John M. Blalock
3054 West Evans Dr.
Phoenix AZ 85023

A Printer for the KIM or SYM

The ubiquitous Selectric finds yet another home.

fter | expanded my KIM-1

with a CRT terminal, 28K of
additional RAM and Micro-Z's
Microsoft BASIC (‘““‘Another
KIM-1 Expansion,” September
1979, p. 130), | felt the need to
add hard-copy printout to the
system. This article describes
how | accomplished this goal
and interfaced to my new SYM-1
as well.

The Selectric

Various models of IBM Selec-
tric I/O typewriters are currently
being removed from service and
made available to the hobbyist
for very reasonable prices. | was
able to obtain a surplus Model
2970 Communications Terminal
a short time ago for only $100!
The reasonable price and high-
quality printing available made
it the printer of my choice. There
was only one minor problem: I'd
have to design the interface be-
tween the printer and the KIM.

The 2970 consisted of a power
supply, logic assembly, cabinet
and a Model 735 Selectric 1/0
typewriter. The Selectric con-
tained all of the selector mag-
nets (solenoids, for those who
don't speak IBMese!) for tilt, ro-
tate, index, carriage return and
non-print (space).

| stripped the electronics out
of the cabinet but left the power
supply. Ac power to the supply
and the Selectric is controlled
by a circuit breaker on the cabi-
net, which is a convenient base
for the Selectric to sit on. The re-
maining interface requirement
was to ground the proper leads
from the selector magnets with
the correct coding and timing.
The KIM, using its on-board

timer and /O capability, should
easily handle these functions.

Interfacing Options

There are two ways to inter-
face to a Selectric 1/O—open
loop or closed loop. With a
closed loop system, signals
generated by the Selectric
mechanism are used to control
the character timing. This is the
preferred interface if heavy use
is planned, but is somewhat
more difficult to accomplish.

An open loop interface
always must provide the worst-
case timing. A character is sent
out, and then the interface waits
for the longest time it will take to
print any character before send-
ing another. The IBM manuals
state that either method can be
implemented successfully.
However, open loop timing will
slow down the throughput by a
small amount.

The main disadvantage of the
open loop system, in my opin-
ion, is that the cycle clutch must
stop the machine after each
character. In a closed loop
system, the next character can
be transmitted prior to the
clutch action, thus saving
machine wear and tear. A closed
loop system requires that the
feedback contacts be carefully
adjusted and that additional
control lines be connected from
the Selectric to the interface
electronics.

The unexpanded KIM-1 only
has 15 I/O lines available, and
some of these on my KIM were
already in use. | came up with
the circuit shown in Fig. 1 to
interface the KIM to the Selec-
tric using only eight lines or one
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port address.

This is an open loop type of
interface, but since I'm not plan-
ning on printing reams of paper
daily, | don’'t expect the open
loop disadvantages to be as im-
portant as the requirement for
minimum /O lines, minimum
hardware and overall simplicity.
It has been working satisfactori-
ly now for several months. My
biggest problem in getting it run-
ning was a misadjusted escape-

ment mechanism inside the ma-
chine.

Implementing the Interface

| highly recommend that any-
one attempting to interface or
use a Selectric |/Q typewriter ob-
tain copies of IBM manuals
225-6595-1 and 225-1726-6.
Along with the spare parts man-
ual 123-1008-3, they contain a
wealth of information on the ma-
chine's operation. Almost any
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181 0861 fremiga4 Bupndwososoy

0417:68

O4AE:BE

Xspace:

CKLFz

Linefeed:

GetCode:

Llchar:

outl:
Quta:

Cnar2:
Chacut:

velayl:

PLA Get ASCLI code

STA ASCIT 5 Save

FHA i save registers

TXA :

PHA ;

TYA ;

PHA H

o i Binary moge

LDA ASCII ; Get ASCII code

CNP #4320 i 1s it a space?

BEQ Xspace ;i Yes

BPL GetCode ; Greater than space = valid code
CKP A500 i Less than spaces is it Return?
BNE CKLF 7 nos go check if is a line feeo
LOA WS04 i yess carriage return

STA CRflag i Set flag to non-zero

TAY Will send four characters

LDA #500 oul next three characters will
STA Teamp be nulls to allow for return
LOA #$40 Carriage return code

LOX AS7F Long delay

BNE CharOut ; Send the carriage return

LoA #s81 Space code

BNE Outl  ; Send it

CHP ASGA i 1s code a line feed?

