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4-wire No. 1 ESS. The func tion of the maintenance
programs is to keep the system operatin g in the
presence of trouble, to localize trouble for maintenance
per sonnel, and to guard against the accumulation
of undetected troubles or of uncorrected errors
that migh t affect th e traffic handling capability of
the system.

1.02 A telephone switching syste m must pro vide
cont inuous and accurate se rvice without

unreasonable delays. This quality of service must
be pr ovided 24 hour s a day throughout the design
life of the system. Thu s a success ful system must
be both dependable and maintainable. Dependability
is defin ed as a measure of se rv ice continuity and
accuracy; maintainability is defin ed as a measure
of the ease with which the component failures can
be detected, located, and repaired.

1.03 The use of high-speed data pr ocessing circuits
in the No. 1 ESS has br ought about an

increase (as compared to earlier switching systems)
in the t ime shar ing of circu its and conseq uent ly in
the cent ralizatio n of the cont rol functions. This
centralization has many advantages, but it can
make th e system more vulnerable to component
failures. For exa mple, if no redundancy is pro vided,
it would be possible for a single component failure
in the cent ral cont rol to cause a complete system
failure.

1.04 The No. 1 ·ESS is at least as depend able
and eas y to mai ntain as t he exist ing

elect romechanical switching systems. The objectives
for depend ability ar e that the syste m down time
should not exceed three minutes per year and th at
the calls handl ed incorrectly should not exceed
0.002 per cen t. The objectives for main tenance
requir e that the t roubles can be located and repaired
easily and rapidly and that the syste m can be left
unattended for extended peri ods of time .

1.05 The No . 1 ESS main t en an ce p lan is
implemented partly by circuits and part ly

by pro gr ams. Some maintenance functions can be
performed by either the circuits or th e programs.
Troubl e detecti on is a fun ction tha t r equires
continuous attentio n and is , th ere fore, usuall y better
suited to circuits than to programs so that system
real t ime is not used for this function. Ther e are
some instanc es wher e pro grams can accomplish
th e detection fun ction more effective ly than circuits .
For example, faul ts in the circuits that ar e used
wit h duplicate units migh t be likely to go und etected
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until th e circui t is needed. To avoid undetected
faul ts, programs called routin e exe rcises test for
trouble in circuits that ar e not frequ entl y used .
These routin e exercises may be initiated automatically
by the system or they may be requ ested via th e
teletypewriter by maintenance perso nnel.

1.06 Ther e are five classes of No. 1 ESS pr ograms.
In ord er of ur gency, these classes ar e as

follows.

(1) Programs th at recover the system data
processing ability. Th ese programs oper ate

at levels A through E interrupts.

(2) Programs th at recover prope r operation of
the per iphera l system. These programs

operate at a level F inter rupt.

(3) Programs that localize faults with in a system
unit that contains troubles but mayor may

not pass diagnosis . These programs operate at
leve ls B and K interrupts .

(4) Programs that handl e input s and outputs .
These programs operate at levels Hand J

interrupts .

(5) Progr am s that proc ess calls wit hin the
system. These call processing programs

operate at th e base level (level L).

1.07 The re are two basic types of maintenance
programs: interrupt programs and noninterrupt

programs.

(a) Interrupt maintenance programs are initiated
by trouble detection circuits. These circuits

ale rt th e central control which inter rupts th e
call pr ocessing prog rams . The interrupt init iat es
a fault recognition program which is nondefer rable
and which must be completed before call process ing
can be resu med. The fau lt recognition program
determines which system unit has failed, removes
th e faulty uni t from se rvice , swi tches to a
duplicate unit, record s the failur e in t he call
store are a reser ved for subsystem status, and
retu rns control to the call pr ocessing programs.
Fault recognition programs ar e usually br ief
enough so th at they do not inter fer e with norm al
call processing.

(b) Noninte rrupt mainte nance progr ams include
diagnostic programs, routine exercise programs,
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audit programs, and defer ra ble fault recognition
programs . These programs are performed under
the contro l of the maintenance control program
and the maintenance control register. The
maintenance control program periodically checks
the maintenance control registe r in the subsystem
status area of th e call store to determine whether
a noninterrupt maintenance program is required .
When the maintenance control program starts a
maintenance program, that maint enance program
is called the client program or th e client of th e
maintenance control register.

1.09 Defin itions of terms and abbreviations used
in this section ar e as follows .

(a) Fault-A recurring trouble (a malfunction
that can be consistently reproduced) .

(b) Error-A nonrecurring trouble .

(c) Interrupt-A seizure of control by the
central control from a program being executed

for the purpose of giving control to another
program that is more urgent.

(d) Non in terrupt-A low-pr iority request that
central control acts on when t ime is available.

(e) R eco very-Regaining the ability to process
calls and to perform oth er normal functions

in spite of a malfunction . An example is the
substitution of standby equipment for active
equipment that is not func tioning properl y.

(f) Rout in e Exercise-Periodic programmed
routines whereby the syst em tests its own

ability to perform properly and detects faults
before system operation is affected.

(g) Audit-A check on the validity of th e state
of the system. In particular, a call store

audit consists of a check on the correctness of
information in some sto rage locations and of th e
correction of invalid information. The content s
of the storage locations check ed ar e compared
with information in other call store locations or
with information in the pr ogram store.

(h) Deferra b le-A n operation that can be
performed when system t ime is available.

Deferrable operations do not int errupt operations
in process.
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(i) Non de ferrable-An urgent operation that
must be performed immediately to restore

system operation in the event of a major failure .
Operations in process ar e interrupted until a
nondeferrable operation is completed .

(j) MAC-T he maintenance contro l program
that controls and administers various deferrable

maintenance programs specified in the mainte nance
contro l register (MACR). The specified maintenance
program is called th e client program.

(k) MACR-The maintenance control register
that stores requests for defe rrable maintenance

program operations. The MAC program interrogates
the MACR to determine whi ch maintenance
program to initiate. The maintenance program
then started under control of th e MAC program
is called the client of the MACR.

2. ACTIONS BY MAINTENANCE PERSONNEL

2.0 1 When a diagnostic program discovers a
fai lure, the system leaves the equipment

frame containing th e fault out of se rvice . In order
to alert maintenance personne l to an existing fau lt ,
the system

(a) Sounds an audib le alarm

(b) Lights the pilot lamp for th e aisle containing
the faulty frame

(c) Lights the out-of-service lamp on th e control
panel of th e equipment frame containing

the fau lt

(d) Lights th e appropriate MAJOR or MINOR
alarm lamp on th e alarm, display, and cont rol

panel of the master control center

(e) Lights a lamp on th e alarm, disp lay, and
control panel of the master control center

to indicate which type of equipment fram e
contains th e fault

(f) Prints the fram e identification and the
d iagnostic r esults at the maintenance

teletypewriter .

