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SECTION 240-110-101

CONTENTS PAGE Note: I n t h i s context i t i s c u s tomary to u s e
PC as meaning the combination of program

11. DATA CONTROL MAINTENANCE­
control l ogic and i t s a ssociated program

FAILURE PATHS . 50 store. Howcvev, in order to make certain op­
A. General 50 erations clear, the associated call store (CS)
B. FAIL Subroutine 53 is separately identified.

C. Digit Receiver and Digit Receiver T his equipment i s r e dundant, so t h ere i s a n
Connector Failures 53 "other program control" ( OPC) and an " o ther

c all s tove" ( O CS) . Thc O I ' C a n d t h e O C S
12. CONCLUSION 54 are the off - l ine port ions of the cal l p rocessor.

For instance, if PC1 is on l ine, then PC2 is the
1. GENERAL OPC. The same pvogram control and cal l s tore

are always associated with each other. The l ine'1.01 The maintenance program is used to check
information store (L IS) is not redundant. Each

all the circuits in the No. 101 ESS except
PC has access to it. If the LIS goes out of serv­i ndividua l l i n e c i r c u i ts , a t t endan t c i r c u i ts , a n d
ice, some of the special services which make use

parts of the maintenance center. This includes
of the LIS arc lost to thc customer while otherthe time division switches, the various types of
services are given to al l extensions and all cal l ­stores, the registers, counters, comparators, shift
ing restrictions are suspended. However, basic

registers, and a l l o f t h e v a r i ous w i red l og ic.
call processing continues.

Operational tests are performed on this equip­
ment through use of the maintenance programs 2.02 The call processor maintenance can be di­
and the call processor equipment. These tests are vided into three categories: on-line tests,
performed periodically by interspersing them off-line tests, and LIS tests. The on-line tests are
with call processing activity. used to discover troubie in the PC or the CS.

If a trouble is discovered, no attempt is made to
1.02 These tests can be broken up into three isolate it ; the PCs a.e simply switched. For in­

categories: those that test the call proces­ stance, if PCl is on line and it discovers a trouble
sor equipment, those that test the input-output during the on-line maintenance program, it w i l l
equipment, and those that test the switch units. effect a switch of p rogram controls. Now PC2
The call processor equipment is tested at the end

becomes the on-line PC, and PC1 becomes the
of every call store scan. Thc on-line ca!1 proces­

OPC. However, thc switch of p rogram controls
sor directs the testing upon itself and its re­

d ocs not take p lace immediately. Most o f t h e
dundant counterpart . Thc i n put-output equip­

tests are arranged so that a f a i l ure wi l l r esult
ment is also tested at the end of the call store in a retry o f a l l t h e on- l ine maintenance. The
scan. These tests are performed on such equip­

second failure effects the switch of PCs.
m ent as the d i g i t c o n t r o l , sender con t r o l , t r u n k
connector, digit receivers, digit receiver connec­ 2.03 Th e O PC and OCS are tested under the
tor, and parts of the data control circuitry. The control of the on-line system. In this case,
switch un i t t e sts ar e p e r f o r med a f t e r e ach sec­ the tests ar e d ia g n os t ic i n f unct i o n . T r o u b l e s
t or scan. T h e s w i t c h u n i t t e s t s a l s o c over t h e are not only detected, but a print-out message is
data receivers and transmitters and parts of the printed out on the teletypewriter (TTY ) t o t e l l
data control. The central office trunks and digit where the trouble is located.
trunks are tested by the trunk maintenance pro­
gram on a per sector basis. 2.04 The LIS tests are also diagnostic in func­

t ion. A fa i lure in the LIS wi l l result in a
2. CALL PROCESSOR MAINTENANCE, maintenance printout to help locate the trouble.

ORGANIZATION
2.05 The call processor tests require a rela­

A. General tively long t ime. It is not possible to per­
form al l the cal l p rocessor tests at the end of

2.01 The call processor consists of a program every scan. Therefore, a portion of the tests are
control (PC) and its associated call store performed on each scan. It takes 256 scans to

(CS). completely test the call processor.
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ISS 1, SECTION 240-110-101

8. On-Line Program Control Tests (Every Scan) 2.10 Fi g 2 i s a table which outlines the various
tests that are performed and the order in

2.06 So me on- l ine testing is done at t he end which they are performed. The command trans­
of each scan. The entry for this testing lator test takes place every 16 scans. The fi rst

is EOSTC (see Fig. 1). When call processing is column contains 16 d i ff erent t ests concerned
complete for a particular scan, the EOSTC entry with the OPC, and each takes place once every
is used to enter the program control mainte­ 256 scans. Thc rest of thc columns are con­
nance routines. First, the on-line program store cerned with on-line PC maintenance, on-line CS
is tested. N ine t r a nsfer c ommands are p e r ­ maintenance, OCS maintenance, and LIS tests.
formed, each one transferring to the next. If
any part of the program store address or output 2.11 Th c c o l umns ( F i g . 2 , T a b le B ) co r r e ­
equipment is in trouble, one of thc transfer com­ spond to bits 1 through 4 of the scan
mands will not be performed properly. The re­ counter (transfer vector 1) . For all columns
sult will be a transfer error, a parity error, or other than the fi rst column, the high order bits
a program loop which, after a 2-second time-out, (Fig. 2, Table A) have no effect on determining
causes a switch of program controls. the test to be performed. When the low order

bits (transfer vector 1) equal 0000, one of the
2.07 Next, a series of clear and gate com­ tests in column 1 must be chosen. Bits 5 through

mands is performed. A word is read into 8 of the scan count are used to determine which
the call store output register (CO) and gated one of these tests is to be selected. Depending
through several gat ing paths back to th e CO. upon the scan count, one of 29 tests will be per­
Several of these gating path loops are per­ formed.
formed around the CO. Four different words are
gated through the various gating path loops. D. On-Line Program Control Tests (Per Scan)
After each test, the test word is used to advance

2.12 The first group of tests to consider in the
t o the next t est . A f ai l u r e w i l l r e sul t i n a on-line PC tests are T X1 , T CNS1, and
2-second time-out, and a switch of program con­

TOCT. These tests check the command t rans­
trol will take place. l ators and the command logic port ions of t h e

P C. A fa i lure in these tests results in a W R T2.08 Next, the clear commands are tested. Here
E B1 command which forces a retry o f a l l t h eall bits of t h c r egisters associated with
on-line tests.

the clear command are set to one. Then the reg­
ister is cleared and its contents is gated to the

E. On-Line Call Store Tests
CO. The CO is checked for al l zeros. A f a i lure
i n the clear command test resu lts in a WR T E B 1 2.13 The CS tests consist of reading and writ­

command. The WRT EB1 command sets bit 1 of ing test w o rd s i n t o v a r i ous a d d r esses in
the on-line error register and starts a re try o f the store. The access equipment and the output
t he on-line PC tests. A fa i lure of the retry w i l l equipment are t e sted separately. Th e a ccess
cause a PC switch. equipment is further subdivided into three parts,

one part for each matrix. Sixteen end-of-scan

C. End-of-Scan Test Monitor tests are performed to fu l ly test the eight rows
and eight columns of a matrix.

2.09 If the clear command tests are success­
2.14 Each r o w o r c o l u mn t e s t c ons ists of t e s t ­

ful, the program proceeds to a transfer ing eight addresses of the CS. A common
vector called BGMON. The purpose of this rou­

routine called CMS1N is used for this function
tine is to direct the program to the various tests

for both the on-line CS and the OCS.
which do not take place on every scan. Some of
these tests take place once every 16 scans and 2.15 I f th e o n - l ine CS is being tested, a fa i l ­
o thers take p lace once every 256 scans. The ure is noted by marking the logic flip-flop
BGMON routine uses an 8-bit binary counter to equal to one (SET L F ) . T h e l ogic fl ip-flop is
determine which test to perform on a particular checked during the on-line CS monitor to deter­
scan. The counter is called the scan counter. mine if an error has been detected. Failure of
I t is l ocated in t h e cal l s t ore i n t h e m a inte­ the access tests results in a retry of thc on-l ine
nance control record, word Cl, bits 1 through 8. tests. A second fai lure results in a PC swi tch.
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SECTION 240-110-101

2.16 The information in the scan count is used H. Other Program Control Tests

to direct the program to one of the three 2.21 Th e other tests in the 0000 column are also
CS access matrix tests which correspond to a performed only once every 256 scans. Al l
column in F ig . 2 and to one of t h e e ight r ow of them produce a teletype message on fai lure,
t ests or one o f t h e e i gh t c o lumn t ests. The and result in a CP retry. These tests are unique
difference between al l the var ious access tests in that both program controls are used to accom­
is simply a question of which address is used. plish them. Test routines in the OPS are directed

by the on-line program control to be executed.
2.17 Th e on- l ine CS output tests (CSO1N) are The on-line program control keeps track of

performed dur ing the same scan as the these executions through a device called a
TCNS1 test. The output tests simply check that m arker. These markers are generated by t h e
the read function is inhibited dur ing the wr i te off-line PC at var ious intervals of the program.
phase. A fai lure results in a retry of the on-line They consist of WRT ET1 commands. This com­
equipment. mand marks bit 2 of the on-line error register

to a one. The on-line PC checks for these bits

F. Other Call Store Tests at appropriate intervals. If a marker is not de­
tected at the proper t ime, it is an indication of

2.18 Th e OC S te s ts u se t h e sa me r o u t i ne trouble.
(CMS1N) as th e on- l ine CS tests. The

difference is that a failure causes the formation 2.22 Th e s ame rout ines which were used for

o f a t ransient fa i lure TTY message. After t he the end-of-scan on-line program control

test is completed, FNMON is entered. Here the tests are used for the off-line program control

TTY message is p r i n ted ou t an d a c o m plete tests. A fa i lure of these tests results in a WRT

(CP) retry is started. The use of the scan count EB1 command. Since these routines are phys­

to dictate which OCS test to perform is similar i cally l ocated in t h e o ff - l ine s tore, the W R T

to the on-line CS tests. EB1 command wil l set bit 3 of the on-line error
register. The on- l ine system checks for t h ese
errors between execute commands.

G. Line Information Store and Other Program
Store Tests

3. ERROR PATHS OF PROGRAM CONTROL
2.19 The LIS tests are divided into three types. MAINTENANCE

F irst, access equipment o f t h e L I S is A. General
tested. This equipment includes the translators
but is not a t horough test of the d iodes them­ 3.01 Fai l u re of any test results in a r e t ry o r
selves. Second is a two-part test for open diodes a 2-second time-out. The retry is per­
in the LIS access circuitry. The th ird category formed so transient errors will be ignored. If a
i s the L I S o u t p u t t e s ts . F i g . 1 s h ow s t h a t t he failure occurs in the on-line PC or CS, a retry of
other program store (OPS) tests use the same all on-line tests is performed. A second fai lure
test routines as the LIS plus an additional rou­ ( failure during the on-l ine retry) causes a PC
tine to verify that l ong shi fts between the call switch. Some o n - l ine P C t e s t f a i l u r e s c a use a
store output registers can be made. These tests, 2 -second time-out. In t h is case a PC swi tch is
except for the long shift test, consist of reading performed without a retry.
selected addresses which are reserved for main­

3.02 F a i l u re of off - l ine tests results in a t ran­tenance purposes. A failure of any of these tests
results in t h e f o r mat ion o f a T TY m e ssage. sient fai lure TTY p r in tout fo l lowed by a

These messages are completed and printed out complete (CP) re t ry . A CP r e t ry i s a r e t ry o f
both on- and off - l ine tests. A CP r e t ry i s a l sou pon entry o f t h e F N M O N e n t ry , and a C P
performed following a PC switch.retry is started.

2.20 Th e O PS tests use the same routines for B. On-Line Retry

testing and ar e o r ganized in t h e s ame 3.03 Fig. 3 shows the error paths of PC main­
way as the LIS tests. However, these tests are tenance. Both on-line and CP ret r ies are
performed once every 256 scans. shown. The entry CPEST i s used fo r r e t r ies.
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ISS 1, SECTION 240-110-101

EOSTC is used to s t ar t t h e on - l ine PC t ests is found in the on-line CS (this was the OCS be­
which are performed on every scan exactly as if fore the PC switch). A f ter the fi rst or se cond
this were a normal PC maintenance scan. Then PC switch, the current call store information is
the first per scan on-l ine test is performed. A put in the on-line CS and the duplicate call store
decision (not shown) as to whether retry i s i n information is put in the OCS.
progress is made af ter the test. The next per
scan test is performed because this is a retry. Note: For a PC s wi tch to be counted, the

The same action takes place after each on-line PC must pass al l i t s t ests. A lso the OCS

PC test. tests must pass before any in formation is
exchanged.

