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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 existing 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 il

COP solution methods. A mathematical model of the COP problem was developed to
facilitate problem specification and to initiate heuristic development. As a resuli
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 prototypt
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

I 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 methodologies for the cut

order planning problem. Alternate commercial software packages were examined

and their performances comparatively analyzed, using testbed data rerpresentative 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.

I 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 trii;ferred to industry through a
participating software vendor.
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1.0 IntrodUflIon

1 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 workflow3 •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 labor 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.

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

1.2 Scope of the Project

3 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 i- 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.

I
I
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1.3 Problem Definition

I 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, number 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 if, each section of the marker,
The estimated efficiency 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.

I The above description of the problem seems to be the traditional one taken by most
of the software vendors currently marketing systems for solving the cut order planning
problem. Figure 1. 1 illustrates 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.

N 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

Sfunctions. Currently COP is performed independently of subsequent assembly
operations. In order to make the entire production system more efficient and more
resp'nsive to customer needs, a more comprehensive approach is to integrate COP into
the strategic and tactical decision making assx.iatea with the overall production system.

I
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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.

3I List of pending orders -

* 1
I Decision: Which orderls) should be processed

I I 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

n marker making

Subject to: spreading restrictions: height and length

grouping restrictions

*Marker Mak.ing

I Figure 1. 1 Traditional Cut Order Planning
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Also include:

Min Total
"Traditional" COP inventory costs;

Determine: Raw Materials;
IMP;

NO. sections Finished goods;
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Ply ht. and leng. of section Max utilizationSof resources
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I Scheduling Tools
I_________including evaluation

31 •and sensitivity to aid
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Husnwr
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_ _ _ current
Marker Making 7 ttus

Shop ftoo, Real 7rmw Control 
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3 Figure 1.2 The Role of Traditional COP Within a More Comprehensive Planning

Approach
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2.0 Project Activities

This project has been conducted in two phases. In the first nine months of 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

t Initially thirteen vendors of COP software systems were contacted. A positive
response was received from eight of these companies expressing interest in project

Sparticipation. 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 liste• 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 terms3 of the objective function, a total weighted value of fabric cost and cutting costs.

1 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 hcation-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
knov, 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 mathemntical model was constructed. This model was
evaluated for its accuracy and completeness, and as an indicator of possible solutionI
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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 t&e 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 aud Experimentation

Once the prototype system was constructed, & process of evaluation and
refinement was conducted. This process finetuned the effectiveness of the imbeddedI 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.

I Following discussion of the experimentation, conclusions and recommendations
are made in Section 5.0. The participating vendors a= 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.

3 3.0 Existing Commercial Packages

I 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.,

SAnon, 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.

I
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3.2 Design of Experiment

I 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 prformance
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 - I 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-level 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 t~vo different values, would require 28 or 256 runs. Instead, only a

J! ~~7...



1 portion, or fraction, of the complete factorial design was used which only required
12 runs. The 12 runs gaese the ability to detect the significant contribution of main3 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 Lf.

3.2.2 Design

3 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 examined, the
remaining three possible factors were treated as dummy variables in order to
improve the estimate of experimental variation.

I 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.

3 Table 3.2.1 Factors for the Plackett-Burman Design

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 Sizes In Order uniform or spike
D Number Sizes Within Order I or 6
E Cutting Labor Cost $10 or $30
F Spreading LaIbr Cost $8 or $25
G Maximum Ply Height 47 m or 108 m
H Order Filling Requirements exact or approx.

I,J,K Estimating Sample Error . ...

I 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 descibes 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

8
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uniform is 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

I 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 exact), or if overages or underages are
allowed in filling the order (the "high" setting, denoted approx). For this test the

Sapprox 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 I 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.

I 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 perform3 validation of the results.

9
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I Table 3.2.3 Factor Combinations Observed

* Run No. Factors
Observed

I1 ABDEFJ
2_ _ _ ACDEIK
3 BCDHJK

4 ABCGIJ
5 ABFHIK
6 AEGHJK
7 DFGIJK
8 CEFHIJ
9 BDEGHI
10 ACDFGH
11 BCEFGK

I 12 abcdefhikj

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:

1. Total Cost ($)
2. Number of Patterns
3. Number of Sections
4. Total Ply Count
5. Number Units Over Derm'and Required
6. Number Units Under Demand Required

I 7. Fibric Utilization

1 3.3 Package A Results

Appendix A contains the ."omplete computer output fro m the expei, imental
runs for Package A. The summary of performance measure rSults of the twelve
Plackett-Burman runs and the addtiond validation run are shown in Table 3.3.1.
As shown in the L-ble, for the single run predictive check based on the high
settings consistent results w'ere obtained.

I
I
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I Table 3.3.1 Experimental Results for Package A

Nt Cut Spd Max A$per # # Tot # # util%

-RUNID FCos Pcs Dst Szs Lab Lab Ply Dlta i j k unit Pat Sec Ply Ovr Und TotFab
ABDEFJ 10O. 120( C 4 30.00125.04 47 C 1 1 4.01 1 A 2 0.840C
ACDEIK 10.0 1 4 l 30.0 8.0 4A 1 1 5.14 2 A A - 0.830C
BCDHJK 0.50120C 1 410. 8. 4 lC 1 1 0.251 4 4 98 0.8074
ABCGIJ 10. 120( 1110.0 8. 10 1 1 1 3.7 1 _ 20 0.
ABFHIKI1. 120( C 110.0( 25, 4 1 ( 1 13.73 1 2 0.84

AEGHJK 1O.O 40 0 130. 8. 101 1 1 4.24 1 l 8 0.8408
DFGIJK 0.5q 4E ( 6 10A(25.01 10 1 1 11 0.53 11 0.84
CEFHIJ 0.5140 1 1 30. 25.C4 4 1 I1 0.53 1 1 24 0.7000
BDEGHI 0.5 120C j 30. 8.01 10 1 1 ( - 0.24 1 20( 1 0.840C
ACDFGH 10.Oq 4E 1 610-. 25. 10 1 0 ( 1 4.55 2 2 71 0.83
BCEFGK 0.5 20 1 1 1 V30. 25. 108 4 q. 1 1 0.24 1 2 A 0.84

abcdefgh 0.50 48( 110.0 8.0 47 - 0 -• 0.38 1 _1 24 - 0.700

M BCDEFGH- I I I .act 3.82 4 4181 C 1 0.809
ABCDEFGH estimate 4.1 2.3 183 q 0.11 0.8627

STable 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 A$ in
""able 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
determine 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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Table 3.3.2 Factor Effects

Factor A B C D E F G H I J K _ICut Spd Max|

SEffects FCost Pcs Dist Sizes Lab Lab Ply tela Mean SE

A$ 3.86 -0.53 0.22 0.32 0.2C -0.06 -0.-1( -0.0 0.04 -0.1E 0.12 3.82 0.11
1.011 -0.141 0.061 0.0 51 -0.011-0 .051 -0.0 0.01, -0.05 0.031 0.

Patter n -0.1 0.1 7 0.84 0.8 -0.54 -0.5 -0.5 0.5 -0.5 0.1 0.5 0.8 0.39
% -0.20 0.24 1.04 1.0C -0.64 -0. -0.( 0.64 -0.61 0.20 0.61 1

Sections 1.0 2.04 -0.34 0.6 -0.3A 0.6 -1.33 0.31 -0.33 0.04 0.34 2.6A 0.20

% 0 0. 0.. - 0 .A 0 . 0 . 0 . 0. 0.10 0 .1
Tot Ply 11.34 170.2 -17.3 -22.6417. 17.03 0 .6A -17.01 17.0 2 -16.6 0 -22.34148.0( 18.6

- 0.0 8 1.1 -0.1 -0.1 5 0.II 0 .I 0.0 --0.1 0.II -0.11 -0.11 -
iO v e t 0 .0 0 0 .0 1 0 . 0 0 . 0 0 . 0 0. 0 0 0 .0( 0 .01 0 .A 0 0 .0 0 0 . 0 0 .0( 0 . 0

% 0.00q 0.00C4 0.0 0.0 0 .00 O.O O .Cq 0.0 ( 0 .00 0 .00 0x l .0( IU nde r -0.3 3 0.3 3 0.3 3 0.3 3 -0 .3 3 -0 .3 3 -0 .34 0.3 .4 -0 .34 0.31 0.3 . 0.3 3 0.3 -i, % -1 . 0 1 . 0 • .A 1 .0 ( l .) -1 . 0 - I. 0 -1 . 0 1 . 0 -1 . 0 1 . 0 1 . 0

Ut 1 0.0 0. -0.01 0.( 0.01 0.01 0.0-1 -0.01 0.01 0.21 0.2 0.241 0.0
S0.2 2 0.24 - 0.04 0.1 7 0.0 0.0 2 0.2 --0.0 0. -0 .01 0.14 ____ H

1 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 to 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 is 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 use'ul 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 batch orders with the same default
parameters. However, Package A finds soluticns to the cut order planning problem
quickly (on the order of a few seconds) and a counter was incremented on the
screen to let the user know that things were progressing.

I
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3 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 variables on the seven output variables in value and as a percentage. As before,
companng the values to the MSE leads to appropriate conclusions conceraing the3 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 brder, 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.

I TabIe 3.4.1 Exprimental Results for Package B

ICut Spd I # # Tot # # uuil%

RUNID FCost Pcs Dst Sul Lab Lab Ply DIU i - k unit Pat Sec Ply Ov Un TotFi,

.BDEFJ 10.00 12 0 30.0C 25.0( 4- 1 - 3.41 3 1 135 0 85

ACDEIK 10. 4 1 630. 8. 4C 1 14.5 ( 1 0.83
3BCDHJK 0.5 12 1 6 10. 8. 4 11 I 1 0.21 3 6 213 0.4

ABCGIJ 10. 1204 1 _1 0 10. 1S. 1 3.231 22 20 085

ABFHIK 10. 12A 01 1 IO.0( 25. 47 1 1 C 1 3.24 1 5 201 0.85

AEGHJK 10.0( 44 q 1130. 8. 108 1 I 1 3.5 I 1 0.85DFGIJK 0.5( 4 • 10. 25. 10 1i 1 1 0.5 1 1 0 -

CEFHIJ 0.5( 44 1 130. 25. 4 11 1 C 0.4 1 1 21 0.75
it)7EGHI 0.5( 120( 430. 8. 10 1 I C ( 0. - 1 2 21 6 0.85
ACDFGH 10.0( 4 11 6 10. 25.0q 10 1 _ ' 3.5 1 1 11 4 0.85

BCEFGK 0.5( 12 1 130. 25.04 104 _ 1 0.2 . 2 0 0.850
Sbcdefgh 0.5 4.- 10. 8.oi 471 0.3 - 11 4A 0

_________ Il I I act ual .4 4 2 A .5
ABCDEFGCH _ lest ima 3,31. j 161 4 1 0.903.....I .81. 1 61a1 o9 3
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Table 3.4.2 Effects of Input on Output for Package B

Factor A B C D E F G H I J Kcut Spd Max

Eiffects FCost Pcs Dst Szs Lab !Lab Ply Dita?•

A$ 3.26 -2.41 0.1 0.23 -0.0 -2. 07. -0. 1 0 .17 3.17 0.14

% LOA -0.13 0.0 A 0.00 -0.04k.01 -0.05 0. -0.04 0.05

Patte 0.5.1 0.173 .5 -6 0-51 -0.4-1A -80.5.-0.1 0. 1.54 1.17 70.2

% OA 0.2 14 0.0A 1.14 0.41 -0.40.• -0.41-0. 0.14 O.0

Sections 0.61 2.3 .0. 1.0. -0.30 -0.3A-2.3A 0. -0.03 O.O 1.0 - 1.33 0.4-.
S0.5( 1.5 0. 0.75 -0.25 -0.20-1.71 0. -0. 0.01 0.75

Tot P- -23.34 173.6- 9.0-16.33-143A-18.0( 0.00 11.6 7.33-14.64 1.6 116.6- 7.89
-0.2 1 1.49 O.08 - 0.14 -0 .1 4 -0.1 1 -` O. 00 .I1 O0 A -0 .1• 0.011

Over -8.51 7.17 1.83 18.51 -0.51 -7.I1 9.50 25.83-0.54 -9.54-10.8A 25.82 6.9•

%-0.34 0.24 0.0"7 0.72 -0.02 -0.24 0.37 1.0 -0.04 -0.3A -0.42

Under 0.04 0.0A 0. 0.04 0. A 0.01 0. 0. 0.04 0. 0.04 0.1 0.01A .o 0 . o Ao.o0 0 A . 0.A0 A 0.o 0.o 0 0o 0.04 0

ud] 0.03 0.04 0.01 ( O 0.0 ( 0. 0110.ol 0.4 0.o o.o4 0. o.o0 0.1• o0o

5% 0.1 0.21 -0.0A 0.1 0. 0.0 0.24 0.0 -0.01 0.0 0.1 1
wtpa0. 0.0. 0.0q 0. 0( 0.0.0.O 0 .0. 0.00(O.( 0. 0.01I .0 00( 0.0 O.-OO .(00 .C00 .( OO

1 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
(he 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, makipr it easy to use. All necessary
commands were given on-screen. The package provides capabilities for storing and
retrieving parameters which reduced setup time for each run. The package
displayed a summary of markers after it had completed 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.I
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3.5 Conclusions on Existing Commercial Software

I The objective of the first phase of this project was to investigate existing
solution 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 seems reasonable
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 directly determined

Sthe 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.

I 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.I
4.0 Theoretical Analysis of Cut Order Planning

4.1 Mathematical Model

3 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 parameters of the problem are
listed. Then, the decision variables are defined. Finally, the objective, function ann
constraints are formulated. Explanation and discussion of the model are givei' aW3 Ineeded throughout the section.

Problem. Descriptiona( 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 fiWl the order. The marker for the order will contain

I
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I 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:

size comb.
1 s,m

*2 s
3 m,l
4 3m
5 2s,m

etc.

I If all size combinations are allowed, i = 1, 2, ... , 2s-I 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.

"i length of fabric required to cut size combination i (estimate).

e, =number of cittitg (< = 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.I

Other Parameters:

1. c = fabric cost per length unit (normally yards or meters).
2. P = maximum ply height.
3. L = maximum spread length.
4. T = labor cost for time required to spread one length of the table.
5. U = cost per perimeter length unit for cutting.
6. b5 = number of units allowed to be produced over or under the total

units in the order

I 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.

I 1. y, = ply height of section j. yJ = 0, 1, 2, .... P.
2. x,, = 1 if size combination i is assigned to section j

= 0 otherwise.

Objective:

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

1. Fabric Cost: c 1i is the fabric cost of 1 layer of size combimition i in any
section. Thus, the total fabric cost over all sections j and all sie combinations i is:I

c cli yj xiI j-1 i-I

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

any section. Thus, i 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 ii yj is the total cost of

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

* Ii j
T"Ey~i xij

I 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:

£, E Uxe, NI ij=1 1-

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

J 1

The complete objective function can then be expressed as follows:

J I I
Minimize Z= t cl1, y,x, + T- + M1 x, + Ue, x,,J

OR Minimize Z= 1 cI, yJ + Tjy 2 +M,+ Ue, IxY,

=1 17. ..
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Constraints

I 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.

I diyjxj = d, V s.
j-1 i-1

I Note that if overages and underages are allowed, alternative constraints must be
added. Using the parameter b., the above constraint must be written as two
constraints, as follows. The inequality

J J

(lA) dv dy•vxj- 6. : d, V sI j-.I i-I

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

J !

(IB) diylxij +6. > dVs
j-l i-1

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 lengtb of the
marktr to be less than or equal to the length of the cutting table.

11xi sL.
j=i i-,

I 3. Forcing Const-aints for ply height:

3A. Enforce the upper bound on ply height:

yj < P, Vj

1 3B. Force the ply height to be the same for different size combinations in
the same set tion.

If x1 + Xkj > I, then yjx, = yjxkj, V i 4k,j

I
I
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I 4. Variable restriction constraints:

yj E {0, 1, 2,..., P}, Vj

xlI E {0, 1}. vi,j

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 term.s 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.

Let zU = yj XJ
Ithe number of replicates (layers) of size

combination i which will be cut in
section j

= { 0 or the ply height of section j }.

The model can now be rewritten as follows:

MinimizeZ= Z c 1, z; + TL zij + MIx + U ei Xij II ~~ ~ - i=,1= L. J ~ ex~

OR Minimize Z == I Icli+ T lz + [ Mi+ Ue, T x,,
J=I 1=1 L ~ M+eJ 1

* Subject to:

1. Demand constraint
J I

E E d• z•Y + = dc1, Vs.

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

E E dbyJX-566 < d, vsand E E d, 3yjx~j + 6  -> d8, Vs
J=1 1=1 J=I I=|

I
I
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I
2. Table length cunstraint

lxhj < L.

3. Forcing constraints for ply height:

I 3A. zij !- x P

3B. x, + xkJ - Djlqjl ! 1, v i,k (i o k), and v j
zij - zkj - Dj2qj2 < 0, V i,k (i ; k), and v j
zkj - 2ý - Dj3qj2 < 0, V i,k (i 0 k), and v j
qjl + qJ2 : 1, Vj
qj 1,q%2 = 0 or 1, v j

1 4. Variable restriction constraints

3 E {0, 1,2,.. ., P), vi,j
xI E (0, 1), V i,j

I Complexity of the Cut Order Planning Problem

This problem is very 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 the 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 no3 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.

I Cut Order Planning Problem (COP):

Instance: Finite set U of sizes. Each size has a one dimensional height,
s(u), for all u E U. Each fabric section is of height B (the maximum ply height).
There are k sizes for which to plan a cut.

I
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I Question: Is there a partition of sizes into disjoint sets U,, U2, ... , Uk 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.

I Bin Packing Problem:

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

I Question: Is there a partition of the items into disjoint sets U,, U,, ... , 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.

I 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 NP-Complete in
the strong sense (e.g., Garey an Johnson, 1979), the COP is also NP-complete in
the strong sense.I
Transformation of Inequalles 3B:

It is not obvious how the change of variable from yj xij to zi- 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 tijose inequalities.

Constraints for each section j are needed a4 follows: if more than one size
combination will be cut in a section (i.e., xiý = 1 for more than one i in section j).
then the corresponding zJ's must all be equal (i.e., the ply height will be the same3 for each of the size combinations in section j).

Consider size combinations i and k. The condition to be satisfied is if both iU and k are to be assigned to the same section j, then it must be true that the variable
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 combination k
(zJ). Mathematically, this condition caii be written as follows.

(P): If x,) +x1 j Xk 1, then z,, = z.j.

I
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I 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,, + Xkj > 1, and B will represent the conclusion z-
= Zkj. (P) is not satisfied only when A is true and B is not true. Thus, (P) is3 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 1

3 Now select large constants DI, D,, and D3, and binary variables q, and q2 .
Set q, = 0 if not A is true, and I if not A is false.g Set q2 = 0 if B is true, and 1 if B is false.

Now add the following constraints to the model V i,k (i ; k), and V j:

1 1. xi, + xkj- Djqj < 1
2. z.j - Zkj - D2q2 < 0

3. z - z, q - Dq2 < 0

4. a, + q 2h _<1
3 5. q, q2 = 0or I

Note that in (4) if q, = 0 then q2 can either be 0 or I. If q, = 0, then xi. and Xkj3l are not both equal to I and it does not matter if zi, and ZkJ are equal, Thus, q, = 0
means (1) is satisfied. Consequently, if q2 = 1, then (2) and (3) are guaranteed; if
q2 = 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, = 1 means q2 = 0, and thevalidity of (4) is established.

In the actual model, we will need to add a set of constants for each section j: Bjj,
BJ,, B,3; and a set of binary variables for each section j: oj, and q

4.2 Heuristics for COP

Since the Cut Order Plan'ing problem is NP-Complete, efficient algorithms
for realistic data will necessarily be heuristic in nature. The iemainder of section 4Sis devoted to a discussion of heuristics developed, the testbed data used in the
analysis of the heuristics, and the results of the analysis.

I2
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1 There are three heuristics presented in this section. Two of these
algorithms, Savings and Cherry Picking, are constructive in nature. The Savings3 heuristic assigns size combinations to a section based on the fabric savings achieved
by combining them into one section as opposed 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 solution
and tries to improve it by exchanging sizes in different sections or by combining3 existing sections into one section.

4.2.1. "Savings" Heuristic for COP

I 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 lemand that will be allowed.
(3) The parameter k which determines the number of iterations after

which the savings list will be updated.3(4 'rhe piy height of each of the initial sections.
k:,) List of I,'s (these are the fabric lengths required for cutting a size

combination i - like small and large together - 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.

I ALGORITHM:

Step 1. Assign each unit in the order to a separate section of thc initial ply height.

Step 2. Compute a sa vings (see below) achieved for combining any pair of sections3 into a single section. The maximum 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 soned as each value is calculated and placed in the list.

Step 3. Start at the top of the savings list and feasibly (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 until the number of sizes per section is reached.

I Step 4. Once the temporary section is full it is saved and cannot be used again.

I
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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 input 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 number of units to be cut from the actual

number of units required in the order.

3 *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 on whether or not the two sections to be combined contain the3 msame sizes or not.

Case A:

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

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

I 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 of3 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).

I
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Figure 4.2.1A. Illustration of Case A (i)

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

I (ii) 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.

I Assume the following notation.

5II length of fabric required to cut one layer of the I st unmerged
section,

3 1,2 length of fabric required to cut one layer of the 2nd unmerged
section,

U 13 = length of fabric required to cut one layer of the 3rd MERGED

section, and

p = ply height of the unmerged and merged sections.

I
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1 Recall that c is the unit cost of fabric

3 Then, the savings can be computed as cp(l,1 + 112 - 1.3). Case A(ii) is illustrated in
Figure 4.2. 1B.

U CA SE A (ii)I

I__

3 Figure 4.2.1B. Illustration of Case A (ii)

Thus, for case A, the savings is the max{Ue, cp(li + 1,2 - li3)}.

If the ply heights of the two section are not equal and the second method of3 merging the two sections is better the following takes place:

Case B:

I 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(li + li2 - 1,3).
(See Figure 4.2.1C).

I
I
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Case C:

I 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 cplil + l- - la). (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.

I
L ~ S

II

S AE

I 1 i i i_ _ _

Figure 4.2.1C. Illustration of Cases B and C.

3 ** 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 so, do not merge.

I



U 4.2.2. Cherry Picking Heuristic

SINPUT: (1) An order to 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 li's (these are the fabric lengths required for cutting a size

combination i - like small and large together - in a particular
section).

I ALGORITHM:

Step 1. Let q 1 be the largest quantity of any size remaining in the order, and q2 be
the second largest, where q2 < ql.

(If there is no such q2, 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
greater than or equal to q2 minus the number of units allowed over the
specified demand.

Step 2. 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,

Sall combinations of the sizes in set S should be considered which do not
exceed the maximum number of sizes allowed per section.

3 Step 3. Reduce the order demand quantities for the sizes in set S by q2.

Step 4. If the order contains a size with positi, e 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

3 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 li's (these are the fabric lengths required for cutting a size

combination i - like small and large together - 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:

I Step 0. The iterations of starting over must be tracked. If the algorithm starts
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 consist3 of only one size. For example, if a section contains sizes M, M and L, the
portions to consider are !,, L, and MM.

Step 1. Consider the next portion of one section.

Step 2. 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 (see3 below) that would be achieved by making the reassignment.

Step 3. Attempt to swap the portion from its original section with a portion from
one of the remaining sections so that tie reassignment satisfies the feasibilty
checks listed below. If feasible compute the sa vings (see below) that would
be achieved by making the reassignment.

I Step 4. Perform the reassignment based on the best savings computed.

I
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Savings Computations:

* 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 makidug
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 e1 is also the number of cutting inches
required for the merged section as well. Recall that U = cutting cost/inch. Thus,
Uej + Ue, = cost of cutting the two unmerged sections, and Ue• = cost of
cutting the merged sections. Hence, Uei = SAVINGS in cost obtained by merging
the two sections.

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

(ii) 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:

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

12 = 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,

I
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1 1j4 = 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.

I Recall that c is the unit cost of fabric

Then, the savings can be comput-, as cp(li, + .I - lI3 - l4).

Thus, for case A, the savings is the raax{Ue,, cp(li, + l4 - l0 - l}

Case B:

I The portion and section do not contain exactly the same size(s).

(i) Same ply height.

To maintain consistency, the only possible way to merge two such sections is to
merge the size combination, leaving the Aty height unchanged.

(ii) Ply heights not the same.

I The merger should take place by combining the size combinations, and choosing the
ply height so that the minimum number of overages or underages are created and all
other feasibility checks are satisfied.

In either case (i) or (ii), this situation is the s&ime situation as case A(ii). Hence the
I savings computation is

cp(lil + 1,2 - 1.3 - li4).

I **Feasibility Chek:

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.

I
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U 4.3 Testbed Data

3 A representative problem was developed to evaluate the oerformance of the
heuristics presented in Section 4.2. The testbed data is compost ' 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
5 of each size
3 of one size, 2 of another
4 of one size, 1 of another
2 of two sizes, I of another
12 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.

3 Using variations of this heuristic, such as

1 size 30
2 size 32 equals 4 size 32
I 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
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I
Then, the logic followed was to decrease the marker length by a constant amount3 within each group. An example of this is as follows.

4/0/0/0/0/00/4/01010/0 equals 1/2/1/0/0/0 equals 53.94
0/0/4/0/01/0 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
0/0/0/4/0 equals 0/0/0/1/2/1 equals 56.97

0/0/0/0/0/4I
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:I

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.I

1 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
pu.,poses 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 to3more 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.

I
Tabl. 4.4.1. ental Problem Instances

Problem Ply
Instance Normal Order Pathological Order H ht Improved?

1 72/144/360/360/144172 48 No
2 7211441360134601144/72 48 Yes
3 72/144/360/360/144P'2 108 No
4 72/144/360/360/144/72 108 Yes
5 0/o0•0/0960/240 48 No
"6 0/0/0/0/960/240 48 Yes
7 0/0/0/0/960/240 108 No
S0/0/01019601240 108 Yes

9 010/0/011200/0 48 No
10 010/0/011200/0 48 Yes
11 0/0/0/0/1200/0 '"o 108 No
12 0/0/0/0/1200/0 108 Yes
13 1631239/599145/124/30 47 No
14 163123915991451124130 47 Yes
15 1631239/599/45/124/30 108 No

16 163/1291599/45/124/30 108 Yes
17 200/200/200/200/200/200 47 No
18 _ 2001200/200/200/200/200 47 Yes
19 200/200/200/200;200/200 108 No
20 ... 200/200/200/200/200/20 18 Yes

U 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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H 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 fiitial 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.I 20000-

19500-- 010/0101120010
19000
18500 0/0/0/0/960/240 0- Pkg B
18000
17500 Savings

tl 17000-
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FigLure 4.4.1 Total Fabric Inches for Normal Orders with Ply Height 48
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Hfgure 4.4.2 Total Fabric Inches for Improved Normal Orders with
Ply Height 48
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U 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.

20000 -
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185000
I-/096-240PkgB

17500- - Savings
S17000•• "
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1 2 3

Orders
Figure 4.4.3. Total Fabric Inches for Normal Orders with Ply Height 108
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Figure 4.4.4 Total Fabric Inches for hiproved Normal Orders, Ply Height 108



H 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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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

I 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
is 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 algorithm 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. As a
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.

I 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
project. 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 repredsent 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.

I
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5.0 Summary and Conclusions

5.1. Review of the project

I 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 prototypeI software package.
5.2. Major contributions of the project

I 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 narker. 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 heuristics. 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

I 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.

I
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Order: ABFHIKI
I
I

Color\Sizes 34

1200 1200

3 1200 1200

IParaceter table naae:: 5

i my, no. of plies (not folos): 47 Max. no. of sizes in marker: 99 Perimeter of pattern in ins.: 317
Plus deviation/size/color: 10 Cost of cloth: 10.00 Area of pattern in ins.2: 780

Minus deviation/size/color: 10 Usable width of cloth in ins.: 58.00 Calculated usage in ins: 19.21
Calculated efficiency in M: 70.01

S .1,,,,.. ABFHIK-OPI

Sizes zn earker: 6434

Fiease en:er the effectively produced marker length here: .............

Total sizes in warier: 6 Number of lays: 5 Type cf marker: Open
SNueber of plies (rOT folds!): 200 Cost per unit: 3.73 Cost per unit (avg.): 3.73

Total costs: 4481.31 Total units in marker: 1200 Accumulated total units: 1200
i Efficiency of maarer in %: 84.00 % of total units in order: 100.00 Accumulated X of total order: 100.00

Spreading gethod: Zigzag

3 : 2001

3 A2
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3 Order: AEGHJK

I
I

I Color\Sizes 34

48 48

48 48

I
Parameter table nane:: 6

I Mai:. no. of plies (not folds): 108 Max. no, of sizes in marker: 99 Perieeter of pattern in ins,:
Plus deviatiornsize/colcr: 10 Cost of cloth: 10.00 Area of pattern in ins.2:

Minus deviation/size/color: 10 Usable width of cloth in ins.: 58.00 Calculated usage in ins:
Calculated efficiency in X:

I+ * AESH3K-OFI

3Sizes in marker: 6#34

Please enter the effectively produced marker length here: .............

Total sizes in aarker: 6 Nuaber of lays: 1 Type of marker:
Nuaber of plies (NOT foldsM): 8 Cost per unit: 4.20 Cost per unit (avg.):

Total costs: 201.59 Total units in marker: 48 Accumulated total units:
Efficiency of sarl.er in %: 64.00 % of total units in order: 100.00 Accumulated X of total order:

Spreading method: Zigzag

IA : 81

I
I

I
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3 Order: DF6IJK

I
3

Cflor\Sizes 30 32 34 36 38 40

8 8 8 8 8 8 48

a 8 8 8 8 8 48

I
Parameter table nace:: 7

i•. no. of plies (not folds): 108 Max, no. of sizes in marker: 99 Perimeter of pattern in ins.: 317
Flus deviation/size/color: 0 Cost of cloth: 0.50 Area of pattern in ins, 2 : 780

Minus deviation/si:e/color: 0 Usable width of cloth in ins.: 58,00 Calculated usage in ins: 19.21
Calculated efficiency in %: 70.01

SDF61JK-OPI

:es in sarker: 1*30 1*32 1*34 1*36 1*38 1*40

Please enter the effectively produced rarl;er length here: -------------

I Total sizes in narker: 6 Nuober of lays: I Type of marker: Open
Number of plies (MOT folds!): 8 Cost per unit: 0.53 Cost per unit (avg.): 0.53

i Total costs: 25,59 Total units in marker: 48 Accumulated total units: 48
Efficiency of marker in %: 84.00 % of total units in order: 100.00 Accumulated X of total order: 100.00

Spreading method: Zigzag

I :A

I

I



I
Order: CEFHIJ

I
I

I Color\Sizes 34j

48 48

48 48

I
Piranet:. taile nate:: 8

m". ný, of plies ýnot folds): 47 Max. no, of sizes in mar|:er: 99 Perimeter of pattern in ins.: 317
F~us ceviation'size!coior: 10 Cost of cloth: 0.50 Area of pattern in ins..: 780

m inus deviition/size/cclor: 10 Usable width of cloth in ins.: 58.0 Calculated usage in inc: 19,21
Calculated efficiency in %: 70.01

! , i ,, * , *CEFHI3-OPI

* us ir ;irher: 2fZ4

ease erter the effe:thvely produced Farler length here: .............

U Toal sizes in carker: 2 Nunber of lays: Type of marker: Open
Nugber of plies (MJOT folds!): 24 Cost per unit: 0.53 Cost per unit (avg.): 0.53

m Total costs: 25.18 Total units in marker: 48 Accuaulated total units: 48
Effi:iency of sarler in %: 70.00 % of total units in order: 100,00 Accumulated % of total order: 100,00

Spreading methodi Zigzag

I
: 241
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Order: BDE6HI

I
I

Color\Sizes 30 32 34 36 38 40

200 200 200 200 200 200 1200

3 200 200 200 200 200 200 1200

SPaoaeter table name:: 9
Mix. ný. of plies (not folds): 108 Max. no. of sizes in marker: 99 Perimeter of pattern :n ins.: 317

Plus deviation/size/color: 10 Cost of cloth: 0.50 Area of pattern in ins.I: 780

Minus deviation/s:ze/:olor: 10 Usable width of cloth in ins.: 58.00 Calculated usage in ins: 19.213 Calculated efficiency in X: 70.01

3] 1.,***** BDEGNI-OP1

I Szes in marker: 1W3• 1432 1*34 1#36 1'38 1.40

Please enter the effective;y produced marker length here: .............

Total sizes in marker: 6 Number of lays: 2 Type of marker: Open
Number of plies (NOT folds:): 200 Cost per unit: 0.24 Cost per unit (avg.): 0.24

Total costs: 284.31 Total units in marker: 1200 Accumulated total units: 1200
I Efficiency of zarker in %: 84.00 % of total units in order: 100.00 Accumulated % of total order: 100.00

Spreading method: Zigzag

I. * 2001

I
I
I



I
Order: ACDF6H

I
I

ICclor\Sizes j 30 32 34 36 3B 40

6 9 25 2 5 1 48

6 9 25 2 5 4 48

a-Eieter tatle rane:: 1

i.-o.. of olies (not folds): 108 Max, no. of sizes in marker: 99 Perieeter of pattern in ins.: 317
Nis dev:ation/size/color: 10 Cost of cloth: 10.00 Area of pattern in ins.l: 780

Minus deviation/size/color: 10 Usable width of cloth in ins.: 58.00 Calculated usage in ins: 19,21
Calculated efficiency in X: 70.01

59*. ., * ACDFGH-OPI

ze: in narler: 1*30 1*32 4#34

ease enter the effe:tively prod,.ed earker length here: -------------

Total sizes in "arker: 6 Number of lays: I Type of marker: Open
Nurorer of plies (NOT folds'): 6 Cost per unit: 3.91 Cost per unit (avg.): 3.91

TDtal costs: 140.86 Total units in marker: 36 Accumulated total units: 36
* Efficiency of &aner in %: 84.00 % of total units in order: 75.00 Accamulated % of total order: 75.00

Spreading method: Zigzag

3 : 61

2.s * * a a• * ACDF6H-OP2

zes ir sarler: 3*32 1*34 2*36 5P38 1*40

je+se enter the effe:tivslý producee aarl.er length here: .............

