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l. THE 9400 COMPUTER

A. GENERAL DESCRIPTION

1. The 9400 is a general purpose,

large scale, automatic electronic comput-

er system.

As an automatic electronic machine
the 9400 is part of the rapidly growing
family of computers which have been de-
veloped largely since 1950, These ma-
chines are automatic because processing
of data is effected under control of a series
of instructions (the program) which is in-

ternally stored. Theyare electronic, hav-

ing departed from the electro-mechanical
principles of earlier punched card equip-
ment (E.A.M.), taking advantage of the
much greater speed of purely electronic

switching circuitry.

The 9400 is large scale in that its
large and flexible arithmetic potential, its
repertoire of instructions, its memory
size, and number of input-output device
options place it in a class with the twelve
largest and most powerful general purpose

machines currently being marketed.

2. The 9400 is a solid state, asyn-

chronous computer with a 32K random ac-

cess memory.

Solid state referstothe advancedmin-

iaturized circuitry which employs tiny
semiconductor devices suchas transistors
rather than vacuum tubes. A transistor-
ized machine requires less floor space,
uses lesspower, generates much less heat,
and achieves much faster speeds (125, 000
instructions a second in the 9400) than ma -

chines using vacuum tubes.

Asynchronous describes the input-
output principle of the machine. Because
the rate at which information can be en-
tered into the machine is less than 1/10th
as fast as it can be processed internally
the speed of the machine can be utilized
best only if several units can be reading
into or out of the machine simultaneously
with the internal processing of data. Large
scale machines for this reason make use
of "In-Out Processors', actually small
which

reading and writing independently (or

computers themselves, control

"asynchronously') of the main computer
which may be executing the main program

at the same time.

Random aceess memory size is an

important factor in the capacity of a com-
puter. The Sylvania 9400 has a full mem-
ory of 32,768 "Words' (octal 77777).

3. The 9400 is a bina_ll machine us-

ing a fixed word length in parallel and

single address instructions.

Because data is represented in the
machine by electronic switching circuits
which are confined to two state devices
(on-off flip-flops; magnetized clockwise -
magnetized counter-clockwise ferrite
cores, etc.) the best numbering system
to be used is one with only two symbols,
"1" and "0": the binary system. Use of
binary arithmetic allows the machine to
achieve its amazing processing speeds.
The machine can be programmed tocon-
vert binary to decimal numbers automat-
ically for printed output. Octal numbers
are used as a convenient shorthand for

binary (see Table G).

1
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The computer word is the basic infor-
mation unit. The 9400 word has a fixed
length of 36 bits plus sign which may be
processed as six six-bit alphanumeric
fieldata characters. Data is stored as
words in memory locations holding one
word each and moved as words during
processing in parallel, each bit being sent
into a register simultaneously.

9400 WORD FORMATS

]

MAGNITUDE PORTION

NUMERIC (CONVENTIONAL) DATA WORD

1 3j4___¢8l7 ono 12013 1s)16 1819 21|22 2425 7|28 30|31 33|34 3¢]
OCTAL DATA WORD

-

71 SIGN NoOT USED

1 sl7 12)i3 18li9 2los aofar 36|
ALPHANUMERIC DATA WORD

CHARACTERISTIC MAGNITUDE PORTION

B. DATA FLOW

The diagram below shows the com-
ponents of the 9400; the arrows indicate
the flow of data between these units. No-
tice that each I/O Processor is directly
connected to each peripheral device by its
own transfer bus, and to the main com-
puter by the main transfer bus.

EXPANDABLE AS REQUIRED
: EXPANDABLE
AS REQUIRED

1
FLEX ! '
LEX0 1
U
LINE 10P No. 24
PRINTER
PAPER TAPE
READER/PUNCH #
10P No. 15
CARD
READER/PUNCH
My
2
—T2 MEMORY |
MTU 14
CENTRAL (£ ¥|
PROCESSOR
MTU 9 L1
%
4 .

FLOATING-POINT DATA WORD

-

r--

SIGN NOT USED
OPERATION
CODE

INDEX MODIFIER ADDRESS

(op) i (m) (@)

1 817 __9J1o 21[22 36
CENTRAL PROCESSOR INSTRUCTION WORD

T3 SIGN_NOT USED

OPERATION WORD-BLOCK SELECTED
CODE COUNT DEVICE CODE ADDRES%")ORT'ON
(op} (c) ()
! 817 15016 21|22 2|

STANDARD IN-OUT INSTRUCTION WORD

FIGURE 2. WORD FORMATS

Instructions are single address orders
in that they act upon one word stored in
one particular register or memory loca-
tion. One instruction, however, can be
used over and over again modified to ad-~
dress a different word each time by means

of indexing.

CONSOLE

NSFER

:5
&g
&3

IN/OUT TRANSFER MAIN TRANSFER BUS
BUS No. 2

FIGURE 3. DATA FLOW

C. COMPONENTS

The actual floor layout of a typical
9400 installation showing all units and
their physical relationship to one another
is shown by the following diagram.



CENTRAL
Mry MTU MTU MTU MEMORY PROCESSOR

PAPER
MU TAPE

IN/OUT
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=]

MTU
i PROCESSOR
CARD
ML READER/ CONsOLE
. PUNCH
[ MTU
— FLEXO
IN/OuT
PROCESSOR
LINE
LINE PRINTER
PRINTER
BUFFER

POWER
SUPPLY

CARD
REACER
BUFFER

FIGURE 4. FLOOR PLAN

Il. CONSOLE OPERATION

A. THEORY OF CONSOLE USE

By definition the functioning of an
automatic computer should be automatic.
In theory console use is limited to initia-
ting a series of program sequences and
as a maintenance aid. Indicators and
switches for manual monitoring and inter-
vention, however, are required for the

following general reasons:

1. To increase program flexibility
by permitting manual switch settings to

alter the course of a program.

2. To indicate the presence and na-

ture of any machine malfunction.
3. To indicate program malfunction.

4, To assist in ''debugging" pro-
grams by displaying registers and mem-
ory locations and permitting instructions

in core to be manually displayed.

5. To select any one of various a-
out devices to initiate each program, or
to restarta program whichhas been inter-

rupted at any given location.

B. CONSOLE DESCRIPTION

The console may be divided into four
functional areas for convenience: 1) Dis-

play indicator, status and alarm lights,

located primarily across the upper por-

tion; 2) Sense, Word, and Special

Switches, located across the bottom por-

tion; 3) Operation Switches (buttons) lo-

cated across the top of the lower portion
and lower right hand side of the lower por-
tion; 4) Engineering maintenance panel,
normally retracted, (not to be used by

computer operators).

1. DISPLAY INDICATORS, STATUS AND
ALARM LIGHTS

DISPLAY INDICATORS:

a. Index Registers - Contents of

the four index registers are displayed con-
tinually by the four rows of 15 light indi-

cators at the top of the console.

b. Program Counter - The mem-

ory address of the next instruction to be
executed by the computer is displayed by
the PC indicator lights located beneath IR4

Indicators.

The matching set of fifteenlights be-
neath IR3 are spares provided for expan-

sion of the basic machine.

c. Instruction Word - Displays

the instruction word last executed as con-

tained in the following registers:
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Bits/

Light

Register No. Contains
Instruction S, 1-6 Operation
Register Code
X" Register 7-9 Index
"G" Register 10-21 Modifier
Address , 22-36 1st
Register Operand

Address

d. Bus Indicator - Displays the
present contents of any of sixregisters as
selected by the appropriate Register Se-
lector Switch. "P' represents the mem-

ory parity check bit.

e. Accumulator -Displays pres-

ggg contents of the accumulator.

ALARM INDICATORS (upper left

corner):

Any of these indicators may be re-
set by the Clear Error Switch. Setting
No Halt on Error Switch willinhibiterror
halts by the central processor but notthe
indicators.

f. Memory Parity Error - Each

transfer of a word in or out of memory is
checked by a parity bit for an odd number
of "one' bits. Should a bit be dropped dur-
ing the transfer or while stored, "even"
parity will result causing the Memory
Parity Error switch to be set, halt the
machine, and light the appropriate indi-

cator.

g. Non - existent Instruction -

Lights whenan illegalop code is sensedin

the Instructor Register.

h. Non-existent Memory - Lights

when a non-existent location is sensed in

the address register.

i. Overflow - Lights whena ''one'
bit is pushed out of the accumulator and
lost due to the entry of anumber toolarge
for the arithmetic unit. This alarm will
not necessarily cause the machine to halt,
as the instruction causing the overflow can
be coded to cause the central processor to
1) ignore overflow, 2) to set the alarm
but not halt, 3) to set the alarm and halt.

j. Underflow - Operates as the
overflow alarm when underflow is caused

in floating point operations.

k. Transient - Indicates occur-
rence of an intolerable power transient
which would cause a computer error. The
machine will haltonly if Halt on Transient
Switch is "On''.

1. In - Out Processor Alarm -

Lights when any error is sensed inthe I/O

Processor.

m. Spare - The eighthlight in this

group is not used at present.

n. DC Power Failure - A square

red alarm light, lit in the event of an in-

terruption in DC power.

2. SENSE, WORD, AND PROGRAM
SWITCHES

a. Sense Switches - Sixteenthree

position sense switches are located in the
lower left hand portion of the console.
They increase the flexibility of programs

and operate as follows:

In the neutral position the switches
may be sensed, set or resetautomatically
by the program. The conditionis reflected
by the Indicator lights above each switch.



Program instructions may specify
that sense switches be set or reset man-
ually. In this condition the switches can-
not be changed automatically by the pro-

gram,

Sense switches may be altered man-
ually at any time including when the com-

puter is operating.

b. AddressSwitchRegister(ASR)

Fifteenaddress switches correspond to the

fifteen bits in the address portion of the
instruction word. The specified octalad-
dress must be entered in the ASR for the
following console operations: Read-In,
Read-Out, and Start at ASR. Use of the
ASR is illustrated in the following prob-
lem: Read out of memory location 7134.

This is executed as follows:

1. Depress '""One Instruction
Mode' switch.

Set ASR to 7134 (octal).

Depress '"MO to Bus'' in-
dicator switch.

4. Depress "Read Out"
Switch,

5. Memory cell 7134 is dis-
played in the Bus Indicator
Register.

c. Word Switch Register (WSR) -
These thirty-seven switches correspond
to the bits of the 9400 Instruction Word.
An instruction keyed into the WSR may be

used as follows:

1. It may be placed in the
storage location indicated by the ASR to
correct an-instruction of a program that
was automatically read in, or build a pro-

gram manually,

2. It may be executed by a

Manual Instruct operation.

3. It may beaddressed by the
program as a word of input; it is a one

way transmission only.

d. Program Switches - Seven

program switches and one spare are lo-
cated in the lower left hand corner of
the console. They function as the sense
switches except that they may be changed
only when the machine is halted. They
may be set internally by the program
when inneutral position. SPI is a "spring
loaded'' switch. It will flip back to neutral
positionimmediately after being manually
set, leaving future control with the pro-

gram.

1. FCI (Functional Control
Character Interrupt) - During an input
operation when a special control charac-
ter is read in and the FCI switch is set,
the program will be interrupted and trans-
ferred to locations 00016 through 00019,

2. TRA (Trapping Mode) -
If set, program is interrupted when a
transfer order is sensed and control trans -

ferred to storage location 00002,

3. SPI (Stop Program Inter-
rupt) - Spring loaded; prevents program
interrupt from occurring when set man-
ually. This switch is set automatically
when program interrupt occurs and will

not be reset unless so programmed.

4. ISN (Interpret Sign) - Dur-
ing input-output operations ISN SET en-
ables the sign bit of each word to be re-

garded as part of the word.



5. NHC (No Halt on Proc-
essor Error) - Set, NHC causes In/Out
Processor alarms to be ignored, although

indicator lights will function.

6. API (Alarm Program In-
terrupt) - Set, APIcauses control to trans -
fer to location 00028 when an overflow or
underflow conditionoccurs. Programmed

over or underflow control is ignored.

