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Abstract

Microprocessor~based jnstrunents are traditionally
nore difffcult to desian and operate than their analoa
counteroarts, This thesis details a structured appro4ch
to an operatint system sultable for stand=alone use {n an
fnstrument, The system {5 demonstrated in an Automated
instrument used to determine the mechAanical prooerties of
Ssteel,

The proposed T1/N system allovs a comnyter proaram to
converse «“ith the operator usini a "natural”™ lanquaqe,
The system functions as a high 1level {Interface between
the application rproarammer and the comnputer user, This
suop~system uses the structured design method fo define a
poverful virtual operatinag systemn that can be placed in
RIM, The aim of the operatina system {s tn simplify the
application prodram {nterface with the hardware of the
computer systemn. The svstem {s Interesting {n that the
virtual devices are defined {n independent levels So that
additional systen capabilities may be added at a later
date, The system {s desianed to be "Fai{l=-Proof" {n that
erroneous user entries cannot cause the system to halt or
aoort. This aspect {s very fmportant In {nstrumentation

Autonation oecause the user {s certaln to enter wrong



data on occasion.

The structured approach to system desiin Is based
upon the construction of new conponents out of oreviously
Aefined ones, The distinction between softweare and
haridware becomnes {immaterfal becanse this anproach 1s
pased uoon higzh 1level functions rather than ohysical
inolementation, Grouns of functions define packaqaes
«nich characterize the set of operations which may be

nerformed by the system,



AT T B R

1. INTRODUCTION

The Input/output sectlion of a comnuter System
defines the ultimate interface oetween the HLL (Hiah
Level Lanquaye) aprlication proaram and the computer
user. Through this sube-system, the user must make his
intentions known to the rproaram, Little theoretical
research has been done {in the Area of user-computer
interactions because many bpeople consider 1{t to be a
ninor part of a large proqrammed systen, This thesis
detafls the desian and construction of an advanced
inpnut/output sub=system for automited {nstruments, Two
parallel nrodblems currently facing conmputerized
Instruments are -difffculty in desiin and -“ffficulty in
ooeration, The tHiagh Jevel TInput/0utput (HIN) systen

oroposed sinplifies hoth of these bréhlems.

1.1 Tensile Testing

Tne motivation bpenhinad this research wes the
development of an automated tensile testing system, A
tensile testiny system s used to determine the
nechanical properties of mAater{als by axlally loading a
specimen and recording the responses of the sample, The
Aautormated tensile testing machine performs intelligent

data reduction by recording the rav tens{le results and



computing the parameters of the material under test,

1.2 The I/0 Problem in Automated Instruments

ARutomated testinao has a problem common to all
computerized {nstrumentation = 3 larnqge number of
operation ontions, Jf the machine orerator {s required
to select a value for each option, the instrument will bhe
difficult to use. The problem of massive I/D is overcome
in manually operated instruments vy having Aall control
parameters stay the same unless changed by the operator,

The I/0 system for an instrunent should address five
broblems :

1. £Eacn control valne must ne alteravle by the
overator., -

2. Most variables will not be chanqed each t{me
the instrument {s used,

J., Eacn value should have a pre=-set (default)
value so that a reasonable selection is
ensured,

4, The operator usually sets many controls
#ithout lookina At the control name,

5. Tne machine shonld announce the namne of the
control parameter that the operator |{is
viesing,



1,3 Design ObJjectives

The input/output system described in this thesis {s
des{iined for a low life-cycle cost. In order to satisfy
this constraint, some overall objectives are instituted
in the system, The maln qgoals of the desian are that it
be applicaple to a 1large varlety of computer based
equipment and be simple enough for application
proaramners to use, From this, sub=30als are estanlished
to ensure that the I/N system will be universally used.
The 1/0 sub=system {s human enagineered {in the sense that
the interface Treacts with the operator (user) without
requiring vast HLI proqgramminu., The user can chanade the
opace of the computer conversation by enterina responses
before the querles are put to him,

The I/ systenm is modnlarized:ta operate {n levels.
Lhbow level routines, (such as serial device drivers), are
enbedded within higher level routines, (such as strinq
outout routines), which are called by the HLL software,
Tnis structured programming functions to Insulate the HLL
oroyram from any un-necessary detdalils about the hardware
and operating system characteristics, The structure also
permits moditlcation of the operatinag system by efither

re-writing old {interfaces or bullding new lavyers of



software incorooratinag existina levels,

The 1I/0 section - to be described In this section was
irolemented in PL/Y for the TINTEIL, 80B0 microprocessor,
This languaje is simple to learn and {s easily translated
fnto another structured lanauage such as PASCAL, ADA, or
ALGOL., The operating system level structure encourages
the proygransmer to add new levels or chanae operating
characteristics to suit his individual needs. The
console I/0 system has been re=-targeted to the software
from the ISIS=RA operating system with reasonahle
success. Intertacinag the [/0 system with A more flexible

operating system wonuld have resulted in a much smoother

user~to=-computer communicatfon system,



2. CURRENTY COMPUTER 1/0 SYSTEMS
The <chief functjon of an I/ system {s to Allo« the
user to maniputlate control parameters of the HLL progran.
Yany different classes of I/0 structures are {n current
use, Te«o classes are widely used ¢
- Menu Driven - Sirnqle character comnands
for menu selection
- Line Buffering -l1ine oriented fnnuts(ex:
numnerical, strings)
From tne user’s point of view, the I/0 syster {s a major
part of the operatina system, It {s the responsibillity
of the I/0 system fto maintaln ap efficient conversation

