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magnetization of small permanent magnets. A magnetized magnet
represents a binary “0” and a demagnetized magnet a binary “1”.

The memory cards are aluminum sheets 614 by 1114 by 0.016
inches with a matrix of 64 by 44 magnets attached. One hundred
twenty-eight of these cards slide into vertical slots in the memory
module from the front. The memory cards are removable and infor-
mation on them can be changed by removing the cards and using the
memory card writer to change the magnetization of their magnets.

The common control for the memory module units is contained in
two units each occupying 12 inches of vertical frame space. The re-
maining frame space contains miscellaneous units such as the fusing,
connectors, and a test jack panel.

6.1.3 Call store

The call store is used to hold rapidly changing information that
must be available for interrogation and modification by both the
program control and the input-output circuits.®

The call store is arranged in modular units each providing 8,192
16-bit words of storage in the fully equipped form and 4,096 words
in the half equipped form. A 4,096 word call store unit consists of
74 circuit packs, a ferrite sheet plug-in module of 4,096 words, and a
dummy module containing terminating resistors. To grow to 8,192
words, the dummy module is replaced by a second 4,096 word ferrite
sheet module and several circuit packs are inserted in prewired con-
nector positions. The 8,192 word call store unit as a whole connects to
the frame through three patch cables.

The first 16,384 words are provided in two call store units equipped
in the central processor frame. Two additional call store units may be
provided in the supplementary call store frames to increase the temp-
orary storage from 16,384 words to the maximum of 32,768 words.
The supplementary call store frame is a growth unit and may or may
not be required in the initial installation, depending on the office call
storage requirements.

6.1.4 Maintenance Center

The maintenance center frame (Fig. 13) provides the equipment
which allows manual control of the system. Interrogations are made
through a teletypewriter or the display panel controls. The answers
are returned on a printout from the teletypewriter and visually on the
display panel.
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Fig. 13 — Maintenance center.
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The controls on the maintenance frame are arranged in a manner
which permits the operator to easily reach the various keys and
switches which must be operated. Units not containing keys and
switches are relegated to less convenient areas on the frame.

The maintenance center circuit provides the means for interrogation
of the control complex. The maintenance center gathers information
to be displayed visually to the operator. The control unit signals
enter the frame via connectors and through buffer circuits their con-
tents are shown on the display panel. The logic, which gathers the
control unit information, is mounted on general purpose circuit packs.

The teletypewriter control circuit provides the logic to communi-
cate with a maximum of eight teletypewriters directly or through data
sets. The control equipment consists of a panel which contains keys
to disconnect signals from the teletypewriters and data sets, and a
unit which directs signals shared by all teletypewriters to their
individual control logic. This control logic is provided by a unit which
is arranged for two teletypewriters but equipped to control one.
Additional circuit packs are added separately for the second tel-
etypewriter control, when it is required. The control logic is able to
operate either 33- or 35-type teletypewriters.

The optional single card writer (Fig. 14) is mounted in the mainte-
nance center and is used to magnetize permanent magnet twistor mem-
ory cards. The card writer consists of two basic units: the control and
logic circuit, and the mechanical card writing unit.

The control and logic unit contains circuit packs, controls, and a
relay panel. Two connectors for the writing head are centrally located
on the rear of the relay panel together with a connector cable for
coupling to the card writing unit.

The card writing unit consists of a writing head and means for
accurately moving the head over a memory card. The head drive
uses two rods to precisely position the head relative to the surface
which locates the card. The head mounting is driven by a lead screw
coupled to a de motor with a gear belt. A base casting provides a flat
surface for the card and a rigid mounting for the head drive. The
casting is fastened to the subframe at three points to minimize strains
or distortions.

Once a magnet card is placed in the writer, the magnetizing infor-
mation, after a teletypewriter request, is obtained from the system
via a teletypewriter request. The card writing unit, driven at a speed
of 10.3 inches a second, is used to write 11 bits simultaneously. Since
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the system can furnish 22 bits every 25 milliseconds, the information
to be magnetized is stored in a register and on demand is gated in
11-bit groups to the writing head. The same circuitry is used for each
11-bit group and after four successive passes all 44 bits of cvery mag-
net row are written.

6.1.5 6.7 Volt Power Plant

The 6.7 volt power plant is designed to provide 6.7 4-0.2 volts up
to a maximum of 200 amperes and to operate from —48 volt central
office battery. Each plant consists of two major parts: the de-to-de
converter and plant control circuitry. The converter uses silicon con-
trolled rectifiers to invert the —48 volt de to high frequency ac which is
stepped down, rectified, filtered, and appears as regulated 6.7-volt
power on output buses in the plant.

The control circuitry, consisting of contactors, wire spring relays,
distribution fuses, and timing circuits, connects and removes the +6.7,
+24, and —48 volt loads located in the various equipment frames in
the control unit. The power is removed in descending order of voltage
and restored in ascending order to protect the semiconductors from
damage caused by higher voltages being on while lower voltages are off.
The total 6.7-volt load is split into approximately 25 ampere time-
sequence steps for removal and restoration in order to minimize the
transient effects and ground noise which could interfere with proper
circuit operation.

6.1.6 Trunk Test Frame

The trunk test frame is located between the maintenance center
frame and the 6.7 volt power frame. This equipment permits mainte-
nance personnel to make a variety of operational and transmission
tests on trunks and service circuits. Leakage and continuity checks of
both trunks and lines can be made although complete functional
testing of customer lines is directed from a No. 3 local test cabinet
elsewhere in the office.

The upper half of the trunk test frame, Fig. 15, contains a control
panel which houses alarm, display, control, and test apparatus. A
modular panel-mounted telephone set and access trunk control keys
are located immediately above the writing shelf which contains
facilities for storing trouble record cards.

Above the control panel provision is made for the voltmeter test
panel and five optional test units: (¢) transmission measuring set,
(%) noise measuring set, (:%t) impulse counter, (@) peak-to-average
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Fig. 15 — Trunk test frame.
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ratio meter receiver, and (v) voice frequency oscillator. The peak-to-
average ratio meter generator, when provided, is mounted below the
frame writing shelf.

6.2 Nelwork

The No. 2 ESS network is a space division network in which two-
wire metallic connections are switched through eight stages of ferreed
switches. The combined line and trunk switching network has lines
and trunks assigned to terminals at one side of the four-stage array
with junctors interconnecting the switches on the opposite side to form
a folded eight-stage network. No. 2 ESS offices are arranged to work
with a maximum of 15 networks providing 30,720 terminals at a 4:1
concentration ratio. The interconnection pattern of the line-trunk
switching frames and the network control-junctor switching frame is
shown in Fig. 16.

WIRE
JUNCTOR
LINE /
JLINE ‘_-,C————q—-j .
1 -
TRUNK
CIRCUIT LINE NETWORK
TRUNK CONTROL - JUNCTOR
SWITCHING JUNCTOR ; CIRCUIT
rchn SWITCHING - -
SERVICE FRAME ‘
CIRCUIT
N
LINE TRUNK NETWORK 00 \
.
. JUNCTOR
: CIRCUIT
LINE . _ DA
N\
’ WIRE
JUNCTOR
R LINE NETWORK
TRUNK CONTROL JUNCTOR
SWITCHING JUNCTOR CIRCUIT
yiTcHn SWITCHING -
SERVICE || FRAME
CIRCUIT
p\
[ S—— i
- WIRE

LINE TRUNK NETWORK N JUNCTOR JUNCTOR
GROUPING

Fig. 16 — Network block diagram.
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6.2.1 Line-Trunk Swilching Frame

The basic line-trunk switching frame, Fig. 17, provides two 256
terminal concentrator groups with two stages of switching. Two of
these frames, together with a network control junctor switching
frame, provide a four-stage 1,024 terminal network having a 2:1 con-
centration ratio. Each concentrator contains its own scanner module,
two stages of ferreed switches plus the cutoff switches, switech control
relays, and connectors for B links and network control paths. The
first stage switches have 4 by 4 crosspoint arrays and the second stage
switches have 8 by 4 arrays to provide the 2:1 concentration.

Line-trunk switching frames 2 and 3 of a network are equipped
with B link umbilical cords which permit these frames to be multipled
to the B link connectors of frames 0 and 1. Thus, a network is pro-
vided having 2,048 terminals with a 4:1 concentration ratio.

Connectors in each concentrator group receive mating plugs for
scanner control and readout, network control, ferreed switch pulsing
paths, and diagnostic circuits. Scanner readout is via two series paths,
each through one to four concentrator groups in a network.

The minimum growth increment for a line-trunk switching network
is a frame containing 512 terminals. Testing and installation intervals
are minimized through the umbilical cord and connector system
incorporated in this design.

6.2.2 Network Control Junctor Switching Frame

Duplicated network and scanner controllers contained in the net-
work control junctor switching frame, Fig. 18, serve from one to four
line-trunk switching frames. One network controller normally serves
the switches on any one of the eight concentrator groups and any one
of the eight grids. At the same time, the other controller may be
carrying out an order in one of the other equipped concentrator groups
and in one of the seven remaining grids. Under no condition is it
permissible to address a controller in such a manner that it will try
to carry out an order in a concentrator group or grid being used by
the other controller. However, each controller is capable of taking
over complete control of the network if a failure occurs in its mate.

The scanner controllers detect service requests via the 512 ferrod
sensors located on each line-trunk switching fame. One scanner read-
out cable plugs into a connector on concentrator group 0 and the
other into concentrator group 4. Patch cords are used to extend these
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Fig. 17 — Line-trunk switching frame.
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series loops for ferrod sensor state detection from concentrator groups
0 and 4 to groups 1, 2, 3, and 5, 6, 7, respectively.

The junctor switching equipment consists of eight grids, each with
eight third-stage and eight fourth-stage 8 by 8 switches and eight 1 by
8 bipolar switches for test access into established connections. This
frame has 512 B links on its third-stage switches and 512 junctors on
its fourth-stage switches. Multipling of B links has been organized
in patterns to minimize blocking.

All network access to the peripheral bus system is by connectorized
bus transformers located in the network control bay. All network
frames are shop-wired in the conventional manner, using unit surface
wiring and frame local cables. However, since these frames are pulse
operated, extreme care has to be exercised in locating apparatus to
minimize lead length and in separating leads into several local cable
forms to minimize interference. The use of intranetwork connecting
cables facilitates factory testing of a complete network complex and
minimizes installation intervals.

6.3 Peripheral Equipment

6.3.1 Master Scanner

The master scanner is used to monitor various administrative and
diagnostic points throughout the system. This scanner, like those on
the network frames and universal trunk and junctor frame, consists of
a 1,024 point ferrod sensor matrix and duplicated control equipment.

The master scanner, shown in Fig. 19, provides a 1,024 point matrix
as contrasted with the 512 point optional matrix unit in the universal
trunk and junctor frame, Fig. 22. In order to provide the necessary
control point duplication at minimum expense, each office contains at
least one master scanner frame and one universal trunk and junctor
frame equipped with a master scanner.

