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ABSTRACT

An effective exerciser using a microcomputer was designed
for ASR-33/35 Teletypes. The low-cost, portable instrument
can be esasily used by a maintenance technician to diagnose
problems and to check out the Teletype after maintenance has been
performed. The Teletype is operated under realistic, on-line
conditions, System firmware includes programs for evaluation
and diagnostic testing of all punching, reading, printing, and
keying operations.
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TESTING TELETYPES WITH A MICROCOMPUTER

INTRODUCTION

A Teletype (Registered trademark of Teletype Corp., Skokie,
IL) cemmunicates serial data for computers and other digital
systems by means of a peripheral electromechanical keyboard.
Routine preventive maintenance is required on these devices to
enhance reliability and prolong the equipment lifetime. Due to
long equipment downtimes involved with preventive and specific
problem maintenance, a standby Telefype is usually substituted
in the system, and maintenance is performed off-line.

Often problems associated with the Teletfype are not apparent
when they are tested off-line. Typical problems involve elec~
tyical timing synchronization between the mechanical operations
and the electronic control signals from the system (for example,
the computer}. In order to effectively diagnose, repair, and
test the Teletype, it should be operated in an on-line system
configuration in which the keyboard is used to transmit data to
the computer and back to the printer mechanism.

HARDWARE

A desk top microcomputer’ designed and fabricated at Savamnah
River was used to build a portable exerciser to improve Teletype
maintenance (Figure 1). {Available commercisl microcomputers
could also be adapted to this design.) The Savannah River system
uses an Intel Model 8008% central processor module (microprocessor)
and has a memory capacity of 1,024 8-bit bytes of PROM (program-
mable read-only memory) and 2,048 8-bit bytes of RAM (random
access memory). Four 256- x 8-bit PROM modules are installed as
firmware {permanently stored programs) that contain the Teleiype
test programs. The RAM is used for data storage. Also, short
programs can be easily and quickly loaded with an integral key-
board (a unique feature of the Savannah River microcomputer) and
‘operated in RAM for test routines not available in the firmware.

The Teletype plugs into a quick-disconnect connector on the
rear of the microcomputer, The interface (Figure 2) between
Teletype and microcomputer is a commercially available logic
card, Model LTI-513.% The exerciser is electrically compatible
with model ASR/KSR-33 and ASR/KSR-35 Teleiypes that use 20-mA
current loop transmission, Other configurations could be tested
after minor circuit modifications,
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FIRMWARE

The firmware consists of four pages of PROM. Each page is
2456 8-bhit bytes contained on an Intel Model 8702A PROM module,
The PROM is erasable by exposure to ultraviolet light and may be
reprogrammed to change the test routines.

The system program that is stored in the firmware (complete
listing given in Appendix A) was wr1tten in fundamental machine
code using L-Series Assembly Language.® A cross-assembler for a
PDP-8E microcomputer {Digital Equipment Corp., Maynard, MA) was
used; therefore, the programming effort was expedited with the
advantages of an 0S8-8 dlskwaperated monitor system {Digital
Equipment Corp., Maynard, MA),° a high-speed paper tape reader/
punch, and a high-speed teleprinter.

The programs in the firmware are initiated from the micro-
computer console with a single-byte restart instruction. The
restart instruction starts the specified test routine by
executing a jump instruction in the first seventy bytes of the
first page in firmware,

%

TELETYPE TESTS

Eleven programs stored in the firmware test the following
Teletype operations: carriage return, character space, line
feed, character set keyboard entry, character set printing, and
paper tape reading and punching. The programs are typical
routines usually included in peripheral diagnostic software for
computer systems. See Appendix B for test operating procedures.

Carriage Return

The carriage return {CR} operation is tested for line lengths
of one to 70 characters, Seventy lines are typed (Figure 3) in
which the first character is an M and remaining characters are X's
The message CR TEST is typed at the beginning of this test.

