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1. INTRODUCTION

Wang Laboratories Series 4000 Computer is a true small scale general
purpose computer. The basic 4000 configuration consists of an arithmetic
unit (Model 4001), a keyboard (Model 4002), a memory control unit (Modei
4008), a mégnetic core memory unit (Model 4007), a teletype coﬁtrol unit
(Model 4006) and a Teletype Model 33 ASR input/output terminal complete
with page printer, paper tape punch, aﬁd paper tape reader.

Qutstanding features of the system include 10 decimal digit accuracy
on arithmetié operations and a keyboard console with 10 digit numgrical dis-
play which allows operation of the computer in a desk calculator mode. Other
features include random access to any memory location or storage register and
facilities for decision making, looping, branching, automatic storage indexing,
indirect addressing, and address mod;fication. The various combinations of
these features permit programming of the page printer for full format control,
among other things.

Due to a unique pafallel busline organization, Wang Series 4000 systems are
easily expanded or adapted for on-line applications without modification to the
basiec s&sfem elements. Additionai Series 4000 modules are évailabie to inter-
face with virtually any input or outéut device.

The 4000 Computer ig completely self-contained andrrequires only a single
source of 115 volt 60 cycle single-phase power. Each of the system elements,

except the keyboard, is independently switched and fused and contains its own

internal power supply.




2. SYSTEM ELEMENTS

2.1 Arithmetic Unit

The Model 4001 Arithmetic Unit (AU) utilizes internal circuitry which
is identical to the Wang 320 electronic desk calculator. This unit gives
the 4000 Computer all of the arithmetic capability of the calculator including
10 digit accuracy and single instruction simplicity for addition (+), sub-
traction (-), multiplication (x), division (+), square (x2), square root (fk),
logarithmic (logex) and exponential (e¥*) operations. The arithmetic unit is
completely self-contained, has its own internal timing and runs asypchronous
to the memory.

The AU has four internal registers which include two independent accumu-
lators (LA, RA) a work register (W) and a product or log register (L). Each
register has a capacity of 14 four bit binary coded decimal digits plus decimal
point and algebraic sign. Arithmetic operations are performed serially by digit.

The 10 most signéficant digits of the work (W) register'ﬁre'displayed with
decimal point and sign on inline numerical indicator tubes. 1In this display,
which is physically located in the keyboard module, the decimal point always
appears in its proper position.

Data transfers to or from the AU always occur through the W register.
Digits may be transferred to and from W either singly, as in a keyboard mode,
or in blocks of 16.. Block transfers are accomplished by such commands as
STORE, RECALL, READ, WkITE, and TRANSFER. Each digit of the W register is
also directly addressable by using sub-channel address ;ommands in conjunction

with the SINGLE DIGIT TRANSFER instruction.
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Arithmetic operation codes 040 through 077 are always accepted and executed
by the AU, except during transfer or address operations, regardless of whether
the AU has been specifically assigned as the input or output device.

The Model 4001 Arithmetic Unit is contained in a rack mounting chassis 7"
high x 19" wide x 18" deep. The unit is self-contained with its own intefnal
power supply, is independently switched and fused and requires only 115 volt
60 cycle single-phase power. The AU is mounted in the main systems rack and
contains rear panel connectors for interfacing to both the pusline and the key-

board.

iy Keyboard

The Model 4002 Keyboard is the main operator console for the 4000 Computer.
Keys are provided for every machine instruction. From the keyboard, direct
access to every storage register or program instruction is possible.

A key section, which is identical to the Wang Model 320 calculator, is pro-
vided along—with the standard Wang 10 digit inline numerical display. This
feature permits ﬁse of the 4000 Cbmputer as an electronic desk calculator and
provides an extremely simple and versatile man-machine interface.

" The keyboard is used for entering new proérams (which are learned by the
memory), entering data, modifying or correcting program instructions, monitoring
program operation and debugging programs. In addition fo Fhe instruction keys,
a set of 8§ toggle switéhes is provided to generate any possible 8 bit busline

code, Switches are also proﬁided for initiating and controlling program opera-

tion in either a continuous or single step mode,
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A lamp display is provided to monitor the status of the code buslines,
allowing easy visual access to program instructions or data trgnsmission
and for checking system operations.

The Model 4002 Keyboard is a desk-top console measuring approximateiy
12" wide x 6" high x 14" deep. The unit draws its power from fhe arithmetic unit

to which it connects through a single 10 foot cable.

2.3 Memory Control

The Model 4008 Memory Control (MC) package contains the logic circuitry
for controlling program operation and for routing information between the bus-
lines and the core memory.

Lamp displays are provided on the panel of this unit to monitor the memory
address, the contents of the memory buffer, output buffer, address register,
instruction register and the "state" generator.

The Memory Control unit is furnished in a rack mounting chassis 7" high x
19" wide x 18" deept VThe unit is self-contained with its own internal power
supply, is independently switched and fused and requires only 115 volt 60 cycle
single-ﬁhése power. The MC is mbﬁnted in the main system.fack and contains

rear panel connectors which interface to the busline and the core memory.

2.4 Memory

The Model 4007 Memory package contains the magnetic core assembly with its
associated drivers, sense aﬁplifiers and buffers. The basic capacity of the
; Modei 4907 is 1024 eight bit characters (words). This is expandable to 4096
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eight bit characters by the addition of plug-in circuit boar&s to the existing
chassis.

The memory space may be used to store either program instructions or data.
Also, groups of eight adjacent memory locations may be assigned for use as
storage registers. Each such register is capable of storing the entire contents
of the arithmetic work (W) register, which consists of decimal point, sign and
14 decimal digits of information. Thus the 1024 character memory, if usea
entirely for storage, will provide 128 sixteen digit registers,

Memory addressing is in octal notation with the 102410 character memory
providing 2000g locations. Storage register addresses are also specified in
octal with 128;, registers providing 2008 addresses.

To simplify the process of allocating program space and storage space, the
positions of the storage registers are fixed, with register zero (SO) using
memory locations 1770g through 17578, register one (S1) using 1760g through
1767g and so on up to register 128 (S177) which uses locations 0000g through
0007g. . Since program space will normally be utilized starting with address
0000g, this technique of assigning low numbered storage registers to high
numbered memory locations allows the programmer to virtually ignore the assign-
ment problem without fear of interference, providing that the total capacity
of the memory is not exceeded. (See Appendix 1)

Allocation of the available memory space is completely arbitrary and may
be randomly assigned t; all programs, all storage registers, or any combination
of the two. For example, if the 1024 character memory is divided equally between

program and storage registers, there will result 512 instruction spaces and 64
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storage registers.

Storage registers zero and one (580, Sl) are reserved for internal memory
use and are not normally available to the programmer. (See Sections 5.9 and
6)

The Model 4007 Memory is contained in a rack mounting chassis 7" high %,
19" wide x 18" deep. The unit is self-contained with its own internal power
supply, is independently switched and fused and requires only 115 volt 60

cycle single-phase power. The memory is mounted in the mafu system rack and

connects to the Memory Control through a single rear cable.

2.5 Teletype Control

The Model 4006 Teletype Control is the interface between the 4000 system
busline and the Teletype Model 33 Automatic Send/Receive Set.

The Model 33 ASR provides the capability for punching and reading 8 level
perforated paper tape as well as typing hard copy at the rate of 10 characters
per second. Provision is made to coﬁtro; each of these operations independently
by program instruction.

ihe Model 4006 control unit serves to convert S bit busiine codes into
standard 11 unit serial teletype signals for computer out?ut; and to convert
serial telefypergiénals ingd parallel busline codes for computer input.

The teletype unit is used to read program tapes into memory, to transmit
data from tape or keyboard under program control, to puqch new program tapes or
data tapes and to produce typewritten computational results, Full format

capability is provided by computer subroutine.
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Communication between the 4006 and the 33 ASR is By standard two wire
connection, allowing remote oper%tion. |

The Model 4006 Teletype Control is contained in a rack mounting chassis
7" high x 19" wide x 14" deep. The unit is self-contained with its own
internal power supply, is independently switched and fused and'requires only
115 volt 60 cycle single-phase power., The package is mounted in the main

system rack and has rear panel connectors for the busline and the 33 ASR unit.

