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LAP6-DIAL is an Editor, filing system, and Assembler for use with the PDP-12 computer. The Editor and filing
portion are derived from the basic LINC program LAPG! by Mary Allen Wilkes of Washington University. The

assembly portion is derived from several programs used for the PDP-8 computer including PAL—D2.

The Digital Equipment Corporation (DEC) wishes to express to the author, Mary Allen Wilkes (Clark), and the
Computer Research Laboratory of Washington University, St. Louis, Missouri, its appreciation for the develop-

ment set forth in LAPS, as well as its thanks for permission to use parts of the LAP6 program.

TM. A. Wilkes, LAP6 Handbook, Computer Research Laboratory Tech. Rep. No. 2, Washington University,
St. Louis, May 1, 1967,
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ATTENTION

The LAPé—DIALT tapes distributed by the Digital Equipment Corporation Program Library contain two versions of
DIAL: DIAL-V2, for 4K tape systems, and DIAL-MS, for 8K and larger systems, particularly those using disks.
Users may decide to use one or both systems. See Appendix A.1 for differences between the two systems. The
system in the system area (blocks 300-345, 350-367) of the distributed tapes is DIAL-V2. Therefore, any user
who wants this system may use it immediately via the startup procedure in Appendix A,4, DIAL-MS is distributed
as four binary files, with a program (GENASYS) for combining them into a DIAL-MS system. Appendix A.2
describes the procedure for initially building a DIAL-MS system on tape. Appendix A.3 describes the DIAL-MS

initialization procedure, which must be performed on a DIAL-MS tape whenever:

a. The tape is used with a new configuration

b. The disk is overwritten

c. A non-DIAL disk is in the drive (RKOS8 only).

Note that the GENASYS procedure must always be followed by the initialization procedure. GENASYS will
allow the user to perform the initialization automatically if the DIAL-MS tape built by GENASYS is on

unit 0,

—

]LAPé-DIAL is referred to as DIAL in this manual.






Chapter 1
Using DIAL

1.1 INTRODUCTION
DIAL provides the PDP-12 user with a keyboard operating system that includes editing, assembling, and file
handling capabilities. An interactive CRT display permits quick user response; a file index and peripheral de-

vice interchange program facilitate file manipulation.

The minimum hardware configuration for using DIAL-V2 is @ PDP-12B system, composed of:

a. 4096-word, 12-bit, 1.6 usec core memory

b. TC12 LINCtape automatic control

c. Two TUSS5 magnetic tape transports

d. VCI12 LINCscope control and character buffer
e. VRI2Z 7in. x 9in. CRT display (scope)

f.  ASR33 Teletype®

Note that the DIAL character Editor is designed to be operated with an AD12 Analog-to-Digital Converter and

Multiplexer.

DIAL-MS requires 8K of core memory and will support the additional hardware:

a. One or two DF32 disks (32K to 64K words)
b. One to four RSO8B disks (256K to TM words) and RFO8 controller
c. One RKO08 disk (800K words)

The PDP-12 includes a display for viewing source programs in the source working qreqi . About 400 characters

can be displayed at a time on the scope.

The DIAL system is provided to the user on LINCfapez. Each tape contains:

a. A reserved area occupied by DIAL
b, A working area for temporary storage of user files

c. A file area for permanent storage of user files

]The source working area may be on tape or on disk (refer to Appendix C, Paragraph C.6).

2A LINCtape contains 51210 blocks of 256 12-bit words,

®Te|erype is a registered trademark of Teletype Corporation.
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The DIAL area of the tape contains the DIAL Editor, Assembler, command routines, and a file index. User
programs are saved as named files in the file area of the system tape(s) and/or disk(s). DIAL tape and disk

allocation is detailed in Appendix C, Paragraph C.6.

