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Summary.

The project entails designing and in
stalling an emergency fire telephone system
(EFTS) for the 23 storey Cape Town Adminis
trative Civic Centre.

The original system, with its mostly
analogue circuitry, has no documentation
available, is difficult to maintain and has
become unreliable. After considering alterna
tive systems the most economical option was
to expand the original system by adding more
extension telephones and to redesign the con
trol section.

The new EFTS briefly operates as fol
lows:

The status of ninety six extension tele
phones, installed at the emergency exits on
each floor, are displayed on a mimic status
display which both operators can monitor. Any
emergency call can be identified by a green
flashing LED and a distinctive bleep. The LED
indicates the exact position and number of
the telephone in the building, Each operator
has a keypad and a two digit numeric display
fitted his telephone.

The operator can immediately answer in
coming calls by pressing the queue button.
Calls queue on a first in first out basis.
The number of the extension telephone will be
displayed on a numeric display. The operator
can also select the extension he wishes to
contact, by dialling the extension number on
the keypad.

The EFTS consists of nine
printed circuit boards. A

rack mounted
Microcomputer



board, made up of a Motorola MC6809 micro
processor, six 6821 PlAs, 2 kilobyte RAM, up
to 16 kilobyte ROM and a watchdog timer con
trols the EFTS.

Two Telephone Controller boards process
voice signals and generate logic control sig
nals for the CMOS voice switching circuitry
on the Multiplexer Monitor boards.

Six Multiplexer Monitor boards switch
the two operators to any of the ninety six
extension telephones and continuously monitor
the extension telephone lines for faults and
handset statuses. Noise and over voltage line
protection is provided.

The multiplexing of the 192 LEDs on the
Mimic Status Display is controlled by the Mi
crocomputer board.

An unusual principle used in this design
is the combination of low frequency AM and
audio to affect communication.

Two uninterruptable power supplies pro
vide user independence from mains.

Software used for the EFTS is written in
6809 Assembly Language. A Real time interrupt
controls the Mimic Status Display. Operator
actions are interfaced with the program logic
by means of hardware interrupts.



Opsomming.

Hierdie tesis behels die ontwerp en in
stallasie van 'n telefoon noodkom
munikasiestelsel in die 23 verdieping Kaap
stad Administratiewe Burgersentrum.

Die oorspronklike stelsel, wat meestal
analoog-stroombane gebruik, beskik oor
weinige dokumentasie. As ge volg hiervan is
stelselonderhoud moelik en is die stelsel on
betroubaar. Nadat verskeie alternatiewe stel
sels ondersoek is met inagneming van verskeie
faktore was die mees ekonomiese ui tweg die
uibreiding van bestaande stelsel deur die
byvoeging van 42 addisionele telefoonuit
breidings en die vervanging en herontwerp van
die beheerstelsel.

Die nuwe telefoon noodkommunikasiestel
sel behels die volgende:

Ses en negentig telefoonuitbreidings is
by die nooduitgange op elke vloer aangebring.
Die stand van elke telefoon word aangedui op
• n paneel met die uitleg van die gebou
daarop. 'n Flikkerende LED, wat die posisie
van die telefoon in die gebou aandui op die
stels el toe stand verto oneenheid, dui 'n
noodoproep aan. Die alarm gebruik 'n ken
merkende klank om oproepe of fouttoestande
aan te kondig. Die twee operateurs se
telefone is elk toegerus met 'n 4 x 4
sleutelbord en tweesyfervertooneenheid.

Die operateur beantwoord inkomende
oproepe deur die Q-sleutel te gebruik. Hier
die fasiliteit koppel inkomende oproepe out-



omaties in volgorde deur die eerste-in
eerste-uit metode. Die operateur kan ook kies
met watter telefoonuitbreidings hy in ver
binding wil tree deur die ui tbreidingnommer
te skakel op sy sleutelbord.

Die stelsel bestaan uit nege rak
gemonteerde stroombaankaarte en word beheer
deur 'n Motorola 6809 mikro-rekenaar. Die
mikrorekenaarkaart bestaan ui t ses randeen
heid koppelstukke (E.PIAs), 2 kilogreep
leesskryfgeheue, 2 tot 16 kilogreep
elektries-programmeerbare-1eesa11eengeheue en
'n waaktydreellaar.

Twee telefoonbeheerkaarte prosesseer die
stemkseine vir die ste1se1. Beheerseine, wat
deur die skakelbordkaarte gebruik word, word
ook hierop verwerk.

Ses te1efoonvertakskakelkaarte skakel
die twee operateurs deur na enige van die 96
telefoonui tbreidings. Die status van al die
telefoonlyne word gedur igdeur gemoni tor vir
fouttoestande sowel as die status van
telefoongehoorstukke (d.i. of die gehoorstuk
opgelig is a1 dan nie).

Die te1 efoonstandvertoonpaneel se 192
LEDs word op 'n tyddeel beginsel aangedryf.

Die ste1se1 gebruik 'n ongewone
modu1asietegniek vir die klank. Beide lae
frekwensie amplitudemodulasie en suiwer oudio
word gebruik.

Twee nie-onderbreekbare kragbronne word
gebruik vir kragvoorsiening.

Motorola 6809 saamsteltaal is
programmatuur vir die stelsel te
'n Reel tyd onderbreeksein beheer
sel toe standv ertooneenhei d. Alle

gebuik om
ontwikkel.
die stel

datakop-



pelling tussen gebruikeraksies en die stel
selprogrammatuur geskied d.m.v. appara
tuuronderbreekseine.
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An Emergency Fire Telephone System.
Introduction.

Chapter I.

INTRODUCTION.

A practical solution to the problem of designing and selecting
the most suitable emergency communication system can be obtained
by the careful consideration of various factors of which only six
will be discussed in this chapter.

1.1 The importance.

Fires in high rise bUildings spread rapidly and can be very
fierce especially when spreading via lift shafts and ducts which
make perfect ventilators. Evacuating people from the building
should be controlled to promote safety and to reduce panic situa
tions, while fire fighting activity should be coordinated
throughout different areas in the building.

Because public bUildings are prime targets for sabotage and ter
rorism, the evacuation procedure should remain secret. Therefore
appropriate in situ communication and instructions should be
issued during evacuations or emergencies.

1.2 The Requirements.

In order to control emergency situations it stands to reason that
the communication system should be reliable and uncomplicated
with good audio quality.

The system should allow the operator to communicate clear in
structions to different locations in the building, to give and
receive regular reports of conditions at specific locations and
the progress of specific events and to supplement information for
improved overall security.

The efficiency of an emergency telephone system depends on its
ease of use and on the proficiency of the operator. An uncompli
cated system requires less intensive training and thereby saves
time and cost while ensuring the effective operation of the sys
tem.

- 1 -



An Eme"gency Fire Telephone System.
Introduction.

In order to keep system downtime to a minimum, the system design
has to incorporate simple and easy maintenance. Full documenta
tion has to be provided.

The users have to be consulted to determine desirable user fea
tures. Clearly defined and well understood user requirements will
improve the quality and efficiency of the end product.

Security, evacuation and life support communication systems pro
vide private communication which will help constrain panic situa
tions.

1.3 The Location.

The EFTS is used in the 23 storey Cape Town Administrative Civic
Centre. Fi"e telephone extensions are located at the emergency
escapes on every floor. The Control Centre, located in the base
ment of the building, directs all communication to the various
locations throughout the building.

~ontrol

I I
I

Loc Loc Loc I Loc
2 3 4 5
I I

I
I I I

r Somms

Loc
1

Control
Centre

Fig.I.1. Functional Block Diagram.
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An Emergency Fire Telephone System.
Introduction.

I.4 Various communication systems available.

Use of video and voice provide the most elaborate communication.
The visual and verbal contact ensure that the control centre is
fully informed.

Video signals require a wide band transmission line. Suitable
video equipment and transmission lines are very expensive.

Voice communication may be provided in different forms.

Two way communication can be realized in many different ways.

1.4.1. UHF radios provides full two way communication as well as
mobility. Reliability is enhanced because of independence
from use of cabling as transmission lines. Correct selec
tion of operating frequency limits RF attenuation caused
by the steel structure of the building.

Multiple channel radios allow simultaneous communication.
Should secrecy be important the audio signals can be
scrambled.

1. 4. 2. A standard balanced telephone line system provides good
audio quality, is reliable and not expensive considering
its performance.

In terms of transmission lines, a balanced line telephone
would be the most suitable, since cabling is simple and
relatively cheap. However cabling impose a reduced
reliability during fires.

Depending on the communication control required (see
block diagram, figure 1.1), a suitable exchange can be
implemented, whether digital, relay or standard switching
techniques are used.

1.4.3. A high quality intercom system is another option. Either
telephone handsets or loudspeakers can be used. A low
cost system will use small 50 mm high impedance loud
speakers at all locations. Impedance - matching trans
formers may be used as necessary. Relatively good voice
quality is possible.

- 3 -



An Emergency Fire Telephone System.
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Low signal levels are associated with low impedance
transducers. Amplification of both received and trans
mitted voice signals will therefore be required. Methods
of powering these amplifiers via the two signal lines
complicate the design. Additional cabling for power make
the design more expensive than a balanced line telephone
system.

Handsets provide for more private communication than
loudspeakers.

1.4.4. One way communication will certainly be the cheapest op
tion. This can be accomplished using voice communication
or other means.

In fact the most common building evacuation systems are
one way communication systems. A 100V PA amplifier would
drive loudspeakers mounted at suitable locations through
out the building.

Since the earliest times visual (nonverbal) signals have
been used for communication. A very basic form is to use
strategically placed labelled indicator lamps. More elab
orate communication using alpha numeric displays can be
used to display text messages.

1.5. The operation of various systems.

1.5.1. UHF radio communication.

Handheld UHF two way radios provide a very effective communi
cations network. See figure 1.2 for a proposed system.

A base station will be installed at the Control Centre to pro
vide not only communication control, but also a more powerful
transmi tter to effect communication to any point within the
bUilding and the near proximity. The base station can have an
antenna mounted in a suitable area to provide full coverage of
the building. A suitable emergency repeater ptation can pro
vide the same features.

The Handheld radios are kept in suitable positions were
security staff or those responsible for evacuation can obtain

- 4 -
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them. These radios will remain on a trickle charge to keep
them fully operational.

Spare battery packs can be used on a rotational basis. While
security staff use the handheld radios daily, some batteries
will be on charge while other are used in the radios. This
ensures that radios are tested and operational and spare fully
charged batteries are available at all times.

A suitably located repeater station will ensure good communi
cation throughout the building between all radios. The addi
tional cost of this will outweigh the improved performance of
the radios. Also, lower powered radios may then be used.

\1/ \ / \ / \1/ \ /

E:J Radio Radio @ Radio
2 3 5

Mobile Handheld radios used throughout building.

\ 1/
I

Repeater
Station

Repeater Station
suitably located

in buil ding.

i

Comms
Control

I

I
Control
Centre

,

Base Station
located at

Control Centre.

Fig.1.2. UHF radio communication.

1.5.2. A balanoed line telephone system.

This system requires separate or its own cable paths but can
serve as a backup to an existing PABX telephone system. If
speoial care is taken in routing the cabling, the risk of fire
damage to the cabling can be reduced substantially.
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A telephone exchange which meets the system requirements will
be installed in the Control Centre. The exchange operator con
trols the flow of communication manually.

1.5.3. An intercom system.

A two way intercom system will provide a similar service than
that of a balanced line telephone system. Instead of using
standard telephone units, a simple box with a small 50 mm
loudspeaker and a line transformer is provided. A button on
the box will provide a call facility.

The hardware cost of the intercom system is substantially less
when using loudspeaker units instead of telephones. Cabling
costs will be more or less the same for both systems.

Should an amplifier be required at each loudspeaker, this can
be powered by providing DC on the lines. A hybrid network in
the amplifier separates the DC from the audio signals.

I
! Intercom

Amplifier
I

(--- ILoudspeaker

I I
---)

Hybrid
Network Amplifier

,

Input to Intercom: Audio and power.

Fig.I.3. Intercom system.

Switching of intercoms at the Control Centre exchange may be
done using switches, relays or electronic switching (i.e. CMOS
analogue switches), Indication of selected intercoms is indi
cated by the switch position, i.e. switches remain in a centre
position until activated. Incoming calls are indicated by a
LED.
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Should handsets instead of loudspeakers be required, the de
sign remain basically the same.

I.6. Circumstantial and budget limitations.

1.6.1. The original system.

This system has been in use since the commissioning of the
building. It requires only one operator to communicate with
fifty four extension telephones.

Unique to the design of the original system is the special
PYRO cabl ing used to provide telephone cabl ing which will
withstand the high duct temperatures in cases of fire. This
cabling has a solid copper outer core. The individual con
ductors are isolated from the outer core by means of a powdery
substance which withstands very high temperatures before the
isolation breaks down.

The high cost of the PYRO cabling has necessitated minimiza
tion of the number of wires per extension telephone. Therefore
only one wire per extension telephone is used. The copper out
er core, which forms an earth return path, is used as the sec
ond conductor. This forms an unbalanced line condition requir
ing more complex termination of the lines.

No documentation is presently available for the original sys
tem and therefore several design details are unknown. The
modulation technique used for communication between the exten
sion telephone and the Control Center is an unusual technique.

<AM

,

I IVoice --) Earpiece --) Extension

I Amplifier Handset

<--) Hybrid
Network

I A.M. Microphone
Modulator .Amplifier

<-- --
Fig.I.4. Extension Telephone Blook Diagram.
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The voice signal between the extension telephone and the Con
trol Centre use amplitude modulation of which the carrier fre
quency is 14 kHz. The voice signal between the Control Centre
and the extension telephone uses normal audio.

I.6.2. Existing cabling has to be used.

Since so much has been invested in the cabling of the original
system, the new system will have to utilize the existing ca
bling which places many limitations on the new design.

The number of extension telephones have to be increased to
ninety six. The additional extension telephones will use
identical cabling in order to provide equivalent safety and
performance.

I.6.3. Modulation technique used in existing system.

The low carrier frequency used causes several problems.

An audio bandwidth of 300 to 3400 Hz is used. With a carrier
frequency of 14 kHz the lower side band will be at 10 600 Hz
(14 000 - 3400). Very good filtering will be required if high
gain amplifiers are required in the extension telephone.

From the extension telephone block diagram (figure I.4) it can
be seen that a feedback loop is formed. The hybrid network,
the earpiece and mouthpiece of the handset forms the feedback
paths under non-ideal conditions. This will require careful
attention.

I.6.4. Limited budget.

UHF radios: For an effective system a minimum of fifteen hand
held radios will be required as well as a base station and a
repeater station. This would be too expensive for a conserva
tive budget.

Balanced telephone system: The replacement of at least fifty
four existing telephones as well as the acquisition of new
balanced line twisted pair cabling would be uneconomical.

- 8 -
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Standard telephone equipment: A limited budget will not allow
for the cost of a new system.

Intercom System: The cost of this system will be equal to the
cost of a new EFTS installation. New telephone line cables
will have to be installed and the present investment in ca
bling and extension telephones forfeited.

1.7. A practical solution.

Retaining the 54 existing extension telephones, adding 42 new
extension telephones with the same cabling and redesigning and
replacing obsolete control equipment would be the most viable
and economical solution.

New features of the expanded system will be:

A second operator at the Control Centre.

First in first out (FIFO) queuing of extension telephones
awaiting a response from the Control Centre.

Real time line proving of all the extension telephone lines.

A mimic display panel to indicate the status of the EFTS.
Le. both the status of all extension telephones and the
condition of all the extension telephone lines.

An uninterruptable power supply.

- 9 -
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Chapter II

DESIGN CONSIDERATIONS.

The philosophy of design of the EFTS is considered in this chap
ter. Technical design detail is discussed in a later chapter.

11.1 System Block Diagram.

The EFTS is divided into several functional blocks. These are:

1 . Microcomputer Board.
2. Telephone Controller Board.
3. Multiplexer and Monitoring Boards.
4. Status Display.
5. Operator Telephones.
6. Power Supplies
7. Subrack and associated hardware.

A short description of some of the functional blocks are given.

The telephone controller board processes all audio signals, gen
erates and controls the ring tone, and generates several logic
control signals for the mUltiplexer monitor boards.

The primary function of the multiplexer monitor board is to
switch the voice signal between an operator telephone and an ex
tension telephone. It also monitors the extension telephone hand
set statuses and the extension telephone lines for faults.

The status display displays extension telephone handset and ex
tension telephone line statuses. LEDs are used as indicators.

The operator telephones control the communication. The extension
telephone is always the slave of the operator telephone. Each op
erator telephone consists of a handset, cradle switch, keypad and
two digit 7 segment display.
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I
I

Status Operator Operator

I
display ITelephone Telephone I

No. 0 No. 1 I

Microcomputer Telephone

I

Board Controller

I
Board
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I
MMO MM 1 MM2 MM3 MM4 MM5
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~~~~~~

Sixteen extension telephones are connected to each MM.

MM: Multiplexer Monitor Board

Power Supplies
Input: 60V DC

Output: +5V
+24V

Fig. 11.1. System Block Diagram. -
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II.2 Microcomputer Board.

A few years ago we were still amazed by the four function hand
held calculator. The microcomputer is applied more than ever for
sequential and logical control applications. Often it is cheaper
to exploit the potential of the microcomputer than using discrete
designs.

To provide the required control facilities for this project, a mi
crocomputer offers an economical and versatile solution. A similar
discrete logic EFTS design is more complex, the component count is
much higher, and the system less reliable compared to moderate
component count microprocessor controlled designs. Design time,
constructional simplicity and operational flexibility of the mi
crocomputer design far outweigh that of discrete designs.

Various tasks are controlled by the microprocessor:

Continuous monitoring of telephone lines for faults.
Continuous monitoring ~f telephone handset statuses.
Displaying the extension telephone handset and line statuses.
Executing of operator keyboard commands.
Controlling of the audio switching.
Ringing the extension telephones.
Queuing of incoming calls.
Testing the system.

A Motorola EXORCISER development system is available and con
sequently the powerful Motorola 6809 micro processor is used in
the new design. MPL, a high level language developed for the
Motorola, is well suited for development of the software. 6809 As
sembler will only be used where necessary.
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11.2.1 Microcomputer Input/Output Requirements.

Operator
Telephone

No. 1

I I
voice (2) I I
keyboard (8)dIT)

Telephone
Controller

Board

Microcomputer
Board

-10-0pKybd-
-16-0pDisp-
-9-Ph Sw-
-S-St Sel-
-3-Ring--
-2-Crdl -IL..- --l L --l

Status Operator
display Telephone

No. 0

I
I

I
Irows (6) voice (2)

jcolumns (F) keyboard (8)
dis1lay (8)

I I I

2

MMSMM4MM3MM2MM 1

I I
(?O) phone select

I (r voice

~ =rr=1-~lt -----,=r-
, 10, I I 0, I I 10 ,I I 0, I IP S 81 f

I

I
(~ )

~

-

~
-

I
- -

I

MMO

status

Sixteen extension telephones are connected to each MM.

MM = Multiplexer Monitor Board

Fig. 11.2. System Block Diagram with input/output lines.
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11. 2.1 Microcomputer Input/Output Requirements.

The block diagram shows the number of input/output lines required
to control various tasks on the different boards. The in
put/output lines on the Microcomputer Board are utilized as fol
lows:

(i)
(ii )
( iii)
(iv)
(v)
(vi)
(vii )
(viii)
(ix)

6
32
10
16

9
5
3
2
8

Status display: ROW lines
Status display: COLumns lines
Operator Keyboard data and strobe lines
Operator Displays
Phone switching control lines
Status Selection control signals
Ring tone control lines
Cradle status lines
Status data bus

91 Total number of i/o lines

Since both software and hardware requirements determine the al
location of the input/output ports, the final grouping of the in
put/output lines is indicated in the Appendices.

Timing for the status display multiplexing is derived from the
onboard real time interrupt. A mul tiplexing frequency grea ter
than 30 Hz provide a flicker free status display. An interrupt
period of 5 ms provide a 33 Hz display refresh frequency (6
columns x 5 ms = 30 ms).

(i) . The mimic status display data is routed from the micro
computer board to the status display board on the ROW and
(ii) COLumn lines.

(iii). The strobe lines of the operator keyboards are connected
to the microprocessor interrupt lines. When an operator
depress a key, an interrupt is generated which reads the
keyboard data. (viii). Similarly, a change in operator
handset status generates an interrupt which supervises
continuing processes, e.g. when the handset is replaced
all commands are cleared.
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(iv). The operator keyboard and display data between the micro
computer board and the telephone controller board is
routed via the Kybd and OpDsp lines.

(v). The Phone switching lines control the switching of the voice
signals between the extension telephones and the opera
tors.

(vii). Two of the ring lines are used to ring extension tele
phones. The third line controls the operator alarm.

(ix). The status data bus routes the telephone handset and line
statuses to the microcomputer board. (vi).The status con
trol lines control status data flow on the status data
bus.

11.3 Telephone Controller Board.

The TCB processes all audio signals, generates and controls the
ring tone, and generates several logic control signals for the
multiplexer monitor boards.

Operator Phone I Audio
Keyboard Address I Voice
Encoder Logic Processing

I l;J Status Voltage I
Address Reference

Tone Logic Power Supplies

Fig. 11.3. Telephone Controller Functional Block Diagram.

The main purpose of the audio section is to provide clear commu
nication between the operators and the extension telephones.
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AUdir only Both AM i nd audio

~I 1- -I I
r Exten-

Operator Audio I sion
Tele-

Iridl
Proces-

1=-=1
Switching I l Tele-phone sing

phones

Fig. 11.4. Basic Audio and Voice Switching Block Diagram.

Operator communication is explained by the above block diagram,
figure 11.4. Audio is amplified and processed in the Audio Pro
cessing block. SWitching the voice signal between an operator and
a selected extension telephone is controlled by the switching
block. Both operators may be switched to anyone of 96 extension
telephones - totaling 192 switching nodes. Also see Fig. 11.5.

The AM carrier frequency is 14 kHz. Reduction of the frequency
spectrum is achieved by band limiting the audio to between 300 Hz
and 3300 Hz. This frequency band is determined by the original
extension telephones, and can therefore not be altered. See the
chapter on the hardware for a full description.

The operator telephone is interfaced to the Audio Voice Process
ing block with a hybrid network. The hybrid network prevents the
microphone signal reaching the earpiece and also blocks the DC
supplied to the telephone handset from the audio circuitry.

Electrically standard telephone handsets are used for the exten
sion telephones. The voice signal from the extension telephones
to the operator telephones use amplitude modulation. Normal audio
is used from the operator telephones to the extension telephones.
Power to the extension telephones, each having an amplifier and
modulator, is delivered via the same telephone lines.

Standard
Telephone
.Handset

! r
Hybrid I~

0

Amplifier

Modulator

Audi

------r->
o I

L-_(

AM

Fig 11.5. Extension Telephone Block Diagram.
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Inducement of noise into the audio circuitry was foreseen because
of interference introduced by the monitoring of the status data
lines. See section 11.4 on the Multiplexer Monitor boards for a
description of the status monitoring.

When the status of a data latch is read by the microcomputer the
impedance of the corresponding window comparator circuitry
changes minutely thereby introducing noise into the audio cir
cuitry. The frequency of the noise introduced is proportional to
the frequency at which the status is read.

The 96 extension telephone lines are effectively all paralleled
at the 192 eMOS switches. This loading effectively reduces the
input impedance of the analogue switches. The lower input im
pedance can generate a limited amount of crosstalk between the
CMOS switches whilst in their "off" state. The high frequency of
the AM signal, 14 kHz and the sidebands, introduce additional
crosstalk.

The status of each extension telephone line is monitored by two
window comparators. The high input impedance of the voltage com
parators have negligible loading on the low impedance telephone
lines.

The low "on" resistance of the analogue switches (150 Ohm) cause
little signal degradation. The high "off" resistance of the
analogue switches result in minimal cross talk between channels.

A ring tone is generated both for the operator and the extension
telephone. To aid quick cognizance in the busy Control Room the
ring tone differs entirely from that of the G.P.O. telephones.
The ring tone is switched to:

the extension telephone operator 0 is ringing, or
the extension telephone operator 1 is ringing, or
the operator telephones/audible alarm.

Due to the common earth return path of unbalanced telephone lines
merely one switch per extension telephone ~s r..equired. CMOS
analogue switches effect a compact and reliable switching ar
rangement.
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Figure II. 6 indicates the switching of the 96 voice signals to
the two operators. Each operator may be connected to anyone of
the 96 extension telephones with one proviso: both the operators
may never concurrently be connected to the same extension tele
phone. Excessive signal degradation will result from loading a
line.

96

extension

lines

96 point
Switching

i Matrix
n
p
u 96 point
t Switching

Matrix

Operator 1

Operator 2

Fig. 11.6. Audio switching matrix.

11.4 Multiplexer Monitor Boards.

The primary function of the multiplexer monitor board is to
switch the voice signal between an operator telephone and an ex
tension telephone. It also monitors the extension telephone hand
set statuses and the extension telephone lines for faults.

The power requirements of an extension telephone is such that
with the extension telephone handset replaced, the power drawn is
approximately 10 mA, and with the handset lifted approximately 7
mA.

The extension telephone is powered from a 24 volt source via 1200
Ohm series resistor. When a handset is lifted the line voltage is
approximately 10V. With the handset replaced the line voltage
rises to approximately 12V.
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Extension

+24V I I I I lov1200 Ohm Telephone

I I IV Vtr

It V Vtr

Handset up 7mA a,4V 15,6V
Handset replaced 10mA 12,OV 12,OV

Fig. II.7. Window Comparator Voltages.

The effect of the line resistance is not taken into consideration
in above calculation.

Line vcltages outside these parameters indicate the presence of
line faults (figure II.a).Two voltage comparator windows are set
up. The one window checks between 20 and 12 volt, the other be
tween 12 and a volt. The selected window voltages give the most
consistent and reliable results.

OV

Fig. II.B. Status comparator window limits.

While ringing, the extension telephone power consumption rises
and the line voltage drops to below av and fault status monitor
ing is disabled to inhibit false alarms.
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II.5 Status Display.

Extension telephone line fault statuses and handset statuses are
indicated on the Status Display using red and green LEDs respec
tively.

The display of 192 different statuses requires too many micro
computer input/output lines and therefore LEDs are multiplexed to
conserve microcomputer i/o lines.

The 192 indicators are divided into six rows of thirty two
columns each. Each extension telephone has two statuses associa
ted with it, namely handset and faul t statuses. The hands et
statuses are numbered from 0 to 95 and the fault statuses from 96
to 191. Also see figure II.9.

Telephone No
1 - 32

33 - 64
65 - 96

Handset status No
o - 31

32 - 63
64 - 95

Fault status No
96 127

126 - 159
158 191

LEDs may be steady or they may blink. A flashing fault LED indi
cates a new extension telephone line fault which has not been
acknowledged by the operator (the audible alarm is activated if
both operator handsets are down). A fixed (non-flashing) fault
LED indicates a fault which has been acknowledged by the operator
(the audible alarm is de-activated by the acknowledgement made by
the operator).

When an operator is connected to an extension telephone the cor
responding LED is steady. The green LED flashes when the operator
rings an extension telephone of which the handset is down. As
soon as the extension telephone is lifted the green LED stops
flashing. The corresponding green LED will also flash when an ex
tension telephone is lifted to call the operator.
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ault
o 65
t 160

ault
o 66
t 161

~Fault
bJNo 92

St 191

ROW 6

I
i F
ICOL 0 N

I
S

F
COL 1 N

I
S

Fault
ICOt O/No 1

St 96

~Fault
~NO 2

I St 97

~Fault
bJNo 32

St 127

~Phone
bJNo 32

St 31

~-\\- '--R_0,W_4----'-\\

i

Ic07ol~~o~e
St 0

I

GJ~~o~e
I St 1
I

No
St
Phone
Fault

Extension Telephone number
Extension Telephone status number
Extension Telephone status indicator (green)
Extension Telephone fault status indicator (red)

Fig. 11.9. Mimic numbering.

In the m1m1C status display each row transistor sources thirty
two column transistors. A LED is enabled when the row transistor
and the corresponding column transistor is enabled.

Whenever a row transistor and any of its associated column
transistors are enabled, the corresponding LEDs are enabled. In
this way, instead of using 192 row and column control lines, only
38 lines are used to control the 192 LEDs.

-
The row transistors are selected for worst case conditions. This
occurs while executing a lamp test, then all the column
transistors for each row are on. The maximum instantaneous cur
rent to a row is 32 x 25 mA = 800 mA.
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The column transistors each enable only one LED, i. e. source a
maximum of 25 mA. Row transistors therefore require a higher
power rating than that of the column transistors.

Each row transistor is successively enabled for 1 ms every 6 ms.
Swi tching transistors are used for this purpose. The optically
less efficient green LEDs are driven harder than the red LEDs 
50 mA as opposed to 25 mA (instantaneous current).

11.6 Operator Telephone.

The operator telephones oontrol the communication. The extension
telephone is always the slave of the operator telephone. Each op
erator telephone consists of a handset, cradle switch, keypad and
two digit 7 segment display.

The operator telephone two-digit-readout displays the extension
telephone number entered by the operator on the keypad, or the
number which he is ringing, or the number which he is connected
to.

The operator telephone uses standard unmodified balanced 1 ine
audio circuitry.

A 16 key keypad is used. The 4x4 keypad matrix (8 lines) is en
coded on the TCB to four data lines in addition to a strobe line
(5 lines). The encoded data (TCB) is connected to the Micro
computer Board. See figure 11.2 for the I/O lines.

Sixteen data lines are used to output operator display data from
the microcomputer to the operator numeric displays - eight lines
per operator display. The operator display data is decoded by two
BCD to seven segment decoder/drivers in the operator telephone
housing.

A red operator telephone is used, making its use as emergency
telephone more obvious.
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Keyboard
4x4 Decoder

Keypad 8 lines (on TCB)

two seven
digit segment

display 14 lines decoders

4 data lines

1 strobe line

8 data lines

Audio

Circuitry (Balanced line)
2 audio lines

Fig. II.10. Operator Telephone Block Diagram.

II.7 Power Supplies.

The main power source is a 60V battery supply. The voltage may
increase to some 72V when the batteries are charged. Switching
power suppl ies are most sui table for such varying supply
voltages.

The project specifications require all telephone circuitry to op
erate from a 24V source. Logic circuitry operates at 5 volt.

Fault status monitoring circuits require reference voltages for
the window comparators. Three voltages (BV, 11V and 14V) are sup
plied with minimal current source.

II.8 Subrack and associated hardware.

Console equipment is made up of the operator telephones and the
mimic status display. The subrack, including the rack mounting
frame, Main Distribution Frame (MDF) and the cable termination,
is separated from the console equipment and instal)ed in a dif
ferent location.

The operating environment influences operator efficiency. Ease
and simplicity of use of the EFTS is of prime importance.
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Therefore operator involvement should be as simple as possible.
Only basic operations are required. Operator training is given to
familiarize them with all operational features.

Similarly the status display is made simple and clear. Correla
tion of the telephone number with the telephone position within
the building is facilitated by using a mimic display.

Care is taken to ensure that the operator position relative to
the status display is such as to make viewing and operation most
efficient. Unnecessary operator movement is minimized by correct
placement of the operator telephone on the operator console.

Since the status display is legible and bright, changes in light
ing conditions will not affect the visibility and clarity of the
EFTS displays.

Frequent emergency exercises ascertain thorough testing of the
system.

The particular rack equipment is selected for easy maintenance of
the system and for its robust construction. The rack size is
determined by the standard used for telephone equipment by the
Cape Town City Council.
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Chapter HI

HARDWARE DESCRIPTION.

NOTE: Please refer to the detailed circuit diagrams in the Appen
dix.
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Chapter HI

HARDWARE DESCRIPTION.

111.1 MICROCOMPUTER BOARD.

Please refer to drawing SK3818, sheet 10, in the Appendix for the
microcomputer board circuit diagram.

The Microcomputer Board is designed as a multipurpose single
board computer (microcomputer board). Not all the possible op
tions are utilized in the EFTS application. The microcomputer
board is specifically designed to provide a large number of
parallel input/output lines. No serial communication is provided.
Two kilobytes of RAM is provided and two to sixteen kilobytes of
EPROM.

Six PIAs provide 96 input/output lines. An additional 22 control
lines are available. These lines are all connected to the edge
connectors of the printed circuit board.

A real time interrupt can be obtained by connecting a divided
clock signal to anyone of the PIA CAO lines. Additional timing
signals may be derived from the same frequency divider.

A hardware watchdog circuit provides an automatic reset of the
system should any software or hardware failures interfere with
timing loops. The watchdog may be disabled if so required.

A reset switch provides a controlled restart for the micro
computer board.

Ill. 1. 1 6809 Microprocessor

Please refer to drawing SK3818, sheet 10, in the Appendix for the
Microcomputer circuit diagram.

A Hotorola MC6809 microprocessor (U3) controls the _single board
computer. A 4MHz ceramic resonator acts as external parallel
resonator to an on-chip oscillator to generate the bus timing
signals, E and Q. The ceramic resonator is used in preference to
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the more expensive crystal. A 4MHz oscillator frequency provides
an effective 1 MHz bus frequency. (The E bus timing signal is a
quarter of the clock frequency).

The NMI, IRQ and FIRQ 1 ines are ti ed high, but the IRQA and
IRQB lines from each of the six PIAs can be wire-ORed to the
desired interrupt line of the 6809. The PIA Allocation tables in
the Appendices provide full detail on which interrupt lines are
used.

IIL1.2 EPROM: (U4)

By making appropriate links, the user has the option of using a
2k, 4k, 8k or 16k EPROM in the U4 socket. In this application a
2732 EPROM is used. See the Microcomputer Board circuit diagram
in the Appendices for which link to set to facilitate the use of
the 2732.

III.1.3 RAM

Static RAM (US) used is 2k x 8 at locations $0000 to $07FF.

IIL1.4 Clock Divider

The CD4020 (Un 14 bit binary counter divides the 1MHz system
clock. One of the divider outputs may be connected to the CA1
line of PIAOA (U10) to generate a real time interrupt to the mi
croprocessor. Connecting the divide by 2'4 pin to CA1 will gener
ate an approximately 16 ms interrupt. During the initialization
PIAO needs to be configured to generate an interrupt when CA1 is
toggled.

PIAO has to be initialized with the CA2 line as an input to gen
erate an interrupt. See the RESET, PIAOA initialization routine
in the Source Code Listing for more detail.

IIL1. 5 Address Decoding

Address decoding is accomplished by using a decoding PROM (U6)
and a three-to-eight decoder (U7). The binary output from the
decoding PROM is decoded by a three to eight decoder which
selects the desired memory chip.
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IlL1.6 PIA's (U10 - U15)

Six 6821 PIA's are available to the user. Each PIA provides two 8
bit programmable i/o ports and four handshaking lines. The IRQA
and IRQB lines of the PIA's may be wire-ORed to the micro
processor interrupt lines.

See the PI A All ocat ion t able in th e App endi ces f or the ap
propriate wire-ORed IRQ lines. The CA lines used as inputs to
generate IRQ's are labeled: TIMER, KYSTRBO, KYSTRB1, CRADLO and
CRADL 1.

The output of the divider (U1) is connected to CA1 of PIAO. PIAO
is programmed to generate an interrupt to the microprocessor
(IRQA line) with the CA1 line. The interrupt service routine
causes CA2 to be toggled in order to retrigger the watchdog
timer.

All the PIA i/o lines are connected to the edge connector.

IlL1.7 Watchdog (U9, U17)

The watchdog circuit consists of a dual monostable IC (U9) and a
555 (U7) s'et up as an astable multivibrator. At power-up, or
after pressing the system RESET button, monostable B provides a
100 ms RESET pulse. The start-up routine takes CA2 (PIAO) low
until a pulse is received from the divider circuit connected to
CA1. The PIA is programmed so that CA2 goes high as well as gen
erate an interrupt on IRQA when CA1 goes low. The interrupt ser
vice then cause CA2 to reset again (goes low).

Monostable A is continually re-triggered during normal operation
of the system. Should a hardware or software fault occur and the
interrupt is not serviced, monostable A times out and the astable
(IC17) is activated which then provides a string of RESET pulses.
The watchdog can be inhibited by strapping the RESET p in of
monostable A to ground.
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III.1.8 Edge Connector

Port A, Port B and the control lines of each of the six PIA's
(CA1, CA2, CB1, CB2) are connected to the two 64 pin edge con
nectors (labelled A and B respectively). Each edge connector has
two rows of 32 pins (a and c respectively e.g. PIA3, the eight
bits of PAD - PA7 are connected to pins B c9 - B c2 respective
ly) .

The Microcomputer Board connector pinouts are tabled in the Ap
pendices.
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III.2

HARDWARE

TELEPHONE CONTROLLER BOARDS:

Please refer to drawing SK3818, sheet 1 and sheet 2, in the Ap
pendix for the Telephone Controller Board circuit diagrams.

The Telephone Controller board consists build of:

Logic circuitry composed of:

Keyboard encoder
Status addressing
Multiplexer addressing

and,
Analogue circuitry composed of:

Audio circuitry; AM demodulator, filters
and amplifier and Ring generator.

Reference voltage power supplies

Initially it was attempted to design a single printed circuit
board incorporating all the above functions which served both op
erators concurrent ly. This approach was prevented because too
many control lines had to be connected to the edge connectors and
could not be achieved using the available printed circuit board
manufacturing equipment.

Each Telephone Controller Board (TCB) serves one operator. Two
identical TCBs are used (i.e. TCBO and TCB1) and duplicate logic
and analogue circuitry exist. However, the reference voltage and
ring tone generator on TCB1 are not used and not connected to the
backplane.

Even though the TCB's are functionally identical, the boards may
only be interchanged once links on the TCBs are correctly set up
for the particular board position in the rack.
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Fig. 111.1. Telephone Controller Block Diagram.
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Figure 111.1 indicates the fundamental functions of the TCBs. An
elementary description is given below.

The keyboard encoder encodes the operator 4x4 keyboard array. The
data is output to the microcomputer board with the necessary con
trol signals.

The majority of the logic control signals for the audio multi
plexer I.C.s and the status data latches, situated on the Multi
plexer Monitor cards (MM), is generated on the TCBs.

The line statuses of extension telephones are monitored on the
multiplexer monitor boards. The status selection logic signals
control data flow on the 8 bit status bus between the status data
latches on the MMs and the microcomputer board. The CARD SELECT
signals select one of the six MMs. The BYTE SELECT lines then
selects one of four data latches on the selected MM. Status data
may then be read by the microcomputer board.

CARD SELECT and
ByrE SELECT lines

I--->-------'
TCB

Status data bus l r----- ]]:

Microcom- I 116 x MM's I]] D;~:t~:tOh.'
puter brd f--<-- L ...J.

I
liner

Status
Selection

Logic

STSEL Control

Fig.III.2. Status Selection.

Three logic signals are used
lines control the ringing
selected by the operators and

for
of
the

the audio processing. The three
the two extension telephones
operator audible alarm.
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The control of the multiplexer I.C.s on the MM's is shown in the
Audio Selection portion of figure 111.1. Each operator's exten
sion telephone is addressed separately by the microcomputer
board. The address data for a particular extension telephone mul
tiplex er 1. C. is latched bef ore the addres s data is further
decoded by the 4-to-16 decoders. The MUX lines select a multi
plexer lC on one of the MMs. The PHON lines connect the operator
voice signals to a particular extension telephone on the selected
multiplexer IC.

