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{57 ABSTRACT

An automatic chromosome analysis system is provided
wherein a suitably prepared slide with chromosome
spreads thereon is placed on the stage of an automated
microscope. The automated microscope stage is com-
puter operated to move the slide to enable detection of
chromosome spreads on the slide. The X and Y location
of each chromosome spread that is detected is stored.
At the conclusion of this searching operation, the com-
puter directs the microscope to again sequence through
the chromosome spread locations in response to the
stored X and Y locations. At this time an operator can
view these spreads to determine which ones are worth-
while and which ones are not. He is provided with an
accept-reject switch. The microscope stage thereafter
again sequences through only the accepted chromo-
some spreads, and this time a digital photograph of each
of the chromosome spreads is made and entered into the
computer storage. The computer thereafter measures
the chromosomes in a spread, classifies them by group
or by type and also prepares a digital karyotype image.
This image is converted to analog form, displayed and
printed out and constitutes a primary output of the
system. Chromosome measurement data is filed in an
interactive data base for subsequent statistical analysis.
The computer system can also prepare a patient report
summarizing the result of the analysis and listing sus-
pected abnormalities.

15 Claims, 4 Drawing Figures
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AUTOMATED CLINICAL SYSTEM FOR
CHROMOSOME ANALYSIS

ORIGIN OF THE INVENTION

The invention described herein was made in the per-
formance of work under a NASA contract and is sub-
ject to the provisions of Section 305 of the National
Aeronautics and Space Act of 1958, Public Law 85-568
(72 Stat. 435; 42 USC 2457).

BACKGROUND OF THE INVENTION

This invention relates to automated medical analysis
equipment and more particularly to improvements
therein.

Since the introduction of a method allowing micro-
scopic examination of individual human chromosomes,
‘the karyotype has emerged as a tool of increasing diag-
nostic value. Under microscopic examination, the chro-
mosomes, from a somatic cell in the metaphase stage of
cell division, appear in scattered disarray. The karyo-
type is a systematic grouping of metaphase chromo-
somes from a single cell. This grouping was conceived
to assist the geneticist in the identification of individual
chromosomes. In normal humans, the 46 chromosomes
can be reliably ordered into 24 types (seven groups).
The diagnostic value of the karyotype is predicated
upon the existence of a consistent pattern in normal
patients and the correlation of certain chromosomal
aberrations with specific clinical observations. There
are two types of chromosomal irregularities: numerical
and structural. Numerical aberrations exist when the
number of chromosomes in one or more groups differs
from the normal case. Structural aberrations manifest
themselves in many forms, some presumably unob-
served as yet. Those which presently merit nomencla-
ture, amongst others, include variations in arm length
and centromere position.

At present, manual karyotyping is so tedious and
expensive that its general application is usually limited
to those situations involving a suspected abnormality. In
these circumstances, the clinical evidence is often so
overpowering that the karyotype serves primarily as a
corroborative tool. In a addition, manual karyotyping
offers little prospect of quantitative data. It is desirable
to extend karyotype analysis to the clinically asymp-
tomatic situation. For example, screening all newborns
by karyotype may detect certain inherited disorders
long before clinical symptoms appear. As the potency
and reliability of the karyotype improves, fetal karyoty-
ping through amniocentesis may become a routine part
of prenatal care. Screening studies on large populations
offer the potential of uncovering the effects of industrial
and environmental poisons, aging, and long term low
dosage ionizing radiations. These factors may manifest
themselves in subtle structural aberrations requiring
detailed analysis of the chromosome morphology. The
ability to process cells rapidly and inexpensively would
also aid in the detection of mosaicism, in which two or
more cytogenetically distinct lines of cells exist in the
individual.

There are certain functional requirements for an auto-
mated chromosome analysis system which should be
met before widespread acceptance thereof can be antici-
pated. One of these is that the system should be compat-
ible with current practice producing results compatible
with those obtained with the present manual system of
analysis. Further, the system should provide significant
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2
time savings in processing cytogenetic specimens with-
out sacrificing accuracy. Its cost should not be prohibi-
tive and it should be accurate.

OBJECTS AND SUMMARY OF THE
INVENTION

An object of this invention is to provide a system for
automating chromosome karyotyping.

Another object of this invention is to provide an
automated chromosome analysis system which is com-
patible with current practice.

Still another object of this present invention is one
which operates rapidly without sacrificing accuracy,
and which reduces the cost.

The foregoing and other objects of the invention are
achieved in a system wherein a previously prepared
slide, which has a number of chromosome spreads is
mounted on the stage of a microscope. Under instruc-
tions of a computer, a search of the slide is undertaken
to locate the various chromosome spreads on the slide.
The spread locations are stored. At the end of the slide
search, it is again initiated with the stage of the micro-
scope being stopped at each chromosome spread loca-
tion, to enable a human observer to inspect the chromo-
some spread and determine whether it is acceptable for
the purpose of analysis or not. If it is not acceptable the
observer pushes a button whereby its location is re-
moved from the spread storage list and the microscope
stage is moved to the next location. The microscope
automatically focuses at each location.

After all of the chromosome spread locations have
been inspected, the microscope is again actuated to
move its stage so that each one of the accepted chromo-
some spreads are passed under the optics of the micro-
scope for the purpose of enabling digital pictures of the
various spreads to be generated and stored in memory.
The computer then proceeds to locate and analyze the
chromosomes in each of the chromosome spreads by
measuring the chromosomes, classifying them by group
or by type and preparing a digital karyotype image
format. This image is then converted to pictorial form
and displayed on an image display tube to enable any
corrections, if needed. A joystick control is provided so
that a cursor, which is produced on the display tube
screen can have its position moved whereby the opera-
tor an point out to the computer objects in the image
which he wants removed or chromosomes which need
repositioning. Communication with the computer is
made using a typewriter. The corrected karyotype
image is then printed out. Provision is also made for a
printout of the computer analysis of the optical image
derived from a slide.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a schematic drawing of a chromosome anal-
ysis system, in accordance with this invention.

FIG. 2 is a schematic drawing of the apparatus used
to drive the microscope stage.

FIG. 3 is a flow chart illustrative of the searching and
detecting operation, in accordance with this invention.

FIG. 4 is a flow chart illustrating the analysis opera-
tion in accordance with this invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 is a block schematic diagram of the configura-
tion of the system in accordance with this invention.
The preparation of glass slides containing stained meta-
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phase chromosome spreads suitable for use with this
invention is known. The slides can be prepared by dif-
ferent techniques, such as the homogeneous Giemsa
staining technique or by the Trypsin-Giemsa banding
technique. Slides are produced with patient identifica-
tion marks. A specimen slide 10 is placed on the stage 12
of a microscope 14. The stage 12 is motorized, that is it
is capable of being driven in the X, Y and Z directions
by three stage motors 16. The stage motors may either
be controlled via a motor control interface circuit ar-
rangement 18, from a computer 20, or by a stage joy-
stick 22, when it is enabled to control stage position. A
stage keyboard 24 enables an operator to select the
mode of operation desired, that is, either computer
mode or operator mode. Control of the selection is
normally with the operator; however the computer has
the option to override the operator mode and/or to
inhibit subsequent selection of the operator mode. The
mode of operation is displayed by a stage display 26. A
typewriter 27 serves to enable entry of data, instructions
or queries into the computer or to receive data from the
computer.

The configuration of the optical imaging system of
the microscope allows the specimen to be viewed simul-
taneously through a binocular eyepiece 28 and by a
television camera 30. The output of the television cam-
era is applied to a monitor 32, to an image digitizing
system, 34 and also to circuitry designated as “Spread
Detector and Auto Focus Unit” 36.

The Spread Detector and Auto Focus Unit 36 com-
prises circuitry which serves the function of detecting
the presence of a chromosome spread and also for auto-
matically focusing the television camera equipment for
performing these functions is described in an article
entitled “Metaphase Spread Detection and Focus Using
Closed Circuit Television,” by Johnson and Goforth,
published in The Journal of Histochemistry and Cyto-
chemistry in 1974, by the Histochemical Society, Inc.
The Image Digitizing System 34 serves the purpose of
digitizing the image being viewed by the television
camera which is then entered into computer memory.
The computer 20 processes each digital image, as will
be described and arranges each image in a karyotype
format. A gray level display system 37 displays a karyo-
type image the information for which is supplied by the
computer. A joystick 38 associated with the gray level
display system is used for positioning a cursor at a loca-
tion on the face of the display system for the purpose of
pointing out certain locations or objects in the display
to the computer. The computer can then be instructed
by the typewriter to correct the object designated by
the cursor, i.e. correct or erase, etc.

The hard copy printout of a karyotype image is pro-
duced in response to the corrected karyotype informa-
tion received from the computer. This is applied to the
hard copy interface circuit 40. This constitutes a circuit
for converting the corrected digital karyotype digital
signals to analog form and the associated timing re-
quired for enabling the hard copy output device 42,
wich is essentially a facsimile printer, to print out a
karyotype picture from the analog signals.

FIG. 2 is a biock schematic diagram illustrating the
circuits used in controlling movements of the motorized
stage of the microscope. The stage is driven in the X, Y
and Z directions respectively by three motors 50, 52,
and 54. The Z motor is driven in the +Z or —Z direc-
tion by signals from the computer in response to focus
drive apparatus 56 in the Spread Detector and Autofo-
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cus Unit 36 (FIG. 1). Both X and Y motors are driven
in the 4+ X or —X directions and +Y or —Y directions
in response to outputs froma +X Or gate 58, or a — X
Or gate 60 and a +Y Or gate 62, or a —Y Or gate 64.
The inputs to these Or gates, come either from the
computer 20, through logic circuits to be described or
from the joystick pulse generator 66, as determined by
whether the operation is to be in the manual mode or
the computer mode.

In the manual mode, the direction in which the joy-
stick is moved determines whether pulses are provided
ona +X,ora ~Xora+Yora—Yline +Xand -X
pulses are applied, in response to joystick motion, from
the joystick oscillator to And gates 68 and 71 respec-
tively. These And gates are enabled in response to the
output of a mode flip flop 74. When flip flop 74 is set by
means of switch 76 to its manual mode, then And gates
68 through 72 are enabled. The other output of the flip
flop indicates that the system is in its computer mode.
Flip flop 74 can be set in its computer mode by means of
a manual switch 76, or the computer can override the
switch 76 if a situation arises where computer operation
must be maintained.

When in the computer mode, the output of flip flop
74 enables an And gate 78 to transfer pulses received
from a pulse generator 81, within the computer 20, to
another And gate 80, and also to four And gates 82, 84,
86 and 88 whose outputs respectively provide pulse
inputs to the Or gates 58, 60, 62 and 64.

And gates 82 and 84 are three input And gates. One of
the inputs required to enable And gate 82 is the output
of an X direction flip flop 90. The computer determines
which direction the stage is to move, when the system
is in the computer mode,and for one direction sets flip
flop 90 with its +X output whereby And gate 82 re-
ceives one of its two required enabling inputs. The
computer sets the flip flop with its —X output high for
the opposite direction, whereby And gate 84 receives
one of its two required enabling inputs. Similarly a Y
direction flip flop 92 is provided which for one direc-
tion is set with its +Y output high thereby providing
one of the two enabling inputs required by And gate 86,
and for the opposite direction its —Y output is high
whereby And gate 88 receives one of two required
enabling inputs.

The second required enabling input to And gates 82
and 84 is provided by an inverter 94, which is driven by
the output of a zero detector 96. The zero detector
senses when an X motor drive register 98 has reached
zero at which time it supplies an output to the inverter
94 whereby And gates 82 and 84 are disenabled.

A similar function is provided by a Y motor drive
register 100. When it reaches zero, this is sensed by a
zero detector 102. The zero detector output drives an
inverter whereby And gates 86 and 88, which are other-
wise enabled becomes disenabled.

The absolute X position of the microscope stage 12 is
maintained by an X cumulative position register 106,
which can provide this information to the computer.
The X cumulative position register is a reversible
counter which can receive +X and —X pulses which
are applied to the X motor 50, whereby the X cumula-
tive position register is driven to retain the exact X
position of the microscope stage. The computer gener-
ates an X coordinate number representing the location
to which it desires the microscope stage to move in the
X direction. This number is subtracted from the number
in the X cumulative position register. The difference
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represents the distance along the X axis, the microscope
stage must move and also represents the number of
pulses required to complete such a move. This number
is entered into the X motor drive register 98 by the
computer. The pulse generator 81 is then instructed to
commence supplying pulses, and if And gate 78 is en-
abled, as it should be in the computer mode, then these
pulses are applied through And gate 80 to the X motor
drive register, causing it to count down towards zero.
These pulses from the pulse generator 81 are also ap-
plied to all of the And gates 82, through 86.

Since the motor drive register is in its non-zero state,
until it has counted down to zero, the one of the two X
And gates 82, 84 which is enabled by the X direction
flip flop 90 will be able to apply pulses to the X motor
causing it to drive the microscope stage. When the X
.motor drive register reaches zero, this is detected, and
the And gate which has been applying pulses to the X
motor is disenabled.

The circuitry for driving the Y motor in the com-
puter mode is the same as the circuitry used for driving
the X motor in the computer mode. A Y cumulative
position mode register 107 retains the absolute Y posi-
tion of the microscope stage 12, It is driven in response
to the same pulses which are applied to the +Y and —Y
inputs to the Y motor 52. This cumulative position is
supplied to the computer which determines the location
along the Y axis to which it desires the microscope stage
to move. This is subtracted from the Y cumulative posi-
tion information and the difference is applied to the Y
motor drive register by the computer. Pulses from the
pulse generator 81 are applied to an And gate 110,
which is enabled when the Y motor drive register is not
in its zero position. These pulses start to drive the Y
motor drive register and are also applied to the +Y and
—Y And gates 62 and 64. The one of these two which
is enabled is determined by the output of the Y flip flop
92.

Accordingly, the Y motor is driven until it reaches
the position determined by the computer at which time
the Y motor drive register will be at zero. This is de-
tected by the zero detector with the consequent in-
verter output 104 disenabling the one of the two And
gates which was enabled by the Y flip flop 92. Also, no
further pulses are applied to the Y motor drive register.

Both the X and Y cumulative position register out-
puts are applied to an X and Y display 112 to be visually
displayed. The display comprises apparatus which con-
verts the digital information in the X and Y cumulative
position registers into visual information.

FIG. 3 is a flow chart exemplifying the search mode
of operation. When the computer starts a search the
circuitry shown in FIG. 2 is instructed to move a prede-
termined amount in the X direction. In the embodiment
of the invention which was constructed, each step of
motion in either X or Y direction is 10 microns, how-
ever each move instruction from the computer in either
the X or the Y direction is a 160 micron move. The field
of view is 200 microns square, and a cell containing
chromosomes is on the order of 80 microns in diameter.
Accordingly, the instruction by the computer to the
circuitry shown in FIG. 2 is to move the stage 160
microns in the X direction and then to institute a delay
in order to focus and to permit the spread detector to
determine if a spread is present in the field of view. If
there is a spread the X-Y coordinates of that location
are stored by the computer.
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Next, a test is made to see if a limit of X travel which
is the end of the X line has been reached. If it has not
been reached, then the computer issues an instruction to
move the next 160 microns in the X direction. If the end
of the X line has been reached then a Y move instruc-
tion is issued. At the time of issuing the Y move instruc-
tion a test is made to see whether or not a limit of Y
travel has been reached. If it has been reached, then the
search mode is terminated. If it has not been reached,
then an instruction to change the X direction is issued.
The computer then moves in the Y direction and
changes the X direction of motion by applying a signal
to drive the X flip flop 90. Thereafter the microscope
stage moves until it reaches the end of the new X line
where the foregoing routine recurs.

To clarify the foregoing, in the search mode the mi-
croscope stage is moved from the beginning to the end
of one line. It is then instructed to move in the Y direc-
tion to the end of the adjacent line, and then instructed
to move in the X direction back to the beginning of that
adjacent line. At the beginning of that adjacent line the
microscope stage is moved again in the Y direction one
line and then starts again in the X direction towards the
end of the line to which it has been moved. The micro-
scope slide is scanned in this manner from top to bottom
over the entire area to be searched.

Automatic focusing is carried out each time a chro-
mosome spread is detected.

The television camera 30 scans a spread seen through
the microscope and displays this on a monitor 32. The
spread may also be viewed through the microscope
viewing lens 28. Thus, during the editing mode, the
operator can use either or both means for editing.

After the editing mode, the system goes into its scan-
ning mode. It sequences the microscope stage to the
locations of the chromosome spreads which have been
accepted, automatically focuses the image, and digitizes
the spread image into a scan data set (SDS). The digiti-
zation is accomplished by the television camera 30 and
the image digitizing system 36. This equipment is com-
mercially available and, by way of example, in an em-
bodiment of the invention which was built, this equip-
ment, called the model 108 Computer Eye, was fur-
nished by a company called Spatial Data Systems, Inc.
The camera scanned the image at the standard televi-
sion rate (525 lines, 60 frames per second, interlace 2:1)
and produced a video signal which was monitored on
the television display. The brightness value in the scan
picture is sampled at each point of a 512 by 480 grid and
converted to a 7-bit binary number. Points anywhere in
the picture may be selected on the program control, or
the digitization can proceed through all points in se-
quence. A cursor is displayed on the monitor to show
the points to be digitized.

As soon as the computer detects the presence of a
spread image in one of the scan data sets provided by
the image digitizing apparatus, it enters into its analysis
mode. If the spread image is not to be karyotyped, the
chromosomes are located, counted and displayed to the
operator for verification. However, if the cell is to be
karyotyped, a sequence of programs are executed to
effect the karyotype analysis of the cell. These pro-
grams locate the chromosomes in a cell, orient them,
extract measurements, classify the chromosomes and
compose the digital karyotype. After the chromosomes
have been isolated, they are displayed on the gray level
display device 37 along with sequence numbers to allow
the operator to correct cases of chromosome touching
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and fragmentation. The karyotype is also displayed to
allow the operator to verify correct classification. After
the karyotype has been approved by the operator, it is
formatted for output, combined with the spread image
and copied into one of the output data sets. The analysis
phase processes cell images one at a time from a raw
spread image to digital karyotype.

FIG. 4 represents a flow chart illustrating the steps in
the analysis phase of operation which have just been
described. SDS stands for scan data set. Each chromo-
some is tagged with a number. Where operator inter-
vention is required, in the case of the spread interaction
or karyotype interaction, where break ups are to be
fixed or chromosomes are touching, or other problems.
The operator moves the interactive joystick to the loca-
tion of a picture element which required correction.
The operator then, by means of the typewriter 27, types
an instruction to the computer in response to which the
computer performs the required operation.

The gray level display system presents a picture of
the chromosome spread which has been organized into
the standard karyotype format for ease of diagnosis.
Similar pairs of autosomes are collected and numbered
with homologous pairs being numbered from 1 - 22 and
similar pairs being collected into groups lettered A
through G based on similar morphology.

The gray level display device is a 1029 line television
monitor driven by a scan converter called a Hughes 639
scan converter. This is provided by the Hughes Aircraft
Co. with instructions for its use and its cperation.

Hard copy printout is achieved by converting the
digital elements into analog signals by the circuits 40,
which are applied to the hard copy output device. This
comprises essentially a facsimile recorder.

There has accordingly been shown and described
above, a novel and useful system for scanning chromo-
some spreads detecting those spreads; editing the de-
tected spreads. Thereafter digitizing the spread images,
analyzing, classifying and placing a spread in a karyo-
type format. This format is displayed on a gray scale
display for final correction. Then a hard copy printout
of the corrected karyotype image is provided.

The Appendix that follows provides a specific de-
scription of the computer programs as well as a copy of
the program, in the FORTRAN language, used on a
DEC PDP-11 computer for performing the operations
described. The computer is made by Digital Equipment
Corporation, One Iran Way, Marlborough, Mass. This
is to be considered as exemplary and not as limiting. The
program can be translated for use on other types of
general purpose computers, made by other manufactur-
ers by those skilled in the art.

The chromosome indentification technique, that is a
general description of a method of chromosome identi-
fication which was implemented by the programming is
described in a volume entitled Chromosome Identifica-
tion edited by Torbjorn, Casperson and Lore Zech,
which is a publication of Proceedings of the Twenty-
Third a Noble Symposia published by the Academic
Press in 1973. The chromosome analysis procedure
which was implemented by the programming is gener-
ally described in Perspectives in Genetics, edited by S. W.
Wright et al,, and published in 1972, by Charles C.
Thomas.

APPENDIX

The computer has a core memory and the software
fits into 64K bytes of core memory. It also has three disk
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drives each of which has two 2.5 million byte disk car-
tridges. The core memory is partitioned so that it can
simuitaneously perform three tasks; slide search, chro-
mosome spread analysis on a recorded digital picture of
a chromosome spread; and pictorial output generation
of an analyzed chromosome spread. All software runs
under a disk operating system monitor supplied by the
manufacturer, as well as maintenance and interactive
statistical analysis. Automatic keryotyping runs under a
specially written supervisor (CALMS).

CALMS

Purpose: Clinical ALMS supervisor - Controls slide
search, scanning, analysis and hardcopy output of
karyotypes or counts.

The CALMS supervisor controls the three “parti-
tions,” search, analysis, and hardcopy.

The supervisor occupies core from 30000 to 37777
and includes the hardcopy driver. The search partition
is permanently resident at locations 40000 to 46777.
System subroutines are permanently resident at loca-
tions 47000 to 57777.

Scan and analysis consist of 20 phases that residue on
disk in core-image format. One phase at a time is loaded
into locations 60000 to 156777 and called by the super-
visor. (Locations 157000 to 157775 may be used for
COMMON storage.)

Each analysis phase has a unique identifying number,
from 1-20. Scan is phase 1, binary is phase 2, etc. The
data set CALLMS.OVR is used to store the phases. Each
phase required 63 blocks. Program OVB is used to store
a phase in CALMS.OVR after it has been linked with a
bottom switch of 60000.

The following batch stream builds scan (phase 1):

$JOB [2,2]

$R LINK

#DKS:PHASE/CO,LP:/SH < CALMS,STB,-
SCAN,EXIT,FTNLIB/B:60000/E

SR OVB

*1

$FI

Similar batch streams build the other phases.

An Analysis phase is loaded into core and then called
as if it were a subroutine. The disk unit, file name and
extension of the current scan data set are passed as
parameters. The phase must return to the CALMS
supervisor when it is finished. This can be done with a
return statement in a subroutine or a call to the CALMS
EXIT subroutine from a main program.

The following symbols are used to define the scan
and hardcopy data sets.

NSDS = 3 # of scan data sets

NHDS = 2 # of hardcopy data sets

SDU = 5 scan disk unit (DKS:)

HDU = 3 hardcopy disk unit (DK3:)

The scan data sets are named S1,52,S3. The hardcopy
data sets are named H1,H2. They are stored under UIC
[2,2). Allocation of data sets is done by:

NFSDS: .WORD .-. # full scan data sets (F)

SDS: .BLKB NSDS if NFSDS contains F (F>0) the
first F bytes contain the data set numbers (1=S1,
2==82, etc) ordered by time of scan.

HDS: .BLKB NHDS each byte gives the status of a
particular data set:

0 = available
1 = in use by mask
—1 = full (ready for hardcopy output)
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When CALMS calls the MASK phase, it gives the
current hardcopy data set as a parameter, instead of the
current scan data set. When MASK returns, CALMS
calls HCOPY, unless it is already operating. Whenever
HCOPY finishes, it checks to see if another hardcopy
data set is full, and if so, it starts to process it.

HCOPY and SEARCH are interrupt-driven and
must not call any non-reentrant DOS routines, because
the routine they call might be the one that was inter-
rupted.

OPEN results in a call to the .INIT routine which is
not re-entrant because it gets buffer space for a DDB.
Therefore, HCOPY and SEARCH cannot call OPEN.

CALMS initially opens all the hardcopy data sets to
find their start block numbers and saves them in the
HSBN table.

~ The CALMS supervisor flow chart illustrates its
operation. The ‘idle loop’ starts at S10 and the program
will cycle until a spread can be scanned or analyzed, or
a special request has been made (See Flow Chart 1).

NSCAN = # OF SPREADS IN SCAN QUEUE
NFSDS = # OF SCANNED SPREADS IN ANALYSIS QUEUE N

10

20

10

After a spread is scanned, the program INT1 is
called. If the operator only wants to do a count, the
spread will not be placed in the analysis queue, and the
counting and masking are done at this time.

If the spread is to be karyotyped, it will be added to
the analysis queue, but if more spreads are to be scanned
(and scan data sets are available), they will be scanned
before analysis begins. When all spreads on a slide have
been scanned, a new slide can be searched while spreads
from the previous slide are karyotyped.

Flow Chart 2 details the flow of data through the
various program and data sets during the karyotyping
process.

The analysis loop begins at $75, and CALMS stays in
this loop until the MASK phase is called (or a restart or
abort is requested).

After MASK is called, CALMS starts the hard copy
partition (unless it is already running), and returns to the
“idle loop.”

INITIALIZE LEDS
AND DATA SETS

SEARCH
INITIALIZE SEARCH
PP

PPAR
PROCESS RESTART
AND PHASE PARAMETERS

AN\

SC,
RESTART?
506

P —

CLEAR BINARY PARAMS

INTH

[RESCAN)
NPHASE - €, 1, |

MASK, OR NOB?

{ASORTY
0

INC
NFSDS

( MASK ;
NOB
NGB
NPHASE -
MASK ?
L Y
/ BINARY X /INSCAN 5

CLEAR NOB PARAMS

DEC NFSDS
NPHASE = FPHASE
SET DEFAULT PARAMS

RESTART
REQ?

NPHASE
207

Ftow

cHART 1
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SEARCH

Purpose: Slide search edit, and focus. SEARCH par-
tition of CALMS

SEARCH controls the microscope stage and handles
the interrupts from the special-function keyboard and
spread/focus data ready. Initially, CALMS calls
SEARCH to set up some of the interrupts. Thereafter,
SEARCH is interrupt-driven.

The operator presses SEARCH start on the special-
function keyboard to start a search. Patient ID, sex,
slide ID, and source are entered from the typewriter,
before the SEARCH actually starts. The SEARCH
pattern is a boustrophedon. Each step is 160 microns,
and 60 horizontal steps are taken, before a vertical step
is taken. Thus, the slide is searched in rows.

SEARCH is entered via the spread/focus data ready
interrupt, after each step. If the “spread” bit is on, the X
and Y values are saved in the spread queue, SPQ.
SEARCH will perform an auto-focus whenever 15
steps have elapsed since the last auto-focus, and there is
something to focus on.

The operator can manually halt the search with the
SEARCH halt key. He can then move to another area
of the slide and resume the search by pressing
SEARCH resume. SEARCH disables the spread/focus
data ready interrupt when it receives a SEARCH hlt
interrupt, and re-enables it for SEARCH resume.

The SEARCH is terminated when 300 spreads have
been found, or when the operator presses the edit-start
key.

Normally, both SEARCH and edit are done at 63X,
and there is only one edit. (There is also an option to
search at 40X and do a “low-magnification” edit at 40X,
followed by a “high magnification” edit at 100X).

*scm-»/r N \ /

@ ®
HCR L( INTZ !
NCB “GM
DKA: PIC {5,5) DrS: PICE, 9

K RM
K4 KDATA L, 6)
Ck4: BOATA[S, 6]
RCR

\

PRF
DA vDATAe, )

MSK

DK3: H_f2,2) / g
| ABNCRM

HCOPY \ P

CALMS Data Flow
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Edit moves the stage to each spread location saved in
the spread queue and initiates an auto-focus sequence.
The operator can reject the spread before the auto-
focus sequence finishes, and edit will immediately move
to the next spread in the queue. If the auto-focus se-
quence finishes, edit turns on the operator action light
and waits for the operator to press “accept,” “reject,”
“next” or “last.”

The operator normally centers the spreads he wishes
to accept. When the accept key is pressed, edit saves the
X and Y values in the same place in the queue and flags
them by setting them negative. It also increments the
rating for the spread by one each time the accept key is
pressed. The ratings are stored in a byte table named
SPR.

When the reject key is pressed, spread rating is ze-
roed and the X and Y values are made positive. The
stage is then moved to the next spread.

The next key causes edit to move to the next spread
without altering the accept-reject state.

The last key causes edit to move to the previous
spread.

The edit finishes when the end of the queue is
reached, or when the operator presses edit-end. The
queue is then sorted according to rating. The highest
rated spread is moved to the start of the queue, and the
stage is moved to this spread in preparation for the first
scan. At this point, the queue and other critical informa-
tion is saved, by calling WPARAM for phase one. This
allows a scan restart at a later time.

GNSTS is the entry point for the “get next spread to
scan” subroutine. It initiates a motor move and auto-
focus on the next spread in the scan queue. CSPQ con-
tains the current location. It also enables a spiral search,
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if search start is pressed. The spiral search is useful in
locating a spread close to known coordinates. It takes
steps of 50 microns in a spiral pattern and focuses when
there is something to focus on. The operator can halt it
or resume it with the search halt and resume keys. 5

The focus routine can be entered via the focus key
interrupt, or it can be called as a subroutine via a simu-
lated interrupt. It operates by initiating focus motor
moves and executing an RTI instruction, after setting
up the spread/focus data ready interrupt. When the
move is completed, it is reentered and compares the
new focus value with the old one to see what the next
move should be. Each lens has an initial and final step
based on its magnification. The step size is decreased
until the final step size is reached. The focus flow chart 15
illustrates the algorithm.

(See Flow Chart 3).

10

ODISPLAY FOCUS KEY

FOC AS LASY KEY

FOCSUB SIMULATED
INTERRUPT

DISABLE FOCUS INTERRUPT
CIEAPD = LEAPD QOSDFPA = SDFPA
FIND FSTEP AND FLAST FOR THIS LENS

sDFPA = F410
ENABLE SDR INTERRUPT

FOCUS KEY
INTERRUPT

14

onto a disk. The picture is scanned by columns, with
alternating even and odd TV fields, to achieve the mini-
mum scan time of 17 seconds. Each column is assembled
in core and output as a line on disk and on the gray
scale. The coils on the SDS monitor have been rotated
so that the orientation is the same as on the gray scale
monitor.

Sector histograms are accumulated as the picture is
scanned, and sector thresholds are calculated at the end
of each row of sectors. The thresholds are typed out if
SW1 is up. The thresholds are written after the last
picture line.

SCAN sets priority 6 during the pixel digitization
loop to prevent interrupts from other devices which
would cause it to lose “sync.”” Hardcopy interrupts
(which are at priority 7) are the only ones allowed, due

G

OLOF = FOCUS VALUE
CALL IFREL {FSTEP)

SDFPA = F430

( w0 )
]

1

F = FOCUS VALUE

CALL IFREL {-2°FSTEP)
SDFPA = F440

(RIGHT DIRECTION} ¥ N
f >OLDF?
i TRV OTHER

DIRECTION)

F = FOCUS VALUE

FSTEP = -FSTEP

|
-
OLDF =F
CALL JFREL {FSTEP)
SDFPA = F460

Y

CALL IFREL
(FSTEP+FSTEP/2)
FSTEP = FSTER/2

|

F  FOCUS VALUE FSTEP - -FSTEP

CALL IFREL (FSTEP)
SDFPA = F490

TAKE LAST
STEP BACK

F > OLDF?

FSTEP - -FSTEP/2

- SOFPA = OSDFPA

Purpose: To scan a picture onto disk, display it on the

IF SDR INTERRUPT WAS ENABLED,
RE-ENABLE IT, UNLESS SPR PRESENT
IN SEARCH AND Swit UP.
ENASBLE FOCUS INTERRUPT

FLOW CHART 3 Fo

SCAN

gray scale, and calculate sector thresholds.

SCAN uses the SDS data camera to scan a picture

cus

to their critical nature. When the hardcopy is running,
the SCAN takes several seconds longer.

SCAN converts pixel values of 0 to 1, and values of
127 to 126. This allows cut and join lines to be differen-
tiated from normal data values.

65
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SCAN stores the source code, patient ID and sex,
slide ID, X and Y values, date and time of scan into the
label of the output data set.
The operator may enter additional information as the
SCAN ID. 5

BINARY

Purpose: To segment the chromosomes and generate
an edge file containing the end point coordinates for

each segmented chromosome. 10

BINARY will read in a scanned spread and assemble
a reduced core image of binary sample points. Each
sample point is obtained by averaging a 22 pixel area.
If this average is above the sector threshold, then the

sample point is recorded as a 1-bit. Otherwise, a zero bit 15

is recorded. Thus a digitized spread of 500 480 pixels
is reduced to a 250240 grid of sample points. The
resulting binary image is surrounded with zero bits to
provide a physical boundary to keep the perimeter

walker used in the segmentation algorithm from wan- 20

dering off the edge of the picture. The binary reduction
is accomplished through multiple calls to the subrou-
tines QTHR or STHR.

After the binary image has been completely assem-

bled in core, it is scanned line-by-line for chromosomes 25

(1-bits). Each chromosome is “segmented” by record-
ing its starting and ending coordinates on each scan line.
Provision also exists for multiple segments to occur on
any given line. (See Flow Chart 5)
The segmentation algorithm is imp
subroutine SEGMENT, which scans the binary image
line-by-line for chromosomes. The search is performed
by ROACH, which scans each line from left to right,
stopping only when it encounters a chromosome. The

16

starting bit location of any chromosome found is re-
corded and control is transferred to the subroutine
TURTLE. TURTLE will walk counterclockwise
around the perimeter of the chromosome, recording the
segment end. point coordinates as it proceeds. Since the
coordinates are recorded in the order they are encoun-
tered along the perimeter, they must be rearranged so
that they correspond to starting and ending segment
coordinates. This is accomplished by sorting the coordi-
nates with the integer sort routine SORTIN.

After a chromosome has been completely segmented,
it must be removed from the image in order to prevent
ROACH from re-encountering it while scanning the

next line. The subroutine ERASE will use the segment
coordinates to erase (set all 1-bits to zero) the chromo-

some from the image.

At this point, chromosomes may be accepted or re-
jected on the basis of length, width, area and perimeter
measurements. All chromosomes thus accepted are
recorded in an edge file, (see Flow Chart 5), in a format
suitable for input to the phase SKIRT.

PARAMETERS: All parameters are optional and
may appear in any order except where specified.

AREA followed by two integers representing the

minimum and maximum allowable cross secticnal
areas.

EP followed by two integers representing the mini-

mum and maximum number of perimeter points
allowable.

lemented in the 30 LENGTH followed by two integers representing the

minimum and maximum allowable length.

SKIRT followed by an integer representing the
width of the skirt (in pixels) to be added to all the
chromosomes during the SKIRT phase.

SECTOR SEGMENT
THRESHOLD FILE
SCANNED SCANNED
SPREAD SPREAD
v Y T
— BINARY » SKIRT > CHROME > ROB L >

ADD SKIRTS TO
SEGMENT END
POINTS

BINARY REDUCTION
AND SEGMENTATION
QOF CHROMOSOMES

FLOW CHART &

RETHRESHOLD AND
SEGMENT OBJECTS

GATHER CHROMOSOME
GREY LEVELS FROM
SCANNED SPREAD

CALMS Segmentation Sequence
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512 WORKDS
feC ~ N
! SHAL PARAMS INTEGER DIR (512)
z FBW. | N, | YMIN [ XMIN. | YMAX XMAX
3 DIRECTORY : N‘ YMlNl XMIN] A ‘ ]
. |65 omsectsrecoro) W, [ Mo ) 2 | YMAX, | XMAX,
5 FBW, | Ny | VMING | XMIN, [ YMAX, | XMAX,
6 OBJECT /1
OBJECT 12
OBJECT #3
" INTEGER EDGE (512)
YI X]] Yl x]?
Yol *a | Y2f %2
Yyl X3 ] Yaf X3 | cupTO 128
SEGMENTS/RECORD
YN XNI YN XNQ
. i (XMIN, YMIN)
FBi = FIRST RECORD FOR OBJECT v RS T -
N = NUMBER OF END POINTS i /”' | 12010 |
X5y-Y,) //// Xy, Y,) |

.
///4/ __

T
T

FLOW CHART 5

SKIRT

Purpose: To increase the cross sectional area of each
segmented chromosome by recomputing the segment
end points and storing the results in a segment file suit-
able for input to the CHROME phase.

SKIRT will increase the area of each chromosome by
extending its boundary outward a uniform distance in
all directions. (Flow Chart 6.) Each chromosome is thus
skirted with marginal elements to prevent loss of data
when the boundaries are recomputed during the rethre-
sholding step (ROB phase). SKIRT requires an edge file
as input and generates a segment file. (See Flow Chart
.

65

—_——
(XMAX, YMAX)

Edge File Format

The width of the skirt is controlled by the parameter
B (number of boundary samples), which is introduced in
the BINARY phase. The chromosomes are enlarged by
recomputing the segment end points, adding new seg-
ments where necessary and merging segments that have
grown together. The segment end points are stored in
the segment file as triplets (line coordinate and starting
and ending sample coordinates).

The background gray levels and thresholds for each
chromosome are computed by estimating its center of
mass and interpolating over the values for the four
nearest sectors.
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FLOW CHART 6 Segmented Chromosvme Surrounded by Skirt
o INTEGER D12 (512)
512 WORDS ( —
REC ¢ N . ’ I A NE TN L 2O Xehan,

[MsLo : PE
| SLOY, SO, NLQ, NSO, NOB, B, DPER 3, | 1, | yming | [y | e

2 RO3 DIRECTORY . .
3 SEGHLNT DIRECTORY By | Ty | YMING TOXMING [ YMAX, YrAAK
4

SEGMENT B

END POINT

COORDINATES

INTEGER SDIR (512)

[ .
BSII ESII YM!N] XMIN| YMAXt XMAX} ?‘
1 A
BS|2 ES‘2 YMIN2 )(MI!\.2 YMAX2 XMAXZ
I { AAK A
ESIB ESl3 YMH\3 )"MRN3 Yr\;o’] XA 3
]

- INTEGER SEG (8192)

3 = MEAN BACKGROUND GREY LEVEL VIR v
= CHROMOSOME THRESHOLD ! L

551 = BEGINNING SEGMENT INDEX Yo i % | %22

I = J F

51 = ENDING SEGMENT INDEX N ER W

FLOW CHART 7 Segment File Format
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CHROME

Purpose: To gather the gray values of the segmented
chromosome from the scanned spread and to store them
in a chrome file.

CHROME requires as input a scanned spread and its
corresponding segment file. Using the segment end
point coordinates, CHROME gathers the gray values
for each chromosome and stores them in a chrome file
in a format suitable for input to the ROB phase (Flow
Chart 8).

In order to avoid re-reading scan lines, chromosomes
which appear on the same line are processed concur-
rently. For this reason, the gray values are stored in an
intermediate buffer (CBUF) until an entire chromosome
has been pracessed or the buffer becomes full. When all
the gray values for a chromosome have been gathered

‘in CBUF, the gray values and their associated segment
end point coordinates are assembled in one or more
chromosome records (see Flow Chart 8) and written
onto the chrome file. This task is performed by the

15

20

22

subroutine WBUF. If the intermediate buffer becomes
full, the chromosome occupying the most space in the
buffer will be assembled and written out with a call to
WBUF.

The intermediate buffer is partitioned into sections of
a fixed size and formatted into a list structure to facili-

. tate the allocation and release of buffer areas. The first

word of each section contains the buffer index of the
next section in the list (=0 for the last section in the list).
The remaining words in each section is used to store
gray level information.

Initially, all the sections are formatted into a single
list representing all available sections. The next free
section index (NFSI) points to the beginning of this list,
and is updated whenever sections are removed from or
added to the front of the list.

When sections are allocated to a chromosome, in-
dexes pointing to the first and last sections of the chro-

mosome list (FSI and LSI) are maintained in a chromo-
some directory.

INTEGER LBW (80)

512 WORDS

REC ° - -
1 SLO, 550, NLO, NSO, NOB, B, DPER
2 ROB DIRECTORY
3 LAST BLOCK WRITTEN
4

CHROMOSOME

RECORDS

=ILLIIL2IL3[...

L. = NUMBER OF THE LAST RECORD
WRITTEN FOR CHROMOSOME i

EACH CHROMOSOME RECORD HAS THE FOLLOWING FORMAT:

PBW | NSEG Yl X] Nl ZN‘ SAMPLES 2N] SAMPLES Y2 X2 N2 2N2 SAMPLES 2N2 SAMPLES . | .
WORD
1 NUMBER OF THE PREVIOUS RECORD WRITTEN FOR THE CHROMOSOME
(=0 FOR THE FIRST RECORD OF EACH CHROMOSOME)
2 NUMBER OF SEGMENTS [N THIS RECORD
3 AND 4 LINE AND SAMPLE COORDINATES FOR FIRST SEGMENT
5 NUMBER OF SAMPLE POINTS FOR FIRST SEGMENT (N‘)
6 TO 4N‘+5 GREY LEVELS FOR FIRST SEGMENT. SINCE EACH SAMPLE POINT
REPRESENTS A 2 X 2 PIXEL AREA, 4N, PIXELS ARE STORED, OR
2N] PIXELS EACH FROM TWO CONSECUTIVE LINES.

4N,+6 TO ...

FLOW “HART

8

SIMILAR INFORMATION FOR THE SECOND SEGMENT

Chrome File Format
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ROB

Purpose: To rethreshold and resegment the chromo-
somes and to store them in a chromosome file.

ROB requires as input a chrome file containing seg-
ment end point coordinates and gray level information
for each chromosome. Each chromosome is reassem-
bled in core and its histogram is generated. Based on its
histogram, a new threshold is computed for the chro-
mosome. Using this new threshold, the chromosomes
are resegmented by applying algorithms very similar to
those used in the BINARY phase, except that the algo-
rithms are applied on the gray values themselves rather
than on a binary reduction.

The segmentation process begins with a line by line
scan for pixels above the computed threshold. This task
is performed by the subroutine ISEG, which records
the location of any objects that it finds. The task of
tracking the perimeter of the object is performed by the
subroutine SOT (Son of Turtle), which records the
segment end point coordinates as it walks around the
object on a counterclockwise direction. The coordi-
nates are sorted to correspond to segment end points by
the subroutine SORTIN.

The segments are examined for pixels lying within the
original boundary for the chromosome established in
the BINARY phase. If this search fails (i.e., if the object
lies completely in the skirt), the object is rejected. This
is necessary to prevent fragments of neighboring chro-
mosomes from being included in the chromosome file.

The object is then assembled into one or more chro-
mosome records and the space it occupied in core is
zeroed out. The task of moving the object is performed
by the subroutine REMOVE, which may optionally
contrast stretch the gray values for maximal display.
The object may be rejected at this point based on area
measurements. The assembled chromosome records are
written onto the chromosome file and the object en-
tered into a chromosome directory.

The first record of the chromosome file contains the
following:

WORD

1 Number of chromosomes {maximum of 60)
2-241  Chromosome directory containing the following four
numbers for each chromosome:
FBW = First chromosome record written
YMIN = Minimum line coordinate
XMIN = Minimum sample coordinate
LBW = Last chromosome record written
242-

302 Thresholds used for each chromosome

The second record contains the following:

WORD

1-60 Line coordinate of an internal point for each
chromosome

61-120 Sample coordinate of an internal point

121-180 Perimeter measure for each chromosome

The remainder of the file is composed of one or more
contiguous chromosomes records for each chromo-

some. Each such record will contain the following:
WORD
1 Number of segments in this records
2 Line coordinate for first segment
3 Sample coordinate for first segment
4 Number of samples (N) in segment
510 N+4 N Gray levels for this segment

Line coordinate for second segment
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NOB

Purpose: To number the objects found by SEG-
MENT or ROB and display the picture on the gray
scale.

NOB reads 122 words of parameters into NK,
LT(60), ST(60), and FI. If FI is zero, NOB does not
display the picture on the gray scale, and calls
APHASE (MASKPH).

NK is the number of chromosomes and LT and ST
are the lines and samples where the numbers are to be
placed.

NOB reads one line at a time and adds any numbers
required on that line. If LT is in order, NOB runs a little
faster since it doesn’t have to search the entire table for
each line.

INT1

Purpose: To correct errors in object isolation.

INT1 is called immediately after each spread is
scanned. The operator normally requests a quick count
at this time. If the spread is only to be used for a count,
the operator can correct for missing or extra objects and
finish it.

If the spread is to be karyotyped, cuts, joins, and
threshold changes are needed to correct for errors in
object isolation. After the objects have been isolated,
INT1 is called again to check for any remaining errors.

INT1 communicates with CALMS by calling
APHASE. It writes parameters to BINARY to indicate
a quick count, and to NOB to tell it to call MASK and
not display the picture when finishing up a count.

MOB

Purpose: To orient and measure the chromosomes.

MOB orients each input object, accumulates 10D,
area and length and calculates centromeric index by
length, IOD and area. The unrotated chromosome file
(UCR) is MOB’s input (which is ROB’s output) and the
rotated chromosome file (RCR) is MOB’s cutput. The
format of RCR is as follows:

Rec. 1 Word (1) = # of input objects (integer)
Word (2,3) = Spread 10D (real)
Word (4,5) = Spread length (real)
Word (6,7) = Spread area (real)
Word (8) = Next available record in RCR (integer)
Word (9) = # of chromosomes
Words (16-465) = Chromosome directory
Rec. 2: Words (16-465) = Chromosome directory
Rec. 3: Reserved for CLASFY resuits
Rec 4-7:  Reserver for BANDS results
Rec 8 & following records:

Rotated chromosome images

The chromosome directory (Rec 1 and Rec 2) has the
following format:

Integer CHDIR (15, 60)
CHDIR (1,1) - CHDIR (15,30) on Rec |

CHDIR (1,31) - CHDIR (15,60) on Rec 2

Each entry is as follows:
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CHDIR (L) = 1st Rec. # of Ith rotated image,

or zero if rejected
CHDIR (2,D) = # of lines in image
CHDIR (3,1) = # of samples in image
CHDIR (4,]) = Length of chromosome
CHDIR (5] = 10D/8 of chromosome
CHDIR (6,1) = Centromeric Index by Length
CHDIR (1) = Centromeric Index by Density
CHDIR (8,1) = Centromeric Index by Area
CHDIR (D) = Centromere line
CHDIR (10,I} = Perimeter of chromosome
CHDIR (1LD) = Area
CHDIR (12,]) = P¥/Area
CHDIR (13,) =Centromere Location Method
CHDIR (14,]) = Available for expansion
CHDIR (15D) = Available for expansion

MOB will reject objects if they are too large or too
small. The maximum allowable size before rotation is 88
X 88. The maximum allowable size after rotation is 88
X 48. The maximum area is 2000 points, and minimum
area is 30 points. The minimum length and width are 5
lines and 5 samples. When an object is rejected, its area,
length, and width are typed.

Originally, MOB had an option to use a skeleton
method in locating centromeres. However, this method
took 25 sec. longer with little or no improvement in
centromere accuracy. This option was removed in
order to save core space and allow a larger maximum
chromosome size.

CLASFY

Purpose: To classify the rotated chromosomes into 10
groups (conventional classifier).

CLASFY reads in the chromosome directory pro-
duced by MOB and classifies each object. Once classifi-
cation is complete, CLASFY writes the classification
tables into RCR, record 3. The format is:

Word (1) # of samples in karyogram
Word (2) No object # flag

Word (3-12) Group ID’s

Words (13-102) Slot ID's

Words (103-108)
Words (109-199)
Words (200-204)
Words (205-294)

Initial slot for each row
Object found in each slot
Center line table for each row
Center sample for each slot

LU U T TV O

This table is then used by KTYPE to build the output
karyogram.

Classification is based on an internal table that gives
the minimum and maximum allowable centromeric in-
dexes for each length, for each of the ten groups of
chromosomes. The table is called CT and is dimen-
sioned (20, 51). The twenty entries for each length are
minimum and maximum CI for A-1, A-2, A-3, B, C+X,
D, E-16, E-17 and E-18, F and G+ Y.

First, an initial classification is made. Then, moves are
made from “heavy” groups to “light” groups. When
there are several candidates for a move, the one with
“maximum likelihood” is chosen.

After all possible moves have been made, the chro-
mosomes within each group are ordered according to
the slope table which describes the slope of a line that
sweeps in from the right. Most groups are ordered by
size. When the C+X group has 15 or 16 members, the
third largest or third and fourth largest are placed in the
X slots. When G+Y has five members, the chromo-
some with the maximum fit factor is placed in the Y slot.
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The classification table can be supplied to CLASFY
with the OS parameter, followed by the object numbers
for the slots. In this case, CLASFY sets up the karyo-
type format but does not do any classifications.

KTYPE

Purpose: Builds KARYOGRAM and displays it on
the gray scale.

KTYPE utilizes the chromosome directory, the clas-
sification tables and the rotated images on RCR to build
the karyogram on KGM.

IBUF is a 20480 byte buffer that holds one record for
each object on the current line. Since the record length
is 1024 bytes, twenty objects can be accommodated.

KTYPE builds the karyogram one line at a time,
inserting line segments from IBUF, object numbers,
centromere marks and slot ID’s at the appropriate time
in the appropriate place.

INT2

Purpose: Provide operator interaction to fix karyo-
type errors.

INT2 is called after the chromosomes have been
measured, classified, and displayed as a karyotype. The
operator can correct rotation errors, centromere errors,
and classification errors. The corrections are normally
done in the above order, since a rotation error usually
causes a centromere error and a centromere error usu-
ally causes a classification error.

INT2 uses WPARAM to write parameters to MOB
and CLASFY and uses RPARAM to read them back to
see what has previously occurred. If the operator cor-
rects rotation and centromere errors and does not move
any chromosomes around, INT2 will allow CLASFY
to reclassify on the basis of the new measurements.
After the operator starts making moves, INT2 tells
CLASFY what the karyotype should look like and does
not allow an automatic reclassification.

RESEL

Purpose: Save information on measured chromo-
somes.

RESEL uses the MOB output to rearrange the mea-
surements in order of type and store them in KDATA
(BDATA for banded spreads). It also writes the patient
report line in PDATA.

Format of KDATA: RECLEN = 1024

Line 1 Directory Record 1 for Source 1 spreads

Bytes

1-2 NEXT 12 Line # of next Dir Rec for
Source 1, or 0

3-4 NUSED 1*2 # of spreads in this Dir
Rec max is BS

5-854 PID (850) BYTE 10 byte patient ID for
each spread, or 0

855-1024 LINE (85) 1%2 Corresponding data line #
for each spread

Line 2 Directory Record 1 for Source 2 spreads

Line 1.5 Directory Record 1 for Source 15 spreads

When “NUSED” becomes 85, next available line # will
be inserted into NEXT. Then the line in NEXT will be
the next directory record for this source.

Line 16-500 Data Records and Directory Records, if
necessary
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Bytes

1-64 LABEL 1 (First 64 bytes) source, patient,
sex, slide, X,Y

65-84 LABEL 2 (First 20 bytes) scan time

85-104 LABEL 3  (First 20 bytes)scan ID

105-124 LABEL 4  (First 20 bytes) diagnosis

125-126 NC 1*2 # of chromosomes in the karyotype

127-128 LSUM 1%2 Length sum (not normalized
for 46)

129-132 ISUM REAL*4 10D sum (not normalized for 46)

133-136 ASUM REAL*4 Area sum (not normalized for 46)

137-144 UNUSED

145-224 ON (80) BYTE Object #'s for types 1-24, 25-30,
31-40, or O

225-304 ONL (80) BYTE # lines for each object

305-384 ONS (80) BYTE # samples

385-464 LEN (80) BYTE Length (adjusted for bend)-un-
normalized)

465-624 10D (80) 1*2 IOD/8 - unnormalized

625-784 AREA (80) 1*2 Area

785-864 CIL (80) BYTE CIL

865-944 CID (80) BYTE CID

945-1024 CIA (80) BYTE CIA

Records 2-4 for Banded Data

1-1632 OCFOUR(51,8) REAL®4  C for types 1-24,25,26

1633-3060 OPHI (51,7) REAL®*4  PHI for types 1-24, 25, 26

Negative Source = Banded spread and uses DK4:BDATA[6,6]

MASK 2

Purpose: To combine two pictures and add a border.

MASK2 combines the numbered spread and karyo-
type into a single picture formatted for the hardcopy.
The output is written on disk, with an option to also
write it on tape if switch § is up.

The picture on disk is written in hardcopy format,
with four bits for each element, and the picture on tape
is written with eight bits for each element. Gray scales,
reference masks and annotation are added to the pic-
ture.

MASK2 is also used to combine the numbered spread
and the raw spread for counts. It checks for the KG
parameter followed by the disk unit and filename for the
raw spread.

MASK2 calls subroutines MSUB, WEDGE, REF,
and WLINE to do the bulk of the work in creating the
output picture.

BAND

Purpose: To find the waveform and calculate Fourier
coefficients for banded chromosomes.

The input to BAND is the rotated chromosome file,
RCR. For each chromosome, BAND first decides if the
chromosome is straight or bent.

For bent chromosomes, BAND curve fits a parabola
to the boundary points and recalculates the chromo-
some length. The waveform is determined by sampling
along the parabola, and using three points perpendicular
to the slope of the parabola.

For straight chromosomes, the waveform is deter-
mined by sampling along each line, using a moving
window of eight points. The maximum value found
along the line is used.

A and B Fourier coefficients are then computed from
the waveform values for eight harmonics. From these,
C (Amplitudes) and PHI (Phase Angle) are computed
and saved in records 4-7 of the rotated chromosome
file, RCR. Length and centromeric index are passed to
FOUR as parameters.

BAND recognizes the following parameters:

WA: Store a representation of the waveform in place

of the rotated chromosome images.

AX: Mark the axis for each chromosome
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QB: Quick BAND — process only the C group.

FOUR

Purpose: To classify banded chromosomes using
Fourier coefficients, length and centromeric index.

The inputs to FOUR are the classification table of
means and variances, and the banded chromosome mea-
surements. FOUR computes the likelihood that each
chromosome belongs to each of the chromosome types,
using 14 measurements — length, centromeric index by
area, C(2) to C(8), and PHI (2) to PHI (6).

If a chromosome’s length or centromeric index differs
by more than 6 S.D. for a particular chromosome type,
that type is ruled out for that chromosome. Similarly, if
the C sum or PHI sum exceeds 7 S.D. or the total sum
exceeds 8 S.D., that type is excluded for that chromo-
some.

The chromosomes are then classified in order of like-
lihood, subject to group membership rules. This proce-
dure may leave some chromosomes unclassified, since
certain types may have been excluded for certain chro-
mosomes.

Using the unclassified chromosomes, the most likely
classification is found, say chromosome i belongs to
group j. The chromosomes in group j are then examined
to see if one of them can be moved to another group
that is not yet full. If so, the most likely move is made.

The classification results are written as parameters
for CLASFY.

PREP

Purpose: To print the patient report

PREP reads the patient report records that were
written on disk by RESEL, and prints them on the line
printer. If the parameter PL is used, the records for
differnet patients are separated by a double space. Oth-
erwise, each patient’s report is on a separate page.

ABNORM

Purpose: To print information on abnormal chromo-
somes ABNORM is called only when console switch 10
is down. It reads the rotated chromosome file, RCR,
and examines the profile of each chromosome to deter-
mine centromere information. It then prints a message
for each chromosome, regarding its normality.
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KFIX

Purpose: Syntactical classification within B,D,F, and
G groups.

KFIX is the final phase of the hybrid classifier for
banded chromosomes, and operates as follows:

(1) Take the 4 chromosomes in the G group. Measure
the position along the length of the chromosome of the
brightest band. The 2 chromosomes with the bright
band closest to the center correspond to the G-21 the
other two are the G-22.

(2) Take the 6 chromosomes in the D group. Measure
the ratio of average 10D in the upper half of the chro-
mosome so that of the lower half of the chromosome.
The two smallest values correspond to the D-13, the
two largest values correspond to the D-15 and the re-
maining two are the B-14.

(3) Separate the F-19 and F-20 chromosome by IOD.
The two chromosomes with the smallest integrated
optical density are the F-19’s.

(4) Take the B group. Measure the average 10D
between the centromere position and a distance along
the long arm equal to the short arm length or to the
midpoint of the chromosome, whichever is shorter. The
two chromosomes with the largest value correspond
the B-4.

MVIO

Purpose: To read and write contiguous files with
automatic double buffering, blocking, and random or
sequential access to lines of data.

The calling sequences for the six entry points are as
follows:

CALL OPEN

MODE,LNAME)

CALL GET (MVB,LINE,INDEX[NORA])

CALL PUT (MVB,LINE,INDEX)

(MVB,BUFSIZ(DBFLAG:,-
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CALL CLOSE (MVB)
CALL READ (MVB,LINE,INDEX,LOC)
CALL WRITE (MVB,LINE,LOC)

An OPEN call is required before any GET or PUT
calls can be made to a dataset. The user must provide
core space large enough to hold all the necessary con-
trol blocks and control information, as well as the data
that is to be read or written. This allows MVIO to be
re-entrant. In addition, no space is wasted on unused
data sets, as would happen if MVIO contained storage
for a fixed number of data sets.

The control information can be considered as a
“mini-VICAR-block” or MVB. Each MVB is 56 bytes
long and contains a tran block, link block, filename
block and the information required by MVIO. (See
Flow Chart 9)

The MVB is followed by one or two buffers to hold
the data that is read or written. Each buffer is a multiple
of the RK11 disk block size (512 bytes). An entire buffer
is normally read from or written onto the disk with a
single access. This greatly increases the effective trans-
fer rate. When two buffers are provided, MVIO allows
the user to overlap computation with the disk input-
/output.

