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Preface

This book is divided into nine sections, each devoted to specific areas of data network cases.
Most readers who are potential network implementers, network improvers, or those seeking
examples of actual implementations to supplement academic data communications material
should find the contents beneficial. All the cases originally appeared in DATA COMMUNICA-
TIONS magazine as feature articles and should be even more valuable when presented in
this format.

The case studies herein are by no means an exhaustive list. However, they do provide a
representative sampling of network design cases. We have provided articles that describe major
network implementations involving real-world applications.

We have also attempted to include as diverse a sample of network designs as possible. The
reader should beware that, because of the dynamic and evolving nature of data communications,
a network can be obsolete even as it is described in the literature. However, the process leading
up to the design, together with the description of the network created, can often be directly
applicable to network designs currently in progress.

The editors recommend that “Data Network Design Strategies” be used as a companion
volume. Thereby, the technology and techniques in the network design process can be fully
appreciated.

Vil
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Canadians exchange

stocks in a

mixed trading network

Donald R. Unruh, Toronto Stock Exchange, Ontario, Canada

When trading on the Toronto Stock Exchange reached
record highs, so did communications costs. But
Canadian ingenuity bred a hybrid network to

balance costs and efficiency and expand services.

The Toronto Stock Exchange’s (TSE) market informa-
tion services are updated with data on more than
150,000 trading transactions a day, from all over North
America. In addition, Candat (which refers collectively
to the network and databases) responds daily to over
350,000 inquiries entered at more than 1,500 terminals
across Canada and the United States. Many of the
same access terminals are used in the Computer-As-
sisted Trading System (CATS), which handles between
15,000 and 18,000 trading transactions a week —
approximately 25 to 30 percent of the Toronto Stock
Exchange’s total volume.

The number of Candat terminals has increased 50
percent annually over the last several years. This has
been possible through the evolution of a hybrid com-
puter network connecting both the many databases
of trading data and the widely distributed users of the
information services. The network is partially private,
using local analog circuits and the TransCanada Tele-
phone System’s Dataroute digital communication ser-
vice, while the public portion is based on the Datapac
packet-switching service. The private portion of the
network supports TSE's market information service,
Autodat, and the CATS trading system. The public
portion handles the exchange’s two new information-
retrieval services, Instadat and Quicknet.

The introduction of public packet-switching commu-
nications has been significant to the stock exchange
in two ways. First, TSE has been able to offer additional
market information services, while limiting its involve-

2

ment in the communications business. Secondly, the
public network lets TSE offer these services competi-
tively and profitably without geographical constraints.
Consequently, TSE expects that in the near future all
of its market information services, including those cur-
rently offered through the private network, will be ac-
cessed through packet-switching services.

Autodat, which has been in operation for about five
years, is the predominant user of the Candat informa-
tion network. It accounts for about 80 percent of the
total inquiries, encompasses more than 1,350 termi-
nals, and is used to some degree by virtually all of
TSE’s 79 member firms. Moreover, the Autodat com-
puters, terminals, and communications facilities also
handle the CATS trading system.

A minimum configuration for an Autodat subscriber
is a CRT display and special keyboard with 165 keys
for both Autodat and CATS services. A variety of trad-
ing information may be retrieved and displayed on the
divided CRT screen. In a typical assortment of display
data (Fig. 1), the upper screen area might contain ei-
ther a conventional horizontal stock ticker or Autodat’s
unique ‘“‘waterfall’’ vertical ticker. The central screen
area would likely be devoted to a ‘‘stock-watch’ dis-
play, which includes as many as 24 stocks or market
indices requested by the user. The lower screen area
is a work space for interactive inquiry at the keyboard,
although all screen areas can be used for this purpose.

By entering the stock symbol and exchange code,

a trader can request quotes on as many as six stocks,
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1. Partitioned screen. Subscribers to this Toronto Stock
Exchange service receive different outputs on a single,
partitioned CRT screen. The top portion is a *‘waterfall”

options, bonds, or commodities in each screen area.
The tickers in the upper screen section are constantly
moving, and the market information in the two lower
areas is stationary, but automatically updated after
every quote change or trade.

