






































































































































































































































































































































































































































































































































you want your message delivered. Dial the entire number exactly as if
you were dialing it directly.” The customer then enters the telephone
number, and it is spoken back to the customer for verification. The
verification response states, “The number to which you want your
message delivered is (number entered).” If incorrect, the customer
may reenter the telephone number by following error correction pro-
cedures.

The customer is then asked to choose between Customer Specified
Delivery (csp) or Service Specified Delivery (ssp) by entering the
appropriate control digit. The announcement states, “If you wish to
select the time you want your message delivered, please dial the
number 9. If not, please dial 7.” If csD is selected, the service prompts
the customer to enter the time of day (hours and minutes and a.m./
p.m. indication) at which the first attempt to deliver the message is to
be made. The service asks the customer to, “Please indicate in your
local time when you want your message sent. First dial the hour and
the minutes. Then dial A for a.m., or P for p.m.” (Twenty-four hour
time notation is not used by the service since tests show a very large
error rate with that time convention.) The time entered by the cus-
tomer is spoken back for verification. The announcement states,
“Thank you. The time you want your message sent is (day of week)
(time) (a.m., p.m., noon, or midnight)” for example, “Thursday—3:15
p.m.” Customers may only enter delivery attempt time within 24 hours
of the current time of day. If a customer does not wish to specify the
time (i.e., chooses ssp), the first attempt to deliver the message is
made 15 minutes after the message is entered, but no attempts are
made during the late night hours.

The customer is then prompted to record the message. The service
prompt states, “When you hear the tone please record your message.
You will have (number) minutes of recording time. After recording
your message, please dial 2 to approve it for delivery.” The actual
maximum length of a message is a service parameter to be adjusted as
experience is gained with the service. Initially, a 1-minute message is
planned for ac service. The message must exceed a 1/2-second mini-
mum message length, and the recording will end if the maximum
message length is reached or the customer remains silent for 3 seconds
(whichever occurs first). If the customer dials 3, the message is then
played back for verification. The service prompt states, “(tone) Thank
you. Your message will now be played back for your approval. After
hearing your message, you may approve it for delivery by dialing the
number 2. If you want to re-record your message, dial the number 6
(tone).” The playback of the recorded message begins within 1 second.
When the customer dials the number 2, the message is scheduled for
delivery.
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Whenever a customer makes a mistake detectable by the system, an
appropriate prompting announcement informs the customer of the
mistake made and voice-responds any information entered. For in-
stance, if a customer entered only six digits of a telephone number, the
service would respond with, “We’re sorry. You have not dialed enough
digits. The numbers you dialed are (numbers).”

The service duplicates the recorded message for reliability, schedules
the delivery of that message at the appropriate time, and records
necessary information for future billing purposes.

Xl. DELIVERY PHASE

If the customer specified the delivery time, (Customer Specified
Delivery, csp), the first attempt to deliver that message is made at
that time. If the customer selected System Specified Delivery (ssp),
the service will schedule the first attempt 15 minutes after the message
is entered, unless the time falls into a nondelivery time period. Selected
hours during the day may be specified as nondelivery periods for ssp
messages. Typically included are the late night hours (10 p.m. to 7
a.m.) in the time zone where the message will be delivered. In addition,
retry attempts for ssb messages will not be made during central office
busy hours where the call originates. For both csp and ssp, no delivery
attempts will be made during an administrative period lasting 10
minutes at midnight.

The tentative time for the first delivery attempt, ¢, is given by:

J T + 15 min (=0, +15 min) SSD
L= ,

l T (—0, +5 min) CcSD
where

T = time of message entry into AC

T' = customer-specified delivery time.

As referred to above, ¢, is only a tentative first delivery time because
it may be necessary to adjust ¢; to avoid nondelivery periods. The
exact time for the first delivery, Ti, is determined from ¢ by the
algorithm in Fig. 2.

At the time of delivery, the service places a call, over the regular
telephone network, to the telephone number specified by the customer.
Voice-presence circuits will “listen” to the call progress tones associ-
ated with the call attempt, and the service will be able to determine
the status of the call. It will know that a busy or reorder condition was
reached or that the called number is ringing. Any other call condition
that might be reached is treated as a ringing connection. If the call
attempt reaches busy, the attempt ends and a record is made of the
busy condition. If a ringing connection is reached, the service will wait
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11:66 PM <1t
<12:05 AM
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nTH ATTEMPT
Th=tp ) T, = EXACT TIME FOR
nTH ATTEMPT

Fig. 2—Delivery time algorithm (find 7, from ¢,).

for approximately 30 seconds (five ringing cycles) for answer before
abandoning the attempt and records the no-answer call condition. The
time of the next attempt is then calculated.

The algorithm for determining the next attempt time considers how
many attempts have already been made, whether the previous attempt
reached busy or a no-answer condition, and whether csp or ssD was
selected. In general, the time between attempts gets longer as the
number of attempts increases. Advance calling will make from six to
ten attempts in no more than 13 hours for csb and in no more than 24
hours for ssp. It was felt that if a customer specified the time of
delivery, the message was important and, therefore, delivery should be
attempted more frequently.

To determine the tentative time of the next delivery attempt, ¢,,
whenn # 1
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tn = n—1 + Atﬂa

where At, is found in the appropriate Delivery Time Table in Tables
11 and III. Based on the call condition reached on the previous attempt
and whether a csD or SsD message is being processed, select from the
Delivery Time Table the appropriate time interval and add it to T-1.
The Delivery Time Tables also include a range adjustment factor to
allow the service to smooth out traffic loads over time periods to
prevent peaking of call attempts.

In addition to the time-table calculations for ¢, several other con-
ditions must be evaluated:

(1) The total number of attempts, N, for any message cannot
exceed 10.

(if) If attempt n encounters a busy after attempt n — 1 encountered
a no answer, set n = 2. This allows for a faster retry on the next
attempt to increase the probability of delivery since it appears that
the customer is now home but busy on the telephone.

(iii) When the above adjustment has been made, but the next call
attempt encounters a no-answer condition, set n = N — 1, allowing the
service to extend the time of the next attempt since it appears that the
customer is really not available.

(zv) If there have been three consecutive no-answer conditions and
the last attempt occurred between 11 a.m. and 2 p.m., add an additional
3 hours to ¢, calculated from the table. This allows the service to move
several call attempts into the evening hours to maximize the probabil-

Table ll—Delivery Time Table—CSD

t, if attempt n — 1 reached

(minutes)
n Busy No Answer
2 5 (—0,+5) 30 (—0,+15)
3 10 (—0,+5) 60 (—15,+15)
4 15 (—5,+5) 60 (—15,+15)
5 20 (—5,+10) 90 (—15,+30)
6 25 (—5,+10) 120 (—-15,+45)

Table lll—Delivery Time Table—SSD
t, if attempt n — 1 reached

(minutes)
n Busy No Answer
2 15 (—0,+15) 60 (—15,+30)
3 30 (—15,+15) 120 (—15,+30)
4 60 (—15,+15) 180 (—15,+45)
5 75 (—15,+30) 180 (—15,+45)
6 90 (—15,+30) 240 (~—15,4+60)
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ity of delivery to customers who work during the day and are home
during the evening.

Once ¢, is determined from the Delivery Time Tables and the
additional constraints above, T, is calculated from ¢, by the algorithm
in Fig. 2.

The generation of the delivery algorithm for ac was based on
evaluations of network completion studies and studies of calling habits
of telephone customers. But at best, the delivery algorithm is a “best
guess.” As AcC service is used by customers, detailed data on call
attempts, time of day, and busy/idle conditions reached will be re-
corded and analyzed. Results of that analysis will be used to modify
the delivery algorithm to maximize the probability of delivery with the
fewest number of attempts.

When the called telephone is answered on any delivery attempt, the
answering party is greeted by a service Logo and a standard announce-
ment identifying the call as Ac service and explaining that a recorded
message will be delivered if the customer will continue to listen. The
announcement states, “This is the Bell System Advance Calling Ser-
vice with a personal message recorded earlier for delivery to you. If
you stay on the line, your message will be played three times.” The
message is then delivered for the customer.

The message is considered delivered if the customer hangs up during
the introductory greeting or the delivery of the message. No further
attempts will be made. The service will record, for billing purposes,
the length of the call made to deliver the message.

Xil. DELIVERY STATUS CHECK

A unique aspect of Ac service, is that customers may check on the
delivery status of their messages up to 48 hours after the message is
entered into the system. A customer may check the status of a message
or messages by dialing a Delivery Status Check access code (Table I)
from the same telephone where the message was originated. If a
message or several messages exist for-a single destination, the status of
each message will be returned with an indicator of the day and time
each message was entered into the system (ie., “your message of
Thursday 3:15 p.m. was...). If messages have been recorded for deliv-
ery to several telephone numbers, the customer is asked to enter the
telephone number of the message for which the status is desired. The
appropriate status is then returned.

For each message status requested, one of five possible responses is
given:

(Z) The message could not be delivered (the service has stopped
all further attempts);
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(if) The message has not been delivered, but further attempts are
continuing;

(iit) The delivery call was completed, but the called party hung up
before the message was delivered;

(iv) The message was partially delivered when the called party
hung up; or

(v) The entire message was delivered.
When a delivery call is completed, the day and time of the completion
is included in the status report.

Another feature of Ac is that when a customer receives a status
report that a message has not yet been delivered, the customer may
cancel any future delivery attempts for that message by dialing the
cancel code, 0. The service then verifies the cancellation of a message.
The status of messages remains available to customers until a delivered
or undelivered status is reported to the customer or until 48 hours
have elapsed since the message was recorded. The actual message is
erased when delivery is made or when no further attempts to deliver
are to be made.

Xiil. BILLING

There are two parts of the billing for Ac service. Customers are
charged for entering a message into the service, regardless of the
outcome of the delivery attempts. This message recording charge
covers the cost of recording, all delivery attempts, and one status
check. Additional status checks are charged on a per-call basis. Cus-
tomers are also billed at standard call rates in effect at the time of day
the message is delivered for any local message unit charges or toll
charges associated with any delivery attempt that is completed.

XIV. CUSTOM ANNOUNCEMENT SERVICE

Custom Announcement Service (cas) will provide customers, mainly
small businesses and community organizations, with a low traffic
announcement service. The service operations are identical to ca
service, except that callers cannot leave messages and the customer’s
telephone is never rung while the service is active. Customers may
activate or deactivate the service at any time by dialing the proper
access codes (Table I). During activation, a customer records the
announcement desired.

The cas offers the customer the advantage of having the telephone
completely free for making outgoing calls. It also allows customers to
specify how many simultaneous calls would be answered by cas. When
cas i1s combined with Remote Access (to be described next), a customer
may set up a recorded announcement service on a telephone number
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without actually equipping that number with a telephone. The service
would be controlled from any other telephone using remote access
procedures.

XV. REMOTE ACCESS

The above description of cA, Ac, and cAs has assumed that the
customers only access the service from their homes or business tele-
phones. But there is an identified need for customers to be able to
access their services when they are away from their regular telephones.
A Remote Access (RA) feature is available for cA, Ac, and cAs, which
will permit customers to access their services from any DTMF signaling
telephone.

Each customer who selects the ra feature must use a customer-
changeable, variable-length (maximum nine digits) Privacy Code (pc)
so that the service can identify the customer. In addition, customers
are given a special seven-digit telephone number which they can call
when RA is desired. All customers in the same central office code (the
first three digits of a telephone number) will use the same RA telephone
number.

When a customer wants to access a service from a telephone other
than the telephone on which the service is active, a call must be placed
to the special RA telephone number (plus area code if needed). This
call will be a charged call with the appropriate local message unit or
toll charges applied. Upon terminating to the service, customers will
be prompted to enter their home or business telephone number and
their pcs. This must be done using DTMF signaling. The service will
check the telephone number and the Pc entered. If a match exists, the
customer is prompted to enter the access code for any service desired
(see Table I).

If a match does not exist between the telephone number and the pc,
the caller is given a second try. If the second try fails, the caller is
disconnected from the service. To deter attempts to “break” a pc (over
one billion combinations possible) and gain unauthorized access to a
customer’s service, records are kept on the number of error attempts
made over some time interval. When a preset threshold is reached, rRA
capability is turned off for that telephone number for some period of
time and is then turned on again.

Once customers properly complete the pc check, they enter service
access codes and have complete control over their services just as if
they were at their base telephones. The only restriction imposed is
that customers must use DTMF signaling to control the services via RA.
A customer may access CA service to turn it on or off, retrieve messages,
or change a personal greeting; Ac service to send a message, check on
the status of a message or cancel a message; or CAS to turn it on or off
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to record a new announcement. Note, that a customer must subscribe
to RA on a monthly basis, but via RA, a customer could access and use
DCA service.

When an RA customer first subscribes to the service, the Boc assigns
a null pc. This permits the customer to gain initial access to the
service. When customers pass the Pc check using the null pc, they can
dial the Privacy Code Change (pcc) access code (Table 1) and input
any new PC desired. By using the pcc feature regularly, customers can
repeatedly change their pcs. Further, no Boc records are made of
customer’s PCs.

For all services, RA may be assigned to a telephone number without
actually having a telephone equipped on that line. This is very attrac-
tive for Ac since it allows customers in areas where Ac is not directly
available to send Ac messages via RA. To allow customers to make
efficient use of RA for AcC service, an additional “recycle” capability
was designed. At the end of the message recording phase, when a
customer would normally have been disconnected, provisions have
been made to allow customers to enter the Ac access code again to
“recycle” back to the beginning of the message recording sequence so
that a second message could be sent via the same RA call. Recycle is
also available during other phases of Ac service. Thus, with the recycle
capability a customer could, on a single RA call, send several aAc
messages, check the status of previous messages, cancel previous AC
messages if not yet delivered, and retrieve ca service messages from
storage.

As experience is gained with customers using R4, the remote access
procedures described here may be extended to other ccs services, e.g.,
Call Forwarding.

XVIL. THE FUTURE

The new services described in this paper offer the telephone cus-
tomers new and unique communications services. They allow cus-
tomers to make more efficient use of telecommunications. These initial
services establish a solid foundation on which to build future improve-
ments and additional capabilities. The extent to which these services
are enhanced will be directly determined by the customers themselves.
Many enhancements have already been studied and defined for ca and
Ac services. The development only awaits customer feedback from the
initial services.

One thing is certain for the future. The technology used to provide
these new services offers potential for other services that will have an
impact on the way people will communicate with each other.
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1A Voice Storage System:

Architecture and Physical Design

By R. G. CORNELL and J. V. SMITH
(Manuscript received July 31, 1979)

To provide new basic capabilities associated with the Custom
Calling Services II (ccs II) feature package, a new system has been
developed. This system, the 1A Voice Storage System (1A vss), is a
generalized resource with the ability to receive, store, administer,
compose, and deliver voice messages or announcements. The capacity
of this system is such that it can provide ccs II services on hundreds
of simultaneous calls and serve tens of thousands of concurrent
subscribers. In this article, the circuit architecture and physical
design of the 1A vss is described.

I. INTRODUCTION
1.1 Background

Custom Calling Services now available to electronic switching sys-
tem (ESS) customers have been implemented through software features
and the existing switching periphery associated with the Ess system
itself. However, the new Custom Calling Services II (ccs II) feature
package for No. 1/1A Ess customers has created the need for a new
functional capability not available in the existing plant: high-capacity,
high-availability, and rapid-access voice storage. Additionally, the
complexity and real-time processing demands of ccs II creates the
need for auxiliary processor support for the implementation of these
services. In response to these needs, a new node in the Stored Program
Control (spc) network has been developed: the 1A Voice Storage
System (1A vss). The 1A vss is a generalized resource with the ability
to receive, store, administer, compose, and deliver voice messages or
announcements. The capacity of the 1A vss is such that it may be
deployed in a centralized fashion, each system serving tens of Ess

841



Central Offices, hundreds of simultaneous calls, tens of thousands of
concurrent subscribers to ccs II features, and a total community (via
subtending Ess offices) of hundreds of thousands of lines.

