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An 8080 Repeater Control System

—part 1L software

The fini‘sh:ing touches.

development system
is necessary to write
~and debug a program of

the size and complexity of
that of the repeater con-
. trol. There are commercial
development systems

FOWER ON

RESET LOCK

INITIALIZATION

available, and hams lucky

‘enough to have access to
these systems have the op-
portunity to modify the
program presented here

‘with ease. Medium-to-

large-size hobby com-
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Fig. 1. Foreground program.
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system

‘operate

puters are also equal to the
‘task. | used my personal
homemade computer for
‘development. It has 60K of

read/write memory, a high

level operating system in-

cluding a text editor and

assembler, printer, debug-

ging tools, and the capa-
bility to program 2708s.

The processor itself is an
8080, so | was able to ac-

tually execute the repeater

program on it before burn-

ing it into ROM.
A good development

the program is to be used
as presented with only
code changes, most any

_hobby computer can be

made to program the
ROMs. Major modifica-

‘tions would necessitate
: reassembly

Program Anaiysas

The repeater control
program is fairly long and

@ may appear quite com-
_ plicated at first glance.

Everything is broken down

' into manageable subrou-
' tines, so it is not too dif-
ficult to follow program

flow. The software consists

of two programs: the fore-

ground program and the in-

terrupt program. The two

programs are separate and
independently.
The foreground program

counts time, and when it is

. time for an id.e-ntific&-ﬁiér'

‘the processor, and cont

_program (which perf
‘whatever task is requ

- may be interrupted at an'

point where it left. T

is a must ‘when
starting from scratch, but if

that the interaction of

. tirely by the mterrup&

| Foregreu'nd Program

ing. At the beginning

ting, the speed is 19 wpm
' The CW speed shou '

it performs the CW
Touchtones™™ inter

is passed to the inte

The foreground prograr

time, and when the in!
rupt service routine :
control returns to--.t i

apparent when listeni
the repeater. If th
peater is identifying, a
touchtone is sent, the I
halts, and, after the tone
are ‘handled, the 1D re
sumes where it left off. Th
beauty of the schems

programs is handled

ware.

Refer to the program

labels are defined. .
various ports are set eqwi
to the proper values
CWSPD sets the speed o
the CW. At its present set

proportional to CW
IDTMO through IDTM _,se
the time' duration be eer

'.begm's executing col



mands at address 0. Refer
to Fig. 1, a flowchart of the
foreground program. At
BEGIN, a lock is cleared.
The lock permits the re-
moval of the ability to
enter the control mode.
This will be explained in
detail later. Control passes
to RESET, where all vari-
ables are initialized. All of
the output ports are
zeroed. A note is in order
about how the program
handles output. The 8080
can output to its output
ports, but it cannot read its
output ports back in. Since
we need the ability to be
able to change only one bit
at a time in the output
ports, a memory byte is
reserved for each output
port. Every time the pro-
cessor outputs data, it
writes the output informa-
tion in the locations
QUTOM through OUT7M
for ports 0 through 7. This
way, if an output bit needs
to be changed, the cor-
responding memory loca-
tion can be read, the one
bit changed, and the byte
output. All bits of port 7
are set, because the row
and column inputs to the
touchtone generator are
active low. The stack point-
er is loaded, and control
jumps around the interrupt
location to MASLP.

At MASLP (master loop)
the interrupt is enabled,
and TIME is checked. If
TIME is O, the system is in
the rest mode; as soon as a
repeater is used, it will ID.
When TIME is 1, the system
is counting time to see if it
is time to ID. In the pro-
gram, if TIME is 0, the 150
PTT is checked to see if the
repeater is in use. If not,
the 450 PTT is checked at
MAS2. If neither repeater is
in use, the program loops
around, continuously wait-
ing for one to be used.
When a repeater is activat-
ed, either a 150 code or a
450 code is put into MASK.
MASK is a variable which
tells the CW sending pro-
gram which repeater to 1D.
At MAS3, TIME is made 1,

and control goes to ID. At
ID, TIMER is zeroed.
TIMER is a four-byte
counter, used to time up to
three minutes. The repeat-
er identifies, but before ex-
plaining how that occurs,
the other path to ID will be
explained.

At MASLP, if TIME is 1,
control passes to MAST. In
this portion of the loop, the
repeater has identified
sometime in the past three
minutes. In the subsequent
three minutes, the pro-
cessor keeps tab on the
repeaters to see which
ones should ID later. At
MAS1, MASK is modified
to reflect which repeaters
are in use. TIMER is in-
cremented, and, at MASS6,
TIMER is checked to see if
it equals IDTM (ID time). If
not, three minutes have not
elapsed, and the program
loops back to MASLP.
When time is up, control
passes to ID, as before.

At 1D, after TIMER is
zeroed, MASK is checked
to see if either repeater has
been utilized in the last
three minutes. If not, con-
trol resumes at MASLP
after clearing TIME, plac-
ing the system back into
the idle condition. If a
repeater has been used,
control goes to ID1. At this
point, it must be deter-
mined which ID message is
to be used. IDS (ID status)
may have values from 1 to
7. 1 through 5 specify that
that ID number is to be
used, 6 indicates that the
first four should be cycled,
and 7 indicates that all five
should be cycled. IDN (ID
number) specifies the cur-
rent ID number. IDN goes
from 1 to 5. If IDS is be-
tween 1 and 5, IDN is set to
IDS and control goes to
ID3. At ID1, if IDSis6or 7,
control goes to |D2 where
IDN is incremented, ad-
vancing to the next ID
message. At 1D4 and ID5,
IDN is checked to see if it is
greater than it should be,
and if so, it is set back to 1,
and control goes to |D3.

At ID3, the HL registers

J
KEY

TRANSMITTERS
FROM MASK

UNKEY
TRANSMITTERS

RETURN

Fig. 2. CW routine.

are set to the address of the
proper ID message, and the
CW sending program is
called. After sending the
ID, MASK is zeroed and
control goes to MASLP.
The CW sending routine
is shown in Fig. 2. It is

INTERRURT

TTONE

SAVE
REGIZTERS

assumed that the address
of the message to be sent in
CW is in the HL registers,
and that MASK indicates
which repeaters to send the
message to, If the destina-
tion is 150, MASK contains
CO; if the destination is 450,

BEGIN

SAVE CW MASK
SAVE OUT1M
CLEAR TONE
ENABLE BLOCKING

KNOCKDOWN YES L]
AP.RB DlGI‘\;i *

LOAD
3 DIGITS
YES

&

POINT TO
CODE TABLE

TTONI

ADVANCE
CODE TABLE

TTONS

ADVANCE
CODE TABLE

GET CODE
FROM TABLE

UNLINK,
RESTORE
TIMER

YES

TToNZ

RESTORE OUT1M
RESTORE CW MASK
RESTORE REGISTERS
ENABLE INTERRUPT

TTONG

ADVANCE
CODE TABLE

TTONS

ADVANCE
CODE TABLE
3 TIMES

EXECUTE
ROUTINE

T
1
i
RETURN FROM
ROUTINE

Fig. 3. Interrupt service routine.
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MASK contains 30; if
the destination is both,
MASK contains FO. On en-
try, the proper transmitters
are keyed, keeping them
on the air for the duration
of the message. At CWO,
the character to be sent is
fetched. A zero byte in-
dicates that the message is
done. If done, the transmit-
ters are unkeyed, and the
subroutine returns. Other-
wise, at CWND (CW not
done), the character is
checked to see if it is the
special space code of 80. If
so, a b-unit delay is made.
A 1-unit delay is appended
' to every character, so a
space is a total of 7 units
long. If the character is
not the special space
code, control goes to
CWLET (CW letter). Morse
characters are stored left
justified, with a 0 repre-
senting a dit and a 1 a dah.
The byte is shifted left
after each dit or dah, and
when the byte ends up at

80, the character is done
(described in Byte, Oc-
tober, 1976, page 36). After
CWLET, the tone is turned
on. If the character is a
dah, an additional delay of
2 units is appended. At
CWDOT, the tone is re-
moved, and a trailing 1-unit
space is added. The routine
loops back to CWLET until
the character is finished,
where 2 more units are
added to create a 3-unit in-
tercharacter delay. At
CW?2, the next character is
fetched and control loops
back to CWO0. The CW
routine is used both by the
ID section of the fore-
ground program and
various routines in the con-
trol section.

The Interrupt Service
Program

The interrupt routine is
shown in Fig. 3. When the
8080 is interrupted, it goes
to address 38. It jumps to
TTONE (touchtone), where

the service routine is lo-
cated. Since the fore-
ground program may be in-
terrupted at any time, it is
necessary to save all regis-
ters. As an error-recovery
technique, the stack point-
er is checked to see if it is
in the limited address
space where RAM is lo-
cated. If not, something is
awry, and the program
jumps to the beginning, re-
setting everything. If the
stack is okay, MASK is
saved, since it may need to
be modified by the inter-
rupt programs. OUTIM is
saved because some bits
are changed there as well.
The CW tones are killed, in
case an ID has been inter-
rupted (which could leave
a constant tone on the
repeater until return to the
foreground program), and
BLK is set high, enabling
the blocking function. The
decoder is checked to see
if the digit is a *, the
knockdown digit. If so, the

KD output is pulsed for
about a millisecond to kill

any possible autopatch or |

remote-base function. If
the repeaters are linked,
the
called, which sends the “R*
in CW. The repeaters are
unlinked, and the timeout

timer is placed into the tim- -

ing mode in case a single-
digit autopatch was in
progress. Control goes to
TTON2, the exit point.

If the incoming digit is
not a *, LOAD is called,
which gets a three-digit
code. The code table is
checked for the three-digit
code. If the code is not
found in the table, control
goes to TTON2, and noth-
ing happens. If the code is
found in the code table,
the address of the routine
to execute that particular
code is obtained. At that
point, the program jumps
to the particular routine.
After the routine is ex-
ecuted, control jumps to

}

(@)

EALER DIRECTOR

WY

Fontana CA

We carry the following: TCOM, Midland, Am-
com, DenTron, KLM, Swan, Drake, Ten-Tec,
Wilson, 88T, MFJ, Hy-Gain, Lunar, Nye-
Viking, B&W, Redi-kilowatt, CushCraft,
Maosley, Big Signal, Pipo, etc. Full Service
Store Fontana Eléctronics, 8618 Sierra Ave.,
Fontana CA 92335, 822-7710.

Santa Clara CA

Bay area's newest Amateur Radio store. New &
used Amatear Radio sales & service. We fea-
ture Kenwood, 1COM, Wilson, Yaesu, Atlas,
Ten-Tec & many more. Shaver Radio, 3550
Lochinvar Avenue, Santa Clara CA 95051,
247-4220.

Denver CO

Experimenter's paradise! Electronic and
mechanical components for computer people,
audio people, hams, robot builders, experi-
menters. Open six days a week, Gateway Elec-
tromics Corp., 2839 W. 44th Ave., Denver CO
80211, 458-5444,

New Castie DE

Paul WAIQPX, Rob WA3IQLS—Serving
amateurs in southern New Jersey, Delaware,
and Maryland with the largest stock of amateur
equipment and accessories in Delaware.
Detaware Amateur Supply, 71 Meadow Road,
New Castle DE 19720, 328-7728,

Columbus GA

KENWOOD—YAESU—DRAKE
The world's most fantastic amateur show-
room! You gotta see it to believe it! Radio
Wholesale, 2012 Auburn Avenue, Columbus
GA 31906,

Tell them you saw
their name in 73

Boise ID
Alliance, Amcom, CIR, Cushcraft, Dentron,
Edgecom, ICOM, Hustler, KDE, MFJ, NPC,
NYE, S8T, Ten-Tec, Wilson. Custom Elec-
tromics, 1209 Broadway, Boise 1D 83706, Bob
WTSC 344-5084.

