












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































(2)

II1

Debugging Source Programs: Another problem exists if the individual
users desire an intermediate deck for debugging -~ let's say to find the
location of a failure relative to some known point in the source program.
It is often desirable to have this output to determine the last successful
command, thereby locating the bug. At the present time, we utilize
tions, which will

a debugging program in the form of a series of instruc

dump, from the disc, images of a number of cards before and after the

location of the failure.

The seriousness of this limitation depends primarily on the method of

processing utilized within the users organization; It is doubtful if it

would be a serious limitation in any case.

SAVINGS

Having touched on the advantages of the system in general, let us return to the

specific area of cost and time savings.

One might reasonably expect savings in three areas:

(1)

Savings in elapsed time from receipt, by the operator, of a source deck
to production of final tape deck. This time saving is realized by the

elimination of card handling between phases, core clearing, and punch

clearing operations.

Our experience indicates that, normally, two hours actual processing
time requires approximately three hours elapsed time. An actual test

run with an average AUTOMAP program with three phases of post

pa
oo
[=-2d
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(2)

processing required 60 minutes utilizing the card system exclusively

but was reduced to 37.5 minutes utilizing this system.

A typical AUTOSPOT program with 6 phases of post processing ran
70.5 minutes utilizing the card system exclusively and 35.2 minutes

utilizing the 1311.

The elapsed time comparison for various AUTOSPOT and AUTOMAP
plus post précessor, cbnfigurations are shown graphically on the next
slide,

(Slide #2A)

The second area of saving is in computer meter time. This saving is

realized, primarily, as a result of the elimination of the 1622 as an

: iriput/output device, in all cases except the reading of source deck

and punching of tape deck. (We do not utilize the on'-line tape punch).

In a test utilizing what we consider an average AUTOMARP source deck
plus 3 phases of post processing the meter time utilizing card I1/O was

46. 8 minutes and utilizing the 1311 the time was 35.7 minutes,
A similar test with an average AUTOSPOT program with six phases

of post processing indicated the running time without 1311 as 56, 8

minutes and with this system as 38. 8 minutes,

I-12 Lt
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A bar chart showing the comparison between the two systems for
various configurations of processor plus post processor is shown on

the next slide,
(Slide #3A)

(3) The third area of saving is in decreased card consumption. Obviously,
this saving is realized as a result of the elimination of punched out

intermediate decks.

The average AUTOMAP test deck which was utilized to determine the
time comparisons previously mentioned, utilized 1600 cards with only

card I/O and 450 with the help of the 1311.

A similar test with AUTOSPOT utilized 1850 cards with card I/O and

580 cards with the 1311 as intermediate I/O medium.

The next slide illustrates the card consumption for various configurations

of processor plus post processor.

(Slide #4A)

VI. OTHER APPLICATIONS

The technique which we have been discussing in general and which will be
covered in greater detail later on, is by no means limited to numerical control
program processing.

4ey
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We have implemented it for this particular use because a considerable bulk of

our processing is in the numerical control area.

The same technique has been utilized successfully for processing machine

language programs compiled under "FOR TRAN with FORMAT'" and SPS and even

for linking two or more such programs together.

This application is somewhat troublesome from a programming standpoint but

we feel that there exist areas wherein it would be usevful.v For example,
companies which hav’e. already compiled programs under the old F'ORTRAN (;r
SPS systems might find it inconvenient or impractical to re- -write a.nd re- compxle
these programs under MONITOR. Thus they might wish to ut111ze a method
similar to this to process these programs, particularly if they are of the »dally

run type.

The point is this: a method by which one might bypass MONITOR a.nd still’
take advantage of the disc does exist, if the time and trouble for ut111zmg it will

yield sufficient savings in the pa..rticular case in question.

We will be happy to answer questions regarding this technique at the end of our
formal discussion and to discuss the details of it during the workshop which will

be held this afternoon.

At this time, I would like to present Mr. Ernie Moore, Systems Engineer from
Huntsville's IBM Branch Office. Mr. Moore has done a considerable amount of

programming in this effort and will discuss the system in greater detail.

I1-14
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For those of you who already have a 1311 Disk System, I hope
to show you a procedure for placing a machine language program on
_the disk. For those who have not yet obtained a disk system, I hope
to show you how the Monitor System can be supplemented in the case
of established programs which have heavy usage and are completely
contained in one core image. To date, we have modified about fifteen
programs to operate from the disk, Some of these programs also
write data on the disk and then call the next program or phase which
then uses this data written on the disk to continue the processing, as
in the case of post-processors., We have modified both‘FORTRAN and
SPS Programs. The procedure which I am going to explain is the
result of our experience on these programs.

Our approach was intentionally the sirriplest one possible, It
was to load the established program into core and then to transfer
the complete core image, with minor modifications, onto the disk,
When we wish to operate the program, we simply call the complete
core image back into core using a single call card containing only
four instructions. By this step, we havé eliminated the handling of
the program decks and the time to read cards into core. We are
essentially using the disk as a storage medium for our card decks.

As we became more familiar with the disk,vthe next logical step
was to have the first program in a series of programs aut.omatically
call in the second program when the first program was finished.

This series of each calling the next could go on indefinitely -- the
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only limit being the limit of 100 core images on one disk pac. Our
largest string to date is ten programs.

While we were still feeling pretty good about our first two
achievements, we tackled the final step -- that of modifying the
first program to place its intermediate output on the disk instead
of punching cards, then modifying the second program in the string
to read this intermediate data from the disk as input. The same
program in turn was to write its output on the disk for the third
program and so forth, on to completion. Here we have almost
completely eliminated cards and their associated problems, and we
have also eliminated the operétor, once he has called the program

in and loaded the initial data.

Slide 1 illustrates the sequence which we have just gone through.

These are the steps you could take in modifying your program. You
will note that before rhodifying the program, sample output is
obtained for use later as a check to see that our modifications have
not changed the logic of the original program. In the first decision
block in Slide 1, we ask, '""Will it be necessary for this program to
call the next program in a string?' If the answer is ""yes', then the
program must be modified by adding a three or four instruction
routine at the end. The second decision block indicates that the
program must also be modified if it will use the disk instead of tﬁe
cards for data storage. After the necessary changes have been made,
the program is loaded into core using its own load program. The

complete core image is then transferred to the disk and is available

I1-16
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MODIFYING YOUR PROGRAM FOR DISK OPERATION

' START

RUN PROGRAM
TO OBTAIN
SAMPLE OUTPUT

WILL
THIS PROG.
CALL ANOTHER
PROG.?

ADD MODIFICATION
TO CALL
NEXT PROGRAM

WILL

MODIFY 1/0
THIS PROG. INSTRUCTION
USE DISK FOR DISK
FOR DATA? OPERATION

LOAD PROG.
INTO CORE
IN NORMAL
MANNER

TRANSFER
PROG. FROM
CORE TO

DISK

CALL PROG.
BACK TO

CORE WHEN
NEEDED

CHECK OUTPUT
TO BE SURE PROG.
WAS NOT ALTERED
BY MODIFICATION




for call at any time it is needed. It is suggested that the output of the
test run be compared with the original test data to point out any
erroneous changes which have altered the logic of the program.

We will now go back and examine the individual blocks of
this flowchart (Slide 1) in more detail. If it were decided that our
program, when finished, should call in a second phase or program we
could simply replace the final halt with the two instructions needed
to call the next program from the disk. In Slide 2 we have replaced
the halt at 10588 with an Op Code 34 followed by an Op Code 36.

These will transfer the next program from the disk to core. This will
work fine if the first instruction of the new program is located at
10612. This is because the instruction at 10612 will be the next
instruction executed. From this, we can conclude that the Op Code

34 and 36 instructions to call the second program must be located

just in front of the address at which the first instruction in the second
program will be loaded. This is illustrated in Slide 2 where the Op
Code 26 at location 10612 would be the first instruction executed in
the second program.

To further illustrate this point, we will take the case of an SPS
Program which has a halt at location 0 followed by a branch, in Loc 12,
to the origin or beginning of the program. Here we have replaced the
halt at 10588 in Slide 3 with a 49, or branch, to 19976. At location
19976, we have placed our Op Code 34 and 36. The next instruction
executed after the Op Code 36 will be the instruction brought out from

location 0 which is normally the first instruction in an SPS Program.
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MODIFICATION TO CALL NEXT PROGRAM

|
CORE oP
o CODE | P &Q ADDRESS
|
|
|
10588 48 | 00000 00000 FINAL INSTRUCTION
: IN UNMODIFIED PROGRAM
i
10588 34 : 19962 00701  FIRST MODIFIED
10600 36§ 19962 00702  INSTRUCTION
1
10612 26
|
i
)
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MODIFICATION TO CALL NEXT SPS PROGRAM

CORE op |
L oC. cope | P& ADDRESS
|
10576 LAST g  INSTRUCTION IN PROG.
C 10588 9 | 19976
N _/\_/'
T T 7
19962 1000 | 00200 00000
19976 34 19962 00701
19988 36 | 19962 00702
00000 n = 00000 00000
00012 49 | 01700
]




Now that the new program is in core, this is also the first
instruction of our second phase or second program. This takes
advantage of the wrap around feature which allows us to execute the
instruction at location 0, after the inétruction located at 19988 is
executed. This also takes advantage of the fact that very seldom are
instructions located in the upper end of core in the 19900 area. This
allows us to use this area.

Let us now examine the block labeled "Modify I/O Instructions
for Disk'", Slide 4 is an enlargement of this block. The first
decision block asks,"Aret here 300 to 500 core locations available? "
This figure, 300-500 is rather broad and varies depending on the
number of read or write statements in the program which are to be
modified. If we have this number of core positions available, then
we go to the next decision block which asks, '"Does the program read
into or write from an area beginning with an odd address?' If this
answer is ''yes'", then our modifications will require an additional
200 locations. These additional 200 locations are used to program
the transfer of data so that the disk works out of or into an area
beginning with an even address. If this is not done, the first or last
digit of the data will be lost in a disk transfer, The transfer of data
to core is made prior to a write disk or following a read disk
instruction using a transmit record so that record marks and
special characters would also be transferred; thus not altering the
data in any respect, Once we find that sufficient core storage is

available, we proceed to the writing of the modification program.
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1/0 MODIFICATIONS

YES

ARE
BT OR BTM USED

1S
THERE MORE
THAN ONE EXIT FROM
ORIGINAL PROGRAM
TO 1/0 AREA?

NO

FOR READ OR WRITE
IN ORIGINAL
PROGRAM?

|

NO

USE FALSE BTM-
16 ADR. OF RETURN TO PROG.

USE UNCONDITIONAL
BRANCH (49) TO MODIFICATIONS

y

yy-,{;

OK TO USE BTM

TO GO TO DIsSK
MODIFICATIONS FROM
ORIGINAL PROGRAM.

49 TO DISK 1/0 FOR DISK OPERATION AND A (49)
FOR EACH EXIT. BACK TO ORIGINAL PROGRAM.
1 - |

DOES

ORIGINAL PROG.

RECOGNIZE LAST

CARD OF DATA
?

NO

!

!

PROGRAM MUST
KEEP COUNT OR
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OUTPUT IN

ALPHANUMERIC
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i
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e

LOAD PROG.
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If, in the first block in .Slide 4, we had found that sufficient
core was not available, we would have gone out the no side to the
next decision box which asks, "Are there at least 100 locations
available?! These 100 locations will be necessary for a control
program which will control a section of core storage calling either
the I/O routine or the main program whenever either is needed. In
other words, a portion of core will be shared by both the 1/O program and
the program which normally resides in this area. This way we can actually
use a program which fills practically all of core and still have available
the additional programming necessary to take care of reading and
writing on the disk. There are very few cases where 100 locations
cannot be found, In many cases, an output error message may be
modified or abbreviated. ~The locations acquired in this manner may be
used for control purposes. The locations from 0 - 80 in the product
area may sometimes be used. By dumping the program out on the
typewriter, there may be other areas which will become evident. In
this way, sufficient area may be found to contain the instructions
necessary to call the alternate program and control whichever program
is in core at the present time. If we reach a situation where fewer
than 100 cores are available, and if the logic of the program will allow,
the best solution would be to have each of the two overlayed programs,
at its completion, call its counterpart in on top of the existing program.
In this way, you are alternating back and forth and each program, when

executed, will automatically call the next.
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The next decision block asks, '""Are branch and transmit
instructions used to go from the original program to its ''read a card" or
""punch a card'" routine?'" If the answer to this is "'yes' we will not be
able to use branch and transmit type instructions to branch our disk
routines. And, in the case of this, we go out the left side of this block
to the next block which asks, 'Is there more than one place where the
original program branches to its read or write routines‘é """ The point
here is: If branch and transmit instructions had been used by the original
program to go into its routine which, after modification, we will be
branching from, we may not use a branch and transmit again prior to
reaching the branch back. Thus, in cases where the branch and transmit
instruction is used by the original program to branch to its I/O routine, 0
we must use a 49"ty;pe branch to branch to disk routine., But, if the
original program had not used a branch and transmit instruction, we
may, in turn, use branch and transmit instructions to get to and from
the disk routine,

The next block says, '"Does the program recognize the last card
of data?' With card operation, when the last data card has been read,
the card reader will stop, but the disk will continue to read sectors
beyond the last data unless provisions are made to sense this last data.
If the answer to this decision block is '"'no'', then some provisiori must
be made so that the program will not read the disk completely never
knowing when it has finished the last card. This may be accomplished

in two ways:

443
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1. A count can be maintained of the number of cards stored
on the disk when the data was originally written on the
disk. This count can be checked as the data is read back
for the last position, |
2. Or, the position following the last data segment on the
disk could be loaded with a special indicator which the
next, or following, program will recognize as the last
data area.
In the case of AUTOSPOT AND AUTOMAP, the program already made
provisions for the last card by placing a fini card at the end of the data
as it is written, This fini card contained a ;9vand was recognized by
the following program as terminating the data.
From here, we go to the next decision block which checks for
input in alphanumeric form. Again, in this block we run into a uniqueness
of the disk which in some cases would be an advantage,but which we must
watch for. When we read the disk or write disk in alpha, flags are
transferred with the data. This is contrary to reading or writing on
cards. Thus, we must make provisions to remove the flags left in the
data. The programs with which we are working assumed that there
would be no flags in the input data and went on to set flags in the input
area which were later used for data transfer. The extra flags left by the
disk can cause serious errors if allowed to remain. To correct this,
we used a clear flag instruction to clear all flags from the 80 positions
of data prior to writing on the disk. In this way, no flags were read

back from the disk into the input area.
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Coming down through the flowchart (Slide 1), we have now reached

the point which says load program into core in normal manner. The

modifications which we have described up until now may be inserted into

the original program deck in two ways:

1.

We can modify the original deck prior to loading the
program into core by repunching the necessary cards.
We can load the program in with no modifications and
then write a '"trailer program'' which will load the

modifications on top of the normal program.

Either method is satisfactory.

Now it becomes necessary to transfer the complete modified

program onto the disk for recall at a later time. Again, there are a

number of ways in which this can be done.

1.

This can be done by placing the two necessary disk
instructions into the input area. After we had loaded the
program with the modifications, we would branch to these
instructions which in turn would load the program on the
disk. When the program is read back from the disk
these two instructions (34 and 38) would still be in the
input area but the assumption is that the first data read
into this area would be read over these instructions and
they would have no affect on the program.

If we had used the trailer program to load in our
modifications after the initial program had been already

loaded into core, we would have included these two

r
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instructions. Again, either way is satisfactory. The main
point is to get the program on the disk with the modifications.

Now all that remains is to have the program called in from the
disk. Here, we may use the same philosophy which we had used when
we had one program calling the following program. The main thing to
remember here is that the Op Code 36 instruction must be located just
in front of the first instruction to be executed in our next program. In
SPS programs, we used the call routine illustrated on Slide 5. We have here
an Op Code 41 followed by an Op Code 34, 16 and 49, The program is read
into location 0. The Op Code 41 will do nothing. We go to the 34 which
will seek the disk address which we specified in the control word
loéated at 44. The 16 transmits immediately the 36 to location 0 and 1.
We then branch back to 0 and execute this instruction which will now be
a 36 or '"read a disk''. The new program will be read in and the next
instruction executed, after the instruction located at location 0, will be
the instruction located at 12 which, in the case of SPS program, will
be a branch to the origin of the program.

In the case of non-SPS programs where the branch is not located
in position 12, we may use the program similar to the one in the second
part of Slide 5, Again, this program is read into location 0: the first
instruction is é 34, "seek the disk''. The second instruction, an Op
Code 26, will transfer the Op Code 36, instruction, located at 0046,
to a location just in front of where the next program will start after it

is read in. The third instruction Op Code 49 will branch to and execute

”
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TWO CALL PROGRAMS TO CALL AND
START PROGRAM ON DISK

CORE oP : CONTENTS OF

LOC. CODE , P&Q ADDRESS

00000 41 : 00044 00702

00012 34 | 00044 00701

00024 16§ 00001 00036

00036 49y 00000 ~

00044 | 105000 200 00000 LY
{ (DISK CONTROL WORD)

00000 34 : 00032 00701

00012 26 | START-1 00057

00024 49 1 START-12

00032 I 105000 200 00000
: (DISK CONTROL WORD)

00046 36 g 00032 00702

00058 : ,

)
\‘!
-.7




the Op Code 36 instruction, The Op Code 36 instruction will be executed
reading in the new program and the followihg instruction which will be
the first instruction in the new program will be the next one executed.

The final block on Slide 1 points out the advisability of checking
the finished program by comparing its output with the output from the
program prior to any modifications. In this way, we can be relatively
sure we've not altered the main philosophy of the program in any way.

I have included in the appendix a typical set of modifications for
your reference. I might add one precaution -- DO NOT let any of your
modified programs get on the Monitor Disk. Probably Monitor would
have to be reloaded and your program most likely would not run any way,

In concluding, let me say that I hope I have brought to your
attention an area of disk operation which has received very little
publicity in the past. You must realize that there are very definite

limitations to the use of the disk with programs modified in this manner,

The program must be in a complete core image and if programs are

linked together with each calling the next, the sequence is restricted
and there can be little deviation without rewriting the modifications.
But, for programs which will run in the same sequence, or for a
single program that is run very often, a considerable savings can
result, The re‘sulting program is fast, economical and easy to
operate.
I realize we have covered some rather technical material here
in a rather short time. Therefore, I invite your questions either now or

this afternoon during our workshop when we hope to sit down with you
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and help you modify your post-processors or any other programs which
you have to modify. Please bring a copy of your program listing and
find out the last location that your program uses in core., Anytime in
the near future that I may be of assistance, please feel free to contact
me through the Huntsville Branch Office. I hope to see many of yoéu in
our workshop this afternoon.

Now, are there any questions?
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Appendix 1

OP Code Reference Table

and

Disc Word Explanation
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CODE

11
12
13
14
15
16
17
21
22
23
24
25
26
27

31 .

32
33
34
34
35
* 36
37
*38

39

MNEMONIC

AM

SM
MM
CM
TDM
TFM

BTM

9]

TD
TF
BT
TR
SF

CF

SK

DN
RN
RA
WN

WA

TYPE OPERATION

- Add Immediate

Subtract Immediate

Multiply Immediate

- Compare Immediate

Transmit Digit Immediate
Transmit Field Immediate
Branch and Transmit Immediate
Add

Subtract

Multiply

Compare

Transmit Digit

Transmit Field

Branch and Transmit
Transmit Record

Set Flag

Clear Flag

Seek (Q = x@7x1)

Control

Dump Numerically

Reé.d Numerically

Read Alphamerically
Write Numerically

Write Alphamerically

II-1
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CODE

a1

42
43
44
45
46
47
48
49

55

MNEMONIC

NOP
BB
BD
BNF
BNR
BI

BNI

BNG

TYPE OPERATION

No Operation

Branch Back

Branch Digit

Branch No Flag

Branch No Record Mark
Branch Indicator
Branch No Indicator
Halt

Branch

Branch No Group Mark

#*Read-Write disk modifiers on next page.
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DISK CONTROL FIELD

In order to read from or write on the disk there are four things
that must be known. These ai'e;

(1) The disk drive number if more than one drive is attached to

the system.

(2) The five position disk sectof address.

(3) The number of sectors to be written or read.

(4) The starting core location.

The disk control field incorporates all four of the above items into

a 14 position field, Thus:

The disk drive number is located in F . Thié drive code number
varies with the number of drives attached to the system. For drive ff a 1 is
used. For drive 1 a 3 is used.

A sector on the disk is equal to 1g@ positions of core storage. There
are Zﬂ,ﬂﬂﬂ sectors on each disk. These sectors are numbered sequentially
from @PPPF - 19999. The disk control field F1 - F5 contains the sector address,
This sector address determines where, on the disk, the write or read will start.

Next is the number of sectors to be read or written. This is located in
S6 - S8. The maximum number of sectors that can be read or written is 2g¢
and the minimum number is @1, The method for reading or writing fewer
than 1@@ core locations is explained on the next page in '""Read-Write Disk

Modifiers!''.

h.,;
5y
Q-2

II-3




M9 - M13 contains the core location of the leftmost position of the
data transferred to or from the disk. This core location must be an even
number,

In a seek, read, or write disk instruction the "P'" address is the core
location of the leftmost position of the disk control field. This leftmost
position must be in an even location,

The "Q'" address of the disk instructions contains §7 in Q8 and Q9
and a modifier in Ql1. The modifier in all seek instructions is a 1. The
modifier in read-write instructions is explained in '""Read-Write Disk

Modifiers'',
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READ-WRITE DISK MODIFIERS

All read-write disk instructions must have a '""Q'" address of "x@7xM"
where M is the modifier., The modifier determines whether or not a group
mark ($) will have any effect on the data being transferred.

The write disk instruction (38) with a modifier of §# will be
determined after the first group mark encountered in core has been
transferred to the disk. If no group mark is encountered the instruction
will be terminated when the sector count has been decremented to @gg.

The read disk instruction (36) with a modifier of § will be terminated
after the first group mark encountered on the disk has been transferred into
core or, if no group mark is encountered, when the sector has been
decremented to ggg.

The read or write disk instruction with a modifier of 2 will treat the

group mark as data and transfer data until the sector count has been decremented

to ggg.
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Appendix 2

Machine Language Modifications
to AUTOSPOT, AUTOMAP and
Milwaukee Matic Post- Processor

Note:

The post-processor included here is Users
Group Library number 10.4, 004 - the
"Computer Routines for the Milwaukee

Matic Solid State Controlled Machining Centers''.