To provide for detecting either contact closure or a change in poten-
tial at the scan points of the connecting circuits, both ends of the
two control coils on each sensor are brought out to terminals on its
face. For contact closure detection, all four contacts are cabled to the
connecting circuit that is to be scanned. Two of the four connecting
leads furnish battery power and ground to the ferrod sensor control
windings so that a contact closure over the second pair may be observed.
For potential change detection, these coils are strapped together, series
aiding, and are connected to the circuit under surveillance with a
single pair of wires.
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Fig. 19 — Master scanner frame.
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6.3.2 Supplemeniary Central Pulse Distributor Frame

The supplementary central pulse distributor frame (Fig. 20) is a
growth unit intended to supplement the 512 central pulse distributor
points of the local central pulse distributor which is included in the
central processor frame. The supplementary central pulse distributor
frame consists of two major parts, a controller and a transformer
matrix, and is used primarily for signaling as opposed to enabling. It
is enabled via the local central pulse distributor and addressed via
the peripheral unit address bus by either of the two central processors.
The central processors signal the central pulse distributor controller
which in turn accesses the central pulse distributor transformer matrix.
Both the controller and the matrix are completely duplicated for
reliability. Each supplementary central pulse distributor frame pro-
vides capacity for 512 duplicated central pulse distributor points.
There may be as many as eight supplementary central pulse distribu-
tor frames in a No. 2 ESS office.

The controller unit is at the top of the frame, permitting short
leads and thus greatly reduces their exposure to noise. The unit con-
sists of a mounting plate equipped with terminal strips and trans-
formers plus three plates equipped with the circuit packs comprising
the controller equipment.

The control panel is mounted directly below the controller unit.
The panel keys control frame power for the supplementary central
pulse distributor and permit isolating the frame from the peripheral
unit address bus.

One supplementary central pulse distributor matrix unit is mounted
directly below the control unit. This unit consists of three mounting
plates equipped with circuit packs. The matrix provides 512 output
points which are wired in parallel with the corresponding output
terminals of the duplicated matrix unit mounted directly below the
first matrix unit.

A relay and converter unit mounted in the lower section of the
frame contains two 4 24-volt to -+ 6-volt de-to-dc converters plus
control and alarm relays. The converters furnish the + 6-volt power
required for the circuit packs mounted in the controller unit.

6.3.3 Automatic Message Accounting Frame

The automatic message accounting frame provides the means for
recording customer billing data on a nine-track magnetic tape. The
tape is written as data are collected by the system. This tape is sub-
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sequently sent to a data processing center where the information is
assembled into complete billing information.

The automatic message accounting frame includes two complete
automatic message accounting circuits and their associated tape re-
corders. The two recorders are mounted one above the other, near
the center of the frame with the control logic and other circuit
packs above them at the top of the frame. The tape transport is
mounted on a hinged plate and can be removed from the frame for
major servicing. Three connector cables electrically connect each
transport to the frame-mounted portion of the cireuit. For dust pro-
tection, each recorder has a hinged transparent door. Each recorder
accepts up to 2,400 feet of half inch magnetic tape which enables
one recorder to hold several days of billing information for the largest
No. 2 ESS office. Normally, one circuit handles all data for a pro-
longed period (until the tape reel is full of data). The other circuit is
for standby.

6.3.4 Ringing and Tone Frame

A 1% ampere capacity ringing and tone power plant provides in-
terrupted and continuous 20 Hz ringing current, continuous and in-
terrupted precise call progress tones, and signaling interruptions as
required by the office. This plant (called 841A, see Fig. 21), uses
duplicate 20 Hz ringing generators, audible ringing tone generators,
call waiting tone generators, high tone generators, busy tone genera-
tors, and solid-state interrupters to feed the various outputs through
load transfer relays. Balanced distribution of all tones is provided. All
generators, both regular and reserve, are continuously monitored for
low voltage. The monitor outputs are fed to the ferrod sensors in the
master scanner. In the case of failure of any element in the 0 or 1 side
of the plant feeding the office loads, the system will automatically
transfer the loads to the other side and provide the necessary alarms.
Manual controls are provided to override automatic control when
necessary.

Both ac-de and superimposed ringing are provided. All coded
ringing is provided in the connecting circuits. In superimposed offices,
the + 48V tripping supply is obtained from the 610D power plant
(de-to-de converter) mounted on the frame. Terminal strips, power
connectors, and output distribution fusing are provided in these
plants for connection to associated office equipment.
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6.3.5 Recorded Announcement Frame

The recorded announcement frame provides for a maximum of six
announcements on a small magnetic drum recorder. ach announce-
ment channel has a record-reproduce amplifier associated with it.
Distributing resistors are provided for cach announcement channel to
isolate the outputs, which may total 120 (20 per channel).

The supervisory control unit, a 624 telephone set, is used to select
the desired channel for recording or monitoring. This unit, which may
be remotely located, can serve two recorded announcement frames.

6.3.6 Trunk Frames

There are two types of trunk frames, the universal trunk and june-
tor frame, and the miscellaneous trunk frame. The universal trunk and
junctor frame accommodates a maximum of 256 trunk circuits and
their associated trunk control scanners and peripheral decoders. It also
provides space for an optional 512 point scanner for miscellaneous
trunk circuits. The miscellaneous trunk frames contain a variety of
trunk and service circuits which do not fit the universal trunk size
and control point requirements. The scanner function for these trunks
is performed by a master scanner. The peripheral decoder points on
the miscellaneous trunk frame are assigned as needed for trunk and
service units located on each specific frame.

The universal trunk and junctor frame (Fig. 22), as its name im-
plies, is universally wired so that any universal trunk or junctor unit
consisting of four circuits arranged on a 2-inch mounting plate may be
equipped in each of the 64 unit positions in bays 0 and 2 of the three-
bay frame. These bays also contain the scanner ferrod sensors needed
for trunk circuit supervision. The center bay contains the trunk pe-
ripheral decoder and scanner control equipment. To save on control
equipment, the universal trunk and junctor frames may be equipped
with a 1024 point scanner control. If so equipped, it is called a home
frame, or if not equipped with a scanner control, it is called a mate
frame. The home frame operates either one-half of a 1,024-point
scanner matrix on each of the home and mate frames or a 512-
point scanner matrix on the home frame and the optional 512-point
master scanner on the home frame. The scanner control equipment is
duplicated for reliability.

The miscellaneous trunk frames, Fig. 23, contain such a variety of
trunk and service circuits that it is uneconomical to provide them with
universal scanners to satisfy all conditions. Instead the scanning
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Tig. 22 — Universal trunk and junctor frame,
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Fig. 23 — Miscellaneous trunk frame.
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function for these trunks is performed by the scanner either on a
universal trunk and junctor (home) frame or on a separate 1,024-
point master scanner frame.

Connectorized bus transformers are provided at the top of the uni-
versal trunk and junctor frame for access to the peripheral bus.

6.3.6.1 Untversal Trunk and Junctor Units. Since many trunk and
junctor functions are performed by the common control equipment
such as the central processor scanners and peripheral decoders, the
size and complexity of these trunk and junctor circuits are greatly
reduced. Most high-runner incoming and outgoing trunks are simple
circuits containing two or three relays. This simplicity and uniformity
of control point requirements permitted the development of a family
of single four-circuit units on two-inch mounting plates, as Fig. 24
shows. All units comply with an assigned terminal pattern to insure
compatibility with the universal frame wiring. In a typical office, all
junctor and 50 percent of all trunk units will be of this type.

6.3.6.2 Miscellaneous Trunk and Service Units. Those trunks, trans-
mitters, receivers, and service circuits which do not fit the universal
pattern have their combinations of semiconductor circuit packs, net-
works and relays wired in the conventional manner on mounting plates.
A typical unit of this type is the multifrequency receiver shown in
Fig. 25. These units are located on the miscellaneous trunk frames and
are cabled to their associated master scanner control points.

6.3.7 Miscellaneous Frame and Miscellaneous Power Frame

The miscellaneous frame is designed to accommodate a variety of
units which require neither peripheral decoder nor scanner control.
These units include emergency manual lines, a multiplicity of com-
mon systems units, the power for testing battery supply, and so

Fig. 24 — Universal trunk unit.
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TFig. 25 — Multifrequency receiver.

forth. They are designed to accept a number of standard power filter,
fuse panel, and control panel combinations to meet varying office
requirements.

The miscellaneous power frame is a miscellaneous frame equipped
with an ac distribution panel for 120-volt single phase loads requiring
protected or essential 60-Hertz supply, the + 130-volt and — 130-volt
fuse panels, and the floor alarm units.

6.3.8 Power

6.3.8.1 Power Distributing Frame. The power distributing frame is
the battery load distributing point of the system. Three power feeders
(—48 volts, ground, and +24 volts) from the power plant terminate on
bus bars on the frame. These bars in turn supply the fuse blocks for
individual frame feeder fuses. Two 35,000 microfarad capacitor banks
near the bottom of the frame provide low-impedance shunt filters across
the power supply feeders (—48 volts to ground and +24 volts to
ground).

The individual load frames are supplied by feeder pairs or triples
(as required for frame loads) from 5-, 15-, or 30-ampere cartridge fuses,
each in parallel with a 1-1/3 ampere alarm fuse.

6.3.8.2 Power Plants. As shown in Table III, the power plants
associated with No. 2 ESS include:

(7) Two 111A battery plants with large battery voltage swing
tolerances, which avoid emergency cell switching and counter-cell
switching. One is a — 48 volt plant with a voltage range at the power
distributing frames of — 43.75 to — 52.5 volts. The other is a + 24
volt plant with a voltage range at the power distributing frames of
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+ 21.75 to + 26.25 volts. Power from these plants in the power room
is delivered to two or more power distributing frames in the switch-
room, :

() Two 6.7 volt power plants supply the control complex logic.
These are located in the switchroom and are deseribed in Section
6.1.5.

TaBLE III—PowEeRr SUPPLIES

Capacity
Power Supply Type of Plant or Unit (Rated) Code
Amperes
In Power Room
—48 volt de storage batteries (with- 10-800 111A
(—43.75 to —52.5 V) out emergency cell or
-+24 volts de counter cell switching)
(4+21.75 to +26.25 V) rectifier charged
+130 volt de } de-to-de solid-state con- 2 610B
—130 volt de version from —48 volts 2and 5 651A
for coin control
Reserve ac supply de motor-driven alternator (11 kW) 504B
for 120-208 volt single-
phase power
In Switchroom
Ringing and tones solid-state generator with 0.5 841A
a precise tone plant
6 volt power plant de-to-de converter with 200 J86859A
sequence controller
PBX talking battery coil and capacitor panels 15, 25,
filter on miscellaneous and 60
frame
120 volt ac for commercial power with or
maintenance without reliable supply
center distributed from MP
RA frames
RT
Frames { Miscellaneous
for ac TTY
data sets,
test battery
supply unit
Appliance outlets frame distributed from ceiling-
hghting supported busway




2856 THE BELL SYSTEM TECHNICAL JOURNAL, OCTOBER 1969

(777) The ringing and tone supplies located in the switchroom. These
are described in Section 6.3.4.

