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PREFACE

This manual is a guide to programming the PB250. Although a great
deal of this material is similar to that which is included in the PB250 Re-
ference Manual, it is presented here in more detail. The information pro-
vided in this manual will be useful in actual programming operations. Sup-
plements and modifications to this manual will be published as a series of
Programming Notes to be distributed to personnel possessing Programming

Manuals.
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I. GENERAL PB250 CHARACTERISTICS

1.1 INTRODUCTION

The Packard Bell PB 250 is a high-speed, completely solid-state gener-
al purpose digital computer in which both the data and the commands required
for computation are stored in a homogenous memory. The storage medium is
a group of nickel steel magnetostrictive lines along which acoustical pulses are
propagated. At one end of each of these lines is a writing device for translating
electrical energy into acoustical energy. At the other end of each line is a read-
ing device for translating acoustical energy back into electrical signals. By re-
writing the stored information as it is read, information continously circulates
without alteration, except for alterations which result from the execution of the
computer program. Use of the optional battery power supply will preserve

memory information even during power interruptions.

1.2 MEMORY ORGANIZATION

The memory of the basic PB 250 contains ten lines, numbered octally
(base eight) from 00 through 11, which may hold both data and instructions.

Each long line, 01 through 11, colntams 256 (decimal), or 400 (octal), locations,
_—

also called sectors, that are numbered 000 through 377. Note: All sector and

line numbers are given in octal notation throughout this manual. Since the infor-

mation in any location can be either data or a command, the generic term"wd"
is used to cover both. The location of any word is specified by a sector and line
number (SSSLL), and these together are called an address. Line 00 1is a 16 -
word Fast Access Line. Since line 00 is 1/1% the length of a long word line, any
unit of information contained in it is available 16 times during each complete
circulation of the 256-word lines. Any word in the Fast IAccess Line is identified

by one of 16 channel addresses ( see Recirculation Chart, Appendix D). Line 00
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channels are designated F0O through F17. For example, channel F00 of the
line 00 can be identified by the following #ddresses: 00000, 02000, 04000,

Fifty-three additional lines, each of which may have from one to 256
words, can be added, These lines are numbered 12 through 36, and 40 through
77. Line number 37 is used for the Index Register, If all of the additional lines
are used, and if all hold 256 words, the memory capacity of the PB 250 is ex-
tended to 15, 888 words. The PB 250 cabinet can hold a total of 16 lines.

Commands can be executed only from lines 00 through 47; these lines

are therefore designated '""Command Lines. "

1.2.1 Data Word Configuration

Every number stored in the PB 250 is represented by a series of
pulses which correspond to a series of zeros and ones that are the digits of the
binary number system. The term ''binary digit'" is usually contracted to the

word '"'bit. ' (A discussion of binary numbers may be found in Appendix A.)

A number stored in a location in the PB 250 consists of twenty-one
bits that represent magnitude and a twenty-second bit to indicate sign. A nega-
tive number has a one in position zero, whereas a pogitive number has a zero
in position zero. Negative numbers are expressed in their 2's complement
form. (A discussion of complementary arithmetic may be found in Appendix

A.) Figure 1-1 shows a PB 250 data word configuration.

0o-1 2 3 4 5 6 7 8 9 10 11 ‘12 13 14 15 16 17 18 19 20 21

Figure 1-1. Data Word Configuration

These 22 positions are sufficient to represent a 6-digit decimal number.
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Larger numbers may easily be represented by using the double precision

features of the computer.

1.2.2 Arithmetic Registers

Three arithmetic registers, A, B, and C, are provided for arithmetic’
operations and information manipulation. Each register has exactly the same -
format as a memory location, including the sign, and all are available to the
programmer. Double precision commands treat A,and B as a double-length
register. The contents of a register may be tested for non-positive values or
compared against the contents of any memory location. In addition, infor-
mation may be interchanged between A, B, and C. A record may be kept in

one register of operations performed on the others.

L. 2.3 Index And Buffer Registers

Both the Index and Buffer registers are part of special one-word regis-
ters. When loading the A, B, or C registers from either the Index or Buffer. .
registers, suitable masking should be employed to avoid reading extraneous

information.

