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(57) ABSTRACT 
The specification discloses a technique for laying out 

an apparel pattern marker by efficiently arranging a 
plurality of apparel pattern pieces within a predeter 
mined marker area. The system includes a digitizer for 
inputting digital coordinate data representative of a 
plurality of apparel pattern pieces. A central control 
ler receives and stores the coordinate data and upon 
command, applies predetermined grading rules to the 
pattern pieces. The graded pattern pieces may be dis 
played upon a cathode ray tube display and checked 
by the operator. To produce a pattern marker, the op 
erator faces the cathode ray tube display on which is 
displayed miniature representations of the marker 
area and the pieces comprising the desired style and 
sizes. The operator manually operates a stylus on a 
data tablet which is interconnected with the central 
controller and the cathode ray tube display. The oper 
ator further operates a multi-button function box in 
conjunction with movement of the stylus, in order to 
arrange the piece reproductions within the marker 
area on the cathode ray tube. When the desired minia 
ture marker layout has been produced on the cathode 
ray tube display, the operator may cause the full sized 
apparel pattern marker to be automatically plotted. 
The pattern marker may then be utilized to cut cloth 
to enable the fabrication of a large number of gar 
ments of the desired style and sizes. 

30 Claims, 56 Drawing Figures 
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NTERACTIVE MAN-MACHINE METHOD AND 
SYSTEM FOR GRADING PATTERN PIECES AND 

FOR PRODUCING AN APPAREL MARKER 

FIELD OF THE INVENTION 

This invention relates to grading apparel patterns and 
preparing appare pattern markers, and more particu 
larly relates to a man-machine interactive method and 
system for automatically grading a plurality of apparel 
patterns and for producing efficient apparent pattern 
markers. 

THE PRIOR ART 

In the mass production of garments and items of 
wearing apparel, it has long been the practice to pro 
duce model pattern pieces and to manually grade addi 
tional pattern sizes from the model pattern pieces. 
Each pattern piece for each size and style garment de 
sired to be produced is then cut out and manually ar 
ranged over a long length of paper called the marker. 
When an efficient layout of the pattern pieces over the 
marker is determined, the outline of the pieces are 
manually traced on the marker. The marker is then 
placed over a stack of material laid out along a cutting 
table and a saw is used to cut the multilayers of material 
along the pattern pieces outlined on the marker. 
The above-described prior technique is extremely 

time consuming and laborious. In addition, unless the 
personnel accomplishing the grading function are 
highly skilled, errors can be introduced into the graded 
pattern pieces. Even with highly trained personnel lay 
ing out of the pattern markers, inefficient marker lay 
outs may result, thereby resulting in expensive waste of 
cloth during the cutting procedure. In addition, the re 
quirement for inventory procedures and storage space 
for patterns and markers is substantial with prior man 
ual methods. A need has thus arisen for a method and 
system for quickly and accurately grading apparel pat 
terns and for laying out and automatically plotting pat 
tern markers, 

SUMMARY OF THE INVENTION 

In accordance with the present invention, a method 
and system have been developed which substantially 
eliminates or reduces the problems noted above which 
have occurred with prior manual pattern grading and 
marker preparation techniques. The present technique 
substantially reduces the time required for pattern 
grading and marking and eliminates the need for physi 
cal storage space for paper patterns and markers. The 
present method and system may be operated by person 
nel familiar with previous manual grading and marking 
techniques and specialized personnel having intricate 
knowledge of electronic data processing are not re 
quired. 

In accordance with the present invention, a system is 
provided for laying out an apparel pattern marker 
wherein a plurality of apparel pattern pieces are to be 
arranged within a predetermined marker area. The sys 
tem includes a screen for displaying to an operator 
scaled miniature representations of the pattern pieces 
adjacent a scaled miniature representation of the 
marker area. A stylus is movable by the operator to se 
lectively move the representations of the pattern pieces 
on the screen to within the representation of the 
marker area on the screen. By use of the stylus and a 
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2 
function box, the operator efficiently positions each of 
the pattern pieces within the marker area. When the 
final marker is prepared on the screen, a plotter is ener 
gized to plot out a full size pattern marker correspond 
ing to the miniature arrangement arrived at on the 
screen by the operator. 

In accordance with another aspect of the invention, 
a system is provided for laying out a plurality of pattern 
pieces in a pattern marker which includes a digitizer for 
generating pattern piece coordinate data and grading 
instructions for the coordinate data. A storage device 
stores the coordinate data and grading instructions and 
circuitry is provided for selectively retrieving portions 
of the coordinate data and grading instructions corre 
sponding to pattern pieces of a preselected style. Struc 
ture is provided to apply the grading instructions to the 
retrieved coordinate data to grade the pattern pieces to 
preselected sizes. A display screen displays miniature 
representations of the graded pattern pieces and the 
marker area. A data tablet includes a stylus movable 
relative to the data tablet for moving the pattern pieces 
on the display screen into the displayed marker area. A 
plotter forms a full size marker corresponding to the 
final arrangement of pattern pieces on the display 
Screen. 

In accordance with another aspect of the invention, 
a system is provided for grading and checking model 
pattern pieces and includes a digitizer for generating 
pattern piece coordinate data and grading instructions 
for the coordinate data. The coordinate data and grad 
ing instructions are stored. The grading instructions are 
then selectively applied to the coordinate data accord 
ing to predetermined grade rules. A screen selectively 
displays nested plots of a plurality of graded sizes of 
each of the pattern pieces. A data tablet is intercon 
nected with the display and includes a stylus. Circuitry 
is responsive to movement of the stylus adjacent the 
data tablet for displaying grading instructions for se 
lected points on the displayed nested plots. A function 
box has switches operable to provide the grading in 
structions for selected points on the displayed nested 
plots. Circuitry is provided for regrading the selected 
points according to the revised grading instructions. 

In accordance with yet another aspect of the inven 
tion, a system is provided for preparing an apparel 
marker. The system includes a digitizer table for sup 
porting pattern pieces to be digitized. A slide bar is lat 
erally movable across the table. A cursor is mounted on 
the slide rule and is movable along the length of the 
slide rule for being positioned at points along the pat 
tern pieces. The cursor has switches operable to gener 
ate electrical signals representative of the coordinates 
of the position of the cursor on the table. A function 
box is movable along the slide bar with the cursor and 
includes buttons operable to generate grading instruc 
tion signals corresponding to the points along the pat 
tern pieces. Circuitry is provided to store representa 
tions of the electrical signals and the grading instruc 
tion signals. 

DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present 
invention and for further objects and advantages 
thereof, reference is now made to the following de 
scription taken in conjunction with the accompanying 
drawings, in which: 
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FIG. 1 is a perspective view of the present grading 
and marker preparation system; 
FIG. 2 is a block diagram of the basic components of 

the system shown in FIG. 1; 
FIG. 3 is a top view of the cursor function box; 
FIG. 4 is a top view of the cursor control box; 
FIG. 5 is a perspective view, partially broken away, 

of the function box utilized with the data tablet; 
FIG. 6 is a view of the template used on the function 

box shown in FIG. S during the CHECK program; 
FIG. 7 is a top view of the template used on the func 

tion box shown in FIG. 5 during the MARK program; 
FIG. 8 is an electrical schematic of the cursor func 

tion box and the data tablet function box, 
FIG. 9 is an electrical schematic for the audible sys 

tem for the cursor function box, 
FIGS. 10 and 11 are electrical schematics of the in 

terface circuitry between the data tablet and the cen 
tral controller; 
FIG. 12 is a view of the bezel lights on the display 

Screen; 
FIGS. 13-16 are the coding sheets utilized in the 

input of Grade Rule data into the system; 
FIG. 17 is a perspective view of the digitizer table 

with a plurality of typical garment pattern pieces laid 
out thereon, 
FIGS. 18 and 19 are representations of pattern pieces 

digitized according to the present technique; 
FIG. 20 is a perspective view of the interactive dis 

play console of the invention during the CHECK pro 
gram; 
FIG 21 is a flow chart of various programs of the in 

vention; 
FIG. 22 is a coding sheet for the input of $STYLE: 

program data, 
FIG. 23 is a coding sheet to enable the input of 

SMARK: information; 
FIG. 24 is a coding sheet to enable input of $DRAW: 

information to the system; 
FIG. 25 is a coding sheet enabling the input of PLOT 

information, 
FIG. 26 is an example of tilting of a pattern piece on 

the display screen; 
FIG. 27 is an illustration of flipping a pattern piece 

on the display screen, 
FIG. 28 is an example of rotating a pattern piece on 

the display screen; 
FIG. 29 is a perspective view of the display screen 

prior to operation of the MARK program; 
FIG. 30 is a perspective view of the interactive con 

sole system illustrating positioning of pattern pieces 
within the marker area on the display screen during the 
MARK program; 
FIG. 31 is a perspective view of the interactive con 

sole shown in FIG. 30 after the marker has been com 
pleted; 
FIG. 32 is a diagramatic illustration of shade areas 

defined on a marker; 
FIG.33 is a perspective view of the plotter according 

to the present invention when plotting a full size 
marker; 
FIG. 34 illustrates the file organization for the pres 

ent system; 
FIGS. 35-51 illustrate details in the file format for 

various programs of the system, and 
FIGS. 52-56 illustrate flow diagrams for PROD 1 and 

PROD 2 programs of the invention. 
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4. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

System Components 
Referring to FIG. 1, the present system includes a 

digitizer 10 which inputs digital coordinate data repre 
senting pattern pieces and grading instructions into a 
central processor 12. A card reader 14 is utilized to 
provide instructions to the central processor 12 and an 
alpha/numeric cathode ray tube terminal 16 is utilized 
to input instructions to the central processor 12 and to 
display data output from the central processor 12. Ter 
minal 16 may alternatively comprise a conventional 
teleprinter. A cathode ray tube screen display 18 is 
connected to display digital coordinate data generated 
from the central processor 12. A function box 20 in 
cludes a plurality of button switches thereon for en 
abling control of various functions of the display screen 
18. A data tablet 22 includes a movable stylus 24 which 
may be utilized to change portions of the display on the 
screen 18. A plotter 26 is interconnected with the cen 
tral processor 12 for automatically plotting a full size 
apparel pattern marker which may be used directly to 
cut pattern pieces from a stack of material. 
FIG. 2 illustrates an electrical block diagram of the 

interconnection of the components of the present sys 
tem. The digitizer 10 is interconnected through an in 
terface 27 to the central controller 12. As shown in 
FIG. 1, the digitizer 10 includes a vertical bar 28 which 
is laterally movable along parallel guide rails 30 and 32 
located along the top and bottom of a table 34. A cur 
sor control box 36 is attached to the bar 28 and in 
cludes a cursor aperture member 38 which is centered 
over the point desired to be digitized. The cursor con 
trol box 36 and the cursor aperture member 38 are 
movable vertically along the bar 28 so that any point 
laying within the confines of the table 34 may be digi 
tized by the system. A multi-key function box 40 is also 
mounted on the bar 28 and is interconnected with the 
control box 36 for movement vertically along the bar 
28 and for lateral movement with the bar 28. 

Electrical signals generated from the control box 36 
and the function box 40 are applied via a flexible con 
ductor 42 and through the interface 27 to the central 
controller 12 for storage therein. A plurality of pattern 
pieces designated generally as P are oriented on the 
table 34 for digitizing in FIG. 1. By placing the cursor 
aperture member 38 over a desired point on the pattern 
pieces P, and by proper operation of buttons on the 
control box 36 and on the function box 40, electrical 
signals representative of the coordinates of the point 
and the grading rules for the point are applied through 
the electrical conductor 42 to the central processor 12. 
By inputting a plurality of spaced apart points along 
each of the patterns P, coordinate data representative 
of the shape of the pattern pieces is stored in the cen 
tral processor 12. 
A number of digitizer systems may be utilized in con 

junction with the present system. However, in the pre 
ferred embodiment of the invention, the digitizer 
Model No. 3931A manufactured and sold by Auto-Trol 
Corp. of Denver, Colo. has been found to operate satis 
factorily. Such a digitizer is modified only to the extent 
that the function box 40 constructed in accordance 
with the invention, to be later described in detail, is 
mounted for movement with the cursor control box 36 
to enable the operator to input data with ease. The in 
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terface 27 comprises interfacing included in the Auto 
trol Model No. 39 13B package. The interconnection of 
the interface 27 between the digitizer 10 and the cen 
tral controller is well known in the art and is specified 
in detail in literature provided with the HT12566B in 
terface module. 
The central controller 12 may comprise any suitable 

electronic data processor operable to provide real time 
control for the present system and having the desirable 
storage capacity. In the preferred embodiment, the 
central controller 12 is operable with a 16 bit digital 
word size and should have a minimum storage capacity 
of 24,576 words with a memory cycle time of in the 
range of 970 nanoseconds. 

In the preferred embodiment, the central controller 
12 comprises a general purpose digital computer such 
as the 2100A computer manufactured and sold by 
Hewlett Packard of Pala Alto, California. Firmware 
coding for the central controller is stored in bipolar 
read-only-memory in the floating point hardware op 
tion to substantially increase the performance of all 
floating point instructions and subroutines. For further 
description of the construction and operation of the 
Model 2100A Hewlett Packard computer, reference is 
made to the Hewlett Packard 2 100A reference manual 
which is incorporated herein by reference. 
Storage memory for the central controller 12 is pro 

vided by a magnetic disk assembly 44 which is con 
nected through an interface 46 with the controller 12. 
Additional flexibility in storage may be provided by a 
magnetic tape unit 47. The disk 44 may comprise for 
example the Nashua 4415 Disc Cartridge manufac 
tured and sold by the Nashua Corporation of Nashua, 
New Hampshire. In addition, the HP7901A cartridge 
Disk Subsystem manufactured and sold by Hewlett 
Packard may be utilized in conjunction with the disk 
44. The interface 46 may comprise for example the 
Hewlett Packard Models 1320-60000 and 
1320-60004 interfaces. The magnetic tape storage 
unit 47 may comprise for example the 7970B digital 
magnetic tape units manufactured and sold by Hewlett 
Packard of Palo Alto, Calif. 
Each disk 44 utilized with the system is capable of 

storing approximately 1.25 million words of data to be 
used by the central controller 12. Pattern pieces, 
marker descriptions and other data are stored on the 
disk platters. One of the disk platters is permanently at 
tached to the disk drive and cannot be removed or ac 
cessed by the user. The other platter is a "removable' 
platter that is inserted by the user. In practice, the user 
may find it desirable to procure additional removable 
platters to store piece and marker descriptions in order 
to back up his disk files. 
The card reader 14 shown in FIG. 1 may comprise for 

example the 6042 card reader manufactured and sold 
by Mohawk Data Sciences Corporation of King of 
Prussia, Pa. The card reader 14 is operated by the oper 
ator to input MONITOR control cards, grading rules 
and other types of data input via conventional com 
puter punch cards, as will be later described. 
The alpha/numeric display terminal 16 may comprise 

any suitable input/output terminal. For example, the 
Data Point Model No. 3300 or Telray Model 3300 ter 
minal may be utilized with the present system. In place 
of or in addition to terminal 16, a teleprinter 48 such 
as the ASR 33 teletype may be used. The buffered tele 
printer input/output 2752A and the 12531B interface 
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6 
kit manufactured and sold by Hewlett Packard of Palo 
Alto, Calif. may be advantageously utilized with the 
present system. 
The cathode ray tube display screen 18 may com 

prise, for example, the graphic terminal Model 2D2 
manufactured and sold by Vector General of Canoga 
Park, Calif. The data tablet 22 may comprise the Model 
GT50 unit manufactured and sold by Computek, Inc. 
The sixteen key function box 20 will be subsequently 
described in detail. The function box 20 and data tablet 
22 are interconnected with the central controller 12 
through an interface 50, which will be subsequently de 
scribed. 
The marker plotter 26 may comprise, for example, 

the Series 2000 Modular Automated Drafting System 
manufactured and sold by Xynetics, Inc. of Canoga 
Park, Calif. As shown in FIG. 1, the plotter 26 includes 
a bar 52 which is movable along the length of the plot 
ting area, along with a writing stylus 54 which is mov 
able along the bar 52. The bar 52 and the stylus 54 are 
driven by electrical motors according to X and Y axis 
control signals generated from the central controller 
12. The HP 12566B computer interface module may be 
connected between the central controller 12 and the 
marker plotter 26 in a conventional manner. Control of 
the plotter 26 is afforded by operation of buttons on the 
control console 57 on the plotter. Movement of the sty 
lus 54 enables the drafting of pattern pieces in the 
marker area at full size. Patterns are plotted on a long 
roll of paper 56 which may then be removed and placed 
on a stack of fabric for cutting a large number of pat 
terns. 

FIG. 3 is a top view of the digitizer function box 40. 
The function box includes 16 keys 60 which comprise 
conventional two position pushbutton switches which 
may be manually operated by the operator. Switches 60 
are utilized to input the piece identification number, a 
new piece flag, and end piece flag, sample size, mirror 
flag, grade rule number and error corrections into the 
central controller 12. The functions for the 16 keys are 
as follows: 

1/S - used to designate either the number 1 or the let 
ter 'S' for small, depending upon the state of the 
alpha button; 

07- - used to designate the numeral 0 or "--"; 
2/M - used to designate the numeral 2 or the letter 
"M' to designate medium; 

3/L - used to designate the numeral 3 or to designate 
the letter “L” for large; 

4/X - used to designate the numeral 4 or the letter 
''x'', 

5/H - used to designate the numeral 5 or the letter 
'H', 

6T - used to designate the numeral 6 or the letter 
T', 

7/A - used to designate the numeral 7 or the letter 
'A'; 

8/B - used to designate the numeral 8 or to designate 
the letter 'B', 

9/C - used to designate the numeral 9 or the letter 
'C', 

"New Piece' - used to indicate that a new piece is 
about to be digitized; 

"End Piece' - used to indicate that the pattern piece 
has been completely digitized; 
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“Rub. Out' - used to erase data entered by the ptes 
sure of a wrong key, 

“Alpha' - depressed when it is desired to input letters 
or the + sign by depression of the corresponding keys 
60; 
Mirror' - utilized to indicate that the pattern being 
digitized is a mirror piece, and 

'Sizei D' - utilized to indicate that the pattern being 
digitized is the sample size or to indicate the letter 
D. 

Above the sixteen key 60 is a speaker 61 which emits 
an audible tone when a key is depressed and the central 
controller 12 receives the generated signal. An error 
light 62 is also provided which is illuminated when a 
gross input error is made. The light 62 remains illumi 
nated until the error is corrected. Detailed description 
of the electrical circuitry of the function box shown in 
FIG 3 will be subsequently described. 
FIG. 4 is a top view of the cursor control box 36 and 

the cursor aperture member 38. As previously noted, 
box 36 and member 38 are commercially available as 
a portion of the Autotrol digitizer system. The cursor 
control box 36 includes five manually operable button 
key switches 64-72 and a switch dial 74. The operator 2 
may input grade points, intermediate points and 
notches by proper operation of the three keys 64, 66 
and 68. The key switch 70 and the switch dial 74 are 
used in conjunction with one another. The Switch dial 
74 indicates what data is being input when the Switch 
key 70 is depressed. The switch key 70 and dial 74 are 
thus utilized to input the grain line, stripe line, refer 
ence line, punch holes, internal points, alternate start 
point, transfer function point, center lettering point, 
and fixed intermediate point. The Zero key 72 is uti 
lized to input a starting point which is utilized in the 
digitizer maintenance test and in various tests utilizing 
grade increments. The operator can tell whether or not 
the keys depressed are functioning properly by a single 
beep given out by speaker 61 when a key is depressed. 
The following is a list of the symbols about the Switch 

dial 74 and their meanings: 

Symbol Notalion 

4-0 Grain line 
| Stripe line 
e Reference line 
-- Punch line 
I.P. Internal point 
k Alternate start point 
T. P. Transfer function point 
ET Center point for lettering 

F.I. Fixed intermediate point 

Attached to the right hand side of the box 36 is the 
cursor aperture member 38 which includes a plate 76 
having a circular aperture 78 formed therethrough. 
Crosshairs 80 extend across apertures 78 and are ulti 
lized to sight on the centers of grade points, the ends 
of lines and the perimeter of the piece. A knob 82 is uti 
lized by the operator to move the cursor aperture mem 
ber 38 to the desired location. 
FIG. 5 illustrates a perspective view of the function 

box 20 for inputting instructions associated with the 
operation of the data tablet 22 and the display 18. The 
function box 20 includes sixteen pushbutton keys 90 
which extend upwardly from a generally planer face 92 
of a console housing. A stop button switch 94 is posi 
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8 
tioned above the button keys 90. The face 96 of the 
housing of the function box is adapted to face the oper 
ator and electrical signals generated by the function 
box are transmitted via a conductor 98 to the central 
controller 12. The function box 20 may be utilized dur 
ing grade checking or marker preparation, and each of 
the checking and grading functions utilizes a different 
template which fits over the keys 90 and covers the 
area generally designated by the dotted line 100. Each 
template bears different legends, as will be subse 
quently described. As shown in the broken away por 
tion of the function box 20, a printed circuit board 102 
and an electrical panel 104 are supported by conven 
tional means within the function box. Electrical con 
struction and operation of the function box will be sub 
sequently described in greater detail. 