7. TPE (Tape Erase) - When
set the operator, by manually executing a
"Write" instruction, may erase datafrom
magnetic tape where a bad spot has been
detected. The switch is automatically re-

set by the ""Write'" instruction.
3. OPERATION SWITCHES (BUTTONS)

a. Clear Memory - Protected

from accidental switching by a red cover
which must be lifted. Sets all memory

locations to zero.

b. Register Selector - Series of

six switches to select register to be dis-
played on bus indicator. Switches for PIR
3, PIR 4, and blank switch are not active.

Switches are as follows:

MO - Memory Output Register to Bus
Indicator

B - "B" Register to Bus Indicator

PCS - Program Counter Store to Bus
Indicator

Q - "Q'" Register to Bus Indicator

PIR(1-4)

Processor Instruction Regis-
ter specified to Bus Indicator

c. AC Power On and Off - These
switches, green and red respectively, lo-
cated in the center of the console, turn

power on or off for the entire machine.

d. Program Read In Switches -

Used to load programs into memory from
Card Reader (CRD RDR), Paper Tape
Reader (PTU), or Magnetic Tape Unit
(MTU).

e. Halt on Transient - Causes

computer to halt on abnormal power tran-
sient which would cause errors. The tran-
sient Indicator will light whether the switch
is "on' or "off".

f. No Halt on Error - Depress-
ing this switch will prevent error alarms
from halting the machine.

g. Clear C.P. - Resets to zero
all Central Processor switches andregis-

ters.

h. One Instruction - Causes just

one instruction to be executed when Start
at ASR or Start at P.C. is depressed.

i. Run - Causes the computer to
operate under program control upon ini-
tiating the program With the appropriate
switch. Depressing "Run' will release
the computer from either "One Instruc-

tion'" or "'single step' control.

j. Single Step - Used primarily
for engineering checkout; causes the ma-
chine to go through each timing function

of an instruction under manual control.

k. Clear Error - Resets all er-

ror alarms.

1. Startat PC- Starts operation
of a program beginning with the location
inthe Program Counter. This is the nor-
mal manner to resume operation after a
halt.

m. Read In - Enters contents of

"WSR into location specified in the ASR.



n. Read Qut - Causes location in
ASR to be transferred to Memory In-Out
Register (MO) from which it may be dis-
played by depressing the MO to Bus Indi-

cator Switch,

o. Manual Instruct - Causes in-

struction in the WSR to be executed.

p. Start at ASR - Starts opera-
tion of a program beginning with the in-
struction at the address in the ASR.

qa. Read Out- Will move contents
of address in ASR to the Memory Output
Register which may then be displayed by
depressing MO to Bus Indicator.

r. CP Halt - Causes central
processor to halt but allows I/O Proc-
essor(s) to complete instruction(s) cur-
rently being executed. System may be re-
started by depressing Start at PC.

s. System Halt- Causes Central
Processor and [/O Processors to halt.
System cannot normally be restarted be-
cause I/O Processor control registers are

cleared.
C. CONSOLE OPERATIONS

1. INITIATINGAUTOMATIC OPER-
ATION under program control:

a. Load program into appropri-

ate input device (MTU, Card Reader, or

Paper Tape Reader) and put device in

"ready' status.
b. Depress Run Switch,

c. Depress appropriate Load
Switch.
d. Reading errors are indicated

on the console (IOP alarm) and I/O Proc-

essor; and normally by a machine halt.
Action to be taken is dependent on the type
of error as indicated by the I/O Processor

and will be described in Section III, below.

2. RESTARTING PROGRAMS after

program halt or alarm halt - Depress

‘Startat P.C.

3. ONE INSTRUCTION - For pur-
poses of debugging, programmers may de-
sire to observe operation one instruction

at a time.

a. Ifprogramis running, depress
CP Halt.

b. Depress One Instruction.

c. Enteraddressof firstinstruc-
tion desired in ASR.

d. Depress Start at ASR.

4. DISPLAY MEMORY LOCATION

or register

a. If program is running, de-
press CP Halt.

b. Depress MO to Indicator.

c. Place address of desired lo-

cation or register in ASR.

d. Depress Read Out.

5. ENTER INSTRUCTION (manually)

a. Place octal representation of

instruction in WSR.
b. Place address in ASR.

c. Depress Read In.



Il. IN-OUT PROCESSORS

A. GENERAL DESCRIPTION

The In-Out Processor is essentially
a small computer designed to act asalink
between numerous diverse input - output
devices and the central processor. As
many as four I-O Processors may be in-
corporatedin the 9400 System, each being
directly connected with all In-Out devices.
The In-Out Processors perform the follow-

ing functions:

1. Synchronize the timing of in-out
devices with the central processor mem-

ory access timing.

2. Convert data formats and codes so
that they are acceptable to the output de-

vice.

3. Schedule in-out operations when
more than one instruction is waiting to be

excuted.

4. Provide built-in checks for read-

ing or writing errors.

Each processor consists of two sec-
tions, the Control Section and the Data

Handling Section.

1. Control Section — Occupying the
right hand side of the Processor, the Con-
trol Sectionconsists of two groups of reg-

isters.

a) PIR (Processor Instruction
Register). This register is similar in
function to the Instruction Word Registers
of tae Central Processing Unit, It is ad-
dressable as a unit, and contains the in-
cut order currently beingexecuted. Itac-

tually consists of four sub-registers:

10

ISR — Instruction Register (op-
code)

WBC — Word Block Counter (num-
ber of words to be trans-
mitted)

DAR — Device Address Register
(Address of selected de -
vice)

ADC — Address Counter (address
of first location to be read
into or out of; incremented
by one each transmission
except whenit refers toan
addressable register or
the instruction is ''Read

Reverse'').
b) Order Sequence Registers

OSR (Order Sequence Register)
stores address of next in-out order tobe
executed when program is operatingin the
Order Sequence Mode (''stacking'' of in-out
orders so that Processors may operate as
efficiently as possible semi-independently

of the main computer).

DAS (Device Address Storage Reg-
ister) holds the control bits (16-21) which
enable the programmer tocontrol the set-
ting of various in-out alarms and activity

flip-flops.

2. DataHandling Section is concerned
primarily with word to character conver-
sion and parity checking of data being read

or written. It consists of the following:
a) BFR — Buffer Register
b) Character Buffer Registers (5)
¢) DSU — Device Switching Unit

The contents of all the above registers

are indicated by the green neons at the end



of each logic card in the I-O Processors.
By reading these neons when thé machine
is halted it is possible to determine the
exact condition of the processor which

caused the halt.

B. SWITCHES AND INDICATORS

Two switches and five indicators are
located at the upper right hand corner of

the In-Out Processor (see Figure 6).

| I—

DEVICE
ALARM

PARITY
ERROR

SIGN
ERROR

IMPROP
ORDER
ALARM

TIMING
READ
ALARM

—J

) CLEAR

loP

CLEAR
top
ALARMS

N

FIGURE 6. IN-OUT PROCESSOR INDICATORS

1. Device Alarm (Red) indicates hard-
ware malfunction in the device currently
addressed. If a tape unit causes the halt,
the program should be rerun on another
unit. If no alternate device is available
maintenance should be notified immediate-
lyunlessthe malfunction canbe rectified by

the operator (e.g., a card feed jam).

2. Parity Errorindicatesloss of a bit

when transferring data to or from cards,
magnetic tape, or paper tape. It is nor-
mally caused byahardware malfunction or
magnetic tape deterioration. Engineers
should be called in immediately.

3. Sign Error — Inread/write opera-
tions the machine must be told whether to
operate inthe Interpret Sign Mode (ISN) or
Non-Interpret Sign Mode (NISN). Thetype
of mode may be selected automatically
under program control or manually by set-
ting the ISN console switch. ISN words
encountered when the machine is in NISN
status (and visa versa) will cause a ma-
chine halt and light the Sign Error light

on the processor.

"To restart the machine the operator
should change the status of the ISN switch
manually, depress '"Clear IOP Alarms' on
the IOP (or '"Clear Error''on the console),
and depress "Start at PC". If the alarm
persists the program should be returned
to the programmer with the faulty card

marked and appropriate comments.

4. Improper Order Alarm indicates

a programmer error. The input-output
order being docoded may be missing a
word count or device address. Operators
should display the instruction on the con-
sole todetermine the error if possible and
returnthe programtothe programmer with
the appropriate comments.

5. Timing Read Alarm indicates in-

formation has been recorded erroneously
on tape due to possible tape deterioration

or machine malfunction.
Switches:

1. ClearIOP. Depressingthis switch

11



resets all registers and buffers in the In-

Out Processor.

2. Clear IOP Alarms enables re -
starting the machine by resetting thealarm
causing the halt. The same operationmay
be effected by depressing ''Clear Error' on

the console.

IV. PERIPHERAL EQUIPMENT

A. MAGNETIC TAPE UNITS
1. Description
a. Function

Magnetic Tape offersthe fast-
est means of computer input and output,
and the most economical medium for stor-
ing large volumes of data either tempo-
rarily or overthe long term. Asthe basic
in/out device, the 9400 utilizes 8-10 Mag-
netic Tape Units.

b. Tape

Storage medium consists of
one inch mylar base magnetic tape on
reels, 3600 feet of tape on each reel. The
dull side of the tape is covered withamag-
netic coating of metallicoxide. Informa-
tion is recorded on this materialin sixteen
parallel channels, considered astwo bands
of eight channels each. Characters are
represented in each group of channels by
a bit configuration similar to that used by
eight channel paper tape. They are read

alternately from one side to the other.

Information is recorded at a density
of 756 characters/inch (378 on each side).

Tape read or write speed is 120 inches a

12

second, effecting a character transfer

rate of about 90,000 characters a secondc.

Certain parts of the tape are insensi-
tive. Other areas should not be written
on. Each end of the tape consists ofame-
tallic leader strip about twenty feet in
length. Any instruction causing a tape to
attempt to read or rewind the metallic

leader will cause a device alarm.

Several feet after the beginning of the
sensitized portion of the tape an adhesive
reflective strip is placed on the back
(shiny side) of the tape to the outside ofan
imaginary center line. A similar mark is
placed several feet from the end of the
sensitized portion of the tfape, thisone
inside the imaginary center line of the

tape.

Beginning of tape and end of tape
strips are sensed by a special photo sen-
sing device when they enter the head
assembly. During rewindingor reading in
reverse when the beginning of tape stripis
sensed the BTA flip-flop (internal) is set
automatically. No information can be
written while this flip-flop is set.

While BTA is set, a write command
will be delayed until the reflective strip
has moved across the sensing device.
When the End of Tape strip is sensed dur-
ing a read forward or write instruction
the ETA flip-flop is set. The currentin-
struction will be completed. Inthe single
order mode one more block may be written,
Any additional read or write orders will

not be executed.

If the programmer has set the ETI

(end tape interrupt) decision switch when



ETA is set program interrupt will occur
immediately. Control will be transferred
tomemory location 108 for I/O Processor

1, or location 118 for I/O Processor 2.
¢. Magnetic Tape Unit

The 9400 tape units are made
up of twofunctionally separate assemblies:

1) Tape handling assembly -
moves the tape through the head assembly
at the required speeds.

2) Read/Write Equipment -
consisting mainly of the head assembly,
this purely electronic device transfers in-
formation betweenthe tape and the In/Out
Processor.

The read/write assembly normally
presents no difficultiesfor operators, ex-
cept that they must ensure cleanliness of
the read/write head. The read/write head
continually reads automatically what it
writes, a feature which provides an im-
portant check on output accuracy. Any
discrepancy sensed will cause a parity

alarm in the processor.

The tape transport system is much
more complex, requiring careful mainte-
nance and fine adjustment. This system
requires careful handling on the part of
operators. Operators should not attempt
to alter any mechanical controls on these

units.

The 9400 tape units achieve a start-
stop speed of .003 seconds. The princi-
pal technique employed to achieve these
high speeds is to bypass the drag of the
relatively heavy tape reels by placing
storage arms and vacuum buffers be-
tween the tape drive mechanism and the

tape reels. By means of vacuum sensing
holes in the vacuum buffers and 'error
signals" generated by the storage arms
when they are moved by the tape from
their neutral position the motors control-
ling the tape reel movement are actuated
in accordance with tape drive require -

ments.