1.2.3.1 Index Register

The Index register, which is part of the machine Instruction registe_i_’ .
(see Figure 1-2), stores a line number for use with commands which have an
Index Tag of one. When used, the contents of the Index register replace the
line number of the address in the command. This replacement is made during
the reading of the command, but does not change the command as its stands in B
memory. For example, if the contents of the Index register are 01, then in

the execution of the following program step:

OP Code Address Index Tag
ADD 03204 1
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The contents of 03201, instead of the contents of 03204, will be added to the

contents of the A register.

Line number 37 is reserved to designate the Index register.
Addresses 00037 through 37737 all apply to this register, and bit position 16
through 21 are the useful positions for the line address. Thus, a STA into
line 37, any sector, places bits 16 through 21 of A into the Index register,

bits 16 through 21.

0 78 15|16 21
Operand Sector Counter indbx
Sector For Next Register
Counter Command

Figure 1-2. Index Register

The term ''effective address,' as used in this manual, means the
actual location referred to by the computer when executing a command. In the
event that the Index register is used, the effective address consists of the sector
address specified by the command, plus the line address stored in the Index

register, which replaces the line address of the command.

1.2.3.2 Input Buffer

The Input Buffer is part of the machine.Sector Counter (see F“igure
1-3). It receives the input from the Flexowriter and can accept up to aﬂ
eight-bit character. This entry is logically accumulative for each bit of the
character, requiring that the buffer be cleared before each input. The Input
Buffer is enabled to accept information %y either a READ TYPEWRITER
KEYBOARD or a READ PAPER TAPE command. The single character sent

by the reader, or provided by the depressed typewriter key, is loaded into
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the buffer and, upon completion of buffer loading, the computer is signaled
by the Flexowriter. This action requires a period of time during which it

is possible to execute a large number of commands.

0 718 15 |16 21|G|P
Sector Sector
Counter Counter i
N e J
Figure 1-3. Input Buffer  Input Buffer
1.3 COMMAND WORD CONFIGURATION

As previously described, information in any memory location may
be either data or a command. When the information is a command, it has a
definite configuration, or format, as illustrated in Figure 1-4.

0 1 2 3 & 5 6 7 8 910 111213 141516 1718 19 20 21
|
[

’ . { ' '
ey o B i { 1 :

Sector Address } Op Code le— Line —v-l 3
ex

Add ;
Seq. Tag ress In

Figure 1-4. Command Word Configuration R
o

Each subdivision, or field, of the command word is uniquely identified. The E
subdivisions are the sector address, sequence tag, op code, line address,
and index tag fields. There will be frequent references in subsequent
descriptions, to the address field of a command. Although the address is
made up of a sector number and a line number, these numbers are not
contiguous in the command format. The address field, however, is considered
as a single entity. The address 03204 refers to sector 032 line 04. The

contents of the address field in a command do not always designate a memory

location.
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For example, the shifting commands use the address field to indicate the

number of positions to shift.

The sequence tag field may contain either a one or a zero, and

its use is detailed in paragraph 1.4 "Command Sequencing and Timing."

The op code field contains a numeric code which specifies one of

the PB250 commands.

The index tag field may contain either a one or a zero. When a
one is placed in this field, the contents of the Index register are used
(see paragraph 1.2.3.1); a zero in the field indicates no use of that regis-

ter.

Bit position 20 contains a one only when referring to 2 line address
of 40 or greater. For example, an LDA command referring to sector 30,

line 42, has an address of 03042 and appears as shown in Figure 1-5.

oo 05 ¥ =~

21

olofo|1|1]|0]|o0|lO|O|O|O|Of)2|O|1|OfO|O|Ll|O|Ll]}O

- T §
-

Figure 1-5. Typical Command Word

1.4 COMMAND SEQUENCING AND TIMING

The PB250 reads and executes commands from the circulating com-
mand lines, The words of the long liries are read serially in sector address
sequence (000, 001, 002, --- 376, 377, 000, 001, ---). The time for each
word to pass through a reading device is 12 microseconds; therefore, the time
for all 256 words of a long line is 3072 microseconds. The performance of

each command involves four phases:
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Phase [ Wait to read next command.

Phase [I Read next command.
Phase III Wait to execute command.
Phase 1V Execute command.

For example, a command 00001 to store A in 03004 will be read
(Phase I1) in sector 000, held for execution (Phase III) in sectors 001 through
027, executed (Phase IV) in sector 030, and held while waiting to read the
next command (Phase 1) in sectors 031 through 000. Phase II will follow in.

sector 001, causing the next command to be read from location 00101.