III.2.1 Keyboard Encoder

A 74C922 (U6) 16-Key keyboard encoder, used in a standard con
figuration, encodes the 4x4 keypad. The strobe line (KYSTRB)
goes high with every key depression. Key debouncing is performed
by the encoder chip. The auto-repeat facility is not used.

II1.2.2 Status Addressing

The five status address lines output from STSEL (PIA4A) are
grouped as follows:-

bO, b1 STMXA - Status Mux Address

selects one of four data latches on the Multiplexer
Monitor boards

b2, b2, b3 - STCRDSEL - Status Card Select

selects one of the six MUltiplexer Monitor boards

Also see figure 111.2.

Bits b2 - b4 are decoded by a 3-to-8 decoder (74LS138, U8) to ob
tain eight Status Card Select (STCRDSEL) lines. Only- six of the
eight Status Card Select lines are used, i.e. one STCRDSEL line
per Multiplexer Monitor board.
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p S
->-1 I_-

I T b2 ->- STCRDSEL 1 , STCRDSEL 2
A S b3 ->-- 3 to 8 =>= STCRDSEL 3, STCRDSEL 4
4 E b4 ->-1 decoder =>= STCRDSEL 5, STCRDSEL 6

L
I

[=>= STCRDSELA I STCRDSEL 7, 8
!

Fig. 111.3. Status card select decoding.

The STCRDSEL line selects one of the six Multiplexer Monitor
cards.

STATSEL control word bits bO and b1 are decoded to obtain four
chip select lines (STMXA, Status Multiplexer Address) by the 2
to-4 line decoders (74LS139, U7). The STMXA lines enable one of
four status data latches on a Multiplexer Monitor board if the
corresponding STCRDSEL is enabled. STMXA lines are bussed to all
the Multiplexer Monitor boards.

p S
I T
A S bO ->- 2 to 4 1=>= STMXA 0, STMXA 1
4 E b1 ->- decoder 1=>= STMXA 2, STMXA 3
B L 'E

Fig. 111.4. Status address multiplexer decoding.

Each of the STMXA lines selects one of the possible four multi
plexer I.C.'s on the Multiplexer Monitor Board which are enabled
by the STCRDSEL line.
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STATSEL Control Word

17:6:5;4:3;2:1:01

-I
I

CRDSEL ( )

3 to 8
Decoder

(2) MUXSEL

8

2 to 4
Decoder

I
STCRDSEL 0 to 7 STMUXA 0 to 3

Fig. 111.5. Status Decoding Block Diagram.

If STCRDSEL is enabled, STMUXA selects one of four tri-state data
buffers.

Status data latches

STCRDSEL n

latch 1
I

STMXA 2 '--------,

-->---1

latch 2
I

r----'STMXA

decoder~----<------

3

STMXA

Status Address decoder:

Fig. 111.6. Addressing the Status data latches on the KM.
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To summarize again, using figure III.6. The status data of a MM
is selected by enabling the STCRDSEL (STCRDSEL n in the diagram
for that card). STMXA selects one of the four data latches. The
selected data latch routes the line statuses, established by the
window comparators, to the single board computer via the status
data bus.

III.2.3 Multiplexer Addressing

Extension telephone number data is output from PIA3B to the two
Telephone Controller Boards. Each Telephone Controller Board
latches the extension telephone number addressed to it. On each
board the 74LS374 (U1) tri-state octal D-type flip flop latches
the extension telephone number data. The latch enable line is
controlled by the most significant bit of PIA3B (PSEL line).

The latch enable strobes for the two boards are generated on the
first Telephone Controller Board by one of the 3-8 decoders of
the 74LS139 (U9). By making the appropriate links on both Tele
phone Controller boards the latch enable signals are connected to
the data latches.

Figure III.1 shows the relationship between the control lines of
the MMs and TCBs. Also refer to the complete circuit diagram in
the Appendices of the MM Board.
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TTT data stable
XXX data indeterminate

PSEL bO - b6

PSEL b7

STROBE

1PHON and
STMXA

PSEL bO - b6

PSEL b7

STROBE

11PHON and
IIMUXA

___I XXXXX

LJ

XXXXXXXTTTTTTTT

XXXXXTTTTTXXXXX

I XXXXX
-----,LJ

XXXXXXXTTTTTTTT

Operator 0 multiplexer
addressing

data correctly latched

Operator 1 multiplexer
addressing

data correctly latched

Fig. 111.7. Multiplexer Control Timing Diagram.

The timing diagrams in figure 111.7 reveal the relationship be
tween the control signals. The PSEL bO - b6 lines contain the
telephone number data, whereas b7 determines to which the exten
sion telephone is connected. Once the PSEL data has stabilized,
the selected data latch is strobed (STROBE) to latch the data on
the PSEL bO - b7 lines.
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III.2.4 Multiplexer Addressing and Control Word (CNNCT).

CONNCT Control Word

+-+-+-+-+-+-+-+-+
17 6 5 4 3 2 1 01
+-+-+-+-+-+-+-+-+

p

I::;: I
I

I I I
b7~

If b7=0
If b7=1

4 to 16 4 to 16
Decoder Decoder

I Li I
-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+ +-+-+-+

IF E D C B A 9 8 7 6 5 4 3 2 1 01 lA B cl
-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+ +-+-+-+

I PHON I MUXA IOperator 0 Operator 0 IMux Mon Board Select Multi lexer Address

+

+

II MUXA
Operator 0

Multiplexer
Address

+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+ +-+-+-+
IF E D C B A 9 8 7 6 5 4 3 2 1 01 lA B cl

+-+-+-++-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
II PHON

Operator 1
Mux Mon Board Select

Fig. 111.9. Multiplexer Addressing and Control Word (CNNCT).

If b7 of CNNCT is zero Operator 0
selected. When b7 is set, Operator 1
selected.

audio multiplexers
audio mul ti.pl exers

are
are
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The I PHON line enables the MUltiplexer Monitor Board' s audio
mul tiplexers for Operator O. The multiplexers are addressed by
the I MUXA lines.

III.2.5 Links

See the Telephone Controller Board circuit diagram.

First Telephone Controller Board: TCBO
Connect CSO to CS

PSEL CS to CS1

Second Telephone Controller Board: TCB1
Connect PSEL CS to CS

links

P P CSO
I S b ->- 3 to 8 ->-* *-->- CS to 1st TCB
A E 7
3 L decoder ->-* *-->- PSEL CS to

CS1 2nd TCB

CS - Chip Select

Fig. 111.8. Phone select decoding.

III.2.6 Voltage Translators

The Multiplexer 1. C. s operate from a 14V supply vol tage. The
logic control signals (IPHON, IIPHON and MUXA) , which originate
from 5V circuits, are translated to the higher voltage levels
using 7407 open collector buffers (U3, U4, U5).

III.2.7 Audio Cirouitry

Voice signals on the MUX audio line contains both audio and AM
signals. AM is used from the extension telephone to the operator
telephone. Normal audio is used from the operator to the exten
sion telephone.
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Audio
Frequency

AM Cflrrier

r--L-o-w-e-r---iH Upper

Sideband 1I Sideband

300 3400 11,6k 14k 17,4k
Frequency axis

Fig. 111.10. Voice and AM Frequency Spectrum.

The 14kHz AM signal is filtered by a high pass filter, U12, and
then demodulated. The demodulator signal losses are minimized by
applying a 0,6 V offset to the demodulation diode. The demodu
lated signal is filtered and amplified by a band limited audio
amplifier (U11a). The 680pF capacitor of U11a shunts the internal
pole-splitting capacitor of the LM381 to limit the frequency to
6kHz (See Bibliography for more detail). The band limited audio
is output to the operator telephone via the hybrid circuit.

The audio from the operator telephone to the MUX line is
amplified by an LM381 inverting frequency compensated AC
amplifier, U11b, with a high frequency cutoff at 5kHz. The LM381
is used in the suggested special bias, low noise configuration.

The impedance matching of the hybrid network is adjusted with 1k
cermet potentiometer. Proper adjustment of the hybrid impedance
ensures minimal feedback between the operator microphone and ear
piece.

III.2.8 Buzzer

A 556 dual timer circuit generates the ringing tone. Refer to
the full circuit diagram of the TCB, SK3818 sheet 2, in the Ap
pendix. Transistors T1, T2 and T3 switch mercury wetted relays to
connect the ringing tone to MUXO, MUX1 and the operator audio
alarm respectively. The operator alarm is mounted on mimic status
display board.

Mercury wetted relays were used because of its high reliability.

The mercury wetted relays have internal back e.m.f. diodes.
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III.2.9 Reference Power Supplies

Minimal current is supplied by the four reference power supplies
since they are primarily reference vol tages to the Mul tiplexer
Monitor Boards. U12 (LF351, high pass filter) and the analogue
multiplexer (CD4051, U17 to U20) I.C.s on the Multiplexer Monitor
Boards are powered by the +14V supply.

Standard LM317 voltage regulator circuits are used. The voltages
used are:

+8 volt - for short circuit faults
+12 volt - for extension telephone handset statuses
+20 volt - for open circuit faults
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HARDWARE

111.3 MULTIPLEXER MONITOR BOARD

Please refer to drawing SK3818, sheet 3, in the Appendix for the
detailed circuit diagram of the mUltiplexer monitor board.

Each Multiplexer Monitor board (MM) multiplexes voice signals and
moni tors telephone I ines for sixteen extension telephones. Six
MMs are used in the EFTS.

The voice signals of the 96 extension telephones can be switched
to the two operators. There is one requirement: both operators
may not simultaneously be connected to the same extension tele
phone.

The two Operator 0 mUltiplexers (U17. U19) are addressed by OP#O
BSEL and enabled by OPO CSO or OP1 CS1. Operator 1 mUltiplexers
(U18, U20) are addressed byOP#1 BSEL and enabled by OP1 CSO or
OP1 CS1. These control signals are derived from the two Tele
phone Controller Boards.

One micro farad capacitors on each of the extens ion telephone
lines block the DC on the extension telephone lines from the mul
tiplexer I.C.s. The signal that is switched by the CMOS analogue
switch contains no DC component.

The voltage of the line switched by the CMOS switch may not ex
ceed the power supply voltages. Line protection is provided to
clamp the extension telephone line voltages to ensure that these
parameters are not exceeded.

Noise and voltage spikes on the extension telephone lines are
clipped by clipping diodes on every line.

To simplify printed circuit board layout and to make maintenance
easier all the voltage comparator circuits are physically identi
cal. Consequently only three of the four comparators in each quad
voltage comparator package (LM339) are used to promote efficient
circuit board layout.

Each extension telephone line is monitored for open circuit and
short circuit faults. The LEDs, mounted onboard the multiplexer

- 42 -



An Emergency Fire Telephone System.
Hardware Description.

monitor board, display the extension telephone statuses. The on
board LEDs are provided as a maintenance aid. The outputs of the
window comparators are buffered by four status data latches
(74LS373, U22, U23, U24, U25).

The STATUS bus outputs the statuses, established by the window
comparators, to the microcomputer board subsequent to STAT BYT
and STCRDSEL lines being enabled. Refer to figure III.11.

HHH data stable
xxx data indeterminate

STMXA bO - b1

STCRDSEL

STATUS bus

xxxxxHHHHHHxxxxxx
__-.JnL__
xxxxxxxHHHxxxxxxx

(or STAT BYTE)

data only valid during
STCRSEL

Fig. 111.11. Status Control Timing Diagram.

The extension telephone handset status is determined by measuring
the line voltage. When the handset is lifted the line voltage
exceeds +12 V (green LED enabled). With the handset down the line
voltage is less than +12 V (green LED disabled).
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16 Extension telephone lines

T T T T T T T
I

T
I

T
I T T

10

-

1 1 1 1 1 1 1
1 2 3 4 5 0 1 2 3 4 5 6

( 16)
Voice Handset Statu~ lines (r:< I

Fault Status lines '1 6 )

to/from Extension telephones
<-> <-->---,--<-->

Status Byte Select

I
'16) Voice lines

< >

(¥) (¥) __(aL.l)_>_
> >

Status data bus to Microcomputer Board

ard Select (~) (~ ) (~) (~)

Status 3 State 3 State 3 State I 3 State
Address ~ Buffer f-- Buffer I--- Buffer r Buffer

Logic , ,- , ,

Status C

MUX
Address
Logic

<-,->
'I)

I

Operator 0
Voioe line

<---,rr-->J
(1'

Operator 1
Voice line

->
MUXO
-->-
MUX1
Voice MUX Addresses

8 to 1
Mux

8 to 1
Mux

8 to 1
Mux

8 to 1
Mux

STCRDSEL - Status Card Select. STATBYT - Status ~yte Select.

Fig. 111.12. Multiplexer Monitor Board Blook Diagram.

i
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111.4 MIMIC DISPLAY

Positioning of LED's on the Mimic Display indicate the relative
positions of the extension telephones throughout the CTACC. Only
74 extension telephone of a possible 96 are indicated on the
present Mimic display.

The 192 LED's are grouped into six ROWs of thirty two COLumns
each. Whenever a ROW is enabled, the corresponding 32 COLumns
may be enabled to display the extension telephone statuses.

High efficiency LEDs are used for good legibility. The
bright green LEDs are driven at their maximum instantaneous
rent of 25 mA to compensate for their lower intensity.

less
cur-

NOTE: LED's on the Mimic display should never be al
lowed to be switched on unless they are mul ti
plexed. The LEDs dissipate maximum power while
being mUltiplexed and will be destroyed if
switched on perpetually.

The LEDs are continually multiplexed. Only when a fault occurs on
the microcomputer board will the multiplexing be terminated. The
fault may be cleared by resetting the Computer Board. Should this
not restore the mul tiplexing the EFTS must be switched off and
the Computer Board checked.

The operator audio alarm, mounted on the status display printed
circuit board, is generated on Telephone Controller Board O. The
piezo electric buzzer is pulsed with a 5 V DC voltage to facili
tate invoking the operator alarm.

Flashing red LED's indicate new faults. Steady (non flashing)
red LED's indicate faults that have been accepted.

Green LED's indicate extension telephone statuses. When flashing
it could mean:

The extension telephone handset is re
placed and the operator is ringing him.
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The extension telephone handset has been
lifted. The call will be queued and the
operator connected to him at a later
stage.

A steady green LED indicates that an operator is connected to an
extension telephone.

Should both a red and green LED be on (flashing or steady), an
open circuit fault condition exists on the line of the extension
telephone.

The table given below may be used to obtain the ROW and COLumn
numbers of the green and red LEDs.
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Row and Column matrix of LEDs.

GREEN
I

RED
I

olumn,Row 0 Row 1 Row 2

-
the green LED is in ROW 1 and COLumn 2.
the red LED is in ROW 4, and COLumn 6.

1 1 33
2 2 34
3 3 35
4 4 36
5 5 37
6 6 38
7 7 39
8 8 40
9 9 41

10 10 42
11 11 43
12 12 44
13 13 45
14 14 46
15 15 47
16 16 48
17 17 49
18 18 50
19 19 51
20 20 52
21 21 53
22 22 54
23 23 55
24 24 56
25 25 57
26 26 58
27 27 59
28 28 60
29 29 61
30 30 62
31 31 63
32 32 64

Telephone no. 56:
Telephone no. 38:

65
66
67
68
69
70
71
72
73
74

~olumn,Row 3,Row 4 Row 5

1 1 33 65
2 2 34 66
3 3 35 67
4 4 36 68
5 5 37 79
6 6 38 60
7 7 39 71
8 8 40 72
9 9 41 73

10 , 10 42 74
11 11 43 ·
12 12 44 ·
13 13 45 ·
14 14 46 ·
15 15 47 ·16 16 48 ·
17 17 49 ·
18 18 50 ·
19 19 51 ·
20 20 52 ·21 21 53 ·
22 22 54 ·
23 23 55 ·24 24 56 ·25 25 57 ·
26 26 58 ·27 27 59 ·

I
28 28 60 ·
29 29 61 ·30 30 62 ·31 31 63 ·
32 32 I 64 I ·

Fig. 111.13. LED Row and Column Matrix Table.
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111.5 OPERATOR TELEPHONES

Please refer to drawing SK3818, sheet 6, in the Appendix for the
detailed circuit diagram of the operator telephone.

Standard Siemens Master 111 telephones are used for the operator
telephones. The rotary dials are replaced with 4x4 keypads. The
two digit seven-segment displays, with the associated driver cir
cuitry, have been added to the units.

A D-25 connector terminates the operator display ribbon cable to
the microcomputer board. Voice lines are connected to pins 24 and
25 of the same connector.

The operator telephone circuit diagram drawing SK2818 Sheet 6 is
provided in the Appendix. A wiring schedule is also supplied,
see: the "Operator Telephone to Telephone Controller Board" and
"Backplane Wiring" wiring schedules.

111.6 EXTENSION TELEPHONE

Please refer to drawing SK3818, sheet 7, in the Appendix for the
detailed circuit diagram of the operator telephone.

The audio design philosophy of the system has been largely
determined by the original design of the extension telephones.
Communication from the extension telephone to the operator tele
phone use AM. A 14 kHz carrier frequency is used.

Each extension telephone is powered by the single extension tele
phone line and the ground return telephone line provided by the
PYRO cable (+24 V with 1 200 ohms series resistor). When the ex
tension telephone handset is down, receiver gain is increased to
facilitate the a loud ring tone. When the handset is down, power
consumption is reduced such that the line voltage increases to
approximately 13,5 V.

The microphone signal is amplified by IC2 (pin1) ..IC1 (pin 7)
provides the carrier. The carrier signal is modulated with the
audio signal of IC2 (pin 7) in the transformer (LT60). IC2 (pin
7) is configured in a low pass filter mode in order to reduce the
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high frequency content of the audio signal. The microphone char
acteristics automatically reduce the low frequency content in the
signal.

The received audio signal is buffered vith the IC1 (pin1) audio
amplifier. This has a low pass filter in its input stage to fil
ter out the carrier frequency. When the handset is replaced,
switch S2 increases the earpiece volume by increasing the feed
back level.

The switch S1 determines the extension telephone filtering char
acteristics during the high gain operation.

III.7 POWER SUPPLIES

DC Power for the system is provided by two VERO MONOVOLT GK60
switching supplies which operates from a DC source which varies
between 24 V and 72V.

The power supplies were selected for worst case operating condi
tions.

i. All LEDs are illuminated on the Status dis
play and on the Multiplexer Monitor Boards. A Max
imum of 32 LEDs are on at a time on the Status
Display and 96 LEDs on the Mul tiplexer Moni tor
Boards.

ii. One operator display with all segments of the
two digits illuminated.

iii. The audio alarm active.

i v. The normal power supply requirements of the
eight boards in the rack.
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Power requirements are:

Extension Telephones e96X)- +24V - O,012A = 1,200A
Operator Telephones (X2) - +24V - O,020A = O,04A
Mimic Status display (32X)- +SV - O,030A = O,960A

Multiplexer Monitorex6) +12V
-12V

+SV - O,640A = 3,2A
+24V - O,200A = 1,2A

Telephone Controller(x2) +12V
-12V

+SV - O,300A = O,6A
+24V - O,040A = O,08A

Single Board Computer +SV 1,SA

Worst case total power requirements:

+SV
+24V

6,3A
2,6A

The +12V and -12V is derived from the +24V supply. It is used for
the voltage comparator circuits.

The power supplies used are:
+ 5 V at 12 A, and
+24 V at 2,S A.

Since these worst case considerations are not possible, the +24V
@ 2,SA power supply power rating would not be exceeded.

III.8 BACKPLANE WIRING

The complete wiring schedule is given in the Appendi~. Bussing is
clearly indicated by the names given to all functions in the
wiring schedule in the Appendices.

Point to point wire wrapping is used. A heavier gauge wire is
used to make allowance for high currents of the power supply
lines.
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Chapter IV

SOFTWARE DESCRIPTION

Please refer to the 'Software module description' and the 'List
of Variables' for a list of mnemonics used in the software.

- 52 -



An Emergency Fire Telephone System.
Software Design.

Chapter IV

SOFTWARE DESCRIPTION

IV.1 Software Background

A high level language such as MPL is generally well suited for
applications such as this one.

The Motorola EXORCISER compiles the MPL source code into 6809 As
sembler modules. The object modules, whether originally Assembler
or MPL, are linked together by the 6809 Linker to form the object
code.

The available MPL compiler is an upgraded version of the 6800
Motorola MPL compiler. The advanced addressing modes of the 6809
microprocessor had not been implemented into this 6809 Motorola
MPL Compiler. Some MPL routines compiled into very inefficient
Assembler code because some powerful 6809 instructions were not
exploited.

Since the mimic status display LEDs are multiplexed the software
is time dependent. Data to the Status Display has to be updated
every 5 ms in order to prOVide a flicker free display.

The Status display interrupt service routine interspaces normal
processing. The Status display service call is the highest
priority task, and is invoked by a 5 ms real time interrupt. The
execution time of the Status display interrupt service routine
et " " ) has to be as short as possible to allow the maximum time
fo~'~ther processing et ) to be done.x

Figure VI. 1 shows this concept graphically. If . t mi mic is too
long, insufficient time remains for normal process~ng.

----[MIMIC, row 2]-------[MIMIC, row 6]-------[MIMIC, row 10]----[

l-tl1limi"C-1 l-tl1limi"c-/' I-tm.\mi~-I ,
---- d~sp ay --t -- d~sp ay --t --, a~splay -t-

x x x
update update updaLe

other other other
processing processing processing

Fig. VI.1. Interrupt Timing.
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I had completed most of the software using MPL before hardware
became available to test the software interface efficiency. The
display routine written in MPL executed in approximately 4000
clock cycles. Less than 1 ms remained for normal processing when
the 5 ms interrupt is used - this was not acceptable.

Comparing the compiled MPL with the Assembler was easy since the
compiler generates Assembler. From this compiled MPL it became
clear that the available MPL was not optimized for the 6809 mi
croprocessor. In the case of the Display service routines the op
timized Assembly language code executed in only 400 clock cycles
as compared with the 4000 of the MPL.

Assembler and MPL use different programming methods and philo
sophies. Parameter passing between Ass embler and MPL routines
proved to be difficult. Assembler counters decrement to zero and
MPL counters, e.g. DO loops, where the count variable increments
from the start to the stop parameter. It was decided to rewrite
all software in assembly language.
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IV.2 Introduction.

NassiShneiderman flow charts are used to document program logic.
It's format aids structured programming and promotes more compact
documentation than conventional flow charting.

The flow charts are included at the end of this chapter.

Included with the software listing in the Appendix is a pseudo
high level language used to aid description of the program logic.

An overall perspective of the software
ing both the IRQP and MAINP routines.
handler. MAINP is the main controlling
tem initialization.

is best
IRQP is
routine

obtained by study
the main interrupt
subsequent to sys-

All data is input via interrupts. Operator and user action invoke
IRQP which call the necessary interrupt service routines to pass
data via system status flags (in SYSTAT, the system status word)
to the main program, MAINP. The main program responds only to
changes in the system status flags (or changes in the telephone
statuses). The status flags are set or cleared by the interrupt
service routines.

Subsequently the main program checks the system status flags and
executes the appropriate service routines. Once
routines have been completed the system status flags
again. The program flow of the MAINProgram is
determined by the system status flags.

the service
are checked
excl usively

Figure IV.2 pictorially present the relationship between the in
terrupts, the extension telephone statuses and the main program
(MAINP). Hardware interrupts interface the operator cradle
statuses, operator keypads and the mimic status display with the
software. If necessary the interrupt hand1 ing routines set or
clear flags in the system status word (SYSTAT) during execution.
Subsequently control is returned to the MAINP.

Each time MAINP is activated the extension telephone statuses are
checked. The mimic status display data update, operator numeric
displays, operator alarm and the ring tone are all controlled by
MAINP.

The MAINP execution is interrupted only by the hardware inter
rupts. These interrupts interface to the MAINP only via the sys
tem status flags (SYSTAT, FNCSTO and FNCST1). The main program
executes iteratively and the program flow is solely determined by
the system status flags.
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off)
off)
off)

Status Display (1
Operator keypads (2
Operator Alarm (1
Ring Tone Generator

Extension Telephone handset Statuses -->~ i>l
Extension Telephone line Statuses ---->~ I

I , ,

B B
Main

Cradle Status --->-- flags changed Program
Operator Keypads --->-- IRQP > MAINP in
Mimic Interrupt --->-- in SYSTAT continuous

lo,?p

~dl-<~
Fig. VI.2. Data flow Pictorial

The EFTS software can be divided into two main sections:

Interrupt driven routines, and
main program

All the software is written in 6809 assembly language and totals
approximately 2100 bytes in length.

IV.3 Interrupt Driven Routines.

Hardware interrupts invoke IRQP, the main interrupt handler. The
interrupt routine disables all further hardware interrupts. IRQP
identifies the origin of the interrupt and then calls the ap
propriate interrupt service routines. Interrupts are re-enabled
upon completion of the interrupt service routines, when program
control is resumed by the main routines (MAINP).

When an interrupt is invoked by the onboard clock (5 ms), the two
counters, MSEC and IRQCNT, are decremented. MSEC is a presettable
counter and used by the DELAY-routine. IRQCNT determines the
flashing period of the LEDs - when zero, IRQCNT j,s preset to
FLSHTM.

The Cradle interrupt pass appropriate parameters to CRDLP, the
cradle interrupt service routine. A keyboard interrupt invokes
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the KYBX routine, the operator keyboard service routine, which
read and then decodes keyboard data.

IV.3.1 Interrupt Priorities (IRQP)

The periodic real time interrupt (the interrupt period is
selected by jumpers on the Computer Board) has the highest inter
rupt priority and the highest recurrence rate. The operator tele
phone cradle switches have the next highest priority because of
their vital function: it cancels all system command modes. Key
board action has the lowest priority.

highest priority .

lowest priority

1 ms real time interrupt
Operator 0 cradle interrupt

Operator 1 cradle interrupt
Operator 0 keypad interrupt
Operator 1 keypad interrupt

The interrupt flags are r.eset by their appropriate service
routines.

IV.3.2 Mimic Status Display

The mimic status display is multiplexed at fixed regular inter
vals (IRQCNT) to provide a flicker free constant intensity dis
play. The 192 LEDs are grouped into 32 columns of 6 rows. Data is
output to one row at a time - each row has 32 LEDs. The 6 rows of
32 columns of LEDs therefore require 30 ms to refresh.

Flashing and steady (non flashing) LED statuses are stored in two
24-byte arrays: FLSH & COLBUF. The arrays respectively indicate
flashing or steady LEDs. The first 12-bytes (96-bits) of each ar
ray represent handset statuses and the next 12-bytes represent
fault statuses.

The MIMIC service routine is invoked only by the real time inter
rupt. Upon entry all ROW's are disabled. Before enabling the
next row (one of six rows) the 32-bits (4-bytes, 4 PIA's) of
column data is output to the columns.

Multiplexing is executed in one of two modes:

Lamp test active, or
Normal multiplexing
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When the lamp test flag (LAMPM) in SYSFLG is set, all Columns are
enabled to turn on all the LEDs.

The flash bit (FLASHB) in SYSFLG determine the status of the
flashing LEDs. When set the flashing LEDs are on, and when
cleared, the flashing LEDs are off. The flashing LEDs are turned
on and off by negating the status of FLSHB at the flashing period
(FLSHTM) .

If the flash bit (FLASHB) is cleared, only COLBUF data is output
to the COLUMNS. When the flash bit is set, COLBUF & FLASH data is
logically ORed before outputting the data to the COLUMNS, thereby
turning on the flashing LEDs as well as the steady LEDs.

IV.3.3 Keypad Routine (KYBX and KYBRDP)

Operator keypad activity invokes the IRQP main interrupt service
routine which then calls the KYBX interrupt service routine. KYBX
has lowest priority of the interrupt service routines. Upon com
pletion of the keyboard service routine the interrupt flag is
cleared enabling further interrupts.

Operator 0 keypad (KYBRDO) uses the least significant nibble (4
bits) of the keypad PIA (KYBRD), and the operator 1 keypad
(KYBRD1) the most significant nibble. Depending on which keypad
initiated the interrupt the KYBRD code is masked and the relevant
keypad code stored in KYBINP buffer.

The keypad codes stored in KYBINP is decoded by the KYBRDP sub
routine. Decoding by KYBRDP is accomplished on three levels.
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Level 1

Level 2

Unnumbered key
Lam? Test code
Alarm Accept code
Clear code

No action taken.
Set Lamp Test flag in SYSTAT.
Set Alarm Accept flag in SYSTAT.
Set the Clear flag in SYSTAT.

If the Audio flag is set and the cradle is down all other
codes are ignored.

If the operator telephone cradle is up, then:

Level 3

Ring code
Queue code

Set Ring flag in SYSTAT.
Set Queue flag in SYSTAT.

Decode the numeric keys and display the numbers on the
operator numeric display.

Level 1 keypad codes are actioned irrespective of the operator
telephone cradle status. Level 2 codes are executed only if the
Audio flag (in FNCST) is set and the operator telephone cradle is
up. Level 3 codes can only be executed if the keycode is not
Level 1 or Level 2 code.

After this the program control is returned to IRQP.

Keypad decoding table:

Function Code Priority Function Code Priority

1 1 6 lowest 9 A 6 lowest
2 5 6 0 7 6
3 9 6 L 3 1

4 0 6 A B . - 2
5 4 6 C F 5
6 8 6 Unmarked E 0 highest
7 2 6 Q D 4
8 : 6 : 6 R C 3

Fig. VI.3. Keypad decoding table.
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IV.3.4 Cradle Procedure (CRDLP)

The cradle procedure has the second highest priority of the in
terrupt service routines. Any change in operator cradle status
invokes the CRDLP service routine.

First the operator telephone cradle status is determined.
operator handset is lifted no further action is taken and
control is returned to IRQP.

If the
program

If the operator handset is down, the AUDIOM and RINGM flags of
the function status word are tested. When the AUDIOM flag is set
the audio line between the operator and the extension telephone
is disconnected. If the RINGM flag is set ringing of the exten
sion telephone is stopped.

Consequently all status flags of that operator are cleared.
Lastly, the operator numeric .display is cleared. Program control
is then returned to. IRQP.

Note: When the cradle is down, the cradle status at PlAOB is
low (logic 0).

IV.4 Main Programs

IV.4.1 Main Program (MAINP)

The Main Program (MAIN?) executes in an 2~era~2ve loop. It's ex
ecution is diverted only by the five hardware interrupts.

The status of a specific operator is represented by flags in the
function status word (FNCSTO and FNCST1 for operator 0 and opera
tor 1 respectively).

The program flow of MAINP is determined by the mode flags in the
function status words (FNCSTO for operator 0 and FNCST1 for oper
ator 1 ). When no mode flags are set, MAINP resets the watchdog
and checks the extension telephone statuses for changes in
status. MAIN? invoke routines associated with the mode flags.
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Mode flag Description Routine called

ACKM
LAMPM
RINGM
QM
CLRM
AUDIOM
RINGING

Acknowledge
Lamp Test
Ring
Queue
Clear
Audio mode
Ringing active

ACKP
LAMPM
RING
QP
CLRP
Status only
Status only

During execution of a procedure called by MAINP, flags in FNCSTO
and FNCST1 may be set and/or cleared in order to invoke other ap
propriate procedures.

IV •.04.2 Watchdog (WTCHDG)

At power up the Watchdog timer is disabled for approximately 4,5
seconds. During normal processing the watchdog timer has to be
reset every 10 ms, otherwise the watchdog timer resets the sys
tem.

The watchdog timer is reset when the CA2 line of PIAO is toggled
by the watchdog routine, WTCHDG.

IV • .04.3 Test for Status Changes (TSTCHNG)

This routine checks the handset and line statuses of the 96 ex
tension telephones.

A change from low to high in extension telephone handset status
sets the particular bit representing that extension telephone in
the mimic data buffer (STBUFO and STBUF1). The operator audio
alarm is then activated to inform the operator of the incoming
call.

A change from high to low in status clears the particular bit in
both the FLSH and COLBUF data buffers. Both the flashing and
steady LEDs are turned off.

When the handset status changed from low to high QPHON adds the
telephone number to the queue. If the handset status changed from
high to low QPHON deletes the telephone number from the queue.
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IV.4.4 Make Buffer (MAKBUF)

This routine alternately buffers all the extension telephone
statuses in one of the data buffers, STTBUF and STBUF1 (24 bytes
each).

A change in extension telephone status is reflected by a dif
ference between the two data buffers. This difference is detected
by TSTCHG when it compares the two data bases.

Momentary open circuit faults on the lines necessitate debouncing
of the faul t statuses. The faults are caused when fumbl ing the
extension telephones handsets when they are lifted or replaced.

IV.4.5 Ring Procedure (RINGP)

This routine rings an extension telephone when the ring mode flag
(RINGM) is set.

When you ring an extension telephone an audio multiplexer con
nects the voice signal to the extension telephone. Should the ex
tension telephone handset be lifted no ring tone is required. If
the extension handset is down the ring tone is enabled and the
ring tone can be heard at both the operator telephone and the ex
tension telephone. When the handset is lifted the ringing is
terminated.

The RINGM flag is cleared when the ringing is terminated.

Before ringing an extension telephone two tests are done:

Two operators may never simultaneously be connected to the
same extension telephone. Should the one operator dial the
extension telephone the other operator is connected to, the
other operator is disconnected from that extension tele
phone. The latter caller is connected to the extension tele
phone. The other operator's numeric readout is cleared to
indicate that his call has been terminated.

The second test executed checks that a valid extension tele
phone number is dialled, i.e. the number is zero or is not
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greater than the maximum number allowed (96 for the present
implementation). When an invalid number is dialled ringing
is aborted and program control is immediately returned to
MAINP after clearing the operator numeric readout.

A valid extension telephone number is decoded and stored in the
ring buffer for the particular operator. The operator telephone
voice circuit is connected to the dialled extension telephone and
the audio flag is set in the function status word. If the exten
sion telephone handset is not lifted the LED corresponding to the
extension telephone number starts flashing. The operator tele
phone voice circuit is connected to the dialled extension tele
phone and the audio flag is set in the function status word. The
ringing flag is set and the ring flag remains set in the function
status word.

The dialled extension telephone is checked to see if the handset
has been lifted. Until such time as the handset is lifted or the
call is terminated, the extension telephone is disabled.

Replacing the operator handset or pressing the C-key will
terminate the Ring function.

IV.4.6 Alarm Acknowledge (ACKP)

The ACKP routine servers two main functions:

The operator audio alarm is silenced

A new fault is acknowledged by turning the
flashing fault LEDs on permanently until the
fault is cleared and/or the system reset.

The fault LEDs stop flashing when the fault statuses in the FLSH
data buffer are cleared. The fault LEDs turn on (steady) by logi
cally ORing the FLSH fault data with the COLBUF column data. The
ORed data is stored in the fault status section of COLBUF.

The acknowledged faults are indicated by steady red LEDs on the
mimic status display. These LEDs are enabled via the normal MIMIC
routine.
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IV.4.7 Clear Function (CLRP)

This routine terminates all functions of the operator and is
equivalent to replacing the operator handset.

The clear routine clears the·Clear flag in the appropriate func
tion status word (FNCSTO or FNCST1) and then branches to the
cradle down routine (CRDLDW) which is part of the cradle proce
dure (CRDLP). The CRDLDW routine terminates all operator func
tions.

IV.4.8 Lamp Test (LAMPP)

The lamp test routine has two functions. All the LEDs on the
Status display and all the operator readout segments are all
turned on.

LAMPP indirectly control the LEDs by setting the lamp test flag
in the appropriate function status word (FNCSTO or FNCST1). The
LEDs are then enabled by the MIMIC interrupt service routine.

Before enabling all the segments on the operator readout the data
displayed on the operator readout is buffered. All the segments
are enabled for the lamp test by outputting "88" to the readout.
Once the lamp test has been completed the lamp test flag is
cleared and the ope rator readout data restored to its val ues
prior to the lamp test.

The operator who invoked the lamp test may terminate the lamp
test by 1 ifting and replacing his handset. Replacing of the
handset clears the function status flags and so terminate the
Mimic lamp test.

IV.4.9 Queuing Routines

Queuing routines are subdivided into four routines:

Testing the presence of an extension telephone
number in the queue.

Adding an extension telephone number to the queue.
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Deleting an extension telephone number from the
queue.

Ringing the extension telephone number at the top
of the queue.

Queuing data is stored in a linked list. Each extension telephone
number use two bytes. Therefore all linked list table offsets and
pointer values are double that of the telephone number.

Each telephone number data element is made up of
two bytes: "prev" and "next". The pointer value
to the telephone number data element is there
fore double the value of the telephone number.
See figure VI. 4.

When a telephone number is not in the queue both
its pointer values are 00'6'

Queuing Example:

Refer to Figure VI.4. In this example the extension telephone at
the top of the queue is number 9 (12,6)' FRSTNO points to 1216
(double the value of number 9). The "prev"-byte of extension
telephone number 9 points to 00'6' which means there is no tele
phone number prior to this one in the queue.

The 'next'-byte of extension telephone number 9 is 04, 6 ' and
points to extension telephone number 2.

The 'next'-byte of extension telephone number 2 is 18, 6 ' and
points to extension telephone number 12.

The "next"-byte of telephone number 12 (pointer val ue 18,6) is
00t6' This implies that there is no next telephone in the queue
ana that it is the last telephone in the queue.

Telephone number 12 is the last extension telephone number in the
queue for two reasons. The pointer to the next location is 0016 ,
and LASTNO also points to it.

The "prev"-byte of telephone number 12 (pointer value 1816 )
points to 04'6' or extension telephone number 2.
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Telephone number 2 pointers indicate that the previous telephone
number in the queue is at location 12'6' which is extension tele
phone number 9. The next extension telephone number in the queue
is at location 18'6 ~ which is telephone number 12 (OC'6)'

tel. I
1

pointer
no. value

Linkid list
prev next

1
2
3
4
5
6
7
8
9

10
11
12
13
14

+ 0
+ 2
+ 4
+ 6
+ 8
+ A
+ C
+ E
+ 10
+ 12
+ 14
+ 16
+ 18
+ 1A
+ 1C

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
I

00
00
12
00
00
00
00
00
00
00
00
00
04
00
00

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*I

00
00
18
00
00
00
00
00
00
04
00
00
00
00
00

+
+
+
+
+
+
+
+
+
+
+
+
+
+

t

<-- These two bytes
are not used.

~ FRSTNO

~ LASTNO

IV.4.10

Fig. VI.4. Example of queue in operation.

Check Queue: (CHKQ)

The routine checks the Queue for the presence of a specified Tel
ephone number. There are four possibilities:

i. The extension telephone number is not in
the queue. On completion of the routine,
the A-register contains SFF. -

ii. The extension telephone number is in the
queue and it is linked to other extension
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telephone numbers. A test is made to see
whether these pointers are present. If
these are present, the A-register contains
the extension telephone number on comple
tion of this test. If the test fails, a
third test is done.

iii. The number checked may be the only number
in the queue. Such a number if not I inked
to any other numbers and is therefore both
the first and last extension telephone num
ber in the queue. FRSTNO, the pointer to
the first extension telephone number in the
queue, is tested for correspondence. If the
test is true, the number is the FRSTNO and
the A-register will contain the extension
telephone number on exit. If false, the A
register will contain SFF.

iv.