Tctal sizes ;n earker: 12 Nusber of lays: Type of marker: Open
NL;ber of plies (N37 folds'): 1 Cost per unit: 6.45 Cost per unit (avg.): 4,553 Total costs: 77.37 Total units in marker: 12 Accumulated total units: 48

A7



3 Efficiency of marker in •: 80.00 X of total units in order: 25.00 Accumulated X of total order: 1O00.0

Spreading method: Zigzag

I :lj

I
I
I
I
I
I
i
I
i
U
I
I
i
I
I
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Order: BCEF6K

I
I

Color\Sizes 34 ______

1 1200 1200

1200 1200

I
Parameter table name::

* Max. no, of plies (not folds): I06 Max. no. of sizes in marker: 99 Perimeter of pattern in ins,: 317
Plus deviation/size/color: 0 Cost of cloth: 0.50 Area of pattern in ins.,: 780

Minus deviationlsize/color: 0 Usable width of cloth in ins.: 58.00 Calculated usage in ins: 19.21
Calculated efficiency in X: 70.01

II l , * , BCEFSK-OPI

I Sizes in Parker: 6434

Please enter the effectively produced Parler length here:

U Total sizes in sarker: 6 Nuaber of lays: 2 Type of marker: Open
Number of plies (NOT folds'): 200 Cost per unit: 0.24 Cost per unit (avg.): 0.24

Total costs: 284.92 Total units in marker: 1200 Accuoulated total units: 1200
Efficiency of marker in %: 84.00 % of total units in order: 100.00 Accumulated % of total order: 100.00

Spreading method: Zigzag

I : 2001

I
I
I



Order: HI6H

I
I

Color\Sizes 30 32 34 36 38 40

163 239 599 45 124 30 1200

l 163 239 599 45 124 30 1200

Paraieter table name:: S

Max. no. of plies (not folds): 108 Max, no. of sizes in marker: 99 Perimeter of pattern in ins.: 317
Plus deviation/size/color: 10 Cost of cloth: 10.00 Area of pattern in ins,: 780

Minus deviation/size/color: 10 Usable wieth of cloth in ins.: 58.00 Calculated usage in ins: 19.el
Calculated efficiency in X: 70.01

HIGH-OPI

Sizes in marker: 9.30 9422 9M43 3*36 8'38 2440

Please enter the effectively produced rarker length here:

S Total sizes in marker: 40 Number of lays: 1 Type of marker: Open
Number of plies (NOT folds!): 15 Cost per unit: 3.92 Cost per unit (avg.): 3.92

Total costs: 2354.59 Total units in marker: 600 Accumulated total units: 600

Efficiency of marker in %: 60.00 X of total units in order: 50.00 Accumulated X of total order: 50.00
Spreading method: Z10z1g

* :15

I 2.* * * H16H-OP2

Sizes in marker: 1*32 5*34

Please enter the effectively produced marker lergth here: -------------

Total sizes in marker: 6 Nuiber of lays: I Type of earker: Open
H,,er of plies (NOT folds'): 92 Cost per unit: 3,67 Cost per unit (avg.): 3.80

Total costs: 2025,20 Total units in earler: 552 Accumulated total units: 1152

A1O



I Efficiency of marker in %: 84.00 % of total units in order: 46.00 Accuculated X of total order: 96.00
Spreading method: Zigzag

~. * ,, *1HIGH-OP3

Sizes in marker: 2#30

Please enter the effectively produced marker length here: .............

Total sizes in marker: I Number of lays: I Type of marker: Open
m Nucber of plies (NOT folds!): 14 Cost per unit: 4.08 Cost per unit (avg.): 3,61

Total costs: 114,18 Total units in marker: 28 Accumulated total units: 1180
Efficiency of marker in 1: 70,00 X of total units in order: 2.33 Accumulated % of total order: 98.33

Spreading method: Zigzag

4.I 141" H16H-OP4

Sizes in marker: 2.32

Please enter the effectively produced marker length here: .............

Total sizes in oarter: 2 Number of lays: I Type of marker: Open
Number cf plies (NOT folds!): 6 Cost per unit: 5.24 Cost per unit (avg.): 3.82

Total costs: 6b.82 Total units in marker: 12 Accumulated total units: 1192
Efficiency of marker in X: 70,00 X of total units in order: 1.00 Accumulated % of total order: 99.33

Spreading method: Zigzag

* :61

3 All



I Order: ABDEFJ

Color\Sizes 30 32 34 36 38 40

ONE COLOR 200 200 200 200 200 200 1200

3 200 200 200 200 200 200 1200

larameter table name:: 1

Max, no. of plies (not folds): 47 Max, no. of sizes in mark:er: 99 Perimeter of pattern in ins.: 317
Plus deviation/size/color: 0 Cest of cloth: 10.00 Area of pattern in ins, 2 : 780

Minus deviation/size/color: 0 Usable width of cloth in ins,: 58.00 Calculated usage in ins: 19.213 Calculated efficiency in %: 70,01

= 1 I. ***,*ABDEFJ-OPI

Iizes in aarker: 1#30 1432 1*34 1436 1#38 1#40

Please enter the effectively produced mar'er lengtn here: -------------

Total sizes in earker: 6 Nuaber of lays: 5 Type of marker: Open
Number of plies (NOT folds!): 200 Cost per unit: 4.00 Cost per unit (avg.): 4,00

Total costs: 4602.40 Total units in marker: 1200 Accumulated total units: 1200
* Efficiency of mar:er in %: 84,00 % of total units in order: 100.00 Accuculated % of total order: 100.00

Spreading method: Zigzag

ONE COLOR: 2001

I
I
I
3 AI2



U

I
Order: BCDHJK

I
I

Color\Sizes 30 32 34 36 38 40

163 239 599 45 124 30 1200

!63 239 599 45 124 30 1200

I
Parateter table nase:: 3

M Max. no. of plies (not folds): 47 Max. no, of sizes in marker: 99 Perimeter of pattern in ins.: 317
Plus deviation/size/color: 10 Cost of cloth: 0.50 Area of pattern in insl: 780

Minus deviation/sizelcolor: 10 Usable width of cloth in ins,: 58.00 Calculated usage in ins: 19.21
Calculated efficiency in X: 70.01

l i .,**,,' BCDHWY-OPI

Si:es in marker: 3130 5f32 9134 1#36 2*38

Please enter the effectively produced marl.er length here: .............

I Total sizes in marker: 20 Number of lays: 1 Type of marker: Open
Number of plies (NOT folds!): 45 Cost per unit: 0.23 Cost per unit (avg.): 0.23

Total costs: 206.93 Total units in marker: 900 Accumulated total units: 900
Efficiency of marker in %: 80.00 % of total units in order: 75.00 Accumulated % of total order: 75.00

Spreading method: Zigzag

I : 451

: , L f f BCDHJK-0P2

Sizes in marker: 5*34 1*38

Please enter the effectively produ:ed marier length here: .............

Total sizes in earker: 6 Number of lays: I Type of marker: Open
i Nu~ber of plies (NOT fcldsi): 34 Cost per unit: 0.27 Cost pe- unit (avg.): C.2

Total costs: 54.11 Total units in tarer: 204 Accuaulated total units: 1104



I Efficiency of marker in %: 84.00 % of total units in order: 17.00 Accumulated % of total order: 92.00

Spreading method: Zigzag

1 = 341

I 3 ,, CHK-OP3

ISizes in marker: 2*30 1*32 1*34 2*40

IPlease enter the effectively produced Barker length here: .............

Total sizes in marker: 6 Number of lays: I Type of marker: Open
Number of plies (NOT folds!): 14 Cost per unit: 0.35 Cost per unit (avg.): 0.24

Total costs: 29.b4 Total units in marker: 84 Accumulated total units: 1188
Efficiency of marler in %: 84.00 X of total units in order: 7.00 Accumulated % of total order: 99.00

Spreading method: Zigzae

: 14j

I

Sizes in marker: 2*34

I lease enter the effectively produced Parker length here: .............

Total sizes in Parker: 2 Number of lays: I Type of marker: Open
Number of plies (NOT folds!): 5 Cost per unit: 0.90 Cost per unit (avg.): 0.25

Total costs: 9.02 Total units in marker: 10 Accumulated total units: 1198
Efficiency of sarker in X: 70.00 % of total units in order: 0.83 AccuFulated % of total order: 99.83

Spredding method: Zigzag

l : 5j

I
I
I
I
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I
m Order: ACDEIK

i

I
Color\Sizes 30 32 34 36 38 40

6 9 25 2 5 1 48

I 6 9 25 2 5 1 4B

Parameter table nane:: 2

M Iax. no, of plies (not folds): 47 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.2: 780

Minus deviation/sizelcolor: 0 Usable width of cloth in ins.: 58,00 Calculated usage in ins: 19.21I Calculated efficiency in 1: 70.01

mI I *, .* * *ACDEIK-OPI

Sizes in marker: 130 1W32 4034

Please enter the effectively proctced aarler length here: .............

Total sizes in marker: 6 Nuaber of lays: I Type of marker: Open
NuEber of plies (NOT folds'): 6 Cost per unit: 4.16 Cost per unit (avg.): 4.16

Total costs: 149.65 Total units in marker: 36 Accumulated total units: 36
Efficiency of aarier in %: 84.00 % of total units in order: 75.00 Accumulated X of total order: 75.00

Spreading eethod: Zigzag

I ,6

[2 * * ACDEIK-OP2

ISizes in marker: 3*32 1434 2*36 5'38 140

Please enter the effectively produced marker length here: .............

Total s;zes in marker: 12 Nusber of lays: I Type of marker: Open
m Nutber of plies (NOT folds'): I Cost per unit: 8.08 Cost per unit (avg.): 5.14

Total costs: 97.00 Total units in sarker: 12 Accuaulated total units: 48



I 1' Effzcie.•cy'of marker in %: 80.00 % of total units in order: 25.00 fircuuulated X of total order: 100.00

Spreading method: Zigzag

I :11

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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I
Order: LOW

i

Color/Sizes

48 48

481 48

Iarameter table name:: •BCGIJ

i Hax. no. of plies (not folds): 47 Max. no. of sizes in rarker: 99 Perimeter of pattern in ins.: 317
Plus deviation/size/color: 0 Cost of cloth: 0.50 Area of pattern in ins. 2: 780

Kinus deviation/size/color: 0 Usable width of cloth in ins.: 58.00 Calculated usage in ins: 19.21

LOW-OPi

Sizes in marker: 2Medium

lease enter the effectively produced marker length here:

Total sizes in marker: 2 Number of lays: 1 Type of marker: Open
NIlumber 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 marker in 1: 70.00 % of total units in order: 100.00 Accumulated % of total order: 100.

1 : 241

I A17



I
Order: ABCGIJ

I
U

Color\Sizes 34

1200 1200

V 1200 1200

I arameter table name:: 4

Max. 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.2: 780

Minus deviation/size/color: 0 Usable width of cloth in ins.: 58.00 Calculated usage in ins: 19.21
Calculated efficiency in %: 70.01

Si.** ** ** ABCGIJ-OPI

izes in marker: 6*34

lease enter the effectively produced marker length here:

I Total sizes in marker: 6 Nunber of lays: 2 Type of marker: Open
Number of plies (NOT folds!): 200 Cost per unit: 3.70 Cost per unit (avg.): 3.70

Total costs: 4438.81 Total units in marker: 1200 Accumulated total units: 1200
* Efficiency of marker in %: 84.00 % of total units in order: 100.00 Accumulated % of total order: 100.00

Spreading method: Zigzag

* 2001

I
I
I
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I
Appendix B: Package B Solutions

1
I
I
I
I
I
I
I
I
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r a rameters: AEBDEFJ

Procblem para&mete~rs..

I Number of sizes ............. 6 Multiple plies ............. I Spreading overhead...MIN/SPR 6.00
Number of colors ........... 1 Max Ply-difference .......... 100 Spreading cost ......... $ /HR 25.00I Max sizes / marker .......... 10 Units/plie yield ........... I Spread rate ........... YD/MIN 45.00

Min sizes / marker .......... 1 SpreadMethod ............... Zig/Zag Turn Time ............ SEC/END 6
Parity ...................... Either Plies/bundle ............... 12 Roll change time ......... SEC 360
Overcut % ................... 0.00 Max. SpreadLength ......... YD 100.00 Cutting overhead ..... MIN/CUT 5,00

I Uidercut X .................. 0.00 Marker width .............. IN 58.00 CuttingTime/Size ....... SEC 267
Overcut units ........ .... 0 Pattern area ........... SQIN 550.00 Cutting cost/Hour ...... $ /HR 30.00
Undercut units .............. 0 End Loss ................. IN 2.50 Cost/Bundle ............... $ 0.10

* Maximum plies ............... 47 Fixed Cost/Marker..s ...... S 1.25 Stack factor % .............. 0.00
Minimu plies ............. Cost/Size Marker .... ...... 1.00 Split factor X ............. 0.00

Fabric cost ............ S /YD 10.00

5 Mark size scale

1l 2 3 4 5 6 7 8 9 10

1.00 1.00 1.02 1.03 1,05 1.05 1.06 1,07 1.08 1.08

Spreading size scale

2 a3 4 5 6 7 8 9 10

1 ,00 1.00 1.0.00,00 1,0 1.00 1,00 1.00 1.00 1.00

Cutting ti~nL scale

1 2 4 5 6

1.00 1.02 1.04 1.06 1,08 1,10

B
I
I
I
I



I
Probler parameters..

Common Line factor

I I 2 3 4 5 6 7 8 9 10

0.50 0.50 0.50 0,50 0.50 0,50 0.50 0.50 0.50 0.50I
Patt siz arr scale

I 2 3 4 5 6

I 1.00 1,02 1.04 1.06 1.08 1.I0

3 Material Util scale

I 2 3 4 5 6 7 8 9 10

74,0 75.1 75.2 75.2 75.3 85.3 85,4 85.4 85.5 8 5. 5

I
Input table .........

Colors SI Sr' S3 S4 S5 S6 Units

I Red 200 200 200 200 200 200 1200

Total 200 200 200 200 200 200 1200

I
I
I
I
I
I
U B3



Marker solution .....
I Marker s Repeat 3 Plies 100 UnitslOOO

Sl S2 S3 S4 S5 Sizes

2 2 2 2 2 10

* Marker 2 Repeat I Plies 33 Units 198
56 Sizes

Marker 3 Repeat 1 Plies 2 Units 2

I S6 Sizes

1 1

Parker Sizeu Repeat Plies Units

Tota! 3 17 (3\ 1200

Iutting Order ReDort

I lors: Red
Marker Repeat Plies ...... YD
----------- ------------------

1 3 100 327-5.91
2 1 33 69-19.32
3 1 2 0-33.17
---- ------ ------------------

I otal 5 135 397-22.41

otal Plies .........
Marker Repeat Plies ...... YD

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

1 3 1 00 327-5.91

2 1 33 69-19.32

3 1 2 0-33,17

Total 5 135 397-22.41

I



I
Cutting Order Report

o Marker 1 2 3 Total

Colors Repeat [3] [ 13(1] [5]

ed 100 33 2 135

Total 100 33 2 135

U Deviation report ....

IColors SI S2 S3 S4 S5 S6 Units

Rea 0 0 0 0 0 0 0

Total 0 0 0 0 0 0 0

!
Units produced

I:Colors 51 S2 S3 S4 S5 S6 Units

IRed 200) 200 200 200 200 200 1200
---------------------------------------•---•---!---•------.....----

Total 200 200 200 200 200 200 1200I
I
I
I
I
I
I
I



I
Unit solution ....... :

Marker number ....... : I Repeat [1/33U Spread length ....... :3-9.78

Colors ...... YD Plies SI S2 S3 S4 S5 Total

Sizes Marked ........ 2 2 2 2 2 10

Red 153-27.62 47 94 94 94 94 94 470

Total 153-27.62 47 94 94 94 94 94 470

3 39.17X

U Marker number ....... : 1 Repeat [2/33
Spread length ....... :3-9.78

Colors ...... YD Plies SI 92 93 94 S5 Total

Sizes Harked ........ 2 2 2 2 2 10

3Red 1190-27.62 47 94 94 94 94 94 470

iutal 153-27.62 47 94 94 94 94 94 470U
39.17%

Marker number 3..... 4: 1 Repeat E3/33

Spread length ..... .:3-9.78

Colors ...... YD Plies 91 92 53 94 S5 Total
I Sizes Marled ........ 2 2 2 2 2 10

Red 19-22,67 6 12 12 12 12 12 60

I Total 19-22.67 6 12 12 12 12 12 60

I Marker number ....... : 2 Repeat [1/1)
Spread length ....... :2-3,86

Colors ...... YD Plies S6 Total
Sizes Marled ........ 6 6

3 Red 69-19,32 33 198 198



-.. .. . . . .. .. . . . .. .. . .. . . . .. .. .. . .. .. . . . .. .--- --- -------
Total 69-19.32 33 198 198

1 16,50%

I Marker number ....... : 3 Repeat [1/13
Spread length ....... :0-16.59I

Colors ...... YD Plies S6 Total
Sizes Marked ........ I I

Red 0-33.17 2 2 2

Total 0-33.17 2 2 2

0.17%

MaterialConsumption

3 Colors Length Rest

3 Red 391-22.41

I
I
I
I
I
I
I
I
I



I
Marker cost suppary.

IMarker number ............... I Number of stacks ......... 3 Marker Origin ............... New
Est Eff ..................... 85.55 Marker width .............. IN 58.00 Marker length ............. YD 3- 7.28

I 51 S2 S3 S4 S5 Sizes

2 2 2 2 2 10
Marking cost ........ 6..... $ 12.05 Total Plies ................. 100 Spread length ............ YD 3- 9.78
Spreading cost ............ $ 12,20 # bundles ........ ........ 84 Fabricused............YD327-6
Cutting cost/Hour ......... $ 42.21 Units/plie yield...$.......$. 1 Spreading time ........ Hours 0.49
Bundling cost ............. $ 8,40 Plies/bundle ................ 12 Cutting time ......... Hours 1.41

IFabric cost ............... S 3271.64 Fabric cost .,..........,$/YD 10.00 total tile ...,..,........Hours 1.899
------------------------------------------------------------------------------------------------------
total cost .............. $ 3346.50 total units .........I...... 1000 Avg Cost/unit .......... 3.35

Marker number.....$.$$$$..... 2 Number of stacks ......... I Marker Origin ............... New
Est Eff ..................... 85.32 Marler width .............. IN 58,00 Marker length ............. YD 2- 1.36

S6 Sizes

Marking cost .............. $ 7.55 Total Plies ...... ... 4,....... 33 Spread length ............. YD 2- 3.86

i Spreading cost ............ S 7.02 W bundles ............I...... 17 Fabric used ............... YD 69-19
Cutting cost/Hour ......... S 984 Units/plie yield .......... 1 Spreading time ......... Hours 0.28
Bundling cost ............. $ 1.70 Plies/bundle ........ 0.. . 12 Cutting time ........... Hours 0.33
Fabric cost ............... $ 60.37 Fabric cost ............ /YD 10.00 total tile ........... Hours 0.61

------s .. ,.,...,. 7-2!.48 total units............4 ..., 198 Avg Cost/unit ...~........$ 3.64

Marker number ............... 3 Nrber f stas ......... . I Marier Origin ............... New

Est Eff .................... 74,05 Marker width .......... . IN 58.00 Marker length ............ YC 0-14.09
S6 Sizes

Marling cost .............. $ 2.25 Total Plies .................. 2 Spread length ............. YD 0-16,59
Spreading cost ............ $ 5.09 # bundles ................. 1 Fabric used ............... YD 0-33

i Cutting cost/Hour ......... $ 3.72 Units/plie yield............ 1 Spreading tile ......... Hours 0.20
Bundling cost ............. S 0.10 Plies/bundle ................ 12 Cutting time ........... Hours 0.12
Fabric cost .............. 6 9,21 Fabric cost ............ $ YD 10.00 total tile ............. Hours 0,33

I total cost ........... 4.4 20.38 total units .........,....... 2 AvgCost/unit............4$ 10.19

I

I!B



Total cost suseary,-

I Total Markers .......... 3 AVG eff ..................... 85.49 Marker width ... ......... 58.00
Marling cost ............ $ 2!.85 Number of stacks ............ 5 Sizes Marked .............. 17
Spreading cost ............ $ 24.31 # bundles ................... 102 Total Plies ................. 135

I Cutting cost/Hour ......... $ 55.78 Units/plie yield ............ 1 Spreading time ......... Hours 0.97
Bundling cost ............. $ 10.20 Fabric cost ............ $ /YD 10.00 Cutting time ........... Hours 1.86
Fabric cost ............... $ 3976.22 Fabric used ............... YD 397.62 total tile .......... ,Hours 2.83

total cost ................ $ 4088.36 total units ................. 1200 Avg Cost/unit ............. $ 3,41

I
E,'aphics Output .....

I
Marker number ....... : 1 () Repeat E1/3], 1i SpreadMethod ....... Zig/Zag

Colors Plies Spread length .......

I i RedI 47 j 153-27.6YD

ITotal 47

U ( 3- 9.78

Sizes Sl S2 S3 S4 S5 Total
"r _zes Mar•e• ....... 2 2 2 2 2 10

Total Units 94 94 94 94 94 470

I
I
I
I
I
I



I
Graphics Outpit .....

I Marker number ....... : 1 () Repeat [2/33, 2
SpreadMethod ....... Zig/ZagI

Colors Plies Spread length .......

ReI - 47 l153-. 6YD

iTotal 47

93- 9,78I
Sizes Sl 52 S3 54 S5 Total

Sizes Marked ........ 2 2 2 2 2 10

- Total Units 94 94 94 94 4 47

I
I Graphics Outp ..... ,

Marker number ........ : 1 ( Repeat [3/33, 3
Spreadhethod ....... Zzg/Zag

Colors Plies Spread length .......

Redl 6 1 19-22,7YD

ITotal

I 3- 9,78

Sizes Sl 52 53 S4 65 Total

SI-i zes Marked .... !.. 2 2 2 2 2 10

Total Units 12 12 12 12 12 60

I
I



I
graphics Output .....

Marker number ....... 2 () Repeat 11/13, 4

ISpreadethod ....... Zig/Zag

Colors Plies Spread length .......

RedJ 33 I 69-19.3YD

i Total 33

< 2- 3.66

Sizes S6 Total
: Sizes Marked. ....... 6 6

--------------------------
Total Units 198 198

I
Graphics Output .....

' Marker number ...... : 3 () Repeat [1/13, 5
SpreadIethcd ..... Ziq/ZagU

Colors Flies Spread length .......

3 RedI 2 1 O-S3.2YD

Total 2

0-16.59I
Sizes 56 Total

Sizes Marled ........ I I

Total Units 2 2

BI

S ...I;;;.. ;; .. "...
I

Bi!



I
Mar'er Solution II..I

Marker Sizes S61 Sizes/Marker Repeat Plies Units

Si S2 S3 S4 S5 I5I6

12 2 2 2 2 T10 3 100 1000,
, . - 6 6 1 33 198

I-- - 1 1 2 2-- -- --- --- -- --- --- --- -- --- --- --- -- --- --- ----- --T- -- ------- -- - --

3 I '7 I 5 135 11200
I
I Optimi:ed Spreading

14 Red

f27 Red

I
4 Red

I2 Red

I (3- 7,28 )( 3- 7,28 >( 2- 1,36 )X 3- 7.28 X( 0-14.09

I
Colors Plies StartPoint: EndPoint:Spread length .......

Red 2 0- 0.00 12- 2.53 24- 7.56
Red 4 0- 0.00 11-24.45 4b-30.78
Red 27 0- 0.00 8-17,17 229-29,24
Red 14 0- 0.00 6-15.81 90-22.81

I
I



i

I Parameters: ACDEIK

* Problem parapeters,. :

Nuiber of sizes ............. 6 Multiple plies .............. I Spreading overhead...MIN/SPR 6.00
Number of colors1......... I Kax Ply-difference .......... 100 Spreading cost ......... /HR 8,00
Max sizes / marer.......... 10 Units/plie yield ............ I Spread rate ........... YD/MIN 45.00
Min sizes / marker .......... 1 SpreadMethod ............... Zig/Zag Turn Time ............ SEC/END 6
Parity ...................... Either Plies/bundle ................. 12 Roll change time ......... SEC 360
Overcut X ................... 0.00 May. SpreadLength ......... YD 100,00 Cutting overhead ..... MIN/CUT 5.00
Undercut X .................. 0.00 Marker width .......... I. N 58.00 CuttingTime/Size ....... SEC 267
Overcut units ............. 0 Pattern area ............ S9IN 550.00 Cutting cost/Hour ...... $ /HR 30.00
Undercut units .............. .0 End Loss . ........... IN 2.50 Cost/Bundle ...............$ 0.10
Maxieur plies ........I...... 47 Fixed Cost/Marker.,.,..... $ 1.25 Stack factor % ........... 0.00
Minimum plies ............... . 1 Cost/Size Marker .......... $ 1.00 Split factor X ............. 0.00

Fabric cost ............ /YD 10.00

I Mark size scale

I I 2 3 4 5 6 7 8 9 10

S1.00 1,100I 1 ,0 1 ,03 1.051.0 1,01 1,07 1,01 1,08

Spreading size scaleI
1 2 3 4 5 6 7 8 9 10

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

Cutting time scale

I 2 3 4 5 6

1.00 1.02 1.04 1.06 1.08 1.10

I
I
I
I
I



I
Problet parameters,. :

I Common Line factor

I I 2 3 4 5 6 7 8 9 10

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

Patt siz arr scaleI
1 2 3 4 5 6

1.00 1.02 1.04 1.06 1.08 1.10

Material Util scale

I I 2 3 4 5 6 7 8 9 10

74.0 75.1 75.2 75.2 75.3 85.3 85.4 85,4 85,5 85.5

I lnput table .........

Colors Si S2 S3 S4 S5 S6 Units

-------------------------------------------Red 6 9 25 2 5 1 48

Total 6 9 25 2 5 1 48

I
I
I
I
I
I

B14



I

MarWe• solution ..... :

Marker I Repeat 1 Plies 6 Units 36
St 52 S3 Sizes

S 1 1 4 6

I Harker 2 Repeat 1 Plies 3 Units 6
S2 S5 Sizes

Marker 3 Repeat 1 Plies 2 Units 4

S4 55 Sizes

1 l 2

I arker 4 Repeat 1 Plies I Units 2
S3 56 Sizes

Mtt arker Sizes Repeat Plies Units

i-Ttl 4 12 4 12 48-

lutting Order Report

Colors: Red
fMarler Repeat Plies ...... YD
---- ----- ------------------

I 1 6 11-31.14
2 1 3 2-15.05
3 1 2 I-M3,.0
4 1 1 0-29.52

I (otal 4 12 16-26.75

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

Ital Plies .........
Marker Repeat Plies ...... YD

S1 3 2-!5.05
3 21 1-23,04
4 1 0-29.521 --------------------
loal 4 12 16-26,75



I'

I Cutting Order Report :

MarPer 1 2 3 4 Total
Colors Repeat 1 1] ) 13 1 1] 1 4]

Red 6 3 2 1 12

Total 6 3 2 1 12

1 eviation report .... :

Colors 81St S2 53 S4 85 86 Units

Red 0 0 0 0 0 0 0

I Total 0 0 0 0 0 0 0

Inits produced

I::: Colors SI S2 83 S4 85 S6 Units

Red 6 9 25 2 5 1 48

I .T.o.t.a.l ----- 6 - 2... 2---- 2.. - .... 5 .... I ....... 4-8-

,I
I
I
I
I
i
i



I
Unit solution .....

Marker number ....... : 1 Repeat 1/1i
Spread length ....... :1-35.19

Colors ...... YD Plies SI S2 S3 Total
Sizes Marked ........ 1 1 4 6

Red 11-31.14 6 6 6 24 36

-- -------T-ot-al 1-- 31 ---4 6 -- ----6 -- --6 - --2-4 - ---36

I 75.00%

I Marker number ....... : 2 Repeat E1/I]
Spread length ....... :0-29.02

IColors ...... Yr Plies S2 55 Total
Sizes Marked ........ 1 1 2

IRed 2-1.." 5 3 3 3 6

I Total 2-15.05 3 3 3 6

12.50X

Marker number ....... : 3 Repeat [1/13
pread :ength ....... :0-29.52

Colors ...... YD Plies S4 S5 Total

Sizes Mark ....... ... I 1 2

Red 1-23.04 2 2 2 4

Total 1-23.04 2 2 2 4

a.33X



I
Marker number ....... : 4 Repeat [1/13
pread length ....... :0-29.52

I Colors ...... YD Plies S3 S6 Total
Sizes Marked ........ 1 1 2I Red....... 0-29;;. ..2 .1 1.... 1 2.. ...

Total 0-29.52 1 - - - "

4.17X

UaterialConsumption
Colors Length Rest

Red 16- 7,55

I
i
I
i
I
i
i
i
I
Il..



I

Marker cost sucoary.

Marker number ............... 1 Number of stacks....$$...... 1 Marker Origin ..... ..... New
Est Eff ................. .... 85.32 Marker width .............. IN 58.00 i;arker length ............. YD 1-32.69

I S S2 53 Sizes

1 1 4 6I Marking cost .............. 7.55 Total Plies ........ 6 Spread length ............. YD 1-35.19
Spreading cost ............ $ 1.72 # bundles .................. 4 Fabric used ............... YD 11-31
Cutting cost/Hour ......... $ 9.38 Units/plie yzeld ............ 1 Spreading time ......... Hours 0.21U Bundling cost ............ $ 0.40 Plies/bundle ............... 12 Cutting time ........... Hours 0.31
Fabric cost ............... $ 118.65 Fabric cost ............ $ /YD 10.00 total time ............. Hours 0.53

total cost ................ $ 137.69 total units ................ 36 Avg Cost/unit ............. $ 3.82

Iarker number .............0$ 2 Number of stacks ...... . 1 Marker Origin .............. New
Est Eff .... .............. 75.10 Marker width .............. IN 58.00 Marker length ............. YD 0-26.52

12 55 Szes

*---- ---1 2----1 1 2

Marking cost .............. $ 3.25 Total Plzes ................. 3 Spread length ............. YD 0-29.02
I Spreading cost ............ $ 1.65 1 bundles ................... 1 Fabric used ............... YD 2-15

Cutting cost/Hour ......... S 4.84 Units/pIle yield ............ I Spreading tise ......... Hours 0.21
Bundling cost ............. $ 0.10 Plies/bundle ................ 12 Cutting tiae ........... Hours 0.16
Fabric cost ............. $ 24.18 Fabric cost ............ S /YD 10.00 total tite ............. Hours 0.37

' total cost ................ $ 34.01 total units ................. 6 Avg Cost/unit ............. S 5.67

darker number ............... 3 Hupber of stac.s ........... 1 Marler Origin ............... New
Est EfI ..................... 75.10 Marker widthI ............. IN 58.00 Marker length ............. YD 0-27.02

S4 S5 Sizes

1 1 2

Marling cost ............ ..$ 3.25 Total Plies ................. 2 Spread length ............. YD 0-29.52
Spreading cost ........ $ 1.63 # bundles ............. ,.... I Fabric used ............... YD 1-23
Cutting cost/Hour ......... $ 4.88 Units/plie yield ............ 1 Spreading time ......... Hours 0.20
Bundling cost ............. $ 0.10 Plieslbundle ................ 12 Cutting time ........... Hours 0.16
Fabric cost ............... $ 16.40 Fabric cost ............ $ /YD 10.00 total time ............. Hours 0.3?

total cost ....... S 26.26 total units... ...... 4 AvgCost/uni.............$ 6.57

I
I1..



I rker number............... 4 Number of stacks ............ 1 Marker Origin ............... New
Est Eff ......... .. 75.10 Markerw idth ........ .IN 58.00 Marker length ............. YD 0-27.02

S3 S6 Sizes

1 1 2
arking cost .............. $ 3.25 Total Plies ................. 1 Spread length ............. YD 0-29.52
preading cost ............ $ 1.62 # bundles ................... 1 Fabric used ............... YD 0-30

Cutt:ng cost/Hour ......... $ 4.88 Units/pl:e yield ............ I Spreading tice ......... Hours 0.20Wmundling cost ............. $ 0.10 Plies/bundle ................ 12 Cutting time ........... Hours 0.16
a c cost ............... $ 8.20 Fabric cost ............ $ IYD 10.00 total tise ............. Hours 0.36

total cost ................ 18.05 total units ................. 2 Avg Cost/unit ............. $ 9.02

Total cost suemary,.

otal Markers ............... 4 AV eff ................ 82.76 Marker width ................ 58,00
Marking cost .............. s t7.30 Number of stac:s ............ 4 Sizes Marked ................ 12'preadingcost ............ 6.61 ibuidies ................... 7 Total Plies ........ $..... 12
utting cost/Four ......... $ s 23.7 Units/plie yield ........... I Spreading time ........ Hours O.B3

Bundling cost ............. $ 0,70 Fabric cost ............ S /YD 10.00 Cutting tiae ........... Hours 0.80
_bric cost .... ,........... 1 167.43 Fabric used.................YD 16.74 total time .......... ...Hours 163£ ------------------------------------------------------------------------------

o"tal cost .......... .....$ 2!6.01 total units ............... 48 Avg Costlunit ..... $ 4.50

3ra~hics LUtp~t ...

Marker number ....... 1 () Repeat 1/13,, 1
lpread~ethod ....... Zqg/Zag

I Colors Plies Spread length .......

medj 6 11-31.IYD

IITotal 6

m1 , 1-35.19

I Sizes Sl S2 S3 Total
" M1zes Marked ........ 1 1 4 6

I Total Units 6 6 24 36

I
I



G6raphics Output .....

I Marker number ....... : 2 () Repeat [1/13, 2
SpreadMethod ....... Zig/ZagI

Colors Plies Spread length .......