AUTOMAP PHASE I 0

Statement number 1 is a five position field for the indirect address which shows
from where to start the transmission of the record (statement #2). This is done
because there are two write statements in the main program and each writes
from a different location. As each of the two locations are odd numbered, they
must be moved to an even location and, siﬁce the only locations left are

ggogp - gP@sg, these will be used. Statements #2 and #3 move the data from the
odd numbered program output area into even numbered locations. Statement #4

writes the output data on the disk.

Statements 5, 6, and 7 check indicators; address check, wrong-length record/
read back check and write check respectively and, if either the address check or
write check indicator is on, a branch to a '"'seek' instruction (statement #lﬂ) and
then a branch (statement #11) to the write instruction is made. If the WLR/RBC
indicator is on a branch to the next instruction is made simply to turn off the
WLR/RBC console light. This is done due to the fact that this indicator is

turned on each time a record with length unequal to 100 character multiples is

read or written.

‘Statement 8 adds one (1) to the sector address. Return to the main program is

accomplished by a branch back (statement #9).
Statement #12 is the write output data disk word.

Statements 14 - 19 type the message "FINI" to indicate the end of phase 1 and w

to set up the calling of the next program.
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Statements 2§ - 25 are changes to the main program. 2@ and 22 clear the
disk output area. 21 and 23 branch to the write disk routine and transmit the
starting address into the area reserved by statement #1. Statement 25 insures

a group mark after the 8@th position to terminate the write disk instruction.
Statements 26 - 31 dump the program on the disk in a core image.

Statements 32 - 39 load the modifications, read the first program loader card

and branch to continue loading the main program.,

i)
&
o
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WRITE DISK

STATEMENT NUMBER  CORE LOCATION OP CODE P ADDRESS Q ADDRESS

1

2

10
n
12

13

14
15
16
17
18

19

19802

19808

19820

19832

19844

19856

19868

19880

19892

19894
19906
19914

19926

19928
19940
19952
19964
19976

19988

-3

00
31
26
38

46

- 46

46

1

42

34

49

10

00

10

00

39

34

48

36

0000

00000
00079
19914

19894
19868
19894

19919

19914
19832

00000

42002

46495
19943

19928
00000

19928

19807
15390
00700
03600
03700
00700

00001

00701

01000

00000

54907

0oloo

00701

00000

00702

g
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(@ AUTOMAP PHI
LOADER AND CHANGES TO MAIN PROGRAM

STATEMENT NUMBER CORE LOCATION OP CODE P ADDRESS Q ADDRESS

20 02504 31 00000 15982
21 02516 17 19808 16063
22 11086 31 00000 15982
23 11098 17 19808 16065
24 1i182 49 19952 00000
25 16062 £+
26 15402 34 15440 00701
217 15414 16 00004 41000
() 28 15426 38 15440 00702
29 15438 48
30 15440 10 40002 00000
31 15452 00
32 00000 36 00080 00500
33 00012 36 15402 00500
34 00024 36 19802 00500
35 00036 36 19882 100500
36 00048 36 19962 00500
37 | 00060 49 00080
O 38 00080 36 00000 00500
39 00092 49 00000

500
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PHASE I SPECIFICATION SECTION OF

AUTOSPOT - MODIFICATIONS FOR DISK OPERATION

LOAD PROGRAM

00000
00012
00024
00036
00048
00060
00072

19522 -
19534
19546

36
36
36
36
36
36
49

31
49

19522
19680
19840
19600
19760
19920
19626

19648
19976

00500
00500
00500
00500
00500
00500
9

05819
05914

10500020000000

Load the modifications into core

Save data for next phase
Branch to "call next program"
Disk control for this phase

FALSE BRANCH & TRANSMIT
10520014904948

19560
19574
19586
19598
19606
19618

15
16
49
15
49

19969
19821
19822
19969
10660

00009
Io701
0
00002
0

Disk control next phase

Change 42 to a 49

Transfer "write from' address
Go to entry of program

Change 49 to 42

Return to program

MODIFICATIONS TO PROGRAM

19526
19538
19550
19562
19574
19586
19698
19710
19722
19734
19746
19748
19760
19772
19779

19786
19798
19810
19822
19834

36
26
26
26
26
15
32
32
34
38
48
27
i7
49
49

1
11
25
14
47

00000
10654
07755
09039
06368
05911

07751
09035
19546
19546

19822
19822
19976
19574

19821
19816
19626
19816
19878

00500
19785
19759
19771
19778
0000#
00000
00000
00701
00702

02753
10877

00001
00001
00000
19785
01200

Reset location 0 to 80
Modify unit instruction to branch to unit on disk routine

Modify end of program
Used t~ save data for machining section

Write program on disk

Modified instructions to be inserted in program

Increase address and transmit digit

Has all data been moved?

III-5
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19846
19858
19870
19878
19890
19898
19912

19924
19936
19948
19956
19968
19976
19988
00000

16
16
49
16

49

PHASE 1 SPECIFICATION SECTION OF

AUTOSPOT - MODIFICATIONS FOR DISK OPERATION

19840
19816
19912
19840
19810

19878
19626
0
19786
0

10000000119626

38
47
34
49
11

42
34
36

19898
19956
19898
19912
19903
19606
19560
19560

00702
03600
00701
0

00001
0

00701
00702

Prepares this section for return pass
Ist pass set-up

Write data on disk
Rewrite if we had an address check

Increase sector address by one
Return to Program

Call next program

I11-6
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- PHASE I MACHINE SECTION

Same as Phase I specification with these exceptions

19522 41 00000 00000
49 19976 04948
10520014919746
10540020000000

19534
19546
19560

19626
19638
19650
19662
19674
19686
19698
19700
19712
19720

19746
19758

41
26
26
32
34
38
48
49
49

31
49

00000

15929
07595
15913

19546
19546

19574
19534

05819
04984

00500
19711
19719
00000
00701
00702

00000

19648

Branch to end of program
Disk address for this phase
Disk address for next phase

Modify write instruction
Modify end of program

Load this program on disk

To transmit record left by specification section of Phase I

—

III-7

s}

G-




b ,
0 MODIFICATION TO PHASE 2 OF AUTOSPOT TO

RUN FROM DISK

PATCH PROGRAM

19466 26 13225 12033

19478 11 13225 00010

19490 26 13225 12055 :
19502 11 13225 00004 Program patch that was in the way moved to here
19514 49 11226 O ‘ '

19522 34 19560 00701 End of this phase - seek for next phase

19534 49 19976 06850

19546 10540020000000 Disk control word this section

19560 10535001001900 Disk control word next section

19574 bbbbbbbbbb

MODIFICATION TO ORIGINAL PROGRAM
19584 36 00000 00500 Read in last cards of modification
19596 36 19680 00500
19608 26 01762 19712 Modify 'read a card" instruction
_ 19620 26 03219 19705 Modify error routine
(}W 19632 41 00000 00000 No Op

19644 26 11780 19720 Modify "write a card" instruction
19656 26 12024 19727 Modify end to call next program
19668 34 19546 00701
19680 38 19546 00702 Write these modifications all on the disk
19692 48

19694 46 19466 01200
19706 49 197420
19714 29 19912 4919522

READ DISK DATA

19728 10000000119600

19742 36 19728 00702 Read a card from disk & seek if necessary then go back
and read again

19754 47 19786 03600

19766 34 19728 00701

19778 49 19742 0

19786 11 19733 00001 Increase sector address by one

TRANSFER FIELD JUST READ TO EVEN LOCATION
19798 25 13056 19600 Transfer data to area beginning with an even address
19810 14 19809 19679
¢ 19822 46 19866 01200 Check for last transfer
19834 11 19809 00001 Increase disc location by one
19846 11 19804 00001
19858 49 19798 0 ~ Repeat £ 64
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MODIFICATIONS TO PHASE 2 of AUTOSPOT @

TO RUN FROM DISK

TRANSFER FIELD JUST READ TO EVEN LOCATION

19866
19878

16
16

19809
19804

19600 Housekeep because all data is transferred now
13056 » Lo

19890 49 01768 0 Return to program

WRITE DATA ON DISK
10200000113136

19898
19912
19924
19936
19948
19956
19968

19976
19988

38
47
34
49
11

49

36
49

19898
19956
19898
19912
19903
11786

19560
02318

00702 Write data on disk

-03600 If addresscheck - seek first then write data

00701 '
0 ,
00001 Increase sector address by one
0 Return to program

00702 End of this phase - read in control program for next phase
00000

Load program to load in modifications into core -

00000
00012
00024
00036
00048
00060
00072

36
36
36
36

36 -

36
49

19466
19546
19626
19760
19840
19920
19584

00500 Load modifications into core and branch to the first modificati@

00500

00500
00500
00500
00500
0
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MODIFICATIONS TO AUTOSPOT PHASE 3 FOR DISK OPERATION

READ DATA FROM THE DISK

18312
18324
18336
18348
18356
18368

18380
18392
18404
18416
18428
18436
18448
18460

36 01984 00702
47 18356 03600
34 01984 00701
49 18312 0

11 01989 00001
25 13411 18626

14 18379 18705
46 18436 01200
i1 18374 00001
11 18379 00001
49 18368 0

16 18374 13411
i6 18379 18626
49 13334 00000

Read data from disk
If not correct cylinder seek and go back to read
Add one to sector address

Transfer data to data read in area which start with an odd
address. Use transmit digit 80 times.

Housekeep transfer data routine and return to program

CALL OVERLAYED ROUTINE "FLOAT" & CONTROL WORDS

18472

18484
18496
18508
18520
18534
18546
18560

16 19964 10292

49 18786 00000
16 19964 10376
49 18786 00000
00000000000000

41 00000 01700
10560020000000

1053500100190000

If program branches to FSIN or FCOS set at to call FLOAT and
go to 18786 ' '

Orgin of program 01700
Disk address this program
Disk address of next program

ROUTINE TO MODIFY ORIGINAL PHASE 3 PROGRAM BEFORE IT IS PLACED ON DISK
ALSO 18626 to 18705 ARE USED FOR A TRANSFER OF DATA AREA

18576
18588
18596
18608
18620
18632
18644
18656
186638
18680
18692
18704

36 00000 00500
49 00000 O

26 13801 00063

26 13329 00071
36 13298 00500
36 13620 00500
16 10322 19966
16 10406 02590
16 12882 02570
36 13272 00500
36 00000 00500
34 18546 00701

Read in a card and branch to it

Modify write data instruction
Modify read data instruction
Read in another card

Read Modification into 13620

Modification to original program to call float
Read modifications into 13272

Read original information into 00000
Write complete program disk
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MODIFICATIONS TO AUTOSPOT PHASE 3 FOR DISK OPERATION @

ROUTINE TO MODIFY ORIGINAL PHASE 3 PROGRAM BEFORE IT IS PLACED ON DISK
ALSO 18626 TO 18705 ARE USED FOR A TRANSFER OF DATA AREA

18716- 38 18546 00702

18728 34 13280 00701 Write "read/write data on disk" routine on disk

18740 38 13280 00702

18752 48 20 - 0's

IF PROGRAM NEEDS FATN CALL IN FLOAT ROUTINE

18774 16 19964 12852

18786 34 00000 00701 Seek float and go to 19946 which will read it in
18798 49 19946 0

WRITE OUTPUT DATA ON DISK FOR NEXT PROGRAM

18806 16 18841 13847 Housekeep transmit digit

18818 16 18836 18626

18830 25 18626 13847 Transmit digit 80 times

18842 14 18836 18705 Have we transmitted digit 80 times?

18854 46 18912 01200

18862 il 18836 00001 Increase count or transmit digit and write data

18878 11 18841 00001 : ‘
18890 49 18830 0 0
18902 00000000000000

18912 38 19986 00702 Write data on disk

18924 47 18956 03600

18936 34 19986 00701 If at wrong cylinder seek and rewrite

18948 49 18912 0 _

18956 11 19991 00001 Increase sector count by one and return to program

13968 49 13806 0

18980

INSTRUCTION FOR LOCATION 0 TO 80

00000 49 01700 000 - Branch to origin of program

00010 44 18312 18966

00022 36 13280 00702 If the read/write disk routine is in core go to R/W if not call it in
00034 49 18312 0

00042 44 18806 18966

00054 36 13280 00702

00066 49 18806 0£0042M3

00080

INSTRUCTION FOR LOCATION 02528 TO 02610

02528 39 02559 00100

02540 26 17043 16793 Error message - no tooi card: ""NO TC"
02552 49 02634 0

02560 55 56634 30%

e

S
<
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02570
02582
02590
02602
02610

INSTRUCTIONS FOR LOCATION 1
36 13628 00602 Callin

19946
19958
19966
19978
19986
00000

MODIFICATIONS TO AUTOSPOT PHASE 3 FOR DISK OPERATION

44
49
44
49

18774
18668
18496

17676

18966

0 Check to see is 'float" routine is in'

18966
0

49 00000 O

44 18472 18966 Check to see that float i
49 17708 0
10200000118626

I11-12

9946 to 00000 | |
float and branch to proper location

core - if not call it in

s in core if not prepare to call it in

Control word for read data from disk
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MODIFICATIONS TO AUTOSPOT PHASE 3 FOR DISK

OPERATION

Load cards for phase 3 modifications

00000
00012

00024

00036
00048
00056.

00000
00012
00024
00036
00048
00060
00072
00080

00000
00012
100024
00036
00048
00056
00064
00072

34
38
36
36
49

00056
00056
18552
18632

18576

00701

00702

00500

00500
o

10536700718312

36
36
36
36
36
36
49

36
36
36
36
49
49
49

18312
18392
18472
18712
18792
18872
18576

18930
19892
02530
01936
18596
00042
00010

00500

00500 -

00500
00500
00500
00500
0

00500

00500

00500

00500
0

0

0

Load "float" on to disk
Ibad in two modification cards

Call in next card
Control word for float

Load in six modification cards
Call in next card

Load in 4 modification cards
Return to Modification program

Modification for write a card
Modification for read a card
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TRAILER CONTROL PROGRAM FOR AUTOSPOT

DISK CONTROL WORDS

01900 XX XXXX2 0000000 Control word to call post processor

01914 10560020000000 Disk control word to call phase 3

01928 10200000110000 Disk control word to punch out put :

01942 10000000000000 Disk control word for last data written by last phase
01956 10200010010000 Disk control word for write - X per data

01970 10000010010000 Disk control word for read trace per data

TRANSFER DATA FROM SECTOR 100000 TO 102000 SO POST PROCESSOR WILL FIND DATA
01984 26 01947 19991 '

01996 34 01970 00701 .

02008 36 01970 00702 Transfer data, 10,000 location at a time

02020 34 01956 00701

02032 38 01956 00702

02044 11 01975 00106 Increase sector address for transfer by 100

02056 11 01961 00100

02068 24 01975 01947 If more data still - so back & transfer again

02080 47 01996 01100

CHECK FOR CARD OUTPUT

02092 34 00000 00102 v
02104 39 02375 00100 Type out instructions
02116 - 34 00000 00102

02128 48 00000 00000

02140 47 02224 00100 Check switch

PUNCH OUTPUT ON CARDS FROM DISK

02152 34 01928 00701 Read from the disk one card at a time & punch it
02164 36 01928 00702

02176 38 10000 00400

02188 11 01933 00001

02200 24 01933 01947 If not finished, get next card

02212 47 02152 (1100

CALL IN NEXT PROGRAM _

02224 26 01927 01913 Enter here from phase 3

02236 34 00000 00102 Enter here from phase 2

02248 39 02441 00100 Setup switches for next program

02260 48 00000 00000

02272 34 01914 00701

02284 26 19999 02317 Call in next program from disk and branch to its start
02296 49 19988 0 :

02304 36 01914 00702

02316 00
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CHECK SWITCH 3

02318
02330
02342
02354

- 02366

34
39
48
46
49

TRAILER CONTROL PROGRAM FOR AUTOSPOT

00000
02645
00000
02236
02092

PRINT AREA

02374
- 02386
02398
02410
02422
02434
02446
02458
02470
02482
02494
02506
02540

62
55
43
64
45
59
64
46
67
47
63
63
#0

66007
00465
41594
63215
63006
63076
57006
56590
63005
20594
00626
o

00

00102
00100
00000
00300

10056
65900
40056
94562
26341
24563
26600
05545
75956
56245
34159

LOAD CORE & DISK

02544
02556

02568
02580
02592
02604
02616

02628
02630
02644
02656
02668
02680
02692

LOAD
00000
00012

00024
00036
00048

4]
36

36
36
36
34
36
48

02220
02300

02380
02460
02620
02630
02630

00500
00500

00500
00500
00500
00701
00702

10535001001900

62
55
57
45
63

66007
00465
48007

30056
65900
32159

62456 30062

41596

307

Check switch 3 for either phase 3 call or card output

TYPE OUT AREA: SW 10
NbFORD
CARDbO
UT/RES
ETbSTA
RT/SET
UPbSWb
FORbNE
XTbPRO
G-RESE
ThSTAR
T#

Call the remainder of the program into core and load the

whole program disk with a correct halt at 02628

SWb3bO
NbFORb
PHDb3IR
ESETbS
TART

ROUTINE - TO LOAD PROGRAM INTO CORE

36
36
36
36
36

01900
01980
02000

00500
00500
00500

02140 00500
02220 00500

- ImI-15
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TRAILER CONTROL PROGRAM FOR AUTOSPOT -

LOAD ROUTINE - TO LOAD PROGRAM INTO CORE
00060 36 02540 00500
00072 49 02544 0

4
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AUTOMAP PHASE II @

This phase is loaded on the disk in two sections. This is done because all
core locations are taken and the '""read in' area is defined as ""DC'" rather
than '""DS', Statements 1 - 14 load the first section and 15 - 23 load the

second section.

Statements 24 - 31 are changes to the main program. Statement 24 branches

to the read disk routine and statement 25 adds one (1) to the read sector

address upon returning to the main program. Statement 26 transmits the field

of numerical blanks to location g@@@@ rather than to the output area. Number 27
branches to the write disk routine. Number 28 changes ‘the halt after the

"END'" typeout to a ''no op''. Statements 29 - 31 change record marks to group
marks to insure termination of the write disk instruction after the transfer y

of 8f characters.

Statements 32 - 42 are the read disk routine. The program branches to the
read instruction (#33) and if an address check or write check occurs a branch
to the seek instruction (#32) is made. Upon completion of the read operation,
statement 37 checks for a "FINI" code. Upon finding a "FINI", statement 39
sets up a branch to end of program routine. Statement 4@ branches to the

main program.

Statements 43 - 56 are the write disk instructions. The program branches to
statement 44, which gives the option of either; (1) putting the output on the
disk or (2) punching it in cards. Statements 45 and 46 move the output from the w

odd numbered core location to an even location. Statement 47 writes on the
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disk. Statements 48, 49, and 5@ check indicators and seeks (statement 43)
if necessary. Statement 51 adds one (1) to the sector address and statement
52 returns to the main program. Statement 53 in the punch statement and

statement 54 returns to the main program.

‘The "End of Job" message is contained in statements 57, 58, and 59.

Statements 62, 63, 64 and 65 type "'End of Job" and call the next program.
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STATEMENT NUMBER

AUTOMAP PH2
CORE TO DISK

CORE LOCATION OP CODE P ADDRESS Q ADDRESS

1

2

R-W DISK

CARDS

10

11

12

13

14

15

16

17

00000
00012
00024
00036

00048

00080

00092

19900
19912
19924
19936
19948
19950

19962

00000
00012

00024

III-19

36

36

36

36

49

36

49

16

16

34

38

48

10

00

36

36

36

19640
19720
00080
19900

00080

00000

00000

00004
00009
19950

19950

42001

15000
19800

19840

00500
00500
00500

00500

00500

41000
00000
00701

00702

98000

00500
00500

00500

—
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AUTOMAP PH2
CORE TO DISK

STATEMENT NUMBER CORE LOCATION OP CODE P ADDRESS Q ADDRESS

18 00036
19

20 15000
21 15012
22 15024
23 15026
FROM R-W

DISK CARDS

24 . 01714
25 01726
26 01854
27 01866
28 07872
29 11290
30 : 11371
31 04603
32 19640
33 | 19652
34 | 19664

35 19676

- III1-20

36

49

34

38

48

10

00

49

11

31

49

41

34

36

46

46

19920

15000

15026

15026

43980

19652
19749
00000

19770

19744
19744
19640

19688

00500

00701

00702

02198

00000
00001
11372

00000

00701
00700
03600

03700
476




AUTOMAP PH2
CORE TO DISK

- STATEMENT NUMBER CORE LOCATION OP CODE P ADDRESS Q ADDRESS

36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55

56

19688

19700

19712

19724

19736

19744

19756

19758

19770

19782

19794

19806

19818

19830

19842

19854

19866

19874

19886

19894

19906

II1-21

46

14

47

16

49

10

10

34

46

31

26

38

46

46

46

1

49

38

49

10

00

19640
11209
19736
01720
01726

00000

19894
19874
00000
00079
19894
19758
19842
19758
19899
01878
11291

01878

20000

00600
00004
01200

19952

0

01112

00700
00400
11291

11370

00700
03600
03700
00700

00001

00400

01000

r
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@ AUTOMAP PH2
CORE TO DISK

STATEMENT NUMBER CORE LOCATION OP CODE P ADDRESS Q ADDRESS

57 19908 : 00 57487 20062

58 19920 63 41596 30043
59 19932 56 550£

60 19938 10 44000 72000
61 19950 00
62 19952 39 19909 00100
63 19964 48 00000 00000
64 19976 34 19938 00701
65 19988 N 36 19938 00702

-
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POST PROCESSOR PHASE I C

Statements 1 - 7 are changes to the main prdgram. Statement 1 branches on
indicator (equal) when the "FINI" card is read to initialize the starting sector
address. Statement 2 branches to the read disk routine. Statement 3 branches
to the write disk routine. Statement 4 branches to set up the calling of Phase 2
rather than Phase 3. Statement 5 branches to call the next program.
Statement 6 changes the message from '"Reload G. P. Output'" to '"Starting Pass
Two." Statemént 7 changes another message. The old message was, '"Use

Phase 2, Contoufing”, the new message is '"Calling Ph 2, Contouring''.