2.02 The rela tionship of maint enance programs ,
trouble detection circuits, and maintenance

personn el is su mmar ized in Fig. 1.
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Fig. 1-Maintenance Program Reaction to Trouble

3 . RECOVERY FROM TROUBLE

3.01 Circuit troubles are detected by fault detection
circuits or , when a network controller or a

trunk circuit pr oduces an abnor mal response, by
call pr ocessing programs. When troub le is detected,
pr ogr am control is usually tra nsferred immediately
to programs that recover the call processing capability
of the system. These prog rams are called fault
recogniti on (FOR) programs.

4. FAULT RECOGNITION PROGRAMS

4.01 The pur pose of the FOR progra ms is to
re-establish the call processing ability of

the sys te m. This is accomplished oy removing
the faul ty unit fro m service and by requesting a

diagnosis of the unit. The FOR progr ams are
usually nondeferrable and have the highest prior ity
of the sys te m progr ams. Also these FOR programs
can be used as deferrable programs.

4.02 A typical FOR progr am carr ies out the
following ta sks:

(1) Determin es whether the trouble detected
was an error (a tr ansient malfunction that

can no longer be reproduced) or a fault (a
reproducible malfun ction that can be diagnos ed)

(2) Identifies the faul ty sys te m unit and takes
it out of serv ice
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(3) Records a request for a diagnosis of th e
fau lty unit

(4) Records all pertinent error or fault information

(5) Returns the system to normal call processing .

4.03 In ter rupt sources within th e system are
divided into ten levels t hat are designated

A through K (excluding I) from high est to lowest
priority (Table A). An interrupt source of a given
level can override any interrupt source of a lower
level. The priority level of th e main program is
called the base leve l or level L.

TABLE A

INTERRUPT LEVELS

LEVEL MEANING

A ~aster contr ol center (manual
cont ro l)

B Emergency act ion

C CC mismatch

D CS reread failure

E PS reread failure

F Improper oper at ion of the peri-
pheral syst em

G Err or evaluation and specia l
progr ams

H and J 5-mill isecond in terrupt

K Signal processor (2- wire only )

4.04 Th e interrupt level provides a rough isolation
of trouble by indicating what typ e of uni t

contains a fault. A separate FOR program is
initiated by each of the levels B through E interrupts
(Fig . 2). The level F interrupt has man y sources;
a filter program se lects the proper FOR program.

4 .05 When th e FOR program has established a
fault-free configurat ion, the FOR program

tr an sfers control to a re start program which
determines whether th e condition of th e syste m
justifies a return to call proc essing either at the
point where it was int errupted or at a reference
point th at does not depend on past history. Th e
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return to a reference point is necessary in such
cases as when a cen tral control (CC) mismatch was
caused by an er ror and th e system has no way of
determining which CC was wrong.

4.06 Th e relationship between programs shown
in Fig. 2 is incomplete. For example, a CC

mismatch may be due to a malfunction in a program
store or a call store, in which cas e a transfer is
mad e to th e appropria te FO R program.

EMERGENCY ACTION

4 .07 Th e emergency action program (P D-1A010)
is activated by certain check s on programs

(for example, by fai lur e to complete E-to -E base
level cycles in a giv en amount of time) or by an
excessive rate of main tenance interrupts . Th e
emergency action program is divided into phas es
which ar e execute d until an operational memory is
obtained (Part 12). With each phas e more and
more call store memory is initialized until, with
phase VI (init iate d manually only), even the recent
change memory is initialized . The emergency action
is a backup for t he normal recovery facilities and
should occur very infrequently in normal system
operation.

CENTRAL CONTROL FAULT RECOGNITION

4.08 During system operation two CCs are running
in step : one designated active and the

other standby (synchronously execut ing t he same
ins t ruct ion). Cross -connect ion circuits continuously
match th e data in th ese two CCs running in step.
A malfunction in either CC causes a mismatch
which initiates a level C interrupt and a transfer
of program contro l to the start of the central
control-fault recognition (CC-FOR) program. The
prim ary obje ct ive of thi s program is to determine
whether th e mismatch was caused by a permane nt
fault in one of the CCs or by a transient er ror .
If a permanent fa ult is detected , th e CC is removed
from se rvi ce and a diagnostic is requested.

4.09 The CC-FOR pr ogram (PD-1A015) funct ions
ar e as follows:

(a) To qualify the CC trouble indicat ion (mismatch)
as transient malfunct ion (error) or reproducible

malfunction (fault)

(b) To isolate th e faul t (if any) to the acti ve
or to th e standby CC
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(c) To remove th e faulty CC fr om se rv ice and
to substitute th e standby for th e active CC

if necessary

(d) To requ est a diagnostic of th e faul ty CC
when necessary

(e) To record pertin en t CC er ro r and faul t
information

(f) To initiate act ions required to return th e
syste m to normal ope rat ion at the conclusion

of th e program.

4 .10 To distinguish a fault from an error, te st
exercises are executed by the CCs. Failur e

of any of th ese exe rc ises indicates a faul t . If all
th e exercises pass th e tests, the malfunction is
consid er ed an er ror (not reproducible).

4.11 Isolati on of th e fau lty unit is accomplished
by conditional t ransfer orde rs in the test

exe rcises and in th e CC match circuits . A typical
test is th e operation on data within th e CC and is
followed by a condit ional transfer order based on
th e result of this operation. If th e pr oper deci sion
is made by th e act ive CC, it passes th e test. If
t he active CC passes the test and th e standby CC
has not mad e th e proper decision, a mismatch is
detected and th e standby CC fail s t he tes t.
Conse quently, th e two objectives of distinguishing
a fault from an er ror and of isolating th e faulty
unit are met simultaneously .

4 .12 The CC-FOR fir st -look program tests th e
CC hard war e th at most likely caused the

mismatch . Wh en t he mismatc h is detecte d ,
information is saved within th e CC to define th e
hardware being matc hed at that t ime and the class
of instruction being executed. This information is
th en used by th e CC-FOR pr ogram to dec ide which
CC tests to run . For example, if the mismatch is
detected at the index adde r output register, par t
of th e CC-FOR pr ogr am tests the index adde r
circuitry , t he registers , and the buses which have
access to the index adder . If these tests are
passed, it is assumed that the mismatch was
generated by an er ror rath er than a fault.

4.13 The complete CC-FOR program se rves as a
backup to the fir st-look program and is use d

eit her when it appears there are CC faults not
being detected by the first-l ook progr am or when
abno rmal conditions ex ist. This CC-FOR program
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is t ime consuming and is used only when there ar e
strong indicat ions that a faul t exis ts in one CC.

CALL STORE FAULT RECOGNITION

4 .14 Th e call store -fault r ecognition (CS-FOR)
progra ms (P D-1A018) pe r fo r m the faul t

recognition task for the CSs assciated with CCs
(CC-CS), the CSs associated with sign al processors
(SP-CS), the related bus systems, and th e circuits
in th e CCs and SPs associat ed with eith er or both
bus systems used to communicate with th e CSs.

4 .15 The CS-FOR progr ams restore, or recover,
call processing capability by switching variou s

CS units and buses unt il a wor kab le CS configuration
is established. The CS-FOR programs also determine
if further act ion by the diagnostic pro grams is
required to analyze trouble in a subsystem.