Preston ID
Ross WBTBYZ, has the Largest Stock of Ama-
teur Gear in the Intermountain West and the
Best Prices. Call me for all your ham needs.
Ross Distribufing, 78 So. State, Preston 1D
B3263, 852-0830.

Terre Haute IN

Your ham headguarters located in the heart of
the midwest. Hoosier Electronics, Inc., 43|
Meadows Shopping Center, P.O. Box 2001,
Terre Haute IN 47802, 238-1456.

Littleton MA

The ham store of N.E. you-can rely on. Ken-
wood, ICOM, Wilson, Yaesu, DenTron, KLM
amps, B&W switches & wattmeters, Whistler
radar detectors, Bearcat, Regency, antennas by
Larsen, Wilson, Hustler, GAM. TEL-COM
Inc. Communications & Electronics, 675 Great
Rd., Rt. 119, Littleton MA 01460, 486-3040.

Laurel MD

We stock Drake, Ten-Tec, Wilson, 1COM,
DenTron, Tempo, Hy-Gain, Midland, Mosley,
Hustler. 40-page ham catalog available for
$1.00 (refundable with 1st purchase)—write
for cash guote! The Comm Center, Inc.,
Laurel Plaza, Rie. 198, Laarel MD 20810,
T92-0600.

St. Louis MO

Experimenter’s paradise! Electronic and
mechanical components for computer people,
audio people, hams, robot builders, experi-
menters. Open six davs a week. Gateway Elec-
tronics Corp., 8123-25 Page Bivd., 5t. Louis
MO 63130, 427-6116.

Camden NJ

X-Band (& other frequencies) Microwave
Components & Equipment. Laboratory Grade
Test Instruments, Power Supplies, 1000's in
stock at all times, BUY & SELL all popular
makesi—HP, GR, FXR, ESI, Sorensen, Singer,
etc, Lectronic Research Labs, 1423 Ferry Ave.,
Camden NJ 08104, 541-4200.

Scranton PA

ICOM, Bird, CushCraft, VHF Enm
Antenna Specialists, Barker & Wi

CDE Rotators, Ham-Keys, Belden, A
W2VS, Shure, Regency, CES Touch-Tone
pads, Radio Amateur Callbooks, LaRue

tromics, 1112 Grandview St., n PA
18509, 343-2124.
Souderton PA

Tired of looking at ads 777 Come and try our
new and used equipment yourself—personal
advice from our staff’s 60 years combined ham
experience. Electronic Exchange, 136 N. Main
St., Souderton PA 18964, 723-1200.

Houston TX

! Syracuse NY

We Deal, We Trade, We Discount, We Please!
Yaesu, Kenwood, Drake, ICOM, Ten-Tec,
Swan, DenTron, Midland, CushCraft, KLM,
Hy-Gain, etc. Complete 2-way service shop!
Ham-bone Radio (div. Stereo Repair Shop)
3206 Erie Blvd. East, Syracuse NY 13214, 446-
2266,

| Syracuse-Rome-Utica NY
Featuring: Yaesu, ICOM, Drake, Atlas, Den-
Tron, Ten-Tec, Swan, Tempo, KLM, Hy-
Gain, Mosley, Wilson, Larsen, Midland
Southwest Technical Products. You won't be
disappointed with equipment/service. Radio
World, Oneida County Airpori-Terminal
Building, Oriskany NY 13424, 337-2622.

Cleveland OH

Need service on your late model or old lime
equipment? We service all makes and models.
Rates $19.96 hr. Call or write. Communica-
tions World, Inc., 4788 State Rd., Cleveiand
OH 44109, 398-6363.

components for computer peoaple,
audio people, hams, robot builders, ex-
perimenters, Open six days a week. Galews
Eleetronics Inc., 8932 Clarkerest, Houston
77063, 978-6575,

Port Angeles WA 2
Mobile RFI shielding for elimination of igai-
tion and alternator noises. Bonding straps.
Components. for **do-it-yourself" jects
Plenty of free advice. Estes Engineering, |
Marine Drive, Port Angeles WA 98362, 457-
0904,

DEALERS i

Your company namie and can contain
up to 25 words for as little as usm
(prepaid), or 3I5 per month (prep
quarterly). No mention of mail order business
or area code permitted. Directory text and pay-
ment must reach us 45 days in advance ¢
publication. For example, advertising for the
July issue must be in our hands by May 18¢h.
Mail to 73 Magazine, Peterborough NH 03458,
ATTN: Aline Coutu.

mﬁ'd

Experimenter’s paradise! Electronic and me-

routine ROGER is



CALL WCD

ACTIVATE
TAPE

TTONZ

RETURN

TTONZ

SELCL

DISABLE
BLOCKING
CALL wWCP

TTONZ

Fig. 4. Load, wait for carrier drop, link, tape, and selective

call routines.”

TTON2,

At TTON2, everything
that was saved upon entry
of TTONE is restored and
the interrupt routine re-
turns to the foreground
program.

BITS is a bit set routine
used to set a bit in an out-
put byte. The address of
the byte is placed in reg-
ister DE, and a 1 is placed
in the desired bit in register
B. BITC clears bits the
same as BITS sets them.

Shown in Fig. 4, LOAD
gets a three-digit code
from the touchtone de-
coder. Upon entry, LOAD
waits for SVTT. For user
codes, SVTT is imme-
diately present, since it is
SVTT which caused the in-
terrupt. For control codes,
where several three-digit
codes are used, LOAD
waits for:a code to be
entered. When a digit is

ae

ready, LOAD calls DECOD.
DECOD reads the input
ports and decodes the dig-
its into binary form. The
digit is stored, and HURRY
is called. HURRY checks
VTT while counting time. If
a tone occurs before three
seconds elapse, HURRY re-
turns with the carry clear.
If no tone is received in
three seconds, HURRY ex-
its with the carry set. The
timeout is detected in
LOAD, the program s
aborted, and LOAD re-
turns. Otherwise DECOD
gets the next digit, the se-
guence repeating. The
third digit is fetched in the
same manner. After exiting
LOAD, either three digits
are stored or an invalid
code is stored because of
failure to send successive
digits within three seconds.

DECOD reads the de-
coder. Presumably, a tone

TTTSY

NO ~EnaBLED S TES
P

CALL
GETTY
TTETD

POINT. TO
BUFFER

TTETL

BIG
YES counT NO

o
| RESTORE ]
DIGIT COUNT

TTONZ

DECREMENT
DIGIT COUNT

SET MASK
FOR
I50 oMLY

Fig. 5. Touchtone test routine.

is present when DECOD is
called. The digits 1 through
9 are stored as those num-
bers, and 0, *, and # are
stored as decimal 10, 11,
and 12, A digit stored as 0
indicates an invalid code.
LOAD presets the three
digits to 0, so timing out re-
sults in one or more stored
digits remaining 0

The routine WCD is used
to wait for a carrier drop. It
is possible to lock out the
ROGER routine. If this is
done, it also eliminates the
need to wait for dropping
carrier when controlling
the repeater. Upon entry,
WCD checks for this, and
normally proceeds to check
to see if it is in the phone
control mode. If so, WCD
returns. If not, it checks to
see if the control receiver
is being used. If so, it waits
for the signal there to drop.
If not, it waits for the COS
signal to disappear. In this
manner, WCD only waits
when necessary, and waits
for the proper signal. The
LINK routine checks if the
function is to be permitted.
If so, it links the repeaters
and calls ROGER.

The TAPE routine checks
to see if the function is
enabled, calls WCD, ac-
tivates the tape, and exits.

The SELCL (selective call)
routine clears BLK, calls
WCD, and exits. This per-
mits any tones after 3#3
and before the carrier drop
to pass.

TTTST, the touchtone

test routine, is shown in Fig.
5. If the function is enabled,
GETTT (get touchtone) is
called, which loads a se-

quence of digits. Control

goes to TTST1, where the
digit count is checked. For
each digit, the digit is con-

verted to CW and sent. The
addresses of the CW con-

versions are at DIGAD. The
actual CW codes are at
CWD1 through CWDP.
After the buffer is sent, the
digit count is restored and
TTTST exits.

The GETTT routine is

shown in Fig. 6. Upon entry,
the digit count is cleared
and register pair DE is in-
itialized to the start of the
buffer. If carrier is present
at GETT1, the VTT is
checked. The program
loops until either the carrier
is dropped or a digit is

received. When the latter

happens, DECOD is called '

and the digit is placed into

the buffer. The digit count
is incremented, and
checked to see if the buffer
is full. The buffer is loaded
in this manner until the car-
rier is dropped, when
GETTT returns. If the buffer
length reaches maximum,
WCD is called and then
GETTT returns.

When the three-digit con-
trol code is sent, the pro-
gram goes to CNTRL, shown
in Fig. 7. If the control mode
is locked out, CNTRL exits
immediately. Otherwise,
WCD is called, and then
LOAD. The HL registers are



l GETTT

CLEAR
mGiT
GOUNT

INITIALIZE
POINTER

GETTIL

prEiT

INCREMENT
COUNT

YES

EALL
weo

1 RETURN :

YES VALIER NO
o

COUNT NO
24

Fig. 6. Get touchtone routine.

loaded with the address of
the confirm code. Jumping
to TTONG enters TTONE at
a point where the code
received is checked against
the code table, now con-
sisting only of the confirm
code, If the received code is
not in the single entry table,
the interrupt is aborted as
usual. If agreement is
found, TTONE sends con-
trol to CNTRO, a continua-
tion of CNTRL. WCD is
called, and CNTRL then
loops at CNTR1 until a tone
is received. A single-digit
code is expected, and
DECOD is called to get it.
WCD is again called, and if
the received digit is invalid,
control exits. Otherwise,
ROGER is called and the
proper program must be
selected. If the received
digit is between1 and 7, IDS
is loaded with that digit.
The command is done, and
CNTRL exits. If the digit is 8,
CNTRL jumps to IDLD (1D
load). A 10, which is digit 0,
sends CNTRL to OUT, and 9
has the program jump to
RESET, initializing the en-

tire program with the ex-
ception of LOCK. If the
digit is a *, TIME is cleared;
otherwise, the digit must be
a # and CNTRL jumps to
LNUM (load number). Each
routine, at completion,
goes to TTON2 and exits.
Fig. 8 shows IDLD, The
HL registers are loaded
with the address of the pro-
grammable 1D. The char-
acter byte in register B and
element count in register C
are cleared at IDLDO.
IDLD1 waits for a digit to be
received, and DECOD is
called. If the digit is 3, the
stop byte is stored, ROGER
is called, and IDLD exits.
Otherwise, control goes to
IDNTS (ID not stop), where
the digit is checked to see if
itisa 2. If so, at IDDLT (ID
done, left justify) register B
is justified by the element
count in register C. The
character is stored in the
message buffer at IDDL (1D
done letter), HL is in-
cremented, and control
loops to IDLDO. If the digit
is not a 2, it is checked to
see ifitisal. Ifitis,alis

CALL LOAD

YES CONFIRM O
CHTRO CO;!E

wop

EnETE

DECODE

l

WD

ROGER

big-eiDs [—al

RESET

0 == TIME

LNUM

TTONZ

Fig. 7. Control routine.

shifted into register B and
the element bit count is in-
cremented. Otherwise, the
digit is checked to see if it is
a0, where a0 is shifted in. If
the digitisnota 3,2, 1, 0ora
0, then an invalid digit was
sent and it is ignored.