3.04 T h e on- l ine CS tests are performed after
the on-line PC tests are completed. First, 3.09 Al l P C swi tches after the second are con­

t he eight co lumn t ests o f m a t r i x 1 a r e p e r ­ s idered t o b e m ul t i p l e s w i t ches. T h i s
f ormed. Then the eight row tests of m a t r i x 1 means that there is a good possibility that the
are performed. Matrices 2 and 3 are tested in failure is caused by some erroneous information
the same way, and then the on-l ine CS output in the cal l s tore. Af ter seven PC switches the
test is performed. A fa i l ure of any on-l ine test information in the on-l ine CS is c leared in an
r esults i n a PC swi t c h e i t her t h r o ugh t h e effort to clear the trouble. On the third, fourth,
2-second time-out or because thc retry had

fifth, and sixth PC swi tches less drastic meas­
failed. ures are taken. If a f ter the th i rd, four th, fi f t h ,

3.05 If all tests are successful during the on­ or sixth PC switch, the call store address reg­

l ine retry, a TT Y m essage to this effect ister (CA) contains the address of a t ime slot,

i s printed out an d P C m a i n tenance wil l con­ the current call store information is put in the

tinue as for a complete retry. on-line CS. The t ime s lot , whose address was
in the CA, is then cleared. The reason for th is
i s that the in formation in t ha t t ime s lot may

C. Complete Retry
have been causing the trouble. If the CA does

3.06 A com p le te ( C P) r e t r y c o n s ists of a n not contain a time slot (TS) address, one of two
o n-line retry f o l lowed by a r e t r y o f a l l other actions is taken, After the third or fifth

off-line tests. The decision "CP Retry?" f o l low­ PC switch, the current cal l store information is
i ng the on-l ine CS tests is used to en ter t h e put in the on-l ine CS, but al l a reas except the
OCS tests during a CP retry. call records and the PC maintenance area are

cleared. After the fourth or sixth PC switch,
3.07 The OCS tests include all column and row t he dup l i cate i n f o r m a t ion i s l e f t i n t h e o n - l i n c

tests of matrices 1, 2, and 3 and the OCS CS. After the OCS tests are successfully com­
output test. F ig. 3 is an equivalent representa­ pleted, the LIS tests are started.
t ion of the OCS retry and fai lure path structure
of the OCS tests. If any OCS test fai ls, the fai l­

3.10 If the OCS tests failed, the tests of theure is noted so that a column, row, or output
OCS block of circuits are performed

printout can be made after al l OCS tests have
again (block ret ry) . I f t h e b l ock retry i s suc­been performed.
cessful, the LIS tests are performed. If the block

3.08 Two courses of action are taken at the retry fails, one of two courses of a c t ion is

completion of the OCS retry, depending taken depending on whether the CP retry is the

o n whether the OCS tests fa i led or not . I f n o result of a PC switch. In both cases the OCS is
e rror occurred dur ing the OCS tests, the L I S marked bad, a diagnostic TTY message is printed
tests are started. However, if the CP retry is out, and the LIS tests are started. With the OCS
the result of a PC sw i tch, a rout ine is entered marked out of order, out of service, and in

to exchange CS information. During normal call t rouble, the reroute l is t and the l i nes wait ing
processing, the on-line CS contains current cal l for a t ime slot l ist which are stored in the OCS
store information. Periodically, the information cannot be used. Therefore, the services provided
i n the OCS i s u p d ated. Th is i n f o rmat ion i s by these lists are denied. The OCS is tested by
called the duplicate call store information. After the PC maintenance program, but no further
a PC switch the duplicate call store information T TY messages or re t r ies result f rom i t s f a i l ­
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SECTION 240-110-101

ure. When the t r ouble is cl eared, the OCS is OPC test fails the OPC block retry, a diagnostic
still marked out of service until a TTY request T TY message is p r in ted out an d t h e OPC i s
puts it back on line. marked out of order, out of service, and in trou­

ble. The call processing program is permitted to
3.11 I f th e C P r e t ry w as the result of a P C use the OCS and LIS, but PCs cannot be switched

switch and the b lock retry f a i ls , no a t ­ unless trouble conditions in the on l ine equip­
tempt is made to exchange call store in forma­ ment force it or the maintenance man requests it.
t ion A f ter the th i rd, fourth, fi f th , and sixth PC
switches all areas except the call records and the
PC maintenance area are cleared in the on-l ine 4. DESCRIPTION OF INDIVIDUAL END-OF-SCAN

CS. After the seventh PC switch, the entire on­ TESTS
line CS is cleared.

A. Command Translator Tests

3.12 Th e f ir s t L IS test is performed fol lowing 4.01 The command translator tests have the
t he OCS tests during a CP ret ry . A t t h e entry TOCT for on-line testing. There are

completion of t h is test, FNMON is entered. I f two types of commands used in the No. 101 ESS.
the first test was successful, the next LI S test One type uses bits 17 through 21 of the program
i s performed. Each L I S t es t en ters F N M ON, s tore output register (PSOR). The other t ype
and if the test is successful the next LIS test is of command uses bits 12 through 21 of the PSOR
performed. (see Fig. 4). I t w i l l be noted that the fi rst t ype

of command uses translators 1 and 2. These
3.13 Wh e n a ll L IS tests have been successfully

trans lators generate leads TBO through TB7performed, the scan count is set to the
and TAO through TA8, respectively. This isfirst OPC test and PC maintenance is complete
matrix 1. Fig. 4 shows the commands.for this scan. On the f o l lowing scan, the pro­

g ram control maintenance is entered with t h e
4.02 S ome of t h e spaces in mat r ix 1 containnormal end of scan entry EOSTC, and the on­

l ine PC tests which take p lace every scan are commands which are in parentheses. These

performed. After these tests have been success­ spaces represent combinations which enable the
other five matrices. These other five matrices arefully performed, the fi rs t OPC test is s tar ted.

FNMON is entered at the completion of the first enabled by leads TC7 and TC10 through TC18

OPC test. I f t h e t es t i s s uccessful, the scan of translator 5. Bits 12 through 16 and 21 enable
translators 8 and 4. These translators are com­count is set to the next OPC test. On succeeding

scans, each OPC test is performed. mon to matrices 2, 8, 4, 5, and 6.

3.14 If an LIS test fails, a block retry of the 4.03 Act u a l ly a g a te i s a ssociated with each

LIS is s tar ted. I f t h e b l ock re try f a i l s , command. The inputs to these gates are
a diagnostic TTY m essage is pr inted out , t he the leads shown. The command translator tests

PCs are sw i tched, and a nother C P r e t r y is are actually tests of the five translators. The

started. I f an L I S t est f a i ls dur ing the CP re­ most likely trouble is that one of the gates in

try and LIS block retry fo l lowing the PC switch, the translator wil l be shorted or its output lead
the LIS is marked bad and the scan count is set will go open due to connector trouble. The result

to the fi rst OPC test. The cal l p rocessing pro­ of a short is possibly having two command gates
gram is denied use of the LIS. I f the LIS passes fire at the same time. For instance (referr ing to
the retr ies fo l lowing the PC sw i tch, thc OPC Fig. 4), if the TBO lead were always grounded

( the one used dur ing the f a i l ing L I S t est ) i s due to a shorted transistor in the translator, and
marked out of service. the command MRT w ere g iven, then the 1BT

gate would also fire. I f t he command CTF were
3.15 I f a n O PC test fa i ls, a block retry of t he given, the 2BT gate would fire in error. In other

OPC tests is made. The scan count is set words, the four commands which are activated
to tl:e first OPC test, and the PC maintenance by lead TBO in the first column of matrix No. 1
is completed for this scan. On the next scan the would be erroneously activated by any command
first OPC test is performed. On subsequent scans that used a TAO through TA8 lead output f r om
each OPC test is performed, one per scan. If an translator 2.
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FROII PSOR

21 20 19 17 16 15 14 12
ENABLE LLAQ

TRANSLATORTRAIISLA IUK
NU. I N0.5

I /8 I /8

TBO I 2 6 7 IRANSLAIOR TLU I 2 I 4 5 6 7
N0.2 TD

LAS SU SR CQ CQ CQ AS CB 0
I BT XMRT RDT CLF STA LDT LSH (ADI) K X X X X X

CG CQ CO AS SU PUHI SC TS

AAS IB PR CO CQ CO CA CA
X I281 CTF OUI ANO FIL SHO (RED) X X X X XCGT X

CQ CO CQ SC ST SR OCA CB I/4I/4 MATRIX LQI(CLR) SC POL CO CQ CO CO SU
N0.2SHR X X X X X X X

NOT LOR OR X
4BQ MET STO

SHL (CGT) CO CO CB CA RCT HB CA CQ

CB PGH CO CO CO CO TS L02
X X X X X X X

4BI MAT TIX TSA (CGT) (NRT) TRA
CO CQ IB TS POL LA CB CO

TRANSLATORMATRIX
NO. I N0.4

HDA AS ER
TC7 CO SC TB X X X

CQ CA CO

COB CA OSB
T S PO X X X

CLR-CGT IO AS CO
MATRIX IO CB

N0.5 IB CA HB X X
COB CA

CO CO OPA

SU X X X

TCI 0 HDA OPA OC

C4 DSC HFO DFO PRO EBI
TRANSLAIQR

N0.5
Cl OC TC TF1 TTY SCD FBO

ENABLE
MRTLEADS

MATRIX C2 MTCI TFO KLI LFI ETI

N0.4
HTC HF1 DFI KLO LFO TBO

TCII
I/5

RED
GPA FIN ORI AS ACADS

WRT
ADI ADV LSD ORC DS CO HCA

HATRIX
N0.5 STT EXC INV TS OCA

TC12 NOP SCA SC

NOTE:
C4 Ll LG5

COMMANDS IN PARENTHESES ENABLE
ONE OF MATRICES 2 THROUGH C.

RED Cl OC LGO DDR CD

MATRIX
N0.6 C2 LGl STC

LO L02 DSC TINTC15

Fig. 4 — Command Translator Diagram
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4.04 The command translator tests are set up test word in the CO would be changed and a
to detect this type of fai lure. For instance, match between the CO and the MB is not made.

t he first test is t o g ive a command for a F I L A WRT FB1 command is generated for the no
command and to check for the simultaneous oc­ m atch condition and w i l l r esul t i n a r e t r y o f
currence of commands AND, SHR, CGT LAS x the on-line equipment. I f a m a tch i s obtained,
CO, and RED C. Looking at Fig. 4, matrix 1, no­ the testing is continued.
tice that the FIL command is located at coordi­
nates TB5 and TA1. The AND and the RED C
(the C occurring in matrix No. 6) commands are

4 .06 T h e T OCT p r ogram is used to t est t h e

b oth located on row TA1. I f l eads TB4 or TB 7 command translators of the on-line PC.
This program tests fo r d o uble t r anslation ofwere permanently grounded, these commands

w ould occur simultaneously with the F IL . T h e commands. The preceding description is a sam­

SHR and the CGT LA S x C O c ommands are ple of a check for double firing of commands.

both located in column TB5. If the lead TA2 or The PC is sct up so that simultaneous occur­

TA8 were permanently grounded, one of these rence of commands will be picked up when a

commands would be erroneously executed with particular command is executed. Operation of

t he FIL command. Note that the CGT LA S x any one of the selected commands indicates a

CO command is located in the CGT matr ix. This double firing of the command translator. This

matrix is enabled by lead TC7, so actually the results in a WRT EB 1 command dur ing which

lead TC7 is tested for an erroneous ground. Bits bit 1 of the error register is set. This causes a

12 through 16 wil l a l l be zero so that the CGT retry of the on-line equipment. A second failure

LAS x CO command is chosen. The same is true results in a PC switch.

of the RED C command, and here lead TC18 is
checked for ground. Of course, this smal l seg­ 4.07 T h e C O MT 1 an d C O MT2 r o u t ines are
ment of the test is only testing a small part of used for diagnostic checks of the off-line
these translators. Many more tests are neces­ command translator. These programs are used
sary to completely test the matrices. to direct the execution of the TOCT program in

the off-l ine PC. An er ror i n the OPC causes a

4.05 The following test is used to check for a WRT EB1 command. Since the WRT EB1 com­

simultaneous occurrence of these com­ mand is given from the OPC, it results in bi t 8

mands. First the various registers must be set up of the error register being marked equal to a one.

to detect the errors. For instance, all zeros are This bi t i s i n t h e o n - l inc e rror register. The
written into word C. When the FIL command is COMT1 and COMT2 programs are designed to

given at a la ter t ime, the RED C command fa l se ly check bit 8 to determine if an error has been

operated wil l wr i te al l zeros into thc CO. Next detected. Detection of an error results in the

t he add-shift r eg ister i s c l eared. I f t h e C G T formulation of a T T Y m essage and in a com­
LAS x CO command is erroneously given wi th plete retry. Thc TOCT routine is broken up into
the FIL command, then zeros wi l l be w r i t t en a series of tests. Af ter each group of t ests, a
into the CO. Next, a test word i s w r i t ten in to marker is generated. This marker consists of a
the CO and the MB. The FIL command is exe­ WRT ET1 command. The WRT ET 1 command
cuted and the CO is matched with the incoming results in setting bit 2 of the on-line error regis­
message buffer (M B) . S ince the FIL command ter. After an appropriate number of e xecute
does not affect the CO, a match should be made. commands are counted, the COMT1 and COMT2
If any of the four commands mentioned above routines look for a marker. These markers also
were executed falsely, the match would not be serve as a guide to which group of tests has been
o btained. The AND command, CGT LAS x C O performed successfully and which group has
command, and the RED C command would.al l failed. This information is used to generate the
write zeros into the test word. The SHR com­ TTY message. The COMT1 routine checks matri­
mand would shift the test word. I f any of these ces 1 and 2 of the command translator. The
four commands are erroneously executed, the COMT2 routine checks matrices 3 through 6.
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B. Command Logic Tests mand conditions are set for no transfer. Then

a conditional ti ansfer is checked to ensure that
4 .08 T he o n - l i ne command l o g ic t ests arc pe r ­

i t does not t r ansfer when cond i t ions arc not met .f ormed by t h e r o u t i nes TX 1 an d T C V S 1 .
A fai lure of eithci results in a WRT EB1 com­

4.13 N ex t t h e TX 1 command is tested under
mand. Bit 1 of the on-l ine error register is set.

transfer conditions and not transfer con­This causes an on-line retry.
d itions. The funct ion of t h e TX 1 command is

4.09 T h e off - l inc command logic tests are per­ to gate bits 12 through 16 of the program store

formed by thc rout ines TAA ( c ommand output register to bits 1 through 5 of the pro­

logic), TME T ( m a tch l og ic) , T CN T ( c ounter gram store address register, provided thc time
logic), and TADV ( advance logic). The on-line s lot counter i s g r c a tc r t h a n 2 . I f t he t i m e s l o t
PC directs the execution of the command logic counter is less than 2, the next sequential in­
programs in the OPC. A test f a i lure results in struction is executed. It is not necessary to set
a WRT EB 1 command being executed in t h e the time slot counter to a l l possible configura­
OPC. This causes bit 3 of the on-line error reg­ tions since the logic which recognizes a count
ister to be sct. The on-line program checks this g reater than 2 is s impli fied. I f any b i t f r om 3
bit periodically. I f i t i s set , a t r ansient fa i lure

through 6 i s a o ne, the condit ion is sat isfied.
TTY message is formed. At t he completion of

Four conditions are used to detect this. They
the test the FNMON routine is used to print out
t he TTY m essage and to en ter th e C P r e t r y arc making the T S equal t o : 1 00000, 010000,

mode. The TAA and T M F T r o u t ines are used 001000, and 000100. If t h e tw o low o rder b i t s

by thc on-linc PC to execute the TX1 routine in are both one, the condition is also satisfie. The

thc OPC. The TCNT an d T A D V r o u t ines arc TS counter is set to 000011 to check this condi­

used to execute t,he TCNS1 routine. t ion. Two words are used to check thc condi­
t ions which do not satisfy thc rcquircmcnts for

4.10 T h e T A A o ff - l ine program of command transfer. They are the TS equal to: 000001 and
l ogic executes approximately hal f o f t h c 000010.

