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FORWARD

In 1967 LAP6 was published by Mary Allen Wilkes of the Computer
Research Laboratory, Washington University, St. Louis, who also had
cc.iceived and developed the original LINC assembly program. The greatly
enhanced interactive assembling, editing, and filing capabilities of
LAP6 represented an innovation of fundamental importance to the users of
small computers. This volume contains a description of LAP6W, which
incorporates modifications of LAP6 by the staff of the Laboratory Computer
Facility at the University of Wisconsin Medical School. Large portions
of the text of the LAP6W document have been copied verbatim from the
LAP6 Manual.

This latest version of LAP6W, originally released in July of 1870,
includes several additions and improvements: an 8K option which allows the
system to utilize 8K of memory; a feature which permits a user to expand the
meta-command capabilities of the system; and rewritten LINC and PDP-8 assemblers
(along with the reference table maker) which provide considerably faster
assembly and reference table compilation for long programs. It is our hope
that these changes will make the system more useful to LINC, p-LINC, LINC-8,

and PDP-12 users.

Staff of the Laboratory Computer Facility

July, 1972
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Abstract

The LAP6W system is an on-line program for the LINC, u-LINC 100,
u-LINC 300, LINC-8, and PDP-12 which uses the LINC or Teletype keyboard
and scope for communication with the user and the magnetic tapes for
storage and working area. It may be used for preparation and editing
of any character string (manuscript) or especially for LINC or PDP-8
program preparation. The input-output character set is closely
aligned with the standard ASCII character set.

The LAP6W editor handles the manuscript display so that any
portion of the manuscript can be displayed at any time and edited
directly by simply adding or deleting characters. Changes are
shown integrated with the manuscript display as the user types.

Meta-commands provide automatic filing of manuscripts and
programs on LINC tapes and handle the assembly and memory loading
of LINC or PDP-8 binary programs. Debugging aids include displays
and/or printed copies of symbol tables and errors, and repeatable
access to the manuscript display for editing and reassembly.
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Preface

The major features that distinguish the LAP6W system from LAP6 are:

1.

2.

10.

11.

12,

13.

Character Editing

Context Searching

Partial Save Manuscript

Extended Copy Manuscript

and Copy Binary

Two Tape Unit Numbers

Implicit Meta-Command
Parameters

Copy File

Index Label and
File Bounds

LINC Assembly

PDP-8 Assembly

PDP-8 Loader

LINC and PDP-8
Loaders

Assembly

Characters may be deleted or inserted anywhere in a
manuscript line.

A LAP6W meta-command can search for a specified string
of characters.

This meta-command does not use any intermediate tape
storage.

The location of the manuscript or binary to be copied
may be supplied by the user or cbtained from the file
Index.

A manuscript or binary may be copied from any tape unit
to any tape unit; both the "from" and "to" units are
specified in the meta-command. A single meta-command
can be used to save up to two copies of a mamuscript and/
or binary if a second tape unit is specified.

An omitted wnit number implies the current system unit;
an omitted file location of a binary program implies the
binary working area, etc.

The location of the Index to the file being copied may
be specified by the user.

A LAP6W Index includes an alphanumeric Index label and
a set of file bounds. Simply altering the file bounds
respecifies the range of the LAP6W file.

A LINC assembly package is provided which allows for the
use of six [four] character symbols, maintains both
execution and storage location counters, and assembles
into a full 4K of core.

A PDP-8 assembly package is optionally provided for
LINC-8 and PDP-12 users.

On the LINC-8 and PDP-12, PDP-8 binary programs may be
stored in and loaded from a LAP6W file.

The tape location of the LINC or PDP-8 binary may be
supplied by the user or obtained from the file Index.
The binary is loaded into as many banks of core as
possible.

LINC or PDP-8 program manuscripts need not be added to
the manuscript working area for assembly, but can be
assembled directly from the file.






Preface (Continued)

The following features have been incorporated in the second release of the LAP6W
system:

14, 8K Option An option is available to LINC-8, PDP-12 and u-LINC 300
users which allows the system to utilize 8K of memory.

