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4) Call Supe—*sory 7" ToAieosto-—n The Call Sup'y LED is

similar to the Answer Sup'y LED except that it is

associated with the Call Cord side of the Loop.

5) [C*-'’/m*=-~ “--k Key: This is a 3-position, centre-normal
key, "Dial" in forward position, '"Ring-back" in back

position.

a) "o The push-button keypad, also situated on the
shelf, is connected to the exchange line associated
with the Call Cord by means of the Dial key, allowing
the operator to dial the desired Exchange numbers. The
Speak key is needed only to allow the operator to
monitor the progress of the call to the Exchange. An

LED on the keypad pulses during dialling.

b) Rin- “ack: The extension telephone associated with the

Answer Cord is rung while the key is operated.

6) Speak’~*‘ng Key: This 1is a 3-position, centre-normal
key-switch, "Speak"” 1in forward position, "“Ring" in back
position.

a) Speak: The operator's handset 1is connected to the

centre point of the Answer and Call Cords, allowing

speech to both parties.

b) Ring: The extension teléphone associated with the Call

Cord is rung while the key is operated.

In the front of the shelf are two sockets for the operator's handset
or headset, the first for normal use, the second to allow another

operator to listen for training purposes.

7) Test Socket: This lets the operator test the Answer and
Call Cords by plugging in and seeing the Answer or Call

- —

Sup'y LED light.
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1.2.4 Conclusion.

The entire task of supervising the switchboard is ¢ )rendent

upon monitoring the behaviour of:-

a) 100 Extension LEDs.
b) 20 Exchange LEDs.
c) 34 Supervisory LEDs.....

..... coupled with the position of 34 Cords. The position of
the cords may be deduced from the sequence of LEDs lighting

and extinguishing.

1.2.5 M-**“*--“ion f-- ™'ind Operation.

The adaption of these manual switchboards for use by the blind has

several problems: -

a) Cost In 1980, 12 were adapted at a total cost of R15
800 and in 1981, the last 15 available at a total of

R19 700.
b) *---*lability The Post Office Exchange alerts a
subscril * to an incoming call by putting an AC voltage

onto the 1line to ring the telephone or PABX. This
ringing‘signal (approximately 90V) is applied at a rate
of (0,5s 0On/0,5s Off/0,5s On/2s Off), and so on until
the call is answered. The most suitable tactile
indicator used to detect this type of signal is the
Drop-flap type which gives a permanent indication of an
intermittent electric current after it is first
detected (see Appendix). This latching action is
needed to avoid the blind person having to pause for up
to 3 seconds at each indicator, waiting for exchange
line ringing, thus leading to slow reaction by the

operator.




Sk

ier



(21)

operators on the SAPO (5 + 20) switchboard which is
controlled by miniature key-switches and thus hgs an
uncluttered front panel. It is not suitable for use on the
Floor Pattern Switchboard which wusually has several Cords
plugged in, making it difficult and time consuming for the

operator to scan the 120 LEDs.

The Australian Society has no knowledge of synthesized speech

manual-switchboard aids.
The Society in the U.K. did not reply.
Tadiran Electronics Indus! ies in Israel provided a brochure

m™-**ran__"'--*-onicr Industries manufacture a modified upright

Floor Pattern Swit: s>ard. A loudspeaker emits an 800 Hz tone
when an exchange line rings, and a 400 Hz tone when an extension
lifts the telephone, a modulated tone sounding when the two occur
together. The operator uses a jack-plug to scan the sockets
until the tone alters or stops, upon which he plugs in to answer
the call. There are keys to control speech or ringing to the

extensions and dialling on the exchange lines.

This board has a m it | capacity of 10 Exchange Lines and 50
Extension Lines (referred to as:- (10 + 50)) with 10 simultaneous
conversations. This is not suitable for South African
requirements, which are (20 + 100) with 17 simultaneous

conversations.

In view of the lack of suitable devices or information, it was decided
by SAPO to proceed with a South African designed device to maintain
compatability with the 1500 new LED type Floor Pattern Switchboards

installed since 1982.
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This scheme was rejected, before any major circuit design was

completed, for the { .lowing reasons:-

1) ¢--*- The price of the photo-transistors and LEDs was
R100, plus that of the housings estimated at R110 total
plus the PCBs at R50 total.

2) Not Fail-Safe: Due to the fact that the external LEDs

repeated the : ates of the actual LEDs, any power failure
to the repeater LEDs or malfunction of the extra
circuitry needed would prevent a sighted operator from

using the switchboard.

3) Space: The area of PCB needed to place the
photo-transistors on one side and the LEDs on the other,
as well as that needed to run the tracks to the PCB
connector, left only 12mm between sensor units for the

operator to insert the jack-plug.

This proved to be an irritation in simulated tests,

slowing down the operator.
b) Electrical

The drive voltage to, or the current through, the indicator

LED was next considered as a stimulus.

The LED drive circuits of the extension’ and exchange
indicators (Ref. A.l1 and A.2) are similar, both having a
polarity opposite to that of the Supervisory Indicator LED
(Ref. A.3). In addition, the two former are similar in PCB
construction i.e. in wunits of 10, while the Supervisory
Indicators are individual wunits with separate connector

plugs.

It is easy to gain access, via ribbon cables, to the LED

leads on the extension and exchange unifs, allowing the
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voltage change across the LEDs to be sensed. Since the
normal operation of the LEDs should not be affected, the
sensors should have a high impedance relative to the LED

driving circuits.

The individual plugs supplying the Sup'y units are easy to
remove and connect across other plugs, allowing a current-
sensing resistor (with a value low enough not to affect the
normal operation of the LEDs) to be placed in series with
the leads. This current-sensing resistor can be used to
drive a voltage- .n transistor (conveniently inverted) to
provide an output similar to that on the Extension and

Exchange Indicator units.

The above have t 1 used in the design of the Blind Operator
Aid. The 154 input interfaces to the scanner are merely
resistors from ea: LED, the scanner being referenced to the
switchboard OV. The 34 Sup'y LEDs each have an additional
interface of a resistor in series with the Indicator supply,
driving an inverting transistor, the cost penalty being

small.

The actual design, discussed in Chapter 4, is a scanner
based on CM digital-multiplexer integrated circuits, with

suitable resistors and protective diodes.

