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PREFACE

This Manual is intended for use by computer operators and programmers when operating
the Model 316, or 516 computer directly from the control panel. It contains general operating

descriptions and references to more detailed information.

Console use, generation of self-loading tapes, loading and operating procedures, verifica-

tion and test routines, error messages, and paper tape formats are described herein.

The information in this manual should be supplemented with a Run Book which contains
specific instructions for a particular installation (e.g., disk file names and starting addresses

f standard programs).

Recommended general supplementary reading includes the various language manuals and

the programming manuals for Series 16 computers and 1/0O devices.

The following specific manuals directly supplement the information contained in this

manual.
Order Document
Name Number Number
Models 316 and 516 Programmers' Reference Manual BX47 70130072156
DAP-16 and DAP-16 Mod 2 Assembly Language BYO09 70130072442
Series 16 ASR Teletypewriter/ BY17 70130072443
High-Speed Paper Tape Reader/
High-Speed Paper Tape Punch
Programmers' Reference Manual
Series 16 FORTRAN IV Manual BX32 70130071364
Series 16 Software Documentation Guide BY18 70130072468
Series 16 016-XREF, SSUP, and MAC AC94 70130072582
Source Language Processors
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SECTION I
CONTROL PANEL

Basic Honeywell 316/516 computers include a main frame, a control panel, and an
optional ASR teletypewriter. In addition to these standard devices, the installation may

include peripheral devices such as the following:

High-speed paper tape reader Line printer
High-speed paper tape punch Magnetic tape unit
Card reader or reader/punch Disk storage unit
Storage display unit Drum storage unit

CONTROLS AND INDICATORS

The control panel (Figures 1-1 and 1-2) has mounted on it the controls and indicators
for normal system operation. These controls and indicators are listed and described in
Tables 1-1 through 1-3, The two panel versions shown in Figure 1-1 are identified with
equipment types 316-01, 316-0100 and 316-0110, Thesé types differ primarily in mechanical |

design and configuration, The Type 316-0110 contains the improved memory module,

Table 1-1, Registers Displayed on Honeywell 316/516 Control Panel

Register Bits Display
X 1-16 Index register (516 only)
A 1-16 Register A (primary arithmetic and logic
register)
B 1-16 Register B (secondary arithmetic and logic
register)
o~
(OP\; 1-16 State of key flip-flops in system (refer to
o Table 1-4).
/@ 1-16 Register Y (memory address register). When

computer is operating in memory access (MA)
mode, registers P and Y contain the same ad-
dress. When in single instruction (SI) or run
mode, register P contains an address which
is one greater than the address contained in
register Y.

M 1-16 Register M (memory buffer register). Con-
tains contents of memory location specified
by register Y.

b —

NOTE: While there is no X-register indicator for the 316, it is neverthe-
less present internally.
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Figure 1-2, 516 Control Panel

Table 1-3, Function of Control Panel Selector Switches

Switch Position Function
SENSE 1, 2, 3, 4 Enables altering the course of a program
via switch interrogation during program
operation.
516 316
Up Down | Switches are set.
Down Up Switches are reset.
PFI/PFH (516 only, PFI Allows machine to cause a program
power fail interrupt/ interrupt when power fails.
power fail halt)
PFH Allows machine to halt when power fails.
STORE/FETCH STORE Enables data to be written into memory
when computer is in MA mode.
FETCH Enables data to be read out of memory when
computer is in MA mode.
P/P+1 P Enables accessing a specific memory loca-
tion when computer is in MA mode.
P+1 Enables accessing consecutive memory lo-
cations when computer is in MA mode.
MA/SI/RUN & MA Enables data to be written into or read from
(memory access/ (memory a location in memory and disables protection
single instruction/ access for location 1—178.
run) mode)
SI Enables step-by-step execution of a pro-
(single gram and enables control panel switches.
instruction
mode)
RUN Enables normal operating mode.
(run
mode)

2 Switch must be in SI or MA to enable master clear, data clear, or manual insertion of
data into registers.

1-3
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Table 1-3.

Function of Control Panel Selector Switches

Switch Position Function
SENSE 1, 2, 3, 4 Enables altering the course of a program
via switch interrogation during program
operation.
516 316
Up Down | Switches are set.
Down Up Switches are reset.
PFI/PFH (516 only, PFI Allows machine to cause a program
power fail interrupt/ interrupt when power fails.
power fail halt)
PFH Allows machine to halt when power fails.
STORE/FETCH STORE Enables data to be written into memory
when computer is in MA mode.
FETCH Enables data to be read out of memory when
computer is in MA mode.
P/P+1 P Enables accessing a specific memory loca-
tion when computer is in MA mode.
P+l Enables accessing consecutive memory lo-
cations when computer is in MA mode.
MA /SI/RUN® MA Enables data to be written into or read from
(memory access/ (memory a location in memory and disables protection
single instruction/ access for location 1-178.
run) mode)
SI Enables step-by-step execution of a pro-
(single gram and enables control panel switches.
instruction
mode)
RUN Enables normal operating mode.
(run
mode)

a. .
Switch must be in SI or MA to enable master

data into registers.

clear, data clear, or manual insertion of

OPERATING PROCEDURES

Data within memory and several of the mainframe registers can be monitored on

the control panel.

Data can also be manually entered into memory and several registers

from the control panel, ™rocedures jor initializing the system and reading cut and entering

data into memory and the mainframe registers are provided in the following paragraphs.

System Initialization

The system can be initialized by depressing the MSTR CLEAR pushbutton. This

operation has no effect on the contents of memory or register X. The master clear function
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is also performed when power is applied to the system. Individual devices normally are

not affected by the master clear function; however, the device controllers are cleared.

Register Display

The contents of register X (516 only), A, B, OP, P/Y or M can be displayed by

depressing the appropriate REGISTER pushbutton. The contents of the selected register

is displayed by the 16 pushbutton/indicators on the 516 or the indicator lights on the 316.

Refer to Table 1-4 for the significance of the control panel display if OP is selected.

Register Load

Data is entered into register A, B, P/Y, or M as follows:

a.
b.

C.

Depress appropriate REGISTER pushbutton. '
Depress MSTR CLEAR or CLEAR pushbutton.

Enter desired data by depressing appropriate buttons (1 through 16).
(The P-register is limited to the number of memory address bits used.)

Data can be entered into register X by addressing location OOOOOO8 and entering the

data into that location. For the procedure to enter data into memory, refer to the paragraph

on Memory Load in this section.

Table 1-4. Control Panel Display When OP Is Selected

Bit Significance Bit Significance
1 T1, timing level 1 9 PI, permit interrupt
2 T2, timing level 2 10 Unassigned
3 T3, timing level 3 11 ML, memory lockout (option)
4 T4, timing level 4 12 EA, extended addressing (bank-switching
5 F, fetch cycle option)

.o 13 DP, double precision (option)
6 I, indirect cycle - . 4
7 A, execute cycle 14 nassigne .
8 C, C-bit 15 MP, memory parity error

16 P, I/0O parity error

Memory Display

The contents of any memory location is displayed as follows:

Set MA/SI/RUN switch to MA.

Set FETCH/STORE switch to FETCH.

Set P/P+1 switch to P.

Depress REGISTER P/Y pushbutton.

Depress MSTR CLEAR or CLEAR pushbutton,

Depress appropriate buttons (1 through 16) to designate octal address
of memory location containing data to be displayed.

Depress REGISTER M pushbutton.
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h,

Depress START pushbutton, The contents of the add . s«d memory
location will be displayed on pushbutton/indicators 1 *hrough 16.

To display the contents of successive memory locations, proceed as follows:

i,

j.

Set P/P+1 switch to P+1,

Depress START pushbutton. Each time the START pushbutton is
depressed, the contents of the next memory location is displayed.

Memory Load

Data is entered into any memory location as follows:

a,
b.
c.

d.

e
The

locations,
k.
1.

Set MA/SI/RUN switch to MA,

Set FETCH/STORE switch to STORE.
Set P/P+1 switch to P.

Depress REGISTER P/Y pushbutton,
Depress MSTR CLEAR pushbutton.

Depress appropriate buttons to designate octal address of memory
location to be loaded.

Depress REGISTER M pushbutton.
Depress DATA CLEAR pushbutton,

Depress appropriate buttons to enter desired data into addressed
location.

Depress START pushbutton.

desired data is now in the addressed location. To load successive memory
proceed as follows:

Set P/P+]1 switch to P+1.

Repeat steps h. through j. above for each successive memory location
to be loaded.

Single-Instruction Operation

A program is executed in the single-instruction mode as follows:

a.

d.
The

Set MA/SI/RUN switch to SI. (When this switch is not in the MA posi-
tion, the FETCH/STORE and P/P+1 are disabled.)

Depress MSTR CLEAR pushbutton,

Enter initial parameters into register A, B, or P/Y as required.
(Refer to the procedure for Registe. l.oad described in this section.)
Any instruction placed in M is executed in step d.

Depress START pushbutton.

instruction in M is executed. HLT has no effect. The next instruction is fetched

from memory and placed in register M, and may be examined by depressing the REGISTER

M pushbutton. Thereafter, each time the START pushbutton is depressed, the previously

fetched instruction is executed, the next instruction is fetched, and the computer halts. If

the P/Y pushbutton is depressed, the address from which the new instruction was fetched
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is displayed on pushbutton/indicators 1 through 16, During execution (run operation), the
SI position can be used to aid in program debugging if no real-time requirement exists.

[/O operations must be carefully considered before using SI.

Run Operation

A program is executed in the run mode as follows:

a. Set MA/SI/RUN switch to SI.
b. Depress MSTR CLEAR button (unless clearly not desired).
c. Enter initial parameters into register A, B, or P/Y as required.

{Refer to the procedure for Register Load described in this section.)
d. Set MA/SI/RUN switch to RUN.
e. Depress START pushbutton.

The computer runs untila halt is executed or untilthe MA/SI/RUN switch is set to SI.

Key-In-Loaders

The instructions listed below in Table 1-5 normally occupy memory locations 1

through 17_ and enable the loading of self-loading paper tapes or cards by means of the

8
teletypewriter, high-speed paper-tape reader, card reader/punch (316/516-5140), or

either card reader (316/516-61 or -5100).

The hardware protects memory locations 1 through 178 from modification by a
stored program; therefore, under normal conditions, the key-in loader should remain
intact in these locations. However, when operating in the MA mode, locations 1 through
178 arc unprotected; therefore, care must be exerted to avoid inadvertently destroying

the key-in loader while loading memory.

Table 1-5. Key-In Loader Instructions

PAPER TAPE INPUT:

HIGH-
SPEED ASR
LOC. REALER REALER COMMFENTS
1 5TaA '57 010057 010057 SAVE A REGISTER
* FOR START LOCATION
2 OCP 174 030001 030004 STAKT READER
3 INA '1001/°1004 131001 131004 INFUT FIRST FRAME
4 JMP *-1 002003 002003 CELAY UNTIL REALY
5 SNZ 101040 101040 IGNORE LEALER
6 JMP *=3 002003 002003 LOOP IN LEADER
7 STA 0 010000 010000 STORE IN LOCATION O
10 INA '10017'1004 131001 131004 CLEAR AND INPUT FRAME
11 JMP *-1 002010 002010 DELAY UNTIL READY
12 LGL 8 041470 041470 SHIFT TO PACK
13 INA 174 130001 130004 INPUT FRAME
14 JMP *=-1 002013 002013 DELAY UNTIL READY
15 STAx O 110000 110000 INDIRECTLY STORE WORD
16 IRS 0 024000 024000 POINT AT NEXT WORD
17 SZE 100040 100040 TEST INPUT WORD
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Table 1-5 (cont). Key-In Loader Instructions

CARD INPUT:
CAKD
CARD READER/
LOC. hEADRK FUNCH COMMENTS
1t STn '57 10087 010057 SAUE A KEGISTEK
2 ocy 105/ 106 n3010% 03010F REAL FIRST CAKD
3 1NN '1e0%/ ' 00R 131005 131006 INPUT A 20
4 JAP * -] 002003 002003
5 STA 0 10000 010000 STOWE I ¥ I4DEX
A SKP 100000 100000 SKIP START ADDR.
7 DAC *NNOOO oONNOQO ONNOQOO START OF FALC
10 INA '10057'1006 131005 131006 CLEAK ANL INFUT COLUWN
11 JdMmk * -1 002010 002010 LELAY UNTIL wkADLY
12 LCGL ] 041470 041470 SHIFT TO FPACK
13 INA 576 130005 130006 INFUT COLUMN
14 Jmp =1 002013 002013 TELAY UNTIL KEALY
15 STAx* 0 110000 110000 INDIKECILY STORE WORKD
1A IHRS 0 024000 024000 FOINT AT NEX1 WORL
17 SZE 100040 | 100040 TEST INPUT WORL

Normal Memory I.oad

The key-in loader is entered into memory as follows:

Ay

¢,

Depress MSTR CLEAR pushbutton. The program counter (register P)
is set to zero.

Sct MA/ST/RUN switch to MA. This selects the memory access mode
and unlocks the protected area, addresses 1-178.

Set STORE/FETCH switch to STORE,
Set P/P+1 switch to P+1.
Enter first instruction into register M.

Depress START button., Register P is incremented by one, and the
first instruction is entered into location 000001.

Repeat step f for each of the remaining instructions to be loaded.

Fach time the START pushbutton is depressed, register P is incremented by one,

and the instruction in register M is loaded into memory,

Normal Memory Display

The following steps are performed to e - “hat the key-in loader has been loaded

correctly into the designated memory locations.

a.

b.

d.

Set MA/SI/RUN switch to MA.
Depress MSTR CLEAR pushbutton,
Set STORE/FETCH switch to FETCII.
Set P/P+1 switch to P+1,

Depress register M pushbutton.

Depress START button. Register P is incremented by one, and the
contents of memory location 000001 is displayed on pushbutton/
indicators 1 through 16.
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g. Repeat step f. for each of the remaining memory locations to be
monitored.

Each time the START pushbutton is depressed, register P is incremented by one,
and the contents of the addressed memory is displayed.

Use of the key-in loaders is described in Section III.
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SECTION II
GENERATION OF SELF-LOADING TAPES

In addition to an extensive library of object tapes, the Honeywell 316/516 software
package contains several tapes that are self-loading, Two of them are a loader program
(LDR-APM) and a punch and load program (PAL-AP). In addition, all of the test and
verification routines are supplied as self-loading tapes. These categories are discussed
throughout this section.

Library routines required for card and magnetic tape options are generic by name.
Identification of the exact document number required may be obtained from the appropriate
Programmers Reference Manual,

Computer systems with 4K of memory are supplied with a DAP-16 self-loading tape.
Systems with 8K of memory are supplied with a FORTRAN IV self-loading tape and all
object programs necessary to make a DAP-16 self-loading tape. Systems with over 8K
of memory are supplied with all object programs nece ssary to make DAP-16 or FORTRAN
IV self-loading tapes.

DEFINITION OF SELF-LOADING TAPES

Program tapes that are called self-loading tapes can be loaded by using the key-in
loader and a two-part self-contained loader. These programs are loaded by entering
P=1 and pressing the START pushbutton.

All of these self-loading tapes were punched out of memory by the punch and load
(PAL-AP) program. After PAL-AP has been directed to an output device and the limits
of memory to be output have been set, it outputs the two-part self-contained loader that
is used to supplement the key-in bootstrap at program load time. The first part of the
two-part loader is 3210 instructions punched in binary 8-8 format. At load time the

key-in loader loads these 3210 instructions into memory locations 208 through 57 The

g
second part of the loader is 1768 locations long, and is also in binary 8-8 format. This

portion of the loader is relocatable at program load time and can be loaded into XX6OO8

{where XX is any sector desired except 28 and 428). To exercise this option, enter

A—register=XX6008 at load time. If the A-register is left with zeros at load time, the

1768-word loader will go to the sector specified by the default start location (5758 relocat-

able in PAL-AP), which is normally the sector PAL-AP is in when the loader is punched.
Following the two-part loader, PAL-AP punches out about 12 inches of leader and

then punches the contents of memory between the specified limits. This output is punched
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in invisible (4-6-6) format and is in blocks of 508 words. Ilach block is preceded by a
start-of-message code 2.018 and a starting location. The data block is followed by a
checksum, X-OFF (code 2238), RUB OUT (3778), and eight frames of leader. Eight com-
binations of data cause special action in the ASR-33/35. The presence of these charac-
ters is tested, and conversions are made to prevent the special action. At load time, the
substituted characters are checked for, and the data is reconverted where necessary,

NOTE: To minimize the output from the PAL-AP program, it is recom-
mended that memory be cleared prior to loading the object program
to be dumped, because PAL-AP does not punch blocks of zeros.
Instead, it punches a control word to indicate the number of
zeros in a block. Thus, by clearing core, unnecessary data is
not punched on the system tapes.

The following routine may be keyed in manually and used to clear all of core above

memory location 00022,

Memory Location Octal Contents DAP Mnemonics
00000 000022
00020 000013 EXA
00021 002015 JMP 15

Press MSTR CLEAR and start at location 00020,

With a computer system having more than 4096 memory locations, the user will
find it desirable and sometimes necessary to have a self-loading version of PAL-AP that
loads into the highest sector of memory. He also will find it desirable and necessary to
make a self-loading version(s) of the relocating loader program(s) (i.e., LDR-APM,
SLDR-A, or SLDR-P) that also loads into the highest sectors of memory. Having these
routines located at the top of memory makes all of the lower core available for program
loading and allows the loader(s) to make checks for memory overflow and set aside a
common storage area,

The following procedures for creating DAP and FORTRAN self-loading tapes assume
that a loader self-loading tape has been constructed. As illustrated in Figure 2-1, the
procedure for generating a self-loading tape (SLST) involves six basic operations. These
operations are:

Entering the loader into high sectors of memory.

b. Loading the main program (DAP-!., I'RTN, etc.) into memory with
specified starting locations at which loading and cross-sector linkage
are to begin,

c. Loading the I/O routines (IOS, 1/O library, etc.) to satisfy the main
program calls.

d. Obtaining a memory map to determine the area of memory that con-
tains data to be punched out on the self-loading tape.

e. Loading the punch and load (PAL-AP) program into the high sector of
memory.

f. Punching out the SLST from limits determined by the memory map.
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GENERATION OF PAL-AP SYSTEM

Routines Required

1

a. LDR-APM 4K self-loading tape, No. 180005100

b. PAL-AP object tape, No, 180311000

Simplified Procedure (See Section III, Operating Procedures)

a. Load LDR-APM 4K self-loading tape (set P to 000018).

b. Use LDR-APM (start at 70008) to load PAL-AP object tape at XX000,

where XX is the highest sector in memory (refer to Table 2-1),

c. Obtain memory map (for reference only).

NOTE:

Establish the future starting address of the
176g-word loader (refer to Section IV for a
definition of PAL-AP generated tapes). Loca-
tion XX575g now specifies sector XX, the high-
est sector, This, however, can be changed

to any sector desired by manually inserting the
value of NN600g in memory location XX5754
(NN is the sector desired and XX is the sector
PAL-AP is in)....This paragraph is intended
for information only, as XX is the sector
desired for step d.

d. Punch out PAL-AP program just loaded in self-loading tape format,
Set limits of PAL-AP from XX000g to XX577g. Do not be concerned
that the upper limit given to be punched is less than the upper limit
of the memory map. The area from XX()OO8 to XX7768 is part of
the PAL-AP loader and is punched automatically. (Refer to Table
2-1 for values of XX.)

Table 2-1, Memory Sector Substitution Chart

Memory
Size Uu Ww ZZ Vv YY XX
4K 02 03 04 05 06 07
8K 12 13 14 15 16 17
12K 22 23 24 25 26 27
16K 32 33 34 35 36 37
24K 52 53 54 55 56 57
32K 72 73 74 75 76 77
where: UU is the highest available sector -5

WW is the highest available sector -4
ZZ is the highest available scector -3
VV is the highest available scctor -2
YY is the highest available sector -1
XX is the highest available sector in memory

To order, contact your Honeywell Sales Representative.
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GENERATION OF LDR-APM SYSTEM

LDR-APM loads all object programs from the DAP-116 assembler, DAP-16 assem-
bler, and X-16 FORTRAN IV compiler. It loads object programs by means of the ASR,
high-speed reader, magnetic tape unit, cards, or disk. With this variety of input devices,
provisions have been made to configure the loader to the specific device(s) and device unit
numbers to be used. Coding for paper-tape inputs is within the LDR-APM object program.
Coding for magnetic tape input is by means of the I/O library routines I$MA-U and
M$UNIT-U. Coding for card input is by means of the I/O library routine I$CB. Requests
for program loading by means of the disk are transferred to the disk operating system
(DOP) which returns control to the loader after loading the program.

The simplest configuration for an LDR-APM self-loading tape would be for paper
tape input only, This configﬁration requires four sectors of memory, and placement
would normally be in the four highest sectors of memory. For every feature added,
LDR-APM must be placed lower in core and the features added placed in the next sector
above it. Next, in order of complexity, would be to include magnetic tape or card load
capabilities. This configuration would best be accomplished by placing the magnetic tape
or card input routines in the highest sector of memory and the LDR-APM program in the
four sectors immediately preceding the high sector. This method, while not the only one
possible, is recommended because the names table used by the loader starts at the base
of the loader and proceeds toward lower core. When the disk file is to be used with
LDR-APM, the disk operating program and its associated 1/O routines (M$10 or D$10)
would be loaded above LDR-APM. To load above LDR-APM, the user must change the
location defined in the common base (XX000 - 1000, where XX000 is the loader starting
point) to a value above the highest location into which he wishes to load. Linkage between

LDR-APM and DOP is established through dedicated memory locations 770, through 7778,

8
thus eliminating the requirement for both routines to be on one self-loading tape.
The following procedures describe the generation of LDR-APM self-loading tape

with and without magnetic tape capabilities.