The OUT routine, in Fig.
9, outputs selected bits to
the output ports. LOAD is
called to get a three-digit
code. If the first digit is a *,
ROGER is called and OUT
exits. Otherwise, the digits
are checked to see if they
are 0, which is invalid. If an
invalid entry is made, after
carrier drop, control loops
back to OUT. If port 0 is
selected, the 10 is changed
to a 0 for later use. Several
validity checks are made,
checking to see if port, bit
numbers, and output levels
make sense. If they do,
ROGER is called. At OUT2,

the binary code for the bit
number is converted to a 1
in the proper bit of register
E. At OPRT (output to port),
a machine output instruc-
tion is set up in RAM with
the required port number.
The bit is either set or
cleared, and the output in-
struction in RAM is called.
Control loops to OUT, and
the cycle continues until
OUT is exited with a *.
LNUM (load number) is
shown in Fig. 10. The digit
count is zeroed, and at
LNUM1 LNUM waits for a
received digit. DECOD is
called, and if the digitisa *,
ROGER is called and the
routine exits. Otherwise,
the digit count is checked
and the digit is stored. If
more than 11 digits are at-
tempted, the last digit
keeps being overwritten.
LOCK has two functions.
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o0l 000D

ooz o000

0003 0000

o084 0000 JMITH 170 PORTS
o0es 0000

0B0é 000D

o007 0000 1

o008 0000 3

000y 0000 1

oBio 000D INERSION 2.0
od1i 000D

0012 D000

0013 0000

00i4 000D JHOVENRER 1977
api1s o000 JMOPIFIER FE
oglé 000D JCOPYRIGHT
f017? 0000 i

0018 0000 3

golY 0000 i

0020 DoO0 L& LB Eay
o021 0000 8P Eay
oo22 0000 PORTL: E@U
oe23 0000 PORTZ: EQU
o024 0000 PORTI: Eau
00z 0000 FORT4: EQU
0026 BOOD FPORTS: E®U
op27 0000 FORTE: EQU
ooz2e 0000 FORT?: EQU
002% G000 OTINL: EQU
ne30 o9l CusPE: EQU
g@3l oooo IDTHD: EQU
003z 0000 1pTHl  EQU
0033 oo0o 1pTHZY  EQ@U
oBl4 oooOD IpTRI:  EQU
0035 00d0 1

0036 0000 ]

0837 00040 t

0038 pood oRG
0939 0000 JTHITIALIZATION
o040 D000 1

004l 000D 1

on42 000D 1

0043 0000 aF BEGIN: WRA
0044 0005 32 F2 30 5Th
00435 D004 21 F4 30 RESET: LXI
0046 0007 23 REST1: INX
4047 0008 3% 00 nel
o048 000R IE FF AVl
0049 000C 8D CHP
0930 0000 C2 07 @9 ANz
o051 0010 AF XRA
0052 0011 D3 18 ouT
0053 0013 b3 20 our
0054 001% 03 310 our
0053 0017 03 40 ouT
0056 0019 03 50 ouT
0087 0018 DI 60 ouT

pOSe DOL1D 2 e

0089 00LE 32 FI 30 5TA
o0D&D 0021 32 F4 30 8Th
0061 G024 IE FF LA
0062 Q026 32 FF 30 STA
00&3 0029 03 TO oyt
004 Do28 24 00 10 LHLD
o SPHL
0066 002F C3 3B 00 JHP
o0&7? 0032 )
0068 D032 = !
00&Y DO3I2 i
8070 0032 ORG
0071 0038 C3 8¢ 01 ELid
o072 DO3E 1
0073 0038 1
0oT4 ool i
0075 0038 WASLP:  EQYU
0OT& 003B FB El
0077 003IC 34 FS 30 LDA
o078 003IF BY oRA
BO7Y 0040 C2 &3 00 JHZ
9080 0043 DB 10 N
o081 0043 IF CHa
0082 0046 Es 20 L LB
0083 0048 CA 58 00 42
DoB4 OO4E IE CO L LA}
0083 0042 32 F& 30 Has3 E7a
oofé Q030 3E 01 LLA}
0087 0032 32 F5 30 Rl
D088 0033 €3 BI 00 JHP
o089 0038 DB 10 L+ 2 N
0090 DOSA 2F EMA
0091 0O3B Eé 10 AW
00%2 0050 CA 3B 00 iz
0093 00640 3E 30 LL3
inP
NASL! 18
CHA
PUEH
ANI
42
LX1
Wi
[ 1]
Wov
LLEE T ror
ANl
42
Lxt
1A}
(1]
nev
HASS: Ll
] e
@113 DoBé C2 93 0O Lk

It can block access to the
control mode, and it can
eliminate the ROGER rou-
tine. After the LOCK se-
quence is given, LOAD is
called to get three digits.

i s

JAND THE WECESSARY EXTERNAL MARD
JIMCLUDING A TOUCH TONE (R) BECOBER

IREPEATER CONTROL SYSTER WONITOR PROGRAN

l
JFOR USE WITH AN B080 CONTROLLER

JSERIES 2 INCORPORATES ERROR RECOVERY
)

ROBERT GLASER W3IC

ARY . 1978
ROBERT GLASER

LOW

o JFLRET RONW
PROCEDURE

]

LCKR

H. TINE-1
H

M0

A, OTINRL
L

RESTIL

L

PORTIL
FORTZ
PORTS
PORT 4
PORTS
PORTE
]

ins
16N

A, 0FFH
ouTTM
PORTT
8TCK

;10 BTATUS
i 1D MUNBER

iSTACK LOG
WASLP JMYPASS INT LOC

38H
TTOME

JIRTERRUPT LOCATIOH
JINTERRUPT PROGRAN

L FMABTER LOOP
TIRE
L]

LS
PORT!

ITINING

20H
HAS2
A.OCOH
HASK
Al
TIRE
i

i138 PTT

JETART TIWING
JIDEMTIFY
PORTI

i0H
WASLP
A 30H
LLE]
PORT1

1450 PTT
INO ACTINETY
1450 MASK

La 1]
aou
LLELY
L1
W, O0COH
L

H.h

Le 1]
100
LT E]

H NASK
h. 30R
L]

1180 PTT

1430 PTT

L]
M, TINER JINCR & BYTE TIRER
"

Program

The second digit eliminates
the ROGER routine if itis a
1, and the third digit locks
the control mode out if it is
a 1. ROGER is then called,
and LOCK exits. If the sec-

o114 OO®® 23 INX Ul
D113 008A 34 InR "
8114 00BB C2 93 00 Nz HASE
0157 DOSE 23 INK "
D118 OOSF 34 INR L]
0119 00%0 €2 93 00 anz NASE
o120 0093 23 INX H
0121 0094 34 IHR "
0122 0095 21 ED 30 MASE: LI H.TIMER JSEE IF TINE
0123 0098 3E 90 My A IDTHO ;IS UP
0i24 D0%a BE CHP ]
0125 0098 C2 38 00 Nz MASLP  MOPE
0126 DOYE 23 L) H
0127 0O9F 3E 00 LUk A, TDTHL
0128 0O0AL BE CHP [
0129 00a2 C2 38 00 INz NASLP  INOPE
0130 DOAS 23 1N H
0131 00A& 3E 14 LURY R IDTRZ
0132 DBA8 EE CHP N
0133 0049 €2 3B 00 i+ MASLP  IHOPE
D134 DOAC 23 INX "
0133 00aD 3E 00 nyl A, IDTH3
0136 00AF BE cHP [
0137 0080 C2 I8 00 Nz NASLP  IMOPE
0138 0083 1
013% o083 )
0140 0083 '
0141 0083 bt EQU ] FTIME TO ID IF MASK NOMZERD
0142 0083 21 00 00 Ll W0
0143 00B& 22 ED 30 SHLD TIMER
0144 0083 22 EF 30 SHLD TINER+2
0145 0O0BC 21 F4 30 X1 W, 10N
D144 QOBF 3a Fé& 30 Lbg WaASK
Qecz &7 oER A
oocd c2 Cc 00 Nz 1n1
Boce 32 FS 30 8T TIME ISTOP TIWING
8oty €2 18 00 ne nasLP
0151 DOCE 3a F3 30 1Di: LA 108 JED BTATUE
0132 0O0CF FE 06 crl g 3 1€ 67 L
0133 0001 02 DA 0O JKE 102
0154 00D4 32 Fé 30 sTA 7] JID MUWBER
0155 0007 C3 F3 00 ne 103
0156 0D00A 34 102 IHR L]
0157 0008 34 FI 30 LBa 108
0138 QODE FE 06 crt 6
00E0 CA EE 00 42 104
DOEI 3E 03 nel L%
DOES BE 1631 (114 ]
00E& b2 FI 00 JHC 103
00E% 3¢ 01 i Wi
DOER €3 F3 00 Jup 103
DOEE 3E 04 HIH L1231 N4
DOFO €3 E3 00 Jne s
DOF3 7€ 1831 oy (T
DoF4 3D pew "
00FS 07 RLE
CiFé 85F WOV En
0JF7 16 G0 LS p.a
0172 DOF9 21 08 10 Xl N, IDAD
0173 DOFC 19 (11 ]
0174 OOFD %€ ROV E.M
0179 0OFE 23 WX N
0176 DOFF 55 HOV (%]
0177 0100 €@ XCHG
0178 0101 CO 08 01 CALL 1]
0179 D104 AF XRA "
0180 0105 32 F& 30 S5TA %19 JCLEAR NASK
0181 0108 C3 38 00 anp WABLP
0182 0108 ¥
0183 oiog 3
D184 0108 ]
0185 0108 JCW SEMDING ROUTINE
0ig%e D1O0B JROTATES DATA LEFT.
0187 0l08 31 18 A DASH. 0 IS5 & DPOT
0188 0108 JUMTIL AM 80 1§ LEFT.
0189 0108 JAM INITIAL 80 IS & SPACE
0190 0108 JRMD A ZERO 15 MESSAGE EMP
01%1 0108 3
0192 0108 3
0193 0108 ('8 Eau ] SEM SENDING ROUYIMNE
0194 0108 3a F& 20 LBA HasK
0193 DI0E E¢ 50 AN sSoM
01%6 011D 47 noy [ 73]
0197 0111 11 F9 30 LX1 D, OUTIN
0198 0114 €b 0C 02 CALL BITS
0199 0117 D3 10 auT PORT1
0200 0119 7E cuo: nav (9]
0201 Oils 87 oRa "
0202 0118 C£2 29 01 Nz cunp
0203 OLIE 1t F9 30 LX1 B OUT IR
0204 0121 06 FO w1 B, 0FO0H
0203 0123 €0 10 02 cALL BITC
0206 0126 03 10 ouT PORT
0207 D128 €2 RET
0208 0129 FE 80 CUND! crl o0H
0209 0128 C2 26 0! anz CHLET
0210 D12E 3£ 06 L1 Ro6 1SPACE
D21 0130 £0 74 o (1°3 B} caLL BELAY
gz212 @133 30 pCR ]
0213 0134 €2 30 01 amz cu1
0214 0137 21 cwz2! INK H
8213 0139 €3 1% OI £l ceo IGET MEXT CHAR
D214 0136 FE 80 CWLET: CPI (1] JDONE?
0217 0130 CC 74 01 cz BELAY 12 SPACES
0218 0140 CC 74 01 €z DELAY  JAT END
0219 D143 €A 37 G1 42 cy2 JLETTER POWE
0220 D146 F3 PUSH PS¥
0221 Di47 11 F9 30 (& ¢ D OUTIN
6222 0D14a 34 Fé 30 LBA Wask
0223 0140 Es A0 AN oAoH
0224 D14F 47 nov B A
8223 0139 £p 0C 02 CALL BITS
0226 0133 03 10 ot PORT!  ;OUT TOME
listing.