Statements 8 - 12 load the program on the disk.

Statements 13 - 21 load the changes into core.

Statements 22 - 31 are the read disk routines. Number 22 is a two position

field to receive the transmission from the BTM entry. The group mark on the
disk is the 81st character and this program only has 8 positions defined for

the read in area so that the first character beyond the read in area must be saved.
Statement 24 accomplishes this, Statement 25 then reads disk. Statement 26
turns off WLB/RBC console light, and .statement 27 returns the digit moved by

statement 24, Statement 29 returns to the main program.

Statements 34 - 44 are the write disk routine. Againin order to get all 8¢
positions on the disk the 8lst character must be moved (#36) and a group mark

placed in the 81st position (#37). Statement 38 writes on the disk, statement 39 w

479
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turns off the WLR/RBC light and statement 4§ replaces the digit moved.
Statement 41 adds one (1) to the sector address and statement 41 returns to

the main program,

Statements 43 - 48 set up the program to call Phase 2 rather than Phase 3 if

desired.

Statements 49 - 54 call the next program.
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STATEMENT NUMBER

1

2

CORE TO DISK

10

11

12

LOADER

13

14

15

POST PROCESSOR PH1

READ-WRITE DISK

CORE LOCATION OP CODE

C

P ADDRESS Q ADDRESS

11132

11556
19512
19596
19620

02033

01985

01770
01782
01794
01806

01808

00000
00012

00024

III-25

46

17

17

17

17

STARTING PASS TWO
(Alphamerically Coded)

19784
19696
19806
19908

19952

CALLING PH 2

(Alphamerically Coded)

34

16

38

48

10

00

36

36

36

01808

00004

01808

58002

19694

19774

19854

01200
00000
00000
00000

00000

00701
41000

00702

00000

00500
00500

00500



STATEMENT NUMBER

POST PROCESSOR PH1
READ-WRITE DISK

CORE LOCATION

OP CODE P ADDRESS Q ADDRESS

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

00036

00048

00060

00072

00080

00092

19694

19696

19708

19720

19732

19744

19756

19768

19770

19782

19784

19796

19804

I1I-26

36

36

36

49

36

49

34

25

36

46

25

11

42

10

70

16

49

19934
01770
00080

00080

00000

- 00000

19770

19703

19770

19744

01850

19775

20000

19775

11496

00500

00500

00500

00500

00701
01850
00700
03700
19703

00001

-01017

02000




POST PROCESSOR PH1

READ-WRITE DISK

CORE LOCATION

C

STATEMENT NUMBER OP CODE P ADDRESS Q ADDRESS
35 19806 34 19892 00701
36 19818 25 19837 10086
37 19830 15 10086 0000Z
38 19842 38 19892 00700
39 19854 46 19866 03700
40 19866 25 10086 19837
41 19878 u 19897 00001
42 19890 42
43 19892 1o 00000 01100 s
A\ W 4
4 19904 06
45 19906 00
46 19908 16 19939 06000
47 19920 39 01985 00100
48 19932 42
49 19934 10 62002 00000
50 19946 00 0000
51 19952 39 01931 00100
52 19964 48 00000 100000
53 19976 34 19934 00701 w
54 19988 36 19934 00702
Im-27 483




POST PROCESSOR PHASE II

Statements 1 - 16 are the r’ead disk routine. The main program branches to
the read étatement (#4),' then checks indicators (statements 5, 6, and 7). If
the disk address check or read check indicator is on a branch to a seek (#3) is
made. Following a correct transfer from disk to core the input data is
transferred to the odd input address. Statements 8 - 12 are needed for this.
Upon completion of transfer of the 8fth character, statements 13 and 14
initialize the transmit digit instruction (#8). Statement 15 adds one (1) to the

sector address and #16 returns to the main program.

Statements 17 - 29 are the write disk routine. Since there are only 8¢
positions defined as an output area, the 8lst position must be saved (#21) in
order to set a group mark (#22) to terminate the read instruction of the next
program. Following this is the write disk instruction (#23), indicator checking
instructions (statements 24, 25, and 26) and a branch to a seek (#19), if
necessary. After the seek the digit is transmitted to the 81st position (#2§)
before returning to statement 21. Upon completion of the transfer from core
to disk, the 81st digit is replaced (#27), one (1) is added to the sector address

(#28) and statement 29 returns to the main program.

" Because Phase 2 is not always used and only two areas are defined on the

disk for input-output, it is necessary to move the data output by Phase 2 so
that input for programs to come will be properly oriented. Statements 34 - 60

do‘_ this,

III-28 x




Statements 3@ - 33 move the output exchange statements to the high énd of
core, out of the way of incoming data. On completion of the exchange,
statements 61 - 7§ set up the call of the next program.

Statements 71 - 73 are changes to the rna;ln program. #71 branches to the
read routine, #72 branches to the write routine and 73 branches to end of
job routine. |

Statements 74 - 79 load the program on the disk.

Statements 8§ - 94 load the changes into core.

ITI-29
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®




m POST PROCESSOR PH2
READ-WRITE DISK

STATEMENT NUMBER CORE LOCATION OP CODE P ADDRESS Q ADDRESS

1 10720 10 00000 o150
2 10732 00
3 10734 34 10720 00701
4 10746 36 10720 00700
5 10758 46 10734 03600
6 10770 46 10782 03700
7 10782 46 10734 00600
8 10794 25 02365 15000
0 9 10806 11 10800 00001
10 10818 1 10805 00001
11 10830 14 10805 15080
12 10842 47 10794 01200
13 10854 16 10800 - 02365
14 10866 16 10805 15000
15 10878 1 10725 6_0001
16 10890 49 01844 0
17 10898 | 10 20000 01024
18 10910’ 70
19 10912 34 10898 00701
O
III-30

480




POST PROCESSOR PH2

READ WRITE DISK

STATEMENT NUMBER 'CORE_LOCATION OP CODE P ADDRESS Q ADDRESS

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

10924
10936

10948

10960

10972

10984

10996

11008

11020

11032

11040

11052

11064

11076

11084

11087

11092

11104

11116

128

(19618)
(19621)

a9626)
(19638)
(19650)

(19662)

II1-31

15

25

15

38

46

46

46

25

11

49

31

31

39

49

26

12

11

14

02550

10935

02550

10898

10912

10996

10912

02550

10903

03264

19618

19938

03475

19626

000

19625

19625

19620

19625

00000
02550
0000%
00700
03600
03700
00700
10935
00001

0

11084
11404

00100

10903
02100
00001

00000

487
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STATEMENT NUMBER

40

41

42

43

44

45

46

417

48

49

50

51

52

53

54

55

56

57

58

59

60

POST PROCESSOR PH2

READ WRITE DISK

CORE_LOCATION OP CODE P ADDRESS Q ADDRESS

11140
11152
11164
11176
11188
11200
11212
11224
11236
11248
11260
11272
11284
11296
11308
11320
11332
11340
11352
11354

11366

(19674)
(19686)
(19698)
(19710)
(19722)
(19734)
(19746)
(19758)
(19770)
aséez)
(19794)
(19806)
(19818)
(19830)
(19842)
(19854)
(19866)
(19874)
(19886)
(19888)

(19900)

III-32

47
12
11

14
46
34
36
46
34
38
46
11

1

12
14
47
49
10

00

00

19734
19625
19620
19625
19686
19888
19888
19734
19874
19874
19770
19879
19893
19620
19620
19734
19952

00001

20001

01300
00100
00001
00000
01100

00701

00702

00600
00701
00702
00700
00100
00100
00001

00000

01200

0

00005

00005

Q:S o)




C

POST PROCESSOR PH2
" READ WRITE DISK

e

STATEMENT NUMBER CORE LOCATION OP CODE P ADDRESS Q ADDRESS

6l 11368 (19902) 00 59456 24563
62 11380  (19914) 00 62634 15963
63 1392  (19926) 23 00574 87307
64 11404  (19938) 10 62002 00000
65 11416 (199‘50) 00

66 | 1418 (19952) 39 19901 00100
67 1430 (19964) 48 00000 00000
68 11442 (19976) 34 19938 00701
69 11454  (19988) 36 19938 00702

70 11466 #
CHANGE TO MAIN PROGRAM

71 01832 49 10758 00000

72 03252 49 10936 00400
73 03372 49 11040 00000

CORE TO DISK

74 15000 34 15038 100701
5 15012 16 00004 Zl_ooo
76 15024 | 38 15038 00702
77 15036 48

-~ —



STATEMENT NUMBER

78

79

80

81

82

83

84

85

86

87

88

89

920

91

92

93

94

POST PROCESSOR PH2

READ WRITE DISK

CORE LOCATION OP CODE P ADDRESS Q ADDRESS

15038

15050

00000

00012

00024

00036

000438

00060

00072

00084

00096

00108

00120

00132

00144

00156

00168

I11-34

10

00

36

36

36

36

36

36

36

36

36

36

36

36

36

36

49

60001

00080

00160

15000

10720

10800

10880

10960

11040

11120

11200

11280

11360

11440

00000

00000

20000

00500

00500

00500

00500

00500

00500

00500

00500

00500

00500

00500

00500

00500

00500

490




POST PROCESSOR PHASE III | @

Sta;ements 1 - 18 are the read routine. The main program branches to the
read instruction (#5) and transmits the starting core location into the disk word
(#3 énd 4). Statements 6, 7, and 8 check indicators and branch to "'seek’ (#1)

if necessary. Statements 9 - 14 transfer ihe input data to the odd input address.
Statements 15 and 16 initialize statement 9, Statement 18 returns to the main

program.

Statements 19 - 32 are the output routine, The main program branches to #23,
checks indicator (program switch 2) and if it is on punches a card (#31) then

returns to the main program (#32). If program switch 2 is off the program will write

@

the output on the disk and return to the main program (#3f).

Statements 33 - 35 are 'fill in zeros''.

Statements 38 - 4f are the end of job message.

Statements 41 - 45 type end of job and call the next program.

Statements 46 - 51 are changes to the main program. Statement 46 '"branches
and transmits' to the read routine and 47, 48, 49, and 51 branch and transmit to
the write routine. Statement 5@ branches to the end of job routine.

Statements 52 - 57 transfer a core image to the disk,

Statements 58 - 67 load the changes into core.

III-35 49 i




SATEMENT NUMBER

1

10

11

12

13

14

15

16

17

18

19

20

POST PROCESSOR PH3

READ WRITE DISK

CORE LOCATION OP CORE

P ADDRESS Q ADDRESS

19524
19536
19544
19556
19558
19570
19582
>19594
19606
19618
19630
19642
19654
19666
19674
19686
19698

19710

19712

19724

I11-36

34

49

10

00
36
46
46
46
25
14
46
11

1l

49
16
16
11

42

34

49

19544
19558

00000

19544
19582
19524
19524
03653
19612
19674
19612
19617
19606
19612

19617

19549

19732

19746

00701
0

01000

00700
03700
03600
00600
00000
03732
01200
00001

00001

03653

00000

00001

00701

592




STATEMENT NUMBER

POST PROCESSOR PH3

READ WRITE DISK

CORE I.OCATION OP CORE P ADDRESS Q ADDRESS

‘21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

19732
19744
19746
19758
19770
19782
19794
19806
19818

19830

19832
19844
19856
19868
19880
19890
19902
19904
19916
19928
19940

19952

III-37

10
78
46
15
38
46
46
46
1l

42

39
42
00
00
00
10

00
59
62
00
39

39

20000

19832

04139

19732

19794

19712

19712

19737

03979

00000

00000

00000

00000

64001

45624

63415

43565

03085

19901

02039

00200
0000Z:
00700
03700
03600
00700

00002

00400
00000
00000
00000
000

70000

56300
96323
56507
00100

00100 4 4 3




STATEMENT NUMBER

POST PROCESSOR PH3

READ WRITE DISK

CORE LOCATION OP CORE

P ADDRESS Q ADDRESS

43

44

45

CHANGE TO MAIN PROGRAM

46

47

48

49

50

51

CORE TO DISK

52

H6

19964

19976

19988

01940

02536

11754

12546

12570

13894

03654

03666

03678

03690

03692

03704

I1-38

48

34

36

17

17

17

17

49

17

34

16

38

48

10

00

00000
19890

19890

19558
19746
19746
19746
19940

19746

03692
00004

03692

62002

00000
00701

00702

00000
03978
03978
03978
00000

03978

00701
41000

00702

00000

494




STATEMENT NUMBER

POST PROCESSOR PH3

CORE LOCATION OP CORE P ADDRESS Q ADDRESS

LOADER

58

59

60

61

62

63

64

65

66

67

00000

00012

00024
00036
00048
00060
00072
00084
00096

00108

III-39

36

36

36

36

36

36

36

36

36

49

00080

03654

19524

19604

19684

19764

19844

19924

00000

00000

00500
00500
00500
00500
00500
00500
00500
00500

00500

490
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Appendix 3

Sample Problem
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— PAGE 1
POLER LABYL ol OPCRARDRT T T Coommm e LOCN 0P TNSTRUCTTONS
’ TAUTDSPOT STPIFMBER 30, TT962
001 . F ALTNSPOT PHAsrz
[ 0 VIHASE 2 SEANS TOTP nK§ T Wi{URD RY RECORD ) 5
R . 5H2 DN CARD INPUT/OYTPU ™
004 . Sig OFFTPRINT OUTPUT GF” fn‘ﬂlst? CoTT e e : @ J
00% B o PULH START 7O CONTINUC ON ERRDR suws : : S
:w!; . SRR UNTHENTIFTTO REE FVPE T
R L1 — s «m(n.u TOUL NUMBER NOT IN VOUL TAWLE )
~o0d v RROR3 PATIERN VABLE LXCCEDED A
© 009 . LRRARG PAITERN LENGTH EXCEEDED n
00H L TERRTRG PATTCRN CTNERATTON EXCEEDIO Y,
o ema . fRROR6 PATTERN DPERATION ERROR o'y
i 126 CDORG 01 (0T ” - 01760
1 130 NCXT BC2 . CARDS 01700 46 01732 00200
T 131 NPT INPOT~ATy 9y TAPE TNPUT OTTI2 36 12025 GO300
1132 o ReOMP 01724 49 01840 00000 '
Y e et — e e B 12 S0 09 OARO0. 00000
1 134 CARDS BNI'  CARUDX,PELAG=1,,CARD_INPUT 01732 44 01780 13261 ) .
1 138 Cr PFLAG-1 T e T T T T TR T4 33 1 326T 00060 0 T T . D
1 140 RCARD AMCD CARDI-T77,4yRLAD FIRST CARD . SISt 305608500~ 4 L ’
T 157 TPHINCOC s CARUIT=T77 01768 1A 13220 J3056 'I.Q 19742—— %
I 1644 CARDX  BNF  RCARD, INLOC,11,NCXT CARD 0LTB0 44 01756 1322~ Y
I tad TR INPUT-%7, [NLHE,TT T T T [ 1927 1025 1322 \
o ban o AM lNan.hlp.mlpex INPUE POINTER 01804 11 13220 000-1 : -
: : ils;g Imu ;-i? o TALOT, 1T T OIB1C 45 01804 1322~ —
12 NLNC, 1,10 01628 11 13220 000-1
T Vit ﬁi"lTF“TFH“'EUMF T, CORP1E? 01840 16 12152 JZ154% —
1 t#! SERCHL CM  COMPL,COMPLEZO i 01852 2152 _J2112 :
1ty ni T IRYEG ‘ T T “'—oru"ss oWsB 91100
118y oG INPUT-46,CMPYLAY 01876 24 12026 1279K
i 190 we R IND” o T "o liue 46701920 01200
1 200 AM_ COMPI, 2,10 01900 11 12752 000-2
2700 B SCRCHT 01912 49 01852 00000
2 020 . UDUORG -4 — - . . 01919 .
2 020 CFIND™ TR HUTPUT=3T, INPUT=RT T T e 01920 31 12916 12025
2 022 BNF sE36,CFIND. 01732 44 01968
2 023 S BUERT-4% ~77 7T T T T T T e e 144738 12417 6000
. 2.u2e CF__GFIND 01956 33 01920 00000
2058 WEM  OPUT 497 01968 17 11484 -0000
2 026 B NFXT L . L 01980 49 01700 00000
o Do o4 < s e - G189, 01700, 20002 -
2 051 TRY26 CH ENPUT-=46,704 L0, TEST Fl)k 60 %0 o19n8 14 120 e
2 052 BET GoTo T T e 3000 46 020367 e e
. 2.05) CM__ INPUT-46,39,10,FEST FOR STOP 02012 14 12026 000LY .
27054 BT CONT 02024 47 02232 01200 i
2 055 GUTO . BNF  MAJCK,PFLAGELY, o TEST FOR PATTERN e 02036 44 02104 13273 _,_4
2 056 By - CFIND, TNPUT-4D T 02048 4301920 12027 T

-——l
PG LIN LABEL 0P UPCRANDS ' LOCN OP INSTRUCTIONS e
(PG LIN LABEL oF . - N_ . — t
2 051 RTH  SPyINPUT-47,7,5T0 IN PAT TABLE 02060 11 11288 J2025 !
068 T TTUCATT RTYPEL L, IO B 02072 T4 1212770001 I
2 058 BC  NCXTa9yRCAD NEXT RECORD 02084 46 01700 01200 e
TTTTE05E L TFTND 02096 49 01320 00000 1
2 058 DORG »—4 : 02103 . —_— — )
- B %8 MASCE O TRBUT =7 YO 77w mrm s mo smm e m e e e e 02104 1% 126028 000-0 . i
2 058 BNE  CFIND 02116 47 01920 01200 — e
Tz oesa T IRPUTSEE YT, TOL YRS ROR T COORD ~ T T T T T T s TG 2128 TR 126307 00031 l
2 058 RE CFIND 02140 46 01920 01200
TTTTZTO%8 TR INPUT=32,TXTY-11 07152 16 00469 -2T87 ]
2 058 02164 16 00445 12040 e Chl
S B e e G YR8 0042272 (T . i
2 058 FA 02188 16 00469 -2223 e
2058 o e T T G260 16 60445 JEOS0T T ’ )
2 098 . 02212 49 00422 J2124 :
TUTTesE T T T8 CFIND 0222% %49 01970 00000
2 358 anc ’_‘ (’Zz,l - - - e et ot e m—— st - & ¢ b= Ceve e * s ca =i s
3 058 CONT ~ CM  “TNPUT=2E;T0;10; TEST FOR NEW WINOR SECT ™~ =~ ~7 77" §7232 T4 712024 "00030
27969 BE  PATCK 02244 46 02752 01200 i
2 08B0 T RWTTTHDE T C R TS s e s S S S T 3R ET 4B 02868 GO0 T
2 030 BNF  NEXT PFLAG 02258 4% 01700 13262
TETTYED TF PriAG 02280 33 1722 00000
2 030 ANF  #L 36, INPUT-46 02292 44 02328 12026 o _ .
2 080 77 CFTUUINPUTSRE T i T ST G304 YY 12026 00000 T :
2 080 SF  CFIND 02316 32 01920 00000 e ~ e
S Gdo 7 TETCRTYPESINPUT=GEY s SAVE RLC TYPE ™ =77 777 TTTITTTTIIITI e ST 525280 28 12121 712026 |
2 osl INF - CKODDsPFLAGELL 02340 44 02436 13213 N
T2 082 T~ PIIATETT 2352 33 13273 00000 T
2 0n3 RD PLUNGy PFLAGEL,  TEST PAT LENGTH 02364 43 11172 13263 B
2 0BR4 © ST PFLAGE2” Gt s T T 3767 32 13264 00000 ;
2 085 TF SCNCT,PFLAGE4y6,RESET CNTR 02388 26 1325N 13266 ot
2 088 T TEM PFUAGES, o e e TSt R0 16132667 0-000 ;
2 o4l TF tvmc.m.cv.o.scr PAT GENERATION INDICATOR 02412 26 1279- 13277
TTTZTo89 TP~ PLEV,, 10 0242% 16 :)zn 600-(;
0 CKUDh MY PUT-46,05,10, FEST FOR NEW PAT u243A 13 12026 000-5
g {io et u:: :"lfm.'m R R P L22: 4 ‘1:5 tljzsm"ggg?)z .
: M » Gy0l0 . 02460 14 12026 - T L
2O EVEN D4 INPUIS6ul0 e i 2460 13 12026 00070 ;
2 ta4h TF FYPI,INPUT-43,,5AVL NPCRATION CUDE 02484 26 12130 12029 . . '
TTTITAY T TNPUT=248,02, [0 ~U2495 14 12076 000-2 °* .
2 t4s 8F  CFIND 02508 46 01920 01200 s
27143 7 77 TH INI’UI"—%G;O?»','I'D" B i bt | P44 B C O 1 F LR LDV
2 150 BE 02532 46 02580 01200 . A ~
2153 ° (14 mum,mmn ¥9, i SAVE TONL NUMBER =~ 777 T oo s soUUUURAG 28712134 12033
2 154 M INPUT=46,044 10 ! 02556 14 12026 000-4
7 155 (B4 Tran 2566 1206 ?;(1)‘212 (;;;(;2
5 r ) - 36 une M 02580 26 . 12036 R e e e =
R JOuSAV TUNE MO0 e e SNG7 745 01920 00000 ;




