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This report details the results of a research project
conducted at the Georgia Institute of Technology which investigated methods for
improving cut order planning in apparel manufacturing. The project had two comple-
mentary objectives. The first objective was to investigate exicting solution
methodologies for the cut order planning problem. Alternate commercial software
packages were examined and their performances comparatively analyzed, using testbed
data representative of industrial problems.

The results of this research provide important insights into the state-of-the-art i
COP solution methods. A mathematical model of the COP problem was developed to
facilitate problem specification and to initiate heuristic development. As a resul
of the complexity analysis, the COP problem was shown to be sufficiently complex
that heuristic methods are the only reasonable means of finding solutions in real
time. New methods were developed which perfrm as well as or better than those used
existing commercial packages. These algorithms have been implemented in a prototype
software package for easy incorporation into existing commercial software, and will
be transferred to industry through a participating s/w vendor.
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ABSTRACT

This report details the results of a research project conducted at the Georgia
Institute of Technology which investigated methods for improving cut order
planning in apparel manufacturing. The project had two complementary objectives.
The first objective was to investigate existing solution meihodologies for the cut
order planning problem. Alternate commercial software packages were examined
and their performances comparatively analyzed, using testbed data rerresentative of
industrial problems. The second objective was the theoretical analysis of the cut
order planning process and the development of appropriate solution algorithms.

The results of this research provide important insights into the state-ot-the
art in COP solution methods. A mathematical model of the COP problem was
developed to facilitate problem specification and to initiate heuristic development.
As a result of the complexity analysis, the COP problem was shown to be
sufficiently complex that heuristic methods are the only reasonable means of finding
solutions in real time. New methods were developed which perform as well as or
better than those used in existing commercial packages. These algorithms have
been implemented in a prototype software package for easy incorporation into
exisiting commercial software, and will be trausferred to industry through a
participating software vendor.
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1.0 Introdustion

1.1 Overview

To reestablish a competitive position in the international marketplace, the apparel
industry is focusing on upgrading its responsiveness to customer needs. Smaller orders
are placed in a more dynamic fashion, forcing the efficient production of smaller lots.

Responsive and economical production of apparel products depends upon the
interaction of many components, one critical component being an efficient workflow
control system. The cut order planning (COP) process is a dynamic one in that the
procedure must respond to the ever changing status of many critical factors such as
sales, inventory levels, raw materials, and Jabor and equipment availability. The variety
of sizes, styles, fabrics, and colors induces significant complexity in this problem.
Adding to the complexity, and thus potentially increasing total production costs, are
such considerations as setup, or changeover costs, the question of appropriate lot sizes,
the necessity to meet customer demand, and the importance of making competitive
delivery promises.

This project has undertaken the study of improving systems for cut order planning to
improve the productivity and cormpetitiveness of apparel manufacturers.

1.2 Scope of the Project

The objective of this project has been to investigate appropriate methodologies for cut
order planning. First, existing software packages have been examined and their
performances comparatively analyzed, utilizing testbed data. Second, a theoretical
analysis of the cut order planning process has been performed and appropriate
algorithms developed. The approach derived from the theoretical analysis has been
implemented in a prototype software package developed for the purposes of
experimentation and evaluation of the algorithm.

Two products have resulted from this research. First 15 an understanding of the
relative performance of currently available software for cut order planning and the
relative priorities of the cost drivers for the planning decisions. Second is a set of new
algorithms implemented in a prototype software package which have been structured for
future integration into commercially available software systems.

}
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1.3 Problem Definition

The Cut Order Planning problem can be succinctly described in terms of input,
output, and objective:

Given an order to be cut, the input to the problem consists of:

The sizes required for the order,

The quantity of each size to be cut,

The total perimeter inches of each pattern piece required for the cut,

The total area of the pattern pieces required for the cut,

The front/back sequence (1 or 2 ply per cut), and

The standards for spreading (marker fixed costs, marker variable costs, cost to
copy, minimum and maximum plies, nnmber of sizes per marker, cutting
costs, cutting speed, and cutting setup).

The output from the cut order planning process then consists of the following:
The sizes to be combined in each section of the marker,
The estimated ¢fficiency of the marker (in percent of fabric utilization),
The cutting cost per unit,
The total perimeter to be cut, and
The total area t: be cut.

The objective of the cut order planning problem is to minimize costs, with a tradeoff to
be made between cutting costs and fabric costs. The key decisions to be made are the
number of sections required to fill the order, ply height in each section, and the sizes to
be cut in each section. The output of which sizes are to be combined in each section of
the marker is passed on to the marker making function for actual determination of the
marker itself, In Section 3.1, a mathematical model of the cut order planning problem
is developed based on this verbal outline of the problem.

The above description of the problem seems to be the traditional onc taken by most
of the software vendors currently marketing systems for solving the cut order planning
problem. Figure 1.1 1illustrates the steps of traditional COP. However, it is the view
of the researchers that cut order planning should be integrated into a shop floor control
setting where a more "systems” view of the world is taken.

Because cut-order planning is the initial step in the release activity of shop floor
control, it has significant impact on the performance of downstream production
functions. Currently COP is performed independently of subsequent assembly
operations. In order to make the entire production system more efficient and more
respansive to customer needs, a more comprehensive approach is to integrate COP into
the strategic and tactical decision making assuiaiedt with the overall production system.
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As illustrated in Figure 1.2, the COP process should be extended in the future to
explicitly consider tradeoffs between downstream efficiencies, cutting and fabric costs,
and the impact of needed smaller lot sizes. These interactions should capture in both
COP an activity itself as well as a better designed production planning and control
system which optimizes the work release impact from the COP.

List of pending orders

Decision: Which order(s) should be processed

this time period?

"Traditional” COP
Determine: which orders to cut together

number of sections

which sizes in each section

ply height and length of each section

Minimize costs: fabric, cutting and spreading labor

marker making

Subject to: spreading restrictions: height and length

grouping restrictions

Marker Making

Cutting Room

Figure 1.1 Traditional Cut Order Planning




Foaeible?
-materials
~capacitios

Workstation loading
and workflow?

Decision: Which orders
to be processed
this time period?

Also include:
Min Total

"Traditional” COP
Determine:
No. sections

inventory costs;

Raw Materials;
WIP;
Finished goods;
Max thruput

at shop floo:;
Max utilization

of resources

Which sizes in saction

Ply ht. and leng. of section
Min. costs: fabric, labor & marker

Subyj. to spreading restrictions:
Height, Length, Grouping

Scheduling Tools
including evaluation

and sensitivity to aid
decision maker

Shop Floor Planning

current
status

Marker Making
I Shop Fioor Real Time Control |

Figure 1.2 The Role of Traditional COP Within a More Comprehensive Planning
Approach
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This project has been conducted in two phases. In the first nine months o the
project, efforts were concentrated on an investigation of existing software packages. In
the second nine months, mathematical models and corresponding algorithms were
developed and experimentation was conducted. This project began in September, 1989
and was finished in May, 1991.

2,1 Investigation of Existing Software Packages

Initially thirteen vendors of COP software systems were contacted. A positive
response w/as received from eight of these companies expressing interest in project
participation. Vendor software was obtained from two of these 8 companies to solve the
problem described in Section 1.3. Each of the obtained packages executed in a similar
computing environment (e.g., a DOS-based PC platform). In later sections of the
report, these packages will be referred to as Package A and Package B.

Based on representative data supplied by an apparel manufacturer, a tested data
set was developed. This data set is described in more detail in Section 3.2 of this report,
and listed in Appendices A and B. The relative performance of the software packages
were investigated experimentally by running each one against the testbed data. Measures
of performance were efficiency and effectiveness. The efficiency was evaluated in
terms of computational time and ease of use. The effectiveness was measured in terms
of the objective function, a total weighted value of fabric cost and cutting costs.

2.2 Theoretical Analysis of Cut Order Planning

In order to effectively analyze the COP problem, it is necessary to model the
problem mathematically. Other problems which seem to have similar structure to the
COP problem include the cutting stock problem (e.g.. Elsayed and Shetty, 1988;
Farley, 1988; Gilmore and Gomory, 1961; and Hinxman, 1980), bin packing problems
(e.g., Martello and Toth, 1990; Eilon and Christofides, 1971; and Johnson et al.,
1974), the knapsack problem: (e.g., Martello and Toth, 1990), and Incation-allocation
problems (e.g., Tompkins and White, 1984; and Francis and White, 1974). In addition
to the mathematical basis for the problem, the modeling process relied heavily on
discussions with vendors, industrial contacts, and other AMTC personnel who are
know ledgeable of the COP problem.

As discussed in more detail in Section 4, the COP problem is a combinatorial
one, indicating that heuristic solution’methods are appropriate. Based on the problem
definition given in Section 1.3, a mathematical model was constructed. This model was
evaluated for its accuracy and completeness, and as an indicator of possible solution
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methods. As this model was studied and refined, an ongoing review of relevant
literature was conducted as the basis for an effective solution algorithm.

Solution methodologies for the developed model were developed and then
implemented into prototype software for solving the COP problem. Section 4.2
describes the implementation. This prototype was used for theoretica! evaluation of the
methodology and for empirical studies utilizing the testbed data, as described in Section
4.3

2.3 Evaluation aid Experimentation

Once the prototype system was constructed, & process of evaluation and
refinement was conducted. This process finetuned the effectiveness of the imbedded
methodologies and the efficiency of the implementation. Theoretical evaluation
investigated several alternative approaches, as indicated in those sections. Empirical
evaluation was conducted by running the prototype against the testbed data, as was done
for the existing packages. A comparative evaluation of the prototype was executed
based on these experiments and the results are described in Section 4.4.

Following discussion of the experimentation, conclusions and recommendations
are made in Section 5.0. The participating vendors are being encouraged to incorporate
the prototype software into a commercial package so that the results of this research can
be effectively assimilated into the apparel industry.

Existi mmercial Pack
3.1 Introduction

Listed in Section 6.0 are the references which were examined when the
existing literature was searched for potential software packages to solve the Cut
Order Planning problem. These packages ranged from simple bookkeeping
packages to large systems that incorporate planning and execution aspects (e.g.,
Anon, 1987, Anon, 1988-B, and Kurt Salmon Assoc., 1987). Some packages
reviewed were found to be inadequate by the users.

In order to insure a fair comparison in the experimental portion of the
research, only packages that run under MS-DOS on IBM-PC compatible computers
were considered. There are two packages for solving Cut Order Planning
considered in this report. In order to protect the proprietary nature of the
commercial software systems, these will be referred to as Package A and Package
B. The performance of these packages were compared using an approach based on
statistical analysis.
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3.2 Design of Experiment

3.2.1 Approach

To investigate the performance of existing commercial packages for cut
order planning, a series of "trials" or "experiments" was deemed appropriate on a
testbed data set which was representative of actual industry problems. However,
since there are literally an infinite number of runs or trials which could be
performed, the series of experiments was carefully designed in order to facilitate the
maximum possible understanding and insight from the experimental effort
expended. Therefore, the powerful tools of statistical analysis were used to design
the series of tests that were performed upon the two existing commercial software
packages.

Based on the examination of several options, an experimental design scheme
was selected to screen for the most important factors affecting the cost performance
of the packages. By efficiently organizing the variable settings in the set of
experiments performed, stronger statements could be made about the objective
performance results. Observations only would be taken for subjective performance
characteristics such as user friendliness, ease of making changes, and relative run
times.

For the screening trials, a frequently used Plackett-Burman (1946) design
for 12 runs was employed. Plackett-Burman designs are two-level fractional
factorial designs for studying k = N - | variables in N runs, where N is a multiple
of 4. With a mathematical structure which gives them the ability to screen for
almost as many main effects as the number of runs performed, these designs are in
the family of Resolution III fractional factorial designs (Montgomery, 1984).

For the non-statistician, the terms used in the paragraph above can be
readily understood on examination. These terms translate as follows. The term
two-Jevel means that every factor in the experiment can take on only one of two
values. For example, in the experiment described below, the cost of the fabric is a
factor. In order to screen to see if fabric cost significantly affects the performance
of the package, a "low" fabric cost and a "high" fabric cost were used as alternate
settings for this factor. Since the runs were used to screen for the most important,
or significant variables, the value settings for each variable were spread greatly
apart between "low" and "high" in order to facilit te the detection of differences.

Another important term is fractional factorial design. This term denotes that
the experiment recognizes the need to run only a portion, or fraction, of the
potentially large permutation (or factorial) of factor level settings. In the design
employed in this project, a full factorial design to investigate 8 factors, where each

factor :akes two different values, would require 28 or 256 runs. Instead, only a
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portion, or fraction, of the complete factorial design was used which only required
12 runs. The 12 runs gave the ability to detect the significant contribution of main
factors, at a price of losing the ability to discriminate higher order interactions.
The discrimination ability is denoted by the resolution, in this case as indicated by
the term Resolution 1.

3.2.2 Design

The design scheme for the experimental evaluation of each of the two
packages of existing commercial software for cut order planning was a twelve run
eight factor Plackett-Burman design. This means that twelve runs or trials were
performed on Package A and on Package B in order to detect any significant
contribution by eight factors of interest. Because a total of eleven factors can be
studied in a 12-run Plackett-Burman, and only eight were to be cxamined, the
remaining three possible factors were treated as dummy variables in order to
improve the estimate of experimental variation.

The first experimental step involved the brainstorming of all potential factors
which might affect the cut order planning solution. Based on this list, an initial
pilot study reduced the feasible and practical experimental factors to eight. The
eight factors selected are indicated in Table 3.2.1, along with a list of the "low" and
"high" values selected for the screening experiment. These values were selected
from a set of actual industry data and are considered representative of a typical
problem that the commercial software might encounter.

le 3.2 ] -B ign

Factor Factor Description Values Used
Label

A Fabric Cost $0.50 or $10.00

B Number of Pieces in the Order] 48 or 1200

C Distribution of Sizss In Order | uniform or spike

D Number Sizes Within Order lor6

E Cutting Labor Cost $10 or $30

F Spreading Labor Cost $8 or $25

G Maximum Ply Height 47 mor 108 m

H Order Filling Requirements exact or approx.
1,J,K Estimating Sample Error

Most of the "low" and "high" values in Table 3.2.1 are self-explanatory.
However, the values for Factor C , distribution of sizes in order, and Factor H,
order filling requirements, need further explanation. Factor C desciibes the way
the order is distributed over the sizes. When Factor C is set on "low,” the order
contains the same number of parts needed for each size in the order. The term
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uniform 1s used to denote this condition because the order is uniformly spread over
the sizes. On the other hand, when Factor C is set to "high," the order is spread in
a very nonuniform way over the sizes (when there is more than one size in the
order). When Factor C is set to "high" (denoted spike) and there are six sizes in the
order (Factor D is set to “high") , then the order profile used in the experiments is
shown in Table 3.2.2.

Table 3.2.2 Order Profile with Factor C=high and Factor D=high

Number of Pieces in Order
(Factor B)

48 pieces | 1200 pieces
Size 30 6 163
Size 32 9 239
Size 34 25 599
Size 36 2 45
Size 38 5 124
Size 40 1 30

The two settings for Factor H in Table 3.2.1 also need further explanation.
Factor H describes the conditions under which an order must be filled; more
precisely, it determines whether the solution must fill the exact quantities for each
size in the order (the "low" setting, denoted exacf), or if overages or underages are
allowed in filling the order (the "high" setting, denoted approx). For this test the
approx setting for Factor H permitted a solution of up to ten units over or under the
order specification.

The combinations of these eight factors which made up the twelve runs for
the Plackett-Burman design are depicted in Table 3.2.3. This table lists the settings
for each factor level using a notation which is standard for experimental design. In
this notation, a factor which is to be set at its "high" value for the run is indicated
by its capital letter. A factor which is to be set at its "low” value for the run is
either omitted altogether, or is indicated by its lower case letter. To see how this
notation works, consider Run 1 from the experiment. This run is denoted by the
code ABDEFJ, which means for this run, factor A, fabric cost , will be set at its
"high" value ($10 from Table 3.2.1); factor B, number of pieces in the order, will
be set at its "high" value (1200); factor C (which does not appear in the notation),
distribution of sizes in order, will be at its "low" value (uniform), etc.

In addition to the Plackett-Burman design runs defined in Table 3.2.3, one
more trial was run with all factors set at their "high" settings in order to perform
validation of the results.
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Table 3.2.3 Factor Combinations Observed

Run No. Factors
Observed
1 ABDEF]
2 ACDEIK
3 BCDHJK
4 ABCGL
5 ABFHIK
6 AEGHJK
7 DFGIK
8 CEFHlJ
9 BDEGHI
10 ACDFGH
11 BCEFGK
12 abcdefghikj

For each of the twelve trials performed on Package A and on Package B,
each of the eight factors were preset at the values given in Table 3.2.3. Then the
software package was run, and information was collected about the resulting
solution. In this case, seven different performance characteristics were measured
for each solution obtained. The seven output parameters were:

Total Cost ($)

Number of Patterns

Number of Sections

Total Ply Count

Number Units Over Derand Required
Number Units Under Demand Required
Fabric Utilization

N e WD

3.3 Package A Results

Appendi. .\ contains the ~omplete computer outpui from the expe:imental
ruins for Package A. The summary of performance measure resulis of the twelve
Plackeut-Burman runs and the addidona! validation run are shown in Table 3.3.1.
As shown in the teble, for the single run predictive check based on the high
settings consistent results were obtained.




Tabl 1 _Experimental Results for Package A

Cut Spd Max ASper # # Tot # # util%
RUNID FCost Pcs Dst Szs Lab Lab Ply Dita i j k unit Pat Sec Ply Ovr Und TotFab
ABDEF) [10.0012000 of 6{30.00025.000 47 @ o 400 1] sf2o0 o o 0.8400
ACDEIK J10.000 4 1f e300 8.00 47 o o] 514 4 4 1 d o 0.8300
BCDHJK | 0.50012000 1] d10.000 8od 47 1o o if f 02 4 498 of J 0.8074
ABcGl) {1o.o001200 1f 1f10.00 s.o0f 10d o il i o 370 if A200 o o 0.8400
ABFHIK [10.00012000 of 1{10.00025.00 47 10 ] of 1] 3.73% 1] 200 of O 0.8400
AEGHJK [10.000 48 1§30.00 s.o0 104 1of o if 1f 420 1] 1 o 0.8400
DFGUK | 0500 48 o d10.00025.00 10 of il f 053 § § § o o 0.8400
ICEFHL | 0500 49 1} 1f30.04425.000 47 1o if f & o053 if 24 o o 0.7000
BDEGHI | 0.50(12000 o &30.000 8.00 1080 108 J of @ 024 1 24200 of O 0.8400
ACDFGH{10.000 48 1| &10.00025.000 104 10 dd o 459 24 2] 71 o ( 0.8300
BCEFGK | 0.5012000 1] 1f30.00025.00 108 o o o 1| 024 i} 24204 o 0.8400
fabedefgh | 0.50 48 o 1J10.00 8.00 41 o A of 038 i i 24 o d 0.7000
ABCDEFGH actuaf 387 4 4183 o g 0.8097
IABCDEFGH estimated 4.12.3 4183 0.17 0.8627

Table 3.3.2 shows the effects of the eight factors on the seven performance
variables in value and as a percentage. These effects can be tested for significance by
comparing their relative magnitude with the "background noise" or inherent randomness of
the system, which is measure using the results from the three dummy variables. This
measure of underlying randomness is denoted the Mean Square Error, or MSE. If the
effect of a variable is less than or close to the MSE value, then it is interpreted as having
unimportant impact on the resulting performance measure.

For example, examine the effects on the total cost (indicated by the row for AS in
Table 3.3.2). The fabric cost, number of pieces in the order, and the number of sizes in
the order were significant contributors to overall price (more than two MSEs in
magnitude). Conclusions can be drawn in a similar fashion for the significant factors which
affect the number of patterns required (indicated by the "Pattern” row in Table 3.3.2).
Distribution of sizes within an order and number of sizes in an order were significant
contributors to number of patterns required. For the third performance measure, number
of sections required, fabric cost, number of pieces in the order, number of sizes in the
order, cost of spreading labor and maximum ply height were significant contributors to
detcrmine the number of sections required. Number of pieces in the order was the only
significant factor in determining total ply requirements. Fabric cost and maximum: ply
height contributed to the determination of fabric utilization.
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3.3.1 Conclusions for Package A

The analysis indicated the performance measures were not sensitive to most
of the factors. This may be due to higher order interactions blanketing the effects
or several other explanations. It may be partially explained by the loss of
information associated with converting the information into a form usable by the
package. It may also be partially explained by the methodology utilized in package
A 1o solve the problem. The strongest conclusion which can be drawn appears
to be the extremely large impact of fabric cost on total cost. Not only does the
conclusion make logical sense from the problem environment, but 1s a fact which
can be capitalized upon for solution of the cut order planning problem.

3.3.2 Subjective Observations on Package A

The data displays in Package A were well laid out and the menu system kept
the user from doing anything detrimental to the data or the package. The package
forces the user to describe the problems in terms useful to the package; sometimes
these were not in terms useiul to the operator. For example, Dynamic Table was
used instead of the effects of multiple patterns in a section. Batch runs were
awkward because both the order information and the parameter set changed for each
run. The system only allowed for running baich orders with the same default
parameters. However, Package A finds soluticns to the cut order planning problem
quickly (o the order of a few seconds) and a counter was incremented on the
screen 1o let the user know that things were progressing.




3.4 Package B Results

An identical protocol was followed for the testing of Package B. Appendix
B contains the complete computer output from the experimental runs for Package B.
The results of the twelve Plackett-Burman runs and the additional validation run are
shown in Table 3.4.1. For the single run predictive check based on the high
settings, consistent results were obtained.

For the results obtained for Package B, Table 3.4.2 shows the effects of the eight
input variahles on the seven output variables in vaiue and as a percentage. As before,
comparing the values to the MSE leads to appropriate conclusions conceraing the
significance of each factor. For Package B, the total cost of a solution is significantly
affected by fabric cost and number of pieces in the order. The number of patterns required
is significantly affected by the number of sizes in an order and the maximum ply height.
The number of sections required is significantly affected by nimber of pieces in the order,
number of sizes in the order, and maximum ply height. Number of pieces in the order was
the only significant factor in determining total ply requirements. Fabric cost and maximum
ply height contributed to the determination of fabric utilization.

AS per

Cut | Spd |Max {4 |Tot] # ] #{ util%
RUNID [FCost |Pcs  |Dst jSzs| Lab | Lab | Ply [Dltaf i | j 1 k | unt {Pat{Sec] Ply jOvUnd} TotFab
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BDEGHI | 0.5 12000 1 6{30.008 8.0 108 1 1] O o 0.200 1 221 60 O 0.8500
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ABCDEFGH estimated 3.381. 3 1641 21 O 0.903
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3.4.1 Conclusions for Package B

The conclusions for Package B are very similar to those for Package A.
Again, the analysis indicated that the performance measures were not sensitive to
most of the factors. As for Package A, there are plausible several explanations for
this result. However, the most significant result of Package A is again confirmed by
the experiments done for Package B: fabric cost has an overwhelming impact on
the total cost. This conclusion is exploited later in the heuristic development
portion of the project.

3.4.2 Subjective Observations on Package B

Package B was fully menu driven, makiry it easy to use. All necessary
commands were given on-screen. The package provides capabilities for storing and
retrieving parameters which reduced setup tme for each run. The package
displayed a swinmary of markers after it had compieted calculations. The summary
was brief and provided no detailed information. To read the complete report it was
necessary to exit the package and open a text editor. This became time consuming
when several runs were made.
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3.5 Conclusions on Existing Commercial Software

The objective of the first phase of this project was to investigate existing
sotution methodologies for the cut order planning problem. Two alternative
commercial software packages were examined and their performance analyzed,
utilizing testbed data representative of industrial problems.

Given the analysis performed on individual packages, it scems reasonabie
compare their relative performance. However, for the data available and the
statistical test procedures employed, this was not possible based on the underlying
implicit assumptions used in each of the packages. For example, each package had
its own method (with different results) for estimating the marker length of a
particular size combination within a section. Since this estimate directiy determined
the amount of fabric required and thus the cost of the section, the "total cost"
performance measure of each package was directly dependent on the marker
length estimation procedure. Since actual marker making was beyond the scope of
this project, estimates had to be used and thus no relative comparisons on the
performance measures can be drawn. '

One of the most useful results from these empirical studies on existing
commercial software is the following: for all packages studied and corresponding
marker estimation techniques, total cost is driven by fabric cost. By focusing on
fabric cost, a direct method to reduce the total cost resulting from the cut planning
step is derived.

4.0 Theoretical Analysis of Cut Order Planning

4.1 Mathematical Model

In this section a mathematical model of the cut order planning problem is
presented for a more precise statement of the problem. In addition, this model will
be helpful in discerning the mathematical complexity of COP and for further
algorithmic development.

The model is presented as follows. First, the purameters of the problem are
listed. Then, the decision variables are defined. Finally, the objectiv. function and
constraints are formulated. Explanation and discussion of the model are given at
needed throughout the section.

Problem Description an¢: Parameters: The problem comprises an order to be cut
consisting of sizes s = 1, 2, ..., S. The notation d, will represent the number of

units of size s required to fi!l the order. The marker for the order will contain
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sections j = 1, 2, ..., J. The combination and multiples of sizes used in a section
of the marker is denoted by index i. For example:

. . ;

1 s,m

2 s

3 m,]

4 3m

5 2s,m
.« €fC.

If all size combinations are allowed, i = 1, 2, ..., 25! plus all feasible
multiples of any size. This number car be reduced by allowing for only a limited
number of sizes to be combined in a section. The letter I represents the upper limit
on the index i.

. = length of fabric require: to cut size combination i (estimate).
e, = number of cutting (< = perimeter) length units in the pattern for size

combination i.
M, = increased cost of marker making due to size combination i.

d,, = number of units of size s in size combination i.

Qther Parameters;

fabric cost per length unit (normally yards or meters).
maximum ply height.

maximum spread length.

labor cost for time required to spread one length of the table.
= cost per perimeter length unit for cutting.

. = number of units allowed to be produced over or under the total

units in the order

IS S
c=-rrweo

O

Decision Variables: There are two sets of integer decision variables representing
the ply height of a section and the assignment of sizes to a section.

L.y, = ply height of sectionj. y, =0, 1,2,.... P.

2. x, = | if size combination i is assigned to section j
= () otherwise.
Objective:

The objecuve of the cut order planning problem is to minimize the total cost
of cutting the order, including the cost of fabric and labor. Specifically, these costs

16




e = o= am e em o e e o m am o e =

are actual fabric costs, spreading costs, cutting costs and the impact on marker
making costs.

1. Fabric Cost: c ], is the fabric cost of 1 layer of size combiriztion i in any
section. Thus, the total fabric cost over all sections j and all s.ze combinations i is:

J I
2 E CIiijij

j=1 i=l

2. Spreading Cost: 1, is the length of fabric required to cut size combination i in

1
any section. Thus, E‘ is the fraction of the table length needed in spreading the

section for size combination i in any section and T% is the labor cost for spreading

a one-ply section containing size combination i. Hence, T f y; is the total cost of

spreading size combination i in section j, and the objective function term for
spreading cost is:

J 1 1
L L Tiyx
je1 amr LT
3. Cutting Cost: e, = the total number of cutting inches in the pattern for size
combination i. Thus, U*e; is the cost of cutting size combination i, and the

objective function term is:
1o
-
' Z U e‘ xlj
j=1 =l

4. Increased Marker Making Cost: The total increased cost of marker making will
be expressed in the objective function by the term:

I
L L My,
1=l =l

The complete objective function can then be expressed as follows:

1o
1
Minimize Z=Y Y [clyx, + Tty,x,J+M,xu+ Ue x, ]
3=l =l

1 My

1
. )
OR Minimize L=,§| E} Lely + T{y, + M+ Uelx,

17




Constraints

1. A demand constraint is required so the order will be filled. That is, the total
number of units planned for will be equal to the total number of units ordered.

J I
Y Y dyx; =d, Vs,

j=1 =1

Note that if overages and underages are allowed, alternative constraints must be
added. Using the parameter §, , the above constraint must be written as two

constraints, as follows. The inequality
1o
(1A) Y L dyx,-8, s dvs

jxl =l

restricts the total number of units, including underages, to be less than or equal to
the demand. Similarly, the inequality

J 1
(1B) X Y dyx;j+8 =dvs

j=1 im

restricts the total number of units including overages to be greater than or equal to
the demand.

2. Table length constraint: The following constraint restricts the total length of the
marker to be less than or equal to the length of the cutting table.

J 1

Y ¥ Lx, = L.

)=l i=l
3. Forcing Constraints for pli height:
3A. Enforce the upper bound on ply height:
y, S P, vj

3B. Force the ply height to be the same for different size combinations in
the same se«tion.

Ifx, +x,> 1, thenyx, =yx,, Vi*k,]
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4. Variable restriction constraints:
)'je {0,1,2,...,P}, V]

x; € {0, 1}. vij

The model as presented above is very difficult to solve. Both the objective

function and the constraints numbered 1 and 3B have nonlinear terms.

The model can be simplified by making a change of variable to linearize

these terms as shown below. The constraints in 3B are also unmanageable from a

math programming standpoint because the current form is a logical expression
rather than a mathematical one. These will be transformed to a set of linear
inequalities as explained later in this section.

Letz, =y, x,
= the number of replicates (layers) of size
combination 1 which will be cut in
section j
= { 0 or the ply height of section j }.

The model can now be rewritten as follows:
M 1 l
Minimize Z = ng Ex lel zy+ Tiz + Mx, + Uex]

J I 1.
OR Minimize Z = } Y [el +T{lz, + [M+ Uelx
=1 =l

Subject to:

1. Demand constraint
)

1
Y ¥ dz,+8,=d,Vs.

1=l =l

(or in the case where overages and underages are allowed):

J 1 ] 1
E. E. dyx, -8 < d,vsand ¥ X dyx, +8 2 d,Vvs
1=loa=

)=l =1

1Q
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2. Table length cunstraint
11
X kxzs L
j=1 i=1
3. Forcing constraints for ply height:
3A.  z; < xyP

z;- ;- Dpg < 0, Vik(i# k), and v

;- 2;-Dygp < 0, Vik(i # k),and v j
q +q, s, vj
gy, qp = Oorl, vj

4. Variable restriction constraints

2, €{0,1,2,.. ., P}, vij
xu e {0’ l}’ v i’-l

Complexity of the Cut Order Planning Problem

This problem is verv difficult to solve to optimality when the parameters are
of realistic size. Intuitively this difficulty can be explained by pointing out that the
number of solutions grows exponentially as \he size of the problem increases. The
fact that the problem is modeled by an integer program with no structure for easy
solutions is another clue to the difficulty of the problem. In fact, the Cut Order
Planning problem is NP-complete. This means it is almost certain that no
algorithm can be found for solving COP in polynomial time. The proof of this
conjecture follows. Since exact solutions to COP cannot be produced in real time,
the development of heuristic solutions is the next reasonable step.

Proof of NP-completeness: To address the complexity of the COP problem
an even simpler problem, in which we only consider cuts in one dimension instead
of two, is shown to be computationally hard. That is, for our simplified problem,
each size and fabric section has a height dimension only.

Cut Order Planning Problem (COP):
Instance: Finite set U of sizes. Each size has a one dimensional height,

s(u), for all u € U. Each fabric section is of height B (the maximum ply height).
There are & sizes for which to plan a cut.
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Question: Is there a partition of sizes into disjoint sets U,, U,, ..., U, such
that the sum of the heights of the orders in each fabric section U, is B or less?

The COP is identical to the Bin Packing Problem.
Bin Packing Problem:

Instance: Finite set U of items. Each item has a one dimensional height,
s(u), for all u € U, a positive integer bin capacity B, and a positive integer k
cardinality of U.

Question: Is there a partition of the items into disjoint sets U}, Uy ..., U;
such that the sum of the sizes of the items in each section U, is B or less?

Theorem: COP is NP-complete in the strong sense.

Proof: The COP and the Bin Packing Problem are identical and thus a
reduction is immediate. Thus, the COP has a solution if and only if the Bin
Packing problem has a solution. Since the Bin Packing Problem is NF-Coraplete in
the strong sense (e.g., Garey an Johnson, 1979), the COP is also NP-complete in
the strong sense,

Transf fIn i 2

It is not obvious how the change of variable from y; x;; to z; produces the set

of inequalities shown in line 3B of th last version of the model. This section is
presented to explain the derivation of tisose inequalities.

Constraints for each section j are needed as follows: if more than one size
combination will be cut in a section (i.e., x;; = 1 for more than onc i in section j).

then the corresponding z,'s m:ust all be equal (i.e., the ply height will be the same
for each of the size combirations in section j).

Consider size combinations i and k. The condition to be satisfied is if both i
and k are to be assigned to the same section j, then it must be true that the vanable
representing the ply height of section j containing size combination i (z,) be equal
to the variable representing the ply height of section j containing size comnbination k
(z,). Mathematically, this condition cai be written as follows.

(P Iix, + x> 1, thenz =z,




This condition is called a logical constraint and can be incorporated into the model
in a linear way as alternative constraints (e.g. Bradley, Hax and Magnanti, p. 374).
Let A represent the premise: X; + X > 1, and B will represent the conclusion z
= 2. (P) is not satisfied only when A is true and B is not true. Thus, (P) is
equivalent to satisfying not A OR B. (Refer to the following truth table):

A |~A) B | ~B|A=B
1 0 1 0 1
1 0 0 1 0
0 1 1 0 1
0 1 0 1 1

Now seiect large constants D, D,, and D;, and binary variables q, and g,.
Set q; = 0if not A is true, and 1 if not A is false.
Set q, = 0 if B is true, and 1 if B is false.

Now add the following constraints to the model ¥ i,k (i # k), and ¥ j:

X, +x;-Dyq <1
Z;-2,-Dyq, <0
2,-2;-Dyq, < 0
q tq =<1

G, ¢ =0orl

A

Note that in (4) if q; = O then q, can eitherbe Oor 1. Ifq, = 0, then x;, and xy;
are not both equal to 1 and it does not matter if z; and z, are equal. Thus, q, =0
means (1) is satisfied. Consequently, if q, = 1, then (2) and (3) are guaranteed; if
G, = 0, (2) and (3) may not be satisfied, but that is irrelevant. On the other hand,
if q; = 1, then (2) and (3) must be satisfied. But q, = | means q, = 0, and the
validity of (4) is established.

In the actual model, w2 will need to add a set of constants for each section j: B,,
B, B,;; and a set of binary variables {or each section j: q, and q,.

4.2 Heuristics fer COP

Since the Cut Order Planining problem is NP-Complete, efficient algorithms
for realistic data will necessarily be heuristic in nature. The 1emainder of section 4
1s devoted to a discussion of heuristics developed, the testbed data used in the
analysis of the heuristics, and the results of the analysis.
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There are three heuristics presented in this section. Two of these
algorithms, Savings and Cherry Picking, are constructive in nature. The Savings
heuristic assigns size combinations to a section based on the fabric savings achieved
by combining them into one section as upposed to having them assigned to separate
sections. The Cherry Picking algorithm builds sections by combining certain sizes
based on the best utilization of fabric. The algorithms picks the first and second
most numerous sizes in the order and places those sections first, then repeats until
all sizes are assigned to a section. The third heuristic is an improvement heuristic
rather that a constructive one. The Improvement algorithm takes a current sclution
and tries to improve it by exchanging sizes in different sections or by combining
existing sections into one section.

4.2.1. "Savings" Heuristic for COP

INPUT: (1) An order to be cut, consisting of the various sizes required and a
quantity desired of each of these sizes.

(2) The number of units over or under the Jemand that will be allowed.

(3) The parameter k which determines the number of iterations after
which the savings list will be updated.

(4> The ply height of each of the initial sections.

(.1) List of 1's (these are the fabric lengths required for cutting a size
combination i - like small and large tegether - in a particular
section).

(6) Maximum ply height allowed.

(7) Maximum number of sizes allowed per section.

(8) The cutting cost per inch of fabric.

(9) The unit cost of the fabric.

ALGORITHM:
Step 1. Assign each unit in the order to a separate section of the initial plv height.

Step 2. Compute a savings (see below) achieved for combining any pair of sections
into a single section. The maximuimn size of this list can be set to a specific
value. It is best to keep it less than or equal to the input K. The savings list
is sorted as each value is calculated and placed in the list.

Siep 3. Start at the top of the savings list and f2asibly (see below) merge sections
according the best savings. The first two sections that are merged are
placed in a temporary section. Each merge thereafter is made only with this
temporary section unti! the number of sizes per section is reached.

Step 4. Once the temporary section is full it is saved and cannot be used again.
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Step 5. After k mergers in step 3 the savings list should be updated and resorted by
performing steps 2 and 3 for all newly created actions, then performing
step 3. (note: k will be an iaput parameter)

Step 6. Continue until no more savings can be achieved (i.e. the savings list has
been scanned and the list is exhausted, with no mergers possible).

OUTPUT: (1) The number of sections, the sizes assigned to each of those
sections, and the ply height of each section.
(2) The total estimated fabric length required to cut the order.
(3) The deviation of the nuraber of units to be cut from the actual
number of units required in the order.

*Savings Computations:

Step 2 of the algorithm requires a computation of savings achieved for
combining two sections into one. Described below are the details of this
computation, based ori whether or not the two sections 1o be combined contain the
same sizes or not.

Case A:

The two sections contain exactly the same size(s). The merger can be accomplished
in one of two ways:

(1) Increase ply height by spreading one section on top of the oiher and making
rio change to the size combiration in the section.

To compute the savings achieved in this situation, the cost savings is essentially
based only on the cutting cost. That is, a number is needed to reflect the savings of
cutting the size combination in this section once instead of twice. (Note the length
of fabric required for the section is the same before and after the merger and hence
has no effect on the cost savings for the merger).

Let e represent the number of cutting inches in the pattern for the size combination
in the two sections being considered. Then e is also the number of cutting inches
required for the merged section as well. Recall that U = cutting cost/inch.

Thus, Ue + Ue = cost of cutting the two unmerged sections, and Ue =
cost of cutting the merged sections. Hence,Ue = SAVINGS in cost obtained by
merging the two sections. (See Figure 4.2.1A).
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Figure 4.2.1A. Ilustration of Case A (i)

However, the merger for case A could also be accomplished by

(i)  Changing the size combination, leaving the ply height the same.

For example, suppose the two sections both contain sizes 32 and 34. The merged
section will then contain the size combination 2-32s and 2-34s. Here the savings
will be the decreased cost of fabric required for spreading the merged sections.

Assume the following notation,

1, =length of fabric required to cut one layer of the 1st unmerged
section,

1, =length of fabric required to cut one layer of the 2nd unmerged
section,

1; =length of fabric required to cut one layer of the 3rd MERGED
section, and

= ply height of the unmerged and merged sections.




h---—------

Recall that ¢ is the unit cost of fabric

Then, the savings can be computed as cp(l,, + 1, - 1;). Case A(ii) is illustrated in
Figure 4.2.1B.

Figure 4.2.1B. Illustration of Case A (ii)

Thus, for case A, the savings is the max{Ue, cp(l;; + 1, - 1)}

If the ply heights of the two section are not equal and the second method of
merging the two sections is better the following takes place:

Case B:

The two sections do not contain exactly the same size(s), but are of the same ply
height. To maintain consistency, the only possible way to merge two such sections
is to merge the size combination, leaving the ply height unchanged. This is
precisely the same as case A(ii). Hence the savings computation is cp(};, + L, - 13).

(See Figure 4.2.1C).
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Case C:

The two sections do not contain the same size and have different ply heights. The
only way to merge two such sections is to merge the size combination. This is the
same as case B. Hence the savings computation is cp(l;) + 1, - L;). (See Figure
4.2.1C).

The ply height of the section being merged is chosen so that the minimum number
of overages or underages are created.

Figure 4.2.1C. Illustration of Cases B and C.

**Feasibility Checks:

Step 4 of the algorithm states that section mergers should be done only when
feasible. The feasibility of such mergers are based on two conditions:

(1)  Will the maximum number of sizes allowed per section be violated? If so,
do not merge.

(2)  Will the maximum ply height be violated? If sc, do not merge.

7
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4.2.2. Cherry Picking Heuristic

INPUT

: (1) An order 1o be cut, consisting of the various sizes required and a

specified demand quantity for each of these sizes.

(2) The number of units over or under the demand that will be allowed.

(3) Maximum ply height allowed.

(4) Maximum number of sizes allowed per section.

(5) List of 1.'s (these are the fabric lengths required for cutting a size
combination i - like small and large together - in a particular
section).

ALGORITHM:

Step 1.

Let q1 be the largest quantity of any size remaining in the order, and g2 be
the second largest, where q2 < ql.

(If there is no such g2, then one of two cases exists. Case 1: Only one size
remains in the order, or Case 2: All sizes remaining have the same order
quantity. In either case, set qz = ql.)

Form set S by selecting all sizes remaining in the order which have a quantity

Step 2.

Step 3.

Step 4.

greater than or equal to g2 minus the number of units allowed over the
specified demand.

The next section created will have ply height = min{q2, max ply height}.
Combine the sizes in set S in this section in a way so that a minimal amount
of fabric will be required, based on the inputs 1. For example, if set S
contains sizes small and large, it may be necessary to create two sections,
one containing size small and the other size large, or only one section may
be required which contains both sizes small and large. In the general case,
all combinations of the sizes in set S should be considered which do not
exceed the maximum number of sizes allowed per section.

Reduce the order deinand quantities for the sizes in set S by g2.

If the order contains a size with positis ¢ quantity larger than the number of
units allowed under the specified demand, go to step 1.

OUTPUT: (1) The number of sections, the sizes assigned to each of those sections,

and the ply height of each section.

(2) The total estimated fabric length required to cut the order.

(3) The deviation of the number of units to be cut from the actual
number of units required in the order.
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4.2.3. Improvement Heuristic

INPUT:

(1) An order to be cut, consisting of the various sizes required and a
quantity desired of each of these sizes.

(2) The number of units over or under the demand that will be allowed.

(3) A solution to the problem (see below for details) to be improved
upon.

(4) List of 1.'s (these are the fabric lengths required for cutting a size
combination 1 - like small and large tngether - in a particular
section).

(5) Maximum ply height allowed.

(6) Maximum number of sizes allowed per section.

(7) The cutting cost of the fabric per inch.

(8) The unit cost of the fabric.

OUTPUT: (1) The number of sections, the sizes assigned to each of those sections,

and the ply height of each section.

(2) The total estimated fabric length required to cut the order.

(3) The deviation of the number of units to be cut from the actual
number of units required in the order.

ALGORITHM:

Step 0.

Step 1.

Step 2.

Step 3.

Step 4.

The iterations of starting over must be tracked. If the algorithm starte
over and cannot find any improvements after examining all possible
exchanges, then the algorithm will terminate.

Each section contains one or more sizes. A portion of a section will consist
of only one size. For example, if a section contains sizes M, M and L, the
portions to consider are %4, L, and MM.

Consider the next portion of one section.

Attempt to reassign the portion from its original section to one or more of
the remaining sections so that the reassignment satisfies the feasibility
checks listed below. If feasible to reassign, compute the savings (see
below) that would be achieved by making the reassignment.

Attempt to swap the portion from its original section with a portion from
one of the remaining sections so that t\ie reassignment satisfies the feasibilty
checks listed below. If feasible compute the savings (see below) that would
be achieved by making the reassignment.

Perform the reassignment based on the best savings computed.
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Case A:

The portion and section contain exactly the same size(s). The merger can be
accomplished in one of two ways:

(i) Increase ply height by spreading one section on top of the other and making
no change to the size combination in the section.

To compute the savings achieved in this situation, the cost savings is essentially
based only on the cutting cost. That is, a number is needed to reflect the savings of
cutting the size combination in this section once instead of twice. (Note the length
of fabric required for the section is the same before and after the merger and hence
has no effect on the cost savings for the merger).

Let e represent the number of cutting inches in the pattern for the size combination
in the two sections being considered. Then ¢, is also the number of cutting inches

required for the merged section as well. Recall that U = cutting cost/inch. Thus,
Ue, + Ue, = cost of cutting the two unmerged sections, and Ue, = cost of

cutting the merged sections. Hence, Ue, = SAVINGS in cost obtained by merging
the two sections,

However, the merger for case A could also bc accomplished by

(i)  changing the size combination, leaving the ply height the same.

For example, suppose the two sections both contain sizes 32 and 34. The merged
section will then contain the size combination 2-32s and 2-34s. Here the savings
will be the decreased cost of fabric required for spreading the merged sections.

Assume the following notation:

1, = length of fabric required to cut one layer of the original section from
which the portion will be cut (section A),

1, = length of fabric required to cut one layer of the candidate section into
which the portion will be added (section B),

1; = length of fabric required to cut one layer of section A after the
reassignment of the portion,
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1, = length of fabric required to cut one layer of section B after the
reassignment of the portion, and

p = ply height of the unmerged and merged sections.
Recall that c is the unit cost of fabric
Then, the savings can be compute4 as cp(l;, + L, - 13- Ly).
Thus, for case A, the savings is the max{Ue,, cp(l; + 1, - 13- 1)}
Case B:
The portion and section do not contain =xactly the same size(s).
(i) Same ply height.

To maintain consistency, the only possit:ic way to merge two such sections is to
merge the size combination, leaving the sy height unchanged.

(ii) Ply heights not the same.
The merger should take place by combinin; the size combinations, and choosing the
ply height so that the minimum number of «;verages or underages are created and all

other feasibility checks are satisfied.

In either case (i) or (ii), this situation is the siine situation as case A(ii). Hence the
savings computation is

ep(ly + 1z - 13- L)

**F ll 1 Cl ! .
The feasibility of such mergers are based on two conditions:

(1)  Will the maximum number of sizes allowed per section be violated? If so,
do not merge.

(2) Will the maximum number of units over and under the demand be violated?
If so, do not merge.
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4.3 Testbed Data

A representative problem was developed to evaluate the performance of the
heuristics presented in Section 4.2. The testbed data is compose ' of a description
of an order. The order consisits of the sizes required and the quantity of each of
those sizes. Section 4.4 details the actual combinations of sizes in an order that
were used in the experiment. To plan the cut of the order, i’ is necessary to
estimate marker lengths for all possible combinations of sizes in a marker.
Therefore, an important part of the testbed data is the specification of these marker
lengths.

For test purposes, estimated lengths for all markers were determined using
Package B. All possible combinations of sizes in a marker up to and including six
sizes per marker and their associated marker lengths are listed in Appendix C. The
majority of the lengths were taken directly from Package B output. However, there
were several combinations which could not be obtained directly from Package B.
These combinations are marked with an asterisk (*) in Appendix C, and are as
follows:

4 of each size

S of each size

3 of one size, 2 of another
4 of one size, 1 of another
2 of two sizes, | of another
2 of two sizes

A brief explanation of how these combinations were estimated is given as follows.
The details are presented in Appendix C. It was determined that an order of

1 size 30
1 size 32 equals 3 size 32 .
1 size 34,

Using variations of this heuristic, such as

| size 30

2 size 32 equals 4 size 32 ,

| size 34
lengths were determined for all of the combinations which could not be directly
produced. In some cases the order could not be divided in the above fashion, such

as:

4 size 30 and 4 size 40 .




A S h N =R R . R BE aE e

Then, the logic followed was to decrease the marker length by a constant amount
within each group. An example of this is as follows.

4/0/0/0/0/0
0/4/0/0/0/0  equals 1/2/1/0/0/0  equals 53.94
0/0/4/0/0/0  equals 0/1/2/1/0/0  equals 54.95
0/0/0/4/0/0  equals 0/0/1/2/1/0  equals 55.96
0/0/0/0/4/0  equals 0/0/0/1/2/1  equals 56.97
0/0/0/0/0/4

Since the marker lengths for 4 size 30 and 4 size 40 cannot be divided, they must
be estimated using the knowledge that each order is separated by 1.01 inches. This
gives the values:

4/0/0/0/0/0 (53.94 - 1.01) = 52.93
0/0/0/0/0/4 (56.97 + 1.01) = 57.98

A further detailing of all the estimated markers follows in Appendix C. The
next section will describe the results of the implementation of this testbed data with
the heuristics and the commercial packages.

4.4 Experimental Results

The testbed data described in Section 4.3 was used to investigate the
performance of all the algorithms presented in Section 4.2. For benchmark
purposes this the commercial packages were run with this data. In this section a
summary of the results of this investigation is given.

For the representative problem, several problem instances were examined.
Two order types, normal and pathological, were defined. Normal was selected to
more typical of industrial problems, and in this case implies that both ply height
and order quantities are multiples of twelve. Pathological was selected to test the
algorithmic performance on odd numerical combinations, in this case, ply height
and/or order quantities which are not multiples of twelve.
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Three normal orders and two pathological ones were created. For these five
orders , three alternative ply heights were specified for different runs. In addition,
the results from the algorithms were recorded before and after the improvement
algorithm was applied. These various combinations of the problem parameters
resulted in twenty problem instances. Table 4.4.1 summarizes the problem
instances.

