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ALPHA-LSI Programming Documentation 96101-00A0
ALPHA LSI AUTOLOAD

INTRODUCTION

The NAKED MINI LSI/ALPHA LSI Autoload program provides a fast, convenient method
of program loading without the need of a resident bootstrap. Autoload is implemented
in a Read-Only-Memory (ROM) and supports Teletype and High Speed Paper Tape,
9-track open reel Magnetic Tape, Digital Cassette and Moving Head Disk. Autoload

is available as part of the NAKED MINI LSI/ALPHA LSI Autoload option.

ENVIRONMENT

The Autoload program does not occupy any memory, but does require the usage of
base page locations : 30 through : 3B for scratch when loading from paper tape devices.

Autoload requires one or more of the following input devices:

ASR-33 or ASR-35 Teletype Reader
High Speed Paper Tape Reader
9-Track Open Reel Magnetic Tape
CAI Digital Cassette System

CAI Moving Head Disk System

If multiple magnetic tape, cassette or disk drives are available, Autoload will load
from the device designated as unit 0.

FEATURES

. Selectively loads from any of the five devices.

. Loads most binary tapes as produced by the BETA assemblers.

. Loads all binary tapes produced by the Binary Punch (BDP) Program.

. Loads sbsolute or relative (at program specified origin or at operator specified
origin) .

. Features load-and-halt or load-and-execute modes of operation.

. Performs checksum and format verification on paper tape input.

LIMITATIONS

. Locations : 30 through : 3B must be available (not loaded into) for Autoload

scratch use.
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PROGRAM DESCRIPTION

The Autoload program provides two modes of operation dependent upon the device
being utilized; "binary" format program tapes for teletype and high speed reader,
and single record "bootstraps" for magnetic tape, cassette and disk.

Teletype and High Speed Reader:

The Autoload program will load (and optionally relocate) binary tapes produced by
the Binary Dump Program (BDP). In addition, object programs as produced by the
BETA assembler may be loaded directly if they do not contain any literals, external
references or external definitions.

Because the Autoloader program uses locations : 30 through : 3B for scratch, these
locations cannot be loaded and any prior contents of these locations will be destroyed
by Autoload. If it is desired to load locations 0 to : 2F from a tape produced by BDP,
these locations should be punched first followed by a second punch operation begin-
ning at location : 3C or higher. Loading over locations : 30 through : 3B will cause
erroneous operation of Autoload. An object program using locations 0 to : 2F should
have the following form to load correctly:

! instructions for locations 0 to : 2F

ABS  :3C _
! remainder of program

Magnetic Tape, Cassette and Disk:

For these devices, the Autoload program will load the first record (sector 0 for disc)
beginning at location : 0 (or any other location selected) of memory. If the load and

execute option was selected (SENSE switch set) , Autoload will then enter the record
loaded at its relative zero location.

This mode of operation provides a convenient method of "bootstrapping" into memory
the first record of the user's system, program, etc. This record can then bring in any
other segments, as required.

Becauser the Autoloader program uses locations : 30 through : 3B for scratch, these
locations cannot be loaded and any prior contents of these locations will be destroyed
by Autoload.




PROGRAM OPERATION

Prior to operation of the Autoload program, the user must select the device to be
used and, if relocation is desired, the starting load location.

Program Loading:

Device selection requires that the value corresponding to the device and load mode
be entered in the Console Sense Register. The possible values are:

Device
Mode TTY HSPT MT Cassette Disc
Load Abs. : 0 01 : 2 : 3 04
Load Rel. : 8 : 9 A :B :C

If relocation was selected, the starting load location must be entered in the X register.
The SENSE switch must be set if the load-and-execute mode is desired.

Depression of the AUTO switch will now initiate the Autoload program.

End Action:

The action performed at the end of the Autoload operation is dependent upon the device
used.

Teletype and High Speed Paper Tape Reader:

After a successful load (a zero length record encountered without errors) control is
transferred to the start location of the loaded program if:

1) A valid start address was on the tape, and
2) The SENSE switch was set.

If the SENSE switch was reset, or if no valid start address was found, Autoload will
halt with : 0800 in the I register; the next location available for loading in the X
register; and the start address in the A register will be negative (: FFFF) if no valid
start address found.

To load another program depress the AUTO switch. Loading will continue at the next
available location (X register) if relocatable mode was selected.
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Magnetic Tape, Cassette and Disk:

After a successful load, control will be transferred to location zero of the program
loaded if the SENSE switch was set. If the SENSE was reset, Autoload will halt with
: 0800 in the I register.

Error Handling/Recovery:

The action performed, and recovery available, is dependent upon the device used.
Teletype and High Speed Paper Tape Reader:

If an invalid checksum or tape format error is detected, Autoload will halt with : 0801
in the I register. Format errors can be caused by attempting to load an object pro-
gram that contains literals, external references or definitions.

In the event of an error, it is possible to backup the paper tape one record and depress
AUTO to continue. This is not recommended, however, since it is possible that a
record read in error could overlay other portions of the program. It is recommended
that loads exhibiting errors be completely repeated.

Magnetic Tape, Cassette and Disk:

If an error occurs while attempting to load from one of these devices » the Autoload pro-
gram will halt with : 0801 in the I register. To retry, the user should depress AUTO.
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APPENDIX A

Autoload Operation Summary

The procedure to load programs into memory with the Autoload program is as follows:

1.

Enable the Console by moving the Console Enable slide switch (located in the
recess on the right side of the Console) to the enable position (up). The
ENABLE indicator on the front panel will turn on.

If the STOP indicator is off, press the STOP switch to halt the computer. The
indicator will turn on.

Press the RESET switch to clear the computer.

If relocation is desired, enter the beginning load location in the Index (X)
register:

a. If the SENSE/DATA indicator is on, press the SENSE/DATA switch to
enable the Console Data register. The indicator will turn off.

b. If the WRITE/READ indicator is off, press the WRITE/READ switch to
enable register alteration. The indicator will turn on.

c. Enter the beginning load location into the Console Data register via the
hex keyboard.

d. Press the X switch to transfer the address to the X register.

Enter into the Console Sense register the value (see Table Al) corresponding
to the device and load mode desired:

a. If the SENSE/DATA indicator is off, press the SENSE/DATA switch to
enable the Console Sense register. The indicator will turn on.

b. Enter the appropriate hex value from Table A1, below, into the Console
Sense register via the hex keyboard.

c. Press the SENSE/DATA switch to disable the Console Sense register.
The indicator will turn off.

Set the SENSE switch (turn the SENSE indicator on) if load-and-execute mode
desired. Otherwise reset the switch (turn indicator off).

Ready the load device.
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Press the STOP switch to enable RUN mode (the STOP indicator will turn off) .
This enables RUN mode, but does not cause the computer to enter the RUN ’

mode.

Press the RESET switch to clear the computer.

Press the AUTO switch to execute the Autoload program. The AUTO indicator
will remain on until the load is completed.

Device
Mode TTY HSPT MT Cassette Disk
Load Abs. : 0 01 : 2 :3 14
Load Rel. : 8 : 9 A :B :C
Table Al

Load Mode Selection




q A
COMPUTER AUTOMATION, INC. = — .

ALPHA LSI PROGRAMMING DOCUMENTATION 96002-00C0

BINARY LOADER
(BLD)

INTRODUCTION

The Binary Loader (BLD) is a short, "basic" loader available to load the Object Loader
(LAMBDA) or other binary programs, as produced by the Binary Dump program (BDP),
into memory. BLD is a "binary relocatable" program and may reside anywhere in
memory. Typically, BLD is loaded into upper memory (at location : 0FB0 in 4K, : 1IFBO
in 8K, etc.) using the Bootstrap Loader (BOOT).

ENVIRONMENT

Hardware Required:

1. ALPHA LSI or ALPHA 16 series computer
2. ASR 33/35 Teletype or High Speed Paper Tape Reader

Software Required:

1. Bootstrap Loader (BOOT)

PROGRAM DESCRIPTION

The Binary Loader will load all tapes produced by the Binary Dump program, and all
"binary" programs produced by the BETA assemblers. A Binary program is one which
contains only ORG's (REL or ABS, but no mode mixing), END or DATA statements and
contains no out of range instructions, literals or external references or definitions.
Additionally the RES directive may be used only in its single parameter form (i.e., no
fill value appended).

Binary Tape Format

A binary tape, as produced by BDP or the BETA assembler, contains loader type codes
and data or instructions grouped into records. Each record begins with a record marker
(: FF) and a record length (in bytes) and is terminated with a checksum (figure 1).

The tape is terminated with an end-of-file (EOF) record, consisting of a record marker
and a record length of zero.
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The binary loader recognizes the loader type codes described below:

EOF (code =:00).

Begin Program (code =:01).

END absolute (code =:02).

END relocatable (code =:03).

ORG absolute (code =:04).

ORG relocatable (code =:05).

DATA absolute (code =:06).

DATA relocatable (code =:07).

Checksum

EOF is denoted by a "null" record; i.e., a re-
cord marker (:FF) with a record count of zero.

The type code is followed by two bytes of
Zeros,

The type code is followed by two bytes con-
taining the start address. A negative value
indicates no start address.

The type code is followed by two bytes con-
taining the start address. A negative value
indicates no start address.

The type code is followed by two bytes of
absolute load address.

The type code is followed by two bytes of rel-
ative load address.

The type code is followed by a two byte count
of the number of data words to load. This is
followed by the data, packed two bytes per
word.

The type code is followed by a two byte count
of the number of data words to load. This is
followed by the relocatable data, packed two
bytes per word.

A rotating, Exclusive OR byte checksum is computed for all bytes of the record except
for the record marker and the checksum itself. The following is the checksum se-

quence:
LDA BYTE
EMA CKSUM
RRA 1
JOR $+2
ADD H80
XOR CKSUM
AND HFF
EMA CKSUM

character to checksum
checksum word

add hexadecimal 80

keep low 8 bits
new checksum word
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record marker

f record length (in bytes)

ORG Type Code
Load

Address
DATA Type Code
No. of words of
data to load

|

load address,
data type code, count
and data to be loaded

Checksum

End of Record #1

Leader between
records

L
!

END Type Code

Transfcer

Address

Checksum

a— —.-v"’/
. . . [ . . L] .
2 Blank
Frames

} IEOF Record

Figure 1. Binary Tape Format
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PROGRAM OPERATION

Program Loading

BLD is loaded into available memory using the Bootstrap Loader (BOOT) , typically
directly below the Bootstrap.

Operation

Loading is initiated by entering BLD at relative location zero (first location of BLD).
If the program to be loaded is to be relocated (loaded at a location other than the loca-
tion punched by the Binary Punch program, BDP), the load bias desired (difference
between assembled load address and load address desired) must be entered in the X
register and the value : 8 entered in the console prior to execution of BLD.

BLD will accept input from either the TTY paper tape reader or from the high speed
paper tape reader; whichever is ready.