«iftn the user,

2.1 Primitive Systems

1/0 subsys;ems( have evolved much since primitive
computers were first used, Hany‘ different f{nteraction
styles have bheen developed to f{nterface users wilth
particular programs, In many cases, the operating systen
level boundiary {s not clear pecause {ind{vidual nrograms
control tnhelr own 1/0,

The interactions of I/0 systems with users are bhased
upon models. These models have evolved as users come to

expect more services to be provided to them, Farly



computer systems had 1ittle or no fnout/ontput
facillities. These systers were designed to test simnle
algorithts and input was done prior to pProaram execution
and output after execution. Input consisted of chanaing
fixed memory locations where data %as expected and output
xas In the forn» of memory dumps,

Later, the batch environment was invented, In bpatch
systems, the pronram. read atll data at the start of
execution and printed results in A readable formnat, The
input data was typlcally prepared oft-l1ine and stored on
punched cards or oaper tape, These systems were advanced
compared to earliler systems because the user could make
ninor +noditications to his data and re=run the rroaram,
This 1/D style endured for many years and (s st{ll 1in
wide use in the business data processing fimid,

The next major advance was the on=ltine time shared
environment, Thils system allowed4 the user to monitor
projram executinn and analyze intermediate results, 1In
some cases, on=-line error detection mechanisms were
Incorporated |into the user programs to ensure reasonabhle
data was entered, The feedback to the user was {mmedlate
“~hen errors «~ere mnade, Programs on these eAarly on=line

systems used much of the code {n the 1/0) section, When



1/0 errors were discovered, the syster would grind to a
halt.

The on=line systems brouiht “ith them a
disadvantaqe. #ith these systems, the nuser could not
simply change one plece of data, #wWhen the nroqram was
re-run, all of the data to the proaram had to be
re-entered by the user. This problem is severe {n the
automated testing environment because each run denerally
uses most of the same data as the previous run, This
execution environment left much to be dersired from both

the proJjrammer’s and user’s pofint of view,

Proarammner Too much time was soent writinmn [/ code,
User An error would require ree-entering all
data,

2.2 Contemporary Systems

vith the current arowth 1{n computer usaqe, users
have come to expect more and more cananilities from the
operatinl svsten, Computer desiiyners have responded by
{introjducing features in a nitchwork fashion because old
softvire had to be compatihle «ith the nev ocerating
systems. Many aidvanced operating systems have abandoned
the notion that fnput and outnut are the sole

responsioility of the user prodram, fhese new operating



systems handle most of the data movement up to character
manioulation., Even these operatinyt systeans do not go far
enouih in provi-dina support to user orogranms,

A nex model of the i{nput/outont process needs to be
developed, The operating system must cleanly separate
the user from the proaram desiring the 1/0 services, The
projram shoild only convey its obliective to the operatina
system, The executing proqram‘should not be aware of any
unnecessary details of data movement such as fornattina,
The whole 1dea o0f the operating system should be the
apstraction of datad flow, The 1/7 system deslianed tor
the automated tensile testing system will now e
described,

‘The ooerating system was implemented in a bottom=up

fasnion. This method allows easy extens{ons to the
system wnile Aallowinag software sclf-checks to be
incorporated within the code. The lowest level of

abpstraction Is the only part that refers to the Aactual
hardware mwaxeup of the system, At the hinhest level,
even the characters processed by the I/0 system need nof,
be xno#n Dby the user (application) proqgram, Some

examples will {llustrate the abstraction levels

10



21 ¢ PRAOCEDURFE () BYTE:
/¢ WALIT AND READ TNPUT CHAR %/
DECLARE /4% PORTS AND MASKS*/
CZSTAT LITERALLY °‘OFDH’® ,
COATA LITERALLY *0FCH’
RXRDY GLITEFALLY °02H° ,
PMASK LITERALLY °*7FH* 3
DEZLARE /% VARIARLES %/
STATUS BYTFE /¥ UART STATUS */ ,
CHAR BYTE /% UART DATA */ ;

STATHUS = INPUT(CSTAT) ;
DY WHILE (STATUS ARD RXRDY) <> 0 ¢
STATUS = IHNPUT(CSTAT)
END
CHAR = THPUT(CDATA) AND PIIAGK
RETURN ZHAR ;
gNp C1 o