Il. SYSTEM ARCHITECTURE
2.1 Basic structural concepts

The basic attributes of the 1A vss are that it is a self-contained
stored-program-controlled entity in the spc network, that it intercon-
nects with subtending No. 1 Esss via trunks, and that it provides
random access from these trunks to a massive voice storage medium.
Special new services utilizing these resources are implemented by spc
within the 1A vss. It follows that 1A vss embodies many of the
structural and operational attributes of an Ess. The basic components
of the 1A vss architecture (Fig. 1) are a switching network, highly
specialized trunk circuits called voice access circuits (VACs), an ensem-
ble of high-capacity storage devices and their controllers, a central
processor and program/data store, a peripheral controller, and an
ensemble of service circuits and data set controllers.

Although 1A ‘vss interfaces to No. 1 Ess via analog trunks, all
internal switching and storage of voice is implemented digitally. To
support this, each vAc is equipped with a Coder/Decoder copEc which
transforms analog voice to/from a digital representation. The digital
bitstreams associated with encoded voice are switched via the digital
network to storage media controllers, and ultimately to the media
itself. Voice storage is implemented digitally via high-capacity moving-
head disk transports. Moving-head disk transports provide high-speed
random access to stored messages such that the delays experienced by
humans after requesting message playback are barely perceivable.

A major objective associated with the 1A vss development has been
to minimally impact the design of the Ess offices to which the 1A vss
interconnects. The 1A vss and each subtending Ess must intercom-
municate frequently to coordinate their efforts toward the implemen-
tation of service. Rather than defining the need for a new data link to
be established in the Ess to effect this communication, interoffice
signaling is implemented via multifrequency (MF) tone packets. The
switching network (Fig. 1) is used to establish a path between the
relevant trunk and one of the 1A vss service circuits. Once the
interoffice signaling phase of a call is complete, the network is used to
reswitch the trunk to an appropriate storage controller.

Because the customer may control [via dial pulse or dual tone multi-
frequency (DTMF) signaling] the operation of 1A vss at any time during
a call, a pT™MF/dial pulse receiver is permanently assigned to each vac.
This implies a tremendous scanning and control load associated with
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the 1A vss periphery. Much of the burden of peripheral control has
been implemented via microprocessors distributed throughout the
periphery itself. Each storage controller is microprocessor controlled,
as is the peripheral controller. Each of these processors communicates
with the central control via a functional command language which
minimizes both the frequency of communication and the amount of
central control real time devoted to peripheral control. This provides
the central control with the additional real time required to implement
the complex ccs II services.

The 1A vss exists within the spc network as a self-contained office.
As such it has been designed to meet the reliability standards estab-
lished for Ess offices. These standards include reliability and maintain-
ability features in both hardware and software that ultimately limit
system downtime to mere minutes per year per system. Specific
hardware features include duplication of critical units, each imple-
mented with self-check logic design to enable fault detection. The spc
of 1A vss is the Auxiliary 3A Processor which was originally developed
for the No. 3 Ess and No. 2B Ess systems. All signal paths experience
an automatic loop-around test immediately before they are switched
into a voice path. All programs and data stored on processor memory
or disk are duplicated. Voice messages are also duplicated.

At the system level, 1A vss incorporates data links to the Switching
Control Center (scc) for remote fault monitoring and control, to the
automatic message accounting recording center (AMARC) for automatic
message billing features, and to Engineering and Administrative Data
Acquisition System (EADAS) for traffic analysis purposes. The 1A vss
trunks are automatically diagnosed via the centralized automatic re-
porting on trunks/remote-office test line (CAROT/ROTL) system.

2.2 The voice access circuit

Each trunk appearance at the 1A vss terminates a vac. The vac
(Fig. 2) consists of a trunk circuit, a DTMF and dial-pulse receiver, a
voice-presence detector, an automatic gain control (Acc) circuit, an
analog to/from digital cobkc, and a high-capacity, two-port FIFo
buffer. Each function of the vAc is under the control and surveillance
of the central processor via a microprocessor-based peripheral con-
troller (pc). The vacs and Pc communicate via a synchronous, bit-
serial message protocol through transmission over an internal distri-
bution network.

The 1A vss vacs utilize standard Type II E&M trunk circuitry and
are available in 2- and 4-wire versions.

An AGc circuit is included to provide for constant playback sound
level for both prerecorded announcements and prompts and for mes-
sages recorded directly from customers. The AGC circuit also meets a
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transmission requirement that all messages be played back at —20 vu
(measured at the vac trunk port) to assure that customers hear 1A
vss playback at a pleasing level, regardless of variations in level at the
time of message recording. The AGc circuit is under program control
in that its function may be defeated at the command of the pc. In the
disabled mode, the aGc circuit provides a fixed gain, enabling trunk
maintenance testing.

At the time of the message’s recording, the speaker may leave
periods of silence preceding and following his message. These periods
of leading and trailing silence are detected and removed by 1A vss to
provide for a pleasing and efficient playback. The voice-presence
detector in the vAC seeks to distinguish between signals with the
characteristics of voice and signals with the characteristics of noise.
Additionally, the voice-presence detector reports “voice present” for
continuous signals at high levels to allow for the storage of frequency
shift keying (FsK) encoded data. The voice-presence detector functions
by observing the rate of change of the envelope surrounding the
incoming analog waveform. A nonvarying or slowly varying envelope
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indicates steady-state background noise or line noise. A rapidly varying
envelope indicates voice. The output of the voice-presence detector is
used for the deletion of leading and training silence from messages as
will be described later.

Because ccs II customers may signal vss for control purposes by
dialing digits at any time during a call, a DTMF and dial pulse signaling
receiver is permanently assigned to each vac. To overcome the cost
penalties of a per-trunk assignment, a new low-cost integrated circuit
DTMF and dial pulse receiver has been developed for 1A vss. The
receiver is based on charged-couple device (ccp) filter technology and
eliminates the need for bulky rRc networks. This new receiver performs
at a level of quality equivalent to that of standard central office
receivers in approximately an order of magnitude less space and at
significantly lower cost. The logic circuitry associated with this new
receiver also receives as an input the incoming E-lead signal over
which dial pulses from the subtending Ess are repeated. The receiver,
upon detecting E-lead activity begins to count dial pulses. Once a valid
dial pulse digit is received, the receiver reports the digit as though it
were a DTMF digit. Thus, the vac, Pc, and central processor are
insulated from the distinction between customer DTMF signaling or
dial pulse control. The receiver queues two received digits until the pc
interrogates it in order to lessen the scanning load on the pc. The
receiver also provides an “early detect” output signal when it begins to
observe a DTMF or dial pulse digit as an aid to the record/playback
control over messages, as will be described later in greater detail. Once
a digit is fully verified, a second “digit present” output is raised to
inform the pc that the receiver should be read.

The vac receives its control via a bit-synchronous serial data trans-
ceiver. Each transmission by the Pc consists of a 27-bit word, contain-
ing 11 address and parity bits and 16 command and status bits. Each
transmission to the vac is followed by a return transmission to the
peripheral controller. The bits associated with commands to the vac
are retransmitted back to the peripheral controller in the follow-on
reply to allow for transmission error checking by the peripheral con-
troller. .

Voice signals to be stored are encoded digitally into a bit serial
format at 32 kb/second by an Adaptive Delta Modulation (Apm)
coDpEc. This copEC, originally designed for the Subscriber Loop Car-
rier-40 system, is driven at its level of optimal performance by the acc
circuit which precedes it. Extensive subjective testing has shown that
this ADM cODEC with Acc performs at a level of quality comparable
with that specified as the Bell System standard for transmission. Upon
recording, digitally encoded voice is loaded into a two-port FIFo buffer
at the copEc bit rate. When a sufficient number of bits have been
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stored to fill the message storage portion of a disk track (155,078 bits)
the disk’s controller establishes a path through the network between
the buffer and a disk transport and transfers the track’s worth of bits
at the rate of approximately 10 Mb/second. The buffer must be
serviced only once every 4.85 seconds, and hence the disk’s controller
must be connected to the buffer relatively infrequently. This frees the
disk’s controller to simultaneously serve the needs of many buffers.

The buffer circuit organizes incoming digitally encoded voice into
1024-bit blocks. Each block consists of 1007 bits of digitized voice, 16
bits generated by the buffer’s cyclic redundancy (CRc) generator for
the purpose of error detection over the block, and one “voice presence
in this block” bit as received from the voice-presence detector. The
cRc character is checked by the disk’s controller upon transmission to
the disk as an error check over the switching path. Upon playback, the
disk’s controller again checks the CRC characters to verify the integrity
of the disk medium. As the message is sent from the buffer to the
CODEC, the CRC characters are again checked and stripped out of the
bitstream. This again checks the integrity of the transmission from
disk controller to buffer, plus the buffer’s memory.

Once the buffer is told by the system to begin recording a message
sent from the cobpEc, it will actually enter a “pseudo record” mode
until the voice-presence detector indicates “voice present.” In this
mode, it records bits but discards them after approximately 120 ms.
When the voice-presence detector indicates the presence of voice, the
buffer ceases to discard bits and records continuously. This feature
eliminates “clipping” of the message potentially introduced by the
operational delay of the voice-presence detector.

In the event that a customer should seek to control 1A vss through
DTMF or dial pulse signaling while recording or playback is in progress,
the pTMF/dial pulse signaling receiver sends a “freeze” command to
the buffer. This prevents the customer from losing any of his message
while signaling. The receiver’s “early detect” output is sent to the
buffer and, when active, causes the buffer to suspend its activity. If a
“digit present” signal does not follow, the buffer is immediately
“thawed.” If a digit is detected, the Pc and central processor may elect
to force the buffer into the “thawed” mode if appropriate (the cus-
tomer’s digit may, however, be a request for some other action on the
part of 1A vss).

Because of return loss in the trunk circuit and because of transmis-
sion echos, a recorded pDTMF digit may be fed back into the receiver
and be perceived as a customer-initiated signal. To prevent this, the
“early detect” signal freezes the buffer, while the receiver continues to
listen for pTMF signals. If a DTMF signal is detected while the buffer is
“frozen,” the signal must have originated from the incoming line and
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not from the message being played back. If the signal originates from
the recorded message, the receiver suspends its operation for several
hundred milliseconds to lessen the frequency of interruption of the
recorded DTMF signals.

All vac circuitry, including the buffer, is implemented on two 8- by
13-inch circuit packs. Thus, the plug-in VAc circuit pack represents the
growth circuitry on an engineering basis for expanding offices.

2.3 The storage media controller

The functional responsibilities of the disk’s controller clearly go
beyond that of a computer disk controller. This device, named the
Storage Media Controller (sMc), exerts control over the disk media -
attached thereto, over buffer circuits, and over the electronic switching
arrangement that interconnects buffers and smcs. The sMc is a micro-
processor-based controller endowed with considerable intelligence and
autonomy. The sMcCs communication with the central processor is at
a high functional level designed to minimize the frequency of com-
munication with central control and to minimize the real time invested
by central control over the detailed operation of its periphery. In this
realm, the sMc might receive a work order from the central processor
requesting that it play the message beginning at physical location x of
its disk media to customer y, who is connected to vAc z. The smc then
accesses the data associated with that message, performs security
checks to assure that proper data are being accessed, verifies the
integrity of the signal path to the required vac, and begins to transfer
digitally encoded voice to that vac. This digitally encoded voice is
physically realized as many segments of data (see Fig. 3), each segment
consisting of 4.85 seconds of recorded voice and 256 bytes of control
data. These data include the identity of the customer to whom the
message belongs, forward and backward linked list pointers to the next
and previous segment of the message, and miscellaneous data regarding
the status of the segment. The sMc uses the linked list pointers to
manage the playback of an entire message autonomously, and reports
back to the central processor when it detects “end of message.”

A similar function is executed upon message recording, whereby the
central processor furnishes a set of disk storage locations that is
available for recording purposes. The sMc manages the building of the
data portion of each segment as it is recorded.

The smc performs somewhat differently in order to compose
prompts or system announcements. Digitally encoded voice fragments,
each consisting of 63 ms of sound, are “stitched” together by the smc
to create complete phrases. The central processor sends the sMC an
ordered set of pointers to many fragments that, taken together, forms
a particular phrase. The sMmc then seizes the appropriate VAC circuit,
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Fig. 3—No. 1A vss disk data format.

accesses the fragments from among its disk population, and stores the
fragments contiguously in the vAcs buffer circuit. The short duration
of the speech fragment, taken together with the vast number of
fragments that can be stored in the smcs disk population enable an
automatic message composition capability of exceptional quality, var-
iability, and scope. For example, all prompts could be duplicated in
several languages, with the target language selected independently for
the requirements of a particular call.

The sMc executes trailing silence deletion from recorded messages
as a post-processing operation. After a message has been completely
recorded, the sMmc is instructed by the central processor to autono-
mously begin with the last segment of a message, inspect it via the
stored “voice-presence” bits for the presence of voice, and to delete
segments that contain no voice. When the last segment containing
voice is identified, its data field is updated to reflect this fact, and to
indicate the exact location within the segment of the “end of voice.”
Upon message playback, the smc will transmit all bits in segments
until the last segment is reached. At that time, only those bits preced-
ing end of voice are transferred to the vac buffer.

The smc has the capacity to accept work lists from the central
processor to conduct up to 80 concurrent record, playback, or compose
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operations. To implement this, the sMc scans the number of vacs
assigned to it at any point in time and schedules disk data transfers for
those buffers currently in need of service. The vacs that are assigned
to a particular sMc at any point in time is a function of system load
only. These vacs may be any subset of the total vAc population, and
the members of this subset change dynamically with time. For exam-
ple, if a customer is hearing the playback of six messages in sequence,
each of these six messages may have been sent to the vac associated
with that customer by six different smcs. Thus, that vAc moves from
the work list of one sMc to the next as playback proceeds.

The order in which the sMc serves vAcs is determined by the
locations on disk of the stored segments of data associated with those
vacs. The sMmc schedules data transfers according to an algorithm
which minimizes disk head travel and, thus, maximizes the number of
transfers that can be conducted in a given period of time.

In addition to managing the transfer of digitally encoded voice to
and from VACs, the sMcC serves as a traditional disk controller to serve
the central processor’s bulk data needs. Data are stored on the same
disk media used for voice messages, with special track header fields
used to distinguish between locations used for data and locations used
for voice. The amount of storage space allocated for voice and for data
changes dynamically as a function of system operation and load.

Messages are duplicated to ensure message reliability in the event
of a disk transport failure. A message is duplicated after it has been
completely recorded and all silence-deletion post processing is com-
plete. A message is always duplicated onto a disk transport associated
with an sMmc different from that of the original recording. Message
duplication is initiated by the central processor causing the initial sMc
to seize an idle vac and to move the first segment of the message to
that vac’s buffer. A second sMmc is then directed to read the vacs buffer
as though it were an incoming message. This process is repeated until
the complete message is duplicated. Because the buffer is filled and
emptied at the high bit rate associated with buffer to/from smc
transmission, the duplication process transpires at a fraction of the
time that was required for the initial message recording.

Each sMc equipped in the 1A vss may control up to eight disk
transports. The fully equipped 1A vss has eight smcs associated with
it. The disk transports will be described in detail later in this article.

2.4 Switching within 1A VSS

There are two electronic space division switching entities associated
with the 1A vss as shown in Fig. 4. The first is a nonblocking Time-
Multiplexed Space Division Switch (TMsps) which serves to intercon-
nect vacs with sMcs. The second is an engineered blocking electronic
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Fig. 4—No. 1A vss network implemented.

space division switch, called the Service Circuit Access Matrix (scam),
which serves to interconnect vacs with service circuits and test circuits.