GET and PUT are called to obtain the index relative
to the start of the MVB for the desired record in the
data set. Thus the data does not have to be moved from
one buffer to another. On most “get” calls, the re-
quested line will already be in one of the buffers and
MVIO simply returns the index without any physical
1/0 required.

PUT is called to obtain the index of where to store
the line that is to be written. MVIO initiates physical
I/0 when a buffer has been completely filled. A “close”
call is required to write any data left in a buffer by
earlier “put” calls.
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MV10 - BLOCKING AND DOUBLE BUFFERING EXAMPLE
RECLEN = 512
MV + 0} conmoL INFO, 17 - 512
BUFS1Z = 2048
+ 56
LINE 1
(512 BYTES)
+ 568
LINE 2
{512 BYTES)
} 2048 BY TE BUFFER
+1080
LINE 3
+ 1592
LINE 4
+ 2104
LINE 5
+ 2616
LINE 6
F 2048 BY TE BUFFER
+ 3128
LINE 7
+ 3640
LINE 8
FLOW CHART 9 MV10 - Blocking and Double Buffering Example
A logical record (or line) can be smaller than, larger 0 = Disk Input 0,1 and 2 are functionally
than, or the same size as the physical block size (512 ;j %gﬂ t equivalent
bytes). As previously noted, each buffer is 2 multiple of 4 = Tape Input 4, and § are functionally
512 bytes in length, but the buffer must also be large 50 3 = Tape Output equivalent

enough to hold a complete logical record.

MVIO (See Flow Chart 9) is normally used in con-
junction with the label subroutines GLABEL and
PLABEL, which are described in more detail else-

where. They set up some of the fields in the MVB when 55

the picture data is preceded by a label.
The fields in the calling sequences are defined as
follows:

MVB is the location of the MV B for the data set. The 60

user must reserve enough core for his buffers immedi-
ately following the MVB.

BUFSIZ is the size of each buffer (multiple of 512
bytes).

DBFLAG is the flag for double buffering, 0 = no ¢s

double buffering (one buffer), 1 = double buffer (two
buffers).
MODE is defined as:

LNAME is a three character logical name for the
data set that can be used to assign it to a file with the
$AS command. (Subroutine AFILE can be used to
make a default assignment).

LINE is the desired line number, positive for data
lines, negative for label records, and zero for the “next”

- line.

INDEX is the offset in bytes from the start of the
MVB to the requested line. In Fortran, when MVB is
defined as a byte array, sample J of the requested line is
at MVB (J+ INDEX). In Marco, MVB+ INDEX is the
location of the first sample of the requested line.

INDEX is set to zero for an end-of-file read from
tape.

NORA is an optional parameter to prevent read-
ahead.
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READ and WRITE can be used when RECLEN =
BUFSIZ and single buffering is specified. A line is read
into LOC, or written from LOC, without any overlap.

Updating is normally done with a GET and a PUT
for the record to be updated. (The same index value will
be returned on the GET and PUT.) This insures that
other records in the block and other blocks in the buffer
will not be changed.

The *get” can be omitted only if all records are “put”
sequentially, starting with the first record of a block.

The MVB format is shown below. Word numbers are
in decimal, starting at 1 and byte numbers are in ocatl,
starting at 0. TB = tran block, LB = link block, and FB
= filename block.

10

34

GLABEL can also be used with an unlabeled data
set. It will return NL as the # blocks in the data set

BPL = 512

BPE = 8

NLR =0

These routines are re-entrant, except when GLA-
BEL is used with an unlabeled data set.

EXIT

Purpose: To replace the FORTRAN exit and error
subroutines and save 1260 bytes of core.

EXIT can be used to save core after a FORTRAN
program has been checked out. ERRA gives a single

WORD BYTE CONTENTS
1 0 TB Active Block #
2 2 +2 Active Buffer Address
3 4 +4 Word Count
4 6 +6 Function/Status
S 10 +8 Words Not Transferred
6 12 IBN Inactive Block #
7 14 IBA Inactive Buffer Address
8 16 -2 Error Return
9 20 LB Link Pointer
10 22 +2 Logical Name
11 4 +4 Unit #! Words To Follow
12 26 +6 Device Name ’
13 30 CRC Current Record #
14 n -2 Indicator | Unused
15 34 FB File Name (Word 1)
16 36 +2 File Name (Word 2)
17 40 +4 Extension
18 42 +6 UIC
19 4 WNT Words Not Transferred
20 46 SBN Start Block #
21 S0 NBF # Blocks In The File
22 52 NLR # Label Records
23 54 RECLEN Record Length (Multiple or Divisor of BLKSIZ)
24 56 BLKSIZ Block Size
25 60 BUFSIZ Buffer Size (Muitiple of BLKSIZ and RECLEN)
26 62 BPB Blocks Per Buffer
27 64 DBF/MD Mode ! Double Buffering Flag
28 66 WFLAG Write Flag (Last Block # To Be Written + 1)
LABEL

Callable Entry Point Names: GLABEL, PLABEL

Purpose: To obtain and store label information on
disk data sets.

These subroutines are used in conjunction with
MVIO, when processing labeled data sets. They obtain
or store the label parameters, and also set up the
BLKSIZ, RECLEN, NLR, and BPB fields in the
MVB. GLABEL and PLABEL must be called after the
OPEN call for the MVB.

CALL GLABEL (MVB, SPAR, INDEX) to get a
label

CALL PLABEL (MVB,SPAR,LABEL) to put a
label

MVB is the mini-VICAR block for the data set.

SPAR is a five word table of system parameters

SPAR (1) = NL, # Lines of picture data

SPAR (2) = BPL, Bytes per line

SPAR (3) = BPE, Bits per element

SPAR (4) = NLR, # of label records

SPAR (5) = BLKSIZ, Block size

GLABEL transfers the label information into SPAR.

PLABEL transfers the data in SPAR to the label.

Index is the offset from MVB to the first byte of the
label, as returned by ‘get.’

Label is the location of the label to be output.

Example:

INTEGER SPAR (5)

BYTE A (4200), B (4200)

CALL OPEN (A,2048,1,0,MV1’)
CALL OPEN (B,2048,1,1, MV’
CALL GLABEL (A,SPAR,1A)
CALL PLABEL (B,SPAR,A(IA +1))

Open A for input
Open B for output
Get label from A
Put label to B
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error message (A367), instead of the individual mes-
sages normally given by the FORTRAN error routine
ERRA.

When EXIT is called, it will either return to DOS via
a .EXIT or return to CALMS via an RTS RS. It makes
this decision by checking the value of RS when EXIT
was called. When DOS loads a program, it clears RS,
but when CALMS loads a program, R5 is equal to a
location within CALMS.

Therefore, CALL EXIT will work for programs
running under DOS or under CALMS.

In order to select EXIT.OBJ over the FORTRAN
exit subroutine, specify EXIT before FTNLIB in the
link command string. The /SU switch should be used in
the FORTRAN command string to save additional core
and time.

All FORTRAN modules of CALMS should be com-
piled with /SU or they may not fit in core.

SAVER

Purpose: To save and restore registers 0-4 on the
stack, for subroutines called with an RS calling se-
quence.

SAVER and RESTR provide a convenient way for
MACRO subroutines to save and restore registers 04
on the stack.

To save registers 0—4:

JSR R4, SAVER

To restore registers 0—4 and return via RS:

JMP RESTR

(SAVER s called via R4, and RS5 is not saved.)
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AFILE

Purpose: To assign a file to a dataset.

CALL AFILE (MVB, DUNIT, FILPEX, GRP,
USR)

MVB is the mini-VICAR block for the dataset.

DUNIT is the disk unit (1 for DK1:, 2 for DK2:, etc.)

FILPEX is the 6 character filename plus 3 character
extension.

GRP is the group number from the UIC

USR is the user number from the UIC.

Example:

CALL ALFILE (A1, ‘'PIC ', 5,5)

Assigns DK1:PIC[5,5] to MVB A

PARAM

Callable Entry Point Names: PARAM, PARBUF

Purpose: To read free-field parameters from the key-
board and convert them.

PARAM types an *, then reads up to 80 characters
from the keyboard, terminated by a carriage return.
Parameters are separated by blanks or commas, and can
be one of the following:

1. One word integer — negative integers are pre-
ceded by a minus sign.

2. Two word alphameric — first character must be
alphabetic. The character string is padded with trailing
blanks if less than 4 characters. It is truncated if more
than 4 characters.

3. Variable length alphameric — the string is en-
closed in apostrophes. If an odd number of characters,
the last word is padded with a trailing blank. If an apos-
trophe is desired, type two consecutive apostrophes.

The raw character string is saved at ‘PARBUF’
which is accessible to MACRO programs, but not
FORTRAN. However, the user can optionally supply
his own PARBUF.

The calling sequence is:

CALL PARAM (N,P PAR, MAXNP [,PARBUF))

NP is the number of parameter words that were

stored in PAR

MAXNP is the maximum allowable number of pa-

rameter words (the size of PAR)

PARBUEF is optional 83 byte user buffer for the raw

character string.

Example:

INTEGER PAR (20)

CALL PARAM (NP, PAR, 20)

If the user types:

NH, PRINT, 42, —1, ‘ABC’ ‘DEF’

The result is:

PAR (1) = NH
PAR (2) = AA
PAR (3) = PR
PAR (4) = IN
PAR (5) = 42
PAR (6) = —1
PAR (7) = AB
PAR (8) = C’
PAR (9) = DE
PAR (10) = FA
NP = 10

PARAM is reentrant if the user supplies PARBUF.
However, an earlier keyboard input request must be
satisfied before a latera one can be done.

PARAM maintains a byte with the global name
‘PBUSY". It is set to one when PARAM is entered, and
cleared when PARAM exits.
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Any program which is entered by an interrupt (such
as SEARCH or HCOPY) must check that PBUSY = 0
before calling PARAM. If PBUSY is not zero, the
program must signal PARAM that it is waiting to call it,
but could not because PARAM was busy. It does this
by storing the location for PARAM to transfer control
to in ‘PINT’ or PINT +2, and then executing an RT1.

PARAM will then call the waiting routine with a
simulated interrupt, when it has finished with the earlier
request.

(The PBUSY, PINT method is required under DOS;
otherwise the KB driver gets confused).

QPRINT

Purpose: To print a message, with automatic buffer-
ing

QPRINT waits for completion of a previous print,
moves the message to its own buffer, initiates a print
with a TRAN request, and returns to the user.

CALL QPRINT (LOC[,NBYTES])

LOC is the first byte to be printed (carriage control).
NBYTES is the number of bytes to be printed. (maxi-
mum — 132).

NBYTES can be omitted if the message is terminated
with a *“zero” byte.

FORTRAN automatically inserts a zero byte for
literal strings and *‘ASCIZ’, in MACRO, also does this.

Example:

CALL QPRINT (‘single space’)

CALL QPRINT (‘0 double space’)

TYPE

Purpose: To type a message with automatic buffering

TYPE is similar to QPRINT, except that output is on
the keyboard and the maximum message length is 80
bytes.

CALL TYPE (LOC [[NBYTES))

If NBYTES is omitted or zero, a null (0) terminates
the message. TYPE inserts a <CR> at the end of the
message unless NBYTES = 0.

v

Purpose: To convert and move logical *1 (byte) data
and word data

IV is a function and the other entry points are subrou-
tines. These routines consider bytes to be positive num-
bers from 0-255. (FORTRAN treats bytes as signed
numbers from —128 to +127.)

IV (byte) = Integer value (0-255) of a byte variable

CALL ITL (INT, L1) INTEGER TO LOGICAL)

Move the low order byte of INT to L1.

CALL MVL(L1, L2, N) (Move LOGICAL)

Move N bytes starting at L1 to L2

CALL MVW (11, 12, N) (Move WORD)

Move N WORDS starting at 11 to 12

CALL ZIA (IBUF,N) (Zero INTEGER array)

Zero N WORDS starting at IBUF

CALL ITLA (INT,L1,N) (INTEGER to LOGI-

CAL array)

Store INT in N bytes starting at L1

CALL SWAP (11, 12)

Interchange I1 and I2.

Note: RO is not saved by these routines!

TEXT

Purpose: To generate readable characters for labeling
of pictorial output.
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Each character is generated from a six sample by
seven line array of BIT, where a one BIT represents
black and a zero bit represents white. The left most of
the six samples is always zero.

CALL TEXT(INBUF, INCHR, LINE, OUTBUF,
SIZE)

INBUF is the location of the input ASCII characters

INCHR is the # of input characters

LINE is the line number (0-6) of the bit array

OUTBUF is the location for the output bytes

SIZE is the number of bytes to store for each bit (1,2,

eee)
OUTBUF must be at least INCHR*SIZE*6 bytes
long

HCPAK

Purpose: To pack and unpack data in hardcopy for-
mat (4 bits) and convert from 7 to 8 bit format.
CALL HCPAK (BUFS, BUF4, NE)
CALL HCUPK (BUF4, BUF8, NE)
CALL MVW78 (BUF7, BUFS, NW)
BUFS8 is the LOC of 8-Bit Data
BUF4 is the LOC of 4-Bit Data
BUF7 is the LOC of 7-Bit Data :
NE is the number of elements to pack or unpack. NW
is the number of works to convert from 7-Bit format to
8-Bit format.

RPARAM

Purpose: To pass parameters to a CALMS phase and
to assign the next phase to be loaded.

CALL WPARAM (NP, PAR, PNUM)

NP is the number of words of parameters to write

PAR is the location of the parameters

PNUM is the number of the phase which is to receive
the parameters

CALL RPARAM (NP, PAR, NPMAX [[PNUM))

To read parameters through the CALMS supervisor.
See the PARAM writeup for details. PNUM is an op-
tional phase nunber used to read another phase’s param-
eters.

CALL APHASE (N)

Normally, phases are loaded in sequence, but
APHASE is used to change the sequence.

N is the number of the phase.

DLINE

Purpose: Subroutines used to access the gray scale
and cursor, when running under the CALMS supervi-
sor.

CALL DECLEAR to erase the entire gray scale.

CALL DLINE (LOC,Y,X,NS,REPL,ERASE) to
write a line of data.

LOC is location of data in core.

Y is line on gray scale (0-1023)

X is starting sample on gray scale (0-1023)

NS is number of samples

REPL is non-zero to replicate samples and lines. (If
switch 3 is up, only samples are replicated)

ERASE is

positive to erase this line before writing

negative to erase only

zero to write only.

CALL DWALIT to wait for gray scale ready

CALL CURSOR (Y, X,LINE,SAMP) to read the
cursor.

Y is the line on the gray scale (0-1023)

X is the sample on the gray scale (0-1023)
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LINE is the picture line (1-512)

SAMP is the picture sample (1-512)

CALL SC sets up the cursor adjustments and saves
them on disk as parameters for INT1.

CALL RCA reads in the cursor adjustments from
disk.

CALL MCU moves the cursor up one line

CALL MCD moves the cursor down one line

CALL MCL moves the cursor left one sample

CALL MCR moves the cursor right one sample

CALL UDLR (PAR) moves the cursor one step
according to whether PAR is a UD,L, or R.

The cursor adjusment process is required to correct
for cursor drift. Two marks are written on the gray
scale, one at 32, 32 and one at 992, 992. The operator is
requested to move the cursor to these reference posi-
tions and the readings are saved. Thereafter, CURSOR
performs a linear interpolation on all cursor readings,
using the saved values.

There is also a standalone version of DLINE in
FTNLIB. It differs from the CALMS version in the
way the cursor adjustments are saved and read back.

MCISUB

Purpose: Subroutines to control the MCI and sort the
spread queue.

This module consists of miscellaneous subroutines
used by SEARCH and CALMS. It also globally defines
the MCI register addresses and interrupt vector loca-
tions.

CALL IXYABS (Y,Y) Initiates a motor move to X,Y

CALL IXREL (XDEL) Initiates a relative X move

CALL IYREL (YDEL) Initiates a relative Y move

CALL IFREL (FDEL) Initiates a relative F move

CALL CFOC (F) Stores the sum of the two focus
parameters

CALL LED (CODE,VAL) Puts VAL in the LED
whose code is given

CALL MFST (MAGN, FPOS) Stores the magnifica-
tion and filter position in MAGN and EPOS, and
displays the magnification in the magnification
LED. It also stores FSTEP, FLAST, XADJ, and
YADJ for the lens in use.

CALL SORTQ Sorts the spread queue according to

its rating.
ROACH
FUNCTION: ROACH (WLBI,WORD,EWI,-
MASK)

ROACH will scan a binary line to locate the first set
bit. The scan will begin at WORD (WI) and end at
WORD (EWI). If no set bit is found, the return code is
zero. If a set bit is found, WI is returned as the index of
the word containing the bit. BI is the bit index within
the word (numbered 0, 1, 2, ..., 15). The corresponding
bit position within the MASK is also set.

TURTLE

TURTLE is invoked by SEGMENT to walk coun-
terclockwise around the perimeter of objects in the
binary picture.

CALL TURTLE

MASK,NW2)

COMMON is composed of the following six words:

N = the number of segment end points found

(COMMON,EDGE,WOD,-
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PERIM = the number of perimeter points found
YMIN,XMIN, YMAX,XMAX, = the extreme coor-
dinates of the object

EDGE is an integer array into which is placed the
coordinates of the detected end points. On input,
WORD points to the word containing the first detected
bit of the object and MASK designates the bit positions
within that word. NW2 is the number of bytes per line.

The TURTLE uses a four point connectivity algo-
rithm in walking around the perimeter. At each step, the
TURTLE will examine its four adjacent neighbors,
numbered 0,1,2, and 3 (See Flow Chart 10) to determine
its new direction. The order in which neighboring sam-
ples are examined is predetermined to ensure that the

40

TURTLE will always proceed in a counterclockwise
direction (See Flow Chart 11).

Since not all perimeter points are segment end points,
the TURTLE uses a decision table to identify the end
points. End point determination is based on the TUR-
TLE's previous and current directions, and his convic-
tion that since he is traversing the perimeterin a coun-
terclockwise direction, the chromosome will always
remain on his left. Line segments which contain only
one sample are recorded twice so that all segments have
starting and ending end point coordinates. The TUR-
TLE'’s decision table is given in Flow Chart 10. The
number of times perimeter points are recorded as end
point coordinates appears in parentheses.
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FLOW CHART 10

SEGMENT END POINT DECISION TABLE

Segment and Point Decision Table
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BT SET

| LOOK I
. - RECTION Q

2 ol

81T SET

LOOK IN BIT SET b
DIRECTION 2 1
D LOOK IN BIT SETY
: D
3 DIRECTION 3 2
LOOK IN “\_BIT SET N
DIRECTION @ 3
LOOK INN_BIT SET N
DIRECTION } ()
LOOK IN \_8IT SET 5

DIRECTION 2

BACK AT
STARTING
PY?

NO YES

PROGRAM
CRASH

CHART

FLOW

SORTIN

SORTIN is invoked by SEGMENT to sort the end
point coordinates for a chromosome in the order that
they would be encountered while scanning the chromo-
some line-by-line from left to right. Thus, the short is in
assending order, first by line coordinate, and second by
sample coordinate.

CALL SORTIN(EDGE,N,IND)

N is the number of end points.

Upon return, IND =0 if the sort was successful, #~ 0
if not.

EDGE is a buffer area 4N words long. The first 2N
words contain the end point coordinates for the chro-
mosome. The remaining 2N words is used as a work
area for the bucket sort routine.

RETURN :

11 Four Point Connectivity Algorithm

55

60

65

42

Je/1id

SORTIN uses a byte array to keep track of the order-
ing of the end points. Because of this, a maximum of 255
end points may be sorted.

ERASE

ERASE is invoked by SEGMENT to remove a chro-
mosome from the binary spread image.

CALL ERASE(WORD,EDGE,AREA,N2,NW)

WORD points to the buffer area containing the bi-
nary image.

EDGE points to the end point coordinates for the

chromosome.
N2 is the number of coordinates in EDGE (two per
coordinate pair).
NW is the number of words per line in the binary
image.
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AREA is returned as the number of sample points
contained in the chromosome.

ORIOB

Purpose: Orient objects.
CALL ORIOB(IBUF,0BUF,EF,CHDIR,NL,O-
PROT,RCODE)

ORIOB finds the minimum enclosing rectangle for
the object in IBUF using the endpoint table EP and 32
rotations from 0° to 90°. It then rotates the object into
OBUF and sets the rotated NL and NS in CHDIR.
OPROT specifies any additional rotation desired by the
operator.

EPROT

Purpose: Rotates chromosome endpoints.
CALL EPROT(SIN,COS,NL,EP,XMIN,XMAX-
,YMIN,YMAX)
EPROT rotates the endpoints (EP) by the angle spec-
ified by SIN and COS. It returns the limits of the enclos-
ing rectangle (XMIN, XMAX, YMIN,YMZX).

OBROT

Purpose: To rotate objects.

CALL OBROTXMIN,XMAX,YMIN,YMAX,-
COS,SIN,IBUF,0OBUF)

OBROT rotates the object in IBUF into OBUF. COS
and SIN specify the rotation angle and XMIN,X-
MAX,YMIN,YMAX give the enclosing rectangle
of the object in unrotated coordinates.

COMDlTLK

CTITLE

L-NLIST  _BEX .

.MCALL

.GLOBL  RLS..C¥T.,CBY.

4“4

Four point linear interpolation is used to set the inten-
sity values of the rotated object.

ACCSUB

Purpose: Accumulate area and density by sample for
rotated object.
CALL ACCSUB(BUF,NL,MS,AREAA DENA, -
TAREA, TDEN)
The chromosome is located in BUF and is NL by NS.

10 AREAA is the area accumulator by sample and DENA

is the density by sample. TAREA and TDEN are the
area and density totals for the object.

CHROUT

15 Purpose: To stand objects up and move them into the

output buffer.
CALL CHROUT(IBUF,OBUF,NS,NL,LP-
B,IP,FLG,BUFSZ)
CHROUT rotates the object in IBUF (NS X NL) by

20 + 90° in to OBUF for output. LPB gives # of lines that

will fit into OBUF, FLG tell which way to rotate ob-
ject and BUFSZ is NS for IBUF.

KURSOR

25 Purpose: To locate information about the karyogram

for the current cursor position.
CALL KURSO R(Y,X,L,S,SLID,SLCL,SLCS,N)
Y,X,L,S are the cursor coordinates returned by cur-
sor. SLID is the slot ID indicated; SLCL and SLCS are

30 the slot center coordinates; and N is the object ID of the

object residing in the slot.

VRONTOUT PROTM

CALMS -~ CALMS SUPERYISOR

CCALL, _EXIT, PAUSE,.IHIT,.TRAN, .YAIT, .RLSE

iMAKE EMTS RESIDENT

iSUPERVISOR FOR THE CLINICAL WUTGMATED LIGHT MICROSCOPE SYSTEM

iFOR CHROMDSOHME aHALYSIS.

ALk

SUPERYISOR CONTROLS SLIDE SEARCH,

SCANNING, ANALYSLIS, AHD HARDR-COPY

PNUIPUT QF KarYOTYPES OR COUNIS. e
;SEARCH AND HARD-COPY ARE PERAAMEATLY RESIDENT BELOW LOCATION 60638,

i SCAN AND ANALYSIS COHSISTS OF
+ IMAGE FORMAT.
iCALLED BY THE SUPERYISOR

16 PHASES THAT RESIDE ON DISK IN CORE-

ONE PHASE AT A TIHE 1S LOADER AT LOCATION 68280 AND

LF=12 iLINE FEED
PSY=177776 - . . .
NPH=24, i® OF PHASES
BINHPH=2 iBINARY PHASE HUMBER _—
NOBPH=6 iNDB PHASE NUMBER
INTPH=7 i INTY PHASE RUMBER .. . . . .
MOBPH=8. IR0B PHASE NUMBER
MASKPH=13. N sMASK PHASE NUMBER =
NSDS=3 % OF ECaN DATa SETS
e NHBS=2 o ;% OF HARDCOPY DAYA SETS

SBUY=95 1SCAN DISK UNIT

_HDU=3 JHARDCOPY_ BISK UNIT
AYBS12=56.
LABSIZ=12, L . e _
1BH=12 IA¥YB DEFINITIONS

U 3 -1 L3 3. S N —

CURREC=30
SBN»46 . _ -
RECLEN=54

_BUFSIZ=69 -
BPE=62

. BBFLAG=54

SUR =177578
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i CURRENY ORIGIH 15 39808

SOURCE :
_RSCAN:

PHRYA. -

_PANUNM.
SLHLUA. .
PASEX: .

SPN: .
CSPGn
3PR:
__5PQ:
LPQHUH

LSLNUH._
NPHASE . : .

. CALMS.

CLED,

BIsB #60,FILPER+]

4,122,518

.. BORD  B.
_HORD 8 i8 TQ BE SCANMED

.$0RD . -. ;CURRENT PHRSE NUMBER

L ASC1Y  s12345678 _~_ _ _ sPATIENT IDENYIFICATION __ . . .
LASC1i 71238} ¢ ;SLIDE IDENTIFICATION

LBSCI1  F v ;PATIENT SEX

_HORD . - JCURREHT SPREAD NUMBER

.8O0RD _ SPQ+, -, sCURRENT LOC _IN SPQ
.BLK8 3240, iSPRERD RATINGS
LBLKY 689, iSPREAD BURUE <X, ¥) el
JWORD 19, iLEKGTH OF PANUM IN BYTES

"WORD 8. SLENGTH OF SLNUNW . .
WORD . -. JNEXT PHASE TO BE CALLED

_PRGE i , o

_CALL  TYPE. ¢{MNSG2, ZERD) sASK ABOUT RESTART

. H9Y _ &&.RN . e _

CLR LINE

CCALL . LED.LINE, ZERO)Y ;INITIALIZE LEDS.

1HC LINE

508 CRI1,CLED o _ o

_CALL  OPEMN, (WYR, PS12&.2ER0. 25RO, LNAM> ;OPEN OVERLAY DATASET

Oy _PSIZ2E, A9B+RECLEN

CCWLL  DPEN, {P4¥B, PARSIZ, ZERD, TUO. PLNAMD S PARAMETER 33

Hov PARSIZ, PAYA+RECLEN

Moy €4, DHPTAB+IHTPH+INTPH-2 JSET TO READ 4 CURSOR ADJAHTS

noy #512., NPTAB ;ALLOW RESTART

nov #512.., DHPTAB

MOY  HHDS. RO _ JSET UP THE _STHRI_BLOCK NUMRERS FOR _

Moy *¥HSBN, R JALL HARDCGPY DATA SETS

HOVR RO, FILPER+1

JCONVERT TO ASCII

.fabkt ASTLE, (A LHBU, FILPEX, THO, THOD
.CALL OPEHN., €A, TUELYE. ZERD. ZERC. LNAMNE?>

_ MOV A4+SBHL(RId+ _ ;SAYE THE START RLOCK HUNBER ... . ..
SOB R®,CB3
.CALL  SEARCH _1INITIAL CALL TO SEARCH

JSR PC. PPAR IPROCESS RESTART AND PHASE PRRAMETERS
CTST  HSCAM R o
BHE s18 iBR 1F & SCAH RESTART -
595; JSR PC, THSCAN J1F HSCAN=® , ALLOY SEARCH START e
s19, 1878 SFLAG ;> IDLE LOOP’ STARTS HERE
BNE S43 sBR IF SEARCH RUNNIHG
TST  HSCAN . o
BEQ S48 sBR IF NONE TO SCAM
$13. Mov #NSDS, RB 5LOOK FOR SCAN DS .
§15. WY #5085, R1
B MOY  NFSDS,R2 +% FULL SCAN DATASETS
BEQ 822 iBR IF ZERG
528, CMPB  RB,(R1)+  CHECK RO AGAINST ALL FULL DRTASETS
BEQ 525 {BR 1f BATASET 1S IN USE
s08 R2, 528 iBR 1F MORE TO CHECK e
§22 NOVE RS, BR1 70K 10 USE THIS DATRSET, STORE 17
. _®R _ s39 360 CALL SCAN U
§25 soB RS, 515 JBR 1F MORE TO TEST
BR 548 _iNONE AYAILABLE
524 BIS £63,%0 JCONVERT T0 aSCI1
. MOYB  R®, FILPER+1 sSTORE IN FILEHAME ) .
MO/2 $°S,FILPEX TEL
(MOY  #SDU, DUMIT sSTORE SCAN DISK UNIT
BEC NSCAN SNSCAHSHSCAN-1
331 .CALL  PHASE, <OHE> JSCAN e
.CALL  LED,<{SALED, NSCAN)
o _XST__  MPMASE
BEQ <86 18R 1F SCAN UAS ABORTED
- CLR  NPTAB+NGBPH+NOBPH-2 iCLEAR HOB PARAAETERS FOR INT1
$315 CLR NPTAB+BINPH+B INPH-2 iCLEAR BINARY PARANETERS
.CALL  PHASE. LINTPH sCALL INT1 FOR THE PRE-F03 ADL
cnp NPHASE, %1 JTEST FOR RESCAM OR ABORT
e .. BE® 831 sBR _IF _RESCAN e
BLT sBs yBR IF SPREAD WAS ABORTED IN INT1
cup HPHASE, HOBPK
BHE 533 VBR IF HOT A COUNT

.CtalL PHASE, HPHASE

;CALL NOB
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HoYB

(RO FILPER+L

47 48
cHp HPHASE, §AASKPH
... BHE  S315 sBR IF HOT HWASK —— — e
$32 JSR PC, THSCAN 3J1F NSCAN = 0 , ALLOW SEARCH START
o JHP €15 iGO CALL MASK2 e
8§33 cHP HPHASE, $HASKPH
BEQ s32 iBR IF HASK o o .
TST HPTAB+BIHPH+BINPH-2
BEQ 538 JBR IF HOT QUICK OPTION ~
.CcaLlL PHASE ., HPHASE sCaLl BINARY
BR 8315 | . I o N
$38. INC NF$DS SINCREMERT ANALYSIS GQUEUE
.CALL  LED,<ARQLED.HFSDS) JUPDATE ANALYSIS QUEUE )
BR $06
S48, TS78 PFLAC sSEE IF PATIENT REPORT WAS REQUESTED
BED 542 iBR IF HAT B
CLFB PFLAL
.ChLL PHASE., PPHASE ;CALL THE PATIEHT REPORTEK
$42. T5TH EFLAG ;BZE IF TEXT ERITOR WAS REQUESTED
EEQ S45 iBR 1F NOT
CLAR EFLAG . . = . N
.CRLL  PHASE, EPHASE JICALL THE EDITOR
545. TSTE FRFLAG iSEE [F FORTRM UAS REQUESTED
BER 546 iBR OIF HOT
CLRB FRTLA]
.ChLL PHASE. FFaSE JCALL FORTRH
$46: TSTB __ RFLAG JSEE IF RESTART UaAS REQUESYED
BEQ S$47 iBR IF HOY
CLRB RFLAG B - ;
JSR PC, RSTRT
BR JPS18 3GO BACK FOR RESTART . _ . _ .. _ _ R
$47: Mov #5008, R1 JSEE IF READY FOR ANALYSIS
— Hoy NFSYS.R2
BER JPS18 ;BR IF HO FULL SCAH DATASETS
HOYE €’S.FILPEX . -
Hov $SDU, DUNIT
LA @R1,FILPEX+1 U ‘ ! .
MOVB @Rr1,Re iSAYE DATA SET & IN RO
o 8158 #60, FILPEX+1 ICONYERT TO ASCIT
DEC NFSDS
... _DEC _ . RZ2. . S e
BEQ $63 sBR IF NO DATASET MUMBERS TO MOVE
$53.  MOVB. _ 1(R1),8RI1 _ JMOYE DATASET HUNBERS TO TOP OF LIST
INC R1
$08B R2,550 ,
58 Y] FPHASE, NPHASE JSTART ANALYSIS YITH PHASE 2 OR DEBUG PHASE
OV 4DNPTABG, RS o
MOV #NPTAB, R
noy #KPH. R2 o -
$65. HO¥ RO+, (R1D# JMOVE DNPTAB TO HPTAB
$03 R2. 865 —
JANALYSIS LOOP STARTS HERE
$?5: .CALL  PHASE, {HPHASEY> CALL AN AHALYSIS PHASE _ I
TSTB RFLAG ITEST RESTART FLAG
BER. _ £88 iBR LF NQT SET . ... .
CLRB RFLAG
i8R _PC,RSTRY
$89. TST HPHASE JTEST FOR ABORT (DR ANALYSIS RESTART)
BHE _ 885 iBR IF HOT AN ABORT (NPHASE=@)
.CALL  LED,<AOQLED, HFSIS) ‘
JPSta.  JHp S19
585 cHP HPHASE, 3MASYPH
A __.BNE 578 e ... 3BR_IF HOY THE MNASK PHASE —
JEND OF ANALYSIS LDOP
o SLDOK FOR HARDCOPY DATH SET
15 MoV #HHDS, RA ;% HCOPY DATA SETS
oy _#HDS. R1
NOY #HSBN, R2
€29, _ TI8TR _ _(R1d* _ U I e
BEQ £38 sBR IF DATASET IS EMPTY
__TIsT C(R2)+ _3STEP HSBN e
508 R@, C29 sBR 1F MORE TO TEST
o BR C15 INONE AYALLABLE, KEEP LOOKING
€38 B1ls $60.RD COHYERT TO ascCIl

JSTORE IN_FILENAME
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HOVB #'H, FILPEX 1AS HH
. A0V #HDU, DUNIT JHARDCOPY DISK BWIT . . ... .
INC8 -(R1) JSET DARTASEY BUSY
MOY _ R1,CMDS _3SAVE LOC OF CURRENY MASK DATASET
nov R2, CSBH JSAYE SBN LOCATION
LFALL  PHASE. <HPHASE> iMLSK2
nove +-1,0CHDS /SET DAT&SEY FULL OF DATA
I8¢ HHCOPY

.CALL LED, {HQLED., NHCOPY)>
.CALL LED, {ARLED, NFSDS
TSTB HCFLG

. . BNE___ J4s1®  __ _iBR_IF HCOPY 1S DPERAYING = I
INCB HCFLG sSET HCOPY OPERATING
e1s $£1, Q¢LITES sTURN ON HCOPY LITE
noY CADS, SHDS
Hov 9CSBN, A+SBHN JSET UP START BLOCK HUNMBER
a9y R3P3U, ~(3P) i5AYE PSU TO SIMULATE TRa?
e WSR_.___PC.HCOPY__ ______CALL HCOBY e
Js1e,  Jmp $10
. PAGE . . .. e e e e e
PLOC=600880 JPHASE START LOCATION
PHASE. . MOV @2¢R5),R1 T
nov R1, PHUN ;STORE PHASE NUMNBER
1NC R1
nov R1, NPHASE iNPHASE=PNUM+1
LCALL  Z1R,<1578898,1.377» i ZERD 518 BYTES OF UPPER CORE_
CCALL  READ, <MYB, PHUM. TNDEX,PLOC) IREAD PHASE PHUN INTO PLOC
) CASL  RL L
‘ADD . ePLITE-4,R1
gls OR1, 08LITES sTURN OM THE LITE FOR THIS PHASE
CALL  PLOC, CBUNIT,FILPEX> ;CALL THE PHASE, GIVING IT A DATA SET HARE
BIC. _ #14176.@8LITES ITURN OFF ANALYSES LITES
"RTS RS
5
PPAR, . CALL T PARAN, {NP. PAR., BAXNP)Y i JSR PC.PPAR
PEC NP
CET PPEXT s8R IF NP WAS B
) _CMPB PAR.#'N o o N
BEQ PPERT 13% IF HO nssrnar
CNPB  PAR.#'Y o - ]
BEQ RSTRT iBRIF A Rssraxr
o JHp PP4D 1PHASE HUMBER AND PARAMETERS
PPEXT. RTS PC
RSTRY. TSTB _ SFLAG © JJSR_PC,RSTRT L
BNE PPES 18R 1F SEARCHING

-CRLL  TYPE, {W4,ZERD> ;ASK ABOUY SCAN RESTART
.CALL PQRQH;(NP;PQR HAXHP)
CHPB PARBUF., #'Y

BHE PP33 iB3R IF HO SCAH RESTART

.EALL RPARAN, (NP, SOURCE, LS§2,0RE>  READ RESTARRT IHFO
CCRLL TYPE, <H?,ZERD> ASK FOR FIRST SPREAD HUMBER

L.ECALL  PARAH, (NP, PAR. MARNP)

1oy PAR,Re
ke R8, MY e
BLE ppPa2 i8R IF MUMBER LE 1
CHP R2, H5CAN . e
BGT PPO2 sBR IF GT HSCaN
~ BEC R9 sLEGAL HUMBER, DECRENMERT IT
LM R@, SPH ISTORE IT
e BU3 RO NSCAN s RDJUST HSCAN U
ASL R2
RSL __ R9 o ) ILEL S I A L
ADD R3, CSPQ JADJUST CSPQ
PPO2. .CallL GHSTS JCET FIRST SPREAD TO SCAN AND ENABLE SPIRAL SEARCH

.Call LED, <SALED, NSCAN>

—-CALL  TYPE,<(W5,2ER0) 1ASK ABOUT AMALYSIS RESTARY _
.CaLL PARAN, {HP, PAR, 4A¥NP)
cnep PARBUF ., $'Y

BNE PPL5 1BR 1F HO ANALYSIS RESTART
CCLR . NPHASE ) iNPHASE =9 _ -
nov #HSDS. R

HOY #SDS, R1. . .,



4,122,518

51 52
i vD, HF5DS iSET ALL SCAN DATh SETS aAS FULL
PP12 LDIY:] RE, (R1)+
s08 P8, PP10
CCALL  TYPE,{NB,2EROY ;ASK HOW MANY
LCALL  PARAH, <NP, PAR, HAXNP)
_TISY. . PAR e e e e e e e e e . —
BLE PP12 IBR 1F N LE 8
cnep PAR, #HSDS . _
BGE PP12 sBR IF N GE HSDS
_ A0y PAR,HFSDS J3TORE HFSDS
PP12, .CALL  LED,C(AQLED, HFSDS) iDISPLAY ANALYSIS QUEUE
_PRLS.  _TSTRB  ___HCFLG ——
BNE PPEX iBR IF HCOPY RUNNING
.CALL . TYPE.{M6,2ERQY ASK. ABOUT HARDCAPY RESTART .. . . .. AU
.CHLL  PARAM. (HP, P4R, NARNP)
_cups  PARBUF.8'Y . e e e . e -
BNE PPEX 1BR 1F KO HARDCOPY RESTART
. Moy SHHDS, RO
HoY #HDS, R
i LCALL  TYPE.<MB,2ERD> ASK HOW MANY
LCALL  PARAN, <HP, PAR, HAXNP)
e YSY_ _PBR S, e e . . e
BLE PP18 18R 1F N LE @
_ chpP PAR, $NHDS
BGE pPPis sBR IF N GE NHDS
L. MOY  PARRO JLEGAL N _ . e
PPIB, MOV RS, NHCOPY JSET N HARDCOPY DATA SETS AS FULL
_Pp2e.___ nO¥e __#-1,(RL)+
§0B RO, PP28
e INCB HCFLG 1SET HARDCOPY OPERATING
Bls 1, @OLITES JTURN ON HARDCOPY LITE
- . MDY _ _ _0@PSU, -(SP)Y. . e
JSR PC, HCLED JSIMULATE INTERRUPT T0O HCOPY END RTE
PPEX. RIS . . PC el IR R
PP43, MOV PAR, R® JPHASE MUNBER
BLE PERR
cHp RO, SNPH
... .BGY__ . _PERR .. . . .. ... U
ASL r8
. ADD . . _#BNPTAB-2,R® SONPTAB42MPNUN=2 . . . . e e
Moy HP, B3RO 1STORE HP FOR THE PHASE
‘__n___"“~_4£3LL.__u£aBﬁn_suthas.eraR>
JPPAR.,  JWP PPA
PERR: . .CALL ,_IRPE'(PEHSG 2ERO) el
BR JPPAR
THSCAN. TST NSCAN JJSR PC, THSCAN
. BNE_ CANS .. . _3BR _IF HSCAN NOT ZERO .
.CaLL  TYPE. MSG! JTYPE "OK TO STYART SEARCH'
... .. . -CALL _ SEMRCH _JALLOV SEARCH START
RTS PC
CGNS: .CHLL  GNSTS JGET NEXT SPREAD TO $CAN
RTS PC
MVB. .8LKB 18, JHY8 FOR READING PHASE FROM CALNS.OYR
. .BYTE 1,53 1PKS..
.RADS® DK/
SOLKN 2
.RADSO /CALNS OYR/
.BYIE 2.2 e
.BLKW 19,
L377, . .WORD 377
PSIZE. .WORD  32236.
TWO.  .WORD 2 . e N
INDEX, .WORD .-,
FPHASE, .. WORD 2 . IFIRST ANALYSIS PHASE (OR DEBUG PHASE)
HPKSIZ L MGRD  MASKPH
PPHNSE .. WORD 16, JPREP PHASE ‘
EPHASE . WORD 17, JTEXY EDITOR PHASE
FFASE. .WORD 18. JFORTRN PHASE
DUNIT. .WORD .-, sDISK DNIT FOR SCAN OR H&RDCOPY DATA SET
_Lyan: -ASCIl -s0vVO0/ e e IO R
PLNAN. .A4SCII  /PAR/
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iREAD THE LABEL INFORMATION INTO LCW CORE AND CALCULATE RECLEN.

53 54
PHYD. . .BLKH te. JMYD FOR WRITING AND READING PARARMETERS
.BYTE 1.1 ;DKL
.RAD3d /0K ~/
L3LKY 2
_.REDSO___s/CHLHS PARs .  aCAlMS.PAR . . e e e
. BLKWY 18.
PRARSIZ. .WORD 1924.
PLITE: .WUDRD 100,403,480, 40,42,49,20.198,10,10,4,2,2,10018,10012.,4009
. WORD 49009, 4980, 4600, 16818.6,8,0,8
NPTAB: - .BLKW NPH 1NP _TASLE e
DNPT&B. .BLKWN HPH JBEFAULT NP TABLE
. PAGE ; e
HCUC=1?2439 i HARDCOPY UDRD COUNT REGISTER
HCRD=1T72432 _ -
HCST=172434
— HCRD=1 72434
HCIVi=449
HClV2=442 ) .
IRTPS=349 ;IHNTERRUPT PRIDRITY LEVEL 7
HCOPY. . WOV L1224 0% N sCLEAR ACTIVE BLOCK NUMBER
nov $77727,A+18N sAND INACTIVE BLOCK HUMBER
noy $SLAB, A+2 sREAD LABEL INTD SLAB _
Hoy $LABS12Z, A+BUFSIZ ;READ LABS12Z BYTES
CLRB . A+DBFLAC IPREVENT READ-AHEAD =
CLRr A+CURREC 1CLEAR CURRENT RECORD NUMBER
.CaLlL GLABEL. <A, SPAR, 1RA)

__JTHEN, SET UP THE MYS TO USE TJ0 4836 BYTE SUFFERS IN HIGH CORE
iFOR THE DBiSK 70 CORE TO HARD-COPY DMA TRANSFER.
MOV #77777.R ~ JCLEAR ACTIVE BLOCK NUMBER
nov $160008, A+2 JONE BUFFER AT 160880
nov $727777,4+18N_ CLEAR INACTIVE BLOCK WUMBER
nov 3178206, A+1BA  ;OME BUFFER AT 179900
Moy $10898, A+BUFSIZ BUFS12%4096 BYTES _
HOV 919, A+BPB 18 BLOCKS PER BUFFER
INCB A+DBFLAG JSEYT DOUSLE BUFFERING
ELR LINE SINITIALIZE LINRE COUNTER
Aoy SINTRY, CEHCIVY s INT ENTRY ADDR TO HCPY INT VEC
MDY SINTPS,Q8HCIY¥2 S INT SYC PSU_TO MCPY INI YEC _
NG  BPL iIN CASE OF ODD BYTES
ASR BPL J9B CNT FOR HCPY LINE IS 5°L/2
MOV BPL,BPL2
asL BPL2 J2YDCHT
noy f+54, RAB sRECLEM
e ... 8L BPL,RMB
sUs BPL, RNB
MOY  #168998, BEHCAD
sup RMB, 0 ¥HCAD
_ ctr esHCyC JCLEAR HCPY WD CNT REGESTER
ONTST. CLR aIHCST JTEST FOR HCPY DEVICE ON
e __BIT $2909, 83HCST  ;BIT-18 I1S_HC RUNNING
BHE ONTST ;WAIT FOR PREVIOUS END-FRANE
BIT #4000, BWHCST sBIT-11 18 HC READY
BNE REPL 18R IF HC READY
HCOFF. HOY GINCST, ~(SP) iDISPLAY NCST
A0¥ #581, -(SP) 18191 NSG, HC OFF
10T, 107 o JACTION MSG TO OPERATOR
o CHOST ;CHECK HCPY DEVICE AGAIN
HARDCOPY DEVICE I[HTERRUPT SERVICE ROUTINE
INTRY. BIT $1023203, 08SUR
BHE HETLN . iBR IF S4_ .12 UP_ e
co LXPHD
BED HXTLH sBR IF HEW LIHE
su3 SPL2, RIHCAD SRESTORE HCAD
9% NogET JREPEAT THE LAST LIHE
NATLN: DEC NL s DECREMENT LINE COUNT & TEST
BEY . .. E0BS _ iBRANCH IE END .. __ _ .
REPL.  INC LIHE
ADD RAB, AEHCAD
BIT #7777, Q4HCAD
BNE NOGET



. CALL
. oMoy
40D
HOGET. sus
noy
RT1
_E0DS:. _ CLR
CLR
BIT
BEQ
TSTB
BER
_ Moy
RYI
SCP: .CaLk
.CALL
cure
BNE
. JAP
HEOK CLRB
DEC
HCLED .CAaLt
nay
"oy
HOY
bRk
nov
148, TSTH
BHI
and
S05
CLRe
BIcC
MOy
HoY
RTI
3. Moy
DEC
MOY
Hov
Moy
Jue
.. . BagE _
LIHNTPH. . NOPRD
NP . . WORD
PAR. .BLKW
HAXNP, . WORD
LHDUY, .¥ORD
ZERD, . WORD
Nk BOPT
FOUR. . WORD
FIVE. . MORDB
TUELVE WORD
1a. . NORD
A BLKAB
SLAD: .BLKA
oPﬁQauLQB*Z
Ni=SPue
8?L=5PHR*2
BDCNT=EPL
BPE=SPuR+4
LAPHD: .WORD
ANB: . WORD
BPL2: .MORD
LINE: .YORD
NF5DS. . WORD
CMDS,  WORD
CHDB3. WORD
HZ 8N BLKY
CSBN: WGRD
REG2. WORD
X¥aL. . NORD
YyaL. . ¥ORD

24, REHCAD

. hooey

4,122,518
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iGET LOCATION OF LINE
.. AND _LOAD INTO_
INDEX, W#HCAD i HC BUS ADDR REG
HBCHT, BSHCUC +STORE HNEGATIVE WORD COUNT

55

GET, {A,LINE. IHDE¥)

#1413, QRHCHD ;COMMAND LIHE OUTPUT SITH PDATA=1, LXPNDad
;RETURN FROM 1NTERRUPT
_BBHCST iST0P HCOPY BEVICE o ~
a¥Psy JLOYER PRIORITY
¥4, 9OSHR .
HCOK 1BR IF SU 2 DOWH (NO RERUMN CHELK)
PBUSY sTEST PARAM BUSY BYTE
sce iBR IF HOY
_#SCP. PINT STORE INTERRUPT ADDRESS N

TYPEZ, {HSGI, ZERD> . ..

PARAX, {(HP, PAR, HAXNP, SPBUF )
SPRUF, & Y
HEOK ;BR IF QUTPUT WA3 0K
.nE -DO_THE QUTPUT

RELEASE THE HCOPY DATASET

eCHD3
HHCOPY
LED, {HRLED, HHCOPY?
R, ~¢(SP)
R1, -(SP)
HNRDS,.RE

;ENTRY FOR RESTART

CEHDS, R1

FHS BN, REG2
(R13+

HSI

#2, REG?2
R, H4D |
HCFLG

1, B3LITES
(SPY+, RI
(SPY+,R3

13R IF DATASET IS FULL

iSET HCOPY NO LONGER OPERATING
JTURN GFF HCOPY LITE

JRETURN FRGON INTERRUPT
GREGZ, A*+SEH | _ASET_UP START BLOCK MNUNBER
Rt
R1.CADS
(SPY+, RY
(SP)+, RO
HCGPY

JSTART REU DATASET

LHTPH
20

2@
HOU

a

'

4

5

12

nvBs1Z

LABsIZ

;% OF FULL SCAN DATASETS
__GLDC OF CURRENT MASK DATHSET FLAG

JLGC OF CURRENT HARDCOPY DATASET FLAG
;HBRDCOPY LATASET START BLOCK NUMBERS
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HHCOPY. . WORD .- 5% IN HCOPY QUEUE
SFLAG.: .BYTE @ ,FLAG FOR SEARCH OPERATING
$9s. .BLKB  NSDS ;SCAN DATA SET FLAGS
HDS. .BLKB NHDS _  ;HARDCOPY DATA SET FLAGS
HEFLG:  .BYTE @ JFLAG FOR HARDCOPY OPERATING
_RFLAG.. .BYTE 9 iFLAG FOR RESTART REQUEST
PFLAG:. . .BYTE © IFLAG TO CALL THE PATIENT REPORTER
EFLAG.: .BYTE « @ sFLAG VO CALL THE TEXT EDITOR
FRFLAG.:.BYTE @ sFLAG TO CALL FORTRN
BL2E.  .ASCIZ ~ / L )
KSGl:  .ASCIZ ~ 0K TO START SEARCH/(LF>{LF>
_M362. _ .aSCIZ + IS THIS & RESTART? ~ —
PENSG. .ASCIZ ~ ILLEGAL PHASE NUMBER! /
M3G3.  .ASCIZ 7 RERUN HCOPY? / I _ .
N4 JASCIZ  + RESTART SCAN? +
HS.  _ASCIZ ~ RESTART ANALYSIS? + I
NG, .ASCIZ + RESTART HARDLOPY? ~
W7, . ASCIZ _+ WHICH SPREAD? ~
%8, CASC1Z  ~ HOW MANY SPREALS? 7
SPBUF. .BLKB  B3. sHCOPY PARSUF
FILPEX. _ASCII <He ’
LHANE. . ASCII  /X¥X/
EVEN
.BLKB __SOURCE+13908-. iAAKE PROGRAM LENGTH CONSTANT

" UEHD CALNS

.TITLE SEARCH - SEARCH PARTITION OF CALNMS

-MCALL . CALL, PAUSE o e

LF=12

CR=1S§

FTIME=1S. iHAX TINE BETYEEN FOCUS DURING SERRCH
PSU=177776

SYR 1772579

MACRO  _GETKA  WSG.?LQC . . . __ e e e e e
TSTB PBUSY

BEGQ Lac
MoV $LOC, PINT+2
.. RTI
Loc: CLR 2IPSY
Cakl  TYPE. {MSG. ZERG)
.END®
UMACRO ENI  CODE  EWABLE INTERRUPT
__BIS_ . #CODE.RFIEAPY
.ENDN
_MHCRO DSI CODE sDISABLE INTERRUPT
_BIC _ ®CQDE.@#lEAPD o R B
.ENDN
" .MACRO LON CODE " JTURH LIGHT ON
o BIS #CODE, Q¥LITES
_ENDH
.MACRO LOFF CODE " JTURN LIGHT OFF i i
BIC  ®CODE, @¥LITES
. ENDR
7 UMACRO HINT KEY  IHANDLE INTERRUPT FOR KEYS 5-8 (AC,RJ, HX,LA)
pSt 183
LOFF 199828
. nov R3, —(SP) . s
.CHLL  LED.<LKLED, KEY)
e _-EWDW
i CURRENT ORIGIN I35 43329 R
H
GHSTS. . Jnp cHS JENTRY POINT FOR GNSTS
. BEARCH..MOY  _ @SRSTA,R3 G INITIAL CALL FROM SUPERYISOR _
noy #SRST, (RDI+ iSET UP SEGRCH START INTERRUPT VECTD
Moy $299, (RO)+ JPRIORITY 4

LI #15.,R1
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1528,  MO¥ FUINT. (RO + sUNEXPECTED INTERRUPT RTE TO OTHERS
noy €209, (ROI+ sPRIORITY 4
_ ...s08  _ Ri,Is828 e e e e e
noy $FOC, PAFOCA
noy $KYRQ. OKYROA
Moy #2008, PIKTROA+2
LCALL  WFST, {MAGN, FPOS) , . _ , o
ENI 1410 iEHABLE SRCH START, FOCUS AND KBD REQUEST
e BSY 287 _ . ___DISABLE QOTHERS . e
RTS RS ;RETURN TO SUPERVISOR
UINT.  .PARUSE IEAP) JUHEXPECTED INTERRUPY
RTI
SRST,  DSI 18
.CALL  LED,<LKLED, SSKEY>
GETKSB "t JGET KEYBOARD AND TYPE N1
LCHLL  PARAH. {NP, P4R. MAXHP. SPBUF)
chp NP, #2
BNE SR29 sBR IF HOT 2 WORDS
cnp Par,2%n
BNE SR29 sBR IF NOT ABORT
_..EALL  _TYPE,M? i SEARCH ABORTED, TYPE N7 . B
ENI 18
RTI
SR28.  INCE SFLAG ;SET SEARCH OPERATING
LOSF 152599 sTURN OFF EBIT LIGHTS
LON 1829 ;TURH SEARCH LIGHT ON
—ee o Y8Y O WP . R -
BEQ SR3D iBR TF SAME PATIENT AND SLIDE
.CALL  MYCR. <SPBUF,PAYUN, LPANUR) sNOVE PATIENT NUMBER
.CALL  TYPE.,{(N2,ZERO>
noys #' LPAR JINITIALIZE SEX TO BLAMK )
.CALL  PARANK, {HP, PAR. HAXNP, SPBUF)
nove PAR, PASEX sSTORE PAYIENT SEX

_CALL ~ TYPE, <W3, ZERD)
.CALL  PARAR, <NP, PAR, NAXNP. SPBUF > S ,
CCALL  MVCR, ¢SPBUF,SLNUM, LSLNUN) SMOVE SLIDE NUABER
.CALL  TYPE,<M8.ZEROY o
.CALL  PARAN, {NP, PAR. MAXNP, SPBUF)

noy PAR, SOURCE sSTORE SOURCE CODE __ -
5R30, WOV #5PQ, CSPa JINITIALIZE SEARCH QUEDE POINTER

CLR  NSP A INSP=D o o i

nov RS, -(SP) 1SAYE R® BEFORE CALLING ZIA

.CALL  ZIR,(SPR.LSPR> ;2ZERO THE SPREAD RATINGS

nov (SP)+. RO

.CalLl LED, <SHLED, HSP?
.CALL HFST. (MAGN. FPOS>

nov XLGTH, XCTR JINITIALIZE SEARCH PATTERN
noy IXDEL, XDEL
nov #SDR, Q#SDFPA JSEARCH DATA READY INTERRUPT
nov $SRHA, BISRHAA
. ___ _MOY __®SRRS,045RRSA e 3 _
noy SEDST, R3EDSTA
EHT 74 , JEMABLE INTERRUPTS
RTI
FoC: .CALL  LED,¢LKLED, FOKEY) ;FOCUS INTERRUPT FRON FOCUS KEY
FOCSUS..DSY 490 1FOCUS SUBROUTINE _
LoH 49200 71T MAY BE ENTERED BY ANOTHER INTERRUPT
nov SFTIME, FCNT JRESET FOCUS COUNT
noy R8IEAPD, OTEAPD SAVE OLD IEAPD AND SDFPA
Hov @9SDFPA, OSDFPA , - _
CCALL  MFST, <MAGN, FP0S>;FIND FSTEP & FLAST FOR THIS MAGNIFICATION
a MOV #F413,0#SDFPA _SET UP INTERRUPT WECTOR
ENI 4
RTI - ‘ ‘
F418.  .CALL  CFOC,OLDF ;CALCULATE FOCUS
.CALL  I1FREL.FSTEP
F420.  NOY ¥F433, G4SDFPA
— LRYL L e e e e e e e e e e
F430. .CALL ~CFOC,F
CMP F,OLDF 1SEE IF WE ARE GOING IN THE RIGHT DIR
BCT F450 iBR IF S0
HOY FSTEP. N ICHANGE DIRECTION
ASL N