* jRedj 3 1j -5.Y

Total 3

( 0-29,02I
Siz:es S2 S5 Total

zes Marked ........ 1 1 2

Total Units 3 3 6

Iraphics Output ..... :

IMarker number ....... : 3 () Repeat 1/I], 3
SpreadMethod ....... Zig/ZagI

Colors Plies Spread length .......

5RedI 2 J -23.OYD

Total 2

0-29,52

Sizes S4 S5 Totales Marked:iii ...... 1 2
Toal Unts 2 2 4

I
I
I



5

Graphics Output .....

Marker number ....... : 4 () Repeat E1/13, 4
preadiiethod ....... Zig/Zag

C Colors Plies Spread length .......

Redj I I 0-29.5YD

3 Total I

0-29.52 >

Sizes S3 S6 Total
izes Mar ed ........ 1 1 2

t --- .. ..--- .---------------- --------------

Total Un:ts I 1 2

Iarler Solution 11..

I Marker Sizes Sizes/Marker Repeat Plies Units

3l S1 S~ 3 S4 S5 St
------ ------------------------------------------------------------------------

1 1 4 6 1 6 36
I - - 1 - 2 1 3 6

"- 1 1 -2 1 1 2 4

34 2

I

I
I



I

I Optieized Spreading :

I 3 Red

* WRed

I Red

3 I Red

(1-32.69 >< 0-26.52 X( 0-27.02 X( 0-27.02>I

I Colors Plies StartPoint: EndPoint:Spread length.......

Red I 0- 0.00 4- 6,50 4- 7.75
Red 1 0- 0.00 3-15.48 3-16.73
Red 1 0- 0.00 2-24.46 2-25.713 Red 3 0- 0.00 1-33.94 5-33.57

U
U
I
I
I
I,
I
I



I
Parameters: ACDFGH

oblee parapeters..

Number of sizes ............ 6 Multiple plies .............. 1 Spreading overhead...MIN/SPR 6.00
wber of colors ............ I Max Ply-difference .......... 100 Spreading cost ......... $ /HR 25.00
x sizes / marker .......... 10 Units/plie yield ............ 1 Spread rate ........... YD/MIN 45.00

In sizes / marker .......... 1 SpreadMethod ............... Zig/Zag Turn Time ............ SEC/END 6I arity ..................... Either Plies/bundle .............. 12 Roll change time ....... e..SEC 360
vercut % ................... 0.00 Max. SpreadLength ........ YD 100.00 Cutting overhead ..... MIN/CUT 5.00
ndercut X ................. 0.00 Marker width .............. IN 58.00 CuttingTime/Size ......... SEC 267

Overcut units ............... 10 Pattern area ............ SGIN 550.00 Cutting cost/Hour ...... S /HR 10.00
ndercut units ............. 10 End Loss .................. IN 2.50 Cost/Bundle ......... $.,$3 0.10
axicum plies ............... 108 Fiyed Cost/Marker ......... $ 1.25 Stack factor % .............. 0,00

Minioum plies ............... I Cost/Size Marker .......... $ 1.00 Split factor % ............. 0.00
Ma k sFabric cost ............ $ /YD 10.00

Mark size scale

I 2 3 4 5 6 7 8 9 10

S 1.00 1.00 1.02 1.03 1.05 1.05 1.06 1.07 1.08 1.08

Spreading size scale

1 2 3 4 5 6 7 8 9 10

.00 1.00 1.Oc 1.00 1.00 1.GO 1.00 1.00 1.00 1.00

SCutting time scale

5 1 2 S 4 5 6

1.00 1.02 1.04 1.06 1.08 1,10I
I
I
U
I



I

robles parameters..

U Common Line factor

I 2 3 4 5 6 7 8 9 10

I 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50

Patt siz arr scale

1 2 3 4 5 6.

1.00 1.02 1.04 1.06 1.08 1.10

3 Material Util scale

5 -1 2 3 4 5 6 7 8 9 10--- ----!---• ---- ---: ---- ----!--- ---!---!--
74.0 75.1 75.2 75.2 75.,3 85.3 85.4 85.4 85.5 85.5

Colors Sl S2 S3 S4 65 S6 Units

Red 6 9 25 2 5 4 6
------------------------------------------------

Total 6 9 25 2 5 1 48

Iker solution ..... :

rker I Repeat I Plies 11 Units B8
1 2 S3 64 S5 S6 Sizes

j 1 3 1 1 1 8

I Narker Sizes Repeat Plies Units
---------------------------------------------------
Total 1 8 1 11 88

U!..



I
Cutting Order Report

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

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

1 II 29-6.70

Total 1 11 29-6.70

Total Plies .........
Marker Repeat Plies Y.....YD
-- ------------------- -------
1 1 29-6.70

Total 1 11 29-6.70

Iutting Order Report :

Marker I Total
t Colors Repeat 1 1I 1 12

Red ii II

Deviaticn report ....

Colors Sl S62 3 SL 55 56 Units

Red 5 2 8 6 10 40

3 Total 5 2 8 9 6 10 40

Inits produced

I Colors S1 S2 S3 S4 S5 S6 Units

Red 11 II 33 II 11 11 88

t Total 11 II 33-11 II 11 88-

I



I
Unit solution....

Marker number ....... : 1 Repeat [1/13
pread length ....... :2-23.52

Colors ...... YD Plies SI S2 S3 S4 S5 S6 Total
Sizes Marked........ I 1 3 1 1 1 8

Red 29- 6.70 11 11 11 33 11 11 11 88

I TotalO29- 6.70 -11 1 11 33 11 11 11 88

100.00%

aterialConsumption

Colors Length Rest

I Red U8-25.10

3arker cost SLemary.

rker number..,,, ........ . 1 Nueber of stacls ........... 1 Marker Origin ............. New
st Eff.................... 85.43 Marke, width .............. IN 58.00 Marker length ............. YD 2-21.02

SI 52 53 S4 S5 96 Sizes
---- ---- ---- ---- ---------

arking cost ............. s 9.81 Total Plies ................. 11 Spread length ............ YD 2-23.52
Spreading cost ............ $ 5.73 I bundEs ...... ......... .. 8 Fabric used ............... YD 29-7
utting cost/Hour ........ $ 3.94 Units/plie yield..,,..,...... I Spreading time ........ Hours 0.23
undling cost ............. 1 0.80 Plies/bundle ................ 12 Cutting tize ........... Hours 0.39

tabric cost ............... S 291.8t Fabric cost ........... $ /YD 10.00 total tise ............. Hours 0.62
----------------------------------------------------------------------------------------------------------

5tal cost ............... s 312.14 total units ......,,... , 88 Avg Cost/unit .... ,.........; 3.55

'I



I
Total cost summary..

Im tal Marker s ............... I AVG eff ..................... 85,43 Marker width ................ 58.00
Marking cost ......... S 9.81 Nutber of stacks .......... I Sizes Maried ................ 8

reading cost ........... $ 5,73 # bundles ................... 8 Total Plies ..... II
tting cost/Hour .........$ 3.94 Units/plie yield .......... 1 Spreading time ........ Hours 0.23
ndling cost ............. $ 0.80 Fabric cost ............ $ /YD 10.00 Cutting time ........... Hours 0.39

Fabric cost ............... S 291,86 Fabric used ............... YD 29.19 total time ............. Hours 0.62

Ital2cot . . . . . . . . ...... $- 312.14 total-units........ ..... ...... . 88 ------ vgCost/un•t•............ . 3.55

3raphics Output..... :

5 Marker number ....... : I () Repeat 11/13, 1

preadMethod ....... Zig/Zag

Colors Plies Spread length .......

Redj l 1 29- 6.7YD

i Total 11

3< 2-23.52

Sizes SI S2 S3 S4 S5 Sb Total
zes Marked ........ 1 1 3 I 1 1 8

--------------------------------------------------
I Total Units 11 11 33 11 II 11 88

garker Solution 11..

I arker I Sizes Sizes/Marder Repeat Plies Units

I 1 5l 2 53 S4 S,9 Sb1----------------------------------------------------------
Ii 1 1 1 1 ~ 81 1i 88

--------------------- ----------------------------------------------
S......f-r...r...g...r... .. -r.....g...•..r 8..1 I-r 11. I • 88 .

I -- .................... ..)r .... ...[. . ..i r. . • ..



Optimized Spreading

Iit Red

I ( 2-21.02

I
Colors Plies StartPoint: EndPoint:Spread length .......

Red 11 0- 0.00 2-22.27 29- 6.70

I
I
I
3
I

I
I
I
U
!
!



I

Parameters: BCDHJKIProblem paraceters..

Number of sizes .......... 6 Multiple plies .............. I Spreading overhead...MIN/SPR 6.00
Number of colors ............ 1 Mar Ply-difference.......... 100 Spreading cost ......... $ /HR 8.00

M Max sizes / *arker,....... 10 Units/plie yield............ 1 Spread rate,.,,.......YD/MIN 45.00
Min sizes / marker .......... I SpreadMethod ............... Zig/Zag Turn Time.,...,,.....SEC/END 6
Parity ...................... Either Plies/bundle ................ 12 Roll change time ......... SEC 360

l Overcut % ................... 0.00 Max. SpreadLength ......... YD 00O.00 Cutting overhead ..... MIN/CUT 5.00
Undercut X.................. 0.00 Marker width......... .e..IN 58.00 CuttingTise/Size ......... SEC '267
Overcut units ..... 10 Pattern area ............ SOIN 550.00 Cutting cost/Hour ...... S /HR 10.00
Undercut units ...... 10 EndLoss,............. IN 2.51 Ccst/Bundle ........04...0S 0.10

I Maximum plies ............... 47 Fixed Cost/Parker .........$ 1.25 Stack factor % .............. 0.00
Miniout plies ...... I Cost/Size Marker...,....... 1.0 Split factor X ............. 0.00

fibric cost ............ S /YD 0.50

3 Mark size scale

I I 2 3 4 5 6 7 8 9 10

1.00 1,00 1,02 1,03 1.05 1.05 1.06 1,07 1,08 1,08I
Spreading size scale

1 2 3 4 5 6 7 8 9 10

I 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.0

3 Cutting time scale

1 2 3 4 5 6

1.00 1.02 1.04 1.06 1.08 1.10

I
U

I



I

I Common Line factor

I 1 2 3 4 5 6 7 8 9 10

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

Patt siz arr scale

1 2 3 4 5 6

1,00 1.02 1.04 1.06 1.08 1.10

3 Material Util scale

1 2 3 4 5 6 7 6 9 10

74.0 75.1 75,2 75.2 75.3 85.3 85.4 85.4 U.5 85.5I
1
I
Input table .........

Colors::::: l Si 62 63 54 65 6 Units

Red 163 239 599 45 124 30 1200

I ..........----Total ----- 163"" 23"9"- 599 ---- 45"5°124 ---- 30 ----- 1200

U
I



I

I
Marker solution ..... :

3 Marker 1 Repeat 3 Plies 121 UnitslO89
Sl S2 Sa 53 S izes

3 1 2 5 1 9

Marker 2 Repeat 2 Plies 52 Units 104

1 1 S4 Sizes

1 2

Marker 3 Repeat 1 Plies 40 Units 40
3 S6 Sizes

1 1I

P arker Sizes Repeit Plies Units
----------------------------------------------------------------

Total 3 12 6 213 1233I

I utting Order Report

o I lrs: Red
Marker Repeat Plies ...... YD

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

1 3 121 355-31.58
2 2 52 41-6.59
3 1 40 18-15.46

- ------- ------------------
T otal 6 213 415-17.62

*Iotal Plies .........
Marier Repeat Plies ...... YD
---------- ------------------

I i 3 121 355-31.58
2 2 52 41-6,59
3 1 40 18-15.46

Total 6 213 415-17.62



Cutting Order Report :

I Marker 1 2 3 Total
Colors Repeat 1 3)[ 2 [11 1 6)

121 52 40 213

Total 121 52 40 213

eviation report ....

Colors Sl S2 S3 S4 S5 S6 Units
: Red 10 3 6 7 -3 10 33

3 Total 10 3 6 7 -3 10 33

nits produced

3 Colors SI 32 63 S4 65 S6 Units

Red 173 242 605 52 121 40 1233

3Total 173 242 605 52 121 40 1233

I

I.

I•



I

IUnit solution .......

3 Marker number ....... : I Repeat E1/33
Spread length ....... :2-33.88

SColors ...... YD Plies Si 52 63 65 Total
Sizes Marked........ 1 2 5 1 9

I Red 13B- 8.40 4/ 47 94 235 47 423

I Total 136- 8.40 47 47 94 235 47 423

34.31%

Marker number ....... : 1 Repeat [2/33I pread length ....... :2-33.86

Colors ...... YD Plies B1 S2 S3 S5 Total
Sizes Marked....... 1 2 5 1 9

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

Red 138- 8.40 47 47 74 235 47 423
-- --------------------------------------------
5Total 136- 8.40 47 47 94 235 47 423

* 34.31%

LMarker number ....... : I Repeat [3/33
pread length ....... :2-33.88

IColors ...... YD Plies St 62 63 65 Total
Sizes Marked ........ 1 2 5 1 9

- - - Red 79-14.78 27 27 54 135 27 243
----------------------------------------------------

Total 79-14.78 27 27 54 135 27 243I
19.71%

Marker number ....... : 2 Repeat [1/23
ISpread length ....... :0-28.51

Colors ...... YD Plies $1 S4 Total



'--------------------- ------------- ,-

I Total 37- 8.03 47 47 47 94

3 7.62%

Marker number ....... : 2 Repeat [2/2]
Spread length ....... :0-28.51

I Colors ...... YD Plies Si S4 Total
Sizes Marked ........ 1 1 2

IRed 3-34.56 5 5 5 10

Totil 3-324.56 . 5 5 5 10

0.e1•

Marker number ....... : 3 Repeat El/1]
ISpread length ....... :0-16.59

Colors .... YD Plhes S6 Total

ISizes Mirked ..,...... 1 1

Red 18-15.46 40 40 40

5 Total 18-15.46 40 40 40

3 3.24%

MaterialConsumption

I Colors Length Rest
---------------------------------------------

3 Red 406- 0.82

I
I

I
U!



I

I Marker cost summary,

Marker number ............... 1 Number of stacks ............ 3 Marker Origin .......,........ New
Est Eff ..................... 85.49 Marker width .............. IN 5B.00 Marker length ............. YD 2-31.38

Si SE 53 55 Sizes

-- I1 -2 - -5 --l -- - -

Marking cost ............. S 10.97 Total Plies ........9.6...... 121 Spread length ............. YD 2-33.88
Spreading cost ............ $ 4,27 # bundles ......... ....... 91 Fabric used ............... YD 355-32
Cutting cost/Hour ....... $ 12.87 Units/plie yield..........., 1 Spreading tise.........Hours 0.53
Bundlina cost ............. $ 9,10 Plies/bundle .......... 12 Cutting time ......... ,Hours 1.29
Fabric cost ............... $ 177.94 Fabric cost ......... s$ YD 0.50 total time ......... Hours 1,82

total cost ............... S 215.1 tota1 un-ts-..-...-......-.. 1089 Avg Cost/unit ............. $ 0.20

I
Marker number ............... 2 Number of stacks.......... 2 Marker Origin .............. New
Est Eff...................... 75.10 Marker width ...........,...IN 58.00 Marker length ............. YD 0-26.01

51 S4 Sizes

Parking cost .............. $ 3.25 Total Plies ................. 52 Spread length ............. YD 0-22.51
Spreading cost ............ $ 2.42 # bundles,....... ........... 9 Fabric used ............... YD 41-7
Cutting cost/Hour ......... ! 3.19 Units/plie yield .... $....... I Spreading time...s....,Hours 0.30
Bundling cost .............$ 0.0 Plies/bundle ...... 12 Cutting time ....t.... Hours 0.32
Fabric cost ............... $ 20.59 Fabric cost/........... /YD 0.50 total time ............. Hours 0.62

total cost ................ $ 30,35 total units ....... ,.....,, 104 Avg Cost/unit ............. S 0.29

I Marker number ............ 3 Nueber of stacks ... ....... 1 Marker Origin ............... New
Est Eff......... ..to... 74.05 Marker width ........... IN 58.00 Marker length ............. ID 0-14,09

S6 Sizes

I 1I Marking cost .............. $ 2.25 Total Plies ................. 40 Spread length ............. YD 0-16,59
Spreading cost ............ $ 2.19 # bundles ............. 6... 4 Fabric used .............. YD 18-15
Cutting cost/Houro......... 1,24 Units/plie yield ............ 6 Spreading time ......... Hours 0,27
Bundling cost ............ $ 0,40 Plies/bundle .......... . 12 Cutting time ...........Hours 0.12
Fabric cost ....... 6......$I 9.21 Fabric cost ............ $/YD 0.50 total time ........ ,,.&*,Hours 0.40

total cost ................ $ 15,29 total units ...... 696.4.9.... 40 Avg Cost/unit ............. $ 0.38

3..............



Total cost sucmary.-

o til Markers ............ 3 AV6 eff.................... 84.24 Marker dth .............. 38.00
arking cost .............. $ 16.47 Nutber of stacks .............. 6 Sizes Marked ............... 12

Spreading cost ............ S B.B7 I bundles ................... 104 Total Plies ................. 213Iutting cost/Hour....,..... 17.30 Units/plie yield............ I Spreading time ......... Hours 1.11

undling cost ............. S 10.40 Fabric cost ............ S /YD 0.50 Cutting time .... ,....Hours 1,73

Fabric cost ............. $ 207.74 Fabric used .............. YD 415.49 total time ............. Hours 2.B4

5otal cost ..... ~...........$ 260.79 total units,...,....... 6 ..006 1233 Avg Cost/unit ........ $.loss 0.21

Iraphics Output ..... ,

IMarker number ....... : () Repeat £1/33, 1
read~ethod ....... Zig/Zag

m Colors Plies Spread length .......

.1Red[ 47 136- 8,4YD

Total 47

<_____________ 2-33.B 88>

Szes 51 52 S3 55 Total

Izes marked ........ 1 2 5 1 9
---------------------------------------

Total Units 47 94 235 47 423

I
I



1
I

Graphics Output ..... :

IMarker number ....... : 1 ) Repeat [2/33, 2
SpreadMethod ....... Zig/Zag

1Colors Plies Spread length .......

RedI 47 j 138- 8,4YD

Total 47

2-33.8B

I Sizes S1 S2 S3 S5 Total
Sizes Marked ........ . 2 5 1 9

--- Total ---Units ---47 --94-23"5-47 ---423

I

I
Graphics Output..... - -

Marker number ....... : 1 C) Repeat E3/33, 3
preadMethod ....... Zig/Zag

Colors Plies Spread length .......

Redi I 79-14,BYD

3Total 27

I ( 2-33.88

i Sizes Sl S2 S3 S5 Total
lizes Marked........ I 2 5 I 9

Total Units 27 54 135 27 243



Graphics output .....

I Marker number'oo-1 
2e( Repeat E1123, 4

Spreadftethod ....... .ZjqZag

colors Plies Spread length......

3 ~ edl 47 I37- B.0Th

Total 47

_ 0-285 -----

Sizes Sl S4 10talI zes marked, s -so $ 1 1 2---

Total Units 47 47 94

5 Red

Colocrs Plies StartPoinit: EndPcaift :Spre

Red 5 0- 01.00 10-17.50)

Red 22 0- 0).00 9-P7.49

Red 13 0- 0.00) & 2.1

Red 7 0- 0.00



I
I

Parameters: high

Problem parameters,. :

I Number of sizes ............ 6 multiple plies .............. I Spreading overhead...MIN/SPR 6.00
Number of colors .......... .. 1 Max Ply-difference.......... 100 Spreading cost ......... S /HR 25.00
Max sizes / marker......... 10 Units/plie yield ............ I Spread rate .......... YD/MIN 45,00
Min sizes / marker .......... I Spreadfethod ........... Zig/Zag Turn Tice ............ SEC/END 6
Parity... Either Plies/bundle ........ 12 Rollchange time ........ SEC 360
Overcut X................ 0.00 Max, SpreadLength ......... YD 100.00 Cutting overhead ..... MIN/CUT 5.00
Undercut X ................. 0.00 Marker width .............. IN 58.00 CuttingTime/Size ......... SEC 267I Overcut units ...... ,..... 10 Pattern area .......... SOIN 550,00 Cutting cost/Hour ...... $ /HR 30.00
Undercut units .............. 10 End Loss ............... IN 2.50 Cost/Bundle ........ $,.... S 0.10
Maximue plies .............. 108 Fixed Cost/Marker .,....... $ 1,25 Stack factor % ........... $1 0,00

I Minimus plies ........... 1 Cost/Size Marker .......... $ 1.00 Split factor X ............. 0.00
Fabric cost ............ $ IYD 10.00

Mark size scale

1 2 3 4 5 6 7 8 9 10

1.00 1,00 1.02 1.03 1.05 1.05 1.06 1.07 1.08 1,08

Spreading size scale

1 2 3 4 5 6 7 8 9 10

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

Cutting time scale

2 3 4 5 6

1 00 1.02 1.04 1.06 ,OB 1.10

I
I
I
I



IProbleO parameters.. :

Common Line factor

I 2 3 4 5 6 7 8 9 10

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

Patt siz arr scale

m 2 3 4 5 6

I 1.00 1.02 1.04 1.06 1.08 1.10

Material Util. scaleI
1 2 3 4 5 6 7 8 9 10

74.0 75.1 75.2 75.2 75.3 85.3 85.4 85.4 85.5 85.5

i Input table ......... .

Colors SI Hediu large xlarg 3BX42 40X40 Units

Red 163 239 599 45 124 30 1200
-- =---=---====-=========----------------------------------------

Total 163 239 599 45 124 30 1200

I
I
I
I
I



II
I
I

Marker solution ..... :_

I Marker 1 Repeat 1 Plies 101 UnitslOIO
Slhediularge38X42 Sizes

U-I " 261 10

I Marker 2 Repeat I Plies 23 Units 207
SIMediuxlarg38024OX4O Sizes

i 3 2 2 1 1 9

Marker Sizes Reoeat Plies Units

I Total 2 19 2 124 1217

I Cutting Order Report

Colors: Red5 Marker Repeat Plies ...... YD
....-------- ------------------

I 1 101 329-6.91
2 1 23 67-28.36I---------I--------------
Total 2 124 396-35.27

Total Plies .........I Marker Repeat Plies ...... YD
------------ ------------------

1 1 101 329-6.91
2 1 23 67-2B.36

------------ ------------------
Total 2 124 376-35.27

I
I
I



I
Cutting Order Report

I Marker 1 2 Total
Colors Repeat 1 1) [1] [ 2]

Tt 101 23 124

Deviation report ....

Colors SIfediulargexlarg3BY4240140 Units

Red 7 9 7 1 0 -7 17

Total 7 9 7 1 0 -7 17I
Units produced

Colors SIMediulargexlarg3S1424OX40 Units

Red 170 24B 606 46 124 23 1217

u Total 170 24a 606 46 124 23 1217

I
I
I
I
I
I



II
I
I

Unit solution .......

'Marker number,.......: 1 Repeat [1/1]

pread length ........ :3-9.34

Colors ,.....YD Plies Si 1ediu large 3. X42 Total

Red 329- 6.91 101 101 202 606 101 1010

3Total 329- 6.91 101 101 202 606 101 1010

82.99%

I Marker number ....... : 2 Repeat [I/1]
pread length ....... :2-34.10

Colori .....,YD Plies Si Mediu xlarg 38X42 40X40 Total
Sizes Marked ........ 3 2 2 I 1 9

IRed 67-28.26 23 69 46 46 23 23 207

Total 67-2e,36 23 69 46 46 23 23 207

1 ,17.01

I aterialConsumption

,olors Length RestI ---------
Red 371-16,87

I
I
I
I



m

Marker cost sumsary,

arker nuIber............ 1 Number of stacks ............ I Marker Origin............... New
Est .ffst. s........... ....... 85.55 Marker width ........ s...... IN 58,00 Marker length ............. YD 3- 6.84

SI Mediu large 3SXq4 Sizes

I 2 6 1 10
Mark:ing cost .......... 1...S05 Total Plies ................. 101 Spread length ........ ,....YD 3- 9,34

i Spreading cost ............ $ 12.26 # bundles ................... 85 Fabric used ........... .. XY329-7
Cutting cost/Hour ........ $ 14.02 Units/plie yield ............ I Spreading time ........ Hours 0.49
Dundlinq cost ............$ 8,50 Plies/bundle ....... . 12 Cutting tiie ......... Hours 0.47
Fab~ic cost .............. $ 3291.92 Fabric cost ............ $ /YD 10,00 total tire ............. Hours 0.96

38otal cost5$ 333total units------ 1010 Avg Cost-unit-$ 3.31

1arker2r,.............. 2 Nusber of stacks ............ 1 Marker Origin ............... New
Est Eff ..................... 85.49 Marker width .............. IN 58.00 Marker Icngth ............ YD 2-?1.60

Sl Mediuexlarg 3SX42 4tA40 Sizes

m 3 2 2 1 9

I rl'ina c)st .............. S 10.97 Total Plies ............... 23 Spread length ............. YD 2-34,10
Spreading cost ........... $ 6.59 # bundles ................. 18 Fabric used ...... .... YD 67-28
Cutting cost/Heur ......... $ 12.89 Units/plie yieldI........... 1 Spreading tiee ........ Hours 0.26
Bunflirg c~st ............. $ 1.80 Plies/bundle ............. R2 Cutting tise ........$..Hours 0.43
Fbric cc;t ............. $ 677.8E Fabric cost ........... $ /YD 10.00 total time ........... Hours 0.69

tota7 cost ................ $ 710.12 total units ............... 207 Avg Costlunit .......... .4$ 3.43

Itotal cost suiear•,.

1otal lar-ers ............... 2 AVG eff ..................... 85.54 Marker width ............... 58.00

Ering cst .............. S 23,02 Wuoer of stacks ......... 2 Sizes Marled ................ 19
Spreading co ............. 18.64 i bundles ................... 103 Total Plies ................ 124

iutt:ng cost/Hocu ......... $ 26.92 Units/plie yield ............ I Spreading tite ......... Hturs 0.75
mcndling cost .............$ 10.30 Fabric cost .............,S /YD 10.00 Cutting time .......... Hours 0.90
Ubric cost ................ 3969.80 Fabric used ............... YD 396.99 total time ............. Hours 1,15

ltal cost ............... S 4048.88 to'u units ................. 1217 Avg Cost/unit ............. $ 3.33

I
I



I
I

eraphics Output.....

I Marker number.......: 1 () Repeat [1/13, 1
SpreadMethod ....... Zig/ZacI

Colors Plies Spread length .......

Fedj 101 1 329- 6.9YD

Total 101

3- 9,34

Sizes Slediularge3BX42 Total
Bi:e:• fared ........ 1 2 6 1 10

m Total Units 101 202 606 101 IOQ1

I
Graphcs Output .....I
Marker number ....... : 2 () Repeat [I/I1 , 2

preadMethod .,, "" "

Colors Plies Spread length .......

Redl 23 67-28.4YD

m < 2-34.10

Sizes S1ediuxlarg3BXA240X40 Total
izes Marled....... 3 2 2 1 1 9

Total Units 69 46 46 23 23 2071
I



I
I

Marfler Solution I1,,I
I Marker Sizes Sizes/M~arker Repeat Plies Units

S! Mediu large xlarg 3BX42 40X40

__________________________________0 1________ ___ 101 1010
, 3 2 - 2 1 9 _ 1 23 207

! I 19 J 2 124 J1217

IOpti~:zed 8preadirg :

i 78 Red

II
23 Red

I <3- 6.E4 X< 2-31.60>

m
Colors Plie5 StartPoint: EndPoint:Spread length......,

Red 23 0- 0.00 6- 3.69 141- 5.58
Red 78 0- 0.00 3- 8.09 254- 8,19

I
I
I
I



I.
I

I Parareters: BDEGHI

oblem parameters,. :

! rber of sizes,,, ...... 6 Multiple plies ............. 1 Spreading overhead,..,MIN/SPR 6.00
Nueber of colors ............ I Max Ply-difference .......... 100 Spreading cost ........ 4$ /HR 8.00

ax sizes I marker .... 10 Units/plie yield............ I Spread rate........... YD/WlI 45,00
in sizes / marker ........... 1 SpreadMethod ............... Zig/Zag Turn Time ............ SE/END 6

Parity...................... Either Plies/bundle ....... 4........ 12 Roll change time ......... SEC 360Ivercut ................... 0.00 Max. SpreadLength ......... YD 100.00 Cutting overhead ..... MIN/CUT 5.00
ndercut %,, ................. 0.00 Marker width ............. ;IN 58.00 Cuttinglice/Size ......... SEC 267

Overcut units .. ...... . 10 Pattern area ........... SQIN 550.00 Cutting cost/Hour ...... $ /HR 30.00
dercut units ........ to End Loss .................. IN 2.50 Cost/Bunele ............... $ 0.10
i1un plies ............... 108 -ixed Cost/Marker,.,,,..S 1.25 Stack factor % .............. 0.,00

"""in a u ,p Ii e s...,...... I Cost/Sizearer.,,.% 1.00 Split factor % ...... ..,.... 0. VV
Fabric cost ............ / /YD 0.50

Mark size scale

I I 2 3 4 5 6 7 8 9 10

I .00 1.00 1.02 1.03 1.05 1,05 1.06 1.07 1.08 1.08

Spreading size scaleI
1 2 3 4 5 6 7 B 9 10

!.00 !,o0 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

3 Cutting time scale

I 2 0' 4 5 6

1.00 1.02 1.04 1.06 1.08 1.10I
I
I
I



1 robler perameters., •

Common Line factor

1 2 3 4 5 6 7 8 9 10

I .50 0.50 0.50 0.50 0.50 0.50 0.50 0,50 0.50 0.50

3 Patt siz arr scale

I 1 2 3 5 6

1.0) 1,02 1.04 1.06 1.08 1.10I
Material Util scale

1 2 3 4 5 6 7 8 9 10

5 74(5 75,2 75.2 75.3 85.3 85.4 85.4 5 5.5

Iput table ,........

------------------------------I..................
Cohcrs SI 62 S3 Sf, .:5 66 Units

*iRed 200:200200 200 200'20•:":::::=;:"::= 1200

3 Total 210 200 200 200 200 200 1200

I
Marter solution .....

I Marker I Repeat 2 Plies 210 Units1260
SI S2 S3 Sf, ,5 S6 Sizes
------ ------ ---- ---- --------

31 1 1 1 6

I.
Marker Sizes Repeat Plies Units

Total 1 6 2 210 1260
I------ -------- --- -- -------. --......---... .----...-----... ..



I

I
A ting Order Report

lors: Red
Mearker Repeat Plies ...... YD

----- -----
2 210 423-2.00

* Total 2 2!0 423-2.00

Iat Plies .........

Marker Repeat Plies ...... YD

2 210 423-2,00

Total 2 210 423-2.00

!;ttlng Order Report

IMarker 1 Total
Colors= Rep÷ut [21 1 21

210 210

Total 210 210

I
Deviation report ....

tolors S1 S2 S3 S4 S5 S6 Units

3Red 10 t0 10 10 10 10 60

Total to 10 to 10 10 10 60

nite- produced

IColo's 91 S2 S3 S4 S5 86 Units

Red 210 210 210 210 210 210 1260

Total 210 210 2:0 210 210 210 1260



I niv solution .......

I Marker number ....... z 1 Repeat [1/23
Spread length ....... :2-0.52

m Colors ...... YD Plies 51 52 53 S4 S5 Sb Total

Sizes . .arked ....... I I I 1 I I 6

IRed E17-20.57 108 108 108 108 108 108 108 648

m Total 217-20.57 108 108 108 106 108 108 108 648

51.43%

Marker number ....... : 1 Repeat E2/23
pread length ....... :2-0.52

Colors ...... YD Pl ies S1 S2 S3 S4 S5 S6 Total
Sizes arKed ......... I I I I 1 1 6

Red 205-17,43 102 102 102 102 102 102 102 612It~ ~ -- ---------::::::::::::: ... .... ... ..".7";;";;";7' .... ---
ITotal 205-17.43 102 102 102 102 102 102 102 612

5 ~48. 57%

Ia ter ia 1Consumption

COIbrs Length Rest

m Red 412-26.00

I
I
*
I



I
I

Lar~er cost summary.

rker nuIber ,1 Number of stacks...6...... 2 Marker Origin ..e. New
st Eff ... ............. . . 85.32 Marker width ............ IN 5B.00 Marker length ............. YD 1-34.02

S S2 S3 54 S5 S6 Sizes

marking cost ............ $ 7.55 Total Plies ............... 210 Spread length... ....... ...YD 2- 0.52
0 preading cost .............$ 5.65 # bundles .................. 106 Fabric used ............. YD 423-2

utting cost/Hour ....... 1$ 19.02 Units/plie yield............ 1 Spreading tie...,......Hours 0.71
undling cost ............. S 10.60 Plies/bundle ......06........ 12 Cutting tile ........... Hours 0.63

Fabric cost ...............$ 211.53 Fabric cost ............ /YD 0.50 total time ............. Hours 1.34

U- - - - - ---- ------------------------------------------------------------------:::t ::l ::st :::::..:::::. ...,, 2.4.35 toa ... t...... :::::::::::::::... ... ..,- 1260 ...Avg C=ost/==nit ==.=....=..... . 0.20"

iotal cost 5ump;-),.

"tal Markers .......... . AVG eff,, ................. 85.32 .,rker width.............. 58.00
7n cost ....... .$ .. 55 Nueber of stacs ............ 2 Sizes Marked ................ 6

ireading cost ........ ... $ 5.65 # bundles .................. 106 Total Plies ............. 210

ttirz cost/Hour..,.....$ 19.02 Units/plie yield ............ I Spreading tire ........ Hours 0,71

Endling cost ............. $ 10.60 Fabric cost ............ S /YD 0.50 Cutting time ........... Hours 0.63

icric cost.. ....... S 211.53 Fabric used ............... YD 423.06 total time ............. Hours 1.34

&a.' c~st ............... 25.'35 total units ............. 1260 Avg Cost/unit ...... . 0.20

raphics Oetput ..... :

Marker number ....... : 1 > Repeat 11/239 1
readMethod ....... Zig/Ziq

3 Colors Plies Spread length .......

Redl 108 217-20.6YD

Total 108

2- 0.52

3 Sizes 51 62 S3 S4 S5 Sb Total
zes Marked ........ 1 1 1 I 1 1 6

Total Units 108 108 108 108 108 108 648



'I
I

Graphics Output ..... :

IMarker number ....... : 1 ) Repeat [2/23, 2
readMethod ....... Zig/Zag

Colors Plies Spread length .......