Tablc 4.4.1. Experimental Problem Instances

Probiem Ply
Instance Normal Order Pathological Order | Height | Improved?
i 72/144/360/360/144/72 48 No
2 T21144/360/360/144172 48 Yes
3 72/144/360/360/134/ 72 108 No
4 72/144/360/360/144/72 108 Yes
5 0/0/0/0/960/240 a3 No
6 0/0/0/0/960/240 48 Yes
7 0/0/0/0/960/240 108 No
8 0/0/0/0:960/240 108 Yes
9 0/0/0/0/1200/0 48 No
10 0/0/0/0/1200/0 48 Yes
11 0/0/0/0/1200/0 108 No
12 0/0/0/0/1200/0 108 Yes
13 163/239/599/45/124/30_| 47 No
14 163/239/599/48/124/30 | 47 Yes
15 _ 163/239/599/45/124/30_ | 108 No
16 163/239/599/45/124/30_| 108 Yes
17 200/200/200/2001200/200 | 47 No
18 200/200/200/200/200/200 | 47 Yes
19 200/200/200/2001200/200 | 108 No
20 200/200/200/200/200/200 | 108 Yes

Based on the conclusions from the experimental results described in Section
3.5, the criterion of total! fabric length alone was used to compare the performance
of the algorithms. The remainder of this section will describe the results of the
experimental runs. The graphs given below show these comparisons for all the
problem instances in Table 4.4.1. The results of the normal orders with ply height
48 are given in Figuies 4.4.1 and 4.4.2.
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The results of the normal orders with ply height 48 are given in Figures
4.4.1 and 4.4.2. The solutions marked Improvement are the result of applying the
improvement algorithm to an initial solution comprised of each size in the marker in
a separate section of the marker. Note that this solution is essentially equivalent to
the best of all the others. These solutions are shown for all the problem instances.
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Figure 4,4.2 Total Fabric Inches for Improved Normal Orders with
Ply Height 48
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From these figures three conclusions can be drawn. First, the Savings
algorithm performs significantly better than the Cherry Picking algorithm. The second
conclusion is that the Savings algorithm provides solutions which are as good as or
better than the commercial packages. Finally, the improvement algorithm is able to
make improvements in all solutions, even the commercial ones. After the improvement
algorithm is applied, the solutions are all very similar in fabric length required.

The results for normal orders with ply height 108 are presented in Figures 4.4.3

and 4.4.4, Conclusions are consistent with those for 48-ply problems.
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Figure 4.4.3. Total Fabric Inches for Normal Or with Ply Hei
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Figure 4.4.4 Totai Fabric Inches for Iimproved Normai Orders, Ply Height 108
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Figures 4.4.5 through 4.4.8 present the results of the pathological orders
with ply heights 47 and 108. Similar conclusions can be drawn from these graphs
as for the normal orders.
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Figure 4.4.6 T('ptgl Fabric Inches for Improved fathological Orders with Ply
Height 47
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The numerical results from all of the experimental problem instances are

tabulated in Appendix E.
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4.5 Conclusions for Theoretical Analysis

In the theoretical analysis of the Cut Order Planning problem, several things
have been established. First, a mathematical model has been developed which
represents the first known efforts to represent precisely the cut order planning
problem. This model provides current and future researchers with a basis for
extending the results of this work. In this project, the mathematical model was
used to facilitate problem specification, to assist in the complexity analysis, and to
initiate algorithm development.

Second, complexity analysis established that the cut order planning problem
1s a very complex one, requiring approximate algorithms for real-time solutions.
This result is important because it demonstrates the futility of efforts to produce
an exact zlgorithm for COP which is also efficient computationally. Another
important insight from this result is no commerical package can solve COP exactly
in real time, and therefore must resort to heuristic algorithms for solution. Asa
result, the heuristics in a particular commercial package are not guaranteed to
produce solutions which dominate those in another package for all possible problem
instances. This conclusion is useful in understanding why different manufacturing
entities may prefer one package over another for their specific problem
characteristics.

The third result derives from the second, namely the development of three
heuristics for COP. Of these three, two constructive algorithms and one
improvement approach were developed. For the representative problems developed
in this project, one of the constructive algorithms produced solutions equivalent to
those from commerical packages. Also, the improvement algorithm was able to
improve all solutions generated for the testbed data, including those produced by
the commerical packages. Because of its ability to enhance the constructive
methods and the existing commercial packages, in addition to random solutions, the
creation of the improvement algorithm is one of the major contributions of this
research project.

The development of the testbed problems is another contribution of this
proje.t. Current and future researchers will be able to use these problems to
benchmark other methodological developments. The testbed problems used to
evaluate the various algorithms were very basic, The fabric lengths and other
problem parameters were based on the details of numerous conversations with
individuals who solve the cut order planning problem daily. Some of the problem
instances were deliberately set up as nonstandard to examine the performance of the
heuristics for realistic situations which may not occur frequently. No attempt was
made to set up problem instances to represent all possible scenario in cut order
planning; the number of such problems would be overwhelming. Instead, the
testbed data has been created to be representative of common scenarios in COP.
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5.0 Summary and Conclusions

5.1. Review of the project

This project has consisted of two major phases. In phase one, commercial
packages for solving COP were identified. Two software vendors agreed to allow
closer examination of their packages. These packages were comparatively
analyzed, using testbed data. During phase two, a theoretical analysis of COP was
carried out and solution methods were developed, implemented, and compared to
each other and the commercial solution methods.

Results from the first phase led to an understanding of the relative
performance of currently available software for cut order planning, and the relative
priorities of the cost drivers for the planning decisions. The work in phase two
produced a set of new algorithms for solving COP, implemented in a prototype
software package.

5.2. Major contributions of the project

In this final section of the paper the major contributions of the research
project is itemized and recommendations for further work in cut order planning
research is made.

The first major contribution of this work to the knowlege base of cut order
planning is the experimental verification of fabric cost being the dominant
determinant of the cut order planning solution. This drives home the point that
heuristic solutions, including those used in commercial packages, are critically
dependent on the estimation of fabric length required to cut a particular
combination of sizes together in a marker. Therefore, it is important that this
information be obtained from historical data or correctly estimated by experienced
operators.

Major analytical contributions of this work include the development of a
mathematical model, the complexity analysis, and the improvement algorithm. The
mathematical model of the cut order planning problem described in this report is the
only one known to exist for modeling this difficult problem. The complexity
analysis establishes that no solution method is likely to be able to produce
mathematically optimal COP solutions, including commercial packages. Finally, an
improvement algorithm was developed which has been shown to improve solutions
produced by commercial methods. This algorithm is extremely versatile as well. It
was able to produce solutions from a random starting solution which were
essentially equivalent to improved solutions from commercial packages and other
simple heurittics. This means that solutions can be found by anyone with a desktop
PC-based computer and accurate information for marker lengths.
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5.3 Recommendations for further COP research

The cut order planning problem as addressed in this project and solved in
many operations is performed independently of downstream production
considerations. This is done even though the output of COP is the direct input for
marker making and the cutting room. Given the ever changing status of current
orders, current work-in-process (WIP) in the system, and production configuration,
there is a significant opportunity to make the production system more efficient and
responsive by better coordination: dynamic, integrated planning and scheduling of
WIP release, WIP movement, and configuration of the associated flexible
production capacity. For these reasons, it is recommended that future research for
COP extend this work to capitalize on the adaptive capabilities of the improvement
algorithm and to explicitly include material flow control considerations. This work
will allow for consideration of the current status of the assembly operations and the
reflection of competing system objectives. This extension will bring the cut order
planning process closer to real integration with the production planning process and
implement one more step in the direction of true flexible manufacturing for the
apparel industry.
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Orders ABFHIK

l Celor\Sizes 3

1200

1200

1200

Paraceter table naaes: S

Har, no, of plies (not folas):
Plue deviation/size/color:
Minus deviation/size/coloer:

1200

47 Hax. no. of sizes in earker:
10 Cost of cloth:
10 Usable w1dth of cloth in ins.:

—~—em e PEPE [

99 Perimeter of pattern in ins.:
10,00 frea of pattern in ins,?:
58.00 Calculated usage in ins:

Calculated efficiency in 42

317
780
19,21
70,01

IEEREEE

ABFHIK-0P1

Total sizes 1n @arlers

hugher of plies (KOT folds!):
Total costs:

Efficiency of sarter in %:

Spreading sethod:

: 200{

ISl’ss In parkers 6434
Fiease enter the effectively produced sarker length heres

-------------

b Nuaber of lays:

200 Cost per units
§481.31 Total units in aarker:
84,00 % of total units in order:

Zigzag

A2

3 Type of aarker:
37 Cost per unit (avg.):
1200 fAccuaulated total units:

100,00  Accumulated % of total order:

Open
an
1200
160,00




Drders REGHIK

Color\Sizes 34
48 - 48
48 48
Paraszeter table nanel:
Mar, ne. of plies (not folds): 108 fiax. no, of sizes in aarker: 99 Perieeter of pattern ir ins,:
Plus deviation/size/colers 10 Cost of cloth: 10,00 Area of pattern in ins.2:
Hinus deviation/size/coior: 10 Usable wid*h of cloth in ins.s 58,00 Calculated usage in inss
Calculated efficiency in %3
I EEER) REGHIK-0F1
Sizes in markers 6434
Please enter the effectively produced mevker length here: _____________
Total sizes in aartert b Nuaber of lays: ! Type of sarker:
Nugber of plies (KOT foldst): 8 Cost per unit: .20 Cost per unit (avg.):
Total costs: 201,59 Tota! units in sarker: 48 fccueulated fotal units:

Efficiency of sarker in ¥i
Spreading sethed:

9

84,00 % of total units 1n order:
2igzag

A3

100,00  Accuaulated ¥ of totsl order:




Orders DFEIJK

Color\Sizes 30 3 34 3 38 §0
8 8 8 8 8 8 4B
8 8 8 8 8 8 48

o

Farasster tshle namets 7
la;. ne. of plies {not foids): 108 Fax, no, of sizes in marker: 99 ° Perigeter of pattern in ins.: 37
Flus deviaticn/size/colory 0 Cost of cloth: 0.50 Area of pattern in ins. s 789
Minus deviation/size/color: ¢ Usable wiath of cloth in ins,¢ 58,00 Calculated usage in ins: 19,21
' Calculated efficiency in X: 70,01
'1. IEEERR DF6IJK-0FY
'zes in parker: 1430 1432 1434 1436 1438 1440
Fieasz enter the effectively produced earker length here: _____________
I Tetal cizes in aarker: 6 Nugber of lays: 1 Type of aarker: Open
Nugbar of plies (NOT folds!): 8 Cost per unit: 0.3 Cost per umit {avg.): 0.53
Total costs: €5.59% Total units in sarker: 48 Accueulated total units: 48
Efficiency of marker in % 84,00 % of total units in order: 100,00  Accusulated ¥ of total order: 105,00

Spreading aethod: 219239

g

A4




Order: CEFHIJ

color\Sizes 34 ,
48 48
48 48

L.
-

anztzr table naces:

-

300 02 of plies inot foldsh: 47 Max, no, of sizes in marker: 99 Periszter of pattern in ins.: N
flus ceviation'size/colors 10 Cost of cloth: 0,50 Ares of pattern in ins.%: 780
Yinus devistion/eize/celors 16 Usable width of cloth in ins.: 58,00 Calculated usage in jne: 1521
' Calculated efficiency in 4¢ 76,01
. IR R RN R CEFRLY-0PY
lzes ir aerkery 2424
iease ertse the effectively prosuced earler length herer
~ Teval sizes 1n carker: ¢ lunber of lays: i Type of sarker: Cpen
Nueber of plies (NOT folds!): 24 Cost per unit: 53 Cost per unit (avg.): 0.53
Total costse 25,38 Total units in earker: 48 fccuaslated tetal units: 48
Effiziency of marker an &3 70,00 % of total units in order: 100,00 Accurulated % of tetal order: 160,00

Spreading sathod: digzay

A5




Orders BDEGH!

- - -' f,.

Parazeter table name:: §

Color\Sizes 30 K 34 356 38 4
200 20 200 200 200 200 1200
200 200 200 200 200 200 1200

Spreading aethed: Zigaag

: 200
i

Ab

Hax. n3, of plies {nct folds)s 108 Max, no, of sizes in marker: 9% Periceter of pattern :n ins.: KR
Plus deviation/cize/colar: 10 fost of cloth: 0.50 Area of pattern in 1ns.%: 78¢
Kinvs deviation/size/color: 10 Usable width of cloth 1n 1ns.: 58.00 Calculated usage in ins: 17,81
Calculated efficiency in X: 76,01
EEEXEER BDEGH}-OF!
Sizes in marker: J#30 1432 1434 1434 1438 1440
Fleasz eater the effectivesy profuced marker length heres _________ ___
Total sizes in aarker: ¢ Nugber of lays: 2 Type of aarker: Open
Kusber of plies (NOT folds): 200 Cost per unit: 0.24 Cost per unit lavg.): 0.24
Total cosis: 284,31 Total units in sarker: 1200 Accusulated total units: 1260
Efficiency of 2arker in &t §4.00 % ¢f tota) units in order: 100,00  Accusulated % of total order: 100,00




Order: ACDFEH

Celor\Gizes 30 3R 3 3% 38 40

i
i
i
i
i
i

b § 23 2 b] 1 k3
é 9 23 ? 3 1 48
'c ~azeter tatle rane:: !
. of alies ot folds)s 108 Hax, no, of sizes in markers 9% Perieeter of pattern in ins.: 317
Flu: deviation/size/zolor: 10 Cost of cleth: 10,00 fArea of pattern in 1ns.2: 780
Finus deviation/size/color: 10 Usable width of cloth in ins.s 38,00 Calculated usage in ins: 19.21
l Calculated efficiency 1n %3 70,01
L. Yaa e ACDFGH-CP1
l 1430 1432 4434
*leage enter the effectively produced earker length heres
' Totel sizes 1n asrker! é Nugber of lays: i Type of marker: Open
Nugner of plies (NOT foldsi): b Cost per unit: 3.9 Cost per unit (avg.): 3.9
Total costs: 140,88 Total units in sarker: 3 fAccuaulated total units: 3
Efficiency of sarter in %: 84,00 % of total units 1n order: 75,00 Accusulated ¥ of total order: 75,00
Spreading sethod: 210239
‘II H b]
' AEEEERE ACDFBH-0P2
'f.ss IF garigry 332 1434 23h 538 1460
i EH he effectively produced sarter lepgth here:
'ct'} 51285 in eerler: 12 Nuaber of laye: 1 Type of aarker: Open
Kueber of pireg (K37 foldst): 1 Cost per unit: .45 Cest per umit (avyl: 4.3
' Tetal costs: 72,37 Total units in qarker: 12 Azcueulated tota) units: 45

A7




Efficiency of sarker in %: 80,00 % of total units in order: 25.00  Accumulated X of total order: 100,00
Spreading sethod: Zigzag

A8




Order: BCEFGK

Parascter table nase::

Color\Sizes 3
1200 1200
1200 1200

Bax, no, of plies (not folds): 108 Kax. no. of sizes in marker: 9% Periseter of pattern in ins.: a7
lus deviation/sizelcolor: 0 Cost of cloth: 0.50 frea of pattern in ins.%; 789
Rinus davistion/size/celor: 0 Usable width of cleth in ins.: 98,00 Calculated usage in ins: 15,21
Calculated efficiency in % 70,01
EEEEER BCEFGR-0P1
Sizes in sarker: 634
Please enter the effectively produced parier length here: _____________
Total sizes in sarker: ) Nusber of lays: 2 Type of sarker: Open
Nusber of plies (NOT folds!): 200 Cost per unit: 0.24 Cost per unit (avg.): 0,24
Total costs: 264,92 Total units in sarker: 1200 Accueulated total units: 1200
Efficiency of aarker in X! 84,00 % of total units in orders 100,00  Accusulated % of total order: 100.00
Spreading sethed: 219239
: 200|
A9




Drder: HIGH

Paraaeter table naeei: $

Color\Sizes 30 32 3 3 38 0
163 239 399 45 124 30 1200
163 23% 599 & 124 30 1200

Al0

l Hax. no, of plies (not folds): 108 Max. no. of sizes in aarker: %9 Periseter of pattern in ins.: an
Plue deviation/size/celor: 10 Cost of cloth: 10,00 Area of pattern in ins,?: 780
Hinus deviation/size/color: 10 Usable width of cloth in ins.: 8,00 Calculated usage in ins: 19.21
l Calculated efficiency in %: 70.01
l Lsersns HIGH-0P1
lSizes in aarker: 9430 9432 9434 3#3b B3 o+h0
Flease enter the effectively produced marier length here: _____________
l Total sizes in marker: 40 Nugber of lays: i Type of marker: Qpen
Nueber of plies {NOT folds!): 13 Cost per unit: 3.92 Cost per unit favg.): 3.52
Total costs:  22354.5% Total units in aarker: 600 fAccusulated total units: §00
I Efficiency of marker in X: £0.00 X of total units in order: 50.00  Accusulated % of total order: 50.00
Spreading acthod: 210710
II H 15|
I R EERR Hi6H-0P2
. Sizes in marker: 1#32 9#34
lPlease enter the effectively produced sarker lergth here: _________.._.
Tota! sizes in sarker: b Nuzber of lays: ! Type of aarker: Open
Rusher of plies (HOY foldst): 92 Cost per enit: 3.47 Cost per unit (avg.): 3.80
l Total costs:  2023.20 Total units in earler: 35 Accusulated total units: 1152




I Efficiency of marker in %:

B4.00 % of total units in order: 46,00  Accueulated % of total order: 96,00
Spreading sethod: Zigzag
: 92|
I EEEER HIGH-0P3
Sizes in marker: 2430
IPlease enter the effectively produced marker length heres ___ _________
Total sizes in marker: 2 Nuasber of lays: ! Type of earker: Gpen
Nueher of plies (ROT folds!): 14 Cost per unit: 4,08 Cost per unit (avg,): 3,81
Total costs: 114,18 Total unifs in aarker: 28 Accuaulated total units: 1180
Efficiency of sarker in ks 70,00 % of total units in order: 2,33 Accuaulated ¥ of total order: 98.33
Spreading eethed: Zigaag
! 14|
A EEEER] RIGH-0P4
Sizes in sarker: 2432
Flease enter the effectively nroduced marker length here: ___________ .
Total sizes 1n parter: ¢ Nusber of lays: l Type of marker: Gpen
Nuaber ¢f plies (NOT folds!): ) Cost per unit: 5.24 Cost per unit (avg.)s 3.82
Total costs: 62,82 Total units in marker: 12 Accusulated total units: 1192
Efficiency of sarker in % 26,00 % of total units in order: 1,00 Accusulated X of total order: 99.33
Spreading sethed: 2igiag

6]

All




rys—

Order: ABDEFJ

Color\Sizes 30 3 3 3 38 40
ONE COLOR 200 200 200 200 200 200 1200
200 200 200 200 2060 200 1200

>
—_ :
.

arageter table naeel:

Spreading ssthod: 219249

OKE COLOR: 200!

Al2

lHax. no, of plies (not felds): §7 Hax, no, of sizes in sarker: 99 Perimeter of pattern in ins,: K}y

Plus deviation/size/color: ¢ Cest of cloth: 10,09 Area of pattern in ins,?: 780

Hinus deviation/size/color: 0 Usable wigth of cloth in ins.: 38.00 Calculated usage in ins: 19.21

l Galculated efficiency in ¥: 76,61
l Lssssrs ABDEF J-0P1

izes in aarker: 1#30 1432 1234 1434 1438 1440

Please enter the effectively produced sarver langtn here: _____________

Total sizes in aarker: ] Nuaber of lays: 3 Type of marker: Open

Nusber of plies (NDT folds!): 200 Cost per unit: §.00 Cost per unit {avg.): 4,00

Total costes  4LE02,40 Tetal units in marker: 1200 Accusulated total units: 1200

Efficiency of marker in %: 84,00 % of total units in order: 160,00  Accusulated % of total order: 100,00




Order: BCDHIK

Color\Sizes 30 K14 3 3 38 40
163 239 999 435 124 30 1200
163 239 599 45 124 30 1200

Parateter table names: 3

Hax, no, of plies {not folds): 47 Mar, no. of sizes in earker: 99 Perieetar of pattern in ins.: an
Flus deviation/size/color: 10 Cost of cloth: 0,50 Area of pattern in ing,?: 780
Ninus deviation/size/celor: 10 Usable width of cloth in ins,s 58,00 Lalculated usage in ins: 19.21
Calculated efficiency in %: 70,01
EEEEX] BCDHIK-CPY
Sizes in aarkery 330 5432 9434 1436 2438
Please enter the effectively produced marhar length keret _____________
Total sizes 1n serker: 20 Nusber of lays: 1 Type of sarker: COpen
Nugber of plies (NOT folds!): 45 Cost per unit: .23 Cost per unit (avg.): 0.23
Tota) costs: 204,93 Total units in marker: 900 Accuculated total units: 200
Efficiency of marker in %: §0.00 ¥ of total units in order: 75,00 Accusulated ¥ of tota) order: 73.00
Spreading s2thod: ligzag
! 45{
AR ENE! BCOHIK-0P2
Sizes in aarker: G#34 1#38
e enter the effectively produzed earber length heret _____________
Total sizes 1n 2arker: 5 Nusber of lays: | Type of sarker: QOgen
Nusber of plies (NGT fclds!ie 3 Cost per unit: 0.27 Cost pe- umit {avg.): ¢.ct
Tetal costs: Sh. 1 Total unils 1n garier: 204 Accuzulated total units: 1104

ey



- .
l Efficiency of sarker in % 84,00 % of total units in order: 17.00  Accuzulated % of total order: 92.00
Spreading sethod: Zigzag
lI P34
' AR R R BCDHIK-0P3
lSizes 1n aarker: 2430 1432 1334 2440
lPlease enter the effectively produced sarker length here: __ __________
Total sizes in earser: $ Nueber of lays: | Type of aarker; Dpen

Nusber of plies (NOT folds!): 14 Cost per unit: 0,35 Cost per unit (avg.): 0.24

l Total costs: 29,44 Total units 1n earker: B4 Accusulated total units: 1188
fficiency of sarker in %: 84,00 % of total units in order: 7,00 Accueulated % of total order: 99,00
Spreading aethed: 219230
H 14!
5, b 443 4 4 BCDHIY-0P4
Sizes in aarker: o34
llease enter the effectively produced earker length hered __ ___.___.._
Total sizes in aarker: 2 Nugber of lays: l Type of sarker: Open
Huabar of plies (NOT folds!): ] Cost per unit: 0.90 Cost per unit (avg.): 0,25
Total costs: .02 Total units in aarker: 10 Accusulzted total units: 1198
Efficiency of aarker in X 70.00 % of total units in order: 0.83  Accueulated % of total order: 99.83

Sareqding sethod: Zigzag

Al4




Order: ACDEIK

Color\Sizes 30 K4 3 3 38 40

48

S =
o
<
&
o
wn
—_

48

'Paraeeter takle nase:: 2
I Max. no, of plies (not folds): 47 Fa¥. no. of sizes in sarkers 99 Perineter of pattern in ins.: 317
Flus deviation/cize/color: 0 Cost of cloth: 16,00 Area of pattern in ins.?: 780
Ninus deviation/size/coler: 0 Usable width of cloth in ins.: 38,00 Calculated usage in ins: 13.21
| Calculated efficiency in %: 70,01
l IR R RN ACDEIK-0P}
lSizes in sarker: 1430 1432 4434
Plesse enter the effectively procuced marier length heres _____________
' Total sizes in marker: b Nuaber of lays: 1 Type of sarker: Open
Nuebar of plies {NOT folds!): b Cost per unit: 4,16 Cost per unit (avg.): .16
Total zosts: 149,43 Total units in aarker: 36 Accusulated total units: 36
l Efficiency of marier in % 84,00 % of total units in order: 75.00  Accueulated % of total order: 75.00
Spreading eethod: 219240
! b|
{

A EEERR ACDEIK-0P2

Yizes in marker: 3#32 1434 2¥36 5438 1840

Please enter the effectively produced sarker length here:

-------------

Total sizes in marker: ie Nusber of lays:
Rucber of plies (NOT foldst): 1 Cost per umt:
Tetal costs: 97.09 Tetal urits in garker:

) Type of sarker:
8.08 Cost per unit (avg.):
12 - Accuaulated total umits:

Open
314
48




.

L .
. ® .

Efficiency of marker in %:

Spreading eethod:

f

80,00
2igeag

% of total units in order:

Al6

25,00

ficcurulated X of total order:

100.00




|
l . Order: LOW
l Color/Sizes
48 48
l % %
l’arameter table name:: ABCGIJ
Hax. no. of pligs (not folds): 47 lax. no. of sizes in rarker: 99  Perimeter of pattern in ins.: 317
l Plus deviat_xon/size/color: 0 Cost of cloth: 0.50 Area of pattern in ins.%: 780
Kinus deviation/size/color: 0 Usable width of cloth in ins.: 58.00 Calculated usage in ins: 19,21
l']_’***i** LOW-0R1
Sizes in marker: 2xNedium
lPlease enter the effectively produced marker length here:
Total sizes in marker: 2 Number of lays: 1 Type of marker: Open
Humber of plies (NOT folds!): 24 Cost per unit: 0.38 Cost per unit {(avg.): 0.38
Total costs: 18.10 Total units in marker: 48 Accumulated total units: 48
Efficiency of warker in §: 70.00 { of total units in order: 100,00  Accumulated § of total order:  100.
24
1




Order: ABCGIJ

Color\Sizes 34
1200 1200
1200 1200
arapeter table name:: 4
Hax. no. of plies (not folds): 108 Max, no. of sizes in marker: 99  Perimeter of pattern in ins.: 317
Plus deviation/size/color: 0 Cost of cloth: 10.00 area of pattern in ins.?: 780
Hinus deviation/size/color: 0 Usable width of cloth in ins.: 58.00 Calculazed usage in ins: 19.21
Calculated efficiency in §: 70.01
w IR R RER ABCGIJ-OP1
|I[izes in marker: 6%34
lease enter the effectively produced marker length here:
l Total sizes in marker: 6 Number of lays: 2 Type of marker: Open
Number of plies (NOT folds!): 200 Cost per unit: 3.70 Cost per unit (avq.): 3.70
Total costs:  4438.84 Total units in marker: 1200 Accumulated total units: 1200
Accumvlated % of total order: 100,00

Efficiency of marker in &:
Spreading method:

: 200]

84.00 % of total units in order:  100.00
ligzag '

Al8
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Farameters: ARDEFJ

“roblem paramelers.. @ -

Nusber of sizeS.iivessveness b Multiple plieSsesvivanvasnss 1 Spreading overhead...MIN/SPR 6,00
Nuaber of colorseiveerviines ! Hay Ply-dafferencessvanivens 100 Spreading cost.vveeess $ /HR 23.00
Max 51765 / Markereisverasss 10 Units/plie yieldivsiossvonss ! Spread rate.veuseeved YO/MIN £5,00
Min sizes / markeriieeviens, i SpreadMethod cuevvevsasinres 2167230 Turn TigesieuesienoqSEC/END ]
Parity.vsvasensrnasiorsesnss Either Plies/bundleceesserssnnnonse 12 Roll change $ige.vsvsesssSEC 380
Dvercut Fevvianneiciiiiines 0,00 Max, Spreadiength,...sesea¥D 100,00 Cutting overhead.....MIN/CUT 5.00
Undercut Sevevrnnvrersinnnan 0.60 darker widtheeeieesrsenaso N 58,00 CuttingTime/Sizecisvssss SEC 267
Overcut uritsiveianininnnins 0 Pattern area..seviees o S8IN - 530,00 Cutting cost/Hour,,....$ /HR 30,00
Undercut unitSeuineisnneeses 0 End LOSSsvevrrennnansnannsll 2,90 Cost/Bundlessseavassnansedd 0,10
Haximue plieSieseoriansiaris 47 Fixed Cost/Marker.sveseiao$ 1,29 Stack factor ¥overnserennnen 0,00
Minimue plieSeisesinnsianies ! Cost/Size Marker,.vovvisi$ 1,00 Split factor Xivvvsevrvenns 0.00
Fabric costueevinsacsis$ /YD 10,00

Mark size scale

----------------------------------------

1,00 1,00 1,02 1,03 1,05 1,05 1.06 1.07 1,08 1,08

Spreading size scale

e BEee REes BAEE EPrRr SEee Seas Geoe BEDE ewee

1,00 1,00 1,60 1,00 1,06 1,00 1,00 1,00 1,00 §,00

Cutting time scale

1,00 1,02 1,04 1,06 1,08 1,10

B2
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Froblee parameters,, @

Input tablesviviaens d

Common Line factor

0,50 0,50 0,50 0,50 0.50 0,30 0.50 0,30 0,50 0,50

Fatt siz arr scale

1,00 1,02 1,04 1,06 1,08 1,10

Material Util scale

-----------------------------------------

74,0 75,1 75.2 75,2 75.2 85,3 B5.4 B3.4 B3.5 83.5

Colors §1 8 53 54 85

Red 200 200 200 200 200 200

Total 200 200 200 200 200

200

1200

B3




Harker solution.eess ¢

Marker 1 Repeat 3  Plies 100
51 52 8 S 655 Sizes

eme Rese Cces Csee ecen Cenocees

Units1000

Marker 2 (Repeat 1  Plies 33
56 Sizes

Units 198

Marker 3 Repeat 1 Plies 2
86 Sizes

Units 2

-

Plies Units

utting Order Report ¢

olors: Red
Marker  Repeat Flies vuiad¥D

- E B

1 3 106 327-3.91

g ! 33 69-19.32
3 1 ] 0-33.17
Totsl ] 135 397-22.41

otal Pliesisiiianns
Marker  Repeal Plies veensa¥D

----------------------------------

l 3 100 327-3.5t
2 ! 33 49-19.32
3 1 2 0-33.17

Y

Totel 5 135 397-22.4!




Cutting Order Report :

l Marker 1 2 3 Total
Colers Repeat [0 1301 [3)
ad 100 33 2 13
Total 100 33 2 133
l Deviation report.... :
l Colors 8 6§ 53 54 85 68 Units
Rag 6o 0 6 0 0 0 0
l Total 6 0 0 ¢ 0 0 0
Units produced
i Colors §1 52 83 8 S3 56 Units
Red 200 200 200 200 200 200 1200
Total 200 200 200 205 200 200 1209




Unlt SOlUtiOﬂ-nnn : P —

Marker number.......: 1 Repeat [1/31
SprEad ].Eﬂgth---..--=3"'9.78

Colors «vveva¥D Plies S 52 53 S& 55 Total
Sizes Markedoveeedss 2 2 2 2 2 10

Red 133-27.62 47 9 %% 9% 9% 9% 470

Total 153-27,62 47 9% 9% 9% 9% 9% 4§70
39.47%
Marker number....asa..: 1 Repeat [2/31
Spread length-------=3-9-78

Colers veuvauYD Flies Sf 52 S3 S& 85 Total
Sizes Markediisuivas 4 e e ] 2 10

Red 153-27.62 47 8 9% 9% 9% 95 470

wtal 153-27.62 47 S % %4 9% 9% §70
3947
Marker number....c..? 1 Repeat [3/31]

Spl'ead length..--...=3"9.78

Colors vuual¥D Plies 51 52 52 8% 55 Total
Sizes "Er‘edlllll‘ll e e 2 2 2 lo

Red 19-22.87 b V- T - - 1 0

Totsl 19-22.87 & 12 1’ e 1’ 1 §0
9,00%
Marker number.......: @2 Repeat [1/13]

Spl"ead length----.--ie-Saab

Colers ..vuuuYD Pliss S6 Total
S1zes Martedvusvaass b 6

—mwe—. ——— -

Red 69-19.32 3 198 198

D¢




Total &9-19.32 33 198 198

16,30%

Marker number..ca.css.t 3 .
Spread length..aaasa,.:10-16.59

Colors +uiasd¥P Plies S6  Total

Sizes Markedesseevas { {

Red 0-33.17 e e 2

Totsl 0-33.17 ] ¢ 2
0.17%

MaterialConsumption

Colors Length Rest

Red 391-22.41

B7
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Marker cost sussary. i

Marker nusbercevsiesanicaanss 1 Number of stacks...oieiienns 3 Harker Originvesssvesoivenss  New
Bt Effiviiiinnninnniinnann 85,95 Marker Widthe.svveseonssaddll 38,00 Rarker length.sssiveennsa ¥D 3= 7,28
' 51 52 83 8 & Sizes
g2 & 2 2 @ 10
Narking €ostesisviienianes$ 12,05 Total FlieSieuuansinnnnenns 100 Spread length.svivivsvsia YD 3- 9,78
Spreading costiiverenoenss$ 12,20 ¥ bundlesiiiieriiiiiiiienes 84 Fabric used.vivsesnresvee YD 327-6
Cubting cost/Hoursvevaes$ 42,21 Units/plie yieldivsiesssinane t Spreading tiee..vov... Hours 0.49
Bundling cosfesivirannseni$ 8.40 Plies/bundie.svvvvinssrivens 12 Cutting tise...vviuaii Hours L4
' Fabric costivavcraannnnnasd 327164 Fabric costusesnresvand$ /YD 10.00 total time.iviveereaos Hours 1,89
total costuisuvininnnnanidd  3346,50 total units,vvvivvnnnnenanns 1000 Avg Cost/unitesviievivienst 3.3

IHarker (11T 1171 PR
Est Effl..'l'llilll"lll!ll!

Sé Sizes
b b

Barking costoiviciiiiniini$
Spreacing ostuuusiiviried$
Cutting cost/Rour..vvivesi$
Bundling costiviiivunnneaid
Fabric costieiiiavininnindd

Nugber of stackssiivisinons
Har}er “ldthlllllllllll.llln

Tetal Plresiivevivineninsnas
¥ bundlesiviiieniiiiniiiiens
Units/plie yieldiiiiovivanas
Plies/bundlesviveeivoniisines
Fabric costivieasvaniasd /YD

38,00

Harker Originivsivisnsnnnnss
Marker lengbthivisrsiovinsd¥D

Spread lengthiveiiisiieaad¥D
Fabric usedssvevsrsaaiiass¥D
Spreading time...uuv.i Hours
Cutting time..sssvuss Hours
total tisesiiiiiiieni Hours

total costiiiiiiiiiiiiinndd

tOtal unitsllllollolllblllol

Avg COSthﬂit...-.........$

------------------------------------------------------------------------------------------------------------------------------------

Marker NUBDET s vevrsnsnssvnes
' Est Effllll!!i!llll!llllllll
g4 Sizec

—— ——mnerese

I 1
. Marbing costuvavsuannnnnndd
Spreading costuviiiniiinsa$
Cutting cost/Hour.,aviiesd$
l Bundling costeviaiivinaaid
Fabric costiiiiinsariisnni$

Nneber of stacksiiiiveiinaes
Harker Hidthl‘lllllll!l...!"

Total Pliesiiicunseconnssnns
§hundles.siniiiiiiniiiiinns
Units/plie yieldoisioaiainens
Plies/bundlesvivsraeensiinse
Fabric costiciecuvanesd$ /YD

38,00

Marker Originisssssssoivens
Harker lengthiilliltillillyc

Spread lengthevesiiaviias YD
Fabric used.ossisensanacsd¥D
Spreading tise.........Hours
Cutting tise...vvuausi tours
total timesiiaiianissiours

New
0'14009

016,59

0-33
0.20
0.12
0.33

total unitSlllclICIIOIIllttl

...................................................................................................................................

B8




N
I

ptal cost suseary.. :

l Total Markers.evveservsonans
Marbing costvivvisnniivsnd$
Spreading costesvirnasesiid
Cutting cost/Rour.seieii$
l Bundling costioruriveiionid
Fabric costusvernnearninnit

3

21,83
24,31
55.78
10,20
3976.22

e P
Number of stacks,ecevevesees
¥ bundles,sivinirniinninines
Units/plie yieldsssssssssuns
Fabric costiversennossod /YD
Fabric usedveceenensrassad¥D

83.49
b

102

1
10.00
397.462

Marker widthevsivrirensnsnes
Sizes Markedsissesereaniines
Total PlieS.vsiressrinarenns
Spreading time.icoesoa Hours
Cutting timeussessross Hours
total tise.vevavesoses Hours

58,00
17
13
0.97
1,86
2.82

ltotal (o1 Y

E-aphics Output..un, ¢

40B8,36

total unitS|nllntllcllllllOI

1200

fAvg Lost/unitiivvennnaeei$

-

3.4

Marker

lSpreadHethod conenniligiag

Calors Flies

nuUMber..ceeee?

Spread length.uviss,

I
I
!
!
i
i
il

1
l REd{ 47 | 153-27.5YD
II Total 47
I' { 3- 9,78 b
Sizes §1 62 653 S4 S8 Tetal
|:Sizes Martedovveson 8 2 2 2 10
Total Units 96 94 9% 94 §20

B9

Repeat [1/31, 1




Graphics Dutpate,ive s

Marker number.....a..:$ 1 O
Spreadiethod ,......2ig/2ag

Celors Plies Spread lengthavesass

Repeat [2/31, 2

Red] 4 | 153-27.4Y0

Tetal 47

{ 3- 9.78

Sizes §1 8 83 54 S5 Total
Size5 Marked.vesvnos e e 2 & 210

[
L]
s
1]
-t
[~ |
— 3
o
— 1
]
]
T
4
= !
-
- 1
- 1
w !
1
’
1
L]
~o ¢
&
t
1
t
I
2
’
¥
1
~> 3
= 1
.
]
)
- 1
£~ 1
1
L]
1
o 1
&= !
1
¥
1
)
1
& 1
~3 1
< |
1
1

braphics Output,iiis ! ==

Marker number.......?: 1 O
SpreadMethod ...y, 210/245

Spread lengthiivuiis

Repeat [3/31, 3

Red| 6 | 1922

:

Tetal 5

{ 3- 9.78

I Colors Plies

Sizes 51 82 53 64 S5 Tetal

Total  Units

R10




Fraphics Outpubeaiv. ¢

Marker number..«asa.«.: 2 ()
Spreaddethod .v..0..210/23G

Colors Plies Spread length.souuss

Red| 33 | 69-19.3YD

l Total 33

{ 2- 3.86 >

Sizes S6 Total
Sizec Marked,ievrars 6 b

Total  Units 196 158

Graphics Output,vive ¢ =

Repeat [1/11,

Marker number.......: 3
Spreadiethed oooevia219/230

Lolors Flies Spread Jeagth..viiis

Red| 2 | 0-33.2YD

{ 0-14.,55 y

Sizes §6 Total
Sizes Marked.vvvsuss 1

Total 2
| —_—

Tetal  Units e 2

Bll

Repeat [1/11,

4

S




Marker Solution Il., : —
l Harker Sizes Sizes/Marker] Repeat Flies Units
51 8§ 83 8 S5 5
l | 2 2 2 4 2 - 10 3 100 1000
- - - - - b b 1 33 198
I - - - - - i { | 2 2
3 , l 17 | N | 135 | 1200 |
l Dptimized Spreading ¢ == T
l 1 PRed
I 27 Red
4 Red
l 4 Red
I {3 7.2 Y 3- 7.28 M eg- 1,3 X 3-7.28 2 0-14.09
Colors Flies StartPoint: EndPoint:Spread lengthiiuvis
l Red 2 0- 0,00 18- 2,33 24~ 7,56
Fed 4 0- 06.00 11-24.43 46-30,78
Red 27 0- 0.00 8-17.17 229-29.24
l Red 14 0- 0.00 6-13.84 90-22.81




Paraseters: ACDEIK

Problee paraseters.. !

Nusber of S12€5ivivsvvevens b Multiple plis.esvecernsenns
Nucher of colors.eessvsranes | Max Fly-difference.voeresese
Max sizes / BarvBlevevvecens 10 Units/plie yieldeisivirrnsns
Fin sizes / #arkervevesiooss 1 Spreadethed vuieveviernsvens
Parttyeseesessisinnnenvennes Either Plies/bundle.iiverriernnnens
Overcut Xevuvensionveviorens 0.00 May, Spreadlength.eeesssa YD
Undercut %ivevvonnnonnnvsnns 0.00 Marker width.seerverorensdIN
Overcut unitseievreniisennns 0 Pattern aredssssveneees SOIN
Undercut unidsiiiieinnininnnn ¢ End LoSSiivvvannennnonnenddl
Raxisur plieSivorevicavinens 47 Frxed Cost/Markerseeseese t

Hiniaum pligSisverrerersanes | Cost/Size Marker.isveeeeeo$

Mark size scale

----------------------------------------

1,00 1,00 1,02 1,03 1,05 1.05 1,08 1,07 1,08 1,08

Spreading size scale

----------------------------------------

1,00 1,00 1,00 1.00 1,00 1,09 1,00 1,00 1,00 1.00

Cutting time scale

1,00 1,02 1,04 1,06 .08 1,10

B13

100
t
2ig/2ag
12
100,00
58,00
350,00
2.30
1.23
1.00

Spreading overhead.. NIN/SFR
Spreading costivuvieadd$ /HR
Spread ratec.vieiesss YD/NIN
Turn Tisd€eesessaeanssSEC/END
Rell change time.s.evvss SEC
Cutting overhead,....MIN/CUT
CuttingTine/Size.vvsssss SEC
Cutting cost/Hour,,.,..$ /HR
Cost/Bundlessiavvinirennni$
Stack factor Xivvvvvennnnnes
Split fackor %uvvivvnnnnnes
Fabric costieineverenadd /YD

6,00
8.00
45,00

360
5.00
257
30,00
0.10
0.00
0,00
10.00




Problee paraceters,, :

Common Line factor

emr NeGs CToN fCLN SEaE EERE ERSR SooE Geam wRae

.50 0,50 0,36 0.50 0.50 0,50 0,50 0.50 0,50 0.50

Patt siz arr scale

1,00 1.02 1.04 1,06 1.08 1,10

Material Util scale

----------------------------------------

74,0 75,1 73.2 75.2 75.3 85,3 B5.4 B3.4 83,5 B5.S

Colers §1 s 8% 8 8 5 Units

Red b 9 2 g 3 1 48
Total ) T & 2 3 1 48
Bl4

L-—-------‘

Ian‘t tabIE|nlulovac : ——— S ——




Marke~ solution,.ves ¢

I Marker
81 S5

‘utting Order Repert @

! Repeat 1  Plies Units 36
53 S12e5
|i= 11 & 4
Narker 2 Repeat |  Plies Units &
' s 8 Sizug
l 1 g
Marker 3 Repeat 1  Plies Units &
! 54 55 Sizes
11 2
lnarker & Repeat 1 Plies 1 Units 2
83 55 Sizec
’ 11 2
% Marker Sizes  Repeat Flies Units
Tetal 4 12 4 1e 4B

Lolors: Red

! 1 b 11-3114
2 g 3 B-15.05
'I 3 ! 2 1-23.04
] 1 1 0-29.52
Il lotal & {2 16-86.75

Marier  Repeat Plies cvuae¥D

---------------------------------

ltal Pligsisasies.

Marber  Repeat Pliss ..e0¥D

| Ei- 11-31.14

1 ! 8

| 2 i 3 215,05

3 1 2 1-23.04

N ¥ 5 1 0-29.52
lotal & 2 16726.75




I Cutting Order Report :

Harber 1 2 3 % Tetal
I Colors Repeat [N ININT1) L4

SITTZEER 0 mmme mman cmew memw wwomeons
------------------------

aviation report, ... ¢

olors §51 S 83 S S5 688

————

Units

Red 0 0 0 0 ¢ 0

D on

Total 6 0 0 0 0 0

nits produced

Colors §I §2 83 G 85 S

Units

Red 6 ¢ e 2 v 1

48

Total 6 % & 2 § 1

48




Unit solutionessesss ¢

Marker number....«..: 1 Repeat L[1/11

'Spread lengthe.oe...21-35.19

Lolors ceuved¥D Plies §t 5 83 Total
Sizes Narkedieviooes { 1 4 b

Red 11-31.14 b b 6 2% 36

l Total 11-31.14 b ) 6 o4 36

75.00%

------------
------------

I Marker number.......: 2 Repeat [1/1]
Spl‘ead length..---..SO“e‘?.oa

' Colors «uevsoYE Plies 52 55 Total
S1zes Harked,soisens ! 1 4
[ Red 2-13,05 3 3 3 b
I Total 2-15.05 3 3 3 b
12.50%
Marker number.......: 3 Repeat [1/11]
fpr’ead engthe.eee..20-29.52

Colors «ivoeu¥D Plies S4 55 Total

Sizec Marked.ivueins { | ]
Red 1-23.04 e 4 2 4
Total 1-23.04 2 2 ¢ §
8.33%

|
|
|
I
- .




Marker number.......: & Repeat
pread length.......:20-29.52

folors .ovueuYD Pliss §3 8 Tetal

Sizes Markedsiveaess 1 i 2
Red  0-29.52 | | ! 2
—————— Total 0-29.52 ! TTTIT TR T T
47

............
------------

aterialConsumption

Colors Length Rest

Red 16~ 7,55

L--—----

L1711




lnerk'er cost suemary. !

Marker nueber.svesvessssnsses
Est Effueriinisiesninvnienia
51 5 83

4 b
Harkxng cost..............s
l Spreading costeivvirvienisdt
Cutting cost/Hourieesessni$
Bundling costueravararnist
Fabric costivevisnrinennsi$

Sizes

7,33
1.72
9.38
0.40
118,63

Nusber of stackSeeverasvesss
Marker #1dth.veevsencnnidIN

Total Pliescsavenonnsnssnnes
¥ bUndleSivervirronnsnvrnnsn
Units/plie yieldieviaverinas
Flies/bundlesvovecvssonnsns
Fabric costereeinsciees$ /YD

1
58.00

£ L O

10,00

narker Uriginillllitttll.l'l
Narker lengthlllll.0|"'llYD

Spread length.svsvsereres YD
Fabric usedussesviviorsens¥d
Spreading time....v....Hours
Cutting t1messssvensae tlours
total tieesvocrenanosaitiours

New
1-32.49

1-35.19
11-31
0.21
0.31
0.53

tDtal COSt--..o-u-.--..uu-‘

137.49

total unitSlllolllllcllltlll

36

AVg COSt/Uﬂit.............‘

3.62

'1arker NUBDEr s evvessasronnne

Est Efflllllll.ll.lllll'llll
52 & Size5

Marking costesiiiiinniiandd
Spreading costuiiiiiiniaiied
lCuHing- cost/Rourviviienedd
Bundling costevviiriananiid
Fabric costossivivensanied$

75,10

3.2%
1,65
5,84
0.10
c4.18

Nukber of stacks.ivesrsvevens
Harker “idth'l.ll..l'..ll.IN

Total Pl1eSsiesrsrnesncnnses
3 1T 2 1T
Units/plie yieldussisrvenia
Plies/bunglesivieviricennine
Fabric coctivivsrevinsd$ /YD

58.0¢

— G2

12
10,00

Harker Originiecviessioninas
Narker length.sseressnssas¥D

Spread lengtheuissvesuneed¥D
Fabric usedivsivanevasenad¥D
Spreading tige...esvs. Hours
Cutting tize.usevaeas Hours
total tiee.,vsuserresailours

New
0-24,52

0-29.02

2-15
0.21
0,16
0.37

-

tOta! cﬂstllllllllllllltll‘

34,01

tﬁt&l unitsllCIlll!lIIOOAlll

ﬂvg Cost/unitlll'l.l.lllll‘

5.87

arker numbETsvsveavsnnenins
Est Effuiiiiinininniiisniens
g 83 Sizes

| 2
Marking costuvsininiciriaat
Spreading costiiiisviiiindd
Cutting cost/Houriviciiand$
Bundling costiicaraiinsinit
Fabric costernscnnnennisest

—

3.83
1,63
4,88
0.10
16.40

NU!UEF Of stacl5|llllllllltl
Marker width.

llllllll.‘lllN

Total Pligsiicesnsnssnnannes
$hundlesiiiiiiiinriiininins
Units/plie yieldiiiiianenins
Plies/bundlessiivenvensnnnes
Fabric costiseevasencnsd /YD

58,00

— O

—

12
10.00

Harker Origineiacssessascsns
Harker length.viievviiviad¥D

Spread lengthiiivsvaisea YD
Fabric used.vsevirsvorsess¥D
Spreading time...ieeoq Hours
Cutting tige.sosssessiHours
total time. iieeiiena Hours

New
0—27003

0-2%.52

1-23
0.20
0.14
0.37

total costiiiiierrciscncadd

26.2b

tOtal unitSIIlllll.llllltl"

fivg Cost/uni'visisiinieisd$

6,97

-

==

===




'!rker L1117 1.1 R

4 Nusber of stacks.iiessrnnnes 1 Harker Brigifeeessorecossree  New
Est Eff.lllll"l.!blllllllll 75'10 "arker widthtlltll'till'IOIN 58'00 Harker lengthlt.lll'II.|IlYD 0-27002
53 56 Sizes
1 2
arking €ostiviveearaneensd 3.25 Total PlieS,vervsnrensieaens 1 Spread lengthiveesesessas YD 0-29,52
lpreading cost.l.’llllll‘.‘ 1068 ’bundleSllll."llllllltllli 1 Fabric usedlll'.ll'l'll'llYD 0-30
Cutting cost/Hour.ivvaressd 4,88 Units/plie yieldivvivivnnaes { Spreading tice..esvuq. Hours 0.20
undling costivsviasaiiini$ 0.10 lies/bundieciisirriiiriens 12 Cutting timesvissoonos Hours 0.16
3bric costiriiiviieninen$ B.20 Fabric costivreesnnsassd /YD 10,09 total tigesiviieersesaiHours 0,36
total costllllllllllillltls 18!05 total unitslllllllltll"llll a hvg Cost/unitlblll!llll'l" 9!02
Total cost sueeary.. !
lotal Harkerslll.llllltilllt 4 AVG e‘ftl|lllitll|ltilllll!l 88!76 Harker “idthlll'lll!".'.lll 58!00
Harking costovsiovinniinna$ 17.30 Rueber of stacks.uiviianenes § Sizes Markedovsvovsvrnoranes 12
Ipreading 1411 AP | b4t # Bundiesiiiiinniinnnnennn ) Total PlieSsversenannnarnnes 12
utting cost/Fouriaviviini$ 23,57 Units/plie yi1eldiiniiivnnan, 1 Spreading t1me, vvus. JHours 0,83
Bundling costuiivinaiinnsl$ 0,70 Fabric costuviiaannnnsdd /YD 10,00 Cutting tise..vveeeus. Hours 0.80
E1. 8 [l o - PP 167.43 Fabric usedesvinnanaenennd¥D 16,74 total time.vvusennsaraBours 1,63
0tal Co5tiiiiviviiviinnidd 216.0! total upids,iiniiiiiiniinn 48 Avg Cost/unitsivvicanniias$ §,50

rashics Lutpet.oieo

'pMarke\' number. . .coa..t
readiethed ouuiaiidig/leg

—il

Colers Plies Spread lengthiuvsess
iedl 6 | =31, 190
Total &
{ 1-35.19 >
S1ze5 51 §2 83
1265 Markedoioueias 1 1 & &b
Total  Units 6 & 24

Repeat [1/11, 1




I

braphics Dutput..... :

- TR

Marker number.......: 2 () Repeat [1/11, 2
preadiethod .......2ig/Zag

Colors Plies Spread lengthivesass

Redl 3 | -15.0YD

Total 3

{ 0-2%.02 )

S1zes 82 83 Total
2e5 Markedeessnaas | 1 2

Tetal  Units 3 3 é

raphics Qutputieaes ¢

lMarker number....ssse8 3 () Repeat [1/11, 3
SpreadMethiod +.uuivi216/2a9

j

Celors Plies Spread length.essess

' Red| 2 | 1-23.0YD

Totsl 2

0-25.52 )

Sizes S S5 Total

iesﬂarked........ i 1 2
Total  Units g @ 4




("

.Braphics Qutput..... s

Marker number.......: & () Repeat [1/11, 4
'pread?‘.ethod veenenedigliag
l Colors Plies Spread length.cvsis,
Red| 1 | 0-29.5YD
' Total 1
l { 0-29.9¢2 )
Sizes 53 Sb Tetal
lizes Sarkedooienns 1 1 2
I Tetsl Unzts 1 1 2
'-arle' Solution 1., ¢
' Marker S1zes Sizes/Marker| Repeat Plies Units
' S 52 53 S &5 g
“"""""I""I"-"I 4 S - T b | b 36
P - i - - ] - e 1 3 b
- - - | 1 - 2 R I 4
| - - 1 - - 2 1 I 1 2
T | B | & | 1 @




L--_-—---_---.