Line Feed

The line feed {LF) operation is tested by typing a back-
diagondl character (\)}, then executing an LF, an (SP), and another
wuntil 70 lines have been typed (Figure 4). Proper alignment of
the back-diagonals on the prxntout indicate correct LF (and SP)
operations. The message LF TEST is typed before the test is
exscuted,
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FIGURE 3. Sample Printout for Carriage Return Test
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FIGURE 4.

Sample Printout for Line Feed Test



Over-Print

After typing the message OVER-PRINT TEST, a 70-character
line of X*s is typed, a (R is executed, and the line of X's is
typed again.

Space

After typing the message 5P TEST, correct SP operation is
tested by typing 34 X's on a 'ine with spaces in between each
character. A CR is executed, and 0's are typed in the spaces.

Swirl Pattern Character Print

All 63 printasble characters are typed in a printout pattern
that repeats the beginning line character at the end of the line
{Figure 5). Each successive line begins with the second character
on the previous line. A total of 65 lines are typed; the last
character on the first line is the same as the first character
on the last line. The message SWIRL PATTERN precedes the test

. pattern printout,

SWIRL PATTERN

IVES L2 Ik4,a~o /LIS B4TETRS 15 «<=>7? EAPCIEFGHIJKLMNOPORSTUVWXYZINIT 1
VELTE (I, APIEIL4RETER I <2> P @AECIEFCHIJKLMNOPORSTUVUWXYZIN]IT 1 ¢
;ﬁ%&’()*%:~-f@§23ﬁ56789:3<m??@ABCEEFGHIJKLMNOPCRSTUVWXYZK\}“ 1V 452
IR~ /EIEBUBETED <= GARCLEFCGHIJKLMNOPORSTUVEXYZINTT 1"58%4 7
A~ SPI20486789 15 <=>? CABCTEFCHIJELMNOPORESTUVIXYZINIT 1"#85%8°0)
Fbyme fRL22ATETRG 3 <=2 P @AFCIEFCHIJKLMNOPORSTUVYXYZINTT 1V 4528 *() %+
2= e /CIBR4EETEG 15 <c=>? @ARCDEFCGHIJHELMNOPORETUVURYZINIT 14888 ( %+, =
P AUIB345€TEY1 5 <=2 ? GABCLEFGHIJKLMNOPGRETUVIRYZINTT {1V 4S8%8 *C0%4,~0/
1234567895 <=>? eAFCDEFCHIJKLMNOPORSTUVEXYZINIT 1"4828 () %+,-+ /0]
34567891 <= BARCIEFCHIJKLMNOPORSTUVWRYZINDT 194358 (0 %+, = /@123
4867R9: 3 «=>7EAECDEFCGHIJKLMNOFPCPETUVWRYZINTT 194828 Q)%+, - /B 12348
678913 <=>? AFCIEFCHIOKLMNOPORESTUVWRYZINDT IVHS2E *( )%+~ /2123456

FIGURE 5, Sample Printout for Swirl Pattern Test

Worst Case Pattern Character

After the message WORST CASE is typed, the most difficult
print pattern for the ASR/KSR-33 Teletype is executed (Figure 6).
For this pattern, the print mechanism travels its maximum distance
between characters., Twenty H4-character lines are typed.