End Action
Upon encountering an end-of-file, BLD will halt with : 0800 in the I register and the X
register will contain the next location available for loading. The A register will be

set to zero indicating a valid checksum comparison was made.

Pressing RUN will cause BLD to be re-entered at relative location zero and the next
binary tape to be loaded. Refer to the operation section above.

Error Handling/Recovery

The binary loader detects invalid type code and checksum errors and halts with the
error code (: 0800) in the I register.

A checksum error will cause the tape to halt on the last frame of the record with the
difference between the computed checksum and that read from the tape displayed in
the A register.

A type code error will cause the tape to halt within the record, two frames past the

frame in question. The user should verify the tape being loaded is of a form loadable
by BLD.
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Appendix A

BLD OPERATION SUMMARY FOR ALPHA LSI COMPUTER

A

The procedure for loading programs into an ALPHA LSI computer using the Binary
Loader is as follows:

1.

Load BLD into memory using the Bootstrap procedure (location

: OFBO for 4K, : 1FBO for 8K, etc.).

If the STOP indicator is off, press the STOP switch to halt the

computer. The indicator will turn on.
Press the Console RESET to clear the computer.

If the SENSE/DATA indicator is on, press the SENSE/DATA

switch

to enable the Console Data register. The indicator will turn off.

Enter into the Program Counter (P) register the starting location

of BLD (: nFBO).
a. If the WRITE/READ indicator is off, press the WRITE/
READ switch to enable register alteration. The indi-

cator will turn on.

b. Enter the address into the Console Data register via
the hex keyboard.

c. Depress the P switch to transfer the address to the
P register.

If the program is not to be relocated, proceed to step 9.

Enter the relocation bias into the Index (X) register.

a. If the WRITE/READ indicator is off, press the WRITE/
READ switch to enable register alteration. The in-

dicator will turn on.

b. Enter the address into the Console Data register via
the hex keyboard.

c. Depress the X switch to transfer the address to the X
register.
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11.

12.

13.

14.

15.
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Enter the relocation indicator (: 8) into the Console Sense register.

a. Press the SENSE/DATA switch to enable the Console
Sense register. The indicator will go on.

~ b. Enter : 8 into the Console Sense register via the hex
keyboard.
c. Press the SENSE/DATA switch to disable the Console

Sense register. The indicator wi'i go off.

Place the binary tape in the selected reader (HSR or TTY) with the
leader over the read station.

'Ready' the selected reader. Be sure to check that both the high speed
reader and the teletype reader are not both 'ready' (one or the other
but not both).

Press the STOP switch to enable RUN mode. The STOP indicator will
turn off. This enables the RUN mode, but does not cause the compu-
ter to enter RUN mode.

Press the RESET switch to clear the computer.

Depress the RUN switch. The program will be loaded into memory
and the processor will halt with : 0800 in the I register indicating a
successful load (: 0880 if an illegal type code was encounted or a
checksum error occured). To display the I register:

a. Press the STOP switch to disable RUN mode. The
STOP indicator will turn on.

b. If the WRITE/READ indicator is on, press the WRITE/
READ switch to enable register display. The indica-
tor will turn off.

c. Depress the I switch to display the contents of the I
register in the Console Data register.

The X register will contain the next sequential memory location avail-
able for loading. To load another binary tape at this location, repeat
this procedure from step 8. Depress the X switch to display the con-
tents of the X register in the Console Data register.

To load another binary tape at some location other than the next one
in sequence, repeat this procedure from step 6.
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Appendix B

BLD OPERATION SUMMARY FOR ALPHA 16 COMPUTER

The procedure for loading programs into an ALPHA 16 computer using the Binary
Loader is as follows:

1.

Load BLD into memory using the Bootstrap procedure (location
: 0FBO for 4K, : 1FBO for 8K, etc.).

Depress the STOP switch. Check that the MANual EXecute switch
is not depressed.

Depress the Console RESET to clear the computer.

Enter into the Program Counter (P) register the starting location
of BLD (: nFBO0).

a. Raise all Register Select switches.

b. Depress the P Register Select switch.

c. Enter the starting address of BLD on the Data Entry
switches.

d. Depress the ENTRY switch.
If the program is not to be relocated, proceed to step 8.

Enter the relocation bias into the Index (X) register.

a. Depress the X Register Select switch.
b. Enter the load address on the Data Entry switches
c. Depress the ENTRY switch.

Enter the relocation indicator (Data Switch 3) into the Data Switches.
a. Raise all Data Switches.
b. Depress Data Switch 3.

Raise the STOP switch.
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13.
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Place the binary tape in the selected reader (HSR or TTY) with the
leader over the read station.

'Ready' the selected reader. Be sure to check that both the high speed
reader and the teletype reader are not both 'ready' (one or the other
but not both).

Depress the RUN switch. The program will be loaded into memory
and the processor will halt with : 0800 in the I register indicating a
successful load (: 0880 if an illegal type code was encountered or a
checksum error occured). To display the I register:

a. Raise all Register Select switches.

b. Depress the I Register Select switch.

The X register will contain the next sequential memory location avail-
able for loading. To load another binary tape at this location, repeat
this procedure from step 7. To display the X register, depress the

X register select switch.

To load another binary tape at some location other than the next one
in sequence, repeat this procedure from step 6.
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ALPHA BINARY LOADER (BLD) 960222~C®

ALPHA=16/ALPHA=LST BINARY LOADER (BLD) 96022
COPYRIGHY 1973 BY COMPUTER AUTOMATION, INC,

* THIS PROGRAM IS BINARY RELOCATABLE
LOAD LOCATION = :NFB®Q

»

*
HSRDA
TTYDA
*

BLD

BLD1

ORG

TYPE

DATA

WORD

STANDARD

EQU
EQU

REL
EQu
STX
ISA
JAN
STA
JsT
XOR
JAN
STA
JST
JAN
LDX
8TOP
JMP

EQU
ADD
STA

EQu
LDA
STA
JST
JAZ
TAX
JST
CxI
JMP
CxI
JMP
LrX
JXZ
DXR
JXN
JOR

EQu
NAR
STA
JST
CXxI
ADD
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SAVE LOAD LOCATION

CHECK FOR RELOCATION,

« REL

« ABS, RESET LOAD LOC TO @
GET NEXT CHAR (1 FRAME)

TEST FOR MARKER,

o NO, KEEP CHECKING,

ZERO CHECKSUM

GET RECORD LENGTH (2 FRAMES)

o« @ = NEXT AVAILABLE ADDR
DISPLAY I=:088@, XsNEXT LOC
LOAD SOME MORE

PROCESS ORG
ADD OFFSET
MODIFY STORAGE ADDRESS

DECODE TYPE CQODE
SAVE CURRENT CHECKSUM

GET TYPE CODE

o« TC=2, CHECKSUM
SAVE TC

GET DATA WORD

e« TCa27, REL DATA

« 1Cmt,2,3

e 7Cx4,5,6,7
« TC ERROR

o TCumd

PROCESS ABS DATA
« Az WORD COUNT

GET DATA WORD
ADD RELOCATION
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N4
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(SN REY)
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A3
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ANk
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Adq7
AREY
J6Ho9
AP0

3392

A23
224
Aa2s
A1206
wag7z

28
RA29
PH2A
?R2n
BU2c

an2n
NA2E
MORF
A3
LISICE
20332
P33
$a34
A3y
Pa3e6
a2u37
({138
1339
A JA
PUaR
P30
no3n
di3E

00 3F
wHd4a
oudal

a2
a3
ALY
2a4b
Aade

¢arAyz

ERRORS

N8/16/73 16:55:06
9821 STA *pPC
DA2H IMS  PC
DAZ2Y IM3  CNT
Fodé JHMP  WQORD
Fois JMP  TYPRE

*
A0 INPW ENT
FAO3 JST INPB
1357 LLa 8
Faey JST INPB
F70a BT IHPW

»
A80A  INPB ENT
4232 INPHY SEL.  HSRDA,2
403A Stl. TTYDA,?2
4931 HSR SFN  HSRDA,1
Fa2e2 JHPTTY
783 IBA HSRDA,!
Fa2e3 JMP  CK
4939 TTY SEN TT7YDA,1
F605 JMP  HSR
7839 TTvYl IBA  TTYDA,!
BAQE CK EMA CKSUM
1100 RRA 1
3201 JOR  $+2
3437 ADD  Han
AAUA XOR CKSUM
8320nh AND  HFF
BAQR EMA CKSUM
F711 RTN INPB

*
?P3F  CKSM EQu 3
Fiie JST INPB
9280 SUB  TEMP
217p JAZ BLDI
A042 TCERR EQU 8
g82 HB2 STOP 380

*
AAFF  HFF NDATA :FF
1808 sLOC HLT
nBue  PC HLT
ABOR  CKSUM  HLT
2247 CNT rau %
dven  TEMP DATA @

*
AR END  RLD
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STORE IN MEMORY
BUMP MEMORY FOINTER
BUMP COUNT

o« AGAIN

« DONE

INFUT WORD 10 A REGISTER
GET §ST BYTt

o SHIFT

ADD 20 Ry 'k

EXIT

INPUT BYTE §0 & REGISTER
STER HS8R

STEP Tiy

HSR READY 7

» KO

o« READ

TTY READY 7

o NO

e HEAD

COMPUTE [ wWFCKSIM, S4yF Ryy/s

o TURN BIT 7 0N

e« STRIP TO B RITS
¢« SWAP BACK
EXIT

VERIFY CHECKSUM

GET FROM TAPE

COMPARE T0O CALCULATED
» 0K

TC OR CHECKSUM ERRQOR
o« RISPLAY 3102880

START LOAD LOUC (BASE)
CURRENT LOC (WORKING)
CHECKSUM STORAGE

CHECKSUM STORAGE
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pR29 A J046

gele BLD 2325 0299

0AL7  BLDY Y219 @u8s

wA/6  CK gazz

2388% CkSM 29035

vd9s  CKSUM Aa20« AN32 PR76» Q080 QAB2+
Q96  CNT A250« QUS56+

J48 DATA 2239

nAgY  H8p Qaze

20972  HFF 2318 @p81

pl6I HSR 0a74

A8 HSRDA Wa67 QK9 0n7i

0A66  INPH P017« A034« 2061« PD63* QB3 MAB6w
¢67 INPRI

35260 INPW UR21« 2037+ OnS51x 0064
6327 ORG goay

2294  PC PA23 de29% AP54» OS5«
2293 sLoC 0a13« 0216« P28 0O53
389 TCERR A345

“wile7  TEMP #2333+ 2287

2a73  TTy A7

@A77y TTyd

D3¢9 TTYDA yge8 0273 (w75

#2131 TYPE yace Jud3 0nabdbs

0251 pORD anas7

e247 SOUPCE LINES
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REQUEST FOR PROGRAMMING ACTION (RPA)

PROGRAM NAME PROCRAM ID # ORIGINATOR DATE RPAY
ALPHA 16/LSI LAMBDA ’
Object Loader ~ 96003-00E0 11/8/73 70

DESCRIPTION OF PROBLEM

On ALPHA LSI Computers the console RESET button is intended for use as a master
clear and system initialization. It should only be used to clear the system prior to
operation or to abort and reinitialize a runaway program or peripheral. It is not proper
to set up register contents and then press RESET just prior to RUN.