Optieized Spreading :

3 Red
1 Red
1 Red
1 Red
¢ 1-32.69 ¥ 0-26,52 ¥ 0-27.02 2 0-27.02 )
Colors Plies StartPoint: EndPointsSpread length, ..y,
Red 1 - 0,00 4= 6.50 k- 2,75
Rad ! ¢~ 0.00 3-15.48 3-16,73
Red ! (- 0,00 2-24.44 2-23, 71
Red 3 0- 0.0 1-33,94 5-33.57




Paraseters: ACDFGH

oblee parareters,, @

N

uaber of 51265, uiiissnrinns b
eber of colorsisvcraniniis )|
,.x §12e5 / markervivvienens 10
1N 5i285 / GarkeTesavernsas 1
Arityoivssiiniiverensennaes Elther
VEFEUt Kovrverarnnvenreness 0.00
RAErcUt Xoviorinrnnenininie 0,00
Overcut units.iivivieninnan, 10
ndercut unitsevivveninianes 10
AxiBUE PlieSyienvsraniiines 108
inioua pliesiiiiiivinnennes B

Hultiple plieSicvevernnnans,
Nax Ply-difference.eeosnsus,
Units/plie y1eldvsiraravanne
Spreaditethod vvovrnvinnenns
Plies/bundlesssvsveennnsnars
Hax, Spreadlength.vivvevs YD
Narker ®idthessesosrsrnead Il
Pattern areassovsesenns SQIN
End LosSuesvrnnvirnvnnnnedil
Fived Cost/Markerivoveoss $

Cost/S1ze Marker.vvvevans $

Mark size scale

1,00 1,00 1,02 1.03 1,05 1.05 1,06 1,07 1,08 1,08

Spreading size scale

SR I M e .y
-
igh)
w
&=~

P2 3 4

b

7

§ 10

100
!
2ig/2ag
12
100,00
98,00
550,00
2,50
1.25
1,00

Spreading overhead...MIN/SPR
Spreading costivesesse $ JHR
Spread rate.svennssn  YD/NIN
Turn Timessseeveoose SEC/END
Roll change tise.uves.o, 5EC
Cutting overhead.....MIN/CUT
CuttingTice/Sizessssess, SEC
Cutting cost/Hour,...es$ /HR
Cost/Bundle.eescrnnnnnaved$

Stack factor ¥vvvevrnrnnninn
Splat factor %vvvvvvrnnnene
Fabric costuissevervesad$ /YD

6.00
23,00
43.00

b
350
3.00
Ly}
10,00

0.10

0,00

0.00
10,00




obles paraseters.. ¢

lir
Common Line factor

I 0.50 0,50 0,50 0,50 0,50 0,50 0.30 0.50 0.50 0,30

Patt siz arr scale

' 1,00 1.02 1,06 1,06 1,08 .10
' Material Util scale

----------------------------------------

74,0 75.1 75.2 75.2 75,3 83.3 85.4 83.4 85,5 85.9

nput tablecisesiias

.. =N

v oo

Colors § 8 53 8 85 5 Units

Red ) 9 &5 2 3 i 4

Total b § &5 ¢ S ! 48

ker solution..,o. ¢

ker 1 Repeat 1| Plies 11  Units 88
52 583 G 5% 8 S1ze3

Ceme BEAG CEeT Sene aREe meee EEesoem

—

—
—
w
—
—

—

(=)

Harker Sizes  Repeat Plieg Un:its

Total ! ] ! I 88

o mm me

.




Cutting Order Report :

Colors: Red
Harker  Repeat Plies o400 i¥D

. 1 11 29-6,70

Total i 11 29-6.70

Total Pliesivesreres
' Harker  Repeat Plies .evei¥D

11 29-6.70

Total It 29-6.70

..‘uttmg Order Report :

Marker ! Total
Colors Repeat (1] [ 1]

-------------------
S=Se2=3% 2 WSS+ SRan==ecs

Deviaticn report.s.. ¢

l Colors 81 68 83 6 85 G54 Units

Red S 2 8 % & 10 40

Total 5 2 8 % & 10 &0

lJnits produced

-————

Colors St 8 53 S 535 84 Units
Red i1 1 33 o1oin 88
Total o1 33 1 1o 88

L

]

|
| -




'Unlt SQIUHM...-”. H
Marker number.......? 1 Repeat [1/11]

.pread length...ee..32-23.352
Lolors vuyaes¥D Plies §1 %% 53 54 S5 S& Total
= Sizes Markedusvivoos { i 3 1 ! 1 8
Red £9- 4,70 i1 o1 3 1 1o 88
' Total 29- 4,70 1l IR AR § SR R § R § S ¢ 88
l 100,00%
iaterialConsumption
Colors Length Rest
. Red £8-25,10
larler cost sumEary. !
rker nuabercvvsviverenases | Nucber of stachsuviviiianans 1 Harker OPigiNuisvseinsonaess  New
St Eff.tllllill!llll!llll.‘ 85‘0"'3 "arker “idthllllllllll.l.ll“ 58000 Ha-rker lengthtiilllilillliyn 2'21102
§1 52 83 5S¢ 855 6 Sizes
IO T ]
ark”\g costlll!lllltllill’ 9.81 Tc‘tal Plleslllll‘.llicbllllb 11 sprEEd lengthliltlllilllllyn 2-23.52
Spreadlng cc'stlliliillllll‘ 5'73 ibund:eslOllllllctllllllll‘ 8 Fabric uSEdIIIIOJIIIIOIOOIYD 89-7
tting cost/Hour.siivavsi$ 3.9 Units/plie yieldiiieseivanas { Spreading time........ Hours 0.23
undling costiviiuniiniiaid 0.80 Flies/bundlesssviviviciannes 12 Cutting tizesiiiuusss Hours 0.39
abric costiciiciiiininnset 291,8¢ Fabric costuuuiiiiinaas /YD 10,00 total tises.eiuieiiaa tours 0.62
lotal Costl llllllllllllll‘ 318 ll‘ tc‘ta] unitsll!llllll.lllllll 88 A’g cost/unitlllllllllllll‘ 3'55

.




N .

Total cost sussary.. ¢

raphics Qutput...o, ¢

tal Markersiiivieriennnens { AVE effiivvnniinncannernanes B3.43 Narker width,siveeriraniasen 58,00
Harking costoeiviveenennio 9,61 Nueber of stacks.civviciiens I Sizes Martedeoisreennnanses 8
reading costivisevsonsedf 5.73 # bundles.ceaiiinnirnioniin 8 Total Pliesiesiisesrivennres 11
ltting cost/HOUM susverana$ 3.94 Units/plie y1eldoverrosinars 1 Spreading tige...vss...Hours 0.23
ndling costiviaesiieniset 0.80 Fabric costuvvvecanneso$ /YD 10,00 Cutting time,sessevssi Hours 0.39
Fabric costevsveriniienins$ 291,86 Fabric usedesesessnsnasans¥D 29.19 total tieeovivsrereass Hours 0.62
'tal (i E] YPINRPRI | 312,14 total units,civievisnrnnenns 88 fivg Cost/unit.eiiersnenana$ 3,95

Marker number...coe.:
preadiethod (.40 2ig/2a0

Repeat (1711, 1

P e -

' Lolars Plies Spread length.vvuuis
Red] n o] e-6m
' Total 11
——————r)
'< 2-23.52 )
l Sizes 81 52 83 S¢ S5 Sb Total
zes Markediosussss 1 1 3 1 1 8
' Tetal  Umits 21 11 33 f1 11 1t 88
'art.er Selution .. ¢
Marker | Sizes | Sizes/Marker| Repeat Plies Units
i st s 83 8 8 8
T T N R D B 1 |_u B |
! 8 R 1t 8 |




i, e s
" ©
4 v B

4 [N

Optieized Spreading :

' |11 R

¢ 2-21.08

Colors Flies StartPeint:

Reg 11 0- 0,00

EndPoint:Spread lengthisssess

e-22.27

29~ 6.70




. Parameters: BCDHJK

Probles paraeeters.. e e e

. Number of sizeSivsssvronsens ) Multiple plies.vesanvnnssss ! Spreading overhead.,.MIN/SPR 6,00
Nusber of €oloTSiesssaiiraes i Nax Ply-differencessessseses 100 Spreading costesesecss$ /HR 8.00
Max sizes / @arkersivesasnes 10 Units/plie yieldisesssssonas ! Spread rate.ouvooeend YD/NIN 45,00
Hin sizes / warkersveeaivasens 1 SpreadMethod seeeeensrennees 2ig/2ag Turn Timeseseesvesss SEC/END ]
Parity...................... Either Plies/bundle................ 12 Roll Ch‘nge $igCvasiessd SEC 380
Dvercut %eoversssrscinnnnnne 0.00 Nax. Spreadlengtheessseves¥D 100,00 Cutting overhead.....MIN/CUT 5,00
. Undercut Xeoveerernoncassnns 0.00 Marker “idthnonununcIN 98.00 CuttingTile/SiZe...-.....SEC ' 247
Dvercut UNEtSeesnsrneninnans 10 Pattern irea........-...SQIN 550-00 Cutting cost/Hourvsuuso$ /HR 10,00
Undercut unitSiviiiaserannns . 10 End LoSSsessananssnnsrsssdlN 2.3) Cest/Bundlesssserrssssnses$ 0.10
Haxinus plieSicvisvivnnnnnns 87 Fixed Cost/Parkersesseassd$ .25 Stack factor Xevernnrnrnnnns 0.00
Hinisue pliesicevivsnnrannns 1 Cost/Size Markeryieesssnss$ l.g? Split factor Xeeeersonnsnns 0.00

5.!bric costl..ll“.l.ll’ /YD 0'50

Mark size scale

----------------------------------------

1,00 1,00 1,02 1,03 1,05 1.05 1,06 1,07 1,08 1.08

Spreading size scale

1,00 .00 1,09 1,00 1.00 1,00 1,00 1,00 1.00 1,00

Cutting time scale

1,00 .02 1.04 1,06 1.08 1.10




Common Line factor

t 2 3 & 5 & 7 8 9 10

0.50 0,50 0,50 0.50 0,50 0.50 0,30 0.50 0,50 0.50

Patt siz_arr scale

3 teat 'y
- B .

- - - - - -" —-
PR ey

1,00 1.02 .04 1.06 1,06 1,10

Material Util scale

-l
—
)
w
-+
3
o~
-3
o3
-
=S

74,0 75.1 70.2 75.2 75.3 85,3 B3.4 B3.4 BI.3 3.5

put tablessssssane ¢

Colors §1 S 8§ s § 5 Units

Red 163 237 599 &5 124 30 1200

Total 163 237 59 &5 8¢ 30 1200

G R Iy




ﬂarier SOlutlon.'n. HIE——————— e

Harker Repeat 3  Plies 121  Units1089
52 83 55 5izes

------------------------

Mirker 2 (Repeat 2 Plies 52  Units 104
51 5% Sizes

“

Narker 3 Repeat 1  Plies 40  Units 40

l ] Sizes

! i

Marker Bizes  Repest Plies Units

Totsl 3 12 b 213 1233

luttmg Order Report ¢ e T,

olors: Red
Marker  Repeat Plies veurns¥D

121 355-31.58

1 3
' 2 2 52 41-6.59
g W 18-15.46

l Total b 213 415-17.42

ntal PlieSissneress
Marker  Repeat Plies euseea¥D

l ! 3 121 395-31.98
2 2 S8 41-6.359

3 { 40 18-15.46

. Total 6 213 &i5-17.62




SRS

W

A

Cutting Drder REle‘t e ————————e

Harker 12 3 Total
Colors Repeat [33012JL 1 (&)

- g e mmme Gmes Some woweeewe
eesss===

e ——

eviation reporteae, ¢

Colors §1 8 83 8¢ S5 &b Units
Red 10 3 & 7 -3 10 33
Total 10 3 & 7 -3 10 K]
nits produced
Celers 81 B2 53 8¢ 83 ©&b Units
Red 173 242 605 52 lel 40 1233
Total 173 242 605 52 121 40 1233

S Nea




Unit solubionieiiaes ¢

Marker number..cecsecet 1 Repeat [1/31
Spl‘ead length...---.:2-33-88

Colors .vuuse¥D Plies S1 S8 53 S5 Total
Sizes Markedvssoeres 1 e 3 | 9

Red 138- 8.40 L] &7 9% 235 47 423

Total 136- 8.40 47 W% 235 4 42
3,318
Marker number..ssecs..t 1 Repeat [2/31

pread length.......:2-33.88

Colors «oveuYD Flies L1 52 83 S5 Total
Sizes Markedivvevees i g 3 1 ¢

Red {36~ 8.40 47 & % 2% & 423

Total 136- E,40 &7 §7 84 235 &7 423
34.31%
Marker number..ssseet i Repeat [3/31

pread length.......:2-33.88

Lolors ..uvu YD Plies S8 8§ 83 8 Total
Sizes Markedivvevsss { 2 S | 9

- N AP BB SY M @y &5 WS me am

Red 79-14.78 7 27 8% 13§ @1 e

Total 79-14,78 27 27 %% 138 27 28
19.71%
Marker number...s.est & Repeat [1/2]

Spl‘ead lE‘ngth-..---.=0"EB.51

r--

Colors vuvan YD Plies S 5S¢ Total

R s & TR e & ® 5 S ——— x o o



B I
* 5
A
- -‘, h : -
& 0y
v 4
1
‘

Total 37- 8.63 &7 YR Y| 9
7.62%
' Marker number.iceceess 2
Spread length.......:0-28.51
' Colors «uveaa¥D Plies 81 54 Total
Sizes Markedsuvverss 1 1
' Red  3-34.56 5 5 5 10
Total 3-34.56 . § 5 5 10
0.81%

------------
SSS2SSSERRES

Marker number.ccecsess 3
Spread lengtheusoeeee30-16.59

Colors ouvead? Plies S6  Total
Sizes Markebsisvuses 1 1

Red 1E8-15.46 40 40 40

Total 18-13.486 40 40 40

- =

MaterialConsumption

Colors Length Rest

Red 406~ 0.82

L-a--n

Repeat [2/2]

Repeat [1/11]



' Marker cost sumary, ! mm———— e

Marker nusberseessrensssnees ! Nusber of stackSicevsnnneans 3 Marker Origifivessssseerssess  New
Est Eff'li't!llllllllllll.ll 85049 Harl.er “idthll'l..ll’.lllll" 58!00 ”arter lengthllllIOOOJUICOYD 2’31'38
§1 5 83 53 Sizes
1 2 5 9
ﬂarking chtl'l“'.ltliltl’ 10'97 Total PlieSllltilOlliitithO 121 sp‘re‘d lenqth.'lllllillliovn 2.33088
Spreading costiieiviiennni$ 4,27 § bundles.iisiniiirrersnsnne 91 Fabric used,eessesernsnass YD 355-32
Cutting cost/Houressssseni$ 12.87 Units/plie yielduserirennnns i Spreading tise.....u4 . Hours 0,53
Bundling costevivivieinnni$ 9.10 Plies/bundlecsiarsvsnsasenes 12 Cutting time.vasssvoa. Hours 1,29
Fabric costeveinivonnioies$ 177.94 Fabric costuisssvieseess$ /YD 0.59 total timesesssasrron Hours 1,8¢
I total tostl.lll!!l|l|00‘ll’ alstl" tota} unlts..l"!.t.t.ll..ll 1089 Avg cost/unitl!.ll..ll..i.' 0'20
Marker nUBbETvuvvinssassirne 2 Number of stackSuvisenvenans 2 Harker Origifiesssosionsases  Hew
Est Eff!.l'l'.lll'.llllllll’ 75!!0 Harker “idthl.llll.lll.ll!l" 58.00 "irker lengthlll‘llobllllOYn 0-26001
51 &4 Sizes
| S 2
Karhing €05t isivirrnnennas$ 3.25 Yotal Pligseiaiiviainnninnas 32 Spread lengthusevisaonsed YD 0-28.51
spreading costlttllllllllis 2042 'bundleSIOIlI'll..C.!ll.ll! 9 Fabric used’lllll!..ltllltva 41-7
Cutting cost/HoUriisvienid$ 3.19 Units/plie yieldisuvivssreens ! Spreading tinesieisuoHours 0.30
Buncling costivvvisieiiini$ 0.%0 Flies/bundleciiassnisnsinris 12 Cutting tise.iussasass Hours 0,32
Fabric costlltlttlllllllll‘ 80059 Fabric costl.l.l...ll.l‘ /YD 0050 totil ti.EcuuuuuuHQUrs O‘ée
total ccstliltlilltlll!ll‘s 30!35 totél unitSlllltltllittl‘lli 10“ Avg cost/unit.‘..l..llllli‘ 0‘29
Harker nusbercevissssssasses 3 Rueber of stacksiiiciinnnnns 1 Marker Originiisecsssnaiins  New
Est Effll‘l.‘llllllll'llilll 74005 "a”‘:er “idthll.!l.ll.‘ll"l" 58.00 Harker lengthll.l..‘llll|lh{n 0’14'09
56 Sizes
1 i
Harkinq tostltl‘llllCIOlll‘ e.es Total Pliestl.llltlillitiltl 40 spread IEHgthCOICUOICCIOOQYD 0-16059
Spreading €ostiiuiacresined 2.19 § bundles.sieenniscrnannnns 4 Fabric usediveesvearaesan YD 18-13
Cutting cost/Houryisieaea $ 1,24 Units/plie vielduvecerannes 1 Spreading time.ieeeueaiHours 0.27
Bundling costiciaviencensdd 0.40 Plies/bundlecscissssinanness ie Cutting time.ioasesssaiHours 0.12
Fabric cﬂst!lllllllllltlil‘ 9081 Fabric costli‘lllllllll‘ IYD °l5° total ti.Eanuuuuu;HC‘urs 0140
total £o5teiiseniecriianietd 15.29 total unitSeiisiicnrinnanias 40 ﬁVg Cost/unitiissscasnanee$ 0.38

P S T Y S T T T Y Y Y T3]

-------------------------------




ITotal cost suERAry.. ! = e
'ota'l Harkerst..‘...llltilll 3 AVB effOIOCUOICUOIIUllitiiii B“.EA Harker “idthl"ll'lol.l.'.'. 58'00
arking costiieiinvvsseinid 16.47 Nueber of stackSeerviveacasss b Sizes Marked,svsseersnanenes 12
SFreadiﬂg costllitiiicllil‘ 8087 'bundIESnnuununnuu 10“ Total Pli95nouoonlocuou 213
lutting cost/Hourveineanas$ §7.30 Units/plie yieldiiovsssnaans f Spreading tise.veooq0 diours 1.1
undling costevesseeresaee$ 10,40 Fabric costeesussineses$ /YD 0.50 Cutting timesvessaaereibours 1,73
Fabric cost'llltlltll'lll!‘ 207-7“ Fabric useu..-unuuunYD ~15l~9 total ti.EnnlunnuHOUrs 208“
'Otal cost.tltttitolllllit’ Ebol.’? total units.tt..‘l‘.t..ClCOO 1233 Avq cost/unitnuanuuu’ 0!21

lﬁarker number...coeset 1 O
readNathod vouu0002i9/239

Colors Plies Spread lengthiieevee

W
Red| 47 | 136~ B.4YD ‘

l Total &7 . l

{ £-33.68 )

! Sizes st s2 53 5§35 Total
1785 Markedossaians i1 2 5 19

Total  Units 47 9% 235 47 423

i

i

I
|l

Repeat [1/31, 1

raphics Dutputsoess ¢ e e e e et




l braphics Outputseess ¢

Marker number.ccec...s 1 () Repeat [2/31, 2
SpreadMethod .v...4.210/239

Colors Flies Spread length.seseas

l Red| 47 | 13- 841D 'l

l Total & . '

{ £-33.68 )

Sizes 51 S 53 55 Total
Sizes Markedevessses ¢ 2 3 1 9

I Total  Units 47 9% 238 &7 423

Marker number.:.c.essst 1 () Repeat [3/31, 3
preadiethod «ovveeiig/dag

Colors Plies Spread lengthevseass

=
Red| 27 | 79-14.8YD l

I Total 27

~~

2-33.88 )

Sizes S1 S S3 S5 Total
izes Markedosevsses 1 2 5 1 %

Total Umits 27 54 135 @7 243

Braphics Dubputssvs e e e e




hq‘ | :

: . .

- W Lot
& - .o

&t .

DA

< -

graphics Dutpubesses § /’5/

lNarker number.esessse? 2 O Repeat £1/23, 4
ipreadnethod eeneen2ig/229
tolors  Plies gpread lengtheceees
| Red| &7 37- 8.0YD
| I ]
l Total 47
{ 0-28,51 )
gizes 51 54 Total
iizes Rarkedoevsones 12
Total  Units YY) 94
l -/ Val
. /’l/"
!
]
| [
—‘ =
| = Red
| |
'«:11 < o-ge.0l »< 8-31.38
! »< 2-31.38
l Colers 13
Flies StartPoint: EndFoint:Spr
l Red 5 FoPTE
Red 0= 0,00 -
Red ?g 0~ 0.00 1:’;_;;'50
Red 3 G- 0.00 AR
1 £35:43
s fffpemsse




Paraseters: high

Problea paraseters,. ¢

Nuaber of Siz85.vvanesnssras b
Nueber of ColoTSivvrscennsse 1
Kax sizes / garkervivvesorss 10
Min sizes / markervivevenses {
Parityiiiersrresennvavannsss Either

Dvercut $ovsvensinnsvessanes 0.00
Undercut $ovisnvvinnnsananes 0.00
gvercut unitseesiiveeiincnss 10
Undercut unitseesseresnvanns 10
Haximue pligSsserurviverenns 108
Kinigug plies.ivausassnenrans 1

Mark

Multiple plieSsvaiassonssons
Max Ply-differencessvevesnss
Units/plie yieldosessrnsvins
Spreadhiethod +ucrevsvenainens
Plies/bundlevseriveserresnee
Nax. Spreadlength,.oviesss¥D
Narker widthivsssssnanaandIN
Pattern areassseeseess 801N
End LoSSsesisssvsnnrensreelN
Fixed Cost/Marker,eeveeaes$

Lost/Size Marker,veviveiss$

size scale

1,00 1.00 1,02 1,03 1.05 1,05 1.06 1.07 1,08 1.08

Spreading size scale

----------------------------------------

1,00 1,00 1,00 1,00 1,00 1.00 1,00 1.00 1,00 1,00

Cutting time scale

1,00 1.02 1.04 1.06 1.08 1.10

100
1
2ig/2ag
12
100,00
58,00
550,00
2.50
1,25
1,00

—

Spreading overhead,.,MIN/SPR
Spreading cost.ovvved 8 /HR
Spread rate.svsassss YD/NIN
Turn Ti®€sevesansans SEC/END
Roll change timesvesy.yo SEC
Cutting overhead.....KIN/CUT
CuttingTime/Sizesssvssvo SEC
Cutting cost/Hour..... 8 /HR
Cost/Bundleserevisanriness$

Stack factor Yuvuveeviivnens
Split factor Xeviesniieenns
Fabric costevsnesseasss$ /YD

6,00
23,00
43,00

360
3.00
267
30,00
0,10
0,00
0,00
10,00




e

Yoy waerreg
¥
- R

$es
A
-~

Probles paraeters.. @

Common Line factor

----------------------------------------

1 2 3

0,50 0,50 0,50 0,50 0,50 0,50 0.50 0,50 0,50 0,50

Patt siz arr scale

4 3 b

! e 3

1,00 1.02 1.04 1,06 1.06 1.10

Material Util scale

& 3 6 7 8 % 10

" W PNEe BRES CEED BNEe SN CECE CEEE YAoe Sehe

Input tablessssacess ¢

7.0 75.1 75.2 75,

2 75,3 85.3 85,4 B5.4 B5.5 85.5

L I,
S e R S R—

Colors §1 Hediu large xlarg 3BX42 40X40 Units
Red 163 239 599 &5 124 30 1200
Total 163 239 599 45 f4 30 1200




Marker solutioneeess ¢

'Harker 1 Repeat 1  Plies 101  Units1010
SifediulargednXs? Sizes

Marker 2 Repeat 1  Plies 23  Units 207
3{Mediuxlarg3Bre240X40 Sizes

l Marker Sizes  Reoeat Plies Units

l Total 2 19 2 124 1217

' Cutting Order Report : B
e I —————

Colors: Red
l Marker  Repeat  Plies ......YD

! ! 101 329-6.9
! 83  47-28,33
Total 2 1e4  396-38.27

Total Pliesiiauinnss
Marker  Repoat Plies «iu0u YD

i 1 101 329-6.91
3 l 23  67-28.3b
Total 2 124 394-35.27

L----




T2 Ee e,

o w g

' Narker 1 2 Total
Colors Repeat (1201} [2]

—emme e mmme mmammesn
b —1-1-13-+ - - L T

ed 101 23 124

- mm- meme sosnsows
==ZEIRZS 00 mRew enee a-meoweass

Deviation report....

i Cutting Order Report ! === ——= =

|

L----—---—'

Colors SiNMediulargexlarg3BY4240X40 Units
Red 79 7 1 0 =7 17
Total 79 7T 1 0 -7 17
Units produced
Colors SiMediulargexlarg3BX4240X40 Units
Fed 170 248 606 46 124 23 1217
Total 170 248 406 46 124 23 1217




Unit solutionievesss ¢

Marker number.......2 1 Repeat [1/11]
pread length.......:3-9.34

Celors weensd¥D Plies 51 Mediu large 38142  Total
Sizes Narkedusrvuass 1 2 ) 1 10

hed 329~ 6.91 104 101202 406 101 1010

Total 329- 6,91 10! 100 202 606 101 1010

Ul B = =S e

Marker number..c.e.e2t 2 Repeat [1/11
pl‘ead 12!‘!9‘“’\......-:8*34.10

Golors vuvenl¥D Flies §1 Mediv xlarg 38X42 40X40  Total
Si1zes Markedaiivanns 3 ¢ g ! 1 9

Red &7-28.26 23 69 4 4 23 & 207

L

]

13

! .

Toisl &7-28.36 23 69 46 & 23 83 207

aterialConsumption

-p e

Lolers Length Rest

[]
[}

Red 3711887

L---




Marter cost suesary, ¢

'arker nu.berlillitlllllltl' 1
85,55
Sizes

ES‘: Effi'll!.""l".lllllll

51 Mediu large 38Y42
g 6 1 10
harking costiveesinioncsadt
Sareading Co5teivvvirvisni$ 12,86
Custing cost/HoUrvuuvrivas$ 14,02
Bundling costivernnveniendd 8,50
Fabric costuivvvnnrnnesesdd  3891,92

—

12,05

Number of stacksivsearensens
Harker “idthonuuvucf'nnooclN

Total PlieSessrnrssressesins
$ bundleSyiivsverriranennnes
Units/plie yieldisossrsansa
Plies/bundlesssverivvsnninns
Fabric costeevvernoseedd /YD

{
38,00

101
85

12
10,00

Barier Originivesssssnesnses  New
Harker length...'......-..YD 3' 6.84

Spread lenqth.......-..»o.YD 3' 9034
Fabric Used"...-......o-eYD 329'7

Spreading tise,..vusss Hours 0,49
Cutting tise,ivivassss Hours 0,47
total ticesssuiaavioaiitours 0.9

' Otél COStuuu-nuuu.‘

3338.75

total unitsll.l“lill'.lll!.

1010

Avg Costlunit‘illC“l‘lil" 3'31

§1 Mediv xlarg 3BX42 40140

1 9
rw”lnu C‘:tunnuuuu‘ 10.97
Spreading Costuviviirnieed 6,39
12,89
Bundlirg castiiiiiiniiinndd 1,80
$77.8%

Cutting cost/HoUr vavviins$

ar}er nu'berll.l..lll‘l'.ll a
:..:t tff.ll'llllllllll‘llllll 85."9

4
Fcbl’!t Ce:\ICIQOIlilIlllll$

Sizes

Nurber of stachksivererosvase
Narker widthesosesosvivandIN

Totad PlieSisersesssenncnnns
§ bundlesiiiviiiiinininiisn
Units/plie yieldevossroains
Plies/bunglessssvinssnarian
Fabric ¢ostivesnssnvesd$ /YD

1
58,00

e3
18

12
10.00

narker Origin"'..‘l..ll.C" Ne“
Harker lthgth-........ oocYD 3'31060

2+34.10
67-28

Spread 1engthiviiviesnaasd¥
Fab'ic usedll.llllll'lllllYD

Spreading time.vseuos Hours 0.26
Cutting tigesesvesssos Hours 0.43
total tises.cosiuaneiiours 0,468

YGvél 505tunununnu‘ 710!12

t(‘tal Units.uuuunuun

207

Avg CoSt/unit..-......-...’ 3-“3

---------------------------------

lwta! cest suzears,, ¢

otal MarteErs.viisiiniicens 2
lgrmg 413 SR 23.02
opresding costuiiiiininnnd 18,64
Lutting cost/Hi  viiianenit 26,92
I}ndlng eistiiienaniiiens$ 16,30
Bric costuivsininiinaniait

] 4
Nupoer of stazksiieiviniinns
§ bundles,crviiiiiiiniiiine
Units/plie yieldisivsasiasns
Fabric costivivsrvanensd /YD
Fabric usediviecresnsvenas¥D

85.54
]

103

|
10.00
396,98

Hil’ker "idthll'lllll‘llllill 58000

Sizes Markedivssveessrnanens 19
Total PlieSivernivinvinenias 124
Spreading tiee...uuv.oHours 0.7%
Cutting time..ueuenso Hours 0.%0
total tige..vivicanasa inurs 1,45

3965.80

l:al tc'stlbllllllllllllll‘

4046.88

I
I
B

totad URitS eecsserviennanss

1217

Avg Cost/unitisiierennass$ 3.33




l braphics Dutpot.,es, 3

I Marker number.......2 1 O
SpreadMethod vvve0002ig/2ac

Colors Plies Spread lengthuvveeos

{ 3- 9.34

Total 101 |

y

Sizes SiMediularge3B¥42  Tota! .
S1zes Harkelowsvavew L 2 & 1 10

I Tetel  Units 101 202 &0& 101 1010

Graptics Qutputsssss

Marker number..c..sset 2 ()
'pfesd.‘%athod e ndiglian

Lelors Flies Spread lengthiiveess

Red! 23 |  47-28.410

m
l Fed| 101 | 329- 691D

Repeat [1/11,

Repeat [1/11,

Eizes SiMediuxlarg3Br4240X40  Tetal
Iér}gdl'lllll| 3 2 8 1 1 9

...
~a
©
o
=

. € 2-34.10

Tetal  Units &9 46 4 23 23 20?7

1

2




v

« v
I NN e
N

Marier Solution 11.. ¢ B e =

NMarker S12e5 Sizes/Marker| Repeat Plies Units

51 Mediu large xlarg 3842 40X40

| 1 2 b - 1 - 10 1 101 1010
1 3 g - 2 1 1 9 ! 23 207

(3]
—

1% I ] | 124 | 1217 |

Ppticized Spreading ! m——————

i Red

T3~ bE4 2 2-31.60 )

{elors Flies tartPoints EndPoint:Spread length.ssusse

Red a3 0- 0.00 b .69 141- 5,58
Red 78 0- 0.00 3- 8,09 254~ 8.19




'oblea parameters,, i
veber of Si285uviensnnnenns

1 2 3 4

l Parareters: BOEBR]

b
Nucher of COlOTSivvseirnnnee i
.ax 51265 / Rarkelrvieviveons 10
in cizes / sarkerivinininee i
Parityeviiiisnrnarasvivesess Either
a1 2 T 0,00
ndercut x.l‘llllll‘lll"‘!' 0000
Overcut unitsiviiiisvonrenns 10
Indercut unitesiiiiiiviinin 10
ERATNIT N JS T TN 108
tinioue pliesiiviviiniinnin 1

b

Multiple plies,essssanrnnnns
fax Ply-difference.evseasens
Units/plie yieldivsesirannas
Spreadiethod vavessvarrnenns
Plies/bundloseeisesnnnrnans
Nax, Spreadlength..sesss YD
Marker widthooeoranvonaan N
Pattern areavesssenoees SBIN
ERd LO5Seersrersransvinns Il
Fixed Cost/Markersuvivan

Cost/Size Markervisvviacni$

Mark size scale

§ 10

cEwe wmes @ iew Cene Twee seee

$.60 1,00 1,02 1,03 1,05 1,05 1,06 1,07 1.08 1.08

Spreading size scale

— B

----------------------------------------

1,00 1.0% 1,66 1,00 1,00 1,00 1,08 1,00 1,00 1,00

Cutting time scale

1,00 1.02 1,04 1,06 1,08 1.10

100
1
2ig/2ag

12
100,00
58,00
530,00
2.50
1,23
1,09

Spreading overhead,,,NIN/SPR
Spreading costievevsses$ 7HR
Spread rateyiveesenas ID/HIN
Turn Ti88uavervsenes SEC/ERD
Roll change time.svuvssssSEC
Cutting overhead,,,, . MIR/CUT
Cuttingliae/Sizesvevss, 5ED
Cutting cost/Hour.esy, 8 /HR
(1372:111,19 {-TANPNAPPRNRIIN |
Stack factor Sveversvernnans
Split factor Xiveinvinnnne
Fabric costossvvnnniiasd /YD

6,00
8.00
45,00
b
380
3,00
267
30,00
0.16
0.00
0,0¢
0,30




lrobler perameters,, @

l Common Line factor

----------------------------------------

4,36 0,50 0,50 0,30 0,50 0.50 0,50 0,50 0,50 0,30

I Patt siz arr scale

----------------------------------------

Colers 81 s 83 S 35 G Units

'= ------------- l;e.d” 200 200 200 200 200 200 1200
im. Total  E0¢ 06 200 200 200 260 1200
|

Harber solutitnieie, | se———————————————me—
lnarker ] Repeat 2 Plies 210  Unitslas0

§§ 62 63 8 85 8  Sizes
TN U s

Karker S1zes  Repeat Plies Unite

I Totzl 1 ) e 210 1250




|
1
i
i

!ting Order Report @
lors: Red

Yarker  Repeat

Plies ll.‘lIYD

ll 1 2

210

423-2.00

ll Total 2

i

423-2.00

II}al 1 SUT- TN
Marker  Repeat

Flies 00'0!IYD

Tetal 2

ei0 423-2.00

!L‘“lﬂg Drderfport lm—ee———— e e

Tetsl

. Narker 1 Tets)
Ceiors  Repaet [ 81 {2}
24 el 210
Total 210 210
Daviation reserty,in 8
[nlors 81 52 853 6 S5 S Units
' ked 10 10 1 16 10 10 b0
l Total 10 16 10 10 16 10 b0
.nits produced
|= Loloms §1 ¢ 853 5S4 85 &6 Units
Red 210 210 2iC 210 210 210 1260
!l 210 210 210 210 210 210 1269




niv selutionsueeess ¢

Marker number.......: 1 Repeat [1/21]
pread IEngth-.--.-tze—OQSE

Colors vueuaa¥D Plies 81 S8 83 8 85 S Total
§1205 Markedsveesnes { | ] | 1 1 )

MR EaE o E SN EE

Red 217-20,57 108 108 108 108 106 108 108 448

nm—-

Totel 217-20.57 108 168 108 108 108 108 108 448

------------
............

- e
wn
e
s
L
o3
»T

Marker number...sses 1 Repeat [2/2]
'pread lengtheceiees22-0.52

Colors ouuea D Flies §8 52 53 54 85 66 Tota)

l Sizes Marbediveiines i ! { { ! { ]
Red 205-17.43 102 102 102 102 102 102 102 bl

' Total 205-17.43 102 108 102 102 102 102 102 812

terialConsumption

- e

Colars Length Rest

Red §12-26.00




.arler cost summary. &

'rker UADBr s essrssnrsnsess i NUlber of stackSNouuuon [ Hirker Urigin..........n-.. New
st Eff‘tl"l"‘ll'..'l!!lol 85.3¢ Marker "idthc.toouuunouoc.l" 98,00 Hirk!r lengthl'lttoto'tillYD 1’34002
§2 83 54 5% 686 Sizes
) S TR TS S A b
Harking costesesnrircinnes$ 7.55 Total Pliessesssssssrsnosnns 210 Spread lengthesevussciaess¥D 2= 0,52
preading costisicrssaanndd 5,45 $ bundlescessrsariinisinnans 106 Fabric usedvsesossvennice YD 423-2
‘Uttlng CoSt/HOUM s everanedd 19.02 UnltSIPIie yiEIdununun i Spl’ﬁding timeisseaaoi Hours 0.7
undling costisaasvreranes$ 10.60 Plies/bundlesssssrsnnssnnans 12 Cutting timesivevsssssiHours 0,63
Fabric €ostuusavinioniens$ 211,93 Fabric costesesavevasedd /YD 0.50 total tiseuisiseoveass, Hours 1,34
lﬂtai (411 FA AP 254,35 total unitSesecncsrnnnnenses 1260 fivg Cost/unitesaissesnnnns$ 0.20

l@tél tost SURRE Y .s ¢ P o — L e

raghics Outputesees ¢

Marker number..cses.? 1 ()

'r adtethod vu....2ig/2:0

Lelors Flies Spread lengthsseiias
e ——
.——.—————_——m
R!dl 108 | 217-20.6YD !
Total 108 |
¢ 2~ 0,32 >
Sizes 51 52 53 S84 85 56 Total

285 Harkelocieann, 1 i i 1 i I 6

jotal  Units

108 108 108 108 108 108 648

=

- tal HarkerSIOOOOOOQO'ICOO! t Avs effct‘.‘ltlib!CCIICCOOOc 85!38 "‘rker “idth!ltl.l'.O‘.tO'!‘ 58.00
rking Cost..............’ 7-55 Nueber of 5tiCkS|oonototou|0 4 Sizes Hirked................ b
lbaéin” costt.l!ltliillt‘ 5065 ’ bundles.lOlOOlliOOCIIIOOOO 106 70"] Plies.tllicillolillitl alo
thing cost/Hour.uiiaiiiid 19.02 Units/plie yieldisosisiuness 1 Spreading tice..ousess tours 0N
ndling costiiivaniiiiiadd 10,60 Fabric costuvicacesnsnsd /YD 0,39 Cutting tisessuucissssiHours 0.63
Pr1c €05t uisienrniananast 211.93 Fabric useduivvssnvernnans YD 423,06 total time.cernnansara hoUTs !:SQ
\Ed c)stl.il!l!.‘.llilll' as"c‘as tbtax units“ll'lllllllllbll 1260 Avg costlunit.l.l“.!‘.‘l.“ 0020

Repeat [1/21, 1




Graphics Outputevses 8

b e ARG

readiethod voveeei219/22g

Colors Plies

Marker number..cseee? 1 O

Repeat [2/21,

Spread lengthossins,

| 20517400 |

Tetal 102

———

{

I

> 0,952 b)

I' Red| 102

Sices 51 52 83 54 55 G54 Total

I A

':es Markedeovivias ! !
lmer Selution 1., ¢

Totel  Units 102 102 102 102 102 102 &l

Barker | Sices Sizes/Marker| Repeat]  FPlies]  Units
i §1 s 53 S S5 S
"""" R R R M S W PO T T 1 N 0
: | | b @ | ae ||

2




Optirized Spreading ! s——— — —_—

L--------

b Red }
102 Red
(1-34.0 X 1-34,02 R
elors Plies StartPoint: EndPoint:Spread length.vvuees
Red 102 0- 0.00 3-33,30 403-3:.8%
Red ) 0- 0,00 1-35.27 18- 3.14




o

,,
.
> B N Sk

robles paraseters,, ¢

iober 0f Si2€Sivereerarirns
Nunber of colorsyvernivioens
% 51205 J RArKBfyiiviinnns
10 sizes / Barkeriveinrinne
ritY"00l0||COOOQCOOOO'IO!
VErCUE Kuvetvvoransarnnnens
adercut Bevveniseninnnresee
VETCUf unit50l00.looocuoooo
Undarcut unidseiinninnennns

3XiaUR PlieSsuarannrnasnees
inleur plIBSyssssinnaniines

1,00

Lm-----

Mark

Parasetere: AEGHIK

10
|
Either
0,00
0.00
10
10
108
!

Nultiple pligSsisvaosvensinn
Max Ply-differenceeuseescers
Units/plie yieldivsosvsesnns
Soreadiethod sevsvesionnsens
Plies/bunglessesseresnsnnnne
Hax, Spreadlength,veesees YD
Harker “idthoo'vb..'t""tl"
Pattern areavevssssress 5810
End LOSSssssarsssarsnessss]l
Fised Cost/Markervesoveess$

c05t,5ize “irkerooo'0oo|a.‘

size scale

1,00 1,50 1,02 1,03 1,05 1,05 1,06 1,07 1.08 1.08

Spreading size scale

----------------------------------------

1,00 1.00 1,00 1,09 1,00 1,00 1,00 1,00 1.00 1,00

Cutting time scale

t
100
]
2ig/2ag
12
100,00
38,00
550,00
2,50
lbas
1,00

e e e 5

Spreading overhead,,,MIN/SPR $.00
Spreading costussseesas$ /HR 8.00
Spread ratesssseiseed YD/KIN 5,00

Turn Tig€ysvsvasesssSEC/END §
Rodl chinge t1mesuseese, SEC 350
Cutting overhead. .. MIN/CUT 3.00
CuttingTiae/Sizevesserys BEC £e?

Cutting cost/Hours..vsi$ /HR 30.00
cost’sundle.‘..l!!lttit0.0‘ 0010
Stack factor Xuveeernnnennes 0.00
Split factor Xivsernnnranns 0.00
Fabric costuveveeesssedd ND 10,00




'Problen parageters,, ¢

Common Line factor

----------------------------------------

0,56 0,59 0,50 0,50 0,50 0,50 0,50 0.50 0,50 0.50

Fatt siz arr scale

1,00

Material Util scale

----------------------------------------

i

74,0 73,1 75.2 75,2 75,3 83.3 BE.4 BY.4 85,5 85,35

!put tasxe.‘l..llll H M

' Colors ) Units

Red 48 4

Total 48 §8

Karler solution, e, | mmce——————————————————— e e

Marker 1 Repeat 1 Plies ¢ Units 34
§1 Sizes

li

Harker Sizes  Repeat Flies Units

' Total { [ { b 94
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Dutting Order Report ¢ “-_—————————MM————_———_____——_______________

(llorsz Red

Karker  Repeat Flies voveud¥D

! 1 T 17-10,70

l Total i T 17-10,70

7 1 PliESQIIIIODO'
Narker  Repeat Flies vivve¥D

! | §17-10.70

' Total ! § 110,70

'mng Order Report ¢ N e ————

Marver § Tota;
lColors Repeat [ 1) [ 1)

------------------
------------------

./'xat'mn reporta.e, ¢

81 Units

’ Colers
Red b b
' Total b b

'-\'1 ts produced

Colors 51 Units

————

Red 34 54

I Total B o4

e




!
:
1

At solutioneiiees ¢ ===

lrwrker nuUMbEeTr aessess? 1 Repeat [1/11
Spread length.voee..31-33.19

Colors +vvusdYD Plies S1  Total

E SIZEE Hikad..n..u 6 6

Red 17-10.70 9 34 34

Total 17-10,7¢ 9 34 4

------------
------------

.‘ 100,003
aterialConsumption

Colors Length Rest

Red 16-32.30

L
i
i
!
i
1
!
I
i
|
|l




a pZoErTren
PR
wres

Marher cost sumcary, ¢

hE T T O
Est Effiisrnnnnnvivinsaiinn
I'Sl Sizes

b
ing (413 F9NPN )
yeaoxng 1431 FUNRNN |
ting cost/Houryiuivaras$
Bundling €ostivuiiiviieins$

7,55
177
9.18
0,50
172,97

Nurber of stackSivvessrneeee
Marker widtheicvevorovnes Il

TOtil PliESCllllll‘looI.'oll :

’ bundlestltill'll'l‘l!.l!li
Units/plie yieldiesvsvsnaaes
Plies/bundlesesirnenssnnones
Fabric coStussvveronesdd /YD

t
58,00

—— —

Farker Originvessveraeennaes
Narker length.eveisnaasedd¥D

Spread 1engthuesvevosiaena¥D
Fabric usedvssserssnrerass¥D
Spreading time.ovoosso Hours
Cutting time.oovsssess Hours
total tieesisenesneraaitours

New
1-30.49

1-33.19
17-11
0.22
0.31
0,33

‘rlc Lo‘t.t‘lllllllllll's

tOtal C"Stu.l llll"ll‘!ll‘

191,97

total units'.'.ll..lll..ll'.

Avg COSt/Uhit-.....----...‘

3,55

'a cost USRIy trmmre———

T ‘ ﬂar\E...v-u.. [AERENEN)
lnd Lo:tlllllllllllQll’
5 051l5 CCSt.--.-.;...--s

r
Cutting cost/Hour.uivuanii$
llng Costlli.llltliil“

F 1C Cc‘stlllllllllllll'l‘

!

7,35
177
.18
0.50
172,97

L
Number of stacksiiasviinvins
3 bungleSiiiviririnsssinenns
Units/plie yieldosiseiaaanes
Fabric costessvarnneens$ /YD
Fabric used.uavovsnarnsesd¥D

85.32
!
b]
1
10.00
17,30

Harker ®idthesioriiirnoiniins
Sizes Harhedviaseasrnvinrens
Total PligSeeessnvesnenvanns
Spreading tiBe..evssss Hours
Cutting tige..vssvusss ours
total tieBssiesvreevsoolours

3800
b

9
0.22
0.31
0.33

4 l C’Stnnunuuuu’

%

1
I
!
I
!
;

A
.

191.97

total unidseiieniecnninnnnns

B350

94

Avg COSf/Uﬂit-............‘

3,38
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e
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arker number..cseceea? 1 O
readiethod +,.00.0210/24g

Colors Plies Spread lengthiveoess
———

a
Red| 9 | 17-10.7VD

Total 9 l

€ 1-33.19 )

Sizes 51 Total
g8 Narteliivavens & &

Ivo

Total  Umts 54 o

arler Selution 11, ¢ <

Harker |Sizes | Sizes/ﬁafkerl Repeatl Flies;

. |

pthS UUtpUt.n.. : .

Units|

Repeat [1/11],

1
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l
|
1
1
i
i
i
i
1
i
1
i
1
i
i
i
i

ptinized Spreading @

|9 Red

{ 1-30,4§

Lolors

Red

Plies

9

StartPoint:

0' 0-00

EndPoint:Spread lenjthesvess

1-31.94 17-10,70




Faraneters: ARFHIE

Fraoblem para‘nate‘rs.. e

‘—m__,‘—'_————-————-_____-_

UABET O S12854vsrnnrvrness

1 Maltiple pliesiiueivnvesniss ! Spreading overhead., MIN/SFR 6.00

usber of ColorSsseiiirennse 1 Max Ply-differencesseiesces 100 Spreading costiveveees $ 7HR 25.00
X 51285 1 drieriieveennes 10 Units/plie yieldviivissnesss | Spread rateveieseoses  YD/NIN 5,00
Hin sizes / earkervoievanss ! SpreadMethod 4uvvevvervniens 2ig/2ag Turn TRE8uevuurvass s SEC/ERD é
S T S 11 1 s Plies/bundle.urivvonannrees 12 Roll change tige......,..SEC 360
VETCUt Kvervvivnnnnirannnans 0,00 Kax, Spreadlengthivvveras¥D 100,00 Cutting overhead.....KIN/CUT 5,00
Undercut Rvuvuvinrivesnnnens 0.00 Narker widthyssssareeveassIN 98,00 CuttingTine/S1ze40s0sy, ., SEC 247
varcut units.iianniiiniee, 10 Pattern areavoeveivensd SOIN 550,00 Cutting cost/Hour......$ /HR 10,00
‘}ndercut 111 1T 10 3 e | 2,30 Cost/Bundlessssverresnee,$ 0.10
3X16U2 PliBStiseesiennnnnes 47 Fixed Cost/Marker.vsvoea,$ 1,25 Stack factor Xuvvvvnnrveenes 0,00
Niniaua plieSicvaeerivnneees i Cost/Size Marker.ivvveiasi$ £,00 Split factor Yuvverreveoens 0.00
Fabric costusvivavesese$ /YD 10,00

Mark

Size scale

1,00 1,00 1,02 1,02 1.05 1,05 1.06 1.07 1,08 1,08

Spreading size scale

100 1,00 3,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00

Cutting time scale

1,00

L—---_---




ey
N L e G

- * ,‘-
. T

L\

Probiee paraseters,, $

Common Line factor

----------------------------------------

0,5¢ 0,50 0,50 0,50 0,50 0,50 0.50 0,50 0,50 0.50

FPatt siz arr scale

1,00

Material Util scale

---------------------------------------

76,0 75,1 75.2 75,2 75,3 £8.3 95.4 85.4 85,5 85,8

put tablElllllllll : W———“_—-——MM

l Colers 5! Units

Red 1200 1200

! Total 1200 1200

Karker selutioniies ! mem———-—————— — e

——

Marker 1 Repeat 5§  Plies 201  Units1206
51 Sizes

Marter Sizes  Repeat Flies Units

Tetel ! b § 2ol 1206

-




<2

ufting Order Repert @

l'lors: Red
arker  FRepeat Plies vvueao¥D

I 1 5 201 3B6-11.06

Tetal ] 201 365-11.06

3l PlieSesesnnrns
Haryer  Repeat Plies vvviao¥D

1 3 20! 385-11.06

' Teta ] 201 3%%-11.06

luthng Order Report | e

Marker { T
Cotors  Fepaat [ 5Y [ §)

-------------------
--------------------

]XEHN\ reporteie, e e e

-
== 4~

Celors 51 Units

:I' Red ] &
l Totzl b 6

'\its produced

I Colors 81 Units

Red 1206 1204

Tetal 1206 1206

I
8




§ I

IUnlt SOIUHDH..-.... H

Marker number.c.ceae? 1 Repeat [1/5]
’pl'ead length..-..--ﬁl-sa-l‘?