WORST CASE

R R PNy L Rt A RN R D A RN VA R VAR VA PN P PR AR T VA PR YL PR YL PR
Y R R R A T AR VAR YA e e Y RN R AL VAR WA RS AR 1Y P
R VA RN VAR VA RN L N AR VAT YL PRIVARS VAN Y ARG (YL PRI A PR AP L RN YA RS YRRy
R T A AR WA R Ry R A AR WA VA R P Y AR
A R A T AR A Y e A T AR TR T AR VAR VAR VAR AR
e AR VR A R A AR Al e A R e AR Y A R AR g
O e A R A AR e e R e A R e LA T ARV
(A RPN AR VAR WA PR WA FNAY L PR AN AR P AR A RNA YA PRI A AP AN VAR
L A e R R R A LA R R AR P AR VAR VAR 7%
A e A R R A VAR VAR VAR AN N VA TARN TR g
"“W/""w/"“w/"“w/"’W/‘"“W/"'W("‘w/'”w/"“w/.“W""’W"“W/"“W/""w/"‘"w/
R AR " P AR PR P e A TR AR AR A g s TR AR A AR
!*_w/tww/l”w/thw/'._.w/l._w/f__w/|._w/!,_w/l_w/l~w/.MWlthw/Ihw/!'_w/lww/
L AR R N R R Y AR VAR VA Ry Rty S L TA R A P P AR A
o VAR VAR A R Y AR VAR WA R R P A Tl A R Y A Y R VA TA TAR A AR Yy
A R A AR VAR e e T AR A P R e R AR Z A
TR VAR AR AR R A AR AR P AR PR A R AR AR 4
'M&f!'*w/‘“&’/'"Etif’*if!/'ww‘/'%w/-'"w;“ﬂwf"—W/'hwr’"'h‘/'ww/'"w/'ww'/'-—'w/
A R Y A A TAR VAR VAR VAR VAR P AL TAT VAR VAR
A RN A RS Y AR PR RS AR VAR P ARt A PR AR F S VAL TAL S VAR VAR

FIGURE 6. Samplie Printout for Worst Case Print Test

Character Echo

After a message ECHO TEST (HIT ANY KEY), the operator may
strike any key on the keyboard. The exerciser will echo back
the 7-bit ASCII {American Standard Code of Information Interchange)
code for the key struck {Figure 7). A delete or rubout key will
terminate this test.

ECHO TEST (HIT &ANY KEYD
1= @&l
ge2
ged
264
tg1l
1@z
183
184
gat
g42
gac
gaé
gr2

FIGURE 7. Sample Printout for Character Echo Test
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Line Echo

After a message LINE ECHO TEST (TYPE UP TO 70 CHARACTERS),
the operator may type in a character string terminated with a
BELL (Control G key). The line will be echoed by the exerciser
{Figure 8)., The test is terminated by striking the DELETE or

RUBOUT key,

LINE ECHO TEST (TYFE UP TO 72 CHAFPACTERS)

TYRE IN aNY STFINC OF CHAFACTEFE. TYPE A YEELLY T0O ECHO LINE.
TYPE IN ANY ETRING OF CHARACTEFRS. TYPE A VEELL"Y™ TO ECHO LINE.

ANOTHEF LINE CAN mBOY EE TYPED IN AND ECHOEL.
ANDTHER LINE CAN NOV FE TYPELD IN ANT ECHOET.

TYFE YDELETE®™ T0 €0 TO ALTEENATE CHABRACTER TEET.

FIGURE 8. Sample Printout for Line Echo Test

Alternate Character

The operator may strike successive keys. If an alternating
character pattern is not repeated, the exerciser will type an
error message, ERROR, ASCII = * (Figure 9). The test is
preceded by the message ALTERNATE CHARACTER TEST.

AHLTERENATE CHAVPACTEERE TEET
1211212121211 22

IPFROE, &ASCli= €62
tgiz1gte1en

EFTOE, ASCIi= ¢l
APABADALAEALADATAEE

ERFEQE, ARClI= 122
ADAEATAEARC

EFPOT, AZCII= 1€3
HEHPHEHERHIDHEHHEHEHHEBERHHHHHYHEHL
EREREOY, 88CII= 111
HEKERKHEKEEEKHKKEKKKKEKKERK L
EPRQOR, ASClI= €£1

FIGURE 9. Sample Printout for Alternate Character Test

* The ASCII Code for the incorrect character will be printed
following the equals sign,
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Punch and Reader

For Model ASR Teletypes with a paper tape reader/punch
mechanism, two tests may be performed.

Punch/Read

A message PUNCH/READ TEST is printed at the beginning of
this test. Blank tape is punched, followed by a numeric pattern
type and more blank tape. The pumeric pattern is then read and
verified with the tape reader,  If the numbers are different from
the numbers programmed to be punched, an error printout indicates
the actual and programmed data. The punch/read operation may be
repeated automatically.