Generation Without Magnetic Tape or Card Reader

ROUTINES REQUIRED
a. LDR-APM self-loading tape, No. 180005100
b. LDR-APM object tape, No. 180005000
¢. PAL-AP object tape, No. 180311000
d. LDR-DUMY object tape, No., 180835000
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SIMPLIFIED PROCEDURE (See Section III, Operating Procedures)

Load LDR-APM 4K self-loading tape.

Load LDR-APM object tape at ZZ000,, where ZZ is the highest sector
minus 3; i.e., ZZ = 14 for 8K (refer to Table 2-1 for ZZ). TTY prints
IlMR. 1

Load LDR-DUMY. This call could remain unsatisfied with no effect on
loading capabilities. TTY prints "LC."

Take a memory map for future reference.

Insert desired input device code in location VV000g, where VV is 1000g
REL; i.e., VV = 15 for 8K. The octal code occupies bits 14-16 and is
preset to 1, where:

1

il

high-speed paper-tape reader

2 = ASR paper-tape reader

4 = disk drive
If loading is to be always from the same device, the halt for allowing
device selection is omitted. This is accomplished by inserting an NOP
(1010008) into location 3443 (relocatable to ZZOOO8; i.e., for 8K,

77 = 14). Thus, 34438 (relocatable) would be 174438. (The location
is renamed HHHT. )

NOTE: This location applies to LDR-APM, Rev B and later.

Load PAL-AP object tape into sector NN, where NN is any convenient
sector except 02 or 42,

Change control of PAL-AP default location NN575g from NN600g to XX600g,
where XX is the highest sector occupied by the loader (refer to Table 2-1).

Execute PAL-AP at NN00Og to dump between 770008 and XX577g. The out-
put tape is the new self-loading loader.

Generation With Magnetic Tape and Without Card Reader

ROUTINES REQUIRED

d.
e.

f.

LDR-APM 4K self-loading tape, No. 180005100
LDR-APM object tape, No, 180005000

I$MA object tape

MS$UNIT object tape

PAL-AP object tape, No., 180311000
LDR-DUMY object tape, No, 180835000

SIMPLIFIED PROCEDURE (See Section III, Operating Procedures)

Load LDR-APM 4K self-loading tape.

Load LDR-APM object tape at WW000g, where WW is the highest sector
of memory minus 4; i.e., for 16K, WW = 33, Get MR on ASR.

Satisfy loader call for I$MC by loading I$MA object tape at XX000g, where
XX is the highest available sector; i.e., for 16K, XX = 37.

NOTE: To continue loading with a new origin, set A-register
to new origin, set P-register to 7003g, and depress
the START pushbutton. Get MR ASR.
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Satisfy loader call for SUBR's by loading M$UNIT. Get MR or TTY.
Satisfy loader call for SUBR's by loading LDR-DUMY. Get LC on TTY.
Take a memory map for future reference.

Insert changes in M$UNIT for proper magnetic tape I/0O channel and
magnetic-tape drive numbers. Insert proper codes into bits 14-16
of the following addresses specified by the memory map.

M$TY Channel type: I/O bus = 0, DMC =1, DMA - 2

M$TO Physical number assigned to logical tape 0

M$TI1 Physical number assigned to logical tape 1

M$T2 Physical number assigned to logical tape 2

M$T3 Physical number assigned to logical tape 3

M$T4 Physical number assigned to logical tape 4

M$T5 Physical number assigned to logical tape 5

M$Te Physical number assigned to logical tape 6

M$T7 Physical number assigned to logical tape 7

M$Co DMA or DMC channel number as signed to logical tape 0
M$Cl DMA or DMC channel number assigned to logical tape 1
M$C2 DMA or DMC channel number assigned to logical tape 2
M$C3 DMA or DMC channel number assigned to logical tape 3
M$C4 DMA or DMC channel number assigned to logical tape 4
M$Cs DMA or DMC channel number assigned to logical tape 5
M$Ceo DMA or DMC channel number assigned to logical tape 6
M$C7 DMA or DMC channel number assigned to logical tape 7

Insert desired device code in location VV000g, where VV000g is (1000g
relocatable) to the beginning of the loader. The octal code occupies bits
14-16 and is preset to 1, where:

high-speed paper-tape reader
ASR paper-tape reader

W N
H

magnetic tape drive
4 = disk drive

If magnetic tape is selected, bits 11-13 should be set up to physical tape
number from which loading takes place.

If loading is to be always from the same device, the halt for allowing
device selection is omitted. This is accomplished by changing the I
first halt to a NOP,

NOTE: This applies to LDR-APM, Rev B and later.

Load PAL-AP object into sector NN, where NN is any convenient
sector except sector 02 or 42.

Change contents of PAL-AP default location NN5758 from NN6008 to
XX600g, where XX is the highest available sector in memory.

Execute PAL-AP at NN00Og to dump between low and high locations
obtained from memory map taken in step f. Tape obtained is the
new LDR-APM self-loading tape.

2-7 BX48



Generation With Card Reader

ROUTINES REQUIRED
LDR-APM 4K self-loading tape, No. 180005100
b. LDR-APM object tape, No. 180005000
c. I$CB object tape
d. LDR-DUMY object tape, No. 180835000
e. PAL-AP object tape, No. 180311000

SIMPLIFIED PROCEDURE (Refer to Section III for detailed operating procedures)
a. Load LDR-APM 4K self-loading tape.

b. Load LDR-APM object tape at WWO000g, where WW is the highest
sector of memory minus 4; i.e., for 16K, WW = 33, Get MR on
ASR.

c. Satisfy loader call for MR by loading I$CB object tape at XX000g,
where XX is the highest available sector; i.e., for 16K, XX = .8‘37.

NOTE: To continue loading with a new origin, set A-
register to new origin, set P-register to
7003g, and press START pushbutton. Get
MR on ASR,

d. Satisfy loader call for MR by loading LDR-DUMY. Get LC on ASR.
e. Take a memory map.

f. Insert desired device code in location VV000g, where VV000g is (1000g
relocatable) to the address WW in step b. The octal code occupies bits
14-16 and is preset to 1, where:

1 = high-speed paper-tape reader

2 = ASR paper-tape reader
4 = disk
5 = card reader

g. 1f loading is to be always from the same device, the halt for allowing
device selection is omitted. This is accomplished by changing the
first halt to a NOP.

NOTE: This applies to LDR-APM, Rev B and later,

h. Load PAL-AP object into sector NN, where NN is any convenient
sector except 02 or 42.

i. Change contents of PAL-AP default location NN5754 from NN600g
to XX6008, where XX is highest available sector in memory.

j. Execute PAL-AP at NN0OOg to dump between WWO000, and high
location obtained from memory map taken in step e. The tape
obtained is the new LDR-APM self-loading tape.

Generation With Magnetic Tape and Card Reader

ROUTINES REQUIRED
a. LDR-APM 4K self-loading tape, No. 180005100
b. LDR-APM object tape, No, 180005000
c. I$CB object tape
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d. I$MA object tape _
e, MS$UNIT object tape, No. 180602000
f. PAL-AP object tape, No. 180311000

SIMPLIFIED PROCEDURE (Refer to Section III for detailed operating procedures)
a. Load LDR-APM 4K self-loading tape.

b. Load LDR-APM object tape at WWO000g, where WW is the highest
sector of memory minus 4; i,e., for 16K, WW = 33, Get MR on
ASR.

c. Satisfy loader call for MR by loading I$MA object tape at XX000g,
where XX is the highest available sector; i.e., for 16K, XX = 37,

NOTE: To continue loading with a new origin, set A-
register to new origin, set P-register to 7003g,
and press START pushbutton. Get MR on ASR,

d. Satisfy loader call for MR by loading M$UNIT.

e. Get MR on ASR.

f.  Satisfy loader call for MR by loading I$CB. Get LC on ASR.
g. Take a memory map.

h. Insert changes in M$UNIT for proper magnetic-tape I/O channel and
magnetic-tape drive numbers. Insert proper codes into bits 14-16
of the following addresses specified by the memory map.

M$TY Channel type: I/O bus = 0, DMC = 1, DMA =2

M$T1 Physical number assigned to logical tape 1

M$T2 Physical number assigned to logical tape 2

M$T3 Physical number assigned to logical tape 3

M$T4 Physical number assigned to logical tape 4

M$T5 Physical number assigned to logical tape 5

M$T6 Physical number assigned to logical tape 6

M$T7 Physical number assigned to logical tape 7

M$Cl1 DMA or DMC channel number assigned to logical tape 1
M$C2 DMA or DMC channel number assigned to logical tape 2
M$C3 DMA or DMC channel number assigned to logical tape 3
M3$C4 DMA or DMC channel number assigned to logical tape 4
M$C5 DMA or DMC channel number assigned to logical tape 5
M$Co6 DMA or DMC channel number assigned to logical tape 6
M$C7 DMA or DMC channel number assigned to logical tape 7

i. Load PAL-AP object into sector NN, where NN is any convenient sector
except 02 or 42.

j. Change contents of PAL-AP default location NN575g from NN600g to
XX600g, where XX is highest available sector in memory.

k. Execute PAL-AP at NN000g to dump between WWO000g and high location
obtained from memory map taken in step g, The tape obtained is the
new LDR-APM self-loading tape.
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GENERATION OF SLDR-A OR SLDR-P SYSTEM

Routines Required

a. LDR-APM 4K self-loading tape, No, 180005100
b. PAL-AP object tape, No. 180311000
¢. SLDR-A object tape, No. 180341000
d. SLDR-P object tape, No. 180342000

Simplified Procedure (See Section III, Operating Procedures)

a. Load 4K loader self-loading tape.

b. Use 4K loader to load SLDR-A, or SLDR-P at VV000g, where VV is the
highest sector minus 2; i.e., 8K = 15000g (refer to Table 2-1).

c. Load PAL-AP object tape into sector ZZ000g, where ZZ is the highest
sector minus 4 (refer to Table 2-1).

d. Change PAL-AP default instruction at memory location ZZ575g from
ZZ7600g to XX600g, where XX is the highest sector in memory. This
enables the 176g-word portion of the PAL-AP loader to be loaded
automatically into sector XX at program load time.

e. Use PAL-AP at ZZ000g to dump new SLLDR-A or SLDR-P self-loading
tape. Set limits of PAL-AF at VV000g to XX577g.

GENERATION OF MINILOAD SYSTEM

Routines Required

a. LDR-APM 4K self-loading tape, No, 180005100

b. PAL-AP object tape, No. 180311000
¢. MINILOAD object tape, No. 180580000

Simplified Procedure (See Section IIl, Operating Procedures)

a. Load 4K LDR-APM self-loading tape.

b. Use 4K loader to load MINILOAD object tape at XX000, where XX is the
highest sector in memory (refer to Table 2-1 for values of XX).

¢. Take a memory map for future reference.

d. TUse 4K loader again to load PAL-AP object tape into YY000, where YY
is the next to the highest sector (refer to Table 2-1).

e. Use PAL-AP at YY000g to dump out MINILOAD self-loading tape. Give
PAL-AP a lower limit of XX000g and upper limit of XX677g.

NOTE: Placing PAL-AP at sector YY automatically
establishes sector YY for the loading of the
176g-word relocatable portion of the loader.
Loading the MINILOAD self-loading tape
destroys the last 200g words of sector YY,

GENERATION OF SSUP SYSTEM
This information is contained in the Series 16 manual Ol6-XREF, SSUP, and

MAC Source Language Processors, Order Number AC94, (Document Number

70130072582A). 2.10
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GENERATION OF DAP-16 SYSTEM

This information is contained in Section VII of the Series 16 DAP-16 and DAP-16

Mod 2 Assembly Language manual.

GENERATION OF FORTRAN IV SYSTEM

FORTRAN IV, like the DAP-16 assembler, makes use of the computer's peripheral
devices., It does not call an I/O routine directly. Instead, FORTRAN IV leaves the selec-
tion of the desired I/O device up to the FORTRAN IV Input/Output Supervisor. FORTRAN

IV calls for five services from the I/O Supervisor selected. They are:

a. F4$INT: Initialization

b. T4$IN: Input

c, F430UT: Binary output

d. F43$SYM: Symbolic output

e. F4$END: Compilation complete

The FORTRAN IV I/O Supervisor is F4-1I0S-0, Document Number 70181568000,
Order Number M-1894. It makes calls to the standard drivers that are contained in the
I/O libraries for the following devices.

Teletype

High-speed paper tape reader
High-speed paper tape punch
Line printer

Card reader

Card punch

Magnetic tape drive

Disk drive

NOTE: The compiler is satisfied with any driver written for the called
generic device, but the program will not run unless the driver
written for the specific device is loaded. For example, a Honeywell
Model 5120 card reader can run only with the I$CA card reader
driver written for that model, An attempt to load the I$CA for the
Model 5140 will satisfy the load, but will not operate the Model 5120
card reader, Therefore, the user must use the appropriate I/O
library.

This generation can be performed on systems with 12K and over. An 8K user
receives a FORTRAN system with his software package. A 4K user cannot execute the

FORTRAN IV compiler.

Paper tape input and output is assumed, although the process is essentially the same
regardless of the media used. Details on loading and using LDR-APM and PAL-AP are

given in Section III.
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Routines Required

a,

b.

c.

LDR-APM

FORTRAN IV compiler object tape, Document Number 70180463000
(Rev J or later)

OPDUM object tape, Document Number 70181981000 (Rev A or later)

NOTE:

OPDUM pertains to FORTRAN users not making
calls on OP-16. FORTRAN users may choose to
substitute OPMOD, Document Number 7018198000,
Rev A or later) for OPDUM to provide for use of
OP-16 FORTRAN statements and in-line assembly
code. This feature requires one and one-half
additional sectors of memory. Instructions on
using OPMOD are included in the OP-16 User's
Guide.

F4-105-0 object tape, Document Number 70181568000 (Rev B or later)

1/0 library tapes for all devices used

F4-DUM object tape, Document Number 70180588000 (Rev F or later)

PAL-AP

Simplified Procedure (See Section III, Operating Procedures)

a.
b.

C,

f.

g,

h.

Load LDR-APM into highest convenient sectors of memory.

Load FORTRAN IV compiler object tape. MR is printed.

Load OPDUM object tape. MR is printed.

Load F4-I0S-0 object tape at the start of the next sector. MR is

printed.

Satisfy loader requests for more routines (MR) by loading the I/0O
libraries for the desired devices.

Load F4-DUM object tape. LC (loading complete) is printed. F4-DUM
is used to satisfy all undesired calls made by IOS and to set a default
data pool size (see step h).

Take a complete memory map (see step c. under Options Following
Loader IHalt in Section III). The BASE entry must not exceed 6244
or it will interfere with the compiler. (If BASE is higher, this pro-
cedure must be restarted at step b.) Suggestions to help keep the
final BASE value within limits follow.

1. Minimize cross-sector references by preventing any
routines from crossing a sector boundary when they
load. (This action is taken at the expense of available
core. )

2. Do not load routines that never will be used; e.g., if a
system is equipped with a high-speed paper tape reader
and a card reader, and if FORTRAN source statements
always are to be prepared on cards, load the input
driver for the card reader only.

Set data pool size. The size of memory available to the compiler is
ascertained by F4-DUM, The default state is that F4-DUM will deter-
mine the upper limit of physical memory ('17777, '27777, or '37777).
If all of memory cannot be used, the highest address that can be used
must be placed in location TOP within F4-DUM prior to the first
execution of the compiler (e.g., if DOP is to be used). The default
action is taken when TOP equals zero (the state when loaded).

2-12
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i. If the magnetic tape library has been loaded, alter the M$UNIT loca-
tions according to the assignments described below,

M$TY 0 (for I/0O bus), 1 (for DMC), or 2 (for DMA)

M$C2 No assignments are necessary for I/O bus; for

M$C3 DMC, 1 or 2 should be specified for channel 1
or 2; for DMA, 1, 2, 3, or 4 should be specified

M$C4 for channel 1, 2, 3, or 4.

M$T2 0 for source input on transport 0

M$T3 1 for listing output on transport 1

M$T4 2 for object output on transport 2

If a DMC channel other than 1 or 2 is assigned to the magnetic tape,
that channel cannot be used, and operation must be accomplished
through the I/O bus. Other locations in M$UNIT are disregarded.
For more details, see the Programmer's Reference Manuals for
the various magnetic tape options.

je Load PAL-AP into NN0O0OO, where NN is a convenient sector above
the HIGH address obtained from the complete memory map (see
step g).

k. Execute PAL-AP using 100g as the low-limit address and the HIGH
address obtained from the complete memory map as the high-limit
address.

The PAL-AP program puriches a self-loading version of the compiler, OPDUM,
108, I/0 library routines, and F4-DUM in PAL format.

FORTRAN Octal Storage Requirements

Table 2-2 gives the approximate storage requirements in octal for the basic com-
ponents of a FORTRAN system.
Table 2-2. FORTRAN Octal Storage Requirements

Program Size in Octal
FRTN 14700
OPDUM 50

(or OPMOD) (1300)
F4-10S-0 600
F4-DUM 35

The I/0 library storage requirements also must be considered, These can be found in

the Programmer's Reference Manuals for the various I/O options,
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SECTION III
LOADING AND OPERATING PROCEDURES

This section presents detailed procedures for loading, executing, assembling, and
compiling programs, as well as generating self-loading paper tapes. The assembly com-
pilation, and updating procedures describe the use of the self-loading tapes which are
generated according to the instructions in Section II. Some of the procedures described
for specific programs in Section II have been generalized to cover all programs on paper

tape.

LOADING PROCEDURES

Key-In Loader

Refer to Section I for a description of the key-in loader.

Loading Self-I.oading Tapes

Self-loading tapes make use of the key-in loader, This procedure assumes that the
proper key-in loader for the input device used is in core, A definition of self-loading

tapes appears in Section II. For computers with extended addressing, refer to Appendix B.

a. Set MA/SI/RUN switch to SI position.
b, Depress MSTR CLEAR pushbutton.
c. Load 000001g into register P.

d. Insert self-loading tape into appropriate input device (ASR or high-
speed reader).

e. Enter one of the following into register A:

1. All zeros. The 176g-word relocatable portion of the
loader goes to NN600g, where NN is the sector speci-
fied by PAL-AP when the tape is being punched. Nor-
mally, NN is the highest sector of memory.

2. XX600g, where XX is the sector in which the 1768-word
self-contained portion of the loader is to be loaded.

f. Set MA/SI/RUN switch to RUN position.

g. Execute one of the following sets of instructions for the input device
used.

1. If the ASR-33 is used as the input device:
(a) Depress START pushbutton.

(b) Momentarily set ASR-33 reader control
switch to START position.

3-1 BX48



2. If the ASR-35 is used as the input device:

(a) Position manual control switch to OFF
position.

(b) Position ASR reader control switch to
STOP position.

(¢c) Position ASR mode switch to K position.

(d) Depress control key (CTRL) and Q key
‘simultaneously.

(e) Reposition ASR mode switch to T.
(f) Depress START pushbutton,

(g) Set ASR-35 reader control switch to RUN
position,

3. If the photo reader is used as the input device, depress
the START pushbutton.

NOTE: Observe register X (516-only), which
should indicate counting if the tape is
being loaded properly. The X-register
displays the locations into which the
tape is being loaded. The self-loading
program is loaded into the locations
it occupied when it was punched out.
Loading any self-loading tape destroys
the contents of locations 20g through
57g.

Load Indications

Self-loading tapes use a checksum test to verify correct loading. If the computer

and tape stop after the last punched frame is read, then the load is satisfactory.

Loading Object Tapes

Object tapes are the direct output of the DAP-116, DAP-16 assembler, or the
FORTRAN IV compiler. Object tapes may be in the absolute (ABS) or relocatable (REL)
mode. As loading procedures for the modes vary somewhat, it is recommended that the
operator check the program listing to determine the mode in which the tape was punched.
Generally, DAP-16, FRTN, and SSUP are supplied as absolute programs. Library sub-
routines are examples of relocatable format. All Honeywell-supplied DAP-16 object
tapes are prepared in the two-pass mode.

. Object tapes produced by the DAP-16 assembler or FORTRAN IV compiler con-
sist of a 24-bit word for each 16-bit computer word. The extra bits allow the assembler
or compiler to assign addresses without consideration of crossing memory sectors.
Actually, the assembler assigns a 15-bit address for each instruction {a capability of
32K direct access) and a 3-bit code that indicates if the address is absolute, relocatable,

etc. {(See Section VI, Paper Tape Formats.)
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The relocating loader program reduces each 24-bit word to an appropriate 16-bit
word, and stores it in memory., (Refer to Figure 3-1, Desectorized Program Loading.)

The software package for the Honeywell 316/516 contains several relocating loaders
to lead object programs, Loaders vary in size of program, input devices used, and types of
programs they load. For time and space consideration, the operator usually selects the

shortest loader that meets the loading requirements. (See Table 3-2 for loader selection.)

Operating Instructions for Relocating Loaders LDR-RPM, SLDR-A, SLDR-P, LDR-C,
and SLDR-C.

The loaders discussed in the following paragraphs have several options; each

option is selected by the starting location entered.