(7v) The + 130 and — 130 volt de-to-de converters (610B power
plants) which convert the — 48 volts to the potentials needed for
coin control. Power from these plants is delivered to fuse panels on
a miscellaneous frame and then distributed to all frames in the office
which require it.

(v) A small emergency 504B alternating current plant (an alter-
nator driven by a de¢ motor) providing “protected” power. A distri-
bution panel on a miscellaneous frame provides a centralized point
in the switchroom for all frames in the office which require ac power
even when commercial power fails.

(vi) An engine alternator to substitute for commercial ac power
to charge batteries and supply essential ac loads after a commercial
power failure has persisted for a time.

6.4 Distributing Frames

The No. 2 ESS combines all of the functions of the main distrib-
uting frame, intermediate distributing frame, and trunk distributing
frame in a combined distributing frame. As in No. 1 ESS, junctor
grouping and protector frames are also provided.

6.4.1 Combined Distributing Frame

The combined distributing frame provides for connection of 6,080
central office pairs (Fig. 26). Reliable quick jumper connections to
connecting blocks are made with a special tool and 22 gauge W-type
distributing frame wire.

The combined distributing frame faces the protector frame across
a four-foot aisle and the two frames grow perpendicular to all other
frame lineups. The combined distributing frame provides a means
for interconnecting:

(1) lines terminated on the protector frame and network terminals,

(1) trunks terminated on the protector frame and trunk ecircuits,

(#1) trunks terminated on signaling and transmission equipment
and trunk circuits,

(fv) trunk circuits, service circuits, and network terminals, and

(v) lines or trunks terminated on the protector frame and miscel-
laneous circuits.

Service observing jack panels, which provide access for service
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Fig. 26 — Combined distributing frame.

observing circuits for every line within the office, are mounted on the
rear of the combined distributing frame as needed.

6.4.2 Protector Frame

The No. 2 ESS uses the No. 1 ESS protector frame (see Fig. 27),
which has protectors for 6,000 outside plant pairs. These protector
units which serve the tip and ring conductors guard against lightning
and other foreign high potentials.

6.4.3 Junctor Grouping Frame

The junctor grouping frame, which is used for the distribution of
network junctors, provides up to ten vertical files for network or junc-
tor circuit appearances (see Fig. 28). Each vertical file contains 32
plugs and 32 jacks which may be used to interconnect either the
junctors from one network (64 eight-pair junctor subgroups) or 32
junctor circuit subgroups.

The junctor grouping frame can grow in two-file increments as
central office requirements dictate. One growth module consists of
two 37-inch high vertical mounting plates containing two files of
16 plugs and 16 jacks each. Files may be added when necessary and
any file may be used for either network junctor or junctor circuit
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PROTECTOR

Fig. 27 — Protector frame.



APPARATUS 2859

Tig. 28 — Junctor grouping frame,
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appearances. Files chosen for junctor circuits are totally filled before a
new junctor circuit file is assigned. A typical 4,000 line office with 4:1
concentration requires four files on one junctor grouping frame.

There are eight cable trays on the front of the frame, one for each
shelf, which are used to store plug patch cords. Every file has four
plugs and four jacks per shelf. Plugs and jacks on network files are
wired such that each receives one junctor from every grid of a net-
work. Two slips are wired between the line trunk networks and the
junctor grouping frame by an installer on alternating shelf pairs of
the file.® This permits all plugs to be wired in identical fashion and
distributes the junctors to minimize blocking.

As junctor circuits are added to a junctor eircuit file, they are
distributed evenly over all eight shelves until the file is totally filled.
Junctor distribution is achieved by patching the plugs of one shelf into
the jacks of the same shelf in a prescribed manner.

VII. INTERCONNECTING METHODS

Control of transient noise requires the use of compartmented
cable racks, segregated cables and wiring paths on the frames, filters
in each frame on all de power supply feeders, and special frame
grounding practices.

7.1 Cabling Practices

Interframe cables are run in compartmented cable racks as shown
in Fig. 29. The relatively sensitive bus leads are run in the lower
compartment which is shielded when the front and rear covers are
installed. Bus transformers are mounted near the top of the frames
so that the length of exposed leads will be minimized.

Scanner cables are run in a shielded channel at the front of the
cable rack (equipment aisle side) where they can drop down to frame
terminal strips with relatively short noise exposures. The tip and ring
leads and relay control leads are placed in the center top section of the
cable rack. These cables run down the front of the frame uprights to
the appropriate frame terminals. The power distribution cables are
run in the rear top section of the cable rack. These cables feed the
frame from the rear. Separate cross aisle racks are used to provide the
required separation between these different classes of leads.

7.2 Connectorization

The No. 2 ESS system uses connectorized frames that can be
functionally tested in the factory. The connections between the main-
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Fig. 290 — Cable rack.

tenance center, central processor, supplementary call store, and pro-
gram store frames are provided by means of cables equipped with
connectors. Similarly, all the leads between each network control
junctor switch frame and its four associated line-trunk switch frames
have connectors. The buses between the central processor, master
scanner, universal trunk and junctor, and network frames also have
connectors.

All of these connections represent an important but small percentage
of the total number of interframe connections that are provided in a
typical office. It is not practical to equip all leads with connectors
because of the wiring variability from office to office.

The use of connectorized cables in central office equipment in place
of installer-connected wiring has some obvious advantages as well as
disadvantages. Some advantages are:

(¢) installation intervals are shortened and installation costs re-
duced,

(47) office growth procedures are simplified,

(&2) factory frame testing is facilitated, and
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(7v) subsystem factory tests reduce installation troubles, the num-
ber of installation test sets and delays in replacing defective office
equipment.

Some disadvantages of equipping cables with connectors are:

(7) additional equipment mounting space is required, and
(77) equipment costs are increased by added apparatus and con-
nections.

7.3 Direct Current Distribution

The No. 2 ESS de power distribution system is similar to that used
in the No. 1 ESS except that + 6.7 volt power is distributed to the
control complex logie. This power is derived from the 6.7 volt power
frame which converts — 48 volts to + 6.7 volts. Power distribution
feeders are run between these power frames and the frame filters in
the control complex.

The power distributing frames distribute + 24 and — 48 volts to the
individual frame filters. Filters are designed to restrict the rate of
change of current in the power feeders to less than 0.1 ampere per
microsecond to insure less than one volt of noise at the power distrib-
uting frame bus.

Except for the control complex, all even-numbered frames are fed
from an even-numbered power distributing frame and all odd-num-
bered frames from an odd-numbered power distributing frame. In the
control complex, all frames in control unit 0 are fed from even-
numbered power distributing frames and 6.7 volt power frames and
those in control unit 1 from odd-numbered frames. Equipment frames
having duplicated control equipment are supplied by two sets of
feeders, one set from each power distributing frame.

In order to minimize noise caused by either stray circulating ground
currents or transient noise potentials within the building, the No. 2
ESS equipment is grounded at a single point.

7.4 Alternating Current Power Distribution
Only single-phase 120-volt ac power is required in the No. 2 ESS
switchroom and the only units requiring protected ac are: (¢) the
recorded announcement machine, (#7) maintenance teletypewriters,
(77) ac data sets, and (iv) key telephone equipment, when provided.
All loads are normally supported by commercial ac power. In the
event of a power failure, the emergency power plant sup-
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plies the required protected ac within five seconds and the remainder
of the load, the essential ac, is furnished by the standby engine alter-
nator. The protected and essential ac is distributed from an ac distri-
bution panel on the miscellaneous power frame.

VIII. SUMMARY

The following equipment design developments and philosophies have
been instrumental in achieving the low-cost objectives for No. 2 ESS:
(¢) Use of currently manufactured, high volume production, low-cost
apparatus items, (i2) plug-in growth units such as the call store, pro-
gram store, and central pulse distributor, (itt) thin film integrated
circuits (iw) judicious use of connectors on cables between major
frames, (v) peripheral decoder, and (vt) single card writer. The design
has provided for extensive factory testing, reduced installation inter-
vals, and ease of growth. Compact designs provide additional savings
in floor space.
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Service Programs
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The programming of a large switching machine requires that many
service functions be performed on a general purpose computer. This article
describes the service program package that supports the No. 2 Electronic
Switching System. This package includes an advanced macro assembler
to convert symbolic source programs into binary object programs, a loader
to combine independent assemblies, and a simulator to provide checkout
facilities.

I. INTRODUCTION

The No. 2 Electronic Switching System is a stored program control
telephone switching system. The minimum program consists of about
75,000 instructions arranged in 22-bit words and written in more than
50 separate sections. It is clearly impractical to write such a program
without extensive computer aids.

1.1 Functions

Major steps provided by the No. 2 ESS service programs are shown
in Fig. 1. The assembler separately converts each symbolic source
program from the language written by the programmer to the binary
language of the No. 2 ESS. The loader then combines these separately
assembled sections and resolves references between them. The output
of the loader may be used by the magnet program to prepare the punched
cards used in magnetizing the actual program store, or by the simulator.
The simulator, using tables prepared by the assembler, furnishes more
powerful program checkout facilities than would be practical on a
switching machine and provides these facilities before the laboratory
model is available.

2865
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Fig. 1 — Major steps in program processing.

1.2 Organization

The No. 2 ESS service programs run on an IBM 360 computer
system with at least 262,144 bytes of storage. They operate as a sub-
system under Operating System 360. This gives the users a uniform
interface to all service programs and isolates them from the complexities
of System 360 job control language.

II. ASSEMBLER

The primary purpose of an assembler is to convert a source program
written in symbolic language to an object program which is in machine
(binary) language. The switching assembler program (swap) was de-
signed to do this for No. 2 ESS and several other stored program systems.
Each machine instruction is represented by a symbolic code which the
assembler translates to the appropriate bit pattern in the object program.
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A programmer may assign a symbolic representation for any location
in the object machine memory and then refer to that location sym-
bolically in an instruction. By this method of reference, the program
can be changed without regard for location changes caused by the
insertion or deletion of words.

Symbolic addressing also allows a data constant to be defined with
a symbolic name and then used in many places. If the value of the
constant is changed, all the places it is used need not be hunted and
changed. The method of defining data as well as many other functions
is done through assembler control instructions called pseudo-operations.
A pseudo-operation does not usually result in object code, but tells
the assembler how to translate symbolic information it will encounter
in the program.

2.1 Input Syntax

2.1.1 Fields

The general form of a swap input line is anchored free field. This
means that, beyond column one, there are no restrictions as to where
on the line the information appears. The four major divisions of an
input line are called fields: the location field, if present, must start in
column one; the operation field follows the location field; the variable
field follows the operation field; and the comment field is last.