3. THE BUSLINE CONCEPT

3.1 General

Individual Series 4000 élements are interconnected through a set of common
buslines to form a complete system., The system elements are connected in
parallel to the buslings gnd communicate with each other through the buslines.
This communication may consist of either control instructions or data trans-
missiog.

In general, one of the elements assumes control of the entire system and
the other elements are assigned roles as input or output devices. The roles
of input, output or control may bé reassigned by control instructions issued
through the bus by operator or program. Although certain elements may be
" designed specifically to perform only input or output functioﬁs, any element
may theoretically assume control. It is also possible for particular elements
to perform multiple réles.

To facilitaté thé issuidg of control instructions, each busline element

is given an address of either one or two octal digits. The elements are then

referred to as channels and the addresses as channel numbers. Assignments as
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input or output are made by issuing commands such as INPUT CHANNEL SELECT

(ICS) or OUTPUT CHANNEL SELECT (OCS) followed by the appropriate address
digit or digits. Addresses within a particular channel, such as a specific
location in memory, may be addressed directly by using sub-channel control
codes such as INPUT SUB-CHANNEL SELECT (ISS) or OUTPUT SUB-CHANNEL SELECT
(0S8S) followed by the address digits.
The flexibility of busline operation may be illustrated by considering
the basic 4000 Computer system. The addresses for the elements of this system
are; keyboard = 0, arithmetic = 1, memory = 7, and teletype = 6. To read a
program tape from the teletype reader into memory, starting at memory location
zero, the instruction sequence would be:
ICS
6
ocs
)
0SS
0
TRA
This sequence of instructions, which can be initiated by a program or by
the operator pressing the appropriate keys on the keyboard, informs the system
elements that the input device is the teletype (6) unit, the output device is
the memory (7) unit and that the characters should be loaded into memory
starting at location 0000. The information exchange would then be initiated
by the TRANSFER (TRA) code and would continue until an END OF TRANSFER (EOT)

code appeared on the tEPE. To reverse the process and punch a program tape

from memory starting at location 723, the instruction sequence would be:




e 4

Ics
ISS
7
2
3
ocs
6
TRA
In this case, characters from memory would be transferred to the tele-
type unit and transmission would continue until an EOT code were encountered
in memory. In similar fashion, information can be transferred from any bus-
line element directly to any other busline element. Additional elements such
as counters, voltmeters or other input and output devices, once interfaced to
the busline, may communicate just as easily with the existing elements.

Busline address assignments are completely arbitrary and may be changed

by switch settings internal to each element.

3.2 Busline Logic

What is loosely referred to as "the.busline” is in féct a twenty-four wire
cable which intercoﬂnects the system elements, all in parallelf_ Sectién 3343
describes the function of each of the lines which is presently being used.

System elements communicate with each other by way of 8 bit binary codes.
* Each machine instruction is assigned a unique 8 bit code and fﬁese codes are
transmitted in parallel along lines 1 through 8 of the bus cable.

To issue a command, tﬁe controlling element will impress the desired 8 bit
code onto the code bus (lines 1-8) and after a short deiay;wili also impart a

signai to the STROBE line (line 13). The strobe signal alerts all elements
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that an instruction is on the code bus. One of the elements, which is
conditioned to react to the particular commana, will execute the required
operation and signal completion by a pulse on the ACKNOWLEDGE line (line 14).
Upon receipt of the acknowledgement pulse, the control element removes the
instruction from the code bus, thus completing the instruction cycle.

Data transmission along the bus is accomplished in similar fashion, with
the input device controlling charaéter codes and strobe signals and the oﬁt—

put device controlling the acknowledgement line.

3.3 Table of Common Lines

The assigned numbers cofrespond to the pin numbers of the busline cable

connectors.

1-8 Code Bus

Lines 1 through 8 represent the code bus. The signals are DC levels, O
volts for binary zero and -10 volts for binary one.

These lines carry control codes, or data, one character at a time. Character
transmission is initiated by the STROBE signal (line 13) and in general must be
ACKNOWLEDGED by a pulse on line 14 before further transmission occurs.

In octal notation the weighting for lines 1 through é s 2 e P e (e B et 0
40, 100, 200, respectively. Thus, if code 123 were on the code bus, lines 1,

2; 5, 7 would be negative and lines 3, 4, 6, 8 would be zero.

9 .Prime :

The prime line, when negative, will clear the system, causing all assignments

of input, output and control to be extinguished. This signal also resets critical
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functions in each of the system elements so as to "prime" each element for
start-up.

The prime signal may be initiated from the keyboard CLEAR ALL key and in
this case will automatically establish the keyboard as the control element,
for use in entering further instructions, or for use as a manual calculator.

10 Not Assigned

11 Continue

The continue line is used to single step the program whpn the STEP-AUTO
switch is in STEP. The continue line is controlled by the STEP key loéated
adjacent to the STEP-AUTO toggle switch.

12 Sign

The sign line carries a voltage level which indicates the sign of the
arithmetic work (W) register. The level is zero volts for positive W and -10
volts for negative W. The information on the sign line ié updated by the TEST
SIGN OF W (TSW) command and changes only upon execution of this command ;egardf
less of the'actual status of W.

13 Strobe

The strobe line carries a voltage level which indicates that a valid instruc-
tion or data character is present on the code bus. This line remains negative
until the code character is acknowledged by a pulse on line 14,

14 Acknowledge

The acknowledge line is used to signal the acceptance of a code or the
execution of an instruction as specified by the code bus. The acknowledge

signal is a negative 10 volt pulse of approximately 10 microseconds duration.
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15-20 ©Not Assigned

21 . +11-VDC

This line is a power bus supplied by the arithmetic unit for use by the
keyboard.

22=n=11"VDhE

This line is a power bus supplied by the arithmetic unit for use by the
keyboard.

23 Chassis Ground

24 + 0 VDC Signal Ground

4, COMPUTER INSTRUCTIONS

The coding used by the 4000 system has for convenience been chosen to
match as closely as possible the ASCII convention used by the Model 33 ASR
telétype. This is an eight‘bit code with the eighth bit used for parity.

Each ingtruction used in the 4000 system has been assigned such a code.

In the basic 4000 system computer, the eighth or pariéy bit is not essen-
Fial to proper funcfioning. This is also true for the 33 ASR teletype. That
is, a code will be recognized whether the parity bit is pfeéent or-not, and a
parity error will have no effect on machine operation, For this reason, it is

" convenient here to ignofe the parity bit and consider fhe machine codes to be
of 'seven bits rather than eight bits.
, If the seven meanihgful code bits are given o;tal weights of 1, 2, 4, 10,
201 40, 100, the insfruction'codes may be convéniently ;pecified in bctal nota-

tion. - For instance, the instruction STORE has an octal code notation of 130
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and this implies that bits 4, 5,_and 7 are binary "onés” and that bits 1,
2,3, and 6 are binary "zeros," since the weights of bits 4, 5 and 7 add
.up to exactly 130.

Using octal notation, the list of system instructions may be conveniently
divided into three groups. The first group, covering codes 000 through 037,
is coﬁcerned mostly with control of the teletype méchine. Group two, 040
through'077, is primarily for the arithmetic unit. Group three, 100 through

137, is for system control instructions. (See Section 8.2)

The instructions are described in detail below.

4,1 Teletype Control Instructions (0-37)

Except for EOT, this entire group of instructions is devoted to the opera-
tion of the teletype machine. Imnstructions in this group originating on the
busline will not be executed unless the teletype unit has been assigned as the
output device. Instructions in this group originating from the teletype key-
board or punched tape-reader will always function properly.

End of Transfer (EOT)

Code: 004

Operation: Used to terminate the transfer of information between busline
l elements. EOT must be the final character transmitted iﬂ the following opera-
tions: STORE, RECALL, READ, WRITE, TRANSFER.

)

Line Feed (LF)

Code: 012

Operation: Causes the typewriter paper feed to advance vertically by one

13




space.

Form Feed (Form)

Code: 014

Operation: Causes the typewriter paper feed to advance to the beginning
of a new form.

Return (CR)

Code: 015

Operation: Causes the typewriter print head to return to the left most
typing position. Equivalent to typewriter carriage return.