PROBLEM VERIFIED [ ¥Jves [CJno BY:
COMMENTS DATE:

Documentary Only: Under "LAMBDA Operation Summary for ALPHA LSI
Computers', page 3C-10, delete step 12.

TEMPORARY PATCH AVAILABLE DYES @ NO

LOCATION OLD CONTENTS NEW CONTENTS
UPDATED PROGRAM RELEASE APPROVED BY
SCHEDULED DATE NEW PROGRAM ID %44

CAI FORM ¥
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ALPHA LSI PROGRAMMING DOCUMENTATION 96003-00E0

LAMBDA

OBJECT LOADER

INTRODUCTION

The LAMBDA loader loads into memory both the object program tapes produced by the
BETA Assembly programs and the binary tapes produced by the Binary Dump program
(BDP). ,

ENVIRONMENT

The LAMBDA loader is designed to reside in upper memory and will create an external
name table, below the loader, expanding toward lower memory (see figure 1). The
loader will accept input from either the ASR-33 paper tape reader or a high speed
paper tape reader. The optional load map will be produced on the ASR-33 printer or
line printer.

Hardware Required:

ALPHA LSI or ALPHA 16 series computers
ASR-33 or 35 Teletype or High Speed Paper Tape Reader

Software Required:

Binary Loader (BLD) or Autoload

FEATURES
1. Loads either absolute or relocatable object or binary format programs.
2. Maintains, in the base page, a common literal pool insuring that equal
valued literals are stored only once.
3. Maintains a table of external reference names and links all of the refer-

ences as they are encountered. Whenever an external definition is
found, the external references are unthreaded to reference the load lo-
cation of the external name.
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4, Satisfies external linkages by generating link addresses in either the
base page (see assembler EXTR directive) or in main memory (see
assembler REF directive). If EXTR link is requested and if the exter-
nal definition is already defined and in the base page, a direct link
is made.

5. Selective loading from a library tape results in loading only those
(unloaded) programs or subprograms referenced by a previously
loaded program. User option to override selective loading and
unconditionally load all programs read (forced load) is provided.

6. The LAMBDA loader is a 'binary relocatable' program and can reside
any place in memory.

7. A load map may be optionally generated on the ASR-33 printer or
line printer.

PROGRAM DESCRIPTION

The LAMBDA loader will load (and optionally relocate) object programs produced by
the BETA assemblers or binary programs produced by the Binary Dump Program
(BDP). The capability of using a pre-assembled subroutine library is included in a
manner which guarantees that required routines will be loaded precisely once. The
first program presented to the loader (usually the main program) will be uncondition-
ally loaded. The loading will terminate when an end-of-file is detected on the object
tape (see figure 2). At that time, a load map is optionally output and the computer is
halted. If additional program modules are required, another object tape (or library
tape) may be mounted in the reader and depressing RUN will cause loading to con-
tinue to the next end-of-file.

As the loader is designed to 'slough' through an input stream, selecting and loading
only those (unloaded) subprograms referenced by a previously loaded program,
close attention should be paid to physical subprogram ordering, particularly in the
library tape. In the example below, A represents a main program while B, C, D, and
E are subprograms. Note that there are four orderings which will result in a one-
pass loading; any other ordering will require multiple load passes:

A calls C and E
B calls D
E calls B
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correct ordering of library:

Dwmap
owaQm»
il @Rvellco R -2
QU wHPp

In the event that ordering problems occur, they may be simply resolved by duplica-
tion of the offending programs in the library.

LAMBDA also provides an unconditional load (force load) mode of operation should
selective loading be undesirable. The user may also specify whether or not the
defined and undefined symbols are to be listed on the teletype or line printer (see
figure 4).

Object Tape Format

An object tape, as produced by the BETA assemblers, contains loader type codes
and data or instructions grouped into records. Each record begins with a record
marker (: FF) and a record length (in bytes) and is terminated with a checksum
(figure 3).

The tape is terminated with an end-of-file (EOF) record, consisting of a record
marker and a record length of zero.

Object Loader Type Codes

The object loader recognizes the loader type codes described below:

EOF (code = : 00) EOF is denoted by a "null" record; i.e., a
record marker (: FF) with a record count of
zero.

Begin Program (code =:01) The type code is followed by two bytes of
Zeros.

END absolute (code = :02) The type code is followed by two bytes con-

taining the start address. A negative value
indicates no start address.

END relocatable (code = :03) The type code is followed by two bytes con-

taining the start address. A negative value
indicates no start address.
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ORG absolute (code = :04) The type code is followed by two bytes of
absolute load address.
ORG relocatable (code =: 05) The type code is followed by two bytes of
relative load address.
DATA absolute (code = : 06) The type code is followed by a two byte

count of the number of data words to load.
This is followed by the data, packed two
bytes per word.

DATA relocatable (code =: 07) The type code is followed by a two byte
count of the number of data words to load.
This is followed by the relocatable data,
packed two bytes per word.

RES and store constant The type code is followed by a two byte

(code = : 08) count of the number of words to reserve
and a two byte constant to be stored in
these words.

BAC relocatable (code : 09) The type code is followed by a two byte
address constant.

MREF absolute literal The type code is followed by a two byte

(code =: 0A) literal and one byte containing the most

significant 8 bits of the memory refer-
ence instruction.

MREF relocatable literal The type code is followed by a two byte

(code = : 0B) literal and one byte containing the most
significant 8 bits of the memory refer-
ence instruction.

MREF external (code =:0C) The type code is followed by the external
name (6 bytes) and one byte containing
the most significant 8 bits of memory
reference instruction.

External Definition (code =: 0D) The type code is followed by the external
- name (6 bytes). The load location counter
is used as the definition address.

REF (code = : 0E) The type code is followed by the external
name (6 bytes).
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NAME (code = : 0F) The type code is followed by the external
name (6 bytes). When used, it is the first
type code on the object tape after the record
marker and Begin Program type code.

MREF Byte relocatable The type code is followed by a two byte ad-
(code = :10) dress and one byte containing the most sig-
nificant 8 bits of the memory reference in-
struction.
Checksum

A rotating, Exclusive OR byte checksum is computed for all bytes of the record except
for the record marker and the checksum itself. The following is the checksum se-
quence:

LDA BYTE character to schecksum
EMA CKSUM checksum word

RRA 1

JOR $+2

ADD H80 add hexadecimal 80
XOR CKSUM

AND HFF keep low 8 bits

EMA CKSUM new checksum word

SENSE switch set: No load; list undefined names.

SENSE switch reset:

Print Defined and Undefined
Symbols Undefined Defined Only Only Neither
Defined or
Load Mode TTY LP* TTY LP* TTY LP* Undefined
Library : 0 01 12 13 14 15 16
Unconditional : 8 : 9 tA :B :C :D :E

*Centronics Line Printer. Operation with Data Products Line Printer requires the
word NOP: ME in LAMBDA to be NOP'ed prior to operation.

Figure 4. Load Options
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Load Map

Each time the loader encounters an end-of-file in the input stream, a load map is out-
put and the processor halts. The load map consists of three types of outputs:

1. Optional load map indicating names and load locations for external
definitions (see figure 4).

2. Optional map of all unsatisfied external references (see figure 4).

3. Load summary line.

Sample load map:

| START 0100
SI 0180
LOC 0222
FRAME U
PUNCH U
SI M

E O00FA 0475 0100

| External entry points START, SI, and LOC were loaded at the addressed shown.
‘ External names FRAME and PUNCH were referenced but not loaded yet.

External name Sl appeared in 2 program modules. The loader flags the second
appearance as multiply defined (M). The first module containing SI was loaded and
linked as necessary. The second module was not loaded.

: 00FA is the next base page location that will be assigned by the loader (:FB - :FD
have already been assigned).

: 0475 is the highest main memory location loaded +1. In the absence of operator
intervention, this will be the next location loaded by LAMBDA.

: 0100 is the transfer address that appeared on the END statement in the last program
loaded. If a transfer address did not appear on the END statement, nothing will be
shown herw (the absence of a transfer address on the summary line indicates no
transfer address).

PROGRAM OPERATION

Program Loading

LAMBDA is loaded into available memory using the Binary Loader (BLD). The loader
will load behind itself; however, no check is made for loading into non-existing mem-
ory. For this reason, the loader should reside in high memory.
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Operation

Loading is initiated by entering LAMBDA at relative location zero (first location of
LAMBDA) . If the program to be loaded is to be relocated from its assembled origin
address, the relocation bias (offset from assembled origin address) must be preset
in the A register prior to entering the loader.

The loader will normally start assigning base page locations, as needed, starting at
location : FD and progressing towards location zero. If : FD is not to be used as the
initial base page location, the user may preset any other base page location in the X
register prior to entering the loader (X preset to 0 will select the default value of : FD) .

The loader will accept input from either the TTY paper tape reader or the high speed
paper tape reader (whichever device is loaded and ready).

Reset the SENSE switch and enter the value corresponding to the options selected (see
figure 4) into the Console Sense register (low order Data switches on ALPHA-16).

Depress RUN to initiate loading.

At end-of-load (EOF read) the names still undefined may be output by depressing the
SENSE switch and RUN switch.

End Action

Upon encountering an end-of-file, the loader will optionally output the load map and
halt. The following actions will be taken if the operator presses RUN:

1. If forced loading option is exercised, the next program or sub-
program will be loaded.

2. If the SENSE switch is pressed after loading is completed, a
list of undefined (unsatisfied) references will be printed on
the selected device.

3. If all external references have been satisfied and a transfer
address appeared on an END directive, control will transfer
to the transfer address.

4, If a transfer address did not appear on an END directive, the
summary line will be output again.

5. If selective loading has been selected and there are still ex-

ternal references to be satisfied, the loader will read the
next program(s) from the selected reader.
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Error Handling/Recovery

Detection of an error condition by the loader will cause output of an appropriate error
message followed by a computer halt. The error message will contain a one-character
error code followed by the last location loaded.

The following errors are detected by the LAMBDA loader:

C Checksum error. Loading may be continued by rereading the
offending record. It is not advisable to do so.

T Type code error. An illegal type code has been encountered
on the input tape.

L Load location overflow. Program storage requirements have
exceeded available memory.

S Page zero overflow. Program linkage requirements have ex-
ceeded base page capacity.
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Appendix A

LAMBDA OPERATION SUMMARY FOR ALPHA LSI COMPUTER

The procedure for loading programs into an ALPHA LSI computer using the Object
Loader is as follows:

1. Load LAMBDA into high memory using the Binary Loader (BLD)
or Autoload.

2. If the STOP indicator is off, press the STOP switch to halt the
computer. The indicator will turn on.

3. Press the Console RESET to clear the computer. |

4, If the SENSE/DATA indicator is on, press the SENSE/DATA ‘
switch to enable the Console Data register. The indicator |
will turn off.