BNE Return ; Nos ignore i

LOA CRflag i Check flag

BEQ Linefeed ;Send LF if last not Return

Last character sent was Retuen
reset the flag
and ignore the line feed

Y
ed code
send the Line feed
mask off high bit

TAX put index X

LDA Codes=321,X J Get code in accumulator

ASLA i shift left., put case in carey

BCC Llchar Lower Case ?

LDY SFTflag i no, check case flag

BNE Outl Already in Upper Cases then send

STA Temp Need Case change. save code

LOY #5302 ; will send two characters

STY SFTflag i Set shift flag. Non zero = Upper

LDA #3510  ; Shift code
Toggle shift, then send character
Lower case character. Check case.
Already in lower cases then send

Need Case changes save code
Reset shift flag.

lero = Lower Case
Will send two characters
Shift code
Toggle cases then send character
“ill send one character
bon't forget to reset

the carriage return flag
normal delay time
Send the character
get adaitional character(s)
Put in output port
04 = 10 milliseconds

set timer

BPL Delayl Still countings check again
LoA #3040 Timer timed out

STA PAD turn off port

SIx Timer : start delay time

STk Timer i make sure

04a1:40
0484:10
0486:88
0487:00
04a9:68
0¢aAzAB

Return
SFTilag
Start
Temp
Timer
Type
Typeon
Xspace

D4c2zed

D4E2rFC
04E3:08
O4E&:FB

07 17
e

8
AQ 1E

MR NN

100 Delay2s
101

Return:

Codes:

control
Bi

eurunoOD

byte
byte
byte
byte
byte
byte
byte
byte
byte
byte
byte
byte
byte
byte
byte
byte
byte
byte
byte
byte
byte
byte
byte
byte
byte
brte
byte
byte
byte
byte

LOA Timer
BPL Delay2
oE
By
PL
TAY
PLA
TAX
PLA

Y
E Char2
A

PLP
P OUTCHR

Code Table
T=function
Tite 1
Tite 2
Rotate 1
Rotate 2
Rotate 2A
Rotate =5

Check

for

Upper Case

AsClI
s 21
37 22
343 5 23
s61 ;2
sbc i 25
350 i 26
3E7 27
SFF 28
SEF . 29
SEB 5 2A
s08 i 28
562 & 2c
$SE ;20
540 5 2
S7E i 2F
SSF ;30
$7F 5 31
$58 5 32
§78 ; 33
S6F 5 34
$6F ;35
S48 5 36
s68 7 37
s67 i 38
s47 ;39
$C2 7 34
sc8 ;38
$F8 7 3C
$C3 5 3p
sp0 5 3E
SDE & 3F
$5¢C & 0
SFC ;41
s08 5 42
$FB ¢ 3

check timer

still counting, check agwin
Delay over, More Characters?
Yes. then senc them

Nos restore all registers

and send character to CAT

18M Ball 952

Printed
1]

AERE IV N AN SENG W EWN SO
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188

159 byte SCC ; 44 ] 200 byte $40 ; 6D m
160 byte SEC ; 45 E 20 byte $60 ;  6E n
161 byte 3C8 ; 46 F 202 byte 349 i  6F o
162 byte SEB 47 6 203 byte 369 ¢ 70 [
163 byte 3E4 ; 48 H 0512: 65 204 byte 365 ; 71 qQ
164 byte $C4 5 49 1 0513145 205 byte 345 5 72 r
165 byte $FD 7 Yy J 0514254 208 byte $5A ; 73 i
166 byte 309 i 48 M 0515:7a 207 byte $7A ;i 74 t
167 byte $F9 ;  4C L 05163 4E 208 byte $4E 75 u
168 byte $C0 7 40 M 0517:6E 209 byte S6E ; 76 v

O4EFZED 169 byte SED ;i  LE N 0518:4A 210 byte SeA ;i 77 u
170 byte 3C9 4F 0 0519:6a 21 byte $6A i 7B x
171 byte SE9 50 P 0514266 212 byte 366 79 y
172 byte SES 51 Q 0518246 213 byte 346 ; 74 z
173 byte $C5 s2 R 051C:FF 214 byte SEF i ?H ¢
174 byte $DA 53 s 0510:¢C0 215 byte $C0 ;7 7C cent sign
175 byte SFA ; 54 T OS1EZEF 216 byte SEF & 70 )
176 byte SCE ; 55 v 051F:80 217 byte 380 ; 7€ del
177 byte SEE ; 56 v 0520: 30 218 byte %80 7 7F del
178 byte SCA ; 57 W
179 byte SEA ; S8 X