The test exercises all holes for the tape because the
numeric pattern is a sequence of all 8-bit binary number com-
binations, followed by their.one's complements. The sequence
begins with one, increments through 377 (base 8}, and decrements
back to zero., Approximately 6 ft of paper tape is required for
the sequence, .

Reader

The reader test reads and verifies a prepunched binary
sequence tape (the same pattern as used in previous punch/read
test}. The message READ TEST TAPE is printed at the start of
this test,
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APPENDIX A
Program Listing

The following listing shows the program stored in firmware
PROM's.,

R A S o oK N e SR s o o ol o sk O R B o o e A ok e ot

Ak ¥
Sv 0 MICRODDMPETER TELETYPE EXERCISER, TTH¥TEY *
o *

kot b ok R o kR R R R A R R R R R o R b B OROK ok R R
-,

a8g oo SELG=Bg

gBe sa8 SEL1=828
HRE Baa EELZ=REY
Bza paa ZELS=@Cad
gzz o089 SELG=@229
Ford ERp=@agal
aog o1@ File="1g @&
I'e
aag a9 8 @
ad 406 104 988 218 JIMP  PGia SBEGINNING OF RAM
gl9 gag g e
ag @1y 164 BYH 860 JMP CRYST SCHARRCTER FPRINT TESTS
gaw oo wEQ T .
B 428 184 366 Bgl JNP SPPTSTY SEHIRL FPRTTERM & WORSE CREE TESTS
Aia eon rIH TR
BE AZg (84 L1IE A1 IMP ETST JECHG CHARACTERE & LINE TESTS
a42 pag #4388
Bl A48 194 BED §8L IME WOTST CHORSE CARE TEST
a3e a8g «58 ‘@
g8 858 lo4 293 agg JINF LEAD SEUNCH & READ TRPE TESTS
By B84 sE8 T8
BE gce 194 127 842 IR TEYTP ARERD TEST TAPE
SexrxxUARRIAGE RETHURN TESTIawspwhpsspnE
(}
Gre ang T8 @
a8 @78 186 ¥4 8@l CRTIY. RO TRLF
Qg AvI 410€ X7 fed CRL CRLF
e g¥E Rpéed REE LLT Ma SCR TESY MESZAGE
6B 1eg 935 8pz LHI "ML
B 182 198 B8IF esd CRL PRINT
S8 ia% gle Bag LBl & SSET B CDOUNTER TO ZERD
g8 187 1BE IFL 881 CRT. TRUTCRCE
a8 11z Iel L &
e 113 874 188 Pt 1@g ALAST LINE. B=18g7
Bd 11% 1958 146 099 JTZ LFT AYES: GO YO LF TEST
98 129 pag 149 LAatTe JNG: LORD RECIT M
a8 122 188 BEZ fa2 CAL ZEND
pa 13% fie IHE STHCREMENT £ COUNTER
B 126 82& 881 LLT 1
vE 1z8 el CHK . LA B
@E pIl 272 CF C
2% 132 159 147 Hee JY2 CRY
BE L35 ees 139 LRI *¥ SLEBRD RSCII X
G 127 108 Qi EEY CRLTEERD
28 142 824 IHE
g 147 184 139 990 JHP CHE
s

Akl INE FEED TESTE#swnksfnwssnsinsins
o a4 ARETIFITREY LY TAL TRIF

g8 134 186 2FL @81 CAL CRLF
@R 154 fee 3@ LLT W& SALF TEET MESSRGE
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e eSS TRE
a1 454 203 LA D .
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' TAYEERT GUTD WORTEE CASETYEET
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@l acy LEE IV gef WUTST,  TRUTRLFT
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TR TIRE TR Y o
81 BFY7 B2S 354 LeI 254 SLINE COUNTER, ~24
a1 1l Bis 3P4 CERLOOF, TTUET Ye FOHARACTER ETRING COUNTER
Bl 183 @68 252 LLY M1z SMORSE DASE CHARARCTER STRING
@1 188 B5é R LHETTTMEZ '
By 1a? 185 832 paz LAL PRINTY
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a4 134 BEE 858 LLI N7 FECHO TEST MESSAGE
TET OTIE UGS WY THT ™M
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B2 311 644 ped

