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PREFACE

TO THE SERIES

This report of four volumes is intended to document the
May 21, 1969 version of the Cooley Programming System (CPS)
which was developed at the Cooley Electronics Laboratory of The
University of Michigan. The four volumes are titled:

Volume 1: CPS System Architecture and Conventions

Volume 2: CPS Basic Programming Package

Volume 3: CPS FORTRAN Package

Volume 4: CPS System Utility Programs

The four volumes were written in order to take a snapshot of
CPS at one point in its continuing development. This version of CPS
is considered to be a first generation system; successive versions
are on the drawing boards and internally resemble their parent less

and less every day.

CPS is a generalized programming and file management sys-
tem written for use on the PDP-8 processor of Digital Equipment
Corporation's LINC-8 computer. A minimum memory size of 8192
words is required. Extensive use is made of the two tape units
present on every LINC-8 for both file storage and system residence.

Using CPS, programs can be entered, edited, assembled (or
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compiled), loaded and executed entirely from the keyboard without
the use of paper tape. CPS provides power and flexibility normally
only found on larger computers and in fact was modeled after the
Michigan Terminal System which operates on an IBM SYSTE M/360

model 67.

In addition to a comprehensive file management and control

system CPS contains:

Symbolic Text Editor 8-K FORTRAN Compiler
MACRO-8 Assembler Two loaders
SABR Assembler Various utility programs

Each of the above programs contains service routines which permit
automatic commlﬁmication with the central file system and which
allow direct access to CPS files. The general policy followed in
implementing CPS was to borrow and adapt as much of DEC's soft-
ware as possible in order to speed system development. . |

The responsibility (or blame) for various segments of CPS

is divided as follows:

Gerald Cederquist System design and conventions,
Control Program, Absolute Assem-
bler, Absolute Loader, MARKP8
(tape marking program), and FILE-

COPY (file copying program).
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Kurt Metzger SABR, FORTRAN, Relocating
Loader, PAPERBIN (binary paper
tape input program), TAPCOPY
(tape copying program), and assorted
tape routines.

joint effort Text Editor, I/O Control System, and

various compromises.

Work started on CPS in November of 1968 with the first work-
able version being completed in February of 1969. The FORTRAN-
SABR package was incorporated in the March-April period of 1969.
Since this time CPS has been in use at CEL in the development of
digital signal proéessing programs for project MIMI. It has been
found to be a very effective tool and has greatly decreased program
development time and programmer frustration. Tasks which former-
ly took over a month to complete using the DEC 8-LIBRARY System
are now routinely completed in one to two weeks.

The bulk of CPS and the associated routines were hurriedly
written since the authors were effectively stealing time from their
thesis research. Consequently portions of the code were done in é
quick and dirty manner. Now that several months have passed, the
fact that these portions were quick has dimmed in memory but the

dirt remains.
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PREFACE

TO VOLUME 3

This volume describes the modifications and support routines
which were added to DEC's 8-K FORTRAN system in order to allow
it to interface with CPS. The net effect of these alterations was to
completely eliminate the need for paper tape and to allow 8-K FOR-
TRAN to function as an integral part of CPS.

The current version of 8-K FORTRAN as part of an operating
system is the third such implementation made at CEL. The first such
system was completed in August of 1968 and was a rudimentary two
tape system. The unit 0 tape was a slightly modified 8-Library Sys-
tem tape and the unit 1 tape contained a CEL written file management
and operating system. This was used to store, load and execute
FORTRAN programs. The need for paper tape was completely elim-
inated. The second system never got off its feet because it contained
an early (non-working) version of SABR. By the time SABR was fixed
CPS was on the air.

Using CPS as a programming aid it was possible to imbed
DEC's 8-K FORTRAN into CPS in less than a month. The implemen-
tation of the relocatable loader required the greatest amount of time
since its Support code was the largest and most complicated portion
of the FORTRAN package. In putting 8-K FORTRAN into CPS the

primary emphasis was on rapidly getting a working system. Since
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implementing 8-K FORTRAN new programming and tape handling
tricks have been learned and it is recognized that some of the pro-
cedures and code can be improved.

8-K FORTRAN has been found to be a very useful program-
ming tool and is being extensively used at CEL to post process the

output of various signal processing programs.

viii



CHAPTER 1

CPS FORTRAN COMPILER

The FORTRAN compiler used in CPS is Version 04 of DEC's
8-K FORTRAN compiler. We have patched 26 locations and supplied
additional support code in order to interface it with the CPS file sys-
tem. The compiler is stored in the coreimage file *FORTRAN.
*FORTRAN accepts input either from designated symbolic files or
from the ASR-33 Teletype. Its output is placed into the -S working
area. The *FORTRAN output is in two sections and each half is placed
into a separate file. If the compilation is successful the SABR assem-
bler is automatically loaded into memory and is given the task of
assembling the *FORTRAN output. The resulting binary is placed in
the -B working area.

Operation proceeds in the following manner:

i. The user types the command
RUN *FORTRAN FILE1+.. *FILE6 P=...

into the CPS file system. The files FILEI through FILE6 are assumed
to contain a valid FORTRAN program with the last named file being
terminated with the standard FORTRAN statement, END. A maximum

of 6 files can be compiled as a single FORTRAN program. If no file



names are supplied the ASR-33 is assumed to be the active input

device.

2. The CPS file system loads the coreimage file *FORTRAN and
starts it at location 15600 (in the support code). The following opera-
tions take place before control is passed to the compiler itself:

The communication area (CA) file update switches are set.
However, no file entries are made at this time.

The input file list is checked to see if the first entry is -3
which indicates that the ASR-33 is to be used. If it is,
RDRSW is set to 0, no file transfer operations are made and
the compiler is started at location 11000.

If the input is to be from CPS symbolic files then these files
are transferred into the binary working area starting in block
1 on tape unit 1. This transfer is made so that the *FORTRAN
output can be placed into -S for later use with SABR. This
transfer is fairly fast and cuts down on later tape operations.
The subroutine TRANS is used in this transfer. The trans-
fer is effected using a 5 page buffer. During the transfer
process the appropriate modifications are made in the CA in
order to reflect the change in file locations. The original
files are unmodified. When all transfers have been made (a
maximum of 6) the SETUP routine is called. This routine is
used to setup the input tape calls and handles the sequencing
through input files. After the tape calls have been initialized
the compiler is started at location 11000.

3. The compiler requests an input character by doing a JMS to
the FEEDF subroutine located at 13315. This routine then obtains a
character either from the reader using the RKBD routine (which forces
the parity channel to 1 so we can use a dataphone for input) or from the

specified input files using the DCODE subroutine.



The DCODE routine accesses the input data files through a
heirarchy of subroutines, BITS, GETWOR, and SETUP. It is assumed
that the input files use the *ED compressed data format. DCODE
supplies each carriage return with a line feed.

A two page input buffer located at 15200 is used for input.

When a CTRL-C is encountered in the input string (the *ED
end of file symbol) the input support routines cause the next user
named file to be used for input. If there are no more files (i.e., END
statement) an error message is typed and control is returned to the
CPS file s&stem.

4, Each time the compiler outputs a character it does a JMS to
the support routine FWR at 13200. This routine accepts ASCII from
the compiler,  using the COMPRES routine packs it into the *ED
format and places the result into the output buffer (4 pages long start-
ing at 13600). If a (CT‘RL- C) has been struck at the keyboard, the
compiler oufput is echoed on the ASR-33. This can be turned off by
striking any other character.

COMPRES converts the ASCII output into *ED format and
uses PUTOUT to form the packed word. Line feeds are ignored.
PUTOUT uses the routine PLACE to place a packed word in the actual
buffer. When the output buffer is full, WBUF is used to write it onto
tape and to reset the buffer pointers.

There is approximately an 8 to 1 expansion in file size between



input and output.

5. When the END statement is found by the compiler it does a
JMS to the routine FMID at 13263. This routine terminates the cur-
rent buffer with a (CTRL-C) character and writes it onto tape. FMID
then sets up file pointers in the CA which SABR will later use to deter-
mine where its input is located. Two file entries are made. The file
just formed on tape is set up as the second file entry. The first file
entry points to the file to be formed next using the output to be pro-
duced when the compiler is re-entered.

6. The compiler is re-entered and produces additional output.
This is buffered and written onto tape as before. However a new file
area is used. When the compiler finishes this operation it returns
control of the machine to the support routine, END at 11635. Com-
pilation is now finished.

7. The END routine terminates the current buffer with a
(CTRL-C) and writes the buffer onto tape. The appropriate entry is
made in the CA file pointer list. If any errors have occurred during
the compilation the file system is re-entered. If there were no errors
then a small program is transferred to memory field 0 and started.
This program uses the system boot read only tape routine to load the

1 page filé system RUN loader. Pointers have been set up so that when
the RUN loader is started it proceeds to load SABR and start it. The

file pointers in the CA have been set so that the two FORTRAN output



segments are taken as SABR's input and operation proceeds as de-
scribed in the SABR write-up. The P=... parameters supplied in the

RUN *FORTRAN command are passed on to SABR.

Memory Organization

The upper 4-K of memory is organized as indicated below.

The lower 4-K contains only patches.

Locations Contents

11600-11777 SETUP, RKBD, END, LDSABR
12000-12177 COMPRES, PUTOUT, DCODE, BITS
12200-12336 DECOUT, MESAGE, GCDF

1320013377 FWR, PLACE, FMID, FEEDF, GETWOR
13600-14577 output butfer

15000-15177 RTAPE, WTAPE

15200-15577 input buffer, TRANS (15400 .. gets wiped)
15600-15777 START, SETRDR, NOROOM (all get wiped)
16400-17577 transfer buffer (in the symbol table)

Subroutine Descriptions

DECOUT A decimal output routine ... not used.

MESAGE A modified version of DEC's message typeout routine.
The AC is assumed to contain the address of the text to
be typed.

GCDF This subroutine does a RDR with a CDF in the AC and
sets the data field to 1. Return is made with a data field
resetting CDF in the AC.



START

SETRDR

NOROOM

SETUP

RKBD

END

The entry point to the FORTRAN support code. The file
system starts *FORTRAN here. This routine first sets
up the CA update switches, then checks for the proper
input device. If the ASR-33 is to be used, a call is made
to SETRDR. If the input is to come from CPS files
these files are transferred to -B using TRANS. Minus
the number of input files is placed in GCNT and the file
list pointer TA is set to 7600 (this initializes SETUP).
The subroutine SETUP is called in order to initialize the
input buffer management routines so that the first com-
piler input request causes the first input file to be ac-
cessed. The compiler is then started at location 11000.

Sets RDRSW to 0 which indicates that the input is to come
from the ASR-33.

Uses MESAGE to type an error message if the files trans-
ferred into -B require too much space.

This routine is called whenever an input file has been
emptied and an END statement has not been encountered.
The file pointer list is checked to see if another file was
named in the invoking RUN command. If there is another
file, the input buffer routines are reset so that a read
tape operation is forced when the next character is re-
quested. If a file is not present then an error message
is typed and control is returned to the file system. RL
is set to 7777 and HALF is set to 0 to force the desired
tape read.

Reads one character from the keyboard setting the parity
channel to 1.

Control comes to here when the compiler is all through.
The current output buffer is terminated with a (CTRL-C)
(a 7703 is placed into the buffer on the assumption that
the last line was terminated with a carriage return) and
the buffer is written on tape by calling WBUF. The length
of the first entry in the CA file pointer list is calculated
and placed in this list. If there were any errors in the
compilation an error message is typed and control is
returned to the file system. If there were no errors then
the address of SABR (assumed to be the next file after
*FORTRAN and whose address is thus in location 17773)



TRANS

FWR

PLACE

WBUF

is placed in location 00134 and a 0 is placed in 00135
for use by the RUN loader. A 6 instruction program

is transferred to location 07372 and then started. This
program simply makes a call to the read-only tape rou-
tine contained in the system boot. This call causes the
RUN loader to be read into memory and started at loca-
tion 07400. The RUN loader then reads in SABR and
starts it.

Used to transfer the user designated files from their
normal storage areas into -B. The original files are
unaltered. The transfer is made using a fixed buffer
size of 5 blocks. This is fine if the checksum is correct
in the 1 to 4 tape blocks following a specified file. This
routine should be changed so that only the exact number
of blocks in a file are transferred. RTAPE and WTAPE
are called on for the actual tape operations. TRANS is
only used at startup and is never used later. It even-
tually gets clobbered.

"Accepts ASCII from the compiler and calls COMPRES to

process it. If a (CTRL-C) has been struck on the ASR- 33,
FWR types the compiler output. Striking any other char-
acter turns this typing off.

Takes the contents of the AC and places them into the
output buffer. LOC is the buffer pointer and is assumed
to always be pointing to a valid buffer location. After the
contents of the AC have been placed, LOC is incremented
by one and tested to see if the next value is a proper buf-
ber address. If it is a normal return is made. If LOC
points outside of the buffer then a call is made to WBUF
which writes the current buffer onto tape, advances the
tape pointer and resets LOC. A normal return is then
made.