PG _LIN tAnc

2 }ho
TRTITUPAINT

Op_.UPCRANDS |

LOCN _ UP INSTRUCTIONS

DORG #-4

02599

SFTTTRELRGRTG v PAHERN DPERATIGN

02660 32 13773 60000

2 171 SF_ PFLAGLLOy 4 FOR SAVE 26 0
2172 SH INPUT-46401, 10y SCT RECORD TYPE TVEN gzo%%’%g {;:;i ggg?
L2 ___AM__ PTAH,01,10 02636 11 13260 000~
AR Vil AW TPCNT, 0T, 10 0z64s 11 13275 000~
.2 t1a . TE_ PIARyPCNT 64 TRANSFLR PATTERN NUMBER 02660 26 {326~ 13215
PR AW BTAR, 02, [ 02672 T1 13260 000-2
2 s TF_ TYLUC,PTAG 02684 26 12790 13260
Z 115 AW PTAR, 43,10 02698 I 13240 600-3 -
2180 TF __SCNCT,PTAR,,ADDRESS OF SCAN COUNT FOR THIS PAYI[RN 02708 26 13255 13260
Z Tat BT PUAN, L [0 02720 1T 1328070060-1
..o 2182 A!___PFLA0§§17.10 T 02732 11 13266 000-7
2 184 B EVENT . 02144 49 02460 00000
2 186 DORG #-4 02751
2 TBE PRTTK SF. PFLAG 0273 06000
2 131 BNF  MINDR,PELAGELL ozvbz 35 gggfg 13213
2 \as "BTH S8y TNPUT=45,7,8T0 TN PAY TABLE — ° 827116 1V 112887 J2037
2193 €M RIYPE,0l,10 02188 14 12127 000-1
77194 BFE T NEXT,y 01 RCT TYPE-NG UPUT e TTU2800 46 01700 01200
2 198 MINOR TR TXTY-20, INPUT-43,,SAVE TX AND TY 02812 31 12105 12029
3016 TR DUTPUT-47, INPUT-4T 02824 31 12916 12025
3 020 L outpgl_ﬁ;,onlu..str anTROL REC MARK 02836 31 12920 12104
§ 022 YR OPUT,,  DUTPUT THIS RE 028487 17 T14da -Gooo ~
. 3040 B NEXY o 02860 49 01700 00000
jg g?g ConE ?2:6 Eaznz camMr2e2 03868 ‘
3 ' 2 02868 16 12777
{o o{? FINDZ CHM  COMPZ,COMP268 02680 i« 12777 jg;%%
0 Ot4 un IRVE3Z _ 02892 46:02948 01100
10" oln INPUT-28,COMP2, 1T, TE’T“FBK*FITYEhN‘ﬁF‘”i‘l‘TI 02904 24 12026 127T¢ ~
_10 018 »gr patap = 02916 46 03148 01200
10 020 AN TTCOMPZ, 02710 02928 11 12777 000-2
10 022 B FIND2 02940 49 028480 00000
{o ola DORG -4 02947
. 3.060 TRYIL} IPUT-45,16410 02948 14 12026 000J6
37610 B XeysTEST FOR AUXKTULTARY SECTION 02960 46 03124701100
3072 . BNF_TRANS,PFLAGLL1,,TEST FOR PATTERN o 02972 44 03020 13273
317074 BVM TSP, INPUT~47,17,5T0 IN PAT TABLE T 02984 17 11288 Jz2025
3 075 CM _ RIYPE,1,10,TEST FOR DEFINE STATLMENY 02996 14 12127 000-1
3 088 BE ~ NEXT44900 REC TYPE 03008 46 01700 01200
3 089 TRANS EM . INPUT-46,11400 03020 14 12026_000J1
3 090 BE TTCFIND T T T 03032746 01926 01200
3100 FA __INPUT-36,TXTY-11 - 03044 16 00469 -3079
3 100 03056~ 16 00445 J2036
3 100 03068 49 00422 J2114
3 110 FA INPUT=264TXTY-1 03060 16 00469 -3115
3oL I - 03092 16 00445 J2046
3 iio : 03104 745 00432 321258

LOCN  OP INSTRUCTIONS

OPERANDS

B CFIND 03116 49 01920 00000

T DORG w4 03123
CM  INPUTI=46447410 03124 14 12026 _000M9
WL YRY30 03136 41 03232 01300
CM  INPUT-46,51,10,TEST FOR DAIMETER 03148 14 12026 OOON1
BE TTEQUST - 03150 %6 03264 01200 A
cu INPUT-46,65,10 03172 14 12026 00005 _

: - TEFIND ) 03184 47 61920, 01300 :

c1 INPUT-46,91,10,TEST FOR_TOOL CARD 03196 14 12026 000OR1
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17 251 GNP NOWE 3 i 06432 47 06464 01200 .
R TBIM REVRS ., T0 - - 064447 17 08144 000-0




PG LIN LABEL 0P OPLRANDS LUCN 0P INSTRUCTIONS
1 252 B NOTICEZ
i1 2va DARG -4 e .m-__.wmwm_.u___"___~__”___g:::? 49 06524 00000
11 693 NOWLY CM TRAN2-31,13410,TEST FOR 2ND GEN RDTAT W/TRANS 06464 14 12808 00043
17 won WE WD TT ‘ 06476 47 06792 01200
l, Hoa CBNFONOTL WRIGF 05488 44 06512 13267
1 856 At SICH, TRANZ-T " 06500 21 10096 12838 :
17 A6Y NOT1 W1 ROTO,51C0-1 06512 21 07682 10095 -
t1 hel (1] IRPUT=4R 40,107 TTST TAR 3N0 LEV DTFY TRANR T H652% T4 120676 6HOMG -
A___%r 16 BNL %636 06536 41 06572 01200
R RIA T INPUT=40,10,10 G6748 14 12037 00GJO
17 w61 AL NOT2RYZ 065960° 46 06680 01200
L1 wé2 BYR CHFRANG IO 7 T T T e e e mm e e 56513717 891366000
17 063 CM INPUI-46,34,10,TEST FOR INVERT 06584 14 12026 000L4
{7 864 BH T NXTTY ™ 065986 46706620 BITOD
R AT BT INVRT, INPUI-46 06608 27 07544 12026
T Eas RXTIT ~Z0y 13,10, TEST TH ROT W/ TRENS 0GH26 14 17632 600J3
11 66t UNE o NXTLL o 06632 47 06736 01200
}1 868 BNF O ROGT2,TRICF T TUTTUO06R4 R ObAEY 133EY
T 869 BT SICOyINPUT=10 06656 2
17 814 NDF2Z 77 BE T RUTH,STEO-Y 777 7 7777 T T T T T S e e T 56668 z; %3232 %gggg
17 815 BYM  THAN, +10,FINAL TRANS 06680 {1 08516 000-0
T 8T, AT8  DPuT,, ,00TPUT THIS POINT o9z 17T 11484 -0000
171 R o COMPOLO,RICHT,, TEST FOR LASY PT OF PAT 06704 24 11414 12161
i1 811 L XAAIN Tt T 06716 3Y 4620 BIIGD
)1 818 e B 06728 49 06728 00000
i1 879 PORG " #=% T T 06135
7 BRBO NXTil CM INPUT-40y11,10,TEST FOR ROL W/0 TRANS 06736 14 12032 000J
""%1 anl BNE TROT2ETZ 06748 41 06680 012

an2
uy3
HBY
HBA
491 NOV1Y

B NOIZ

UNE NOJ2, ERIGE
B sict, INPUT-30

powG AT
CM  TRAN2-31,11,10,TEST FOK 2ND GEN RD] W/DJRANS

0n760 44 06668 13267

611231 10036 12042

06792 14 12808 0004}

y32
no3
HO3

TURE TSFeh, TRANZEZT T

W NOTIEL2
ONF NOT1, JR1GF

06104 47 D6524 01200
OuHle 44 06512 13267
T06438 71 10096 1268

/9% B NOT Y . OLRAD 49 06512 (
090 DORG v-2 S 06RG9 T :
241 INLT_ RCYY 06850 34 00000 00102 .

7
217
24t
211
715 ANYMi)
120

fFM OuThliT-50,00,10
TR TAUPT-4,TBLEL-4y,REINTTIALIZE PHASER2

B NExt T T e
R G W=h e Lo e
“NE NDBFLL,PRLAGER, , TEST FOI 2ND GEN PAT T

C PLOC2,PCNT2,,TEST FOR LAST SUHPATTERN

o662 T6 12913 o—o
_06874 31 13221 13279
04886 49 01700 0006D
oen9s

06894 a4 0715327 {3270
006906 24 12799 12800

b ] e o e e e g g e g gt
7R A D g b i d e ) i b i
N

LED)
733

T34 1RYGI

B8R OFF?
AM  PLUG2,02,109 INDEX POINTER FOR 2ND GCN PAT
€M PLOC24 26,610, TEST FOR GOTH

06318 46 071276 01100
06930 }1 32795 900-2
00942 )

4 12198 odoke

PG LIN LABEL OGP  OPERANDS e __ . LOCN  DP INSTRUCTIONS .
19 734 BE  #E306 06954 46 06990 01200
15 7347 07 O PLOL VIS YO, TEST FOR3YDP T 0 T e ’ T 06966 14 17799 OO0LY
15 734 BNE  NOGO 04978 47 07210 01200
TN TI W PLIICZ, 01,10 06990 1Z 12795 000-T
15 734 TR DUTPUT-4T,PLOC2o0L 01002 31 12916 1219 o
1% 134 CRMTTBLOC2 L 16T T T T T T s 0 1A I 12795 000< - " —
15 134 FS  OUTPULI-32,FG2 07026 16 00469 -706
o134 cT e o T T T T O I0 38 18 D045 J2YS
15 734 07050 49 00402 J3439
| B ALY FS OUTPUT-27,T0ZY BT067 16 004ET - 1097
15 T4 07074 16 00445 J2941 . ~
15 734 T T s me e S - - T T OT08h 49 00407 JINET -
15 134 R ST-20,FG2%-9 07098 31 12891 13430 . :
15 134 TEA PICRTY, THTS “PAT INCLUDBES A GOTO Bk A Stop ™ — 7 7777 “OTHIY T8 12182 =0000
15 734 TE  COMPILA,PLICZ 07122 26 11414 12793
CYSCYINTTT T TTITH LA TGS, st YT OT13% 16 =TI5%
15 124 n EXEC 07145 49 05896 00000 e .
168 7124 BORG #3777 m T - 2 3 -2
19 114 SF ARIGE 07194 32 13267 00000 o B
15 144 SF TRAR e e e e s ¢ e e BV R 3 5% 1 GUODO -
15 734 A PLDC?.l'lO 0717R 11 12795 000-}
I £ 2 U SN 1Y) ST ¥ 1T, TRDEX 2R GEN POTITER T7I90 45 07176 1Z27T9N
15 134 8 'RVfﬂ-IZ .. 07202 49 06930 00000 - . ol
15 134 DiRG =g~ T T T T e T e e g;g?g 2 izvv% 000-1
15 736 NOGA  SM PLDCZ,1,10 1210 12 s o00-1 i = —
1s 7138 e ()Ftklﬂ;l‘[ﬂt'}z;\l,l&(l‘mn”z‘mi CER BUFFERS 37222 31 12801 127398
15 740 TF  PAINO,SURF2E2 . 07234 26 12890 12806
S LI -4 AN TPIOCY, T, 10 07286 1T 12735 000-1
15 146 BNR  #-12,PLOC2, 07258 45 07246 1279N o I
15 abo n f'DUMPrlZ".m)TPUT THIS PAT” T T 07210 49 04012 00000
15 860 DIRG *-4 B _ 07277 . . N . S e+ e
15 200 NIy or PELAGLY, o s THD OF 2N GTN PATS 07278 33 13270 O0OO
13 905 SF DTRAM, . RESET 2ND Gt CONTROL SWITCHES 07290 32 09120 00000
TR T SFTTOIRT TTI0Z 32 UY3A7 00000
15 908 CF D4 T _...07314 33 09752 00000 . e e e
15 909 s batl T oo o U1:2$ fz ?2:23,23323
9 IFM FG2X=7,500,9 _073y » 132 OONDO e e —
1o 1o Feav- 1 n0iid - 07356 15 13442 GONOD :
1% 915 IAT LGAVE o PFLAGRT,, TEST FUR 3RD GEN PAT 07362 44 07514 13269 . ~ :
R € -1 E R PO, PUAT 55 T3 TGR LASY SUBFATTTPN OTITH 74 Y2644 12849
15 930 nn OFF 3 e 01386 ’0(\‘ 0,1466' __ollpq e s i
15 a2 A PLIC 3o 110, THDEX 3RD GEN POINTER TTIYR 11 126844 060-1
1% 935 TR © OPER3~1,PLOCS, L1 ,RELOAD 3RD GEN UPERATION WUFFERS 01410 31 12850 12848 B
15 49317 |5 PATND, SURF 362 071422 26 12890 12855
15 939 AM  PLOC3,1,10 07434 11 12b4% COU-1
IR TR T U RIR WS sPLOG Yy T IR X IRG GE POTRTTR D740 %5 UT434 12840 »
16 060 [ POUMPLLZ 40 QUTPUT NUXT PATIERN o 07458 40 04012 OOB0O . - o Py
1o 0ty it w4 T 7405 9 ‘j 23




[R—

..... PCOUIRLAREL O DPLRAS . . . LOCN op, INSTRUC T {ONS
o Toowo nreEy  TeE PTLAGRL aa 1 GLTIRDTBEN SWLTCHE 07466 33 13269 00000 ’
té a1 §F 7 63 : , C ~07AT8 32 0A&56 00000
L6 084 ot LTRAN, 02490 32 09614 00000 »
16 ou5 3 Sy (TS {17502 32 09732 —
o6 09y Lrave PLCE g g LA NERT INPUT RECORI’) NSty 49 nnoo 00000 .
f6 1060 TOREG we4 T N o oSt
_.. 16 110 NOBFL R LUV PRLAGET, , TT PAT 0y 4
& 020 WoUPRESETS 46010 T SRS 3‘9 3;3%3"%3‘533
16 130 -2 . ‘07543
}; 300 . : 0 TIVERSTON SURRGUTTNE B
J17 302 1NvRi OUEPUT-46,11, L0, TEST EOR Z COORD 01544 14 12917 00041
11 363 POINXEL2 ” T 07558 46 07630 012060
. {1 3o 1432,00 e .. 01568 14 07543 000L2
13 01568 AT 07832 01200 T
17 312 PIOMX, OUTPUT=36,,TEST TOR INVERT RIGHT OR LIFT 07572 44 07618 12927
177320 'ﬂIPu|-36...ulﬂhs TO PLITS 07604 33 12927 00000
_17 122 e s e e s e e 07616 42 00000 00000
i? 324 “-lo - otely T o
17 326 prOMX CIMTPUI=36,,,PLUS T HINUS 07618 32 12927 00000
11 X_th : 07430 42 0600650 80000 T
17 330 DIRG *-10 07631
T7 332 FIToY  BNF  PIONY,0UTPUT-26, 10T TOR TNVERT UP OR DUWN 07637 44 01658 12937
N 17 334 CF  mrPul-26 e " 07A44 33 12937 00000
v7 e T " 07656 42 DoOON 600066 T T T
ok yme o . ) 07657
N %; :/u‘ PIOMY T OTRHA 32 12937 ooooo T T TomTTTTmm T e
. B . 07670 42 00 0
7 von . 'unl\lll"\l SURROUTINE ¢ 42 0000990000
L7 200wl  CM }ovruz.xo,xo.:nsv FUR REVERSAL 07682 14 12802 000L6
i7 ane : HNE W4 67676747 01176 01200 -
L1 A0 AH_PICNT,08, 10 07706 ‘11 12182 000-3 I
17 w02 CH™ 7 PiCNT, i Len10 COrrid 14 1218k oogg) T T e
17 402 BE__ wg32 e 07130 46 07762 01200
17 %02 SM PICHT, 03,10 B 07T4he 12 12182 000~3
11 402 0 R&E24 ) L 07754 49 07800 00000
it a0 DIRG e-4 Tofial T o T
17 402 oM ,"perl.os.lo ) _ 07762 12 12182 000-3
Lt 402 i ‘01TTa 42 6dodd oongo” T T T e e
17 402 DR, e-10 0r177%
17462 Ra CHTOUTTUT-46, 11,10, TEST FNR I COORD ONLY 0F7T6 14 12917 00031
17 403 BE RFVRS-4 07788 46 08180 01200
L7 41 FMOT 00PN - 3R THCDS 074800 16 00469 -7835 - o
17 414 - o 07812 26 01260 12921
17 414 - : 07624 49 01262 J3419 ° 777 T oTUT
Pl oal6 IF_ BUEING99.,  X.COSETHETAR  TO BUFFLR 0783K 26 12164 00099
V7 Aie TN OUTPUI=26, THSIN 07848 16 00469 -7863
ke 41y U 07860 26 01260 12937
Lt aid 0872 49 01262 3429 "

17 51s

PG LIN LABEL 0P NPCRANDS - e g . _LDCN__OP_ INSTRUCTIONS
17 420 . TS__ BUFEN,99 L - . 07884 16 00469 -7919
17 420 : 07698 16 00485 J216%
17 07908 49 00402 -0099
17 ™ OUTPIT-206, THCOS 67920 16 00469 —=7955
17 ) 07932 26 01260 12937
17 o retim et s smmct et et e e o o esrints Sem e wtten 2t 2o i 1 L L L
17 TF RUFFPR,99yy " Y. C()SXIIIETM' 079%6 26 12174 00099 )
' PR COOTRUTE 36 TSN e e e L ey g T s e e
17 07980 26 01260 174977
17 4726 . . 079972 49 01242 J34/0
17 428 FA - DUFFD,93 DROD4 16 00469 -8039
17 424 T e e e e - “of0te 16 0044w 41T T
17 428 : . : OHO2H 49 00422 -0099 e
17 430 AR DUTPUT S IR, BUFEN, Y X COSTINETAGSYIUSTNEHETAR 0ROEO 26 12921 7(2164° T .
A7 432 IF_ aufryi- 26'nurro.. Y. COS!IMEIABGX;SIN!INETAn 08052 26 12937 12174
TIE R T T VT, TES 08064 T4 12917 10076
17 436 RNE - e£62 08076 47 08138 01200
11 43 TFR cl‘.Zi.UﬂIPUY—Ié VALGEARATCALLY SURTANGLES ~ "7 TDHOBA IS UBLLE 2947 -
17 440  FA. OUTPUT~16,R010-1 - . 08100 16 00449 -813% L
17 440 B AR R ol e B e e Ge113 16 TO44S JAIRT .
17 440 08124 49 00422 7681
b A 17 T GBI36 47
17 444 nnuo #~10 08137 e
17 446 T TUTPUT=%6, 14510, TEST FUR AW “ARC ORTATSTOPY TOT0BTART 1% 12917 00033
11 448 AL =14 08150 47 08136 01300
17 450 r 0 w39, [0TPUTSE “““‘j”'”” T e TORIHZ 16 OBI23 J29577 7
17 452 =4 ) . 08174 49 08100 00000
"“I?”EFF‘““““‘”UﬁN* FEF A LK)
17 500 SREVECRSE SUBRDUTINE - o e .
C LT 504 REVRS S SM UUPTENT 1,107 7 “O#I84 12 12182 ©00-1
17 505 "1 B¥R - e=12,PTCNT, 11, INDEX POINTER BACKWARDS 08196 45 08184 1218K
17 506 AV PIENT; 2,10 T OeZ08711 12182 000-2
17 507 M PICNI.?b,ﬁlﬂ,’ESI FOR A GDTO OR A STOP 08220 14 1218K 000K6
TURTTS0N 't“““TﬂU 39 05232 41 0OA4HITOTI00
17 509 BA - REIZ,0UTPUT-%0 B244 43 08276 12913 e
17 »09 SF NOREV e - l / T 00236 32 08babk 00000
S17 %09 - [ 520 08268 49 08288 00000 N A
17 509 OORG s—64 - TUOBETS - \
17 »09 SFE NOREVELL. 08276 32 08689 00000 !
T AT S PTCNT, T, 10 08288 12 12182 000-1
17 Sto TR OUTPUT-51,PTCNT, 11 SHIFT . 4 LOCATIUNS LEFT 08300 31 12912 1218K
17 511 B DEENZ,GR0, ,TEST FOR FIRST GEN PAL : 04312 43 08488 13515
17 512 GOST  CHM . OUTPUI~46, 11,104 TEST FUR Z COORD 06324 14 12917 00041
17 513 WE | DEIND L "0B336 46 084GB 01200
17 14 EA - OUTPUE=3h,ST=11 ° 08348 16 00469 —-8383
17714 06360 16 00445 D292
17 514 : 08372 49 00422 J2900 ]
FA. EPUI-26400-1 D34 16 00469 ~H419 E; (j :}




Q

e N A —— — -
L PELINLAREL 0P 0PFRAMDS LOCN _ OP_INSTRUCTIONS
0 l}; ':{; N e 80296 16 00445 J2937
; ? 516 CH__ OUTPUT-50,,10 03428 :: ,gﬁi :}5332
T5IT T RETNT 00437 4% 08468 01200
7518 “t_n”,_‘loa*mnnur-»l..wm 4 LOCATIONS RIGHT 08444 31 000AB 12912
1519 T TO0TPUT=47,30 9456 31 13616
_J1 370 prinz Sn o pIONT,2yLbytonx poiNte 08468 12 12182 00022 - :
! r; WA onﬂb""l?"ﬁubﬂb"ﬁ'ﬂﬂ'ﬂ}
522 LIRG #-10 08481
T 523 WG37  SW PICNT 1,10 ) 08402 ] POT~
11 %24 _“15_ oureyr- tn,vu,m,ll.mls POINT 10 DUTPUT BUFFER 08474 if g}):i um{
It 525 TERSTAT OEI0E Y y
_oo M sse L ...‘l?".'“’ $-2 08513
H AL oA TR l‘S‘Uﬁaﬁm‘lWTHﬂ TPEHFHRAY ﬂiﬂl TYRANSFORMATION - .
600 _TRAN  RNF IRAN 1 TRAN, O 5
7 401 TF THAN, vy FIRST TIAT SWITCH ggsgg '}} g:::: g'g%%
17 02 CH  INPUT-40,12,10,TEST FOR NEW FIRST POINY . 08540 14 12032 00042
1t 6di Bl TEK! T S e P S e S e e SRR T & 08988 G1 300
11 612 o 1y INPUI-30,, SAVF FIRST POINT 00564 26 |2900 §2042
11 414 TF st SINRYTEZN ™ T 08578 76 2910 12052
L7 A04 TRANL €M OPLR2,36,10,TEST FOR REVERSAL 08588 14 12802 0QOL6
{1 60% BNE NORLV RGO
11 604 AN _PICNT,03,10 612 -
11 404 FTCAT, TT, 610 - , Dacin H TS °°°Ji
N XA LI _puc %532 e e = 08636 4 oubn 01200
g 604 M7 PTCAT,03,T0 TUTTTTTTTT T 58ANE T2 12182 060-3
604 " POINT 66
17 &oa DORG -4 83662 -w 98184, 99000
17 404 SM_ PTCNT,03,10 08668 1
:l 604 B Nﬁi«“pw.'n"”‘“" T T T 0§65‘0'T§'%§ ,I%"Gogo.(')o 13)
104 DORG e-4 (L1134
1i 605 NORTV "CH nUlbut-u-.ﬁ.To?fc‘s’l"?ﬁn"'i'iﬁﬁlﬁ“"”' ST T T T 68688 1412911 60031
17 608 BE __ PUINT 08700 46 08784 01200
17 17 TA ourTPUT-36,ST-11 ’ 08712 16 00469 -8147
. {; 611 R R S 08724 16 00445 42927
6i7 68736 49700422 J2900,
) {! 618 _FA = _ —_ . ..0874R 16 00469 ~8783
7 618 08750 16 00445 J2937
17 618 08772 49 00422 J29}0
17 672 POINT  BNF  ®L20,NOREV 08784 44 08804 DBHES
L 17 623 B Bt e e - ...08796 49 08840 00000
i1 623 DR, T84 T 9BE03
17 623 CM  OUTPUT-50,,10,TEST FOR GOTO OR STOP_ ' . _ 08804 14 12913 000-0
17 624 TRANSG “Touale a6 0888% 01200
11 62s AM__ COMPI66) 04,30 08428 11 11414 000-4
B A BIF  *620,N0OIT VL] : 0BH40 44 08860 08689
LT ey B RANG et e i e e oo e Q0BR%32 49 08884 00000
i1 625 DORT, v=3% ’ "'"""0565'! T T