Figure 2=1: Lo« leve]l T/0 routine

1
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ADDER & PROZEDIRFE ()
/% ADD TAD NUNAERS FROM KEYBOARD %/
DEZLARE
SYSZONY LITEFALLY *'0° ,
R LITERALLY "0DH°* ,
(Vi,V2,RESHLT) ADDRESS

CALI, PROMPT( L(’ENTER DATA L 2 , 0 ) )

CALL, READSIC VI )

CALL PROMPT ( L(°ENTER DATA 2 :* , 0 ) )
CALL READSI( V2 ) 3

RESULT = V1 4+ V2

CALL WRITESS(SYSCOM , J(°ANSYER = * , 9

CALL WRITEST ( SYSCON , RESULT ) 3

CALL WRITESC ( SYSCON , CR )} 3

END ADDER

Figure 2=2: Hiah level 1/0

12



Fijure 2=1 shows a procedure w«ritten at 3 1o+ level
“nich reads a character from the console, This
illustrates the conventional acproach to /0 desiqgn in
‘that the physical characteristics of the {nput/output
device are reflected in the code to operate the device.
This low level of proirarmina restricts the system to
operatinag «ith only one type of device.

In contrast, the high 1level orocedure shown in
tigure 2-2 does not reter to any of the characteristics
of the ohysical device, The input device {s an abstract
ooject that 1s dealt with only {n terms of formatted data
tnat coves from {t, The phvsical makeup of the device {s
hidlden from the progranmmer so that another device cotlld

ne substituted for the console,

2,3 An Effective I/0 Systenm

dne of the simplest and easi{ast I/ systems ever
jevised {5 the marked knob, Constder the temperature
control on a household oven, When the oven {s activated,
the wuser «deci les upon A temwperature to onerate the oven

at, The user can do many trings at tnts noint :

1. Change the setting of the control

2, Tganore the control (4o not chanae the value)

13



3. Look at the current settinag

4, Nperate the knpob outside the proper reafon (le
! ajajnst the stop)

5, Yake a mental note Aabout-the oven (¥x : 10
minutes to pre-heat)
The last three options do not deterwnine a settinn, so the
user must ajaln Cchoose one of the five chofices,

This example, although simple, {llustrates many
{nefficlencies In current 1/0 methods, Simnle aquery 1/0
systems allow only the first option to ©ne accepted,
venu=driven I/0 systems limit the choice tn the first two
optinns, These 1/0 methods are clearly restrictive in
the options avallable to the user. Tf the users .cannot
oroperly interact with 4 control, the productivity of the
operator «ill be dimini{shed, A case of multiole Inputs
will clarity the differences between the current approach
and the proposed 1/0 methods,

An oscilloscope is another marked knon I/0 system,
Tnis Adiffers from an oven controller {n that many
controls are uyseq, hs a further complication, each
control will be covered so that exarinina the current
value requires a physical operation, The rovers are used
to sinulate the effect of proaram variabples (data) whose

values are nidden, 1In addition, the user may select an

14



invalid range and should be warned that {t §{s not
possible to accept the input, 2lso, §t Is assumed that
the wuser will sequentially operate the controls in a
fixed sequence, This last constraint should he examined,
So far, all operations on the controls should appear
natural except oossibly the ordering of the operations,
Some type of oridering is needed to ensure that no control
has been overlooked. The orderiny constraint apprears to
be cumoersome when all opossible controls on the
oscilloscope are considered, The least used controls can
be arouped and an access cover Dplaced over these
controls. This Jyfves the user another cholice 1In the
operation of the instrument = whether or not to open the
access cover to the control group. Alfhouvh this sounds
strange, this method is actﬁnily used {n moaern
oscilloscopes, For example, a screwdriver s needed to
focus the instrument and the c¢allnration controls may be
adjusted only ~ith the {nstrument open for servicinna,
Nested control arouning can be contlinued at many
levels, Por examnle, An assenbly line worker need not
hnave access to tne controls because they need never be
varied, Control hiding {s important so that tnhe yser’s

concentration {s not drawn from the important controls.

is



The I/7 system must Address two related problems :

1. The auestions are likely to e repetitious and

are soon iInored bty the Instrument onerator
2. The operators have varving denrees of
expertise with the fnstrument
Tne first problem is minimized by control aroup covering
and the second f{s elinrinated throunh user type=ahead,
Type-ahead is «hen the user responds to the {nput reauest
before it Is actually {ssued. Very few {ntelliqent
finstruments offer type~ahead because the keyboard input
{s not ouffered (eiited).

Another reauirerent of the 1/0 system (and the
entire lastrument {n general) s that some means of
resetting the instrument 1s ;geeded In case a drastic
oberation error {s made. The system re-start must. be
orderly 50 that a minimum anount of typing {s required to
olck up from the point of interruption,

The separation of the user from the annlication
proiram results in many benefits,

- Application programmers can concentrate on
cowputation and control and leave 1I/0D to a
separate syYsten,

= The 1I/9 {interaction {s uniform, Any feature

supported by tne operating system {s avaflable
on any /0 call,.