2. Changing Tapes

Tape changing is facilitated by the
use of a leader strip permanently attached
to the lower reel which remains threaded
through the read/write unit at all times.
In normal standby or automatic condition
the supply reel is connected to the mach-
ine reelleader; it is positioned so that the
lower reel has taken up the permanent
leader and the metallic leader from the
upper reel, and the sensitive "working'
area of tape is over the read/write head.
Ingtructions for changing tape assume that

these conditions exist.

Removing Reel

a) Switch Settings (See Figure 7):
Power Switch — On
Mode Selector — Manual
Function Control — Stop

b) Turnfunction control switch to Re-

verge. Tape will rewind until connection
betweenthe supply reeland the permanent

leader is reached.

¢) Return the function control to Stop,
the mode selector to Standby.

d) Openthe cover door and engage the

leader clamp (failure to do this can result

13



STOP
STANDBY REV I FWD
AUTO MANUAL  FAST '\ /_ EAST IN
—\ I REV '\ /FWD N
MODE LEADER DRIVE
FUNCTION

READY | POWER

ADDRESS SELECTION

FIGURE 7. TAPE UNIT MANUAL CONTROLS

inlosing the permanent leader through the
read/write assembly and necessitate re-
threading).

e) Turnupper reelclockwise untilthe

leader connection is easily accessible.

f) Disconnect leader.

g) Releaseupper reelby pulling lock-

ing lever outward.

IL.oading New Upper Reel

a) Keep switch settings as follows:
Power Switch — On
Mode Selector — Standby
Manual Control — Stop

b) Place new reel over the hold-down
agsembly so that tape will unwind in a

clockwise direction.
¢) Lockreelfirmly by pressing lock-
ing lever inward,

d) Turnupper reelclockwise to unwind
eriough tape to meetthe permanent leader.
Connect the supply reel leader with the

permanent leader.

e) Rotate the upper reeluntil slack is

taken up.

f) Release the leader clamp and close

the door.

g) Move function control to Forward.

14

Move mode selector to Manual. Turnlead-

er drive switch to Drive,.

h) The leader drive switch is spring
loaded and will return to Off as soon as it
is released. The tape willcontinue to ad-
vance until manual control is returned to
Stop. Tape motion may be stopped as soon
as the entire leader has beentaken up by the
lower reel and the reflective strip has

passed the photo-sensing device.

i) To ready unit for automatic opera-

tion, place mode switch at Auto.

3. Threading Permanent Leader (See
Figure 8)

The permanent leader should
remain threaded at all times and perma-
nently locked above the head assembly.
Occagionally due to wear it must be re-

placed. The procedure is as follows:

a) Switch settings:
Power Switch — On
Mode Selector — Standby

Function Control — Stop

b) Removeoldleader from lower reel.
c¢) Starting with plain end, wind about
10 feet of newleader clockwise onthe take-

up reel.



UPPER STORAGE ARM

’//‘ {in retracted position)

UPPER FINGER ASSEMBLY
/

UPPER REEL LOCKING ASSEMBLY

TAPE.

UPPER VACUUM BUFFER

READ/WRITE HEAD

LOWER VACUUM BUFFER
/"

LOWER REEL LOCKING ASSEMBLY
= LOWER FINGER ASSEMBLY

LOWER STORAGE ARM
(irs retracted position}

FIGURE 8. TAPE LEADER THREADING

d) Pushtape storage arms inwardand 4. Operation
into the finger assemblies until they latch a) Indicators
into position.

1. Rewind islit while tape is being

e) Thread leader through the rows of rewound.

rollersof the lower storage arm and finger
2. Beginning of Tape — when the

assembly, around the vacuum buffer roller,

back past the lower vacuum buffer and tape has been completely rewound, the

aroundthe capstans and brake posts of the Rewindlight goes outand the Beginning of

head assembly. Tape indicator islit. At this point the be~

ginning of tape is positioned over the read/

f) Pull leader back across the upper write head.

vacuum buffer, around the roller, and 3. Write Lockout - Toprevent in-

t
hrough the rollers of the upper storage formation on tape from being accidentally

arm and finger assembly. destroyed by being written over, a pro-

g) Secure the leader with the leader grammer may request that the Write
clamp and release the sensing arms from Lockout Ring be removed from the tape
their latched positions by pressing them reel. When a tape has been mounted with
gently inward. the ring removed, Write Lockout Indica-

h) Check that the tape is properly tor will be lit.

seated between the flanges of all guide 4. Select - Lights when that tape
rollers. A new feed reel may now be unit is logically connected with the com-
loaded as described above. puter (during reading or writing).
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5. Ready - Indicates that the unit

is ready for operation.
b) Addressing Tapes

The octal logical address of
the tape unit is indicated by the Address
Indicator to the right of the indicator
lights. This address is relative, i.e., it
changes as determined by the program
being run. Required logical address is
set manually by the operators by means of
the Address Selection Switches located to

the right of the manual controls.
c) Alarms

Operator'serror, programmer
errcors, or tape unit malfunctions will
cause the Device Alarm Indicator on the
In/Out Processor and the console IOP
Alarm Light to light, and normally, a

machine halt. Some of the conditions

which may cause a device alarm are:
1. Leader clamp not released.
2. Mode Switch not in Auto.

3. Tape leader not advanced past
the read/write head.

4. Power interruption.

5. Improper loop lengthin vacuum
chamber,

6. Improper vacuum pressure,

7. Attempting to write on a file
protected tape,

8. Attempting to write at End of

Tape, attemptingto rewindat Beginning of

Tape.

9. Two tapes set at the same log-

ical address.
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5. Tape Care and Handling

Operators must exercise care
in handling magnetic tapes for the follow-

ing reasons:

a) Th,e' tape itself represents a sub-
stantial investment to Sylvania, costing in
the neighborhood of $100 a reel.

b) Information recorded on the tape
may represent a much greater investment.
Poor handling can cause it to be lost.

c) Tapes are manufactured to very
high tolerances and can easily be damaged

by improper handling.

d) Operators may often be handling
tapes belonging toa Sylvania customer. In
the interest of customer relations these

tapes must be kept in good condition.

To prevent damage or loss of

information due to dirt:

a) Keep tape in its dust-proof con-
tainer at all times except when itisactu-

ally mounted on a tape unit.

b) Keep container closed when it is

empty.

c) Do not place a tape on the top of a
tape unit.

d) Never attempt toalter the label on
a tape reel by erasing or scraping. If it
does not pull off easily, place another la-

bel over it.

To prevent damage due to

pressure or shock:

a) Do not press or squeeze reels at
the outer edge; pressure can cause the
outermost turns of tape to be crimped.

Information is written to within .02 inch



of the edge and any disfiguration can cause

reading errors.

b) Handle tape carefully during load-
ing to prevent creases or nicks on the
edges.

c) Never throw or mishandle tape

reels, whether in protective containersor

not.

When any question of tape

damage exists:
a) Inspect reel carefully for bending.

b) Inspect outermost turns for evi-
dence of crimping, nicks, creases, or
dirt,

c) Check tape as outlined in Section
VI.

d) If information is missing and/or if
the tape must be trimmed, notify the dis-
patcher. Conditions which require trim-
ming tape and method of trimming are de-

scribed in Section VI D, below.

B. LINE PRINTER AND BUFFER

1. DESCRIPTION

On - line printed output at up to 900
lines/minute is provided by the 9400 Line
Printer. To achieve its high print speed
the printer employs a drum type printing

device.

The printing drum lengthwise offers
120 print positions. At each print posi-
tion, encircling the drum, are the sixty-
four available characters, all the "A's"
for instance placed at the same position
on the perimeter of the drum. The drum

rotates continuously at 900 r.p.m. The

paper feeder advances the paper one line
atatime, pausing long enough for all sixty-
four characters to pass by the line to be
printed (1/900th of a minute).
the paper and the drum passes the inking

Between-

ribbon, continuously moving, parallel to
the paper movement sothat an entirely new
area of ribbon is presented to each print-

ing position before each line is printed.

The relationship between the print
drum, the ribbon, the paper, and the ham-
mersis shown in the diagram below. The
viewis from the end of the drum. Arrows

indicate the motion of the paper and ribbon.

PAPER

DRUM
%——J
RIBBON
/—_\
—

DIRECTION OF ()
PAPER MOTION YV

FIGURE 9. LINE PRINTER

Control of the characters which are to
be printed each revolution of the drum (each
line of printing) is effected bytiming func-
tions, one for eachcharacter. An impulse
at one timing function will cause its cor-
responding character to be printed. If all
print hammers were impulsed at ''3" time,
for instance, 120 "c's'" would be printed

on that line.

Printing format (spacing, carriage
return, tabbing, etc.)is controlledinthree
ways. Theprogrammer cah control format
by means of functional control characters
written into his coding. The operator may
control format by switch settings on the

printer. The programmer orthe operator

17



cancontrol the arrangement of printed out-
put by two plugboards on the line printer
buffer.

The function of the line printer buffer
is to set up the impulses from the computer
to activate the printing hammers at the
proper timing function and control the
paper advance solenoids. The buffer holds
twenty words (120 characters). No infor-

mation will be printed until:

a) the buffer is filled,

b) tab plugnumber 121 isencoun-
tered,

c) a carriage return character is

sensed.
2. MANUAL CONTROLS AND SWITCHES
Printer Controls

a) Main Shaft Switch — applies
power.

b) Automatic paper advance
switch — this two position switch functions
identically to the manual épacing controls
lccated on the front of the printer (see
below).

c¢) Manual Paper Free Run —
causes paper to advance freely as long as
it is depressed.

d) Manual Paper Single Step —
will advance the paper one line each time

it is pressed.
Buffer Controls

a) Power Switch — Applies DC

Power.

b) Manual Reset — Clears buffer
memory. Should be pressed before any
printing operation to prevent the printing
of leftover information from a previous

run.
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c¢) Manual Printout — When the
computer ishalted, pressing Manual Print-
out will cause the last line of information
sent to the buffer from the central proc-
essor (being held in the buffer storage) to
be printed out. Manual Printout must
always be used at the end of printingin the
Verbatim mode to cause the last line to be

printed.
d) Mode Selector

Single — Causes single spacing
in automatic mode. Line feed characters

are ignored.
Double —Causes double spacing
in automatic mode. Line feed characters

are ignored.

Program — Allows printing
under program control. The first charac-
ter of each line is interpreted as a line-

feed control character.

Verbatim — Prints information
found in memory exactlyasitis received —

control characters printed as numeric in-

formation, etc. Printingis double spaced,

120 characters per line. Manual Printout

must-be pressed to print the last line in

this mode.

e) Lines Per Page Switches —

Lines printed before overflowtoanew page
is controlled by this set of six switches.
These switches may be thought of as the
six places of a six digit binary number. A
switch up represents a one. Down, zero.
The six switches, therefore, can be used

to indicate any number of lines from 0-63.

f) Page Separation — The number

of lines to be spaced at the top and bottom

of each page is indicated by these two



switches. The spacing effected by each
switch settingisindicated by arrows above

the switches themselves.
3. PLUGBOARDS

Two plugboards, located on the con-
trol panel of the buffer, control 'printing
format. The tab plugboard controls col-
umn spacing in conjunction with program-
med tab characters. The juxtaposition
board may be used to alter the order in
which columns are printed independently

of programming.
a) Tab Plugboard

Fifteen sockets are provided on
the buffer control panel for receiving up
to fifteen tab plugs. Each of these sockets
correspond to one of fifteen buffer loca-
tions. Each tab plug is wired to specify
the buffer location (or print position) which
is printed on the plug. Plugs must be in-
serted in adjacent sockets in ascending
numeric order. A tab code in a program
looking fora tab stop which hasbeenomit-

ted or passed will cause a device alarm,

A standard set of tab stops are
normallyusedinthe printer buffer. Oper-
ators seldom need change them. Should a
programmer specify his own tab settings,
when the program has been completed the

standard plugs should be replaced.
b) Juxtaposition Plugboard

Normally the wires in the jux-
taposition board are arranged so that in-
formationbetween the buffer and the print-
er is transmitted unaltered. Operators
will probably not be called upon to change
this board. By means of the juxtaposition

board, however, the option is offered to

transpose the relationship of the printing
impulses between the buffer and theprint-
ing positions of the print drum by physic-

ally rearranging the wires.
4. OPERATION
a) Turning on power

1. Open the access panel at
the front of the printer cabinet and set the
line power circuit breaker in the on (up)

position,

2. Set the d-c power supply
circuit breaker on the front panel of the

buffer cabinet in the on (up) position.