Reader On (X-0N)

Code: 02t

Operation: Causes the teletype tape reader to start. Once started, the
reader can only be stopped by an X-OFF code appearing on the tape or by operator
intervention. The X-ON code is automatically generated by thertelefype control
unit when the teletype unit is assigned as the input device and a transfer
operat;on is called for.

Punch On (Tape)

Code: 022
Operation: Activates the teletype tape punch.

Reader O0ff (X-OFF)

Code: 023
Operation: Stops the tape reader. This code can only be used from the
tape itself. The reader will always read and transmit fhe next code following

AN .
X-0FF on the tape before stopping.
i 14




Punch Off ("EARE')

Code: 024
Operation: Disables the teletype tape punch.

Print On (PRINT)

Code: 030
Operation: Activates the typewriter of the teletype unit. To execute
manually from the teletype keyboard, hold down the control key (CTRL) and

press X.

Print. . Off ("BRENF')

Code: 031
" Operation: Disables the typewriter of the teletype unit. To execute
manually from the teletype keyboard, hold down the control key (CTRL) and
g press Y.

Single Step Read (SSR)

Code: 032

Operatién: Causes a single character to be transmitted from the teletype
reader (or kgyboérdi. This code is automatically generated by the teletype
control unit when a single digit transfer (SDT) operation is called for with
the Feletype assigned as the input device.

Strobe Off (MSFROEBE")

Code: 036
Operation: 1Inhibits transmission of information from the teletype to the
busline by disabliﬁg the strobe signal in the teletype control unit. Useful

for isolating portions of a paper tape record, such as titles and headings,
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which may be of no use to the computer,

Strobe On (Strobe)
Code: 037
Operation: Enables transmission of information from the teletype to

the busline. See "Strobe Off" above.

4,2 Arithmetic Instructions (40-77)

This group of instructions is devoted to the operation Pf the arithmetic
unit, Numeric codes 60471 are also used for aédressing and data transfér.
These operations will automatically be executed by the érithmetic unit regard-
.less of whether it has been assigned as input or output.

Enter (ENT)

Code: 041

Operation: The natural log of the contents of the W register is added to
the contents of the L register. Result remains in L register. W registgr 18
clehred to éero. i

Result: _L =-L % In W; w=20"

LogcX (LNW)

QOde: 042

Operation: The natural-log of the contents of the W fegister is added to
the contents of the_L register, Result is returﬁed to" W s clea?ed to zero.

Result: W=L+ 1InW; L =20

e (e¥)

Code: 043
16




Operation: The contents of the W register are added to the contents of
the L register. The antilog of the algebraic sum is returned to the W register.
The L register is cleared to zero.

w+ L

Result: W= e ; L=20

vz ¢w

Code: 044

Operation: One half of the naturai log of the contents of W is addedlto
the contents of the L register. The antilog of the sum is returned to the W

register. L is cleared to zero.

Result: W = efln W+ I,
. 3

L=20

This operation considers only the absolute value of W, and always yields
a positive answer. Answer is automatically rounded off to the 10th decimal
place.

x> (i?)

Code: 045

Operation: Twice the natural log of the contents of the W register is
added to the contents of the L register. The antilog of the sum is returned
to the W register. L is cleared fo zero.

Result: W = e2ln W+ L; Toai0

Answer is automatically rounded off to the 10th decimal place.

X= (X

1§
~

Code: 046
Operation: The log of the contents of the W register is added to the

contents of the L register. The antilog of the sum is returned to the W

register. L is cleared to zero. ; :
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InwW+ L
€ H

Result: W = L=20

Answer is automgtically rounéed off to the 10th decimal piace.

== (= =)

Code: 047

Operation: The log of the contents of W is subtracted from the contents
of L. The antilog of the difference is returned to W. L is cleared to zero.

Result: W= el ~ 1n W,

L =0
Answer is automatically rounded off to the 10th decimal place.

Clear Right Adder (CL R)

Code: 050
Operation: The contents of the right accumulator are set equal to zero.
Result: RA =0

Recall Right Adder (RA> W)

Code: 051

Operation: The contents of the W register are set equal to the contents

h

of the right accumulator. The contents of the right accumulator are not changed.
The original contents of W are lost.
Result: W = RA

Add Right (+R)

Code: 052

0§eration: The contents of W are added to the contents of the right
accumulator. The sum is returned to W and also remains in the right accumulator.

Result: W= RA =RA+ W

(A result of zero will always have a positive sign.)

18




Subtract Right (-R)

Code: 053-

Operation: The contents of W are subtracted from the contents of the
right accumulator. The difference is returned to W and also remains in the
right accumulator.

Result: W = RA = RA - W (zero always positive)

Clear Left Adder (CL L)

Code: 054
Operation: The contents of the left accumulator are set equal to zero.
Resulﬁ: IA =0

Recall Left Adder (LA-—>W)

Code: 055

Operation: The contents of W are set equal to the contents of the left
accumulator, The contents of the left accumulator are not changed. The
original contents of W are lost.

Result: W = LA

Add Left (+L)

Code: 056
Operation: The contents of W are added to the contents of the left
-accumulator. The sum is returned to W and also remainé in the left accumulator.

Result: W = LA = LA + W (zero always positive)

Subtract Left (-L)

Code: 057

Operation: The contents of W are subtracted from the contents of the left
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accumulator. The difference is returned to W and also remains in the left
accumulator.
Résult: W = LA = LA - W (zero always positive)

.

Numerical Codes

Code: 060, 061, 062, 063, 064, 065, 066, 067, 070, 071

Operation: These codes represent decimal digits 0 through 9 respectively.
Any numerical code which appears on thé busline, except during transfer or
address operations, will automatically be indexed into the W register as if it
were a keyboard entry. The original contents of W are lost. Successive digits
are indexed into W until a non-digit code completes the sequence. When loading
W in this fashion, DECIMAL POINT (075) CLEAR W (076) and CHANGE SIGN (077) codes
are considered to be digits.

Decimal Point (.)

Code: 075
Operation: See numerical codes above.

Clear W (CL W)

Code: 076
dpeiation: The contents of W are set equal to zero.
Result: W =0

Change Sign (1)

Code: 077
Operation: The sign of W is reversed. When indexing a negative number
into W, the CHANGE SIGN operation must follow the digit entries, since‘the

sign of W is always set positive by the first numerical digit.
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4,3 System Control Instructions (100-137)

This group of igstructions is-used to control the flow of information
within the computer. 1In the examples below, system elements have the
following addresses; 0 - Keyboard, 1 - Arithmetic Unit, 6 - Teletype,

7 - Memory.

Continue (CTU)

Code: 103

Operation: Used to complete the transfer of control or temporary control
from one element to another? or to return control when ending a temporary
control mode. (see examples below) |

Temporary Transfer of Control (TTC)

Code: 104
i Operation: Used to establish the temporary control mode. - Must be followed

by CCS and the address of the desired channel, plus sub-channel address if

necessary. Actual entry into TTC mode is caused by CTU code which follows

addressing.
Example:
TTC
CCSs
0
CTU

This program sequence issues temporary control to channel 0 which is the
keyboard. The program stops and the keyboard is activated. Control reverts
to the program when the operator presses the CTU key on the keyboard.

Control Channel Select (CCS)

Code: 110

21




Operation: Used to transfer control to another element. Must be
followed by address digits and, if necessary, the sub-channel address.
Actual transfer of control is caused by CTU code which follows addressing.

Example:
CCs

CSS
2D
3

CTU

This sequence of instructions, issued from the keyboard, will transfer

s

control to channel 7, which is the memory unit. The first instruction read

from memory will come from memory location 23.

"Control Sub-Channel Select (CSS)

Codes F117

Operation: Used to specify the location from which the next program
instruction should be taken. This instruction may be used by the operator to
start a program from a particular memory location (seeiexample above) or may
be used witﬂin a program to cause branching from.one portion to another portibn
of memory.

Input Channel Select (ICS)

Code: - 112

Operation: Used to spec¢cify which element is to be thé input device. Must
be followed by appropriate address digits. Actual selection occurs when address
is terminated by any subsequent non—éigit code., Previously selected input, if
aﬁy, is disabled by this command.

Example:

22




aICS
6
CL R
This sequence of instructions will select channel 6, which is the tele-

type, as the input device,

Input Sub-Channel Select (ISS)

Code: 113
Operation: Used to select an address within a given input channel, such
as one input to a multi-channel scanner or a specific memory location.