L PO LN LAGIL  OF  UPLRANDS i . LOCN 0P INSTRUCTIONS
17 626 TR 68,0UTPUI- 51 08860 31 00048 12912
V7 828 77T UOUTFUT=47,48, ,RIGHT SITFT & TOCATIONS 08872 31 12916 "00048
17 539 TRANG AM  COMPIE6.1,10 08884 11 11414 000-1
177650 BN +-12,C0MP9Lh, 11, INDEX FIRST GEN POINTER 08395 45 008834 LIAIW
17 941 AN COMPIL041410 08908 11 11414 000-1
19 630 7 TERT DUTPUTES0, 3 IO RESEY SPLEYAC SWITCHTS ™~ 77777 7T 08320 18 12913 000-0"
17 632 CE  NORLCV 08932 33 08688 00000
11 634 7777 ¢ NOREVET T 0894% 33 08669 00000
17 664 BB : 08956 42 ooooo 00000
7 5% BORG +-10 OAI5T
17 648 1RA3  ANF  TRAB,PFLAG T FOR IRD GEN PATEERN 08958 44 oqova 13269
127649 7 777 TBNEUTRRT O IRAN Hh GER BATYERNS CTRKTD TUGETHER — 7 08370 4% YI0TE GIAIR
17 647 TR10 _ BNF_ #6204D1E61,,ARE 1ST GEN PATS LINKLD : 08982 44 09002 09349
11 450 T TR TTTUTRES T T - 08994 %9 03022 ‘660‘66
171 650 DORG »-4 : 09001
| R AT TR ST=20,FC7X=7, ySAVE IST POTNT OF 2RIV GEN PAT 09
17 651 [ TRAN1 09014 49 08588 00000
17 ez < DIRGEEE e e e e e ot n et e i i R
17 651 TRA6  CM  TRAN2-31,12,10,TEST FOR NER 1ST PT OF THIS 1ST GEN PAT © 09022 14 12808 00042
1 65% ° T7 BL TRANTT 09035 4758588 GII00
17 657 TF . ST-11,TRAN2-21y 4 SAVE FIRST SOINT 09046 26 12900 12818

TTUIT RS TF ST=T, TANZ-TT - 09058 26 12910 12828
L7 659 0 TRANL 09070 49 08588 00000
17 4%0° 7 7 TDORG =4 - T 09077 ’

17 651 TRAT TR, ST-20,FG3X-9,SAVE FIRST PT OF 3RD GLN PAT 09078 31 12891 13472
11 663 W TRANTT . 89690 49 08588 00000
664 DORG »-4 - 09097
_"Frm“mn'—mr—?mmmu.. EN PAT BI0IT 4% 08588 13270
”606 [} TR10 e 09110 49 08982 00000 s
11 661 T BRRG 8=y - T T e T TGN T
17 200 * DTRAN SURRCUTINE COMPUIES DIFF TRANSFORMA!IO WHICH LINKS IST GEN 0 . I

17 904 DTRAN  BNF DL DVRAN,G, 18T TIAE SWITEW

09120 W4 UIIEE OILZ0

17 905 BNF - OUT1,ULEL 09132 44 09290 09349

17 907 th TRN T At 09156 18 12808 00042

17 907 CH  TRAN2-31,12410,TEST FOR Ncu 1ST FOR 1ST GEN P! e

17 908 7T BNL BUTIEET A T 9168 A6 09292 01300

17 912 TR FG2X=9,57-2C ! o 09180 31 13430 12891

17 912 YREY RNE Outh, PFLAGET,, TEST FUR 3RO GEN NAT™ 777" 09192 44 09290 13269

17 912 €4 INPUT-40,10,10,TEST FOR PAT DPERATION 09204 14 12032 000J0

17312 N OUTT 09216 47 09250

17 912 . CM  .FRAN3-31,12,10,N0 NIN 1ST PI’ FOR_ENTIRE PAT 09228 t4 12857 00042 _
17 912 CUUUTUBUT T SHIFTT 03250747 09276 onm’r T
17 912 FE FG3X,TRAN3-21 D252 26 13481 12867
S9Nz T TEUUEGIVETRANISIY T T o 092547287 13491 12877

17 912 ns 09276 42 00000 00000

T7 312 TORG #=10 09217

09278 31 13472 13430

17 912 SHIF1 T FG3X=7,FG2X-9,»RESET 1ST PT FOR PA}
TUopreryoutyT s T T ’ }

09230 42700000 00000




|

CPG LN LABEL 0GP QPLRANDS LOCN 0P INSTRUCTIONS
17 914 DoRG E-10 09291
}; n:x U6 G20 VRAN =215, VST TsT PV T 07292726 13439 12816
— A X I AN A 1250 £ X ALY 1 09304 ;
B T TRTITT TRATT T 077316 g: {;;%: }§:§g~ At
Lo 17 91 " SE-TeVoAN2-1] 07328 26 12910 12828
1.' na i TR T 049345 4% 09i9% 00600 T T T e
17 920 DIy & =4 09567
{7 921 ni WE o TAD DT .r)l. ST ITME SWitEd 03348 WH 09460 09348 [
LI 922 UL , 017360 33 09348 00000
179573 CH 7 TRANZ 3T, 12,10, W ST FOR NEW LST POINT 05372 14 128068 000J2
17 924 OO TH 09384 46. 09580 01300
17 957 TR HXG2X=YT S T=20, 3 SAVE TS 6T OF NEXT T8T GiN pAT 09396 31 13457 12891 h T e e
17 929 FhMXG2XGFG2X 09408 16 00469
17 528 ’ TT094207 16700445 J
17 929 ) 09432 49 00402 J3439
177930 [ NXGZY FGIY e 09444 16 00469 ~9470
17 930 . : o 09456 16 00445 J3470
11 936 T D968 49 60402 13549 - T
17 939 FAN CM_ OUTPUT-46, 11,10, TEST FUR 2 _COORD 09480 14 12917 00041
ti 39 GNET Wil T o 09432 %7 99504 01200 - T
17 939 L 01504 42 00000 00000
17939 TRG *=10 T 07505
17 939 FA  DUTPUT-36,NXG2X o o 04506 16 00467 -9541
17 939 : Tm T e 09518 16 00445 j2927 T
11 939 e } 09530 49 00422 J3460
11 949 FATT T OUTPUT= 24, HK12V - 09542 16 00469 -9517 -
17 949 : 09554 16 00445 J2937
17 540 09%68 49 00422 J3410
17 9 o 09578 42 00000 00000
AT 9ar DORL T ®-10 T 59579 T
17 943 NEWT rr CUNXG2Xy TRANZ=21, o SAVE. NEW TRANSFIRM 09580 26 13460 12818
{7 944 TRRG2Yy TRANZSTT 09592 36 13470 12828
17 945 n FAD-72 09604 _49 09408000060
17 946 DORG »=7 I 09613
17 948 *  DTRAN2 SUBROUTINE COMPUTES DIFF TRAN BIIWEFN 2HD GEN PAFS :
L7 950 DTRANZ Wil PasDTRANZ &, iST TIRE SWITCH © 09614 M4 09752 09ni4 : T e
L7 951 CCF DIRANZ . 09626 33 09614 00000
1t 952 Ch " ERANI-31,12,10 T 09630 14 12857 00042 o T
. \1 953 BL_ D12 09650 4T 09688 01300
i77956 TF FGIXe TREN3I=J19s5AVE NEW 2ND GEN PAT 15T POTNT 09662 26 13481 12857
17 951 L TE  FG3Y,TRAN3I-11 09674 26 13491 12877
17 958 b R o : - 092686 42 00000 00000 o TommTrmme e
17 959  DORG e-10 09687
17 960 DF2 CH TRANZ-31,i2,10 T T0968a 14 12608 00042 - T
il BL_ DI} 09700 47 09738 01300
IR TF FGIX,TRANZ2-214ySAVE NEW 157 GEN START POINT 09712 26 13481 (2818
. 17 965 TF  FG3IY,TRAN2-11 09724 26 13491 12828
17 966 i i o CroTmrn " 09736 42 00000 00000

PG LIN LAREL P~ OPERANDS - e e LOCN OP CINSTRUCTIONS
17 967 DNRG *-10 09737
“1t 96R BYY T UTRTTEGIX=0, 5720, , TRANSEORM EQUALS ISV POINT OF PAT 77 77 77T 09738 31713872 12891 T T
17 970 BR 09750 42 00000 00000
17971 DORG »-10 09751 "
17 972 L4 BNF  #614,0440 09752 M4 09760 09752
17076 o Rt - e et e e ~ B3124 43 BolGe 1806S T -
17 915 ONRG #-10 09765 A B
B T S 411 -
17 971 CH  TRAN3-31,12,410 07778 14 12857 0002
173578 g 097590 41 10010 01300
17 981 rF NXG3X, TRAN3-21,,SAVE LST POINT OF NEXT 2ND GECN PAT 09802 26 13502 12867
17 982 TUNXG3Y, VRARI-TT ‘oYels 26 13512 Q2017
17 983 07 Fs NXG3X 4 FG3X . 09826 16 00469 -9861 R 3
11 o e E R RARERIR e e - GBuIE T 00445 13562
17 983 09850 49 00402 J3481 .
TTTTIY T84 FS NXG3V,FG3V B9862 16 00460 -JUIT
17 984 09874 16 00445 13512 ) . B
17 935 o T TSRS e s SSss o mmSosmseom SiEmoomers cmmmomrosowoeed T 01'331;421 oo&(\z Jj‘l’] N s
17 @85, CF D4 09898 33 09753 00000 e
17 922 08 TEH D UTFUI 46’{1["[17.71‘151’ FOR™Z"COORD ™ B " TOY9I0 14 1291% G0OJL
17 99 BNE . #4614 09922 47 09936 01200
17 99% IR 09534 47 00000 00000 - .
17 99% DnRh »-10 : 09935 o ~ o
17 996 'OUTFUT"SE'NX(,T"' T T TT099386 16 0h4kd -9uN !
17 996 : 09948 16 00445 J2927 B . .
i1 9%6 R T09960 49 00422 J3502 N
17 997 FA  QUIPUI=20,18XG3Y 09972 16 00469 J0007
LT 997 - T U998% 16 00445 J2937
17 997 09996 49 00422 J3512 R !
17 998 T o - T - 10008 42 00000 0O0O00 :
17 999 LIRG #—1 10009 - i I
18 000 O& 7 M TRRNZ—BI 1241077 LT e 16010 14 12808 000J2. |
18 001 AL 08 10022 47 100646 01300
B ¥ 1 TF NXG3X, VRARZ=ZT }gg:z g: }gzgg {3:;:» i
004 TF NXG3Y, TRANZ- S
'ig 006 6 ppo Tt ‘!f"' - 10058 49 69826 00000 '
18 007 DORG #-4 R .. Y0065 ) . I
18 005 8"~ TR NXGIX=4§,3T-20 77 16068 31 Y3293 12891 Qi
18 010 [} 07 >~ . 10078 49 09826 U0000
13 040 OOKG. T 1 OMPUTES SINE AND COSINE 6r ROT ANGLE 1055 !
18 040 *  SICO SUBROUTINE - C E OF ROT ANGLE i - S
18 041 SICO  FM - RTUNV,STCO-T T T 10096 1600469 Jol31 i
14 041 . 10108 26 01260 13407 R
18 041 - e T h - - 101207 49 01262 JOOOIS |
18 042 TF 9499, ,ANGLE IN RADIANS . 10132 26 00009 00099
IV 04) TIN VASTN,9 T0T4% T6 14270 JoI 79
18 043 , . 10156 16 L4258 J3429 oL
18 043 7 T - - T T - 10168 4913548 -0009 ) (} o




C PG LIN LAREL o0 opERANDS LOCN _ 0P INSTRUCTEONS
18 044 CFCOS TMCOS, ~ 0180 16 14270 J021%
i 044 0192 186 T4258 J3419 g
10 a4 - . 0204 49 13516 -0009
Ta 045 CT TRIGF 0216 33 13267 00000
[URCEY W I uzze .42 0000000000
18 200 HRG™ #=2 23%
8200 % MILLR SURRNUTINE PLREURMS INVERSTONS FUR MILLING (weuanuns
4 2ol RIULe " TR TVYPE, 20,9, TEST FOR WITL OR FACE WILL 10236 1% 17130 0636
i 202 B FACEK 10248 46 10980 0110Q
Tis 207 TR OUTPUT=-A T, ATD-%2,, i] FER 16260 31 12916 130132
8 204 SM _ovcnl,l.lo.tnocx POINTER nacnw&nos 10272 12°12182 000~
8 206 [T = ¥ .FT(N’.I 10284745 16272 121K
g 208  AM PICNT, 10296 11 12182 000-1
i 210 ANE TH.MTTS 'T('STFW BRT LA SLDPT 10306744 10340 10484
18 212 R AlD—h?.PlCNl.l\,THIS POINT 1O AUX BUEF 10320 31 {3012 12i8K
JCAF R 1) AORS 10337 49 [0484 BoOOOG
ie 216 DURG =4 10339
18 218 M1 TR OUTPUT=AYyPITNTL TN, 15T Fdif T DUTPUY BUFF 103380 31129167131 -
18 220 L uun-ur -46926410,TEST FOR GOTO UR STOP 10352 14 12917 000K6
18 722 BL T TO368 4T 10434 61300 T
18 224 BD -532,uurvur-$o..vcsr FOR _GOTO DR _STOP 0376 43 10404 12913
17 725 SF REV 0388 32 UBeE3d
18 220 B sg20 U400 49 10420 ooooo
fd 3o DARG @ -10 [ V1Y Y1} A -
18 232 SF NOREVEY o = _J0s08 32 08689 ooooo
v 234 TR nurbuT-EX.TﬂﬂﬁUT-I?.I[EFY‘§ﬂ1iT'I’tﬂtIFTﬁﬁ§”""" T 04200 3114912 12916 T
18 236 nu 0432 42 00000 00000
CRFED) OORG #=10 0433 g
18 249 M2 CH  OQUTPUT-46414,10,SLOPE OR ARC CHICK 0434 14 12917 000J4
18 242 WU 9676 0446 46 [0a12 B1300
18 244 SM !?.'Cv!”._.-‘!s.‘.!!__ e e e e . .. 10458 12 12182 000-1
in 240 (] “10470 43 00000 00000
.18 244 DURG_¢-10 10471
187350 BNF Mo, ATIRSy ¢ WAS LAST leﬂ A SLGPE OR AN ARC 10472 4% 10924 10484
18 252 AURS trM_gqvg‘\_nu;g_.yg;siv,_!x_gyg)v,yJ_n_ OUTPUT BUFF fosds 26 12921 13023
18 254 TF 7T OUTPUIT-26,ATD-2 TUTTTTITITTTTI T T T 6496 26 712931 13033 -
14 256 CCH  GUTPUT-46416,10,WAS LAST P¥ A SLUPE B 10508 14 12917 00046
is 258 BNE"TNEANT 36 ’ T 10526 41 10732 01200 T
___18_260 CH_ OUTPUT-21,453360,,JCST STZE OF ANGLE 10532 14 12942 N3360
18 767 BL *E56 10544 47 106060 01300
18 264 _FS __UUTPUT-16,0360 e e e e 10956 1600467 10591 )
18 264 10560 16 00445 12947 e
18 264 : [ [P e — ... }0500 49 00402 J3399 -
18 266 B #-60 0592 49710532 00000 T
__.18 268 VORG_#-4 10599
18 270 TFM MFADE 35,090 10600 16 10731 J33&9
18 272 TEM  MFADE 30,00422 L N —— 10612 16 10726 =0422
18 274 T OUTPUT-21453270,, TEST FOR ANGLE GREATER THAN 270 DEGHEES 7 1ve24 T4 12942 N3270° ’ i T

.o

PG LIN LABSL R R AN S e e o e e LOCN 0P INSTRUCTIONS
18 276 ANH S _ 10636 47 10800 01100
1s 278 TER T m’-h’nﬂo.omoz Trmem TOT o T T T TT10648 1h 10726 -0402
18 280 M4 CM  MILLR=1432,610,1FST FOR _INVERT RIGHT 10660 14 1023N 000L2
10 787y (] Y 2 To672 47 10696 01200
18 284 TEM  MFADE 35,027 10731 J3389
14 186 WEAD FATT OUTPUT=167D T 00469 JOTIL T
LIS 10708 16 00445 329471
18 140 T SIS IS TS T T im0 120 49 00627733369 -
18 2817 CM  AID-41,14410,TEST FOR CW ARC 10732 14 13013 00044
TTIRTIAR Bl *&36 TOT4% 47 10760 01330
18 289 CHM  AIN=41426410,TEST FOR GOTN OR S1OP 10756 14 13013 000K6
18 290 TURL T OM269% T . Temmmm e T 10768 4T Toads 01360 T o
14 191 CF  ADRSy, RESET ARC OR SLOPE SWITCH 10780 33 10484 00000 e
18 297 TRTTUTMZREN oo TUI0792 49 10438 doovoT T T
1R 293 DOR:; -4 10799 i
TR 294N T TN UUI“UT 21357900, 1, ST FORANGLT LESS THAN 96 DFG 10800 IF T2952 N2900 H
18 295 sL 10812 47 10660 01300
18 296 A IIUTI’UI 217531H0,7, ITSTTOR ANGLY GlltMlR THAN 180 ['FG T 10Y24 1‘- 12932 N318BD TommmT B
18 290 Rit 10836 46.10892 01100 . i
18 360 - LM "HILLR 1732 ’Hu.'l“ST TORTINVERT RIGHAY ORLEFY © 77 77 777777777 {5848 14 '1023N dooLe 7 7 T n e e e
18 302 BE ' MFAD 10840 46 10694 01200
TINT04 TFR MFADL30,00402 10672 16 10725 -0402 :
1K 306 B MEAD oo ....l0B84 49 10696 00000 S
14 3oy DORG *=4 T e T ) RULL] S .
18 310 MY CM  MILLR-1434,610,TEST FOR INVERT UP IR DUWN 10892 14 1023N O0OOL4 j
18 e W HFAD O TTTTTmomrmomenn o e 10904 46 10696 01200 |
18 14 R, MS-20 10916 49 10872 00000 .
IR Tl ) Yo BARG ~ #=4 10923
18 318 Mo SF ADRS,49SET ARC OR SLOPIL SWITCH 10924 32 10484 00000 L
18 320 m ALO=02  ,BUTHIT=4T, ,NCXT BT 1D AUX RUFF 10935 31 13012 12916 :
1 322 TR OUTPUT-25,AUXIN, SCT CONTRUL REC MARK 10948 31 12938 32104
1H 324 TEH OUEPUI-46412,10,50T COURD Cont 10960 16 12917 00032
18 320 3 ‘M2624 16972 49 10458 00000
18 3R BORG w=% 10979 ]
18 320 FACE  BHF - ®L38,FACE TUST FNR FACE MILL ) 10980 44 11018 10980 - —
le 322 TR OUTPUT-4T,AT0-4% ¢, THIS POINT 10 OUTPUY BUFF 10992 31 12916 13012 -
18 324 Cr . FACE . _. 11004 33 10980 00000 e e e e e
18 32¢ " 11016 42 00006 6G0O0D
1L 328 DORG =10 11017
TR I T T YR TRV AT, GUTTUT =4 T, o SHITT PT YO AGX BUTF TIGIS 3T 13012 12916
18 332 T ) COIPIEG .. 11030 26 00009 11414 = e
18 332 AM Yelyldd o - 11042 11 60609 000-1
18 13 BNR O—l¢q).llnllh|x 1S1 GEN POINTER 11054 45 11042 0000R .
18 334 AN 9 belo 11066 11 00009 Go0-1
14 339 T OUTPUT=4T49, L1 NFXT POINT TO OUTPUT RUFF 11078 31 12916 000O0R
TULATIRA TIR ™ WLIG AT0="0y o 11 ST FOX 00PTH 11676 %% TITIC 1303%
14 3y "y A8 . L1102 49 11158 00000 O
14 33n Gty w—h 11109 ™ () (;