IV.4.11

The extension telephone number is the
last extension telephone number in the
queue. The test in (iil will locate this
number. Since it is only linked to a pre
vious extension telephone number in the
queue, no numbers follow it. Test (iv) is a
special case of test (ii).

Add to Queue (ADDQ)

The routine adds an extension telephone number to the queue.
There are two possibilities:

i. The queue is empty. The extension tele
phone number to be added will be the first
extension telephone number in the queue.

FRSTNO points to the first extension telephone
number entry in the queue.

ii. The queue is already in use. The exten-
sion telephone number is added to the end
of the queue.
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The last extension telephone number in the queue now becomes the
second last in the queue by making its "next"-byte point to the
new last entry.

The extension telephone number added to the queue becomes the
LASTNO, and its "previous" byte points to the extension telephone
number that has become the second last in the queue.

IV.4.12 Delete from Queue (DELFQ)

The routine deletes the selected extension telephone number from
the queue. CHCKQ must be invoked before calling DELQ to ensure
that the number to be deleted is present in the queue. Three pos
sibilities exist for program control.

i. The extension telephone number to be
deleted is the first number in the queue,
i. e. FRSTNO. The second extension tele
phone number now becomes the FRSTNO, and
the "previous" and "next"-bytes of the ex
tension telephone number to be deleted is
cleared.

ii. The extension telephone number to be
deleted is somewhere in the queue, but not
the FRSTNO or LASTNO. The "previous"-byte
of the extension telephone number following
the to-be-deleted extension telephone num
ber is made the same as the "previous"-byte
of the to-be-deleted ex tensi on tel ephone
number. Also, the "next"-byte of the ex
tension telephone number preceding the to
be-deleted extension telephone number is
made the same as the "next"-byte of the to
be-deleted extension telephone number.
Then the "previous" and "next"-bytes of the
to-be-deleted number is deleted. The to
be-deleted extension telephone number are
now deleted from the queue.

iii. The extension telephone number to be
deleted is the LASTNO. The "next"-byte of
the second last extension telephone number
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in the queue is cleared. The "previous"
and "next"-bytes of the last extension tel
ephone number in the queue is cleared and
LASTNO made to point at the second last
entry in the queue. The old LASTNO is now
deleted.

IV.4.13 Ring Top of Queue (QP)

This program rings the extension number at the top of the queue
simply by pressing the Q-key.

If there are no telephone numbers are in the queue when the Q-key
is pressed program, control is resumed by MAIN?

If the queue is in use, FRSTNO is decoded and displayed on the
operator readout. The extension telephone number is further
decoded and appropriate parameters passed to RING? RING? is
then executed i.e. RING? rings the extension telephone as if the
extension telephone number was dialled from an operator keypad.

- 69 -



An Emergency Fire Telephone System.

IV.5 System Software Flow Charts

Software Design.

.IC:

X:

IF PERIODIC INTERRUPT THEN DO
DECREMENT ~.sEC COUNTER
DECREME~7 IRQ~7 COUNTER
IF IRQCNT ZERO THEN DO

EQUATE IRQCNT TO FLASHTIME (FLSHTM)

I I~~ERT FLASH (FLSH) FLAG IN SYSTEM FLAG (SYSFLG)
IS LAMP TEST FLAG SET

ELSE THEN
IF FLASH FLAG SET

ELSE - THEN
OUTPUT: COLD - COLBLT (NCOL~) ENABLE ALL
COLBUF (NCOLM) TO OR FLSH (NCOLM)

COLD COLUMNS
DECREME~7 NCOLM DECREME~7 NCOLM
COLBUF (NCOLM TO COLl = COLBUF (NCOLM)
COLI OR FLSH (NCOLM)
DECREMENT NCOLM DECREMENT NCOLM
COLBUF (NCOLM) TO COL2 = COLBUF (NCOLM)
COL2 OR FLSH (NCOLM)
DECREMENT NCOLM DECREMENT NCOLM
COLBUF (NCOLM) TO COL3 • COLBUF (NCOUl)
COL3 OR FLSH (NCOLM)
IF NCOLM = 0 THEN DECREMENT NCOLM

JCOLM = 23 IF NCOLM • 0 THEN

I NCOLM • 23
ROW = MASK (NROW)
IDECREMENT NROW

IF NROW o THEN
I NROW = 5

IF ANY CRADLE IS SET THEN THEN
IF CRADLE 0 IS SET

THEN THEN
PASS PARAMETER· 0 I PASS PARAMETER· 1
CALL CRADLP (CRADLE PROCEDURE)

IF ANY KEYBOARD FLAG IS SET THEN -
IF KYBO IS SET

mw ELSE
IbET KEYBOARDO INPUT FROM KYBRD I GET KEYBOARD 1 INPUT FROM KYBRD
IPIA & STORE IN KYBINP(O) PIA & STORE IN KYBINP(l)
CALL KYBRDP (KEYBOARD PROC)

RETURN FROM INTERRUPT

NOTE: COLBUF (13) = FLASH (1)
COLBLT (23) = FLASH (11)
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)SP:

illP:

IF NONE OF THE CRADLE'S HAVE BEEN PUT DOWN THEN
!RETURN FROM SUBROUTINE

RESET CRADLE IRQ'S
IF AUDIO OR RING MODE FLAGS ARE SET THEN
lDISABLE LED OR PRONO CONNECTED TO : JSR CHGLED
lDISABLE OPERATOR RINGING : JSR BUZZR
IDISCONNECT AUDIO FROM EXTENSION : JSR AUDIO

CLEAR KYBUF (OU) (KEYBOARD BUFFER)
CLEAR OPERATOR DISPLAY : JSR LINKP
CLEAR FUNCTION STATUS FLAGS
RETURN FROM SUBROUTINE

GET KYBINP (OP') (KEYBOARD INPUT)
DO CASE

ERED LAMP TEST ALARM ACCEPT CLEAR RING NUMBER 0 - 9
KEY

SET LAMPM SET ACKM SET CLRM SET RINGM mICE OLD LSD

IFLAG FLAG FLAG FLAG NEW MSD
~D NEW DIGIT
IDISPLAY DATA :
ILINKP

1t(l:;00UKN FROM SUBROUTINE
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DO FOREVER
CLEAR IRQ MASK
RESET Io.'TCHDG
DO CASE (FNCST (OPRN2»

RINGM ACKM QM CLRM LAMPM
FLAG FLAG
JSR JSR JSR JSR JSR
RING ACKP QP CLRP LAMPP

RESET WTCHDG (WATCHDOG)
INVERT OPRNO (OPERATOR NO. 0 OR 1)
TEST FOR STATUS CHANGES : TSTCHG

rCHG

CHANGE STATUS BUFFER NO. I
GET ACTIVE STATBUF ADDRESS
JSR MAKEBUF
MAKE NEW STATUS BUFFER
DO MUXNO - 23 TO 0

IF THERE IS A CHANGE IN STATUS THEN
FIND BIINO OF CHANGED BIT
FIND NEW STATUS OF CHANGED BIT
____ IF NEW STATUS OF BIT - 1

NO __ YES
TURN FLASHING

\
SET LED

~

LED OFF FLASHING
IF MUXNO"'- 11 (PHONE) THEN _

GET PHONO NO 0 CHANGED STATUS
~SET BEEN LIFTED

YES NO
PUT PHONE I DELETE PHONE
IN Q NO FROM Q
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LAMFP

OUTPUT "88" TO OPERATOR DISPLAY
DELAY FOR TSTIME (TEST TIME)
RESTORE OPERATOR DISPLAY
CLEAR LAMP TEST FLAG IN FNCST (OP#)

CLRP

CLEAR ALL FLAGS IN FNCST (OPt)
CLEAR OPERATOR DISPLAY

ACKP

MAKE ALL FLASHING 'FAULT' LED'S
STEADY

STOP BUZZER RINGING

RINGP

Software Design.

IF SAME PHONO RUNG AS OTHER OP THEN
iRETURN

Lt RNGNG FLAG IS NOT SET THEN
I SET RNGNG FLAG

IF PRONO IS NOT VALID THEN
1 RETURN

FLASH GREEN LED
CONNECT OP# PHONE TO PHONO

JSR AUDIO .
RING PHONO

n PHONO HAS BEEN ANSWERED THEN
STOP RINGING
CLEAR RNGNG FLAG
MAKE GREEN LED STEADY .

IRJ'TURN
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KEYBOARD & LAYOUT:

KEYBOARD CODES:

1 2 3 I Q
4 5 6 RING
7 8 9 DIAl

LAMP 0 ACK CL

I 1 5 I 9 , D
0 4 I 8 I C
2 6 I 4 I E
3 7 I B I F
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OPERATOR INSTRUCTIONS

~ CONTROL CENTRE

V.1.1 Incoming Calls

The audio alarm sounds and a flashing green LED on the Mimic in
dicates the calling Extension telephone.

The operator lifts a telephone handset. This cancels the audio
alarm.

Press the Q-key to connect to the incoming call. The flashing
green LED turns on permanently and the numeric readout displays
the Extension telephone's number.

The operator telephone is now connected to the Extension tele
phone.

The operator terminates the call by either replacing the handset
or pressing the C-key.

In the case of queued calls, first terminate the present call (C
key) before connecting to the next in the queue (Q-key).

Once a call is terminated, the operator may directly ring any Ex
tension telephone or connect to the next Extension telephone in
the queue.

NOTE: No audible alarm sounds when anyone of the operator hand
sets have been lifted. Should the operator replace his handset
before all the incoming calls have been answered, the audio alarm
will NOT sound again, however the green LED will remain flashing
as long as the Extension telephone handset remains lifted.

Once the audio alarm has been silenced and the operator handset
replaced, the audio alarm will sound again until another Exten
sion telephone handset is lifted.

V.1.2 Outgoing Calls

Lift the operator handset and enter the Extension terephone num
ber on the keypad. Press the R-key (RING) to ring the Extension
telephone.

- 75 -



An Emergency Fire Telephone System. Operator Instructions.

The green LED, corresponding to the Extension telephone, will
flash while the Extension telephone is ringing.

When the Extension telephone is answered, the green flashing LED
stops flashing and becomes steady. Communication may now proceed.

The operator replaces his handset or presses the C-key to
terminate the call. The green LED then turns off.

NOTE: Only the operator can terminate a call.

Replacing the Extension telephone handset will not terminate a
call. After replacing the Extension telephone handset the opera
tor telephone voice signals will be amplified to an extra high
volume level until the operator terminates the call.

V.1.3 FAULT CONDITIONS

When a fault occurs the corresponding red LED flashes. If neither
of the operator handsets are lifted the audio alarm sounds.

Press the A-key to acknowledge and silence the alarm. The flash
ing red LED stops flashing and turns on permanently.

The operator reports the fault to the Technical Staff.

NOTE: Intermittent audio alarms may be eliminated by lifting
an operator handset off the cradle.

No audio alarms can sound with the operator handset lifted and
incoming calls may so be missed.

V.2 EXTENSION TELEPHONE

V.2.1 To make a call.

The caller lifts the handset and waits for the Control Centre op
erator to answer. After conversing the handset is replaced.

V.2.2 To receive a call.

The Extension telephone will ring. When the handset is lifted the
ringing terminates. The user may now converse with the Control
Centre operator.
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V.3 LAMP TEST

Operator Instructions.

When the L-key is pressed all the LED's and the numeric readout
of the one operator telephone are turned on.

The operator numeric readouts may be tested independent from the
mimic status display by pressing the black button on the operator
telephone.

V.4 GENERAL

When in doubt pres s the C-key. This has the same effect as
replacing the handset which cancels all previous commands and
keyboard entries.

The only two operator functions that can be executed with the
handset on the cradle are the Lamp test and Alarm acknowledge
ment.

The two operators cannot simultaneously communicate with the same
Extension telephone. The call may be interrupted by the second
operator by him dialling the same extension telephone number. The
first operator will then be cut off.

A lamp test is automatically executed after power up or after
system reset.
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Chapter VI.

SYNOPSIS.

Synopsis.

It is good practice to determine whether the design attained the
original objective.

The following factors restrained attainment of the original goal:

The restrictive budget curbed more ingenious solutions.

The modulation technique used restricted the remodeled de
sign and the resulting audio quality.

Few failings have been found in the present design beyond those
originating from the alluded restraints.

The modulation technique used, i.e. using both AM and audio,
resulted in an inferior audio quality.

In order to obtain the required gain in the audio circuitry
the audio and AM bandwidths had to be restricted regardless
of the effect.

The hybrid network and amplifier circuit has been adjusted
to operate marginally below the point of oscillation where
positive feedback results. Even so, sometimes the volume has
been found to be insufficient, or oscillations have
resulted.

The use of dedicated filtering ICs is probably the most eco
nomical way to improve the audio quality. Superior filtering
characteristics are possible with these devices. Research
has found it to be relatively costly. One Chebychev filter
IC costs approximately the same as the microcomputer board
would cost to manufacture. At least three of these devices
would be required - once again fluked by the budget.

A practical issue has been over looked regarding the - queuing of
incoming calls. The person at the extension telephone has no
indication that an operator has in fact received his call.
Some discernible form of acknowledgment would be a distinct
enhancement.
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Substituting the red and green LEDs with single dual color LEDs
will aestheticly enhance the Mimic display even though the
dual colour LEDs are more expensive than two single colour
LEDs.

Personally I would have preferred using standard balanced line
telephones. This would have been a viable solution if the
previous extension telephones were discarded. However, the
previous system had to be expanded, and could not replaced.

Ultimately the EFTS can be regarded as economical, durable and
reliable and uncomplicated with a reasonable audio quality.
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~ APPENDICES.

~ Features of the Emergency Fire Telephone System.

The Emergency Fire Telephone System provides communication be
tween various selected places, distributed throughout the Cape
Town Administrative Centre (CTACC), i.e. from the tower block,
the podium, and the foyer, to the Security Control Centre on the
first floor in the podium block.

The system has the following facilities:

Communication from the control centre to an Exten
sion telephone, with ring capability.

Communication from the Extension telephone to the
control centre, also with ring facility.

Simultaneous two way communication is provided be
tween one operator at the control centre and an
Extension telephone.

Line monitoring of all Extension telephone lines
for short circuit pnd open circuit detection.

Line status and fault status indication of all Ex
tension telephones.

An operator can only communicate with one Exten
sion telephone at anyone time. An Extension tele
phone is selected by means of a two digit tele
phone number dialled on the Operator telephone.

Ring and Clear facilities are provided on the Op
erator keyboard.

The "ring" and "fault" statuses of all Extension
telephones are displayed.
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Telephone circuitry is designed to operate on a
nominal 24V supply.

A.1.1 System Layout.

A.1.1.1 Extension Telephones.

The Extension telephone receives a normal audio signal from the
Operator telephone and amplifies it. However, the signal from the
Extension telephone to the Operator is an A.M. signal with a 14
kHz carrier frequency.

Each of the Extension telephones is provided with an unbalanced
wire pair: one is the ground line, and the other carries the
audio, the A.M. voice signals, and the 12V power.

A.1.1.2 Rack and Console.

The line monitoring boards multiplex the speech lines and monitor
each of the Extension telephone lines. Each Extension telephone
is addressed by a specific code which connects the Extension tel
ephone to the Operator telephone. The line statuses are monitored
and output to the status display boards.

Speech processing is accomplished by demodulating the A.M. voice
signal from the Extension telephone and amplifying it to the Op
erator earpiece. The Operator microphone signal is amplified and
directly output to the Extension telephone.

A.1.2 The Improvements.

The original system had become unreliable and no circuit diagrams
or documentation were available for system maintenance.

The system required expansion for improved utilization. The
original fifty four Extension telephones had to be increased to
ninety six. With the additional Extension telephones a second op
erator decrease operator workload under emergency conditions.

Answering multiple calls on a FIFO basis necessitated a queueing
facility. New incoming calls would be queued when the operator
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was bUsy with a call, and he would then not be distracted by new
calls.
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A.2 Software Module Description.

RESET
FMSB
VALBIT

SETBIT

IRQP

MIMIC

KYBRDP

CRDLP

LINKP
KYBX

MAINP
WTCHDG
TSTCHG

MAKBUF

CHGLED

ACKP
LAMPP
DELAYP
DELAYR
RINGP
QP

AUDIO

PHDCOD
PHECOD

System Initialization.
Find most significant bit.
Determine value of specified bit within a
byte.
Sets/Clears specified bit within a byte.

Interrupt priority determining service
routine.
Mimic display control: interrupt driven
routine.
Keyboard decoding procedure: Interrupt ser
vice routine.
Cradle procedure: Interrupt service
routine.
Operator readout procedure.
Operator keyboard procedure.

Main procedure.
Watchdog reset routine.
Tests for changes in Extension telephone
statuses.
Debounces and reads Extension telephone
statuses into status buffers.

Changes/Sets mimic LED statuses:
off/flash/on.
Alarm acknowledge routine.
Lamp test procedure.
Delay procedure: real time interrupt.
Delay procedure: repetitive loop.
Ring extension telephone procedure.

Ring extension telephone at top of the
queue.

Dis/connect an Extension telephone from/to
an operator.
BCD telephone no. to bit and byte code.
Phone number encode: Byte and bit code to
BCD phone number.
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STROBE

BUZZR

DECBIN
CHKQ
ADDQ
QPHON

Strobes Extension telephone address into
Telephone Controller Board data latch.
Operator and/or Extension telephone ring
controller.
BCD to binary conversion.
Checks for Extension telephone in queue.
Adds Extension telephone to queue.
Queueing control routine: section of
TSTCHG.
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A.3 List of Variables.

SYSFLG

FNCSTO
FNCST1

BUFNO

BUFADD

MSEC

IRQCNT

KYBUFO
KYBUF1
NCOLM
NROW
BYTNO

BITNO

STTPTR
OPRNO
KYBINP
STTBUF
STBUF1
COLBUF

FLSH

FRSTNO
LASTNO
QUE
TSTCNT

Bytes

1

1
1

1

2

1

2

2
2
1
1
2

2

2
1
2
1
1
24

24

1
1
192
192

Description

System Status Flag
b1: FLASH-ON
Function Status Word, Operator O.
Function Status Word, Operator 1.
b7: ACKM
b6: LAMPM
b5: RINGM
b4: not used
b3: QM
b2: CLRM
b1: AUDIOM
bO: RINGNG
Active Status Buffer number: 0 or
1, used as pointer.
Status Buffer Address: Contains ad
dress of STTBUF or STBUF1.
Real Time Interrupt counter; max of
$9999.
Inte rrup t Counter; counts to
FLSHTIM before reset.
Keyboard 0 Data Buffer.
Keyboard 1 Data Buffer.
Mimic COLumn counter.
Mimic ROW counter.
Extension Telephone decoder: byte
pointer, BYTNO, BYTN1.
Extension Telephone decoder: bit
pointer, BITNO, BITN1.
Status pointer: STTPTR, STPTR1.
Operator number pointer; 0 or 1.
Keyboard input code.
Status Buffer O.
Status Buffer 1.
Column data buffer for Mimic: Mimic
LED status.
Flash data buffer for Mimic: flash
ing LED status.
First number in queue.
Last number in queue.
Queue tables.
Debounce counter table.
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PIA3A $200C Bit No Name Function

:::'7:::1 KYBRD1 : b3, lIP

=~=I
KYBRD1 : b2, lIP
KYBRD1 : b1, !lP
KYBRD1 : ba, !lP

3 KYBRDO: b3, !lP
_2_ KYBRDO: b2, !lP

1 KYBRDO: b1 , !lP
:::0::: KYBRDO: ba, lIP

CR3A $200D I-~:::I KYSTRBO !lP
KYSTRB1 !lP

PIA3B $200E Bit No Name Function

7 OPX alP
_6_ PHONO alP
5 PHONO alP
4 PHONO alP

_3_ PHONO alP
2 PHONO alP

-1- PHONO alP
-0- PHONO alP

CR3B $200F

l=r=1
Not used
Not used

PIA4A $2010 Bit No Name Function

7- Not used
6 Not used

:::5::: Not used
4 CRDSEL alP

_3_ CRDSEL alP
2 CRDSEL OIP

-1- MUXSEL OIP
:::0::: MUXSEL OIP

CR4A $2011

,=r='
Not used
Not used
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PIA4B $2012 Bit No Name Function

7 STATUS OIP
6 STATUS OIP

-S- STATUS OIP
4 STATUS OIP

3"- STATUS OIP
-2- STATUS OIP

1 STATUS OIP
0 STATUS OIP

CR4B $2013
I-~-I

CRADLO, IRQB1 I/P
CRADL1, IRQB2, I/P

PIASA $2014 Bit No Name
Function

7 LINKO, DIG1A, MSD OIP
6 LINKO, DIG1A, MSD OIP

-S- LINKO, DIG1A, MSD OIP
-4- LINKO, DIG1A, MSD OIP

3 LINKO, DIG1B, MSD OIP
-2- LINKO, DIG1B, MSD OIP

1 LINKO, DIG1B, MSD OIP
-0- LINKO, DIG1B, MSD OIP

CR5A $201S
I-~-I

Not used
Not used

PIASB $2016 Bit No Name Function

7 LINK1 , DIG2A, LSD OIP
6 LINK1, DIG2A, LSD OIP

-S- LINK1, DIG2A, LSD OIP
4 LINK1, DIG2A, LSD OIP

3 LINK1, DIG2B, LSD OIP
-2- LINK1, DIG2B, LSD OIP

1 LINK1, DIG2B, LSD OIP
-0- LINK1, DIG2B, LSD OIP

CRSB $2017 I=~=I Not used
Not used
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$2014

$2010

$200C

$2008

$2004

$2000

$FFFF

$FFFO

$F800

$FOOO

$COOO

$2017

$2013

$200F

$200B

$2007

$2003

$07FF

$0000

Vectored
Interrupts

2716 EPROM

2732 EPROM

2764 EPROM

PIA 5

PIA 4

PIA 3

PIA 2

PIA 1

PIA 0

6116
RAM

Memory Map of System.
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A.6 Operator Command Summary.

R Rings the
keyboard
readout.

Extension telephone number entered on the
and displayed on the operator numeric

Cannot ring extensions 0, 97, 9B, 99.

Ringing the Extension telephone to which the other op
erator is connected to disconnects the Extension tel
ephone from that operator and transfers the call to
the other operator.

Q Connects the operator to the Extension telephone at
the top of the queue.

Before making a new call to an Extension telephone the
present call must be terminated.

A Acknowledges a new alarm and silences the audio alarm.

The flashing fault LED turns on permanently.

C Clears the operator display and all functions.

L Executes a lamp test of the Mimic display and operator
readout.
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A.7 Board Function Schedule.

A.7.1 Computer Board.

A Connector (Top) B Connector (Bottom)

a c Pin No. a c

+5V +5V 1 N.C. N.C.
CB2/1 CB2/0 2 PIA3A/7 PIA2A/7
CB1/1 CB1/0 3 PIA3A/6 PIA2A/6

PIA 1B/7 PIAOB/7 4 PIA3A/5 PIA2A/5
PIA1B/6 PIAOB/6 5 PIA3A/4 . PIA2A/4
PIA1B/5 PIAOB/5 6 PIA3A/3 PIA2A/3
PIA1B/4 PIAOB/4 7 PIA3A/2 PIA2A/2
PIA1B/3 PIAOB/3 8 PIA3A/1 PIA2A/1
PIA1B/2 PIAOB/2 9 . PIA3A/0 PIA2A/0
PIA1B/1 PIAOB/1 10 CA2/3 CA2/2
PIA1B/0 PIAOB/O 11 CA1/3 CA1/2
PIA1A/7 PIAOA/7 12 CA2/5 CA2/4
PIA1A/6 PIAOA/6 13 CA1/5 CA1/4
PIA1A/5 PIAOA/5 14 CB2/5 CB2/4
PIA1A/4 PIAOAl4 15 CB1/5 CB1/4
PIA1A/3 PIAOA/3 16 PIA5B/7 PIA4B/7

a c Pin No. a c
PIA1A/2 PIAOA/2 17 PIA5B/6 PIA4B/6
PIA1A/1 PIAOA/1 18 PIA5B/5 PIA4B/5
PIA1A/0 PIAOA/O 19 PIA5B/4 PIA4B/4

CA2/1 CA2/0 20 PIA5B/3 PIA4B/3
CA1/1 CA1/0 21 PIA5B/2 PIA4B/2
CB2/3 CB2/2 22 PIA5B/1 PIA4B/1
CB1/3 CB1/2 23 PIA5B/0 PIA4B/0

PIA3B/7 PIA2B/7 24 PIA5A/7 PIA4A/7
PIA3B/6 PIA2B/6 25 PIA5A/6 PIA4A/6
PIA3B/5 PIA2B/5 26 PIA5A/5 PIA4A/5
PIA3B/4 PIA2B/4 27 PIA5A/4 PIA4A/4
PIA3B/3 PIA2B/3 28 PIA5A/3 PIA4A/3
PIA3B/2 PIA2B/2 29 PIA5A/2 PIA4A/2
PIA3B/1 PIA2B/1 30 PIA5A/1 PIA4A/1
PIA3B/0 PIA2B/0 31 PIA5A/0 PIA4A/0

N.C. N. C. 32 OV OV
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A.7.2 Telephone Controller Board.

A Connector (Top) B Connector (Bottom)

a c Pin Ne. a c

+5V +5V 1 STSELO STROBE
MUXA A 2 STSEL1 PSEL7
PHON3 3 STMXA1 STMXAO
MUXA B 4 STMXA3 STMXA2
PHON2 5 KYPO
MUXA C 6 KYBRDD KYP1

7 KYBRDC KYP2
PHON1 8 KYBRDB KYP3

9 KYBRDA
+14V +14V 10

11 KYSTRB KYP4
PHON4 12 KYP7 KYP5
PHON9 13 KYP6
PHON5 14 STSEL2
PHON8 15 STSEL3
PHON6 16 STSEL4

PHON7 17 STCRDS1
18 STCRDS2
19 STCRDS3
20 STCRDS4 STCRDS7

PHON10 21 STCRDS5
PHON15 22 STCRDS6
PHON11 23 OV OV
PHON14 24 +24V +24V
PHON12 25 +10V +14V
PHON13 26 +20V RNGOP

27 RNGMXO RNGMX1
28 OPRNG

PSEL4 PSEL3 29 MXRNG
PSEL5 PSEL2 30 OPX
PSEL6 PSEL1 31 OPX
PSELO PSELCS 32 +24V MUX
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A.7.3 Multiplexer Monitor Board.

A Connector (Top) B Connector (Bottom)

a c Pin No. a c
PSEL4 PSEL3 29 MXRNG

+5V +SV 1 ZP7 ZP6
+24V +24V 2 ZP9 ZP8
STATO STAT7 3 ZP11 ZP10
STAT1 STAT6 4 MUX1
STAT2 STATS S

6
7

STAT3 STAT4 8
9 OP1 CSO

10 OP#1 BSELA
11 OP#1 BSELB OP#1 BSELC
12
13 OP~ CS1
14 +14V +14V

ZP1 ZP2 15 +20V +20V
ZP3 ZP4 16 +10V +10V
ZP5 17 OV OV

18 ZP12 ZP13
19 ZP14 ZP15
20 ZP16
21

MUXO 22
23
24 STAT7

OP~ CSO 2S STATO
OP#O BSELA - 26
OP#O BSELB - 27 STAT6
OP#O BSELC 28 STAT1 STATS
OP1 CS1 29 STAT2
STCRDSEL 30
STBYTO STBYT3 31 STAT4
STBYT1 STBYT2 32 STAT3

a c Pin No. a c

A Connector (Top) B Connector (Bottom)
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A.7.4 Multiplexer Monitor Board Interconnections.

Appendices.

IC Edge PHON-llFAULT rc No MUX Addr I Voice:
No Conn Ac;1d,. /pin Phone No./ Mux No.

U17/13
U1 A15c 24/3 0 22/3 U19/13 0 1/0 17/2 33/4 49/6 65/8 81/A

U17/14
U2 A15a 24/4 1 22/4 U19/14 1 2/0 18/2 34/4 50/6 66/8 82/A

U17/15
U3 A16c 24/7 2 22/7 U19/15 2" 3/0 19/2 35/4 51/6 67/8 83/A

U17/12
U4 A16a 24/8 3 22/8 U19/12 3 4/0 20/2 36/4 52/6 68/8 84/A

U17/1
U5 A17c 24/13 4 22/13 U19/1 4 5/0 21/2 37/4 53/6 69/8 85/A

U17/4
U6 B1a 24/14 5 22/14 U19/4 7 6/0 22/2 38/4 54/6 70/8 86/A

U17/5
U7 B1c 24/17 6 22/17 U19/5 5 7/0 23/2 39/4 55/6 71/8 87/A

U17/2
U8 B2a 24/18 7 22/18 U19/2 6 8/0 24/2 40/4 56/6 72/8 88/A
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A.7.4 Multiplexer Monitor Board Interconnections. (Continued)

IC Edge PHON_I_IFAULT rc No MUX Addr I Voice:
No Conn Add . /pin Phone No./ Mux No.

U18/13
U9 B2c 25/3 0 23/3 U20/13 0 9/1 25/3 41/5 57/7 73/9 89/B

U18/14
U10 B3a 25/18 7 23/18 U20/14 1 10/1 26/3 42/5 58/7 74/9 90/B

U18/15
U11 B3c 25/4 1 23/4 U20/15 2 11/1 27/3 43/5 59/7 75/9 91/B

U20/12
U12 B18c 25/17 6 23/17 U18/12 3 12/1 28/3 44/5 60/7 76/9 92/B

U18/1
U13 B18a 25/7 2 23/7 U20/1 4 13/1 29/3 45/5 61/7 77/9 93/B

U18/5
U14 B19a 25/14 5 23/14 U20/5 5 14/1 30/3 46/5 62/7 78/9 94/B

U18/2
U15 B19a 25/8 3 23/8 U20/2 6 15/1 31/3 47/5 63/7 79/9 95/B

U18/4
U16 B20c 25/13 4 23/13 U20/4 7 16/1 32/3 48/5 64/7 80/9 96/B

How to use this table:

Take Extension Telephone 72 as an example. This Extension tele
phone is monitored and multiplexed on MUltiplexer Monitor Board
M4. The 8 of the 72/8 is the mux no of the multiplexer chip; the
total is 12, two per board. U17 and U19 are accessed with an ad
dress of 6 for telephone number 72.

The Extension telephone line is connected to pin B2a on the edge
connector. Status monitoring is done by U8. Telephone handset
status is input to data buffer U24 pin 18, and the fault status
input at U22 pin 18.
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The handset status of this telephone is bit 6 of the STATUS word
and the fault status is b7 of that STATUS word. The voice signals
are input to the multiplexer I.C.s on U17 pin 2 and U19 pin 2.
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A.8.1 Power Supplies.

Appendices.

+5V +24V
Supply Supply

Pin No. Pin No.
Input:

+60V 28 28
(earthed) 30 30

OV 24 24
26 26

Outputs:
Ground 32 32

System OV 12 12
16 16

OV Sense 10 10

+5V 4
8

+5V Sense 6

+24V 4
8

+24V Sense 6
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A.8.2 Operator Telephone and Readout. (LINK)

Operator Cabinet
Phone Rear
D-25 Panel Function

1 1 +5V 0
2 2 KYB COLO P
3 3 LSD A E
4 4 KYB COL1 R
5 5 LSD D A
6 6 KYB COL2 T
7 7 LSD C 0
8 8 KYB COL3 R
9 9 LSD B

10 10 KYB ROWO 0

11 11 MSD A 0
12 12 KYB ROW1 P
13 13 MSD D E
14 14 KYB ROW2 R
15 15 MSD C A
16 16 KYB ROW3 T
17 17 MSD B 0
18 18 CRADLEO R
19 19 OV
20 20 Not used 0

VOICE signals are connected to pins 24 and 25.
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Operator Cabinet
Phone Rear

D-25 Panel Function

1 21 +5V 0
2 22 KYB COLO P
3 23 LSD A E
4 24 KYB COL1 R
5 25 LSD D A
6 26 KYB COL2 T
7 27 LSD C 0
8 28 KYB COL3 R
9 29 LSD B

10 30 KYB ROWO 1

11 31 HSD A 0
12 32 KYB ROW1 P
13 33 HSD D E
14 34 KYB ROW2 R
15 35 HSD C A
16 36 KYB ROW3 T
17 37 HSD B 0
18 38 CRADLE1 R
19 39 OV
20 40 Not used 1

VOICE signals are connected to pins 24 and 25.
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A.8.3 Operator Telephone to Telephone Controller Boards.

Operator 0:

Telephone Controller
Function Board 0 LINK

KYBRDO: KYB COLO/KYPO B5a 2
KYB COL1/KYP1 B6a 4
KYB COL2/KYP2 B7a 6
KYB COL3/KYP3 B8a 8
KYB ROWO/KYP4 B11a 10
KYB ROW1/KYP5 B12a 12
KYB ROW2/KYP6 B13c 14
KYB ROW3/KYP7 B12c 16

Operator 1:

Telephone Controller
Function Board 1 LINK

KYBRD1 : KYB COLO/KYPO B5a 22
KYB COL1/KYP1 B6a 24
KYB COL2/KYP2 B7a 26
KYB COL3/KYP3 B8a 28
KYB ROWO/KYP4 B11a 30
KYB ROW1/KYP5 B12a 32
KYB ROW2/KYP6 B13c 34
KYB ROW3/KYP7 B12c 36
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A.B.4 Mimic Wiring.

Column No. Function

1 COLO
2 COL1
3 COL2
4 COL3
5 COL4
6 COL5
7 COL6
8 COL7
9 COLB

10 COL9
11 COL10
12 COL11
13 COL12
14 COL13
15 COL14
16 COL15
17 COL16
18 COL17
19 COL18
20 COL19

21 COL20
22 COL21
23 COL22
24 COL23
25 COL24
26 COL25
27 COL26
28 COL27
29 COL28
30 COL29
31 COL30
32 COL31
33 OP RNG: OV
34 OP RNG
35 ROWO
36 ROW1
37 ROW2
38 ROW3
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39
40

ROW4
ROW5

Appendices.

A.B.4 Mimic Wiring. (Continued)

Computer Mimic
Function Board Panel

+5V A1a
+5V A1c +5V

B32a
OV B32c OV

ROWO A19a 35
ROW1 A18a 36
ROW2 A17a 37
ROW3 A16a 38
ROW4 A15a 39
ROW5 A14a 40

COLO A19c 1
COL1 A18c 2
COL2 A17c 3
COL3 A16c 4
COL4 A15c 5
COL5 A14c 6
COL6 A13c 7
COL7 A12c 8

COLB A11c 9
COL9 A10c 10
COL10 A9c 11
COL11 ABc 12
COL12 A7c 13
COL13 A6c 14
COL14 A5c 15
COL15 A4c 16
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Computer Mimic
Function Board Panel

COL16 B9a 17
COL17 B8a 18
COL18 B7a 19
COL19 B6a 20
COL20 B5a 21
COL21 B4a 22
COL22 B3a 23
COL23 B2a 24

COL24 B2a 25
COL25 A3a 26
COL26 A29a 27
COL27 A28a 28
COL28 A27a 29
COL29 A26a 30
COL30 A25a 31
COL31 A24a 32

OP RNG:OV 33
OP RNG 34 B28c

on the
Telephone
Controller
Board 1
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A.8.S Backlane Wiring.
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Computer Telephone Multiplexer Monitor Boards
Board Controller MO M1 M2 M3 M4 MS

0 .1

B32a B23a B23a B17a B17a B17a B17a B17a B17a
o V B32c B230 B230 B170 B170 B170 B170 B170 B170

A1a A1a A1a A1a A1a A1a A1a A1a A1a
+S V A10 A10 A10 A10 A10 A10 A10 A10 A10

B24a B24a A2a A2a A2a A2a A2a A2a
+24 V B240 B240 A20 A2c A20 A20 A20 A20

B320 B320

B16a B16a B16a B16a B16a B16a
+10 V B250 B160 B160 B160 B160 B160 B160

B14a B14a B14a B14a B14a B14a
+14 V B25a A25a B14c B140 B140 B14c B140 B140

B15a B15a B15a B15a B15a B15a
+20 V B260 B150 B150 B150 B150 B150 B150

PSELO A310 A320 A320
PSEL1 A300 A31a A31a
PSEL2 A290 A30a A30a
PSEL3 A280 A29a A29a
PSEL4 A27c A290 A290
PSEL5 A260 A300 A300
PSEL6 A25c A310 A310
PSEL7 A240 B2a

STSELO B31a B10
STSEL1 B30a B20
STSEL2 B29a B140
STSEL3 B28a B15a
STSEL4 B27a B16a
STROBE A22c B1a
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KYBRDO B9c B9c
KYBRDOB BBc BBc
KYBRDOC B7c B7c
KYBRDOD B6c B6c

Appendices.

PSEL CS A32a A32a

A.8.S Backplane Wiring. (Continued)

Computer Telephone
Board Controller

Q J.

