o6l ' . ADD  Xa[IVR “
o eh2 ‘ © MOVF BYTWSsA
E ’h3 . "ENDM
. 264 -
S 265 0 DISP - e e
: ABX MACR
' 266 T Brem AU ) N |
: 268 ADR  XeIVR
g 269 MOVF BYTWS,A
e o o o
Y ?;; ® ‘ -
b 5
. ' A MACPO ANR
N AP 273 Lhat XMIT ADRsIVR
‘ J 274 ' ’ . MOVF ADR+IVR
Y 275 MOVF  BYTWSsA
- 276 © ENDM ‘ .
cod 217 . e : . ———
| | 278 ' ; MACRO DISP | e C
I ""—’ ?79 LDAHI xMrT DTsp.AU]x . ‘ .
' l N 280 ' ANDD  BReIVR
3 2A1 MOVE  AYTWS,IVR
-~ 2R2 o MOVE  BYTWS»A : e
2RI T FNDM ' R e
\ 284 . .
o 285 LDATX  MACRO APR
‘ 2R6 ~ LDAT XMIT ADR.A
! PRI MOVF  ANR ¢ AUX
| . © PR . ] S—

\ MOVF BYTWSeIVR .
290 | , MOVF  RYTWS A




\

TIMACRO NS MlnkoﬁnNTROLL‘R AS:EMH!EQl SMSASM/COC VER 1,1 78/

291 . . FNDM

292 : o \ "

293 . 1 LDAXI MACRO ADR

294 . P2 XMIT ADPReAUX

29% ' T OADD T XeIVR - e T
296 MOVF  BYTWSWIVR ~
297 ¢ MOVF BYTWSeA

© 298 ‘ . ENPDM

299 ° '
300. N LDAIM MACRO DISP .
301 XMIT DISPsA , —
302 L ENDM -
303 d
(305 . LDMR  MACRO DISP o .
05 ) XMIT DISPsAUX ;o
306 . ADD  BeIVR '

S 307 7 MOVF  BYTWS M . C oo
308 ENDM : !
309 ' » . o )
310 ! . LDEIM MACPO DISP . '
31T D XMIT  DISPF _

..312 ‘ . FNDM v . R .o
a3 o ' , ST
314 o LDXIM  MACRO DISP .

315 . XMIT DISPeX . .
316 ‘ ENDM Co-

N7 . *

318 . LDMIM  MACRO DISP . .

319 ' XMIT DISPsM | T
320 ENOM ' :

321 o

322 ) STAX  MACRO ANR

373 ' , XMIT  ANRyAUX :

. 324 ADD XeIVR ' S
325 ' MAOVE  AWRYTWS : T
326 o ENDM *

27 b

. 328 ADDIM MACRO NISP
379 . ’ ~ XMIT DNISPyAUX
330 ’ ADN . Asa , ‘ .

331 ENDM . T
3132 S :

333 \ ANDIM MACRN NISP

334 ) AMIT - DISPAUX

315. AND  AsA 4 P

36 ENDM a : . o
337 . ’ . & : b . T
338 . SARZ  MACRO BIT . °
379 XMIT  376HeAUX

340 MOVF  AUX(RIT+1)4AUX

J4) : AND  AJA ‘ /

a2 L ‘ - ENDM ' o

. 343 o » o
44 ~ .SAHO0  MACHRO RTT . -

RIY ' / MOVF  AWRYTWS
347 W ‘ Bl XMIT  1430HeBTT

34m ‘ : MOVF  RYTWS.A S




0y (”)

Hfﬁ
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RATERATE DF IR S

. ! . K
TIMACRN SMS MICROCONTROI LFF ASGEMRIER  SMSASM/CNC VER 1.1 ~ " Jgs0: B E
349 . FNDM
350 : »
351 : ® .
352 TARO MACPQ RTT+ANR
’ 353 - XMTT 1sAUX . . — y
354 MOVE  AUX(RTIT+1) 4 AUX v
355 ' (- AND  AsaUX
356 ‘ NZT ALX+ADR ' .
as7 ENDM
358 i 4 . . .
359 TAR? MAC®O BIT.ADR . - 5
360 . XMIT - 1eAUX _ ' 1
361 ) " 1 MOVF  AUX(RIT+1),a0x ‘
362 i AND AsAUX
363 . ‘ NZT . AlIXe%42.
3G S CJMP . ADR
365 : ENDM I
366 o .
© 3R7 ' SMRO - MACRO RTT+ADR
168" » N SFL ADR |
269 . ©OXMIT  1430HeBITY . A
370 FNDM ' ¥
371 . » _— ’ T .
372 . . TMRO  MACPO RIT+ADRs.JADR i
373 , . SEL  anR  ;
374 NZT 30H+RIT+JADR ' '
375 , "~ ENDM
376 ' . .
377 ' LRA MACRO C ‘ . e
374 . P. SET 8=C
379 R XMIT IQLCP-I'AUX
380 AND A(C) ¢A
3Rn) ENDM v
3’2 . Toa . i
+ 383 ' © o OMT MACRO M|"0C+ADR . - —
384 ) \ SEL MLOC - .
' 3as ROE . MLOCYMLOC -
3R6 .- NZT MLOCo#e? . -
R T- T AN o JMP ADR . 1 .
i . ENDM :
v 3A9 . R - .
390 T BALL "BAX INSTRUCTIONS WILL OPFRATE ON REGISTERS ¢
391 ' *WORKING STLRAGE IF SFLECTED REFOREHAND
192 ’ BNF - MACRO RICHRIADR
393 ' 8GO TO ADR IF (R) JNELCHR
394 : XMIT  CHRsAUX
395 XOR RsALIX -
396 NZT AlIX s ANR
397 FNDM
398 L . .
399 ot REN MACRO R+CHRyADR
400 ) *GO YO ApR IF (R)=CHR .
a1l . XMIT  CHR9sALIX
402 - XOR ReAUX :
403 CNZT AllXo®e2
404 JMP ANR .
40% FNDM Co ‘
406 - R ‘




‘ . ——faw e ae

&

f?é TIMAGRO SMS MIEROCONTROILLER ASSEMBLER  SMSASM/CDC VER 1.1 7870¢
P 407 ' BLY MACRO RNN+ADR
ol 408 XMIT  =NOsAUX
e 409 ADD  ReAUX
‘ 410 ‘ SFI.  BYTWS
¢ 4)1 ‘ ' MOVF  ALIXsRYTWS -
_ 412 ‘ , L. NZIT  RITO0sADR
o | © 413 ENDM
e 414 B
N 415 AZF MACRO DeADR
o 416 : ‘ NZT  Deve2
'i ' 817 . JMP  ADR o T .
i 4)8 : ENDM ) , _ o
! 419 "
* 420 BNZ’ MACRO DeADR
! 421 ‘ NZIT  DeADR
i 422 , ENDM o 1
T 423 o o T e
! 424 - BPL  .MACRO R.ADR . >
; 4?5 L / XMIT  200HsAUX
e 426 . , AND R AUX
; 477, - . NZT  AUX+ADR
' 478 ENDM
e 429 ‘ » —
v 430 ' AMT® MACRO R4ADR . , .
, 431 ¢ XMIT  200HeAUX . \ : \
‘< 432 o AND  ReAUX ) : '
| 433 NIT  AlXs%e2 .
A % T . . JMP  ADR N
e 413% N ENDM -7
436. . % . . .
' 437 : Bon MACRO R¢ADR .
lh: 438 . ' XMIT  14AUX
; 439 , AND  RsAUX .
b \ﬁ 440 - o ' NZT  AlIXy%s2 ‘ .
el LV JMP ADR . T T
Y'Y * ENpM . -
| . 443 . .
@ 444 o BNO MACRO ReANR
|~ 445 ' - ) XMIT 1eAUX
o« 446 . ADD R e AUX .
N 461 . NZT  AUX+ADR :
, . , 4u8 . . FNOm, , ‘ ‘
R 449 . o o g
r @ 450 b BON MACROD ReADR S
E L 451 : S XMIT Qeaux
i i 452 : o ADD R ealX ,
N o 453, S NZT  AUXe®+2 . ST
‘ | 454 - JMP  ADR . ‘ '
9 A 4S5 . : ENDM . , )
e 456 o . .
L 457 : . REV  MALRO R.ADR :
. 458 . ‘ XMIT 1eAUX S ) .
459 . . AND  ReAUX T
Co “4h0 ‘ NZT  AUXADR . ‘ o ',
! ‘lﬁl . . f ' FNDM L. . 5‘ , ‘x
' . 46 - » ) - : o . ' .
' 463 ‘ DATA  MACRO NAMF VAL ' b

“es S SEL  NAME P,
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TIMACRN
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. XMIT VAL +AUX

MOVF  AUXNAME
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g— I
e - \ e
CHTT TimacRo SMS MICROCONTROLLER ASSEMBI ER SMSASM/CNC VER 1.1 78/0s
cd 469 $SAMPLE T1 ASSEMALER PROGRAM
S 2 470 * o
" | 471 20270 MFMLLOC RTV 202He7.R
\ 472 203 7 0 0F S RIV P03HT oA . ‘ !
¢ 473 204 7 0 NOLIN RV 204M TyR T — !
: 474 205 7 0 OUTAUF RIV -  205He748
o 475 206 7 0 PRCHRR RIV P06He TR
e 476 207 70 . PRRL.  RIV  207Hu7sA
I 477 210 7 0 PRRC  RIV  210Hs74A -
oo 478 2l1 70 SAVS  RIV ?11He748
; B 479 lz. 7 0 SAVX  RIV  21PHe79A T
; i 4R0 71'3 70 ASCZ] R1lv ?13He74R ®
.. § 481 *
. 482 DATA  ASCZlst0¢
- 4R3 ' MPATA  PRAL#2
\ 484 - bt '
2 485 T DUMP  LhAR T 1
l 4R6 STA MEMLOC
| . 4AT | DAR 2
Lol GRR STA nFs
: . 4R9 LDAR 0
. 490 LRA - 3 .
-, & 49] RZE_ AWNT) T f
A 492 CRPL CAWNT? 3 : '}
. 493 NIl LDAIM 1 »
T 494 NT2 STA NOL IN ,
g 495 *
' 496 3y "ALTERNATIVELY USF A REGISTER FOR NOLIN
r® 497 00035 A 04001 XMIT 14R4 DFFAULT # LINES OF DUMP~
’ 698 LOMR 7 ‘
499 NEWLN RMO  M,S
o 500 I DETM  OUTRUF
; 501 RMO  F8
5 502 LOXTM =9
s 503  RRU - CON E——
; S04 OMP2  LDAT  MEMLOC
b 50S . RMD  * AsM
ol 506 MO MEMLDC
, 507 "RRL  STPRNT
: 508 RRL STPRNT
S ol 509 STAX  PRCHRB -
A 510 CON RRL . RINHFX
; 511 ®NSTR 0 .
S ¥ 512 LDATM 3
S 513 RAD A8 -
{i , 514 BEX nMe2
| & . 515 . 'LDMTM PRA). -
P "+516 00075 & 11003 CALI"  TORHAN
‘ : 00076 7 00141
¢ 517 - : .
S18 “CHFCK THF ERROR AND TGNORE RITS IN PRH STATUS
. 519 {DA  PRRAL
520 " TARO  LeXIT T
571 TABO  34XTT
: " 50p °
ok . 5?3 “ALTERNATTVELY.s USF THE FOLLOWING TO CHECK sumc
’ 824 TMRO 1 +PRALWXIT

S25 00113 S 33134 NZT  BIT3eXIT . ’
- . SRR -

2 v—— ——

. .' FhaaiaGaiivals 10,




ad R e

' TIMACRO SMS& MICROCONTROLLEK ASSEMBLER  SMSASM/CDC VER 1.1 .k:j‘ﬁa/o:

526 00114 & 177203 , . SFL OFS - SM§ CODE.
527 -00115 -4-37017 . . XFC INSTN(OFS)  :SMS CONE
528 ' RRL) “s3 :
529 . _ INSTN  LDMITM A
530 - A ) LOMTM 16
531 . ' RAD SyM
-k nMT NOLINWXIT - ‘
533 - RRY NEWLN st '
534 - : #
535 - SALTERNATIVELY. UISING R4 FCR NOLINy CHECK FOR MOF
536 . ROE R4 R4 T
537 . , RNZ  R&4sNEWLN
534 - - XIT LNAMTM . PRRC
539 00135 A 11004 “4 ., CA[ TORHAN
00136 7 00141 . o
540 ' RRU LI .
541 ‘ . o .
542 00140 PROC  STPRNT NOT IMPLEMENTFD
543 00140 7 00210 PTN B
€44 END STPRNT
545 ® . .
‘S46 00141 - PROC TORHAN - NOT IMPLEMENTED
S47 00141 7 00210 . RTN -
548 END TORHAN
549 ® : . ,
S50 00142 PROC RINHF X - : .,
551 \ STX SAVX
552 ‘ RM@. SeX B
553 . STX SAVS
554 | pLD ASCZ1
5585 C LDXTM =4
856 : - MERGLP RMp MeS CN '
857 : RE X AsS ' .
558 ( v ANDIM 17H
559 : : RLT Ayl0WNI3
560 NIJ ADDIM 7
561 ) REX  AS
562 . ‘ RAD Ss+E
563 \ #CRD 8
864 . . CRM 4
565 . : RIX MERGL P
566 . Lnx SAVS
S&7 , RMO '~ XS
= 568 ' A . 10X SAVX
569 00207 7 00210 RTN * .,
570" ' END RINHF X
S71 .- . e END TIMACRO
RETURN TAHLF ‘ . &
00210. 4 Y1211 C .-
00211 7 00057 e
00212 7 nookl ;
00213 .7 00066 .
00214 .7 noov7 . .