KEG N iHOVE TUICE AS FAR IN REVERSE
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LCALL  IFREL.H
HOY _GF449, 0¥SOFPA s e 3 B
RTI
F448. .CALL  CFOC.F , e .
cnp F,OLDF JSEE IF OTHER DIRECTION IS BETTER
BELT. F448 . 3BR IF. SO o o
h FSTEP. FLAST ;SEE IF STEP SIZE IS SMALL ENOUGH
gLE F48n iBR IF SO
HoY FSTEP. N iTRY A SHALLER STEP
Sk FSTEP L
ADD FSTEP, H iNSFSTEP+FSTEP/2
- - CALL  TFREL.H - S U
BR F420
F443 NEC FSTEP
F432 nov £, 0LDF
.CALL  IFREL.FSTEP JTHKE ANGTHER STEP
uoYy ¥F463, OSDFPA
e _RTV e —
F469:.  _CALL CFOC.F
CHP _ _ F.OLDF i .
BGT F450 JBR IF FOCUS STILL INCREASING
nov FSTEP. M. i .
BPL F470 JGET ABSOLUTE VALUE FOR TEST
NEG N .
F470 NEC FSTEP
. _CMP ___ H.FLAST GTEST FOR LASY SYEP ___ . ... _ ...
BLE F430 1BR IF SO
. __ASR _ __ _FSTEP _ _1DECREASE STEP SI26 . ... .
BR F438
F489 .CaLL  IFREL.,FSTEP JTAKE LAST STEP BAGK
NOV €7 4593, RSDFPA
e RTY_ o e e
F490 pSI 4
_.CALL _RMCI R
NOY OSDFPA, @¥SDFPA RESTORE SIFPA
BIT ¥4, 01E4PD iSEE IF_INTERRUPY YaS ENABLED
BEQ FS529 iBR IF HOT
BIT . #1889, WRLITES .
BEQ F498 JRE-ENABLE IT IF NOT IN SEARCH
TST_ _ _Q8SPRD . i
BPL F498 10R SPREAD NOT PRESENT
BIT 34900, B#SUR
BEQ F498 JOR SW 11 DOWN
LOK 28080 _ JTURN ON SEARCH HALTED LIGWNT_ __ .
BR FSa8 JBON’T RE-ENRBLE THE INTERRUPT
F493.  ENI. r  JRE-ENABLE INTERRUPT . . _. ..
F582:  ENI 4890
_ LOFF 48320 ____3TURN OFF FOCUSING LITE
RTI
o - R e e e e e -
KYRQ.  BSI 1832 sDISABLE ANY FURTHER KBD REQ
.CALL  LEB.<LKLED, KRKEY)
GETKB M4
e 2 ERLL  PARAN, (HP.PAR, HAXHP, SPBUF) S -
TST NP
BEQ BKYEX JBR IF NHO INPUT
cHPB PAR. 8’4
BNE  KY19 1BR IF KOT ABORT REQUEST
.CALL  APHA3E,<ZERD)
) BR BKYEX . ~
KY19. CHPB PAR, #°C ‘
___ BRE _ KY20 _ _1BR IF HOT CALIBRATE MICROSCOPE
.CALL ~ T%REL,BIG
) .CALL  1YREL,BIG IMOVE TO LIMITS
.CALL  TFREL,BIG
__ JCALL __ XWAIT
LCALL ™ YWAIT
. .CALL  FNAIT . iWAIT FOR END OF MOVES
.CALL  IFCPR JINITIALIZE F, X, AND ¥
CALL_ INCPR o o o ]
.CALL  IYCPR
S.CALL  IXYABS.<XYAL, YYAL> ;MOVE STACE TO 1008, 1008 OR LAST POSITION
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CCHLL  IFREL, FYas JMuUYE FOCUS TO 3300
CCRLL  AMATT
CCHLL  YWAIT
JCALL  FUAIT
JCALL  RMCI
BKYEX: BR KYEX R
K129.  CHPB PAR. §'R
BHE KY39 iBR 1F NOT RESTART REQUEST
INCE RFLAG iSET RESTART FLAG IN CALMS
K't3a.  CHPB PAR,9'E
B4 kY35 ;D% IF MOT ZDIT REQUEST
ANCB _ EFLAG . __ GSET_EDIT FLAG . _ .
BR KYEX
K733 cCHpPB PRR.&'F L
BNE KY40 JBR IF HOT FORTRN REQUEST
INCB FRFLAG ;SET FORTRN FLAG
BR KYEX
KY48:  CHPB PAR, #°2 o .
BNE Kvse 1BR IF HOT ZERO SCAN QUEUE REQUEST
CLR NSCAN _ - .
.CALL  LED,<SQLED, N3CAN>
nov #SRST, @8SRSTA  ;ALLOV SEARCH START
BR KYEXR
Kv39:  CAPB PAR, #°Q
BNE K160 JBR IF HOT QUEUE ABJUST
MOV  QEXCPR, XOFF _ )
sus XVAL, XOFF iSTORE % OFFSET
moy QOYCPR, YOFF ‘ ,
sus YVAL, YOFF JSTORE ¥ OFFSET
B8R KYEX o e
"Kyéd. CHWPB PaR.¥'S
BNE kY70 18R IF NOT SCAN REQUEST )
KY€S:  INC NSCAN
.CALL  LED,<SQLED, NSCAN> o
nov $SPSRCH, G#SRSTA ;SET UP SPIRAL SEARCH
__CAP__ NP,#4  SEE IF X #ND ¥ WERE GIVEW
BHE KYER R IF WOT
.CALL  IXYABS.<PAR+4,PAR+H)
ENI 1898
JHP FOCSUB .
KY?e.  CHPB PAR, 41D
_..BNE___ KYB3 ___ ___yux IF NOT DEBUG REQUEST
noY PAR+4, FPHASE iSTORE PHASE NUMBER
BR K¥65 iGO INCREMENT NSCAN
KYge:  CHPB PAR, #'B
BHE Kyon ;B2 IF NOT BANDED REQUEST
Mo $-0.. SBURCE JSET SOURCE OF -8
. BR XYERXR o o
KY93.  CHFB FOR, 4P
BNE KY169 iBR IF NOT PATIENT REPORT REQUEST
1HCB PFLAG 5SET PREP FL&G
CCRLL  WPARAH, {OUNE,PAR, PPHASE) ;WRITE PREP PaRAM
BR KPEY
Kr1aa. - - — e _
KYEX.  ENI 1239
RTI
$DR. TST e#SPRY sSPREAD DATA READY (SEARCH)
BRI  SPRES 38R 1F _SPREAD PRESENT __ R
Moy #1, FFLAG JRESET FOCUS FLAG
DEC FCNT iDECRENENT FOCUS COUNT
BPL CHP iBR IF NO NEDD TO FOCUS
8IT ¥69390,333PRD
BEQ GNP JBR TIF NOTHING TO FOCUS ON
PO 1 | FOCSU8 iG0 FOCUS
CERED WAL TEL AL
BEL f0F O iBR IF NO FOCUS THIS TIRE
JNP FOCSUB ;CD TO FOCUS SUBROUTINE
NOFOC: Moy RA, -(SP)
HOY CsPo. RO iRB2CURRENT SPREAD QUEUE POINTER
oy RIXCPR,.(RB)Y+ ISTORE X . R e
EPL ROK i8R IF X IS POSITIVE
4YNG.  GETKB M6 JREQUEST CALIBRATION
MOy (SP)+, 8D
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351 4 12ISABLE THTERRYUPT
RTI
ROK. . MOY _ BEYCPR,C(RED+ _ uSTORE Yoo e e
BAMI XYNG 1BR IF Y IS HEGRTIVE
CHpP MAGHN, $463. ISEE IF SEARGCH IS AT HI-NAG
BLT LOMAG
NEG ~4<RO) JIF AT HI-WAG, FLAG AS ACCEPTED IN ED-LO
LORAG. MOV RO, CSPO
. _Noy (SP)+, R®
IHC HSP JINCREMENT & SPREADS FOUND
.CHLL  LED, (SHNLED, HSP) , L
CHP . HNSP.HARNSP
- BGE EDLD o iBR 1F ENOUGH SPREADS FOUND
CHP. TST XCTR
. BeT G50 1BR _I1F ANOTHER X MOYE IS 0K _
BLT G40 JBR IF LAST MOVE WAS A Y
_NEG. . _XDEL JEND OF ROW. REVERSE DIRECTION
.CALL  IYREL,<YDEL> JAFTER MOVING DOWN
‘ BRGSO o
c40: nov XLGTH. XCTR JRELOAD XCTR
658, LCALL _ IXREL, <XDEL> SMOYE IH % DIRECTION
G6a. BEC XCTR
81s %4, 83 1EAPD ;ENABLE THTERRUPT
RTI
SRHA:.  DSI 4+ sSEARCH OR FOCUS HALT
N _BIC ___#4,01Ea4PD____  _PREYENT END _OF FOQCUS FROM PESUAING SRCH =~
LCHLL  LED.<LXKLED, SHAKEY)
LON 20203 JTURN ON SEARCH HALTED LIGHT
.CeLL  RNCI
RT!
_SRRS. . _EMI _ _ 4. ___. . . iSEARCH QR _FOCUS RESUME . _ -
LCHLL  LED.<LKLED, RSKZY>
LOFF 20332 ;TURN OFF SEARCH HALTED LIGHT
RTI
E3SY.  DSI 184 SEDIT START

.- LQFF 127089 il el : e e =
.CALL LED.<LKLED. ESKEY)
. CalL RFET, {RAGH, FPOS)

ENI 489 JENABLE FOCUS INTERRUPT
NDY #1,FFLaAG JINITIALIZE FOCUS FLAG
BIT H12099, QELITES
_.___BNE_ EDLO _____ 4BR TO EDIT-LO IF _JH SERRCH S e
BIT #4093, @SLITES
BNE ES49 iBR IF 9N EDIT-LO
cne HAGH, $63.
BLT ELSTT iBR IF LO-MAG (IR EDIT-HI)
Jnp EHRST JHI-®HAGC (IN ERIT-HID
__ES49:  CHP  MAGH, 863 JINEDIT-LO, VEST NAaG . .

BLT ELRST iBR IF LDO-MAG
JHP EHSTT iHI-BAG, START EDIT-HI

EDLO: CLR eCSPR iNARK END OF QUEULE
DSt 2e
CLR NSPAL
chp HaoH. 462,
BLY ELSTT iBR IF LO PAG
JHp EHSTT iSTART ED-HI IF HI HAG

ELSTT. .CALL LED, <SQLED, H3PAL)
LOFF 1209

- LOW 489 .. . +TURN ON EDIT LO LIGHT_ -

noy $ELAC, BIACSPA JACCEPT 3PRD
Moy $ELRJ. GERISPA JREJECT SPRD
NOY $ELHX., P#NXSPA INEXT SPRD
HoY $ELLR, BELASFA iLAST SPRD

ELRST. (R SN JGPREAD NUMBER
QY . #SPRL.CSPR. e e
LEEY RB, -(5P) ;SAVE RO OKH THE STACK

EDHXT: HOV CSPQ. P&
LOFF 40009 sTURN OFF FOCUS LITE IM CASE FQOCUS
ENI 4980 iMAS INTERRUPTED BY ARHL
INC SPN

__.CALL  LED,<SHLED, SPN>
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LOFF 2809
BEQ JEDHI ;3R 1F END OF QUEUE
_ ... .BPL_ _  _EL38 __3BR _IF ROT ALREADY ACCEPTED
LON 2809 sINDICATE ALREADY ACCEPTED
EL30. MOV (RO, Y
HOY RS, C3PQ ;SAVE UPDATED Q POINTER
LUL S __(5P)Y+,RD_ SRESTORE RO __ el -
LCALL IXYABS, <X, ¥) ;INITIATE ROTOR MWOVE TO X.Y
B MOV SESDR.@4SDFPA . e
Hov $1, FFLAG
ENI 4 JENABLE SPRD DATA READY INTERRUPT
RTI
JEDHI. JNP EDAT
ESER:  ENI 189 ;ALLOY RJ DURING FOCUS
__NEG___ FFLAG JEDIT _SPREAD DATA READY _
BPL £520 ;BR IF HO FOCUS THIS TINE
) JWP  FOCSUB e
£$z3.  DSI 4 JNOY DISABLE THE SDR INTERRUPT
.CALL  RHMCI GRELASE NCI FROM COMPUTER CONTROL
LON 100090 JTURN ON OPERATOR ACTION LIGHT
RTI
ELAC.  HINT ACKEY JACCEPT SPRD INTERRUPT .
MO CSPQ, RO
TST -4(RQ) o S )
BPL ELAZD i8R IF NOT PREVIOUSLY ACCEPTED
L DEC__ HSPAL _ iDON'T _COUNT IT TWICE
ELAZO, MOV ARYCPR, ~ (RD) iSTORE UPDATED Y AHD X
HoY @IXCPR, - (RB) L o
NEG eRr3 iMAKE % HEGATIVE TO FLAG THIS SPREAD
INC NSPaL
_CALL  LED,<SBLED, NSPAL)
. _CWP__ HSPAL.NLWAX N
BGE EDA L iBR IF ENOUGH FOUND
BR . EDHRT 1650 TO KEXT SPREAD = .
ELRJ:  HINT  RJKEY SREJECT SPREAD INTERRUPT
MOV CSPO, RS
e IST _ -4(RO) ~
BpL JEDHXT JBR 1F NOT PREVIOUSLY ACCEPTED
 HEG - 4(RD) iMARK IT REJECTED X+ )
DEC NSPAL
.CALL  LED, (SOLED, NSPAL) )
BR JEDNXT
SOHE. AT HAKEY ;HEXT SPRE&D
BR JEDH¥T
ELLA:  HINT LAKEY iLAST SPRERD
sus €4, C5PR JHOVE BACK TO CURRENT SPRERD
o . DEC __ __SPN___ . _ e
BEQ JEDNXT JBR IF FIRST SPREAD [N QUEUE
sus #4, CSPQ iBACK UP ANOTHER SPREAD
DEC SPY
JIINGT O ua2 SINYT
EDMI. __MQY _ _(SP)+,R3___ __ ;RESTORE @®___ __ e
GETKB N5 JREQUEST H1 MAGHIFICATION
EHSTT. LOFF 1400 . U
LOKN 280 sTURH ON EBIT HI LIGHT
MOV #EHAC, B¥ACSPA  ,SET UP EDIT HI1 INTERRUPTS _ -
HOY #EHRY, B#RJSPA
HO¥ $EHNX, BENXSPA
MO¥ #EHLR, RELASPA
MDY $EDEW, @¥EDENS i o
ENI 209
. _.CLR_ NSCAN _ . i . i
.CALL  LED,<SQLED, NSCAN»
EHRST: CLR SPH
nov *SPU. CSPR
... __.MOY _ R®,-(SP) _ ISAYE RO __ S
EHRXT: MOV CSPQ. R®
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B _LOFF 408808 JTURN OFF FOCUS LIYE IM CASE FOCUS e
ENI 480 J4AS INTERRUPTED BY ARNL
__EH18: _ INC SPN
HOY (R8I+, X
BEQ __  _JEDEND. _iBR IF_END OF QUEUE e
BNI EH2D iBR IF -X (ACCEPTED IN EDIT LO)
_TsT (RA)+ e
eR EH1D ;TRY THE HEXT SPREAD
_EH28. __ LOFF 200 e
noy (RO)+, ¥
_.BPL_ EH3B FBR_IF_NOT ALREADY ACCEPYED .. ... .
LON 2089 sTURN ON LITE
. ... BR _EH$@  _ iNO ADJSYSTHENT _IF_ALREADY ACCEPTER
EH3O .CRLL  MFST. <MAGN, FPOS> JSETUP XABJ AND YADJ
.. SUB____ XaDJ, % iX_1S NEGATIVE, ADJUST FOR CENTRALITY
'3 YADJ. ¥ iADJUST POSITIVE ¥ FOR CEHTRALITY
EH40 HOY  RB, CSPA o e
HOY CSP)+, RO JRESTORE RS
CCALL  LED, CSHLED, SPH4> _ .
CCALL  IXYABS, <X, ¥ JINITIRTE MOYE TD X, ¥
. MOY_ ___8ESDR, ##SDFEA__ o [
noy %1, FFLAG
ENI + _JEHABLE SPRD DATA READY INTERRUPY
RTI
JEDEND, JMP EDEND ,
_EHAC:  HINT _ __ ACKEY o 3ED _RI ACCEPY . N Tl .
noy CSP@. R®
R IS8T . ~2(R®) .
BPL EHA20 JBR IF NOT ALREABY ACCEPTED AT HI MAG
§ DEC _NSCaN | JDON'T COUNT 1T TWICE _
EHA2B.  MOY @3YCPR, - (RO)
— HEG @R8 iSTORE_ =X aND -Y e
noy @#XCPR, - (RO)
_MEG. 8RO i
INC HSCAN
. .CALL LED,<SGLED, NSTAN)
SUB #5PQ, RO sFIND LOC IN SPR
ASH #-2,R%
INCE IPR(RY) ;IHCREMENT SPREAD RATING
Moy <SP+, B9
LOK 180099
EHI 180
RTI sRETURN FOR ANOTHER AC OR HX
EHRJ.  HINT RIKEY ;ED WI REJECT
noy CSPQ. RS
ST ~(RB)
eeL EHNXT
NEG ag3 iMAXE 1T POSITIVE IF PREYIOUSLY ACCEPTED
o ... DEC NSCAH _ o L - e
TSTY -(R®) JGET LOC IN SPR FOR THE SPREAD
sSuUB $SPR. RO -
ASH $-2.R0
CLRB SPR(R®) JZERO THE SPREAD RATING -
CCALL ~ LED, <SOLED, HSCaAN>
BR JEHNXT
EHHX. ~ HINT = NXKEY e .
cap NSCAN, MARSC
... ...BGE__ EDEND _ _3BR_IF_ENOUGH FOUWD
BR JERNXT
J
EALA:  WINT LAKEY iED HI LAST
....._SUB___ sd4,CSPQ RS -
pEc SPN
. BE@  JEWHXT _ ;BR IF FIRST SPRD IN @ s
EHL26. suB #4,C5PO iNOYE BACK ANOTHER SPREAD
_ BEC 3PN
BEQ JEHNXT
. 187 @ecCcsPu L IO
epL EHL20 iBR IF NOT =X
JERNKT. JHP EHNXT CGLAST =% i
£3E CalL  LED,CLKLED, EEKEY) . —_—
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1oy RS, -(SP)
CEDEND.  LOFF_ 182208 STURN OFF_ED HI AND ACC LIGHY _  _ R
DSt 184 iDISABLE ARNL AND SDR
TST NSCaN . .
BEQ EE38 1BR IF NONE TO SCaN
N 12 49 iDISABLE EBIT START
JSP R3, SORTQ iSORT THE QUEUE ACCORDIHG TO RATIHG
MOV _ %SP@, CSPE L .
CLR SPH
CCALL WPARAM. (LS512, SOURCE, ONED ;SAYE IHFO FOR RESTART
CLR XOFF
L QAR N
LCalL GHSTS iGET FIRST SPREAD TO SCAN
BR EE42 ) o ) B
EE3D. #oy $SRST, B¥SRSTA ;ALLOY SEARCH START
EE49: Hoy {(SP)+,R9 IRESTORE RS
CLRE SFLAG
.. RIL e e _ o
GHNS Hovy RB, ~C(SP) iGET HEXT SPRERD TO SCAH SBRTE
noy CSPR, kB B
novy ¥SPSRCH, 88SKSTA
. 1 18 _GENRBLE SPIRAL_ SEARCH e
EEL1D: IHC SPH iLOOK FOR FIRST -¥
NOY (R8Y+, XVAL o
BEQ GHEX iBR IF EHD OF QUEUE
Koy C(R3Y+, tval e o
8PL EE1® iBR IF HOT ACCEPTED
HEG RYAL JMAKE XYAL AND YYAL POSITIVE
1 BRI
4Dl NOFF . NYAL SRID BFFIET
402 YOFF., YYHL
Moy R3, £5PQ _
NI R IRYABS, CAYAL, YYALD i IKITIATE MOTOR MOVE
noy BEPSH, -CSPY e e PSS U
JsSg PL, FOCSUB iSTART FOCUSING
CHESR LCALL LED, ¢SNLED, SPHND>
MOy (3P>»+, RO
Ry ]
IPSREH. L Call | CEDLCLKLED, S3xEY> . iSFIRAL SEARLH S
cLR “CTR G IHITIALIZE SPIRAL SEARCH
CLR YCIR .
CLR SPLEH
HoYy $SP3DBR,QISDFPA il
MO #SRHA, Q¥3RHRAA
Mo $SKERS, A#SRRSA
ENI =4 JEMABLE SEARCH HALT & RESUME & 3SDR
RTI . o o
SP3DR:. BIT $60290, 04SPKRD ISEE IF ANYTHING THERE
__BEQ SGNP 48R _IF NWOT_ . U
HEG FFLAG
BPL SGHP sBR IF NO HEED TO FOCUS
Jap FOCsSus
SGNP. TST . ACTR il R
eGT SX0K JIBR 1F ANOTHER X MOVE IS 0OK
R IsT RESES e L I
BGT 3Y0K iBR IF ANOTHER Y HMOYE IS 0K
_ INC SPLEYN s INCRENMENT SPIRAL LENGTH
HOY SPLEH. RCTR GRELOAD & AND Y COUNTERS
HOY __SPLEH, YCTR o o ~
NEG SPSTEP sCHANGE DIRECTION
S%0K . CCiLL  I4%REL., SP3TEP .
DEC XCTR
e R e
370K . ChRLL IYREL, SPSTEP
_ _DEC TCTR R L
RTI
SPLEN: . WCRD .- iSPIRAL LEMNGTH
_3PSTEP. . WORD 5 sOR -5
YITR . WORD R
BIG: . WORD S984G.
XDEF . CBOR -
YOFF L ueRD -
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ORE8n=DRUL+2
DRST=DRUC+4
YREC=16418%

AAEO=L A4 134

73 74
FFLAG: . WCRD 1 SFLAG OSCILLATES FROM 1 TO -1
OIZRPR. . WCED 90 e e e . -
0SDFPH. .YGRD B
F: _.__._.WORD B ) o N
OLDF . LUORD D
. LYCRD A B N
_SSKEY: . WGRBD___ 1 e e e e e IO
SHAKEY: .WORD 2
RSKEY. __.WORD _ 2 _ I . - - I - -
ESXEY. .WORD 4
ACKEY: _ .WORD 5 . i} . N L
RJKEY: .YORD 6
HIKEY. . MORD ? .
LAaKEY. .WORD 8.
_EEKEY: _ .NORD __ 9. _ _ .
FOKEY: .HWORD 18.
KRKEY. _ .WORD __ 11. o . -
HARXSC. .HORD 388, sMAXTINUR TO SCAN
HLMAX: .WORD  309. HAXINUN TG ACCEPT IN EDIT-LO
X : LWOPD -,
Y. LYBRD -
FPOS. .WORD -
HAGH: .WGRD -
FCHT. . UGRD 15.+. - iTINE TO FGCUS COUNTER
IXBEL. _.WORD -3 . . THITIAL XBEL —_ - e
XDEL. . UORD -13. )
YDEL: WORD  -13.
XOTR L WORD 75 + -
XLGTH: . YORD 75. :
Fyal. CNORD -3299. JINITIAL FOCUS AFTER CALIGRATION
CNSP:. . LMORD ®_ s NUMBER OF SPREADS_IN THE QUZUER
HSPAL: .¥WORD @8
_MAXNSP. . WORD  299. iNAXINUM SEARCH QUEUE
LSPR: .WORD 150, iLENGTH OF SPR [H UORDS
L512.:. L WORD  Si2. o . o B
ZERD: LWORD B
NP . . WORD .-
FAR. .BLKW 28
MAXNP. . WORD 28. L )
SPBUF: . BLKB  23.
o ,NLIST ssx _______ o )
Ml LASC1Z "ENTER PATIENT ID 7
N2, ASCIZ ~ ENTER PATIENT SEX ~
3. .ASCIZ <~ ENYER SLIDE ID /
H4:. . ASCIZ ~ ENTER REQAUEST /
"5, JA5CIZ 7 CHAMGE TO HIGH MAGNIFICATION /<CRI(LFISLFY
M. uggcxz 7 PLEASE CALIBRATE THE MICROSCOPE /{CRMLFI{LF) o
", ASCTZ 4 TULESAL 1L, SEARCH NOT STARTED/LLFICLF>
HS. A5CIZ ~ ENTER SOURCE CODE (MEGATIYE FOR BANDED) /
T BLKSB GH3TS+7033-. iMAKE LENGTH CONSTANT
ENT . .- e [ -
.TITLE DLINE - DISPLAY A LINE ON THE INTERACTIYE DISPLAY
i _LHLHS VERSION e e
DRUC=172418 i¥0RD COUNT REGISTER

iBUS ADDRESS REGISTER .
i3TRTUS AND COMMAND REGISTER
;LIRE REGISTER

P2AdPLE REZLISTER

_G83T=154100 . . .3GPRY SCALE STATUS/COMMANL REGISYER _
GSPC=1641139 sGRAY SCALE PTXEL COUNT REGISTER
GEXCP=144112 sGRAY SCALE ¥ CURSOR FOSITIGN -
CSYCP=164114 iGRAY SCALE ¥ CURSOR POSITION
YRCHD=4 . GWRITE COMMAWD . . L
ERCMD=6 JERASE COMMAHD
ENCHD=2 . JERASE/MRITE COMMAND =~ —
RBIT=18 SREPLICATE BIT
_SUR=177579 e e e N
LF=12

. -BCall = . BIN20, CALL, .PAUSE . .. .

; CALL DWAIT

DUAIT. . TST REGSST CSTEST RERDY_BIT . ... L .. .



8PL

CALL DULEAR

75

DUARIT
RS,
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i8R IF NOT READY

_BCLEAR: (JSR RS: BUAIT [ _ §
THe P2GSST iSTORE CLEAR COMMAND
_ RTS RS e ]
i ChLL BLIMECLOC, Y, X, N3.REPL,ERASE) -1=ERASE QKLY
DLINE.  JSR_ R4, SAVER el .
JSR ES, DHAIT
.. MO% _ D4CRS),P¥YREG _ JSTARTING LINE ON DISPLAY - o
NOY $URCHD. R,
BIS  _ #43@, B4DR3Y ;ASSUME WRITE, SET CYCLE BIT
TST 014 (R5)
BER _  NDER _iBR IF MO ERASE ___
noy $EUCHD, R iASSUNE ERASE/WRITE
TST  B14(RS) o .
BPL NOER ;3R IF ERASE/YRITE
_ . WOY  $ERCND.R! _  _ _ iERASE ONLY - _
BIC 3400, RBIRST iCLEAR CYCLE B1T
NOER MOY  Q@19(R5), R3 iNS
KoYy BL2(RT), R2 i REPL
BER HOREP iBR IF NO REPLICATION
BIS #R31IT, Rl iINSERT RSPLICATE BIT
. _ASL __R3 ____ q2NS .
THOREP. ~ NEG R3
~ noY PR3, 03GSPC JSTORE PIXEL COUNT -N OR -2 .
REP: Noy 2CR5), 8¥BRBA  ;LOC TO BUS ADDRESS REGISTER
. Hov BE(RD).@IXREG  STARTIHG SANPLE OH DISPLAY -
nov @18(RS), R3 iSANPLE COUNT
____INC R3 o
ASR R3
e . NEG R3 o S . -
nov R3, BHDRUC sSTORE BEGATIVE ¥ORD COUNT
) Moy R1, 98GSST _ iSTORE WRITE OR ERASE/URITE COWNAND
INC Q4DRST i 1SSUE GO
ST R2
BLE £l iBX IF DOKE
BIT ¥19, 0¥SUR iREPLICATE UNLESS S 3 IS UP
BNE EXIT GEXTT IF 8V 3 up
CLR R2
JSR 85, DUALT iUA1T
_INC _ DHYREG ___iSTEP TO NEXT LINE . e
“BR REF ;GO DU THE REPLICATION
EXIT:  Jp RESTR
; CALL 3C T8 SET UP THE CURSOR L
$G:x _. JSR P4, SAYER . . ___ .. ... R
Hoy €3, R3
sCle. NGOV ®32., % e e - -
nov *32., 7 JURITE A WARK AT 32,32
.CALL  DLIMNE,<2ERO,Y,X,TEN.ORE,2EROY "
HoY $9.,R4
520 4Dl 82, %
.CALL  DLINE, {ZERO, Y, X, GNE. ONE, ZERO)
508 R4,SC28 e
508 R3,SC18 iREPEAT TO NAKE 17 UHITE ENOUGH
. MOY  #3,R3 o B o
SC32:. MOV $973.
no¥ issz..x JYRITE & MARK AT 992,992
NOY 9. . R4
$C48:  .CALL  DLIHE, <ZERD,Y.X, ONE, ONE, ZEROD N e
ADD €2, ¢
,,,,,,,,,, SOB _ R4,Sc4® o )
NOV $973.,%
.CALL _ DLINE, <2ERD,Y, X, TEH. ONE, ZERD)
508 R3,SC38
_ LCALL  TYPE, <M3.ZERO> ;TELL OPERATOR TO MOVE CURSOR N
550 .CALL PARAN. <MP,PAR,FIVE>
JSR RS, ULDR iCHECK FOR REQUESTED CURSOR MOVE
BR 5C58 ;CURSOR YAS NOVED

_asesyee, ¥z

iSTORE ¥ ZERD ADJUSTMENT




Moy

LCRLL

77

BACSKCP, X2

_TYPE, <N4, ZERD).
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JSTORE % ZERD ADJUSTHENT
iHOVE TO LGWER RIGHT

78

$CED: _CALL  PARAN, (NP, PAR,FIVED>
_JdSR RS, ULDR_ e . -
BR $C60 sCURSOR WAS MOYED
. MO¥ @3GSYCP. YD
SUE FRT ;STORE Y DELTA
MOy BEGSXCP, KD
sue RZ, XD
BIC #176880, Y2
BIC 1759586, %2
o __..CHLL _ UPARAM, {FOUR, YZ, INTPHY> SAYE THE ADJUSTHENHTS ON DISK e
JHP RESTR
RLA: . .CALL  FPPARAM, (NP, YZ.FOLR, INTPH) sREAD ADJSTHMNTS FROM BISK
RTS RS :
i CALL CURSORCYCP, CPL, LINE, SANP]) e
CURSOR: :JSR R4, SAVER )
HOV PECSYCP, RO
BIC #176300, R? o - .
SuB Y2, R3 JADJUST THE READING
o HUL €968, , RO e
DI¥Y ¥D, R8
ADD  #32., R0 iRYa(Y~-Y2)+960,YD+32
ASL R1 '
A CHP  RI. YD e
BLY cza
. IHC RS _iROUNHD UP
ie i 23GSHCP, P2
31¢ $176308, R2 .
SUS %z, R2 ;ADJUST THE X READING
nuL #9508, R2 :
DIV %D, R2
- _.RDD %32 ,R2 _ e -
ASL R3
cup R3. %D
BLT C43
oA f2 o FRBUND U2
c49 MOV £3, B2 (R5) iSTORE YCP
. MOY ___ R2,B4(RSY _ _ ;STORE XCP .
BIT #4, BRS
_.BEQ _  CEX . 31BR_IF HOT 4 PARAMETERS ___ )
ASR rRE
INC . RB e . e
oy R, 86 (R5) iLINEsYCP /241
ASR R2
INC rR2
. MOY . RZ2,010(RS) __iSAWP=RCP 2« e e -
CEX JNP RESTR
ucu :$g #2, 08GSYCP JCALL MCU TO MOVE CURSOR UP
RS
ueoy. 239 #2, B3GSYCP sCALL NCD TO MOVE CURSOR DOWN
e o RYS RS e
HeL: . gus #2, 0BCSXCP ;CALL MCL TO MOVE CURSOR LEFT
e RIS RS i
HeR. ADD &2, BRGSXCP sCALL HCR TO MOYE CURSOR RIGHT
RTS RS
udLR MOV B2(RS5),PaR _sCALL UDLRCPAR) EXTERNAL CaLL . ________
BR uL28
L _dCALL ULDR . INTERNAL CALL_ .. ... .
ULDR TST NP ;CHECK FOR U.L.DB, OR R TYPED
—— _ ____BNE uL2e _iBR _IF A LETYER W4S TYPED
15T (R5)+ 3S8ET FOR NO TYPEIN RETURN
. RS R
yL28. chPB PAR, &' U
BHE _uL3e _4BR IF NOT AN . . e
DEC RGSYCP JMOYE CURSOR UP ONE STEP
UL3s: CHPB PAR,&'D _
BNE uLee
: CING O3GSYCP. +MOYE CURSOR DOWN ONE_STEP . _ . __ .
UL43 CMPB PAR,S'L
3NE uLse
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79 80
DEC PECSACP iMOVE CURSGR LEFT ONE STEP
_Ue59. CHP8  PAR,A'R . e e e e e e
eNE uLe9
) 1H4C PRGSKCP ,MOVE CURSOR RIGHT OHE STEP. R
ULEd.  RTS RS iTYPELN SETURN
ZERD.  .MORD  9.9,0.8,8
OHE LWORD 1 e _ _
FOGR:  .WORD 4
FIVE. .WORD 5
TEN. _WORB  18.
IHTPH. .9YORD 7 JINT1 PHASE NUMBER
PaR. .BLK¥ 5
——_____X=P&R e . - -
{=F AR+ 2
NP=PAR+4
CHLIST  BEX
83, _ASCIZ + MOVE CURSOR TO UPPER LEFT MARK,
M4 LASC12 ~+ MOYE CURSOR TO LOUER RIGHT MARK~
EVER
vz WoRD 32
¥D. WORD  vée.
X2 _WORD 32,
XD _UORD 960,
.BLKB  DWAIT+1508-.
END o B o

CTITLE HCISUB - MC1 SUBROUTINES
i CALWS YERSION

‘mcall T CALL. . PAUSE

XCPR==164848

YCPR== 164842

FOPR== 164844

SM3C==1648485

. TEAPD==164950

SPRD==164874
FOLP==164B76
LITES==16€4134
LEDS==164136

SRSTA==308 iSEARCH START IHTERRUPT ADDRESS
o SRHAN==324 ___iSEARCH HALT
SPRSa==2180 iSEARCH RESUNE
EDSTA=2314 SEDIT START
HCSPA=2322 JACCEPT SPREAD
_ RJSPA==324  REJECT SPREAD
NRSPa==338 iNEXT SPREAD
LASPA==334 iLAST SPREAD
EDENA==340 JEDIT END 9
FDCA==344 iFOCUS 18 e N
KYRQ#==350 JKBD REQUEST it

SDFPA==374 iSPRD/FOCUS DATA READY INTERRUPT ADDR

sCURRENT ORIGIH 18 50509

CHCI.: BIS  349993,84SMSC  CAPTURE RCI ) ) .
RTS RS
RHCI.. BIC #498993,@3SMSC  ;RELEASE MCI 3
RTS RS
_XUAIT.. BIT 440230, 04SMSC
ENE RUATT
RIS RS o S . ;
YURIT. BIT $200. G#SH5C
BNE YWALT . B
RTS RS
FUALT. . SIT  €19,08SMSC
BNE FRalv
RIS RS -
147YABS . .. CALL  XMAIT JCALL TXYABS(X,¥) TO INITIATE ABS MOVE
LCALL  vwalT
L. .ERLLemel —
HOY B2¢R5). ¥

ePL 1xY29
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81 82
NEG P iMAKE X POSITIVE
14Y208. MOV B4CRSY, Y
BPL 14739
e MEG YL iHA "E.i POSITIVE = - R
1%vI8, sU8 %, 28XCPR sINIETIATE RMOVE TO X, ¥
SUB Y,@8BYCPR ) o o
RTS RS
IXREL:: .CHLL RGALT JCALL YXRELCXDELY TO INITIATE X MOYE
.CALL  cnct R
mov B2(R5>, 28XCPR
. . RTS RS . _ B}
IYREL: . .CALL YUAIT
_ -CARLL  CAC1 e
NOY Q2(RS).@IYCPR
RYS RS
IFREL:  CHRLL  FUAILT ;CALL IFRELC(FDEL) TO TNITIRTE FOCUS HOVE
JCALL  CHCl
HoY A2(R5Y.QIFCER
RTS RS
CFBC.. MOV AIFOCP, TEHP iCALL CFOCCF) TO CALCULATE FOCUS - .
I a2{R5) R
MOVE TEMP+1.,02(RS)
CLRS TENP+I
ADD TENP, B2(R3) ;FOCUS=F14F2
RTS RS
1XCPR:. BIS 6480, QBSHSE G IHITIALI2E XCPR e
RTS £S
IYCPR:. BIS 420, 0ESHSC
. RTS Rs
IFCPR: . BIS %1, 0¥SHSC
' N RTS ‘RS
TUTLED JSE R4, SAVER ;CALL LEB(CODE., VALY
MOy Q2(R3).R8 ;COBE TO RB S
ASH  #13..Ra8 "JSHIFT TO HI ORDER 3 BITS
MoV A4(RS) . RL IYaLUE TO K1
BIC TFL?70490. R1 T
ADD R1,R®
- MOV D, 3FLEDS i0UTPUT DISPLAY
4N RESTR .
UFST.. JSR R4, SAYER iCalL MFST(MAGN.FPOS>
B 1 12 ‘R¥IEAPD. RO T JFLYR/MAGH POS REG TO R2
MOV RS, R iALSO R1 .
T AaSH #-19.,R8
gIc &177778, R0 iHASK OUT MAGH
sove LENS(RBY. MAGN SSTORE MAGH
CLR FSTEP sCLEAR TGP BYTE
HovS 'FSTA3(RO), FSTEP ;STORE FOCUS STEP SIZE
o oY FLTAB(RB), FLAST ;STORE LAST STEP SIZE _
HOYE XATAB(RO>, R2 ADJOSTHENT FOR NON-CENTRALITY
LU R2, XADJ o S o o
MOYE YATAB(RA ), R2 JADJUSTHENTS ARE FOR 63 ANl 188
nov R2, YADJ SRELATIVE TO 48 o
MOV MACH, B2¢(R5)
ASH £-13., R ;SHIFT FILTER CODE N
“BIC E177770. R1
HOv R1l, 34 (R5) )
HOY RL,FPOS
TR LED, CONLED, BAGH> iDISPLAY MAGNIFICATION
Jup RESTR
30RTY JSR T R4 SAVER T T T U T/SUBROUTINE TO SORT THE QuEUE
MOV #SPR, R3 iR3 AND R4 POIHT TO LOW DUEUE POSITIONS
MY 2590, R4 VTHE CUGRRENT HI RATING 15 MOVED HERE
Moy HSP., H3R INITIALIZE & SPREADS REMAINING
$Q29 CLR RE ;RO HAS MAX RATING
o __ noy R3, RY JUSE R1 TO EXAMINE REMAIHING SPRDS L
TUROVTTTTHSRURE T
BEQ SQEX iBR IF HO SPREADS REMNAIN
$030. CMPB "(R1)+,R@ JERAMINE A RATING
BLE $Q49 iBR IF NOT GREATER THAN H&X
nove -¢R1), RO iSTORE HEW HaAX
Moy RI1,REGT  iSAVE Rt
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83 84
ITHC R1
SQ4@.  SOB R2, 5030 _1BR IF MORE TO EXAMINE
o DEC NSR )
TST re e
BEQ SQEX 1R IF ALL HAVE BEEN SORTED
nov REG1: R1 ) L _ o
Y] M1l RY iR2 WILL HAYE POSITION IN SPR
Sue $SPR.R2
ASH $2, R2
ADD #SPQ. R2
MOY8B AR1,RH
HOVB PRI, ORL ;SWITCH RATINGS e
HOvB RB, (R3)+
HO¥ 2R2.,RA ;SBITCH X AND Y VYALUES
110y PR4,(R2)+
YY) K3, (4
ROV @R2, RO
. noy QR4,8R2 e e _
noY R3, (R4)+ »RI AND R4 ARE UPDATED
BR se2e ;G0 GEY THE WEXT HIGHEST e
SOQEX: CLR R4 sMARK END GF QUENE
CLRB  8R3 iMARK END OF RATINGS
JHP RESTR
1]
HAGH . . WORD [}
FPOS. .WORD @ _ B L o i L
LENS. .BYTE 8,40, ,64 ,120.,1081..4.63..8
FSTAB: _.BYTE 1.15..18..8.,8. .25..9 )1 i i i i i
FLTAB: .BYTE 1,8..5.,2,2.,15.,4,1
XATAB: .BYTE 0,9,8,3,0,9,9..8 1X4DJ FOR 63 AND 100 REL 7O 48
YATAB. .BYTE 0,9.9,3,6,9,2,9 3YADJ
xﬁnJH___;_“O@P_ ) e - e mmmcme e e Mo .- -
YRBJH .UORD -
FST:P:; JWORD .- } B . } T e R e
FLAST: . WORD L=
X . WORDR e
Y: . WORD ]
SNLED. . .WORD 8 JCODE FOR SPREAD NUMBER DISPLAY o
SQLED: . . WORD { "35CAN QUEUE
nguz_x_:, _.WO0RD 2 JAHALYSIS QUEUE ) i i
QHLED. . . UORD 3 10BJ NAGH
_ HQLED.. .UORD 4 ____iHARD COPY QUEUE
LXKLED: . .BORD 5 iLAST KEY
TEMP.  _MORD _© o . e
HSR: . WORD .-
REGL:  .WORD . -. o e
. BLKSB cnci+1308-. IMAKE LENGTH CONSTANT
] _END _
.TITLE RPARAM READ AND YRITE PARAMETERS UNDER CALNS
.HCAtlL . CALL
el “BUFSIZ=69 - e T s e e ST mmmm e me = mm i es o e e e Rt
APHASE . . MOV B2¢RS). NPHRSE 1ASSIGN REXY PHASE CARLL APHASE(W)
RTS RS
gPARalt : JSR R4, SAVER ;CALL UPARGM(NP.PAR, PNUN)
T MOV TEACRIYIRY T T UTENPTT T T T T T ST e s T e e e e e e
Moy 4(R5) ., UP29+12 iPAR LOCATION
L{iAg @8(RSI,RL - PIPNUN -
KOV Ri, PREC
o RSL REt-— - - -
ADD ONPTQB—2lRl
e - N G R Rt 3 TORE NP —
4P28 .CALL WRIYE, <PMVDB, PREC,.—.) aHRlTE THE PhRﬂHETER DhTﬁSET
- I8P -RESTR - - -
RPARAK. | JSR R4 SAYER - FCALL RPARAWINP. PAR, HPMAXE. PNUNDY -
nov PHUN, RSB
e e B AT AR~ -
BEG RPlO iBR IF NOT 4 PARANETERS
e KOV - BEB(RS),; RO SIUSE-PNUt FROM- PARAMETER LISF - - -
RP1D: MOY RB:PREC
-- - ASL- -RB-- - --- -
AdD $HPTAB-2, RB



4,122,518

85 86
e Y ARBA RS STORE NP FOR-THES PHASE—
BEQ RP40 :SKIP THE READ IF NPag
- CMP-- @RS AB(RSY - STt St T
BH! RPERR BR IF HP GT uPnnx
HOY 4 (R5)., RP2&+14" - :
MOY eRG, PHYB+BUFSTZ SET UP 70 Rsan NP WORDS
S S PRV B B ST 2 e
RPZa .CaLL READ, <PNYB. PREC. :nnex..-.> ngsan THE PQRAHETER s
RP4Q JHP - RESTR - e : miemmme s T -
RPERR Hov PHUN, -(S5P) 1700 nnuv Pnnnnsrsks
Co Hov S H1778, ~(5P) : - - - -
107 JIPRINT F37@
PREC: . WORD .-
INDEX: = . BORYD e S - R
CEND
CTITLE SfAW - SDS DATA CAMERA DRIVER
;CALNS VERSION CRLL SCANCDUNIT,.FILPEX)
STHIS YERSIOH USES MYIO IN DOUBLE BUFFERING 24
iTY VERTICAL LINES AT A TIME FROM CANERA TO A DISK DaTa SET
;TN HON- THTERRUPT MODE.
s THE PICTURE 1S5 DISPLAYED O8 THE GRAY SCALE.
s SECTOR HISTUGRANS ARE GENZRATED AS THE PIXELS ARE SCRNWED. .
s THRESHOLDS ARE FOUND AFTER E4CH GROUP OF SECTORS AND TYPED
;0UT YHILE THE HEXT ROY_GF SECTORS ]IS SCAHNED IF SUL_1S UP.
;THE SCAN AREA IS VARIABLE WITH A MAXIMUM OF 512 LINES AND
1488 SAMPLES PER LIBE. e i e
3
.GLOBL OPEN,GET,PUT.CLOSE, PARAM. OPRINT., PLABEL, PARBUF —
.GLOBL A&FILE, SCaN
_.MCALL . PARAN, EXIT,.CYTHT,.CaLL., .PAUSE _ . _ e
. PaR AN
.HLIST BEX . o
b
LF=12
CR=1S
B =21 B LB -2 - - T OO
STAT=164828
. CRREG=1648B22 e el e o e
YREG=164824
N ZREG=16482¢
XJREG=164DB38 ;% JOYSTICK REGISTER
YJREG=164832 Y JDYSTICK REGISTER _ . .. _. PR
]
SCAN: MDY RS, ~(SP). 1SAVE RS e s
MoY 2(RS), $100+18  1CALL SCANCDUNIT, FILPEX) STORE DUNIT
e _.RBY 4(R5),5199+12 ISTORE Calms DBaTA SET HAME
Moy $2.0IC JAND VIC OF [2.2)
$182: CCALL | AFILELCBUF, .~.,.~.,M1C, BIC) __ . 1 ASSIGN DEFAULT FILE_ . .
.CatL OPEN. {BUF. SIZ2E. ONE, ONE, LNAME> JOPEN DISK DATA SET
$132:.  .CAaLL  TYPE.<ML.ZERDY> _ .. e s
TFCI. 81T 4408, OB1EAPD JTEST IF SYILL FOCUSING
e BEQ TFC1 1BR_IF_sS0
.CALL RUCE iRELEASE MCI TO OPERAYOR
.CALL _ PARAGN, {NPAR,.PAR, NPMAXY READ LABEL . _ . . .. ... .. ...
noY SOURCE,L+12. ;MOVE INFO INTO LABEL
Hay PaNUM, L+14,
Moy SLHUM, L+16.
S — hay_ GUXCPR.L+18. e . R —— S
Moy QIYCPR,L+20. '
.CHLL  OUTCON, {SOURCE.L+81.,7T40) o
.Call MYL, <PANUN, L+52. ., LPANUMN) JMOYE PANUM INTO LABEL
HOVEB PASEX, L+183.
. CaLL MYL, CSLNUM, L+112., LSLNOND
. IS8T BPAR S
BERQ s18% ;BR IF HO PARAMETERS (USE OLD LABEL)
_CHP  HPAR, #2 o e .
BNE $134 ;BR IF NOT TUO PARAMETER VORDS
CHpP $*PR. PAR ) ) N o
BHE NOTPG sBR IF NOT PRINT @ REQUEST
—— ~CALL _ PRINTA,<L+72.,5PR,SPRY e
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NOTZE

iR OTIF HOT ZERO

87 88
Jnp $192
NOTPQ. CMP $°A . PAR
BNE HOTAB iBR IF HOT ABORT
.CALL  APHASE,ZERO
JNP $329
NOTAB, CHP #*Z . PAR
B i 5103 iBR 1F NDT ZERO QUENE REQUEST
CLR NSC A% JZERO HSCAN
.CHLL  APHASE, ZERD iAHD ABORT THIS SCAN
Jnp Eﬂxr
5183,  CNP EX. PAR
BRE_ ,_? 184  _____ iSCAN IF E¥ _WAS NOT TYPED R
Jnp SEXIT
$1394.  CHP £°03S, PaR
BHE $195 JBR IF NOT DUMHY SCAN
IKC DFLAG JSET DFLAG
3R 51935
$195. . MOY._. _ 4PARSUF.R1._. .. _ e —
MDY ¥L+217., R2 ;ADD ANOTHER LABEL WITH MISC 1D
MOV #5% .. R3 iax DF 69 CHARACTYERS IN LABEL .
WLRB:.  MO¥B (R1)+.R@
cmp RE, $CR L
BEQ ELAB iBR IF END OF LABEL (CR)
NOVB RB, (R2)+ iSTORE LABEL CHARACTER
508 R3, HLAB
BR 5196 o )
EL43.  MOYB $49, (R2)+ iPAD REST OF L4BEL WITH BLANKS
_ SO0B  R3.ELAB .
$106:  JSR PC, PPAR sPROCESS PARAMETERS
.CALL _ DUTCON, <XCPR,L+127.. FOUR)
_CALL  OUTCON,<YCPR,L+135., FOURD
LCALL  HMYL.CL+124 ,M2+1S.,FOUR> .
CCALL T MYL,(L+132.,M2+422.,FOURD
CLCALL  TYPELNZ
UCHTDT  #8, #L+145. 1STORE DATE 1IN LABEL
.CNTDT  ®1, 9L+15S. iSTORE TIME IN LABEL
TTST BFLAG
BHE s128 sNO OUTPUY LABEL IF DUMNY SCAN
.CALL  PLABEL, <BUF,SPaR,L> ;DUTPUT LABEL
$188:  .CALL  DCLEAR S
.CALL  DCLEAR ;CLEAR THE GRAY SCALE
5118, CLR  LINE ILINE=D S
HOY SL, X G INTTIAL XCOUNT
CLR A4COHD JDISABLE PIXEL INTERRUST
CLR cY ;CLEAR GS LINE COUNTER
MDY $TTAB, TX N i i
noy #8748, BX
_ JSR PC, THEAD }TYPE HEADING
CLR SHOM JSECTOR HUMBER=9
LSEC: MDY LPS.SCTR
JBALL  ZIAL<HIST, HBIN) ;2ERO HISTOGRAM COUNTS
EFLIN. HOY S8, 7 FINITIAL ¥
KoV %, 034REC iSET LINE COUNT
O INWC LINE _ _;INCREMENT WVIO LINE COUNT ]
787 DFLAG
BNE S115 iBR IF DUMMY SCAN ) _
_CALL  PUT,/BUF,LTHE. INDEX) i PREPARE STORAGE OF NEXT TY LINE
3115, MoV BUFF, R2 iINIT BUFFER POINTER TO BUF+M3-i
OFLIN: ADD 1HDZY, R s8ET POINTER FOR NEXT LINE
MDY #HIST,R4 _3R4_HAS LOC OF HIST - e
HOY 1SPS, R3 ;INTTIAL SAMPLES PER SECTOR
NoYy ¥, GEYREG iSEY PIXEL COUNT
HOY #0140, R2 ;A(COMD-STATUS REGISTER) 70 R2
NoY 23, 0R2 JGET FIRST PIXEL OF THIS FIELD
1578 @R2
. BPL__ .=2 ____ JUAIT UNTIL READY
MOV $320. D8PS JSET PRIORITY 6 FOR THE REST OF THE FIELD
BR Hovd
SECTOR. MOV SPS,R3 iRI=SAMPLES PER SECTOR
PIKEL: NOY 3, 0R2 iPIXEL COMMAND
Is78  eRZ .
oF -2 ;UATT UNTIL READY
198 Hove R#ZREG, R1 JMOYE PIXEL INTO BUFFER
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1HC R1 _ ICONYERT @ TQ 1
HOTZE. CiPp R1, 8127.
BHE  _HOT127 __iBR_IF MOY %27 e
nov $126. . R1 JCHANGE 127 T0 126
HOT127. HOYB R1, 8RO iSTORE PIXEL IN BUFFER
3tc 21, Rt
Ay R4, RY JHIST + PIXEL VALUE (8.2, 4....62)
e eRri JINC COUNT FOR THIS VALUE
...SuU8 __ ®2,R@_______ JDECREMENT POIHTER
508 R3, PIXEL JBR If MORE PIXELS IN THIS SECTOR
DD _ $128,,.R4  _ ;STEP HISTOGRAM POINTER . __ _ .. . . .
HTEST, CHP R4, SHIST+1824. 4. -, sHIST+#NCe 128
BLG ____ SECTOR _ 3BR _IF MORE SECTYORS . ____ _._ . .. ...
BIT #1, Y JTEST FOR EYEN OR 0DD FIELD -
BGT OFEND sBR IF END OF ODB FIELD
EFEND: CLR_ __ B&PSW  RETURN TO PRIORITY @ AT EWD OF FIELD
1NC Y sSET Y FOR 0DD FIELD PIXELS
BER EFNOY iBR IF FIRST LINE
BIT %18, 0¥SUR
BNE EFNOV JFOR QUICK LOODK, MRITE EVERY OTHER LIHE
_EFCALL: .CARLL _ DBLINE,{.-.,GY,G%,NS, REPL, ZERO)> REPLICATE PREVIOUS LIKE
INC cY .
EFMOY.  MOY  BUFF, RO i e el ol
BEC RB JSET BUFFER POINTER TO BUF+HS-2
L JnP OFLIN ;60 "GET ODB FIELD PIXELS
OFEND. CLR epsy SRETURN TO PRIORITY 8 AT END OF FIELD
CABD . RZLRO
NOV RE, OFCALL+S JSTORE START OF CURRENT LINE
. WOY . RO, EFCALL+S __3IN BOTH CALLS TO BLINE . . . .
OFCALL:. .CALL  DLINE,<.-.,GY,GX.NS, REPL, ZERO> MRITE TO GRAY SCALE
1§14 GY__
BIT $19, B¥SUR
__BER 5% .. BR IF_ROY_QUICK LOOK___. ... ... ... _ ..
INC Gy iSTEP GY AGAIN
¢, . INC X o JINGREMENY X CLINE COUNT). ____ __ ISR
DEC SCTR
- _BGY____ HOTES_ iBR_IF NOY END OF SECTOR
JSR PC, THRESH iCALC THRESHOLDS FOR THESE SECTORS
cHP . X.EL . I
BGE FIN , i8R IF FIMISHED
R LSEC ;G0 START MEXT LINE SECTOR S
JEFLIN: JHP EFLIN
_NOTES:. €MP  _ Z,EL_ . . __ . __;IEST_FOR _END OF PICYURE -
BLT JEFLIN ;GO0 START NERT LINE OF PIXELS
T PC, THRESH sCALC. THRESH FOR LAST SECTORS
FIN: Nov $TDATA, RL
15T DFLAG
BNE $202
CPUT. . CALL _ PUT, <BUF,ZERD, INJER)
nov $BUF, R2
. ADD  IMDEX,R2 S
MoV NS, R3
MTD:  MOVB  (R1)+, (R2)+  MOYE TDATA TO BUF o o 3
$0D R3, HTD
o CMP_ RI1, $TDATA+266.
BLO cPUT sBR IF MORE OF TDATA T0 OUTPUT
$282:5380, ) , S o S
SEXIT. .CalLL  CLOSE,BUF
_TSTRS. MOV  (SP)+,R5 JRESTORE RS _ .
RTS, RTS RS JRETURN TO SUPFRVISOR swessssvrnsssse
PPER:  .CALL  TYPE,<{M2Z,2ERD} ;JSR PC.PPAR
_CALL  PARAH., <NPAR,PAR, HPHAX)
HOY £PAR, R1
cle MR S
CLR NC
P18 ST NPAR
gat P15 iBR IF MORE PARAMETERS
Jue P158 ,
215. Hovy (R1)+, RO iRB=PARAMETER WEGRD
LMoY ®MK.R2 e e
noY §KEY, R3