FIG. 6 illustrates the template 106 which is utilized 
with box 20 to perform grade checking functions. The 
template 106 comprises a thin plastic sheet having 6 
apertures formed therein, each aperture positioned to 
receive one of the button keys 90. Depression of the 10 
buttons labeled 0-9 enable the rule table number de 
sired to be checked to be entered into the central con 
troller 12. For example, to enter the rule number table 
'' 128, the buttons marked 'l', ''2''' and '8' are se 
quentially depressed. The button labeled 'List Rule' 
causes the rule table number to be displayed under the 
list of rule tables on the display 18. The “Change Rule" 
button enables the rule number to be changed to an 
other grade rule. The button labeled "Accept' indi 
cates that the graded piece is accepted and re-entered 
into the central processor. The button labeled "Reject' 
is utilized to reject the displayed graded pattern. The 
“Plot" button may be depressed to request the display 
of a nested plot of the pattern piece in various grades. 
The button marked' Area' may be depressed to list the 
area and perimeter of each size of the nested plot. But 
ton 94 marked 'Stop' may be operated with various 
ones of the command buttons to give control back to 
the CHECK program of the system, so that the com 
mands designated prior to the depression of the stop 
button may be performed by the system. 
FIG. 7 illustrates a template for placing over the but 

tons 90 on the function box 20 when it is desired to per 
form marking procedures. Template 108 comprises a 
plastic sheet having sixteen apertures defined therein 
for receiving the buttons 90 and 94. Labels or legends 
are defined under each of the apertures to enable the 
accomplishment of various functions in the marking 
procedure. Depression of the cutton marked "Pick' 
enables the operator to "Pick Up' a pattern piece dis 
played on the display 18 so that the pattern may be 
moved on the display by operation of the cursor. De 
pression of the 'Overlap' button enables the position 
of the "Picked' pattern piece to be adjusted so that it 
does not overlap any surrounding pattern pieces on the 
display screen. The button marked "Bump Down' will 
be used to adjust the position of a Picked piece by mov 
ing it down until it hits another piece or the marker 
edge. The "Bump Left' button adjusts the position of 
the Picked piece by moving it left until it hits another 
piece. The button marked "Tilt CCW' rotates the 
Picked piece in a counter-clockwise movement is steps 
of 0.5. The button marked Tilt CW rotates the Picked 
piece in a clockwise direction in steps of 0.5°. The Re 
lease button allows a Picked pattern piece to be moved 
off the marker area on the display screen 18. The "Spe 
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cial' buttons turns 'Special Functions' on and off on 
the display screen. The "Flip' button turns the Picked 
piece over. The "Bump Up' button adjusts a Picked 
piece by moving it up until it hits another piece or the 
marker edge. The 'Bump Right' button moves the 
Picked piece right until it hits another piece or the 
marker length line. The ''Rotate CCw' button causes 
the Picked piece to be rotated in a counter-clockwise 
direction in steps of 45°. The “Rotate CW' button 
causes the Picked piece to rotate in a clockwise direc 
tion in steps of 45. 
The 'Pick Check' button functions the same as the 

Pick button, except that the desired piece does not 
jump to the cursor and the piece will not move along 
with the cursor. The “Vertical Stripe Lock' button ad 
justs the position of the picked piece on a vertical stripe 
line so that the stripe line of the picked piece aligns 
with the closest stripe line on the marker. The “Hori 
zontal Lock' button has the same function as the Verti 
cal Stripe Lock, except that the stripe to be locked on 
must be horizontal. The "Stop' button 94 is utilized in 
the checking procedure. 
FIG. 8 illustrates a schematic diagram of the circuitry 

utilized by both the cursor function box 40 and the 
function box 20. As each of the function boxes 20 and 
40 contain sixteen primary keys, the same electrical 
circuits may be utilized for both boxes. The circuitry 
includes 16 pairs 110-140 of cross coupled NAND 
gates to provide debounce circuitry for the keys. Each 
pair of cross coupled NAND gates includes two input 
terminals which are tied to the sixteen pushbutton 
switches of the function box. Upon depression of a but 
ton switch, the output of its respective cross coupled 
NAND gates goes logically low and when the pushbut 
ton switches are released, the output goes logically 
high. The output of each of the 16 cross coupled NAND 
gate pairs are applied to a pair of diode matrixes 142 
and 144 comprise, for example, the diode matrix 
TIDM286 manufactured and sold by Texas Instru 
ments, with a predetermined address code burned into 
the matrix. As an example of the code, the output of 
each of the cross coupled NAND gates is illustrated in 
FIG.8 with a binary address code at the output thereof. 
Upon depression of the button switch associated with 
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each of the cross coupled NAND gate pairs, that partic- 45 
ular binary code is output from the diode matrixes 
142-144. For use with box 20, a seventeenth pair of 
cross coupled NAND gates 146 is provided with input 
terminals which are connected to the seventeenth 
pushbutton switch corresponding to the Stop button 
94. 
The outputs of the diode matrixes 142 and 144 are 

tied together and applied to the input of four AND 
gates 148-154. The output of gate 148 comprises bit 
three, the output of gate 150 comprises bit two, output 
of gate 152 comprises bit one and the output of gate 
154 comprises bit zero of the address code output. The 
four bits from gates 148-154 comprise a binary address 
code having sixteen positions, each position relating to 
a different one of the sixteen button switches on the 
function box. This address code is provided to the cen 
tral controller which implements the selected function. 
The outputs of the diode matrixes 142 and 144 are 

connected to a multi-input NAND gate 156, the output 
of which is applied through a NAND gate 158 to the in 
puts of an OR gate 160. The output of OR gate 160 and 
an AND gate 162 are utilized to control the operation 
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10 
of a one shot 164. The one shot 164 may comprise, for 
example, a SN74141 multivibrator. The output of the 
one shot 164 is applied through an AND gate 166 as a 
strobe signal for strobing the bits zero-three. A lamp 
168 is provided to be energized from a signal from a 
central controller in order to indicate gross errors in 
the case of the function box 40. 

FIG. 9 illustrates circuitry for creating an audible 
sound upon depression of the pushbutton switches of 
the function box 40. A one shot 170 receives signals 
from the central controller and stretches the pulse re 
ceived therefrom by an amount sufficient to generate 
an audible sound via a speaker 172. In operation, de 
pression of the buttons of the function box creates a 
logic low signal at the output of the associated cross 
coupled NAND gates, which operate through the diode 
matrixes 142 and 144 in order to generate the unique 
address code at the output of gates 148-154. The cen 
tral controller 12 recognizes the generated output and 
if the address is correct, the central controller gener 
ates a signal which is applied to the one shot 170 in 
order to cause an audible sound to be emitted from the 
speaker 172. This indicates to the operator that the sys 
tem is operating satisfactorily. The one shot 170 and 
speaker 172 are mounted within the function box cas 
ling. 
FIG. 10 is a schematic diagram of the interface cir 

cuitry between the data tablet 22 and the central con 
troller 12. Operation of the stylus 24 relative to the 
data tablet 22 causes generation of three types of digi 
tal data signals. Ten bits of X coordinate data are ap 
plied to the ten terminals 180, while 10 bits of Y coor 
dinate data are applied at terminals 182. Status bits are 
applied to terminals 184 from the data tablet. The X 
and Y coordinate data bits are supplied to inputs of 
4-bit buffer chips 186, 188, 190 and 194. A suitable 
buffer chip may comprise the 370CJ buffer chip. The 
output of the chips 186-194 are applied through diodes 
to buffers 196, 198, 200, 202, 204 and 206. The volt 
age level of the X and Y coordinate data signals is in 
creased from 5 volts to 12 volts by the buffers 186-194 
in order to eliminate low level noise. The logic level of 
the coordinate data signals is reduced to conventional 
TTL logic level at the buffers 196-206. The output of 
buffers 196-206 are applied to inputs often AND gates 
208. 
A timing circuit, including cross coupled NAND 

gates 210 and 212 and interconnected flipflop counters 
214 and 216, operates to generate timing signals for the 
switching of the coordinate data. Counters 214 and 216 
may comprise, for example, a SN7476 counter circuit. 
The output of the timing circuit is applied via leads 218 
to four NOR gates 220. The outputs of NOR gates 220 
comprise a pair of enable lines 222 which selectively 
enable X and Y data to be alternatively transmitted 
from the buffers 196-206 through the AND gates 208. 
The output of the AND gates 208 comprise ten bits of 
either X or Y coordinate data or status bits. This ten bit 
signal is applied to the central controller 12 for opera 
tion as will be subsequently described. 
The status bits generated from the data tablet 22 are 

applied through convertors 224 to inputs of buffers 226 
and 228. The output of buffers 226 and 228 are also 
connected to the AND gates 210 in order to enable the 
output of status bits. Other portions of the timing cir 
cuitry comprise a three input NAND gate 230 which is 
connected to an input of a multivibrator 232 which op 
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erates to generate timing signals for enabling of the sta 
tus bits. Terminal 234 is connected between counter 
216 and multivibrator 232 and is tied to the remaining 
portion of the interface circuitry shown in FIG. 11. 
An output of counter 214 is applied to inputs of an 

ANd gate 238, the output of which is applied to AND 
gates 208. Gate 238 is connected through an ANd gate 
240 to a terminal 242 which supplies timing signals to 
portions of the system. In addition, terminals 244 and 
246 supply timing signals to portions of the interface 
circuitry shown in FIG. 11. 
One input of gate 240 is applied through NAND gate 

248 and gate 250 and through invertor 252 to inputs of 
four flipflops 254, 256, 258 and 260. Gates 248 and 
250 and invertor 252 operate as a strobe generator for 
operation of the bezel lights on the display screen 18, 
to be subsequently described. Terminals 262 are con 
nected to receive command signals from the central 
controller 12 for selective operation of the bezel lights 
on the display screen 18. Terminals 262 are connected 
to inputs of eight ANd gates 264, the outputs of which 
are connected to flip-flops 254-260. The output of flip 
flops 254-260 are applied through eight NAND gates 
266 which generate signals for illuminating the bezel 
lights shown in FIG. 12. Specifically, the designated 
NAND gate 266 is operated such that its output be 
comes logic low in order to provide a ground to the 
bezel lights. The other terminals of the bezel lights are 
connected to a source of positive voltage such that the 
lights are illuminated upon the occurrence of the logic 
low at the output of one of the gates 266. 
FIG 11 illustrates additional circuitry in the interface 

circuits connected between the data tablet 22 and the 
central controller. The circuitry shown in FIG. 1 1 is 
primarily flag circuitry for providing priority of I/O 
data to the central controller. 
Referring specifically to FIG. 11, conventional input 

signals in Hewett Packard language are input from the 
central controller to the terminals 280. The command 
signals are applied through nine NAND gates 28a-i. 
The output of NAND gate 282a is applied through 
NAND gate 284, the output of which is applied to a 
four input NAND gate 286. The output of NAND gate 
282b is applied through NAND gates 288 and 290 to 
an input of a flag flipflop circuit 292. The output of 
gates 282c and 282d are applied to the inputs of a flag 
buffer flipflop. 294. An output of the flipflop. 294 is ap 
plied to terminal 234 shown in FIG. 10. An output of 
gate 282e is also applied to flipflop 294. The output of 
gate 282f is applied to flipflop. 294 and to flip-flop. 292. 
The IEN input is directly applied to an input of a 
NAND gate 296 which receives an output from flipflop 
292. An output of gate 282g is applied to terminal 246 
shown in FIG. 10 and is also applied to an input of a 
control flipflop. 298. Outputs of gates 282h and 282i 
are applied to the flipflop. 298. The output of flipflop 
298 is applied to an input of NAND gate 296. The SSS 
input is applied directly to an input of a NAND gate 
300, while the SSC input is directly applied as an input 
of gate 302. The output of gates 300 and 302 are ap 
plied through an NAND gate 304 as an input of NAND 
306. The output of gate 306 comprises the Skip Flap 
Signal (SSK) which is applied to the data tablet 22. 
LSCM, LSCL and IOG signals are applied through a 

NAND gate 308 and a NAND gate 310 to terminal 242 
shown in FIG. 10 and also to an input of gate 302. The 
output of flipflop. 292 is applied via lead 312 to an input 
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12 
of a NAND gate 314 which generates the service inter 
rupt request (SRO). An input of gate 282e is applied as 
an input to a NAND gate 316 which generates the in 
terrupt request (IRO) signal. The output of NAND gate 
286 is applied as an input, along with an input from 
gate 288 to the IRQ flipflop 318. The output of flipflop 
318 is applied to a NAND gate 320 which generates the 
flag signal (FLG). The output of NAND gate 296 is ap 
plied to inputs of NAND gate 324 and to an input of a 
NAND gate 326 which generates the priority low 
(PRL) signal. 
FIG. 12 illustrates the light switches 19 which are dis 

posed at the lower portion of the frame, or bezel, of the 
display screen 18 previously shown in FIG. 1. The lights 
19 include the Input Required light 340 which becomes 
illuminated when the display screen 18 requests infor 
mation during marking procedures or when the special 
functions of the system are on. The Busy light 342 be 
comes illuminated when the system is performing a 
marking function and is busy, thereby locking the oper 
ator out of the system. The Overlap light 344 becomes 
illuminated when an overlap pattern piece cannot be 
positioned in the position desired without overlaps. The 
Shade Violation button light 346 becomes illuminated 
when a piece is not placed in its proper shade area, as 
will be latter described. The Maximum Tilt light 348 
becomes illuminated when a pattern piece with a tilt 
restriction is tilted to that limit. The Error light 350 be 
comes illuminated when an error occurs in a marking 
procedure. 
The step by step operation of the present system will 

now be explained in detail. Briefly, a grade rules pro 
gram is built and is stored in the central processor 12. 
Individual pattern pieces are then digitized on the digi 
tizer 10 and the coordinate data and grading instruc 
tion data relative to the pattern pieces and stored in the 
central controller 12. Nested plots of various sizes of a 
pattern piece may then be displayed on the display 
screen 18 and checked by the use of the CHECK pro 
gram. The style and size of the patterns desired to be 
marked are then punched into MONITOR punch cards 
and fed through the card reader 14 into the system. In 
addition, other operating instructions for the system 
are input into the system through the card reader 14 
through draw statement cards, plot cards, style cards 
and the like. In the initial use of the system, optional 
features of the system may be selected by operation of 
the POPTS program by typing in responses requested 
by the system into terminal 16. The desired markers are 
then constructed on screen 18 by operation of the func 
tion box 20 and the stylus 24. Error messages may be 
displayed to the operator during operation of the sys 
tem in case of errors in operation. After preparation of 
a miniature marker on the display screen 18, the plotter 
26 is operated to provide a full scale reproduction of 
the desired marker. The marker may then be utilized in 
the conventional manner and a plurality of layers of 
material are cut to enable fabrication of a plurality of 
garments of the desired style and size. Each of the 
above-noted steps will now be described in detail. 

BUILDING GRADE RULE TABLES 

Prior to use of the system shown in FIG. 1, grade 
rules must be input into the system. These grade rules 
will be stored and will be applied to digitized points of 
pattern pieces as specified during the digitizing proce 
dure. 
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A grade point rule defines the X and Y increments 
for grading the different sizes at a grade point. There 
are several ways of determining the X and Y coordi 
nates for a grade point rule. One method of determin 
ing these increments is for the grader to determine 
what they are by hand. The second method is to digitize 
each size of a grade point on a nested plot. The routine 
for building a grade rule table with the present system 
is termed the DRULE program. Below are the operat 
ing procedures for DRULE and an example of a 
DRULE grade rule listing. 

l. Place the piece to be used on the digitizer table so 
that the reference line is in a true horizontal orien 
tation. 

2. Type in on the console typewriter 16 the following: 
:JOB cr/lf 
:PRDRULE crif 

3. On the digitizer function box 40, punch in the rule 
number. This can be from 1 to 3 digits. 

4. Position the cursor aperature member 38 over the 
grade point of the sample size and push the ZERO 
button on the control box 36. At this time the 
printer will print: 

Rue number N 
coordinate points in 32nds coordinate points in 64ths 

5. Position the cursor aperture member 38 over the 
first point (smallest size) to be graded and push the 
button labeled NOTCH. The printer 16 will print 
the relative coordinates in both 64th and 32nds. 

6. Repeat step 5 until all of the points (smallest to 
largest size) for that rule have been printed. 

7. To do the next rule, go back to step 3. 
8. To stop the program, turn on bit 0 of the central 

controller 12. 
The console typewriter 16 will print DRULE STOP 

0000. 

EXAMPLE OF DRUE GRADE POINT LISTING 

Rule Number 2 
Coordinate Points in 32nds Coordinate Points in 64this 
X Y X Y 
-32 O -64 O 
-24 O -49 O 
-16 O -3 O 
-8 -6 O 
O O O O 
8 () 16 O 
6 O 32 O 

31 O 62 O 
46 () 92 O 
55 O 
64 O 29 O 
73 O 47 

After the increments (X and Y) have been deter 
mined for the grade rules, a Grade Rule Table has to 
be built and input into the system. To build a grade rule 
table, the X and Y increments have to be keypunched 
into IBM computer cards. 

In the preparation of the computer cards, the follow 
ing rules are followed: 

1. All X increments and Y increments have to be key 
punched into separate cards with the X card first 
then the y card for each grade rule. 

2. Each increments must be separated with one 
space. 
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14 
3. If there is insufficient room on one card to punch 
the increments for all sizes, a slash must be 
punched in column 80 on the card and the rest of 
the increments may continue on another card. 
There is no limit on the number of continuation 
cards. 

The transfer function value used occasionally in the 
digitizing procedures to increase or decrease the size of 
a piece has to be put on the rule cards where the value 
will be applied. After all increments for all sizes have 
been punched into a card, the transfer value should be 
punched in. The transfer function value is to be the last 
value on a rule card. If a transfer value is not put on a 
card it is assumed to be zero, 
The $RULE: statement is used to build and list rule 

tables. Rule tables are keypunched onto computer 
cards and stored in the central controller 12 via the 
$RULE: card. Each rule table must have a unique 
name (without imbedded blanks) which will be used to 
reference the table with other commands. 
The rule table indicates to the system the precision 

of the grade increments to use in grading. The follow 
ing grade increments are allowed: 

00032 = 1/32' 
OOO64 = 1164' 
OO 28 = F28 
00256 = 1256' 
(OO10 = 1 millimeter 
OOOO = 110 millimeter 

for metric grading 

To build a rule table the card deck structure shown 
in FIG. 13 must be used. FIG. 13 illustrates an 80 col 
umn coding sheet used to layout data to be keypunched 
onto an 80 column conventional computer card. Each 
column of the coding sheets corresponds to a column 
on the computer card. A description of each card fol 
lows: 

indicates to the monitor that a rule 
table is to be built or listed (all or part 
of it). 
Indicates to the rule program the type 
of operation to perform. 
Columns 1-5 (F.G. 3) BUILD A 
RULE TABLE 
Identifies the rule table, the grading 
increment to use, the number of sizes 
and the number of rules in the table. 
The numbers in columns 8-2 and 
22–25 (FIG. 13) are compared to the 
number of sizes and rules that are 
actually read. If these numbers are not 
the same, a diagnostic will occur. If 
columns 8-21 and 22-25 are left 
blank this comparison check will not 
C. 

SRUE: 

2. OPERATION CARD 

BUILD 

3. NAME CARD 

RULE NAME Columns -10 
GRADE Columns 13-17 

INCREMENT 
NUMBER OF SIZES Columns 18-21 
NUMBER OF Columns 22-25 

RULES 
Identifies each size and the order of 
sizes in the grade rules. Only one size 
per card is allowed. 
Columns 1-6 (FIG. 13) 6 Character 
size name. 
Terminates the size cards. 
Columns 1-2 (FIG. 3) 
Defines the increments for each size 
for a given grade point. As shown in 
F.G. 13, these cards are punched in a 
free-field format. Free field format 
means that increments are separated 
by blank spaces. 
End of Rule Deck. 

4. SIZE CARDS 

SIZE NAME 

5. TERMINATOR CARD 
FE 

6. GRADE RULE CARDS 

7. 999 
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To list a specific rule table the card deck structure 
shown in FIG. 14 may be used. A description of each 
card follows: 

$RULE: 

2. LIST 

indicates to the monilkyr that a 
rule table is to be built tyr listicci. 
indicates to the rule program the 
type of operation to perform. 
Columns 1-4 (FG, 14) IST A 
RULE TABLE 
identifies the rule table the 
listed. 
Columns -l () (FIG, .4 

LIST 

3. NAME CARD 

RUFE NAME 

To list a specific rule or rules the card deck structure 
shown in FIG. 15 may be used. A description of each 
card follows: 

1. SRLE: indicates toy the monitor that a rule 
table is to he built or listed. 

2. LIST indicates to the rule program the 
type of operation to perform. 
indicates the rule numbers of a 
specific rule table to be listed. 
Columns 1-80 can be used to specify 
rule numbers for listing. There can 
be n imbedded blanks, The first 
value indicates the number of rules 
to be listed. Each rule is to be 
separated by a comma, As many rules 
can be requested as can he fit into 
columns -80. There are no contin 
uation cards. 