LOADING OPTIONS
In the following, XX represents the highest sector occupied by the loader.

a, P

XX000 = Normal object program loading.

b. P XX004 = Force-load a subroutine. This entry loads a sub-
routine even if it has not been called by a main program.

c. P = XX006 = (LDR-APM only). Loads object programs in the
extended desectorizing mode; otherwise, identical to P = XX000.

LOADING INSTRUCTIONS
a. Set MA/SI/RUN switch to SI position.

b. Enter desired loading option into register P (reference Loading Options
above).

c. If program is relocatable (REL), enter octal address of location at which
loading is to begin into register A. If register A is 0, starting location
of 1000g is assumed. To start loading at 000008, set sign bit of register
A, Note that locations 1-17 are hardware-protected.

d. If program is absolute (ABS), A-register setting is unnecessary.

e. Enter octal address of location at which intersector indirect-address word
table is to begin into register B, If register B is zero, starting location
of 1008 is assumed.

NOTE: With loaders SLDR-A, SLDR-P, or SLDR-C, the inter-
sector indirect word table must be in sector 0 for
Honeywell 316/516 computers not equipped with the
memory lockout option, Loaders LDR-APM and
LDR-C support the SETB pseudo-operations, Thus,
the intersector indirect word table may be program
controlled and may be in sector 0 or the same sector
as the instruction. If a computer is equipped with
the memory lockout option, the table may be in any
sector.

f. Insert objectlprogram into appropriate input device. (If card reader is
used, turn validity OFF and make it READY.)

g. Set MA/SI/RUN switch to RUN position.
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h, (LDR-APM only): Depress START pushbutton. Computer will halt
for input device selection. (See note.)

1. Position MA/SI/RUN switch to SI. Enter into bits 14-16 of
of register A one of the following octal codes:

= High-speed paper-tape reader
= ASR paper-tape reader

= Magnetic tape

= Disk/drum

= Card reader

U W N
it

If magnetic tape is selected, set bits 11-13 of register A to physical
tape number from which loading takes place.

2. If register A is set to zeros, the preselected device is used.

NOTE: Step h. may be climinated by preselecting 1/O
devices and placing an NOP in location 3443g
(REL). (Refer to instructions for generating
an LDR-APM system tape, Section II.)

i. Depress START pushbutton. Object program is loaded into memory
until loader message is produced on teletypewriter and halt occurs.
(See Table 3-1 for significance of loader messages.)

NOTE: When starting LDR-APM after a loader message
typeout, the device selection code must be
entered in register A, if loading is to continue
from a device other than the one specified in
the device default location (1000g REL).

Table 3-1. Loader Messages

Message Meaning Action Required?

LC Loading complete Depress START pushbutton to begin
program execution,

MR More subroutines required Insert required subroutine tapes into
appropriate input device and depress
START pushbutton to continue loading.

CK Checksum error in last Depress START pushbutton to ignore
block read block and continue loading. Valid load
is not assured.
BL Block too large or Depress START pushbutton to ignore
improperly formatted block and continue loading. Valid load

is not assured.

MO Memory overflow due to " Depress START pushbutton to obtain
program attempting to | memory map. Refer to Appendix A for
overwrite loaderb memory map format. No recovery is

possible from this error.

2When a loader halt occurs and a message is produced, several options can be performed
in addition to those specified in this table. These options are described in the paragraphs
following this table.
When loading the loader or any program higher in core than the loader, change loader
location FIL7 from NN700 to XX700, where NN is the last sector occupied by the loader,
and XX is the highest sector in memory. The 4K system loaders supplied have been
modified. The loader program listing indicates the location of FIL7; otherwise, an MO
error will result.
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The loader cannot detect a program overlaying the indirect word tables or the tables

overlaying the program. A memory map must be obtained to determine if overlay exists,

OPTIONS FOLLOWING LOADER HALT

a.

Reload object tape by repeating procedure for loading object programs
described previously.
Recover from a missing end-of-tape block. The procedure is:

1. Set MA/SI/RUN switch to SI, which causes computer to halt.
2. Load XX00lg into register P.

3. Set MA/SI/RUN switch to RUN.

4. Depress START pushbutton.

Print a memory map. The procedure is:

1. Set MA/SI/RUN switch to SI.

2. Load XX002g into register P.

3. Set MA/SI/RUN switch to RUN.

4. Depress START pushbutton. A memory map is produced on the teletype.
(See Appendix A, Memory Map. )

Set a program break. Continue loading with a new origin. The procedure is:

1. Set MA/SI/RUN switch to SI.

2. Load XX003_ into register P.

3. Load register A with address of location where loading is to continue. If
register A is cleared, origin for loading remains unchanged.

4. Set MA/SI/RUN switch to RUN,

5. Depress START pushbutton to continue loading.

Force-load a subprogram. The procedure is:

Set MA/SI/RUN switch to SI.

Load XX0044 into register P.

Repeat step 3. above.

Insert tape into appropriate input device if required.
Depress START pushbutton to load tape into memory.

O b W N =~

Begin executing the object program. The procedure is:

Set MA/SI/RUN switch to SI.

Load XX0058 into register P.

Set MA/SI/RUN switch to RUN,

Depress START pushbutton to execute program.

B W N -
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Table 3-2. Loader Selection

Number of

Sectors
| lLoader Used Device Used Restrictions®
MINILOADP 1 ASR, high-speed |Loads only DAP-16 two-pass object pro-
reader, or card grams; does not load subroutines, ex-
reader ternal calls, or in extended memory mode.
Psuedo-operations SETC and SETB are not
supported. Mixed modes of assembly are
not handled.
Example: REL mode to ABS mode
ABS mode to REL mode
SLDR-A 3 ASR-33/35 Does not load DAP-16 one-pass object
tapes, or extended memory mode pro-
SLDR-P 3 High-speed reader|grams. Pseudo-operations SETC and

SETB are not supported.
LDR-APM® 4 or 5 |ASR, high-speed |This is the expanded loader which loads both

reader, card one- and two-pass DAP-16 object tapes as
reader, magnetic {well as FORTRAN IV object tapes. When
tape, or disk using disk, DOP must be in core and
initialized.

LDR-C 4 200-cpm card SETC pseudo-operations are not supported.
reader

SLDR-C 3 200-cpm card Does not load DAP-16 one-pass object pro-
reader grams or in extended memory mode.

SETC pseudo-operations are not supported,

2Restrictions listed are the most salient restrictions. The individual listings con-
tain the complete lists of restrictions.

PMINILOAD at execution time requires only one sector, but the 177_-word portion
of the PAL-AP loader must go to a sector other than the last sector when
MINILOAD is being loaded.

CLDR-APM uses four sectors without magnetic tape/cards or five sectors with mag-
netic tape/cards. For the disk features, it requires the disk operating program
(DOP) and the appropriate disk 1/O routine to be in memory.

LDR-APM ADVANTAGES
a, Allows loading of programs in normal mode in the upper 16K.
b. Provides a default sector zero in the same 16K,

c. Provides a map that shows START as the load point if not otherwise
specified.

d. Removes redundant cross-sectorizing in the case of a SETB and sector
zero reference.

e. Merges flag and tag bits in DACs rather than adding them.

f. Ignores tag on a DAC when loading with extended desectorizing. (Cannot
index address constants in extended mode. )
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g. Provides 14-bit address for symbolic address in normal mode. Pro-
vides 15-bit addresses for symbolic address in extended mode. Pro-
vides 16-bit addresses for absolute address in either mode.

h. Negative DACs (symbolic) are modulo 64K,

i. Provides start after LC by depressing the START pushbutton. Mode of
execution is mode of loading (extended or normal).

j. Location of COMMON is found in XX000, where XX, is the next to the
last sector (i.e., location 60008 for 4K loader).

k. Basic storage of variable data overlays the bootstrap, so patching space
(about 100g words) is available at the end of the last sector.

1. Can be entered in normal mode (no manual EXA required). Sets the
index register to zero on entry (and must keep it zero in order to run
properly for other entries).

m. Allows loading in extended desectorizing by an alternate entry even
though the program did not have EXD (entry 'XX006, where XX is last
sector of loader).

n. Provided as 4K SLT which can load above itself and as an object tape.
PAL-AP dumps of this loader that are to reside above first 16K should
be dumped with Revision D or higher of PAL-AP.

OPERATING INSTRUCTIONS FOR MINILOAD

Restrictions
Miniload does not operate on:
a., Object tapes produced by FORTRAN IV,

b. Object tapes produced in one-pass mode or with external references
(including subroutines).

c¢. Extended memory option or the relocatable sector zero option.

d. Mixed modes of assembly. Examples: Relocatable mode to absolute mode.
Absolute mode to relocatable mode.

Operating Procedures

a. Set MA/SI/RUN switch to SI position.
b. Depress MSTR CLEAR pushbutton,

c. Set P = XX000g, where XX is sector in which miniload was stored.
Set register A equal to starting location where loading begins (if A is
zero, a 1000g starting location is assumed). Set register B to starting
location (in sector zero) for linkage table (if B is zero, 100g is assumed).

d. Set SSWI1 if loading from ASR. Set SSW2 if loading from card reader.
Reset all sense switches if loading from high-speed reader.

e. Press START pushbutton. Loading continues until an error is
encountered or until loading has been completed. In either case, a
halt occurs, and registers A and B contain a code which specifies the
reason for the halt.
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Table 3-3, Miniload Halts
A(l) A2) A(l3-16) B(l-16) Reason

0 0 Next Next Normal end-of-load halt; clear A and
available available begin execution of program just
location location loaded. ILecave A and B unchanged or

modify (A cannot be zero) to load next
program.

0 1 Undefined Undefined | Block error or illegal address type
(forward ref., etc.); press START
pushbutton to load new program.

1 0 Next Undefined | Checksum error; press START push-
available button to ignore and continue loading.
location

1 1 Undefined Undefined | Sector zero full; press START push-
button to load.

NOTE: If errors were encountered, the program may not be exccuted.
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PROCESS MEMORY REFERENCE INSTRUCTION

¢

ADDRESS RELOCATABLE ?

NO

YES

ADD (SUBTRACT)
RELOCATION FACTOR

NO ADDRESS IN SAME SECTOR YES
AS INSTRUCTION?

NO IS ADDRESS IN THE SAME
SECTOR AS THE CURRENT
BASE SECTOR?

YE

TRUNCATE ADDRESS TO 9 BITS
AND LOAD FLAG, TAG AND

OP CODE OF OBJECT WORD
INTO BITS 1-6

LOAD 9-BIT ADDRESS INTO BITS
8-16 OF OBJECT WORD

y

RESET THE SECTOR BIT (BIT 7)
OF THE OBJECT WORD

v

INSTRUCTION COMPLETE

S

y

LOAD FLAG, TAG AND OP CODE
OF OBJECT WORD INTO BITS 1-6

TRUNCATE ADDRESS TO 9 BITS
AND LOAD INTO BITS 8-16 OF
OBJECT WORD

)

SET THE SECTOR BIT (BIT 7)
OF THE OBJECT WORD

v

INSTRUCTION COMPLETE

Figure 3-1,

3-9

Desectorized Program Loading (Part 1 of 3)
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YES ﬁADDRESSIN\ NO (AN INDIRECT ADDRESS WORD
kSECTOR ZERO?j

TRUNCATE ADDRESS TO 9 BITS
AND LOAD FLAG, TAG AND

OP CODE OF OBJECT WORD
INTO BITS 1-6

LOAD 9-BIT ADDRESS INTO BITS
8-16 OF OBJECT WORD

4

RESET THE SECTOR BIT (BIT 7)
OF THE OBJECT WORD

l

INSTRUCTION COMPLETE

!

TRUNCATE ADDRESS

EXTENDED ADDRESSING MODE?

YES

A

TRUNCATE ADDRESS
TO 15 BITS

TO 14 BITS

INSTRUCTION \ YES

STX OR LDX? j
NO

COMBINE ADDRESS (BITS 3-16) WITH
THE FLAG (BIT 1) AND THE TAG (BIT 2)
OF THE OBJECT WORD TO CREATE AN
INDIRECT ADDRESS WORD

A

PLACE INDIRECT ADDRESS WORD IN
THE BASE SECTOR INDIBECT ADDRESS
WORD TABLE. (USE THE EXISTING
WORD IF THERE IS ALLREADY ONE IN
THE TABLE.)

MUST BE FORMED)

COMBINE ADDRESS (BITS 2-16) WITH
THE FLAG (BIT 1) OF THE OBJECT WORD

TO CREATE AN INDIRECT ADDRESS WORD

y

PLACE INDIRECT ADDRESS WORD IN
THE BASE SECTOR INDIRECT ADCRESS
WORD TABLE. (USE THE EXISTING
WORD IF THERE IS ALREADY ONE IN
THE TABLE.)

Figure 3-1, Desectorized Program Loading (Part 2 of 3)
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?

LOAD THE OP CODE (BITS 3-6) INTO
THE INSTRUCTION WORD

SET THE FLAG (BIT 1) AND RESET
THE TAG (BIT 2)

7

LOAD THE OP CODE (BITS 3-6) AND
THE TAG (BIT 2) INTO THE
INSTRUCTION WORD

SET THE FLAG (BIT 1)

LOAD INTO THE INSTRUCTION WORD
THE 9-BIT BASE SECTOR ADDRESS OF
THE INDIRECT ADDRESS WORD (BITS 8-16)

YES IS THE BASE SECTOR THE NO
CURRENT SECTOR? '

SET THE SECTOR
BIT (BIT 7)

l

INSTRUCTION COMPLETE

RESET THE SECTOR
BIT (BIT7)

l

INSTRUCTION COMPLETE

Figure 3-1,

Desectorized Program Loading (Part 3 of 3)
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OPFIRATING INSTRUCTIONS F'OR _SSUP

This information is contained in the Series 16 O16-XREL, SSUP, and MAC Source

Lanvunage Processors manual.

OPERATING PROCEDURES FOR DAP-16

This information is contained in the Series 16 DAP-16 and DAP-16 Mod 2 Assembly

Language manual, Sections V and VL.

COMPILATION OF FORTRAN IV SOURCE TAPES

Without Disk or Drum

The following step-by-step procedures are required to compile FORTRAN IV with-
out disk for systems with 8K and above. A FORTRAN IV compiler system tape is neces-
sary and is supplied to 8K users in the standard software package. Over 8K users must
generate a system tape.

a. Load FORTRAN IV compiler systems tape.

b. Select a bit pattern from Table 3-4 to designate I/O devices to be used
during compilation. Load this into register A.

c. Insert FORTRAN IV source tape into appropriate input device.
d. Set P = 1000g.

e. Depress START pushbutton. When the compilation is completed, an end-of-
job message is printed.

The FORTRAN IV compiler indicates coding, typing, or printing errors by printing
error flags on the listing following the statement containing the error. Some errors are
recoverable and do not interfere with the compilation. Others, however, halt the com-
puter and must be corrected before continuing. (See Section V, Error Messages.)

Table 3-4 indicates the required device assignments. Sense switch 3 can be set
at any time during compilation to halt the computer and allow new device assignments tp
be entered.

Table 3-4. FORTRAN IV Compilation Time Options

Bit Selection Meaning

1 If set, certain error checks are not made. This
option is used when compiling those parts of the
library written in FORTRAN; it permits the library
to use the compiler logic to generate special coding.

2 If set, the symbolic listing is expanded to include
side-by-side octal information,

3 If set, the symbolic listing is inhibited (as long as
bit 2 is not set).

4 Unused.

5 If set, the computer will halt before and after trans-

mitting each block of object text. This pause allows
for turning the ASR-33 punch on and off to avoid
punching of extraneous data on object tape.

3-12 BX48




Table 3-4 (cont), FORTRAN IV Compilation Time Options

Bit Sclection Meaning

6 If set, the object coding being generated will include
trace coupling information regardless of any TRACE
statements within the program. (Operator override).

7 Unused.
8 - 10 Input device selection:

0 = Reprocess last record.

1 = ASR-33/35 keyboard (or its paper
tape reader)

2 = High-speed paper tape

3 = Card reader

4 = Line printer (not used for input)

5 = Magnetic tape unit 2 (logical)

6 = Disk (via DOP)

7 = Spare

11 - 13 Binary output selection:

0 = Suppress binary output.

1 = ASR-33/35 binary output

2 = High-speed paper tape

3 = Card punch

4 = Line printer (not used for output)
5 = Magnetic tape unit 4 (logical)

6 = Disk (via DOP)

7 = Spare

14 - 16 Symbolic listing selection:

0 = Suppress all symbolic listings.

1 = ASR-33/35 keyboard

2 = High-speed paper tape (not used for

listing)

3 = Card reader/punch (not used for
listing)

= Line printer

= Magnetic tape unit 3 (logical)

Disk (via DOP)

= Spare

N o U
M

With Disk or Drum

The following describes the step-by-step procedures required to compile FORTRAN
IV programs with systems having 12K or more memory and disk or drum.

A FORTRAN IV compiler system tape is necessary and must be generated for sys-
tems with 12K and above, The system must contain F4-I0S-0 (Rev. B and later) for
disk and DOP (disk operating program). The disk must have been previously formatted
by M$FT if moving-head disk or by DOP if fixed-head disk. Additionally, the file
name(s) must have been previously entered in the disk directory, and DOP must be

initialized.
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a. Load FORTRAN IV compiler syste:is tag~.
b. Load selected I/O bit pattern into A-register. (See Table 3-4.)
C. Set sense switches to desired settings.

d. Set P-register = 1000g. Depress START pushbutton., If any disk
1/O is requested, DOP requests by means of the keyboard the source,
object, and/or list name, The operator types the appropriate names
on the keyboard and, if the names are present in the DOP directory,
compilation begins, When compilation is completed, an end-of-job
message is printed.

DISK OPERATING PROGRAM (DOP) OPERATING INSTRUCTIONS

DOP provides the user with a disk operating system containing files of information
of varying length on the disks. DOP maintains a directory of the information and per -
forms the commands of initialization, update directory, print directory, and load. DOP
will operate with the following configurations:

Type 4400 Disk Control Unit \

Type 4420, 4421, 4422, 4423 Disk Drive

Type 4406 DMC Subchannel ( Fixed-Head Disk Subsystem
Type 4408 DMA Subchannel )

Type 4600 Disk Control Unit \
Type 4606 DMC Subchannel for 4600
Type 4608 DMA Subchannel for 4600 > Removable Disk Subsystem

e .
Type 4620 100 Tracks/Surface Disk Drive (Moving-Head Disk)

Type 4621 200 Tracks/Surface Disk Drive

DOP must be resident in the same 16K of memory as the user's program for normal
mode operation. DOP uses about six sectors of storage. Also, DOP uses sector zero
location 770g-773g for its software interface,

DOP requires the use of either D$IO (fixed-head input/output driver, 516) or
M$IO (moving-head input/output driver, 316). DOP contains references to three external

parameters, which are defined below:

PART 0 - Moving-Head Disk File
1 - Fixed-Head Disk File
PAR 1 0 - DMA
1 - DMC
PAR 2 Subchannel DMA 1-4

Subchannel DMC 1-16
These parameters are sclected by the user, depending on the configuration. The

parameters are satisfied by creation of a subroutine which is loaded after the disk driver.

The subroutine format is:
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SUBR PART

SURB PAR 1

SUB PAR 2

REL

PART OCT X *  Type of Disk — 0 = Moving Head; 1 = Fixed head

PAR 1 OCT X %  Type of channel — 0 = DMA; 1 = DMC

PAR 2 OCT X %  Subchannel number — DMA, 1-4; DMC, 1-16
END

To satisfy the calls to the alternate driver entries, the user executes one of the two

dummy routines described below:

Using Moving-Head Disk Using I'ixed-Head Disk

(Removable Disk Subsystem)
SUBR D$IO, DUM. SUBR M$IO, DUM
SUBR C$DI, DUM SUBR M$IN, DUM
SUBR C$FD, DUM REL
REL DUM DAC oo

DUM DAC ol JMP*» DUM
JMP:* DUM END
END

DOP utilizes four different file types, plus a directory. The characteristics of each
file are fixed within the DOP system. The user has control over only the size of each file
and its location on the disk. For the fixed-head disk within the DOP system:

a. Records are contiguous within each file.

b. Record numbers are contiguous within each track, starting with
record number 1 and increasing by 1, until the maximum number
of records per track for that record size.

c. The directory occupies tracks 3, 4, and 5.

For the moving-head disk, DOP assumes:

a. Records and associated record numbers are contiguous within each
file.
b. Record numbers within each file start with 1 and increase by 1,

until the end of the file.
c. The directory occupies track 0, heads 3, 4, and 5.

d. The disk has been preformatted using M$FT,

REMOVABLE DISK SUBSYSTEM (MOVING-HEAD DISK FILES)
OPERATING INSTRUCTIONS

Operation of the moving-head disk file on a Model 316/516 requires that the disk
file be configured and formatted, MS$FT (180666000) is the stand alone off-line program
used to accomplish the configuring and formatting necessary. MS3$FT is designed for use

on a Model 316/516 with the following equipment:
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Type 4600 — disk control unit for up to 4 disk drives

Type 4604 — DMC subchannel for 4600

Type 4608 — DMA subchannel for 4600

Type 4620 — 100 track/surface disk drive (9433A)

Type 4621 — 200 track/surface disk drive (9433)
M$FEFT cannot be used for disk drives connected to I/O bus, The procedure for using
M$FT is explained in the Type 4600 Moving-Head Disk File Programming Manual,
Order Number BY05 (Document Number 70130072398).