4.16 The progr ams ar e divided into recover y and
defer red phases . Progr ams exe cute d during

an interrupt ar e called recover y phases . The system
does not handle te lephone calls while the recovery
phases are in process . Th er efore an operational
system configuration must be established as soon
as possible .

4 .17 In addition to recovering an operational
system configuration , th e CS-FOR programs

isolate the faul ty units. Th e isolation programs
ar e called the deferred pha ses. During th ese
phases , t he CS-FOR program determines which
subsystems cont ain faults . Faul ty subsy stems ar e
'switched out of service, and diagnosis of fau lty
units is req uested . The deferred portion of th e
CS-FOR progra m is interl ea ved with call pr ocessin g
programs; th er efore , telephone calls are hand led
while fau lts are being isolated.

4 .18 Each CS contains circuits for check ing its
operation . The CC also contains circuits

for checking the operat ion of the complex of CSs
and CS buses. Condit ions detected by th ese
maintenance circu its result in br inging th e CS-FOR
programs int o oper ation wheneve r necessary.

4.19 A CS generates an all-seems-we ll CS (ASWC)
signal if it passes certai n internal checks

during an operat ion. The ASWC signal is a summary
of internal checks made by the CS circuits . Generation
of the ASWC signal is inhibited to inform CC th at
th e CS has not functioned pr operl y . When CC does
not receiver the ASWC signal, it requests a CS
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reread . If the CS reread also fails, a level D
interrupt occurs. This interrupt causes a wired
transfer to the CS-FOR program. Further processing
of calls is delayed until a workable CS configuration
is established.

4.20 The CC also calculates a parity bit over the
address and the data word that are written

into the CS memory. The parity bit is stored in
the memory as bit 23 of the 24-bit CS word. When
CC reads the word out of the memory, it checks
parity. If the parity check fails, a CS reread
occurs .

4.21 Fai lures that are not detected by the ASWC
check and the parity check are detected

when the duplicate copies of CS information are
matched by the two CCs. Fa ilure of one copy
causes a mismatch that leads to a level C interrupt.
The CC-FOR programs then transfer control to
the CS-FOR programs.

4.22 Following a level D interrupt, the interrupt
control program is enter ed. This program

consists of the first-look, the access test, and the
bootstrap subroutines.

4.23 The first- look subroutine is used to attempt
a quick recovery of the system . This

subroutine uses the address of the failur e (store d
in the CC) and the states of the system bus control
flip-flops to determine what CC-CS bus configuration
was in use at the time of the failur e. From this,
the subroutine det ermines which CS failed and
removes that CS from service. It then adjusts
the bus control flip-flops of the duplicate CS so
that it can supply the duplicate information.

4.24 The access test subroutine checks that an
operational system exists by addressing and

by getting return readouts from each information
block in the CS system. If th e access test is
successful, th e CC-CS complex is con sid ered
operational and call processing is restarted. If
the access test fails, the first-look recovery was
not successful and the interrupt control program
calls in the bootstrap subroutine.

4 .25 The bootstrap subroutine attempts to recover
an operational CC-CS complex on one bus

system . The standby bus is checked later during
the deferred phase of CS-FOR program. Two
levels of operation are provided to obtain the CC-CS
configur ation. First, only CSs which were in service
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at the time of the interrupt ar e tested . If an
operational configuration cannot be obtained from
these CSs, then all CSs are tested . The configurations
for the sequences of switching during bootstrap
recovery are shown in PF-IA018. If the bootstrap
subroutine cannot recover the sys tem, no automatic
recourse exists.

PROGRAM STORE FAULT RECOGNITION

4.26 The program store-fault recognition (PS-FOR)
programs (PD-IA120) are concerned with

operating irregularities which require testing of
PSs, buses, and/or associated equipment. The
PS-FOR program is ente re d after a PS reread
failure interrupt.

4.27 The PS-FOR program performs the following
operations.

(a) Determines wheth er the trouble is a fault
or an error. (A trouble is class ified as a

fault if the tests conducted during th e fault
recognition sequences reproduce th e trouble
indications or generate new trouble indications;
otherwise , the trouble is an error .)

(b) Identifies any faulty subsystem, removes
the unit from ser vice, and requests appropriate

diagn ostic programs.

(c) Reconfigures interconnection s among fault­
free equipment where necessary to create a

workable overa ll syste m configur ation.

(d) Updates status records for all subsyste ms.

(e) Record s pertinent error data and analyzes
this data to determine whether some particular

subsys te m is mar ginal. If such a marg inal unit
is found, the program treats it as faul ty.

(f) Returns the sys te m to call pr ocessing within
a few milliseconds afte r the interrupt occurs .

CENTRAL PULSE DISTRIBUTOR FAULT RECOGNIT ION

4.28 The central pulse distributor fault recognition
(CPF R) program (P D-IA0 22) is entered

whenever a peri pher al (level F) interrupt occurs .
Such an interrupt occur s if the mainte nance check
of a peripheral instruction fails and the level F
inte rrupt pest cont rol flip-flop in the buffer bus
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register of the CC has not been se t to suppre ss
the interrupt.

4.29 If th e interrupt occurred on a peripheral
address, a retry of the instruction is normally

per form ed to determine whether the t rouble is
t ransient or wheth er a fault exist s . If t he retry
passes , peripher al error counte rs ar e incremented
and a teletypewriter message with details of th e
er ror is printed out. If t he er ror occurred during
supervisory scanning, the scanner enable route is
change d to se lect a new bus and a controller . This
is done because th e retry of a supervisory scan
instruction may address a differ ent row from th e
one that failed. Changing the sca nner enable route
is likely to switch out the trouble.

4.30 If the retry failed , th e program attempts
to isolate th e source of tro uble by t ry ing

again with a differ en t central pulse distributor
(CPD) and CPD bus configuration . If a good
configuration is found, the sys te m routing information
is updated and diagnosi s of the faulty subsystem
is requested. Call processing is th en resumed .

4 .3 1 If a work ing configuration is not found , th e
program determines whether a sca n order

failed . If a scan ord er did fail, t he CPF R program
transfer s control to the scanner FOR program for
further investi gation. Oth erwise, a switch of CCs
is requ ested since a t rans lator or a cable pulser in
CC could be at fault.

4 .32 The er ror retry procedure does not occur if
th e interrupt occurs during a network

instruction or a signal dist r ibutor instruction. In
these instance-s , control is transferred directl y to
the network FOR program. In the event of an
enable verify mismatch wherein two frames return
verify signals , the noisy frame and the controller
ar e determined from the verify answer signal. A
message identi fying the noisy frame is printed out
so that power can be removed from that frame .
The CPD that has been act ive at th e time of th e
mism atch is switched out to pr even t fur ther
mismatches in case the CP D is at fault.