RUE NAME Columns - O 
RES SPECIFE) Columns 1-8) 

3. NAME CARD 

To list all rule table names the card deck structure 
shown in FIG. 16 should be used. A description of each 
card follows: 

SRULE: indicates to the monitor that a rule 
table is to be built or listed. 

2. "All Indicates to the rule program that 
a list of rule table names should be 
provided. 

* ALL Columns 1-4 

Digitizing Procedures 
When the desired grade rule table has been loaded 

into the system as previously noted, pattern pieces may 
be digitized by the digitizer 10 and coordinate data and 
grading instructions for the pieces may be stored by the 
central controller 12. 
The operator of the digitizer 10 is responsible for en 

tering all the necessary data required to build a data file 
for each pattern piece via the digitizer. The data used 
to build a piece data file consists of: 

l, the piece identification number; 
2. the sample size of the piece, 
3. the mirror indicator if needed, 
4. the reference line; 
5. all internal piece information concerning the stripe 

line, grain line, punch holes, internal points, alter 
nate start point, and center point for lettering if 
they are present, and 

6. the grade points, intermediate points, transfer 
function point, and fixed intermediate points. 

The patterns that are to be digitized should have all 
the information that is required to make that piece use 
ful in the final marker. This information will be on the 
piece before it reaches the digitizer 10. The operator 
should keep two to three styles ahead of the styles re 
quired by the marker maker in order to reduce the ma 
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jority of the unnecessary delays in marking future 
markers. 
As shown in FIG. 17, the pattern pieces are placed on 

the digitizer table 34 with the pattern reference line in 
a horizontal position and the pieces are secured with 
tape. Although a plurality of pattern pieces is shown on 
the table 34 in FIG. 17 for clarity of illustration, in 
practice an operator will usually digitize one pattern 
piece at a time. 

Referring to FIG. 17, pattern pieces for a pair of 
pants are illustrated. Piece P1 is a waist band pattern. 
Piece P2 is a left fly pattern and piece P3 is a right fly 
pattern. Piece P4 is a pocket facing pattern and piece 
P5 is a pocket lining pattern. Pieces P6 and P7 are 
panel patterns. Piece P8 is a front pocket shaper, piece 
P9 is a back pocket shaper, piece P10 is a back pocket 
pattern and piece P11 is a front facing pattern. 

After positioning the pattern piece, the operator is 
now ready to enter the data for the piece. For each 
piece certain steps must be taken. 

In performing these steps, the operator uses the digi 
tizer function box 40 and the cursor 38. As previously 
noted, the digitizer function box 40 has 16 keys 60 
which are used to input the piece identification num 
ber, new piece flag, and end piece flag, sample size. 
mirror flag, grade rule number, and error corrections. 
The cursor control box 36 has five keys and a switch 
dial 74. The operator can input grade points, interme 
diate points, and notches with the three leftmost keys 
on the box 36. The switch key (bottom center) and the 
switch dial 74 are used in conjunction with each other. 
The switch dial 74 indicates what data is being input 
when the switch key is pressed. This switch key and dial 
are used to input the grain line, stripe line, reference 
line, punch holes, internal points, alternate start point, 
transfer function point, center lettering point, and fixed 
intermediate point. The zero key is used to input a 
starting point which is used in the digitizer maintenance 
test and various tests used to document grade incre 
ments. The operator can tell if the buttons depressed 
are functioning properly by the single beep given from 
the speaker 61 when the button is depressed. 
Operation of the digitizer 10 on a typical pattern 

piece will now be described. The function box 40 but 
ton "New Piece' is depressed. Until the New Piece but 
ton is depressed, all data entered is ignored. Depression 
of the button sets up a new data file. The piece identifi 
cation number is entered via the function box 40. Each 
piece identification number is a 10 digit number. The 
number is entered by depressing the key 60 on the 
function box 40 that corresponds with each of the 10 
digits. If an identification number of less than 10 digits 
is input and the operator proceeds to the next step, the 
error light 62 will be turned on. To correct this error, 
the operator has to return to the first step. All data 
input while the light 62 is on will be ignored. 
The sample size of the piece is now entered into the 

function box 40. The sample size can be no more than 
size alpha numeric characters long. If more than six 
characters are input, the first six are accepted and the 
remainder are ignored. The sample size is the size from 
which grading will start. This can be input by depress 
ing the Size button and the number buttons corre 
sponding to the digits in the size. If the letters A, B, C, 
D, H. L., M., P, S, T and/or - are to be input in the sam 
ple size, such as for size 32S, the operator should for 
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each letter depress the alpha key and then the appro 
priate letter key. 
At this point, the "Rub Out" button on the function 

box 40 can be used. If the operator depresses a wrong 
key, he depresses Rub Out, and the wrong data entered 
will be erased. For example if a 3 were entered, it could 
be rubbed out and replaced with a 4 by depressing the 
Rub Out button and the 4 button. If a grade point were 
entered, it could be erased and replaced with an inter 
mediate point by depressing the Rub Out button and 
the "Int, Point' button. For example, if a grade point 
rule number of 136 were entered, it could be replaced 
with 126 by depressing the Rub Out button twice, the 
2 button, and the 6 button. The Rub Out will erase the 
last entry or may be used repeatedly to erase the last 
several entries made from either the function box or 
the cursor. 

If a piece is symmetrical about the center piece line, 
it can be digitized as a mirrored piece. Only one-half of 
mirrored pieces are digitized, thereby reducing the 
amount of data input required for the data file. The 
grading program generates the reflection of the top half 
and thereby assures a perfectly symmetrical piece. The 
half being digitized has to be the top half, the reference 
line has to be the piece center line, and the reference 
line has to be horizontal. A mirrored piece is digitized 
using the same steps as a non-mirrored piece except 
that the Mirror button has to be depressed. 

Next, a horizontal reference line has to be entered for 
each pattern piece. The reference line is used by the 
system to define the horizontal line (X-axis) used in 
grading the piece being digitized. This may be input by 
turning the switch dial 74 to the 3D position and posi 
tioning the cursor cross hair 80 at the left end of the 
reference line. When the cross hair is positioned, the 
Switch button 70 (FIG. 4) is depressed. Repeat the 
same procedure at the right end of the reference line. 
The reference line will determine the orientation of the 
piece when it is used in a marker, unless there is a stripe 
or grain line. 

If a stripe line or lines are shown on the pattern piece, 
the switch dial 74 is rotated to the symbol. For a hor 
izontal stripe line, the center of the cursor cross hair 80 
is positioned at the left end of the stripe line. The 
Switch button 70 is depressed, and the grade rule num 
ber applied to the stripe line is entered through the 
function box 40. The procedure is repeated at the right 
end of the stripe line. For a vertical stripe line, the pro 
cedure is started at the bottom end of the stripe and 
continued to the top end. The first stripe line will deter 
mine the orientation of the piece in a marker, unless a 
grain line is present. 

If a grain line is shown, the switch dial 74 is rotated 
to the symbol (>. The cursor cross hair 80 is posi 
tioned at the left end of the grain line and the Switch 
button 70 is depressed. The cursor cross hair 80 is 
moved to the right end and the procedure repeated. 
The grain line will determine the orientation of the 
piece. If a grain line is in a piece, the piece will rotate 
in 180° increments, instead of 45 increments when 
making a marker with this piece in it. 

If punch holes are present, the switch dial 74 is ro 
tated to the symbol +. For each punch hole, the cursor 
cross hair 80 is positioned at the center of the punch 
hole and the Switch button 70 is depressed. Next, the 
rule number to be applied to the punch hole is entered 
via the function box 40. If the rule number used for the 
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next punch hole is the same as the rule number previ 
ously entered, then it needed not be repeated. This 
method of omitting rule number is referred to as allow 
ing the rules to be “Modal.' 

If internal points are present on the pattern piece, ro 
tate the switch dial 74 to the symbol “I.P." Internal 
points are grouped in pairs and must be digitized as 
such. Position the cursor cross hair 80 at right or bot 
tom one of the internal points and depress the Switch 
button 70. Enter the rule number applied at this point 
via the function box 40. Position the cursor cross hair 
80 at the other internal point in the pair and depress the 
Switch button 70. If necessary, enter the rule number 
applied to this internal point via the function box 40. 
An alternate start point is sometimes placed on the 

perimeter of a pattern piece that will be used in a 
marker. The marker will be cut by some kind of me 
chanical cutter. The alternate start point allows the ma 
chine to move from one starting point to the nearest 
starting point, or alternate starting point of another 
piece, in order to save time in cutting. If an alternate 
start point is shown, rotate the switch dial 74 to the 
symbol *. Position the cursor cross hair 80 at the alter 
nate start and depress the Switch button 70. Enter the 
rule number to be applied at the alternate start point 
via the function box 40. 
The transfer function point is optional and is used to 

move a grade point in the sample size to another point 
before it is graded. The increment used in determining 
the new position is the extra increment added to a 
grade rule. This option is useful is grading normal size 
patterns into children's patterns. The transfer function 
point is applied by turning the cursor switch dial 74 to 
"T.P.", depressing the Switch button 70 and applying 
a grade rule through the function box 40. 
A center point for lettering must be entered for every 

piece. This point is used to center all lettering inside the 
piece perimeter. This point is usually placed near the 
center of the piece. A grade should be applied to a let 
tering point if that point is to stay in one position. To 
enter this type point, rotate the switch dial 74 to the 
symbol “LET". Position the cursor cross hair 80 and 
depress the Switch button 70. A rule may be applied to 
this point, but it is optional. 
The pattern piece outline must be entered in a clock 

wise direction around the piece starting at the point la 
beled as the start point. The rules are entered following 
the Modal method previously described, except for the 
start point. The start point must be followed by a grade 
rule. Six types of data can be entered in describing the 
piece outline: a grade point, a transfer function point, 
an intermediate point, a fixed intermediate point, a 
notch and the ending point of the piece perimeter. 
The grade points are entered by positioning the cur 

sor cross hair 80 at the grade point and depressing the 
cursor box button "Grade Point." If required, the rule 
number for the grade point is entered via the function 
box 40. 
The transfer function point was previously explained. 

This function is normally used on grade points on the 
perimeter of the piece. The transfer function point is 
entered and the rule applying to the point is entered. 
This will move the grade point to a predetermined 
point, and the point is then graded. 

Intermediate points are digitized between grade 
points if the section of the outline between these grade 
points is curved. The digitized intermediate points are 
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used to define curved lines between grade points. The 
number of intermediate points entered is left up to the 
digitizer operator and should be chosen on the basis 
that for every intermediate point entered, two more 
points should be placed along side of the intermediate 
point. More points are needed where the curve of the 
line is the greatest. 
The intermediate point is entered by positioning the 

cursor cross hair 80 at the point and depressing the cur 
sor button 'Int. Point.' A grade rule is not to be en 
tered on an intermediate point. 
The system has the capability to eliminate any point 

that is found to be too close to another point. This func 
tion is called data suppression. 
At times, the grader may wish the intermediate points 

to be exempt from data suppression. To enter interme 
diate points exempt from data suppression, the opera 
tor has to enter fixed intermediate points. To do this, 
the switch dial 74 is turned to the symbol “F.I.' The 
cursor cross hair 80 is aligned on the piece perimeter 
and the Switch button 70 is depressed. Where an inter 
mediate point would normally have been entered along 
the perimeter, a fixed intermediate point may be en 
tered. 
To enter a notch occurring on the pattern piece, posi 

tion the cursor cross hair 80 at the output position of 
the notch. This point is entered as a grade point as pre 
viously disclosed, or as an intermediate point. The cur 
sor cross hair 80 is then positioned at the inner position 
of the notch and the cursor button "Notch' is de 
pressed. The operator then proceeds to the next point 
to be digitized. 
After all data for a piece has been entered correctly, 

the 'End Piece' button on the function box 40 is de 
pressed. This terminates the piece data and any data 
entered is ignored until digitizing steps are repeated for 
a new piece. A piece has to be ended after the last 
grade point or intermediate point. 

FIG. 18 shows a mirrored pattern piece in the proper 
position to be digitized. The reference line is horizontal 
and a vertical stripe line is provided. Points which are 
digitized are marked on the drawing by numbers and 
'X's". The following explains how the piece was digi 
tized: 

1. depress New Piece; 
2. enter the piece identification; 
3. enter the sample size; 
4. this is a mirrored piece, so the Mirror button is de 

pressed, 
5. enter the stripe line; 
6, enter the internal points; 
7. enter the lettering point; 
8. enter the data concerning the perimeter (points with 
numbers are grade points, and the X's on the perime 
ter are intermediate points); 

9. end the piece data description. 

A piece that is to be digitized as a mirrored piece has 
to have the body of the piece being digitized above the 
reference line. FIG. 19 is an illustration of a non 
mirrored pattern piece in position to be digitized. The 
piece was digitized as follows: 

1. New Piece button is depressed; 
2. piece identification is entered; 
3. sample size is entered; 
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4. reference line is entered; 
5. stripe line is entered; 
6, punch hole is entered; 
7. lettering point is entered; 
8. enter the data concerning the perimeter (points with 
numbers are grade points, and the X's on the perime 
ter are intermediate points), 

9. end the piece data description. 

Check Program Procedures 
When pattern piece data has been input into the sys 

tem through the digitizer, the phrase "MARK OR 
CHECK' will be periodically flashed on the display 
screen 18. 
The CHECK program is used to verify the accuracy 

of pieces before they are used in markers. When the 
question "MARK OR CHECK" displayed on screen 18 
is answered by moving the stylus 24 to a predetermined 
position and depressed, thereby selecting CHECK, 
control is transferred to the CHECK program which 
displays a nested (or stacked) grade of the various sizes 
of a single piece. A typical nested display in the 
CHECK mode is shown in FIG. 20. The accuracy of 
grade rules and digitized data are verified by the check 
program. While using CHECK, grade rules may be cor 
rected, pieces may be rejected, accepted, or left in the 
digitizer files for further examination, nested plots can 
be requested, and the area and perimeter length of 
pieces can be calculated. 
The CHECK program examines the digitizer files, 

and when piece data is found in a digitizer file, the 
question 

CHECK XXXXXXXXXX 
YES NO 

EXIT 

is displayed on the display screen 18, where the ten X's 
represent the 10-digit piece identification number. If 
the operator does not wish to check the piece, the sty 
lus 24 is moved until the cursor on screen 18 represent 
ing the position of the stylus is positioned over the dis 
played 'NO.' The stylus 24 is then activated with a 
short burst of pressure on the data tablet 22 at the NO 
position. The next piece identification number will then 
be displayed on screen 18. If the stylus 24 is held on the 
NO with a steady pressure on the data tablet 22 to keep 
the stylus active, the operator is able to search through 
each file in quick succession. When the operator 
reaches the end of the digitizer files, the message 
ALL DIGITIZER FILES HAVE BEEN SEARCHED 

is displayed and control returns to the MONITOR pro 
gram. The question MARK OR CHECK is then dis 
played once again on screen 18. When CHECK is again 
called, the digitizer file search begins at the first digi 
tizer, file. If the operator wants to get back to the first 
of the digitizer files without examining all the files, he 
may activate the stylus on the displayed "EXIT." Con 
trol is returned to the MONITOR; and when CHECK 
is next called, the digitizer file search will begin at the 
first file. 
When a piece is to be checked, the operator should 

activate the stylus on the displayed “YES." When 
checking pieces, the CHECK function box template 
106 shown in FIG. 6 should be placed over the function 
box buttons 90, as shown in FIG. 20. The template 106 
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specifies the functions of the buttons used in the 
CHECK program, as previously described. 
The rule table which is to be applied to the piece 

must be specified by the operator. The rule tables (up 
to 128), the piece identification and the message (spec 
ify rule table) will be displayed on screen 18 as follows: 

PIECE I.D. SPECIFY 

1 RULE TABLE NAME 

2 RUE TABLE NAME 

The operator specifies the rule table by entering the 
rule number into function box 20. The rule table 
number is the number to the left of the rule table 
name of the screen. Entry into box 20 is done by: 
1. Pressing the number buttons on box 20 to indicate 
the rule table number. Example: Press the button 
marked 2 for rule table number 2; press the buttons 
marked l, 2 and 8 for rule table number 128. 

2. Press the button marked "LIST RULE.' This will 
cause the rule table number to be displayed under the 
list of rule tables. If the number is incorrect, repeat 
step 1 and step 2. If three X's are displayed, the oper 
ator must re-enter the correct rule table number. The 
X's represent a nonexistent rule table number. 

3. Press the STOP button. The piece is then graded and 
displayed as a nested plot as shown in FIG. 20. 

Optionally, the operator may accept or reject a piece 
when he is asked to specify the rule table. When the 
CHECK system asks the operator to specify the rule ta 
ble, the operator may reject the piece without viewing 
it on the display by: 

1. Pressing the REJECT button. 
2. Pressing the STOP button. 

If the operator wishes to accept a piece without viewing 
it on the display, he should: 

l. Input the rule table number. 
2. Press the LIST button. 
3. Press the ACCEPT button. 
4. Press the STOP button. 

If the operator tries to accept a piece without specify 
ing the rule table number, the CHECK program ignores 
the STOP button until the rule table is specified. 

If the wrong rule table number has been entered, the 
message 

* * * SAMPLE SIZE, YY NOT AVAILABLE ENTER 
CORRECT SAMPLE SIZE OR EXIT 

is printed on the screen 18. At this point, the sample 
size in the digitized data cannot be found in the rule ta 
ble. The correct sample size for the rule table given 
must be entered to proceed with the grading of the 
piece. 

If the rule table was entered correctly, the piece will 
be graded and generated on the display 18 as shown in 
FIG. 20. At this time, the information generated in the 
upper left corner of the display 18 should be noted. The 
information takes the following form: 

PIECE XXXXXXXXXX RULE ZZ 
SIZES IN GRADE 
Y Y Y Y Y Y 

5 

O 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

22 
The first line gives the piece identification number 
(represented by 10 X's) and RULE #, followed by 
the rule number (represented by ZZ) of any grade 
point. The next line indicates that the numbers (repre 
sented by Y) below are the sizes in this grade. 

In FIG. 20, a small asterisk 360 (called a cursor) is 
displayed. When the stylus 24 touches the data tablet 
22, the cursor 360 is displayed at the corresponding 
point on the display screen 18. The cursor 360 will fol 
low the stylus 24 when the stylus is within 4 inch of the 
data tablet surface. The operator uses this as a guiding 
tool when checking the pattern piece. 
At this time, the grade rules at the grade points may 

be checked and changed if necessary. If the operator 
activates the stylus 24 (by applying pressure) at a grade 
point; a large asterisk will be displayed at the grade 
point with the grade rule and the type of point at the 
right of the asterisk. By applying a constant pressure, 
the system will check each point that has a grade ap 
plied to it except a lettering point. When the stylus 24 
is lifted up, the system will stop at the last point 
checked. The points checked are: 

Grade Point -- G.P. 
2, Punch Holes - P.H. 
3. Stripe Line - S.L. 
4. Alternate Start Point - A.S. 
5. internal Point - I.P. 
6. Transfer Point -- T.P. 

lf an incorrect grade rule is displayed, the RULE # 
can be changed to another grade rule by: 

1. Make sure the grade rule that is to be changed is dis 
played, i.e., make sure the proper grade point is se 
lected, 

2. Enter the new rule number the same way the rule 
table number was entered. 

3. Press the function box button marked CHANGE 
RULE and the rule number displayed will change to 
the desired rule number. If the rule number displayed 
at this time is wrong, repeat Steps 2 and 3. 

At this time other grade rules may be checked and/or 
changed, or the STOP button 94 may be depressed to 
regrade the piece using the new rules. More than one 
rule number may be changed before the piece is re 
graded. 
The operator now has five options as to what can be 

done with the piece. He may: 

l. Return the piece to the digitizer files without utiliz 
ing the piece. This is done by depressing the STOP 
button 94 on function box 20. This will return the 
piece to the digitizer files in its original form without 
any corrected rules. 

2. Reject the piece to eliminate the piece from the digi 
tizer files. This can be done by 
a. depressing the button marked REJECT and 
b. depressing the STOP button 94. 

3. Accept the piece. When a piece is accepted, it is re 
moved from the digitizer file and put into a tempo 
rary file. When any card is read through the card 
reader 14 or program MONST is restarted, the piece 
is transferred from the temporary file to the perma 
nent piece file. A piece is accepted by (a) depressing 
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the button marked ACCEPT and (b) depressing the 
STOP button 94. 

4. Request a nested plot of the piece on plotter 26. All 
sizes of the piece will then be plotted full size. A plot 
is generated by (a) depressing the button marked 
PLOT and (b) depressing the STOP button. The 
piece on the display will be returned to the digitizer 
file in its original form. Data concerning the piece, 
with any rule changes, will be prepared and put in the 
plot queue for plotting. The piece can be rechecked 
later. 