STMXAO B3a
& STBYTO
STMXA 1 B3c
& STBYT1
STMXA2 B4a
& STBYT2
STMXA3 B4c
& STBYT3

KYBRD1A B5c B9c
KYBRD1B B4c BBc
KYBRD1C B3c B7c
KYBRD1D B2c B6c

KYSTRBO B11c B11c
KYSTRB1 B10c B11c

Multiplexer Monitor Boards
MO M1 M2 M3 M4 M5

A31c A31c A31c A31c A31c A31c

A32c A32c A32c A32c A32c A32c

A32a A32a A32a A32a A32a A32a

A31a A31a A31a A31a A31a A31a
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A.8.5 Backplane Wiring. (Continued)

Telephone Multiplexer Monitor Boards
Function Controller MO M1 M2 M3 M4 M5

0 .1

IMUXA A/OPO BSELA A2c A26c A26c A26c A26c A26c A26c
IMUXA B/OPO BSELB A4c A27c A27c A27c A27e A27e A27e
IMUXA C/OPO BSELC A6e A28e A28e A28e A28c A28e A28e

IIMUXA A/OP1 BSELA A2e B10e B10e B10e B10e B10e B10c
IIMUXA B/OP1 BSELB A4e B11e B11e B11e B11e B11e B11e
IIMUXA C/OP1 BSELC A6e B11a B11a B11a B11a B11a B11a

Computer Telephone Multiplexer Monitor Boards
Function Board Controller MO M1 M2 M3 M4 M5

0 .1

RNG MXO A10a B27e
RNG MX1 A9a B27a
RNG OP A11a B26a

OPX B30e B30e
OPX B31e B31e

MUX RNG/MUX1 B2ge B32a

STCRDSELO B16e A30e
STCRDSEL1 B17e A30e
STCRDSEL2 B18e A30e
STCRDSEL3 B1ge A30e
STCRDSEL4 B20e A30e
STCRDSEL5 B21e A30e
STCRDSEL6 B22e
STCRDSEL7 B20a

MUXO B32a A22e A22e A22e A22e A22e A22e
MUX1 B32a B4e B4e B4e B4e B4e B4e
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A.8.5 Backplane Wiring. (Continued)

Telephone Multiplexer Monitor Boards
Function Controller MO M1 M2 M3 M4 M5

0 1-

IPHON1/0PO CSO A8c A25c
IPHON2/0PO CS1 A5c B13c
IPHON3/0PO CSO A3c A25c
IPHON4/0PO CS1 A12c B13c
IPHON5/0PO CSO A14c A25c
IPHON6/0PO CS1 A16c B13c
IPHON7/0PO CSO A17c A25c
IPHON8/0PO CS1 A15c B13c
IPHON9/0PO CSO B13c A25c
IPHON10/0PO CS1 A21c B13c
IPHON11/0PO CSO A23c A25c
IPHON12/0PO CS1 A25c B13c
IPHON13/ A26c
IPHON14/ A24c
IPHON15/ A22c

IIPHON1/0P1 CSO A8c A29c
IIPHON2/0P1 CS1 A5c B9c
IIPHON3/0P1 CSO A3c A29c
IIPHON4/0P1 CS1 A12c B9c
IIPHON5/0P1 CSO A14c A29c
IIPHON6/0P1 CS1 A16c B9c
IIPHON7/0P1 CSO A17c A29c
IIPHON8/0P1 CS1 A15c B9c
IIPHON9/0P1 CSO A13c A29c
IIPHON10/0P1 CS1 A21c B9c
IIPHON11/0P1 CSO A23c A29c
IIPHON12/0P1 CS1 A25c B9c
IIPHON13/ A26c
IIPHON14/ A24c
IIPHON15/ A22c
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A.8.S Backplane Wiring. (Continued)

Computer Telephone Multiplexer Monitor Boards
Function Board Controller MO M1 M2 M3 M4 M5

0 .1

A3c A3c A3c A3c A3c A3c
STATUS 0 B23c B25c B25c B25c B25c B25c B2Sc

A4c A4c A4c A4c A4c A4c
STATUS 1 B22a B28c B28c B28c B28c B28c B28c

A5c A5c A5c A5c A5c ASc
STATUS 2 B21a B29c B29c B29c B29c B29c B29c

ABc A8c A8c ABc A8c A8c
STATUS 3 B20a B32c B32c B32c B32c B32c B32c

A8a A8a A8a A8a A8a A8a
STATUS 4 B19a B31a B31a B31a B31a B31a B31a

A5a A5a A5a A5a A5a A5a
STATUS 5 B18a B28a B28a B28a B28a B28a B28a

A4a A4a A4a A4a A4a A4a
STATUS 6 B17a B27a B27a B27a 827a B27a B27a

A3a A3a A3a A3a A3a A3a
STATUS 7 B16a B24a B24a B24a B24a B24a B24a
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A.8.5 Backplane Wiring. (Continued)

Computer
Function Board LINK

LINKOIO ILSDA B31c 3
LINKO/1 ILSDB B30c 9
LINKO/2 ILSDC B29c 7
LINKO/3 ILSDD B28c 5

LINKO/4 IHSDA B27c 11
LINKOl5 IHSDB B26c 17
LINKO/6 IHSDC B25c 15
LINKO/7 IMSDD B24c 13

LINK 110 ILSDA B23c 23
LINK1/1 ILSDB B22c 29
LINK1/2 ILSDC B21c 27
LINK1/3 ILSDD B20c 25

LINK1/4 IHSDA B19c 31
LINK1/5 IHSDB B18c 37
LINK1/6 IHSDC B17c 35
LINK1/7 IHSDD B16c 33
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Computer
Function Board LINK

B15a
CRDLO A4a 18

B14a
CRDL1 A5a 38

19
o V 39

1
+5 V 21
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A.8.6 Extension Telephone Wiring.

Multiplexer
Monitor Board MO M1 M2 M3 M4 M5

A15c 1 17 33 49 65 81
A15a 2 18 34 50 66 82
A16c 3 19 35 51 67 83
A16a 4 20 36 52 68 84
A17c 5 21 37 53 69 85
B1a 6 22 38 54 70 86
B1c 7 23 39 55 71 87
B2a 8 24 40 56 72 88
B2c 9 25 41 57 73 89
B3a 10 26 42 58 74 90
B3c 11 27 43 59 75 91
B18c 12 28 44 60 76 92
B18a 13 29 45 61 77 93
B19c 14 30 46 62 78 94
B19a 15 31 47 63 79 95
B20c 16 32 48 64 80 96

The above table indicates which Extension Telephones
are connected to a particular Mul ti pI exer Monitor
Board. E.g. Extension Telephone 56 is connected to Pin
B2a of the M3 MUltiplexer Monitor Board.
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m
'-_"'i:_.....1

POWER SUPPLY

POWER SUPPLY
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3E 001 F'F:EL

)01
)02

)04
)05
)Of::,
)07

)0';>
)10
) 11
)12
)13
)14
)15
:>1e.
)17
)1::::
) 1 S'
)20
)21
)22
)23
)24
)'''':''C'• ~ __r

)27

"\"-;..::,....... ,.
)30
)31
)32

UAiA PRELUU~ ~lL~

********************~************************
:+::+::+::f::+:*:+::+:****:t::t::+:**:t::+::+::+:****:+::+::+::t::+:*:t::+::+::+::+::+::+::+::+::+=:+::+::f::+;

*'*' EMERGENCY TELEPHONE ~'YSTEM *'
:+:*:+::+::+:**:t:*************************************
*' The followin9 COMMAND FILES are avaiLabLe:

*'*' i. :::'.CF:1 Assemt'les a.r"j links a.Ll the
*' modules fo,' the full sYstem
:t: and s~.ves the object code in
*' F'REL. LO: 1.
*' i. ~'L.CF:1 Assembles a.nd lir,ks "ll the
*' modules for the full sYstem
:+: ~. r: d 5 ~. V est "'1 e 0 b j e c t cod e i n
'.. F'REL. LO: 1
*' a.nd the listin" in
*' F'REL. AL: 1 .
:+: iii. S.CF:l Assembles 2.nd links er.Lt the
:t: modules for' the fu.ll sYstem
*' a.nd outputs the l istin" on
:+: tepmina.n screen
:+: 2.nd S2.ves the object code In
*' PREL.LO: 1.
*' iv. LF'.CF:1 Assembles and links a.ll the
*' modules fa" the full sYstem.
*' The list in', is autF'ut to
*' the line FTinter.
*' These chain files will call other chain
*' files durin9 execution.
:+: :+::t:*:+: :+::+: :+::t: :+::+: :+::+: :+::+: :t::t::t::+::+: :+::+::+::+: :t::+::+::+: :t::+::t::+::+::+::+::+::+::+: :t::+::t:*:+::+::+:

*'* Al ister van Tander 86/02/25
***:+=*:t:******:+::+::+:*:t::t::+::t::+::+:*******:+:***:+::+::+::t::t:*:t:*:t::+::+::+:
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'~t:: 002 FF:EL • :3A: 1 FREt.. DATA PRELUDE FILE

035
036
037

OPT
NAM
TTL

F~EL

FREL
DATA FF:ELUDE FILE

040
041
042
043
044
045
C'4,~,

047
04::::
04'=;;
050
051
052
053
054
O!55
056
057

059
ot,(j
061
062

*********************************************
,t, DATA FF:ELUDE FILE ,t,
:+: :+::+: :+: :+::t::t: :+::t: :+::+: :+::t: :+: :t::+::+: :+: :+: :t::+::+: :+: :+::+: :+::+::+: :+::+: :+: :+::+::+: :+: :+::+::+: :+::+::+: :t: :+: :+::+:

*' :;YSTEM FLAGS: SY:::'FLG- 87 Not use,j. *'
:+: B6 I-Jot used. :+:

:+: B5 Not used. :+:

*' 84 Not used. *'
·T· 83 Not use,j. *'
*' 82 Not used. *'
*' 81 FLA:3H-ON *'
*' 80 Not used. *'
:+: :+:
:+: :+:

*' OF'ERATOR FUNCTION STATUS: FNCSTx- *'
*' 87 ACl::M *'
:+: Bt. LAMF'M :+:

*' 85 RINI3M *'
*' B4 Not used. *'
*' B3 OM *'
*' B2 CLRM *'
*' B 1 AUD I OM *'
*' BO RINGNG *'
:+: :+:
:+: :+::+::+::t::+::+::t::t::+::+: :+::t::t::t::+::+::+::+::+: :t: :+: :+: :t::+::+::t::+::+::+::+::t: :+: :+::+::+::+::+: :t: :f::+: :+: :+::t::+:
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'3E 003 FF:EL . ::;A: 1 f''REL DATA PRELUDE FILE

064 0002 A FLA:,,'HB EOU $02
(ic,5 OODF A NFLASB EC!U $DF
066 00:;::0 A AU::M EOU $:;::0
O,~,7 007F A NAO::M EOU $·7F
06:;:: 0040 A LAMPM EOU $40
06SJ OOBF A NLAMPM EOU $BF
070 0020 A RINGM EOU $20
071 OODF A NRINGM EOU $DF
072 000:;:: A G!M EOU $0',,'
-,-- OOF7 A NC!M EC!U $F7C,i ,=,
074 0004 A CLRM EOU $04
075 OOFB A NCLRM EC'lJ $FB
::176 0000 , CTRBLO EOU $00H

077 00F7 A N:,,'TF:BL EC'U $F7 B3=0
:)7:;:: 003::: A :,,:TRBHI EOU $3',,' B3=1, ENABLE CB2 O/P
07'y 0022 A AUDRNG EOU $22 AUDIOM + RHKiM
):;::0 0002 ~ AUDIOM EOU $n--::'H

0::: 1 OOFD A NAUDIO EOU $FD
'):;::2 0001 A RINGNI3 EOU $01
:):=:3 OOFE A NRNGNG EOU $FE
)',,'4 OODE A NRGNGM EOU $DE NOT RHJGING t: NOT RING
:)85 1000 A T'::'TIME EOU $1000 LAMf" TE:3T TIME
)::::6
):37 :+::+::+: KEY80AF:D DECODE DATA ***
')r="j
- '-"-'
)S9 OOOC A LAMPK EOU $C LAMP f':EYCOD
Y?O OOOD A ACKK EG1U $D ACK KEYCOD
:)91 0003 A (;If:: EOU $3 0 f<EYCOD
N2 OOOB A RINGK EOU $8 RING KEYCOD
Y:}3 OOOF A CLF:K EOU $F CLEAR f<EYCOD
)';/4 0007 A NONO EOU $7 UNU:3ED KEY CODE
)95
)';/6
Y?7 2000 A ROW EOU $2000 PIAOA
YiS 2001 A CRAO EOU $2001 CRA/O
)'?'? 2002 A RING EC!U $2002 PIAOB
lOO 2002 A CRDLST EOU $2002 PIAOB
101 2004- A COLO EDU $·2004 PIA1A
102 2006 A COL1 EOU $2006 F'IA1B
103 2003 A COL2 EG!U $200::: PIA2A
l04 200A A COL3 EOU $200A F'IA2B
105 200(: A KYBRD EOU $200C PIA3A
l n,t-, 200E A CONNCT EOU $200E PIA3B
107 200F A :,,'TRBPH EC1U $200F CF:B/3
lO:::: 2010 A :::;TT:::EL EOU $2010 PIAA/4
10':;/ 2012 A :,,'TATU:,,' EOU $2012 PIA4B
l10 2013 A CRDLCR EOU $2013 CRB/4
III 2014 A LINKO EOU $2014 PIA5A
l12 2016 A LINK1 EOU $2016 PIA5B
113 200D A KYBCF: EOU $200D CRA/3
l14 01:30 A FL:3HTM EOU $0180 FLASHING PERIOD
l15
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:+: :t::+::+: :+: :t: :+:;t::t: :t: :+: :t::+: :+: :+: :+::t: :+: :+: :+: :t: :+: :+::+::t: :+::+: :t: :+::t: :+: :+: :t: :+: :+: :t: :+: :+: :+: :+::+: :t: :t: :f::+:

*' DATA :::;ECTIDN *'
:+: :+:*;f;:+:;+; :t: :+::+::+::+: :t: :+::+::t::+: :+: :+::+::+::+::t::+::t::+::t: :+::t::t::+::+::+::+::+::+::+::+::+::t::t::+::+::+::+: :+:

DATA PRELUDE FILE3E 004 F'REL

l17
l 1c''-'
l 1',I
l20
l21D 0000
.-,.-,.--

l23D 0000
l:24
l25D C)OOl
l2f,D 0002
l27D 0003
, .-,.-, ..... 0004~ ";;"='1..1

l2"i
~30

r 71 n 0001;.......' ... _,

.32
l33D 000:=:
:34
l35D OOOA
~36

l37D OOOB
l3:3D OOOC
l3';'[I OOOD
:40
l41D OOOE
l42D OOOF
l43
l44D 0010
l45D 001 1
l4t;'
l47D 0012
:4:,;:[1 0013
l49D 0014
l50
l51D 0015
L52D 0017
L53

. :::;A: 1 F'REL

D~;CT

XDEF :::;Y:::;FLG
0001 A :::;Y:::FLG RMB ,

•
XDEF FNCSTO

0001 A FNCSTO RMB 1
0001 A FNCSTl RMB •.L
0001 A BUFNO RMB 1
..., ,."., .-. , BUFADD RMB 2'.•.' I.} ".! ..:.:. H

*' XDEF MSEC
0002 A M:3EC RMB 2

XDEF IROCNT
0002 A IROCNT m-lB 2

XDEF KYBUF
0001 A KYBUF RMB 1

XDEF KYBUFl
0001 A I<YBUFl RMB 1
0001 A NCOLM F:MB 1
0001 A NROW RMB 1

XDEF BYTNO
0001 A BYTNO RMB 1
0001 A BYTNl RMB 1

XDEF BITNO
0001 A BITNO RMB 1
0001 A BITN1 RMB 1

XDEF OPRNO
0001 A OPRNO RMB 1
0001 A KYBINP RI"IB 1
0001 A RMB 1

XDEF FRSTNO
0002 A FRSTNO Rl"lB -,

~

0002 A LA:::;TNO RMB .-,
-'-

OP#O FUNC ::::TAT FLG3

STAT BUF NO: 1/0
STAT BUF ADDRE3S
. STTBUF OR STBUF1

OPERATOF: NO
KYBO INF'UT COD
KYB1 INPUT COD

PTR TO FIRST NO IN Q
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• ~:;A: i PEEL DATA PRELUDE FILE

:t: :+: :t: :f::+: :+: *:t::+::t::+::+::+::+: :+: :+::+::t: :+::t::+::+: :t::t: :+::t::+::+: :+: :+: :f: :+::+::+: :+: :+: :+: :+::+: :+: :+: :+: :t: :t::+:

" PROGRAf1 ':"ECT I ON: CON',,'TANT':" '"
:+: :t::+::+::+: :+:** :+: :f: :+::t::+: :+::+::+: :+::+::+::t: :+: :+::+: :+::+: :+::+::t: :+::+::+: :+; :".::t::+::+::+: :t: :+: :+::+::+: :+:;+: :f:

:f::+: :+: :t: :f::+: :+: :+::+::+::t: :+::+: :+: :+::t::t: :t: :+: :+: :t::t: :+: :+: :+: :f: :t::+: :t: :t::t::+::+::t: :+: :+: :+: :+::t: :+: :+::+: :+: :f::t=

'" DATA APRAY',,' '"
:+: :+: :t: :+: :+: :+: :+: :+::+: :+::+: :+: :+::t: :+::+: :+: :+: :t: :+: :t: :+: :f; :+: :+: :+: :+: :+: :+: :+: :t: :+: :+: :+: :+::f::+: :+:=+::t::t: :+: :+::t: :".:

XDEF ',,'TTBUF STAT BUFO
0019 001:;:: A ',,'TTBUF R~lB 24 :=;TATU~=; BUFFER 0

XDEF STBUF1 ::;TAT BUF1
0031 0Ol:=: A ',,'TBUF1 Rf1B 24 ',,'TATU',,' BUFFER 1

XDEF COLBUF
(jf)4';' 001',,' c. CCILBUF PMB 24 COLUMN BUFFER: STEADYH

XDEF FL',,'H
O(lf~, 1 001::: A FLSH RMB 24 FLA:::H BUFFER: FLA':;:H I t',ji3

XDEF C'UE
0079 OOCO A ClUE RMB 1';'2 C'UEUEING LINKED LI',,'T':::

XDEF T',,'TCNT
013'7' OOCO A T',,'TCNT RMB 1-=,.:;, ':"TATU',,' LINE DEBOUNCE C

BYTE ADDR AT MUX
MUX ADDRE',,",,': TOTAL OF 12 MUX' ,,,, PEF: OP
I':" MODIFIED TO CORRECT FOF~ HARDWARE E

MA',,'f<
1~2~4~8~16~32,64~128

CF:DLFL
1:::0,140 CRADLE FLAG',,'
';TDCOD MUX ADDF: DECODER
$02,$03,106,107 PHONE STAT: MO,
10A,IOB,IOE,IOF PHONE STAT: M2,
512,$13,116,117 PHONE STAT: M4,
$(H),101,104,I05 FAULT ',,'TAT: MO,
108,109,IOC,IOD FAULT STAT: M2,
110,111,514,515 FAULT STAT: M4,
NOSCOD KEYBOARD CODE',,' 1 TO 0
IE,0,2,1,8,SA,9,4,6,5
VOICE MUX DECOD ARRAY
100,110,120,130,540,$70,550,560
101,111,121,131,141,151,561,$71
$02,$12,$22,$32,$42,$72,$52,$62
$03, $13, $23, $33, $43, $53, $,::,3, $·73
$04,114,124,134,144,574,154,$64
$05, $15, $·25~ $35, $45, $55, $(:,5, $75
106,116,526,136,546,576,$56,566
107,$17,$27,537,$47,$57,$67,$77
$08,$18,$28,$38,$48,$78~$58,$68

109,$19,129,139,149,159,169,179
IOA,11A,$2A,$3A,14A,17A,15A,16A
IOB,$1B,12B,13B,14B,15B,16B,57B

P';CT
XDEF
FeE
XDEF
FCB
XDEF
FCB
FCB
FCB
FCE
FCB
FCB
XDEF
FCB
XDEF
FCB
FCB
FCB
FCB
FCB
FCE
FCB
FCE
FCB
FCB
FCB
FCB

0000

0000 01 A ~lA',,'f<

000::: :=:0 A CRDLFL

OOOA 02 A ::;TDCOD
OOOE OA A
0012 12 A
0016 00 A
001A 0::: A
001E 10 A

0022 OE A NU,,'COD

002[: 00 c VOICEH

0034 01 A
003C 02 A
0044 03 A
004C 04 A
0054 05 A
005C 06 A
0064 07 A
006C 0:,,: A
0074 O'~

c.
H

007C OA A
00',,:4 OB A

:+: MSD:
:+: L';D:
:+: VOICE

17:::F'
17 ,;:)

H;:('P
1:;::1

174
175
176P
177

155
'i5S
157
,15:::
159
160D
1t, 1
It,2D
163
164D

205

1:':,5
1/':',-';,[1

173

167
16',,:D
169
170D
171
172

202P
203
204

20,~,

207

184P
1:::5P
186F'
1:;:7F'
1:;:::",
18'?P
190
191P
192P
193P
194F'
l'~15P

196P
1'np
1SI:=:P
1 '::J'::;'!='

200P
201P
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C;E oot. PREL • :;:;A: ,
F'REL DATA F'RELUDE FILE , ,

•

2(6JP OO~=:C FF A BLIND FCB $FF 1 TG 1'=' - HAND'::;ET:;:;'-'
210P OO~=:D FF A FCB $FF 1'') TO It, - HAND'::;EE;
211F' OO'::'E FF A FCB $FF 17 TO 24 - HAr,fD';ETS
212P OO:;:'F FF A FCB $FF 25 TO 32 - HAND'::;ET:;:;
213F' OO'~/O FF A FCB $FF 33 TO 40 HAND'::ETS
214F' 00'7'1 FF A FCB $FF 41 TO 11 ,-, - HAND'::;ET:::;"'1"'='

215F' OOS'2 FF .,
FCB $FF 4'~J TO 56 - HAr,JD';ET'::;H

21/,:,P CO';'3 FF A FeE $FF 57 TO 64 - HAND'::;ET:;:;
217P OO';}4 FF A FCB $FF 65 TO "7'-:' - HAND:;:Er::;, ~
21BP O()'~5 03 A FCB $03 "77 TO SO - HAND'::;ET:;:;, -'
21'?F' 009,;:. 00 A FCB $00 C'1 TO ,-.,-, - HAND'::;Er::;~, . c·,=·

220P 0097 00 A FeB $00 '::' ") TO '?6 - HAND'::;ETS
221F' 00'';:';:: FF A FCB $FF 1 TO ,-, - FAULTS,=,
222P OO';}';} ~- A FCB $FF '') TO 16 - FAULr::;,r

223F' OO'?A FF A FCB $FF 17 TO 24 - FAULT'::;
224P OO'?B FF A FCB $FF 25 TO 32 - FAULT'::;
225P 00'::';'(: FF A FCB $FF .:J..=, TO 40 - FAULT:;:;
22'/:,F' 00'7'[1 r t- A FCB $FF 41 TO 4'=' - FAULT:::;'-'
227P OO';!E FF A FCB $FF 4';' TO 56 - FAULTS
22::;iF' OO'7'F FF e. FCB $FF ~- TO 64 - FAULT'::;H -'I

2:2';'F' OOAO FF A FCB $FF .~ TO 72 - FAULr::;H 1::.,,_[

230P OOAl 03
.,

FCB $03 73 TO '::'0 FAULT:;:; -BH

231F' OOA2 00 A FCB $00 :31 TO .-.,-. - FAULT';,;:.,=,

232F' OOA3 00 A FCB $ (H) S';} TO 96 FAULT'::;
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DATA PRELUDE FILE

>234P 00A4
::-235
)236

F"::'CT
tJAr"1
TTL

F:E:::'ET
INITIALISATION ROUTINE

***********************;t:*********************
* RESET
;t::+: :f::t::t:;f::t::+::t::t::t::t: :+::+::+: :t: :t::t: :t: :t: :+: :t: :+: :+: :+: :t::t;:t: :+: :+::+--:t::t::+: :t: :t: :+: :+: :1-: :+::+::+: :+: :t::+:

F'IA (8)

B6-BO O/F" E:

F'IA 0

CAl IRQ, ENBL DR'S

DISABLE ALL ROWS

SET I Fie! MA:::'f':: FOR EMlILA
INIT ::::
INIT U

COLO ALL 0 /F" <::
COL 1 ALL 0/P' :;::
COL2 ALL O/F"S
COL3 ALL O/P:OS
F:ESET X=$2005
COLO DF: ENBL
COL! DR ENBL
COL2 DR ENBL
COL3 DR ENBL

XDEF F:E:::;ET
OOA4 lA 10 A RE'::'ET OF:CC #$10
OOA6 10CE 07FE A LD:::: #$7FE
OOAA CE 07FE A LDU #t7FE

OOAD 8E 2000 A CLRALL LDX #$·2000
0080 4F CLRA
OOBl '-'L 17 A LDB #$17'-"'-'

0033 "7 ,-,C:- A CF: INIT :::'TA E,XH, '="-'
00B5 5A DECB
00B6 2,:':, FE OOB.3 BNE CRINIT

OOBE: ::::6 7F A PIAOA LDA #$7F
OOBA B7 200r) A :::'TA $2000
OOBD ::::6 07 A LDA #$07
OOBF B7 2001 A STA $2001
Of)C2 :::'6 ~- A LDA #$FF,r-
OOC4 B7 OOB:::: P ::::TA PIAOA

00C7 '='.:- OF A PIAOB LDA #$OF
OOC';I B7 2002 A STA $2002H

OOCC Cl;.. 04 A LDB #4
OOCE C"'"'7 20(.i,3" A STB $2003. ,

OODl :=:6 FF A COLME: LDA #$FF
00[13 SE 2004 A LDX #$2004
00D6 A7 E: 1 A E;TA X++
00[1:::: A7 :::: 1 A STA X++
OODA A7 :;:, 1 A STA X++
OODC A7 ::::4 A STA XH

OODE 30 1B A LEAX -5~ X
OOEG E7 :=: 1 A STB X++
OOE2 E7 :=:1 A E:TB X++
OOE4 E7 ,=, 1 A E;TB X++'-' ...
00E6 E7 :=:4 A STB X

1250P

)257P

)24.:;;.
)247P

J254P
)2.55P
)25i:.P

)244F'

)240
)241
)242

l251P
)2.52F'

)237

)25:=:F
)25'?F'
)260
)261P
)2,~,2P

)263P
)2640':'
)265
126t,P
)2,~,7P

)26::::F'

)270F'
)271P
)272F'
)273P
)274F'
)275P
)276P
)277
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.SA:l RESET INITIALISATION ROUTINE

y.::7'?P OOEf: iF
Y230P OOEB :=:6
:i2:::1P OOED B7
:J2t:2
)2:::3P OOFO ::::6
)2::::4P OOF2 B7
)2:::5F' OOFS :=:,~,

)2:36P OOF7 B7

200C
iF
200D

FF
200E
34
200F

A PIA3A CLR
A LDA
A ::;TA

A PIA3B LDA
A :::;TA
A LDA
A ::;TA

$200C
#$lF
$200[1

UFF
$200E
#$34
$200F

ALL I /F' ~:=;

CAl & CA2 POS GOING IR
ENBL DR

ALL O/P'~;

CB2/3 OP, EN8L DR

) 2t::=:F' OOFA ::::6
)2t:<:?P OOFC 87

A F'IA4A

)290P ~-~i··,~C C'""7
""-·~··l' 'i

IF
2010
.~,_.-, '1 1
... -........ ,.1.

A
A .-·Tr,

.::' I c'

#$lF
$2010
$2011

B4-80 O/P'~;

ENBL DR
)2'7'1
)2'?2F' 0102 7F
)2'7J 3P 0105 ::::6
)294F' 0107 87

2012
IF
2013

A PIA4B CLF:
A LDA
A STA

$2012
#$lF
$2013

ALL liP'S

CBl & CB2 POS GOING IR

)2'~/t':,P 01 OA ::::6
)2'?7P 01 OC B7
)2'7'::::P (> 1OF F7
)29';1

)300P 0112 B7
)301P 0115 F7
)302

-~r,
2014
2015

2016
2017

A PIA5A LDA
A ~::;TA

A STB

A PIA5E STA
A :=:TB

#$FF
$2014
~.:.2(~!5

$2016
$2017

ALL O/P'~;

ENBL DR

ALL O/P'~;

ENBL DF:

)303

0214 036A

A LNKT~; LDA
D ~;TA

D CON::;T LDX
D ::;TX

0474 LB::;R

IN IT NCOLM

IN IT NROv]

RAM TOP

INIT MUX/MON BOARDS

SET LAMP TEST FLAG

SET BUFADDR FOR MAf::BUF
MAKE ':;TATU::; BUFFER

#0
#$:::01
, --X
#0
CLRMEM

#STTBUF
8UFADD
MAKBUF

#LAMPM
FNCSTO

#23
NCOLM
#5
NF:OW
#FL':;HTM
IRI)CNT

MAINF'

#$FF
CONNCT
STF:OBE
#$7F
CONNCT
,:;TF:08E

LDA
~;TA

LB~;R

ANDA
STA
LBSF:

LBRA

A LDA
D ::;TA
A LDA
D :3TA
A LDX
D ~;TX

A LDD
A LDX
A CLF:MEN STD
A CPX

011E BGT

A
A

072B
A
A

072B

001'?
0004
0341

40
0001

F9
0000

0000
0801
:=:.3

17
OOOC
05
OOOD
01:30
000:::

FF
200E
05EO
7F
200E
05D:::~

)304P 011 E: CC
)305P 01lB ::::E
)30,:;,P 011E ED
i307P 0120 ec
l30::;:P 0123 2E
)30'7'
)310P 0125 ;:::6,
i311P 0127 87
1312
1313
1314P 012A :3E
1315P 012D BF
f316F' 0130 17
1317
)31 ::::P 0133 ::::t.
i31'?P 0135 E?
l320P 013:::: ::::6
1321F' 01.3A B7
i322F 013D E:E
'323P 0140 BF
1324
~325F' () 143 ::::t,
'326P 0145 87
1327P 014::: 17
r32::;:p 014B 84
1329P 014D 87
1330P 0150 17
~331

~332P 0153 16

'334

I":'.~ /

:+: :+: :t::+=:t::+::+::+::+: :+: :+::+: :+: :+::+::+::t: :+::t::t: :t: :+::+::+: :+: :+: :+: :+: :t::+::t::+: :t::+: :t: :t::t::+::f: :+::t: :+::+::t::t:

* END OF RESET ROUTINE
***:t:*:t:*:+::t::t::t:*********:+:*****:t::+:******:t::t:***:t:**:t:**

- ca -
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.SA:1 RESET INITIALISATION ROUTINE
_}'I __,

.:'''T'':':'

344
345
34/';,

34::'::P

350F'
-~,.;.._1 J.

352

0 15,::. 17 02::=:2 03DB
0159 30 1F ~

H

015E: '-::'i.. F'=i (1 15,~,~'-'

015D 3'7'

TTL 3HCIRT ROUT I NEE'
*********************************************
* DELAY ROUTINE
:+: :+: :t::t: :+: :t: :+::+:*:+::t::+:* :+: :+::t: :t: :+::+: :t: :+: :t: :+: :+::+: :+: :+: :+: =t::+::t::+: :+: :+: :+: :+: :+::+: :+: :+::t: :+::+: :+: :t:

XDEF DELAYF:
DELAYR LBSR WTCHDG RESET WTCHDG

LEAX -1,X
BNE DELAYR
Rn:,

353

355
-~ ,.::, ...I/~,

-~-.:' .... /
.... C',-,
':'._1,::,

3t.2

364F'
3(:.5P
366F'
367F'
36::::F'
3t:,9F'
370F'
371F'
372P
373F'
'374P

:+: :+: :+::+::+: :t::+::t::+: :+: :+::t::t: :t: :t::+: :T: :t: :+: :1": :t::+::+: :+: :+: :+: :+: :+: :+,:+: :+: ,+::+::t: :+: :+::+: :t: :+: :+::+::+: :t: :+::+'

* FIND MOST SIGNIFICANT BIT *
:t:*:t:*************:+:*:t::+::+::+:*::+::+::+:*:+::t::t:***:t:****:t::+::t:**:t:*

* FINDS MOST SIGNIFICANT SET BIT IN A BYTE *
""' -- INPUT F'ARAM' E': X - DATA POINTER '"
'" - OUTPUT PARAM'S: A - SET BIT'S NO '"

", --- CHAN'3ED: X '"
* --- UNCHANGED: Y, DF', U, :,,: '"
:+::+::+: :+::t: :t::+:*:+::t: :+:*:+::+: :t: :+: :+: :+::+: :+: :+: :+::t: :+: :+: :+: :1·::+::t: :+::+::+::+::+::+: :+::+::+::+:;+::+::+::+:**

XDEF FM:,,:B
015E At. f:4 A FM:,,:B LDA X DATA
0160 27 OF 0171 BEC! ND~:=;B NO :,,:ET BIT
0162 :,,:E 000::=: P LDX #MA:=;V+:=:
0165 A5 ~-, A BITASN BITA -xC'.:,

0167 .-;,'""7 FC 0165 BEl) BITAGN BIT NOT SET~,

0169 1F 10 ~ TFF: X~DH

016B :33 0000 F' SUBD #MASf':
01bE 1F ';JS A TFR B,A
0i70 3'7- RTE:
0171 ':-' .~ FF A NO:,,:B LDA #$FF'-"-'

0173 3'~1 F:TE:

:+:*:t:*****:+:*:+:**..+:*********:t::t::+:*:+:*:+::+::+::+::t::t::+:*:+:*:+::t:*:t:**1376
377 XDEF VALBIT

37'?
13:::0

1.382
3E:3

'3:=:5
13:=:6
1387
138:3
i38'~/F'

'3'7'OP
~391P

13'i'3F'
'3'i'4P
i395F'

:+::+::+::+::t: :+::t::+::+::+::+: :f::+::+::+::+::+::+<::+::+::t: :+::t: :+: :+: :+::t::+::+:**:t::+:*:+::+::+::+: :t::+: ::I"::+:*:+::+:

" TESTS STATU:::: OF SPECIFIED BIT IN BYTE. '"
* -- INPUT PARAM'S: X DATA POINTER "
'" A BITND '"
""' - OUTPUT PARAM'S: A - BIT ::::TATUS "
*' B MA'3K (BITNO) '"
*' Y - #MAE:f< '"
*' x - #DATA *'
'" UNCHANGED: DP, U, E: "
:+::t::+::+::+: :+::+::+::+::+::t::t: :+::+: :+-: :t: :+: :+::t::t::+::t: :+::+::t: :t::+::t::+: :t: :+::+::+: :+::+: :+::+: :+: :+::f:** :+::+: :+:

0174 108E 0000 P VALBIT LDY #MASK
0178 Et. At. A LDB A,Y MA:3K (BITNOl
017A 4F CLRA
017B E5 :,,:4 A BITE X
017[1 '-;., 01 01:,,:0 BEC! BITCLR"'i
017F 4C INCA
01:=:0 7C, BITCLR FT,,:'_' .r
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*********************************************

- C10 -

"'ETBIT

#$10
ADD16

IRO

#10
ONEF'LS
#$10
#10

#$FO
NOTENS
#$16

DF'.B
#$OF

B

XDEF
*********************************************
* SET"';;CLEAR'::: THE ",:PECIFIED BIT ,~ITHIN A *
'" SPECIFIED BYTE. *
* -- INPUT PARAM'S: X - DATA POINTER *
* A - BIT '::'TATU'::' 'T'
'T' B - BITNO ,f,
:+: :+:

* - OUTPUT PARAM'S: A - NEW DATA BYTE *
* B - BITNO *
* X - #DATA *
'T' Y - #t1A':::V: *
* UNCHANC,ED: DF'. U. "" *
:+::f::+::+:****:+::+:**:+::+::+::+:***********:+::+::+::t:****:+:**:t::+;:+:*:t::-;:*

********:+:*:+:**:+::+::+:**:+:-:+::+:***********:+:****:+::+::+:*:+::f:**
XDEF BINDEC

*****:+:****:+:*:+:***:+:**:+::+::t::+::+::t::t:***:+::+::+::+::+:**:+::f:*:+::+:*:+::+::f:

* -- INPUT PARAM'S: A - BIN NO *
* - OUTPUT PARAM' "':: A - DEe NO *
* CHANI3ED: A. B. DP. S *
* UNCHANGED: X. Y. U *
* NOTE: MAX NO: $63 OR 99 *
*************:+::+::+::+::+:****:+::+::t::t::t::+::+:***:t::t::+::+::f::+::+::+;:+:*:+::+:*

A.DF'
A.B

01Bl 10'::'E 0000 F' SETBIT LDY #MA':::K
01:=:5 4D TSTA BIT ':::TATUS
OlS,S 0-,.., 07 01:=:F BEO 3ETOFF":;'i

01::::::: A.~, ':::4 A ':::ETON LDA v DATA~ ,.,

01BA AA A~ A ORA B.Y MA,:::K (B ITNOl....
01'3C A7 '::'4 A STA • X NEW DATA
01:::E 3'=i F:T::::
01':::F At. A"" A ",:ETOFF LDA B.Y MA'3K (BITNDl~

010;>1 43 COMA
01';'2 A4 ':::4 A ANDA • X
0194 A7 £:4 A ':::TA v NEW DATA~ r.

01','6 3'7? RT",:

0197 lF ::::B A BINDEC TFR
01 ':r:;l IF S'7' A TFF:
01 '7'B 4F CLRA
01'7'e C4 FO A ANDB
01''i'E 27 07 01A7 BEG!
01AO 8B It. A ADD16 ADD A
01A2 19 DAA
01A3 CO 10 A SUBB
01A5 26 F'? 01AO BNE

01A7 IF B9 A NOTEN",' TFR
01A'? C4 OF A ANDB

01AB Cl OA A CMF'B
C>lAD 2D 04 01B3 BLT
01AF ':::B 10 A ADDA
01Bl CO OA A SUBB

01B3 34 04 A ONEF'L:3 F'",:HS

01B5 AB EO A ADDA
01B7 19 DAA
olE:=~ -ZC! RT':::0_' I

NAM

)425P
)426
)427
)42::::
)429
)430
)431
)432
)4.33
)434
)435
)436

)404
)405
)406
A07
)40:;::
)40'?'
)410
)411
)412
)413
)414P
)415F'
)41bP
)417F'
)4U:::P
)419F'
)420P
)421P
)422P
)423F'

400
)401
)402
)403

)424F'

A37P
)43:::'P
)439P
)440P
)441P
)442P
)443P
)444P
)445F'
)446
)447P
)44:=:P
)449
)450P
)451 F'
)452P
)453F'
)454
)455P
)456
)457F'
)45:3P
)45'::;:'F'
)460
)461



• E;A: 1 IRG! INTERRUFT DRIVEN F:OUTINES

:+::+::+::+:* :t::+::+::+::+::+::+::+::+::+::+::+::+::+::t::+: :,..::+: :+::+::t::+::+: :+: :+::+::+::+: :+: :+::+: :+::+: :+::+: :+::+: :+::+::+:

*' INTEF:RUPT DRI~'EN F:OUTINE~:; *'
:+::+::+: :+::+::,..::+::+:*:+::+: :+::+::+: :+::+::+: :+::+::+::+::+::+::+::+: :,..; :+::+: :+: :t: :+;:+::+::+: :+:*:+: :+: :t: :+::+::+: :+::t::+:

'46:=:
146'':;;

470
,471
472
A73

****:+:***********:+::+:******:+::+::+::+::+:****:+:*:+::t::+:*******
*' INTERF:UF'T CONTF:OL F:OUTINE *'
:+::+::+::+::+: :t: :+::+::+: :+: :+::+::+::+::+::+: :t::+::t::+: :+: *:+::+::+: :+::+: :+: :t::+::+: :+: :+::t::+: :+: :t: :+::+: :+: :+: :+::+::t::+:

*' -- ENTRY FARAM'S: NONE *'
****:+::+::+:*****:t::+::+:**:+-:+::t:***********:+::-f.:*:+::+::+::t::+::+::t::+::t:**

474

B,':,

30

BF
BE

27
B6
BE
30

RESTORE TO FLSHTIME

INVEF:T FLASH-ON BIT

DECREMENT M~::;EC

RESTORE IRQCNT
DISPLAY INFO

TIMER IRC! B
NOT TIMER IRQ
RESET TI MER I RG!