1.2 SYSTEM OPERATION

A LINCtape containing DIAL must be designated as the system tape and assigned to tape transport 0. Mest
DIAL operations may be performed with only one LINCtape containing DIAL, but many procedures in DIAL-V2,
such as assembling programs, require another tape on unit 1. Most efficient operatien is achieved when both

tapes contain DIAL systems.

When the system is started (refer to Appendix A, Paragraph A.3), it automatically enters the text mode. A
source program may then be typed into the source working area character by character via the Teletype keyboard
and will be displayed as it is entered. DIAL automatically assigns lines numbers and formats the input, The DIAL
Editor may be used to add, modify, or delete characters, lines or large sections of the program, as detailed in

Chapter 2.

A Monitor command may also be issued to a system program via the Teletype keyboard. When called, the
Monitor writes out its buffer pointers and is replaced by the called program. When the system program opera-

tion is completed, the Monitor is automatically called back into core and retrieves its pointers.

The DIAL Assembler is implemented by three Monitor commands that provide user control of the type of listing
generated. The Peripheral Interchange Program, PIP, permits any file to be moved between interfaced /O

devices. The rest of this chapter details basic concepts and terminology of the DIAL sysfem] Rt

1.3 SOURCE PROGRAMS

A DIAL source program is a group of lines of program input via the Teletype in a symbolic language composed
of PDP-8 and LINC mode instructions (refer to Appendix C, Paragraph C.4). Using DIAL, the program can be
typed info the source working area and altered with the Editor, stored in a named file, displayed on the scope,
or printed on the Teletype. A line number (1-777) appears to the left of each line on the scope and indicates

the sequential location of that line in the source,

The program text is placed in an input buffer in core; the buffer is 256 words long and can accommodate 512
ASCII characters, Up to 64 blocks of source program can be input to DIAL. As the input buffer is filled, the
text is written out in the source working area which starts at block 370 (see tape 0 in Appendix C, Paragraph

C.6). Only the program currently in the working area can be edited. If source program input exceeds 64 blocks

]Refer to Introduction to Programming, DEC C-18, for detailed information on computer fundamentals, such as
decimal~to-octal conversion,



or 4094 lines, it can not be assembled; the size of the source program must be reduced, or the program can be
divided into two or more parts by using the Assembler pseudo-ops SAVSYM and LODSYM, explained in
Appendix C, Paragraph C.2,

1.4 BINARY PROGRAMS

A binary program is the result of an assembly of a source program. The Assembler converts the symbolic source
language into binary machine instructions. The binary program is stored in the binary working area and can be

saved as a named file (refer to section 4.4) or loaded for immediate execution (refer to Section 4.5).

1.5 CURRENT LINE

Every source display has a current line number. By definition, it is the last line number on the display. The
current line is noted by an indicator (two dashes) on the right~hand side of the scope on the same display line
as the current line. The number | appears as the current line number whenever the source working area has
been c!e-::lred‘l . Each time RETURN is typed to terminate a source line, the next sequential current line number
appears on the scope. From 1 fo 178 lines can be displayed at a time on the scope, as determined by the setting

of A/D knob 7 which maintains an approximate constant number of lines,

1.6 LINE CALLS

By issuing a line call when using the DIAL Editor, the designated line in the source program is displayed as the
last line of text on the scope and a new line number will appear as the current line. To display a new current
line, use either of the following methods:

a. Type — L) where Lis the number of the line to be the new current line. The right arrow —

indicates pressing the LINE FEED key and ) means press the RETURN key. The display will now be
positioned with line L as the last line displayed.

b. Type ALTMODE and then one of the following keys:

E Action

1 Reposition the display forward one frame

2 Reposition the display forward one line

Q Reposition the display backward one frame
W

Reposition the display backward one line

]When only line 1 is seen on the scope at startup, it may merely indicate that the source program has been
positioned at line 1 and the source working area is not clear.
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These ALTMODE key combinations must be typed as the first characters on a new line. A frame is defined as the

number of lines currently on the display, as set by A/D knob 7.