The T™sDS is under the combined control of the ensemble of sMcs.
Each smc utilizes the TMSDS as a time-multiplexed switch with regard
to data transfer to/from up to 80 vacs on its work list. Each smc
continuously and sequentially steps through paths to those vacs to
interrogate the readiness of each vac’s buffer to conduct a transfer of
digitally encoded voice. When a buffer is in a state of readiness, the
sMmc schedules the transfer according to the current location of the disc
track to be used, relative to the current position of the disk’s moving
head carriage. When the disk is ready for data transfer, the sMc uses
the TMsDs to establish a path to the buffer and transfers 157,696 bits
(including encoded voice, check bits, and voice-presence bits) in ap-
proximately 17 ms. Completing this transfer, the sMc progresses to its
next active VAC to effect a similar transfer.

The TMSDS is utilized simultaneously in a manner as described above
by as many as eight smcs. The sMcs operate completely asynchro-

VOICE STORAGE SYSTEM—ARCHITECTURE 851



nously with respect to each other and, thus, the TMSDS is under the
control of as many as eight independent entities. T'o prevent collisions
of control and/or “lock-up” situations, the TMSDs has integral control
circuitry which adjudicates conflicts of control among the smcs, such
as may occur during circuit failures, or during the duplication of voice
messages.

A request for access to a vac by one smc, while a second sMc is
using the VAC causes the TMSDS to put the second request into a “wait”
state. The second sMC may wait until an internal time-out occurs at
which time it either retries the attempt or determines that a fault has
occurred in the TMsDS.

The scaM is a two-stage space division electronic switch engineered
for 0.001 probability of blocking under peak load. The scam is con-
trolled by the microprocessor-based peripheral controller in a manner
analogous to network control in an Ess. All paths in the scam are
automatically verified after set-up but before the signal path is com-
pleted by a signal loop-around test conducted between the vac and a
“hair pin” in the selected service circuit port.

2.5 The peripheral controller

A microprocessor-based pc has been included in the 1A vss archi-
tecture for the purpose of relieving the central processor of the respon-
sibility for scanning. This peripheral controller also is responsible for
the scaM as previously noted. As described earlier, the PC communi-
cates directly with vacs via a bit-serial communication protocol utiliz-
ing a 27-bit word transmitted to and/or from each vac or scam. This
word includes commands to the vAc (or scam) and received status
from the vac (or scam). Additionally, each command sent by the pc to
the vac is acknowledged by the vac in a response transmission. This
provides a checking function to ensure reliability of transmission.

A loop-around transmission is conducted every 40 ms by the pc with
each vac. This serves a basic scanning function associated with trunk
status and DTMF signals or dial pulse digit reception. (The pTMF
receiver of the vacs queues digits and E-lead signals to permit this
relatively slow scanning rate.) Additionally, the pc may be directed by
the central processor to perform special communication with vAcs at
any time in order to effect changes in the state of the vac (e.g., wink
to the Ess, disable the AGc circuit, freeze the recording process).
Certain “histories” of events are recorded by the Pc for periodic
transmission to the central processor. This is exemplified by a history
of voice-presence activity seen by each vAc to simplify “time-out-on-
no-voice” processing within the application software. Associated with
this function, the pc samples the voice-presence detector of an active
vAC once each 40 ms and builds a file which documents voice-presence
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activity over intervals of hundreds of milliseconds. The central pro-
cessor periodically interrogates the Pc to access voice-presence history
files and, thus, is not forced to scan the pc at a high rate to implement
a time-out-on-no-voice function.

The pc is duplicated for reliability purposes with one unit active and
the other unit in a standby state. The Pc incorporates a master clock
which controls the population of conpEcs. The master clocks of each pc
are interconnected in a special arrangement which causes high-speed
autonomous switch-over from the clock of the active pcs to the clock
of the stand-by Pcs upon the failure of the active clock of the pcs. This
switch-over precedes the follow-on switch of pcs themselves, which is
initiated by the central processor. Thus, a master clock failure does
not cause even a momentary system outage because of loss of the
coDEC clock. A pc failure is detected by self-check circuitry in the pc
and reported to the central processor. The central processor, thus,
directs the standby Pc to become active. The newly active pPc then
determines the state of the periphery and assumes control.

2.6 Central processor

The central processor used in the 1A vss is the Auxiliary 3A
Processor (aP). Various versions of this processor are also used in No.
2B Ess, No. 3 Ess, Transaction Network System,! and No. 5 Crossbar
Electronic Translator System. The AP has the general attributes of a
minicomputer with the added reliability of duplicated processors,
memory, 1/0 controllers, and communication buses. Self-checking cir-
cuit techniques enable the AP to have rapid fault detection and
reconfiguration.

Three types of frame, the AP frame, the supplementary main store
frame, and the maintenance frame comprise the central processor for
1A vss. The Ap frame consists of duplicated 3A central controls,
duplicated semiconductor memories and 1/0 controllers. The supple-
mentary main store frame consists of additional semiconductor mem-
ory. The 1A vss uses 768K 18-bit words of memory with the capacity
to grow to 1024K words of memory. The maintenance frame consists
of a system status panel, two cartridge tape units used for loading
programs, and teletypewriter equipment.

2.7 Moving-head disk transports

The storage medium employed by the 1A vss consists of an ensemble
of moving-head disk transports, each with a storage capacity of 300
million bytes of digital memory. This translates into a total voice
storage capacity per disk of approximately 21 hours.

The disk media itself consists of 11 platters mounted on a single
rotating shaft. Nineteen of the surfaces of these platters are useful for
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data storage and each is served by a read/write transducer. The many
transducers, or heads, are mounted on arms which extend into the
assembly of platters, and the arms are fastened to a common moving-
carriage assembly which positions the heads radially on the surface of
the platters. The access time to a particular datum is a function of the
current position of the carriage with respect to the physical location of
the datum on the platter. It is to minimize track access response time
that a minimal head travel algorithm was selected to dominate control
over job sequencing within the smc.

The reliability of the 1A vss is influenced by the reliability of the
alternating current power which serves the disk transport community.
To provide virtually disturbance-free power in the face of the uncer-
tainties of commercial power service, a new uninterruptible power
supply (ups) has been developed for 1A vss. This system, called the
TRIPORT,? after its internal structure, will react to power failure
within a cycle of the disturbance and smoothly convert its own battery-
supplied inverter for backup without creating significant power wave-
form discontinuities.

IIl. PHYSICAL DESIGN
3.1 1A VSS physical design

The 1A vss equipment uses a standard set of devices, apparatus,
and design tools known as the 1A technology. The 1A technology
hardware is used in the No. 4 Ess® and the 1A Processor,* as well as
various other Esss now being manufactured by Western Electric. The
use of this technology allowed 1A vss to take advantage of the present
manufacturing capabilities of Western Electric. The AP frame, the
supplementary main store frame, and the maintenance frame were
under manufacture by Western Electric prior to the development of
1A vss.

3.2 Circuit packs

Circuit packs used in 1A vss are F'B-, FC-, and FE-coded packs. The
FB- and FC-type packs are approximately 4 by 7 inches, with 40
pinouts and 80 pinouts, respectively. The FE-type packs are approxi-
mately 8 by 13 inches, with either 80 or 160 pinouts. These packs use
the standard WE 946/947-type of connector.

The majority of the circuit packs designed for 1A vss are six-layer
multilayer boards with path widths of 8 mils. Where the wiring density
of multilayer boards was not required, double-sided and single-sided
boards were designed.

Great attention was paid to maximize the density of circuitry per
board. For example, the 1A vss vac is implemented as two circuit
packs—the trunk access circuit (TAC) pack and the buffer pack. The
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functions located on the TAC pack include the trunk circuit (Type II
E&M, 2- or 4-wire), a DTMF receiver, an AGC circuit, a voice-presence
detector circuit, a CODEC, and interface and local control circuitry. To
achieve this level of density, a new DTMF receiver based on ccb filter
technology has been designed for the 1A vss. Additionally, most digital
logic has been implemented as custom-integrated circuits using the
new low-power Schotcky gate array technology. Figure 5 is a photo-
graph of the 1A TAcC pack.

The buffer circuit pack contains 327,680 bits of random-access
memory (RAM) organized as a two-port FIFO memory. Each port may
operate asynchronously with respect to the other at speeds defined by
the connecting circuits. The 16K RaM used on the buffer pack is the
Western Electric coded 28A device. Again, to achieve high-circuitry
densities, a large portion of the control logic on the buffer pack is
implemented using the gate array technology.

Before the multilayer art masters or the integrated circuit masks for
the gate arrays were produced, machine wire-wrapped models were
built to test the logic design. Figure 6 shows the buffer pack both in its
wire-wrap version and in its final printed wire-board version using gate
arrays. Notice that without the use of the custom-designed gate arrays
to replace a large number of individual 1c devices, the buffer circuitry
would have required two packs and connector positions instead of one
pack. Because a large number of TAc packs and buffer packs are

AGC CIRCUIT TRUNK CIRCUIT

| - T =
CONTROL LOGIC AND DTMF POWER SEQUENCER
COMMUNICATIONS TRANSCEIVER RECEIVER AND SWITCH

Fig. 5—Trunk access circuit.
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Fig. 6a—Wirewrap buffer.
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Fig. 6b—ML PWB bulffer.

required in a large 1A vss office, the savings in space and cost were
considerable.

All 1A vss circuit packs associated with “growable” functions (for
example, the TAC and buffer packs) are designed to be plugged into
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and removed from their units without removing unit power. To achieve
this, a power switch has been integrated into the circuit pack handle
to allow power sequencing of individual packs to be effected automat-
ically. Figure 5, the TAC pack, shows this switch.

3.3 Unit and frame designs

The 1A vss has been partitioned into functional units, each com-
pletely self-contained including power converters and alarm circuitry.
Figure 7 is a photograph of the sMc unit used to control the moving-
head disk transports. This unit, as well as all of the basic units of the
1A vss, was designed using the 1A technology. The mounting plate,
apparatus mountings, circuit pack connectors, backplane boards and
backplane wiring, and designation strips are all standard apparatus
used in other Western Electric manufactured units.

The units are mounted on standard 1A-type equipment frames
which are 7 ft high by 2 ft 2 in. wide. All frames are 18 in. in depth.
Table I lists all of the frames required for a 1A vss office. The vac
frame is the only frame added to operational systems to serve growth
needs. Each vac frame has a capacity of 32-voice access circuits to the
No. 1/1A Ess offices. The minimum number of vac frames is two to
ensure reliability of trunk groups. The vac frames do not have to be
fully equipped. The maximum number of VAC frames is sixteen which
provides a total system capacity of 512 Tacs. Figure 8 is a photograph
of the vAc frame.

Other self-contained equipment provided on an engineered basis are
the moving-head disk transports (minimum 3) and the TRIPORT

Fig. 7—Storage media controller.
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Table I—1A VSS frames

Number
Required
Size Per Office
EXISTING FRAMES
Augxiliary 3A processor frame 4'4” 1
(double bay)
Supplementary main store frame 22" 2
Maintenance Frame 22" 1
FRAMES DESIGNED FOR 1A VSS
Voice access circuit frame 2'2” 2-16
Storage media controller frame 4’4" 1
(double bay)
Peripheral control frame 4'4” 1
(double bay)
Service circuit frame 2'2” 1
Test frame 2'2” 1
Miscellaneous frame 22" 1
Power control and distribution frame 22" 1
OTHER EQUIPMENT
TRIPORT cabinet (located in office 22" 3-8*
power plant area)
Disk transport 23" x 36” x 40” 3-24*

(maximum dimension)

* Based on CCS II engineering requirements.

cabinets (minimum 3) which provide the uninterruptible ac power for
the disk transports. The TRIPORTS are usually located with the
office power plant.

Almost all cabling between 1A vss units and frames is connectorized.
The objective of connectorization is to enable the 1A vss to be fully
assembled, wired, and tested at the factory using the same cables that
will be used at site. The only cables not connectorized are the scan
and distribute leads associated with alarm circuitry.

3.4 Floor plan

The 1A vss requires approximately two building bays (approxi-
mately 800 square feet) for the maximum-size office. A fixed floor plan
is specified in order to use predesigned cabling. This not only ensures
cable lengths to meet electrical requirements but also eliminates the
line engineering of each cable. Figure 9 shows the floor plan layout of
the 1A vss. As mentioned earlier, the only equipment provided on a
capacity basis are the vac frames, the disk transports, and the TRI-
PORTS. The office power plant and TRIPORT frames are usually
located in a separate power room. Figure 10 is a photograph of a 1A
vss model.

The wiring aisles of the frame line ups are 3 ft wide as compared to
a typical 2-ft width in most electronic switching systems. This allows
normal office cooling methods to be used, even though a fully equipped
vac frame dissipates approximately 1200 watts.
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Fig. 8—Voice access circuit frame.

The commercial disk transports used in 1A vss are designed so that
cabling enters the cabinet from the bottom. This is consistent with the
normal application of disk transports in computer rooms which use
raised floors with all cabling being done under the floor. The 1A vss
has been designed to be located on either a raised floor or on a regular
floor. Apparatus is available to support either cabling to the disk
transports under a raised floor or in overhead cable raceways.

IV. CONCLUSION
A new centralized system has been developed for the purpose of
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Fig. 9—Voice storage system floor plan.

adding high-capacity voice storage and voice storage processing capa-
bilities to the spc network. This system has been developed using a
mixture of new periphery design and use of an existing processor
complex. The system has been implemented in a generalized fashion
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Fig. 10—Model of 1A vss.

which allows the addition of future storage services with minimal (if
any) impact upon the system hardware architecture.
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1A Voice Storage System:

Software

By G. W. GATES, R. F. KRANZMANN, and L. D. WHITEHEAD
(Manuscript received July 31, 1979)

The new Custom Calling Services II (ccsII) have been provided by
adding a 1A Voice Storage System (1A vss) as a new node in the
Stored Program Control network. Software and a new trunk circuit
are required in the No. 1/1A ESS to provide call control, call filtering,
and routing to a 1A vss. The 1A vss accepts the call and provides the
package of voice services known as ccs II. The software required to
prouide these services is described.

l. OVERVIEW
1.1 Design considerations

The software required to implement the new line of Custom Calling
Services (ccs II) being developed for the Bell System exists in both
No. 1/1A Ess and in the 1A Voice Storage System (1A vss). The
software in No. 1/1A Ess is required for call screening, for determining
which calls should receive service by 1A vss and for dealing with the
interaction of existing services with this new class of services.

There is a strong interaction between the Ess and 1A vss in providing
ccs II services. To the extent possible, all service control has been
placed in the 1A vss. In addition, all customer data and control data
are maintained on the disks in 1A vss. In a general sense, as soon as
Ess determines that the calling party requires a 1A vss-provided
service, the call is routed to 1A vss. All control data are permanently
maintained in 1A vss and required data are sent to Ess when it is
needed. When the data are no longer needed, as when a call answering
customer deactivates," Ess destroys the data so as to regain the

863



memory space; the data are retransmitted when the customer next
activates.!

1.2 The SPC network

The partition of function between the Ess and the 1A vss subsystem
is an example of the growing trend in the Bell System to specialize
functions in the various nodes of the Stored Program Control (spc)
network. The spc network is the name applied to the collection of
stored program controlled systems which provide customer services
and Bell operating companies (Bocs) administrative services. These
systems are interconnected by trunks and data links and, hence, are
referred to as a network. The network includes the increasing number
of Electronic Switching Systems (Esss), the Operations Support Sys-
tems (0sss), the Traffic Service Position Systems (TsPss), and 1A vsss.
This growing network of stored program controlled systems permits
increased sophistication in customer features and in techniques for
providing these features. The 1A vss services are an example of the
concentration of customer feature implementation in a specialized type
of node in the spc network. Such a node can provide its specialized
features to many class 5 offices by having calls routed to it for service.