DECREMENT IRQCNT

IRG!P
CRAO
#$E'O
G!CRDL
CRAO-l
M:3EC
-l,X
M:3EC
IF:OCNT
-1, X
E;TRCNT
#FLSHTt1
#$02
:::;YSFLG
SYSFLG
IROCNT
MIMIC

XDEF
LDA
BIlA
BEG!
LDA
LDX
LEAX
:::;TX
LDX
LEAX
BNE
LDX
LDA
EORA
STA
S:TX
BSR

E;TRCNT

IRG1F

TIMERF

A
A

01E2
A
D
A
D
D
A

01DD
A
A
D
D
D

0217

22

2001
SO

2000
0006
lF
0006
OOOS
lF
OB
01'::'0
02
0000
0000
OOO::=:

::=:6
B'='"-'
B7
BF
8[f

0189
01BC
01BE
01CO
01C3
01C6
01C::=:
01CB
01CE
01DO 26
01D2
01D5
01D7
OlDA
OlDD
OlEO

475
476
477F'
47'::''''
47"iF'
4'::'OP
4::: 1P
4 '... ·-·r-·c,..;;.r

4E'3P
4S4P
485P
486P
487P
4S'::'P
48'1'P
490P
4np
4'12P

CRDLX

0394 05:36 CRLX

::::0 A
01 01EF

2013 A CtCRDL
CO A
0'7' 01F2

RETURN TO MAIN FROGRAM

KYBRD !RO FLAGS

CRDLO

CRDLl IRI)

CRADLE I RC!' S:
CRDL 0 & 1 IRO 8
NOT CRADLE IRQ

CRDLP

KYBCR
#$CO
KYBX

#$::::0
CF:LX

CRDLCR
#$CO
QKYB

LDB
BITB
BNE
RTI

LDB
BITB
BEC!
CLRA
BITB
BNE
INCA
LBSR

A OKYB
A

01FA

200D
CO
01

4';'3
494P 01E2 F6
4'7'5P 01E5 C5
4S'!6F' OlE7 27
4'7'7P 01E9 4F
4'7'::::P OlEA C5
4'?9P 01EC 26,
500P OlEE 4C
501P 01EF 17
502
503P OlF2 F6
504F' OlF5 CS
505P 01F7 26
50,~.F' OlF9 3B
507
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;<:::: 013 IRG! .SA:1 IRe! INTERRUPT DRIVEN ROUTINES

KYBRDO

NEW KEYBF:D I NPT COD
DISFLAY KB liP

RETURN TO MAIN PRGM

= NE~J ENTRY

KYBDO

NEW LSD: f<YBRDl
ADDIG

A,X
KYBRDP

KYBX

#$OF

#$::;:0
KYBO f<YBRD 0 IRQ

KYBRD 1 IRQ
KYBRD READ KYBRD/RESET IRO
#KYBINP

XDEF
CLRA
BITB
BNE
INCA
LDB
LDX
TSTA
BEO
LSRB
LSRB
LSRB
LSRB
BRA

RTI

:+::+::+;:+::+::+: :+::+: :+-: :+::+::+: :+::+::+::+: :+::t: :+::+::+::+::+::+: :+: :+::+::t::t::+::+: :t: :+: :+::+::+: :+: :+::+: :t::+::+: :+: :+::+:

" KEYBOARD DECODING ROUTINE. "
:+::+::+::+::+:*:+:*******:+=*:+::+:*:+:***:t:;+::+:*:t:*****:t:******:t:*:+::"'::+:

" *" :3TORE:3 KEYBOARD ENTRY IN KYBINP. "
" THEN BRANCHES TO KYBF:DP TO DI';PLAY *'
" KEYBOARD INPUT. *
" INPUT PARAM':3: A - OPERATOR NO *
*' GLOBAL: KYBRD *
*' - OUTPUT PARAM':3: - GLOBAL: KYB I NP *
*::f;*****:t:*:+:**:+:***:+::+::+::+::+::+:*:+=:+:****************:t::t::t::+:

,,- LSD

A KYBDO ANDB

0211

OF

LYBX
:::0 A
01 0200

200C A KYBO
0013 D

06 020F

02

86 A ADDIG STB
0099 02AF LBSR

01FA 4F
01FB C5
01FD 26
01FF 4C
0200 Ft.
0203 8E
0206 4D
0207 27
0209 54
020A 54
020B 54
020C 54
020D 20

020F C4

0211 E7
0213 17

)509
)510
>51 !
)512
)513
1514
)515
)51 f,;,
)517
,5H,'
)51':;'

l522F'

'>533P

J523P
1524F'

l526F'
)527P
)52:::P
>52'?F'
J530P
'>531P
;532F'

)521 F'

)534
}535F'
).536
)S37P
)53:3P
)53'7'
)540
)541
)542P 0216 3B
)543
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~C3E 014 IF~C! • ':::A: 1 I ~~lJ INTEF:RUF'T DRIVEN ROUTINE'::;•

645 :+: :t::+::+: :+::+: :+: :f::t::+::+::+::+::+::t::+::+::+: :+: :+::+::+::+::+::+::+::+::+: :+::+::+: :+::+: :+: :+::+::+::+::+::+::+::+: :+: :+::+:

1546 :+: ~lIMIC CONTROL ROUTINE :+:

)547 :t: **:+: :+::+::+: :t::+::+::+: :+: :+::+::+::t: :t: :+::+::+::t: :+::+::t: :+: :+: :+::+: :+: :+::+::+::f; ;+: :+::+::+::+: :f;:+::+::+: :+::+:*
)54:::: :+: '"'54'7' :f; ENTRY F'ARAMS: NON;:: :+:

)550 :+: I3LOBAL DATA U'3ED FOF: F'ARAMETEF::::; :+:

:551 :+: :+::+::+::+::+::+::+::+: :t::+::+:*:+: :f::+::+::+::+::+::+-: :+: :+::+::+: :+:*:+: :+: :+::+::t: :+: :+: :+; :+: :+::+: :+::+: :,*";:+: :+::+::+:

)552
'553P 0217 F'SCT
1554 XDEF MIMIC
i555P 0217 ',,'6 FF A MIMIC LDA #$FF
'55/":,P 021 '7' 87 2000 A :::;TA ROW DISABLE ALL ROW',,:
1.557
65E:P 021C 8c. 40 A LDA #LAMF'M
'559P 021E p~ 0001 D PITA FNC':::TO LAMF'MO_ •...J

15e-OF' 0221 26 67 02:=:A BNE MIMTST
5dP 0223 B5 0002 D PITA FNCSTl LAMPM1
1562P 0226 2f.:- c,2 028A BNE MIMT:=;T
'563
'5t.4F' 022:=: :=:E 004''1 D LDX #COLBUF
565F' 0229 :::6 02 A LDA #FLA',,;HB
566P .022D B5 0000 D BITA ':::Y:::;FLI3 FLASH-ON FLAI3
567P 0230 26 2:::: 025A BNE MIMFL'::;
'5t.:=:P 0232 B6 OOOC D STEADY LDA NCOLM
'5,~,';1F' 0235 E6 J::t, A LDB A, X COLBUF(Al
1570F' 0237 F7 200A A STB COL3
571F' 023A 4A DECA
'572F' 0239 E6 86 A LDB A, X COLBUF (Al
573F' 023D F7 200S A ',,;TB COL2
1574P 0240 4A DECA
575P 0241 E6 86 A LDB A,X COLBUF(A)
'576P 0243 F7 200t. A STB COLl
577F' 0246 4A DECA
'57E:P 0247 Et. 86 A LDB A,X COLBUF (Al
57'7'F' 0249 F7 2004 A ',,:TB COLO
'5BOP 024C 4A DECA
5S1
1582P 024D 2E 06 0255 BI3T FF:OM24
583P 024F 4F CLRA
'5B4F' 0250 B7 OOOD D STA NROW P/RESET NROW
585P 0253 86 17 A LDA #23
'5:::6P 0255 B7 OOOC D FROM24 STA NCOLM
'5E:7P 025S 20 -co 029';: BRA XRO~JS.:>~

158:=:
158'':;'F' 025A Bt. OOOC D MIMFLS LDA NCOLM COLUMN COUNTER
'590P 025D 10:,,'E 0061 D LDY #FLSH
1591P 02,~,1 Et. B6 A LDB A,X COLBUF(A)
'5'?2P 0263 EA Ae- A ORB A,Y FLSH(A)
1593P 02t,5 4A DECA
5')J4F' 0266 F7 200A A ,:::TB COL3
1595P 026"=/ E6 8t- A LDB A,X COLBUFCA)
'596P 026B EA At. A ORB A,Y FU3H(A)
1597P 026[1 F7 2008 A STB COL2
59:=:P 0270 4A DECA
'599P 0271 E6 :=:t. A LDB A,X COLBUF(A)
'600P 0273 EA A6 A ORB A,Y FL',,;H (Al
'6G1P 0275 F7 2006 A STB CaLl
'602P 0278 4A DECA
'603P 0279 E6 ~, A LDB A, X COLBUF(A) - C13 -.;:,(:;.

'604P 027B EA Ae- A ORB A,Y FL'3H (A)
'605P 027D F7 2004 A STB COLO
'606P 02:30 4A DECA
1607
1608



.. SA: 1 !Re!

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I
- C14 - I

I

I

I

I

I
I

COUNTER

ENABLE ALL LEDS

MAS;I< {NROW)
INVERT F:OWS
ENABLE A ROW
DECREMENT ROW

#23

#$FF
COL3
COL2
COL1
COLO

NROW
#MASl<
A,X

FROt123

ROW
NROW
RTNIRQ
#s
NROW

NCOLM
XRows

LDA
LDX
LDA
COMA
STA
DEe
B(,E
LDA
STA

LDA
S;TA
STA
STA
STA

B13T
LDA
STA
BRA

INTERRUPT DRIVEN RQUTINc~

A

A MIMTST
A
A
A
A

RTNIRO RTS

D XROWS
P
A

r! FROM23
0298

A
D

02AE
A
D

FF
200A

2006
2004

OOOD
0000
86

02
17
OOOC
(lE

:2000
OO(>!)

05
05
(lOOD

15 IRO

02:,:1 2E
0283 ::::6
02~:~5 p"", ,
02:3:=: 20

:' 028A '='L'-"-'

F' 02:~C 87
P 02:3F B7
'F' 0292 87
JP 02'75 E7
?
:)P 0298 B6
1P 02'?B SE

:2P 029E At.
~3F' 02AO 43
24P 02A1 B7
25P 02A4 7A
,26F' 02A7 2C
;.27P 02A''? 86
:.2:3F' 02AB B7
629
e,30P 02AE 39
1631



~I3E 016 IF:G! INTEF:RUPT DRIVEN ROUTINES

028:::: BE
02BB Cl
02BD 2,::,
02BF 3':':J

02AF IF
0281 ::::E
0284 E6
0286 C4

- C15

A- OP#, B-KYRD I IF'

NOP KEY

AUDIO ACTIV, DISREGARD

DISREGARD THIS KEY

RE:3:3TOR S

OF'#, MUX NO
KEYBOARD INPUT
KEYBOARD (A) INPUT
LSD: NEW liP

SET LAMPM FLAG

CRADLE STATUS;
PIA
CRDLFLlCRDL NO)
CRADLE UP

0- OP#, 1- KYBRD liP

SET CLEAR MODE FLAG

::::ET ACK FLAI3

2~S

KYBRDP
A,DP
#KYBINP
A,X
#$OF

#FNCSTO
#NONO
LPMACT

A,B
#LAMPM
FNCS;TO
DISRGD
FNCSTl
LAMP

#AUDIOM
A,X
CRDLS;

#CLRK
AUDFLG
#CLRM
A,X
A,X

A,B
#LAMF'K
ACK
#LAMPM
A,X
A,X

#ACKK
CLR
#ACKM
A,X
A,X

#CRDLFL
RING
A,X
CRDLUP

XDEF
TFR
LDX
LDB
ANDB

LDX
CMPB
BNE
RTS

PS;HS
LDB
BITB
BNE
BITB
BEG!
LEAS
RT:3

CMPB
BNE
LDB
ORB
STB
RT:::;

F'UL~=;

CMPB
BNE
LDB
ORB
STB
F:T:=;

CMF'B
BNE
LDB
ORB
S;TB
RT:3

LDB
BITB
BEG!
F:TS

LDX
LDB
BITB
BEG!

A AD<

A

A
A
A

A

:+::+::+::+:*:+:=+;:t::+::+:*******:+:**:+::+::+::t:*:+::+::+:****:t::+::+::f::+::+:*******
,. KEYBOARD PROCEDURE ,.
:+::+:********:+:*:t::f=:+:***:+::+::+:***:+::';'::+::+:****:+::+:****:+:**:+::+:*:+:
:+: :+:

,t, FUNCTION KEY::;; '::;ET AF'PROF'F:IATE FLAG'3 IN ,.
,. FUNCTION ::;;TATU::;;. NUMEF:IC KEY::;; DI,::;PLAY-"
,. ED ON NUMERIC READOUT AND :3TORED IN ,.
,. KEYBUF. ,.
,t, INPUT PARAM' S: A - OPERATOR NO ,.
,. - GLOBAL: KYBINP ,.
,t, - OUTPUT PARAM':3: - NONE ,+

*:+::t::+:*****:+::+::+:***:+:**********************:+:*****:+:

A KYBRDP
D
A
A

A LAMP
A

02DE
A
A
A

A LPMACT
A
D

02CE
D

02D1
A DI::;;RI3D

D
A

02CO

A CLR
02F4

A

A AUDFLG
A

02FB

P CRDLS
A
A

0306

0002
03
f- -"
-'~

05

06
40
0001

0001
07
01

40

06
OC
07

OD
07
BO
SI.:,
E:6

OF
07
04

01

000:3
2002
86
01

BB
0013
:=:6
.OF

Cl
26
C6
EA
E7

Cl
26
C6
EA
E7

C6
E5
27
39

Cl
26
C6

8E
F6
E5
27

02CO 34
02C2 e6
02C4 F5
02C7 26
02C9 F5
02CC 27
02CE 32
02DO 3'1

02Dl
02D3
02D5
02D7
02[1'7'
02DB
02DD 39

02DE
02EO
02E2
02E4
02E6
02EE:

02E9
02EB
02ED
02EF
02Fl
02F3

02F4
02F6
02FB
02FA

02FB
02FE
0301
0303

}1;.35
)1;.36
)637

)639
)640
),::.41
)642
)643
)644
),;;,45
)<:,4t·
ib47P
i64::::F'
ib4'?P
)b50F'
)651
)652F'
)653F'
i654P
)655F'
)656
il.:.57P
)65:=:P
)659P
ibbOP
i661P
)662F'
)663P
)664P
)665
lb66P
)667P
i66BP
)6t8P
)670P
)671 P
1672P
)673
1674P
)675P
i676P
)677P
i67::::P
)679P
>6:30
>6:31 P
)682P
)683P
)684P
'>6E:5P
)686P
)687
)688P
)6f::9P
i690P
ib91 P
i692
)b93P
)694P
)695P
)696P



~C3E 017 IR(I . SA: 1 IRO INTERRUPT DRIVEN ROUTINES

)b97P 0305 3'7 RTS CF:DL DWN, DI '::'REGARD
),O,'1SP 0306 SE 0013 D CRDLUP LDX tn:YBINP
);;,'1''?P 030'7' E6 86 A LDB A,X KYB I NF' <oP#)
)700P 030B C4 OF A ANDB #$OF L,:;'D: NEW UP
)701
)702P 030D oc" 0001 D RINGF LDX #FNCSTO'-' .....
)703P 0310 Cl OB A Ct1PB #F:INGK
)704P 0312 26 07 03113 BNE (I
)705P 0314 C6 20 A LDB #RINGM
)70(.P 0316 EA 86 A ORB A,X
)707F 031:3 E7 86 A STB A,X ,:;ET RING MODE FLAG
)70G:F' .~,~ .. r-. 39 RT:=:....'~.1H

)709
)710P 03113 Cl 03 A 0 CMPB #OK
)711P 031D 26 07 0326 BNE AUDACT
)712P 031F Cc. oe. A LDB #G!M~.

)713P 0321 EA :~:,::' A ORB A, X
)714P 0323 E7 :::6 A STB A,X ,:;;ET G!UEUE MODE FLAG
)715P 0325 39 RT,='
)71(.
)717P 0326 34 04 A AUDACT P':;'H:::' 13 COPY KYBINP
)71::::P 032:=: SE 0001 D LDX #FNC,;:'TO
)71'~F' 032B et· 02 A LDB #AUDIOM
)720P 032D E5 ::::6 A BITB A,X FNCST(OPIf)
)721 P 032F .-.-r 03 0334 BEG! NOS£;

)722P 0331 32 61 A LEA'; 1, S RE'::'TOR ,-,

")723P .~..........- --'I RTS DI ,:;;REGARD NUMERIC UPt.J6·="6 .~ ';

)724
)725P 0334 -'" 04 A NOS PUL,:;' 13 KYB liP'::'-..'

)726P 033,~, 1F ::::13 A TFR A,DP OPIf
)727P 0338 E:E 0022 F' LDX #NO,:;'COD
)728P 033B El :::0 A NOTNO CMPB X+
)729F' 033D 26 FC 033B BNE NOTNO
)730P 033F 1F 10 A TFF: X,D A~"B DSTROYD
)731 F' 0341 :=:3 0023 P SUBD #NC"::'COD+ 1
)732P 0344 34 04 A PSHS 13 COPY NO
)733F' 0346 8E OOOA D LDX #KYBUF KYBF:D DATA BUFFEF:
)734P 034'0' 1F BC' A TFF: DP,A OF'1f'-'
)735F' 03413 Ec. se. A LDB A,X KYBUF <OPIf)
)73.SP 034D C".-. LSLB._1.=,

)737p 034E ",r, LSLB._IC'

)73;?F· 034F "',~ LSLB--',=,

)739P 0350 "'co U,;LB LSD NOW MSD_I ....

)740
)741P 0351 EA EO A ORB ,S+ ADD NEW DATA
)742P 0353 E7 S6 A STB A,X KYBUF(OP#)
)743 :+: NOW DI,=;PLAY DATA
)744

- C16 -



:+::+::+::+::+::t:*:+::+::+: :t::+::t::t::+::+: :+: :+::+::+: :+::+::+::+: :+: :t::+::+: :+: :+::+::+::+: :+::t::+: :+: *:+::t::+: :+::+::+: :+:

*' DATA ~:TORED IN f::EYBUF () E; DI~;PAYED ON *'
*' OPERATOR NUMERIC READOUT. *'
*' *'
*' -- INPUT PARAM'S: A - OPERATOR NO *'
*' - OUTPUT PARAM' :;:::: - NONE *'
:+::+::+::+::+::+: :+: :+: *:+::+::+::+::+: :+::+::+::+::+::+::+::+: *:+::+::+: :+::+::+: :+::+::+: :+: :+::t::+::+: :+: :+::+::+: :+: :t::+::+:

XDEF LHWP
OOOA D LINKP LDX #KYBUF
:=:c' A LDB A,X KYBUF (Al
2014 A LDX #LINi<O

T~;TA

01 0361 BEQ D~;PX LINf<O
INCA LINK1 : A~2

FO A D:;::;F'X BITB #$FO M:::;D=O?
Q-::' 0367 BNE DISF'L--
FO A OF:B #$FO MA:;::;K LEADING ZERO
86 A DISPL STB A,X f::YBUF (A) TO LINK (Al

RT~;

~(j~ 01:::: IRQ

0746
0747
074:::
0749
:~)750

)751
)752
)753
)754
)755F' 0355 :;:::E
)756P 035:=: E6
)757P 035A ,-.....,::.c.

)75SP 0·35D 4D
)759P 035E 27
)7/;.OP 0360 4C
)761P 03,~,1 C5
)762F' 0363 26
)763P 03{:,5 CA
)/tAP 0367 E7
)765F' 036'" 39
)766

• ~;A: i IRe, INTERRUPT DRIVEN ROUTINES

- C17 -



AGE:: 019 MO . SA: 1 IF-~G! INTEF:RUPT DRIVEN ROUTINES;

C)/69
:')770
0771
0772
0773
0774
(.l775
'.)776
0777
077:3
)77'~"

NAM MO
TTL MAIN PROGRAM ROUTINES

** :+: *:t::+::+: :t::f;:+::+::t::+::+: :+::+::t:* :t: :+:** :+::+::+:* :t: :+: :+::+::+::+::+::+::+: *=:+::t::+::+::+: :t: :+::+::+:

'" MAIN PROGRAM '"
**:+::+::+::+::f::+:*********:+:*:+:*:t:*:+::+:***:t::+::+:**:+:*:f::+::+:***:+::+:**

'" ROUTINE ACTIVE WHEN CPU IS NOT '"
'" INTERRUPTED. '"
'" -- INPUT PARAM'S: NONE *
* ROUTINES CALLED: WTCHDG, QP, RINGP, '"
'" ACKP, CLRP, LAMPP, '"
* T~3TCHNG, CDLUP *
*********************************************

03::::A 17

038D e6
03::::F E5
0391 27
03'7'3 B/~,

03'7',:;, 17

)S06F 03';J'=)
:)807P 03'?B
:i80:;::P 03'?D
:)80S'F' 03'7'F
OS10P 03A2
:)S11
:)812P 03A5
:)813F' 03A7
:)E:14P 03A9
:)S15P 03AB
0816P 03AE
0:=:17
081::::P 03Bl
081 ';Jp 03B3
0820P 0385
OS21P 03B7
0822P 03BA
0823
0824P 03BD
OS25P 03BF
0826P 03C2
0827P 03C4
082E:P 03C7
0829F' 03C9
0830P 03CB
0:331

LDB
BITB
BEG'
LDA
LDX
LDB
ANDB
~::;TB

'" CANNOT F: ING
LB~::;R

O-OP#,l-FNCST(A)

OP#

A-OF'#, RESTOR ~;

OP#

OF'#

FNCST(A)
ACK NOT ~::;ELCTD

OP#

RING NOT S;ELCTD
OP#

OTHER OP NXT TIM

FNC3T (A)

CLEAR I RQ ~lASK

RE~3ET WTCHDG
OPERATOF: NO

F:ESET WATCHDOG TIMER
CHCK CHNG IN STATUS

FNCST(A)

NR
OPRNO
RINGP

#ACKM
1, S
NA
OPRNO
ACKP

1 0::-... ~ '-'

#RINGM

MAINP
#FNC::;TO
#$EF
WTCHDG
OPRNO
A,X
A,B

#QM
1,8 FNCST(A)
NG!
OPRNO OP#
#FNCS;TO
#NRINGM
A,X
A,X CLEAR RINGM & RINGNG F
WHILE OUEUEING
QP

#LAMPM
1 , ~3

NL
OPRNO
LAMPF'

#CLRM
1, S;
NC
OPRNO
CLRP

OF'RNO
#1
OPRNO
GOMNP
l'iTCHDG
TSTCHG

XDEF
LDX
ANDCC
BSF:
LDA
LDB
PS:HS

LDB
BITB
BEQ
LDA
LBSR

LDB
BITB
BEC!
LDA
LBS;R

LDB
BITB
BEC!
LDA
LB~::;R

LDB
BITB
BEC!
LDA
LB~;R

LEAS
.LDA
EORA
~;TA

BNE
BSR
BSR

A

A
A

03:3[1
D
D
A
A
A

D MAINF'
A

03DB
D
A

0::::72

A NR

03"'7'9

A NQ
A

A NA
A

03A5
D

064::::

05EO
D

A
03Bl

D
062B

A NC
A

03BD
D

0608

A NL
D
A
D

03D'7'
03DB
03EC

80
61
06
0012
0247

S6

0001
EF
6A
0012

0:=:
61
OF
0012
0001
DF

06

04E5

20
61
(it,

0012
02A3

04
61
p.::,
0012
027A

40
61
06
0012
0248

62
0012
01
0012
10
10
IF

,-,r-
'='1::.
lC
8D
B6
E6
34

e6
E5
27
B6
::::E
C6
E4
E7

e6
E5
')7
~,

e6
E5
27
B6
17

E6

C6
E5
27
B6
17

B7
26
:3D
::::D

03,~,A

036D
036F
0371
0374
0376

0378
037A
037C
037E
0381
03:=:4
0386
03::::::::

~)7S0

J781
J782F'
:'l783P
')7S4P
J785F'
)7S6P
0787P
')7.98
')78'?P
0790P
:)7";/1 F'
:)7'7'2F'
:>793P
07'7'4P
:)795P
J7';16F
:)797
:)7S'::::F
:>799
')SOOP
O::::OlP
J802P
:)803P
:)804P
:)805

- C18 -



020 MO MO MAIN PROGRAM ROUTINES

;):?32P 03CD Ft';,
):::33P 03DO C4
O:;34P 0302 Cl
!)335F' 03D4 27
~)B36F' 03D6 17

2002 A
CO A
CO A
03 o3 [f';1

OlB'? 05'?2

LDB
ANDB
CMPB
BEC'
LB~=;R

RING
#$CO
#$CO
GOMNF'
CRLUP

CROLO, CF:DL1 STATU:::; ON

A HANDSET LIFTED
TURN BUZZF: OFF

):337
083:3P 03D9 20 036A GDMNP BF:A MAINP
083';'

0:::42
O:::43P
0;344P
'/345P
':J846F'
:):::47P
:):::4 :,::F'
O:::49F'
',)850

03[13 ::::6 F7 A
03DD B4 2001 A
03EO B7 2001 A
03E3 :=:e. 38 A
03E5 BA 2001 A
03E8 B7 2001 A
03EB 3';!

:+::+: :t::+: :+::+::t: :+::+: :+: :+: *:t::+:**:+:*:t: :t: :t::t::+::+::+::t: :t: :+::t: :+::t: :+::+:* :+: :+::+::t::+: :+: :+: :+::t::+::+:

XDEF ~HCHOG

*:+::+::+::+: :t; :t::+: :+;* *:+: :+::t:** :+::+::+::+: :+::+::+: :t: :+::+::f; :+: :+: :t: :t::+: :t::+::+::t: :t::t::+: :+: :+::t::+::+: :+:

WTCHDG LDA #$F7
AND A CRAO
STA CRAO :3ET CA2/1 OP LO
LDA #$3:::
ORA CRAO
STA CRAO ::;;ET CA2/1 OP HI
RT::;;

- C19 -



AGE 021 MO .SA:1 MO MAIN PROGRAM ROUTINES

:+:****:+::t:**:f::t:*:+:**:+:*****:t:*:+::+::t::+:*:+::t:***:+:**:+:******:t::~

* TE:='T CHANGE *'
:+::t:*******:t:*********:+::+::+::+:***:t:******:+::+:**:t::t:***::t::+:*
* TEST:=' FOF: CHANGE:::' IN ZONE TELEPHONE *
* :::'TATU':::ES: HANDSET:::' ~, FAULTS. *
* DATA BUFFER,=' USED ARE: COLBUF ~,FLASH *
* ** INPUT PAF:AM' ,=': NONE *
* OTHER PAF:AM' :::,: BUFNO *'
* BUFADD *
* STBUFO ~, :3TBUF1 *
* -- ROUT I NE:::' CALLED: MAf<BUF, FM,='B, VALB IT, *
* ,='ETBrT, BUZZF: *
*****:+::+::+::+:*******:+:**:+:*:+:*****:t::+:*:+::+::+::t::+:****:t:*:+::f:**

0:::53
~):354

0:'::55
0:::56
0857
085::::
0:;:59
0860
0861
0:::62

0867
J86SP 03EC B6
):36'~/F' 03EF 88
O:::70P 03F 1 f:E
0871P 03F4 B7
J872P 03F7 27
0873F' (j3FSI :=:E
0874P 03FC BF
0875P 03FF E:!)
:):::76
0:377
0878
0:37'~F' 0401 :3/:..
O::::30P 0403 SE
0:::::;: 1 P 040'-':. 10E:E

0003
01
001 ')'1

0003
o:!.
0031
0004
73

17
0019
0031

D TSTCHG
A
D
D

03FC
D
D BUFF:

0474

A
D
D

XDEF
LDA
EORA
LDX
STA
BEC!
LDX
:::'TX
B,='F:

LDA
LDX
LDY

TSTCHG
BUFNO
#$01
#:::'TTBUF
BUFNO
BUFF:
#STBUFl
BUFADD
MAKBUF

#23
#STTBUF
#,='TBUFl

o OR 1
INVERT BO

CHANGE BUF NO
'3TATU3 BUF (I

STATUS BUF 1

MAf':: NEW BUFFER
BUFNO 0: ,='TTBUF
BUFNO 1: ,='TBUFl

STBUFl ADDR

0883P 040A
O:3:=:4F' 040C
O:::::35F' 040E
O:3:=:6P 0410
OBS7P 0411
O::::::::::::P 041 3

Et.
E::::
2t.
4A
2C
3'7'

86
At.
04

F7

A
A

0414

040A

CHf<

CHKl

LDB
EORB
BNE
DECA
BGE
F:T:::'

A~X

A,Y
ACHNG

CHf<

A- PORT NO, BYNO

CHANGE IN FAULTS

DO ALL FAULT,='
RTN TO MAIN PRGM

0:3'7'OP 0414 34
O::::'7'lP 0416 30
0:392P 041:=: 17
OS'7'3P 041 B 34
08'7'4
0895P 041D Et.
O::::96P 041F BE
O:::'7'7P 0422 30
O:::'?If:
0899P 0424 At.
0900P 0426 17
0'7'01 P 042'7' 88
0902P 042B 1F
0903P 042D 27
O'7'04P 042F C6
0905P 0431 ::::6
0906P 0433 34
0907P 0435 17
090SP 0438 32
0909

Ob
61
FD43
02

61
0004

E4
FD4B
01
8B
OB
01
02
06
0310
c.2

A
A

015E
A

A
D
A

A
0174

A
A

043A
A
A
A

074:3
A

ACHNG F',='HS
MORCHG LEAX

LBSR
PSHS

LDB
LDX
LEAX

LDA
LB:3R
EORA
TFR
BEG!
LDB
LDA
PSHS
LBSR
LEAS

A,B
1 , '='
FM,='B
A

1 ~ S
BUFADD
B,X

VALBIT
#$01
A,DP
NOTNEW
#1
#

...,
~

A,B
BUZZP

O-PRT, 1-CHNGBUF
CHNI3BUF F'TF:
A- MSB THAT IS SET
0- BITNO, 1- PRT, 2- C

PRT

BUFADD (PRTl

BITNO
A- BIND, X- PTR
STATUS INVERSION
STATUS OF CHANGED BIT
NOT CHANGE TO ACTICE S
ON
OPX BUZZR

ENABLE OPX BUZZR
RE:::'TOF: :3
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Ai3E (1.--:'.'" MO • SA: 1 MO MAIN PROGF:AM F:DUT I NE:::'' ... ..:..

(61 11F' 043A ,=-r:::- OOc·l D NDTNEW LDX #FLSH._.....
O':;12P 043D E6 61 A LDB 1, '=:' PRT
0'?13
OQ4P 043F Cl OB ". CMPB #11 HAND:=:'ET OR FAULTH

O'~! 15F' 0441 2F 05 044:=:: BL.E O~'::~::;TAT HAND'3ET STAT, NOT FAUL
i)'116P 0443 iF BC' A TFR DP,A IN/ACTI'.' :3TAT'-'

O'?17F' 0445 4D TSTA :+:

0'7' 1:=:P 0446 ~~ 07 044F BEC! ONESHT ENABLED ALARM LED CANN"::i

:)'1' 1 ''i'
O'120P 044'=:: 30 ~,'" A m:STAT LEAX B, X FLSH CF'RTJC'_l

J';'21 F' 044A E6 E4 A LDB ,-. BITNO, .=,
;:>922
0923F' 044C 17 FD32 01:=:1 ENBLED LBSR SETBIT A-ON/OFF, B-BITNO, X-D
:)924
0925F' 044F 30 62 A ONESHT LEAX -) .=. CHNGBUF... :0 _,

:) ';!2 ,~,F' ()451 E6 E4 A LDB ,=. BITNO, ._'

J'?27F' 0453 4F CLRA
)'72::::P 04.54 17 FD2A 01:31 LB:=:'R SETBIT CLEAR SET t1SB IN CHGBU
{)'-12';:J
0930P 0457 A6 61 A LDA 1, S F'RT
O'7'31F' {)45'? :=:' 1 OB A CMPA #11
O':;32P 045B 102F 00[15 0534 LBLE C1PHON CHNG:::' IN PHON STAT
0'7'.'33
O'134P 045F 6D I- "",,:. A TSTACH TST ~ ~. ANY MOF:E CHANGE:::'._' .... ..::., .=,
0935F' 0461 27 04 0467 BEC! NOCHG
O'=i36F' 0463 32 6,1 A LEAS 1 ,=. 0- PRT, 1- CHGBUF:< -'

0937P 0465 20 AF 0416 BRA MORCHG MOF,E CHANGE:=:'
093::::
0939P 0467 At. 61 A NOCHG LDA 1, c PRT-'

0940P 046'? 32 63 " LEAS 3,8 RE:=:'TOF: ~.

H .;:,

0941 P 046B 8E 0019 D LDX #STTBUF
O'?42P 046E lO8E 0031 D LDY #'3TBUFl
0943P 0472 20 9C 0410 BRA CHf<l NEXT PORT
0944
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":;b::' 023 MO .::;:A: 1 MO MAIN PROGRAM ROUTINE::;:

0'':;46
0'147
0'94:,,:
094''i
0950
0'7'51
(>'?52
O'?53
:)'"7154
0'7'55
J'756
,·,':)C;7
' ... - .

)'7'59
)';J/':'O
)'961
')962
Y963
)'964

:+::+::t::+::+::+::t: :+:*:+::t::+::+::+: :t::+::+::+:* *':+::+:**:t::+::+::+: :+::+::+::+::+::t::t::+::+::+::+::+::+::+::+:**
... MAKE BUFFER "
****:t:*:+:***:+::+::+::+::+:*:+::+::+::+::+::+::+::+::+:**:+::+:********:+:*******
... MAKES DATA BUFFER OF TELEPHONE *'
... :":TATU:3ES. *'
*' CHANGES IN STATUS IS DEBOUNCED. *'
*' MAKBUF DOE:;:: NOT :,,:EE :3TATU:,,: LINE:,,: THAT ,+,
,+ IS MASf<ED BY BLIND () • *'
*' A HARDWARE FAULT IS CORRECTED BY *'
... SHIFTING OF BITS. *'
*, :+:

*' INPUT PARAM' :;::: NONE *'
'" - GLOBAL PARAM' 05: STTBUF ~, :,,:TBUF1 ...
... :3TATU:,,: ...
*' T:,,:TCNT *,
... BUFADD ...
*' - OUTF'UT PARAM' S: NONE ,+,
... - ROUTINE:,,: CALLED: WTCHDG ...
:f:****:+::+::+:******:+::+::+:*:+:*:+::+::+::+:*****:+:**:f::+::+::+::+:*:+::+:**:+=**

:)'765

17 FF64
BE 0004
10:=:E OOOA

*'...*' REC!IURED I.<JHEN SYST

DECOD MUXNO
OTHER BUFFER
ADDR. CARD ~., MUX

OTHER BUFFER

DELAY: SETLING TIME

READ :;::TATUS

A,Y

#23

-2:o~;

A,B,X,Y
A,B,X,Y

STTSEL

#STBUF1
BUFNO
ABXO
#STTBUF

::;:TATU::::

~lAKBUF

WTCHDI3
BUFADD
#:,,:TDCOD

LDA

XDEF
LB:,,:R
LDX
LDY

LDU
LDA
BEC'
LDU
LEA::::
STU

A ADSTAT LDB
~ LDUH

A ::;:TB

A PSHS
A PULS

A LDB

A

D
D

048'7'
D
A ABXO
A

03DB MAKBUF
D
P

17

2012

A6
E4
2010

0031
0003
03
0019
7E
E4

36
36

047E CE
04:31 Bt.
04:=:4 27
0486 CE
04~::9 32
048B EF

04::::D 86

048F E6
04':;'J! EE
0493 F7

04';'6 34
04'7'8 -~~._l

049A F6

Y7'85F'

)'966
:)967P 0474
:)'?6E:F' 0477
:J96'?P 047A
')'970
~)971P

)972P
:)973P
J974P
)'975P
)976P
:)977
:),=J78F'
Y979
:)980P
Y'i81P
:)''782F'
!)'7':=:3
:)984P

0986
)'?87P
)'7'88
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,..:;CJE 024 MO • SA: 1 MO MAIN PF,OGF:AM ROUTINES

0'190
0';'91
0'7"7':2
O'i'?3
0'':;94
Ci'? '7'5 F' 04';>D 34
')'?'?bF' 049F 4F
.)'7"7'7
'J~!'7':=:P 04AO C5
O';":;:"'::;P 04A2 27
1000P 04A4 BA
1001
1002F' 04Ae, C5
1003P 04A:3 27
1004F' 04AA ::::A
1005
100bF' 04AC CS
lOO7P 04AE 27
1008P 04BO SA
1009
1010F' 04B2 ,-.t:"

-''''101 1F' 04B4 27
1012P 04B6 ::::A
10l:~

1014F' 04BS CS
1015P 04BA --:,."7

~,

101bF' 04BC SA
1017
10HW 04BE ,-.r

~-'

1019F' 04CO 27
1020P 04C2 f:A
1021
1022P 04C4 C4
102.3F' 04C6 34
1024F' 04C:=: EA
1025
102bF' 04CA 7r__, ...1

1'')'?-7,-' ..... ,

102S
1029
1030

:+=:t::+::f-::+:*:+::+:***:f::+::+::+:*:+:**:f:******:+::t:**:f;:+::f-::f::t:***:+::+::t::t::t::t::t:

* HARDWARE WIRING CORRECTION !! *
*****:t::t:***:f::f::+;:+:**:+::+:*:t::+::t::+:*:t:******:t::t::+:***:t::t:***:+::+:*

XDEF SAl/COD
02 A '::'AI/COD PSHS A

CLRA

02 A BITB #$02
02 04A6 BEC! XX2
04 A ORA #$04

04 A XX2 BITB #$04
02 04AC BEG! XX3 This routine corrects
10 A ORA #$10 wiring errors on the

08 A XX3 BITE #$0::;:
backplane.

02 04B2 BEG! XX4 Corrections of th e
40 A ORA #$40 status data input from

the Mul t i P 1 exer
10 A XX4 BITE #$10 Monitor boards ar e
02 048:::: BEl) XX.", done interchanging
BO A ORA #$SO bits.

40 A xn BITE #$40 It is simpler to cor-
02 04BE BEl) Xv~ rect the error using,A I

0:::: A ORA #$0:::: software than to
rewire the entire wire

SO A XX? BITB #$:=:0 wrapped back plane.
02 04C4 BEl) X'c· f

~.

02 A ORA #$02

21 A X21 ANDB #$21
(I':;' A P:=HS A'-EO A OF:E ,5+

02 A PULS A

*******************************************:t::f:
* END OF CORRECTION ROUTINE "
:+::+::+:*:+::+::+::+::+::+::+::+:*::+::+:*:+::+: :+::+: *:t::+::+: :+::+: :+::+::+::+::+::+:*:+::+: :+: *:+::+::+::+: :t: :+::+::t:
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,\,::~ 025 MO • SA: 1 MO MAIN PROGRAM ROUTINES,",U_

11032
1033P 04CC ,:::;E (108e P LDX #BLIND .i:o+.:+: ZONE TELEPHONE MAS
,1034P 04CF E4 86 A ANDB A,X :+::+::+: ZC1NE TELEF'HONE MAS
10·35F' 04D1 BE 0004 D LDX BUFADD :+::+::+: RESTORE X :t::+::+:

'1036 :+::+::+ ONLY LOOK',,' AT TELEPHONE EX TEN,,,: ION',,' 1 T
1037
103:=:P 04D4 El e6 A CMPB A,U ::;:TBUFl t< ::;:TTBUF
103'~!P 04D6 .",:, .'. -~ 0.50D BNE DBNCF:...... '_. ,.::-,--1
1<)40P 04D:=: CE 0139 D LDU #TSTCNT
1041P 04D8 6F !-'/. A CLR A,U"-"-'

lO42P 04DD BE 0004 D LDX 8UFADD
-j ,,.,,, .....