IRed 102 J
Total 102

I 2- 0.52

Si:es St 52 S3 S4 S5 56 Total
"es harkedl ...... I 1 I 1 1 6

Total Units 102 102 102 102 102 102 612

l~r~e Solution lf..

I
MakrSizes Sizes/Marker Repeat Plies Units

Il S2 3 S4 S5 S61 I I210---------------------------------- --- I 6__I 2 1 2 10 1 2610. _i

.

I
I
I
I



I
I

Optipized Spreading

6 Red 2
I 102 Red

I

I I~ ~~ ~ 1 -•OE• -34.02

Colors Plies StartPoint: EndPoint:Spread length.......

Red 102 0- 0.00 3-33.30 403-31.86
Red 6 0- 0.00 1-35.27 12- 3.14

I
I
I
I
I
I
I
IL



Parameters: AEGHIK

Problem parateters, :t

l awter of sizes ........... 1 Multiple plies ............. 1 Spreading overhead,..MIN/SPR 6.00
Nurber of colorsI........... 1 Max Ply-difference.......... 100 Spreading cost ....... $ /HR 8.00

ax sizes I marker..... ... .10 Units/plie yield ............ 1 Spread rate ......... YD/IMtl 45.00
in sizes / Iarker ......... o 1 Spreadfethod .............. Zig/Zag Turn Tiee ......... SEC/END 6
aity..,................... Either Plies/bundle .,,,............ 12 Roll change tiue.........SEC 360Ivercut ,,,, ... . . 0.00 Max, SpreadLength.........YD 100.00 Cutting overhead ..... MN/CUT 5.00
ndercut .. ...... 0.00 Marker width ........ .... IN 58.00 CuttingTiae/Size ......... SEC 267
vercut units .......... 10 Pattern area,..........SOW 550A00 Cutting cost/Houro.,,.s /HR 30.00

Undercut units .............. 10 End Loss ................... IN 2.50 Cost/Bundle ................ $ 0.10
axiaut plies ............... 108 Fixed Cost/Marker ......... $ 1.25 Stadc factor % ... .... 0.00
insuc plies .............. 1 Cost/Size Harker ....... $43 1,00 Split factor % ......... 0. 0.00

Fabric cost ............ S IYD 10,00

3 Mark size scale

I 1 2 3 4 5 6 7 8 9 10
.... = .... .... .... ... .... .... .... .... ....

1.00 1,.0 1.02 1.03 1.05 1.05 1.06 1.07 1.08 1.08

Spreading size scale

1 2 3 4 5 6 7 8 9 10

i 1.00 1 .0 1,00 1,00 1.00 1.00 1.00 1.00 1,00 1.00

Cutting time scale

I

I
I

I



I
I

IProbleo parameters°,

3 Common Line factor

I 2 3 4 5 6 7 8 9 10

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

I Patt siz arr scale

1.00

I
Material Util scale

1 2 3 4 5 6 7 8 9 10
.... .... .... .... .... .... .... .... .... ....4.0 75.1 752 75.75.385.3 85.4 85.5 85.5

Colors S! Units

Red 48 48------------------------
Total 48 48

I
Harker solution.....

I Mader 1 Repeat I Plies 9 Units 54
Sl Sizes

6 6

I
Harker Sizes Repeat Plies Units

I To-t-al 1 6 1 9 54



I
Cutting Order Report

Ilors: Red
farker Repeat Plies ...... YD

I 9 17-10,70
-------------------Total 1 9 17-10.70

T11l Plies .........

Marker Repea, PFlies ...... YD

1 1 9 17-10.70

To ta, 1 9 17-10,70

I tting Order Report

Marker I Tot;,

coIors Repeat E 1J [ I]

Red 9 9

Ttl9 9

I
iation report ....

Colors Sl Units

3 Total 6 6

I its produced

Colors Sl Units

Red 54 54I .......... Total ----- -- .......

Toam5 5



I
I

k nit solution .......

I Marker number ....... : 1 Repeat [l/i]
Spread length ....... :1-33.19I

Colors .,,.,,YD Plies SI Total
Sizes Marked ... 6 6

Red 17-10.70 9 54 54

Total 17-10.70 9 54 54

I 100,00%

aterialConsumption

Colors Length Rest

Red 16-32.30

I
U
I
I
I
I
I
I



KI
3

Harker cost sumcary,

tMiernumber.............. 1 Number of stack:s.......... 1 Harker Origin ........ New
Est Eff ..................... 85.32 Marker width .......... IN 58.00 Marker length ............. YD 1-30.69
I1 Si:es

6 6
Lingcost..........$ 7.55 Total Plies ............. 9 Spread length ............. YD 1-33.19
eadingcost........... 1.77 # bundlest........,.......... 5 Fabric used ............... YD 17-11
ting cost/Hour ... .. 01$ 9,18 Units/plie yield ..... 4...... 1 Spreading time ......... Hours 0.22

?Lndl:ng cost ............. $ 0.50 Plies/bundle ....... 12 Cutting time ........... Hours 0.31

I icot........$ 172.97 Fabric cost ....,,.......$ /YD 10.00 total tipe......,,,,,..oHours 0.53

total cost ................ $ 191.97 total units ........... 0..0 54 Avg Cost/unit ... ,.....,.$ 3.55

a! cost su"mary..

T 1 Mfrkers .......... ... 1 AVG eff; ................... 85.32 Harker width .............. 58.00
M n7 cost .............. S 7,55 Nurber of stacks ............ 1 Sizes Marl:ed ...... 6..0.... .. 6

S1adlq cost ............ S 1,77 4 bundles................... 5 Total Plies ................ 9

Cutting cost/Hour., ...... $ 9.18 Units'plie yield ............ 1 Spreading time.........Hours 0.22
'I3l~n; cost ............. 1 0,50 Fabric cost ............ $ /YD 10.00 Cutting tiue ........... Hours 0.31

"F IC cost ............... $ 172,97 Fabric used .............. YD 17.30 total time ............. Hours 0.53
------------------------------------------------------------------------------------------------------------
1 I cost ... I............. 191.97 total units ................. 54 Avg Cost/unit ............. $ 3.55

I
I
I
I
I
I



II
I
I
Graphics Output .....

q arker number ....... : 1 ) Repeat [1/13, 1
eadMethod ....... Zig/Zag

Colors Plies Spread length .......

I[ Red1 9 I 17-10,7YD

Total 9

( 1-33,19I
Sizes S Total

_erJ• arled ... . ..

Total Units 54 54

I
j t.er Solut:on II..

Mlarker 6Sizes Sizes/NIerj Repeat! Flies_ Uni.tsj

I 
II

I f
I 6 6 _ 1 1 9 1 54------------------------I----



I

Iptimized Spreading .

9 Red

m ( 1-30.65

I
Colors Plies StartPoint: EndPoint'Spread len;th .....

I Red 9 0- 0.00 1-31.94 17-10,70

I
i
I
I
i
I
I
I
I
I
I



I

IF o l m a E-n ith. :2 1.l chng tie ..... ESuiber of sizes0............. 1 Multiple plies,...... 1 Spreading overhead .... IN/SFR 6.00um~ber of colors ...,..,... 0 1 Max Ply-difference.......,, 100 Spreading cost ... ...$ /HR 25.00ax sizes . ...... 1. , 10 Units/plie yieldr...,,,,,... I Spread rate ........... YD/MlN 45.00Min sizec/mre... 4.0 1 SpreadMethod ....,.... Zig/Zag Turn Tite .......... SECEND 6
Either Plies/bundlec... .. 12 Roll changetiae.. ... .. SEC 360*vercut ,.,,, .... , 0.00 Max. SpreadLength,,,,.,,,,YD 100@00 Cutting overhead ..,...MIN,'CUT 5.00

ndercut , 0.00 Markerwidth......... 1N 58.00 CuttingTime/Size,.,,,.,SEC 267~ ercut unt ... ...., 10 Pattern area .........,...SOIN 550.00 Cutting cost/Hour ......S /HR 10.00rdercut unts ....... 0.100# 10 End Loss,,,,..... ..,.I 2.50 Cost/Bundle ..........,... 0.10Xo pes..,....s. 47 Fixed Cost/1-1arker......., 1.25 Stack factor X ........,..... 0.00Miiu pis.........I Cost/Size Marker,.4,,,,...g 1.00 Split factor % ... 4.1 0.00
I Fabric cost ...... ,.,....s /YD 10.00

Mark,, size scale

I

1 2 3 4 5 6 7 8 9 10

3 1.00 1.00 1.02 1.02 1.05 1.05 1.06 1.07 1.09 1.08

3 Spreading size scale

1 2 3 4 5 6 7 8 9 10
--- ------- -- ----- ---- ---- ------
1A03 1.00 i.00 1.00 1.00 !.00 1.00 1.00 1.00 1.00

I Cuitting time scale

I
1.00

I
I



'I

iProbler paraieters,. ,

Common Line factor

Ii 2 3 4 5 6 7 8 9 10

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

I Patt siz arr scale

Material Util scaleI
"2 3 4 5 6 7 B 9 10

74.0 7!,1 75.2 71.2 75.3 85.3 95.4 85.4 85.5 85.5

put table,........

Colors Si Units

Red 1200 1200

Total 1200 1200

I

I Marker solution ......

Marker I Repeat 5 Plies 201 Unitsl206

I SI Sizes

6 6I
Nrler Sizes Repeat Plies Units

-----------------------------------------------------
Total 1 6 5 201 1206



I

I
Cutting Order Report

lors: Red
arker Repeat Plies ...... YD

Ii.. 5 201 3B6-11.06

Total 5 201 386-11,06

al Pli .........

jf rl-rer Reoeat Plies ........YD

1 5 201 386-11.06

rutting Order Report i

"Marker I Total

1 olors Repeat [ 5)

2ed 201 201

U Totl 201 201

iation report ....

Colors SI Units

IRed 6 6... ------ .• .. •.--- - -- =--- - --- •----- - --

i Total 6 6

I its produced

Colors ed Units

Red 1206 1206

ITotal 1206 1206



I
I

Unit solution .......

Marker number ....... : 1 Repeat E1/53
pread length ....... :1-33.19

Colors ...... YD Plies SI Total
Sizes Marked ........ 6 6

Red 90-11,90 47 282 282

Tota01 90-11.90 47 282 282-

I 23.38%

Marker number ....... : 1 Repeat C2/53
pread length ....... :1-33.19

I Colors ...... YD Plies S1 Total
Sizes Iar:ed ........ 6 6

1 Re4 go-11.90 47 282 282

Total 90-11,90 47 262 28E

23.38%

Marker number ....... : 1 Repeat [3/53
pr-ead length ....... :1-33.19

Colors ...... YD Plies Si Total

Sizes lakd.,, 6 6

Red 90-11,90 47 282 282

-------- Total 970-11.90 ---47 - ---282 - --282-

I 23.38%

U



II
I

Marker number ........ s 1 Repeat E4/53
pread length.......:1-33.19

Colors ...... YD Plies Si Total
Sizes Marked ........ 6 6

3Red 90-11.90 47 282 282|.................•:.........•........ •......... !...........
Total 90-11,90 47 282 282

I 23.38%

IMarker number ....... : 1 Repeat E5/53
Spread length ....... :1-33.19

Colors ...... YD Plies St Total
Sizes Marked ........ 6 6

Red 24-35.46 13 78 78

I Total 24-35.46 13 78 78

* 6.47%

ater ial Consumpt ion

Colors Length RestI .............-------- ........------- .....----.
I Red 377-13.46

I
I
I
I
I



I Marker cost summary.

Marker number .............. 1 Number of stacks,...,,....... 5 Marker Origin ... NeK
Est Eff ........... ... . 05,32 Marker width ............. IN 58.00 Marker length ............. YD 1-30.69

SI Sizes

Marking cost ............. o 7,55 Total Plies ........ ,14...... 201 Spread length ............. YD 1-33.19
Spreading :ost .... ,, ..... $ 16.95 # bundles ................... 101 Fabric used ................ YD 386-11
Cutting cost/Hour,......... 15.29 Units/plie I........... 1 Spreading time ....... ,.Hours .0.68
Bundling cost .............$ 10.10 Plies/bundle ... ......... 12 Cutting time ......... Hours 1.53
Fabric cost ............... $ 3863.07 Fabric cost ........... $ /YD 10,00 total time .........#*,,Hours 2.21

.total cost ...............S 3912.97 total units ...... 06....,... 1206 Avg Cost/unit . ... ...S 3.24

Total cost surrary..

I tal Markers ...... 0.#60404 1 AVG eff ............. ........ 85.32 Marker width ...........44... 58.00
harl:.nr cost ............ . 7 .55 Nunber of stacks ............ 5 Sizes Marked ........... 6Ireadino cost ............ 1 16.95 # bundles ................... 101 Total Plies ........... , 201

itting rost/Hour..... $ 15.29 Units/plie yield..........., I Spreading tiee....,....Hours 0,68
Bundling cost ............. $ 10.10 Fabric cost ............ $ /YD 10.00 Cutting time ......... .Hours 1.53

bric cost ............. $ 3863,07 Fabric used ............... YD 386.31 total time ............. Hours 2.21

tI-al----- ---------------------------------------------------------
talcost ................ 3912.97 total units ................. 1206 Avo Cost/unit .......... 8.0$ 3.24

I
I
I
I
I
I
I



I
I
I

iMarker number ....... : 1 () Repeat [1/5], 1

SpreadMethod ....... Zig/ZagI
Colors Plies Spread length .......

I I RedJ 47 90-11,9YD

i Total 47

( 1-33.19I
Size: SI Total

:e agd .t#c 6 6

Tota! Units 282 282

Irphics flutp~t ..,...

4Marker u be....... 1 () Repeat E2/53, 2
.pr=.ad~ehc• ....... Zlg/Za;

I Colors Plies Spread length.......

Ij Redi 90-11.9YD

tTotal 47

< 1-33,19

I Sizes Sl Total
Sizes Marked ........ 6 6

1 Total Unitsz 282 ?82-

I



.I
I

6raphics Output .....

IMarker number ....... : 1 () Repeat [3/53, 3
Spreid~ethod ....... .ZialZag

I Red 1 47 90-11.9YD

*I Total 47

( 1-33.19

Sizes Sl Total
zes Marked... 6 6

Total Units 282 282

'aphics Output ..... •

Marker number....... 1 () Repeat [4/5], 4

-ead~attod ....... Zig./Zag

Colors Plies Spreac length.......
iRedl 47 1 90"11.gYD

I Total 47

_ _..- 1-33.19 >

Sizes SI Total

fzes Mrke%..&.. ... 6 6

Total Units 282 282I
I



I

I
Graphics Output .....I
Marker number ........ : 1 () Repeat [5/53, 5

preadIIethcd ...... Zig/Zag

Colors Plies Spread length .......

II Red 13 I 24-35.5YD

Tctal 13

I < 1-33.19

S5:es SI Totial
*i:es h1arked ....... 6 6

--------- -------------------
Total Uits 78 78I

la-ie Solution II.. 1

I
U arler Scizes I Sz;/ale Repeatl Pi e Uis

S1 Sie!aIer I es UI tsI

1 I6! 6 I 5 1201 11206 I

I
I

!1 5 0 1



Opticized Spreading :

34 Red

I 13 Red

I(1-30.6? X( 1-30.69 X( 1-30.69 X( 1-30.69 X< 1-30.69 >

I
Colors Flies StartPoint: EndPoint:Spread length .......

Red 13 0- 0.00 9-10.70 121-11.31
Red 34 0- 0.00 7-16,01 254-10.75i

I
I
I
i'
I
U
I
i
I



I
I Parameters: CEFHIJ

Problem parameters..:

l umber of sizes ............. I Multiple plies .............. I Spreading overhead...MIN/SPR 6,00
Number of colors ..... ,..O. 1 Max Ply-difference .......... 100 Spreading cost ......... S /HR 25.00

gax sizes /aarker....... 10 Units/plie yield ............ 1 Spread rate..,........YD/MIN 45,00
in sizes / marker ......... 1 SpreadMethod ............... Zig/Zag Turn Time,.,......,.SEC/EID 6
":'Iarity...................... Either Plies/bundle ................. 12 Roll change ti e ........ SEC 360
vecut ................... 0.00 Max, SpreadLength ......... YD 100.00 Cutting overhead ..... MIN/CUT 5.00
Jndercut a........... 0,00 Marker width .............. IN 58.00 CuttingTiae/Size ......... SEC 267

1vercut units .............. 10 Pattern area o............ SIN 550.00 Cutting cost/Hour......S /HR 30.00
Undercut units .............. 10 End Loss ................. IN 2.50 Cost/Bundle ............... $ 0,10
aYieus plies ............... 47 Fixed Cost/Marker......s... 1,25 Stack factor % ....... I...... 0.00
in1um plies .............. I Cost/Size Marker..........$ 1.00 Split factor X .............. 0.00

Fabric cost ............ S /YD 0.50

,Mark size scale

I i 2 3 4 5 6 7 8 9 10

1.00 1.00 1,02 1.03 1.05 1.05 1.06 1.07 1,08 1,08

Spreading size scale

I1 2 3 4 5 6 7 8 9 10

I 1,00 1.00 1.00 1.00 1.00 1,00 !.00 1.00 1,00 1.00

I Cutting time scale

IB72
I
I
I
mI7



I

tprebles parameters,. :

3 Common Line factor

I 2 3 4 5 6 7 8 9 10

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

m Patt siz arm scale

I I

I 1.00

Material Util scale

1 2 3 4 5 6 7 8 9 10
74.0 7c.1 75.2 75.2 75.3 B8,. 85.4 85.4 85.5 85.5

npLt table ......... :

Colors Sl UnitsI=1===Z===-===•:===-ZCZ==ZZC====:Zzz
Red 48 48

Teti' 48 48

larler solution .....

Marker I Repeat I Plies 29 Units 58
$1 Sizes

2 2

I
iMarker Sizes Repeat Plies Units

----------------------------------------------------
Tota! 1 2 1 29 58

3 B73



I

I
Cutting Order Report

I lors: Red
larý.er Repeat Plies ...... YD

1 29 22-12.86

Total 1 29 22-12,86

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

a. Ples .*. . .....

tarler Repeat Plies ......YD

1 1 29 22-12.86---- ------------------
- Total 1 29 22-12.86

lIutting Drer eport :

Mafrer I Total
Icoirs R:ýeat 1 J 11

Fed 29 29i == zz --:== ==========, •
Ual2? 29

I
le..aticn repcrt .... .

C olors S1 Units

Red 10 10

3Total 10 10-

Inits produced

IColors Sl Units

Ree 58 58

Total 58 58



U
I

Unit solution .......

IMarker number ....... : 1 Repeat [1/13
Spread length ....... :0-27.75

1
Colors ...... YD Plies Si Total5Sizes Marked ........ 2 2

Red 22-12.86 29 5B 58

I Total 22-12.86 29 58 58

I = 1oo•= =

Mater i a 1Consumpt ion

1 Colors Length Rest

3 Red 21- 2.46

I.

I
I
I
3

I
I



I
i
Marker cost sumiary.

I ker number..,.......... I Number of stacls............ I Marker Origin.............. New
st Eff . .......... .... 75.10 Marker width .............. IN 58.00 Marker length ............. YD 0-25.25

S1 Si:es

2i 2
Marking cost .............. $ 3.25 Total Plies ................. 29 Spread length ............. YD 0-27,75

reading costs.........,..$ 6.42 # bundles .............. 5 Fabric used ............... YD 22-13
Itting cost!Hour .......... 4.72 Units/plie yield ............ I Spreading time ......... Hours 0.26
Bundling cost ........... 0.50 Plies/bundle ............ 12 Cutting time ........... Hours 0.16

ur1c cost ............... $ 1l.18 Fabric cost ............ $ /YD 0.50 total time ............. Hours 0.41

=t-a I- -o-st ------- $ 26.07 -ota,-un-ts ................. - 5 Avg Cost/unit .............S - v.4-

!
0 tal cost sumaary.,

,tal Ma-Lers ............... I AVS ef f............ ...... 75.10 Marker width ............ 58.00
Marking cost .............. 2 3.25 Nuaber of stacks ............ I Si:es Marked ................ 25readn coitl .......... 6.42 4 bundles ................ 5 Total Plies ............... 29

*tting cost4Hour......... .72 Units/pile yield ..... 4$..6.6 1 Spreading time ......... Hours 0.26
Bundldi cost ............. $ 0.50 Fabric cost ............ $ /YD 0.50 Cutting time ...... ,s.... Hours 0.!6

brlc co, st ............... s 11.18 Fabric used ............... YD 22.36 total time ........ ,....Hours 0.41
----------------------------------------------------------------------------------------------------------

otal cost ...............1.$ 26,07 total units .......... .. 5B Avg Cost/unit ............. $ ,045

I
I
I
U
U
I



I

I
Marker number . ...... I Repeat 11/13, 1IEadMethod ....... •Zg1Za1

Colors Plies Spread length .......

IIRedi 29 22-12.9YD

3 Total 29

0-27.75

Sizes SI Total
: • lar'Ved ........ 2 2

Total Units 5B 58

I
Mar•'er Solutior II.,:U
M farker 'Si:es I Si:es!rar~erj Repeati Plies! Units!

I S 1 ----
-- ----2 - 1 1 29 58

i-- .... ------......... --...... - .... - .... ----- •----- r-------------
1 I I 2 I 1 529 158

7

I
I

!-



I

Cptieized SpreadingI
29 Red

I < 0-25.25

I
3 Colors Plies StartPoint: EndPoint:Spread length .......

Red 29 0- 0,00 0-26.50 22-12.86

I
I
I
I
I
I
I
I
I

I



I
I

Parareters: BCEFSK

Ioblem parameters.. :* ber of sizes ............. I Multiple plies .............. I Spreading overhead... MIN/SPR 6.00
aber of colors ............ 1 Max Ply-difference.......... 100 Spreading cost ......... $ IHR 25.00
ax sizes / marker .......... 10 Units/plie yield ............ 1 Spread rate ........... YD/MIN 45.00

Min sizes / markerI........ 1 SpreadMethod .. ,............. Zig/Zag Turn Time ............ SEC/EID 6
arity ...................... Either Plieslbundle .............. 12 Roll change tine ......... SEC 360
vercut "h, ................ 0.00 Max, SpreadLength ......... YD 100.00 Cutting overhead ..... IN/CUT 5.00

Undercut % .................. 0.00 Marker width .......... IN 58.00 CuttingTise/Size ......... SEC 267
vercut units ............... 0 Pattern area ............ SOIN 550.00 Cutting cost/Hour ...... $ /HR 30.00

dnercut units ....... .. ... 0 End Loss .................. IN 2.50 Cost/Bundle ............... $ 0.10
Oaxium plies ......... 108 Fixed Cost/Marker ...... $ 1.25 Stack factor %............. 0.00

inmu plies ........... . 1 Cost/Size Marker.......... $ 1.00 Split factor % ............. 0.003 Fabric cost ............ $ /YD 0,50

Mark si7Z scale

I

Spreading size scale

I1 2 3 4 5 6 7 8 9 10

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

I Cutting time scale

II
I1.00

I
1
I_!

I m



l

I

Problee parameters.,

3 Common Line factor

I 2 3 4 5 6 7 8 9 10

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

Patt siz arr scale

3 1.00

3 Material Util scale

2 3 4 5 6 1 8 9 10

74.0 75.1 75.2 75.2 75.3 85.3 85.4 85,4 85.5 85,5

npw tatle .........

CL0o0Ir s lS Units

Red 120( 1200

Total 1200 1200

l arler solution ..... :

Marker I Repeat 2 Plies 200 Units1200

Si Sizes
----- --------

IMar.er Sizes Repeat Plies Units

-- ------------------------------------------------------
S Total I 6 2 200 1200

S•B80
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I
Cutting Order Report

I lors: Red
Karker Repeat Plies ...... YD

1-1--- --2 ---- 200 -- 384-13.87-

Total 2 200 384-13,87

3al Plies .......

*f arl:er Repeat Plies ...... YD

i 2 200 3B4-13.87

Total 2 200 384-13.67

1  utting Order Report :

Marker I Total

r Cclors Repeat [21 1 2]

e;200 200
Total, 200 200

•,ation rep.-t .... :

Colors Sl Units

Red 0 0

I Total 0 0

tnits produced

CColors St Units

Red 1200 1200

I Total 1200 1200.

I. B81



I

I
Unit solution ....... :

I Marker number ....... : 1 Repeat r1/23

Spread length ....... :1-33.19

U
Colors ...... YD Plies Si Total|~ ~ ~ ~~ie ............. ! .!:!:: :... ......... 6

Red 207-20.45 10B 648 648

ITotal 207-20.45 108 648 648

3 54,00%

* Marker number ....... : 1 Repeat r2/23

3pread length.. . . ... :1-33.19

Colors ..... YD Plies SI Total

Sizes Mar •ed ........ 6 6

3Red 176-29.42 92 552 552

Total 176-E2.42 92 552 552

1 46.00%

ateria 1Consump t ion

Colors Length Rest

I --------
Red 375-17.87

I
I
U

Il



I
I

Ararer cost suararý.

I ker number.,.,,..,,..,. * I Nusber of stac:s ............ 2 Marker Origin ...... N....... New
Est Eff ..................... 85.32 Marker width ............ IN 58.00 Marker length ............. YD 1-30.69
*SI Sizes

6 6
7.:ing 7.55 Total Plies .............. 200 Spread length ..... ..,,,,.YD 1-33.19

* eadinq cost ............ S 16,89 # bundles ................... 101 Fabric used ............... Y K34-14
tting cost/Hour .... .. $ 18.35 Unzts/plie yield ............ 1 Spreading time ..... ,.Hou-s 0,'8

Bunelin; cost ............. 1 10,10 Plies/bundle ................ 12 Cutting ti;e ........... Hours 0.61I bric cost...,..,....... $ 192.19 Fabric cost............ $ /YD 0.50 total tire .......... ,,,Hours 1.2
----------------------------------------------------------------------------------------------------------

total cost ................ $ 245.09 total units ........... 6..... 1200 Avg Costlun~t ..... ,,....4$ 0.20

Total cost suacary,, :

n aS ea .. ......... ....... 1 e .... ..... ... . 85.32 M 58.00Marl in o co st" ............. . 7.55 Nu rber of•s ta ci s ............ 2 Sizes harked ................ 6
n a d n . c c . . . . . . . . . . . .... . , , 6 .8 9 b u n d l e s . .. . . . . . . . . . . .. . . . . 1 0 1 T o t a l P li e s .... ............ . ?0 0

tine cost/ rur ......... $ 18.35 Unts/p•ie•yield ............ I Spreadn; Uhe ......... Hours 0.6
oe .. ..... ... .. 10.10 Fa tric cost. ... .. ..... /YD 0.50 Cutting 0.6!Fabric cost ... ............... 192 1 Fabric used .... ......... YD d B4.39 total time- .. ...... .. .Hours !.29

a! . . .C4s,0 total units ............ fa... 1200 Avg Cost/unit ........... j 0.20

3 ics Output ..... :

I arker number ....... : 1 1 Repeat [1/2 p, I
adlethoe ....... Z1a/Ia:

Colors Plies Soread length .......

edI o08 I 207-20.4•yD

l- Total10S

1-33.19

i Sizes S Total
Ses Marked ........ 6 6

kC ,al Up:ts 642 64e



I

! raphics Output ..... :

IMarker number ....... : 1 Repeat E2/23, 2
SpreadMethod ....... Zig/ZagI

Colors Plies Spread length .......

I IRedI 92 176-29,4YD

Total 92

1-33.19I
Sizes Sl Total

:es Marked ........ 6 6

Total Units 552 552

larde- Solution ll..

I
Marker Size , I Sizes ,arkel Repeetl _ li es UnitsI

1 200 1200

1 J6 j 2 j200 11200

I
I
I
I
I
I B8 4



I

I Optimized Spreading

I 16 Red

I 92 Red

1
(1-30.69 >X 1-30.69I

l Colors Plies StartPoint: EndPoint:Spread length .......

Red 92 0- 0.00 3-26.63 347- 8,84
Red 16 0- 0.00 1-31.94 30-27.03

I
I
I
I
I.
I
m
I
I

I B85
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I

Parameters: LOW

oblez paraeeters,. :

Nupber of sizes ......... 0,.. I Multiple plies ............ 6. I Spreading overhead.,,MIN/SPR 6.00

feder of colors .... 1....... I May Ply-difference.......... 100 Spreading cost ........ S /HR B.00
ax sizes / ;arker.....,.... 10 Units/plie yield............ 1 Spread rate ........... YD/MIN 45.00

Min sizes / arfter ...... I SpreadMethod ............. Zig/Zag Turn Tire ............ SEC/END 6
aer:ty,•................... Either Plies/bundle ..... .... 12 Roll change tie ........ SEC 360
vercut %................. 0.00 Max. SpreadLength ......... YD 100,00 Cutting overhead ..... NINICUT 5,00

"-'rndercut X .................. 0.00 Marker wzdth ........... 9...V 58.00 CuttingTiee/Size ......... SEC 267
nvercut units .... 4..69..... 0 Pattern area ............ SON 550.00 Cutting cost/Hour ...... S /HR 0.00
rdercut units... ..... .... . 0 End Loss ............... IN 2.50 Cost/Bundle ..............6$ 0,10
ar~ur plies ............. 0.. 47 Fixed Cost/MarLer........$ 1,25 Stack factor % .............. 0.00
rln:lun plies ........... 1 Cost/Size Marker.19........S 1.00 Split factor % ............. 0.00SFabric cost ............ I /YD 0.50

Mark size scale

I I 2 3 4 5 6 7 8 9 10

I 1300 1.00 1.02 1.03 1.05 1.05 1A0& 1.07 1.0 1.08

Spreading size scale

l 2 3 4 5 6 7 8 9 10

1.00 i.00, 1.00 1.0V 1.00 1.00 1.00 1.00 1.00 1.00

I Cutting time scale

~II

1.00

IB
I

B86
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IProblem parameters.. :

i Common Line factor

I 2 3 4 5 6 - 8 9 10

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

I 'Patt siz arr scale

I ,
1.00

Material Util scaleU
1 2 3 4 5 6 7 8 9 10

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

74,0 75,1 75.2 75.2 75,3 85,3 85.4 85.4 85.5 85.5

Colors Sl Units

Red 46 48
-------------- ---- --------

Total 45 48

I
f ader solutio ..... I"

I Marker 1 Repeat 2 Plies 48 Unit, 48

FI Sizes

1.-i

I
Marier Sizes Repeat Plies Units

------------------------------------------
* Total 1 1 2 48 48

I B87



II

I
C ing Order Report

lors: Red
Marker Repeat Plies ...... YD

1 ...... 2 ---- ;48 20-14.68

Total 2 48 20-14,68

T I Plies .........

IUarker Repeat Plies ...... YD------ .... . .... ... -------- --------
31 2 48 20-14.68

Total 2 48 20-14.68

Outting Order Report : -,,

,,o , er I Total
Colors Repeal t 2] E 23

u 46 48

10tal 48 48

evialtion "eport ....

I:::: Color ::S ! Units

led 0 1

Total 0

Inits produced

UColors Si Units

Red 4S 48
------------------------------

Total 48 48

B88



I
I

Unit solution .......I
Marker number.......: 1 Repeat r1/23Ipread length.......:0-15.31

Colors ...... YD Plies S1 TotalI Sizes Mked . .. ........... I

Red 19-35.39 47 47 47

Total 19-35,38 47 47 47

97.92%

Marker number ....... : 1 Repeat E2/23
pread length ....... .:0-15.31

Colors ....... D Flies S! Total

Sizes Marked,, ..... I I
---------------------------------------------

*Red 0-15.31 1 1 1

Total 0-15.2 1 1 1

ater ia 1Consumpt ion

Colors Length Rest

---------------------------
Red 18- 9.88

Iaer cost suaay,

arker nuiber ........... ,so$ 1 Number of stacks... 2 Marker Origin ............... New
Est Eff ............. ..... 74.05 Marker width ....... $..$-IN 58.00 Marker length ............. YD 0-12.81

sl Sizes

arlin; cost .............. $ 2.25 Total Plies ................. 48 Spread length ............. YD 0-15.31
Spreading cost ............ $ 2.30 t bundles ................... 4 Fabric used ............... YD 20-15
Ctttznc cost'Hour..,...... $ 2.41 Units/plie yield ............ 1 Spreading tire ......... Hcurs 0.29

Il rdiing cost ............. S 0140 Plies/bundle ............... 12 Cutting time ........... Hours 0.24
ýFabric ccst.............. -S 10.20 Fabric cost .. ....... S /YD 0.50 total tire ............. Hours 0.53

total cost ................ $ 17.56 total units ................ 48 Avg Costlunit ............ $ 0.37



I
I
g ctal cost susmary.,

ta] Ma-kers .............. I AVG eff ..................... 74.05 Marker width ....... .... 58.00
Marl.ing cost .............. 2.25 Nusber of stacks ... ..0 2 Sizes Marled ................ I

reading cost ........ 1$ 2.30 # bundles ........,..,. , 4 Total Plies ........ 48
tting costHour" ...... $ 2.41 Units/plie yield ............ 1 Spreading tiae ......... Hours 0.23

Bundling cost ............. $ 0.40 Fabric cost ............ $ /YD 0.50 Cutting time ......... Hours 0.24
: 10.20 Fabric used....... .. ...,,.YD 20.41 total tUse,.............Hours 0.53

cost ............ $ 17.56 total units .......... 48 Avg Cost/unit ........... S 0.31

Iraphics Output ..... :

IMarter number.......: 1 C) Repeat 11/23, 1
5pveadM-ýttod ....... Z1g/Zag

I Colors Plies Spread length .......