In addition to offering trading data similar to that of
other market information services, Autodat provides
several unique types of market information. A “previ-
ous-trades’’ display, for example, lists all trades in a
given stock in successive pages, starting with the 10
most recent trades. A ‘‘block-trades’’ display (based
on a dollar value of $50,000 or greater) shows the 10
most recent trades, along with the buyer and seller
broker numbers. Information for the stock option mar-
ket, which has been growing rapidly, includes the last
price of a stock, its bid and asking price, and the last
prices of up to 15 options simultaneously. A “‘multi-
page-options’ display expands on the options infor-
mation by showing the volume traded, the net change
from previous close, the open, high, and low prices,
and the total open interest.

The Autodat responses to the 250,000 daily terminal
inquiries to the central Candat database are generated
at the TSE’s network center (Fig. 2). The database
includes stocks and options traded on the Toronto,
Montreal, Vancouver, and Alberta exchanges and,
through the Securities Industries Automation Corpora-
tion (SIAC), the New York Stock Exchange (NYSE)
and the American Stock Exchange (ASE). There is
also a link to the Quotron financial information service
in New York City, which covers all U.S. stock ex-
changes other than the NYSE and ASE. Two-thirds of
the inquiries are for TSE-traded stocks and options,
about 20 percent for U.S. stocks, and the rest for
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display of broadcast stock data, while the center and
bottom portions are stationary displays that are updated
periodically through individual transactions.

shares on other Canadian exchanges.

Instadat is a low-cost market information service. It
provides access to the Candat database for inquiry,
but does not include any tickers or automatic updates
of displays, such as Autodat’s ‘‘stock-watch’ feature.
Instadat, which began in mid-1979, has already
reached a daily volume of up to 80,000 inquiries
through 180 terminals.

Quicknet offers the same market information as In-
stadat, but with a message-processing facility for mul-
tiple-office brokerage firms. It currently serves three
national brokerage firms with over 100 inquiry terminals
at 75 branch offices throughout Canada. Messages
can be transmitted between two terminals or broadcast
to all terminals. Most terminal-to-terminal messages
are trading orders, while broadcast messages usually
contain research and accounting information.

The CATS trading system originated in November
1977 as a pilot project and has since become the offi-
cial trading system for inactive stocks. It was the first
and still is the most advanced automated trading sys-
tem, and its stocks account for about 700 of TSE’s
1,150 securities. The CATS system was created to
eliminate inactive posts from the trading floor to ac-
commodate increased options trading. The changeover
was planned so that no dealer would have to use both
manual and automated trading procedures.

Trading network’s structure

These market information services are provided
through the Candat network as shown in Figure 2. The
basic network elements are the host facility (at the TSE
network center in Toronto), lines to sources of market
data, lines to users of market data, and the hardware



2. Overall network. The TSE network includes three
distinct subnetworks, each providing substantially differ-
ent information services. In addition, a number of periph-
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and communications facilities associated with each of
the three Candat services.

The host facility consists of three mainframes and
three front-end processors. In addition, several smaller
computers serve as cluster controllers, communica-
tions processors, concentrators, and message proces-
sors within and outside the network center. Although
the message traffic is very high and constantly flows
in all directions, the system software is designed so
that each computer handles only its specific functions.

The Candat mainframes are an IBM 3031, an IBM
4331, and a Control Data Corporation Omega 480-3.
The 3031 maintains the Candat database and runs all
application programs. It also operates the 4331 via a
channel-to-channel adapter. The Omega 480-3 is used

4

for software development and production work for var-
ious Candat administrative reporting applications. A
pair of Digital Equipment Corporation (DEC) PDP-
11/60 minicomputers and a PDP-11/40 operate as
front-end processors, primarily handling polling and
data traffic between the mainframes and the comput-
ers and terminals in the network. The mainframes,
front-end processors, tape drives, and the three sets
of five Control Data 33301 disk storage units for the
Candat database are linked through a T-bar Inc.
3915/3916 computer switch system.

Because of the periodically intense network activity,
the terminals linked to the network demand high per-
formance levels from all computers, particularly from
those in the host facility and the DEC LSI-11 microcom-



puters that function as cluster controllers. In the peak
trading hour between 10:00 and 11:00 A.M., for exam-
ple, 40 messages per second flow from the front-end
processors to the 3031 mainframe. As network activity
grows, additional PDP-11/60s will be installed to han-
dle the increased network-management load.