There are four classes of commands in which the nature of Phase IV
differs. A tabulation showing the class into which each command falls is pro-

vided in Table 1-1. This tabulation is referred to extensively in Section II

of this manual.

1.4. 1 Class 1

In this class of commands, execution always follows the reading of
the command by skipping Phase III. The sector address of the command is
used to designate the first sector. number in which Phase IV is discontinued.
This class of commands consists of all those which require an extended inter-
val of execution, such as block transfer, shifting, and multiplication. The
execution time for this class of command varies with the required duration.
For example, block transfer requires 12 microseconds per word, shifting

requires 12 microseconds per bit, and multiplication requires 12 microseconds

per multiplier bit.

1.4.2 Class 2

In this class of commands, execution is always completed in the
sector specified by the sector address of the command. This class consists

of all one-sector operations such as load, store, add, and clear. All com-

! 1t
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mands of this class require 12 microseconds to execute, - <& /AT 5 (#. 2-54)

'f.')’-J' | ,-r)," ¥ .’/;{;-f:‘-é';:! A =Z.

1.4.3 Class 3

a

o

Class 3 is an extension of Class 2 to handle double precision operations.
As in Class 2, execution always starts in the sector specified by the sector ad-
dress of the command, but the execution phase is always extended into the follow-

ing sector. All commands of this class require 24 microseconds to execute.

1.4. 4 Class 4

Class 4 consists of commands for conditional and unconditional trans-
fer of control. The condition for a conditional transfer is tested in Phase II
and, if the condition is met, the next command is read from the line and sector
number specified by the command. If the condition is not met, the command
directly following the transfer of control command is read. A conditional trans-
fer where the condition is not met, thus requires no execution time. The un-
conditional transfer selects the next command with no restrictions. The exe-
cution time, when control is transferred, is 12 microseconds per sector for the

interval between the transfer of control command and the next command.

| B Sequence Tag

With commands stored in sequential sectors, the indicated command
sequence will proceed at the rate of one instruction per (3072 + 12) micro-
seconds. To provide for a higher computation rate, a Sequence Tag of one may
be used in bit position 8 of commands in Classes 1, 2, and 3. The use of this
option will cause the next command to be read in the sector directly following
the end of the execution phase. For example, a command in 00001 to store A

in 03004 will be followed by the command 03101 if the Sequence Tag is a one.

1-8
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1.5 PARITY CHECK

Each memory word carries an additional position for an even parity
check. This position is not under program control and need not concern the
programmer in the design and coding of his problem. The parity check is
generated during the execution of the STORE and MOVE commands andis tes-
ted when loading the arithmetic registers, during adding and subtracting oper-

ations, and when reading commands.

Computation will stop on a parity error, and may be restarted by
clearing the parity flip-flop with the BREAKPOINT switch and the ENABLE

switch of the Flexowriter.

The actual PB250 word consists of 24 bits, of which 22 are acces-
sible to the programmer. A parity bit precedes bit position 0 (see Figure

1-1), and a guard bit follows bit position 21.



Table 1-1 (Sheet 1 of 3)

COMMAND CLASSIFICATIONS

Class 1: Executed Between Command Location and Address

Sector Number.

NORMALIZE AND DECREMENT
NORMALIZE

LEFT SHIFT AND DECREMENT
AB LEFT

RIGHT SHIFT AND INCREMENT
AB RIGHT

SCALE RIGHT AND INCREMENT
NO OPERATION
INTERCHANGE A AND M
MOVE LINE X TO LINE 7
SQUARE ROOT

DIVIDE

DIVIDE REMAINDER
MULTIPLY

SHIFT B RIGHT

LOGICAL RIGHT SHIFT

WRITE OUTPUT CHARACTER
PULSE TO SPECIFIED UNIT
MOVE COMMAND LINE BLOCK
BLOCK SERIAL OUTPUT
BLOCK SERIAL INPUT

N LA LT

NAD
NOR
LSD
SLT
RSI
SRT
SAI
NOP
IAM
MLX
SQR
DIV
DVR
MUP
SBR
LRS
woC
PTU
MCL
BSO
BSI

- LT

(20)*
(20)*
(21)*
(21)*
(22)*
(22)*
(23)
(24)
(25)
(26)
(30)
(31)*
(31)*
(32)
(33)*
(33)*
(6X)
(70)
(71)
(72)
(73)

(oot*

L
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Table 1-1 (Sheet 2 of 3)