F R edl, 47 19I-35,,YDI'7
Total 47

< 0-15.31

I Sizes Sl Total

Szzes Marked ........ I I

*T 7ota! Unis 47 7

I raphics Output ..... :

Marker number ....... : 1 C) Repeat [2/23, 2
* readMethod ....... Zzg/Zag

Colors Plies Spread length .......

Redl I I 0-15.3YD

iiTota! 1

i1 < 0-15.31

Sizes Sl TotalIzes Marl ed ........ I I



I

IMarker Solution II.,

I

Marler Sizes 1 SizeJ/MarI:erl Repeati Pliesl Unitsl

--------- -- - - I Ie I

I 1 i 2 1.48 1 48

1 2 48 4

Opticl:ed Spreading

41 Red

Ii

I

f I I Red

0O-:E.81 X< (-12.81 >I

I
Colors Piles StartPo:nt: End~oint:Spread length .......

R ed 1 0- 0.00 0-26.86 0-2B.11

Red 46 0- 0.00 0-14.06 19-20.07

II
I
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P'ar-ameters: ABCGIJ

IF'i-cblem pe,-rrete-.. *

Nueber of sizes ... " ....... s Multiple plies .............. I Spreading overhead... MIN/SPR 6,00
Number of colors ............ I Max Ply-difference .......... 100 Spreading cost ......... $ /HP 8.00
Max sizes / sarker .......... 10 Units/plie yield ............. I Spread rate .......... YDITIN 45,00
Min sizes / iar:er ........s. I SpreadMethod ............... Zig/Zag Turn Time ............ SECEND 6
Parity ......... I........... Either Plies/bundle ........ .o.. . 12 Roll change time ........ SEC 360
Overcut s............. 0,00 Max, SpreadLength.........YD 100.00 Cutting overhead ..... NIN/CUT 5.00
Undercut ................ 0.00 Marker width .............. IN 58.00 CuttingTise/Size ......... SEC 267
Overcut units .............. 0 Pattern area ............ SOIN 550.00 Cutting cost/Hour ..... ,$ /HR 10.00
Undercut units ..... .. 0 End Loss .................. IN 2.50 Cost/Bundle ... ...... 46 $ 0.10

Maxiur plies ............ 108 Fixed Cost/Marl'er.,....... s$ 1.25 Stacd factor ....... .. 0.00
ininun plie1 ............... I Cost!Size Marker ......... 1.00 Split factor %. ........ 0.00

Fabric cost,.,.... .... $ /YD 10.00

Mark size scaleI
1 2 3 4 5 6 7 8 9 10

1,0C !.00 1,06 1.03 1.05 1,05 1,06 1.07 1.08 1.08

Spreading size scale

1 3 4 5 6 7 8 9 10

!.0`1 I.00 1.00 i.0? 1.00 1Ao 100 i.00 !.V? i.00

I Cutting time scale

I lI
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mroblee parameters..

Common Line factor

1 2 3 4 5 6 7 8 9 10

0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50

Patt siz arr scale

I_!
1.00I

Material Util scale

1 2 3 4 5 6 7 8 9 10---- I ---- ---- ---- ---- ---- ---- ---- ---- ----

I 4.0 75.1 75.2 75 .3 85.4 85 5 85.5

nput tible,,.,...... -i

Colors Sl Units

Red 1200 1200
-------------------------------

I Total 1200 1200

larier solution .... , :

Marker I Repeat 2 Plies 200 Units1200

UI Sizes

6 6

Mi1rker Sizes Repeat Plies Units

7I ZIt~ 1 6 2 200 1200

I ~B9 3
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Cutting Order Report

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

1 2 200 3B4-13.B7

I otal 2 200 384-13.87

Ictal Plies .........

Marker Repeat Plies ...... YD

Ii 2 200 384-13.87

Total 2 200 384-13s87

*Cutting Order Report

Marker 1 Total

* Colors Repeat 2) [ 2)

Re, 200 200

total 200 200

I
Dev~aticn re,:ort ....

Colors SI Units

Red 0 0
-----------------------------

iTotal 0 0

Inits produced

* Colors SI Units

Red 1200 1200
---------------------------------------

Total 1200 1200

U B94
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nit solution .......

Marker number ...... : 1 Repeat E1/23
pread length ....... :1-33.19

I Colors ...... YD Plies SI Total

Sizes Marked ........ 6 6

Red 207-20.45 108 648 648

Total 207-20.45 108 648 648I
54.00%

Marker number ....... : I Repeat [2/23
Spread length ....... :1-33.19

I
Colors ...... YD Plies S1 TotalI Size Plark:d:..,...... 6 6

Red 176-29.42 92 552 552

Total 176-29.42 92 552 552

46.00%

Materia1Consumption

I Colors Length Rest

Red 375-17,87

I
I
I
-I
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I
Marker cost supeary.

larker nuaber ............... 1 Number of stacks ............ 2 Marker Origin ........... New
Est Eff .................... 85.32 Marker width .............. N 58.00 Marker length ............. YD 1-30.69

SI Sizes

6 6
Marking cost .............0$ 7.55 Total Plies ................. 200 Spread length ............. YD 1-33.19Ipreading cost ............ $ 5.41 # bundles ......... . .. 101 Fabric used ............... YD 384-14
utting cost/Hour ......... $ 6.12 Units/plie yield ............ I Spreading time ......... Hours 0.68

Bundling cost ..............$ 10.10 Plies/bundle ............... 12 Cutting time ........... Hours 0.61
:abric cost,,,.,,, ....... o$ 3843.85 Fabric cost.,. ..,..J. ./YD 10.00 total time...............Hourr 129

otal cost................$ 3673.02 total units ................. 1200 Avg Cost/unit ........... S 3.23

'rta! cost sumeary,.

' a! Wr-s ....... I AVG eff .................... 85.32 Marker uidth,............... 58.00
7,n5 cost .............. 1 ?.5 V urber of stac:s .......... 2 Sizes Marked,,:...:.:.: ..... 6

Spriadinocost ......... $ 5.41 4 bundles .................... 101 Total Plies .......... 2003itin costiHceur ......... S 6.12 Units/plie yield ........... 1 Spreading time ........::Hours 0.68
I ndli'n" cost ............. $ lO.JO Fabric cost ............ $ /YD 10.00 Cutting time ........... Hours 0.61
F briccost ... . , 3843,85 Fabric used ............... YD 384.39 total time .......... Hours 1.29

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

I
I
I
I
I
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Sraphics Output .....

*Marker number ....... : 1 () Repeat [1/23, 1
Method ....... ?ig/Zag

Colors Plies Spread length .......

feedI108 2o7-20.4YDj

m3< 1-33,19

Sizes SI Total
izes elarked ........ , 6 6

Total Uniti 64 648

C aFh:cs Outcut ..... :

Marker number ....... : 1 () Repeat [2/23, 2
preadMithod ....... Zg!/Zag

Colors Flies Spread length .......

FedI 92 176-29.4Yl

ITotal 92

1-33.19

Sizes Sl Total

:z~sHared ...... 6 6

Total Units 552 552

I

I
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Marker Solutio I , :

Marker ~Sizes jSizes/r~arkerl Repeatl Pliesi Unitsj

S1 ---------- I 1I1
S61 6 I 2 1200 l20,

6 2 1 200 1200--- ------- i ------- I ---------- -- -- ----. --- ... --.... ----.... ----....-

I
I
I
I
I
I
I
I
I
I
I
I
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I O04tiized Spreading

I 16 Red

' 92 Red

I
( 1-30.69 >( 1-30.69I

I Cclors Flies StartPhint: EnoPoint:Spread Iength .......

Red 92 0- 0.00 3-26.63 347- B.84
Red 16 0- 0,00 1-31.94 30-27.03

I
I
I
I
I
I
I
I
I
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Parameters: DFGI3J

ProbleF para.'eters,. :

tlu~be, of sizes ....... 6 lultiple plies ........ I Spreading overhead...,Mhi/SPR 6.00
Nucber of clcors ............ 1 Max Ply-differen:e .......... 6 100 Spreading cost ......... $ /HR 25.00
Max sizes / marker .......... 10 Units/plie yield ............ I Spread rate ........... YD/MIN 45.00

iMin sizes / tarker......... 1 SpreadIethod . ZiglZag Turn Time . ..... SEC/END 6
Parity ..... ........ ,... Either Plies/bu ;idle ...... 12 Roll change time ........ SEC 360
Ove-cut % ................... 0.00 Max. SpreadLength ......... YD 100.00 Cutting overhead ..... MIN/CUT 5.00
Urdercut X .................. 0.00 Marker width .............. IN 58.00 CuttingTice/Size ......... SEC 267
vercut units .............. 0 Pattern area ............ SQIN 550.00 Cutting cost/Hour ...... $ /HR 10.00

Undercut unifs .............. 0 End Loss .................. IN 2.50 Cost/Bundle ............... S 0.10
lie,,. ..... ......... 108 Fi'e, Cost/,arker ....... $ 1.25 Stack factor X .............. 0.00

*in:uzu pl:es ............ I Cost/Size Marker ......... 1.00 Split factor X ............. 0.00
Fabric cost ............ S /YD 0.50

Mark size scale

m 2 3 4 5 6 7 8 9 10

1.00 1.00 1.02 1.03 1.05 1.05 1.06 1.07 1.08 1.08

m Spreading size scale

l I 2 4 5 6 7 8 9 10

I 1,00 1.0. 1.0(' 1.00 1.00 1.0{ 1.00 1.00 1.00 1,00

Cutting time scaleI
1 2 3 4 5 6

1,00 1.02 1.04 1.06 1.08 1.10

I
I
I

I!
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I
Problep paraMuters..

b p Common Line factor

Ii 2 3 4 5 6 7 8 9 10

i 0.50 0.50 0.5 0.50 0.50 0,50 0.50 0.50 0.50 0.50

Patt siz arr scaleI
1 2 3 4 5 6

1.0(, 1.02 1,04 1.06 1.09 1,10

Material Util scale

I3 2 3 4 . 5 6 7 8 9 10

74.0 75.1 75.2 75,2 75.3 E5.3 85.4 85.4 85.5 85,5

t. ble ......... ..

o olor s Si S2 S3 S 4 S5 S6 Units

i Red 8 8 8 8 8 8 48
--------------------------------------------

Total 8 8 8 8 8 a 48

I
i ari.er sc, lut ion .....

Marker I Repeat I Plies 8 Units 48
Sl S2 S3 S4 S5 S6 Sizes

I i1 111 6

I T arker Sizes Repeat Plies Units

Total 1 6 1 8 48

I.. BIO01
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:!ttina Order Report

oIors: Red

Marker Repeat Plies ...... YD

1 I--7--I------ 1 --- 16-4.19---------- ------------------
Total 1 8 16-4.19

tal Plies.........

Parker Repeat Plies ...... YD
---- ------ ------------------

I 1 8 16-4.1'9----I-----------------
Total 1 8 16-4.19

60-nm O-der Report

I Marker I Total
olvs Repeat 1 1] 1 1]

•g...8 8

Ttao 8 8I
I

DEiatior rep:rt ....

:Colors 61 SE S3 S4 FS S6 Un:its

IRed 0 00 0 00 0

Tota 0 0 0 0 0 0 0

~nits produced

Colors SI S2 S3 S4 S5 Sb Units

Ied 8 a 8 8 8 8 48

Total 8 8 8 8 8 8 48
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lit solution .......

I arker number ....... : 1 Repeat [1/13
Spread length ....... :2-0.52

Colors ...... YD Plies SI S2 S3 S4 S5 S6 Total
Sizes Marked ........ 6

--- Re---- ------ 8 --- -8 ---8 -- -- 8 -- -- 8 -- -- 8 -- --a- ---48

i Total 16- 4.19 8 B 8 8 8 8 8 48

100,00%

aterialConsumption

- Colors Length Rest

Red 15-27.39

Marker Cost SU~Qary.

Ilrker number .........,.6,.8 1 Number of stacks ........... . Marl-er Origin ........... New
Est Eff .................... 85.32 Marker width .............. IN 58.00 Marker length ............. YD 1-34.02

S1 S2 S3 S4 S! S6 Sizes
1111 I! 1 6I rking cost .......... I 7.55 Total Plies ................ 8 Spread length ............. YD 2- 0.52

preading cost ............ S 5,48 I bundles ................... 5 Fabric used ............... YD 16-4
uttirg cost/Hour ......... S 3.17 Units/plieyield ........... I Spreading tiae ......... Hours 0.22
Euid!ilq cost ............. S 0.50 PlIes/bundle ................ 12 Cutting time ........... Hours 0.32

.cost ............... S 806 Fabric cost ........... $ /YD 0.50 total tire .......... ,.Hours 0.54
1-----------------------------------------------------------------------------------------------------------

total cost ................. 24.76 total units ............. 48 Avg Cost/unt .......... 4.3 0.52

I B103



Total cost surmary.,

Ital Markers ............... I AVS eff ..................... 85.32 Marker width ................ 56.00
Marking cost .... .. $ 7.55 Nuober of stacf s ............ I Sizes Marked ............... 6

reading cost ............ S 5,48 # bundles ... ...... ..... 5 Total Plies ................. B
tting cost/Hour ......... $ 3.17 Units/plie yield .... #....... 1 Spreading tire ......... Hours 0.22
ndlin0 cost ............. s 0.50 Fabric cost ............ $ /YD 0.50 Cutting time ........... Hours 0.32

Fabric cost .............. $ .8.06 Fabric usea ............... YD 16.12 total time ............. Hours 0.54

*tal cost ............ $ 24,76 total-units ................. 48 Avg Cost/unit ............. $ 0.52

,aphics Output .....

jMarker number ....... : 1 () Repeat [1/13, 1

•readMethod .... Zg(a

Colors Flies Spread length .......

Red; 8 16- 4,2YD

II Total 8

l 2- 0.52

l S izes S1 S2 S3 S4 SS 6 Total
:es larked ....... I 1 I I I I1 1 6

Total Units 8 8 8 8 8 8 48

I Ma ker Sizes Sizes/Marier Repeat Plies Units

------ ------------------------------------L--- -- --L--I-----L------------1S S 5345 6 1118 j48

I6 I I I1 I48 I

I
I lO



I
Opti.ized Spreading

S8 Red

I ( 1-34.02 )

I
Colors Plies StartPoint: EndPoint:Spread length .......

ReB. 0- 0.00 1-35,27 16- 4.19

I
I
U
I
I
I
I
I
I
I
I
I
I B 105
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Appendix C: Testhed Marker Lengths
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Testbed Marker Lengths

I 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 be3 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 the3 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:

U (1) 4 of each size
(2) 5 of each size
(3) 3 of one size, 2 of another
(4) 4 of one size, I 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 thedifference was at most .04 inches, in these cases the calculated lengths were altered
to fall in the closest grouping.

I Detailed calculations for each of the values follows.

5 1. Four of each size

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

* C2
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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

I Since the marker lengths for four size 30 and four size 40 cannot be broken
up they must be estimated using the knowlelge that each order is separated by 1.015 inches. This gives the values:

QrigiviJ 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

I 2. Five of each size

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

Original Mairk New Marke1  Length
5/0/0/0/0/0
0/5/0/0/0/0 1/3/1/0/0/0 66.76
0/0/5/0/010 0/1/3/1/0/0 68.02
0/0/0/5/0/0 0/0/1/3/1/0 69.28
0/0/0/015/0 0/0/0/1/3/1 70.543 01010101015

The difference between each marker is 1.26 inches which results in the3 following values for the remaining markers.

Original Makor 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

5 3. Three of one size, two of another

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.

Original Marker New Marker Length
3/2/0/0/0/0
3/0/2/0/0/0 3/1/0/1/0/0 66.51

I 3/0/0/2/0/0 3/0/1/0/1/0 67.01
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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
0/0/0/2/0/3 0/0/1/0/1/3 70.79
0/0/0/0/2/3

I The difference between each marker is approximately .51 inches which

results in the following values for the remaining markers.

I Oigna Marke ena
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
0/0/0/0/2/3 (70.79+.51) = 71.30

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

SQsiginn1Marke Ng Mmku 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 1/1/1/0/2/0 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 67.521 0/0/3/2/0/0 0/1/1/3/0/0 68.52
0/0/3/0/2/0 0/1/1/l/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

1 4. Four of one size, one of another

In the following examples we will break the four into 1-2-1.
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Original Marker New Marke 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

I The difference between markers in .25 inches.

3 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 mireases 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.

IOriginal Marker Lngth
4/1/0/0/0/0 [66.51 - (3*.25)1 = 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 Marke Lenglh
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

3 Again the difference between markers is 0.25 inches.

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

3 Following the same patterns, the remainder of these markers are computed
as follows.

I



Qriigima1 Marker New Marke 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 0/0/1/2/1/1 69.78

Original Mark• e Length
0/0/1/4/0/0 (68.78 + .25) 69.03
0/0/0/4/0/0 (69.78 - .25) = 69.53

Original M rker 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 0/0/1/1/2/1 70.04
0/0/0/1/4/0
0/0/0/0/4/1

Original Marke Length
0/010U1/4/0 (70.04 + .25) 70.29
0/0/0/0/4/1 [70.04 + (3*.25)] = 70.79

I Calculated values for the remaining rn:rkers 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:

riginal M rker Calculated Lngh Corrected Lenglh
1/0/0/0/0/4 (70.79- .25) = 70.54
0/1/0/0/0/4 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

5. Two of two sizes, one of another

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

Odginal MaIker New Marker Lengt
2/2i//0/0/0
2/2/0/1/0/0 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

I



N Using the 0.25 decrement we calculate:

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

I The remainder of two of two sizes and one of another has been calculated as
follows.

I| L Mina_ r kr Nw Marker Lengt
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

Q..ina Markr Length
2/1/2/0/0/0 [67.52 - (3*.25)] = 66.77
2/0/2/1/0/0 (67.52 -. 25) = 67.27

I ginW Marker Nm Maker Length
2/1/0/2/0/0 2/1/1/0/1/0 67.26
2/0/1/2/0/0
2/010/2/1/0
2/0/0/2/0/1 2/0/1/0/1/1 68.27

Original Marker Lcg
2/0/1/2/0/0 [(68.27 -(3*.25)] = 67.52
2/0/0/2/1/0 (68.27 - .25) = 68.02

U Original Marker New Markerength
2/1/0/0/2/0 2/1/0/1/0/1 67.773 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
2/0/0/0/1/2

Original Marke Length
2/0/0/1/2/0 (68.02 + 6z5) = 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
2/0/10/0/2 68.52 + .25 = 68.77

2/0/0/0/1/2 [68,52 +(2*.25)] = 69.02



U
Original Marke New Marker Length
1/2/2/0/0/0 2/1/1/1/0/0 67.01
0/2/2/1/0/0 1/0/3111/010 67.77

S0/2/2/0/1/ 0 1/0/3/0/1/0 68.02

0/2/2/0/0/1 1/0/3/0/0/1 68.27
1/2/0/2/0/0 1/2/1/0/1/0 67.52
0/2/1/2/0/0 1/0/3/0/1/0 68.02
0/2/0/2/1/0 1/0/1/2/1/0 68.52
0/2/0/2/0/1 1/0/1/2/0/1 68.78
1/2/0/0/2/0 1/2/0/1/0/1 68.02
0/2/1/0/2/0 0/2/1/1/0/1 68.52
0/2/0/1/2/0 1/0/1/1/2/0 68.78
0/2/0/0/2/1 1/0/1/0/2/1 69.28
1/2/0/0/0/2
0/2/1/0/0/2

0/2/0/1/0/2 1/0/1/1/0/2 69.28
0/2/0/0/1/2 1/0/1/0/1/2 69.53

* Original Maker Length
1/2/0/0/0/2 [69.28 - (3*.25)] = 68.53
0/2/1/0/0/2 (69.28 -. 25) = 69.03

Original Markex NimMa Length
1/0/2/2/0/0 1/1/0/3/0/0 68.02
0/1/2/2/0/0
0/0/2/2/1/0 0/1/0/3/1/0 69.033 0/0/2/2/0/1 0/1/0/3/0/1 69.28

Original M ker Leng_ h5 0/1/2/2/0/0 (68.02 + .25) = 68.27

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

Origin Marke Length
0/0/2/1/2/0 [68.78 +(2*.25)] = 69.28
0/0/2/0/2/1 [68.78 +(4*.25)] = 69.78

I Original Marker New Marker Lenth
1/0/2/0/0/2 1/1/0/1/0/2 69.033 0/1/2/0/0/2



I

0/0/2/1/0/2
01012/0/1/2 0/1/0/1/1/2 70.04

Original Marker Length
0/l/2/0/0/2 (69.03 + .25) = 69.28
0/0/2/1/0/2 [69.03 + (3*.25)] = 69.78

Original Marker Nm Marke Length
1/0/0/2/2/0 1/0/1/0/3/0 69.03
0/1/0/2/2/0 0/1/1/0/3/0 69.28
0/0/1/2/2/0 0/0/1/3/0/1 69.53
0/0/0/2/2/1 0/0/1/0/3/1 70.29
1/0/0/2/0/2 1/0/1/0/1/2 69.53
0/1/0/2/0/2 0/1/1/0/1/2 69.78
0/0/1/2/0/21 0/0/0/2/1/2

Original Marker Lngth
0/0/1/2/0/2 (69.78 + .25) = 70.03
0/0/0/2/1/2 [69.78 +(2*.25)] = 70.28

Original Marker NM Maikrr Lengih
1/0/0/0/2/2 1/0/0/1/0/3 70.04
0/1/0/0/2/2 0/1/0/1/0/3 70.29
0/0/1/0/2/2 0/0/1/1/0/3 70.54
0/0/0/1/2/2

_rieinal Marker Lengt
0/0/0/1/2/2 (70.54 + .25) = 70.79

3 6. Two of two sizes
This marker can be broken as before with two becoming 1-0-1.

3 Original Marke New Marker Length
2/2/0/0/0/0 3/0/1/0/0/0 53.44
2/0/2/0/0/0 2/1/0/1/0/0 53.94
2/0/0/2/0/0 2/0/1/0/1/0 54.45
2/0/0/0/2/0 2/0/0/1/0/1 54.95
2/0/0/0/0/2
0/2/2/0/0/0 1/0/3/0/0/0 54.45
0/2/0/2/0/0 0/2/1/0/1/0 54.95
0/2/0/0/2/0 1/0/1/0/2/0 55.46
0/2/0/0/0/2 1/0/1/0/0/2 55.96
0/0/2/2/0/0 0/1/0/3/0/0 55.461 0/0/2/0/2/0 0/1/0/1/2/0 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
0/0/0/0/2/2 0/0/0/1/0/3 57.47

I Original Marker Length

2/0/0/0/0/2 (54.95 + .51) = 55.45I
I
I
I
I
I
I
I
I
I
I
I
i

I



I

A B C D E F G HI SIZE 30 SIZE 32 SIZE 34 SIZE 36 SIZE 38 SIZE 40 Length (inches)
21 _ 1 1_ 1 [e 54.45

3 1 1 1 1 1 54.70
S 4 1 11 1 _54.951

S 5 _ _1 ~ 11 1 1 68.021
6 1 1 1 1 1 68.271
7 11 1 1 1 11 1 72.521

* 8 1 1 1 1 1 68.52
9 1 1 1 2 68.27

10 1 1 1 2 67.77
I 11 1 1 1 I 2 68.27
12 1 1 1 2 68.78

13 1 1 1 2 1 72.08
I 14 1 1 1 2 1 72.30

15 1 1 1 1i 21 72.30
16 1 1 11 21 1 72.75
17 11 1 1 2, 72.75
18 11 1 11 21 72.97
19 1 1 1 3j 71.86

i 20 1 1 1 3 72.52
* 21 1 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 72.521
26 1 1 2 1 67.521

. 27 1 1 2 1 1 67.77
28 1 1 2 1 68.02
29 1 1 i 2 1i 1 71.86

I 30 1! 1 2 11 1 72.08
31 li 1_ 2 1 1 72.301
32 -1 1i 21 54.19

I " 1i 3_ _ 67.26
34 1! 1_ 31 1i 71.41
35 1! 1, 3 1 71.63
36 1 1 3 1 71.86_
"37 1_ 1 4 71.19
38 1i 1 _ 28.01
39 ii 1] 41.36

40 l1 1_ 1 41.62
"41 1i 1 41.871

"42 1' 1 1 1 54.95_
43 1 Ti1t i 1 55.201
44 1: 1i 1 1 55.46
45 1 13 31 68.021
46 1 1 1 31 68.78,
47 1! 1: _ _ 31 69.531
481 1 1 - 41 __ _ _72.081I-i



I,,

A B C D E F G - H
49 SIZE 30 SIZE 32 SIZE 34 SIZE 36 SIZE 38 SIZE 40 Length (inches)
50 1 1 41 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 72.52I 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 T1 1 2 1 69.03

* 62 1 1 1 2 69.03
.63 1r 1 1 2; 69.28
64 1i 1 2 1 1 72.75I 65 1 1 1 2 1 72.97
66 1 1 1 17 2 73.19
67 F1 1 3 1 72.30
68 1 1 31 1 72.52

.69 1 1 1 3 72.75
70 1 1 3 1 73.19
71 II 1 1 3 73.41

U 72 ____1 1__ 1 3 73.64____
-73 1 1 2 54.701
74 1 __ 1 2 55.201

I 75 1 1 2 55.71
76 1i 2i 1 2 71.41
77 1_ 21 E 2 71.863 78 121 1 21 72.30
79 1_ 2 1 1 67.26
80 1 2 1_ 1_ 67.52

I 81 1_ 2 i 1 67.77
82 1 21 11 1 1 71.63
.83 ___ 1' 21 1 i____i 71.86
84 ___ 21 1___1 __i 72.08'

S 85 1 21 1_53.94
86 1 221 1 71.19_i 87 1 2 2 1 71.41_
88 1 2 2 1 71.63
89 1_ 2 2 67.01 "I 90 1 2 3 70.97
91 11 2 40.86_
92 1P 2 3 3 71.63
93 1_ 21 31 72.30
94 1 27 1_ 54.19_

95 li 21 2 1 1 71.861
I 96 1, 2! 21 ii 72.081



I

A B C D E F G H
97 SIZE 30 SIZE 32 SIZE 34 SIZE 36 SIZE 38 SIZE 40 Length (inches)

I 9 1 2 1 2 72.08
99 1 2 2 12 72.52100 1 2 1 2 72.52

101 1 2 1 2 72.75
102 1 2 1 1 67.77
103 1 2 1 I 68.02104 1 21 1 1i 68.27

I 105 1! 2__ 1 1 72.3
106 1i 21 1 154.19
107 11 2_1 54.45
II e108 1i 21 54.7
109 1_ =2 3. 72.97I 110 1i 21 2 67.52 °
111 _1 2 2 68.03 -

112 11 2 _ 1 2 68.521
I 113 1 31 1 66.76

114 1_ 3 1 11 70.97
115 _ 1 31 1 lj T 71.19
116 1! 31 1 1 71.41'
117 11 31 2 70.75
118 "'1 31 1- 67.01
119 1 31 67.26
1201 3_ 1 67.52
121 1i 3 2 71.191
122 1! 3 21 71.63

123 1 3 21 72.08
124 1i_3 1 1 71.41
125 V 3 1 1_71.63

* 126 1 3 1_1 71.86- 127 1_ 3, 53.691
128 1 41 i 70.52'I 129 1__ 4 70.75
130 -- 1 4 1 70.97
131 1_ 4 1_71.19

I 132 1_ _ 4 __66.51
133 ___5 i 70.31
134 1_ 1 28.26I 135 11 1 1 41.62I 136 _ 1 1_ 1 I 41.87
137 _ __ 1 42.121
138 1 1_ 3 , 68.271
139 _ 1 1 1 1 11 69.03
140 1 1 '1 3 _ 69.03,
S 141 1' i 31 69.78I 142 __1 41 _ _4_ _ _ 72.3

143_ 1______ 4, 73.19
144 1 li 41 74.081



I A , B C D E F H
145 SIZE 30 SIZE 32 SIZE 34 SIZE 36 SIZE 38 SIZE 40 ILength (inches)

I 146 1 1 1 11 55.2
147 1 1 1 1 55.46
148 1 1 1 1 55.71

I 149 1 1 2 55.46
150 1 2 1 69.28
151 1 1 1 2 69.28

* 152 1 1 1 1 2 73.41
153 1 1 2 21 72.75
154 1 I 1 2 2 2 73.19iI 155 1 1 22 73.64
156 1 1 2 1i 68.52
157 F 1 2 1 68.78i 158 1 1 1 2 68.78
159 11 1 2 1 69.28
160 1 _ 1 1 2 69.28
161 1" 1 j 1 21 69.53
162" 1 1 2 1 1 72.97163 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 73.86I 171 1 1 2 54.95
172 1 1 2 55.46
173, 1 1 21 55.96

1 174 1 2 41.36
175 1 2 3 72.08
176 1 2 3 72.751I ?177 1 2 1 55.21
178 1 2 2 1 72.31
179 1, 2 2 1 72.521

i 180 1 21 1 2 72.521
181 1_ 1 2 2 1 72.971
182 1 2 _ 1 2 72.97183 i 2 1 2 73.19

184 1 2 1 1 68.27
185 11 2 1 1 68.52
186 i 2 1 1 68.78
187 I 2 1 1 1 72.75
188 1 2 1 54.7
189 T 21 1 54.95

* 190 1 21 i 55.21
191 l7 21 = 31 73.411
1921 1 21 2 1 68.021 *

IC1
ICI



I
A C D E IF G H

193 SIZE 30 SIZE 32 SIZE 34 SIZE 36 SIZE 38 SIZE 40 Length (IncFes)

1 94 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
202 1 3 1 1 72.08I 203 1 3 1 1 72.30
204 1 3 1 1 72.52
205 1 3 54.45I 206 1 4 1 71.63
207 1 4 1 71.86
208 1 4 1 72.08I 209 1 4 67.52
210 1 5 71.41
211 1 15.311I 212 1 1 28.511
213 1 1 28.761
214 1 1 29.021
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_ 31 1 69.03
223 1 1 3 69.28_
224 11 3 1 69.78

• 225 11 1 31 70.041
2 11 1 1 3 70.29
227 1 4 1 72.75I 228 1_ 3 2 72.97
229 1 4, 1 72.97
230 11 2 3 73.19I 231 1 3 2 73.411
232 1 1 4 73.411
233 11 4 1 73.86

* 234 1i 31 2 74.08
* 235 1,____1 41 74.30

236 1T 1 41 74.52
* 237 1, _ 1 1 1 55.96

238 1_1 2_ 1_ 69.53
239N 2 21 1 73.41
240 1 -t 21 2T 73.64



i

I A B C D E F G H
241 SIZE 30 SIZE 32 SIZE 34 SIZE 36 SIZE 38 SIZE 40 Length (inches)

1 242 1 1 2 2 73.86
243 1 2 1 1 69.28
244 1 1 2 1 69.53

I 245 1 1 1 2 69.78
246 1 3 1 1 73.19
247 1 1 3 1 73.64I 248 1 1 1 3 74.08
249 1 2 1 55.46
250 1 2 1 55.71I 251 1 1 2 55.71
252 1 2 1 56.21
253 1 1 2 56.21i 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 73.64259 -1 5 74.75

260 1 3 55.2I 261 1 3 55.96
262 1 3 56.72
263 1 4 68.52 *
264 1 4 69.53 0
265 _ 1 4 70.52 *
266 1 2 2 69.03 #I 267 1 1 2 2 70.04 *
268 1 2 2 69.53 *
269 2 1 1 1 67.26I 270 2 1 1 2 71.63
271 2 1 1 2 71.19
272 2 1 1 2 71.63I 273 21 1 1 2 72.08
274 21 1 1 1 67.01
275 21 1 1 1 67.26!