5. Enter the relocation bias (if relocation desired) into the A
register (otherwise set A to zero).

a. If the WRITE/READ indicator is off, press the
WRITE/READ switch to enable register altera-
tion. The indicator will turn on.

b. Enter the address (or zero) into the Console
Data register via the hex keyboard.

c. Press the A switch to transfer the address to
the A register.

6. Enter the initial base page location (if : FD is not desired) into the
Index (X) register (otherwise set X to zero).

a. If the WRITE/READ indicator is off, press the
WRITE/READ switch to enable register altera-

tion. The indicator will turn on.

b. Enter the address (or zero) into the Console
Data register via the hex keyboard.

c. Press the X switch to transfer the address to
the X register.
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10.

11.

12.

13.

Enter into the Progr"am Counter (P) register the starting location
of LAMBDA.

a. If the WRITE/READ indicator is off, press the
WRITE/READ switch to enable register altera-
tion. The indicator will turn on.

b. Enter the address into the Console Data register
via the hex keyboard.

c. Press the P switch to transfer the address to the
P register.

Enter the value corresponding to the mode of loading and output de-
vice desired (see figure 4) into the Console Sense register.

a. Press the SENSE/DATA switch to enable the
Console Sense register. The indicator will
go on.

b. Enter the applicable value into the Console

Sense register via the hex keyboard.

c. Press the SENSE/DATA switch to disable the
Console Sense register. The indicator will
go off.

Place the object tape in the selected reader (HSR or TTY) with the
leader over the read station.

'Ready' the selected loader. Be sure to check that both the high
speed reader and the teletype reader are not both 'ready' (one or
the other but not both).

Press the STOP switch to enable RUN mode. The STOP indicator will
turn off. This enables the RUN mode, but does not cause the compu-
ter to enter RUN mode.

Press the RESET switch to clear the computer.
Press the RUN switch to initiate loading. The program will be
loaded into memory and the processor will halt with : 0800 in the I

register indicating a successful load (: 0801 if an error occurred).
To display the I register:

a. Press the STOP switch to disable RUN mode. The
STOP indicator will turn on.
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14.

15.

16.
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b. If the WRITE/READ indicator is on, press the WRITE/
READ switch to enable register display. The indica-
tor will turn off.

c. Press the I switch to display the contents of the I
register in the Console Data register.

At end of load examine the load map. If unsatisfied references have
been listed, mount appropriate library tape(s) and depress RUN.

Repeat step 14 until all unsatisfied references have been loaded.

If a transfer address appeared on the END statement and the SENSE
Switch and Register Display Indicator 3 is reset, program execu-
tion will commence when RUN is depressed. To display the Regis-

ter Display Indicator:

a. Press the SENSE/DATA switch to enable the Console
Sense Register. The indicator will go on.

b. Examine Register Display Indicator 3.
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Appendix B

LAMBDA OPERATION SUMMARY FOR ALPHA 16 COMPUTER

The procedure for loading programs into an ALPHA 16 computer using the Object
Loader is as follows:

1.

Load LAMBDA into memory using the Binary Loader (BLD)
or Autoload.

Press the STOP switch.
Press the Console RESET to clear the computer.

Enter the relocation bias (if relocation desired) into the A register
(otherwise set A to zero).

a. Press the A Register Select switch.
b. Enter the load address on the Data Entry switches.
c. Press the ENTRY switch.

Enter the initial base page location (if : FD is not desired) into the
Index (X) register (otherwise set X to zero).

a. Raise all Register Select switches.
b. Press the X Register Select switch.
c. Enter the load address on the Data Entry switches.

d. Press the ENTRY switch.

Enter into the Program Counter (P) register the starting location of
LAMBDA.

a. Raise all Register Select switches.
b. Press the P Register Select switch.

c. Enter the starting addres of LAMBDA on the Data Entry
switches.

d. Press the ENTRY switch.
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7. Enter the value corresponding to the mode of loading and output
device desired (see figure 4) into the low order 4 Data Switches.

a. Raise all Data Switches.
b. Press the appropriate Data Switches.
8. Raise the STOP switch.

9. Place the object tape in the selected reader (HSR or TTY) with the
leader over the read station.

10. 'Ready’' the selected reader. Be sure to check that both the high speed
reader and the teletype reader are not both 'ready’' (one or the other
but not both) .

11. Press the RUN switch to initiate loading. The program will be loaded
into memory and the processor will halt with : 0800 in the I register
indicating a successful load (: 0801 if an error occured). To display
the I register:

a. Raise all Register Select switches.
b. Press the I Register Select switch.
12. At end of load examine the load map. If unsatisfied references have

been listed, mount appropriate library tape(s) and press RUN.
13. Repeat step 12 until all unsatisfied references have been loaded.
14. If a transfer address appeared on the END statement and the SENSE

Switch and Data Switch 3 are reset, program execution will commence
when RUN is pressed.
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PAGL 2021 13/29/73 14:34:31 LAMBDA OBJLCT LOADER G6nR23=10E2
poRe * ALPHA LSI/ALPHA 16 OBJECT LOADER (LAMBDA) 960Q3
enes * COPYRIGHT 1973 BY COMPUTER AUTOMATION, INC,
) * THIS PROGRAM IS RINARY RELOCATABLE

A3nL *

7REal’) cPla LPDA £EQuy 4 STANDARD LP DEVICE ADDRESS
aaarz 1807 TDRA Eqy 7 STANDARD 1Ty DEVICE ADDRESS
Duos *

nepy * THE LAMBDA OBJECY LOUADER | DADS UBJECT

G21E * PROGRAMS INTO MEMORY, SATISFLES LINKAGES AND
w1 + ASSIGNS LITERALS, THFE SYMRUL DEFINITION TABLE
naLe * STARTS AT THE BEGINNING OF THE LOADER AMD
9aLs *+ WORKS DOWNWARDS, THE LITERALS ARE ASSIGNED
RO Y # STORAGE AT $FD AND DOWNWARDS,

Nd15 *

Jto *

un17 * PROGRAM ENTRY POINT

o1 CAED RFL $AEQ 4k LGAD LUCATION

2019 PAES FAB9  BEGG JST EXT SETUP REF/DEF TABLE ADDR
Je2d * TYPE BRANCH

2A21 0 OAEL 2211 DATA T1-BEGG START OF KECURD

AC2¢ VAEZ  I¢2a DATA 12-BEGG END, ABSOLUTE

Y023 CAE3 2227 DATA T3«BEGG END, RELATIVE

20041 RAF4 0256 DATA 14«BEGG OKRG, ABRSOLLUTE

G2 PAESD ¢Sk DATA 15=-BEGG URG, RELOCATABLE

;20 JAEL b9 DATA T16=BEGH DATA, ABSULUTE

AQA27  PAFE/  BRSBR DATA 17-BEGG DATA, RELOCATABLE

Jup8 GAES 2036 NDATA TB=BEGH RES

NP8 AAFQ 264 NATA T9=BEGG BAC, RELQCATABLE

3230 AFA QY6 DATA 1A=BEGG MREF, ARSOLUTE

031 GAEB 4964 DATA 1B=BEGG MREF, RELOCATABLE

Ne3e  SAEC QE71 DATA TC=BEGG MREF, EXTERNAL

W33 Q2AED  OR8R DATA 1D-BEGG EX]

Au3d4d @AFE  J@8C DATA TE«BEGG REF

AE3H  DAEF Jdic9a DATA TFe«BEGG NAMLC

MJ30  TAFA D068 DATA 1172=BEGG MREF, HYTEe RELOCATABLE
A037 * REGINNING OF RECORD

M238  RAFYL 3121y T JAN ERRT TYPE ERROR

AU39  UAF2 F2C3 JMP  START

Aa4d * THIS ROUTINE STOQRES A& AT THE NEXT BASE PAGE
1241 « LOCATION AND RETURNS IME BASE PAGE LOCATION
ad4e + IN A THE BASE PAGE LOCATION IS INCREMENTED
MR * AND TESTED FOR QVERFLOUw

A244 QAF3 OB SSLNC ENT

Ju040 AAFd  FADF STX TEMP3

46 MAFS E2DA Lnx sLoec

g4/ #AFo  PBILF JXZ ERRSH

dYa8  PAF7  BL2R SSLOCA IXR

2,19 (PAF8 Ci19u BPTY CX1 @ THIS INSTRUCTION IS BUILT,
d2H0  CAF9  F2ue JMP  SSLOCB

ARG PAFA 2108 JAZ SSLOCR ASSIGN VALUE

Qe UAFB  D4ew cM8 0@ VALUE ALREADY THERE?

N3 PAFC DK NOP

3C-15



PAGE

gosd
0259
M350
57
nusy
2959
pae6w
nanl
0262
2063
0264
A265
vné6o
267
0a6s
wo69
3¢79
2¢71
Q07
ne73
2274
ea75o
eaze
0az7
Au7b8
aR79
pose@
B
eese
2083
yasa
caBo
aD80
gny7
2Q8b
oes9
PBI9v
2091
a29e
2293
2g94
Yoo
v490
dea97
Lyos
44399
2104
0121
U102
2103
p1e4
210

ppee

PAFD
AAFE
DAFF
PBOD
2Bal
@R
nBA3
2804
0B25
PBAG

pBO7
7808

28079
UBOA
eBaB
esac
nBoD
WBAE
nBOF
¢B1D
vl
rB12
uB13
ap14
vB1S

¥Blo
“R17
¥B18
w819
OB1A
0B1B
PB1C
2B1D
gB1L

PBiF
nBen
72l
nBe2
PR23
’B24
2B25
nB26
nBa7
PR28
¢Be9
2B2A
“B2B
nRec

10/729/73 14104

Fene
203
F205
9BCF
B2CE
A2Dp
9ACC
A1{5nm
t2CE
F713

2083
8ACH

2081
QACk
B2BF
D2C2
B2Ct
P00e
9ABA
9ABD
SABD
F2A3
CoDa
F2CF
Fecop

2219
9ABD
FAAA
DABR
Feds
F29a
FAED
203un
F625

QAAC
cen2
5Cay
3101
FAFe6
FAF7
agin
9AB4
B2A2
ABon
9AA4
9AA4
3448
5871

JMP
TXA
JMP
SSLOCB STA
LDA
DAR
STA
IAR
$SL.0CC LDX
RTN
* END, REL
73 JAM
ADD
* END, ABS
T2 JAM
STA
T21 LDA
CMS
LDA
NOP
STA
STA
STA
ISTART JMP
ERRT LLAP
JMP
ERRSY JMP
* RES
T8 CAR
STA
JST
T84 IMS
JMP
JMP
JST
TXA
JMP
* END OF F
TY STA
LAP
INA
JAN
708 JST
T0A JsT
ARM
STA
LDA
HALT STO
STA
STA
JSS
INA

31 LAMBDA OBJECT LOADER 96n03-10E2

SSLOCA

sSLOCC
*SL0C
sSLocC

sSLoC

TEMP3
SSLOC
OCATABLE
T21
RBASE
OLUTE
121
ELGC
HIGH
LLoC
LLocC

HIGH
RBASE
LLoc
START
T
ERR
ERRS

TRY
GNW
TRY
$+2
START
SLLOC

T8A
ILE
FLOAD
2
M1
§+2
PUND
PEXEC

NRD

HIGH
P B

RBASE

LLOC

T08B

i
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NO
YES

STORE IN SCRATCH PAD
NEXT STORE LOCATION

RETURN WITH AsWHERE STORED

CONTINUE 1F OVERFLOW
OTHERWISE RELOCATE

CONTINUE IF OVERFLOW
SAVE ADDR IN EXECUTE LOC,

UPDATE LOAD LOCATION
SAVE HIGHEST STORE LOCATIUN

TYPE ERROR

SAVE WORD COUNT

GET CONSTANT

TEST FUR DONE

AND STURE IN LOAD LOCATION
REPEAT IF NOT DONE

NO FORCE LOADING

LIST UNDEFINES?