00215 7 00137, "

3
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-B.1 CONTRAST BETWEEN BUS AND ﬁESSﬂAGE COMMUNICATION

; Bus éommdnicahioﬁ is 2 means ofA,transpittiné) a data
é.‘ ‘ ' item’ fnom_‘a ‘dgvicé which genera;es_én address associated’
E ) with the datavitem ﬁg\a_d;Qfgé which wuses the édaﬁess tgs
-{ 5 ‘.' tecognize data 1£§a§hdirected to it., The bus is;effeétively

¢

o ‘ A meésége is an organization of a set of data items

,cons$sting. of a header, text and end character. A‘message

In the

o - hay be transmitted on a variety of physical media.
~ - = case of information tranifer between the SMS and the TI the
data is organized as messages. addresséd( by' name to lﬁhe

device or routine. Tﬁe format is outlined in Section 3.3}2.‘

A routine called COMDSR is rgsponsibie for the transmission

and'SMS Iﬁierface Vector are copnebted through a shaféq

& 1

and‘ reception- of mesd%ges:sent'on the bus. Tﬁe TI I/0 bus - a
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B/2 - VDU INTERFAGE TO" MICROPROCESSOR

~
. * B
o A &

The VDU is inté?ﬂaced to the,microprocessor through a
standard Texas Instruments TMS 6011 Univers£1 Asynohnonous
Receive/Trénsmit (UART) integrated(circuit “Data 1s loaded
in 8 bits: parallel into the°transm1t buffer register through

igterfaoe vector byte ‘5. " Load ”synohronism is achieved

‘through inspection of.the Transmit Buffer Register Empty
(TBRE). status through Iv byte 'y Similarly, the received .

infd?mati?n is read from the Receive Buffer ',Register

’(RRO"RR7) in 8 bits “"parallel’ through IV byte 4. The

inkerface transmlssion speed® is . controlled by. the‘ switchv

selected baud rate 1mplemented with a dual in line switch

and a. 1&31 Baud Rate Generator..VWOrd format is selected by

- "

a second dpal in.line gwitch which conhects the approbriate

‘6011 pins to ground. Other status and control bits ad shown

«
.

yin Qghe - schematic - are qonitored or controlled through IV

b{tesﬂb and 4. R o Vo
& A .
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VDU INTERFACE TO
MICROPROCESSOR

\

0

i

N t(zo

w

TR
3]
<
B
™
£ - ¢
z -
I . -
O .
™~ h.. ‘ \]
(42} .
~ 9600 p— e
A .
S 4800 p—"~—d *
: /
2400 p— ~d £ &
.o R
1800 o N <.
8 &
i ,Hn.oo...l.( < =
) //lll n
’ 600 - o.
, L 3
300 e N <
I
h . fJ TRC Aw”ﬂ.
i TRANSMIT DATA
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VDU INTERFACE TO MICROPROCESSOR '
List of Mnemonics v
| TRC Transmféter\kegister Cloé} ' . '
PS ' parity Select ‘ ;T
WLS1 Word Length Select )
WwLs2 Word Length Select
STOP Stop Bit Select b
PI Parity Inhibitl
. CRL Control Register Load . . ' )
TRO-TR?l Transmit Reéister Parallel inputs _ .
N TO Serial Output ‘ .
TRE Transmit Register Empty, Status bit ( .
TBRL T;ansmit Buffer Register Load ’ r
TBRE ) Transmit.Buffer Register Empty
MR 7 Masier Reset
RRD Receive Register Disable
RRO-RR7 Receive Register Parallel outputs ”
-PE Parity Error |
.. " FE Framing Error . )
OE Overflow Error”
SFD Status Flag Disable. , .

\. Receive Register Clock
Data Receive Reset
Data Ready -

Sérial Input .

2
-
°
1L s g o+ g St o T AT



- AL

TR, s g ae

O N

y, S

MOS _ | ‘ ‘TMS 6011 JC, NC
LSl , i ) ASYNCHRONGUS DATA INTERFACE (UART)
BULLETIN NO. DL-S 7512275, REVISED NQVEMBER 1977
“ o Transmits, Receives, and Formats Data 40PIN CERAMIC AND PLASTIC '
: " DUAL-IN-LINE PACKAGES
o Full-Duplex or Half-Duplex Operation . (TOP VIEW
e Operstion from DC to 200 kHz
e Static Lagic Vss ¢ TC
‘ | vge 2 rs
o Buffered Parallel Inputs and Cutputs v 3 st
e Programmabie Word Lengths ... 5, 6,7, 8 Bits noo. 4 s
e Programmable Information Rats . nos 8 88 '
s Programmable Parity Generation/Verification . RO7 & L]
e Programmable Parity Inhibit * " mOs 7 cAL
. = ROS 8 Tis
e Automatic Dsta Formatting Ros
e Automatic Status Generation Ao3 ': :_::
L 3'stat‘Push'PU" Buﬂm " RO2 1t ns .
o  Low-Threshold Technology \ ROV 12 T4
o Standard Power Supplies. . .5V, —~12V . re 13 ns .
s Full TTL Compatibility . . . No External FE 14 n2 '
Components , OF 15 ™m
) SED 18 TO.
dascription ke 77 TRE
. DAR 18 b1
The TMS 6011 JC, NC is an MOS/LSl subsystem ‘OR 19 TEBRE
designed to provide the data interface between a Rl 20 MR
serial communications link and “data processing ! !
squipmant such a3 a peripheral or 3 computer, The
devics is often feferred to as an asynchronous data /‘\J R
interface or as 8 universal asynchronous
receiver ftransmitter (VART). ’ .

.

The (miw‘sr section of the TMS 6011 will accept serist data from the tramsmission line and convert it to parsilel data,
The nml word will have start, data, and stop bits. Parity may be generated and verified. The receiver section will
validate the recelved dats transmission by checking proper start, parity, snd stop bits, and will convert the data to
parailel, ,

The transmitter section will accept parallel data, convert it to serisl form, and generate the start, parity, and stop bits.

The TMS 6011 is a fully programmabie circuit sliowing maximum flexibility of operation, defined as follows:

®  The receiver and transmitter sections are ssparate and can operate either in full-duplex {simultaneous
trardfistion and reception) or in hatf-duplex mode [siternats transmission and reception).

The data word may be externally sefected 10 be 5, 8, 7, o § bits long.
® Baud rate is externaily selected by the clock fraguency. Clock ency can vary between O and 200 kHz.

® Parity, which is generatéd in the transmit mode and verified in tha receive mode, can be selected as aither odd
or even. It is also possible to disabie the parity bit by inhibiting the parity generstion and verification.
e

. ®  The stop bit c3n be selected ag either 3 single- or a double-bit stop. -

Siatic fogic is used to maximize flexibility of operation end to simplify the task of the user. The data holdlno
registers are stati and will hold s data word until it is replaced by anather word.

- 8 Agynchronous operstion silows the use of s single transmission line. The clock period has to be within £4% of .
1/16 of the time for one bit for the transmitter snd/or receiver but no phase relstionship is required. .

To silow for 3 wide range of possibie conﬁqunuom, thres-state push-pull buffm have been used on all outputs cxupt
Teansmiteer Output {TO) and Tramsmitter Register Empty (TRE). Thay ailtow the wire-OR conhgurmon

-

1

~ . TEXAS INSTRUMENTS . o m

INCONPORATED
- « POAY SPPICE GOK $01S + BALLAR. TRERAS M22Y




%

3
g(:
’!
}

e e o it TN

R —

— e o st ¢ o

B.3 SMS DATA MEﬂORI OPERATION
'
The SMS Prégrbm‘Storége is accessible 'through three
SMS IV bytes. The memory address is transmitted tﬁrodgh 1V
bytes 0 and 1, while the data 'is recelived or transmitted

through IV byﬁe 2. Read or Write is controlled by 2 bits of

" IV byte 1, which in turn are fed to the ‘priority 1logie to

. .control the direction of IV byte 2. The TI 980B

minicomputer also has access to this memory through an
interface consisting of a 8097 tri-state buffer. 'The Meqory
Access Prioriéy Logic gives abselute priority to fequests
from the TI. It also generates all controllsignals requiﬁéd

to manage the\interfaeeﬁ'of the two processors.

B
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B.4 OPERATOR CONSOLE COMMANDS FOR TIO98O

In the‘operator~computex dialogues described in
Chapter 3, the following symbols are used: ,
The symbol ) is the return key signifying the end of the
keyin.

Characters 'within sgquare brackets [ ] are optional. A -
command keyworé is a maximum of six characters but only
as mAny as are necessary‘to make it uﬁiqpe are required.
Words in‘garenthesgs { ) are for explanagion or comment

and are not keyed in or prinﬁed.

3

The fcollowing list is a summary of operator console commands:

COMMAND USE :

A[SSIGN],lun,pd, filnam . peripheral selection
cx(LL]),filpam - " ' g executes a procedure
DEF[INE] ,disc,filnam,recsiz, type,extent disc file creation
DEL(ETE],disc,filnam _ : disc file deletion
DM [PMEM] ,mem, fadr,ladr - . ~ dump memory
[EXECUT,] [pd,] filnam ~ load/execute -
LO[AD], [pd,]£filnam . ' load a program :
LU [NOS ] o o logical units '
. ‘ . assigned .

{ M[ﬁh?] L map of memory
RELIEAS],1lun . peripheral selection
RET [URN] . S . . xeturns from a procedure
REW[IND];lun‘ — ' ‘ positioning
ABBREVIATION ° | ; ' MEANING
lun . logical unit number (base 16)

‘ pd e . L _ physifai device names, e.g.‘Loq, CR"
filnam - R disc file name

. . .

. . , ’ N .
- N .
‘ , ) . ( ) . ‘
. ’ h M - ~ . . N
V’N . . N . .. A
_ . o ) '
.. . . ,
i ! . -




ABBREVIATION

disc ‘ ‘
recsiz

type

extent’
mem

» fadr
ladr

MEANING

DO or Dl

number of characters in a disc record

blocked or unblocked, temporary or

.permanent o

disc file ,size in physical records
memory type e.g. TI, SMS, PS

first address of memory to be dumped

v

lagt address ‘ ]
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APPENDIX

1)
. 2)
, , 3)
4)

5)

6)

7)

. . 8)
- 9)
N .. 10)

; 11)

B LD N

P

E \ ¥ Newhall Loop (Farmew, 1969)

o . ‘ 1)
L . 2

3)

4)

5)

6)

National
* 1)

3)

4)
5)
5)

Distributed Computing System (Farber, 19723),4(Farber, 1972b)

B At Lt L ST SN

.- Al
C. - MESSAGE FORMATS -

Originating physical RI number, parity checked (9 bits)
Ring check (1 bit)

Terminating Process Name/TPN (16 bits)
Originating Process Name/OPN (16 bits)§f)
Header check bit parity (1 bit)

Serial Field (1 bit)

Message Definition Field /MDF (8 bits)

Text (about 1000 bits)

Matched Bit/MB (1 bit)

Accepted Bit/AB (1 bit)

Whole message check, N bit error detecting

SOM/Start of Message (6 bits)
Destination (6 bits) . .
Originator (6 bits) N 5
Opcode (4 bits) .

Data (variable length)

EOM/End .of Message (6 bits)

Securiﬁy Agency (Hassaing, 1973)

‘NIP header (40 bitss

Originator Address (16 bits)
- Destination Address (16 bits)
Flag (4 bits)
Tally (4 bits) . :
Header CRC (16 bits) \
CHIP header (48 bits) i
‘Control Link (8 bits) . to
Punction (8 bits) ‘
Data Link (8 bits)
Message Identification (8 bi;s)
Displacement (16 bits)
Control (8 bits)
Text (640 bits)
Packet CRC (16 bits) -
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'Distributed Loop Computer Network (Reames, 1975), (Liu, 1977)

: - 1) Flag (8 bits)
¢ ' o 2) Destination Address (12 bits) - Co
: Loop interface address (7 bits) | C:fﬂ\—\
Process number (5 bits)
3) Origin Address (12 bits)
4) Message Control Field (16 bits)
, Message type (2 bits)
Broadcast (1,bit)
Function (3 bits)
Lost message detection (2 bits)
. Lock-out prevention (1 bit) o o
S) Information (variable length) ) .
. . 6) CRC (16 bits) .
o . _ 7) Flag (8 bits) | S ‘ '

N A RS b e g o

e e o

Aloha (Abgamson, 1973)

1) Tetminal number
2) Record length Header (32 bits)

\ 3) CRC code for header (16 bits) ‘ ¥
4) Text (320 or 640 bits)
S) CRC on entire message (16 bits)

v

5 | ARPA Network (Heart, 1970)

SYN -
Hardware generated
SYN
. 1) DLE.STX Start frame
; , 2) Headexn: ACK (1 bit)
| ' For IMP (1 bit) =~ .
' - , Trace (1 bit) .
. : " RFNM (1 bit) .

Priority (1 bit) ‘

Discard (1 bit)

Spares (9 bits)

Line test (1 bit) '

. . Last packet (1 bit)
7 ‘ . Message number (7 bits)
‘ Destination (8 bits) .