16



= The I/3 system {g portable, It {s written
usina a simple~to-understand Proaramming,

17,



3, PROPOSED I/D SYSTEM

The proposed {nput/outpnt system incorporates both
the oven and oscilloscope models «itnhin {t. The goal |{s
to maxe the I/0 process simple for the apollcation
proaram, yet flexible for the computer operator. Seen by
the projramn, tne I[/0 system i{s no more comnlex than a
vastly simpler one, The user, however, sees a computer
system that behaves {n an almost human fashion,
Furthermore, the detection of input errors i{n an orderly
fashion 1is ensured by cherkinag all wuser {input at the

appropriate level,

3.1 System Goals

The followiny aoals were set for the operating

system ¢

- lJser 7Joals ¢

¥ Free format input (no filxed coluans).

¥ Allo~ all five options < discussed {n the
oven examnple,

* Reguest {input (prompt) only when the user
makes a mistake or stons supplying
responses to questions,

* Allow {input line editing (backsvace,
delete li{ne, echo line).

¥ Allow Comments to be freely Interspersed

18



with data,

* Allow ’special’ characters to be entered
(Ex: debuagaer and baud chandae),

- Application program agoals ¢

¥ Corde s to be self=initiatizina if
possible,

¥ Nnly three parameters to be nassed to the
operating system : pronot messaqge, read
tyoe, and the symbolic name of data to be

read.,

* The operatina system sSshould handle all
input errors,

¢+ Protect (hide) as much of the ooeratinag
systen as possible from the anplication
programn (Note : only one simple vartable
{s snared between the application pronqram
and the oneratinag system),

* Allow the application proaram to instruct
the I/0 system to flush old information.

- Hardwvware gJoals :
£ Nnly two I/0 routines exist ¢ CI1 and CO

for console I/0,

¢ Yo formatting {s Jdone hy the haridware,
- Modifianility goals :
¢ Structured deslyn to be used ; operating

system levels must be cleanlv Senarated,

# The system cannot use speciAdl cases to fix

19



an apparent auirk in the softwvare, Buas
in the system aAare to be fixed At their
sources rather than where the error {s
encoruntered,

* S5pecial functions of the system are to be
centralized, This ensures that changjes to
the functions are correctly incornorated
into the operatiniy system by any routine
that uses that function.

* Allow the system to be easlily uparaded,

- Re~targetaplity goals

¥ Allow easy modification for simflar
hardware (Ex: SAC RK0/10 board),

* Allow edqasy modification for simf{lar
softwvare (Fx: CP/M or 1JS1S operatinag
systemn),

* Allov easy modifi{ication for A{fterent
DIOCeSSOTS,

3,2 Structure of the I/0 System

The modular approach was used to implement the I1/0
systen, Tao difterent design stratesies were used
Top~dnoWn and Hottom=un, The Top~down method is most
useful ~¥nen tne hijhest level structures are fixed at one
tine, The Aottom=up methord {s bhetter suited when the
lowest level structure 1Is specified in advance. PRoth
stratejlies «4ere used In thi{s project in what [ c¢Aall the

"4f{4dle~out™ stateqgy.

20



In the 4Yiddle~out approach, an {ntermediate qoal is
estaolished., '‘The intermediate goal In the case of the
1/3 system Is that all data transfers proceed one hyte at
a tine #ith no "look=ahead"™ nr "check=behind", This goal
¥as selected ovecause of the success of the PASCAL
run=time systen {(wIPTH 75, GRNGANO 781 which allows
logical device 1/0, The des{an now proceeds Top=down
from the highest level to the Intermediate level and
Bottom=up from the lowest to the intermediate level, At
sone point, bhoth 1levels will meet anA be k fully
compatiole,

This Tethod has the advantage of partitioning
responsiotilities for the operartinj system development
into two 3roups, buring the codina rhase, the aroups
should reqguire As litt]e communlcailgn 45 possible, The
designers should aqree first on their respective coding
stategies. For example, each procerure should accomnlish

one generalized function rather than arnupina several

functions into one procedure, If possible, the
procedures shoulid verify the {nput parameters for
validity,

The 1I/3 system was {nspired oy TROLL, a very large

software system, All input to this proaram s {n free

21



format and {input {s reauested only when the user types
none in, The TwkoLl, svstem s desianed as a fully
intearated econometric modellina system with thousands of
orocedures within it. The TROLL lanauyAage has so many
options that a new I/0 system was developed to dgal with
all of the default values that would generally be used {n
a particular execution of the proaram, TRALL wAas one of
the first generation of {ntelligent systems where
commands and responses were differentiated by the
operating systen,

TROLL®s major advance over existing 1/0 systems was
that the commnands agi{ven to It were generally incomplete,
High level operating systems allaw the user to direct the
flo# ot 1informat{on without the application programs
oeiny involved {n any aspect of the actual data movement,
T'he more responsibility that the onerating system
possesses, the less work needs to be done in application
programmnini. In TROLL, this reduction was needed because

thousands of [/0 calls are made throughout the proaram.