The application programs on the 3031 are run under
the control of a TSE-written multitask monitor. In the
11/60 front end, these multitask monitors operate in
conjunction with DEC’s 2848 emulator software. To
the DX-11 interface, the mainframe operates as if it
were supporting relatively few IBM 2260 user terminals
located at the network center. Logically, it is not aware
of the communications environment beyond the DH-11
interfaces. On the output side of the front ends, polling
is done through half-duplex asynchronous transmis-
sion, using a TSE-written subset of IBM'’s binary syn-
chronous communications (BSC) protocol.

Database input and update

The most active portions of the Candat database are
the stocks and options traded on the Toronto Stock
Exchange (80 percent of the value of all Canadian
stock trading is done on the TSE). Dual PDP-11/20
minicomputers concentrate data for TSE stock trans-
actions that are entered at 12 on-line keyboards (lo-
cated below the main trading floor) and for transac-
tions from other Canadian stock exchanges received
from a 5-bit Baudot ticker. Data on options, quotes,
and trades are entered directly into the front-end pro-
cessors via local terminals.

A PDP-11/34 concentrator for the NYSE and ASE
tickers is located at the SIAC offices in New York City.
This enhances the quality of the transmission to Toron-
to and reduces the cost (the minicomputer’s price was
significantly lower in New York than in Toronto). The
concentrator receives ‘‘last-sale’” and ‘‘bid/ask’’ tick-
ers from SIAC on 4.8-kbit/s receive-only lines and
buffers them onto a disk in case the network center
unexpectedly shuts down. The two inputs are then
merged in alternating 64-character blocks and sent to
Toronto via 9.6-kbit /s asynchronous transmission.

Users also have direct access to the Quotron service
for U.S. stocks and options not maintained in the Can-
dat database (most of these are Chicago-based op-
tions and commodities). In addition, the TSE ticker is
reciprocally transmitted to Quotron for distribution to
U.S. subscribers and to other market inquiry services
in Canada, as well as to some Canadian and U.S.
newspapers for remotely generating typesetting tapes.

The private subnetwork

The Autodat subnetwork (Fig. 3) is based on a battery
of cluster controllers, each managing data communi-
cations for as many as 20 inquiry terminals. The TSE
currently has 78 active cluster controllers—45 at the
network center, and the rest at customer sites.

The ports on each controller are distributed as much
as possible among Autodat subscribers, so that no
subscriber’s terminals are linked to only one controller.
This way, if a controller goes down and its terminals
are temporarily inoperative, at least one other terminal

on another controller will maintain service. All but a
few controllers are DEC LSI-11 microcomputers. The
others (in the network center) are DEC PDP-11/05
units. Each ‘'microcomputer controls the Autodat-user
interactions for the terminals in its cluster and main-
tains a local list of the stock-watch selections for all its
terminals, automatically updating each item. Probably
the controllers’ most difficult task is handling the al-
most constant stream of data feeding the waterfall
ticker. The greatest load for this occurs during the first
hour of the 6-hour day, when approximately a quarter
of the total terminal activity takes place.

The controllers at the network center are hardwired
to the front-end processors and linked through stan-
dard phone lines to Autodat subscribers in metropoli-
tan Toronto. Other controllers are located in major
subscriber offices throughout Canada. These micro-
computers may be hardwired to terminals at the same
site or connected through local or long-distance leased
lines to others. The remote cluster controllers are them-
selves linked to the network center through Dataroute

3. Autodat subnetwork. LSI-11 concentrators, at both
the network center and user sites, handle Autodat traffic,
which includes interactive trading transactions via CATS.
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digital leased lines, which are substantially less-expen-
sive than standard voice-grade lines. About half of the
1,350 Autodat terminals are linked to the network cen-
ter over these facilities.

Terminal communications within Autodat consists
of either a broadcast line (for ticker transmission and
automatic updating) or a line for database inquiry and
response. The broadcast lines operate at 2.4 kbit/s,
while most inquiry lines transmit at either 2.4 or 4.8
kbit/s. About 80 percent of the total Autodat message
traffic is the broadcast of trading data.