P29 CHP RO, (R3>+
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BEQ -1 iBR IF PARAMETER EQ KEYVORD
S0B _ R2,P2B iBR IF NORE KEYMORDS
CHpP HPAR, #4 iHOT @& KEYWOKD, HMAYBE AREA IS SPECIFIED
. BGE P36 iBR IF 4 UORDS LEFY
P25: .CALL TYPE., N4 iPARANETER ERROR
: BR PPAR. - e .
P38. CHNP R, MARNL
. BGE P25 . _iBR IF SL_TOO LARGE .
NOV RO, SL
o BLY P23 iBR 1F SL 700 SwaLL
NOYV (R1)+., RO iEL
... BLE P23 _ 18R IF EL TOO SmALL B, -
CHP RB, $HAXNL
BGY £ _iBR TF EL TOO LARGE _ _ B}
nov RO, EL
SYs S, R®
BLE P23 JBR IF NL YOO SHMALL
Moy RB.HL _INL=EL-SL
HOY (R1)+, RO 188
BLT P25 N iBR IF S8 TOO SMALL :
cp R3, BHAXNS
BGE P25 . _iBR IF _SS T00 LARGE
BIC t1,R2 iMAKE S5 EVEN
noy _FB, S5 OO e -
MoV CR1)+,R2 iES
giIcC $1.RY ~ iES MUSY BE EVER e .
BLE P23 iBR IF ES T0O smallL
e ._CHP RO, INARNS
BGT P2s sBR IF ES TOD (ARGE
SuB $5, k2 _iHS=ES-85 o
BLE P25 iBR IF NS TOD SPHALL
oY @, NS
HO¥ €512, ,R3
_ . CLR__ R2 S - -
DIV £3, R2
MOV R2, KLR 1HLR=512/NS i
ADD $BUF. RS
DEC :3:] -
Hoy RO, BUFF IBUFF=BUF +hS-1
. 1] 4, HPAR JHPAR=HPAR~4 .
BR Pte
P50. TST {(R1)+ iSTEP OVER SECOND UORD R
ADD SHK+NK-2.R3 ;LOE FOR THIS KEYWORD
o nov ~ @R3,PC ;G0 THERE
£63.: nov (R1Y+, DPER
MOV $160. . BPER S
sus BPER, BPER IBPER=199~-TPER
PEe3 SUB - #3, NPAR 1HPAR=NPAR-3 }
8R Pio
P70 nov QR1, DBEG ;BBEG o B
Hov (R1)+.-BKS12Z
N AsSk . BKS1Z e _ -
JEL XS iBXSIZ=FBELs2-1
Mo $62..907312
3y BKSIZ, BT51Z iDT§12=62-BKS1I2
oRr P63
P30 MoV (R1)Y+, BR iNR
S 8R._. P83 T L SO e
PSg noY (R1Y+,NC iNC
BR P63 ,
£35 INC RFLAG FQNICK LOOK (UHILE SCANNIKG)
aua 2 HP2AR B
8R pie
P123 WMoY @3YJREG, JPAR+4 S JOYSTIEK e [
Moy 2FXJREG, JPAR ;STORE SL AND S$S
81C . $1778086, JPAR . o el
.CALL TYPE. {M5.2ER0> REQUEST MOYE TO LOVUER RIGHT
.CALL _ PaRaAM., {HPAR.PAR., NPHAX> . .
noY OBYJIREG, JPAR+6 ;STORE ES
nav RIXJREG, JPAR+2 HEL
BIC B177083, JPAR+2
MOY #JPAR,RY
novy (R1>+.RD
MOV #4, NPAR
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Jne P30 JCO PROCESS AREA PARAMETERS
P159: TST HR ;DONE WITH PARANETERS
8GT P168 ) 3BR_IF HR_VAS & PARANETER =
nov HL, RB
... &ADd _  %32..R8® ) S
ASH #-6,R8
86T P15 s8R _IF HL 6T 31
INC Ro INR=1
_P135: | NO¥ R, NR sNR=(NL+32)/64 . o - -
P168. TSY NC
BGT Pi7e ;BR IF NC WAS A PARAMETER . B
HOY NS, RB
— _AdD #32.,RO
ASH $-6,R0
...B&T £163 iBR _IF NS GY 31 . - I
INC RB iNC=1
P163. MOV R3,NC SHE=(NS+32)764 s -
P170, Moy HL, R1
s _.._ADD _ HR RL e
DEC R1
CLR.. . RZ . o ) .
DIV NR, R8
INC 28 , ,
8IC %1, R3 iMAKE LPS EVENM
N RO, LPS e iLPS=(NL+NR-1D /R
MOY HS, R1 )
CLR  _ RO -
DI¥ HC, R2
BIC  #1,R0 iMAKE IT EVEN. _ o .
nov R3, SPS2 i3PS2=HS/NC SPS FOR 2 FIELDS
e __RASR__ Ra .
nov RA, SPS 1SPS FOR ONE FIELD
_ NMO¥Y_ HC.RY o . e
DEC R1
UL SPS, R1 ) .
HoY NS. RO
N ASR RB - )
SUB R1, RO ;ISPS=NS/2-(NC-1)*SPS
. Moy RO, ISPS ) e
MDY HC., R1
_ ___ASH 7. RY o ) . -
ADD #HIST, R JHIST+NCe 128
nov RI, RTEST+2
Sue #128., R1
HOoY R1,TO5+2
RTS PC
H
THRESH. T T e -
nov ENSG+3, T59+19
Hoy #ASG+5,TEB+10
735, Hoy $HIST+595.+.-.. R4 FHIST +(NC-1)v128
T18: JSR PC, SHOOTH
ceee . 9SR O PC,TSUB G FIND BACK _AND DATA S ———
"oy DPER, R1
MuL DaTa, R A el
nov BPER, R3
_MUL - BACK, R3 A 3 . -
ADD R3, R
Addy #50..R1
cLR RO
D1V $199.,R8 ;ITHR=CDPER*DATA+(190-DBPER) +BACK+39) /189
HOY pata. Ri
Sus BACK, R1 e .
CHP T RIL®B. 77 "yCHECK FOR SPMALL DIFFERENCE BETWEEN D ANDR B
BGT 120 1BR 1F OK R
Hov BXS1Z, R0 sITHR=DBEG-2 <(UNDIVIDED NUCLEUS)
128. ISt parA e U -
86T T30
L Moy $127., R0 s ITHR=127 IF NO DATA IN SECTOR I
T38: TST -7V SO CTTTTT
— ... BGT T49 iBR IF BACK OK
CHp B, $BTAD FSEE IF FIRST SECTOR
BEQ T48 .
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HoY BX. R1 JUSE BACK FROM PREVIOUS SECTOR
MOV ~-(R1), BACK
T493: MoV R3, TR
HOY RO, ITHR = _
TST DATA
BGT T45 . .
CLR I THR JITHR=0 IF HO DATA
T45. MDY “EACK, BBYX JSTORE IN TTAB AMD BTAB
Abd 22, TX
A $2, BX 1 1HCREMENT POINTERS
158 . CaLL OUTCOH. <ITHR, .-.,FOUR>
aDd €7, T56+19
169 .ERLL  OUTCOHN, {BACK,.~-.,THREE>
ADD 7, 763+193
sUD #128., R4
. cHP R4, BHIST SO -
BHIS Ti8 iBR IF MORE HISTNGRANMS TD AMALYZE
sup 6, 769+18
CLRB @T68+18
18C SHUM
LCALL OUTCOH. {SAUMN. A3+2, THREE)
__.___ADD___ BC,SHUW e e
DEC SHUM
HO¥B ¥ '-.HB+3 o )
.CALL  OUTCOMN,<SHUM.NO+S, THO>
BIT #2, BISUR ) , )
BEQ T78 JBR IF S4 1 DOUN
. .Call TYPE,MB® _ ___ _ _ _ __ _ o
770 RTS PC
3
H
THEAD:. MOV HEC. R1 JJSR PC.THEAD SET UP HC HEADINGS
aem . DO¥ _BRSG. R2 S o
fH1a Hye $SHEAD,R3
1y $7, R4
THZ8. novB (R3)+, (R2)+
sSQ3 R4, TH2® JHOYE A SECTOR HEADING TO MSG
s08 Ri,TH1D ;BR IF MORE SECTORS
CLRB AR2 o L - e
MOY 46, R4
Moy #13, R2
MY #F4ZAD.R3 (FI18abL HEADING
TH33: HO¥B (R3>+. (R2)+
$08 R4, TH39
BIT. __%2,8%S8R. | e
BEQ TH7@ JBR IF S% 1 DOUNH
.CRLL TYPE. H@
TH?S: RTS pPC
SHODTH. MOV R4, ~(SP) iJSR PC,SNOOTH SAVE R4
“_ . hoy $HIS+2,R3
HOY #62.,R2
sn23. Hov _ (R4Y+,RE CGHISCD)=HISTCI-LI+HISTCIIAHISTC(TI+1Y -
@BD 8R4, R0
_ABd  2(R4),RD B
noy R, (R3)+
S0P R2, 5428 o
nNOoY (SPY+, R4
. _ _RTS PC . ) e R
]
i ) JSR _PC,TSUB . ] L )
TSUB: KoV $H1S, RB iRO=BACK=HIS+0
 MO¥_ #18,R1 JRi=MaRi=te
NOY BXS1Z.R2 JBACK RANGE IS NOMINALLY 2-48
MOy $HIS+2,R3 }
1543 cHe R, (R3)+
BGE 1545 i3R IF WAXl GE HIS(I)
MOV -(R3). R iNat1=HIS(D)
e . MOV R3.,RB . iRA=HISHI
TSTY (RI)+
T545. $08 R2, 7542 iBR 1F MORE TO SEARCH
$Us #H1S, R9
nov R8, BACK iSTORE BACK
noy IHIS, RD_
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noy $4,R1
. noY DTSIZ, R2 iDAaTA RANGE 15 NOMINALLY FROM 38-124
1$59.  CaP R1, (R3)+
B4E TS68 JBR IF MAX GE HISCD ,
cup -2(R3),-4(R3)  LDBOK FOR RELATIVE MAXINUM ON LEFT SIBE
e __..BLY _TSE® . BRIFMOY___
MOY -(R3),RL
MOY R3. RO iRBaHIS+]
ST (R3)+
T$63.  S0B R2, 1559
sUB £H1S, RO
e mOY ___R®,DATA _____sSTORE_DATA .
RTS PC
i ] .
i
NAKHL=512.
o __MoxNS=48d. -
NK=6
KEY. .ASCII _sDPDBNRNCOLY , _ ]
.WORD  P£0.P78,PB0,P99, POS, P188
SLi_ JNORD 8. GSTARTING LINE . .
EL, _HORD  586. JEMDING LINE
Ty .NORD B JSTARTING SAMPLE
DBEG. WORD 53, inaTa BEGIN
3PS, CWORD 3@ iSANPLES PER SECTOR OF A FIELD
ISPS.  .LORD  36. JINITIAL SPS
8KSIZ. . WORD  24. iDBEG/2-1
DTSIZ. .NORD  38. 162-BKS12
STZE: - WORD 12288. JS1ZE OF EACH 24-LINE BUFFER — -
SCTR: . WORD -
HDIN.  .WORD 512 JHIST DIMENSION ¢S12 WORDS)
SPACE. .4WORD 48
EJIST. . YORY 61
uig. .NORD 2 JDEFAULT UIC 1§ 2.2
SYTY.  .HORD 78, o } [ I
ZERO: .WORD B
ONE: . WORD 1 JCONSTANT . . . U
T40. .NORD 2
THREE. .WORD 3 ) L ) .
FOUR. . WORD 4
FIVE .MORD 5
X TWORD =
Y. .¥ORD .- , S o 3
LINE .8O0RD .- JLINE NUMBER TO PUT SUBROUTINE
GFLAG: .WORD 8 _ JFLAG FOR QUICK LOOK (WHILE SCANNING)
DFLAG: . WORD 9 JFLAG FOR BUMNY SCAN
IHDEX. . WORD  S6.+.-. JREL BUFR ADDR FROM PUT B
HP AR _WORD -.
JPAR.  .BLKW 4 1J0YSTICK PARAMETERS ) .
PaR; BLKE 88.
_ HPMAX: .WORD  8e. e
spaR:. T T T
ML, _WORD 498, i% LINES _~
NS, TWORD ™ 472, 1% SAMPLES
. .WeRD 7 i iBPE e )
HLR, .NORD 1 INLR
. .WORD  S512. istkstz
HIST.  .BLKY 512. 18 64 WORD HISTOGCRAMS
__H1S. .BLKN __ 64. __iSMOOTHED HISTOGRAM S R
Thata.
NE. . WORD - i% ROWS_OF SECTORS
NE . . NORD - 1% COLUMNS OF SECTORS
LPS: .WORD &3 sLINES PER SECTOR
sPs2 . HORD  68. iSANPLES PER SECTOR
_ TTAB. _ .BLKS _64. o . e
aTas3, LKy 4.
DPER YORD  68. iDATA PERCENT ]
BPER WORD 48, iBACK PERCENT
8. YORD  TThB+. -
8X. YORD  BTAB+. -
BACK wRD .-, ) L
SATA WORD -
ITHR YORD -
SHUA. NORD - JSECTOR NUMBER
et BORD -
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6X: .WORD @
_REPL: . YORD -1 = P
(TH .BLKB  88.
_HSG=Na+6 , , , _ L
L. .BLKD  32.

.BYTE  369,265,368,360 ;VICAR HL ’ 509’ IN EBCDIC
.BYTE  368,364,367.364 ;VICAR NS * 474 IN EBCDIC
.BYTE 180,323, 180,361 ;YICAR FORMAT ’ L 1’ IN EBCBIC
.BLKB  26.

.ASCII /SCs ) o
.ASCII ~ SOURCE #* PATIEHT swevesesns M SLIDE 7

LASCIT  /s3ssxeves  Rasene Yseuses acs
CASCIT 7 sh—wan—ns en 00, 00y ) T
-REPT. 4. _ ] o -
qLCl’ s /
CELDR
LASCIT “AC~s
.REPT 7
.AscIl s s iSCAN ID
LENDR o i
.ASCI1 ~sAC/
.REPT 7
JASCLI 4 7/ JINT2 1D
L e R
LASCIT /AL~ .
... .BL¥KB 152, ) . ~ e e
BUF. .BLKB 24650. sTWO 24 LINE BUFFERS + NVB
BUFF.  _VWORD _BUF+471.+ -. sBUF +HS-1 . e
LHANE: _ASCII ~/SCH/ JPICTURE FILE DESIGHATOR TO HVIO

SHEAD: .ASCI1 -, ST-SBs S U

FHEAD: .ASCII ~+ SECTS/
Mls___@5SCIZ - EHYER SCAN ID «
2. .ASCIZ 7 SCARNING AT X=eees Ymssess
H3. . .ASCIZ _, ENTER PARAMETERS (SL,EL,SS.ES)» ~» 7
K4 .ASC12 , PARANETER ERROR/ (LFI{(LF?
#S. LASCIZ | 7 MOVE JOYSTICK TO J2 7 e il ol
.EYEN
T .EHD SCAN
¢ eixse  DINARY PICTURE GENERATOR w#se3

SUBROUTINE BINQR((BU“[T FILPEX)
o BYTE FILPEXXOY — - Tt e
IMPLICIT IHTEGER (a-2)
CONMON/C1/NR, NC, LPS,S5PS, TTAD (643, BTAB(64), DPER
COMHON-/C1/SL0, S50, HLO, H50, NOB, B, HAXNO3
COMMON/CL/NHAREAR, MXAREA, HNEPT, AXEPT. MAXLEN. HU. TOBN, TSVI
COMHON/C1ls YORD(4128),PICC12344),. PEUF(512)
INTEGER FAR(Z9), KEY () SFARCS), CTASTIP), NTAB(39Y — 7 ° 7~
BYTE PIC, PHSG<22) PBUF
DATA RKEY/67 - T oot
DATA KEY/'BP’.,‘T0’, ‘AR’, ‘EP‘ ‘LE’, 'SK*/
- CALE SSUTCHC4, IS4y - . T e e ot
IF(ISU4_EQ. 1) CALL TIMER
oo AL S BT CHC T IS HT)
IF(ISY1.ER. 1) CaALL TYPEC(' BIHhRY )
: CALt- RPARANCHPAR PAR 2O - -~ - - Tt
c ﬂPﬁR QILL BE ZERO THE FIRST TINE BINHARY IS RUN ON A SPRERB
o TF(HPAR-EQ. 8) CALL TYPEC(’ STARTIKG -ANALYSIS ON’)- Tt T
CALL AFILECPIC,DUNIT. FILPEX. 2.2}
it O g g ¥
CaLl GLﬁBEL(PIC.SPﬁR.INDEK)
: o IF{RPRR-EQ. 8 CALL TYPECPICCINDER4PI), 64) -------- rooroommmemmomm s oo
C DEFQULT PRRQHETERS
R ,AB = 3.._ IR ————— e e i i e - B I T T
MANHOB = 83
e N R Ef—e—32
NXAREAR = 2083
MHNEPT = -8 - R e I S bl Tm e
MXEPT = 293
oo QLG wm- g .- - : . R
HAXLEN = 398
- ——— . ._s,se_....t_.____._._,_v._._. e - . ———— et & i et i
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HLO = SPAR(1L)

NSO = MINB(SPARC2), Sty - - -~~~ o T T
CALL GET(PIC, HLO+1, D

HHAREA = PARCI)
HXAREA = PARCI+1)

I =14+2
T HHEPT = PAR/(I)
HREPT = PARCI+L)
o GOT0 2 ~
MANLEN = PAE(IOZ)_

Ly )

g = PAR(I+2)

CoTo 1

CONTINUE

IF(ISY4. ER. 1) CALL TINER

8 = (B+1),2

T 8P32 A SPS+YY2 T T T T T
HSAAPS = HLO ~ (HR-1)+LPS

N¥ = NSO-/32 + |

H4T = (RSO+31)/32

NWI = NUTeté

S CALL MYM(PICCI#1): KR 133y - 7w e om e e SR
¢
e G AL R PARAMCHPAR TP AR 20 -

1 = -2

t - Fwm [+ ) -

2 I =1+2
IF(1.GT.HPAR) GOTC 29
DO 5 K=1, HXEY

- e L E P AR NET K TR Y GUTO - — - o s e s s e e e
coro<2,12 13.14,15 163,k

5 OHTFHUE -4y ot e on - BRI o

) ; , o e

¢ PARAMETER ERROR
PAUSE 1

T geT@ 2 T T T - *“‘ A - -

12 TOBH = PARCI+2) .
GOTO 1 ) :

13 T =1+2

C #»s BINARY PICTURE AREA(UORD) IS ASSUNED TO BE 2ERO INITIALLY _
t TTUTTTTRM s HUMBER OF WORDS OUT PER LIHE
¢ H¥I = HUMBERK OF MORDS IH PER LINE i B
. g ag e OF WORDS IN PER LIBE
t =8
¢ ; TTTABU3IN)Y = COLUMN TABLE (CONTAINHS COLUMN INDEX FOR WORE) =~ 7~
c HTAB(39) = HUMBER OF SAMPLES OF UORD BELONGING TD THE
T CURRENT TOLUMH
Do 59 u-x,uur B i
CTAB(UY w~ T T e e T ;_ T
CONTRBCYY = 16w w0 T e Y O VR
1IFCC . EQ NG-1) GOTO ‘se : L e
$ =68+ 16
1F{5.L7.SP52) GOTO 53
. .8 = 8 - SPB2 . e
HIABIWY = 18 ~ &
- e =C + 1 e e -
58 CONTINUE
~ TF(ISU4.E@. 1) CALL TINMER
¢
-3 S L .
I = NY
. REC =1 i ) .
ILPS = LPS
_c . § .
10 33@ R=1,HR
) IFCR.EQ.NR) 1LPS = MSANPS il
(4
B0 238 L=2, ILP5, 2 B I,
CALL GET(PIC,REC.PIL>
. REC =@

CALL MYW(PICKPI+1),PBUF,NWI)
CALL GET(PIC.8,P1)



s = |
I IF(ISU4.ER. 1) CALL TINER ) i
I
. JF(TOBN.GE.@) GOTO _238 - . — — R
DO 288 Y=1, NUT
o CALL QTHR(PBUF(S)., WORDCUI+U), TTABCCTAB(NI*BT ), PIC(PI+S), HTAB(YY)
238 §=5+32
C IFCISWY . ER,. 1) CaLL TINMER
GOTD 298
£ e I
258 CONTINUE
DO 288 U=, HYT i ) o o o
o CALL STHR(PBUF(S), WORUDCUI+U), TTRB(CTAB(UI+SII. PIC(PI+S), NTABCY))
288 §$ = 8§ + 32 [
299 Wl = 81 + HUW
¢
77360 §T = ST + WC T
t
) 1IF(NPAR.EQG. @) CALL TYPEC’'Q')
PAR(1)=’LE’ ] o o
PRAR(3)=58
taLL WPARAW(3, PAR, 2)
C WURITE PARGMETERS 1 CASE OF RERUN
CALL CLOSE(PIC)
1FCISU4. ER. 1y CALL TINER
CALL SECUNT
TFCISHY . E9. 1) Cath TIHER
¢
T TRy . T e T -
SUSRDUTINE SECUNT
INPLICIT- IHTEGERCR-Z) — o me e e e e
CONRON/C1/SPARCL22),SLD, S0, NLo,Nso.uoa,B MAZNOD
CONMON/CI ZNNAREA, NSAORER. KNPERN, HXPERN, HAXLEN, N, TOUBN. 1541
COMHANACl, WORDCAIZRI, N, FERIM, YHIN, XMIN, YHAX, XNAK
CUMMANsCI/DIR{SEZ . EBUF (TS, ERGE(480m
COHHON/C1 7 NBK, LIP(SD),SIP<BR),.F1i
 JHIEGER_PARLS ) - e U U
BYTE LABEL(512), n<s> JHXTE(I!)
DATA PAR<512, 1624, 7,4.5127 - e .- S
DATA LABEL/?28x%"' ', '8§°,°C’, 78" *,*A’.°L’,368¢" */
DATR unxurxezzz.nasczzl .
C THE EDGE POINT DIRECTORY COHTAIHS THE FOLLOH]NB FOR EACH OBJECT
b DIRCBI) = FRW (FIRST BLOCK BRITIENY
c DIR(DI+1) = H (HUMBER OF END POINTS)
c DIRCDIF2)Y = P11 . .
[ DIR(DI+3) = 4HIN
Co CDIRCDI+4) = YHAX . . L . L
¢ DIRCDI+S)Y = XiHad
——C__IHE FOGE POINTS ARE GROUPER 1% COORDINATE PAIRS REPRESEMTING SECMENYS
¢ EDSECEY = ¥ EDGECE+1) = 21
c EDGECE+2) = ¥ EDGECE+3) = X2 . . .. .. ... o _

4,122,518
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Catl TTLAR(O,UHITE. 14)
IFCTOBH. LY. 8) CALL RPARANCNP,HK,122.6) . .. ... . .. .

¢ READ OLD VALUE OF F1

~HK=8 - S -
MHAR = MHARER/4
HIRR. = NXAREAZ4 - . -
HBEPT = F%Pg Ho2
AREPT = {?ERW 2
HELEH = Barklil-2

- CQLLmoSH*CH(4¢XhJ1‘ - s e e e e e

1FCISUL. ER. 1) CaLlt TYP:—_(' SEGMNT’)Y
CalLl S3UTCH(4, 15344

IFCIS34 . ER. 1) Call «PRIHT(’ SEGHMHT’)
CALL ZIRCEBUF, 232

CHLL ZTIACDIR, 513

CRLL. ZIN{ERGR L8242 - - e e e e e

CaLL HYLC’ ERGE FILES ,LRZ’L<73);19)
IFCTOBH. LT. 9 G274 134

CALt AFILECESLF. 1. *PIC ';5;5)
Call QPENC(ZRUF, 1a24,9,1,70Y2°%)

CALL PLABAL{ERUF, PA%, LASEL?

CALL PUTLEGUR, S, 1883 — o o o o - oo S -
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105 106
108 CONTINUE
c - .-l = HUAZER OF HORDS3 . ON- A--BIHAR'Y LINE
REC = 3
HUH = N2
N2 = Nus2
S | | W TN ¥ 1 3 17 S PO USRS U SRS
NS = HSOD/2
R --- NOB. =_HUMBER 0F OBJECTS ... - ... .. .. - -
¢ Ul = HORD INDEX EUl = ENDING GORD INDEX
¢ El. = EDCE INDEX - Pl = DIRECTORY INDBEX---
C g1 = BIT IHDEY (=28.,1,2,....,31)
EYl = NW o .
1 = 1 ' ’
- ‘NOB..= 1.
c SCAN PTNQR? PICTURE (HORD) LINE BY-LIKE
[ O B - e . N,
b0 208 L=1,ﬂL
Wl = EV] + %
EN] -~ E@I + KUy
LGOP = 8
¢
¢ THE ROACH MILL SCAN LINE FOR OBJECTS (ONE-BITS)
c

w - 148 1F(RCACH(H]1.8].YORD, EN].MASK)Y EQ @) GOTO 208 . ..
LOOP = LOOF + 1
1F(LO0OP.ER. 288> PAUSE 1.
EDGEC(1) = L :
ZAGEL2) = (HB-(ENI-WI+1))216 ¢ B] *. 1
CALL TURTLECH,EDGE.QORD(HI, MASK, HE2)
— . L —IF{(H . ESQ 2) Q010 148 i

H2 = 2a§
CIF(NOR . HE.TOBH) GOTO 141 . e
CALL TLISTCHOB, N, YMIN, XHIH;YHQX)
& .. CalL PDUMPCEDGE.EDGECN2)Y,Y)> . ... ...
141 CONTIRUE
IE<H.GE. 2335} GDTA 142 -

CALL SORTINCEDGE.H.,SIND)

c . IF(NOB.EQ.TOBN)Y. Call PRUMP(EDGE, ENGEC(H2), 1) __ _ __.
1F(SIND.EQ.8) GOTO 43
142 _ _JE(N.LE_MAXNY GOTO 3143 . . L . ..

CALL TYPE(’ TOD MANY EDGES’)
CALL TYPE(' *)

GOTO 2888

. -143 __  CONTINUE .. . __. e e  l e

IFCISWE.£Q.1) CALL TYPE(' SORT')

feeeeo . LECISH4 . EQ 1) CALL STIMER .. L

CALL SORTC(EDGE.N)}
IE{1SU4 £Q. 1) CALL TINER

¢ N = HUMBER OF EDLE POINTS

145. .  CALL ERASE(UORD, EDGE. AREA.N2.NMX ... _ . .. _ ..

IFCH. LT.MHEPT.OR. #.GT.HXEPT) GOTO 196
oo LECAREA_LT.HNAR. DR _AREA.LT.HXAR) .GOTOD 196 .. . .
TF(YBAX-YHIN. GE. HXLEN.OR _XMRX-XMIN.GE. HXLEN) GOTO 196

B
c ENTER OBJECT INTO DIRECTORY
IE(NK. GE 69 .0R.TOBN.GE. 0) GRYD 428 . .. ...
HK=NK+1

LIPCHK)=EDGECLYSEBGECY ) . Ll
SIP(HKI=EDGE(2)+EDGE(2)
-.L_STINRE HOB_IHFORMATION FOR QUICK COUNY OPTION

Y=4sEDGEC(Y)
-X=4*EDGEL2)-14 . e s
IF{R.LT.8) X=0

C WRITE AN ARROW . BY. THE OBJECT L
CALL DLIHEC(WHITE.Y, %, 8.1,8)

weee - CALL DLIHE(HHITE. Y. 8. 8.1.8) — e e e

CALL SSUTCH(s, I5UWe)

1FCISHG6_EQ. 1) GOTO..175. .. ..
CALL DLIMECHHITE.Y-4,2+8,2.1, 3)
CALL DLIHE(YUHITE.Y-4,2%+8,.2.1.8)
CALL DLIHECYHITE.Y~-2,%+18,2.1,8)

- Caldl DLIHECGMHITE,Y=-2,X¢18.2.1.8)
CALL DLIHECUHITE.Y+2,X+16,2,1,8)
Coll DLIHECUHITE. Y42, X+1€,2.1.8).. ___ . .. .
CALL DLIHEC(WHITE, Y+4,%+8,2.1,0)
CALL DLIHE(WHITE.V+4,X+8,2.1.8Y . . s
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107 108
175 CONTINUE
B DIRLEIY = REC —-
DIR(BI+1Y = N
CDIRIDI+2). = HARXA(YMIN-D.1) _ e e e e
DIR{DTI+3) = MHALB(ANIN-B.1)
. DIR(DI+4Y = MINB(YMAX+B.HLY .. . .. . e -
DIR(DI+S) = MIND(AMAX+4B, NS)
HOog =_NOB _* 1 - . o - -
Bl = JI » &
IF(NOB.GT . MARXNDB)Y GOTO 261
c

IF(TOBN.LT.8) GOTO 140

C DON'T WRITE 1F QUICK COUNT OGPTION

D0 195.1=1,N2,.512 e S DO S

caLL URiTE(EBUF.REC:EBPE(!))

135 REC = REC + 1
2972 149
)
196 CALL SSYTCH(4, I5U4)
o TF{ISW4-NE- 1) GOTO- 143 - - —
CALL QPRIHT(’ OBJECT REJECTED’)
CALL TLIiSTC(HOB, N AREA, YHIN, XMIND - o oo
CALL TLIST(YHARX-YHIN, XHAX-XH 1N, NXAR, WXEPT, NXLEN)
. COTO 140 . ... - e e e - -
c
298 HAXH = MANN + NUH_
c
..201.. NOB=HOB-1. ... S .
IFCTOBN.LT. 2> GOTO 220
IF(DI.GT.1) CALL YRITECEBYUF BRECDERD - oo oot e
CALL WRITECEBUF, 1, SPAR)
Call CLOSECEBUF]
220 IFCNGE.GT.8) GDTO 2389

.. C..1F MO OBJECTS FOUND. -TYPE.MSG AND CALL -IMTL. ... .. . ...

2863  COKRTINUFE

caLl TYPEC(® HO OBJELTS FOUND:; CHECK THRESHOLDBS')

-CALL-TYPEC’ B2y .. . e me e

CALL APHASE(?7)

IF(TOBH.GE. B8) RETURN

CALL MWL (2 NC=ea' M, 8) . .. . L il oo

Call OUTCONCHK,N(6),2)

caLL TYPE(H.,8) . e e

CALL HPARANC122, HK, 6)
CarLt APHASELD)

C SRITE

HOB PARAMETERS AH3 CALL INTI
END ... .. . - R e e

SUBRODUTINE SKIRT

THPLICIT THTEGER(A-2)

CoMNON/CT/SPARCI3T), 510, $50, NLD, NSO, NOB. B, BPER
COMMON/C1/DIR{(S12),SDIR(S12)

COMMOUN/C1/EBUF(S6), EBSEC1824),S5ECH(56), SEG(B152
CUMNBR/CL/5BUF(930),E514%

INTEGER PAR(5)

BYTE EBUF,SEGS

DRTA MAXSB/ 982/, HAXDI/519/,8717, 011/
baTA DREC/Z/:!DREC/ZI

c
C THE SEGHENT DIRECTORY CONTAINS THE FOLLOWING FOR EACH OBJECT )
¢ SBIR(DI) "= BSI(BEGINHING SEGNENT INBERY
¢ SDIR(BI+1) = ESICEHDING SEGMENT INDEX)
< T SOIR(TI+2Y = YHIN ‘
c SDIR(DI+3) = XAIN
e SDIR{DIFEY 3 YMAY T e
c SDIR(DI+S) = XMAX )
€ THE SEGHENTS ARE STORED AS YRIPLEYS ~~~ 7"
c SEG(S) = Y
T SEC(S+1) = X1
c SEG(S+2) = X2 )
TC T UTTHE ROB DYRECYORY CONTALINS THE FOLLOWING FOR EACH OBJECY 7 7
¢ DIR(DI) = BACKSROUND )
C TDIR(DIFLY = YHRESHOLD T T T T
£ DIR(DI+2) = YMIN




oo
.
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DIR(DI+3) = XMIN
DIR(DI+4) = YMAX

" DIRCDI+S) = XMAR
CALL SSUTCH(1, ISHWIY
IFC(ISWi. ER. 1) CALL TYPE(’
CHLL AFILECEBUF, 1, *PIC '45,5)

CALL OPEH(EBUF, 1924,8.8, 'Av2')
CALL AFILE(SECB.S,’PIC ',5,5)
CaLL OPER(SEGB.1924.8,1, *A¥3’)

CALL GLASELCESUF.PAR,INDY
CALL MVYL(’' SEGHENT FILE',EBUFC(IND+73),13)
caLL

&

PLABEL (SEGB, PAR, EBUF{IND+1))
CALL PUT(SEGB. I, IND)

) GET SHaL PARANS
CALL READCEBUF.,1,1ND, SPAR)
DPER = SPAR(I33) - 5
OREC = 2x({HDB+343/85)+2
CALL WRITE(SECB, 1,8L0)

TTHL = Neos2

HS = HSO-2
B2 a 2%B + 1
SING = MAXSB/B2
HAXSE = SINC*B2

.0 O

SEGHENT THDEX
SEGHENT BUFFER INDEX

3
51

#n

DO 289 OBH=1,NOB
IFCDI.HE. 13 GOTO 3@
CALL READCEBUF, IDREC, IND, DIR)

Jo

[x]

IDREC = [DREC + 1

CALL HYW(DIR, SDIR,512)
IREC = DIR(DI) o
N = BIR(DI+1)

‘SDIR(DIY = 8
INTERP(DI)
HEhY =
HREC

Z*il

(HEMD+S11)/512

Hi

DO 138 L=1, NREC o
CALL RERD(EBUF, IREC, IND, EDGE)
IREC = IPEC + L
EIK = MINS(NEND, 5123

ADD HORIZOHTAL SKIRT TO SEGMENTS
39 49 E=2.EIN, 4
EDSE(E) = MAXA(EDGE(E)-B,1)
EDGECE+2) = MINB{EDGECE+2) + B, NS)

CIFCLUNE 1) GOTO €8
. Y9 = EBGE(1)
¥YBAR = Y8 - B

n

USE FIRST SEGHENT END POINT PAIR TO INITIALIZE SBUF

X1 = EDGE(2)
X2 = EDGE(4)

So

ST = 1

30 S I=1,B2
SBUF(SI) = X1
SBUF(SI+1) = X2
ESICI} = S

SI = Sl + SINC

81 = 1
1 =1
El = 5

CONTINRUE

T
I

PROCESS REMAINING SEGWENT END POINTS
DO 120 E=EI,EIN. 4
¥ = EDGECE)
IF(Y EQ.Y¥3) GOTD 98
ADYANCE SBUF ONE ROY
I = SL + SINC

=1 +1
F(SI.GT.HAXSB) Slaf
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IFCI.GT.B2) 1=t
~ IF(YEAR_LT.B) GOTO 82 o L
c RELEASE SEGMENTS ON LINE Y8 - 8
SEND = ESI(I)

90 88 S1P=S1, SEND, 2
SEG(S) = YBAR

SEC(S+t) = SBUF(SIP)
~ SEG(S+2) = SBUF(SIF+1)
88 £ = § + 3
L, R -

82 @ = Y9 + 1
?BAR = YBAR + 1
SBUFKST)Y = EDGE(E+1)
SBUF(SI+1) = EDGECE+3:
T ESIC(IY = 81

¢ -
96 SiP = 1
%16= EDGECE+1) )
X20% EDGECE+3)
c

10 138 Ii=1.82
sIQ = SIP ~
SEND = ESICIIY
X1 = Xie

X2 = %20

93 XP1 = SBUF(SIQ)
IF(X2.LT.%XP1-1) GOTO 95

{P2 = 3BUF(STR+1)

TF(41.GT.XP2+1) GOTO 95
¢ SEGHENT (X1,X2) IS5 CONNECTED T0 A PREVIOUS SEGMENT
IF(310_EQ. SEND) GOTO 94
X1 = NIHB(X1, XP1)
R2 = NAXB(X2, XP2) _ I

T OUSBUF(SIQY = SBUF(SENDY
SBUF(3IA+1)> = SBUF(SEND+1)

TIHD = SEND - 2

5070 93
<
94 SRUF(SEND) = MINB(AL, ¥P1)
SBUF(SEND+1) = MAXB(X2, XP2)
5070 38 o . i I
[
95 SI@ = $1Q + 2 o o o o
[F(SIQ.LE. SEND) GOTO 93
 SBUF(SI@) = X1
SEUF(STIa+1Y = X2
c = —
98 ESI(CII)Y = S1IQ Tt o ) )
188 SIP = SIP + SINC ) . . . .
)
126 COHTINUE
¢
EI = 1
T U387 7 NEND ETNENR - CEIW T T T
I
¢ RELEASE REMAINING SEGMENTS ~~ ~ et . T

DO 158 l1i=1,B2

TTTTTTTTTTFAYRARCGT ONLY LOTU 189
g1 = S1 + SINC
T2+t
IF(ST.GY.MAXSB) SI=1
IF(1.GT.B2) I=t
SEND = ESIC(D)

DO 149 STP=SIL.3END. 2
SEG(S) = YBAR

| SEG(S+1) = SBUF(SIP)

SEG(S+2) = SBUF(SIP+1}

‘148 3 =5 + 3 )

]
150 YEAR = YEAR + 1
¢
138 SRIR(DI+1Y = & - 1

C
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c
Dl = DI + 6 L .

T R (DITLT U MARDL)Y GOTO 299
CALL URITECSEGB, DREC,DIR) ) )
CALL WRITE(SEGB, DREC+1.SDIR)
DREC = DREC + 2 - ) , - o
Pl = i

208 CONTINUE
¢
’ " IF(DI.EQ.{) ¢0TO 2653
_ CALL WRITECSEGB,DREC,DIR L

CALL WRITE(SEGR, DREC+1., SDIR)

¢ WRITE OUT SEGMENT . _

205 D0 210 1=1,8,512

 CALL WRITE(SEGB, OREC,SEGCI)) o o
210 OREC = OREC + 1
CALL CLOSE(SEGB)
CALL CLOSECEBUF)
END

SUBROUTIHE CHROME(CDUNIT. FILPEX)
SENUUNNY . T2 J 00 -8 T Y 3'2'X- U VNSRS LS, L
IHPLICIT INTEGER{A-2)
COMMON/C1/5L90, 550, HLO, NS0, NOB.B--
CONMON/CtsDIRCILI2), EHYB(1852), C(S!Z).PBUF(1308)
C THE FIRST 23 YORDS OF P3UF¥ ARE THE MvB, FOLLOVED BY 1824 WORDS OF
€ BUFFER STORAGE., FOLLOWBED BY 256 WORDS OF PICTURE STORAGE
e e CORNOHAC 1 4SEGBAS 63 COURC G600 CDIRLS I LBHLLIO8 —
COMMON/C1 /OREC, NFS1
- BYTE--SEGB PBE2646) - -oomo e e oo oo eoos
EQUIYALENCE (PB, PBUF)
O T 1 Y 0 T Y - . S g e s
DAT# SECSI1Z2/647,S5M1/63/
DATA - MALDIZS510/, MANBUEL9608 . IDREL 22 lPBIlﬁﬂOSZl an‘.‘f‘IDl -
C LPBUF IS THE LENGTH OF PBUF MINUS 256 #ORDS OF PICTURE STORAGE
€ - - - . - U,
CALL SSUTCH(! ISU!)
--------------- IFCISUL. EQ.-1). CALL -TYPEC, CHROME? X oo o el el
CALL SSWTCH(4, ISH4)
I£(1SY4 NE-1) GOTO 2
CALL QPRINT{(’ CHROME')>
--------------- CALL - FIMER --o oo oo
HAXBUF 27328
B CONT RN s s e e
caLl nFILE(PBUFaBUHIT FILPEX, 2, 2)
e — CALL OPENLRBUR AL POUR-28 1. 8.8 SCNLY
CARLL GLABEL(PBUF,PAR, IP)

i MR CRAREEIRED £R - o e e oo
CALL AFILE(SEGB,S, *PIC ',5,5)
CALL OPENCSEGB, 182458, 9, *M¥SS ) - ccomio o0 - e

CALL GLABEL(SEGB.PAR. IND)

CalL RFILE(CHYB. 1, 'PIC ’45,5)
c o CALL OPEHCEMYB, 1824, 8,3, "MYR ) - oo o ol e
CALL MVL(® CHROME FILE’, PB(IP+1808),12)
© CALL -PLABELACHYB, PAR,PBCEPFEI )~ —mon oo —ooomm ool o o

CALL READ(SEGB.1,IND, SLO)

e CALLPUTCAYE e
CALL HYU(SLO, CHVB(1C/241),512)
NREC = (HOB+04 )85 - P
IREC = 2#NREC + 2
OREC = HREC + -3 S e e
CALL READ(SEGB, IDREC, IHD. DIR)

e - CALL-PUTLCMVE DRES1CI— e
CALL MVUCDIR, CHYBCIC/2+41),512)
-~ - CALL READ(SEGB,IDREC+1,-IND,DIR) - - EEECETTRTIRTES

IDREC = IDREC + 2
"DREC = DREC + 1
¢ FORMRT CBUF
~DEND—= HOB26
SENMD = DIR(DEND-4)
... DISP-.= WAXBUF-SEND . ... .. el

J = DISP + 1 C . e ol



4,122,518
115 116

c READ IN SEGMEHT FILE

nn ﬂ Ta1 QCHD <|‘?
CALL RERD(SEGB.,IREC,IND. CBUF(J)}

,,,,,,,,,,, 3= d+ 512 Ca- .

' § IREC = IREC + 1

Y e e e el e m - e IR J P R e el .
DO 6 DI=1,DEND.S
BIR(DI)> = DIRCDII. + BLIZP

€ DIF(DI+1) = DIRCDI+1) + EISP
o . .
THS = (DISP-1)~/8ECSIZ
N = TNS#SECSIZ
¢
IR ¥ WS 1 - T £ UG |- 38 o1 e P
10 CBUF(I) = I+SECSIZ
c

LFSI = N - SSH!
C3UF(LFSI) = 3
C THE SEGMENT DIRECTORY CONTAINS THE FOLLOU!NG INFORHQT!ON FOR ERCH 0BY

o DIRABIF = -C81 = CURRENT SECMENT INDEN—
¢ DIR(DI+1) = ESI = ENDING SEGMENT INDEX

e . DIR(DI+2) = YMIN. e o
¢ DIR(DI+3> = XNIN
C.. ..  DIR(DI®4X_ m YMAX - el U

DIR(DI+5) = XMaXx

c
c
€ THE CHROMOSONE B!RECTDRY COMTAINS THE FOLLOUING INFORMATION FOR EACH
£ -~ CDIRCDL). = BS1.= BEGCIHNING SEGHENT INDEX ..
¢ CDIR(DI*I) = NSEC = TOTAL RUMBER OF SECTIONS USED UP BY OBJEC
Lo o .. CDIRLDI+2) = FSL a2 INDEX-ORFISY -SECTIOR -USED BY-OBJRCY--. - - - . .-
¢ CBIRC(DI+3} = LSI = INDEX OF LAST SECTIDN USED BY OBJECT
—_C _CDIR(DI+4) = FHN = FIRST HALEUORD OF-SECTION USED BY OBJECT—
CDIRCDI+S) = LHW = LAST HALFUORD DF SECTIOR USED BY OBJECT

HFSI = NEXT FREE SECTIDH INDEX
cociemcee - LFSI. 3. LAST FREE SECTIOR -INDEX - - - - o

NFSI = ¢
Dy =2 i

c
c
L

58 DBEG..= DI... - el
IFCISW4. £Q. 1) CALL TIMER
c - . INCREASE. HUMBER .OF SECTIONS IF POSSIBLE .. . . .. . . .
€S = BIR(DI}
e BSL = CRIR(DIY
IF(BST.ER.9) BSI = CSI
51 HSL = -LFSL 4 SECST2Z- - «.oooiooomo oot el
IF(NSI.GT. BSI-SECSIZ) GOTO 52
CBUF(LFSI) a_NSL .. - . ... e et i e i
LFSI = NSI
e GOTO. 5% - -
¢
.82 CBUF(LFSI) = @ . . U P o
v8 = CBUF(LSI)
REC » 2e%8 - 1 e s
CALL GET(PBUF, REC, IND)
CALL MVUCPRUECIND 225 ). PBUF(LPBUFS1), NUD e
CALL GETCPBUF. 8, IND)
IP=I8Ds2 . .. : e e A

PROCESS OBJECTS § TO WNOB. ...
IF(ISB4.ER. 1) CALL TIMER
- D0 i28_D1=DBEG.DEND. & — S —
CSI = DIR(DD)
IF(CSI.EQ. @) G0T0 -ta0 . ... Cme e s eceaciel ol Lol
Y = CBUF(CSD
iFC(Y.GT.Yve8) GOTO 118 .. - EEREE e s
ESI = DIR(BI+1)
e LS = CRBIR(DI AT
LHY = CDIR(DI+5}
NSEC.-= 8. S e SR R T
IF(LST .NE. B} GOTD 58
¢ -FIRST SEGHENT OF OBJELT. ASSIGH A SECTIOMN-
IF(RFST.EQ. 8> CALL TYPE(’ WMBUFi’)
. LF4HRSI-EQ. 82 CALL_UNBUFECRAEG, BEND. DT

©2 0O
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SBIR DIy = C
CRIR{DI+1)y =
CDIR(DI+2) =
CDIRCDI+4) =
CDIR(DI+S)=1

[ Lb]—='NFS*—"" R . e P -
HFSI = CBUF(NFS!)
LHY =

LOOP -THROUGH EACH SEGBENT OF CURRENT O0BJECYT

S8 D0 96 SI=CSI, ESI,3
e A CBUFAS T — S -
IF(Y.GT.Ya) GOTO B2
--------- N1 = CBUF(SE#E) + LPBUF - - ---o oo o
K2 = CBUF(S1+2) + LPBUF

e

D0 78 L=l,2
L
BO 62 X=%1, 2
e TF4LHY-LT-SECSIZ) GOTO 63 . O -
c ABD OK A NEV SECTION
L IFLNFSL1.EQ.8) CALL TYPEC - BMBUFZZ) .. . o e
IFCHFSI.EQ. @) CALL WMBUF(DBEG, BEND.DBI)
HSEC = NSEC + |
CBUF(LSI) = NFSI
...... B T 5 GO 1 - 2 S I
HFS1 = CBUF(NFSI) '
D 1 ¥ R I e e e - -
c
6@ CBUF(LSI+LHU) = PBUF(X)
62 LHY = LKW + 1
N IS L e e
K1=CBUF(SI+1)+1P 4
78 - X2=CBUF(SI42)4IP. - - oo ool e
¢
e — 80 CONRIMUGE—
£
e o CDIR(DI43)- 23 LBL oo oo o e e e .
CBIRCDI+S) = LHY
€ . END-OF OBJECY. - SRITE OUT-TO-BISK -« oo oo oo e e
t IFCISY4.EQ. 1) CALL TIMER

-84 LA UBURC D)
€8I = BIRKID)
TF(CS1.HE. 9> - GOTD 81 - -- Tt ’ T T

c IFCISW4 £8.1) CALL TIMER
- 3070 198

c

~C-—- - REMAINING PORTION-OF G3JECT LIES BELOUCURRENI LINE —

c UPDATE DIRECTORIES AND CONT!HUE
82 CBIR(DI+1} = CBIR(DI4L)I-+-NSEL- - - oo i
CRIR(DI+3) = L§1
- CDIR(DLI+S)- = LHY
DIR(DI)Y = SI

———— 180 CONTINUE
¢
- L--- .- HO-MORE OBJECTS ON-THIS-LINE. - UPDATE AND- CONTEIMUE. - .- - - ..
119 COHTINUE
€ - IF(ISYU4.ER. 1) CREL FIMER - - - - - oo -

20 128 DI=DBEG. DEND, 6
£ Sl DIR(BED
IF(CSI.NE. 8> GOTO se
--128 CONTINUE- B S VPP

¢
.- e e LFCISBALER, 1) CALL- - TIMER - o oo e

CALL PUT(CMYB, DREC. IC)

CALL MVYW(LRN.CHYBCIC/241),182)

CALL CLOSE(CMYB)

CALL CLOSE(PBUF)

CALL CLOSE(SEGR)

IFCISW4 EQ. 1) CALL TIMER'

EHD
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SUEROUTIHE ROE

IMRLICIT- INTEGERCA~Z - e e e e [

- COIMONAG L ARKL-IR (68 ) SIPLER ) PERNEGE - CIRLALCE)——

COWMON/Ct/CHYB(S56), 8(512)
COMMON/C ! 7SHYB(56), EDGE(1924),LBU(B2). BUF,6TBL

C CONHON-CtsSLO, 550, HLO, NSO, HOB, B, DPER

COUNON/CL/N,PERLH, YHIN, XBIH, YHAX  XH&R
CONMON/C17SDIR(E50), TTAB(ER), AREA(ES), 10D(68)

LOGCICAL=1 BUF(18208)
BYTE CHYB. SHYB,STBL(129),M5G7(28),H568¢25), THSG<1:28)
INTEGER DIR(S18).PaR(LBB), HIS(64),0TTAB(68)

EQUIVALEKRCE (DIR,SDIR(L45) > {HIS, EDGE)- N

DATA MAXBUF /18880/, RECS1Z/1824/,N0BPH/ 6~

DATA OREC,/2/, DREC/2~,RFLAG/1/,0TTAB/60=0/

D AT A HELB A [ I DTOTB, HRTOT <0 HARNOBAE B, TOBHAGL, HANNP A1 804 —

c - -
€ THE INPUT CHRONOSOHE DIRECTORT CONT&INS THE FDLLDUING FOR EQCH OBJ
C----- --DIRCBT)-= BACKGROUND---- -- - EREES e -
¢ DIR(DI+1) = THRESHOLD
— e DIRCDI2) = CHL (NINT NN L IHE)
¢ DIR(DI+3)> = CMS (HIHINUW SANPLE)D
e Geeeoeoo o - DIRADIA4) 2 CHRL- (MAXIMUN-LINE) - - oo o smmomee-
¢ DIR(DI*S) = CHXS (MAXIMUM SANPLE)
---L-- .THE OUTPUT CHROMOSOAE DIRECTORY -CONTAINS -THE- FOLLOWING-FOR-EACH-OBS-—--- -
c SDIRCCDI}= FBW (FIRST RECORD BLOCK YRITTEN TO DISK)
vl SDIRLCDIA3 3 ML (S TNTHUNLIHED
c SBIRCCDI+2)>= HS (NININUN SAMPLE)
€ - SDIRCCDI#43)~ LBW-(LAST RECORD-BLOCK -URITTEN-TO -DISK)> - . - oo
c THE INPUT CHROMOSOMES ARE TN THE FOLLOUWING FORMRT
[ C{1) = PREYIOUS BLOCK -WRITTVEN --- . - - —-
[ C(2) = NSEG (HUMBER OF SEGNENTS 1IN THIS RECORD)
—C — L LI = ¥ L LINECOORDINATE=0 =233
[ C(CI+1) = X (STARTING SAMPLE COORDINATE=Q - 235}
-6 - C(CI+2). = N (RUMBER -OF SAMPLES--IN-SEGHENT)> - ----.
c NOTE THAT TWO CONSECUTIYE LINES OF SEGMENT GREY VRLUES ﬁRE PRESENT
c- #LS0, THE DIMEHSIONS ARE THOSE- OF THE- HALF-PICTURE- - AHD HUST-BE-- -------.
C DOUBLED.

el —THE - QUIRPUT CHRONCSONES QREIN THE FOLLOUINC FORNMAT

2

3@ VOBN=RARLIRI2Y - S -

b 27

e

PO OO0

35

- IRLIP GT-HP»-GBTO-33 o

C(1) = NSEG (NUMBER OF SEGMENTS IN THIS RECORD)
C(CI} = ¥ (LINE COORDINATE=t -~ 512)- S
C(CI+1)> = & (STARTING SAMPLE COCRDINATE=1 - 312}
C(CI+2) = R (HUMBER OF SAMPLES IN SEGHENT)

I7FC(ISWL.EQ. 1) CALL TYPE(' ROB')
Call SSHWTCH(4, I5WH -
IFCISU4 . EQ. 1) CALL QPRINT(’ ROB'")
Call RPARAH(NP.PAR, BAXNP)

1P=1

CALL-SSUTCHC ISy

IF(PARCIP).EQ.'TO’) GOTO 29
IF{PARCIPI.HE. ‘0T’ ) GOTO 35
OTTAB(PARCIP+2))=PARCIP+D)
IP=1P+4

GoTo 29

IP=1P+3
GOTO 208
CORTINUE

RECSZ2 = RECSIZ/2

LBWY(B8) = LAST BLOCK WRITTEN FOR CURRENT CHROHOSGHE

NI = DIRFCINRY TNAFY . -
NC = NUMBER OF CHRIOMOSORES

CALL AFILE(CHYB. 1, 'PIC ' 5.5)
CALL OPENCCMYE,1824,6.3,'8#¥V2")
CALL AFILE(SHYR. S, ’UCK L1313

Call OPEN(SMYE, 10824, 8,1 2UCR >
CALL GLABEL(CHYB.PAR, IND)

ChaLL HYL <’ 20B FILE 'LEMYBCINDS139).12)
CALL PLABEL (SHYB.PAR, CHYBCIND+1))

CALL SSBTCH{(S. [543

IF(ISHO. KE. 1) GOTG 37

~CALL GRRINT(:14) - -

CALL OPRINT(CHVB(IND+?3),78)
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CALL GPRINT(CAVBCIND+145).38)
CALL GPRINT(CMYB(IND+217),78)
cALL QPRINTC’'908BJ PER .. 8. . .. DB MAX..__ LINE . SAHP .
1 St S5 HL NS T1 T2 FPOH AREA 10079 AVS
2 0BJL)
37 CALL ITLA(32, TNSG, 128)

e CALL PUT(SHYB, DRECLINDY ... .. . - - i

CALL READ(CHNVB,1,1ND,SLO)
. . CALL READ(CHMY¥B.DAREC,IHD.BIRY - ... .. . oo
BREC = BREC + 1

__CAll READ(CHMYS.DREC.IND,LBY)
BPER = 138 ~ DPER

R B = 2*B... .. _ . __ e e e

Bf =8 + 1
,,,,,, B2 =B + 2 . . L. e L ima
E3 = 2»8 + 1
3l .= 1 -

\ CBl = 2
¢ __ LOGP THROUGH EACH OBJECT e
50 588 OBN=1, NOB
REC = LBW(OBM)Y . . . o e
CHL = DBIRCDI+2)%2 - 1

CHS = JIR{DI+3 %2 - 1

CHXL = DIR(DI+4) 2

CHXS. = DIR{(DBI+5)e2 - e
CNL = CMXL - CHAL + 3

CHS = CMZS - CHS + 2

CHRLNL = CHL - 1

———— e EMSMY = CNS = 1 ——
IF(CNL*CHS.LT . HAXBUF} GNTO 58
45 CALL SSUTCLH(1, ISul)
TECIS81.NE. 1) GOTQ 381
CALL HYL(’ DBJECT =s TOO0 LARGE’,M8G7.28)
CALL OUTCOH(OBN, NSG7C1D), 2)

i G A T RE NS B e
GOTO Se2
¢
C READ IN CURREHT CHROHOSOME
58 Call Z2IA{(BUF.HRXBUF-2)
CALL Z2IA(HIS, 64)
—_— —_ ~ e
51 CALL REQB(CﬂVB REC, IHB. C)
HSEG.- = C£(2)
£l = 3
[

DO 60 KHN=i, NSEG
e BL m 28 C(LLIACNS+CLCToL2) + CHS +

N = C{CI+2)
H2. = 2eN
IF(BI.LT. 1) GOTO 68

C. IGHORE POSSIBLE BUFS FROM CHROME OUTPUT esessasanens

IF(BI.GT. MAXBUF) GOTO 45

TELH LTs 1l OR-N QT-1893-C0T0- 43 _ - e

CARLL HHISHC(CTIT), BUF(RBID, HIS. N2)

LARLL NHISCC(CI+N+3). BUF(BI+CHNS)I.HIG, K2)

60 CI = €1 + NZ + 3

c
REC = C(I)
- - CIFCREC.OMNE. ) GOTO-31 - . L o e
CCCCCC!C
IF{OBN.NE.TOBH} GOYO €3
er =1
33 52 Isi,uasl
CALL PRTY (1, BUF(B1), ENS)
62— BI-= Bl + CH3 - - - B T -
€3 COHT INUE
cccceece
c
BACK = DIR(DIN/2
ITHRES = DIR(DBI+{)~2
g — s REFHRESHOAL DO BIEE - — - e — o

HIS(L) = 8
DATAH = T1THRES
THRESH = ITHRES
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123 124
e BFARFLAG B @3- GOTO- B2 oo mmomoeoos e o
HISCE4) = @
——— HA%= G
c
e B0 68 TmITHRE S 6 <o e mmermoonmoommamis eeeiesoes sl
F = HISCI-1) + HISCI) + RISCI+1)
T Y Ty K Y 7N s S
MAX = F
DATA—= 1
s CONTINUE
oo THRESH- = (BPERSDACK - - DPERSBATAI ALBO- oo mm o ommmm oo an e
IFCOTTABCOBN) . NE. @) THRESH=OTTAB(OBN)/2
22 - CALL STRECH(HES,STOL, THRESH-DMAR)----- - o oo
¢
s =B —a BUFFER— N RN ——— —E =G DCE— I NDE-
¢ D1 = DIRECTORY IWDEX  CDI = CHRONOSONE DIRECTORY INDEX
- EBL = .CNG-- . - C e an i
€1 = 1
CCHL2 w CML =@ oo e e e e i e

CHE1 = CN§ - 1

e - THRESH—2 THRESHZ-—
NLS = CNL2 - B
 HEPw CHSL~B - .- C e e e e i
BCHE = BwCNS

DO 329 L=i,CNL2
REUUUURR - 5 JUY Y -4 - § S W S— — aaima -
€8I = EBI + CHS

21@ IF(ISEG(BI;BUF-THRESH.EBI) EG L} GOTO 30'
. SDIRCCDE) = OREC+ |
EDGE(1) = L
e m i ————— s-l..c”s._‘_‘.au._-_s.p . RS c——
EDGR(2) = §
v e CALL-BOTCH, EDCE-BUFCB L) THRESH,.-CHSY - - ... ... o - R
IF{N.EQ.B) CGOTO 21@
IF{OBN.EQ.TOBN) CALL ILTISTAN,-YRIN.RNIN, YHAX, RNAKY . . S e
IFCOBN.EQ.TOBN) CALL POUMPCEDGE,&EDGE(2eN), 1)
- NG R0 55 -C0T 02313
CALL SORTINCEDGE., N, SIND)

eeeweoo-  TFCSIND.-EQ, 8)- GOTO-285. . e
213 IFCN.LE. S12) GOTO 214
N _CALL TYPE(' EDGE OVERFLOU,. THRESHOLD RALSED?)> ... . : -

CALL TYPEC *)
THRERH » THRFSH + 4
GOTO 2190
214 IFCISUL.EQ. 1) CALL TYPEC(’ SORT'")
IFCISU4.EQ. 1) CALL STINER
CALL SORTCEDGE,N)
IFCISW4. EQ. 1) CALL TIMER
&35 L CONTINME— . T S e e
IF(OBN.EQ. TDBN) CQLL PDUHP(EIGE ABGEcasi), 1)
IFCOBN.EQ.TOBN) CALL TLIST(L, S, CNL,CNS. OBN)-

¢ MAKE SURE THAT OBJECT CONTAINS AN xnrsnua; POINT
INTPNT = 8
N2 = 2eN
s DGRBS Bt Wy d— -~ - e
¥ = EDGE(E)

IFCY.LT.BL.OR.¥.CT.NLB)-GOTO 238 .. ..
X1 = MANGCEDGECE+1), D)

X2 » MINQCEDGE(E+3I). N88). . . .. ... ..
IF(X1. GT.%2) GOTO 215
1 W BT .01 T —

1 =89 -8B

c. . . e e i e e e
DO 220 LEFT=1,B0

soeeeeoooo - LECIMCBUFCLERT)). NE.B)- GOTO 228 . . . ... .

iZI CORTINUE

221 RIGHT = B9 + X2-X1 ¢ 8
C poze2 xsr,ey T
. LECIVCBUFCRIGHT)).NE.9)..GOTO 283 . . _ .

222 RIGHT = RIGHT = |
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223 LEFT = LEFT + B

e RIGHT m  RIGHT = B e oo

IF(TOBH. EQ.OBN)> CALL ILIST(X1,X2, LEFT. RIGHT, ")
CIFCLEFT_GY RIGHTY GOTO0 235 - IR e
c

i — DO 230 I=LEFT.RIGHT
TP = 1 ~ BCHS - 1

BP = 1.4 BONS +. 1. e e e o

DO 225 LL=1,BCHS,CHS

IF(TOBN.EQ.O0BN) CALL ILISTCTP.BP LL, IV(BUFCTReLL) X, IVABUF(BP-LLI XY - oo

IFCIV(BUF(TP+LLY ). E®. B OR. IV(BUF(BP-LL)).EQ.B)GOTO 238

—-225  __CORTIHUE

¢ THIS IS AN INTERNAL POINT
INTPHT =. 1. .. BN T
GOTO 236
L. ... - L -
238 CORTINUE
~. 235 COMTIMVE .. . ——e e
¢
- ¢ - - REMOVYE OBJECT. -FROM BUF- .- . .. .. .. ... P - -
236 NSEG = ©
HP. = 9. -
iDDN = 9@
— ECL =} —
c
- -D0. 2508 E=1,H2.4 - . . L s -
¥ = EDGE(E)
co-o X1 = EDGECE+L) - B B T T -
X2 = EDGECE+3)
——— Hﬂaxg—xgal_ _
IF(HS.6T.8) GOTO 238
7777777777 CALL -TYPE(* ROB.-~ NS-LE -B°) - . - . . _.
CALL TYPE(’®’)
S CALL TLISTCE, N2, X1, B2, 8y o i e A
PAUSE
PRSI 1 + ¥ + I3 1 - ST I . .
38 COon T IIUE
N52 = (N3+()r2
BCI = ECI + 1
ECI = ECI + MS2 + 32
IF(ECT.LE.RECSZ2) GOTO 249
I e e .

c WRITE UUT CHROHDSDHE LINE
£(1) = NSEG
UREC = OREC + 1
CALL HRITE(SHYB, IREL, L)

HSEG = @
e BBl 2. . . e e
ECI = NS” + 4
[ I . . R e
248 C(BCIy = cnun + Y
ceee BCBCI+1) m CHMSHL -+ - Ml el e e e e
C(BCI+2) = HS
caLl DruogE(B”E(g.cuS*x’) C‘BCI*3) s;al HS ;onu IHDFQH\
HP = NP + NS
c 258 NSEG .= NSEG & & il e
C
- - IFARP.GE. 25 . AND.- INTPNI-NE.B)-GOT0 260 - - .. . ... .- -
CALL SSUTCH(4, ISU4)
I1FCISHA HE ]}._suzo__m
CALL QPRINTC(' OBJECT REJECTED’)
coreem e - CALL- TLISTCOBN N-NP, YRIN, XBMIRY - o o BRI -
CALL ILIST(YHAX-YMIN, XMAX-XMIN, L, S,NC) )
B & of o K T Y T T
[ URITE QUT LAST LINE
— 266 OREL = QOREC o |
C{1) = NSEQ
crereom o GALL WRETECSHYBBREC, C) oo -0 o e o oh e el -
c
- =-NG-+-¢--- - e e oo .- e e me e e e = - -- -
NL = YMAX - 'H‘IXN + 1
e H S M SN ——¢
I0DN = IODH - BALCK=NP-/4

S FTABENC) @ FHRESH- - - oo bl

LIP(NC) = CMLML + L
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SIP(HE) - =-CHMSME +--§- - ooo cmon oo s e

TODC(NC) = IDDN
HREAHE—=—HNP

128

PERM(NC) = PERIM
CALL SSUTCHEI, ISHOI- - - - - -
I7F(ISV@. HE. 1) LOTO 280

C PRINT If Ska 1S UP

CALL OUTCONCHC, THSGC4), 2)
Sabl DUTCONLRERMANE) + THEE4I34r 33— —

CALL OUTCON(BACK*2,TNSG(I7), 3)

CALL QUTCOMLDATA*2, THEG(2?)». 3} - ----- -
CALL OUTCON(DNAX®2. THSG(31), 3)

CALL DUTCOMCCHL, THSGC33) -4

CALL OQUTCON(CHS, THSG(47).4)

LALL -GUTCORLCHLI L. THE56(35)5)

CALL OUTCON(CHSNL+S, ThS5G(68).3)

CALL -OUTCON(NL, THSGC(ES),5) - - e

CaLL OUTCONC(HS, THSG(?8).3)
CaLL OUTCONCITHRES*2, TNSG(E® ), 3> - - - -~ - -

CalL OUTCONCTHRESH, THSG(86), D)
CAll CUTCONCORBH. TNSC (942,23

388
598
C
51e

- GOTO 219 - .- — —

CALL OUTCOM(NP, THSG(182).8)
CALL OUTCONLIODHN,THSG(I11),93 . -

CALL OUTCON(IDDH/(HPIS);THSG(XIS) 3)
Call OUTCONCNC, TNSGL1223,.2x - - R TR
CaLL QPRINTC(THSG,128)

ENTER DBJECT IN LHROMOSOYE DIRECTORY
SDIRCCDI+1Y = CHML + YMIN - 1
SDIRCCDI+2: = CHS + X®WIN - 1
SDIRCCBI+3) = (OREC
SR = CBI + 4
IFC(NC.EQ.MAXNHOB) GOTO 512

CONTINUE
J1 = Bl + &

CONTIHUE

S S £ TERUNYY § 7 S —

NK=SDIRC(1)
TEHP=PERWCL ) - e e e
PERN(1)=64

C STORE HOB PARAMETER TENPORARILY IN PERM(1)..