TX1 commands. First, the gating of the program
store output register is checked. This tests the 4.14 T h e rough MET test is actually a part of
ability to gate from the left-hand side of the the match logic. I t i s per formed here to
program store output register to the r ight-hand check the transfer apparatus more than to check
s ide. Commands which are complementary i n

t he match logic ci rcuitry . The f unct ion of t h e
binary number are gated from the left- to the

MET command is to t r a n s fer i f b i t s 1 t h r o ugh 8
right-hand side of the output register to ensure

of the CO match bits 2 through 9 of the messaget hat th is very impor t an t ga t ing f u n c t ion is work ­
ing properly. buffer (MB) and i f the bit 10 of the MB is equal

to a zero. I f t hese conditions are not sat isfied,
4.11 Next, the FIL command is checked to en­ the next sequential instruction is performed. The

sure the ability to change bits 6 through rough MET test sets the MB bit number 10 equal
10 of the address for conditional transfers which to a zero and then sets al l ones in the CO and
require this large a change. Bits 12 through 16 in the corresponding bits of the MB. This con­
of the program store output register are stored dition should cause a transfer. Then all zeros
in the transfer buffer. When a conditional trans­ are placed in the CO and the MB, and the MET
fer command is received, the contents of the command is performed again. This condition
transfer buffer are gated to bits 6 through 10 of should also cause a transfer. Nonmatching words
the address register checking this function.

are placed in the CO and then the command is
t ested for no t t r ansferr ing. This tests al l t h e

4.12 The conditional transfer commands are

checked for their ability to transfer upon circuitry involved in the transfer itself and about

the proper conditions and to not transfer when 60 pcr cent of the circuitry in the match circuit.

those conditions are not present. When a condi­ A more complete test of the match circuitry i s
t ional command is checked fo r i t s a b i l i t y t o performed in the TMET (match logic) program
transfer, all the other conditional t ransfer com­ which wil l be discussed later.
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4.15 N ex t t h c sh i f t cont ro l counter i s t ested are tested for no t r ansfer when any single bit
for proper operation. The philosophy of o f thc appropriate register is equal t o a o n e ,

this test w i l l be d iscussed in the counter tests and for transfer when all bits are equal to zero.

(see Part D).
4.20 T h e AN D and LOR commands are tested

4.16 T h e p r o gram shi ft r e g ister c i rcuitry i n ­ next. The AND logic causes a CO bit to be

cluding the CO and the shift control logic reset if the corresponding bit in the program

is tested next. Three commands are used to check store output register (PSOR) is equal to zero.

this circuit ry : the shif t ( r i ght ) t o zero (SHO) This is tested by setting the CO to all ones; then

command, the shift r ight (SHR) command, and an AND command is executed where the address

the shif t le f t (SHL) command. The f unction of is equal to all ones. A check is made to ensure

the SHO command is to shift the binary word to that none of the bits in the CO have been reset.

the right unti l e i ther a zero appears in bit 1 o f Then an AND command is executed where the

the CO or until the number of shifts which had address is all zeros. A check is made to ensure

appeared in the shift control counter have been that all bits are reset.

executed, whichever occurs first. Test words are
4 .21 T h e LOR logic is used to set a bi t in t heplaced in the CO, and SHO commands are given.

The command is checked to ensure that the CO when the program store output regis­
ter is a one. First, the CO is reset to all zeros,proper number of shifts have taken place. The

test words are chosen so that al l possible shift and a LOR command is per formed where the
address is all zeros. A check is made to ensureconfigurations are performed.
that none of the b its in the CO have been sct.

4.17 T h e SHR and SHL commands are used to Then a LOR command is performed where the
address is all ones. A check is made to ensureshift the contents of the CO to the r ight
that all the bits in the CO have been sct.or to the left by the number of places which ap­

pear in the address of the commands. These tests
are performed on test words which contain the C. Match Tests

greatest and least number of alterations between 4.22 Th e T M E T r ou t i ne ( M E T — MAT t e s t)
o nes and zeros. In the CO, a par t icular bi t i s is used to execute the second portion of
exercised only when the bi t be ing shi f ted in to the TX1 program in the off- l ine store. This test
i t is d i f f e ren f rom the bi t w h ich i t ha d p r e­ checks the match logic. The comparator circuit
viously held. A test word which contains alter­ is tested in this rout ine. Two commands, match
nating ones and zeros exercises the CO to t he e xtension (MET) and match at tendant (M A T )
greatest extent. One which contains al l ones or commands, are used to activate a comparator
all zeros exercises CO to the least extent. circuit.

4.18 The 4B1 and the 4BO commands are tested 4.23 T he M E T c o m m an d t r a n s f ers i f . bi t 10 o f
n ext. Th e 4B 1 c o m m an d i s t e s ted f o r a the MB equals zero, and if bits 1 through

transfer condition when the four low order bits 8 of the CO are equal to bits 2 through 9 of the
of the CO are all ones. It is tested for a not MB. This command is first checked for no trans­
transferred condition when the four low order fer with bit 10 of the MB equal to one and with
bits of the CO equal 0111, 1011, 1101, and 1110. the appropriate CO and MB bits matching. Then
The 4BO command i s t ested fo r n o t r a n sfer the rough ME T t es t i s r epeated inasmuch as
when the low four order bits of the CO are equal match condition is set up for al l zeros in the two
t o al l z e ros. I t i s t e s ted f o r t r a n s fe r w h e n t h e r egisters, and again w i th a l l o nes in t h e t w o
low four order bits of the CO equal 1000, 0100, registers, the MB 10 bit being equal to zero. The
0010, and 0001. MB then is set to all zeros and tested for a no

transfer with the COs, equal to al l zeros except
4.19 T h e NOT and NBT commands are tested for a single bit being equal to one. This test is

next. The NOT command transfers when repeated with the single one moved to each of the
the CO is equal to all zeros. The NBT command CO bit positions. Then the MB is set to al l ones
effects a t r ansfer when the cal l s t ore bu ffer with bit 10 equal to zero and is compared to the
(CB) is equal to all zeros. Both these commands CO where all bits except one are equal to ones.
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The single zero is moved to each of the CO bit 4.27 T h e fi rst test increments thc counter when
positions. i t contains all ones. This tests thc abil i ty

of each bit to be incremcnted from a one to a
4.24 T h e MA T command function is to t rans­ zero. It also satisfies the condition that al l ind i ­

fer when bits 1 through 5 of the CO equal vidual bits must be incremcntcd when al l lower
bits 2, 3, 4, 5, 6, and 7 of the MB while bit 10 of order bits are equal to one (see Table A).
the MB equals one. First, thc VIAT command is
tested with matching CO and MB conditions but 4.28 Table A shows the five tests for a 4-bit

with bit 10 of the MB equal to zero. The MAT counter. The second through the fifth test,

command should not transfer. Then the appro­ test each bit's ability to bc incrcmentcd from

priate bits in the MB and CO are made equal to zero to one. They also test that none of the bits

zero with bi t 10 o f t h c M B e qual t o one. The will be incrementcd i f any lower order bi t i s a

MAT command is performed to indicate a trans­ zero.
fer. Next, tests are made with al l b its of the CO
equal to zero except for a single bit equal to one E. Advance Command Tests
while the MB equals all zeros. The no transfer
condition is tested for the single one being placed 4.29 T h e T A D V r o u t ine (ADV test ) executes

in all active bits of the CO. Then the correspond­ the second half of the TCNT routine in the

ing bits of the MB and CO are sct equal to a l l OPC. In this routine the SCA command and the

ones with bi t 10 o f t h e M B equal to one, and advance (ADV) command are checked. The SCA

transfer condition is tested. Then a series of five command is used to jam set the call store ad­

tests are used where a lone zero in the CO is dress register (CA) t o the fi rs t system scratch

tested for mismatch so the MAT command does location and to execute the next sequential in­
struction. This command is executed and the CAnot transfer.
is checked to make sure that the proper address
has been jammed into it.D. Counter Tests

4.25 The TCNT routine (counter tests) directs 4.30 T h e ADV command is a conditional trans­

the execution of thc TCNT1 routine in the fer command w h ich p e r forms a great

o ff-line store. The add shif t counter (A S) , t he number of operations. The transfer condition is

call store output r egister ( CO) , and t h e ca l l satisfied when the TS is greater than 2. Under

store address register (CA) counter are tested these conditions the function of the ADV com­

during this rout ine. The d iscussion which fo l ­ mand is to add one to the 10 high order bits of

lows also applies to the shift control counter t he CA and to c lear the two lower b its of t h e

(SC) and the t ime slot counter (TS) wh ich are CA, to decrement thc TS by one, to read the call

actually tested in earlier tests. store, to gate bits 2 through 8 of the CO to bits

2 through 8 of the PA, and to jam set the re­
4.26 A co u n ter can be completely tested by maining bits of the PA as follows:

satisfying the fol lowing three conditions: Bits 1, 11, 12, and 14 are set equal to zero;
(1) each ind iv idual b i t m us t b e i n c remented and bits 9, 10, and 13 are equal to one.
when all lower bits arc equal to one; (2) no bi t
is incremented if any of the lower bits is a zero; This effectively sets the program store address

and (3) each bit wil l count to either zero or one. register (PA) equal to the address of the proper

TABLE A

FOUR-BIT COUNTER TESTS

1ST TEST 2ND TEST 3RD TEST 4TH TEST STH TEST

Jam
Counter to: 1110 1101 1011 0111

Add one: +1 +1 +1 +1

Result: 0000 1111 1110 1100 1000
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progress mark under call processing conditions. involves the intermediate row switch and the
A n ADV c o mmand i s executed w i th t h e T S intermediate column switch, there wil l be a divi­
greater than 2, and the aforementioned opera­ sion of current such that the center memory
tions are checked. winding will receive current and the top center

memory winding wil l a lso receive current. Simi­
4.31 The n t he t i me s lot counter ( T S) i s s e t larly, the switch diode wil l permit the passage

equal or less than 2, and an advance com­ of the read current or the write current it nor­
mand is issued to ensure that the PA is jammed mally blocks when i t i s shorted. This causes a
set to 60 octal. This corresponds to the address false read current or a false write current, de­
of the end of sector routine. pending upon which diode is shorted.

4 .32 A f ur th e r c ondition wh ich a ff ects t h e
ADV command is whether the TS is even 4.36 Si m i l a r l y, shorted matr ix d iodes allow a

division of current such that false read oror odd. When the TS is even, the call store buffer
(CB) is checked to ensure that it has been

write currents pass through their memory wind­

cleared. When the TS is odd, the ten high order ing when other locations are addressed. For in­

bits of the CA are gated to the CB, and the con­ stance, if the diode in column 8, row 1 which

tents of the TS are gated to bits 1 through 6 of passes the read current is shorted, the associated

the CB. These conditions have been added to memory winding wil l receive some write current

the ADV command to aid i n p r ograming con­ every time the eighth column switch is activated

ference type calls. for wr i t ing. I f the wr i te diode in the same loca­
tion were shorted, it would allow false read cur­
rents to course through the memory winding

F. Call Store Tests whenever the eighth column switch was fired for

4.33 Each call store must be tested to ensure reading. Open switch diodes would deny the cor­

that its access equipment and its output responding row, or column, from receiving drive.

equipment a re w orking p roperly. T h e access
Open matrix diodes would deny read or write

equipment consists of three diode matrices. Each current to the memory winding associated with

matrix is fed by two 1-out-of-8 translators and them. The exact result from a shorted switch or

renders 64 outputs. One such diode matrix is diode depends upon the margins of the particu­

shown in Fig. 5. The active components which lar system and the division of current. The re­
are most likely to fai l and affect the operation of sult may range from double reading or writing

the matrix are: the t ranslators and their asso­ to no reading or wr i t ing or in termittent reading

ciated transistor switch, the switch diodes, and or wr i t ing. The f o l l owing d iscussion assumes
the matrix diodes. double reading or wr i t ing wi l l a lways occur.