Writes the current buffer onto tape and resets LOC to
point at the first word in the output buffer. WBUF
starts writing tapes at block 1 of unit 0. WTAPE is
used for the actual tape operation.



FMID

FEEDF

GETWOR

COMPRES

PUTOUT

DCODE

Control is returned to here when the compiler realizes
it has found the END statement and it is at ""mid-pass."
The current output buffer is terminated with a 7703
[(CTRL-C), assuming the last stored character was a
carriage return.] The buffer is then written onto tape.
The file pointers in the CA are set up with two file en-
gries being constructed. The just completed output seg-
ment is set up as the second entry. The output segment
to follow (storage allocations) will be used as the first
entry. Control is returned to the compiler.

The compiler comes here seeking ASCII. If the RDRSW
is 0 then RKBD is used to obtain the ASCII. Otherwise
a call is made on DCODE.

This routine is used by BITS to fetch a packed word from
the input buffer. RL is the input buffer pointer and is
checked prior to fetching a word to see if it points into
the current buffer. If it does, the next word is fetched
and RL is incremented. If it doesn't, a call is made to
RTAPE to read in two additional tape blocks (two blocks
are always read ... this shouldn't cause problems), RL
is reset to point to the start of the input buffer and the
next word is fetched in the normal fashion.

Takes ASCII from the compiler and determines how it
should be coded in order to place it into *ED format.
PUTOUT is used to do the required packing and to cause
the packed output to be placed into the output buffer.
Line feeds are ignored.

Strips the contents of the AC to six bits and depending on
RLSW places the result in the left or right hand side of a
computer word. If it goes into the right hand side, the
result is placed into the output buffer through a call on
PLACE.

Obtains six bit characters using the BITS routine and
maps these back into ASCII assuming the packed input
uses *ED format. A line feed is supplied after every
carriage return. If a (CTRL-C) is encountered a call
is made to SETUP to set up the next input file and
DCODE is then restarted.



BITS Furnishes DCODE with 6 bit words for use in reconstruc-
ting the source ASCII. Uses GETWOR to obtain its
packed words and uses HALF as a switch to determine
which side of a word should be used next.

WTAPE word blocks on LINC tape. See the enclosed listing for

RTAPE } A one page tape routine for reading and writing 128
details.

Assembly Instructions

The following procedure is used in constructing the core-

image file *FORTRAN.

RUN *ASM C1+C2+C3+C4+C5+C6 2=CT7+$

SAVE -B FORTSUP

RUN *ASM F1TAPE

SAVlE -B BF1ITAPE

LOAD A

GET FORTV4

GET FORTSUP

GET BFITAPE @15000

BUILD (the starting address is 15600)

When confrol returns to the file system, -B will contain the
desired coreimage file.

Files C1 through C7 contain the symbolics for the patches
and the support code required to interface the compiler with CPS.

F1TAPE is a one page LINC tape read-write routine and is the only



10

tape routine used other than the one in the system boot. FORTV4 is
a binary file which contains DEC's FORTRAN compiler, unmodified.
FORTV4 is generated by reading the source binary paper tape into a

file using PAPERBIN.

FORTRAN Highlights

The source files named in the invoking RUN command are
moved into - B.

Compilation proceeds from -B into -S.

Two output files are produced. These are set up so that
SABR operates on them in the correct order.

SABR immediately follows the FORTRAN compiler on tape
and the loader provides the location of SABR in the CPS file
system.

The RUN loader is accessible to the user via the boot read
only tape routine.

Input and output files use the *ED format.
All line feeds are ignored on output.
The input text is contained in 6 or less files.

The standard CPS conventions for the system communication
area are observed.

The pararheters specified in the P=... construct are passed
directly to SABR on pass 2.

If no input files are specified in the invoking RUN command,
the ASR- 33 is used as the active input device.

The input buffer is two pages long. The output buffer is four
pages long.
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CHAPTER 2

CPS SABR ASSEMBLER

The DEC SABR assembler has been incorporated into CPS
and provisions for listing control have been added. The file *SABR
contains version 13 of SABR along with the associated CPS support

code.

*SABR is used to assemble files containing programs written
using the SABR language. The resulting relocatable binary output is
stored in the binary working area -B. *SABR is also used as the
second pass of DEC's 8-K FORTRAN compiler.

A total of 67 locations in the original DEC version have been
patched in order to allow it to interface with CPS.

Operation proceeds in the following manner:

1. The command

RUN *SABR FILE1+...+FILE6 2=FILET7+...+FILE12

3=FILE13+...+FILE18 P=...

is used to load and start SABR. A maximum of 18 source files can be
used to form a single SABR program. If no file names are supplied
it is assumed that the input is to come from the ASR-33. SABR

recognizes the following parameters in the P=... construct:
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B,NB binary, no binary
L, NL listing, no listing
S, NS symbol table, no symbol table

The default set is BNLNS.

2. The coreimage file *SABR is loaded by the RUN loader and
started at location 11200 in the support code. The parameter field is
scanned by the subroutine, PARTST. This subroutine sets various
switches depending on the specified parameters. Illegal characters
are ignored and a blahk terminates the scan. Next, the input file list
is checked to see if the source program is contained in CPS files or if
it is to come from the ASR-33. If it is to come from the reader (the
contents of 17600 is - 3) then RDRSW is set to 0. If the input is to
come from CPS files, BLKPT is set to point to the first set of file
parameters in the communication area (CA). This has the effect of
initializing the SETIPT routine (which is used to initializé the input
buffering routines and handle concatenated files). SETIPT is then
called so that when SABR is started the buffer routines will be
initialized. Finally, the file update switches in the CA are set (no
file specifications are made at this time) and SABR is then started at
location 00200.

3. Each time SABR requests an input character it does a JMS

to the GET subroutine. GET fetches its characters through INSCAN.
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INSCAN checks the input text stream for listing control commands
which are flagged by the occurrence of a (CTRL-H). INSCAN deletes
these commands from the text fed to SABR. When a (CTRL-H) is en-
countered, the trailing characters are checked for command inter-
pretation. The listing control commands are described below.

INSCAN gets its characters from INPUT. INPUT checks
RDRSW to see if the input is coming from the ASR-33 or from CPS
files. If the ASR-33 is being used INPUT reads in the next character
and forces the parity channel to a 1. If the input is coming from CPS
files INPUT makes a call to DCODE.

DCODE is used to convert the *ED 6 bit packed data format
into ASCII. It also supplies a line feed after each carriage return.
When DCODE encounters a (CTRL-C) (*ED end of buffer symbol) it
makes a call to SETIPT to set up the next input file (if there is one).
The subroutine BITS is used to obtain 6 bit characters from the input
buffer.

BITS returns successive half words to DCODE,a half word
per call. The full word packed code is obtained from GETWOR.

GETWOR first checks to see if the next word is in the input
buffer. It does this by checking to see if GLOC is less than 1600.
(The input buffer is two pages long and lies between 11200 and 11577.)
If GLOC is in the desired range the next packed word is extracted from

the buffer by doing an indirect on GLOC. GLOC is then incremented
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by one and a return is made to the caller. If GLOC is equal to 1600,
RBUF is used to read a new segment into the buffer and to reset GLOC
to 1200. The next word is then obtained by making an indirect on
GLOC and GLOC is then incremented by»one.

RBUF uses a one page LINC tape routine for the actual tape
operations.

4. Each time SABR outputs a binary frame it makes a JMS to
PUT. The PUT routine packs the output frames, 3 frames per two
computer words. Each time a new location is required in the output
buffer (2 pages long, located in 17200 through 17577) PUT makes a call
to TSTPLC.

TSTPLC advances PLOC by one and then checks to see if the
new value is in the buffer. If it is, a normal return is made. If PLOC
points outside the buffer then the current buffer contents are written
into -B and PLOC is set to 7200 (WBUF does this).

5. When SABR completes its first pass it mé.kes a JMS to MIDP.
This routine first writes out the contents of the current buffer thus ter-
minating the binary file being constructed in -B. MIDP checks to see
whether 1 or 2 blocks are required out of the 2 page output buffer.
SETIPT is reinitialized in case a listing has been requested and the
output routine in SABR is set to feed PSCAN instead of PUT. Control

is then returned to SABR.
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6. SABR now proceeds to output the symbol table. This output
goes to PSCAN which checks to see if the user has requested that it
be typed. A line buffer is used starting at location 17200 in the old
output buffer area. Upon forming an out.put line, PSCAN types this
line if requested by the user. Otherwise the line is checked for the |
occurrence of an undefined symbol. If the symbol on the current line
is defined, the line is ignored. If the symbol is undefined, the line is
typed out. Thus the user is always notified of undefined symbols.

7. When SABR finishes outputting the symbol table it has been
patched to output a 377 code. This output flags PSCAN that the sym-
bol table has been output and that if SABR is returned to, the output
listing will follow.

The listing control switch is now checked. If the user did not
request a listing, control is passed to FINISH. This routine sets up
the file pointers for -B and returns to the file system.

If a listing has been requested then a return is made to SABR.
8. Listing control is obtained by scanning the input line and set-
ting switches which are checked by the output routines. Facilities have
been included for turning the printing on and off and for forcing a page
eject. The output from pass 2 is typed using a standard 8-1/2 by 11
inch format with 57 lines typed per page. Listing control is invoked

through the occurrence of a (CTRL-H) in the input text.
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listing command : 1= CTRL-H<command character>
command character ::= N<command character> |E|P|
< other character>

other character ci=any ASCII character not N or E or P

Other characters have no effect and are ignored. The above
approach can cause problems if a (CTRL-H) is followed by a carriage
return.

The commanc? characters have the following effect:

N negate the following command character string.

P  turn the print on.

E  start a new page .. page eject.

Memory Organization

The upper 4-K of memory is used as indicated below. The
lower 4-K only contains patches. The top of the SABR symbol table

has been moved down to allow the inclusion of the support routines.

Locations Contents

11000-11177 SETIPT, RBUF, GETWOR, CHTYP

11200-11377 SABR, SETRDR, also the first half of
the input buffer

11400-15577 the rest of the input buffer

16000-16177 PSCAN, TSTLST, SCNRET, PRTLIN,

BFIX, DPOST, ENDSYM, PLN, CRLF

16200-16377 EJECT, INSCAN
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Locations Contents

16400-16577 DCODE, BITS, INPUT, FINISH

16600-16777 GET, PUT, TSTPLC, WBUF, MIDP,
GCDF

17000-171717 RTAPE, WTAPE

17200-17577 output buffer

Subroutine Descriptions

SETIPT

RBUF

GETWOR

CHTYP

SABR

SETRDR

Used to set up the input buffer routines whenever a new
file is to be accessed. It also checks to see if a file is
available. BLKPT must be initialized to 7600 in order to
initialize SETIPT. This routine sets GLOC to 1777 and
HALF to 0 so that the next data request forces the input
buffer to be filled.

This-routine calls RTAPE to read 2 blocks of text into the
input buffer. It then resets GLOC to 1200 (the bottom of
the input buffer).

Extracts a word from the input buffer. First it checks
GLOC to see if the next data location is in the input buf-
fer. If it is, GETWOR does an indirect access using
GLOC, increments GLOC by 1 and returns. If the next
location is not in the input buffer, RBUF is called which
reloads the buffer and resets GLOC. The next word is
extracted from the buffer, GLOC is incremented by 1 and
GETWOR returns to the caller.

Used to type ASCII characters on the ASR-33. Returns
with a clear AC and link.

The file system starts *SABR here. The parameter string
is scanned using PARTST, the file update switches are set,
RDRSW is set depending on whether or not the input is to
be on the ASR-33, and control is passed to the SABR
assembler at location 00200.

If the ASR-33 is to be used for input, SETRDR sets the
reader switch RDRSW equal to 0.



PSCAN

TSTLST

SCNRET

PRTLIN

BFIX

DPOST

ENDSYM

PLN
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Used to monitor the output of SABR during the symbol
table and listing operations. PSCAN places the SABR
output into a line buffer using DPOST. A line is ter-
minated by a carriage return with line feeds being
ignored. Once a line has been formed MODE is checked
to see if SABR is listing a program or dumping the sym-
bol table.

If MODE=0 the symbol table is being dumped. If SYMSW
if 0 the user has requested that it be typed. If SYMSW is
1 the line is checked to see if the symbol it describes is
undefined. If it is defined the line is ignored. If the
symbol is undefined then the current line is typed as an
error message to the user.

Tests to see if the listing switch is on. If not, the buffer
is reset and no line is typed. If the switch is on, control
is transferred to PRTLIN. LSTSW is set and cleared by
the listing commands, P and NP.

Used to make the return from PSCAN.

Causes the current line to be typed and keeps count of the
number of lines on the current page. Generates page
ejects at the end of each page.

Resets the line buffer used in typing the symbol table
and the listing. Also clears the location where a U for
an undefined symbol would be found.

Places the output characters from SABR into the line
buffer. Checks for the occurrence of a 377 code which
flags the end of the symbol table output. The 377 code
causes control to be passed to ENDSYM.