CALL WPARAN(122, HK, BOBPH)
PERM(LISTEMP

C WRITE NOEB PARAMETERS

CALL. NYR(TITAB.,SDIR(2412.80) e EO

CALL WRITE(SNVYB,1,SDIR)
CaALL- URITE(SHYB. 2, LIPY. ..o . o .

IFCISW@. Eq. 1} CALL OPRINT('I‘)
CALL - CLOSECSHYDB)

CALL CLOSE(CHYB)

END.. .. . e

Cavennrun

Ch o m.o__. e
Cx NOB » CALMS VERSION

Ca

*

CremEenrvs

o

C HNOg

C-BY FoB - .

C

HUMBERS THE RAY SPREAD WITH THE OBJECT HUMBERSGENERATED

SUBROUTINE- NOBCDUNIT.FILREX)
INPLICIT INTEGER(A-2)

COMMON/CLs NK,LT.ST.FI R . -

LOGICAL ORDER
BYTE FILPEXCR)

L I-0 BUFFERS

BYTE IBUF2(12344), 0BUFC12344) e e B

€ RANDDNM ARERS

- INTEGER SPAR(18) e
BYTE CHAR(2)
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_.L SAMPILE AMD [ INE TABLES FOR OAJECT NUMBERS
TNTEGER ST(6@),LT(68), TENP(6Q)
e DATRA-Y/0/ RX/0/ REPLILLMASKPHALSL o oo

c

O L INITIALTIZE BATA SET S o e mnmmem e e

c

CALL SSHTCHCI.ISH1)
IFCISH1.EQ. 1Y CALL TYPE(' HOB')

£ R - U P

s aeén PARANETERS
£ - PR
CALL RPARAMCHP.NK, 122)

IFCFT EQ 8) CALL APHASE(MASKPH)
IF(F1.NE.B) CALL DCLEAR

C.CLERR THE GRAY. SCALE UNLESS FINISHINHG -UP A -COUNT ... . .............

CALL AFILE(IBUF2, DUNIT. FILPEX,2,2)
oo CALL RFILECOBUF, 1, "PIC. ... 2,%8,%8) ... ... ..
CALL OPENCIBUF2,6144,1.0, SCK’)

e CALL OPEH(OBUF. 61441, 1, "HOB2)
CALL GLABEL(IBUF2, SPAR. 12)

ceee . O HLE=SPARLL)- B R S
NSI=SPAR(2)
HU=HST /2
Ni=1
m—e e CALL PLABEL(OBUR, SPAR.IBUF2¢I2410Y
¢

C SEE IF LT IS IH-ORDER- -
ORDER=. TRUE.
TF(HK.LT.2) GOTQ 45
DD 48 HN=2.,HNK

e CTECLTCHL LT L TAN=12 ) GOTO 42— —_—— e
48 CONTINUE
A L LOTQ 45...... . . .. . e IO
42 ORDER=.FALSE.
45 . _CONTINUE. - . .l § :
¢
-—C_RUN THROUGH ERCH LINE OF THE PICTURE
C
.. DO-588 L=L.HLL . . . . e L ;
CALL GETC(IBUF2.1.12)
CCALL PUTCOBUF L 0) . . e .
CALL MYWCIBUF2(I2+41), 0BUF(D+1), NW)
c _ .
¢ GEMEFATE HUMBER FOR EACH OBJECT AT APPROPRIATE TIME
£

IF(HK EQ@.B.0OR.N1.GT.NK) GOTO 7210
90 208 H=N1,HK
LO=L-LT(H)

IE{LD. BT 4) GOIQ 280 s

IF{LD GE.~4) LOTO 43
IF{ORDER) GOTD 218
GUTO ’Gﬂ

3 CONTIALI
S$B= ST(N)'13
- . NCHAR=2 _ e e e e e
IF(N.GE. 18) GO TO 59
NCHaR=1 . e i e
SD=SD+6
L) R IFCSD . LT. 1) §D=1_ e s

IFCLD EQ. ~4) GOTD 75

CALL OUTCON(N, CHAR(Z2).,2)
CALL TEAT(CHAR{(3-HCHAR).HNCHAR,LD+3.0BUF(Q+SD). 1)
CALL ITLCB, DBUF(O+SD+6+NLHAR))

G0 T0.2686 - R UG

78 IFCORDER) NisNI+{

—23  _CALL ITLA(A.O0RUF(O+5D), G+HCHAREL)
23 CONTINUE

..218. IFCFETILER_BY GOTO. S@P. . o
C NO DISPLAY IF FINISHING UP 4 COUNT

CCALL DLINECORUFCO+1) Y. X, HSI1.REPL.R) ___. . _ ... . ...

Y=Y+REPL +1

598 CONTINUE
C

£ CLOSE DBATH SETS. . .. , : , e
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C
cabl CLOSECIBUE2Y . . . ... . o . o e el
CALL CLOSECQBUF)
— catt EXIT —
EN3
c INTI - INTERACTION | TO CHECK NOB QUTPUT AND CORRECT FOB ERRORS

SUBROUVTINE ~IH T HCBUNITF-FILPEX) - e e e e e
IRPLICIT INTEGER (A-2)

COHMON/C1/ NK,LTAB-STAB.,FI1-

INTEGER PQQ(l?),9°ﬁR(5)-SST(5l3) NST(S!3):TTQB(133) HPAR(S)

IHTEGER XTAB(69), YTHB(S58), LTRB(ED),STAB(68), TENP(68) - RPAR(188)-

BYTE AC12344), BLACK(S12),FILPEX(9),BPAR(20), KEY(29),LIGHT(S512)

BYTE- MBS T (2 1) GHS5442 ) K-8 ) UBITE4 B EHARG)Y— — —— e
BYTE BELL(3)

EQUIVALEREE - (PARBPAR ) {HES-FTABC2Y ) (LPS, TFABE3 I {SPS, TTRB(43) - -
EQUIYALENCE (NL;SPAR(X)) (HS span(z)y

BATA- BELLA2 44 9Bl -~ B et
DATA NTINE-/ 1088/

—— D ATA- A AS KRR 3 NI B R 64 ERASEA L8 84 KON T4 34 ROBR -8 — oo
DATA NKE?/ZB/ KEY7 H*,'C2,°Jd LB 'T*, PA ' F/. 'S P T2, 'R

TPEA RIS YN IFREY - YIRS RN Y'Y ST SUNTY % LN VI iy
NFLaG=1

G- ALNARS BET ML AE- T d oo ol e e
C FLAG TO CALL NOB FOR A FINISH COUNT

ol -V { I AlZ2 L ICHT N2
et e o e e

CalL ZIR(WHITE. 4)

e CALL-MYLC(S  DHzsa% BACKa® s L M B oo s sooe o

CALL MVYLC’ DN=was THRESHmess» *,NT,28)
B T T S o O o1 2 3 S O :
NB(19)=0

NI{2ix=0
MK(B8>=8

RERUN=8 - .- - . 0
CALL TYPEC® GCHECK SPRERD‘

CQLL RPRRRH(HRP:RPQR:IQ@ ROBPH)

e CALL RPARANINR, NK 122, 40BRHI

IF{KP.EQ.B) Fl=64

CCALL-BEOMRT CHK BT - o oo oo oot e el e

C DISPLAY THE COUNT

28

CALL ITLACS2, GNSGC,128) - .. _. O
CALL RCa

L READ. CURSUR - ADJUSTHENTS -

CALL AFILE(A. DUNIT,FILPEX,2,2)

G .OPEH SC&R-BATA--SET &HD.READ TTAB-. - -coov oo oo e

CAaLl OPENHC(R,S5144%,1,2,'SCH*)
CatL GLABEL (&, 3PAR. LA
CALL MYL{ACLIA+73), GHSG. 64)

e SAVE L ABEL FOR PATIENT RERGRI . S

25

30
35 IF(PAR(1I-EQ. 2RSS} GOVO- S -

£9

65 ..

eR-

¢
©

RS

CALL GETC(A, SPuR(1)+1, IR}

Callk MYUCALIA+1)-TTAB,133)- - e
CONT INUE

Call PARANM(NP,PAR. 1D)

IF<NP.EQ.8) GOTO 1889

IF(PAR(C1) EQ._'SN’) GOTO ES

DO 58 K=1.,.RKEY- - s

IFCIY(BPAR(L) ). Nt IV(K;?(K))) GDTD 58

GOYO (50,109, 203.300.,420,-5989.,6029,-200,8006,350,900. 5109, 320,938,548-
1,1189,1200.,1389,13350,1400),K

CALL TYPEC PQRRHQTER ERROR’)

--- CALL TYPEC'®’ > - . e

GOTD 235
SCOMTINUE ... . B L T T
RESCAH

CALL APHaSE(L)
CatL CLosE(a
CaLL ERXIT
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133 134
85 CONTINUE
c -
C.SH - SKIP MOB AND_CLASEY . o e e e s e S
C
CALL APHASE(1Id)
CalL CLOSESA)
THLL SRIT
99 CALL TYPE(' TYPE ONE DOF THE FOLLOWING KEYHORDS TGO SELECT AH OPTIUN )
e ALl TRRE{ -3 ~ QUICK-SDURT)
CALL TYPE(® C - CUT APART 4 TOUCH (POSITION CURSOR FIRST)‘)
CALL-TYPEC! J_ = S01H TUO-PIECES TOLETHER -(USE -CURSOR)I'H-- e
CALL TYPE(' T - CHANGE THRESHOLD (USE CURSOR)*)
- _CabLL TYPEC’ B ~ CH&NGE BACKGROUND (USE CURSORIZY e s
CALL TYPEC’ 3 -~ SET UP THE CURSOR TO CORRECT FOR DRIFT’)
call TI¥YPEC. A - HABGRT IHIS SPREAR’)
CALL TYPEC(' RS ~ RESCAHN')
_CALL TYPEX’ F. - FINISH THIS _SPREAD.(HO. KARYOTYPE}').. e
CALL TYPEC(’ F,HM - FIHISH THIS SPREAD; IT HAS NN CHRDHDSOHES’
. BALL_TYPE(’ 1. - DISPLAY THE IHITIAL..CUN-HUMBERED) .SPREAD")
CALL TYPE(’ M - BISFLAY THE NUNBERED SPREAD’)
catl TYPE(’ £ - ERASE THE 1aST CUT DR J0OI 2
CALL TYPEC’ U, D, L,DR R - MOYE THE CURSOR UP, DOUN,LEFT., OR RIGHT’)
e . CALL _YIYPEL’ K -~ INTERACTIYE CQUNT MITH. CURSOR @HDB BELL') ..o
CALL TYPEC’ M - aDD A #ISSING HUMBER (ONLY FOR CODUNTS)’)
feeee .. __CALL_TIYPE(’ X - REMOYE M _EXTRA NUNBER _(ONLY FOR _COUNTS:Y .. oo oo
CALL TYPE(’ Z - Z2ERD THE CHROMOSOME COUNT’)
cCAll TIYPEC(’ Sf - SKIP MOB _(USE O] RCRI'Y
CALL TYPEC’ OT N,T ~ SET THRESH FOR OBJECT N TO T’)
.. CALL TIYPEC’'-.IFf SPREAD_I15. 0K.. TYRE CARRREIAGE RETURHN’IY o oo vmiimmiomoe o
CalLt TYPE(C’8') ,
EE GGT0 25 - . ... _ e e .
¢
~ £ L= CUT KPART A TOUCH.
[%
128 .. . CALL CURSDR(Y1.%X1.80,88) . - - e . et e
CALL TYPEC('+MOVYE CURSDOR TO EHD DF DUT ‘,0)
- B0 185 J=t,2- R . e R - e
DD 135 I=1,23
~...125 CRLL _DLIHECOUHITE Y1 -247, %8 =-1,3,.8.8)

C MARK THE FIRST ENDPOINT

118

-ChlL PARAM(NHR,

PAR, 1BY - - . B

IF(HP.EQ.B) 3070 128

P=RPaR(D)

IFCP ER. ‘Y .0

—————ee JECP HE YE Ly GOTO- 428 -
€ ERASE THE MaRK IF £

- L-CHECK FOR UR,DOUH.LSET. QR RIGHT -
S120. ..

ti12

ii5

135 ..

1409

BD-112-1=1.3
ChALL DLINE(2335,
Laty 25 .
call UDLR(PQR)

GOTD 110
--COMTINUE---- ..
Catki CURSOR(YZ

R.P.E¢.*D *.OR.P.EQ.’L ’.OR.P.EQR.'R ’) GOTO 115

was TYPED

¥i- °+[ At-1, 3 B.-l)

KZ,ELoEb)

CALL ADLCSL,S5S.EL,ES, SST,HST, HLLHS)-- - -

DO 133 L=SL.EL
Y=2all =11

X220 (S8T(L)-1)

CalL BLINECLICHT. Y, M. RSTLLY, 1,8 - -

CalLL PARAN(HP,
IF{IV{BPAR(LY ).

PAR, 1 ©)
HE. ERASEX GOTO--138 .- P

C RESTDRE THE DATA IF E WaS TTPED

173

D0 155 L=sl,EL
A

¥=2%x (38T (Ly~1)
CallL DLINE(127.
CoTo 25.
RERUMN=1

Y, X HSTC(LY, 1, -8

D0 125 L=SLL EL . - e e e B
CALL RETC(A.L,IB)
CaLL PUT(R.L, 182
IF(IA.HE 1IB) PAUSE 55
CALL TTLa(0, allarS33TLLIDLHST(L))

C BRITE ZEROES IH THE DATA SET
SRS = s o & y S S P
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135 136
c
€ o = JBTN THO PIEEES: TOGETHER- - ---momomome moomsooosmmoms s ool
c
288 - CONTBHUE-<- ©or oo ool

CALL CURSOR(Y!,R1,5L,83)
—_— e CAbL TYPECAMAVE CURSORTOEND-OFSORN———
DO 285 I=1,3

235 CALL DLINE{25S, ¥1-240, 81~1,3, 8r~ddo o ommmmmo s
C MARK END-POINT
L2118 CALL- PARAMCHP mPAR BB ool

IF(HP EQ.9) G0TO 228

P=RARLL)
=)

IF(P.ER.'U '.OR.P.EQ.’'D “.OR.P.EG.'L ‘. OR.P.EQG.'R ’} GOTO 217

T & N L T e e
C ERASE THE MARK IF E WAS TYPED
T ¥ e -
212 CALL DLIHECHHITE,Y1-2+1,%1-1,3,0,0)
..... 5073 25
215 CALL UDLR(PAR)
: T T
228 CONTINUE
- CHLL CURSBRAVR, X2, Bk ES Yoo mmmmmmmmmmmmme commcmcm oo e
CALL ADLCSL,S5,EL, ES.SST,NST, HL,NS)
----------------- ~DO235L=Sb B
Y=2x(L-1)
3 - 0 T
235 CALL DLINEC127,Y¥, X, HSTCLYs L - 1)
C--ERASE ON -THE- GRAY SCALE- FO-INDEICATE - THE-JOEN-LEFRE - oo oo oo
249 CALL PARAM(NP. PAR. 18)
e AR PN BRARCLI L NEERASE)GOTO- 288
D0 255 L=SL.EL
S SEESTALY-- - e e o e e el
CALL GET<A, L, 1)
255 CALL DLINECACTA+S), 20€L 1), 24(S~1), NSTCL), 1, 8) - -
C RELSITE THE DuTh
SRR I, G2 S - — s
238 RERUH=1
DO 275 L=SL,EL - T S T
CALL GETCA, L, 14
: CALL PUTCA.L. T8 .
275 CALL ITLACI27, ACTA+SSTCLY), NSTCLY)
— LoURITE $27 14 _TUE DATA SET FOR _THE JOIW LINE
GOTO 38
T o e - e _— R
¢ B - CHANGE BACKGROUND
cC . - .. - e e e e idme i R
398 CORTINUE

e CALL CURSORLY R br 32
CALL GET¢qA, L. 14)

CALL QUTCOHCIYCACTA+S)I), MB(ZIL3 .- . e e eiei e oo
IT=CL/LPS)«NC+S/SP5+1L
IF(S/525 EQ . HCY. IT=IT-1_. R

CALL CUTCON(TTAB(ER+IT), H8(16)13)
rals TYPF(HR. A

ECGRE T =68
¢ SET 70 CHANGE BACK -
324 CALL PARAMCNP, PAR. tB)

IFCHP E@.BY GOTO 25
IFCHP GT. 1) GOTO 35
e ~ - IFARARCE . GT 127 0R.PARCLI- LT3 6HT0 60— —— -= i
TTHB(BDRY+ITI=PAR
CALL GET(A, SPARCLY+E, IR
Call PUT<A, SPARCLY+ L, TAD
CHLL NYWITTaB, adlR+i), 133)-

RERUN=1
S 171 3T WY S e — - — -
¢
G T - CHANBE THRESHOLD - - «- oo moin o oo
C
..... 488 . . CONTINUE. - R U

TFCIVONT(?) ). HE IV(‘*’)) GDTO 449
C GD0YQ 44@ IFE T 13aS AL READY REQUESTED
L DISPLAY THE SECTOR BOUNBARIES
- - - B0 413 L=LPS.#HL.LPS ... . o P
418 CALL DLIHECWHITE.L+L, ﬂ5+NS B 1.8)
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e -CALL T TLACL 27, BLACK s S 2 e e e s
DO 415 £=25PS, NS, SPS
415 . BlAaCK(S)=@ .
Do 428 I=1,9 -
A28 . CALL _BEINECBLACK HLtNL2 I +1 -2, 8,08, 8.8B) e
448 CONTINUE
_________________ CALL. CURSORLY . Xuba 8 et e e
CALL GETCA, L, I&)
LAl QUTICONCIYCA(TIA+S)II  NT(Z?3,3)
IT=CL/LPS)*HC+S/SPS+1
- e IE{S /PSS EQ N LT Al = e e -
CALL DUTCONCTTABCS4+1ITI. NT(18),3)
e .CALL. TYPEXNT.BY. .. .. _ P e
BORT=4
L SET T0 CHANGE THRESH
GOTD 328
JET 1 e e e e e e e [ i
[ A - QBORT
C... .. - e L R g R
588 CUHTIHUE
—_— . CALL APHuSECRY .
RERUH=8
IR . G070 1880 . . . . e e e U e e
598 COHTIHUE
Lo Lo o . e e im e oo - -
C F - FINISH KEYNORD
e e e e
TF(NFLAG . HE . 2) GOTO 618
L IF NOB WILL BE CALLED BOTG 618 o« ooooom o o i L
CALL #PHASE(HASKPH)
ERENE Cakl CLOSECA) -- . B B
caLL ﬁFILE(ﬁ;I:’PIC 5.9
CALL OPENCA, 512, 8,2, 1408 )
C SET TO 43D NK 70 HD8 QUTPUT LABEL
... £OTO. 628 el
618 CONTINUE
R S £3’ . R P e e e i i e

CALL WPARAN(122, NK, NOBPH)
£ SET H0B-TO CALL MASK AHD NOT PUT UP THE- BISRLAY—
CALL APH&SE(HOBPH)
628 IF{NP. EQ.3) HK=PAR(IY . el e
C USE OPERATOR SUPPLIED COUNT
e CALL-DUTCOMLHK GHSGCE8) » ) o e
C COMYERT HK FOR GMSG
SOl MYLLCHRG. TENP, £0),
TELP (IS =582
£ I4%E4T7 LF LF :
CALL TYPE(TENP.7@)
CALL GLABELCA, SPARF LAY - -ooven o ocom e
CALL NYL(GNSH(E7). ACTA+29@), 2)

e CALL P LABEL (A -SPAR AL TA R S S — S ——
C INSEFT NX IN THE LABEL
538 CALL CLOSE(A) :
CALL AFILECA, 4.’ PDATA ', 6,6)

CALL OPEN(A-512,8,2.°'PRP*)
CALL GLABEL (A, SPaR, 1A)

B — ~  He=H
CALL PLABEL (4, SPAR, ACTA+1))
Chlb GETLA  NL, EAD = - ccomimmee oo e o
CaLL HYLCGNSE, ACIA+1),128)

e U CALL PUTCANLTAY o ol il
PARC1)='KG’

RARC3I=DUMNLT
CALL MYLC(FILPEX, PAR(4).18)
CoLL- WPARAMCB~PAR MASKPHY -« ool el
CALL CLOSE(H)

B T YU = 2 O G P

700 caALL SC
G010 25
¢
. C-DBISPLAY THE RAY SCAM GITHGUT-OBJECT MUMBERS -« —ocme oo e o o
c
----889---- -CoLk--BCLEAR-- - - i . o I e e e oo
FI=64

MIL2y="x%x?

----



4,122,518
139 140

C RESET THRESH IHNDICATOR

e et BB BB A, Mo e om men o mooimi

CaLL GET(A. L, IR)

828 - -CALL-BLIBECACTARLI)L, 29 (k=130 N8 158 - oo e

CALL DCOUNT(HRK,FI)

LoTIn_25_
tro-t+ LT

¢

C--BISPLAY THE HOB -BUTPUT o o omo commm oo mmomm o

c
858 - Fl=64 - s T R r IR
CALL WPARAN (122, K, NOBPH)

_c"_}LL ﬁDuﬁQCIMﬂDDu\ -
CALL CLOSECA) ,
FE CQL—L ESI'-T'~~ - A e e e e e e em e imem e e e e o e o e [,
2880 caLL MCU
- CUBDTE 85 - o e e S e
ate CaLL NCD
e G DTB-RS _ -
920 CaLL MCL
. ¢OT0-25 - .. - N S U
330 caLl NCR
G070 25 - - - e R T - -
249 CONTINUE
Ce . N —
€ IHTERACTIVE COUNT

M - R SR U

945 CQLL CURSOR(YQ XB:L $)

e e DD 947 T E L NI o e leelee

CALL CURSOR(Y.,X®,L.,S)
e e LELY O NE Y8 ORANEL XD L0T0- 943

347 CORTINUE

-.C.CURSOR HAS NOT MOMED - IN B -MHILE .. L

IF(Y . LT.24.AHD.X.GT.1000) GOTO 995

& IF UPPER RIGHT GOIO0. 995 .. ... ... e e e e e ol

CALL CURSOR(Y,X,L.,8?
TEC(Y . 'T. 1988. ANR_X . GY.1088) GOTD 978
tAtL TYPE(BELL.@:
€ RING THE BELL - --
NFLAG=1
TF{HK. LT 80) N¥=HK+t
CALL BCOUNTI(NKLFI)

- e~ YIRBINXKIRY. . o i [

ATAB(NK) =X
LTREC(NK) =L
STASIHKY =5
Do 958 J=t.,2
b0 %358 I=1,3

258 CALL DLINELNHITE, Y2+l %=1, 3, 8,8) —
360 CALL CURSOR(Y2,X2,L,S)
S IFAY2.EG.¥.AND.X2.EQ. R -GOTO B6@. - . - cooieoaiee e oo
¢ VAIT FOR CURSOR TO BE MOVED

R _GO0T0. 945 _ __. O

978 CALL DUTCONCHK, MK(6).2)
CHLl TYPE (MK, B)

TF(NK.LT.2) GOTO 25

LR BER . THE TABLE . L el e ime o e e

DO 9908 H=2, NK

cee e TFCATABCH) L GELLTABCH-12) GOTO 89Q ..
LTH=LTAB(H)
B0 980 J=1, N

IFCLTN.LE.LTAB(J)) GOTO 585

--888_ .. __CONTINUE -___ S e e e e -

383 NHOY=N-J

ceee . CALL MYBCLTARBLD) L TEMP.HMOYY . _ . e e e

LTRE(JI=LTN
CALL MYH(TEMP,IYABCI41), NMOV)

CaLL MYW(STABL{), TENP, NNOV) .
- -STRBLJISSTABCHY .. .. e e e o
CALL MYY(TEWP, STRB(J'H.). NHOV)
398, CONTINUE. . .. e e SO
GOTO 25
935 CORTINUE

C ERASE THE LAST SPOT
- DO 837 _J4=t.2 ... T -
B0 297 I=1.3
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$97. .. _.CALL DLIHE(127,YTAB(HK) -2+ . RTABLNKI~1o3s @ mdd oo e
IF(HK. GT.8) HKaNK-1
Chll DCOUNT(HKLEL)

GOTD 268
1283 ... CALL CLOSE(AY . . . e R
IFCRERUN.GT. 2} CQLL RPHh’E(Z)
. CaLL £XIT . . e e e e
¢
4188 COHTIHUVE _ .. .

¢
_C. .M _PaRAMETEFR - aDD A HUHMBER FOR THE. RISSIHG OBJECT . .. _........ . ... e -

MFLAG=1 . . e .
TF(NK. GE. SB) GOTU 50
CRLL CURSOR(Y, X, L,S5)

DO 1110 u=i,2
,,,,,, D0 1130 1m1.5. . .
{118 CALL DLINECWHITE.Y- 30[ Z- 2;5;9:0)
e o . DO.LL2B Hal,HK- S

IFCL.LT.LTABCR)) GOTO 1139
_..-Li28 CORTINUE

LTAB(NK+1)=L
T SSTRBONK# LY=8 . - . el e mie e s e
GOTD {149
1138 .. HBOY=NK~H+l. . ... B,
CaLL HVU(LT&B(H) TEHP NHOV) .
CCALL NYBC(TEMPL.LTABCH+ 1), NMDYY - et et
IR ENERNTR EN R :
CALL MYS(STAB(M) - TEHP, NHOY) S - .-
CALL MYW(TENP, STRB(N+1) NNOV)
STHB(N)=S
1140 NK=HK+ |
e e AL B OB NI F I e
GOTO 25
1200 COMT INUE
¢
C- % PRPAMETER —~ REMOVE ONE OF THE-NUWRBERED OBJECTS -----
C
Sememe e e R ——
IF(HNK.LT. 1) GOTO 69 .
CALL- CURSORLY, X,L.8» - - T T LI LR I
MIN=20
C--FIHD THE -OBJECT--CLOSEST- - TO L.-S AND- NO MORE -THAN-28-AMAY----- - - - - - oo o
DO 12290 H=i,NK
_—_— D= [ABSALT AR NIl 34 L ARSLSTAR LN )-8 )
IFCDIF.GT.MIN)Y GOTO 1220
CMIN=DIF oo . e
HATH=N
1220 CONTIHUE - ---- - T
IF(HIN.EQ.28) GDTO 680
NabH I
Y=LTAB(H)>»2~-2
e CREETABCNIMZ =2 e
IFCR.LT.?2) R=7
(AR 115 W B - R T - SOV s e -
DO 12498 [=1.9
R 1248 CAlLL DLINECLI22,.¥Y-5+],.%X-2.9.8, -1
C ERASE THE DLD HUMBER
IF(NHDV EO 2y GOTO 1253
e . CALL-MMUCLTABLNALI, LTABCNI HMOWR e oo s el
CALL MYU(STAB(K+1), STAB(N3. NNHOY)
1258 NK=HK=1
CALL DLOUNT(NK,FI)
L GOTO 25 - . - - e e

2 - ZERG-CHROMOSOME  COUMFE -« - oo oo e o ool it s e e s

¢
¢
¢
—$388 — HK=8—
GOTO 25

c - - .
c Q - QUICK COUNT
v

1350 PARCI) =T’
e PARLBIE— - R
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CALL WPARAN(3. PAR, 2)

TALL APHASE(2) - -
CaLL UPRRQN(122;NK;RUBPH)

14

CaLl CLOBECA) - - - P

CaLtlL EXIT

£-QUICK COUNT-CRIION—

¢
- 0T -- SET-BBJECT THRESHOLD--- - - e s
c
H

482 - CALL MYU(PAR, RPARCHRPAI), 4> - oooo o o

NRP=NRP+4

e e G ALL GRARANCER P, RPAR-ROBRHD

RERUN=1

S Y1 S

END

[

¢ AUV EREPERE B e L _

S - o R [P e -

C *+ HOB -

C * *

[ L EEEE TR Y ) _

¢
VL HOE PROVIBES: _— -

DI THE ORIENTATION MECHANISAS. EACH INPUT OBJECT

C 1S FIRSY ENCLOSED IN A MININUM ENCLOSING RCTANGLE. THEN, THE OBJE

c 1S ROTATED IKTG TH INDICATED ORIENTATION . MEASURED

C AND THEN WRITTEN OUT. MOB ACCUMULATES A CHROMOSOE ==
T DIRCTORYE CONYAINING THE RESULTS OF THE MEASUREMENTS

C

SUBROUTINE 0B
C

CoHNON/CI/NOBL IDIR T
COMMON/C1/CHBIR, SHLBUF. LRGBUF, NS, NL, CUROLN

T COMMON/CY/ SST,EST
COMMON/C1/SPIOD, SPLTH. SPAREA

C SMALL BUFFER, FOR HOLDING ROTATED. UNMAGNIFIED OBJECT
o BYTE SHLBUF(30,5@) o
C LARRGE BUFFER, FOR HOLDING UHROTATED OBJECT

BYTE LRGBUF(92,98)

T C BUFFER FOR -0
BYTE BUF(2124)

BYTE OBUF(2124>
€ NUMBER OF INPUT OBJECTS
INTEGER NOB
C SYSTEM PARAMETERS )
INTEGER SPAR(S)
EQUIVALEHCE (SPARCI), NLI), (SPARC(2),NSI)

C PARAHMETER DEY FOR DECODING
. INTEGER NKEY, KEY(11)
C ENDPOINT TRACKERS (8 FRACTIONAL BITS)

INTEGER ZMIN, XMAX, YHIN. YPAX. XSHIN, XSHAX, YSHIN. YSHAX

C STARTING & EMDING SAMPLE TASLE
INTECER*2 SST(88),EST(88)

C RANDOA AREAS
C FRETURN CODE FROM ORIEHTATION SUBROUTINE
IRTEGER RCODE
C RADIANS/DEGREE
REAL RPD
_C OPERWTOR SPECIFISD CENVTROMERE POSITIOHN

INTEGER OPCEN (60
C OPERATOR FLIP FLAG
LOGICAL OPFLIP(68)
¢ OPER&4TOR SPECIFIED ROTTATION
INTEGER OPROT(60)
C CEHTROMERE LOCHTION METHOD -
INTEGER CLHETH
' C SKELETOH FLAG
LOGICAL SKFLG
€ SKELETON SVITCH o
LOGICAL SUSK
€ SKELETOM ROUTINE PARAMETERS




£

C

~

[

C

¢
g
¢
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INTEGER SKMIHN, SKBELT
Pl & PIs2
REAL PI, PTHALF
DELTA THETH
REAL DELTA
LOGICAL, L4
HTECEP SEGLTH
INTEGER ELK,BS,SL 3
CURPEHT OUTPUT LINE #
. INTEGER CUROLM,BL,CHRENT
PARANETER MREA

__INTEGER PAR(598) SO N

EQUIYALENCE (PAR.LRGBUF)
INPUT DIRECTORY

INTEGER IDIR(4.,6D)
FIRST BLOCK NRITTEW
INTEGER FBWY
HINIHOM LIHE C S S
IRTEGER HL

HIHINUR SanMPLE = e

INTEGER HS
LAST BLOCK WRITTEM

oo

¢

"CHRONOSOME DIRECTORY AND ITS FORMAT

INTEGER LBY

INTEGER CHDIR(1S.683
BLOCK NUMBER OF 1ST LINE OF 0BJECT

L

_C.

)

IRTEGER BLKHO

NUMBER OF SAMPLES IW O8JECT __ ..

INTEGER DIRNS

NUMBER OF LINES IN OBJECT e e

IHTEGER DIRHL
LENGTH OF CHRORMOSONME

c

c

c
¢
¢

c

INTEGER LENGTH

INTEGERATED OPTICAL DENSITY .

INTEGER 10D
CERTROMERIC INDICIES o e

INTEGER CIL.CID, CIa

_CEMTROMERE LINE NUMBER

INTEGER CENLIN
PERINETER
INTEGER PERIN

AREH il

INTEGER #RER
PERIMETER SAUARED DIVIDED BY AREA

c

c

¢

c

<
c. .

c

_BESRE
SAHPLE ACCUMULATORS

INTEGER PSQDA
CENTROMERE LOCATION METHOD
INTEGER CEMETH
HTHIMUM AHD HAXIMUM AREAS FOR CHROMOSOMES
INTEGER MAXOR, MIHOA
ES/ ROTATION JHCREMEMT

CIHTEGER DENA(BB). AREAA(BSE),ACL(176)
EQUIVALENCECDENACI),ACCC1)). (AREAACL), ACCCA9)

TOTAL AREA AHD TOTAL DENSITY FOR NORMALIZING

TNTEGER TAREA, TDEN
ACCUNMULTORS FOR CALCULATING CIé @ND CID

"INTEGER CDEN. CAREA

"t

Q

¢
¢

o]

[y xXe]

SPREAD MEASUREMENTS
'REAL SPIOD. SPHREA, SPLTH
SHORT ARK INDICATOR
INTEGER SHRTA

RANDON AREAS
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INTEGER CEN.CENWP1,S,PER
o REGL DPINC
BYTE ENC28)
C REMEASUREMENT CHROMOSOME SELECTOR

LOGICAL SELFLG,SEL{68)

G
C DATA STATENENTS

DATH DPIHC/2.8125/
DATH MAXCHRs687 ...
DATA NKEY- 11/, KEY/’AR’."RD*, 'FL ", "CI',"LU‘, *SK*, "SP*, *SE*,
- ‘LD, ’HW’.’MD’/ e

DATA ID/3/,RPD/, B12453/,P1/3. 14159/, PTHALF/1. 5788~/
DATA FBU- 17/, L/ 27,5737, (B4~
DATA DELTH/.85236/

T DATA SKFLG/ . FALSE./

DATA OPFLIP/69% FALSE./, GPCEN/68%08~/, OPROT /60487

DATA HMARNL/8B/,MAXNS/8S/,.CHRENT/15/

DATA SELFLG/.FALSE./, SEL/69% FALSE.,
TCALL HYL (Y 0BJ e REJECTED #ves se¢ &' EN.2D)

c
CC INTYTALIZE SPREAD MEASURERMENTS —~——~~~~ T T
4
SPI0D=9
_____________ _SPARER=D - o U P
SPLTH=0
CUROLN=3 e . o
NC=8
L -
¢ INITTALTIZE CHROMOSOME DIRECTORY
c
CALL ITIA(Q,CHDIR, MAXCHR®CHRENT)
. MIRQA=33 . e e -
MAXOR=2093
CLHETH=88

SUSK=. FALSE.
BEFAULT IS LW - NG SKELETON AND WIDTH TO LOCATE CENTROMERE

L
£
C RETRIEYE PARAMETERS AMD DECOBE
¢
2

_ CALL RPARAM(HP,PAR.S598.8)
IP=1
18 IFCIP.GT NP> GO TO 5@
IPNaPARCIP+2)
30 12 J=1, HKEY o o S S
1F(PAR(IP).EQ.KEY(J)) GO TO (15,18,21, 24,32, 48,45, 47,51,54,57),d
12 CONTINUE

¢
C INYALLD PARAMETER . . . L o
C
13 CALL TYPE(’ ##% PARAMETER ERROR'} , .
GO To 95
c
C PARAMETER AR - SET MINIHUW & MAXINOM OBJECT ARER
c - - [ - e e - e N e P, e e m e - - -
15 HINOA=PAR(IP+2)
_ HAXOA=PAR(IP+3) o o i
IP=1P+4
_ 60.T0 18

¢
¢ PARMHMETER ROTA - ROTATE SPECIFIED OBJECT PRESCRIBED AMOUNT

=

18 IFCIPH.LT . 1.0R, IPH.GT.MAXCHR) GO TO 13
K=PARCIP+3) /DPINC

e .. OPROT(IPH)=K*4
19 1P=1P+4
GO TD 18

PARMMETER FLIP ~ FLIP SPECIFIEL OBJECT

LS ' I ]

1 CIFCIPN.LT.1.0R. IPH . GT.HAXCHR) GO TO 13
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149 150
OPFLIPC(IPH)=. TRUE.
. no 13 235 [
s
¢ PARAMETER CIL - SET CEMTROMERIC INDEX e B I
24 IFCIPH.LT.1.0R. IPH. GT. HAXCHRY GO TGO 13
OPFLIPCIPHY= FALSE.
25 OPCERCIPN)=PARCIP+3)
I 1 - N 2 I & S .
¢
_..C PARMETER LN - LOCATE CENTORMERE BY MIDTH .
C L
32 CLMETH=88
SUSK = .FALSE.
________________ LM P e R e e
GO TO 16
€ PAPANETER SK - OUTPUT SKELETON PICTURES
¢
46 SKFLG=. TRUE.
- N PE I P S
GO 70 o
C PARAMETER SP - SET SKELETON PARAMETERS
¢
45 SKHIH=PAR(IP+2)
. SKDELT=PAR(IP+3) U - .
IP=1P+4
_ LR o v o SR
c PARANETER SE - SELECT CHROMOSOMES FOR REMEASURENENT
"E HOTE - THIS PARAMETER RSSUMES THAT @ CHROMOSOME DIRECTORY
¢ EXISTS FROW PREYIOUS MOBBING OH RCR L o
C
47 K=PaR(IP+2) ) o o
IF(X.LT.1.0R.K.GT.68) GO TO 13
e __ SELFLG= TRUE. e
IP=[F+3
DO 48 A=1,¥ o ) i
L=PaRCIP)
JIP=1P+l ) B
SEL(L)=. TRUE.
48 CONTINWE =~ o e
GO 1O 18
L L o L e
¢ PARAMETER LD - LOCATE CENTROMERE BY DENSITY
¢
51 CLHETH=8
 SWSK = _FALSE. o )
1P=1P+2
o Go 10 18 e o
c
.C PARAWETER MU - LOCATE CEHTRONERE USING WIBTH #ND MWODEL (SKELETON) B
[
54 CLMETH = 83
b= pP+2
SWSK=. TRUE.
GO TO 18
c . -
C PARAMETER MD - LOCATE CENTROMERRE USING DENSITY AND MODEL (SKELETOH)
¢
57 CLHETH =8 T T - -

IP=1pP+2
SWSK=. TRUE.
GO TO 19

¢
L OPEH DAT& SETS

’

-] CatL
CALL

CaLL

AFILECBUF, S, "UCLR
AFILEC(DBUF, 1, *RCR K
ALL OPEH(BUF, 1824, 1. 8. *UCR’)
CALL OPEN(OBGF,1824,1,1, 'RCR')
CALL GLABEL (BUF. SPAR, I8)

+"83,.7132

413,13

SPRR(1)=125
L PUT nAX HL IN LABEL SO COPY HILL NOT CAUSE F374
CALL PLASEL (DBUF, SPAR,BUFC(TIB+1))
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AD IN ROB DIRECTORY

o olo
i
2
m

CALL GET(BUF, 1,18)
CALL NYLCBUFCTB41), HOB. MAXCHR#8+2)
TTALL GET(BUF, 2, 18)
D0 S5 I=1,NOB S
§5 T T THDIRCPERTIN, TVRiV2(BUFCIB¥241+(T-17%2))
1F(.HOT. SELFLG} GO TO 60

c
C_READ PREVIOUS MOB RESULTS IF SELECTIVELY RE-MEASUREING

s RN

CALL GET(OBUF. 1, 1B)
CALL MYL(OBUFCIB+3),8P10D, 12}
CUROLN=1¥2¢0BUF(IB+15))
HC=TV2(0BUF(IB+17))

CALL MYL(OBUF{IB+31), CHDIR(1, 1),2¢15¢39)

TCaALL GET(0DUF,2,1B)
. cALL MYL(OBUFCIB+31),CHDIRC1,31),2+35*30>
69 COKTINDE

[
C MAIN PROGRAM LOOP - EXECUTED ONCE FOR EACH OBJECT 79 BE MEASULRED =

K Exl

50 538 N=1,NOB3
_ IF(.NOT.SELFLEYGO 70 79
1F( HOT. SEL (M) GO T0 508
SPIND=SPICGD-CHDIRCISR.HY - L
SPLTH=SPLTH-CHDIR(LENGTH, N}
SPAREA=SPAREA-CHBIRCAREA, H) o o o
NC=HC-1
I8 _COMTINWE -

INITIALIZE STORAGE FOR THE OBJECT

_CALL ITIA(CBY, SST,HAKNS)
CALL TTIA(B,EST, RAXNS)
CALL ITIA(B, LRGBUF, 58%99.,2)
Hi=0
weien.. .. HS=B
]
. C READ & PROCESS OBJECT BLOCKS =
¢

xkaa L oo e .
1L o S ’
BL= e _ ) S . ] o -
IFE=IDIR(FBY. W)
ILB=IDIR(LBY, N)
MINS=IDIR(MS. N)~1
c
C READ ERCH BLOCK ONE BY OHE
¢
BO 145 BLK=IFB.1LB
CALL GET(BUF.BLK.IB)
HSEG=IV2(BUFC(IB+1))
_.A1=1B+3 —_ - e

<
L PROCESS ERCH SEGHENT WITHIN THE BLOCK . __ . .. __ ... . .. S
c

D0 142 I11=1,NSEG_
IFCIL.EQ. IV2(BUF(TII>)) &0 TO 118
IL=1V2(BUFCIIY)
BL=BL+1
. 1F(BL.GT.8B) GO TO 458
ite 85=1V2(BUF(II+2))-NINS
1F(BS.LT.8) GOTQ 490 e e
"C IGHORE POSSIBLE BUG IN FOB OUTPUT DATA seetnsssesossenss
IF(SST(BL).ER.89) SS5T{(BL)=BS
NSAMP=IV2(BUF(II+43}

IF(HSANP . GT.88) GO TO 498

KK=KK+NSanp
_EST(BL)=BS+NSANP-1

IFCESTC(BLY. GT. MAXNS)Y GO TO 498
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C TRANSFER SEGMEMT INTD LRGBUF
"""""""" CALL MYL CBUFCII+6). LRCBUF(BS. BL)Y. NGANPY =7
.. AFSHSANP-(NSANP/2) %2 HE. Q) HSANP=NSAWP+L
149 [I=11+NSaANP+s T

1459 CONTINUE
]
.G _REJECT OBJECT IF IT IS TOOD SHALL OR TOO LARGE
¢ e .
e . LELKK. GT . WAX0A . OR. KK. LY MINQAY GO_TO 498 .
C SRIENT THE OBJECT
c .

... .CALL ORICBC(LRGBUF, SWLBUF,SST,CHIIRCI.H),BL, OPROT(H),RCOBE)
NS=CHDIRCDIRNS, N} T
NL=CHDIRCDBIRNL.NY . ..

IF(RCODE.NE.3) GO TO 490 i —
- L NC=NC+)
. —— .
€ BUILD ACCUMULATOR TABLES . .
¢ S . .
¢ CALL RCCSUB(SNLBUF, HL,HS,AREARA, DEHA, TAREA, TDEN)
€ BUILD AMD ANALYZE THE SKELETON 1F LOCATING
{ THE CENTROMERE BY DEHSITY - -
4
€ ASSUNE OPERATOR SUPPLIED CEMTROMERE (SET METHai)
CER=DPCENC(N) TTTTTT R e e e
o __IF(CEN.ME.B) GOTO 170
C CHECK FODR OPERRTOR SUPPLIED CENTROMERE i
. _ METH=0
€ SET METH=0 FOR AUTOMATIC CENTROHERE ~~~ ~~~ 7 777 7 mmmmmmmims oomrrmemeiss mmeee
£ IF(.NOT.SVUSK) GO TO 150
¢ CALL SKSUB(SHLBUF.NL, NS, LRGBUF, CEN, DENA, SKMIN. SKDELT, CLNETHY
c IF(CEN.NE.B) GO TO 230
: . 38 . _
C THE FREYIOUS STATEMENTS YERE CGHMENTED OUT TO MAKE HORE ROOM
c
C LOCATE CENTROMERE BY ALTERRATE METHOD .
c.
158 ASSIGN 165 T0 L0OP
: -
C LOOK FOR CENTROMERE IN NIDDLE HALF OF INAGE .
c
NS1=(H5-(NS/2) #1372 O
¢
¢ _FIND MINTMUN
¢
1S5 CONMTIRUE e
NS2=NS-NST+1
_ MINA=ACC(NSI+CLMETHY e .
CEN=HS1
DO 168 I=NS1,NS2
TFCACCCI+CLMETR) . GE . HINAY GO TO 168
______ O MIHREACCCI+CLMETNY e e e
CEH=1
A6 CORTIMUE e e memeaana s
GO To LOOP
¢
C CEATRONERE HAS BEEN TENTATIVELY LOCATED. 1T IS CORRECY
€ _If NOT_ONE OF THE ENDPOINTS. IF IV IS AN ENDPOINT, LOOK _ __ _ ____ ...
€ FOR & CENTROMERE YITH aN INDEX BETWEEN .73 AND .87
c e e i s e — e m e ———- ———— - [
i8S T TTF(CEN.NE.NS{AND.CEN.NE_NS2) GO TO 2360
ASSIGH 238 TO LOOP )
NS1=(NS+4)78+1
D T 155 e e
£
€ ADJUST CENTROMERE AS REQUIRED BY OPERATOR ... ... ...
)
178 IF{CHDIR(CENLIN,H).LT.9) CEN=HS-CEH+1 .
T ADJUST FOR SHRORT ARNW ON RIGHT CRIGINALLY
MINA=ACC(CEH+CLAETH) i

"¢ LOOK ONE UP AND DOUN TO SEE IF THEY ARE SNALLER
IFCACCCCEN+1+CLNETH) LT NINR) GOTO 280 ...
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€C STAHD CHROMOSOME UP AND WRITE IT INTO ROTATED FILE
[
. CIP=N§
LPR=1824/HL

CHIIR(BLKHO, N}=CUROLN

155 156
IFCACC(CEH-1+CLMETH). LT . NINA) CEN=CEN-1
__ 60TO 258 ~
189 CEH=CEN+1
COTO 256 L e .
c
C CHECK FOR BUPLICATE MINIMA AND TAKE AYERAGE IF 80
¢
238 J=8 o i ~ o
T CENP 1=CEN+1

B0 248 I=CEWP1,NS2 S

IFCACC (T+CLAETHY  NE.NINAY GOTO 245

240 Jad+ , )

245 CEN=CEN+4/2

C

T NEASURE THE ARHS

¢

258  CALL DPT(SHLBUF, HL, CEN.LD2)
CALL DPT(SHLBUF, ML, L, LBEY o
CALL DPT(SMLBUF, ML, NS,LD3)
AILTH=SART((CEN~-.5)*%2+ (FLOAT(LD2-LD1))se2)
AZLTH=SART((NS-CEN+.5)+#2+(FLOAT(LD3-LB2))eed)

e ... CHRLTH=AILTHs+R2LTH e e
ICHR=198. »AILTH/CHRLTH+. S
IF(OPCEN(N) .EQ.8) GGTO 260

C FIND SHORT ARN FOR DPERATOR SUPFLIED CENTROMERE . i e
IF CHOTFCCEHLIN, H).LT.9) SHRTA=-1
IF<0FFLIP(N)Y SHRTA=-SHRTA ]
GOTO 265

260 LFCICHR. GE.58) SHRTaA=-1 ]

255 IFCICHR. LT.58) ICMR=100-[CHR

. IFCICHR_GT.99) 1CHR=99 — —

c

C CALCULATE CID AND CIA

¢
CDEH=8  _ o o .
CAREH=9

_ _ho 278 1=1,CER —_—

CDENSCDEN+DENACI)

2789 CAREA=CAREA+QREAACTY . . . U
IDR=((208.+CBEN)-C(169. +DENACCEN)) +FLOAT(TBEN)) /(2. ¢ TDEN)

O IFCIDR. LY. S@Y IDR=1BO-IDR . e
IF(IDR.CT.99)IBR=99
1AR=((298.+CAREA)-C100. +AREAACCEN) )¢FLOAT(TAREA)) /FLOATCTAREA+TARER)
IFCIAR.LT.58) 1AR=108-1AR

.. IFCIAR.GT.99) TAR=99 o e
¢
C_ADD HEASUREMENTS TO CHROMOSONE DIRECTORY === == O
3
1F(SHRTA.EQ.~1) CEN=CEN~NS-1
C STORE NEGATIYE CEN TO FLAG SHORT ARW ON RIGHT
e . CHDIRCCENLIN.MI=CEW i
CHDTR(LENGTH, N)=CHRLTH+. S
-oo......_CHDIRCIOD,NX=TDEW .. e
CHDIRCAREA. N) =TAREA
. CHDIR(CIL, N)=ICHR
CHDIR(CIA, NI=1AR

JJCHBIRCCIBLNI=IDR s e

FPERSCHDIR(PERIN. N)
FPSDA=(FPER®FPER)/(TAREA-, S*FPER) ) e
IF(FPSDA. GT.327.) FPSDA=327
C CHECK FOR INTEGER OVERFLOY
CHDIR(PSQDA, N) =100, «FPSDA
- CHDIRCCEMETH. NY=NETH . . S
c
C_ADD IHDIYIDUAL MWEASUREMENTS TO SPREAD WEASUREMENTS B L .
¢
SP10OD=SPION+TDEN
SPAREA=SPAREA+TAREA
SPLTH=SPLTH®CHRLTIN . _ . ... .. ;
c
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389 CALL PUT(DBUF, CURGLN, I8}
CURCLN=CUROLN#L B
IFCSKFLG) GO TO 305
CaLL CHROUT(SMLBUF, OBUF(IB+13,HS, NL.LPB,IP, SKRTa, 98
GO TO 318
2383 CALL CHROUT(LRGBUF,OBUF(IB+1),NS,MNL,LPB,IP. SHRYA,90)  _ ___ .
318 CORTIHUE

IFCIP.HE. @) GO 70 382

60 TO 504
¢
C OBJECT BYPASSED
498 CONTIRLE
_____ _CHDIR(BLKHO,H)=8 I L -
CALL OUTCOMNCH,EN(7).R2)
CALL OUTCOMN(KK.EN(22),4)
CALL OUTCON(HNL.ENC23).,2)
CALL OUTCOM(NS,EN(283,2) i
CALL TYPECEMN, 28)
c . oL
C END OF MAIH LOOP
e o _ -
LT CORTINUE
. C UPDATE CHRONOSONE BIRECYORY ON DISC
L
CaLil PUT<OBUF, 1, 18)
.. CHLL ITL2(NOB, 0BUFCIB+1)) —
Call ITL2(CURDLH.,OBUF(1B8+15))
CaLL ITL2(NC.0BUFCIB+L2YY . - - .
CALL MYL(SPIOD,OBUF(IB+3), 12)
... CALL WVL(CHDIR(1,1),0BUFCIB+31),2030%18) ...
CALL PUT(OBUF, 2,183}
CALL MYLC(CHDIR(1,31}, 0BUF(IB+31),2230%1%3)
cAalL CLOSE(OBUF)
CALL CLOSECBUF)Y S
4
L MEASURENENTS COWPLEYED
c
939 CORTY INUE
CaLL EXIT
END
¢
N T —_— . [
C* *
C* CLASFY = - . COMPILE WITH ~C0:235  -- SRR RERIRY -
Cw »*
[ N T S
4
R B B -
C CLASFY PROVIDES THE CLASSIFICATION MECHANISH FOR THE CLINICLA
€ ALWS -SYSTEM ---1TFS -INPUT--IS THE--CHRONOSOEM--DIRCTORY--PRODUCED--BY-#OB-- -~ I