4.34 If a translator gate has failed in such a 4.37 W i t h t hese criteria in mind the CS access
way that its transistor switch is held open, tests were designed so that any of this

the read-write cycle for addresses using that equipment which fails wil l produce a TTY mes­
associated row or column wil l not work. In other sage. Briefly, the test consists of eight row tests
words, any memory winding which is fed by this and eight column tests. A row test consists of
switch wil l not have current passed through i t . testing every location in a p a r t i cular co lumn.
Referring to F ig . 5 , i t ca n be seen that each Each column switch is handled in this way unti l
switch is associated with a horizontal row of eight row tests have been performed. The column
memory windings or a vertical column of mem­ t ests are the exact converse of th is. I t can be
ory windings. seen then that each matrix diode is tested twice

for a total of 128 tests per matrix.
4.35 Any translator gate which is affected in

such a way that i t s associated switch is 4.38 The call store has no reserved test lo­
shorted wil l result in a d i v ision of the read or cations. Therefore, the desired test ad­
write current, and one of the memory windings dresses contain call p r ocessing i n f o rmat ion
associated with the shorted switch wi l l r eceive which must be saved and restored at the end of
c urrent fa lsely. For i ns tance, i f t h e fi r s t r o w each test. Eight addresses are tested at a t ime.
switch is shorted and an address is read which First, the word in each test address is stored in
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a scvatch location and a test word is loaded into 4.41 Op en d iodes wi l l v < suit in t h c a f l 'ected
each test address. There are eight diff'event test vow, column, o i in d i v idual c i osspoin t.
words. Next, the stove is addressed to the first showing an e r rov due to t h<. inabi l i t y t o i c acl ov
test address, its word vead into the CO, and it is write properly for those addies»cs. Shoi ted di­

matched against the expected test word wh ich odes are not as predictable. Consider the writ(.
had been placed in thc message buff'er (NB). A d iode of a sw i t ch . I f t h e e ighth vow sw i tch w v i t e
nonmatching condition results in the formulation d iode is shovtcd, cvci y i o w t e ; t w i l l i n » » i ' t t h e
of a TTY message. Each test word is read from pvopev test ivords; but when thc words ave vcacl

its test address in this mann~ r and thc call proc­ f or t es t i ng , t h e e i g h t h w o v d w i l l bc »upc r i m ­
essing information is restored to them. A com­ posed upon th' fi i .st word <nd the first word test
plete TTY pr intout includes the results of eight wil l f a i l . A l so, by de»t i 'uct ive i'e idout, thc eighth
of these test procedures (tests of 64 addresses). word wil l be destroyed causing th<. eighth word
In order to appreciate how these tests locate test to fail . The other won<i tests wil l pass. If
troubles in thc equipment listed above, each type switch d iode other t han the e ighth w c i e sho i t<.d,
of trouble will be considered independently. o nly t h c w o r d t e s t inv o l v in g t h « t v o w w nul d

fail. This is because the <vovd is dc»troycd clui'ing'
4.39 T h e t ranslator gate and associated switch, subsequent read-write cycles befov» it is tested.

when open, wil l r esult i n an en t ive vow
or column indicating a fault. This is because the 4 .42 W hen t he r e a d d i od » i n t i i < ' e ighth r o w
afFected row or co lumn is unable to pass read switch;s shovted, how vcv, a move subtle
and write currents and all zeros appear in the discrepancy results. Here th» <.igh i: rod t < .st
CO at the time of test. A shovtcd switch or asso­ words arc written into the stove. The location of
ciated translator gate is morc complicated. thc eighth memory winding of the column wi! I

ieceivc each test word but wil l w ind up with the
4.40 A s sume the i n termediate row switch i s proper eighth word written into it at the end of

shortcd. When the first test word is wr i t ­ the loading process. When the words are i ead up
ten into the stove using the fi rst row test, i t i s to the CO, one might expect that all tests would
also wr i t ten into the l ocation associated wi th pass since the proper word appeared in thc
the intermediate row and tested colu;nn. The eighth address at the t ime of loading. I lowcvcv,
second word is also written into the intermediate after each test address is read, the rewrite cycle
row loca,tion when it is placed in thc store. After writes the t es t w o r d b ac l in t o t h e s c l cc tc<l ad­
all eight test words have been written into the d ress and into the eighth test address. At t h e
store, the intermediate row location wil l contain eighth test when this word is vcad into the CO,
the last test word. When these test words are a mismatch is found, pinpointing the clefcctive
r ead from thc s tore to thc CO, the memory w i n d ­ read diode of t h<. switch. Sim i l a r <.»ult» avc ob­
i ng associated w i t h t h e i n t e r m ed iate vow sw i t ch t ained w i t h c o l um n s w i t c h d i o des w i t h t h e e x ­
wil l a lso be pu lsed. This causes the combinat ion ception that herc the column test» must bc ap­
of the ones in the first test word and the last plied to pinpoint. thc shovtcd diode.
test word t o a p pear i n t h e CO , and a m i s m a t ch
occurs on thc first test word. When this result is 4.43 Th c m a t r i x d i o des have s in:i lar c f I 'ccts.
rewritten into the stove, it is also rewritten into Open matrix diodes show a mismatch fov
t he i n t e rm ed iate l o c a t i on . N o w i t cont a i n s a the a f f 'ected c r o»»point . S h o v t«d w r i t < . d i ode»
random arrangement which is diff'erent from al l r ender f a i l uvcs fov th e f a u l t y c vos»point . I f t h e
t he test w o r ds . T h e r e f o re , evevy t es t i n e v e r y f aulty c r osspoint i s a s sociated w i t h t h e e i g h t h
row test will be found in error. When the column test location, the firs and eighth tests wil l fa i l .
tests arc performed, eight test addresses corvc­ Shorted read diodes render failures of only the
sponding to the eight columns are performed faulty c rosspoint on both ro w an d c o l umn t c » ts .
for each column test. The column test for the
faulty row wil l pass. The other column tests arc 4.44 The output tests of the CO avc simple
marginal, bu t a s suming d ouble r eading a n d in comparison to the access tests. First ,
writing, wil l pass. all zeros are written into a test address and that
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address is read. The CO is then checked to en­ 4.46 The access test consists of three parts:
s ure that a l l z e ros have been wr i t ten into i t . the quadrant test, thc plane matrix test,
Each bit is checked individually and i f any o f and the word matr ix test. Tables B, C, and D
t he bits contain a one, the exact bit at f a ul t i s show listings of thc address used in these tests
pinpointcd, thereby isolating the defective cir­ and the bit configuration of the low order 16
cuitry. Next , al l ones are w r i t ten i n to a t e s t bits used in these tests. Thc quadrant tests re­
address and that address is read into the CO. quire testing four words. These are the last
The CO is checked for an all one condition. Any w ords in each quadrant. F i rs t q uadrant 0 i s
zero falsely wr i t ten into the CO wi l l be identi­ read and "STAed" to the CO. The CO is com­
fied as above. The output tests also test the pared with th c M B . T h e t est word shown i n
ability o f t h e s t ore t o i n h ibi t t h e r ead cyc le Table B is divided in two sections. Both halves
during WRT C commands. of this word are the same. One half of this word

i s placed in bits 2 th rough 9 of the MB and a
G. Line Information and Program Store Tests

MET test is performed. Then the word is shifted
4.45 The LIS and PS are twistor stores. The eight p laces and the M E T t es t i s p e r f o rmed

basic store unit consists of two 1-out-of-8 again. If both ML'T tests match, the test is suc­
translators feeding a plane selection diode ma­ cessful. The word is t hen shi f ted to the r i gh t
trix and two 1-out-of-8 translators feeding a onc place in the MB and thc second quadrant is
word selection diode matrix. Each diode matrix tested. A fai lure of any of these words indicates
feeds a 1-out-of-4096 core matrix. Fach core that the quadrant selection equipment is at fault .
activates four words. One of these four words is
selected by the quadrant bits. The PS contains
two such units and has a 15-bit address. Thc 4.47 The plane selection access tests consist of
LIS contains one such uni t an d has a 1 4 -bit reading test words from a column and a
address. Bits 1 through 6 describe the word se­ row of the diode matrix crosspoints. Any trans­
lection, bits 7 and 8 describe the quadrant se­ lator gate which is open wil l be detected since
lection, and bits 9 through 14 describe the plane the test word w i l l no t be read f rom the store.
selection. In the PS, bit 15 describes which unit Any shorted translator gate wil l result in either
is being used. The LIS and PS are tested using a double output which will destroy the test
common routines. These routines are broken word or insufficient drive current to read the
into four sections: the access test, the plane word. In any event, all rows or columns wil l fa i l
selection open d iode test , th e w or d s e lection except that row or column associated with the
open diode test, and the output tests. Just prior shorted translator gate. Note that the seventh
t o the PS a ccess tests, a t es t o f t h e l o n g s h i f t row is held constant while the rows are varied

function is performed to verify its operation be­ a nd the seventh co l umn i s h e l d c o n s tan t w h i l e
cause it is used in PS tests. thc columns are varied.

TABLE B

QUADRANT TESTS

OCTAL STORE LOCATION TEST WORD (16 BITS)ADDRESS

Program Store A

37477 63A63 (quad 0) 1100 1100 1100 1100

87577 63A63 (quad 1) 0110 0110 0110 0110

37677 63B00 (quad 2) 0011 0011 0011 0011

37777 63B00 (quad 3) 100] 1001 1001 1001

Program Store B

77477 127A63 (quad 0) 1100 1100 1100 1100

77577 127A68 (quad 1) 0110 0110 0110 0110
77677 127BOO (quad 2) 0011 0011 0011 0011

77777 127B00 (quad 3) 1001 1001 1001 1001
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TABLE C

PLANE MATRIX TESTS

OCTAL STORE LOCATION TEST WORD (16 BITS)ADDRESS

Program Store A

08777 07BOO 1110 0000 1110 0000

07777 15BOO 1110 0001 1110 0001

18777 28BOO 1110 0010 1110 0010

17777 81BOO 1110 0011 1110 0011

28777 89BOO 1110 0100 1110 0100

27777 47BOO 1110 0101 1110 0101

88777 55BOO 1110 0110 1110 0110

84877 56B68 1110 1000 1110 1000

84777 57BOO 1110 1001 1110 1001

85877 58B68 1110 1010 1110 1010

85777 59BOO 1110 1011 1110 1011

86377 60B68 1110 1100 1110 1100

86777 61BOO 1110 1101 1110 1101

87877 62B68 1110 1110 1110 1110

Program Store B

48777 71BOO 1110 0000 1110 0000

47777 79BOO 1110 0001 1110 0001

58777 87BOO 1110 0010 1110 0010

57777 95BOO 1110 0011 1110 0011

68777 108BOO 1110 0100 1110 0100

67777 111 BOO 1110 0101 1110 0101

78777 119BOO 1110 0110 1110 0110

74377 120B68 1110 1000 1110 1000

74777 121BOO 1110 1001 1110 1001

75877 122B68 1110 1010 1110 1010

75777 128BOO 1110 1011 1110 1011

76877 124B68 1110 1100 1110 1100

76777 125BOO 1110 1101 1110 1101

77877 126B68 1110 1110 1110 1110
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TABLE D

WORD MATRIX TESTS

OCTAL STORE LOCATION TEST WORD (16 BITS)ADDRESS

Program Store A

87707 68B56 1111 0000 1111 0000

87717 68B48 1111 0001 1111 0001

87727 68B40 1111 0010 1111 0010

87787 68B82 1111 0011 1111 0011

87747 68B24 1111 0100 1111 0100

87757 68B16 1111 0101 1111 0101

87767 68B08 1111 0110 1111 0110

87770 68B07 1111 1000 1111 1000

87771 68B06 1111 1001 1111 1001

87772 68B05 1111 1010 1111 1010

87778 68B04 1111 1011 1111 1011

87774 68B08 1111 1100 1111 1100

87775 68B02 1111 1101 1111 1101

87776 68B01 1111 1110 1111 1110

Program Store B

77707 127B56 1111 0000 1111 0000

77717 127B48 1111 0001 1111 0001

77727 127B40 1111 0010 1111 0010

77787 127B82 1111 0011 1111 0011

77747 127B24 1111 0100 1111 0100

77757 127B16 1111 0101 1111 0101

77767 127B08 1111 0110 1111 0110

77770 127B07 1111 1000 1111 1000

77771 127B06 1111 1001 1111 1001

77772 127B05 1111 1010 1111 1010

77778 127B04 1111 1011 1111 1011

77774 127B08 1111 1100 1111 1100

77775 127B02 1111 1101 1111 1101

77776 127B01 1111 1110 1111 1110
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4.48 T h e w or d se lection access equipment is 4 .49 T h e open diode tests require a test of a l l
tested in exactly the same way. Note that m atrix c rosspoints (see Table E) . T h e

the test word used i s s imply i n cremented by crosspoint containing the open diode wil l r ead

adding one to the MB. This scheme is also used all zeros into the output r egister. These tests

by the programmer to advance the address to require that at least one of the bits be equal to

the next test. Shorted diodes are also diagnosed one in the test locations but do not require re­
served locations. The open diode tests are asso­

by these tests. The shorted diode wil l cause er­
ciated with two r ou t ines, 64 tests per rout ine.

roneous readings for both the row tests and the
One tests the word matr ix and the other tests

column tests. Al l t e sts w i l l f a i l e x cept t hose the plane matrix.
t ests associated w i t h t h e c o ordinates o f t h e
shorted diode. This is the result of the shorted 4.50 Table F shows the addresses and test
diode depriving drive current to the other cross­ words associated with the output tests for
points. the program store and line information store.