Terminates the symbol table listing (if it is being typed)
and checks to see if a listing has been requested by the
user. If LSTSW=1 control is passed to FINISH. If
LSTSW=0 then the listing switch LSTSWT is set to allow
typing, the mode is set to listing and control is passed
to PRTLIN forcing a new output page. Control is then
returned to SABR for the second pass.

Prints the contents of the line buffer.



CRLF

EJECT

INSCAN

DCODE

BITS

INPUT

FINISH

GET

PUT

TSTPLC
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Types a carriage return followed by the number of line
feeds specified by minus the contents of the AC when
CRLF was entered.

This is the page eject routine. It is also responsible for
typing the page headings and page numbers.

Scans the code being fed to SABR in order to intercept
listing commands and delete them from the text. When
a listing command is encountered, INSCAN also sets the
appropriate switches.

Obtains six bit characters using the BITS routine and
maps these back into ASCII assuming that the packed
input uses the *ED format. A line feed is supplied after
every carriage return. If a (CTRL-C) is encountered a
call is made to SETIPT to set up the next input file and
DCODE is restarted.

"Furnishes DCODE with 6 bit words for use in recon-

structing the source ASCII. Uses GETWOR to obtain
its packed words and uses HALF as a switch to deter-
mine which side of a word should be used next.

Checks RDRSW to see if the input text is to come from
the ASR-33 of from CPS files. If it comes from the
ASR- 33 then a character is read and its parity channel
is forcedtoa 1. If the input is to come from CPS files
then a call is made to DCODE. ‘

Updates the -B pointers, forces the terminal page eject,
and returns to the CPS file system.

SABR comes here for an input character. GET goes to
INSCAN to get the desired character.

SABR comes here to get rid of its binary paper tape
frames. This routine packs these frames 3 per 2 words.
PUT uses TSTPLC to insure that the buffer location cur-
rently in use is valid.

Advances the output buffer pointer PLOC and checks to
see if the indicated location is in core. If it is, a return
is made. If it is not in core then a call is made to WBUF
to write the current buffer onto tape and to reset PLOC.



wBUF

MIDP

GCDF

RTAPE
WTAPE
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Writes the contents of the output buffer onto tape and
resets the output buffer pointer PLOC. Uses the one
page tape routine for the actual tape operation.

SABR comes here after completing the desired assembly
and before outputting the symbol table. The output buf-
fer is written into -B and SETIPT is reset and called in
case a listing pass is required (this does not involve a
tape operation). The SABR output routine is set to
PSCAN and SABR is restarted.

This routine sets the data field to 1 and does a RDF with
a CDF in the AC. Return is made with a data field reset-
ting CDF in the AC.

A one page tape routine for reading and writing 128 word
blocks on LINC tape. See the enclosed listing for details.

Assembly Instructions

The following procedure is used in constructing the coreimage

file *SABR.

RUN *ASM S1+52+S3+54+S5+S6  2=$
SAVE -B SABRSUP

RUN *ASM F1TAPE

SAVE -B BF1TAPE

LOAD A

GET SABRV13

GET SABRSUP

GET BF1TAPE @17000

BUILD (the starting address is 11200)
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When control returns to the file system, -B will contain the
desired coreimage.

Files S1 through S6 contain the symbolic version of the
patches and support code required to interface SABR with CPS.
FITAPE is a one page tape routine for reading and writing LINC tapes
using a 128 word format. It is the only tape routine used by *SABR.
SABRV13 is a binary file which contains the binary paper tape of DEC's

SABR assembler. This file is generated using the program PAPERBIN.

SABR Comments

The listing support code is somewhat more complicated than
it has to be.

The input buffer is two pages long and is always filled by
reading two blocks off of tape. .‘This can cause problems if the page
following an input file does not have the correct checksum (note that
LINC tapes have 8 extra blocks at the end of a tape so that end of tape
encounters are not a problem).

The file pointers for -B are not updated until after all of the
user requested options have been supplied. In particular, if an impa-
tient user manually terminates a listing and returns to the file system
the -B parameters will not be those associated with its contents. A
more reasonable approach would be to set the -B parameters when

control returns to the support code before the symbol table is dumped.



39

SABR Highlights

Input is assumed to use the *ED format.
The input can contain listing control commands.
The output is placed in -B.

Undefined symbols are listed even if the user has not re-
quested a symbol table listing.

The input buffer is 2 pages long. The output buffer is 2 pages
long.

The output consists of binary paper tape frames 3 packed per
2 computer words.

Assembly proceeds from source files into -B.

The standard conventions for the CPS communication area
are observed.

If no input files are specified the input is assumed to come
from the ASR-33.



MACRO8 ASSEMBLER (AN229)

PAGE 01

0006 5777
0560 5367
0566 5773
0567 4455
0570 6213
0571 5772
0572 6505
2762 5763
2763 6422
3162 6000
3165 6212
3166 4767
3167 6610
4171 4772
4172 4661
4332 7000
4333 7000
4355 7000
4357 57717
4657 4702
4660 5656
4661 0000

4662

4424
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FIELD 0

/

/PATCHES FOR SABR ASSEMBLER V(03)

/

CORE1=6000

/

RTAPE=7000

WTAPE=7006

/

*6

CORE1-1

/

*560
JMP 567 /JMP ENDEND-GETTING RID OF THE HALT

/

¥566
5773 /JMP 1 REE
4455 /JHMS 1 WLNP
CDF CIF 10
JMP I o+l
FINISH

/

%2762 |
JMP 1 «+1 /FATAL ERROR ROUTIN
FATERRET

/

%3162
COREL

/

%3165
CIF 10
JMS I o+l
PUT  /THIS IS PUNCH OVER RIDE

/

*41 71
JMS I o+1 /END OF SYMBOL TABLE
SETLIST

/

%4332
NOP /CRLF
NOP /CRLF

/

*4355
NOP /L.«Te

/

¥4357
COREL-1

, _

%4657 /SUPPRESS SABR BUFFER
4702 /JMS 1 INDEV
5656 /J¥P I R

/

SETLIST, O /FEEDS A 377 TO PSCAN
4424 /JMS 1 CRLF
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4663 6212 CIF 10
4664 1271 TAD RUBOUT
4665 4666 JMS I e+l
4666 6000 PSCAN
4667 2261 ISZ SETLIST /MISS PATCH
4670 5661 JMP I SETLIST
4671 0377 RUBOUTs 377
/
/
*¥4722 /LDR ROUTINE
4722 6212 CIF 10
4723 4724 JMS I o+l
4724 6715 MIDP

4725 5721 JMP I 4721
/
*¥6421

6421 5617 5617 /J¥MP 1 I0INIT
/

6422 0000 FATERRET» O /IN IOINIT AREA
6423 6203 CDF CIF
6424 1634 TAD I FATML
6425 7450 SNA /DONE?
6426 5232 JMP «+4
6427 4454 JMS I 54 /TYPE IT
6430 2234 ISZ FATML
6431 5224 JMP =5
6432 5633 JMP I o+l
6433 7600 7600 '
6434 6435 FATMLs, o+]
6435 0241 '"!
6436 0306 '"F
6437 0301 MA
6440 0324 "T
6441 0301 ™A
6442 0314 "L
6443 0241 !
6444 0000 O /TERMINATOR
/
*¥6627 /HSR PATCH
6627 6212 CIF 10
6630 4631 JMS I o+l
6631 6600 GET '
6632 5626 JMP 1 6626
/
*¥6656 /ASR INPUT FIX
6656 6031 KSF
6657 5256 JMP o=1
6660 6036 KRB
6661 0264 AND o+3
6662 1265 TAD -+3
6663 5655 JMP I =6
6664 0177 177
6665 0200 200
/
*6527
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6527 0001

/

1 /LIST ON HSP

PAGE

42
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1200 7300
1201 4777
1202 1776
1203 1375
1204 7650
1205 5232
1206 1376
1207 3774
1210 4773
1211 7300
1212 1372
1213 3010
1214 1371
1215 3410
1216 7240
1217 3410
1220 7201
1221 3410
1222 1370
1223 3410
1224 6203
1225 6046
1226 6036
1227 7300
1230 5631
1231 0200
1232 7300
1233 3767
1234 5211
1367 6504
1370 7402
1371 0376
1372 7773
1373 1100
1374 1167
1375 03003
1376 7600

1377

1400

/ SABR
/
FIELD
/
*1200
/
SA3SR»
JMS
TAD
TAD
SNA
JMP
TAD
DCA
JMS

43

STARTS HERE!!

1

CLA CLL

PARTST /SCAN PAR LIST

7600 /SEE IF RDR INPUT

(3

CLA .

SETRDR /YESs TURN ON

(7600

S3LKPT /SET uUP BLOCK POINTER
SETIPT /SET UP READ BLOCKS

G0SABRs, CLA CLL

TAD
DCA
TAD
DCA
CLA
DCA
CLA
DCA
TAD
DCA
CDF
TLS
KRB
CLA
JMP
200
/

(7773
10
(=7402
I 10
CMA

I 10
IAC

I 10
(7402
110
CIF /GO START SABR NOW

CLL
I o+}

SETRDRs CLA CLL

DCA
JMP

PAGE

RDRSW /TURN ON
GO SABR
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1100
1101
1102
1103
1104
1105
1106
1107
1110
1111
1112
1113
1114
1115
1116
1117
1120
1121
1122
1123
1124
1125
1126

1127
1130
1131
1132
1133
1134
1135
1136
1137
1140
1141
1142

1143
1144
1145
1146
1147
1150
1151
1152
1153

1154
1155

1156
1157

05

0000
7300
1767
7450
5355
7500
5313
1377
7500
5355
1376
0375
3331
1767
7006
0374
3333
2367
2361
1375
3354
3773
5700

0000
47172
0000
0002
0000
1200
1331
1332
3331
1334
3354
5727

0000
7300
1371
1354
7630
4327
1754
2354
5743

1700
6203

5757
2702

*1100
,

44

SETIPTs O /SET UP CONCATS ETC

CLA
TAD
SNA
JMP
SMA
JMP
TAD
SMA
JMP
TAD
AND
DCA
TAD
RTL
AND
DCA
1Sz
157
TAD
DCA
DCA
JMP
/
RBUF s
JMS
BLK»

CLL

I BLKPT

/NOT O DONT TERM
TOMANY

/SEE IF =-15-25-3
«+5

(10

/NO VALID BLN CAN GOOF IT
TOMANY

(-10 /RESOTRE
(1777

BLK

I BLKPT /GET UNIT

1

LOCI-1

BLKPT

SLKPT /IGNORE LENGHT
(1777 /FORCE FIRST READ
GLOC

HALF

‘I SETIPT

0
RTAPE

2 /BLOCKS
0 /NORMALLY O

LOCI»
TAD
TAD
DCA
TAD
DCA
JMP

/

1200
BLK
BLK+1
BLK
LOCI
aLoC

I RBUF

GETWORs O /GET WORD FROM INPUT BUFF

CLA
TAD
TAD
SZL
JMS
TAD
| INYA
JMp
/
GLOC»
/

CLL

(-1600 ZARE WeE IN BUFFER?
GLOC /L=1 WE ARE NOT

CLA '

RBUF /GET MORE

I GLOC

GLOC

I GETWOR

1700 /TO FORCE FIRST READ

TOMANYs CLF CIF

JMP

2702

I «+1 /USE SABR'S ROUTINE
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1160 0000
1161 6046
1162 6041
1163 5362
1164 7300
1165 5760
1166 2702
1167 0000
1171 6200
1172 7000
1173 6532
1174 0001
1175 1777
1176 7770

1177

0010

/
CHTYP»
TLS
TSF
JMP
CLA
JMP
2702
/
BLKPT>»
PAGE
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0 /CHARACTER TYPER»

o=1
CLL
I CHTYP

RETS WI AC=L=0



PAGE

1400
1401
1 402
1403
1404
1405
1406
1407
1410
1411
1412
1413
1414
1415
1416
1417
1420
1421
1 422
1423
1424
1425
1426
1427
1430
1431

1 432
1433
1434
1 435

1436
1437
1440
1 441
1442
1443
1444
1445
1 446
1447
1450
1 451
1452

1453
1454

07

0000
7300
3236
1377
3237
2237
1240
3241
1242
3243
1244
7041
3245
1637
7450
5600
7041
1641
7650
5232
2243
2241
3236
2245
5215
5205

1643
3246
4646
5205

0000
0000
1447
00090
1453
00030
0004
Q000
0000
0316
0323
0314
0240

1457
1465

46

/PARAMETER TESTING ROUTINE
/
FIELD 1
/
*1 400
/
PARTSTs O
CLA CLL
DCA NEGSW /0=YES
TAD (7707 ,
DCA PARFLD /PT OT LIST
PLP3, ISZ PARFLD
TAD PTAB /CHAR TAB
DCA PTABL
TAD PDISP /DISPATCH TABLE
DCA PDISPL
TAD NENT /# ENTRIES
cIA
DCA PCNT
PLPA, TAD I PARFLD /GET TEST CHAR
SNA
JMP I PARTST /0 TERMINATES
CIA
TAD I PTASBL
SNA CLA
JMP MATCH
1SZ PDISPL
1Sz PTABL
DCA NEGSW /SET TO YES
1SZ PCNT
JMP PLPA
JMP PLPB
/
MATCH, TAD I PDISPL
DCA MTEM
JMS I MTEM
JMP PLPB
/
NEGSWs O
PARFLDs O
PTAB> PARTASB
PTABLs O
POISP, DISPATCH
PDISPLs O
NENTs 4 /4 ENTRIES
PCNT» 0
MTEMs O
PARTABs °'N
'lS
l'L
240 /3LANK
/
DISPATCHs NEG
SYMTAB
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1455
1456