ond or third digits of a
LOCK command are 0, the
normal state of the ap-
propriate function is re-
sumed. The LOCK function
is intended as a fail-safe

measure, available only to
the person who constructs
the system. The reset in-
struction (9) is purposely
constructed so that it does
not reset LCKR, the locker



0227 0153 F1 Pop
0228 0136 €D 74 01 caLL
0229 019% 17 RAL
0230 0138 F3 PUSH
0231 0198 02 64 0Of JHE
8232 01SE D 74 01 caLL
0233 0161 CO 74 01 CALL
B234 0164 06 RO CWOOT:  WVI
D235 0164 €D 10 02 caLL
8236 0i69 BT 00 our
D237 DI6R CD TH 01 cALL
0238 DIGE FI POP
8239 OLGF E6 FE ANl
D240 D171 C3 38 01 JNP
0241 0174 i
Ba242 0174 i
8243 017 )
8244 0174 DI DELAY: PUSH
B245 0173 F3 PUSH
B246 0176 11 88 13 L¥1
B247 0179 AF KRR
B248 0174 18 DELLY  DEX
'.Q‘! DiTE B CHP
8250 017C £2 TA 01 Nz
8251 DI?F BA CHP
8252 0180 €2 Ta 01 Nz
08253 0183 F1 POF
0234 D184 D) POP
8255 0183 €9 RET
0256 0186 I
Ba57 018 I
. B238 D186 )
8239 0186 TTONE: E@U
8260 0186
0261 DiBs
D262 Oi1ve
0263 D186
0264 Di86 i
0265 0186 1
D266 0186 FS PUSH
0267 0187 C% PUSH
j268 D188 D3 PUSH
69 0189 E9 PUSH
0270 0184 21 00 00 L¥1
0271 0190 33 DA
0272 018E 7 nov
B273 018F FE 30 cel
0ar4 0191 C2 00 00 Nz
D275 01%4 3a FE 30 LBA
0276 0197 F3 PUSH
%rr 0198 11 F9 30 Lx1
270 0198 1A LoAx
0are 019cC FS PUBH
0280 019D 06 FO L12]
o281 0DI9F CO 10 02 CALL
BRBc 0142 06 01 i
D283 D144 LD OC 02 cALL
o284 0147 PI 10 ouT
85 0149 DB 20 M
&s DiIAB 2F CHA
287 0IAC Es 02 ANl
@88 DIAE CA D3 01 Jz
189 0181 06 02 i
J290 0183 CD DC 02 CALL
G2%1 0186 DY i0 T
0292 0188 £D T4 01 caLL
0293 0168 CD 10 02 CALL
4294 0185 b2 10 our
0295 01C0 11 FB 30 LK1
02%E 01C3 1A LDAX
G297 01Ce E6 10 AN I
0298 01C6 Ca D2 02 th2
0299 01C9 66 10 L3
0300 01C8 CD 10 02 CaLL
0301 01CE 03 30 T
83082 0109 C3 FC 01 NP
8303 0103 Cb 19 02 TTONI: CALL
0304 0106 2a 02 10 LMLD
)5 019 7E TTONG: WOV
306 010a 87 oRA
0307 010E Ca FC 01 42
0308 01DE Ba CHP
B389 010F C2 F4 01 JHz
0310 01E2 2% INX
0311 DIE3 TE nov
0312 D1E4 8B cue
0313 01ES €2 FS o JHZ
031s D1ER 23 THY
0315 BLE? TE Hov
0316 O1ER 88 CHP
0317 O1ES C2 F& Of JHZ
8318 DIEE 23 INX
G319 DIEF SE mov
0320 DIFO 23 INX
0321 OIFI 3% HOV
0322 01F2 €8 KCHG
0323 0iF3 EY PCHL
0324 01F4 23 TTONI: IMX
D328 O1IFS 27 TTOM4:  INX
B3R6 DIF6 23 TTOHS: IMX
0337 01F? 23 1NN
0328 D1Fa 23 IN%
0329 01F? €2 09 0! anp
0330 O1FC i
0331 01FC F! TTON2: POP
0332 01FD 32 FY 30 STA
©333 0200 B3 10 ouT
0334 0202 F1 L
8335 0201 32 Fé 10 8Th
833§ 0208 E£1 PoF
0337 0207 OI POF
0338 o209 C) POF
0339 0209 Fi POF
where the control mode

may be inhibited.

PATCH, the autopatch
routine, is one of the more
complicated subprograms.
Shown in Fig. 11, PATCH
first checks to see if the
autopatch is enabled.

L]
DELAY

PSW
cupoT
DELAY
DELRY
B, DRON
BI1TC
PORT
DELAY
PSW JGET CHAR
OFEH
CHLET

PEW
D, CUSPD
L]

BEL1I
DEL1

P5W
(-]

JINTERRUPT ROUTIME TD SERVICE
JTOUCH TOWE (R) DECODER

i
IHANBLES ALL COWTROL AND USER FUMCTIONS

41 ]

B

[ ]

H

H: @ 18EE IF

" ITHE STRCK

A H P18 MESSED
I0H 1up

BEGIN I1YES., RECQVER
HASK

L 1]
D.OUTIN
1]

(1]

B, 0F0H
BITC
Bl
BITS
PORTL
PORT2

JBIT CLEAR

JBIT SET

2

TYOM
B2
BITE
PORTL
DELAY
BITC
PORTL
b, 0UT3N

JTHOT »

JEHOCKDOWH

i RELERSE FORCE

100 ILINKER?
ROGER IYES

B, 10H
BITC
PORTZ
TTONZ
LOAR
coTRE
AN

JREETORE TINER &
JUNLINK RPTRE

JLOCATION OF CODTE

TTONZ IHOT CORE

TTOW3

TTOH4
H

JROBR TO HL
JJURP TO IT

TOME 1TRY MEXT CODE

[41]
QUTIN
PORTL
Ll
WASK
N

1]

§
PSW

NOTIM (no timer) is cleared
so that the timer will be
present unless changed
later. GETTT gets the re-
quested telephone number.
The digit count is then
checked. If no number was
sent, and a direct autopatch

‘0343 0200

0340 D20m FB El
0341 0208 C9 RET
0342 0200
0343 Daoc
0344 020C

L

0344 0200
0347 0200 i
0348 p20C BITS: EQU

JTAND EXIT IMTERRUPT

0349 020C JBIT BET SETS THE BIT CORRESPONDING
0330 D20 ITO THAT OF REC B IM MEM LODC C(DE}
0331 020C .

0332 0200 14 LDax ]

0353 o200 BO oRA ]

0354 D20E 12 BTN ]

0335 020F C9 RET

0334 0210 3

0337 0210 i

0338 0210 BITE: ERU ]

0339 0210 JBIT CLEAR CLEARS THE B®IT

0360 D210 C3 PUSH

0361 D211 78 Wow A B

0362 0212 IF i L]

0363 0213 47 WOV L]

0364 0214 1A LDAX 1]

0363 0215 a0 LLLY [ ]

0366 D216 12 STAX o

0367 D217 C1 ropP L]

0368 0218 C9 RET

034% 0219 L]

o3It0 o219 i

o371 0219 3

0372 D219 LOAD: EQU

D373 D219 FLOAD PUTSE THE BEGUENTIAL 3 DIGIT CODE
0374 0219 +INTD REG"S D.E.B

0373 0213 JREGC"S CLEAR IF NO DIGIT

0376 0219 L0 VAITS FOR A LOMG FIRST TOME
03Ty 0213 JAND THEN FAST TNO TOMES

0378 0219 1

0379 0219 11 00 00 LKI b.0

0380 B21C 01 00 0O L¥E 8.0

0381 021F DB 10 LOoaRi: I PORTL

0382 0221 IF CHA

0383 0222 @7 oRa ®

D384 0223 F2 IF 02 L LOABL JNALT FOR LONE TONE
0385 0226 CD 3B 02 CALL DECDD IGET BIGIT
D386 0229 37 nov [ Y]

D3NT 022m CO 68 02 CALL HURRY

D388 0220 BB RC JTINEDR 8UT
D38y O2IE CD 3B O CAaLL DECOD

03%0 0231 SF HOW E-f&

0391 0232 CD &8 02 CALL HURRY

0392 0233 b8 RC

03%3 p23s CP 38 02 CALL DECOD

03%4 0239 47 Wov B:A

0393 0234 €9 RET

039% 023 1

03%7 0238 il

0398 0238 H

0399 0238 DECODY EQU 5

0400 D238 IDECOD READE THE TOUCH TOME (R) DECODER
0401 0238 JAND PUTS THE CHAR 1IN REC A

0402 0238 JWO0 TOME RETURNS A ZERD

0403 0238 JUA1T FOR RELERSE OF TONE BEFORE RETURN
o404 023 3

o40% 0238 C% PUSH ]

D408 0230 DR 10 IH PORTI

0407 023 2F (= 1]

0408 023F Eo IF ANl OFH

D409 0241 C2 50 02 INZ BECEI JIN PORT 1
0410 0244 0B 20 N PORTZ

D411 0245 2F caa

0412 0247 BT oRA R

D413 D248 CAa SC 02 4z DECD4 JERRONEOUS CHWDX
O4L4 0248 GE 04 18 C.4 IOFFSET
0415 D240 C3 56 02 JRP BECDZ

0416 0250 17 DECDI: RAL

o417 0231 17 RAL

41w 0232 17 RAL

D459 0253 17 RAL

0420 0254 OE 00 LU c.0

D421 023 0OC DECDZ: THR c

o422 0237 17 RAL

D423 0238 D2 36 02 FL1A PECD2

0424 0238 79 oV A, c

0423 0232 C1 DECD4: POP B

0426 D250 FS PUSH s 1]

0427 D2%E DB [0 BECDI: INW PORTI

0428 0260 2F cHA

D429 0261 E& A0 RHIT 4OH

0430 0263 C2 3E 02 JHZ BECP3

G431 026n FIL FOFP {41

0432 0267 L3 RET

0433 0268 i

D434 D268 L}

0433 0268 1

D436 D2&8 HURRY: E@U L ]

0437 0289 JHURRY WAITS FOR & TOME.

D438 D268 JBUT EXITE WITH CARRY BET IF NONWE
0439 0Z68 JRECEIVED IN PERNITTED TINE

D440 0268 :

D441 0268 AF L1 ] f

0442 0269 D5 PUSH 1]

D443 0268 C3 PUSH ]

D444 D268 11 00 OO0 LKl B0

0443 D26E 01 00 00 LRI B0

D44 0271 DB 10 HURY1: In PORTL

D447 0273 2F CAa

D448 D274 E6 40 ANl 40H ITONE?

Continued on next page

is allowed, then at PTCH1
AP is pulsed, giving the user
the line to dial his own num-
ber. Otherwise, the attempt
is aborted. If 7 digits were
entered, control passes
through PTCH2 to PTCHS.
If the first digit of the

number is a 1, the patch is
aborted. If not, at PTCH3
AP is pulsed, bringing up
the line. At PTCH5, a one-
second delay is introduced
to allow time for the tele-
phone company equipment
to produce the dial tone.