C AND I1TS OUTPUT COHSISTS OF THE RESULTS OF THE CLASSIFICATION PRO-
€ -CEDYRE--WHICH 1§ UFILIZED-BY- KTYPE-TO- PROBUGE--THE- KARYOGRAM - - - momrm oo
¢

c
b

SUBROUTINE CLASFY
serme - GOMMONZC 12 T 1 S 16 OF G, FO B LB - oo ocoemm e e s e o s
COMNON/CL/NOB, SPIOD. SPLTH, SPAREA, CHDIR, IOBUF
c ~e------ COMMON/CI/NSO-HRLAG, GID, SID4,- 18R, OF8, SELF)BES--mor mmm oo e
——C—COMUON-RECION.
c .
g -HUMNBER- OF- -CHROMNDSOMES -~ -« oo S e

P IHTEGER-NOB - e
c
— L_CHROMOSOME DIRECIORY

---------- IR T GER CHD IR LS 0 - o o el i e e s e
C FORMAT OF DIRECTORY . A T
c

-0 BLOCYK N0~ OF FIRST_BLOCK-OF AN-_OBJECT
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INTEGER BLKNO

£ NUMBER-OF  LIMES I8 OBSEC T oo oo o oo e el
INTEGER DIRNL

C- HUMBER -OF - SAMPLES TH OBJECY . o oo oo e
INTEGER DIRNS

.. C-CHROMOSOME LENGTH

L4 DFE-DIRECTORY-ENTRIES FOR EACH CHRONOSIONE

e T HTEGER IS8T (1 23 MO 641 1) OLDE(S3 ) NEVS(SB)—

INTEGER LENGTH

€ IHTEGERATED- OPTTCAL- DENSITY  coomm s ramaom oo e id e e
INTEGER 18D

C CEHTROMERIC IMDEXR BY LENGHT . : .
INTEGER CIL

. L-CEXTROABRIC INDEX BY-DENSITY
INTEGER £ID

C. CEHTROMERIC IHDEX BY AREA- -« oo o o e e e
INTEGER Cl4

¢ CENTROMERE LINE HUMNBER IN ORIGINAL PICTURE- o : .
INTEGER CENLIHN

-C-PERLMETER - — —_— e - e

INTEGER PERIN

C. AREA-OF-CHROMOSONE. - .- el
INTEGER AREA

C. PERTMAS2LAREA .- -~ oo oo e el . e
IHTEGER PSQDA

INTEGER CHRENT

C 10 B!JFFER

B?TE I0BUF(4209)
n

¢ RANDOH AREAS

¢
INTEGER SPaR¢i®)
BYTE ICIL(27}
INTEGER SL312.RECS512, OFSF, SEX

cemm e LHTEGER SCSFLG-—— - - —— e —

INTEGER CNAM(28)
SYTE HHSG(29),FNSG(36). SNSG(39). . PEN(22) - ----
IHTEGER KG(18),JG¢18), IG(18), KFAIL(13), JFQIL(!O)
INTEGER CLTC(28,51), ALT(23,51), NACCIA)HALLI®)Y - -
REAL ST(11)

INTEGER SCS{(9B)>, SCLT(S), XTBL(48). ISR(6),.CIGCL1). IIGCIL)
- INTEGER SID4C80).,0FGL275% ICTBCEO I, LLTB(BB) - oo e e
TNTEGER AC(10),AL(18), HING(10)>, MAXG(10),.CTAB(E?
. ... - - INTEGER OFS(31), PAR(SOO), KEY (L9 . e e
LOGICAL GID(ig)
—_ . INTFGER YINTC(2253, ¥ID,BID
LOGICAL DEBUG, HOX

ﬁ

C nsm STM‘EHEHTS

DATA HG/18/,HG1/11/,HC2/127, NGT2/208/, NGT2H1/197, YIBs7Y *+

b

e DATa BIBL? '/, ST/6%2B 2% 23,1 ,2%20 £,2/8 1/

DATA CT/120+0, 18+8.68,99,18¢«B.,68.99, 1628, :
cmeeee .- 186, 67,68.99.16%8, 38, 67, 68,89, e
11648, 59, 67,68.,99, 14¢8. 62,82, 53,67.68, 99, 14*08, 62, 84, 3@,67, €68,
. . 299, 1098, 85,99.57. 67, 62, 64.50,67.81,99, 10¢8.8%3.99,5%,. 67.62,84._ _______ .. .
350,63,61.99, 1228, 81,99, 54,67,62,. 84,50, 59,12+8,88,99. 54,67,
—_— . 462.81,592,57. 1240, 80,98,%4.67,62.81,%50,56,108.0,3508,79,80,93,
534,67.,62,81, 4+%0,8%8, 58, 79,80.99, 54,64, 1400, %0,72.88, 99, 16%8.
-658,79,£8.99, 1698, 50,.79,.80.99,16+8,59..79,80,99.1648,58,79, .- .-
789,99,14#0,73,73,50,79,9898,99,12+8,30,53,79.,79,53.,79, 148,
£58,.59.68.79.53, 70, 14¢3,58,59,68.79,56.60.1429,508,59.68, 79, ..
956, 68,14%8,50,59.69,79,58,60,12%08,58.67,50,59.68,79.58,68,18+8.
158,56, 58,67-598,59,. 58,729,358, 68, 13%08, 39,356,858, 62,350,559, 68,
179,58,63,108+9.58, 56, 55, 67,58,59.68.79, 12+8,98,56,53,67, 39,
--192,68,29,12408,509,56.,-53,67,50.56.-68,23, 1249,88,56.55.62, 58—~ -
156,68,79,12+8,58, 56,53, 67,16+40,98,536,385,67,16+8,30,57,53.67,
Smee---116%0,59,87,55,67, 16%0.50,572,55.,67,1620,59,52,.53,62.,-1688, - - o
152, 57.55,67, 16%9,58,357,55,67.1600,508,57,35,67,16+8,50,37,
355, 6241 638, 50,52, 53, 62, 1600, 50, 57, 3800.2
DATA MCT/100+3, 1820,70. 99, 16+0,78,99,180,78,99, 18+8, 78, 93,
2 18x%3,720,99, 18%8,78,9%,16+3,58,66,706, 5%, 149,53, 78,508.66,2%8, - - -
3 14%B,53,73,58, 66, 14+3,53,¢60,53, 78,58, 66,2#9,
5 12+8.50,868,53,78,523.56,12%2,68,99,50,68,53,78,-58, 66,29,
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7?7 8%8,59,75,68,99,50,60, 14+8,50,73.68, 93, 508, 60,68,
e . 9828, 50,25, 68,99, 5%8, 358,50, 73, 68,8980
1 £20,50,75,68,99, 16+6.30, 73, 68,39, 9+0,
3 9%9,59.75,63.99,9+8.6%8.68, 28.50,75, 188, - - -- Sem mmemommes e
5 4=0,50,68,68,78,58,69,12+9,63.71.,580, 60,60, 79:69 68: 10"0:
7 0,0.63,71.58,698,68,78,608,68.12¢0,63.71,50,60,68,73,690,68,108%8,- - - -
9 59,65,63.71,50,60,68,78,608,63.108,
— 830,65, 63,71, 38, 68.68-78.1208,
1 59,65,63,71,508.,69,68, 78, 120, 50, 65,1828,
3 50.65,.1899,58,.55,18%3,590,65,18%8.59, 65,1808, - - oo
? 58,65, 1040, 50,65, 18+8, 50.65,18+%8,508. 65, 109, 200«0
ceeeoooo - DATA-MAC /68, 66,57, 22, 65,25, 56,62, 37., 987 o e
DATA MAL/34.,29,27,27,21,19,16,15,13,8/
e _DATA IST/1,5,9,13, 19,37, 45, 49.55. 65,25, 31 2, H0G/1 1@
DATA SLSI2s/8/,SCSFLG/87, NAXNSO-s5127, HSHOY -8/
................ DATA - GNARA AL 2. 2 ,282°%, % _ 2, 2432, *,*B. 2, . ?2,! L L
1's +,° 'J'ELY, 6 L 'E Y 5'F ) (PR T ‘s
DaTH XTBL/1.2,3,6,9,19.13,14,15,16,.19.20,21,22,23,24,.23, .- - - - oo
126,27,28,29,30,31,32,33,34,37,38,39.48,41.,42,45, 456,
Lo~ 242,58, 51.952,.58.56,587,50,65,.66,62,60.69,?8/ _: _ - _«_ .. .. G ek e e
AR #L,32.6.,54,73,66.89,58,72,57,89~
DATH- AL/ 48,38,31,29,23.18, 12, 15,113,148/
DATA MING-2.2,2.4/15,8,2.4.4,4/
DATA MAXG#2,2,2, 4,16, 6+-2+,4, 4,37~ -
DATA CTAB-/182.80.0.08,0.1088/
———eee - DATA NOX L FALSE . #DRBUCL. FALSE . £, RECSIZ 210244 -
DATA BLKNO/1/, DIRNL/2/.DIRNS/3/,LENRGTH 4/,10D/8/,CIL/6/
BATA CID,2/,CIA/78/, CENLINZD/, PERIN10/, AREAZ11/,.PSQADA/ 12/
DATA CHRENT/15/
DATH BFSF~8., NSDF/98/, SEX/D/-NKEY/19/
iSR(1)=}
- FSR4{2)=4%
ISR(3)=37 -
TSR 4D 355 - e oon o eeaoon e iiiiie e
ISR(S5)=73
N ISRCEI ™Y .. U P OO
bo 12 1=1,5§
2 SCLT(II=38
GIDCL)n’f=
e BB R B e e e e
GID(3)='C
TP UG 135 8 1 B 4 8 S I U U U
GID(S)=’D-*

GIBLEIIE *
-0 -

GIB(?)='F-"

R - £ 3 - & e et T
CIB(9)="L *

B i ete T - 4 1 % 1 - T B R
CALL MVLC'A-1 A-2 A-3 8-4 B-S c-6 C 7 c-8
+6-8—L~ 88~ 0~12—H——J~13 D14 D~15 £~1-6 E~1F
1€-18 F~13F-280 6~21G-22 ¥

T e e e L, G LD 18R - - e e

CALL MYLC’ SINPLE MOVE FRON ##w TO #+e’, HNSG,29)
CALL -MYL (2 CONPLEX -HOVE - FROM- e20-F0--see FALLEDS FANSG, 36> - -~ --
CALL RYLC’ N= IC= IL= GROUP= ’, ICIL,27) »
e CALL WYL CONPLEX NOVE FRON—$ee TO0 woe SUCCEEDEDL, SHEE 39> —
CALL MYLC’'CTSTHIMXCSCLIRICOSCONNSOSIMAFENXDESZNY’, KEY, 39)
CALL MYL (8% PARAN-ERR, - FPo- 08t , PEN, 2} -—om oo oo oo e
HLO=9
R -NSO=468 - e e e e e e = R
45 NLO AND NSO ARE DETERNINED AUTONATICALLY, SUT A LARGER NSO 1S OK

C GET PQR\QHETERS

B SEETE e e e e e
998 CONTINUE
CALL RPARANCHP,PAR,-388.9> - .- .. - ... s
iP=1
S -1 8 CONTLINUE - e

IFCIP.GT.HP) GOTOH 79
00 23 J=1,HKEY- FEE R R TR S e
IF(PARCIP) EQ.KEY(J)) GOTB(!:Z- 3; 4:5:6;?; 8:9-15;
R 1108,1298, 1209, 1460, 15062,.1512, 1520, 1530, 1549), J
28 CONTINUE

U ——

C PARANETER ERROR
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25 CﬁLL OUTCON(IP:PEH(22)13)

- .- CALL -BPRINT (PEN,22) - e e e e i e

GO TO 9589
B -
C PARANMETER CT - ADJUST THE DECISOIN TASBLE
G _ . el S
l IL'PRR(IP%Z)Ol
- IFCIL.LT.1.0R.IL.GT.S1)x.G070.25 - e
IO 1000 I=1.NGT2
1RAA ST, T ) =R
(P=1Ir+3
1919 IFCI? . GT.NP> GOTO 76
DO 1629 J=1, NG
IF(PARCIP)Y. EQ.GHANC(J)) GOTO 1238
1828 CONTINUE
Y ¥ 1% o + N 1 - YO P e -

1838 JJ=J+J
CT(JdJ, ILI=PAR(IP+3) S
CT(JI-1, ILY=PAR(IP+2)
[P=IP+4
50TO (318

Y - S

C PARAMETER HH - HO DBJECT HUHBERS oR CENTROHERE FL#G

¢ - . U P

1108 HFLAG=]

IPmIPe2 . .0 0 0y

G070 10
I

C PARAMETER SO - SET & OF OUTPUT SANPLES

U - e e T e e

1200 NSO=PQR(IP+2)

B .-+ 5 -3 D D pU U U gy R

1203 I[P=IP+3

£0T0. 18
c

L PARAMETER ST = SET _SLOX 1B’ S . . e o

c

L1388 ____DA_131@ I=t,90 ... ... . U

1318 SID4CI)sPAR(IP+1+])
IP=IP+47

GOTOD 12
R e e e e e

¢ PﬂRQHETER HA - HRLE KQRYOT?PE

N e e s

1400 SEX=1
1410 1PalP2 .

GOoT0 10

R 2 e i e U g

C PARAHKETER FE - FEHﬁLE KﬁRYDTYPE

. .. - . S U

1580 SEX=2
- GOTO0LM1Q

c

L PARAMETER -HX —_ HO. % SEPRRATION FROM_C GROUP. S I

¢
1318. NOXa. TRUE. . s - L
CaLL MYL(' B B ( C+ X )

3B B B i B Er B
2F F € & ‘,SID4¢13),112)
GOTO. 1410 - e
)
€ PARAMETER DE ~. BEBUG OPTIOH OH : R
c
. 4520 -DEBUGm. JRUE . . _. _—

GOTO 1410
C PﬂRﬂHETER SZ - SET SLOT SIZE
1538 SLSIZ PAR(IP+2)
e ———GOTO -1 283

¢
C. PARAMETER MV - WOVE CHROMNOSONES AROUND FROM PREVIOUS KARYOIYPE
¢
4548 IFC(NSHOV.LT.58) KSMOVSNSHOYAL - ... . ... ...
OLDS(NSMOV)=PARCIP+2)
ox... HEMSLHEHOWNY =PARLIP+3)
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165 166
1p=IF +4
COTO0 19
¢
C PARAMETER ST ~ SET SLOPE TABLE--
¢

2 — - DO 20888 1=3, HET2MI—
2289 STCII=PARCIP+I+1)/PAR(IP42+1)
. IPRIP4NCT2N1+2 o B
COTO 19

C PAKAAETER NI - SET AINIAUK & OF CHROAS. FOR EACH GROUP

€ e e
3 o 339@ I=|-Nh

3388 HINGCIMEPARCIPHIPEY « ooe woomommemo e o s
1P=1P+HG2
.GOT0 18- . e

4 DO 4BBB - I= MG e e e e o
4908 HARG(I)d=PAR(IP+1+I}
PR IR NG 2 e el e o e

GOTD 18
¢

¢ PARAMETER CS - SET CENTER SAMPLES FOR EACH SLOT
B U U
S DO 5088 1=1,98
S888.SCSCIImPARCIPAI &) oo
SCSFLG=1

1P=JR492 -

G070 18

oo m e o o i e i

C PARARNETER CL - SET CEHTER LINE FOR EﬁCH GRDUP
¢ - . e
S DU GGBB 1= 1 5

- 6533 SCLICII=RARCIPA 44

1P=1P+7
B e ESEIETTEEE
c
€ PARARETER - IR - SET PHITIAL -SLOY-FOR EACH ROM- - - e
c

e P23 6811 6—

7893 ISR(1D=PAR(IP+1+1)
CIPRRE e e
£0T0 18

c e e o -

¢ PARRRETER I - SET IWITIAL SLOT FOR EACH GROUP

€ e e e

8 DO 8000 1=1,NG2

86BG . IST(I)=PARCIP41+1} e e -
1P=IP+HC242
GoYI0 18

o e

-9 BESF=1.. e
NDFS=NP IP 1
- -1F{NOFS. NE. 48 AND HOFS.HE. 46)-C070-8938- - - .- -
¢ SEE IF 48 OR 46 OFS PARAMETERS WERE USED
cm—-D0_B8300_1=1,KOES c e

PARANETER- 05 ~-MANZALLY L1N3ERT CHRONOSONES IHIO-SLOTS — — — — .

8988 OFS(XTBL(I))X=PARC(IP+1+1)

€ ALLOY.FOR .TRE-.EXTRA. SLOTS B e e
G070 ve

. 8958 CONTIMUE
30 9ged i=t., 98
TFCIP+1«1 . GT.NP) _GOTO .78

3808 OFS(I)=PAR(IP+1+1)
ip=1P+32
CDTO 18
¢
C PARAKETER CO - ADJUST COEEFICIENTS

S R S, — ——

] bo ?1 1—1 6
CTRB(IY=PAR(IP+1+])
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167
71 CONTINUE
IF(CTAB(1)+CTAB{2)+CTAB(3) . NE. 180) CO TO 990 -
TFCCTRB(4)+CTAB{5)+CTAB(S) HE.1@8) GO TO 990
S Y, SN, 1, ST S —

168

sae CALL TYPEC(' #»=x» COEFFICIENT SuR ﬂOT = 180"

CalL TYyPEC'®’)Y - - .- R

GO TO 99%80

R S - . e e e
€ READ IN CHRONMOSOME DIRECTORY
'

78 CALL AFILE(ICBUF.1, 'RCR ‘b "13,%13)

e CALL OPENCIOBUE,.1024..1. G.JRCR‘).-"_“_“ e

CALL GLABEL (1DBUF, SPRR. IB)

e LSEL=D .. - J— e e e s

TFCI0BUF (16+184) . EQ.*115) LSEX=1
LECIOBUE (18+41Q4) £Q.%106) LSEX=2

IFCIVCIOBUF (IB+82) ). NHE. “?1) GOTO 277

_C. GOT0. 277 _1F NOT_ SOURLE 8, -19.. 29, ... {BONKEY) . . ...

CALL MYW(RHCT,CT, 1028)

C_REPLACE HUMAN TABLES UITH MONKEY TABLES FOR_SOURCE.-& ... .-

Call MYY(MAL, AC, 19)

CALL MVUCMAL, AL, 102

HIHNG(18)=8
. HAXC(18)=1. B T
1STC18)=71
C SEY $+Y GROUP FOR POSSIBLE 1 .- ... .. . - .-
7?77 CONTINUE

— o LALL CEJCI0BUE. L. 1B

CALL HMYL(IOBUF (IB+1), N0B, 186}
NC=1¥2(10BUFCIB+121) e I
SPLTH=SPLTH#*46/NC

SPIDD=SP10D*46-HC e e e e

SPAREA=SPAREA»46/NC
e LALL WYL CIGBUECIRS3(Y CHDIRCY, 1), 20152208)

CaLL GET(IDBUF.2,18)»

CALL HYLCIOBUFCIB+34),.CHDIRCE,31),2%15238) .
90 72 1=1,HOB

CHIIRC(LERGTH. 1)=CHDIR(LENCTH, 1310808, /SPLTH
CHDIR{IOR, 1)=CHIIRCICGY. 14386868 /SPIOD

(>

e CHBLIRABRER, L) = CHUIR(ARER, 1) 2183008 «SPARER — -~

7 COHTIHUE
c ,
C INITIALIZE CURRENT INHUEX AND INITIAL INDEX FOR EACH GROUP
¢ ,
CIGCi) =0
I1I1G{1)=] P R

DO ?5 1=2, NGI
; CIG(II=EIG(I-1)+25
75 T1GCI3a116¢I-1)+25
c . . . o . o
C SET UP SLOT SIZE IF NOT IHPUT

~

S [

IF(SLSIZ.EQ.8) SLSIZ=24
- IF(SLSIZ.G67.28) SLSI2=28- ... . S
IF(SLSIZ.LT.12) SLSIZ2=12

_PSEP=SLS1243 .. . . B U

c PQIP SEPARATION )
. SCRCLI PP SEP R BT242. U I ~ IR
SC3¢2=8C8{13+5LE12
30 ?52 1=3,17.2
SCSC1)aSCS(I-1)+SLSIZ+PSEP
752 SCSC1+1)=5CS¢CH)+5LS12
O ?5¢ I=1,18

DB P54 dEba A e S

754 3CSC18%J+13¥=8CS])
756 CORTIHUE
?58 CONTINUE

CHECH SEX

Dl o W]

IF(SEX GT. 9) GOTD 76
SEX=LSEX- - o e
76 1F(SEX.NE. 1> GOTO ??
C HALE S
HAXG(S)=15

aEE—— S § TN AT RS L AT RTE]
+ A e o AN B ot
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77 IF(SEX.NE.2) GDTO 79
C FENALE - S e e -
HING(5)=16
e MAKGCI B RMAKRG LT B oo e el o -
IF(SID4C78) . EQ. YID) SID4(78)>=BID
L CHAHGE ¥ YO BLANK UNLESS SID UAS CHANGED BY USER
78 CONTINUE
e LK OFSF B8 BOT0- BB elean oo

¢
C.SK1P CLASSIFICATION -JF . OFS TABLE- IS INPUT- - .o o o i

[
L DO IHITIAL ASSICHMENTS GF CHRONOSOMES Y0 -GROUPS. -
¢ ‘

DO 280 M=y HOB - e
IFCCHDIRCBLKNO, N).EQ.©) G0 TO 209
1C=(CHDIR(CIL. HISCTAB(4) +CHDIRCCT B, NO*CTABLSI+CHDIRC(CT A, N
1+CTABCEY Y7100
oo e LA CELOA T CHD IR L ENC TH WIS CTABC I A EL OAT(CHDIRAIOD N —
14CTABC2)+FLOATCCHDIRCAREA, N))#CTABC3) ) /1000 . )+1.
CFCIL.GF.510-1L=51 oo - - .- T
CALL OUTCONCH, ICIL(S),=2)
CALL OUTECOMCIC, 1E1E CHEd, =8) cm o o
CALL OUTCOMCIL, YCILC1?), -2)
USTE 1 % 2 -9 T P O —
TLTBCHY=IL
TFCIC. EQ- 8. OR. CHBIRCPSADA, H) LT . 1348:0R. CHIIR(ARER, N) ..GT.608)
166 TO 32
C PUT I UNKNDGN GROUP IF BLOB OR OVERLAP
L0 88 J=1, NGT2HL, 2
e AF ARG BE STl b AND T b B BTt B 0T O BB — e e
€ IF I1C IS WITHIH THE GROUP LINITS FOR THIS VALUE OF IL GOTO 138
88 CONTINUE S
g2 J=HG1
C DBJECT 1§ IN THE FORBIDDEMN 20ME
GOTO 119
85— COHTINSE-
CALL TYPEC' ALL SLOTS FULL®)
.. GOT0 289 .. e
188 CONTINUE
NETHISRVY e .
118 CONTINUE

IF(DEBUG) CALL QPRINTCICIL.27)
CIF(NDG(J). EQ.25) GOTO-8S .. - . . e
HOGCJ) aHOG () +1
CIGCIIaCTIG (Y2l - - - e
OFG(CIGCII ) =H

208 CONTINUE. . A

IF AUY GROUP IS HEAYY BR LIGHT, TRY TO MOVE CHROMOSOEMS ARQUND

[ 321 2 2 o3

218 HFalL=8
220 CONTINUE
. L KM= e . e I SV ——
NHOY=8B )
30 3083 J=2,HE
TFCHOGCUY. GE. HAXGCI)) caro 3990
K2=d-1 . . -
HCAN=B
crms o —-DUEN=158008— - - - - -
C GROUP J IS LIGHT., SEE If ﬂ PRECEDING GROUP rs ueavv
. DD 2508 K=f,K2 . - - e e e
IFCHOG(K).LE. HING(K)) GOTOD 2508
. C_GROUP K IS HEAYY ... . i
IF(NFAIL.EQ.8) GOTO 228
_____ ..DD 225 M=), NEALL _—
IF(K EQ.KFAIL(H) . AND. J.EQ. JFAIL(N)) GOTOD 235
C THIS J AND K HaS ALREADY FAILED . . e .
225 CONTINUE
238 KH=K. S . e e e
Ji=y
L SavE_HEAYY AQNB 1 IGHT CROUP HUMBERS
235 CONTIHUE
S Il=LIGLKY. L o S,
12=CIG(K)
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- - D0.2400 . I=18,.02 ... ... e e

H=0FG (I
e 1CS ICTB{NY - —_—

IL=1LTB(N)

JdaJd+do .o e . e e

IFCIC. LY. CT(JJ I,IL) DR !C GT CT(JJ IL)) GOTO 2409
OBJECT IS IN GROUP J, MOST LIKELY IF CLOSE TO CENTER-OF..J-
AT FAR FROM CENTER OF K

Lx ¥ o]

e DA CCICRC O s k2 LAl LNy £
1 MARB({CIC-ACIKI)»e24(TL-ALCK) In%2), 1)
CIF(D.GE.DMIN) GOTO 2483 . . R
€ THIS IS THE HOST LIKELY CANDIDATE SO FAR
KSAY=K B
1sAY=1
s e NEARRN. e

DMIH=D

2480 CONTINGE

2588 CONTINUE
TIFCHCAN.EG @) GOTO 3833
HADY=HROY+1

- C.HOVE QBJECT N FROM .CROUP KSAY. TO. GROUP J. . _. -

CALL QUTCIONLKSAY, BMEG(22), 2)
CALL OQUTCONCJ, MNSG(29). 3}
IF(DEBUG) CALL APRINT(MNSG,29)
HOG (S =HOGCJ) +1 -
EIGCsI=CIGCdI+1
e - BEGKC I G SRR

CIG(KSAY)=CIG(KSAY)-1
ROG(KSAYI=HOG(KSAY)-1
12=CIG(KSAY}
DO 2692 I=1S5AY,12
2680 OFG(I)~0FG(I+1)
C . CLOSE UP THE REMAINING OBJECTS _IN _THE GCROUP

3069 CONTINUE
[F(HHOY.GT._8) GOTO 228 -
C IF SOMETHING GAS MOYED, SEE IF HBRE HOVES ﬁRE POSSIBLE
: IF(KH. EQ.8) GOTO 3100 .
C KH IS HEAYY AND JL IS LIGHT BUT NB SIHPLE BOVE UAS POSSIBLF

.C SFE 1E-THERE 1S A _COMPLEX (MULTI-_EYEL). HWOVE THAT CAN.BE-MADE:.

L=t
SIS RENS
2818 EG(Ly=KH
3828 CALL CFO(KGIL)Y, JG(L), IX AL, AL-CT)
C CHECK FOR A CHROMOSOME IN THE KC-JG OYERLAP AREA

R — JFLI% EQ-8 GBTO-3048 i — - I

IG(L)=1X
C SAYE INDEX HUHMBER
JF(KGCLY .EQ.KH) GOTO 2860
S WE HEED TO GO UP OHE LEVEL
L=L+1

e R LR — — - —_—
GOTOD 3818
3848 KGCLIy=KG<b3+t - - -
C LODK AT THE NEXT GROUP ON THIS LEVEL

----- CRFEKGCLY LT JGELI>-6GOTO 3020 - - - —-m oo m eeoiemeeo

L=t-1

[ o

O B3O UN—ONE—{ EVEL
DUttt Yt

IF{L.CT.B) GOTD 3940

FAILED TO-FIHB-A-GOOD- HOVE - - oo

HFAIL=HFAIL+1
e LF{MFRAIE L GT . 18) BOTO - BEBB oo e
KFATL{HFAIL)aKH

SEALL AR A=t
CALL OUTCONCKH, FNSG(22), 3) ‘
B CALL DUTCON{JL FMSGERII, 33— oo mo oo i
1F(DEBUG) CALL QPRINT(FMSG,36)

-------- B0 2B oo o e s

3968 CONTIHUE

-C-NAKE THE L HMORES THAT HAVE BEEW FOUND
D0 3889 M=1,1

S1SAV=IGIMY ... e s

JGH=YG (M)
KGHaKG(N)Y e
HOGCJGM) =NOGC JGHI+T

BN S 1 AT T T T INT1 S U S—
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OFG(CIGLICH))I=0FGCISAY)
,,,,,,, CIGCKGMI aC IBCKENI~ - e il
NOC(KGM) =HDGCKGNY -1
12=C1GLKGN - ... o S
DO 3078 I=I1SAY, 2
3820 DEGLTIaDEC( Loty ——
3888 CONTINUE
e CALL- DUTCORCKH, SMBBA22Y 0 3) e e i
CALL OUTCOH(JL, SH3G(23),3)
IFCBEBUGY CALL GPRIKRT(SHSG,39) .
GOTO 218
C-LODK—FOR_NMORE_MONES — - - - S
¢
¢ DONHE MOYING CHROMOSOMES BETWEEN GROUPS. . NOW_ORDER THE CHROKOSOMES -
C VITHIK ERCH GROUP
C
3180 CONTINUE
D 03038 J=1, MGl - —_— - e S
IFCNOG(J). EQ.B) GOTD 309

12=CI16(J)
--DO 246 I=11,12 - : R

H=0FG (D)

SO £ 5% 7 1-77 - W— - - ——
IL=ILTB(K)
RINTCL)=1C~STCIdeIL - - e
IFCSTC).LT. @) YINTCID=-YINTCI)

248 CONTINUE ... - A

C STORE Y INTERCEPT
F1aTRT A

242 CONTTHUE
L2=I5TCJI+HDG () =1 - -
TFCL2. LT.ISTCJ413) GOTO 246
NOG (3 =HOG ( J) -1
IFCNOGCNGT) . LT. ISTCHG2)-IST(NCI)) GOTO 244
e CALA -SSUTCH LS R
IFCISW.EQ. 1) CALL TYPEC' ALl SLOTS FULL’)
COTD 242 .
244 CONTINUE
CIGLAGI) aCIGCHET 2+
HOG(HG 1) aHOG(NG1)+1
e BRGLCIRCHG LI =0 G2 )
[2=12-1
o BOTO BAZ e e i e
246 CONTINUE
DD 268 L ELALLR
HINY=9999
Do 258 1=14,12
IFCYINTCD) . GE.HINY) GOTO 258
CHINY=YINTCID ... . U
NINI=1
. 258 _CONTINUE . . ...
0FSCL)=0FG{MINI)
o YIHT(MINI}=9999
269 CONTINUE ,
__L_STORE THE .GROUP. 1M _ORDER OF YINT ._____ . _______ B .
300 CONTINUE
e BB B ORYEMUE
[
—C_NOW MAKE ANY OTHER ADJUSTMENTS REQUIRED
c
o LFCMOR GBI 358
C CHECK FOR NO X SEPARATION FROM C GROUP DESIRED
L FIRD THE X OR - %=X IN . BROUP. O e e e e e
11=IST(5)
12=11+18
13=11+2
U B S U
1FCHOG(5). EQ. 16) COTO 330
e TFCHOGCS)NE. 453 80T 358 - o e
€ C HAS 15, THIRD LARGEST IS X
QESCI23=0DFS£13
DO 328 1=13,14
320 OFS(I)=0FSCI+l) il S
DFS(I2-1)=8




330
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175 176
£0T0 238
CONTIHUE

C C Hls 16, 3 ANl -4 BRE X-X e R - e e e

c

™

350

340

LTERF=3FSCLas

LTARF=UFSCI3+ 1)
v Gd4a T=13.14
DFS(I=0FSCl+2)
UFS{12-13=1TEHP

SRFSCIRy=1Ta8R - o — o e

CONTINUE
[F{(HOGCNG) . HE. 5. OR.SEX EQ.2) GOTO 4088

IF 5 IN GROUP G, FINHD THE Y CHROMOSOME

373

4349

DELE

[1=18T (NG
[2=11+4

IF{0FS(12) EQ.BX COTO 402 . .

AR =~
00 38 Y=li,12
H=0FS(I)
MaSO»CHDIRCAREA, M) #(CHDIRCDIRML, HISCHDIRCDIRNS,. NI ).
TF(M LE MAX> GUTO 368
MAN~K
IMHX L
HoaE =N
LONTINUE
T4=12-1
DO 372 1=18a8, 14
CFSLIl)=0FScl+l .- P - — B
OFS(I20=8
OFS(I2+1)=HMAR
CONTIHUEL
PFOHeMLY Zw g 23Ty 433
DO 492 KN=i, HOHOY
HESSH=NEYS LN - B T T T
OBLESH=CLDS ¢ M)
IF(MESSH HE B3) GOTO 481
TE OBJECT IN OLDSK IF NEWSK = @
O0F3(0LDSHI=8
G0TG 482

C4Bh— CONTEMYE —— - R R -

402
493

HSHYE=OF S (KENSH)
QFS(HZWSNI=0FS(OLDSH)
OFS{OLNSHI=KSAVYE
CONTINUE
CONTINUE

- -ADJUST TABLE ERO DRJECTS UIDER THAN 24 SAMPLES

c

ADD

D0 419 J=1, NG
F1=15TCJ)
I2=18T (24121
iDEL=8

b0 495 I=11,12

$68<4 13 =S0G LI : —
OH ANY PREVIOUS DBELTH
IHP=0FS{I}
TECTHR . ER. DY GOTO 484
NSTH24=CHEBIR(BIRHS, INP}-SLSIZ
IFCR3TH24. LE.B) GOTO 484

SESCEI B0 54T ) FHETHR AR o e

C @D DELTA FOR THIS OBJECT

494

<

485
418

I[F K

NG

THIS

A

415

IBEL=1DEL+HSTHZS -
IF{SCS{I).GT.3586) SCS(I)=586
CONTINUE - o
CONTIHUE

IF(HSOF. EG-l. AND. KRS0 EG.-3> COIQ 425 — .

SO OF B WAS SPECIFIED, 5O NOT CHANGE IT

FIND NSO .

B 428 J=2,6

DO 4i5 1=1,13

IHP=0FSCISR{II-T)

IFCINP.EQ a)-C0TG 415 e
[5 THE LAST HON-YRCANT SLGT ON THE ROW

ITEHP=SC3¢ISR(JI-1)1+6L812/2+PSER

TFCITEMP . GT.NSO} NSO=ITEHP

37 N30 1F REQUIRED

LOTO 425

CONTIHUE ) : el e
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428 CONTINUE
IFCHSO.GT. BAXNSO)> NSOaMAXMSO. ... . .. ...

c

C OUTPUT RESULTS. OF CLASSIFICATION ... . . .. . .o

<

CONTINUE

.. 42%

458
388

GO

I0EN

]

c

AR ERIT e

30 582 I=1,3
ISRI=ISR(L). . .. - T
DO 450 J=1,18
J=ISRI+Y~1 . o e e e e

INP=OFS(JU)

IF(Jd OF . TSRCT +113> THP=A

IF{INP.ER.BY GO TO 458
ITEMP=CHDIRCDIRKL, THP)/2+28
IF(SCLTCL) . LT, ITEAP) C“LT(I)-[TEHP
CONTINUE

CORTINUE

CALL PUTCIOBUE, 3, 1B} o - —
CALL MYL (NSO, 10BUF(IB+1),2%294)
CALL CLOSECI0BUF)

RETURY

END

B R TR TEE T T S S, — [

Ca

*

= KTYPE = : R

Cw

L

[MEE TR Y Y]

t

L KIVPE-PRODUCES THE -OUTPUT- KARYOSRAN FROM THE CLASSIFICATIONTABLES — ————
C PRODUCED BY CLASFY AND THE ROTATED CHROMOSOME nmces

¢ PRODUCED BY ORIENT. e e

SUBROUTINE KTYPE

- COMMON/CI<INYB, 1BUE,OBUF . NLT, NST, BN, CENLIN, CEMETH .- .-
COMMON/Ct /NSO, HFLAG.GID, SID, ISR, OFS, SCLT, 5C%
IHTECER SPARLIB) ., CENETHLEE) -

BYTE INMY¥B(56)

S INTEGER - ISRCS ), BIBCAD I SO . ol e e
INTEGER R{3%)

--BYYE OBUF(2128),-1BUF(20480X . ...
INTEGER FBN(6B), NST(58), RLT(6Q), CENLIN(GG) DFS(SX) SCS(SB)
BYIE LABEL (2163

o

c

INTEGER SCLT(S)

- CALL -MYPLC B-%—~w &2 _ s2__ 2k __%s_ __ 325 . 94 _3%__SRh__$¢ _S&_ _$&

1 =% 2% 2%k &x ¢ 2% s& ', R,78)

¢ ORPEH-DATA SETS

¢

CCALL DOEEAR-- - o e

C CLF&R GRAY SCALE

ChLL AFILECINYE, 1, 2RCR - - -4, "3, 543> oo e oo
CALL AFILECOBUF, S5, ‘PIC *, %5, *5)

e CALL--ORENCINYB, $824,0, 8, LRCR )

c

—C—READ-CHROROSONE-DIRECTORY & BULLD TOBLES—

[

CALL OPEH(OBUF,1536,1,1, 'KGA*)

- CALL GLRBEL (INVB,SPAR, 1B)- L T
caL nvL<xnve<r9+1>.LassL.2xs>
NLO=D - - e

CALL READLINYS, 4, IBLIBUFEIY) - oo o o
NOE=I1Y¥2CIBUF (1))}
20 19 I=1,38
FBHCI)=1Y2¢ IBUFC[+3B41))

CRLT A D =12 IR R34 304 10)

NSTCI)=1Y2CIBUF(5+43321))
CENLINC(II=TABSCIV2CIBUR(17+308] 33> - -
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CEHETH(IDI=1Y(IBUF(25+33=1))
IF (NDB.EQ.1) GO TO 40
18 CONTIHUE

s e CALL-—READLINNE 2 1B IBUE L)

DO 20 I=1.38

cimeeeo- FBRCI+303wIN2CIBUFCL43280Id) . .

HLTCI+30)=1¥2C[BUF(34323s1))
SNST(1+430)01Y2CIBUF(343G0L) 3 ...
CENLINCI+38)21ABSCIV2C¢IBUF(C17+3041)))
e CEMETH(1+30)=lV({IBUF(25+2041))

180

IF(NOB.EQ.I+30>G0 TO 49

- 28 . -CONTINUE .. P,
¢

~C READ IN CLASSIFICAYION TABLES . ... . .. ..
¢
49 CONTINMUE

Call READ(IAVE. 3, IB 1BUF (1))
CALL MYLCIBUF{L).NSG, 24294
IF(NSO.LT.512) GO TO 998
SPAR(13=512

SPAR(Z3¥=NS0

_BPAR(SI=SL2 . SN

CALL PLABEL(OBUF., SPQR LﬂBEL)

HATIN LOOP
BUTLY EALH ROW OF THE OUTPUT XARYOGRAM -

I Ex Nz EKx)

RSN 1 STV T VS . O ——— _

ISRI=ISRL(D)
- CJECT.LT.S9) GOTO 438 - - oo
C SEE IF THERE ARE ANY OBJECTS OW ROU 5

. DO. 428 J4=1,18 - e - e e

IF(OFS(ISRI+J- l) NE.9) GBTO 430

GoTo See
.C-NO OBJECTS. ON ROW..5 - ... - . . .
429 CONTINUE
e - RE2IMGID A F LT )2 ) o
R(EII=GID(2+(T~1)%2)

10 456 J=1,18

JJd=ISRI+J-1

i IHPAROFSCIY
IFCJJ.GE. ISR(T+1}) INP=0

______________ CALL ODUTCONCINR, RC3#{J=-1322), -2 .-
IFCINP.EQ.B) CaLL 1TL(I2,R(3+(J-1)92))

438 CONTINUE

CALL SSWTCH(1.1BIT)
e LF{IBIT.HE. 1) GO .TO 425 .. .. . ...
CALL TYPE(R,?78)

C . L e e e i iceea o

C IHVOKE TkE ROJ BUILh!HB RGUT!NE

4?5 CONTINUE

CALL KROULISR(I+1)~-ISRILOFSCISRI), SCLTCI) SCECISRIV. NSO, ol oo

1SIDCISRID, NFLAG)

CNLOSBLO+22SOLT(T) - e

- se9 CONT INUE
L

C CLOSE UP DATA SETS AWD RETURN

B e

SPHP(1)=QLD
Call PLABEL (OBUF.SPAR.LABEL)
CALL CLOSE(LAYB)

e~ LALL CLOSECOBUEY —
CALL EXIT
C ERRGR
93¢ CALL TYPE(’ =s+ HSO TOD BIG’)
CALL TYPEC2Q*Y .
CALL EXIT

CEND
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SUBROUTINE KROM(HNSL.OFS,SCL,SCS,HS0, SID.NFLAG)
..... e - S e o — [ . [
Ctttt**tt
Cx .. [ 3
C+ KRGY o
'S *
Crmmusksd

Y —
C KROY CONSTRUCTS & RDU OF THE OUTPUT KARYOGRAM. IT 1S INYOKED BY

C KT¥PE.-- --- - D UG R e

e .. .COMMON/C1<IMVE, 1BUF,DBUF.MLY. NST, FBN. CERLIN.CEMETH ... . ...
INTEGER CENLIN{(68), CEMETH(68)
INTEGER %.Y.REP!
BYTE CHAR(4)

.......... CIMTEGER SCLuSIBCOBY . ool i e
BYTE IMVB(S6)

e e IRTEGER IBT 6 o e e

, INTEGER DFS¢91),5CS(90), NLT(E8), NST(6@),FBN(69)
INTEGER HSL.HSD.SCL2
BYTE OBUF(3128), IBUF(20480), L8O, LFF

e INTEGER RECSIZoMARNSL o e e
DATA L2088/, LFF/ 127/, RECS12/10824/, WAXNSL/ 20/

e _DATA R/B2LY208/ L REPLZY s e e
c
L RETURH IF HSO=@
¢ .
cee imee—ee . JIF{HNSO. Ea ) GO -T0 910 e e O .
IFCHSL.GT . HAXNSL)Y GO TO 909
c SET up BUFFER INDIC!ES 7
U o _
IDT(1i)=t
eimeee - D058 [=2.HSL .- e e et ce mim e e o
59 IDT{I)=IDT(L- l)+RECSI7
- . - NSO4=a(NSO+iN/2. U
SCLZ2=SCL#2
L
C MAIN ROW LOOP -~ PROCESSES EACH LINE BITHIN THE ROW
C-. e el e e - I L I
B0 209 L= l SCL2
.- - CALL PUT(GBUF, 8, I0) - - e e
CalL ZIaCOBUFC(IO+1),HSND4)
ol S
¢ sLoT LoOP - PROCESSES EACH SLOT WITHIN THE CURRENT LINE
C - _ .
no He !—t HSL
- H=DFS{1). e . Ce e
Ni=0FS(I+1)
—— . 1E(H NE. B GO TO 80 s —
C CHECK FOR FIRSYT SLOT OF A PAIR EMPTY, BUY SECOND SLOT FuLL
ceee - IFLNL.EQ.9).CO TO- 180 ... . ... [ e e e - e
C GOTO 138 IF BOTH SLOTS ARE EMPTY
. HL2s@8._ .. ____ . . el o _
GO TO 130
c
C DECIDE IF OBJECT APPEARS ON THIS LINE
L. . . - . I, PO _
1] cONTINUE
CNLTH=RLYONY o .
NL2=RLTH~,2
IFCL.LT.SCL-NL2. OR.L.GE . SCL+HL2) GO TO (20
LO=L-SCL+HNL2
C . . B
C CALCULATE INITIAL SAMPLE FOR OBJECT ON OUTPUT LINE
¢ B
HSTH=NST (M)
L CNS2=HSIN/2 - e . R
IF(SCS(!)+N32 GT 51[) SCS(I) 511 HSZ
I1S=SCS{I)-H52 _
g
C GEY FIRST BLOCK & OF THE OBJECT e -
c

e 1B=F BN (N}
IF(IB.EQ. @ GO TO 129
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LPBN=RECSIZ/NSTH
- MLO=NODCLN, LPBH) e
IF(NLO.GT.B) GO T0 99

e CALL READCINYE, IR+LO/LPBN, IR, IBUFCIDT(I)))

99
N

JI=SIDTCI)4MLO%NSTN

C TRANSFER OBJECT SEGMENT INTO THE OUTPUT BUFFER

<

¢

CALL MVLCIBUFCJ1), OBUFCIO+IS),NSTNY

IS=1S+HSTHN

L SEE IF THIS IS THE CENTROMERE LISE s

c

c

JJF(NFLAL . NE.O) GO TO 15@ _________
IFCLO.NE. CENLIKRC(N)-1) GO TO 135@

C CENTROMERE LINE.

N 1

IT 1s- HbTN
ITHAX=1S-1.
00 tie Ius= IT.ITHRX

e 1F(OBUFCIN+TUY GT 1983 G0 TO0 112

118
112
115

FIND WHMERE TO PUT THE CENTROMERE ARROVS

COHTINUE

GO 10312 o e

COHT INUE
1T=1s8 . .. e o
IT=17-1

e 1FCOBUF(IN+IT) EQ . LBB) GO TO 185

17

tis

CONTINUE

DO 118 . K=3.S
0BUF(I0+1U- K)=LFF
QBUF(10+IT+K)=LFF
GD TO 158

[ M
C CHECK 7O SEE IF LINE COWTQINS OBJECT ¥

c
128

c

CORTINUE

IF{(HFLAG.HE. . OR. L. LT.SCL-HL2-9 . O0R.L.GY.SCL-HL2-2)> GO TO 138

—— C LINE CONTAINS OBJECT &, SO PUT HUMBER IMI0 QUTPHY BUFFER

c

LO=L~SCL+HL2+9

18=SCS(I)-11

. IFC1s. 6T .588). IS=588 _ ... __

IFCH.LT. 18> 1S=18-3
HH=H

C FLAG. OPERATOR CORRECTED CENTROHERES

[N S x
[

148

C LINE CONTAINS GROUP 13,
o

158

HECK

IF(CEMETH(N).ER. 1) HNH=-N

CalLL OQUTCONCHHN,CHAR(3). 3)

CALL TEXTC(CHAR.3.LQ.0BUF(IB+1S2. 1> __

GO TO 1S9
TO SEE IF LINE CONTAIHS GROUP 1D

CONTINUE

IF(I.EQ. ¢(1-2)%2)> .G0 TO 1S3 -
IF(H1.EQ.9) GO TO 142
NLZ=BLTCHLY 2 . ———

IFCHL3.GT . HL2) NL2=HLZ
COMTINUE

IFCL.LT. SCL+HL2+5.0K. L. GT.SCL+NL2+18) GO TO 138

S0 OUTFUT & LINE OF THE ID TO THE OUTPUTBUF

LO (L-SCL- NL2 5)/2
IF(IS.GV. 464> IS=464

COHTINUE

1ELY LT 13242 CALL DLIHE(DBUECIOLE), ¥, %, HSOL. RERL .8}

203.

YaY+REPL+
CONTINUE.
RETURH

18=({SCSCI)+SCCT+1)),4) 8223 ~ o

S CALL TEXT(SIDCIX, 4,10, 0BUF(ID+]S) 2> .-
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C BUFFER T00 SMALL TO HANDLE THE ROW
L
sSo8 CORTINUE
e CALL - TYPE (2’ wee BUFFER TOO SMALL- FOR-ROMZ) - ..
CALL TYPEC'®')
e RETU RN e e e e
¢
— L _NS0=8
¢
-819.. . CONTINUE . e e e
CALL TYPE(' s=» HSD=9’')
cee e CRLL TP ECT B ) i e e - .
RETURN
e e EMB
SUBROUTIHE INT2
ChRepnokknE o e _
R W e
C» [HT2 »
C¥ »
COBE e
[
it

€ THIS ROUTINE IS THE SECORHD OPERATOR I[NTERACYIUN PHASE.

ALLOYS THE OPERATOR TO EITHER APPROVE THE KARYOTYPE BHICH IS
BEING DISPLAYED ON THE GRAY SCALE DEVICE, FOR HARD COPY OUTPUT
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"COWHOR REGION
COHMON/C1-NSD, NFLAG,GID, SID, ISR, 0FS, SCLT, SCS

T "THTEGER NUBPARTSS8) .M. BRIPARTH) -

CONNON/CT7CHD IR, NOB, SPTOY, SPLTH, SPAREA, CUROLN: N
€ 140 BUFFER

"BYYE IOBUF(2124)
C NOB PARAMETERS AND CURRENT PARAMETER HIGH BATER MARK

(4

€ CLSFY/KTYPE PRRAMETERS AND CURRENT PQRH HIGH VATER MARK

- TRTEGER KTYPRR(358Y, K

€ INTZ LOCRL PARAMETER BUFFER AND POINTER

et THTECER PARCIQ), TP

€ RE-HOB CHROMOSOME SELECTOR
T T LDLICAL SEL(8BY T
C CLASSIFICATION TABLES

EGER CURDLH

c e i e -
"~ C CHROMOSOME DIRECTORY AND ITS FORMAT 7777
C

INTEGER CHDIR( 15,68}

_C BLOCK &

IHTEGER ELKHO
C HUABER OF LINES IN OBJECT
THTEGER DIRNL
€ HUMBER OF SAMPLES IH OBJECT
" INTEGER DIRNS
C LEHGTH

€ CENTROMERE LOCATION METHOD

THTEGER LENGTH

_C INTEGERATED OPTICAL BENSITY
INTEGER 10D

C CENTROMERIC I[NDICIES
IHTESER CIL,.CIB. CIA

C_CEMTROMERE LINE #

THTEGER CENLIN

€ PERINERE

IRTEGER PERIM

¢ AREW , e

INTEGER AREA
C PERIN SWUARED DIVIDED BY #REA

INTEGER PS@ba
INTEGER CEMETH B

C PHASE NUMBERS FOR HOB AND FOR CLASFY/KTYPE
INTEGER MOBPHA,KTYPHA. FOEPHA, BANDPH, FOURPH

C RE~RUN FLA&GS

LOGTCAL HOBFLG, KTYFLE. ALLFLT. OSFLE
C RANDOM AREAS
' INTEGER SLCL. SLCS,SEID.S,Y.X,SL1,8L2
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INTEGER SPAR(18).8ST(513),N8T(S513).81,82
INTEGER KEY(3?)
BYTE LABEL(?73),BLACK(?72),PARBUF(80), NOBB(368)

g Ny - e e e e el e - .

L
€ CLASSFICIATION TABLES
c
INTEGER GID(198),SI1D(38), ISR(6), OFS(I1), SCLT(S),5CS(28)

c
€ DATR STATEMENTS
c

DATA BLKNO/1/, DIRNL~-2/. B!RH$/3I'L§86TH/4/‘IDD/SI.CIL/G/.CIDIT/
BATH NAKPAR-/38G/, FGSPHa/SI,MDBPHﬁ/S/.KT?PHa/sz,BQﬂnPH/14/
DAT# DEGPRD/57.2958/, FOURPH/ 15/
___ _DATA LABELs?73x%’ ‘/,BLACK~-?2#127/
DATA NKEY,37/
DATA MOBFLG/, FALSE. 7, KTYFLG/ . FALSE. /7, SLLFLG/ . FALSE. /. OSFLG/ . FALSE. 7

CALL WYLC'ARLUU B BCALSKNNMAKCFENXDEP SPMXIRIGMCDSRF
1A X C F R M S LDNUNDL H GARKRBAB’,KEY, 74)

g
C_ INITIALIZE CHROMOSOME DATA SET

CALL TYPE(’ CHECK KARYDITYPE ’.9)

CaLL RCA o
¢ REnD CURSOR ADJUSTHENTS
 CALL AFILECIOBUF.1,°’RCR_ *

"CAlLL OPEN{IDBUF., 1024, 1,1, 'RCR
CALL GLABELC(IDBUF. SPAR. IB)

£ "13,%13)

)

CALL HMYLCIOBUF (IB+1+72).LABEL(2),72)

¢ - .

C READ IN DIRECTORY AND CLASSIFICATION TABLES

c
CALL GET(I0BUF.1,18)
CALL MYLCIOBUFCIB+1), N0B,18)
CALL MYLCIOBUFCIB+31).CHDIR(I, 1), 2¢15%38)

] _ CALL GETC(IOBUF,2,18) o .

cALL MYLCIOBUFCIB+31), CHBIRCT, 312, 2015+30)
CALL GET(IOBUF,3,1B) e
CALL HYL (IOBUF (TB+1), NS0, 24294)

¢

C READ PREVIOS PARAMETERS

c L
‘CALL RPARAN(H. MOBPAR. HAXPAR, HOBPHA)
'CALL RPARANM(K, KTYPAR, MAXPAR, KTYPHA)

IFCK.LT.92) 40TOD 65
K=K-92

OSFLG=. TRUE.
C DO NOT RECLASSIFY IF OFS PARAMETERS ARE PRESENT
C ERASE OLD DFS FORAMETERS, I[F PRESENT

¢
65 IF(M.EQ.B> GOTO 163
. bo 78 I=1.M L . o L
o T1F(NOBPARCID . EQ. 'SE’) GOTO0 75
76 CONTINUE B S o o o
a G070 129
C RENOYE OLD SE PARAMETERS
75 M=i-1
€ REQUEST OPERATOR INTERACTION . -
€
188 CONTINUE - e
118 Call FPoRaM(NP, PAR. 102, PARBUFY ’
i IF(NP.EG.8) GO TO S8@
1P=t T

c‘bfcons PARAMETERS
DO 208 J=1,NKEY oo
IF(PAR(CIP).EQ.KEY(J)) GOTO (1908, 1839,990,919,950,1250,1309,1356
1.1450,15089,1559,1659,16%3, 1700,1800,1850,1950,20989,20850,2123,2158
2 2200,2250,11092,1150.12€0.1759,2199,1050,10839,1050,2300,3
3.2359. 2400, 2453, 2589) . J
290 CONT INUE
CALL TYPE(’' PARAMETER ERROR’)
CALL TYPEC'R')
60 TO 193



4,122,518

189 190
258 CALL TYPE(' CURSOR ERROR’) o _ e
T UTTCALL TYPECTRY
GOTO 108 ) o . L i
3 CALL TYPEC(’ TYPE ONE OF THE FOLLOWING KEYWORDS TO SELECT AN GPTION’)

- CHAMWGE CENTROMERE (USE CURSORY’)

- FLIP AND CHANGE CENTRONERE (USE CURSOR)®)

ROTATE CHROMOSOME (USE CURSORY') e
HOVE CHROMOSOME TO ANOTHER SLOT’ )

REMOYE CHROMOSOME FROM KARYOTYPE’

CALL TYPE(’
CaLL TYPEC(®
_CaLL TYPEC
calL TyPe(®
CALL TYPE(®
caLL TYPEC(’
CaLL TYPEC(’
T CALL TYpEC

caLL TyPEC? SET UP CURSOR TO CORRECT FOR DRIFT’)

PUSH A GROUP OF CHROMOSOMES RIGHT og "LEFT)
ADD A LABEL (TYPE LABEL ON SAME LINE)’)

TABORT )

curbﬁ-v;<$50~1n
N

CALL YYFEC T Ok ¥ = HOVE CURSOR UF OF BOWR’S
CALL TYPE(® RF - RERUR FO0B')

TCalL TYPE(’ DS - DISPLAY SPREAD')
CALL TYPE(® BC - CALL THE BANDED CLASSIFIER’)
CALL TYPE(’ 'RB ~ RERUN THE BANDED CLASSIFIER")
CALL TYPE(' @8 - QUICK BAND CALCULATION’)

TUTTTUUTTTTTCALL YYPE(Y A& OR FE - MALE OR FEMALETY T

CALL YYPEC(™ ¥A -~ DISPLAY UAVEFORNS ™)

CALL TYPEC(’ AX - DISPLAY AXES‘)
TTUUTTCALLTYYPECY KO - CLEAR CLASFY PARANEYERS®Y

CALL TYPE(’ #C - CLEAR MOB PARAMETERS’)

CALL TYPE(’ HX - MO X SEPARATION FROM C GROUP’)

TALL TYPEU IF KARTOYYPE IS OK, TYPE CARRIAGE RETURN™D

CALL TYPEC’D'}

‘GOT0 189
c
€ PARWMETER U OR B - HMOVE CORSIR UP OR DOUN - ) )
¢
T8 CAlL HTU
) oo tt8
sig tall Mcy' ) ST e
N GOTO 1@
¢ uro il S i
C PARAMETER BC - CAlLL BANDED CLASSIFIER
T
958  CALL APHASE(BANDPH) ] o N i
G070 V83

c
C PARANETER &R - SET MAXIHUN AND MINIHUM AREAS OF YALID CHROMOSOMES
¢

TUEeR T TCALL AYL(PAR(CIPY.HOBPAR(HA 1Y, B)

] B L o
€ PARAMETER LU - LOCATE CENTROMERE BY WIDTY RATHER THAN DENSITY

1858 CALL MYL(PAR(IP),MOBPAR(M+1),4)

M=H+4
MOBFLG=. TRUE.
GO TO 1i9

¢

Hak+2
MOBFLG=. TRUE.
GO TD 119

C

1198 CALL KURSOR(Y, X, L,S,SLID, SLCL,SLCS, N)

__C INDICATED BY CURSOR POSITION

C PARAMETER C1 - SET CENTROWERE OF CHROMDSOEM SPECDIFIED TO THAT

c
IF(N.EQ.9) GOTO 258 T
_SEL(M)=, TRUE. | L
UL S%lt'L{ CURIPAR(MELY, 2
MOEPRR(M+33 =H
IHL=CHDIR(DIRHL, N)

NOBPAR (M+4) 2L~ (SLCL~IHL/72) +1
CALL DLINE(BLACK.Y. %, 4.1,-1)
CALL DLINE(BLACK.Y, X, 4.1.~1) . R S
IF(MNOEPAR(N+4) . GE. INL OR.NHOBPAR(H+4).LE . 1) GOTO 258

M=M+4
MOBFLG=. TRUE.
GO TQ 118

¢
C PARAMETEIR ¢L - FLIP SPECIDFIED CHROMOSOEM AND SET CEMTROMERE =
c

1152 CALL KURSOR(Y, X, L,S,SLID,SLCL,SLCS,N)
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IF(N.EQ.®) GOTO 250
SEL(H)=, TRUE.