1457
1460
1461
1462
1463
1464

1465
1466
1467
1470
1471

1472
1473
1474
1475
1476

14717
1500
1501

1575
1576
1577

08

1472
1477

0000
1236
7650
7001
3236
5657

0000
1236
3776
3236
5665

0000
1236
3775
3236
56172

0000
7300
5600

6152
6150
7707

47

LISTING
BLANK
/
NEGs O
TAD NEGSW
SNA CLA
IAC
DCA NEGSW
JMP I NEG
/
SYMTAB, O
TAD NEGSW
DCA SYMSW
DCA NEGSW /SET TO YES
JMP I SYMTAB
/
LISTINGs O
TAD NEGSW
DCA LSTSW /ZEXTERNAL LIST SWITCH
DCA NEGSW /TO YES
JMP I LISTING
/
SLANKs O
CLA CLL
JMP 1 PARTST
/ .
PAGE
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/SABR I-0 SUPPORT
/
FIELD 1
i :
*¥6600
/
6600 0000 GET» O /GET A CHARACTER FOR SABR
6601 2200 1SZ GET /MISS PATCH
6602 4340 JMS GCDF
6603 3205 DCA RETG
6604 4717 JMS INSCAN /GET CHAR AND USE FOR CONTROL
6605 7000 RETG» NOP
6606 6202 CIF
6607 5600 JMP I GET
/
6610 0000 PUT» O /PUT AND PACK SABR BINARY
6611 0376 AND (377
6612 3314 DCA IPT
6613 2210 ISZ PUT /MISS PATCH
6614 4340 JMS GCDF
6615 3260 DCA PRET /FOR RET

6616 1351 TAD PUTSW /WHICH THIRD?s INIT = 0O
6617 7450 SNA /0=LEFT

6620 5251 JMP PARTI

6621 7700 SMA CLA /-1=RIGHT

6622 5231 JMP PART2 /+1=MID

6623 1314 TAD IPT /DO RIGHT SIDE

6624 1713 TAD I PLOC

6625 3713 DCA I PLOC /PACKED IN

6626 4263 JMS TSTPLC /GET NEXT WORD ADVANCE
6627 3351 DCA PUTSW /SET FOR LSIDE

6630 5260 JMP PRET

6631 1314 PART2, TAD IPT /SPLITS TWO WORDS
6632 17112 RTR CLL

6633 17012 RTR

6634 0375 AND (17

6635 1713 TAD I PLOC

6636 3713 DCA I PLOC /PACKED HIGH 4 BITS
6637 4263 JMS TSTPLC /ADVANCE TO THE NEXT WORD
6640 1314 TaD IPT

6641 7112 RTR CLL

6642 17012 RTR

6643 7010 RAR

6644 0374 AND (7400

6645 3713 DCA I PLOC

6646 7240 CLA CiMA

6647 3351 - DCA PUTSW

6650 5260 JMP PRET

6651 1314 PARTLs TAD IPT

6652 7006 RTL

6653 17006 RTL

6654 0373 AND (7760

6655 3713 bcéa I PLOC

6656 7201 CLA IAC



PAGE 10 49

6657 3351 DCA PUTSW
6660 7000 PRETs NOP
6661 6202 CIF
6662 5610 JMP I PUT
: /
6663 0000 TSTPLCs» O /ADVANCE PLOC AND SEE IF IN CORE
6664 2313 ISZ PLOC
6665 1372 TAD (=-7600
6666 1313 TAD PLOC
6667 7700 SMA CLA /-IS IN CORE
6670 4272 JMS WBUF
6671 5663 JMP I TSTPLC

/
6672 0000 #WBUF, 0 /WRITE BUFFER
6673 1301 TAD PBLK /TEST FOR END OF BUFFER
6674 1302 TAD PBLK+1
6675 1371 TAD (-150

6676 7700 SMA CLA
6677 5346 JMP TOOFAR
6700 4770 JMS WTAPE
6701 0001 PBLKs 1

6702 00902 2

6703 0001 PUNIT, 1
6704 7200 PLOCI, 7200

6705 1301 TAD PBLK
6706 1302 TAD PBLK+1
6707 3301 DCA PBLK

6710 1304 TAD PLOCI
6711 3313 DCA PLOC
6712 5672 JMP 1 WBUF
/
6713 7200 PLOC, 7200 /INIT VALUE TO START
6714 0000 IPT, O
/ .
6715 0000 MIDPs O /MID PASS HANDLING FOR POSS LISTING
6716 2315 I1SZ MIDP /MISS PATCH
6717 4340 JMS GCDF
6720 3335 DCA MRET
6721 1313 TAD PLOC /HALF?
6722 1367 TAD (-7400
6723 1710 SPA CLA
6724 7240 CLA CMA /FORrR LATER USE
6725 33590 DCA PART
6726 4272 JMS WBUF
6727 1366 TAD (7600
6730 3765 DCA BLKPT
6731 4764 JMS SETIPT /RESET TAPE ACCESS ORDER
6732 1352 TAD PPATCH /SET PUNCH TO PSCAN
6733 6201 CDF /FOR POSSIBLE LISTING
6734 3763 DCA 3167
6735 17000 MRET», NOP /WILL BE A CDF X
6736 6202 CIF
6737 5715 JMP I MIDP
/
6740 0000 GCDFs O
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6741
6742
6743
6744
- 6745

6746
61417

6750
6751
6752
6762
6763
6764
6765
6766
6767
67170
67171
6772
6773
6774
6775
6776
67717

11

7300
1362
6214
6211
5740

7402
5346

0000
0000
6000
6201
3167
1100
1167
7600
0400
7006
7630
0200
7760
7400
0017
0377
6246

50

CLA CLL
TAD (6201

RDF
CDF 1

0

JMP I GCDF

/
TOOFAR»

HLT /5H0ULD NEVER GET HERE,

JMP e=1 /THIS IS PROTECTION

/

PARTs O

PUTSW,

PPATCH.,
PAGE

0

PSCAN

TOO MUCH BINARY
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6400 Q000
6401 7300
6402 2334
6403 7410
6404 5234
6405 4250
6406 1377
6407 7450
6410 5216
6411 1376
6412 7510
6413 1375
6414 1374
6415 5600
6416 4250
6417 1373
6420 7450
6421 5246
6422 1372
6423 7440
6424 5236
6425 1332
6426 77190
6427 4250
6430 7240
6431 3334
6432 1371
6433 5214
6434 1370
6435 5214
6436 1371
6437 7510
6440 5214
6441 1367
6442 7450
6443 5211
6444 1376
6445 5213
6446 4766
6447 5201
6450 0000
6451 2332
6452 5256

6453

1333

51

/DECODING ROUTINE FOR SABR
/FULL RANGE!
/
FIELD 1
/
*¥6400
/
DCODEs O
CLA CLL
ISZ LFSW /-1 NEED L FEED
SKP '
MP LF
JMS BITS
TAD (-77 /SEE IF SPEC CODE
SNA
JMP T77 /YESs BUT WHICH
TAD (37 /-40 NOW
SPA
K300, TAD (100
K200, TAD (240
JMP I DCODE
/
T77, JMS BITS /GET NEXT 6 BITS
TAD (-3 /TERMINATOR?
SNA
JMP GETMOR
TAD (-12
SzZA /CR?
JMP REG /NORMAL
TAD HALF
SPA CLA
JMS BITS /GET TRAILING 00
CLA CMA /-1
DCA LFSW /FOR LF TO FOLLOW
TAD (-23 /GET CRr
JMP K200
LFs TAD (-26 /FOR LF
JMP K200
REGs TAD (=23 /NOW =40
SPA
JMP K200
TAD (=37 /A? 2
SNA
JMP K300-2 /CLEVER ?
TAD (37
JMP K300
/
GETMORs JMS SETIPT
JMP DCODE+1
/
BITS, 0 /7GET 6 BITS
ISZ HALF /+=FETCH WORD
JMP LHF
TAD WORD
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6454 0365 MASK, AND (77

6455 5650 JvMpP I BITS

6456 7240 LHF, CLA CMA /SET TO RHF NEXT

6457 3332 DCA HALF

. 6460 4764 JMS GETWOR

6461 3333 DCA WORD

6462 1333 TAD WORD

6463 7012 RTR

6464 7012 RTR

6465 17012 RTR

6466 5254 JMP MASK /STRIP IT
/

6467 0000 INPUT» O

6470 7300 CcLA CLL

6471 1304 TAD RDRSW /0=rRDR

6472 7650 SNA CLA

6473 5276 JMP . +3

6474 4200 JMS DCODE

6475 5667 JdMP I INPUT

6476 6031 KSF

6477 5276 JMP e-=1

6500 6036 KRB

6501 0363 AND (177

6502 1362 TAD (200

6503 5667 JMP T INPUT

/

6504 0001 RDRSW»"1 /NORMALLY OFF
/
/
/FINAL WRAP UP AND GO TO CPS
/

6505 7300 FINISHs CLA CLL

6506 1361 TAD (7767

6507 3010 DCA 10

6510 7201 CLA IAC

6511 3410 DCA I 10

6512 1760 TAD PBLK

6513 1357 TAD (-1

6514 1756 TAD PART

6515 3410 DCA I 10 :
6516 1355 TAD (1000 /REL BIN CODE
6517 3410 DCA I 10

6520 1754 TAD PACNT /EJECT IF NON O
6521 7650 SNA CLA
6522 5327 JMP «+5

6554 6157 TAD (7
6555 1000
6556 6750
6557 77117
6560 6701
6561 7761
6562 0200
6563 0177

6564 1143
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6565
6566
6567
6570
6571

6572
6573
6574
6575
6576
6571
6523
6524
6525
6526
6527
6530
6531

6532
6533
6534
6551
6552
6553
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0077
1100
1741
7752
7755
1766
7775
0240
0100
0037
7701
1353
1752
7640
4751
6203
5731
7600

0000
00900
0000
6200
6244
0071

1 /AT PAGE TOP?
TAD LNCNT
SZA CLA
JMS EJECT
CIF CDF

JMP

7600
/
HALF s
WORD s
LFSWs

PAGE

I

0
0
0

«+1 /GO TO CPS

53



6000
6001
6002
6003
6004
6005
6006
6007
6010
6011
6012
6013
6014
6015
6016
6017
6020
6021
6022
6023
6024
6025
6026
6027
6030
6031
6032

6033
6034
6035
6036

6037
6040
60 41
6042
6043
6044

6045
6046
6047
6050
6051

6052
6053
6054
6055

15

0000
2200
3345
7004
3346
4771
3240
1345
1376
7450
5237
1375
7640
5270
1347
7640
5233
1350
7650
5245
1374
1773
7640
5262
1351

4315
5262

1353
7650
5245
5262

7300
7000
1346
7010
6202
5600

1357
7650
47172
1371
3354
1351
4315
27170
7610

54

FIELD 1
*6000

/

/0UTPUT MONITOR AND UNDEF SYM CHECK

/

PSCAN, O

/

ISZ PSCAN /MISS PATCH
DCA IPTCH /IPT CHAR

RAL /SAVE LINK

DCA IPTLK

JMS GCDF /GET RET FLD

DCA PSCOF /SAVE

TAD IPTCH

TAD (-212 /LF?

SNA

JMP SCNRET /YESs IGNORE

TAD (-3 /CR?

SzA CLA

JMP DPOST /SAVE IT

TAD MODE /1=LISTs 0=SYM TAB
SzA CLA

JMP TSTLST /TEST IF LIST IS ON
TAD SYMSW /0=PRINT

SNA CLA

JMP PRTLIN

TAD (-325 /UNDEF?

TAD 7214

SZA CLA

JMP BFIX /NOTHING TO GO

TAD BUFPT /YEP, PRINT UNDEF SYM
JMS PLN

JMP BFIX /GET OUT

TSTLSTs TAD LSTSWT /LIST ON?