Fields must be separated by one or more blanks or a single comma,
except for the comment field which must start with a sharp sign (#).
(If a sharp sign appears in column one, the entire line is treated as
commentary.) The variable field, sometimes called the address field,
may be terminated in three ways: (¢) any number of blanks followed
by a sharp, (¢Z) the physical end of the line, or (¢7) the logical end of
line which is indicated by a semicolon. When a line is truncated by a
semicolon, the character immediately following the semicolon is con-
sidered to be column one of the next line.

2.1.2 Continuations

A continuation may be indicated by the at sign (@) used in either
of two places. If an at sign is the last nonblank character on a line,
then the next line is a continuation. If an at sign appears in column one
of a line, then the line with the at sign is a continuation of the previous
line. In both cases, the lines are joined at the at sign which is discarded
by the assembler.
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2.2 Basic Pseudo-Operations

2.2.1 EQU, SET, and TEXT Pseudo-Operations

The most basic pseudo-operations are those that define a symbolic
representation for a quantity: the EQu and sET pseudo-operations
assign a numeric value to a symbol; the TEXT pseudo-operation defines
a symbolic name for a string of characters. While symbols defined
with sET and TEXT may be redefined, those defined by EQu may not.

Either of the following lines would assign the value 10 to the symbol
SYMB:

syMB EQU 10

symMB sET 10.

To define or redefine the symbol vowELs with the string of five vowels
as its value, the following statement would be used:

VOWELS TEXT ‘AEIOU’

2.2.2 JuMP and Do Pseudo-Operations

The pseudo-operations that allow the normal sequence of processing
to be modified provide the real power of an assembler. In swap, the
pseudo-operations  that provide that control are sump and po. Jump
forces the assembler to continue sequential processing with the indicated
line, ignoring any intervening lines. As an example, consider the following
sequence of lines:

JUMP .LINE
A EQU 2
.LINE;B EQU 3

The symbol a will not be defined because that line would be skipped
under control of the sump. The symbol .LINE is called a sequence
symbol and is treated not as a normal location field but only as the
destination of a Jump. The first character of a sequence symbol must
be a period. The line that is “jumped” to may be either before or after
the Jump statement.
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The sump is taken conditionally when an expression is used as the
following example shows:

INC SET O

\AAINC SET INC+1 # INCREASE COUNTER
JUMP .XX,INC>10 # IS IT OVER LIMIT
JUMP .AA # GO AROUND AGAIN

XX

The Junp to .xx will occur only if the value of the symbol 1xc is greater
than ten.

The po pseudo-operation is used to control an assembly time loop
and may be written in one of three forms:

(i) DO .LOC,VAR=INIT,TEXP,INC
(iY) DO .LOC,VAR=INIT,LIMIT,INC
(Z%1) DO .LOC,VAR= (LIST)

Types 7 and 47 assign the value of iNiT to the variable symbol var
and then assemble all the lines up to and including the line with .rLoc
in its location field. The value of 1N¢ (if iNc is omitted, 1 is assumed)
is added to the value of var. For type 7, the truth value expression
TEXP is evaluated; if it is true, the loop is repeated. Type #¢ compares
the value of var with the value of LiMiT; the loop is repeated if Nc is
positive and the value of VAR is less than or equal to the value of LimIT.
If 1nc is negative, the loop is repeated only when the value of var
is greater than or equal to the value of LiviT. Type 77 assigns to VAR
the value of the first item in LisT. Succeeding values are used for each
successive time around the loop until List is exhausted.
The following is an example of the use of po

DO AA,INC=1,3
GT INC
AA TCS TBL +INC

The assembler will produce the same output from these three lines
as from the following sequence:

GT 1
TCS TBL+1
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GT 2
TCS TBL-2
GT 3
TCS TBL43

2.3 Symbols and Attributes

Symbolic names are limited to fewer than 250 alpha-numeric char-
acters at least one of which must be alphabetic. The alphabetic char-
acters are considered to include the 26 upper and 26 lower case letters
as well as the underscore and percent sign. A symbol may be used
to identify a program store location, call store address, or a program
parameter. The value of a symbol may be a 32-bit integer, a character
string, or another symbol. In addition, every symbol may have up to
250 attributes which are 24-bit integers. The x attribute of the symbol
A is represented by x(a). The following line, for example, sets the
ALPHA attribute of the symbol sA to ten greater than the BETA attribute
of symbol sB.

ALPHA(SA) SET BETA(SB)-+10

2.3.1 Symbol Types

Each symbol has an associated type character; a program store
location symbol, for example, has type . The type of each operand
in an arithmetic or logical expression is used to determine the correct
method of evaluating the expression. It is also used to check for illegal
combinations of operands and to appropriately mark the error.

2.3.2 Available Type Characters

Some of the available type characters and their meanings are:

A—absolute symbol

c—call store location symbol
p—program store data location symbol
J—truth valued symbol

L—program store location symbol
N—integer

T—text symbol

x—external symbol

2.4 Arithmetic and Logical Expressions

Arithmetic or logical expressions consist of a string of operands
separated by operators or parentheses. An operand may be an integer,
symbol, function call, attribute reference, indirect symbol, or character
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string. A character string in an expression is represented by enclosing
the string in either single or double quotation marks and is converted
to a 32-bit binary integer when used in any operation except a com-
parison. An indirect symbol is a symbol defined by the text pseudo-
operation where the character string definition is a valid arithmetic
or logical expression.

The following is a list of the available arithmetic, logical, comparison,
and special operators, listed in the order of hierarchal preference;
the first to be evaluated are at the top of the list. The order of evaluation
may be controlled by the use of parentheses.

Special Operators
“or” Indicates beginning or end of character string.
? Result is true when preceded by an operand.

Arithmetic Operators

*or T Exponentiation
{* Multiplication
/ Division
unary — Negation
unary -+ No operation
+ Addition
- Subtraction

Comparison Operators

These operators are all of the same hierarchal value and yield a
result of either true or false.
Equals
Greater than
Less than
=or#= Not equal
>,> =, or = Greater than or equal
=<, < =, o0or = Less than or equal

|l AV I

The hierarchy of comparison operators is slightly different when they
are used in a double relation; for example, A<B<c will have a result
of true only when A is less than B and B is less than c.

Logical Operators
{& Logical intersection.
— The intersection of the left operand with the comple-

ment of the right operand.
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unary — Complement
| Logical union
! Logical exclusive or

2.4.1 Predefined Arithmetic and Logical Functions

Several built-in or predefined functions are available to aid in evaluat-
ing some of the more common or complicated expressions. The following
is a partial list of the available predefined functions:

D(EXP) Results in the value of the expression Exp with
any integers that occur interpreted as decimal.

B(EXP) The result is 2 raised to the Exp power.

MAX(EXP, , *** , EXP,) Results in the maximum of Exp, through ExP, .

PAR(EXP) Returns the even parity of the value of the
expression EXP.

STYP(EXP,C) Returns the value of Exp, but the type of the

result is the character c.

2.4.2 Programmer-Defined functions

To allow the programmer to define any number of new functions,
the prN pseudo-operation is provided. The general form of a function
definition is written:

DFN F(P; Py, -+ ,Pp)=A; :B;,As :Bg, *** , A, : B,

where ¥ is the function name, the p, are dummy parameter names,
and the A, and B, are any valid expressions that may contain the
r, and other variables.

To evaluate the function, the B, are evaluated left to right. The
result is the value of the A, corresponding to the first B, that has a
nonzero or true value. If B, is not present, it is assumed to be frue;
also if all the B, are false, the value returned is zero. The parameter
expressions are evaluated, and these values are used whenever a dummy
parameter is encountered in the defining expression.

Two features are provided to allow an arbitrary number of arguments
in the call of a function. The first is the ability to ask if an argument
was implicitly omitted from the call (explicitly omitted arguments
are treated as zero). This feature is invoked by a question mark im-
mediately following the dummy parameter. If the argument was
present, the result of the parameter-question mark is the value true;
otherwise, the value is false. For example, the definition:

DFN INC(X, Y) =X +Y:Y?,X +1
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would yield the value 7 when called by 1Nc(3,4) but the value of INC(@3)
is 4.

The other feature is the ability to loop over a part of the defining
expression, using successive argument values wherever the last dummy
parameter appears in the range of the loop. This feature is invoked
by the appearance of an ellipsis (...) in the defining expression. The
range of the loop is from the operator immediately preceding the
ellipsis backward to the first occurrence of the same operator at the
same level of parentheses. As an example, consider the following
statement:

DFN SUM(A,B,X,Y) =A +X*¥(Y +1) +. . . +B/2

The range of the loop is from the 4 between the A and the x to the +
following the right parentheses. The call sum,18,3,1,2,3) would yield
the same result as the following expression:

24-3*¥*(141)+3*%(2+1) +3**(3+1)+18/2.

The loop may also extend over the expression between two commas
as the next example shows. A function to do the exclusive or of an
indefinite number of arguments could be defined by:

DFN XOR(A,B,C) =A—IB | B—1A:—1C?,XOR(XOR(A,B),C, . . )

2.5 Macro Definitions

The real power of an assembler lies in the flexibility it provides the
programmer. The macro facilities incorporated in swap have more
than the necessary features to make it one of the most powerful as-
semblers available. A macro instruction is an abbreviated form for
a sequence of predefined instructions, pseudo-operations, or comments.
Whenever a macro is called, the predefined sequence is generated in
place of the macro call. The sequence of statements generated by a
macro may be varied by the use of any of the several conditional as-
sembly facilities provided.

The general form of a macro definition is:

MACRO
prototype statement
macro text lines
MEND

The prototype statement contains the name of the macro definition
as well as the dummy parameter names which are used in the definition.
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The macro text lines, a series of statements which make up the defini-
tion of the macro, will be reproduced whenever the macro is called.

The following is an example of a simple macro that may be used
to move data from one call store location to another:

MACRO
LOC MOVE FROM,TO
LOC RED FROM
WRI TO
MEND

The subsequent macro call:
SAVE MOVE NEWDATA,OLDDATA
would generate the following instructions:

SAVE RED NEWDATA
‘WRI OLDDATA

2.5.1 Macro Arguments and Operators

The general forms of a macro argument are OP(ST) Or PAR. OP IS
called the operation part of the argument and includes all characters
up to the first left parenthesis. st is called the strip and (s, the body
of the argument. PAR is an argument that is not of the op-strip form.
Several macro operators are available to allow the programmer to
obtain these parts as well as other pertinent information about an
argument. A macro operator is indicated by its name character fol-
lowed by a period and the dummy parameter name of the operand.
For example, the operation part of a parameter named ARe is obtained
by the use of 0.ARG, and the strip is represented by s.ArRG. Whenever
the op part of a argument is requested and the argument is not of the
op-strip form, a null value is returned; the strip of a non op-strip
argument is the entire argument.