CALL MYL{/FL’, HBBPARC(H+1), 2)

MOBPAR (H+3) =N

TRL=CHDIR(DIRNL. N}
 MOBPAR(M+4Y=L-(SLEL-INL/2)% )

T CALL DLINE(BLACK,Y. %, ¢. 3.-1)

CALL DLINE(BLACK.Y, 2. 4.1,-1) i
T TE(HDBPAR(N+4) [GE. INL. OR. HOBPAR(N+4) LE. 1) GOTD 259

HsH+4

WOBFLG=. TRUE.

GO0 TO 118

C PARANETER RO - ROTATE INDICATED CHROMOSOME SO THARY THE 2 CURSOR
€ SPTS BECOME VERTICAL
c
1209 CALL KURSOR(Y, %X, L.S,SLID,§LCL,.SLCS. N}
IF(N.EQ. 83 GOTO 258

TCALL DLINWE(BLACK,¥,¥-2.3,1,-1)
 cALL DLINE(BLACK,Y,X-2:3.1,-3) . ... L
SEL(M)=. TRUE. .
o CALL HYL('RO’,MOBPAR(M+1),2) ’ _
MOBPAR(M+3)=H
CFRSTYSY o
FRSTR=X
. CALL TYPE('+MOYVE CUKRSOR TO ENMD OF AXIS'.@) _ . ... ;
CaLL PARAM{NP, PAR, 188)
CALL KURSOR(CY, X, L.S,SLIB,SLCL,SLCS.N)
CALL DLINE(BLACK,Y,%-2.3,1,~1)
CALL DLINECBLACK,Y,X-2.3,1,-1) I e
sY=¥Y
SX=X . - :
IFCFRSTX.E@.SX) GO T0 1217
S IFCFRSTY LE.Y) GO 7O 1218 _——
SY=FRSTY
SX=FRSTX B
FRSTY=Y
o CFRSTZ=%
1218 THETA=ATAN2 (CSR-FRSTX)Y. (SY-FRSTY))
GO0 TO 1215 o L
1217 THETAR=8.
1215 COHTINUE o o o o
o 7T HOBPAR(H+4)=THETA*DEGPRD ) T T
} MaM+s B i ) B
) "MOBFLG=. TRUE. T o T
o GOTO 110
¢
C PARANETER AL - RE-MOB ALL CHROMOSOMES
e iLL CHROROSORES o
1259 ALLFLG=. TRUE.
e o tie Tt T - o
c
I P4RANEVER Sk - QUTPUT SKELETON PICTURES INSTEAD OF GREY LEYEL PICTURE
c
1389 HOBPAR(N+1)=PAR(CIP) )
H=h+2
MOBFLG=. TRUE.
.. 6o TO tia _ S _ —
[
C PARAHETER NN ~ HO OBJECT HUMBERS )
™
1359 KTYPAR(X+ 1 I=PAR(CIP)
K=K+2
o KTIYFLG= TRYUE. . B .
Co 7o 119
[ o o _ . o .
C O PARAHETER HA - MALE KARYOTYPE
¢
{458 ~ KTYPARCKSIISPARCIPY 7 7 77 TTommImoommmmm e
K=K+2 _
KIYELG=. TRUE-
GO TO 1119 ) i
. L = el B} .
C PARAMETER KC - CLEAR CLASFY/KTYPE PARAMETERS
¢

1588 K=8
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CALL WPARAM(K, KTYPAR, KTYPHA)
.OsFLGe. FALSE.
TKTYFLG=UTRUE.

GO TO 118

_C PARARNETER FE - FEMALE KARYOTYPE

1558 KTYPAR(K+1)=PARCIP)
T T K=K+E
KTYFLG=, TRUE.
GO TO 118

T

<

C PARARAETER HX - HO X SEPARATION FROM C GROUP
¢

1

KTYPAR(K+ 1) =PARCIP)Y
K=K+2 e
) CKTYFLG=, TRUE. o
GO TO 119
¢
{ PARAMETER DE DEBUG OPTION OH L o
¢
15658 Krvpapcx+1)=°ag<r9) N S
39 ki R . o B
KTYFLG—,TRUE e
TRt i T T T
¢
T PHRAMETER P - PUSH A GROUP OF CHROMOSONES RIGHT OR LEFT
L

1780 CALL KURSOR(Y, ¥, L1.S1,5L1,SLCL, SLCS, H)
CALL TYPEC(’+MOYE CURSUOR TO END OF PUSH ', @)
TCALL PARAATHP, PAR, 1807
CALL KURSOR(Y, X, L2,$2,8L2,8LCL,6LCS, > o

IFC(ST. LY. $2) GOTO 1725

¢ S0T0 (725 FOR PUSH TO THE RIGHT _ i
¢
¢ PUSH LEFT

) NSL=SL1-SL2+1
IF(HSL.LT.2.0R.NSL.GT.18) GOTO 258 o L
Ya3x(L1-1)
CALL DLINEC127,Y.2#52.61-52.1,-1) L
K=2#(52-1) ) )
DO 1710 I=2,12,2 e ) o o

LﬁLL JLANE{BLHLV (- 14 ?+I4 I;-;t 1}
1710 CﬁLL DLINEC(BLACK, Y+1, **l:._."la"l)

CaLl HMYW(OFS{SL2), PAR,NSL)
¢ SHYE OFS IH PaR L
CALL MHYWC(PAR(2), OFS(SL2),NSL-1)
OFS{SLiy=PARCLY

GOTY 177¢
C PYSH RIGHT 81 LT 82
1725 Y=2+(l1-1)

NSL=SL2-SL1+1 , o
IF(NSL.LT.2.0R.NSL.GT.18) GOTO 258
CALL DLINE(I27,Y,2+51,82-81,1,-1}

X=2452
DO_1738 1=2,12,2 . L
caLL DLIHE(BLRCK TeI-14, XeT-14. 2,1, -1)

1730 CALL DLINE(BLACK,Y+I,%~1,2,4,~1) o e

CALL MYU(OFS(SL13, PAR, NSL)
CaALL WYW(PAR(1), DFS(SL1+13,NSL-1)
OFS(SL1)=PAHR(NSL)

. B
¢

_C PARAMETER MY - MOYE INDICATED CHROMSOME TO SLOT SHOWM BY CURSOR
¢ _CHROMSOME TO SLOT SHOWUN BY CURSOR

1733 CaLL KURSORKY,®,L1,81.SL1ID,8LCL,.SLCS,N)

CALL DLINE(BLALCK.Y,%-2.3,1,-1)
. SY¥SLIDaSLID e
CALL TYPE('+MOVE CURSGR TO OTHER SLOT .0}
__CALL PARAMI(NP, PAR, 108}
CALL KURSORCY, ®, L2, 82,SLTD,SLCL, SLES, N 7~
call ADLC(L1,S1,L2,82,S8T,NST, 512,512
BC 1770 LaLi, L2

Y=2%(L-1)




1776 OSFLG=. TRUE.
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X=2%(SST(LI-1)
1772 CALL DLINEC127,Y,X, HSTCLY, 1, ~1)
© U s¥rps=oFS(sLIBy T T T T T
OFS(SL1D)=0FS(SYSLID)

TOFS(SVSLIDY=SYID

KTYFLG=. TRUE.
Go 10 110

€ PARANETER SP - SET SKELETON PARANETERS

3
1898 CALL MYLCPARCIP), HOBPAR(A+1), 8)

C PARAMETER IR - SET INITIAL SLOT FOR EACH ROV
c

1358  CALL HYL(PARCIP).KTYPAR(K+1), 14>
K=K+7?
KTYFLG=. TRUE.

K=K+4
- MUOBFLG=. TRUE. _

GO TG 118

— .c._., e e s e+ ot —— a— e e ———— e et o e 5 i i mn

C PRRSNETER MX - SET MAXIMUM % OF CHROMOSOEMS PRE GROUP

c

1853 CALL HYLC(PARCIPI. KTYPARC(K+41), 24)
K=K+12
KTYFLG=. TRUE.
GO T0 119 o

c - _

2080 T CALL HYL(PARCIPY. KTYPAR(K+1),28Y

GO TO 119
C

c

Kak+14 . -
KTYFLG=. TRUE.
GO To 119

.
¢ PARAWETER MC - CLEAR MOB PARAHETERS
c

‘C PARAUETER IG - SET IHITIAL SLOT FOR €acH GROUP =

OF$(sLiDI=0

2959 H=8 o
T TTROBFLEETTRUE T B
GO TO 119 )
¢
£ PARMUETER SC - SET UP THE CURSOR
2183 caLL 3¢
B G070 110 ~ _
TTCTSETUP THE CURSOR
c o
TG PARAMETER DS - DISPLAY SPREAD T T T T
c
2125 7 CALL APHASE(FOBPHAY ~ ~ 7770 7T TTTTooTrmommmmommommommmommm s -
GOYD 789 _
-TT
C PARAMETER RF - RERUR FOB o i B
[
2158 CALL APHASE (FDBPHA) e
T U EAUL T WPRRANCA ADBPAR, REBPRAY T T T T T
CALL WPARAM(O, KTTPAR, KTYPHA)
COTO 796
€ RERUM FOB e
g T
¢ PARRMETER AB - MBORT i ]
e
2200 CaALL APHASE(D)
GUTO 798
c
T CTPARAMETER ® - RENOYE OBJIECT FROM KARYOTYPE
c
2258 CALL KURSOR(Y, ¥, Li, 51, 5L, sLCLusiEs, 8 777 .
DO 226@ 1=2,26,2
- TTALL BUTHECBLACK, Y+1-14,%¢i-16,2,1,-1)
CALL DLINECBLACK, Y+I-t4,¥¢14-1.2.2,-0> B -
2258  CONTINUE
€ DRAY AN X DVER THE OBJECT TG BE DELETED e )
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OSFLG=. TRUE.

KTYFLG=. TRUE.
€070 118 |

PARAHETER L - DD A LABEL TO INDICATE BIAGHOSIS

299 D0 23i8 1=4,72
TFUiV{PARSUF(13Y.£Q."15) G010 2320
2318 CONTINUE

CalL TYPEC THCORRECT LABEL FORMAT')
GOTD 188 ) .
23286 LASLEN=1-3 T T o T
CALL AFILECHDBB. 1, ‘PIC ',5,5) }
T 7 CALL OPEH(RUBE., 512, 6.2, "HOB)
CALL GET(HNOBS, 1, [N} e
T UTALL PUTIHOBBLIVINY T T Tttt o
CALL HYL(PARBUF(3), HOBB(IN+298),LABLENY
. T CALL TLOSEINaBRY "7 T T ST B )
C ALSO ADD TO THE MOB DUTPUT LABEL FOR RESEL’S BENEFIT
TALL GLAPEC(INEDF, SPAR, TEY
CALL MYL(PARBUF(3), IOBUF(1B+298), LABLEN) i .

U CALL PLABEL (10BUF, SPAR, TOBUF CTB¥IY)
Goro 119

e e i
c PARAMETER VAYE - DISPLAY QQVEFURHS FROM BQND
2339 L,rn.L Urv-‘kﬁli(é"(ﬁﬂ!h' bRNIPHJ
GolTo 259
C

{ PARAMETEF AX15 - LISPLAY #XES FROM BAND

c e ———— — ——
TZ2493 T CALL UPARANC(Z,’AX1S’,BAHDPH)

GOTO 2593
[
L PARMMETER RB - REQUN BaHIED CLASSIFIER
[
2459 CaLl APHASE(FOURPHY
GOTO 798
c i i
¢ PARAHETER @B - QUICK BAHD CALCULATION <(ONLY THE € GROUP)
.@ e U .
25 CALL SSUTCH(7,1ISU7)
IF(ISW?7. NE. 1) CALL WPARAM(2,°’'@B ’,BANDPH)
GOT0 958
C . e e
i DOME LOOKING AT PARAMETERS, SEE If & RE-RUM 1S NECCESSARY
c - o e e e e i e - — e a e - - -
598 U TF¢ HOT.ALLFLG.AND. . NOT.KTYFLG. AND . NDT_HOBFLG) GO TO ?¢8
IF{.NOT.OSFLG) GOTQ 530
[
__C_YRITE THE OFS PARAMETERS FOR CLASFY ... ...
c
e EALL MYLC'OS’, KTYPARCK*1).2)
CALL MYUCDFS. KTYPAR(K+33,98)
K=K+32
558 CONTINHUE
B IFC. HOT.ALLFLG.AND. .MOT. NOBFLGY GO YO 638 = .
TF¢aLLFLE) GO 70 618
£ MUST RE-RUN M08 ON SELECTED CHRONOSOMES ~—~ =~ 777
C
CALL NMYL(’SE’, HOBPARC(H+1). 2}
_ h=Ms+3 o il
ﬂn=ﬂ
DO 680 N=1, NOB
. IF{ . NOT.SEL(N))Y GO TO 588
hE LRS!
LLELLEY! i o o L
MOBPAR (MY =N
€00 CONTIHUE ) i L
IF(HM EQG. B} GO TO 6985
. MOBPAR(HMMI=NM
CALL PUTCIDBUF, 1,18}
CALL HMYL(HOR, I1OBUF(IB+1),18) o

CALL HYL(CHDIR(1.17, JOBUFC(IP+31).2#15%38)
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CALL PUT(IOSUF,2,1B)
TalL RAYL(CHDIRCL, Z1), TOBUFCIB+31), 2%15+39)

o GO TO 618
TH N=H-3
€
CT SELECT MO8 AS NEXT PHASE T0 BE RUN i oo T T
c
é1e "CALL APHASE (NOBPHR) i T
CALL PARAM(H, HOBPAR, NOBPHA)
CALC WPARAMCK, KTYFAR, KTTPHA)
e . GO TO 789 ; R
g - e
€ SELECT CLASFY 4S HEXT PHASE TO BE RUN
: T CLASFY AS HEXT PHASE TO0 BE RUN = . ; e
654 CALL APHASECKTYPHA)
CALL UPARAMNCK, KTYPAR, KTYPHA)
798 CONTINUE
CALL CLOSECIOBUF)
CaLL EXIT
END
]
SUBROUTINE RESEL
c RESEL IS USED TO ENTER INFORMATION ON MEASURED CHROMO

e o

CTHPLICTT INTEGERCA—ZY e

SOMES INTO KROMDATA. THE IHPUT IS FROM RHOB OUTPUT.

COHNMON-sC1 - MBUF, KBUF, NEXT, HUSED. PIB,RECS ON ONL DNS»
lULEN;BIOD;OﬁREﬁ OCIL,0€IBs0CIA,OGFS - - -~ - o
REWL 43 DIT33

REAL*4 CFOURCED. ), PHICEE, 83, M0CIE, 24}, STGHA(L8,24)

RERL =4 ISUM, ASUM, ALSUN. LEH,CT.NCC, SURKY,OCFOUR(SL,8), OPHI(SI. 7}

TRTEGER NPT 35 CSPARCE Y PIDCHZS VI RECSTEBSY

BYTE ONCEB), ONL(B8D),0N3(BO). OLENC(S8B),0CIL(80), OCID(BB) OCIQ(SB)

BTYTE PBUF (S63)/LABELCIZ4 )Y, CXIB4BY; OBDATACIG?ZY
BYTE MBUF(2104), KBUF(:S) FﬂSG(‘B):TﬂSG(23) GMSG(128)

INTEGER PSPAR(1B) - —~--- ooooo o e

IHTEGER SPARCIB),KSPAR(18),010D(30). OAREA(ES), 0FS(99);

e 2 FF 5 SEAR BT E9 I TR N6 GRS r HF Gt

EQUIYALEHCE (OBDATA.OCFOUR), (OBDATAC1623), OPHI)

EQUIYALENCE- €¢C(37), 8B i¢L€478F), SIGMAY -~ - oo

EQUIYALENCE (SPAR(S)>, SCODE), (HLP, PSPAR(L)D

DATA ND#37 DED/ 2 46R% 2 46K 25 4 FRO - 2p o

DATA NFD/6.4,16,6.6,4,4,9,9.8,6,4,15,6.,6,4.5,0.0,9,

6747155664410 8B
DATA GMSGr128%" 7/

e BATA- TS/ 148,48, 2, 2, 484053, 2,48, 48545 45 555, 40,48

2,6,6,7,7,8.8,9,9,18.10,11,11,12,12,23,23.,408,48

1354314, 145 15,15, 40,4016, 16,408,480, 1791718, 18,4840
4,19,19,28,23,40,40,26. 26,25,25,21.,21,22,22,24,24.,40. 48

S B4 B

g

PATA GFSIIZ#I 6#2118'3 3?4 19#5 6‘6:2*8:18*7 8*8,19*9/

DATH CHMT761/- - - - R IR

C CUEmENT HISCELLQWEOUS INDEX = 61

C
c

OPEN NOB CGUTPUT AND COPY HNECESSARY DATH FRON 08 LABEL

CALL SSUTCH(1B,ISU1I®)

IF{ISW18 . NE. t)Y Cakl APHASE(ESY -~ - CoTTTTTTT T

C IF 3412 IS DOUK SET TO CALL ABHORM

C CHECK

5 -

CALt AFTLE(HBUF, I, "kCR-- - -*,%13:"13) - -~ -
CALL OPER(NBUF.,1824,1,9, 'RCR*)

AL G EABELCHBUF S PARHEY

catl HVH(HBLF(HL*[S) SFDDE 1)
CODE=ZCODE ;

TF(3CODE . LT.8) SCODE=-SCODE
IF{SCODE.CT 3. AND. SCDDE LE.15) GOTOD S
FOR VYALID CODE

CHELCEBSECHBYF Y~ - o s s s

RETURN

CONTIHBE - T

CALL MYL(MBUF(ML+73),GNSG(L), 64)
CALL HYL(MSUF(ML+258)Y,;GMSG(LBTY,22)
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CALL MYL(HBUF(HML+73), LABEL.64)

A YT IB OO T N S T R EE L6 T2 8
CALL MYLCMBUF (HL+217), LABEL(85),20)

e CALE MY CHBUF CHE 285 LABELCLO5 Y  2B) o e -
€ SAVE LABEL INFORNATION
o-- e R
¢ OPEN KROMDATA AHD GET HL
g _
CALL AFILECKBUF. 4, 'KDATA *,6:6)
St e IF(CODETET. @)Y CALL BFTLECKBUF 43 *BDATA ~~*, 8,6 -~ ~wrooreor o
CALL OPEN(KBUF,1924,0.,2, 'KRH')
memses - Akl GLABEECKBUF KSPARSKEY oo - R R ERREEEIIEEREERRES
NL=KSPAR(1)
¢ RE&D SOURCE DIR Ecroa» RECORD
c e
19 CALL GET(KBUF, SCODE.KE)
: IFCHUSED.LT.85) GOTO 22~ = -
¢ If SPACE IN THIS RECORD GOTO 83
S e IR CREXTTEQT 8 GOTO 20" - — - i
€ IF L&ST DIRECTORY RECORD GO 4AKE @ HEW ONE
SCODE=NEXT -
5070 18
¢ GO REGD MEXT DIRECTORY RECORD —- - - - - ;
2

] NL=HL+1

- - HEXT=RE
£ STDRE HEXT RECORD IN THIS DIRECTORY RECORD
Cm s TALL PUTC(KBUF S SCOPE; KDY - -wm -
CALL GET(KBUF. NL.KB)
T SCEBESNET ot n e e
NUSED=8

22 CONTINUE

DO 24 I=1,421,5
oot CEFUPIDCEF S EQIBY BOTO 26 ------ oo oo S
C IF THIS SLOT IS FREE GOTO 26

CALL TYPE(® RESEL ERROR’)

PSR IVY W W G
AL TIrEN o7

PAUSE 12345

26 T CARLE ML LEABELC2 ) PIDCT X 10y oo e e

C STORE PATIENT ID

e 1 15250 0 i 1 () 3 S

IR=(I+43/§

REC=RELSY ARF
IF(REC.NE. 8} GOTO 238

TCROTO 28 TF O THIS "RECORD WAS DELETED -~~~ - -----morromomoomr o om o s me e
NL=HL+1

C- MEED TO MAKE A "HEW RECORD -~~~ - -- 7 - mmmmmm-rrmmsms e mn s oo
REC=NL

Doae

RECSCIRY=REC
IF(CODE.LT.8) HL=NL+3

CaBD 2 MORE IF BANDED ~~- " - mootoomommemmemieeos

28 CALL PUTKKBUF,SCODE.KD)

’ . CALL GLABELCKBUF,/KSPRR KLY~~~ " " 7 7w
KSPAR(1)=HNL

C—UPDATE HE
CﬁLL PLﬂBEL(KBUF;KSPQR KBUF(KL-!-I))

GET n0B UUTPUT DﬁTﬂ ﬂﬂb TRAHSFER TU kROHDﬁTﬂ

CALL GET(MBUFL 3, HBY ~ - ooomr oommems e
11=HD+215
D0 32 I=1,98 Tttt

TR R AL N Pt
CALL ZIACON, 49)
CALL ZIACHN, 68) - -
CALL ZIACTN,28)
CALL ZIACHFG; 18y - -
DO 48 J=1,38

‘
l

T T GET OR ST F RO HOE T OUTPUT AND CONVERT TO TYPE T

G=CFsSCJ}
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CHFGEGY=RFG(GI +t
Tﬂ(OFS(J))=TFS(J)

HEVE rae
GET(HBUF. t, WD)

PUT CKBUF . REC, KD}

NYW (LABEL, KBUF (KD¢f), 82)
NVU(HBUF(HD+1):N08 i

CaLl
cALL
catt
caLL

N=1

S8 IFCTR(NY EQ.8) GOTO g@

]

GOTJ &8 IF THIS OBJECT IS NOT TO BE EHTER

I =

204

RRY DATA FROM MGG LADEL AND LINE 1 TO XBOUT

S TEZEINGHYSL T
IFCT.LT.68. AND.T.GT.0) GGTO 68
TaCHT -

IF(T.GT.88) LOTO 88

C-USE HEXT AVAILABLE-SPREE 1IN KHISCELLANREOUS- AREA-----

CHT=CHT+1

o8GO T N E— —————
IFCON(T). EQ.0) GOTO 78

[

BB Lo
ONCT =N

GOTO 78 IF FIPST SLOT FOR THIS TYPE IS EN?TY

FITIPR TR G
VR /7=y

CONTINUE
T B | B et T
IF(H LE NOB) GDTG 50

TRANSFER CHDIR.

39 BYTES IS OFFSET OF ONL ON MBUF

11=33+4D
CF8T=L
IEND=39
-DO- 189 J=1.,2
K=8

e B9 0 = E ST TEHD
K=K+1
CNNT=NRCE) -
IFCHNI.EQ.9) GOTO 98
IH=CK- 1y *30+1 1
CALL MVL(MBUF CIM+3), OHL(NND), 1)

- — A MR U C R S ORI ORI )
CALL MYL(NBUF(IN+?), OLEN(HHI) 1)
CSUM=CStm+t - - -
LSUN=LSUM+DLENC(HNI)

Catt HYR{HBUF(EM+3). 0IOD(NNI), 1D
ISUN=TSUN+0IOD(NNI)

ASUN=ASUN+0AREAC(HNT )

catt HYL (HPUFCIN+1E X, GTILCNNID, 1Y -
Call HVL{M3UF(IN+135.0CTID(HNT). 1)
CALL AVL (HSBUF CIN+15), G2 TA(HHT). L)
CONTINUE

B AL YN U2 L OAREA NN 1) — ————

RGBT 26870186
caLt GET(HBUF 2;ND)
“FSF=3t----

IEND=NOB
“Ti=3a+Md
CONTINUE

- AT MY S I KB KD 2 S e Yy

CAall MYYCLSUMH, KBUF(KD+127}.1)

CALL HYSCISUM: KBUF{KD+129):2)

CALL HVWC(ASUM, KBUF (KD+133). 2)

IF(CODE. GT.0) GOTO 198 - -~

- TN R Y
P [ Rt -

JTREAR PROCLCSSTHG -
L

Call GET(HMBUF, 4, 1M)
CattL H?U(HBUF([H+I).CFOUR(1,1)1490)
CRLL GET(MBUF., 5., I#)
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CALL MYW(MBUF(IM+1),CFOUR(I.S), 480)
T T CRELT GET ORI Y

CALL MYGCMBUF (IN+1), Pﬂl(lal) 489)

CALL GETINBUF., 7, IMY - -

CALL MVU(MBUF(IN+31),PHI(1,5)., 489)

D0 119 H=1,NDB

T=HN(N) _
T T TR E S BT OR T T T CT TS Y GOTO T Ie

C GET THE FOURIER Dﬁfﬁ
D0 192 T=1,8"

182 OCFOURCT, I)=CFOURCH. ) B
e | L B L T e hht
194 OPHI(T, I)Y=PHIL(H, T+1)
—tt CTONTINDE
198 CDNTINUE )
e e . R O U U
[ YRITE RECORD ON KROMDATA
G
Catl MYWC(ON, KBUF (KD+1435),448)
fte=o-
b0 280 6=1.9
"""""""""""" CALL - OUTCORCNFG(G) , GHBGCEB¢C k), 4y~~~ --- - - 7 - -o-ommrooommormrmmrsmmnenrmnm e
208 HC=NC+NFG{(G)

e e CALE QUTCONCHE GHSG (687 4)
IFCIV(GHSG(107)) . NE.32) GOTO 223

— ISP ERATOR SUPPLIED A DIACHISIS COTO 236"
DO 228 =1, ND

IF(NFG(G).NE. NFD(G, H)) GOTO 220
©218-  CCOMTIHUE = - - -
L HFG HATCHES THIS DIAGNOSIS
T GOT0 238

228 CONTINUE
£ MO HRTCH A
225 N=e

B 3 o X
238 CALL MYL(BIDCH), GNSGC187), 8)

AL MY DT IO KB U TRV TS 8
259 CALL AFILE(PBUF., 1, *FIC ‘,5.5)

U7 U CTALLC OPENC(PBUF:SIZ,9, 277HOBY T
CALL GEYT(PBUF, 1, I}
Catl QUTCONC(REC, PBUFCIP+IZEY. )~~~
Call HYL{'RECORD'.PBUF(IF+165), 6)
T STORE RECORD NUNBER TN NOB OUTFYT FOR HCUPY
IF(N.HE. @) CALL l'l‘q‘L(DID(N) PBUF(IP+29B) 8)
TALL PUTTPBUF, L,IPY ~ 7 rmm mommmm e
Catl CLOSE(PBUF)
© STORE DIWGNOSTIS N IN PREP AND NOB OUTPUT FOR HCOPY ~
CALL HYL(’ s¢ XAXXXXXXLX ON RECORD XXXX *,FHSE.31)
T T T T T CAL T YL LABECC2 I T FNSG (ST T8
CalLl OUTCONCREC, FHSG(29),4)
T T T CALL MYLUGHMSGCIR7Y S FNSG (32X 8y T
CALL TYPECFNSG)
. T o TEXCOBECGT. ) GOTO 3B - Tt
C MRITE THE BANDED RECORDS
o278 1=13
CALL PUT(KBUF,REC+I, 1K)
Tt CALE MY (OBDRATAC N BR24 1023 KBUFCIK+L Y B12) - o o

278 CORTINVE
-380---- CONTIMUE--- - S ssmssesssosoos oo -
c UR!TE PATIENT REPODRY RECORD

CALL AFILE(PBUF, 4, 'POATH ’.6.,%)Y

CALL OPEN(PBUF,S5t2,8.2, 'FRP')
CALt GLABEL(PBUF,PSPAR, 1P)
NLP=HLPs 1t
CaLL PLABEL(PBUF.PSPAR. PEBUF(IP+1)}?)
Call GET(PBUF.HNLP, IF)
T SAkt BYECBNSOLPBUFCIP I8y o o T
CaLlL PUT{(PBUF,HLP, IP)
CALL CLOSE(PBUF)
CALL CLOSEC(KBUF)
CALL CLOSE(HBUF)
CaLL TYPEC('8’)
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¢ MASK2 - COMBINE 2 PICTURES AND ADD A BORDER
- CALMS YERSION— . - S

SUSROUTIRE MASK2(DUNIT.FILPEX)
IMPLICIT INTEGER(A-2)
REAL STATS(236)»
SYTE A(e293), BC6298)-L(952), LECI2),RE(L2)
COMNON STATS. LE. C, RE
- e EGER 2 OS2I ESH ) — —4——————o o — — oo — - o o —
EQUIVALENCE (LOU,STATS), (HIGH(1),L0UW(2))

INTEGER#2 SPAR(S), SPARB(S), PARCIB) KEYC3I) oo oo
BYTE FILPERC12)
DATA MARNS/O9R 2/ o ol e s
DATA HKEY~3/, KEY, HI’, *HS’, *KG’ /, HFLAG/8/, NFR/128/, ISTZE/180/
cﬁ!_l_ AEII CIA :'JD!P "5’5}
€ ASSIGH DKI1.PICLS, 53 AS DEFAULT FILE FOR OB OUTPUT

CALL OPENCA»3872, 1,8, 1NOB2Y - oo
CALL GLABELCR. SPAR, IA)

commeeeeee - CALL ARELECB, §,2 PG oot L

C ASSIGN DK5.PICCS,S1 AS DEFAULT FILE FOR KGM
et CALL-RPARANLHR,PAR19)
1ttty IP=t
e Frm e IRCIRP BT NRY BOTO- B0 - oo
D0 S J=i, HKEY

e IFAPARCIPY, EQKEYC I GOTO- €18, 3201530 o
5 COHTINUE
B CALL TYREC! sk PARAMETER ERRORZ)
CALL TYPEC?@')
e e . PAUSE - e e el
10 HFLAG=1
S CALL- ZIACSTATS,SI2) - o
1P=1P+2
rn?n 2
12 ISIZE=PAR(IP+2)
.. 1P=1P+t - e
GOTO 18

45 - CALL AFILE(B.PARCIP42). PARCIPHID, 2020 o oo
C ASSIGN A DIFFERENT KGM FILE

P 20 COMNTINUE
CALL OPEHW(E,3872,1.0, 'KGN’)
e GALL. GLABELCB, SPARB.EBY oo e
HL=SPAR(1)
TFCSPARBALI.GT . HL) HL=SPARBCLX- ccoooeo . oo o .. .

NS=SPAR(2)+SPARB(2) +1
e LRANS T MARHS I NS=BARMS—
IF(SPRR(3). NE. ?) NFk=256

ceeeeo . CALL MSUB(ACIA+L). NS, DUNIT.EILPERY - - - -~ o - e
¢ LABEL CALL T0 NSUB
. BO 180 L=1,HL .. - o o -

TFCL GT.SPARC1Y) GOTO 5@
e GO GETL AL LAY
CALL HYLCACIA+1),C. SPAR(2Y)

C e -~ _GOT0-55 oo R e el e e
58 CALL ITLA(@.C. SPARC2))
55 C(SPAR(2)+1)=127 .. el

IF(L.GT.SPARBC1)) GOTO €9
e CALL GET(B.L. 18}
CALL MYL(B(IB+1},C(SPARC2)+2), SPARB(2))

50 CALL 1TLA(B.CCSPAR(2)+2),SPARB(2))
65 CALL_MSUBLC.HS). ... ... e el RS

IFCHFLAG. EQ. 1) CALL LSTAT(SPARC2), ACTA+1),STATS, 1. 1)
ffIF HTRTAMRAM NaS RFOUESTEN, SATHFR THF STATIRTINS
198 COHTIHUE
IF(HFLAG.EQ. Q) GOTO 299
11=t
C COHVERT THE FREQUENLY COUNTS TG REAL NUMBERS
DO 128 I=1, HFR
e STATS(L) =LOMCI I HIGH I IR 2 28

128 [1=11+2
CALL MSUE(STATS, -NFK, ISIZE)
GOTO 228
208 CALL MSUB(8,9)
128 COAT INBE
e A CLBSEAY e . . S ——

END
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SUBRDUTINE MSUB(LOC,NSO, ISIZE.FILPEX)

210

o e = JMRLICIT INTEGER (=23
REAL STATS(256), MAXF., HSIZE
BYTE FILPEXR(12),DATR{1800)
COMMON STATS. DRTA
INTEGER#2 FREQ{(236),5PARGI) B <
EQUIYALERCE (FREQ, STATS)

e INTEGER*2-1S1ZE4S5)
BYTE DSRN(6258), T(2184), DHSG(20)

- EQUTVALENCE- (DSRH(4452), F) ¢ BSRH( 6257 IEUS Y- onromommmomns e

BYTE LAB(S12),1L0C{976).BUF(1080),LH{4), LOGN(4)

DATA SPAR,B.B,4,1,512/

e BATAMARE A NI ZE 2004 bt Bt U TE 41 54 STER AL L B0

IF{{BYU.CGT.B> GOTO 1909

C GOT0 188 TF-NOT-IHITIAL- CALL —-o o oo e o @ oo o

CALL AFILECDSRH, ISIZ2E.FILPEX, 2,2}

e CALL SSUTCHCS,ISHE) o

BUFSI2=3072

TRCISUS. E0.1) BURSI2=2948
C IF TWPE OUTPUT, DECREASE SIZE OF DSRN TO MAKE ROOM

e CALL - OPENADSR M BUF S I1Zr 1 17 SRS F o mmmm e cmm o e

CaALL HMVHEC(LOC., LAaB,256)

e CALE - LT L CLABC R, BPEY - -

C SAYE LABEL AND BPE
=NS O

TF(HS. GT. MAXNS) HS=NAXNS

CONSD2RCNS A LR e

C NSD2 [S THE NUMBER OF WORDS TO MOVE TO DATA
CIFANS LT MIHHS)- HSSHINRS- - coooe . omans

C HINH° IS THE HMININMUM SIZE FOR THE DRTE AHD TIHE LRBEL ﬁﬂD HSTGRH

NSY=hNG 24

NWE=(NSU+1),2

ceeee - SPRRALZI=MEBN - oo il

SPRR(4)=512/NU¥

- IF(SPARC4I.EQ.8) SPARCAI TR oo i aamioiiiioons

CALL PLABEL(DSRN,SPAR,LAB)

e L EL JSUS NE1 COT0 38
CALL MYHCL, T<C21).,12
R -CALL M¥W (32148, F(23)>, 1) ------
C SET M¥B FOR NTO:
CALL OPER(T.1824,1.3,-'TabP" 2
CALL MYR(L, T(S1), 1)

- --C-.BRE=1 -
CaLL MYW{HSH, T(45), 1)

£ RECLER=HNSY - . R

CaLL HVH(NSU;T(4?):I)

L BLOCKSIZE = _.NSW .. .- el R

5 CORTINUE
o LRLL ZIRCBUERUWY -

CALL WLINE(DSRH, LBU, HSW, BUF, 84)

C BRITE 4 -BLANK LINES - .. -

CHID=13+NS/2
- GUMENSs32 . L

C GREY WEDGE WIDTH
BAxOMID-16xCYN-1

B2=232=CUN+3

e LALLITLAC2SS, BUECBLX.BR2)Y .

Catl WLINECDSRH, LBN. NSW.BUF, B1)

----------- Call MEDGE(NHITE,STER.BUF,.NS8Y . .. . ..

CALL ULINE(DSRN, LBW, NSU.,BUF, 12)
ral . UFARF(25%, ~ATRP, RUF. NR)
CALL WLINE(DSRR.LBW.NSW,BUF, 12)
CaLL ITLA(255.BUF(B1)Y,.B2) . .
CALL WLINECDSRH, LBYW, NSH, BUF,BI)

C WRITE GREY SCaALE . [

CALL ZIA(BUF, NGU)
- LALL - ULINECDSRN. LBU,-NSY. BUF. 1)

DB 88 K=8,6
IF(K EQ.3) CALL REF(5.BUF, NS¥>
DG 79 MN=188,NS, 189
Call QUTCONINLLN(4, 42
78 CaLL TEXT(LH(2), 1, K, BUF(N+$),1)

— =88 CALL-ULINECDERHLBU NS BUF ) ————
CALL REF(25,BUF, H58)
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211 212

CALL- BLINE (DSRN, LBU, HEM, BUF A BB - - cooomm o o oommiimmmee e e
C SRITE TOP REFERENCE MARKS
CCALL. ETLAC2SS, BUECSI B o o oo o oo e e e
CALL ITLAC255,BUFCI3+4HS). 8)
— CALL BUINE(DSRN, LBU, HSU. BUF, Q1)

RETURN

188 ... CONTINUE . . S
IF(NSO.LE.8) GOTO 208

€ 1E END OF PICTURE.  GOTO. 288 . . e
IFC(BPE.NE.?7) GOTOD 119
CALL MVUZBCLOC, BATALL2Y. NED2)Y

GoT10 115
RS & § . DU CALL MV L0, DATACL Y S D2 Y e e
1135 L=l+}

LC_STEP INPUT LINE NUMBER e e oo e
CalLLl ITLACR,.DATACL1),12)
e Call ITIACB.DATOCIZI4NS), 12)

C ZERO LINE REFERENCE MARKS
o L LPIsLe3 P
NL=ROD(LP3, 108)
. 1F(ML.GT.6.0R.L.LT . 4)_GOTD 138. R
¢ TIME FOR HUMBER OF HUNDREDS
e CALL_DUTCONCL P LH(4Y, 43
CALL TEXTCLHC2), 1. HL, DATAC2), 1)
CALL. TEXTCLHC2), 1, ML DATACIZ4NSY s §0. oo o el
COTD 148
128 COMYINUDE .. - . . e
TF(HMOD(L,5).NE. @) GOTO 158
U CALL 1TLAL2S55. DAaTadls5),. 4>
CALL ITLAC255,BATALI74NS), 4)
€ INSERT. EVERY 5 MaRK . . -._. U U
148 CONTINUE
{FCNODB(L, 255 NE. D) GOTO 158 .
CALL ITLAC255,DATACSY, 4)
o DALLITLAC255.DATACIIHS), 42 . -
156 CONTINUE
: CALL. WLIME (DSRH. LBY, NSW, BATA. 1) e
£ WRITE ONE LINE OF DATA

- RETURH - R
298 COHTINUE
L EIHRL ENTRY, URITE BOTYON OF PICTURE —————— — e—

DO 248 K=i, 11
CIFLKLLT.-5). CALL REFC(2S.BUELNSN) . ... ... .. ..
IFC(K.GE. 5. AND.K. LE.8) CALL REF(S,BUF NSU)
IFCK.EQ. 9y CALL 2TACBUR, BW® - - - . - e
1F(ML . CE. 5> GOTD 228
O FIMISH UP _HUMBER THAT WAS STARTED ON LEFT aND RICHT SIDE
Hi=ML+1
o CALL TESTCLRC2), 1, BL BUFC2 )1 d - oo e
CaALlL TEXT(LN(2). 1, ML, BUF({17+N8),1)
. 228 -COHTINUE .- . .. . e e
IFCK.LT.5) GOTO 248
.M. 224 N=tQ@. NS, 128, .. . L [ I I
LELL GUTCUH(H, LOGN(4), 4)
238 rall FENTC(LOGNC2), 1, K-5.BUF(H+2), 1)
249 CaLlL ULINECDSRN.LBW. NSV, BUF, 1)
'C WRITE BOTTOM REFERENGCE -MARKS - - -
Call 2Ia(BUF. NHU}
- LALL-WLINE(DSRH-LBU-HSU, BUF, ) —— - e
CaLl ITLAC255,BUF¢(B1Y,B2)
CALL WLINE{DSRM, LBU, NSY.,BUF,81)
caLL WEDGE(255, -STEP, BUF. NS)
CalLi YLIME(BSRH, LBY, NBU.BUF,.12)
CALL WEDGECWHITE,STEP,BUF. NS)
C CAkd - BLINEX PSRN LBU-NSU BUR {2 — — - -
cALL IYLAC255,8UF(BL), B2}
CALL NLINE(DSRN, LBY, HEBU, BUF ) e - omem
- URITE GREY SCALE
CHARCHREONE L 4 B/ 2 oo com oo e o i i eoos
JHAR=433

IF(IV(LQB(J 1)7";12 67 GOTO 268
C- FINISHED MITH LABELS - IF-HO L IN-COLUMN 28 i e
Ji=Jd+t
£.SKIP -THE -FIRST. LABEL -CHARRACTER WHICH 15 -ALUAYS BLANK --.---
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213
C FIND THE LENGTH OF THIS LABEL

214

—_— 3242 =17
IF(LAB(J+7B8~1).NE.32) GOTO 243

e R BN T I - - c oo e e e

C ENTIRE L&BEL 1S BLANK

- T o W . U U P

243 LABLEN=78-]

———— 244 CHR=LABLEH-
IF(LABLEN. LE. HRXCHR) GOTO 247

- SPLIT UP--LABEL-IF--IT IS FOO-LONG--—-—m oo

DO 245 I=1,28

FFCLAB(S I +MALCHR-1)-EG. 22} GOT0--246--- -

245 CDHTINUE

I=1

246 CHREMEAREHR ~F# b oo

247 COHTINUE
-~ - GALL ZIACBUF, HU¥) - —— - - e
SALL WLINECDSRN, LBY. NS, BUF, 84)

- 30248 K=9,6
CALL TEXTCLAB(J1), CHR,K,BUF(13),2)
- CALL -BLINE(DSRH, LBY, HSU, BUF, 82> - -~
248 CONTINUE
€ WRITE LABELS e
J1=J1 +CHR

- AR NS GB L E N~ HR————
IFCLABLEN.GT. 8) GOTO 244
236 CONTINUE - - - R
260 LCONTINUE
IF(NSO.EQ.8) GUTO 420
¢ SKIP HISTOGRAM 1F KSO EQ@ @
B i L2 2 R ——

HSIZE=ISIZE(1)

e - LALL ZTACBUR . RUM)Y-

CALL WLINE(DSRN, LBU, NSH,BUF, 4)

. NFRML=NFR-1..._.. o - i e

50 320 IBZIRFR"l
—— - 1E(STATS (I3 LE MAXF) GOTQ 228

HAXF=STATSC(I)
- 328 _CONTIWLE . .. __ ... — B
IF(STATS(1).GT. HAXF) STATS(1)=NﬁXF

oo - 1F(STATS(NER) GT _MAXE) STATS(NFR)=MAXF __ .. _

DO 328 1=1.NFR
330 FREQ(II=(STATS/II/HARF) «H8I1Z2€+_ 9999
EARY=HS/HFR
HSTART=(NS~-BARU*NFR) 72412
J=HSIZE
340 H=HSTART
DD 358 I=1,HFR

v VELFREQCLIY . NE.J)Y GOTO 350

C TIME TO STORE BAR FOR THIS DA
CaLL TTLAC2SS,BUF(H) . BARY)
359 rH=H+ohnkd
CALL WLINEC(DSRN. LBY, NSW,BUF.- 1)
J=J-1

e —1R4J-GE-B GOTO 348

C THE FOLLOYING CODE WAS COMMENTED OUT TO PMAKE ROOM FOR TAPE OUTPUT

10 .3728.4=8,64,56- - .. ... B
CALL 2IACBUF,RUW)

¢.
4

L . HSTEP=JwBARY. . el eie-
¢

HMAX=HSTART+HFR*BARU+1

—C DO 368 HaHSTART.HAAX . HSIEP
C 368 CALL ITLAC2SS, BUF (H),BARY)

L. . CALL WLINE(DSRN.LBU.NSY.BUE,S) ... ..
C 378 CONTINUE

Lo CALL ZIRCBUF. MUY . ol
t CALL VLINE(DSRW,LEV, NSU. BUF,2)

6 HSTEP=16aBARN
c B0 400 K=0,6

e HEHSTART
¢ CALL TEXTC('8’,1,K,BUF(H-2), 1)

€. ... DO.39B H=16.NFR.16 .. . e e
¢ H=H+HSTEP

—~L  IF(BARW FO 1 AND MOD(H.22) EO 163 COTD 399

C CALL DUTCONC(H,LKH(4), &)
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215 216
G . IFCH.GT.89) £0TO 388 e e
CC M IS 2 CHARACTERS
€ . CALL TEXT(LH{3I).2,K,BUFCH-S3.4) . . . ... B
¢ GOTC 398
—C 383 CALL TEXT(LH(2), 3. K, BUFCH=-8). 13

€ 358 CONTINUE
C 498 CALL ULINE(DSRN.LBU,NSM.BUF, 1) - . .

4298 CONTINUE

CALL MVLC'DB-MAM-YY HH, WM, SS JPL/CALHS’,DNSC,28% . . ... ... .. . . .

CALL DATE(DHSG)
e e SRLL TIHECDMSGCL L)

CALL ZIA(BUF, Hi9)

Call WLIRE(DSRR. LBW,HNSW.BUF. 18) e S -

DO 488 K=8.,56
CaLl TEXT(DNEGR, 28, K, BUF (2*HYY-35383,2)

call ULINECDSRH, LBY, HSY, BUF, 82)

L MRITE BATE . . - —— Cee e e
460 CONTIRUE

Call ZIRCBUF, HBW)Y -

cALl WOUINECDSRN, LBU, HSHW, BUF,94)
SPAR(1Y=LBY

CaLl PLRBEL(ﬂSRH SPQR LFIB)
— G REURITE LABEL UITH CORRECT 8L
L=0
- .- 18BUss. _ e . e A e e e .
IF(ISKS. HE 1) f‘OTO See
- CaLL CLOSECT)Y - - R - .- -
catiL GEF
—Call ¥EF - -
CaLl BSF
.Y 1 S CALL CLOSE(DSRNY . ... e e e e - e e
RETURN
_________ END. . _ _ . . e e e e el

Cokdmunkbnsnk

e e R e — . [
c BAND »*
[ »
MEZ TR TR T
% . ]
€ FIND UAYEFORM AND FOURIER COEFFICIENTS FOR BANDED CHROMOSOMES
R o e e
COMMON +#C1s HWOB, IDIR
-COMMON «C1is CHDIR, SHLBUF.LRGBUF, NS HL. CUROLK-- -~ —- .. -~ . . o
COMMON +sCt/ SST,EST
-.COMNON_ -Cls SPIOD. SPLTH.SPAREA. . U U
COMHON sCls HCHR
COHMON sC1rs CEOUR, PHI —

COKMON ~/CLl/ BAND. AHIS
C e COMMON. 2CLs OBUF, BUF e e
EYTE LRGBUF(78,88)
.................. BYTE QBUFC4152) . .
BYTE TENPSB
LOGICAl OPYTL, OPY2, 0PT3I.SEL(EQY
INTEGER TEMPI
--------------- INTEGER SPARCS I OF SR 2 e
INTEGER BMAX
cemmee e LT EGER BAND LB i
INTEGER KPAR(280)
INTEGER RPL
INTEGER CHDIR(15.68)
et THTEGER CUROLN i
INTEGER PAR(18)}

<w-- ... INTEGER CLP4RMC130) . . ___.__ I e e e
RExL CFOUR(£9. 8y, PH[(GB:B)
e REalL _AHIS(158) —-
REAL COSINE(I5@),85THEC1S®) -
s -REAL.AFDUR(E3,8),BEOURCEB.8) .. - L

- ERUIVALEHCE(AXP,PP, Q0. S1GX, X2, YSTAR, AF.JBIF)- ... ... . ...
EQUIYALENCECYP, PPP, 0QR, SIGY, IY2,YEHD,BF., JU¥3
e — e EQUIVALENCECKTERN, PPRPP. NSL L NNZ PG, B R QUL ————
EQUIYALENCE(YTERN, PFPPP. HLL. LL, HG, NDIV, RHJ, JLL)
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217 218

B U MALENCE CBP AR (2P0 B dec oo oo oo eoi s e e me e e e o e e
EQUIVALENCE (CFOURCI, 1), AFOURCL, 1))

- EQUIVALEHCE (PHI(1,1),BFOURCL 1 3o .. e
EQUIVALENCE (ML, NLO)

i EQUTMALENCE—CNUN OB, 11
DATA LWIN/8/, 0PT1/. FALSE./,0PT2/ FALSE. , OPT3/.FALSE. 7
¢ LENGTH OF UIHDOM FOR_UAVEFORH CALCULATION. OK .STRAIGHT..CHRONOSONES - .. .- -

DATA SEL/68%. TRUE. s

C. . R U
PﬁP(l)ﬂB
e CALL _RPARANIHP AR, PAR. 183
NP=1

ceeeeee o B LB MR E L P AR . e el .
IF(PARCNP).EQ.'UA’)> OPT2m=. TRUE.
- - LECPAR(NPI.ER. ‘AR’ OPI3=, TRUE. ... ... .. . ...
IF(PAR(NP)>.HE.'QB’) GOTO 18
0PT1= TRUE

DO 9 I=1,68@
- S SELCI)= FALSE. . S el e
10 CONTINUE
G e - el e e i
caLL AFTLE(OBUF, lo‘RCR ' ‘13:'13)

CALL OPEHCOBUF.2049,1.0, 'RCR‘)
CALL GCLnBEL(OBUF.SP#AR,IB)
1B=2 o -

CALL GET(OBUF, 1. (8)
CALL NYL(DBUF(IB+3),SPIOD, 12} g
- ime—. .. NCHRaIV(OBUFUIB+L23Y . e

CALL MYL(OBUF(IB+31), CHBIRC(1, 1),2%15¢38)
CALL GET(DBUF,2,18) . _ . -

CALL MYLCOBUFCIB+313, CHDIR(1, 31), 2+15%33)
CALL CET(OBUF,3,18)
CALL HYW(OBUF (217+1B).0FS, 72)
1£¢ HOT OPT1Y GOTH 38
D0 28 1=19, 34

e JECOFSCYIY EQ. B GOTO BB . e e e e e
SEL(OFS(I1))=, TRUE.

28 CONTINVE . . . . ___. U PO
30 CONTIKUE
C

DO 218 II=1,HCHR
cmme s JIECONQTLOSELCILD). GOTO 318 e e e .
CUROBLN=CHDIRCL, II)
e - NLERCHBIRC2, L1y e el e
IF{CUROLH.EQ.3) NL=8

— NS=CHDIRCZ, Y1)
IFCHL.LT. 1. 0R.NS.LT.1) GO YO 318
e . X - . RO P -
LPC=1824 /NS
Lo L0 LLINES/GET . U P
¢

T n“ ;:aa |=||u|
CALL GET(OBUF, CUROLN. IB)
coee oo CRECLUEQO 1) BLASTIB=LIB . L e e

CURDLH=CUROLN+1
DO 301 III=d. LB o e e e
NG=HG+1
. ~WRITELS, 2288) (OQBUFLI+IR). Jui NS
CALL MYL(DBUFCIB+1),LRGBUF (1, NG}, NS)
... 1B8=18B+NS_. . . . e e e e e
IF{NG. GE_NL)GO TO 311
.381.._. CONTINLBE . _ U P

03 CONTINUE
-.-318  COHTINUE
<

c TEST THE ORIENTATION ... . e . . I C
c SCAN ALOHG X (RO IIIRECTIDN
.C L

JR2=HS /2
DD & Fo3-3 | - S . ——— e

NNZ=2

MSEGX=0
NSEGY=8 o L L -



499
c

b HOW SCAM IH THE ¥ (COLUMNY DIRECTION

c

c

4
ORI 'S K -
¢

U

<

—COHTINUE—— -

219

— ... DO_483 J=1.HS

4,122,518

IF(LRGBUF (J, IY2) . HE. @) HRZaNH2+1
LECLRGBUF(J, 1X2> EQR.A) HNZ=8 . = .

IF(NNZ . EQ.3) HNSEGX=NSEGX+1
CONTINUE

NKZ=8 B

DO 481 I=L1,.W0L

IF(LRGBUF CJX2, 1) ME. D) NNZsHNZ#1

IF(LRCBUF (JX2, 1} . €Q.8) HHZwD . .

IF . HKZ.EQ.3) NSEGY=HSEGY+!
COHTIHUE

DECIDE IF . IT. 1S PROBABLY. BENT

IE(NS_ GY 253 GOTO 438
IF(NSEGX.EQ.1. AND HNSEGY . EQ.1)
IF(HSEGR . GT.1..aND. HSEGY. EQ0. 1)
GT. 1

IF(NSEGK . EQ. 1. AND. HSEGY.
GO 70 448 ..

OR.-NOT MAYBE

GO TG 410
CO TO 420
GO TO 430

STRALGHT . . - - . .. ..

DO 4Lt IxtL,NL

LaSTe=0

—— DO 485 J=i,HS

IF(LRGBUF{(J,I).NE. 8) GO TO 406

-LASTO=J .

CONTIHUE
CCONTINUE. ... ..
FIRSTO=NS+!

__________ . IECLRGBUF(J1.1).HE.8) GO_T0 408

. ...487.
488

DO 487 J=l. NS
Ji=HS+41-J

FIRSTO=J{
CONTINUE _ . _ . .
CONTINUE

e A1 =i ASTAIFIRSTAL1 ) ,2

£ 1F WIDTH IS t€ WINDOW MIDTH GOTH 4288

[8aND=8

IL=LAST@+L . .
IH=FIRSTR-1
IHAIL=TH-1L+1

IFCIANIL. LE.LUIN) GOTO 4208

IK=LASTO+LVIN

.. D0 4182 J=IL. 1K

4199

1BAND=IBAHD+LRGBUFCJ, [)

. MBAND=IBAND. . SR e e e
C NBAND IS MAXIHUN VALUE OF LMIN SAHPLES
4158 IK=1Ké1 —_
IBAND=IBAND-LRGBUF (IL. 1) +LRGBUF (1K, 1)
¢ MOYE ONE PLACE. OVER : ; -
IL=1L+1
IFCIBAND. GT.HBAND) MBAND=IBAHD . .
IFCIK. LY. IH) GOTO 41580
C.CHECK IF_ALL SAMP{ES PROCESSED ~ e e e
BAHD(I1)=HBAHD/LYIN
£0TQ 4835 .
4200 D0 489 J=IL,IH
489 184N D= IEAND+LRGBUF (s 1D
BARD(1)=IBAND/ IHHIL
. 4293 CONTIHUE
1FCOPT3) LRGBUF(LL, I} =t
411 CONTIHUE - e ; ; ]
c
C... e L - R -
GO TO 448 ~
_.-420__ CONTINUE _ -
c
c FLIP 1T DIAGOHALLY
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221 222

439 CORT IHUE

G e e e S . -
c BENT ARD PROPERLY ORIENTED
c -
< AvYE v 1)
[
NLL=C(KHL/3) #3341
NP=0 -
HSIGY=0
C._ — — - R — U S —

D0 431 J=1. NS
IF(LRGBUF(J, 1) .EQ.9) GO TO 431
H4P=HP+i

NSIGY=NSIGY+FLOAT(])

431 CONTINUE o e e IS S U

12ER0=HS IGY /NP
AvE X
NSL=C(NS/3)e3d41
NP=9

HEIGX=8

R |1 B T2 .3 PN , [ A SRR EEEEESESSEEEEES S

DO 422 I=1,HL
.. . 1FC(LRGBYF(J,1).EQ. 8> GO TO 422 ____ . .._._... ... .-
NP=HP+1 '
__ NSIGX=NSIGX+dJ

422 CONTIHUE

_______________ JZERDENS I RE /NP e e s s

U - b B 3 - T - P PPURREEEERETE L FE S S EES

A21=8.8
A12=8.0

A22=0.8

e JRI3BO.8 e O S U UV T

431=8.89

cee... HA3228.0 . _ S PRI RS

A23=8.9
S0 8 -

T=8.8
R - i 4= - T . SO PSR PSSR
U=9.8

Pﬁﬂ

HSM2=NS5-2

. D0 568 J=1,HSH2.3. .. e e e e S e e e .

BO 5e8 1=1.HL

1FCLRGBUF(J,1).ED.8) GO TO 588

—— o EKP=J-J2ERD - —-

YP=1-12ERD

-A32=A33+1.0 e e . . -
XTERM=XP

YTERN=7P .. . . A

R22=A23+7TERN

. UsULRTERN R -
T=T+RXTERM*YTERN
e R TERMEYTERMRY P o Ciiio e e e enememeeme oo
SaS+XTERM*YTERN
oo .. R22=A22+«YTIERM. . . . L e e e s
YTERM=YTERH*YP
e A21=A2 3+ YTERNW

YTERM=YTERM=YP

NN AL1=A21+YTERM . L i e e s e s

4

..599 . _COMTINUE  __ __ S IO SR e

C
- __Al2=a21 _ e e I e o PEE
A1Z=A22 o ’
A31=413
A23=a32
PP=S+A22xA33+A23*(A12*U+A13T)
PPP=U*A222A13+A23*A23%S+A33+T2xA12
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223
 _PPEP=A11%A224A33+0124423¢¢A22+A13)

224

PPFPP=R22»A22*A13+A234AZ23+A11+A33+A12*A12
P=(PP-PPP )Y/ (PPPP-PPPPP) . .
RR=A23=x(S-AL1=*=P)-A13«(T~-412%P)
QI=A12+r23-A13%A22

2=324-/0048

Re(S-allxP-R12xQ032413

¢
£ R . e e e
c
NDI¥=3

R |1« N4 =1 I &% PO - 1
YP=I-1Z2ERD

- DBRARYR2 BxPe¥P+Q .
BYDX=1._08-/DXDY

DY=DRDY

AP=Pe(I-1ZERQ)I »22+Qe(1~12ERD) +R+JZERD

HJ XP+B 5
MI=YP+]ZERO+8.93 . ___ _ .