15. Meta-programs A "meta-program" feature has been added which permits
the user to expand the meta-command capabilities of
LAP6W to fit his particular needs.

16. "Kill" Working Area An additional editing capability has been added which
permits the user to clear the manuscript working area
from the keyboard.

17. Tape Copying Meta-commands which perform tape copies now utilize all
of available memory as a copy buffer, considerably
improving copying time on 4K and 8K machines.

18. Assembly, Reference The LINC and PDP-8 assemblers and the reference table
Table maker have been re-written to be considerably faster
for long programs.

19. Manuscript Listing Manuscript line numbers may optionally be included on
output produced by LIST, PDP-8 LIST and PRINT MANUSCRIPT.

The following modifications have been made to PROGOFOP and TRAP, and thus affect only
the LINC-8 and PDP-12 versions of LAP6W, For details, consult the documentation for
PROGOFOP [2] and TRAP [3].

20, 20008-Bloc]< Tapes An option is provided to allow programs to reference
the upper half of 2000g-block tapes on units 0 and 1
as units 4 and 5.

21. Typing LINC Code LINC code may be typed directly from the accumulator,
eliminating the conversion to ASCII code.
22. PDP-12 Interrupt LINC mode and PDP-8 mode interrupt handling procedures
Routines are now available in TRAP.
23. LINC-8 START 400 PROGOFOP now interprets the START 400 switch as an
actual start 400. The CLEAR switch is used to restart
LAPGW.

_vi_






Introduction

This manual describes LAP6W as it is available on the several versioms of
the LINC. By using one of the programs, GASTCL or GASTMB (LCF Program UP-039-03),
a user may generate a LAP6W system suited to his computer that will operate on
LINC tape wnit 0, 1, 4, or 5. Other than the start-up procedure (Section I),
the primary difference in LAP6W usage arises from different keyboard input
devices. The classic LINC, p-LINC 100 and p-LINC 300, which have LINC keyboards,
use CASE character combinations for manuscript display control; the LINC-8 and
PDP-12, which have Teletype keyboards, use CONTROL shift characters for manuscript
display control. In this manual, the CASE characters for the former are indicated
in bpackets ([]) after the corresponding CONTROL character combinations. Other
differences in usage between different models of the LINC are noted where they

occur.

Tt is also important to note the differences in structure of the various
versions of LAP6W. The classic LINC and u-LINC 100 systems are "2-bank" systems,
in that they occupy two 2000g-word banks of memory (the 'lower" and "upper"
banks). The LINC-8, PDP-12 and p-LINC 300 systems are "multi-bank" systems, in
that they occupy three or more banks of memory. The u-LINC 300 system operates
in, and loads user programs into, banks 0 ff. The LINC-8 and PDP-12 systems
require that PROGOFOP or TRAP be resident in bank 0 for proper operation, and
thus operate in and load user (LINC) programs into banks 1 ff. Programs may be
loaded into bank 0 through use of the PDP-8 LOAD BINARY meta-command. It is
recommended that LINC-8 and PDP-12 users thoroughly familiarize themselves with
the documentation for PROGOFOP [2] and TRAP [3].

This manual is for the standard configuration of LAP6W, namely, a unit 0
system with the tape configuration shown in Chart I, page 61.

-vii-






The LAP6W System

I. Loading Procedure for Unit 0 Systems

Classic LINC and p-LINC 100 (2-Bank System)
1. Mount a LAP6W classic LINC system tape on umit O.
2. Read blocks 400 through 407 into quarters 0 through 7:

Set the left switches to 0701, the right switches to 7400 (RCG, 7/u400).
Raise the DO toggle.