Example:
ICS

Is8S
1
2
3
TRA
This sequence selects channel 7, the memory, as input and specifies further

that information starting at location 123 should be transferred to the busline.

Qutput Channel Select (0CS)

Code: 114

Operation: Used to specify which element is to be the output device.
Must be followed by appropriate address digits. Actual selection occurs when

address is terminated by any subsequent non-digit code. A previously selected

output, if any, is disabled by this command.

Example:

0oCs
6

CL R

This sequence selects the teletype (6) unit as the output device.
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Qutput Sub-Channel Select (0SS)
Code: 115
Operation: Used to select an address within a given output channel such
as a specific memory address.
Example:
ICS
0
0oCs
7
0SS
0
TRA
This sequence specifies that the keyboard (0) is input, that the memory
(7) is output, and that subsequent codes transferred from the keyboard should

be loaded into memory starting at location zero.

Return (RTN)

Code: 116

Operation: Used to return from a sub-routine to the main program. Causes
the next program instruction to be taken from an address which had previously

been stored as a result of a JMP operation. See JUMP below.

Jump (JMP)
Code: 117

Operation: Causes the program to branch to an address which is specified
by digits which follow the JMP code. The program remembers where the jump
originates by saéiﬁg the address of the command which follows the jump sequence.
Use of the RTN command (see above) then allows continuation of the main program

as if the jump had not occurred. TUseful in branching to sub-routines.
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Example:

Address Code Address "~ Code
100 JMP 753 -
101 7 . ; -
102 5 . -
103 3 . RTN
104 x2

+R

Sequence starting at 100 causes program to branch to location 753, while
saving address 104. Sub-routine starting at 753 ends with RTN code, causing
program to resume at step 104.

Single Digit Transfer (SDT)

Code: 120
Operation: Causes a single character to be transferred from the assigned
input device to the assigned output device, The transferred character may be

. any eight bit code. If the transmitted character happens to be a machine

instruction, the instruction will not be executed.

Example:
1cs
7
1SS

N O =

ocs
6
SDT
This sequence causes the character in location 1025 of memory (7) to be
sent to the teletype (6).
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Transfer (TRA)

Code: 121_

Operation: Causes a block of characters to be transferred from the input
dgvice to the output device. The last character of the block must always be
EOT. The transmitted characters may be any eight bit codes. If any of the

transmitted codes are machine instructions, they will not be executed.

Example:

Address Code Address , Code
0 ICS 23 R
1 7 ' 24 E
2 1SS 25 ]
3 2 26 E
4 3 27 C
5 0CS 30 T
6 6 31 EOT
7 TRA

The sequence of instructions starting at memory location zero causes the
message "REJECT" to be typed on the teletype unit,

Load W (LDW)

Code: 122
Operation: Used to terminate an address sequence when the next required
instruction must be a digit entry into W.

Example:
0CS

LDW
2

Jw

The LDW instruction serves to isolate the address digit 6 from the W

‘register entry 2. If LDW were not used, the system would attempt to select
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channel 62 as output.

Write (WRT

Code; 123

Operation: Causes the entire contents of the arithmetic W register
to be transferred to the assigned output device. Exactly sevehteen characters
are transferred, which include 16 decimal digits followed by ‘the EOT code.
The format is fixed, with the first digit representing decimal point pdsifion,
the second digit representing sign (zero for plus, nine for minus) and the
remaining 14 digits specifying the vélue of W. The contents of W are not
changed bﬁ this operation.

Example:
LDW

W N =

4
0CsS
6
WRT
This instruction sequence will cause the teletype to print 3@&23@0000000000.
/
(EOT is a non-printing code but it would appear on tape if the bunch were
activated.)
Read (RD)
Code: 124
Operation: Causes a transfer of information from the assigned input device

into the arithmetic W register, The number of digits transferred may vary but

the first digit must be decimal point location and the second digit must be
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sign. Any number of numerical codes may then follow and the final code must
be EOT. The original contemts of W are lost.

Example:
ICs
6
READ

This sequence will read data from the teletype tape or keyboard into the

arithmetic W register.

Test Sign of W (TSW)

Code: 125

Operation: This instruction is used in conjunction With the JMP and CSS
commands to perform conditional branching and looping. Conditions of fhe test
are such that the operatiom following the TSW command will be performed if the
sign ﬁf W is negative or will be skipped if the sign of W is positive.

Example:

TSW
JMP

A8

g CLR
If W is negative, the program branches to instruction 123, otherwise it

continues in sequence.

Store (STR)

Code: 130

Operation: Causes the entire contents of the arithmetic W register to be
transferred to a storage register in memory. If the coﬁmand is followed by
address digits, those digits specify the desired register. If no address
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digits follow, the information will be stored in a predetermined location
as described in "Load Storage Address (LSA)" below. The address, if used,
must be terminated by a non-digit code,

Example:
LDW

3

STR

2

5 ) e
CL R

This sequence causes the contents of W (+12.300000000000) to be stored
in register 25.

Recall (RCL)

. Code: . 131
Operation: Causes the contents of a particular storage register to be
returned to the arithmetic W register. If the recall command is followed by
address digits, those digits specify the desired register. If no address
digits follow, the information will be recalled from a predetermined register
as described in '"Load Recall Address (LRA)" below., The address, if used, must
be terminated by a non-digit code.
Example:
. ) RCL
2
5
CL R

This sequence returns the contents of register 25 to W. The contents of

o fegister 25 remain unchanged. The original contents of W are lost.
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Load Storage Address (LSA)

Code: 132

Operation: This instruction sets the address which is used in conjunction
with STORE commands which have no associated address digits, The address digits
which follow the command are retained in memory, used as required, and auto-
matically indexed after each usage.

Example:

STR
CL R

This sequence causes +1,0000000000000 to be stored in register 2 and
+5.00QOOODOOOOOO to be stored in register 3. Subsequent store commands not
having address digits will cause numbers to be stored in successive registers.
Stére commands with addresses are handled normally and do not affect the "LSA"
address,

Load Recall Address (LRA)

Code: 133

1

Operation: This instruction is followed by address digits which are
retained in memory and used in conjunction with RECALL commands which have no

associated address digits.

Example:
IRA

=
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RCL o,
CL R
+R
RCL
3
CL L
+L
RCL
+R
This sequence leaves the contents of register 3 in the left accumulator

and the sum of the contents of registers 10 and 11 in the right accumulator.

5. PROGRAMMING
. 5.1 Memory Organization

'Program instructions are stored in the core memory. They are loaded either
manually by using the keyboard, or automatically by using the tape reader on the
teletype. As the program runs, the instructions are read sequentially from
memory and executed,

The basic 4000 Computer has a memory capacity of %024 instructions. Each of
the 1024 memory locations has an address which is specified in octal notation;
The octal memory addresses therefore ranée from 00008 to 1777g.

The first program instruction will generally be located at address 00008 and
will be followed in order by the remaining inétructions. The program instructions
will be processed sequentially from the first to the 1ast,-although certain
decision making capabilities enable the program to branch from one list of
instructions to another, and return, if necessary, or to perform a certain group
of instructions reﬁetitively.

The available memory space may also be used as storage registers. Each
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storage register occupies memory space equivalent to eight characters (or
program instructions), and is capéble of storing the entire contents of the
arithmetic W register. The storage registers are also addressed in octal
notation. The 1024 step memory, if used entirely as storage registers, will
provide 12810 registers or 1778 storage addresses.

Storage registers physically occupy memory space starting at address
17778 and working backwards toward 0000. Thus, storage register zero (SO)
occupies memory spaces 1770g through 1777. Similarly, S1 occupies 17608 -
1767g, S2 occupies 17508 - ;7578 and so on (See Appendix 1)

Since the program instructions will normally start at location 00008 and
work towards 17778, and the storage registers start at 17778 and work back
towards 0000, the programmer need not worrry about interference of program
space and storage space, p;oviding that the total capacity of the memory is
not exceeded. The total space used will equal the number of program steps

plus eight times the number of registers, and must be less than 1024 total

—

(all count; taken in decimal notation)._

Storage registeré zero (S0) and one (S1) are used internally by the computer
and are not normally available to the programmer. - The information stored in
this area includes the program counter, return address, read address, write

" address, store address-and recall address. This information is accessible,

and ways of using it are discussed below in Section 6.