/

SNA CLA
JMP PRTLIN /YES
JMP 8FIX /NGO

SCNRETs CLA CLL
PSCDF, NOP /CDF GOES HERE

/

TAD IPTLK /RESTORE LINK
RAR

CIF

JMP I PSCAN

PRTLINs TAD PACNT /IF O STARTING

SNA CLA

JMS EJECT /HEAD PAGE
TAD (7200

DCA TLOC

TAD BUFPT

JMS PLN /PRINT LINE

ISZ LNCNT /COUNT IT

SKP CLA
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6056 4772
6057 1767
6060 7640
6061 4772
6062 1371
6063 3351
6064 1371
6065 3354
6066 3773
6067 5237
6070 1366
6071 1345
6072 7650
6073 5302
6074 1345
6075 3751
6076 2351
6077 5237
6100 7402
6101 5300
6102 7240
6103 3360
6104 1352
6105 7640
6106 5765
6107 3353
6110 7201
6111 3347
6112 7201
6113 3767
6114 5245
6115 00090
6116 7041
6117 1354
6120 3355
6121 7240
6122 4334
6123 1355
6124 7700
6125 5715
6126 1754
6127 4764
6130 2354
6131 2355
6132 5326
6133 5715
6134 0000
6135 3356
6136 1363

6137

4764

JMS
TAD
SZA
JMS
/
3FIX,
DCA
TAD
DCA
DCA
JMP
/
DPOST
TAD
SNA
JMP
TAD
DCA
I8Z
JMP
HLT
JMP
/
ENDSY
DCA
TAD
SZA
JYP
DCa
CLA
DCA
CLA
pca
JMP
/
PLN»s
CIA
TAD
DCA
CLA
JMS
TAD
SHYA
JMP
TAD
JMS
I5Z
152
JMP
JMP
/
CRLFs
DCA
TAD
JMS

55

EJECT /PAGE DONE

ESWT /7eXTExNAL PAGE EJECT?
CLA

EJECT

TAD (7230

BUFPT /RESET BUFFER
(7200

TLOC

7214 /CLEAR U
SCNRET /GO BACK

» TAD (-377 /TEST FOR RU30UT
IPTCH

CLA

ENDSYM /END QOF SYM TAB
IPTCH

I BUFPT /SAVE

BUFPT

SCNRET /ALL DONE

e=1 /SHOULDN'T BE ABLE TO GET HERE

Ms CLA CMA /SET LISTING
HDRSW

LSTSW

CLA

FINISH

LSTSWT /ALLOW LOCAL CONTROL
IAC

MODE

IAC

ESWT

PRTLIN /FORCE NEW PAGE

0 /PRINTS LINE
/AC =END OF LINE
TLOC /7AC=NUM CHAR
CHCNT
CHMA /1 CRLF
CRLF
CHCNT
CcLA
I PLN /NO CHARS
I TLOC
CHTYP
TLOC
CHCNT
o=4
I PLN

0
CRLFCN
(215
CHTYP
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6140
6141
6142
6143
6144

6145
6146
6147
6150
6151
6152
6153
6154
6155
6156
6157
6160

6162
6163
6164
6165
6166
6167
6170
6171
6172
6173
6174
6175
6176
61717

17

1362
4764
2356
5340
5734

0000
0000
0000
0001
7200
0001
0000
7200
0000
0000
0000
77717

0212
0215
1160
6505
7401
6245
6244
7200
6200
7214
7453
7775
7566
6740

56

TAD (212
JMS CHTYP
ISZ CRLFCN
JMP <=3
JMP I CRLF
/
IPTCH> O
IPTLKs O
MODE, O
SYMSW, 1
BUFPT, 7200
LSTSWs 1
LSTSWTs O
TLOCs» 7200
CHCNT» O
CRLFCNs, O
PACNT», O
HDRSWs =1
p ;
PAGE
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*¥6200 /MORE I-0 STUFF
/
6200 0000 EJECT, QO /PAGE EJECT
6201 1244 TAD LNCNT /AC=0
6202 1377 TAD (-4
6203 47176 JMS CRLF
6204 1375 TAD (255
6205 4774 JMS CHTYP /-
6206 1373 TAD (-2
6207 4776 JMS CRLF
6210 3243 DCA ECNT /FOr PAGE NuM
6211 2772 ISZ PACNT /ADV PAGE NUMBER
6212 1772 TAD PACNT /GET PAGE NUM
6213 1371 TeENLs TAD (-12
6214 17510 SPA
6215 5220 JMP «+3
6216 2243 ISZ ECNT
6217 5213 JMP TENL
6220 1370 TAD (12
6221 1367 TAD (260
6222 3320 DCA NU2 /LOWER DIGIT
6223 1243 TAD ECNT
6224 1367 TAD (260
6225 3317 DCA NU1 /TENS DIGIT
6226 1366 TAD (-71
6227 3244 DCA LNCNT
6230 3245 DCA* ESWT /EXTERNAL EJECT OFF
6231 1310 TAD PMES /PAGE
6232 3765 DCA TLOC
6233 1311 TAD PMES+1
6234 2764 I1SZ HDRSW
6235 7410 SKP
6236 1346 TAD ADDTNL /SEND=-S3EG+1
6237 4763 JMS PLN /PRINT "
6240 1373 TAD (=2
6241 47176 J¥MS CRLF
6242 5600 JMP I EJECT
/
6243 0000 £CNT»s O
6244 7775 LNCNT» -3 /FOR FIRST CALL
6245 0000 ESWT, O
/
/INPUT SCANNER
/
6246 0000 INSCANs O /SEE IF CTRL-H
6247 4762 JMS INPUT

6250 1361 TAD (=210

6251 7450 SNA

6252 5255 JMP CTRLH

6253 1360 TAD (210 /RESTORE

6254 5646 JMP I INSCAN

6255 4762 CTRLH» JMS INPUT /WHAT CONTROL?
6256 1357 TAD (-305 7E7?

6257 7450 SNA

6260 5272 JMP EFX /SET UP EJECT
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6261 1356
6262 7450
6263 5277
6264 1355
6265 7650
6266 5302
6267 3307
6270 4762
6271 5646
6272 1307
6273 7650
6274 7001
6275 3245
6276 3267
6277 1307
6300 3754
6301 5275
6302 1307
6303 7650
6304 7001
6305 3307
6354 6153
6355 0002
6356 7765
6357 7473
6360 0210
6361 7570
6362 6467
6363 6115
6364 6160
6365 6154
6366 71707
6367 0260
6370 0012
6371 7766
6372 6157
6373 17176
6374 1160
6375 0255
6376 6134
6377 7774
6306 5255
6307 0000
6310 6312
6311 6321
6312 0320
6313 0301

0307

58

TAD (=13 /P2
SNA
JMP PFX
TAD (2 /N?
SNA CLA
JMP NFX /NEGATE
ALRETs DCA NEGSW2 /SET YES
JMS INPUT /GET VALID CHAR
JMP I INSCAN
/
EFXs TAD NEGSW2 /BACKWARDS
SNA CLA
IAC
DCA EST
JMP ALRET
/
PFXs TAD NEGSHW2
DCA LSTSWT
JMP EFX+3 /TURN EJECT OFF
/
NFXs TAD NEGSW2
SNA CLA
IAC
DCA NEGSH®2

JMP CTRLH /GET ANOTHER CHAR

/
/
NEGSW2s O
/
/
PMESs P1
NU2+1 /FOrR HEADINGS

Pls "P

"lA

'lG
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6315
6316
6317
6320
6321
6322
6323
6324
6325
6326
6327
6330
6331
6332
6333
6334
6335
6336
6337
6340
6341
6342
6343
6344
6345

6346

0305
0240
0260
0260
0240
0323
0301
0302
0322
0240
0301
0323
0323
0305
0315
0302
0314
0305
0322
0240
0326
0250
0261
0263
0251

0025

59

"E
NUJls "0
NU2s "0
S3EG,

us

A

"B

"R

m"

IIA

"S

"S

nE

™M

uB

nL

"E

"R

"V

ll(

nl

"3
SEND, '
7 -
ADDTNLs" SEND=-SBEG+1 /ADD L FOR SABR HEADING
/

PAGE



CHAPTER 3

CPS RELOCATABLE LOADER

The relocatable loader used in CPS is version 06 of DEC's
relocatable loader. A total of 31 locations have been patched and
extensive support code has been added in order to permit keyboard
control of the loading process. The user operation of the relocatable
loader is very similar to that of the absolute loader. The relocatable
loader does not operate under interrupts.

The relocatable loader uses the (.) as its prefix character on
input command lines. Line editing facilities are also provided. The
editing control characters are:

(RUBOUT) delete the last typed character...echosa \

(BACKARROW) delete the entire line

(LINE FEED) echo the current command line

(CTRL-P) accept the next character as is... literal
next

(=) (CR) continue this command on the next line

(CR) end of command line

Up to 255 characters can be used to form a command line.

The loading procedure consists of taking CPS SABR produced

binary files and loading their contents into a core image maintained in

60
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the -S working area. The loader has been restricted to a maximum
of 8-K of memory. The area used on unit 0 for the coreimage con-
sists of tape blocks 200 through 277. Location 0 of block 200 corres-
ponds to location 0 in memory and location 127 of block 277 corres-
ponds to location 17777 of memory. The field 1 run time is located in
block 241. The field 0 run time is Kept in core during the loading
procedure so that the required linkage lists can be constructed with a
minimum of fuss. The field 0 run time is written into the coreimage
when the BUILD command is given by the user. The finalized core-
image module is left in -B and the proper pointers in the CPS com-
munications area (CA) are set to indicate the current state of -B to the

file system.

Loading Procedure

The relocatable loader is invoked by giving the CPS file sys-

tem the command
LOAD R

This should be changed to RUN *RLOAD in order to maintain a uniform
command structure in CPS. The relocatable loader is already in core-
image form so that this change should be a minor one.

The RUN loader loads the entire relocatable loader file into

the lower 4-K of memory. This is done in order to preserve the CPS
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indexes contained in memory field 1. The program is then started at
location 05600.

The first order of business consists of searching the unit 1
CPS index for all relocatable binary file entries and moving these into
the area in memory field 1 which is to serve as the relocatable loader
index. Only the names and file locations for files on tape unit 1 are
retained. Each entry in the new index consists of 5 locations, the first
4 locations consist of the file name and the fifth, the file location.

After the new index has been constructed the loader code is
moved up into field 1, the field 0 run time is placed where it belongs,
control is transferred to field 1 and the field 1 run time is written
onto tape. At this point control is transferred to the restart point
CRES.

CRES enters the DEC relocatable loader (DRL) for initializa-
tion at location 6200. DRL returns to CRES at RLSTR’I‘-R. Portions
of low core are zeroed and the coreimage area on tape is sprayed with
zeros as a ''core constant’. Next the page reference list is zeroéd
and the run time pages referenced. Finally, the file input routines
are initialized in order to force an initial tape read and control is

passed to the internal re-entry point, ENTER.

Loader Command Input

ENTER sets the prefix character to (.) and goes to PLIB

(Place Line In Buffer). The PLIB routine uses a 2 page line buffer to
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accumulate the input command line. The buffer holds straight ASCII
with the parity channel forced to 1. All line editing operations are
carried out in PLIB. When a terminal carriage return is supplied
by the user, PLIB returns to the caller.

The output routine is initialized and the Get Word From Line
Buffer routine (GWFLB) is called in order to transfer the first input
word into the word area W1 through W4. The word is constructed
using simple 6 bit stripped ASCII with two characters stored per com-
puter word. Trailing blanks are provided if needed.

The contents of W1- W4 are reduced to 3 characters and
SLRV is used to do a table search for the specified command (SLRV
is also used in pez:forming index searches). If the command is valid,
control is passed to the appropriate module. If an invalid command
has been entered, an error message is typed out and control is again

passed to ENTER.

Loader Operation

Because of the complexity of the loader, its operation will

now be described on a command by command basis.

GET
The GET command is used to cause user specified files to be
loaded. Up to 6 files can be loaded with a single GET command.

Control is transferred to CGET. CGET first transfers the
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file names following the GET command into a get list, CGETL. No
names or more than six names cause an error message to be typed
and control returned to ENTER. The get list is terminated by a 0 and
is then used in searching the index for the named files and for con-
structing a block number list which will be used in the actual loading'
operation. SLRV is used in searching the index. When the block num-
ber list has been constructed control is passed to LOADP.

LOADP is the routine used to initialize the input routines and
cause the user supplied list of programs to be loaded by DRL. SETIPT
is used to set up the input routines. Control is finally passed to DRL
at location 7251. After the loading of a program control returns to
LOADP. If anotl{er program is to be loaded LOADP recycles. If not,
control is returned to ENTER.

The DRL obtains binary paper tape frames by making calls
on GETIPT. This routine unpacks the frames stored in SABR binary
files and returns them to DRL. Before trying to extract a frame
from the input buffer (locations 01000 through 02777) GETIPT checks
to see if the next input word is in core by making a call to GNXLOC.

GNXLOC checks to see if the next data word is in core. If it
is, a normal return is made with GETLO pointing at the desired loca-
tion. If the next word is not in core then a call is made to RTAPE in
order to fill the buffer and GETLO is reset to point at the buffer bottom.

Note that the actual size of a SABR file is not retained, thus the buffer
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is always filled using 8 blocks off of tape. This can cause problems
if the blocks following a SABR file do not contain the correct check-
sum. It is strongly recommended that the relocatable loader support
code be rewritten so that this problem is eliminated.

When the DRL is ready to deposit a program word into core
it instead makes a call to RLOAD.

RLOAD sets up the desired address using DRL pointers and
makes a call on GETLOC. GETLOC checks to see if the desired ad-
dress is in the coreimage segment currently in core (the coreimage
buffer occupies locations 03000 through 07000). If it isn't, GETLOC
writés out the current buffer and loads in a portion of the coreimage
which contains the éiesired location. When the current location is in
core, GETLOC determines the buffer address of this location and sets
a page pointer. Control is then returned to RLOAD. Next PLACE is
called. This routine stores the contents furnished by DRL into the
coreimage buffer and returns to RLOAD. The memory page just stored
into (in the coreimage, that is) is then referenced through a call to
* REFER. Finally, RLOAD returns to DRL.