2.3 Output to Ope—-*or

Two methods of outputting information regarding call status to the

Blind Operator were considered:-

a) Tactile: The orientation difficulties with protruding
plunger tactiles, the slow response to exchange calls when
using non-latching tactiles, (discussed previously), and the
need to monitor the Cord circuits continuously to make sure
a called party has answered, (when extending and then
retiring from calls on a busy switchgbaﬁai, make the use of

tactiles unattractive.
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b) Audible
Again, two means of providing audible messages were
considered: -
1) ™-——--- A : ries of high, low, modulated etc. tones
can be giv 1 to 1indicate call status as 1in the

2)

switchboard from Tadiran (Para. 1.2). This method may
be adequate when used in their unit, where 60
jack-sockets in one straight line from left to right
are scanned with a plug, but becomes unwieldy in the
SAPO switchboard where 120 jack-sockets are arranged
in 12 units of 10 each. Modification of the basic
Floor Pattern Switchboard to accommodate the Tadiran
arrangement was not even considered due to cost, time

scales and incompatibility with existing equipment.

Variations such as coded tone pulses i.e. up to 9 high
tone bursts for the most significant digit etc. were
rejected as requiring too great a concentration fr

the operator, as well as slowing down operators due to
the average ‘:ssage time being 5 seconds for 10 bursts

of tone (0,5 second between bursts was found adequate).

Speech Messages such as "E-one" or "E-fifty-six" and

"Cancel-L-three'" are unambiguous, concise and rapid.

In addition, it  is desirable to generate other types
of message, such as "Time-is-four-~thirty"” to provide a

Time Clock, or "Danger" to signal a unit malfunction.

There are various methods of synthesizing the speech,
these being discussed in Chapter 4. Speech synthesis
itself was chosen as the output method due to the

flexibility and ease of comprehension.
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2.5 Sanity Control

From the author's pre' )(us experience of microprocessor-controlled
devices, it was conside: | necessary to provide some form of sanity
check on the programme that will override the normal operation of the
device. Some event, such as a random alteration of RAM contents due to
a mains-bc : voltage spike, or a low-voltage "brown-out™, may cause
corruption of a subroutine return address or a limit variable in a
programme loop. Unless corrected externally, it is unlikely that the
device will resume normal operation. The sanity control must interrupt

the microprocessor and restart the programme at a convenient point.

scided to use a counter chain, driven from a Clock circuit,
(independent timing-pulse source), to provide a TRAP interrupt to the
8085 microprocessor. The TRAP input cannot be ignored by the 8085.
This concept is referred to as the "Watchdog™ for obvious reasons ! The
Watchdog is restarted regularly by the normal running of the programme,
the ti : between restar! being less than the trigger period of the

Watchdog.

2.6 Po - Tommen

The switchboard operates from either a mains-driven supply or from 24V

batteries and cha:

It was decided to power the Blind Operator Aid from a built-in
mains-driven supply for the field trial models, as this would show any
problems encountered due to  brown-outs or mains spikes, as well as
testing the operation for a sighted operator during mains-fail
conditions. The PSU (Power Supply Unit) should be implemented so that
it can be replaced by a 24V DC-driven PSU with no alteration other than

the provision of the alternate unit.

The metalwork of the mains PSU is required by a SAPO regulation to be
connected to the mains eair h. The DC output of the PSU is connected to

a separate earth for safety.
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SPECIFICATION No. PROVISIONAL ISSUE No. A PAGE 3 OF 6
1.0 ,SCOPE
1.1 This Specification describ a device with voice output to be used

with floor pattern switchboard type 1-104-10328-XXX to aid blind
operators. The device can be fitted to the switchboard on the
subscriber's premises, does not alter the operating procedures for a
sighted person, and can be 1 noved at any time leaving the switchboard

in a usable state.

1.2 ¢ ;e is connected to the Exchange, Extension and Supervisory
indicators "of the switchboard. It contains a speech synthesizer and
announces changes which require the attention of the operator. The

device is microprocessor based and modular.

2.0 CONSTRUCTION

2.3 The device shall consist ! a free standing case, suitable for

placement on top of the switchboard.

2.2 The device shall be mains | tered. A connector of the IEC 320 type
shall be fitted in the case.

2.3 The device shall be connected to the switchboard by flat ribbon cables
brodght down the rear of Ehe switchboard. The cables shall enter the
switchboard through a gap bet :en the door and the frame.

2.4 The case shall include a loudspeaker and volume control. The levels,
impedance. and possible method of coupling to the operator's headset

may be specified later.

2.5 A Footswitch or similar device shall be provided and shall be
connected to the device by a suitable plug and socket. The switch

- will be used by the operator to control the delivé;§ of messages.

Lexhines 439274
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no_ 4

Design ails

;

4.1 General

The contents of this chapter discuss the detailed workings that
preceded the final circu] configuration. Portions of the Blind
Operator Aid and Switchbo:i d circuits are reproduced in detail and

block form as needed.

4.2 | ice

Having decic | in 2.2.(b) that the interface between the Indicator
LI : and the Scanner input should be a low cost resistive type, the
arrangement shown in Fig.4.1 below was proposed. The Indicators,

Pilot Circuit and Interface (discussed overleaf) were analysed and the
design calculated to ensure that all Blind Operator Aids and all
Switchboards guaranteed to work together. It was essential to
design the circuits * operation over the full ambient working
temperature range and over the worst case component tolerances
ent ntered in mass production, since it 1is neither practical nor
economical to match units ¢ :h as an old installed Switchboard and a

new Blind Operator Aid.

I 1

l [A\Y}
>
i
| RIBBON CABLE
| CONNECTION TO
INDIC "OR
| Ry ' MUX
Nl qux  bouT
I
[ 1k8 : Ry Dx
| SV
I
LED 4~ ¢ | e 1
I | Ri D2 |
. ] -
L I — },LI — O -V BATT.
|
| |
| I
EXPLAN | I EXPLAN | Fig.4.1
INDICATOR | PILOT CIRCUIT
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4.2.1 Extensic~ °© Ty-“ang- "~ “‘cator Interf---
Refering to Fig.4.1 on previous page:-

1) The LED, 1K8 resistor and Transistor in "EXPLAN. INDICATOR"
are those alreac existing in the Extension and Exchange

Indicators (A.1.1 and A.2.1).

~2) Rl and D2 in "EXPLAN. PILOT CIRCUIT" are those already
existing in the Pilot Circuit (A.4.1).

3) Rx and RY are the Interface resistors to the Scanner

Multiplexer, one ¢ :h per input.