SCAN~ ER FAULT RECOGNITION

4.33 When th e CC addre sses a scanner (PD-IA026),
certain responses ar e expecte d from the

scanner and the CPD to indicate that t he instru ction
has been successfully executed. These responses
include th e enable ver ify signal which indicat es
that th e pr oper peri pheral frame had been enabled
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and th e all-seems-well scanner (ASWS) signal which
indicates that th e scanner has sent back answers
from one and only one row of scan points . If t hes e
respon ses are absent, a level F interrupt occurs
and th e CP FR program is entered. To filte r out
transient errors , t he CPFR program re tr ies the
instru ction that failed . If t he troub le indication
per sists, th e CPFR program checks the type of
instruction and checks th e failure indications to
determine whether scanner t rouble exist s . If the
scanner is at fault, control is transferred to the
scanner faul t recognit ion program (SCFR).

4.34 The SCFR program attempts to find a
working config uration of a per ipheral unit

bus, a CP D, a scanner controller, and an answer
bus by retrying the failing ins truction with var ious
combinations of th ese subsystems. If a good
configuration is found, t he SCFR progra m req uests
diagnosis of the sca nner and updates the app rop r iate
route information so that the faulty configuration
is switched out. Also th e app rop riate t rouble
lamp cor responding to the type of sca nner is ligh ted
at th e master control center.

4 .35 If a good route is not found afte r all
configur at ions have been tr ied , a va lidity

check is made on the scanner instruction to determine
if it contains a legitimate scanner enable add ress
and to determine if a scanner translator is specified
for decoding the scanner row add ress. If the
val idity check fai ls, the program transfers to a
routine to regenerate the route tables from backup
info rmation in th e PS. If th e validity check passes,
a bad CC, an open scanner row, or a double
trouble is indicated . To hand le these contingencies,
th e appropriate primary trouble lamp is ligh ted at
the master control cent er; th e CCs are switched;
the sca nner diagnosis is requested ; and the ASWS
req uest bit is set to O. Wit h the ASWS request
bit zeroed, the syste m can run wit hout leve l F
int errupts in superv isory scanning. The ASWS
request bit is restored to 1 if the sca nner passes
th e diagnos is.

NETWORK AND SIGNAL DISTRIBUTOR FAULT
RECOGNITION

4 .36 In ord er of pri ori ty, th e network and signal
distributor fault recognition (NMFOR) program

(PD-IA028) has th e following purposes :

(1) To recognize and to record malfunctions of
network controllers or signal distributors

(SDs)

Page 9
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(2) To utilize standby dupl icate unit s in order
to find a workable configuration for completing

the requ ested peripheral action

(3) To alte r the master enable tables, thus
dir ecting the system to use th e best possible

configuratio ns of network controllers , SDs ,
per ipheral unit buses, and CPDs

(4) To tak e requested failur e action on failing
orde rs

(5) To requ est diagnostic action on susp ect
peripheral units

(6) To inform maintenance per sonnel of failur es
to transfer superv ision on network actions

(7) To administer a . linked list of requested
switching actions involving netw ork and SD

units

(8) To prov ide certain serv ices to client programs
(chiefly the network and the SD diagnostic),

such as sending diagnostic orders , timin g delays,
and recording data .

4.37 The network consists of the fabric and the
cont rollers . The fabric th rough which talking

and signaling paths ar e set up is the actual body
of switches and links. The controllers ar e logical
circui ts which serve as interface between the CC
or th e signal processor and the fabric. When some
change in the fabric is requested by the CC or
the signal processor, an appropriate order is sent
to the proper network controller via th e peripheral
unit bus. The controller decode s th e order and
performs the requested function by actually opening
or closing th e desired ferreed switches or the relay
contacts in the fabr ic. For the purpose of fault
recognition, some internal checks are provided on
controller operations. Assign ed to each controller
for the purpose of faul t recognit ion are master
scanner points F, S, and T that monitor the states
of the F, S, and T flip-flops . The combination of
the states of these flip-flops spec ifies the condit ion
of the controll er . Malfunctions in the controller
circuitry ar e indicated by its failure to cycle properly
and to finally reset itself, thus br inging the F, S,
and T scan points back to the reset state. The
possiblii ty of fault or er ror detection is provided
for the controller and the fer reed coils, but is not
provided for the ferreed switch.
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4 .38 The SD includes the controller , the matrix,
and t he mag ne t ic latching re lays. Th e

controller receives, decodes, and admini sters orders
received from the CC or th e signal processor . The
matrix consists of wire -spr ing relays through which
a pulsing path may be set up to operate or to
release a desir ed magnetic latching relay. The
relays make up the signal distribution paths .

4 .39 Malfunctions of the cont roller, the matr ix,
or th e selected magnetic latchi ng relay are

indicated by the inability of th e controller to cycle
complete ly and to return to the reset state as
checked by the F , S, and T scan points.

TELETYPEWRITER MAINTENANCE

4.40 Th e t eletyp ewriter (TT Y) maintenance
program (PD-1A029) is a diagnostic program

(TTDN) that isolates a fault within a given TTY
circuit to a small numbe r of replaceable circu it
packages within the transmit-receive uni t or to
the TTY loop. The TTY itself is not diagnosed
but the absence of current which takes the form
of an open loop is noted. The program performs
a series of exercises on the TTY circuit , collects
the results of the exercises, compares them with
expected results , and repor ts the results of the
comparison to maintenance pe rsonnel via t he
maintenan ce TTY.

AUTOMATIC MESSAGE ACCOUNTING MAINTENANCE

4.41 The automatic message accounting (AMA)
maint enance pro grams (PD-1A030) consist

of th e AMA-fault recognition (AMA-FOR) pr ogram
and the AMA diagno stic pr ogram. The AMA-FOR
prog ram is ente red via the AMA output programs
whenever a condition is detected which makes the
recording of call data impossible or of questionable
accuracy. The primary purpose of the AMA-FOR
program is to determine whether or not the trouble
has permanent ly affected unit operation. It is
possible that the detected condition was mer ely a
transient error and that the unit can continue to
be used for recording data outp ut . If the trouble
is of a more permanent nature, it is necessar y to
place the standby AMA into service to restore
normal operation.

4.42 The AMA-FOR program is started when
any of the following conditions occur during

the data output prog ram .

..
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(a) A not-all-zero condit ion is encounte red upon
inter rogatio n of the AMA master scanner

points prior to t ransferr ing a block of da ta.

(b) A positive signal exists on an alarm output
lead (read eve ry 5 milliseconds during data

transfer) indicating that at least one of the master
scanner points has gone high .

(c) Two consecut ive tape reading errors occur
duri ng a data tra nsfer check seq uence.

4.43 The AMA-FO R pr ogr am consists of the
following major parts:

(a) Master scan ner point check seq uence

(b) Tape bypass operation in maintenance mode
No. 1

(c) Normal mode recordi ng and check seq uence .

5 . MAINTENANCE CONTROL PROGRAM

5.01 The purpose of the MAC prog ram is to
cont rol and to administe r vario us defe rrable

maintenan ce pr ogr ams specified in the MACR. These
maintenan ce prog rams include diagnostic, audit,
routin e exe rcise, and defe r rab le faul t recognition
progr ams. The specified maintenance program is
called the client program. The MAC prog ram
admini ster s operation of the client program and
interl eaves segments of the client prog ra m with
the pr ocessing of calls (Fig. 3). Cont rol is return ed
to the call processing progra ms afte r each seg ment
of the client program so that te lephone service is
not interrupted. Some of the tasks car ried out by
the MAC pr ogr am are as follows.