O4FAzES 180 byte $E& 7 59 Y reference name table

04FB2CE 181 byte 3C6 5  SA 2

O4FC:FF 182 byte SFF ; 58 ¢ value

04FD3DF 183 byte SDF ;  SC ] name size dec  hex

O4FEZEF 184 byte SEF ; 50 ) ASCLL 2 1025 0401

04FF:CF 185 byte 3CF ; SE & CKLF 2 1091 06443

0500:FE 186 byte SFE i  SF = Caflag 2 1026 0402

0501:E7 187 byte SE7 i 60 N Chare 2 1171 0493

0502:7¢ 188 byte 37C ; 61 2 CharOut 2 1174 0496

0503:58 189 byte 358 & 62 b Codes I 1218 O&c2

0504:78 190 byte 378 63 c Delayl 2 1185 04A1

0505:4¢ 191 byte $4C 64 d Delay2 2 1201 0481

0506:6C 192 byte $6C 65 e Getlode 2 1115 0458

0507:48 193 byte 348 66 t LCchar 2 1141 0475

0508:68 194 byte 368 67 9 Linefeed 2 1107 0453

0509:64 195 byte 364 68 n OUTCHR 2 7840 1EAQ

050Az44 196 byte 344 69 i outl 2 1160 D48B

0508:70 197 byte 370 6A i out2 2 1162 048A

050€:59 198 byte 359 ; 6@ k PAD 2 5888 1700

0500379 199 byte $79 ;  6C L PADD 2 5889 1701

Selecric 1/0 could be interfaced
Listing 2 . SYM intertace program. using the information in this ar-
i3 SYM SELECTRIC DRIVER ticle and in those manuals.

i LECLRICHS The 2970 Selectric was origi-

3 : Routine to convert ASCII in accumulator nally used in a motel/hotel res-

& ; to Selectric coces, and send to Selectric with y

S i proper timings caser etc. if location 1FFF hex servation system, according to

6 5 is not equal to zero. Returns to SYM routine TOUT itslvpe ball, which had’unny“t.

? ; with all registers unchangeo from entry. Uses no

8 ; page zero locations. tle symbols that would only be

9 ; Change OUTVEC to 1EED to use. ( SD 1EED, A664 ) in printi i i

10 . In response to “Memory Size 2" from BASIC, enter 7903 usefulin pramlngahotel bill, up

11 ! This routine uses the top 288 bytes of an BK SYM memory. percase letters only, the num-

12

13 pPap: equ $A8)0 / Output port to Selectric bers and only a few standard

14 PADD: equ $A802 : Data direction register punctuation marks. | obtained a

15 Timer: equ $AL17 ;i Divide by 1024 ;

15 TOUT: equ $BAAD  SYM routine, sends ASCII to CRT number 952 ball to replace it.

17 TypeOn: equ SIFFF ; lero = Don't type The 952 ball has both upper

18 ASCII: equ BI1FFE 7 Temporary

19 CRflag: equ STFFD 2 Seraie and lowercase letters, numbers

20 Temgp: equ SIFFC vutfer and most of the ASCII symbols. |

T : F H i .