Figure 1 illustrates the role of 1A vss as a node in the spc network.
The connection to class 5 No. 1/1A Esss and to 0sSs is shown.

Il. SOFTWARE IN NO. 1 ESS
2.1 Partition of functions between the host office and 1A VSS

An early objective in the design of 1A vss features was to minimize
the impact on the interconnecting (host) Ess and to place the major
burden of responsibility on the 1A vss itself. There were several
reasons for this important principle:

(i) The 1A vss processor and system software were new and, hence,
provided flexible vehicles which could more readily support functional
changes as the system matured.

(if) Although the 1A vss was initially to serve the No. 1/1A ESs host
office, other host systems such as No. 2B Ess, No. 3 Ess, No. 5 Ess,
and No. 5 Cross-bar Electronic Translater System were also considered
as potential candidates for the future. Any function performed within
the 1A vss would need to be developed only once, whereas each host
office function would require separate development on each system.

Figure 2 depicts the major functions performed by the host Ess and
the 1A vss. The 1A vss itself provides the capability for recording,
storing, and returning voice messages and announcements, and for
interacting directly with the customer to provide the services described
in the companion article.! For the customer to make use of these
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Fig. 2—Ess/1A vss software functions.

services, the host Ess provides several capabilities, some new and some
extensions of existing capabilities. Essentially, these capabilities are of
two types: those that are general and those that are related to specific
features. General capabilities are as follows:

(i) Customers gain access to 1A vss by dialing the special service
prefix (* or 11) plus two digits, or by dialing seven digits.

(i1) Ess and 1A vss processors communicate using an expanded
form of multifrequency signaling.

(ii1) Service orders are entered from the Ess with subsequent trans-
mission of service order data to 1A vss.

(iv) Audits of new and modified data are performed to assure the
integrity of transient data.

(v) Maintenance of the Ess trunk circuit and the transmission
facility to the 1A vss is provided.

(vi) Resource usage counts are recorded for the software resources
used.
Capabilities that are related to specific features include:

(i) Terminating calls are intercepted and rerouted to the 1A vss.
Intercept is of three types: immediate, busy, and don’t-answer. Call
Answering service typifies the use of the intercept capability within
the Ess.
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(it) The customer is provided an indication that the 1A vss has
voice messages waiting to be retrieved by the customer.

(iit) Voice messages are delivered from the 1A vss office through
the host Ess for the Advance Calling feature. Also included is the
handling of a special AMA billing message sent from 1A vss for billing
the terminating portion of the Advance Call.

(iv) Capability is provided for a customer to monitor a call being
recorded and to answer the call personally if desired. This feature is
called Monitor/Cut-Through.

(v) Coordinated interaction of the new ccs II features with existing
features, including those of ccs I, is provided.
The following section presents an overview of the software required
for the host Ess in order to implement these capabilities.

2.2 ESS software design overview

The host £ss for the initial implementation of ccs II is the 1/1A
Ess. It is beyond the scope of this paper to discuss the detailed
structure of the 1/1A Ess implementation for 1A vss services since it
would require substantial background in the design of 1/1A EsS soft-
ware and hardware. Hence, the design will be presented conceptually,
allowing the reader to mentally apply it to any familiar switching
system, as appropriate.

The Ess software for implementing the new Custom Calling Services
can be viewed as a set of new and modified capabilities, each providing
a particular part of the service. Figure 3 illustrates those capabilities
and the control flow among them. The following conventions apply in
Fig. 3:

o Circles represent input/output devices as follows:

SO TTY—Service Order (so) Teletypewriter.

LINES—Both 1A vss customer lines and others.

TRUNKS—Both interoffice trunks to the 1A vss and to other
switching offices.

o Rectangles represent the various functional capabilities.

The primary function of each 1A vss-related capability is discussed
below.

The Service Order Handler accepts messages from the so TTY,
screens messages to ensure that they are syntactically correct and that
the subscriber specified by the message is permitted access to the
services specified. It also assembles appropriate so messages to send
to the 1A vss via the Data Message Sender. All 1A vss subscriber
service orders pass through a host Ess prior to transmittal of the
service order data to the 1A vss processor. This is done primarily to
consolidate the administrative aspects of service order processing and
to allow the Ess to make appropriate screening checks. Thus, a service
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order describing a new customer for the Ess can simply identify the
1A vss services that the customer wishes to purchase as part of a
single order. Note that the entire customer profile describing all aspects
of the 1A vss service purchased is maintained in the 1A vSss processor
and that those items required by the Ess processor are sent to the Ess
from 1A vss when the subscriber activates the service.

The Service Order Handler also is responsible for processing 1A vss
customer-related VERIFY messages which allow the Ess craft person
to check the content of the customer profile in the 1A vss processor.
This requires the transmittal of a VERIFY request from ESS to 1A vss
and a VERIFY RESPONSE message in the opposite direction.

The Incoming Message Dispatcher receives all MF message packets
from 1A vss trunks, analyzes the dispatch code, and distributes the
data to the appropriate client program.

The Voice Delivery Controller provides functions required for the
delivery of Advance Calling messages. This essentially resolves into a
terminating call (if the destination telephone is in the host Ess) or into
a tandem call (when the destination is not in the host ESs), with the
1A vss incoming trunk serving as the originating terminal in both
cases.

The Signal Dispatcher is a collection of routines which interprets
signals from lines and trunks to decide which other processes should
be requested to further process the signals. For example, when a
customer dials the Call Answering access code *51, the Signal Dis-
patcher interprets the *51 as a request to activate Call Answering
service and passes control to the Customer Access Controller.

The Auditor represents the collection of audit programs which
assesses the consistency of data for 1A vss-related features. Audits in
ESS systems form a powerful force to maintain the stability of the host
EsS. Several new data structures for 1A vss services have required
corresponding new audit software, while extensions of existing data
structures required modification of extant audits.

Note that only the Database Manager is allowed write access to the
database representing the pertinent customer profile data within the
ESs for active subscribers, whereas many other capabilities are given
read-only access. The database for an active Call Answering subscriber
includes such items as message-waiting tone and message-waiting ring
indicators, Monitor/Cut-Through feature allowed, and identity of the
trunk group to the 1A vss. Customer service requests that require
access to the 1A vss are handled by the Customer Access Controller.
It screens the request to assure that the request is allowed within the
Ess, formats an appropriate MF packet, selects a trunk to the 1A vss
and passes control to the Call Message Sender. Since some ccs II
services are offered on a usage-sensitive basis within the host Ess,
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potentially all lines within the office can request activation of these

_services. However, some combinations of usage-sensitive services, such
as Call Answering on COIN lines, are inconsistent or confusing. There-
fore screening, based on the originating and terminating major class of
the line, is used to control such situations so that specific services may
be denied to particular line classes.

Whenever a ccs II subscriber has an active intercept feature, such
as Call Answering the Intercept Controller assumes control of any call
that would normally terminate to the subscriber’s lines. Its function is
to perform the actions necessary to route the call to the 1A vss.

The Monitor/Cut-Through Controller processes requests for this
subfeature of Call Answering service and is illustrated in the sequence
shown in Fig. 4. The MONITOR function is accessed when the Call
Answering subscriber dials the appropriate two-digit access code. A
check of the subscriber’s database is first made to determine whether
the Monitor/Cut-Through feature is allowed.

The Status Indication Controller provides for Message Waiting
Tone (MwT) and Message Waiting Ring (MWR) to alert a Call Answer-
ing subscriber that messages are waiting to be retrieved from the 1A
vss. Both status indications are under control of the customer’s data-
base profile established by the service prototype (see section on the
1A vss Feature Processor Subsystem). The MwTt is provided when
applicable on all call originations using software control of dial tone
through standard digit receivers. The MWR is a short burst of ringing
applied to the customer’s line following disconnect from stable network
connections involving that line.

The Call Message Sender and Data Message Sender perform the
task of transmitting MF packets of information to 1A vss for various
software clients as described in the previous section. These modules
perform functions, such as seizing appropriate memory resources, a 1A
vss trunk, and an MF transmitter, as well as implementing the inter-
processor communication protocols.

The Isolation Talking Monitor disables the Call Waiting feature and
any similar features that may apply tones or switching noise to a
customer’s line. This capability is invoked principally, while the cus-
tomer is in the process of recording a greeting or message on the 1A
vss, but it may be utilized in other circumstances to prevent adverse
interaction of ccs II with other services to which the customer may
have access.

The 1A vss Trunk Maintenance Controller is responsible for provid-
ing new diagnostic software to verify the operation of the new two-
port trunk circuit, as well as the standard end-to-end operational test
provided on many interoffice trunks. Additionally, provision to allow
the standard transmission quality tests both automatically and man-
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Fig. 4—Monitor/Cut-Through capability.

ually from the various test panel configurations is contained within
the Trunk Maintenance Controller conceptual model.
2.3 Interaction with existing customer services

Great care was taken to assure that the new ccs II services mesh
well with the many customer services already provided by the 1/1A
EsS. Two examples are given here to illustrate this interaction.

Example 1—Call Answering interaction with Call Forwarding.

Both of these services allow the customer to accomplish a similar
goal, namely, when activated, each will result in calls that would
normally terminate at the subscriber’s line being routed to an alternate
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destination. For Call Forwarding, the customer specifies the destina-
tion; for Call Answering, the new destination is the 1A vss. Obviously,
both cannot be active at the same time or the intent would be
ambiguous. Hence, only one type of intercept service is allowed to be
active at any one time. If one service is active, subsequent attempts to
activate the other result in reorder tone being applied to the customer
line.

Example 2—Call Answering (busy line) interaction with Call Waiting.

In this case, a priority of action is used. Call Waiting is useful in
informing a customer whose line is busy that another caller is trying
to reach the customer. This is done by applying a short beep-tone to
the customer’s line at intervals of 10 seconds. The customer, wishing
to answer the new incoming call, verbally informs the original party of
his intent to do so. He then flashes the switchhook which results in
the customer being connected to the new party, while the original
party is placed on “hold.” A subsequent switchhook flash will bring
back the original connection. However, if the customer also has Call
Answering service active and elects not to answer the new caller, the
latter will be intercepted after the first 10-second period and will be
routed to the 1A vss. In this way, the Call Waiting and Call Answering
services conflict minimally and provide enhanced call control capabil-
ity for the 1/1A Ess customer.

Feature interactions of this sort are implemented wholly within the
host Ess.

2.4 The Interface between VSS and ESS

As shown previously, 1/1A Ess customers gain access to the 1A vss
via two-way voice frequency trunks interconnecting the two systems.
Signaling associated with the use of these trunks is accomplished via
an expanded form of E and M, Multifrequency (MF), wink-start sig-
naling, which is still the most common interoffice signaling arrange-
ment in the Bell System. This communication arrangement was se-
lected since it was most easily adaptable to other existing switching
systems.

Communication messages can be divided into two main categories:
(7) those messages which will normally proceed to a talking connection
between a customer and the 1A vss—Call Messages, and (if) messages
which involve transmission of call control data only—Data Messages.
Signaling protocol for Call Messages is quite standard, except for the
content and amount of information to be transmitted. Typical infor-
mation in an MF Call Message packet specifies the type of call message
(e.g., Call Answering activation, or Call Answering intercept), the
restriction class, the 1A vss customer identity (by Directory Number),
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and the billing specifications. Standard Call Message protocol is illus-
trated in Figure 5, Section A.

Consider for example the Call Message MF packet requesting acti-
vation of Call Answering service for a casual user. The MF packet sent
from the host Ess to 1A vss would be of the form

MESSAGE RESTRICTION BILLING
(KP) DISPATCH CUSTOMER DN CLASS DN (ST),
CODE
where
KP =KEYPULSE DIGIT
Message Dispatch Code =2-digit code identifying the receiving

client program in 1A vss.
=For example, “complaint observing re-
quested by this customer.”

Restriction Class

SIGNALING PROTOCOL

DATA MESSAGES

SUCCESSFUL TRANSMISSION,

OUTPULSE MF

SENDING RECEIVING
PROCESSOR PROCESSOR
4]
SEIZE TRUNK
WINK
OUTPULSE MF
CALL MESSAGES DIGITS ANSWER
DARD PR
(STANDARD PROTOCOL) TALKING
CONNECTION TALKING
CONNECTION
DISCONNECT
DISCONNECT
2]
SEIZE TRUNK
WINK

1

CLIENT ACCEPTANCE piGiTs
WINK
DISCONNECT
<]
SEIZE TRUNK
WINK
DATA MESSAGES
SUCCESSFUL TRANSMISSION, OUTPULSE MF
CLIENT REJECTION ANSWER
DISCONNECT
DISCONNECT
D l
SEIZE TRUNK
DATA MESSAGES e
UNSUCCESSFUL o isiTs
TRANSMISSION NO RESPONSE
TIME OUT-
DISCONNECT

Fig. 5—Ess/1A vss interprocessor communication.

TIME

ITERATIVE
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Customer DN =4-, 5-, or 7-digit form of the customer
directory number (DN).

Billing DN =Directory number to which 1A vss
should bill the charges for this use of
Call Answering service (optional).

ST =“START PROCESSING” digit (end-of-
message).

There are 99 two-digit message dispatch codes. Data Message MF
packets have much the same format as Call Message packets. The
dispatch code distinguishes the packet as a Data Message and identifies
the client program in the receiving processor. Examples of Data
Messages are (i) the activation message sent from 1A vss to Ess in
response to an ESS customer’s activation request, and (it) service order
messages and their replies.

Signaling protocol for Data Messages is necessarily more complex
than the Call Message protocol since it involves interprocessor com-
munication without the presence of the customer to detect the success
or failure of the communication. Figure 5, Sections B, C, and D depict
the signaling protocol for Data Messages. Note that one of three
responses is expected from the receiving processor:

WINK—Implies successful transmission of the message and accept-
ance by the client program.

ANSWER—means the MF packet was received but was rejected by
the client program, for example, because of incorrect format.

TIME-OUT—implies unsuccessful transmission in the same sense
as standard interoffice MF signaling.

To increase trunk usage efficiency for data transmission, capability
to batch Data Messages is provided. Batching means that multiple
independent Data Messages may be transmitted over a single trunk.
After receiving the WINK acknowledgment, the transmitting processor
will either disconnect, signifying end of transmission, or commence
sending the next Data Message.

1ll. SOFTWARE IN THE VOICE STORAGE SYSTEM
3.1 Software techniques

Control in 1A vss is distributed among the central processor and
several microprocessors which control the periphery. The microproc-
essors provide the necessary low-level repetitive control and relieve
the central processor of this workload.

A major goal in the design and implementation of the central
processor software was that it be easily modifiable. Several techniques
and rules were used to achieve software that allows new features to be
added easily.
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(i) The fundamental technique is embodied in the software archi-
tecture. The software architecture was designed to partition the com-
plexity of the system so that designers and programmers have to
concern themselves with only a subset of the total problem.

(a) Software that requires knowledge about the detailed hard-
ware characteristics is concentrated into a few subsystems and
the need for this knowledge is eliminated from other subsys-
tems. This technique makes feature development easier by
controlling the need for detailed hardware knowledge and makes
it easier to change the hardware and firmware. It also results in
less overall software impact when hardware and firmware are
changed.

(b) The software that controls feature operation is concentrated
in one subsystem. Other subsystems provide high-level service
functions to the feature subsystem. This effectively creates a
language of functions which can be used to build and expand
services.

(it) Within the feature subsystem each feature is implemented as
independent software. To do otherwise would mean that each time one
feature was changed, other features could be affected.

(iit) Separate data structures are built for each feature. Shared data
structures for one customer seems natural, but if the features are
completely disjoint, then the data are kept disjoint to avoid interaction
effects.

(iv) A high-level language with data structure definition capability
is used.