2.5.2 Macro Subarguments

Many times the strip of a macro argument consists of a sublist
of parameters. Any subparameter may be accessed by subseribing the
parameter name with the number of the desired subargument. Additional
levels of subarguments are obtained with the use of multiple indexes.
As an example, let parameter ARG assume the value p@Q,R(s,T)), then:
ARG(0) represents P; ARG(1),Q; ARG(2),R(s,T); and ARG(2,2) would be
replaced by T..
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The macro operators may be used on the results of each other as
well as on subparameters; for example, s.ArRG(2) would refer to s,T.

The subargument indexes may be symbolic expressions that contain
other macro parameters as the following example of a macro with a
po loop demonstrates. A macro to copy data from one call store location
to any number of other call store locations could be written:

MACRO
COPY PARM
RED O.PARM
DO .LOOP,K =1,N.PARM
.LOOP WRI PARM(K)
MEND

The number macro operator, N, is replaced by the number of sub-
arguments in its operand so that the po will loop as many times as
there are subarguments in PARM. The macro call:

COPY DATA(SAVE,HOLD)

will then generate the following instructions:

RED DATA
WRI SAVE
WRI HOLD

2.5.3 Macro Functions

To provide more flexibility with the use of macros, several system
parameters and macro functions have been made available. A macro
function call is replaced by the string of characters that is its result.
The arguments of a macro function may consist of macro parameters,
other maecro function calls, literal charaecter strings, or symbolic var-
iables. An example would be the pEc macro function, which has a
single argument that is a valid arithmetic or logical expression. The
result is the decimal number equal to the value of the expression;
the call pEc(7+8) would be replaced by 15.

The three major macro functions are:

(2) 1s(expression,string) is replaced by string if the value of expres-
sion is nonzero; otherwise, the result is the null string.
(72) 1FNoT(string) is replaced by string if the expression in the previous
1s had a value of zero; otherwise, the result is null.
(772) sTR(exp.,exp.,string) is replaced by exp. characters starting with
the exp, character of string.
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A more sophisticated example of the use of macro functions is this
version of the copy macro:

MACRO
COPY PARM

RED  O.PARM

DO .LOOP,K =1,N.PARM

.LOOP IS(‘PARM(K) = ‘HOLD’,HGR)IFNOT(WRI PARM (K))

MEND
Using the above definition, the call:
COPY DATA(SAVE,HOLD,LOC2)

would expand to:

RED DATA
WRI SAVE
HGR

WRI LOC2

2.5.4 Keyword Arguments

It is often convenient to be able to override the positional relation-
ship between the dummy parameters on the macro prototype line and
the arguments on a macro call. This may be done when the macro is
called by writing the parameter name followed by an equal sign and
the argument string. An argument of this form is called a keyword
argument. An example would be the following calls of the move macro.

MOVE FROM=NEWDATA,TO=0LDDATA
or
MOVE TO=OLDDATA,FROM=NEWDATA
Both calls will expand to the same instructions as the expansion of the
MOVE macro without keyword arguments.

2.5.5 Default Arguments

Another convenience is the ability to have a standard, or default,
value for a parameter. The default value would be used whenever the
argument was omitted from the call. The default value must be assigned
on the macro prototype line by an equal sign and the default value
after the dummy parameter name. Another version of the MovE macro
is an example of assigning default values.
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MACRO

MOVE FROM =TEMP,TO=TEMP +14
RED FROM

WRI TO

MEND

The call:
MOVE  TO=OLDDATA
would then expand to:

RED TEMP
WRI OLDDATA

2.6 Automatic Instruction Insertion

No. 2 ESS instructions are put in the format of one or two per word.
The half-word instructions of the No. 2 ESS occasionally cause a no-
operation (Nop) instruction to be required. When there are an odd
number of half-word instructions between full-word instructions or
when the destination of a transfer would otherwise be in the middle
of a word, a Nop is inserted by the assembler.

The half-word transfer commands specify a five bit address. The
destination of such a transfer is thus limited to the same block of
32 words as the transfer. An instruction (wiL) is available to extend the
addressing range to 1024 words by leaving five bits in a buffer. The
assembler will give an error message each time a short transfer is used
that: (2) requires but does not have an associated riL, (i) has a FIL
that was not needed, or (¢#) is insufficient even when a FiL is used.

When the programmer adds or deletes an instruction, a short transfer
may require a FIL where it was not previously needed. swap inserts
the appropriate FIL instruction wherever it is needed and attempts
to place it where a Nor was required in the right half of a word. It is
extremely difficult to have only the minimum number of FIL’s and,
therefore, some extra FIL commands will be inserted in the program.
The automatic FIL insertion feature may be turned off if the programmer
so desires.

2.7 Text Manipulating Facilities

Some of the more exotic features provided by the switching assembler
program are the character string pseudo-operations and the dollar
functions, so called because the function names all start with a dollar
sign.
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2.7.1 HUNT and SCAN Pseudo-Operalions

The HUNT pseudo-operation allows the programmer to scan a string
of characters for any break character in a second string. It will then
define two TEXT symbols consisting of the portions of the string before
and after the break character.

The scan pseudo-operation provides the extensive pattern matching
facilities of snoBoL3 along with success or failure transfer of control.'
These features, too diverse to be discussed here, are covered in the
references.

2.7.2 Dollar Functions

Dollar functions are very similar to macro functions in that the
result of a dollar function call is a string of characters that replace
the call. The dollar functions may be used on input lines as well as
in macros. For example, s$(rsym) would be replaced by the character
string which is the value of the text symbol Tsym. A very useful feature
of the dollor functions is in the ability to call a one-line macro anywhere
on a line by preceding the macro name with a dollar sign and following
it with the argument list in parenthesis. For example, the macro:

MACRO
CHECK A,B

I8(A <B,DEC(B—A) MORE)IFNOT(DEC(B — A)OVER)
MEND
could be called by:

X SET 5
LGR X # $CHECK(X,8)

but the line would appear in the assembly listing as:
LGR X # 3 MORE

2.8 The Assembly Listing

Since the input line format for swap is free field, the assembly list-
ing of the source lines may appear quite unreadable. Therefore, the
normal procedure is to have the assembler align all the fields when
a line is printed. For example, a programmer may punch his cards:

TRA LOC # GO BACK
REST LGR 7; GRXAA # LOAD AA
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but the assembly listing would show the lines thus:

TRA LOC # GO BACK
REST LGR 7
GRXAA # LOAD AA

The position of the fields as well as the position of the line is a pro-
grammer option. Some of the other options that are available to control
the format of the listing are: double spacing, titling at the top and
bottom of each page, and several classes of lines that may be printed
at the programmer’s discretion.

2.9 Inpuis

SWAP may receive its original input from a card, disk, or tape data
set. The sourcE pseudo-operation allows the programmer to change
the input source at any point within a program. Another source of
input is the EprTor program, which provides extensive facilities for
making changes or corrections in a program.

2.9.1 The EDITOR Program

Any swap input line that contains a colon in column one is assumed
to be an EDITOR control card and, therefore, invokes the EpITOR program.
The EDITOR is then responsible for retrieving a source data set, making
the indicated changes, and passing each line back to swap to be as-
sembled. The Eprtor provides facilities for inserting, replacing, or
removing lines as well as modifying a part of a line and moving or
copying a group of lines to another position within the data set. Since
the normal output of the EpiTor goes directly to the assembler, the
original data set is not changed unless the programmer explicitly re-
quests that the changes be permanently incorporated in a new copy
of the data set.

2.9.2 Libraries

swaP also has facilities to save symbol, instruction, or macro defini-
tions in the form of libraries which may be loaded later in another
assembly. When, for example several programs make use of a common
set of macros, it is desirable to obtain them from the same source,
The sourck pseudo-operation could be used for this, but it would
require that each symbol, instruction, or macro be completely processed
by the assembler. As this is relatively slow and inefficient, a method
of producing a library which contains the processed definitions is
provided. Later, if a program requires it, those definitions may be loaded
and used, bypassing the costly definition process, '
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2.10 Outputs

The output of the assembler normally consists of the assembly
listing and the object program module (see below) but other outputs
may be obtained upon request. The libraries are one example. Special
outputs can be produced from stylized comments included in each
No. 2 ESS program. One type of comment provides information so
that a flowchart of the program can be generated by machine. Another
type of comment is used to produce a manual explaining all the tele-
typewriter messages that the program might issue.

Also provided as an optional output of the assembler are the results
of the macro expansions and dollar substitutions. The programmer
controls the format of each line as well as the deletion of undesired
lines. This allows the assembler macro facilities to be used to produce
an input data set for any of the No. 2 service programs or IBM 360
support programs.

III. LOADER

The LOADER program accepts output from swap assemblies. The
assembled programs are combined and placed on disk storage as a
paged image of the program store. All interprogram linkage is per-
formed; that is, all external symbolic references are resolved. The
program store image is in the form required by the simulator or twistor
card preparation program.

3.1 Object Program Module

The output of a swap assembly is called an object program module.
All object program module’s of a project are normally contained in
a single partitioned data set. They may exist only on a direct access
device, although they may be saved on magnetic tape. There may be
a number of object program module’s for any program, reflecting
various stages of development. The assembler creates a PRIVATE, or
working copy. A utility program creates a PUBLIC copy from a relatively
debugged PRIVATE copy (and pushes down the other puBLIC copies).
The LoADER normally loads the most recent PUBLIC copies but may
load others as deseribed later under the LoAD verb.

3.2 Outpuls of LOADER

3.2.1 Program Store Image

The primary output of the LOADER is a paged image of the program
store. It is made up of a 2048-byte record for each two planes (512
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ESS words) loaded, plus a directory to indicate which plane is on
which record.

3.2.2 Printed Output of LOADER

The LoaDER produces four printouts. These are shown in the Appendix.

All control cards processed by the rLoADER are listed. Diagnostics
are self-explanatory; any error flags are explained at the end of the
control card listings.

Unless suppressed, a loading map is generated. This map includes,
for each program loaded, the version (PuBLIC or PRIVATE), time and
date of assembly, first and last locations in the program, the number
of a tape (if any) on which the assembly listing is stored, and a remark.
The remark indicates whether the program was implicitly or explicitly
loaded (see Section 3.3). If a program could not be found in the object
program module data set, it is marked undefined. Printed below the
loading map is a statement of whether any areas of the program store
were loaded more than once. If overwrites were present, they are listed.

If a cross-reference table is requested, it lists all external references
that were resolved by the loader. This may be a very large list. If the
listing is not requested, only those references for which a diagnostic
is generated are listed. The cross-reference table may be sorted by
symbol name.

3.3 Implicit Loading

Unless BxpriciT loading is specified, mMpLicIT loading is assumed.
This means that any program that is referred to by one that has been
previously loaded is also loaded. It is, therefore, possible to load all
programs by explicitly mentioning only one. Programs not wanted
may be excluded from the loading.

3.4 LOADER Features

The function of the rLoADpER is best described by desecribing some
of the primary verbs.