3. Check the d-c meter for a
correct (27-28 volt) d-c output.

b) Loading the printer

1. Place a full bin of paper to
rear of printer so that when it is fed into

the machine the lined side will face up.

2. Placeoutput bin in front of

the unit.
3. Raise rear printer cover.

4. Lift the no-back bar at the
front of the printer so that it will be held
clear of the printing table while loading

paper.

5. Remove the pressure pad

assembly near the character wheel.

6. Pass the paper through the
printer to the front of the cabinet passing
beneath the character wheel. Raise the
front cover and pull enough extra sheets
through toprovide slack for threading onto

the tractor pins.

7. Raise the paper hold-down

clamps over the tractor pins.
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8. Lower the paper hold-down
clamps and check that the paper is properly
aligned across the printing table between

the two tractors.
9. Replace the pressure pad

and lower the no-back bar.

10. Advance paper manually so
that pages are coordinated with the page
separation control.

11. Lower the front and rear

covers.
c) Automatic Operation

1. Check tab plugboard for
standard stops.

2. Set lines per page and sep-
aration switches if special settings are

requested.
3. Set Mode Switch as speci-

fied in the programmer instructions.

4. Press Manual Reset to

eliminate any residual data in the buffer.

5. After anyprinting interrup-
tion press manual reset before restarting

the computer.

d) Alarms
1. Stop Alarm — set whenever
a stop code is read into the printer. No
further printing can occur until the stop
alarm is reset by the operator's pressing
the Manual Reset Switch.

2. PTF (paper andribbon feed

alarm)—set whenpaper supply is exhausted

or when there is no ribbon on the line

printer.
3. PPE (Buffer Parity Alarm)

— set whenever a parity error is sensed

in the line printer buffer memory.

4. PBA (Buffer Timing Alarm)

— set when the timing for the line printer
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buffer becomes out of phase with respect
to the computer memory timing.

The setting of any of these
alarms will cause the printer to halt and
the device alarm indicator on the In-Out
Processor to be lit. Each alarm may be
reset by pressing Manual Reset on the
Buffer Rack. 7

C.CARD READER/PUNCH AND BUFFER

1. DESCRIPTION

The 9400 Card Reader/Punch contains
two independent devices mounted on the
same base, which cannot be used simul-
taneously. The card punch operates at a
speed of 100 cards / minute; the reader
reads 200 cards/minute. This applies to

Serial No. 1 machine only.

Linking the Card Reader/Punch with
the I/O Processor is the Card Reader/
Punch Buffer. The buffer receives and
stores each word of information to be
punched and transmits it to the devices in

synchronization with the punch timing.
2. CARD FORMATS

In accordance with two sizes of com-
puter words and the manner in which they
are handled in the machine two kinds of
card formats must be considered. The

two types of words are:

a) 37 bit words—instruction words and
signed numeric data words which consist
of 36 bits plus a sign bit. The sign posi-
tion is interpreted as a part of the word
(ISN word).

b) 36 bit words-—These words are
treated as 36 bits without a sign (NISN
word).
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Reading in the ISN mode column 75-80
are ignored. Words are read into core
from 12 row left, 12 row right, 11 row
left, etc. Twenty four words are thereby

formed in storage.

By the same token twenty-four words
from storage are punched unaltered into

cards in the same format.

FIGURE 10. CARD INTERPRETATION,
ISN MODE



The above diagram illustrates the
method by which data is read from cards
into memory in the non-interpret sign
mode. Since the card reader treats each
card as if ithad 84 columns, the data in the
first 36 columns does not make up the first
word in memory. Four bits are generated
and inserted by the card reader buffer
everytime the reader begins reading the
contents of a particular row on the card.
This results in a word configuration in
memory with four extra bits per card row,
28 words per card.

To determine the positionin a partic-
ular word that these bits occupy one need
only o refer to the above diagram. As an

example, the fifth set of inse rted bitsoccu-

// 1100 / 1-32 W 33 -6 W2 69 - 80 W3
|( 1100 1-20 W J v 21 - 56 W4 I 57 -80 W5
| 1100 1-8 w5| 9 - 44 W6 I 45 -80 W7
| 1100 1-32 W8 ‘ B-66 W | 69 - 80 W10
: 1100 1-20 W0 | 21 - 56 Wl I 57 - 80 W2
| 1100 1-8Ww2 l 9 - 44 WI3 l 45 - 80 W4
: 1100 1-32 WIS | 33 -6 W6 l 69 - 80 Wi7
[ 1100 1-20 w7 I 21 - 56 W18 ‘ 57 -80 W19
: 1100 1-ew19‘ 9 - 44 WD I 45 - 80 W21
I 1100 1-32 w22 | 33 - 68 W | 69 - 80 W24
N 1100 1-20 W4 I 21 - 56 W25 l 57 - 80 W26
ll_ 1100 1-8W26 9 - 44 WZ 45 - 80 W2
FIGURE 11. CARD INTERPRETATION,
NISN MODE
KEY: [1-32] CARD COLUMNS
[w1]  WORD NUMBER
[1100] BITS INSERTED

pies the 12th through 15th bit positions of

the tenth word read into memory.

When punching cards from memory
the data in these bit positions are dropped
by the card reader buffer and will not be
punched. Therefore, a programmer, in
order that no information is lost, must in-
sertthese bits inhis outputbefore attempt-
ing to punch information from memory in

the non-interpret sign mode.

It is a function of the Hollerith to
Fieldata conversion routines to compensate
for the presence of these bits during read-

ing and punching opcrations.
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The computer mustbe told when read-
ing or writing information whether to oper-
ate in the Interpret Sign (ISN) Mode or
Non-Interpret Sign (NISN) Mode. This
function is performed by the sensable ISN
flip-flop. Manual ISN controlis described
above, Section II. Information written in
one mode cannot be read in another, or
visaversa. Such an operation inmost cases
will cause a Sign Error Halt by the I/O
Processor, and in all cases, garbled in-
formation to be written from or read into

core.

Except when loading a program op-
erators should leave the manual ISN switch
inneutral condition so that the flip-flop may
be controlled by the programmer. If the
program is correctly written, no sign er-
rors shouldoccur. Operators shouldleave
ISN manually set only if specifically told

to do so by the programmer,

Cards may be read or punched in one
of two formats depending on the type of data
being represented:

a) Binary Cards - Cards punched as
output from an assembly (the object pro-
gram) are in binary form. Information is
represented in the card exactly as it was,
or will be represented and processed in-
ternally. No conversion is necessary.
Starting at the upper left hand row, the
card contains the equivalent of 24 com-
puter words, each containing 36 bits plus
sign bit. These cards must be read in the
ISN mode. k

In the ISN mode columns 75 - 80 are
not interpreted. Twelve row represents
the word count and hashsum, which are

selfchecking features, and the starting

location, which tells the loader the loca-
tion in core which the next 22 words will be
read into. The way in which ISN cards are

read into core is illustrated in Figure 10.

b) Symbolic or Hollerith Coded Cards-

programs being assembled, and usually

data cards are symbolic and are keypunched
in Hollerith Codes (Appendix F). These
cards are normally read in the NISN mode.

All eighty columns are interpreted. In-
formation read into the computer in
Hollerith codes cannot be used until it is
converted to fieldata codes or to binary
with a conversion program. The order in
which data is read from cards in the NISN
mode and packed into words in core is illus-

trated in Figure 11.

3. CONTROL PANEL

Card formats are determined by con-
trol panel wiring. A removeable plugboard
located under the card punch motor con-
trols formats in both reading and writing.
Normally the ''standard" board will be
kept in the Card Reader Punch. It should
be removed only when the "MOBIDIC'
boardis requested by a programmer. Use
of this board will cause cards punched to
be compatible with the MOBIDIC Card
Reader.

4. CARD READ OPERATION
a) Checking Feature

Cards fed into the card reader pass
overtwo reading stations. The actual read-
ing is done at the second station. The first
station is used for checking: the data read
as the card passes under the first station
is held for one cycle until that same card

is read at the second station. The data is
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matched and any disparity indicates a

reading error and will cause an alarm.

b) Controls
1. Read Start

The card reader is '"Readied'" by
depressing Read Start. A two cycle feed is
initiated which will move the first card
under the second read brushes and the
second card under the first read brushes.

When Load from Card Reader is pressed

at the console the first card is read and
the first instructionis executed. Normally
this first instruction orders the machine to
read inmore cards, thereby initiating auto-

matic operation.

BUFFER
CONTROLS

READ PUNCH ALARM
" READ INMIBIY
END OF FILE " PUNCH INHISIT

P /4
CARD. Vil:l:c::: ﬂ

"8 = BUTTON
Lo = UIGHT

FIGURE 12.
CARD READER/PUNCH CONTROLS

2. Read Stop

The read stop pushbutton is usedto
stop automatic card reading. This control,
used with the read reset pushbutton, per-

mits single card reading under manual
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3. Read Reset

The read reset pushbutton of the
buffer controls is used topermit computer
control of the read operation. When the
button is pressed, the read inhibit indi-
cator goes out and the equipment is ready
for computer operation. This control is
inoperative until the read mechanism has
beenloaded and is readied for operationby

the read start control.

4., Read Inhibit

The read inhibit indicator of the
buffer controls is lighted when power is

applied tothe reader-punch when the card
hopper is empty, or whenthe card stacker
is full. The light goes out when the read
reset pushbutton is pressed, and the card
hopper is loaded or the card stacker is

emptied.
5. Read Punch Alarm

The read punch alarm indicator is

used for either read or punch operations
to indicate the card feed has been inter-
rupted or d-c or a-c power has failed.
After the card feed or power failure con-
dition has been corrected, this indicator

light goes out.

6. Card Feed Stop

The card feed stop indicator is

lighted when cards fail to leave the card
hopper. This indicator goes out once the

feed failure condition has been corrected.

The end-of-file pushbutton and the
end-of-file indicator light are not used.
The unlabelled lightbetween the end-of-file
pushbutton and the end-of-file indicator is

lit when the unit is not in "ready'' status.



¢) _Card Reader Operations

Turning On Power

1. Set the mainpower switch in the

on (up) position.

2. Check the powerindicator at the
front panel to see that power is on at its

proper level.

Readying Reader for Automatic
Operation
1. Load punched card deck into

card reader feed hopper. Cards should be

face down, twelve edge toward the machine.

2. Press Read Start pushbutton.

3. Press Read Reset and Buffer

Reset.

4. The card reader can now be

operated under program control.

Clearing the Read Mechanism

The read mechanism may be cleared
at any time during operation by pressing the
read stop pushbution and removing the
cards from the hopper. Then, the read
start pushbutton is pressed tofeed the re-
maining cards past the readstations tothe

card stacker without reading.

Refilling the Card Hopper

When the card hopper is emptied
during operation, the read mechanism will
stop with two cards unread and the read
inhibit indicator will light. The read re-
set pushbutton is pressed to read the two
remaining cards.. If more cards are to be

read, the hopper is reloaded and the read

reset pushbutton is pressed.

Emptying the Card Stacker

When the card stacker is filled,
the mechanism stops and the read inhibit
indicator lights. The cards may be re-
moved from the card stacker and opera-
tion restarted by pressing the read reset

pushbutton.

Correcting Feed Failure

When feed failure occurs between
the hopper and the first read station or
between the firstread stationand the sec-

ond read station, the read punch alarm

lights. Feed failure is corrected by re-
moving the cards from the card hopper
and pressing the read start pushbuttonun-
til all cards are emptied from the card
reader. Then the card hopper is reloaded

and the reader is restarted.