A LAGCY

o art o LOCN 0P INSTRUCTIONS s o
16 337 1 ouren - "-.Mn zn..snln DCPI 10 Eab piosi PAL 1] 2938
8 340 it Atn-Foy Aixay 50T CONTROL RITHARK e BRI CTE 36354 13 ‘~"
A 341 Tt AN ’vlce XLHANGE L0 CODES 11134 15 13013 /
187342 Fiii "’v"ll'l’n't)l«-';r,.; : T 11146 15 12917
ty 343 WAL 11158 32 10980
18" 344 o - 11170 42 00006 T
18 345 PR, e~ 117t : -
UL TG PLUNG  sEM dsim, A0, 8 T i3 17 11190 090 am
16 171 MESSE  PAC 3,0 1113% 3 3
1T T2 TR0 7T =T ATIXTN T¥190 T 11185
16112 WALY MESSG 11202 39 11185
T e 17 " v oo PUSH START TG Cumeulf cTrmmonmm e 11214 48 00000 00 -
16 1y T DUIPOT-47, INPUT-4T : - 11226 31 12916
B T3 ¥ 73 WEM DU, BOTRUT TS REG " T T T CHE23a 17 11484 -0000 T
6 177 fRINPMI L AUXIN 11250 3] 12072
RKL] Tit TEUT ATXU 11762 31 12943
6 179 n NELTY 11274 49 01700 00000
9 olu’ Oliks w2 HEaf o o -
_ 19 014 *SUBRNUTENY OLE RCC IN PAT TAKLY :
I C R TR 1 TR ATAr, 1,6l GRD TN BATTERN 1ABLE hi2Ad 31 1326~ 112hP
9 020 AM_ PIAP,1,10 . 11300 11 13260 000~}
9025 AN BELAGLh y 1410 - 132711 13266 0001
9 030 CM  PIAR, 19999, T, 1LST FOR END l)r PAT STORAGC 11324 16 13260 J9997 R
49 035 B PATEX "TH334 746 Q1382 01100 : e
9 040 BN wgla,5P-1411 11340 45 11362 1128p
19 van dn T Tt - - 11360 42 00000 0000DO ~
9 N9 DDRG »=~10 11361
G S " M 8P-Ty Ly 10, 1MDEX CENGIH OF REC POINTER 11362 11T 11487 000-1
9 1o LB SPR1Z H”’l' 49 11300 00000 e
9 16l DORG w4 3d
9 N6h PATEX  BTM  ERSURLTII0GUALLOWABLE PAT STORAGE LALELDED L1382 17 11190 orlov
- 9120 T noRG 62 ’ T Aiys 7 7770
29 _n0n *  SUHRDUEINE PATLOC=3CANS PAT FABLL _TU_LULATE PAT 1) BE_DUTPUL
207030 PATTNC TTH  CONPILG,GRIL T, yRT ST T T0 START 0F PAT TARLT 113616 11414 J4509
20 040 €COMPY '€ 000DD,PATLOC—1,,TEST Fimt PAT NU 11408 24 00000 11395 A e
20 050 WL enih fr4zo 4i 114354 01200
20 060 vh 11432 42 00000 00000 N
20 062 viws §=10 o } i ii4ysy T -
20 070 TE__ ADDIGLL,COMPIGG 11434 26 1469 11414
T 20 oma AV ADDIRTT,0%,10 Ttane 11 11469 000-5
20 090 ADD9 A CONPILE, 00000, ,MOVE POINTER TO 1TSE NUXT PAT TN PAL TAMLE 11458 21 11414 00000 . ) s
29 100 ' n cops 11470 49 11408 00000
21 012 DORG #6272 11443 - . B
21 01 * SURROUT IR OPTIT==-A0TFiIT5 CARDS 1 TAPF W/-0R Wit 1YPED L15VING
21 040 _0DPUT _ 1RC2 PNCHO,, T0ST TUR_CARD (UIPUT 11414 46 11586 00200
o2 wie WP T OUTPUT=AT, 4y PAPTR TAPE. DUTPUT 11476 38 12916 060200
21 011 BCH w620 11708 46 11528 00400
21 oin » PRNTO 11520 49 11554 noooo
PG LIN LAREL 0P OPERANDS ) - .. LUCN 0P INSTRUCTIONS O I,
21 019 nunG d ' . 2T e e o -
S 21 0F0 cka9  OM TTGUTRUTE 46, 39, 1O, TEST RO ERD AF PROGRAN 1 yza 1% 712917 000RY
21 o1 BFE FINI . 11540 46 12006 01200
BN W23 [ T11] I Il'»2 4250000 00000
21 023 CORG #~10 o 1553 e e s e e -
21 076 PRI Wity TFUTeUT-&7, ,0uTPIT LTSTING DN TYVPEWRITTIR T19%4 38 12915 doloo
21026 1y ,“?(':; 3", “"17"‘32 :’g})gg. R e
21 028 n CK99 i 9 480
21 03 NORG #=4 11585
T VU037 PRCTHT AR RSTZE,01910,CARD DUTPUT 11586711 13245 oo0-1
21 034 HNR  PNCHOGRSIZL, 11, COUNT LENGTH OF THIS RECORD 11598 45 11586 1324N
2t 03n AN RSTZE, 0010 fi6lo 11 13245 00o=-1
21 038 SM  RSIZL,AUIPUT-4T ) . 11622 12 13245 J2916
21 oan A DOTLOC i8TZE 77 7 T T 1634 21 13235 134‘5
21 042 CM  DUTLOC,CARDO=5, o TEST FOR FULL OUTPUT BUFFER 11646 14 13235 J3210
FEUOAETTTTTTT TR UROTTY TTR%0 %6 11696 0IT80
21 046 s QUILTIC, RSTZE (11670 22 13235 13245 -
21 048 A FILLY }}f:i 49 11914 000OD
21 0%0 DORG ®-4 idid .
21 052 wOFELL 5 OUTLDC,RS126 LE6HY 22 13235 1124%
21 254 DIGS TuM JUTLOC,00000,6,/EST T RCMAINDER OF CARD TO R0 11702 15 13234 _00000
1217 i8R AW OITCOC, 01, 10 IT7T37 1T 13235 -1
21 058 €M OUTLOC,CARNO-4 11726 14 13235 43211
21 083 ol HICo o . o . 11734 47 11702 01360
2L 002 AM  SEQNC,01, 10 11750 11 13250 00U-1
21 9954 w CARBI, SEQNI, , STt SUVUIMCE "NO fLioz 26 13215 13250 9972
0606 COWNGCD CARDBE-T9,, 0N CARD e e e HAFA—I— 13400480 _-__..49._1 e e e
5: 0AT NATNY TIEAT REMDiT, TTISTING B TI70% 46 11890 0040
21 OTU PRNUL BNE RECTTPRLAC, 11 Inis R1C UN TYEFHRITIER “‘1";3 38'};%3 ;Siga e
i3 1
g: :3% '.'."1'13 PALAC, 6, OUTEUY H 11822 34 nogsm_oou_rf
21 oy LY PrRLOC, 01,10 1is3s 11 132 |9 000-
21 074 WNR w=12,PRLOC, 11 i L1846 45 11834 1324~
20 o A RRUACTDT T T T T TIRsE T 3770 t00-1
51 ore " PRAUL 111870 49 11792 00000
21 are DORL w-4 Huat R
21 074 RCEET ECH PRLOC,CARDD=T74 JRFSTT POINTFRS e e e 1Bi3e
21 081 G0 TEA QUILAC, CARDO-T :1307 e s
21 on> nur FIX, IRIGTEL e e e -
S1 s 4 ILL TR DU, GO TFAT= 775 TS TREC T T T W1 T3 T3 129 Te
21 naa A DUTLEU,RSTLE o TRDEX OUTPHT BUFT REGESTIR 11926 :l l;_zf.: j;gm
20 o vEE X Hr' RE12 yuytpiit -4t ) :}:'sg I: izfu.; Jzate
2t ok »;.{l:‘]:l—h(-.l').ln.” ST FtY LD OF PRIIGRAM Vioes 47 Lisss 01200
AN e 11974 44 120006 132¢8
BTSSR L L — S 11
[AAF N -~ ot 4 o 3 .
ﬁl o b DUy o o PUNGH LALT CARD Lok 49 1170; noveo
21 e e, w- g 1210 r




PG LIN Lasit o OPERANDS -, LOCN  0OP INSTRUCTLUNS
21 099 TINE WATY  MESSHy e EHD_DF PHASER2 12006 39 13339 00100
2f too B INTE gy INTTTATTZE Fow NEXT 308 7 o FRH4 - BEI D00 49 19522
21 1wl QORG #-4 12025:
T OTo TRPUT — D5 48 - - 17672 [T}
Loty DC  LeagINPUL : 12072 1
17046 RUXIR B8 77 37T T T e e s e s e e 15104 T TTE : )
LOLE DC LyaghUXIN , 12104 1 . . /
l \)Z‘i 'i'v - ‘)I;. 2_.‘ P A a et T . trm o s 4 St i o e S a4 4 b b oam o e e e e -......»_.V.A.»--.i.é‘rig.“»..u__. .2.[..4_..,. 3
oL bo2y mavPE 0C 2,00 12121 2 -0
17030 TYPE ns 3 12130 3
L 040 TOLND DS 4 12134 “
Vonal twi 0 Le TG, 51000050y T T T T T T T T T e s e 3 & T T 10 N1 26006006
t 042 THCTA DS 10 . : ) 12154 10 .
G B e 1 1% teabtt v . : T ,
oL o0a4 puEED 05 10 S : 12174 !
T Ga6 T TOUROD BS 3 ; T217T- !
1 046 PTCNE DC 5,00000 12182
L o4e RTCND BE Bl 0000T" e L TR TR Re R 1 +-+ USSR S, +-
1 047 18LE © DS 560 . 12747
| 0% CORFL DRA eEF T T o B Il 1. 1 1
Loy nC_ 24117 . . 12754 2
1 660 [[# Zy 18 - . 12796 2
1 00 ne 2419 12758 2
1 oxn Nt 2,21 " ) I ¢ X [ ] ]
1 990 veo 2422 [T I . 12162 2
{ 095 ot 2,21 ooy ’ o T M2eh T T2
Y0 DG 2,28 12766 S 2
T G499 T 2499 12768 Z-
1 1co oe 2490 o o o L 12110 2
1104 DE 2499 ’ o ’ R l2ii2 2
L Lo CoMP2 DSA 867 o ) o o2 5
i ne 2432 . {2719 T2t
. NC_ 2414 12781 2
i DL 2436 - 1z763 2
! SNE 2400 . - . . C... . 2ss 2
16 6t 5,00000 12790 %
1o > BC 5,00000 . : .o L. leres 3 -
16 141 PCui? . DC 500000 - 12800 B
1o 142 DPERS  BC 2,00 12802 2
AL VA SRF? T o€ 2,60 : 12804 F
16 143 oco 200 0 e .. .. .. . Lo 2
16 144 TRANZ 0§ 33 . 12639 33
6 145 PLOCY OC 5,00000 o o o . 12844 5
th 14n PEHTE DC TH,00000 ’ 2849 .5
1o 141 Py De 2400 12851 2
TUH6 TAR SIEY TDC 2,400 . 12853 2
16 144 UC 2400 o 1285% 2
16 Lao TRANS DS 33 12888 33

PLOLIN LABEL  OP  DPERANDS _LUCN 0P INSTRUCTIONS

16 14% PAVIN DG 72,00 . S o R ¥ 1. e
L6 V40 ST we 2v0 T ) 12511
0C 2,00 12913
T [ 2,00 - . 12915
L6 120 OUTPUT DS 48 . o L . . e 12962 . et e e
te 151 IR P TY (173 1175 SN N 129613
L6 152 AUXY DS 48 ) o ot - - -
fn 1% ue Uedo ARG o ’ 13011
16 15 AlD ns 43 13054
B (TR S S W Ty T30%5
16 154 CARDE DS 80 L L ) ) ;333; o .
16 b5 CAYM DS uo oo ) - .
16 1u6 LD DSA - CARDL-T9 13220 5 33056 3 .
16 157 TARPE DSA TBLT=H%4 ‘ ) 13225 B_J?lél
Lo 152 APRES  NSA TBLE-556 e 13230 5 J2191
to tog BOTUNT BIAT TARDO=T9 T T3723% RELED
16 162 PRUNG  DSA CARDO-79 13240 5 93136
16 164 G120 - DA OuUlPul-47 . 132135 5 J291%
16 166 SEQN DG 9,00000 . : ) 13230 ': f_npqg :
16 16T Sehet b 4, 00600 ’ . 133)5 K ~000
16 1648 PIAY NSA  GNOEYD Y 13260 5 J4508
16 Teh FrinG T FERHIY - l;z_m. 2 -=
16 16t FRIGE 06 95~ 00000 X oL 13267 .5 -p()p(—j_
16 Law (E# 6y OVOGDN ’ 13273 4'2» :gbo 0
e Vo pemt ne o 2,400 i . :;;;3 20
16 16k PLIV BC 200 e 2
" .G Lo e ; _
:: }2» IR :).(‘.\ r"il'f“—"'.‘ii»;ﬁ'\h~'-‘.»l»,.f‘.l\!‘.l\l|-7'i.\',All(}!‘!- PRAOTPIY= 717, UNCE3TY R;g; 2 jg:f;‘l,
::," :?'; T 13303 5 J29te
o 11313 5 -0000
:(L) :;, ¢ 24 -0
16 o B wes00000 L e e 13325 5 Z000- -
Ti6 ten i "y OO0 ) 4 53
16 169 ", 2.0'1\ e At
[} 6% [ 30N .
:n: :m MGl AL, Hlet e PHAST v n.;.w . {l’ :‘lsgggomaﬂ‘za
b e o o AR t;n(;:; I:) N;wnonono
:? “. :,”) o :‘(;::;:'M:’::;:m T o - T3 () Nj;?mﬁﬁg.w o
PHOBIO 2l w0 an A lJy-(‘)‘: 1o
1ee HRN Thie (B 10 “’:;N, lo
R IR A F ERY RO :n . 1yays 1o o
Y IR AR T R T X . . B R B - e T e [EERRRE. -
e T A
B . . .

b R ) 1 3460 10 5 () o)




_ PG LIN LABTL

18 898 NXG2Y

18 899

.18 200

1536 T
18 902

18 902 NxG sk

18 903 NXG3Y

e OeLRANDS

ne [
ne 1y
IR AL

e _l.r
[N io
”rs 10

] __LOCN_OP_INSTRUCTIONS 4™
. 13470 d0 W
13471 T
" 13481 10
13391 1o
e ) 13492

et o v 13563

i
15 —
13512 io

iR G904 % 1,4 T T B T TTTTTTTIERTS 1
18 905 GND - DO 2,00 13515 2 -0
6 110 TN NEXT o100

o)

509




PATCH PROGRAM

19466
19478
19490
19502
19514
19522
19534
19546
19560
19574

MODIFICATION TO PHASE 2 OF AUTOSPOT TO

26 13225
11 13225
26 13225
11 13225
49 11226
34 19560
49 19976

12033
00010
12055
00004
0

00701
06850

10540020000000
10535001001900

bbbbbbbbbb

RUN FROM DISK

Program patch that was in the way moved to here
End of this phase - seek for next phase

Disk control word this section
Disk control word next section

" MODIFICATION TO ORIGINAL PROGRAM

19584
19596
19608
19620
19632
19644
19656
19668
19680
19692
19694
19706
19714

36 00000
36 19680

26 01762

26 03219

41 00000
26 11780

26 12024

34 19546

38 19546

48

46 19466

49 197420
49 19912

READ DISK DATA
10000000119600

19728
19742

19754
19766
19778
19786

36 19728

47 19786 .
34 19728
49 19742
1 19733

00500
00500
19712

19705
00000
19720
19727

00701
00702

01200

Read in last cards of modification

Modify "read a card” instruction
Modify error routine

No Op '

Modify "write a card" instruction
Modify end to call next program

Write these modifications all on the disk

4919522

00702

03600
00701
0

00001

Read a card from disk & seek if necessary then go back
and read again

Increase sector address by one

TRANSFER FIELD JUST READ TO EVEN LOCATION

19798
19810
19822
19834
19846
19858

25 13056
14 19809
46 19866
11 19809
11 19804
49 19798

19600
19679
01200
00001
00001
0

Transfer data to area beginning with an even address

Check for last transfer
Increase disc location by one

Repeat 5t




MODIFICATIONS TO PHASE 2 of AUTOSPOT

¢

'TO RUN FROM DISK

TRANSFER FIELD JUST READ TO EVEN LOCATION

19809 19600 Housekeep because all data is transferred now
19804 13056

19890 49 01768 0 Return to program

19866
19878

16
16

WRITE pATA_ON DISK
10200000113136

19898
19912
19924
19936
19948
19956
19968

19976
19988

38
47
34
49
11

49

36
49

19898
19956
19898
19912
19903

11786

‘19560

02318

00702 Write data on disk

03600 If addresscheck - seek first then write data
00701

0

00001 Increase sector address by one

0 Return to program

00702 End of this phase - read in control program for next phase
00000

Load program to load in modifications into core

00000
00012
00024
00036
00048
00060
00072

36
36
36
36

36 -

36
49

19466
19546
19626
19760
19840
19920
19584

00500 Load modifications into core and branch to the first modificatif ™
00500 ‘
00500

00500

00500

00500

0

(83




<N

oo







GOODFYEAR
GOODYEAR AEROSPACE

CORPORATION

ARIZONA DIVISION
LITCHFIELD PARK, ARIZONA

GENERAL RAY TRACE PROGRAM

Presented to the 1620 Users Group
(Western Region) Meeting at Tempe,
Arizona, December 12, 1963,

Presented by D, H, O!Herren

AAP-18375 | December 12, 1963




INDEX
Page

Description of Program = « = = = - 1
Program Input = « = = =« = = = = - 3
Sample Problel - = « = = « = = = =

a, Sketch of System = = = = = - 8

b, Discussion of Input = = = = = 9

¢, Listing of Sample Input Data 12

d, Listing of Sample Output Data 13

&

endn

Ly

e



GENERAL RAY TRACE PROGRAM

This program is based upon a paper by Gordon H, Spencer titled ™A General Ray
Tracing Procedure®, IBM Research Paper RC-5L9. Spencer's paper applies, with

a few extensions, to the problem of tracing a light ray thru surfaces which may

be rotationally symmetric, cylindrical, or conic and may have arbitrary orientations
with respect to a reference system, Certain adjustments and additions have been
included in the program, This paper does not attempt to delve deeply into the
mathematics behind the program, It is felt that a brief description of some of

its advantageous points along with a sample ray trace problem would be of more
interest, The sample will attempt to illustrate the value of the program as an

optics system evaluation.tool.

In general, surfaces are described in a local coordinate system. This local system
is then positioned in the optical system thru translation and rotation of the local
system in relation to the basic coordinate system, It is thereBy possible to

position surfaces off the optical axis and "tilted" to the desired degree,

One feature the program possesses which is not common to some other ray trace
programs is the capability to trace rays thru cylinders and prisms. These types

of lenses are fairly common in modern optics systems making this an important feature,
The basic surface equation suggested by Spencer which is used in the program is:

F(X, Y, 2) =4x%2 + BY2 + cz2 + z = 0,

This represents the surface obtained by revolving a conic section with vertex at
the origin about the Z axis., In general, a ray intersects such surfaces at two
points, By using vertex equations set up so that the first iteration point lies

on the plane Z = o thru the vertex, the iteration starts closer to the desired

o8 ]
[~ )
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intersection point than to the extraneous point.

For cylinders with conic cross~section in the XZ plane, the surface equation becomes:

F=ax2 4 c22 ¢ 2 = 0
The rulings of this cylinder are parallel to the Y axis. A similar equation will

describe a cylinder with rulings parsllel to the X axis,

The equation:

X2 + 22
(aY)? (bY)2

-

describes a cone with apex at the origin with the Y axis as the principal axis.
Cross-sections parallel to the XZ plane are ellipses, This equation may be rewritten

in the form:

F =2 +D VX2 + Y2 =0

To iterate with this equation, the following rule holds:
ZZ0 forD<90

Z=0 forD =0

C

O

Therefore it is possible to represent three types of surfaces with the single equation:

2 2 2

F =AX2 + BY2 + C2° +7Z +# D -\EX° 4 Y = 0

The constants A, B, C, D, and E are program input data,
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GENERAL RAY TRACE

INPUT

A header card and 3 cards for each surface are required input. Ray information
mey be entered in 2 ways, either one ray per card or as a fan of rays, To enter

single rays, switch No, 1 must be one.

HEADER CARD:

Cols, 1 - 11 1Initial index of refraction (may appear anywhere in Cols. 1 -~ 11),
Ex ... If the initial medium is air, the number 1,0 can be
punched in Cols, 1 -~ 3,

Col, 12 Blank

Cols, 13 - 1i Number of surfaces. If the number of surfaces is 9 or less,
puneh it in Col, 1L and leave Col., 13 blank,

Cols, 15 = 29 Iteration tolerance in form ¢ 0,10000000E«YY, This number is
used to establish a criterion for convergence of the iteration
process, Convergence is assumed when the increment magnitude
is less than the tolerance. It is recémmended that 40,10000000E-06

(o1 X 10"6

= 10“7) be used, as only 8 places are carried in
computation, It may sometimes be necessary to relax the
tolerance to 4 0,10000000E~05, either to obtain convergence
or to spoéd up the program.

Cols, 30 - 80 Blank

(23]
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X0(1)

YO(I)

zo(1)

Alpha(T)

Beta(I)

Garme (1)

A(I)
B(I)
c(I)
(1)
E(I)

SURFACE CARDS:

Card A:
Col, 1 ~-11
Cols, 12 - 22
Cols, 23~ 33
Cols, 34 - Lk
Cols. L5 - 55
Cels, 56 - 66

001'0 67 - 77
col'o 78 - 80

"Card B:

X - coordinate of origin of local system, punched

in same fwdlfion as the initial index of refraction
on the Meader card.

Y - cooxdimte of origin of local system, punched in
same faahion as X « coordinate

Z - coordinate of origin of loeal system, punched in
same fashion as X « coordinate.

Y axis euler angle ((X) in decimal degrees, punched in
same fashion as X « coordinate.

X axis euler angle (B) in decimal dogr_eu, punched in

- same fashion as X -~ coordinate,

Z axis euler angle (7) in decimal degrees, punched in
same fashion as X « coordinate, |

Blank,

It is mggutod, but not roquirod, that the surface cards
be punchod OlA, 01B, 01C, O2A, 02B, ete., in Cols, 78 - 80
to ensure that t hey are kept in the correct order,

The first five fields give the coefficients in the surface equation

Feax2 B2 ¢cz2 424D EX24Y? =0, as follows:

Cols, 1 - 11,4 (punched in same fashion as X ~ coordinate on Card 4)

Cols. 12 - 22B (punched in same fashion as A),

Cols. 23 - 33 (punched in same fashiom as A),

Cols, 34 ~ Lp (punched in same fashion as A),

Cols, IS - 558 (punched in same fashion as A),

19
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Refr(I)

APL(I)

AP2(I)

O

AP3(T)

APL(T)

APS(I)

Cols, 56 - 66

Cols, 67 - 77
COlS. 78 - 80

Card C:

Cols, 1 - 11

Cels, 12 - 22

Cols. 23 - 33

00180 Bh - hh

Cols,. hs - 55

-5 -

Index of refraction of medium following the surface, except
in the case of reflection, when the negative of the index
of refraction for the previous surface is used. (Field is
punched in same fashion as A).