,:.'..' ..... '~
1044P 04EO E7 B6 A ABX2 ::;;TB A,X ',,:TOR IN BUFFR
1045P 04E2 4A DECA
1046
1047P 04E3 E", A6 A LDB A,Y DECOD MUXNO
lO4:=:P 04E5 F7 2010 A '3T8 ',,'TT:3EL ADDR. CARD :i~ MUX
104'7
i 050P 04EE: 34 3t. A PSH:,,' A,B,X,Y
lO51P 04EA -~ 3·~, A PULS A,B,X,Y DELAY: SETLING TIME'="-'
1052
1053F' 04EC Ft. 2012 A LDB STATUS READ :::;TATU:::;
1054
1055P 04EF SE oo:=:c P LDX #BLIND *** zm.E TELEF'HONE_MAS
lO56P 04F2 E4 :::6 A ANDB A,X :+::+::+: ZONE TELEPHONE MAS
1057P 04F4 BE 0004 D LDX BUFADD :+::+::+: RESTORE X ***
105:=: :f;:+::+: ONLY LOOK',,; AT TELEPHONE EX TEN',,; IONS 1 T
1059
1060P 04F7 EE E4 A LDU c· OTHER BUFFER,~

lO61P 04F9 El Ct~, A CMPB A,U ',,;TBUF1 ~-{ STTBUF
lO62P 04FB 26 10 050[1 BNE DBNCR
1063P 04FD CE 0139 D LDU #T:::;TCNT
1064P 0500 6F C6 A CLF: A,U
lO65P 0502 BE 0004 D LDX BUFADD
106{:-
1067P 0505 E7 86 A ABX3 :::;TB A,X STOR IN BUFFR
106:=:P 0507 4A DECA
lOb'';'
1070P 050:=: 2C ::::5 04BF Bi3E AD:::;TAT ALL 24
1071P 050A 7-"':' 62 A LEA3 2:-8._,~

1072P 050C 39 F:TS
1073
1074P 050D CE 0139 D DBNCR LDU #T:::;TCNT
1075F' 0510 6D Ct. A T:3T A,U
1076P 0512 27 OD 0521 BEQ INITCT
1077P 0514 6A Ct. A DEC A,/J T3TCNT(A)
lO78P 0516 2b 17 052F BNE ABXl
l079P 051:3 BE 0004 D ABXB LDX BUFADD
l080P 051B o~ 01 A ABXb BITA #$01'-''';

lOBIP 051D 26 Cl 04EO BNE ABX2
1082P 051F 20 E4 0505 BRA ABX3
'1083
,1084P 0521 34 04 A INITCT F'3H3 B
'10:,,:5P 0523 Cb OA A LDB #10
108C:,P 0525 81 OB A CMPA #11
'1087P 0527 2F 02 052B BLE ABX7
108':::'P 0529 et. FF A LDB #$FF
l089P 052B E7 Cb A ABX7 STB A,U TSTCNT (Al
,1090P 052D -~ 04 A PULS B~--'

:10?1? 052F 8E 1000 A ABXl LDX #$1000 NONEXISTENT ADDR
'1092P 0532 20 E7 051B BRA ABX6
~ 10',13
11094 - C24 -
l1095



MO MAIN PROGF:AM ROUTINES:

:+::f;:+::+::+::+::+::+::+: :+::+::+: :+: :+::+: :+-::+: :of.::+::+::+: :+::+: :+: :+: :+: :+: :+: :+: :t::+::+: :t: :t::+::+::+::t::+:*:t::+: :t::+: :+:

,+, [IUEUE PHONE '"
*:+:**:+::+:***:t:*****:t:******:+::t:*****:~*******M:t:**:+:*~:*

'" CHECk3 WHETHER ZONE TELEPHONE HAND:3ET '"
'" IS LIFTED OR NOT. '"
'" IF HAND'::;ET IS LIFTED: ADDS; TEL TO '"
'" QUEUE IF NOT IN QUEUE. '"
'" IF HANDSET IS DOWN: DELETES TEL FROM '"
'" QUEUE IF IN [IUEUE. '"
:+: :+:

'" INPUT PARAM'S: DP- CHANGED BIT STAT '"
'" - GLOBAL PARAM'S: FRSTNO '"
'" - ROUTINES CALLED '"
'" PHECOD, BINDEC, CHK[I, '"
'" DELFQ, ADDQ '"
:+:*:t:*:+::+::+:**:+:**:+::+:*:+::t:***:+:*:t::t::+:*:t:*:+:******:+:**:+::+:*:+:**:~:

XDEF QPHON
0534 34 0::: A [IPHON PSH'::: DP
0536 Et, 62 •. LDB .-} c

H ., --'
053:=: Ab 61 A LDA 1, ':::
053A 17 0203 0740 LB':::R F'HECOD
053D 17 FC57 """C!7 LBS;R BINDEC.... ! J ,

0540 ::::B 01 A ADDA #1
0542 19 DAA
0543 34 02 A PSHS A
0545 iF :3'1' A TFR A,S
0547 17 02AB 07F5 LBS;R CHKQ

054A Et. 61 A LDB 1, :=:
054C .-,..,. GC OS5A BEQ DELFO";;'l

054E ::::1 FF A CMPA #$FF
0550 --:' 1- 03 0555 BNE ENDOP";"'-'
or::t:::--:, 17 025D 07B2 LBSF: ADDQ"-'-'.

0555 32 Cc. .-, A ENDQF' LEAS 2, ::;-,..:.

0557 16 FF05 045F LBRA T:=;TACH

ALREADY IN I)

BCD PHONO

F:ES:TOR S:
TST FOT MOR CHGES

CHANGED BIT STATUS

1S;T COUNT=l

CHANGED BIT STATUS
PRT: BYNO
BIND

• S;A: 11'10026

110,:::
1107
110:=:
110'7"
111 c:
1111
1112
t 113
1114
1115F'
1116F'
1117P
111:,::F'
111'?F'
1120F'
1121F'

11122P
1123P
1124P
1125

1

'1126F'
1127P

1112',::F'
1112'?P
l'l-n F'1 .,:. "_"

1'1-'1 .~ ..

11132P
I' '--F.'.. l.,j.·.=.·

'11~4
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0534 34
0536 Et.

0555 32
0557 16

l~:T COUNT=l

AL..F:EADY IN C!

BCD PHONO

RE~:TOF: S
TST FOT MOR CHGES

CHANGED BIT STATUS

CHANGED BIT ~;TATUS

PRT: BYNO
BIND

1, S
DELFG!
#$FF
ENDC!F'
ADDC!

QPHON
DF'

TSTACH

A
A,B
CHKQ

1, ~:

PHECOD
BINDEC
#1

-, .::..... , ...'

LEA~:

LBRA

LDB
BEQ
CMPA
BNE
LBSF:

:+:*****:+:*:+:******:1o'******;+::+::+:********:+:*:+:*:+:*:+::+:*:+::+::+:
,+, OUEUE PHONE *'
:+: :+::+::+::+: :t::+::+::+::+: :+::+::+: :+: :+: :+;::+: :+: :+::+: :+::+: :+::+::+: :+: :+::+: :+: :t::+::+: :+: :+::+: :+: =+. ·f::t::+::+::+::t: ;.; ::+:

*' CHECKS WHETHER ZONE TELEPHONE HANDSET *'
*' I~: LIFTED OF: NOT. *'
*' IF HAND~=:ET E: LIFTED: ADDS TEL TO *'
*' OUEUE IF NOT IN QUEUE. *'
*' I F HAND~;ET I~: DOWN: DELETE~: TEL FROM *'
*' QUEUE IF IN QUEUE. *'
*: :+:

*' INPUT PARAM'S: DP- CHANGED BIT STAT *'
*' - GLOBAL PARAM'S: FRSTNO *'
*' - ROUTINES CALLED *'
*' PHECOD, BINDEC, CHKQ, *'
*' DELFC', ADDO *'
:+: :+::+::t::+::+::+::+::+::+: :+::+::+::t: :+:*:+::+::+::+::+: :t: :t::+::+::+::+::+::+::+:**:+:*:+::+::+::+::+: :+::+: :+::+: :+: :~:

XDEF
QPHON P~H=:

LDB
LDA
LB~=:R

LB~:R

ADDA
DAA
F'SH~:

TFR
LB~:R

MO MAIN PROGRAM ROUTINES

A

A

A

A
A
A

0740
(: 197

A
A

07F5

07B2

A ENDQP
045F

055A

. SA: 1

01

61

025[1

02
:=:''1
02AB

oc
FF

0:=:
62
61
0203
FC57

03

FF05

27

A6
17
17
:=:B
1 '7'
34
1F
17

~10

053A
053[1
0540
0542
0543
0545
0547

054A Et.
054C
054E :31
0550
0552 17

026f'3E
)1-:)'i7

,l10':/;::
11 nO'-J

11; ~ '~)i:)
,.- • l~ ".

1,101
1102
1103
1104
1105
1106
1107
110:=:
110'7'
111 C
1111
1112
1113
1114
1115P
1116P

i1117P
1111':::F'
1111 '7'P
11120P
i1121F'
i 1122P
i 1123F'
'1124P
:1125
'112,~,F'

11127P
,112;=~P
1112'7'P
11130F'
11131
11132P
11133F-'
111~4
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,.:;GE 027 MO MA IN F'ROGRAM ROUTI NE:3

:t::+::t::+: :+: :+::t::+: :+: :t::t::+: :+: :t::+: :t: :t: :+: :t::t: :+: :t::t: :t: :+::t: :+::+: :t: :t::+> :t: :+: :t::+::+::t: :t: :+::+: :t: :+::t::t: :+:

,., DELETE FROM QUEUE ,.,
:t::+::+::+: :+: *:+:*:t::t: :t:*:+:*:t::+::+::+::+::+:*:t: :+::+::+::t::t: :t::+::+::t::+::+: :t: :+::t::+::+::+: :+::t::+::+:**
,., DELETE:::; TELEF'HONE NUMBER FROM QUEUE ,.,
,., IF IN QUEUE ~, CORF:ECr::; ALL POINTER:::;. ,.,
:+: :+:

,+ INPUT PARAM':::;: A - F'A'3:3ED FROM CHKIJ ,.,
,., GLOBAL F'ARAW S: FRSTNO ,.,
,+, - ROUT I NE'::; CALLED: DELQ, CDLUF', ,.,
:+: :+-::+::+::t: :t: :t::+::t: :t: :+::+::+: :+::+::t::+::+::+::+::+: :t: :+: :+::+::t::+: :+: :+::+::+::+::+::+::t: :+::+::+: :t::t::+: *:+:**

XDEF DELFC!
05.5A 81 FF A DELFO CMPA #$FF
055C '-:07 F7 0555 BEO ENDOF' C! INACTIVE~,

055E A,~· E4 A LDA .- BCD PHONO:o~

0560 17 02BA 0:31D LB>::;R DELO
0563 ~,-. 0015 D LDD FRSTNO' 1_.

0566 2t. ED 0555 BNE ENDQF' 0 ,::;TILL ACTIVE
051':':.:3 :3[1 ""':"::> OS';}2 B,::;F: CF:LUF' I] INACTIV, ,::;TOP F:INGNG"'-'
OS6A 20 E'? 0555 BF:A ENDOF'

BYTN COP#I
BASE ADDR
BASE ADDR + BYTNOIOF'#)

BITNO
ON/OFF

#BYTNO
A,X

B,X

SETBIT

DP,B

LDX
LDB
LDX
LEAX

TFR
LDA
LB>::;F:

RTS

:t: :+::+: :t::+::t: :t::t: :+::t::+: :+::+::+::+::+::+: :t::+::+::+: :+::+: :+: :+::+::t: :+::+: :+: :+::+: :+::t::t: :t::+: :t::+-::t::+::+: *= :+::+:

,., CHANGE LED *'
:t::t::+::+::+::+:**:+: :t::+:**:+::t::+: :+::+::+::+::+: :+::+::+::t: :t::+: :+: :+::+: :+::+::+::t: :+: :+::+::+: :+: :t::+: :+::t:**
,., CHANf3E,::; LED STATUS ON MIr1IC ,.,
,., -- INPUT F'AF:AM'S: All F·~.ram' s on st~.ck. ,.,
,., S + 0: RTS address *'
:+: 2: ON/OFF :+:

,., 3: Base Address of data ,.,
,., 5: OP# ,.,
,., CHANGED: A,B,X,DF' *'
:+::+::+:*:t::+::t::+::t::,..:*:t::+::t:**:t::+::+:***:t:*********:t::t:***:t::+:******

XDEF CHGLED
LDA 5,S OF'#
LDX #BITNO
LDB A,X BITNIOP#1
TFR B,DP

056C A6 65 A CHGLED
056E :3E 0010 D
0571 E6 ::::6 ,.

H

0573 1F 9B A

0575 :::E OOOE D
057:3 E6 :=:6 A
057A AE 63 A
057C 30 E:5 ,

H

057E 1F B9 A
05:=:0 At, 62 A
0582 17 FBFC 0181

0585 39

)11.36
:.1137
'!11·3e
,,'39
11140
)1141
'1142
.l1143
;1144
i1145
)1146
)1147
1114:3P
'1149F'
)1150P
1151P

.'1152F'
! 1153F'
)1154F'
)1155F'
';15t.
11157
,1158
'115'0'
)1160
J1161
'1162
i 11 b.3
'1164
'11 t.5
,1166
,1167
)116E:
\1169
,1170P
,'171P
,1172F'
J1173P
'1174
)i175F'
'l176F'
11177F'
)1178P
'1179
)l1:=:OP
!1181P
)1182F'
)118.3
'l184P
) 11:35
'1186
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.~A:l MO MAIN PROGRAM ROUTINES

REG

COPY OP#
CF:ADLE FLAG
CRADLE (A) FLAG
CRADLE IRC!'CNTRL

A
A

******:+::+::+:*******:t::+::t::+::+::+::t:*:+:*:+:***:+::+::+:******:+::+::+:**:+:
* CRADLE PROCEDURE *
*:+:******:+:********:+:***:+:;t::t:********:+:********:+::+:**
* CRDl UP: lO .. CRDl DWN HI *
********:+:**:+:*:+:***:+:******************:+:*:+:******

XDEF CRDlP
A CF:DlP TFF: A, DP
P LDX #CRDLFL

LDB A,X
BITE: CRDLCR
BNE CRDlm~05AO

:::B
000:'::

2013
OE

E6
F5
2t~.

}118:3
)11:=:9
)11 '7'0
tl1S'1
111 '7'2
11193
i1194P 05:.::t,
11195F' 05:38
f 11 '?,~,F' 0538
'11 ''l'7F' 05:'::[1
i i 19::::P 0590

05'7'D 32
05'7'F 3''i

CRLUF'
CRDLCR-l CLR CRDL IRQ

1200
i1201P
1202P
1203P
1204P
1205P
1206P
1207P

05'?5
05';:"6
05'?8
05'7'A

F6

'::'6
34
17

2012

02
Of:.
01AB
L .-;,
,-' ....

A CRLUP

A
A

074,~:

A

XDEF
LDB
CLRB
LDA
PSHS
LB:;F:
LEA~;

RE;

#2
A,B
BUZZR

OPX
O-OF'X, I-OFF
OPX BUZZR OFF

'12251=' O.SBF Ci,~,

1226P 05Cl SF
'1227F' 05C2 34
i22::::F' 05C4 17

r 1229P 05C7 17
'12.3()P 05CA 32
11231
'1232P 05CC At..
'1233F' 05CE SE
~1234F' 05D1 6F
'1235P 0.5D3 17
t1236
11237P 05D6 Ae,
~ 123:3P 05D:=: SE
~ 123S'P 05DB 6F
'1240P 05DD 32
'1241
)1242P 05DF 39
)1243

120S
1209
1210P 05AO
1211P 05A3
1212P 05A6
1213P 05A:':;
1214F' 05AA
1215F' 05AC
1216F' 05AE
1217P 05AF

r12l:=:p 0582
121 ':;"F' 05B4
1220P 05E:6
'1221P 05B'~

1222P 05E:B
1223F' 05ED

r 12:24

F6
'::'E
34
Et:.
C5
'~7
.... !

5F
:::E
34
:=:D
SE
AF
::::[1

2012
0001
02

,-,.-,
..::...:.

lE

0061
14
B6
004'7'
61
AF
63

E4

06
012F
017E
62

E4
OOOA
:::6
FD7F

E4
0001
86
61

A CRDLDW
D
A
A
A

OSCC

D
A

056(:
D
A

05,::.C
A

A

A
O,:;;,F6
074:::

A

A CLRDSP
D
A

0355

A
D
A
A

XDEF
LDB
LDX
PSHS
LDB
BITB
BEC!
CLRB
LDX
F'~::;H3

BSF:
LDX
STX
BSF:
LEAS

LDA
ClF:B
F'~;H~:;

LB~::;R

LB~;F:

LEAS

LDA
LDX
CLF:
LBSR

LDA
LDX
CLR
LEAS

RTS

CRDLDW
CRDLCR-l
#FNCSTO
A
A,X
#AUDF:NG
CLRDSP

#FL~:;H

B,X
CHGLED
#COLBUF
1 , ~;

CHGlED

A,B
AUDIO
BUZZR

c
, -'
#KYBUF
A,X
lINKF'

#FNCSTO
A,X
1, S

RESET CRDL IRQ'S

COPY OP#: O-OP#
FNCST(OF'#)
AUDIOM OR RINGM
NOT RINGING/ NO AUDIO
OFF

0- ON/OFF, 2- ADDR, 3
S;+2: O-ON/OFF, 2-FlS;HDP

NEW PTR
0-ON/OFF,2-COLBUF PTR,
RESTOF: S

OF'#
OFF
0- OP#, I-OFF
DI ~;CONNECT AUD
S;TOF' RINGNI3
RESTOR S

OP#

ClR KYBUF <oP# )
CLEAR DISPLAY(OP#)

OF'#

CLEAR ALL MODES(OP#)
RESTOR S
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AGE 029 MO MAIN PROGRAM ROUTINES

***:+::+::+::+::+::+::t:***:+:****:+:**:+::+::+::+::+:*******:+:*:+::+::+:****:+::+::t:
*' ACKNOWLED':;E ALAR~l ROUTINE *'
:+:*:t::t::+::+::+::+::+:*****,+:***:+::+::+::t:*****:+:******:+:*:+::+::t:******
*' ACKNOWLEDGE ALARM ROUTINE. *'
* ';ILENCE3 AUDIO ALARf1 ~, ,:::TOF',;:: FLA3HING *'
*' FAULT LED & TURN3 IT ON PERMANENTLY. *'
:+: :+:

*' INPUT PARAM'S: A - OPRNO *'
:+: - GLOBAL PAF:AM':;: FL~=;H, COLBUF :+:

*' FNC~TO & FNC3Tl *'
*' - F:OUT I NE'::: CALLED: BUZZR *,
:+: :+:

:+:***:+:*****:+;*************:+::t::+::t:**:+:*:+:*:+:*******:+::t::+:

:245
1246

)1247
',124;=:
)124'1'
11250
)1251
)1252
)1253
1254

.'1255

1257
)125:=:
)1259
;12t.OP
'126iF'
)1262P
'1263F'
,1264
1265F'

;1266P
1267P

05EO SE 0001
05E3 Cb 7F
05E5 E4 ::::6
05E7 E7 86

05E9 ,=:E 006D
05EC 10:=:E 0055
05FO :=:,~, OB

D ACKP
A
A
A

D
D
A

XDEF
LDX
LDB
AN DB
,;::TB

LDX
LDY
LDA

ACKF'
#FNCSTO
#NACKM
A,X CLEAR ACKM FLAG
A,X

#FL,;::H+12
#COLBUF+12
#11

)12,:':.8
:'1269F'
i1270P
i1271P
,1272F'
i1273P
;'1274P
1275
1276P

'1277P
i127::::P
)127'7'F'
11280P
'12::::1
~ 1282F'
i12:33

()5F2 Eb
05F4 EA
05Ft, E7
05F8 6F
05FA 4A
05FB --:,!-.

""-"

05FD ::;:b
05FF 5F
ObOO 34
0602 17
0605 32

0607 39

F5

06
0143
'. -)
~''''

A XCHNG
A
A
A

05F2

A

A
074::::

A

LDB
ORB
STB
CLR
DECA
BGE

LDA
CLRB
P,;::HS
LBSF:
LEA':::

A,X
A,Y
A,Y
A,X

XCHNG

#2

A,B
BUZZF:

FLSH (A)
FLSH(A) OR COLBUF(A)
NEW COLBUF(A)
CLEAF: FLSH (A)

0- MIM BUZZR, 1- OFF
':::TOP OF'ERATOR BUZZEF:
RE,;::TOR S
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r~i3E 030 MO .SA:1 MO ~IAIN PROGRAM F:OUTINE",'

012:.=:5
:)12:.=:6
)12:=:7
) 12::;::'=:
") 12::::'~!

****:t:*****:+::+::f::+:**:+::t::+::+::+:*:+:**:t::t::+::+::+:********:t:***:+::t::+:

*' LAMP TE",;T ROUT I NE *'
:+::+::+:*:+:*:t: :+: :+: :-1-: :;.::+: :+: :+::+:*:+::+::t:*:+::+: :-1-: :+: :+::t: :+::+::+: :+: :+::t:*:t::+: :+::+: :t: :t::+: :+::+: :+: :+::+:

,+ I LLur1 I NATE",; ALL LED' ':;' ON MIMIC AND ALL *'
*' :3EGMENTS ON THE OPERATOF: DI:3PLAY. »,

:+::+::+: :+: :+: :+::t::+::+::+: :+: :+: :t::+::+::t::+::+: :+: :+::+: :+::t::t' :+: :+:*:+::+: :+:*:+::t: :+: :+::+::t::t: :t: :t::t::+: :+: :4::+:

::;12'~O

:J12'7' 1
::'1292

:'12';;4
)12';'5

*' INPUT PARAM'S: A - OPRNO
*' - GLOBAL PARAM'S: LINKO & LINK1
... FNCSTO ~, FNCST1
*' -- ROUTINE"'; CALLED: LINKP, DELAYP,

:+:
:+:

*':+:

XDEF CLRP
062B C6 FB A CLRP LDB #NCLRM
062D ::;:E 0001 D LDX #FNCSTO
0630 E4 E:6 A ANDB A, X
0632 El E:6 A STB A,X CLEAR CLRM FLG
0634 iF 88 A TFR A,DP
0<:,36 1b FF67 05AO LBRA CRDLDW

OP#

A=O
A=2
ENBLE ALL SEGMENTS

:+::+:**:+:* :t:*:+::+::t::+: :+: :+::+::t::+::+::+::t::+::+::+::+::+::t:** :+: :t:*:+::+::t::t::t::of-::t::+::t::+: :+: :t: :+::t:

... CLEAR FUNCTION PROCEDURE *
***:+::+::+:*****************:+::+::t:*********:t::+:**:t::+::+:***
.. CLE.AR~:;; OPERATOF: DISF'LAY AND ,i:\LL FU~JCTIO,·4 ..
*' MODES. *'
*' -- INPUT PARAM'S: A - OPRNO *
,+ - GLOBAL PARAM' "';: FNCSTO ~, FNCST 1 ...
****:+::t:******:+::+:****:+::+:*******:+::+::t::t::t::t::+::t:**:t::t::+:**:+::t:*

XDEF LAMPP
02 A LAMPP P:3HS A,=,,=, A LDB #$·88'-"-'

2014 A LDX #LINKO
TSTA

01 OtS13 BEl) DX
INCA

::;:6 A DX STB A,X

1000 A LDX InSTIME
1F 0639 BSF: DELAYF'

E4 A LDA :oS OP#
FD36 0355 LB::;;F: LINf:P RE::;'TOR LINf>:: WF'#)

BF A LDB #NLAMF'M
0001 D LDX #FNCSTO
EO A LDA ,5+
::::(:, A ANDB A, X
,=, I- A STB A,X'-"-'

RTS

060:=~ 34
Ot,OA Cb
060C ::=:E
O,~,OF 4D
O,~,l(j 27
Ot,12 4C
0<:.13 E7

Ot':,15 :=:E
061:::: ::m

061A A/:.,
061C 17

061F Cb
0621 ,-,r-e,:::.

0624 Ab
0,:;',26 E4
062::: El
062A 39

)1316F'
::1317P
'~131:=:

:;1319

:\1.302F'

:; 12'?t':,
:'12'77

: 1303P
:' 1304P
>1305
) 1306P
)1.307F'
':1130::::
:: 130';/F'
)1310P
'1311
'1312F'
)1313P
:1314P

) 12S"J''i'F'
::; 1300P
) 1301 F'

:.'1322
')1323
)1324
)1325
")1326
)1327
'i132:.=:
:132'7P
1330P
1331P
1332P
1333P
1334P
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.SA:1 MO MAIN F'ROGRAM ROUTINES

PRE'3ET COUNTER
RE:=:ET WATCHDOG
F,EAD NEW TIME
WAIT MOR

01.33,~'

01-337
0133:=:
o13.3'~

01340
01341
01342
01343
(:1344
~) 1345
o1.'3 4,~,f'

~:, 1347t='
01348P
Cl134';lF'
C1350P

063S' BF 0006 D
063C 17 FIY')C 03DB
063F BE 0006 D
O~,42 26 FO 063C~,

0.::,44 3';'

NAM M1
TTL MAIN PROGRAM ROUTINES

****:+:******:+::t:**:t:**:t::t::+::t::+::+::+:***:t:**:t::t::t:***:+:*:+::f::t::+::t::f:
*' DELAY PROCEDURE USING F:EAL TIME IRO *'
**:+:*:t:***:"::+:**:+:***********:+::t::t::+:*****:+:*:t::t:********
*' -- INPUT PAF:AM' :=:: NONE *'
*' - GLOBAL PARAM':=:: M:3EC *'
*' - ROUTINES CALLED: WTCHDG *'
**:t::+::t:***:+::t:**********:+:*:t::t:**:t::t::t::t::t:*****:t;****:t::+::+::+:

XDEF DELAY?
DELAYP STX M';:::EC
WAIT LBSR WTCHDG

LDX MSEC
BNE WAIT
RT:3

XDEF RINI3R
O,~,45 01 A RI NGF; FCB $01 MUXO
0646 02 A FCB $02 MUXl
0647 04 A FCB $04 OP#

**********************:t::t::+:***:t:*:+:*:f:************
*' RING ROUTINE *'
********:+:*******:t::t:***************************
*' -- INPUT PARAM'S: A - OPRNO *'
*' - GLOBAL PARAM'S: KYBUF, BYTNO, BITNO, *'
*' BUFADD, FNC';:::TO ~, FNCST 1 *'
*' - ROUTINES CALLED: DECBIN, PHDCOD, CHGLED,*,
~, AUDIO, BUZZR, VALBIT, *'
*' *'
**********************************:+:********:t::+:

LDX #KYBUF
LDB A,X KYBUF (lJP#)
LBEQ RTNRNG INVALID PHONO

CMPB #$96
LBHI CLRD:=:P INVALID PHOt~O

TFR B,A DEC PHONO
LBSR DECBIN
LBSR PHDCOD A- BlTN, B- BYTN
TFR A,DP COPY BITN
LDA ,s OP#

C30LDX #BYTNO - -
STB A,X ';:::ET UF' BYTN WP#)

PHONO
CHANGE OP#
OTHER PHONO
CANNOT RING ';:::AME NO

RINGP
#KYBUF
A,X
#1
A,X
CRDLDW

#1 RESTOR OP.
A 0- OP.
#FNCSTO
A,X FNCST(OP#)
#RINGNG
OPHUP PHON RI NGt'~G, HA:;:'

IT BEEN ANSWERED
#RINGNG
A,X SET RINGNG FLAG

EOF:A
PSH';:::
LDX
LDS
BITB
BNE

ORB·
:=:TB

XDEF
064:=: '=-1::' OOOA D RINGP LDX'-'~

064B E6 :=:6 A LDB
064D :3:=; 01 A EORA
064F El ~:6 A CMPB
0651 1027 FF4B 05AO LBEQ

0655 :=:::: 01 A
0657 34 02 A
065':;:; '::01::' 0001 D'-'~

O,:;,5C E6 B6 A
.-\ ' C" .... C5 01 A{_, t,:, __le.
O,-;..!:,O 26 4E 06BO

:+:

0662 CA 01 A
0664 E7 C'L A""'-'

Ot,66 :;::E OOOA D
0(',69 ~, :=:6 Acb

066B 1027 0084 06F3

066F Cl 96 A
0671 1022 FF57 05CC
Of':,75 IF 9S A
0677 17 0112 078C
067A 17 012B 07A8
067D IF :3B A
067F At:. E4 A
06:31 :3E OOOE D
0684 E7 86 A

:::1351
01352
:)1353P
:11354P
01355F'
:)1356
:)1357
.:;135S
) 135'7'
::1360
:) 13'::.1
)1362
:)1363
:11364
')1365
:;1366
~j1367

)1368
)1369
)l370P
)1371P
)1372F'
)1373P
)1374F'
)1375
)137t':,P
)E77P
:' 137:3F'
)1·37"1F'
) 13S0P
)l3:;::lP
)1382
)13:=:3P
)1384P

)1386
) 1387F'
H3:;:::::::P
)13E:'~IP

)13';J(i
)1391P
)13S'2P
)1393P
)1394P
)1395P
H396P
)1397P
)l39:;:::P
)1399P



-- 032 Ml • SA: 1 Ml MAIN PROGRAM ROUTINES:'Af;lt:.

)1400P 06:;::6 ':::E 0010 D LDX #BITNO
:,140 1P 06'::'9 lF B'>, A TFF: DP,B BITN
)1402P 06::::B E7 '::'6 A ::::TB A,X SET UF' BI TN ((IF'#)
)1403
)1404P 063D :::'t. 01 A LDA #1 ON
:>140SP 06::::F :3E 0061 D LDX #FLSH
)140,0,P 06'~)2 34 12 A P::;HS A,X 0- ON, 1- PTF:: FLSH, '")1407P 06'7'4 17 FEDS 056C LB::::R CH!3LED FLA':::H LED
:>140':::P 0697 32 63 A LEAS 3~S RE::::TOR <:-

-'
) 140<;-JP 069'7 A6 E4 A LDA ,-. OF'#~ .=,
)1410P 06,,'B Cb 01 A LDB #1 CONNECT
:'1411P 069D 34 06 A P':::HS A,B 0- OP#, 0,,":,- CONNCT, 3-~

:>1412F' Ot8F '3[1 C'C' 06F6 B'=:R AUDIO_I ....'

:> 1413F' 06A1 32 62 A LEA:::: 2,8 RE::::TOR '=- • 0- OF'#"-' )

:>1414
:; 1415P 06A3 Ab E4 A LDA ;0 ::-; OF'#
:> 1416F' 06A5 C6 01 A LDB #1 ON
)1417F' 06A7 34 06 ~ P::::H:::: A,B 0- OP#,l- ON,3- OF'#H

) t 41 :=:P 06A'? 17 009C 0748 LBSF: BUZZF: RINI3 MUXl OR MUX2
) 141 '>'P 06AC -" 62 A LEAS 2,5 RESTOF: ,=.6 .. -'
:'1420P 06AE Ae. E4 A LDA ;0 E: OP#
11421
i1422P 06BO '::'E OOOE D QF'HUP LDX #BYTNO
',1423P 06B3 E6 :=:6 A LDB A,X BYTN ((IF'#)
'1424P 06B5 BE 0004 D LDX BUFADD
'142SF' 06B8 30 ,~C' A LEAX B,X BYTNO ((IF'#) + BUFADD'='--'
)1426
!1427P 06BA 10'3E 0010 D LDY #BITNO
H42SP 06BE A6 E4 A LDA , ~=; OF'#
:1429P 06CO A6 A6 A LDA A,Y BITN «IF')
)1430
}1431F' 0.0,C2 17 FAAF 0174 LBSR VALBIT X- PTR, A- BITN
)1432F' 06C5 4D TSTA
)1433F' 0,-;,C6 26 2B 06F3 BNE RTNRNI3
11434
.11435P 06CE: A6 E4 A LDA ~. OP#, .:;,

)1436P 06CA SF CLRB STOF' RINI3NI3
J1437P 06C9 34 06 A PSHS A,B (;- OP#,l- STOP
'143:3P 06CD SD 79 074:::: BSR BUZZR
'1439F' 06CF 32 f, ":' A LEA'::: ",:. c RESTOR <:-

_'L ... , ...' -'
)1440
'1441P 06D1 Eb E4 A LDB ,S OF'#
':1442F' 06[1·3 '::O~ 0001 D LDX #FNCSTO,-' ....
)1443P 06D6 A6 85 A LDA B,X FNCST(OP#)
'1444P 06D'::' '::'4 DE A ANDA #NRI3NI3M NOT RINGING & NOT F: I NI3
)1445P 06DA A7 ,-,~ A STA B,X CLR F:INI3NI3 FLI3'="-'
)1446
l1447P 06DC 4F CLRA
'1448P 06DD 8E 0061 D LDX #FL'3H
)1449P 06EO 34 12 A PSHS A,X 0- OFF, 1-F'TR: FLSH, 3
l1450F' 06E2 17 FEE:7 056C LBSR CHGLED
'1451
'1452P Ot.E5 ::::E 004'~ D LDX #COLBUF
i1453F' 06EE' AF 61 A STX l:oS
'14S4P 06EA :36 01 A LDA #1
)1455P 06EC A7 E4 A STA ,8
)145t,P 06EE 17 FE7B OS6C LBSR CHI3LED 0- ON, l-F'TR: COLBUF,
>1457F' 06Fl -~ 63 A LEA'3 - C' RE':::TOR c·

~.:. .:;. , --' ~

;1458
l1459P 06F3 32 61 A RTNF:NI3 LEAS 1, S RESTOR s
'1460P 06F5 39 RT::::
)1461 - C31 -
'1462
l1463



0001 D AUDIO LDX #FNC::;;TO
63 A T:,,;T 3":0 ::; DI :", / CONNECT
OC 0709 BNE CNNCT

Ml MAIN PROGRAM ROUTINES

OF'#

VO I CE (F'HONNO)
OF'#

OF'#

IMAGINARY NO

BYTN(OP#)

BITN (OF'#)

B7= 1 FOR OF'#O
B7= 0 FOr:;; OP#1

CLR AUDIO FLG

SET AUDIO FLG

IINAUDIO

#AUDIOM
A,X
A,X

IIBYTNO
A,X
#BITNO
A .-

, A

OPl
#$:::'0
CONNCT

1I$7F
QMUXNO

F'HECOD

#VOICE
A,X

LDX
LDB
LDX
LDA

LDX
LDA
LDB
BNE
ORA
',,;TA

XDEF AUDIO
***************~*****************************
* AUDIO SWITCHING ROUTINE *
***:+::f::1'::+:**:+::+::+:***:+::+::+::+::+::+::+::+:***:+::+::+::+:*:+::+::t::+::+:**:+:**:+::+::+::+:

:+: -- Input param~s on Stack: *
* S + 0 = RTS ADDR. *
* 2 MUXNO, OP# *
* 3 - DIS/CONNECT *
,+, CHA~E;ED: A,B,X,::;' *
* UNCHANGED: DP,Y,U *
* Routines called: PHECOD *
********:+::+:*:+:***:+::+::+:**:+::+:*:+:****:+::+::+::+::+::+::+::t:*:+::+::+::+:;+::+::+:*

A DI::;' LDB
A LDA
A ANDB
A ,,,'TB

A LDA
0722 BRA

A CNNCT LDA
A LDB
A ORB
A STB

FD

• SA: 1

7F

, .-,
l:",,;;,

02
:=:6

OOOE D
:,,',0, A
0010 D
',,'6 A
23 0740

Ot,F6 ',,'E
06F9 6D
06FB 26

06FD Co'
O,~,FF Ab
0701 E4
0703 "'-_/

0705 ',,'6
0707 20

070'=j At,
0708 C6
070D EA
070F E7

071 1 :=:E
0714 E,~,

0716 ':::'E
0719 A'-'-'

071B ':::'D

1473
01474
01475

1476
1477
147::::

o147'7'P
o14:30P

14:::'lP
i)1482

14:::3F'
14',,:4P
1485F'
1486P
14::::7
14B',,'P
14S':;'IP
1490
1491P

!) 14'?2P
1493F'

()14'~4F'

1495
01496P

14'?7P
1498P
14'?'?P
1500
1501P

1503P 071D ,::'E 002C P
01504F' 0720 A6 8,:;;, A
01505F' 0722 E6 1- "', A C!MUXNO-''';''

01506P 0724 26 02 072:::
01507P 072t, ',,'A '::'0 A OPO
01.50:=:P 072:3 E7 200£ A OP1
01509

'01466
'01467
;'014,';,:;::
~O 14,~,'?

"'01470
:01471
, 1472
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1534F' 073F 3'7'

A,B,X,Y
A,B,X,Y DELAY

DISABLE DECODING BY 74LS139. ALL O/P'S
GO HI, IF NOT HI ALREADY.

LDA W::TRBHI
ORA STRBF'H
STA STRBPH STROBE HI

P'::HS
PUL';

ENABLE B7 OF CmmCT TO BE DECODED

RTS

*:+::+::+::f:***:+::+:**:+:**:+:******:t:************:t:*********
* PHONE NUMBER ENCODE ROUTINE. '"
*****:t:****************:+:***:+:******:t::+:*****:+::+:***
:+:*:i-:***:+::+:*:+:**********:+:******:+::+::+:********:+::+::+::+::+::+::+:
* - GLOBAL F'ARAM' '::: A - BITNO *
,. B - BYTNO '.