Colors wveued¥D Flies S1  Total
Sizez Markedeisevens b é

Red 90-11.90 47 ege 282

Tetal 96-11.50 47 282 o6

I 23.38%

Marker number..scsset 1 Repeat [2/51]
pread lengthe.sees.31-33.19

5 veeendd Flies g1 Tolal
Sizes Markzdiivesnas 3 b

' Red 90-11.%¢ 47 c8e 282

I Totel 90-13.9¢ 47 T

Color

23.38%

------------
------------

Marker number..sese.? 1 Repeat [3/5]
pread length..seee.21-33.19

Celors «oveas¥D Flies 81 Total
S1zes Harkeduviasnes b )

Red 9G-11.%0 47 262 282

Total 90-11.90 47 age 282

| ) 23.?871
o |




Marker number..ccsees 1 Repeat [4/5]
pread lengtheeneees21-33.19

' Colors vovaso¥D Plies g1 Total
Sizes Markedvssssves ) )
' Red %0-11,90 47 282 282

Total 90-11.90 47 28 a8

' 23.38%

------------
------------

lMarker number.ccsessa? 1 Repeat [5/95]
SPrEad length----...:1-33-19

Colors voeen¥D Plies 51 Total
Sizes Markedessssess ) b

Red g4-35.46 13 L 78

Total 24-35.46 13 . 8

aterialConsumption

Colers Length Rest

. Red 3N-13.4¢

o |




RN RN

Marker nUBbEr v ssrsvsrinsree § Nusber of stackSiesvosasanes b Harker Originesessovioseress New
ESt Efflll'!ll.!tl.l.l.ll”. 85l38 Harker “idth.lll...i!'ll"l" 58.00 "arkEr lengthOlOOCOOOCOOOOYD 1-30069
Sizes

'”RFLET cost sumpary, | =—————————— e e

Nar'lng COstltltolt'l!lltl’ 7l55 Tot‘l PliESQQCOIlDIO"IOOC“ 201 spreid length'.".l'l.'lﬁiyp 1.33019
Sprea”lng ’Osto'.louunntoo‘ 16095 bundles...‘............c-. 101 Fibrit used.......-...g...vv 386-11

Cutting cost/Hourivivesssi$ 15,89 Units/plie yieldssseosnnrnns )\ Spreading tise....s... Hours 0,68
Bundling €ostevvivanrneeed 10.16 Plies/bundlessssvesssvanans 12 Cutting timesveerssess Hours 1,53
Fabric €osteesivsrnnnnennsd  3883.07 Fabric costeauvsreeeres$ /YD 10,00 total tige,sssesevenss Hours 2.2l

total costivervnnnnnsninn s 3912,97 total unitSissesossieesreens 1204 Avg Cost/unitesusiianess$ 3.24

————
=

l:(\tal cost SURRETY. s | e e

tal Harkel‘s!l‘llll‘!'l'... l AvG eff.ll.l.‘..l"..‘..ll.l 85.32 Harker 'idth‘l.’...‘l.lll‘l. 58'00

“ar':‘:ng costlllCOIOOOIOIOI’ 7.55 NuﬁbEr of StaCks|nnuonu 5 Sizeg "ar':edlCOOOOlllliblltb 6
leédln? :Ostitlllolltlll’ 16095 'bundlastlllclltl...ll..!ll 101 ‘Otal PliESIOOOOOOOOOOCIDDOO Eol
tE160 Cost/Meuriiiiiiiedd 15.29 Units/plie yieldiivosiannass ! Spreading time..ovvsys Hours 0.68

Bengling costiiinininiinil$ 10,10 Fabric costusvsvunsesns$ /YD 10,00 Cutting timessuvasssss Heurs 1,33
!brlc coctOOIIOOOICOIIOII‘ 3863007 Fabric USEdunuuunoooYD 386.31 total ti.EIICIIIIOCIICIHOurS 2021

tal costl'lll‘lbllllllll‘ 3912'97 total units.llllllll.ll..lll laob Avg Cost/unitllllill‘ll‘lls 3'2“




lrmrker number..c.saest 1 ()
Spreadietnod vouvve02ig/2ag

Colors Plies Spread lengthssssess

I | Red| 47 90-11,9YD

|I l Total '

1-33.1%
Sizes §1  Total

'::esﬁarxed........ 6 b
Tota!  Units 282 e

(£

Marker number..c.sesa 1 ()
.pféadﬁethéi .......Zlg/Zi;

Colors Plies Spread lengthesiass

Redj 47 | 90~11.9YD

Total &7 '

¢ 1-33.19 y

Sizes S1  Totsl
zes Warkediovinnns & &

Total  Units 282 282

L-\z-g’,--A-

Repeat [1/53,

Repeat [2/51],

1

IrépthE Butputevess ¢ e e

2




IMarker number..c-s:.2 1 () Repeat [3/5], 3
Sprezdiethod vuevvea2io/2ag

Colors Plies Spread lengthesseses

l Red| LU 90-11.9YD
I ‘ Total 47
{ 1'33019 )

Sizes S1  Total

izs Harkedosossonn b &
Tetal  Units 282 282

'aphlcs Dutpubeeees t M

Marker number.sccssssd 1 O Repeat [4/51, &

l.eadﬂetrod evsnalioflag

Colors Plies Spreac lengtheseses,
l Reﬁi 'y} l 90-51.9YD I

Totel 47
m—————-—_-———

L

1'335‘9 —-——-—-——————-—-——)

~~

Sizes 51 Total
188 Hﬂrkebllllllli 6 6

Total  Units 282 age

1
i
1]




GI’GPMCS Dutput.vens ¢ S eSS e T ——

Marker number..ccce.a.? 1 O Repeat [5/51, 5
frreadieshed vovuyo02ig/2ag

Solors Plies Spread lengthivveers

w
hed| 13 |  24-35.51D l

Tetal 13

1'33:19 >

Sites §1  Total
'{d [ AR E NN 6 6

—

Tot:l Units 78 78

gren Solition 1l 1 ==

Harker iSiz |  Sizes/Marker| Repeat]  Plies|  Units]
K | |
6 | & ! b] ! )] ! 1208 !
B b | 5 | e |12 |

R70




Dptiejzed Spreading

34 Red |
13 Red
¢ 1-30,6% 3 1-30,49 2 1-30,69 3 1-30.49 ¥ 1-30.46%
Colors Flies StartPoint: EndPoint:Spread length.vvesss
Red 13 0- 0,00 §-10,70 121-11,31
hed 34 0- 0.00 7-16,01 254-16,73

¥
L Y
N
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Parageters: CEFHIJ

robles parameters,, § =

- N

Multiple plieSieessrrvonosss
Nax Ply-differencesssesesess
Units/plie yieldviersrsnnnas
SpreadMethod sovvevssvinnies
Plies/bundlessssrernssnssone
Max, SpreadLength.uvvsvss YD
Marker widthevsvvesorvenndIN
Pattern ereassessenssss S0IN
End LoSSuserrrnnivevsannnsll
Fised Cost/Marker.isvesess$

Cost/Size Harker.vivovonni$

usber of Sizefiiivrsrvirris i
Sunbar of colerSiiavenarenes 1
2% 51785 / BRTKBMevvervrves 10
‘m 51265 / B3TkET i ensvrnvas )
2T i v v esiressannevinnnsens Either
WECUE Revionvrrervennnnnes 0,00
ndercut Reveavrrnvnnennsens 0.00
23241 QNTH 17 10
Undercut UnttSiivvesnvrnraes 10
arieue pligSierrsseiriones §7
':imm Pligsiicinciiiinnin 1

Mark size scale

-----------------------------------------

1,00 1,00 1,02 1,03 1,05 1,05 1,06 1,07 1,08 1,08

Spreading size scale

1,00 1,00 1,00 1,00 1,06 1,00 1,00 1,00 1,00 1,00

w—-

1,00

Cutting time scale

B72

100
1
2ig/ag
12
100.00
38,00
550,00
£.50
1,25
1,00

Spreading overhead.. . MIN/SPR
Spreading costeeseaseis$ JHR
Spread ratevessesers o YD/MIN
Turn TimeersssvesnesSEC/ERD
Roll change $1£84.000000l5EC
Cutting overhead..,...RIN/CIT
CuttingTise/Sizesessvsss SEC
Cutting cost/Hour.sssss§ /HR
Cost/Bundlesseresininnnesed
Stack factor Yevsuesrnnneren
Split factor Xeevisverinnns
Fabric costesrnnnannnns$ /YD

6,00
25,00
£5.00

360
9,00
267
30,00
0.10
0.00
0.00
0,30
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reblen parapeters,, ¢

Common Line factor

----------------------------------------

0,50 0,50 0,50 0,50 0,50 0,50 ¢.50 0,50 0.50 0,50

Patt siz arr scale

1,00

Material Util scale

' Colors st Unjts

Red 48 48

l Totas 48 48

arler sElutionicess {| m—me—————— e e

Marker 1 Repeat 1  Plies 29 Units 58

l— o1 Sizes
2 2

Total ! g ! 29 58

l Karker Sizes  Repeat Plies Units

B73




"
¢

utting Order Repor{ @

lolors: Red

Harier 1

ev.ation reperdo,, 2

Marker  Repeat Flies +.000¥D
'“1 1 29 22-12.8b
Total ! ey 22-12.86
L.
'm Fligseierenes
¥arter  Repeat Plies +vvauu¥D
1 I 29 26-12.;;.
'Tetal 1 8y 22-12.86

luttlnn Order Repert oo o
: —

Total
Frpeat [1) (1)

-----------

Colors 81 Units
Red 10 10
Totsl 16 10
nits produced
l Lolors 51 Units
58

58




[—3

nit selutionieesses @

|Marker number.cecesee? 1
pread lengtheeesses:0-27.735

Colors sesesd¥D flies 51 Total
Sizes Marked.versuss e 2

Red 22-12.86 29 58 98

i
' Totel 20-12.86 29 5 58
M

100.00%

aterialConsumption

Colors Length Rest

Red i~ 2.4b

Repeat [1/11



K

arher cost sumgary. !

lker DUBDEr v ssesrenrannons
qt Cfil'lilltllllllltlllltl
Sizes

I

Harklng 41 PIITTINN |
reading Costevvvarnnansd
tt'ng Cost/ROUT v ovvanvel
Bendling costersivininines$

Nueber of stacksecievsnnnee
”arker "idthl’l'lllll!il'll"

Total PlieSiversrrronicnnns
F bUNdleSerrversniinnnrenrans
Units/plie yieldsieersranses
Plies/bundlesiavivornnrnnens
Fabric co5tevessveesess$ /YD

t
38,00

29
b}

1

12
0,50

Harker Origifesseececesonens
narker length.l“l'.l.lll!YD

Spread lengtheecerenrvesed¥D

New

0-25.29

027,75

Fabric USEd............-..YD 33'13

Spreading time..iuo.. Hours
Cutting t1messsssessiiHours
total tise..evsisiaian Hours

0.26
014
0,41

',Jrlc costllttlllllllllll‘
t l hOStn-n-llllnovnanru‘

.......

‘otai UnitS.unun.'uu-u-nn--.

8

Avg Cost/unttesvuusnnnneed$

ttal Hamlers iiviivinernnes
Thing Costisuniveniin d

FE3difd C63%iaiinvnennnd
teing costfHour.........s
Bund.xng 1111 FUNNNIN |
LS T .71 PPN

-3:\-. L
e

etal cost SURAETY . | e

-
Nunber of stackSivivaviiseas
3 bundlesiiiiiiiiininiiinens
Units/plie yieldiivviirnnnes
Fabric costivanvinnneds$ /YD
Fabric usedssaersensnnenss¥D

73.10
1

e
o

1
0,50
22.36

Marker widtheesesevsssnsrnes
Bizes MarkeGovvevonassnnenss
Total PlIESuiiciivinnnnsson,
Spreading time..v.u..o Hours
Cutting time..uvsssss. Hours
total tisesssseeiesess Hours

58,00
2

ey
(.28
0.16
0.41

téé castl'lllll!llllllll‘

_---—3.

tot&l unitSOUlllltnlloooctll

38

fAivg Cost/unitisuiinsisenadt

0.45




= T

Braptics Dutput...v. ¢

Marker number.ecss..t 1 ()

gadiethod vuve0219/2a0

Coloers Flies Spread 1engthesesoos
Red| 29 | 22-12,9YD
Total 29
]

0-27.75 )

Total
es "lar"’ed'lllltll 2 a

Total  Units S8 38

lll {
l Sizes 51

Harver Solutior 11., @

Repeat [1/11,

1

ll Harler

15izes i Si:es!ﬁarler; Repeatl Pliesg Units}
" | |
12 | 2 ! |28 ! 58 !
l: T et e s
R77




Cptieized Spreading ¢ —
EREE
{ 0-29.85 - )
Colors Plies StartPoint: EndPoint:Spread lengthesssss,
Red 29 0- 0,00 0-26,50 22-12.84

L--------




'mea paraseters., !

Ninimur plieSeveivsnsnnennns

Paraeeters: BLEFGK

aber of 5izeSeavinirnvenns {
‘ﬁbET of colorSusrssrnonnns i
3% 51285 / BATKBFavesvvrras 10
Kin sizes / markelvevveenses 1
rityiviasveianninaannnne, Either
VETCUY Beovenninnenrrarives 0.00
Urdercut %evvvovcrnonnsnaens 0.00
Vercut uritsisvesvesecrnens ¢
lniercut 11116 2-TH 0
arieun pligSisvieenisnrines 108
1

Mark sira

Bultiple plieSsisraonsninnea
Max Ply-differencessvenssses
Units/plie yieldsecsrrananes
Spreadnethod IERLU AN RN ENENNR]
Plies/bundlesessessnsvonses
Max, Spreadlengthiveveeesd¥D
Narker Widthevessasessoaa I
Pattern areavseeessnesnsSOIN
End LoSSeervserrnennnanneodN
Fised Cost/Markerveaeecses$

Cost/Size Markeriveveveesd$

scale

1,00 1,00 1,02 1,93 1.05 1.05 1.06 1,07 1,08 1.08

Spreading size scale

----------------------------------------

1.0C 1,00 1.0¢ 1,00 1,00 1,00 1.0 1.00 1,00 1,00

Cutting time scale

1,06

100
1
Zig/lag

12
100,00
58.00
950,90
2,50
1,29
1,00

Spreading overhead...MIN/SPR
Spreading costeeecessss$ /HR
Spread rateusveverese YD/HIN
Turn TigBuesvsesersasSEC/END
Roll change tide..ssevsesSEC
Cutting overhead.,...MIN/CUT
CuttingTise/Sizesssvyssa SEC
Cutting cost/Hour,svsss$ /HR
Cost/Bundlessnsvesronanendd
Stack factor Xuvevernsonnees
Split factor Nivesesennnens
Fabric costeessessssese$ /YD

6.00
23,00
45,00

360
5,00
267
30,00
0.10
0.00
0.00
0,50




roblee parageters., @ =

Common Line facter

CnEe TEesr Cene EEe® CAENA SEre REer SRee Beee Boo

0,50 0,56 ¢.30 0,50 06,50 0,30 0.50 0.50 0.50 €.50

FPatt siz arr scale

1,00

Material Util scale

----------------------------------------

74,0 75,1 78,2 75.2 75.3 B3.2 85.4 B83.4 BS.S 85,5

o

n'ut tatiE...---... H

-3

l {slors &1 Units
' Total {200 1200

e
¥arber solubionciess d N——EeEEE

Marker 1 Repeat 2  Plies 200 Units1200
51 bizes

Merher S1zes  Repeat Plies Umts

----------------

l Tetal ! ¢ 2 20 1200

B8O




R
¢
- rar
- -§ ‘ -

Cutting Order Repert 3 ————e—u—r

lors: Red
farker  Repeat Plies svvuo¥D

' 1 g 200 3B4-13.87

Total 2 200 384-13.87

2l Pliesiivaniens
Marker  Repeat Plies ,evasdD

l l g c00  384-13.87
Total g 200 3B4-13.87
'utting Order F.epart : B e S

Harker 1 Total
l Cclors  Repeat (2] I 2)
ed

--------------------
--------------------

viation rep:'t.... : Rl e

Colors 51 Units

Il Red 1t 0

' Total 0 0

nits produced

Colors 51 Units

Re¢ 200 1200

Total 1200 1200

II B81




Unit solutioneeesese !

Marker number.......: 1
Spread length..-.---=1—33-19

Colors .veuuu¥D Flies §1  Total
' Sizes Markedssssvens ) )

Red 207-20.45 108 648 648

' Tota) 207-20.45 108 548 648

34.00%

------------
------------

Marker number...cese? 1
pread length...s:¢..:1-33.19

folers ouuvnl¥D Flies 51 Total
Sizes Markedovvvonss b 8

-----

Red 176-29.42 Se 958 kT

Tetal 176-29.42 92 352 Sie

46.00%

aterialConsumption

Colers Length Rest

f.ed 375-17.67

-

Repeat [1/21]

Repeat [2/2]

¥
A 4



rarker cost sugrary, ¢ =

ker nuaber.vussareisisnns ! Nusber of stackSe.eessivnnne 2 Marker Origineeeessnanaseees  New
Bet Effurverivrroninnininnes 85.32 Marker widtheivivrsesranad I 58,00 Marker lengthovvveervonan YD 1-30,89
S S1zes

Thing costisiiuniiecrendt 7,59 Tota) PlieSeseessssssnssrnes 200 Spread lengthevaesinaesss YD 1233,
“"Ecdlng T 1 SIS | 14,89 $ bundles.ieseiieninaninnnss 101 Fabric useduvesrosnerseses YD 35414

tting cost/Hour.uvaunaes$ 18,35 Un:ts/plie yieddiiscoriroas, ! Spreading tigevyvseei i Houms 0.
Buneling costiveeeriiineedd 16,10 Plies/bundlessssssrscessnans 12 Cutting tises..cuuuvasiBours 0
!

l |1c costl!!llll‘.l‘l““ 1?8019 Fabric Costl.’..l‘l....‘ /YD 0050 total tiﬂell..".ll".l“ours

totgl cﬁst.tiiliitillllll.‘ aks 09 total units.l...'lililbit..l 1200 Avg cost/un't'l.l..l.‘.‘l(‘ 0-30

Total cost sumcary,, @

. W

lé} ﬂifke’s-nuuu-nu- l Avs effl000000l|0|ttlloclltl 85032

nariinr 1433 I 7,35 Kueber of stactsuuiiinyennns 2 g;:::rn::f::..‘...'....-.--. 58.02
'fadxrc 1233 SN | 16,85 EURBlES iiviiiniiiinnees 101 Total P!iés.:::::::::.“.". 200
ting cost iHch.........s 18,35 Unite/plie yieldsivuserarnas ! Spreading txae.......::gédgg 0.65

; Gling c0ztiiiiiiiiiii$ 10,10 Fabric costuvivauinins 8 /YD 0.50 Cutting tiﬁe...........Hour; 0.61
Fadric costevviniiniisnees$ 192.1% Fadric useduuvivevinnvnina¥D 384,39 total tise.iuevussss,a Hours !:29
S N 24%,08 toted unitsiiiivniiiiiinenas 1202 Avg Cost/unitsieineininni,s 0.20

'Ap‘* ies Dutpteanns ¢ =

arker number....s..1 1 () Repeat [1/21, 1
eadhethol 4uuvaiillo/as

telors Plies Soread length,oeeuas

ked| 108 | 207-20.4YD

Tetal 106

e e e I
—— e —————

'( 1-33.19 y

S1zes §1  Total
es Harked,iiiuves 6 b

l Tosal  Urite &40 448

BR3




.
!raphics e e e e e e e

Marker number...ss..t 1 O Repeat [2/21, 2
SpreadMethod ..vvu02ig/dag

Colors PFlies Spread lengthe.veess

l Red| 92 | 176-29.4YD l

Total 92

{ 1-33.19 )

Sizes St Total
ces Markediiannes 0 b

Total  Units S82 552

ariz- Selution 1., ¢

Marber |Sizes | Sizes/nerker| Repestl Plies] Units[
)| . |
""""" L s ! b |2 | 20 |10 |
T b e | we [0 |

Bg4




Optirized Spreading ¢

|

16 Red
52 Red '
{ 1-30,49 2 1-30.69
Colors Flies StartPeint: EndPoint:Spread length...uues
Red 52 0- 0.00 3-26,63 347- B.B4
Red 16 - 0.00 1-31.94 30-27.03

B85




Paraneters: LOW

e —

oblen paraeeters., § ==

Nugher of $1265vevsrnrrnsine

lter of COlOMSuuinrrerinas 1
% 81288 / qarkelivuviveaes 10
Hin sizes / garkervvivesnvans {
AT e viiveereninnsanianens Either

qvm:ut S T 0.00
IRdercut Rievvrnrinvrncinons 0,00
vercut unitseesvierenennons 0
rdercut unitSiveisinsninens 0
EER LT DTN §7

1

10 plIgSiviiinisiiinees

Mark

Kultiple pligSesersvraveans
Hay Ply-differencesvveesoons
Units/plie yieldivivisennans
Spreaddethod cvvvesieriniens
Plies/bundlessavvvicrvrennns
Max, Spreadtengthivvessasd¥D
Harker W1dtheveiviesinennao I
Pattern aredscseseseses SBIN
End LoSSurassvinnnvsnannnilN
Fixed Cost/Markerseivseesdd

Cost/Size Markersiiivavees$

size scale

g

----------------------------------------

1,60 1,00 1,02 1,03 1,05 1,05 1.0¢ 1,07 1,08 1.08

Spreading size scale

----------------------------------------

£.00 1,00 1,00 1,00 1,00 1.00 1,00 1.06 1.00 1,00

Cutting time scale

1.00

100
{
2i9/23¢
12
100,00
58,00
550,00
2,30
1,85
1,00

Spreading overhead..,NIN/5PR
Spreading costeiseeses 8 /HR
Spread ratecuerveness YO/HIN
Turn TifeusossiassasSECIEND
Rell change timesesssysy SEC
Cutting overhead,.., RIN/CUT
LuttingTine/Sizes.viuars SEC
Cutting cost/Hour,.sius$ /HR
Cost/Bundlevsvsvsnnnrasens$
Stack factor %oveiiiiiiiinns
Split factor Xevivivinnnnnn
Fabric costerivsnsensssd /YD

6.00
8.00
45,00

380
5,00
267
10,00
0.10
0.00
0.00
0.5¢




Preblea paraseters,, 3

Common Line factor

----------------------------------------

¢.50 0,30 0,50 0,36 0,50 6,50 0.50 €.50 0,50 ¢.,50

Fatt siz arr scale

-—n-

1.00

Material Util scale

----------------------------------------

76,0 75,1 75.2 75.2 75,3 85,3 B5.4 85.4 85,5 83.5

1

'n

Colors 5t Units

Red 45 48

|

s et g ———————

|9Lt tab]e-o T I Wﬂw—__—_—_—

Xarler soluticnii, . | === =

l Total 45 48

Harker Repeat 2 Plies 4B Unity 48
‘zes

Marker Sizes  Repeat Plies tinits

l Total ! 1 g 48 48

B87




C'ing Order Report @
c

lors: Red

Marker  Repeat Plies veve0l¥D
'1 2 48 20-14.68
lTotal 2 48 20-14.68

1'1 PleSerererens
Marker  Repeat Plies usua¥D

1 g 48 20-14,68

Tetal g 48 20-14.48

.utting Jrder Rapart T e R e e

. nerier 1 Total
Ceiors  Repest (1 2) [ 8}

--------------------
--------------------

3 48 48
Tetal 48 48
'evxatmn report, ., ¢ S e e e e
e e e

.....

B88




- - s.

Unit solutionesseess ¢ B e e T Y

Colors Length

Red 16~ 9.88

'Marker number..caeeust 1 Repeat [1/21
ipread length------|=0_15-31
Colors wuuusdYD Plies 51 Total
I Sizes Markebussronss ! 1
Re¢ 19-35,39 47 47 §7
l Total 19-35.38 &7 47 47
' 97,924
Marker number....ccs.: 1 Repeat [2/23
pread length.eeeeaa20-15,.31
I Colors vueu VD Flies St Total
SIJ : "arfEUtcooooul l l
Red  0-15.3t 1 | 1
Total  0-15.38 ! } i

arher cost suBsity, ! e = —
arker nusber.iisvinsiinnsse i Nusber of stacksiiaiiinannes 2 Marker Originicessssessaeess  New

'CS" Efflllllllllllllllllllll 74005 Har%el’ “idth.l‘ll!lllll!lll" 58!00 Harker lenqthlllll‘.l'llllYD 0'!2-81

51 Sizes

l‘érlln\- cc‘stllllllillltllls alas Total Pliesllltlblllllllllll l’s Spreed lengthltlllllllllllYD 0-1503!
:F’gcdlrg costllllllllllll‘ 2.30 'bundlesillillllIlltlllllll 4 Fabric used...”..n...nnvn 20-15“
Cutting cost/Houroioiiin $ 2.44 Unite/plie yieldoiivivurinns 1 Spreading tire...u.s.. Hours 0.29
barditng costuviiiiiiiinnd$ 0.49 Plies/bundlesvsvsrnisiniinns 12 Cutting tiee..vvovunui Hours 0.24

o 71T ST (-1 AN | 10,20 Fabric costivereceriees$ /YD 0.30 total ticeiievvrvensed Hours 0.53

tetal units.coiiiiiiiiiann 48 fvg Cost/unitsioseiiiianni$ 0.37




ttal cost sugmary., ¢

"_4-.

tal Markersiivsinrennenins i RVE effuuevaiirnvsrnnsrnnns 7%.05 Marker widtheesssrsnrnnnenes 38,00
3TLing costuevrnrnnsnraied 2.25 Nuaber of stackSeciaevrnares 2 Sizes Marked.severessenerass 1
72ading COStuvvsvirsrenst 2,30 ¥ bundles.inivernninonrners ] Tetal Pligsiveiarnnrersion 48
tiing cost/Hourvvuvsiees$ 2.41 Units/plie yieldussvsrsnvons 1 Spreading tise..eesesa Hours 0,25
Bundling €ostusrrrrnrani $ .40 Fabric costuvarsssonsas$ /YD 0.50 Cutting time.svesisvsi Hours 0.24
'brxc 411 7P 10,20 Fabric usedvssssrrsesssend¥D 20,41 total timesseeraerasss ours 0.53
Gtal Costuvavrnisrsnrsens$ 17.56 total unitsessivinivinnianss 48 Avg Cost/unit.ivivisrennienid$ 0.37

.rcphlcc Dutputsiens ¢

ker number
”C"“ t e .219/78u

.
13

3pres

Colors

Plies

Red| 47

Spread lengthivevses

| 15-35.4VD

Sizes 81
Edlll'llll l

S*:Su

Tetal 47

0-15.31

|

_

Total

Unite 47

Repeat [1/21, 1

'ra;thS Outpbt- sees o

Marker number...cess? 1

)

lpréadﬂethid l.lllllzlqlf.ae
' Colors Plies Spread length.ssss,
de] { | 0-13.3YD
l Tots! 1
II ¢-15.31 5
Total

|I Sizes St
tzes Martediiivaen {

!

BAQ

Repeat [2/2), 2




arker Selution Il.. @

Marber ]Sizes i Slzes/Harterl Repeat| Plies| Units|
i |
1 : ) ! 4 ! 48 ! 48 !
‘T I T R

Cptinizad Spreading @

FI

4t Red
1 Red
4 0-:2.8! X 0-12.81 p
Celors Plies StartPoint: Endfeint:Spread length...yu.s
Red ! 0~ 0.00 0-26.86 0-28.11
Rad 4 0- 0.00 0-14.06 19-20.07

B91




IF'rc:blem paramsters..

Nueber of SiZESveersvavrnnos
Nugber of Colorsivevseseness
Max sizes / Rarkervivevranes
Min 61208 / BRFEBTsversennes
Parityeoanversnrannncanssnns
Overcut %ovevrnvsnvenininens
Undercut Kevvvsonesrrennnnes
Overcut unitsieeerviinvenoes
Undercut UnitSuivenvernvrnses
Haxipur pligSovrnsvrrasrnnes
Hinitur plieSsvvevsnianivins

Farameters:

ARCGIT

Hultiple pliesiiiviarennnens
Mas Ply-differencescrassnaes
Units/plie yieldivivivssnans
Spreadfethed vvvesrnessnnnns
Flies/bundlessssinssrnsnonns
Hax, SpreadlengtheessessssYD
Harker widthesevesonninnnodIll
Pattern areavesssesnss e SQIN
End LoSSivsanvraranrenansedN
Fixed Cost/Markeresieseaes$

Cost/Size Markersvivaviani$

Mark size scale

1,00 1,00 1,92 1,03 1,00 1,05 1.06 1,07 1,08 1,08

Spreading size scale

----------------------------------------

£.00 1,00 1.00 5,02 1,09 £.06 1.00 1,00 1,07 1,00

Cutting time scale

1.00

B92

100
t
2i9/2ag
12
100,00
56.00
550,00
2,50
1,25
1,00

Spreading overhead...MIN/SPR
Spreading coStevsvaraso$ JHP
Spread ratesserensss  YO/HIN
Turn T1BBesaasrennsssSEC/END
Roll change tideivesssss SEC
Cutting overhead.....HIN/CUT
CuttingTige/Sizevessrsss 5EL
Cutting cost/Hour..ovoo$ /HR
Cost/Bundleseserrsvorineee$

Stack factor Xevevrervsnnees
Split factor %uvsseniienses
Fabric costuveeroveeeas® /YD

6,00
8,00
45.60

380
3.00
£é7
10,00
6,10
0.00
0,00
10,00




8

Common Line factor

lrcnblel parameters,, :

I 0,30 0,50 0,50 6,59 0.50 0.50 0.50 0.50 0.50 0,50
Patt siz arvr scale

1,00

Material Util scale

l Colors 51 Units
Red 1200 1200

l Tetal 1200 1200

- 2 4
l.a,»er 531Ut LN e | e

Narker 1 (Repeat 2  Plies 200  Units1200

5! Sizes
l b b
l Herker Sizes HRepeat Plies Units

te) 1 6 ] 0o 1200

B93




lCutting Order Report @

Colors: Red
l Marker  Repest Plies sevesd¥D

1 g 200 384-13.87

. Total 4 200  384-13.87

———— aar

lc-tal PlieSsvisnnens

Marker  Repeat Plies sveaed¥D

I ! e 200  384-13.87

Tetal g 200 384-13.87

'Cuttmg Order REPOI’t H w

Narker i Total
l Colors Repeat [ 2) [2)

--------------------
--------------------

----------------
--------------

fev.aticn rendrteee, 8 B o s

elors 51 Units

Red 0 0

I Total ¢ ¢

nits produced

-

Colors 5t Units v

Red 1200 1266

l Total 129 1200

B94




llnit solutioNesveees ¢

lMarker number..«s.ss.2 1 Repeat [1/21]
pr‘ead 1ength.-.....:1-33-19

folors +uvuua¥D Plies 81 Total
Sizes Markedesersoos ) b

Red 207-20.43 108 648 4B

Total 207-20.45 108 648 b48

94.00%

Marker number..vsaee? 1 Repeat L[2/21
pread length.ee.ss021-33.19

golors ooovalYD Flies 5t Total

lir
I S12e3 Harkadusveeos b )

Red 176-29.42 92 552 382

Total 176-2%.42 92 g 9%

------------
------------

MaterialConsumption

l {elers Length Rest

Red 375-17.87

B95




iarker cost SuREary, ! s R R e s

3TKer NUBDETvevvivnrsennres 1 Nusber of stackSiesesnsnoses [ tarker Originisevecessvesaesr  New
Est Efferiinvricnrcninnnnees 85.32 Marker WidthievessoennnsodlN 98,00 Narker 1ength,vvesecerensd¥D  1-30,49
51 S12e8 :
] b
"Erking o114 SRR 7,53 Total PlieSesvsesssnsnnasnes 200 SprEad IEHgthu-'coovaco'94YD 1-33.1%
preading costevviieveveest 3.41 $ bundles.vsssisssrcensninsns 101 Fabric usedivsessesessses YD 384-14
tutting cost/Rourssseaaneo$ 6.12 Units/plie yieldeesesveronss i Spreading tige...ee0eq Hours 0.48

Bundling costuieiviianaendt 10.10 Plies/bundiesssssssersossons 12 Cutting timessuusnsssodlours 0,61
abric CoStevrvenvrneoncesd  3B43.83 Fabric costevessrreneds$ /YD 10,00 total timeusvisnaraossHours 1,29

Gtal Cost'l'l'l."lllIOOI’ 3573'02 total unitsllll'llll""‘l'l 1200 Avg cost/unitl‘.!ll.'ll'lt’ 3.23

.........

hal Marhesi i,
TRING COftiiiiiiinnniiedd 7
oreadiag costviirnnnniendd ]
Tting cost/Rour, vueniiy $ b.12 Units/plie yieldissssiroanes { Spreading time..iivui Hours 0,68
LRV € 11 AR | 10,10 Febric costeieiiveseens$d /YD 10.00 Cutting tire.ssssssvusiHours 0.41
Foric costiiiiiiinand 3843,89 Fabric usedivssssornanas YD 384,39 total tid2iisiiiienass Hours .89

ll:utal cost suesary,,

x AVB eff'llllllilll.l'.ltll‘l 85032 "arker “idth.‘llllll'll.llll 58000
95 Nurber of stacksesissenernes 2 Sizes Markeduesesvererornens b
41 gbundleslllll‘llllll‘l’ll.. 101 Total PliESl'lltt.lllltlD"l aoo

~

'é; coitl'llllltodtlllll’ 3573002 tOtal unitSlllllllllll‘Illll leoo Avg CDSt/Uﬂitu-nuunn’ 3023

B96




Al

lariﬂhits outputu.n - —— = = =

Marker number.«..eo..! 1 O
lpreadnethod veeenes2ig/28)

Colors Plies Spread lengthesessss

Red| 108 | 207-20.4YD

Total 108
=i —————

1-33.19 )

Siies 81 Totsl
izes Merkedisivnnss 6 6

Totel  Units  BAE

648

~~

£ oaphies Duteut.enn 8

Marker number..saeest 1 )
greadiethod (.00, 2157289

[olers Flies Spread lengtheivae,
e e et e ]

eSS
hed| 92 | 176-29.4Y)

Tetal 92 '

1-33.1% )

P

Sizzs 51 Tetal

u:zes Nariediieenons 6

L)
Total Umits 582 ase

B97

Repeat [1/21,

Repeat [2/2],



Marker Selution 11,

Harker lSizes | Sizes/ﬁarkerl Repeat] Pliesl Units]
| s .
n ! 5 |2 200 | 106 |
7 i | b | & | a0 |20 |
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Dptinized Spreading i

16 fed
952 Red
{ 1-30.6% 2 1-30.469
Celors Flies StartPoint: EnrPointiSpread lengtheusiia,
Red §2 - 0,00 3-26.¢3 347- 8,84
Red 16 0- 0,09 1-31.94 30-27.03
B99




Parameterss DFSIJ¥

Probier parassters.. !

Number of 51285 0 0uveransves )
Nucber of coderSiverraeronee {
Max 51205 / BaTFETvevrrnsen 10
Min cizes / sarkerivianivees |
Parityoersesonnronaneennsess Either
Gve=Ctt Rreveesrosersrersnas 0.006
Urdercut $oevvenninorniinnss ¢.00
OVETCuT UNES vivininrnnnaes 0
Undercu® URLtSusrarvenininen 0
FRAT:UE NN DY-T- TN 108
Riniaua pliesoviiinvsnniinnn )

Multipie pliesiivserravivies
Fax Ply-differencesivvsssoss
Units/plie yielduvissssrune-
SpreadMethod vovvrreiininnas
Plies/buiBlesisrsrssrerrsons
Max, Spreadlength.yueevess¥D
Marker wiGthuviveervsassa N
Pattern areacsvesvvenss S8IN
End LoSSsivssvrnnsarenneasil
Fived Cost/Markersveiseas 8

Cost/Size Harkeroivivooneod

h----—--

Mark size scale

CNnE Grne Rrer PEYe Eeet Grhe BeNe EEEe BhRee Scan

100 1,00 1,02 1,03 1,08 1,05 1,06 1.07 1,08 1.08

Spreading size scale

160 100 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00

Cutting time scale

1,60 1,02 1,04 1,26 1.0B 1,10

B100

100
1
Zigliag
12
100,30
58,00
530,00
2,50
1,23
1,00

Spreading overhead,..MIN/SFR
Spreading €osteisveses $ /HR
Spread rateiersavones JYD/MIN
Turn T18€usasereress SEC/END
Roll charge time.suvuvs BEC
Cutting overhead,....MIN/CUT
CuttingTime/5iz6400vss.i 5EC
Cutting cost/Hour......$ /HR
Cost/Bundie.vsiveserironns$
Stack factor Xivvvvrirnrnne
Split factor Xeveeirnernnens
Fabric costeeovvsrnnsso$ /YD

.00
25.00
45,00

b
360
5.00
267
10,06

0,10

0.00

0,00

0.50




el

robles parageters.. :

Common Line factor

----------------------------------------

¢.5¢ 0,50 0,50 0.50 0,50 0,50 0,50 0,50 0.50 0.50

Fatt siz arr scale

' 1,00 1,02 1,04 1,08 1.03 1,10
' Material Util scale

----------------------------------------

l!3345678910

750 75,1 75.2 75,2 75,3 €5.3 85,4 B5.4 83,5 83.3

'Xn;ut 11137 PN b e R

. Lolors 51 5 683 S4 55 54 Units

l Red § B 8 8 8 8 48
Total 8 8 8 8 g 8 48

'arl.er selution.iees S

Marker | Repeat ! Plies &  Units 48
§1 S 53 84 8% &4 Sizes

l Farier  Sizes  Repeat  Plies  Units

I Tatel } 6 ! B 48
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utting Order Report ¢

M. & -

oclors: Red
Yarker  Repeat Plies +uiasW¥D

1 1 B 184,19

Total 1 8 16-4,19

ltel Plies.svireas,
Marker  Repeat Flies +viu0u¥D

I 1 1 B 164,19

Tetsl H 8 164,19

Citéing O-der Report s : —_—

l Marier H Total
elers  Repeat [ 1) [ 1)

Deviatior reprrti,, o

l Lolors 1 S 83 S& £ 8% Units
l Red ¢ ¢ 0 0 0 0 0
Tota! 09 0 0 ¢ 0 0
‘n its produced
Colors §1 8 83 8 55 8 Units
I Red 8 & 8§ 8 8 8 48
Total g 8 8 8 B 8 48
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llt Sklutlonuunu ' — —

l1arker number.ccseee? 1 Repeat [1/11]
S

pread length.......:2-0.52

I Colors .,4v.u¥D Plies €1 6 83 54 85 86 Tetal
Eizes Markedusivuens ! i | ! ! | b
' Red 1é- 4,19 8 B 8 8 8 8 8 48
. Total &~ 4,19 8 8 8 8 8 B 8 48
160,00%
'ater:.alCc-nsumptxon
I Colers Length Rest
' Red 15-27.39
Marker cost sussary, @ e
lrker T ! Rugber of stacks.ivveviroens 1 Harker Originuiisvenasesesss  New
Est '.l l!l.ll‘llllll.lll!l!l 85'32 Harker uidthl.lll!!llil.ill" 58!00 nirker lengthll|.l§‘lllltlvn 1-34008
l §1 8 83 B4 5 8 Sizes
S S T S b
arklng cc’stlllllllllllllls 7!55 Total Pliesl‘lllllll!tllllll 8 Spread 1engthlll.lllllllllYB e- 0052
pfeading cc’stllllllll.llls 501’8 'bundlESlllll.l'CC‘l.lll‘ll 5 Fabric usedllll.lllllilidlYD 16-4
utbing cest/Reur i, 8 RV Units/plie vieldivoorineness 1 Spreading tise......u. Hours 0.22
Buagling costiiiiiiiiinina$ 0.30 Plies/bundlesssiiinniinenns, 12 Cutting time...vsvues Hours 0.32
étr:c costcllllltl‘llllll‘ 8!06 Fabric cc'st!llll'lllitt, ,YD 0'50 total tipgllll'lillilllxours 015“
tﬂ :1 CC‘:tllIOQICUlllllllls 24l76 total unltsbll‘lllllilllllll 48 Avg cc‘stlunltlll'llllilﬂtl‘ 0052

----------------------------------------------------------------------------------------------------------------------------------
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Total cost supmary,, :

Ital [ ET R Y- 4 S 1 I 85,32 Harker widthesveivsennnssnes 38,00
Rarking costvicasnsverssst 7.533 Nueber of stackSevvevearnnss i Sizes Markediovevsvssnensesns b
reading costverivrieinni$ 5.48 € bundles,ivarieniisisisenne K] Total PlieSeversveisnvisnnes ]
itt:ng cost/HOUT Vv eas d 317 Units/plie yieldvsevsarenans 1 Spreading tiee,....e.. Hours 0.22
nd1ing €ostuiiciriiienne$ 0.50 Fabric costivenneiesss$ /YD 0.50 Cutting time..uvuvusss Hours 0.32
Fabric costuiiviiiiniiiees$ . 8.0 Fabric useGisrveresasesnes¥D 16,12 total t1ee.ivsueioies. Hours 0.54
tal cost................s 24,76 total unitseieriiernciaienss 48 Avg Cost/unitisiverenneess$ 0,52

Marker number.......:
readitzthod ..., 250/28C

In aghies ODutput.,,.. !

Repeat [1/71], 1

l Celers Flies Spread length,...u,
Red; 8 | 16 &.2YD
I Total B
———
II { 2~ 0,52 )
l Ges S0 52 S3 54 85 86 Total
REEI HAT- N S S B 1 4
I Totel  Units g &8 8 8 B 48
IIg'ie' Seletion 11, ¢ -
I Narter | Size5 Sizes/Marler| Repeat Plies Units
l ’ 81 58 83 6 85 5
[ 1 1 1 1 1| b | —1 |8 | 8|
Il’[ N I T T R T I
I B104




Optirized Spreading :

EEE
{ 134,02 >
Colors Flies StartPoints EndPoint:Spread length,,..v.,
Red 8 0~ 0,00 1-35.27 16~ 4,19
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Testbed Marker Lengths

Package B was used to estimate all marker lengths for the development of
the testbed data described in Section 4.3. This package was selected because it was
easy to force the package to produce a marker containing a particular combination
of sizes and the associated fabric length for that size combination. All marker
lengths from Package B were generated in one of two ways. First, the marker was
requested directly as an order, or, if the solution did not yield a single marker, a
request was made for a large order which divided into several markers, one being
the desired marker. A set of fixed parameters were used so all markers would be
under consistent constraints. One of the constraints was: Maximum number of
sizes in a marker equal to six, this parameter guaranteed that an order which was
divided into several markers had no more than six sizes in each marker.

The first attempt to generate the marker was done through the input table in
Package B. The marker was requested as if it were an order. If this input did not
produce the desired marker, a larger order was placed which would be divided into
many markers. Using both of these ordering techniques, all lengths which the
package could produce were generated.

To calculate the lengths of markers that Package B would not explicitly
produce, each marker was calculated by using either an averaging heuristic or the
fact that each order decrements the fabric length by a constant amount. Using these
two possible calculations a length was determined for each of the following orders:

(1) 4 of each size
(2) 5 of each size
(3) 3 of one size, 2 of another
(4) 4 of one size, | of another
(5) 2 of two sizes, 1 of another
(6) 2 of two sizes.

It was determined that all markers, if ranked by increasing length, fell into
certain numerical groupings. After calculating the approximate values in the above
fashion they were compared to the numerical groupings. In most cases the
calculations fell exactly into a numerical grouping. Where they did not the
difference was at most .04 inches, in these cases the calculated lengths were altered
to fall in the closest grouping.

Detailed calculations for each of the values follows.

1. Four of each size

Markers of four units in one size can be broken into 1-2-1,

c2




Original Marker New Marker Length
4/0/0/0/0/0

0/4/0/0/0/0 1/2/1/0/0/0 53.94
0/0/4/0/0/0 0/1/2/1/0/0 54.95
0/0/0/4/0/0 0/0/1/2/1/0 55.96
0/0/0/0/4/0 0/0/0/1/2/1 56.97
0/0/0/0/0/4

Since the marker lengths for four size 30 and four size 40 cannot be broken
up they must be estimated using the knowledge that each order is separated by 1.01
inches. This gives the values:

Origiral Marker Length
4/0/0/0/0/0 (53.94-1.01) =  52.93
0/0/0/0/0/4 (56.97 + 1.01) =  57.98

2. Five of each size

This marker can be broken into 1-3-1.

Original Marker New Marker Length
5/0/0/0/0/0

0/5/0/0/0/0 1/3/1/0/0/0 66.76
0/0/5/0/0/0 0/1/3/1/0/0 68.02
0/0/0/5/0/0 0/0/1/3/1/0 69.28
0/0/0/0/5/0 0/0/0/1/3/1 70.54
0/0/0/0/0/5

The difference between each marker is 1,26 inches which results in the

following values for the remaining markers.

Original Marker Length
5/0/0/0/0/0 (66.76 - 1.26) = 65.50
0/0/0/0/0/5 (70.54 + 1.26) = 71.80

3. Three of one size, two of ancther

Because the three is on a end, it is impossible to separate, therefore, the two

will be separated. The two can be represented as 1-0-1.

QOriginal Marker New Marker Length

3/2/0/0/0/0

3/0/2/0/0/0 3/1/0/1/0/0 66.51

3/0/0/2/0/0 3/0/1/0/1/0 67.01
C3




3/0/0/0/2/0 3/0/0/1/0/1 67.52
3/0/0/0/0/2
2/0/0/0/0/3
0/2/0/0/0/3 1/0/1/0/0/3 69.78
0/0/2/0/0/3 0/1/0/1/0/3 70.29
0/0/0/2/0/2 0/0/1/0/1/3 70.79
0/0/0/0/2/3

The difference between each marker is approximately .51 inches which
results in the following values for the remaining markers.

Qriginal Marker Length
3/2/0/0/0/0  (66.51-.51) = 66.00
3/0/0/0/0/2  (67.52+.51) = 68.03
2/0/0/0/0/3  (69.78-.51) = 69.27
0/0/0/0/2/13  (70.79+.51) = 71.30

It is now possible to break up the three into 1-1-1,

l_---ﬂ—------l

Original Marker New Marker Length
2/3/0/0/0/0 3/1/1/0/0/0 66.26
0/3/2/0/0/0 1/1/3/0/0/0 67.26
0/3/0/2/0/0 1/1/1/2/0/0 67.77
0/3/0/0/2/0 1/1/1/0/210 68.27
0/3/0/0/0/2 1/1/1/0/0/2 68.78
2/0/3/0/0/0 2/1/1/1/0/0 67.01
0/2/3/0/0/0 0/3/1/1/0/0 67.52
0/0/3/2/0/0 0/1/1/3/0/0 68.52
0/0/3/0/2/0 0/1/1/1/2/0 69.03
0/0/3/0/0/2 0/1/1/1/0/2 69.53
2/0/0/3/0/0 2/0/1/1/1/0 67.77
0/2/0/3/0/0 0/2/1/1/1/0 68.27
0/0/2/3/0/0 0/0/3/1/1/0 68.78
0/0/0/3/2/0 0/0/1/1/3/0 69.78
0/0/0/3/0/2 0/0/1/1/1/2 70.29
2/0/0/0/3/0 2/0/0/1/1/1 68.52
0/2/0/0/3/0 0/2/0/1/1/1 69.03
0/0/2/0/3/0 0/0/2/1/1/1 69.53
0/0/0/2/3/0 0/0/0/3/1/1 70.03
0/0/0/0/3/2 0/0/0/1/1/3 71.04

4. Four of one size, one of another

In the following examples we will break the four into 1-2-1.

o
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Original Marker New Marker Length
1/4/0/0/0/0

0/4/1/0/0/0

0/4/0/1/0/0 1/2/1/1/0/0 67.26
0/4/0/0/1/0 1/2/1/0/1/0 67.52
0/4/0/0/0/1 1/2/1/0/0/1 67.77

The difference between markers in .25 inches.

Original Marker Length
1/4/0/0/0/0 (67.26 - .25) = 67.01
0/4/1/0/0/0 [67.26 - (3*.25)] = 66.51

The following markers are impossible to reduce, therefore the following
strategy will be employed: moving one size up or down ir:reases or decreases the
length of the marker by .25 inches. The marker 0/4/1/0/0/0 which is 66.51 inches
long will be used as a base.