The last line of the source program in the working area can be displayed by requesting a line number greater
than the last line number, Similarly, the first line of the source program can be displayed by calling line 0 or

line 7777.

1.7 FILES

The DIAL system is file oriented. A program, either source or binary, is saved as a file in contiguous blocks of
tape (disk) in the file area, blocks 0 through 267 and 470 through 777. Binary files require a header block for
pointers., Every tape contains a file index in blocks 346 and 347 for the binary and/or source programs on that
tape. (Refer to Appendix C, Paragraph C.6 for tape and disk allocation,) File names, starting block, and length
in blocks are recorded in the index. When a file is entered, the user gives it a name which must be 1 to 8 dis-
playable keyboard characters in length, of which at least one character is non-numeric. The characters slash,
question mark, and comma should not be used. Only spaces in the middle or at the end are considered to be part
of the name; leading spaces are ignored. A full index can accommodate 63 different names; however, any name

in the index can describe both a source and a binary program, thereby doubling the number of possible file entries
fo ]26-

When a file is being saved, the unused file space nearest the index within the file area that is large enough to
contain the file being saved is the next area used. Thus, the location of entries on the tape can be controlled
by their order of filing. To minimize tape movement, the most frequently used files should be placed nearest to

blocks 346 and 347 during file assignment.

1.8 MONITOR COMMANDS

The DIAL programs are requested through DIAL Monitor commands and cause DIAL to enter command mode. To

issue a command, use the following procedure:

1. Turn A/D knob 3 all the way to the right,

2. Press the LINE FEED key on the Teletype and observe
the right arrow in the lower left corner of the scope.

3. Type the command (refer to Chapters 4 and 5).
4. Press the RETURN key.

Improperly formatted or spelled commands are ignored and are automatically erased from the scope. The
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Monitor commands, including PIP, are summarized in this section and are treated in greater detail in
Chapters 4 and 5. In this manual, o reference to tape unit 0 means the eighth channel on TU35 LINCtape
transports. Items in parentheses in the table are optional; if NAME is omitted, the user's program that

was most recently manipulated is used.

The unit number required in DIAL commands can be between 0 and 7 in DIAL-V2 and between 0 and 17 in

DIAL-MS, as fol lows:

Device Acceptable Unit Numbers  Logical Disk Units
8 LINCtapes 0-7 0-1
DIAL MS only:
1 RSO8 disk 10 - 11 0-1
2 RSO8 disks 10 -13 0-3
3 RSO8 disks 10-15 0-5
4 RSO8 disks 10 - 17 0-7
1 RKO8 disk 10-15 0-35

Each RSO8 or RKO8 disk is considered to be broken into smaller logical disks, each with its own directory. A
logical unit is the equivalent of one LINCtape, ]0008 blocks; thus, one RS08 disk is considered to be made up
of two logical disk units, When issuing a DIAL command, the logical disk unit is addressed by an acceptable
unit number., Note that DF32 disks cannot be addressed; they are used only to hold DIAL-MS and the working

areas, If no unit is specified, unit 0 is assumed,

Command Function
— AS (N,U) Assemble
— LI (L, LN, Assemble and List
= QL (L,L,)}{N,U) Assemble and Quick List
— LO (N,U) Load Binary
— PS (L, )L, )}(N,U) Print Source
— AB (A,)N,U Add Binary
— SB N, U(, M(FA)) Save Binary
— SP N,U Save Program (source)
— AP (L,L,)N,Uor B,U Add Program (source)
— DX (,U) Display Index
— PX (,U) Print Index
— CL Clear Source Working Area
— ZE Zero Binary Working Area
== P Peripheral Interchange
— EX Exit
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Command (cont) Function (cont)

— MC X(Y),U User's Monitor Command
—- L Line Call
Legend:
N = File name
U = Tape (0-7) or disk (10=17) unit
L = Line number
M = Start mode (L for LINC or P for PDP-8)
A = Address (4 digits)
F = Field
B = Block number

Character in Accumulator

X(Y)
()
— = Press LINE FEED key
</ = Press RETURN key

Optional parameter

1.9 ERROR RECOVERY

If an illegal command is requested at any time while using DIAL, NO is displayed on the scope. Press RETURN
to return to DIAL. No data is lost and the correct procedure may be requested. If the error occurs while using

PIP (refer to Chapter 5), press RETURN to generate the initial PIP display.