Moving-Head Disk Files with DOP

DOP requires five different file formats:

a, Directory — Thirty-six 246-word records
b. File 1 — Core image
c. File 2 — Source
d. File 3 — Object
e, File 4 — Listing
DIRECTORY

The DOP Directory must be formatted with 246-word records (6 records per track)

on cylinder 0, heads 0 to 5. The following command should be used:

210003602460000000000000100000100

FILE 1, CORE IMAGE

The core image file must immediately follow the directory. It must also be for-
matted in 246-word records. The user chooses the number of core image records to be
formatted. The following command should be used, with XXXXX replaced with the deci-

mal number of records desired:

21XXXXX02460000600000000100000100

FILE 2, SOURCE

The source image file is formatted in 40-word records (30 records per track). The
user chooses the number of records to be formatted and the starting track, The following
command should be used, with XXXXX replaced with the decimal number of records
desired, YYY replaced with the starting cylinder decimal number, and X replaced with the

starting head number:

21 XXXXX00400YYYZ00000000100000100

FILES 3 AND 4, OBJECT AND LISTING
These two files are both formatted in 60-word records (22 records per track). The

user chooses the number of records to be formatted and the starting track for each. The
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following command should be used once for File 3 and once for File 4, with XXXXX
replaced with the decimal number of records desired, YYY replaced with the starting

¢ylinder decimal number, and Z replaced with the starting head number:

21XXXXX00600YYYZ00000000100000100

DOP Operating Instructions

DOP consists of four main commands:
a. I, Initialization

b. U, Update directory

C. P, Print directory

d. L, Load

INITIALIZATION OF FIXED-HEAD DISK
When DOP is executed, the following message is printed on the ASR:
SELECT I, U, P, L

The user types in I (CR)., DOP enters into the initialization routine which allows
for formatting the directory. Before formatting the directory, DOP allows an option to
clear the directory. This option is signalled when the following message is printed on
the ASR:

CDIC

The user may bypass clearing the directory by typing zero (0) (CR) on the ASR.
Any nonzero character and a (CR) clears the directory. After the option is exercised,
DOP formats the directory with records of 246 words. The initialization routine then
proceeds to the section, allowing the user to format the disk according to one of four
types:

a, File 1 Core image, record length of 246 words

b. File 2 Source, record length of 40 words

C. File 3 Object, record length of 60 words

d. File 4 Listing, record length of 60 words

At the beginning of this formatting section, the following message is printed on
the ASR:

FILE X

DISC ADDRESS T (CR) N (CR)
where X is 1, 2, 3, or 4. The option to bypass formatting of the file is again present,
The user may bypass formatting the file by typing in zero (0) (CR) at this point,

The starting track number is typed in decimal. The program does an ASR read
and returns control to the ASR. The user types in the number of tracks to be formatted
in decimal, The file is formatted beginning at the starting track and continues for the
number of tracks selected. The preceding is repeated for each file, and the program
returns to print the following message upon completion:

SELECT I, U, P, L
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INITIALIZATION OF MOVING-HEAD DISK

DOP assumes that the disk has been preformatted, which basically accomplishes
much of the initialization portion of the program. However, the initialization command
should be utilized after loading DOP to configure the disk and optionally clear the

directory.

UPDATE DIRECTORY COMMAND

The program prints the message:

SELECT I, U, P, L

The user types U (CR). The update command is selected and the following message

is printed on the ASR:
C, D, A (CR)
where: C = Change an entry
D = Delete an entry

A

il

Add an entry
If the user types in an A, the program searches for the first blank name in the
directory and proceeds. The following message is printed on ASR:
PROGRAM NAME =
The user enters the name of the program (up to six ASCII characters) followed by a
carriage return. The program searches for the name entered. If program is not found,
the program returns to Select I, U, P, L, printout. If the nams is found and a D (delete)
was requested, the name is filled with blanks and returned to the directory. If A or C
was requested, the program types the message:
DATE = XX/XX/XX
The user enters the present date, and the following message is printed on the ASR:
FILE 1, 2, 3, 4 (CR)
The user types 1, 2, 3, or 4 followed by a carriage return. The program checks
the type or file. For a file 1 input, the following message is printed on the ASR:
BMA =
The user enters the beginning memory address in octal followed by a carriage
return. The program prints the following message:
EMA =
The user enters the ending memory address in octal followed by a carriage return.
The program prints the following message on the ASR:
BTRK =
The user enters the beginning track number in decimal followed by a carriage
return, If moving-head disk, the program prints the following message:

SHED =
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The user enters the starting head number in decimal followed by a carriage return,
The program prints the following message:
BREC -
The user enters the beginning record number in decimal followed by a carriage
return, The program prints the following message:
JADD =
The user enters the proper JUMP address in octal followed by a carriage return.
The record is then restored in the directory and the program returns to Select I, U, P,

L routine.

LOAD COMMAND
The program prints the message:
SELECT I, U, P, L
To load a program from disk, an L followed by a carriage return is typed by the operator.
The program prints the following:
SELECT R, W, OTHER (CR)
The name of the program is typed followed by a carriage return., The program searches
the directory, finds the name, and if it is a file 1 type, loads the program from disk to
memory and prints the following:
READY
The program halts, When the START pushbutton is depressed, the program executes an
indirect JUMP to the address furnished by the user. If the name was not found, the pro-

gram returns to the Select I, U, P, L routine.

WRITING IN FILE 1
The program prints:

SELECTI, U, P, L
An L (CR) is typed by the operator. The load command is selected and the program
prints:

SELECT R, W, OTHER (CR)

A W is typed followed by a carriage return. The program prints:

PROGRAM NAME =
The name of the program to be transferred to the disk is typed. The program searches
the directory. When the program is found, DOP checks that it is file 1 and writes the
program on the disk beginning at the starting track and record numbers as they appear in
the directory. When all records are transferred, the ending track and ending record
numbers are entered in the directory., The program prints:

OK

and returns to the Select I, U, P, L routine.
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TRANSFERRING SOURCE OR OBJECT TAPES TO DISK {ASR OR
HIGIH-SPEED READER)

The program prints:
SELECTI, U, P, L

An L followed by a carriage return is typed by the operator. The program selects the
load command and prints:

SELECT R, W, OTHER (CR)
An R is typed followed by a carriage return, The program selects the read command and
prints:

SOURCE S, OBJECT O (CR)
An S or an O is typed. The program sets up for a source or object read from paper tape
and prints:

SOURCE NAME

or

1

OBJECT NAME
The program name is typed. The program searches the directory for the program name.
When the name is found, the program prints:

ASR-0, PT 1 CR)
Depending on the input device, the operator should type an A, O, or 1. The program
reads the paper tape a record at a time and transfers the record to file 2 or file 3. When
an end-of-tape indicator is encountered (a $ in column 1 of source tape, a 203 end-of-tape
indicator for object tapes), the last record is written on the disk and the directory updated
with the last track and record numbers. The object input is checked for checksum errors
and/or block errors. DOP has the capability of evaluating the object tape. If it is bad, it
gives the following error messages:

CK
BL

The program returns to the Select I, U, P, L routine.

PRINTING DIRECTORY INFORMATION
The DOP print command lists information for all programs in the directory. The
information, when printed, is preceded by a header. The sequence of operations is:
SELECT I, U, P, L
‘A P is entered followed by a carriage return. The program prints the header in the

following format:

NAME DATE BMA EMA BTRK BRA ETRK ERA FT JADD
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where: NAME

Program name

DATE = Date last changed

BMA = Beginning memory address

EMA = Ending memory address

BTRK = Beginning track address, also includes head number if moving-
head disk

BRA = Beginning record address

ETRK = Ending track address, also includes head number if moving-
head disk

ERA = Ending record address

FT = File type 1, 2, 3, or 4

JADD = Jump address

ERRORS

An error halt at relative location 3702 (octal) occurs for disk transmission errors.
The A-register contains the error types. Bit 1 set indicates a setup error; bit 2 set
indicates a data error. While inputting information through the keyboard, if an error

occurs, a left arrow may be keyed in and the correct information entered.

DOP-4700 OPERATING INSTRUCTIONS

DOP-4700 is a disk operating program that recognizes four forms of user-
allocated files, provides keyboard interface, and permits user-program control. To
function with its software interface (which supports FORTRAN, DAP, LDR-APM, and
user programs), DOP-4700 must reside in the same 16K of memory as these programs,

Since DOP-4700 and its I/O drivers require about five sectors of memory, com-
pilation with disk can be performed on a configuration of 12K core, and assembly with
disk can be performed with 8K core. Although multiunit access is available, DOP-4700

controls only one disk drive at a time.

Formatting the Disk with M$FT

Before DOP-4700 can be used, the user must format a disk pack using M$FT,
Document Number 70181570000. The user formats the directory and files 1 - 4 using
the type 1 format command (see M$FT). Instructions for using M$FT are contained in

the Moving-Head Disk Options 4623, 4651, and 4720, Programmers' Reference Manual,

Order Number CA38 (Document Number 70130072522), which also includes detailed
instructions for the standard library driver M$IO. In the formats outlined below, the
first record address, the algebraic address increment, and the interface factor all
equal one. The size of each file type area (except the directory) must be determined by

user analysis.
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Directory: Format 6 records/track and 246 words/record.
(Cylinder 0, heads 0-2 for 10- and 20-surface M.11.D.)
(Cylinder 0, heads 0-1, cylinder 1, head 0 for 2-surface M.H.D.)

File 1: Format 6 records/track and 246 words/record.
.(Core (Start at cylinder 0, head 3 for 10- and 20-surface M, H. D.)
image)
(Start at cylinder 1, head ! for 2-surface M.H.D.)
For the 20-surface M. H. D., the following record address sequence is
generated.
Track 3 (cylinder 0, head 3) 1 -6
Track 4 (cylinder 0, head 4} 7 - 12
Track 19 (cylinder 0, head 19) 97 - 102
Track 20 (cylinder 1, head 0) 103 - 108
Track 80 (cylinder 4, head 0) 463 - 468 (if used)
Track 86 (cylinder 4, head 6) 499 - 504 (if used)
etc.
NOTE: For DOP-4700, record numbers are
in decimal (1 to N).
For M$FT-4700, record numbers
are in octal (1 to N),
File 2: Format 30 records/track and 40 words/record.
(Source)
File 3: Format 22 records/track and 60 words/record.
(Object)
File 4: Format 22 records/track and 60 words/record.
(Listing)

The user must maintain a record of the pack format in order to make continuing use of

DOP-4700.

Disk Allocation

DOP-4700 uses four file types, plus a directory. The characteristics of each file
are fixed within the DOP system. The user has control only over the size of each file and
its physical position on disk. (Files need not be contiguous.) DOP-4700 positions the
heads to cylinder zero at the outset, then operates on the following premises.

a. Records and their associated record numbers are contiguous within
each file,

b. Record numbers within each file type start with 1 and increase by I
until the end of the file type.

¢. The directory occupies cylinder 0, heads 0, 1, and 2 for 10- and 20-
surface-disks, and cylinder 0, heads 0 and 1, and cylinder 1, head 0
for 2-surface disks,

d. The disk has been formatted using M$FT.
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Loading DOP-4700

J

DOP-4700 is a relocatable object program, loadable by the standard 316/516 link-
ing loaders. DOP-4700 forces the sector above it to preserve the indirect links generated
and to avoid driver-generated indirect links, DOP-4700 uses sector zero locations '770
to '773 for its software interface. DOP-4700 also requires the standard disk driver M$IO
and the I/O drivers for those devices from which the user plans to input his source and
object tapes (or cards). The loading sequence is outlined below.

a, Load the DOP-4700 object tape or deck, starting at sector 'XX000.

b. Load M$IO.

c. Load any of the following drivers that are necessary:

1. I$AA and I$AB (for source and object input through
the ASR keyboard)

2. I$PA and I$PB (for source and object input through
the high-speed reader)

3. I$CA and I$CB {for source and object input through
cards). An I$-- routine that would cross a sector
boundary in back-to-back loading should be loaded
at the next sector boundary to avoid generating
indirect links.

NOTE: DOP-4700 is programmed to avoid sector 0 references.
d. Transfer to location 'XX000 to execute DOP-4700,

DOP-4700 Commands

DOP-4700 has four main commands, each of which has subcommands associated

with it. The main commands are listed below and described in the following paragraphs.

I = Initialize

P = Print directory
U = Update directory
L = Load

INITIALIZE COMMAND
Prior to initialization, DOP-4700 configures the disk according to user replies to

the following four messages.
INITIALIZE DISK - DMC (0) OR IMA (1) ?:
Type 0 for DMC or 1 for DMA,
CHANNEL (1-16) ?:
Type the number of the channel to be used to transfer the data.
SURFACES/DISK (2,10 OR 20) ?:
Type 2, 10, or 20 to specify the number of surfaces per disk.

NO. OF SPINDLES (1-8) ?:
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Type a number from 1 through 8 to specify the number of spindles.,

When the disk has been configured, this msssage prints out.
IL,U,LORP ?:

To initialize (clear) the directory, type Ic/r. DOP-4700 will type the following message

to ascertain if the directory is to be cleared.
CLEAR DIRECTORY (C) ?:

Type C to clear (set to ASCII blanks) the directory. The directory will be saved if any

other character is typed.

Whenever the I, U, L OR P ?: message is printed, the software interface locations
770 - '773 are reestablished. The Initialize command need not be used again except to

seek zero again or to reestablish the directory.

PRINT DIRECTORY COMMA ND

The operator types Pc/r in response to the I, U, L. OR P ?: message to select the
Print Directory command. In response, the full directory is printed out, giving the name
and other information about each file on the disk. A sample printout is given below,

followed by an explanation of its contents.

NAME DATE BMA EMA BTRK BRA ETRK ERA FT JADD
DOP-47 10/29/71 32000 37204 00003 00001 00004 00011 1 32000
MS$EFT 10/21/71 00100 10550 00004 00012 00007 00029 1 01000
SHORTE 11/2/71 00834 00760 00838 00843 4 00000
OBJ 11/5/71 00603 00073 00603 00087 00000

NAME = Program name

DATE = Date last changed

BMA = Beginning memory address

EMA = Ending memory address

BTRK = Beginning track address (decimal)

BRA = Beginning record address (decimal)

ETRK = Ending track address (decimal)

ERA = Ending record address (decimal; last record used for file type 1;

next record available for file types 2, 3, and 4)
FT = File type (1, 2, 3, or 4)
JADD = Jump address
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UPDATE DIRECTORY COMMAND

It is the user's responsibility to update information in the directory (including space
allocation), as the directory is used to locate the position on disk where information is to
be stored or read. The operator types Uc/r in response to the [, U, 1. OR P ?: message

to select the Update Directory command. DOP-4700 responds with this message.
C, DORA ?:

Type C (change an entry), D (delete an entry), or A (add an entry), followed by a carriage
return (c/r) to specify the update function. The program determines which entry has been
made and sets the proper conditions to perform the function. If an A was entered, the

program locates the first blank name in the directory, then types the following message.
PROGRAM NAME ?:

Enter the program name (up to six ASCII characters) and type c/r. The program searches
the directory for the specified name. If the name is not found (except for the ADD func-
tion, the I, U, L OR P ?: message prints out again. If the name is found and the Delete
function was specified, the name in the directory is filled with ASCII blanks. If the name
is found and the Change function was specified, or if the Add function was specified, the

following message prints out on the ASR.

DATE ?:
Enter the date as an eight-character message, which is placed in the directory before the
next query prints out,

FILE 1,2,3, OR 4 ?:

Type 1, 2, 3, or 4, followed by c¢c/r. For file types 2, 3, and 4, the program bypasses

the next two queries, which do print out for type 1 files.
BMA ?:

Enter the beginning memory address in octal, followed by c¢/r. The address must be
higher than any DMC dedicated location in use. (Normally the DMC high is '20 or '21.)
DOP-4700 places the BMA in the directory and requests the ending memory address.

EMA ?:

Enter the ending memory address in octal, followed by ¢/r. The BMA and EMA (which
are inclusive for type 1 (files) must not enclose any part of DOP-4700, except when
DOP-4700 writes itself on the disk, (To fetch DOP-4700, a bootstrap routine is needed.)

The following messages print out for all file types.

BTRK ?:
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Enter the beginning track number in decimal, followed by c/r. Allocation of space on the
disk is determined by comparing the available disk space and the amount of data to be
stored.

BREC ?:
Enter the beginning record number in decimal, followed by c/r.

JADD ?:

JADD is requested by type 1 files only., Enter the jump address (if any) in octal, followed

by c/r.

LOAD COMMAND

The Load command, in conjunction with the Read and Write subcommands, can

perform the following functions.

a. Transfer to core any program (core image) stored as a type 1 file,
including DAP, FORTRAN, and LDR-APM. Transfers to or from
type 1 files can be of variable length (not restricted to 246-word

blocks).

b. Transfer any program in core to a type 1 file. (See Write command
below.

¢, Transfer source or object data from tape or cards to disk (source to
type 2 file, or object to type 3 file), (See Read command below,)

The user types Lc/r in response to the I, U, L OR ?: message to select the Load

command, DOP-4700 responds with this message.
R, W OR PGM NAME ?:

To load a program from disk (file type 1), type the name of the program, followed by c/r.
The program searches the directory for the name, and if it is not found, the
I,U,L OR ?: message prints out again, If the name is not found, and is a type 1 file,

the file is loaded from disk into memory. At completion, this message prints out.
READY

When the START button is depressed, the program jumps to the address furnished by the

user.

Write Command
To write into an established type 1 file, respond to the I, U, L OR P ?: message
with Lc/r and to the R, W OR PGM NAME ?: message with Wc/r. DOP-4700 responds

with this query.

PROGRAM NAME 7?:
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Type the name of the program to be transferred from memory to disk. The program
searches the directory for the name, and if it is not found, the I, U, LOR P ?:
meaessage prints out again.

If the name is found in the directory and is a type 1 file, the program is written on

disk beginning at the starting track and record number as they appear in the directory.

When all records from the starting to the ending memory addresses have been transferred,

the ending track and ending record numbers are entered into the directory. The program

types ""OK" and the [, U, L OR P ?: message prints out.

Read Command

The Read command allows the user to transfer source (file type 2) and object
(file type 3) data from tape or cards to the disk file using the ASR, high-speed reader,
card reader, or card reader/punch. The user types Lc/r in response to the I, U,LL OR P

message to select the Load command. This message prints out.
R, W OR PGM NAME 7?:

Type Rc/r to select the Read command., This message prints out.
SOURCE (S) OR OBJECT (0) ?:

Type Sc/r or Oc/r. The program sets up for the specified type of read and prints one of

the following messages,

SOURCE NAME ?:
or

OBJECT NAME ?:

Type the name of the file to be transferred. The program searches the directory for the
name, and if it is not found, the I, U, L CR P ?: message prints out again. If the name

is found, DOP-4700 prints this message.
ASR (1), HS RDR (2) OR CARD (3) ?:

Type 1, 2, or 3 to specify the input device. The program reads one record at a time and
transfers the records to the file, After an end-of-message (end-of-file) indicator is
reached (see File Termination below), the last record is written on disk and the program
updates the directory with the last track and record numbers. When the function is com-
plete, the I, U, L OR P ?: message prints out again,

An object file can consist of several object subroutines, e.g., a FORTRAN library
paper tape, which usually is produced by a batch assembly or compilation, Since object
input is checked for checksum errors, a CK error message may print out, To ignore the

message, press START.
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["ile Termination

Termination procedurcs for files 2, 3, and 4 are given below. The following notes
should be kept in mind.
NOTES: 1. Directory updating never occurs during reading of disk files.

2. The ending record address (ERA) in the directory for file
types 2, 3, and 4 indicates the next available record; the
ERA for file type 1 is the last record used.

TERMINATING SOURCE (TYPE 2 FILES)

When a source file is being written, certain conditions cause DOP-4700 to do the
following:

a. Write on the disk a record whose first character is $.

b. Update the directory (ETRK and ERA).

c. Print the message: I, U, LOR P ?:

The above results are produced under one of the following conditions.

a. During a write using entry '771 or the Load and Read commands,
DOP-4700 reads a record whose first character is $. (The $-record
read is the $-record written,)

b. During a write using Load and Read commands and paper tape source,
DOP-4700 reads an EOM record (ETX (203 = CTRL,C) X-OFF A
RUB OUT). A $0 is written.

¢. During a write using Load and Read commands and card source,
DOP-4700 reads a card that contains an EOF punch (end-of-file,
11-8-6). A $0 is written.

TERMINATING OBJECT (TYPE 3 FILES)

When an object file is being written, certain conditions cause DOP-4700 to do the
following:

a. Write on the disk a record whose first two words each equal '300 (EOJ).

b. Update the directory (ETRK and ERA).

c. Print the message: 1,U,L OR P ?: (for Load and Read commands),
or return to the calling program (for the '772 entry).

The above results are produced under one of the following conditions.

a. During a write using entry '772 or the Load and Read commands,
DOP-4700 reads a record whose first word equals '300 (EOJT).

b, During a write using Load and Read commands and object paper tape,
DOP-4700 reads an EOM record (ETX ('203 = CTRL,C) X-OFF A
RUB OUT).

TERMINATING LISTING (TYPE 4 FILES)

For assembler- or compiler-generated listings, the following actions occur after
DAP or FRTN writes the last listing record.

a. The last object record(s) is (are) written.

b. The object file entry in the directory is updated.
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¢. The listing file entry in the directory is updated.

d. DOP returns to DAP or FRTN.

Since a listing file update is dependent upon an object file being written on the disk,
the user must write the object file even if he wishes only to list. (The object file can be
deleted later.)

For user-program-generated listings, if the user wishes to write a listing file and
have the directory updated, he must do the following:

a. Set bit 2 of the A register (in addition to bit 16, described below under
Software Interface with DOP-4700) before going to the DOPI entry.

b. Have $0 as the first two characters of his last print record.