Class 2: Executed in Address Sector Number

INTERCHANGE A AND C
INTERCHANGE B AND C
LOAD A

LOAD B

LOAD C

STORE A

STORE B

STORE C

ADD

SUBTRACT

EXTEND BIT PATTERN
GRAY TO BINARY

AND M&C

CLEAR A

CLEAR B

CLEAR C

AND OR COMBINED
EXTRACT FIELD
DISCONNECT INPUT UNIT
READ TYPEWRITER KEYBOARD
READ PAPER TAPE
READ FAST UNIT

LLOAD A FROM INPUT BUFFER
COMPARE A AND M
CLEAR INPUT BUFFER
HAET

MERGE A INTO C

IAC
IBC
LDA
LDB
LDC
STA
STB
STC
ADD
SUB
EBP
GTB
AMC
CLA
CLB
CLC
AOC
EXFE
DIU
RTK
RPT
RFU
LAI
CAM
CIB
HI=E
MAC

(01)
(02)
(05)
(06)
(04)
(11}
(12)
(10)
(14)
(15)
(40)
(41)
(42)
(45)
(43)
(449
(46)
(47)
(50)
(51)
(52)
(53)
(55)
(56)
(57)
(00)*
(00)*
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Table 1-1 (Sheet 3 of 3)

2z ——e
——— —-

Class 3;: Executed In Address Sector Number And

Following Sector,

ROTATE ROT (03)
LOAD DOUBLE PRECISION LDP (07)
STORE DOUBLE PRECISION STD (13)
DOUBLE PRECISION ADD DPA (16)
DOUBLE PRECISION SUBRACT DPS (17)

Class 4: Executed Between Command Location And

Address Sector Number.

TRANSFER UNCONDITIONALLY TRU (37)
TRANSFER IF A NEGATIVE TAN (35)
TRANSFER IF B NEGATIVE TBN (36)
TRANSFER IF C NEGATIVE TCN (34)
TRANSFER ON OVERFLOW TOF (75)
TRANSFER ON EXTERNAL SIGNAL TES (77)

* Asterisk indicates that the OP code has at least fwo meanings, depending
on the address used with the command. See Section II for a detailed descrip-

tion of the commands.
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II. PB 250 COMMANDS

2.1 GENERAL

b e | Command Structure

For each PB 250 command, a 3-letter mnemonic code has been devised.

These mnemonics are derived from an abbreviation of the command names and

are a convenient device for remembering the functién of the command.

When writing a command word, the language of the Octal Utility Program

(Appendix C) will be used. This language is the standard language for the com-

munication of programs. Thus, referring to the illustration of a typical command

word (Figure 1-2), the fields are written as fdlows:

a)

b)

d)

e)

Sector Address: Three octal digits specifying the particular sector

to be used (000 <SSS <377).

Sequence Tag: If sequence tag is present, a capital S will be written;
if no sequence tag is used, a blank space will separate the sector

address and OP Code.

Operation Code (OP Code): Two digits which indicate what command

will be executed,

Line Address: Two octal digits specifying the particular line to be

used ( 0 <LL <77).

Index Register: If the contents of the Index register are to replace
the line address, there will be a ca"pital I at the end of the command;
if the Index register is not being used, there will be a semi-colon

(;) at the end of the command.

The following two commands illustrate this procedure:



Note: The letters a,b,c,d, and e refer, respectively, to the sector ad-

dress, sequence tag, op code, line address, and Index register.
2412 Command Descriptions

In this manual, the notations A, B, and C will be used to refer,
respectively to the A register, B register, and C register, while M will be
used to refer to a particular memory location. Parentheses around the
letter indicate the contents of the register or memory location; e. g., (A)

refers to the contents of the A register.

The "contents of" always refers to all 22 bits of the appropriate
register or memory word, unless indicated otherwise by numerical
subscripts. These numerical subscripts tell to which particular bits refer-

ence is being made. For example: (A) 0-10 refers to bit positions 0 through
10, inclusive, of A; (]—?,)5 refers to bit position 5 of the B register; (01502);3_¢
sector 15, line 2, bits 3 through 6.

"Effective address'' will be used to mean the actual address employed
by the computer in execution of a command; if the Index register is used, then
the effective address will be the contents of the Index register and the sector

address specified by the command word.

It should again be noted that throughout this manual all op codes,

line numbers, and sector numbers will be in octal notation.

Command descriptions in this section will consist of four parts, or

less, as required, These parts will be:







































































































































































































































































































