Blank

May be punched as suggested for Csrd A,

X - coordinate of center of circular-annular aperture or
coordinate of center of hyperbolic aperture or X lower
bound of base of rectangular-trapezoidal aperture,

Y - coordinate of center of circular-annular aperture or
coordinate of center of hyperbolic aperture or X upper bound
of base of rectangular-trapezoidal aperture,

Inner radius of circular-annular aperture or length of
semi~-major axis of hyperbolic aperture or Y lower bound
for rectangular-trapezoidal aperture,

Outer radius of circular-anmular aperture or length of
semi~-minor axis of hyperbolic aperture or Y upper bound
for rectangular-trapezoidal aperture,

Y lower bound for hyperbolic aperture or reciprocal
slope of left hand side of rectangular-trapezoidal

aperture. Enter O, for circular~annular aperture.

020




APS(C)

NAP (1)

NOUT(I)

YA
ZA
RPAR 1

RPAR 2

RPAR 3

Cols, 56 - 66

CO].So 67
colo 68

COlo 69
Colo 70

00185 71 - 77

RAY INPUT (Single ray per card, switch 1 on)

Y upper bound for hypcrbolic aperture or reciprocal
slope of right hand side of rectanular-trapezeidal
aperture, Enter O,for circular-annular aperture.
Blank

Aperture code

Blank: ecircular - annular

1: rectangular-trapezoidal
2: hyperbolic

Blank

Output code

Blank: no output at surface
1: output at surface

Blank

One record, either typed or punched, is used for each ray. NOTE: Coordinatem

with a bar over them are system coordinates, Those without a bar are local

coordinates,
Cols, 1 ~ 11
Cols, 12 - 22
Cols. 23 - 33
Cols, 3k - Lk

Cols, U5 - 55

COho 56 - 66

Colo 67

X - coordinate of lst point on ray.
Y - coordinate of 18t point on ray,
Z - coordinate of 1st point on ray.
X - coordinate of 2nd point on ray,
or X direction cosine’of ray at 1lst point.
Y - coordinate of 2nd point on ray
or Y direction cosine of ray at 1lst point,.
7 - coordinate of 2nd point on ray
or Z direction cosine of ray at 1st point,

Blank 591 ‘




C w

NAXIN

IRAY

Col, 68

Col, 69

Colo 70

Cols, 71 - 73
COlso 7’4 - 80

RAY INPUT (Fans of rays

card 1
Cols, 1 - 11
Cols, 12 = 22
Cols, 23 = 33
Cols, 3k - Lk
Cols, L5 - 55
Cols, 56 - 66

card 2
Cols, 1 -'11

Cols, 12 - 22

Input code
Blank: 2 points
1: 1 point and direction cosine
Blank
Optical axis intersection computation code
Blank: bypass computation of intersection of image ray
with optieal axis,
1: Perform above computation
Rey identification number (right justified)

Blank.

on 2 cards)

FXU, the maximm ¥ coordinate atthe 1st point.

FZ1, the Z coordinate at the 1st point.

XGAPl, the X spacing between fans at 1st pointe.

FXP2, the maximum X coordinate of each fan at the 2nd p
F22, the Z coordinate at the 2nd point.

XGAP2, the X spacing between rays at the 2nd point.

'FYU2, the maximum ¥ coordinate at the 2nd point.

YGAP?, theﬂTAspacing between rays at khe 2nd point.

NOTEER All fans are assumed to originate aty = 0 at the 1st point,
The following sample ray trace problem will better illustrate the useage of the

program, The surface system to be traced is as follows:

oint,

(A}
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OBJECT —Pp - - - -
SURFACE #2 ~ e
SURFACE #3 S
“ ——————
SURFACE #4 S: -z
—a 500 }o—
SURF #5 -
SURF .#6 -
e 2,000 -1
IMAGE -
NOT TO SCALE —p» X
v
y/

0.0000

3.0000

3.5000

3.8525

4.3525

4.8525
4.9525

6.0000

6.5000
6.7500

8.0000

e e

— 500 fe—

jo— LOG)-"

—> Y
v
Z

1.15

.85

1
’/pELLIPTICAL
LENS

FIGURE - SAMPLE RAY TRACE SYSTEM
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DATA INPUT TO GENERAL RAY TRACE

PROGRAM FOR SAMPLE PROBLEM

SURFACE DATA

SURFACES 1 & 2

These are both sphericsl surfaces, The surface equation becomes:

F=Ax2 +8Y2 + C22 + Z = 0O

‘Lx2+l-—12*-1——zz+z=o

2R 2R 2R
= o 135 X2 - o135 Y2 - 435 22 ¢ Z = 0 (Surface #1)

= 588 X2 4 58872 4 58822 4 Z = O (Surface #2)

These are not conese Therefore D = E = O

The vertex planes for these surfaces are perpendicular to the Z (optical)
axis, Therefore(X, /9, and ’ are zeroo

The vertex coordinates are:

Surface #1 (o, 0, 3.00)

Surface #2 (o, 0, 3.50)
The index of refraction following Surface #1 is 1.523, that following Surface
#2 is 1,00,

The apertature on both surfaces is a circle of 0.5 inches diameter.




Surfaces 3 & L Q;D

Both surfaces are planes arranged to constitute a prism, The first, No. 3,

is arranged so that rays are deflected in the negative X direction, The

second surface, No, L, is perpendicular to the optic axis.

The surface equation for both surfaces is:

F =2 =0

A = B = ¢ = D= E = 0
Surface No. 3 is rotated L5 degrees when positioned in the system, To
accomplish this rotation, it is necessary to specify the angle alpha equal

to hi,degrees. The rotation angles, alpha, beta, and gamma are defined:

X Al ™
t
. N N N Y @;D
7n
> 7)
YA ﬁ
Aﬁ\rz > Y Xn
N
X
Yt =% 74
X = x» n =2




-1] =

The specified apertature is a square 1" x 1", Therefore the minimum and maximum
allowable x and y values are (0,5, 0.5) and (=0.5, 0.5) respectively. These
values apply to the surfaces before rotation, After rotation of surface No. 3,
the actual minimum and maximum x apertature values will be corrected by the
program to (~0.5/ '\[;, 0.5/ '\f53. APS and AP6 are the inverse slopes of the
left and right edges of the apertature as viewed from the object point (positive
Y up). In the sample, these slopes are reciprocal infinity or zero. NAP is set
equal to 1 to specify a rectangular apertature, NOUT is set equal to 1 to obtain

output data at the surfaces, The index of refraction of the prism is 1.6,

Surface 5 & 6

Surface 5 is an elliptical cylinder. Surface 6 is a simple plane with input

similar to surface No, L, The equation of the ellipse in the YZ plane is:

— + — =1 a =1 b = 0.5

The surface equation, adjusted so that the origin is at the point nearest the
object point, is:

F=—O°25Y2—Z2+Z=0

Therefore A = D = E = 0, B = =0,25, C =-1,00. Note that surface
Noo 5 is a cylinder with rulings in the X direction, If it had been desired
to translate this surface off the optic axis in the Y direction, then YO would

be specified accordingly.

This program was originally written by William Webb of Goodyear Aerospace
Corporation, Akron, Ohio and to that gentlemen goes the credit for this signifi-
cant contribution to the lens designer's kit of toolss, The program has been

altered slightly to suit current needs and is being maintained by the writer,

(A
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SAMPLE PROBLEM DATA INPUT

SAMPLE PROBLEM¢

1.2
)

- 435
2.0

2.

740, 1008000CE~26
Der 3.0
-e435 - 435
2.0 2.2
R 3.5
?.588 ?.588
0.0 2.0
2.0 443525
2.0 242
Pe5 ~245
G 449525
2.9 2.0
2.5 -0.5
P 6.0
~Pe25 ~1e?
2.0 1.0
2.0 6.75%
2.0 2.0
2.0 -1e@
2.0 8.0
2.0 2.0
2.0 0.0
2.0 2,1
23

PROGRAM NO, 143A-63,

B
2.0
3.5
2.2
B0
2.5
-45.00
2.7
B.5
2.0
0.0
Be5
D0
B0
1.0
De0
1Y ]
1.0
B.0
o0
12.0

P23

12/22/63

Do
PeD
2.0
2.2
De?
Pe®
P2
Pe®@
. O
Do
1Y}
Ped
DeD
Be@
DB
D@
DB
2.8
P.0
Pe?
D0

3.0

P
1.523
2.0
P o2
1.0
B0
2.0
1.6
2.0
2.0
?.0
8.0
1.5
N
2.0
1.0
2.0
0.0
1.0
2.0

7.3

-12 -

ot
oo

1A
18
1C
2A
2B
2C
3A
3B
3C
4A

4B

- 4C

-3

5A
58
5C
6A
68
6C
TA
T8
7C
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SAMPLE PROHLEM DATA OUTPUT

SAMPLE PROBLEMy PROGRAM

RAY SURF
1 1 X
Y
2
1 2 X
Y
2
1 3 X
Y
2
1 & X
Y
2
1 %5 NO INCIDENCE
2 1 ‘ X
Y
z
2 2 X
Y
2
2 3 X
Y
z
2 & X
Y
2
2 5 X
Y
2
2 6 X
Y
z
2 7 X
Y
b3
2 NO INT W/O0PT AX
3 1 X
Y
z
3 2 X
Y
p2
3 3 X
Y
2
3 & X
Y
4
3 5 X
Y
2
3 6 X

NO,

OR
OR

OR
OR
OR

OR
OR

OR

OR
OR

ErFrRECRTEREEIXRICERIC-CPRICPR P RIFCREICO-RICR

RErFRECFRI-CFRIICFXRICER

143A-63,

12/02/763
OBJ PT 2D PT/DC
* 102020 30200
°» DORAD 30000
o POABO 3 JOPPR
* 10000 * 30000
« 20000 30000
« O0000 3 . 00000
¢ 10000 30002
« 20230 » 30920
PN [alale L] 3 « DOPPQ
o 10009 * 30000
Nl lelred ) « 30000
o BORPD 3, 20000
« 10000 « 2000
N[l « 30000
o DOOSD 3 . P30
« 10000 » BPP0P
« DOV » 30000
o« 2PAOD 320200
« 12000 30230
Y] 30000
« 20320 3 OO200
2 10000 20000
« 0000 « 30000
« D020 3, I0C
s 10090 o 20200
« 00220 30200
« 30000 3« 3OO0
* 10000 o POOPD
- OBA0R 30000
» P02 320000
*» 10000 200200
o BOB0S 0 30000
o BOGRR 3 o« 20203
* 10000 -430000
«O0000 * 30000
« BOOOS 3. 00020
« 10000 - e 30000
« 0000 ¢ 30000
« D000 1 00300
« 10000 -o 30000
« D020 « 30000
» 0000 3 422020
* 10280 - o 30000
« 20000 « 30000
o« BP0 3.00020
. 10000 - o 30000
« DOPBB o 30807
o 20000 3 BP0
0 10200 - ¢ 30000

INT PT

«30568

¢ 303852
3,08521

028848

029772
3439209
-eP48675
-eP1308
4e30574
-e62369
-«15807
A e95250

-sPP136
030409
3040595
-oA106
29198
%454823
- 3302
26923
4431947
—e 26404
-¢03633
4495252
-e99486
-e370326
663553
-1027289
~o 43702
S+ T5000
-2.28877
-¢63295
8 o OZA0

-¢31159

0301869
3,08697
-2 306602

029755
3438486
-o001229
”.ﬂ2183
&eo34020
-914898
-¢14338
&£e952505
-958127
-e52780
687531
- o 714000

-13 -

DIR COS

-o25589
’oﬂ3529
«99781
‘032813
—-e30423
«89429
-e859435
~e19014
oB4B2C
- 19097
-930423
«5308%

-a2133
-e02971
099933
-eP2552
-~ 24762
+96851
‘Q”’?G
~-a15476
92807
-e586192
- 24762
«88311
~e36128
- B8675
0928400
—e54192
-e13013
+83028
-e54192
-913213
«83328

oP1673
-«33736
99916
+ 28045
—-e30634
091334
“.21399
-2190921
«95815%
-e34225
-230434
+ 88895
”022816
- #8569
096984
~e34225

028




~J
~N < N<

NO INT W/0PT AX

APERYURE STOP

AN

NO INT W/OPT AX

NXXNCHXNALXN XN XN XN X N<XXNCXMN<XN <X

<N ALAXNCIXNCHXN X

TR

ZFrAICLRIFRAICFRATDrARIARAIC-R IFRICRICREICRN

vf‘ﬂl!?'ﬂ:!f‘ﬂ_lr‘ﬂi!r‘ﬂ

« 2O0BO

*
e Cotd
- 30008
30009
3 20920

T o 30000

« 30000
3 +200R0
30000

~ ¢ 30000

3 . 20000
-9 30003

30003
3 . 20900
-o 30000

» 30000
3.00000

- o 30D50
« 30200
3 4 20O
-» 30009
» 30200

~e58741
675000
119964
~o 76005
8..00000

030869

030089
3408608
29766
" e 29766
‘3438849
~sB2P26

-oB20926

8¢38223
~0 36928
-e15825
4495250

BT
« 30409
304998
N L]
« 29201
3444828
« 30000
26101
4e332%0
-e21030
-o385%3
5§4952%2
-390414
~236698
§+¢03488
~la17128
-oh3459
§.T5000
194745
~263101
8 « 20000

~e308602
2308602
3,28608
-029766
229766
3+38849

224085

-gP4085
8439335

! ~-eo27893

-e151%6
4498250

~e49297

~+53421

-lhn

-y 12894

e

N2

-:12854
«03077

~eB3814
~u23614

+ 99849
-o30AY2

*.aﬂ‘ﬂzi

90278

“*0031Q5
¥

.85561
-y T2
~-e30412

+5604%

«00008
~9B32964
«999%6
« 22000
~s24751
-+ 96688
~e328679
~e 15449
293234
-2 52287
-3 26731
-4 81548
-»2364688
-+38821
«93311
-~ 52287
~‘13232
84207
-'52207
~-a13232
« 84207

33614
~sP3614
+99869
e300h12
-e30412
+9B278
- 20566

‘q19Q67'

«95998
-e 32996
’.30‘12

+89399
~s21937
-¢28393

529



s O®

NC<XNLXN
3233339
ErR2Trxx

NO INT W/OPT AX

APERTURE STOP

NCINCIHMNLCIN CHNLCHNCXN LN NN CHNLCXEN XN <X

NO INT W/OPT AX

N-CXN-€<XN-CX

OR
OR

OR

TrRICEFRIC-X

OR
OR

333332 IIBISIRIZISIZZ IIBIBSIBIIRINRS

ErRErFRICFRICRICOARICREICX

TERTCAFREIC-C-REZCRICS

« 2008
« 0P8
» POOOP
N ]
» AODOC

N

« 20000

-2 10000 .

« D000
« DO
-9 1000
« PO000
« D200
-o 10000

- 100000

- ¢ 3OOP0

3 «OBORQ
- o 3000

30000

3 ,00000

-9 30000

» 30000
3 420000

6487732
~sQ&ATS
“.5,23ﬁ
&0 T8 000
~1e08431
-o TEPAE
8 . 08000

«31189
230869
21408697
30660
«297%5%
3,38486
BV650
-eP2811
& 35900
~e31611
-5 15900
409%280
-1 291805
-~ 489892
S020602

oB2136
»30409
3.804095%
21006
e29198
3,44823
+B3481
25188
4438731
-515%37
~o4152
449%2%0
~-e81469
-936538
602457
~1e07115
~oh3354
6 TS000
-1480976
- 52984
8 OO0

-9 30568
» 30852
3.08521
-3 28848
029772
3439209
« 10094
-q06333
&0453844

- 15 =

0972022
-0’29'6
-y12%90

493587
-e 32906
-a12590

093887

-oP1673
=,A3736
¢99916
-e 28845
~o 334346
«91034
~s 46886
- 19921
086254
- 75918
*.30’3‘
«58782
- 8012
«118012
«85787

+B2133
-~o 22971
¢ 99933
222552
-2 2A4T62
« 96831
~431508
-15676¢
093838
~o50A418
oB82T36
-o 33608
- 88932
«93758
- 50413
~-:13398
«85317
-, 50413
-.13’98
+85317

+25589
o 23599
.99101
«32813%
..30‘2,
+89429
-.19763
-e19014
+ 96165

530




12

19

12

10

19

10

12
11

11

11

11

11

11

11

N XN XN € XN-CX.

NO INT W/OPT AX

2L E R L E S I ES L IES S IS LS S K S |

ZI2ITVITISIDIRISLIL 223222232333 333832888S
FREIFARCFRZICFREICAICRECR NIXICAICFRRCFAICRICAICRTCOR

OPT AX INTERSEC

AN AAINLHEN AN LN XN <X

2233838323
ErRIFCRECRICR

+ BCROD
« OO0

~¢3
‘30000
3 ¢ DBOOO
- 4 30000
« 36000
300000
-o 30002
430000
3.4 00000
- ¢ 30000
s 308300
3400000

¢ 30009
+BOO0O
3 + 2P0
* 30000
« OV
3 + BOPPD
s 30800

3 00000
¢ 30000
»DoO0S

3 s OGP0
o+ 30000
+ 20000

3+ OPBoD
30000

3+ POVOD
*» 30000
« 20207
3 « 20000

-o 381862
-$162M0
4495252
-539854
-s543088
608042
-$54344
~e59974
S0 75000
~-3963%7
-sT61TH
8 8O0

32278
«BOOP0
340040637
« 28206

+ BP0
3445189
«22070

« OO0
A43T7820
-6 27789
Y ol ]
4495250
-1 40684
Y
(XYl
~1e8269%
«OEO0e
84 T5000
-%e17415
« PO

8 J V0P

Y
-~u@1093
PP
3.49992
-oP3274
' TPOVO
4931978
-92%718
«FOV30
4495250
-e92031
N ol o)
& ODO0O
-1+20657
Y
5S¢ 75000
~1099789
IS ]

9

o
]

- 16 -

-931621
-e 3034273

¢ B9888
-e 21981
-oP8126
+97414
~e31621
-212190

« 94082
-431621
~-y12190

9482

-s8%912

N8
«9987%4

-~ 2T290
2 DDA
« 982004

-ohS818
« D900
« 883888

-2 73398
« D030
+68816

~e 48870
« PP
«8T724A

-e 72395
«BR00
468016

- 79308
2000
« 68016

- 22187
« 20000
e 99976

~-aP26%8
+» 2P000
+s99964

-e33430
N ]
0942486

~534068
N
¢ 84492

-5356%9
N ]
593426

-s53488
N

o 84492

~83488
«PPOO

i

C




11
12

12

12
12
ﬂu
12
12

12
13

13
13
13
13
13
13

13

14
14

1a

4
OPT AX INTERSECT

OPT AX INTERSEC

OPT AX INTERSEC

AN LI I AN LN N LN ALXNN N €N AN NN XN XN AN N

$2IIIINT 292333 TINILITLBINLIS
FAZrErRErR NECREC-REICARICFRECRICREICR

2

10N

SIIIIIINIIIBZISIBIILIRIS

TON

1

NErFRAZIrREr-RARE2-rRABr-x"IrXXerR e

« 20300
= 4484405

o 10000
« O000e
o DPoe
o 10008
o DOPOS
2 OODBB
o 10000

= 4,4T73%¢

8 PO000

-3 39591
Y.

3.00136

-a2301608

N

2300480
-312299

»OPORD
4322990
-3 29019

000D -

4.952%0
~-q89602
« D002

6 yOPPPP
-980218
Y
6075000
-19366%%
o 2000

8 o OPOPR

30409
00980
3406095
29201

« POV
304828
M LY. 1

W OPPOS
AP0
-s22%23
N ]

A ¢952%0
-1220833
N

6 «PPOSD
~1+690%5
+ 00080
(Y4 ]
-2.9%679
« OOV
8480000

Y
+DPe20
3. PR
«OPOPR
» OPPED
3. 30000

. ~ohb4TE

e 84492

280947
]
* 99998
v2223Y
$0PPPE ..

. ¢ 97696
,CONNWQG

»PPOD
+ 97416
~e36139
+ 20080
099243
~e 240088
+ OO
«970%8
-$3618%
N
+95243
~e36193
N ]
293243

- 02964
..
»999%¢

- 247581
]
+ 908988

» POROP
« 599483
-5 71185
« 0000
278252
s hTHAS
» 000w
« 80028
- 7116%
N
8252
o T1168
000D
2 TH282




14

14

16

1%

15
18

15

15
18
s

18
6.

16

16
16 5
16

16

LS S B S B & B T & {

OPY AX INTERSEC

OPT AX INTERSEC

L laat L ESLES LES LESLELERLESLESLESLESLESLES LTS
$IIILISIITISITLILILI INIIVITIIIITIINSSILLNLS

FILINIIIITILES

1

REFRICFRARCAZCAZICRRCRA NECREFCPRICRI-REICRE-RRIC-R NIFPREARECRAICAL

403525
~o20%9

220000
4093250
-583%08

»O0O0
6 «PPPD

«1210718

00000
6. 18800

~140%5798

Y i
8 . 0002

-0 38409
N a4
304098
-9 29201
N
S.44828
-e®819%
o POROC
4,270%4
-323290
« 2000
4998250
-e61892
® ’mﬂ
6 PPPN)
-e 79660
20000

[ ]
6 ¢ 75000
-}42572%
+ 2P OBY
LY ]

«3029851
N,
3.041%
+3P168
]

L PYYYYY
U770
N
4043955
-317819
« 29200
4499250
~1o17361
S ]

6 + D000
=1e56263
«2P0OBe
675000
24756464

- 18 -

+ 94680
-3 51488
N gl
«8572%
~+34325
«oeep
« 97924
~e81408
OO0
«8572%
~e51488
+00P200
857128

oB82964

*
« 99086
«26751
«TPPRY
« 96888

-.2!6!1
N
.9""

-s34878
N .
+ 93831

-e 23052
N
o 9PB26

-e34578
+ 20000
0938131

-~ 34578
N
«93831

- 00967
« OO0
299998

-4 22237
« 00000
297496

~y43166

ovony

*
- 990203
-o89066
o DOBP0
42317
wah 6344
~POR00
+ 88768
~+69066
« PO
72317
'o6°066

533




16

17

17

17

17

17

17

1Y

17

18

18

18

18

18

18

18

18

19

19

19

Y
b4
T

OPT AX INTERSECT!