I 276 2_ 1 1 1 67.52
277 21 1 1 1 1 71.41j
278 2 1 1 1 1 71.63

i 279 21 1 1 1 1 71.86
280 2, 1 1 53.69
281 21 1 2 1 70.97
282 2, 1 2 1 71.19
283 1 21 1 71.41
284 21 1 2 66.76
285 2 1 3 70.75
286 2 1 40.61
287 21 1_ 3 _ 71.41
288, 21 1 33! 72.08,



I
A B C D E F G H

289 SIZE 30 SIZE 32 SIZE 34 SIZE 36 SIZE 38 SIZE 40 Length (inches)29I 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

i 296 2 1 11 2 72.52
297 211 1 1 1 67.52
298 2~ i1 1 1j 67.771_ __ _

299 2_ 1 11 68.02
300 21 12 1 1 1 72.08
301 2T,1 53.94I 302 2 1 1 54.19
303 21 1 1 54.45
304 2 1 3 72.75

- 305 2 12 67.26 *
306 21 1 22 67.77 *

-- 307' 2i 1 2 68.271""
- 308 21 2 1 1 70.75

- 309 2! 2 1 11 70.97"310 21 2 1 1 71.19

311R _ 21 2 1 66.51*
312 2 2 70.52
313 21 2 1 1i 71.19
314_ 21 2 1 1 71.41
315 - 21 2 1_ 1 71.63
316 2! 2 21 70.97
317 2i 2 2 71.41
318 2! 2 1 2 71.86
319 21 211 66.76 *
320 21 2_ 67.01 *I 321 1 1 67.26 *
322 2 221 53.45 *
323' 2i 3' 1 70.3

- 324 21 3 1 70.52
- 325 2i 3 1 70.75

326 2 3 11 70.97I 327_ 21 3 1 66.26*
328 2' 4 70.08
329 2 1 40.86
330 21 3 71.63
331 2_ 1 31 72.3
332 21 1 21 1] 72.52
333 Y, _ 1 11 54.45
334 2 _ 1 2 1i 71.86
335 2! _ 1 21 1 If 72.08
336 2 i 1 1i 21 1 72.08'

C17
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A B C D E F G H
337 SIZE 30 SIZE 32 SIZE 34 SIZE 36 SIZE 38 SIZE 40 length (inches)

338 2 1 2 1 72.52
339 2 1 1 21 72.52
340 2 1 1 21 72.75
341 2 1 1 1 67.77
342 2 1 1 1 68.02
343 2 1 1 1 68.27

I 344 2 1 1 1 1 72.3
1345 2i 1 1 54.19
346 21 1 1 54.45
347 2 1 1 54.7
348 2 1 3 72.97
349 2 1 2 67.51 *I 350 2 1 21 68.02 *
351 2 1 2 68.52 *
352 2 2 2 1 1 71.63
353 22 12 1 71.86
354 2 2 1 1 72.08,

__355 2 _ 2 2 2 71.41
* 356 2 2 21 71.86

357 -'21 2 2 72.3
358 2_ 2 1 67.26 *
359 21 2 1 67.52

360 21 2 1 67.77361 21 21 53.93 *
36"-' 211 3 171.19I 363 21 3 1 71.41

364 21 3 1 71.63

365 2,: 3 67.01
I 366 2M 4_ 70.97
367 2:1 41.11
368 2; 1 41.36

369 2! 1 41.62
_ _ _ 370 21 3 1 72.08

371 2_ 3 1 72.3_
_ _ __372 2; 1 31 72.52;

=__373 2: _ __ 3 1 72.971
374 2i 2 1 1 72.52

-- 375 21 1 2 1 72.75
376 21 1 1 21 72.97
377 21 1 1 1 68.52

* 378 21 1 1 54.7
379 21 1 1 54.95

_380 2!_ _ 1 1 55.2
-- 381! 2!_ 1 31 73.19
382 2_ 1 31 73.41
383 2! 1 27.75I 2,2' 2 21 ! 72.31

C18
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A B C D E F G H
S 385 SIZE 30 SIZE 32 SIZE 34 SIZE 36 SIZE 38 SIZE 40 Length (inches)
386 2 2 2 72.75
387 2 2 2 73.19
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 1 3 69.27 *
394 2 2 1 68.02 *I 395 2 2 1 68.270
396 2 1 21 68.27 *
397 2 21 1 68.78 *I 398 2 1 2 68.78 *
399 2 1 2 69.03 *
400 2 2 54.45! *I 401 2 21 54.941 *
402 2 2 55.46 *
403 3 1 1 66.26l

I 404 3 1 1 1 70.52
.4.05 3 1 1 1 70.75
406 3 1 1 1 70.97i 407 3 1 2 70.3
408 3 1 1 66.51
409 3 1 1 66.76
410 3 1 1 67.01
411 3 1 2 70.75
412 3 1 2 71.19
413 3 1 2 71.63I 414 3 1 1 1 70.97
415 3 1 1 1 71.19
416 31 1 1 71.41I 417 31 1 53.19
418 31 - 2 1 70.08
419 31 2 1 70.3

I 420 3i 2 1 70.52
421 31 2 1_ 70.75
422 33 2 65.77'

* 423 31 3 69.86
* 424 31 1 1 66.76

425 3! 1 1 1 67.01
426 31 1 1 67.26
4 427 3 1 2 70.97
428 3 1 2 71.41

i 429 3 1 2 71.86
30 3 1 1 1 _ 71.19

431 3; 1 1i 1 71.41
432 3i 1 1 1 71.63

C19



I A B C D E F H
433 SIZE 30 SIZE 32 SIZE 34 SIZE 36 SIZE 38 SIZE 40 Length (inches)

I 434 3 1 53.44
435 3 2 1 70.75
436 3 2 1 70.97I 437 3 2 1 71.19
438 3 2 66.01__
439 3 3 70.52I 440 3 1 1 1 67.26
441 3 1 1 67.52
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 31 1 2 72.3i 449 31 1 1 1 71.86
450 31 1 40.36
451 3 3 71.19
452 3 3 71.86
453 3 _3 72.52
i54 3 1 53.69455 3 153.94

I _ 3 1 54 19457 2 66.77 0
458 3 2 67.26 *I 459 3 2 68.03 *
460 4 1 1 69.26
461 4 1 1 69.86

I 462 4 1 1 70.08
463 4 1 1 70.3
464 4 1 1 70.52I 465 4 1 "65.76
466 42 69.63
467 4 1 1 70.3

i 468 4 1 1 1 70.52
46.9 41 1 1 70.75
470 41 1 66.01 •

i 471 41 2 70.08 _

472 41 1 1] 70.75_
473 4! 1_ 1 70.97!
474 4 _1 11 71.19_475 4 2 70.52

476 4_ 2 70.97
477 4J 2 71.41
478 4] 52.93 _

479 41 66.26 •
480 41 17 66.511

I '



II

A B C D E F G H
481 SIZE 30 SIZE 32 SIZE 34 SIZE 36 SIZE 38 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

S 488 5 65.5
489 6 69.19
490 1 1 28.51I 491 1 1 1 41.87
492 1 1 1 42.12
493 1 1 1 42.37E 494 1 1 1 1 55.46
495 1 1 1 55.71
496 1 1 3 68.52
497 1 _ 1 1 1 69.28I 498 1... 1 1 3 69.28
499 1 1 3 70.04I 500 1 1 4 72.52
501 1 1 4 73.41
502 1 1 4 74.31i 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 72.971
508 1 1 2 2 73.41
509 1 1 2 2 73.86I 510 1 1 2 1 68.78
511 1 1 2 1 69.03
512 1 1 1 2 69.03I 513 1 1 2 1 69.53
514 1 1 1 2 69.53
515 Ti 1 1 1 2 69.78

1 516 1 1 2 1 1 73.19
517 1 1 2 1 73.41
9518 _ 1 _ 1 1 1 2 73.64I 519 T- 1 1 3 1 72.75
520 ____ _ 1 3 1 72.97
521 1 1 1 31 73.19I 522 T 1 1 3 1 73.64
523 1 1 1 31 73.86
524 11 1 1 31 74.08

i 525 1 1; 2 55.2
526 1 1 11 2_ _ 55.71
527 1 11 21 56.21I 528 _ 1i 21 ___ 41.62



'I
A B C D E F G H

* 529 SIZE 30 SIZE 32 SIZE 34 SIZE 36 SIZE 38 SIZE 40 Length (inches)530 121 3- 72.3

531 1 2 3 72.97i 532 1 2 1 2 73.19
533 1 2 2 1 72.52
534 1 2 2 1 72.75
535 1 2 1 2 72.75
5 '0 536 1 2 2 1 73.19
537 1 2 1 2 73.19
538 1 2 1 2 73.41
539 1 2 1 1 68.52
540 1 2 1 1 68.78
541 1 2 1 1 69.03I 542 1 2 1 1 1 72.97
543 1 2 1 54.95
544 1 2 1 55.2* 545 1 2 1 55.46
546 1 2 , 3 73.64
547 1 2 2 68.27 *I 548 1 2 2 68.78 *
549 1 2 2 69.28 *
550 1 3 1 68.02I 551 1 3 li 68.27
552 1 3 1 68.52
553 1 3 2 72.08
554 1 3 2 72.52
555 1 3 2 72.97
556 1 3 1 1 72.3
557 1 3 1 1 72.52
558 1 3 1 1 72.75
559 1 3 54.7
"560 1 4 1 71.86I 561 1 4 1 72.08
"562 1 4 1 72.3
563 1 4 67.77*I 64 1 5 71.63
565 r 11 15.561
566 1 1 28.761I 567 1 1 29.021
568 1 1 29.27
569 1 2 42.12

I 570 1 1_ 1 42.37
571 1 2 42.63
572 1 1_ 1 42.63

_573 1 21 43.13
574 _ 1 l 1 56.21
575 1 31 11 69.031
5761 - 11 3- 7 11 69.281



I
A J B C D E F G H

i 577 SIZE 30 SIZE 32 SIZE 34 SIZE 36 SIZE 38 SiZE 40 Length (inches)
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 72.975831 41 1 73.19

.84 1 3 2 73.19
585 1 2 3 73.41
586 1 1 4 73.64
587 1 3 2 73.64
588 I 1 41 1 74.08
589 1 1 31 2 74.3 --
590 __1 1 4 74.52
591 1 1! 4 74.75
5921 1 1 1 42.88

* 5931_ 1 2 1 55.96111
5941 1 22 2 1 73.64
596i 1 2 1 2 73.86

596 _ 1 1____ 2 21 74.08,
597 1 2 1 11 69.53
598 1 1 2 1 69.78

S 59 1_ 1 1 -2 70.04i
600 ..... 1 3 11 1 73.41i
601 1o 1 3 1 73.856
-602 . . 1 1 1 3 74.3

""903 2 1 _55.71

603 1l 2 1 55.961
605 1 - 1 2 55.961
606 1 2 1 56.461
607 _ 1_ 2 56.46608 1 1 2 56.72

I 609 11 21 3 74.08
610 .. . -• 2 3 74.521
611 511 572.75

I 612 1_ 5 73.86
613 l5 5[ 74.97/
614 li 3 55.46I 615 3 56.21
61DD6 .... lj 3! 56.97
617 1! 68.78 *

* 618 41 69.78 *
* 619 4__ 70.751___ *__ __ _ _

620 i 21 2 69.281 *
621 1 2 2 70.291
622 _ _1_ 2i 21 69.78 *623 21 11 __ 41.361
624 21 I; 3! 1 72.081



AB C D E F
625 SIZE 30 SIZE 32 SIZE 34 SIZE 36 SIZE 38 SIZE 40 Length (inches)S 626 21 3 72.75

627 21 1 2 1 72.52
628 21 1 1 54.70

i 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 72.97
634 "2 1 1 2 73.19i 635 2 1 1 1 68.27
636 2 1 1 1 68.52
637 2 1 1 1 68.78I 638 2 1 1 1 1 72.75
639 2 1 1 54.701
640 2 1 11 54.95i 641 2 1 1 55.20
642- 2 1 3 73.41
643 2 1 2 68.02 *I 644 2 1 2 68.52 *
645 2 1 2 69.03 *
646 2 2 1 1 72.08I 647 2 2 1 1 72.52
648 2 2 1 1 72.30
649 2 2 2 71.86
650 2 2 72.30I 651 2 2 2 "2.75
652 2 2 1 67.77 *
653 2 2 68.02 *I 654 2 2 1 68.27 *
655 2 2 54.45 *
656 2 3 1 71.63

i 657 2 3 71.86
658 2 3 1 72.08
659 21 3 67.52 *

* 660 2 4 71.41
* 661 2 1 41.62
662 2 l1 41.87

i 663 -21 1 42.12
664 21 3 1 72.52
665 2 3 1 72.75

* 666 2 1 31 72.97_
667 2 3 1 T3.-41_
668 2i 2[ 1 1 72.97
669 2 1 2 1 73.19

1670 1 1 2 73.4"
671 _ 21 1_ 1. 1 69.03'
672 _______L1 55.20



I
A B [c D E J F G H

673 SIZE 30 SIZE 32 SIZE 34 SIZE 36 SIZE 38j SIZE 40 Length (inches)S 674 2 1 1 55.46
675 21 1 1 55.71
676 2 1 3 73.64I 6771 2 1 3 73.41
678 2 28.26
679 2 2 2 72.75I 680 2 2 2 73.19_
681 2 2 2 73.64
682 2 4 72.301I 6 2 4 73.19
684 -2 4 74.08
685 2 3 68.27 *I 686 2 3 69.03 *
687 2 __ _ 2 3 69.84 *
688 2 2 1 68.52*I 689 I 2 2 1 68.78 o
690 2 1 2 68.78 *
691 _ 2 2 1 69.28*

693 2 1 2 69.53 *
694 2 2 54.95 *
695 2 2 55.46*
S 696 2 2 55.96'
697 3 1 67.52
6983 1 67.77
699 _____31 1__ ____ ___ 1 68.02
700 "1 2 71.63I
701 3 1 2 72.08
702 __ 3 1__ ________ 72.52
703 3 1 1 1 71.86
704 I3 1 1 1____1 72.08

* 705 __ I3 1 1 li 72.30 ___

706 3 1 54.19
7707 7 2 1 71.41
09 3 2 1 71.86

10 2 67.26*
* 711 _____3 3 1________ 71.19

7121 3 68.02_
713 3 1 11 68.27 ____

- 714 31 1 1 i 68.52 ___

715 3! 2 1 72.08
716 3 2 1 72.30
717 3 4E 2~ 72.30 ____

718 31 21 11 72.75
719 31 2f 72.75
720 31 1 1 21 72.971



'I
A B c D I T E F 1 HIi

-721 SIZE 30 SIZE 32 SIZE 34 SIZE 36 SIZE 38 SIZE 40 Length (inches)722 I3 1 1 1 72.52723 3 41.11
724 3 3 71.86i 725 3 3 72.52
726 3 3 73.19
727 3 1 54.45
728 3 1 54.7
"729 3 _ 11 54.95
730 3 2 67.77 oI 731 _ T3 _ 2 68.27 *
732 3 2 68.78 *
733 . 4 1 1 71.41* 734 4 1 1 71.63
735_ 4 1 1 71.19
736 4 1 67.01 *i 737, 4 2 70.97
738 4 1 1 71.63
739 4 1 1 71.86740 4 1 1 72.08
741 4 2 71.41
742 4 2 71.861
7431 4 2 72.31744 _ 4 53.941
745 4 1 67.261 °
746 4 1 67.52 -I 747 4 1 67. 7 7
748 5 11 70.75
749 5 11 7(,,.97
750 5 1---1 7 _- 9
751 5 1 ___

752 5 6__ __,_ 76 _
753 6 70.52
754 1 _ 15.82
755i 1 1 29.02
756 _ 1 1 29.27
757 1 1 1 29.52
758 - 1_ 2 42.37
759 1_ 1 1 42.63760 ! l_ 2 42.88761 _ 1 11l_ 42.88
762 ....___1 1 43.13 -_'--763 2_ 43.38764 _ _1 1 1 1 56.46
765 1 3 1_ 69.28
766 1 3 1 69.53
767 ____1 1 3 69.78768 1 1 31 11 70.291

I~ ~~~~~~~~~ 768 A__ _ _ _ _ _ _ _ _ _ _ _ _ _ _



II
NA B I"D E IF [ G I H

769 SIZE 30 SIZE 32 SIZE 34 SIZE 36. SIZE 38 SIZE 40 Length (inches)I 770 1 1 3 70.54
771 1 1 3 70.79
772 1 4 1 73.19
I_773 1 4 1 73.41
:774 1 3 2 73.41_
775 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 74.52,
'780 1 1 4 74.75
781 1 1 4 74.97* 782 __.2 _ 1 2 1 56.21
783 1 1 2 56.72
784 1 1 1 2 70.29i 785 1 2 2 1 73.86
786 1 2 1 2 74.08
787 - i1 2 2 74.30

* 788 - 1 2 1 1 69.78
789 1 1 1 2 1 70.04
790 _ 1_1 1 2 70.29
791 _ 1 3 1 1 73.64I 792 ___ 1 1 3 1 74.08

7931_1 3 74.52
794_ _ 11 2_1 55.96

I 795 __ 1 21 1 56.21
796 1 "11 2 56.21
797 _ 11 2 1 56.72

S 798 11 2 56.72
* 799 _ 11 2 56.97
800 I 1 2 31 74.303I 801 1 2 3 74.751
802 1 5 72.97
803 _ 1 5 74.08i 804 1 5 75.19
805 .. . . . 1 3 55.71
806 31 356.46

- 807 _ 1_ _ 3 57.22808 4__1 4 69.03809 4 2 70.04 *

810 1 4 71.04'
8121t 1 2 2 69.53 *812 1 2 21 70.54 *

813 1 1 2 21 70.04, *814 _ 2 1 42.121
815 __ _ 2 _ 42.371
816 _ T 2 1 _1 42.631



I A B C D E F G H
817 SIZE 30 SIZE 32 SIZE 34 SIZE 36 SIZE 38 SIZE 40 Length (inches)I 818 2 3 1 72.97
819 2 3 1 73.19
820 2 1 3 73.41I 821 2 3 1 73.86
822 2 1 1 55.961
823 1 2 2 1 1 73.411

I 824 1 2 1 2_ 1 73.64
825 2 1 1 21 73.86
826 2 1 1 1 69.53I 827 2 1 1 55.71
828 2 1 1 55.96
829 2 1 1 56.21

i 830 21 1 3 74.08
831 21 1 3 74.30
832 ___2 2a.76i 833 2 2 2 73.19
834.. 2 2 2 73.64
835_ 21 -- 2 2 74.08
836 2 4 72.75I 837 2 4 73.64_
838_2 4 74.52
839 2 3 68.78 *
* 840 2 69.53 *
841 2 3 70.35 _

842 2 2 1 69.03 *
* 843 2 2 1 69.28

844 1 2 1 2 69.28 *
"845 2 2 1 69.78 *

I 846 2 1 2 69.78 *
847 2 11 2 70.04'
848 2 21 55.46 *

* 849 2 2 55.96"
850 2 2 56.46 *I I
851 3 1 1 68.78

I 852 3 1 1 69.03
853 _ 3 1 1 69.28
"854 31 2 11 72.75

I 855 9 3 21 1 72.971
856 3_ 1 2 1 72.971-
867 _ 3 2 1 73.41
858 3 1 2 73.41

I 859 , _ _2 73.64
860 31 1 1 1 73.19
8611 3 41.87I 862 _ 3 3 72.521
* 863 - 3 3[ 1 73.191
864 _ _ 3 1 31 73.861

C28



A B C D E F G H
865 SIZE 30 SIZE 32 SIZE 34 SIZE 36 SIZE 38 SIZE 40 Length (inches)
866 3 1 55.20
867 3 1 55.46
868 3 t1 55.71

I 869 3 2 68.52 *
870 1 3 2 69.03 *
871 3 2 69.53 *
872 4 1 1 72.52
873 4 1 1 72.75
874 4 j 1 1 72.97

* 875 4 2 72.30
4876 42 72.75

877 4 2 73.19
8781 4 54.95 *

879_ 4 1 68.27_*
880 41 1 68.52
881 4 68.78
882 _5 1 72.08
883 115 72.30

I 8844 5 _1 72.52
885 5 68.02 *
886 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 75.19I 891 1 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 31 2 74.75
898 1 1 3 56.72
899 1 4 1 74.52I 900 1 4 70.30 "
901 1 5 74.30
902 1 1 29.77

* 903 1 21 43.64
904 1 31 57.47
905 1 41 71.19
I 906 T_1 51 75.411
907 -1 16.071
908 _ 2i 1 1 56.72_
909 _ 2 1 2f 70.30_ *
910 21 1 3 314.75
911" 21 42.88
912 1 21 21 1 70.29! *

C29



A B C D E F G H
913 SIZE 30 SIZE 32 SIZE 34 SIZE 36 SIZE 38 SIZE 40 Length (inches)
914 2 2 2 74.52
9151- 2 56.46
916 2 3 1 74.3070 .03
917 2 3 70.03
918 2 4 74.08
919 2 1 43.13I 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 74.30I 926 3 1 56.21
927 3 2 1 74.08
928 3 2 69.78 *

I 929 3 3 73.86
930 3 ]r 56.46
931 I 3 21 70.29 -

932 3 3 74.52
933 3 3 42.63
93,4 4 1 1 73.86I 935 4 11 69.53 °
936 ! 4 2 73.641
937 4 1 69.78 1
938 ___ ___ 4 2 74.08
939 _41 55.96
940 _ 5 1 73.41
941 1 5 1 73.64
9442 , 5 69.28
946 6 73.19
944 1 1 30.03_

_945 1 2 43.89
946 1 31 57.72,

947 _ 1 4 71.41 •
9485 1_ 5 75.64
949 16.33
950 21 1 43.64_95_.1 21 57.461

952 2 32 71.30 •
953 2 41 75.41
954 2 1 29.77
955* 3 1J 57.22

* 9561i 3 71.04 •
957 I 3 31 75.19
958 3 1 43.381
959 __4 1 70.791
i__"'60_ __ 41 74.971

9 2



Ii

A B C D E F G HI 961 SIZE 30 SIZE 32 SIZE 34 SIZE 36 SIZE 38 SIZE 40 Length (inches)
962 41___ ____ 56,97 *____

963 5 1 74.75
9641 5 70.54 6
9651__ 6 74.52 ____

966 1 16.59
967 2 30.28
968 3 44.14
969 4 57.98 *970 5 71.81 *
9711 __61 75.861

I
I
I
I
I
I
I
I
I
I
I
I
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2 -- $Header:: D:/c€pr/src/savfngs/casea1.c January 1991
3 ..... o...o..o...ooo.. ....... o.o. o.o.... ........ oo. oo..........oo*l
4
5 /* ....................................................................
6 FILE NAME : case .f.c
7 PROGRANMER : Teri A. Smith
8 - DATE WRITTEN : January 1991
9 - ADDRESS : GTRI/CSITL Atlanta GA 30332 (404) 894-8952

10
11 PURPOSE- To compute the savings if ply heights and sizes
12 - in both sections are the same.
13 :

14 -

15 - MODIFICATION HISTORY-
16
17 . ................................................................ *

18 #include <stdio.h>
I 19 l#ncLudt cstdtib.h>
20 #include "savedec.h"
21 #include "savelcl.h"
22
23 float caseai(secti, sect2, cut-cost)
24
25 sectio-' t cect1;
26 section~t sect2;
27 int cut.cost;
28

29 (
30 int i;
31 int e a O;
32 float savings;

33
34 for (O:; i< nuof-szes; 1+0) C
35 • a e + (0rder.perimeterri] * sectl.sizes[i]);
36 • a a + Corder.perimeterli2 * sect2.sizes&[1);
37 )
38
39 savings u (float) cutcost *e;
40
41 return(savings);
42
43! ~44

I
I
I
I
I1.. .



'I
I/* .................................................................

2 -- $Header:: D:/cops/src/savings/case.aii.c January 1991
3 -- ------------------------------..-----------------------------------

5 /* ...................................................................
6 FILE NAME : zase aix.c
7 - PROGRA1MER TerrT A. Smith

8 - DATE WRITTEN January 1991
9 - ADDRESS GTRI/CSITL Atlanta GA 30332 (404) 894-8952

10 -

11 PURPOSE- To compute the savings if the units or ply
12 - height is not the same in two sections.
13
14
15 - ..-----------------------------------------------------------------S16 #include <stdio.h>

17 #include <stdtib.h>
18 #include "savedec.h"
19 #incLude "saveLct.h"
20
21 float case.aii(sectl, sect2, unit-cost)
22
23 sectiont sect1;
24 sectiont sect2;
25 int unit.cost;
26
27 C
28 int i;
29 int • a 0;
30 float savings;

I 31 float sectlinch;
32 float sect2jnch;
33 float merge inch;

34 ordert merged order;
35
36 sectl inch a find incheslsectl.sizes);
37 sct2 inch - find tnches(sect2.sizes);
38
39 for (O0; i< num of sizes; i++) (
40 merged order[ti a 0;
41 merged order~i] x merged order~i) + sectl.sizesti];
42 merged orderfi] x merged order~i3 + sect2.sizescl;
43 )
44

45 merge inch - find inches(merged order);
46
47 savings a unit cost * sectl.ply..height * (sectl_inch + sect2_inch - mergeinch);
48
49 return(savings);
50
51
52I

I
I



11 7
I. . ./. .................................................................

2 -- $Header:: D:/cops/src/savtngs/compute.c January 1991

4
5 /* ....................................................................

6 FILE NAME : compute.c
7 - PROGRAMMER : Terri A. Smith
8 - DATE WRITTEN : January 1991
9 ADDRESS : GTRI/CSITL AtLanta GA 30332 (404) 894-8952

10 -

11 - PURPOSE- To determine which method to use to compute
12 the savings.
13 -
14
15 ........................................................... */

16 #include <stdio.h>
17 #include <stdtib.h>
18 #include <memory.h>
19 #include °°savodec.h"
20 #incLude "savetct.h"

21
22 float compute..avings(sectl, sect2, cutcost, unit-cost, temp_save,
23 maxsizes, max_pLy)
24
25 section t secti;
26 section t sect2;
27 Int cut cost;
28 tnt unlt_cost;
29 savingst *temp,.save;

30 int max sizes;
31 tnt maxpLy;
32
33

34 int ;i
35 Int e k O;
36 float savings - (float) 0.0;
37 float save2 =(float) 0.0;

i38 char match •1;

39 int num,_units - 0;
40 iat J, k, count;

41 char match2;
42
43 temp.ýsave->ptyl = sectl.pty_height;
44 t.'Wpýsave-;,pty2 a sect2.pty_height;
45

46 for (0=0; iknum of sizes; i++) (
47 if (secti.sizes[i) I= sect2.sizesti])
48 match = 0;
49 numnunits = numnunits + sectl.sizes(13;
50 num units = numnunits + sect2.sizesij];
51
v,2I Si

54 if (match) ( /* sizes in sections are the same */
55 if C(sectl.ply height + sect2.ptyheight) 4= maxpLy) C
56 savings = case ai(sectl, sect2, cut cost);5 57 tempsave->type= 1;

I



58 temp~save->ply height = sectl.pty height + sect2.piy hieight;

659

61 else if (nun-units <= max-sizes)
62 save? * case aii(sectl, sect2, unit-cost);I 63
64 /*if ((save2 > savings) fl(temp~save->plyheight > max~pty)) *
65 tempsave->type- 2;
66 savings x save?;I 67
68 temp.save->pty height usectl.pty~height;
69

70)

72
73 else if ((sectI.ply height arn sect2.plyhelght) UL (nwuniunts <z max-slzes))

74 savings a case ali(sectl, sect?, unit~cost);

76 temp.,save->pty height a secti.ptyjheight;

79 else if (nununits .c max-sizes)(
80 teapsave*;,p~y height x secti .pty height;
81 - savings a case-aii(secti, sect?, unit-cost);182 temp~save->types 4;
83)
84

85 temp_ýssve->savings asavings;

87 return(savlngs);
88I ~89
90



I* ..................................................................

2 -- $Header:: D:/cops/src/savings/findinch.c January 1991
3 -- - -- - - -- - -- - - ---..................................................-
4I5 I* ....................................................................

6 - FILE NAME : Findinch.c
7 PROGRAMMER : Terri A. Smith
8 DATE WRITTEN : January 1991
9 - ADDRESS : GTRI/CSITL Atlanta GA 30332 (404) 894-8952

10
11 - PURPOSE- To find the length (in inches) in the List of Is

12
13
14 ................................................................. *

15 #include <stdio.h>
S16 #include <stdtib.h>
17 #inctude <strnig.h>
18 #include "savedec.hl

19 #include "saveLct.h"
20
21 ftoat find inches(sizes)
22
23 order-t sizes;
24
25 (
26 int i, j;
27 chir match a 0;
28
29 1 a 0;

30 white ((Mmatch) UI (I < numjtist)) (
31 match a 1;
32 for (j-O; J<numof_sizes; J++) (
33 if (sizes[J] In tistri].sizes[J])
34 match - 0;
35
36 ++;
37 )
38
39 if (match)
40 return(tistC--i].inches);
41 else (
42 printf(" COULDNT FIND ");
43 for (O:; knum-ofsizes; I++) C
44 if (sizestil o 0)

45 printf("Xd Xs ", sizes(i], order.ch-sizes[cI);
46 )
47 printf("\n");
48 exit(O);
49 )

51
52I

I
I



I
/* .................................................................

2 -- $Header:: D:/cops/src/savings/getparm.c December 1990

4

5 /* ....................................................................
6 FILE NAME : Getparm.c
7 PROGRAMMER : Terri A. Smith

8 - DATE WRITTEN ; December 1990
9 - ADDRESS : GTRI/CSITL Atlanta GA 30332 (404) 894-8952

10
11 - PURPOSE- To read in the parameters from a file
12
13
14 .................................................................. '*

15 #incLude <$tdio.h>
S16 #incLude <stdLib.h>
17 #incLude ,string.h>
18 4inctude "savedec.h"
19 #include "saveict.h"

21 mnt get.parameters(ouunits, max~ply, max sizes,
22 k, inittpLy, q, cutcost, unit-cost)
23
24 int *ou.units;
25 int *max.ply;
26 int *max-sizes;
27 int *k;
28 int *init~ply;
29 int *q;
30 mnt *cutcost;
31 int *unit~cost;
32
33

34 int I, J, m, L;35 FILE *fp a NULL;

36 int quantity;
37 float temp;

38 char match;

39
40 if ((fp =fopen("tINPUT", "109) xx NULL)
41 printf("Cannot open input file getparm.c");
42 exit(O);

43 )
44
45 /* set order and List values to -1 '/
46 for (i z 0; 1 < MAX-SIZES; i++) (I 47 order.numberli] = 0;
48 order.ch-size[tilt 0] a 0;
49 order.perimeterli] = 0;
50)
51
52 for (ifO; i<MAX LIST; i++) C
53 List[il.inches = (float) 0.0;
54
55 for (j = 0; j < MAXSIZES; j++)
56 tistli].sizes[lj] a 0;

I 57 )

i



58
59
60 ýscanf(fp,llXd", ou-units);
61 fsconf(fp,'Xd", maxjpLy);
62 fscanf(fp,"Xd", max-sizes);
63 fscanf(fp,6Xd', init~pty);
64 fscanf(fp.'Xd'*, k);

65 fscanf(fp,USdI, cut-cost);
66 fscanf(fp,'Xdll, unit -cost);I67 fscanf(fp,Xd", q);
68
69

71 for (I x 0; 1 <MAX-SIZES; I++)7 C*IptOdr*
72 fsconf(fp,"IdI, gorder.number~i]);
73 If (order.number~il a-1)I74 order.number~ll an 0;
75 break;
76)
77
78 fscanf(fp, '%d', &order.perirneter CU);
79 tscanf(fp,"Xsll, order.ch~sizes Ci]);

80)I 81
82 nian of sizes x I;
83
84
85 /* Input List/I 86 w1ite;

389 fscant(fp,'Xd", &quantity);
90
91 i~f (quantity -a -2)
92 break;I 93
94 white (quantity in -1)
95396 fscanf(fp,'Xd", 9m);
97
98 if (m 3's num of.ýslzes)
99 printf(IIERROR in reading size variable -getparm.cM);
100 exit(0);I Lit~i.sies~i] uanity
102

3 104
105 fscanf(fp,"Xd'0, &quantity);
106
107I 108 fscanf(fp,"Xf', &tist~i] .nches);
109
110 +1

112
113 fcLose(fp);3 114



I
I115 return(i|);

11116 )

11
I
I
I
I
i

I

I
i
I

I

I



/* .................................................................
2 -- $Header:: D:lcopslsrclsavingslglobals.h January 1991

4

5 /* ....................................................................
6 FILE NAME : GLobals.h
7 -PROGRAMMER : Terrf A. Smith

8 DATE WRITTEN : January 1991
9 ADDRESS : GTRI/CSITL AtLanta GA 30332 (404) 894-8952

10
11 PURPOSE- To declare aLt global variabLes
12
13 -
14 .................................................... . . . . . . . . . . . . . *

15 #inctude <stdfo.h>
S16 #Include "savedec.h"
17 #include "tavetcL.h"
18
19 ord yar.t order;

21 List-t *list a NULL;
22
23 int nuxof..sizes;
24
25 Int numwLtst;
26
27 tnt total order a 0;
28
29 tnt curr.tot z 0;
30
31 tnt nuwNold.sect * 0;
32
33 section.t *old..sect * NULL;

II
I
I
I
U
I
I



1 INCLUDES =savedec.h32 LIRNAME =savetib
3
4
5 OBJS=\36 gtobaLs.obj \
7 getparin.obj \
8 findinch.obj \
9 case ai.obj \
10 case ali.obj \
11 cwmpute.obj

12
13

14 .c.obj.
15 S(CC
16 SCLIB)
17

19 gLobals.obj ; gLobats.c$(NLDS

321 getparm.obj :getparm.c S(INCLUDES)
22
23 findinch.obj : findinch.c SCINCLUDES)
24.U25 case-ai.obj :case ai.c SCINCLUDES)
26
27 case.alBi.obj :casqeail-c SCINCLUDES)
28

29 cowrtput.obj : coirpute.c S( INCLUDES)
30
31 savings.obj :savings.c SCINCLUDES)I 333 savings.exe : savings.obj SCOldS)
34 cl. savings /Link savotibAtib
35I 36
37 SCB)\savings.exe : savings.exe
38 S(CP)
39

40 S(I)\savedec.h :savedec.h
41 SCCP)
42

'3



/* .................................................................
2 -- $Header:: D:/cops/src/savinqs/n~avedec.h December 1990
3 .. .. .. .----------------------------------------------------------------

4

5 /* .....................................................................
6 FILE NAME : Savedec.h
7 PROGRAMMER : Terri A. simith

8 - DATE WRITTEN : December '1990
9 - ADDRESS : GTRI/CSITL Atlanta GA 30332 (404) 894-8952

10
11 PURPOSE- To define all variables and procedures
12
13 .................................................................. 'I

14 #ifndef SAVEDEC._
15 #define SAVEDECM..
16
17 #define MAX-LIST 1000
18 #define MAX SIZES 25

19 #define MAX.SAVINGS 2
20
21
22 typedef int ordert( W4,.,X'IZES];
23
24 typedef char sizes tCMAX SIZES (10];

*1 25
26 typedef struct (
27 order t number;
28 sizes t chasizes;
29 int perimeterCMAX.SIZES];
30 ) ord.var t;
31
32 typedef struct s
33 order -t sizes;

34 float inches;
35 ) tList-t;
36
37 typedef struct (
38 ordert sizes;
39 int pty height;
40 char nerged;
41 ) sectiont;
42
43 typedef struct C
44 Int secti;
45 int sect2;

I46 |nt pty _hefght:

47 float savings;
48 int •ype;
49 int ptyl;
50 int pLy2;
51 ) savingst;
52
53
54 int get_para."eters(int *units, int *max_ply, int *max-sizes, int *k,
55 int *InitpLy, int *q, int *cutcost, Int *unit-cost);
563 57 float find inches(order t sizes);

I



58

659 float case-..ai(section t secti, section-t sect2, int cut-cost);

61 float case ali(sectiont secti, sectiont sect2, in? unit-cost);
62
63 f loat compute-savings(section -t secti, sectiont sect2, int cut-cost,

I67 #endit unit-cost, savlngs~t *tefrp..save, int max-sizes, Itmapty)

I6
I6

67 fnI



I* .................................................................
2 -- SHeader:: D:/cops/src/savings/savedec.h December 1990

4
5 /* ....................................................................