READ DATA SWITCHES
UNDEFINE SYMBOL PRINT
PRINT EXECUTE INFORMATION

GFET NEXT LOAD LOCATION
LOADER HALT LOCATION
SET LOAD AND RELATIVE BIAS

LIST UNDEFINES?
READ FROM DATA SWITCHES



FAGE

d1ae
a1/
pies
w109
119
111
a112
2113
14
9115
dile
2117
2118
2119
120
7121
p2e
3123
2124
a12b
2120
2127
2128
2129
713
o131
2132
133
0134
a13%
21306
0137
72138
2139
¢l4
2141
d14¢2
0143
p144
2140
J140
2147
148
¢149
Hine
3151
al1se
2153
d154
B1bd
0150
3157

a0a3

AR20
2R2E
¢B2F
@30
R 3!
0R32
P33
334

?R35

fB36
eBd/s

nB38

7839
“B3A
eB3B8
283C
283D
eB3E
QBJ3F
a4y
°B84l
¢B42
¢p43

aB44é
2B45
8B40
aB47

2848
#B49

WR4A
B54B
pB4c
284D
nB4E
R4F
nRHY

2851
AB52
28853
?R54
2880
nBS50
¢BRS7

18/29/773 14:24:31 LAMBDA OBJECT LOADER 960@3~10E2
1303 LRA 4 FORCE LOAD?
321 JOR $+2
Fo82 JMP  FL YES
B2AQ LDA  UND TEST ND, OF UNDEF SYMBAOLS
315F JAN ISTART IF A NOT ZERU, CONTINULE
B29F LbA ELOC LOADING QTHERWISE TEST
28CF JAM @A EXECUTION ADDRESS, IF NONE
F39¢ JMP  *ELOC THEN HALT OTHERWISE EXECUTE
* ORG, RELOCATABLE
BA98 T8 ADD RBASE RELOCATE ADDRESS
+ ORG, ABSOLUTE
9A9R T4 STA LLOC PUT ADDRESS IN L0DAD LOC,
F27¢ JMP  START
+ DATA, RELOCATABLE
a1o8 V7 ZXR SET RELOCATABLE FLAG
* DATA, ABSOLUTE
a3l To NAR SETUP DATA REPEAT CQUNT
EAYR STX SPELL SAVE ADD BIAS FLAG
9499 STA TRY
FAB86 TOA JST GNW GET NEXT DATA WORD
£E298 LDX SPELL RESET FLAG
38014 JXN  §+2 IF NOT RELOC,,CONTINUE
BARF ADD RBASE QYHERWISE RELOCATE DATA
FaCq JsT  stLoc AND PUT IN LOAD |_OCATION
DAO3 IMS 1RY DONE?
Fede JMUP  T6A NO « REPEAT
Fe72 JMP  STARTY YES
+ BAC
8A8g T9 ADD RBASE RELOCATE THE BYTE ADDRESS
8A8BR ADD RBASE AND RELOCATE IT
FAC3 JST SLLOC BAC 70 LOAD LOCATION
F26F JMP  START
* 4REF, BYTE RELOCATABLE
8ABs T142 ADD RBASE RELOCATION BIAS FOR HBYTE
+ MREF, RELOCATABLE
8ABa TB ADD RBASE RELOCATION BIAS
* MREF, ABSOLUTE
Fed7 TA JST SSLOC ADDR OF THE NEXT BASE PAGE
9A8B6 TAA STA TEMP LOCATIUN, SAVE BASE PAGE
FA9A JST GNB ADDRESS AND GET INST, BYTE
1357 TAAA LLA B8 SHIFT INSTRUCTION PART
A2B3 IOR TEMP
FABA JST sLiLOC PiJT INST AND BASE PAGE ADDR
F26%5 JMP  START IN NEXT LOAD LOCATION
* MREF, EXTERNAL
FAFga TC JST RDS READ SYMROL AND FIND
FAE? JST FSYM I7 IN EXTERNAL DEF TABRLE
8409 LDA e}
8287 AND H7FFF
3111 JAN 1CA CONTINUE 1F BASE PAGE
B4i@ LDA €8 GET MEMORY | OCATION FLAG
ZUBA JAM TCC DEFINED?
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9158
J1HY
2164
N6l
2162
2163
2164
165
B1606
2167
2168
vi69
17
8171
u17¢
2173
7174
0175
w176
nyz7
n178
2179
el
p181
212
2i8d
2184
B18bd
2186
2187
piss
0189
4199
2191
2192
72193
2194
2195
1190
a197
U198
2169
2221
201
Aeae
gend
22¢4
A2
- N2
e2a7
aee
Qer9

QN4

”Bo8
OBS59
@B5A
2B8sB
285C
2BS5D
#BSE
285F
2860
?B61
?B62
2663
nB64
oB65
2B6O
w67

"B68
nB69
PB6A
ABBE

7B6C
7B60
OB6E
OB6F
NR73
ne71
@R72
rB73

#B74
PB75
AB70
eB77
¢B78
eB/9
0B7A
2878
¢s/7C
870
287E
eB7F
v889
eB81l
©nB82
aBs3d
Up8d
aB8s
#B8ob
ep8/7

10729773

9A79
13D7
3184
FABR
130n
1350
Féid
Bdynm
FE6D
Fa2e3
21in
FE7@
A278
9CR1
8275
Felc

FAE2
B265
FAFC
F24s

FADE
FAC?
383
B25F
A26C
BCAn
FA97
Fod2

FAD6
FADC
Fain
FAGF
Coes
F225
0263
Aecn
Fa29
Fads
Fola
FAd3
2102
FAZ®
Fodn
FA63
CooF
Foos
FAD1
F22F

TCD
TCC

TCB
TCA

* EXT
T0

* REF
TE

TEA
» NAME
TF

TF5

TF3
TF1

TF4

14:04:31

STA
LRA
JAG
JST
LRA
LLA
JMP
LDA
JST
JMP
ZAR
JST
I0R
STA
AND
JMP

JST
LDA
JST
JMP

JST
JST
JAP
LDA
I0R
EMA
JST
JMP

JST
JST
JMP
JST
CAl
JMP
CMS
NOP
JMP
J8Y
JMP
JST
JAZ
JST
JMP
JST
CAI
JMP
JST
JMP

TEMP
8

TCD
GNB

{

1
TAAA
[ 3]
$SLOC
TCB

8SLOC
HBPOO
LB
H7FFF
TAA

RDS
LLoC
DSYM
START

RDS
FSYM
TEA
LLOC
H8pde
o2
SLLOC
START

RDS
SEXT
TF7
GNB
5
TF1
HF

TF4
GNW
1F
GNW
$+3
TF2
195
GNB
tF
TF3
TF2
STARTA

3C-18

LAMBDA OUBJECT LOADER 96p03=-10E2

SAVE LOCATION
Q=3FF?

GFET INSTRUCTION PART
DROP INDIRRECTY BIT

PROCESS

CONTINUE wWITH BASE PAGE
YES

CONTINUE

SET STORE FLAG
OTHERWISE, ASSIGN IT

SET SYMBOL BASE PAGE VALUE

CONTINUE wITH THE BASE
PAGE ADDRESS IN THE A REG,

GET SYMBOL AND ASSIGN
LOAD LOCATION 7O syMBOL
IN EXTERNAL DEF TABLE

READ SYMBOL

FIND IN EXTERNAL DEF TABLE
CONTINUE IF SYMBOL THERE
OTHERWISE THREAD IT

SAVE THREAD OR SYMBOL DEF

GET SYMBOL SPELLING
AND FIND NAME IN TABLE
IT'S THERE,

GET NEXT TYPE CODE
TEST FOR REL ORG

17 IS

AND TEST IT

NOT NAM TEST FOR LOAD
GET FIRST 2 LETTERS OF NAM

GET LOAD VALUE

IGNORE IF @

NOT @, TEST FOR LOAD
LOAD, GO TO ORG PROCESSOQOR
GET NEXT TYPE CODE

NAME TYPE CoODE?

YES

NO, TEST FOR LOAD

LOAD, GO



PAGE

2219
2211
0212
2213
7214
2215
peio
e217
p218
2219
N22¢
2221
222
Q223
0224
n22%
n226
veez7
228
2229y
P23
n231
232
2233
2234
8235
ae236
a3/
v23e
2239
0242
2241
n24a2
n243
p244
0245
€246
pe47
n248
€249
#2549
0esl
n252
pesd
n254
3259
n2506
ges7
3258
2259
2264
2261

0Bed

ep8s
0B89S
J88A
2888
essC
nB8b
PBBE
2B8F
0B90@
28914
eB92
2893
w94
eB9d
aB96
?B97
gB98
2BY9

2B9A
eB9B
2B9C
289D
ABYE
pB9F
aBAG
OBAl
2BA2
OBA3
dBA4
9BAD
pBAG
eBA7
NBAS
2BAG
ABAA
?BAB
UBAC
NBAD
ZBAE
2BAF
uBBE
2RB1
JBBQ

0BB3

?BB4
OBBO

eBBo6
@8/
@¢BRB8
eBB9

18729773 143041

o800
DAd2
Faa1
F723
SABY
1 3AR
3221
F7@7
E23a
3842
DAF3
F222
2083
cé6Co
FAFR
Foean
DA32
F622

200n
9A32
9A32
9A2C
3sny
C4FD
EAZF
2130
ARE7
OLAR
13AF
2821
Fa23c
Adin
9A28
8EOF
9E1iem
9ADC
8ADE
9AD9
dile
9A29
9A29
FAFg
2010
9A27
9aL7
9AL7

FA3p
D2Dt
Foa1
F6A6

TF2  ENT
IMS

- JMP

RTN

INX

LRX

JOR

RTN

LnX

JXN

IMS

JMP

TF7 JAM
LAP

JsT

JMP

TF8 IMS
JMP

31 LAMBDA OBJECT LOADER 96p03~10E2

FLOAD
$+2
TF2

1

4

$+2
TF2
NAMEC
$=-2
SKIPF
START
TF8
Mt
PACHAR
TFS
NAMEC
TFS

OTHERWISE TEST FOR 1ST LOAD

LOAD THIS PROGRAM
READ DATA SWwITCHES
FORCE LOAD?