SQB



D44% D276 CZ 8D 02 HZ HURYI S YES
6430 D279 oC INR -

0431 027R C2 86 U2 JHE HURY2

0452 0270 04 1HR B

G433 D27E C2 86 02 JHZ HURY2

0454 0281 16 INR (3

0455 D282 £2 86 02 JHZ HURY2

0456 0283 14 KR ]

0457 0286 3IE 01 HURYZ: HMVI Al

0458 0283 B8 cHP E

045% 0283 c2 71 02 JHZ RURY L

0460 028 37 gTC ITIMER 0UT
D461 D289 € HURYY: POP [}

0462 028E D! POF [

0463 028F 9 RET

0464 0230 '

0465 0290 )

O46e 0292 i

0467 0292 wED: EQU ¥

0460 0290 IWAIT FOR CARRIER DROP

0469 0290 F5 PUSH P5N

D470 0295 Ia F7 30 LOA LEKRDG

0471 D294 &7 oRA a

0472 D295 C2 B3 02 JHEZ wED2

6472 0292 08 30 N PORTI

0474 D298 &7 ORA A

0473 0298 Fa B3 02 I NED2

0476 D2I9E E6 40 ANI 40H

0477 D260 CA &0 02 42 HEDL FNOT ER
0478 02n3 08 30 Wenay M FORT3

D479 0285 Eo 40 AN 40H

0480 O2AT C2 A3 02 dNE WCD3

0481 D2an C3 8Y 02 JHP ¥cp2

0482 0280 08 10 veDiE il PORT1

048I D2RF iF CHA

0484 0280 E5 20 AHI 200

0483 0282 C2 AD 02 Nz wEol

0486 02835 F1 WED2: POP SV

0487 0285 C RET

0488 0287 i

0489 0287 3

04%0 0287 )

0491 0287 3a F8 30 LINK:  LDA OUTON  JLINK RPTRS
04%2 0288 E¢ 01 AM1 1 JTENABLED?
0493 028C €2 FC O Nz TTOHZ 1 HO!
0494 028F 11 FB 30 Lx1 D, OUTIN

0495 0202 06 10 i B LOH

0496 02C4 CD 6C 02 caLL BITS

0437 0207 B3 10 ouT PORTI

0478 0209 CD D2 03 cALL ROGER

0499 02CC €3 FC 01 Jne TTOH2

0300 0ICF !

0501 02CF i

0382 D2CF !

0303 02CF 3 FE 30 TAPE: Loa OUTON I TAPE LOGP
0304 0202 E& 02 ANl 2 JENABLEDT
0305 0204 C2 FC 01 Nz TTOHZ WO
0306 0207 CD 30 02 TAP LY CALL vep

0307 0204 11 FE 30 LRI D, OUT3N

0508 0200 05 490 ni 8, 80N

0309 020F CD 0C 02 CRLL BITS

0510 02E2 D3 30 ouT PORTI

0511 BZE4 CO P4 01 CALL DELRY

0512 02E7 CD 10 02 CALL BITC SPULSE TaPE
0513 B2ER D7 30 # out PORT3

D514 8262 C3 FC 01 FLLS TTOH2

0515 02EF 1

0516 D2EF :

0517 D2EF J

0918 02EF JSELECTIVE CaLL DISABLES TOME BLOCKING
0519 02EF 41 F9 30 SELCL: LXI P OUTIN

0320 B2F2 0% 41 V1 Bl

0321 0ZF4 C2 10 02 caLL BITE

D822 02F° 03 10 ouT PORT1

0523 G2F9 Lo 20 02 CALL Ve JMAIT FOR CAR OROP
0524 GZFC €3 FEO @1 InP TTOMZ

0525 O2FF 3

0526 Q2FF 3

0527 O2FF i

0528 DAFF CHTRL: ERQU $

8329 OIFF {ALL COMTROL CODES ARE EWTERED
0530 02FF JIN THIS ROUTIWE.

0531 B2FF I

0532 02FF Ia F2 30 LBA LCKR

pS33 0302 BT oRa ]

6334 0303 C2 FC 0l Nz TToNZ  :LOCKED 0UT
9535 030= CD 90 82 caLL NCD

03346 0303 TD 19 02 caLL LORD

0S37 0307 2k 04 10 LHLE CFRAC

0538 030F 7 09 01 ne TTOHG

0539 0312 Co 20 02 CHTRB: EALL uco

0340 0315 08 10 CHTRL: IM PORT 1

0S4t 0217 2F CHA

0542 03(5 87 oRA )

0543 0311 F2 19 03 i CHTRL

ps44 0310 €D 1@ 92 CALL DECOD  JGET DIGIT
D545 0ILF COL 40 02 CALL {1+ ]

0546 0322 87 ORA L)

0547 0323 CA FC 01 §2 TTON2

0548 0326 FE 0D cel 13

0549 0324 b2 FC 01 JHE TTONZ S INYALID
0550 0328 C) D2 03 caLL ROGER

0531 ©3I2E FE a8 (3] 8

0532 0330 02 39 a3 INC CHTRZ

0533 0333 32 F3 30 8TR 1Ds

0554 0336 21 FC 01 e TTONZ  :DOME
0535 0332 FE 98 CHTRZ: CPI ]

0556 0336 Ca AO 10D 4z ioLe jLOAD ID
0557 0336 FE 0& (13 10

0558 0340 ca 50 03 42 ouT

0359 0343 FE 09 cP1 9

0560 0347 Cu 04 00 iz RESET 2 INIT
DS&L D348 FE 0B cPl 11

Our exchange is an elec-
tronic switching system and
is very rapid. If it commonly
takes longer than one sec-
ond at your exchange,
change the number 15 to a
larger number in line #1057.
Al is sent to the LD output,

d o

preparing to dial the
number. At PTCH®6, the
number is dialed. Each tone
is on for 65 ms and off for
65 ms, the time DELAY
waits. The binary digit
numbers are converted to
the proper row and column

|t.‘.

0362 034a CA FB 03 JZ IDENT

0363 034D €3 12 10 JHP LHUMA 1LOAD MUMBER
0364 0330 H

0363 0333 i

0366 0350 ouT: EQu ¥

0867 03340 JOUT TAKES 3 DIGITS AMD QUTPUTS
0568 0350 1TO OUTPUT PORTS AS FOLLOWS!
0%69 0350 JTT CODE 135 X¥Z

0570 03%3 IPORT % 0,1.2,3,4.59:6,7

0571 0330 18IT ¥ 1e2:s3: 498,78
0572 0350 FLEVEL T 0.1

0573 0350 5

0574 0350 JALL FAULTY CODES ARE IGHORED
e57s 0350 1

0576 0359 7w EXLITE THE CONTROL-OUT WOBE
0577 0339 i

0578 0350 ©o 19 92 CALL LO&D

0579 0353 It 4B nvi A il .

0S80 0359 €A cAp L]

0581 0388 L2 5F 93 JHZ ouTl

0%82 0359 CO 02 03 CaLlL ROGER

0383 03I5C ©3 FC 01 AP TTOK2 JEXIT
0384 033F AF ouTL: WRA R

0585 0380 BA CHF 1]

0586 0361 L CC 03 JZ GUTR iKO GOOD
0587 0364 BE CHF 14

0588 0363 Cx £C 03 Jz ouTR

038% 0368 Ta nov AR

0390 03¢3 FE oA EPI 10

0591 0368 €2 73 03 JHZ ouT4

D592 036E L& 90 KVI b0

0593 03?0 £t 79 03 JAP ouTs

0594 0373 3E OF ouTA: LLa AT

0393 037Y Ba cnpF B

0396 037& Da £C 03 JC BUTR

0397 0379 3E 08 oUTI: Hyil h.8

05%8 0378 B8 CAP E

0399 037C ba LC 03 4C GuTR

0600 037F 3E 1 nwi .l

080} 0381 B8 cHP B

0662 0382 Cn BE 03 d2 Qutl

0&03 03IBT 3E OA LiRY .10

0&04 0387 Ba CHP ]

0603 QIER Ca HE 03 ¢z ouT3

0406 0388 C3 {C 03 JHP auTR

0607 038E €D D2 03 ouTI cALL ROGER

0608 D331 3E B8O LLEY W, B0H

0609 0333 07 ouT2i RLC

0610 0394 19 PER E

o6l 0393 c2 33 a3 JHZ ouT2

0612 0398 SF nov E.f

0613 0399 Ta DPRT HOW AR FPORT #
0614 039A 07 RLC JTIRES 10W
0el5 03%8 07 RLC

Dé&ié 03IBNE 07 RLEC

oeiT 0390 07 RLC

0618 03I%E 32 EB 30 BTh OuUTRZ

0619 034l 78 no¥ a8 JLEVEL
0620 03AZ 43 L4 B.E JBIT 8
0621 0343 30 bLR

0622 03R4 F5S PUSH P5Y

0623 0385 Ta KoV 1]

D624 034s 1! FB 30 LXL D, ouUTON

0625 03a? 33 (11 E

0626 D3da 5F L4 E:n

D827 0D3IAE Ta HOV A D

D628 D3aC CE 90 RCI o

0429 03RE 57 mov DA

0630 034F 3T D3 niI A, 0D 3H

0631 0381 32 ER 30 TR oyTR1 FOUT IMSTR
0432 03@4 IE (9 LB A, OC9H

0633 036e F2 EC 30 5Ta OUTR3I JRETURN INSTR
0634 0369 F POP PSW

0435 03B Zu L& 03 Jz OPRTY

0436 038D CO 10 02 GPRTO: CALL BITC

0837 03CY C: EA 30 OPRTZ2: CALL OUTR Y JOUTPUT
0638 BICI LT S0 93 I8P ouT JGET MEXT CHD
0439 03Cs C0 OC 02 OPRTIH  CALL BITS

0640 83CT C3 0 03 anp oPRT2

0641 D3CC CO %0 02 OUTR: CALL weD

0642 0ICF CI S0 B3 LIS our

0643 0302 3

D644 03D i

0645 0302 i

Obd46 D302 ROGER: EQU L]

De4v D302 JROGER SEMDS aM “R‘ IM MORSE
0648 0302 Cp 90 02 caLL weo

0649 0303 F° PUSH PS¥

0450 0306 34 FT 10 LbA LERDG

DeS1 0307 BT oRA n

0652 030m C2 Fs 03 JHZ ROG)

0653 03DC ES PUSH H

0654 030E D3 PUSH o

0653 03DF C5 PUSH B

0656 0D3ED Ia Fe IO LA RASK

0637 BIEI F3 PUSH 1]

0658 03E4 IE CO nvi A, OCONH

0659 03Es 32 F& 30 §Tn MASK

0660 03IEY 2a 06 10 LHLD RRSGA iLOC OF RNSG
066l O3EC €O OB 01 EALL =]

D62 DIEF F!i FOF PEW

0663 D3IF0 22 Fé 30 578 Rask

O66s 03F3 C! POP B

0665 DIF4 [ FOP [}

oees D3IFS E:! PapP H

D667 O03Fe F! ROGL! POP 1411

DééB OIFT £ RET

D669 GIF3I i

0670 D3FF !

0671 03IFS !

