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INTRODUCTION

The SNAP I, Symbolic Non-optimizing Assembly Program, enables
the programmer to code all instruction operation codes and addresses in
symbolic language. This symbolic language program is translated by the
assembler into Octal Utility Package listable format and punched on paper
tape. The symbolic tape may be read by either the Flexowriter or by the
modified HSR-1 High-Speed Reader, and the output tape may be punched by
either the Flexowriter or by the HSP-1 High-Speed Punch.

This manual contains a description of the PB250 Computer as a deci-
mal device and provides instructions for programming using symbolic coding.
A list of symbolic codes to be used by the programmer is located in Section

III. A sample program using these codes is located in Appendix A.
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PB250 Computer Rack and Desk Mounted
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1. DESCRIPTION OF EQUIPMENT

A. GENERAL

This chapter contains a description of the PB250 Computer and the

Flexowriter. A description of their controls and indicators is also provided.

B. DESCRIPTION OF PB250 COMPUTER

The Packard Bell PB250 is a high-speed, completely solid-state
general purpose digital computer in which both the data and the commands
required for computation are stored in a2 homogeneous 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 reading device for translating acoustical energy back into
electrical signals. By rewriting the stored information as it is read, infor-
miation continuously circulates without alteration except for alterations which

result from the execution of the computer program.

The PB250 provides a repertoire of more than 50 commands flexible
enough to permit coding of a very broad range of scientific and engineering
problems. Double precision commands are provided for operating upon large
numbers. Commands to normalize and scale numbers facilitate floating
point operation. Square root, and variable length multiplication and division
operations are available in the command list. Other features include input-

output buffering, and a large number of optional peripheral units such as
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punched card equipment, tape handlers, shaft encoders, photo readers, and

analog-to digital and digital-to analog converters.

B-1. MEMORY ORGANIZATION

The memory of the basic PB250 contains 10 lines, numbered
decimally from 00 through 09, which hold both data and instructions. Each
long line, 01 through 09 contains 256 locations, also called sectors, that are
numbered 000 through 255. Since the information in any location can be
either data or a command, the generic term "word" is used to cover both.
The location of any word is specified by a line and sector number, and these
together are called an address. Line 00 is a 16-word fast access line. Since
line 00 is 1/16 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. Thus, any word in the fast access line can be identified by one of 16
sector addresses. For example, sector 000 of line 00 can be identified by

the following addresses: 00000, 01600, 03200, 04800,..... 24000.

Fifty -three additional lines, each of which may have from 1 to 256
words, can be added. These linés are numbered 10 through 30 and 32
through 63. Line number 31 is used as an Index register. If all of the
additional lines are used, and if all hold 256 words, the memory capacity of

the PB250 is extended to 15, 888 words.

Commands can be executed only from lines 00 through 15; these lines

are therefore designated "Command Lines''.

B-2. Data Word ConfiguratiOn

Every number stored in the PB250 is represented by a series of

pulses which correspond to a series of zeroes and ones that are the digits
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of the binary number system. The term “binary digit" is usually contracted to

the word 'bit" .

A number stored in a location in the PB250 consists of 21 bits (Figure
1-1) that represent magnitude, and a 22nd bit to indicate sign. A negative
number has a one in position zero, whereas a positive number has a zero in
position zero. Negative numbers are expressed in their 2's complement

form.

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 2]

0
+

Figure 1-1. Data Word Configuration

These 22 bits can represent any decimal number less than 2, 097, 152.
Larger numbers may easily be represented by using the double precision

features of the computer.

B-3, 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; information may be interchanged between A, B, and C. The con-
tents of a register may be tested for non-positive values or compared against

the contents of any memory location. A record may be kept in one register of

operations performed on the others.
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B-4, COMMAND WORD CONFIGURATION

Information in any memory location may be ei:her data or a command.
When the information is a command, it has a definite configuration, or for-

mat, as illustrated in Figure 1-2.