YES

NOT {ST LOAD,TEST FOR NAMES
NAMES, CONTINUE

NO, SET SKIP FLAG

DEF INED?
YES ERROR

CONTINUE
BUMP NEED FLAG

* START,INITIALIZE PROGRAM

EXT DAY
STA
STA
STA
JXN
LXP
STX
IXA
I0R
STA
LRX
JXZ
JMP
ARM
STA
ADD
STA
STA
ADD
STA
ZAR
STA
STA
JST
FL ARM
STA
STA
STA
* START AN
START JST
STARTA CMS
JMP
JMP

A D
RBASE
LLoC
HIGH
$+2
sFD
SBASE

CXI
BPT
8
$+42
ERRS

ELOC
EXT
EXT
LLIM
END
ULIM

NSY
UND
CRLF

NRD
FLOAD
FREAD
D RECYCLE
GNB
H1@
$§+2
ERRT

3C-19

REF/DEF TABLE START LOC,
SET RELOCATE BIAS

SKIP IF NOT ZERO
OVTHERWISE SET TO HEX FD
SET UP COMPARE

FLUSH BITS Q=7

INITIALIZE START VECTOR

ADJUST REF/DEF LOCATION
SET LOWER LIMITY

COMPUTE UPPER LIMITY

NUMBER OF SYMBOLS IN TABLE
NUMBER OF UNDEFINED SYMBOLS
INITIALIZE PRINTER

FORCE A BLOCK RECORD READ
FORCE A LOAD

FORCE A READ

GET NEXT TYPE BYTE
TEST TYPE CODE LIMITY

TYPE ERROR
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0262 0BBA 3101 JAN §+2 END OF FILE?

0263 92BBB F69C JMP 7O YES, PROCESS

#264 (@BBC 8E22 ADD EXT -
Q26> ©eBRBD 00248 TAX AND SAVE

@266 OBBE Bd4ln LDA o0

n267 2BBF 8E2% ADD EXT

@268 0@BCZ2 0W4s TAX

2269 9aBC1 FAQ1 JST GNW READ FIRST WORD

p27¢ ©¢BC2 F40n JMP 0D

2271 » THIS ROUTINE RETURNS THE NEXT INPUT BUFFER
geze * BYTE IN THE A REGISTER,
M273 @BC3 080 GNW ENT

2274 2BC4 FA22 JST GNB GET FIRST OF TWO BYTES
u27% ©BCS 1357 LLA 8 OVER HALF WORD

@276 gBCo 9AZC STA TEMP1Y

ue77 9BC7 FALF JST GNB GET SECOND ONE

2278 GBC8 A20aA IOR TEMPI

g279 @BCY9 F706 RTN GNW EXIT

¥ 4.1% * CONSTANT AND STORAGE LOCATIONS

2281 92BCA 0¥@w HIGH DATA ©

0282 0OBCB 2g0e NAMEC DATA O COUNT OF NAME DEFINITIONS

P83 @BCL FFFF FLOAD DATA sFFFF FORCE LOAV FIRST TIME
r284 98CD FFFF FREAD DATA (FFFF FORCE READ 1ST TIME

€285 ©?BCE 200¢ RBASE DATA 0 PROGRAM RELATIVE BIAS

0286 2BCF 2eom LLOC DATA @ CURRENT LOAD LOCATION

ees7 9BD# SBASE EAQU & SPECIAL (PAGE ©)

gess wBD2 @022 SLoOC DATA @ LOC CTR FOR SPECIAL AREA
w289 0BDY1 FFFF ELOC DATA =1 EXECUTE LOCATION

296 28D2 002w TEMP DATA @ TEMPORARY STORAGE -
d291 @803 92021 TEMP1 DATA 1| TEMPORARY STORAGE

A292 @Bb4 0OU2» TEMP3 DATA @ TEMPROARY STORAGE

2293 @BDS 020%8 TRY DATA @ TEMPROARY COUNT

¢294 QBDO 0Q00@ SPELL DATA @ LAST SPELLING PROCESSED
2295 ©BD/ Q0% DATA @

p290 ©0BD8 2uee DATA ©

2297 @BD9 VB@A NSY DATA © NO OF SYMBOLS IN ENT/EXT TA
p298 0BDA ©00@ UND DATA @ NUMBER OF UNDEFINED SYMBOLS

0299 28BDB FFFF NRD DATA =i BLOCK RECORD SIZE
P300 ©BDC 7FFF H7FFF DATA t7FFF CONSTANT
0301 0BDD 800w HBAV® DATA 38R00 CONSTANT

u3e2 RBPE Q©@F HF DATA F CONSTANT

p3as *+ THIS ROTUINE PROCESSES ERRORS

¢3ed4 2BDRF CoC3 ERRC LAp  'C! CHECKSUM ERROR

p3pb @BEQ F223 JMP  ERR

¥3po OBEL C6CC ERRL LAP 'L! LOAD LOCATION OVERFLOW

03@7 Q2RE2 F20% JMP ERR

p3p8 2BE3 (C6D3 ERRS LAP 'S¢ PAGE ZERQ LOCATION OVERFLOW
0389 PBE4 FAA7 ERR JST PAHEX PRNT CHAR IN A AND LOAD LOC
A31Y OBES @801 STOP 1 ERROR HALT

9311 ©@BE6 Fe01 JMP  $=i MUST START ALL OVER I I |
2312 + THIS ROUTINE RETURNS THE NEXT BYTE IN THE

©313 * A REGISTER

3C-20



pl‘XGE

2314
fn31d
310
1317
318
1319
320
0321
B32e
£323
G324
n325
320
2327
pie8
N329
P33
2331
¢332
2333
€334
P335
7330
7337
n338
%339
349
2341
R312
2343
2344
2345
2346
uw3az
2348
#349
A358
2351
B35¢
2353
7354
355
“is0
9457
?358
@359
2360
2361
3362
1363
%364
3369

anaz

WBE7
PBEB
NBED
2BEA
BBED
pBEC
4BED
UBEE
UBEF
ARF I
9BF L
@BF2
YBF3
ABRF A4
JBFO
PBFO
eBF7
GBF8
GBFS
2BF A
EBRFS
dBFC
“BFO
PBFE
¢BFF
peog
acnl
pcae
pCciu3
fCcn4g
g2ees
pCAo
ace7
nCcas
“Cce9

CCeA
aCe8
acac
2¢92D
acat
2L0F
#C19
HeB!
ac12
g W)
8014

19729773

280n
DLen
Fo17
DEID
F2214
Faes
B2D1
9t icC
FAD?
961F
3152
FADG
92Ca
3142
SACa
FACR
2ile
3431n
9L 1F
FACF
2900
3122
9L 32
9A87
2150
F2ay
FAC7
BAB3
2102
BABY
Fotip
BAZF
F72un
SA7D
F7e22

28Ynm
2048
Bedp
2PEC
D79
F2r3
D276
Foldn
200e
EFda
DE4S

143124131

LAMBDA OBJECT LOADER 96003~-10E2

*+ THE ROUTINE TESTS CHECKSUM, SKIPS RECORDS, AND

* PROCESSES
ENT

GNB
GNBA

GNB1

GNB2

GNBJ3

GNB4

» * » »

stLoc

SLLOCA

1M8
JMP
IMS
JMP
JMP
LDA
STA
JST
suB
JAN
JsT
SuB
JAN
STA
JST
JAZ
NAR
STA
JST
DAR
JAN
STA
STA
IAR
JMP
JST
EMA
JAZ
EMA
JMP
EMA
RTN
STA
RTN

ENT
TAX
LDA
JAM
CMS§
JMP
CMS§
JMP
NOP
STX
IM8

NRD
GNB2
FREAD
$42
GNB1
CKSUM
TEMP
RDW
TEMP
ERRC
RDB
HFF
GNB1
CKSUM
RDW
GNB4

NRD
RDB

$+3
NAMEC
SKIPF

$+2
ROB
SKIPF
GNB3
SKIPF
GNBA
SKIPF
GNB
SKIPF
GNB

LLoc
ERRL
LLIM
SLLOCA
ULIM
ERRL

*LLOC
LLoC

3C-21

THE BLOCK RECORD MARK AND WORD COUNT

START NEW RECQORD

NO, CONTINUE

FIRST READ

NO COUNTINUVE

YES, DON'T DU CHECKSUM

SAVE CKECKSUM

READ CHECKSUM

AND TEST FOrR EQUAL
CHECKSUM ERROR

GET NEXT BYTE

TEST FUR RECORD MARK
LOOP UNTIL FIND sF (EOF)

OTHERWISE GET WORD COUNT
ECF?

NO

=(WORD COUNT)

GET NEXT BYTE

TYPE CODE 172

YES
RESET SKIP FLAG

TEST FOR LUADING
TEST FOR SKIP

NO, CONTINUE
YES, GET NEXT BYTE

EOF

THIS ROUTINE STORES A AT THE LUAD LOCATION

AND INCREMENTS THE LOAD LOCATION, THE LOAD
LOCATION IS TESTED FOR OVERFLOW

HIGH IS UPDATED TO THE HIGHEST LOCATION+1 USED

SAVE STORAGE DATA

LOAD LOCATIUN

TEST LOAD LOC, FOR OVERFLUW
OR WITHIN LOADER

STORE DATA
INCREMENT LOAD LOCATION
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36 @L15 Bode LDA LLOC GET LOAD LOCATION

367 @aCcio Dedc CMS HIGH COMPARE TO HIGHEST

p368 9Cc17 F7@Dp RTN SLLOC LESS THEN HIGH, —_
¢369 4aC18 9tde STA HIGH GREATER THEN HIGH,

@378 Qc19 F70oF RTN SLLOC EQUAL TO HIGH

2371 *

G372 Q@CiA 0Q082v PUND ENT

2373 pCiB  Fa20c JMP  PUND4 GOTO ROUTINE

2374 *

p375 * THIS ROUTINE PRINTS AN E FOLLOWED BY THE BASEt
2370 *» PAGE, LOAD, AND EXECUTE LOCATIUNS,

@377 2C1C 98¢y  PEXEC ENT

2378 @CiD CecCs LAP 'E!