e Sntilags Gth i tocations did not convert the interposers
1EED: 08 23 starre: PHP ; Start of program of the machine to match the new
1EE1:48 24 PHA ; Ssave flags & accumulator .
1EE2:AD FF 1F 25 LDA TypeOn § Check if Typing desired ball, so it was useless as a type-
1EE5:00 D5 26 BNE Type i Yes, then Type writer. But I'm only using it as a
1EET:68 27 PLA i No, restore accumulatar . o
1EEB:28 28 BLP : and flags printer, so why waste the time
TEEP:4C AU BA 29 Jme Toul i and send to CRT and money on the interposers?
1EEC:A% FF 1) Types: LDA HSFF ; Set port to output 1
TEEE: 8D 02 A8 3 STA PADD Another peculiarity (?) of the
1EF1:68 32 PLA i Get ASCII code 2970 Selectric is that a space is
1EF2:8D FE 1F 33 STA ASCII ¢ Save it ) i
1EFS:48 34 PHA : Save registers considered a printable char-
:E:gff; ;2 i i acter and is obtained by energiz-
1EFB:98 37 TYA : ing the non-print magnet along
1EF9:48 33 PHA H i
Tenso8 %0 cio S Ry with one or more of the tilt, ro-
1EFB:AD FE 1F 40 LDA ASCIT ; Get ASCIL code tate or check magnets. | under-
1EFEZCI 20 a1 CHP #3520 i Is it a space? i
1F00:FO 17 &2 BEQ Xspace ; Yes, then send a space stand that a space is a control
1£02:10 31 43 BPL GetCode ; > space is valid code character on some of the other
1F0&:C9 DD Li cMP # 30D ; < space, is it Return? = 1 :
1£06:00 15 es BNE CKLE ¢ nos go check 1f it is a line feed Selectric 1/0 machines. They
1FOB:AY D4 ) LDA WS04 i yess carriage return would require slight modifica-
1F0Az8D FD 1F .7 STA CRflag ; Set flag te non-zero : ’
1£0D:AB .8 Tav i will send four characters tion of the hardware and soft
1F0EzA® 00 &9 LDA #5300  but next three characters will ware interfaces contained in
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1F10: 80
TF13: 49
1F15:42
1£17:00
1F19:49
1¢F18:00
1F1D3C9
1F1Fz00
1F21:zAD
1F24:F0
1F26:A9
1¢28:8D
1F28:F0
1F20:40
1F2F:A2
1F31:49
1F33:00
1F35:29
TE37:A4
1F38:BD
1F38:0A
1£3¢:90
1F3EzAC
1F&1:00
1F43:8D
1F&é: A0
1F4B:8C
1F6B2A9
1F&4D:D0
1F4FzAC
1F52:F0
1FS54: 8D
1F57:49
1F59: 8D
TFSCzAD
1FSE:A®
1F60:00
1F62: A0
1F641A2
1F66:8E
1F69:A2
1F6B: D0
1F602AD
1£70:80
1673249
1F75:80
1£78:80
16782 AD
1F7€E210
1F80: A9
1F82:8D
1F85:BE
1F88:8E
1F8B:AD
1FBE:1D
1F90:88
1F91:00
1F93:468
1F94:AB
1F95: 468
1F96:AA
1£97:68
1F98:28
1F99:4C

1F9C:C1
1F90:C7

1FA1:50
1FA2IE7
1FA3:FF

ZnDOmmMmOmMN®®©

1F80: 6F
1FB1:4B
1FB2:68

190

FC
40
7F
57
81
L5
0A
72
Fo
a7
0o
FD
66

7F
20
36
7F

FB

1F
A3

AL

AL
Al

BA

136
137
138
139
140
141
142
143
144
145
146
147
148
149

Xspace:
CKLF:
Linefeed:
GetCode:
LCchar:
OQutl:

Oute:

Char2:

CharOuts

belayl:

Delay2:

Return:

7 Control
; ait
; J
; 1
H 2
; 3
; &
H 5
; 6
; 7
;

Codes: byte
byte
byte
byte
byte
byte
byte
brte
byte
byte
byte
byte
byte
byte
byte
byte
byte
byte
byte
byte
byte
byte
byte
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STA
LDA
LDx
BNE
LDA
ENE
CNP
BNE
LDA
EEG
LDA
STA
BEG
Loy
LDX
LDA
BHE
AND
TAx
LDA
AsSLA
ECC
Loy
BNE
STA
Loy
STY
LDA
BNE
Lor
RET
STA
LDA
STA
Loy
LDA
BNE
Loy
Lox
STx
LOX
BNE
LDA
STA
LDA
STA
STA
LDA
BPL
LOA
STA
5TX
STX
LDA
BPL
DEY
BNE
PLA
TAY
PLA
TAx
PLA
pLP
JHP