5.2 Manual Data Entry

Quite often it is desirable to use a program which permits manual entry of
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variables from the keyboard. However, during the running of a program, the
series 4000 keyboard is normally disabled to avoid accidental interference
by the operator. Thus, when keyboard entries are required by the program,
a sequence of instructions is used which will issue temporary system control
to the keyboard and stop the program. This instruction sequence is:

TTC

CCS

0

CTU

The operator keys in the required data and restarts the program (i.e.,

returns control to memory) by pressing the CTU key.

5.3 Arithmetic Expressions

Arithmetic expressions are programmed according to the basic rules of
algebré. The general procedure is to write the instructions in the same order
that would be used to perform the required operations manually from the keyboar&.
The example below illu;trates a pfogram to solve the equation C ;.Jgﬁ_:fﬁ;i_

The program starts at step 0, runs to step 3 and stops after transferring
tempora?yrcontrpl to the keyboardm The operator keys in ya;iabie Ta and re-
starts the program by pressing the CTU key. The program runs to step 12 and
stops again., The operator keys in variable "b" and presses CTU. The program
completes the calculation, then jumps back to step 0 and proceeds down to
step 3 where it stops as before. Here the operator can read the result "c" on’

the keyboard display and the program is ready to accept a new input "a'.

33




No. |Command Comment
00 | TTC

o1 SAS

02 ]

03 | CTU | Ut oo
04 Y\'?- oz

050 0L

i Wit 5.0 0.*

o | Tic

10 CLS

11 Q

12 Y | Neel § s
13 Xz b

14 + R ot X
=
16 :5?&,-1.":“"

17 O

20 | €QV

21

Example 5.3.1

Arithmetic Operations

5.4 Stogage Registers

The use of storage registers is very straightforward., Suppose that in
the éreceding example (Secpion 5.3), variable "a" was to be found in register
6 and vériable "b" was to be found in register-IS. Suppose further that the
the result C :'Jzi_:—gﬁ-was to be stored in register 23 for later usé. The

program Sequence to accomplish this is shown below:
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No. | Command Comment
40 | RCL
41 b EAIOC
42 7(_2 ot
4 10l 2
44 1.2 a'?.
Gt S0 0.2,
46 |
47 S b
oy oA % 4
L g T atih
52 “ﬁ{:‘ C
el (DL
24 vx
ES 3
% L LLCL
57
&0
e

Example 5.4.1

Use of Storage Registers

Registers are simply assigned as needed, generally starting with S2
since S0, S1 are reserved for internal use by the computer. Storage addresses
are in octal notation, and care must be taken to terminate each address by a

non-digit instruction as shown in the example.

5.5 Decisions, Looping And Branching

There are two types of program loop. The first type, which is an endless

loop, is illustrated in the example of Section 5.3. An endless loop uses the
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JMP or CSS command to unconditionally recycle through a series of instructions.
Once started in an endless loop, a program will recycle until ;hanged by the
operator.

A second type of loop involves decision making instructions which allow
the program to exit from the loop under certain circumstances. This same
decision making capability is used for branching operations.

All decisions in the 4000 Computer are based on a test of the sign of the
arithmetic W register. By suitable programming, this single test can implement
the general decision problem of whether a given number is less than, equal to,
or greater than another number. The instruction used for this purpose is the
TEST SIGN OF W (TSW) command.

The TSW command is usually followed by a JMP or CSS operation. If the sign
of W is negative when TSW is executed, the program will do £hé following opera-
tion (JMP or CSS) as expected. However, if the sign of W is positive when TSW
is executed, the program will ignore the following operation (JMP or CSS) and
proceed on to the next instruction. Any address digits associated with the JMP
or CSS instructions are considered to be part of the operation, and will also be
ignored.

Example 5.5.1 below illustrates the general decision problem. Given two
-numbers A and B, this program will branch to instruction 100 if B is greater
than A; will brangh to instruction 200 if B is less than A; or will proceed to
instruction 23 if B equals A. This program takes advantage of the fact that

zero will always be positive following an arithmetic operation.
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No. Command . Comment

o0 .| RCL

01 3 A

TR

o3 | R A

04 | RCL

s | 4 B

6 | -g | A-B

0 | TsW N w s
10 | TP | neaatie

3! - }Ggh;me

g Q P Ruk

T oy 2l T
WL e RS
15 Behl == =
1] Tsw Nfw o

17 ThA P f! neas e

20 [ER A et ol

21 o TRA

22 o :

23 CL Ry TR e :

24

25 ! ,

26 ' |

27 E

Example 5.5.1

Conditional Branching

Example 5.5.2 below illustrates branching, conjitional looping and the
use of a sub-routine. Two separate but related programs are shown in the
example, The_firét program, starting at instruction 00 will calculate N!
Where N is entered from the keyboard. The second program, starting at
instfuction 13, caiéulates 1/(A+ 2)! Where A is entered from the kéyboard.
Both programs use a common sub~routine which calculateerI The sub-routine

performs (N-1) loops before returning to the main program.
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Notice that the loop in the sub-routine must use the CSS command rather

than the JMP command so that the return address to the main program will not

be lost.

No. |Command Comment No. Commandr Comment
00 | TTC 40 | ¢y g
o1 CES 41 + R N
-02 o) 42 | RpE>W
03 <Td INRPUT N 43 NT
04 | IME 44 !
05 4 45 -2,
06 3 46 62 B 1
07 | ImP i P
10 O ) 50 1
11 EQT 51 +
12 52 TS0

e 53 | CsS
14 ces 54 A
15 0 55 2
16 | <IJ [ INpYT A 56 | Lbw
17 CL e 57 !
20 R B 60 | A= Ml
21 2 61 R
g2, g LA R 62
23 | TP 62
24 A 64

: . 25 (3] ' 65

R TS R
TR &
30+ 1l 70
31 2 ] 7
32 EaT : 72
33 73
34 74

35 15
36 1 ik 76
37 17

Example 5.5.2

Branching, Looping and Sub-routines
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5.6. Storage Indexing

The method for accessing storage registers directly by address was covered
in. Section 5.4 A second method will be described here which permits indirect
access to registers and allows for automatic indexing.

Suppose, for instance, that it is desirable to store a list of twenty
numbers, whiéh are to be entered from the keyboard. Suppose further, that
the first number is to be stored in register 2 and that successive numbers
are to be stored in successive registers. The procedure tg accomplish this
is to specify the starting point using the LSA command, then‘to issug store
commands without addresses. The computer will recognize that the address is
miésing, look up the prearranéed address, use it, index it, and return it to
memory for further use. These prearranged addresses, the so-called "store
address" and " recall address'" are held in the reserved portion of memory. -

Example 5,6.1 below illustrates a routine which aécepts twenty key-

board entries, stores them in sﬁccessive registers starting at S2 and -
automatically procegds on with the program after the twentieth entry.

Example 5.6.2 below illustrates a roﬁtine which will multiply the contents
of régisters 10 through 17 by the contents of register 6, replacing the

original contents of each register by the respective product.
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[ N Command | Comment

No. | Command Comment L
0 | LSA |40 | Lpa
01 9, 41 !
26 B gy S 42 Q
03 75 . 43 LS
04 'e) ! 44 |
05 - R 45 )
06 TG 4 | CL R
0 | ecs ]
10 Q 50 | -R
11 | CTU | ¥E ENTRY ML £
12 TR 52 BT
13 | Lbw 53 | RCL
14 l 54 b |
15 | + S VES i
16 | TSW . 56 | grp |
) 17 TP 517 LD l
‘ 20 b 60 {
R e e 61 -+
22 = S 82 | TSwd
23 63 TP
24 - 64 5
25 65 |
26 ; T e e
27 67
Example 5.6.1 Example 5.6.2
Storage Indexing Store and Recall Indexing
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5.7 Input-Qutput Control

I/O control programming is very straightforward. If the program requires
data input from a particular device, instructions are issued to assign that
device as the input channel. If that input itself has a number of inputs or
sub-channels, as in the case of a scanner, then sub-channel address commands
are also used,

To direct the input data into the arithmetic unit, the READ command is
used. In this case, the data must have a fixed format as described in

r
Section 4.3

To direét the input data to another unit, such as the memory, the second
unit must be addressed as output; using sub-channel addressing if required.