€379 @CLE FAC2 JST PITY

P38 QACIF BodFr LDA SLOC BASE PAGE LOCATION

$3sl QC28 FA7» JST PHEX

2382 @c2y Boby LDA HIGH HIGHEST LOAD LOCATION
2383 QC22 FA7s8 JST PHEX

2384 2(¢23 Bo6d?2 LDA ELCC EXECUTE LOCATION

2380 224 22814 JAM $+2 IF MINUS DON'T LIST
a38b @C25 FA7Ss JST PHEX

@387 QL2b FAB4 JST CRLF

g388 QC27 F728 RTN PEXEC

py8y * THIS ROUTINE SEARCHES THE SYMBOL TABLE FOR
2394 * UNDEFINED EXTERNAL SYMBOLS AND LISTS THEM,
p391 Q@Cc28 E68F PUND4 LDX EXT GET SYMBOL TABLE START
392 QB(29 Bo6dSw LDA NSY NUMBER OF SyYMBOLS

393 AC2A Q31w NAR

U394 pr2eB 2128 JAZ PUND3 IF ZERO, EXIT —
23a9b 9aceC 9E57 STA TRY

as90  @pceD €325  PUNDL  SXxI § ’

2397 R2C2E B4én LDA eQ GET NEXT DEFINITION
"398 JC2F 3082 JAP PUND2 IF DEFINED, CONTINUE
2399 0Cc38 C6D% LAP 'U? OTHERWISE PRINT U AND
2400 2C31 FAénm JST PACHAR UNDEFINED SYMBOL

4@ ©0C32 DESP PUND2 IMS TRY TEST FOR DONE

2402 ©C33 Foeee JMP  PUND REPEAT IF NOT DONE

P4@3 0C34 F71a PUND3 RTN PUND

2404 # THIS ROUTINE WILL FIND A SYMBOL IN THE
@agd + EXTERNAL SYMBOL TABLE OR WILL PUT THE SYMBOL
@dpo »+ IN THE NEXY AVAILABLE EXTERNAL SYMBOL TABLE
w407 * LOCATION, THE EXTERNAL SYMBOL TABLE ADDRESS
0408 #+ IS RETURNED IN THE A REGISTER AND THE LOCATION
e409 * IN X, THE TABLE IS TESTED FOK OVERLFOW
0410 0C35 282;m FSYM ENT
pagl  2C3b FALR JST SEXT SEARCH FOR SYMBOL
n41e  AC¢37 FJ@2 RTN FSYM SYMBOL IN TABLE
2413 0C38 (€325 8Xx1 5

G414 2C39 003¢ TXA
ga1d RC3A D283 CMS HFF TEST FOR IN BASE PAGE
2416 0OC3B Fo58 JMP  ERRS OVERFLOW
#417 ©OC3C Q202e NOP
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7418
2419
2429
2421
nage
2423
2424
g42b
2420
ga27
(’!428
2429
2430
2431
7432
2433
2434
ud3b
24306
w437
2438
2439
4440
pd441
1342
A443
2444
fd445
440
2447
448
2449
74454
2451
n452
2453
2454
245d
2456
0457
2458
g4n9
D460
nd6l
pd62
%463
p464
046b
Q466
c4h6/7
g468
2469

Aaag

JCc3D
a¢3E
PC3F
aCcaQ
2cal
acaz
“ead
2C44
2C45
pCca6
2c47
AC48
gCa9
OCAaA

vcaB
acac
wcab
#C4E
PCAF
aCcso
ecst

pcse
gch3
ACc54
nehos
aCho
gCcs7
2Ch8
echo
RCHA
nesS8
aCcsc
zCcs5D
ACSE
ACHF
aced
AN
2c6e
7C63
STy
acebd
pceo

LAMBDA OBJECT LOADER 96003~-10E2

GET CHARACTERS

ADD 70 COUNT OF SyYMBOLS
UNDEFINED SYMBOL INDICATOk
UNDEFINED PAGE ¥ REF FLAG
UNDEFINED REFERENCE FLAG

COUNT UNDEFINED SYMBOLS

SYMBOL CHARACTERS IN 3 WORD LOCATION

STRING 6 SYMBOL CHARS

EXIT

THIS ROUTINE SEARCHES THE EXTERNAL DEFINITION
TABLE FOR THE SYMBOL IN LOCATION=STRING SPELL,
THE EXTERNAL DEFINITION ADDRESS IS
RETURNED IN X AND THE DEFINITION ADDRESS IS

AS FOLLOWS:

SYMBOL IN TABLE
SYMBOL NOT IN TABLE

10729773 14:04;331
8067 LDA SPELL
aceas STA o4
Bo6ba LDA SPELL+Y
9Ce3 STA €3
Boég LDA SPELL+2
9cae STA 62
DE6A IM§ NSY
B667 LDA HB8R2D
9Ca1 STA o
9Ccan STA €0
EAdp STX LLIM
DE6F IMS UND
A0oe NOP
F71% RTN FSYM

# STRING 6

* SPELL
a80¥ RDS ENT
9E76 STA SPELL
FE8A JST GNW
9E77 STA SPELL#+Y
FEBC JST GNW
9E 7R STA SPELL+2
F726 RTN RDS

*

*

*+ IF FOUND,

*

+ RETURNED IN A,

* JST SEXT

* +4

* +2
P80@ SEXT ENT
£6B9 LDX EXT
R67R LDA NSY
212F JAZ SEXT2A
A3l NAR
9L 82 STA 1TRY
c39s SEXTY 8XI b
Bo83 LDA SPELL
AC24 XO0R o4
3108 JAN SEXT2
Bo8S LhA SPELL+1
AC23 XO0R a3
3123 JAN SEXT2
B687 LDA SPELL+2
ACO2 XO0R 62
21¢3 JAZ SEXT3
DE8Dp SEXT2 IMS TRY
Fo62R JMP  SEXT!
DE12 SEXT2A IMS SEXT
B420 SEXT3 LDA eQ
F714 RTN SEXT

3C-23

POINT AT TABLE

NO OF SYMBOLS
FIRST SympOL, EXIT
NEGATIVE COUNT TO
TRIAL COUNTER

BACK DOWN 5 WORDS

NO MATCH

NO MATCH

FOUND SYMBOL
TEST FOR ALL DONE
NO, TRY AGAIN

DEFINITION
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2470 * THIS ROUTINE DEFINES A SYMBOL, THE EXTERNAL
2471 * SYMBOL TABLE IS TESTED FOR OVERFLOW,

pd472 * ALL UNDEFINED REF AND EXTR REFERENCES ARE DEFINED, —
2473  ACA7 A8 DSYM ENT

474 2068 9EY9e STA TEMP SAVE DEFINITION

475 (69 FiE34 JST FSYM

2470  2(06A 3JJYaA JAP DSYM3 ERRNR IF SYMBOL DEFINED
0477 2CHB B9 LDA UND DEC NO, OF UNDEF SYMBOLS
2478 @C6eC 2@De DAR

£479 26D 9193 STA UND

72480 2C6E EL9R STx TEMPH

2481  OC6F B4@t LDA ef PAGE ZERD REFERENCE

p4age 2C749 AE93 XOR HBGLA

PeES PC7L 2124 JAZ DSYM4 NO UNDEF REF YET,CONTINUE
Casd  QC72  9C2 STA ¢} ELSE DEFINE IT IN PAGE ZEKOD
cagth 273 J0dR TAX

v4su  GC74 BoA?2 LDA  TEMP

A487 275 9C9nm STA 60

2488  2C76 EbA3 DSYM4 LDX TEMP!

Gagy9 AC77 BoAs DSYMI LDA  TEMP PICK UP DEFINITION

2de@ P78 BC2w EMA #2 SWAP DEFINITION AND POINTER
2491 A(79 AL9C XO0R HBRRa GET ACTUAL ADDR NF THREAD
2492 GL7A 2122 JAZ DSYM?2

sd493  2C7B Auds TAX

2494 oCc/C Foes JMP  DSYM1 CONTINUE

Paos  ac7D C6ga DSYM2 LAP 4 LIST DEF?

oot gC7E SCey INAM READ DATA SWITCHES

2407 ¢C7F 3108 JAN DSYM3

2498 2080 LEoAn LDXx TEMPH —
€409  pni 81 FA2F JST PCHAR SYMBOL

Aad (.82 BoRw LDA  TEMP

25p1  MCR3  FAL7 JST PHEX DEFINITION

#5232 2084 FA286 JST CRLF

w5038 OCB5  F71F DSYM3 RTN  DSYM

n5ad4 (86 el SKIPF DATA @ SKIP FLAG

AHaL 287  Agéw  ULIM DATA @ LOADER UPPER BOUND

2506  AC88 W@l LLIM DATA @ LOADER LOWER BOUND

PEA7  AL89  2eim  HIAZ DATA 12 CONSTNAY

e5n8 AC8A Clownm CXI CXI @

HRE9 08B 221t END DATA ENDL=BEGG+1 LOADER SIZE

nhtd + THIS ROUTINE PRINTS THE CHARACTER IN A

2511 * FOLILOWED BY THE LOAD LOCATION,

M1y G08BC d8Bn  PAHEX  ENT

2913 208D FASB3 JST PTTY PRINT CHAR IN A

2514  72( 8k RoBF LbA LLOC

7H19  (CBF FACR JST PHEX PRINT LOAD LOCATICN

510 7C93 FALa JST CRLF CR LF

sh17 2090 F70% RTN PAHEX

1B * THIS ROUTINE PRINTS THE SYMBOL FOLLOWED BY
%19 « A BLANK, FOLLOWED BY THE CHARACTER IN A,
CR2 0CY2 A8%e PACHAR ENT

vEB21 0 nCY3  9ECe STA TEMPY

3C-24
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PEPe Y4 Falr JST PCHAR FOLLOWED BY THE SYMBOL
£H23  2U92%  CoAwn Lap !