6 - FILE NAME : SaveLct.h
7 - PROGRAMMER : Terri A. Smith
8 - DATE WRITTEN : December 1990
9 - ADDRESS : GTRI/CSITL Attanta GA 30332 (404) 894,8952
I10O
11 - PURPOSE- To define aLt globat variabtes
12
13
14 .................................................................. */
15 #ifndef SAVELCLH
I 16 #define SAVELCLN
17
18
19 extern ord..var..t order;I extern Ltt *List;

21 extern fnt numftist;
22 extern int numnofsizes;
23 extern int totalt_order;
24 extern int currttot;
25 extern Int numwoLd.sect;
26 exteru section t *otd.sect;
27
28
29 Nend| fI 2

U
I.
I'
I
I
I
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I* .................................................................

2 -- $Header:: D:/cops/src/savings/savings.c December 1990
3 ...................................................................
4

S5 /* ....................................................................

6 - FILE NAME : Savings.c
7 PROGRAMMER : Terri A. Smith
8 DATE WRITTEN : December 1990
9 - ADDRESS : GTRI/CSITL Atlanta GA 30332 (404) 894-8952

10
11 - PURPOSE- Mati program which controls execution of other procedures
12 -
13
14 ............................................................... I..

15 #include <stdio.h>
S16 #include gmattoc.h>
17 #include gmemory.h>
18 #include <stdtib.h>

19 #include <string.h>
20 #include <time.h>
21 #include <math.h>
22 #include "savedec.h"
23 #include "savetcl.h"
24
25
26 #define clock() time(NULL)

27
28 mainlargv, argc)
29 int argv;

30 char *argc];
31
32
33 /* Input Variables */
34 Int ouunits; /* # of units over/under allowed */
35 Int max.pty; /* max ply height allowed '/
36 int max sizes; /* # of sizes allowed I section '/
37 Int init-pty; /* initial ply height
38 int k; /* 0 c' merges attowed
39 int cut-cost; /* cutting cost / inch
40 mnt unit cost; /* unit cost */
41 mnt q; /* ply used for initial sections */

42
43 /* Output Variables '/
44 float totLength; /* the total amt of fabric needed*/

45 Int unit dev; /* deviation of units to cut from order 'I
46 char unitstringtlO]; /* string for over, under '/
47 float inches; /* used in output '/
48
49 Int i, J, x, y; /* counters */
50 mnt curr sect 0 0; /* current section '/
51 section t new..sect; /* new sections */
52 sectiont *save-sect = NULL; /* new sections */
53 divt n; /* quotient and remainder '/
54 savingst temp_save; /* temp savings - 1 structure */
55 savingst *savejtist = NULL; /* savings list

56 int num savings; /* # of savings in list */3 57 int m, l, r, s; /* counters */

I



58 char mergers_possibto = 1; /* 8ooLean for Loop */
59 int num new.sect; /* # of total new-sect */
60 tnt num. save sect; /* # of total neu.sect */
61 tnt num units; /* # of units in one section */
62 tnt unit count; /* # of units in aLt sections */
63 tnt order-count; /* # of units in order */
64 mnt numnmergers = 0; /* # of mergers */
65 FILE *fp; /* output fiLe pointer */
66 cLock t start-time, end-time; /* times */
67 double totaL time; /* total time program runs
68 float marker; /* inches in marker */
69 float totjmarker; /* total inches in aLL markers '/
70 char match2; /* bootean vaLue */
71 tnt count; /* counts the sections */
72 Int oLd_pLy; /* ply height of older section */
73 section-t temp_asect; /* temporary section */
74 int add-sect; /* # of sections to add */
75 order-t temp_order;
76 ordert hoLd sizes;
77 tnt absl, abs2;
78
79 start-time - clocko;
80
81 if ((fp a fopen("OUTPUT", "w")) an NULL) (
82 printf("CANNOT OPEN OUTPUT FILE savings.c\n");
83 exit(O);
84 )

* 85
86
87 Allocation of input list
88
89 if ((list a (List t *)maLLoc(MAX LIST * sizeof(tist t))) a. NULL) (
90 printf("ALLOCATION ERROR FOR LIST savings.c\n");

91 exit(O);
92 )
93
94
95 Get parameters and print initial stuff to output file
96 '/
97 nun.ist a get.parameters(&ou units, &max pLy, &max sizes, fk, &init~pLy,
98 &q, &cutcost, &unit~cost);
99

100 fprintflfp, "SAVINGS ALGORITHM 2\n\n");
101 fprintf(fp, "MAX PLY c %d MAX # OF UNITS PER SECTION = Xd\n", max_pLy, max-sizes);
102 /* fprintf(fp, "UNIT COST x %d cents CUT COST = %d cents\n", unit-cost, cut-cost);
103 'I
104 fprintf(fp, "K a %d INIT PLY =z d 0 = %d\n\n", k, initjpLy, q);
105 fprintf(fp, "ORDER\n");
106 for Ci=O; i<num of sizes; i++)
107 fprintf(fp, "-d SIZE Xs\n", order.number~i], order.ch-sizesti));
108 )

109
110 1*
111 ALLocate space for two sets of sections
112 *

113 for (i=0; I<num ofsizes; i++)&•14 totat-order = totat-order + order.number~i];

D
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116 if ((old-sect = (section -t *)maLLoc(totat order * sizeof(section-t))) ==NULL){
117 printf(IIALLOCATION ERROR FOR OLD SECTION savings.c\n');

120
121 if ((ave sect z (section -t *)mattoc(total order * sizeof(section-t))) == NULL)
122 printf7(-ALLOCATION ERROR FOR SAVE SECTION savings.c\n*');
123 exit(O);
124
125

126 for (1.0; i~nun of sizes; i+4.)(
127 temp~order~ll a order.numberEi3;

129
130I131 Assign each unit in order to a separate section of initial
132 pLy height
133
134 for 0i .0; i 4 totaL order; f4.4)(I135 otd sect Ci).pty height x q
136 otdsect~i].rnerged x 0;
137
138 for (3.0; J< MAX-SIZES; J++)I139 old sectci).sizes~j) u 0;
140)
141

143 for Ix.0; iknun of sizes; 1i4.)14 nt'u *0

144 n a div(order.number~ii, q);
145 for (J-0; J~n.quot; j+4.) C
146 otdi sect Ccurr sect) .sizes~i) 1;

14 uniset-cun unit-.count + q;

150)
151
152 for (1.0; i~num of sizes; i+4.)

15 o iO nr~;3..153 n - div(order.numbertil, q);

155 unit -dev a total order -unit-count;
156 if ((ou units u nit dev) < 0) CI157 oLd sect~curr sect).sizesti] a 1;
158 **curr sect;
159 unit count - unit-count + q
160)I ~161
162)
163
164 nun old-sect *curr-sect;I 165
166
167 Allocate space for savings List and initializeI ~168 *

169 if ((ave -List = (savings t *)maLLoc(MAX SAVINGS * sizeof(savingss t))) ==NULL)
170 printf(I"ALLOCATION ERROR FOR SAVINGS LIST savings.c\n");3171 exit(O);



3 172
173
174 for (1.0; i4<hAX.SAVINGS; 1++) C
175 save tist[ti.savings = (fLoat) 0.0;
176 save7Itst[0].ply_hefght a 0;
177 save tist[|].type a 0;
178
17918

181
182 Main loop in the Savings algorithm:
183 - creates a savings list and merges sections one at a time.
184 - a temporary section is created and merged with initial sections
185 until it is completely fitted. It is then save in the
186 save section and a new temporary section is started
187 - When aLL sections are saved to the save-section then program is
188 terminated
189 */
190
191 num save sect a 0;
192 white (mergerspossibte) C
193
194 for (i=0; i<4AX SAVINGS; i++)
195 savejistli].savings x (float) 0.0;
196 save.tistVi).ptyheight z 0;
197 savetist[i].type z 0;
198 )
199
200
201 printf("NUM OLD SECT a %d\n", numnotd.sect);
202 if (numnotd sect <= 1)
203 break;
204
205 nun-units x 0;

206
207
208 When the max number of units per section is reached, the section
209 is saved in save-section
210
211 for (j=O; J <numnof sizes; j++)
212 nunmunits a otd-sect (O] .sizescj] + numnunits;
213
214 if (nun-units >= max-Sizes)
215 memcpy(&save sect [nun.savesect], &otd sect [O], sizeof(section-t));

216
217 for (i = 0; i<num old sect-1; I+-)
218 memcpy(&otd.sect[i], &otd.sect[i+1], sizeof(section.t));
219
220 ++nunfsave sect;
221 -- nunotd.dsect;
222 )
223
224
225 mergers.possibte = 0;
226 numnsavings = 0;
227
228

D- 9



229 Create Savings ListI 230
231 1.-0;
232 for Cjml+1; Jcnun old-sect; J++)
233 temp~save.sectl x i;
234 tewrpsave.sect223 e~aepyiih a 0;

236 tempsave.smvfngs a Cfloat) 0.0;
237 tenp.save.type 8 0;I 238
239 comutesavings~oLd-sectril, otd..sect~fl. cut-cost, unit~cost,
240 &teop-ave, maxslzes* max-ply);
241

242 m -O;
243 whileC(m <n~w.savfngs) U&
244 Ctenp~save.savings <- save tistim] .savlngs))
245 +m
246

247 if Cm In MAX-SAVINGS)
248I 249 for CL - nut-msavings; L > m; L--)(
250 memcpyCfsave-list(t], &save-listcl-1], sizeof~savings~t));
251)
252I253 memicpyC&save -tstELI, &teenp save, sizeof~savings~t));
254 if Cnumn..savings < MAX SAVINGS-1)
255 ++nun-savings;

256)

258
259 1
260 Merge Sections
261 *
262
263 nebwsect.pty~height a*qI264 nebwsect.merged a 0;
265
266 for CJ=nO; J< MAX-SIZES; j++)
267 new sect.sizesEJ3 a 0;
268
269 mnwnmergers a 0;
270 m =O;I 271
272 for C0:0; icnimi savings; i++)
273 r m save List CU .sectl;
274 s asave List Cii.sect2;I275 nun-units = 0;
276
277 for CJ=0; j <num of sizes; j++)
278 nun units = old -sect~r] .sizes~j3 + nun- units;I279 if Csave-tist~ii.type I= 1)
280 nun units = old-Sect Cs] .sizes ED + nun units;
281}I 282
283 if ((save t.ist~i].ply_...ight - imx..pty) &&
284 (lotdi.sect~r].merged) &&
285 (Iotd-.sect[sJ.merged) &&

IW



286 (num units <x max"sizes) U
287 (saveitistri].type In 0)) (
288
289 mergers..possibta - 1;
290 old secttr].merged - 1;
291 otd.sect[s] .merged a 1;
292

293 new sect.pLyheight - savejist~i].pty_height;
294 for7(JsO; J~nun-ofsIzes; !++) (
295 new-sect.sizes[j] - new sect.sizesEj] +
296 old.sect[r] .sizes jl;
297 if (savetlist~l].type In 1)
298 new.sect.sizestj] a new.sect.sizes~j] +
299 oldsect Cs) .sizes Cj;
300 )
301
302
303 if the savings is achieved by rearranging sizes
304 in one section (not by putting ptys on top of
S305 each other), then the two ply heights of the sections
306 must be manipulated to keep the order correct.
307 e.g. If one section has ply 3 and the other ply 10
308 one section of ply 3 with bothe sizes conbinations
309 is made and 7 sections of kept in the list of merging
310 sections
311 *

312 if (saveList[ti.type In 1) (
313
314 for (xaO; x~nunmof-sizes; x++)
315 hotd'sizes x] - old sect[s] .sizesIx];
316
317
318 Count how many sections in the sections List match

319 the given section to merge
320 */
321 count a 0;
322 for (Lal; k<num oLd sect; L++) (
323 match2 a 1;
324 for (J=O; J<num-of sizes; J++) (
325 if (old sect~s3.sizescj] I oLd.sectct].sizqs[j])
326 match2 - 0;
327 }
328
329 if (match2)

330 ++count;
331 )
332
333
334 If the count is greater than the pLy height of
335 the temporary section, combine the two sections
336 with the ply height of temporary section and then
337 delete that number (ply height) of sections from
338 the section list
339 */

340 if ((savejlist~i].pLyl / q) <: count) (
341 count = savejist[i).pLyl / q;
342 for (=l1; t<numnoldtsect; L++) (

I



II
343 match2 = 1;
344 for (j=O; j<num of sizes; j++) f

345 if (hotd sizes[j] I= oLd sectCLj.sizestj])
346 match2 = 0;
347 )
348
349 if ((match2) && (count > 0)) C

350 for (m=t; m<numiotdosect-1; m++)
351 memcpy(&oLd.sect [m], &oLd.secttm+1], sizeof(section t));
352
353 - -numnoLd.sect;
354 -- count;
355 -- L;
356 )
357 1
358 /* savejtist[i].ptyl <= count */
359
360
361 else if the count Is Less than the ply height
362 of the temporary section, then the temp section
363 will have a ply height of count and sections are
364 added back to the section list based on the the

365 old_ply (of temp section) minus the the count
366
367 else C
368 if (count > 0) 0
369 if (old.sect[O].ply_height > count) C
370 old ply x oLd-sect [0) .plyheight;
371 old-sect[O].pty_height a count;
372 new.sect.pty_height - count;
373 for (i0O; i<numnoflsizes; i++) C
374 if (otd sect[O].sizesti] 0) 0
375 add-sect a oLd_ply - count;
376 tempsect.ptyjheight - q;
377 temp_sect.merged a 0;
378
379 for (0=0; j<num of sizes; J++)
380 tempsect.sizes[J3 a 0;
381
382 temp-sect.sizesti] = 1;
383
384 for (l=O; L<old sect[0O.sizes[i]; L++) (

385 for (j=O; j<add.sect; j++)
386 memepy(&old sect Cnum oLd sect++], &tempsect, sizeof(section-t)
387 )
388 ) /* if old sect[Ol.sizes~it > 0"/
389 1 /* for i=O etc */
390 /* old sect [O.ply > 0 */

391
392 for (l=1; l<numnold sect; 1++) C

393 match2 = 1;
394 for (j=O; j<num of sizes; j++) (
395 if (hoLd sizesti] 1= old sect[cl.sizes[j])
396 match2 = 0;
397
398
399 if ((match2) && (count > 0)) C

I1



400. for (mel; num..old..sect-i; m++)
401 memcpy(&old-sectt[nm, &otd.sect [m+l], sizeof(section.t));
402

403 --nmnotd ..sect;
404 --count;
405
406 )
407 } /* for 1=1 etc */
408
409 )/* count 0*/
410 3 /* else */
411 ) /* if type I- 1*
412
413 ++M;
414 if (++nufLmergers >x k)

S415 break;
416 )
417

418
419 memcpy(&old.sectCO, &new.sect, sizeof(sectiont));
420
421
422 Merges Complete
423
424

425 if (save last~il.type an 1) <
426 for (7-s; i< nut~otd.Sect-1; i++)
427 memcpy(&otd-sect~i], &otld..|ctVi+l3, sizeof(section-t));

426
429 -- nm old.sect;
430 3
431
432 numnsavings - 0;
433
434
435 ) /* End of While (1) */
436
437 if (nun old sect > 0) (
438 for (|0 gtnum old..sect; 1++) C

439 men py(&save.sectCnum.save.sect++], &old.sectCi], sizeof(section-t));

440 )
441 )
442
443 /

444 put final information in output fileI ~445 *

446 end time a cltock();
447 total-time = ((double) end-time - start-time) /CLKTCK;

448
449 fprintf(fp, "\*\**********************************************\*");
450 tot-tength = (fLoat) 0.0;
451 unit dev = 0;
452 order count 0;
453 unit count = 0;
454 tot-marker = (float) 0.0;
455

i456 fprintf(fp, "THE # OF FINAL SECTIONS ARE :d\n", numwsavesect);

I



457 for (0=0; ifnum save sect; I++) (
458 fprintf(fp, "SECTION %d HAS PLY = Xd\n", 1, save-sect[iE1.ptyheight);
459 for (J=O; jcni of sizes; j++) (
460 if (save sect:i3.sizesEj] ; 0) (
461 fprintf(fp, " AND %d SIZE •s\n", save sect~i3.sfzes[j3, order.ch sizesl
462 unit-count a unit-count + (save~sectI[].sizestj) * savesectci].pty..height);
463 )
464)
465 marker a find inches(save-sect[ij.sizes);
466 inches = marker * savesect1[i.pLyhefght;
467 fprintf(fp, "MARKER LENGTH x X7.2f THE TOTAL LENGTH a %7.2f\n\n",
468 marker, inches);
469 tot1tength a tot-tength + inches;
470 tomarker x tot marker + marker;
471 )
472
473 for (JxD; jnnum_of.sizes; J++)
4i74 order-count: order:counto + rder.numberEj];475

476 unit _dev a ordercount - unit-count;
477 if (unit:_dev > 0)
478 s1trcpy(unit1_s1tri|ng, "UNDER"=);

S479 else If (unit-dev we 0)
480 strcpy(unit..string, "\0");
481 else (
482 unit.dev a unit.dev * -1;
483 strcpy(unit.string, "'OVER"');
484 )
485

486 fprintf(fp, "TOT-MARKER a X7.df TOT LENGTH x %7.2f, UNIT OVER/UNDER a Xd Xs\n\n",
487 tot-marker, totLength, unit.dev, unit-string);

488 fprintf(fp, "TOTAL TINE a %f SECONDS\n", totatltime);
489

490
491
492 Free all space and close output file
493
494 if (list In NULL)
495 free(List);
496
497 if (save list !z NULL)
498 free(saveL ist);
499
500 if (oldsect 1= NULL)

501 free(old-sect);
502
503
504 fcLose(fp);505

506 return(O);
507

I
I
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I
1* .................................................................

2 -- $Header:: D:/cops/src/cherry/cherdec.h December 1990

.43 ~ ~5 /*............................................................................
6 - FILE NAME : Cherdec.h
7 PROGRAMMER : Terri A. Smith
8 -DATE WRITTEN: December 1990
9 ADDRESS : GTRI/CSITL Atlanta GA 30332 (404) 894-8952

10
11 PURPOSE- To define asL variables and procedures
12
13 -
14 .................................................................. 'I
15 #ifndef CHERDECJH
16 #define CHERDECH
17
IS #define MAX LIST 1000

i19 #define i4AXSIZES 25

20
21 typedef tnt orderýt[MAX.SIZES];
22
23 typedef char sizes-t[MAXSIZES3[1O3;
24
25 typedef struct C
26 ordernt number;
27 sizes t ch sizes;
28 ) ord.var-t;
29
30 typedef struct C
31 ordernt sizes;
32 float inches;
33 ) List-t;
3'
35 typedef struct C
36 order t sizes;
37 int plyjheight;
38 ) section-t;
39

40 int getparamfters(int *units, int *maxpLy, int *max-sizes);

42 float findtinches:order: t sezes);
43

44 float combineinches(order t set_s);

45

46 void checkdinches(section-t *temp_secs, int *num temp_secs);
47I 548 void ctea dr t ep(sectiont *temp.secst int *num*temp-secs);

50 void copy_hotd_to-sections();
51

I52 void ones(order_t set_s, section-t *temp_secs, int *num-temp_secs);

53
54 void twos(order-t set-s, sectian-t *temp_ýsecs, int *num-temp_,secs);

55
56 void threes(order t sets, sectiont *temp_secs, int *num temp_secs);
57II



58 void-fourg(order_ t sitý,s, section-t *tem sees, int,*nwutempjics);
59
60 void fives~order... sets, sectiont *tems.ecs, int *nullterp~secs);
61

362 void sixes~order... sets, section-t *tensecs, tnt *nlxil tarppsec);
* 63

LW64 #endif
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II
/* .................................................................

2 -- SHeader:: D:/cops/src/savings/savedec.h December 1990
3 -- ---- oo---- ----------------- ----------- o-- o------ -------- --- o--------

5 J* .................... : ...............................................

6 FILE NAME : Savetct.h
7 - PROGRAMMER : Terri A. Smith
8 - DATE WRITTEN : December 1990
9 ADDRESS : GTRI/CSITL AtLanta GA 30332 (404) 894-8952

10
11 - PURPOSE- To define iLt gLobaL variabtes
12
13
14 ................................................................ */

15 #ifndef CHERLCLJH
16 #define CHERLCLH
17

18
19 extern ordyvar t order;
20 extern Listt *List;
21 extern mnt numwtist;
22 extern mnt num of sizes;
23 extern order t terporder;
24 extern int num-sections;
25 extern float totalinches;
26 extern float prev.inch;
27 extern section t *sections;
28 extern int numholdsecs;
29 extern section.t *hold.secs;

30 extern mnt pLyheight;
31
32
33 #endifi

I
!
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I 1 /* .................................................................

2 - SHeader:: D:/cops/src/cherry/cherry.c December 1990
3 -- ----------------------------------------------------------------- •

5 /* ....................................................................

6 FILE NAKE : Cherry.c
7 PROGRAMMER : Terri A. Smith
8 DATE WRITTEN : December 1990
9 ADDRESS : GTRI/CSITL Atlanta GA 30332 (404) 894-8952

10
11 PURPOSE- The main program which executes all other procedures
12
13
14 . ................................................................. *

15 #include cstdio.h)
n 16 #include ,maLtoc.h)
17 #include 4stdLib.h)
18 #include <string.h)
19 #Include qnemory.h),

I20 #Include <time.h),

21 #include "cherdec.h"
22 #include "cherlct.h"
23
24 #define cLock() time(NULL)
25
26 .ain(argv, argc)

27 mat argv;
28 char *argc(];
29

30
31 /* Input Variables */
32 mot outunits; /* # of units over/under aLlowed '/
33 int max-pty; /* max ply height
34 In, rax~sizes; /* # of sizes allowed / section */

36 /* Output Variables *
37 int 6m t*Vaecs; /* # of total section *s

38 float totjtength; /* total Length of fabric '/
39 float tot marker; /* total length of fabric '/
40 section t *temp-secs:NULL; /* each section description */

41 int unittdev a 0; /* deviation of # of units from order '/
42 char unit-stringflOj; /* string to print over, under '/
43
44 Int ql- /* largest quantity in order */

45 mnt :; /* 2nd largest quantity in order '/
46 int savar; /* q2 minus ou-units '/
47 order t set_s; /* set S of sizes */
48 mot max sections=O; /* max # of sections to allocate */
49 char repeattoop; /* boolean to loop again or not */
SO int ;, J, k, l,m,n; /* counters 'I
51 float inches; /* used for printing results */
52 float marker; /* used for printing results '/
53 int sets_cnt; /* # of sizes in set S */
54 FILE *fp; /* output file pointer 'I
55 int unit-count = 0; /* # of units in all sections */
56 Int order count = 0; /* # of units in order */
57 int oucount = 0; /* count to determine if repeat loop */

I
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58 clock t start time, end-time;I 59 doubte totaLt~ime;

61 start-time w ctocko;

3 63
64 open output tile
65
66 If ((fp a fopen ('OUTPUT11, '110)) xx NULL)(I67 printt("CANNOT OPEN OUTPUT FILE cherry.c\n");
68 exit(O);
69
70I~ ~ ~~7 Allocate space tor the list at is **zo~t))* UL

374 it ((list a(List~t *)matLoc(MAX LIST szoCjtt) UL
75 printt(IIALLOCATION ERROR FOR LIST cherry.c\n');
76 exit(0);
77I779 ntznjtist a get~parameters(gou units, 9max~pty, &max-sizes);

81 fprintf(tp, "CHERRY ALGORITH1M\n\n");I82 fprintf(tp, "M1AX PLY a %d MAX 0 OF UNITS PER SECTION a Xd\n", max..pty, max~sizes);
83 fprintf(tp, 11\n ORDER\n");
84 for (1.0; iint-of-sizes; I++) (
85 fprintf(fp, I'M SIZE Xs\n", order.number~i2, order.ch-sizes(13);
86 order -count a order-count + order.nurib.r~l];
87)
88I ~89 I
90 Allocate space for the max numb~er of sections

91 for the three list of sections
92

9 fo(.0 iMASIE;1)94 max -sections a max sections + order.rmurber[i];

95
96

97 it ((sections x (sectiont *)mattoc(max sections *sizeot(sectiontM))) NULL)
98 printf("IALLOCATION ERROR FOR SECTIONS cherry.c\n");
99 exit(O);

100)1 101
102 if ((erp-secs a (section t *)mattoc(max sections * sizeot(sectiont))) an NULL) C
103 printf ("ALLOCATION ERROR FOR SECTIONS7 cherry.c\nl");I104 exit(O);
105
106
107 if ((oLd secs a (section -t *)maLtoc(max -sections * sizeof(section-t))) ==-NULL)CI108 printf ("ALLOCATION ERROR FOR SECTIONS cherry.c\n");
109 exit(O);
110)

112
113 for (0=0; i~max sections; i++) C3114 sections~i2.pLy..,height x 0;
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115, for (j1:0 J5ALSIZES; j++)
116 sectionscI].sizestjj - 0;
117
118119 numjsections a 0;

120
121 /

122 Main Loop of program2f123o*/
124 white (1) (
125i126 for (,0; icmax-sections; I++) C
127 temp~secs~f].pty, heght a 0;

128 for (jxO; I)<AX SIZES; J++)
129 temp.secs[l].sizestj] V 0;

130 )
131
132 repeat toop u 0;

133
134 /*
135 Choose 01 and 02
136137 ql a 0;
138 q2 - 0;

139

140 for (1:; inum-of sizes; I++) (
141 if (order.number i3 ]- order.numberIql])
1142 ql a i;
143

144
145 q2 "0;
146 for (I.O; i~num-of sizes; I++) (
14,7 if (tl= ql) (

148 if (order.numbertil )- 0) C
149 q2 a I;
150 break;
151 )
152 )
153
154
155 for (1.0; I<numof sizes; 4++) (
156 if 0i In ql)
157 if (order.number~i) >= order.number(q2])
158 q2 a I;
159 )
160
161 if (order.numberq2] <x 0)
162 q2 x ql;

163
164
165
166 Form set S with atL the sizes remaining in the order
167 which have a quantity greater than or equaL to q2 - the numrber
168 of units aLLowed over the specified demand
169 *

170 s var : order.numbertq2l - ou.units;
3 171

I



172 sets cflt =0;
173 for (10O; i<MAX SIZES; i++)3 ~174 if ((rder.ZmaierM >= s..var) U& (order.nua!ber >0)) C

176 ++setscSnt;

177
178 else
179 set-sE13 0;
180)I 181
182
183 Set ply height of next section to the mincq2, max ply)I 184
185 ptyjheight - order.numbtertq2l;
186 if (max-ply -c order.niumbertq23)
187 pLyjicight a max..ply;I 188
189
190 I
191 Combine all posibilities of sections up to 5 unitsU192 per section
193
194 inches x (float) 9999.0;
195 for (1.0; icMAX -SIZES; i4+)I196 tempwýorder~fl w 0;
197 nun teirp secs *0;

198
199 total inches *(float) 0.0;

202 :::s(:et-stemp-secs, &nItantup-::cs);3203 check -Inches(temp sees, &num temp sacs);

206 if ((setscnt * 1) U (max-sizes 1)) C
207 twos(set-s, temp.secs, gLn4.ntemp_,secs);
208 checkjnches(temp_.secs, &num ntemp~secs);
209 ci ear-tempCtemp~secs, &n4Jntemp~secs);
210)
211
212 if ((sets cnt > 2) U (max-sizes > 2)) C
213 threes(set~s, teflp~secs, &num -tempsecs);
214 checkjinches(tesfp~secs, &numnterp~secs);
215 cLear~temp(temrpsecs, &numntelrp.secs);
216)
217I218 if ((sets..cnt )- 3) U (max sizes > 3))C
219 fours(set-s, te'p~secs, &nun temp~secs);
220 check -inches(temp..secs, &ntvntemp~secs);
221 ctear _teoip( tempsecs, &nIuantemp~secs);
222
223
224 if ((sets~cnt > 4) U& (max-sizes >4))C
225 fives(set-s, tempsecs, &num -temp~secs);
226 check-inches( temp~secs, &numntefrpsecs);

227 clear -temp( terp~secs, &numntemp~secs);3 ~228
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229
230 if ((sets.cnt > 5) && (max-sizes > 5)) (
231 sixes(sets+ temp,..ecs, &num temp_secs);
232 checkj -nches(temp_secs, &num~temp_secs);

233 cteartemp(tempf secs, &nwutempfsecs);
234 )
235
236 copy.hold to-sectionso;
237
238 /

239 Reduce the order demand
I ~240 *

241 for (mw(num sections - num.hotd-secs); wnfumlsections; m++) C
242 for OnZO; n< ntx of sizes; n++) (
243 if (sections~ml.sizes~n] an 1) C
244 order.numbertn] a order.number[n] - pLy..hefght;
245 set_stn] a 0;
246 )
247

248 )
249
250 /*
251 Repeat Loop if the order contains a size wI positive
252 quantity greater than the nimber of units aLLowed under the
253 specified demand, etse break out of Loop
254 */
255
256 ou.count a 0;
257 for (1O.; i<numwof_sizes; I++) C
258 ou..count a ou.count + order.nurberti];
259 if (ou count 3 ou.units)
260 repeatLoop a 1;
261 )
262
263 if (!repeatLoop)
264 break;
265
266 ) /* END of WhiLe (1) */
267
268 end time u ctock();
269 totatltime x ((doubte) end-time start-time) / CLKTCK;
270
271
272 Print Out ResuLts
273
274 fprintf(fp, *\n*********************************************\n"*)
275 fprintf(fp, "THE NUMBER OF FINAL SECTIONS a %d\n", numnsections);
276
277 for (i0O; i<num sections; i++) (
278 marker = findr nches(sections~il.sizes);
279 inches a marker * sectionsti].pLy height;
280 totaL inches = totaL inches + inches;
281 tot marker = tot i..arker + marker;
282 fprintf(fp, "\nSECTION %d HAS PLY = •d\n" I, sectionsti].pty_height);
28.3 for (j=O; j<num-of sizes; j++) (

284 if (sections~i].sizeslj] > 0)3.285 fprintf(fp, " HAS %d SIZE %s\n", sections~i].sizestj], order.ch sizes~j]);
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286 unit-count = unit-count + (sections[ti.sizes[j] * sections[i3.pLy_height);
287 )
288
289 fprintf(fp, "MARKER INCHES = %7.2f and TOTAL INCHES %T.2f\n", marker, inches);

! II 290

291 fprintf(fp, "\nTOTAL MARKER INCHES = %7.2f TOTAL INCHES %7.2f\n", totkmarker, totaLinches);
292
293

294 unit dev - order-count - unit-count;
295 if (unit-dev > 0)
296 strcpy(unit-string, "UNDER");
297 eLse if (unit.dev == 0)
298 strcpy(unit-string, "\0");
299 else (
300 unit.dev a unit dev * -1;
301 strcpy(unit-string, "OVER");
302 )
303

304 fprintf(fp, "UNIT OVER/UNDER a %d Xs\n\n", unittdev, unit-string);
305 fprintf(fp, "TOTALTIME % Xf\n", totaLtime);
306
307
308 if (List In NULL)
309 freetList);
310
311 if (sections I= NULL)
312 free(sections);
313
314 if (temp.secs In NULL)
315 free(tempesecs);
316
317 if (hoLd secs In NULL)
318 free(hoLd~secs);

320 fctose(fp);
321
322 return(O);

i 323

I,)

3
I
l
I
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1 * .................................................................
2 -- $Header:: D:lcopslsrclcherrylchkinch.c December 1990
3 - - - --- ----------------------------------------------------- ---
4

5 /* ....................................................................
6 FILE NAME : Chkinch.c
7 - PROGRAMMER : Terri A. Smith
8 DATE WRITTEN : December 1990
9 - ADDRESS : GTRI/CSITL Atlanta GA 30332 (404) 894-8952

10 ¶
11 PURPOSE- To determine if the total inches calculated from
12 the last grouping of sections is less than any previous
13 - grouping. If so the sections are saved in the hold
14 - sections.
15 -

16 -

17 ................................................................. *

18 #include <stdio.h>
19 #inctude <maLtoc.h>
20 #inctude <stdt b.h>
21 #inctude <memory.h>
22 #include "cherdec.h"
23 #include "chertct.h"
24
25 void checkinches(temp_secs, num-temp_secs)
26 sectiont *temp_secs;
27 int *nun_temp_secs;I 28
29

30
31 int m, f, j;
32
33 if ((totat-fnches < prevjnch) && (totat_inches > (float) 0.0)) C
34 nuinhold.secs w 0;
35 for (OO; m<*num tempf ecs; m++) (
36 memcpy(&hoLd.secstnumnhotd-secs], &temp~secstm], sizeof(section.t));
37 hoLd-secs [numhotd-secs] .pty.height a pLy..eight;
38 ++num hold secs;
39 )
40 prev..nch total-inches;
41 )
42
43 )

rI
I
I
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II
I I * .................................................................

2 -- $Header:: D:/copslsrclcherrylctrteup.c December 1990

4

5 /* ....................................................................
6 - FILE NAME : Clrtemp.c
7 - PROGRAMMER : Terri A. Smith

8 - DATE WRITTEN : January 1990
9 - ADDRESS : GTRI/CSITL Atlanta GA 30332 (404) 894-8952

10 -
11 - PURPOSE- Initializes the temp sections

12
13
14 ................................................................. .*

15 #include <stdio.h>
16 #incLude <=mattoc.h>
17 #incLude <stdtib.h>
18 #incLude memory.h>
19 #include "cherdec.h"
20 #include "chertct.h"

21
22 void clear tenp(temp_secs, nunmtemp_cecs)
23 section t *temp_secs;
24 int *nLxy terpsecs;
25

26 C
27 int i, j;
28

29 total inches x (float) 0.0;
30 for (1=0; i< *numntemp.secs; i++) C
31 for (j.O; j< num of sizes; J++) C
32 temp_secs i3.sizes[j] 0;
33)
34

35 *numntemp-secs * 0;

36
37

I
I
I
I
I
I
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,/1 * ...................... ; .......... ---------------------------------.

2 -- SHeader:: D:Icopslsrclcherrylcombine.c January 19913U-------- ----------------------------------- *
4
5 /* ....................................................................