CATS trading (also done on the Autodat subnet-
work) begins with an inquiry on a particular stock. The
Autodat terminal then displays a ranked list of the best
bids and offers for that stock, along with the number
of shares for each. The trader inputs his security num-
ber, the price and volume of the bid or offer, and
whether it is a client or nonclient trade. The data, en-
tered in response to prompting questions, is then ed-
ited by CATS and returned to the terminal display in a
fixed format, together with the latest quote, for the

4. Instadat subnetwork. Datapac’s packet-switching
network serves as the backbone for this service. Updates
are made on a transaction, instead of broadcast, basis.
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trader's acknowledgment. When the data has been
verified, the trader presses the enter key to submit the
order. A response informs him immediately that either
the trade has taken place (that is, his bid or order has
been matched) or his order has been placed in a trad-
ing queue. Later, successful trades are typed out on
an adjacent printer, and a note is displayed in a memo
area at the bottom of the terminal screen.

The charge for Autodat is a single fee per month per
terminal, which varies depending on the type of termi-
nal equipment (14- or 23-inch display screen with cus-
tomized keyboard and optional printer). Subscribers
also pay a monthly access fee for each exchange.
There is no additional charge for the CATS s®rvice,
since TSE members are already billed a standard trans-
action fee for exchange trades.

Economics of packet-switching services
Packet-switching communications was first considered
as a way to eliminate the high communications cost in
an earlier version of Candat. Until recently, the inquiry
service used 75-bit/s telegraph lines to serve subscrib-
ers in remote areas not covered by the newly available
Dataroute network. However, because of the high cir-
cuit charges, TSE's cost of service to these remote
subscribers had become intolerably high.

TSE therefore did a study to compare the quality
and cost of the existing telegraph network with the
Datapac packet-switching network. It found that for
about the same monthly cost of the telegraph facilities,
packet-switching facilities could provide substantially
more data throughput (three times the transmission
speed). Packet-switching was discovered also to cost
subscribers less. Dataroute (digital) data transmission
between Toronto and Vancouver, for example, costs
about 5 cents for the amount of data contained in one
closely typed page. With Datapac, excluding any asso-
ciated hardware, the cost of transmitting the same
information between Toronto and Vancouver is less
than 1 cent (based on a charge of 92 cents per thou-
sand 256-character packets between the two cities).

In addition to solving the immediate cost problems
for remote service, packet-switching communications
gave TSE the means to offer broader Candat services
without having to manage a private leased-line net-
work. Since TransCanada could readily count the num-
ber of packets associated with a given subscriber,
communications cost could be taken out of the Candat
monthly fee, and the subscriber billed directly by
TransCanada for Datapac usage.

The Instadat subnetwork (Fig. 4), the first Candat
service based on packet-switching technology, is sup-
ported by a PDP-11/34, two PDP-11/05s, and a PDP-
11705 backup machine located at the network center.
The PDP-11/34 communications processor provides
service to more than 100 terminals of various types
and models. All have been selected by subscribers
from a list of Candat-approved terminals, and all oper-
ate at 300 or 1.2K bit/s, determined by the user.

The communications software running on the PDP-
11/34 was developed jointly by TSE and TIL Systems
Ltd. of Toronto. It is compatible with the CCITT X.25



communications standard and supports TransCan-
ada’s X3000 standard synchronous protocol. All In-
stadat terminals operate with the X3101 asynchronous
protocol when connected through TransCanada's net-
work interface module (NIM).

The tickers and automatic-update features are not
yet available on Instadat terminals, because, unlike
Autodat, Instadat has no broadcast capability. The
user must therefore enter a new inquiry to access the
database for every information request. The reasons
for this are entirely economic: packet transmission of
the almost continuous stream of broadcast data would
result in extremely high network charges. Moreover,
because packet-switching is a point-to-point process,
the front ends must transmit separately to each termi-
nal, which requires much more front-end processing
power than for individual terminal-inquiry transactions.
In contrast, a cluster controller in the Autodat subnet-
work transmits once, simultaneously, to all multi-
dropped terminals on a given leased line.

TSE recognizes the desirability of adding automatic

5. Quicknet subnetwork. PDP-11/34 minicomputers
handle the message-switching operations of the Quicknet
subnetwork. Subscribers consist of multibranch firms.