If at any time while using DIAL a typing error occurs before RETURN has been pressed to terminate the line,
the RUBOUT key may be used to delete the incorrect input. Press the RUBOUT key once for each character to
be deleted from the left. Each time RUBOUT is typed, a backslash (\) is echoed on the Teletype.
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Chapter 2
The Editor

2.1 TEXT AND COMMAND MODES

After starting DIAL (refer to Appendix A), a portion of the source working area is displayed on the scope. DIAL
is said to be in text mode at this time. Issuing a Clear command at this time will remove any previous data from
the source working area. Data may then be typed in the cleared working area when the Editor is in the text
mode. At the conclusion of an editing operation, the command EXIT should be issued so that the Editor will

save its pointers on the tape or disk. If a command is issued (refer to Section 1.8), the Editor enters the com=

mand mode. Both modes are under control of the Editor.

2.2 USING THE EDITING CURSCR
DIAL provides a powerful and flexible character Editor which is used in text mode to:

Add or delete a single character

Add or delete a text line

Delete the current line

Delete an entire portion of the display
Add text at any location in the program

o o0 oo

Input is automatically formatted and assigned line numbers by the Editor.

The Editor is controlled by a cursor that appears as an inverted T (1 ) on the scope with the text. The cursor
moves in its own alley below a line of text and can scan up to 256 characters back from the last scope character
in a display . The location of the cursor is at the current character; all editing operations occur at the current
character. The exact location of the cursor is determined by the setting of A/D knob 3. That setting controls
how many spaces back from the last character on the scope the cursor is to be placed. After the cursor location
has been determined by knob 3, it will move along with incoming text from the keyboard, always at that number
of spaces from the end of the text. At any time, the location of the cursor may be changed by simply turning
knob 3. Rotating the knob clockwise moves the cursor to the right. When the end of a line is reached, the cur-
sor advances to the left of the next line. Similarly, rotating the knob counterclockwise moves the cursor to the

left. For normal input of data, knob 3 is initially rotated all the way to the right.

For a PDP-12B system without an AD12 and multiplexer, the Right and Left Switches are used instead of A/D
knobs 7 and 3, respectively. The setting of Right switches 8=11 determines the maximum number of lines dis-
played. The Left Switches can be set to values from 1 to 2047 to determine the position of the cursor. The val-
ve of the Left Switches locates the cursor that many characters from the end of the text. (All discussion in this

manual assumes a system configuration with an AD12 and multiplexer.)

Menitor commands, to enter the command mode, and line calls, to display @ new current line, can be issued only
when the cursor is located at the start of a current line that has no text on it yet. Turn knob 3 all the way to the

right and press the RETURN key before issuing a Monitor command or a line call to locate the cursor correctly.
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When a mistake has been noted in the previous text while in text mode, set the cursor to indicate where the cor-
rection is to be made and use the RUBOUT key. After the correction has been completed, rotate knob 3 all the
way to the right; text input can be continued. If a typing error occurs while issuing a command, only the RUB-

OUT key is required to correct it.

To facilitate understanding the operation of the Editor, the procedures described in this chapter should be tried

at the keyboard directly .

2.3 CHARACTER EDITING

A single text character may be deleted or added at any point in the displayed text during text mode. To delete
a character, turn knob 3 to locate the cursor so that character is the current character, and press the RUBOUT
key. The character will be removed, and the rest of the line and the cursor will move one character to the left.

The current character is now the one that preceded the character that was deleted.