.3 Components 0of the HIODO System
The I/0 system {s structured into six hierarchical
levels, Lt each level, the hardware Appears more and

nore flexible (or conversely, the softwara becnomes more

22



flexible), This level structure allow#s Software validity
assertions to be made In many Dlaces. The 1/0 system

levels are ¢

t. Physical 1/0 : Handshake control
2. Loadical 1/D0 : Dutput to one oOf three Adevices

3. Buffered 1/0 : Input 1line editina, output
character mappinag

4, Typed simple I/0 : Inteager, real, strina, and
logical data typed

S. Interactive 1/0 : Promptinag, query, Aand i{agnore
ooerations

6. Formatted output : Fixed format for tables
(real, string, and inteager)

Since level three serves as the intermediate aoal in
this "viddle-out” desfan, all software supnort at lowver
levels {s {nvisible to the app]iéaéion proqrAam, For
example, the console kKeybnard cannot be nolled for ready
status by level 4-6 software because all physical aspects
of the console lnput are hidden, bev¢} six has been
ifnplemented in another module' (#RITFKST) to show how to

expand the I/0 system to applicatton specific routines,

3.4 I/0 System Software Levels
The HIJ system s structured inte lavers (or

levels), The layer structure uses the concept of virtual

23



hardware, «hich ma¥es software appear to operate like
hardware, Jnce this is done, the hardware and software
functions becomne indistinguishable,

The advantage of the virtual hardware approach is
that the system can be specified {in functional terms
without referiny to its actual Implementation, The
system emulates all hardware that does not bphysically
exist, As an example of virtual hardware, consfider the
intelligent termipnal. This mAay be used hy.the 1/0 system
software regar-dless of whether it s real or merely
emulated by the software,

The I/0 system levels describe virtual hardware to
pe vused by higher levels of the system, The followina

parajraphs describe the I/0 system levels in detafl,
Lexel_L

These routines are the hardwvare drivers for the I/0
devices, The software waits for the device to bhe ready
pefore attempting to read or write data, The operating
system usgs tnree {nput drivers ani three output drivers,
The three input drivers {nterface the system console
keynoard and printer to the operating system, The output

drivers 1interface the systen display dev{ce and printer

24



to the operating system, Tavle 3=t describes all
hardware drivers used by the operating system. Wote that
VPO 1is treated by the I/0 system as {f it were A& hardware
driver althouah it is really a software driver. This {s
an exanple of the type abstract reference which this

system permits,

Device Functional
Name Description

I Console input = read from kKeyboard

o)) Console output = write to system display device
Pl Printer i{nput = read serjal data from orinter
PO frinter output = write data to te brinted

PSTAT Printer status - read statug af printer port
PCOM Printer command - write commands to printer port

vern Virtual printer output = write to SAVED Aqueue
Table 3=1: lLevel | Devices : Hardware
Lexel_ 2

These routines select among the level one hardware
and software drjvers tor the character outnut function,

Table 3=2 1lists tne logical output devices,
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Output character editing is done to make the output
devices 1lookK like smart terminals. In this case, the
loyical output device automat{cally dgenerates line feed
characters when carriage returns are printed, The output
device gains intelligence through software routines at

this level,

NDevice Device Functional

Numoer Nane Description
0 SYSZON System console output
1 SYSPRT System virtual printer
2 SYSBUF System buffer (for edited output)

Table 3=2: lLLevel 2 Devices : Loalcal

Lexel 3

This level completes the Intermediate I/ system

level., Tnree processes Are included at this leve]l :

1. Input line editing,
2. Buffered character read (ro line availahle),

3., Outpat character conversion.

The principal aim of this level is to sioplify HLL
programning of the 1/0, vyet leave enouqgh flexibjility to

allox for {interactive 1/0,

26



The {nput line editing task aroups the console input

characters

desired typed-in lines.

Table 3-3 1list

the cnharacters +#hich have special meaninas to the 1line

editor.