TO SWITCH AND FRONT ENDS

DEC DH-11
INTERFACES

LOCAL LEASED
OR DATAROUTE
LINES

ADDITIONS

)
1

SUBSCRIBER
LOCATIONS

1
DEC ]
PDP-11/34 =

DEC
PDP-11/34

DEC
PDP-11/34

DATAPAC
PACKET-SWITCHING
. uetwoRK

-

Y
%..0’0,.‘
»y N\
\o
100 TERMINALS
MAXIMUM

100 TERMINALS

100 TERMINALS MAXIMUM

MAXIMUM

updating and of eventually providing Autodat-level
services to all locations. A more economical automatic-
updating method would require terminal users to spec-
ify the particular securities they would like updated.
This would require far fewer packets, especially if up-
date messages were consolidated in packets.

There are several ways to do this. As with the Au-
todat cluster controllers, software could be added to
the communications processor so that it maintains
tables of securities for each Instadat terminal. The ta-
bles would then be set up remotely and changed by
the user, as they are for the Autodat stock watch. Al-
ternately, the user hardware could be upgraded to
intelligent terminals that could automatically request
updates. Intelligent terminals might also permit a more
economical leased-line network for broadcast data,
reserving the packet-switching network for inquiry.

Quicknet subnetwork

The packet-switching software that links Quicknet with
the Datapac network was also developed by TIL Sys-
tems, which provides its TIL Model 258 video unit as
the standard terminal. The user can incorporate any

of several compatible hard-copy printers with the video
terminal. Each subscribing firm has its own PDP-11/34
message processor, which can handle more than 100
terminals (Fig. 5). The message processor can be lo-
cated at the subscribing firm’s main offices, at the net-
work center, or at any other advantageous location.
Depending on their distance from the network center,
message processors can communicate with the front-
end machines either through hardwired connections,
local leased lines, or the Dataroute network.

Quicknet provides multi-office subscribers with a
message-switching facility that is faster and less-ex-
pensive than competitive Canadian wire message ser-
vices. Messages print out on a Quicknet terminal at 30
characters or more per second, while other services
operate at rates of 10 characters per second. Quicknet
messages are switched by the message processor
using a store-and-forward procedure.

Instadat users are charged a monthly fee for access
to Candat (which varies depending on whether or not
they are TSE members) and an inquiry fee (currently
$5 per 1,000 inquiries). In addition, they lease the ter-
minals directly from a terminal vendor and pay ex-
change access fees and Datapac charges. The total
monthly cost to a TSE member (excluding data fees
payable to other exchanges) typically ranges from
$215 to $290 per month per terminal. Similarly, Quick-
net customers pay a terminal leasing fee to TIL Sys-
tems, exchange access fees, and Datapac charges.

A significant aspect of communications at the TSE
is that the Candat services, because of packet-switch-
ing, have been given international scope. As mentioned
earlier, the Toronto Stock Exchange plans to convert
all services to packet switching within the next two
years because of the technology’s international reach
and cost-effectiveness. Terminals for Quicknet have
already been installed in Western Europe. Ultimately,
exchange members will be able to trade on the TSE
directly, and in real time, from anywhere on earth. =



Brokers invest in
bisync to secure
a reliable network

William A. McLoughlin, Drexel Burnham Lambert Inc., New York, N.Y.

Requiring more speed, capacity, and backup than its
original network allowed, one brokerage firm

scrapped a teletypewriter service, preferring to

design its own medium-speed bisynchronous network.

In the spring of 1979, Drexel Burnham Lambert Inc.
(DBL), a brokerage house for stocks, commodities,
and options, routed buy-and-sell orders received at its
lower Manhattan headquarters from its branches
around the country to the nearby New York and Amer-
ican Stock Exchanges. It returned order verifications
to the branch offices that had originated them. For the
46-year-old firm, this was business as usual, except
that the order traffic was transmitted more than 30
times faster than it had been previously —up to 2.4
kbit/s instead of 75 bit/s.

A new store-and-forward message-switching com-
puter network caused the leap in speed over the former
teletypewriter network. Before the implementation,
DBL had relied on a securities-industry timesharing
service called Brokerage Transactions Services Inc.
and 75-bit/s teletypewriter lines to link its 56 domestic
and international offices. But in the fall of 1976, DBL
decided to develop in-house a bisynchronous network.