Conversion (1 bit) . '
From IMP (1 bit) .~ _ o
Zeros (6 bits) '
Source (8 bits) N
Link number (8 bits)
Spares
Packet number




————— . O

Tt omin A

SRS

f 1 fe.xt (1000 bits per packet)
) (8095 bits per host message)
4) DLE ETX End frame: '
5) Check characters - error control Hardvare generated
L R ‘. ANSI X3 Project 28l (Emmons, 1977) :

L ~ ‘ 1) Flag (8 bits)
el ,- " - 2) - Address (8 bits)
: ' 3) Control (8 bits)
' 4) Network Control Heading (variable)
Heading Item .
BIC/HBeading Item Code (4 bits)
Length (4 bits)

[

T v ,. Parameter (variable)
< L "' . 'HIC (4.bits) \
) . Parameter (4 bits)
S HIC {4 bits)

Extender to HIC (4 bits)
Length' (8 bits)
Parameter (variable)
. : 5) System/User Control Beadings : -
' ' : 6) Data ‘ o
. 7) Frame check sequence (16 bits)
) Flag (8 bits)

=

~
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(OIGITAL 3YSTZ4S LABORA [UnY PROSRAM  REVISIN REVISION'
CUMPUFER SCISNCE JSPAR PMENT . WEMONIC  LEVEL DATE
W @ |_CINCOxDIA UNIVERSITY - MONTRZAL OUESEC  _ - JOUMPH ___ R2,0/Vew _ 27712777
‘ N - JCOMPM = MEWORY JUMP IN HEX & ASCII , '
s
. PASE 0001
- TR 12T JCOWPM ¢
QWI2  *DMPAEM, TYPS ,LOWEK,UPPER, OUTPITS TC LJN »>20
2003 Q3F ___ICDNPH 3
JC04 REF INPHSA -
0005 3 JCASHt | R
—— . 0000 i JESTAT R . . ' . o
JOo7? MSGSM . . '
: 0603 GETBJF, PUTBUF K
: Q9. OTAQR
: 0010 . INP
N 0011 INBYTE
. e e ___0012 =« - N .
- .7 0013 wRSGISTEY AND UTHER SQUATES
. ¢ 000G Q014 A EQu 0
2001 __Q015__E CEQu )
. Q002 0016 X EJU 2 ° N
- 0003 0017 M * EU 3 2
‘ . 0004 0014 S EW __ 4 _ S e gt
0005~ 0019 L EQU " 5 ; - X :
0006 0020 B EQU 6
0007 Q21 PG EQU 7
000 0022 B8R EQU ]
UDUY  LACD 0023 JCDMPM DATA  “DMPYEM~ .
. P 0023 __00Q07__ 0034 ... DATA, START _ __ L o . _
. v 0004 w35 0025 DATA’ LASTLJ ; ; .
= o 0025 = . - . '
. Q002 Q027 PSIRT DATA  JCSIHT . . .
A Q005 0o00 \ .
. 000i ‘0025 PASHX DATA  JCASHX - .
. X g0003 __ (00 —_ . e e e D
002y = . : ;
° 0007 0030 START EW s . '
. 0031  wQN SNIRY A-2EG CUNTAINS AOR OF EST .
0032 #FST1 # PARM3, 3 #ORD5 ASC1I, 3 mORDS ASCII, ...
0033 wmns- #_#0ORDS T0 DUMP, MEMORY LOCN TO DUMP FROM,
0034 ITARTI T SET FOR_NEW_LINE ADR
0007 506 0035 RMO A8 SAVE FST ADR
o 0008 2707 0036 ADD =7 ‘ .
L \. OO0y 74P 06017 Ryl *PASHY GeT 2ND NPEOAND, 1OWER ADND 3,
E_, ((DIGITAL SYSTENS LABORATURY PROGRAM  REVISION, REVISION
~~ | COMPUTER 3CIENCE DEPARTMENT , MNEMONIC  LEVEL ATE
L1 | CONCOROIA UNIVERSITY = MONTREAL QUEBEC JCOMRM —— _RILQ/VAR _23/12422 .
‘ A = JCDAPK ~ MEMOR! DUMP IN HEX & ASCIT '
> - :
o ) PAGE .0002 .
T 000A 40287 0038 STA  PARNS+2 ~ LOWER IS STARTING ADR
000d €500 O3 RO B4 GET BACK FST ADR ‘ .
000C 2704 7040 ADD _ %i0 :
“ 000D 74F8 (04! BAL ~ wPASHX - GET 3RD ODPERAND, UPPER ADDR -
OCUZ 2024 QU42 SU2"  PARMS+2  UPPER-LOWER
; ’ _QOOF_CCEQ__0043__ ____ SPL A
T0010” 0700 0044 Lo = EVEN IF INCORRECT DUMP | LINE
0011 2708 0045 ADD | =8 +1 & CEILING, # WORDS TO DUMP //
0012 80IE 0046 STA — PARNS - ~<
. —mj_JWA—D“ A 4.‘35 GET MEMORY IYPE AS KEYZD IN o
00t4 I7FC 0048 LDX  m—a -VE o TYPES FUR- BIX
- 0015 620E._ 004y CPL __MTYPEw4,X CHECK LIST OF WSMORY. nrpss
c — 00To A0 O0%0 SHE DGO THEY MATCH?
: oon 7A21  00SI BAY  MATCH,X  YES z
_ 0018 40rC 0052 BIX  3-3 NO. CONTIN CKING 2
| O0TY 3011 03a  SrA WTP.  T7iE 4—-”‘5;:‘».0 FOUND sui PLUG ERROR N5G
J01A 1000 0054 eLDX =ERMS| ’ :
R 00iC _DACO_ 0055 €553 MSGSH
g 0030 DAYA JCONPR ;
00IF T7CE5 0057 BrU  wPSTAT
. ., sy w .
: 0033 34Cv  DUSy WIYPE DATA ZT11S%PSrs~ N
0024 000C 0060 ERMSI DATA 12,”MEMORY TYPS #
oozu AGAQ__ 006l  MTP __DATA__“ 4,7 HOT FoJND’ —
P& 0002  PARMS 885 4 .
,\ 0063 w . .
¥ ICH Eqi ' -9e4
0035 9303 0045 8qU 11 .
0035 7331 004 . BU  SK )
0037 73080067 __BAY_ PS__
0038 7590 0003 Bid . aS . :
. ey = R N
- XAv_ X1 s EnJ s
p— NIy 00/ 1T T By °s . .
0039 00F9 0072 2 Pmus+2 STARTING DU ADR
- 0r7.__0°.7.a —. STA.  PARNS I -
0233 " V000 74 LA s+l - G o"'r INSTN T0 INCR AJR BY 8 . -
! 003C IFJ6 0I5 )4 =8
' W S UL o lie: 12 ol _Soil _manyien | -’eSS LI T Nw3uz
e x Anobdk - i " ety oy wner g e vy
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DIGI{AL 3¢STEAS LASURATIRS

PROGRAY

REVISION REV

. COMPSTER SCIZNCE: DEPARTMENT - WHENMONIC LEV:' “DAT
h < F3 L COnCORIIA_ WNIVERSITY - MONTRZAL JUEBEC _ . __. JCDMPY_____R2.0/ve%_ 21/
. R , . ~ JCDAPM - 4ZAORY DUWP IN HEX & ASCII b4 "
- . .
‘ ) R PAGE
* ‘ L - -- .- i e B e e e
003= 1800 0Q77 GLON  =PARYS 56 Prs TO PARMS 3
@ , . 0040 D320 0073 33553 DuPNIA GO ouup ME4ORY £~
X042 2002 0079 Ridil XPSTAT =
0030 * N g
& 043 0031 Ps EQu s i )
. . N - 0sL 0032 _ LOA® _PARMS _  # AORDS TO DJWP v —
) 0044 ./400 Q043 93RL GETBUF GET TI 4SMORY FOR P35 v 7
! T 0046 63EA 0034 CPA  PARAS RETURNS # AORDS '} A-REG o
\ 0047 CDCO_ 008Y SLE f
« - W35 CE01 0035 ToL 1 NEMORY AEQUBSTED WAS N0t AVAILABLE .
R - Ovody C102 0087 RSO ALX =VE FOR 81X -
? 0Q4A_3BET-0038 _ SIE _ PARMSl _TI AOR TO DUMP FRrow
b [~ 0035 Col6  0ody Mo T ELB 77T THEREFURE, ADH TO RSAD PS 4SMORYTINTG T
004C OJ0ES 00¥0 LDA  PARMS+#2  STARTING ADR FOR DuWp
| 004D 2000 00?1 OADD 54000  SET DA FOR L3538 2ND 3(TE i
i . = - OTADR EL A INTERFACE ;
’ ’ ' 0093 *READ IN ALL LOW S8YTES FIRST ) .
Q051 7400 QOv4 FBYTE @SRL _INBYTE _ GST | BYTE % R
- : | 52 'STA” "0, 8K TR
) - Q0354 CI66 0O¥6 RIN 8.8 PT To NEXT MORD '
. . L. 0055 40FB  00¥7 BIX - FBYTE LouP UNTIL DONE kd
- 30 . LA * PARMS+Z | RETAEIVC STARTING ADR
. | L0057 2000 009 8ADD =>2000 ! RESET ADR TO IST 8Y[ES
, Fid 0 0100 _.r_ 9558 _0TADR. 3 iy —
%9 8do5 9101 DLD “PARMS GIT COUNT & AR * .
¢ Cl32 DI RCO  ALX
: v 005D _CS516 0103 RM) __E.B_* -
' X ) 0104 - *NEAD IN MS3 BYIES NOA, COMBINE AITn ONES ALREADY THERZ
0038. 7400 010> WBYTE @BAL INBYFE  OET | BYTE
N 0059 ¢acs 0100 LA 8 CSHIETIT WP __ . _ — I
- 2081 3100, 0107 [oR  0,BR COMS INE WITHgYTHER 2vTZ .
: . 0002 8100 0103 STA  0,.BR Ty
0063 Cags  01Q¥ RN 8.8 PT_TO MEXT
0064 40F9 010" 81X NaYTc LUGP JNTIL DONE 7
. 0065 0000 OI1! LuUA sﬂ GET INSTN THAT INCR ADR BY 8 ~y
L Q066 1FQ3 0112 LOM__ =8___ e e - o
<. 0057 814 0113 BV snsus bl
. L 0113
L 0068 0115 SM EU__s
i B0y -
. (" QIGITAL SYSTEMS LABORATORY PROGRAM  RSVISION RAE
- . CUMPUTER #3CISNCE DEPARTMENT MNEMONIC  LEVEL Da
@s , L5 |cancaral ¥~ MUNIRZAL QUEBEC——m —— . - - - - JCONPH  R2,0/ywa—27.
: s v ~ JCDMPM - MEMORY DJMP IN HEX & ASCII
— ik
. 7 { Tty
, . PASE
0068 0ICE 0116 LDA  PARMS GET # WORDS TO QUNP \ i
: L0069 2708 ON7 ADD =8 ADD IN ANOUTHER B SINCE SM ADRS Gi. BY 16 \‘
Q06A £301 0118 ARA 1 # A0RDS TO GET % DUvp !
. OCon 30CH 0119 STA  PARMS ' - -
‘\ - . ooo‘. 7400 0120 © @BRL GETBUF  GET TI MEMORY FOR S4 LOCNS
. — 3C2_ Ql2}_ CPA_ PARMS _ _DID WE GET AHAT AE ASKED FOR? . -
. \\ . TO0SF  QeO oszz SLE ¢ ,!
0070 CEQl 0123. e 1 KEMORY REQUESTED sAS VOT AVAILABLE 1
. . ’ 4 # C4ARS .
v 0072 Ci02 -0125 RCO AX - ~VE FOR BIX CUUNTER |
. 0073 B3BE 0126 SIE  PARNS+1 Tl ADR TQ DUMP FRON
___%74_..9.5.!9__012?_ . e.RM0o_ E,8 ._ADR T READ SM MEMORY INTO _ -
157 QUBD 0128 LJA " PARMS*2 ~ GET STARTING ADR FOR ouup s <
.y ( 076 3CO 012y 8558 OTADR
. * s 0130 ) #xa=VE # cuu;ri ‘I, READ (DUMP)s BsBUFFER Dy
' ""' 0078 JBLO 0131 #3538 NP ROM SHS MEMORY N
X 0074 0000 0j32 . LDA s+l GET JNSTN T0 INCR 4DR BY 16
¢ , 0078 IFIO 0133 . | LOW_, =16 _ ot ' e
- -—m’?———'r. 3087 0134 SNSMEN STA PARMS®I~ PASS IT T DUPWEN ™
- .- oo;o 1800 0133 oM -PARES % AEG PTS TO PARNS
1 - DMPUEM : -
OAl 1 VARNS GET AURD COUNT & SUFA ADR TG 3IVE 3ACK
0032 7400 0138 cam. PUTBUF '
& . oou 7280 Oy _ 84U #PSTAT. ﬁ e el S,
1 ' 0140 :
' ! ¢ 2085 0141 usn.v EaJ . 8
e e R0C0 D142, EHD .
‘ L4 N s -
, "b -
S AR Y : e -
-~ . )
P ] .