wE 43196 219 wes
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B2 347 A9e ENI ATERMINATE MESSAGE WITH ZERD
rd
e Ise 1i4 M2, TEETY 14 LF TEST
B IBLTAEE T
BE 382 448
RBEUIVIT LIS
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APPENDIX B

MICROCOMPUTER TELETYPE EXERCISER OPERATING INSTRUCTIONS

I. General {See Figure B-1)

A,

B.

L A RN DI ety LT L v s iy £

Down position of microcomputer switches is the logical
@' position.
"Intrpt. Clock” and '"Single Cycle” switches should be

in down position.

Toggle switches should be set to "Single Address" and
P*Run'f,

The keyboard buttons and the “Address' switches are not
used for teletype exercising,

Once a test is started, it can be stopped by depressing
"Reset",

Rumbers gilven for "Data 1V and "Data 2" switches are
octal. )

For microcomputer startup, plug in Teletype, turn on
microcomputer, depress "Reset," and turn Teletiype to
"On-Line "

The microcomputer operates Teletype with a 20-mA loop,

Figure B~1. Desk-Top Microcomputer Controls
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i1

Tests Operation and Description

Al

CARRIAGE RETURN TEST (CR TEST), LINE FEED TEST (LF TEST),
OVER-PRINT TEST, and SPACE TEST (5P TEST}).

These four tests are run sequentially and are started
as follows:

1. Set "Data 2 switches to 015. Depress "Start.”

SWIRL PATTERN TEST and WORST CASE TEST (worst case for
ASR/KSR-33) are run seguentially as follows:

1. Set "Data 2" switches to 025. Depress YStart.”

2. WORST CASE can be run separately by setting '"Data 29
switches to (45, '

CHARACTER ECHO TEST, LINE ECHO TEST, and ALTERNATE
CHARACTER TEST ‘

1. Set "Data 2" switches to 035. Depress "Start,”
The CHARACTER ECHO TEST is started. . When any key
fexcept "Delete” or "Rub Out') is typed, the com-
puter will echo the ASCII Code for the key. Once
"Delete” or "Rub Out" is depressed, the LINE ECHO
TEST ig started.

2. LINE ECHO works as follows: Type any string of
characters, up to 70 characters. Type a "bell”
{Control G), the line will be echoed from the
computer. Type "Delete" or "Rub Qut' to send the
program to-the ALTERNATE CHARACTER TEST.

3, When alternating between any two characters, the
ASCII Code for an incorrectly read character will
be typed. The program stays in this test until
another sequence is started.

READER and PUNCH TESTS

1. PUNCH/READ TEST. Turn on punch. Set "Data 2V
switches to 0355, Depress "Start.'t A leader
followed by 6 ft of test tape will be punched.
Another leader will be punched at end of test tape
and punching will halt. Put leader in the reader
and turn on reader. Strike any key on keyboard;
reader will start to verify the test tape. Turn
off the punch. If an error is read, the Teleiype
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will type two sets of three cctal numbers: what
was read and what should have been on the tape.

It can then be determined from the test tape
whether the error was in the punch or reader. The
test will stop after the pattern is read.

2. If "Data 1" switches are set to 100, the punch/read
routine will continue automatically.

3. READ TEST TAPE. Load leader of test tape in reader,
Turn on the reader. Set "Data 2" switches to 065.
Depress ''Start.™ If "Data 1" switches are 000,
about 8 ft of test tape will be read and verified;
the test will then halt. If "Data 1" switches are
set to 200, test tape will be read to end; the test
will be repeated approximately every 6 ft. Error
printouts will occur when the tape gets to the
trailing leader.
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