The heart of the new network consists of two central
processing units, an IBM System 370/ 158 Model 3
and an IBM 3031 mainframe computer. The 370 oper-
ates on-line, and the 3031 performs off-line batch pro-
cessing, communications software testing, and pro-
gram development. The on-line computer drives both
the local and the remote communications networks
under IBM’s TCS/TCAM (telecommunications control
system/telecommunications access method) software.
Developed especially for the brokerage industry, this
software handles message switching, routing, queuing,
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retrieving, and error detection. It supports a variety of
terminals, including the IBM 3270 and teletypewriter
devices, which facilitated the changeover from the
original network’s teletypewriter equipment.

The on-line setup also supports a real-time order-
processing function via IBM’s securities order match
(SOM) software. SOM accepts orders and messages
from registered brokers at remote branch offices in
accordance with the New York Stock Exchange Floor
Communications Standards.

These orders are validated and stored in an on-line
disk file of active orders. At the same time, they are
switched to the appropriate exchange floor and termi-
nal. Execution reports coming back from the floor are
matched against the original orders in the order file.
An execution notice is then transmitted to the originat-
ing branch office, and a trade report is recorded on an
activity file for later processing.

DBL's network is made up of three local loops—one
on-line, two off-line—and a remote network. The on-
line local network consists of a mixture of approxi-
mately 60 IBM 3278 CRTs and IBM 3287 printers con-
nected to two IBM 3274 control units that, for commu-
nications with host computers, can support up to 32
terminals or printers connected by coaxial cable. It
connects many of the firm’'s major departments.

The other two local networks, which are not on-line,
each connect to an IBM 3274 control unit with IBM
3278 CRTs. One network transmits inquiries about
accounts, securities, and stock records. The other is



used by programmers for software development.

The remote network, which consists of two IBM 3705
communications controllers acting as front ends, con-
nects domestic and international offices. One 3705 is
on-line, while the other is for backup and testing. Either
3705 can attach to either CPU through a channel-inter-
face enable/ disable switch on the 3705’s front panel.

Each 3705 operates under an emulation program.
The on-line 3705 presently supports 164 remote de-
vices connected to 18 bisynchronous circuits and 24
teletypewriter circuits.

Probing network requirements

Before setting up the domestic branch-office bisyn-
chronous network, DBL studied a week’s worth of traf-
fic statistics on message size and type, frequency, and
peak periods at each branch. From this-information,
DBL developed a traffic profile and priority profile for
each branch office. These statistics and growth projec-
tions were then submitted to AT&T Long Lines, IBM,
and General Telephone and Electronics Information
Services for estimates on network development.

Each vendor returned a branch-office network-circuit
configuration that met DBL’s requirements of a 5-sec-
ond message response time for 90 percent of all trans-
actions. The proposals indicated that three to four mul-
tipoint circuits at 2.4 kbit/s would deliver that level of
service. They also showed that, although beyond the
specification, a six-circuit network cost only 5 percent
more than a four-circuit configuration.

After reviewing the vendors’ recommendations, DBL
adopted AT&T’s six-circuit configuration, but with a
split of three digital and three analog circuits because
of availability. [The performance of AT&T’s digital cir-
cuits is superior to that of its analog circuits. The only
drawbacks of digital circuits are the long lead times
for ordering and the limited geographic availability.]
Since then, DBL has installed mainly multipoint 4.8-
kbit /s circuits.

At most domestic branch offices, the firm knew it
needed at least one CRT terminal and printer. But sev-
eral key locations had separate securities and com-
modities operations requiring additional equipment.

It was agreed that using IBM software with non-IBM
terminals could lead to finger-pointing by the non-IBM-
ers when problems arose. The headquarters local net-
work therefore would use IBM 3274 controllers, 3278
CRTs, and 3287 printers, and the remote network
would use IBM 3276 CRT/controllers, instead of
3274s, in addition to 3278 CRTs and 3287 printers.

This covered all DBL local and domestic locations
except the New York Stock Exchange and the Ameri-
can Stock Exchange. For these sites, DBL sought sev-
en CRTs and printers that had the multifunction key-
board capabilities of the aging Sycor Inc. terminals it
was using, but that could operate under the IBM 3270
protocol. The terminals were to include new functions
relating to options trading, as well as format-error-
detection features to catch errors at the operator level,
rather than at the CPU level. DBL’s search ended at
Megadata Corporation, in Bohemia, N.Y. Megadata’s
SIR 1000 CRT/controller could act as an IBM 3271

cluster controller and could also drive a Teletype Model
40 printer for receiving buy-and-sell orders. In addition,
it conformed to the stock exchanges’ type-font require-
ments. Megadata agreed to custom-design the termi-
nal’s keyboard.