3.4.1 LOAD Statement

The roaDp statement describes which programs, and what versions,
are to be loaded. An unqualified program name indicates the latest
PUBLIC version. Program names may be qualified by PRIVATE or a
date. When the privaTe qualification is used, the PRIVATE version is
loaded. When a date is specified, the latest version assembled not
later than that date is loaded,
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Ezample: LOAD BLMM IOMAINT(PRIVATE) IOTEST(6/12/69)

3.4.2 EXCLUDE Statement

The EXCLUDE statement lists programs to be excluded from implicit
loading.

Example: EXCLUDE CSUB PCMAINT

3.4.3 SET Slatement

The st statement defines or changes the value of a PuBLIC symbol;
that is, a symbol to which an external reference is made. In Example 1,
the symbol RETURN1 in the program BLMM is given the value 10436
octal. Example 2 equates the symbol suB23 in the program 10sUB to
the value of sUBA2 in csUB.

Ezxample 1: SET BLMM.RETURN1 = 10436

Ezxample 2: SET I0SUB.SUB23 = CSUB.SUBA2

IV. SIMULATOR

The No. 2 ESS simulator, smiLg,* provides a powerful program
checkout, or debugging, facility. It is also a vehicle for investigating
the effects of proposed system changes.

4.1 Simulation

A typical user assembles his program, loads it along with related
programs, and simulates it to find errors (see Fig. 1). He requests
printouts of pertinent data at points where he expects specific results.
If the results are not right, he examines all of the outputs. If he fails
to find the trouble, he will simulate again, producing more output
around the problem area. In this way, he can close in on the error.
A map of the path taken by the program at each branch and a printout
of the contents of the registers are tools for finding out what went
wrong.

Proposed system changes can be evaluated using the simulator.
For example, the effect on system capacity of changes in command
timing can be studied by incorporating the changes into the simulator
and observing the effects by simulating the call processing programs.

*sMIE is an acronym for switching machine interpreter for lazy engineers!
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4.2 Objectives of SMILE

The main objectives in the design of sMILE were completeness of
simulation, ease of use, and speed. It is thus possible to simulate a
complete call using few control statements in a reasonable amount
of IBM 360 time.

4.2.1 Coverage

sMILE simulates most processor commands, some No. 2 ESS input-
output, but no internal wired logic. All commands used by the non-
maintenance programmer are simulated. To perform No. 2 ESS input-
output, special control statements have been developed. These enable
one to place digits into originating registers at specified times. Other
more general control statements allow locations in call store to be
changed based on the reaching of specified program store locations
or the passing of a specified amount of No. 2 ESS time. Special No. 2
ESS output messages are produced on certain external commands.
All of these features are discussed in more detail in the following
paragraphs.

4.2.2 Ease of Use

In order to make sMILE easy to use, default values on everything
possible have been set to the most common value. For example, call
store words are initially zero, and all scanners are initially ones. Each
input to SMILE is written in the natural language for that item. Time,
for example, may be written in cycles, microseconds, or milliseconds.
Program store addresses and call store addresses are assembled and
specified symbolically.

4.2.3 Speed

To be useful in a practical environment, a simulator must be fast.
The simulation of a typical ESS instruction takes less than 30 micro-
seconds on an IBM 360 model 65. This basic simulation ratio of better
than 10 to 1 (elapsed time to simulated ESS time) is achieved by trading
space for speed in the more common routines.

Another contributor to sMILE’s speed is the preprocessing of control
statements that will be performed during simulation. Control state-
ments are converted to interpretive code which is executed each time
the function is performed. The interpretive code produced must run
fast, with little consideration given to how long it takes to produce
the code. The interpretive code produced must not use a lot of core
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because this would greatly limit the number of control statements
possible.

Generation of outputs consumes a large portion of running time,
so sMILE limits unnecessary printing. Unless told otherwise, sMILE
only prints a final dump of the nonzero registers and call store, and
a few error and special messages. Error messages are automatically
turned off after ten of a kind have been printed. To produce more
output, the user must explicitly ask for it.

4.3 Control Language

4.3.1 Indtializing Statements

The control language that has been developed is natural and easy
to use. To initialize a register, one merely writes an “=" statement
as follows: (7) name of register, (12) =, and (¢%7) value to be stored
in the register. For example, Gk = 1243. Since No. 2 ESS programmers
are accustomed to octal code, data constants are interpreted as octal
numbers. Counts and time are interpreted as decimal numbers. To
initialize a word in call store, one writes an ‘="’ statement as follows:
(7) symbolic name of area in call store or octal address, (i7) =, and (44%)
value to be stored. For example, cSTBL = 421 or 2310 = 1337.

Of the two groups of scanners in the No. 2 ESS, one is primarily
used for lines and the other for trunks. “TRUNK(3,4)” refers to row
number 4 in trunk scanner number 3. “LINE(2,5,3)”’ refers to bit number 3
of row number 5 of line scanner number 2. These functions may be
used on the left side of “="" statements to initialize the scanners.
For example, TRUNK(3,7,2) = 1 Or LINE(5,4) = 176777.

4.3.2 Plants vn Program Store

Simulation ean be interrupted when specified program store loca-
tions are reached. At a location, a set of features can be planted. These
would be performed each time that location is reached. Initialization
statements as well as other features can be “planted” at a location.

4.3.3 Time and Auiomatic Interrupts

As each command is simulated, the timer is incremented by the
amount of time the command takes in the No. 2 ESS. Concurrently,
a check is made to see if the user has requested an interrupt at this
point. There are three ways a user can request such an interrupt:

(7) The TIME control statement says to perform the “range’” (control
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statements after the TIME and before the next TiME or plant) when
the timer reaches the time specified by the first operand. If there is
a second operand, the range will be performed again when that amount
of time has elapsed, and each time thereafter. If a third operand exists,
it tells when to stop processing this TIME.

(77) The AFTER control statement is similar to the TIME control
statement except that it is planted at a loeation. Its first and second
operands correspond to the second and third operands of the TIME
control statement. It enables a programmer to interrupt after a certain
amount of time has passed after reaching a certain location.

(#77) The 1NoUT control statement generates other control statements
which create an iNouT interrupt at the time indicated by the first
operand. For ease of use, 25 milliseconds is assumed if the first operand
is missing.

4.3.4 Digit Insertion into Originating Regrster

A digit control statement places digits into an originating register
in call store, one for each time the control statement is encountered.
The verb piegpp, piGMF, or pIGTT indicates how the second operand
list is to be interpreted—dial pulse, multifrequency, or Touch-Tone®-
dialing, respectively. The first operand indicates which originating
register receives the digit. The second operand is a list consisting of
symbolic codes indicating which digits are to be deposited.

If, as is usually the case, the digit control statement is used in the
range of a TIME, the first digit is deposited at the time indicated by
the first operand of the TiME, and successive digits are deposited at
increments of time indicated by the second operand of the TimE. If
the digit control statement is planted in a range at a program store
location, the digits are deposited one at a time each time that program
store word is simulated.

4.3.5 Symbolic Input

sMiLE has been designed to allow symbolic reference to program
store locations. A program may thus be changed without modification
of the control statements. The swap assembler produces a symbol table
with equivalences which the simulator uses. When symbols from several
programs are referred to, it is necessary to indicate to which program
each symbol belongs. The prefix notation is one way to do this.
INI.LOOPMORE is used to refer to the location LOOPMORE in program
INI. Prefix notation is used when a small number of symbols are needed
from a given program.
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The symMBoLs PRNAME control statement informs sMILE that all
nonprefixed symbols between here and the next symBoLs control
statement are to be found in the symbol table from the program pPRNAME.

4.3.6 Conditions

The ability to conditionally perform various control statements
dependent on the comparison of variables is an essential part of the
simulator control language. The 1r and UNLEss verbs enable one to
perform these comparisons in a natural manner.

“Ir GrR = 2”” means to perform the next control statement if the
contents of the general register (Gr) is 2. Four relations are permitted:
= (equal), < (less than), > (greater than), and — (not—used as
a prefix). Combinations are also permitted: <=, >=, =, 4>,
—1< =, and so on. The not sign (—) negates the entire relation regard-
less of where it occurs.

“unLEss LR=4"" does the same thing as “1r LR /= 4.” A condition
applies to the single control statement that follows it, unless that
statement is a BEGIN. Then the condition applies to the “block’ of
control statements starting with the BEGIN and ending with a paired
uND. Blocks may be nested up to a maximum depth of ten.

The expressions used on both sides of relations and “="" statements
may include registers, constants, call and program store symbols,
scanner functions, and the special dummy registers xo through x20
combined with the following operators:

@ indirection (constant refers to call store)
** integer exponentiation

{* multiplication

{/ integer division (truncated)

+ addition

— subtraction
& logical AND
| logical or

() parentheses may be used to alter the above hierarchy (opera-
tions on top are performed first).

For an example, consider: “IF GR = @(CSTBL1X0)*2*5&3740.” The
contents of dummy register X0 (which was previously set by something
like X0 = 12 or X0 = X0+1) is first added to the address csTBL. This
sum is used to index into call store. The word thus obtained is saved
while 2 is raised to the fifth power. Next, the saved word is multiplied
by the power and the result is masked by 3740.
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For another example, consider: “IF AA = LR|GR&AA —CA* LW**@CSEXP.”
The operations will be performed in the exact reverse order of the way
they are written since each successive operator is higher in the above
list than its predecessor.

4.3.7 Normal Sequence Breakers

In the process of using conditions, it is often desirable to jump over
a set of control statements. This can be done by using the sump verb
followed by a sequence symbol and by placing that sequence symbol
just before the control statements with which processing should con-
tinue. This is a branch among control statements. Sequence symbols
are by definition symbols which start with a period. For example,
in the following input stream: ‘“.casE1’” and “.case2” are sequence
symbols:

IF GR 1236 JUMP .CASEl

IF LR = 42 JUMP .CASE2

JUMP .OUT

.CASE1 GR = 12 SNAPTR JUMP .OUT
.CASE2 LR = 1232 SNAPTR JUMP .OUT

“gump .ouT”’ naturally means to jump out of this range and go back
to simulation at the point it was interrupted.

It is often desirable to skip over a section of program or go to some
other place. This can be done by using the goro verb followed by a
program store address (symbolic or constant). For example, coro
LOOPMORE +2, Or GOTO LOOPMORE —1. This is a branch from performing
control statements to the simulation of a particular program store word.

The verb which specifies the end of control statement processing
and the start of simulation is sTART followed by the program store
address where simulation is to begin. No address means simulation
starts at the origin of the first program loaded.

4.4 Outputs

4.4.1 Transfer Trace

Transfer tracing is the process of following the flow of a program
by printing out a line every time an instruction is executed out of
sequence. Each line of trace output includes the type of branch and
ten data words. The different types of branches are:

ADV advance command (when progress mark found)
GOTO  GOTO control statement
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PA= = control statement

PIBn  program interrupt begin command

PIEn  program interrupt end command

TRACE all transfer commands (when transfer is taken).

There are two control statements used with tracing:
TRACE N
FORMAT LIST.