Character

8

“6 (AEL)
“H or DEL
<CR>

"R

"U or *X

<e5C>

The

errors by

peginning or typina more than B0 characters on a

operatinyg

warning the

Meaninu

Sejtch baud rate = instructions alven

user

Fnter/exit from f{ntra~line comment
helete last character

End of line, finisn editing

Echo current line (hardcopy edit only)
Delete whole line

finter debugqger

Table 3=3: Line Fditina. Characters

system vprotects

Tne w#arninj indicator is the teraminal pell,

The

cnaracter {n the {nput buffer to a variable
'nis routine serves to mini{mize
the operatingy system by pronhibiting access to the

line buffer.

namned

to

{tself from user
user when bAackspacing at the line

line,

buffered character read process conles the next
CHAR,
HLL 1/0 {interaction with

actual

Trne 1/1) system makes all character reads
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appear as 1f the reading 1s done <di{rectly from the
keyboard. duilt={in protection ensures that a character
read {ssuel when the line puffer is empty will be marked
a5 an error. Note that this type of error {s only caused
by oroiranming flaws In hiagh level I/0 functions, The
terminal bell is runy {if a read §is attempted while at the
end of the line,

The basic console I/0 data ports have been extended
by level 3 to ({ntelligent terninal norts. The
intelligent terminal allows off=-line character and line
editing to be performed without support of the rest of
tne 1/0 system. In addition, the console now acts as a
software front panel w#ith the <CTRL B> and <RESC> 1input
Keys. Information hidina at lower levels ensures that
cnanjes to nhigner levels of software wi{ll not affect the
ooeration of this smart terminal, The lack of
fnterterence also means that low level modlifications to
tne  system 4#i{ll not have a side-effect on any progranm

nsini level 3, Software,
Leyel_d

This sectlon of the 1/7 system ({interfaces the

(intellligent) console device to the hardwAare/software

2R



architecture, This level converts data values from thelir
internal representation (binary dytes) to theilr external
representation (ASCIT characters) and vice=versa.
Proczedures are f{included for 1/7 of character strings,
inteders, and Treal numbers, Another procedure is
jvallabple to read logical values from the consnle in the
€or of "YES" and "NN" answers. This 1level ajves the
higher level structures ¢the {llusfon of usingd a highly
sophisticated system console, In addition to the level 3
functions, this console can perform implicit conversions
to and from internal binary formats,

The blnary typed data formats are defined by the
underlying orojgramming standards of the System. In this
case, tnhe language PL/M defines the data tyves, The
string data type, however, s séo;ed in a difterent
format fron. the standard, Strinis are stored in memory
#ith a zero byte termninating the string rather than using
string lenjth counts throughout tne HLL pronaram,

The ASCII {nputs required for level 4 read

operations are defined In table 3-4,
Lexal. s

Lbevel 5 structures 1introduce the concept of the
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Tnteger serfies of dilaits, no sian allowed,

Real
<sign><integer>.<inteager>(F<sian><integer>)
String Series of characters un to <CR> {including
the usyval separators,
Loaical ‘Y’ or ’N’ followed by Any characters up
to the ftem separator,
Table 3=4: ASCI1 Input Types
{nteractive terminal. Ry {nteractive, {t {5 meant that

the dialogue petwveen the computer and user {s rependent
upon the user (nn fixed dialogue {s used), Ilinlike level
4 routines, which operate on data, this level operates
upon the structure of the entered data, That {s, the
elements which separate the irnnut Jata values,

This 1level {mrlicitly defines the {nput line
structure to be a series of entries, Ffach entry {s of

the form ¢

<lInput value><Separator>

The separator |Is deflined bpbelow as the FENV {ndicator

(character), If a separator appears bhefore a <CR>
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cnaracter, it {s {anored, This Allows the two follosinna

Input 1ines to be treated sinilarly ¢

1,2,<CR>

1,2<CR>

Several special characters are used At this level ¢

? Query old (current) value nf the var{able

R 4arks the end of a value (EDV)

<CR> Yarks the end of an fnput line (FKOLM) as well As
£V

Certain rules are followed for unambiauous entries :

1. Check for 2"

2. Try to read d4ata ftem (stopping before or at
EJV) Ly

3, Verify Z0V found, {f not then error
1. S5kip over ENV character unless {t is also the
ROGH
Before the user program Aattempts to read a data
iten, tne PROJAPT processor i{s called w~ith the prompting
message, 1€ tne user has not alreardy resnonded to the
pending read rejuest, tne promnt s 1ssued, The PROMPT
processor orints the query and reauests a new input data

line only {1t the innut character 1s the FEOLN, This
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allo#s the HLL proaram to always guery the user without

worrying about cluttering the I/0 dialogue,
Lexel.b

Level 6 output demonstrates an application oriented
level of output, This level 1s implemented {n a separate
rodule from the rest of the 1/0 system to show that {t is
truly independent of the rest of the I/0 system, This
laver provides fixed tormat output of {inteaers, reals,
and string types, Feal numbers may be scaled before
outputting using the spepcial routines described {n level
6. The systen buffer (device 2) {35 used tn accumulate

Jata before it 1s sent to the desired output device.

3.5 1/0 System Commands
The finput/output system allows very 1limited access

to it by user program. The reason for this {s two=-fold 3

t. Users may use high level code for readanility
2. A small I/0 set can be easfly desi{iqaned for
max{imal error detection and correction,
As a side effect, hierarchical design wproduces produces
projrams which elther fall the first time or alwavs work.