To promote a gradual changeover, the balance of
the network, including several domestic correspondent
offices and a few offices at the headquarters, initially
kept their teletypewriting devices. Those at headquar-
ters were retained as backup units. During a network
outage, the teletypewriter paper tape would store traf-
fic until the system went up again. Today, because
DBL has made other provisions for redundancy, this
backup arrangement is no longer necessary, and all
but two teletypewriters have been eliminated.

The international connection
For several reasons, most of them economic, DBL de-
cided to retain its international point-to-point teletype-
writer terminals for the new network. In the internation-
al branches, the point-to-point arrangement is part of
a “‘speech-plus’ setup known as SVD, or simultaneous
voice data, provided by ITT. It allows a user with a
voice requirement to derive as many as five 75-bit/s
data channels in addition to the voice channel. In the
original network, all international teletypewriter chan-
nels came to DBL headquarters from ITT’s Technical
Operations Center (TOC), located one block away.
Each circuit was routed into the building through
teletypewriter hard-copy monitors. These hard-copy
monitors had two functions: to provide a headquarters
reconciliation copy of all international transactions and
to communicate directly with international locations in
the event of a Brokerage Transaction Services Inc.
computer failure. In that case, to keep a portion of the
network operating, a DBL supervisor would flip a switch
eliminating the monitors from the circuit. Then, DBL
could communicate point-to-point with remote offices.

Influencing factors

Since the network represents the lifeline by which DBL
conducts its business, the firm planned its network
around three reliability criteria: (1) redundancy of key
components, (2) simplicity of design and operation,
and (3) diagnostic capabilities.

In the local network, DBL had two IBM 3274 control
units, each supporting close to its maximum of 32 de-
vices. These control units were critical to network oper-
ation, because the loss of one would put half of DBL's
headquarters off-line. To ensure redundancy of key
components, DBL installed a third control unit config-
ured to back up either of the two on-line controllers.
For simplicity of operations, this third control unit was
switchable. On the channel side, it can be switched
through an IBM 2914 matrix channel switch. On the
device side, all three controllers are cabled into T-Bar
Inc.’s Model 5182 two-for-one (two on-line, one back-
up controller) switch assemblies and its Model 5106
switching control unit. If a control-unit fails, operators
can begin restart procedures by entering an off-line
command for the failed unit from one of the two net-
work-control CRTs or replacing the failed unit on the



1. Local control. When the switch is in the N, or normal,
position, controllers 1 and 2 are on-line; in position A, 2
and 3 are on-line; and in position B, 1 and 3 are on-line.

T-BAR SWITCHING CABINET

32 LOCAL
CRTs,
PRINTERS

32 LOCAL
CRTs,
PRINTERS

channel with the standby 3274 from the 2914 panel.

As shown in Figure 1, the T-Bar cabinet switching
control unit, reacting to a failed IBM 3274 control unit,
would switch all 32 devices from the faulty 3274 to the
standby unit. An on-line command restores the 32
devices. Total downtime lasts less than 1 minute.

In the original remote network, two 3705s could ac-
cess either CPU through front-panel enable /disable
switches. But it was necessary to find a simple way to
attach the 40-plus remote circuits to either CPU. The
firm selected a Spectron digital switch patch (DSP)
unit. Each DSP handles one bisync circuit or 12 two-

wire teletypewriter circuits. In addition to switching,
the DSP allows the 3705 bisync port to be patched to
any modem and vice versa. It also enables technicians
to monitor the individual bisync circuits.

But the DSP units, although providing 3705 switching
for the teletypewriter circuits, could not provide the
necessary teletypewriter-circuit patching and monitor-
ing diagnostic capabilities. So, DBL ran each teletype-
writer circuit through an ADC Products voice-frequency
patch field before attaching it to the DSP.

To ensure simple operation, DBL installed a Spectron
remote master switch (RMS), which allows gang-trans-
ferring of all DSPs and all circuits from one 3705 to
another. One reason DBL chose Spectron’s DSP was
that the device could be manually, as well as electri-
cally, operated. This would prove particularly important
it the digital power module (DPM), which electrically
drives the DSPs, failed. In that case, an operator could
manually transfer remote circuits from one 3705 to the
other. This override feature was not available on some
vendors’ front-end switches.