TABLE E

OPEN DIODE TEST

PROGRAM STORE A PROGRAM STORE B

TESTS
OCTAL OCTALSTORE LOCATION STORE LOCATIONADDRESS ADDRESS

00800 OOBOO 40800 64BOO
00801 OOB01 40801 64B01
00802 OOB02 40802 64B02
00808 OOB08 40808 64B08

Word Matr ix
Open Diode

Tests

00874 OOB60 40874 64B60
00875 OOB61 40875 64B61
00876 OOB62 40876 64B62
00877 OOB68 40877 64B68

00700 01B68 40700 65B68
01800 02BOO 41800 66BOO
01700 08B68 41700 67B68
02800 04BOO 42800 68BOO
02700 05B68 42700 69B68

Plane Matr ix
Open Diode

Tests

86800 60BOO 76800 124BOO
86700 61B68 76700 125B68
87800 62BOO 77800 126BOO
87700 68B68 77700 127B68
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TABLE F

OUTPUT TESTS

OCTAL
STORE LOCATION TEST WORDADDRESS

Program Store A

87466 68A54 0000 0000 0000 0000

87465 68A58 1111 1111 1111 1111

87566 68A54 0000 0000 0000 0000

87565 68A58 1111 1111 1111 1111

87666 68B09 0000 0000 0000 0000

87665 68B10 1111 1111 1111 1111

87766 68B09 0000 0000 0000 0000

87765 68B10 1111 1111 1111 1111

Program Store II

77466 127A54 0000 0000 0000 0000

77465 127A58 1111 1111 1111 1111

77566 127A54 0000 0000 0000 0000

77565 127A58 1111 1111 1111 1111

77666 127B09 0000 0000 0000 0000

77665 127B10 1111 1111 1111 1111

77766 127B09 0000 0000 0000 0000

77765 127B10 1111 1111 1111 1111

Line Information Store

87464 68A52 0 0000 0000 0000 0000 0000

87465 68A58 1 1111 1111 1111 1111 1111

87564 68A52 0 0000 0000 0000 0000 0000

87565 68A58 1 1111 1111 1111 1111 1111

87664 68B11 0 0000 0000 0000 0000 0000

87665 68B10 1 1111 1111 1111 1111 1111

87764 68B11 0 0000 0000 0000 0000 0000

87765 68B10 1 1111 1111 1111 1111 1111

Each quadrant contains a word with all zeros 4.51 Th e P S r equires that these tests be per­
and a word with all ones. Each word is tested to formed twice, one on each half of the

ensure the ability of al l b its of the output equip­ store. Two additional addresses are tested to de­

ment to assume a zero or one state. These tests termine the abil ity o f b i t 15 t o d i s t inguish be­
tween the two store halves.s how the locations of any d e fective bits i n a

TTY printout. All four quadrants are tested 4.52 The test word for all access tests consists
s ince the output equipment is di fferent fo r a l l of two 8-bit words, and bits 1 through 8
four quadrants. should equal bits 9 th rough 16. I f a f a i l ure to
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match is detected on ei ther o f t h e tw o ha lves 5. SWITCH UNIT, DATA CONTROL, AND TRUNK
but not both, it is assumed that an output test MAINTENANCE PROGRAMS
has failed. This guards against the possibility

5.01 The switch unit maintenance programof one bit of the output equipment indicating an
tests the swi tch un i t s on a p e r s ectoraccess test failure.

basis (see Fig. 6). Each switch uni t a rea (sec­
tor) of t h e s tore contains a maintenance timeH. Gating Tests
slot (MTS) which is used to control switch unit

4.53 T h e c lear and gate (CGT) commands are testing. Each switch un it , t herefore, is t ested
t ested by us i n g t h e r ou t i nes G T ST 1 when its part icular sector is being addressed by

through GTST5. The ability to gate ones is the program.
tested by gat ing al l ones f rom register to reg­
ister. The last register is checked for an all ones 5.02 Th e d a ta control (DC) m a in tenance pro­
condition. A p r i n tout i nd icates which b its a re gram is used to test the input/output
zero if a failure occurs. Then the registers are equipment which is common to al l switch units.
set to all ones, and all zeros are gated from reg­ This includes the data control, the digit control,
ister to register. A pr intout indicates which bits the sender control, the data store (DS), the digit
are one if a failure occurs. receivers (DDR), and the digit receiver connec­

SWITCH UNIT DC MAINTENANCE

MAINTENANCE (PER SCAN)
(PER SECTOR) DATA STORE TESTS

LDT TEST DIGIT RCVR CONN TESTS
CROSS TALK TEST SHORT DIGIT RCVR TESTS

TRANSMISSION TEST LONG DIGIT RCVR TEST
TRUNK CONN TESTSIMMEDIATE RING TEST

SENDER TESTSINTERRUPTED RING TEST

SPEC
NO ATTENTION SELECT NEXT SWITCH

BIT SET UNIT TO RECEIVE TRUNK
MAINTENANCE AND SET ITS
SPECIAL ATTENTION BIT

YES

TRUNK MAINTENANCE

(PER SECTOR)
CO TRUNK TESTS ( HOLD)

DIGIT TRUNK TESTS WAIT FOR TRUNK MAINTENANCE
TO COMPLETE

RESTART
SW UNIT
AND DC
MAIIT

Fig. 6 — Relationship Between Switch Unit, Data Control, and Trunk
Maintenance Programs
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tors (DRC) a s w e l l a s t h e t r un k c onnectors the control uni t i n t h e f orm o f i n coming mes­
(TC). These tests are performed during the end­ sages. They are examined by the control unit to
of-scan portion of the program. They are inde­ determine the success or failure of the test.
pendent of the individual switch unit tests.

6 .02 T w o t est l ines are used. Test l ine 1 ( the
5.03 The trunk maintenance is used to test the l istener) contains one test circuit and is

c onference circuit , centra l o ffice ( C O ) arranged to detect audio signals from the bus
trunks, and digit t r unks on a per sector basis. and to send off-hook supervision to the scanner
These trunks are associated with particular when the audio signal is above a certain preset
switch units, but they are not tested as part of level. Test l ine 2 contains two test circuits. The
the regular s w i tch u n i t m a i n tenance. Trunk first circuit is used to send an audio signal onto
maintenance is performed on one switch unit at the bus and to detect the sampling rate on i t s
a time as directed by the DC maintenance pro­ t ime division switch. An i n d ication o f p r oper
gram. At the completion of the DC maintenance sampling is an off-hook signal to the scanner.
c ycle, the next sw i tch uni t t o p e r f orm t r u n k The second circuit i s used to detect a r i ng ing
maintenance is selected. The special a t tention signal from the bus. When ringing is present,
bit in the MTS fo r t ha t sw i tch uni t i s set and it sends an off-hook signal to the scanner. By
the DC maintenance waits for trunk mainte­ using these three test circuits, i t i s possible to
nance to finish. check over-all operation of the switch unit.

5.04 Trunk maintenance will not start until 6.03 Sw i t ch unit ma intenance is entered from
the selected switch u n i t c o mpletes i t s the beginning of sector program. The ad­

maintenance cycle and checks the special atten­ d ress of the maintenance t ime slot ( M TS ) i s
t ion bit i n i t s M T S . The special at tention bi t

loaded into the call store address register (CA) .
being set directs the selected switch unit to go

The entrance for the swi tch uni t m a intenance
into the trunk maintenance program and per­ p rogram is BEGIN ( see F ig. 7) . B E GIN i s a
form tests on i t s CO t r unks and d igi t t r unks. routine which reads the dispatch code from the
When trunk maintenance has been completed, first word of the MTS. This dispatch code is
the special attention bit is reset and the switch used by a t r ansfer vector to d i rect the switch
unit is a l lowed to star t i t s normal swi tch unit unit maintenance to the proper switch unit test.
maintenance. The start of the switch unit maintenance cycle

5.05 W h i l e t runk maintenance is going on, DC is the entrance called ENTER. Here a t ime slot

maintenance is in the hold state. There­ is selected for use throughout this particular

fore, time is used during each scan for either switch unit ma intenance cycle. The scanner is

trunk maintenance or DC maintenance. When switched a t t h i s t i m e i f co n d i t i ons w a r r an t i t .

trunk maintenance is complete, the DC mainte­
nance is al lowed to star t i t s no rmal cycle. In B. Load Data Trunk Tests
this way, trunk maintenance is performed on
each switch unit one after the other at the com­ 6.04 Th e f ir s t swi tch unit maintenance test is
pletion of each DC maintenance cycle. the load data t r un k (L D T ) co m mand

test. Since the method employed in a l l sw i tch
6. SWITCH UNIT MAINTENANCE­ unit ma intenance tests i s t o s e n d m essages

SUCCESS PATHS to th e s w i tch u n i t , the L DT c ommand i s
tested first. The LDT command loads the data

A. General
store with the outgoing message associated with

6.01 Th e s w i tch u n i ts a re t ested by sending the switch unit under test. The gating paths and
outgoing messages from the control unit. logic used by the LDT command and the three

These messages direct the switch unit to connect w ords of t h e d ata s t ore associated with t h i s
test l ines to th e t ime d i v ision bus in v a r ious switch unit are tested for their abi l ity to t rans­
combinations. The test lines are arranged to give fer and store outgoing message words. An LDT
on- and off-hook supervision back to the control command is given followed by three read data
unit in response to conditions that they receive store (RED DS) commands, one for each word
from the bus. The on- and off-hook signals reach of the outgoing message. Each of these words is
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tested to ensure that al l b i t s have been loaded 6.08 Th e beginning of the t ransmission test is
a nd read f rom th c s t ore p roperly. Two L D T now started by forming a message to con­
commands are tested. One outgoing message con­ nect test l ine 1 and circuit one of test l ine 2 to­
tains mostly zeros; the other outgoing message gether on the bus. The message is sent, and the
is complementary and contains mostly ones. dispatch code is wri t ten TWAI T T h e t r ansmis­

sion test consists of sending an a udio s ignal
6.05 It i s i n t e resting to note that a l l t he test­ from test l ine 2 to test l ine 1. An off-hook mes­

ing up to this point may have taken place sage is generated by test l inc 2 i f i t i s b e ing
during one sector scan or may have required as sampled properly. Test line 1 should be receiving
many as 15 scans. This var iat ion in t i m ing i s the audio signal, and it should also go off-hook.
due to the availability of an outgoing data trunk. T herefore, TWAIT i s designed to look fo r r e ­
The routine cal led LDTWT i s u sed to accom­ sponses from both test lines. If it does not receive
p lish this (see Fig. 7) . Note t hat i f t h e d a t a both responses within 15 scans, the test l ine is
t runk is no t ava i lable, the counter located in considered to have failed.
word 2 of the MTS is incrementcd by 1. Then
the counter is examined to determine if 15 6.09 When responses from both test lines are

scans have taken place. If 15 scans have taken received, the program proceeds to the ring

p lace, the data t r unk i s seized and the test i s test, more properly ca l led the immediate r ing

omitted. If 15 scans have not taken place, the t est. This test is only performed on half o f t h e

p rogram is d i rected to E X I T ( EX I T r e t u r ns switch unit maintenance cycles. It depends upon

the program to cal l processing). This technique the direction of transmission (see 6.11). If the

i s used repeatedly throughout the switch uni t , test cannot be performed, the program skips the

DC, and trunk maintenance programs. ring tests. If the test is to be performed, the
program waits up to 15 scans for a data trans­
mitter. I f a t the end of th is t ime, a data t rans­
mitter is st i l l not avai lable, the program seizesC. Crosstalk, Transmission, and Ring Tests
one and proceeds with the test . A m essage is
sent to the switch unit to connect circuit two of6.06 Nex t i s t h e c rosstalk test, the f ir st t es t
test l ine 2 w i t h r i n g ing. The d ispatch code isw hich actually sends a message to t h e

switch unit . Note that a f ter the LD T t est has again made equal to TWAIT. TWAIT is used for
both the transmission test and the ring test. Withbeen completed the crosstalk test is entered im­
the ring test, circuit two of test l ine 2 should gomediately. A message is formed to connect test
off-hook because ringing is received from theline 1 to the bus. An LDT command is then per­
bus. Test line 1 should go on-hook because it hasf ormed to send t h e m essage to t h e s w i t ch u n i t .
been removed from the time slot and, therefore,O nce this is done the dispatch code XWAIT i s
can no l onger respond to audio signals. Re­w rit ten. Th e E X I T ent r y is us e d t o r e t u r n t o
sponses from test lines 1 and 2 are required forthe cal l pr o cessing p o r t ion o f th is se c tor .
success of this test. Circuit one of test line 2X WAIT i s e n tered on t h e n ex t s can i n t h i s
also goes back on-hook because it is no longersector. The counter is incremented by one and
being sampled, but t h is response is ignored.checked to see if 2 seconds have elapsed. Note

t hat t h i s t es t i s a c t u a l l y i n t w o p a r t s . Th e f i r s t
part, consisting of sending the message, is per­ 0. Interrupted Ring Test
formed during the same sector as the comple­
tion of the LDT t est . The second part consists 6.10 Wh e n both responses have been received,
primarily of wait ing. the program proceeds to the interrupted

ring test. A message is sent to connect circuit
6.07 In th i s case test l ine 1 ( l i s tener) is con­ two of test line 2 to interrupted ring. During this

n ected to a b u s w i t h n o t h i n g e l se i n t h e test, it is necessary that both an off- and an on­
t ime slot . A n o ff - hook message indicates the hook message from circuit two of test line 2 be
presence of crosstalk and f a i l ure o f t h e t est . received wi thin t h e t i m e o f 2 5 6 s cans. Th i s
If no off-hook message has been received at the demonstrates that the interrupted r ing is func­
end of 2 seconds, the test is considered to have tioning properly. A t t h e successful completion
passed. of this test the special attention bit is checked.