5. List the area and perimeter of each size of the piece. 
This can be done by (a) depressing the button 
marked AREA and (b) depressing the STOP button 
94. The area and perimeter for each size is printed on 
the system console, and the piece is returned to the 
digitizer files. 

In the last four options the buttons 90 on function 
box 20 marked ACCEPT, PLOT, REJECT and AREA 
were used to designate a specific command that the op 
erater wanted performed. The STOP button was used 
to give control back to the CHECK program so these 
commands could be performed. After the operator 
checks a piece, control is returned to the MONITOR, . 
and the MARK OR CHECK' question is displayed 
once more on screen 18. 

Controller Program Configuration 
The program configuration of the central controller 

12 is designed to provide the user with complete capa 
bility to input a sample pattern piece, grade the pattern 
piece to various sizes, group the pattern with other 
pieces to define a style, display the pieces in the style 
as various pieces on the display console, manipulate the 
pieces to produce a marker, and plot the marker in full 
scale to produce a reproducible marker plot. 
A flow chart of the program configuration for the 

central controller 12 is shown in FIG. 21. A control 
program 370 named the MONITOR controls the oper 
ation of the system. The MONITOR calls various main 
programs, and each main program calls various subpro 
grams as required to perform operations requested by 
the user. 
Referring to FIG. 21, at 372, MONITOR makes a de 

cision as to whether or not cards are presently being 
read by the card reader 14. If the decision is positive, 
the MONITOR controls cards at 374, a work queue is 
built at 376 and the program reiterates back to the de 
cision point 372. 

If the decision at 372 is negative, the question MARK 
OR CHECK' is displayed at 378 on the display screen 
18. If the word MARK is selected by the user at 380, 
the MARK program is executed at 382. The MARK 
program displays reduced size reproductions of the pat 
tern pieces on the display screen 18 and allows the op 
erator to manipulate the pattern pieces on the Screen 
to produce the marker. The marking program performs 
many functions for the operator including detecting 
overlaps in pieces, adjusting pieces to correct overlap, 
bumping pieces together, assuring pieces stay on the 
marker, computing efficiency of the marker and ma 
nipulating pieces in general. 

If the CHECK program is selected at 384, the 
CHECK program is executed at 386. The CHECK pro 
gram has been previously described and displays nested 
or stacked grades of pieces on the display Screen 18 
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and enables the user to check the grade of the pieces. 
The operator is able to correct incorrect grade rules en 
tered by the digitizer operator at this point. 

If neither the MARK or CHECK is selected, a deci 
sion is made at 388 as to whether or not jobs are in the 
work queue. If not, the system reiterates beginning at 
decision 372. If jobs are in the work queue, a decision 
is made at 390 as to whether or not to plot the next job. 
If so, the PLOT program is executed at 392. The PLOT 
program produces nested plots and produces instruc 
tions to drive an optional pattern cutter head in order 
to cut pieces from cardboard, if that option is desired 
with the system. 

If the decision at 390 is negative, a decision is made 
at 394 as to whether or not a DRAW job is next in the 
work queue. If the decision is positive, the DRAW pro 
gram is executed at 396. The DRAW program pro 
duces marker plots on the plotter 26. A decision is 
made at 398 as to whether or not miscellaneous jobs 
are next in the job queue. If so, any or a number of mis 
cellaneous programs such as BRULE, MAINT, TABLE 
or the like may be executed. The BRULE program en 
ables the building and lifting or rule tables. The 
MAINT program is a maintenance program which al 
lows the user to list what pieces and markers are avail 
able and allows the operator to purge pieces and mark 
ers that are no longer required. The remainder of the 
miscellaneous programs will be subsequently discussed 
in greater detail. 

Monitor Control Cards 

Prior to laying out markers on display screen 18, the 
operator must feed in MONITOR control cards into the 
card reader 14. These cards define the various pattern 
pieces stored in the central controller 12 which define 
particular apparel styles. 
The overall operation of the present system is con 

trolled by the MONITOR program. The MONITOR 
reads data cards through the card reader 14 which 
specify the tasks to be performed by the system. The 
tasks which the operator can request the system to per 
form as as follows: 

1. markers can be scheduled to be made (SMARK; ); 
2. markers can be plotted (SDRAW:); 
3. pieces can be plotted (SPLOT:); 
4. styles can be defined ($STYLE: ); 
5. grade rule tables can be created and edited 
(SRULE: ); and 

6. markers, pieces and styles can be reported and 
purged (SUTILITY:). 

In addition to the basic functions outlined above, ad 
ditional functions are available to control the operation 
of the system. These functions enable the operator to 
perform the following tasks: 

1. identify the marker maker by inputting an identifi 
cation number (SOPERATOR:); 

2. modify the sequence of events to be performed by 
the MONITOR (SPRIORITY: ); 

3. clear all jobs scheduled 
(SCLEAR:); 

to be performed 

4. suppress the redundant grading of pieces (SNO 
GRADE: ); 

5. shut down the system in an orderly manner 
(SHALT: ); 
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6. signify the end of input data ($END:); 
7. define messages to be plotted on pieces and for mark 

ers ($MESSAGE:); 
8. define shared or “half piece size groups (STA 
BLE:); and 

9. transfer pieces to a laser cutting system (optional) 
(SXFER:). 

The data cards read by the MONITOR are referred 
to as MONITOR control cards. Each data card has a 
"S" in Column 1 followed by the "key word' for the 
operation to be performed. The key words for the vari 
ous operations are shown in parenthesis above, e.g., 
MARK, DRAW, etc. Only the first two characters of 
each key word are required. A colon immediately fol 
lows the key word. Some MONITOR control card for 
mats require additional data after the colon. The for 
mats for each card type will be subsequently shown. 
The MONITOR is initiated by typing:PR.MONST on 

the terminal 16. After the MONITOR is initialized, the 
operator will not be able to input MONITOR control 
commands via the console. This forces the operator to 
input the MONITOR control commands via the card 
reader 14, unless the MONITOR makes a request for 
information. The MONITOR control cards are read by 
placing the cards in the card reader 14 face down, with 
the top edge toward the user and the leading edge (Col. 
1) to the left in the card reader hopper. The card 
reader should then be activated by depressing the 
START and RUN buttons. The system will automati 
cally read the cards the print the cards on the system's 
console as they are read. The $END: card must always 
be the last card in the MONITOR control deck. When 
the $END: card is read, the card reader will automati 
cally shut itself off. The MONITOR will then perform 
the operations requested by the MONITOR control 
cards, 
An example listing of a MONITOR run with one 

nested plot requested is shown below: 

PRMONST 
MARKAMATC SYSTEM START 
COMPLETED 
TRANSFER AND GRADE PECES 
COMPLETED 
PURGE AND PACKJOB OUEUE 
COMPLETED 
READ JOBSTACK 

SCL 
2 SPL: 1444444908, RULE, 1.0:38 
3 SEN: 

COMPLETED 
5 TRANSFER AND GRADE PIECES 

COMPLETED 
6 PLOT 1444444908 

COMPLETED 

The MONITOR assigns a sequence number to each 
operation performed, e.g., operation number 2 was to 
generate plot data for piece 444444908. In addition, 
the MONITOR control cards are also assigned numbers 
when they are printed. 
The MONITOR reads and processes the input data 

cards and builds a “job queue' which consists of a list 
of the functions to be performed by the system. The 
tasks scheduled in the job queue are executed by the 
MONITOR in the sequence in which the MONITOR 
control cards were input. Therefore, the order of the 
MONITOR control cards determines the priority as 
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signed to various jobs. For example, if several markers 
are scheduled, the marker specified in the first 
SMARK: card will be the first marker presented to the 
marker maker at the graphics console. If desired, the 
priority of various jobs can be modified by use of the 
SPRIORITY: card. 
Normally when MONITOR control cards are input, 

the system will be required to grade pattern pieces 
stored on the removable platters and transfer accepted 
pieces to the removable platter. The MONITOR scans 
all input data cards to determine the number of pieces 
to be graded and the sizes required for the various 
pieces. Pieces to be graded are transferred from the re 
movable platter, graded and stored in a temporary file 
area on the fixed platter. In addition, pieces which have 
been accepted by the CHECK program are transferred 
from a temporary storage area on the fixed platter to 
the permanent storage area on the removable platter. 
All pieces to be used in a marker have to be in the per 
manent piece file. Since the grading process requires a 
considerable amount of time, it is important that the 
system not be restarted until as many scheduled jobs as 
possible have been executed. As jobs are executed, 
they are eliminated from the job queue. After grading 
is completed, the message MARK OR CHECK is dis 
played on the display screen 18. 
At this time, the user can select to begin the marking 

or checking program. The MARK OR CHECK mes 
sage is displayed for a period of approximately 5 sec 
onds on the screen 18. If the operator does not begin 
a marking or checking operation, the MONITOR will 
examine the job queue and execute the next job in the 
queue. The jobs in the queue will normally be $PLOT: 
or SDRAW: operations to generate nested plots of pat 
tern pieces or plots of markers respectively. After the 
operation is completed or if no operation is in the job 
queue scheduled for operation, the message MARK 
OR CHECK is displayed on the screen 18 once more. 
The MONITOR is halted by entering a $HALT: card to 
assure an orderly shutdown of the MONITOR. 
The layout of the more important MONITOR cards 

will now be described in detail. In the description of the 
MONITOR card, an 80 column coding sheet represen 
tation will be shown in the figures. The coding sheet is 
a conventional technique for laying out data to be key 
punched into a conventional 80 column computer 
card. Each column of the coding sheet therefore corre 
sponds to a column of a conventional computer card. 
FIG. 22 illustrates the coding sheet for a $STYLE: 

card. The statement on the coding sheet is utilized to 
define styles are processed and permanently stored in 
the file system. Each $STYLE: definition must have a 
unique name and defines a list of pattern pieces to be 
included in the particular SSTYLE. As previously 
noted, a large number of coordinate data defining pat 
tern pieces are stored in the system. Only by use of the 
$STYLE: card are the pattern pieces defined which 
comprise a particular style. The $STYLE: definitions 
are processed by the MONITOR program before the 
definitions are referenced by a SMARK: statement, 
Upon inputting of the $STYLE: cards, the central con 
troller 12 leaves the data input from the card reader 14, 
and checks to make sure that each pattern piece de 
fined on the cards is digitized and is available. 
The modifiers which appear on the coding sheet 

shown in FIG. 22 are defined as follows: 



SSYE: 
Style Name, 

Rule Tabie 

Piece if 

FLIP 

BOCK 

X-value 

Y=value 

OPPOSITE 

ROTATE 

NAP 

TABLE=n 

TILT=n 

STRIPE=group 

SHADE 

msg. 
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Specifies the type of MONITOR request. 
The style identifier field specifies the identifier for 
the style definition. The identifier must be 10 or 
less alpha/numeric characters and must be a 
unique name or number. 
The rule table name denotes which rule table 
previously stored in the system to use for the 
grading process on the pieces in the definition. 
The piece list specifies the pieces to be included 
in the style definition. Each piece description has 
a set of optional parameters which may be 
included with each piece reference. The piece 
identifier must reference a previously stored 
Ritter piece. his modificr (optional) specifies that this piece 
and all pieces in the style which have a FLP 
parameter will be flipped when the flip function is 
selected while making a marker. 
This modifier (optional) specifies the piece is to 
be blocked while using plaid material. The amount 
of blocking is equal to one stripe spacing in the 
width and one plaid spacing in the length. 
This modifier (optional) specifies a percentage X 
(length) increase or decrease desired for the 
regular graded piece. (Note: the X= value is in 
addition to the normal grading rules and applied 
only to the piece.) The value is a -t integer or - 
decimal % increase. 
Same as X-value except the increase or decrease 
is applied in the Y (width) direction. 
This modifier (optional) specifies that the 
opposite or flip (right for left, left for right, etc.) 
piece is desired and not the original piece. 
This modifier (optional) specifies that the rotated 
piece (180) is desired rather than the original 
piece, 
This modifier (optional) specifics that this piece 
and all pieces in the style which have the NAP 
modifier will be rotated when the rotate function 
is selected while making the marker. 
This modifier (optional) permits the user to 
specify the combination (or pairs) of sizes which 
require only one piece for a pair of sizes rather 
than a piece for each size in the marker. The n 
value specifies the table number to be used for 
selection of the combination of sixes. The table 
values are input to the system by using the 
STABLE: MONITOR request. 
This modifier (optional) specifies the number of n 
degrees (XXX.X) allowed for tilting the piece 
during the marking operation. The number of 
degrees cannot exceed 30.0. A piece may be 
rotated past the limit but not tilted past it. The 
piece will rotate 180. 
This modifier (optional) specifies a group for 
particular piece matching if the stripe parameter 
in the marker equals 99. This parameter can only 
be used on pieces that are to be locked on the 
horizontal stripe line. 
1. Center line Lock: The pieces in the style that 
are given this group number are to be locked on 
the center stripe. 
2. Equidistance from Centerline: The pieces in the 
style that are given this group number are to be 
locked on equidistance from the centerline, 
whether below or above the line. 
3. Align on same stripe: The pieces in the style 
that are given this group number are to be locked 
on the same line. Group numbers 4 thru 7 can be 
given to piece in a style to allow separate groups 
to be locked on different lines. 
4-7. Same as 3. 
This modifier (optional) specifies that the piece 
must conform to the shading constraint as 
specified on the SMARK: request. 
This message parameter (optional) is an integer 
from to 10 and specifies that message in appears 
on the piece as it is drawn on the marker plotter. 
The message number refers to one of 10 messages 
previously loaded by the $MESSAGE: statement. 

FIG. 23 illustrates a coding sheet for the SMARK: 
control card. The SMARK: MONITOR control card 
specifies the styles and sizes to be marked. Each 
marker must have a unique name and the marker when 
completed is stored permanently in the SMARK: file. 
FIG. 23 shows four examples of various markers. Ex 

ample A shown on the coding sheet is a single size 14 
marker with a material width of 60 inches, a yardage 
length goal of 3 yards 12 inches, using the pieces which 
have been defined by the style definition . . . STYLE1. 
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Example B is a three size marker using sizes 12%, 

14%, 16% with a material width of 59% inches, a yard 
age length goal of 4 yards 24 inches, and the pieces de 
fined by the style definition . . . EXAMPST. 
Example C is a multiple style marker using size 4 of 

the style called STYLE1 and size 16% of the style 
called STYLE2. The material width is 60% inches, the 
yardage length goal is 3 yards, and the Dimension, 
Stripe, Plaid, Flip & Nap parameters are used. 
Example D is a single style marker with a 14 and a re 

verse size 14 (piece rotated 180'). The material width 
is 60% inches, and the yardage length goal is set at 90 
percent efficiency. 
The card modifiers for the SMARK: card are as fol 

lows: 

SMARK: 
Marker Name, 

WDTH=value, 

GOAL=yds/inches 
GOAL-yds 
EFF =% 

DIMENSION, 

SHADE-value, 

STRIPE=-spacingf 
offset, 

PLAID-value, 

X-value, 

Y-value, 

FLIP, 

Requests the generation of a marker. 
The marker identifier field specifies the identifier 
for the stored marker. The identifier must be 0 or 
less alpha/numeric characters and must be a 
unique name or number. Examples: 
23872 FALL, 28-26-7620; ALENE-263; 
O60-32-767, 
This modifier specifies the width in inches of the 
marker. The width parameter may be expressed as 
decimal value. 
The modifier specifies a yardagc length in 
yards and inches (GO-yds/inches) or 
decimal yards (GOTyds). An example of each 
would be GO-241 or GO-2.5. The operator can 
set the yardage length by specifying percent of 
utilization or the percent of fallout (waste). To set 
the yardage length in this manner, the operator 
would use EFF=% greater than 50% for percent of 
utilization or EFF=% less the 50% for percent of 
fallout (waste) allowed. The value can be an 
integer or decimal value. An examle of each 
would be EFF=86.5 for percent of utilization and 
EFF=5.5 for the percent of fallout (waste) 
allowed. The marker program displays a dashed 
line on the displayed marker which represents the 
yardage length the marker should be made in. If 
the EFF=% less than 50% for percent of fallout is 
used (Example: EFF=l 5.5), the yardage length 
line will be set at 84.5% percent utilization. 
This modifier (optional) instructs the MARK 
program to output to the standard output device 
the area and perimeter of all pattern pieces in the 
market definition. This information will be 
generated on all markers if the DIMENSION bit 
has been set by CAMSCO. 
This modifier (optional) defines the number of 
horizontal shaded areas, The MARK program will 
take into consideration where pattern pieces of 
the same group are positioned in the marker 
layout area. E. modifier is an integer value not 
greater than 4. For further information see 
Marking Procedures. 
This modifier (optional) defines the distance in 
inches between stripes and the start point from the 
top edge of the marker. If the value in stripe 
equals 99, there will be no stripes drawn in the 
marker. The piece matching group number for 
ST-99 is given in the style definition's stripe 
parameter will apply instead. if a stripe parameter 
is not in the style definition the marker will not 
have any stripes and the "Stripe Lock" button 
used in making markers will be useless. 
This modifier (optional) defines the distance in 
inches between plaid lines. The parameter value is 
either an integer or decimal value. 
This modifier (optional) specifies a percentage of 
increase or decrease applied to the regular grade 
for all pieces in the marker. The modifier is an 
integer or decimal value. Example: X-7.5 for 
.75% decrease. 
This modifier (optional) specifies a percentage of 
increase or decrease applied to the regular grade 
for all pieces in the marker. The modifier is an 
integer or decimal value. 
This modifier (optional) instructs the MARK 
program that a constraint has been applied to the 
marking process for the style. All pieces in the 
style/size group are flipped when the FLIP 
constraint is applied on the marker request. If the 
flip override is selected then all pieces in the style 
which have a flipparameter are flipped as a group. 
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This modifier (optional) instructs the MARK 
program that a constraint has been applicci to the 
marking process for the style. All pieces in the 
stylefsize group are rotated when the NAP 
constraint is applied on the marker request. if the 
nap override is selected then all pieces in the style 
which have a nap parameter are rotated as a 
group. 
The particular style definition to use in the marker 
description - the style definition contains the 
description of the pieces to include. 
The size list specifies the desired sizes from the 
style to be included in the marker layout. The size 
parameters must match the available sives of the 
style in the rule table. A size is initially rotated if 
the character "R" preceeds the size parameter 
(R2830, R10). 

NAP 

Style Name, 

size, size. . . . size 

Any other styles and their sizes should be entered in 
the following format (see above modifiers for explana 
tion): 

;style name, size, size, . . . size 
All styles and their sizes are separated by semicolons 
(;). 

In addition to the above-described SMARK:, the sys 
tem includes an Old SMARK: card which defines the 
parameters and pattern pieces required to create a new 
marker from an old marker. This old SMARK: state 
ment is loaded into the job queue and initiated on the 
display 18 when requested by the marker operator. The 
marker request specifies an old marker that is to be dis 
played. This old SMARK: card is generally similar to 
the above-described SMARK: card. 
FIG. 24 illustrates a coding sheet for the preparation 

of a SDRAW: MONITOR card, The SDRAW: card 
schedules the plotting of a previously generated marker 
by specifying a marker identifier, the scale, the alpha 
bundle designator, the gap between markers and a list 
of optional messages to be printed on the marker. FIG. 
24 illustrates three examples of a SDRAW: card. 
Example A shown in FIG. 24 is a draw card to plot 

the marker EXAMPMARK at full scale, with at least a 
four inch gap between this marker and the last thing 
plotted. Example B is a draw card to plot the marker 
MK1 at half scale with message number eleven plotted 
on the marker header. Example C is a draw card to plot 
marker MK1 at full scale. 
Modifiers for the SDRAW: card are as follows: 

SDRAW 
Marker Name, 

Requests the plotting of a marker. 
This modifier specifies the marker identifier for the 
marker to be plotted. 
(Optional) The alpha character is used to assign 
bundle numbers to sizes in a marker section. The 
alpha character will be added to the size plotted on 
each piece and advanced to the next alphabetic 
character on each occurrence of a new size in the 
marker section. For example, with AL-C for a 2 size 
dress marker with sizes 10 and 16, size 0 pieces 
would be labeled 10-C and size 6 picces would be 
labeled 16-D. If the alpha value is set to a numeric 
value, e.g., AL=25, the bundle numbers start with 
the value specified (3031-25, 3030-26, etc.). The 
bundle numbers are assigned to sizes in the order 
specified by the SMARK: card when the marker was 
originally created. 
(Optional) This modifier specifies the distance the 
operator would like to allow between the marker 
specified in the SDRAW; and the last plotted data. 
(Optional) This modifier specifies the scale at which 
the marker is to be plotted. Typically the scale will 
always be 1.0 for one to one scaling but a decimal 
scale can be specified, (.5, etc.). 

ALPHA=rvalue 

CAP-value, 

SCALE=value 

msg, msg, . . . 
msg. 
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(Optional) This message parameter is an integer 
from l l to 60 and specifies that the message number 
given will be plotted on the marker header. The 
message was the $MESSAGE: statement. 