The TRACE N control statement starts tracing and continues until
N lines have been printed. It may be placed in the initial input stream,
at a location, or in the range of a TIME. In the FORMAT control state-
ment, LIST indicates which registers, call and program store words,
scanner rows, and special registers xo0-x20 are to be printed. Further-
more, the FORMAT statement is dynamic; it can be used not only in
the initial input stream but also as a plant or in the range of a TIME.
If a ForMAT statement is not encountered first, a default ForMAT is
automatically generated whose rLIsST is “GR, CA, @CA, AA, KM, LR, LM,
LW, RF, TB.”

4.4.2 DSNAP and SNAPTR

A handy debugging device is the psNAP statement which prints out
all registers and call store words that have changed since the last psnap.
The first psNap prints out all nonzero words. This type of output
is slow since it has to compare the current contents of all of call store
with the previous contents and also save the current as the new previous
and print several lines showing changes. This kind of tool, although
slow, can find errors that would otherwise go undetected. A wild write
into call store shows up very quickly.

Whenever it is encountered, the sNapTR feature causes the printing
of a TRACE line. It and all the other features can be planted at a program
store location or caused to happen at a given time.

The pATATR feature is a special feature which causes the printing
of a TRACE line after each occurrence of the pATA command. The paTa
command is used to retrieve data, such as translations, from the program
store. A pDATA trace effectively records the progress of a call by monitoring
the translators. pATATR is usually placed in the initial input stream
but can also be planted or put in the range of a TIME.

4.4.3 Special Messages

Most of the external commands are accompanied by special printouts.
These printouts give pertinent information so the programmer can
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see if the program produces the necessary outputs to perform the desired
switching. Several other special messages are associated with the
hold-get counter and transfers.

PRINT control statements control the printing of the above messages.
The default case is to print each message ten times and then suppress
the message. The PRINT control statement can turn a message OFF,
or oN, or oN for a certain number of times. This statement is also
dynamic—the on-orr-couNT status of any message can be changed
during simulation.

4.4.4 Final Dump

At the completion of each simulation, an automatic dump of all
nonzero registers and nonzero call store locations is given. The dump
takes the form of a psNAP assuming the previous psnap was all zeros.

4.4.5 Symbolic References to Program Store

With each request for output, the following header prints on the
left side of each line:

(#) The current No. 2 ESS time.

() The current contents of the program address register. (The
location of the plant. On transfers, the from location.)

(772) The symbolic equivalent of the program address which includes
the symbolic name of the program, the nearest previous symbol, and
the increment from the symbol.

(iv) The name of the feature.

On features requiring multiple line output (like psnaP), the header
information appears only on the first line. The remaining fields are a
function of the feature requested. For example, while tracing, there
are ten data fields. For special messages, it may be a sentence with
a variable inserted. Examples are shown in the appendix.

4.4.6 Teletypewriter Output

During simulation, a user’s program may request the printing of
No. 2 ESS teletypewriter messages. This is done by having the No. 2
ESS teletypewriter program produce printing and control characters,
one at a time, during the 25 millisecond interrupt. This stream of
characters is saved on a scratch data set. When the simulation of the
user’s program is complete, control may be passed to a special set
of control statements which will cause the teletypewriter program, via
a fast simulation, to generate all characters in any remaining messages.
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When all simulation is complete, the teletypewriter post processor sorts
by teletypewriter number and prints all the saved characters. This
last step is omitted if the user never starts any teletypewriter messages.

4.5 Internal Structure

SMILE consists of three basic divisions: input control statement
interpreter, command simulator, and teletypewriter message processor.

During the first phase, all control statements are scrutinized. Flags
are planted where indicated functions are to be accomplished, the
interpretive code required to evaluate expressions is generated, and
a queue of all time-based interrupts is formed.

When the last control statement, sTART, is encountered, phase two,
the actual simulation, commences. Each command from the program
is simulated by a subroutine selected by using its operation code as
an index into a transfer table. Input and output functions are performed
when flags requesting them are encountered. The interrupt list is
checked each time a command subroutine increases the timer. Ranges
are executed whenever they are reached. Expressions are dynamically
evaluated each time they are encountered and conditions are performed
based on these results. Whenever a “stop’”’ or an unrecoverable error
occurs, the simulation phase stops, and post processing takes place.
Any teletypewriter messages generated during simulation are finally
printed.

V. SUMMARY

The service programs described in this article comprise about 50,000
words, about two-thirds of which are the assembler. These programs
are now in use for the No. 2 ESS project. The assembler was designed
to be common to several projects at Bell Laboratories, and the authors
wish to acknowledge the contribution of Messrs. R. E. Archer, A. J..
Emrick, and E. Walton to the design and implementation of this
program.

Typical execution times are one minute for assemblies (up to two
minutes for 250 page assemblies), one minute to load all programs,
and one to three minutes for simulations. The use of the powerful
facilities of swap varies greatly among programmers. Some make
extensive use of the macro features; others, almost no use. This appears
to be caused by the difficulty of learning these features well enough
to use them effectively. Once a programmer overcomes this obstacle,
he uses the tools often.

Most system programs have been extensively simulated; as a result,
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they were relatively debugged before being tested in the laboratory
model. For example, only five program bugs were found using the
laboratory model before the first call was completed. The simulator is
expected to continue to be a valuable tool for the life of No. 2 ESS
program development.
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APPENDIX

Computer Samples

The tables on the following pages are photographic reproductions
of computer printouts.



TaBLE I—SAMPLE ASSEMBLY LISTING

{~—MODIFICATION NUMBER == {—TIME AND DATE OF ASSEMBLY
\ [ —~LINE NUMBER \ \ __LISTING TAPE
\' |\ [~—COMMENT CARD \ ‘, NUMBER
TITLE——»TTYBLI - TTY EASE LEVEL INPUT PROGRAM \ \ —-LOCATION SYMBOL 21:35: 12 7709768 3472
‘T
SUBTITLE (IF ANY)——> \\ \\ \\\ +——INSTRUCTION rrvs_ 57351 - j4—SWAP VERSION
MACRO EXPANSION-—— \ \ ~—VARIABLE FIELD = SYMBOL. LIBRARY
LA | . ~——
PARITY BIT (EITHER { OR o)——7 \ 823 01 n\\ \\ \ WE ARE NOW SET UP FOR REDODR TO READ THE PRESENT oRDER —_ D NUMBER
1A BIT / \ 824 02 #x \ CHECK IF IT IS A STOP ODRDER AND GET THE NEXT ONE IF wor. PROGRAM NAME
TA U= OP CODE \ 825 03 s \ \ \ (OF COURSE WE KNOW THE PRESENT ONE IS NOT BUT
ADDRESS—— | /I \\ 22600 00 )\ \Keee THE Loop SWALLI.
ﬂ Y \
LEFT HALF 042331 26 16 v \ 828 06 INSP1 ADBCA | * ADD 1 TO ORDER COUNT
_o_u;s_aln__f 26 27p \* 829 07 AD1AR ¢ CHECK NEXT ORDER
042332 830 03 CALL REDODR 0y
'NSTRUCT'ON 042332 31 043505 043505 -001- Q9 TSA REDODR
042333 1 00 000000 831 10 OR ORDTBL ¢ READ ORDTBL ENTRY FOR THIS ORDER
042334 32 35 832 11 MST * IS THIS COMMON FORMAT
042334R 14 06p 042337 12 INFIL2 NORM2
FLAGS—»F 042335 o4 37 0u2337 833 13 ;‘TCNS HORM2 ¢ NO, USE ORDTBL
Qu2335R 32 00p 14 / INNOP1
042336 00 000000 B34 15 COMTBL, *t YES, USE COMMON ORDER FORMAT TABLE
INSERTED FIL 042337 137 04 # SAVE ORDER ADDRESS
OU2337K 37 11p 836 17 GRY¥AA ¢ ADDRESS OF ORDTBIL ENTRY
042340 37 30 837 13 RFXGR * SAVE RF
042340R 37 02p 838 19 GRXLM
042341 25 30 839 20 DATA * GET ORDT8L ENTRY
042341k 37 o1p 840 21 LWXGR t TEST FOR 3TOP CODE
042342 131 16 841 22 GT 16
RIGHT HALFJL,,;L“@T______y__Vp 842 23 LMXGR * RESTORE RF AND AA
042343 37 21 843 2u GRXRF
INSTRUCTION ¢, 934 3rY 37 15p 844 25 LRXAA —~-REMARKS FIELD
042344 14 06 042331 26 INFIL2 INSP! v,
O 42344R 04 31p AOIJZJ]I 845 27 TCNS INSpI #'NO, CHECK NEXT ORDER
042345 A 846 23 XWRITE
ou23u5 1 11 000000 /000000 847 29 TRA WRITE ® YES, THEY ARE NOW IN STEP. REWRITE ORDER COUNT
EXTERN ED SYMBOL ———/ |
COMPLETE TRANSFER ADDRESS——~——=—=— Y
849 33 #s THE FOLLOWING ROUTINES ARE THE ACKNOWLEDGEMENT MESSAGES.
850 34 &= WHEN CALLED, THEY LOAD THE APPROP, MES IN THE SAME WL AS
851 35 #« THE INPUT MESSAGE HAD BEEN USING VIA AKHNLG
042346 853 37 FEND  ALN ) 0S8 OP=LLR (1) FORMAT ERROR, NO DELAY
Rk WORDLouz3us 1 21 077430 -001- 38 LLR PACK (1,TY_QS 7,TY_E)
INSTRU 042347 15 01 854 39 SM1 & FATEL ERROR
0u2347R 32 0o0p ) INNOP1
042350 11 042403 042403 855 41 Frea TAKNLG
042351 857 42 FE / ALN | QSF OP=LLR e FORMAT ERROR
042351 121 077430 -001- 43 / LLR PACK(7,T‘{_QS 7,'1"{_F)
Qu2352 1" Qu2430 042434 858 44 | TRA FATALERR
042353 860 45 OS : ALN [QSO OP=LLR e THIS CHANNEL IS OUT OF SERVICE
042353 1 21 077474 -001- 46 LLR PACK (7,TY_QS 7,TY_O)
042358 11 042036 042634 861 47 | Tra FATALERR ’
042355 863 48 ILTY | ALN ]QSC OP=LLR  ## ILLEGAL TTY CHANNEL
042355 1 2% 077414 —001-‘09 | LLR PACK(7,TY_QS 7,TY_C)
042356 1 042434 04243y 864:50 1 TRA FATALERR

TYPE OF LINE ———————————————— — — —— ———
TTYE = PART 2 OF THE NO.