(v) Many characteristics of 1A vss operation are implemented as
system parameters so that they will be easy to change as experience is
gained from early customer use. Some of these parameters will require
software recompilation to change, while others can be changed by
modification to the system in the field. Examples of system parameters
include: (a) number of seconds of silence before time out during
recording, and (b) the time to return answer supervision during a call.
The concept of parameters is oriented toward overall system charac-
teristics. An analogous concept of options on specific customer features
is used and is discussed in the section on feature implementation.

(vt) The software was built with the rule, “Design it correctly, build
it, then tune it.” Tuning a system too early can destroy its structure
and, hence, destroy its modifiability.

(vit) The call-related portions of the software were designed and
implemented using finite-state-system concepts.

The finite-state-system design technique consists of partitioning the
software into functional models where each model is viewed as a finite
state automaton. The model consists of states, signals, and transition
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routines. The occurrence of an event causes a signal to be sent to a
model which is in a particular state. The model executes particular
transition routines as a function of its state and the received signal. It
then enters another state to wait for another signal. Figure 6 illustrates
the diagram of such a model.

Finite-state design techniques provide a good structure for the
implementation of call processing. They produce software which is
self-documented by the state diagrams of each model. Because of this
documentation and the intuitive naturalness of the structure, the
resulting software is easy to read and understand.

These techniques have produced call processing software which
should be easy to modify as new features are added to the 1A vss.
Initial indications are that this goal has been met, but several years of
experience will be required before a final judgment can be made.

3.2 Software architecture overview

The 1A vss software runs under control of the Extended Operating
System (E0s), a real-time control system developed for Auxiliary 3A
Processor applications. Call handling software runs in a single E0s task
and is controlled within the task by the State Table Controller (sTc).
The stc provides the structure necessary to process signals and to

GO
SAY LOGO
NOT FOUND GET FOUND
ANSWER ANNOUNCEMENT ANSWER
-— —
YES CONCAT NO PLAY
TEST ANNOUNCEMENT
COMPQOSE SAY
DIRECTORY ANNOUNCEMENT
NUMBER
ALL OTHER
SAY SIGNALS
ANNOUNCEMENT DISCONNECT
-

LAST SIGNAL REPORT

PROCEED

Fig. 6—Example of finite state model.
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control models as required for the vss finite-state design techniques.
The stc schedules models, queues signals and maintains state control
for each model.

The overall structure of the call processing software is shown in Fig.
7. The software is divided into six major subsystems. The Feature
Processor controls the actual customer features. It calls on the Re-
cording Trunk and the Database Manager for services; these systems
in turn request lower-level services from the Input/Output Processor,
the Voice Manager, and the File System. Support services are provided
by device handlers, disk memory allocation software, a message dupli-
cation service, and disk erasure software.

3.3 The feature processor subsystem

The characteristics of a customer feature are incorporated in the
Feature Processor subsystem. Like all call processing software, the
Feature Processor is a collection of finite state models which performs
transitions from state to state as the various call events occur. Events
such as “off-hook,” “customer dialed a 6,” or “message playback
complete” cause signals to be sent to the appropriate model. The
model executes transition subroutines, sends signals if required, and
enters another state to await the next signal. Each call in the system
creates an “instance” of each model as the call progresses (similar to
a software process). Multiple call capability comes implicitly from the
collection of all instances of these models.

The set of Feature Processing models and associated transition
routines orchestrates the handling of calls but does little of the actual
work. The work is done by calling on the Recording Trunk and the

FEATURE
PROCESSOR
RECORDING ggé‘*
TRUNK MANAGER

r-—-— "= T ﬁl

|
oUreUT I VOICE FILE |
PROCESSOR | MANAGER SYSTEM |
| |
TRUNK AND SERVICE L _

CIRCUIT CONTROL DISK STORAGE CONTROL

Fig. 7—Basic structure of call processing software.
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Database Manager. These two subsystems provide an extensive set of
high-level functions which constitutes a primitive language for building
customer services.

Examples of the type of functions provided include:

() Report origination
(it) Report on-hook
(Z17) Return answer
(iv) Get dialed digits
(v) Disconnect
(vi) Seize trunk
(vi) Send data
(viit) Say a system announcement
(zx) Play a customer message
(x) Compose an announcement from fragments
(xi) Record a message
(xi7) Erase a message
(xiit) Secure customer data
(xiv) Release customer data
(xv) Modify customer data.
Many options have been incorporated into each service in order to be
responsive to the changing needs of the telephone customer.

The solution to handling the changing needs of the Call Answering
customer was to implement essentially all the options which were
considered useful and to provide a way to define a customer feature as
a collection of these options. Additionally, several packages of Call
Answering services can be marketed by defining several collections of
options. A set of options is called a prototype, thus, a package of Call
Answering options is defined by defining a prototype. The three
packages of Call Answering to be marketed initially, i.e., Daily,
Monthly, and Deluxe, are created by defining three prototypes with
the associated, required sets of options. Further flexibility was gained
by providing the capability, through customer service orders, to modify
each of the options for the individual customer. Thus, a deluxe cus-
tomer can have the maximum length of a message extended from 30
to 60 seconds by a service order indicating such a change for that one
customer.

IV. THE RECORDING TRUNK SUBSYSTEM

The Recording Trunk Subsystem is an abstraction of an “idealized
voice storage trunk.” Such an “idealized” trunk in 1A vss would be
capable of recording and playing messages and handling timed se-
quences in an autonomous manner. By abstracting these characteris--
tics and incorporating them into a software system, feature designers
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are given a powerful capability for building voice features which do
not require intimate knowledge of the complex 1A vss architecture.
The Recording Trunk Subsystem provides the feature programmer
the ability to:
({) Record a message
(it) Play a message
(iit) Erase a message
(iv) Return answer supervision
(v) Control silence timeout
(vi) Acquire allowable digits
(vit) Control digit timing
(viit) Recognize flash signaling
(ix) Send messages to the Ess office
(x) Receive messages from the Ess office.
The Recording Trunk calls upon the Voice Manager (vM) and the
Input/Output Processor (10P) in providing functions to the Feature
Processor.

V. THE DATABASE MANAGER AND FILE SYSTEM

Data services are provided to the system by the Database Manager
and the File System. The 1A vss Database Manager was designed and
tuned to fit the type of support needed by vss features. Rapid access
to the customer database is provided by the physical clustering of
logically adjacent data. Flexible database services are achieved by
basing the design on the general concepts of the relational model of
data structures.

The File System provides for the random access storage and retrieval
of variable length records. To provide the required reliability, each
record is duplicated when written. The File System and the Database
Manager are designed to specifically complement each other so as to
meet the objective of minimization of data storage and transfer costs.
The File System also provides storage services directly for administra-
tive data such as billing and traffic data and the collection of data on
equipment failures.

VI. INPUT/OUTPUT PROCESSOR

The 10P provides functional control and error detection for the 1A
vss trunks and service circuits. In this capacity, it receives requests for
service from the Recording Trunk and system maintenance software.
Control is achieved through interaction with the microprocessor-based
peripheral controller, with responses from the periphery distributed to
the requesting subsystem. High-level functional device requests are
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accepted by the 10P and transmitted to the periphery as a sequence of
device commands.

The 10P also receives notification of autonomous events from the
periphery, e.g., a trunk seizure. These are distributed, as appropriate,
to the associated Recording Trunk, maintenance or error control
software. Timing control and error recovery are also provided by the
IOP.

VIl. THE VOICE MANAGEMENT SUBSYSTEM
7.1 Voice manager

The Voice Manager encompasses all software for control and ma-
nipulation of stored voice. The operational unit of access is the mes-
sage. Messages may have a variable length and are comprised of one
or more fixed-length segments. These segments are the fundamental
units of storage allocation and deallocation. Each message has a unique
owner. The owner may be either a customer, designating a message
entered in conjunction with the customer’s service, or the owner may
be the system, designating a system announcement identified with a
particular vss service.

The Voice Manager provides the Feature Processor three basic
capabilities for manipulating messages: the ability to record a message,
the ability to play a message, and the ability to erase a message when
no longer needed, thus, releasing the space for other uses. Each service
is defined as a sequence of these operations with appropriate system
announcements played to prompt the customer.

Because it is impractical to store certain system announcements’in
prerecorded form, e.g., “You have seven messages,” the vM provides
the capability to play such messages from a small set of prerecorded
fragments. This allows the Feature Processor to specify the phrase
“You have seven messages” as follows:

Specification Fragments
Fragment identifier “you have”
Decimal number seven
Fragment identifier “messages.”

To allow a reasonable range of numbers, individual fragments are
recorded. The following are examples of such fragments: the numbers
1 through 19, plus 20, 30, such phrases as a.m., p.m., and the names of
the days of the week.

7.2 Storage media controller handler

The Storage Media Controller (smc) handler provides the commu-
nication path between the Voice Manager and the microprocessor-
based peripheral device which performs the voice commands.
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The structure of the handler is governed by two characteristics of
the sMc: its ability to service many active calls simultaneously and its
highly autonomous operation. The handler defines four phases of
operation, described below, and provides all necessary synchronization.
These phases are staggered for the equipped smMcs to smooth the main
processor load.

Command Phase—The handler transmits all voice commands ac-
cumulated during the last cycle.

Voice Phase—The handler is dormant. The smc schedules and
performs the commands it has been given, signaling the handler when
complete.

Reply Phase—The handler reads the status replies indicating the
disposition of the commands performed during the voice phase.

Disk Controller Phase—The sMc performs the functions of a con-
ventional disk controller, e.g., data read/write. This state holds until
the start of the next cycle.

7.3 Storage allocator

The Storage Allocator is charged with managing the storage avail-
able for digitized voice in the sMmc community. This storage is addressed
by specifying the smc, Disk Transport, and segment. The number of
sMmcs and Disk Transports varies with office configuration; segment
numbers are a property of disk geometry. The basic strategy of
monitoring the idle/busy status of segments and providing rapid
allocation/deallocation of resources employs a combination of main-
memory-resident segment address lists and disk resident maps. The
memory lists provide for normal, rapid resource allocation/dealloca-
tion, while the disk maps maintain the idle/busy status of all resources
and provide a permanent record of disk configuration.

Vill. SYSTEM MEASUREMENTS

Since 1A vss is a switching-type entity, it requires traffic and billing
data and interfaces to both the Engineering and Administrative Data
Acquisition System (EADAS) and the Automatic Message Accounting
Recording Center (AMARC) to make these data available to the BocC.
However, 1A vss provides an entirely new class of vertical services,
ccs II, without precedent. Hence, little information exists upon which
to gauge, for example, customer response to the new services or traffic
engineering rules.

A single, unified data collection mechanism is provided to meet data
collection requirements. For each system activity of interest a unique
action is defined with regard to data content, reasons for collection,
method of collection, and intended uses. Because of the different uses
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of the data, two primary collection methods are provided: the peg
count, typically used for traffic actions which appear on the quarter
hourly reports, and the transaction file, in which the action, and
associated parameters, are written into a disk file.

IX. SECURITY AND RELIABILITY

A major concern during the design of 1A vss has been the protection
of customers’ messages. The two aspects of this concern are that a
message should be returned only to the correct customer and that
messages should not be lost. To guarantee the correctness of delivery,
the identity of the customer owning the message is stored in the
control portion of each message segment. During playback, the identity
of the requesting customer is passed to the smMc and each message
segment is validated before being played. During recording, each
message segment is checked before being written to verify that its
current owner is the Storage Allocator. These checks protect against
several types of failures that might cause a message or a message
portion to be played to the wrong customer.

Messages are protected against loss by replicating each one. System
announcements and voice fragments are replicated on each smc¢ and
are accessed via translators. This is done both for reliability and
availability. Because of the lower access rates, customer messages are
duplicated for reliability. To accomplish this, the following deferred
duplication scheme is used. As the customer speaks the message, one
copy is recorded in real time. Upon completion of this recording, a
duplicate command identifying this newly recorded message is placed
on a queue. A background program serves this queue as processor and
SMC time permits, and records the second copy of the message. To
provide the desired quality of service, a system parameter specifies the
maximum tolerable elapsed time to duplication. If this value is ex-
ceeded, duplication takes precedence over other new work, until the
desired level of service is restored.

IX. SUMMARY

ccs II services are provided jointly by software and hardware en-
hancements in No. 1/1A Ess and by a new voice processing system, 1A
vss. The software for these services has been provided in such a way
as to provide economical service and to permit straightforward expan-
sion to new voice services in the future. The 1A vss software contains
the basic voice control software functions needed for many types of
voice services. These building block functions permit expansion of ccs
II to meet marketing requirements.
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1A Voice Storage System:

Office Engineering, Maintenance, and
Reliability
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The quality of service that will be delivered by the Voice Storage
System (1A vss) is influenced by a number of diverse factors which
are addressed in this paper. High intrinsic reliability is designed into
the system at every level; it is built from system redundancies, defen-
sive software strategies, hardware self-checking, and manufacturing
quality control. Good service also requires a complement of equipment
which can adequately handle peak traffic loads; the sizing of this
complement is the job of Office Engineering. Effective maintenance
software will minimize, and in most cases obviate, the impact on
service of circuit component failures. And finally, effective plans and
test equipment are required to ascertain that a newly installed 1A
vSS properly performs its intended functions.

I. INTRODUCTION

The 1A Voice Storage System (1A vss) comprises a new functional
node in the telephone network, which will provide a number of new
services classified generally as Custom Calling Services II (ccs II).
These services provide the means for conveying voice messages be-
tween customers who do not happen to be at their telephones at the
same time.

A conventional telephone switching office mediates communication
between two parties by setting up a connection over which they may
converse. Unlike a switching office, the 1A vss takes on the role of one
of the conversing parties. In the course of handling a typical call, the
1A vss receives input control signals at various times, outputs system
announcements in response, and either records or retrieves customer
messages.
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The quality of service is important; yet, this type of communication
is complex; there are many opportunities for system malperformance
to disrupt the call. The following paragraphs introduce several factors
that contribute to high quality service; they are expanded upon in the
remainder of this article.

Office Engineering, which is covered in Section II, is the process
through which a Bell operating company (Boc) decides specifically
what equipment to order to provide ccs IL! Inherent in the process
are estimates of the amount of traffic to be expected as a function of
time. This information is derived from market studies which project
the expected usage of specific services in specific customer sectors.

Once a system is put into service, however, it is important to obtain
feedback which will allow the early usage estimates to be examined in
light of actual market acceptance. With such information, intelligent
decisions can be made for office growth, which tracks increasing service
demands. The collection and utilization of these usage data is covered
under Traffic Measurements in Section 2.4.

With 1A vss services in use, the system is being entrusted with large
numbers of customers’ messages. Extensive precautions have been
taken in all phases of the system design and manufacturing process to
keep these messages secure and to assure their delivery. The design
and manufacturing strategies employed to assure dependable 1A vss
performance are covered in Section III under the heading of Reliabil-
ity.

Although the best quality obtainable with present technology is
built into the 1A vss components, precautions are taken against the
occurrence of component failures by providing spare equipment and
maintenance software which can locate the malfunctioning component.
This software then responds to system troubles by configuring a
working system that excludes the faulty unit. The philosophies and
methodology employed to keep 1A vss operational and to facilitate
repair are presented in Section IV.

As a final step in office installations, many system tests are per-
formed by the Western Electric installation organization. These are
followed by BoC tests which verify the system’s interfaces with other
systems. Associated feature tests verify that the 1A vss works properly
when accessed through the connecting Ess offices. This testing is
covered in Section V.

1l. OFFICE ENGINEERING
2.1 Planning

The engineering of a 1A vss office and of the associated equipment
in 1/1A Ess is performed to determine the specific equipment that is
required to provide ccs II. Initially, trial office engineering is performed
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for economic feasibility study purposes. Such trial economic studies
result in a decision as to whether or not to proceed with a local offering
of ccs II. After a decision is made to proceed with 1A vss, an order is
placed for the required equipment.