FIG. 25 illustrates a coding sheet for the preparation 
of a SPLOT: card. The SPLOT: statement makes a re 
quest for a nested plot, or a cut or a piece that has been 
permanently stored on a piece file. The modifiers cut 
or nest specify which type of "plot" to perform. The 
nest modifier will create a stacked nested plot on the 
plotter 26. The cut modifier will create commands to 
generate each graded pattern piece on the cutter. 
FIG. 25 illustrates four different plot configurations. 

Examples A and B are plot cards for piece number 
00000000 l l to be plotted full-scale and half-scale re 
spectively, showing all sizes used in grade rule table 
CAMSCO1. Example C is to plot only sizes 10 and 12 
of piece 0000000011 at full-scale. Example D is to plot 
a nested plot at full-scale. When the nest-cut parameter 
and the scale parameter are omitted, they will default 
to nest and full-scale respectively. 
The modifiers for a SPLOT: card are as follows: 

SPLOT: Specifies the type of MONITOR job request. 
Piece #, The modifier specifies the piece identifier of the 

requested piece. The piece must be on the piece file. 
CUT The cut or nest modifier specifies the type 
NEST of output required. This is an optional parameter. If 

this parameter is omitted, it will be defaulted to nest. 
This modifier specifies the name of the rule table for 
grading the piece. 
This modifier specifies the size of plot or cut desired. 
This is an optional parameter. If this parameter is 
omitted, it will be defaulted to O scale. 

size, size. . . . 
size 

RULE TABLE, 

SCALE = value, 

This modifier specifies the sizes desired for cutting 
or nesting. The sizes must correspond to the sizes of 
the reference rule table. If no sizes are specified in 
the statement, then all sizes are plotted. If the sample 
size is the only size specified, the grade rule number 
for each grade point will be printed on the pattern. 

Selection of Optional Features of the System 
Prior to initial marker construction with the present 

system, the user must select the options desired to be 
used with the system. The POPTS program makes it 
possible for the user to select the optional features 
needed to enhance the system. This program presents 
the questions for the optional features of the system to 
the user for selection. Most of the questions of this pro 
gram require a YES or NO response to be typed in on 
the terminal 16. Other questions will require a numeric 
value response. If the user fails to reply with the correct 
response, this program will inform the user with an 
ERROR MESSAGE, then repeat the question for the 
correct response. 
The following contains all the optional features, in 

the way they appear on the terminal 16. The following 
also lists the ERROR MESSAGES and a directory to 
each question with an explanation of the question. At 
the end of the program, the user can get a report of all 
the OPTIONS selected by answering the question: “DO 
YOU WANT OPTION Report?' with a YES response. 
To use the program, simply type in the following::RU 
POPTS. 
The first option to be chosen is whether or not alpha 

characters are desired. When making a marker, the 
pieces required for the marker appear on the display 
screen 18. The system checks to see if the user has 
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specified that the pieces to be displayed have alpha 
betic characters to identify them by size groupings. 
Under the POPTS program, when the question: 
* ALPHA CHARACTERS' appears on the terminal 
16, the following happens: 

If the user responds with YES on the terminal 16, the 
displayed pieces will have alpha characters identifiers 
thereon. 

If the user responds with NO, the displayed pieces 
will have no identifing characters. 

If the user fails to answer the question with a YES or 
NO answer, an ERROR MESSAGE will appear, fol 
lowed with a repeat of the question until the question 
is answered properly. 
Another option comprises whether or not piece tilt is 

allowed. When making a marker, the efficiency of the 
marker is determined by PIECE MANIPULATION. 
After the user has picked the piece, the user can use the 
function box 20 to TILT the piece clockwise or coun 
ter-clockwise in steps of 0.5°, if the ALLOW TILT op 
tion is selected. When the question PIECE TILT AL 
LOWED appears in the terminal 16, the following hap 
pens: 

If the user responds with YES on terminal 16, the 
picked piece can be tilted within the tilt constraint 
specified in the style definition by depressing the TILT 
CW or TILT CCW buttons on the function box. 20. 
FIG. 26 illustrates tilting of a typical pattern piece in 
increments of 0.5. 

If the user responds with NO the system will not allow 
pieces to be tilted by the marker maker. 
Another option to be chosen is whether or not piece 

flip is allowed. When making a marker, the pieces re 
quired for the marker appear on the display screen 18. 
Once the user has picked the piece, the user can FLIP 
it by depressing the FLIP button on the function box 
20. Each time the FLIP button is depressed, the piece 
flips top to bottom, if you have this optional feature se 
lected. When the question PIECE FLIP ALLOWED 
appears in the POPTS program, the following occurs: 

If the user responds with YES on terminal 16, the 
picked piece will be flipped top to bottom, as shown in 
FIG. 27, by depressing the function box FLIP button. 

If the user responds with NO, the system will not 
allow a piece to be flipped by the marker maker. 
Another option is whether or not piece rotation is al 

lowed. When making a marker, the pieces necessary to 
make the marker appear on the display screen 18. To 
manipulate the piece, the user must use the function 
box 20 to pick and gain control of the piece. Once the 
user has picked the piece, the user can rotate it clock 
wise or counter-clockwise in steps of 45 each rotation, 
if the ROTATE option is selected. When the question 
PIECE ROTATION ALLOWED appears on terminal 
18, see the following: 

If the user responds with YES, the picked piece will 
be rotated in 45 degree increments each time the func 
tion box ROTATE CW or ROTATE CCW buttons are 
depressed. FIG. 28 illustrates a clockwise rotation of a 
piece in a 45 increment. 

If the user responds with NO, the system will not sub 
sequently allow the pieces to be rotated by the marker 
maker. 
Other options which may be initially chosen during 

the POPTS Program prior to marking operations is the 
option PRINT MESSAGE WHEN FLIP OR PACK 
RUN. This option allows the system user to specify that 
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a record of the use of the FLIP or PACK buttons on the 
function box 20 be printed out. This record can be uti 
lized for quality control purposes, as it will indicate that 
pieces were flipped or the PACK function was used in 
a given marker. This option, and other subsequent op 
tions to be described, are chosen in the manner previ 
ously described by typing in YES or NO on the terminal 
6. 
Another option is PLOT SPLICE MARKS. When 

making a marker on the system, a splice mark is utilized 
to indicate an area on the marker where the splicing of 
the end and beginning of bolts of material can stop. 
When the option is chosen, when saving a created 
marker permanently, the message PLACE SPLICE 
MARKS will appear on the display screen 18. At that 
time, the stylus 24 may be moved by the user to indi 
cate where the splice marks are to be placed on the dis 
play marker. 
Another option is the NO OVERLAP MESSAGE IN 

PACK AND CHECK, which allows the user to specify 
that the NO OVERLAP message will appear on a dis 
play screen 18 when each piece in the marker is 
checked for overlaps during the PACK and CHECK 
functions. When the option is chosen, the program will 
check all pieces during PACK and CHECK and will dis 
play the NO OVERLAP message for each piece if there 
is no overlap, or will display the OPERATOR MUST 
CORRECT message on the screen 18 if a piece with 
overlap is found. The option ARE SIZES TO BE DIS 
PAYED ON LARGE PIECES enables the user to 
specify that alpha/numeric sizes are to be displayed on 
large pieces and that alphabetical characters are to be 
displayed on all pieces in the marker. When this option 
is chosen, the size for each piece remains within the 
outline of the piece even when the piece is being moved 
into the marker area. 
The option REPORT LENGTH IN YARDS AND 

INCHES enables the user to depress the SPECIAL but 
ton on the function box 20 after completion of a 
marker in order to check the length of the completed 
marker. In operation, the SPECIAL button on the func 
tion box 20 is depressed, and the stylus 24 is operated 
to place the cursor asterisk 360 on the word LENGTH 
on the screen 18. The user then receives a report of the 
complete length of the marker in either yards or inches, 
as requested. 
The PRINT LENGTH AND EFFICIENCY WHEN 

MARKER SAVES option allows the operator to have 
the efficiency (percent of material utilized to the hun 
dreth of a percent) of a marker and the length (in deci 
mal yards or yards and inches as requested) of a marker 
printed after the marker is completed. 
The ROUND LENGTH TO NEXT LARGEST 

ONEHALF INCH option allows the user to request 
that the marker be rounded off to the next largest one? 
half inch. 
The PLOT ALPHA CHARACTERS option checks 

to find out if the alpha characters (or bundle numbers) 
are to be plotted on each piece for identification after 
a marker is completed and saved. 
The option DRAW STYLE NUMBERS ON PIECES 

determines if the style numbers for each piece on the 
marker are to be plotted on the pieces when the com 
pleted marker is drawn. 
The PLOT HEAD ON NOTCHES option determines 

how the notches on the pieces are to be drawn when a 
completed marker is drawn. This option enables a head 
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to be drawn on a notch to assist the cutters to make the 
correct length cut. 
The option TICK MARKS TO OUTSIDE determines 

if the tick mark representing vertical or horizontal 
stripe lines are to be pointed to the outside of the 
marker outline or to the inside. 
The option DRAW BOX AND CROSS FOR PUNCH 

HOLES allows a box and a cross to be drawn at the lo 
cation of a hole. 
The option PRINT SIZE ON PIECE checks to see if 

the sizes are to be placed on each plotted piece when 
a completed marker is to be plotted. 
A large number of other options are available with 

the present system which enables the user to specify the 
size of letters desired, which kind of plotter or cutter is 
to be utilized, enables the grading of pieces in metric 
dimensions rather than inches, automatically gives a 
programmers dump if the program develops errors, en 
ables the storing of pieces into other platter disk stor 
age, allows locked markers to achieve better material 
utilization when cutting and the like. 

Marking Procedure 
After the necessary pattern pieces have been digi 

tized, the correct MONITOR card input into the sys 
tem, the POPTS option decisions have been made, the 
pieces checked and saved, styles can be built by using 
the $STYLE: card. After the styles have been built, 
markers can be laid in via the interactive display system 
shown in FIGS. 1 and 29–31. The interactive display 
system includes the display screen 18, data tablet 22, 
stylus (pen) 24 and the 16 key function box 20. The 
display screen 18 is used to display pattern pieces to be 
manipulated when making markers. The data tablet 22 
measures the position of the stylus (pen) 24 manipu 
lated by the user and transmits the appropriate location 
information to the central controller 12. The controller 
processes the location information and manipulates the 
piece on the display accordingly. The 16 key function 
box 20 is also used in conjunction with the marking 
procedures to specify functions the operator wishes to 
perform at various times in marking. 
As shown in FIG. 29, a rectangular marker area 400 

will be displayed on the display screen 18 with the 
pieces 402 of the marker positioned outside of the 
marker which is outlined on the display. Both the 
marker area 400 and the pieces 402 are miniature 
scaled representations of the desired full scale marker. 
The pieces 402 are automatically arranged on screen 
18 in order according to their size. Above the marker 
area 400 and its pieces 402 are two lines of information 
404 concerning the marker and below the marker is 
one line of information. Below is an example of the in 
formation: 

MARK.D. STYLES WDTH= LENGTH-e EFF 
CENCY 

Size (s) 3O3() = A 30 = B 
Size Picked 

The first line has the marker identification, the style 
or styles identification and width of the marker. The 
length and efficiency values of the marker are placed 
on the first line when they are asked for. The second 
line contains the sizes of the pieces in the marker and 
the letter corresponding to that size. A third line will 
show the size of each piece when a piece is picked. This 
line is located under the left end of the marker. 
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To determine where the stylus 24 is in relation to a 

particular piece on the screen 18, the operator should 
note the small cursor (asterisk) 360 on the display 
screen 18. This cursor 360 follows the stylus 24 when 
ever the stylus is close to the data tablet 22 (which is 
termed a proximity activity) and when the stylus 24 is 
pressed against the data tablet 22 with a small amount 
of pressure (this is termed as pressure activity). The 
proximity activity is used to move a piece 402 or move 
the cursor 24 to a piece. The pressure activity is used 
to select a piece 402 for manipulation (also called pick 
ing a piece) and to answer YES or NO questions asked 
by the Monitor. 

In the marking mode, template 108 (FIG. 7) is placed 
over buttons 90. To pick a piece 402 for manipulation, 
the operator must press the pick button on function 
box 20 and activate the pen 24 on the data tablet 22 at 
the spot that corresponds with the center of the se 
lected piece. When a piece is picked, the piece will 

20 jump on the screen 18 so that the cursor 360 is at the 
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lower right hand corner of the piece. To release a piece 
from the cursor 360, the operator can use one of two 
methods: 

1. he may press the pick button, and the piece will be 
released from the cursor; or 

2. the piece will be released from the cursor after some 
of the 16 functions have been used to manipulate the 
piece (bump left, bump right, bump down, bump up, 
overlap and pick). 

Once the operator has control of a piece 402, he may 
manipulate the piece in several ways with the function 
box buttons 90. He may: 

1. check and correct the piece for overlap with another 
piece; 

2. bump a piece up, down, right or left; 
3. tilt a piece clockwise or counter-clockwise in steps 
of 0.5°; 

4. move the piece out of the marker; 
5. flip a piece; 
6. rotate a piece clockwise and counter-clockwise in 
steps of 45; 

7. pick (check) a piece; or 
8. lock a piece on vertical and/or horizontal stripes. 

With the button 90 marked Special, the operator will 
be able to: 

1. determine the efficiency or the length of a marker; 
2. respread pieces inside a marker to their original posi 
tions outside the marker or to the positions held 
when saved as a temporary marker; 

3. turn on or off any stripe lines that are in a marker, 
4. roll a marker right or left and enlarge or decrease the 

size of a marker and the pieces in and around it; 
5. abort a marker; 
6. save a finished marker permanently or temporarily; 
7. place splice marks on a marker after saving it perma 
nently; 

8. plot a finished marker full-scale; 
9. pack the pieces in the marker; and 
10, check the pieces on the marker for overlap. 

The user then moves the stylus 24 to pick one of the 
pieces 402 and moves the piece downwardly into the 
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marker area 400. The operator then positions the piece 
in the desired location within the marker area 400 by 
using the function box 20, releases the piece and picks 
up another of the pieces 402 and moves it downwardly 
into the marker area 400 and positions it. 
FIG. 30 illustrates a partially completed marker on 

screen 18 and illustrates how the various pieces 402 
may be rotated in order to interfit between one an 
other. As noted, once each of the pieces 402 is initially 

5 

placed in the marker area by a stylus 24, the buttons of 10 
the function box 20 are operated by the user to provide 
final adjustment of the desired position of the pieces. 
As shown in FIG. 30, a dotted GOAL LINE 410 is dis 
played on the display screen 18 to define the desired 
area on the marker area 400 for receiving the pieces 
402. If the operator is able to place all of the pieces 402 
within the area defined by the GOAL LINE 410, the 
operator is assured of having formed a successful 
marker, 
FIG. 31 illustrates the display screen 18 with a final 

ized marker 400 formed thereon. When a suitable 
marker is finalized on the display screen 18, the opera 
tor can then have a full size replica of the miniature 
marker display plotted out on the plotter 26. 
An important aspect of the present invention is the 

large number of functions available for operation of the 
function box 20. With the use of the functions, the op 
erator may quickly and easily arrange pattern pieces 
within the marker area to form the most efficient 
marker. Detailed description of the various functions 
available by operation of the buttons of the function 
box 20 are as follows: 
1. PICK 
This function box button (shown on template 108 in 

FIG. 7) enables the operator to "pick up' a pattern 
piece so that he can move it along with the "cursor' or 
perform any other function that involves a picked 
piece. To pick a piece the operator presses this button, 
moves the cursor close to the center of the desired pat 
tern piece, and then applies "pressure' to the data tab 
let pen. At this time the piece will jump so that the cur 
sor is at the lower right corner of the piece. Now when 
the operator moves the cursor, the picked piece moves 
along with it. A picked piece can be released from the 
cursor or pen by pressing the Pick button. 
2. OVERLAP 
This button adjusts the position of the picked piece 

so that it does not overlap any surrounding pieces. If an 
overlap cannot be corrected, then the overlap light 344 
(FIG. 12) at the bottom of the screen 18 will light up. 
This light 344 will remain on until the piece is repicked. 
3. BUMP DOWN 
This button is used to adjust the position of a picked 

piece by moving it down until it hits another piece or 
the marker edge. If the operator has a piece that has 
been locked on a horizontal stripe line and he attempts 
to bump it down from the stripe line, he must answer 
the question (OVERRIDE STRIPE? YES NO) that will 
be shown on the display screen 18. The operator must 
point to his answer with the cursor 360 and apply pres 
sure. If he replies YES, the piece is moved, otherwise 
no action is taken. 
4. BUMP LEFT 
This button adjusts the position of the picked piece 

by moving it left until it hits another piece. The picked 
piece must be close to the other pieces (that is within 
about 2 inch on the display screen). If another piece 
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is not in the way, the picked piece will be moved to the 
marker edge. If an operator attempts to bump a piece 
locked on a vertical stripe to the left, the same OVER 
RIDE STRIPE? YES NO question will apply, 
5. TILT CCW 
This button rotates the picked piece in a counter 

clockwise direction in steps of 0.5 degrees. The 
amount of tilt can be restricted by the tilt parame 
ter in the $STYLE: statement. (Refer to the MON 
ITOR control commands) When a piece has 
reached its maximum tilt, the tilt maximum light 
348 will come on. A piece may be rotated in 180° 
increments if it has a tilt restriction on it. 

6. TILT CW 
This button rotates the picked piece in a clockwise 

direction in steps of 0.5. The restriction in Tilt 
CCW applied to TILT CW. 

7. RELEASE 
After a picked piece has been moved into the 
marker, it is restricted from being moved off of the 
marker again. To override this restriction, hold 
down this button while moving the picked piece off 
the marker. 

8. SPECIAL ON OFF 
This button turns special functions on and off in the 

display screen. While the special functions are on 
(displayed on the screen), the Input Required 
Light 340 will be turned on. When these special 
functions are turned on, they will appear on a line 
across the screen 18 above the marker. The opera 
tor must activate one of them or turn them off be 
fore he can perform any of the aforementioned ac 
tions. To turn the special functions off, repress the 
special button. To activate one of the special func 
tions, the operator moves the cursor 360 to the 
function word and applied pressure. A piece can 
not be picked or manipulated while the special 
functions are on. The special functions are: 
A. EFFICIENCY - This special function com 
putes the efficiency and length of the marker cur 
rently on the display screen 18. Efficiency is 
computed according to the area of the pieces in 
the marker. 

B. LENGTH - This special function draws a line 
on the marker that represents the current length 
of the marker. If the user has requested the op 
tion for locked markers, the question LOCKED 
MARKER? is asked of the operator. The length 
and efficiency is then computed according to his 
reply to the question. 

C RESPREAD - This special function allows the 
operator to start over with the pieces spread as 
they were when he last saved a marker temporar 
ily. Two questions are asked of the operator: RE 
SPREAD TO VERIFY HIS REQUEST TO 
START OVER, THE ORIGINAL to determine 
how he wishes to start (from the first or from a 
temporary marker). 

D. MATERIAL - This special function drawsf 
removes the stripe and/or plaid description on 
the marker. 

E. PACK - This special function moves all the 
pieces in the marker down and left so as to assure 
a close marker except for those pieces on the sel 
vage of the marker. Those pieces will move up 
and left. Pack will correct overlaps if possible. If 
it cannot correct overlaps, the message OPERA 
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TOR MUST CORRECT will appear on the 
screen and no action is made by the computer. 
The overlap light 344 will light up and the piece 
in overlap will be the picked piece. A message of 
PACK COMPLETE appears on screen 18 when 
this function is finished. 

F. CHECK - This special function checks every 
piece in the completed marker for overlap. The 
cursor asterisk appears in the center of each 
piece on the screen 18 while that piece is being 
checked. If an overlap is found, the message OP 
ERATOR MUST CORRECT appears on screen 
18, the overlap light 344 comes on, and the piece 
in question is automatically the picked piece. If 
no overlaps are found, the message CHECK 
COMPLETE appears on the screen. 

G. SAVE - This special function allows the opera 
tor to save his marker temporarily or perma 
nently. 

The following YES or NO questions are asked of 
the operator: 
LOCKED MARKER2 - This is asked only if the 
user has requested the option for locked mark 

S. 

TEMPORARY? - A positive reply to this ques 
tion saves the marker in the temporary storage 
area. As operator would want to save a tempo 
rary marker if he wanted to try and make a bet 
ter marker than the one he had just finished. 
After he saves the marker temporarily, he may 
respread the marker to its original form. If the 
second marker is better, he may save this one 
permanently or temporarily. If the second 
marker is save permanently, the first marker 
will be lost. If the second marker is saved tem 
porarily, the first marker will be lost, but an 
other marker can be made to better the second 
marker. For the situation of saving a less effi 
cient marker than the one already saved tem 
porarily; see the next question 'Override Effi 
ciency?. 

OVERRIDE EFFICIENCY? - If the operator is 
attempting to save a marker which is less effi 
cient than the marker in temporary stores, this 
question is asked. A positive reply will save the 
marker despite its efficiency. 