If the firstcard fails to leave the
card hopper, the reader is cleared, re-
loaded, and restarted. If feederrorsre-
occur, equipment failure or worn cards

may be indicated.

5, CARD PUNCH OPEERATION
a) Punch Controls

Punch Start

The punch start pushbutton is
used to initiate the two-cycle card feed.
When the button is pressed, the first card
moves from the punch station to the read

punch station. The second card is then
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moved from the hopper to the punch sta-
tion. No punching is performed during the
two-cycle card feed. The startcontrol is
inoperative after starting until the card

hopper is empty.
Punch Stop

The punch stop pushbutton is
used to stop automatic punching under con-
trol of the computer. This control, used
with the punch reset pushbutton, permits
s'ngle card punching under manual con-

trol.

Punch Reset

The punch resetpushbuttonof the
buffer controls is used to permit computer
control of punching. When the button is
pressed, the punch inhibit indicator goes
out and the equipment is ready for com-
puter operation. This control isinopera-
tive until the punch mechanism has been
loaded and readied for operation by the

EEIELEE@Q control.
Punch Inhibit

The punch inhibit indicator is
lighted when power isapplied to the punch
unit or during a punching operation when
the card feed hopper is empty or stacker
is filled. Operation is resumed when
cards are inserted inthe feed hopper, the
stacker emptied, and Punch Reset is de-

pressed.

Feed Check

When cards fail to feed during a

machine cycle Feed Check is lighted.

DP and BC Check (Double Punch

and Blank Column)

Blank column checking is a de-
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vice commonly used to sense errors in
punching. This check is not operative on
the 9400.

b) Card Punch Operations

Preparing for Automatic Opera-

tion
1. Load blank (unpunched) cards
into the punch card hopper, face down

twelve row toward the punch unit.

2. Press the punch start push-

button.

3. Press the Punch Reset push-

button and Buffer Reset.

4. The card punch is ready to
begin punching automatically under com-

puter control.

Other Operations

Operations such as clearing the
punch mechanism, emptying the stacker,
and correcting a feed failure are carried
out in a manner identical to those opera-

tions for the Card Reader (see 3d, above).

D. PAPER TAPE READER/PUNCH
1. General Description

The 9400 Paper Tape unit allows
paper tape input or output on line. The
unit consists of two independent units, a
punch unit and a read unit, both built to
Sylvania specifications and housed in a

single cabinet designed for the 9400.

The punch unit prepares eight chan-
nel alphanumeric tape, punchingat a rate
of 100 characters per second in Fieldata
codes. Tapc rcad units available offer
read speeds of either 1000 or 270 charac-

ters per sccondin the Free Running Mode



or at 200 characters per second or any
specified slower rate in the Stop-on-each-
character mode. The tape may be fed
from a short continuous loop, or from
reels holding up to 1000 feet of tape.
Reading is accomplished by photo-elec-
tric sensing device. The character im-
age is picked up by a silicon photo-sens-
ing head from a special light directed at
the tape passing between it and the head.
2. Eight Channel Paper Tape

Fight channél paper tape is com-
patible with the 6 bit Fieldata alphanu-
meric codes which .the 9400 is designed
to handle. FEach character is punched
across the tape, bits 1-6 iﬁ channels 1
through 6. The tape is read by the ma-
chine so that channel one is considered
the "inside' bit position, or the position
closest to the machine. The tape is di-

vided crosswise as follows:

a) Channel 1, 2, 3 — lst three
bits of Fieldata Code

b) Feed holes

¢) Channel 4, 5, 6 — remaining
three bits of Fieldata Code

d) Channel 7 — Control Character

¢) Channel 8 — Parity bit ("'even"
parity, or total number of punches must

equal an even number.)
3. Paper Tape Punch Opecration
a) Loading Tape
Tape must be fed through the

punch unit as illustrated in Figure 13. It

is loaded as follows:
1) Togainaccess turn locking

knobs at the top of the unit and slide it
forward from the cabinet.

UNPUNCHED
~ PAPER TAPE

TAPE FEED SWITCH

PUNCH COIL
MAGNETS

PUNCH BLOCK

ASSEMBLY PAPER TAPE
FEED WHEEL

TAPE FEED WHEEL'

PUNCHED
PAPER

TAPE TAPE GUIDE

CHAFF DISPOSAL ON-OFF SWITCH

FIGURE 13. PAPER TAPE PUNCH

2) Place roll of unpunched
tape on the paper feed reel so that it un-
rolls in a counter-clockwise direction
from the bottom.

3) Feedtapethroug!. wire tape
guide at rear of the unit and around the
wood guide roller at the front.

4) Raise the spring loaded
clamp on the tape feed vheel and insert
the tape into the metai guide, across the
punch block, and over the toothed feed
wheel. (If the leading edge of the tape is
not stiff it should be trimmed with scissors
before attempting to load it through the
punch block.)

5) To start automatic feeding
of the tape depress the Tape Feed Switch
at the top of the unit while gently pulling
the leading edge of the tape.

6) Insert tape into take-up
reel if necessary.

b) Power: Two toggle switches

"

must be in "on' position -

1) Punch Power switch (at top

cf unit)

2) Take-up reel motor switch
(at lower right hand corner
The unit is now ready for automatic

operation under program control.
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c¢) Alarms

The following conditions will
cause a device alarm: (machine halt and

console alarm light)

1) When paper tape punch is
physically disconnected when called in by
a program.

2) When the power supply is
interrupted.

3) When the tape is broken.

4) When there is not sufficient
tape left on the feed reel.

During automatic operation
operators should monitor the punch to pre-

vent the occurrence of these conditions.
4. Paper Tape Reader Operation
a) Loading Reader

1) Tapeisnormally read from
the upper reel. Place reel on the reader
so it unwinds in a clockwise direction and
the "narrow'' side (with three channels be-
tweenthe feed holes and the edge) is closest
to the machine.

2) Feed tape around tension
control arms (see Figure 14).

3) Feed the tape between the
clamp and reader photodiodes, turning the
pressure roller control knob counter-
clock-wisetoallowfree passage of the tape.
To clamp the tape turnthe pressure roller
control knob clockwise until it clicks.

4) Checkfor free movement of

the tape by manually moving it up and down
past the reader.

5) Start tape on takeup recel if
leader is long enough.

b) Switches

1) Place
Switch on Auto.

Start - Auto - Stop

2) Place Tape Reverse -+ Nor-
mal Switch on ﬁ?lj,m?jl - 85€ -+ NOF
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FIGURE 14. PAPER TAPE READER THREADING

3) Put On-Off Switch on On.
The unit is now ready for automatic oper-
ation.

c) Rewinding

After a reading operation is
complete tape that wasread from the out-

side of the reel must be rewound.

1) Set Tape Reverse-Normal

switch on Reverse.

2) Initiate rewind by switching
the Start-Auto-Stop Switch to Start.

Tapes read fromthe inside

of the reel need not be rewound.
d) Operation

1) Device Alarm: the com-
puter will be halted and Device Alarm light
turned on when the reader is physically
disconnected or the power supply is inter-
rupted.

2) ProgramlInterrupt will oc-
cur in the program when a stopcode (octal
57) is encountered and the EFI Switch has
been set by the program.



3) Readingoftapecan be stop-
pedat any point and resumed without losing
any information as breaking action occurs
within . 01 inch.

E. AUTOMATIC TYPEWRITER
1. Description

Low-speed output for the 9400 is
offered by the automatic typewriter. It
will write information from core storage
in octal or alphanumeric modes at a rate
of 575 characters a minute, entirely under

program control.

Automatic transmissionis one way
only — as output. However, punched paper
tape may be generated as a by-product of
typing hard copy manually and in turn may
be read into the machine by the paper tape
reader. The flexowriter may therefore be

considered as three parts: the electric
typewriter, the paper tape punch, and the
paper tape reader. The reader and punch

are both external to the computer.

2. Switches:

a) On-Off Switch — main power

switch

b) Local-Off-Receive Switch —for

automatic operation use Receive position.

In this status the Receive Indicator Light
will be lit. Local position electrically dis-
connects the typewriter and allows manual

operation.
3. Operations
Automatic (from computer)

a) Local-Off Receive Switch in

"Receive'' position.

b) All

paper tape reader and punch are off.

switches controlling the
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¢c) The typewriter is under com-

puter control.
Reading Tape

The typewriter will read and print-

out tape as an independent unit. It is op-
erated as follows:
a) Power Switch "On''; Local-

Receive Off Switch to "Local".

b) Open the Tape Hold Down Arm
by pressing downward and slide the leading
the The

"narrow' side of the tape (that side with

end of the tape into reader.

three channels betweenthe pinion holes and

the edge) must be closest to the keys.

¢) Be sure feed holes have en-

gaged the feed pins.
d) Close tape hold down arm.
e) Press Start Read.

Punching Tape

The unit will punch tape only when
it is in ""local" status, either reading atape

or being operated manually.

a) Power Switch "On';

Power Swi Local-
Receive-Off Switch in ''Local" position.

b) Depress Punch On Switch

¢) Feedtapetobe punched through
the punch unit by pressing the Tape Feed
switch.

d) Proceed to type, or if reading,

press Start Read.

e) Errors: Correct an improper
code by positioning it at the punch station

and pressing Code Delete key.



PUNCH ON
RECEIVE
INDICATOR
STOP READ LIGHT
START READ

SPARE

PAFER TAPE
SUPPLY

PUNCH

READER

TAB

LOWER CASE
UPPER CASE

PAPER TAPE

CARRIAGE

TAPE FEED
CODE DELETE

COLOR SHIFT
SPARE
MASTER SPACE STOP

SPECIAL
BACK SPACE
CARRIAGE RETURN

LOCAL-OFF-RECEIVE
ON-OFF

LOWER CASE

UPPER CASE

STOP

SPACE BAR

FIGURE 15. AUTOMATIC TYPEWRITER
CONTROLS

V. 9400 UTILITY SYSTEM

A. SYSTEMS TAPE
1. PURPOSE OF THE SYSTEMS TAPE

Certain programs designated utilities
or library routines mustbe usedfrequent -
ly in any computer installation. Such pro-
grams cannot be re-written by program-
mers each time they are needed. For
reasons of convenience the programs
should not have to be submitted and read
into the machine asa part of each program

to be processed. To provide an easily
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controlled and rapidly accessible store of
frequently used programs is the function

of the systems tape.
2, USE OF THE SYSTEMS TAPE

The systems tape will at all times be
mounted on a unit with a logical address of
40. This tape should always be rewound
(should be no problem since each routine
on it is programmead to rewind the tape
automatically) and the tape unit in ''ready"

status.

The tape contains library routines and

utility programs. Library routines will



be of little concern to operators as they
are called in automatically by the Assem-

bly Program.

Utility programs are requested by
programmers onthe instruction card sub-
mitted with each program. The operator
must select the utility by means of a call
card, Call cards contain the name of the
utility to be called in punched in Hollerith
code in columns 75 to 80, and a Search
Key program. These cards are main-

tained in a special file at the console.

To call in a program from the Sys-

tems Tape, proceed as follows:

a) Set console switches as specified
for the program being used. (See below,

Section V B.)

b) Select the appropriate call card
and place it in the card reader in front of
any cards being read in as a part of the

program.

¢) Ready Card Reader (press read

reset and read start).

d) Depress Load from Tape at the
console. This
reads tape from MTU 40.

opcration automatically

This procedure initiates the following

sequence of automatic operations:

a) A program ''read in'' function on
the systems tape causes the program
punched into the call cardinthe cardread-
erto initiate a Search Key operation on the

Systems Tape.

b) The utility programs on the sys-
temstape are scarcheduntil a key is found
which matches the program specified by

the call card. If no match is found a ma-

chine halt will ensue.

c) When the key is sensed the com-
puter executes the instructions which fol-
low, comprisinga loader which causes the
actual program which follows to be loaded

into core.
B. UTILITY PROGRAMS
1. ASSEMBLY PROGRAM — 94AP
a) Purpose

To convert symbolic program
decks into machine coded binary instruc-

tions as follows:
Pass 1

1) Readsin symbolic input from

tape or cards.

2) Assigns absolute locations to
each instructionbeginning with the location

specified by the origin card(s).