B iiadn o e S

[/

{3

|_CONCORUIA UNIVERSIJTY.r MUMTREAL--OUEBEC

)

= OMPMEM - ENABLES DUMPING ALL MEMORY

DIGITAL 3Y3TZa5 LA3ORATURY PROGRAM  EVISION REV
COMPJITER SCIENCE JZPARTMENT MIEMONIC LEVEL DAY
CuCJRDIA UNIVERSITY - WONTRZ4L QUE3EC _ i - JoDwpe R2.07vex_21/
— JCOMPM - MEMURY DJWP IN HEX & ASCII ’
>
! . PAGE
A 0000 B 0206 . 8k 0001 DMPMEM 0000 )
£ Q001 sHus | 024 FEYTE 0051 SETBUF 0004
[NgYIE  QQ2z INE 2027 _JCASHX 0001 JCOMPY 0000
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0003 33B1 0072 AdD  LFBMSK TAKE ONLY LEFT 8YTZ
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o 13 001 0 1 BITO LIV SWe0sl RIT 0 OF SWITCH
P 14 .
R 15 00000 & 07001 SEL  SW .
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*DISPLAYS RYTEs CONTENT OF WORKING STORAGE SET o'
#
Sl Bse Ry 17THT _—
0017 0 SW TTT LIV 147487 T T IV BYTE Y 0 TTTTT
200 7 0 WS0 RIV  12847+8  1ST BYTE OF WORKING STOF
. # ' '
00000 & 17177 SEL PSR :
00001 & 37100 XMIT 0+PSR SET REG TO PAGE 0
00002 & 07001, SEL  Sw «
00003 6 00200 XMIT  200H+AUX ADR FOR WORKING STORAGE
00004 1 27017 ADD' SW4IVR SELFECT ADR REQUESTED BY
00005 0 37001 MOVF WS04R] TRANSFER BYTE OF WS TO F
00006 0 01027 MOVF  R1sSW DISPLAY CONTENTS
. 00007 7 00007 Jup @ ‘ ~
_ - 'END ' DWOKS A -
4
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y o
\ A—
o | )
| e, - T
g ,‘.m"*": ’
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I o ' .
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RNDCONS SMS chnoroerOLLtR AS:EMBIER SMSASM/CDC VER 1.1 = 78708 {1V
' . @ i
1 PROG  RNCONS !
2 *PROGRAM T0 READ | CHAR FRGM ADM CONSOLE 10 o1seL/ |
3 » ,
4 N0l 7 0 DISPLAY ( TV 1¢7+8 IV RYTE 1 é
5 008 7 0 CONTROL L1V Se748 “1v BYTE &, 77 T 1
6 006 7 0 DATA LtV 64748 IV RYTE 6 pre :
7 006 7 0 STATUS LV 64748 ‘SAME AS DATA 3
8 006 5 3 ERRS LTV  STATUS+S5+3 * PEs FEy OE ARE BITS ,
9 noe 7 1 DR LTV STATUS.T7.1 DATA READYs BIT 7
10 o
11 " NOP MACRO T )
12 ~ MOVE AUX 9 AUX ALSO USES UP 300 NS :
13 8 ENUM i
l“ R b :é
15 00000 & 07005 "SFL  CONTROL , ' :
16 00001 & 00172 XMIT 01111010R8,AUX MRESETeSFD+DATA 1* B &
17 00002 0 00077 "MOVE  AUX+CONTROL RESET CONSOLE INTF R |
18 00003 & 07006 SFL STATUS , 3
19 00006 0 2700} MOVE STATUS,R1 °, é
20 , » .

/21 00005 .4 07005  RD2 SFL  CONTROL i
22 00006 & 00063 XMIT 00110011B,AUX DATA INsRRD b
23 00007 0 00027 MOVE “AUX+CONTROL  READ STATUS = —— :
26 00010 & 07006 SFL  STATUS
25 00011 0 27002 MOVE=STATUSR2 :

26 00012 4 27112 X¢C  ®(DR) WAIT FOR CHAR T0D BE KEYED
27 00013 S 25324 N?T  ERRSsFRHAN cwecx FOR ERRORS
28 00014 0 27003 MOVE STATUS+R3
29 00015 & 07005 SFL  CONTROL T
30 00016 6 00070 XMIT 00111000RsAUX SFD+DATA INWDRR
31 00017 0 00027 MOVE  AUX+CONTROL READ CHAR INTO DA~
32 00020 6 07006 SFL  DATA ACCESS TO CHAR
33 , NOP ENSURE soo NS BEFORE ACCESSING D:
34 00022 0 27004 MOVE BATAWRS DISPLAY 1IT
35 (V023 .7 00030 JMP  DREG T -
36 00024 0 27000 ERHAN MOVE  STATUS,AUX
A7 00025 6 07001 SFL  DISPLAY
38 00026 0 0no27 MOVE Aux.DIEpLAv
39 00027 7 00027 JMP
40 *DISPLAYS REG roursNrs SPECIFIED AY_1 SWITCH, SWo-
41 #
42 N0l o 1 BITO LIV  DISPLAYs0,l
43 001 11 RIT1 LIV DISPLAYs1,)
44 001 2 1 RIT2 LTV  DISPLAY#2,1
45 001 31 RIT3 LIV DISPLAY# 3!
46 001 4 1 BIT4 LIV DISPLAY 4, f,
47 001 s 1 ., BAITS LIV  DISPLAYS,] T I
48 001 6 1 B8ITe LIV DISPLAY 6,1
49 no} 71 BITY LIV  DISPLAYs 7,1 '
S0 . * .
S1 00030 & 07001 DREG SEL.  DISPLAY ¥
52 00031 7 00040 L ORG 37,32 1 ) o
S3 00040 - 4 2710n2° TARS XEC  TH(BITT)
54 00041 7 00005 JMP  RD2
55 s ' :
56 00042 & 26104 Tl - XEC T2(RIT6)
57 000a3 0 11027 MOVF R11¢DISPLAY .

~ 58 00044 & 25106 T2 XEC __ T3(BITS) . o

. r ‘\I .‘
. COnTOPIIA 0y ~ W
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@/ encons SMS MICROCONTROLLER AssEueLeg}»"sn§Asnxcoc VER 1,17 78708
' &

59
60
61
62
" 63
64
65
66
67
68
69
70
71
72

06027 HOVE  RAIDISPLAY
26110 T3 XEC -’ T4(RIT4)
05027 . " MOVF  RS5yDISPLAY
23112 T4 XEC  TS(RIT3)
06027 ~~ T 7 MOVE T R&4.NISPLAY
2?2114 T5 XEC  T6(RIT2)
03027 MOVF R34NTSPLAY
21116 T6 XEC  TT{(AITIY
02027 MOVE  R24DTSPLAY
20120 T7? XEC  TR(BITO)
01027 “ MOVE R1+0TSPLAY
00040 TA JMP  TARS o
00027 . MOVF  AUXsDISPLAY

END RNCONS
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SMS MICROCONTROLLER As:EMelEn

00000
00001
00002

00003

00004

00005
00006
00007
00010
00011
otol2
00013

00014

35

.36
37

kK

39

40.

4]

W42

43

44 -

45

Y

- 47

48

49,

00015
00016
00017

©.00020

00021

00022,

00023

00024
0002S

© 00026

00026 -

00027

00030
00031 ..

00032
00033
00034

50 00035

51

00036

52 00037
53 00040
54° -00041 55 07002

. 003

001
n0?
002"
003

003
003

WO O

200
201
202
203

NNSNN dUVINNWN

OO0 oo

07002
0013
ooozr

- T N )

00101
17200
00037.
11000
00026
17201
00132
00037
11001
00026
17202
37015
11002
00026
17203
37012
11003
00026
00025

NANPR PPN RIANDIODRIRANIDN DN

00-7 0
87003

27007
DoOn37
00027

07003
00040
26100

ENPDRAOIIIDEV

37027.
p7a02, .

[= -]
v =

o

000A3
00027

PPOG

<

T2CON

SMSAQM/cnc vzn 1ol

76/09

*PROGRAM TO OUTPUT 2 CHARS. CONSEOHT!VELY TQ CONSO
» .

DISPLAY 1V
CONTROL TV
TRRL LIV
DATA LtV
STATUS Vv
Edes LTV
TBRE L1V
- .

CHAR] - A RIV
CHARZ2 /f'RTV
CR RIV
LF = RTV
*

NOP MACRO
MOVF,
ENDM

SFL
« XMIT

xMmIT
SFL
MOVE
! CALL "

‘SFL

XMIT
MOVF
caLL

SFL
T XMIT
. CALL

SFL
XMIT
pALL

JMP

. PROC
BYTWS - RTV
.. SFL
‘MOVF

"SFL

R XMIT .

AMEY.
MOVE
XMET

“MOVE .

" SFL-
ORG
" XFE. .

- 010111108<AUX
. ‘MOVE

10748
2978
CONTROL»3s1
Je7.8 I'v RYTE 3
3978
STATUS,5.3
STATUS 691

1V ‘AYTE 1

il

200H» 740
201Hl7g°
202H4+ T4 0
203Hs740

AUXOAUL“.

CONTROL
AlJX » CONTROL

YAt AUX
CHAR]
"AUX 9 CHARY
OUTCHR

cHARR
FARY I}
ALX ¢ CHARZ
OUTCHR

CR
1SH+CR
NUTCHR
\.F
12HsLF
NUTGHR

QUTCHR
200H 748"

147 BYTE 2

" AND LINEFFED:

SKARFS ¥V BYTE WITH DATA
PEs FE» OE ARE 817S
XMIT BUFFER EMPTYs A

ALSO "USES UP 300 NS

MRESETINATA OUTeS
RESET CONSOLE INT

s -

. - e e ———

APPEND A CARRIAGE RETURN

4

\

_ DUMMY WS BYTE

e

DATA "Iv RYTE FOR DATA IN/OUT

- BYTWS«DATA
,CONTROL,
111R+CONTROL
00011111RsALX
‘AUX » CONTROL -
co0l1001iReaux
AUX ¢ CONTROLE
_STATUS ~
2+32- .
* (TRRE)
couTRoL

B em [T

cumowm mm et Sﬁ’ .

Ao
<
[T ]

wM

v -.'.' f

,,fM

‘ . pus

ol -
?

PO

\ -"]

r’% *fm i nj‘ ;

OATA READY. FOR OUTPU
DATA_QUT,TBRL o SFD, -

L
wATT.FOR CHAR TQ BE TRA'

-v"L_‘m.'.



RITS A'TO & OF CONT!
RESET 10 DATA OUT, *

[
Fre. 3 \‘
e,
a-‘ o 3
.
1!
3
A

o

¢ f
78/0+
— e

L ) a o ) ! \
PR S . . N -
@ 12c0n 5MS MICROCONTROLLEN As<Em) R SMSASM/CDC VERTYW I ¥aso
> 55 002 54 . B2TOS LTV CONTROLsSe4
® 56 00042 6 25407 XMIT 111R+B2T0S
S7 00043 7 00044 S RIN "
- 58 N END' OUTCHR
@ 59 ) Sanly Sake . \
: " 60 . END  T2CON
{ ; &4 * u :' .h ) L ﬁt
. a.v\ s i . ﬁ ﬂ 4’ ) . e ‘a
[ W=y R . - " ' . A
ﬁ;; 'q( ‘s o Y, . 2 &
. P ‘ ! . " e -t h v ) "‘ -
Co4, 9" . . |
' . N ' 0 /‘ )
-1 : a ! . . o, . : .
B ,» ) ) e . . / % . 5 s
i :. , s ~ . // 5 ., .‘ “
i o g o ' v { '
R o) o .
) ' !’ t$ . o . - . d
oyl L ’ ' / :
Sl , : oo :
' ¥ ! - i d ' ,v ‘ \. ',‘
T e .. . : ’ : -
. ‘ T12CON. SMS MICROCONTROLLER ASSEMBLER -
' & RETURN TABLE. 1 - .
\ 1 .i Le® - — .
R I I L A 00044 - & 1045 !
by, - 700045 7 00010 . . .
i V. 00046 7 00015. v X
KR . 00047 7700021 -
T 00050 7 00025 Lo
: e: . . S ~ " '