0 1 2 3 4 5 6 78|99 1011 1213 14|15 16 17 18 19|20|21

SECTOR NUMBER SEQ. 0P CODE LINE NUMBER INDEX
TAG TAG

Figure 1-2. Command Word Configuration

Each subdivision, or field, of the command word is uniquely identified. The
subdivisions are the sector number, sequence tag, op code, line number,
and index tag fields. There will be frequent references in subsequent dis-
cussions to the address field of a command. Although the address is made
up of a sector 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.
For example, the shifting commands use the address field to indicate the

number of places to shift,
The sequence tag field may contain either a one or a zero.

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; a zero in

the field indicates no use of that register,
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Bit position 20 contains a one only when referring to a line number of

32 or greater.

B-5. INDEX REGISTER

The Index register contains a line number for use with commands
which are index-tagged. 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 it stands in memory.

Line number 31 is reserved to designate the Index register. Addresses
00031 through 25531 all apply to this register, and bit positions 16 through 20

are the useful positions for the line number.

B-6. COMMAND TIMING

The PB250 reads and executes commands from the circulating com-
mand lines. The words of the long lines are read serially in sector number
sequence (000, 001, 002 --- 254, 255, 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 commands
are read and executed in numerical order from a given line and a given

sector: 000 of line 01 (00001, 00101, 00201, ---) or Ol1 of line 05(01105,

01205, 01305, ---). The performance of each command involves four phases:
Phase I Wait to read next command.
Phase II Read next command.
Phase 1II Wait to execute command.
Phase IV Execute command.

For example, a command in 00001 to store A in 03004 will be read

(Phase II) in sector 000, held for execution (Phase III) in sectors 001 through
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029, executed (Phase IV) in sector 030, and held while waiting to read the next
command (Phase I) in sectors 031 through 000. Phase II will follow in sector

001 to read the next command in 00101.

There are four classes of commands in which the nature of Phase IV

differs.

CLASS 1.

In this class of commands, execution always follows the read-
ing of the command by skipping Phase III. This class of com -
mands consists of all those which require an extended interval
of execution such as block transfer, shifting, and multiplica-
tion. The execution time for this class of command varies
with the required duration. For example, block transfers
require 12 microseconds per word, shifting requires 12
microseconds per bit, and multiplication requires 12 micro-

seconds per multiplier bit.

CLASS 2.

In this class of commands, execution is always completed in
the sector specified by the sector number of the command.
This class consists of all one-sector operations such as load,

store, »dd, and clear. All commands of this class require 12

microseconds to execute,

CLASS 3.

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 number of the command but the
execution phase is always extended into the following sector.

All commands of this class require 24 microseconds to execute.

1-6



CLASS 4.

Class 4 consists of commands for conditional and unconditional
transfer 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 address specified by the command. If the condition
is not met, the command directly following transfer of control com-
mand is read. A conditional transfer where the condition is not met,
thus requires no execution time. The unconditional transfer selects
the next command with no restrictions. The execution time when
control is transferred is 12 microseconds per sector for the interval

between the transfer of control command and the next command.

B-7. THE COMPUTER CONSOLE

The console of the PB250, shown in Figure 1-3, is composed of
lights and switches arranged in two rows. The top row has three sets of
lights: six for OPERATION, five for OPERAND, and three for COMMAND.
OPERATION specifies which OP code is being executed, i.e., ADD, LOAD
A, etc. Using 1 to indicate light on, and O for a light off, the pattern 001100
represents the command ADD (Command 12 in decimal). OPERAND specifies

the line number portion of the address, and COMMAND indicates from which

command line the command is being executed.