Software Interface with DOP-4700

To take advantage of DOP, FRTN and DAP have been provided with special I0S
routines and LDR-APM with an internal IOS structure, all of which are linked to DOP-4700
through absolute locations '770 through '773 of sector 0 to provide disk I/O capability.
User programs also can use this software interface. The four entries are described
below.

DOPI entry ('770) is used to initialize access to files.

DOPS entry ('771) is used to read or write a source record to or from the
disk.

DOPO entry ('772) is used to read or write an object record to or from the
disk.

DOPL entry ('773) is used to read or write a list record to or from the
disk.

The DOPI entry is used to initialize (OPEN) access to file types 2 (source), 3 (object),
and 4 (listing). Not more than one of each of these types of file can be open at one time.
Once a source, object, or listing file has been opened, it is available for record-by-
record access.

The DOPI entry is available for use by the Read command in addition to DAP, FRTN,
LDR-APM, and user programs., The calling sequence follows.

LDA < bit configuration>
JST* 1770
< return>

If the first bit position of the A register is not set (equals zero), DOPI determines

the direction of each file by the bit(s) that is (are) set, with the following meanings.
Bit 14 set — Write source on disk (file type 2)
Bit 15 set — Read object from disk (file type 3)
Bit 16 set — Read listing from disk (file type 4)
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If the first bit position of the A register is set (equals one), DOPI determines the
direction of each file by the bit(s) that is (are) set, with the following meanings.
Bit 14 set — Write source on disk (file type 2)
Bit 15 set — Read object from disk (file type 3)
Bit 16 set — Read listing from disk (file type 4)
After the proper initialization call to DOPI, the user can initiate the calling sequence
to have a record transferred.
JST* '771 (or '772 or '773)
DAC < buffer address>

< return>

DOP-4700 Errors

ERROR HALTS

An error halt occurs if there has been a disk transmission error. At relative loca-
tions '154 and '1631, the A register contains the error type; press START to ignore the
error. At relative location '3405, the A register equals '52525 and the B register contains
the error type; press START to print the I, U, L OR P ?: message. See M$IO (Document
Number 70181509000) for error types.

KEYBOARD ERRORS
If a user error occurs while DOP information is being input through the keyboard,
the user can type a left arrow to replace the incorrect character with the correct one, or

he can type a commercial at-sign @ to replace an incorrect line of data.

Sample DOP-4700 Programs

Listings of several sample user programs using DOP-4700 appear on the following

pages.
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0001
0002
0003
pon4
0o0ns
fulo
0007
0008
00n9
[V R
0011
no12
0013
noi4
nots
0uLeé
0017
0013
ng19
no2v
0021
nozz
no23
0024
no2s
0026
no?27
00?8
o029
0030
0031
0032
0033
0034
003>
no3e
ng37
np3o
0039
no4y
0041
np42
0043
np44
np4s
no4eé
0047
0048
0049
0050
0051
0052
nos3
nuS4
nyss
0056
nos7
Ng%o
059
nN0s0
0061
0062
0063
0064
0065
0066
0067
0068
0069
0070
0071

01000
07001
Unune
010043
anoo4
01005
01006
07007

001
07011
07012
0713
07014
0J015
U016
09017
onu2o
0ng21
0nv22
0023
01024
unp25
00020
0nu27
0n036
uno31
0nn3e
01033
0N034
0nn3s

01036
03037
0nude
01041
0%04¢
00043
0nop4s

07045
napde

n1g47
905
0n051
unose

[[LIER]
00054
00055
00056
onos5?
0noéu
01061
ongé2
00063

00064
0npés
0no6s

14 15025
140040
74 0025

v 01

nonu?

34 0425

v 01

npny4

34 0325
0noopn

U p?

0pneél

140%uN

30 04
0 02
30 04

aYnss
00067
00056

14 062>

0 02

opns57

74 Nu2b

0 01
0 02

co017
gpoen

74 np25

01
0?
66
04
02
06
04
12
12

cooocococoC

0gr2z
ngnel
00066
00n6é61
0p062
ngnes
npoez
ngnén
WDER]

inoneo

0 01

ngn4s

34 n425

0 01

00036

34 0325

onooun
0

12
0 01
0 01

9 02
0 04

62
0é
04
01

coc oc

00054
nopoin
00063

agnes
nons3

nynsez
tphosd
npos7
0p0s6

177772
177765
0npnzn
0noo21
000300
0ngoot
032000
032365
032000

onoi00
177772
000366

LR B IR B BN N B J

.

»
NEXT

»
BSCK

> e

M6
RCTR
sDMC
EDMC
SuP1l
SuPZ
SANR
EANR
nop

1=

ROOTSTRAP
NOT RE=-EXECUTABLE

11),

REL

ocp
CRA
0TA
JMP
SKS
JMP
SKS
HLT

LDA
SSM
STAs
LDa
STAs
oCpP
LDA
OTA
Jmp
LDA
0TA
JMP
LDA
ADU
STA
LDA
ADD
STA
IRS
IRS
SKP
JMP

SKS
JMP
SKS
ALT
IRS
N
JMP e

LDA
STA

Ll‘.A
AlD
$TA
JHe

bEC
DEC
oCT
ocT
ocr
ocy
oCr
ocr
0ocT

END

(FOR LOP=~4700,

10025

1N02%
#=1
10425
s~
10325

SADR

sDMC
EAUR
EDMC
10625
SUP1
10025
*=1
SUp?
10025
#el
SADR
=246
SADR
EADR
2246
EADR
supP2
M6

10425
a=l

10325

RCTR
NEXT
pop

3=0
Mé6

SUP1
='109
SuP1
BSCK

-6
=11
20

21
300

1
32000
32365
32000

20=SURFACE M,H,D,)

(MUST RELOAD)

SEEK TRACK ZERO
SETUP WORD FOR UNIT 0 =0
OUTPYT SETUP WORD

SKIP IF M,H,D, NOT BUSY

SKIP IF NO ERROR
ERROR HALT

SET B!T 1 FOR DMC INPUT

READ & RECORD
QUTPYT FIRST SETUP WORL

QUTPUT SECONU SETUP WBRD

BUMP TQ READ NEXT RECORD
HAVE 6 RECORDS BEEN READ
NO
YES

SKIP IF NOT BUSY

SKIP 1F NO ERROR

ERROR HALT

HAVE ALL 11 RECORDS BEEN REAU
NO = READ NEXT RECORD

YES=ALL UONE « START UP DOP

RESETY
COUNTER

BUMP T(L RFAD UNIT U,
HEAD 4,

GO TO bUSY CrECK

6 RECORDS/TRACK

11 RECORVDS TU BE READ

DMC START ADDRESS

DMC END ADDRESS

READ, UNIT 0, HEAD 3
START READING AT RECORD 1
DOP~4790 START AUDRESS
245(LEC)=s 1365

CONTROL TRANSFERS TO DUP,

THIS PROGRAM ASSUMES ThAT DOP AND [TS DRIVERS HAVE BEEN WwRITTEN (VIA
DOP AND DMC CHANNEL 1) ON UNIT A, CYLINDER 0, HEADS § ANL 4 (RECORDS
UPON SUCCESSFUL COMPLETION,
SIGNIFIED BY THE PRINTING OF THE 'f,U,L OR P! MESSAGE,

Figure 3-2., Program Listing for DOP-4700 Bootstrap (20-Surface M. H.D.)
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apng
nong
agng
nons
apny
Ayho
ngnJ
nore
YNy
roty
[AEVAISY
fy12
not1d
no14
no1o
n01e6
no17
note
noiy
n0720
0021
np22
np2y
OEL]
0025
noro
ng27
no2s
ng29
0030
no31
np32
no33
0034
ng3s
0036
nol7
nyls
LIREY
0040
0041
0042
00443
0044

FRIDIY

nnont

ungne
0ens
0agna
00N>
gnone
0ngn7
unotuy
0no1y
un012

00014

Jr0o14

yno1o>
0novle
09617
0020
nnp21

91022
0nite

117
ani2e

(

0
0
D]
20
0
0
0

02 0fy12n

1in Ap77n

10 np?71
onpng?
i0 np773
onon2>
02 nonN27
07 00117

ingnan

0

01 NQag?

orooun

0

L]

“

"

0
u
u
3}
v

2 no1ie

10 Q771

10 ng773
onyn2?
10 0Q771
onyn2?
01 ngn1s

ghonyn

inonus
122260
aronns

« PaCK FILF 2
.
# THF FOLLOWING PROGRAY MaY ~E uSel TO PACK A SQURCE Flik, Tr- Ub:ok
e “UST FI~CT DFFINE IN THE UIRECTURY A TEMPORARY LISTING FILE. WhHEN
® THIS PRUGRAM 1S EXFC'TEU, THE USER wWILL BE ASKEL FOr SOURCE aNU
o LISTING FILE WAMES, THe\ THIS PROGRAM wlLl HALT AT 'xXX12, THE vScR
® SHAULD NCW CHANGE THF SPFCIFICATIONS QF H[S SOURCE FILE Iiv The
s N[ReCTARY, THEN CONTINUE EXECUTIGM CF TH[S PROLRAM 4T txxX13 anNU
o SFECIFY TWE SOURCE A LISTING NAMES AGAIN, «HEN TRANSFek [S
* CUMPLETe, DOP wlLL uPUATF THE SOURCE FILE ENTAY [N THe UIKFCTURY
s (ETkK AxD ERA; AND PRINTS THE '], y,L UR Pt MESSABEL, (CONTRUL Duks
s 0T REYUPN TO THIS PROGRAM),
«
REL
.
LbA 25 TELL DOP wE'RE REAUING SOURCE AMND
. WRITING LISTING
JSTe 1770 DORI ENTRY
" DOP wlLL ASK FOR SOUKMCE ANUL LISTING NAMES
.
RSRL JSTs 1771 RBAD A SQUWCE RECORD
UAC BUFF
JSTe 773 AND wRITE [N LISTING FILE
DAC BUFF
LA dUFF WAS |T END OF FILE
SUb 2430 50
S7E
JMP RSRC NO=READ ANOTHER SOURCE RECORD
HLT CHANGE SOURCE FILE ENTRY IN DIWELUTORY
.
LDA 21100005 TELL DUP we'RE WRITINB SOURCE ANU READING
* LISTING
JSTe 770 DOPI ENTRY
. DOP WILL ASK FUR SOURCE AND LISTING NAMES
.
RLST JSTa 773 REAC A LISTING RECORD
DAC BUFF
JSTe 1771 ANU wRITE IN SQURCE FILE
DAC BUFF
JHP RLST READ ANOTHER LISTING RECORD

»
RUFF uSZ 60

Figure 3-3.

Program Listing for DOP-4700 Pack File 2 (Source)

10Ny
ngne
RIVILR)
no14
N>
nyfo
noa?
Aufo
ngry
iy
NJ11
ngie
~013
ngi4
101>
nate
517
Jie

Tuily

Y2y
21
ENED]
LIRS
N4

AYo2n an

ny2e
rp??
nyos
ng2y
Nty
Tl
ngte
LI
<4
nyg3s
nylo
ny37
nyxs
N0ty
nydy
andl
nyaz
ngays
ny44
agas
nydo
nga7
fydo
g4y
RV

v

2u

g2 np24a

i ~?re

10 ny772
orEes?
10 ry771
uhurs?
u? ngro?
R7? fg24ad

1n1nar
angngn

10 777

LuruI46

10 ~y7/21
nog12?

G2 ratde
07 nales

1n1nar
antpfun

“u

1in 4771
uhi172
Gl Tuny?

L2 Ny?ds

in na7/»

R E R

.

PaCk FILF 3

THE FULL”WING PROGRA™ MAY Bk yUSED TD PACK AN QBJECT FlLk, THe USER
vuST FIRST DEFINF [N TWE uIRECTORY A TEMPORARY SOURCE FILE, WHEM THIS
PrNgRaM |5 EXECUTED, THE USER wWwiLL BE ASKED FOR SQURCE ANU UBJECT
VAVES, TaEN TUIS PROGRAM W L HALT AT EITHER ¢XXxi1 OR 'XXX21., THE
PSFR SHEMLD NOW CHANRE SPECIFICATIONS OF HIS OBJECT FlLE I% THE
NReCTORY, THEN CONTIMUF EXECUTION OF THIS PROGRAM AT 1xx¥29 AnD
SPECIFY TRE SOURCE AMD URUFCT NAMES AGAIN, WHEN TRANSFER IS (OMPLETE,
"0P UPDATES THE T9JECT Fler ENTRY IN THE DIRECTORY (ETRK aNU ERA) AND
“eTURNS TQ THIS PROGRAM JmICK WiLL HALT AT 'xXX40 OR 'xXxx21,
(a >ImILAR PROCcPURE ~AY obE USFLU TO PACK A LISTING FILE),
T
LNA 211000u% TELL PCP we'kE WRITING SQUKCE AND READING
DRUFCT
JSTe 1770 VOPT ENTRY
WOP wILL ASx FOR SUURCE AND OmutlT NaMES
-
0Py JSTe 1772 ~EA AV OBJECT RECORD (60 wOKUS)
vAC oJFF
JSTs r771 WRITE TWE FIRST 40
T ek F
L0A BUFF
svm =1300 wAS 1T END OF FILE
57
LT C~awGF OBJECT FILE ENTRY li 0lKHCTURY
JSTe 0772 .S - PEAU 60 MRt wORDS
I uIFFaéy
JSTe 0777 wHITE 41 - 8y
UAL uIFFeay
LTa SHFF kg
St'o =300 ~4S |IT ENL Of FILE
EAY4
AL T CHaNGE NgJECT FILE ENTRY I UIRFUTORY
uSte 771 v) = WwRITE THE LAST 40 (bl - 1¢f)
vhe SUFFeky
Fidd ~CnJd REAL ANOTHER NZJECT RECORL
Lna 36 » & RESTART MERE esaw TeELL LOM wE'RE
HEADING SOURCE AND WRITING OoukCTY
JSTa 4770 CIPL ENTRY

v?P wliLl ASK FOR SQURCE AND QnJublT NaMe$

Figure 3-4,

Program Listing for DOP-4700 Pack File 3 (Object)
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0051
nos2
0053
0054
0055
n0s56
nps7
ngs8
0p59
0060
nQél
noé2
0063
0064
n065
0066
0067
0068
0069
0070
0071
0072
0073
0074
0075

0ong?27
01030
00031
00032
4033
0nN034
00035
Uno36
00037
unu4o

01041
ono4e
00043
00044
0nop4s
07046
nnpa7
01050
0nNosS1

01052
0n242

00243
00244

*
10 Ng771 RSRC JST+

0

0 000N52 GAC
20 10 00771 JSTs
u oovle? DAC
0 10 0Q772 JST»
D 000Nn52 LAC
0 02 npo52 LDA
U 07 np243 SuUb
101n4n SNZ
0nooon HLT

- *

0 1n 00771 JST»
0 000172 DAC
20 106 0772 JSTs
0 000146 DAC
0 02 00146 LDA
0 07 N0243 SuUB
100040 SZE
U 01 o0pgo27 JMP
00o60n mLT

»
000000 BUFF B8S2
*
000006 END
0np30n
100006

1771 READ 1ST 40

BUFF

'771 READ 2ND 49

BUFF+40

1772 WRITE 1ST 60

BUFF

BUFF

£1300 WAS IT END OF FILE
YES - DONE

'771 NO = READ LAST 40

BUFF+80

1772 WRITE LAST 60

BUFF+60

BUFF+60

21300 WAS IT END OF FILE

RSRC NO = READ ANOTHER SOURGE RECORD
YES « DONE

120

Figure 3-4 (cont).

Program Listing for DOP-4700 Pack File 3 (Object)

noni
npo2
0ong
ngne
0005
0006
o007
0008
noee
noio0
no11
0012
0013
not14
0015
0016
0017
nple
no19
0020
0021
no22
ng23
o024
no2s
0026
0027
028
0029
0030
0031
0032
0033
0034
0035
0036
0037
0038
0039
ng4¢

99000
g1e01 £

09002

0ngod =
0non4

09005
ongoé

onua?
0np1e

0n011
gnu12
00013
00914
00015
09016
00017
0ng20
00021
00022

00023

00117
00120
0n121
00122

»
*
-
* V1A DOP-4700,
-
-
»
-
-
REL
»
0 02 no122 LDA
0 16 ng770 JSTe
»
.
v 10 0000D CALL
L]
0 10 00773 GLIN JSTw
0 onuoad UAC
»
v 10 fongo CALL
0 000023 DAC
*
U 10 Npouo CapL
0 10 NQooo CALL
-
0 02 ngnes LDA
0 07 no1z21 sug
101040 SNZ
gnonpo HLT
0 02 0pne? LDA
0 03 nytzo ANA
0 07 noii7 suB
100040 SZE
9 01 nyoo3 JMP
unoanon HLT
-
0ngnon AUFF BSZ
-
120000 END
177400
122260
ingo001

DISC = ASR PRINTER

=+1000ut
1770
0%AF

1773
BUFF

UsAP
BUFF

08AC
O%AF

BUFF
21122260

BUFF ¢4
=1177400
=r120000

GLIN

60

THIS PROGRAM WILL REAU A LISTING FROM DISC AND PRINT T On THE ASR

[T ASSUMES THAT EITHER THE FIRST TWO CHARACTERS OF THE
LAST LINE ARE %0 (E,G, FORTRAN) OR THE 9TH CHARACTER OF THE LAST LINE
IS A NON-BLANK CHARACTER (E,G, DAP=-16), WHEN THIS PROGRAM IS
FXECUTED, THE OPERATOR wlLL BE ASKED FOR THE LISTING FILE MAME,

AFTER THE PRINTOUT, !T WwILL HALT AT EITHER 'XXX13 OR *XXXZ1,

TELL DOP WE'RE READINB A LISTING FILE
VOP1 ENTRY

DOP wILL ASK FOR LISTING NAME

LINE FEED

DOPL ENTRY = GET A LINE

PRINT THE LINE

CARRJAGE RETURN

LINE FEED
WAS THERE A
$0

YES « ALL DONE
NO = WAS 9TH CHAR,
NONeBLANK

NO - GET ANOTHER LINE
YES = ALL DONE

LINE OF TEXT

Figure 3-5,

Program Listing for DOP-4700 Transfer from Disk to ASR Printer
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ey
nong
ngng
ngne
anab
Agre
agnz
npag
npng
notlu
ngtL
nple
notd
not 4
0015
016
9017
no1e
noLy
ap2v
np21
8422
ng23
npr4
09?2y
ny2e
np27
028
nopz29
no3u
npdy
no32
ng3s
0034
0035
0036
no37
0038
ng39
ng4ao
LIESS
ng42
Nudd
np44
npas
npde
npa7
np4ab
154y
AGSy
npsy
noSe2
053
nQS4

4optn
wthuny

urgne

IENLR]
uryne

unyno
(nons
ynun/
uhuty

001
onut2
DETREY
cnot14
0nu1s
01016
onol/
0ny24
[ESY
0022
uno23
0ngr4
9nu2s
any26

027
unpl3o

argL
032
01938

4934
LRORE
ut3e

RV
Ptud
ungal

01135
(1136
U137
nni4y
n1141

J
[

y

1y
Bl

0
02

1n

1n

Aunnn
np1aAt

nyr7e

ng772

000n4t

0 0% fpney
v u? PyuLan
1n1nan

Bl
4
i

1

[}

u?
04
35
u?

nonsa

ny137
nons7
Nyl de
opnan

1non4ai

u
U
u
4

c e

o e

ca

J

03
02
v?
04
12
01
02
L)
vl

0?
'E}

in

agnz7
nfgaogn
nG135
fynur
nynsz?
nool4
nyi3s
nonan
non3i1

ngnoe
npnan

ngnoo

yngnan

'K}

10

nyand

npoun

14 0ung
Jn0nopn

Lhun,n
atpnun
gronun

angnul
anonz4
177704
000300
179nu2

nye

VA

AWRL

.
ACNT

.
PNCK
com

T
UFE
=UF1
.

C o=

1

Thls PRy AN Wil THANSHEK

syp-d7ay
“FL
ALl O%PLODW
LA 2v1n0Ny?
JST1s 1770
JSTe 1777
UAC  BiUF1
LDa bUF1
Site at3ng
5NZ
Jup £om
Lha z=60
5Ta CTR
Lnx 260
DA BUFF, 1
S7k

Fldd WCNT
LDA 9

Sud =1

STA Y

Irs CTR
JHP GWRD
ona 21

5TA SUFF
JeP PNCH
LDa v

SThA BUFF
CALL  URPR
vac BUFF
JMP  KEAD
CALL  Q%PS
aCe ri1c2
ALl

382 1

“SZ 1

052 of

END

A¥ DOUECT FILE ON Twe o1SC TO PAPEx TAPE

PHNCA LFADER

TRLL TOP wbE'RF THANSFERRING Qo FLLE FrOw
ulst

LORT ENTRY

DOF AlLL ASK FOR THE NoJcCT NAxE

JOPC ENTRY

uOP HFTURNS HEHE

15 T=ls THE ENDeOF=F|LE

VES

ND = SETUP TU BAUKSCAN
pUFFER FOR wQRU COUNT

GET & wORD
18 IT 0

“0

YES

HAVE Wk CHECKED 60 WORWS
WO « GET ANOTHER WORD
YEs

SET wORD COUNT T0 1

PUT wORD CQUNT IN
FIKST wORD OF BUFFER
PUNCH THE RECORD
READ ANOTHER 60 WORDS

PUNCH EOM(1203)
TUR PUNCH OFF

~ORD CutiaT
GAJELT TexT

Figure 3-6.