This section will discuss I/0 commands implemented
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on levels 4, 5, ana 6. " Three outoput devices Aare defined
in table 3=-2 alonyg with their mnemonics. The device
SYSBUF consisks ot a buffer array and an assoclated
buffer index, \The fndex has the ranae
(0 .. BufferSize=-1) where Buffersize {s the lenath of the

array., - Wwrites to the SYSBUF device store characters at
DAUF(OBUFSIND)

memory location and then increment OBUFSIND, The device
is used as follows ¢

DRUFSIND = 0 ;

/7% arite to SYSBUF device ¢/

/% putput NBUF buffer to the desired device ¢/

Four sets of JI/0 commands are used by the HLIL

software

1, Inftialize : Flush the input ouffer (Level 3)
2. Prompt/Read : Read a data value (Leve) %)

3. Unformatted output ¢ - Cannnt predict output
lenjgth (Level 5)

4., Formatterd output : Can ed{t 1level S5 outputs
(Level 6)

The initialization command {s simoly

CHAR

n
(@]
p o)
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w»hich forces the 1I/0 systen to rlisplay the next promnt
ressage, This is used vhenever the HLL opreagrammer 1s
unsure about the state of the input buffer and wishes to
clear 1{t,.

The Prompt/Read set of operations consists of a
pronpt followed by a read reauest, The demonstration
proaram Adescrined later aives examples of the Prompt/Read.
commands to read various data types (routines PROMPT,
READSI, HKEADSR, READSS, and READSL), The prodram also
shows how the unformatted output 1is used (n routines
~FITESI, WRITESR, and WRITESS, The formatted output
routines w~rite Lo the system buffer and then copy narts
of the buffer to the desired outnut device, ‘umerous
exarples of formatted .ontpnt are sho¥n in the TSTR
nodules FILLSIN=FINAL=DATA and the main program module

(TSTR),
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4, RESULTS

In order to demonstrate the HID system operation, it
has been nmodified to run with a development svstem, The
d4isk ooerating system used has several unfortunate
characteristics w~hich ©preclude wusing an Aactual print
exaaple, These prohlems concern internall l1ine editina
done by the development system orior to actual character
170, The following examples have therefore been

re~produced from runninag tests on the development svstem,

4.1 Oemonstration of the HIO systenm

fsingy a nodifled version of the hardware drivers,
the 1/0 systen was re~taraeted to the TNTEI TSTS-TI  disk
operating system, A demonstration prodaram was prepared
to {llustrate the system flexibilitya The Aemonstration
projram runs 1in 10 kKilobytes of user code and 0,5 K of
user varfiables layered upon 14 X of the disk operating
system, Of this 10 K, 6 F is used py the I/0 system, 1 K
oy the arithmetf{c processor(MATHUT), and 3 K by the
floating point subroutine package (FPAL),

Two levels of editing have heen described 4bove :
level 3 and level S5, Level 3 editing characters form the
Inmediate editina characters which oﬁerate as soon as

they are typed in, fLevel S edit characters nperate only
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wvhen the application prodgran {ssues a read request to the

operating system,

4,2 Line Editing Characters

The first character to he discussed is the comment
entry/exit indicator. For example, {t the user types
*AGL,x,X%X,"5" only the “xx’ §{s transmitten co.the level 4

software., The Screen displays the followina characters ¢

‘ (¥ xx *) ’

The usaje of the level 3 (line editinn) characters vill
oe described by example, The user wishes to type the
numSer ‘1234° into the t{nput lfne, Comments are used to
fndicate what tng user would he doing with each edit,

The wusaje of the monitor entry and baud rate switch
are {mplementation dependent and therefore w{ll not be

discusse,

4.3 Value Editing Characters

The Jlevel S (value) editing characters will be
exewnlifjed as +{th the leve]l 3 functions, The
application projdram {n this example repeatedly requests

four inputs = intener, real, logical, and strinqg, The
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1. 1235 (% NO% DELETH 5 (RY USING "H) AMD
REPLACE AITH 4 %) \54

2. 1111 (% DELETE THR WHOLE LIYE BY
HstuG ~U ¥) <AXX>

3, 1235 (¢ EDIT S AS BRFEORE AND FHTER

"R TO RE=-TYPE LINF *) \54 <XXX>
1234

Flgure 4-=1: Character FEditing Sample Nutout

user proqgram issues appropriate prromnts bhefore cach read
and peaglins with the integer read, Three types of output
are written to the user’s console ! anpplication troaram
pronpts, HIN system messAades, anJd user {nputs, To
distinguish these three entrles: ;n fiaqure 1=2 below,
application projram pronmpts are «“ritten {n upper/lower
case, HIJ messaues are {in upper case, and user entries
are in lower case,

The demonstration program that «as used for this

exanple {s llsted {n fioure 4-3,



" Enter Count ¢ wrong anser is entertred

ERRFNR IN IMTEGER, INVALID CHARACZTER fa% AT COLUMN

Fnter Count : 17,1.01 (* answer next

aquestion before asked ¥)

Ise Plan A ? (¥ Tuery the old value ) ?