3. When the tape stops, press START 20. LAP6W is now ready to accept
keyboard input.

u-LINC 300 (Multi-Bank System)
1. Mount a LAP6W p-LINC 300 system tape on unit 0.
2. Read blocks 400 through 403 into quarters 0 through 3 of bank 0:

Set LSW = 0600 (LMB 0)
Raise the DO toggle

Set LSW = 0701, RSW = 3400
Raise the DO toggle

3. When the tape stops, press START 20. LAP6W is now ready to accept
keyboard input.

LINC-8 (Multi-Bank System)

1. Mount a LAP6W LINC-8 system tape on unit O.

2. Read in PROGOFOP [LCF Program UP-072-02] by raising the LOAD toggle.
When PROGOFOP is loaded, it will proceed to load and start LAP6W. When
the tape stops, LAP6W is ready to accept keyboard input.

3. After running a LINC program, LAP6W may be reloaded by pressing CLEAR.

PDP-12 (Multi-Bank System)

1. Mount a LAP6W PDP-12 system tape on unit 0. Place the tape drive in
REMOTE with WRITE ENABLED.

2. Read TRAP [LCF Program UP-086-02] into quarters 0 and 1 of any bank:

Set the MODE switech to LINC
Press 1/0 PRESET

Set LSW = 0701, RSW = 1000
Press DO






3. When the tape stops, start TRAP by pressing START 400. TRAP will re-
locate itself to bank 0 and proceed to load and start LAP6W. When the
tape stops, LAP6W is ready to accept keyboard input.

4. After running a LINC program, LAP6W may be restarted as follows
(assuming TRAP is still resident in quarters 0 and 1 of bank 0):

Set the MODE switch to LINC
Press I/0 PRESET

Set LSW = 0 0u00

Press START LS

5. After running a PDP-8 program which was loaded by LAP6W, LAP6W may be re-
started as follows (assuming locations 7600-7777 of field 0 have not

been changed):

Set LSW = 0 7600
Press START LS






II. Display Format

After loading LAP6W, the system is ready to accept keyboard input. All
manuscript lines and meta-command statements are displayed as they are typed.

All characters shown in Chart II on page 62 are displayed except EOL, DELETE,
CASE, and EOMS.

A. Manuscript lines are vertically centered around the middle of the scope

automatically.

1.

A cursor (.) appears in the current line. It marks the position at
which LAP6W will insert the next character typed. Manuscript lines
which are too long to fit on one scope line (more than 25 characters,
51 on the PDP-12) are automatically carried over to the next scope
line. Breaking words between scope lines can be avoided by spacing
until the cursor moves to the next line.

The line number (assigned automatically by LAP6W) of the current line
appears below the current line in the form <LN%

The number of manuscript lines displayed may be varied by rotating
knob 3.

Lines are positioned on the scope as follows:
a. Sense switch 5 down: Lines beginning with (#), ([), or ($) are
positioned at the left edge of the scope; other lines are indented

8 spaces (6 on the classic LINC).

b. Sense switch 5 up: All lines are positioned at the left edge of
the scope.

All the characters to the right of the cursor on the current line are
not always displayed.






A

ITII. Keyboard Input

CHARACTER SET

The character set used in LAP6W appears in Chart II, page 62. On the left are
the characters' names and internal representation; on the right are the corres-
ponding Soroban, u-LINC 300 and Teletype keyboard characters. In this manual,
the characters will be referred to by their names. For example, the LAP6W
characters EOL, DELETE and META may be produced by striking the Teletype keys
marked RETURN, RUBOUT and LINE FEED.

META-COMMANDS

A meta-command is one of 27 special directives to LAPE6W. It is executed by
LAP6W at the time it is stated and deleted from the display at that time.

The character META, when typed as the first character of a manuscript line,
produces an arrow (the META arrow: +) at the bottom of the scope. To state

a meta-command, type the META arrow and the meta-command, followed by any
arguments the meta-command may require. Terminate the statement by typing an
"End of Line" (EOL).

1. The meta-command is executed when the terminating EOL is struck.
2. Illegal meta-command statements are deleted automatically.

3. A meta-command must be stated on a line by itself, i.e., a line beginning
with the META arrow. It cannot be stated while entering a manuscript line.

4. A line starting with the META arrow will be interpreted as a meta-command
only if it is terminated by striking EOL. If terminated in any other
fashion, it will be treated as an ordinary line.