Program Listing for DOP-4700 Transfer from Disk to Paper

Tape
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0047
0048
0049

0nono
00001
0ngn2
anoed

00004
0000>

angoo
onon?

00010
0not11
00012
00013
0014
0001>
0noie

00017
00020
00021
ono22
0np23
00024
00025

ong26
000706

00077
00400
onionl

02 ngtol
04 00000
06 n0101
04 conon

coce

U 10 0QnOO
ononun

02 00%u0

¢
0 10 nQ770

"

0 1n 00771
0 oapn2é
10 00000
000026

onon50
argooo
0 000076

co

0 02 00026
0 07 00077
100040
0 01 00010
0 10 0pnOOD
0nQ0uN
0n0no0

00Qo0n
onpouo

122260
000004
0nonoy

* DI]Y = 47
“
# Tk FULLNWING PRNGRAY HAY e USED TU TRANSFER A SOURCE FILE FrOm
e DISC TO MAG TAPE, Twk Fxy 0GR 2SSUMES THE MAu TAPE UNIT 1% 0 (L0ulea
» AND PHYSICAL), AND 1S Na u™¢ CRANNEL 2, THE PROGRAM wiiL FIRST
« REJIND THE TAPE AND THEW THe OPERATUR wlLL dE &SKED FOR Thk hawp uF
% THE SQURCE FILE, «m-~ TRANSFER IS COMPLETE, TH: PROGRAM wltl HalT af
. txNX25,
.
eYT MRTY
ExT M8CO
.
REL
.
Lha = SET (HANNEL TYPE
STA MSTY 0 1 (DMC)
ADD 3l
STA M8CO DMC UNMANNEL w0, = 2
.
- (LOGICAL UNIT NO,20sPHYSICAL unIT NO, BY
- DEFAULT)Y
.
CALL CSMR REWIND
DEC 0 uNIT 0
.
LDA z4 TELL DOP wE'RE READINB SOURCE
JSTe 1770 DOP1 ENTRY = DYP WILL ASK FOR NAME OF
. SOURCE FILE
»
ASR( JSTe 1771 READ A SQURCE RECORD FROM LISC
vac BUFF
CALL OSMC AND wRITE QN MAG TAPE (16~81T blNARY MUDE)
DAC BUFF
DEC 40 WORD COGUNT
DEC 0 UNIT O
DAC EOT (SHOULDN'T HAPREN)
.
LDA BUFF
suB 21422260 WAS [T END OF FILE ($0)
SIE
JMP RSRC NQeREAD ANOTHER SOURCE RECORD
CALL OSME YES - WRITE END OF FILE MARK
VEC 0 UNIT 0
HLT A L DONE
.
8UFF BSZ 40
FOT  HLT ENU OF TAPE (SHOULON'T HAPPEN)

Figure 3-7. Program Listing for DOP-4700 Transfer from Disk to Magnetic Tape

0001
0002
0003
0004
0005
0006
0007
0008
0009
0010
0011
0012
0013
0014
0015
0016

0019
0020

0047
0048
0049
0050

03000
00001
00002
00003

00004
0ngos

00006
00607

00010

onott
ootz
00013
0nop14
00015
00016

00017
01020
00021

0022
00072

02 00n76
04 00000
06 00076
04 nonuo

coco

0 10 00000
0ngoun

0 02 00075
%9 10 00770

0 10 000UO

0 onone2?
000050
0000yn
0 000073
0 0nua72
U 0NoN74

10 10 nu771
0 0nuo2?
0 01 00010

0n0NY0
ononuo

* MT = DISC
.
* THE FOLLOWING PROGRAM MAY BE USED TO TRANSFER A SOURCE FILE FHUM
s MAG TAPE TO DISC, THE PROGRAM ASSUMES THE MAG TAPE UNIT IS 0 (LOGICAL
s AND PHYSICAL), AND IS ON UMC CHANNEL 2, THE PROGRAM wiLL FIRST
« REWIND THE TAPE AND THEN THE OPERATOR WlLL BE ASKED FOR THE NAME UF
s THE SOURCE FILE, WHEN TRANSFER 1S COMPLETE, THE SOURCE FlLt ENTRY N
s THE OJRECTORY WILL uwE UPDATED (ETRK AND EMA) AND DOP WlLL PRINT THE
® *1,U,L OF P! MESSAGE, CONTROL UOES NOT RETURN TO THIS PROGRAM AFTER
» THE *$0+ [S READ,
.
» INITIALLY THE OPERATOR mUST DEFINE A SOURCE FILE IN THE DIRECTORY,
.
EXT  MSTY
EXT  MSCO
.
REL
.
LDA a1 SET CHANNEL TYPE
STA  MSTY T0 1 (LMCY
ADD a3t
STA  MSCO DMC CHANNEL NO, & 2
.
. (LOGICAL UNIT NO,s0sPHYSICAL unIT O, oY
) DEFAYLT)
.
CALL C8MR REWIND
DEC 0 UNIT 0
-
LDA  =zti00004 TELL DOR wE'RE WRITINE SOUKCE
JSTe 1770 UOP! ENTRY = DOP WILL ASK FOR NAME OF
. SOURCE FILE
.
RSRC CALL ISMC READ A SUURCE RECORD FROM DI1SC - 1o=6lT
. BINARY MODE
DAC BUFF
DEC 40 WORDN COUNT
DEC 0 UNIT 0
DAC ERR1 E ROR KETURN
DAC  EOT END OF TAPE RETURN (SHOULDN'T hAPPEN)
DAC  ERR2 END OF FILE RETURN (SHUULUN'T HAPPEN - DOP
. WiLL TAKE CONTROL BEFDRE EOF MARR |S RcAu)
»
JSTe 1771 wRITE THE SOURCE RECURD ON DISe
DAC BUFF
»
JMP  RSRC REA) ANOTHER SOURCk RECORD FROM TAPE

.
ByFF BSZ 40
FOT  HLT

Figure 3-8. Program Listing for DOP-4700 Transfer from Magnetic Tape to Disk
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o 1 o= ol

rgs1 907 foun, e FREL ALY

ngse yoole REN LR Ewte ALT

a8 S .

ApSa g7o 10,4 VD
DRERA) P LS|

Figure 3-8 (cont). Program Listing for DOP-4700 Transfer from Magnetic Tape to Disk

noni s TcST DOPL ENTRY
0092 »

0003 . THE FOLLOWING PROUGRAM LeMONSTRATES THE USAGE OF THE UJFL ENTRY
non4 - ('773) AND THE GEMERATING OF & LISTING FlLc UPUATE IN THE

nons . UIRECTORY, THREE: LISTING RECORDS wlILL Bt wRITTew, AFTER Tee oWy
20n6 . RECORD, WHOSE FIKST T4y CHARACTERS ARE '$0', 1S wRITTen, Tnb

0097 . UIRECTORY IS JPDATED (ETRX AND KKA) AND UPON RETURNING, ThIS

00n8 . PROGRAM wILL HALT,

nony .

0010 . THE USER MUST FIRST LEFINE & LISTING FiLe IN THE DIRECTOKY,

0011 .

0012 REL

0043 .

0014 00000 v 02 Agn14 DA PTRI INITIALIZE

0015 0fuol 0 04 NONGS 5TA  PTR2

0016 .

0017 91002 0 02 np114 L0A  srapo0l TELL DOP WE'RE WRITING A LISTING FlLr (BIT
0018 . 16 SET) AND wE WANT T8 CHECK FuPR A

0019 . $0«RzCORD (HIT 2 SET FOR DIR:CTORY UPDATE),
0020 07uNS =0 1n NQ770 JE€Te 1770 DOP! ENTRY = DOP WILL ASK FOR LISTING NAME
0021 .

0022 090N4 ¥y 10 NG773 WRIT JSTe 1773 UDPL ENTRY = WRITE A LISTIAG RecCURY

0028 UMuB>  0NQOUN PTR2 dS7 1

0024 .

0025 0none  3g 02 0QNUS LDAe PTR2 DID wE JUST wRITE A »0=-RECORD

0026 02007 0 07 00113 SUB  =A%0

0027 07010  1n1040 SNZ

0028 00011  gnonun HLT YES = ALL LONE

0029 09012 0 12 0pN0S IRS  PTR2 NO

0030 07013 0 01 noNO4 JKP WRIT WRITE ANOTHER KECORD

0034 4

0032 »

0033 0n014 0 0npn1s PTRL DAC BUFF

0034 09015 140701 BUFF BC1  29,AARd$OCCUDEEFFGG HI[JUKKLLMMNNOOPPOGRRSSTTUUVVWWXXYYZZ0yll

0note 141302
01017 122260
0N02G 141703
01021 142304
0np22 142705
0n023 143306
00024 1437¢7
0025 144310
0n026 144711
0np27 145312
01030 145713
00031 146314
07032 146715
07038 147316
00034 147717
00035 15032n

Figure 3-9. Program Listing for DOP-4700 DOPL Entry Test
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uno3o 150721
0nu37 151322
00040 151723
0no4t 152324
0no4e 152725
00043 1533¢6
0np4s 153727
00u4s 154330
00046 154731
onNp4az 155332
01050 130260
09051 1306614
0035 ¢n0S2 131762 8C]  29,223344556677R699 ABBCCDDEEFFGGHH] [ JUKKLLMMNNOOPPQURRSST Tuy
0nos3 131663
00054 132264
07055 132665
0n056 133266
6nos7 133667
0ngéy 134270
00061 134671
onos2 140701
00063 141302
0noé4e 141703
0N0&e5 142304
0no6s 142705
00067 143306
01070 143707
00071 144310
00072 144711
0n073 145312
00074 145713
0n075 146314
00076 146715
00077 147316
00100 147717
ongol 150320
00102 150721
00103 151322
00104 151723
00105 152324
00306 15272%
0036 onie?7 153326 BCl G VVHWXXYY
00110 153727
00111 154330
ani42 154731
0037 )
0038 00113 122260 END
00114 040001

Figure 3-9 (cont). Program Listing for DOP-4700 DOPL Entry Test

DOP-VRC OPERATING INSTRUCTIONS

The operating procedures for DOP-VRC (Document Number 70181651000) are
similar to those for DOP-4700. Each track on the drum contains 16 records (0-15); each
record contains eight segments (1 segment = 12810 words = 2008 words). No formatting
is required. All physical transfers to and from the drum are one record in length. Type
1 file transfers from the drum to the user's core area are buffered by DOP-VRC if they
are not one record in length, thus allowing variable record transfers. Blocking and
unblocking for file types 2, 3, and 4 is performed by DOP-VRC. The directory is fixed
in length and occupies all of track 0.

The Initialize command (I) is used only to clear the directory. To verify the clear
instruction, the user is asked to type I a second time., Any other typein saves the directory
directory.

DOP-VRC uses subroutines I$AB, I$PB, N$IO-VRC, and a configuration subpro-
gram (see the Type 9310 Drum Storage Unit Programming Manual, Order Number

BYO7 (Document Number 70130072417),
DOP-VRC does not support source input through cards. Also, the directory is not

updated when user programs write source or listing files.,

An error halt occurs at relative location 2714 if there has been a drum transmission
error. The A register contains the error type. (See the drum driver N$IO-VRC for
error types.) Press START to ignore the error,
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PAL-AP OPERATING INSTRUCTIONS

PAL-AP generates self-loading system tapes. These tapes are made by dumping
the specified limits of memory in a format that is readable by a sclf-contained loader.

(See Section II, Generation of Self-Loading System Tapes.) Self-loading tapes are always
loaded back into the same locations from which they were punched.

PAL-AP requires one sector of memory., Loading must start at the beginning of a
sector (i.e., NNO0O00O, where NN is the sector).

No error checks are made when PAL-AP punches a self-loading tape. A checksum
is punched on the tape for error checking when the PAL-AP punched tape is being loaded
back into the computer.

PAL-AP punches out a two-part loader program that is used to load in the actual con-
tents of memory that PAL-AP is to punch, The second portion of the loader is relocatable
and automatically goes to the last 1768 locations of the sector specified by the PAL-AP

default location, XX575 To exercise this option, the operator has a choice of:

8"
a. Entering the A-register = XX6008 at program load time, or

b. Inserting the value XX600, into PAL-AP location NN575¢ prior to
punching out the self-loading tape. Procedures used in these
sections establish and use the highest available memory sector for
this loader.

The operating procedure is as follows:
Depress MSTR CLEAR pushbutton.

b. Set register P to NN00O, where NN is the sector into which PAL-AP
has been loaded.

c. Select output device. Enter register A with one of the following con-
figurations:

1. All bits reset = high-speed paper-tape punch.
2. Bit 1l set = ASR-33 (turn on punch),
3. Bit 2 set = ASR-35.
d, Set RUN and depress START pushbutton; the program halts at XX003.

e, Enter into register A the first location of information to be dumped
from memory.

f. Depress START pushbutton; the program halts at XX006.

g. Enter into register A the last address of information to be dumped
from memory.

h. Depress START pushbutton; the preselected device begins punching a
self-loading system tape.

i. Upon completion of the punch, if another tape is to be punched at the
same device, continue from step e.
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PALC OPERATING INSTRUC TIONS

PALC is a program which produces loaders and punchers for system card decks,
Its output is self-loading, using the key-in loader in locations 1 to'l17. PALC itself
requires a card punch (normally Type 5140) with a binary card punch driver (O$CB) and

elements from V$LIB, These are loaded in the usual fashion.

PALC is not normally supplied to customers; however information on it is germane
to the following two sections. It may also be useful if a customer wishes to develop

specialized bootstraps or loaders.

Figure 3-10 illustrates the outputs available from PALC. If the pre-configured
PPALC output is desired, the appropriate binary drivers I$CB and O$CB must be force
loaded to locations '3460 and '3600 respectively. Equipment supported by PALC revi-

sion C is:

-61 Burroughs Card Reader
Honeywell Type 5120 400/ 800 CPM Card Reader
Honeywell Type 5140 400/100 CPM Card Reader/ Punch

To force load the drivers to the required locations, make the input device "not
ready" and start loader LDR-APM at 'XX000 with the address ('3460 or '3600) in the A
register, After the loader has hung up waiting for the non-ready device, halt it, ready
the device and restart the loader at 'XX004. The driver will load, A map to verify the

result may be obtained by restarting the loader at 'XX002,

The starting (or restarting) location is '1000. Once the object equipment answer
is in the question "L, P, T OR U ?:" is asked., The typing of one letter will cause the
appropriate output and the question will be repeated. To change the equipment selection,

restart at '1000.

The output of PALC should be carefully marked since it is difficult to identify the

various combinations once they are produced.

LLOADING A SYSTEM DECK

To load a system deck, the key-in loader for either paper tape or cards (see
Table 1-5) must be in place, Installations with a card reader or reader/ punch are

normally supplied with a copy of the "L'" output of PALC configured for their equipment,

If the input is entirely cards, ready the card reader with:

a, one card bootstrap c, system deck
b. two card loader d. at least two blank cards
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Either clear the A register, which will cause the loader to execute in the sector
indicated by location 7 of the key-in, or set it to 0XX 000, which will cause it to execute
in locations 'XX600 to 'XX717, Start the computer at location 1 and the decks will load.

Extended mode will be used if available,

When either a blank card or a transfer card is read, the computer will halt at loca-
tion zero or will jump to the indicated address, If a checksum error is detected the

computer will halt in the loader. Pushing start will ignore the error,

Locations '20 to '57 are used by the bootstrap, however they may be loaded as

required afterwards,

If the paper tape bootstrap is to be used, place it in either the paper tape reader
or the ASR reader and ready the card reader with the two card loader, the system deck
and at least two blank cards, Except that the A register setting must be used, the

remainder of the process is identical,

PPALC OPERATING INSTRUC TIONS

PPALC is a preconfigured self-loading deck produced by PALC, It is normally
supplied to customers with a Type 5140 Card Reader/ Punch (in addition to the two card
loader) since its primary use is in punching system decks, It may also be used in read-
ing (loading) system decks or in verifying them by calculating the checksums, The latter
may make it valuable to some installations with the Burroughs -61 or Honeywell Type

5120 Card Readers,

The loading process is similar to the preceding section. PPALC is contained on
10 (reader only) or 12 cards (reader and punch). As before, either the one card boot-

strap or the paper tape bootstrap may be used.

PPALC occupies the entire sector to which it is directed. When bootstrapped in,
execution will start immediately, If brought in by other loading techniques, it may be
started (or restarted) at 'XX000, Initial execution will type "PPALC'" on the Teletype.

Extended mode will be set if available,

PPALC solicits a reply from the operator by typing "?: ', The operator must

ready the card equipment and respond with one of four replies:
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a., (cr) If sense switch one is reset: read, verify and load
a system deck from the reader, If switch one is
set: read and verify, but do not load a system deck.

L. ANAA(cr) Transfer control (i,e., jump) to AAA,

C. FEPEF, LLL(cr) Punch a system deck from location TFF through
and including LLIL,

d. IFIFF, LLL, AAA(cr) Punch a system deck plus a transfer card that will
pass control (jump) to AAA when loaded.

When either a blank card or a transfer card is read the computer will return to
the PPALC question mark or a jump mode to the indicated address . If a checksum error
is detected the message "CK' and a question mark are typed, The response I causes the
error to be ignored and the data loaded (if sense switch one is reset), A carriage return

(cr) causes the data to be discarded,

Fach system deck card contains an address, a checksum, a data word count and
from zero to 57 data (core image) words. The ordering of the cards is not material and
decks may be combined or shuffled, A card with zero data words is interpreted as a

transfer card. A blank card is interpreted as the end of the deck,

Typing errors may be corrected by typing any non-octal character except a comma

A commercial-at @ is recommended,

X16-DUPE OPERATING INSTRUC TIONS

X16-DUPE duplicates and verifies punched paper tapes. The computer must have

a high-speed reader and a punch,

Procedures

a, Load X16-DUPE tape. Place tape to be reproduced in high-speed
reader, Depress MSTR CLEAR pushbutton., Set Pto OCT 100 and
depress START pushbutton. The master tape will be read in,
Memory is too small if MO (memory overflow) message is typed,

b. After LC message, place master back in reader. Set sense switch 1,
Press START pushbutton, Message VC indicates that master tape
was loaded correctly,

c. If no error, reset sense switch 1 and press START pushbutton, This
procedure will cause one copy to be punched, Press START pushbutton
for each additional copy. Message PC means ""punch complete . "

d. Place tape to be verified in high-speed reader., Set sense switch 1
and press START pushbutton, Message VE means "verify error,"
Message VC means ''verify complete, " Repeat this step for all tapes
to be verified,
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Data on object equipment
OPERATOR and output desired

A
PALC
: Optional: :
| 1sCn @ 13460 :
ogcy @ 13600 ]

—_—
Configured Outputs

L ( 1 ¢card bootstrap plus

2 card loader

F

! paper tape bootstrap for
above

P i card bootstrap plus

b l 10 or 12 card PPALC

paper tape bootstrap
for PPALC

A

Figure 3-10, PALC (Punch and Load Cards) Use and
PPALC (Preconfigured PALC) Generation

Method

The master is read in and packed one frame per word for the first word and two
frames per word for the rest of the tape. If an INA 1 does not skip, a counter is incre-
mented. When this counter overflows, it is assumed that the reader has run out of tape.
Five is subtracted from the last address to accommodate the tear., The tape is punched
out from the first address to the last address minus the loader. The tape is compared

from the first address to the last address minus the leader,

Settings
Function Recommended Alternate
L.oad Master P to 1008 P to 1004
Verify Tape SS1 up Pto l0lg
Punch Tape SS1 down P to 1028
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ASR Messages

LC Load complete
MO = Memory overflow
VC = Verify complete
VE = Verify error

PC = Punch complete

UPSB16 OPERATING INSTRUCTIONS

UPSB16 duplicates, adds to, or deletes from a paper tape of binary library sub-
routines. It can make up to three insertions or deletions in a single pass over the library
tape. A new tape can be created by merging two or more tapes, each containing one or
more subroutines, with a single pass over each tape,

This program operates on a standard 516 computer and requires a high-speed or

ASR-33/35 paper-tape reader and a high-speed or ASR-33/35 punch on I/0O bus.

Procedures
a. Load self-loading UPSB-16 program.,
b. Set A-register for input/output device:
Bits 11-13 set input. Bits 14-16 set output.
Set A 3 for ASR-33.
Set A 5 for ASR-35.

Zero indicates high speed. For example:

A = 000000 indicates high-speed I/0.

A = 000033 indicates ASR-33 1/0.

A = 000005 indicates high-speed input and ASR-35 output. !
A = 000030 indicates ASR-33 input and high-speed output

c. Set P-register to 001000, place computer in run mode, and depress
START pushbutton. The ASR then types out:

ENTER INSTRUCTION
The operator may then type an instruction in one of the following formats:
1. DUPLICATE (executes a block-for-block reproduction).

2, OMIT\AAAA (sets a name table in memory for reference by
the library instruction).

3, INSERT\AAAA>BBBB (stores new programs in memory for
reference by the library instruction).

4. LIBRARY (the actual update run).

1
If bit 1, the leftmost bit, is set, it signifies that the output tape contains STOP charac-
ters after each subroutine. If the bit is not set, no STOP characters are present,
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When updating, the instructions must be typed in the order shown above (i.e., omit
lines must be typed before the insert line, and the insert line must be typed before the
library line). If a typing error occurs (e.g., a name is misspelled or an incorrect con-
irol key is pressed), the RUBOUT key may be pressed. This causes ENTER INSTRUCTION
to be typed. The ASR is now ready to accept the correct instruction. If a typing error
occurs and a complete reinitialization is desired, the bell (upper case G) may be pressed.
This completely reinitializes UPSB16 to prepare for a new update and causes ENTER
INSTRUCTION to be typed.