KN <X

3T 293TIITITLIIITIITIILELIN 233

L ES L. ES S KD S K& § 5 & 3. R 9

OPT AX INTERSEC

NLIMN XN XN X

OPT AX INTERSEC

MM ALMN XX ANCHNCRXNCX

H

ST 23TTTTTIIIIIRIVIIILNG

~N R

REFrRECFR NECPFRECFARICrREICFRAICFREIC-r-REIr-R P{ll’ﬂ!f‘ﬂt?‘ﬂ"‘ﬂ!f’ﬂlf’ﬂjf‘ﬂ

Yol
N
5.1198)

-3 30000
+ 30000

« 80000
8 12PN

200000
o OP000
3480000
+D1093
«BPPPS
3449992
+23453
20002
4430703
~e1498)
N
850952950
-2 T899

-3 3027D

«OPPO0
3.04057
-3 20206

+»OPPeP
9.4310%
~o03709
220002
4e31540
-$17161
Y
4q95280
-~ 53847
N
6 UDOPY
- T8791
+JOPO0O
%4 1.
-3014%569
s OPOP0
§ «OO00P

e 30968
-3 30852
9408821

220048
- 29772
3030209
-oBNeTS

20000
e T231Y

2187
«2OR00
299976
22658

- 303998
PO
95089

oOGO??
~¢ 33013
.
«94393
~sA9320

OOP0P

L 4
+8687T7
-2 469820

o"379
-92203%
«OP80D
»9T54AL
-+ 33P5%3
« POOPO
+943 79
-+ 33853
« OO0
294379

- 5599
+B3509
«99781

-232813
+ 30003
«89429

e 49438

534




19

19

20
20
}zz
‘22
22
20
20

29

21
21
21
21
21
21
21

21
22

22

s \JT

NO INCIDENCE

NN HNLAEN <N XN SN <X N<<XN<

NO INT W/OPT AX

NO INT W/O0PT

NN KRN €N XN XN XN €
SS2ILIITIIIIRIIIZIIRNGES

AX.

<€ XX N <€
22338
rRECX

OR

Q
]

B3IV

L

rRrREI-ERIrRe

13

8%

zr

ErrREr-rRE-ARICFRE-C-FREICREICR

/

/

/

-00PE8

- o 30000
-9 30000
3+ 20080
- 230000
-+ 30000

- o 30000
-2 30000

- o 30300
-5 30000
3 » OV
-0 30000
- o 3000
3. 00000
-+ 30000
‘93'@“@
3.GOQQQ

» 30000
- » 30300

32000
- 30000

«21308
4430574
-e42369

0158057
4095250

-2 P0136
~e30409
3434195
- ¢ 1006
-029198
3646823
-0@3302
-o 26923
A+31947
~-s26404
23633
44952%
-e99486
+370526
6423583
~1e27289
263782
6o 750200
-2.08877
2863295
8 4 200C0

-+311%9
-9 30869
308697
-« 30660
-329758
3438486
~021229
22183
&9 34020
~914898
214338
4498250
~-+58127
«5278p
6 4P753})
-0 TH2O0
+58741
675800
~1019964
+» T6005
8 20000

» 30880
~+30860

’ 3.08508

029766
-e29766

]

- 20 -

219214
84820
-< 79097
030423
«53088

-eD213%
2297
99933

-e (12582
24762
¢96851

-+338702
s15476
292827

-eB4192
o2H762
+ 80311

-236128
+286TS
92840

-o54192
+»13018
«83028

-254192
+13913
83028

+21673
33736
«99916
2280435
30434
291434
~-e2139%0
219221
095818
-e346225%
30434
« 88895
~e22818
+P8%89
296984
~e3422%
0128%4
+93077
“.3‘225
+128%4%
293077

~eP3614
23614
+99869
-+30412
«30412

o
N

O




22

22

22
23

23

23

23

23

23

23

23
24

24

24

24

24

24

24

24
28

L]

APERTURE STOP

NO INT W/0PY AX

NO INT W/0PT AX

Nt X N <XN

2IIIIIITCIIBISLILESS

MNAXNCNCHNLRN LN XN M
TITTITIIIIIIRSSILSS
ErxXRIr-RECrRI-FRICRICREC&SR

N <4 X

OR

3%
xrx

BErXEBrXE2rXEPrRrxXxge-xegrx TrERET ™R

3, 20000
- 320009
-+ 30000
3 20000
-e30000
-2 30000
3.200200

20070
-y 30800
3.0CP00
.« DB0Be
- ¢« 30000
3400090

-5 iﬁ

3 « GO0

-2 30000
3+ 30008

20008
-+ 30000
3 + OGS

-+ 30000
3 2 00000
e ol

- o 30000
3, 00000

- 030008
w o 30000
S 4 PODPO
-4 30900
-« 30000
3 00000
-¢ 30000
-8 30009
$ « 30020
- o 30000
= 30000
3 00008

30000

-o 30008
3 00000
- o 0000
-y 30000
e Py
- 30900
-+ 30000
3 00000

030000
- o 30000
3 089000

3438849
~eP20:28

B2026
4433223
~¢36928

+ 15805
A4952%0

|20000
-+ 30409
3084295
"
-2 292891
3.44028
Y
-+ 36101
4035250
-e21030
33833
4.952%0
~s90414
+ 36698
68388
-14171298
43489
6 o TSPOD
~1e94745
+63121
8+ OOVOP

-930860
~e30860
3+28608
-~e29766
~e29766
3438849
« 84088
Y.23.i 1)
4£03939%
-eT893
215156
449%52%¢0
-p 49297
o336}
6987732
66479
«592%0
6o 75007
-140984931
e 76046
800000

031159
-430889
308697

-21 -

«90278
-e4814%
« 19007
« 85561
-s 77032
s39612
¢ 56248

s BTOOW
«oP2964
2999%6
« 2000
«24781
«96888
~432679
+ 15469
0932134
-s52287
247512
«81548
'v"ase
88821
«93311)
-052237
«13232
84207
~e852287
013232
o 84287

03614
23614
«998649
eI0412
0304812
» 90278
-o 20566
« 19007
095998
-32986
« 30412
« 89399
~s 21997
131 5]
97202
-e32906
«12%98
938587
~e 32906
+12590
+ 935487

-e®l673
+B83738
+999%8

536




25
25
2%
25

2%
26

26
26
26
26
26
26

26
27

27
27
27
27
27

27

e OO0

APERTURE STOP

NN LN N LN XN N <X NCXNMNMCXN<XN X

RO INT W/OPT AX

LCE S RS I ES L ES IESF IS F S
2533333933338 39938%

IIISTTLIIIITIIIAISIRIS 292523322389

ErAEr-RErXETrRETrRIEZEX IFXBCECXICFRATCOX

ErRXrFrRICrRIC-CFARCREZCRIER

* 30000
- o 3OO

3 ,02000
.3ﬂtﬂﬂ
- 30000
3 DOPOB
* 309000
- o 30000
3+ O3P8
o JOGO0
- 30000
3 +BOPOD

« 200010
- o 30000
3 DO00

20000
- o 30090
3 ., 00000

» SOWOP
- o 30000
3 P00

N
-9 30000
3 008

» 20000
-e 30000
3+ POOP0

« 00000
- 30000
3 20000

430660
-429798
3438486

00650

+32811
4435900
~¢314811

118900
&q95250

-~14918025

+ 80890

6420602

oPB136
~o3Q0409
384098
31006
-e29198
3444823
+33481
-oB5188
4438731
-e15597
+B4}82
40952%0
~o81649
230838
6403457
-14007118%
*433%4
RYNA-1 %
~1a82978
+62988
8420000

~230%60
-930852
3488521
-2288A8
-o29772
3¢39209

« 10094

o 86333
64485344
- 30162

216209
4¢952%0
-3398%4

+ 54388
6.28042
-e84344

059974
6 o TS5P00
~e963%7

« 76170
8 00000

(43

- 22 -

e 280AS
30434
«91034

~oH6886
+ 19021
«862%4

-5 750018
0 304346
«38702

-450012

~e11802
«85787

002133
22971
099933
929%2
024782
«96851
-s31508
«15476
«99636
-~e50413
026762
«8273%6
~933608
88932
«937%8
-eB0813
+18398
«85317
~e504813
«13398
o85317

« 25589
« 23509
e 99781
032813
030423
89429
= 19763
219014
«96165%
-¢31621
304273
+ 89898
~e 21081
+D8126
+9T414
-231621
«12190
94082
-+31621
012199
294082

=i

C



C

27

NO INT W/O0PT AX

() 4

[0

-23 -




823
11%

813

P, 2k C

GENERAL RAY TRACE PROGRAM CARD I/0

DIMENSION XO(38)sYO(35)+,20(35)ALPHA(35)sBETA(35)4GAMMA(3%),A(35)
DIMENSION REFR(36)9AP1(35)3AP2(35),AP2(35)4AP4I35)+APB(35),AP6(35)
DIMENSION NAP(35),NOUT(35%)eCKBAR(35)yCLBAR{35)sCMBAR(35) ¢XABAR(3S)
DIMENSION YZBAR(35)sZ(BAR(35)4B(35),C(35),D(3%),E(35)

DIMENSION R(35)sKSUR(35) |

KKK = 1

GO TO (813, 8@3), KKK

PRINT 115

FORMAT (23HLOAD DATAsPUSH START)
PAUSE

KKK = 2

READ TITLE CARD

READ 2 | @

2FORMAT (49H g »8H )

122

PUNCH 2

PUNCH 120

JB = 50

PUNCH 1

PUNCH 122

PUNCH 102¢

PI = 3.,141%9265%

CONV = P1/188,

READ HEADER CARD

FORMAT (F11e59134FE15,8)

READ 172, REFR{1)sNOSUR,TOL

REFR = INITIAL INDEX OF REFR 4 NOSUR = NO, OF SURFACES
TOL = MINQ LIMIT ON ITERATION INCREMENT (:D

NOSUR = NOSUR+1




O

I T A N A TS ]

n

o s T A N e T o TN 2 TS

103

223

205

221

P. 25

DO 223 I = 2+ NOSUR
READ SURFACE DATA

FORMAT (F1145» F1145s F1145s F1145s F11leBy F11e5912512,513)

READ 123y XO(I),YO(1)sZO0(T1)sALPHA(T)sRETA(T)GAMMA(T)

XOs YOs AND ZO ARE LOCAL SYSTEM SURFACE VERTEX COORDINATES.

ALPMHAs BETAs AND GAMMA ARF EULER ROTATIONAL ANGLESe

READ 1734A(1)aB(TI)sCUTI)sDITI)sF(I)4RFFRP(T)

As Ry Cy Dy AND E ARE SURFACF FQUATION COEFFICIENTS.

REFR = INDEX OF REFRACTION FOLLOWING SURFACE,

READ 1093 sAP1(T) s AP2(T1)sAP3 (1) s APLIT) s APS (1) s APE{T) sNAP(T)sNOUT( )

APl, AP2s AP3, AP4, AP5, AND AP6& SPECIFY APERTURE DIMENSIONS. SEE

INPUT WRITE UP.

NAP = ¢ FOR CIRCULAR-ANNULAR APERTURE, = 1 FOR RECT-TRAPEZOIDAL
APERTURE, = 2 FOR HYPERBOLIC APERTURE,

NOUT = 2 FOR NO OUTPUT AT SURFACE, = 1 OTHERWISE,

RFAD RAY NDATA

SWITCH 1 ON TO USE SINGLE RAY CARD INPUT

IF(SENSE SWITCH 1) 225, 201

READ 123y XAsYAsZA¢RPAR]yRPAR2,RPAR34NINyNAXINg IRAY

XAs YAs AND 2A ARE RAY COORDINATES AT FIRST POINT

RPAR1s RPARZ2s RPAR3 ARE RAY COORDINATES AT SECOND POINT

OR RAY DIRECTION COSINES AT FIRST POINT

NIN = @ IF RAYS ARE SPECs RY 2 POINTS

NIN = 1 IF RAYS ARF SPEC. BY 1 POINT AND DIR, COSINES,

NAXIN = 1 FOR COMPUTATION OF INTERSECTION OF RAY WITH OPTICAL
AXISs = @ OTHERWISE IRAY = RAY NUMBER.

GO TO 226

READ 116s FXUls FZ1ls XGAPls FXU2y FZ22s XGAP2

READ 116y FYU2s YGAP2 .
Hab




(o NN o TN BN g

116

812

814

824

825

206

RAY INPUT DATAs FXUl = MAX XR, F21 = 7R, FXUZ2 = MAX, X AT POINT 2
XGAP1 = X SPACING AT POINT 1, XGAP2 = X SPACING AT POINT 2

FZ2 = 2 COORDINATE AT POINT 2

FYU2 = MAX Y COORDINATE AT 2ND POINT, YGAP2 = Y SPACING AT POINT 2

FORMATIF11e54F11459F11450F114%5F11,5sF11.5)
IRAY = o

GAP3=@,

RPAR2=FYU2
RPAR2=RPARZ ~GAP 3
IF(RPAR24FYU2)8039814,814
GAP32YGAP2

GAP1 = @,

XA = Fxul

XA = XA~GAP1
IFIXA+FXU1)812+804,804
GAP1 = XGAP1

GAP2 = 0,

RPARY = Fxu2

RPAR1 = RPAR1-GAP2
IF(RPARI+FXU2)4,83%,80%
GAP2 = XGAP2

YA = 3.2

2A = F21

RPAR3 = F22

NIN = 0

NAXIN = 1

IRAY = IRAY+1

NIN = NIN+1

60 TO (287.,208), NIN

P, 26
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C

208 CKXRAR(1) = RPAR}Y

207

229

CLBAR(1} = RPAR2

CMBAR(1) = RPAR3

GO YO 2089

XD = RPARYI=-XA

YD = RPAR2-YA

2D = RPAR3~ZA

RALEN = SQRT(XD#XD+YD®*YD+2D*#2D)

CKBAR(1) = XD/RALEN

CLBAR(1) = YD/RALEN
CMBAR(1) = ZD/RALEN
XOBAR(1) = XA

YOBAR{1) = YA

ZPBAR(1) = ZA

DO 1% I = 2, NOSUR

IM1 = 11

SA = SIN(CONVE#ALPHA(1))
CA = COS{CONVEALPHA(T)])
SB = SIN(CONV#BETA(I})
CB = COS{CONV#BETALI))
SG & SINtCONV*GAMMA(I})
CG = COSI(CONY#GAMMA (1))
X1 = XOBAR(IM11=XO(1)
Y1l = YOBAR(1IM1)-YO(I)
21 = 20BAR(IM1)=-20(1)

R11 = CA®CG4+SARSR#SG

R12 = ~CB#S6

R13 & CA®SA®SG-SA#CG

R2Y ® CARSG=SA®SBH#CG

Po 27




31e

(Y]

311

219

302
211

R22 =
R23 =

R31

"

R32 =
R33 =
X =
Y? =

10 =

CK = CKBAR(IM1)*R114CLBAR(IM1)#R124CMBAR({IM])#R13

CL =

™

J =0
IF(DY

z2 =

CBRCG

«(SA*SG+CA*#SB*CG)

SA*CB

sB

CA®CB
XI*R11+YI#R12+71%R13
X1%#R21+4Y1%#R22+21%R23

X1%¥R314Y1#R324714R33

CKBAR(IM1)®#R2)1+CLBAR(IM1)#R22+CMBAR( IM]1 ) ¥R 23

CKBAR(IM])*R31+CLBAR(IM1 ) ¥R324CMBAR( IM] ) ¥R 33

1V) 312,311,322

IF(CM) 6020,10,600

X3 =

Ye =

XP=2 « *CKR I A/ CM

YO~2 ¥CL*#22/CM

GO YO 211

IF(CMY 210,382,219

Xg =
Y2 =

72 =

XA=CK#*2B/CM
YO-CL#20/CM

Be

GO TO 211

22 =

e

S = B

J=J

+1

X = XZ+CK®S

<
]

~N
L]

b4

YO+CL®S

24CMRS

P. 28
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212

L2

215

421

216

214

213

217
10

11

218

IF(DII)Y 212,213,214

IF (Z) 74646

z = -7

IF (CM) 422 10 400

X = XZ+CK®(Z-22)/CM

Y = YP+CLK . 2-22)/CM

IFLY) 215,216,216

Y = =Y

IF(CL) 421, 18y 40

X = X@+CK*¥{Y-YD)/CL

Z = 224CMR(Y=YD)/CL

DD = D(II*D(1)

F = E{T)I%DDEXSXIDDRYSY-2%2
FX = 2,%X%#E(1)#DD

FY = 2,%Y&#DD

FZ = =24%2

GO TO 8

IF(Z) 646,07

F oz ACTIRXEXSBIIIRY#Y4C(T)H22242
FX = 2,%A{1)*X

FY = 2,%B(1)nY

FZ = 2,%C(1)%#241,

DETMT = CK*FX+CL%*FY+CM%FY
IF(DETMT) 218,217,218
IF(F) 1099410

PUNCH 124, IRAY, IM1

CONT INUE

IF (SENSE SWITCH 11208%,3

DELS = ~F/DETMY

P.29
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219

220

320
321
32
320
221

222

223

12

226
224
227
228
229
22%
230
2%

DELS2 = DELS*DELS

TOL2 = TOL*TOL
FF(DELS2~TOL2) 9y 9, 219
IF(J=JBY 220910,19

S = S+DELS

GO TO S

IFID(I)) 32093214301
IF(S~2,%20/CM) 221y 222, 222
1F(CM) 322,301,309

IFUS)Y 22142224222
IF(S-28/CM) 221452224222
PUNCH 1025, IRAY, IM1

GO TO 11

KAP = NAP(I1+]

GO TO (2234224422%)KAP

RHSQ = {(X=AP1(1)1#{X=API{1)1)+({Y=APO{I))R(Y=AP2(1))

IF(RHSQ=APA (1) #AP3(1)) 124 2264 226

PUNCH 126, 1RAY, IM1

60 TO 11

IF(RHSQ-APA{IIRARPA(]I)) 13y 12y 12
IF(Y-AP3 (1)) 12,124,227

IFIY-AP& (1)) 228912412
IF(X-(APSI )R IY-APS(IIVI4APYI(T))) 12,112,229
TFIX={APS(TI®IY=AP3(1)14AP2(]1))) 13,512,512
IFLY-APS(I1) 12,122,232

IFtY-AP6LIN) 231,412,112

FFF = (X=AP1(I1))/AP3(])

FFF2 = EFF*FFF

GGG = (Y=AP2(1))/AP&(1])
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233

234

235

236

237

14

16 PUNCH 1@89!RAYQ!Ml.XA;RPARlQXWBAR(I){CKBAR(I!

GGG2 = GGG*GGG

IF(FFF2=GGG2-1,) 13, 12y 12

RAT = RFFR(IM1)/RFFR(1}

ALC = (RATH*DETMT ) /(FXRFX+FYRFY+F7%F2)
IF (REFR(IV+REFR(IM1)) 232,233,232
GAMUC = 2.%ALC

RAT = 1,

GO TO 14

> BLC = (RATH#RAT«14)/(FX*FX+FYRFY+FZIXFZ)

DISC = ALC®ALC-RLC
IF(DISC) 234,235,235
PUNCH 177, IRAY, IM1
GO TO 11

DISC = SORT(DISC)
IF(ALC) 2364104237
DISC = ~DISC

GAMUC = DISC-ALC

CK = RAT#CK+GAMUCHFX
CL = RATRCLAGAMUCHFY
CM = RAT*CM4GAMUCHFZ

X@BAR(I) = RII#X+R21%#Y+R31%Z2+XO(1)

YOBAR(I) = RI2AX+R22¥Y+R32#Z+YO( 1)
ZOBAR(I) = R13%¥X+R23*Y+R33%#Z2420(1)
CKBAR(}) = R11*CK4R21%CL4RI1%CM
CLBAR(1) = RI2#CK+R22¥CL+R32%#CM

CMBAR(1) = RIBHCK+R2I*CL+R3II*(M
KOUT = NOUT(I1)4}

GO TO (15%+16)4X0UT
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15

239
241

18

242

244

243

240

246

245

17

102
124
125
126
107
178

129

PUNCH 1295 YAsRPAR2YBBAR (1) ¢ CLBAR(T)
PUNCH 11014 ZAyRPARS,2ZBAR(T) CMBAR(T)
CONT INUE

NAXIN = NAXIN+1

GO TO (174239} 4NAXIN
IF(CKBAR(NOSUR ) ) 24052414240

IF (XPRAR(NOSUR)) 18,262,18

PUNCH 111, IRAY

G To 17

S = —YOBAR (NOSUR)

IF(CLBAR(NOSUR) ) 26342444243

IF (YZBAR (NOSUR)) 18,245,18

S = $/CLBAR(NOSUR)

GO TO 245

S = -XZBAR (NOSUR) /CKBAR {NOSUR)

IF (CLBAR (NOSUR)) 2462449246

IF (S+YZBAR (NOSUR ) /CLBAR (NOSUR) ) 185245518
AXIN = ZOBAR(NOSUR)+S*#CMBAR(NOSUR)
PUNCH 112 IRAYJAXIN

PUNCH 100

IF(SFNSF SWITCH 1) 285, 3

P. 32

FORMAT { BHRAY SURF 4 2TX6HORJ PT a4XBH2D PT/DCsSX6HINT PT6XTHDIR COS)

FORMAT (1X)

FORMAT (I3413513H NO INCIDENCE)
FORMAT (13,913,134 VIRTUAL PATH)
FORMAT (135134144 APERTURE STOP)

FORMAY (134139144 NO REFRACTION)

FORMAT (13,13,16Xs8HX OR K' sF110501XsF11650IX0F114591XsF114%)

FO#MAT (22X98HY OR L sF11,591XsF1165s1%XsF11,591X9F11,45)

(5 }
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112 FORMAT
111 FORMAT

112 FORMAT

END

Po 33

(22Xs8HZ OR M 4F1Y4531XsF11eB51XsF11e541X0F11,%)
{I3,4Xs15HNO INT W/OPT AX)

(I1344X923HOPT AX INTERSECTION 7 =4F11e%)
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