Once assignments of input and output are made, they remain in force until
a new assignment is made. (The CLEAR ALL key also disables input-output assign-
ments.) Information is tramsmitted from input to output using the TRA or SDT

commands, or from input to the arithmetic unit using READ or from the arithmetic

unit to the output using WRITE.

Suppose the teletype reader contained a data tape which held the number

+123.456, the tape would be punched as follows:

Ao i e o 00 © A
! e e® © @ A9
4 : 000 Vs
72 @ 0 ¥ © & 0 00 S 0 00O D0G0EEO00C0OCEO OO0 OSCE D
00000000 © &
000DE000 © %

e6 @ Ll R

3:0°1 2.3 49 5.6 EOT X-0FF SPC
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For purpose of illustration, example 5.,7.1 shows a routine which will
read the tape into meﬁory (7), loading it into locations 100 through 110,
then read the data from memory (7) into the arithmetic (1), then write the
data from thé arithmetic (1) back out to the teletype (6). The space
occupied by the data in'membry is also shown. Notice that the EQOT is the

last code registered in memory as a result of the transfer.

No. Cemmand Comment No. Command Comment
40 | 1CH } 00 L5
41 L L or o1 Q
42 | OCS || Tpp=T 02 I
43 i { 03 1
44 0SS }PAEng( 04 3
45 i 05 4
46 0 i 06 S :
47 O ! 07 G
s0 | TRA U 10 | EQT
51 LG 11 '
e e 4 | nacgncty| 12
53 1 4ss M oime 13
54 1 ’1 AL 14
55 9 ¢ 15
56 il 16
57 | RD { 17
8L 0es |1 R, |20
[ e b § s 21 i
62 | wWRT |} T 29
63 R 23

Example 5.7.1

Input-Qutput Control

Information may also be transmitted one character at a time by using

the SDT command. This is illustrated in the next section.
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5.8 Formatting

A general formatting sub-routine is available for the 4000. This dis-

cussion is intended to illustrate the mechanics of formatting typewritten

data on the teletype.

In the example below is a sub-routine which prepares a specific format

of the form xx.xxx, with two digits before and three digits after the decimal

point. Upon entering the sub-routine, the data to be typed is in the

arithmetic W register.

The first portion of the program, steps 0 ® 11 serve to align the decimal

point and round off the number after the third decimal place. This operation

in effect moves the five digits to be typed to the right end of the W display,

automatically
Steps 12
locations 100
occupy spaces
5 Steps 21
Steps 34
command.

Steps 44

steps 50

rounding off due to the x = operation.
#» 20 then transfer the entire W word into memory, filling

120. At this point, the five digits to be typed are known to

W

73 13

e

33 add "space" and "EOT" codes into 114, 115, respectively.

3 43 cause the first two digits to be typed, using the SDT

+ 47 type the decimal point.

54 transfer the remainder of the word to the teletype.

L
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AP, B

No. |[Command | - Comment No. &;:rnmand Comment No. | Command Comment
00 | todd N 40 s Tt 100 deg, ot
01 . | 41 bix 01 S
02 0 || puign 42 | <y DS 02
2 | o, |l s s 03 z
04 0 | 2oumt a8 ¥SS ¥ ey ot 3

05 O [ ose = 5 ou o .
06 S 46 e TR s
07 Q | a1 ' Aul PO e «
10 ! 50 | ASS TehnsEiel 110 0 1
11 N 51 ! 1" % 3
19 OCS '\ 52 { 19 . g
13 i Tpansfen 53 ! WOR 13 X 2
14 | Q%% To 54 E 14 o "
15 \ F O METADSY 55 BeTURM 15 4
16 19 ‘ 56 A 16 1y
17 ) i 57 SPC 17 l;
20 way 60 cToT 120 £ol
21 QsS 3 61 21

29 ! LD 62 29

23 1 Do ome 63 23

24 ¢§ - { 64 24

25 L as iox o7 65 25
26 | 66 26

27 s< ! 67 27
w | o || 70 30

31 5 ; 7 31

-39 1 } 72 32

33 | TeA | 73 33

34 | OCS L S

35 & 53z o 75 35

i e B 0T 2e 36
37 77 37

Example 5.8.1

Formatting
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5.9 Reserved Storage

Storage registers zero and one are reserved for internal machine use.
In these are kept the program address, return address, write address, read
address, recall address, and étore address. These addresses are used by

the machine as follows:

5.9.1 Program Address

A program counter is used to address program inéfructions in-sequence.
This same counter is also used to control transfer operations and store -
recall operations; When one of these diversions interrupts the normal
counting sequence of the program counter, the program address is saveq in
reserved storage. Then when the required operation is compiete, the program
address is retrieved from storage, loaded baqk into the program counter, and
the program continues.

5.9.2 Return Address

When a JMP operation is executed, the address of the next instruction
following the JMP operation is saved as the "Return Address'. The program
counter then brénches to the address specified by the JMP command. If a RTN
cémménd is then executed, the "Return Address" is retrieved, loaded into the
program counter, and the program resumes,

5.9.3 Write Address

The "Write Address" is the address used by memory when executing a TRA
operation as output. It is loaded by an 0SS operation when memory is output.

It is automatically updated following a transfer.
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5.9.4 Read Address

The "Read Address™ is the address used by memory when executing a TRA
operation as input. It is loaded by an ISS operation when memory is input.
It is automatically updated following a transfer.

5.9.5 Recall Address

The '"Recall Address" is used by memory when a "Recall'operation is
executed without a fixed address., The "Recall Address" is set by the LRA

command, and is automatically indexed after each use,

5.9.6 Store Address :
The "Store Address'" is used by memory when a "Store'" operation is executed
without a fixed address. The "Store Address" is set by a LSA command and is

automatically indexed after each use.

6. USING RESERVED STORAGE

The addresses held in reserved storage are all in octal hotation. They
are cargfully assembled so that they may be regalled into the W register and
used by fhe programmer .

Specifically, register O holds the "Program Address,'" "Return Address," and
"Read address." If the program address were 123, the return address 1046, and
the read address 475, then following a recall of register zero, the W register

would have the following contents.

+ XX 0123 1046 0475

(program address) (return address) (read address)

46




The sign, decimal point, andrfirst two digits are meaningless but they
may be set, if desired, by a normal store operation, and will not be changed
by the normal operation of the machine.

Similarly, register 1 holds the write address, recall address and store
aédress. If these were 0500, 6, 15, respectively, then following a recali of

register one, the contents of W would be:

1
+ XX 0500 0060 0150

/

(write address) . (recall address) (store address)

(Notice that the least significant digit iﬁ the store and recall address
is always zero, i.e., that the address is shifted relative to all other addresses.)
The programmer is free to use reserved storage as desired, but care must be
taken with registér zero so as not to upset the program address.
Example 6.0.1 below illustrates a techniﬁue for manipulating register one
in order to index two sets of recall operations simultaneously. This is_done'
by using twe recall addresses, holding the currept one in register 1 and the
alternate in register 2 or-3. By swappiﬁg the contents of 1, 2, and 3, it is
possible to index two recall lists. This technique may of course be extended.
The example illustrates summing two rows of a matrix and depositing the sums

in a third row.  FEach row contains eight terms.
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Cor;r;mzni

No. |Command Comment No. Command Comment : Neo. 5 .Command Comment No. Command

0 | (L L D voop ] 2 |l swaAP 00 20

L S s L S 41 | el Y aesuw o 41

02 -L || 42 kS 02 42

03 | LA ) cex 43 TR 03 43

04 | RECRLL 44 { B 04 44
08 0 ADDESS, B SIR &33 i i

06 | RCL |f sous 46| Lpw |y 06 46

9 \ 1o i ! | pecpement 07 41

10 | STQ <2 SR B 10 50

1 prAas | L L S 1 51

12 LA 1 ces o nd 592 IrAP ] r_sr;;'r?j 12 52

13 2 .5 RECALL 53 2 : B 11T i3 5

14 C | ropesst B4 o | 14 54

A LSl sigae ] B D 15 55

16 2 | ~ovpoy] 56 ‘e 16 i

17 sl 57 17 57

2 | QCL 0yt 60 20 60

ey § 61 21 61

29 L0 T 62 29 62

22 | @eL & 63 23 63

24 { S AP 64 24 64

oad | SRy - Hlipecady 65 25 65 |
26 3 | Aovomses| 66 26 66 '
e L F 67 27 67

30 ) 70 30 70

31 SV i 31 71

32 { i 72 32 72

33 | PCL (18 73 33 73 ‘
34 st S S R LT 74 34 74 ]
35 el 75 35 75 i
36 \ 76 36 76 |
37 S gl 77 37 77

Example 6.0.1

Use of Reserved Storage
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7. OPERATING PROCEDURES

7R Interéonnections And Turn-On Procedures

The system components should be interconnected as shown in Figure 7.1.
Notice that each cha%sis in the system rack has its own power switch and
fuse, and that each plugs into the main rack power strip. The main power
cord is connected to a 115 volt, 60 cycle, single-phase power outlet. Power
must be off while connections aré being made.