Original Marker Length
4/1/0/0/0/0 [66.51 - (3*.25)] = 65.76
4/0/1/0/0/0 [66.51 - (2*.25)] = 66.01
4/0/0/1/0/0 (66.51 - .25) = 66.26
4/0/0/0/1/0 66.51
4/0/0/0/0/1 (66.51 + .25) = 66.76

Once again breaking up the four:

Original Marker New Marker Length
1/0/4/0/0/0 1/1/2/1/0/0 67.52
0/0/4/0/1/0 0/1/2/1/1/0 68.52
0/0/4/0/0/1 0/1/2/1/0/1 68.78
0/1/4/0/0/0

0/0/4/1/0/0

Again the difference between markers is 0.25 inches.

Qriginal Marker Length
0/1/4/0/0/0 (67.52 + .25) = 67.77
0/0/4/1/0/0 (68.52 - .25) = 68.27

Following the same patterns, the remainder of these markers are computed
as follows.
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Original Marker New Marker Length
1/0/0/4/0/0 ' 1/0/1/2/1/0 68.52
0/1/0/4/0/0 0/1/1/2/1/0 68.78
0/0/1/4/0/0

0/0/0/4/1/0

0/0/0/4/0/1 0/0/1/2/111 69.78
Original Marker Length

0/0/1/4/0/0 (68.78 + .25) = 69.03

0/0/0/4/1/0 (69.78 - .25) = 69.53

Original Marker New Marker Length
1/0/0/0/4/0 1/0/0/1/2/1 69.53
0/1/0/0/4/0 0/1/0/1/2/1 69.78
0/0/1/0/4/0 0/0/1/172/1 70.04
0/0/0/1/4/0

0/0/0/0/4/1

OQriginal Marker Length

0/0/0/1/4/0 (70.04 + .25) = 70.29

0/0/0/0/4/1 [70.04 + (3*.25)] = 70.72

Calculated values for the remaining markers are based on the marker
0/0/0/0/4/1. Each of these markers was corrected to fall in the correct numerical
group before the next marker was calculated. The calculations are:

Qriginal Marker ~ Calculated Length Corrected Length
1/0/0/0/0/4 (70.79 - .25) = 70.54

0/1/0/9/0/4 70.79 70.75
0/0/1/0/0/4 (70.75 + .25) = 71.00 70.97
0/0/0/1/0/4 (70.97 + .25) = 71.22 71.19
0/0/0/0/1/4 (71.19 + .25) = 71.44 71.41

S. Two cf two sizes, one of another

To compute these markers one of the "two of two sizes" was brokzn into

L-nn-»m-w-a--

1-0-1.
Original Marker New Marker Length
2/2/119/0/0
212/0/1/0/0 3/0/1/1/0/0 66.76
2/2/0/0/1/0 3/0/1/0/1/0 67.01
2/2/0/0/0/1 3/0/1/0/0/1 67.26




Using the 0.25 decrement we calculate:

follows.

Original Marker Length

2/2/1/0/0/0 (66.76 - .25) = 66.51

The remainder of two of two sizes and ong of another has been calculated as
Qriginal Marker New Marker Length
2/1/2/0/0/0

2/0/2/1/0/0

2/0/2/0/1/0 2/1/0/1/1/0 67.52
2/0/2/0/0/1 2/1/0/1/0/1 67.77
Original Marker Length

2/172/0/0/0 [67.52 - (3*.25)) = 66.77

2/0/2/1/0/0 (67.52 - .25) = 67.27

Original Marker New Marker Length
2/1/0/2/0/0 2/1/1/0/1/0 67.26
2/0/1/2/0/0

2/G10/2/1/0

2/0/0/2/0/1 - 2/0/1/0/1/1 68.27
Original Marker Length

2/0/1/2/0/0 [(68.27 -(3*.25)] = 67.52

2/0/0/2/1/0 (68.27 - .25) = 68.02

Original Marker New Marker Length
2/110/0/2/0 2/1/0/1/0/1 67.77
2/0/1/0/2/0 2/0/1/1/0/1 68.02
2/0/0/1/2/0

2/0/0/0/2/1

2/1/0/0/0/2

2/0/1/0/0/2

2/0/0/1/0/2

2/0/6/0/1/2

Original Marker Length

2/0/0/1/2/0 (68.02 + .45) = 68.27

2/0/0/0/2/1 [68.02 +(3*.25)] = 68.77

2/1/0/0/0/2 [67.77 + (2*.25)] = 68.27

2/0/1/0/0/2 [68.02 + (2+.25)] = 68.52

2/0/0/1/0/2 68.52 + .25 = 68.77

2/0/0/0/1/2 [68.52 +(2%.25)] = 69.02




Original Marker
1/2/2/0/0/0
0/2/2/1/0/0
0/2/2/0/1/0
0/2/2/0/0/1
1/2/0/2/0/0
0/2/1/2/0/0
0/2/0/2/1/0
0/2/0/2/0/1
1/2/0/0/2/0
0/2/1/0/2/0
0/2/0/1/2/0
0/2/0/0/2/1
1/2/0/0/0/2
0/2/1/0/0/2
0/2/0/1/0/2
0/2/0/0/1/2

Original Marker
1/2/0/0/0/2
0/2/1/0/0/2

Original Marker
1/0/2/2/0/0
0/1/2/2/0/0
0/0/2/2/1/0
0/0/2/2/0/1

Original Marker
0/1/2/2/0/0

Original Marker
1/0/2/0/2/0
0/1/2/0/2/0
0/0/2/1/2/0
0/0/2/0/2/1

Original Marker
0/0/2/1/2/0
0/0/2/0/2/1

Original Marker
1/0/2/0/0/2
0/1/2/0/0/2

New Marker
2/1/1/1/0/0
1/0/3/1/0/0
1/0/3/0/1/0
1/0/3/0/0/1
1/2/1/0/1/0
1/0/3/0/1/0
1/0/1/2/1/0
1/0/1/2/0/1
1/2/0/1/0/1
0/2/1/1/0/1
1/0/1/1/2/0
1/0/1/0/2/1

1/0/111/0/2
1/0/1/0/1/2

New Marker
1/1/0/3/0/0

0/1/0/3/1/0
0/1/0/3/0/1

(68.02 + .25) =

New Marker
1/1/0/1/2/0
0/1/2/1/0/1

New Marker
1/1/0/1/0/2

Length
[69.28 - (3*.25)] = 68.53
(69.28 - .25) =

69.03

Length
68.27

Length

[68.78 +(2*.25)] = 69.28
[68.78 +(4*.25)] = 69.78

67.77
68.02
68.27
67.52
68.02
68.52
68.78
68.02
68.52
68.78
69.28

69.28
69.53

68.02

69.03
69.28

68.52
68.78

69.03
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0/0/2/1/0/2
0/0/2/0/1/2

Original Marker
0/1/2/0/0/2
0/0/2/1/0/2

Original Marker
1/0/0/2/2/0
0/1/0/2/2/0
0/0/1/2/2/0
0/0/0/2/2/1
1/0/0/2/0/2
0/1/0/2/0/2
0/0/1/2/0/2
0/0/0/2/1/2

0/0/1/2/0/2
0/0/0/2/1/2

Original Marker
1/0/0/0/2/2
0/1/0/0/2/2
0/0/1/0/2/2
0/0/0/1/2/2

Original Marker
0/0/0/1/2/2

6. Two of two sizes

0/1/0/1/112

Length
(69.03 + .25) = 69.28
[69.03 + (3*.25)] = 69.78

New Mark
1/0/1/0/3/0
0/1/1/0/3/0
0/0/1/3/0/1
0/0/1/0/3/1
1/0/1/0/1/2
0/1/1/0/172

Length
(69.78 + .25) =  70.03

[69.78 +(2*.25)] = 70.28

New Marker
1/0/0/1/0/3
0/1/0/1/0/3
0/0/1/1/0/3

Length
(70.54 + .25) = 70.79

70.04

Length
69.03
69.28
69.53
70.29
69.53
69.78

70.04
70.29
70.54

This marker can be broken as before with two becoming 1-0-1.

Original Marker
2/2/0/0/0/0
2/0/2/0/0/0
2/0/0/2/0/0
2/0/0/0/2/9
2/0/0/0/0/2
0/2/2/0/0/0
0/2/0/2/0/0
0/2/0/0/2/0
0/2/0/0/0/2
0/0/2/2/0/0
0/0/2/0/2/0

New Marker
3/0/1/0/G/0
2/1/0/1/0/0
2/0/1/0/1/0
2/0/0/1/0/1

1/0/3/0/0/0
0/2/1/0/1/0
1/0/1/0/2/0
1/0/1/0/0/2
0/1/0/3/0/0
0/1/0/1/2/0

Length
53.44

53.94
54.45
54.95

54.45
54.95
55.46
55.96
55.46
55.96




0/0/2/0/0/2 0/1/0/1/0/2 56.46
0/0/0/2/2/0 0/0/1/0/3/0 56.46
0/0/0/2/0/2 0/0/1/0/1/2 56.97
0/0/0/0/272 0/0/0/1/0/3 57.47
Original Marker Length

2/0/0/0/0/2 (54.95 + .51) = 55.45




L---------

A B [ D E F G ] H

1] SIZE30 | SIZE32 | SIZE34 | SiZE36 | SIZE38 | SIZE 40 |Length (inches)
2 1 1 1 1 54.45
3 1 1 1 1 54.70
4 1 1 1 1 54.95
5 1 1 1 1 1 68.02
6 1 1 1 1 1 68.27
7 1 1 1 1 1 1 72.52
8 1 1 1 1 1 68.52
9 1 1 1 2 68.27
10 1 1 1 2 67.77
1" 1l 1 1 2 68.27
12 1] 1 1 2 68.78
13 1! 1 1 2 1 72.08
14 1! 1 1 2 1 72.30
15 1 1 1 1 2 72.30
16 1| 1 1 2 i 72.75
17 1 1 1 1 2 72.75
18 1 1 1 1 2 72.97
19 1 1 1 3 71.86
20 1) 1 1 3 72.52
21 11 1 1 3 73.19
22 1 1 2 1 68.02
23 1! 1 2 2 71.63
24 1! 1 2 2 72.08
25 1 1 2 2 72.52
26 1 1 2 1 67.52
27 1 1 2 1 67.77
28 1 1] 2 1 68.02
29 1 1] 2 1 1 71.86
30 1! 1] 2 ] 1 72.08
31 1] 1] 2 1 1 72.30
32 1 1! 2 54.19
33 1] 1 3 67.26
34 1! 1 3 1 71.41
35 1! 1] 3 1 71.63
36 1] 1 3 1 71.86
37 1 1 4 71.19
38| 1! 1 28.01
39 1] 1 1 41.36
40 1} 1 1 41,62
41 1| 1 1 41.87
42 1! 1| 1 1 54.95
43 1i 1 1 1 55.20
44 1! 1] 1 1 55.46
45 1 1! 3 68.02
46 1] 1 3 68.78
47 1 1 3 69.53
48 1 11 4 72.08|

i
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A B c D E F G | H
49| SIZE30 | SIZE32 | SIZE34 | SIZE36 | SIZE38 | SIZE40 |Length (inches)
50 1 1 4 72.97
51 1 1 4 73.86
52 1 1 1 1 1 68.78
53 1 1 2 55.20
54 1 1 1 2 68.52
55 1 1 2 2 72.52
56 1 1 2 2 72.97
57 1 1 2 2 73.41
58 1 1 2 1 68.27
59 1 1 2 1 68.52
60 1 1 1 2 68.52
61 1 1 2 1 69.03
62 1! 1 1 2 69.03
63 1 1 1 2 69.28
64 1 1 2 1 1 72,75
65 1 1 1 2 1 72.97
66 1 1 1 1 2 73.19
67 1] 1 3 1 72.30
68 1 i 3 1 72.52
69 1 1 1 3 72.75
70 1 1 3 1 73.19
7" 1] 1 1 3 73.41
72 1 1 1 3 73.64
73 1 1 2 54,70
74 1 1 2 5§5.20
75 1 1 2 55,71
76 1 2 ] 2 71.41
77 1 2 1 2 71.86
78 1 2 1 2 72.30
79 1 2 1 1 67.26
80 1 2 1 1 67.52
81 1 2 1 1 67.77
82 1 2 1 1 1 71.63
83 1 2 1 1 1 71.86
84 1 2 1 1 ] 72.08
85 i 2! 1 53.94
86 1! 2 2 1 71.19
87 1] 2 2 1 71.41
88 1! 2 2 1 71.63
89 1 2 2 67.01]*
90 1 2 3 70.97
91 1 2 40.86
92 1! 2 3 71.63
93 1! 2 3 72.30
94 1 2 1 54.19
95 1i 2 2 1 71.86
96 1 2! 2 1l 72.08

cl2




A B c D E F G | H
97| SIZE30 | SIZE32 | SIZE34 | SIZE36 | SIZE38 | SIZE 40 |Length linches)
98 1 2 1 2 72.08
99 1 2 2 1 72.52
100 1 2 1 2 72.52
101 1 2 1 2 72.75
102 1 2 1 1 67.77
103 1 2 1 1 68.02
104 1 2 1 1 68.27
105 1 2 1 1 1 72.3
106 1 2 1 54.19
107 1] 2 1 54.45
108 1 2 1 54.7
109 10 2 3 72.97
110 1 2 2 67.52
MM 1 2 2 68.03
112 1 2 2 68.52
113 1] 3 1 66.76
14| 1l 3 1 1 70.97
115 1! 3 1 1 71.19
16| 1! 3 1 1 71.41
17, 1 3 2 70.75
118 1 3 1 67.01
119 1 3 1 67.26
120] 1! 3 1 67.52
121 1 3 2 71.19
122] 1 3 2 71.63
123 1 3 2 72.08
124 1 3 1 1 71.41
126 1 3 1 1 71.63
126 1] 3 1 1 71.86
1272 1 3 53.69
128 1. 4 1 70.52
129] 1 4 1 70.75
130, 1 4 1 70.97
131 1 4 1 71.19
132] 1] 4 66.51
133 1 5 70.3
134 1 1 28.26
135 1] 1 1 41.62
136 1 1 1 41.87
137 1 1 1 42.12
138 1 1 3 68.27
139 1 1 1 1 1 69.03
140 1 1 3 69.03
141 1, | 1 3 69.78
142 1 | 1 4 72.3
143 1] ! 1 4 73.19
144 1, | 1 ' 4 74.08




A B c D E F G | H
145| SIZE30 | SIZE32 | SIZE34 | SIZE36 | SIZE38 | SIZE 40 |Length (inches)
146 1 1 1 1 55.2
147 1 1 1 1 55.46
148 1 1 1 1 55.71
149 1 1 2 55.46
150 1 1 2 1 69.28
151 1 1 1 2 69.28
152 1 1 1 1 2 73.41
153 1 1 2 2 72.75
154 1 1 2 2 73.19
155 1 1 2 2 73.64
156 1 1 2 1 68.52
157 1 1 2 1 68.78
158 1 1 1 2 68.78
159 1 1 2 1 69.28
160 1 1 1 2 69.28
161 1 1 1 2 69.53
1620 1 1 2 1 1 72.97
163 1 1 1 2 1 73.19
164 1 1 1 1 2 73.41
165 1 1 3 1 72.52
166 1 1 3 1 72.75
167 1 1 1 3 72.97
168 1 1 3 1 73.41
169 1 1 1 3 73.64
170] 1 1 1 3 73.86
171 1 1 2 54.95
172] 1 1 2 55.46
173 1 1 2 55.96
174 1 2 41.36
175 1 2 3 72.08
176 1 2 3 72.75
177 1 2 1 55.2
178 1 2 2 1 72.3
179 1 2 2 1 72.52
180 1 2 1 2 72.52
181 1! 2 2! 1 72.97
182 1) 2 1 2 72.97
183 1 2 1 2 73.19
184 1 2 1 1 68.27
185 1 2 1 1 68.52
186 1 2 1 1 68.78
187 1 2 1 1 1 72.75
188 1 2 1 54.7
189 1 2 I 54.95
190 1 2 1 55.2
191 1 2 3 73.41
192 1, 2 2| 68.021*

Cl4
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A B [ D E F G | H
193| SIZE30 | SIZE32 | SIZE34 | SIZE36 | SIZE38 | SIZE 40 |Length (inches)
194 1 2 2 68.52|*
195 1 2 2 69.03|*
196 1 3 1 67.77
197 1 3 1 68.02
198 1 3 1 68.27
199 1 3 2 71.86
200] 1 3 2 72.30
201 1 3 2 72.75
1202 1 3 1 1 72.08
203 1 3 1 1 72.30
204 1 3 1 1 72.52
205 1 3 54.45
206 1 4 1 71.63
207 1 4 1 71.86
208 1 4 1 72.08
209 1 4 67.52[*
210 1 5 71.41
211 1 15.31
212 1 1 28.51
213 1 1 28.76
214 1 1 29.02
215 1 2 41,87
216 1 1 1 42,12
217 1 2 42,37
218 1 1 1 42,37
219 1 1 1 42.63
220] 1 2 42,88
221 1 3 1 68.78
222 1 3 1 69.03
223 1 3 69.28
224 1 3 1 69.78
225 1 1 3 70.04
226 1 1 3 70.29
227 1 4 1 72.75
228 1 3 2 72.97
229 1 4 1 72.97
230 1 2 3 73.19
231 1 3 2 73.41
232 1 1 4 73.41
233 1 4 1 73.86
234 1 3 2 74,08
235 1 1 4 74.30
236 1 1 4 74.52
237 1 1 1 1 55.96
238 1 1 2 1 69.53
239 1! 2 2 1 73.41
' 240 1] 2 1 2i 73.64

Fath il
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A B C D E F G | H

241] SIZE30 | SIZE32 | SIZE34 | SIZE36 | SIZE38 | SIZE 40 |Length (inches)
242 1 1 2 2 73.86
243 1 2 1 1 69.28
244 1 1 2 1 69.53
245 1 1 1 2 69.78
246 1 3 1 1 73.19
247 1 1 3 1 73.64
248 1 1 1 3 74.08
249 1 2 1 55.46
250| 1 2 1 55.71
251 1 1 2 55.71
252 1 2 1 56.21
253 1 1 2 56.21
254 1 1 2 56.46
255 1 2 3 73.86
256 1 2 3 74.3
257 1 5 72.52
258 1 5 73.64
259 1 5 74.75
260) 1 3 55.2
261 1 3 55.96
262 1 3 56.72
263 1 4 68.52[°
264 1 4 69.53|*
265 1 4 70.52[
266 1 2 2 69.03[°
267 1 2 2 70.04[°
268 1 2 2 69.53[*
269 2 1 1 1 67.26
270] 2 1 1 2 71.63
271 2 1 1 2 71.19
272 2 1 1 2 71.63
273 2 1 1 2 72.08
274 2 1 1 1 67.01
275 2 1 1 1 67.26
276 2 1 1 1 67.52
277 2 1 1 1 1 71.41
278 2 1 1 1 1 71.63
279)| 2 1 1 1 1 71.86
280 2 1 1 53.69
281 2 1 2 1 70.97
282 2 1 2 1 71.19
283 2 1 2 1 71.41
284 2 1 2 66.75|°
285 2 1 3 70.75
286 2 1 40.61
287 2 1 3 71.41
288 2 1 3 72.08

Cla
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A B c D E F [ H
289 SIZE30 | SIZE32 | SIZE34 | SIZE36 | SIZE38 | SIZE40 |Length (inches)
290 2 1 1 2 71.86
291 2 1 2 1 71.63
292 2 1 2 1 71.86
293 2 1 1 2 71.86
294 2 1 2 1 72.3
295 2 1 1 2 72.3
296 2 1 1 2 72.52
297 2] 1 1 1 67.52
298 2i 1 1 1 67.77
299| 2 1 1 1 68.02
300 2 1 1 1 1 72.08
301 2 1 1 53.94
%02 2 1 1 54.19
303] 2 1 1 54.45
304 2 1 3 72.75
305 2 1 2 67.26]*
306, 2| 1 2 67.77|*
3077 2 1 2 68.27
308, 2i 2 1 1 70.75
309 2 2 1 1 70.97
310 2 2 1 1 71.19
311 2! 2 1 66.51|*
312 2’ 2 2 70.52
313 2] 2 1 1 71.19
314 ] 2 1 1 71.41
315 2| 2 1 1 71.63
316 20 2 2 70.97
317, 2 2 2 71.41
318 2 2 2 71.86
319] 2! 2 1 66.76(*
320 2i 2 1 67.01]*
321 2i al 1 67.26/*
322 2’ <2 53.45/*
323| 2i 3 1 70.3
324 2, 3 1 70.52
325 2 3 1 70.75
326 2 3 1 70.97
327 2| 3 66.26|*
328 2! 4 70.08
329 2 1 40.86
330 2 1 3 71.63
331 2 1 3 72.3
332 2 1 2 1 72.52] °
333 2! 1 1 54.45
334 2! 1 2 1 71.86
335 2; 1 2 1 72.08
336 2 1 1l 2 72.08
c17
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A B [ D E F G | H
337 SIZE30 | SIZE32 | SIZE34 | SIZE36 | SIZE38 | SIZE 40 |Length (inches)
338 2 1 2 1 72.52
339 2 1 1 2 72.52
340 2 1 1 2 72.75
341 2 1 1 1 67.77
342 2 1 1 1 68.02
343 2 1 1 1 68.27
344 2 1 1 1 1 72.3
345 2 1 1 54.19
346 2 1 1 54.45
347 2 1 1 54.7
348 2 1 3 72.97
349 2 1 2 67.51]*
350 2 1 2 68.02|*
351 2 1 2 68.52|*
352 2 2 1 1 71.63
353 2! 2 1 1 71.86
354 2i 2 1 1 72.08
355 2| 2 2 71.41
356 . 2 2 2 71.86
357 2 2 2 72.3
358 2 2 1 67.26|*
359 2 2 1 67.52|*
360 2 2 1 67.77]*
361 2 2 53.93]*
362 2i 3 1 71.19
363 2 3 1 71.41
364 2 3 1 71.63
365 2i 3 67.01|*
366 2 4 70.97
367 2 1 41.11
368 2! 1 41.36
369 2 1 41.62
370 2 3 1 72.08
371 2! 3 1 72.3
372 2, 1 3 72.52
373 2 3 1 72.97,
374 2i 2 1 1 72.52
375 2 1 2 1 72.75
376 2 1 1 2 72.97
377 2 1 1 1 68.52
378 2 1 1 54.7
379 2 1 1 54.95
380 E 1 1 55.2
381 2! 1 3 73.19
382 2; 1 3 73.41
383 2 ] 27.75
384 2! 2! 2 72.3|
c18
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A B C D E F G | _ n
385| SIZE30 | SIZE32 | SIZE34 | SIZE36 | SIZE38 | SIZE 40 |Length (inches)
386 2 2 2| 72.75
387 2 2 27319
388| 2 4 71.86
389] 2 4 72.75
390] 2 4 73.64
391 2 3 67.77°
392 2 3 68.52[°
393 2 3 69.27]*
394 2 2 1 68.02*
395 2 2 1 68.27]°
396 2 1 2 68.27)°
397 2 2 1 68.78[*
398 2 1 2| __es.78]°
399 2 1 2 69.03]°
400] 2 2 54.45°
401 2 2 54.94(°
402 2 2| 56.46"
403 3 1 1 66.26
404 3 1 1 1 70.52
405 3 1 1 1 70.75
406 3 1 1 1 70.97
407 3 1 2 70.3
[a08 3 1 1 66.51
409 3 1 1 66.76
410 3 1 1 67.01
411 3 1 2 70.75
212 3 1 2 71.19
413 3 1 2 __71.63
314 3 1 1 1 70.97
415 3 1 1 1 71.19
416 3 1 1 71.41
417 3 1 53.19
418 3 2 1 70.08
419 3 2 1 70.3
420 3 2 1 70.52
421 3 2 1 70.75
422 3 2 65.77°
423 3 3 69.86
424 3 1 1 66.76
425 3 1 1 67.01
426 3 1 1 67.26
427 3 1 2 70.97
428 3 1 2 71.41
429 3 1 2| 71.86
430 3 1 1 1 71.19
431 3 1 1 1 71.41
432 3 1 1 1 71.63

c19




o

L-------'--

A B Cc D E F G | H

433] SIZE30 | SIZE32 | SIZE34 | SIZE36 | SIZE38 | SIZE 40 |Length (inches)
434 3 1 53.44
435 3 2 1 70.75
436 3 2 1 70.97
437 3 2 1 71.19
438 3 2 66.01
439 3 3 70.62
440| 3 1 1 67.26
441 3 1 1 67.62
442 3 1 1 69.77
443 3 2 1 ' 71.41
444 3 2 1 71.63
445 3 1 2 71.63
446 3 2 1 72.08
447 3 1 2 72.08
448 3 1 2 72.3
449| 3 1 1 1 71.86
450 3 40.36
451 3 3 71.19
452 3 3 71.86
453 3 3 72.52
454 3 1 53.69
455 3 1 53.94
456 3 1 54.19
457 3 2 66.77°
458 3 2 67.26]°
459 3 2 68.03[°
460 4 1 1 69.26
461 4 1 1 69.86
462 4 1 1 70.08
463 4 1 1 70.3
464 4 1 1 70.52
465 4 1 65.76
466 4 2 69.63
467 4 1 1 70.3
468 4 1 1 70.62
469 4 1 1 70.75
470 4 1 66.01
4N 4 2 70.08
472 4 1 1 70.75
473] 4 1 1 70.97
474 4 1 1 71.19
475 4 2 70.52
476 4 2 70.97
477 4 2 71.41
478 4 52.93
479 4 1 66.26
480 4 1 66.51

C20
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A B c D E F G | H
481| SIZE30 | SIZE32 | SIZE34 | SIZE36 | SIZE38 | SIZE 40 |Length (inches)
482 4 1 66.76|*
483 5 1 69.41
484 5 1 69.63
485 5 1 69.86
486 5 1 70.08
487 5 1 70.3
488 5 65.5/*
489 6/ 69.19
490 1 1 28.51
491 1 1 1 41.87
492 1 1 1 42.12
493 1 ] 1 42,37
494 1 1 1 1 55.46
495 1 1 1 1 55.71
496 1 1 3 68.52
497 1 1 1 1 1 69.28
438 1 ] 3 69.28
499 1 1 3 70.04
500| 1 1 4 72.52
501 1 1 4 73.41
502 1 1 4 74.3
503 1 1 1 1 55.96
504 1 1 2 1 69.03
505 1 1 1 2 69.53
506] 1 1 2 2 73.41
507 1| 1 2 2 72.97
508 1 1 2 2 73.41
509| 1 1 2 2 73.86
510} 1 1 2 1 68.78
511 1 1 2 1 69.03
512 1 1 1 2 69.03
513 1 1 2 1 69.53
514] 1 1 1 2| ° 69.53
515] 1 1 1 2 69.78
516 1 1 2 1 1 73.19
517 1 1 1 2 1 73.41
518] 1 . 1 1 1 2 73.64
519 1 1 3 1 72.75
520| 1 1 3 1 72.97
521 1 1 1 3 73.19
522 1 1 3 1 73.64
523 1 1 1 3 73.86
524 1 1 1 3 74.08
525 1 1 2 55.2
526 1 1 2 55.71
527 1 1 2 56.21
528 1 2! 41.62

221
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A B c D E F G_ | N
529| SIZE30 | SIZE32 | SIZE34 | SIZE36 | SIZE38 | SIZE 40 |Length linches)
530) 1 2 3 72.3
531 1 2 72.97
532 1 2 1 2[ 7319
533] 1 2 2 72.52
534 1 2 2 1 72.75
635 1 2 1 72.75
536 1 2 1 73.19
537 1 2 1 2 73.19
538 1 2 2 73.41
539] 1 2 1 68.52
540] 1 2 1 1 68.78
541 1 2 1 69.03
542 1 2 1 1 72.97
543 1 2 1 54.95
544 1 2 56.2
645 1 2 1 55.46
546 1 2 3 73.64
647 1 2 2 68.27
548 1 2 68.78
549| 1 2 2| 69.28
550 1 3 1 68.02
551 1 3 68.27
552 1 3 1 68.52
553 1 3 2 72.08
554 1 3 72.52
555 1 3 2 72,97
556 1 3 1 72.3
557 1 3 1 1 72.52
558 1 3 1 72.75
B59] 1 3 54.7
560 1 4 1 71.86
561] 1 4 72.08
562 1 4 1 72.3
563 1 4 67.77
564 1 5 71.63
565 1 15.56
566| 1 1 28.76
567 1 29.02
568 1 1 29.27
569 1 2 42.12
570] 1 1 42.37
571 1 42.63
572 1 1 1 42.63
573 1 2[ 4313
574 1 1 1 56.21
575 1 3 69.03
576 1 3 1 69.28




A B C D E F G | H
577| SIZE30 | SIZE32 | SIZE34 | SIZE36 | SIZE38 | SiZE 40 [Length tinches)
578 1 1 3 69.53
579 1 3 1 70.04
580 1 1 3 70.29
581 1 1 3 70.54
582 1 4 1 72.97
583 1 4 1 73.18
584 1 3 2 73.19
585 i 2 3 73.41
586 1 1 4 73.64
587 1 3 2 73.64
588 L 1 4 1 74.08 _
589 1 3 2 74.3 |
590 1 1 4 74.52 _
591 1 1 4 74,75 ]
592 o 1 1 1 42.88) |
593 1 2 1 55.96 ]
594f 1 2 2 1 73.64 L
595 1 2 1 2 73.86 ]
596 1 1 2 2 7408 |
597 1 2 1 ] 69.53
598 1 1 2 1 69.78
599] 1 1 1 2 70.04
600 1 3 1 1 73.41
601 1 1 3 1 73.85
602] 1 1 1 3 74.3
603] ] 2 1 55.71]
604 1 2 1 55.96
605 1 1 2 55.96
606 , 1, 2 1 56.46
607, | 1 A ] 2 56.45
608 1 1 2 56.72
609 1 2 3 74.08
610 o 1 2 3 74.52
611 1 5 72.75
612 1 5 73.86
613] 1 5 74.97
614 1 3 55.46
615 1 3 56.21
616 1 3 56.97
617 1 4 68.78/*
618 1 4 69.78|*
619 1 4 70.75]*
620 1 2 2 69.28|*
621 1 2 2 70.29/*
622 1 2 2 69.78|*
623 2 41.36
624 2 3 72.08!




A B C D E F G| H

625 SIZE30 | SIZE32 | SIZE34 | SIZE36 | SIZE38_| SIZE 40 |Length finches)
626 2 1 3 72.75
627 2 1 2 1 72.52
628 2 1 1 54.70
629) 2 1 2 1 72.30
630| 2 1 2 1 72.52
631 2 1 1 2 72.52
632 2 1 2 1 72.97
633 2 1 1 2| 7297
634 2 1 1 2 7319
635 2 1 1 1 68.27
636 2 1 1 1 68.52
637 2 1 1 1 68.78
638 2 1 1 1 1 72.75
639 2 1 1 54.70
640| 2 1 ) 1 54.95
641 2 1 1 55.20
642 2 1 3 73.41
643 2 1 2 68.02]*
644 2 1 2 68.52|°
645 2 1 2 69.03°
646 2 2 1 1 72.08
647 2 2 1 1 72.52
648 2 2 1 1 72.30
649 2 2 2 71.86
650] 2 2 2 72.30
651 2 2 2| 72.75
652 2 2 1 67.77°
653 2 2 1 68.02[*
654 2 2 1 68.27]°
655 2 2 54.45]°
656 2 3 1 71.63
657 2 3 1 71.86
658 2 3 1 72.08
659 2 3 67.52|*
660 2 4 _ 71.41
€61 2 1 41,62
662 2 1 41.87
663 2 1 42,12
664 2 3 1 72.52
665 2 3 1 72.75
666 2 1 3 72.97
667 2 3 1 7.1
668 2 2 1 1 72.97
669 2 1 2 1 73.19
670 2 i 1 2[ 734
671 2 1 1 1 69.03
672 2 1 1 55.20
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A B c D E F G | H

673] SIZE30 | SIZE32 | SIZE34 | SIZE36 | SIZE38 | SIZE 40 |Length (inches)
674 2 1 1 55.46
675 2 1 1 55.71
676 2 1 3 73.64
677 2 1 3 73.41
678 2 28.26
679 2 2 2 72.75
630 2 2 2 73.19
681 2 2 2 73.64
682 2 4 72.30
683 2 4 73.19
684 2 4 74.08
685 2 3 68.27|*
686 2 3 69.03|*
687 2 3 £9.84/*
688 2 2 1 68.52|°
689 2 2 1 68.78|*
690 2 1 2 68.78[*
691 2 2 1 69.28*
692 2 1 2 69.28/*
693 2 1 2 69.53|*
694 2 2 54.95(*
695 2 2 55.46|*
696 2 2 55.96/|*
697 3 1 1 67.52
698 3 1 1 67.77
699 3 1 1 68.02
700 3 1 2 71.63
701 3 1 2 72.08
702 3 1 2 72.52
703 3 1 1 1| 71.86
704 3 1 1 1 72.08
705 3 1 1 1 72.30
706 3 1 54.19
707 3 2 1 71.41
705 3 2 1 71.63
509 3 2 1 71.86
710 3 2 67.26|*
711 3 3 71.19
712 3 1 1 68.02
713 3 1 1 68.27
714 3 1 1 68.52
715 3 2 1 72.08
716 3 2 1 72.30
717 3 1 2 72.30
718 3 2 1 72.75
719 3 1 2 72.75
720| 3 | 1 2 72.97
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A B [ D E F [ | H

721 SIZE30 | SIZE32 | SIZE34 | SIZE36 | SIZE38 | SIZE 40 |Length linches)
722 3 1 1 1 72.52
723 3 41.11
724 3 3 71.86
725 3 3 72.52
726 3 3 73.19
727 3 1 54.45
728 3 1 54.7
729 3 1 54.95
730) 3 2] 67.77]*
731 3 2 68.27|*
732 3 2 68.78|*
733 4 1 1 71.41
734 4 1 1 71.63
735 4 1 i 71.19
736 4 1 67.01[*
737 4 2 70.97
738 4 1 1 71.63
739 4 1 1 71.86
740 4 1 1 72.08
741 4 2 71.41
742 4 2 71.86
743 4 2 72.3
744 4 53.94|*
745 4 1 67.261*
746 4 1 67.52|*
747 4 1 67.77]*
748 5 1 7C.75
749 5 1 76.97
750 5 1 71.19
751 5 1 Ti
752 5 &~ 76]*
753 6 ~70.52
754 1 15.82
755 1 1 29.02
756 1 1 29.27
757 1 1 29.52
758 i 2 i 42.37
759 1 1 1 42.63
760 1 2 42.88
761 1 1 1 42.88
762 1 1 1 43.13
763 1 2 43.38
764 1 1 1 1 56.46
765 1 3 1 69.28
766 1 3 1 69.53
767 1 1 3 69.78
768 1 3 1! 70.29
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769 SIZE30 | SIZE32 | SIZE34 | SIZE36.| SIZE38 | SIZE 40 |Length (inches)
770 1 1 3 70.54
77 1 1 3 70.79
772 1 4 1 73.19
773 1 4 1 73.41
774 1 3 2 73.41
778 1 2 3 73.64
776 1 1 4 73.86
777 1 3 2 73.86
778 1 4] 1 74.30
779 1 3 2 74.82
780 1 1 4 74,75
781 1 1 4 74.97
782 1 2 1 56.21
783 1 1 2 56.72
784 1 1 1 2 70.29
785 1 2 2 1 73.86
786] 1 2 1 2 74.08
787 1 1 2 2 74.30
788 1 2 1 1 69.78
789 1 1 2 1 70.04
790 1 1 1 2 70.29
791 1 3 1 1 73.64
792 1 1 3 1 74.08
793] 1 1 1 3 74.52
794] 1 2 1 55.96
795 1 2 1 56.21
796] 1 K 2 56.21
797 1 2 1 56.72
798 1 1 2 56.72
799] 1 1 2 56.97
800, 1 2 3 74.30
801 1 2 3 74.75
802 1 5 72.97
803 1 5 74.08
804 B 1 5 75.19
805 1 3 55.71
806 1 3 56.46
807 1 3 57.22
808 1 4 69.03|*
809 1 4 70.04]*
810] 1 4 71.04|°
811 1 2 2 69.53|*
812 1 2 2 70.54(*
813 1 2 2 70.04|*
814 2 1 42.12
815 2 1 42,37
816 2 1 42.63
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A B C D E F G | H

817) SIZE30 | SIZE32 | SIZE34 | SIZE36 | SIZE3B | SIZE 40 |Length (inches)
818 : 2 3 1 72,97
819 2 3 1 73.19
820) 2 1 3 73.41
821 2 3 1 73.86
822 2 1 1 55.96
823 2 2 1 1 73.41
824 2 1 2 1 73.64
825 2 1 1 2 73.86
826 2 1 ] 1 69.53
827 2 1 1 55.71
828 2 1 1 55.96
829 2 1 1 56.21
830 2 1 3 74.08
831 2 1 3 74.30
832 2 23.76
833 2 2 2 73.19
834 2 2 2 73.64
835 2 2 2 74.08
836 2 4 72.75
837 2 4 73.64
838 2 4 74.52
839 _ 2 3 68.78|*
840 2 3 69.53|*
841 2 3 70.35(*
842 2 2 1 69.03(*
843 2 2 1 69.28|*
844 2 1 2 69.28*
845 2 2 1 69.78!*
846 2 1 2 69.78|*
847 2 1 2 70.04{*
848 2 2 55.46]*
849} 2 2 55.96|°*
850 2 2 56.46/*
851 3 1 1 ' 68.78
852 3 1 1 69.03
853 3 ] 1 69.28
854 3 2 1 72.75
855 3 2 1 72.97
856 3 1 2 72.97
867 3 2 1 73.41
858 3 1 2 73.41
859 3 1 2 73.64
860 3 1 1 1 73.19
861 3 41,87
862 3 3 72.52
863 3 3 73.19
864 3 3 73.86

c28
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865] SIZE30 | SIZE32 | SIZE34 | SIZE36 | SIZE38 | SIZE40 |Length (inches)
866 3 1 55.20
867 3 1 55.46
868 3 1 55.71
869| 3 2 68.52*
870 3 2 69.03[*
871 3 2 69.53[*
872 4 1 1 72.52
873 4 1 1 72.75
874 4 1 1 72.97
875 4 2 72.30
876 4 2 72,75
877 4 2 73.19
878 4 54.95]*
879 4 1 68.27|*
880 4 1 68.52[*
881 _ 4 1 68.78/*
882 5 1 72.08
883 ] 5 1 72.30
884 5 1 72.52
885 5 68.02[*
886 B 6 71.86
887 1 1 1 43.38
888 1 1 2 57.22
889 1 1 3 71.04
890 1 1 4 75.19
891 ] 1 29.52
892 1 2 ‘1 56.97
893 1 2 2 70.79/*
894 1 2 3 74.97
895 1 2 43.13
896 1 3 1 70.54
897 1 3 2 74,75
898 i 3 56.72
899 ‘ 1 4 1 74.52
900 . 1 4 70.30/*
901 1 5 74.30
902 1 1 29,77
903 1 2 43,64
904 1 3 57.47
905 1 4 71.19]*
906 1 5 75.41
907 1 16.07
908 . 2 1 1 56.72
909 i 2 1 2 70.30]*
910 i 2 1 3 74,75
911 | 2 1 42.88
912} . ? 2 2 1] 70.29!*

C29
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913| SIZE30 | SIZE32 | SIZE34 | SIZE36 | SIZE38 | SIZE40 |Length linches)
914 2 2 2 74.52
915 z 2 56.46(*
916 2 3 1 74.30
917 2 3 70.03[*
918 2 4 74.08
919 2 1 43.13
920 2 2 56.97(*
921 2 3 70.86/*
922 2 4 74,97
923 2 29.27
924 3 1 1 70.04
925 3 1 2 74.30
926 3 1 56.21
927 3 2 1 74.08
928 3 2 69.78[*
929 3 3 73.86
930 3 1 56.46
931 3 2 70.29(*
932 3 3 74.52
933 3 42.63
934 4 1 1 73.86
936 4 1 69.53°
936 4 2 73.64
937 4 1 69.78[*
938 4 2 74.08
939 4 55.96/*
940 5 1 73.41
941 5 1 73.64
942l 5 69.28/*
943 6 73.19
944 1 1 30.03
945 1 2 43.89
946 1 3 57.72
947, 1 4 71.41]*
948 1 5 75.64
949 1 16.33
950 2 1 43.64
951 2 2 57.46]*
952 2 3 71.30[*
953 2 4 75.41
954 2 29.77
955 3 1 57.22
956 3 2 71.04]*
957 3 3 75.19
958 3 43.38
959 4 1 70.791*
960 4/ 2! 74.97!
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961 SIZE 30 SIZE 32 SIZE 34 SIZE 36 SIZE 38 SIZE 40 |Length (inches)
962 4 56.97|¢
963 5 1 74.75
964 5 70.54/*
965 6 74,52
966 1 16.59
967 2 30.28
968 3 44.14
969 4 57.98*
970 5 71.8(*
971 6 75.86
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-- SHeader:z: D:/cups/src/savings/case_aj.c January 1991
..................... no---.-.....-...---..-—..-.-....-I.-......--..'/

/t ............................................................. rocecas
= FILE NAME s case_ai.c

- PROGRAMMER : Terri A. Smith

- DATE WRITTEN : January 1991

- ADDRESS 2 GTRI/CSITL Atlanta GA 30332 (404) 894-8952

- PURPOSE- To compute the savings if ply heights and sizes
- in both sections are the same.

- MODIFICATION HISTORY-

* SecscwescsssmassncscnesNcenssnenen seesccscsssannananrsesanrannonn t/
#include <stdio.h>

#include <stdlib.h>

#include “savedec. h®

#include “gavelcl.h¥

float case_ai(sectl, sect2, cut_cost)

sectior _t sectl;
section_t sect?;

int cut_cost;
<

int {;

int e = 0;

float savings;
for (i=0; i< num_of_sizes; i++) (
e = ¢ + (order.perimeter[i) * sectl.sizes(i}));
e = ¢ + (order.perimeter{i) * sect2.sizes[il);
3 .
savings = (float) cut_cost * e;

return{savings);

P




L-—-‘---

_0.00\IOWJ\NN-

VT T U B8l WWw NN NN NN NN N AN = ob b el wd b A = D
N—DOOm\lalﬂl\uw—iOOONO‘UI&NN—DOOaﬂﬁmt\uwdoomﬂﬁlﬂ&&ﬂh’—'

/* -----------------------------------------------------------------
-- $Header:: D3/cops/src/savings/case_aii.c January 1991
................................................................... */
/i .....................................................................
= FILE NAME : case_aii.c

- PROGRAMMER : Terri A. Smith

- DATE WRITTEN : January 1991

- ADDRESS ¢ GTRI/CSITL Atlanta GA 30332 (404) 894-8952

- PURPOSE- To compute the savings if the units or ply

- height is not the same in two sections.

L L L L L L L L T X T R R L LTI Y] t/

#include <stdio.h>

#include <stdlib.h>
#include “savedec.h”
#include "gavelcl . h"

float case_aii(sectl, sect2, unit_cost)

section_t sectl;
section_t sect?;
int unit_cost;

int i;

int e = 0;

float savings;

float sect!_inch;
float sect2_inch;
float merge_inch;
order_t merged_order;

sectl_inch = find_inches(secti.sizes);
s2ct2_inch = find_inches(sect2.sizes);

for (i=0; i< num_of_sizes; i++) {
merged_order{i] = 0;
merged_order (i) = merged_order(i) + sectl.sizes[i);
merged_order (i} = merged_order[i] + sect2.sizes(i);
)

merge_inch = find_inches(merged_order);

savings = unit_cost * sect1.ply_height * (sectl_inch + sect2_inch - merge_inch);

return(savings);
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-- $Header:: D:/cops/src/savings/compute.c  January 1991
................................................................... */
/i ..................................... semecccanensesennsnnesnacenrmnn.
= FILE NAME s compute.c

- PROGRAMMER : Terri A. Smith

- DATE WRITTEN : January 1991

- ADDRESS $ GTRI/CSITL Atlanta GA 30332 (404) 894-8952

= PURPOSE- To determine which method to use to compute

- the savings.

e wesessewesemssfesccscenancs e ssanvETRan. renessrvencassmsnnsnn t/

#include <stdio.h>
#include <stdlib.h
#include <memory.h

>
>

#include "savedec.h?

#include “savelct,

float compute_savi

section_t sect!
section_t sect2
int cut_cost;
int unit_cost;

h“

ngs(sect!, sect2, cut_cost, unit_cost, temp_save,
max_sizes, max_ply)

savings_t “temp_save;

int max_sizes;
int max_ply;

int i;
inte=0;
float savings =
float save2 = (
char match = 1;

(float) 0.0;
float) 0.0;

int num_units = 0;

int j, k, count
char match2;

temp_save->plyl
tamp_save->ply2

= sectl.pty_height;
= sect2.ply_height;

for (i=0; i<num_of_sizes; i++) (

if (secti.si

zes[i) != sect2.sizes[i))

match = 0;
num_units = num_units + sectl.sizeslil;
num_units = num_units + sect2.sizesli);
)
if (match) { /* sizes in sections are the same */

if ((sectl.ply_height + sect2.ply_height) <= max_ply) (
savings = case_ai(sect!, sect2, cut_cost);
temp_save->type= 1;
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/*

temp_save->ply_height = sectl.ply_height + sect2.ply_height;
)

else if (num_units <= max_sizes)
save2 = case_aii(sect!, sect?, unit_cest):

if ((save2 > savings) || (temp_save->ply_height > max_ply)) (*/

temp_save->typez 2;
savings = save2;

temp_save->ply_height = secti.ply_height;
A i
)
b

else if ((sectl.ply_height == gect2.ply_height) L& (num units <= max_sizes)) (
savings = case_aii(sect!, sect2, unit_cost);
temp_save->types 3;
temp_save->ply_height = secti.ply_height;
)

else if (num_units <= max_sizes) (
temp_save->ply_height = secti,.ply_height;
savings = case_aii(sect!, sect2, unit_cost);
temp_save->types &;
)

temp_save->savings = savings;

return(savings);
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23
24
25
26
rig
28
29
30
31
32
33
34
35
36

38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

/t

$Header:: D:/cops/src/savings/findinch.c January 1991
................................................................. i/
FILE NAME : Findinch.c

PROGRAMMER  : Terri A. Smith

DATE WRITTEN : January 1991 )

ADDRESS ¢ GTRI/CSITL Atlanta GA 30332 (404) B894-8952

PURPOSE- To find the length (in inches) in the list of Is
................................................................. t/

#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include “savedec.h
#include "savelcl.h”

fl

oat find_inches(sizes)

order_t sizes;

int i, J;
char match = 0;

i=0;
while ((imatch) && (i < num_list)) ¢
match = 1;
for (j=0; J<num_of_sizes; J++) (
if (sizeslj] 1= list(il.sizes(]))
match = 0;

Aad H
)

if (match)
return({list{--i).inches);
else ¢
printf(" COULONT FIND ¥);
for (i=0; i<num_of_sizes; i++) (
if (sizeslil » 0)
printf(4%d %s “, sizes(i), order.ch_sizes(i});
)
printf("\n");
exit(0);
)
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/* .................................................................

-~ $Header:: D:/cops/src/savings/getparm.c December 1990

................................................................... */

/* ............ O I I I T T Y T T I T I ™IS

= FILE NAME : Getparm.c

- PROGRAMMER : Terri A. Smith

- DATE WRITTEN : December 1990

~  ADDRESS : GTRI/CSITL Atlanta GA 30332 (404) 894-8952

- PURPOSE- To read in the parameters from a file
........................... .,...................................t,

#include <stdio.h>

#include <stdlib.h>
#include <string.h>
¥inciude "“savedec.h"
#include "saveicl.h®

int get_parameters(ou_units, max_ply, max_sizes,
k, init_ply, q, cut_cost, unit_cost)

int  *ou_units;
int  *max_ply;
int  *max_sizes;

int  *k;
int  *init_ply;
int *q;

int  *cut_cost;
int  “unit_cost;

inti, j, m L;
FILE *fp = NULL;
int quantity;
float temp;
char match;

if ((fp =fopen(MINPUTH, Wpi)) == NULL) ¢
printf(“Cannot open input file - getparm.c%);
exit(0);
)

/* set order and list values to -1 */
for (i = 0; i < MAX_SIZES; i++) (
order.number (i} = 0;
order.ch_sizes(i) (0] = 0;
order.perimeter(i} = 0;
b

for (i=0; i<MAX_LIST; i++) (
listli).inches = (float) 0.0;

for (j = 0; ] < MAX_SIZES; j++)
list{i).sizes[j] = 0;
)
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59

61
62
63

65

67

69
70
n

74

76

78

80
81
82

85

87

89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
Rk
12
13
114

fscanf(fp,"%d", ou units);
fscanf(fp,"%d", max_ply);
fscanf(fp,"%d", max_sizes);
fscanf(fp,"%d", init_ply);
fscanf(fp,"%d", k);
fscanf(fp,"%d", cut_cost);
fscanf(fp,"%d", unit_cost);
facanf(fp,"%d", q);

/* lnput Order */
for (i = 0; i < MAX_SIZES; i++) (
fscanf(fp,"Xd", &order.number{il);
if (order.number{i] == -1) (
order.number(i) == 0;
break;
)

fscanf(fp,"%d", &orcer.perimeter(il);
fscanf(fp,"Xs", order.ch_sizes[il);
)
num_of_sizes = i;
/* Input List %/
i=0;
while(1) €
fscanf(fp,u%d", bquantity);

if (quantity == -2)
break;

while (quantity I= -1) (
fscanf(fp,"&d", &m);

if (m >= num_of sizes) (

printf(YERROR in reading size variable - getparm.c");

exit(0);
L)

list[il.sizes{m) = quantity;

fscanf(fp,"Xd", &quantity);
>

fscanf(fp,"Xf", &list(i).inches);

++i;

)

fclose(fp);




return(i);
)

115
116
1"z
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- $Header:: D: /cops/src/savings/globals h January 1991
*s consscecses resnee ecnccccenn escsccsvssenncnve weesssscscncssananne ..-Q/
/t ........... senccesanrecnnne snonannes wescasce sonsoncscsnns wnenssssanee
= FILE NAME Globals.h

- PROGRAMMER : Terri A. Smith
= DATE WRITTEN : January 1991
= ADDRESS s GYRI/CSITL Atlanta GA 30332 (404) 894-8952

= PURPOSE- To declare all global variables

........... o--.---.o--..-...-.---.---.-...-.---..-----.-----.....*/

#include <stdio.h>

#include “savedec.h®

#include “cavelcl.h¥
ord_var_t order;

List_t  *list = NULL;

int num_of_sizes;
int num_list;

int totat_order = 0;
int curr_tot = 0;

int num_old_sect = 0;

section_t *old_sect = NULL;
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INCLUDES = savedec.h
LIBNAME = savelib

0BJS = \
globals.obj \
getparm.obj \
findinch.obj \
case_ai.ob] \
case_aii.obj \
compute.obj

.c.obj:

$(cc)

$(L1B)
globals.obj : globals.c $¢INCLUDES)
getparm.obj : getparm.c $(INCLUDES)
findinch.obj : findinch.c SCINCLUDES)
case_ai.obj : case_ai.c SCINCLUDES)
case_sii.obj : case_aii.c $CINCLUDES)
compute.ob] : compute.c S$(INCLUDES)
savings.obj : savings.c SCINCLUDES)
savings.exe : savings.obj $(08JS)

cl savings /link savelib.lib

$(8)\savings.exe : savings.exe
$(CP)

$(I)\savedec.h : savedec.h
$(cP)
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/* .................................................................