FINISHED - A positive reply to this question 
saves the marker permanently and returns to 
the monitor. 

PIECE OUT, SAVE? - If a piece is left out of 
the marker, this message is asked. If the opera 
tor answers no, the marker is not saved and the 
piece or pieces can be put in the marker. 

DRAW NOW'? - A positive reply to this after 
the operator gives a positive answer to FIN 
ISHED? will cause the plotting of the marker 
fullscale. 

PLACE SPLICE MARKS - An explanation of 
splice will follow. 

H. ABORT - This special function allows the op 
erator to return to the monitor without saving the 
marker. 

I. (- - This special function rolls the marker to 
the left. 

J. -- - This special function rolls the marker to 
the right. 
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K. f - This special function increases the size of 
the pieces and marker. 

L. - This special function decreases the size of 
the pieces and marker. 

FLIP 
This function box button flips (turns the piece over) 
the picked piece. A group of pieces can have the 
$STYLE: flip parameter applied to them. By at 
tempting to flip one of these pieces, the questions 
FLIP OVERRIDE YES NO must be answered 
with a positive answer to flip the piece. If one piece 
is flipped, all of the pieces in the group will flip. 

10. BUMP UP 
This button functions the same as BUMP DOWN, ex 
cept the picked piece is adjusted by moving it up 
until it hits another piece or the marker edge. 

11. BUMP RIGHT 
This button functions the same as BUMP LEFT ex 
cept the picked piece is adjusted by moving it to 
the right until it hits another piece or the length 
line. 

2 ROTATE CCW 
This button rotates the picked piece in a counter 
clockwise direction in steps of 45. If a nap con 
straint was applied to the marker, a question is 
asked of the operator before allowing rotation. The 
question OVERRIDE NAP YES NO is shown on 
the display screen. If the user replies YES all the 
pieces in the size group and nap group of the 
picked piece are rotated 180°. If he replies NO, no 
action is taken. 

13. ROTATE CW 
This button functions the same as ROTATE CCW, 
except that the piece is rotated in a clockwise di 
rection in steps of 45. The restriction concerning 
the nap restraint in ROTATE CCW applies to RO 
TATE CW. 

14. PICK (CHECK) 
This function box button functions the same as the 
PICK button except that the desired piece does not 
jump to the cursor and the piece will not move 
along with the cursor. The piece is, however, a 
picked piece for functions such as BUMP LEFT 
and OVERLAP. The operator depresses PICK 
CHECK and activiates the pen on the proper piece. 
Now the piece can be manipulated by using the 
overlap and bump buttons but the piece cannot be 
moved by the pen. After using PICK CHECK the 
PICK button will have to be pressed to pick the 
next piece. 

5. VERTICAL STRIPE LOCK 
This button adjusts the position of the picked piece 
on a vertical stripe line so that the stripe line of the 
picked piece aligns with the closest stripe line on 
the marker. After pushing this button, the picked 
piece cannot be moved up or down. To override 
this restriction, push the RELEASE button. A 
piece can be moved off a stripe with a positive an 
swer to the question OVERRIDE STRIPE? YES 
NO whenever he tries to move the piece off a stripe 
line with the function box buttons. 

16. HORIZONTAL STRIPE LOCK 
This button has the same function as a vertical stripe 

lock except the stripes to be locked on must be hor 
izontal. 

7. STOP 
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This button is used in the checking procedures as 
previously described. 

During the marking procedure, several situations 
may arise which are related to the particular fabric 
being utilized. The present system is thus capable of 5 
handling splice marks, stripe locking procedures and 
shade parameters. 
A splice mark is used to indicate an area in a marker 

where the splicing of the end of a bolt of material and 
the beginning of a bolt of material can take place. 
When a marker is saved permanently and the user re 

quests the splice mark option, the message PLACE 
SPLICE MARKS will appear on the screen 18, and the 
marker will be zoomed such that all pieces are dis 
played. The operator moves the cursor 360 to the area 15 
where he wishes a splice mark to be made and applied 
pressure to the data tablet pen. The width of the splice 
mark will be computed on the following basis: 

1. a buffer area of 6 inches either side of the point 
chosen by the operator is used in the computation: 

2. only pieces crossing into this buffer area will be 
checked; 

3. the right-most edge of all the pieces whose right edge 
falls in the buffer is used as the right edge of the . 
splice mark. The edge may then be moved to the 
right a fixed distance farther if the user requests, and 

4, a similar process is performed for the left edge of the 
splice mark. 

The operator may indicate up to fifteen splice marks. 
When he has indicated all the splice marks needed, he 
presses the RELEASE function box button, and the 
marker is saved permanently. 
Any piece in a stripe or plaid marker that has the 

proper stripe line digitized in it can be locked on a 
marker stripe line. If a marker has horizontal stripe 
lines, then the pieces that are to be locked on those 
lines have to have a horizontal stripe line digitized in 
them. Pieces with vertical stripe lines can only be 
locked on vertical stripe lines in a marker. If a piece has 
both vertical and horizontal stripe lines in it, the piece 
can be locked on both horizontal and vertical stripe 
lines on the marker. Unless a piece has a special piece 
matching stripe parameter (given to it by the $STYLE: 
statement) and the stripe parameter in the $STYLE: 
statement is equal to 99, the following information will 
apply to that piece: 

1. a piece will lock on to the nearest horizontal or verti 
cal stripe line according to what orientation the stripe 
line was digitized in the piece and which stripe lock 
button was pressed, 

2. a piece will lock on the closest horizontal and verti 
cal stripe line, if that piece has a horizontal and a ver 
tical stripe line, and both stripe lock buttons are 
pressed; 

3. a piece can only be bumped off a stripe line with a 
positive answer to the OVERRIDE STRIPE question 
or the piece may be repicked; 

4. a piece locked on a stripe line can be flipped, tilted, 
and rotated if desired. The piece stripe line will have 
to be locked on the marker stripe line, and 

5. a piece locked on a horizontal stripe line can be 
moved or bumped left or right freely. This, also, ap 
plies to the up and down movement of a piece locked 
on a vertical stripe line. If a piece is locked on a verti 
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cal and horizontal stripe line, the piece cannot be 
moved in any direction unless it is repicked or the 
stripe lock is overridden with a positive answer to the 
OVERRIDE STRIPE question. 

lf pieces in a marker have special piece matching pa 
rameters applied to them and the stripe parameter in 
the marker is equal to a 99, then the following will 
apply to the stripe locking procedures for these 
pieces. 

l, there will be no stripe lines drawn into the marker; 
2. in the case that the piece is in stripe group 1, the use 
of the STRIPE LOCK button will cause the piece to 
align on the center 2 through 7, the first piece of that 
group which is placed in the marker will define the 
stripe line or lines for that group. In order to define 
this stripe line the piece must be positioned and the 
STRIPE LOCK button depressed. After this stripe 
line is defined, all other pieces in that group will be 
locked onto that stripe line when they are placed in 
the marker and the STRIPE LOCK button hit. Those 
pieces in the style which were not assigned to a stripe 
group will not lock on any stripe lines even if the 
STRIPE LOCK button is hit. Care should be taken by 
the user that he place the first piece for groups 2 
through 7 exactly where he wants that stripe line to 
remain for the marker. After fixing a stripe line for 
a group, the only way to change that stripe line would 
be to respread the marker and start from the begin 
ning, and 
once a stripe line or lines have been established, the 
pieces remaining in the group or groups will automat 
ically jump to the proper or closest stripe line. 

3 

Shade areas are used in markers to represent differ 
ent colors or designs that run the length of the material 
in a uniform manner. The shade parameter in the 
SMARK: command specifies the number of shade 
areas a marker is to be divided into lengthwise, as indi 
cated in FIG. 32, which shows a marker having three 
shade areas C, D and E. 
Parameters of the marker shown in FIG. 32 are as fol 

lows: 
A - Marker width of 59.0 inches 
B = Goal of 4 yards 24 inches 
C - First shade area 
D at Second shade area 
E = Third shade area 

In the example shown in FIG. 32, the vertical dashed 
line B is the goal line set in the marker card at 4 yards 
24 inches. The horizontal dashed lines and the lines 
that divide the marker into the three shade areas speci 
fied by the marker card. The shade parameter in the 
style definition is used to indicate which pieces in each 
size are to be subject to the shade restriction. 
As indicated above, only the pieces in each size that 

are given the shade restriction will be subject to that re 
striction. The first piece of each shade restricted size 
group placed in a shade area will determine where all 
the other pieces of that size group should be placed. 
Note the two lines of information located below the 
marking area. The "SIZE PICKED =' line is where the 
size of each piece will be shown as it is picked. The 
"SHADE AREA =' line will appear below the SIZE 
PICKED F when the marker has shade areas in it. After 
the first piece of each size grup group has the shade re 
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striction applied to it) has been placed, the SHADE 
AREA = line will indicate which shade area all other 
pieces of that size group should be placed. In the above 
example shade area A is l, shade area B is 2 and shade 
area C is 3. If a piece is not placed in its proper shade 
area the shade violation light 346 (FIG. 12) will come 
Ol. 

FIG. 33 illustrates the operation of the plotter 26 in 
accordance with commands from the central controller 
12. Under control of the controller 12, the stylus 54 is 
moved laterally along the bar 52 and the bar 52 is 
moved along the length of the roll of paper 56 in order 
to draw a full size marker identical to the finished 
marker displayed on screen 18. When finished, the 
paper is disengaged from the plotter 26 and is spread 
out over a plurality of stacks of fabric and cut in a con 
ventional manner. 

It will be understood that the marker prepared by the 
present system will generally comprise marker sections 
which are placed end to end to form a total marker. As 
an example, a cutting table used in apparel factories 
may extend from 70 to 120 feet in length, and fabric 
may be folded along the table with differing thick 
nesses. For example, the first portion of fabric on the 
cutting table may comprise sixty layers of fabric, while 
subsequent sections of the fabric may comprise one 
hundred twenty or more layers of fabric. The pattern 
section produced by the plotter 26 is spread out over 
the varying desired sections and the fabric is then cut 
to provide the desired number of pieces of the desired 
styles. 

Storage File Organization 
FIG. 34 illustrates the file storage organization for 

the present system. The more important portions of the 
file organization will now be described in detail. 
Referring to FIG. 34, the MARKD, Marker Directory 

is located in a removable storage platter. MARKD is 
the DOS-M directory file name assigned to the marker 
directory. The marker directory is a directory used by 
the system to reference the marker definitions stored in 
EDOS-M file MARKR. The format of MARKD is shown 
in FIG. 35. The last two words of each sector are zeroes 
except for the first sector in the directory. The last 
word in the first sector will be the starting sector of the 
last marker definition stored in MARKR. An unused 
entry will contain zero in the 7th word. Bit 15 of word 
7 is set when that entry is to be purged. Laser flags are 
used when converting the system files to a system using 
a laser cutter. 
The MARKR - Marker Definitions - file shown in 

FIG. 34 is the DOS-M file which contains all the 
marker definitions for the markers referenced by 
MARKD. Each marker definition will begin on a sector 
boundary and will be formatted as shown in FIGS. 36 
and 37. Definitions of the legends appearing in FIGS. 
36 and 37 are as follows: 

# of pieces - number of pieces in the marker 
(0-1023) 
# of sectors - number of sectors used by this marker 
definition (0-63) 
# of styles - number of styles in marker (0-31) 
# of splices - number of splice marks placed in 
marker (0-15) 

Marker man ID - identification number of the person 
who made the marker (O-63); 
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New/Cold - O - marker has not been sent to Laser 
matic- 1 - marker has been sent to Lasermatic; 
# of shade areas - number of divisions made in 
marker width for shading, less l (0-3); 

Data Multiplier - floating point scale factor used to 
convert 'marker units' to inches. See note * 1 on 
previous page; 

Width - width of marker in inches (format assumed as 
XX.XX); 

Length - length of marker in marker units; 
Goal Length - goal set for the marker (in marker 

units); 
Marker Efficiency - efficiency obtained in the marker 
(format assumed as XX.XX); 

Stripe Offset - position of first stripe relative to the 
top of the marker (format assumed as XX.XX); 

Stripe Spacing - distance between stripes (format as 
sumed as XX,XX), 

Plaid Spacing - distance between plaid (format as 
sumed as XX.XX); 

Marker X% increase - % of increase to apply to entire 
marker in X direction; 

Marker Y% increase - % of increase to apply to entire 
marker in Y direction; 

Internal Style # - style used in the marker. Points to 
the entry in the style directory (STYLD); 
# of sizes - number of sizes of this style; 

Size - size indicator for each size needed. This must 
be used in conjunction with the rule table used by the 
style; 

X values of splice mark - placement made for a splice 
mark in marker units, 

Internal Piece # - pointer to the piece in the piece 
directory (PIECD); 

Master Image # - when the piece is a slave due to the 
half piece flag being set, this is the relative piece 
number for the master piece; 

Stripe Group - special stripe matching by assigning a 
group number 1-7. 0 indicates regular stripe lock 
1ng. 

Flip group - O - piece not flipped with group, - 1 - 
piece flipped with group; 

Nap group - O - piece not rotated 180 with group, 
- 1 - piece rotated 80 with group; 

Opp. flag - O - piece is not an opposite, - 1 - piece 
is an opposite by style definition; 

Max. Tilt - rotation limit (0-31); 
Rule Table # - rule table used by style; 
Half Piece Flag - 0 - piece is a master, - 1 - piece 

is a slave; 
Shade Constraint - O - piece is not effected by shad 

ing, - 1 - piece is checked for shade constraints; 
Block flag - 0 - piece is not blocked, - I - piece 

is blocked; 
X% increase - % of increase to apply to piece in X di 

rection; 
Y% increase - % of increase to apply to piece in Y di 

rection; 
Style/Size Group - pointer set up from order of style 
and sizes stored in header, 

Size of Piece - size indicator of size of this piece; 
IX - X-coordinate placement of piece in marker units; 
IY - Y-coordinate placement of piece in marker units; 
and 

IANG - angle of roatation of the piece. If the magni 
tude of the angle is more than 360 the piece is to be 
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flipped after the rotation. Format of angle is assumed 
as XXXX. 

The PIECD, Piece Directory is located on a remov 
able disk platter and is the DOS-M directory file name 
assigned to the piece directory. The piece directory is 
used by the system to reference the piece definitions 
stored on this disk platter in file, PIECE. This directory 
contains an entry for each piece definition in the for 
mat shown in FIG. 38. 
The last two words of each sector of FIG. 38 are 

zeros except for the first sector in the directory. The 
last word in the first sector will be the starting sector of 
the last piece definition stored in PIECE. An unused 
entry will contain zero in the 7th word. Bit 15 of word 
7 is set when that entry is to be purged. Laser flags are 
used when converting the present files to a format for 
a laser cutting system. The PIECE, Piece Definitions, 
are shown in FIG. 39 and is the DOS-M file which con 
tains all the piece definitions for the pieces referenced 
in PIECD. The definition of the piece is the digitized 
data after curve-citting. Each piece definition will start 
on a sector boundary and will be formatted as shown 
in F.G. 39. 
Definitions of the legends in FIG. 39 are as follows: 

Date - of the year; 
Mirror Flag= 0 means piece not mirrored about x-axis 
of the piece, = 1 means piece is mirrored about the 
x-axis of the piece, 

Grain Flag = 0 means piece has no grain line and may 
be rotated 45,90 and/or 180, = 1 means piece has 
a grain line and may only be rotated 180; 
of Sectors - number of sectors used to store this 

piece description (0-15); 
Rule Table - rule table number (0-128). This is the 

rule table number stored in RULED pointing to the 
table stored in RULES; 

Sample Size # - number reference of the dample size 
as stored in the rule table used (0-255); 

New or Old Flag - O - piece has not been sent to the 
Lasermatic system, - 1 - piece has been sent to the 
Lasermatic system; 

Point Type - type of point (0-15) 
O = Grade Point 
1 = Intermediate Point 
2 = Punch hole Point 
3 = Stripe line Point 
4 = Notch Point 
5 = Grain line Point 
6 = Alternate start Point 
7 = Internal Point 
8 = Transfer function Point 
9 = Lettering Point 
O = End of data code 
11 = Fixed intermediate Point 

Rule # - number of the rule to be applied to the 
grade point, punch hole point, stripe line point, alter 
nate start point, transfer function point, or lettering 
point; 

IX - X-coordinate of point stored in absolute mode in 
mils, biased about the center of the piece; 

IY - Y-coordinate of point stored in absolute mode in 
mils, biased about the center of the piece; and 

PLOTF - plotter data file - is plotter data generated 
by programs PLOTP and DRAW. The data is stored 
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44 
in file PLOTF on the fixed disk platter and is orga 
nized as shown in FIG. 40. 

The values bRIGX and dRIGY shown in FIG. 40 are 
the coordinates for the bottom (or top for the cutter) 
left corner of a bounding rectangle for nested or cut 
pieces. When the cutter is moving down the top left 
corner is used. 
The values AXdb D and AY b) are the absolute 

table coordinates for the center of the bounding rectan 
gle for the previous piece. The value XPBND repre 
sents the X limit for the current column of pieces. 
When a new column of pieces is started on the cutter, 
the value ORIGX is set to XPBND in order to clear the 
previous column. The volue LDRC represents the col 
umn direction for the cutter with 1 = up and -1 
down. 
Programs PLdTP and DRAW are responsible for 

maintaining the status values for the plotter and pro 
gram PLdTP is responsible for maintaining the cutter 
status. At the first of a production run the production 
monitor initializes the status data. 
The values NSECP and NSECG are the 'put' and 

"get' sector numbers for the circular plotter data file. 
These pointers are also core resident and are stored in 
locations 368 and 37 respectively. 
Each data sector has a two word header which is or 

ganized as shown in FIG. 41. Referring to FIG. 41, 
ITYPE = Data Type for this Sector 

() Continuation Sector 
Nested Plot 
Marker 
Cut Pieces 
Single Plot 
Job Flag 
Old Job 
New Job = New Column or New Marker for the 
Plotter or new Tableful for Cutter. 

NSEC is Sector in the PLOTF file in which data 
for the current job begins. 

J O i 
Each data entry shown in FIG. 40 is a three word 

entry consisting of a status word and a X and Y data 
word. The entries are organized as shown in FIG. 42. 
Referring to FIG. 42: 

POS = Tool position with 0 = up and l = down 
TOOL as Tool number with t = Pen and 3 = Cutter 
HOME = Home Cutter Flag (Cutter Only) with l = Home 
XYN = Xynetics only Fla 
PA = Paper Advance Fig. When set, the X Value 

represents the paper advance in steps with 
primately 7.05 steps required to advance 

C. 

IANG = Blade angle increment (Cutter Only) 
AX&AY - Incremental X and Y values in mils. 