On the second row are the O'FLOW light, PARITY light, FILL switch,
TEST switches, and POWER button. The O'FLOW light is on if an.overflow
has occurred. The PARITY light indicates a parity check error. Computa-
tion may be started by depressing the ENABLE and BREAKPOINT SWITCHES
on the Flexowriter to clear the pauiity flip-flop. The FILL switch is used for

loading a '""bootstrap loading program'. The TEST switches are used for



maintenance of the system. The POWER button is an alternating type,

turning the power to the computer on or off.

U00000 00000 OOoo

OPERATION OPERAND COMMAND
ON ON OM
R e X 2 P
O'FLOW PARITY FiLL TEST 1 TEST 2 POWER

Figure 1-3. PB250 Computer Console

C. DESCRIPTION OF FLEXOWRITER

A Model FL Flexowriter is used as the control unit for the PB250.
This machine is also used to prepare, duplicate, and read tapes. The Flexo-
writer can be used on-line (Flexowriter under control of computer), or off-
line (Flexowriter under control of operator). The general appearance and
operation of the Flexowriter are similar to a standard electric typewriter.
(See diagram of Flexowriter keyboard in Figure 1-4.) Such features as space
lever, paper release lever, platen kndbs, margin release lever, ribbon posi-
tion lever, margin and tab stops, and type guide, are used in exactly the

same manner as for a standard typewriter.

The Flexowriter prepares tape by punching coded holes across the
width of the tape. The punched tape is prepared manually from the keyboard
(off-line) or by output commands from the computer (on-line), and is

described as having channels and characters. The channels run lengthwise

1-8



along the tape while characters are across its width. The PB250 uses six
channels of an eight-channel tape; the code used in this tape is pictured in
Figure 1-5. The tape reader can read and type out the information contained

on a coded tape.

When the Flexowriter is under the control of the computer, its paper -
tape reader, typewriter keyboard, and paper-tape punch are used as input-
output devices by the computer. Each typewriter character has a specific

code, which is sent to the computer as a pattern of six bits.

The command READ PAPER TAPE will cause the tape reader to read
a single character and load it into the input buffer of the computer. The
command READ TYPEWRITER KEYBOARD will turn on the INDICATING
LIGHT of the Flexowriter, after which a typewriter key must be depressed
to load the input buffer. The INDICATING LIGHT is turned off by the loading

operation.

The command WRITE OUTPUT CHARACTER provides information to
either the typewriter or the punch. It is possible to prepare a tape with as
many as eight channels by this command and read such a tape back into the

computer with the READ PAPER TAPE command.

BTART sTOP : DREAR Lhd-1 £ODE TAPE
READ READ bl EAMLE \ICATIN POINTY cont DELETE FiEgD
LIGHT

' = T n [ *
TAR | 2 | | 3 ] . 8 [ 7 [

Q(WILE]IRILTYLYS LY LL] IO |P] =] ooy

MT | |ees=-

-y
A
- |

| (AlSJDJ(FIL] (MK ILIGILYT B Jig
o ZiIxlielivlIBl [Nl IMIT2DTE]E0] fom - M=
\ [ SPACE BAR j

Figure 1-4, Flexowriter Keyboard
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CHANNEL CHANNEL

AB B 421 Oy v A B B 421
Al® S ) of|®

B|@® & w1 ®
c|@®|® ® e v 2 ®
D|@® ] = 3 ® ®e
E|l®® (& |@ C 4 [ ]
F|®® |0 J 3 ® (@ (@
G|@® ® o n é ® (@0
H|® |® &8 7 ®ee
1|90 @ @ * 8 ®

1 |® [ ( @ 0 @
K & [ ] ? + o e e
L ®® - - o ®e/00
M @ |@® : ; @@

N @ |@ "o o e [ee
o ® 0 r » |9|9® @@
P ® |®ee - O @ @@
Q| (@@ /S § |@ee ®
R & ® NUMERICAL & SPECIAL
s[@l® ® CHARACTERS
T|® e e

vielel e

vi® ® @ Upper Case |@®|®| @ ®
w|® o9 lower Case @99 @
X|9® |®0® Tab 9|9 ® 9@
Y |90 e Carriage Return |@®| |@|@|®
z1|® |@ @ Stop Code o @@
ALPHABETICAL CHARACTERS Delete 8|9 (9|9 (®|®
AVAILABLE IN BOTH