B e CE O

——— - —
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5 ; ( UIGITAL 3(3T=HS LABORATUNY 4 PROGRAM  REVISION REVISIO:
e - - CUMPUTER 3CISHCE DEPAKTMENT YNZAONIZ  LEVEL OATE
: I ———— T | CONCURAIA UNIVERSITY - MONTREAL - QUEdES, . .. . . . _ __COMDSR —  RI O/ Vak — 0540447
i = COMDSk - TI-SM3 LINK VIA MS35 IN 5u
[ PASE 000!
2001 T COVDSR
! N 0002 D- COMISw
- 0003 «
. 0004 ZF OTADH ’
; . QOUs Er~ OJTP - . }: .
‘ . . __0636 _REF omBYTE ___ _ _ ' . ~ e
i 3 I~ 0097 REF  INBYTZE
; . - owo3 REF  INP -
i 0009 REF _ MSGSM N
, 0010 RZFJCSTIRT - Y
i “ Q0 = )
Vi 0091 0012 OGN EQU L
g [T TTTTTI0007 0013 oFF Ead™ o Tt T T T T T
; . 000 0014 SHSIK EQU  OFF v UM MIS
s 015 x ». !
: B TO00TOT6 A EJU ] - X >
i . 0001 0017 E EU 1 o
' . 0002 0018 X  EJJ 2 .
b 3003700y W TUEQU TS T T T r T s o o T TT e
; . 0004 0020 S EQU 4 & . -
: ‘ 0005 0021 L EQU 5
. . 0006 0022 B EJ0 g
, - . - 0097 0C23 PC EJU 7 ,
’ __U00I__0024 _ Bk °_ EOJ 1 . _ e L
l 00257 * N '
| 00AB 0020 IDTEND EJU  »AB, PTS AFTZA LAST PGM IDT LOADED
H Y0027 * . b
) 0000 OC 0028 EnMS| DATA 12,’NZGATIVE RECLEN FROM PR8Y + X
A 000C 1000 0029 ACLNER @LDX =~ERMS! : ‘
| OOQFy 03CO__0030_ MSGaH __@#55p  MSGSM_ e e e
f ¢ | F 00110 0215 QO3F TDATA  MODNAM '
; 0012 7C00 0032 @cRU  JCSTRT $
! j‘ » o 0033 *
} : 0064 0034 MAdEC EW xoo MAXM STZE OF MSG TeXT
P 0014 0035 SOHP  BSS POINTER TO SOH, START OF MSG . ,
f Q15 _C3CF__ 0035 _ MOUNAM DATA 'gt_mos i
| > . 0037 #ENTEARS JIA am. FROM TORAAN uxs OTHER DSRS, M PT3 Tu POT
! Q018 0038 COMDSR EQU .
v 13 —r RO \\ LB 8 PTS TO PIT. ! INK TQ 2R9 & 10T
. . . .
—— . l S / - , .
( JIGITAL SYSTEMS LA3ORATORY PROGRAM REVISIUN REV [sIt
! .| COMPJTER SCIENCE DEPARTMENT NHENONIC L:v L
{3 | _CoNCURDIA JUNIVERSITY — MONTREAL QUEBEC, __COMDSR____ R1.0/Vaw_ __g_5_4 as
" . 8 5 . R
=~ COMDSR - TI-SM3 WINK VIA MSGS IN su '
: \ { ! L
é ) Y g ¥
. / . . . PAGE 000z
° 00ivy 8102 0040 DLD  2,BR GET PRB AND LDT ADRS ?
’ O0lA 8400 0Q4l 1@STA  PRBAD - )
| / 1c_ o 42 RYQ AR 3 PIS IO Ppoi
s U 8C00 0043 dSl‘E LDTADR .tsav’ FOR SETTING OPEN & CLOSE
: . 001, C550 0044 LA RETURN ADR OF 1ORHAN
.. < 0020 3400 0043 dau __R_ETN 3 e
. / 000046~ 7 alua SMEFR STARTING ADAR oF MESSAGE BUFFE
‘ 0024 DBCO 0047 , 0558 OTADH SET ADR REG IN MEMOAY INTERFACE '
0048 * ,
¥ OT03 " 0dv 967 S 1] TOCAL NESoAGE BUFFEX ADR FROM PRB
- . 0027 2070 00%0 STA BUFAD BUFFER ADR FRUM PRB
. o 005! *GET UNIQUE # TO NU TE_BETWEEN MSG5 TU SAME DESIN
i OIS T 005, Lo AU ’U E NUNBER .
0029 €300 0053 RIN' A,
o 002A 307y 0054 SIA__ UNIO
. -00. el 00%5" LA~ 8 SALFT T0O TuP FOR PACK
. 002C 3i18 0053 IoR 1,BR COMBINE OPC (BITS 8-15) nxr)}ésuscm o~ )
S D34 005 5 G N_¥5G 1D & OPC_PACKED
) T RN —ua SST N 60 Ui ,
; . 0030 Ov02 005v - LDr. 2 sn GET RECLEN FROM PRB, # CHARS
3 003!  €D20 50 GAECK HECLEN ONLY IE A WRITE
1 ‘0033 CoE ain = 'ENSURE THAT AECLEN. 3.0
. CCEl 0062 spl ENSURE THAT RECLEN. JE. .
47303 0083 " i . .
) o4 T RQREED UPON MAXM LENGTH
0036 C412 0065 15 1T AITHIN BQUNDIS?
0037 CO - 0056 . .
) : ONLY MXA c CHARS ARE ‘SENT
003y 3619 006 RUK SIE  RECLEN SAVE LUCALLY FOR SEND ,
0034 717 0069 _ - __ LDX  eNSL __ _ LENGTY OF HEADER & CONTROLS
0" TTTTTERL / 2 7T 7T CUMPARE OPCUDE 30 AN A;C“Ir WRTTE
003C Coot n SZE E RECLENsQ?
0030 D20 067 SEQ R UPC, NE, v ? s
s . AEN D0 PUT 51X
*003F 0086 0074 “LJA 3MBFR GET CURRENT POSN IN S
0040 _ 8003 0075 SPA . SUMP. _ 0_START OF MSG __°
0081 COADY 0076 RAD N
042 COAQ "QUT? - - SN

0043 Covo 0078

w‘)}' 1‘. ' "

£V 11“‘“"‘%" % .-k ;;
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(GIGITAL SrSTE4S AT ' - PROGRAM  REVISION REVISION af
COMPUTZR SCIENCE JEPARTMENT - WHEMONTC  LEVEL DATE k)
CONCORUIA UNIVEsSITY ~ MUdTREAL QUEBEC CONDSR .. RIQ/V#» _ J5/04/18_. X

9 . 5
. % CUMDSR - TI-3M5 LINK VIA KSGS IN Su i
*
( E PAGE 9003
0048 2701 007y ADD =1 Tl MORE Fod ETX CuDZ ,
0045 3800 Q080 @A) =>3FF ARAP=A=ROUND
QQaje JOSE Qo) - SIA__ SMRFR ADR 1S NEXT EJEE 9)EFER ’
0043 Ci22 082 RC X, X ~VE COUNT FOR 81X
034y 0000 0033 oLDA = IDTEND . -~
_.Usp _ 2FO3 0054 SJB =3 @A PT TO START o
TTouac T C506 0035 RMd  A,B PTR PAST LAST IDT NAME
004D 3100 0086 pDLD  0,BR \ )
004E  ADSQ 0087 DT WRIGST et
004F 01G2 008 LJA 2,8R
0050 3060 008y STA  ORIG3I+2 -
__00a! _ 0200 0090 dLUA  =MSGFMT  START OF HEADER INFO ' .
0053 2506 QOVI RMO  A,B a
0054 D3CO 0092 @538 OUTP OUTPUT T SMS MEMORY .
0036 G538 _00v3 LOA _ OPC . .
0057 06702 00V CPL =2 IS OPCRARILE] B
0053 CCOl 0095 SZE E I5 RECLEN=O7® -
005y _CD20 QoS SEO_ N e : R
806 009 BRUT EMSG END MESSAGE - TotTTTT o T T T
0358 004y WOV3 LOA  BUFAD ADR OF MESSAGE TEXT
00X CHh06 009V R-m A,8 ,
0050 1055 0100 RECLEN 7 CHARS, RECLEN_FRO¥ PRE ] i ’
Q055 Cl22 010! n.o XX <VE CHAR COUNT PoR 31X j
«_O0oF _D3CO_ 0102 @ss8 OUTP ____ OUTPUT Tu SMS MEMORY _ L
0051 0703 0103 EMSGT LDA  =ETX END OF MESSAGE TEXT . 1’
00c2 7400 0104 @3RL OTBITE  SEND IT - )
0004 _QOAF 0105 Loa.  soyp : j
0005 D30 0106 €558 OTADR R Y
0067 0701 2107 LDA  =S0H , . ¢ -
0058 7400 0108 @3RL OTBYTE A v = B
010y« .
olio IF SNSIM,0FF,SNS] ‘ .
< Q1n BRY _ SMS ___: * Y
Oil2 = < .
004A O113 5MSI  EQU .
. )114__ *SMS_SHOJLO LOCK _OUT_T1I ¢ :.(ME"HE_RE__IN THIS Looe o
005A Q03B 0115 RRD  Lua i/ POINT T IHCOMING NSG . 4 )
0068 D8CO 0116 0538 u'r DR SET ADR REG TO ACCESS IT ) ,
\___00oD 7400 Q117 98sL . INBYTS READ SuH
. - ; ¢

( DIGITAL SYSTEMS LASORAIURY PROGRAM  REVISION REVISI()N

+ COMPUTER SCIENCE DEPARTMENT MNEMONIC LEVEL DATE

c‘_g_mu_uu_xvsxsrtv = ‘MONTREAL_QUEBES
~ COMDSR = TI-SNS LINK VIA KSGS IN Sk

oo — —.COMDSR___.RL.O/V#+ _05/Q4/18.. _

— 7
! AGE 0004
0067 6701 0118 CPL ~ =S0H SIGNIF MESSAGE
0070 CD20 0119 S& - . .
7 i ¢ ) 3 1VE 5
0072 1FFA 0121 L ) -VE # CHARS IN DESTN NAME . M
oo;s 0000 10122 QLOA =DESTN .
| _Qo¥5_-C506 Q123 R4O  A.B . . S . ]
o“%n Dsiéo %an "@SSB  INP READ NAME INIU LOCAL SUFFER FOR CUMPARE A
0078 17FD 0125 LOX | -3 -VE # AORDS IN NAMES
00Ty °027v 0126 CHEA  LDA DEST‘HS X GET _NAME READ /
+3, ONPARE T0 onxcr:m. STATION 1D
oa;a 20 0128 853 o u Es“-:% ",‘}32 :A;c ‘* :
0QIC__71855_ 012V BR Nun 0 ggn
0070 40F mN AORD NANES .
- 013t aossm Nus u'n:usa unmxm\L srmou
007E 7400 0132 93 A .
-—u R SECTION
008! 0000 0134 OLDA =REFIN™ vaspsnsncs xn
0033 C506 0135 MO AB_ . N
0084 0BCO 0136 - @558 INP _ READ IN REFERENCE SECTION . o
0083 7400 0137 « @3RL INBYTE RZADS STX OR ETX? )
; iCpl_wSTX 15: fnwmw,aummv
00dy CD20 013v SEQ . YES R o .
003A 7308 DIa0 - BRU  PSTA ~ . - . ,
: _.10aC 20141 ____ 10X __ REPIN Emma:mu_ﬂuu_w . .
008C .001A Q)42 LJA . PRBAD OET PIR T0 CALLER’S PRB 4 g ]
003D ~2806 0143 CRND A8 ™ ) ; R " . -
. . N
QUBF; €122 0145 KU XoX 1. < )] SENERE | ¥ ¢
0090 14 gug ’:m BUFAD GE'!' BdFFER ADR FROM READ PRB SSNT - R £
0Q»! gsoo 14 W0 AE__ - s
0372 - DACO ™ 0142 -, @558 INP~ T HEAD rs’ir'xnru CALLER’S suﬁ .- Fa
7 7400 0i49 03AL man= s . READ ETX,, INTERFACE: REG/PTS To NEXF . )
,’J S
ao OTEY] LD4 aspm;a GET STAIUS BJIS ) y—
oov7 cace 0152 . LLA rggrugu TOP av}imm o . I
"m’loow 340D m‘g” %g T Fuos PRS - s ;
,,nzcxsrnrus lrn mvs:mssrznmmm v
\ 0094 QBH m;a,‘ N TA [N 03

. .
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(CTGITAL SYSTZAS LA3URATORY
COMPUTER 3CIENCE JEPARTMENT
L WNCUn LA JHIVERSITY - MONIAZAL QUEBEC .

~ CUMUSR - TI-3MS LINK VIA MSGS I 5+

PROSRAM REVISINN REVISION
MNZMONIC  LEVEL DATE
.. e = .t e e 4= LOADSR. . RI.O/Va%_ 0QS/0AL23

OOAT 0000

0169 PRBAD DATA

Y / PAGE 0005

029a 7314 0157 Bey  TNXT No, CHEZK FOR AN OPZY OR CLOSE

XvC 0808 OIS LDE  LDTADR PTR T0 LDT .

03¥0 _Cale Qtay 2 B8

JOvE  Ov02 0140 LJE  2,Bw PT5 To #DT Nta

0QyF% Chte Qs RdQ  E,3 ,

00AD X057 0162 LOA _REFIN#5 _ GET ERRND/RECLEN ERU4 VSG' < _
, OJAt 2368 0163 Ly 8 “SlFT Duwn

0042 BI04 Olios ' S[A  4,8R SET ERROR IN PDT v

QUA3 7822 Q155 B0 INCA INCR LOCAL MSG ADR TO WATCH INTFCE

00A4 0000 Olod UNIQ@  DALA ,

Q0A» 0000 Olg7 oJUFAD DATA LICAL STORAGE FOR START OF BUFR FROA PRB

00A5 9100

0
o

oP%s__ 3uBFR_ DATA >100
)
0

¥

(0086 Q0FB

. 00A® 0000 0172 LDIADR DATA
P OOA? Q71 _HEJN _ BSS ) N
0172 » ' 5
0001 Q173 SuH EQJ >0l STAAT OF HEADER CODE
OGIE 0174 S50R\ EQU >IE START OF REFERENCE CODE_
5 X EOU™ 02 START OF MESSAGE TEXT CODE
0003 0176 ETX EQU >03 END-OF MESSAGE TEXT CODE
0177 DATB Fdm 8,8
oI7g
017 O179  WSL £QU 23 # CHARS IN HEADER WITH CONTROL [
OJAA 016.) MSGHMT _EQU _ s
< Bl” DATE ™ 0,17 NG SGH -
Ad  CFCT oxaz@ DATB ‘o7 ,/G”
O0AC__ A0AD_ 0183 DATB # 7,2 +
00A0 ACTE 0T84 DATE™ 7 7,50R ° - ,
OOAE 0000 0135 &SI DATA © REFERENCE STATION 1D, ERROR HANDLING IN COMM PIOC
OQAF__DOC7 0]36 QRIGSI_DATA “PGMNAM
“NSGID * DAT3 0,0
0082 otaa ¥ EQU  MSGID OPCODE FRO+ PR3
0033 000C 0189 RECLEN DATA O RECURD LENGTH, # CHARS FROM PRS
0054 0000 UTY0  CAKSUA DATA O ° - ot
0085 0200 019! DATB STX -3
- 01v2 =» ¥ -

B1y3Y +CHECK BT 5 T0 Szt IF WE HAYE ‘m SET FLAGS IN LDT
0194 *SINCE ERRUR BIT aAS NOT SET,” OPC

¢ GET ngcw/upc

0195 TNXT LJ& (44

4

o

(DIGITAL SYSTEAS LABURATORY
empur:a SCIZNCE DEPARTMENT

i SONCOROUIA_UNIVERSIT Y...:J‘()ﬂIR..AL,OU EBEC

PROGRAM  REVISION REVISION
WNEMONIC LEVEL DATE
e me e COMDSR __ _RI,0/¥%x. 05/04/18 ¥

v

v

|_00C2__ 8100 0207 _STA

. - COADSR ~- n-su:. EMNK V1A MSGS IN SM .
s
’ / i
s PAGE 0006
- [ e LT
0037 6707 Olve | cPL =7 :
0038 COCO 0197 SLE 1S OPC BETWEEN 7<11? OPEN/CLUSE?
- i) .2
093A o709 Olvy cgf =y > .
0083 CD40 0200 sY )SE? 3 ;
|_0Qac JHO4 0201 __ . .. . BRU_ CL et o e e
0080 DBS3 0202 OR S4B ET OPEN BIT
0OBE 0839 0203 LJE nenms GET RE(;LEN FROM MSG
y : N
00CO 7801 0205 RN0 342 '
0aC1 DB43 0206 CL 3 PEN BIT ON CLOSE

o P 00RO
..P_..oﬂtjg_.___.