4) Diodes Dx protect the Multiplexer inputs against voltages

more negative th -5V on the left-hand end of resistors
Rx. one diode per input.
5) The connection between R_ and the Indicator is by means of

X
a ribbon-cable plug and socket on the Blind Operator Aid

Interface PCB, and a soldered connection onto the Indicator

PCB at the other e |I.

This arrangement converts the relatively large analogue voltages
(approx. 28V change) appearing at the output of the Indicator to logic

“1"s and "0"s, for the digital Multiplexer to scan, as follows:-

1) With the Indicator transistor ON, Rx is connected to OV.

———This-is-seen—as¥a-logic;ﬂlﬁ—by—theoﬂultipleier~input.

2) With the Indicator transistor OFF, the LED pulls Rx towards
—Vbat via the 1K8 resistor. The voltage on the Multiplexer
input is clamped at -0,6V w.r.t. the -5V by Dx. This 1is

seen as a logic "0" by the Multiplexer input.

3) With Rx not connected to an Indicator, RY provides a
logic "0" on the Multiplexer input i.e. any Indicator not
connected 1is seen as OFF. This~ is~ convenient for the

software, since no special action need be taken for use on
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to alter the design of the Indicator to provide a different

current, when ON, to suit the design of the Interface.

ILED min was found to be S, 7TmA .......... ... 1)
b) The maximum vol' required to turn on TRl in the Pilot
Circuit, (A.4.1), 1is next analysed as shown in the Appendix.
. . . . . h -
This voltage, in conjunction with ILED min® sets the minimum
value of Rl that is guaranteed to turn on TRl when the current
from only one Indicator flows through R1l.
VR1 was f 1d to be 660mV ......... . . i (2)
max
A minimum value f« Rl in the Pilot Circuit can now be found:-
lein = Vlez / ILED min
= 116Q
Take Rl = 1209, %2% as the next higher standard value ....... (3)
NOTE: Rl is 220Q in the standard production Pilot Circuit and
will need to be changed when installing the Blind Operator Aid.
It can be left as 20Q if the Aid is removed.
¢) Taking the value of Rl deduced in (3) above, it is possible to

get a very rough approximation of the magnitude of resistors

RX’ (Fig.4.1), in order to choose between LSTTL and CMOS

technology for the Multiplexer. From the data sheets for TR1,
(Pilot Circuit A.4.1), all transistor samples are guatanteed to

be off with 400mV across the base/emitter junction over the

ambient temperature range of the Switchboard. In the

calculation below, it is assumed that vbat is the maximum of:

28V specified for the Switchboard and that the Blind Operator
Aid PSU is off, thus pulling Rx up to OV via Dx. No account

is yet taken of VLED or the 1K8 resistor in the Indicator

circuit. Thus:-

RX approx - Vbat max/(O.d/Rl)?*lZO“'

W
—
-
~
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Both the above problems can be solved by unplugging the Sup'y earth

sockets, (A.3.1), and plugging them into an Interface Card situated

in the control shelf of the Floor Pattern Switchboard. The extra

interface takes the form shown in Fig.4.3 below.

Since RZ and TRZ are referenced to the OV rail, if the Sup'y
Indicator is OFF, then the connection to Rx in the Scanner
Interface is effectively open-circuit i.e. the Indicator is sensed
as being OFF. If TRZ is ON, then Rx is connected to the OV rail
‘and the Indicator is sensed as being ON as in the case of the
Extension and Exchange Indicators. This result is convenient for
the software as all Indicator types have the same logic values for

OFF and ON. _ I,

Rz
TRZ

—O TO SCANNER

EARTH TERMINAL ON

[‘ """"""" '} FIG.A.3.1.
NOTE : :
| SUP'Y INDICATOR 1

The SA Relay (for function of Relay see A.3) Vbat feed 1is taken

directly from the Switchbc -d battery or mains PSU only, and is not
connected to the 18V standby supply. On mains failure the Sup'y
controlled SA Relays, and hence the AWD, will not operate. Thus, the
Vb . for the Sup'y LED drive current calculation can be taken as
at min ] .

22V, the specified lower limit for the Floor Pattern Switchboard when
powered by the normal supply.

The LED drive circuit, (A.3.1), is identical in concept to that of

the other Indicators, a | can be analysed for I . as:-—

LED min

ILED min (Vbat min Vsat - VLED max) / 1800

Where: -

= 22V v = 0,1V = 2,2V

\' \'
bat min sat LED max
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To turn TRZ, (Fig.4.3), on fully using V = 660mV from (2):-
be max

R .. =V / .
Z min be max ILED min

= 60Q
Take RZ = 82Q *2% as a convenient higher value ....... (8)
‘ Also, it is necessai to check the maximum LED current the Sup'y

Interface must handle to select a suitably rated transistor for

TRZ. Thus:-

ILED max (Vbat x ~ Vsat vLED min) /1800

2

.......................................

If TRZ is chosen to 2 a BC547B as in the Extension and Exchange

Indicator LED drive, then a current-limiting series resistor in the

base can be omitted, Ib nax being specified as 200mA for this
device.
.3 Summary
a) Rx = 1,2MQ2, *2% (Indicator Interface)
b) RY = 4,7MQ2, 2% (Indicator Interface)
c) RZ = 82Q, +2% (Sup'y Interface)

d) TRZ is a BC547B '(Sup'y~Interface)

e) Rl = 120, +2% (Pilot Circuit. Rl will have to be
changed from the existing 120Q as part
of the installation procedure)

f) The Scanner must consist of CMOS devices.
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4.3 “-anner --* """ *ddre-- "-:coder

The Scanner and LED addressing circuit should meet the following

criteria: -~

a) The ability to scan 154 LEDs and transmit the status of each.
b) LS/TTL ¢ _atabili® (for the 8085 microprocessor).

c) Low cost and readi. available parts.

Sincé the Scanner must use CMOS devices, (Chapter 4.2 above),
requirement c¢) is satisfied by using the CD14512 (8 line-to-1 line)
multiplexer as the basic digital scanning element. This device is
i | | by Plessey in cher products, thus allowing low cost due
to bulk purchases, and ready availability due to stocks currently held

for production and spares.

The addressing of 154 LEDs requires 8 control lines (28 = 256). It
was decided to use the the 74LS138 (3 line to 8 line) decoder as the

basic element since this is also used by Plessey in current products.