UPPER & LOWER CASE Space | |@

CONTROL CHARACTERS

Figure 1-5. Flexowriter Code

The keyboard of the Flexowriter is similar to a standard typewriter
keyboard and may serve many of the same purposes. The numeric, alpha-
betic, and symbolic keys require no explanation other than the alphanumeric
code for the computer as given in Figure 1-3, The TAB KEY, CAR RET
(Carriage return), LOWER CASE, UPPER CASE, and SPACE BAR are self-

explanatory and are analogous to controls on a standard typewriter. The



REGEN SWITCH, when depressed, permits exact duplication of the tape

which is in the Flexowriter tape reader.

Certain switches and keys on the Flexowriter are used to control the

computer.
ENABLE SWITCH:
L. Interrupts computation.

2. Conditions the use of other switches and keys of the

Flexowriter.

BREAKPOINT SWITCH:

1. Sends signal to computer which may be tested by the
command TRANSFER ON EXTERNAL SIGNAL.

2 With ENABLE SWITCH clears parity flip-flop (indicated
by PARITY light on).

I Key: With ENABLE SWITCH causes the computer to execute the

command in memory location 00001.

C Key: With ENABLE SWITCH causes the computer to cycle by one

command,
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II. THE ASSEMBLY LANGUAGE

A. GENERAL

This chapter describes the instruction format to be used for coding
programs symbolically and describes the principles of programming using

SNAP. All numbers used in this section are radix 10.

SNAP instructions consist of four parts, or fields, separated by tabs,
with the entire instruction terminated with a carriage return. The fields are
designated as location, operation code (op code), address, and tag and are
described in paragraphs B through E below. The only field required for each
instruction is the op code, however, many op codes require an address (see

paragraphs C and D below). A typical instruction is shown below.

Location Op Code *  Address Tag
2 3 3 -F:
START & ADD $+5 E S E 5
5
0
B. LOCATION FIELD

Programs assembled using SNAP are free of many of the clerical
chores required for octal coding. This is accomplished by the SNAP func-
tion, which assigns sequential location to instructions once an absolute
location is specified. If an initial absolute location is not specified, instruc-
tions are assigned sequential locations, beginning with sector 000 of line 02.

Instructions will be assigned sequentially within the same command line,



with sector 000 following sector 255, until a new absolute location is speci-
fied by the user. When a location other than 00002 is desired, the absolute

location is inserted in the location field.

A symbolic location field may contain from one to five alphanumeric
characters, at least one of which must be alphabetic. Alphanumeric charac-
ters include A through Z and the numbers 0 through 9. Special characters

such as #, +, -, etc., should not be used in the location field.

It is also permissible to specify an absolute decimal location of the
form SSSLL, where SSS is a three-digit decim:al sector number from
000-255, and LL is a two-digit decimal number from 01-21. When an abso-
lute location field is encountered, the location counter in the assembler is
set to the new value, and instructions are assigned sequential locations from
there. If an absolute location is specified, to which an instruction has been
‘assigned previously by the assembler, ‘the location will be flagged as a
memory overlap error, and an error printout will occur. The location

counter will be set to the new location, however, and the assembler will

assign instructions sequentially from there.

The location field must be terminated by a tab. 1f a blank location

field is desired, a tab alone should be typed, followed by the operation code

C. OP CODE FIELD

The operation code field (op code) contains the operation to be per-
formed, such as "add'" or ''subtract'. A list of the operations to be per-
formed is given in Table 3-1. Each op code must consist of one of the

symbolic codes shown in the table.
Operations are divided into two categories:

1) Standard Operations, which are those operations which can

be performed By the PB250 Computer and which are
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