If during the loading process DRL encounters an error, con-
trol is transferred to RLERROR. This routine first checks to see if
the current memory field has been filled. If it has and the current
field is field 0, the memory bank used by DRL is set to 1 and LOADP

is re-entered at LOAD2 in order to make a second try at loading the
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current file. If field 1 has also been filled, the appropriate error
message is typed and control transferred to ENTER. All other errors
cause an error message to be typed and control to be transferred to
ENTER.

After successfully loading a program DRL returns control to
LOADP. Any additional files are then loaded. Control eventually re-

turns to ENTER when the input file list has been exhausted.

BUILD

This command is used to take the current contents of the core-
image on tape unit 0 and form a coreimage module in -B on unit 1.

The command dispatch routine transfers control to the
BUILD module at CBUI. The first order of business is to check
whether or not the user has supplied a starting address to be used
with the coreimage module being constructed. If he has, it is used.
If he hasn't then the entry point of the first loaded SABR file is used.
This address is extracted from the field 0 run time which is located
in the lower memory bank. The subroutine WPRESC is then called in
order to write the contents of the current coreimage buffer onto tape.
The memory field § run time is then written into the coreimage. Next
the entire field 1 portion of the coreimage is read into the lower mem-
ory bank and DISCBL is called to pack this into the RUN loader format

and write the result into the -B working area. The same procedure is
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followed for the field 0 portion of the coreimage. Once both fields
have been packed and transferred into -B a coreimage descriptor
block is appended and a return is made to the file system with the -B
update switches set properly.

It is felt that the BUILD command can be re-coded in a much

more efficient manner.

DUMP

This command is used to allow the user to examine locations
within the coreimage file under construction.

The command dispatcher enters this module at CDUM. If the
user has only specified one location to be dumped then the following
sequence of operations occurs: Control goes to CDUMI, a carriage
return line feed is typed, an = is typed, calls are made in order to
GETLOC, EXTRAC, and OCTOUT, control is finally returned to
ENTER.

If two locations are specified by the user then the contents of
the locations inclusively contained between them are dumped on the
teletype, 8 values per line. The arithmetic is somewhat funny in this
section of code with only the lower four octal digits being used in the
calculations. The resulting output uses the same format as the Abso-
lute Loader. Provision has been provided for the user to terminate the
dumping by merely typing a (CTRL-C). Control returns to ENTER

when the dump terminates.
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REPLACE

This command is provided in order to allow the user to re-
place selected locations in the current coreimage with values entered
from the keyboard.

The command dispatcher enters the replace module at CREP.
The first octal number following the REP command is used as the
starting address for the requested replacements. The remaining octal
numbers are used as contents until the list is exhausted or until an
invalid value is encountered (5 octal digits or more). Replacement
proceeds by successive calls on GETLOC, PLACE, and REFER.

Control is returned to ENTER.

EXIT

This command allows the user to return to the CPS file system
without modifying the contents of -B.

The command dispatcher goes to CEXI. This roﬁtine simply
does a JMP to location 07600 which is the start of the CPS system boot

routine.

MAP
This command is used to list the names of the unloaded pro-
gram entry points. If the letter A follows this command (or any word

starting with an A such as ALL) then all defined program entry points

are listed.
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This command module is entered at CMAP. GWFLB is used
to check for the presence of an A. UNLSW is set to -1 if only the un-
loaded file names are to be typed. A call is made to INITIB in order
to initialize the output line buffer which will be used to hold the DRL
output until a full output line has been accumulated. DRL is then
started with a 2000 in the AC, faking the original OSR instruction used
by DRL. DRL outputs its lines to RLTYP. This routine stores up a
line and then checks to see if it should be typed depending upon whether
the entry point has been defined and upon the setting of UNLSW. The
command line buffer is used as the MAP buffer. When all of the entry
points have been output by DRL control returns to the CMAP portion
of the code. At this time UNLSW is checked. If only the unloaded
entry points have been listed then a call to the SPACE command is
faked in order to cause typing of the remaining number of unused pages

of memory. Control eventually ends up at ENTER.

SPACE

This command is used to type out the number of pages of mem-
ory remaining available for loading programs into.

This module is entered at CSPA. The output buffer is ini-
tialized, UNLSW is set to 0, 4000 is placed in the AC and DRL is
restarted. DRL passes its output to RLTYP which types the two line

which DRL outputs. Control is finally passed to ENTER.
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LIBRARY

This command is used to cause the commonly used FORTRAN
support routines to be loaded without fuss, muss, bother or pain. The
modules loaded are: IOH, FLOAT, INTEGER, UTILITY, ERROR and
SUBSC. (These modules have their names preceded with a (.) in order
to set them off from other file names. It is suggested that these
names be preceded with an (*) instead. This means that they won't be
listed every time someone wants a CPS index listing of non- system
file names. The required modification is minor.)

The library module is entered at CLIB. The input program
counf PRGCNT is set equal to 6 and the GET command code is entered

in such a way to cause a special list of file names to be used.

RESTART
Control is transferred to CRES. The resulting operation is

described in the section titled, Loading Procedure.

COMMENT
This is a ""do nothing' command. Control is passed directly

back to ENTER via CCOM.

UNREFERENCE

This command is used to remove pages from the coreimage

under construction. Pages are removed simply by clearing the
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appropriate location in the page reference table. The unreferenced

page is not sprayed with a core constant (0 for the relocatable loader).
The command dispatcher transfers control to CUNR. DPOI

is used to obtain a location on the page to be unreferenced. The appro-

priate location in the page reference table is calculated and zeroed.

Control is then passed back to ENTER.

INDEX

This command causes a list of all loadable relocatable binary
file names to be typed out.

This command starts at CIND. MVTW is used to transfer the
names to be typed”into Wi-W4 and MESAGE is used to type them.

Control is returned to ENTER.

Memory Organization

The memory storage allocation after the relocatable loader

has been loaded and started is as follows:

Locations Contents

00000- 00777 field 0 run time
01000-02777 input buffer
03000- 06777 coreimage buffer
07000- 07577 not used

07600- 07777 CPS boot loader



Locations (Cont.)

10000-10177
10200-11377
11400-11777
12000-12177
12200-12377

12400-12577

12600-12777
13000-13177
13200-13377

13400-13577

13600-13777

14000-14177

14200-14377

14400-14577
14600-14777
15000-15177
15200-15377
15400-15577

15600-15777

72

Contents (Cont.)

constants and pointers

index

input line buffer

magnetic tape routine

PLIB, DPOSIT, TYPECH, CRLF, CCOM

GCNFB, OBI, EXCHR, GWFLB, SPRSPA,
TERMTST

ENTER, SLRV, CGET, INDSRH
MESAGE, DPOI, OCTOUT
CDUM, CREP

LOADP, RLERROR, RLTYP, INITIB,
SPACER, RDRIN

GETLOC, PLACE, EXTRAC, RLOAD,
WPRESC, GTOUT2

GETIPT, GNXLOC, CIND

SETIPT, CMAP, CSPA, CLIB, NOTHER,
MVTW, CEXI

REFER, CUNR, reference table
command dispatch table, library list
messages

CRES, CBUI

DISCBL

system entry point ... gets clobbered,
PACKIN
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In the actual coreimage file the field 0 run time is found in

locations 00200 through 00777. The field 1 run time is stored in loca-

tions 01000 through 01177.

Subroutine Descriptions

RTAPE
WTAPE

PLIB

DPOSIT

TYPECH

CRLF

CCOM

GCNFB

This is a version of the one page tape routine used in
*FORTRAN and in *SABR. However it has been modified
to work into and out of memory field 0 and to start the
tapes moving in the direction determined by the last ac-
cessed tape block. This tape routine is kludged up and

should be replaced by one which also provides the capa-

bility of leaving the tapes in motion after a tape operation.
The tape settle time out delay segment would then have to
check to see if the tapes are moving in order to see if the
delay should be provided.

Used to enter and edit user typed command lines. Upon
entry the input character store routine DPOSIT is ini-
tialized, a carriage return-line feed provided and the
prefix character typed. This routine also recognizes
the editing control characters and implements them.

This routine places input characters into the two page
command line buffer. If the buffer capacity is exceeded
an error message is typed and the current contents of
the line buffer are lost.

Used to type single ASCII characters. Returns with a
clear AC.

Used to put out a single carriage return-line feed pair.

The code implementing the COMMENT command. Simply
does a JMP to ENTER.

Extracts characters from the input line buffer. It has
three return points depending on whether the buffer is
empty, whether an alphabetic (defined as non-octal digit)
character has been obtained or whether an octal digit has
been found. The extracted character is left in the AC
upon return.
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EXCHR

GWFLB

SPRSPA

TERMTST

ENTER

SLRV
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Initializes the character count and buffer pointer for the
EXCHR routine.

Used to pull character off of the command line buffer.
Has two return points. One for an end of buffer, the
other for when a character has been found and is in the
AC.

Used to pull whole words off of the input line buffer. This
routine has two returns, one for a successful extraction
and the other for an end of line buffer. The extracted
word is left in the registers W1 through W4 and is con-
structed using stripped 6 bit ASCII with two characters
contained in each computer word. Trailing blanks are
supplied for words of less than 8 characters and words
longer than 8 characters are truncated to 8 characters.
Words are strings of ASCII characters terminated by
(blank) or (+). The terminator is not considered to be
part of a word. Blanks preceding a word are ignored.

Sprays 4 words containing packed (blanks) wherever the
user wants. Kind of a senseless routine.

Used to see if the user has struck a (CTRL-C). Used
wherever an attention interrupt feature has been incor-
porated. The code for this routing should be changed so
that it forces the parity channel to 1.

This is the main internal re-entry point. The prefix
character is set to the (.) and PLIB is called. PLIB
returns when the user terminates his command line.
The output routines are initialized by a call on OBI and
the first word in the command line buffer is extracted
using GWFLB. This word is contained in W1 - W4 and
is next truncated to 3 characters. SLRYV is used to
search the command dispatch table and return with the
address of the specified command in the AC. If the
proper command was not found in the table an error
message is typed and a jump to ENTER is made. After
saving the command address, an indirect jump is made
to the specified command module.

This routine is used to scan the list specified by the con-
tents of the AC for the first occurrence of the contents of
locations W1 - W4. The specified list is assumed to
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contain entries 5 words long. The first four words are
compared against W1 - W4 and the contents of the fifth
word are returned in the AC if a match is found. A spe-
cial return is made if no match is found in the list. The
list search is terminated when a zero is found as the
first word in a list entry.

This code implements the GET command. Calls are made
on GWFLB in order to transfer the user supplied list of
file names from the command line buffer into a name list.
A maxin.um of 6 names can be transferred. More than 6
names or no names cause an error message to be typed.
The location of the file name list is placed in the AC and
control is transferred to INDSRH.

This routine is used to search the index for names con-
tained in the list specified by the contents of the AC when
this routine was entered. If a name is not located in the
index NOTHER is used to request a replacement name
from the user. As each name is located its location on
tape is stored on another list for later use in the loading
operation. When the block number list has been con-
structed control is passed to LOADP in order to start
loading the specified files.

This is a modification of DEC's message type out routine.
The address of the text to be typed is assumed to be in
the AC when this routine is entered. The TEXT pseudo-
op in MACRO-8 is used to generate the text for use with
this routine.

This is a double precision octal input routine. Octal num-
bers in the range of 0 through 17777 are read from the
input command line buffer using this routine. There are
two return points. One is used when there are no remain-
ing octal numbers in the current buffer. The other is
used whenever a value has successfully been extracted.
The resulting 13 bit value is returned in the link and AC.
Numbers falling outside of the valid range are flagged as
errors.

This routine is used to type out 4 digit octal numbers.
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This implements the DUMP command. Two output for-
mats are provided. If the user only requests one loca-
tion to be dumped, a new line is started and the desired
value is typed out. If several locations are to be typed
then each line in the dump is provided an address header
and up to 8 values are dumped per line.

The desired output location is forced to be in the current
coreimage buffer by making a call to GETLOC with the
required address contained in the link-AC. GETLOC
returns with the address of the required location in the
coreimage buffer contained in the AC. EXTRAC is
called and returns with the contents of the specified
location in the AC. OCTOUT is then called which types
out the contents of the AC.

This routine could be improved upon with little effort.

This is the REPLACE command implementation. The
first octal value contained in the command line buffer is
taken as a memory address. Trailing octal numbers are
used.as contents of succeeding locations starting with the
specified address. The replacements continue until the
input buffer is exhausted or until an invalid input value

is detected. Control is returned to ENTER.

The following procedure is used in storing into the core-
image. GETLOC is called with the desired address con-
tained in the link-AC. This causes the segment of the
coreimage containing the desired location to be loaded
into the coreimage buffer and the location in the buffer
to be determined. Next PLACE is called to place the
desired contents into the buffer. Finally the page just
stored into is referenced through a call on REFER.