Once all connections are made and power is turned on, there is no reason
why the electronics should not be left on continuously. The power required
by the syétem circuitry is less than that required by a few household lamps,
and there are virtually no parts which will wear outt The teletype machine
should, however, be turned off when not in use. (See Section 7.2)

Each of the system chqssis has a power indicator lamp on its front panel
which indicates that the in?ernal 1ogic supply (-12 volts) is operating.

Individual fuse ratings are stencilled above the fuse holders on the rear panel,.

The keyboard receives its power from the arithmetic unit, to which it connects.

See Section 7.3)
Each of the chassis may be turned on or off without affecting the other

chassis,

7.2 Teletype Controls
The Teletype Model 33 ASR console is shown in Figure 7.2.0. The power switch
is located at the lower right front corner of the unit and is labelled LINE-OQFF-

LOCAL. When the machine is not in use, the power switch should be left in the
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OFF position. For operation with the computer, the power switch should be
left in the LINE position. To use the teletype independently, the power
switch should be set to LOCAL.

7.2.1 Punch Controls

Four control buttons are located on the punch unit, just in front of the
paper tape réel.

7.2.1.1 The REL pushbutton disengages the paper advance mechanism,
allowing easy threading or removal of the paper tape.

7.2.1.2 The B. SP. pushbutton backspaces the tape by one character
allowing the character just punched to be deleted by use of the RUB OUT key.

.7.2.1.3 The LOCK ON and UNLOCK pushbuttons control operation of the punch,

in association with the TAPE and FAPE keys. With the UNLOCK button engaged,
punching may be initiated by holding down the CTRL key and pressing the TAPE
"key. To inhibit punching, press CTRL and ¥APE. The TAPE and TAPE commands
may of course also be issued by the computer.

7=2.2  Readerl Gontrol

The reader is located directiy in front of the punch unit. Located on the
reader is a three-position switch labelled START-STOP-FREE. This switch is
normally left in the STOP position, even when reading is to be controlled by
the computer. With the switch on STOP, reading_may be initiated by holding down
the CTRL key and pressing X-ON. Once the reader has staftgd, it can.only be
stopped by an X-OFF code appearing on the tape, or by moving the reéder switch
go FREE, or by liffing the reader cover. The X-ON command can of course be

issued by the computer,
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The FREE position disengages the ;eader mechanism, allowing the tape
to be pulled ffeely tﬁrough the £eader.

The START position manually forces the reader to operate, and is useful
for duplicating tapes.

The reader is interlocked so that it will only operate when tape is
present. To load the reader, release the clear plastic 1lid covering the
read station by moving the latch at the right. Place the tape in the reader,
bging sure that the sprocket teeth engage the tape feed holes, and close the
cover. The tape advances through the reader from the rear towards the front.

7.2.3 Teletype Keyboard

The teletype keyboard serves several purposes. Its keys may be used to
provide typewritten information, to punch paper tape and to send data to the
computer. The keys also control the operation of the teletype unit itself.

The CTRL key is used to initiate control operations. Its use is similar
to that of the standard SHIFT key. Certain codes involve use of both the CTRL
and SHIFT keys. For instance, punchingvis enabled using the CTRL and TAPE keys
or disabled using CTkL and PAPE. Printing may be suppressed using CTRL-Y and
reactivated using CTRL-X. Teletypé code tables provided .in the appendix des-

cribe all necessary operations.

7.3 System Keyboard Controls
The keyboard console diagram appears in Figure 7.3. The keyboard unit is
described in detail in Section 2.2

The ON switch controls power to the keyboard only. It is normally left in
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the up position,

The STEP-AUTO tpggle switch ;ontrols program operation. In STEP the
computer will execute a single instruction each time the associated STEP
pushbutton is pressed. In this mode, the code for the command just executed
can be read on the 8 bit lamp display. In AUTO the program will run
automatically.

CLEAR ALL automatically resets all input, output, and control assignments,

and establishes the keyboard as system control element. The CLEAR ALL key -

should not be used while a program is running in AUTO, as it may cause program

information to be lost. The CLEAR ALL key clears all arithmetic registers but
does not alter the contents of memory.

The eight code switches are used for testing standard cédes and to generate-
busline codes for which no specific key exists. After the code pattern is set
into the switch bank, the STROBE key is used to execute the operatién. A
switch in the up position specifies the presence of a code bit.’

Notice that certain keys contain two code designations. The lower designa-
tion, in black, is the normal operation provided by the key. To obtain the
upper operation, specified in red, hold down the SHIFT key, then press the
appropriate key.

The ACK key generates a busline ACKNOWLEDGE pulse.

Lamps are proyided to show the status of the buslines. Lamps also show when

the KB is input (I) or control (C). Lamp S shows that the "STROBE" signal is on.
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7.4 Loading Program Through The Keyboard

New-programé are generally loaded into memory through the keyboard.
Once the program has been tested, a tape is punched from memory to preserve
the program for later reentry,.when needed.

The procedure for loading the program is to assign the keyboard as
input, the memory as output, and to specify where the fi?st instruction is
to be. A transfer (TRA) command will then esfablish a direct link from the
keyboard to the memory, and the program can be keyed in. The final instruction
in the program should be EOT, which will terminate the loading procedure. This

addressing sequence is keyed in from the keyboard as follows:

CLEAR ALL

ICS
0 } SELECT KB AS INPUT

0CS
7 } SELECT MEMORY AS OUTPUT
0SS } ; SELECT LOCATION OF FIRST
0 INSTRUCTION

. TRA

Once this is accomplished, notice that the keyboard "I" (input) lamp
is on and that the memory control OﬁTPUT lamp is og. Notice also that the
MEMORY ADDRESS display is set to zero. To ioad program, the operator simply
presses fheAapp£op£iate keys—accbrding to the program shget.

As the program.is keyed in, the MEMORY ADDRESS display will always show
the address of the instruction just entered. Therefore; after instruction zero

is keyed, the display still reads zero, and after instructions 1, 2, 3, 4 have
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been keyed, the display will read 4. It is advisable to check this display
from time to time, particularly when entering a long program, to guard
against errors in the loading process. A convenient way of doing this is
to check the display after entering the lést instruction in each column of
the prﬁgram sheet, at which time the count should aiways end in 7 and the
three rightmost lamps should be on.

If . a mistakg is detecte&, simply pfess EOT to end the transfer procesé,
then address the point at which the correction is to be made (or the

beginning of the column in which the mistake occufred) by keying.
J& g 3
ISS
X : ADDRESS WHERE PROGRAM ENTRY
X

X
TRA

IS TO RESUME

then continue entering the program from this point.

If the program being keyed into memory contains EOT codes, as would be the
case if alphanumeric messages were stored as portiQns of_the program, simply
press TRA to continge loading after each EOT 1is entered. This is necessary
since EOT automatically terminates the loading process.

Alﬁhabetical information, or commands for which there ére no éeys, ﬁay be
entered using the code switches with the associated STROBE keonr by using
the teletype keyboard after éddressing the teletype unit as input device.

7.4.1 Instruction Modification

To change a single instruction, anywhere in memory, press:
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CLEAR ALL

Igs } KB IS INPUT
S 1
O(; } A MEMORY IS OUTPUT
O;S ADDRESS OF INSTRUCTION
e TO BE MODIFIED
5 (OR FIRST INSTRUCTION OF
= A SEQUENTIAL LIST TO BE
MODIFI ED)
TRA

then enter the new instruction (or the new list of sequential instructions),
then press CLEAR ALL. Use of the clear all command ends the transfer operation
without affecting the instruction which follows the one just modified, If EOT

is used, it will replace that next instruction, and disrupt the program.