£524 W90 FA4A JST  PITY FOLLOWED bY A BLANK
2525 0co7  BoCa Lha  TEMPY

Yhob DL98  FA4R JST KITY PRINT CHAR IN A

Fh27 w99 Faln JST CRLF CR LF

fh2d LLYA F748 ) RTHN PACHAR

P29 * THIS ROUTIME PRINTS BLANK FOLLOWED BY THE
Fh36 * FOUR DIGIT HEX NUMBER IN A,

2531 $#L98 280 PHEX ENT

bse  JLeC  Uidr TAX 4 DIGITS

#2533 ¢C9DdD  CoAn LAP ! '

G534 B9k FAdR JST  PTTY

2535 V(9F C7"4 LAM 4

PE3%  ULAL 9A2n STA TEMPZ2 SAVE COUNT

537 uCcAl 1BC3 PHEXY LLL 4 NEXT DIGIT

T% 33 2L AZ  86Ca ANL  HF

L539 oCAa3 D23a CLMS  HA

VhAd 0 TCA4 BA3a ADD M7

DAY wlAL  C@fe NOP

¢hae  DChu  BA3Q ADD HR7

543 (A7 FA3Q JST PTTY PRINT T

@544 "MLAB DALR IMS TEMP? TEST COUNT FOR DONE
Phab (AT Fous JMP  PHE X1 HO, REPEAT

Ah46  CLA  F7CF KTN PHEX

k47 * THIS ROUTIME PRINTS A CARk, KETURN, LINE FEED,
79548 LA A8 CRLF ENT

6549 ACAC  Co8D LAP 38D

Chhe L AD FA33R J5T PTTY

phhl  CAE  CoRa LAaP  :8A

ahhY  SUAR FARY JST PTTY

Hh53 LR} F70% RTN CRLF

w554 * THIS KOUTIME TYPES 6 ASCIT CHARACTERS FROM
ALY x« THF LOCATION INDICATED BY X,

ohH56L  TURL 280 PCHAR  FNT

Bwhe7  oCtke €293 AXTI 3

ahhs  2CBR3 €723 LaM 3

AL5%Y  wlBR4d  9ARC STA TEMP2 SAVE COUNI

“RhaY 0B 3431 PCHARL LDA e MEXT CHAR, LEFT BYTE
shol  oeBe 1307 LRA 8

2Bhe  CR/  FA2a JST RKITY

“H6S  A(R3 Bay LA @1 NEXT C(HAR, RIGHT BYTFE
cund PRSI FAZ27 JST PITY

eh6h  CCRA ApAR DXR

0LeE rORE DAUS Mg TEMP2 TEST COUNT FUR DONE
r567  ALRL Fewy JMP  FCHAR1 NO, REPEAT

Ghos8 o0 F79r RTN PCHAR YES, DOUNE

2569 WCBE  2YFF HFF DATA FF CONSTANT

vB57¢  GCRF d¢ldn  CKSUM DATA @ CHECKSUM

pPy71 0LCY AuBr hHBA DATA 86 CONSTANT

pE7¢ 2001 2P TEMP2 DATA @ TEMPORARY STOURAGE
Gh73 * THIS ROUTINE READS A WORD AND RETURNS THE
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nH74
%75
Ba5H76
0677
n578
0h79
0589
2581
1.Y4
2583
z584
2585
©vbgo
gws7
£Hhes
589
0H0Y
2Hhol
2592
€593
£H064
peab
g5n0
LS9/
ghag
0599
2opd
poEl
gone
Z6ond
ann4d
Ju@b
2vpb
poua7z
oong
2un9
2614
zo11l
B612
2613
0614
2615
26010
2017
t618
2019
Jop@
2021
w2
623
Cu24
ro2b

ra12

acce
*CC3
eLcd
uCCo
eCCo
eccr
eccs

Qcco
wCCA
2CCHB
dCCC
JCCh
ACCE
QCCF
eepo
acotl
acne
2CDp3
oeb4
AcohoS
7CcDo
acod7
7cD8
acon9
nenA
wCDB
2¢0C
aebD
ACNE
ACDF
@CcE@

oceld
nLE?
2CES
ACE4
8CED
aCEo
ACE7
2CES
2CE9
PCEA
BCEB
aCEC

18729773 14:04:31
ACC2 RDwW EQU
2802 RPTW ENT
FaRs JST
1357 LLA
9L (4 STA
Fag? JsT
A606 I0R
F7@6 RTN
2CCqo RDSB EQU
2801 RPTB ENT
2i1e ZAR
4232 SEL
4032 SEL
215n I1AR
2142 JAZ
4831 8SN
Foca JMP
4939 SEN
Fees JMF
5838 INA
Faey JMP
563y RHSR INA
BEiz EMA
11Dm RRA
3201 JOR
8EL9Q ADD
AELR XOR
801D AND
BELD EMA
F714 RTN
2024 HA DATA
FFFo M7 DATA
gary HB7 DATA
*
k]
208a LF EQU
28290 PTTY ENT
SEL9 STA
5811 I1SA
130n LRA
BéicC LDA
2205 JOS
403cC SEL
6C3r OTA
4939 SEN
Foa1 JMP
F7@a RTN
CAB8A HSPRNT CAl

LAMBDA OBJECY LOADER 96203-10E2

*+ WORD IN THE A REGISTER,

$

RPTB
8
TEMP2
RPTB
TEMP2
RPTW

GET HI BYTE
SAVE

GET LO BYTE
EXIT

* THIS ROUTINE READS A BYTE AND RETURNS THE
* BYTE IN THE A REGISTER,

$

6,2
7:2

$=2
6,1
RHSR
7¢1
$=5
7€
$+2
6,0
CKSUM
1

$+2
H8Q
CKSUM
HFF
CKSUM
RPTB
tA

-7
sB7

READ PAPER TAPE BYTE
SETUP TIMES OUT FOR TTY
STEP HSR

STEP TTY

TIME TTY INPUY

TIME 0UT?

HSR READY?

YES

TTY READY?

NO, LOOP AGAIN,

READ FROM TTY

READ FROM HSR
GET CHECKSUM
ROTATE RIGHT { BYTE

EXCLUSIVE OR
CLEAR HIGH BYTE
SAVE CHECKSUM
RETURN WITH BYTE
CONSTANT
CONSTANT
CONSTNANT

* THIS ROUTINE OUTPUTS A CHARACTER

t8A
RPTB

1

RPTB
HSPRNT
TDA,4
TDA,D
TDA, Y
$=1
PTTY
LF
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LINE PRINTER LINE FEED CHARACTER

SAVE CHARACTER
READ DATA SWITCHES

LIST ON LINE PRINTER?
INITIALIZE TTY FOR QUTPUT
DOIT

WAIT FOR DONE

EXIT
IGNORE LINE FEED?
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2620 QCLED F708c NOPSME RTN PITY

@627 OCEE 6D21% WRA LPDA,1 QUTPUT CHARACTER
¢o28 QCEF F7¢0¢ RTH  PITY EXIT
€629 ENDL END

2@¢¢ LRRORS
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1486
3495
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2488
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2629
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J3v4
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J289
w78
a229
Jood
er83
2784
e41e
R316

w327
2342
¢347
£349
v3i7
273
4547
03va
¢o571
B3y
Qou7
21014
2629
d302
dhe9
u281
2628
enzz
2013
usee6
2286

gaege
26¢8

10729773

BEGG

BPT
CKSUM
CRLF
Cxl
DsyM
DSYM!
DsyM2
DSYMJ
DSYM4
ELOC
END
ENDL
ERR
ERRC
ERRL
LRRS
ERRSG{
ERRT
EXT
FL
FLOAD
FREAD
FSYH
GNB

GNB1
GNB?
GNB3
GNB4
GNBA
GNW
119
H7FFF
H8¢
H8U29
HA
HALT
HB7
HF
HEF
HIGH
HSPRNT
ISTART
LF
LLIM
LLac

LPDA
M7

14:07:22 LAMBDA

ya21
4029
#2529
P238«
a322
g252n
94237
@178«
8494
@492
0476
2483
V269
v247
2509
4n79
n326
4358
yase
3047
wals
BaL9w
9108
3292+
B2o6*
U152«
B145%
nwise
B321
g3is
b344
0332
2346
o84
¥259
8154
uee2
Ui7a
8539

542
A196
p328
aa72
4619
¥112
w625
Y246*
ga71
p3s57
y627
¥54a

pa22
0030

P33
0387

a503

2497

2111

2335

2362
goat

2261
0244

2211«
2319w
@182«
Bi61w

2329

2125«
0172
0185

2538
0415
2274w

8359
pa72
A364«

2023
on31

2599
02502«

0113

e3a7

416

2245«
2255»

412

2193+

2199+

2425

2624
0109

D428«
2R76%
0365«
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po24
pa3e

2623
@516

0243+

2264

04314
P205%*

g2oiw

pa82

N232«

P1O3
8366

4025 Qw6
P33 734
Q6US«
527« N553
y384

267 7391
P475=

0258« N274x

Q269« 2279

0491

0367 D369+«

2117« 0177
514

gua7 a2y
22835 2030
n4s5p

@277+ R348
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n382

2184 2231+
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44
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&357
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2obha
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139
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pEyas
A8

tur/29/73

NAMEC
NOPIME
NRD
NSy
PACHAR
PAMLE X
rPCHAR
PCHAKY
PEXEC
PHE X
PHEX]
PTTY

PUND

PUND
PUND2
PUNDJS
FlUnD4
RBEASE

RDE
RDS
ROWw
RHSF
RP1B
RPTw
SBASE
SEXT
SEXTY
SEXTZ
SExT2A
SEXTS
SK1IPE
SLLacC
SLLnga
S1.0C
SPeLL

SsLOC

SSLOCA
3s5LNCH
SSLQACC

START

STARTA
T

TUA

T

T4

T2

T21

T3

{asd7¢27

w218

dngg =
B2o@
wecax
B389
0499«
1507
Uag7x
TR
U345
vi79+
d502»
96+
482
4398
3394
3373
WAob6
141
U327«
151 %
A324 »
dH93
Us77=
nse2
B235+
dig1w
L4606
©458
h4b2
2404
220
Yasgw
360
0d46
U123«
a4bh6
7263
d0bh4
1ane
dabe
1339
4188
209
4203
112
a2
2336
Q22
BJaob
4A23

@226%

N2Hd*
3362
D407
517
Ah22x

A3se
A383

N513»
B564x%
2403

207 5«
a230%
G335«
RL76%
€331

2582 %

PAL L~
w461
2330«
129
oEsH7
2126
w459
N143%
ArAHt

2a77
ee21

LAMBD A
03382
0317+
D424
Ahe6

n568

D386+

Uh24»
624

P12
V3424
2181w

nedo

N4a67 »

0343 %
2136

2658
7418
402
2166 %

neez
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V334w
4451

a5e1«

Po26%*
0626

91;5
ALop=
Po615«
g469

0345+
1484

grepnx
042

2169«

pi118

D515« 02546

P534%x PH43%x AbHUx
A628

128 72134 135
na40

n618

N34/ % N340%
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0Pu8
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0226
Wa9e
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505
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p629 SCURCE LINES

10/729/,73

T4
T8
T6
T6A
17
TE
T8A
T9
TA
TAA
TAAA
T8
TC
TCA
TCB
TCC
TCO
TO
TDA
TE
TEA
TEMP

TEMPL
TEMP2
TEMPS
TF
TF1
TF2
TF3
TF4
TF5
TF7
TF8
108
TRY
UL 1M
UND

14307:31

va24
pA25
406
#1318
wae7
7az2s
ba9n
¥a29
B8R39
w173
2164
P23y
Ba3z
8155
2167
w157
4160
2233
0620
2Q34
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U144+
us500
Y276+
2536«
Bn45e
8235
3198
p2R3n
waez
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@225
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w222
B1024
P83
g248+
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gee4

8621 0622

0147 2158«
@278 2480+
9544» 2559«
2062
200
0208+ D213
Rpe27

0285« 2124w«

0361

0251+ 2429+«
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