IFCOPT3I) IRGBUEF(NJ . NI Ix]

--- - - BARDLII=LRGBUF (NJ, M1}

HJd=XF+1.5

- MI=YP+IZERO+Q..5~-DY. . e e e

IF(MI.LE.8)G0 TD 7@l

IFCHI.GT . HLY GO-TO 288 o .

BANDC(ID=BANDC(IX+LRGBUF(NJ, NI

HI YP*IZERD+B 54DY
R—— . P E 5 € -1 .

c

-IFKHL.LE. @) GO TO 781 e PO I

1F(HMI.GT.NL)> GO TO 781
BAND(I)=3AND(1Y+LRGBUF (NJ. N1

L0 10 72

721.. . CONTINME = . B I,
NDIV=2

BANDC(II=BANDCIIZNRIVY . _ .

HDIW=3

282 CONTINUE

BAND(I)=BANDC(IX/NDIY
780 . CORTIRDE.
¢
€.

¢

CALCULATE LEHGTH _

PI2=P+P

YSTAR=-G/PT2
_YEND=FLOATC(NL) 72 .8~-YSTAR .
PYE=P*YEND

. PRYE=PYE+PYE

)
‘
1
'

i

EL=PPYE*SORT(PPYE#PPYE+1. B)0QLOG(PPYE*SQRT(PPYE*PPYEfl B))

iyl

CHDIRC4, 11 VY»FI_/PT2+8. 3

USE MO8 LEWGTR DUE TO UNUSUAL RESULTS !

Lac 2R o BN o

440 CONTINUE

FOURIER COEFFICIENTS

LAY

- BNAX=BANDLLY
B0 710 I=2,HL
IFCEANDCI) . CT.BHAX} BHAX=ABANDAIY ... ...
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718 CONTINUE
DO 711 I=t, L
e AHIS(I)=(BANDCI)*1AB)/ANAR
711 CONTINUE

c R
HHARN=8
R Lt I T T PP
PIL=6.2832/FNLD

CALL SSUTCH(4, I1SU4)
e IFCASH4LER. 1Y CALL TIMER.
¢ ‘

e NLRALF =R A 22 e e
DO 5828 J=1,NLHALF
RAJ=FLOAT CI-1)*PIL
LRHJI=Y
........... COSIHNECLRMILY=COSCROAY. . ..
SIHE(LRMJI)=STIN(RNJ)
- NLMJOPRaMb-d®Y . il
COSTHE(NLNJP1I=COSTIHEC(LRHJIID
 SIHE(HIMJP1)s-SINFC(LRMIT)
30826 COHTINUE
L.

DO 5858 I=1,NHARN
. AF=8.8_
BF=8.8

INi=]1-1

RA=FLOAT(INL)»PIL

DO 5018 Jei,HL
_Jdt=d-1

C RUS=RE*FLOAT(I-1)
FU— 1. WA NPT E. LN L
LRHJI=MODCLRMJI, NL~1)+1
AF=AF+AHISS{ Y *COSIHECLRNJSI)
- - . BE=BF+AHIS(J)*SIHECLRNJIY .. .. B
S8ie CONTINUE
L —— PR, e — —

AF=(AF+AF)/FHLO
-e-- . ...-BF=(BF+BF )/FNLO. __. e e e e e

~-= - CEQUR(HUMOB. I)=SORT(AFsAF+BF«BF) = e e

PHICNUMOB, I)=ATAH2(BF,AF)
C =

58350 CONTINUE
IFCISU4.EQ. 1Y CREL TIMER ... .. . . . . I

B -IFC _HOT.OPT2) GO TO.B1Q. . ... . e e
DO 811 I=i,HNL
weow e U m CAHLE (I 4100 DI SANENOCHE, 20 _
L Mald uiDdTH OF UAVEFORM IS 28 SaMPLES
JBIF=NS-JUY -
JLL=JDIF-2+1
JUL=NS-JDIF 22
DO 812 Jsil,JLL
~-842. . _LRCGBUECGJ. 1)=@
B0 813 J=JLL. JUL
813 LRGBUF (J, 1) a127? - C e - S
DO 814 J=JUL. NS
814 LRGBUF (J, 1) a0
811 CONTINUE
- 848 . COHTINUE
c

- ~LFL HOT. OPT3.AHD..NHOT . BPT2X GO-¥0- 348 ... . . .
c
R CUROLN=CHDIRC¢L, XY - _ _ . ... .
NG=g
e LPOm 1824 NS
¢
e DOLB@D Y=L NL
CALL GET(OBUF,CURDLHN, 18)
,,,,,,, DO..833 11I=d,LlPC_
NG=NG+1¢
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—— Calt WYLORGBUFLYL NG, OBUFCIBE1Y, NS

1B=IB+HNS
e LECGHG O GE CRL)Y GO T0- 842
831 COHTIKHUE

B2 COMTIMUE o o e
CALL PUT(OBUF, CURDLN, 19)
CUROLNaCURDLH ]
TF(HG.GE.HLY GD TO 84t
828 - CONTINUE = . . e
841 CONTINUE
O e - [, -
319 COHTINVE
ol s
c OUTPUT FOURIER COEF'S T0 FILE RCR
1 P _. e
CALL PUT(GBUF. 4, 18)
,,,,,, CALL. MYULCFOURCE- 1.3, O8OF CEB# 40, 4880 o o oo o oo

CALL PUTCOBUF.S, 18)
CALL MVUCCEOUR(L.S), DBUECIB21),480)

CALL PUT(OBUF. 6, 18)

SCOLL MNVUCPHICL, ), OBUFLIBAL) 4880 oo oo
CALL PUT{OBUF,?7, IB)

CALL MYUCPHICL,S5),0BUFCIB+1),488) .

£
e CHLL CLOSECOBUSY I -
¢
€ . - CREATE PARAMETERS FOR PHASE 14 CCLAS) — oo o e oo
C

DO..4888 1.=1,NCHR -
CLPARM(S+2«1)=CHDIR(4,1)

e LIPASNC I O ¢2 1 ) CHBIR(A, 1)
IF(CHDIR(1, 1) . EQ.B) CLPARN(I+2%])=0

,,,,,,,,,,, TIFCCHDIRCL, 1) . EQ . A) CLPARB(IR+20])=D e
C IF BLKND IS ZERD, THE CHROMOSONME UAS REJECYED BY HOB
4980, CONTINUE ... _ . __ - . -

c
L SEY UP PRRT OF CHRORQSOME DIRECTORY FOR MNEXT PHASE
C
... .CLPARMC(1 }=HCHR

¢
C . . . POSITIONS 2 THRU 1@ MAY BE REGRRVED RS SPARE =
¢

CALL (UPARANC(13Q.CLPARN, 253 | .. .. ..
s ) Sl Y A
iFoisd2.E6. 1 CALL APHASE(IB)
C IF su8 IS UP, CALL KTYPE INSTEAD OF FOUR
IF(OPT2 OR. OPT3) CALL APHASEC(10)
CALL EXIT
e - ERD
SUBROUTINE FOUR
- COMMON 4C1 e CHDIR, SHLBUF. LRCBUFE. NS ML CUROLM-—— — o
CONMON +C1s SPION., SPLTH,.SPARER
COBNON 7Cts NCHE : R
COMMON /C1/ CFOUR, PHI
COMMON- «<C1~ GBUF,BUF .
INTEGER 'V(SJ‘:IITH#(’B(}) JJTRB(IQB)
e e BRTEJHSC LI 32—
BYTE CQBUF(2124)

-BYTIE C(3648) . - - O
RERL LTRB(6D)}, CTﬁB(GG)
-INTEGER STARTA25).,.IHCRARBILHHCC23Y-- - - - e e -

INTEGER LOFS(91)
—_ INTEGER OFSC¢313), KPARLAZY
TNTEGER CLPARN(132)

e THTERER (O RAR S e e
INTEGER SPAR(S?
e NI EGER ORI N s oo

INTEGER FPPL
. REAL CFOUR(CER, 1R)Y, PHI(EH. 10)
INTEGER NCHROM(Z4)}
pem e IRIEGER CLASS LS . e e e o e oo
BYTE NSG(30)
e RERL DS Y BY e e e
REAL YECTOR(18)
e — - REAY S IKIFCAR. 24y .
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REAL NUC1S,24)

o= REAL_SIGHALLB, 243 o

REAL NBUF(18.24)
- ... REAL SBUF(18.24) . . . . .

c

e EQUINALENCE(HMBUF (Y, 1), CCS73)
EQUIYALENCE(SBUF(1,1),£(1283))

oo - EQUINALERCEC(SEBUF (3, 1. SIGMACL 1Y) e

EQUIYALENCEC(HBUF (1, $).,MUC1, 1))
cieen - EQUINALENCEC(KPAR(3),O0FS{1))

e e - DRTA_NMEQS/162, LNEQSs 117, INEQRSLT, JRERSLL2L

DATA YRAXLI/Z36. /7, YHAX2/26./,9YMa%3/58. /7, VHAR4/30. 7/, YNAXS/64. /

e - DATA- VTSI 419, 1SR LML
DATR JC1/67,dC2/137

C 5L0TS TO BE CLRSSIFIED-WITH HYERID CLASSIFIER - - .. . .-

DATA NHEXTPR- 28~/

C.HEXT _PHASE - JTO--CALL FOR-HYERIDCLASSIFIER — — e o

DAaTa KIMEAS 72/, K2HERS 737, KXHEAS 717, HGROUP /247

- BATAR START-« 1,5,8,13,35,19,21,23,25,- - - oo -0 0 oo

1 27,29,31,37,39,41,45,49, 51,
1. 55,57.65,67,24,78,24-- . [ S
DATA IHCR 2221,-1,-1,1/

ce— --DATA MNC£23%2,.1, 462 o —
DATA OFS-/L18%8/

-—.. DATA NCHRDM£2423, . R R LR TP TR L PR T

DATA CLASS /6887

OBT#IN PARAMETERS. LENGTH AND CENTRONERE INDEX.

c

c

J I — AL _KELL A4S THE NUMBER OF CHRONOSOMES 1M THE SPREQD
¢

_...CALL RPARAM(NPAR,CLPARN, 138) - I
CALL SSUTCH(4, ISU4)
Coeo o TECLISM4 _ERQ 1Y PRUSE Y5
C PAUSE IF SU4 1s yp
c

NCHR=CLPARMC(1)

¢
c READ BACK FOURIEK COEF'S PRODUCED B'i’ BAND (PHASE 14}
c
catt ﬁFILE(OBUF;I.’RCR ! '13.‘!3)
v,.v.,ﬂ*v-ﬁﬂLL_ﬂP_EBMBLLE;J_BZ:LLi‘_R._‘_R.ER._)___ et e
CALL GLABEL(CBUF.SP&R.I1B)
1F¢OBUF(IB+184) . EQ. "115) MHNC(23}=1 - - -
1FCOBUFCIB+184) . EQ. "1986) MNC(24)=10
C CHECY FOR SzZX DF ® DR F AND CHANGE X AHD Y MaX
L -
CAaLL GET(OBUF, 3, 18)
CALL MYL(OBUF (217+4I8).LOFS(13,182) _ . SO
c
Call GET(OBUF, 4.1B) . e - S
CALL NYL (OBUF C(1+1B),CFOURCL, 1), 960)
L
CALL GET(OBUF. S, 1B)
ceee—e CALL MYLSOBUF(1+1IB)Y.CFOURCY, 5. 9682 . . . - -
c
ceeo. (EALL GETCOBUE, 6, 1B) . el e
CAaLL MYLC(OBUF(1+18), PH!(lo!):SGB)
L
CALL GET{OBUF,?,1B)
ceeeeee. - CALL HYLCOBUFC1+1BI.PHIC1,5).968) il
¢
B 2SS S -
c
A ll iyt R E R R PP IR ST R I IIIETNIRLITELIL
¢
B . - THE HYBRID CLASSIFIER USES RESULYS OF . . ... . -
4 THE CONVENTIONAL CLASSIFIER
L el e e V I e

CRLL SSUTCH(?. ISU?)
IECISRH? RE 1) EOTI0 830

€ GOTD B8® FOR THE HYBRID CLASSIFIER
c
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€ SW? UP IS FOR A FULL FOURIER CLASSIFIER

-3 L R - e e e e

152298
Jei=1

JC2=24

NEXTPH=3 . - e e e e e

GOTO 828
883 CONTINUE . C - e -
CaLL MYW(LDFS. UFS 90)

.. CALL Z21AC0FSC1813,35-181) P —

C FOUR WILL CLASSIFY THE C GROUP STARTING WITH Is1
CALL ZIR(DES(13).4) - :
Call Z1a<0FS{3?).8)
catl ZIACOFS¢(5S5),4) e -
Call 21A70FS{633,4)

L KFIZ WILL CLASSIEY B.D.E. AHD_ G —_ ——-
¢

L. e e e e
820 IF(NCHR.LE. 46} GOTO 838

C IF MORE THAN 45, ALLOW FOR 2 X AND. 2 ¥ .. .. .. . ... ...

NNC{23)n2

e MHCC24y=2 - N

EY COHTINUE

GET MEANS AND SICHAS

el
.

CALL AFILECC, 4,°CDATA  *,"6,%6)
CALL OPERN(C,3584.6,0.°'CDA’)
CALL BLABEL(C,EPAR. IC)
CALL GET(C, 1. 1C)
8455 CORTINUE
c
1T0TL=0

v NRELCH=HCHR e — e —

DO 899 11=1,HCHR
IF(CLPARM(9+2%]11).EQ. 3) HRELCH=HRELCH-1
ITOTL=ITOTL+CLPARKH{9+211)
838 - CONTINUE :
FI0TL=45 *!TDTL/ﬂRELCH

e D0..40980 Jaf, NCHR—— . - _
LTABCI )= (CLPARM(S+2+1)+18088. )/FTOTL
CTABCI)=CLPARN (19%2%1) - -

¢ STORE REAL LEHGTH AND €1
4@88.. CONTINUE - - . L .

¢
c

D2 896 11=1,HRTHR
-B0-.836_ JJU=L.HGROUP - - . - .
LIKLECTT, JJ)»=993.

- 8956 .. COHTINUE B R P

«]

cees -CALL SSUTCH(B, ISHB) .. .
IF(ISW2.ER. 1) CALL OPRINT('i

R S 0Bd. .. . GROUP . __DLEN . . DCIR._. . YLEN.. . ..

2 YCSUN yPSun TYAR')

DO 968 I1S5=IS!,182

LI=LOFS(IS) . e el e e e e

1F(I1.EQ. @) GOTU 900

IF(IoUB EQ 1) CRLL QPRINT(' ;)

PO $83 I1J=JC1, JC2
JIs1d e
1FCJJ. EQ. 13, AND. ISH7. NE. 1) JJ=22

[ I I e

SIGll2=SIBHﬁ(K1ﬂEﬂS JJ)
S IG222=S IGMACK2HERS, .0)

IF(SICIi2.L7.8.898081) 516112~ 88001
IF<SIG222.L7.8.22001) S14222=~.@2301

BIST(I)=LTAB(ITI-MUCKIHEAS, Jd)
DIST(2)=CTABLTI)-MUCK2HEAS, JI)
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e - MECIDR(LI2(BISTCLISTIGIL214RIST (LY o —_ R
IF(YECTORC(L)Y. GT. YMRXL) GOUTO 583
YECTORC2:=(BIST(2),L810222)#D1IST (2} R
IF(YECTOR(2?. GT. YHAX2) GOTO 583

o . -
FSUN B B

e - B0..907 I=IHEAS.LHERS . . e
DISTI=CFOURCIL,I=-3)-NU<1. 4]

. FSUM=FSUN+(BISTINDISTIZQICHALT D). o .o o IO

887 CONTINUE
JFECESUN._GT. VHARIY GOT0. 983 . .. .. o

PSUN=8.8
e — . JECJMEAS EQ Q) COYO 9080

DO 9588 I=JMERS.,HNHEAS
DISTI=PHIC1L. 1-18)-RUCL. Jd) B, S -
IF{DISTI . GT.3.1416) DISTI=6. 2832 BISTI
. IF(BISTI.LT.=-3.14186) DIST1=2-6.2832-D18T1! B -
PSUNA=PSUN+DISTI=DISTI/SIGHMACT. I
998 CONTINUE . Lo
IF(PSUN. G VNHV4) POTD 283
33873 LIKLE(II,JJ\-vECTDR(iJ*VEFTOR(2)+FSUH*PSUH
CALL SSGUTCH(®, ISuD)
IF(IS8A. HE. 1) G0 TO 9011
J¥C13=11

. Y2 a . o e e e e e = e

JY{3)=sDIST()
JY(4)=DIST(D)
JY(S5)=VYECTOR(?)
JYCEISYECTORC2)
JYeTy=Fsun

e N YR PSS U e

JY(O3=LIKLECTITL. )
D0 9899 1=1,9
98239 CALL OUTLDN(JV(IJ:JHSG(iatI);IB)
. CALL QPRIMHT(INSG.99)> . . .. = . ... e e e e
9616 CORTIRUE
C

9682 CONTIRUE

288 . CONT IHUE . . e e

c
e e i P
DO 532 IK=1,NCHR

e ELHIN=YHAXS
118aY=0

e .. e i e R S

D0 538 1J=JCl,J4C2
REUSEUR I b Ot B PO
TF(JJ. EQ. 13.aND. ISUZ.NE. 1) JJ=23

. IF{HCHROM(JJ) GE MNCCJI)) GO TO 538
c
€ IGHORE. GROUPS THAT ARE FULL _ _ _ __ _ . ... ... .. L
C LOOK FOR UNCLASSIFIED CHRONOSOMES
C. . - o e
70 951 1s= ISl IS2 .
e — 115l OES{I8Y -

IF(I1.EQ.8B) GOTD 951
--TF{CLRSS(II). HE.B) GO T7O0.951. . .
IF{LIKLESIT.JJ). GE. ELNIN) GOTO 953

ELMIHaLIKLECLLI D). . o - e e e i

11SAV=1]
JsavsJdl

953 CONTINUE

951 .  __CONTINUE. . . S . - IR
C

958 CONTINUE

¢

e LEL L ISAY EQ.BY_G0.TD . 288
CLASS(IIsSAY)=JJSaY
HCHROM(JJSAYY = HCHROHCJISAY I+
OFS(START(JJISAY) I=11SAY
STRRT(JISAYISSTART(IJISAY I+ THCR(JISAY)
952 CONTINUE

C. - . O

968 >c‘0mm05
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C LODK FOR UNCLASSIFIED AND SEE IF MOYVES CAN BE MADE
C GRDER.UP T0.180 LIKELIHOODS IN ILiTAB. AND_JJTAB .- . .. .. ... ...
¢

D280 _1K=1.188

ELHIN=YMAKS
DO 258 _1Is=1S1,182 P
II=LOFS(IS) :
- .. 1E{11.EQ.8) GOTO0 .250. . R e e e e
IF(CLASS(II). HE. B) GOTO 259
- DO 249 IJeJcCcl.JdC2. S -
Jd=1d

IF{JJ. EG. 13 AHD. ISY7.HE. 1) JJ=23 .
IF(MNC(JYJ). EQ. B8) GOTO 2490
TFCLIKLECIT.JJ). GE ELMIN) GOTO- 248 .-
ELAIN=LIKLECIT,JN)

e o~ LISAY=11 . —
JJISAY=JJ
249 CONTIRUE . . - -
258 CONTIRUE

IFCELMIN. EQ.YMAKS) GOTO 328
C IF WD MORE LIKELY CLASSIFICATIONS GOTO 329

e BETABCIK AL IS AN
JITHBCIK) =d JSAY
LIKLECTISAY - JUSaAYI=898 - o el e
c RﬁISE LIKLE

U 3 T O 5 « ¥ 0 0 G 0

_1K=184

326 IK=1K~1

e IFCIKLER.BY GOTO 528 e it e

00 Sed K=i, IK

------------- B S N - - G T T

J=JJITAB(K)
1E(CLASSCITX NE BY COTO %20

C SEE IF WE CAN MOVE SOMEOKE OUT OF GROUP J INTO A& LIGHT GROUP

e JSIASTART LI~ NCHROM (I BT MCRL IR oo oo oo m oo e e

JE2=START(JI-INCRC(J?

e LECJS1. T JS2) CALL SUARCISI . I8 B o

ELMIN=YMAXS
N0 450 JS=.081 o
120F§(JS>
ffffffffff DO €48 FdAdClordC2 v oo e
Jdd=14
CLFCJO EQ. 13 ANDL ISUZ HE . 3. Jda23 o
IFCHCHRONCJY) . GE. MHNC(JJ)) GOTO 448
e IECLIKLEC T JIY GE VHAKS ) GOTO 448

DLIK=LIKLECI, JJ)-LIKLECTL,J)

C.BLIK--IS.-A_-MEASURE -OF THE -LIKELIKHOOD -THAT -1 -BELOMGS--TO-CROUP JJ - ---- [

C AND DOESH'T BELONG TO GROUP J

- AR DL GE. ELRIN - GOT0 440 o

ELMIN=DLIK
18a¥=]

JSSAY=JS
I JdSAVSES o . e N,
440 CONTINUE
459 CONTINUE . - - e
IFCELHIN. EQ.¥NAKS) GOTO S30
. 1F_HO MOVE DUT OF J CAN BE MABE, G070 580

C OTHERVISE, HMOYE OBJECT ISAY FROM SLOT JSEAY TO GROUP JJSAY

€ THEH. MOME OBJECT--I1 TO-SLOT JSSAVY .. ... ... _ R e -
CLRSS(ISaY)=JJSAY
HCHROAC(JJSAY) = NCHRONC LISAYI+L
OFS(START(JJSAY)II=ISAY

e STIARTC(JISAYI=START( JJSAV I+ INCRCJISAY —
¢
e BLASSCII Y ®d el e
OFS(JSSAYI=11
SA8. . CONTIMNUE el e e e
c
...528_ COMTIHUE -
¢
L. CHECK FOR STILL UNCLASSIFIED ARD PUT AT BOYTOR
¢
.. DO 988 _1S=IS81.,1I82 . . . ... . . ___ P

II=LOFSCIS)
1F(I1. EQ. 9> . COTAN. 938 -
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IF(CLASSCIT). NE. @) GOTO 989
CLASS(IT =23 .

IF(START(25). GE. 99) GDTO 939
START(25)=START(25) +] -
IF(OFS(STRART(25) ). RE. 8) GOTO 965
COFS(START(25)1)Aall

238

CONTINUVE

CALL MYL('08 ', KPAR, %)
CALL UPARAN{(I92,.KPAR.NEXTFH)

CURDLN=7

CALL GET(OBUE,CUROLN. 18} .
CRLL MYL(CLASS(1), 0BUF(S61+18),60)
CALL_ PUT(OBUF.CUROCLN, IB) ___.

c
—LCAll CLOSEC(QB{F)

CALL APHASE (HEXTPH)
Lo
1FCISUS. EQ. I CﬁLL OPRINT(
RETURN.
END

11y

CRPRREERE NN &k &

KFIX

e R
¥ *
*
SRR EA AR KR

CHROHOSOME CLASSIFIER PaRT 3

- SYHTACTICAL CORRECTION OF CLASSIFKICAT

s N r RNy N W W

SUBROUTINE KFIX ---
CONNON -CLs HOB, IDIR

COMNON s€1s SST,EST

COHMON- 2C 1/ CHDIR. SHLBUF.LRGBUF. NS, NL. CURDLN-

108
LB At

—— ————— —CONNON 202 SPIQD. SRLTIH.SRAREA
COHMON s/CLl/ NCHR
~------ CONNDN- 2C L/ CFOUR, £HI

COMNMON /Cl/ BAND,AHIS

e COMMON. £ 04/ OBUF s BUF- e s oo oo e

BYTE LRGBUF(78.88)

BYIE OBUFE(21242
LOGICAL BGROUP(69)
------LOGICAL -DGROUP-(EE)
LOCICAL GGROUP(6B)
<o LOGICAL- -FGROUP (649)-

_ 1 {6
. INTEGER DPOIHT(6)
S INTEGER - I-IDCHR (&)
INTEGER TIFCHR(6)
- INTEGER-11GCHR{&)
INTEGER KPAR(32)

LOGICAL EGROUP(6Q)
RIECERI-ISCHRL

cee e — FHTEGER—OF SIS
INTEGER LGFS(99)
-~ IHTEGER -IPROF<98) -
INTECER JPROF(98)
INTEGER -KGBAND(6)-—--

INTEGER

JFETUR(28)

I HTEGER
INTEGER

-~ ENFEGER-
IRTEGER

- - INTEGER-
INTEGER

SRARLSY
SRARLED
BMAX
BPL--

CHB!R(!S 69)

CUROLH
PAR(18)

- REAL--BD 6
REAL CD(§)
RE&L - RATEGCI2) -
REAL CFOUR(SO, 153, PHIC68,15)
REAL AFOUR(S9,.15), BFOUR(€8,15) .
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¢
e e EQUIRALENCE- (KPARCI X 0FS(L ) — .
EQUIVALENCE (SPAR(2),BPL)
e - ERUIRALENCE (CFOURCI- 1D, AFQURCI LX) o il
ERUIVALENCE (PHIC(1,1),BFOURCE, 1))
EQUIVALENCE (KL, NLOY . __ .. e e U I
EQUIVALENCE (NUMGB, 11>
-C
DATA ND/B/
cee ... DATA NDCHR<G, . - - e e oLl
BATA DGROUP/58». FRLSE ’
ceiee oo DATA GGROUP/6G» FALSE./ .. .. . .
DATA FGROUP, 69 FALSE.~”
DATA EGROUP,/63w. FALSE./
C
CALL AFILE(OBUF. 1, 'RCR PLaT13,%12)
CHLL DPENC(OBUF.1824,1,8, 'RCR")
CALL GLABEL (OBUF.SPAR.1IB)
c
e CALL RPRRAN(NPAR.KPQRR. 32 - I -
[
c. - READ RESULTS OF CONVENTIGHAL CLASSIFICATION AKRD
c EXTRACT GROUP CLASSIFICATIONS
c .
C D-GROUP
a . - —
CALL GETCOBUF. 3, IB)
- CALL MYLCOBUFR {217+ IBh s LOFSCI ) s B2 ) cnmmin o oot e e e
c
Lol S - e
C

DO 194 1=372.42
IIDCHR(I~-36)=8
v eeee e TLOES=LOFSC(IY. R ; g
IFCILOFS.EQ. 8) GO TD 134
o DGROUP L ILOE S =, TRUE . oo e e
IIDCHR(I-36)=1ILOFS

184 . CONTINUE
¢
S U - T5% -1 -7 17 S e
¢
N Y. R v N B A N -
TIBCHR(I-12)=9
ILOFS=t0FSLL)
IFCILOFS.EG.8) GO TO 162
__BGROUP(ILOFSI=, TRUE, ... .. e e e
IIRCHR(I-12)=1LOFS
182 CONTINUE- S S P
¢
4 E-GCROUP
¢
o BO.1ASE T8 48 e

TLOFS=L0FS(D)
e PECILOFS  EQ.B)--GO. TO 1858 - e e e
EGROUP(ILOFS)=. TRUE.
1858 CONTINUE
DO 1851 1=49.52
TLOFRS=R0F S (LY. . o e e e e
IFCTILOFS . EQ.8) GO TD 1351
- EGROUP(ILOES)=. TRUE. e e e e T
1851 CONT INUE

F-GROUP

ook

DG t8s 1=55.58
TIFCHR(I-54)=0 . - - e -
ILOFS=LOFS(D)
e JECILOFES EQ .83 GO TO - 1Q6 -
FGROUP(ILOFSY=.TRUE.
ceeee- - LIFCHRCI-S4sILOFS - ... ... .. e e e o
186 CONTINUE

¢ G-GROUP, INCLUDING ¥
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DO 197 165,70
e LIGCHRCE=6402@ ..
ILOFS=LOFS(I) ‘
-~ TFCILOFS.EQ.83 G0 %0 162 - oo ... .
GGROUP(ILOFS)=. TRUE,
L IGCHR (L B4 YL BFS L o - e Lt
o7 O T INUE

¢ GET CHROMWOSOHE DIRECTORY
CALL GETCOBUF, 1,18

e oo = Gk WL OBUFL T B43 3-SR0 T12)-
NCHR=IY2(OBUFCIB+17})

CALL MYLLOBUFCIB+313,-CHIIR(L, 1), 2215%38)
CALL GET(OBUF. 2, IB)

CALL MYL(OBUF (IB+31), CHDIR(1,31), 2+15%38)

[ JAY=B - [
DO 318 IX=1,§
FISLIDEHREIRY <o oo oo o m ot fe el i eeoi e

e _IF(DGROUPCILIII-GO-FO 384 - o e omeiceieooio o o
C0 TO 318
— 384 CONTINUE

e WJFETURAAIRE. oo e

Lo e

e RO BB IR (b L oo oo e e e e
NL=CHDIRC2, T1)
HSaCHDIRCZ. LI

IF(RL.LT.1.0OR.NS.LT.1) GO TO 318

LPG=1824 /NS
B LIRESZGE T
¢
— D0 388 Ixl. K
CALL GET(GBUF., CUROLN, I8)
e IR T BRI RASTIBRI B o oo
CUROLH=CURDLN +1
DO 3BLTLIELL, LPG .
NG=NG+1
CALL-SSUTCHLB, JAY)
PO 338 J=1,HS
cmmeem e - LRGBUF € s MR m B BUF Cd I B ) - oo oo o n ol oLl
330 CONTINUE
B - T - TP Uy RN SRRt
IFC(NG. GE. NL)CO TO 311
— 384 COWTINUE
200 CONT INUE
B e B OR T BN E - oo oo

c
€ © . MATM LOGIL - o ool el
¢

e o e T4 - HOT- DEROGPLI I > GO—F 0481~ — _
¢
CRE2EMES2 . e e
LTOP1=2
LTOP2=HL2~1 -~ - -~ - - o e S e
LBOTL=HL2+1
e — L BOF 2= N~ — -

ISUNB=0 ‘
HBOT =8

B0 411 J=LTOPL,LTOP2
e . DO 418_Is1,HS . . _ il
IVAL=LRGBUYF (1. )
e TFCIYALLEQ.B) GO TO. 488 . o el e -
ISUMT=ISUNT+IVAL
NTOP=NTOP +1
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418 CONTINUE
41t CONTINUE
1TOP=1SURT/HTOP

[ N W el

244

" po 421 s=LBOTL.LBOTZ - - o o
. DO 428 I=1,N5 -
1¥AL=LRGBUF (1, J)
IFCIVAL. €G.83 50 TO 229
ISUNB=15UMB+IVAL
e _WBOYaMBOTML e
420 CONT INUE
421 CORTINUE .. . S ;
180T=ISUMB/NBOT
K e o el e _ I .
ND=ND+1
_ RATINCND)=F{OAT(ITOP)/FL CATCIROTY
DPOINT(HD)=11
B S e e e e e - -
401 CONT INUE
R . S U R, - -
310 CONT INUE
I
¢ D0 FOR B-GROUP
O U S RIS [ _
¢
e oo DO_3SB_IXRl.4 . . R o -

TI=1IBCHR{IX)

———— - HG=0

e . e e

IFCIL _EQ B) COTO 350
c

cimee-——CURGLNACHDIRS L, LY e T -

HL=CHDIR(2, 11)
cieeeee - NS=CHDIRCILITY -
IBCI=CHDIR(S. II)

LPC=1924/HS

DO 1398 I=1 HL

- CALL GET(OBUE, CUROLM,EBY - o oo

CUROCLH=CUROLH+1
DO_1801 11]l=1,LPC

e ISTART=NL=1STARY -

[ Xz X3

..C —

NG=NG+1

B0.1838 .J=1,HE - --- el e

LRGBUF (J, HG)=OBUF(J+IB)

1838 - COHTINUE - - e e el

IB=1B+HS$
cmmremm e PEA R G GEHLI- GO0 T0 4301

1881 CONTIHUE
1888 .. COMTIMUE-. ... . . ... .. .
1811 CONTINUE

EXTRACT THE SO-CALLED 8-BAHD

ISTART=FLOATC(IBCI*NL) 108 .9

TENB=ISTART+ISTART -1
--------- Hi2=RLs2 . . B
1IFC(IEND. GT. RLZ) IEHD=NL2

NPB=B
,,,,,,,, BloB=2.0 .. e AU
De 3St I= ISTQRT;!ENB

e | F 1 b e

IvaL=LRGBUF(J. ID
AF<Ival _EQ.PN.GO YO 332
SICI=RI0 - FLCaTCLYARL)
NPE=NPEB+1

3352 COHTINUE

331 COHTINUE
BD(IR)=BIOD-FLOAT(HPB)

3350 - CORTINUE - - e —

5 CLaSSIFY THE B-~GROUP
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DO 368 Ist, 4 T S e
DENNHAX=D. B

N Y 13 W SO S
IF(BD(J). LE. DENHAX) GO TG 361
108J=1 IBCHRCS) - - - e
IFC10BJ.LT. 1) GO TO 35:

------ -DEHMAX=BD () - - - R

Js=d

—3 UE
0FS8(12+1)=1084

~~~~~~~~~~~ CBBCBI RO B e e

360 CONTINUE

B
c DO FOR F BRGUP
L

DO 450 IX=1.,4

e e BB TRGHRAT B - - - - o e et e

IFCIT.EQ. 8} GOTO 458

CUROLH-CHDIR(! In
HRLRCHDIRC2.I1)

NS=CHDIR(3, II)
e URBEB . o e e
LPG=1824/HS
DO 2388 I=1,HL
e CALL GCET(OBUR.CUROLMN,. IS

CUROLNaCUROLN+1
S O ST 3 AU 2 £ S 1 - -3
NG=NG+1

e DD 2338 AN o s oo ol
LRGBUF (J, HG)=0BUF( J+IB)
2339 _COMTIHUE
1B=18+HS
e BFAHG.BEBLY . GO T @31 oo e
2381 CONTINUE
2383, CONTINUE o e e e L -
2211 CONTINUE
Y S . - —_
¢ EXTRACT INTEGRATED OPTICAL DENSITY
C o e _
G10D=0.0
. . HPC=B-. o e el -
30 451 I=1,NL
SR Y, WP U7 S S 1 S— — —

IVALSLRGBUF ¢4, D)
co TFCIYAL.EQ.0) 6B TO 452 . oo L

GIODaGIOD+FLOATCIVAL)
B 1 g 7 - -+ SF S -
452 CONTINUE
451 COMNTINUE
GD(IX)aGIOD/FLOAT(NPG)
Y S . e el L

458 CGNTIHUE
L. A . S
[ CLﬁSSIFY THE F GROUP

D0 450 I=1, 4
DEHHAX=6.8... ... , e e
DO 461 J=1. 4
IF(GDCJ) . LE.DENMAX) GO-TO 461 - -
TOBJ=1IFCHR(J)

e TELLOBA T4 GO YO 461

461 CONTINUE

— 468 CONTINUE

DENHAX=CB(J)
Js=d . o il
0F5(38~13=1084 - --
GD{JS)=.0
C. . DO FOR. . G=GROUP - e e e e ames e
B T3 N T & P U

IT=1IGCHR(IX}




4,122,518
247 248

CCUROLNaCH DI R L, LY e e m—me e el

NL=CHDIR(2, I1)

_____________ NS CHD IR (3. E L ) e e e e

NG=0@
— I PGs1B24/HS

________________ DO 1380 Iat.Mb e

CALL GET(OBUF.,CUROLN. IB)>

e CBUROLM=CUROLHE L oo el

DO 1391 Tll=1,LPGC

HG=NG+]

D0 1330 J=1,HS
cemeeee o LRGBUF (S NGYSOBUE I+ B
1338 CONTINUE

IB=IBeNS - J P R

IFKNG.CE_NLY GO 70 1311
1301 COHTINUE

1308 CONTINUE
----- 1311 - - CORTIRUE - - o i e e

c
€ e EXTRACT- - DENSTEY. PROFILES. oo oooomomoo oo e e
¢

50 589 K=i. Nl

HP=B
U APROFLKI RO . e e
DO S81 L=1, HS
194L=LRGBUF (L. K - L e e e .
1FCIVAL.E@.8) 60 TO 501
e IPROELKI = IPROF LKA IO —

HP=HP+1

58i. . CONTINVE- : o e L . )
IPROFCK) = [PROF (K) /NP

529 CONTINUE - - R el

e ANALYIE - THE- BANDS 1K THE-C~CROUP. i

c

. DO 511-K=i,HL.- U S

511 JPROF(K)=8

NLNZ-NL 2

e DO 512 Ka3. HLH2

1y=9
... DD 513 KK=1,5 e

1¥=1y+IPROF (K+KK-3)

- ..543. . CONTINVE . P
JPROF(K)=1¥

. .512 . CUNTIKNUVE. ..

Max=JFROF (3)
DO 514 K=4, NLH2
TF<HAX.GE.JPROF(K)) GO -TO 514
MAX=JPROF (K

e KBANDEK
514 CONTIRUE
¢ B . P e e e m e e e
NSAME=3
DY 315 K=KBAdAD NLHZ
IF(JPROF(K). NE.MAX) GO TD 516
o N BARE NS A ——

SIS CONTINUE

- 516 - CONTINUDE - e

KGBRND(IX)=KBQNB+NSQHE12

€ ome e e e e e

St8 CD“TINUE

£
[ CLASSIFY TH G~GROUP
C-mooo

DO 521 I= ll

------------- BARBP®B o el

Do 522 J=1.4
e TRAKGBARD I

%
o
?
+
e
:.ﬂ
b

I10BJ=11GCHR(J)

e IFEOBEToA) GO TO-BB2 - oo om s el

MAXBP=KGBAND(J)

S £ -2 B - S OO
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522 CONTINUE
: ORS{6441 321084
KCBAND (JS)=
BB BN T BN - oo Co oo s
¢
S §-- - CLASSIFY- THE-D-GROYP - o
c
——  BO§BI-1=4, 6
RMAX=8.0
- o DO 6B2-dk, 6 - T
1FCRATI0CJ>.LE.RHAX> GO TO 682
T €T 21T 1. B Y]
IFC1084.LT. 1) §0 TO 602
—RBAR=RATLOGS

JS=J
682 n CONTEMUE- o« -- o e el el

NDCHR=NDCHR+1

OFS(43-1)mI0Bd - oo ooem o Ce : e

: RATID(JS)=B.0
681 CONTINUE -
£00 CONTINUE
1808  FORMAT(I18)
2999. - FORMATL3X,33I3). - . .- e o S
3000  FORMAT(' ICHROMOSONE °*,12)
49808 FORMAT(IGFLH. 2} _ —
¢
e CALL WPARAMCOZLKPARSOY o oo il
¢
e e BALL-CLOSELDBUFEY .. oo ol el e L
CALL APHASE(3)

c

CRLL EXIT
cmeeeee o END. .

Cosrchmmkreery

[ * _ e
C T AENQRN =
C "

Cresnnrrerrn
c - . - . - B . . e = e
¢ ROUTINE TD ASSESS NORXALITY OF CHROMOSONES 1M & SPREAD

[

SUEROUTINE ABNORH
COMMON /C1s HOB, IDIR e
COMNON /CT/ CHDIR. SHLBUF, LREBUF, NS, NL, CUROLN
COMMON /C1/ 8ST,EST

T COMMON 7C1/ SPLOD, SPLTH, SPARER 77
COMMON /C1/ NCHR
T T COANON /C1/ CFOUR, PHT
COMMON sCLs BAND,AHIS

TCOMNDN /CT/ OBUF, BUF
BYTE LRGBUF(58,940) - o e
‘BYTE OBYF {21249y T
BYTE TEMPB
COUTCAL OPTI, OPTZ, OPTI
INTEGER IPROF(90)
TUTTTUTUINTEGER IFETUR(2D)
INTEGER TEMPT

T U TTTINTEGER SPAR(ES
INTEGER BMAX
1383

INTEGER BPL o i
INTEGER CHDIRCIS, 6@y 7777777 R
INTEGER CUROLN o o
[ CIRTEGER®2 SST(?E), ESTYFeY 7 )
INTEGER PAR(18)
T T REAL TFOURUE3, 15, PRI(ED, T5)
REAL AHIS(188)

REAL COSINE(iS@Y,SINEUISEY T T T
. REAL AFOUR(E8, 157, BFOUR(60,15) e . -

Ix XN x)

EQUIVALEHCE(SPAR(2),BPLY o
EQUIVALENCE (CFOUR(L, 1), AFOUR(1. 1))
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EQUIVALENCE (PHI(1, 1),8FOURC1.1))

EQUIYALENCE (HL,NLD) o
 EGUIVALENCE (NUMOB, [1)
TTPDATA LOPTI/ T/ — B -
BATA LOPT2/'T2'/
DATA LOPT3/'T3%/ -
o CDATA LOP  /'0P's
¢
c
. — } .
18 CONTINUE
. . COKTIRUE e e - S
c
<. e e e ] ]
CALL AFILECOBUF, 1, *RCR ', "13, °13)
CALL OPENCOBUF, 1924, 1,8, "RCR) T T T T T
. CALL GLABEL(OBYF,SPAR, [B)
c
e L . R . L . ) .
CALL GET(OBUF. (, IB)
CALL HYL(OBUF ¢IB+3),SPIDD. 12)
NCHR=1V(OBUF(IB+17))
CALL MYL(OBUF (IB+31), CHDIR(1. 1),2%15%38)
CALL GETCOBUF,2, 1B)
CALL MYL(OBUF (1B+31). CHDIR(1, 313, 2¢15+30)
¢
— —
¢
DO 318 TIs1,HCHR
JFETUR (1) =8 , R L
c

WRITECS, 380011

3337 T CONTINUE

LASTIB=~IB

CURODLN=CHDIRC(1,II)
T NL=CHBTIRC(2, TI1)

HS=CHDIR(3, LI}

TF(NL.LT.{.OR . WS.LT.1) GO T0 310
NG=0
T LPG=1824/HS
& LINESsGET

DO 3298 I=1,HL

CALL GETCOBOF, CUROLWN. IB)
.. IFC1.EQ. 1) LASTIB=IB
"CUROLN=CUROLN+1
D0 381 III=1,LPG
"NG=NG+1
CALL SSUTCH(A., JaY)

TFC(JAY.EW.1) WURITE(S, 2008) (OBUF(J+1B), J=1; NS)
382 CONTINUE

D0 238 J=1;N§

LRGBUF (J, NG)=0BUF(J+1B)
330 CONTINUE

1B=1B+NS

IF(NG. GE_NLOGO TO 318
321 COHTINUE

338  CONTINUE
311 CONTIHUE e

int¥

LI

I
!
i
|

. MAIN LOGEC

b R .
oooonoaoaon

HSH1=NS-1
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NNONB=® =~ T T T T ‘""
NHX=8 . _ -
) NLTO=D
c -
e B ,
¢
B0 588 K=1, HL T
¢
o T MAKLOC=1 )
. LINNAX=LRGBUF (1, K) .
DO Si8 L=2,KS
IFCLREBUF (L, K. LE.LINNAX)Y GO TO 511
LINNAX=LRGBUF (L. K)
Haxkoc=t
511 CONTINUE
518 COHTINVE
c e
- B
C
JTH=LINMAR, 2
IPROF(K)=NS
c
B0 838 L=R.MS el
IF(LRGBUF(L.K)>.GE.JTH)Y GO TO 532
IPROF(K)>=IPROF(K)~1
5328 CONTINDE
¢
532 CORTINUE
¢
T T T B0 549 L=1.N%
LL=NS+1-L ] o ) :
TFCLRGBUFC(LL.KY. GE. JTHY GO0 T0 542
IPROF(K)=IPROF(K)-1 o )
‘548 CONTINUE ~ O T T
c
5342 CONTINUE
) IFCIPROF(K).GE.NS) IPROF(K)=0 o o
¢
5¢0 CONTINUE ) ) o
e ORI . -
¢
[y
IPTOT=8 o L o
U NLA2aNL-2 ot )
DO 688 K=3, RLM2 L o o
B IPTOT=IPTOT+IPROFCK)Y B
698 CONTIHUE o
[
o IPAYE=IPTOT/NLN2 ) L . - - -
I
DD 628 K=3,WLHZ - - -
IPROFCKI=IPRAFLKI-TPAYE ~ 777
IFCIPROF(K) .L.T7.9) NLTBaMLTO+1
U826 T CCDATINGE T T
c
R IPROF(L)=1 )
IPROF(2)=1 )
IPROF(NL) =1
IPROF(HL-1)=1 e
T At AL At _ e e e - .
¢
c
IFCJAY EQ. 1) URITECS, 1286) (IPROF(L).L=1, HL)
C
C e =
e N - e R [
C -
c
¢
c TYPE { DETECYIDN-
e __ AT LEASY FIVE MEG HUMBERS IN A ROY IM PROFILE
¢ (FIYR NEG NUABERS 1N R ROW 1N PRO
In TYPE 2 DETECTION-
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"AT LEAST FOUR QUT OF A CONTIGUOUS SEVEM
HUMBERS IN PROFILE ARE NEGATIVE BUT ROT
FIVE CONTIGUOUS, OR THREE CONTIGUOUS

HOTE TH&T THE SEARCH FOR TYPE 1 TAKES
FRECEDENCE, EXCEFT THAT TYPE 2 SPANS A

MIDER INTERYAL. THE SEARCH IS STRICTLY

ONE BIRECTIONAL, FROM THE TOP OF THE PROFILE
ARRAY TO THE BOTTOM. THIS SEARCH PATTERH
_FEATURES SOME ANBIGUITY, BUT NOTHING SERIGUS

TYPE A CEHTROMERE-
SKEUED, LOWEST DIP IH PROFILE 1S5 FIRST OR.
LAST ONLY IN SEQUENCE OF MEG NUWBERS THAT
INDICATE THE CENTROMERE. THIS IS EXPECTED T0

!
(
I
{
i
i
!
)
1
i

TYPE B CENTROMERE-
SYMMETRIC, LOYEST DIP OCCURS CORRESPONDINGLY

OCCUR HEAR THE END (TOP) OF THE CHROMOSOME.

TPOSITIONED IN THE PROFILE TO THE CENTER OF
THE CEHTROMERE IH THE CHROMOSOME.

1

K=8

T TFETUR=®

789 K=K+1

IF(K.GT.NL-4) GO TO 758
IF(IPROF(K).GE.B) GO TD 760

TTFCTIPROF(K+4)Y . GE. @) GO TGO 718
IF{IPROF(K+3).GE.8) GO TO 719

TFCIFROF(X+2) . GE @) GO TO 7{0

IFCIPROF(K+1).GE.8) GO TO 719

!

IFETUR=IFETUR+L

KFETUR=1

JFETUR(IFETUR) =KFETUR

SCAH TO POS HUMBER

O M

o K=K+4
791 FIaan

IFCIPROFCKK+1).LT.8) GO TO 7@1

60 TO 780

718 CONTINUE

TNMINUSS1
DO 728 KL=1,6
K{=kL-2

IF<IPROF (K+KK) GE. @) €0 T0 728

IF(K+KK. GT.NL) 60 TO 721

HMINUS=RHINUSH]

720 CONTINUE
7z CONTINUE

_IFCHMINUS.LT. 4) GO TO 789

IFETUR=IFETUR+1L

KFETUR=2

JFETURCIFETUR) =KFETUR

K=K+4¢
731 K=K+1

TTUTFCIPROFCK+1Y LT ®) GO TO 731

G0 TO 789

o o0
)

/3e LuohT [HUE

WRITE(S, 489@)

[

(JFETURCIFY, JF =1, [FETUR)

43984 FORMAT(’ FEATURES: ',2313)

[e- R o)
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CaLl EXIT

END

257 258
I
IFLHLTO. B5T.HL/3) GO TO 948
GO TO 941
249 CONTINDE
)
T T URTTE(S Ta e
1994 FORMATC’ HOT A CHROMOSOME’) o ) e
" e )
GO TO 550 . L i
e 794 _ S :
o941 CONTINUE
I § £ 0 10 588
IF(IFETUR.EQ. 1) GO TO 918 o N .
TTTTTUUUUUYFRCIFETURLUEW. 2 GOOTO S2¢ Tttt
IF(IFETUR.EQ.2) GO TO 938 o ) o
g e e SRR BRI I e -
GO TO 948
T 939  CORTINUE
60 TD 950 e i
LT e
928  CONTINUE B R o o
T CIABTHDSJFETURTUI) ¢IFEYORC(y ~ 7777
IFC(IABIND.EQ. 2> WMRITE(S, 1292)
IF{TARIRD. EQ. 3¥Y ORITE(S, 1352
IF(IABIND.EQ. 4> WRITE(S, 1492) e o
‘1292 FOR®MAT(Y CHROMOSOME 1S BICENTRIC, OR BABLY THISTED')
1352 FORHAT (' CHROMDSOME MAY BE BICENTRIC
1492 FORMAT(* CENTROMERE LOCATION DOUBTFUL - PROBABLY HORMAL’)
GO TO 950
¢
912 CONTINVE o o
T IFCJFETURCIY E@. 1) G0 TO 3911
CMRITE(S.1291) o N )
60 TD 212
211 WRITE(S, 1191}
312 COWTINRUE
1151 FORMATC’ SINGLE CENTROHERE IS VELL DEFINED - WORMAL'>
1231 FORMAT(Y SINGUE CENTRONEFE POORLY DEFINED - PROBAELY NORWAL®)
» G0 TO 954
£
209 COHTINVE _
TR IRUTLY. 39y 66 T0 sl T -
MRITE(S. 1932) N
uO TO 203 B )
201 OHTINUE
) UR&TE(S)lBOl) )
)e’ CONTINUE ) o o
1901 Fonnar<* HO CEHTROMERE FGUND, ', s,
TN T CONMON TH O SHALCL CHRUHDSORES - PROBABLY NORMAL') T T
1282  FORNAT(’ HO CEHTROMERE FGUND - POSSIBLE ACENTRIC’) o
¢
¢
e - e _
¢
11 CONTINUE ' o B )
¢
e 3 _ e e IO
c
C *?a:t#*#******tt***f*'I!tk*********‘ﬁ***"i*__“ s . -
)
c ) i o ) o
c
L
3le COHTINUE T
I
WRITE (5, 39839)
_CALL aPHesECI3ZY . ) o :
CALL CLOSE(OBUF)
C P
¢
193D FORMAT(II®Y e .
2033 FORMAT(3%,3913)
2288 FORMAT(’@CHROMBSOHE *, 123 ) e
3930 FORMRTC 1) T
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We claim:

1. An operator assisted system using a programmed
computer for producing karyotype images from a slide
mounted on the stage of a microscope, said slide having
a plurality of dispersed metaphase chromosome spreads,
comprising

moving said stage under instructions of said pro-

grammed computer connected to control said mi-
croscope to successively present said plurality of
dispersed metaphase chromosome spreads to the
optics of said microscope,

storing the location of each spread, thereby automati-

cally prescanning said slide for chromosome
spreads,
moving said stage under instructions of said pro-
grammed computer to place the slide motionless on
said stage at each successive chromosome spread
location, thereby enabling an operating to view
each successive chromosome spread to inspect the
chromosome spread and determine whether it is
acceptable for the purpose of analysis or not,

deleting under operator control the location of each
spread determined not to be acceptable thereby
establishing a list by location of which the chromo-
some spreads are acceptable,

again moving said stage under instructions of said

programmed computer for generating a digital
picture of each of said acceptable chromosome
spreads,

arranging the chromosomes in the digital picture of

an acceptable chromosome spread in a karyotype
format, and

producing a visible image of the karyotype format for

each acceptable chromosome spread.

2. A system as recited in claim 1 wherein said step of
producing a visible image of the karyotype format for
each acceptable chromosome spread includes,

displaying said karyotype format on a gray scale

display,

correcting any errors to provide a corrected karyo-

type format, and

printing said corrected karyotype format.

3. A system as recited in claim 1 wherein said step of
moving said stage under said microscope to succes-
sively present said plurality of dispersed metaphase
chromosome spreads to the optics of said microscope
includes

moving said stage with a scanning motion in succes-

sive predetermined motion increments underneath
the optics of said microscope,

detecting whether or not a chromosome spread is

present within the distance of the predetermined
increment of motion, and

storing the location data for each detected chromo-

some spread. )

4. A system as recited in claim 3 wherein said step of
generating a digital picture of each of said accepted
chromosome spreads includes,

successively moving said stage to the undeleted loca-

tions of accepted chromosomes spreads to position
each such accepted chromosome spread under the
microscope optics,

automatically focusing the optics of said microscope

on an accepted chromosome spread positioned
thereunder,

photographing each said accepted chromosome

spread through said focussed microscope optics in

W
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a manner to generate successive picture elements,
and

digitizing each picture element generated in photo-

graphing a chromosome spread.

5. A system as recited in claim 1 wherein said step of
arranging the chromosomes in the digital picture of an
acceptable chromosome spread in a karyotype format
includes

locating each chromosome in said digital picture of

an acceptable chromosome spread,

orienting each chromosome in a predetermined direc-

tion,

measuring each oriented chromosome,

classifying the oriented chromosome on the basis of

measured length and centromeric index, and
composing the karyotype format from the classified
and oriented chromosomes.

6. A system as recited in claim 5 wherein after the
step of locating each chromosome in said digital picture
of an acceptable spread there is included the step of

assigning a different number to each chromosome

which has been located.

7. A system as recited in claim 8 wherein said step of
composing the karyotype format from the classified and
oriented chromosomes includes

displaying said composed karyotype format on a gray

scale display, and

correcting any chromosome orientation and classifi-

cation errors.

8. A system as recited in claim 4 wherein the step of
producing a visible image of the karyotype format in-
cludes

converting the digitized picture elements into analog

picture elements, and

printing a picture responsive to said picture elements.

9. An operator-assisted system using a programmed
computer for producing karyotype images from a slide
mounted on the stage of a microscope, said slide having
a plurality of dispersed metaphase chromosome spreads,
comprising

means for moving said stage under instructions of said

programmed computer connected to control said
microscope to successively present said plurality of
dispersed metaphase chromosome spreads to the
optics of said microscope,

means for storing the location of each spread, thereby

automatically prescanning said slide for chromo-
some spreads,

means for moving said stage under instructions of said

programmed computer to place the slide motion-
less on said stage at each successive chromosome
spread location, thereby enabling an operator to
view each successive chromosome spread to in-
spect the chromosome spread and determine
whether it is acceptable for the purpose of analysis
or not,

means for determining under operator control the

location of each spread determined not to be accpe-
table thereby establishing which of said chromo-
some spreads are acceptable,

means under instructions of said programmed com-

puter for generating a digital picture of each of said
acceptable chromosome spreads,

means for arranging the chromosomes in a digital

picture of an acceptable chromosome in a karyo-
type format, and

means for producing a visible image of the karyotype
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format for each acceptable chromosome spread.

10. A system as recited in claim 9 wherein said step of
producing a visible image of the karyotype format in-
cludes

means for displaying said karyotype format on a gray

scale display,

means for correcting any errors to provide a cor-

rected karyotype format, and

means for printing out said corrected karyotype for-

mat.

11. A system as recited in claim 9 wherein means for
moving said stage under said microscope to succes-
sively present said plurality of dispersed metaphase
chromosome spreads to the optics of said microscope
includes

means for moving said stage with a scanning motion

in successive predetermined motion increments
underneath the optics of said microscope,

means for detecting whether or not a chromosome

spread is present within the distance of the prede-
termined increment of motion, and

means for storing the location data for each detected

chromosome spread. )

12. A system as recited in claim 9 wherein means for
generating a digital picture of each of said accepted
chromosome spreads includes,

means for successively moving said stage to the unde-

leted locations of accepted chromosome spreads to
position each such accepted chromosome spread
under the microscope optics,

means for automatically focusing the optics of said
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microscope on an accepted chromosome spread
positioned thereunder,

means for photographing each said accepted chromo-

some spread through said focussed microscope
optics in a manner to generate successive picture
elements, and

means for digitizing each picture element generated

in photographing a chromosome spread.

13. A system as recited in claim 9 wherein the means
for locating each chromosome in said digital picture of
an acceptable spread includes

means for assigning a different number to each chro-

mosome which has been located.

14. A system as recited in claim 9 wherein means for
producing a visible image of the karyotype format in-
cludes

means for converting the digitized picture elements

into analog picture elements, and

means for printing a picture responsive to said picture

elements.

15. A system as recited in claim 9 wherein said means
for arranging the chromosomes in a digital picture of an
acceptable chromosome spread in a karyotype format
comprises

computer means programmed for locating each chro-

mosome image in an acceptable digital spread, for
orienting each chromosome image in a predeter-
mined direction, for measuring each oriented chro-
mosome image for classifying the oriented chromo-
some images, and for composing the karyotype
format from the classified and oriented chromo-

some images.
* * ¥ L] *