3) Generates a copy of the input

to be used as a symbol table.
Pass 2

1) Rereadsinput and formsactu-
al computer words by matching words with
the symbol table according to interpreta-

tion of op or pseudo-op codes.

2) Brings in library routines

from systems tape.

3) Generates output in the form

of binary punched cards.

4) Produces assembly listing on
line printer or on tape to be printed off-
line.

b) Input

Tapes

1) Logical 40 - Systems tape
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2) Logical 41 - Machine reel
(scratch)

3) Logical 43 - Output (optional)
4) Logical 44 - Input (optional)

Symbolic Cards

1) Format

Col 1 -6 sequence

Col 7 -12 symbolic location
Col 14-19 operation code
Col 21-76 variable field
Col 77-80 identification

2) Deck Sequence:

Remarks Card - 1 mustprecede
instruction cards

TCD - Causes preceding in-
structions to be punched follow-
ed by transfer card to the ad-
dress specified.

END - Causes binary output to
be punched or signals end of
MACRO definition.

FIN - Marks end of a group of
stacked assemblies.

c) Console Switch Settings:

Set card input
SFF1 Reset tape input (44)
Set output on LPR
SEF3 Reset no LPR output
Set output on MT 43
SEE4 Reset output on paper
tape

d) Operating Procedures

1) Select'"Assembly' call cardand

place in front of the deck.

2) Placeone blank card in front of

the deck if no remarks cards are present.

3) Placecall cardand symbolic in-
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putin card reader and ready card reader.
4) Ready card punch
5) Set console switches

6) Check tapes for proper logical

addresses and ''ready' status.

7) Press load from MTU

e) Stops

1) HLT-1 (pass 1) - Symbol table
is too large.

2) HLT-2 (pass 2) - Hashsum er-

ror. Possible machine failure. Press

start to ignore.

3) HLT at 7771 - Error in symmbol
table.

4) HLT-1 (pass 1) - Final stop.
2. Transfer Trace (94TTR1)
a) Purpose

Provides the programmer with a
"snapshot'" of the console each time a
transfer order is trapped. The ordersthat
are irapped are: TRU, TRP, TRN, SEN,
TRZ, TRL, SNS, SNR, TRX and TRS.

b) Input
Tapes

Systems Tape - 40
Scratch Tape - 41
Machine Reel (output) - 43

Cards
94TTR1 Call Card
Binary Program Input

c) Switch Settings - None; as required

by object program only.

d) Operating Procedures




1) Place cards in card reader,,
TTR1 Call Card first, then binary cards.

2) Proceed with normal operation

as required by the object program.

3) Output for the trace will be

printed on the line printer.
3. Core and Tape Dump (94DMP)
a) Purpose

Causes contents of specified core
locations and all registers to be printed
on the line printer or written onto tape.
The tape dump causes a specified number
of words on tape to be printed or written
in Fieldata on output tape. Core may be
restored upon request after a core dump

is completed.
b) Input
Tapes

1) Systems tape - 40

2) Scratch tape - 41

3) Output tape - 43 (optional)
4) Input (ifatape dump) - per WSR

Cards

94DMP call card

c) Switches

The Word Switch Register is used

to specify core or tape dump, format of

output, and number of words to be dumped.

Tape output ("off-line'") is not applicable

at present.

Core Dump Request

Octal
WSR Value

Interpretation

Sign 0 (up)
1-3 0

Specifies Core Dump

Must be zero on dum
request :

4-6 0 Error — will cause stop
No Op-codes; No on-line;
off-line

2 No Op-codes; on-line; no
off-line

3 No Op-codes; on-line;
off-line

4 Error — will cause stop

5 Op-codes; no on-line;
off-line

6 Op-codes; on-line; no
off-line

7 Op-codes; on-line; off-
line

7-21 XXXXX First location to dump
22-36 XXXXX Last location to dump

Restore Core Request

Octal

WSR Value Interpretation

Sign 0 (up) This is a core request
1-3 4 Restore Core and halt
5 Restore core and resume
automatic operation at
location shown in 22-36
6 Restore core and resume
from original PCS
4-21 0 Not interpreted

22-36 XXXXX Transfer location to re-
sume operation

Tape Dump Request (2 Words)

First Word in WSR:

Octal

WSR Value Interpretation

Sign 1(down) Specifies Tape dump
1-6 XX
9 Up
Down Rewind input tape
12 Up
Down Skip on input tape
15 Up
Down Skip backward

Address tape unit

Do not rewind input tape

Do not skip on input tape

Skip forward
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18 Up Do not count files to skip
Down Count files to skip
19-24 XX Number of files to skip
27 Up Do not count blocks to
skip
Down Count blocks to skip
28-36 XXX Number of blocks to skip

Second Word in WSR:

Octal

WSR Value Interpretation

Sign 1 (down) Tape dump

1-3 0 Error (No anything)
1 No Fieldata; no on-line;
off-line
2 No Fieldata; on-line; no
off-line
3 No Fieldata; on-line; off-
line
4 Error (no anything)
Fieldata; no on-line; off-
line
6 Fieldata; on-line; no off-
line
7 Fieldata; on-line; off-line
4-9 XX Number of files to dump
(if zero, dump one file).
12 Up Do not count blocks
Down Count Blocks
13-21 XXX Number of blocks to count
24 Up Do not count words to
dump
Down Count words to dump

25-36 XXXX Number of words to dump
(if zero, dump entire

block)

d) Operating Procedures

Core Dump:
1) Do not clear the machine

2) Load 94 DMP callcard followed
by a blankcardintocard reader and ready

the reader.
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3) Set WSR as requested
4) Press "load from MTU"

Tape Dump:

1) Load 94DMP call cardfollowed
by a blankcard into cardreader andready

the reader.
2) Enter first word in WSR
3) Press "Load from MTU"

4) After first machine halt enter

second word in WSR
5) Press ''Load from MTU"
e) Stops
1) HLT 1 — Error halt; no output
media specified
2) HLT 2 — WSR is not set

f) Programmers may submitcardre-
quests for certain dumps. In this casethe
WSR is not required. The programmers'
request card is placed behind the 94DMP
call card, loaded into the Card Reader,

and Load from Tape pressed.

4. In-Out Scheduler {94SKED)

a) Purpose

Handles all input and output auto-
matically scheduling units so maximum

efficiency is achieved
b) Input
Tapes
1) Systems tape — 40
2) Scratch tape — 41

3) Those tapes required by the

program



Cards
94SKED call card
Cards involved in the program

¢) Switches — only those specified by

the programmer

d) Procedure
1) Ready systems tape, scratch
tape, and those tapes requiredfor the pro-

gram.,

2) Place 94SKED call card follow-
edby program inputin the card reader and

ready the reader.

3) Set console as specified by the
programmer and initiate automatic oper-

ation by pressing '"Load from MTU".
C. OTHER SYSTEMS TAPE ROUTINES

Also on the systems tape are library
routines which are called inby the assembly
program, and additional utilities. For the
utilities, call cards are simply placed in
front of the programmers' deck. No spe-

cial switch settings are required.

Vi. MACHINE ROOM
PROCEDURE

A. COMPUTER OPERATIONS
ORGANIZATION AND RESPONSIBILITIES

The organizational structure of 9400
Computer Operations is illustrated by the
block diagram below (Figure 18).

The general task of the 9400 Computer
Operations Group is to manage as effi-
ciently as possible the 9400 Computer, re-

sponsibility including broad areas which

influence expeditious machine operation
directly or indirectly. These areas in-
clude maintenance of the Utility Package,
providing documentation of all utility rou-
tines and programs in the program li-
brary, control of machine maintenance
standards, and ensuing liaison with pro-
gramming groups, the 9400 Computation
Office, Contracts Office, and the Product

Support Group.

PBA

SUPERVISOR
COMPUTER OPERATIONS

LIBRARIAN DISPATCHER

OPERATIONS PROGRAMMING
MAINTENANCE CHIEF OPERATOR SLRVICE

[————] OPERATOR
OPERATOR
OPERATOR

1

|
—==n
AS
L —— 1 qectinen !

r
L=

FIGURE 16. 9400 COMPUTER OPERATIONS
ORGANIZATION

The Dispatcher is responsible for pre-
paring and enforcing the computer sched-
ule, expediting the machine room work-
flow, monitoring the assignment of mag-
netic tapes, and compiling and distributing
accurate machine usage and analysis re-

ports.
Operators are responsible for the fol-
lowing:

1. Maintaining all equipment and the
computer area itself within the limits spec-

ified as Operator Maintenance.
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2. Run all programs efficiently and
accurately, and in the sequence specified

by the dispatcher.

3. Accurately record time to be
charged programmers, and, during time
not chargeable to programmers, assign

time to the proper usage code.

4. Record all information concern-
ing stops and running characteristics which
might be of value to the programmer. If
the programmer is present, offer all pos-
sible assistance in helping him determine
the source of unprogrammed stops or re-

sults.

5. Devote all free time to learning

as much as possible about the machine it-

self and about programming.

B. OPERATOR MAINTENANCE

Once each eight hours of operation
regular operator maintenance mustbe car-
ried out on all machine units. Normally
the operator maintenance period will beat
the beginning of each shift, immediately
following engineering preventative mainte-
nance (PMT). Whenever possible certain
Operator Maintenance tasks should be car-
ried on during PMT when they in no way
interfere with the activities of the engi-

neers,

The following maintenance operations

will be carried out:
1. CONSOLEAREA AND FLEXO TABLE

a) Dispose of all miscellaneous
papers and cards. All items which may

be of value give to the dispatcher.

b) Check call cards to be sure
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all cards are available and in their proper

place.

¢) Testclock to be sure it isac-
curately set, the ribbon is making a clear
image, and the proper data is being

stamped.

d) Wipe console and table witha
damp cloth to remove all fingerprints,

stains, and dust.

e) Lower engineer's control

console if it is in its raised position.

2. MAGNETIC TAPE UNITS

These procedures consist of frequent
cleanings of the critical surfaces which
contact the tape during transport opera-
tion. These surfaces (described below)
should be inspected for dirt and dust and
in particular for tape-oxide buildup every
eight hours of tape-moving operation, and
always just prior to critical write or read

operation,

It is suggested that a brush with me-
dium -stiff bristles be used to brush loose
oxide and dust away from the heads, cap-
stans, pinch~rollers, brakes, and rollers
before other cleaning methods, described

below, are begun. All these cleaning pro-

cedures should be performed with no tape

threaded on the transport.

a) Heads

In order to clean the heads a lint-
free cloth should be used. A por-
tion of such a wiper should be
moistened with magnetic head
cleaning solvent and used to dis-
solve and wipe away any oxide or

other foreign substances from the



b)

c)

d)

surfaces of the heads. The sur-
faces should then be wiped finally
clean with a dry portion of the
cloth. Be careful nét to touch the
cleaned head surface after this is

completed.
Capstans and pinch rollers

The capstans and pinch rollers
should be treated ina manner sim -
ilar to that describedabove for the
heads. They should be rotated and
all portions carefully cleaned and

wiped dry. Never clean these

components while they are motor-

g_r_‘iv_e_ri, as the cloth used may be
drawn between them and possibly
cause serious damage. For clean-
ing purposesthey may be turned by
hand. Since they are driven by the
same belt, the capstan notbeing
cleaned may be turned by hand and

will cause the other one to rotate.

Brakes and brake posts

Since these are fixed elements and
cannot be rotated, they must be
cleaned by inserting the cleaning
wiper into the relatively narrow
gap between them. Care should be
exercised not to leave any shreds
of wiping cloth betweenthem where
they could interfere with operation
or could be carried by the tape to

other assemblies.
Rollers

All the rollers should be cleaned
by the above method, using head-
cleaning solvent and drying them

afterwards with a clean wiper. All

the rollers may be rotated by hand
duringcleaning. This includes the
rollers at the openings of the vac-
uum buffer chambers, which are
accessible at the top and bottom of
the buffer assembly.

e) Leaders

Inspect leadersandfemale connec-
ting tabs for signs of wear and the

need for replacement,

3. CARD READER/PUNCH

a) Turn power off.

b) Empty the storage box under
the punch unit of all bits and remove any
grease or oil smears with a clean, lint-

free cloth.