-- $Header::  D:/cops/src/savings/uavedec.h December 1990
----------- ----..-----------.--...u.-.--.----....-......--.........Q/
/t ------------------------------ L L L L L L T T T T T PR PRy S A iy
- FILE NAME Savedec.h

= DATE WRITTEN

December 1990

= PROGRAMMER : Terri A. 5mith

- ADDRESS

GTRI/CSITL Atlanta GA 30332  (404) 894-8952

= PURPOSE- To define all variables and procedures

* wepesvusessveosaasn

#ifndef SAVEDEC_M
#define SAVEDEC_H

---------------------------- o-'--...-...-..-.--../

¥define MAX_LIST 1000
#define MAX_SIZES 25

#define MAX_SAVINGS

typedef int order_t

2

(MEX_S1ZES);

typedef char sizes_t(MAX_SI2ES) (10);

typedef struct {

order_t  number;
sizes_t ch_sizes;
int  perimeter(MAX_SIZES);

) ord_var_t;

typedef struct (
order_t sizes;
fleat inches;
) tise_t;

typedaf struct ¢
order_t sizes;

int ply_height;

char nerged;
) section_t;

typedef struet
int secti;
int sect?;
int ply_height;
float savings;
int tyoe;
int piyl;
int pty2;
> savings_t;

int get_parameters(

int *units, int *max_ply, int *max_sizes, int *k,
int *init_ply, int *q, int *cut_cost, int *unit_cost);

float find_inches(order_t sizes);
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float case_ai(section_t sectl, section_t sect2, int cut_cost);

float case_aii{section_t sectl, section_t sect2, int unit_cost);

float compute_savings(section_t sectl, section_t sect2, int cut_cost,

#endi f

int unit_cost, savings_t *temp_save, int max_sizes, int max_ply);
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/* ...........................................

= FILE NAME : Savelcl.h

- PROGRAMMER : Terr{ A. Smith

- DATYE WRITTEN : December 1990

- ADDRESS s GTRI/CSITL Atlanta GA 30332

= PURPOSE- To define all global variables

* senessscemcecen wecesnsvenccnenosvnnensaanssoTEn

#ifndef SAVELCL_H
#define SAVELCL_H

extern ord_var_t order;
extern list_t *list;
extern int num_list;
extern int num_of_sizes;
extern int total_order;
extern int curr_tot;
extern int num_old sect;
extern section_t *old_sect;

¥endif

......................

(404) 8948952

.................... '/




/* .................................................................
-- $SHeader:: D:/cops/src/savings/savings.c December 1990

P R L T T T T R R T T T T T T T T T P */
/i ....................................................................
- FILE NAME Savings.c

S
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* sowseonscsa wescnsenccessave L T T Ty I */

#i
¥
#i

PROGRAMMER

ADDRESS

: Terri A. Smith
DATE WRITYEN : December 1990
s GTRI/CSITL Atlanta GA 30332 (404) 894-8952

PURPOSE- Mai s program which controls execution of other procedures

nclude <stdio.h>
nclude <malloc.h>
nclude <memory.h>

#include <stdlib.h>
#include <string.h>
#include <time.h>

#
#
¥

¥define clock() time(NULL)

nclude <math.h>
nclude “savedec.h®
nclude “savelcl h®

main(argv, arge)

int argv;
char *argel();

/% Input Variables ¥/
int  ou_units;

/* # of units over/under allowed %/

int  max_ply; /* max ply height allowed ./
int  max_sizes; /* # of sizes allowed / section ¥/
int  init_ply; /* initial ply height */
int  k; /* # ¢’ merges allowed */
int  cut_cost; /* cutting cost / inch ./
int  unit_cost; /* unit cost */

int q;

/* Output Variables */
float tot_length;
int  unit_dev;

char unit_string[10); /* string for over, under */
float inches; /* used in output */
int 4, J, x, ¥; /* counters */
int curr_sect = 0; /* current section */
section_t new_sect; /* new sections */
section_t *save_sect = NULL; /* new sections */
div_t n; /* quotient and remainder */
savings_t temp_save; /* temp savings - 1 structure */
savings_t *save_list = NULL; /* savings list */
int  num_savings; /* # of savings in list */
int m, L, r, s; /* counters */

/* ply used for initial sections */

/* the total amt of fabric needed*/

/* deviation of units to cut from order */
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58 char mergers_possible = 1; /* Boolean for loop */
59 int  num_new_sect; /* # of total new_sect */
60 int  num_save_sect; /* ¥ of total neu_sect */
61 int  num_units; /* # of units in one section */
62 int unit_count; /* # of units in all sections */
63 int  order_count; /* # of units in order */
64 int  num_mergers = 0; /* # of mergers "/
65 FILE *fp; /* output file pointer */
66 clock_t start_time, end_time; /* times */
67 doubte total_time; /* total time program runs */
68 float marker; /* inches in marker */
69 float tot_marker; /* total inches in all markers */
70 char match2; /* boolean value */
n int count; /* counts the sections */
72 int old_ply; /* ply height of older section %/
(£ section_t temp_sect; /* temporary section */
74 int add_sect; /* # of sections to add */
7 order_t temp_order;
76 order_t hold_sizes;
” int abs1, abs?;
78
79 start_time = clock();
80
81 if ((fp = fopen("OUTPUTH, Wuh)) == NULL) ¢
82 printf("CANNOT OPEN OUTPUT FILE savings.c\n");
83 exit(0); )
84 )
85
86 "
87 Allocation of input list
88 */
89 if ((list = (list_t *)malloc(MAX_LIST * sizeof(list_t))) == NULL) ¢
90 printf("ALLOCATION ERROR FOR LIST savings.c\n");
12 exit(0);
92 )
93
9% /*
95 Get parameters and print initial stuff to output file
96 */
97 num_list = get_parameters(lou_units, &max_ply, &max_sizes, &k, &init_ply,
98 &q, &cut_cost, &unit_cost);
99
100 fprintf(fp, “SAVINGS ALGORITHM 2\n\n");
101 fprintf(fp, “MAX PLY = %d MAX # OF UNITS PER SECTION = Xd\n", max_ply, max_sizes);
102 /* tprintf(fp, “UNIT COST = %d cents CUT COST = Xd cents\n", unit_cost, cut_cost);
103 */
104 fprintf(fp, K = %d INIT PLY = %d Q = %d\n\n", k, init_ply, q);
105 fprintf(fp, YORDER\NnY);
106 for (i=0; i<num_of_sizes; i++) (
107 fprintf(fp, “Xd SI12E Xs\n", order.number (i}, order.ch_sizes(i));
108 )
109
110 Al
m Allocate space for two sets of sections
12 */
113 for (i=0; i<num_of_sizes; i++)
114 total_order = total_order + order,.number(il;

D17




115
l 116 if ((old_sect = (section_t *)malloc(total_order * sizeof(section_t))) == NULL)
17 printf("ALLOCATION ERROR FOR OLD SECTION savings.c\n");
118 exit(0);
119 )
120
121 if ((save_sect = (section_t *)malloc(total_order * sizeof(section_t))) == NULL) {
122 printf("ALLOCATION ERROR FOR SAVE SECTION savings.c\n");
l 123 exit(0);
124 )
125
126 for (i=0; f<num_of_sizes; i++) (
' 127 temp_order([i) = order.number(il;
128 )
129
130 Al
l 131 Assign each unit in order to & separate section of initial
132 ply height
133 */
134 for (i =0; i < total_order; i++) (
135 old_sect[{).ply_height = q;
136 old_sect[i).merged = 0;
137
' 138 for (j=0; j< MAX_SIZES; j++)
139 old_sect[i).sizes[j) = 0;
140 )
141
' 142 unit ~ount = 0;
143 for ,is0; f<num_of _sizes; i++) (
144 n = div(order.number (i), q);
145 for (J=0; j<n.quot; j++) (
l 146 old_sect [curr_sect] .sizes[i} = 1;
147 ++curr_sect;
148 unit_count = unit_count + q;
l 149 )
150 )
151
152 for (i=0; i<num_of_sizes; i++) (
l 153 n = div(order.number{il, q);
154 for (j=0; j<n.rem; j++) (
155 unit_dev = total_order - unit_count;
156 if (Cou_units - unit_dev) < 0) ¢
l 157 old_sectlcurr_sect}.sizes{i) = 1;
158 ++curr_sect;
159 unit_count = unit_count + q;
160 )
161 )
162 )
163
l 164 num_old_sect = curr_sect;
165
166 /*
167 Allocate space for savings list and initialize
i "
169 if ((save_list = (savings_t *)malloc(MAX_SAVINGS * sizeof(savings_t))) == NULL) ¢
170 printf("ALLOCATION ERROR FOR SAVINGS LIST savings.c\n¥);
l 17n exit(0);
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for (i=0; §<MAX_SAVINGS; i++) {
save_list[i}.savings = (float) 0.0;
save_List[i).ply_height = 0;
save_list[i).type = 0;
)

/*
Main loop in the Savings algorithm:

- creates a savings list and merges sections one at a time.

- a temporary section is created and merged with initial secticns
until it is completely filled. It is then save in the
save_section and a new temporary section is started

- When all sections are saved to the save_section then program is
terminated

*/

num_save_sect = 0;
while (mergers_possible) (

for (i=0; j<MAX_SAVINGS; i++) (
save_Llist[i).savings = (float) 0.0;
save_Llist[i).ply_height = 0;
save_list[i).type = 0;
)

printf("NUM OLD SECT = Xd\n", num_old_sect);
if (num_old_sect <= 1)
break;

num_units = 0;

/ﬁ
When the max number of units per section is reached, the section
is saved in save_section

*/

for (j=0; j <num_of_sizes; j++)
num_units = old_sect[0}.sizes[j} + num_units;

if (num_units >= max_sizes) (
memcpy(&save_sect [num_save_sect], &old_sect[0], sizeof(section_t));

for (i = 0; i<num_old_sect-1; i++)
memcpy(&old_sect (i), &old_sect[i+1}, sizeof(section_t));

+4num_save_sect;

-=num_old_sect;
)

mergers_possible = 0;
num_savings = 0;

/*
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Create Savings List

*/

i=0;

for (j=i+1; j<num_old_sect; j++) (
temp_save.sect! = {;
temp_save.sect2 = |;
temp_save.ply_height = 0;
temp_save.savings = (float) 0.0;
temp_save.type = 0;

compute_savings(old_sect[i), old_sect[jl, cut_cost, unit_cost,
&temp_save, max_sizes, max_ply);

m=0;
white((m < num_savings) &&
(temp_save.savings <= save_list[m].savings))
Hm;

if (m 1= MAX_SAVINGS) {

for (L = num_savings; | > m; l==) ¢
memcpy(&save_List(l], &save_Llist[l-1], sizeof(savings_t));
b

memcpy(&save_Llist[l], &temp_save, sizeof(savings_t));
if (num_savings < MAX_SAVINGS-1)
++num_savings;
)
)

/t
Merge Sections
*/

new_sect.ply_height = q;
new_sect.merged = 0;

for (j=0; j< MAX_SIZES; j++)
new_sect.sizes(j] = 0;

num_mergers = 0;
m=0;

for (i=0; i<num_savings; i++) (
r = save_list[i].sect;
s = save_list[i).sect?;
num_units = 0;

for (j=0; j <num_of_sizes; j++) (
num_units = old_sect[r].sizes(jl + num_units;
if (save_listlil.type I1= 1)
num_units = old_sect[sl.sizes[jl + num_units;
)

if ((save_list[il.ply_height <= max_ply) &&

(lold_sect[rl.merged) &&
(lold_sect(s).merged) &&
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(mm_units <= max_sizes) &
(save_tistlil.type I= 0)) €

mergers_possible = 1;
old_sect(r].merged = 1;
old_sect[s].merged = 1;

new_sect.ply_height = save List{{).ply_height;
for (j=0; j<num_of _sizes; j+) (
new_sect.sizes(j) = new_sect.sizes(]] +
old_sect(r].sizes[jl;
if (save_list(i).type i= 1)
new_sect.sizes[]] = new_sect.sizes{]] +
old_sect(s}.sizes(jl;

/t
1f the savings is achieved by rearranging sizes
in one section (not by putting plys on tap of
each other), then the two ply heights of the sections
must be manipulated to keep the order correct.
e.g. If one section has ply 3 and the other ply 10
one section of ply 3 with bothe sizes combinations
is made and 7 sections of kept in the list of merging
sections

*/

if (save_listlil.type I= 1) €

for (x=0; x<num of_sizes; x++)
hold_sizes[x) = old_sects].sfzes[x];

/i
Count how many sections in the sections list match
the given section to merge
*/
count = 0;
for (l=1; l<num_old_sect; l++) (
matche = 1;
for (Jj=0; j<num_of_sizes; j++) (
if (old_sect{s).sizes[j] != old _sect{i]l.sizes(jl)
match2 = 0;
b

if (match2)
++count;
)

/*
If the count is greater than the ply height of
the temporary section, combine the two sections
with the ply height of temporary section and then
delete that number (ply height) of sections from
the section list

*/

if ((save_list[il.plyl / q) <= count) {
count = save_listli).plyl / q;
for (1=1; l<num_old_sect; l++) (
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match2 = 1;
for (j=0; j<num_of_sizes; j++) (
if Chold_sizeslj} != old_sect(l).sizes{jl)
match2 = 0;
)

if ({(match2) && (count > 0)) ¢
for (m=l; m<num_old_sect-1; m++)
memcpy(&old_sect[m}, &old_sect[m+1], sizeof(section_t));

=-num_old_sect;
--count;
--1;
)
)
)} /* save_listli).plyl <= count */

/ﬁ
else if the count is less than the ply height
of the temporary section, then the temp section
will have a ply height of count and sections are
added back to the section list based on the the
old_ply (of temp section) minus the the count
*/
else {
if (count > 0) ¢
if (old_sect{0}.ply_height > count) (
old_ply = old_sect[0).ply_height;
old_sect[0].ply_height = count;
new_sect.ply_height = count;
for (i=0; i<num_of_sizes; i++) (
if (old_sect([0).sizes[i] > 0) (
8dd_sect = old_ply - count;
temp_sect.ply_height = q;
temp_sect.merged = 0;

for (j=0; j<num_of_sizes; j++)
temp_sect.sizes[j) = 0;

temp_sect.sizes[i) = 1;

for (1=0; l<old_sect[0).sizesl[i]; l++) (
for (j=0; j<add_sect; j++)
memcpy(&old_sect [num_old_sect++], &temp_sect, sizeof(section_t)
b
) /* if old_sect(0).sizes[i] > 0 */
)} /* for i=0 etc */
) /* old_sect(0}.ply > 0 */

for (1=1; l<num_old _sect; l++) (
match2 = 1;
for (j=0; j<num_of_sizes; j++) (
if hold_sizes(j} != old_sect[l).sizes(j})
match2 = 0;
)

if ((match2) && {count > 0)) ¢
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for (mel; m<num_old_sect-1; m++)
memcpy(&old_sect[m), %old _sectIm+1], sizeof(section_t));

=~num_old_sect;
=-count;
-1;
)
) /* for (=1 etc ¥/

) /* count » 0 */
) /* else v/
Y} /" if type 1= 1 %/

+m;
if (++num_mergers >= k)
break;
)
)

memcpy(8old sect(0), &new_sect, sizeof(section_t));

/t
Merges Complete
*/

if (save_listli).type == 1) ¢
for (i=s; i< num_old_sect-1; i++)
memcpy(&old_sect (i), &old_sectli+1], sizeof(section_t));

<-num_old_sect;
)

num_savings = 0;

) /* End of While (1) */

if (num_old sect > 0) (
for (i=0; i<num_old_sect; i++) (
memcpy(&save_sect [nun_save_sect++), Zold_sect(i), sizeof(section_t));
)

/ﬂ
put final inforwation in output file
*/
end_time = clock();
total_time = ((double) end_time - start_time) / CLK_TCK;

fprintf(fp' u\n\n*t*****t*itti***t*it**tittti*tt*tti*itt*ttttit\nu);
tot_length = (float) 0.0;
unit_dev = 0;

order_count = 0
unit_count = 0;
tot_marker = (f

H
loat) 0.0;

fprintf(fp, “THE # OF FINAL SECTIONS ARE : %d\n", num_save_sect);
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for (i=0; i<num_save_sect; i++) {

fprintf(fp, “SECTION %d HAS PLY = %d\n", i, save_sect[il.ply_height);

for (j=0; j<num_of_sizes; j++)
if (save_sect[i).sizes[j] > 0) ¢
fprintf(fp, »

AND Xd SIZE Xs\n", save_sectli].sizes(j], order.ch_sizes

unit_count = unit_count + (save_sect[i].sizes[]) * save_sect(i).ply_height);

)
)

marker = find_inches(save_sect([i).sizes);
inches = marker * save_sect[i].ply_height;
fprintf(fp, "MARKER LENGTR = %7.2f THE TOTAL LENGTH = X7.2f\n\n",

marker, inches);
tot_length = tot_length + inches;
tot_marker = tot_marker + marker;
)

for (J=0; j<num_of_sizes; J++)

order_count = order_count + order,number(j);

unit_dev = order_count - unit_count;
if (unit_dev > 0)
strepy(unit_string, “UNDERY);
else if (unit_dev == 0)
strepy(unit_string, "\0");
else (
unit_dev = unit_dev * -1;
strepy(unit_string, YOVER");
)

fprintf{fp, “TOT- MARKER = X7.Z2f TOT LENGTH = X7.2f, UNIT OVER/UNDER = Xd Xs\n\n",
tot_marker, tot_length, unit_dev, unit_string);
fprintf(fp, “TOTAL TIME = %f SECONDS\n*, total_time);

/*

Free all space and close output file
*/
if (list 1= NULL)

free(list);

if (save_list {= NULL)
free(save_list);

if (old_sect != NULL)
free(old_sect);
fclose(¢p);

return(0);
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/* .................................................................
<= $Header:: D:/cops/src/cherry/cherdec.h December 1990
................................................................... t/
/t ....................................................................
= FILE NAME ¢ Cherdec.h

= PROGRAMMER : Terri A. Smith

= DATE WRITTEN : December 1990

- ADDRESS ¢ GTRI/CSITL Atlanta GA 30332 (404) 894-8952

= PURPOSE- To define all variables and procedures

*» osessssaves e L R e I L LI T secsennassnanssnes t/

#ifndef CHERDEC_H
¥#define CHERDEC_H

#define MAX_LIST 1000
#define MAX_SIZES 25

typedef int order_t[MAX_SIZES);
typedef char sizes_t (MAX_S12ES] {10);
typedef struct (
order_t number;
sizes_t ch_sizes;
) ord_var_t;
typedef struct (
order_t sizes;
float inches;
) list_t;
typedef struct (
order_t sizes;
int ply_height;
) section_t;
int get_parameters(int *units, int *max_ply, int *max_sizes);
float find_inches(order_t sizes);
float combine_inches{order_t set_s);
void check_inches(section_t *temp_secs, int *num_temp_secs);
void clear_temp(section_t *temp_secs, int *num_temp_secs);
void copy_hold_to_sections();
void ones(order_t set_s, section_t *temp_secs, int *num_temp_secs);

void twos(order_t set_s, section_t *temp_secs, int *num_temp_secs);

void threes(order_t set_s, section_t *temp_secs, int *num_temp_secs);
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void foursorder_t set.s, section_t “temp_secs, int *num_temp:sécs);
void fives(order_t set_s, section_t *temp_secs, int *num_temp_secs);
void sixes(order_t set_s, section_t *temp secs, int *num_temp_secs);
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/* .................................................................
-~ $Header:: D:/cops/src/savings/savedec.h December 1990
................................................................... t/
/t.....--..............’ ............ S U
= FILE NAME : Savelcl.h

- PROGRAMMER : Terri A. Smith

- DATE WRITTEN : December 1990

- ADDRESS s GTRI/CSITL Atlanta GA 30332 (404) 894-8952

- PURPOSE- To define all global variables

e ecvessescascommansemsanancannsnne vecsacscvecnnanne cessereancccnns %/

#ifndef CHERLCL_H
#define CHERLCL_H

extern ord_var_t order;
extern list_t *list;
extern int num_list;
extern int num_of sizes;
extern order_t temp_order;
extern int num sections;
extern float total_inches;
extern float prev_inch;
extern section_t "sections;
extern int num_hold_secs;
extern section_t *hold_secs;
extern int ply_height;

#endif
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/& coesnese cemacscosannscnsens ececanceane cescencrsnnnsens ccesnsnaneee

-« SHeader:: D: /cops/src/cherry/cherry. December 1990

/' ......... cocoven
= FILE NANE : Cherry.c

= PROGRAMMER  : Terri A. Smith

= DATE WRITTEN : December 1990

- ADDRESS : GTRI/CSITL Atlanta GA 30332 (404) 894-8952

= PURPOSE- The main program which executes all other procedures

......... -.---......------.-.-.---.-..-..........................t/

#include <stdio.h>

#include <malloc.h>
#include <stdlib.h>
¥include <string.h>
#include <memory.h>
#include <time.h>

#include “cherdec.h"
#include “chertcl.h®

#define clock() time(NULL)
main(argv, arge)

int argv;
char *arge{);

<
/* input Variables */
int ou_units; /* # of units over/under allowed */
int max_ply; /* max ply height A/
int max_sizes; /* ¥ of sizes allowed / section %/

/* Output Variables ¥/

int num_temp_secs; /* ¥ of total sections */
float tot_length; /* total length of fabric */
float tot_marker; /* total length of fabric */

section_t *temp_secs=NULL; /* each section description  */
int unit_dev = 0;  /* deviation of # of units from order */
char unit_string(10); /* string to print over, under */

int ql: /* largest quantity in order */
int w2: /* 2nd largest quantity in order */
int s_var; /* q2 minus ou_units */
order_t set_s; /* set S of sizes */
int max_sections=0; /* max # of sections to allocate */
char  repeat_loop; /* boolean to loop again or not */
int W J. k, L,m,n; /% counters */
float inches; /* used for printing results %/
float marker; /* used for printing results */
int sets_cnt; /* # of sizes inset S */
FILE *fp; /* output file pointer */
int unit_count = 0; /* # of units in all sections  */
int order_count = 0; /* # of units in order */
int ou_count = 0; /* count to determine if repeat loop */
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clock_t start_time, end_time;
double total_time;

start_time = clock();

/t
Open output file

*/

if ((fp = fopen ("OUTPUTH, My")) == NULL ) (
printf("CANNOT OPEN OUTPUT FILE cherry.c\n");
exit(0);
)

/.
Allocate space for the list of Is
*/
if ((list = (List_t ")malloc(MAX_LiST * sizeof(list_t))) == NULL) (
printf("ALLOCATION ERROR FOR LISTY cherry.c\n");
exit(0);
)

num_list = get_parameters{lou_units, &max_ply, &max_sizes);

fprintf(fp, "CHERRY ALGORITHM\n\n");
fprintf(fp, "MAX PLY = Xd MAX # OF UNITS PER SECTION = Xd\n", max_ply, max_sizes);
fprintf(fp, "\n ORDER\n");
for (i=0; i<num of sizes; i++) (
fprintf(fp, “Xd SIZE Xs\n", order.number(i), order.ch_sizes[il);
order_count = order_count + order.number[i);
)

/t
Allocate space for the max number of sections
for the three list of sections

*/

for (i=0; i< MAX_SIZES; i++) ¢
max_sections = max_sections + order.number(il;
) .

if ((sections = (section_t *)malloc(max_sections * sizeof(section_t))) == NULL) ¢
printf(YALLOCATION ERROR FOR SECTIONS cherry.c\n");
exit(0);
b

if ((temp_secs = (section_t *)malioc(max_sections * sizeof(section_t))) == NULL) {
printf(“ALLOCATION ERROR FOR SECTIONS cherry.c\n¥);
exit(0);
)

if (¢hold_secs = (section_t *)malloc(max_sections * sizeof(section_t))) ==-NULL) (
printf(YALLOCATION ERROR FOR SECTIONS cherry.c\n");
exit(0);
)

for (i=0; i<max_sections; i++) {
sections(il.ply_height = 0;
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for (j=0; J<MAX_SIZES; j++)
sections(i].sizes{j) = 0;
)

num_sections = 0;

/Q

Main Loop of program
*/
while (1) ¢

for (is0; j<max_sections; i++) (
temp_secs{i).ply_height = 0;
for (j=0; J<MAX_SIZES; j++)
temp_secs(i).sizes(j) = 0;
)

repeat_Lloop = 0;

/t
Choose Q1 and Q2
*/
ql = 0;
q2 = 0;

for (i=1; i<num_of_sizes; i++) (
it (order.number(i) > order.number(qll)
qt = i;
)

q2 =0;
for (is0; i<num of _sizes; i++) (
if (it=ql) ¢
if (order.number([i} »>= 0) (
Q@ = i;
break;
)
)
)

for (i=0; i<num_of_sizes; i++) (
if (i 1= ql)
if (order.number{il »>= order.number(q2))
q2 = i;
)

if (order.number(q2) <= 0)
q2 = ql;

/t
Form set S with all the sizes remaining in the order
which have a quantity greater than or equal to g2 - the number
of units allowed over the specified demand

*/

s_var s order.number([q2) - ou_units;
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sets_cnt = 0;
for (i=0; i<MAX_SIZES; i++) (

if ((order.number(i) >= s_var) && (order.number > 0)) ¢
set_sli}l = 1;
++sets_cnt;
)
else
set_s[i]4 = 0;
)

/t
Set ply height of next section to the min(q2, max piy)
*/
ply_height = order.number[q2);
if (max_pty < order.number[q2])
ply_height = max_ply;

/'
Combine all posibilities of sections up to 5 units
per sectiun
*/
inches = (float) 9999.0;
for (i=0; i<MAX_SIZES; i++)
temp_order (i) = 0;
num_temp_secs = 0;

total_inches = (float) 0.0;

ones(set_s, temp_secs, &num_temp_secs);
check_inches(temp_secs, &num_temp_secs);
clear_temp(temp_secs, &num_temp_secs);

if ({sets_cnt > 1) &% (max_sizes > 1)) (
twos(set_s, temp_secs, knum_temp_secs);
check_inches(temp_secs, &nun_temp_secs);
clear_temp(temp_secs, &num_temp_secs);
)

if ((sets_cnt > 2) && (max_sizes > 2)) {
threes(set_s, temp_secs, &num_temp_secs);
check_inches(temp_secs, &num_temp_secs);
clear_temp(temp_secs, &num_temp_secs);
)

if ((sets_cnt » 3) 8& (max_sizes > 3)) (
fours(set_s, temp_secs, &num_temp_secs);
check_inches(temp_secs, &num_temp_secs);
clear_tenp(temp_secs, &num_temp_secs);
)

if ((sets_cnt » 4) &% (max_sizes > 4)) (
fives(set_s, temp_secs, &num_temp_secs);
check_inches(temp_secs, &num_temp_secs);
clear_temp(temp_secs, &num_temp_secs);
)
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230 if ((sets_cnt > 5) && (max_sizes > 5)) ¢

231 sixes(set_s, temp_secs, &num_temp_secs);

232 check_inches(temp_secs, &num_temp_secs);

233 clear_temp(temp_secs, &num_temp_secs);

234 >

235

236 copy_hold_to_sections();

237

238 *

239 Reduce the order demand

240 */

241 for (m=(num_sections - num_hold_secs); m<num_sections; m++)
242 for (n=0; n< num_of_sizes; n++) (

243 if (sectionsim}.sizes(n) == 1)

244 order.number[n] = order.number{n} - ply_height;

245 set_s{n) = 0;

246 )

247 )

248 )

249

250 Al

251 Repeat loop if the order contains a size w/ positive

252 quantity greater than the number of units allowed under the
253 specified demand, else break out of loop

254 */

255

256 ou_count = 0;

257 for (i=0; i<num_of_sizes; i++) (

258 ou_count = ou_count + order.number[i];

259 if (ou_count > ou_units)

260 repeat_loop = 1;

261 )

262

263 if (irepeat_loop)

264 break;

265

266 ) /* END of While (1) */

267

268 end_time = clock();

269 total_time = ((double) end_time - start_time) / CLK_TCK;

270

rig A

rigd Print Out Results

273 */

274 fprintf(fp, ll\n\nttﬁit*ttittttittitttttﬁtttittttiiiitiﬁttit*it\nn)‘-
275 fprintf(fp, “THE NUMBER OF FINAL SECTIONS = Xd\n", num_sections);
276

277 for (i=0; i<num_sections; i++) (

278 marker = find_inches(sections[i).sizes);

279 inches = marker * sections[i).ply_height;

280 total_inches = total_inches + inches;

281 tot_marker = tot_rarker + marker;

282 fprintf(fp, “\nSECTION Xd HAS PLY = Xd\n", i, sections[i).ply_height);
283 for (j=0; j<num_of_sizes; j++) ( .

284 if (sections([i).sizes[j] > 0) ¢

285 fprintf(fp, ¥ HAS %d SIZE Xs\n“, sections[i].sizes[j), order.ch_sizes(j});
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286 unit_count = unit_count + (sections{i).sizes[jl * sections{i].ply_height);
287 )
288 b)
289 fprintf(fp, “MARKER INCHES = %7.2f and TOYAL INCHES X7.2f\n", marker, inches);
290 )
291 fprintf(fp, "\nTOTAL MARKER INCHES = %7.2f TOTAL INCHES = X7.2f\n", tot_marker, total_inches);
292
293
294 unit_dev = order_count - unit_count;
295 if (unit_dev > 0)
296 strepy(unit_string, "UNDER");
297 else if (unit_dev == 0)
298 strepy(unit_string, “\0");
299 else {
300 unit_dev = unit_dev * -1;
301 strepy(unit_string, “OVERY);
302 )
303
304 fprintf(fp, "UNIT OVER/UNDER = Xd Xs\n\n", unit_dev, unit_string);
305 fprintf(fp, “TOTAL_TIME = Xf\n", total_time);
306
307
308 if (list = NULL)
309 free(list);
310
311 if (sections = NULL)
312 free(sections);
313
314 if (temp_secs 1= NULL)
315 frec(temp_secs);
316
317 if (hold_secs t= NULL)
318 free(hold_secs);
3y
320 fclose(fp);
3
322 return(0);
23 )
bk ¥A
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1 /i ...................... ersonssvrcenensrconennocanesseumarenanrRene
2 -- SHeader:: D:/cops/src/cherry/chkinch.c  December 1990

X e e e I S DL LI DL L L IR */
4

§  [Mewcevecsecececacaceececencenes sesceaconssccnactcrraseccnccrrroncnann
6 = FILE NANE ¢ Chkinch.c

7 - PROGRAMMER : Terri A. Smith

8 - DATE WRITTEN : December 1990

9 - ADDRESS ¢ GTRI/CSITL Atlanta GA 30332 (404) 894-8952

0 -

" - PURPOSE- To determine if the total inches calculated from

2 - the last grouping of sections is less than any previous

3 - grouping. If so the sections are saved in the hold

14 - sections.

5 -

% -

A e e L L L L L R */
18 #include <stdio.h>

19 #include <malloc.h>

20  #include <stdlib.h>

21 #include <memory.h>

22  #include “cherdec.h"

23 #include “cherlcl.h®

24

25 void check_inches(temp_secs, num_temp_secs)

26 section_t *temp_secs;

27 int *num_temp_secs;

28

29

30

31 intm, i, J;

32

33 if ((total_inches < prev_inch) && (total_inches > (float) 0.0)) ¢
34 num_hold_secs = 0;

35 for (m=0; m<*num_temp_secs; m++) {

36 memcpy(&hold_secs [num_hold_secs), &temp_secsim), sizeof(section_t));
37 hold_secs [num_hold_secs}.ply_height = ply_height;

38 ++num_hold_secs;

39 )

40 prev_inch = total_inches;

3 )

42

3 )
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/t .................................................................
-- $Header:z: D:/cops/src/cherry/clrtemp.c  December 1990
.............. .--..----.----.-...----..-..--.-..-.--..-.--..-------t/
/* ....................................................................
= FILE NAME Clrtemp.c

- PROGRAMMER : Terri A. Smith
- DATE WRITTEN : January 1990
- ADDRESS s GTRI/CSITL Atlanta GA 30332 (404) 894-8952

- PURPOSE- Initializes the temp sections

R L Ll L Ll e L Ty */
#include <stdio.h>

#include <malloc.h>

#include <stdlib.h>

#include <memory.h>

#include “cherdec.h"

#include “cherlel.h®

void clear_temp(temp_secs, num_temp_secs)
section_t “temp_secs;
int *num_temp_secs;

int i, j;

total_inches = (float) 0.0;
for (i=0; i< *num_temp_secs; i++) (
for (j=0; j< num_of_sizes; j++) (
temp_secs(il.sizes(j] = 0;
)
)
*num_temp_secs = 0;
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/t ------ veccessvanscnancenann FevcsansssscenARResnstencsassasEcarnEna
-- SHeader:: D:/cops/src/cherry/combine.c January 1994
............ .-.-----...-.-....-.--.-.--..---..-.-.-.----------.-.----ﬁ/
/t --------------------------------------------------------------------
= FILE NAME Combine.c

- DATE WRITTEN : January 1991

- PROGRAMMER : Terri A. Smith
- ADDRESS s GTRI/CSITL Atlanta GA 30332 (404) 894-8952

- PURPOSE- Finds the length (in inches) of the combine units
- in one section.

I LI mr T I I  I Ir yrrrys */
#include <stdio.h>

#include <stdlib.h>

#include <string.h>

#include "cherdec.h"

#include “cherlcl.h"

float combine_inches(temp_order)
order_t temp_order;

¢
float inches;

inches = find_inches(temp_order);

return{inches);
b
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/* ------

- FILE NAME

...........................................................

Cphold.c

- PROGRAMMER : Terri A. Smith

- DATE WRITTEN

December 1990

- ADDRESS ¢ GTRI/CSITL Atlanta GA 30332 (404) 894-8952

- PURPOSE- Copies the temp sections into the hold sections.

#include
#include
#include
#include
#include
#include

.......................................................... */
<stdio.h>

<malloc.h>

<stdlib.h>

<memory.h>

“cherdec.h"

“cherlct.h"

void copy_hold_to_sections()

<

int m;

for (m=0; m<num_hold_secs; m++) (
memcpy(&sections [num_sections], &hold_secsim), sizeof(section_t));
sections {num_sections],.ply_height : ply_height;
++num_sections;

)

prev_inch = (float) 9999.0;

hateled
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/*

-------------------------------------------------------------------

#
#i
#i

#i
#i

fl

---------------------------------------------------------------

----------------------------------------------------------------

FILE NAME ¢ Findinch.c

PROGRAMMER ¢ Terri A. Smith

DATE WRITTEN : January 1991

ADDRESS ¢ GTRI/CSITL Atlanta GA 30332 (404) 894-8952

PURPOSE- Finds the current unit grouping in the list of Is.
1f it is not found program is exited.

MODIFICATION HISTORY-

................................................................. ‘/

nclude <stdio.h>

nclude <stdlib.h>
nclude <string.h>
nclude “cherdec.h"
nclude "chertcl.h®

oat find_inches(sizes)

order_t sizes;

int i, J;
char match = 0;

i=0;
while ((imatch) & (i < num_List)) ¢
match = 1;
for (j=0; j<num_of_sizes; j¢+) (
if (sizes[j) 1= list(i).sizes(]))
match = 0;
)
++i;
)

if (match)
return(list[-~il.inches);
else (
printf("\nCOULDNT FIND ");
for (i=0; i<num_of_sizes; i++) (
if (sizesli) > 0)
printf("%d %s ", sizes[i), order.ch_sizes[i});
b} .
printf("\n");
exit(0);
)
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/* .................................................................
-- SHeader:: D:/cops/src/cherry/fives.c January 1991
................................................................... */
/* ....................................................................
= FILE NAME : fives.c

~ PROGRAMMER : Terri A. Smith

- DATE WRITTEN : January 1991

- ADDRESS ¢ GTRI/CSITL Atlanta GA 30332 (404) 894-8952

- PURPOSE- Recursive procedure to gorup units in fives.

B L L T R R R T L L L L T TN PP PR s */

#include <stdio.h>

#include <stdlib.h>
#include <string.h>
#include “cherdec.h"
#include “cherlcl.h"

void fives(set_s, temp_secs, num_temp_secs)

order_t set_s;
section_t *temp_secs;
int *num_temp_secs;

float inches;

int j, i, k, {, m n;
order_t temp_order;
float hold_inches1;
float hold_inches2;
int hold_temp_num;

hold_temp_num = *rum_temp_secs;
hold_inches2 = total_inches;

for (i=0; i<num_of_sizes; i++) (
for (j=i+1; j<num_of_sizes; j++)
for (k=j+1; ke<num_of_sizes; k++)
for (lsk+1; l<num_of_sizes; l++) (
for (m=l+1; m<num_of_sizes; m++) (

for (n=0; n<num_of_sizes; n++)
temp_order(n] = 0;

if ((set_s[i) == 1) &% (set_s[j) == 1) &&
(set_s[k] == 1) & (set_s[l) == 1) &&
(set_sim} == 1)) {

temp_order{i) = 1;
temp_order{jl = 1;
temp_order(k} = 1;
temp_order(l] = 1;
temp_order([m) = 1;

inches = combine_inches(temp_order);
if (inches 1= (float) 0.0) ¢
for (n=0; n< num_of_sizes; n++)
temp_secs [*num_temp_secs] .sizes[n] = 0;
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total_inches = total_inches + inches;
temp_secs [*num_temp_secs].sizes(i] =
temp_secs [*num_temp_secs].sizes[j)
temp_secs [*num_temp_secs] .sizes[k)
temp_secs [*num_temp_secs] .sizes[l)
temp_secs [*num_temp_secs] .sizes[m)
++*num_temp_secs;

)

" we we

-

o o un n
—d b ad wd -
-

temp_order(i) = 0;
temp_order(j] = 0;
temp_order (k) = 0;
temp_order(l] = 0;
temp_order([m} = 0;

for (n=0; n<num_of_sizes; n++) {

if (An 1= §) 8& (n 1= ]) && (n I= k) &8
(ni= 1) & (n 1= m) 8& (set_s(n) == 1)) (
temp_order{n] = 1;
)

)

hold_inches! = total_inches;
ones(temp_order, temp_secs, num_temp_secs);
check_inches(temp_secs, num_temp_secs);

for (n=0; n<num_of_sizes; m++) (

if ((n1=3) &8 (n 1= j) && (n 1= k) &&
(n I= 1) & (set_sin] == 1)) (
=+*num_temp_secs;
)

total_inches = hold_inchest;
twos(temp_order, temp_secs, num_temp_secs);

total_inches = hold_inchest;
threes(temp_order, temp_secs, num_temp_secs);

total_inches = hold_inches1;
fours(temp_order, temp_secs, num_temp_secs);

total_inches = hold_inches1;
fives(temp_order, temp_secs, num_temp_secs);

*num_temp_secs = hold_temp_num;
total_inches = hold_inches2;

)
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/*

#i
#i
#i

$Header:: D:/cops/src/cherry/fours.c January 1991
................................................................. */
FILE NAME : fours.c

PROGRAMMER  : Terri A. Smith

DATE WRITTEN : January 1991

ADDRESS : GTRI/CSITL Atlanta GA 30332 (404) 894-8952

PURPOSE- Recursive procedure to group units in fours
................................................................. */

nclude <stdio.h>
nclude <stdlib.h>
nclude <string.h>

#include "cherdec.h"

#i

vo

nclude "cherlcl.h*
id fours(set_s, temp_secs, num_temp_secs)

order_t set_s;
section_t “temp_secs;
int  *num_temp_secs;

float inches;

int j, i, k, L, m
order_t temp_order;
float hold_inches);
float hold_inches?;
int hold_temp_num;

hold_temp_num = *num_temp_secs;
hold_inches2 = total_inches;

for (i=0; f<num_of_sizes; i++) (
for (j=i+1; j<num_of_sizes; j++) (
fer (k=j+1; k<num_of_sizes; k++) (
for (l=k+1; {<num_of_sizes; l++)

for (m=0; m<num_of_sizes; m++)
temp_order(m) = 0;

if ((set_sl[i) == 1) && (set_sl[j] == 1) &&
(set_s[k) == 1) && (set_s[l] == 1)) (
temp_order[il = 1;
tenp_order{j) = 1;
temp_order(k) = 1;

temp_order{l) = 1;
inches = combine_inches(temp_order);
if (inches t= (float) 0.0) ¢
for (m=0; m< num_of_sizes; m++)
temp_secs [*num_temp_secs).sizes(m) = 0;
total_inches = total_inches + inches;
temp_secs [*num_temp_secs].sizes[i] = 1;
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temp_secs [*num_temp_secs] .sizes(jl = 1;
temp_secs [*num_temp_secs].sizes[k] = 1;
temp_secs [*num_temp_secs).sizes{l] = 1;
++%num_temp_secs;
b

temp_order(i] = 0;

temp_order(j] = 0;

temp_order (k) = 0;

temo_order(l) = 0;

for (m=0; m<num_of_sizes; m++) (
if ((m 1= §) 8% (m I= j) & (m 1= k) &
(m 1= 1) && (set_sim} == 1)) (
temp_order(m] = 1;
)
)

hold_inches! = total_inches;
ones(temp_order, temp_secs, num_temp_secs);
check_inches(temp_secs, num_temp_secs);

for (m=0; m<num_of_sizes; m++) (
if ((m 1= i) && (m t= j) && (m 1= k) &%
(mI= 1) & (set_s(m) == 1)) ¢
*=*num_temp_secs;
)

total_inches = hold_inches1;
twos(temp_order, temp_secs, num_temp_secs);

total_inches = hotd_inches1;
threes(temp_order, temp_secs, num_temp_secs);

total_inches » hold_inches);
fours(temp_order, temp_secs, num_temp_secs);

*num_temp_secs = hold_temp_num;
total_inches = hold_inches2;

)
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/* .............. P L T e e L L L L L L L LT T T T Py

-- SHeader:: D:/cops/src/cherry/getparm.c  December 1990

...... .---.......--...-..............................-.--..........'/
/t ----- wsesensvcnnnrncrnecasancssvaonanansssne eccconccane wvecnesenansen
= FILE NAME Getparm.c

- PROGRAMMER : Terri A. Smith
= DATE WRITTEN : December 1990
- ADDRESS s GTRI/CSITL Atlanta GA 30332 (404) 894-8952

= PURPOSE- To read in the parameters from s file

% mecenswsssvsccsssecssencsesn iy secsncsneew Q/
#include <stdio.h>

#include <stdlib.h>

#include <string.h>

#include “cherdec.h®

#include “cherlcl.h®

int get_parameters(ou_units, max_ply, mex_sizes)

int  *ou_units;
int  *max_ply;
int  “max_sizes;

int i, J;

FILE *fp = NULL;
int quantity;
int m;

float temp;

if ((fp =fopen(“INPUTH, ¥rh)) xx NULL) (
printf("Cannot open input file - getparm.c*);
exit(0);
)

/* set order and list values to -1 */
for (i = 0; i < MAX_SIZES; i++) {
order.number (i) = 0;
order.ch_sizes(i){0) = 0;
)

for (i=0; i<MAX_LIST; i++) (
Listfi}.inches = (float) 0.0;

for ¢j = 0; j < MAX_SIZES; j++)
list{i).sizes(j) = O;
)

/* Input Units */
fscanf(fp,#%d", ou_units);
fscanf(fp,"%d", max_ply);
fscanf(fp,"%d", max_sizes);
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/* Input Order */

for (i = 0; i < MAX_SIZES; i++) €

fscanf(fp,"%hd", &order.number(il);

if (order.number(i) == -1) (
order.number{i] = 0;
break;
)

fscanf(fp,"%s", order.ch_sizes(il);

)
num_of_sizes = i;
/* Input List */
i=0;
while(1)

fscanf(fp,"%d", &quantity);

if (quantity == -2)
break;

while (quantity 1= -1) (
fscanf(fp,"Xd", &m);
if (m >= num_of_sizes) (
printf(“ERROR in reading

exit(0);
)

size variable - getparm.c");

listl{i).sizes = quantity;

fscanf(fp,"Xd", &quantity);
)

fscanf(fp,"%f", &list(i).inches);

++i;

)
fclose(fp);

return(i);

D45




VOO NOWVIT NN -

/* -----------------------------------------------------------------

+- SHeader:: D:/cops/src/cherry/globals.h January 1991
------------------------------------------------------------------- */
/* ....................................................................
- FILE NAME s Globals.h

- PROGRAMMER : Terri A. Smith

- DATE WRITTEN : January 1991

- ADDRESS s GTRI/CSITL Atlanta GA 30332 (404) 894-8952

= PURPOSE- To declare all global variables

“ euseveschesmsesemTeRRERRRNEeERRe R R sECT e N EREeC RO EE R RN RSN */

#include <stdio.h>
#include “cherdec.h"
#inciude "cherlcl.h®

ord_var_t order;

list_t  *list = NULL;

int num_of_sizes;

int num_List;

order_t temp_order;

section_t *sections = NULL;

int num_sections;

float total_inches = (float) 0.0;
float prev_inch = (float) 9999.0;
int num_hotd secs;

section_t *hold_secs;

int ply_height;
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INCLUDES ‘= cherdec.h chertci.h
LIBNAME = cherlib

0BJS = \
globais.obj \
getparm.obj \
findinch.obj \
combine.obj \
ones.obj \
chkinch.obj \
cphold.obj \
clrtemp.nb; \
twos.obj \
threes.obj \
fours.obj \
fives.obj \
sixes.obj

.c.obj:

$(cc)y

$(LIB)
globals.obj : gtob;ls.c $CINCLUDES)
getparm.obj : getparm.c $(INCLUDES)
findinch.obj : findinch.c $(INCLUDES)
combine.obj : combine.c $CINCLUDES)
ones.obj : ones.c $CINCLUDES)
twos.obj : twns.c $CINCLUDES)
threes.obj : threes.c $(INCLUDES)
fours.obj : fours.c $CINCLUDES)
fives.obj : fives.c $CINCLUDES)
sixes.obj : sixes.c $CINCLUDES)
chkinch.t-, : chkinch.c $(INCLUDES)
cphold.obj : cphold.c $CINCLUDES)
clrtemp.obj : clrtemp.c SCINCLUDES)
cherry.obj : cherry.. SCINCLUDES)
cherry.exe : cher.y.obj $(0BJS)

cl cherry /link cherlib.lib

$(B)\cherry.exe : cherry.exe




-

58 $(CP)

59

60 $(I1)\cherdec.h : cherdec.h
61 $(cP)

62

63

64

65

66
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/t .................................................................
-- $Header:: D:/cops/src/cherry/ones.c January 1991
................................................................... */
/t ....................................................................
= FILE NAME s Ones.c

- PROGRAMMER : Terri A. Smith

= DATE WRITYEN : January 1991

- ADDRESS s GTRI/CSITL Atlanta GA 30332 (404) 894-8952

- PURPOSE- Groups units in ones and find inches

= MODIFICATION HISTORY-

R I I T T T I I I I T I T T T T T I T I YT '/

#include <stdio.h>

#include <stdlib.h>
#include <string.h>
#include “cherdec.h®
#include “cherlcl.h"

void ones(set_s, temp_secs, num_temp_secs)

order_t set_s;

section_t “temp_secs;

int  *num_temp_secs;
{

float inches;

int j, i, m;

J = *num_temp_secs;

for (i=0; i<num_of sizes; i++) (
if (set_s{i) 3= 1) (

for (m=0; m<num_of_sizes; m++)
temp_secs[j).sizes(m] = 0;

temp_secs(j).sizes(i) = 1;

inches = find_inches(temp_secs[j].sizes);

if (inches 1= (float) 0.0) (
total_inches = total_inches + inches;
++j;
)

else
temp_secs(jl.sizes(i) = 0;

)

)

*wum_temp_secs = J;
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/* .................................................................
-- $Header:: D:/cops/src/cherry/sixes.c January 1991
................................................................... */
/t ------------------------------------------------------------------- .
- FILE NAME : sixes.c

- PROGRAMMER : Terri A. Smith

- DATE WRITTEN : January 1991

- ADDRESS : GTRI/CSITL Atlanta GA 30332 (404) 894-8952

- PURPOSE- Recursive procedure to group units in sixes.