Page 31



SECTION 240-110-101

If it has been set by the DC maintenance pro­ sists of LDT command tests; the second block
gram, the trunk maintenance is entered. If it c onsists of c r osstalk, t r ansmission, and r i n g
has not been set, the clean up duties which are tests; and the third block consists of interrupted
required at the end of the switch unit mainte­ ring tests. The failure paths are entered from a
nance cycle are per formed. These consist o f failure of any part icular test in the switch unit
clearing the t ime slot in the switch unit , c lear­ maintenance. They permit r e t ry o f t h e sw i tch
ing the various bits in the MTS in p reparation unit maintenance and subsequent switching of
for the next switch unit maintenance cycle, writ­ equipment in an effort to find a working mode.
ing the dispatch code ENTER so that on the next
scan the test wil l be started again, and advanc­

B. Load Data Trunk Test Failuresing the status of the switch unit maintenance.

E. Test Status 7.02 Whe n a n L D T tes t f a i l s , t he e n t rance
LDTNG is used. The retry bi t i s set and

6.11 Th e t h r ee status bits in t he M TS de ter­ a transient TTY m essage is pr inted out , ind i­
mine in which onc of eight different modes cating a fai lure of the LDT command tests. The

the switch unit tests are going to be performed. d ispatch code at this point is L D T WT. On t he
The switch unit has two buses. Either bus can be next scan the LDT tests are performed again.
chosen by selecting an odd or even time slot. The I f they pass this test, normal switch unit main­
t ime s lo t s e lection t a kes p l ace d u r ing t h e tenance tests continue. I f t hey f a i l a ga in, the
ENTER routine based on the bus status bit in the error bit is set, the 20-minute timer is inhibited,
MTS. There are also two scanners, but only one a nd the C H A N G E ro u t ine i s e n t e red. T h e
scanner is active at a time. The scanners can be CHANGE routine is entered in such a way that
switched from the control unit by sending a spe­ the data control (DC) and the program control
cial message designed for this purpose. The (PC) wil l be changed to al l possible configura­
scanner status bit is switched after trunk mainte­ t ions. First th e D C i s c hanged and the L D T
nance has been performed on the switch unit. tests are performed upon the next scan. Failure
T he scanner i s s w i tched dur ing t h e E N T E R here results in a PC switch and another retry of
routine according to the scanner status bit. The the LDT t ests on th e f o l l owing scan. Fai l ing
third var iable is the d i rection of t r ansmission. this, the DC is changed back again and on the
That is, during the transmission test, is test l ine following scan the L D T t e sts ar e p e r formed
I the A party or the B party? Is the direction of once again. Fa i l ing t h is , t h e c hange rout ine
transmission from the A party to the B party or recognizes that all possible configurations of
from the B party to the A party? Both directions DC and PC have been made. Therefore, the pro­
are used to test the A and B party translators. gram is directed to the DIE routine.
The scan point numbers of test l ines 1 and 2 are
c omplementary to f ac i l i tate the test ing of t h e 7.03 Th e D IE rou t ine is used when all possible
t rans lators. configurations of the control unit affecting

this test have been made and none have been
6.12 At the end of each cycle the direction of

found successful. A te letype message is printed
t ransmission bit or the bus status bi t i s

out informing the maintenance man of th is si t ­
changed, rendering four different combinations

u ation Ma intenance on this swi tch uni t i s i n ­
of bus and direction modes. The scanner status

hibited. The DIE r o u t ine a lso enables the DCbit is changed periodically by the t runk mainte­
maintenance and m a i n tenance on t h e o t h e rnance routine. In total there are eight separate
switch units. This is confusing because DC main­modes as determined by the 3-bit status word in
tenance and maintenance on the other switchthe MTS.
units have not been inhibited during this se­

7. SWITCH UNIT MAINTENANCE­ quence of events. However, the DIE r ou t ine is

FAILURE PATHS entered from a great number of failure paths,
and some of the failures do result in switch unit

A. General maintenance being inhibited on al l other switch
7.01 Fr o m th e st a ndpoint o f fai l u re p a ths , units and DC m a intenance being inhibited. In

switch unit maintenance is broken into this case, however, trouble with the data store
three blocks (see Fig. 8) . The fi rs t b lock con­ and the LDT command wi l l p robably result in

Page 32







ISS 1, SECTION 240-110-101

failures of more than one switch unit since this 7.06 At this point the program is directed to
circuitry is common to al l switch units. The DC t he ALBA D e n t ry . T h e fi r s t t i m e t h e
maintenance also performs tests on t h e d a ta ALBAD is entered, maintenance is inhibited on
s tore so i t i s desirable, in th is case, to let a l l a ll other sw i tch u n i ts . Then thc e r ro r coun ter i s
maintenance continue. incrcmented by 1 and a routine is entered which

switches equipment around in 16 different states.
7.04 Usu a l ly a working mode will be found be­ The data l ink and data t ransmitter spare units

fore all combinations of DC and PC have arc brought into p lay, the DC is swi tched, the
been tried. A successful test results in asking PC is switched, the power is tu rned off bus 1,
the question, "Has a working mode been found?" and the power is turned off bus 2. Each failure
Actually, this is a decision to determine whether results in the stepping of the error counter and
this is a normal successful completion of tests the switching to a new mode. When al l t hese
or a successful ret ry , as d ist inguished f rom a things have been tr ied and the fa i lure st i l l oc­
s uccessful t es t w h e r e e q u ipment h a s b e en curs, the DIE rout ine is entered. This indicates
switched to achieve this success. Referring to total fai lure of this switch unit. DC maintenance
Eig. 8 it w i l l be noted that the error bi t i s set and maintenance on al l o ther switch units are
only when equipment is to be switched. When a restored. This switch unit is marked bad, its
w orking mode i s f o u nd , i t is n e c essary t o maintenance is inhibited, and a TTY message is
identify the bad DC o r PC , mark i t b ad , and printed out to this effect.
send a TTY m essage to the maintenance man
so that hc may repair it. After this is done, nor­ 7.07 If the crosstalk, transmission, and ring

mal maintenance is continued. t ests find a w o r k ing mode, thc W E L L
routine is entered and the defective data link,
d ata t ransmitter, bus, scanner, DC, o r P C i s

C. Crosstalk, Transmission, and Ring Test Failures marked bad. A TT Y m essage is pr inted out to
identify thc bad piece of equipment. The error

7.05 A f ai l u re o f t he c rosstalk, t ransmission, bit is reset, switch unit maintenance is cleaned
or immediate r ing tests also results in a up in preparation for a new switch unit mainte­

retry. Af ter the fi rst fa i lure, the retry bi t is set nance cycle, the dispatch code is changed to
and a t r ansient TT Y m essage identify ing t he ENTER, and call processing is continued.
failure is pr inted out. Then switch unit mainte­
nance is started again using the same time slot D. Interrupted Ring Test Failures
and scanner. The retry goes to the beginning of
s witch u n i t m ain t e n ance b e cause t h e f a i lu r e 7.08 T h e in t e r r u p t ed r i n g t e s t t e s ts t he i n t e r ­
could have occurred in the LDT portion of the rupted ring logic and is performed as a

equipment after the LDT test has been com­ separate block because a failure can only be
p leted. The retry starts at the beginning of a l l cured by switching attendant circuits. Any other
tests because if the failure was duc to the data failure affecting this circuit would be located by
store or the LDT command logic it wi l l be iden­ earlier tests. The order of this test then enables
tified as such. If thc fa i lure was associated with it to pinpoint the additional equipment which i t
the crosstalk, transmission, or r ing tests and i t tests. The first failure of the interrupted ring
f ails t h e r e t r y , t h e e rr o r b it w i l l be se t , t he t est results in the sett ing of the re try b i t and
s witch u n i t m ar k e d b a d , t h e 2 0 - m i n ut e t i m e r the printing out of a transient TTY message.
inhibited, and the error counter cleared. Then Then the switch unit maintenance program is di­
t he advance rou t ine w i l l b e u sed t o c h a nge t h e rected t o t he be g i n n in g o f i t s t es t s t o r et r y
bus and scanner status bits, and the program through the LDT test, the crosstalk, transmis­

will be directed to the ENTER rout ine. Here the sion, ring tests, and finally the interrupted r ing
t ime slot or scanner is changed according to the test. I f t h e o ther tests are successful and the
status bits. Thc error bit being set directs the interrupted r ing test fa i ls, the error bi t i s set ,
program to retry the crosstalk, transmission, the error counter is cleared and incremented by
and ring tests, skipping the LDT test. E'ach time 1, and a routine is entered wherein the bus and
t he block fa i ls, the status is changed unti l a l l the attendant console are switched. This is be­
four combinations of bus and scanner have been cause the interrupted r ing l ogic i s l ocated in
tried. both the bus circuitry and the attendant console

Page 35



SECTION 240-110-101

circuitry. F i rst , the buses are switched and the not received within 8 seconds, a fai lure is indi­
crosstalk, transmission, immediate ring, and in­ cated. When the off-hook response does come,
terrupted ring tests are performed again. Fail­ the data store is loaded with a compressed dialed
ure of the interrupted ring tests results in the number using the load sender command se­
error counter being incremented and the at­ quence. The telephone number which is loaded
tendant console being switched. The crosstalk, into the data store is that of a special trunk cir­
transmission, and ring tests are performed once cuit which is located in the central office. This
more. I f t h e i n terrupted r ing test f a i l s again, number wil l be outpulsed to the central office.
the DIE rout ine is entered indicating total fa i l ­
ure of this switch unit. 8.04 When sending is complete, a sending com­

plete message should be sent to the pro­

7.09 If th e i nte r r u p ted r i ng te s t su c ceeds, gram control. The trunk maintenance routine

however, the defective attendant console waits fo r t h i s m essage. I f i t is n o t r e ceived
or the bus is marked bad and a TTY message is within 16 seconds, a fai lure is indicated. When
printed out pinpointing the defective equipmcnt. it does come, a further waiting period is initiated.
Preparations are made to star t no rmal sw i tch This waiting period is necessary because the test
unit maintenance testing on t h i s s w i tch u n i t circuit in thc central office takes a certain

once more. amount of time to respond. When it does re­
spond, it sends a tone out on the central office

8. TRUNK MAINTENANCE — SUCCESS PATHS t runk.

A. Conference Test 8.05 Tes t l i ne 1 ( l i s tener) is connected at the
switch unit to the central office trunk at

8.01 Tr un k m a in tenance tests the conference the end of the wait ing period. Test line 1 should
c ircuit, th e C O t r u n ks , an d t h c d i g i t go off-hook upon receiving the audible tone from

t runks associated w i t h on e s w i tch u n i t ( s ee the CO trunk. If this response is not received in
Fig. 9). Trunk maintenance is entered after the 8 seconds, the test is considered to have fai led.
switch unit, which has been selected by the DC When it is received, the program checks a special
maintenance, completes its cycle of testing. test point in the maintenance center which is

8.02 On t he con f e rence t es t, t h e pr o g ram activated by the special trunk circuit in the cen­

searches for a pair of ma t ing t ime slots. t ral office. If t h is test point is set, i t is f u r ther

If they are not available, it skips the conference proof that thc proper number has been out­

test and begins the central office t r unk t ests. pulsed by the sender through the trunk connec­

When a pair of mat ing t ime slots is obtained, a tor to the CO trunk.

message is sent to connect test l ine 1 and circuit
one of test line 2 for a conference. If the mes­ 8.06 Finally, the program checks the double

sage cannot be sent, thc program again skips to seize bit . B ecause the t r u n k i s s e i zed a t

the central off ice t r unk t ests. I f t h e m essage this t ime, the double seize bit should be one.

can be sent, the program wil l wai t 1 second for If the bit is zero, the test fails.

a response from l i s tening test l ine 1. I f a r e ­
sponse is not received during this t ime, thc test C. Digit Trunk Tests
fails (CNFNG). I f a r e sponse is received, the
program proceeds to the central office trunk 8.07 Th e t r u nk m a in tenance is then d i rected

tests. t o the digit t r unk test . A d i g i t t r unk i s
selected, digit t runk and DDR are connected by

8. Central Office Trunk Tests the digit receiver connector (DRC), and a mes­
sage is formed to connect test l ine 1 to the digit

8.03 The trunk maintenance routine selects a trunk at t h e sw i tch un it . When t h is happens,
d igit receiver (DDR) and a CO t runk. I t d ial tone is g iven f rom the DDR t h r ough the

seizes the CO trunk through the trunk connector digit t runk to test l ine 1. Therefore, test l ine 1
circuit and writes the dispatch code equal to should go off-hook. The trunk maintenance pro­
TOHWT. On t h e f o l l owing scan the o ff -hook gram waits for up to 15 scans for this response
message from the swi tch uni t l i ne pack asso­ to occur. If it does not occur, a failure is indi­
c iated with th is CO t r unk i s expected. I f i t i s cated.
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8.08 The program determines if the break dial 8. Conference Test Failures
tone test, performed on a l ternate scans,

9.02 I f t h e conference test causes a second fail­is to be done. If the test is not performed, the
program moves to the end of trunk maintenance. ure, the conference denial bit is set, the