YES>Use Plan A 2?2 (¥ let the value default, note that any
character can appear In A comment,
since nothing but 3 carriage return
»i11 be typed, the HIN svsten
indicates this ¥) <CR>

Customer tamne ? ,,, (* skip tn ’plan a’ c¢uestion

) n (% answer it with ‘no’
*) , (¢ skip to count ‘juestion
+) (* Te=type to check the
resulting 1ine ¥) <LAXD>
se e, (* that looks oF, now enter that line ¢)
Fater Count (¢ end of demonstration #)

Figure 4=2: Value Editing Proaram Fxanmple
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DECLARE
DECLARE
DECULARE
DECLARE
DFECLARE

CHAR

START

CALL
CALL
CALL
ZALL
CALL
ZALL
:A'l‘.’
CALL

GITN
END

= CR

COUNT BYTE

RCONMST PEAL

PLANA RYTF

TUST (20) BYTE ;

CHAR BYTF FEXTERNAL /% FROM OP=SYS ¢/

/% FLUSH THE READ RUFFER

BEFORE STARTING %/

T /% STAKT 0¥ READ LOOP ¥/

PPOMPT(
READSI(
PRIOMPT(
PEADSR(
PROMPT(
READSL(
PRIVPT(
READSS(

START ;

«('Enter Count :°,0));
«COUNT ) 3

.(’tnter Scale Factnr’,n));
<RCOKST ):

.'UsSe Plan A’,0 ));

<PLANA ):

«("fnter Customer Name’,0));

1

Figure 4=3: Demonstratlion Source Prngram
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S. CONCLUSIONS

This thesls shows how softwvare for microcomputers
can be treated as an effective interface between the user
and the application programmer, This view s facilitated
hy the construction of "virtual hardware® «hich emulates
real hardware, Virtual hardware 15 supported through the
hierarchal structure of the architecture,

Tne HIO system {s shown ¢to efficiently map the
nser’s objectives {nto keyboard enfries. The me3sure of
efficiency in this case is the reduction in keystrokes
for an error prone user,

The desijyn 9¢ the system permits {ts use {in many
nicroprocessoar based instruments. The system {s easy to
use for both the {nstrument desfiqgner and the yser, The
level structure permits system projtamners to extend the
H1J system to sult {ndividyal needs such as hiah level
output devices,

The HID system was installed in an antnmated tensile
testina system and nproduced soectacular results, An
operator «itn no previous computer experience learned to
use the 1/0 system within a few minutes, The user then
quickly lost the qpatural apprehensive feelinj 4galnst

computers, Thlis {s attrihutahle to the conversational
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nature of tnis I/N system compared with the aquestion Aand
ans¥er Aaoproach of other I/0 systems,

In conclusion, the HIO system Shows that hiah
quality software can be developed for a microprocessor
operating system, This software {s efther very simple or

very complex depending on the point of view,
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I. Source Code for the HIO System

The HIO system has heen implemented in the'standard
lanjuage PL/M, The procedures are broken dowvn fnto three
parts by function, The HTIOD system Is currently taraeted
to run on an INTEL 'R0/20~4 CPU board and uses
anproximately 500 hytes of RAM,

The source code is available from Lehiah Ilinlversity
in both CP/Y and ISIS formats from the Flectrical and
Computer Fnalneering Department. The three module
avallable are UTILS.ASM, IOUTIL.PLM, and ARITFT.PLY, The
nodule UTILS.ASY {s written in assembly lanauaae for the
ROBND microprocessor and contalns the hardware drivers for
the I/7 devices (level 1), I0TIL.,PLM  contalns levels
26 of the HIJ system, WKRITFT,PLY contains the code for
level 6 of the I/0 system., The lah3ldagqes 1nsed for the
HIN systemn allos it to be easily re~tarneted to another
system or another processor,

In order tno wuse the HIN system, it nust be
interfaced4 with a floating point 1/0 processing packaqe.
The rodules needed are included with the HIO system and
are called ULAS2¥L, and LFL2AS, The first module s the
ASCIT to flo3tind point conversion routine and the second
Is the floating point to ASCII routine, 1In order to use
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these =mo-dules, 3 floating point packanqe must be used,
The real arithmnetic for this application was done with
the JNTEL FPAL lihrgry which emulates a hardware floatinag
point processor.

To sum uo, the following modules are needed to

implement the HID system on and R0/20-«4 CPH heard,

UTILSASH LLevel 1 of the HIO System,
IOUTIL,.PLM Levels 2-6 of the HID system,
NRITET,PLY llievel 6 of“tne HIO system,

LEL2AS ,PLM Floating point to ASCII conversion,
LAS2FL,,PLu ASCII to floating point conversion.,
FPAL.LIB Floating point aritnhmetic 1ihrary,

All of the above module Are avaflable from Lehigh
Infversity except the FPAL.LIB module which s licensed

only throuqh INTFL,
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