Fig.4.4 overleaf gives the final arrangement and refers in the

discussion below: -

a) The scanner consists of 20 CD14512 multiplexers, giving the
ability to scan 160 LEDs in total. These are referenced as
1U2, 2U2 up to 20U2. The lower 3 LED address lines, LAO, LAl
and LA2, are common to all multiplexers.on inputs A, B, and
C. The states of e LEDs on X0 to X7 are connected to the
output, Z, according to Table 4.1 below:-

|MUX.ADDRESS | INPUTS jo/p|
| c 1 B ] A 1X0 [X1 |x2 |X3 |X4 |X5 |X6 |X7 | Z |
Jololo 1o}l x| X | X} X ] X | X | X |1/0]
Jolo |1 | X 1ol X | X | X | X | X ]| X |1/0]
l'olJ1]o| XX |1wol x| X | X | X | X |1/0]
fol1 1| X)X xjwolx )} x|} x| X |10}
l1JoJo | X | X | X | X {10 X}| X | X |1/0]
1ol 1}{Xx | XX ]| x| X |J1/0] X | X |1/0]
1 l1]olx]xtx ] x| x[xTiso] x |1/0]
1 11l x ]l x| x| x| X ] x| x]1/011/0]

Table 4.1
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b) In addition, Footswitch operation time will vary from a
short impulse to : reral seconds (if the operator forgets

to 1lift his/her foot).

Both the above are problems solved by using one half of an
MC14538 dual CMOS IC multivibrator, U5b, connected in the
non-retriggerable mode. This configuration will ignore
con! :t bounce less than the triggered period and provide one
output pul: per Footswitch operation (to 1ignore permanent

cli ire).

1) All of the messages required from the Blind Operator Aid
last longer than 0,5s. A time of 0,3s, set by C6/R10
and U5b, se ed adequate.

2) The MCl14538 is triggered only on a change of voltage
from a logic "1" to a logic "0" on pin 5 and will thus

ignore a g inently operated Footswitch.

“'~+chdog

The Watchdog sanity control can take several forms, two of

which are described below:-

a) An extra divider chain driven from—the 100ms interrupt.
The output from this extra chain can control the Master
Reset, so that if the 100ms interrupt is ignored then

the CPU is forced to restart the;programmeA_

b) A monostable one-shot that is kept in the triggered

state by ' e normal programme execution. If the
programme flow is corrupted and the one-shot times out,
then the change of output can interrupt the CPU and

cause a programme restart.

b) Was selected as the cheapest and most flexible method since

the Footswitch Debounce circuit leaves spare one half of an
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At an average length of 0,5s for each element, this will
require 20s of stored speech, plus the overhead of stop,
start and other control bytes. At the 8kHz sample rate,
this requires 160 kbytes of ROM, more than can be directly
controll | by an 8-bit microprocessor using 16 address

lir

OKI, a Japal » company, supply a kit of ICs at a cost
of R150 to perform the encoding and decoding functions
using ADPCM to get the equivalent speech quality as
12-bit processing (Bib.9). The desired 20s of speech
needs 48 kbytes of 8-bit wide ROM. The start address of
a speech element is loaded into presettable address
counters, wl ;h are then automatically incremented until

the end of t desired word is reached.

Since the obj« : of this investigation was not Speech
Synthesis per neither the cost of the circuitry nor the
time needed to develop the vocabulary was considered

justified.

Phoneme *-“ditio Devices such as the VOTRAX module produce

speech by the ¢ juential addition of basic speech elements,
called phonemes, such as the consonants, vowels, voiced and
unvoiced frica! ves. The vowel phonemes produced by the

module can be lengthened to change the sound of the word.

Typical phrases using the Votrax module were éynthesized

and recorded on tape.

Listening tests on the resultant speech were done by both
the author and the SANCB. The subjective feeling was that
the metallic and rather nasal quality of the speech would

lead to operator fatigue and irritation.
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e) The pitch of the stored waveforms in c) above can be
varied by altering the rate of playback of the data

stored for any section, adding inflection to the speech.

f) The amplitude of the stored waveforms in c¢) above can be
varied by altering the gain of the playback amplifier,

adding empl :is to the speech.

Since the data storage 1is greatly reduced using the
criteria a) to f) above, the actual encoding and decoding
of the wavef« i in c¢) can be performed using ADPCM
(Bib.12) to provide accurate reproduction of the voiced

sounds.

The output waveform needs low-pass filtering on playback to
remove the high frequency noise introduced by the ADPCM

encoding and decoding.

Drawbacks of the above method of data compression are that
the process ¢« 1 only be performed using expensive and
complex equipment, including a powerful minicomputer, and
that the playback circuitry is too complex to be realised

with even medium scale integrated circuits.

Fortunately, commercial LSI (Large Scale Integration)
modules such as the National Semiconductor DIGITALKER are
readily available, complete with ROMs, to provide letters,
numerals, tones, 'silence périods and a range of words
suitable for u : with measuring instruments and control

functions (and . rtunately the Blind Operator Aid).

Table 4.5 overleaf gives the speech output 1list and
corresponding 8-bit addresses to be supplied by the CPU to
the DIGITALKER.
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o PP |

The software deve! »ment for the Blind Operator Aid served a

two-fold purpose:-

a) To provide software control for the Blind Operator Aid.
b) To serve as a training aid for teaching structured

programming in a working environment.

The logic of the main programme and sub-routines was laid out
using P-Code (see 1 .ow) and then hand-compiled to produce the
Assembler Source Cot . The Assembler Code was then processed in

the normal manner to produce the machine Object Code.

F ~~de
] ‘ode (Pseudo Co« 1 is a flexible method of developing
programn using Constructs (Logical Structures) and Data

Structures gleaned from BASIC, PASCAL, C or any other useful HLL
(High Level Language). Since there is no "official” definition
of P-Code, it is possible for the programmer to use Constructs
such as IF-THEN-ELSE (from BASIC and PASCAL), Data Structures
such as Records, Arrays and Vectors (taken from C) and to
include efficient Assembler Code (referred to as Embedded

Assembler) for critical time-dependent processes.

During the early work on the Blind Operator Aid, the P;Code was
compiledito fun on the MC6800 8-bit microprocessor and tested
using a 6800-based prototype which incorporated the DIGITALKER.
The "debugged™ P-Code was subsequently re-compiled to run on the
8085-based CPU module. This resulted in the Object Code being
increased by 15%, ma! ly due to the 8085 single Accumulator and

lack of Index-offset addressing.

To digress, since no microprocessor-dependent compiler is used,
the P-Code can be converted for any target processor, allowing
demonstration of the differences between the Assembler Codes

that are produced. F¢ example, the effect of the different
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This construct enables Embedded Assembler to be

included.