AAAA and BBBB are subroutine names. The full name (1 to 6 characters) of the
subroutine must be given, and it must be the name in the location field of the first sub-
routine operation for that subroutine (primary name). Additional information on each

format follows.

a. DUPLICATE. — After this instruction has been typed in, followed by a
carriage return, the computer halts so that P/T may be mounted.
Depress START pushbutton to cause the duplication to execute.

NOTE: Ifan ASR-33 or 35 is to be used, it is recommended
that duplication be executed off-line.

b. OMITNAAAA. — After this instruction has been typed in, such that omit
is followed by a form character (upper case L used in a field separator)
and the name is followed by a carriage return, the ASR will again type
ENTER INSTRUCTION. A maximum of three omit lines may be typed
for one update pass.

c. INSERTNAAAA>BBBB, CCCC>DDDD, EEEE>FFFF. — After this in-
struction has been typed with the \ and > and , characters as shown
(\being the field separator, > an upper case period used as a symbol
meaning after, and the comma used to separate the subcommands),
followed by a carriage return, the computer halts so that tape contain-
ing the new subroutines may be mounted. For the preceding example,
this tape contains AAAA, CCCC, EEEE, and possibly other subroutines.
Depressing the START pushbutton causes the tape to be read and the
selected subroutines to be stored. The reader stops when all the
required subroutines have been extracted, and the ASR types the octal
address of the next available memory cell. It is possible to insert a
new subroutine as the first subroutine of the new tape by entering the
instruction as ---INSERT AAAA>00--- using zeros as the second name
of the instruction.

NOTES: A maximum of three subroutines to be inserted may
be typed for one update pass.

If ASR-33 is to be used, turn punch switch off, If
ASR-35 is to be used, set moade SW to T.

d. LIBRARY. — After this command has been typed, followed by a carriage
return, the computer halts so that the old subroutine library tape may be
mounted. Depress START pushbutton to cause the old tape to be read and
an update tape to be punched. When all the modifications have been made,
this instruction behaves like the duplicate instruction.

NOTE: UPSBI6 is coded to accept DAP-16, or DAP-116, or
FORTRAN IV format on both the high-speed and
ASR-33/35 readers. However, output from UPSBI16
follows the standard ASR-compatible form, i.e.,
block format consisting of a SOM(201), followed by data,
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and terminated by an X-OFF(223) and RUBOUT charac-
ter (377), Subroutines punched from memory are
separated by 60 frames of leader (blank tape). If more
than three omit instructions are attempted, the com-
puter will print a message and halt, Depress the
START pushbutton to enable the ENTER INSTRUCTION
message to be retyped for continuation of the update.

If an ASR-33/35 is to be used, the program will halt
after the reading or punching of each block (this halt

is for operator intervention), The program will print
a message and halt. This is to allow the user to enable
the ASR punch. The machine will also halt at memory
location 776 to allow the user to disable the ASR punch.,

ASR-33 enable and disable with the punch switch.
ASR-35-enable punching with mode switch to KT.
ASR-35-disable punching with mode switch to T,

Method

The program scans the command and takes appropriate action. Subroutines read by
means of paper tape have their names scanned and compared to the names that were typed
into the ASR. Subroutines to be inserted are read and packed two frames per word in
successive memory locations. The end location is flagged by the program for punching at
a later time. Subroutines to be omitted are bypassed by the program during the library
run,
DEBUG

To aid in program checkout,

Function Codes

A.....Access memory word(s)

. ++.Breakpoint set

++..Copy memory block in memory

«++ . Dump memory block to typewriter
.+« Execute subroutine

+ « s« Fill memory block with constant

....High-speed (BRPE) punch in self-loading format

.

R B > B e B O B>

«+..Jump-trace object program (dynamic)

«+++ Low-speed (ASR) punch in self-loading fornnat1

g r

. ++.Monitor object program for effective address (dynamic)
.+..Patch object program

....Run object program

«+e..5earch memory block under mask

....Trace object program (dynamic)

< H 0 ®g

««... Verify memory block against copy in memory

1
The L function requires that the answer-back drum not respond to a WRU code. The tele-
type test specifically tests to determine whether the function is disabled.
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Restrictions
DEBUG will load and execute in any sector except zero.

DEBUG is relocatable but must be loaded at the beginning of any sector,.

Storage
Octal (1000)

Decimal (512) plus location '60 of sector zero

Format

Each command consists of a single-letter function code, followed by a colon and one
or more octal values. Values are separated by commas, and the last value used must be
followed by a carriage return.

Values are right-justified octal integers: if no digit follows a comma, the value is
made zero,

The first value is a starting address,

The second value, if used, is usually the end address of the block started by the first
value (functions C, D, F, H, I, S, V) or an initial content for register A (functions E, J,
M, R, T}.

The third value, if used, is either the start address of another block (functions C,
V), or an initial content for register B (functions E, J, M, R, T), or an object pattern
(functions F, S).

Other values are interpreted variously (see specific functions).

If values V4 and/or V5 are unspecified, they are set to all one's (177777).

Errors

A slash may be used to abort any input and return to start.

Prolonged outputs (e.g., DUMP, TRACE) may be aborted by activating the ASR
BREAK key.

The function code is defined by the last character before the colon, If a wrong charac-
ter is keyed, follow it with the proper letter code for desired function.

Octal value fields ignore all characters except 0, 1, 2, 3, 4, 5, 6, 7, /, ¥, comma,
and carriage return. To cancel an incorrect octal value, key in ().

NOTE: If more than 5 digits are keyed, the last 16 bits are used.

A:V1(CR)

Access word(s) in memory (starting) at location V1. The DEBUG program types out
the address, V1, its content, and then waits for keyboard input.

To change the content, key in the new octal value, followed by a carriage return,

The program then types out the next higher address and its content.
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To process to the next higher address without changing the contents of the current
location, key in a comma (characters keyed in before this comma are ignored).

The look/change cycle continues until the operator keys ina '/'.

B:V1(CR)

Insert breakpoint link in object program at location V1.

If object program is executed later, and if control reaches location V1, an indirect
jump through location '00060 returns control to the DEBUG program, which prints the
register contents, then awaits further commands.

Print format is given under functions E and R.

Only one breakpoint can be inserted in a program.

The actual breakpoint jump is placed in the object program only at execution time
and is removed after each use; however, the breakpoint address is retained for reuse and
requires user action only to change it.

If object program does not reach breakpoint, stop computer manually, and restart in
DEBUG at 'XX007.

To remove breakpoint completely, key in B:1(CR).

C:Vl1,Vv2, V3(CR)

Copy memory block at locations V1 through V2 into block at locations V3 through
V3 + V2-V1. If V2 does not exceed V1, only the word at location V1 will be copied (into
V3)., If V3 lies between V1 and V2, the block between V1 and V3-1 will be repeated
cyclically until location V3 + V2-V1 has been written into.

D:V1, V2(CR)

Dump memory block at locations V1 through V2 to ASR typewriter. The basic typing
format is eight octal words per line, preceded by the octal address of the first word printed
on the line. (If this address does not end with a zero digit, appropriate spaces are inserted
to maintain column integrity.) Repetitious words are suppressed as follows:

a, If the remainder of the current line is identical to the word last printed,
the line is terminated.

b. If one or more subsequent lines are identical to the word last printed, the
typewriter skips one line.
E:V1,V2,V3(CR)
Execute subroutine by performing JST to location V1.
Prior to subroutine entry, V2 is loaded into register A, and (except on the 416) V3 is
loaded into register B.
The subroutine return should be by an indirect jump through its entry point, incre-

mented by 0, 1, or 2.
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Upon return from the subroutine, the DEBUG program prints the register contents
as noted under function R, cxcept that one or two mecaningless words may precede the

specified format to indicate that the subroutine has incremented its rcturn link by 1 or 2.
F:V1, V2, V3(CR)

Fill memory block at locations V1 through V2 with V3. If V2 docs not exceed VI,

only location V1 will be filled.
H:V1, V2(CR)
High-speed punch, PALZ2 format, of memory block at locations V1 through V2.
J:V1,Vvz2, V3(CR)

Dynamically trace object program starting at location V1, with registers A and B
initially set to V2 and V3, respectively. A diagnostic printout is produced prior to the

interpretive execution of any object JMP or JST or HLT. (Scc function T for further
details and restrictions.)

L:V1, V2(CR)

Low-speed punch, PAL2 format, of memory block at location V1 through V2. Op-
erator should turn on ASR punch approximately two seconds after keying CR.

M:V1,V2,V3, V4(CR)

Dynamically monitor object program starting at location V1, with registers A and B
initially set to V2 and V3, respectively. A diagnostic printput is produced prior to the
interpretive execution of any object memory-reference instruction whose cffective address

equals V4. (See function T for further details and rcstrictions.)
P:V1, V2(CR)

Insert patch to V1 in object program at location V2 by replacing instruction at V2
with jump to location V1, storing the displaced instruction at V1, and entering function A
with value V1.

Operator must key in desired patch, with suitable return.

NOTE: V1 and V2 must lie in the same sector.

R:V1,V2,V3(CR)

Run object program by performing JMP to location V1. Prior to program entry, V2
is loaded into register A, and (except on the 416) V3 is loaded to register B.
Control does not return to the DEBUG program unless a breakpoint is encountered or

the operator takes over manual control via the computer console.
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If a breakpoint is encountered, the print format is:

116: INSTR (A) (B) 10] (C)
416: INSTR R (A) [0} (A)
316/516: INSTR (A) (B) (X) (keys)

where keys represent values of C, DP, PMI, and SC.
S:V1, V2, V3, V4(CR)

Scarch memory block at locations V1 through V2 for words equal to V3 under the
mask V4. (If no mask is specified, the entire word is tested.) When a match is found,
the address and its content are typed out, and the search continues until location V2 has

been tested.
T:V1,V2,V3(CR)

Dynamically trace object program starting at location V1, with registers A and B
initially set to V2 and V3, respectively. A diagnostic printout is produced prior to the
interpretive execution of each object instruction.

Printout is formatted as eight octal words, representing:

116: (P) INSTR EA EA (A) (B) (0] (C)
416: (P) INSTR EA EA R (A) [0] (A)
316/516: (P) INSTR EA EA (A) (B) (X) (keys)

NOTE: For nonmemory reference instructions, the third word = '077777, and
the fourth repeats the instruction word.

T:V1,V2,V3, V4(CR)

Same as preceding, except a printout is produced only when P = V4,
T:V1,V2,V3, 777777, V5(CR)

Same as above, except a printout is produced for every V5 instruction.

NOTE: If V5 is negative, its absolute value is used.
If V5 is zero, it is treated as 65536,

T:V1,V2,V3,V4, 0(CR)

Same as above, except a printout is produced the first time P = V4 and every in-
struction thereafter.
Restrictions on all T functions (including J and M):

a. HLT instructions always cause printout followed by a stop. Tracing
resumes when the RUN button is actuated.

b. Interrupts are executed in real time, not in interpretive mode. Tracing
is resumed when the interrupt routine exits.

c. Tracing is invalid for object programs using extended-addressing mode.
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d. Tracing of input-output routines is possible only if no timing constraints
are violated by the fact that internal speeds are reduced by a factor of
about 60 (avg) to 80 (max) when no printout is involved.

e, Tracing is not possible with ASR 1/0.
V:V1, V2, V3(CR)

Verify memory block at locations V1 through V2 against a copy in locations V3
through V3 + V2-V1., The program types the address and content of each location in the

V1 block that does not match the corresponding word in the V3 block,

LINE PRINTER DUMP OPERATING INSTRUCTIONS

The Line Printer Dump Program LP-DMP-5 prints selected areas of core memory
on the line printer., This program must be loaded starting on a sector boundary. It calls
the line printer driver O$LA. The appropriate version of O$LA must be linked with
LP-DMP-5. The dump program occupies most of one sector and the beginning of the
following sector. Driver O$LA should be loaded starting at the end of LP-DMP-5, In
this way no cross-sector references need be generated by the loader. Proceed as follows.

a. Load program, O$1.A, and whatever routines O$LA calls.

b. Depress MSTR CLEAR pushbutton,

c. Enter lower limit to be dumped in register A,

d. Enter upper limit to be dumped in register B.

e. Enter start location of LP-DMP-5 in register P,

f, Depress START pushbutton.

The program dumps the contents of the desired locations in groups of eight, such
that the first location is always 0, modulc 8, and the last location is always 7, modulo 8.
The format for a line is:

a, Location of first word — five octal digits.

b. Two spaces.

c. Three-character mnemonic operation code if one is applicable, or three spaces
if one is not.

d. Space or asterisk (asterisk indicates indirect addressing).

e. Six octal digits of the word.

f. Format of items c. through e. repeated seven more times,

After outputting the first line of the dump, the program continually tests to determine
whether consecutive memory cells contain identical information. Whenever one or more

lines of repeats is found, the repetition is indicated. For example:

01000 LDA 005060 STA 011432 CRA 140040 STA 011450 STA 011451 STA 011072 LDA 005450 SZE 100040

01010 JST#120101 LDA 005057 STA 011450 JMP 003031 WLY 000000 HLT 000000 HLT 000000 HLT 000000
01020e¢401027 HLT 000000

01030 HLT 000000 LDA 005451 STA 011455 CRA 140040 STA 051031 IRS 025455 LDA 005072 LGL 0641475

01040 STA 011071 OCP 030001 INA 130101 JMP 003042 STA 011447 1IMA 027450 STA 011443 JSTx120102

01050 000003 NOp 101000 JMp 003073 ERAx152305 §TAk1S517264 JSTwl20240 JST#120240 000203

01060 000202 HLT 000000 HLT 000000 HLT 000000 HLT 000009 HLT 000000 HLT 000000 HLT 000000
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ASR-DUMP OPERATING INSTRUCTIONS

The ASR Dump Program, ASR-DUMP, prints selected areas of core memory on an

ASR-33 or ASR-35. The program must be loaded starting on a sector boundary and requires

about 350 locations (no subroutines are required), Proceed as follows.
a. Load ASR-DUMP,
b. Depress MSTR CLEAR pushbutton,
c. Enter lower limit to be dumped in Register A.
d. Enter upper limit to be dumped in Register B.
e, Enter start location of ASR-DUMP in Register P,
f. Depress START pushbutton.

The program dumps the contents of the desired locations in groups of four, such that
the first location is always 0, modulo 4, and the last location is always 3, modulo 4. The

format for a line is:

a, Location of first word — five octal digits.
b. Two spaces.
c. Three-character mnemonic operation code if one is applicable, or three

spaces if one is not.

d. Space or asterisk (asterisk indicates indirect addressing).
e. Six octal digits of the word.

f. Format of items c. through e. repeated three more times.
Example:

00010 INA 131001 JMP 002010 LGL 041470 INA 130001
0014  JMP 002013 STA*110000 1IRS 024000 SZE 100040

$TRANS OPERATING INSTRUCTIONS

$TRANS is a utility program for transferring source information from one media to
another. Source information can be transferred from:

a. Magnetic tape to the line printer, card punch, paper tape punch or
to another magnetic tape.

b. Card reader to paper tape punch, magnetic tape or the line
printer, and

c. Paper tape to magnetic tape, the card punch or the line printer.

Input Commands

ML...... transfer from mag tape (Unit 2) to the line printer.
MC...... transfer from mag tape (Unit 2) to the card punch.
MP...... transfer from mag tape (Unit 2) to the paper tape punch,
MM......transfer from mag tape (Unit 2) to mag tape (Unit 3).
CP......transfer from card reader to the paper tape punch.
CM.,.....transfer from card reader to mag tape (Unit 3).
CL...... transfer from card reader to the line printer.
PM...... transfer from paper tape to mag tape (Unit 3).
PC...... transfer from paper tape to the card punch.

PL...... transfer from paper tape to the line printer,
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Sense Switch Settings

Sense Switch 1 Up creates a break when going may tape to paper tape and
punches a (MOR)

Sense Switch 1 Down nothing (No MOR)
Sense Switch 2 Up input a 60 word image
Sense Switch 2 Down input a 40 word image
Sense Switch 4 Up output a 60 word image
Sense Switch 4 Down output a 40 word image

External Programs Used

I$MA Mag Tape Input Driver

O$MA Mag Tape Output Driver

O$ME Write End of File Mag Tape Driver

EXIT Any Exit Routine to Operating System

O$CH Card Punch Driver

I$CA Card Reader Driver

I$PA Paper Tape Reader Driver

I$PI Paper Tape Reader Tab Initializer

0O$P1 Paper Tape Punch Tab Initializer

O$PS Paper Tape Punch End Block

O$CS Card Punch End Block

O$PA Paper Tape Punch Driver

O$PLDR Paper Tape Punch Leader Driver

O$LA Line Printer Driver

O$LH Line Printer Heading Driver

O$LE Line Printer Eject a Page Driver

C$6TO8 BCD to ASCII (Mag Tape)

C$8TO6 ASCII to BCD (Mag Tape)

C$MR Rewind Mag Tape Unit Driver

C$FF Forward Space File (Mag Tape) Driver

DUMY -X16 Dummy for any of the above
Procedures

Load the object of $TRANS to the beginning location (Octal 1000).

b. Load the desired Input/Output routines listed under External Programs used.
c. Place the source media on the proper device (source mag tape on MTU2),

d. Place the object media on the proper device (output mag tape on MTU3),

e. Set the sense switches as explained under Sense Switch Settings.

f. Enter the starting location ('1000) in the P Register and press START,

$TRANS will print ''516 COPY PROGRAM!' on the ASR.
$TRANS will print "NAME OF PROCESSOR'" and HALT.

E:T‘O'Q

Type the two character input command desired (see Input Commands)
followed by a carriage return.

j. If the source is mag tape, $TRANS will print out "INPUT FILE NUMBER"
and HALT., Type the number of the file (decimal value) to be transferred
followed by a carriage return and the source tape will be positioned to
the proper file. The program will print out "NUMBER OF FILES'" and
HALT. Type the total number of files to be transferred followed by a
carriage return,

[
.
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k. If the output media is mag tape, $TRANS will print out "OUTPUT FILE
NUMBER'" and HALT. Type the output file number (decimal value)
followed by a carriage return and the object tape will move forward
to the proper file.

1. If the output media is paper tape, $TRANS will print "TABS(T) or
FULL IMAGE (F)" and HALT. Type in T or F and a carriage return
(Tabs are setat 6, 12 and 30 for DAP Source).

m. $TRANS will now transfer the prescribed source(s) from one media
to the other, will HALT when finished, and type "END-OF-JOB'" and
"PRESS START TO CONTINUE",

Operational Notes

A second End-Of-File (End-Of-Tape) mark sensed in a row with card and paper tape
input will cause a second End-Of-File to be written when outputting to mag tape.

The process of MM will automatically put a second End-Of-File on the Output Tape
when the total number of desired files have been transferred,

All Card Decks must be followed by a $END in cols. 1-4 for an End Of File.

All Source Paper Tapes must have a $END at the end of the tape.

When punching Source Paper Tape from Mag Tape, 801 blocks will be punched and
an MOR will be punched on the paper tape in cols., 6, 7 and 8 giving about a four (4)
inch roll of Source Paper Tape with tabs. Without tabs, the tape will be a little longer.
To continue, just press the start button and it will continue until 801 more blocks are
punched or an End-Of-File is sensed. At an End-Of-File, a length of leader and a $END
in cols. 1-4 will be punched with another length of leader and stop. If doing more than one
file, press start to continue on the next file., When the total number of files is done, the

program comes back to input command.

Error Messages

a. "IMPROPER DEVICE TRY AGAIN", will be typed on the ASR if an
illegal instruction is input.

b. "LAST CARD HAS INVALID PUNCH", will be typed on the ASR if
the last card does not have $END in columns 1-4,

c. "EOT MT3" will be typed on the ASR if an END-OF-TAPE occurs
on writing.

d. "EOT MT2" will be typed on the ASR if an END-OF -TAPE occurs
during reading.

IOUPMHD OPERATING INSTRUCTIONS

IOUPMHD provides the user with an input/output debug package for the moving head

disc.

3-51 BX48



Function Codes

General

D...... Dump Memory Block onto L.ine Printer

Fooo.o.. F'ill Memory Block with Constant

N Jump into Program

P, Print Memory Block

R...... Replace Memory word(s), or to print one location
S, Search Memory Block under a mask

Voo, Verify, Memory Versus Input Device

I...... Load Memory from Device

O...... Output Memory to Device

Input

P...... Input from Paper Tape

IK...... Input from 10 surface moving head disc
IS...... Input from 2 or 20 surface moving head disc
IM...... Input from magnetic tape

Output

OP...... Output to paper tape, checksum format
OK...... Output memory block to the 10 surface disc
Oos...... Output memory block to the 2 or 20 surface disc
OM...... Output memory block to the magnetic tape
Verification

VP...... Verify memory block against paper tape
VC...... Verify one memory block against another
VM...... Verify memory block against the magnet tape

Hardware Considerations

This program operates on a DDP-516 or an H-316 and requires 3K of core. The
following options are supported:

ASR Keyboard Printer

High-Speed Paper Tape Reader/Punch

Moving Head Disc (on DMC Channel 1) --

316/516-4650 Single Spindle Moving Head Disc Store Unit
316/516-4651 Dual Spindle Moving Head Disc Store Unit
316/516-4720 High-Capacity Moving Head Disc Store Unit
DDP516 /4600 Moving Ilead Disc File Option

316-516-5500 Line Printer Option
Magnetic Tape

316/516-4021, -4022 7-Track Mag Tape Option
DDP-516-4100 7-Track Mag Tape Option

COMPATIBILITY

This program will operate on a DDP-516 or an H-316 with extended mode (up to 32K),

and may be located in any part of core memory.
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LIMITATIONS

This program may not be used with interrupts occurring concurrently unless data

transfer is via the DMC,

Format
Each command consists of a single or double letter code, followed by a space and one
or more octal values. Values are separated by commas, and the last value used must be

followed by a carriage return. Values are right justified octal integers.