¢) Clean the card paths of both
the reader and the punch.

4. LINE PRINTER

a) Clean the observation windows
and dustcatching areas inside the protec-
tive hood with a soft, lint-free cloth. A
non-scratching, plastic cleaner should be
uséd to remove fingerprints and smudges
from the Plexiglass observation windows.

Do not use glass cleaner or abrasives.

b) Clean the rubber platen used
for ribbon feed with a lint-free cloth and

alcohol to remove grease and lint.
c) Clean paper feed trays.

d) Check a sample of printing for

line spacing, clarity and linearity.

e) Inspect ribbon for wear,
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5., FLEXOWRITER

a) Clean the reader and punch
units of any chaff, dust, oil or grease with
a lint-free cloth.

b) Check typebars fordirty type
face. If necessary clean the type with a

stiff brush and type cleaning fluid.

¢} Check the ribbon; if itis worn,

change it.

6. PAPER TAPE READER/PUNCH
Punch

a) Empty bit storage device and
wipe offall signs of lubricating oil or grease

with a lint-free cloth.

b) Clean dust-catching areas of
the motor and base unit with a clean, lint-

free cloth.
¢) Check paper tape supply.
Reader

Keep unit clean by wiping carefully

with a clean lint-free cloth.

7. GENERAL

Operators are charged with responsi-
bility for the general neatness of the com-
puter area. All printouts should be sent
to the dispatcher's area. Tapes not being
used must be kept in the tape cart. As
soon as programs have been processed
they should be returned to the tape cart
and not allowed to remain on the top of the

card reader or the console.

C. LOGGING MACHINE TIME AND
PERFORMANCE

During the shifts scheduled for ma-
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chine use, every minute of computer time

must be accounted for. It is the responsi-

bility of the computer operators and the

dispatcher to ensure that this is done.

1. CARDS AND CODE DEFINITIONS

Two cards are provided torecord ma-
chine usage. Programmer usage time is

accounted for on the 9400 Job Card which

must be submitted for each program run.

Operators under no condition shall accept

a program withouta Job Card thathas been

approved by the dispatcher (indicated by a

date stamp), even when the machine is idle.
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All non-productive machine time must
be accounted for onthe 9400 Control Card.

All time can be classified under one of
twelve headings. 1-3 are productive: As-
sembly, debug, and production runs. These

appear in the Job Card.

Codes 4 through 12 are in general
These are
The defini-

tions of each category are given below.

considered non-productive.

shown on the Control Card.

4, IDL (Idle) - Time when the ma-
chine is in operating condition, but not
being used in any way. Normally occurs

when no work is available,

5. UMT (Unscheduled Maintenance)
- Time lost due to machine unit malfunc-
tion which is chargeable to engineering
maintenance., Includes time lost running
the program on which the malfunction
manifested itself, time spent by operators
in diagnosing the trouble, and correction
of the malfunction as long as it prevents

the use of the machine.

6. PMT (Preventive Maintenance) -
Daily scheduled maintenance by engineers,
usually at the beginning of each shift. If
this session lasts longer than the time

scheduled, overrun becomes UMT.

7. ECO (Engineering Checkout) -
Scheduled engineer time for system mod-
ification, analysis, or checkout (normally

an entire shift).
8. Not used at present.

9. DEM (Demonstration) - Time
used running demonstrative programs
which prevent the use of the machine for
productive purposes. Should be charged

to a project number.

10, DWN (Down) - Machine is inoper-
ative due to machine failure when no ac-
tion is being taken and a charge to engi-
neers is not authorized. An example is
when machine is down due to power fail-

ure or air conditioning malfunction.
11. OPE (Operation Error)

12. OPM (Operator Maintenance) -
Time used on the machine by operators
which uses or prevents the use of the ma-

chine.

a) Preventive - Activities such
as cleaning tape units, checking tapes, or

generating systems tapes.

b) Unscheduled - Time lost when
tape causes tape checks to occur during
running of a program and for extra clean-
ing of tape units. Changing the tape and
re-running the program is chargeable to

the programmer.

2. Clocking Job Cards and Control

Cards

An electric clock and time stamp
is located on the flexowriter table. Cards
must be clocked in as soon as the main
frame may be released from the program
being completed. Whenever possible,
tapes for the nextprogram to be run should
be set up while the machine is still working
onthe prior run. Cards should be clocked
in rapid succession so that the clock can-
not advance between the two programs.
Such a situation causes one minute of ma-

chine time to be lost.

Should a machine malfunction or
operator error cause timeto be lost, pro-

cede as follows:
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a) Clock out the programmer's
Job Card.

b) Place an'"X'"in the "code" box
next to the appropriate run — this indicates
that the time is not to be charged to the

programmer,

c) Select a Control Card, and

write in manually the same "Time On"

which was clocked on the programmer's
Job Card. This card must account for all
time lost including the time the program

was running.

d) Encircle the proper code on the
Control Card and write in appropriate re-

marks.

e) When malfunction has been
corrected clock out the Control Card and
Clock in the Job Card in the space for

"Rerun'".

f) Processthe program and clock

it out in the normal manner.

3. Logging Configuration

For purposes of gathering statis-
tics on machine performance and unit reli-
ability severalitems must be logged on the
Job Card and Control Card.

a) During programmer usage the

Configuration Code must be enteredon the

Job Card for each run. The codes will be
posted near the console for operator ref-

erence.

b) Unit Performance must be in-

dicated on the Control Cards once at the

beginning of the Ist shift daily, once at the

end, and each time a change in the avail-

ability of units occurs. Entries are made

in the matrix appearing on the Computer
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Control Card simply by checking the area
provided for each unit for those units which

are down.
c) Example:

All units are working and a
program is being run. Repeated device
alarms on I-O Processor 1 indicates that

it may be malfunctioning. The following
is done:

1) Job Card is clocked out.

2) The maintenance engineers

are called immediately.

3) The time the program had
started is manually entered on the Control
Card.

4) When the engineers con-
firm the processor is down "UMT" is
circledonthe Control Card and I-O Proc-
essor 1 in the matrix checked. The prop-

er '"Down Code' is also entered.

5) When the unit is properly
functioning and the program isto be re-run
the Control Card is clocked out, and the

Job Card clocked in at "Rerun'.

6) A secondcontrolcard must
be initiated to show that the Processor is
now "up''. Since all units are once more
functioning do not indicate any codes or

checkany units. Simplyclockin"time on''.

7) Ifithadbeendecided to run
the computer without I-O Processor 1, the

second control card would not be required,

In general, "Down Code"
indicates the type of malfunction on the
A table of these codes will be

available to operators.

type unit.



Unit performance code in-

dicates what unit is down for how long.

4. Other Job Card Entries

The Job Card is also used to re-
lay information on stops and running char-
acteristics backto the programmer. This
information must be written on the back of
the second part of the Job Card. Operators
must not obliterate the information on the
front of the second part of the job card when
writing on the back. To prevent this the
operator may 1) fold over the carbon, 2)
open up the card, or 3) place a scrap card

between the carbon and the second part.

When the program is clocked out
the Job Card may be separated. The sec-
ond part should be placed an top of the deck
to be returned to the programmer. The
first will be retained at the console for
current reference. Thesecardsarepicked
up by the dispatcher each day, checked,
and sent to EAM for keypunching. The
punched cards serve as input for allcom-

puter usage and performance reports.

D. TAPE CHECKING AND TRIMMING

All machine reels will be periodically
checked by the operators as a preventive
measure. This operation will be carried
out off line when the off-line control unit
is available. Bad spots usually develop
near the beginning of tape since this area
receives by far the most use. To remove
these defective areas the tape must be
trimmed beyond this spot and the leader
and reflective strip moved to the new be-

ginning of tape. (See Figure 18)

Aftertrimming a tape all information
before the reflective strip must be erased.
This is accomplished with a ""'manual write"

as follows:

1. Mount tape
2. Place mode control at "manual'.
3. Place selector switch at "FWD".

4. Turn manual control to '""Manual
Write''. Advance the tape until the re-
flective strip has passed over the read/
write head. When tape is halted, it is

ready to be written in the automatic mode.
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OVERLAP
cut

LEADER TAPE \

7
/ LEADER il TAPE \
P

MYLAR
SPLICING TAPE

/
3 LEADER SE LICE TAPE S
L

S

TOWARD TAPE
UNIT

REFLECTIVE
STRIP

Cut leader where it joins tape with

scissors.

Cut tape about one foot beyond the
bad spot.

Overlap the end of the leader which
will be spliced to the tape and the tape
end. Cut through both. The leader

will now mate perfectly with the tape.

Place the tape on a smooth working
surface shiny side up. Match leader
and tape so that no space shows be-
tween the two. Place strip of mylar
base splicing tape across the juncture

and press firmly.

With scissors trim the ends of the
splicingtape so that they are just flush
with the edge of the tape.

Unwind about six more feet of tape and
affix reflective strip onthe back (shiny)
side of the tape. Inside edge of the tape
should be on the imaginary center line
of the tape. Care must be taken not to
touch tape beyond point where strip is

placed.

Mount tape and manually tape erase
from the leader to a point well beyond

the reflective strip.

FIGURE 18. TAPE TRIMMING
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SYLVANIA 9400 SYSTEM -INSTRUCTION REPERTOIRE

o = can be trapped t = can cause overflow
INSTRUCTIONS * = ot indoxable pw= per word
Octal Flolds Timing Octal Flelds Timing
Code  Symbol psec Function Code Symbol Used psec Function
[ 24 ADB 13 Add Modifier 32 SHR a1 8-19 Shift Right
12+ ADD 8 Add 3N+ SLL alm 8-40 Shift Left Long
13+ ADM 8 Add Magnitude 07° SNR abm 8 Sense and Reset
n CAM 8 Clear and Add 06° SNS at,m Sense and Set
Magnitude 3 SRL ol 8-37  Shift Right Long
10 cLA [ Clear and Add 50 STR a Store
14 CLS 8 Clear and Sutrracf 16+ SUB . 8 Subtract
15 csM 8 Clear and Subtract 5
Magnitude v, I’;‘L: a " :""‘P:"’ oad
41 a 8 ransfer and Loa
35 cyL a, 8-37 Cycle Long E Program Counter
34 cys ol 8-37 Cycle Short Store
22+ DVD a, 44 Divide 46° TRN al 8 Transfer on Negative
23+ DVL a, 44 Divide Long 4° TRP a, i 8 Transfer on Posltive
57+ FAM a, 12-46 Floating Add 42 TRS 8 Transfer to Program
- Magnitude Counter Store
56+ FLA al,m 12-46 Floating Add 40° TRU a, 8 Unconditional Transfer
27+ FLD ad,m 40 Floating Divide 43+ TRX a n Transfer on Index
2 FLM al,m 37 Floating Multiply 45° wRZ a, 8 Transfer on Zero
60+ FLS al,m 12-46 Floating Subtract 67* BSP- 5 8 Backspace Mag. Tape
61+ FSM ad,m 12-46 Floating Subtract B Backspace ¢ blocks
Magnitude F Backspacs ¢ files
" <
00 HLT 8 Halt 70% RAN- a5, ¢ g+4 Read Alphanumeric
" . ase
53 LXS o i, m 8 Load Index W pw Read ¢ words
03 LGA a i 8 Logical Add s Read ¢ blocks
02 LM @l 8 Loglcal Muitiply 72+ ROK a5 ¢ BHe Read Octal
04 LGN a, i 8 Loglcal Negate -0 pw
51 Lob alm 9 Load 71* RRV- s 8+4 Read Reverse
21 MLR a, i 43 Multiply and Round w pw Read ¢ words
2 MLY a i 43 Multiply B Read ¢ blocks
52 MOV o i,m 13 Mover 77 RWD s 8 Rewind
55 MSK a1 n Mosk 66* SKP- s 8 Skip
37 NRM a i 9-27 Normalize B Skip ¢ blocks
54 RPA a i n Replace Address F Skip c files
o1 RPT ad,m 8 Repeat 74 WAN asc 8+4 Write Alphanumeric
25% B8 aim 13 Subtract Modifier ow
17+ SBM aim 8 Subtract Magnitude 76 WOK  arsre "Zv*v“ Write Octel
o
05 SEN ebm 8 Sense 75 WWA a5 844 Rewrite Alphanumeric
30+ SHL adm 8-22 Shift Left === pw
ORDER SEQUENCE ORDERS
Octal Fields Octal Fields
Code Symbol  Used Function Code Symbol  Used Functlon
62 St g, s Initiates Order Sequence for |/O: 77 RW Rewind Magnetic tape
Processor 74 GW-= a, c Gather Write ¢ words
s otorpret Sign &2 tarting from I5cation
N No halt on § 9
lo halt on 1/O Processor error We Write ¢ words without