NOTE

a) For controlled programme flow, there are no GOTO or ELSE
GOTO constructs which allow the proj me to jump out of
loops or statements at random. These jumps are reserved
in P-Code for GOTO ERROR or ELSE GOTO ERROR only. This
forc : the programmer to ensure that all PROCEDURES
(sub-routines) tve a consistent structure i.e. there is

only one entry )int and only one exit point.

The author has worked in the past on an electronic PEBX

with 24Kbytes « ROM written in Assembler Code where the
above rule was ignored. Modification of the code to
provide extra ! titures etc. was extremely time-consuming

due to the need for finding and checking the effects of
changes on all the scattered entries and exits of

sub-routines.
b) The "BEGIN...END" feature breaks the statements into
blocks, ensuring that there is no confusion as to which

statements belong to which construct.

5.2.2 Data Structures

The Data Structures used in the Blind Operator Aid P-Code are:-

a) CONST:

(constx) = (valuex);

where (value) can be Decimal (XXD), Binary (XXXXXXXXB) or
Hexadecimal (0XX1 H).
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F '°_ Name: MAIN Abbreviation: MAIN
P—C-*: ~t-t-—-qk: None, is entered after CPU Reset.

Procedures Called: TIMER, TIMESET, LAMPSCAN, LAMPSTATE,
LOOPSTATE, SORT-EXTENSION,

SORT-EXCHANGE, SORT-LOOPS, OUTVOICE,
GENERATE-MESSAGE

This is ' e main Procedure that' polls all other
Procedures to perform the Blind Operator Aid tasks.
It initia! ses the variables in RAM, sets up the
control of the I/0 hardware, checks the memory for
faults and then loops forever, performing the Blind
Operator Aid programme.

“-i- Tasks:

a) Sets software stack-pointer.

b) Tests the F {1 for hardware faults.

c¢) Checks the M for hardware faults.

d) If the har vare passes, gives the sign-on tones via
the DIGI® .KER, hence exercising the speech
synthesizer.

e) Initialises Message Stack Pointers, Message control
variables and the initial state of the LEDs as OFF.

f) Thereafter :rforms the Blind Operator Aid tasks such
as scanning the LEDs, wupdating timers, generating
messages ar controlling the DIGITA! to respond to
the operator depressing the Footswitch.

g) Provides the Interrupt Service Routine (it sets an
Interrupt Flag). At the.end of each set of the normal
tasks the : ftware goes into a loop, checking for a
"Set” Inte: upt Flag. When detected, the Flag is

reset and a new cycle of tasks is started.

Notes:

a) The ROM is checked by summing all bytes except the
last and co ‘raring the result to a Checksum stored in
the last byte.

b) The polling of all other tasks is synchronised to the

100ms interrupt as discussed in g) above.

¢) The Watchdog is reset after each 100ms interrupt.
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g) T l1 "-—e: SORT-EXTENSION *“*“reviatior SRTEXT
: normas eng .: "GO SORT EXT. MESSAGES"(,,,,);
Pr ~\d :  EXTENSION-MESSAGE
Pu

This Procedure maintains a list of which Extensions
are calling the operator by checking through the bytes
associated with the Extension LEDs, putting the number
of the LED onto the top of the Extension Message Stack
if the LED is ON and the number is not already on the
stack. Numbers are placed on the stack in a
First-in-Fi1 .-out manner. If the LED goes OFF, then
the number is removed from the stack and any numbers
above are moved downwards to close the gap. The
number of messages in the stack, stored in a byte at

the bottom ¢ the stack, is also updated.

h).Full Name: SORT-EXCHANGE Abbreviation: L...EXC
™ 7-Fa Stotoes *GO SORT EXC. MESSAGES"(,,,.,):
Prg * "~ 7~ "'~ EXCHANGE-MESSAGE
Purpose:

This Procedure is identical to SORT-EXTENSION above
except that it deals with the Exchange LEDs and the

Exchange Message stack.
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:nts

There are seve: | comments relevant to the Procedures

summarised in 5.3.1:-

a) The use of a Word Buffer allows the Blind Operator Aid
programme to | ‘ate the information for the DIGITALKER,
then output tI first word and continue with the routine
tasks of scami 1g the LEDs, updating the Real Time Clock
etc., without first waiting for the complete message to be

vken. The next wi in any sequence is produced only if
the DIGITALKER is ready and the programme is busy with a
new 100ms task cycle. The speech element length of the

message is thus Qnimportant.
b) The use of look-up tables for the Voice Output response to
the LED statc , Set Time switches and Footswitch in

Procedure MSSGS allows the ergonomics of the Blind Operator

Aid to be chanj | with relative ease.

The messages chosen for the field trial units are given

below: -
a) "t-asio N Designated as "X" followed by number.
1) e.g. "X T LVE" for numbers up to and including 20.

2) e.g. "X FIVE SIX" for numbers greater than 20, but
not multiples of 10.

3) e.g. "X FIFTY" For numbers that are multiples of 10.

b) Exchange LED ON Designated as "IN" followed by number.

1) e.g. "IN SIX" for numbers up to and including 20.
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c) &~ tor Designated as "L" followed by number

and i1 :.ruction.

1) e.g. "CANCEL L TWELVE" for numbers up to and

including 17 for any Cord Cicuits to be disconnected.

2) e.g. "L FIVE WAIT" for numbers up to and including 17

for any Cord Circuits where:-

a) Either party has not answered after 30s

b) Either party has gone ON-HOOK

c) Either party has operated the telephone cradle
3 times to call the operator on an established

call.

d) m*—- v 3 Types are given if there are no LED

type messages.

1) e.g. "TIME IS TWELVE FIFTY TWO" for an ordinary time

announcement when the Footswitch is pressed.

2) "SET HOURS" followed by an incrementing hour number

if the "Set Hours" switch is operated.

2) "SET _.__JUTES"” followed by an incrementing minute

number if the "Set Minutes" switch is operated.

e) Internal Messages 2 Types are given after a CPU

restart.

1) A high toi followed by a low tone if the software
successfully completes the hardware test after the

Blind Operator Aid is switched on or reset.

2) "DANGER" if the hardware is found to be faulty after

the Blind ( erator Aid is switched on or reset.

- PN
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State 3 This State is similar to State 2 except that

it does not initialise the variable "Wait Limit".