To engineer a 1A vss office and the equipment in the associated 1/
1A Ess offices, ccs II marketing information is necessary. Estimates of
the rate of penetration and the ultimate market penetration for the
services being provided are required for three types of stations: resi-
dential, small business, and large :business. Providing this essential
input is the responsibility of the Boc marketing organization.

The schedule for introducing ccs II in the 1/1A Ess offices must
also be determined. For each 1/1A Ess that will provide these services,
the number of residential, small business, and large business stations
is required. The estimated annual growth rate for each of these
categories, and the period of time for which the equipment is being
engineered, must also be specified.

The above marketing and 1/1A Ess information comprise the re-
quired inputs to the worksheets which guide Boc engineering personnel
through the numerous calculations required to determine the amount
of equipment required to provide ccs II services and to support their
growth.,

2.2 Storage and offered load

Storage time is a new traffic parameter associated with 1A vss.
Storage time is defined as the time a voice greeting or message is
stored in 1A vss before it is erased. The average storage time multiplied
by the number of greetings and messages recorded during this time
gives the number of simultaneous greetings and messages in the
system. This, in turn, multiplied by the average length of a voice
greeting or message determines how much storage is required, and
hence the number of disk transports in a 1A vss office.

The two main parameters that must be determined to engineer a 1A
vss office are (Z) the offered load (erlangs) between each 1/1A Ess and
1A vss, and (i) the total storage (disk capacity) required in the 1A
vss. These are calculated from numerical arrays which contain market
penetration estimates and traffic characteristics tabulated by service
and customer types. The two-way trunks between 1/1A Ess and 1A
vss are engineered for 0.01 probability of blocking. The disk transports
are engineered for more than an order of magnitude better blocking
performance than the trunks.

2.3 Equipment engineering

For the No. 1/1A Ess offices, ccs II services require new dial pulse
repeating/monitor trunks, additional program store and additional call
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store. The increase in program store is required to hold the ccs II
feature; the additional call store holds the service translations. Since
additional Ess capacity is required for 1A vss-handled calls and for
advance calling delivery, some 1/1A ESS processor capacity must be
allocated for these services. The ccs II services have a minimal effect
on the 1/1A Ess network and service circuits.

The 1A vss office equipment? (see Figs. 1 and 2) can be divided into
three categories. The first category is comprised of a minimum basic
set of common equipment required for all offices. Included in this first
category are the two Auxiliary 3A Processors (labelled generically as
the Central Processor in Fig. 1), main memory storage, the two
peripheral controllers, three storage media controllers (smcs) and a
service circuit frame.

The second category covers major frames or units of equipment
which are either traffic sensitive themselves or which must be provided
to support traffic-sensitive equipment. Frames or units in this category
must be provided by the supplier during the system installation, or at
major growth periods. Typically, this equipment is engineered for a
two-year period. Included in this second category are voice access
circuit frames and units, sMcs, and uninterruptible power equipment
called triports. The voice access circuit frames in this category com-
monly contain additional unequipped circuit pack locations to accom-
modate equipment in the third category.

The third category is comprised of traffic-sensitive plug-in equip-
ment, which includes trunk access and buffer circuit modules, plus
disk transports. These units are procured as required and may be
installed and turned up for service by the Boc maintenance personnel.
Such growth results from adding 1/1A ESs connecting offices, penetra-
tion into the potential user market anticipated in the market forecast,
or a rise in actual trunk group and storage usage based upon traffic
measurements. Equipment in the third category is typically engineered
for a 6-month period.

2.4 Traffic measurements

Traffic measurements are provided on periodic reports referred to
as C, H, Q, and D schedules. The C schedule lists measurements of
trunk utilization, while the H schedule provides measurements of
internal subsystem utilization. Measurements which are taken to re-
flect the load on internal subsystem resources include counts of disk
transport, service circuit and disk subsystem usage, total calls handled,
processor real time, processor main memory usage, and a record of
overload control actions. Both the C and H schedules are half-hour
reports. The quarter-hourly Q schedule is a subset of the H schedule
that provides a quick look at a few key measures of system performance
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that indicate the proper functioning of the vss office. The D schedule
gives the daily totals of the C and H schedules. Also, the traffic
measurements on trunks, storage, and usage are enumerated by service
on the D schedule for specific half-hour periods.

2.5 Interface to the total network data system

The 1A vss has two independent data links which comprise the
interface to the Total Network Data System (TNDs). One connection
is to an Engineering and Administrative Data Acquisition System
(EADAS), and the second is to the Network Administrative Center
(NAC).

The EADAS polls vss for the H, C, and D schedules. Within EADAS,
sets of traffic measurement outputs are triggered when preset thresh-
old criteria are exceeded to indicate heavy traffic conditions. The
EADAS also supplies the vss traffic measurements to other TNDs
systems for additional traffic processing and analysis.

The Nac channel is an interface to the No. 2 Switching Control
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Center (scc) system over a dedicated facility. It is used to transmit the
Q schedule. In the event of an EADAS data link or machine failure, the
NAc channel serves as the backup for all traffic data (H, C, and D) in
addition to the normally received Q schedule.

2.6 Transaction file

The transaction file is a mechanism for the collection, storage, and
retrieval of data generated by the vss application software. Raw data
concerning the software activity or state at given times during a
program’s execution are written to the disk file. The transaction file is
processed to produce a detailed engineering, service cost, and human
factors characteristics of vss services. Included in this information are
distributions of holding times and storage utilization. The traffic mea-
surements give the average values of the traffic parameters, but the
transaction file analysis gives the complete distributions.

IIl. RELIABILITY
3.1 Overview

Although experience with previous ESss may be drawn upon in
establishing reliability criteria for 1A vss, there are important differ-
ences. For 1A vss, the term “call” has a special meaning: In a switching
machine, the primary job is to establish a path (talking connection)
over which two parties may converse. It does not matter whether the
parties are human or computer; in either case, once a connection is
made, the burden of the information exchange is the responsibility of
the parties, not the switching machine. The 1A vss, however, handles
one end of the information-exchange transaction; furthermore, infor-
mation flows alternately in each direction as is typical of a conversa-
tion. In the course of handling a typical call, 1A vss receives input
control signals at various times, outputs system announcements in
response, and either records or retrieves customer messages. This type
of communication is complex. The system is continuously involved in
a dynamic interaction with the customer during the entire course of
the connection, and there are many opportunities for a malfunction to
disrupt the call.

At the first level of analysis, the 1A vss may be viewed as two
primary subsystems: (z) a large disk storage community, and (if) an
access system which handles the storage and retrieval of disk infor-
mation. These two subsystems are quite different in nature: the disks
are electromechanical moving-head storage devices, while the access
system consists of program-controlled digital circuitry. Hence, the
approaches taken to achieve acceptable system reliability must take
these characteristics into account.

The first approach used, as a defense against occasional failure of
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disk transports, is to create duplicate copies of stored messages on two
different disks. The second approach is to engineer the remainder of
the system, via which the disks are accessed, to a failure rate suffi-
ciently low so that it does not contribute significantly to the probability
of losing a message. The manner in which this is accomplished is
discussed later. The net result is that the overall system reliability is
presently dominated by the failure rates of commercial disk transports.
The 1A vss is expected to provide a grade of service comparable to
that of ordinary telephone service.

3.2 General design approach for reliability

Reliable operation of 1A vss, as with other large systems, depends
upon numerous design and manufacturing factors. The high probabil-
ity of long-term reliable operation is built into the system at every
level—from system design through hardware, firmware and software
designs, carrying through quality control in the manufacturing process.

At the system level, extensive redundancy is used. Key units (e.g.,
the Auxiliary 3A Processor) are fully duplicated, and are provided with
automatic protection switching so that a failure of either unit will still
leave the system fully functional. Engineered units (e.g., sMc and disk
units), whose quantity is traffic dependent, have on-line spares. The
system design also encompasses power backup, communication chan-
nel redundancy, alternate external interface channels, and trunk group
diversity arrangements to obviate or minimize the impact of compo-
nent failures. At the hardware level,” self-checking arrangements are
extensively used in the design. Cyclic redundancy check (CRc) circuitry
monitors all message data at several points along the storage and
retrieval path. Parity circuitry checks data transmissions along com-
munication buses into and out of main memory and over disk storage
and retrieval paths. An alarm system of ferrod scan points keeps watch
over power and other hardware conditions. Firmware in the intelligent
controllers [sMC and Peripheral Controller (Pc)] routinely performs a
number of checks to assure proper setup of switch and matrix connec-
tions, as well as validity of the transmitted data.

Furthermore, the analog path over the trunks which connect 1A vss
with Ess offices is automatically checked by use of an interoffice
communication scheme which uses MF signalling over these same
trunks.

At the software level, 1A vss incorporates an extensive system of
maintenance, diagnostic, and audit programs which can detect and
locate a wide variety of hardware faults and transient errors. The
maintenance system will perform appropriate system reconfigurations
if necessary.

It should be noted that 1A vss reliability, and hence availability, is

892 THE BELL SYSTEM TECHNICAL JOURNAL, MAY-JUNE, 1982



influenced by the time required to repair certain faults. If one of a
duplicated pair of units has failed, the system still functions normally.
However, it is now vulnerable to a total outage which would occur if
the mate unit should fail before the first one is repaired. The proba-
bility of this happening is proportional to the repair time. The 1A vss
design incorporates a number of features which aid craft personnel to
minimize repair time. These include automatic trouble-locating cir-
cuits, firmware and software, trouble-locating reference material to
interpret diagnostic results, modes of manual diagnostic program exe-
cution, built-in test facilities, and a physical arrangement in which
circuit boards and 95 percent of the interunit cabling are connectorized.

The quality of the 1A vss equipment itself is controlled by tests and
inspections at each assembly level through the manufacturing and
installation process. Basic components are either manufactured by
Western Electric or purchased under rigid specification to guarantee
the incoming quality. Once components are assembled onto circuit
modules, these are thoroughly tested on computer-driven test facilities.
When the modules are assembled into functional units and frames,
these are, in turn, tested at the factory prior to shipment. Since a
standard floor plan is used by 1A vss, the connectorized cables which
will be used in the field to interconnect frames are included in the
factory test and shipped along with the frame.

Final testing occurs at the 1A vss office site where, as part of the
installation process, the frames are interconnected and operated as a
system.

3.3 Hardware redundancies

3.3.1 Duplicated units

On 1A vss (see Figs. 1 and 2), there are two unit types which perform
common-control functions on which system operation depends.” These
are the Auxiliary 3A Processor (aP) and the pc. Each is fully duplicated.

Associated with each AP is a complete set of communication buses
over which it exchanges data with other units. Communication with
the sMcs is via a direct-memory access (DMA) parallel channel. The
even-numbered SMcs connect via one set of bus hardware, while the
odd-numbered sMcCs connect via the second set. This arrangement is
replicated for the second Ap. The A and B power buses similarly supply
odd- and even-numbered smcs. Taking this arrangement into account,
the 1A vss software always places the duplicate of a message on a disk
subsystem (sMc and its disks) of the opposite group (even or odd).
Therefore, even if an AP should fail, and then one of the bMA channels
on the good AP should also fail, the system will be able to retrieve a
copy of every stored message. Since each AP also has a separate pma
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bus connection to each pc, the system can survive a failure of any pc,
AP, or interconnecting parallel channel.

Another characteristic of these redundant bus arrangements is that
a failed peripheral unit can always be diagnosed from the active Ap.
This means that the standby AP can remain at all times in the update
mode; in this way, the system is better prepared to handle an aAp failure
as well.

Each of the pcs, which controls the per-trunk circuitry and service
circuit access via the Service Circuit Access Matrix (scAM), has its own
communication channel and interface circuit in each Voice Access
Circuit (vac). Hence, failure of either a Pc or its communication with
a VAC can be bypassed by switching to the other pc.

3.3.2 Engineered units—M plus N sparing

Several unit types are engineered to a quantity determined by the
traffic to be handled by the office. This, of course, includes the vac
units which contain the per-trunk circuitry for up to 16 trunks, and
the service circuits, such as MF transmitters and receivers. The disk
subsystems (sMcs and their disks) are also engineered, although the
quantities can also be influenced by other factors such as reliability
considerations or traffic measurements. For example, the number of
disks provided will depend on the average length of time that messages
are left in the system. In like manner, the Time Multiplex Space
Division Switch (TMsDs), which interconnects the trunk and the disk
equipment communities, is designed in a modular fashion for conven-
ient growth.

A failure of one of these engineered units could degrade service, but
it could not take the entire 1A vss out of service; hence, the number
of spares provided is less than full duplication. The sparing philosophy
used has come to be known as M plus N sparing where, for M in-
service units, a number of spares N is provided where N < M. Full
duplication is where N = M. An additional philosophy applied for vss
is that the spares are kept in service and in use. In this arrangement,
no unit can be identified as the spare; however, should a failure occur,
the number remaining in service can carry the traffic at the engineered
level.

There are two main advantages to keeping spares on line: (i) they
contribute to a better grade of service during the large fraction of the
time when there are no failures, and (if) they are periodically tested
by both routine diagnostics and by the operational checks which go on
all the time in in-service equipment.

3.4 Automatic trouble detection and protection switching

As alluded to earlier, a key element in the graceful failure mecha-
nisms of 1A vss is the action taken by the maintenance and diagnostic
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software. These programs react to either hardware or operational
software indications of trouble by testing suspect units or communi-
cation paths, isolating the trouble area and reconfiguring the system
so as to bypass the faulty equipment. The diagnostics are also routinely
called in by the maintenance software for testing of the system each
night during hours when the system is relatively idle. The maintenance
software is described in Section IV.

3.5 Storage duplication

Whereas 1A vss disks hold programs and data used by the processor,
the bulk of the storage media is required for messages and announce-
ments. In general, when any information is stored, it is then scheduled
for duplication on another disk associated with another smc. This
arrangement allows outage of a disk or of other system components
without loss of any data.

Although processor information duplication is scheduled with a high
priority, analysis shows this to be unnecessary for voice messages.
That is, as long as messages are duplicated within approximately one
hour, the delay contributes little to the probability of lost messages
since this delay is still very short relative to the mean time between
failures of disk transports.

However, the advantage of the delayed-duplication philosophy, is
that priority may then be given to more urgent service-affecting
activity, such as the handling of calls during a temporary peak traffic
period. During much of the time when the system is not heavily
loaded, messages will be duplicated quickly.

IV. MAINTENANCE SOFTWARE
4.1 Overview

A complex maintenance software system is required to enable the
1A vss to meet the high reliability objectives described in Section III.
The primary responsibility of this maintenance system is to accept
error indicators from the operational and administrative software,
reconfigure the 1A vss such that the suspected faulty unit is isolated,
diagnose the isolated unit without affecting normal 1A vss functions,
and help resolve exactly where the fault is in terms of replaceable
circuit modules. The main interface with the operational and admin-
istrative software is the error control subsystem. This subsystem
receives the error indicators and determines the corrective action. If
the error control subsystem is unable to maintain a working configu-
ration, the system recovery subsystem is called into action. Other parts
that make up the maintenance software system are (i) The trunk
maintenance subsystem, which includes the ability to perform auto-
matic tests between the 1A vss and connecting client offices, manual
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tests from either end, and automatic trunk administration functions.
(it) The routine diagnosis subsystem, which is responsible for auto-
matically testing the entire 1A vss periodically. (iiz) The power/alarm
subsystem, which monitors the system’s power and alarm indicators,
controls the system status panel, and operates all the other audible
and visual indicators. (iv) The maintenance administrative subsystem,
which accumulates hourly, daily, and monthly maintenance status and
reports. All of the above functions are controlled and administered by
the maintenance control subsystem. This control subsystem coordi-
nates all maintenance activities in the 1A vss, maintains the vss
configuration database, initiates all diagnostic executions, and admin-
istrates system reconfigurations. The remainder of this section will
describe these subsystems in greater detail.