R L L L T T T T T R e R R R R N R X L] Q/

#include <stdio.h>

#include <stdlib.h>»
#include <string.h>
#include "“cherdec.h®
#include "chericl.h®

void sixes(set_s, temp_secs, num_temp_secs)

order_t set_s;
section_t *temp_secs;
int *num_temp_secs;

- float inches;
int j, i, k, t, m, n, 0;
order_t temp_order;
float hold_inchest;
float hold_inches2;
int hold_temp_num;

hold_temp_num = *num_temp_secs;
hold_inches2 = total_inches;

for (i=0; i<num_of_sizes; i++) {
for (J=i+1; j<num of_sizes; j++) (
for (k=j+1; k<num_of_sizes; k++) (
for (l=k+1; l<num_of_sizes; l++) (
for (m={+1; menum_of_sizes; m++)
for (n=m+1; n<num_of_sizes; n++) (

for (0=0; o<num of_sizes; o++)
temp_order{o) = 0;

if ((set_sli) == 1) && (set_s[j) == 1) 8&
(set_s(kl == 1) &% (set_s[l) == 1) &
(set_sim) == 1) && (set_s[n) == 1)) {

temp_order{il = 1;

temp_order(j) = 1;

temp_order(k) = 1;

temp_order(l] = 1;

temp_order[m) = 1;

temp_order[n) = 1;

inches = combine_inches(temp_order);
if (inches != (float) 0.0) ¢

LI I I
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‘58
59
60
61
62
63

65

67

69
70
n

74

76

78
44
80
81
82
83

85

87

89
90
N
92
93
9%
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
11
112
113
114

for (0=0; o< rum of_sizes; o++)
temp_secs [*num_temp_-secs).sizes[o) = 0;

total_inches = total_inches + inches;
temp_secs [*num_temp_secs].sizes[il
temp_secs [*num_temp_secsl.sizes[j]
temp_secs [*num_temp_secs) .sizes k]
temp_secs [*num_temp_secs) .sizes[l]
temp_secs [*num_temp_secs) .sizes [m)
temp_secs[*num_temp_secs].sizesIn] = 1;
++*num_temp_secs;
)

temp_order(i] = 0;

temp_order(j) = 0;

temp_order (k] = 0;

temp_order(l] = 0;

temp_order([m) = 0;

temp_order([n] = 0;

1
1
1-
1
1

’
’
’
’
.

R NN n

for (on0; o<num_of_sizes; o++) (
if (Co 1= i) & (o I= j) &% (o I= k) &&
(o 1= 1) && (o 1= m) && (o 1= n) && (set_s[o) == 1)) (
temp_orderlo) = 1;
)
)

hold_inches1 = total_inches;
ones({temp_order, temp_secs, num_temp_secs);
check_inches(temp_secs, num_temp_secs);

for (0=0; o<num_of_sizes; o++) (
if (Co 1= i) && (o 1= j) && (o I= k) &
(o 1= 1) && (o I=n) && (set_s[o) == 1)) (
==¥num_temp_secs;
)

total_inches = hold_inchesi;
twos(temp_order, temp_secs, num_temp_secs);

total_inches = hold_inchesi;
threes(temp_order, temp_secs, num_temp_secs);

total_inches = hold_inches1;
fours(temp_order, temp_secs, num_temp_secs);

total_inches = hold_inches!;
fives(temp_order, temp_secs, num_temp_secs);

total_inches = hold_inchest;
sixes(temp_order, temp_secs, num_temp_secs);

*num_temp_secs = hold_temp_num;
total_inches = hold_inches?2;

)
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/*

SHeader:: D:/cops/src/cherry/threes.c January 1991
................................................................. */
FILE NAME : Threes.c

PROGRAMMER  : Terri A. Smith

DATE WRITTEN : January 1991

ADDRESS : GTRI/CSITL Atlanta GA 30332 (404) 894-8952
PURPOSE- Recursive procedure to group units in threes
................................................................. t/

#include <stdio.h>

#include <stdlib.h>
#include <string.h>
#include "cherdec.h®

#i

vo

nclude "cherlctl,h"
id threes(set_s, temp_secs, num_temp_secs)

order_t set_s;
section_t *temp_secss
int  *num_temp_secs;

float inches;

int j, 1, k, |;
order_t temp_order;
float hold_inchest;
float hold_inches2;
int hold_temp_num;

hold_temp_num = *num_temp_secs;
hold_inches2 = total_inches;

for (i=0; i<num_of_sizes; i++) (
for (j=i+1; j<num_of_sizes; j++)
for (k=j+1; k<num_of_sizes; k++) (

for (1=0; l<num_of_sizes; l++#)
temp_order(t) = 0;

if ((set_s(i] == 1
temp_order (i) =
temp_order(j) =
temp_order(k) = 1;
inches = combine_inches(temp_order);
if (inches t= (float) 0.0) (

for (1=0; l< num_of_sizes; l++)

temp_secs [*num_temp_secs) .sizes(l) = 0;
total_inches = total_inches + inches;
temp_secs (*num_temp_secs) .sizes[i}
temp_secs [*num_temp_secs) .sizes[j]
temp_secs [*num_temp_secs] .sizes (k]
++*num_temp_secs;
)

) 8& (set_s(j} == 1) 8& (set_slk) == 1)) (
H
i

1
1
1

1;
1;
1;
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58 temp_order([i] = 0;

59 temp_order(jl = 0;

60 temp_order(k]l = 0;

61

62 for (1=0; t<num_of_sizes; l++)

63 F CCL 1= §) 88 (L 1= j) &% (1 1= k) && (set_s[l] == 1)) €
64 temp_order[l) = 1;

65 )

66 M)

67

68 hold_inchest = total_inches;

69 ones(temp_order, temp_secs, num_temp_secs);
70 check_inches(temp_secs, num_temp_secs);

4}

72 for (l=0; l<num_of_sizes; l++) (

[£] Pf CCL 1= ) 8k (L 1= ) &R (U 1= k) && (set_s[l] == 1)) (
7% ==*num_temp_secs;

] )

76 )

n

78

m total_inches = hold_inches?;

80 twos(temp_order, temp_secs, num_temp_secs);
81

82

83 total_inches = hold_inches?;

84

8 /s for (1=0; l<num_of_sizes; l++) (

86 if CCU 1= §) &8 (L 1= ) && (L 1= k) && (set_s(l) == 1)) (
87 -=*num_temp_secs;

88 )

89 )

9 %

N total_inches = hold_inches1;

92 threes(temp_order, temp_secs, num_temp_secs);
93

9% *num_temp_secs = hold_temp_num;

95 total_inches = hold_inches2;

96

97 )

98 )

9 )

100 )

10t )

102
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/ﬁ .............. sesesensacne coccncas oneccssconnnsssunncorsssanaan -
-- SHeader::  D:/cops/src/cherry/twos.c  January 1991
................ .---u--...................-.-.--...............-....t/
FALLI IR LEE IR LR encscocccvanan wescssceverenancsccrasncnccnnsssncan ,rone
= FILE NAME : Twos.c

- PROGRAMMER : Terri A. Smith

= DATE WRITTEN : January 1991

- ADDRESS ¢ GTRI/CSITL Atlanta GA 30332 (404) 894-8952

= PURPOSE- Recursive procedure to group units in twos

#include <stdio.h>

#include <stdlib.h>
#include <string.h>
#inctude "cherdec.h"
#include “cherlcl.h®

void twos(set_s, temp_secs, num_temp_secs)

order_t set_s;
section_t “temp_secs;
int *num_temp_secs;

float inchas;

int j, i, k, m;
order_t temp_order;
float hold_inchesi;
float hold_inches2;
int hold_temp_num;

hold_temp_num = *num_temp_secs;
hold_inches2 = total_inches;

for (i=0; i<num_of_sizes; i++) {
for (j=i+1; j<num_ of _sizes; j++) (

for (k=0; k<num_of_sizes; k++)
temp order{k) = C;

if ((set_s(i) == 1) &R (set_s{j} == 1)) (
temp_order(i) = 1;
temp_order([j) = 1;
inches = combine_inches(temp_order);
if (inches 1= (float) 0.0) (
for(m=0; m<num_of_sizes; m++)
temp_secs (*num_temp_secs].sizes{m} = 0;
total_inches = total_inches + inches;
temp_secs {*num_temp_secs) .sizes[i]
tesps_secs (*num_temp_secs).sizes(])
++*num_temp_secs;
Ad printf(® WITH TOTAL = %d\n", total_inches); */
)
temp_ordei %i} = G;

1
1
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temp_order(jl = 0;

for (k=0; k<num_of_sizes; k++) (
if (Ck 1= §) && (k 1= j) && (set_sik] == 1)) ¢

temp_ordertk] = 1;
)
M)

hold_inchest = total_inches;

ones(temp_order, temp_secs, num_temp_secs);
check_inches(temp_secs, num_temp_secs);

for (k=0; k<num_of_sizes; k++) (
if (Ck 1= i) && (k 1= J) B& (set_s(k) == 1))

=-*num_temp_secs;
)

total_inches = hold_inches!;

twos(temp_order, temp_secs, num_temp_secs);

*num_temp_secs = hold_temp_num;
total_inches = hold_inches2;

)
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/* -----------------------------------------------------------------
-~ SHeader:: D:/cops/src/improv/case_ai.c  February 1991
------------------------------------------------------------------- */
/* ....................................................................
= FILE NAME : case_ai.c

- PROGRAMMER : Terri A. Smith

- DATE WRITTEN : February 1991

- ADDRESS s GTRI/CSITL Atlanta GA 30332 (404) 894-8952

- PURPOSE- To determine savings if sizes in two sections are

- the same

P L L L L L T T R R T T X T T S i/

#include <stdio.h>
#include <stdlib.h>
#include “impdec.h®
#include "implcl.h"

float case_ai(sectl, portion, cut_cost)

section_t *secti;
section_t *portion;

int cut_cost;
(

int i;

int e = 0;

float savings;
for (i=0; i< num_of_sizes; i++) (
e = e+ (order.perimeter(i] * secti->sizes(i));
e = ¢ + (order.perimeter{il * portion->sizes(il);
)

savings = (float) cut_cost * e;

return(savings);
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/* ................... covena D LT T e e T T T
-- SHeader:: D:/cops/src/improv/case =ii.c February 1991
.............................. ronncecans ...-...-.................-..t/
/* ...................................... trccnernarcenannvarnannesnanne
- FILE NAME case_aii.c

- DATE WRITTEN : February 1991

- PROGRAMMER : Terri A. Smith
- ADDRESS :

GTRI/CSITL Atlanta GA 30332 (404) 894-8952

= PURPOSE- To determine savings by lying sizes next to each

- other instead of on top.

B L L L L T T L L L L T T T T R R PR T R apps i/

#include <stdio.h>
#include <stdlib.h>
#include “impdec.h¥
#include “implcl.h¥

float case_aii(i, |, unit_cost)

int i;
int |; .
int unit_cost;

float savings = (float) 0.0;
float secti_inch;
Loat sect2_inch;
float sect3_inch;
float secté4_inch;

sectl_inch = find_inches(in_section[i).sizes);
sect2_inch = find_inches(in_section(l].sizes);
sect3_inch = find_inches(sect3.sizes);
sect4_inch = find_inches(secté.sizes);

savings = unit_cost * in_section[i}.ply_height * (sectl_inch + sect2_inch -

return(savings);
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/* .................................................................

- FILE NAME : Combply.c

- PROGRAMMER : Terri A. Smith

- DATE WRITTEN : April 1990

- ADDRESS : GTRI/CSITL Attanta GA 30332 (404) 894-8952

- PURPOSE- This procedure combines sections which hava the same sizes
- and the ply heighth of the new section does not axcede the max_ply

L T Y Yy iy */
#include <stdio.h>

#include <malloc.h>
#include <stdlib.h>
#inctude <memory.h>
#include “impdec.h®
#include "implcl.h®

void combine_ply(max_ply)
int max_ply;

int i,j,0,k;
char match;

for (i=0; i<num_in_sec; i++) (
for (j=i+1; j<num_in_sec; j++) (
match = 1;
for (k=0; k<num_of_sizes; k++) (
if (in_section{i).sizes[k) I= in_section(j}.sizes[k))
match = 0;
)
if ((match) &&
((in_section[i).ply_height + in_section[j).ply_height) <= max_ply)) (
in_section[i).ply_height = in_section(il.ply_height + in_section[jl.ply_height;
for (1=]j; l<num_in_sec-!; l++)
memcpy(&in_sectionfl’l, &in_sectionl[l+1), sizeof(section_t));
b H
--num_in_sec;
)

)
num_temp_sec = num_in_sec;

return;
)
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1 /* .................................................................
2 -~ $Header:: D:/cops/src/improv/combsize.c February 1990

K L e DL e L R */
4

5 /* ....................................................................
6 - FILE NAME : Combsize.c

7 - PROGRAMMER  : Terri A. Smith

8 - DATE WRITTEN : April 1990

9 - ADDRESS s GTRI/CSITL Atlanta GA 30332 (404) 894-8952

10 -

1" - PURPOSE- This procedure combines all sections in which the

12 - the number of sizes in the new section does not excede

13 . the max_sizes allowed per section

14 -

15 -

16 R e D e LR R L L e L DR L LTI LI */
17 #include <stdio.h>

18 #include <malloc.h>

19 #include <stdlib.h>

20 #include <memory.h>

21 #include "impdec.h"

22 #include "implcl.h"

23

24

25 void combine_sizes(max_sizes)

26 int max_sizes;

27

28

29 int num_units;

30 inti, Jj, 4

31

32 for (i=0; i<num_in_sec; i++) {

33 for (j=i+1; je<num_in_sec; j++) (

34 num_units = 0;

35 for (1=0; l<num_of sizes; l++)

36 num_units = nun_units + in_sectionlil.sizes[l]) +

37 in_sectionljl.sizes[l);

38

39 if ((num_units <= max_sizes) &

40 (in_section(i).ply_height == in_section(j].ply_height)) (
41 for (1=0; l<num_of_sizes; l++)

42 in_sectionl[i}.sizes[l) = in_section[i).sizes[l) +
43 in_sectionfjl.sizes(l};

44

45 for (l=j; l<num_in_sec-1; l++)

46 memcpy(&in_section{l], &in_section[l+1], sizeof(section_t));
47

48 ~J;

49 =-num_in_sec;

50 )

51 )

52 )

53

54 num_temp_sec = num_in_sec;

55

56 return;

57 )
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/t ........................................................ eveconsan
-- $Header:: D:/cops/src/improv/compswap.c  February 1991
............................ ..-....--...-............-.-..-......-.t/
/t ............ cesvesnncrennne B T T L I T s

= FILE NAME : compswap.c

- PROGRAMMER : Terri A. Smith

- DATE WRITTEN : February 1991

= ADDRESS ¢ GTRI/CSITL Atlanta GA 30332 (404) 894-8952

- PURPOSE- To determine which method to ue to compute
- the savings

g g iy Q/
#include <stdio.h>
#inciude <stdtib.h>
#include "impdec.h"
#include “implel.h¥

float compute_swap_savings(i, |, cut_cost, unit_cost, max_sizes)

int i;
int ;
int cut_cost;
int unit_cost;
int max_sizes;

<
float savings;
if (in_section(i).ply_height == in_section[l).ply_height) (
savings = case_aii(i, |, unit_cost);
temp_save.types 3;
temp_save.cand_ply_height = in_section(il.ply_height;
temp_save.org_ply_height = in_section[i}.ply_height;
b
else ¢
temp_save.cand_ply_height = in_section[l].ply_height;
temp_save.org_ply_height = in_section(i).ply_height;
savings = case_aii(i, |, unit_cost);
temp_save.type= 4&;
b)
temp_save.savings = savings;
return(savings);
)
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/*

#
#i

-----------------------------------------------------------------

FILE NAME ¢ compute.c

PROGRAMMER  : Terri A. Smith

DATE WRITTEN : February 1991

ADDRESS : GTRI/CSITL Atlanta GA 30332 (404) 894-8952

PURPOSE- To determins which method to ue to compute
the savings

----------------------------------------------------------------- '/
nclude <stdio.h>
nclude <stdlib.h>

#include “impdec.h"
#include “implel.h®

fl

oat compute_savings(i, |, cut_cost, unit_cost, max_sizes)

int i;
int ;
int cut_cost;
int unit_cost;
int max_sizes;

int j;

float savings = (float) 0.0;
float save2;

char match = 1;

int num_units = 0;

for (j=0; j<num_of_sizes; j++) (
if (portion.sizes{j) t= in_section{ll.sizes(]])
match = O;
num_units = num_units + sect4,sizosljl;
)

if (match) { /* sizes in sections are the same */
if (num_units <= max_sizes) {
save2 = case_aii(i, l, unit cost);

if (save2 > savings) (
temp_save.type= 2;
savings = save2;
if (in_sectionli).ply_height 1= in_section(l].ply_height)

temp_save.cand_ply_height = in_section[l].ply_height;

else temp_save.cand_ply_height = in_section[i).ply_height;
temp_save,org_ply_height = in_section{il.ply_height;
)

)

else if ((in_section(il.ply_height == in_section[l].ply_height) && (num_units <= max_sizes))
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savings = case_aii(i, {, unit_cost);

temp_save.type= 3;

temp_save.cand_ply_height = in_section[il.ply_height;
temp_save.org_ply_height = in_section[i].ply_height;
}

else if (num_units <= max_sizes) {
if (in_sectionli}.ply_height 1= in_section[l].ply_height)
temp_save.cand_ply_height = in_section(l].ply_height;
else temp_save.cand_ply_height = in_sectionlil.ply_height;
temp_save.org_ply height = in_section{il.ply_height;

savings = case_aii(i, {, unit_cost);
temp_save, type=s &;
)

temp_save.savings = savings;

return(savings);
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/* .................................................................
-+ $Header:: D:/cops/src/improv/findinch.c February 1991
................................................................... '/
/* ....................................................................
- FILE NAME : Findinch.c

- PROGRAMMER : Terri A. Smith

- DATE WRITTEN : February 1991

- ADDRESS s GTRI/CSITL Atlanta GA 30332 (404) 894-8952

- PURPOSE- To determine the number of inches in a section based

- on the input list Is

NN MM Y I I YT YT YTy t/

#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include Yimpdec.h"
#include “implel h»

float find_inches(sizes)

order_t sizes;

int 1, J;
char match = 0;
char empty = 0;

i=0;
while ({imatch) && (i < num_list)) (
empty = 1;
match = 1;
for (j=0; j<num_of_sizes; j++) (
if (sizes[j) t= list{i).sizes(]))
match = 0;
if (sizes[j)l 1= 0)
empty = 0;
)
++i;

)

if (empty)
return{(float) 0.0);

if (match)
return(list(--i).inches);
else {
printf(" COULONT FIND %);
for (i=0; i<num_of_sizes; i++) {
if (sizeslil > 0)
printf("%d %s %, sizesli), order.ch_sizes([il);
)
printf(¥\n");
exit(0);
)
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/* .................................................................
-- SHeader:: D:/cops/src/improv/getparm.c February 1990
................................................................... t/
/i ....................................................................
= FILE NAME : Getparm.c

- PROGRAMMER : Terri A. Smith

- DATE WRITTEN : February 1990

- ADDRESS s GTRI/CSITL Atlanta GA 30332 (404) 894-8952

- PURPOSE- To read the input parameters from a file

e cemesscsescnscassancnen pesescescussscecssenstoscasnsecsseneananans */

#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <maltoc.h>
#include “impdec.h"
#include “implcl.h"

int get_parameters(ou_units, max_ply, max_sizes,
cut_cost, unit_cost, old_ou units)

int  “ou_units;

int  *max_ply;

int  *max_sizes;
int  *cut_cost;

int  *unit_cost;
int  *old_ou_units;

int i, J;

FILE *fp = NULL;
int quantity;
int m;

if ((fp =fopen(VINPUTH, WphW)) == NULL) ¢
printf(“Cannot open input file - getparm.c");
exit(0);
)

/* set order and list values to -1 */
for (i = 0; 1 < MAX_SIZES; i++) (
order.nunber(i] = 0;
order.ch_sizes(il10) = 0;
order.perimeter(i) = 0;
)

for (i=0; i<MAX_LIST; i++) (
listli).inches = (float) 0.0;

for (j = 0; j < MAX_SIZES; j++)

List[i}.sizes(j] = 0;
)

D68




Sﬁ fscanf(fp,"%d", ou_units);

I 59 fscanf(fp,"%d", max_ply);
60 fscanf(fp,"%d", max_sizes);
61 fscanf(fp,"%d", cut_cost);
62 fscanf(fp,"%d", unit_cost);
' 63
64
65 /* Input Order */
66 for (i = 0; i < MAX_SIZES; i++) (
67 fscanf(fp,"Xd", Sorder.number(il);
68 if (order.number(i] == -1) ¢
69 order.number (i} == 0;
l 70 break;
4l )
7
73 fscanf(fp,"%d", Rorder.perimeter[i));
I 7% fscanf(fp,"%s", order.ch_sizes[il);
4] )
76
I44 nun_of _sizes = i;
I 78
79 fscanf(fp,"%d", &num_in_sec);
80
8i if ((in_section = (section_t *)malloc(num_in_sec * sizeof(section_t))) == NULL)
I 82 printf("ALLOCATION ERROR - SECTIONS  getparm.c\n");
a3 exit(0);
84 )
' 8
86 for (i20; i<num_in_sec; i++) (
8r in_section(i).ply_height = 0;
88 for (m=0; m<num_of_sizes; mt+) (
l 89 in_section{i).sizesim) = 0;
90 )
N )
92
I 93 i=0;
9% /* Input Sections %/
95 while(i < num_in_sec) (
96
l 97 fscanf(fp,"%d", &quantity);
98
99 while (quantity i= -1) (
l 100
\" 101 fscanf(fp,"%d", &m);
102
103 it (m>= num_of_sizes)
I 104 printf("ERROR in reading size variable - getparm.c¥);
105 exit(0);
106 >
107
l 108 in_sectionli).sizes[m) = quantity;
109
116 fscanf(fp,"%d", &quantity);
| 11 )
112 fscanf(fp, "Xd", &in_section[i).ply_height);
113
l 14 ++i;
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15
116
17
118
119
120
121
122
123
124
125
126
127
128
129
130
13
132
133
134
135
136
137
138
139
140
161
1462
143
144
145
146
147
148
1469
150
151
152

)

)

fscanf(fp,"%d", old_ou_units);
/* Input List %/
i=0;
while(1) ¢

fscanf(fp,"%d", &quantity);

if (quantity == -2)
break;

while (quantity t= -1) ¢
fscanf(fp,"%d", &m);
if (m >= num_of_sizes) (
printf(“ERROR in reading
exit(0);
)
list[i).sizes[m} = quantity;

fscanf(fp,"%d", &quantity);
>

size varisble - getparm.c");

fscanf(fp,"%f", &listli).inches);

++i;
)
fclose(fp);

return{i);

D20
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/* .................................................................
-- $Header:: D:/cops/src/improv/globals.h February 1991
................................................................... */
/t --------------------------------------------------------------------
= FILE NAME : Globals.h

- PROGRAMMER : Terri A. Smith

- DATE WRITTEN : February 1991

- ADDRESS : GTRI/CSITL Atlanta GA 30332 (404) 894-8952

- PURPOSE~ To declare all global variables

e esssemsCeLLEssEEEETceLN AT AT RRsssRsesoTaREREREEEREn cvenccssnmance t/

#include <stdio.b*
#include “impdec.u
#include "implcl.h¥

ord_var_t order;

list_t  *list = NULL;
int num_of_sizes;
int num_List;
section_t *in _section = NULL;
int num_in_sec;

int +um_temp_sec;
section_t sect3;
section_t secté;
section_t portion;
savings_t temp_save;

savings_t save;
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48
49
50
51
52
53
54
55
56
57

/* ..............................................................

-- $Header:z: D:/cops/src/improv/impdec.h February 1990
................................................................ i/
/* ....................................................................
= FILE NAME ¢ Impdec.h

- PROGRAMMER : Terri A. Smith

- DATE WRITTEN : February 1990

= ADDRESS s GTRI/CSITL Atlanta GA 30332 (404) 894-8952

= PURPOSE- To define all structures and procedures

D Y L T T e R Y L L L L L LT T T T TSP POy t/

#ifndef IMPDEC_H
#define IMPDEC_H

#define MAX_LIST 1600
#define MAX_SIZES 25
#detine MAX_SAVINGS 400

typedef int order_t [MAX_SIZES);
typedef char sizes_t[MAX_SIZES)[10);

typedef struct (
order_t  number;
sizes_t ch_sizes;
int  perimeter(MAX_SIZES);
) ord_var_t;

typedef struct (
order_t sizes;
float inches;
) list_t;

typedef struct (
order_t sizes;
int ply_height;
char merged;
) section_t;

typedef struct (
int secti;
int sect?;
int org_ply_height;
int cand_ply_height;
float savings;
int type;
order_t org;
order_t cand;
order_t in_sectl;
order_t ia_sect?;
} savings_t;
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61
62
65
67
69
70
n
74
76
78
80

81
82

85

int get_parameters(int *units, int *max_ply, int *m,'sizes,
int *cut_cost, int *unit_cost, int¥ old_ou units);

float find_inche_s(order_t sizes);

float case_aii(int i, int j, int unit_cost);

float compute_savings(int i, int j, int cut_cost, int unit_cost, int max_sizes);
float compute_swap_savings(int i, int J, int cut_cost, int unit_cost, int max_sizes);
void combine_ply(int mex_ply);

void combine_sizes(int max_sizes);

void transfer_forward(int i, int j, int L,
int cut_cost, int unit_cost, int max_sizes, int max_ply);

void transfer_backwards({int i, int j, int |,
int cut_cost, int unit_cost, int max_sizes, int max_ply);

void swap_forward(int i, int j, int |,
int cut_cost, int unit_cost, int max_sizes, int max_ply);

void swap_backwards(int i, int j, int 1,
int cut_cost, int unit_cost, int max_sizes, int max_ply);

¥endif
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/* .................................................................
-- $Header:: D:/cops/src/improv/Impdec.h February 1990
................................................................... */
/* --------------------------------------------------------------------
= FILE NAME : Implel.h

- PROGRAMMER : Terri A. Smith

- DATE WRITTEN : February 1990

~ ADDRESS ¢ GTRI/CSITL Atlanta GA 30332 (404) 894-8952

- PURPOSE- Yo define all global variables
e T Lk T L L Y w i i Ay t,’

#ifndef IMPLCL_W
#define IMPLCL_H

extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern

#endif

ord_var_t order;
list_t *list;

int num_list;

int num_of_sizes;
section_t *in_section;
int num_in_sec;

int num_temp_sec;
section_t sect3;
section_t sect4;
section_t portion;
savings_t temp_save;
savings_t save;
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/i .................................................................

- SHeader:: D:/cops/src/improv/improve.c  February 1990

................................................................... */

/* ....................................................................

= FILE NAME ¢ Improve.c

- PROGRAMMER  : Terri A. Smith

- DATE WRITTEN : February 1990

- ADDRESS ¢ GTRI/CSITL Atlanta GA 30332 (404) 894-8952

= PURPOSE- The main program which controls flow of execution

L X L L Ly e A R . T X L L L L T L LY T T rurpipipis prpap i/

#include <stdio.h>

#include <mattoc.h>

#include <memory.h>

#include <stdlib.h>

#include <string.h>

#include <time.h>

¥#include “impdec.h"

#include "implcl.h®

¥define clock() time(NULL)

main(argv, arge)
int argv;
char *argell;

{
/* Input Variables %/
int  ou_units; /* # of units over/under allowed */
int  old_ou_units; /* ¥ of units over/under allowed */
int  max_ply; /* max ply height allowed */
int  max_sizes; /* # of sizes allowed / section */
int  init_ply; /* initial ply height */
int  cut_cost; /* cutting cost */
int  unit_cost; /* unit cost */
/* Output Variables */
float tot_length; /* the total amt of fabric needed*/
float tot_marker; /* total fabric between markers */
int  unit_dev; /* deviation of units to cut from order */
int unit_count; Z* units in all sections */
int  order_count; /* # of units in order */
char unit_string(10]; /* OVER or UNDER *f
int i,i, k, t, r, s,m,n; /* counters */
int total_order = 0; /* total # in order */
float inches; /* inches in sections * ply */
float marker; /* inches between markers */
FILE  *fp; /* file pointer for output */
order_t temp_order; /* temp order */
clock_t start_time; /* used for timing alg */
clock_t end_time; /* used for timing alg */
double total_time; /* total execution time */
char mergers_possible = 1; /* while loop boolean */
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65

67

69
70
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76

I{:]
144
80
81
82
83

85

87

89
90
9
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
m
112
13
114

section_t temp_sec; /* temporary section */
start_time = clock();

if ((fp = fopen("OUTPUTH, "w")) == NULL) (
printf(“CANNOT OPEN OUTPUT FILE  savings.c\n");
exit(0);
)

if (C(list = (list_t *)malloc(MAX_LIST * gizeof(list_t))) == NULL) (
printf(“ALLOCATION ERROR FOR LIST savings.c\n");
exit(0);
)

/t
Get parameters and print out first solution
*/

num_list = get_parameters{&ou_units, &max_ply, &max_sizes,
&cut_cost, &unit_cost, &old_ou_units);

tot_length = (float) 0.0;
tot_marker = (float) 0.0;
fprintf(fp, "MAX PLY = %d MAX # OF UNITS 'PER SECTION = Xd\n", max_ply, max_sizes);
fprintf(fp, "UNIT COST = %d cents CUT COST = %d cents\n", unit_cost, cut_cost);
fprintf(fp, “ORDER\N");
for (i=0; i<num_of_sizes; i++) (

fprintf(fp, "Xd SIZE ¥s\n", order.number(il, order.ch_sizes(il);

)

fprintf(fp, "\n FIRST SOLUTION \n");
for (i=0; i<num_in_sec; i++) (
fprintf(fp, “SECTION Xd HAS PLY = Xd\n", i, in_section{i).ply _height);
for (j=0; j<num of_sizes; j++) (
if (in_sectionlil.sizes[jl > 0)

fprintf(fp, AND %d SIZE Xs\n", in_section(i).sizes(j}, order.ch_sizes[jl);

)
)
marker = find_inches(in_section{il.sizes);
inches = marker * in_section(il.ply_height;
fprintf(fp, YMARKER LENGTH = %7.2f TOTAL LENGTH = X7.2f\n\n", marker, inches);
tot_length = tot_length + inches;
tot_marker = tot_marker + marker;
)
fprintf(fp, "TOTAL MARKER = %7.2f TOTAL LENGTH = X7.2f\n\n", tot_marker, tot_length);

/*
Initialize savings structures
*/
for (i=0; i<num_of_sizes; i++) (
save,orgli] = 0;
save,cand{i) = 0;
temp_save.orglil = 0;
temp_save.cand[i] = 0;
]

/*
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*/

combine any sections with a combination of sizes <= max_sizes

combine_sizes(max_sizes);

Ilt

*/

Main Loop of program -

The loop begins by trying to place one sizes form one section
into another section. Once all possible transferred are tested,
then the program tries swapping two sizes from two different
sections. The loop begins with the first section. The best
transfer or swap from this section is made and the next section
goes through the same tests etc. Once all sections have been
exhausted then the same is repeated but backwards (starting
with the last section. This whole process is repeated twice.

mergers_possible = 2;
while (mergers_possible > 0)

/* combine any sections with same sizes by putting on
top of each other if it doesn’t violate max ply height
*/

combine_ply(max_ply);

/*
Attempt to reaasign one portion from original section
to a new section and calculate savings. Merge only
the one with the greatest savings
*/
for (i=0; i<num_in_sec; i++) (
for (j=0; j<num_of_sizes; j++) (
save,sectl = -1;
save,.sect2 = -1;
save,type = 0;
save.org_ply_height = 0;
save.cand_ply_height = 0;
save,savings = (float) 0.0;

for (m=0; m<num_of_sizes; m+)
portion.sizesim) = 0;
portion.ply_height = 0;

for (l=i+1; l<num_in_sec; l++) (
transfer_forward(i, j, |, cut_cost, unit_cost, max_sizes, max_ply);
swap_forward(i, j, |, cut_cost, unit_cost, max_sizes, max_ply);
)

/*
Place portion into section. If the two sections have
different ply heights then the smallest ply height is
given to both sections and the section with the larger
ply height is added to the end of the section list with
a ply height equal to larger ply minus the smailer ply
*/
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172 r = gave.sectl;

173 s = save.sect?;

174 if (save.savings I= (float) 0.0) C

175 printf(“REPLACING PORTION Xd %d\n%, r, 8);

176

177 in_sectionlr).ply_height = save.org_ply_height;

178 in_section[s].ply_height = save.cand ply_height;

179

180 if (save.org_ply_ height < save.cand_ply_height) (

181 in_section[s].ply_height = save.org_ply_height;

182 temp_sec.ply_height = save.cand_ply_height -

183 save.org_ply_height;

184

185 for(m=0; m<num_of_sizes; m++)

186 temp_sec.sizes{m] = save.in_sect2(m});

187

188 if ((in_section = realloc(in_section, ((num_temp_sec + 1)
189 * sizeof(section_t)))) == NULL) (
190 printf("REALLOCATION ERROR FOR INSECTION improve2.c");
19 exit(0);

192 )

193

194 memcpy(&in_section(num_temp_sec++], &temp_sec, sizeof(section_t));
195 ) '
196

197 else if (save.org_ply height > save.cand_ply_height) (

198 in_section{r).ply_height = save.cand_ply_height;

199 temp_sec.ply_height = save.org_ply_height -

200 save,cand_ply_height;

201

202 for(m=0; m<num_of_sizes; m++)

203 temp_sec.sizes[ml = save.in_secti(m;

204

205 if (¢in_section = realloc(in_section, ((num_temp_sec + 1)
206 * sizeof(section_t)))) == NULL) {
207 printf("REALLOCATION ERROR FOR INSECTION improve2.c");
208 exit(0);

209 b

210

21 memcpy(&in_section[num_temp_sec++), &temp_sec, sizeof(section_t));
212 )

213

214 for(m=0; m<num_of_sizes; m++) (

215 in_section([r).sizes{m}] = save.orgiml;

216 in_section(s).sizes[m = save.candml;

217 )

218 )

219 Y /* for j %/

220 Y /* for i %/

221

222

223 "

224 perform the same sequence of events to transfer and swap

225 sizes but start at end of list and go backwards

226

227 Attempt to reaasign one portion from original section

228 to a new section and calculate savings. Merge only
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253
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the one with the greatest savings

num_in_sec = num_temp_sec;

for (i=num_in_sec-1; i»>=0; i--) ¢
for (j=0; j<num of sizes; j++) {

save,sect] = -1;
save,.sect2 = -1;
save.type = 0;
save.org_ply_height = 0;
save.cand_ply_height = 0;
save.savings = (float) 0.0;

for (m=0; m<num_of_sizes; mt+)
portion.sizes[m) = 0;
portion.ply_height = 0;
for (l=i-1; (>=0; 1--) ¢
transfer _backwards(i, j, |, cut_cost, unit_cost, max_sizes, max_ply);
swap_backwards(i, j, |, cut_cost, unit_cost, mex_sizes, max _ply);
r = save,sectl;
S = save.sect2;
if (save.savings = (float) 0.0) ¢
printf(MREPLACING PORTION Xd Xd\n", r, s8);

in_section(r).ply_height = save.org_ply_height;
in_section(s].ply_height = save.cand_ply_height;

if (save.org_ply height < save.cand_ply_height) {

in_section(sl.ply_height = save.org_ply_height;
temp_sec.ply_height = save.cand_ply_height -
save.org_ply_height;

for(m=0; m<num_of_sizes; m++) (
temp_sec.sizes(m) = save,in_sect2(m);
)
if (Cin_section = realloc(in_section, ((num_temp_sec + 1)

* sizeof(section_t)))) == NULL) (
printf("REALLOCATION ERROR FOR INSECTION improve2.c");
exit(0);

)

memcpy(&in_section{num_temp_sec++], &temp_sec, sizeof(section_t));
b

else if (save.org_ply height > save.cand ply_height) {

in_section([r).ply_height = save.cand_ply_hseight;
temp_sec.ply_height = save.org_ply_height -
save.cand_ply_height;

for(m=0; m<num_of_sizes; m++)

temp_sec.sizes{m) = save.in_secti[m;
)

hawde]
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if ((in_section = realloc(in_section, {((num_temp_sec + 1)
* sizeof(section_t)))) == NULL) ¢

printf("REALLOCATION ERROR FOR INSECTION improve2.c");
exit(0);
)

memcpy(&in_sectionlnum_temp_sec++l, &temp_sec, sizeof(section_t));

)

for(m=0; m<num_of_sizes; m++)
in_section{rl.sizes[in) = save.orgiml;
in_section[s].sizes[m] = save.candml;
)
)
Y /* for j %/
)} /* for i %/

num_in_sec = num_temp sec;
--mergers_possible;
)/* while %/

,ﬁ
Remove sections that are empty
*/

for (i=0; i<num_in_sec; i++) (
order_count = 0;
for (ja0; j<num_of_sizes; j++) (
order_count = order_count + in_section(il.sizes[]);
)
if (order_count == 0) (
for (j=i; j<num_in_sec-1; je¢+) (
memcpy(&in_section(j}, &in_section[j+1], sizeof(section_t));
)
num_in_sec = num_in_sec - 1;
)
)

end_time = clock();
total_time = ((double) end_time - start_time) / CLK_TCK;

fprintf(fp, "\n\nt**it*th*tit*i***t*t**it*ﬁ*i*t!lﬁttti*ttt*ti't\nu);
tot_length = (float) 0.0;

tot_marker = (float) 0.0;

unit_dev = 0;

order_count = 0;

unit_count = 0;

fprintf(fp, “THE # OF FINAL SECTIONS ARE : %d\n%, num_in_sec);
for (i=0; i<num_in_sec; i++) (
fprintf(fp, “SECTION Xd HAS PLY = X%d\n", i, in_section(il.ply_height);
for (j=0; j<num_of_sizes; j++) (
if (in_sectionli).sizes(j] > 0) (
fprintf(fp, ® AND Xd SIZE %s\n", in_sectionli).sizes[jl, order.ch_sizes[j];
unit_count = unit_count + (in_section[il.sizes{jl * in_section[il.ply_height);
)
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)

>
marker = find_inches(in_sectionli].sizes);
inches = marker * in_section[il.ply_height;
fprintf(fp, "MARKER LENGTH = X7.2f TOTAL LENGTH = X7.2f\n\n", marker,
tot_length = tot_length + inches;
tot_marker = tot_marker + marker;
)

for (j=0; j<num of sizes; j++)
order_count = order_count + order.number(j];

unit_dev = order_count - unit_count;
if (unit_dev » 0)
strcpy(unit_string, "UNDER");
else if (unit_dev == 0)
strcpy(unit_string, “\0");
else (
unit_dev = unit_dev * -1;
strepy(unit_string, “OVER);
)

fprintf(fp, "TOTAL MARKER = %7.2f TOTAL LENGTH = %7.2f\n\n", tot_marker,

fprintf(fp, YUNIT OVER/UNDER = %d Xs", unit_dev, unit_string);
fprintf(fp, "\n\nTOTAL TIME = Xf\n", total_time);

if (list t= NULL)
free(list);

fclose(fp);

return(0);

inches);

tot_length);
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INCLUDES = impdec.h implcl.h
LIBNAME = implib

0BJS = \

globals.obj \

getparm.obj \

findinch.obj \
case_afi.obj \
compute.obj \
compswap.obj \
combsize.obj \
combply.obj \
tranfrud.obj \
swapfrud.obj \
tranbkwd.obj \
swapbkwd.ob]

.c.obj:

$(cC)

$(L1B)
globals.obj :
getparm.obj
findinch.obj :
cuse_aif.obj :
compute.obj ¢
compswap.obj
combply.obj :
combsize.obj :
tranfrud.obj @
swapfrud.abj ¢
tranbkwd.obj :
ewapbkwd.obj :
improve.obj

improve.exe :

globals.c SCINCLUDES)
getparm.c ${INCLUDES)
findinch.c $CINCLUDES)
case_aii.c SCINCLUDES)
compute.c $(INCLUDES)
compswap.c $(INCLUDES)
combply.c $(INCLUDES)
combsize.c $(INCLUDES)
tranfrud.c $(INCLUDES)
swapfrud.c SCINCLUDES)
tranbkwd.c $CINCLUDES)
swapbkwd.c $(INCLUDES)
irprove.c $(INCLUDES)

improve.obj $(0BJS)

cl improve /link implib.lib

$(8)\improve.exe : improve.exe

$(CP)
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$(I)\impdec.h : impdec.h
$(CP)

;
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= FILE NAME
- PROGRAMMER

...........................................................
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Swapkwd.c
Terri A. Smith

- DATE WRITTEN : April 1990

- ADDRESS

GTRI/CSITL Atlanta GA 30332 (404) 894-8952

- PURPOSE- This procudure attempts to swap one size from one
- with another size in a different section if feagible, It
- works from the end of the section list to the start,

» csevewn

#include
#include
#include
#include
#include
#include
#include

.......................................................... */
<stdio.h>

<malioc.h>
<memory.h>
<stdlib.h>
<string.h>

Wimpdec.h®
“implcl.h®

void swap_backuards(i, j, |, cut_cost, unit_cost, mex_sizes, max_ply)

int i;
int j;
int |;

int cut_cost;
int unit_cost;
int max_sizes;
int max_ply;

int
int

k, m, n; /* counters £/
num_units; /* num_units in one section */

for (n=0; n<num_cf_sizes; ri+) (

if

{(in_section[il).sizes(j] > 0) &&
(in_section{l).sizes[n] » 0)) (

for (m=0; m<num_of_sizes; m++) (
sect3.sizesIm} = in_soction{il.sizes[ml;

.secté.sizes[m} = in_section{l).sizesIm);
)
sect3.sizes[j) = sect3.sizes(j]l - 1;
sect3.sizes[n) = sect3.sizes(n) + 1;
sect4.sizes[j] = sect4.sizes(j) + 1;
secté.sizes{n) = sectéd,.sizes(n) - 1;
temp_save.sectl = i;
temp_save.sect2 = |;

temp_save.type = 0;
temp_save,org_ply_height = 0;
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58 temp_save.cand_ply_height = 0;

59 temp_save.savings = (float) 0.0;

60

61 compute_swap_savings(i, |, cut_cost, unit_cost, max_sizes);
62

63 num_units = 0;

64 for (m=0; m<num_of_sizes; m++)

65 num_units = num_units + secté.sizesIm};

66

67 if ((temp_save.savings > save.savings) &&

68 (num_units <= max_sizes) &&

69 (temp_save.type > 0) &&

70 (temp_save.cand_ply_height <= max_ply))

7 memcpy(&save, &temp_save, sizeof(savings_t));
7

3 for (m=0; m<num_of_sizes; m++) (

74 if (temp_save.type 1= 1) (

75 save.orgIm] = sect3.sizes[m);

76 save.cand(m) = secté.sizes[ml;

” save.in_sect1Iml = in_section(i).sizesIm;
78 save.in_sect2[m] = in_section(l).sizes[m;
” b

80 else

81 save.cand[m] = in_section{i}.sizesm;

82 Y /* form™/

83 Y /rit vy

84 Y /*ifv

85 Y /* for n%/

86 return;

8
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/* ...........................................................

..............................................................

- FILE NAME s Swapfrwd.c

- PROGRAMMER : Terri A. Smith

- DATE WRITTEN : April 1990

- ADDRESS : GTRI/CSITL Atlanta GA 30332 (404) 894-8952

- PURPOSE- This procudure attempts to swap one size from one
- with another size in a different section if feasible.
- works from the start of the section list to the end.

I R L L L T R T L R YT

#include <stdio.h>
#include <malloc.h>
#include <memory.h>
#include <stdlib.h>
#include <string.h>
#include "impdec.h®
#include “implel.h®

It

..... ﬁ,

void swap_forward(i, j, |, cut_cost, unit_cost, max_sizes, max_ply)

int i;

int j;

int {;

int cut_cost;
int unit_cost;
int max_sizes;
int max_ply;

int k, m, n; /* counters
int num_units;

for (n=0; n<num_of_sizes; n++) (
if ((in_section{i).sizes[j] > 0) &
{in_section(l).sizesin] > 0)) ¢

for (m=0; m<num_of_sizes; m++) {
sect3.sizesim) = in_section(i).sizesIm);
sect4.sizes[m) = in_section[l).sizes[m);

)
sect3.sizes[j) = sect3.sizes(j] - 1;
sect3,.sizes(n} = sect3.sizes(n) + 1;
sasté.sizes(]] = sectb.sizes[j]l + 1;
secté.sizes[n) = secté,.sizesln] - 1;

temp_save.sectl =
temp_save,sect2 =
temp_save,type = 0;

temp_save.org_ply_height = 0;

.
[
.
[

*/
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58
59
60
61
62
63

65
67
69
70
7
74
76
78
%
80
81
82
85
87

88
89

temp_save.cand_ply_height = 0;
temp_sav~.savings = (float) 0.0;

compute_swap_savings(i, {, cut_cost, unit_cost, max_sizes);

num_units = 0;
for (m=0; m<num_of_sizes; m++)
num_units = pum_units + secté.sizesiml;

if ((temp_save.savings > save.savings) &&
{num_units <= max_sizes) &&
(temp_save.type > 0) &%
(temp_save,.cand_ply_height <= max_ply))
memcpy(&save, &temp_save, sizeof(savings_t));

for (m=0; m<num_of_sizes; m+) (
if (temp_save.type I= 1) (
save.org{m = sect3.sizes(m);
save.cand(m] = secté.sizes(ml;
save.in_secti[m} = in_sectionlil.sizes[m);
save,in_sect2[m) = in_sectionl[l].sizesIm);
)
else
save.cand{m] = in_sectionl[i}.sizesim);
Y /* form*/
Y /v if %/
Y /*if Y
Y /* for n %/

return;




1 J¥ evecsccecccecscccncnonccneccnonan beecessnceccarerecsnccocncnocans
2 -~ SHeader:: D:/cops/src/improv/tranbkwd.c February 1990

3  e- creccccccccnnsscccccncrctccctcctrecaccctcectctenrotcancrrcoccnae */
4

5 [Bevecrercrcnnacencercnccnccccccccancectccccectasaccracsancncccseneons
6 = FILE NAME ¢ Tranbkwd.c

7 - PROGRAMMER : Terri A. Smith

8 - DATE WRITTEN : April 1990

9 - ADDRESS + GTRI/CSITL Atlanta GA 30332 (404) 894-8952

10 -

11 - PURPOSE- This procudure attempts to transfer one size from one

12 - section into another section if feasible. It works from

13 - the end of the section list to the start.

14 -

15 .

16 R T L L e */
17 ¥include <stdio.h>

18 #include <malloc.h>

19 #include <memory.h>

20 #include <stdlib.h>

21 #include <string.h>

22 #include “impdec.h"

23 #include “implcl.h¥

24 .