Something else DBL liked about the Spectron RMS
was that it lent itself to the firm’s future plans. DBL
knew that one day it would eliminate teletypewriter
circuits. The eight DSPs, which are presently asso-
ciated with the teletype circuits, could then be retrofit-
ted for bisync circuits.

To implement the new remote network, DBL installed
Bell System modems and digital service units (DSUs)
and Bell System lines. However, it was known from
past experience both that the weakest link in the car-
rier's provisions was the local loop and that losing the
central site modem or DSU on a multipoint circuit
would disable many stations. So, for backup, in the
event of a modem or loop failure, two modems and
DSUs and two local loops were installed at DBL head-
quarters for each multipoint circuit. Each modem or

2. Local-loop backup. At DBL headquarters, the modem
or DSU interface is linked to an RS-232-C switch. This
switch is linked to the Spectron switch. If a local loop or

SPECTRON DSP SWITCH

"

modem fails, a network supervisor can switch over to the
alternate device to link the circuit to an on-line 3705, while
AT&T repairs the defective component.
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3. Dallas to New York. DBL can switch the 3276 control
units of Schneider Bernet & Hickman, the firm’s domestic

circuit's total failure. This keeps the four SBH offices
involved functioning through the use of modem-sharing

correspondent in Dallas, to another circuit, despite one devices and RS-232-C switches.
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DSU was wired to its own local loop. The two local
loops were bridged at the telephone company’s central
office. At DBL headquarters, the customer interface
connection of each modem and DSU was linked to the
RS-232-C switch also provided by Bell and housed in
the same cabinet with the modems and DSUs.

This switch was linked to the Spectron DSP switch
(Fig. 2). In the event of a modem or local-loop failure,
an operator can flip one switch connecting the alter-
nate modem or DSU to the on-line 3705. This arrange-
ment enables DBL to get back in service within min-
utes, while allowing AT&T to repair the defective com-
ponent. When this arrangement was first installed, DBL
had only three analog circuits. The firm has since in-
stalled four more for reasons of space and economy.

The third reliability consideration was diagnostics.
From experience, DBL knew it needed:
® A pair of d.c. milliammeters to measure a line current
of 62.5 milliamps required by the 3705 on each side
of the circuit.

B A bias and distortion meter to ensure the receipt
and transmission of ‘‘pear-shaped’’ signals (unbiased
and undistorted). This and the milliammeters were
installed in the Spectron cabinet that houses the diag-
nostic equipment.

B Two teletypewriter keyboard send-receive units for
hard-copy monitoring of low-speed data and control
characters. These devices were provided by Western
Union and wired into the ADC patch fields so that they
could be patched into a circuit whenever necessary.

To monitor bisync devices, DBL learned that the
handiest unit was a data-line monitor, which could dis-

play on a CRT device the actual data and control char-
acters generated from and to the 3705.

At the time, approximately eight companies provided
such equipment, but DBL chose the Spectron Data-
scope Model 502-KB, based on its established track
record of simple operation. This interactive unit allows
passive monitoring of data; trapping and counting var-
ious events such as polls, NAKs (negative acknowledg-
ments), and RVIs (reverse interrupts); as well as emu-
lating the CPU and testing new devices. In addition to
these functions, it emulates a terminal and enables
testing of a new 3705 port. These capabilities required
Datascope programming.

Recently, DBL added to the diagnostic console an
RTA-270 response time analyzer for 3270 devices,
manufactured by Teleprocessing Products Inc. of Simi
Valley, Calif. This unit can passively capture various
measurements, such as poll-to-poll and bid-to-poll
times, CPU and terminal delays, the number of mes-
sages, and the number of characters per message.
These measurements can be viewed at any time from
the front-panel LEDs.

This analyzer has proven extremely useful in deter-
mining the impact of broadcast messages on response
time and bid-to-poll delays. DBL hopes to put IBM's
CICS (customer information control system) on-line to
its branch offices and believes that the RTA-270 will
again prove invaluable in monitoring circuit loading
and response times.

As in any business, certain remote locations are
more important to the overall operation than others.
DBL identified eight such offices. Again, the firm was
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