4.2 Error control and error history analysis

The error control subsystem receives error indicators from opera-
tional and administrative software. It is responsible for evaluating
these error inputs and determining what action to take. Figure 3 shows
the sequence used to maintain a working configuration when the
system experiences errors. Error messages sent to error control can be
classified into the following types: (i) A device handler has lost the
ability to communicate with its hardware. (i) An error occurred but
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Fig. 3—Error detection/fault recovery.
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the operation was successful because of a retry strategy. (iii) An error
occurred and either no retry strategy was employed or it was unsuc-
cessful.

When an error message of the first type is received, the unit involved
is already out of service since fault recovery code is designed into the
device handlers to cause an immediate reconfiguration if communica-
tions are lost with the unit. In this case, error control does not have to
resolve the problem. The action taken is to request a conditional
restore of the unit identified in the error message. The unit is already
out of service so this request results in a diagnosis of the unit. If the
resulting diagnosis fails, appropriate failure information used to resolve
the fault is displayed on the maintenance teletypewriter (TTY) and the
unit is left out of service. Manual action will then be required to restore
the unit. If the unit passes diagnosis, it is put back in service and the
history analysis part of error control is informed. In certain instances,
it is possible for a unit to fail but pass diagnosis and be restored. To
prevent an endless cycle of this type of occurrence, each time the unit
is restored, history analysis is informed. If this cycle repeatedly occurs
in a short time span, history analysis will order the unit to be removed
from service and to be put in a trouble state. Manual action will then
be required to restore the unit to service.

An error message of the second type is called a transient error. No
attempt to resolve the problem is made by error control. Instead, the
transient error is sent to history analysis. If many transient errors for
a particular unit occur in a short time span, history analysis will cause
the unit to be diagnosed by requesting a conditional restoral. Since the
unit is in service at this time, it will be removed from service when the
restore request is received (diagnostics can be run only on an out-of-
service unit). Once the unit has been removed from service, the actions
taken are identical to those in the first error-type sequence, including
the feedback to history analysis if the diagnostic passes.

Error messages of the third type trigger the greatest amount of
activity. Some of these messages are such that a specific unit is
immediately implicated. For these cases, a conditional restore of the
unit is requested. Other type-three error messages do not allow error
control to make an exact determination of where the fault lies. These
messages result in conditional restorals of some suspect units, and
implication of other units via transient error messages sent to history
analysis. In the former case, the resulting diagnostic will either find a
fault or exonerate the units. The action in the latter case is identical
to that taken for transient error messages sent by operational software.

It is expected, in the cases where the determination is not clear, that
the unit implication lists and history analysis thresholds will be opti-
mized as field experience becomes available.

VOICE STORAGE SYSTEM—OFFICE ENGINEERING 897



4.3 System recovery

The system recovery subsystem has the responsibility for recovering
a working 1A vss when the system must be reinitialized (similar to
phasing the Ess machines) because of processor problems, when cat-
astrophic peripheral hardware failures occur, or when 1A vss software
insanity occurs. When the system is reinitializing because of processor
problems, system recovery has little control over the situation. If
sufficient time does not elapse between successive reinitializations, the
reinitialization level escalates. At each level, more drastic software
initialization occurs until the. bootstrap level is reached. Once this
occurs, system recovery takes its first positive action—it triggers a
memory reload of all resident memory programs and the office data-
base.

As specified in Section IIT, some of the 1A vss periphery is dupli-
cated. If a duplex failure occurs, the failure is catastrophic and 1A vss
ceases to function operationally. When the duplex device handlers
recognize this occurrence, they send a message to system recovery and
stop functioning. System recovery will attempt to find a working
combination of one of these devices and one of the processors by trying
all possible combinations and by driving the initialization level higher
and higher each time. Unlike the escalations caused by processor
problems, if the system recovery subsystem is unsuccessful at finding
a working combination, the escalations can be stopped manually by
pressing the manual stop key on the system status panel. When the
manual stop key is pressed, the 1A vss will stop thrashing through
initializations and will settle into a quiescent nonoperational state
where diagnostics can be run manually on the duplex-failed unit until
the faulty component is found and repaired. When one of the units is
functional, the manual stop key is released and a manual bootstrap
will restart the system.

The system recovery subsystem provides an outlet for software
modules (including the system recovery modules) that find themselves
in untenable states from which further processing would cause further
system software failures.

When this occurs, a module can send a message to system recovery
which causes an initialization of the module, and perhaps all other
modules depending on the level of initialization. This could cause an
escalation to the memory reload bootstrap level. The manual stop key
has no effect on software sanity initializations.

The last interface to system recovery is utilized when the 1A vss
configuration has deteriorated below a predefined threshold. For
threshold analysis, the 1A vss is divided into the storage subsystem,
the service circuits subsystem, and the voice access (per trunk) circuit
subsystem. When 50 percent or less of the units in any of these
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categories are in service, system recovery is notified. The first notifi-
cation will cause a switch of the processors which will raise the level
of initialization by one. The next unit removed from service in that
group will trigger conditional restores of all the out-of-service units in
the affected subsystem. Further reports of units being removed from
service in this category will be ignored until all the units in the category
are out of service. If this occurs, all the units in the category will be
unconditionally restored to service (unconditionally means that no
diagnostic is run), and the threshold recovery algorithm is reset. The
algorithm is also reset if sufficient time elapses between any of the
levels of recovery. The manual stop key functions as described in the
duplex failure case.

4.4 Trunk maintenance

The 1A vss office connects via trunks to the 1/1A Ess connecting
offices. The main philosophy of the 1A vss trunk maintenance plan is
that the connecting offices, regardless of type, are the controlling
offices for the interconnecting trunks. This means that the 1A vss will
have supporting automatic trunk test equipment, but will not have
responsibility for initiating trunk facility maintenance. The connecting
offices execute and evaluate end-to-end operational and transmission
tests. Nevertheless, the 1A vss does contain a substantial amount of
trunk maintenance software which is used for trouble detection, trou-
ble verification, sectionalization, repair, repair verification, service
protection, and new circuit installation or circuit rearrangement test-
ing.

The 1A vss will accommodate the execution of end-to-end opera-
tional tests initiated from the connecting office. This test, which is run
whenever the trunk diagnostic is executed at the connecting office, will
validate the interoffice signaling capability and continuity over the
transmission path, but will not test transmission quality. This will
occur automatically at least on a daily basis. The 1A vss will also
accommodate a Remote Office Test Line/Centralized Automatic Re-
porting on Trunks (ROTL/CAROT) automatic transmission test. Only
terminating test equipment exists at the 1A vss; therefore, the trans-
mission test must be initiated at the Ess connecting office end either
manually or automatically through a CAROT facility. This test, which
includes a verification of transmission quality, will be run automatically
at least once a day.

The 1A vss provides extensive trunk service protection on its own.
Whenever an internal 1A vss problem exists which affects one or more
VACS, the corresponding trunks at the vss end are put in the reverse-
make-busy state. A trunk is in this state when it is seized from one
end, but no signaling is sent or accepted by that end. Viewed from the
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opposite (Ess) end, the trunk is said to be high and wet. This will keep
the connecting offices from using the affected trunks at the price of
making them execute some software which deals with the high-and-
wet state. When the internal 1A vss problem is cleared, the trunk
circuit will be put back into a normal idle state.

All carrier groups connected to a 1A vss have hardware Carrier
Group Alarms (ccas). A cGaA is reported to a trunk maintenance
module which immediately removes all associated trunks from service
and releases any service circuits tied to these trunks. This protection
is required because a 1A vss has only a small number of service circuits
which could all be occupied by a faulty carrier that causes all the
associated trunks to be seized. When the cca is cleared, all the
associated trunks will be put back in service automatically.

Whenever a vac is put back in service, an operational end-to-end
test is run on the corresponding trunk from the 1A vss end. This test
does not require any special software at the Ess end. It is used to
determine if the trunk is high and wet (seized permanently from the
Ess end), or if it is otherwise faulty so that it should be locked out at
the 1A vss end. The locked-out condition occurs if the Ess does not
respond to a trunk seizure from the vss end. A locked-out trunk will
not be used operationally by the 1A vss but will be treated normally
if seized by the connecting office. Trunks in the locked-out state will
be automatically and periodically tested by the 1A vss end-to-end test.
If it passes, the trunk will be restored to a normal condition. A trunk
found to be high and wet will be restored to service automatically
when the permanent seizure from the connecting end is dropped.

The trunk maintenance subsystem also provides a manual trunk
maintenance capability from either end of the trunk. The craft person-
nel at the connecting end can request several test signals from the 1A
vss, or can be connected to the trunk test panel at the 1A vss. By
using various TTY input messages and the trunk test panel, craft
personnel at 1A vss can call test signal generators or the trunk test
panel at the connecting office end.

The key points of the trunk maintenance plan for the 1A vss are
that the extensive trunk maintenance software, along with the error
control/history analysis software described earlier, provide a powerful
sectionalization tool for all trunk-related problems. Consequently,
almost no end problems will require manual restorals of trunks at the
end where the problem did not exist.

4.5 Maintenance control

The maintenance control subsystem orchestrates all maintenance
activity in the 1A vss periphery. The processor contains its own
maintenance system. The maintenance control subsystem gets re-
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quests to remove units from service, to diagnose units, restore units to
service, and to switch duplex units. These requests come from the
error control, system recovery, trunk maintenance and routine diag-
nosis subsystems, and from manual inputs via the TTY from craft
personnel. Maintenance control is responsible for prioritizing these
requests and ensuring that no interference occurs between concurrent
maintenance activities.

Requests to remove units from service will be evaluated to determine
the effect of this action. Removing a unit from service may affect
several other units, or it could trigger particular alarm conditions or
even system recovery action. Maintenance control must make these
determinations and take appropriate action. One example of an inter-
active condition is the removal of an smc from service, which will
necessitate the removal of all disks connected to it, along with its
associated second-stage switch (one of the modules in the two-stage
TMSDs shown in Fig. 2). All three of these unit types are grouped into
a family, and anything that affects one member of the family is
evaluated to determine its affect on other family members. There are
several other family groupings in the 1A vss.

Another situation arises when the removal from service of an smc
would leave the system below a critical minimum number of opera-
tional sMcs (as detailed in the system recovery section). In this case,
a routine remove request would be denied.

Requests to diagnose units will cause these units to be removed from
service if they are active, and then helper units will be selected as
required before the request is passed along to the diagnostic control
subsystem. Requests to restore a unit to service will first cause it to be
removed from service if required, and then diagnosed. If the unit
passes the diagnostic tests, it will be initialized and restored. A unit
can also be unconditionally restored which will cause it to be initialized
and put back into service without being diagnosed. When a unit is
restored, a family evaluation will take place. For example, this occurs
when all the disks connected to a particular voice message controller
are taken out of service; then the storage media controller and its
associated second stage switch are also taken out of service but are
put in a nonfault stage. When any one of the disks is restored to
service, the associated sMc and second-stage switch are also restored
automatically.

4.6 Diagnostics

The 1A vss peripheral diagnostic programs are used to detect faults
in their respective units; the resulting failure data are then used to
identify any of the replaceable circuit modules which are faulty. A
table-driven diagnostic design is used, and a high-level-macro approach
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facilitates the diagnostic development. The same diagnostics are used
for frame testing in the factory, for installation testing at the field site
prior to cutover, and for on-line testing programs, while the system is
operational. The diagnostics are triggered either manually, by craft
personnel using a TTY, or automatically as was discussed earlier. The
manually initiated diagnostics may be originated from either the on-
site maintenance TTY or remotely from a Switching Control Center
(scc). The trouble location capability is an integral part of the diag-
nostics and will be described later. In general, the location capability
is at its maximum when a unit contains a single fault; if it contains
multiple faults, the location resolution is reduced.

Each unit diagnostic is a collection of macros used to test the unit.
These macros expand into data table words when assembled. Each
macro expands into an OP-CODE or INDEX word, plus one or more
data words. These data table words are grouped into one or more
segments each containing less than 2K words. When a diagnostic is
triggered automatically, all the segments in a particular unit diagnostic
are run on the unit under test. If the diagnostic is manually triggered,
all segments or selected segments can be run. A diagnostic segment
can also run in an interactive mode where execution proceeds to a
selected point in a segment, or proceeds from a selected point to
another, or loops over one or more tests.

Figure 4 shows the structure of the diagnostics. The data tables
reside in auxiliary memory in the 1A vss disks. When executed, the
segments are overlayed, one segment at a time, into a 2K paging buffer
in main memory and are used to drive the diagnostic control program
which resides in main memory. A simple model of this control program
is included in Fig. 4. After overlaying a segment of data tables, a task
dispenser examines the first data table word and extracts the OP-
CODE or INDEX information. This is used to pass control to the
appropriate task routine. Each macro type has a corresponding task
routine which fetches the data words following the OP-CODE or
INDEX word and executes accordingly. Most of the task routines
build commands for the 1A vss peripheral devices and then send these
commands to the appropriate device handlers. These handlers send
the commands to the devices and they in turn cause the execution of
one or more device-resident firmware routines. The result of this
execution is sent back to the task routine via the device handler. If
this sequence was triggered by a test-type macro, the task routine will
compare the results with an expected result (supplied in the data
words of the macro expansion) and will determine whether the test
passed or failed.

Of special interest is the fact that the diagnostic structure resides in
three different memory media. The data tables are in auxiliary mem-
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ory, the control is in main memory, and the work routines are in device
memory (firmware). This table-driven, high-level-macro approach to
designing diagnostics has been proven very successful in other Ess
developments.® It has permitted the diagnosticians to concentrate
efficiently on the functional requirements of the hardware.

4.7 Trouble location

Trouble location uses all available information to deduce where a
fault exists in the system. Once the resolution is made, the fault is
corrected and the out-of-service unit is restored to service. Trouble
location may require analyzing error conditions, plant measurements,
maintenance reports, and any other indications of atypical system
behavior. No attempt will be made here to describe all possible
approaches. However, the great majority of all faults will be resolved
by the unit diagnostics.

The trouble location information is built into the diagnostic source.
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A trouble location macro follows each test-type macro in a diagnostic
segment. This macro requires the diagnostician to comment on what
the test was checking for, to list the suspected replaceable circuit
modules in a prioritized order, and to specify any special instructions
required for the repair process. When the diagnostic source is assem-
bled into data tables, these macros are expanded into readable repair
information in the diagnostic listing. The listings are processed off-line
where the trouble location information is extracted and used to form
a separate Trouble Location Manual (TLM). When a diagnostic detects
a test failure, it terminates at that point. Craft personnel can use the
test number and segment number to find the appropriate diagnostic
listing or the TLM where the trouble location information will be found.

4.8 Routine diagnosis

Periodically, the routine diagnosis subsystem will test the 1A vss in
an attempt to provide automatic preventive maintenance: Periodic
testing will detect a fault soon after it occurs, which reduces the
probability of the occurrence of a second fault before the first one is
repaired. This is desirable since, as previously mentioned, the power of
the diagnostics is reduced if the unit under test contains multiple
faults. Daily routine diagnosis will attempt to remove, diagnose, and
restore all the 1A vss units that are in service. If the diagnostic fails,
the unit will be left out of service.

There are several special considerations that the routine diagnosis
subsystem must observe. It will run only during the intervals when the
system has little or no customer load. It will cause the processors to
switch only after first triggering a diagnosis of the processor that was
the standby. It must take hardware family associations into account to
minimize the effect on the rest of the system.

Routine diagnosis also has the responsibility for performing certain
test sequences that are not executed when the diagnostics are run as
previously described. These test sequences can be run manually if the
appropriate diagnostic parameters are used, but they seldom will be
executed this way because of their long execution times. Two examples
of such sequences are the multiple path select tests in the switch and
matrix diagnostics, and the complete media test and initialization
portion of the disk diagnostic. These sequences will be run periodically,
but not on a daily basis.