25 void transfer_backwards(i, J, {, cut_cest, unit_cost, max_sizes, max_ply)

26 int i;

27 int j;

28 int |;

29 int cut_cost;
30 int unit_cost;
int max_sizes;
int max_ply;

Hy

% (

35

36 int k, m; /* counters */

37 int  num_units; /* num_units in one section */

38

39 if (in_sectionlil.sizes(jl . 0) (

40 for (r=0; m<num_of_sizes; m )

41 sect3.sizes(m) = in_sectionl:l.sizes(m);

42 secté.sizesIm) = in_section(l).sives(m);

43 )

44

45 sect3.sizes{]] = sect3.sizeslj] - 1;

46 secté.sizes(jl = secté.sizes[jl + 1;

47 portion.sizes[j] = 1;

48 portion.ply_height = in_section[i).ply_height;

49

50 temp_save.sectl = i;

51 temp_save.sect2 = |;

52 temp_save.type = 0;

53 temp_save.org_ply_height = 0;

54 temp_save.cand_ply_height = 0;

55 temp_save,savings = (float) 0.0;

56

57 compute_savings(i, |, cut_cost, unit_cost, max_sizes);
D338
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76

78

80

81
82

num_units = 0;
for (m=0; m<rwum_of_sizes; mt+)
num_uniis = num_units + secté.sizes(m;

if ((temp_save.savings > save.sevings) &
(num_units <= max_sizes) &
(temp_save.type > 0) &k
(temp_save.cand_ply_height <= max_ply)) (
memcpy(&save, &temp_seve, sizeof(savings_t));

for (m=0; m<pum_of sizes; m+) (

if (temp _save.type I= 1) {
save.orglm] = sect3.sizesiml;
save.cand[m} = secté.sizes(m);
save.in_sect1[m] = in_section(i).sizes(m);
save.in_sect2[m] = in_section[l].sizes[m;
)

else
save.cand[m) = in_section[il.sizes[m;

)

return;

}.
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/t .................................................................
-~ $Header:: D:/cops/src/improv/tranfriud.c February 1990
........... .-----.--...-.-..--..-.-..-..-....--....---..-.--..--...t/
/l .......... P T T L T T T e L T T T R e T L T
= FILE NAME tranfrud.c

- PROGRAMMER ¢ Terri A. Smith
- DATE WRITTEN : April 1990
- ADDRESS : GTRI/CSITL Atlanta GA 30332 (404) 894-8952

- PURPOSE- This procudure attempts to transfer one size from one
- section into another section if feasible. It works from
- the beginning of the section list to the end.

e ceerereecscecssscescastareetcneastacsttasast e snsras e mnne "/
#include <stdio.h>

#include <malloc.h>
#include <memory.h>
#include <stdlib.h>
#include <string.h>
#include <time.h>

#include “impdec.h"
#include "implcl h®

void transfer_forward(i, j, l, cut_cost, unit_cost, max_sizes, max_ply)

int i;

int §;

int ;

int cut_cost;

int unit_cost;

int max_sizes;

int max_ply;

int k, m /* counters */
int  num_units; /* num_units in one section */

if (in_sectionlil.sizesljl > 0) (

for (m=0; m<num_of_sizes; m++)
sect3.sizes(m) = in_sectiunfil.sizes(m);
secté.sizes{m) = in_section[l).sizesim];
)

sect3.sizes{j] = sectd.sizes(j] - 1;
secté.sizesljl = secté.sizes(j} + 1;
portion.sizes(jl = 1;

portion.ply_height = in_section{il.ply_height;
temp_save.secti H
temp_save.sect2
temp_save.type = 0;
temp_save.org_ply_height = 0;
terp_save.cand_ply_height = 0;
temp_save,.savings = (float) 0.0;

-
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)

compute_savings(i, |, cut_cost, unit_cost, max_sizes);

num_units = 0;
for (m=0; m<num_of sizes; m++)
num_units = num_units + secté.sizes[ml;

if ((temp_save.savings > save.savings) &&
(num_units <= max_sizes) &&
(temp_save.type > 0) &&
(temp_save.cand piy height <= max_ply))
memcpy(&save, &temp_save, sizeof(savings_t));

for (m=0; m<num_of sizes; m++) ¢
if (temp_save.type 1= 1) ¢
save.org(m] = sect3.sizes[ml;
save.cand[m] = secté,sizesIm);
save.in_sect1(m] = in_sectionlil.sizes[m);
save.1n_sect2[ml = in_section[l]l.sizesim;

)
else
save.cand(m] = in_secticn[i).sizes[m);
Y* for m*/
)
Y /ity
return;
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Savings {1 ] |
Order Ply Patterns in Pattern Total inches
Height order Length |Ply in pattern |in order
Size |30|32{34|36|38{40
6/9/25/2/5/1 47 1 4| 1| 73.86 1 73.86
1M 2 21 1 72.52 1 72.52
1 4 71.19 5/ 355.95
11 28.52 3 85.56
587.89
Size {30{32|34|36|38(40
108 1 4] 1|1 73.86 1 73.86
12 21 72.52 1 72.52
1l 1 4 71.19 5 355.95
1M 1 28.52 3 85.56
587.89
Size |30{32|34|36{38|40
200/200/200/200/200/20Q 47 1 1{ 4] 74.52 47t 3502.44
1 4, 11 73.86 12| 886.32
1 1 4 73.19 25| 1829.75
1! 3| 1 1 72.08 5/ 360.40
' 1] 3] 2 72.08 47|. 3387.76
1 il 4 72.52 19 1377.88
il 4 1 70.75 25| 1768.76
3 3 §9.86 7] 489.02
5 1 69.41 13| 902.33
14504.65
Size {30]32|34|36/38|40
| 108 1 1l 41 74,52 32| 2384.64
L 1 3| 2| 74.08 24) 1777.92
L 1 4! 1| 73.86 24| 1772.64
1 3 2 72.08 18] 1297.44
- il 21 3 72.30 54| 3904.20
1 4| 1 71.86 2| 143.72
4 1 1 69.26 301 2077.80
1 15.56 96| 1493.76
14852.12
| B Size {30132|34|36{38|40
1163/239/599/45/124/30 47 1 4] 11 73.86 30 2215.80
- 1 3 111 72.08 4] 288.32
3 2 1 70.75 35| 2476.25
| 11 4] 1 71.86 6] 431.16
I 3 3 71.19 47, 3345.93
1 21 3 70.97 24; 1703.28
6 71.86 45| 3233.70
- 5l 1 70.75 4| 283.00
) 4] 1 67.01 6/ 402.06
14379.50
E2
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Savings (Con't) | 1 ] |
Order Ply Patierns in Pattern Total inches
Height order Length |Ply in pattern |in order
Size |30]32{34]|36;38/40
108 1 41 1| 73.86 30| 2215.80
1 3| 1] 1 72.08 4| 288.32
11 4] 1 71.86 41} 2946.26
1] 11 4 71.19 98| 6976.62
1 41 1 70.52 71 493.64
11 3] 1 66.76 24| 1602.24
14522.88
Size |3032]34|36!38{40
/11 1960/240 48 3 3 75.19 48| 3609.12
4 2| 74.97 48| 3598.56
6 74.52 48| 3576.96
6 74.52 48 3576.96
1 16.33 48| 783.84
15145.44
Size 130{32|34/36{38{40
108 3l 3 75.19 72| 5413.68
5 1| 74.7% 24| 1794.00
6 74.52 96| 7153.92
1 16.33 48| 783.84
16145.44
Size 130132|34|36/38/40
/1 1 11200/ 456 6 74.562 48| 3576.96
6 74.52 48| 3576.96
6 74.52 48| 3576.96
6 74.52 48| 3576.96
1 16.33 48| 783.84
] 15091.68
Size |30/32|34|36|38)40
108 6 74.52 108| 8048.16
6 74.52 84! 6259.68
1 16.33 48| 783.84
15091.68
. Size 130j32| 34| 36| 38|40
72/144/360/360/144/72 48 C 1 21 3| 74.30 24| 1783.20
: ] 2| 1| 2 72.52 48! 3480.96
1 3] 2 72.08 48| 3459.84
1 31 2 72.08 24| 1729.92
11 11 4 72.52 24| 1740.48
2 1 3 72.08 241 1729.92
13924.32
E3
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Savings (Con't) | ] I |
Order Ply Patterns in Pattern Total inches
Height order Length |Ply in pattern |in order
Size [30|32{34|36/38|40
108 1 1 1 2 11 73.19 72! 5269.68
1 1] 4 72.52 121 870.24
11 3| 2 72.08 92| 6631.36
1 4 72.30 8/ 578.40
1 1 28.76 24| 690.24
14039.92
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Improved Savings | ! ]
Order Ply Patterns in Pattern Total inches
Height order length |ply |in pattern |in order
Size 30132|34/36|38|40
6/9/25/2/5/1 47 1 1 3 1 73.64] 1 73.64
11 2| 2] 1 72.521 1 72.52
1l 5 71.63] 4 286.52
6 69.19! 1 69.19
3 2 1 71.63] 1 71.63
573.50
Size 30132} 34/ 36|38/ 40
108 1 1 3 1 73.64 1 73.64
1 2 2] 1 72.52! 1 72.62
11 5 71.63] 4 286.52
6 69.19{ 1 69.19
3 2 1 71.63] 1 71.63
573.50
Size 30{32{34/36|38(40
200/200/200/200/200/200 47 2 1] 3| 73.40{ 38| 2789.20
1 3| 2| 7452 5 372.60
11 3 72.521 5 362.60
20 1 2 72,52 5 362.60
11 2] 21 1 72.52] 5 362.60
1 11 4 72.52| 19{ 1377.88
11 3 1 1 71.63] 25{ 1790.75
4, 1 1 69.2¢! 20| 1385.20
1] 4] 1] 74.52] 13| 968.76
4 1] 1 7252, 5 362.60
11 3 2 72.52] 2 145.04
3] 2] 1 71.411 20| 1428.20
1 1] 4| 7452 9 670.68
1 5 73.86] 2 147.72
3 3 7252 b5 362.60
11 4] 1{ 74.52{ 2 149.04
1 1 4 73.86f & 369.30
1 3] 2 72.08! 9 648.72
4] 2 72.30] 3 216.90
11 2 3 7297 3 218.91
14491.90

k




Improved Savings (con't) [ | ! |
Order Ply Patterns in Pattern Total inches
Height order length Iply |in pattern |in order
Size 30| 32| 34| 36| 38|40
108 i 1| 4] 74.52] 4|  298.08
2 1| 3| 73.41] 8 587.28
o - 6 74520 6| 447.12
2| 2] 2| 7452 2 149.04
3 3 7252 2 145.04
11 7252 2 145.04
a4l 1] 1 69.26] 30| 2077.80
_v o 3 40.36! 2 80.72
e 1 3| 2| 74521 8] 596.16
o 1 1| 4] 74.75] 2 149.50
o o 11 4] 1] 7452] 4|  298.08
. 1] 20 2] 1 72.52] 4| 290.08
o 2 2 1] 1 71.63| 4| 286.52
o ' 3 3 72.52] 4l  290.08
_ e 1 2| 3] 74.52] 4] 298.08
L 1 15.56! 86/ 1338.16
o 3] 3] 75.191 10/ 751.90
. o 11 1) 2] 2 71.63] 8] 573.04
o o 1l 2] 3 72.30] 48| 3470.40
. o 1 4l 1] 74.30] 8  594.40
_ 1l 3] 73.40{ 26/ 1908.40
o _ 1 1 28.01] 2 56.02
I 14830.94
o Size | 30/32|34/36|.18/40
1 1 1 1960/240 48 3| 3] 75.19] 48] 3609.12
o al 2| 74.97! 48{ 3598.56
. 6 74,52| 48/ 3576.96
L 6 74.52] 48] 3576.96
_ o - 1 16.33] 48] 783.84
o L } 0.00] 15145.44
. o Size | 30|32{34|36/38/40
o | 108 3] 3 75.19] 72| 5413.68
] 5| 1] 74.75] 24] 1794.00
! 6 74.52] 96/ 7153.92
o § 1 16.33] 48] 783.84
! ! [ 15145.44

L




' improved Savings (con't) P ! ] |
Order Ply Patterns in Pattern Total inches
' Height order length Iply lin pattern |in order
Size 30/32|34|36{38/40
163/239/599/45/124/30 47 11 4/ 1 74.52] 24| 1788.48
. 1 4! 1 71.63] 4 286.52
3 2 66.011 6 396.06
2! 3| 1 71.63| 8 573.04
! 2| 2| 2 70.52| 24| 1692.48
11 5 71.63| 47| 3366.61
6 70.52| 4 282.08
I 3 3 72.52) 2 145.04
4 11 1 69.26! 2 138.52
1 4| 1 70.52{ 2 141.04
) 12 2 1 71.63] 2 143.26
B 11 5 71.63| 6 429.78
2 2! 1] 1 71.63| 4 286.52
2 3 1 71411 2 142.82
1 41 11 74.08, 4 296.32
[ 3 3 70.52! 18/ 1269.36
) 3 2| 1 70.75] 6 353.75
2! 4 71.41 37| 2642.17
14373.85

Size 30| 32{34/36| 38/40

108 11 4| 11 74.52! 28/ 2086.56

_ al 1 1 72.52] 4|  290.08
______ 1 5 71.63| 44) 31651.72
R 3l 2 1 71.63] 4 286.52
1 4] 1 70.52] 71  49>.84
al 1] 1 69.26| 7! 484.82
3 40.36] 4 161.44
3l 3 71.19] 4!  284.76
2 1 2] 1] 72.52] 2 145.04
2] 3] 1 71.63] 13 931.19
5 1 70.75! 2 141.50
S 3 2 65.77] 12 789.24
11 3| 2 70.75] 1 70.75
al 2 ' 69.631 1 69.63
IR I 71.19] 71] 5054.49
l | | 14441.38
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improved Savings (con't) | [ | |
Order Ply i Patterns in Pattern Total inches
Height order length |ply jin pattem |in order
Size 30{32|34|36| 38|40
! | 1 11200/ 48 6 74.52| 48| 3576.96
8 74.52| 48| 3576.96
6 74.52| 48| 3576.96
6 74.52! 48| 3576.96
1 16.33| 48 783.84
15091.68
Size 30| 32| 34/36} 38|40
108 8 74521 108! 8048.16
6 74.52] 84| 6259.68
1 16.33| 48 783.84
15091.68
Size 301 32| 34| 36| 38/ 40
72/144/360/360/144/72 47 2 11 3| 73.41] 24| 1761.84
1 2] 1 72.52| 48| 3480.96
3 3 72.52| 24! 1740.48
I a| 1] 1] | 72.52] 24| 1740.48
1M 1 4 72.52| 24! 1740.48
| 11 2 3 71.63] 24| 1719.12
B 11 3 2 72.08] 24] 1729.92
B 13913.28
Size 30/ 32|34|36(38/40
108 3 11 1 11 72.52| 8 580.16
L 3| 3 72.52{ 24| 1740.48
a 1 1 4 72.52] 20| 1450.40
- 2 27.75] 24| _ 666.00
31 1 1l 11 73.191 8 585.52
- 1| 4] 1] 74.62] 16 1192.32
2| 3 1 71.63] 16| 1146.08
* 1| 2| 1[ 2] | 72.52] 8 580.16
- _ 2] 1 2] | 1] 72.52] 8] ©80.16
»»»» 2| 2[ 2] 74.52] 8] _ 596.16
- 11 2[ 1] 73.9] 16] 1171.04
T 1 3] 2 72.08] 52| 3748.16
14036.64




Cherry ] 1 |
Order Ply Patterns in Pattern Total inches
Height order Length {Ply in pattern |in order
Size |30;32|34|36|38|40
6/9/25/2/5/1 47 1 1 28.52 9| 256.68
1 1 28.26 6! 169.56
= 1 1 29.27 5 146.35
M1 29.02 2 58.04
1 11 29.62 1 29.52
1 15.82 2 31.64
i 691.79
Size |30;32|34|36|38|40
- 108 11 28.52 9| 256.68
- L 1 1 28.26 6] 169.56
~ 1 1 29.27 5 146.35
o 1 1 29.02 2 58.04
o 1 11 29.562 1 29.52
o 1 15.82 2 31.64
_ 691.79
o Size 130132|34|36!38/40
200/200/200/200/200/200 47 W o 1 Y 1 72,62 47! 3408.44
o o1 11 1 1 72,82 47| 3408.44
B L o1 W 111 7282 47 3408.44
o w1 11 o 7252 47 3408.44
o 1M 1 1 1 1 1 72,82 12{ 870.24
— 14504.00
~ . Size |30|32|34|36|38i40
o 108 0oy Yy Yo 7282 108| 7832.16
o 1" 11 1 1 1 72.82 92| 6671.84
o 14504.00
»_7ﬁ?_'_ Size 130{32|34|36138|40
163/239/699/45/124/30 47 1 1 28.52 47! 1340.44
- 1M 1 28.562 47| 1340.44
o 1 1 28.26 471 1328.22
. 1 1 28.52 471 1340.44
o 1 1 29.27 47! 1375.69
o 1 1 28.26 47\ 1328.22
o | 11 28.52 47| 1340.44
o | 1 1 29.27 471 1375.69
- l 1 1 28.26 47| 1328.22
11 28.52 471 1340.44
11 29.02 45 1305.90
1 1] 1] 43.13 30/ 1293.90
1 1 28.26 22| 621.72
11 28.52 4] 114.08
o 1 15.82 28| 442.96
| 17216.80

EQ
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Cherry (con't)

]

l

Order Ply Patterns in Pattern Total inches
Height order Length |Ply in pattern |in order
Size |30|32]34]36|38|40
108 11 28.52 108! 3080.16
1 1 28.26 108/ 3052.08
11 28.52 108| 3080.16
1 1 29.27 108| 3161.16
1 1 28.26 55| 1554.30
U 29.02 45! 1305.90
1 11 29.52 30! 885.60
i 1 1 28.62 23! 655.96
_____ . 1 1 29.27 141  409.78
o 1 16.33 2 32.66
o 17217.76
- Size |30{32| 34! 36|38|40
| /[ 1 /960/240 48 11 1] 30.03 48 1441.44
- 11 11 30.03 48! 1441.44
o 1 1 30.03 48 1441.44
o 11 11 30.03 48! 1441.44
B 11 11 30.03 48! 1441.44
o 1 16.33 48, 783.84
- 1 16.33 48| 783.84
. 1 16.33 48| 783.84
o 1 16.33 48| 783.84
1 16.33 48| 783.84
o 1 16.33 48! 783.84
B L 1 16.33 48| 783.84
1 16.33 48| 783.84
L 1 16.33 48| 783.84
_“_,ﬁ 1 16.33 48! 783.84
B 1 16.33 48! 783.84
o 1 16.33 48! 783.84
1 16.33 48/ 783.84
o 1 16.33 48| 783.84
_______ 1 16.33 48| 783.84
o 18964.80
- Size |30/32|34!36|38|40
o 108 1 11 30.03 108! 3243.24
11 11 30.03 108] 3243.24
| L 11 11 30.03 241  720.72
1 16.33 108! 1763.64
. 1 16.33 108! 1763.64
1 16.33 108; 1763.64
1 16.33 108f 1763.64
1 16.33 108! 1763.64
1 16.33 108! 1763.64
11 | 16.33 72| 1175.76
P [ | 18964.80
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Cherry (con't) [ | ! !
Order Ply Patterns in Pattern Total inches
Height order Length {Ply (in pattern |in order
Size |{30/32|34|36/38]/40
{11 11200/ 48 1 16.33 48! 783.84
1 16.33 48| 783.84
1 16.33 48! 783.84
1 16.33 48| 783.84
1 16,33 48| 783.84
1 16.33 48! 783.24
_ 1 16.33 48 783.84
1 16.33 48! 783.84
1 16.33 48| 783.84
_ 1 16.33 48| 783.84
e 1 16.33 48/ 783.84
o 1 16.33 48 783.84
e 1 16.33 48/ 783.84
o 1 16.33 48, 783.84
e 1 16.33 48] 783.84
o 1 16.33 48, 783.54
_ 1 16.33 48] 783.84
_ 1 16.33 48! 783.84
; L ] 16.33 48| 783.84
o 1 16.33 48! 783.84
o 1 16.33 48| 783.84
o 1 16.33 48| 783.84
o 1 16.33 48! 783.84
L 1 16.33 48! 783.84
e 1 16.33 48] 783.84
. 19596.00
B L Size 130}32|34]136!38/40
L 108 1 16.32 108/ 1763.64
o 1 16.33 io8| 1763.64
I 1 16.33 108! 1763.64
1 16.33 108] 1763.64
e 1 16.33 108/ 1763.64
_ R 1 16.33 108! 1763.64
e 1 16.33! 108/ 1763.54
o 1 16.33 108] 1763.64
. 1 16.33 108! 1763.64
o 1 16.33 108! 1763.64
B 1 16.33 108! 1763.64
N 1 16.33 12| 195.96
19596.00
Ell




Cherry {con't) | ! ! !
Order Ply Patterns in Pattern Total inches
Height order Length |Ply in pattern !in order
Size |30132|34|36]38/40
72/144/360/360/144/72 47 11 29.02 48} 1392.96
11 29,02 48| 1392.96
11 29.02 48| 1392.96
11 29,02 48] 1392.96
11 29.02 48! 1392.96
1 1 29.02 48! 1392.96
1 29.02 48! 1392.96
- 1 1 29.02 48| 1392.96
1 11 1 11 55,70 481 2673.60
1 1 29.02 48| 1392.96
L 1 1 1t 55.70 24 1336.80
16547.04
Size 130({32|34|36]38]40
- 108 1 29.02 108 3134.16
. 1 29.02 108! 3134.16
e IR 55.46 108] 5989.68
o 1 11 29.02 72] 2088.44
______ 101 1 55.46 36] 1996.56
N 16344.00
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Improved Cherry | ] | |
Order Ply Patterns in Pattern Total inches
Height order length |ply lin pattern |in order
Size 30| 32| 34| 36| 38| 40
6/9/25/2/5/1 47 2 28.76| 12 345.12
1 1 28.76| 2 57.562
1 1 28.76| 5 143.80
3l 1 54,19 1 54.19
1 1 28.01 1 28.01
2 28.26] 1 28.26
1 11 29.27| 1 29.27
686.17
Size 30{32| 34| 36] 38|40
108 2 28.76] 12 345,12
1 1 28.76| 2 57.52
1 1 28.76| 5 143.80
3 1 54.19] 1 54.19
1 1 28.01 1 28.01
2 28.2R| 1 28.26
1 11 29.27| 1 29.27
686.17
Size 30| 32| 34| 36| 38! 40
200/200/200/200/200/200 47 Mo 1 1 1 1] 72.52] 471 3408.44
1 1 1 1] 1 1 72.52] 47] 3408.44
1 1 1 1 1 1] 72.52] 471 3408.44
10 o1 1 1 11 1] 72.52f 47| 3408.44
1M 11 1 1 1] 1 72.521 12 870.24
14504.00
Size 30} 32| 34| 36| 38/ 40
108 1 1 1 1 1] 1 72.521108 7832.16
1M1 1 11 1 72.62] 92| 6671.84
14504.00
Size 30132i 34| 36| 38|40
0/0/0/0/960/240 48 3| 3] 75.19] 48| 3609.12
4| 2| 74.97| 48| 3598.56
6 74.52] 48f 3576.56
] 74.52| 48| 3576.96
1 16.33! 48 783.84
15145.44
Size 30! 321 34|36/ 38|40
108 3l 3| 75.19] 24| 1804.56
1 16.33! 36 587.88
6 74.562| 48| 3576.96
4 2| 74.97: 84| 6297.48
2 29.77] 60 1786.20
3 43.38] 36 1561.68
16614.76
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Improved Cherry (con't) ] | {
Order Ply Patterns in Pattern Total inches
Height order length !ply lin pattern |in order
Size 30| 32| 34| 36| 38/40
163/239/599/45/124/30 47 4! 14 1 72.52| 6 435.12
11 6 71.63] 8 573.04
2 27.75| 40 1110.00
11 28.011 45| 1260.45
28.26| 47\ 1328.22
5 1 72,52 7 507.64
1} 3 2 7252 9 652.68
6 71.86] 2 143.72
3 41.11] 2 82.22 i
3 3 73.19| 2 146.38
4 1 1 72,52 31| 2248.12
N 11 28.62| 2 57.04
1M 1 11 3 73.191 2 146.38
_ 1! 4 1 72,08 22; 1585.76
L 1 21 14 2 72.75] 5 363.75
. 2! 2 11 1| 72.52| 23f 1667.96
3 1 2 72.971 1 72.97
6 71.86] 231 1652.78
1 1 28.26{ 38| 1073.88
2 28.78] 2 57.52
15165.63
Size 301 32] 34| 36{38|40 ’
108 1 3| 2| 74.52] 2 149.04
. 1 1 28.26/ 8 226.08
2 28.26] 24 678.24
2 27.75! 37{ 1026.75
. 2 28.76] 70! 2013.20
5 11 72.562! 8 580.16
3 21 1 72.75| 2 145.50
L 4 1 1 72.52{ 6 435.12
o 21 2] 2| 74521 2 149.04
2| 1 41.36] 2 82.72
o 11 28.52| 28 798.56
o . 1M 3 o1 72751 2 145.50
[ 3[ 3 72.52] 5] _ 362.60
11 21 21 1 72.52] 2 145.04
1] 3 1 11 72,52 2 145.04
1 1 29.27{ 91l 2663.57
31 1 11 1] 73.19! 4 292.76
4 1 o1 72971 1 72.97
2{ 3 11 72.011 2 144.02
1] 21 3 70.97! 66! 4684.02
2i 4 71.41] 1 71.41
1 1 28.011 15 420.15
it 2] 20 1 73.860 3 221.58
[ 15653.07
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Improved Cherry (con't) I [ |
Order Ply Patterns in Pattern | Total inchas
Height order length [ply |in pattern |in order
Size 30{32| 34| 36| 38{40
!/ 1 11200/ 48 6 74,52/ 48| 3576.96
6 74,52, 48/ 3576.96
— 6 74.52| 48| 3576.96
6 74.52| 48] 3576.96
1 16.33| 48 783.84
: 15091.68
Size 30| 32| 34/36| 38/ 40
108 6 74,521 108! 8048.16
- ‘ 6 74.62] 12 894.24
e 1 5 70.54| 96| 6771.84
o ] 15714.24
R Size 20!32{ 341 36| 38(40
72/144/360/360/144/72 47 3 1 2! 73.41 24/ 1761.84
o 1 1M 311 72.52 24! 1740.48!
e 4, 11 1 72,621 24] 1740.48
e 5 11 72.82| 24; 1740.48
__ o 11 1 4 72,521 24 1740.48
o 4 2 73.64| 24| 1767.36
,,,,,,, 2! 11 1] 2 72,52 24! 1740.48
o 21 3 1 70.52| 24| 1692.48
e - 13924.08
e Size 30! 32{34|36/38{ 40
_ e 108 2 28.76/108| 3106.08
- 21 21 2! 74.62] 36| 2682.72
— 121 53.94| 36/ 1941.84
o _ 1 3] 2 73.41] 36/ 2642.76
- — i1 5 72.97] 35| 2626.92i
- 1 1 28.26] 36! 1017.36
~ e 2 28.26! 36{ 10172.36
| 15036.04




IMPROVEMENT P 1 ]
Order Ply Patterns in Pattern Total inches
Height order Length |Ply lin patiern |in order
Size 30({32| 34|36|38(40
6/9/25/2/5/1 47 11 4] 1l 74.52] 1 74.52
4 1 69.26/ 1 69.26
11 5 71.63] 4 286.52
4, 1 1 72.52| 1 72.52
2| 4 70.08/ 1 70.08
572.90
Size 30132 34| 36| 3840
6/9/25/2/5/1 108 11 41 1] 74.52! 1 74.62
o 4 1] 1 69.26] 1 69.26
_ 11 5 71.63] 4 286.562
_ 4 1 1 72.52| 1 72.52
I 2| 4 70.08] 1 70.08
o . 572.90
o Size 301 32; 34| 36| 38/40
200/200/200/200/200/200 47 4 11 1 72.52; 471 3408.44
. L 2 3 1 72.52| 12 870.24
L I 2 11 3 72.521 35! 2538.20
L 1l 2 1 2, 72.52 47| 3408.44
e 111 3| 73.19] 12 878.28
e 1 2 ] 2] 72.52; 35| 2538.20
e 3 3 71.86( 12 862.32
oL 14504.12
o o Size 30i32| 34| 36| 38|40
o 108 11 4] 1 70.52] 4 282.08
L 11 1 1] 3| 74.521 4 298.08
. ) o 3 3 72.521 16/ 1160.32
o 1 3| 2| 74.821 20! 1490.40 ]
- . 2] 2| 2! 74.82| 60/ 4471.20
o 4 11 1 69.26/ 48| 3324.48
- - 1 & 71.63] 4 286.62
- 4l 1 11 71.631 4 286.52
_ 1 2] 2| 1 72.52] 4 290.08
. 2 11 31 73.41 8 587.28 N
o 1 3| 1 1 71.19! 4 284.76
- l 6 70.52] 4]  282.08
. ] 3[ 2] 1 71.41] 20/ 1428.20
j | | 14472.00
El6




IMPROVEMENT (con't) | | l !

Order Ply Patterns in Pattern Total inches
Height order Length |Ply |in pattern |in order
Size 30/32|34|36|38|40
163/239/599/45/124/30 47 4 1 1 69.25) 32| 2216.32
1 3 2 72.52{ 27| 1958.04
5 1| 72.62| 26| 1885.52

6 74.52| 2 149.04

3l 2] 1 71.41] 22| 1571.02
3 3 7252] 3]  217.56
2 1| 3] 73.41] 1 73.41
B 2] 2| 2 70.52] 3] 211.56
_ 1] 4| 1 70.52| 13|  916.76
e 6 70.62] 3|  211.56
1 5 71.63] 19| 1360.97
o KK 72.52] 23| 1667.96
| 1 1 1 3 72.52| 3] 217.56
L 3 3 73.19] 5|  365.95
o 11 1] 3 1 71.63] 1 71.63
_ ! 2 27.75] 6 166.50
I 6 71.86] 14] 1006.04
o K 1] 71.63] 1 71.63
14339.03

Size | 30/32|34|36|38/40

108 6 7452 3 223.56

71.63| 49| 3509.87

5
4 1 1 72,52 15| 1087.80
1
5

— v —

T

1 ! "
} .

t

|

|

{

16.33! 48 783.84

~ | 4 1 1l 69.26/ 37 26562.62
B i I 1] 72,52 18| 1305.36
B R i 3 3 72.521 2! 145.04
- | 4l 1 1] 71.62] 91  644.67
_ \ 2l 2 1 1] 72,521 1 72.52
- 1 3 74.52] 1 74.52
. o 1 2l 1] 2 72.52] 2|  145.04
B | 20 1 1] 2 72.52] 1 72.52
o l 32 1 71.41] 26| 1856.66
e | | HEIRE 72.52] 28] 2030.56
l o | | 4! | 52.93] 3| 158.79
_ P IR 3 72.52] 1 72.52
| | : i [ 11 1] 4 73.86/ 1! 73.86
' ! | 3 13 73.19] 4l 292.76
| i | 14328.67
Size | 30!32| 34| 36/ 3840
' /1 ] 1960/240 48 | 4l 2] 74.97] 48] 3598.56
| | 6 74.52| 48/ 3576.96
B ! | 3| 3/ 75.19/ 48/ 3609.12
' - i | 6 74.52| 48| 3576.96
! 1
|

l
[ I 1 15145.44
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IMPROVEMENT (con't) 1] l 1
Order Ply Patterns in Pattern Total inches
Height order Length |Ply [in pattern {in order
Size | 30]|32|34|36/38/40
108 4| 2| 74.97| 48] 3598.56
5 74.52] 48] 3576.96
| 3[ 3] 75.19] 48] 3609.12
6 74.52] 48] 3576.96
1 16.33| 48| 783.84
15145.44
. Size | 30|32|34|36|38]40
/| 1 N200/ 48 6 74.52] 48] 3576.96
e 6 74.52] 48] 3576.96
AAAAAAAA . 6 74.52] 48] 3576.96
o 6 74.52| 48] 3576.96
R ; 1 16.33[ 48/ 783.84
i | 15091.68
L ) Size | 30|32|34|36/38/40
o 108 6 74.52/108] 8048.16
. o 6 74.52, 60/ 4471.20 ]
o 3 43.38] 24| 1041.12
L 2 29.77] 60| 1786.20
R 15346.68
o . Size | 30/32|34/36/38/40
72/144/360/360/144/72 47 5 11 72.52] 48] 3480.96
N 11 4] 1] 74.52] 24| 1788.48
) 1 5 72.52| 24| 1740.48
L 3 3 72.52 24| 1740.48
o 2l 3 1 70.52] 24| 1692.48
o 3 20 1 71.41] 24| 1713.84
. 4| 2 73.64] 241 1767.36
o e 13924.08
N __[Size | 30[32|34/36{38/40 N
o 1108 11 5 71.63] 36/ 2578.68
L ! 3 72.52] 36| 2610.72
L | 2] 2| 2] 7452/ 36 _2682.72
o 3 2 1 71.63; 36/ 2578.68
o 5 1 73.41] 36! 2642.76
o 2 27.75] 36/  999.00
| i 14092.56




Package A P i |
Order Ply Patterns in Pattern Total inches
Height order length |Ply in pattern |in order
Size |30i132|34|36/38(40
6/9/25/2/5/1 47 W 1 4 71.19 6| 427.14
i 1 2| 21 11 73.86 1 73.86
5 | 3 3 72,52 1 72.52
573.52
Size |30]32|34|36|38|40
108 1M1 4 71.19 6| 427.14
1 2| 2| 1| 73.86 1 73.86
S 3 3 72.52 1 72.52
_ _ 573.52
o Size |30/32|34|36/|38|40
200/200/200/200/200/200 47 5 1| 74.75 40| 2990.00
o 4, 57.98 40| 2319.20
I, 1 5 70.30 40| 2812.00
2 2| 2 71.41 47| 3356.27
~ . 2 2| 2 71.41 33| 2356.53
R 21 2 55.46 20! 1109.20
e | 14943.20
S Size |30{32,34|36}38!/40
- 108 5/ 1| 74.75 40| 2990.00
. I 2 21 1 1 71.86 100| 7186.00
[_‘ o 4 71.41 50{ 3570.50
,,,,, o 4 57.98 15| 869.70
SR 14616.20
_ o Size |30]32{34|36{38!40
163/239/599/45/124/30 47 5 11 74.75 24| 1794.00
o 1 3! 2 71.86 22| 1580.92
. 1 1 4 71.19 47| 3345.93
o 1 1 4 71.19 47! 3345.93
e 1 1 4 71.19 39| 2776.41
i} e 11 5 70.30 8/ 562.40
_ 4 53.94 16/ 863.04
11 1 30.03 4] 120.12
o 11 16.59 2 33.18
R 1 15.56 2 31.12
o 1 16.07 1 16.07
o 1 15.82 1 15.82
: ! 1714484.94
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Package A (con't) i ] ]
Order Ply Patterns in Pattern Total inches
Height order length |Ply in pattern |in order
Size 130/32|34]36|38/40
108 5 1 7475 24| 1794.00
1 3 2 7 .86 22| 1580.92
1 1 4 71.19 108| 7688.52
_ 1 1 4 71.19 25| 1779.75
- — 11 & 70.30 8/ 562.40
e 4 53.94 16| 863.04
S 1 1 30.03 4] 120.12
_ . 1}  16.59 2 33.18
- o 1 15.56 2 31.12
. . 1 16.07 1 16,07
1 15.82 ] 15.82
. 14484.94
. Size {30{32|34}36{38/40
1 11 1960/240 48 5 11 74.75 48| 3588.00
5 1l 74.7% 48| 3588.00
o 5| 1| 74.75 48| 3588.00
o 5 1l 74.75 48| 3588.00
N | 4, 57.98 121 695.76
- 15047.76
Size [30/32134136/38/40
L 108 5 11 74.76 108i 8073.00
B 5 11 74.75 84| 6279.00
. 4, 57.98 12 695.76
- 15047.76
. o Size 130132| 34| 36| 38i40
I11 1200/ 48 4 56.97 481 2734.56
C el . | 4 56.97] 48| 2734.56
L ' 4 56.97 48] 2734.56
L 4 56.97 48| 2734.56
o 4 56.97 48! 2734.56
_ 4 56.97 48 2734.56
e ——_ 4 56.97 12| 683.64
) i 17091.00
o Size 130132134136 38/40
I 108 | 4 56.97] 108! 6152.76
o 4 56.97 108! 6152.76
4 56.97 84| 4785.48
| 17091.00




Package A (con't) { | | I
Order Ply Patterns in Pattern Total inches
Height order length |Ply in pattern |in order
Size |30|32|34|36{38(40
72/144/360/360/144/72 47 11 2§ 2f 1| 73.86 48/ 3545.28
1M 2] 21 1| 73.86 24| 1772.64
1 3l 2 71.86 48| 3449.28
1 3 2 71.86 24| 1724.64
4 2 71.41 36! 2570.76
4 54,95 18| 989.10
. 14051.70
Size 130/32]|34) 36! 38|40
108 1 27 2f 11 73.86 72| 5317.92
. _ 1 3 2 71.86 721 5173.92
- 21 11 54.70 72| 3938.40
14430.24
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Improved Package A l ] 1 |
Order Ply Patterns in Pattern Total inches
Height order Length |Ply [in pattern |in order
Size {30|32{34/36{38|40
6/9/25/2/5/1 47 5 1| 72.52 1 72.52
11 2] 2 72.52 1 72.52
3 72.52 1 72.52
1 11 4 71.19 5 355.95
573.51
Size |30{32|34|36| 38|40
108 5 11 72,52 1 72.52
11 2 2 72,52 1 72.52
3 3 72.52 ] 72,52
1M 1 4 71.19 5 3565.95
x 573.51
Size |30]|32|34/36/38|40
200/200/200/200/200/200 47 1 3| 2{ 74.52 6 447.12
4 11 1 69.26| 14 969.64
| 3 1 1 1 72,52 7 507.64
3| 3 72.52 8 580.16
_ 1 1l 31 1 72.75 6 436.50
_ 2 22.75| 20 555.00
11 3] 1 1] 72.52 7 507.64
3| 1 2| 72,52 6 435,12
S 2 4| 74.52 7 521.64
- 1 1 11 31 74,62 7 521.64
_— 4 52.93 7 370.51
e 3 3l 74.52 6 447.12
- 4 1 1 71.63] 21 1504.23
- 1 2] 2 1 72.75 6 436.50
S 1l 41 11 74.562 7 £21.64
S 31 2] 1 71.41 1 71.41
o 3| 3| 75.19 1 75.19
—_ 1l 4 1 70.97 1 70.97
IO 2 53.45 1 53.45
o 1 2| 2 11 72.52| 13 842,76
o 3/ 1 2i 73.41 6 440.46
2 2{ 55.46 6 332.76
2] 1 3| 74.08 1 74.08
I 2 11 54.19 6 325.14
e 5 1 71.19 5 355.95
- 1 4] 1| 73.86] 26 1920.36
2l 3 11 73.190 13 951.47
2| 2] 2 70.52 5 352.60
14728.70




Improved Package A (con't) [ ] | ]

Order Ply Patterns in Pattern Total inches
Height order Length {Ply |in pattern !lin order
Size |30{32! 34| 36| 38|40

108 1 4] 1| 74.52] 40 2980.80

1 1 4| 74,521 15 1117.80

1 1 11 71.63] 15 1074.45

4 52,93] 15 793.95

3 3 73.86 5 369.30

3l 2| 3 71.411 20 1428.20

4 1 11 71.63] 15 1074.45

1 2| 2 11 72.52| 15 1087.80

20 1 1] 1 11 71.63 5 358.15

S W o 2 72.52 5 362.60

I 2 2 1 1 71.86f 50 3693.00

_ 1M 1 1 3 73.19 5 365.95

_ 14606.45
o o Size 130{32|34|36{38|40

163/239/599/45/124/30 47 1 3| 2, 74.62 6 447.12

— M 1 1 1 1 1 72,52 2 145.04

o 1 2{ 2] 1 72.52 1 72.52

B 11 6 71.63] 20 1432.60

e 15 70.30 1 70.30

S 6 70.52 8 564.16

o 6 69.19 1 69.19

o 6 74.52 4 298.08

o 1 1 2 2 71.63] 12 859.56

e 1 2 2 11 72.52 4 290.08

. _ 4 1 1 72.52 1 72.52

_______ 11 4] 1 70.52 2 141.04

. 1M 3 2 72.52 2 145.04

A 4 1| 1 69.26 2 138.52

I M1 3 1 71.03] 12 859.566

S 1 15.31 2 30.62

e 3 1 2 1 71.63 1 71.63

_ __ 1] 1 4] | 73.41] 2 146.82

L 1M1 4 71.190 30 2135.70

_ _ — 3i 2 71.86 3 215,58

S 11 1 4 71.19| 27 1922.13

o ; 1 4 1| 7430 12 891.60

. 2| 3 71.86 6 431.16

_, 1 1 4 71.19 23 1637.37

B 2| 4 71.41; 10 714.10

. 1 53.19/ 10 531.90

. 1 5 71.41 1 71.41

| 14405.35
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Improved Package A (con't) P I |
Order Ply Patterns in Pattern Total inches
Height order Length |Ply lin pattern |in order
Size |30|32{34]36|38|40
108 2] 1] 1 2 71.63 1 71.63
1 3| 2| 74.52 2 149.04
11 21 2| 1 72.52 3 217.56
11 5 71.63 5 358.15
4] 1 11 71.63 1 71.63
6 70.52 8 564.16
5| 1 69.41 1 69.41
1 4] 1] 74.52 6 447.12
4l 1] 1 14 72.52 1 72,52
1 1 70.52 3 211.56
11 3 2 72.52 2 145.04
1 2| 2 11 72.52 2 145.04
2 3 1 71.63 6 429.78
6 74.52 6 447.12
. 1 2 2| 11 73.19 1 73.19
2 1 2| 1| 72.52 1 72.52
5 61.76 1 61.76
1 4] 1 71.63 4 286.52
L 11 1} 3 1 71.63 1 71.63
5/ 1| 74.75 8 598.00
1 3 2 71.86| 12 862.32
1 1 4 71.19| 103 7332.57
- B 2! 4 71.41 13 928.33
2 3| 1| 73.86 1 73.86
11 3 53.69 7 375.83
5 63.03 1 63.03
2 27.75 2 55.50
2] 2 53.45 3 160.35
14415.17
Size |30|32|34|36|38{40
1 1 1 /960/240 48 4| 2| 7497 48| 3598.56
B 4 56.97| 12 683.64
) 6 74,52 36| 2682.72
o 4 2| 7497 36/ 2698.92
6 7452 36i 2682.72
4 2| 74.97) 36/ 2698.92
15045.48
Size |30|32(34|36|38|40
108 3| 3| 75.191 48| 3609.12
4 56.97] 12 683.64
6 74.52] 60! 4471.20
4 2| 7497 12 899.64
5| 1| 74.75] 72 5382.00
15045.60
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Improved Package A (con't) 11 B }
Order Ply Patterns in Pattern Total inches
Height order Length |Ply |in pattern lin order
Size |30{32{34|36/38/40
! 1/ 11200/ 48 2 29.77; 36 1071.72
6 74.52| 48| 3576.96
4 56.97| 48 2734.56
6 74,52 48| 3576.96
6 74.52| 24 1788.48
6 74,52 36/ 2682.72
15431.40
Size |30]/32)34|36/38/40
L 108 2 29.77! 24 714.48
6 74,52| 108 8048.16
= 6 74.52| 84 6259.68
- 156022.32
Size [30|32|34/36!38(40
172/144/360/360/144/72 48 20 2| 2] 74.52| 24 1788.48
o 1 2 2] 1 72,52 24 1740.48
11 5 71.63 6 429.78
B 3 3 72.52| 30 2175.60
o 2| 2 1 1 72.52] 24 1740.48
o 4 2 69.63 6 417.78
o 1M1 21 2 72.52} 24 1740.48
2| 3| 1 71.63; 12 859.56
o 3l 11 2 71.63 6 429.78
o 1 4| 1 71.63] 12 859.56
N o 11 4| 1 70.52) 12 846.24
i . 1 4] 1 71.86] 6]  431.16
o 1| 3} 2 72.08 6 432.48
o 13891.86
- Size [30]|32!34|36! 38|40
- 108 1 2| 2| 1| 73.86f 72 5317.92
o 3 3 72.562) 72 5221.44
o 1 2] 1 53.94| 72 3883.68
14423.04

£95




L---------—

Package B 1 | ]
Order Ply Patterns in Pattern Total inches
Height order Length {Ply |in pattern |in order
Size {30({32|34|36/38/40
6/9/25/2/5/1 47 1 1 4 71.19 6 427.14
1 1 2 55.96 2 111.92
U 11 1{ 55.96 1 55.96
595.02
Size |30]32|34|36{38{40
108 1M 1 4 - 71.19 6 427.14
1 11 2 55.96 2 111.92
111 1l 1] 55.96 1 55.96
595.02
Size |30[{32|34|36|38/40
200/200/200/200/200/200 47 WO Y 1 1 72,521 47 3408.44
0o 1 Y Y 1 72,52 47 3408.44
Mo 11 Y 1 72,82 47 3408.44
1 1 1 11 72,82 47 3408.44
B M 1 1 1 1 7282 12 870.24
L 14504
B Size |30/32|34)/36!38/40
108 M 1 1 1] 1 1 72.52] 108 7832.16
1M1 11 11 11 72.82] 92 6671.84
14504
Size |30{32|34/36/38/40
163/239/599/45/124/30 47 1 1 4 71.19] 47 3345.93
L 1 1 4 71.19] 47 3345.93
o1 4 71.191 47 3345.93
_ 1M 1 4 71.19 8 569.52
o 2 11 3 72.97) 41 2991.77
) 1 2] 42.88) 14 600.32
B 2 1 41.62 4 166.48
- 1 1| 29.52 2 59.04
| 1 1 29.27 1 29.27
14454.19
Size |30|32!34]36({38/40
o 108 1 1 4 71.19] 108 7688.52
| o 1 11 4 7119 41 2918.79
B 2 1l 3 72.97] 41 2991.77
e 2 4| 73.64 7 515.48
2 1 41.62 4 166.48
3 11 2] 73.64 1 73.64
14354.68
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Package B Con't [ ] I |
Order Ply Patterns in Pattern Total inches
Height order Length |Ply lin pattern |in order
Size |30|32]34/36| 38|40
/ ] | 1960/240 48 5 11 74.75] 48 3588
5| 1| 74.75| 48 3588
6| 1| 74.75{ 48 3588
5| 1| 74.75] 48 3588
6| 75.86 8 606.88
14958.88
Size |30)32{34|36/38|40
108 5/ 1 74.75] 108 8073
5l 1| 74.75] 84 6279
6| 75.86 8 606.88
14958.88
Size |30|32]34}36/38/40
[/ [ 11200/ 48 6 74.52| 48| 3576.96
6 74,52 48] 3576.96
6 74.52| 48| 3576.96
6 74.52| 48! 3576.96
6 74.52 8 596.16
14904
Size {30|32/34(36{38|40
108 6 74.52] 108! 8048.16
6 74.52| 92 6855.84
14904
. Size |30|32{34|36| 38|40
72/144/360/360/144/72 48 1 2f 2 1 72.52| 48] 3480.96
1M 2 2 1 72.52| 48! 3480.96
11 2) 2] 1 72.52] 48] 3480.96
2 2| 2 71.411 36 2570.76
6| 75.86] 12 910.32
13923.96
Size [30]32|34|36{38/40
108 11 2] 2 1 72.52| 108 7832.16
1 2] 2| 1 72.52| 36 2610.72
2 2! 2 71.41 36f 2570.76
6/ 75.86] 12 910.32
‘ 13923.96
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Improved Package B [ ] | I
Order Ply Patterns in Pattern Total inches
Height order Length |Ply {in pattern |in order
Size |30|32(34|36(38|40
6/9/25/2/5/1 47 1 3 2 72.52 2 145.04
11 2| 2{ 1 72.52 1 72.52
b 1| 72.52 1 72.52
4 1 1 69.26 1 69.26
1l 2] 3 70.97 1 70.97
2] 4 71.41 1 71.41
1M 1 4 71.19 1 71.19
572.91
Size |30]32|34/36}38/40
108 1 3 2 72.52 2 145.04
1l 21 2] 1 72.52 1 72.52
5 1l 72.52 1 72.62
4l 1] 1 69.26 1 69.26
1l 2f 3 70.97 1 70.97
2 4 71.41 1 71.41
1 1] 4 71.19 1 71.19
572.91
Size |30]|32]34|36/38|40
200/200/200/200/200/200 47 M o9 Y 1 1] 1| 7252 47 3408.44
o1 111 1l 72,52 47F  3408.44
1M 1 1 1 1 1| 72.52| 47f 3408.44
. 1M 1 W 1 1 1 72.82] 471 3408.44
B 1 o 1 1 1 7282 12 870.24
14504.00
N Size [30]32|34|36| 38|40
108 11 1 1] 1] 1] 72,62) 108] 7832.16
1 10 1 1 1 1l 72,621 92 6671.84
14504.00




Improved Package B {(con't) L ] 1
Order Ply Patterns in Pattern Total inches
Height order Length |Ply lin pattern !in order
Size |30]/32{34|36;38|40
163/239/599/45/124/30 47 1 2| 2 11 72.52 2 145.04
4] 1] 1 72,52 2 145.04
5 1 72.52 6 435,12
1 3| 2| 74.52 1 74.52
3 40.36 2 80.72
6 70.52 2 *141.04
3 3 72.52 2 145.04
6 69,19 2 138.38
11 3 2 71.63 1 71.63
11 5 71.63| 47/ 3366.61
- _ 2| 3 1 71.63 1 71.63
2 3 11 71.63 1 71.63
1 4 1 71.86 1 71.86
11 6 70.30 1 70.30
B 1 2] 2 11 71.63 1 71.63
2 11 3 70.76| 43I 3042.25
2 11 3 72,971 370 28699.89
4 2] 73.19 9 658.71
1 1 4 71.19| 36| 2562.84
n 2! 1 40.61 8 324.88
s 14388.76
Size {30|32/34{36{38/40
o 108 1 4 1 71.63 3 214.89
11 5 71.63 5 358.15
B 2| 2 1 1 11 71.63 1 71.63
8 2 1l 3 73.41 2 146.82
4 11 1 69.26 1 69.26
L 11 2 2| 72.52 1 72.52
i 1 3 1 1] 72.52 1 72.52
_____ 2] 3 1 71.63 2 143.26
S 20 1 1] 2 72.52 1 72.52
o 2 11 3] 73.40 1 73.40
L 6 69.19 1 69.19
o 1 3t 1 11 72.52 1 72.52
. 3 3 72.52 1 72.52
1 1 31 71.41 1 71.41
1 1l 4] 74.52 1 74.52
3l 3 71.19 1 71.19
B 11 3] 2 71.63 1 71.63 )
2 1 3 72,97 37{ 2699.89
2 4| 73.64 3 220.92
11 1 4 71.19] 101 7190.19
11 4 71.19] 341 2420.45
14329.41
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improved Package B {con't) L | [ |
| Order Ply Patterns in Pattern Total inches
Height order Length |Ply (in pattern |in order
Size |30({32|34)36| 38|40
/ 11 /960/240 48 4| 2| 74.97| 48] 3598.56
6 74.52] 48| 3576.96
4] 2| 74.97| 48| 3598.56
6 74.52] 48/ 3576.96
6| 7586 8 606.88
14957.92
Size | 30| 3234|3638 40| -
108 4 2| 74.97| 96| 7197.12
- 6 74.52) 96| 7153.92
I 6, 7586 8 606.88
__ 14957.92
| Size |30} 32{34|36| 38| 40
111 11200/ 48 6 74.52| 48{ 3576.96
S 6 74.52| 48] 3576.96
- 6 74.52] 48| 3576.96
- 2] 74.52| 48| 3576.96
o 6 74.52 8 596.16
s 14904.00
- Size  30] 32|34/ 36/ 38/ 40
R 108 6 74.52| 108| 8048.16
— 6 74.52] 92| 6855.84
14904.00
S Size | 30| 32| 34|36/ 38|40
72/144/360/360/144/72 48 1 2] 2] 1 72.52| 48] 3480.96
I . 1 2] 2] 1 72.52| 48! 3480.96
S 1 1 2] 2 71.63| 12 859.56
- L 1 2| 2 1| 72.52! 36! 2610.72
— 2 11 3| 73.401 12 880.80
o 11 2| 2] 1 72.521 36] 2610.72
_____ _ 13923.72
S Size | 30| 32|34!36/38| 40
o 108 1 2] 2] 1 72,52 108| 7832.16
- N 1 1 21 2 71.63] 12 859.56
) _ 1 2{ 2 11 72.52] 36! 2610.72
- 2 1] 3i 73.40{ 12 880.80
_____ — 11 2] 2] 1 72.52i 24! 1740.48
13923.72