This section of code access the file block list constructed
by INDSRCH and uses this list to control the loading pro-
cess. After setting up the block list pointers, LOADP
sets the DRL memory bank pointer to bank 0, initializes
the input routine, and transfers control to DRL.

After DRL successfully loads a program it returns to
LOADP. If another file entry is present LOADP loops
on LOAD?2 which then places a call to SETIPT and re-
starts DRL. When all entries in the block list have been
exhausted control is returned to ENTER.
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The LOAD2 point is also used for a re-entry when
memory bank 0 has been found to be full and memory
bank 1 is to be tried.

This routine handles all error returns from DRL. DRL
error number 2 (current memory bank too full) is ac-
corded special treatment. All other error messages
are typed and control is passed to ENTER.

When a type 2 error is encountered the current mem-
ory bank selector is checked to see which field is being
loaded into. If it is field 1 then this implies (because
field 0 is always tried first) that there is insufficient
room in the machine for the current program. If the
current field is field 0 then the memory bank selector
location in DRL is set to bank one and a second try is
made. The bank resetting and second try are accom-
plished by making a jump to LOAD2 with a 1 in the AC.

This routine is used to buffer and type character strings
generated by DRL. The input command line buffer and
the associated support routines are used in the process.
Whenever a carriage return is encountered RLTYP checks
to see if UNLSW is -1 or 0. If it is O then the current line
is typed and control is returned to DRL. If UNLSW is -1
then only unloaded entry points (flagged by a U) are typed
out. Control is then returned to DRL.

Used to initialize the input line buffer.
Used to type a specified number of blanks.

The support routine for Teletype input. Ignores leader-
trailer and forces the parity channel to 1.

A utility for determining the coreimage buffer address

of a memory location specified in the address formed by
the link and AC upon entry. If the desired address is not
in core, the current buffer is written back into the core-
image and a coreimage segment containing the desired
location is loaded into the coreimage buffer. When
GETLOC returns, the address of the desired location in
the coreimage buffer is contained in the AC. RPAGE is
set to the page number which contains the desired address.
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RPAGE is used by the page reference routine, REFER.
Special provision is included for properly handling the
memory field 0 run time addresses.

Uses the value of the AC upon entry as a pointer into the
coreimage buffer and places the contents of HOLD into
this location.

Extracts the contents of the location specified by the AC
from the coreimage buffer. Returns with the desired
value in the AC.

The DRL comes here when it wishes to deposit values
into the coreimage under development. DRL does not
come here when modifying the run time tables. This
routine extracts the desired address from DRL and

makes calls to GETLOC, PLACE, and REFER before

returning to DRL for another number.

This routine writes the present contents of the coreimage
buffer onto tape.

This is part of the BUILD command code which had to be
segmented because of space limitations. This section
sets the communication area file update switches and
exits to the CPS system boot.

This routine is called whenever DRL desires an input
frame. The input frames are contained in binary files
produced by *SABR. The GNXLOC routine is used to
check if the next input frame can be extracted from the
current input buffer or whether the buffer has to be re-
filled. GETIPT returns to DRL with the resulting SABR
binary frame in the AC.

This routine checks to see if the input buffer has been ex-
hausted. If not, it returns with GETLO pointing at the
next available data word. If the input buffer has been
exhausted, 8 additional blocks from the current input file
are loaded and GETLO is reset to point at the buffer start.

It should be noted that GNXLOC always attempts to fill the
input buffer with 8 blocks independent of input file size.
DRL is depended upon to terminate whenever a file's
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contents have been exhausted. In future versions the
size of each file should be included in the index and
GNXLOC should manage the input buffer so that it

never attempts to read past the end of a file. It should
also check to see if DRL is attempting to read past the
end of a file (however, there is no record of this happen-

ing).

This routine performs the operations required for the
INDEX command. All of the entries in the loader index
are listed on the Teletype. Striking a (CTRL-C) causes
an attention interrupt and returns control to ENTER.

This routine is used to setup new input files so that the
first data request made of the input buffer routines will
cause the buffer to be loaded from a new file. SETIPT
also checks to see if the file requested is presently in
core. If it is, a tape read is not forced. This is useful
when trying to load a program into bank 0 and having to
retry loading it into bank 1.

This subprogram handles the work for the MAP command.
If this command is followed by a word starting with an A
UNLSW is set to 0. Otherwise it is set to -1. Next, the
input buffer routines are initialized and control is passed
to DRL with the octal number 2000 in the AC.

The purpose of the 2000 in the AC is to fool DRL into
behaving as if it had just read the switch register and
found bit 1 set. DRL proceeds to put out all of its sym-
bol definitions passing its output to RLTYP.

After DRL is finished it returns to the CMAP code. If
UNLSW is -1 the number of pages remaining in each mem-
ory bank is typed out by faking a call to the SPACE com-
mand. Otherwise control is passed to ENTER.

CSPA implements the SPACE command. First the line
buffer is initialized, UNLSW cleared and a 4000 is placed
in the AC. Finally the CMAP command is jumped into at
the call to DRL. The 4000 in the AC makes DRL think
that bit 0 of the switch registers is set.
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The LIBRARY command support code. The number of
input file names is set to 6, the address of the library
table is placed in the AC and INDSRH is jumped to.

All we are doing here is faking the input from a GET
command and then jumping into the GET command sup-
port code. The use of a library table containing file
names instead of file locations makes modifications in
file positions less traumatic.

The code used by INDSRH to request a replacement name
from the user if a file name he has specified is not pres-
ent in the index. No files are loaded until all designated
files have been found in the index. Typing a lone car-
riage return kills the command and returns control to
ENTER.

Used to move a block of 4 words from the address speci-
fied in the AC into W1 through W4.

The EXIT command. Simply does a jump to the CPS
system boot located in the top page of memory bank 0.

Maintains the page reference table. This table is used
to keep track of which memory pages have been stored
into and which have not. If a page has had something
stored in it, it is said to be referenced. The reference
table is structured, inefficiently, using 1 computer word
per page of memory. An entry of 0 is associated with an
unreference page, and an entry of 1 is associated with a
referenced page.

This implements the UNREFERENCE command. The
octal number following this command is taken to be a
memory address in the page to be unreferenced. The
appropriate entry in the page reference table is replaced
with a 0.

The RESTART command. This subprogram is also used
as part of the relocatable loader startup. DRL entered
at 6200 so that it initializes itself, the buffers are
zeroed, the coreimage area on unit 0 is sprayed with
zeros. (The coreimage area on unit 0 consists of blocks
0200 through 0377.) Finally, the page reference table is
set up and control passed to ENTER.
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CBUI Implements the BUILD command. The input line is
checked for a starting address. If one has been sup-
plied it is used, otherwise the first entry in the run time
tables is used as the starting address (this is done as a
service to FORTRAN users). The WPRESC subroutine
is next called to write out the contents of the coreimage
buffer onto tape. The memory bank 0 run time is writ-
ten out next.

The DISCBL routine is called twice in order to build up
the desired coreimage module on tape unit 1 in-B. A
coreimage descriptor block is then formed and placed

in front of this module. The appropriate CA file pointers
are set and a return is made to CPS.

DISCBL This is used to compress the coreimage segment con-
tained in the lower 4-K of memory. This routine is
entered with the AC containing a pointer into the page
reference table. The coreimage is worked on a mem-
ory bank at a time. The space held by unreferenced
pages is removed and the coreimage descriptor block
is built up. This routine must be initialized before
being called the first time. :

This routine can and should be improved upon.

SYSTEM ENTRY CPS starts the loader here. At the time it is
started the entire coreimage module for the relocatable
loader is contained in the lower memory bank. This is
done in order to preserve the integrity of the CPS in-
dexes contained in the upper memory bank. The unit 1
CPS index is scanned and all entries for *SABR type
files are transferred to the area to be used by the re-
locatable loader for its index. The relocatable loader
code is then transferred to the upper memory bank and
activated. Next, the field 0 and field 1 run times are
disposed of, with the field 1 run time being placed on
tape. Control is passed to CRES.

PACKIN Used to pack the designated CPS index and place the en-
tries for *SABR type files into the relocatable loader
index area.
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Assembly Instructions

The following procedure is used in constructing the core-

image file containing the relocatable loader.

RUN *ASM L1+L2+L3+L4+L5+L6 2=L7+L8+L9+L10+$

SAVE -B LDRSUP

RUN *ASM LDRTAPE

LOAD A

GET LOADER

GET LDRSUP

GET -B

BUILD  (the starting address is 05600)

When control returns to the system, -B will contain the
desired coreimage module.

Files L1 through L10 contain the support code, patches and
run time for the desired loader module. File LDRTAPE contains a
hashed up one page tape routine for use in magnetic tape operations.
LOADER is a file generated using PAPERBIN and contains the source

binary for the DEC relocatable loader.
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PAGE 01
CSUM=RTAPE
INTS=5147
IAAC=G1T]
1aCB=5131
1CON=5141
/
/
/TAPE ROUTINE FOR READING
/AND WRITING SIZE 128 3BLOCKS ON
/JTHE LINC 3
/
/THIS I5 TC REPLACL THE ONE
/1 STOLE FROGM DEC
/
*200C
/
2000 0000 RTAPZ, O
2001 73GC CLA CLL
2002 1200 TAD KRTAPE /¥CVE POINTER
2003 3205 DCA WTAPE
2004 1143 TAD 194000 /T0 FORCE FUNCT =z 3
2005 5210 JuP INTC
2006 C0C0 WTAPE, O
2007 7300 CLA_CLL
2010 1144 INTC, TAD C4C03 /WrITE WiTh S41TCnh
2011 2145 DCA FUNCT
2012 1145 TAD ol /LAST BLCCK
2013 7141 CIa CLL
2014 1505 TaD I WTAPE /L=l GO FVL
2015 7210 CLa AR
2015 Zl42 DC4 TDIR
2017 1508 TaD I WTAPZ /3LGCK NUMELL
2020 2149 DCa& L
2021 2205 187 WTAP:Z
2022 15095 TaD I WIAPL /hUwb OF 5LOCKS
2023 7041 CIA
2024 2147 DCA wUnSB
2025 22035 152 WTAFPLE
2025 13503 £D I WTIAPE /UNIT
2027 7112 nif CLL /PUT INTC BIT G
2030 1321 TAD €2 /T0 SET SLAKCH
2031 2150 LCA UnIT
2032 2203 152 WTAPE
2022 1508 Tal I WTAPE /COire LCC
2024 3151 CCA LOC
2635 2152 ISZ CHTh /TINEZOUT TO ALLCYW TAPL
2025 5223 JuP o=2 /LnIvi To CLRITLL DOwWl
2037 2205 L2 WTAPE
204C 7120 STL /LIKC = 1, FIAST PALS
2041 2145 GSERCLA, IlZ LU /1°5 CCiPL G T4rE
2042 3200 SInCaZ, oCA COUG /Zin( CicCh oU
2042 1224 TAD C7300
2044 3152 CCA CHTh /WCAL CUJNT
2045 1150 TAD UNIT /nNCW SET SLinCa
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Pacs 02

2045 3141 ICOM
2047 7201 CLa IAC /T0 START sCTION ZACKWARDS
2056 1142 ThD TLIR

2051 7430 SzZL /SLE IF &OVIG

2052 5141 ICGh

2055 1347  TAD C5 /TO CLEAR INTS

2054 6141 3, 1CON

2055 4353 A, J¥S WAIT /FOR BLK INT

2055 7500  SMNA /ONLY NEG VALID

2057 7120  STL /POS WANT FWD FOR BLK 0

205C 1148  TAD BLN

2051 7550  SKA CLA /L=1, WANT FuD

2052 5275  JNP THERE /CR BLOCY

2057 §147 . IMTS /UANT O

2054 7010 RAR /M0 TO L, L TO 3IT 0

2055 014%  AN¥D 174000

20668 7460 57 A SHL

2057 5255 JUP A /WANT FORE, GOT FORCZ
2070 702C grh

2071 7520 ShL Sk

2072 5255 JiP A /DACKWARDE

2073 A141 ICON /STOP

2C74 7001 I4C /81T 0 IS OK HERE

2075 5254 JYPOB /CHANGE WCTICH

2075 5147 THIRE, INTS /WANT il
2077 7C12 RTR
2100 7520 SNL CLA /CN AND FCRDY

2101 5255 JIP A /0N AND GOING BACK, RZVERSE
2102 1145 TAD FUNCT

2103 4141 ICoN /SET BLOCK #CDE

2104 7500 Suk /5 IF TC WRITE

2105 5335 JUiP RDATA

2105 1321 TaD C2 /10 GET 5

2107 5141 ICON /TUnil WrITEKS CN

2110 7200 YRITZ, CLA
2111 52C1 CDFA, COF
2112 1551  Tad 1 LOC

2112 5211 CUF 10

2114 5151 IACS 7AC TO LINC LG
2115 1200 TAD CEUY

2115 3200 LCA CSUY

2117 4353 JiS WAIT »,PUT IT CUT
2120 2151 I¢7 L0C

2121 ¢coc2  CL, 2 /CTOKRAGZ, Tnll nAS WO ZFFLZCT
2122 215¢ I15Z ChTh /DONE?