0672 O3FE JFORCE A REPEATER IDENTIFICATION
0673 DIF8 AF IPENT: XRA

0674 O3IFS 32 FI 30 STR TIRE (FORCE AW 1D

format by the TTTAB
(touchtone table). When the
number is completed, LD is
turned off, and if NOTIM is
not 0, the timer is disabled.
Similarly, if 8 or 11 digits
are requested and the first
digit is a 0, the same pro-

cedure applies. If a single-
digit number is requested, a
table is searched at PCH10.
The single digit table,
SDTAB, has the single digit
followed by the address of
the corresponding tele-
phone number. At the loca-



0878 OIFC CF FC 01 anp
0676 D3IFF 7
0477 OIFF 7
0478 O3IFF i
O&TS O3FF ORG
0680 1000 EA 30 STCK:  OW
0681 1002 15 10 COTAB: DU
0682 1004 42 10 CFRMC: DW
0683 1006 9u 10 RMSGA T bW
D684 1008 4E 10 IDAD: DM
0683 100A 3F 10 oN
0686 100C 75 10 oW
0687 100E 84 10 oM
0689 1010 25 30 ou
0489 1012 C? 12 13 LHURG:  JINP
06%0 1019 i
0691 CODTE:! DB
 06%7 1016 08 1]
0693 1017 ac ]
0694 1018 B3 11 oW
0695 1018 02 be
0&%6 1018 0O ]
08%7 101C 03 b8
0698 1010 AF 12 oW
0699 101F 03 ]
0700 1020 ac 0B
0701
0702 1022 EF 02 0¥
0703 3
0704 1023 OC °B
0703 1026 01 o8
o706 L1027 B? 02 7]
0707 102% 02 op
0708 1024 OC o8
0709 1028 02 08
0710 L102C CF 02 ol

D713 1030 04 1]
o714 1031 F3 10 1]

CFACD: DB
[}

pabi: DB

ioap2: DB

ipAD3: DB
oB

tion of the number, the
number of digits precedes
the actual number, permit-
ting any digit length. A 0
must be stored as a decimal
10. If the number is not
found, PATCH exits. If
found, the digit count is

TIONZ

1000H ISECOND RON
STACK

conTe

CFACD

RNEC

ipakl

ipAb2

IDAD3

IDAD4

IDADS

LHUK

3

T

12 i
PATCH

)

12 9
RBASE

12 i
SELCL

1

12 ]
1

LIHK

2

i2 L ]
2

TAPE

4

12 in
TITST

3

12 ain
3

blaL

é

i1 il
12 i
CHTRL

12 18
4

8

LocK

2

11 iw
2

TAPZ

L]

12 e
i1 iw
[

CNTRO

BOH

S0H £l
40H iE
BOH 18P
TOH 8
S0H iR
ICH 13
$0H L]
28H IF
OEOH n
80H 18P
[ 11 B
G0H iR
JO0H IR
0AaH it
BOH 18P
o

80H 180
$0H in
40H 1E
B0H 18P
TOH iR ]
S0H iR
iCH i3
&0H ]
28h iF
DEOH in
BOH 18P
BBH 18
&0H IR
48H b1
0CoH T
20H 3 |
DEGH in
OF OH 10
30K IR
40H JE
BOH R 14
2

B0H 514
OC4H it
1CH i3
L L) 18P
$0H v
oM 1E
B0H i13P
704 iy
S0H i

checked, primarily for the
programmable number, If
the number is valid, the
telephone number is copied
into the CETTT buffer,
NOTIM is set, and control
goes to PTCH3, where the
rest is normal,

D7EE 107E 10 11 1CH 2
oTaY 107F &0 e (111 A
o790 1080 23 -1} 28H 1F
0791 1081 E0 ve OEOH N
0792 1082 89 0B BOH i1 BP
0793 1083 0u e o

0794 1884 a0 1BADAT DB 80K 1
0795 1085 99 ) 904 0
0794 108% 40 ] 40H 1E
0rer 1087 80 DB BOH I8P
arI8 1088 70 b8 TOH W
6799 1089 S0 i} S0H iR
oB0D 1088 1C bE ICH 13
0804 1088 69 ve (10 iR
oeD2 108BC 28 (1] 28H I F
0803 1080 EN 11} DEOH in
0804 10BE BD 1] BOH 18P
0803 108F as b8 BEH 1B
0806 1090 &0 3] &0H 1A
panyT 1091 42 bE 4BH ik
oene 1092 o be BCOMH T
0809 1093 Fo oe OF OH o
0810 1094 83 0B 80N ISP
0811 1093 60 vE SOH IR
0B12 10%8 30 D8 30H IR
D813 1097 Aw e DABK i
o814 1098 B0 b8 a0H 15P
ORi3 1093 69 be o

08is 109R 80 RMSG: o8 80H 18P
0BL7? 1098 80 B 80H PSP
0B1B 109C 80 0B B0H 18F
081% 1090 30 ] SO0H iR
0920 10%E 80 DB BOH 18F
0821 LO9F DO be o

0822 10A0 H

0823 10AD i

o824 1080 ;

0825 10A0 LpLp: EQu L}

0826 1640 10 LOAD LORDS A CW ID INTO RARM
0827 10R0 ¢THIS CORRESPOMDS TD ID #3
0828 L0A0 ¥

082% 1040 0 1% DIT. 1 IS DAM

0830 108D 32 18 EMD CHARACTER

0831 10D 3 IS EMD ID

0822 1080 i

0833 10A0 21 23 30 LI H. IDADS

0834 103 06 00 ipLRO: MYL B0

0835 10a5 0E 00 LL2} c.0 TELENENT COUNMT
0836 1047 DB 10 IpLDLl: I PORTL

0837 10A9 2F (L1}

0838 10AA E& 40 LU 40H

0839 10AC CA AT 10 4 oLel

0840 10aF CD 3B 02 CRLL BECOD

DB41 1082 FE 03 crl 3

0842 1084 C2 BF 10 Nz 1DHTS

0843 i0B7 3e OO R¥I LI

0844 1082 CD D2 0OF CALL ROGER

0843 10BC ©3 FC 01 Pl TTONZ

DPp46 108F FE 02 IDHTE: CPI 2

G847 10C1 G2 ©% 10 JNT IDCH

D848 10Ca 7@ noy A8

0849 10C5 37 STC JLEFT JUSTIFY
0830 10€6 17 IDBLY: RAL

0851 10C7 47 LIS B.a

oes2 10ce o INR c

0853 10C? 3E 07 LLRS AT

0834 10CB B2 CHP €

0835 10CC A D4 10 4C neL

0856 10CF AF KRA L]

oBs? 1000 7@ nov h: B

0858 100! €F & 10 JHP IpoLTY

0859 1005 TG 18bL: LUA N.B

DeeD 1003 23 IHK H

086l 10D& CT AF 10 JHP IpLDO

0862 1003 FE 01 10CH! crl 1

0863 100B CI E6 10 JHI 1DCHD

0BE4 10DE 73 nov A B

0BES 10BF 37 sTcC

0866 10ED 17 RalL

0867 10E1 47 LI B.A

0868 10E2 0o IHR e

0869 10EZ £ A7 10 JHP oLpt

0870 10Ee FE OA LDCHRE: CPI i0

0871 10E8 C2 A7 10 dINZ 1oLp1 JINVALID
0872 10EB &° KRa L]

0§73 10EC 78 LI:A3 L

0874 10ED 17 RAL

0875 10EE 4° HoV BA

6876 I10EF Of IHR c

Bar? 10FQ T3 &7 40 INF pLel

pare I0F1 H

0879 10F1 i

0880 10F3 i

0881 10F3 TITST: EQu L

0Bg2 10F1 LTOUCH TOME (R) TEST ROUTIHE
0883 10F2 JTHES FUNCTION PLACES UP TO 24 DIGITS
o884 10F3 JINTO A BUFFER AMD REPEATS WMAT IT RECEIVED
D885 [0OF3 JIN CW AFTER CARRIER DROP
n8Be 10F3 i

D887 10DF3 3 FE 30 LDba DUTOR JEHRBLEDR?
0888 10Fe E5 08 ANT L]

oea® 10OF8 C3T FC 01 dNZ TTONZ IHDY
0830 10FB CO0 39 11 CALL GETTT JGET TOUCH TOME CR)
o891 1OFE 1! 41 30 TTETO: LK1 DTTRIGH]
0892 1101 T4 00 30 LDA TTRIG

0893 1104 FS PUSH PEW ISAVE IT
09%4 1105 Ia 00 30 TTSTI: LDA TTRIC

0895 1108 87 BRA a

08%6 110% C2 13 11 JNZ TIST2

Continued on next page

The remote base routine,
RBASE, merely pulses RB,
TAP2, the secondary tape
access, jumps to the ap-
propriate point in TAPE.
DIAL, the 5#5 function,
makes various checks and
jumps to TTTST at a point

where the existing buffer is
sent.

The two ROMs are set up
in a fashion to permit as
many changes as possible
in the second ROM without
requiring a replacement of
the first ROM as well. Most

91%



Ps¥
TIDIG
TTOH2

L
TIDIG

SRESTORE 1IT
I DONE

0897 110C F1 POP
08%8 1100 32 60 30 STh
D8%Y 1110 C3 FC 01 JHP
0%80 1113 2D TTST2: DCR
0901 L1i4 32 00 J0 §Ta
0902 L1I7 0% PUSH
0903 1118 21 87 11 LKl
0904 1118 3A F& 30 LbA
0905 111E F3 PUSH
0906 111F JIE CO Lid
0907 1121 32 F& Ip sTh
D08 1124 C OB 01 CALL
009 1127 F: FOP
0910 1128 12 Fé 20 5TA
0%11 1128 D1 POP
0%tz 112 B3 PUSH
0913 £120 1A LbAX
0914 112 3D BCR
0915 112F 07 RLC
0%16 11390 3F noY
0917 1131 1% 00 vl
0918 1133 2: 50 11 LK
0919 113s 19 DaD
0920 1137 3E HOY
0921 113823 IHE
0%22 1139% 5» WOV
0923 1135 EB XCHE
0924 1138 3n F& 30 LbA
%23 113E FS PUSH
0926 113F 3E CO LA
0927 1141 I2 F& 30 8ThR
0928 1144 £D 0B O1 caLL
0929 1147 F1 POP
D930 1148 32 F6 30 §TA
0331 1148 D1 POP
0932 114 13 WX
0933 114D £3 05 11 Jnp
0934 1130 ¥

0973 1150 1

0936 113D i

0937 1130 €3 11 pIGAD: DW
o938 1152 64 11 by
0939 1154 &C 11 1]
0840 1156 6E 11 1.1
0941 1138 70 11 oW
0942 1138 72 11 oW
D943 113C 74 11 Dl
o944 115E 76 11 oy
0945 1160 78 11 -1}
0946 1162 7a 11 oW
0%47 Li&4 7C 11 by
Dy40 1166 81 11 oW
0949 1168 )

0950 1168 ]

0951 1160 i

0932 1168 7C CEp1 L]
0932 1169 00 ol
O¥54 116a 3C CHR2 be
0933 1168 09 113
P36 116C 1C Cup3: (1]
0937 L1&d 09 0e
D9S8 116E O CuD4! 0B
D359 116F 00 -]
090 1170 04 4158 pE
0961 1171 00 (1]
D962 1172 84 CWD6&! 11}
0963 1173 02 [ (1]
0964 1174 Ca cunT: 11 ]
0945 1175 o0d e
0966 1176 £4 cupE: 1]
0967 1177 40 1]
0%68 1178 F4 CHD9: o8
0%6% 1179 02 1]
0970 1178 FC cCWpo: bR
%y 1178 0O 1]
o%Td 1170 10 cCwps: b8
0973 1170 €0 [ ]
4974 117E &0 o8
0975 117F 50 be
0976 1180 00 (1]
0977 11@: &= CWDP: (1]
0sve Liez2 F9 oe
0379 1183 30 1]
0980 1184 A0 3]
0981 1185 %0 1]
0982 1185 00 o8
0982 1187 8D cupse: DB
0984 L1883 00 be
0985 1183 i