E Erase during all writes temindtion marks

1 Use /O Processor No. 1 B- Terminate with block end

through through marks

4 No. 4 F- Terminate with end of

05 DS a Special /O Device Sense Order file marks
- for sensing  1/O device status P do i
prior to executing sequence - Procede in sequence
63 ST= -l Interrupt Central Processor

D End Sequence, and disconnect and Proceed

1/O Processor -D Interrupt Central Processor
. and disconnect

1 End Sequence, and interrupt
Central Processor and 75 WW-e are Rewrlte c words storting
disconnect 1/O Processor from locGtion a. Same

& PT- ﬂ controls as GW
- 70 a, ¢ Scatter Read starting ot

u Transfer sequence fo a. - locatlon @

! Transfer sequence to a Read ¢ words and terminate
and cause an end-of “Grder Read g blocks and ferminate
interrupt in the central processor

™ pre . Read ¢ words or fo BLE marks
- and terminate
o IF IMO transfer to @ K Read forward and terminate

T If TRE transfer to o after next key

S If ISE transfer to a. A Store all words

[ If IPE transfer to a —K=¥ Store key words

A If any of above transfer to a -D-* Store data words

63 PR=¥* a Some as PS except RESET ~N=* Store no words
error alarm (s) before transferring . -
6 Spm ] Interrupt Central Processor
c and proceed
B Space ¢ blocks --D* Interrupt Central Processor
F Space c files and disconnect
&7 BS- < —-=p* Proceed in sequence
B Back space ¢ blocks -~X Scatter Read starting at
- location a
F Back space c flles <
65 WK a Write key . ;
64 SK- s Search for key and: Enable EOF tnferrupt
4 NKY Interrupt on BLE
F NKY Interrupt on EOF

~ mandatory suffix(s)

* optional suffix(s)
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APPENDIX B

LIST OF ADDRESSABLE REGISTERS

Code Address?* Name
00000-77737 Memory Storage locations

irl 77741 Index Register 1

ir2 77742 Index Register 2

ir3 77743 Index Register 3

ir4 77744 Index Register 4

acc 77750 Accumulator

qrg 77751 Q-Register

brg 77752 B-Register

pct 77753 Program Counter

pcs 77754 Program Counter Store

cio T7755%% Instruction register of In-Out Processor
receiving the input order

afr 77756 Alarm Switch Register (composite of all
alarm switches)

war 77760 Word Switch Register

rar 77761 Real-Time Address Register

ror 77762 Real-Time Output Register

cil 77770 Instruction register of first In-Out
Processor

ci2 77771 Instruction register of second In-Out
Processor

ci3 772 Instruction register of third In-Out
Processor

ci4 77773 Instruction register of fourth In-Out
Processor

e 3 3 Nonexistent register
*n octal.

**When used as the address of an input instruction, it tells the In-Out Processor
to store the contents of its buffer register in its instruction word register.

K f a nonexistent register is addressed, it will be interpreted as a location which
contains all 0's.
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APPENDIX B (cont.)

I/O Address Assignments

Address* Name

14 or 15 Card Reader

16 Line Printer

20 Paper Tape Reader
22 Paper Tape Punch

26 Automatic Typewriter
40 - 57 Magnetic Tapes

*n octal.
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LIST OF SENSABLE SWITCHES

APPENDIX C

Can be Can be Console - Console -
SET by RESET by Switchable Switchable
m (Octal) Code Description Program Program Momentary Lock

0001 - 0077 10D In/Out Device Busy Signals - - - -
0100 OA Overflow Alarm X X - -
G102 ISN Interpret Sign X X X -
103 NHC No Halt Control on I/O Processor Error X X X -
0104 RPE Real Time Parity Error - X - -
0105 ROBB Real Time Output Busy Bit X - - -

Signal To Kineplex
¢110-0117 SFF, o | Sense Control 1-8 X - X
0120-0127 SFF ¢_;4 | Sense Control 9-16 X - X
6130-0133 oal4 In/Out Alarm FF in I/O Processor 1-4 - X - -
0134 UA Underflow Alarm X X - -
0135 TPE Tape Erase X X - -
0136 API Alarm Program Interrupt X X -
0150 FCI Functional Control Character Interrupt X X -
0151-0154 FCC 1-4 Read Functional Control Character IOPl'4 X X - -
0155 ROSN Real Time Output Interpret Sign X X - -
0156 RISN Real Time Input Interpret Sign X X - -
0157 TOT Transfer Order Trapped X X - -
0160 SPI Stop Program Interrupt X X X -
0161 ETI End Tape Interrupt (Allow End Tape X X - -

Signal To Interrupt)
0162 EFI End of File Interrupt (Allow End of Tape X X - -

Signal to Interrupt)
0163 RCI Real Time Control Character Interrupt X X - -
0164 RINC Real Time Control Character [nput - X - -
0165 ROTC Real Time Control Character Output X X - -
0166 WEF Write End of File X X - -
0167 wcCcC Write Control Character X X - -
0170 -0173 ETAl™ | End of Tape Alarm 10P! X X - -
0174-0177 Eor'™ | End of File Alarm 10P! X X - -
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LIST OF PROGRAM INTERRUPT
ACTIVITY SWITCHES AND LOCATIONS

APPENDIX D

Function Signal Octal Function Signal Octal

In-Out Processor Busy PRB 0 End of Order Intefrupt Eor’ 14
EOI® 15
Device Busy DVB 1 E013 16
Eor* 17

Transfer Order Trapped TOT 2
Functional Control Characters FCC1 20
Real Time Input Control ~ RINC 3 rcc? 21
Character FCC3 29
rcct 23
End of File EOF' 4 No Key NKY! 24
EOF? 5 NKY? 25
EOF® 6 NKY® 26
EOFY 7 NKY? 27
Device Trouble DVT1 30
End of Tape ETAl 10 DVT? 31
ETA? 11 DVT® 32
ETAS 12 pvr* 33
ETA%? 13 Overflow or Underflow API 34
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LIST OF ALPHANUMERIC CODES

APPENDIX E

CODE OCTAL CODE OCTAL CODE OCTAL

543 210 | Interpretation CHARACTER 543 210 |Interpretation | CHARACTER 543 210 | Interpretation | CHARACTER

000 000 00 *Master space =Z 010 101 25 P 101 010 52 "

000 001 01 *Upper Case —~-/ 010 110 26 Q 101011 53 :

000 010 02 *Lowe!‘\Case '/‘ 010 111 27 R 101 100 54 ?

000 011 03 *Line Feed L 011 000 30 S 101 101 55 !

000 100 04 *Car. Ret. A 011001 31 T 101 110 56 B

000 101 05 *Space A 011010 32 u 101 111 57 +

000 110 06 A 011011 33 v 110 000 60 0

000 111 07 B 011 100 34 w 110 001 61 1

001 000 10 C 011 101 35 X 110 010 62 2

001 001 11 D 011 110 36 Y 110 011 63 3

001 010 12 E 011 111 37 Z 110 100 64 4

001011 13 F 100 000 40 ) 110 101 65 5

001 100 14 G 100 001 41 - 110 110 66 6

001 101 15 H 100 010 42 + 110 111 67 7

001 110 16 1 100 011 43 < 111 000 70 8

001 111 17 J 100 100 44 = 111 001 71 9

010 000 20 K 100 101 45 > 111010 72 !

010 001 21 L 100 110 46 _ 111011 73 ;

010 010 22 M 100 111 47 $ 111 100 74 /

010 011 23 N 101 000 50 * 111 101 75 .

010 100 24 (o] 101 001 51 ( 111110 76 *Special (3
111 111 77 *Idle €«

‘¥Special control characters for typewriter and line printer.
Printed only by line printer on verbatim print-out mode.

NOTE: The 6-bit alphanumeric codes number from 000 000 to 111 111
and correspond in sequence starting with typewriter control
characters, alphabetic characters (A through Z), mathematical
symbols, arabic numerals (0 through 9) punctuation marks, and
special characters.
be represented as printable characters.

All bit combinations are included and can

48




APPENDIX F

HOLLERITH CODES

1 IR im |
1 mmnnn 111
poooooooooooBoooooooocooonooocooocENNERNNoooooccc0ocoopoo00000BlBo00000000
1}
1

/// 1234567689 +-0 ABCDEF GH | JKLMNOPORSTUYHRYZ +.) ¥ D

910 111213 14 15 16 17 18 1520 21 22 23 24 25 26 27 28 20 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 48 47 48 49 50 51 52 53 54 55 56 57 56 59 60 61 62 63 64 £5 66 67 63 69 70 71 72 73 74 75 76 77 78 79 80

0
1
1 RERRREERRREERE] AR R R AR R R RN AR R AR R R RN R AR AR R R R AR R R AR AR R RN R RN

000
234
1

000
567
1
92222202222222222222222202222222202222222022222222222222222222222222222222222222
33333330333333333333333330333333330333333303333333333333333B3333B333383333333333
1a4aa4440asanaananasssassalanassasalasasasalasassasassssssashasaaBesaalansssasss
555555555M55555555555555555055555555B5555555055555555555555556555555555555555555
! esceccecocMecce6666666666666M66666666M6666c66c6M6666666666666666666656666666666666
RRERERRRRE] FRE R R R R R R R RN R RARARE) RRRARRRL RA RN R RN RN RRRRNRRY
ss68086008800ssssssssssssssooslasssssssMesssssclosssscosaschBasclUcssllssssssscs

9

1

5

999 99'99999999999999999.99999999'9999999'9999999 9999999069999989899999¢9
&&y;xuuﬁmnmmmnnnuﬁﬁnmmwmunuwuuﬁ%wauu«wwwmwmmm&mwww&nwm&uuwwuummnnnumwnnnw j

939999
123458

2~ D
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APPENDIX G

NUMBERING SYSTEMS

Place Values

Modern number systems are based upon the assignment of different values
to numbers depending upon their '"place position' in that number.  Zeros indicate
simply places which are not occupied. The system being used is indicated by the

subscript written after the number.
Decimal: (Base 10)

350110 means actually:

unit

tens
hundreds
thousands

wWwoOO =

This same quantity can also be expressed with exponents:
(3x 10%) + (5 x 10%) + (0 x 101 + (1 x 109

In any number system, going from right (low order) to left (high order)

each digit represents an increasing power of the base number.

Octal:
_ 3 2 1 0
35018—(3x8)+(5x8)+(0x8)+(1x8)or

1536 + 320 + (0) + (1) = 185710

Binary:
101110, = (1 x 2% + (0 x 2% + (1 x 2% + (1 x 2% + (1 x 2) + (0 x 20)

or 32+0+8+4+2+0=4610

Since four and eight are powers of two conversions between octal, quartile,
and binary are very easily performed by breaking the binary number into groups of
three or two digits respectively. Converting each group provides one digit in the

quartile or octal system.
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APPENDIX G (cont.)

Binary Quartile Octal Decimal
1011 10 11- - 234 1011- - 138 110
10100 10100-- 110, 10 100- - 248 2010

1101110 110 11 10- - 1232, 1101 110- - 1564 : 1104,

Octal is the most compact notation which is easily convertible from binary.
The octal numbering system for this reason is the one most commonly used with a
binary computer. The console indicators are broken up into groups of three for
convenient conversions; assembly listings show octal representation, etc. Opera-
tors for this reason should be familiar with the relationship between the binary,

octal and decimal numbering systems and how each is used.
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