(a) Answers diagnostic requests usually from
an FOR prog ra m recorded in the subsystem

status ta ble. These diagnositc requests are
handl ed on a priori ty basis. For example, units
such as CCs and PSs have the highest priority .

(b) Answers routine exe rcise requests in the
recorded routine request ta ble. Four priority

levels ar e ava ilable: level A, the highest , is
for requests made via the maintenance TT Y;
leve l B is for requests made by prog rams; and
levels C and D are for requests made by automatic
sched uled routin e exe rcises.
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(c) Initiates certain trouble alar m scans periodically
which perform trouble detection functions .

For example, the sing le-error counter in the CC
is sca nned periodically. An excessive erro r
count init iates an error-evaluation program which
leads to a diagnostic program.

(d) Ensures that no client program holds the
MACR for more than 10 minutes.

(e) Handles the communication of all client
programs with the maintenance TTY channels.

(f) Per forms the following tasks that ar e common
to many of the maintenance programs:

• Timing

• Maintenance bookkeeping, such as updating
sys te m status and recording error information

• Cont rol of common maintenance facilities,
such as the audib le and the visual alarms
and the monit or bus .

(g) Administers repeated tests .

5.02 The MAC program (PD-1A005) is entered
from the main prog ram as the lowest pr iority

job (leve l E) . The time between any two consec ut ive
MAC programs varies with traffic conditions . The
MAC pr ogr am starts the client pr ogr am in the
MACR. The client program carries out a segment
of work which has a maximum duration of 10
milliseconds exclud ing inte rrupts. Upon completion
of the work segment, the client progra m relinquishes
control to the main program. Fig. 3 shows the
interl eaving of defe r ra ble jobs (base level) for call
processing and for maintenance wit h 5-millisecond
interrupt inpu t-output jobs (leve l J).

5.03 The MAC program determines whether the
MACR is busy. The register is busy when

it is assigned to any client program. If the registe r
is idle, the MAC prog ram searches for diagnost ic
requests and then for routine exercise requests.
If a request is found, the app ropriate client prog ram
is initiated and the MACR is assigned to this
program. If no requests are found, some very
low priority jobs (such as diagnostics) are performed.
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5 MSEC
INTERR UPT JOB

MTCE JOB
SEGMENT

CALL PROCESSI NG JOBS

---JBASE
~.......,'""'-'..."...._ _ _ LEVE L

MTCE JOB
SEGMENT ..

Fig. 3-lnterleaving of Ma intenance and Call Processi ng Jobs

6. MAINTENANCE CONTROL REGISTER

6.01 The MACR is a memor y ar ea in th e CS used
pr imar ily by th e deferrable programs. The

MAC program administers, coordinates, and schedules
thi s register. The maintenance pr ogram specified
by the MACR is called the client prog ra m.

6.02 Th e MACR consists of a gro up of about 500
CS word s which ar e used for administering

the main tenance programs and for record ing the
results obtained. The MACR is mad e up of two
parts . The fir st part is the work ar ea which is a
private memo ry ar ea for a clien t program while it
is in control of th e register . The second part is
the long-term record ar ea which provides the client
prog ra m with reference data pertainin g to the
subsyste ms .

6.03 The work ar ea is used by a client pro gram
to record th e resul ts of the various tests

that the program performs. Also th e work area
contains administrative inform ation, such as the
identity of the unit und er test and of the type of
progr am being carried out.

6.04 The long-term record area consists of the
following tables .

(a) Routin e Request Tab le: This table is a
wait ing list for routi ne exercise programs,

TTY messages (inputs), etc.

(b) Gene ral Bu ffer Table : This table is used
by m a in t en an ce progr a ms fo r passing

infor mation on to other maintenance prog rams
which will be used at a later ti me. For example,
the table is used when a FOR program finds a
fault condition and requests subsequent diagnostic
action. While determining that th e malfunction
is a fault and is not an error, the FOR program
uncover s some infor mation th at would be help ful
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to the diagnostic program. This infor mation IS

entere d into th e ge neral buffer ar ea.

(c) Erro r Record Tab le: This table is used
by an FOR program for recording error

data, such as the pattern of units in operation
at the ti me an er ror is detected . Also this table
contains an error counter for certain subsystems.
An er ror counter is incremen ted whe n the FOR
prog ram associated wit h th e unit und er test
determ ines that an er ror has occur red . Error
counte rs are examined periodically, and appropriate
action is taken if a high-er ror count is found .

(d) Subs ystem Stat us Table: This table is a
history file on th e various subsystems. The

table records whether the status of each subsystem
for the major processing units (CC, CS, PS, and
CP D) is active, standb y and ready to be active,
standby and out of se rv ice, or standby and
requestin g diagnostic action .

(e) Mi scellaneous Record Ta ble: This table
contains specialized information for the various

maintenance progra ms . Memory spaces in this
tab le are per manently ass igned to a client
program for use in recording private administ rative
records.

7 . DIAGNOSTIC PROGRAMS

7.01 Diagnostic pr ograms localize a fault to a
small number of plug-in circu it packs within

a syste m uni t t hat has fa iled diag nosis and that
has been taken out of service. A diag nostic
progra m carr ies out a fixed seq uence of tests that
ar e perform ed by monitori ng either the normal
outputs of a unit or the test points located wit hin
the unit. The test points are monitored by a
scanner dur ing a control read opera tion. The
sca nner exa mines inform ation eit her direct ly or via
a diagnostic bus.
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7.02 A diagnostic prog ra m records in the MACR
whether each test passes or fa ils. From

these test resul ts , the number gener ation program
dete rmines the t rouble number which is prin ted
out by the maintenance TTY. Maintenance personnel
can requ est a raw data prin tout via the maintenance
TTY. This is a direc t prin ting of the pass or the
fail results of each diagnostic test.

7.03 Diagnost ic programs are relat ively low priority
maintenan ce tas ks. These programs ar e

requested by a FOR prog ram that has detected a
faul t or by an unus ually high error rate. The
diagnostic pr ograms are genera lly long and require
a substant ial amount of CS memory for recording
tests results. The MACR, under cont ro l of the
MAC program, serves as a te mpora ry memory for
each diag nost ic program.

TROUBLE LOCATING NUMBER PRODUCTION

7.04 At fixed points in each tes t program, the
sto red test results ar e se nt to a number

generation routine. A number of operations are
perfo r med on the test results so that new numbers
are generated . At the complet ion of testing, a
number reduction rout ine performs fur ther operations
on the . previo usly generated numbers and th en
combines them into a 23-bit trouble locatin g number .
If the circuits involved in the test respond as
expected during the ent ire test procedure , the
trouble locati ng nu mber is t he all- tests-passed
number that is stored in memory and is applicable
to that test. This number is stored in memory
for each circuit that has a diagnostic prog ram .
Afte r the tests are complete d, a comparison is
made between the generated num ber and t he
all-tests-passed number . A mismatch indicat es a
test failure or failures requiring a TTY message.
This message includes the generated trouble locating
number to be looked up in the trouble locating
manual which, in turn, indicates the particular fault
encountered in the test.