:t::+: :+::t: :+::+::+::t::+::f::+::t::f::t::+::t: :+: :+::t::t: :+: :t::+::+: :+: :+::+::+: :+::+::+::+: :+: :+: :+: :+: *:+: :+: :+: :+: :+::+::t::+:
* STF:OBE ROUTINE. '"
:f:*********************:f:**********:t:**:t::t:*******
'" STROBES DATA INTO DATA LATCH. *
*:t::t:*:+:**:+::+::+::+::+::+::f::+::+::+:****:+:*****:t::t::+::t::+::t::+::+::t::t::+::+::t::t::t::+::+:*

XDEF S:TROBE
STROBE LOA #N'::TRBL NOT ';TROBE LO

AND A STRBPH
'::TA '::TRBPH '::TF:OBE LO

Ml MAIN F'ROGF:AM ROUTINE'::

072B :=:6 F7 A
072D B4 200F A
0730 B7 20~)F

,
H

'":+:

0733 34 36 A
0735 35 36 A

0737 '="~ "2 C) A'-"-" ..."-'
073'7' BA 200F A
073C B7 200F A

*
'"

034

1526
i527P

152''IF'
1530
1531

1536
1537
153;::
153'7'
1540

1532
1533

1535

(\ 1524F'
~) 1525F'

151 ::::F
0151 '7'P

1520
01521
(! 15:22
(:11523

:f:

* - OUTPUT PARAM'S: A - BINARY PHONO *
'" B - BynW *
'" CHANGED: A, B ",
* UNCHANGED: X,Y,S,U,DP '"
:+::+::+::+: :+::+: :+::+::+::+::+: :+: :+: **:+::+::t::t::t::+::+: :t: :+::+: :+::+::+::t: :+::+::+::+: :+: :+::t: :t::t: :+:: r: :+; :+::t: :+: :+:

1542
1543
1544

(i1545
('154,~,

]01547
P154::::
hl~4'?.,- -
01550P
P1551F
b1552P
Io1553F'
;--1 ~~4P
~) o_!._f

I:' 1555F'
1"-,1 e-C",1_0-.1.. __to_!f';'

f) 1557
0155:3

I

0740
0741
0742
0743
0745
0747

34
AA
39

04
EO

A
A

XDEF
PHECOD LSLB

LS:LB
L'::LB
F'~::H';

OF:A
RT,;::

PHECOD
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.SA:l Mll'~!3S 035 M1

; (ii5f.:.O
("11561
(11562
(:1 15,~,3

('1564
f 155.5
015t.f.:,
b1567
c15,::.8
~, 15~,';'

ri570
{)l571
t)1572
(JlS73
b!574P 0748 lOSE 2002

, C) 1575F' 074C ::::E 0645

~lAIN PROGF:AM ROUTINEE;

XDEi" BUZZF:
*;f::t::+; :+: ;f: ;f::+::+::f::f:* :f::f::+:* :+::+::+::+: :+: :+: :+::+::f:* :+::t: :t:*:f: :+:* * :f::t::f::+: :+:*:+::t::+: :+::+:

:t: -- Input F20.l"'~.m' s on st~.ck: :+:

* s + 0 - RTN ADDR *
* :2 - FUNCT ION *
* 0: MUXO *
* 1: MUXl *
* 2: OF'# *
:+: 3 - ONOFF :+:

'.' CHANGED: A,B,X,Y,E; *
'.' UNCHANGED: DF', U *
:+: :+:

* CRDL UP: LO :: CRDL DWN: HI *
*****:t:********:+:*:+:***:t:*:f::f::f::f::t:*****:+:**:t:*****:t::t::t:*

A BUZZR LDY #RING PIAOB
P LDX #RINGR

A LDA
A LDB
A OF:B
A STB

NORNG Rn:;

A OFFMIM LDA
A LDB

COMB
A ANDB
A STB

RTS

A NMIMIC LDA
A LDA
A TST

0786 BEC!
A ORA
A STA

RTS

STPRNI3 COMA
A ANDA
A STA

RTS

{.\ 157,:;,
(! i577F'
(J 157::::P
b1579P
t; 1.5:=:0
(li5E:l P
(:'15::::2P
015::::3
(11S84P
b1585F'
tll5:36P
t'\1 C"='7~'

-" ....~"-,, .
t·4 C''-''-'

! l ...f,=.'="