Use

D Vi, V2 (CR)

Mo st sle gle ol ahe ale ale sl b oo als
BB e RS

Print the contents of the memory block V1 to V2 on the line printer.

A "TOP OF FORM" command is issued before and after the printing.
Error message "LP' indicates some type of malfunction, out of paper,
yoke not closed, etc.

F V1, V2 (CR)

S st ste sle stz ste she ste st e she she
S sl sieslesle sl sl sle ke sl sl sl

Fill Memory Block starting with V1 through V2 with value V3. If V2 does not
exceed V1, only one location will be filled.

J V1 (CR)

sle steste sl st ste sty ale
B SR sk

Jump to the user's program at location V1. The user's program is entered
with extended address enabled.

P V1, V2 (CR) or P V1 (CR)

Sesleslesteslestesleslostonla sty Sl sl b sh sle ol sl st ale
ACIEICIIRE RN AN ok R skl skesieosk

Print Memory block at locations V1 through V2 on the ASR teletype. The
basic typing format is 8 octal words per line, preceded by the octal address of
the first word printed on the line. (If this address does not end with a zero
digit, appropriate spaces are inserted to maintain column integrity. )
Repetitious words are suppressed as follows:

1. If the last remainder of the current line is identical to the last
word printed, the line is terminated.

2. If one or more subsequent lines are identical to the last word
printed, the teletype skips one line.
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R V1 (CR)

Replace word(s) in memory starting at location V1. Address VI and its con-
tents are typed out and then the program waits for Kevboard Input.

To change the contents, key-in the new value, followed by a
"Carriage Return'. The next higher address and its contents
are then printed.

To progress to the next higher address without changing the
contents of the current location, key-in a "Comma''. Characters
keyed-in before this "Comma'' are ignored.

The Look/Change Cycle continues until the operator keys-in a
“Slash' (/).

s V1, V2, V3, V4 (CR)

Search the memory block at locations V1 through V2 for words equal to V3
under the mask V4,

When a match is found, the address and its contents are typed
out, and the search continues until location V2 has been tested.

OP V1, V2 (CR)

High-speed paper tape punch of locations V1 through V2, in binary. The paper
tape is punched in blocks of 57 words with a checksum at the end of each block.

IP (CR)

)
P

The contents of the paper tape are loaded into core, at the end of each block
of 57 words. The checksum punched on the tape is compared against the
checksum obtained by reading in the tape. If the two checksums are not the
same the reader will Halt. To recover from this Halt:

Move the tape back one block, line up the sprocket hole exactly

over the photo cell so that all of the record gap preceding the

block will be read, and clear the Halt by pressing the "Start Button'.
The program will then attempt to read again the same block, before
attempting the re-read. The block causing the Halt should be
examined for lint, chad, etc. covering a hole in the tape, and then
such material should be removed.

VP V1, V2 (CR) or VP (CR)

VP without parameters will verify the entire paper tape. VP with parameters
will print out the verification errors within the block V1 to V2.

The contents of core are compared (verified) against the contents of the paper
tape. A typeout occurs whenever core differs with the information on the tape.
IZach typeout consists of the core address, the contents of core, and the
contents of the corresponding core location as punched on tape. Zeroed
(Blank) locations on tape are not typed. After each typeout, the comparison
continues until all of the tape is read and verified.

This typeout, whenever core differs from the contents of tape, is a useful
offline debugging tool.
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OK V1, V2, V3, V4, V5, V6 (CR)

Output data from core memory to the 10 surface M, H. D, VI starting address
of core memory from which data is to be transferred to the moving head
disc. V2 starting address of core memory block to be used as a buffer to
verify the disc transfer. V3 disc starting address for the transfer. V4
cylinder. V5 head number. V6 size of the data block to be transferred.

"AE: Error in Accessing the Disc

Os Vi1, V2, V3, V4, V5, V6 (CR)

vvvvv St

Output data from core memory to the 2 or 20 surface moving head disc.
Parameters and error messages are the same as for the 10 surface disc
above.

IK V1, V2, V3, V4, V5, V6 (CR)

Input Data from the 10 surface moving head disc. Parameters and error
messages are the same as for the output function above.

IS vi1, vz, V3, V4, V5, V6 (CR)

e ste sl sl st
e sleslesie sk

Input data from the 2 or 20 surface moving head disc, Parameters and error
messages are the same as for the output function above.

vC V1, v2, V3 (CR)

>k Sk

Verify the data block of length V3 beginning at core location V1 against the
data block of length V3 beginning at core location V2. Any differences are
printed on the ASR.

OM V1, V2, V3(CR)

S sle St sl she st st e st sl sle s sl e sl sle
SKESE PARAI B B PR PP P

"

Output data from core memory to magnetic tape, V1 is the file number. Data
from magnetic tape is transferred as one complete file. If the operator wishes
to start a new tape the first record must be file one.

V2, V3 are the core memory starting and ending address of the file to be
written, The message '"CM" is printed and the operator may type in up to
80 characters of comments, The comments field is terminated by a

"Bell Function',

If a key-in error is made while typing comments, a "RUNOUT' will return
the program to the start of the comments field.

Errors:

"PF: A Bad Record was written.
"VE" The Data on magnetic tape does not compare with core memory.
"TP" Tape is protected,
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IM VI(CR)

Input Data from magnetic tape to core memory. VI is a previously written
file number. Information from this file is transferred to core memory,
any comments that were written with that file number are printed out.

Errors:

"PLE" Record Read has bad Parity.

"RL'" Record length incorrect — generally caused by using the wrong
tape density.

"VIE'" Magnetic Tape does not compare with core.

VM VI(CR)

e sle She sty sleate st
e RO N

Verify magnetic tape, V1 is a previously written record. Verify differences
will be printed out.

Description of Disk Transfer Functions

The user can transfer data between core and the moving head disc, by setting sense
switch 4. The user can at the same time verify the disc transfer. When verifying, the
user must allocate a buffer the size of his data block. IEven if the verify option is not
elected there must be a dummy variable in V2,

M$IO, the disc driver used by IOUP, uses the two core locations immediately pre-
ceding all transfer and verify buffers specified by user. IOUP saves the original contents

of these locations and restores them after each transfer,

Description of Core to Core Comparisons

The user may compare two core blocks and print the differences on the ASR. The

contents of all locations examined will remain unchanged.

Cautions and Restrictions

1. All entries must be made in octal.

2. When doing a disc transfer, the number of words specified will be trans-
ferred regardless of the number of words per record in the disc format,
This can destroy everything else on the track in question, with disastrous
results. Be sure that the number of words specified in V6 is the same
as the number of words per record in the disc format.

3. MS$IO for the 10 surfaces disc is designed to interpret a starting disc
address of zero as a command to read the current address. In order
to prevent this, it is necessary to change line 378 of M$IO Rev. B in
the listing from JMP WRDA to NOP.
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The disc transfer routines are set up to operate on DMC channel 1.
The moving head disc is on unit 0. The user is responsible for
formatting his own disc before using IOUP to transfer data.

Each type of disc requires a different version of M$IO, The standard
disc driver, for the 10 surface disc is:

2O075-001-6801(M$I0O) Dwg. No. 70180616000 Rev. B on up.

This version requires two external parameters, PAR! and PAR2, each
defined as an octal 1 and loader after M$IO,

For the 2 or 20 surface disc the proper version of M$IO is:

EO75(M$I0, 4650, 4720) Dwg. No. 70181509000 Rev. B on up.
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SECTION IV
VERIFICATION AND TEST ROUTINES

The instructions for each verification and test routine are given in detail at the

beginning of the assembly listing for that routine.
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SECTION V
ERROR MESSAGES

Error messages produced by the DAP-16 and DAP-16 Mod 2 Assemblers are listed
in the DAP-16 and DAP-16 Mod 2 Language Assembly manual. Error messages produced
by the FORTRAN IV Compiler are listed in the Series 16 FORTRAN IV Manual,.

If an error is detected by a subroutine, the object error diagnostic subroutine (F$ER)
is called., Normally, a two-character mnemonic is typed on the ASR-33/35, and the com-

puter halts., If SENSE switch 3 is on, F$ER returns control to the calling subroutine that

exists, with meaningless results in most cases.

call on F$ER and their associated error messages.

Table 5-1 lists those subroutines that

Table 5-1, FORTRAN IV Library Error Messages

Error
Message Condition Subroutine
AD Over/Underflow in double precision A$66, S$66
AO Array overflow SUB$
BF Backspace routine encountered end of file F$F5-9
DL Negative or zero argument DLOG, DLOG2, DLOGIO
DT Second argument zero DATAN2
DZ Division by zero D$22
EQ Exponential overflow adding integer to
double precision exponent A$81
EX Exponential overflow during exponentiation EXP
FE Format error integer required at this
position F$I10
GO Incorrect GO to control variable F$GA
II First argument zero, second argument
negative E$11
M Over/Underflow during integer
multiplication M$11
IN Input value out of range F$10
1z Integer division by zero D311
LG Log of negative or zero argument ALOG, ALOG!10
MD Double precision MULT/DIV overflow D$66, M$66
MF Magnetic tape end of file F$R5-9
MP Magnetic tape parity F$R5-9
MT Magnetic tape end of tape F$R5-9
Pz Double precision division by zero D$66
RI Integer to large when converted from real
to integer Cc$21
SA Arithmetic overflow A$22
SD Divisor unnormalized, overflow (M$22) D$22, M$22
SM Exponential over/underflow during
multiplication D$22, M$22
sQ Negative argument SQRT
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SECTION VI
PAPER TAPE FORMATS

Paper tape is often used as the principal input/output medium for Honeywell 316/516
computers. It consists essentially of an indefinite string of 8-bit characters. Figure 6-1
shows the beginning of a source tape, identifying a few characters and their octal values.
Paper tape is also used for object text and core dumps. In these cases a code known as
the 4/6/6 code, which consists entirely of nonprinting characters, is used. Paper tape

codes are discussed in detail in the Series 16 ASR/Paper-Tape Reader/Paper-Tape Punch

Programmers' Reference Manual.

910111213 14 15 16 <« A-Register Bits
87654321 < Channels

- LF 212

- *SQURCE TAPE
: \ SUBR\XMPL
XMPL\DAC\**\ENTRY POINT

= CR 215

«— X-OFF '223
«*— RUBOUT ‘337
1;— LF 212

b

[ ]
[ ]
L]
[ ]
L]
[ 4
[ ]
L ]
[}
[ ]
®

Figure 6-1. Paper-Tape Format with DAP-16 Source Text Example
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SOURCE TEXT RECORD FORMAT

Each record in a source text should be formatted as follows:

212 Line Feed Text
'215 Carriage Return
1223 X-OFF (Control S)
377 RUBOUT

The X-OFF and RUBOUT neced not be used for tapes that will be read by the high-
speed reader rather than by a teletypewriter. When the record is read, the line feed,

carriage return, X-OFF, and RUBOUT are not stored as part of the record.

USE OF TABS IN SOURCE RECORDS

Tabs may be used to compress the data, as tabs are used on a typewriter. The
backslash character (\, '334) is used as a tab code.

The backslash is punched on the ASR-33/35 as an upper case L (also marked FORM
on some teletypewriters because of the function control L performs at certain installations).

Tabs may be used whenever a string of spaces precedes a tab stop. The tab is punched in

place of the spaces.

Another way to describe the backslash is that it is used as a field delimiter. For
example, the backslash is ordinarily used in DAP-16 when the location, operation, or
variable field is nor present, or in FORTRAN to skip columns 1-6. The ASCII paper-tape
read subroutines I$AA and I$PA assume, if not initialized otherwise, that there are three
tab positions corresponding to character positions 6, 12, and 30 (DAP-16 source code for-

mat). The read routine must be initialized differently for the FORTRAN source.

SOURCE END-OF - MESSAGE RECORDS

An end-of-message record is formatted as follows:

203 ETX (Control C)
1223 X-OFF (Control S)
377 RUBOUT

The X-OFF and RUBOUT need not be used for tapes that will be read by the high-

speed reader rather than by a teletypewriter.

SOURCE TAPE PREPARATION

ASR-33

PUNCHING LEADER
Blank leader (all NULs) is conveniently punched by depressing HERE IS several

times. At least a foot of leader should be punched at the beginning and end of each tape.
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CORRECTING ERRORS

Single-character errors may be corrected immediately after they are punched by
punching «(SHIFT O) or by using the B SP key on the punch to backspace the paper tape
one frame, and RUBOUT to convert the frame to a RUBOUT. An entire erroneous record
may be deleted by punching the sequence @, X-OFF, RUBOUT (i.e., SHIFT P, CONTROL
S, RUBOUT). The X-OFF and RUBOUT need not be punched if this source tape is going
to be read by a high-speed paper-tape reader. These corrections apply to sources that
will be read by I$AA (Rev. F or later), I$PA (Rev. G or later), DAP16-Mod 2 (Rev. C or
later), or FORTRAN (Rev. J or later).

ASR-35

PUNCHING LEADER

Blank leader (all NULs) can be punched in two ways — neither as convenient as the
HERE IS key on the ASR-33 — by duplicating leader read on the ASR reader or by holding
down the BREAK key. If the break key is used, the tape must be backspaced one frame
and the last frame changed to a RUBOUT (since it is indeterminate). At least a foot of

leader should be punched at the beginning and ending of each tape.

CORRECTING ERRORS

Single-character errors may be corrected immediately after they are punched by
using the BACKSPACE and RUBOUT keys to convert the frame to a RUBOUT. An entire
erroneous record may be deleted by punching the sequence &, X-OFF, RUBOUT (i.e.,
SHIFT O, CONTROL S, RUBOUT), The X-OFF and RUBOUT need not be punched if

this source tape is going to be read by a high-speed paper-tape reader.
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SAMPLE MEMORY MAPS

APPENDIX A
MEMORY MAP

Figure A-1 shows a map produced after partially loading on OP-16 system. The

words preceded by an asterisk are standard loader messages.

point names.

*LOW

Address of the lowest location of the program or subroutine (LDR-APM only).

is not to be confused with the lowest location of the Base.

Figure A-1.

*LOb
* S TART
*HTIGH
* NAME S
* CNaN
* AL
* hASK
*ASE
AT
Inen
[0
Cl.h
ClL.
AL

F i

S9!
vk
~1LT
ALl
AllLg
ArCT
A G
nlyi
AT
X LC1
Ao
AbbE
e

R
STHEN
AT O L
AT

b

N O
L

ol

PN
NJE

o E

01000
01000
Ns5234
292A/33
28700
gol1ea
0e1e3
01077
O140A
Q14773
AR ICVIPA
J1553
1550
03000
03004
03011
3145
(3L aA
(3153
Nl HNA
0317A
03830
(3314
0NR372
GREITA
3400
03401
CG3ans
3312
O350
L0000
Gl (A
020+ %
04513
DEECRENE &
',:3\;.":96
(VA3 7+%
C8G40

Memory Map, Partially Loaded OP-16 System

A-1

The other words are entry

This
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“START

Location as defined by the variable field of the END statement of the main program.

If nothing was entered in the variable ficld, the loader assumes the first location loaded.

*NAMES

The names table begins just below the first instruction of the loader program (i.e.,
141228 for 8K LDR-APM). *NAMES points to the next available location. As subroutines
are called, their names are placed in this table by the loader. Each name takes three lo-
cations and is assigned in descending order. At program load time, names of subprograms
{(from SUBR or ENT pseudo-operation) are read by the loader and are compared with the

names table. If a name compares, the subprogram is loaded, and the loader establishes

the linkage to the calling program.

*COMM

In FORTRAN IV, the COMMON statement provides a means of sharing memory
storage among subprograms or transferring data between subprograms or between segments .
of a chained program. The location given is provided above the loader and indicates the
next available location. Refer to the FORTRAN IV manual for complete use of the COMMON
statement.

Figure A-2 shows another map produced after completely loading a program that
uses the magnetic tape library and the test and verification services library. The sixteen
entry points M$TO through M$C7 are part of the tape configuration routine M$UNIT. This
routine is always loaded with the magnetic tape package. It is used to assign logical tape
numbers to physical tape drives and physical DMC or DMA channel numbers. The sixteen

entry points are given to enable a user program to make these assignments at run time.
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* 1O 01000
* 518 01000
+nliGr N8A1A
*NAVES 31487
*COmMN K700
*HOACE 00121

pLl 01ALR
P IOw C1AART
L CU¥ N170s%
DL QLRTH
0ILI QL1585

0°LC QL1954
N3EN 0L
O SLb 04160

DYLA U&1T75
O hLE uar1l
PRIVEN QLo

0%k 0Lse17
0 %m0 04539
0O $ME 04736
CERTO6 G5010
v EUNTIT 05110
4 3CHAN 05115
METY 0512
S ST0 (%125
»ET1 05124
METe ns127
MET3 09130
N2 05131
(S BE RS
05133
5134
" 5.C0 05134
% E&C1 05137
wE&Ce 05140
A3C3 05141
MEC4H 05142
MECS 05143
M&Ch 05144
MEC7 0514%
vVioAa 05146
U &07 05157
VE0S 05246
U ENT: 05324
VESI NS474
VSSh 05521

LC

Figure A-2. Memory Map, Completely Loaded Program Using Magnetic
Tape Library and Test and Verification Services Library

+*BASE

Indirect references necessary for program linking between sectors are put in the
base sector. Normally, this is sector zero. The programmer can control the sector and
(except for sector zero) the location within the sector by means of the SETB pseudo-opera-
tion. *BASE (or the first *BASE listed if there are more than one) points to the next loca-
tion into which a cross-sector reference will be loaded. The first base location is specified

in register B at the beginning of a load. The default value ((B) = 0) is '100.
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Once a base area has been established in a sector (either by a nondefault B-register
setting or by a SETB pseudo-operation code), LDR-APM will not establish another in that
sector. If this is attempted, the first established base area becomes the current base
area (as if no change had been attempted). This automatic restoration is useful when the

load requires a number of base areas, some of which may fall in the same sector.

AS-LOADED ENTRY POINTS

The number following a loaded entry point is the address of the entry point as

loaded.

UNSATISFIED ENTRY POINTS

Unsatisfied entry points are identified by a number followed by two asterisks. The

number is the location of the most recent reference to the entry point,

A-4 BX48



APPENDIX B
OPERATION WITH EXTENDED ADDRESSING

NORMAL MODE OPERATIONS IN UPPER BANK

Systems tapes may be loaded to any location in core, because there is an EXA
instruction included in the relocating loader that is part of a self-loading tape. There is
no DXA instruction to return the computer to normal mode, but this is ordinarily accom-
plished with MASTER CLEAR.,

The key-in loader will not operate properly if copied into locations '40001 through
'40017.

Register P may be set to any location in core for operations in MA, SI, or RUN

mode.

ENTERING EXTENDED ADDRESSING

MASTER CLEAR puts the computer in normal mode addressing, In order to continue

operating in extended mode after a MASTER CLEAR the following sequence should be
followed:

a. Move MA/SI/RUN switch to SI.

b. Set 000013 in register M,

c. Depress START once.

This sequence should be followed in situations where it is known that the computer

has been operating in extended mode.
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APPENDIX C
MODIFICATION OF FORTRAN I/O DEVICE ASSIGNMENTS

Device numbers referred to by input or output statements have been tentatively set
to the most common devices. Each statement generates a CALL to library subroutine
F$Rn, F$Wn, or F$Cn, where n is the device number 1 through 9. The devices referred
to can be casily changed by writing different subroutines with the same name and substi-
tuting the new subroutine for the existing subroutine on the library tape. For example,
assume F$R2 is used to read paper tape and no paper tape reader is available, but six mag-
netic tapc units are available. A magnetic tape subroutine (similar to F$R5) can be written,
named F$R2, and put on the library tape in place of the original F$R2 subroutine. All
references to device two now refer to magnetic tape six instead of the paper tape reader.

If the unit number is referred to symbolically instead of as an integer constant, the
value of the symbol n should be loaded into register A before making the call to F$RN or
F$WN,

F$RN and F$WN have nine-place tables which interpret n as one of the standard de-
vice assignments and transfer to the proper subroutine. If desired, F$RN or F$WN can
be modified to rearrange these device assignment tables or to expand them for additional
devices. Therefore, by expanding the table in F$RN, device 10 could be magnetic tape 6,
device 11 might be typewriter 2, etc. Only symbolic device numbers can exceed 9 in value.
Constant device number calls do not use these subroutines and do not, therefore, use the
device assignment tables.

Finally, if a symbolic device number reference is made, but the number (such as
n =20 orn=13)is not in the device assignment table, the computer halts. Illegal device
numbers between 0 and 10 (such as attempts to read from the line printer) cause halts.

The operator can, at that time, set an acceptable device number into register A and press
the computer START button. If the new number is acceptable, input or output is generated
using the new device number. However, each time the unacceptable device number is re-

ferred to by another READ, WRITE, or CONTROL statement, the halt occurs again.
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