Note that spaces and carriage RETURNSs are considered to be one character each. To delete a carriage RETURN,
locate the cursor under the first space immediately after the last character on the line and press RUBOUT. As

much of the following line as can fit on the line after the last character is moved up to that line on the scope.

In the following example, the letter, A, is deleted from line 1.

before SCOPE» EDSC 12

after

SCOPE» a DSC Az

In this example, a carriage return is deleted.

before
SCURSOR DISPLRAY
STC CURFLG SCLERR FLRAG
atter SCOPE» g FSCURSOR

DISPLRAY

SCLERR FLRG

(press RUBOUT)

(press RUBOUT)



In the same manner, characters may be inserted in a line of text. Turn Knob 3 to locate the cursor under the
character that is to immediately precede the first new character. As the additions are typed, they are echoed

on the Teletype and scope.

The cursor moves one space to the right for each character that is inserted . The characters 12 are added to line

I below.

before SCOPR» psc &

(type 12)

Atrer SCOPE. DSC 12

2.4 LINE INSERTION
To insert a line after Line L

1. issue a line call for Line L and insert the new line as the current line (L+1) or

2. position the cursor after the last character of Line L (i.e., the blank representing carriage RETURN),
and type the new line, including its RETURN.

3
=
3
4 SCURSOR DISPLRAV
bef 3 SCLEAR FLAG
erore 6
bl
1e
(type
SET 12 )
SCOPE »
SCURSOR DISPLRAY
after SCLEAR FLAG

1
&
3
4
7
€
i
8
b |

h |
b |

2.5 CURRENT LINE DELETION

The current line of a display is the last line preceded by a line number that is visible on the scope (refer to Sec-
tion 1.5). A source display always has a current line number and is so denoted by the horizontal indicator at
the far right of the scope. The current line of a program may be deleted at any time by typing the keys ALT-
MODE and D. The location of the cursor does not affect current line deletion. Only the current line is re-
moved by this operation. The preceding line becomes the new current line. Line 5 of the source display is

omitted in the following example.

Tn any editing operation, the cursor moves according to the setting of A/D Knob 3. This means the curser is
always located the same number of spaces from the end of the text at any time in any procedure, if the knob is
unchanged. Similarly, the number of lines specified by A/D Knob 7 will be displayed on the scope after any

operation, assuming sufficient source in the Working Area.
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R SETUR
SCOPE » : A2

SOR _DISPLRAY

3
[ =4
3
4
5
&
7

before %URFLG AR FLAG
EMNT
and D)
SETLP
” FCURSOR DISPLAY
CHRFLG JCLERAR FLRAG
after I

Any line of the source program may be displayed as the current line. The two ways to call the current line de-
scribed in Section 1.6 are used with the Editor. Both require the cursor to be the first character on a new cur-
rent line when the call is issued.

2.6 LARGE SECTION DELETION

To delete a large section of the displayed text, the Editor caneliminate all of the displayed text to the right or
left of the cursor. By making the current character the last character of a string of text to be deleted to the
left of that character and then typing the keys ALTMODE and L, the current character and all the characters to
its left on the preceding lines visible on the display are deleted. In the following example, all characters on
lines 1 through 4 are deleted.

SCOPE »
SCURSOR DISPLAY
)
STC GLRFLG SCLEFR FLAG
; e A
before THE EMT

and L)
CURFLG JCLERR FLRG
I

after

EMT

To delete a large section of code that can not be displayed on the scope all at once use the following procedure:

1. Turn knob 3 all the way to the right.
2. Turn knob 7 all the way to the right.
3. Type a line call so that the last line of code to be deleted is the current line.

4. Type ALTMODE and L as many times as needed until the first line of the section of code to be de-
leted appears on the scope.

5. Type ALTMODE and D as needed to delete text current line by current line through the first line of
code to be deleted.

(type ALTMODE

(type ALTMODE



































































































































































