C' " o-C,qF'........1,-, ,

(;15'~)OP

t\ 15';11 F'
01592P
(j1593P
()15'~/4

(':'1595F'
PS''16P
CI15Si 7P
('lS,?8P
PS'?"1P
('l600P
(l160 1
('1602P
~'1603P
(11604P
t-) 1605F'
('l606P
(;t607P
('1608P

~~~(i;'p
(ilU lF'
Nc,12P
(;1613P
~'1614
(11615

I

074F S6
0751 Ai
0753 26

0755 6D
0757 27

075';' F6
075e C4
075E Cl
07,:;.(1 2,::·

0762 At.
07,':,4 E6
0766 FA
076'~ F7
076C 39

o7':=' [I Ab
076F Eb
0771 53
0772 F4
0775 F7
077:::: 39

077S' A6
077B A6
077D 6D
077F .-:...,.

~,

07E'l AA
07:=:3 A7
0785 39

0786 43
0787 A4
078"1 A7
078B 3"1

02
62
24

14

2002
CO
CO
OA

'- ",c,,,:,,

',,'6
2002
2002

to. .0')
'-''':''

::::6

2002
2002

62

05
A4
A4

A4
A4

A
A

0779

A
076D

A
A
A

076C

LDA
CMF'A
BNE

T:,,;T
BEG!

LDB
ANDB
CMF'B
BNE

# '-'.:.

NMIMIC

OFFMIM

RI NI3 •
#$CO
#$CO
NORNI3

RINI3
RING

RING
RING

A,X

E;TF'RNG
Y
Y

Y
Y

Fur'KT ION

ON/OFF
TURN MIM BUZZR OFF

PIAOB
CRDLO, CRDLl STAT ONLY

BOTH HANDSETS NOT DOWN

FUNCTION: OF'X
RINGEF: (A)

ENABLE OPX BUZZR

FUNCT ION: OF' X

TURN MIM BUZZR OFF

FUNCTION
DECOD FUNCTION
ON/Oi"F
:3TOF' RNGNG

NOT RINGR

::;;TOP RI NGNG
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COpy OF A
MUX ADDR
CRD ADDR

DECREMENT TENS COUNTER

PHONO 16 = $OF
PHONO 1 = $00

COPY PHONNO
M:3D
M~3D = 0
B- M<::D

PHONNO
LSD

MSD NOW L3D
SUM

TEN

DECBIN
A, DF'
#$FO
ONEDIG
A,B

#10

A,B
#$07
#$7:=:

DP,B
#$OF
B
O:oS+

PHDCOD

*****:t:*:+:*:+:*:t:*:+::t::t::t::+:*:+::t::t::+::+::+::+::t:***:t::+::+:**

*' DECBIN CONVERTS A DECIMAL NO. *'
* TO A BINARY NO. *'
:+: :+:

*' -- CHANGED: A, B, :3, DPR *'
*' -UNCHANGED: X, Y *'
:+: :+:

*' INPUT PARAM'S: *'
·t, A - DECIMAL NO. UF'ON ENTRY. *'
*' OUTPUT PARAM'::;;: *'
*' A - BINARY NO. UPON EXIT. *'
* NOTE:- 16 = $OF :+:

*' 1 = $(H) *'
:+: :+::+::+::+::+::+::+::+: :+::+::t::+::+::+: :+::+::+:*:+::+: :+: :t::+::+: :+: :+::+: :+::+::+: :+: :+::+::+:

:+::+: :+::+: :+: :+::+::+::+::+::+::+:*:+: :+::+::+: :+::+::+::+::t::+::+::t::+::+::+: :+::+:*:+::t::+: :+: :+::+::+:

*' DECODES F'HONE NO. TO CAF:D NO. (B) *'
*' AND MUX NO. (A). *'
*' CHANGED: A, B *'
*' - UNCHANGED: X, Y *'
:+: *
*' INPUT PARAM'S: A - BIN PHONO *'
·t -- OUTPUT PAF:AM'S: A - MUX ADDR *'
*' B - CARD ADDR *'
:+:*:+::+::+::+:*:+::+::+:**:+::+:*:+:*:+::+::t:*:t:*****:+:**:+::t::+:****:f;

TFR
ANDA
ANDB
LSRB
LSRB
LSRB
RT::;;

:+:

:+:

:+:

*'
:t:

:+:

:+:

*'
*'
*'
:+:

:+:

*':+:

*'
:+:

*'
:f:

:+:

A ONEDIG TFR
A ANDB
A PSH:3
A ADDA

DECA

*' RT::;;

XDEF

A PHDCOD
A
A

XDEF
A DECBIN TFR
A ANDA

079E BEG!
A TFF:

LSF:B
LSRB
LSRB
LSRB
CLRA

A TEN ADDA
DECB

07'1'9 BNE

. SA=! Ml

OA

SE:
FO
OC

EO

FB

B9
OF
04

S'?
07
7 '=''-'

03,~, t11

:,:':,33F' 07:=:C iF
1634P 07SE ::::4
1635F' 07'::0 .-,...,.

":'.J

163,~,F' 07'1'2 iF
i {;,37P 07'7'4 54
163::::P 07'7'5 54
t639F' 07'7'6 54
1640F' 0797 54
1641P 079:=: 4F
1642P 079';' :3B
1643F' 079B SA
1644P 079C 26
1645
164,:;,P 07'~E iF
1.-;,47F' 07AO C4
164:,::F' 07A2 34
164'?P 07A4 AB
1650F' Cl7A6 4A
1651
16,52P 07A7 3'7'

165'7
lt,t,O
1661
16..:':,2

:01663
;01664
:01665
(;1666
'01667P 07A8 iF
('1668P 07AA 84
P1669P 07AC C4
01670P 07AE 54
01671P 07AF 54
'f) 1(-,7c.'P' ," 7B') "'4,- - - -" - '-'
01673P 07Bl 39
'01674
01675,
J



• SA: 1 Ml MAIN PROGRAM ROUTINES

XDEF ADDC!
*:+::t::+::t::+:*:+::t::+::t::t::+::t::+::+:*********:+::+::t::+::+::t::+::+::+:*:t::+::+::t::t::+::t::+::t:*

*' -- I NF'UT F'ARAW::;;: S - BCD F'HONO, 1BYTE *'
:+: :+:

*' - OUTPUT PARAM'S: X - #QUE *'
*' CHANGED: A, B, X, U *'
*' UNCHANGED: X, DF', :::; *'
:t: :+:

*' NOTE: UNU:::;ED ELEMENT::;; = (> *'
*' LA:3T ELMNT: NXT = 0 *'
*' F I R:3T ELMNT: PREt,' = 0 '"
:+: :+: :+::+::t: :+::+: :+: :t: :+: :+: :+::+: :+::+::+::+: :+::+::+::+::t::+::+::t::+: :+::+: :+: :t: :t: :+: :+: :+: :+: :+::+: :+: :+::+::+: :+: :+: :+;:.,.:

ADDQ LDA 2,S BCD PHONO
BSR DECBIN CONVERT TO BIN
INCA CORRECTION
STA 2,::;;

FRS;TtJO OUE NOT IN U::;;E
NTNEW NOT l:::;T NO IN NEW I)

#$0
,X CLR UNUSED BYTES
2:oS NEW PHONO

NOW PTR

FRSTNO NE~J FIRSTNO: 1ST ELMNT

01.'':,77

..•~ 01,:,7:::
,jOb7 ;
l016S:0,
1016:31
)'11. /-"-'

I
;() ",,='.:.
I) 0 1,~,:::3
n " . "-'4Pl) lc·,=,
~'J 016:::5
t] (I 16:::6-
"n01/;.:::7

i?~ ~'~::~"i v:. '':''-' ,I

Il". i L'::',,-\C,
.'. '-' i ..... ,

C16'?lPi l-' ~ I. q'-::'F'... '-' , ....
016'7'3
C1t84P
01695F'
01 !:.,c/6F'
Cl tt'?7
016,?::::P
ot 6'?':;>P
01700P
01701P
01702P
C'1703P
01704
01705P
01706P
01707P
o170:3F'
0170'?F'
01710P
01711F'

I01712P
101713
01714P
01715F'

'101716P
017l7P
0171::::
C1719F'
01720P
01721P
01722P
01723F'
01724P
01725F'
01726P
01727P
0172EiF'
0172':;>
01730P
01731

07B2 A6
07B4 :::[1
07B'::, 4'-·
07B7 A7

(:liB9 ::::E
07BC FC
07BF IF

07Cl EC
07C3 E6
07C5 c:',-,__IC'

07Ct, IF
07C8 IF
07eA EF

07CC IF
G7eE IF
07[10 ~~,_tr

07D1 IF
07D3 4F
07[14 E6
07[16 c-,-,__1,=,

0707 EF

07D'? 4;:-
07DA E6
07[1C C"',-,....Ie_

07DD FD

07EO 4F
07El 5F
07E2 1083
07Et, .,,:, 1-

~'-'

07E::: CE
07EB EF
(l7ED E6
07EF ~,~-_1>=.
07FO 4F
07Fl FD

07F4 39

<:,2 A
D6 07:=:(:

,~ AC'..;;.

007''':/ D
0017 D
02 A

88 A
62 A

03 A
20 A
::::B ,.

H

20 ,
H

'?"'::: A

03 A

f .-, A;'..::..

:=:B A

62 A

0017 D

0015 D
OC 07F4
O()OO A
::::4 A
62 A

0015 D

NTNEW

LDX
LDD
TFF:

LDD
LDB
L3LB
TFF:
TFR
::;;TU

TFR
TFR
CLRB
TFF:
CLRA
LDB
LS;LB
STU

CLRA
LDB
LS;LB
STD

CLRA
CLRB
CMPD
BNE
LDU
STU
LDB
L::;;LB
CLF:A
STD

RTS

#QUE
LASTNO
D,Y

D,X

D,U
Y,D
D,X

Y,D
B,A

D,U

D,X

Y- LASTNO

LA:3T ELEMENT
PHONO
PTR TO NEW PHONO
OLD LASTNO: PREV# NE~

LAS;TNO
OLD LA::;;T ELEMENT UPDAT

LASTNO
LA:::;TNO#LA:::;HKi
CLR NXT
COPY

NEW F'HONO IN CO
PHONO NOW PTR
NEW LAST ELEMENT

PHONO
LA::;;TNO PTR
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A NOG' LEA::;' ,., ':. RE:,,'TOR c
..... :0 ._' -'

A LDA #$FF NO NOT IN Cl
RTS

IS IT FRSTNO
NOT FRSTNO

FTR TO PHONO

PTR TO PHONCi

A - ENTRY NO
X - #C'lJE
A,P,X,Y,U
::;:, DP

B,A

D
FRSTNO

NOG'
D

#DUE
D,X
NFOUND
B,A

CHANGED:
UNCHANI3ED:

MAIN PROGRAM ROUTINES

*' - OUTPUT F'ARAM' S:
:f:

:+:
:+:

*'

XDEF CHKCt
*********************************************
,., -- I NFUT PARAM' S: P - BeD F'HDNO *'
:+: *

*' NOTE: UNU:,,'ED ELEMENT::;' = 0 *'
,., LA:,,'T ELMNT: NXT = 0 *'
*, FIF::,,'T ELMNT: PF:E\i = 0 *'
********:+::t::t:**:t::+::+:****:t::+::+::+::+::t:****:t:**:+::+::t::+::+::+:*:+::t:*:+::+:

CLRA
LDX
r,,'T
BEC'
TFR
L:3LB
RT:,,'

NFOUr'JD PSH~;

LDD
CMPD
BNE
PULS
LSRB

A TFR
RT::;:

98 A CHf::O TFR P,A BCD F'HDNO
93 07:::C B:,,:R DECBIN CONVERT TO BIN

INCA COF:F:ECT I ON
c"=-; A TFP: A,B'_' i

0079 D
::::3 A
04 0:=:0:=:
9:=: A

06 A
0015 D
E4 A
06 OB 1 ::::
Ot~, A

..0\7'=, Mi....'._"-,

01733
01734
Oi735
,:) 1736
01737
0173',,'
0173'7'
01740
01741
01742
01743
(11744
01745
(.'174t,
01747F 07F5 iF
0174:3P 07F? ,3D
0174'7'F' 07F'~! 4C
C1750P 07FA iF
01751
01752P OiFe 4F
i) 175-3P 07FD SE
01754F' CSOO 6D
01755P O~::O2 27
Co17StoP 0:::04 iF
01757P 0;306 ~,-,,_1,=,

0175:=:P 0807 39
0175'7'P 080::: 34
.) 17t.OP OSOA FC
017f':.1P 080D 10A3
01762P 0,,,: 10 26
01 7'':,3P 0:=:12 35
01764P or:n4 54
,., of

7,~,5F' 0:315 IF··0'.0.

01 7t.bP 0',,'17 39
01767
o17(;'::;:P OelE: 32
01769F' O~::l A ,='t..

'-"-'

C1770P O::;;IC 39
01771
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Ml MAIN PROGRAM ROUTINES

XDEF DELC!

:+::t::t::+::+:;t::t::+::+::+::+::t::t::t::t::t:*:+::t:*:+:****:+:*****:t:**:f:***;+::t:**:+::f::f:
*' -- INPUT P'ARAM' '::: A - ENTRY ND: BCD *'
:+: *
'f' - OUTPUT P'ARAM' :::: X - #C'UE ,..
*' CHANGED: A,B,DP,X,Y,U *'
'f' UNCHANGED: *'
:+: :+:

*' NOTE: UNU'::ED ELEMENr:: = <) *'
*' LA'::T ELMNT: NXT = 0 *'
*' FIRST EL/'lNT: PREV = 0 *'
****:+:******:+:***************:+::+:****************

CONVERT PHONO TO BIN
CORRECTION

DEL PHONO ELMNT

NEW NXT ELEMENT

- C38 -

0- PTR TO DEL PHONO

PHONO ELMNT: PREV#NXT
O-PHONO EMNT, 2- PHONO

NXT ELEMENT
F'TR TO NEl.J PREV

NEW PREV ELEMENT

PREV ELEMENT
PTR TO NEW NXT

PTR TO DEL P'HONO

CLR DEL PHONO

PTS TO PREV ELEMENT
NEW LASTNO

NOT LAST NO IN C!
DEL PHONO ELMNT

PTR TO DEL PHONO

NOT FIRST NO IN Q
DEL P'HONO ELMNT
D PTR TO NEW FRSTNO
NEW FR'3TNO
RESTOR S

DECBIN

D
#C'UE
D,X
D

D,X

0, :::
A;oB

D,X
0, :::
D,U
0, :::

D, X
1 , :::
D,U
0, :::
A,B

#0
D,X

LA::;TNO
NOTL'::T
0,::;;
A,P

D,X

LASTNO

FR:3TNO
NTFRST

,~, .:;.

FRSTNO
4,S

LPSR
INCA

TFF:
CLF:A
L:::LB
P:3HS
LDX
LDD
P"3H::;

LDD
TFP:
CLRA
LDD
LDB
TFR
LDD
TFP:
CLF:A
STU

CLRA
LDD
LDA
TFR
LDD
CLRA
STU

CMPD
PNE
LDD
TFR
CLRA
STD

LDD
CMF'D
BNE
LDD
CLRA
STD
LEAS
RT'3

LDD
LDU
:::TU

A
A
A

A

A
D
A
A

A

A

A
A
A
A

A
A

A

A

A
A
A

A
A

D

D

D
A NTFRST

A NOTLST
D

086F
A

. SA: 1

FF6C 07:::C DELC!

::'B
E4
0,3
E4

E4

,::B

007'1
:3B

:3B
61
03
E4

8B

:::B
0000

E4
89

0017

62
0015
06
E4

0015
64

10B3 0017
26 0:3

O::::2E 4F
O:::2F EC
O~331 Al:.,
O'::3.? 1F
0:=:35 EC
0':'37 4F
0::'303 EF

0::::27 8E
0:32A EC
082(: 34

oe25 34 Ot;,

O:=:4C EC
O'::4E CE
0851 EF

0:=:21 1F :=:'~!

0:323 4F
O~:24 5f:

0:::3A EC
0:33C IF
O:::3E 4F
083F EC
0:::41 Et.
0:::43 1F
0::;45 EC
0:::47 1F
0:::4',' 4F
084A EF

0:=:53
0857
0859 EC
085B 1F
0'::5D 4F
085E FD

0861 EC
O:3{:.3 10B3
0:=:67 26
0869 EC
086B 4F
0:36C FD
086F 32
00371 39

03':;r'::'SE

b1773
r)1774
f)1775
(;1776
b1777
(i 177f:.:
(J 177'::;
b17E:O
bini
'0 17:~:2

f:) 17:::3
J._, 1 7'-"!\/-./.1. I ,=,~

C1785
:01786
~)1787P 0:=:1[1 17
;:) 17S;?P 0:=:20 4C
~) 17:3';J
•:017S'OF'
j01791F'
(:'1792P'
('1793F'
bl7":J4P
"'-\17'::;~P'
,.' i ••_1

01796P
;01797
t) 179::::P
b179';"P
b1800P
bE:01P
b1:302P'
I.) 1E:03F'
blS04F'
01::;:05
(I 1:::O,~,F'

01::'07P
I) 1:::o:::p'
01::::0'?F'
(!1810P
Pl:::11F
01812P
l)1 ::: 13F'
01E:14P
01:315P
01:=:1,::.
01817P
C'l ::: 1:::p'
t\181'~P

()1820
C'1821P
C1822P
01823P

(l1836
i

t
j

01824P
(l1825P
0182,!:.P
P1827
(! 182:=:P
{i 182'~}F'
(;1830P
C>1831F'
('1832P
(>1833P
(i1834P



M1 MAIN PROGRAM ROUTINES

:t::+::+::t:;+;:+::+: :t: :+::t::+::t: :t: :+::+: :t:.:t: :+: :+::+: :t: :+: *:+::+::t: :t: :t::t: :+: :+::+: :t: :+::+; :t::+: :+: :t::+::+: :+: :t::+::+:

* QUEUEING PROCEDURE *
:+: :+: :+::+::+::+::+: :+: :f::+::+: :+::+: :+::t: :+: :+: :t: :+::t::+::+: :t, :+: :+: :~.::+::t::+: :t: :t::+: :+::t: :t: :t: :+: :t: :+: :+::+::t: :+: :f::+:

0872 10:3E 0001 D GlF'
0::::76 34 02 A
~)87S C'~, F7 A
O:37A E4 A6 A
0:37C E7 A6 A

C!F'
#FNC:3TO
A O-OF'#
#NC!~1

A,Y CLEAR Q FLAG
A,Y

XDEF
LDY
PSH'3
LDB
ANDB
:3TB

l.-:;:;·3E 040 f11

1 1,-,-,~
(l ':' .,:-..;:,

i C) 1:33'7'
;01:340
)I:) 1841
01:342
01;::43F'

1:344P
ot:345P

1:346P
(ll:::47P

PTR TO TOG!: TOP OF Q

VALID [I

OF'#

OP#

BCD PHONO
DEL PHONO FROM TOQ

RETURN TO MAINP

TOQ PHONO: PTR
NOW PHONO

BCD PHONO
O-PHONO, 1-0P#
PHONO
OP#

SET RING MODE

PUT TOQ PHONO IN KEYBU
DSPLY T.O.Q

OP#
:3ET ZERO
DE;F'LAY ZERO

FRSTNO

FF~STNO

A
RINGP

CONTNO
#0
#KYBUF
A
A,X
LINf<P

BINDEC
A
A,B
1:0 S
IWYBUF
A,X
LINf<P

A
DELQ

#RINGM
A,Y
A,Y

LDD
BNE
LDB
LDX
PULS
STB
LB'3R
RT~;

LDD
LSRB
TFF:

LDA
LDB
ORB
STB

LS:'F:
PSHS
TFR
LDA
LDX
~;TB

LB':;R

PUL~;

LB:=;F:

END

PUL:3
LB::;F:
RT~;

A CONTNO
A
A
A

A

D

D
O:3'~O

A
D
A
A

0355

0015
OD
00
OOOA
(,.::'

:3".:·
FAC6

0015

E4
20
A6
At.

F8Ft. 0197
02 A
89 A
61 A
OOOA D
:=:6 A
FAA6 0355

02 A
FF69 0:::1[1

n--::' A
FD8F 064:::

oe7E Fe
o:::::=: 1 26
08:=:3 Ct.
0885 8E
()':>'=••=. -e-. '.."-"-' .~._I

(X3':'A E7
£):3:=:C 17
O:38F 39

0:=:';'0 At.
08'';>2 e6
0:3'7'4 EA
08';/6 E7

0:::'1'8 FC
0:=:98 54
O:=:9C IF

o:::':r'E 17
0:::A1 34
08A3 IF
OSA5 A6
0::'A7 E:E
O::::AA E7
08AC 17

O'::AF -e-_=,_1
0881 17

0:3B4 -e-.6_1

08E:6 17
O:::B'~I -ZC!__' I

01855F'
01:356P
01857

C1853P

0184:3

o185:=:F'

01871 P

01854P

OlS52P

01 t:49P
01:::50P
01:351P

01872F'
01873P
01874
01:375P
OH376P
Cl:::77
0187::::P
0187';'P
(118:=:OP
01:::~=:1

018::;:2
01::::33
TOTAL ERRORS 00000--00000
TOTAL WARNIN!3~; 00000--00000

0185'.;>P
ol8e-OF'
(11 :::61P
01862
01863F'
01:::64P
(f186SF'
01:::;;::.6
01 :367P
Pl~:6:3P

0186<iP
01870P

P 0489 ABXO 00''173 00975*
P 052F ABXl 0107:=: 01091*
p 04EO ABX2 01044*01081
P 0505 AEX3 010670+<01082
P 0518 A8X6 010:30*01092
P 052B AEX? 01087 010:::9*
p 051:3 ABX8 01079* - C39 -
p 0414 ACHNI3 OO:::::=:5 00:3''10*
p 02DE ACK 00668 00674*

OOOD ACKK 000''10*00674
00':::0 ACKM 000c,6*00676 00:::00

p 05EO ACKP 00:::04 01259 01260*
P 01AO ADD16 00442*00445
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01279 0141:::: 0143:::: 015t,O 01574:+·
013S1t: 01422 o149i:,

01222 01407 01450 01456

MAIN PROGRAM ROUTINES.SA:l Ml

00093*00681

00533 00537:+:
01130 01677 011:.8'7':+:
00';}:=:O*(l 1070
00711 00717*
006~=;2 OO,~.SS:+:

01228 01412 01465 01479*
00080*00688 00719 01492
0007',',+,01214
00429 00437*01119 01867
00367*0036:3
003';J3 003'~"5:+:

00143.00144*01171 01400 01427 01498
00145*
0020'7':+:01033 01055
00128*00315 00874 00896 00968 01035 01042 01057 01065
0107S1 01424
00127*00::::68 00:::71 00'7'72
00::;:72 00::::74*
OO'?07 01205 0122'7'
00140 00141*01175
00142*
01169 01170*01219
00::::83*008:37
OOE: E: t, :+:00'7'43
01124 01733 01747*
00675 006S1:+:
00247*
01215 01232:+:01392

00074:+:00683 00:312
00306*00308
00816 01328 01329*
014:::: 1 0 14'i1 'i·

00101*00579 00605 0061B
00102*00576 00601 00617
00103*00573 005"/'7 00616.
00104*00570 00594 00615
00163 00H:A*005e.4 01220 01266. 01452
002(:,6:+:
0010,";,:+:00326 0032'7' 0 150::;:
00314*
01:=:50 01:=:5:3:+:
00098*00477 00480 00844 00845 00847 00848
00110*00494 01197 01201 01210
01198 01209 01210*01334 01374
00179 00180*00693 01195
00501 01193 01194*
006.90 006.93*
00100*
00696 006'0'8*
00497*
00250*00252
00836 01154 01200 01201*
00499 00501*
00076*
01039 0106.2 01074't<
01394 01632 016.33*016.90 01748 01787
01307 01345 01346*
00346. 00347*00349
01127 01147 01148*
01151 01773 01787*01876
01483*
00762 00764*
0066.0 006.e,3*

G'f'GE 041 Nl

; , -~11 ADDIG: f" .., ".'-
t f 0782 ADDC!

~' 04~:::F AD~=;TAT

r 0326 AUDACT
F 02F4 AUDFLG
F Of.:,F6 AUDIO

I 0002 AUDIDM
, 00:22 AUDF:~NC:iI
c' o1'7}7 BINDEC
!.-, 01,:;,5 BITAGN'r
f

01S0 BITCLR'f'
h-! 0010 BITNO
1"'1 001 1 BITNl
)'-

b (>t):=:C BLIND,

t:
0004 BUFADD

0003 BUFNO,,-
le;, 03FC BUFf;:,
1:;, 074:3 BUZZR
I'D OOOE BYTNO

iD OOOF BYTN1
,,;::, 056C CHGLED

I~, 040A CHK

!' 0410 CHKl

l~:
07F5 CHf:O
02E'O' CLR

=, OOAD CLRALL
p 05CC CLRD',W

OOOF CLRf'::
0004 CLRM

,p 011E CLRMEM
IF' 062B CLRP

r0709 CNNCT
2004 COLO
2006 COLl

I 200S COL2I
200A COL3

D 0049 COLBUF
=, OODl COLM:=:,

200E CONNCT
F' 012A CON:3T
P 0:=:90 CONTNG'!

2001 CRAO
2013 CRDLCR

F' 05AO CRDLDW
p OOOS CRDLFL
0 05:=:6 CRDLP,
P 02FB CRDL:=:

2002 CRDLST
F' 0306 CRDLUF'
F' 01E9 CRDLX
F' OOB3 CRINIT
F' 0592 CF:LUP
P 01EF CRLX

0000 CTRBLO
P 050D DBNCR

I: 078C DECBIN
063';1 DELAYF'

IF' 0156 DELAYR
iF' 055A DELFQ

l~
0:=:1[1 DELQ
06FD DIS

Y
0367 DISPL
02CE DISRGD
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01153 0115·5

0091 1 01217 01265 01405 0144::::

0055'7' 00652 00659 00702 00718 007:=:2
012,0:,0 01313 01330 0137:=: 01442 01479

MAIN PROGRAM ROUTINE3• SA: 1 M1

00754 00755:+:01235 01310 01:::55 01:=:73

0052:=: 00535*

00 126*00561 OO~·61

00310*
00654 OOb5?:+:
00332 00781 00782*00838
0031t, 00875 00966 00967*
00177 00 17~::::+:00366 00370 003:=:';' 00414 00,:;,21
00567 005E:'7'*"
004S'2 00554 00555:+:
00560 00562 00614*
00::::'7' 1:+:00937
00130 00131"'004::::1 004:=:3 01346 0134::::
00::::02 00S06*
00067*01261
00081*014:33
00814 00818*
00075*01329
0013:::*00319 00568 00586 005:::9 00611
00065*
01755 01759*
00:=:20 00:324*
00069*01312
01579 01602*
00935 00939:+:
000'7'4*00653
01762 01768*
01587 01593:+:
00721 00725*
00365 00373*

00609 00611*
005:=:2 00586*
00150 00151*01152 01721 0172::: 01760 01:=:2'7' 01:=:33 01:=:4'7'
01863
00828 00835 00838*
0107,:;. 010:;::4*
00132 00133*00323 004:::4 00491
00476 00477*
00523 00525*
00113:+:00503

0075'~ 00761*
01302 01304*
00923*
01129 01132*01149
00064:+:00565
00165 00166*00590
00114*00322 004:::7
00363 003t.4*OO:::"?2
00124 00125*00311
00793 01211 01238
~lS43

0014:::::+:00526 00648 0069::::
00105*00525
0053::: 00646 00647*
00134 00135*00733 00755 01233 01370 01387 01852 01871
00136 00137*
00505 00520 00521*
006t,2 00666:+:
000:=:9*00667
00068:+:00310 00558 00658 00669 00818
00::::22 01297 o1298:+:
00152*01695 01717 01821 01826
00111*00757 01300
00112:+:

FNC:=:Tl
FROM23
FROM24
FF:J3TNO

130MNF'
INITCT
IF:C!CNT
!RQF'
KYBO
KYBCR
~:::YBDO

KYBINF'
KYBRD
VYBRDP
KYBUF
KYBUF1
KYBX
LAMP
LAMF'f<
LAMF'M
LAMF'P
LAJ::,TNO
LINKO
LIW<l
LINKF'
LN~:::T~=:

LF'MACT
MAINF'
MAKBUF
MASK
/'lIMFLS
MIMIC
,..rIMTST
MOPCHG
M3EC
NA
NACKM
NAUDIO
NC
NCLRM
NCOLM
NFLASB
NFOUND
NL
NLAMF'M
NMIt1IC
NOCHG
NO NO
NOQ
NORNG
NOS
NOSB

0255

2016
f~' '2C"c:'"_1 __, __,,_1

0015

200D

0521

0002
02::::5

01B9
0200

03D'~

0125
02CO

03BD
OOBF

0467
0007

p 0818
P 076C
P 0334
F' 0171

036A
0474
0000
025A
0217

F' 02:=:A
P 0416
D 0006
p

007F
OOFD

F' 03B1
OOFB

D OOOC
OODF

:[1 0001

I

P 0808!p
I
I~,

020F
0013
200(:
02AF
OOOA
OOOB
01FA

F' 02Dl
OOOC
0040

1 P O/~,OS

ID 0017
2014

IF'

I~,

1:
1
I P

P

rr"3S 042 M1

11 F' 0361 DSF'X
i iF' 0613 DX
i i F' 044C ENBLED
f ~ p 0555 ENDG!F'
I i' - - FLASHB
r i 000;';;:

J D 0061 FL~'H

i 01:::0 FLSHTM
iF' 015E FMJ3B

FNG:::'TO



F' 0112

.c· 01B3
c' 044F
F' 072/:..
F' 072:::
D 0012

MAIN PROGRAM ROUTINES.:=;A= 1 Ml

001:::::':: 001:'::9*00727 00731
00441 00447·+,
01:=:22 01:=:2::;::+:
00903 00911*
0072E:*0072'~}

007''il 00:300:+:
00073*01:::45
00:=:0:3 00:::: 12*
000'='4*01444
00071*00794
000::;:3*
0013'::;*00321 005~=:4 0062G OOe,25 0062;3
00077*01517
01830 01:=:34*
01722 01730*
015:=:2 01595:+:
00915 OO'7'20:+:
01,;:,35 01646*
00451 00455:+:
00'7'1:::: 00925:+:
01507*
0150,::. 01 SO:::::+:
00146 00147:+:007:35 00792 00803 00::;:0'7' 00:=: 15 00821 OO~=:25

OOB27
01395 01654 01667*
01118 01501 01549 01550*
00254*00259
00261*
0027':;);+:
002::;:3*
002::;::=::+:
002'?2:+:

00300:+:
00704 00710*
00479 004'7'4:+:
OOO'~1:+:0071 0
00496 00503*
00072:+:00712 00789
014::;:9 01505*
00798 01842 01843*
(H)';<~2 01114 01115:+:
013'=' 1 01422*
00167 00168*01694 01753 01794
00242 00243*
00099*00694 00832 01574 01584 01591 01592 01598 01599
00702*
00092*00703
00070*00705 00::;:06 01859
00082*01380 01383
00810 01369 01370*01879
01352 01353*01575
00097*00556 00624
00626 00630*
01389 01433 01459*
009';'4 009';'5*
00399 00414*00923 00928 01182
00416 00421*
00417* - C42 -
00109*00987 01053
00161 00162*00873 008:=:1 00942 00971
00181 00182*00969
0056:3*
01605 01610*

Ml

NO'=;COD
NOTEN'3
NOTL'=;T
NOTNEi~

NOTNO
NO
NOM
NR
NRGNGI1
NF\INGM
NF:Ni::JNG
NROl~

NSTF:BL
NTFRST
NTNEW
OFFMIM
OK'3TAT
ONEDIG
ONEPLS
ONE'=;HT
OPO
OPl
OPRND

PHDCOD
PHECOD
PlAOA
PIAOB
PIA3A
PIA3B
PIA4A
PlA4B
PlA5A
PIA5B
Cl
G!CF~DL

OK
OKYB
QM
QMUXNO
OP
G1PHON
QPHUP
clUE
RESET
F:lNG
RINGF
RlNGK
RINGM
RINGNG
RINGP
F:lNGR
ROW
RTNIRQ
RTNRNG
SAVCOD
SETBIT
':::ETOFF
S;ETON
STATUS
STBUFl
:::;TDCOD
STEADY
STPRNG

0338
F' 043A
F'
F' 03E:D

00F7
F' 03A5

p 079E

OODE
OODF
OOFE

D 000[1
OOF7

.". 0'='6F
F' 07F4
p 076D
p 044:3

F' Cl7A:::
F' 0740
F' OOB:::
i=' 00C7
F' OOEB
~' OOFO
F' OOFA
Cl 0102
P 010A

P 0318
P 01E2

0003
F' 01F2

0008
P 0722
F' OS72
F' 0534
P 0680
D 007S'
P 00A4

2002
r' 030D

0008
0020
0001

P 0648
P 0645

2000
P 02AE

Ip 06F3
P 04';'D
P 0181
P 01E:F
p 0188

. 2012
ID 0031
l"pP OOOA
. 0232r07S'



01642*01644

0007::::+:01527
00107*01518 01519 01528 01529
004::::6 004':;> 1*
00327 00330 01516 01517*
00159 00160*00314 00870 00880 00941 00974
00108*00982 01048
00122 00123*004:=:'7' 004':;'!0 0056~,

MAIN PROGRAM ROUTINES• :=:A: 1 NI

00934*01133
00:=:30 00:::::67 00:=:6:::::+:
00169 00170*01040 01063 01074
000:::5:+:01306
00377 00389*00900 01431
00190 00191*01503
01347*01349
00347 00784 00829 00841 00843*00967 01347
01019 01022*
01269",01274
00587 00612 00620*
00':;>','9 01002*
01003 01006*
01007 01010*
01011 01014*
01015 0101 ::::*

044 M1

003::: '::;TRBHI
200F STRBPH
01DI) :=:TRCNT
072B STROBE
0019 STTBUF
2010 STTSEL
0000 :3YSFLG
079'7 TEN

F· Oleo TI1"1EFP
F' 045F TSTACH
F' 03EC T3TCHG
D Oi3'i T'::;TCNT

1000 r3TIME
F' 0174 \iALBIT
F' 002C VOICE
P 063C WAIT
;=' 03D3 WTCHDG
f-' 04C4 X21
F' 05F2 XCHNG
p 02'7';:: XROL~'::;

F' 04A,~, XX2
c' 04AC XX3,
P 04B2 X"ft, ;..,

F' 043:::: XX6
c' 04BE XX?,
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Program Logic

Pseudo Code

Note: This psuedo code is not a programming language.
It was used to complement the flow charts.
The pseudo code is virtually equivalent to

MPL coding.
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IRQP:

MIMIC:

XROWS:

IF real time interru,:t THEN
DECREMENT (MSEC) timing counter
DECREMENT (IRQCNT) irlterrupt counter
IF IRQCNT zero THEN

Equate IRQCNT to LED flash time (FLSHTM)
rnve..rt LED fl.a.sh status by inverting FLASH-ON in SYSFLG

IF Lamp test flag is set in SYSTAT THEN
Enable all LEDs.. Turn on all COLUMNs..

ELSE
IF FLASH-ON flag is set THEN

Enable four LED column.s and flashing
COL=COLBUF(NCOLM) OR FLSH(NCOLM) }
NCOLM=NCOLM-l }x4

IF NCOLM = 0 THEN NCOLM = 23
ELSE

Enable four LED columns
COL=COLBUF(NCOLM) }
NCOLM=NCOLM-l } x4
IF NCOLM=O THEN NCOLM=23

Enable next Row
ROW=NOT(MASK(NROW))
NROW=NROW-l
IF NROW=O THEN NROW=5

IF any Operator CRADL flag SET THEN
IF CRADLO THEN Pass parameter 0
IF CRADLl THEN Pass parameter 1
CALL Cradle Procedu..-e (CRDLP)

IF any Keyboard flag is set THEN
IF KEYBRDO THEN

Get KYBRD data
Mask data
Store data in KYBINP(O)

ELSE
Get KYBRD data
Mask data
Store data in KYBINP(O)

CALL Keyboard Procedure (KYBRDP)

RETURN FROM INTERRUPT
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Main Procedures.

MAINP: DO FOREVER
RESET Watchdog
DO CASE FNCST(OPRNO).
Execute routines as per set flags in Function Status.

RINGP, ACKP, QP, CLRP, LAMPP
RESET Watchdog
INVERT Operator No (OPRNO)
Test for Changes in Ex+-...ention Tele[)hone Statuses. CALL TSTCHG.

END DO

Opel:atcr cradle Pwcedure.

CRADLP:

CLRDSP:

KYBRDP:

IF Cradle is up THEN RETURN
Reset Cradle IRQs
IF AUDIO OR RINGMN flags are set THEN

Disable connection between ope..'O.tor and extension
Disable Operator Audio Alarm
Disab1 e LED indicating conneC'"...ion

Clear Operator Keyboard buffer
Clear Operator di.spJ.ay
Clear FNCST(OPRNO), Operator function status
RETURN

NOTE: If Operator Handset is up: Status high
If OIJerator Handset is down: Status is low.

Read Keyboard Input
DO CASE

UNNAMED KEY, LAMP TEST, ACKN, CLEAR, RING, Numerals
Display keyboard entry on readout
Set Mode flag in FNCST, Function Status
RETURN
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Test Extension Telephone status Changes.

TSTCHG:

Lamp Test.

LAMPP:

L"lvert status Buffer No
IF BUFNO=O THEN

BUFADD=STTBUF. Set Database adcress
ELSE

BUFAD=STBUFl. Set Database adcress
CALL MAKBUF. Read all Telephone statuses
DO PORT=24 TO 1

IF STTBUF(PORT) <> STBUFl(PORT) THEN
Find Phone No of changed s'"...atus
IF &-...atus change active THEN

Flash appropriate green LED flashing
ELSE

Di53ble flashing or steady LED
Di53'Jle operator Audio alarm

IF PORT < 11 THEN, i.e. Phone status, not Fault
IF Active change THEN

IF PHONO not in Queue THEN
Add PHONO to Queue

ELSE
IF PHONO in Queue THEN

Delete PHONO from Queue
END DO
RETURN

Output $88 to Operator readout
CALL DELAY(TSTIME)
Res'"..ore Operator readout
Clear Lamp Test flag in FNCST(OPRNO)
RETURN

CLRP:

Clear l'wcedm:e.

Clear all fugs in FNCST(OPRNO), Function status
Clear Operator readout
RETURN
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RINGP: IF sane PHONO as other Operator THEN RETURN
IF RINGM not set THEN

Set RINGM flag (Ring Mode flag i'1 FNCST(OPRNO))
IF PHONO invalid THEN RETURN
Flas.'l PHONOs LED
Connect Operator to Extension
Ring Extension

IF Extension teletlhone handset is lifted THEN
Disable Ringing
Clear RINGM flag
Flashing LED turned on

RETURN

Acknowledge Procedure..

ACKP: Turn flashing LEDs on permanently
Disable Operator Audio Alarm
RETURN

QUeue PLocedure

QP: Clear QM (Queue Mode) flag in FNCST(OPRNO)
Display Phone nuber at top of QUE on Ope..'ator readout
GOTO RINPG with PHONO as parameter

Add Extension Te1.e{none num~ to Queue.

ADDQ: IF QUE > one entry THEN
Add BCD Phone No to end of QUE
Correct an linked list pointers

ELSE
FIRSTNO=PH ONO

RETURN
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KYBRDP:

X:

BUF=KYBINP(OPRNO). Get appropriate keyboard data
IF BUF=Unmarked key THEN RETURN
IF BUF=Lamp Test code THEN set LAMPM flag in FNCTST(OPRN0)
IF BUF=Ackn code THEN set ACKM flag in FNCST(OPRNO)

IF Cradle is down THEN RETURN
IF BUF=Ring code THEN set RINGM in FNCST(OPRNO)
IF BUF=Queue code then set QM in FNCST(OPRNO)

DO NO=l TO 0
IF BUF=NOS(NO) THEN GOTO X

ENDDO
Shift KEYBUF(OPRNO) LSD to MSD
LSD=BUF, New data no the LSD
GOTO LINKP

Opel:atot" Readout routine.

LINKP: Ot..'tput KEYBUF(OPRNO) to Operator readout
RETURN
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CHAIN FILES.

These command files were written to save the user much repeti
tively keyboard entry during assembly and linking.

The assembly and linking cf source code modules is controlled by
A. CF and L. CF respectively. Parameters used dur ing execution of
the chain files are passed on by the calling chain file to both
A.CF and L.CF. Four calling chain files are available and are de
scribed on page C1.

Page C51 is a screen dump showing the user prompt when an error
occurs during assembly. Execution of the chain file is terminated
by pressing the 'Break' key.

A screen dump of the complete assembly and linking process is
shown on pages C52 to C54. The single line S.CF invokes A.CF. Pa
rameters are passed from S.CF to A.CF and are dispayed on the
screen by the latter. Run time errors or assembler errors will
terminate execution of the chain file and prompt the user.

If no assembler errors are detected, A.CF calls the linker chain
file L.CF and pass parameters to the it. L.CF links up to four
relocatable object modules and stores the obj ect code in a
specified loadable object file.

A full listing of the command files are given on pages C56 to
C61.
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Assembles and links the EMERGENCY TELEPHONE S"STEM and then
out F U t s the lis tin'3 tot he f le: F'F~EL. AL: 1

HAIN A.CF: 1:FXPRELX,F1XRESETX,F2XIRQX,F3XMOX,F4XM1X,LIXLX
;f;;f::t::t::t::f::f: :+: ·1: :t: :t::+::,.::+: ;f: ;f; :f. :+: :of: :t. :+.

Assembler Chain file.
******************~**

::: F'P~I

Fl RE:::'ET
F2 - IF:Gl
F3 !"10
F4 - Ml
>.-I L: List in'; sCi.ved in f i l e: F'F~EL. AL: 1
~F' Lis tin'2 0 u t F U t t G l j tl e F r i n t e f' •

_, __. : Lis tin '3 tot e 1"' mi n c.l se 1" e en.
OR - : ORG~D. Used for absolute file cl~eatio11.

:;ET FOFF 0:=:00
:t:

EL F'F:EL. AL: 1 ~ PEEL. PO: 1 ~ F'F:EL. LX: 1
REL .AL:l DOES NOT EXIST
=;EL . RO: 1 DELETED
REL .LX:! DO~S NOT EXIST
ASM09 PREL:1,RESET:1,IRQ:1,MO:1.M1:1:N=120,L=PREL:1,O=PREL:l.XS
~,~=:O':;;' !"'lACF:OASSEMBLEF: 3.02
OPYF; I GHT BY MO TOROLA 197:::'

~PROM I/O ERROR-STATUS=33 AT 08F6 ON DRIVE I-PSN 0428
,JMF' :::'6FB
TST~FOOO 0000 0027
,JMP :'::70,:;,

.+: :t::+: :+-::+::+: :+: :+::t: :t: :t: :+: :t: :+::t-::+::+::+::t::+: :t::t::t::t::+::t::t::+: ;+::+::+:*:+::+::+::+: :+::t::t:* :t·

A-: --- AssemblEl·' erl'"'Cl~~ Press BREAK to exit.

******************:+:******:+:*******:+:*:t::+:***

+ 0"" CHAIN ABOF:TED BY BREAK KEY
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HA I N :='. CF: 1

Assembles and links the EMERGENCY TELEPHONE SYSTEM.
No Listins is siven.
--------------------

HAIN A.CF:l;F~PREL%,Fl%RESET%~F2ZIRQ%,F3%MO\,F4%Ml%

*:*****************:***
Assembler Chain file.
:+::+::+::t::t::f::t::t::+::t::t::+::+::+::t::+::t:*:+:**

r- F'F~EL

Fl F:E:=:ET
-.-,
r..:.
c-
I .-'

F4

- IFG!
MO

- Ml
'-.1 Listin', sil,ved in file: F'FEL.AL:l
'_F' : Lis tin ''DU t F' '-' t to l ine F'l' i n t e l' •
SS Listin~ io terminal screen.
OR ORG'D. Used for absolute file creation.
'~;ET FOFF 0:=:00

*EL F'FEL.AL: 1,F'FEL.FO:l,F'FEL.LX: 1
REL .AL:l DELETED
REL .RC:! DOES NOT EXIST
REL .LX:l DOES NOT EXIST
ASM09 F'REL:l,FESET:l,IRQ:l,MO:l,Ml:l;O=PREL:l
6809 MACROASSEMBLER 3.02
OPYF: 113HT BY MOTOROLA 1'?7f<

TST,FOOO 0000 0027
,jr·1P :=:712

*
:+: ***:+::+:***:+:;+::+::+::+::+::+:***:+::+::+::t::+::~:*:+:**:+:***:t::+::+::+:*******:+::t::f:

* BREAK if YOU do not want to Link: F'REL, VECTOR.
:+: :+: :+: :+::+: :+: ;+::t: :+::t: :+::+::+: :+:;t: :t: :+::+::+::+::+: :f::t:=+::+::+::t: :+::+::+: :+::t: :t: :+::+:*:+::t: :+: :t::t: :t: :+::t::+::+: :+:

:+:

HAIN L CF: 1; P;PREL:;;, F l:!;'JECrOR?;, XF:?;P;, :='Pi';$FOOO~/;

:+::f::f: :t::+::+: :+-::+::+: :+::+::+::+::+::+::+::t::t: :+:**
Linkin~ chain file.

:+::+::+::+::+: :t: :+::+: :+::+::+::+::+::+::+::+: :+: :f::+: *:+:

- Do not specify File Type 01' Drive No
- Links relocatable object files and load them into usel' memory.

The t oil.der f i l e hil,s nil.me of the f i I'sf linked . RO fit e.

F = F'REL
Fl = VECTOR
F2 =
F3 =
SB = Start Base addr.
EB = End Base addl'.
SD = Start Data addr.
ED = End Data addl'.
SF' = SFOOO: Start Pro~am addr.
EF' = : End Pt'o',ri',m il,ddl'.
XR = X: CI'OSS Reference ril,ble.
LB = MPL Cross Reference Library File.
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@:;;ET FOFF 0::::00
[lE:L TE~1F'. IF: 0
TEi"1F' • IF: <) DELETED
DEL PREL. LO: 1
FF:EL • LO: 1 DELETED
F:LOAD
folDC6 LINKING LOADEF: F~E!"'/ 03.00
COPYF: I GHT BY M']TOFWLA 1 ','77
C'iF=TEMF'
"?5'A~3E=O

"-:"':;TRB=O
"7STRC={)

~ENDD=$7FF

"':;TRF'=$FOOO
";--U)AD=F'REL: 1
"-::'LOAD=VECTOR: 1

@:~ -- MAPF followins.
ri!APF

NO UNDEF I NED ::;:YMBOL::;:

r1EMORY MAF'

c ',,:IZE ::;:TR END COMN'-'

A 0010 FFFO FFFF
B 0000 0000 0000 0000
,~ 0000 0000 0000 0000~,

D 01F'? 0000 07FF 0000
P OSBA FOOO F:,,:B'? 0000

MODULE NAME
.........,C".rn. ...... L
VECTOR

B::;:CT D3CT
0000 OOO(i
0000 01F':)

PSCT
FOOO
F',,:BA

DEF I NED :,,:YMBOL3

MODULE NAME: PF:EL
ACf<P F' F5EO ADDC' P F7B2 AUDIO P F6F6 BINDEC P Ft'?7
BITN·:) D 0010 BUZZF: F' F74::;' BYTNO D OOOE CHGLED P F5,.':.l::
CHf::O P F7FS CLF:!'" P F62B COLBUF D 004'~1 CF:DLDW P F5AO
CPDL.FL P FOO::: CRDLF' p !=,"C"-, ? CRLUP P FC=c;'-:' DECBIN P F'c,,-,• "_I,:,,·=" ._1 ik .' '-"-
DELAYF' P F639 DELAYF: F' F156 DELFO P F55A DELO P FB1D
FL:,,:H D 0061 FM:3B F' F15E FNCSTO D 0001 FR,,,:nm D 0015
IRC!CNT D 000:::: I HC'F' F' F1B9 KYBF:DF p F2AF KYPUF D OOOA
KYBUFl D 0008 KYBX P F1FA LAMPP P F60:,,' LINKP P F355
MAINP P

__ I !',

MAKBUF P F474 r-1A:::;K P FOOO MIMIC P F217r-~'='H

M:3EC D 000"" NO:,,:COD P F022 OPRr~O D 0012 PHDCOD P F7A:,,'
PHECOD P F740 OP P F872 OF'HON P F534 ClUE D 007''1
F:E3ET F' FOA4 RINGp F' F64S RINGR P F645 3AI/COD F' F49D
SETBIT F' FIS1 ::;:TBf:.IF1 D 0031 STDCOD F' FOOA STROBE P F72B
STTBUF D 0019 :,,8:,,:FLI3 D 0000 TSTCHI3 P F3EC TSTCNT D 0139
VALBIT P F174 VOICE P F02C t'lTCHDI3 F' F3DB

t-iClDULE NAME: VECTOF:
FIROV A FFF"" IRG!'...,l A FFFS NMIV A FFFC RSRVD A FFFO
R:,,:TV A FFFE :3WI2V A FFF4 SWI3V A FFF2 3l'l I V A FFFA

~'MO=#LF'

':'OBJA=PREL. LO: 1
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NO UNDEFINED ~::'YMBOU::;

MEMORY MAP

S :::;IZE ~;TR

A O~)10 FFFO
B 0000 0000
C 0000 0000
D 0:=:00 0000
F <)':::BA FOOO

END
FFFF
0000
0000
07FF
F8B'7'

COl'"lN

0000
0000
0000
0000

r10DULE NA!"lE m:'CT D'::'CT P3CT
F'PEL 0000 0000 FOOO
VECTOR 0000 01 F"i' F::::BA

DEFINED 3YMBOL:3

~1CIDULE NAME: PP:EL
ACKP p' F5EO ADDC' F' F7B2
BITNO D 0010 BUZZF: F' F74:::
CHt<O F' F7F5 CLF,F' F' F62B
CF:DLFL P Fnn:=: CRDLF' P F5::::6
DELA'{F' P F63''I DELAYR P F156
FU3H D 0061 FM8B P F15E
IF:OCNT D 000:::: mop F' FiB'?
kYBUF1 D OOOB kYBX P F1FA
MAINP P F36A MAf':BUF P F474
MS-EC D 0006 NOSe-OD p F022
PHECOD P F740 OF' P F872
RE:::'ET F' FOA4 F:INGP P F'::.4::::
SETBIT c· F1:::1 ETBUF1 D 0031,
3TTBUF D 001'7' ~;'y'SFLJ3 n 0000~,

VALBIT P F174 VOICE P F02C

t"1DDULE NAME: VECTOR
FIROV A FFF6 IRQV A FFF8
R3TV A FFFE 3WI2V A FFF4

AUDIO F' F6F6
BYTNO D 000£
COLBUF D 004':;0
C:RLUF' P F5'~!2

DELFC! F' F55A
FNC:=;TO D 0001
f::YBF:DF' P F2AF
LAMF'F' F' F60::::
MA~::'f:: P FOOO
OF'RNO D 0012
C!F'HON P F534
F: I NGR F' F645
:=;TDCOD F' FOOA
T~=;TCHG F' F3EC
l~~TCHD!3 P F3DB

NMIV A FFFC
Sl!J I 3\'/ A FFF2

BINDEC P F197
CHGLED P F5,~.C

CRDLDl<J F' F5AO
DECBIN P F7::::C
DELQ P F:::::l D
FR:::;TNO D 001.5
KYBUF D OOOA
LII'WP P F3SS
MIMIC P F217
F'HDCOD F' F7AS
C!UE D 007'7'
'::;AVCOD P F4'o'[1
::::;TPOBE F' F72B
T::::;TCNT D o 13'1J

R~::;PVD A FFFO
:3\;J I V A FFFA

i ,~:+:

2:+: :+::+::t:*:~*:f::+:*:t:*:+:**:t::+:*:t::t:*:f:*:f::f::f:****:f:*:f: :f::.f·::f::f;

@* - Load Object file into'user memory.
@:+: :+::+::+::+: :+::+::+::+: :+::+::+: :+::+: :+: :+::+::t::+::+: :+::+: :+::t: :+::+: :+:*:+: :+: :+::+::t: :+: :+::+::+:
@:+:

@. - Press BREAk if YOU do not want to load .LO file into user memory.

LOAD PREL.LO:l;U

*:+: OE: CHf;rN ABDFTED BY BREAK KEY
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Listing of Chain Files.
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F' AGE 00 1 ~=; · CF: 1

/*
1* AssembLes and Links the EMERGENCY TELEPHONE SYSTEM.
1* No Listin"3 is "3iven.
1* --------------------

CHAIN A.CF:l;F\XPREL\X.F1\XRESET\X.F2\XIRQ\X.F3\XMO\X.F4\XMl\X

· CF: 1

/:t:

1* AssembL es <,.nd Links the El'1EF:GENCY TELEPHONE ,;:;y,;:;TEM <'.nd then
1* outputs the listin. to the fLe: PREL.AL:1
j:+:

CHAIN A.CF:1;F\XPREL\X.F1\XRESET\X.F2\XIRQ\X.F3\XMO\X.F4\XM1\X.LI\XL\X

PAGE 001 LP · CF: 1

1*
1* AssembLes and l inks EMERGENCY TELEPHONE SYSTEM source code.
I'" Ou t put s the lis t i 1"1'3 tot he Li ne p l' i n t e l' • PCl.• e l en. t h = 64 Line s •
1*
CHAIN A. CF: 1; F\:,~PF:EL\j';, F1 \:/;RESET\X, F2\?:IRO\?;, F3\?:MO\X, F4\XM1 \?:, LP\XLP\X
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· '-"' ...

/*
j:+:

/*
I:+:

*:+::+::+::+: :+::+: :+: :+::+::+: :+::+::+::+::+:*:+::+::+::+:

Assembler Ch~in file.
:+::+::t::+::+::+::+::+: :+::+: :+: :+:*:+::+::+: *:+: :t: :+::+:

Li s tin'3 sa.v edin f i le: ;';F;~. AL: 1
Listing output to line printer.
Listin~ to terminal screen.
ORG'D. Used for absolute file creation.

- /;F;;
- ;'~F l:i;
- ;';F2;1;

;;F3/;
- ~!;F4~/;

- ;;;LP;
- ;;;LP/;

@::::ET, M e
/:+: F
;* Fl
/:+: F2
!:+: F3
/* F4
/* LI
/:.J.: LF

/ '" OR - ;';OR/;
@*
DEL XFX.AL:l,XFX.RO:l,XFX.LX:l
/IF3 F4
/ IFE LI
RA3M09 XFX:l,XF1X:l,XF2X:1,XF3X:l,XF4X:l;N=120,L=XFX:1,O=XFX:1,XE
IELSE
/ IFS S:=;
RASM09 XFX:1,XF1X:1,XF2X:l,XF3X:l,XF4X:1;O=XFX:1,L=#CN,-P
IELSE
IIFS LP
RAEM09 XFX:l,XF1X:l,XF2X:l,XF3X:l,XF4X:l;P=64,LXE
IEU::'E
RASM09 XFX:l,XF1X:l,XF2X:l,XF3X:l,XF4X:l;O=XFX:l
/XIF
/XIF
/XIF
@.JMP FIN
IXIF
lIFE F3
/IF:;:, LI
RASMO':;' ;'~FX:.1;> XF1.~;: .1:- XF2;~: 1, ;~F3X: 1.~ N=120, L=;~F%:.1;>O=XFX: 1;> X~;

IEL3E
I IFS :::;:=:;
RA:3MO'? ;i;FX: 1, ;·;Fl;;: 1, ;';F2;1;: 1, ;1;FTi;: 1; O=/;F;;: 1, L=#CN,-P
/ELSE
I IF:::' LP
RASM09 XFX:l,XF1X:1,XF2X:l,XF3X:1:1;P=64,LXS
IELSE
RASM09 XFX:l,XF1X:l,XF2X:l,XF3X:l:1;O=XFX:l
/XIF
/XIF
IXIF
@,JMP FIN
IXIF
/IFS F2
/IFS LI
RASM09 ;I;F;~: 1, ;~F1X: 1, XF2?;: 1; N=120, L=XF?;: 1, O=;~FX: 1, X:;:;
IELSE
I IF:;:; ::::$
RASM09 XFX:l,XF1X:l,XF2X:l;O=XFX:l,L=#CN,-P
IEL3E
IIFS LP
RASM09 XFX:l,XF1X:l,XF2X:l;P=64,LXS
IELSE
RASM09 XFX:l,XF1X:l,XF2X:l;O=XFX:l
IXIF
IXIF
IXIF
@JMP FIN
IXIF

- C58 -



• '_' • .L.

!IF~=: Fl
,I IF~; LI
RAS~109 ~I.:F~,;: 1, :;;Fl/;: 1; N=120, L=:;;F:;;: 1, O=:;;F/;: 1, X::::
IELSE
I I F~3 ~3S

RASM09 XFX:l,XFlX:l;O=XFX:l,L=#CN,-P
IEL~=:E

I IF:::: LP
RA::;:MO.,., ;:F.:;: 1, ?;Fl;:: 1; P=64, LXS
IEL~:;:E

F{ASMO'1' ~':Fj:: 1 ~ ~·~Flj;: 1; O=~~F~I;: 1
IXIF
IXIF
IX IF
@';.JMP FIN
IXIF
I I F~=: L I
RA=:~09 :;;F;;: 1: N=120, L=:;;FX: 1, O=:;;F/;: 1, XS
IELSE
I IFS ~3~;

RA~3MO';> :;;F/;: 1 ; O=:I;F/;: 1 , L=#CN, -P
IEL~=:E

I IF~=: LP
RASM09 XFX:l;P=64,L
IELSE
RA~=;MO'7' j:F;'~: 1 ; O=~/~F?;: 1
IXIF
IXIF
/XIF
@LBL FIN

****************************************
--- Assembler error' Press BREAK to exit.

:+::+::t::+::+:*:t:*:+::;'::+::t::+:*:+::+::f::+::+::+::+:**:+:*:t::+::t::t::+::+:****:+:*:+:**

THEEND

@.JMF' ERROF:
I IFS OF:
EXB IN ;;F;;: 1
DEL ~/;FJ~. LX: 1
IXIF
@,JMP THEEND
':2LBL EF:ROF:
@*
@*
@*
@.
@LBL
@*
@::+: :+::+: :+::+:* :+: :+::+::+: :+::+::+::+::+::+: :+::+: :t::+::+::+: :+: :+::+::+: :+: :+::f::+: :+::+:*:+: :t:**:+::+::+::+: :+: :+::+:*:+::+:

@* BREAK if YOU do not want to link: XFX, VECTOR.
@:+: :+: :t: :+: :+: :+: :+::+::+::t::+:*:+::+::+: :t: :+::+::+::+:*:+::t::+: :+: :+::+: :+::+::+::+::+::+: :+::of-: :+::+::+::+: :+::+::+::+: :+: :+::+::+:

@*
CHAIN L.CF:l;F\XXFX\X,Fl\XVECTOR\X,XR\XX\X,SP\X$FOOO\X
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• CF: 1

St •. f't B•. 5O' •. ddr.
End Bii.se ".ddr'.
'='h.rt Do.t o.•.ddr.
End Da..te. ~.ddl"'.

Start Pro.am addf'.
El1d Pro~ram ~ddr.

Cross Reference Table.
MPL Cross Reference Library File.

file h •. s ..-, •.me of Hie fil'st linke,j .RC! file.The l 0 2..d e p

F '" ~j;F~~

Fl '" ;';F '1 -/......
F2 '" ~/~F2X

~- '" hF3~i~,.~

SB '" ;~':::B;;

EB '" ;';EBJ;
SD '" ~/~S[l~.'~

ED '" ~!~EDj:

EF' '" j~~=;F'~!;

EP '" :'!;EF'j;
XR '" j;XRj,;
LE '" ;LBJ;

@~:;ET ;.!"'"1 ~=:

1* ***********~*********

1* Linkins chain file.
!:+: *********************
1*
1* - Do not specify File Type or Drive No
1* - LinkE relocatabLe object files and load them into user memory.
1*
1*
1'+'
1*
1:+:

1*
/:+:
1*
1*
1*
1*
/:+:

1'+'
1*
1*
/:+:

DEL TE~lF'. IF: 0
DEL jt;Fj;. LCi: 1
RLOA['
IF=TEMF'
BA~=;E=O

/ IF3 ~=;B

STF~B=.\SB~·~

STF~P=O

/X IF
!IFS EB
ENDB=~!;EB:%

IXIF
/IFS ~=;C

'=;TRC",j·;,:;;C%
/EL~;E

~=;TRC=O

/>:IF
/:t:

; IFC '=;D
STF:D=O
/EL~=;E

STRD=;~~=;D;~

IXIF
!IF~; ED
ENDD=:'!;ED;i;
IELSE
ENDD=$7FF
IXIF
1*
IIFC SF'
~;TRF'=$FOOO

IELSE
~;TRF'=:%SP:'!;

IXIF
1*
!IFS EF'
ENDF'=;i;EF';~

IXIF
1*
LOAD=;~F/.:1
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PAGE 002 L • CF: 1

!IF::" Fl
LOAD=:;;F P;: 1
/XIF
/ IF~; F2
LOAD=;';F2;;: 1
/XIF
/ IF~=' F3
LOAD=:;;FT;;: 1
/XIF
/IFS LB
L I B=jylF'L::;L I B
/XIF
@*'

@* -- MAPF followin~.

MAPF
/ I F~=' XF:
MO=#LP
/XIF
OB,]A=j:F;'~. LO: 1

if YOU do not want to load .LO file into user memory.F'r e s s BHEAf<
;;F;;. LO: 1; U

:+::+::+::+::+: :+::+::t: :+::+: :+: :+::+::+::t: :+::+::t: :+: :+::+: :+::+::+: :+: :+: :t::+: :t::+::+::+::t::+::+::+:

- LQ.3.d Otlject file into u.ser' memory.
***:+::+::+:*****:+::+::+::+::+:*:+::+::+:*:+:*:+:*:+:*:+::+::+::+::+::t:*:+:*

EXIT
@*
@:+:

@*
@*
@*
@.
LOAD
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Switching Power Supp1ies.

VERO Monovo1t GK60
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~. STROMVERSORGUNGEN ANWENDUNGSHINWEISE~.

Wert vun ca. 8.3 V, schallal oln Thyrlslor die Ausgl1ngo
kurt. Wlodoranlauf durch NolzllOnnung odor Unlor
brochullg der VOlblndung PIN 2 _. PIN 14.
Pt< 60, Pt< 100, Pt< 110
Erlelchl die AuagangsspllnlllJl1g die elnslellhare OVP
Schwllllo, 8ch811el dor Rogter "b, ohns don AUfigarlg
kurzlUsr:hUaBen. AlIlornllllschot Wledotlllllaul naell Ab
kllngon dor Uborspanl\ung, 010 [1I15101lung der OVP
soli bol mall.. Ausoangsslrom oltolgon, urn ausgoroge\1e
Spllnnungsablillle an rion ZulollLmgall lU borikkslchll
gen.
Oberatromaehulz (OCP)
Dor ocr schiilzl da, SNT und don anoeschlossonon
Varblaueher vor unwUis!llg hohon AusgangsslrOmon.
Nach Aulhebung des Oborslromos/KullliClllullslJomos
orfotgl aUlamalischor Wladeranlaul.
Selluul.n.(
Alia SNT von BICC-VEnO slnd nach Schulzklass8 I
IIllS{]Ore{)t. 010 Molall·l(assolle 151 rnll dum vQtoilendlJn
Schulzloilor-Konlakl32 dos SIockvorblndot9 galvanlsch
vOIbtlnflon, dor 1I0m Anwendor an das Schull.leilor
system Hngeschlosson wardon muD.
Solllon die SlchOlheilsrnallnahmon nach Schulzklar.so I
nfehl gonul.11 walden (1.8.101 L.abOlborolt:h) lIogl an der
Kaflselle, bedinnl dwch die elnnobaulen Enlstthkon
dflnsAlllron elno SpBllnung gogftn Erde An, Dot durnll
etmogllchle AlJleilstrom (mall. 0,75 mAllsljedoeh ge
mM VOE 0675zulttsslg.
Power-tall·Slgnal (PfS)
Oas PFS ISI cln 1 TL·kornpaUblos 'oflon"colleclor'
Signal, dl1S bal NOlzausfall van ,Low' aul ,hIgh' sehllllol
und zur lechlzolUgen Elnlelltmg oeelgnoler Mullnahmofl
gonulzl we,don kann, ehe die Ausgllngsspanmmg zu
sammenbllchl.
Thllrmleche Bean,pruchung
Dla Ihormlsclle VtlrlusUolslung von SNT Isl wogon dos
hohen Wirkungsgrlldes relallv kloln.
Unsoro kompaktan SNT alm1 konslnlkl!v nnch Goslchls
punklon konzlplerl warden, die olne opllmalB Willme
ahluhr erm6gUchen. Dios wild z. O. durch grolllldr:htga
OUlchhlikho In der Molall-KassollB und dweh einon
rucksolllg angeordnolon Kiihlk6rpor orrolchl, der die
Wiirme orsl gal nlchllna Innere dOl Kassolta loilol.
Oor Anwondor hili elnf)n groOen ElnllllrJ aul diu L.obells
dnllor solnes Produkles, wonn or z, B. bol mohrortm
wfhmoprOOllzlorondtln Oallgruppen/SNT duhir sOfUI,
daO 8usrolchend ltole lullkonvokUon otrni>Ulichl wird
und die Belrlebslompomluren dOl olel<llonischon Kmn
ponenlim 80mlt mInImal gnl1al\en warden.
Parallel-/Serlen-Schallung
Bal Pafatlelbetrlob Isl darauf 1U aehlen, daB die AlJfl
gang!lspannungon so exakl wle mogllch Alii gloleho
Welta (lil1goslollt wetdan, UITl elno glelchmallige Sttom
aufloilung in den Gerlilon zu orml)glleflen.
Dol Sorionadmllung murJ damit gerochnel worden, daB
slch die don AusgtelchsspAnnungon uborlagOrlon nosl
wolllgkellen addleran.
tal'reg_lung
Zum Mossen dor Im DalonlJloll spezllizlmlon Warte liir
alne lpslltndomng von 10% ... 90% All!lgungsslmrn
801110 rlor ElnllllB lion OhergangswldersllJndon 110
Slockerborelch beriJckslchligt wcrden.

Obenpannunguchut1: tOVP)
Dor OVP r;chijlzl die angoschlossone Eleklronlk vor
Oberspannungon, die II\IoIg9 inlernat odor axlomsr
Fohtlunkllon aullrolen kfinnon. Jo nach Model! wl'kl der
OVP wlo folUI:
PK 25, PK 55
Mil elner Brucke lwlschon PIN 2 und PIN 4 (I~ 11) IsI der
OVP akliv. Oborschrellol dIe Ausoangsspllnnung olnen

SenlO-leUungen
Werm die Verblnrlungsloilllngen lwtschen SNl ulld Vet
braucller lang slnd und ilber dleso Lollungen groOe
Slrome fIIoOon, etnpflohll slch dor Belrleh mll Sons6¥
Lellungen, die Spannungsoblfllle alii der Zuliihrung
kompenslonm.
Hlerbollallolgondos lU baachlen:
1.1 Zulullungsllinge und -quArschnlllslnd SO lU berne9

Bon, daB hlichslens 10% der AusgnngsspannuIIg
dRlftn ablallon konfl, des bedoulel, bol 5 V am Vet
brRlJchor m1l5sen f11olllmaI5,5 Vvorn Nolzlell gelle
lort werden,

1.2 Eln Obetlaslen des Nelzlells IsI olchl zuUtsslg. Bol
oloom 5 V/10 A-Nelzloll dOrfen bel 5,5 V Ausgangs
spannung und alnom angenormnonon SpannungB-'
ablall van 0,5 V oul den VOfsOlgungslnllungen mu
9,1 A au' Dauor enlnornmen worden.

1.3 Bel olnor Unlerbrechung der FlIhrorlBllungon slouel1
del olngeblluls Regtor das NOlztell voll aUR, was die
AuaQRngs13pannung houllaufen laRI und damll die
angA8clllo8sene Elekltonlk golahrdol, werm nlchl
gar zOIslbron wtirde. O<\gegon 8ch{llzl dOl 6lngo
baule Ubetspallnungsschulz (OVP), dor daB Noll
'ell abscha\\et

1.04 DIe Senaoranschlj}sse milsaon Irnrnor dlrekl odel
Obet Hlhrellollungan rnll den Auagangsktemmen
enl$prochondor PalarUiU vefbundon blolhan und
durfen nh.:hl durch Schaller o. A. abgelrennl werden.
Soli elne Lasl durch alnen Schaller abschallbar seln,
muB dIes hlnlm den VOlblndungen dm Fbhler
lallungen rnll den Ausgang8ktommon gesehetlon.

1.5 Ourch die nlchl ullerhebllchon Indukllvlliilon, be8011-
> ders bel Uingaren ~ulollungen zum Verbreucher,

kenn oa bel laslsprungen lU unliobsemen Spikes
komman. Dlese konnon mll olnom EloklralVlkan
densetOl' (t;I\. 1000 uF) ditekt am Vertll Buchel abge
blockl wardon.

1,6 Kompaklnolzlelle van IlICCNEAD dilrlon parallel
ge5challol werdon. 801 glolchzoltlgem Sonsor
boldab 151 dlo PfIIllllolachallung ersl naeh dom Vot
blndungspunkl der Sonsortollungon mil don Aus
ga"gs,\oitungen durehzutlihto", da sons.!. 110(
mASchle Syslome entstehen lInd sich die Regler
gogonsolllg beelnllu5sen. Vor der Pllraltolsehallung
slud die Allsgllngsspannungon der olllzolnon Nell
lolle QIII glolche W9Ile elnllJsloUen.

Prlmlll-golaklolo Schallnetzlolle (SNT) van B1CCNERO
ELEClRONICS slnd komp.kte, ZIlkunlt'o'lenllo'le
Slromvorsorgungen mll hohon Anfordorungen an die
Qualiliil dor hnkllonaberoUachal1. FOr olnol1 ralbllngs~

1050n Doltleh omplohlen wlr die Doachlung folgondor
Hlnwolso:

,

I'O~!J

Prlmar uetftktete Netztelle tSchattnetztene)

IIle' wl,d die glelch{jo,lchIBle und gesloble Nnlzspen
nung durch alne" mU hohor Frequenz arbellonden
nanslalorsch"llot aul die PllmAraolte elnos OhOtltagfus
gesdlAllel. Oloso Technotogle otlauhl den Ell1satz von
klalnen Forrll-Translormalo(on rur dIe Nelzllonnung.
Nabon der E'hbhung dos Wlrkung~grados und alnor
wasonlllchon VOlbessarung dos I.olslungsvolumens
erglht slch olno deulllcho GowlchlselnspArung,

Die wasonlllehon Vortollo van SchallnolzloUon lusam~

mengolant:

• '\ohm Wk~ungsgfl\d;,. 75%
• \oblumenlelslung ca. 100 W/dm~

• Kompakt durch Gewlcl1l- und Volumenelnsparung
urn don foklar 5 gegonOber Uneorreglern

I

Cl
m
I.>l

I

Schallnelzlollo van BICC-VERO slnd voll slockbare
Sllomversorgungen, spolloll IOr den Elnsalz In Bau
grupponlriiger und KartenmagazhlAn nAl'Jl del t9"
Norm, DIN 41494, Toll 5. Die FGhrl-ll\gshOhe dot Kos·
selle behAgllOO mm (233,40 mm beI61~E),Dor Sleck·
verblllder nach DIN" I 612, Bauloflo Hl1 odor HI5
besillt olnon varellendon Schulzkonlllkl. voe 0804 und
die Schullklasso I nach VOE 0100 wmdon ertiilll.

Urn olne halle ZUvallAsslgkoll und lobonsdauer zu er
relchon, kansllul0l10 B1CC-VERD alne spezlelle
achwarz-olOltlerto Prolil-KlIssolle rnll ,uckwihligon
KGhlkl'llflolaussdlOln. 1.1.ISalmnon rnlt don graflflachlgen
BolUllungsfaldern In den SoUenloilon gewiUulelslel
dloS8 Konslrukllon alne opllrnlette Watme8blollung.

Wlrkungsvol1e Schulz- und Konlrollolnrichlungon sor
gen cJar(;bor hlnaus lOt eln tlikhslmaB an Funkllolls,
boreflschall.
Schallznolzlolle von BICC-VERO slnd dUlchdachle
Enlwlcklungen van diU Elaklrolllk bls lIJr Moehanlk. FOr
olnen u~lbungs\o8en Oe\Iiob 91l\p\ahlen wlr <!em ",,
wonder auch die Anwendungshlnwal!lo hir Schaltnolz
folie tU boachlell.-,

, ......,"lI'-I

']'~L

: Stromverlorgungen 10r dle11"·Technlk
Soli J.hron onlwlcl<oll BlCC-VEflO ELECTflONICS

I Slrom....ersorgungon fUr die 19",Technlk, die slch In vlel
hUllgoo Induslrieanwendungon bawtihrt habon.

AusgarelJte Entwicklungen. hochwertlge Bauelementa,
kontroUiorte F8I1igIJng und uP-gealOtzlo Toslvorfahren
sicharn eine opllmale Oualill:U und Zuvorllisslgkell u"~

, serer Gerate.
lIn••r geregatl. Netztell.

: Diose Slromversorgungon vorwendon elnen 60 t-Iz
i (GO ffz-)Translormalor, dern sich eln Glolchrlchlar lInd

ein als Uingsroglor arbellondor Transistor anschlloOon.
Bel diesem Schallungsprinzlp wild oln graflar Tell der
Lelslung In Warme ungewandoll. demonlsprechond
1I0g1 dor Wirkungsgrad nur lwischen 30 und 50%. Die
oingeselllen Bauloile (Transfolmalor, KlIhlkbrper u,a,)
bewirken, darJ linear geregoUo Nelzlolla grOBer und
schwarer auslallon als I.B. Schallnelzteila.

BICC-VERO linearroglar wardon ubOlwiogend dart oln
goselzt, wo klolno lelslungan bonbUgl warden und das
Volumen unboruckslchligt bleibon kann.
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• PrlmAr goloklol6 Slromvetsorgung aut Europakl1f1e
10011 160mm

• Entwlckeh In fortschrltlllcher 100kHz MOSFET·
Technlk

• Elngangsspmlnung24 V OC(10-36 V)od91' 48 V DC
(24-72 Vj

• Ohorspflnllung9~ UM Verpolungsschulz dot t=:ln-
gangsspannung

• DouerkurzschlufJ- und leerlauffast

• Parnllol und sotien schallbar

• Slchomell oAeh VOE 0804/0110

• Funkenlsl&r1 olleh VDE 0871, Kurve B

• SemlocBelfleb
• Konlroll- und Slouerslgnale

• Wlrkungsvone Schullolnrlchlungon
• Elderne9 Eln-/Ausflchl'dlen rnll TTL·Slgnal ml\gllch

• Ef5lklasslges Dosign rnll opllmaler WlhmesbfOhrung

• rronlselllge MoObuchsen (Tesl)

9chaltmttztellln MOSwTechnolog'e fOr den Eln••t~
In 19"wOauuroppenlrlger "lICh DIN 41494 TellS
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Single Board Computer: Component Layout
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