.L. RErIN...ﬂSS._._J

{
_Qm_ma__nzze,______nﬂ__cm___;___. i
QUON 0018 022y ZRASZ ™ DAIA  24,4DESTN "FROM SNS WESSAGE IS NuT @mmn-
0230 DESTN BSS ‘ )

[ 00C3 T T 0208 T LDA T

00C4 _00E3 020»

00C5 €506 0210 A -

N

0C7. 6700 Q212 s .

S8 0000 0213 . '

TO0CY 2717 0214

poca C€D20 0215

1 +, ) :

00CC 2029 0217 EFIN#5  TEXT, ADDIN RECORD.LENGTH

WD 101 o218 ADD =) +I, FOR ETX
| QOCE. 3400 "Q21» _ . @AND_ »>3FF_._ __AMRAPAROUND. ___.|. _.___ :

0038 8005 0220 STA  SMBFR UPDATE ADR OF NEXT W36 ¥

0oDE €07 ggg . ' BRU *RETN o

0002 w20 Q223 xcuun 5TX . REFIN SAVE IT . : ' .

0003 1000 024 . eLDX -gg;:z . :
P 00D7 0015 0326 DATA  NODNAA 1

00D 101A 0d27 10X . REFIN - .

33 . li: SNSIM, llFF.SIISi - -.




; * OSGITAL 3YSTZ43 LABURATORY PROGRAM REVISION REVISION
o | COMPGTER SCIENCE DEPAATHENT MNEMONIC LEVEL DATE
, . | CONCORDIA NI/JERSITY - MONTREAL QUEREZ . __ .. ___ . _ __._ _COMDSR . Rl.D/V#++__05/04773
I .
L ~ COMD3R - TI=SM3 LINK VIA MSGS IN So
- , ,
PAGE 0007
02235 3MS EW s
0230 LOA  MSGID GET PACKED MSGID & UPC
0237 CPL =0 15 _0PC A HEAD? ;
0233 3EQ YES
o 0239 BAJ  MSG2 Nu, THEN ‘A CONTHUL ¥SG RETJRNED
L | 0240 __Lox  =-81 _ TOTAL LENGTH OF %SG FZOM 54s g R
kY - 0241 0LOA =MSGSH4S  START OF MSG !
. ) 0242 RMO  A,B SET R:.Ga FOR uy -
\ : 0243 BAY _ OUTIT
0244 W532 LUX ==23 TOTAL LENGTH f F CONTROL MSG «
; 0245 4LDA =KSG3M2  STARTING ADR
. 3240 RMO_ _A,B _ e e
, - ~ 0287 TOUTIT EQUT T8
| . 0243 @LDA =>FF MASK FOR RIGHT BYTE
0249 AND _ 3,BR ISOLATE STATUS BITS
0250 R 40 A,E HOLD ONTO STATUS
025i LDA  UNIQ MSGID ON MSG SENT ¥
. 0252 LLA__8 SHIFT_INTO_TOP OF NORD e e .
0253 ROR  E.A COMBINE WSGID & STATUS 3
N 0254 STA 8,BR . . ;
0265 ¥33B _ QuTP OUTPUT MSG EXACTLY AS 1S
0256 BrU  RAD NOTIFY T1 THAT THERZ IS5 A 9SG
0257 *
0258 MSGSMS_DATB_SOH.‘p’ o e
T TTTo2s “DATS VG TN ol
0200 DAT3 “N’,”a” .
0261 DATB _“M’.SUR X
; 0262 DATA™ 0 3
0263 DA¥A 06 4 (R i 3
0264 pATB 2,0 M5G10,STATUS RETURNZD BY LuGDSR -
0265 DATA 57 1 .
. » . 0260 DATA © c:Ecxsuu .
0257 DATB  STX,”2T+
' 0263 DATA #RIS MESSAGE STMU..AT;S SNS RESPONSE T0 KEYIN FROM CONSOLE”
- . 0269 DATB ETX
0270 »
Q2T uSGSHZ DATE  SO0H,7P7
L 0272 DATB 207,/ M
o 0273 DATB 2N’ ,2A¢
AN
. : 2
(DIGITAL S{STEMS LABORATORY ¢ M / PROGRAM  REVISINN REVISION
! | COMPUTER SCIENCE DZPARTMENT - MNEMONIZ LEVEL ' DATE - 1
£ | _SOMCORDIA UNIVERSITY. = MONTREAL QUEBEC N : CUMDSR.__ RI.0/V++ _0S/D4/78
=~ COMDSR = TI=SM3 LINK VIA MSGS IN SM
.
f PAGE 0008
\ \ A5 1+
0274 DATB “M/,S0R « K
s 0275 * DATA O a . v
. ' 0276 DATA 210G~ >
i gg;l;l mra o .»20 uscm sru‘us EOF BIT SET
: Q27 DATA cxsun
0280 mra 7;
L 00FA 0281 SMS2 '
; 0000 0282 . .
k . ) - '
! ] ] L \

p—
—

e

Ve




g

L S T e S A A
vy Vs ot s

7,

, G s

¢ Y . *
¥ . ; ;
. (DIGITAL SYSTE4S LASOHATONY . PROGRAM  REVISION HEVISION ! g
; —. | COMPJTZR SCIENCE JEPAHTMENT MNEMONIC LEVEL JATE 1
' WM . | CUNCURJIA UNIVEKSITY - MUNIRZAL QUEBEC : COMOSR  R1.0/Y¥a%_ 05/04/78_
).‘: I
' - COMDSR - TI=-3KS LINK VIA MSGS IN S 1
i ’ S - ﬁ/
, . ) PAGE 0009
, 7 " X P 0006 . BX 000t T BUFAD _ 00AS T T
{ CHsA 007v CAKC 007D R CHKSUM 0084 cL /f 20Ct .
' Cumdsk 0018 D 8 IN . O0FD E 0001« {
.o EMSG 006! ERUST 0030 ERMS2 S 0ODA £TX 0003 =
i IDTEND  00A3 tgm%.« gooz ENBYTE 0003 INCA  00C6 j
. I ___ 0004 JCSTAT 0005 0005 LOTADR 00A8 . e e
M 0003 HODHAM 0015 ASCFMT  0OAA 4SGID 0082 W&}‘:ﬂ, :
N i dSG3M 0005 R MSGAR  ODOF ASL 0017 MXREC 0064
. . ‘ UFF 0030 R UN 2001 R OP 00BD 0pC 0082 .
§ . ORTSST 00N OTADR 0000 OTBYTZ 0002 0UTP 0001
3 R PC 0007 PRBAD  OOAT7 PSTA 00¥6 RCLNER 000D
s © |.__MECLEN 0033 KEFIN _ OOF3 RETN 00AP ROK 0039 S
\ ARV oA R RSI O0AE QA5 004 SMBFR  00A6 * :
' R SMS) 00oA R 3452  DOFA SNSIM 0000 SOH 0001
h - OHP 14 50 1E STX 002 _INXT' . 00B¢ .
i A4 X 2 ' . .
o S
§ ¢ O e
i 0000 ERRUAS IN® COMDSH ) :
: r ) p—
i p .




KA e PO RN W
R - iy S o — » > -

- g
_ R
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. ) - —— BT S IRV i s e M S e o 1T !
s .

o e e A

T . =
TLOG SMS MICROCONTROLLER ASSEMBLER  SMSASM/CDC VER 1,178/(
1 PROG TLOG . .-
2 , LIsT 1
3 000000 DBUG SEY o0
4 ®MAINLINFE' TESTS LOGDSR AND UTILITY SUBROUTINES
5 —° : T T T ®WITH SM INITIAILIZED RY TI, SHOULD BE ARLE "TO HA:
6. *INCLUDES QUTPUTTING A MESSAGE TEXT FROM SM TO ¢ }
7. *READING A LINF FROM CONSOLE AND PASSING IT To T [
8 #
9 : IV BYTES USED BY MORE THAN 1 ROUTINE B
10 001 70 DISPLAY LIV 14748 LED DISPLAY AND SWJ § ;
11 no3 7 0 LSADR LIV 3478 LEAST SIGNTF SM™ADR § ¢
12 004 7 0 CONTROL LIV  4,7+8 SM CONTROL BRYTE .
13 <004 75 MSADR LIV  CONTROL +7+5 MOST SIGNIF SM ADR . %
14 004 0 1, HALTI LIV CONTROLeDs1 FOR 1LOCKING OUT TI -
‘15 005 7 0 CNTRL LIV 5+7.8 GONTROL FOR CONSOLE §:
16 . )
17 000314 = L EQU  314H - e
18 000317 0 EQU. 317H
19 000307 G EQU  307H
20 000240 RLNK EQLY  240H
21 000212 LF EQU  212H
22 000215 CR EQU  215H
23 = N o l ‘ B "
26 - 000144 MXREC EQU 100 # CHARS ALLOWED PER '§ 4
25 ' 000115  SCRWID EQU 77 » | % CHARS ON LINE OF * B}
26 - 000030 LNSC EQU) 24 £, ' # LINES DISPLAYABLF |
27 000001 SOH EQU 01 ‘ START OF HEADER CODt
28 . 000036 80R EOU - 36H START OF REFERENCE
29, 000002 - STX EQLr 02 "“START OF -MESSAGE "TF
30 000003 .ETX EQU 03, END OF MESSAGE TEXT
31 * ' .
3e A I :
33 117 7 v PSR RIV  177He Tl PAGE SELECT REG
‘36 000000 PAGED EQU 0 - :
35 - . Qoonol ~ PAGEl EQU - 1 T S - -
36 - 200 7 00 BYTWS RIV  200Hs7+8
37 200 0 1 BITO RIV . BYTWS»0.1
38 200 1 1 BITY RIV ~ BYTWSsl,l ' ¥
¥ 2200 2 1 BIT2 RIV  RYTWS»241
40 200 31 BIT3 RIV  .RYTWS»34l
4} 200.4 1 BIT4 ~ RIV  AYTWSe4al - -
42 200 5 1 BITS RIV  RYTWS»Ssl ,
43 + 20061 - BITG RIV  AYTWS»6,1
44, © 200 7 1 :‘9117 RIV  AYTWS» 7,1 -
45 : - s
46 'an IS 1 INSTRUCTION S0 GUARAJ%EES A 300 NS DELA §¥
47 ‘. NOP ~ MACRO o T 3
48 " MOVE AUX»AUX R
49 " ENDM ’ N e IR
50 . T e RN ‘\\ A |
S1 .. BNE" MACRO n.cwn.aonl ' .
52 - . | SEL- DISPLAY . . |
53 . 7 MOVE nsaux - " . T
. 54 . Ch “ MOVE AUXsDISPLAY -
§5° S : - XMTT  CHR.AUX 4? : N
36 - T, XOR  DeaUX. - et
57 N . N2T AUX.QDR Yy B
58 TS ENDM . oo



AR A R i v o

i

R W~ -

D

g g X 30 8 e g e

Ty “‘ B n "

AL S )

' vy

2.3

N -

TLOG
59
60
61
62
63
64
65
66
67 200 7 0
68 200 7 0
69 201 70
70 202 70
71 203 7 0
72 204 7 0
73 705 7 0
T4 706 7 0
75 207 70
76 210 70
> 77 2l 7 0
' 78 ?l2 7 0.
79 P13 70
‘A0 21a.7 0
al . P?ls 70
a2 000200
83 716 7 0
84 000216
AS :
86 3 70
87 163 7 ?/
88 364 7
R9 365 70
90 €6 7 0
91 367 7 0
‘ 370 7 0
Qg ‘ A7n 5 1
9 370 6 1
95, ato 7 1
96 3711 7 0
, 97 . <312 70
: 98 31370
99 37 7 0
100 LA 70
101 - 376 1 5
102 o
103 .. .000000
104 00000 6 17371
7105 00001 &~ o0D207
106 00002 0 00037
«10% 00003 & 17372,
108 00004 . 4 00276
. 109 00005 0 npo37 *©
. 1107, 00006/ & 07003
. 111 00007 & 27000
112 " 00010 " & 07004
*-113, 00011 A:27501
114, . 00012 - & 17367
J15. 0001 6 37030

t1e

) OﬁOLQ'\Y:

" SMS MICROCONTROLLER HSSEMBLER

17370

L

MACRO DsCHR+ANR
XMIT  CHRsAUX

NeAUX "
AUXygBe2
ADR

200Hs7 48
MSGe 798 .
RSI+147.8
MGG*297,8
ORIGSI+]1¢7,48
ORIGSI*2¢7+8
NRIGSI+3+7,48

ORIGSI*44748

" ORIGSI+S5+748

MSG+Bs7,48
MSG+397,48
MSG+10+798
MSG+11+748
MSG+12+79+8
MSG*+139v798
RS1T
MSG*144748
SMSG.