2122 52310 Joup WRITE /N0

2124 7500 C€75C00, 7500 /ALSC A CLA
2125 1200 TAD C5UN

21248 6151 I4C /WRlTL CHEZCK Sui

2127 4353 JIS VAIT

2130 4363 JMS WAIT /ALLOYW ACTUAL WRITE OF CS
2131 72800 WwAIT2, CLA CLL

2132 2147 ISz \JuB /4Ll 3LOCKS DOWE?

2133 5241 JiiP GERCHA /10

2134 65141 ICCH /8102
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2135
2135
2137
2140
2141
2142
2143
2144
2145
2144
2147
2150
2151
2152
2153
2154
2155
21545
2157
2150
2151
2152
2153
2154
21565
2158
2157
2170
2171
2172
2172
2174

0140
0l4l
0142
0142
0144
0145
01453
0147
C156G
0151
cl52

03

5504
4352
4362
12C20
3200
5171
5201
3551
3211
2151
00CS
2152
5237
4353
704)
1200
7550
523

1224
1151
2151
5242
0000
7300
5147
7700
5554
1355
5141
7200
5171
5763

2111
2143
0C00
4000
4003
6600
1777
c6C0o
000G
0CCO
0600

JirP 1 WIAPE /50 HONZ
RDATA, JuS WAIT /GUAKD
RDTA, JNS WAIT

TAD CSUN

DCA C: Ux“i

InAC /GET AGALN
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CDFB, COF
LCA I LGC /PUT 1IN CORE
CDF 10
ISz LoC

C5, 6 /STORAGE, MO EFFECT
1sZ CNTh
JNP KDTA /CONTINUE
J¥S WAIT /CSUM
ClIA

TAD CSUY
SNA CLA /MAYEE BAD
JuP WAIT2 /THIS IS
TAD C7500
TAD LOC /FIX BACK
DCA LOC
JiiP SERCHZ /TRY AGAIN
WAIT, O
W1, CLA CLL
C7, IuTS
SMA .CLA /TAPE?
JuP 1
TAD C7
ICON /CLEAR INTS
CLA CLL
1A4C /GET FROMN TAPE
JuP I WAIT
/
/
*140
LCDF4, CDFA
LCDFE, CDFB

$

04

TDIR, 0
%4000, 4000
C4C03, 4003
FUNCT, 0
SLy, 1777
NUXE, O
UNIT, ©
LOC, ©

ChTh, 0
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‘ACAU, fSSLholin (AL229)

Pﬁu: C]

/PACE O OF T SATR LCADER
/
*20
/
ccac COCC  WhRIWL, O /3ALY FOR nIZTLCC
0e21  CC00  wHLOC, C /ADDAS FOR CETLLC
c022 CCCC wPate, G /CUnnchT PAGL OCING nEFFED
o223 cco4 C R5Ti, 4 /CURRENT STARTIMG PACE IN CCnE
0024 0CCG T‘J“ 0 /& VERY VOLITLL TLiP
025 0000 “OLD, G /VALUZ T0 5C PUT I CCRE PUFFEF
0o25 2000 HTAPL, 2000 '
0C27 2668 WTAPL, 2CCS
003C GCCO PLILT, O /3UFF IPT TENMP
0031 1468 oFSTAT, 14060 /5TART CF Lluwc bLUFFLh
0032  54CC  &r nT, =14CC /NEZ OF 3F°TRT
0032 3200 rP P =1300 /NG OF ZSUFF TOP
0034 (255 rpPat "255 /HOLDS BUFF I T PREFIX Chbn
co25 0cCCC C* C C /CuUaiKiZNT LGC INPUT TC DUFFza
0035 0037 wLOC, I
o027 4040 41, 4040
004C £C40 V2, 404C
C04l 4040 ul, 404C
0042 404C w4, 4040
0C4Z  00CC “5 0 /T_ALINATOH
0G24 GOCGO UN_S.

e ® e

STA
F&T
UFTOC
F1Y,
Lo
c,

0C45 06U PRACHLT, 0
6045 7251 LGADGC, RESTRT /ENTRY 1N SALR LCADCR
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CHAPTER 4

CPS FORTRAN LIBRARY

The CPS FORTRAN Library is a collection of relocatable
binary files into which the DEC FORTRAN library has been placed.
These files were generated using PAPERBIN.

The following are brief deScriptions of the general support
programs supplied by DEC as part of the FORTRAN-SABR package.
Detailed information can be obtained from the FORTRAN manual or

from the program listings.

.1I0H
Entry points: READ, WRITE, IOH
This subroutine processes the format specifications used in
input and output operations by FORTRAN.
Support required: .FLOAT, .INTEGER, .ERRdR, .UTILITY
Space required: 13 octal pages

.FLOAT

Entry points: FAD, FSB, FMP, FDV, STO, FLOT, FLOAT,
FIX, IFIX, IFAD, ISTO, CHS, CLEAR

This subroutine does all floating point operations except
absolute value which is done in the integer package, .INTEGER.

Support required: .ERROR

Space required: 6 octal pages

134



135

.INTEGER
Entry points: IREM, ABS, IABS, DIV, MPY, IRDSW

This subroutine handles integer multiply and divide as well
as some floating point operations.

Support required: .ERROR, also . FLOAT if ABS is used

Space required: 2 octal pages

-UTILITY

Entry points: OPEN, CKIO, TTYIN, TTYOUT, HSIN,
HSOUT, EXIT

This subroutine provides the necessary I/O calls to the
actual devices. It also provides the system exit.

Support required: .FLOAT, of all things

Space required: 1 octal page

-ERROR
Entry points: SETERR, CLRERR, ERROR
This subroutine handles the run time error messages.
Support required: .IOH

Space required: 2 octal pages

. SUBSC
Entry points: SUBSC

This subroutine calculates addresses for subscripted
FORTRAN variables.

Support required: .INTEGER

Space required: 1 page
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. POWERS
Entry points: IIPOW, IFPOW, FIPOW, FFPOW, EXP, ALOG
This subroutine handles exponentiation.
Support required: .FLOAT, .INTEGER, .ERROR
Space required: 4 octal pages
Note: EXP may overflow (unfortunately) for large negative
arguments.
SQRT
Entry points: SQRT
This subroutine finds floating point square roots.
Support required: .ERROR, .FLOAT

Space required: 1 page

TRIG
Entry points: SIN, COS, TAN

This subroutine calculates the TRIG functions for radian
arguments.

Support required: .ERROR, .FLOAT

Space required: 2 octal pages

ATAN

Entry points: ATAN
This subroutine finds the principal value in radians.
Support required: .ERROR, .FLOAT

Space required: 2 octal pages



APPENDIX A

F1TAPE

This appendix contains the listing of the one page tape routine

used in the *FORTRAN and *SABR suppdrt code.
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MACRO8 ASSEMBLER (AN229)

PAGE 01

0400 0000
0401 7300
0402 1200
0403 3206
0404 1367
0405 5210
0406 0000
0407 7300
0410 1370
0411 3371
0412 1606
0413 3372
0414 2206
0415 1606
0416 7041
0417 3373
0420 2206
0421 1606
0422 17112
0423 1313
0424 3374
0425 2206
0426 1606
0427 3375
0430 2376
0431 5226
0432 2206
0433 7120
0434 2372
0435 3200
0436 1316
0437 3376
0440 1374
0441 6141
0442 7201
0443 17430
0444 6141

0445

1341
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CSUM=RTAPE
INTS=6147
IAAC=61T71
IACB=6161
ICON=61 41
/
/
/TAPE ROUTINE FOR READING
/AND WRITING SIZE 128 BLOCKS ON
/THE LINC 8
/ .
/THIS IS TO REPLACE THE ONE
/1 STOLE FROM DEC
/
*400
/
RTAPE, O
CLA CLL
TAD RTAPE /MOVE POINTER
DCA WTAPE
TAD 4000 /TO FORCE FUNCT = 3
JMP INTO
WTAPE, O
CLA CLL
INTOs TAD C4003 /WRITE WITH SWITCH
DCA 'FUNCT
TAD I WTAPE /BLOCK NUMBER
DCA BLN
I1SZ WTAPE
TAD I WTAPE /NUMB OF BLOCKS
cia
DCA NUMB
ISZ WTAPE
TAD I WTAPE /ZUNIT
RTR CLL /PUT INTO BIT O
TAD C2 /TO SET SEARCH
DCA UNIT
1SZ WTAPE
TAD 1 WTAPE /CORE LOC
DCA LOC
ISZ CNTR /TIMEOUT TO ALLOW TAPE
JMP =3 /DRIVE TO SETTLE DOWN
1SZ WTAPE
STL ZLINC = 1» FIRST PASS
SERCHA, ISZ BLN /1'S COMPL ON TAPE
SERCHBs DCA CSUM /ZERO CHECK 3UM
© TAD C7600
DCA CNTR /WORD COUNT
TAD UNIT /NOW SET SERCH
ICON

CLA IAC /TO START MOTION BACKWARDS

SZL /SEE IF MOVING
ICON
TAD C6 /TO CLEAR INTS
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0446 6141 B> ICON
0447 4355 As JMS WAIT /FOR BLK INT
0450 7500 SMA /ONLY NEG VALID
0451 7120 STL /P0OS WANT FWD FOR BLK 0
0452 1372 TAD BLN
0453 17650 SNA CLA /L=1s WANT FWD
0454 5270 JMP THERE /0N BLOCK
0455 6147 INTS /WANT #0
0456 17010 RAR /M) TO Ls L TO BIT O
0457 0367 AND M4000
0460 7460 SZA SNL
0461 5247 JMP A /WANT FOREs GOT FORE
0462 7020 CcCML '
0463 7520 SNL SMA
0464 5247 JMP A /BACKWARDS
0465 6141 ICON /STOP
0466 7001 IAC /31T 0 IS OX HERE
0467 5246 JMP B /CHANGE 4OTION
0470 6147 THEREs INTS /WANT Ml
0471 17012 RTR ‘
0472 1620 SNL CLA /0N AND FOREW
0473 5247 JMP A /0N AND GOING BACKs REVERSE
0474 1371 TAD FUNCT
0475 6141 ICON /SET BLOCK MODE
0476 7500 SMA /S IF TO WRITE
0477 5330 JMP RDATA
0500 1313 TAD -C2 /TO GET 5
0501 6141 ICON /TURN WRITERS ON
0502 7200 WRITEs CLA
0503 6211 CDF 10
0504 1775 TAD I LOC
0505 6211 CDF 10
0506 6161 IAC3 /AC TO LINC REG
0507 1200 TAD CSUM
0510 3200 DCA CSuUM
0511 4355 JMS WAIT /PUT IT OUT
0512 2375 1Sz LOC
0513 0002 C2s 2 /STORAGEs, THIS HAS NO EFFECT
0514 2376 ISZ CNTR /DONE?
0515 5302 JiMP WRITE /NO
0516 7600 C7600s 7600 /ALSO A CLA
0517 1200 TAD CSUM
0520 6161 IACB /WRITE CHECK SUM
0521 4355 JMS WAIT
0522 4355 JMS WAIT /ALLOW ACTUAL WRITE OF CS
0523 7300 WAIT2» CLA CLL
0524 2373 ISZ NuUMB /ALL 3LOCKS DONE?
0525 5234 JMP SERCHA /NO
0526 614l ICON /STOP
0527 5606 J¥MP I WTAPE /GO HOME
0530 4355 RDATAs JMS WAIT /GUARD
0531 4355 RDTA, JMS WAIT
0532 1200 TAD CSUM
0533 3200 DCA CSUM
0534 6171 IAAC /GET AGAIN



PAGE 03

0576

0535 6211
0536 3775
0537 6211
0540 2375
0541 0006
0542 2376
0543 5331
0544 4355
0545 7041
0546 1200
0547 17650
0550 5323
0551 1316
0552 1375
0553 3375
0554 5235
0555 0000
0556 7300
0557 6147
0560 7700
0561 5356
0562 1357
0563 6141
0564 7300
0565 6171
0566 5755
0567 4000
0570 4003
0571 0000
9572 0000
0573 0000
0574 00900
0575 0000

0000
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CDF 10
DCA I LOC /PUT IN CORE
CbF 10
I15Z LOC
Cé6s 6 /STORAGEs NO EFFECT
ISZ CNTR
JMP RDTA /CONTINUE
JMS WAIT /CSUM
cIA
TAD CSUM
SNA CLA /MAYBE BAD
JMP WAIT2 /THIS IS OK
TAD C7600
TAD LOC /FIX BACK
DCA LOC
JMP SERCHB /TRY AGAIN
WAIT, O
Wlis CLA CLL
C7, INTS
SMA CLA /TAPE?
JMP Wl
TAD C7
ICON /CLEAR INTS
cLA CLL
IAAC /GET FROM TAPE
JMP 1 -WAIT
/
/
M4000s 4000
4003, 4003
FUNCT» O
BLNs, O
NUMBs O
UNIT» O
LOCs O
CNTR» O
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