“t-*- 4% This State is entered for the combinations
( "-ON and ON-OFF-ON-OFF and is the timing
process for checking whether the Cord Circuit should

be noted as Waiting.

State 5 This State is entered for the combination
ON-ON-ON-ON and is the timing process for checking
whether the Cord Circuit should be noted as having a
call in progress i.e. both Sup'y Indicators ON. If
so, then all messages for that Cord Circuit are

removed from the Message Stack until further notice!.

Up to the time of writing, the 5 States above have been found

to be adequate on the field trial units,
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¢) An easily changed programme structure that relates stimulus

d)

e)

and response by means of Table Entries and sub-Procedures

performing simple tasks.

Four field-trial units to help the author evaluate the
programme and hardware design (hopefully with four willing

operators).

A better understanding of Speech Synthesis in its various

forms such as PCM, Phoneme Addition and Data Compression.

f) A "Wi 1 List” for the future.
Some items on the "Wish L: :" which point to future work to be done
are: -

a) More 1investigation into the OKI ADPCM module to produce

b)

c)

d)

Afrikaans and application oriented vocabularies.

More work on the ftware to produce dynamically assigned

Message Priorities such as:-

1) VIPs, e.g. The Chairman of The Board, would be
recognised by xtension Number and given top priority.

2) The number ¢ messages on any stack (such as the
Extension, Exchange or Call Circuit stacks) will be
taken into consideration rather tpan merely the

priority fixed in ROM.

The construction of a 24V PSU to allow connection of the
Blind Operator Aid to the Floor Pattern Switchboard battery
supply, if fitted (not all installations have battery

supplies).

The ability to select a 12 or 24 hour Real Time Clock (using

the Set Time switches operated simultaneously).

- PRIEN
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b) The Me: ige Stacks were re-dimensioned in the software to
accommodate mess: 2s for every Extension, Exchange and Cord

Circuit on a fully equipped (20 + 100) Switchboard, allowing

strict chronological storage of every activity. Since the
software allows « ly one Message per Indicator, no Messages
are lost i.e. the can be no Message overflow.

A final consideration is operator overload due to a high call arrival
rate. Since there are only 17 Cord Circuits on the Switchboard, the
opefator can handle only 17 simultaneous calls (whether he is Blind or

. ). Thus any further incoming calls will have to wait until a
Cord Circuit becomes free. One major advantage of the Blind Operator
Aid is that, since the M« :ages are stacked in chronological order,
the operator provides a | e "First c¢ first served"” answering

service.

The author thanks the reader for staying with him 'til the end
of this chapter.
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R4 provides | input that will accept a full earth signal.

1 D inds only .er | I p'y LEDs have been on and THEN

eit - one | s out |« e A.3, Sup'y Indicator).
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Refer to Circuit Diagram A.4.1

The switchboard DC supply, fed to the Pilot Circuit via D2, can be
28V with the batteries fully charged or with the mains-supply set
at maximum specified voltage. The AWD, plus two buzzers or bells,

is driven by Darlington transistor TR2, the maximum specified load

being 60mA.

U .ng the following parameters, taken from device data sheets, the
>t Circuit input can be analysed over the ambient temperature

range of the Floor Pat - n Switchboard (0°C to SOOC):—

h = 25 000 " 1.(D: Llington) h = 62 min.]at I =100pA
fez fex c°
v max = 0,62Viat I =100uA and 0 C

bea c o
Vbe1 min = 0,53Vjand i C vsat1= 0,05V at Ic=100uA
Vbe p2 = Vak p2 = Ot 7 Woat max! = 28V

Resistors are 2% tol( ince.

Ibl needed to saturate TR1 and hence drive TR2 fully is

calculated below. 1e term vbe takes into account D2 in

series with vbat:_

I .= 10((V )/h

b1 sap)/R3 + 1

bat Vbe~ c2’/Pee2)/Per
= 20pA, allov 1g a safety factor of 10

for ¢ )4 saturation of TR1l....... (1)
To turn TR1 on, the v .tage across Rl must be:-

= * * -
le Ibl R2 + vbe 25° + dvbe/dT ('1‘a 25) ... (2)

Using  dv, /d,  of -2,2mv/°C  and V., limits at 25%

as above at the temperature extremes:-

v at 0%C = 660MV +vvvrrrrrrrnnnnnnnnnnn (3)

R1 max o
\'s at 50 C = 480mv .......... W T .., (4)

Rl min
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CMOS Input Anal-—-*-

The following analysis calculates the maximum values of the
resistors that can be used for the potential divider on the
input of a digital CMOS device to ensure that true logic levels

are detected as with the following inputs conditions:-

a) With vin = open-circuit, a logic "0" is sensed.

b) With v, = (V - 0,2v), a logic "1" is sensed.
in ce

The following | r-ameters are from CMOS device data sheets:-

I, = 0,3pA, source and sink, with V= +5V
in max cc

\' = 1,5V x.

in low

vin high = 3,5v n.

The values of RX and RY’ Fig.4.1 in Chapter 4, are

calculated below:-

For the case of open-circuit input:-
RY = vin low ¢ Iin max
= S5MQ
e RY R T J - 2 2 PN (1)

as the nearest lower standard value

‘For the case of Fig.4.1, where Rx is connected to a saturated

Indicator transistor i.e. (V -V )i~
ce sat

Ry =VeeVsat Vin high)/(vin high / Ry min*Tin max’
= 1,32MQ

Take Rx = 1,2M0, 22% ittt e (2)
as the nearest lower standard value

- -

The values of Rx and RY calculated are above used in the

further analysis of the Scanner Interface (Chapter 4.2.1).
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A.6.]1 I'~-vings -° Plunger, Drop-flap and Eyeball Indicators

)

MALIMTIMG UNE EC BUTTON
) ]
CoIL
SOFT IRON ARMATURE
CONNECTORS
a)
AR \TURE ROD
\
ARMATURE X —
PIVOT - 3
SHUTTER
ARMATURE SHUTTER
PIVOT
POLE-PIECE | ,l
O COIL CONNECTIONS
b
EYEBALL
£ - VY . Y .\ O, l
P l I l l 1 [ —— APERTURE
U it
POLE-PIECE
~—(OIL | NNECTIONS— D

)

ARMATURE


















11)

13)

T

Cii as
B 2t GH
\\

(120)

[

 Laad

inued
igib ech”
1"



A.14 Soft---eg "'-**-7s

A.14.1
.2
A.14.3
A.14,
A.14,
T A.14.
A.l4.
A.14.
A.14,
A.14.10
A.14.11
A.14.12
A.14.13
A.14.14
A.14.15
A.14.16
A.14.17
A.14.18
A.14.19
A.14.20

A.14

.