8. ROUTINE EXERCISE PROGRAMS

8.01 The re are two ty pes of rout ine exercise
pr ogram s: sc hed uled automatic routin e

exe rcise prog rams and demand routine exe rcise
progr ams.
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SCHEDULED AUTOMATIC ROUTINE EXERCISE PROGRAM S

8.02 Th e automatic routine exe rcise programs
have peri odic schedules . There are three

autom atic program classes which are determined
by the scheduling technique .

8.03 Class I progr ams ar e rigorously scheduled
at a relatively high fr equ enc y. Th ese

progra ms are entered from the high-priority main
program regardl ess of the office traffic. They
must of necessity be fair ly short, since they are
perfor med eve n dur ing the busy hour . An example
of a program ass igned to thi s class is that program
which interrogates and resets the store error
counters. This must be done on a str ict schedule
to ensure meaningful interpretation of the contents
of the count er s.

8 .04 Class II programs are also ri gorously
scheduled, but at a much lower frequency.

Progr ams which must be per form ed eve ry hour ,
or at some spec ific t ime during the day, ar e assigned
to this class . An example is a program to request
routin e exe rcise of matchers.

8.05 Class III progr ams are the lowest priori ty
programs in the sys te m. These exercises

are per formed in system spare time when no other
jobs are waiting. These exe rcises ar e ord ered in
a circular list, so that when one is completed, the
next one in the list is init iated . Most of the routine
exe rcises are ass igned to this class . An example
is progr ams to verify and upda te status words in
temporary memory to insure that th ey agr ee with
the actu al system status .

DEMAND ROUTINE EXERCISE PROGRAMS

8.06 The demand routine exe rcise progr ams ar e
initiat ed upon request. The requ est can be

initiate d by the TTY or by some oth er progr am.
All automatic prog rams can be requested as demand
prog rams. Some exam ples of demand programs
are

(a) A program to remove a unit from serv ice,

(b) A progr am to restore a unit to se rv ice,

(c) A program to print out the status of a
particular unit ,
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(d) A program to print out th e conten ts of a
specified call sto re locat ion, etc, and

(e) Programs that audit the network memory.

8.07 All of the maintenance prog rams are normally
execute d by the active CC or by both the

active and standby systems. Demand routin e
exercise programs are provided to allow the execution
of almost all of these progra ms on a repeated basis
by the standby system. The need for this ability
may arise if a marginal t rouble develops which is
not detected by the diag nost ic prog rams. To run
the standby CC independently of the active CC
(that is, off-line), all that is required is to inter connect
the CCs, CSs, and PSs so that the CCs opera te
as two independent systems.

8.08 If it is desired to execute some program
cont inuous ly, star t ing at address A and

ending at address B, this could be accomplished in
the following manner . An input message would
request that the standby system execute the
program from address A to addr ess B. This
dem and exe rcise wo uld modify CS and P S
configur at ions to set up two independent systems.
The acti ve CC would stop the standby CC and
cont rol wri te the start addr ess A into the standby
program address register . It would then se t up
the breakpoint match mode to monitor address B
with the interrupt and stop standby opt ions specified .
Next , it would start th e standby CC and return
to call processing. The standby sys te m would then
beg in execut ing the progr am at address A while
th e active system ran its normal call pr ograms.
When the standby sys tem reached address B, the
act ive matc hers would be alerted, sto p the sta ndby
sys te m, and interrupt the active system with a
G-level interrupt. This interrupt program could
restar t the standby system at A and return to
call pr ocessing, etc.

9 . TRUNK AND SERVICE CIRCUIT TEST PROGRAMS

FUNCTION

9 .01 A requ est for trunk and se rv ice circuit
aut omatic testing may be originated dir ectly .

or indi rectly . Direct requ es ts ar e fro m t he
maintenan ce TTY, fr om the trunk and line test
panel, or from the main program t iming . Indirect
requests result in th e setting of a request flag in
the MACR which honors the request when higher
priority maintenan ce work has been complet ed. The
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administ ration program perfo rms the act ions required
to pre pare a circuit for testing. Cont rol is then
passed to th e diagnostic program for that particular
type of circuit. For test progr am purposes , any
circuit that has an assigned t ru nk network number
and that is connected to the trunk link network is
trea ted as a t runk circuit.

9.02 A diagnos is req uires a network connect ion
between the circuit to be tested and the

one or more test circuits . The connected test
circuits are set to their various states, and scans
are made to check the responses of the circuit
being tested. Upon complet ion of testing, th e test
results indicate whether a diagnosis passed or failed.

9.03 The administration progra m disposes of the
tested circuit by returning it to an idle list ,

by putting it on the trunk maintenance req uest
list , or by putting it on the trunk out-of-serv ice
list dependin g upon the results of the test and
upon cer ta in system conditions. A TTY mess age
is given for all failures and , in some cases, for all
tests that passed.

AUTOMATIC PROGRESSION TESTING

9.04 The automa tic progr ession testing program
is ente red from the main program on a

scheduled basis. Each time the auto matic progression
test progr am is ente red , the t ru nk maintenance
request list (TMRL) is examined for trunks that
have remained on the list since the previous ent ry
to this program. All such trunks are removed fr om
the TMRL and are identified by a TTY message
(TNOl, TN02, TN03, or TN04). The program
cont inues with an entry to the trunk network
maintenance subroutine which selects trunks for
tes ting when they appear on the TMRL. When
the TMRL tests ar e completed, trunk automat ic
progr ession testing begins . Trunks are selected
numerically in the order of their tr unk network
number s. The se lection process generally includes
idle , busy , and unassigned trunks .

9.05 The trunk network diagnostic subroutine is
entered with the selec ted trunk, and the

tr unk is prepar ed for testin g if it is idle. Control
is then passed to the par ticular diagnostic prog ra m
responsible for the circuit act ions needed to test
the se lected trunk. A trunk that passes the test
is restored to the idle list, while a trunk that fails
th e test is ente red on the TMRL. Before another
trunk is se lected for diagnosis , control is transferred

...
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to an MACR so that higher pr iori ty maintenance
work can be done be fore returning to thi s program.

9 .06 Trunks that ar e se rv ice busy, out of service,
or unassigned are passed by when automatic

pr ogr ession testing is being done; however, each
tim e an out-of-ser vice trunk is found, its t runk
network number is printed.

TESTING TRUNKS APPEARING ON LISTS

9 .07 The TMRL is a fixed length list that contains
information for five trunks. When a trunk

is to be ente re d on it, the fir st availabl e space is
used. Upon each entry of the trunk networ k
main tenance sub ro utine, t he entry app ear ing
uppermost in the TMRL is placed at the bottom
and all oth er entr ies ar e rotated toward the top.
The trunk network numb er occupying the bottom
position is given to the trunk network diagnostic
subrout ine for testin g. A var iety of programs may
request a diagnosis of a trunk by ente ring approp riat e
information on the TMRL or (2-wire ESS only) on
t he au xiliar y trunk main ten an ce list (TM LA ).
Peri odically or interl eaved with auto matic progression
testing, one of th e trunks on th e TMRL or the
TMLA is se lected for testing when an ent ry is
mad e to a t runk network maintenance subrout ine.
The se lected trunk is prepared for testing by the
t runk network diagnostic subroutine and is tested
by the diagnostic program.