SMSG+MXREC+1 78

FMSGe798
FMSG¢la748
FMSG¢2+798

" FMSG+34748

EMSG*4s 748 }
FMSG+5+798

"STAT¢S%1

STAT 1691
STATe 701
FMSG+6¢798
FMSG+T+798

- FMSG+Be7¢8

BEQ
XOR
T N2T
JMP
ENDM
%
MSG RIV
RS1 RIV
RST1 RIV
ORIGS! . RIV
ORIGI RIV
ORIGZ2 RV
ORIG3 RIV
ORIG4 RV
ORIGS - RIV
MSGID "RIV
OPC RIV
DUM RIV
RECLEN RIV
CHKSUM RIV
CHKS1  RIV
REF EQU
SMSG RIV
MSGTEXT EQU
»
EMSG RIV
PMSGL  RIV ¥
SPARE]l RV
MRECL ‘RIV
ERRNO  R1V
LNCNT  RIV
STAT RIV: .
0PCL-  RIV
PGS RI™
STP. RIV
BELL . RIV
PROMPT .R1V
SPARE2 RJV
RETN RIV
LSADR2 R1V
MSADR2 - sz
*
SMECP cau
'éi 1)
© XMIT
MOVE
- SEL
XMIT
. MOVE
- SEL
MIT ¢
SEL
MrT
4 SELS
R ' 13)

SEL_

QTﬁT

FMSG*9+798
FMSG*10+748
FMSG*11+7+5

T

’ )

RELL

207Hs AUX
AUX » RELL
"PROMPT :
PT6HAUX

AUX sPROMPT

LSADR
0sL'SADR
 NSANR ..

LNSCyLNCNT "

e e i

"SMSAS&/CDC VERTT,1 78/0:

MESSAGE BLOCK

6 CHAR ORIGINATOR N/

{

. RECLEN IS 2 BYTES o

RESERVE NEXT MXREC |

7
‘ .

1ST WORD AFTER M

I

3

PHYSICAL _RECORD-S1Z¢ M

MAX'M RECLEN

ERROR # TO BE RETUR'

STATUS TQ RE RETURN}
1 WHEN DEVICE HAS BI
1 WHEN PAGEMODE IS
1 WHEN 'STOPC HAS BE!

-

SM ADR CONS!STS oF »

‘SET INYYIAL ADR‘TO )

timshor - <.
" LNCNT

17
-
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.rew . .
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TLOG

117
118
119
120
121

122

123
124
125 |
126
127

128
129

.130
131

132
133

* 134
135

136
137

138
139

140
. lal

142

143

. lag
145 7
146

00015

00016
00017
00020
00021
00022

- 00081

00032

00033

00034
00035

OJ;36
00037

00046
00047

00056°

00057

00066
00067

0dar7

00106
00107

00116
00119

00126
00127
00130
00131

. 00432

147
148
149
150
151
152

153
154
155
156

157

" 158
159
160
161
162
163

00133

00134
00135
00136
00137
00140
00141

00150

-0 151
0152
0153

SMS MICROCONTROLLER ASSEMBI ER

A 37302

6 17363
~ 00140

0 00037

6 11000
7 01133

A 17374
6 00260
0 00037
6 11001

7 01277

A 11002
7 01266

A 11003
7 01266

A 11004
7 01266

6 11008
7 01266

6 11006

7 01266

6 11007
7 01266

6 11010
7 01266.

& 03362
6 06200,
0 06017
A 11011
701266
001037
& 00001
1 06006
1 03003
5 03130
& 11012
7 01266

) 062[6

) 17213
6 003

> 3p00 3 A

00154

00155
0054
00157

03003
17363
0 37ﬂ00

XMIT 010RsSTAT+3  SET DEFAULTS. FOR OP:
# * s
RLQOP  SEL  PMSGL PHYSICAL Msc RECORD
CXMIT  MXRECH AUX
MOVE  AUX+PMSGL" S
CALL  INSOH ONLY INPUT 1| CHAR F.
s , .
ANF  R1¢S0Hy#=4 HAVE TO FIND SOH
SEI RETN
XMTT  RLNK $AUX
MOVE  AUX»RETN -
CALL OTRYTE
*
CALL  TNBYTE READ 1ST CHAR OF OF
) ANF Rlolls®” ) -
CALL INRYTE
o) ANF 910003 Al .
CALL INBYTE . )y//f
BNF  R1eGe® ————
CALL INRYTE )
BNF Rl eBLNK,y® .
CALL INBYTE
- BNF ~ R1sBLNK.*® - - ——
™, CALL INBYTE
BNF  RIsALNKoe® | ' -
CALL INBYTE READ 1 CHAR, SHOULD
- BNF_ \R1sSORye = ‘ S
XMTT 5-14.93 -VE ‘4 CHARS IN REF <
XMIT 'REF »R6 WHERE WE WANT TO ST(
LOOP1  MOVE: R6sIVR ACCESS TO WORKING S°
CALL INRYTE ! GET 1 CHAR FROM SM
MOVE R1s+BYTWS STORE IN W§ — —-
XMIT  1,AUX INCR VALUE
,  -ADD  R6R6 MOVE PTR FORWARD
. ADD . R3sR3 RYTE COUNTER
NZT  R3,L00P] . cor¥ REF SECTHN To
CALL INRYTE * SHoOULD aE EITHER STy
S BNE  R1+STXsCETX . . °
| #STX, IMPLﬁES THAT  THERE 1S A MESSAGE TEXT
. XMIT  MSGTEXT.R6 WHERE TO STORE. TEXT
'SET R3:T0 CONTAIN =VE (MIN{RECLEN FROM MSGsPHYS,
SEL_ (RECLEN ). GET ' CHARS TO BE 0
XMIT " =1eAUX™ MAKE IT =VE FOR' “oout
XOR "~ RECLEN4R3 1'S COMPLEMENT
_ XMIT  1eaux’ 2's_CcoMp
ADD  P34R3 © SET UP =VE W cuans P
.SEL._ t PMSGL GET, PHYS MSGLEN ‘

i MOVE PMSGL

s T e ee——e e -
'

[

* ‘??Zf ()l\l’[‘ I‘F 1=

N PR a2 ST

SMSASM/CDC VER 1.17 7870

!AB;

iqnl\ *
a&;(

J/sen P, Foa‘couptaé

.

= C B
lr" S P




: . AT E T e & m Xt Ty e e
~ -

- 95(‘“'“TL06 T 7TTTSMS MICROCONTROLLER ASSEMBLER ~ ™~ SMSASM/CDC VER 1% r‘-—"—‘va:
_ i‘ ! 164 00160 .1 03037 S?n R34PMSGL -\,
.l @ 165 00161 S 30123 T RIT0.%+2 ENSURE THAT MSGLE)
" ‘ 166 00162 7 00164 JMP. LOOP2
| . 167 00163 A 03234 © XMIT  =MXREC,R3 ~VE MAXM MSG LENG
' { 168 7 ST e A o —, TTr Tt T
! 169 00164 A 11013 LooP2  CALL TINBYTE/ " GEY 1 BYTE FROM SV
o © 00165 7 01266 ' heo
o 170 00166 0 06017 MOVE Ré&IVR " ACCESS T0 WS
| i 171 001674 0 01037 : MOVE R1:BYTWS STORE IN WS
L , 172 00170 £,0000] XMTT . 1,AUX- INCR
SR o 173 00171 1 0A0N6 “ADN.  R64R6 : S
. 176 00172 1 03003 - ADD  R3.R3"
. 175 00173 S 03166 " NZT  R3.L00P2 COPY MESSAGE TEXT
i 176 00174 & 11014 CALL INBYTE READ NEXT CHAR
. 00175 7 01266 , : : ,
; 177 CETX . - BNF  R1¢ETXy# SHOULD RE ETX NOW
- B 178 00204 A 11015 "7 jCALL LOGDSR - . ROUTE TQ HANDLING
; | 00205 7 00437
Py 179 BRETIJRNS FROM | OGDSRy STAT WILL BE SET» MAYBE El
N 180 *RECLEN MAY HAVE REEN REDUCED
i g 181 *RETURN A CONTROL MES?AGE ;
' 182, % ~
o 183 e @ SEL  CONTROL | : -
3 184 ¥ XMIT OeHALTI ° LOCKOUT T WHILE SE
: - 185 | *SAVE ADR FOR SOH TO BE SENT AFTER MSG IS COMPLE
=% 186 00206 & 17375 SEL  LSADR2
: 187 00297 6 07003 - SEL__ LS4&DnR
. 188 00210 0 27037°; MOVE | SADRsLSADR2
L] 189 0V211 A 07004 - SEI. - MSANR - ————
P qu 00212 0 27500 MOVE MSANR,AUX =~
‘ 191 00213 A 1737 SEL  MSADR2
-~ 192 00214 0 ook3 MOVE AUXMSADR2 | . , .
y 193 00215 6 11016 .~ CALL- AINC INCR TO-NEXT POSN I
- 00216 7 01307 ° ) o - )
. Y 194 00217 .6 17202 SEL  ORIGSE - e
. 195 00220 ~ 06202 XMIT ORTGSIWR6: ' SEND MSG TO PGNAM O
C 5196 00Q@R1 & 03372 _ © XMIT  =6sR3
. @ 197 00§22 0 060)7 ~ LONP4  MOVE R6sIVR
oo 198 00223 A 11017 CALL OTBYTE S
| . 0UZ24 7 01277 ; ] . : N
peo® 199 00225 A 6000l ©oamtT lyAux o S
© s - 200 00226 1 06006 ) ADD - R6eR6
; 201 00227 1 03003 ‘ ADD  R3WRI- ‘ ,
® 202 00230 S 0322 ' NZT  R3IsLOOP4 * o
f. ) . 203 -00231 6 17374 SEL RFTN AFTER LOGDSR IT'S FI
i 204 00232 6 37036 XM}T  SORWRETN -~ SET UP REFERENCE SE(
¢ '205 00233 6 11020 ) CALL érRYYE - - . o
00234 7 01277 -
, T .. 206 00235 A 17374 - srL N 4 .
. 207 00235 & 37000 - XMIT OWRETN | ZERO FOR RSI WORD
] 208 00237 & 110210 - CALL OTRYTE . - -
- - 00240 7 01277 . . U
| 209 0024} 'A. 11072 caLL. nravfk\\\\/ a2 - ——
L 00242 701277 - , o NG - T
.4 210 00243 4 00316 - XMIT |y AUX " SET ORIG .TO LOG.
‘"! 211 00244 0 00037 . MOVE AUXRETN : IR
-212 00245 A 11023 | = CALL OTRYTE . RN
~ 100246 7-01277 . - o g e

h - 3 A . "
R [ TR B . R >j.r‘§,w"y‘_~ H
. . A v B . EAEERAY . 5
RPN g v ENE L ¢ o ; 1 X
-1 Wit ”f_{ - ..’,‘ Y ! RS I Yt S A

< ' * Ny - i n 'yl Ce i o ®
N T i . . T B v RO AP
. . o L S~

ERY
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TLOG | ‘ SMS MICROCONTROLLER ASSEMBLER SMSASM/CNC VER 1,1 18/¢

q .
213 00247 A~ 00317, T OXMTT ayAUX
214 002507 0 00037 MOVE aUX+RETN
t 215 002%) & 11074 CAlL  OTRYTE
00252 7 01277 - ‘
216 00253 & (0307 TUXMIT Gy AUX o T T
217 00254 0 00037 , MOVE . AUXsRETN:
218 00255 6 11025 CALL DTRYTE
00256 7 01277
219 00257 & 00240 . © XMIT  RLNK'WAUX
220 00260 0 00037 MOVE AUXeRETN o7
221 00261 6 11026 CALL DNTBYTE . T
00262 7 o0l277 ' ’
222 00263 6 11027 CALL OTRYTE :
© 00264 7 n1277 ' -
223 00265 (% 11030 CALL OTRYTE “ L
00266 7 01277 . A
224 " 00267 6 17210 .  SE|  MSGID, - - o
225 00270 6 11031 CALL OTRYTE
. 00271 7 01277 :
276 00272 6 17370 SEL  STAT \
227 00273 & 11032 o "cCAaLL, OTAYTE
00274 7 01277 ) ) §
228 00275 A 17366 .~ .SEL _ FRRNO —
229 00276 6 11033 \\ghlL 0TBYJE RETYRNED IN.TOP HAL:
00277 7 o277 -
230 00300 6 17213 SFI... RECLEN:
231 00301 & 11034 ‘ ‘CALL  OTRYTE
00302 7 01277 . F
232 00303 6 17374 SEL  RFTN o
233 00304 & 37000 XMIT O04RETN
234 00305 6 11035 . CALL OTBYTE ZERO FOR CHECKSUM W
© 00306 7 01277 . .
- .235 ' 00307 A 11036 - CALL OTRYTE \
©. 00310 701277 , C
236 00311\6& 17370 ™~ SEL  STAT R {2 HPRORS“THEN“NO‘T
237 00312 7 00340 . ORG 28,32 "
238 00340 S 31131 WNZT  RITI+ENDT ' o
239 00341 & 17213 SFI,  PECLEN CHECK IF WE GOT ANY:
240 00342 - 5 37004 NZY  RECLENs#+2
241 00343 7 00371 . . JMP  FNRT . NO
262 00344 A 17211 : SFL  0PC | CHECK FORTECREAD T -
243 00345 6 00013 < - CXMTT 11eAUX -
: 244 00346 1 37037 ‘ADD OPC.OPC o
. 245 R ‘ ORG  25+32 S ‘
266 00347 S 37031 - “NZT.  OPCENDT :
5 “247, 00350 4 17374 -SE " RETN )
-248° 00351 A 370027 ., - XMIT STXeRETN
249 00352 A 11037 CALL‘;OTBYTE
00353 7 ol277 - , , ‘
250 00354 & 06216 , XM1T Mssrrxt.ns
251 00358 6 17213 . SEL _ RECLEN | : -
252. 00356 ‘4 00377 N . XMIT  =)eAUX 5 -
,253. 00357 337003 . ¢ XoR nEcL€N.n3 A
. 2564, 00360 6 00001 - XMIT  1eaUxX -

;255 . 00361, 103003
sese' 00362 0 060LY. .