I f the test is performed, a burst o f r i ng ing is TTY prints out a failure message, and the pro­

sent in the t ime s lot wh ich connects the digi t gram advances to the central office tests.

trunk and test l ine 1. This is accomplished by
C. Central Office Trunk Test Failuressending a message to connect ringing to the time

slot and then by sending a message to remove it. 9.03 If a C O t ru nk test causes the second fail­
This burst o f r i n g ing acts l i ke a d i g i t b e ing ure, the error bit is set and a retry of CO
dialed into the digit t runk and should break dial trunk tests is made with a new CO trunk.
tone. Test line 1 should, therefore, go back on
hook. When it does, trunk maintenance has been 9.04 A t hir d f a i l u re results in re leasing both
successfully completed. At t h i s point , the spe­ trunks at the trunk connector and the
cial attention bit is cleared and the DC mainte­ switch unit. I f the fa i lure was the result of not
n ance is t aken off h o l d s t a tus. The M T S i s getting an off-hook message from the switch unit
cleaned up in preparation for this switch unit to after seizing the CO t r unk, the assumption is
start its maintenance cycle once again. made that the central office is giving slow dial

tone. A TTY message is printed out to this effect
9. TRUNK MAINTENANCE — FAILURE PATHS and both switch unit and DC maintenance cycles

are started again. Any other CO trunk failure
A. General results in the error counter being incremented

9.01 Trunk maintenance, while testing the con­ by one. Then the CHANGE routine is entered in

ference circuit, the CO t r unks, and t he such a way that the trunk connector (TC), the

digit trunks, uses both the switch unit and the DC, and the PC are switched into all possible

input/output equipment (see Fig. 10). Therefore, configurations.

when trunk maintenance fails, a retry is directed 9.05 If the CO trunk test continued to fail for
both to the switch unit maintenance and the DC a ll eight combinations of T C , DC , and
maintenance. Trunk maintenance uses the spe­ PC, the DIE routine is entered indicating a total
cial retry bit in the MTS and a special configura­ failure. If a working mode is found, however,
t ion of retry b i ts in the DCMA to control th is the defective central office trunk or trunk con­
retry of both switch unit maintenance and DC nector is marked bad, a printout to this effect is
maintenance. These bits are set upon the fi r s t made, and switch unit and DC maintenance are
failure of trunk maintenance, and both the DC started again.
maintenance and the swi tch uni t m a intenance
are started in the special retry mode. The switch D. Digit Trunk Test Failures
unit maintenance is faster than the DC mainte­
nance so at the end of switch unit maintenance 9.06 If t he di g i t t r u n k t e s t f a i l s , a s p ecial
the special retry bit is checked. If i t is set, as it r etry is i n i t iated. A second digi t t r u n k
will be for a special retry, the switch unit main­ failure results in the error bit being set, the
tenance for this part icular switch unit goes into error counter being incremented, and the digit
a special holding state and waits for the special t runk test being retr ied with a new digit t r unk.
attention bit to be set by the DC maintenance. The third failure results in changed DDRs, and
When the DC maintenance has been completed, the fourth results in changing the digit receiver
the special attention bit i s set and the retry i s connectors ( D RC) . T h i s i s a c complished by
directed to the trunk maintenance program. If c hanging to a DDR i n t h e o ther DRC. A fi f t h
trunk maintenance is successful, the special re­ failure results in changing the DC. At this point
try bit is reset during the clean up phase of the the error counter is jammed to seven so that the
trunk maintenance, and al l testing proceeds as n ext fa i lure w i l l p r o duce an e r ro r c ount o f
before. If t r unk maintenance fails a test again, e ight A s i x t h f a i l ure results in changing the
an attempt is made to find a working mode with­ PC and in jamming error counter to 15. One
out further reference to switch unit and DC more fa i lure i n d icates tha t a l l c o m binations
maintenance. have been tried, and the DIE routine is entered.
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9.07 If a working mode is found, the defective C. Digit Receiver Connector Tests

d igit t r unk , D DR, D RC, DC, o r P C i s
10.04 F o l l owing this the digit receiver connec­

marked bad and a TTY message is printed out.
tor (DRC) is tested. This test makes useAt this point the switch uni t maintenance and

of a ci rcuit s imi lar to t hat used in test l ine 2DC maintenance are started once again.
of the switch un i t . The t est c i rcuits involved
are the digit trunk appearances used by the dial

10. DATA CONTROL MAINTENANCE­ pulse generator. These trunks appear on both
SUCCESS PATHS DRCs, and their digit trunk numbers are com­

A. General plementary. When the time division switches as­
sociated with these trunks are fired at the proper

10.01 Th e DC maintenance tests the data store, rate by the DRC, they activate test points inter­
the load sender commands, the DRCs, the rogated by the test point reader.

DDRs, the trunk connector, and the sender.
These tests use the same transfer vector as 10.05 T h e DRC tests are performed for both
switch uni t an d t r un k m a in tenance use. The equipped and unequipped digit receivers.
tests are entered at the end of scan maintenance T he DRC test fi rs t checks to determine i f t h e
with the FINAL entry which sets the call store dial pulse generator is connected. It should not
address register (CA) to the address of the be connected at this t ime. I f i t i s connected, a
d ata control m a intenance area ( D CMA ) a n d WRT DSC command is used to tear down the
enters the program flow through the transfer connection between the digit receiver which was
vector located at BEGIN. When the control unit last used with the dial pulse generator. The test
is initially turned on, an init ial ization procedure points are checked again, and if the test points
is performed after the FINAL entry before reg­ i ndicate that the d ia l p u lse generator i s s t i l l
ular testing is started. c onnected to a D RC, the t est f a i ls . I f n o t , a

t ransient TTY message is pr inted out and the
II. Data Store and Interface Tests test is cont inued. A d i g i t r eceiver is selected,

10.02 Th e D C m a in tenance cycle begins with and it is connected to the dial pulse generator.

the START entry (see Fig. 11). The first The test points are interrogated again to ensure

test uses the RWDs entry and t ests the data that the dial pulse generator is correctly con­

store and interface circuits. The WRT DS and nected. If i t i s n ot , a f a i l ure is indicated. The

the RED DS commands are used to load a test preceding rou t ine i s p e r f o rmed f or all un­

w ord in t o w o r d 1 , D D R N o . 0 a r e a o f t h e d a t a equipped d i g i t r ece i vers and t hen f or one

store. This is an unused area of the store. The equipped digit r eceiver. I f t h e e qu ipped d ig i t

RED DS command is used to retrieve this word receiver passes the test, the program progresses

and it is compared with the expected value. Then to the next series of tests.

the word is inverted and the process is repeated.
This test checks the output of the data store cir­ D. Digit Receiver Tests
cuitry and the RED DS.

10.06 Nex t the DDR tests are performed. Here

10.03 The ADT1 routine is used to check the the dial pulse generator is used to d ia l

address circuitry of the data store and various digit messages into the DDR. The DDR

the WRT S, RED S, LSD, and WRT SCD com­ s tores the d ig i t s i n t h e d a t a s t ore by use o f t h e

mands. These commands are used to load words digit control l ogic. When the d igi t message is

3, 5, and 6 of DDR No. 0 with test words. The completely received, it is forwarded to the digit

RED DS command is used to ret r ieve the test completed register (DCR). The program must

words and check their accuracy. Then the pro­ take this dialed message from the DCR and

cedure i s r e peated us ing D DR No . 4 7 . T h i s check it against the digits which were sent out.

checks the data store address circuitry except for This entire series of tests is performed once for

the circui t r y associated with bi t 8 . each of the two dial pulse generator entrances.
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1007 T he di g i t s t o b e ou t p u lsed f r om t h e path from thc sender control to the trunk con­

d ial pulse generator are loaded into i t nector circuit is not checked during these tests

onc digit at a t ime. The DIAL subroutine takes but is checked dur ing l a ter sender tests. The
as many as three digits and forwards them to trunk connector contains three translators. Each

the dia,l pulse generator, one at a time, with a distinct combination of l eads f rom these three

three-scan wait ing per iod between each d ig i t . translators is terminated in an AND gate which
Another subroutine of the DDR test is the sets or resets a flip-flop to either seize or release
CKDCB which checks the dialing completed reg­ a trunk. Each AND gate, therefore, has three

ister against the expected test d igi t m essage. leads, one f rom each trans lator. In order to

This is a mul t iscan routine inasmuch as i t has test the trunk connector, 16 test trunks have

a waiting period buil t into i t . The RELDR sub­ been set aside for maintenance purposes. The

routine is used to send a message to the DRC first eight test t runks have an AND gate on the
which releases the DDR and the dial pulse gen­ release crosspoints and nothing on the seize

erator connection. The CONDR subroutine con­ crosspoints. Thc last eight test t runks have an

nects the DD R t o th e di a l pu l se g enerator AND gate on the seize crosspoints and nothing
through the digit receiver connector. on the release crosspoints. All 16 AND gates are

ORed into a test point on the test point reader.
These 16 t est t r u n k a p pearances have been

10.08 Th e re are two DDR tests, the short DDR
chosen so that each distinct output lead of all

test and the long DDR test. The short
three t ranslators w i l l b e e x ercised by u s ing

DDR test is performed on 28 DDRs per cycle of
them.

the DC maintenance. The last DDR t o r eceive
the short DDR test is then given the long DDR
test. The short DDR test consists of d ia l ing 9 10.12 Thc trunk connector tests are performed

and then checking the dial ing completed buffer in four groups of tests. The first tests in­

(digit completed register) to ensure that the 9 volve the state of the double seize flip-flop. If the

is received. The DDR and d ia l pu lse generator double seize flip-flop is set, the test fails.

connection is released and then reconnected to
re-establish dial tone. A 247 is then dialed and 10.13 Th e second tests cheek the access circuits

o f the t r un k c onnector. I f e i t her t h echecked. Finally the DDR is released.
WRT TC or sender logic access is stuck on, the
test fai ls.

10.09 Th e b l o ck l abeled Long DDR T ests in
Fig. 11 shows the steps taken to test the 10.14 Th e t h i rd tests use the 16 test trunks to

ten digi t m essages of t h e l ong D D R t e s t . T h ese check that the matrix leads of the trunk
tests check the abi l ity o f t h e d igi t r eceiver to c onnector a r e n e i t he r o p e n nor shorted. Each
r eceive both d i a l p u l s e and mu l t i f requency

test trunk has a seize and a release crosspoint.
digits. They check the ability of the digit control Only one o f t h ese crosspoints, fo r each test
logic to store and forward digit messages of trunk, has an AND gate to detect firing of the
different types (1, 2, and 3 d ig it messages). crosspoint. Eight of the test trunks fire only on

release and the other eight fire only on seize. The
10.10 Th e t i m e-out test comes at t he end o f tests are performed in two parts: a crosspoint

the DDR tests and checks that system test and a double firing test. In the crosspoint
time operates correctly when a DD R i s seized test, the test trunk is seized or released as re­
and held wait ing or seized and used for dial ing. quired to cause firing,and the c rosspoint i s

checked to determine that firing did occur. In the
double fi r ing test , the test t r unk i s a gain se­

E. Trunk Connector Tests lected, but the action (seize or release) applies
to the crosspoint which cannot detect firing.

10.11 Fo l low i ng t h i s , the t r u nk c onnector tes ts Hence, any firing is from another trunk and indi­

are performed. The trunk connector is a cates a failure. When both tests have been suc­

t ranslator wh ich a l l ows any C O t r un k t o b e cessfully completed for one test t runk, another
seized or released from either the program con­ test trunk is selected until al l 16 have been used
trol or the sender control circuitry. The gating in the tests.
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10.15 Th e la s t c a tegory o f t r un k c o n nector maintenance testing, however, 0000 is used. The
tests is the random double firing tests. low order bits of the SC code are set according

If any lead f rom any o f t h e t h ree t ranslators to Table G. The th ird d igi t generates thc high
in the t r unk connector c i rcuit i s p e rmanently order bits of the SC code as shown in Table G
grounded, mult iple fi r ing of the CO t runks wi l l when the IDPC equals 0000 or 0010.
result. If the lead is open, the same condition
arises. The double fire test is performed in two TABLE G
modes depending upon whether the switch unit TWO-DIGIT PRETRANSLATION
associated with the group of trunks tested is ac­
t ive or spare. With act ive switch units al l i d le,

2nd DIGIT DIALED LOW ORDER SC BITS
central office t runks ( t ie t r unks excluded) are
seized and then re leased. The test points are

10 (Zero) 01
interrogated to see if any test trunk crosspoint
has fired. The test trunks wil l not normally fi re 10
during the tests because they are always marked 2,8,4,5,6,7,8,9,11 or 0'
busy and will be bypassed. After one switch unit
has been processed in this way, the next switch 12,18,14 or 15 00
unit is processed.

3rd DIGIT DIALED HIGH ORDER SC BITS

10.16 Ev e n tual ly, a l l a c t ive switch uni ts w i l l
have been processed and the second mode 10 (Zero) 01

of double fir ing test begins. Here al l CO t runks
10

and all the l ine trunks with the exception of test
trunks are seized and then released. After each 2,8,4,5,6,7,8,11 or 0'
seizure and release of a trunk, the test point is 12,18,14 or 15 00
checked to determine that no test trunk has fired.
When all 56 trunks have been processed, the next ' Equipment blank (not a dialable digit) .
switch uni t i s p r ocessed. Note that n o sw i tch
unit with a n umber greater than 27 i s t ested. 10.19 T hi s pr o cess m ight b e called 2-digit
This is because some types of special tie t runks translation. On a 9X11-type call (where
require an auxiliary trunk appearance. These X equals any digit from 2 through 9) a process
auxiliary trunk appearances are located in the called 8-digit t ranslation is employed. Here the
highest numbered switch units.