9.08 Te st results are returned to the trunk
network main tenance subroutine . A trunk

that was not tested is mar ked main tenance busy
and is left on the TMRL for subseq uent retrials
or for disposition as specified by automat ic progression
testin g. Trunks that pass the test ar e idled , while
those that fail the test are ente re d on t he
out-of-service list if possible.

9 .09 Only 15 trunks can be taken out of se rv ice
by automatic t runk maintenance between

trunk networ k program entr ies . The number of
trunks that may be taken out of se rv ice in a
particular t runk group is also limited as follows:

• One trunk in grou ps cont aining one through
four t runks

• Two trunks in groups containing five through
eight t runks
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• Three trunks in groups containing nine
through tw elve t runks

• Four trunks in all lar ger grou ps .

When a limit is reac hed , addi tional failin g trunks
are returned to service .

9 .10 Test resul ts are given by a TTY message
after each test whether it passed or failed,

and the trunk is removed from th e TMRL.

9 .11 In the 2-wire ESS when th e trunks spec ified
in the TMRL have been tested , trunks

specified by th e TMLA ar e idled in memory and
in har dwar e. The list of trunks in the TMLA is
shifted to the TMRL if vacancies occur and if th e
TJlvILA contains fewer than five trunks. If both
of these condit ions are not met, t runks fr om the
TMLA are restored to serv ice un til t he condit ions
ar e met. In 4-wire ESS, trunks which ar e placed
on the TMLA ar e not handled by th e trunk and
se rv ice circuit test pr ogr ams . Instead they ar e
idled in memo ry and in hardware by a pr ogram
operating in level L independe ntl y of the MACR.
When process ing is completed , automatic progression
test ing is resu med if it had started; otherwise,
control is returned to th e MACR.

TESTING TRUNK GROUPS

9 .12 On reception of a request for testing a
trunk group , a TTY output message is

initiated to indicate that testing has star te d. In
numeri cal sequ ence all trunk network numbers in
th e office ar e exam ined, and only those number s
belonging to the requested group are tested if t hey
are idle. Test results (pass , found busy , or failure)
are printed out by th e TTY . Whe n a diagnosis is
blocked, a second attempt is made before the TTY
is acti vated . Upon completion of te sting , an
end-of-test message is printed out by th e TTY .

9 .13 Time break s are taken dur ing trunk group
testing th rough interaction with the MACR.

INTERACTION WITH MAINTENANCE CONTROL REGISTER

9 .14 Except for the funct ions perform ed on level
J, t he trunk maintenance jobs ar e relegated

to a low-pri ority program leve l. Var ious time
breaks ar e incorporated in th e trunk main tenance
program by returning control to th e MACR each
ti me a circuit has been tested or when 64 consecutive
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circuits have bee n found busy or out -of-servic e.
This ens ures that higher prior ity maintenance work
is given preference.

PREPARATION OF CIRCUIT FOR TESTING

9.15 The t runk network diagnostic subroutine is
give n the trunk network number of the

select ed trunk. The requesting program is not ified
that the test cannot be made if the trunk is busy,
out-of-service, or unassigned. Trunks that appear
idle in memory are blind idled. This procedure
sends release orde rs to all SD and CPD point s
associated with the trunk. If an automat ic diagnostic
pr ogram exists for the se lecte d circuit , that progr am
is entere d. If no diagnosis is availab le, the
requesting prog ra m is informed of that condition.
The trunk network diagnostic sub routi ne may be
entered directly from the t ru nk and line test panel
prog ram when that unit requests a diagnosis for a
par t icular trunk network number.

CIRCUIT TESTS

9.16 The test procedure for all circuits requires
connectio n to related circuits, th us setting

the circuits to their var ious states and checking
their reaction by making scans on some or on all
of the associated ferrods. Eac h individual test
program proceeds with a fixed test pattern which,
when good circuits are involved, return s a fixed
pattern of test results . The test resu lts ar e
obtained by sto ring in memory all scan results
and by stor ing an indication of the success or the
failure of hardware act ions (network operat ions,
SD operations, etc). Testing is not suspe nded at
the time a failure occurs, but only when the enti re
test procedure has been completed .

9.17 When testing is initia ted by the trunk and
line test panel, it may request a pri ntout

of the raw data as it is received by the test
progr am. This feature requires the opera t ion of
keys at the alarm, display, and control panel;
otherwise, the results produc e a trouble locating
number.

TEST CIRCUIT FAILURES

9.18 When a trunk diagnosis fails, the trouble
may be in the test circuit. The method

used to detect test circuit troubles is as follows.
Each test circuit has an associated memory bit
indicating whether the pr evious test passed or
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failed. This memory bit is updated af ter each test.
When two consecutive tests using the same test
circuit have failed, th e test circuit is ente red on
the TMRL. A diagnostic routine for the test circuit
is requested as a result of TMRL processin g, and
the test circuit is connected at random to any
available circuit of the ty pe specifi ed by th e test
prog ram. This time a failure (the third consecut ive
failure using the test circuit) causes the test circuit
to be ente red on the t runk out-of-ser vice list;
there fore, subsequent tests requir ing this test circuit
are blocked .

10 . TRUNK ERROR ANALYSIS PROGRAM (2-WIRE
ESS ONLY)

10.01 Whenever the system encounte rs a trouble
condition during call processing or routine

trunk testing, it refers any tru nk or se rvice circu it
involved in the act ion to the trunk and service
circuit maintenance progra ms for diag nosis. The
word trunk is used to include serv ice circuits or
trunk circuit s with their t ra nsmission facilit ies. If
the trunk circuit fails both the subsequent diagnostic
test and th e automatic retest , it is considered to
have a detectable faul t and the system attempts
to remove it from se rvice. On the other hand, if
the trunk circuit pass es a diag nosti c test or if for
some reason a diagnostic test is not completed,
then an er ror is attributed to the circuit. The
trunk error analysis program processes these errors .

10 .02 Trouble symptoms on trunks include netwo rk
continuity check fai lures, SD failur es, and

failures on any other peri pher al order bus act ion
when type 1 or typ e 2 failure options are used.
Other trouble symptoms include transmitter timeouts ,
int er nal circuit check failur es, invalid t runk state
conditions found by audits , receiver partial dials,
permanent signals , ·etc. Also a trunk failure dur ing
an automatic pr ogr ession test is considered a
trouble symptom.