MANUSCRIPT

1. A manuscript is a string of characters formed into manuscript lines and
retained by LAP6W as a permanent record of keyboard input. A manuscript
can be edited, saved in a file, copied from file to file, or otherwise
manipulated.

a. One quarter of the LINC memory is used to collect manuscript. As the
quarter is filled, it is saved on the LAP6W tape in the manuscript
working area beginning in block 470. 512 keyboard characters fill one
block.

b. LAP6W will accept up to 721 blocks of manuscript. Additional manu-
script is ignored until the size of the manuscript is reduced.

¢. The manuscript in the manuscript working area, accessible to the scope
and keyboard, is called the current manuscript.

2. A manuscript line is any combination of characters, excluding DELETE and EOMS,

which is terminated with an EOL. An EOL by itself does not constitute a
manuscript line and will be ignored.

a. LAP6W assigns a line number to every line entered. The numbers are
sequential, beginning with 1, and octal.



b. LAP6W will accept no more than 7775g manuscript lines. Additional
lines are ignored until the size of the manuscript is reduced.

The line number on the scope (e.g., 63 below) is called the current line
number.

a. The current line number identifies the manuscript line currently being,
or about to be, added to the manuscript. At no time during the manuscript
display does the manuscript not have a current line number.

ADD SYIMBOL
#LFEAZ  STC #+7
JP TEST-2
LDA;
MTB
STA.
<b3>

Figure 1. Manuscript Display

b. The number 1 appears as the current line number if there is no current
manuscript. Subsequently, the new current line number appears every
time a manuscript line is entered.

In Figure 1, when the current line, 63, is terminated with
EOL, all the lines will move up one space, the top line, which
is line 56, will disappear and 64 will appear as the new
current line number.

LOCATE REQUESTS

1.

2,

The manuscript is said to be "located" at the position marked by the cursor
in the current line. For reading or editing, it may be relocated at any time.

The manuscript may be relocated to display any given line by typing the
META arrow, the line number of the line to be displayed, and EOL.
For example, to locate between lines 104 and 105, type

+.'LOME oL

which will cause LAP6W to display lines through 104 and to display 105 as
the current line number (Figure 2).

- ———

EOL

EOL

- —————

EOL

EOL

<105>

Figure 2. Locating at Line 105

Ee



3. The manuscript may also be relocated by usiﬁg the following undisplayed
key combinations:

a. CONTROL Q [CASE 0] Forward one page (begin display with next line).
CONTROL A [CASE Q] Backward one page (make the line number of the top
line on the scope the current line number).

b. CONTROL W [CASE 1] Forward one line.
CONTROL S [CASE W] Backward one line.

These key combinations locate the manuscript in the appropriate direction
so that a new manuscript line can be entered.

For example, if the user strikes CONTROL S [CASE W] while the
manuscript is located as in Figure 1, the display would consist
of lines 56-62 (as currently shown); the current line number would
be number 63.

If the user strikes CONTROL S [CASE W] while the manuscript is
located as in Figure 2, the current line number would become
number 104 and lines 100-103 would also be displayed.

c. CONTROL E [CASE 2] Forward one character.
CONTROL D [CASE R] Backward one character. (CASE E on u-LINC 300)

These key combinations locate the manuscript one character in the
appropriate direction.

For example, if the user strikes CONTROL E [CASE 2] while the
manuscript is located as in Figure 1, the manuscript would be
relocated as in Figure 3. Note that the result would be the
same if the user were to strike EOL and then strike CONTROL E
[CASE 2] or if he were to strike CONTROL W [CASE 1] and then
CONTROL E [CASE 21].

#LF2AZ STC *#+7
J'P TEST-2
LDA;
MTB
STA

“EXIT
<h4>

Figure 3. Manuscript Display after Relocation

Note that the magnitude and direction of the manuscript relocation is
directly related to the physical keyboard position of the above control
keys, and that the keys are grouped together for easy typing while
watching the scope:

(Teletype Keyboard)

Page Line Character
Forward Q W E
Backward A S D






















































































































































































































