SC code after 2-digit t ranslation is 1011. When
the fourth digit is registered, it is checked to see

F. Sender Tests
if it is a one. With the SC code equal to 1011, if

10.17 Th e sender tests check the pretranslator, the fourth digi t is equal to one, the SC code is
the sender complete logic circuit, the dial made equal to 1000.

9 digit transfer feature, the noncompressed dial­
ing out-pulsing circuitry, and the sender control 10.20 Fi r s t , t he s t a ndard 2 -d igit t r a ns lat ion
to trunk connector gating paths, all of which are part of t h e c i r cu i try i s c hecked using
part of the sender control logic. tests 1 through 12 as shown in Table H. The

method used is to load test conditions into words
10.18 Th e f u n c t ion of t he p re translator is t o 1 and 5 of the DDR area in the data store. The

generate a 4-bit sender complete (SC) test conditions for each test are obtained by us­
code. This code is used by the sender complete ing a subroutine called TABLE. Then there is
logic to recognize when to stop outpulsing. The a delay of one scan to give the circuitry t ime to
SC code is generated for 9-type (central office) register the SC code. Then a RED DS command
and 8-type (tie l ine) calls. The first digit stored, is used to ex t ract th e SC code. This code is
therefore, is always an 8 or 9 when this circuitry checked against the expected SC code. The digit
is activated. The second digit is examined when receiver area of the store is cleared and the
the incoming d i g i t p o s i t ion c ounter ( I D P C) s ender test c o unter i s i nc r emented b y o n e .
equals 0000 or 0001. In processing calls the IDPC TABLE is consulted again for the conditions of
always equals 0001 when this takes place. In the next test.
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TABLE H

TWO-DIGIT PRETRANSLATION TEST CONDITIONS

EXPECTED
TEST 2nd DIGIT 3rd DIGIT IDPC SC CODE

10 (Zero) 10 (Zero) 0000 0101

0000 1010

al 0000

12 12 0000 0000

10 0011 0000

0100 0000

12 1000 0000

' a = 2 ,8,5,8,9, or 0.

TABLE J

THREE-DIGIT PRETRANSLATION TEST CONDITIONS

EXPECTED
TEST 2nd DIGIT 3rd DIGIT 4III DIGIT IDPC SC CODE

pl 0000 1000

14-17 01 1011

18 0000 1010

19 10 (Zero)'-' 0000 1001

20 pl P 1,3 0000

21 pl 01002 1011

' Equipment blank gives same effect as dialed digits 2 through 9.

2 Condition which does not satisfy 8-digit translation.

Digit "a " = 8,5,9, or 0 (could be 2,4,6,7,8, or 11).

10.21 When the sender test counter reaches a tracted from the data store and checked to de­

count greater than 12, the 8-digit pre­ termine if the circuitry has worked properly. On
translation circuitry is checked. The subroutine the thirteenth test or the first test of the 8-digit
TABLE i s used to get the test condit ions for pretranslation, the conditions which satisfy the
this test. Words 1 and 5 are loaded for the pre­ 8-digit t ranslation are given. Tests 14 through
liminary translation, that is, the 2-digit t ransla­ 21 are arranged so that all conditions except one
t ion phase. A delay of one scan is in i t iated to

are fulfilled for the satisfactory 8-digit transla­
allow the SC code for 2-digit t ranslation to take
place. Then words 1 and 5 are loaded with the tion. Therefore, in tests 14 through 21, the SC

8 -digit t r a nslation condit ions ( see T able J ) . code for the second and third digits should equal

After a delay of one scan, the SC code is ex­ the 2-digit pretranslation code.
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10.22 Nex t t he sending complete logic test is which follow are not forwarded to the control
made. There are 12 sets of AN D g a tes unit via the digit completed register, the test

which recognize sender complete conditions. For fails.
example, on a 9X 11-type cal l t h ree d ig its are
outpulsed, so when the outgoing digit position 10.25 The last test is the regular sender test
counter (ODP) equals 0100, the SC code equals and checks the noncompressed dialing
1000, and bit C9 equals 1, a sending complete sig­ outpulsing logic and the gating path between the
nal should be generated. In normal circuit opera­ sender control circuitry and the trunk connector.
tion this signal is t ransmitted through the digit First the sender is loaded with trunk informa­
completed register. This is a rather time consum­ tion and checked to see that it is now busy. If it
ing process. In order to fac i l i tate maintenance, is still id le, the test fai ls. A 9-type call fo l lowed
a circuit has been developed to set the SR b i t by 1-2-1, followed by a long str ing of d igi t ones
when a sending complete signal is generated and is dialed through the dial pulse generator to the
the OPR bi t equals 0 ( t h i s w i l l n ever happen DDR. A check is made after the 121 is loaded
under normal cal l ing conditions). Therefore, in for correct loading and premature sending com­
these tests the conditions for a sending complete p lete which could be c aused by f a u l t y d i g i t
signal are set up and the SR bit is checked after transfer (see 10.22). When al l the digits except
a 1-msec wait. one have been dialed, the test point reader group

is interrogated to determine if the correct trunk
10.23 Thr e e of t he twe lve sets of AND g a tes number was gated to the trunk connector. The

generate a sending complete signal fo r program, when checking for premature sending
two di fferent condi t ions. Therefore, 15 t e s ts complete, dials the last digit. Fol lowing the suc­
(tests 22 through 86) are made which should cess of this test, the digits 8181 are dialed, the
generate sending complete signals. I f the send­ sender is checked to see that it is busy, the digits
ing complete is not generated, these tests fa i l . are checked to see that they are correct, the test
Tests 87 through 109 give conditions where al l t runk i s c h ecked, an d s e nding c omplete i s
but one of the conditions for a sending complete checked to see that it occurred at the correct
signal are given. In these cases, no sending com­ time.
plete code should be generated. Tests 110 and
111 test the station delay option. These tests are 10.26 Thi s completes the DC maintenance test­
skipped if the station delay option is not supplied ing. Now the next switch unit to receive
in the machine. trunk maintenance is selected. The special atten­

tion bit in the MTS of that switch unit is set, and
10.24 Nex t t h e d i g i t t r a ns fer f o r a n o u t s ide the DC maintenance goes into a hold state. When

call is tested. When a 9 i s d ia led, i t i s trunk maintenance is complete, the DC mainte­
sent to the dialing completed buffer (d igi t com­ nance cycle is star ted again .
pleted register) to in form the control uni t t hat
a 9-type or central office trunk call is coming in.
Following this, the next d ig it , in the case of a 11. DATA CONTROL MAINTENANCE­
zero (operator) call , or the next three digits are FAILURE PATHS
sent to the control unit via the digit completed

A. Generalregister. The line information store is consulted
to determine whether or not the extension mak­ 11.01 For the purpose of failure paths the DC
ing the call is restricted. This circuitry is checked maintenance program is broken into four
by dialing a 9 and checking that the 9 is for­ blocks: data store and interface tests, digit re­
warded to the digit completed register. Then a ceiver connector and digi t receiver tests, trunk
zero (10) is dialed and checked in the digit com­ connector tests, and sender tests (see Fig. 12).
pleted register. Fol lowing this, a 9 fo l lowed by A failure in any block results in a retry of the
a 14 followed by a 18, followed by a 14 is dialed entire DC m a in tenance. The need for t h i s i s
into the DDR through the dial pulse generator. demonstrated by the following example. Assume
The 9 is checked in the dialing completed regis­ that while the sender tests are being performed,
ter and then the 14-18-14 is checked in the digit the data store goes in trouble. Since the sender
completed register. If either the 9 or the digits tests use the data store, a failure wil l result dur­
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ing the sender tests. A data store fai lure, how­ out, the TOTF rout ine is entered. If a DDR has
ever, is identified only during the data store failed, the DCMA is interrogated to sec if more
tests. Therefore, if the sender test failure did than three digit receivers arc marked bad. If
not result in a retry of the entire DC mainte­ not, a TTY message indicating that this DDR is
nance, improper handling of t h is fa i lure would bad is p r i n ted out . T h c D C ma i n tenance is
result. cleaned up in preparation to start normal test­

ing again, and a dispatch code is wr i t ten equal
B. FAIL Subroutine to START so that on the next scan normal DC

maintenance continues.11.02 A l l te s t s i n D C ma i n tenanceuse the
FAIL routine. Each block is identified by

11.06 I f m or e t ha n t h re e d i g i t rec e ivers a r e
a code (argument) ca l led ARG. Upon f a i lure,

bad, they are checked to see if they arethc ARG code is stored, identify ing the b lock
all in the same DRC (all even or all odd). If they

which failed. The FAIL rout ine is entered. Using
are, the DRC is assumed to be bad. It is removedthe ARG bits and the three retry bits, the FAIL
from service and its associated DDRs are marked

routine determines which course of action to take
bad. A TTY message to this effect is printed out.

(see Fig. 12). On thc first fa i lure or the original
The DC maintenance is cleaned up, and the dis­

f ailure a t r a n s ient f a i l ure T T Y me ssage i s
patch code written equal to START so that nor­

printed out identifying the test which failed. The mal DC maintenance can continue on the next
DC maintenance is retried starting with thc data scan.
store and interface tests.

11.07 If more than three DDRs are bad, and
11.03 If the second failure occurs in the same

they are associated with both DRCs, i t
block, the switch unit maintenance is in­

will be a case of a power bus fai lure condition
hibited on al l switch units, the error bi t i s set,

when like numbered TCs, DCs, PCs, and DRCs
the CHANGE routine is entered, and the block of

fail (a f use t rouble or a d ia l p u lse generator
tests which fai led is retried. If the original fa i l ­ trouble). Since the program control maintenance
ure was in a different block from the second is much faster than the DC maintenance, the DC
failure, then the branch shown as "First Fai lure

and PC wil l be marked bad before the DRC is
— This Block" i s used to r e t r y t h i s b l ock o f

tested. Therefore, a bad DRC of like number in­
equipment. As a result, a block must fai l tw ice dicates a power bus failure. Recognizing this con­
to initiate a change of equipment. This also holds dition, the DRC, its associated DDRs, the TC, the
true in the case of a special retry in i t iated from CO trunks, and digit t runks associated with the
trunk maintenance. bad bus will be removed from service. A power

11.04 T h e C H A N GE su b r o u t i ne i s e n t e red i n failure TT Y m e ssage wi l l be p r i n ted out , sw i t ch

such a way that the trunk connector is unit maintenance wil l be enabled, and fu r ther
DC maintenance will be inhibited.not changed for the data store and interface fail­

ures or DRC and DDR failures, but it is changed 11.08 Whe n the TOTF rout ine is entered with
for trunk connector failures and sender failures. an indicated DRC t rouble, the program
(See the table in Fig. 12.) When all combinations determines if a DRC is a l ready out. I f i t i s , a
of the TC, DC, and PC have been tried, al l test failure pr intout i s m ade, switch uni t m a in te­
blocks except the DRC and DDR test block enter n ance is r e s t o red, an d D C m ain t e nance i s i n ­
t he total f a i l ure ( T OTF ) r o u t ine and a t o t a l hibited.
failure TTY message is printed out. Al l sw i tch
unit testing is restored and DC maintenance is 11.09 If a D RC is not already out, the program
inhibited. will act to isolate the fa i lure. The pro­

gram wil l act in one of three ways. If the DRC

C. Digit Receiver and Digit Receiver Connector connection was not tom down but can be cleared,

Failures the connection wil l be tom down and DC main­
tenance cleaned up so that it can continue on the

11.05 In th e c ase of the DRC and DDR tests next scan. If a definite trouble exists involving a
an addit ional s tep is taken. When the a l l ­ DRC, the DRC wil l be removed from service and

fail condition is recognized and a DRC is already DC maintenance cleaned up. I f a t r ouble exists
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involving both DRCs, switch uni t ma intenance stored to the customer by switching the defective

will be enabled and DC maintenance will be in­ equipment out of service.

hibited from further tests.
12.02 I t is imp o r tant to n o te, however, that

11.10 In a ny case, if a working mode is found, most equipment is dupl icated. With the

the defective TC, DC, or PC is removed exception of DDR, CO t r unks, t ie t r unks, and

f rom service. A T T Y m essage is p r in ted out , digit trunks, there are two of everything. Once a

switch unit maintenance is restored in all switch failure has occurred, the system is highly vulner­

units, and DC maintenance is restarted on the able. If a second trouble develops in the equip­
ment block which has no serviceable counter­next scan.
part, a complete failure develops. This, of course,
means that either one PBX customer is out of

12. CONCLUSION service or all PBX customers connected to this
control unit are out of service.

'12.01 This is how the No. 101 ESS performs
m aintenance routines upon i t sel f a t a 12.03 If bo th P Cs are in t rouble, the problem

very high rate of speed. When a trouble is found, is even more difficult. The pr ime tool to
the defective piece of equipment is switched out maintain the machine is n o l o nger avai lable.
of service and teletypewriter messages are pro­ Other types of total fa i lure stop call processing,
vided for maintenance. The program control but at least the maintenance program is avail­

maintenance does a very precise job in its diag­ able for maintenance. This tool of maintenance

n ostic pr intouts. In t h e sw i tch un i t , D C a n d programming places a rigid requirement on diag­
trunk maintenance, a large block of equipment nosing and correcting troubles as soon as pos­
is normally involved. In any case, service is re­ sible.
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