Code
1=ty
Ti
Ti
RO
Ra
Ro
Ro
ch
Up

a1
37
343
341
$0C
350
SE7
$FF
SEF
3EB
b1 1)
342
$SE
340
37€
$5F
$7F
358
$78
$4F
S6F
348
368

Temp : be nulls to allow for return
H360 i Carriage return code
#357F i long delay
CharQut ;7 Send the carriage return
#3581 i Space code
Out? ¢ Send it
2304 i 1s code a Line feed?
Retyrn ; No, ignore it
CRflag 7 (Check flag
Linefeed sSend LF if Last not Return
4300 i Last character sent was Return
CRilag ; reset the flag
Return ; and ignore the line feed
Hsm ¢ one character
H3$7F i Llong delay
320 s Lline feed code
CharOut ; send the Line feed
HSTF 7 mask off high bit
i put in index X
Codes-$21,x ; Get code in Accumulator
5 shift Laft, put case in carry
LCchar ; Lower Case ?
SFTflag 7 nos, check case flag
Outl 7 In Upper (ase, send character
Temp ¢ Need Case change, save code
#5302 ¢ will send two characters
SFTflag / Set shift flag. Nen 2ero = Uoper
#3$10 i Shift code
Qut2 ; Toygle shift, then send character
SFTflag 7 Lower case character, Check case,
out? i In lower case, send character
Temn ; need Case change, save code
4502 7 Reset shifr flag.
SFIflag 7 lera = Lower Case
302 ¢ Wdill send two characters
H$10 H Shift code
Qut2 i Toggle caser then send character
KH301 ¢/ Will send one character
LE 1B i Don't forget to reset
CRtlag ; the carriage return tlag
H3LD ; normal delay time
CharQut ; Send the character
Temo / get adeitional character
PAD ; Put in output port
K304 i 9JA& = 10 millyrseconds
Timer J set timer
Timer make sure
Timer  check timer
Delayl 7 still counting, check again
#300 i Timer timed out
PAD i turn off port
Timer 7 start delay time
Timer ; make sure
Timer § check timer
Delay2 7/ still counting, check again
7 Delay overs Any more (haracters?
Char2 ¢ Yes, then send thenm
i Nos restore all registers
;
Tour i and send character to CRT
Taole for 18N Ball 952
netion
e
te 2
tate 1
tate 2
tate 28
tate =5
eck
per Case
ASCII Printed
H 21 !
; 22 =
H 23 [l
: 24 3
H 25 x
H 26 8
H 27 W
H 28 ¢
H 29 )
H 2A .
H 28 +
H 2c .
H 20 -
B 2E .
H 2F /
H 30 0
H 3 1
: 32 2
H 33 3
; 34 4
H 35 5
; 36 ]
; 37 7

this article, but the changes
should not be difficult to accom-
plish,

The control characters con-
sist of Shift, Carriage Return
and Index. Each time the Shift
line is brought low, the machine
changes case. It will stay in that
case until the Shift line is pulsed
again. This means that the KIM
must keep track of what case
the machine is in, only changing
case when necessary. The
SHIFT SYNC switch, a push-but-
ton type mounted on the Selec-
tric, is used to initially synchro-
nize it and the KIM as to which
case Is selected.

The Carriage Return function
on the Selectric both returns the
carriage to the left margin and
advances the paper to the next
print line. Therefore, the KIM
must suppress any line-feed
characters sent immediately
after a Carriage Return, or
double-spaced printing will re-
sult. Index is just IBMese for line
feed and requires no further ex-
planation.

The Check line is used in this
interface scheme to differen-
tiate between the printable and
control characters. If CK in Fig.
1 is low, then CK will be high.
Therefore, line D6, for example,
activates U5B (ROT 5) and not
U5C (Return). If CK were high,
the reverse would be true. This
multiplexing of the data lines al-
lows the eight-bit port to control
the eleven different signals
needed by the Selectric.

Fig. 1 is the schematic of the
complete hardware interface |
am using. U1 and U2 are
mounted on a small board in the
KIM cabinet. A six-foot twisted-
pair cable connects from this
board to another small board in
the 2970 cabinet. The numbers
on the lines inside the dotted
oval correspond to the pin num-
bers of the DB-25 connectors |
used to terminate the cable.

The second board contains
U3, U4, U5 and eleven identical
relay driver circuits as shown.
The collectors of the MJE-340s
are wired to the selector mag-
nets using the original 2970 ca-
bles. The other sides of the se-
lector magnets are connected
by the original wiring to the + 48
volt output from the power sup-
ply in the 2970 cabinet.



The Selectric and the SYM-1.