10 .03 Afte r a t rouble occurs, many suspected
circuits will pass a subsequent diagnosis

since many trouble symptoms are independen t of
the individua l trunk circuit submit te d for test.
Each trunk circuit that passes a diagnostic test
initiated by a trouble sympto m is considered to
have been in error . A statist ical check is made
to ensur e that such a circuit is not perform ing
marg inally or that it does not have a fault which
cannot be detected by the diagno sis. All other
troub le sympto ms which do not resu lt in diag nostic
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failur es ar e also considered to be errors. Includ ed
are the cases wher e

(a) A diagnostic test is not pr ovided

(b) A diagn ostic test is blocked

(c) A diagnostic test requ est is denied on the
numb er of trunks already out of service or

on th e maintenance requ est list

(d) A diagnostic test is skipped because a trouble
condit ion is suspected in the connecting office

(that is , transmitter t imeouts).

10.04 The processing of er rors by the trunk error
analysis program consists of a relatively

simple comparison of the number of errors associated
wit h a particular trunk to the numb er of errors
occurring on other trunks in the same group . A
maximum of 20 trunks can be analyzed simultaneously.
Run ning counts are maintained on the number of
er rors occur ring on each trunk under study and
on other trunks in the group. If a sufficient
number of erro rs occurs on other trunks of the
group before a specified number occurs on the
par ticular trunk, the trunk is considered to be
norm al. On the other hand, if the specified limit
of er rors on the par ticular trunk is reached first,
the trunk is considered to have a high-error rate .
It is under stood in this determination that the
trunk has been involved in a statistically improbable
percentage of the total numb er of er rors occurr ing
in the gro up .

10.05 The validity of this method of error analysis
depends on the errors occur ring on a group

of normal (no fault) circuits that are distributed
either randomly or uniformly over th e group . In
general, this is not the dist r ibut ion case when the
system has a fixed pr efer ence for select ing trunks
of normal call usage. Unequal trunk usage implies
unequal pr obability of errors for trunks in the same
group. For thi s reason, er ror analysis is not applied
to incoming trunks or to 2-way trunks.

10.06 A high-error rate on a trunk implies either
a marginal performance or a fault undetectable

by a diagnostic prog r-am. When a trunk is found
to have a high-error rate, the trunk error analysis
pr ogram removes the trunk from serv ice unless a
maintenance limit is exceeded or unles s, at the
time the high-er ror condition is detected, the sys te m
has not completed abandoning a call involving the
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trunk. When the sys te m removes such a trunk
from ser vice , it initiates a repeat tes t of the circuit
in an effort to trap a mar ginal condition.

10.07 Because of the statistical check of trunk
errors , the need for individual trunk error

output messages is obviate d. Once daily and upon
request , this pr ogram prints the number of errors
for var ious sources . Also counts ar e made of the
disposition of er rors treated by th e t runk error
analysis pr ogr am. Although the system usuall y
selects the trunks upon which error analysis operates,
facility is also provided for manual selection.

11. LINE INSULATION TESTS ( 2-WIRE ESS ONLY)

11.01 The auto matic line insulation testing (ALIT)
program tests line insulation values . All

idle lines, except ground-start PBX lines, ar e tested .
The ALIT program may be star te d at a specified
time of day by progr am cont rol or by requests
fr om either the local test des k or the maintenance
TTY at the master cont rol cente r . The following
tests ar e performed.

(a) Short Circuit and Ring. to Ground (SRG):
This test is used to detect trouble in drop

wire and inside wire at the subscr iber 's pr emises
(leaks betwe en tip and ring) and in open wire
conductors (leaks from ring to ground). It also
checks for end point cont acto r closure .

(b) Tip and Ring to Ground (TR G) : This
test checks for trouble in the cable terminals

and the cable sheath (leak s from tip or ring to
ground).

(c) Foreign Potential on Tip or Ring (FEMF):
Thi s test is used to detect defect s in

undergr ound and in overhead cable sheaths (leaks
from tip or ring to battery).

11.02 The sensit ivity of the test circuit is var iable
depending upon the range specified and

the cross -connections of the circuit. There ar e
four test ran ges ava ilable for each of the three
sets of cross-connections .

11.03 When a line insulat ion failure is detected,
it is reported via the ALIT TTY. Since

more than one office may have access to the same
ALIT TTY, additional messages are ty ped at the
start and the end of a test cycle to identify th e
typ e of test, range, and origi nating office.

Page 17
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12. AUDIT PROGRAMS

12.01 Audit programs operate under control of
the MAC program. The function of audit

programs is to detec t and to eliminate erroneous
or inconsistent information in the CS memory. All
of the audit programs ar e scheduled by the MAC
program for routine execution throughout the day
(usually on an hour ly basis ). Most of the audit
pr ograms can be requested via the TTY. Also th e
audit programs ar e req uested by the MAC program
when program indicators warn of possible trouble .

12.02 To detect errors in the CS, audit programs
use the following methods.

(a) Compare red undant (dist inct from duplicate)
information. (Redundant information exists

if it can be found in a number of different forms
within the CS. Duplicate information exists
when an exac t copy of it is available in a PS
or in a different CS.)

(b) Determine whether portions of the information
violate certain restrictions .

(c) Compare information in the CS with associated
backup infor mat ion in the PSs .

12.03 When the audit program de tects either a
restrict ion violation or a dis agreeme nt

between redundant information , all equipment
associated with the suspect CS memory location is
made idle and is available for use when requ ired.
When a disagreement between the PS and the CS
memory is detected, the audit program corrects
the CS. Audit program results ar e printed out by
the maintenance TTY of the master control center .

12 .04 The emerge ncy action control program
combines the individual audits into groups

for use when the existence of trouble makes it
necessary to check and /or to reconstruct the
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information of certain CS are as or of an entire CS
memory . The eme rgency action control program
is nondeferrable and must be completed before
call processing can be resumed.

12.05 The audits ar e used in effecting the phases
of system reinitialization (Section 231-113-301

for 2-wire ESS or 231-413-301 for 4-wire ESS). The
phases of system reinitialization can be used only
if a working configu ration of a CC, a PS, and a
PS bus exists. In the event of severe trouble , a
working configuration is established by emergency
action circuits in the CC.

12. 06 All phases of reini t ialization are called for
by the program when certain trouble

condit ions are detected. The phases are performed
in order starting with phase 1 and cont inuing unt il
the trouble is corrected. Each phase performs a
more exte nsive operation than the pr eceding phase .
The maintenance attendant can use switches to
selec t any phase of reinitialization. The phases
should be selected in order .

13 . OFF-LINE MAINTENANCE PROGRAMS

13.01 Off-line maintenance is performed when
the CC, the PS, the PS bus, and in some

cases the CS are separated from the rest of the
system and are combined to repeatedly carry out
selected programs. Off-line maintenance is used
either to isolate marginal conditions that may be
fre quency-de pendent or to isolate mar ginal troubles
th at may be configuration-depend ent. For example ,
a high-error count may be experienced only when
a particular CC bus and a PS are used together.
The source of errors, in thi s case, cannot be isolated
by normal methods because switching out any of
the units involved causes the errors to stop. Off-line
maintenance is initiated manually via the maintenance
TTY. Appropriate tests can be performed repeatedly
off-line until the sour ce of trouble is identified.

,;

1