. 00263 ﬁ J}Q%g’.";:f“
o FTRT

.. . ADn P30R3~
J.- MOVE  R6sIVR.
.. CALL. OTBYTE::

.....




RN

AR

” » 3

.(:‘_')

S

<!

.
’

L

* .

TLOG

58S
586
587
588
589

. 591

592
593
‘594
595
596
597
598
599
600

0l107
01110
0111]
o112
01113

01122

01123 .

01124

oliaes -

Qlleeé
01127
01130
01131
01132

601

602

604
60S
606
607
608
609
610
611
6le
613
616
615
&6l6
617
618
619

01133

01133
01134

01136

01140
01141
01142
01143

&

' §MS chROCONTROLLER AquMeLER
06111 '

00615
00377
06006
06017

S re 3N

00377
06006
04004
0alla
17213
04037
17374
37011
01400

NOP®PON N

002 7 0
0046 2 1
004 1 1
000001

07004
22101

21100

21101
07002
27001
01400

~NoRr o >

e

* N2T

“ *
\

0

'CCNT

DATA

MEMSTR
READ
' .

"L END

L2 o o

T s
PTG S Wh s

L
>M@ ”sw,‘ﬁ. .

L‘#LLA’\.: .

s

" STR1PB

v JMP
xMrT

ApD
" MOVE

‘ORG™
BNE
XMIT
ApD
ADD
NZT
SEL
MOVE
SEL
MovE
RIN

END

PROC
LIV,
LIV
LIV
EQU

SEL

XMIT

NOP
XM1T
NOoP
xmM17
SEL

MovE

RTN

Ryy*e2

RRET
-leAUX -

R6:RE

ne.rvn S

1432

BYTUStBLNKcCCNT
=1sAUX ~

R6+RE

R4sRG

R4 STRIPS
RECLEN

R4 +RECLEN

RETN

RETNsR11

LOGOSR

INSOH .
178

CONTROL 2241

. CONTROL » 1,1

1

CONTROL
READ sRW

0 ¢MEMSTR b
1 +MEMSTR

DATA .
DATAR]

INSOH

SMSASM/CDC VER 117 7870:

a
[ e

»

NO CHARACTERS Kcvso
DECR VALUE
BACKUP PTR 7O LAST ¢

0. . LR

TR
oot

DECRJVALUE
DECR PTR
DECR COUNY

CONTINUE TO STRIPTF

1

@

2,

ODATA BYTE FOR SM

oo T R . '
KWWW,n-’.WW_ A bt o
O o i RS e 2 o

RS-k

v

et gy 8T



¥ o
T2

L
* - «~_,‘,p,m$’¥’:‘ &

j ‘ TLOG

, 648

.625

637

H63

621 /01144,
622 ' .
623
626,

626

827

628 -
629

630

631 !
632,

633 , 01144 .
634 01145
635 .01146
636 01147
01150
01151
01152
01153
01154

638
639
640
64
6462
643
644
645
646
667

pliss
01156
01157

01160
01161
649
650
651 -

01162
01163
01164
652 01165
653 '
654
655
656

01174
0117S
01176
01177
0l200
0lao}
01202
.01203
660 )
661 01204
662 01205
01206
0lz07
01210

657
658
659

664
665

' 66b

ART
6hY
669
670
671
672
673
674
675

0lz217
01220
01221
0la2z2
0lze2l
0l224

01233

005 3

NI

O

006 7

" 006 7

00656
- 006 7

0
006 5.3
1
1

- 000233

07006
37027
07005
27007
00037
00027
00063
00027
07006

POTOPPRAIPON

26115
27122
07005
05 5 4
25407
01400

N O I2NE

11008
11070
01243
. 05011

SN O

00215
00037
11071
01144
poz212
00037
11072
01144,

NP ORI DR

17370
33101
17374
3701V
01157

~NOIPI™DRN

173707
3610t
17367
37030
06017
01197

A 17370

L

- "

SMS MICROCONTROLLER ASSEMBLER'

Id

SMSASM/COC VER™1.1778/0

.DATA BYTE TO/FROM-C

“sTATUS . aecsxvao :FROY
PEs FEs» OE ARE ‘BITS
XMIT BUFFER EMPTY, |

"DATA..READY, BIT 7

[

WSs R3 CONTAINS =VE

1V BYTE FOR DATA 1IN
DATA READY FOR<QOUTP!

DATA DUTsTBRLsSFDsRF
BRING TBRL HIGH——

DATA INJREAD STATUS,

WAIT FOR CHAR TO BE °

CHAR KEYED IN?

BITS 2 TO S OF CNTRI
SET BACK TO DATA OU

-~

SAVE RETURN
ENTRY PT TO INPUT A

ESC-STOP QUTPUTTING

*SET IGNORF RIT IN STAT AND SET UP RETURN OUT OF

™

. . PROC, 10CHR
TBRL LIV CNTRL 9 301
DATA LIV  6e7e8 =~
*STATUS SHARES 1V BYTE HITH DATA
.STATUS L1V 7+v8 .o
" ERRS ,‘LLVc;dsrnTUS.S.JO 1
. "IBRE LIV: STATUSgés]
QR " LIV STATUSe 791
ESC ~ EQU  23M
'ON ENTRY IVR PTS TO TEXT N
ENTRY OUTCHR
SEL DATA
MOUE RYTWSsDATA
SEL CNTRL
XMIT  111B+CNTRL
XMTT  00011111B,AUX
MOVE  AUXsCNTRL
XMTT  00110011B,AUX
MOVE AUX+CNTRL
SEL STATUS
ORG 10,32
" XEE * (THRE)
NZT NRWKEYIN
ORET SEL CNTRL
B2T05 L1V CNTRL S0
‘ XMTT  111BsB2705
v RIN
. } -
KEYIN MOVE R11+R5
CALL RDCHR
MOVE RSsR11
BNF R]1+ESCeCSTX
XMTT  CRyAUX
MOVE  AUX+BYTWS
CALL OUTCHR
XMIT [ FeaUX
MOVE AUXsRAYTWS
CALL OUTCHR
SEL STAT
.XMIT 1sBIT3
SEI RETN
MOVE RETNIR1Y}
17  IMP ORET ,
-]
CSTX HNF RI+STXeCETX
. SEL., PGS
~XMYT 14P6GS
SEIL. LNCNT |
XMIT  LNSCsLNCNT .
MOVE - Re¢IVR
. JMpP NRFT
CETX BNF  _RLI+ETXVORETY

SEL .

pGS' »

LI NIIO S VPP

KRS e, ORI G e ¢ b I AR e 2

[ ARGy R S

~

LR T A




01236
01235

., 01236

01241
01242

01243
01244
01245
01246
01247

01251
0nl2s2

01253
01254

12%6

1257
0l260
0]261
01262
01263
0l2e
0126

01237,
- 01240

SMS MICROCONTROLLER ASSEMBLER

~N»r

L3

- X - W]

1255 .

BADAI »

-~

~NORIMNPPIPORNDIWR DR

36100 -
01157,

07005
00063
00027
07006
27102

25313
07005
00070
00027
07006

27001
01400

17366

00100 .

25300
00037
07001
37027
17370
31101
17374
37011
01400

RRD

JORETY
»

ERKHAN

MTT
JMP
ENTRY

~ SEL

XMTT
MOVE
SEL
XEC

ENTRY
ORG
NZT
SEL
XMy T
MOVE
SEL
NOP
MOVE
RTN.

SFL
XMTT
X0OR
MOVE
SEL
MOVE
SEL
xM1T
SEL. ~
MOVE
RTN
END

0PGS

. ORET

INCHR
CNTRL

0011001 18,AUX

AUXyCNTRL
STATUS
* (DR) .

RDCHR -
23,32
FRRSERHAN
CNT
501118008, aUX
AUX s CNTRL

‘DATA

NATAWR]

ey
FRANO
100HsAUX
ERRSAUX
AUX «FRRND
DISPLAY
ERRNOsD I SPLAY
STAT
1+RIT1
PETN -
RETNsRL11

I0CHR ¢

SMSASM/CDC VER 1,1 18/

SET ERROR BIT
"GET OUT OF LOGDSR

N —————— g ——"

\

NATA IN+RRD
READ STATUS

WAIT FOR CHAR TO B!

CHECK FOR ERRQRS

SFD+DATA INDRR
READ DATA

ACCESS TO CHAR
ENSURE S00 NS "
GET* CHAR ENTERED

PRI 5 TN, S

COOE FOR ERROR

P e

v

FOR TIME BEING DISF §

£od v RN % e PR o S R A MR INAI oy By S e
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l Q("“'n.ns "~ T7TTSMS MICROCONTROLLER ASSEMBLER ~—~ SMSASM/CDC VER™I.1—7&70
' ' 4 f 709 01266 ‘ ' PROC ~ 10BYTE ,
o ! o 710 * [MPLEMENTS AUTO INCREMENT AND WRAPAROUND "ON SHA!
: ; 1488 . SUSING MEMNRY AS A CIRCULAR QUEUE PROVIDES A REC®
' : 1z *MESSAGE TRANSFER
] e, T 7137 T N02 70 T ODATA T LIV T 2,748 " TTIT IV BYTE 27 T
: 714 ' N04 5 1 MSOVF L1V MSADR Sy 1 .
qﬁ . 718 004 2 1 RW LIV CONTROL+241
i 716 . 004,11 MEMSTR LLIV. CONTROLs1ls1
T 717 - 000001 READ EQU 1 :
R - 718 000000 WRIT EQU 0
.} @ . 719 ' ’ : S
| 720 — ENTRY . INRYTE
721 01266 6 07004 SEL  CONTROL -
i e 722 0l267 6 22101 XMIT  READRW
! 723 o © NQP
Al 7264 01271 6 21100 . XMIT * 04MEMSTR
Sk 12 . - NoP :
o 726 01273 6 21101 XMIT 1 4MEMSTR
b 727 01274 A 07002 \ SEL- DATA , .
| @& 728 01275 O 27001 " MOVE DATAsRI GET RYTE READ
P T 729 01276 7 01307 : JMP AINC2 INCR ADR
; 730 * » :
. ® 731 " ENTRY OTBYTE ‘ Ce——
b 732 01277 6 07004 SEL_ CONTROL .
R 733 01300 6 22100 XMIT  WRITRW
sy, 736 01301 6 07002 - SEL_ DATA
L 735 01302 0 37027 . MOVE BYTWSsDATA
S I 736 01303 & 07004 SEL  CONTROL
- . 737 01306 6 21100 ‘XMIT  04MEMSTR
738 . s i . Nop
L 739 01306 6 21101 XMIT  1/MEMSTR
L 740 R ,
\ 741 : ENTRY AINC o
742 01307 6 00001 AINC2  XMIT  1,AUX . INCR FOR ADR
&5 7643 01310 & 07003 SEL  LSADR S
L 744 01311 1 27027 Agn' LSADRILSADR
‘ , 745 ORG 3432 : - -
N 2 7646 01312 'S 10316 NZT  OVFos#e2 ADR IS IN 2 HALVES
: 747 "01313 7 01400 RTN
. 1648 01314 & 07004 " SEL  MSADR -
o 749 01315 1 271527 ADD  MSADRSMSADR - —
L 750 ' ORG 3432 .
: . 751 01316 S 25120 . NZT  MSQOVFy®e2 WRAPAROUNO?
| ™. 752 01317 7 01400 RTN
L. 753 01320 ‘6 27500 XMIT  0sMSADR
Lo 154 01321 7 01400 RTN C o
B 155 | END  TOBYTE' _ s
oo 756 , . -
T 47 AR . END - TLOG
i - 7 o ND - TL
] - : / ; - '
i ' RETURN TABLE 2 Mmoo )
. o 01400 . 4 11001 4 ‘
| S 01401° 7 00023 . - L
N o 01402 7 00036 . ‘ :
. 01403 7 00040 . ' - -
o 01404 7 00050 _ * ° ,

.
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