0986 1189 i

0987 1189 i

0988 L1183 CETTT: EQU
0989 11839

09%0 1183

0991 11e9

0992 1183 1: 00 30 LX1
0993 1180 AF XA
0994 1180 12 STAX
0%93 118BE 13 INX
0996 1LEBF DB 10 GETT1: 1IN
0997 1191 £& 20 LAY
0998 1193 €0 LU
099% 1194 0B 10 M
1000 1196 Ea 40 AH1
1001 1199 £ 8F 11 INZ
1002 1198 € 3B 02 CALL
1003 119E B7 oRa
1004 [19F Ca BF 11 4T
1003 11A2 12 BTAX
1006 11A3 12 Inx
1007 1144 3a 00 30 LoA
1008 117 3¢ IR
100% 11A8 32 0030 5Ta
forward references from

the lower ROM go to the
beginning of the second
ROM, which will not
change if a routine in the
second ROM is modified.
Frequent use is made of
reading an address from a

E92

M. CHDSP ) SPACE
NASK

L1
A.O0COH
RASK

$150 OWLY

L1
HASK

GET DIGIT

FTIRES 2

E.n

B0

H.DIGAD

1

E:N

H

D.H

JADDR TO WL
MASK

R, O0COH
MASK

PS¥
WASK
1

b
TTST1L

cupl
cwoz
CHD3
Cupe
cHps
CWDé
cwo?
cube
(- 0]
cCupo
CWps
CWOP

TCH
o

3CH
icH

]
OCH

B4
o
DC4R
L]
DE4H
]

OF 44
L]
OFCH

oM +5
QCOH T

OFOH i

L3

JGET TOUCH TOME <R) ROUTINE
IPLACES UP TO 24 DIGITS IN BUFFER
AT TTDIG+), DIGIT COUNMT AT TTDIG

D.TTDIG
L]
]
]
PORTI
208

JCARRIER COME
PORTI
40H
GETTL
DECOD
A
GETT1
°» +STORE DIGIT
[}
TTRIG
L]

iND TOME

TTO1G

fixed location rather than
reading an address directly.

The code table is or-
ganized with a three-digit
code preceding the address
of the program to service
that code. The end of the
table is marked with a 0.

1010 1148 FE 18 cPL 24
1011 B1AD C2 8F i1 JHZ GETTL

1012 1180 €3 90 02 ine wep

1013 1183 i

1014 1183 )

1045 1183 H

1016 1183 JAUTDPATCH ROUTINE - CHECKS REQUESYED
1017 1183 IHUNBER FOR YALI1DITY. IF OK IT
1018 1183 JBRINGS UP LIME AND REDIALS THE NUMBER
1019 1183 34 FA 30 PATCH: LDA ouTZH

1020 1186 Eo 20 ANT 20H

1021 1188 €2 FC 01 Nz TTONZ

1022 11B8 afF XEA ]

1023 11BC 32 F1 30 TR NOTIN

1024 11BF £O 89 11 caLL GETTT  IGET WUMBER
1025 1182 38 G0 30 Lba TIBIC

1026 11C3 BT orR a

1027 1166 €2 E6 11 LT PTCH2

1028 11C3 3 FE 30 LoR OUTON  JDIRECT
102% 11CC Ev 24 LY 4 JENRBLED?
1030 11CE Ca FC O 4z TTOHZ S HOI

1031 1101 11 F9 30 LX1 D OUTIN

1032 1104 0% 08 LL2 8.8

1033 11b6 €0 0C 02 PTCHI: CALL BITS

1034 1109 0T i0 ouT PORTL

1033 1108 CO> 74 Ol caLL DELRY

103¢ U1DE Co 10 02 CALL BITL

1037 B1E1 03 10 ouT PORTL

1038 11£3 C3 FC 01 AWF TTOMZ

1039 11E6 FE 01 FTCHZ: CPI 1

1040 L1EB Ca 75 12 a2 PTCHS

1041 11EB FE 07 cPl ?

1042 LIED Ca &A 12 92 PTCHE

1042 11F0 FE 0B cPl 11

1044 11F2 Ca FA 1t iz PTCH4

1045 11F3 FE @8 ERI L]

1848 11F7 C2 FC 01 INZ TTONZ

1047 11Fa 34 21 30 PTCHe: LBA TTBIGH!

1048 11FD FE OA cPl 10 i ZERD
1049 11FF C2 FC O1 INZ TTON2Z  JNOT COLLECT
1030 1202 11 F9 30 PTCHIT  LAL D OUTIN

1051 1205 06 08 L4 B8

1082 1207 cb O0C 02 caLL BITS

1053 1208 03 10 ouT PORTL

1054 120C €D 74 01 cALL DELRY

1055 120F CD 10 02 caLL BITC

1056 1212 03 10 T PORTL

1057 1214 3E OF nvi Ai1s

1058 1216 CO 74 O PTEHS: CALL PELRY

1039 t219 3o DR A

1060 1214 C2 16 12 INZ PTCHS 11 SEC MAIT
1063 1210 11 FB 30 LKl D, OUT3N

1062 1220 06 40 LA B, 404

1063 1222 €D 0€ 02 CALL BITE ITURN LINE OW
1064 1225 03 30 ouT PFORTZ

1063 1227 11 00 30 LX1 2, TIDIG

1066 1228 1% LoAx ° 1SAVE
1067 1228 F3 PUSH (1] T

1068 122C 3n 00 30 PTCHE: LDA TTO1G

1069 122F B7 oRA A

1070 1230 CA %4 12 iz BTCH?

1071 1233 €0 74 M caLL DELAY

1072 123% 3D oCR A

1073 1232 32 00 30 aTh TIDIG

1074 1238 12 INX ]

1975 1238 1a LD#X ] SRET BIGIT
1076 §23c 30 LR A

LOv? 1230 2: 0% 13 Lyl HeTTTAR

1078 1240 89 ADD k

1079 1241 6F HOV L.#A

1080 1242 70 nov Al

1081 1243 CE 00 ACi ]

1082 1245 &7 MOV H. &

1083 1246 7E nov An PTTCORE
1084 1247 2F cHa

1085 1348 03 7 ouT PORTT  :SEND TONE
1086 1245 ©D 74 01 caLl BELAY

1087 1240 3E FF vl f.0FFH

1088 124F 03 70 our PORTT  JTOME OFF
1089 1251 €3 iC il np PTCHE I HEXT
1090 1254 1. FEB 20 PTEH7: XL D, OUT3N

091 1257 0s 40 L1733 B, 40H

1092 1259 €D 0 02 caLL BITC JLINE WORMAL
1093 125 47 LA B.A

1894 1250 3w F1 30 LDR HOTIN

1095 1269 BY oRR B

1096 1261 03 30 ouT PORTS

1097 1263 F1 FOP PEN

1098 1264 3 co 30 5TA TTRlG iREBTORE IT
1099 1267 o7 FC 01 ang TTOHZ i DOWE
1100 126R 3Ia £1 30 PTCHE! LDA TIPIG+1

1101 1260 FE 01 CPI 1

1102 126F Ca FC 81 iz TTOMZ

1103 1272 €3 62 12 NP PTCH3

1104 1279 21 IF 13 FTCHS:  LXL H.SDTAB

1105 1278 3a 61 30 Lba TTRIG+E

1106 1278 47 HOW A

1107 §278 ?7¢ PCHIO: WOV an

1108 1275 87 oRA L]

1109 127E Ca FC 01 4z TroNZ

1110 1281 B® CHP B

1111 1282 €A BB 12 4z PCHIT

1112 128% 22 8% H

£143 1285 23 WK H

1114 1287 23 W% H

1115 1288 €3 7C 12 JHP PCHIO

1116 1298 22 PCH11:  INX H

1117 y128C 3E Hov E:N

1118 1280 23 bLE H

1119 128E 5% HoV BN

1120 128F EB ACHG

1121 1290 7E nov Al

1122 12%1 87 oRA L]

Naturally, the published
codes are not the ones in
use. The CW ID messages
are set up with leading and
trailing spaces to clean up
the ID.

The RAM has the bottom
25 bytes reserved for the

digit buffer, including one
for the buffer length. 12
bytes are reserved above
that for the digit #1
telephone number. Above
that, space is left for the
programmable 1D. 22 bytes
at the top are variables, and



) ta FC 01 4z
g FE ¢ cPt
L1125 1297 0z FC 01 dnc
1426 1290 11 00 30 LK1
1127 1290 46 noy
1428 1296 04 INR
‘112% 129F TE PCHIZ2: WOY
1130 1240 12 §TAR
1131 1240 23 INX
1132 1202 13 INX
1433 1283 OF DCR
1134 12a4 T2 9F 12 Nz
LI
sTR
NP

i
¥

!

RBASE: LX1
LA
JHP

ARZ: LoR
oRR
dn
JHEP

DIAL: LA
ANI
dkz
LoA
crl
JNC
CALL
JKP

)

Lock: CALL
LAJS
cAP
JNT
JHP
LOCK3: VI

cup

JHZ

XRA
LOcK4: BTa
LOCKS: Myl

CHP

dNT

AP
Lockl:  HWVI
cae
dNZ
Xitd
5TA
CALL
JHP

LOCK2!

]
H
i

TTTAB: DB

i

LMUK: LRI
LIA
LNUNE: IN
cHA
AN
Jz
CALL
225 cr1
226 Nz
227 CALL
: P
1229 1320 a7 LKURZ: MOV
1230 1326 3A 19 30 LoA
1231 1331 FE 0B crl
1332 1333 Ca 17 13 4z
1233 1336 3cC IHR
1434 1337 32 1% B0 5TA
1239 133m 23 1NX
1236 1338 70 oY
ER3F 133C €3 17 13 WP
1239 133F }

the stack starts below
them. The stack works
down, and the program-
mable ID works up. No
safeguards are set up to
eliminate the two clashing.
The amount of space is so

TTONZ
12
TToH2
o, TTRIG
Bon

]

LEL]

B

H

D

B

PCHIZ
#, Z0H
HOTIR
PTCHI

FDISABLE
*TINER

IREMOTE BASE COHNECTS RPT TO PHOME LINKE
J1BUT DOES WOT SEIZE THE LIME

D.OUTIN

B4

PTCHL

ouTOn JTAPE ACCESS
] J¥IA CONTROL
TTOH2 JSTATION
TaP1

}DlnL SENDS IN CVW WHATEVER WAS LAST
JEHTERED VIA THE TTT ROUTIME
JOR THE AUTOPATCH

DUTON  GMHAT DID I BIAL?
10H FEMABLED?

TTOHZ  iNO

TTBIG

23 IVALID?

TTONZ 3 NO

¥Co

11810

]

JLOCK PERWITS A LOCKOUT OF CONTROL

iAND DISABLING OF THE ROGER ROUTINE
JLOCK WAITS FOR '3 DIGITS:

JTHE SECOND ELIMINATES (1) OR CLEARS (0)
1 THE ROCER ROUYTIME.,

JTHE THIRD LOCKS OR UNLOCKS EMTRY

JTO THE CONTROL WODE

Loal

Al

E

LOCK3
LOCK 4
A, 10

E
LOCKS

LKRDC
Al
B

Locki
LecK2
A, L0
L)
:TBH! JIH¥ALID
LCKR

ROGER

TTONZ

iTABLE FOR RECEMERATIMNG TOUCH TONES (R}

a8 H i1
B4H 12
B2H 13
48H 4
441 5
42H ik
28H i
24H ]
22H 9
14H in
18H e
12H i

)
FLOAD MUMBER FOR SINGLE DIGIT #1

H.HuUR@R
N.0
PORT1

40H

LMUR1
DECOD

1 ie
LHunZ
ROGER
TTOH2

8.