Software

Most of the work of the inter-
tacing has been left up to the
KIM's software. It must provide
for code conversion from ASCI|
to the codes that correspond to
the appropriate tilt, rotate and
check magnet combination for
the type ball or select the re-
quired control character. It must
keep track of the machine’s
case—upper or lower—sup-
press line feeds immediately
preceded by carriage returns,
etc. Also, it must provide the
pulses with the proper timing.

All pulses should have a 10
millisecond duration with at
least 67.5 milliseconds wait
from the start of one pulse to the
occurence of another, except
for Index and Carriage Return,
which require even longer de-
lays. Listing 1 accomplishes all
of these functions in the KIM.

This program listing should
be reasonably easy to follow. If
not, | wasted a lot of time on
comments. It is located in my
block of memory starting at
0400 hex. To prevent possiblein-
terference with other programs,
it uses no page zero locations. If
you relocate the program, the
scratch locations at $0400-
$0405 and the references to
them must be changed. The rest
of the code should be complete-
ly relocatable without change.

To output a character, most
application software packages
use a JSR OUTCHR (20 AO 1E).
This is located at $2A51 in my
version of BASIC, for example.
Change it to JSR Start (20 06 04)
to use the Selectric driver pro-

gram. The program ends with a
JMP to OUTCHR, which will
then print the character on the
terminal and return to the appli-
cation program.

If location 0400 hex is a zero,
the character will not be printed
on the Selectric. Changing
$0400 to any other value will
cause the character to be
printed. This can be done from
BASIC using POKE 1024,9 to
start printing and POKE 1024,0
to stop it.

The SYM-1

Shortly after | got the Selec-
tric working with the KIM, | ob-
tained one of Synertek’'s new
SYM-1 boards. Although it uses
essentially the same expansion
bus as the KIM and has many
other similarities, none of my
KIM programs that use the on-
board keypad and display would
run on the SYM without major
changes due to the way the SYM
addresses its peripherals. Tom
Pittman's Tiny BASIC, however,
was easier to interface to the
SYM than to the KIM! The SYM's
expanded monitor (version 1.1),
BASIC on ROM, higher-speed
cassette interface and up to 4K
of RAM on-board are excellent
features.

Listing 2 is the revised Selec-
tric driver software for the SYM.
The small board plugged onto
the SYM's auxiliary applications
connector to the left side of it in
the accompanying photo con-
tains U1 and U2 of the hardware
interface. The cable connected
to it runs to the Selectric. It con-
nects to the SYM +5 V, ground
and port B of 6522 U28.

1F83:67
1FBL: 4T
1F85:¢C2
1FB6:CB
1F87:F8
1FBB:C3
1FB9:0D
1FBA:DE
1FB8:5¢C
VFBC:FC
1FBD:DB
1FBE:F8
1FBF:CC
1FC0zEC
1FCizc8
1FC2:EB
TFC3:EG
TFC4zCe
1FCS5:FD
1FC6209
1FC7:F9
1FCB:CD
1FC9:ED
1FCAICY
1FCB:IES
1FCCIES
1FCD2CS
1FCE:zDA
1FCF:FA
1Fp0;: CE
1FD1:EE
1FD2:CA
1FD3ZEA
1FR4zES
1FD5:C6
1FD6&:FF
1FD7:DF
1FOB:EF
1FDI:CF
1FDASFE
1FDBzE?
1FDC:7C
1FDD:58
1FDE:78
1FDF:4C
1FEQ:z 6C
1FE1:48
1FE2:68
1FE3z64
1FEGz 44
1FES:27D
1FE6:59
1FE7:79
1FEB: 4D
1FEF: 6D
1FEA: LY

A
A
E
E
A
A
6

1FF4: 6

150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
17
172
173
17¢
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
150
191
192
193
194
195
196
197
198
199
200
2M
202
203
2064
205
206
207
208
209
210
21
212
213
214
215