4.9 Power /alarm control

The power/alarm subsystem monitors the system’s power and alarm
indicators (with the exception of the carrier group alarms described in
Section 4.4). Examples of these are unit power indicators, bus power
alarms, and building alarms. The power/alarm software also provides
routines for other maintenance software to trigger minor, major, and
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critical alarms in the system. These power and alarm inputs will result
in appropriate TTY output messages, audible and visual indications,
and corresponding indications on the System Status Panel (ssp). All
of these alarms will be sent to the connecting scc system using another
port on the maintenance TTY channel and telemetry. An interesting
feature of the 1A vss maintenance philosophy is that the power and
alarm indicators which provide input to the power/alarm subsystem
will not trigger any maintenance activity other than the indicators
described above. The reasoning behind this is that all such power/
alarm problems will result in operational problems with the unit or
units involved and will be handled by the error control subsystem.

Most 1A vss peripheral units have power and status indicators built
into the power switch module visible on the unit’s front panel. These
indicators show if the unit is operating normally, is out of service, is
powered down or is in a power alarm state. The indicators are con-
trolled by the power/alarm subsystem. The status of the 1A vss units
is also displayed on the ssp. If all the members of a particular unit
type (e.g., SMCs) are in service, the corresponding light on the ssP is
extinguished. If one or more units are out of service, the light is lit.
Minor, major, or critical alarms result in output messages describing
the problem, appropriate indicators on the ssp, audible alarms and
aisle pilot lights indicating which aisle or equipment is experiencing
the problem. If the 1A vss does not have resident craft personnel, the
audible alarms can be shut down at the site and monitored only via
remote connections to the scc system.

4.10 Administrative maintenance function

A great deal of effort was put into the man-machine-interface design
of the administrative maintenance capability. This capability consists
of:

(i) Reporting features which allow the craft personnel to ask for
the maintenance status of various system components via TTY input
messages.

(Zi) Automatic outputs of maintenance information on an hourly
basis.

(izi) Automatic outputs of detailed plant measurement data on a
daily basis.

(iv) Automatic outputs of a summary of the plant measurement
information on a daily basis (used by the management in charge of the
system).

(v) Monthly measurements and summary records.

The hourly maintenance information can be tailored by the individ-
ual system managers. The default case is to report all available
information. The entire report or selected categories can be printed
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out or inhibited as desired. Examples of items comprising this report
are a list of units out of service, entire trunk groups that are inoperative,
and carrier facilities in the alarm state. The detailed plant measure-
ments show which units had transient error conditions, which were
automatically removed from service, which were found faulty as a
result of the automatic removal, and the measurements also show the
length of time each remained out of service. Other plant measurements
indicate the frequency of system reinitializations and the levels at
which the reinitializations occurred, and provide a calculation of the
message reliability based on the Mean Time to Repair (MTTR) and the
Mean Time Between Failure (MTBF) of the storage subsystem.

V. INSTALLATION TESTING AND ACCEPTANCE TESTING
5.1 Overview

As the final phase of the installation, a new vss is put through an
extensive series of tests to verify proper operation. Most of these tests
result in TTY printouts of system actions that can serve as a permanent
record of test results. In addition, a high-temperature test may be run
at the option of the Boc. The Boc personnel either participate in these
tests or subsequently review the results. At this point, the system is
turned over to the Boc for final acceptance testing prior to cutting the
system into service.

Acceptance tests are run by a Boc to assure itself of the proper
operation of a newly purchased system. It is highly likely that no two
vsss will ever be exactly alike in terms of installed office configuration,
trunking arrangements, connecting office number and types, and the
mix of customers served by these offices. Nevertheless, the Boc has
extensive standard test documentation and the expertise of the West-
ern Electric installation organization to draw upon in tailoring testing
to the specific vss office configuration.

Acceptance tests may include:

(i) an audit of the installation tests,

(i1) tests which check the interaction of the 1A vss with other
systems to which it connects (e.g., ESs client offices and operational
support systems).

The installation tests are described in Section 5.3. In these tests, the
system’s ability to handle a heavy calling volume is verified by the
application of a simulated traffic load. The equipment which generates
these test calls is described next.

5.2 Call simulation equipment

The equipment used to provide a simulated traffic load to 1A vss is
different than that used in Ess offices because the requirements of 1A
vss are unique. The processor on either an Electronic Switching
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System (Ess) or on 1A vss can be presented a load by generating a
large number of short-holding-time calls with computer-driven test
facilities. In the ESs case, lengthening the holding time on calls would
additionally load down the network. This is not generally done—it is
considered unnecessary because networks are well understood and can
be engineered to a highly predictable level of performance. Long calls
would, incidentally, also load down the test facility; a much larger
computer would be required to manage the much greater number of
calls concurrently extant within the switching system.

For 1A vss, both a high calling rate and long call holding times are
required. It is true that the processor, which handles the call setup
and tear-down, is loaded by a high calling rate. However, unlike the
situation in an EsS, the 1A vss processor also has work to do during
the course of a call to handle the storage and retrieval of messages.
Furthermore, the smcs and disks are loaded most heavily by lengthy
messages which must be stored and retrieved.

The corresponding throughput capacity requirement on the call
simulation equipment is large. This is handled by a number of micro-
processor-driven call simulators which provide a distributed load. In
each vAC unit (of which there are two in each vac frame) there is a
normally unoccupied circuit module location having backplane wires
to each Trunk Access Circuit (TAc). A call-simulator board may be
plugged into this location to provide a call load on any or all of the 16-
trunk circuits in this vac. Simulated traffic is applied to selected
trunks by the insertion of a strap plug (in lieu of an actual trunk
connection) for each such trunk on the vac backplane. Each call
simulator can generate traffic autonomously, or can be monitored and
controlled from a common facility.

The call simulators are capable of generating any or all of five call
types associated with the Call Answering service.'! They produce
messages comprised of a pulsating tone that is encoded to contain a
check number; message length may be set from 10 to 80 seconds in 10-
second increments. Front panel switches (see Fig. 5) or external control
may select the call type and message length parameters. Additionally,
the E&M lead signalling is handled as is the generation of multifre-
quency (MF) digit strings which contain call type and directory number
information for the vss. Retrieved messages are decoded and matched
for a correct check number. Counts of total calls and of errors in each
of five categories are recorded by the microprocessor. They are also
selectively displayed on a three (hexidecimal) digit read-out on the
front panel.

At the shortest (10-second) message length, a call simulator is
capable of generating in the vicinity of 160 calls/hour/trunk depending,
of course, on the response time of the vss. This substantially exceeds
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Fig. 5—Call simulator.
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anticipated per-trunk calling rates which are predicated on longer call
holding times. Therefore, in doing volume tests, message lengths are
chosen appropriately to obtain the calling rate for which an office has
been engineered.

A jack on the front panel provides a 300-baud RS 232 communication
interface to a common monitor/control unit. This unit contains a
minicomputer controller and a teletype for output. A maximum of 32
call simulators, each located in a vAc unit, would be concurrently
connected to this monitor/control unit in a maximum-size 1A vss. In
the normal monitor mode, a full report is issued every 15 minutes.
Others modes are available for hourly, daily, or on-demand reports.
For each active trunk in the system, a printed line is produced that
contains counts of total calls and of each of the five error types. Control
and monitoring of all call simulators from this central point greatly
facilitates the administration and recording of the integrated and
maintenance volume tests, as discussed in the next section.

5.3 Installation tests

Various final checks performed by Western Electric installation are
discussed in the following:

(7) Idle System Tests are those in which the system is caused to
sequence through the routine diagnostics which are normally run once
a day. No traffic load is applied. This test verifies that all units and
subsystems are operating properly.

(i7) Integrated Volume Tests involve a simulated traffic load being
applied to the system. In this test, the 1A vss is required to carry the
level of traffic (calls per hour) for which it was engineered, for a 24-
hour period, during which full grade-of-service requirements must be
met.

(¢if) Maintenance Volume Tests verify the system’s ability to re-
cover properly from hardware troubles and software initializations.
Simulated traffic is applied during the test. The grade of service
delivered by the 1A vss during induced disturbances is monitored by
the call simulation equipment and printed out on an associated TTY.
The printout provides per-trunk counts of the number of calls handled
properly, and of call-handling errors in different categories. The num-
ber of such errors, if any, which are allowed depends upon the severity
of the disruption induced in the system. For example, the manually
initiated removal from and restoral to service of any units in the 1A
vss should be accomplished without perturbation of call-handling
activity. On the other hand, the disabling of an active controller will
abort a call being set up at that instant, while a major software
reinitialization could suspend call handling for a matter of seconds. A
failure of commercial ac power is induced to verify the system’s ability
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to transfer smoothly to battery-backup power. In general, the system
design is such that the voltages supplied to vss operational equipment
are not disturbed by such a failure.

Also, various additional tests are run to cover interfaces or test
equipment not checked by diagnostics (e.g., trunk test facilities).

5.4 Acceptance tests

During the interval between turnover and cutover of a system, the
Boc performs acceptance tests to verify that the system will perform
as engineered. Aside from the optional repetition of any of the instal-
lation checks, these tests deal primarily with interfaces to other sys-
tems. For vss this includes the connection to the automatic message
accounting recording center (AMARC) system, which receives billing
information; to EADAS (discussed in Section II); which collects traffic
data; and to the scc for maintenance monitoring. However, the largest
interface is made up of the trunk groups, which connect to Ess client
offices.

A complete test of vss features is made at the option of the BoOC.
Since the presently planned services and features can be thoroughly
tested over the interconnecting trunk groups by several hundred phone
calls, the development of special field test facilities has not been
warranted. These intersystem tests are spelled out in a “script” which
defines the specific actions (and their timing) to be taken in placing
each call. A grouping of test telephones has been defined, each of
which is provided with specific Ess features (e.g., one- or two-digit
speed calling, call forwarding, call waiting, etc.). Appropriate calls
placed on these phones can then verify that the combination of the
Ess with its software, and the 1A vss with its software, are interacting
correctly so as to produce the expected announcements or other
responses.

Vi. SUMMARY

A conventional telephone switching office mediates communication
between two parties by setting up a connection over which they may
converse. Unlike a switching office, the 1A Voice Storage System (1A
vss) takes on the role of one of the conversing parties. In the course of
handling a typical call, 1A vss receives input control signals at various
times, outputs system announcements in response, and either records
or retrieves customer messages. Since this type of communication is
complex, offering many opportunities for a system malfunction to
disrupt a call, the 1A vss design incorporates a large number of failure-
defense strategies.

The quality of service is of utmost importance. This article has
presented the underlying philosophies and the approaches used to
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obtain this quality. Several contributing factors which have been
covered are adequate office er gineering to assure sufficient equipment
to handle peak traffic, high intrinsic reliability based upon system
redundancies and defensive software strategies, and an effective main-
tenance software system to minimize the effect of failures on system
service. The incorporation of these system features has provided a
robust 1A vss system which is flexible and reliable.
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ACRONYMS AND ABBREVIATIONS FOR VOICE
STORAGE SYSTEM

AC advance calling

ADM adaptive delta modulation

AGC automatic gain control

AMARC automatic message accounting recording center
AP auxiliary 3A processor

ATAE Associated Telephone Answering Exchanges, Inc.
BOC Bell Operating Company

CA call answering

CAROT/ROTL centralized automatic reporting on trunks/remote
office test line

CAS custom announcement service

CCD charge-coupled device

CCSII custom calling services 11

CF call forwarding

CGA carrier group alarm

CODEC coder/decoder

CRC cyclic redundancy check (or code)

CSD customer specified delivery

Ccw call waiting

DCA daily call answering

DMA direct memory access

DN directory number

DT disk transport

DTMF dual tone multifrequency

EADAS engineering and administrative data acquisition
system

EOS extended operating system

ESS electronic switching system

FCC Federal Communication Commission

FIFO first-in-first-out

FSK frequency shift keying

I0P input/output processor

LSI large-scale integration

MCA monthly call answering

MF multifrequency

MISC. miscellaneous

MTBF mean time between failures

MTC maintenance frame

MTTR mean time to repair

MWR message waiting ring
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MWT message waiting tone

NAC network administrative center
0SS operations support system
PC privacy code

PCC privacy code change

PCD power control and distribution frame
POTS “plain old telephone service”
PUC Public Utility Commission
RA remote access

RAM random-access memory

RC resistance-capacitance

SCAM service circuit access matrix
SCC switching control center
SMC storage media controller

SO service order

SOTTY service order teletypewriter
SPC stored program control

SRC service circuit

SSD service specified delivery
SSP system status panel

STC state table controller

T TRIPORT cabinet

TAC trunk access circuit

TLM trouble location manual
TMSDS time multiplexed space division switch
TNDS total network data system
TSPS traffic service position system
TST test frame

TTY teletypewriter

UPS uninterruptible power supply
VAC voice access circuit

VP voice presence

VSS voice storage system

VM voice manager

VU volume unit
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B.S.T.J. BRIEF

A Josephson Parallel Multiplier

By T. A. FULTON and L. N. DUNKLEBERGER

(Manuscript received January 14, 1982)

This report describes the operation of an 8- x 12-bit parallel multi-
plier which employs Josephson tunnel junctions (Fig. 1).!* The device
contains 548 junctions used in two-junction “Jaws”-type logic ele-
ments.” Ninety-six of these logic elements function as AND gates to
form the partial products. Their outputs are fed into a Wallace-tree®
arrangement of 89 full adders, each having one Jaws for the CARRY
computation and one for the SUM. The thirteen most significant bits
of the product are returned to the outputs.

A latching-logic mode of operation is used.! This employs a five-
phase ac current supply for power and timing, provided by unipolar
pulses from a room-temperature word generator. The minimum cycle
time achieved is 75 ns, with a latency time delay between input and
output of 30 ns measured at the room-temperature connectors. Both
times are within design specifications. The latency time is determined
primarily by the time required for settling of the power-supply pulse
amplitudes (20 ns total) and by the round-trip cable delay (8 ns) from
the room-temperature connectors to the chip immersed in liquid He.
The worst-case logic delay for the Jaws elements (ripple carry through
18 stages) is estimated as <2 ns, based on the <100 ps computer-
simulated Jaws delay. In initial tests after preliminary adjustment of
bias levels (chiefly the five-pulse amplitudes from the word generator),
the multiplier operates correctly on all of several hundred selected
combinations of inputs, as judged by oscilloscope monitors. Both
exhaustive testing and optimization of bias levels remain to be carried
out.

* (See Ref. 1 for two recent publications devoted to reviews of the state of the art in
Josephson digital circuits.)
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Fig. 1—A photomicrograph of the multiplier chip.

Circuits were fabricated on 2-inch-diameter oxidized Si wafer sub-
strates having 12 chips per wafer. The circuit has seven levels. These
are the Nb ground plane, two levels of ground-plane insulation (an-
odized Nb and an evaporated Ge-SiO sandwich), the Cu-Ge resistors,
the Pb-alloy y-direction wiring and junction-base electrodes, the Ge-
SiO crossover insulation, and the Pb-alloy x-direction wiring and
junction-upper electrodes. Linewidths of 10 um are used predominantly
in the wiring and junctions, while some resistors are of 2.5-um line-
width.

Fabrication was performed in a small class-1000 clean-room facility.
Failures were caused primarily by lithographic or other fabrication-
related defects and, secondarily, by nonuniformities in junction-critical
currents. Estimates for the yield for defect-free fabrication are roughly
25 percent.

The very-high-speed capabilities of Josephson junctions are not well
utilized in the particular design chosen for the multiplier. It was
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decided to emphasize simplicity at the expense of performance (within
the speed specifications mentioned previously) to minimize fabrication
difficulties. Nevertheless, to our knowledge the circuit is the most
complex, fully working Josephson circuit described to date.

We wish to acknowledge substantial contributions to this work by J.
N. Hollenhorst, S. S. Pei, and S. K. Tewksbury. We have benefited by
continued support from R. E. Slusher and J. A. Giordmaine.
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