5
6
7
8
9

MAIN
TIMER
TIMESET
LAMPSCAN

L!  STATE
SORT-EXCHANGE
SORT-EXTENSI!
LOOPSTATE
SORT-LOOP
STATES
GENERATE MES:
OUTVOICE
BINARY-TO-BCD
TRANSFER-MESS
wera JNSION-ME
EXCHANGE-MES!
LOOP-MESSAGE
GENERATE WORL
BINARY-TO-DA1
MESSAGES

(121)

Page No

122
127
129
133
135
140
142
144
146
148
155
159
161
163
165
169
173
-177
180
183






Tl

ra

or

ML(

198















-PF

ND

BL.















ND

IMP

OF

HP¥

































TT-

TR

SK

ND









RUNS -2 T

-

FILE: STATES:B08

., HEUWLETT-PACKARD: BLIND OPERATOR CONSOLE AlD

LOCATION 0OBJECT CODE LINE JRCE LINE
<0040> 59 FLSHFLG EQU 010000008 H FLSHFLG = 010000008B;
<0020> 60 ONFLG EQU 001000008 H ONFLG = 001000008;
<0010> 61 OFFL" EQuU 000100008 H OFFLG = 000100008;
<0014> 62 OFFL EQu 20 H OFFLIM = 20 (2,0 SEC.);
<0014> 63 OM "1 EQU 20 ; ONLIM = 20 (2,0 SEC.);
<0004> 64 FL -IM EQU 4 H FLSHLIM = 4 (0,4 SEC.);
. 65 ;
66 DATA ;VAR:
0000 67 LO DS 1 ; LOPNUM BYTE;
0001 i 68 STririx DS 2 ; STATPTR : PTR;
! 69 ; .
70 3TYPE:
71 ;
72 ;
‘ 73 PROG sPROCED = "STATEL";
/ 74 3 BEGIN
0000 78 7% STATE1 MOV A,B 5
0001 320000 76 STA LOPNUM H
- 0004 EB 27 XCHG H
0005 220001 78 ‘SHLD "STATPTR 7§
0008 VE 79 MOV AN ; H
. 0009 E610 8o ANI OFFLG 3
0008 C2005F 81 JNZ T ENDIFIT 7 ; IF OFFLG = CLEAR THEN
anoE 7f¢ 82 . MO ~m H BEGIN
E 83 3 H .
' 0011 C20029 a4 © 7 T 7oNg TTTENDTIFIZT YT IF FLS .G = "CLEAR THEN
0014 23 85 INX H ; BEGIN
0015 23 86 INX H H ]
0016 34 87 INRT M i FLSHTIM = FLSHTIM+1;
0017 7€ -]:] MOV A,M i
0018 FEQ4 89 CPI FLSHLIM H IF FLSHTIM >= FLSHLIM THEN
001A DATO28 90.° T U CTTT T TTERDIFIY O Ty ‘BEGIN ~ 7 T T
001D 23 91 INX H H
001E 34 92 INR M ; FLSHNUM = FLSHNUM+1;
001F 2AT001 - 93 LHCD  STATPTR "~ 3 77 - -
0022 7E 94 MOV a,M H WAITFLG = CLEAR;
0023 E60F . 95 ANI STTMSK H FLSHFLG = SET;
0025 'Fé40 Y& TTTORT T FLSAFLG T 3 T ’ TTONFLG T« CLEARy T T
0027 727 97 : MOV M,A H OFFLG = CLEAR
0028 00 98 ENDIF13 NOP ; ENDIF;
’ 0029 00 ~ 9% ENDIFIZ NOP~ B ENDIF; — 7 e oo
002A 2A0001 ‘100 LHLD STATPTR ;
002D 23 101 INX H H
( 002E7 34~ TTTTTTI0ZT T TTTINR L H T T OFFTIM TETOFFTINRLY T T - B
002F 7E- 103 MOV A,M H ) i
0030 FEl4 104 CPI OFFLIM ; ~ -
¢ "0032DAODSE - 105 T TJCT T ENDIFI4 . 5 1F STIM = OFFLTIM THEN
0035 2Aa0001 106 LHLD STATPTR H oEGIN
0038 7E 107 MOV A,M H ) WAITFLG = CLEAR;
¢ T OUSY ESUF 108 ANT— STTIFSK H R —&= T TTFLSHFLG = CLERR]
0038 F610 109 ORI OFFLG ; ONFLG = CLEAR;
003D 77 11¢ MOV M,A 3 OFFLG = SET; -
L 003E 23 111 TINKTTTTHTTTT - T
003F 3600 112 MUI M,CLEAR H OFFTIM = CLEAR;
0041 23 113 INX H H .
¢ "0042 3800 T T YII4T 7T TTAUT T H,CLEART T 3 FLSHTIM = CLEAR; ~ 777
0044 23 115 INX H H

Mon,
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FILE: STATES:BOB HEWLETT-PACKARD: BLIND QPERATOR CONSOLE AlD Hon, 26 Nou 1984, B8:14 PAGE 4

\ LOCAT LGN, OBJECT CODE L INE ¢ E LINE
0056 78 173 STATE3 MOU. A,B ;
009> 320000 174 STA  LOPNUM ; .
009A EB 175 XCHG ;
0098 220001 176 SHLD  STATPTR ; .
009E 7€ 177 MOU A,H ; WAITFLG = CLEAR;
009F E&OF 178 - @NI STTHMSK ; FLSHFLG = CLEAR;
00A1 77 179 MOU MA ; ONFLG = CLEAR; .
00A2 00 180 NOP ; OFFLG = CLEAR;
00A3. 23 181 INX H ; .
00A4 3600 182 MUT tM,CLEAR ; WAITIM = CLEAR;
00A6 23 103 INX H ; -
00A7 3600 184 HUI M,CLEAR ; FLSHTIM = CLEAR;
0045 23 185 INX H ;
00AA 23 . 186 INK H ;
00AB 3600 . 187 MU1 M,CLEAR ; WAITLIM = CLEAR;
00AD 3A0000 188 LDA  LOPNUM ;
0080 /47 189 HOu B,A ;
0081 "3E00 190 HUI A,OFF 3
B - 0083 C00000 191 CALL -LOPHES ; "DO LOOP MESSAGE" (OFF ,LOPNUM, , ,)
E 0086 00 192 END3 NOP TTUTTT TP END;
0087 C9 193 RET ;RETURN; .
194 ;