7.5 Program Operation
Once the program is loaded into memory, it may be started by assigning
: .
control to the memory unit, specifying where the program is to begin, and
pressing the CTU key. The commands to accomplish this, which are issued from
the keyboard are:
CLEAR ALL
CCs
SET MEMORY AS CONTROL

7

X
(1 TO 4 DIGITS)

CSS
} LOCATION OF FIRST INSTRUCTION
X

CTU

If the STEP-AUTO switch is .on AUTO, the érogram will run automatically.

59




In STEP, the program will execute one instruction each time the STEP key
is pressed,

To stop a program, move the STEP-AUTO switch toVSTEP. Pressing CLEAR
ALL will return control to the keyboard. To restart the program, use the
addressing described above if CLEAR ALL has been used, or simply set STEP-

AUTO to AUTO, if the memory is still in control.

7.6 Debugging

The STEP mode is useful in troubleshooting new programs. Using the step
mode, it is possible to walk through the p;ogram, seeing the results at each
step on the keyboard display.

In addition to the W register display, the operator can see the code of
the instruction just completed, This code appears on the keyboard lamp dis-
play as well as on the OUTPUT BUFFER display of the Memory Control chassis.
.Also, the MEMORY ADDRESS display will show the address of the next instruction
to be performed,land the MEMORY BUFFER display wiil show what that next instruc-
tion is.

When stepping through a program, the operator will notice what appear to
be blank instruction codes occurring after each address sequence., This is a
normal function of the address operation. When such blanks appear, simply
i::r'ess the STEP key to proceed.

To change an instruction, or list of instructions, is quite simple. Refer
to Section 7.4 for details. However, adding instructions within a program is
cumbersome because all of the instructions following those added must be mov_cd.
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One way of overcoming this is to remove some instructions from the area to

be modified, then add a JMP sequence to branch the program to a modification -
routine. The modification routine then returns or jumps back to the main
-program, It is also possible to punch out the faulty program, make médifications
by editing and reproducing a new tape on the teletype machine, then re—énter

the program from tape.

7.7 Preparing Program Tapes

After a program has been keyed intormeméry, debugged and'testéd, a tape
should be punched to preserve the program. The readout routine for punching
this tape is in paragraph 7.7.é.

7.7.1 Preparation of Headings

It is often desirable to preface the program tape with headings, titles or
operator instructions, This information will generally not be wanted in memory.
Before dumping the program from memory into paper tape, this preface should be

prepared manually from the teletype keyboard. Use the following procedure:

7.7.1.1 Turn LINE-OFF-LOCAL to LINE.

?.7.1.2 Activate punch with CTRL, TAPE keys.

7.7.1.3 Prepare a blank tape leader using the HERE IS key.

T L Enfe%lthe STRGéé code by holding down CTRL and SHIFT and pressing N.
7.7.1.5 Enter the PRINT code by holding down CTRL and pressing X.

7.7.1.6 Type the headings and titles as desired.

7.7.1.7 Enter the PRENF code by holding down CTRL and pressing Y.

7.7.1.8 Enter the STROBE code by holding down CTRL and SHIFT and pressing O.
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7.7.1.9 Enter a blank sectiqn by pressing HERE IS.

When the program tape is read by the computer, the "STRG%Ef code prevents
“the preface informati;n from being sent to memory. Then after the headings
‘are typed, the STROBE command allows the remainder of the tape to be read.
- The "PRENF" code prevents the program portion of the tape from being typed out.

7.7.2 Punching Tape From Memory

After the preface portion of the tape has been prepared manually, the pro-

gram is transferred out with the following keyboard commands:

MEMORY IS INPUT

) ICS }

5 $ 7
1SS
i LOCATION OF FIRST INSTRUCTION
X
0Cs
= }' ; TELETYPE IS OUTPUT
TRA

The last code transferred wili be EQT. If EOT appears moré tﬁan once in
lthe memory, the dumping process will stbp after each. After each EOT, enter
the X—OFFrcode on tape from the teletype keyboard, by holding déwq CTRL and
pressingVX—OFF.

Then press "HERE IS" to provide a blank portion of. tape, ard resuﬁe the
‘program output by simply pressing TRA on the system keyboard.

After the final'EOT is transferred to tape, enter the PRINT code, by holding
CTRL wpilé pressing X, before entering X-OFF as above. This activates the type-‘

writer for possible program output. A final HERE IS will complete the program

tape.
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7.8 Loading Program From Tape

To read a program tape into memory, the following procedure is used:

7.8.1 Teletype LINE-OFF-LOCAL to LINE.

7.8.2 Load tape into tape reader by releasing plastic cover, placing

tape so that feed holes engage sprocket teeth, closing cover. Tape advances

toward front of reader.

7.8.3 Set reader START-STOP-FREE switch to STOP.

7.8.4 From system keyboard,
ICS
s
oCs }
7
0SS
X

X

TRA

press

TELETYPE IS INPUT
MEMORY IS OUTPUT

LOCATION OF FIRST INSTRUCTION
(1 TO 4 DIGITS)

7.8.5 1If tape stops before end, press TRA again. Repeat if necessary

until entire tape is read into memory. After the program is loaded, it may

be started as described in Section 7.5.
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Al SERIES 4000 CODE LIST
i CODES 00-37
TELETYPE OPERATIONS
G *
B OCTAL PROGRAM  OPERATION 5 TELETYPE
‘- CODE NOTATION , : ; i3 "~ - CHARACTER
C 000 e
- 001
002
€ 003 o : _ :
: 004 EOT END OF TRANSFER CArEO T
: 005 ' ' : ' d
e 006 ,
weany
010
S e ) T
012 LF LINE FEED : " LINE FEED
013 = _ :
oy & 1R FORM FORM - FEED G CErORN
015 CR CARRIAGE RETURN RETURN
o 016 : ' §
(, 017 :
o 020 :
: 021 X-ON START READER C X-ON
e 022 TAPE ENABLE PUNCH G . TAPE:
: 023 X-0FF STOP READER - C  X-OFF
024  -FAPE-- DISABLE PUNCH - C -TAPE-
O 025 =y £F o ,
026
027
T 030 PRINT ENABLE TYPEWRITER Rl
: 031 ' -PRINT- DISABLE- TYPEWRITER e -
032 - SSR "SINGLE STEP READER C Lz
@) 033
' 034
035 - , :
O 036.  -STREIE- DISASLE STRO3E CS N
037 STRORE ENASLE STROSE g8 S
O
® |
: : USE CTRL KEY
:+ USE SHIFT KEY
C P N
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SERIES 4000 CODE LIST R
C CODES 100-137 : )
SYSTEM OPERATIONS :
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i :
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& ‘OCTAL PROGRAM OPERATION - - TELETYPE
CODE NOTATION _ Pors CHARACTER
C S K :
101
% 102
Edacs 103 CTu CONTINUE ; C
Ag 16 FTE TEMPORARY TRQNSFER OF CONTROL D
105 '
g 106
107 i ]
110 -t CS 'CONTROL CHANNEL SELECT ~—~——;igg;
111 CSS. CONTROL SUB-CHANNEL SELECT - 1
112 108 INPUT CHANNEL SELECT J
: 113 185 INPUT SUB-CHANNEL SELECT K
C 114 0cSs OUTPUT CHANNEL SELECT L
i 115 0SS OUTPUT SUB-CHANNEL SELECT M
. RTN RETURN a N
) 117 JMP JUMP 0
120 SDT SINGLE DIGIT TRANSFER cP
4 5 =T TRA TRANSFER Q
& 180 LDW LOAD W R
123 WRT VRITE S
: 124 " RD READ T
O : 125 TSW TEST SIGN OF W (SKIP ON +) U
‘126 :
127 o fod
% 130 STR "STORE X
A e RCL RECALL 5 ¥
A 132 LSA LOAD STORAGE 'ADDRESS . Z
i 133 LRA LOAD RECALL ADDRESS SR
134 :
y — 135
C 136 :
i PeRR g f
& 5 S : USE SHIFT KEY
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