When the status word = -1, the data for the piece is 
completed and the AX and AY values correspond to 
the first and last sector for the piece respectively, 
Referring again to FIG. 34, the DXXXX, digitizer 

files (Dual Channel) are approximately 200 files of 5 
sectors each. The DOS-M directory names will be 
DXXXX where XXXX is a number from 0 to 199. The 
files are written by the digitizer driver and must be 
stored contiguously on the disk. The files will be set up 
in the format shown in FIG. 43. 
The DXXXX, Digitizer Files - Single Channel - 

comprises approximately 200 files of 5 sectors each. 
The DOS-M directory names will be DXXXX where 
XXXX is a number from 0 to 199. The files are written 
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by the digitizer driver and must be stored continuously 
on the disk. The files will be set up in the format shown 
in FIG. 44. 
FIG. 45 illustrates the format of the status words for 

the function box 20 and FIG. 46 illustrates the format 
of the status words for the cursor. Definitions of the 
legends of FIGS. 45 and 46 are as follows: 

ASCII code - 0 - digit () 
- digit l 
- digit 2 
- digit 3 
- digit 4 
- digit 5 
- digit 6 
- digit 7 
- digit 8 
- digit 9 
- size indicator 
-- mirror indicater 
- cance 
- rubout 

, - end of piece 
Button - 1000 - Grade point cursor button 

0.100 - Interm. point cursor button 
001 - Notch cursor button 
OOO - Switch cursor button 

OF - set to 1 when a register overflow occurres 
CPU - set to 1 when computer requested reading of 

registers was made 
Scale - O - scale of 1 

() - scale of 4 
0 - scale of 2 

Rotary Switch - (0-9) value on rotary switch at time 
of reading 

0 - grain line 
- stripe line 

2 - reference line 
3 - punch holc 
4 - internal point 
5 - alternate start point 
6 - transfer function point 
7 - fixed intermediate point 
8 - not presently used 
9 - not presently used 

The Job Queue JOBO contains the job sequences to 
be performed by the production monitor. The job 
queue is stored on the fixed disk platter in file JOBO. 
The job queue is 256 sectors long and is divided into 
two areas. The second is the queue entry which con 
tains the data. The first area is two sectors long with the 
queue entries running from location 7 to location 255. 
The entire queue area is considered as a word sequen 
tial file from location to 32766. Numeric values in 
the Queue data area fileds which are data values (ex 
cept counters) are scaled to one hundredths. The Job 
Queue will accommodate approximately 120 job re 
quests at any one time. 
Referring again to FIG. 34, SECTR is a 128 word sec 

tor used for communication between the production 
monitor and executing programs. The sector is also 
used for status return from programs which have com 
pleted their operation. 
The production monitor calls a program with the 

SECTR sector set to the following condition: 
word 1 - address of queue entry request 

The called program (MARK, CHECK, PLOT, DRAW, 
STYLE, etc.) returns control to the production moni 
tor with status parameters. 
CHECK - Temporary Storage - shown in FIG. 34 

is used by CHECK as the graded data for the piece 
being checked. At this time its format is like that of file 
GRADE. The file is also used by MARK V2.0 SPREAD 
storage for the original marker spread and for the tem 
porarily stored marker. It is also used to save the Inter 
nal #, %, Grain Angle, Warp Allowances and Fill Al 
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46 
lowance overhead words. The file is also used by 
PGRAB to pass piece numbers to WSTYL and is used 
by BRULE to completely build an error-free rule table 
before transferring it to the RULES file. 
Referring to FIG. 34, OPTNS - Options file - is 

used by the system to provide option words for each 
major program in the syste. The option words are set 
depending on the requirements for each system. The 
one sector file is labeled OPTNS and is stored on the 
fixed platter. The option sector is generally set at sys 
tem generation time and reflects the specific require 
ments and options for the system. 
The following descriptions specify the option word 

location for representative programs and the bit assign 
ments for each option: 

Word - Option Word for Program MARK 

Bit 0 - Display alpha character on pieces displayed ( ) 
- Allow "locked markers (1) 

2 - Allow Tilt for markers ( ) 
3 - Allow Flip for markers (l) 
4 - Allow Rotate for markers (1) 
5 - Print when FLIP or PACK used (1) 
6 - Place splice marks (1) 
- Message “No Overlap" in PACK and CHECK (1) 
- Sizes to be Displayed on LARGE PIECES ( t ) 
- Report Length in Yards (Hundredths) (l) in 
Yards and inches (O) 

- Interration Placement of Small Pieces 
- Print Length & Efficiency When Marker Saved (l) 
- Round Length to Next Largest A linch ( ) 

- Multi Scope Option Present 
Word 2 - Option Word for Program DRAW 

Bit 0 - Plot alpha character following size on each 
piece in the marker ( ) 

1 - Treat marker as a “locked' marker ( ) 
2 - Draw style number when labeling pieces (1) 
3 - Xynetics Model 1 100 scaling (1) 
4 - Draw head on notches ( ) 
5 - Turn stripe and plaid "tick" marks to the 

outside (i) 
6 - Xynetics Model 2000 scissoring and paper 

slew (1) 
7 - Draw box around cross for punch hole ( ) 
8 - Print size on each piece (i) 
9 - Draw marker gridded at a units scale ( ) 
10 - Xynetics Carbon System ( ) 
11 - Stop X Axis Movement Every 4 Feet (1) 
12 - Do Not Grid Piece ( ) 
13 - Report Length in (Hundredths) of Yards ( ) 

In Inches (O) 
14, 15 - Size of Symbols on Pieces (O - 4 inch) 

( - .2 inch) 
(2 - 4 inchy 
(3 - inch ) 

Word 4 - Option Word for Grading Program 

Bit O - Grade Increments are Meteric (1) 
1 - Trace Program Flow in PGRAB 
2 - Print Number of Pieces to be Graded ( ) 
3 - 
4 - 
5 - 
6 - 
7 - 
8 - 
9 - 
O - 
1 - 
2 - 
13 - 

4, 15 Number of Piece Platters in System (1-0) 
(2-1) 
(3-2) 
(4-3) 

Word 5 - Deviation angle for defining a corner 
Word 6 - Number of digitizer files 
Word 7 -- 
Word 8 - Pointer to digitizer file used by CHECK. Set 

to 1 originally. 
Word 9 - Default sample size - Example: “3" means use 

third Rule Table entry when the sample size 
is not input by the digitizer operator 
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Word 1 - Option Word for Program MARK 
Word IO - Paper width (in Hundredths of inches) 
Word li - Model 2010 paper advance factor. 

Word 15 - 2nd Option Word in DRAWM 

Bit () - Do detailed Piece Sort (1) 
- Do Not Draw Selvage Lines on Marker ( ) 

2 - Force Heading Even When GAP=0 Above Marker (1) 
3 - Force Heading lnside the Marker When GAP-() ( ) 
4 - Count Corners ( ) 
5 - Count Nuytches and Punch Holes ( ) 
6 - 
- 

8 - 
9 - 
() - 
- 
- 

3 - 
4 - 

15 - 

Referring again to FIG. 34, MESSG - Marker mes 
sages - file contains the market messages printed on 
the marker as the marker is drawn on the plotter. Mes 
sages 1 thru 10 apply to individual pieces as specified 
by the style definition. Messages 11 thru 60 are printed 
in the heading of the marker and are selected by the 
SDRAW: statement. The file organization consists of 
20 sectors with 3 messages per sector. 
The STYLD, Style Directory shown in FIG. 34 is the 

DOS-M directory file name assigned to tye style direc 
tory. This directory is used the the system to reference 
the style definitions stored in the file, STYLE. The for 
mat of STYLD is shown in FIG. 47. The last two words 
of each sector are zeroes except in the first sector. The 
last word in the first sector will be the starting sector of 
the last cycle definition stored in STYLE. An unused 
entry will contain zero in the 7th word. Bit 15 of word 
7 is set when that entry is to be purged. 
STYLE, Style Definitions, is the DOS-M file which 

contains all the style definitions for the styles refer 
enced in STYLD. Each style definition will begin on a 
sector boundary and will be formatted as shown in FIG. 
48. 
The GRADD, Graded Piece Directory, shown in 

FIG. 34 is the DOS-M directory file name for the 
graded piece directory. This directory is used to refer 
ence the graded piece data stored in file GRADE. The 
format of GRADD is shown in FIG. 49. The last two 
words of each sector are zeroes except in the first sec 
tor. The last word in the first sector will be the starting 
sector of the last graded piece definition in GRADE. 
An unused entry will contain zero in the 7th word. Bit 
15 of word 7 is set when that entry is to be purged. 
The GRADE, Graded Piece DEfinition, is the 

DOS-M file containing all the graded piece definitions 
for the pieces referenced in GRADD. Each piece in the 
directory will be stored in the format shown in FIG. 50. 
The RULED, Rule Directory, is the DOS-M direc 

tory file name assigned to the rule directory. The rule 
directory is a directory used by the system to reference 
the rule table definitions stored in DIS-M file RULES. 
The format shown in FIG. 51 applied to RULED. 
RULED will be 5 sectors in length which assures that 
90 rule tables may be referenced. The last two words 
of each sector are zeroes except for the first sector in 
the directory. The last word in the first sector will be 
the starting sector of the last rule table definition stored 
in RULES. An unused entry will contain zero in the 7th 
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word. Bit 15 of word 7 is set when that entry is to be 
purged. 
Formats of the remaining subroutines shown in FIG. 

34 will be apparent to one skilled in the art from the 
previous descriptions. 

Program Flow Charts 
The complete program listing for accomplishment of 

the functions of the present system by the central con 
troller 12, which preferably comprises the 2100A com 
puter manufactured and sold by Hewlett Packard of 
Palo Alto, California, will be subsequently presented. 
However, in order to clearly document the theory of 
operation of the more important portions of the pro 
gram, the following description will define several of 
the more important aspects of the program for opera 
tion of the central controller 12. 
WPROD 
The purpose of the WPROD program is to monitor 

and control all operations of the present system. 
WPROD accepts control statements from the operator, 
performs all job scheduling and initiates the requested 
jobs. A job log is maintained listing each job as it is exe 
cuted and completed and lists the job stack as it is read. 
The directory of variables of WPROD which is divided 
into two segments, PROD1 and PROD2 is as follows: 

a. Common to PRODI and PROD2: 
BUF Contains first word of options file. 
STAT Commonly used name for status return from 

subroutine calls. 
LOT(256). Scratch buffer array. 
LOUT Logical unit number for job log device, 
ND Next available data location. 
NER Number of card errors. 
NHALT Flag for halt or no halt of system. 
NJO Lock table number for job queue. 
NOPAL Option bit for AL = 1 on draw now. 
NOPD Option bit for dimension always set. 
NOPNO Current master operator number. 
NPGB Flag for grading or no grading. 
NPON Flag for all cards read in or not. 
NO Next available queue location. 
NOD Next available queue location. 
NSO(28) Buffer to contain SECTR file. 
NSERT Flag for system start-up or not. 

b. PRODI: 
DSJ Options bit to display job messages or not. 
K Job type to be selected on calling NXTJB. 
NA Address of selected job returned from NXTJB. 
NDSD Flag for master display down or not. 
NFS Lock table number for freeze slave bit. 
NJT Sane as variable K. 
NRTN Contains word one of SECTR file. 
NSA Lock table number for slave active bit. 
NSHF Flag to halt slave system or not. 
NSTAT Contains word two of SECTR file. 

c. PROD2. 
Key(36) Array containing first two characters of the 

keywords for all control cards. 
NASS Assignment code for queue entry being built. 
NFD(5) Array used by WGF routine for all card input. 
NKEY Number of control cards in KEY. 
NSTMT Current statement number in reading cards. 
NT Job type for queue entry being built. 

FIGS. 52-56 illustrate flow diagrams of the PROD1 
and PROD2 programs. After start of the system at 500, 
the program PROD1 is called at 502 and a decision is 
made at 504 as to whether or not to return from grade. 
If the decision is positive, the slave system is freed at 
506 and status is determined at 508 to check for start 
up. If start-up is indicated, the initial display MAR 
KAMATIC SYSTEM is displayed on screen 18 at 510. 
This status return of the system is check at 512 and de 
cision is made at 514 as whether or not a halt is re 
quested. If the decision is positive, a display that the 
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system is going down is made at 516. lf the halt is not 
requested and the job is not ready at 518, terminal 16 
prints out that the job is not ready at 520. 
The decision is made at 522 as whether to plot now 

and if so, the PLOTO entry is built at 524. If the deci 
sion is made at 526 to draw now, a DRAWQ entry is 
built at 528. A display is made to the operator at 530 
that the print is completed and a decision is made at 
532 as whether or not a queue entry for the last job is 
present. If so, the queue entry is purged at 534 and a 
decision is made at 536 as whether or not a message 
end print queue is being provided. If so, the messages 
are listed to the user at 538. 
Referring to FIG. 53, a decision is made at 540 as to 

whether or not the system has returned from PROD. A 
decision is made at 542 as whether or not the card 
reader is ready and, if no, a decision is made at 544 as 
whether or not there are errors in the cards which have 
been read. If the decisions at 542 and 544 are positive, 
the job queue is purged and packed at 546 and PROD 
2 is called at 548. If there are no errors in the card 
reader, a decision is made at 550 as whether or not the 
system is in startup. If not, a decision is made at 557 as 
whether or not cards have been read and if so, a deci 
sion is made at 558 as whether or not grading is neces 
sary. If so, all check plot entries are purged at 560 and 
a decision is made at 562 as whether or not a slave halt 
has been requested. If so, a request halt to the slave is 
generated at 564. A decision is made as whether or not 
grading is desired, and if so the grade message is 
printed at 568 and the program PGRAB is called at 
570. If grading is not desired, a request halt to the slave 
is generated at 572 and a decision is made at 574 as to 
whether or not the slave has been halted. 
Referring to FIG. 54, the decision is made at 578 as 

whether or not the system is in startup. If so, all PLOT 
pointers are initialized at 580. If the system is not in 
startup, all area requests are processed at 582 and a de 
cision is made at 584 as whether or not the display is 
down. If not, MARK or CHECK is displayed on the 
screen 18 at 586 and a decision is made at 588 as 
whether a response has been made. If the display is 
down or if no response is made, a decision is made at 
590 as whether or not to space in the PLOT buffer. If 
the decision is positive, the PLOT or DRAWJOB is se 
lected at 592 and the decision is made at 594 as 
whether or not an entry has been found. If there is not 
space in the plot buffer, the XFER job is selected at 
596 and a decision is made at 598 as whether or not an 
entry has been found. If yes, the LASEM program is 
called at 600 and the program exits. 
A decision is made at 602 as whether or not a DRAW 

entry is present. If not, a decision is made at 604 as 
whether or not a piece is available and if so the PLOTP 
program is called at 606 and the program exits. If no 
piece is available, the priority of entry is set to zero at 
608 and the program reiterates to step 596. If a marker 
is available at 610, the DRAWM program is called at 
612 and the program exits. 

If response is present at 588, a decision is made at 
614 as whether or not the response to marked. If yes, 
a mark job is selected at 616 and a decision is made at 
618 as whether or not an entry was found. If so, the 
MARK program is called at 620 and the program exits. 
If no entry is found, a display is made on screen 18 at 
622 that the MARK queue is not ready and the pro 
gram reiterates to step 536. If the MARK decision is 
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not made at 614, the CHECK program is called at 624 
and the program exits. 

If a halt is requested at 514 (FIG. 52) and the display 
going down decision is made at 516, the decision is 
made at 630 in FIG. 55 as whether or not a slave halt 
is requested. If so, the slave is requested to halt to 632 
and a decision is made at 634 as whether or not the 
slave has been halted. If so, the system waits for the 
plotter to finish at 636 and the display is idle at 638. A 
decision is made at 640 as whether or not a slave halt 
has been requested and, if not, the slave system is freed 
at 642. If so, the decision is made at 644 as whether or 
not a dual scope system is being utilized. If yes, a deci 
sion is made at 646 as whether or not messages are in 
a PRINTO and if so the messages are listed at 648. A 
decision is made at 650 as whether or not a slave halt 
has been requested and if so the console keyboard is 
unlocked at 652 and the program stops. 
FIG. 56 illustrates the PROD 2 program which is 

called whenever the card reader is ready. On entry at 
660, the program reads the first statement at 662 and 
identifies the first two characters of the statement key 
word. If the keyword is correct, at 664 control is passed 
to the processor for that control card type within 
PROD 2. The statement is analyzed at 666 and a deci 
sion is made at 668 as whether or not errors appear. If 
no, a decision is made at 670 as whether or not there 
is a stack in the job queue. If not, a decision is made at 
672 as whether or not to execute and the system com 
pletes processing at 674. If the keyword is incorrect, 
the diagnostics are listed at 676. 
A decision is made at 678 as whether or not the state 

ment is ended and if so, a decision is made at 680 as 
whether or not errors are in the job stack. If not, PROD 
1 is called at 682 and the program exits. If errors are 
found in the job stack, the decision is made at 684 as 
whether or not the card reader is ready. If so, the sys 
tem reiterates to read statements in step 662. 

If the stack in the job queue is available, the queue 
entry is built at 686 and the system reiterates. If it is de 
cided to execute at 672, the program is called at 688 
and the system exits. 

Program Check 
As previously noted, the purpose of the CHECK sys 

tem is to check the grading and digitizer codes of pieces 
recently digitized. The CHECK program included three 
sections. The section CHKA searches for pieces in the 
digitizer files, converts the digitizer codes, smoothes 
the curves and stores it as a temporary piece on the 
fixed pattern platter. Program CHKB grades the piece 
to all sizes requested and stores the data into a scratch 
file CHEK. Program CHKC displays the nested piece 
and allows the operator to check and/or change digi 
tized data. 
The directory of variables and arrays for CHKA is as 

follows: 

JBUF(128) -Buffer buffer array for storing one sector 
of digitizer data. 

JBUF(1536) - Buffer area for output to temporaty 
piece file. 

XREF(2) - Array for storing X coordinates of refer 
ence points. 

YREF(2) - Array for storing Y coordinates of refer 
ence points. 

IND(500) - Array for point type. 
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X(500) - Array for X coordinate of point type. 
Y (500) - Array for Y coordinate of point type. 
RUL(500) - Grade Rule Number. 
MSIZ - Sample Size. 
IBR - Flag That is Set When a Bad Rule Number of 5 
Found. 

MXSEC-Maximum # of Sectors per Digitizer File. 
IDIG - Digitizer file Name. 
DNO - Piece ID Number. 
OPTNS - Options File. 
ITPCD - Temporary Piece Directory. 
NAMR - Rule Table Name. 
MFIL - Temporary Piece File. 
MCK - CHKB 
LIN - Logical Unit # 1 (TTY). 
LOUT - Logical Unit # 6 (Printer). 
NGEN - Number of Points to be added between Point 
Types During Smoothing Process. 

NFINI - End of Piece Code. 
NGP - Grade Point Code. 
NIP - Intermediate Point Code. 
NPH - Punch Hole Card. 
NSL - Stripe Line Code. 
NGL - Grain Line Code 
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NAP - Alternate Start Point Code. 25 
NNP - Notch Point Code 
- Transfer Point Code. 
NLP - Lettering Point Code. 
NREF - Reference Line Code. 30 
NFI - Fixed Intermediate Point Code. 
NSIZ - Size Key Code. 
NMIRO - Mirror Key Code. 

In execution, CHKA first calls in the options file to 
get the number of digitzer files on the system. CHKA 
then looks for the first file that it can fild that is not 
zero. If they are all zero, DMESS is called to display the 
message, EXIT. 
When the routine finds a file with data, a call is made 

to DMESS to display the piece ID number and a YES 
or NO to check. Also EXIT is displayed. DMESS passes 
back to CHKA which of the three options were taken. 
If NO is hit, CHKA will search for the next non-zero file 
and repeat the previously described method. If EXIT is 
hit, control is returned to the monitor. 
When YES is hit, CHKA again calls DMESS to dis 

play the list of Rule Table names. A code is passed back 
by DMESS to indicate whether the operator chose a 
normal return, accept the piece without display, or re 
ject without display. Passed back with the normal re 
turn and accept is the Rule Table number selected by 
the operator for the piece. 

If the piece is rejected without display, this routine 
will clear out the digitizer file and search for the next 
nonzero digitizer file. Otherwise, the validity of the 
Rule Table is checked. 
Then the Piece Directory is searched for a duplicate 

piece ID number. If one is found, an error message is 
printed. If no duplicate is found, CHKA calls CONVT 
to change the raw digitizer data to readable codes for 
the rest of the CHECK program. CHKA then initializes 
the header information for the display and processes 
the codes passed back from CONVT. At this point, 
CHKA leaves a specified number of blank words be 
tween point types for smoothing of the data. Non 
mirrored pieces are closed and all grade points are 
checked to see if they are in the specified Rule Table. 
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If not, IBR flag is set to one. TABCL then is called to 
smooth the curves by filling in the word gaps and re 
pack the data. 
CHKA also checks the sample size in the piece data. 

If no such size is available in the rule table, a message 
will be sent to the operator to enter the correct sample 
SZe. 

The last function of CHKA is to make an entry into 
the Temporary Piece Directory for the piece data to 
see if there is room. SQUEZ is called to suppress all un 
necessary data and then the data is placed into the 
Temporary Piece File. (See FIG. 4) If the flag IBR = 1, 
an error message will print and the piece data will not 
be stored. 
At this point control is passed to CHKB where the 

piece will be graded. The directory of variables and ar 
rays is as follows: 

IRLT - Rule Table Name. 
ISIZ(42) - Array of Size Names. 
NSZ-# of Sizes. 
NAMR - Rule Table File. 
IBR 13 Flag Used to Indicate Bad Grade Rule. 
IDNO-Digitizer File #. 
IDIG - Digitizer File Name. 

In execution, CHKB pulls the number of sizes and 
names to be graded and displayed from the specified 
Rule Table. The number of sizes graded is limited to 
42. The array ISIZ is used to store the size names for 
the piece. A call to GRADP is then made to grade all 
sizes in ISIZ. A code of db is passed from GRADP back 
when the grading was successfully completed. A code 
of 99 is passed back to CHKB when no end-of-piece 
code is found. The piece is then purged from the Tem 
porary Piece File. A 98 is passed back to CHKB when 
a back grade rule is found and IBR is set to 1. 
Control is then passed to CHKC to display the graded 

piece. The directory of variables and arrays for CHKC 
is as follows: 

ISZ(42) - Array of Size Names Graded 
XOFF(42) - X coordinates. 
YOFF(42) - Y coordinates. 
LBUF(9) - Buffer array for plot, with piece ID num 
ber and rule table #. 

PERIM (42) - Array of perimeters for each size 
graded. 

AREA(42) - Array of areas for each size graded. 
IPLTB(5000) - Buffer array for display file. 
ICHK - CHEK program. 
ICHKB(3) - CHKB program. 
LIN - Logical Unit # 1 (TTY). 
LOUT - Logical Unit # 6 (Printer). 
NSZ - Number of Sizes. 
IRLT - Rule Table Name. 
NS - Number of Sizes per Sector. 
NPTYP - Point Type. 
MIF - Flag to Indicate A Mirrored Piece. 
ITMP - Variable for Function Box Code, 
IFL - Flag to Indicate Whether Change Rule button 
was hit. 