»
195 280000400000 00000800000000000000000800008200002008000000000080008080200002
19«

3
;PROCEDURE“STATES" ;

198 Tt T UTPTTUBEGING -
0088 78 . 199 STATES MOV  A,B [ o
00B9 320000 200 STA  LOPNUM 3 wn
008C EB 201 XCHG ke =
- 008D 220001 202 SHLD  STATPTR 3
00C0 7E 203 MOU  A,M ;
00C1 E680 - 204 AN T WATTFLG T T T ' )
00C3 C20153 205 JNZ  ENDIF41 3 IF WAITFLE = CLEAR THEN
00Cé 7€ 206 - MOV  A,M 3 BEGIN )
n 00C? £640 207 “ANI  FLSAFLE ™~ 75 " “IF FLSHFLG = CLEAR THEN
o 00C9 C20113 208 JNZ  ENDIF42 3 BEGIN
oocc 23 209 INK  H ; »
00CD 23 210 N HT T T e -
\ 00CE 34 211 INR M ; FLSHTIM = FLSHTIM+1;
00CF 7E 212 MOU  A,M 3
j ¢ 00D0 FE04 213 CP1° FLSHCTH™ 73 IF FLSHTIM = FLSHLIM THEN -
t 0002 DAQ112 214 ac ENDIF43 3 BEGIN
‘ 0005 2A0001 215 LHLD' STATPTR 3 L N ) B -
DOD8 7E - 7216 TMOUTT AN ST _ " "OFFLG~ ~% CLEAR; -
0009 E4OF 217 ANI ° STTMSK ; ONFLG = CLEAR;
0008 F640 218 ORI - FLSHFLG 3 FLSHFLG = SET; o
000D 77 219 HOU THA T Ty WATTFLG = CLEAR;
00DE 23 . 220 INX  H 3 . .
00DF 23 . 221 INX H 3 o . - o - n
TTOOED Z¥TT T 222 T TTTINK TH 3 T
00E1 34 223 INN M 3 FLSHNUM = FLSHNUM+1;
00E2 7E 224 MOV A,M 3 . R
00E3 FEO04 228 [+12 B S R “TF FLSHNUM 5% 4 THEN
00ES DAO111 226 ac ENDIF44 3 BEGIN
00£8 2A0001 227 LHLD STATPTR ; N = , L
‘00EB 7E 228 HOUTT TAGM R - “UFFLE "+ CLEARY
00EC E6OF 229 ANI STTHSK ; ONFLE = CLEAR;
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FILE: GENWRD:B0B r HEWI ~PACKARD: BLIND ‘RATOR CONSOLE AID Mon, 26 Nov 1984, 8:17 PAGE 3

LOCATION ¢ ICT CODE LINE ZE LINE

008C 220002 116 SHLD MSGPTR
008F 00 117 ENDTIM NOP
0090 ~~ 118 ENDCA! NOP

H r = TIMMSG
i
i
pnrag ¢ 002 119 LHLD PTR H
H
H
H

ENDTI
ENDC H (]

(4 Lou00o 120 CALL 1 rRMSG
0uy? 00 121 END © NOP
0096 C9 T 122 RET

' 123

"GO TRANSFER MESSAGE"(,,,,MSGPTR)
END;
RETURN;

Errorsg= 0
- ~
[
- ~
D A
'f':T\ﬂFf‘?Z')é - Ty & @ YT - o T T T T
‘ . e i e Qe IR e .
) - L e e e e e - R e e N
)
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FILE: BINDAT:B0B

HEWLETT-PACKARD: BLIND OPERATOR Ci LE AlID

LOCATION OBJECT CODE LINE CE LINE
1 "8l "
3 NAP- M9 XXX-XXXXX-XXX [SS 1"
4 EXf
5 esel LTI YY YR ILILLILITILLY Y Y Y YR YR YLY YYYY Y PPy 9y
6 ¢ .
7 ® PR Ts: BLIND DOPERATOR CONSOLE AID FOR U.F.P. b
8 ¢ .
9 ¢ PF T CODE: 9-XXX~XXXXX-XXX .
10 » -
11 &« MC LE: BINTODAT d
12 » .
13 & FU ON: THIS MODULE CONVERTS THE BINARY'# OF THE .
14 ¢ EXTENSION,EXCHANGE ,LOOP OR MINUTES TO THE .
15 « APPROPRIATE DATA AS REQUIRED -BY THE MESSAGE .
16 ¢ TYPE E.G. "MINUTES OF TIME" OR "GOTHER". .
17 ¢ .
18 ¢ CALLS: BINTOBCD .
19 ¢ ) .
20 * ON TAPE: NOT YET .
21 ¢ o e T .
22 ¢ LI 3 LINK BLIND .
23 & Ip ZTIONS .
25 ¢ et o B . .
2% ¢ FILE HISTORY: STARTED B-/7/82 .
26 ¢ .
27 ¢ 8085 CONUVERSIUON STARTED 22709783 -
. 28 ¢ .
29 ¢ 0.0 7072/82 INITIAL CONCEPT .
30 ¢ - A R et .
31 e .
32 0000000000000 0000000000000000000000000000000000CER0R000O0RRRRRTtRRS
33 AR )
34 GLOBAL BINDAT
35
36 TTEXTERNAL ~ 77T T SPACEZ2U,HUNDRED, TIME,BASE"
37 EXTERNAL BINBCD,O0
8
39 Tt T v T 3CONSTY T
40 ;
41 s TYPE:
42 B
43 H
44 DATA ;UAR:
0000 VTS TYPE DS T T T T Ty T T TTeTBYTET T C
0001 46 BINNUM DS 1 ; BINNUM = BYTE;
0002 47 DATPTR DS 2 H DATPTR = PTR;
48 o o g
49 ) ; -
50 PROG ;PROCEDURE "BINTODAT" ;
. e e 51 O : L
0000 320000 52 BINDAT STA TYPE ; BEGIN
0003 78 53 MoV A,B ;
0004 320001 7 TTUUSTRAT T TBINNUMTT T T 3 T
0007 220002 55 SHLD DATPTR ;
000A 3n0000 56 LDA TYPE ;
000D FEOO TSy T T TP T TIME H “TFTYPE = TIME THEN" -
000F C20089 58 JNZ ELSE1 H

|
|
i

Mon, 26 Nov 1984,
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