HURBR

11 JMAX DIGITE
LEUNL

.8
LHuMi

large for the required func-
tions that for even the long-
est imaginable |D message
there will be plenty of
room left for the stack. | do
not suggest testing the
system by loading an ID of

1239 133F )

1240 133F J

1241 133F 0 SDTal: e
1242 1340 19 30 .1}
1243 1342 02 1]
1244 1343 38 13 oy
1245 1343 012 L1
1246 1346 &3 13 1]
1247 1348 04 .1}
1249 1349 %8 13 oy
1249 1348 03 .1}
1230 134C 73 13 1)
1231 134E 0Os bE
1232 134F 78 13 o
1233 1351 o7 < (1]
1254 1332 87 13 (1]
1255 1334 08 L]
1256 1333 8% 13 (1]
1257 1337 09 o8
1239 1339 %3 13 1 ]
1239 1338 00 L
260 133589 3

1261 1338 O7 THURZ: DB
1262 133C 02 [ ]
1263 1330 02 oe
1264 133E 02 oe
§263 133F 03 ]
1266 1360 03 bE
1267 1341 03 oB
1269 1362 03 OB
1269 1363 07 THUR3: DB
1270 1364 03 o
1271 1369 09 1]
1272 1364 08 1]
1273 1367 02 L)
1274 1368 0a be
1275 1349 03 be
1276 1364 04 o8
1277 1368 07 THURS: bR
1278 136C 04 [2]
1279 134D 08 (1]
1200 136E 0% 1}
1281 L36F 03 o
1282 1370 Ot oe
1383 1371 0a L1 ]
1204 1372 01 L4
1285 1373 07 THUNS: DB
i29é 1374 03 [ 2]
1287 1373 03 e
128@ 1376 03 1]
1289 1377 03 1]
1290 1378 0% [}
1291 1379 0& (1]
1292 137A DA (4
1293 1378 07 THUNGE: DB
12%4 137c 03 [1}
1293 1370 OB (1]
1296 137E o7 4 ]
1297 137F 04 L1}
1298 1380 0& e
1299 1381 0% .1}
1300 1382 0n [-1]
1301 1383 87 THUNT: DB
1302 1384 07 e
1303 1385 08 0B
1304 1385 09 2]
1305 1387 08 bE
1304 1338 0On be
1307 1389 05 L1}
1308 138a 0n 0B
1309 13890 07 THUNE! DB
1310 138C 04 -1
1311 1380 09 oB
1312 13BE 04 (1]
1313 138F 02 11}
1314 1390 0: (1]
1315 1391 02 o8
1316 1392 01 1]
1317 1393 07 THUNS: DR
1318 1324 04 1]
1319 1395 0 L1
132D 1398 03 [ ]
1321 1397 41 bE
1322 13%8 06 [ ]
1323 1337 01 L]
13234 1398 1 [13
1325 1398 3

1326 1398 i

1327 1338 1]

1328 1398 ORE
1329% 3000 3

1330 3000 TTRIG: EQU
1331 3000 [1]
1332 3019 WUNBR: DS
1333 3023 1pADS: E8U
1334 30235 ps
1335 30EA STACK: EQU
1336 30ER DUTRI: DS
1337 30EB ouTR2: DS
1338 3F0EC ouUTRI: DS
1339 30ED TIRER: DB
1340 30F1 HOTIW: DB
1341 3I0F2 LCKR?! s
1342 30F3 s »E
1343 30F4 11 R L)
1344 30F3 TIRE) L[]
1343 30Fe MASK! [-3]
1346 3J0F7 LERDG: DS
1347 30F38 ouToM: DS
1348 30F9 OUTIM: B
1349 30Fa ouT2M: DS
1350 30FS§ DUTIN: DS
1381 30FC ouT4M: DS
1352 30F0 ouTsM: DS
1333 30FE DUTEN: ps
1358 30FF OUT7MT DS

197 characters! Up to 150
should be safe. OUTOM is a
dummy output port. Al-
though it is set up as an
output port, there is no
physical port. This is
convenient for both pro-

HURER i
2
THURZ
3
THURS
4
THUR4
3
THURS
&
THURE
7
THURT
L)
THURS

9
THURY
o

JBALTD CITY

JTRANSIT & TFC

R R S ]

IAD STATE POL

IHARBOR TUMMEL

L R R T e L)

TANNE ARUNDEL

FCORET GUARD

e 0 D e A D =
= =)

JBALTD CO

1HOWARD CO

el T I N C ey

J000K IRAN BOTTON

5 IBPACE FOR DIGITS
12 JTEL Rl
FOR ETACK,

197 1 SPACE in &3

gramming and operation.

Design Philosophy

As previously mentioned,
several years ago | had con-
structed a microprocessor
system to perform a similar
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function. At that time, |
built the hardware first.
After completing this proj-
ect, | have no doubt that
the proper procedure is the
other way around. A gener-
al idea of the hardware
should be in mind, but the
program should be written
first. Writing the program
defines the parameters of
the system. By doing so, |
found that some hardware
modifications were needed
that otherwise | would have
had to go back and redo.

The program was written
and debugged on the devel-
opment system described. |
configured the 1/O ports so
that the program could be
executed on my large sys-
tem. The program was in
operation on it before a
single wire was cut to con-
struct the hardware. Clip
leads and external oscil-
lators were used to test the
system. Did you ever try to
simulate touchtones with
clip leads, trying not to be
caught by a three-second
timer?

The program was modu-
larized as much as possible.
If any routine is longer than
about two or three pages, it
is too long and should be
broken down into smaller

1oLD

LoAD
POINTER

1BPLDO

| INITIALIZE [
CHAR

routines. Not only is it
easier to write that way, but
it is also easier to under-
stand how it works a few
months later. For routines
with many conditionals,
flowcharts are a must.
Originally, a skeleton pro-
gram was written—just
enough so that the entire
program was self-consis-
tent. Gradually the in-
dividual routines can be
added to the code table
and debugged. The
throughput using these
techniques can be quite
high. | wrote the skeleton
program in one day, and
debugged it the next. Once
an operational program
was ready, the hardware
was constructed. In the
week or so it took to build
the thing, the program was
beefed up. By the time the
hardware was ready, the
software was refined. | can-
not overemphasize the fact
that a 100% operational
program is necessary be-
fore building the hardware.
When the ROMs are
plugged in, if the program is
in any doubt, and the system
does not work, you do not
know if the problem is hard-
ware or software, resulting
in an exercise in futility.
The hardware/software
tradeoffs previously men-
tioned are important. A lot
of thought is necessary
before plunging ahead with
design. The total software

IDNTS

LEFT

YES

JUSTIFY

TTONZ 100L

STORE

CHARACTER
INCREMENT
PRHNTER

INCREMENT
BIT COUNT

INCREMENT
BIT COUNT

Fig. 8. ID load routine.

A o

and hardware development
time/cost must be con-
sidered. Even though the in-
dividual pays nothing for
his own software, thinking
like the businessman who
must pay for his software
will give a more balanced
design.

When building hardware,
it is advantageous to freely
add LEDs on signal lines.
You may not need them
after the circuitry is in
operation, but they are in-
valuable when debugging
and testing the system. De-
sign a system that not only
works properly, but also
can be made to operate
properly in a reasonable
amount of time.

Fault tolerance is an area
at the frontier of theoretical
knowledge. The discipline
is about a decade old, and
much remains to be worked
out satisfactorily. Semicon-
ductor technology is in-
creasing at a rate which is
hard to keep up with. Writ-
ing programs which merely
function, and programs
which both function and
are error-tolerant, are two
different things. Instead of
making equivalence tests, it
is better to make relational

ouT

tests. Otherwise, if an error
occurs, a test may fall
through. Subprograms are
usually expected to be
entered with certain initial
conditions. They should be
constructed so that if those
conditions are erroneous,
the subprogram will exit
soon. The worst thing that
can happen is an erroneous
input condition resulting in
an endless loop. In a con-
troller, it may not be as easy
to push the reset button
when something goes awry
as it is on a general-purpose
computer. | certainly did
not follow all of these
tenets in writing the soft-
ware; however, | attempted
to keep them in mind as
much as possible.

The original program,
somehow, did manage to
crash twice. After that, |
added the error recovery
portion, It is a very simple,
first-order attack, but it
covers more errors than a
first glance shows. If the
program gets into a false
state, it will often go.to a
faulty address. Since the
hardware uses a small
amount of the address
space, it is quite likely that
the program will be sent to

| LOAD XYZ I ‘ wER

Fix UP

SET UP

QUTPUT
INSTRUCTION

o rts

OPRT1

aQPRTO

SET BIT CLEAR BIT

QUTPUT

Fig. 9. Out routine.



LNUM

=
DIBIT COUNT

LOEK

1= LKAOG

O-—=LKROG

Fig. 10. Load number and lock routines.

‘a place where there is no
“memory. This results in
peading all highs; the in-
~ struction FF is the interrupt
~instruction, so effectively
~an invalid memory address
tﬂiﬂterrupts the program.
That: is why | placed the
- recovery routine at the in-
terrupt location. The pro-
cessor is not being inter-
~ rupted, but it interprets the
error as an interrupt. A sec-
ond different thing about
the fault-tolerant program
'is that the enable interrupt
instruction was placed into
‘the master loop. Otherwise,
if the interrupt were ever
‘disabled when in the fore-
ground program, there
‘would be no way to com-
municate with it.
~ | am not claiming that
the system is totally fault-
tolerant, but by the addi-
tion of some very simple
checks, the fault tolerance
can be increased tremen-
dously. This entire project
has been a good education.

Expansion

. There are many additions
and improvements which
can be made. The advan-
tage of the whole arrange-
ment is that for many
changes, hardware need
not be touched. Many func-

tions can be added by soft-
ware changes only. It is
more pleasant to sit in an
easy chair at home rewrit-
ing the program than to sit
on the cold, hard floor at
the repeater site to effect
changes. If changes don’t
work, all that has to be
done is to put the original
ROMs back in.

Additional hardware can
be added to mate with the
existing circuitry, and it is
not necessary to worry
about the additional con-
trol functions, as plenty of
spares are already provid-
ed. A possible improvement
to the software would allow
interrogation of the status
bits. This is a simple addi-
tion which is not required
but might be useful. A
planned hardware addition
to the system will provide
downlink telemetry from
the site. Lights on the voting
selector indicate which re-
ceivers are being accessed,
and which receiver the
voter selects. The telemetry
will transmit the voter lights
in real-time. Incorporated
in the telemetry package
will be an analog-to-digital
converter. Upon command
from the control system,
the telemetry will switch
from the voter lights to

DISABLE
TIMER

DECREMENT
COUNT

GET DIGIT
CONVERT TO
TT CODE

RESTORE ’
COUNT

TTONZ

Fig. 11. Autopatch routine.

meter readings read by the
A/D; plate voltage, plate
and grid current for each
repeater, and cabinet tem-
perature could be read.
With the existing central
control system, the possibil-
ities for expansion are
straightforward and ex-
citing,
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