MSCT - Beginning Sector Number of Piece Data. 
NRLNO - Grade Rule #. 
MFLAG - Flag for Whether in Mirrored Part of Piece. 
LISTF - Flag to List Areas. 
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in execution, routine CHKC reads in scratch file 
CHEK to get lists of size names, offsets, areas and pe 
rimeters as well as minimum X and Y coordinates. The 
display file is initialized with calls to EN123, SCALE 
and INDSP. The display is initialized for a piece with 
calls to ENPEC and DSPLY. 
The data is read for each size and every point is set 

up for drawing on the display with a call to SETDS. All 
sizes are drawn if there is enough room in the display 
file but not to exceed 42 sizes. 

After the grade piece is shown on the dislay by a call 
to START, CHKC allows the operator to accept, reject, 
plot, list grade rule numbers as well as change them. 
CHKC monitors the function box and the stylus which 
the operator uses to indicate his choice of action. 
A call to FSHIT is made to check to see if any of the 

function buttons have been hit. If not, a call is made to 
DTHIT to see if the stylus is in the area of the piece and 
if pressure is being put on it. CHKC will search through 
the piece data for the closest point to where pen pres 
sure is sensed. Intermediate points, end of piece, letter 
ing points, notch or grain lines will be ignored. After 
the closest point type has been found, an asterisk is 
moved to that location and the type point as well as the 
grade rule will be displayed. If the pen is left down, 
CHKC will go through the remainder of the data se 
quentially to automatically display the next point type 
and grade rule. In a mirrored piece, when CHKC finds 
an end of piece code, it will go through the piece data 
in reversed order and negating the Y coordinate. 

If a function box button is hit for Change Rule CHKC 
will change the rule # of the last grade point listed and 
store the new information into CHEK and Temporary 
Piece files. When a stop is hit after the change rule but 
ton, a call is made to CHKB to regrade the piece. 

If the accept button is depressed, CHKC will check 
the flag IBR to see if all the grade rules are legal. If IBR 
is set to l, an error message will be printed and the 
piece will not be accepted. If IBR-0, a purge flag will 
be set in the temporary piece directory. 
Once the reject button is hit, a purge flag is also set 

in the Temporary Piece Directory. When the plot but 
ton is depressed, the piece ID number and Rule Table 
# are written into output buffer LBUF. 
After the stop button is depressed, CHKC checks to 

see if either the accept or reject button was hit previ 
ously. A message will be printed as to whether the piece 
has been accepted, rejected or remains in the digitizer 
files. If the piece remains in the digitizer files, CHKC 
returns to program CHKA. If the piece is accepted or 
rejected, the digitizer file is released. 

If plot button has been depressed CHKC will transfer 
the data in CHEK into Grade and the piece is placed 
into the plot queue. 

Mark Program 
As previously noted, the MARK program allows the 

user to place pieces for the garment into the marker via 
the screen 18. The directory of variables for the MARK 
program are as follows: 

Wariables in COMMON: (First word address column is 
based on first work of available memory as O) 

FWA WARIABE DESCRPION 

O)3 6 CS This variable is the cordinate scale 
currently used in the display file. 

(O2) CSMN This variahe contains the minimum 
value allowed for the cordinatic scale. 

(265 CSMX This variable contains the maximur 
value lowed for the coordinate scale. 
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War: his C MMON. Irs witu (lit: Ss cunn is 
hased in first wirl if its lilahte menkry its } 

W. VARA3 - ES(RPN 

}O3h EFF This variable indicates the efficiency 
of the marker as percentage of area 
usel. 

()()57 FACTR This variable is the scale factor used 
to convert inches to marker units. 

()35 AREA Not used, 
()()43 BD Button numher on the function box for 

BUMP DOWN. 
O)435 B Button number on the function box for 

BUMP EFT 
() is BOK This variable contains the blockeci 

status of the pickcd piece. If IBLOK 
= (), the piece is not blocked. If 
BLOK 7, 0, the piece is blocked. 

(1043. BR Button number on the function box for 
BUMPRCHT. 

()()43 B Button number on the function h(x for 
BUMPUP. 

00446 COM Number of variables in COMMON the 
storcd with the display file when a 
marker is saved temporarily. (EFF 
through ICOM). 

036 CPEC Flag used to indicate if picked piece 
is not to he tracked. 

O)375 CUST Bit set if FP used. 
Bit set if PACK used. 
Bit 2 set if a piece is outside of the 
the marker when marker is saved 
temporarily or permanently. 

OO277 DFS2. This variable is the maximum size of 
the display file (Array DUM). 

()()47 - DMK(5) These five tariahles are the ASCII 
O)53 identification number for the marker 

being made. 
O)54 DOP This variable is the marker man 

identification number. 
OO447- DUM) The display file and overhead data 

at Tay, 
OO3)6 DXP This variable is the X position of the 

picked piece in display units. 
OO3()7 DYP This variable is the Y position of the 

icked piece in display units, 
(O340 EDG his variable is the Tight most edge of 

the marker in marker units. 
00444 FL Button number on the function box for 

FLP. 
O374 FLP Flip by group option for the market. 
OO42 LOOP Loop counter for tilt and overlap check. 
OO43) LPB Button number on the function box for 

the SPECAL butt. 
O305 MENU This variable is the relative position 

in the display file for the header 
information. 

337 MESG This variable is the relative position 
in the display file for the message area. 

O(3) MGE This variable is the relative position 
in the display file for the efficiency 
value. 

O3O MGN This variable is the relative position 
in the display file for the inches 
portion of the length. 

()0422 IMGL The image number of the last piece 
picked. 

O)336 MGLP This variable is the relative position 
in the display file for the special 
huttons, 

OO273 MGP This variable contains the image number 
for the piece which is currently picked, 

O)36 MGPK Not used. 
(c)345 MGPS This variable is the relative position 

in the display file for the size of the 
picked piece. 

(O3)2 MGTC This variable is the relative position 
in the display file for the tracking 

SS. 

O(30) MGY This variahle is a relative position in 
the display file for the yardage value. 

(O3(3 MKO This variable is the relative position 
in the display file for the marker 
outline. 

(34 MDO This variable is the relative position 
in the display file for the stripe and 
plaid lines. 

O) ()- INSTY (3) These thirty-one variables are the 
O46 internal style number and the rule table 

number for each style in the marker. 
The internal style number is stored in 
hits 5 thru 5 f the word and the rule 
table numher is sircd in 4 thru () of 
the same word. 

OO OFSET Flag to "slip' pieces in size/style 
substitutin. 
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Erst v ri kiss it unit is 
!, it'. I first W i? f is tale men try as () ) 

W . VARA3 DS, R.N. W. W. RA3 DESCRIP. N. 

35 (PTN Option flags fir program MARK. 5 ()(314 Y This variable is the lower edge Yi the 
(). OW But in but in the intin (X for Screen in marker units. 

OWERA, ()) (- 3C-4 hes for 'ribles are the fic 
...is P Butty anner the linetic in hox fif ()() tlefinitions for the gracci dala file. 

PCK w (()(?- BM2) Ehus twenty variables are the fill 
(). PKC Butt in number in the function (ox fir (3) definitions for the marker data. 

the PICK (CHECK, button (b) 5 J3P, if his ten varihles are the ficki 
... RCCW But 1 in ninter in the fictiti (x for 10 Oce lefinitions for the piece it. 

ROTATF CON FRCOCKWISE. (). BSEIS) his fifteen variaties contail th: 
it: RCW Butts in her on the fittiki (N for (E65 field it finitii is uscly the style data 

RIAE COCKWISE it. 
}}- RE But it in number in the fiction (x fir ()-- Field definition of flip hygroup flag 

RELEASE v in flag worls, w 
.. ROT The flag inclicating if picket piece was ((); F.C. This variatic is use in communicating 

rostated 8() in the initial spreci. 5 etween segments and is especially 
3- St. The positions if the special strines important in using the correct entry 

() ) on the marker in marker units, li tint in segment MRKF. 
value is set to 9999 the stripe for ()().5 JNG Field (lefinition of nap hygroup flag 
that group his not been set. in flag words. 

().) SHD The lower edge of the shade zine for O)4 R Field definition of rotatic by size flag 
the picked piece in marker units. in piece flag words. 

{{4} SD The upper eige of the shade vine for the 20 (25 SD Field definition of shade areas in flag 
picked piece in marker units, worls, 

f SA 4 These frth-we) viriables are the sics STY Fiell definition of style number of 
(3. used in the marker. Bits 4 thru 8 of NSY 

the word contain a pointer into array O)6 KAO This variable is a relative pointer into 
INSTY to indicate the style of that size. array IDUM for the beginning of the table 
Bits 7 thru () contin the size intor of addresses. 
for that size. Bit 15 is used by MRKA 25 (3.3 KAOP This variable is a relative pointer into 
and MRKB inly to indicale the size is to array DllM for the actress the entries 
he rotated 8() degrees for the pieces, 

353 ESE Nt sed. St. KANC This variahle is a relative pointer into 
()-4-4 SL Button number on the function box for array IDl IM for the angle of rotation for 

SRPE LOCK. - each piece, 
().5 SX This variable is the plaid repeating (54 KCSR Address in the first word adress table 

factor in marker units. 3O for the coordinate scale register for 
(H3 SY This variable is the stripe repeating the pieces, 

factor in marker units. (4 KOF This variahle is a pointer into IDUM 
}} SOFF Stripe offset value in marker units. indicating the beginning of the cisplay 
().3 TCCW Bitter number in the function hox for file. 

TL CO, NTERCOCKWISE, 26 KD is variable is a pointer inty arr: 
3. TCW Butler nutter ()n the function box for () PT EN 'R E. word 

IIT CLKWISE - . . . . 35 in the display file. 
(75 'PE El lists ARE s by x OO25.1 KFC This variable is the relative pointer 

Li X. 1s w 

(H)3.3 MY This variahle is the limit fir the lower Early TDUM for a flag word for each 
edge of the screen in marker units. (10414 KFG2 This variable is tiv It's 

O32- NAMGD 3) These three variables are the ASC name Eis the AE, SETS flag 
34 fir the graded data file, word of each piece. 

(3- NAMMK(3) These E. :re the ASC name for 40 (10413 KFWAP This variable is the pointer into the 
the market cata file. a a ask 

()})66 NAMS{3} These three variables contain the ASCII sh EMS is able address entry 
name for the style data file. ()(25 KINC This variable is a relative pointer int. 

(). NAP This variable is ; flag inclicating the array DiM for the stretch percentage for 
nap constraint. If NAP equals (), then each piece. The stretch percent in the 
there is no nap constraint on the pieces. X directin is styred in Bits 15 thru 8 
sing ROTATF hy group (or NAP hy 45 the Y percentage stretch is stored in 

group). Bits 7 thru () in MRKA & MRKB. Stre 
27th NOMC This variable indicates the number of on disk then it is area of piece as 

images (picces) in the marker, XXXX. 
{H})} NOSTY This variable is the number of styles O()25) KNT This variable is a relative pointer to 

usic in the marker. array DUM for the internal piece 
{}}5S NEC This variable is the number of pieces numbers for the pieces in MRKA & M RKB 

in the marker. stored on disk then it is beginning in 
NRGE This variahle contains the Walue for 50 GRADE for piece. 

the ge:al line in marker units. }(373 KPH Buttin number on the function his fit 
NSCMU This variable is the starting sector the Plai Lock button. 

number for the marker data for the old {}}57 KPL Relative pointer to array IDUM for the 
marker. plaid line information for each piece. 

(5, NSHO This wariable is the number if shade ()4 KPW The plaid line offset for the picked 
division in the marker piece. 

()6 NSZ. This variable indictes the umor (Yf 55 ()()356 KPSZ Address in the display file for the 
sizes in 1he marker. picked size lable. 

WNDOA The number if worls in the header for (7. KREL This variable is a flag indicating 
each piece. whether the piece is on the marker 

(). SOFF Stripe offsel value in inches. (equal 1 or is off the marker (equal {}}. 
24() SX This variable is the plail repeating (53 KSIZ. This variable contains a pointer into 

factor in inches, array DUM for the size indicator for each 
(). SY This variable is the stripe repeting 60 piece. This size indicalor word contains 

fictur in inches, a pointer into array ISIZ in Bits 15 thru 
()(3) XC This variable is the X position for the 8 (f the word. In Bits 1hru () is 

center of the screen in market units. Stred the size indicator. 
()3 X This variable is the left edge of the O)344 KSLH Horizontal stripe line flag for locking. 

screer in market units. O)34 KSLW Vertical plaid line flag for locking. 
O)33 NR This variable is the right edge of the (94. KSt This variable is the relative pointer 

screen in marker units 65 into array DUM for the stripe line 
(c)3 YC This variahle is the Y position for the information for each piece. 

center of the screen in marker units. (), KSTLV The stripe line offset for the picked 
()(35. Y This variable is the lower edge of the piece, 

screen in mirker units, OO35) KTC Entry num her in the first word address 
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tahl far the tracking curst T. 
()()5. KXMN This variahle is a relative pointer int) 

array IDUM for the left edge of the 
hinding rectangle for each piece. 

()()4()5 KXM NV. The left edge if the bounding rectingle 
for the pickel picce, 

(57 KXMX This variahle is a relative pointer into 
array IDUM for the right edge of the 
binding rectangle for each piece. 

(){4d}{, KXMXV. The right elge of the hunting rectangle 
for the picked piece, 

355 KYS Address in the display file for the YES 
and NC) messages. 

()(55 KYMN This variable is a relative printer into 
array DUM for the lower edge of the 
hintling rectangle for each piece. 

()()4()7 KYMNV. The lower edge of the hunding rectangle 
for the picked piece, 

()026). KYMX his variable is a relative pointer into 
array IDUM for the upper edge of the 
hinding rectangle for each piece. 

()()4 (). KYMXV he upper edge of the hunding rectangle 
for the picked piece, 

()() ()() - ABF 3) These three variables are no longer used. 

OOO)4. ABR(3) l'hese three variathles are used as the 
()006, three parameters sent to MRKG correspond 

ing to BUMP parameters. 
()()420 (MTP Number of points allowed per piece 

during the BUMP and OVERL.AP computation. 
()()346 MAXDF Maximum number of words available in the 

display file, 
()()32. MDELX. This variahle is the X dimensity in 

marker units for the binding box of the 
picked piece. 

()O3. MELY This variable is the Y dimensityn in 
marker units fir the hinding box of the 
picked piece. 

(O(7 - MKUP 5) These five variahles contain the ASC 
0.75 identification numhcr for the marker 

requested as the old marker or the 
letters. FR which indicates that the 
user wishes ty start with the pieces 
spread above the marker. 

O)267 MKWD This variable contains the width of the 
marker in market units. 

(O323 MW This variable is the lower edge of the 
marker in display units. 

00000 MOUT This variable is the logical unit for 
the device used for output. 

CO324 MUP This variable is the upper edge if the 
markcr in display units. 

T3 Not Use. 
(c)377 TLM Actual length in yards. 
(O327 TOTAL This variable is the total area of a 

the pieces in the marker. 
()234 WDT This variabic is the with of the marker 

in inches. 
()0332 XPC This variable is the stretch percentage 

to be applied to the entire marker in 
the X direction. 

(0.245 YARDS This variable contains the length of the 
marker in yards. 

O)334 YPC This variable is the stretch percentage 
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Y direction. 

The processing method of the MARK program in 
cludes the following segments: 
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MRKD This segment performs the function for 

roll and Zoom. The segment is entered 
from MRKE when the user requests a roll 
function or a zoom function. Segment 
returns to segment MRKE when the user 
requests a function other than a roll 
function or a vocm function. 

MRKE This segment is the interactive loop 
which monitors the inputs from the light 
pen and the function box. This segment 
performs the tasks requested by the user 
through these two devices. Due to core 
limitations, a few of these tasks require 
calling in an additional segment. MRKD. 
MRKH, MRKJ and MRKG are examples of these 
segments which MRKE uses to perform 
additional tasks. 

MRKF This segment has two functions. One is 
to store the data for the marker into a 
temporary file on the disk and then 
return to the main interactive loop. 
The other function is to have the 
operator place splice marks and then to 
save the marker permanently by calling 
MRKK. 

MRKG This segment performs the function for 
bumping pieces and checking overlap 
between pieces. This segment and sub 
routine BUMP are identical except segment 
MRKG contains some diagnostic print-outs. 

MRKH This segment performs the functions, 
pack or check. Each piece in the marker 
is checked for overlap and is then bumped 
to the left and down to assure a more 
efficient market. When the function 
check is used the pieces are only checked 
for overlap and are not moved. 

MRK. This segment displays the “special' 
functions and performs those functions. 

MRKK This segment formats the marker data to 
be stored permanently in the marker 
files. Control is then returned to the 
monitor. 

The Bump Program 
As previously noted, this subroutine bumps pieces 

together or checks for overlap on the screen 18. Argu 
ments for the program BUMP are as follows: 

IND-This parameter is used to indicate which part of 
the MARK Program has called this BUMP subrou 
tine. 
If IND is l the subroutine was called from the main 
loop, MRKE. 

If IND = 2 the subroutine was called from the pack 
ing segment, MRKH. 

IP1 - This variable contains the magnitude of the 
move returned from this routine. 

IP2 - . This parameter returns the direction of the 
OWe. 

If IP-F O no overlap was found by the BUMP subrou 
tre. 

If IP2 = -F1 an uncorrectable overlap condition exists. 
If IP2 = 1 the direction of the move is in the horizon 

tal (X) direction. 
If IP2 = 2 move is in the vertical (Y) direction. 

The arguments IP1 and IP2 have meaning only when 
ND = 2. MRKA This segment initializes field definitions 

and variables in COMMON to be used 
throughout program. The job queue is 
read and this data is placed in COMMON 
also. The arrays INSTY and ISIZ are set 
up and the option file word for MARK is 
read. 

MRKB Substitution of styles and sizes is 
completed. This segment sets up the 
overhead information for the pieces in the 
marker. The position of the pieces for 
the initial spread or the old marker are 
determined and window dimensions and 
scaling factors are set accordingly, 

MRKC This segment builds the display file, 
initializes additional variables in 
COMMON and turns on the display. 

The piece IMGP is the piece which is bumped or 
moved out of an overlap condition. When the variable 
ITYPE (found in COMMON) is equal to IOV (also 
found in COMMON) the piece is checked for overlap 
against all other pieces in the marker. When ITYPE is 
equal to IBU, IBD, IBR or IBL (all found in COM 
MON) the piece is bumped up, bumped down, bumped 
to the left or bumped to the rights, respectively. When 
the subroutine was called from the packing segment, 
that is, IND F 2, the magnitude and direction of the 

65 
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movement of the piece is returned via arguments IP 
and IP2 and the piece is not moved on the screen by the 
subroutine. When the subroutine was called from the 
main loop, that is, IND = 1, the piece is moved on the 
screen by the subroutine. The Bezel lights 240-350 are 
used to inform the user when there is overlap or no 
overlap and when the subroutine has been completed. 
The limit on the size of pieces is restricted as noted 
under the Source & Relocatable Files. When checking 
for overlap the subroutine attempts to correct this 
overlap a maximum often times before returning to the 
calling program. 
The pattern pieces to be "bumped" (i.e., forced to be 

tangent) are defined by a closed polystring of points. 
To assure that the polystring of points is closed, the first 
and last points must be the same. A further restriction 
is added that the points must be originally ordered 
clockwise. If the piece is a "flip', the points would be 
ordered counterclockwise. All pieces are defined in 
"marker units" with respect to a common origin. 
For each piece, the minimum and maximum values 

for X and y are used to define a rectangle which com 
pletely encloses the piece. 
The direction in which the piece is to be moved is in 

dicated by the operator as left (-X), right (X), up 
(+Y) or down (-Y). The rectangle enclosing the piece 
to be "bumped" is then enlarged in the direction of 
movement. The amount the rectangle is enlarged de 
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The magnitude of the offset must be the minimum 

distance found between the piece being moved and any 
surrounding piece in the designated direction. To de 
termine this minimum distance, the following steps are 

5 taken: 

1. the points of surrounding pieces which fall in the en 
larged rectangle are reduced in number such that the 
only part which needs to be examined are those 
points or those line segments which fall within that 
rectangle, 

2. the minimum distance from the points to be exam 
ined to the piece to be moved is computed. Only the 
distance with a direction opposite to the direction of 
move are used; 

3. the minimum distance from the piece to be moved 
to the points to be examined is computed. Only the 
distances with a direction the same as the direction 
of movement are used; and 

4. the minimum of the two distances found in Steps 2 
and 3 is the magnitude of the offset. 

The program listing for accomplishment of operation 
of the present system 2 100A Hewlett Packard com 
puter is set forth below in conventional Fortran com 
puter language: 
Whereas, the present invention has been described 

with respect to specific embodiments thereof, it will be 
pends upon the scale at which the operator is working. 30 understood that various changes and modifications will 
All pieces which fall within the enlarged rectangle are 
then examined to determine the offset needed to 
'bump' the pieces. 
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