byte 367 7 38 8
byte $47 39 9
byte $C2 7 3A H
byte $CB ; 3B H
byte 3$f8 3c <
byte 3C3 : 35 =
byte $0D 7 3E >
byte 30E 7 3F 0
byte $5C 7 40 “ar"™
byte 3FC &1 A
byte 308 : 42 ]
byte $F8 43 4
byte $CC 7 L4 )
byte $EC ¢ L5 E
byte $CB ; L6 F
byte $E8 L 6
byte $E4 ; &8 H
byte $C& § 49 i
byte $FD Ln J
byte $09 L] K
byte $F9 Lc L
byte $CD &p L]
byte SED LE N
byte $C9 LF Q
byte $E9 ; 50 P
byte $ES 51 @
byte $(5 52 R
byte 3DA 53 S
byte SFA 54 T
byte $CE ; 55 u
byte 3EE 56 v
byte $CA 57 W
byte SEA 58 4
byte 3E& 7 59 L
byte 306 SA z
byte S$FF ; Sy «
byte $DF 5C I
byte $EF ; 5D )
byte 3CF & 5E =
byte $FF ; SE ”
byte $E7 60 5
byte $7C ; 61 a
byte $58 62 [}
Lyte 378 63 €
byte $4C 7 64 d
byte $6C ; 65 -
byte $u3 ¢ 66 f
byte 308 ¢ 67 q
byte 364 68 h
byte 344 69 i
byte $70 ; 64 j
byte 359 7 68 k
byte 379 ; 6cC !
byte 34D ; 60 »
byte 360 ; 6E n
byte $49 & 6F o
byte 369 : 70 ]
byte 365 ; 71 a
byte 345 ¢ re r
byte 354 ; 73 s
byte $7A ; 74 t
byte 34 ; TS u
byte 36E ¢ 76 v
byte $4A 7 77 ]
byte f6A 7 78 x
byte 366 7 79 v

reference name table

name
ASCIIT
CKLF
CRflag
Char2
CharOut
Codes
Delay?
belay?2
GetCode
LCchar
Linefeed
Qut1
out2
PAD
PADD
Return
SFT1lag
Start
TouT
Temp
Timer
Type
Typeon
Xspace

size

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

2

value

dec
3190
7965
8189
8045
8048
8092
8059
8075
7989
8015
7981
8034
8036
43008
43010
8083
8187
7904
35488
818e
«2007
7916
g1
7961

hex
1FFE
1F1D
1FFD
1760
1F70
1F9C
1678
1788
1F35
1F4F
1F20D
1762
1764
AB0O
ABO2
1§93
1FFB
1EED
BAAD
1FFC
ALz
1EEC
1FFF
1619
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Fig. 1. The complete hardware interface schematic.

Those familiar with the SYM
may have already noticed that
the program is located from
$1EE4 to $1FFF, which would
only be available if the SYM had
a full 8K of RAM. Or you may
have noticed that the Synertek
logo and name have been cov-
ered up with another added
board that has DIP plugs con-

nected to the sockets for the
SYM's U12 and U19. If so, you
are right!

This little board does expand
the SYM to a full 8K of RAM. Itis
double-sided and requires
plated through holes. Hidden
jumpers run to pins of SYM's U1
to complete the required con-
nections. The original SYM U12

and U19 plus eight more 2114s
mount on this expansion board.
The full 8K allows fairly exten-
sive BASIC, Tiny BASIC or as-
sembly-language programs to
be used before the SYM runs out
of memory space.

To expand memory beyond
8K would definitely require buf-
fering such as used on the mem-

ory board in the abovemen-
tioned Microcomputing article.
This little board does not have
room for the buffer ICs dictated
by good engineering practices.
However, many of them are in
use on SYMs other than mine
without any reported problems.

Since the SYM vectors all of
its inputs and outputs through a
common memory location in its
system RAM, interfacing BASIC
or other application programs to
the Selectric driver software is
easy —just change the vector!
Instructions for doing this are
contained in the comments of
Listing 2.

Conclusion

It is not difficult to interface
an IBM Selectric I/O typewriter
to a microcomputer, such as the
KIM-1 and SYM-1, that has an
eight-bit output port and an on-
board timer. Excellent, although
somewhat slow, print quality is
obtainable with minimal hard-
ware and software required. The
KIM or SYM can now be used for
those applications such as text
editing that require hard copy.
(The KIM was used to prepare
this article.) It helps to have
a hard-copy listing of those pro-
grams you're trying to debug,
too!m

Notes

Blank PC boards and instruc-
tions to expand the SYM to 8K of
RAM are available from the
author for $5 each plus a self-
addressed stamped envelope.
KIM-format cassette tapes of
the Selectric interface software
(specify version) will be provided
for $2.50.