TIHLE——

2 ESS TELETYPE PROGRAM
SEE TRADE SECRET

L —SWAP INSERTED NOP

PR-2H015<——PROGRAM LISTING NUMBER

ISSUE L1
—COMMENTARY

RESTRICTIVE NOTICE ON INDEX PAGE TTYS PAGE

24

2682

6061 YHALOLOO ‘“TVNUNOL TVOINHOWLL WHLSXS TTHd HHIL
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TaBLE II—LoADER CoNTROL CARDS

PRINT XREF
LOAD 10
LOAD TESTPRI(PRIVATE)
LOAD TESTPR2 TESTPRS
L EXCLUDE TESTPR4,TESTPRS
#
# UGLY NOT AVAILABLE,

ALTAS TESTPRL UGLY

EXCLUDE UGLY

u MISTAKE
SET TESTPR2,SYM12 = 5236
SET PR13.ALPHA = TESTPRZ.BETA
SET CPDIG.IOSTOP = IOMAINT.IOPAUSE
SET CPDIG.NSTORES = 3
ALIAS 10, IOMAINT
ENDL

# PRGMS NOT YET DEFINED.

USE TESTPR]

L FLAG MEANS PROGRAM TO BE EXCLUDED WAS EXPLICITLY LOADED ABOVE.

U FLAG MEANS INVALID VERB -

IGNORED.

TaBLE ITI-——Loapine Map

VERSICN PROGRAM ORIGIN LAST

PRIVATE 10 17600 17664
PRIVATE TESTPR1 03002 05012
PUBLIC O TESTPR2 10000 15002
PUBLIC O TESTPRS

PUBLIC O CPDIG

PUBLIC O TESTPR3 20130 20145

ASSEMBLED
11:33:33 2/26/69
17:35:00 1/20/69
10:47244 1715769

9:14:36 12/06/68

OVERWRITES WERE ENCOUNTERED. SEE FOLLOWING PAGE.

REMARKS

EXPLICIT
EXPLICIT
EXPLICIT
UNDEF INED
UNDEF INED
IMPLICIT

TAPE
FO72

A105
€850

1326

2893



TaBLE IV—Cross REFERENCE TABLE

ELAGS LOCATIQN IN PROGRAM REFERS TO SYMBOL IN PROGRAM WITH VALUE

0175614
017600
017630
003002
003003
001002
003004
001003
003010
003011
003012
003013
003014
003015
003016
Q03017
003020
Q03021
Q03022
003023
003024
003025
003026
003027
003030
003031
003032
003033
003003
003007
005065
010002
010005
010000
015000
020136
020135
020137
020140

CTOVVTYOUY

10

10

10

TESTPR1
TESTPR1
TESTPR1
TESTPRL
TESTPR]
TESTPR1
TESTPR]
TESTPR1
TESTPR1
TESTPRI1
TESTPR]
TESTPR1
TESTPRIL
TESTPRL
TESTPR1
TESTPRL
TESTPRI1
TESTPR1
TESTPR]
TESTPR1
TESTPR]
TESTPRL
TESTPRL
TESTPRL
TESTPR]
TESTPRL
TESTPR]
TESTPR]
TESTPR2
TESTPR2
TESTPR2
TESTPR2
TESTPR3
TESTPR3
TESTPR3
TESTPR3

END OF SECQ PROCESSING.

tostoe
NSTORES
NSTORES
ALPHA
ALPHA
ALPHA
BETA
BETA
DELTA
DELTA
DELTA
DELTA
DELTA
OELTA
DELTA
DELTA
DELTA
OELTA
DELTA
DELTA
DELTA
DELTA
DELTA
DELTA
DELTA
DELTA
DELTA
DELTA
GAMMA
GAMMA
LEBRA
ARLE
psl
Ps2
PsS2
ALPHA
GAMMA
PS1
pPS2

ELAPSED TIME = :

ceoulc
cPDIG
CPDIG
TESTPR2
TESTPR2
TESTPR2
TESTPR2
TESTPRZ
TESTPR2
TESTPR2
TESTPR2
TESTPR2
TESTPR2
TESTPR2
TESTPR2
TESTPR2
TESTPR2
TESTPR2
TESTPR2
TESTPR2
TESTPR2
TESTPR2
TESTPR2
TESTPR2
TESTPR2
TESTPRZ
TESTPR2
TESTPR2
TESTPR2
TESTPR2
TESTPR3
TESTPR2
TESTPR2
TESTPR2
TESTPR2
ueGLyY
uGLy
uGLY
uGLY

017630
000003
000003
010000
010000
010000
010001
010001
015000
015000
015000
015000
015000
615000
015000
015000
015000
015000
015000
015000
015000
015000
015000
015000
015000
015000
015000
015000
010005
010005
020130

005062
005064

FOUND IN PROGRAM WITH YALUE

TESTPR]
TESTPR]
TESTPR1
TESTPR1
TESTPR2
TESTPR2

065065
005062
005064
005064
010000
010005

7686

6961 YIGOLOO “TVNIAOCL TVOINHOEL WAILSAS TTad THL
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TaBLE V—SiMuLATOR INPUT

# SIMULATOR CONTROL STATEMENTS:
FORMAT GRyCA9@CA AAWLINE(Sy4) 9 X0yPSYMyCSYMyLMyKM
SYMBOLS MYPRGM

TRACE 400
2000 = ORID
INOUT 3MS
LooP SNAPTR
AUXPRGM.MID SNAPTR
RET SNAPTR
CHECK DSNAP GR=1243

IF CF=1 BEGIN CF=0 IF CA<120 GOTO NEXT END
ELSE BEGIN CF=1 [F CA<200 GOTO AGAIN END
IF LR-=200 CSTBL=421
2310=1337
TEST X0=X0+1
IF X0=1 BEGIN TRUNK(3,7,2)=1 CA=a2100|3 GOTO TEST1 END
IF X0=2 BEGIN LINE(5,4)=176777 GOTO TEST2 END
IF X0>=3 STOP

MIDWAY AFTER 6US GOTOD INTPRGM.INT3
TIME 14MS,10MS DIGDP ORIDy6+8+2+129297+9
TIME 50MS sTopP

START MYPRGM,BGN



TIME

SYNBOL

IcC

0000000 OPSVC.HPTT1

0000006
0000078
0000078
0000120
0000159
0000207
0000237
0009261

0000306

0000390
0000402

0000432

0000432
0000438
0000450
ocoou89
0000522
0000543

0000555
0038586
0038586
0038586

END OF SECC PROCESSING.

I02EN.,

1016

OPSVC.
CSUE.C
Z
G

C

RCSUE.

PPTT1+1
CRDPTR#+6

CRDPTR+7
BPIT1+6
PICTS+&
ALTENT+6
TRCUEL+3
USED+2

PDC7X+4

PDC7X¢5
AB254

70

PPTT241
ISCAN®1
ONET1+2
ERO+ 2

CCDZE+2

K+1

CCT LoC

101656
101657
101342
101343
101664
136267
136226
136244
136262
136235

136236
136280

101670

101670
101702
101076
025615
025627
025643

025617
100010
100010
100010

TasLE VI—SimMuraTorR QuTPUT

VERE DATA PAGE 1
FORMAT GR cA ach AR RM LR IM LW RF TE
START

TRACE 101034 oou00¢ 102443 000000 000000 000000 000000 000000 000000 000000
DATA 167001 008006 010014 101037 000000 000000 000077 013670 000006 000000

TRACE 167001 008006 010018 101037 000000 000000 000077 013670 000006 000000
TRACE 032002 003001 032002 101037 000000 156013 000077 013670 ' 000003 000300
TRACE 032002 004001 032002 156113 000000 156013 000077 013670 000003 0004800
TRACE 000000 005001 032002 156115 000000 106400 000006 000002 000002 000800
TRACE 000000 004001 032002 156115 000000 106800 000006 000002 000000 000300
TRACE 100000 004001 032002 156115 000000 106400 000006 000002 000000 000800

MXPDC: EA 106800 LR 156115 KR 000010 1c 000000 GR 156115

TRACE 156115 004001 032002 156115 000400 115670 177771 106400 0000090 000000
TRACE 156115 008001 032002 156115 000000 115670 1771777 106800 000000 000000

DSNAP-

AA 156115 CcA 004007 csA 008007 EA 106800
GR 101701 RG 000037 LF 000016 M 1771717
IR 115670 1W 106300 1C 000220

00000 000000 000240 000000 000000 000000 000000 000000 000000
00360 101665 000000 000000 000000 032002 000000 000000 000000
04000 102143 032002 003261 900000 000000 167001 010018 101701
13200 000000 000000 000000 000000 100000 000000 000000 000000

GOTO 101701 008007 101701 156115 000000 115670 171 106800 000000 000000
TRACE 000000 004007 101701 156115 000000 115670 171777 106400 000000 000000
TRACE 000000 004007 101701 000000 000000 115670 177777 106400 000000 000000
TRACE 000000 003007 101701 000000 000000 000000 177777 106400 000004 000400
TRACE 000000 004007 101701 000000 000000 Q00000 1771777 106800 000000 000800
TRACE 070000 004007 101701 000000 000000 000000 1777717 106400 000000 000800

XTSC: EA 070000 IR 177777 Ic 000000
A PROGRAM STORE LOCATION THAT WAS UNLOADED OR CONTAINED DATA WAS ENOCUNTERED. STOP WAS GENERATED:
STOP. ‘1BE LAST SIMULATED TRANSFER WAS FROM 101772.

FINAL CONTENTS OF REGISTERS AND CALL STORE:
AA [

261 ca 004005 CF 000001 CSA 004005
EA 070153 GR 047200 HG 000037 1F 000006
M 177403 IR 177802 RF 000007 SA 177777
TC 052525

00000 000000 000240 000000 000000 000000 000000 000000 000000
00350 101077 000000 000000 000000 000000 000000 000000 000000
00360 101764 000000 000000 000000 032002 000000 000000 000000
00640 400000 070000 000000 000000 000000 000000 000000 000000
08000 102443 432002 003261 003000 000000 047200 060014 101762
13200 000000 000000 000000 000000 100000 000000 000000 000000

ELAPSED TIME = :37

9682

6961 YHLOLOO “TVNHUNOCL TVOINHOHL WHLSAS TINd WHIL
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TELETYPEWRITER FAcCILITIES 2665
Test Circurrs 2709-2712
TESTING '

boundary test (diagram) 2749

call processing 2760

growth 2763

line 2763

line insulation 2711

program 2781

service 2710, 2760

trunk 2667, 2710, 2760, 2838
TuREE-WAY CaLLING 2716
ToucH-ToNE® CaLLiNg 2716
Toy, Wing N. 2619
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TRAFFIC
capacity 2609, 2615
TrRANSFER ORDERS 2635
TRANSLATION
directory number 2750
originating 2742, 2744 (diagram)
three-digit 2745, 2746 (diagram)
trunk and service circuit 2751
TrousLE LocaTine ManuaL 2772,
2798-2800
TrouBLE RECOVERY 2782, 2783
Trunk CrreulTs 2695, 2699-2705
Trunks 2613
frames 2850
test frame 2838

Twistor MEMoORY 2627
see PROGRAM STORE

A"
Vigilante, F. S. 2607

w

Wadsworth, Donald J. 2817
WRITER, see CARD WRITER

Y
Yates, John E. 2619