6 - FILE NAME : Combine.c
7 PROGRAMMER : Terri A. Smith
8 - DATE WRITTEN : January 1991
9 - ADDRESS : GTRI/CSITL AtLanta GA 30332 (404) 894-8952

10
11 PURPOSE- Finds the Length (in inches) of the combine units

12 - in one section.
13 -

4 14

15 - *----------------------------------------------------/

16 #incLude <stdio.h>
17 #incLude <stdLib.h>
18 #incLude <string.h>
19 #incLude "Ocherdec.h"

I20 #incLude "cherltc.h"

21
22 fLoat combine..inches(temp order)
23
24 order-t temp order;
25
26 C
27 fLoat inches;
28
29 inches - find inches(temp_order);

30
31 return(inches);
32
33

I
I
I
I
I
I
I
I
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I----------------------------------------------
2 -- SHeader:: D:/cops/src/cherry/cphold.c December 1990

4

5 /* ....................................................................
6 - FILE NAME : Cphotd.c
7 - PROGRAMMER : Terri A. Smith

8 - DATE WRITTEN : December 1990
9 ADDRESS : GTRI/CSITL AtLanta GA 30332 (404) 894-8952

10 -
11 PURPOSE- Copies the temp sections into the hoLd sections.
12 -
13 - ..-----------------------------------------------------------------

14 #incLude <stdio.h>
15 #include <malloc.h>
16 #incLude <stdltib.h'
17 #include <memory.h>
18 #include "cherdec.h"
19 #include "cherlcl.h"
20
21 void copyhotd to.sections()
22
23
24
25 tnt m;
26
27 for (m=O; mcnum hold-secs; m++) {
28 memcpy(&sectionsEnu.mnsections], &hotdst.cs[m], sizeof(section-t));
29 sections[nuimisections].pty_height pLy height;
30 ++numwsections;
31 )
32
33 prev.inch x (float) 9999.0;

34 )

I
I
I
I
I
I
I



1 * .......... ; ......................................................
2 -- $Header:: D:/cops/src/cherry/findinch.c January 1991

5 /* ....................................................................

6 - FILE NAME : Findinch.c
7 - PROGRAMMER : Terri A. Smith

8 - DATE WRITTEN : January 1991
9 ADDRESS : GTRI/CSITL AtLanta GA 30332 (404) 894-8952

10 -
11 - PURPOSE- Finds the current unit grouping in the List of Is.
12 - If it is not found program is exited.
13 -
14 .-
15 - MODIFICATION HISTORY-
16 "
17 ................................................................. *
18 #incLude <stdio.h:

19 #incLude cstdtib.h>
20 #incLude cstring.h>
21 #IncLude "cherdec.h"
22 #incLude "cherLct.h"
23
24 float find inches(sizes)
25
26 order-t sizes;
27
28

29 mnt i, j;
30 char match - 0;
31
32 1 - 0;
33 white ((Mmatch) && (i < numntist)) (

34 match a 1;

35 for (j=O; j<numnofsizes; J++) (
36 if (sizescjD In ttstti3.sizescj])
37 match - 0;
38
39 ++1;

40 )
41
42 if (match)
43 return(tist[--i].inches);
44 else (

45 printf("\nCOULDNT FIND ');

46 for (0=0; i<num of sizes; i++) C
47 if (sizesti] > 0)
48 printf("Xd Xs ', sizes[i], order.ch sizestii);

49
50 printf ("\n");
51 exit(O);
52 )
53
54
55
56

I
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I
2 -- SHeader:: D:/cops/src/cherry/fives.c January 19913I------------------------------------- ------ *
4
5 /* ....................................................................

6 - FILE NAME : fives.c
7 - PROGRAMMER : Terri A. Smith
8 - DATE WRITTEN : January 1991
9 - ADDRESS : GTRI/CSITL Atlanta GA 30332 (404) 894-8952

S10 -
11 - PURPOSE- Recursive procedure to gorup units in fives.
12 -

13 ................................................................ */

14 #incLude <stdio.h>
15 #include <stdtib.h>
16 #include <string.h>
17 #include "cherdec.h"
18 #include "chertct.h"

19

20 void fives(set-s, temp_secs, numntemp_secs)
21
22 order t sets;
23 section.t *tempsecs;
24 int *num_temp_secs;
25 C
26 float inches;
27 int j, f, k, L, m, n;
28 order t temp_order;
29 fLoat hold inchesl;

30 float hoLd inches2;
31 int hold tempnum;
32
33 hold tempnum z *rumfltemp.secs;
34 hoLd inches2 a totaL-inches;
35
36
37 for (0=0; i<numof-sizes; i++) (
38 for (j=1+1; J<numnof sizes; j++)
39 for (k-j+l; knum ofsizes; k++) (
40 for (tzk+l; ltnumrof sizes; t++) (

41 for (m=t+l; m~numnof sizes; m++) (
42
43 for (n:O; n<nunof-sizes; n++)
44 temp-orderCn] = 0;
45
46 if ((set-s~i] == 1) && (setsij]= 1) &
47 (set stk] 1) && (set.sL]= 1) &&
48 (set s[m] 1))
49 temp order[i] = 1;

50 twqpordertj] = 1;
51 temp-orderck] = 1;
52 temp-orderCl] = 1;
53 temp-order~mn = 1;

54 inches = combine inches(temp_order);
55 if (inches 1= (float) 0.0) C

56 for (n=O; n< num of-sizes; n+4)

I 57 temp_secs[*numtempsecs].sizes[n] = 0;
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58 totaL inches = totaL inches + inches;
59 tempIsecsE*nunmteflpsecsJ.sizesriI = 1;

60 temp._secs E*nun-temp~secs] sizes ED = 1;
61 tempsecsE*num -tenp~secs1 .sizes~k3 = 1;
62 temp-secsC*nun-teffpsecs] .sizes Cl] = 1;I63 tem~p~secsc*nun-terp~secs].sizesEm3 = 1;
64 +*4*flmftmp~secs;
65)
66 tefip~order Cl] 0;I67 teop-orderEJ3 0;
68 tefip order Ck]x 0;
69 tefip.order[l] = 0;I70 temp~orderrinO a 0;
71
72 for (n=0; fln~num of sizes; n++)(
73 if ((n In 0&&7(n I-J)&U(n I-k) &&I ~74 (n I= 1) && (nl In mn) && (set s[n] =31)
75 terp-orderEn] a 1;
76)
77)I 779 hold-inchesl = total inches;
80 ones(temporder, terp~secs, nln-telp~secs);

828 check inches(temp .secs, nun teffp secs);

83 for (n=0; n~num of -sizes; n++)(
84 if ((n In I) && (n I- J) && (n I- k) &&
85 (n In L) && (set-stn] zo M)

87)

I ~899

91 totaL Tinches a hold -inchesi;
92 twos(telnp order, teWipaecs, numtemp~secs);I. 93
94 totaL inches x hold Tinchesi;
95 threes(tenporder, terp~secs, nun tefrp secs);
96
97 totalI inches a hold lnchesl;

100 total inches z hold -inchesi;
101 fives~teirp order, telp~secs, nun-tnp~secs);
102
103 *num -tep~secs a hold -terp nun;
104 total inches =h old inches2;
105
106
107)
108
109)

110

112
113
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U
1 / " . .--------------------------------------------------------------

2 -- $Header:: D:/cops/src/cherry/fours.c January 1991
3 -- *-----------------------------------------------------*/

4
5 /* .................................................................

6 FILE NAME fours.c
7 - PROGRAMMER : Terri A. Smith
8 - DATE WRITTEN : January 1991
9 ADDRESS : GTRI/CSITL Atlanta GA 30332 (404) 894-8952

10
11 PURPOSE- Recursive procedure to group units in fours
12 -

13
14 . ............................................................... * /

15 #incLude <stdio.h>
16 #include <stdtib.h>
17 #inctude cstring.h>
18 #include "cherdec.h"
19 #include "cherLcL.h"
20
21 void fours(sets, temp secs, numntemp secs)
22

23 order t sets;
24 sectiont *tempsecs;
25 int *numltempsecs;
26 V"

27 float Inches;
28 int J, I, k, 1, m;
29 order t temp order;
30 float hoLd inchesi;
31 float hotd inches2;
32 int hold temp_num;
33
34 hold tempnum *num tempsecs;
35 hotdcinches2 u totatLinches;
36
37

38 for (0=O; i<nLunof-sizes; i++)(I 39 for (j-i+l; T~num-of-sizes; J++)

40 fcr (kuj+l; k<num -of -sizes; k++)
41 for (tmk+l; tknun-of..sizes; t++)

42
43 for (mw0; m<numnof sizes; m++)
44 temporder[m] = 0;
45
46 if ((set-sli] =z 1) && (sets- s == 1) &&
47 (set-s[kJ == 1) && (set_s[]= 1)) (
48 temp-orderli] a 1;

49 tenp orderEj] = 1;
50 temporder~k3 a 1;
51 temporderEt] = 1;
52 inches = combinelinches(temporder);
53 if (inches 1= (ftoat) 0.0) (
54 for (m=O; m< numnof sizes; m++)
55 tempsecs E~num tempsecs].sizestm] = 0;
56 total inches = total-inches + inches;
57 temp_secsC*numntemp secs] .sizes[i] = 1;
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58 tenpsýeesE*num tempsecs] .sizesE C)m 1;
59 temp-secs E*nwnjtempecs3 .sizes Ek3 1;I60 teffqsecs E*nujteflpscs].sizes ELI - 1;
61 44*nun~teff..secs;
62)
63 temrpordert13 - 0;
64 teffporder CI] a 0;
65 terp~orderEki a 0;
66 temo-order~t] - 0;
67368 for (wO; nm-o sie;*+
69 if ((M Ini) U(m In J) U(m Ink) U

I71 terp-ordertm] a 1;
72)
73
74
75 hotd~inchesi x totaljinches;
76 onea~temp order, terp~secs, nun terp~secs);
77 check inches(teirp secs, nun-tefrpsecs);I779 for (maO; mcnun -of sizes; m++)(
80 if ((ml I)&0&(m i.j) U (mtl-k) 99
81 (m In L) U (set~s~mj ) C
82 -*nunJflefp-secs;
83)
84)
85I 86
87 totat-inches a hold inchesl;
a8 twos(teffporder, tenp.secs, flW~teflp~secs);
89
90 totat-inches a hoLd inchesi;
91 threes(teirp order, teltp~secs, nun-teWpsecs);
92
93 total inches * hotdjinchesl;
94 foursa(teffp~order, tem~secs, num teM secs);

95
96 *num teffp secs a hotd -tefrpnu;I97 totaoL..Inches *hold-inches2;
98
99

100)
101)
102

103)

104 )
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/* ...................................... ...........................

2 -- $Header:: D:/cops/src/cherry/getparm.c December 1990I3 .. ........................................................... */

4
5 /*.................................................................
6 FILE NAME : Getparm.c
7 - PROGRAMMER : Terr A. Smith
8 DATE WRITTEN December 1990
9 ADDRESS : GTRI/CSITL AtLanta GA 30332 (404) 894-8952

10
11 PURPOSE- To read in the parameters from a fiLe
12
13
14 . ............................................................... * /

15 #incLude <stdio.h)
16 #incLude cstdLIb.h>
17 #include <string.h)
18 #include "cherdec.h"
19 #include "chertcL.h"
20
21 mt get.parameters(ou.units, max.pLy, max-sizes)
22

23 int *ou units;
24 tnt *max_pLy;
25 int *max-sizes;
26
27
28 int I, J;
29 FILE *fp a NULL;
30 int quantity;
31 Int m;
32 float temp;
33
34 if ((fp =fopen('INPUT", 1r")) m= NULL) (
35 printf("'Cannot open input file - getparm.c");

36 exitco);
37
38
39
40 /* set order and List values to -1 '/
41 for (I a 0; 1 < 4AXSIZES; I++) (
42 order.number(l] ; 0O;

I 43 order.ch-sizes[i](0O a 0;

44 )
45
46 for (i=0; i<KAXLIST; 1++) C
47 List~il.inches a (fLoat) 0.0;
48

49 for (j = 0; j < MAX-SIZES; j++)
so List[i].sizes[jj a 0;
51
52
53 /* Input Units */
54 fscanf(fp,"%d", ouunits);
55 fscanf(fp,"%d", max.pLy);
56 fscanf(fp,"%d", max-sizes);
57
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58[]m 59 /* Input Order *

60 for ( a 0; 1 < MAX .SIZES; i+)5t
61 fscanf(fp,"hold", &order.nuber [ii);
62 if (order.nuiTer~ii -- -1) C
63 order.numbuer i] a 0;
64 break;
65 )

66
67 fscanf(fp,"ss", order.ch-sizesCi]1);
68
69

70 numiof~sizes - I;
71
72
73 /* Input List */
74 i=0;
75 whire(l) C

76
77 fscanf(fp,"%d'O, &quantity);
78
79 if (quantity -- -2)
80 break;

*81
82 white (quantity in -1)
83
84 fscanf(fp,"Xd", Wm);
85
86 if (m >a num of sizes) C
87 printf("IERROR in reading size variabte - getparm.c");
88 exit(O);
89
90
91 tistHi].sizesrn.1 x quantity;

92I
93 fscanf(fp,"%d", &quantity);
94*
95

96 fscanf(fp,"Xf", &ist (i) .inches);
97
98 ++1i;

99 )
100
101 fctose(fp);
102
103 return(i);
104

I
I
3
i

5 D45



2 -- $Header:: D:/cops/src/cherry/globats.h January 1991
3 3 - ------------------------------------------------------ */
4
5 -*...................................................................

6 - FILE NAME : GtobaLs.h
7 - PROGRAMMER : Terri A. Smith
8 DATE WRITTEN : January 1991
9 - ADDRESS : GTRI/CSITL Atlanta GA 30332 (404) 894-8952

11 - PURPOSE- To declare all global variables

12 -

13
14 ................................................................. *
15 #incLude .cstdio.h>
16 #Include "cherdec.h"
17 #include "chertct.h"
18

19 ord.var.t order;
20
21 List-t *list x NULL;
22
23 2 nt num-of_sizes;

25 mnt numwtist;
26
27 order-t temp_order;
28
29 sectiont *sections - NULL;
30
31 int numisections;
32
33 float totat-inches a (float) 0.0;
34
35 float prev..nch - (float) 9999.0;
36
37 int numwhotd secs;

38
39 section-t *hotd-secs;
40
41 int pLy_height;

D

I
U
£
U
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IINCLUDES-cherdec.h chertci.h
2 LliNAJ4E =chertibI 3
4
5 0BJS\
6 gtobaLs.obj \
7 getparm.obj \
8 findinch.obj \
9 conibine.obj \

10 ones.obj \
11 chkinch.obj\
12 cphoLd.obj \
13 ctrtesop.obj\I14 twos.obj \
15 threes.obj \
16 fours.obJ \
17 fives.obj \
is1 sixes.obj
19
20
21 .c.obj:
22 $(CC)
23 S(LIB)
24
25 gLobats.obj :gtobats.c $(INCLUDES)

27 getparm.obj : getparm.c INLDS

29 findinch.obj :tindinch.c $(INJCLUDES)
30
31 coirbine.obj :combine.c $(INCLUDES)
32I33 ones.obj ones.c SCINCLUDES)
34
35 twos.obj :tw'os.c $(INCLUDES)

U337 threes.obj threes.c $( INCLUDES)
38
39 fours.obj fours.c SC INCLUDES)
40

41 fiv::.bj 11:::.: S(INCI.UDES)

45 chkinch.t.,, chkinch.c SCINCLUDES)
46

47 cphotd.obj cphoLd.c $(INCLUDES)

49 cLrteflp.obj c~rteimp.c S(INCLUDES)
50
51 cherry.obj :cherry.. $(SINCLUDES)

53 cherry.exe : cher,-y.obj SCOBJS)

57 S(B)\cherry.exe :cherry.exe

5 ~D4 7



58 SCCP)
59I60 S(I)\cherdec.h cherdec.h
61 S(cp)
62

* 63
64
653 66
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3 2 -- $Header:: D:/cops/src/cherry/ones.c January 1991

4
5 /* ....................................................................
6 - FILE NAME : Ones.c
7 - PROGRAMMER Terri A. Smith
8 - DATE WRITTEN : January 1991
9 - ADDRESS GTRI/CSITL Atlanta GA 30332 (404) 894-8952

10
11 - PURPOSE- Groups units in ones and find inches

12
13
14 - MODIFICATION HISTORY-
15

16 ................................................................. *
17 #include <stdio.h>
18 #include <stdtib.h>
19 #include <string.h>
20 #incLude "cherdec.h"
21 #incLude "chertct.h"
22

23 void ones(set-s, temp_secs, num tempfsecs)
24
25 order t sets;
26 section t *temp_secs;
27 fnt *num-temp_secs;

29 float inches;

30 int J, f, m;
313132 j a *num temp_secs;
33
34 for (i0O; <nwmiof-slzes; 1++) (
35 if (set-Sri] am 1) (
36
37 for (m=O; wnumnof sizes; m++)

38 tempsecstj3.sizes~m] - 0;
39
40 tempfsecs[j].sizesCi] a 1;
41 inches = find inches(tempsecstj].sizes);
42 if (inches f- (fLoat) 0.0) C
43 total inches a totaL inches + inches;
44 ++J;
45 }
46 else
47 tempfsecstj].sizesti] = 0;
48
49

51 *i~umatemp_secs j;
52
53

3 D54
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2 -- SHeader:: D:/cops/src/cherry/sixes.c January 1991
3 3 - -----------------------------------------------------------------
4
5 /*.------------------------------------------...-----------------......
6 - FILE NAME sixes.c
7 - PROGRAMMER Terri A. Smith
8 DATE WRITTEN January 1991
9 - ADDRESS GTRI/CSITL Atlanta GA 30332 (404) 894-8952

11 PURPOSE- Recursive procedure to group units in sixes.
12 -
13 ................................................................ *-

14 #fncLude <stdio.h>
15 #include <stdLib.h>
16 #incLude <string.h>
17 #include "cherdec.h"
18 #incLude "cherLct.h"
19
20 void sixes(set-s, temp_secs, numltemp_secs)
21
22 order t sets;
23 section t *temp_secs;
24 mnt *num-temp_secs;

26 float inches;

27 int J, i, k, to m, n, 0;
28 order t temp_order;
29 float hold inchesl;
30 float hold.inches2;

31 int hotd temp_num;
32
33 hold temp.num x*num temp_secs;
34 hold inches2 a totaltinches;
35
36
37 for CifO; knumnof sizes; i++) C
38 for (j=i+l; jcnum ofsizes; j++) (
39 for (k:j+l; kinum of-sizes; k++) (
40 for (ltk+l; knum of-sizes; .++) (
41 for (m=t+l; m<numnof sizes; m++)(
42 for (nzm+l; n<num of_sizes; n++)

44 for (o:O; o~numnof-sizes; o++)
45 temp_order[o] x 0;
46
47 if ((set_s~i] =z 1) && (set_s~jl a= 1) &&

48 (set-s~k] am 1) && (set_sCI] =r 1) U
49 (set-sim] =a 1) && (set s~n= 1)) M
50 temp-orderNi] 1;
51 temp_,order j] r 1;
52 temp_order~k] = 1;
53 temp_order~l] a 1;

54 temporder[m1 = 1;
55 tewp-orderfn] = 1;
56 inches = combine.inches(temp_order);
57 if (inches 1= (float) 0.0) (

I

I D50



-58 for (o:0; O< 6um Of sizes; ot+)'
59 tenp-wsEcs*mwtemp.ýsecs].sizes EoJ 0;I60 totaL inches = total-inches + inches;
61 temp~secsE*num temsecs2 .sIzes Li] = 1;
62 temp-secsC*numntenpsecs].sizesrjI = 1;
63 tempsecsL*nurn-telp~secs].-,izes[kI x 1;
64 tempsecsC*numnteopsecs3.sizesEL3 = 1;
65 tempsecsE*nxn-tempsecs3 sizesEm3 m 1;
66 temn-secsE*nxn-temp~secs3 .s izes [n] z 1;
67 ++*flImftenp~secs;

68,

74 temp~ordertn] x 0;
75
76 for (0:20); o~ntzn -of sizes; o++)(
77 if ((0oIsi) &&(o I-J)&U&(o Isk)&
78 (0 Is 1) && (o I- m) && (o0Is n) U& (set-s~o] 2)
79 temp~orderlo3 z 1;
80)
.81)I 883 hotd inchesi x total inches;
84 ones(teflp order, temp~secs, nun-tefp~secs);
85 checkjinches(temp~secs, nunteffpsecs);I 86
87 for (0.0; otnum of sizes; o++)
88 if ((o Ini) &&(o I- ) U (o Isk) &&3 ~89 (o Is 0) && (o Imn) && (set s~o] ur 1)
90 --*flultefp~secs;
91)
92)
93

95toal- inhs=hoLd inchesi;
99 thres(teipp order, temp~secs, nun teflp secs);

9810 total -inches z hold -inchesl;
102 fures(temrp order, teitq~secs, numnteop-secs);
103
104 total -inches = hold inchesl;1102 foves(teffp order, tefl~secs, nuLxntempsecs);

104 ~ total -inches a hold -inchesl;
108 sixes~tenrp order, teffpsecs, nun teflp secs);

107 total Tinches x hold -inchesl;

I 112
113)5 ~114)
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1 ...

2 -- $Header:: D:/cops/src/cherry/threes.c January 1991
3 3 - ---------------------------------------------------------------- */
4
5 *--------------------------------------.-----------------------------
6 - FILE NAME Threes.c
7 - PROGRAMMER : Terri A. Smith
8 - DATE WRITTEN : January 1991
9 - ADDRESS : GTRI/CSITL Attanta GA 30332 (404) 894-8952

10
11 - PURPOSE- Recursive procedure to group units in threes

12 -

13 -

14 . .................................................................
15 #inctude <stdio.h>
16 #incLude <stdlib.h>
17 #inctude <string.h>
18 #incLude "cherdec.h"
19 #inctude "cherLct.h"
20
21 void threes(sets, temp_secs, num-tempnsecs)
22

23 order t set s;
24 sectiont *temp_secs;
25 int *num-tempfsecs;
26 C
27 f3oat inches;

I28 int J, i, k, L;

29 order t temp_order;
30 fLoat hold inchesl;
31 ftoat holdoinches2;
32 int hold temp_num;
33
34 hotd temp numa *num temp_secs;
35 hoLdjinches2 x tota&linches;
36
37 for (i=O; i<num of-sizes; i++) (

38 for (jul+l; jTnwn of sizes; J++) (
39 for (kzj+l; kinum-of_sizes; k++)
40
41 for (1=0; t'num -of-sizes; L+')

42 temp.order[t] a 0;
43
44 if ((set -si == 1) && (set s~j] == 1) && (set-s~k] =u 1)) (
45 temp-order~l] = 1;
46 tempordernj] a 1;
47 temp-order~k) a 1;
48 inches = combine inches(temp_order);
49 if (inches I= (float) 0.0) (
50 for (=O; t< numnof sizes; L++)
51 temp_secs[*numwtemp_secs].sizest]L a 0;
52 totaL-inches = totaLtinches + inches;

53 temp_secsC*numwtemp_secs].sizeslil = 1;
54 tenp-secs(*numntemp_secs] .sizes[j] = 1;
55 temp_secsc[*numvtemp_secs] .sizes[k] = 1;
56 ++*numhtemp-secs;

5 57 )
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58 tesrporderCUl u 0;
59 tetrpogrder Lii z 0;I 60 teWrpordertk] a 0;
61
62 for (1-0; tnun-of-sizes; t44')
63 if M( InI 0U& (I In J) & (t In k) U Cset-sEL] M.)

64 temp-ordertli x 1;
65)
66U668 hold -inchesi - totat inches;
69 ones (teirp order, tewrpsecs, nmi~teiisecs);
70 check-Inches(teW~ secs, nun tefl~secs);I 772 for (LuO; L~nun of sizes; t4+)C
73 if ((t Ix i) && CL In J) U (t la k) U (set-sCi an1) C
74 - -'nun~temp~secs;I ~75)
76
77
78
79 total Tinches - hoLd inchesl;
80 twos(tefip.order, tecfipsecs, nLmn~tefip~secs);
81I 82
83 total-inches a hoLd inchesi;
84
85 1*for (LxO; knum of sizes; t++)I6i xi LI )& ( nk &(e-~]x
86 i -nf (I i)CL tj)CLI-)U(st CL u1)
885 ~89)
90 *
91 total inches a hoid-inchesi;
92 thae~s(teflporder, teVflpsecs, nurnteffp~secs);I994 *num teffp.secs a hold~terp~nun;
95 totaL-inches *hold inches2;
96
97)98

I9
10

I0
10
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1 /*.

2 -- $Header:: D:/cops/src/cherry/twos.c January 1991
3 -- -------------.........-- - -

4
5 I* ....................................................................

6 - FILE NAME : Twos.c
7 PROGRANMER : Terri A. Smith
8 - DATE WRITTEN : January 1991
9 - ADDRESS : GTRI/CSITL Atlanta GA 30332 (404) 894-8952

10 -

11 - PURPOSE- Recursive procedure to group units in twos
12 -

13 -
14 ................................................................. *

15 #incLude <stdio.h>
16 #incLude <stdlib.h>
17 #Include cstring.h,
18 #incLude 0cherdec.h"
19 #incLude "cherLcL.h°
20
21 void twoslset s, temp_secs, numntemp secs)
22
23 ordernt set-s;I24 sect ion -t *temp secs;

25 int *num-temp sets;
26
27 float inches;

S28 int J, i, k, m;

29 order t tetp_order;
30 float hold inchesi;
31 float hold.inches2;
32 int hold.tempenum;
33
34 hold temp_num v *num temp_secs;
35 hoLd inches2 x total inches;
36
37

38 for 0= 0; I knum of-sizes; I++)
4639 for r (Jdi+e; Tnumofsizes; J++)
40

41 for (=O; k mnum of-sizes; k++)
42 tensorder[ks a C;

44 if ((set s[| zx 1) && (set-s~j] = 1))
45 tetup.order[f] = 1;

i46 tetup..order~j] = 1;
47 inches = combine-inches(te.mp_order.);
48 if (inches Ix (ftoat) 0.0) (
49 for(m=O; m<num of-sizes; m++)
so temfp_secs[*num -tenp_ýsecsl.sizes~mI 0 ;

51 total inches z total inches + inches;
52 tetup_secs*nLunmtemp_secs].sizes~i] = 1;
53 teqv-secs* rnute.p_secs].sizes~jI = 1;
54 ++*nun t emp.secs;

55 /* printf(" WITH TOTAL = %d\n", totaLtinches); */
56 )
57 tetp_orderi] = 0;

3 D55



58 tempoprder~j3 z 0;
59I60 for (k=O; k~num of -sizes; k++) C
61 if M( Ix i) && (k Iu j) U& (set stk3 zzu1)) C
62 teflporder~kj z 1;
63)

*64
65
66 hotd-inchesl - totaL inches;
67 ones( temp~order, tempsecs, nun..tupsecs);3 68 check lnches~teirp secs, nuvI..telp~secs);

70 for (k=O; k-cnum of sizes; k++)(371 if ((kI I- ) && (kI Iz ) U& (set s~k2 -- 1))(

74)
75
76
77 total inches - hold inchesi;
78 twos(tefip order, tempsecs, nun telipsees);
70 *nuz tefip-secs x hoLd telrp nun;
80 totaL nches = hotd inches2;
81
82)

87
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I 1 /* -----------------------------------------------------------------

2 -- SHeader:: D:/cops/src/improv/case.ai.c February 1991
3 -------------------------------------------------------------*
4
5 /* ....................................................................

6 - FILE NAME case ai.c
7 - PROGRAMMER Terri A. Smith
8 - DATE WRITTEN February 1991
9 - ADDRESS : GTRI/CSITL AtLanta GA 30332 (404) 894-8952

10 -
11 PURPOSE- To determine savings if sizes in two sections are

12 - the same

13
14 -
15 ................................................................. *

16 #include <stdio.h>
17 #incLude <stdtib.h>
18 #incLude "imidec.h"
19 #incLude "imptct.h"
20
21 float case.ai(sectl, portion, cut-cost)
22
23 section t *secti;
24 section t *portion;
25 int cut-cost;

26
27 (
28 int i;

29 int e a O;
3L float savings;
31
32 for (ijO; f4 num of sizes; i++) C
33 e a e'+ (order.perimeter(i) * sectl->sizes~iD);
34 e* a + (order.perimeter~i] * portion->sizesti]);
35 )
36

37 savings = (fLoat) cut~cost * e;
38
39 return(savings);
40
41

* 42

D
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1* ........ . . . .. . . . .. . . . .. . . .......oo e O lO eo o o o• O e O .oo o........ ......

2 -- SHeader:: D:lcops/src/iprov/case.eii.c February 1991
3 -- *1

4S5 /* ....................................................................

6 - FILE NAME : case aii.c
7 - PROGRAMMER : Terri A. Smith
8 - DATE WRITTEN : February 1991
9 - ADDRESS : GTRI/CSITL Atlanta GA 30332 (404) 894-8952

10 -

11 - PURPOSE- To determine savings by lying sizes next to each
12 - other instead of on top.
13 -

14
15 - ..----------------------------------------------------------------
16 #incLude <stdio.h>
17 #include <stdtib.h>
18 #include "impdec.h"
19 #include "impLct.h"
20
21 float case-aii(i, i, unit-cost)
22

23 tnt i;
I24 fnt L;

25 int unit-cost;
26
27

28 float savings a (float) 0.0;
29 float sectljfnch;
30 fCoat sect2inch;
31 float sect3inch;
32 float sect4jinch;
33
34 sectliinch - find inches(in.sectionciU.sizes);
35 sect2 inch a find inches(in .sectionct].sizes);
36 sect3 inch - find inches(sect3.sizes);
37 sect4_inch x find inches(sect4.sizes);

38
39 savings a unit cost * insectionti].pLyjheight *. (sect1 inch + sect2_inch
40 sect3_inch sect4_inch);
41| 42 return(savings);

43
44
45

I
!
I
I
I
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2 -- SHeader:: D:/cops/src/improv/conbply.c February 1990

3 3 ------------------------------------------------------------ *
4
5 /*..................................................----------
6 - FILE NAME : Conbpty.c
7 - PROGRAMMER : Terri A. Smith
8 - DATE WRITTEN : April 1990
9 - ADDRESS : GTRI/CSITL Atlanta GA 30332 (404) 894-8952

11 PURPOSE- This procedure combines sections which haw' the same sizes

12 - and the ply heighth of the new section does not -xcede the max-ply
13 -
14
14 15 - *----------------------------------------------------*/

16 #include <stdio.h>
17 #include <maLtloc.h>
18 #include <stdLib.h>
19 #include <memory.h>
20 #incLude "impdec.h"
21 #incLude inmptcL.h"
22
23 void combineply(max.pty)
24 int max ply;
25
26

27
28 int i,J,l,k;
29 char match;
30
31
32 for (i=O; i<numnin.sec; i++) (
33 for (jui+1; j<numain.sec; j++) (
34 match - 1;
35 for (k=O; k<numiof sizes; k++) (
36 if (in section[i].sizes[k] Ix ln.section(j].sizestk])
37 match a 0;
38 )
39 if ((match) L&
1,0 ((in section[i].pty_height + insectionCJD.pty_height) < max..pLy)) (
41 in.section[].pLy height in.section[i].pLy height + in-section[j].pLy_height;
42 for (L=j; k~num_|n-sec-!; 1++)

I43 memcpy(&in.sectionCtl, &insection[t+1l, sizeof(section-t));
" 44 -- j;
45 -- numnin sec;

46
47
48 )

49
50 nun temp_sec = numninsec;
51
52 return;
53

D
I
I
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1 /" ........ '."..................................

2 -- SHeader:: D:lcops/src/improvlcombsize.c February 1990
3 3 - *-----------------------------------------------------*/
4
5 /*........... .....-..----.-........ .. . ............ ..........-......-

6 - FILE NAME : Combsize.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 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 - ----------------------------------------------------- */
17 #incLude <stdio.h>
18 #inctude <matLoc.h>
19 #incLude <stdLib.h>
20 #inctude <memory.h>
21 #incLude "impdec.h0
22 #lncLude "impLcL.h"
23
24
25 void combine s sizes(max sizes)
26 int max-sizes;
27

I ~28

29 int num units;
30 int i, J, L;
31

32 for (i0O; knum in.nsec; i++) (
33 for (j-i+l; j<nuznin.sec; j++) (
34 num units = 0;
35 for (L=0; L<numnof-sizes; L++)
36 num units = num units + in.section~i].sizesCt] +
37 in-sectioncj].sizestL];
38
39 if ((num-units cc max-sizes) &&
40 (in sectioncil.pty height an insection(j].pLy_height)) {
41 for (t=O; Lknumnof sizes; t++)
4.2 in..sectfon[i].sizes(L] z in..section~t].sizes[t] +

I4/3 insectionJ] .sizesLl];

45 for (Lxj; Lvnumnin sec-1; L++)
46 memcpy(&lnsectiontLI, &insectionL+1], sizeof(sectiont));
47
48 -- J;
49 -numninsec;
50 )
51 1
52

53
54 num temp_sec =num-insec;
55
56 return;

i 57 1
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,¶ /
1 /* .................................................................

2 -- $Header:: D:lcopslsrc/improvlcompsmap.c February 1991
3 -- ..----------------------------------------------------- ........- */

4
5 / ..................... ..............

6 - FILE NANE : coqswap.c
7 - PROGRANMER : Terri A. Smith
8 - DATE WRITTEN : February 1991
9 - ADDRESS : GTRI/CSITL Atlanta GA 30332 (404) 894-8952

11 PURPOSE- To determine which method to ue to corpute

12 - the savings
13 -
14 ................................................................. *
15 #incLude <stdio.h>

16 #incLude <stdLib.h>
17 #incLude "impdec.h"
18 #incLude "impLct.h"
19
20 float coarJte.swapsavings(i, L, cut-cost, unit-cost, max-sizes)
21
22 int I;
23 int L;
24 int cut cost;
25 mnt unit-cost;
26 int maxsizes;

27
28 (
29 float savings;
30
31 if (in.section~i].pty_height = inrsectionUt3.pLy height)
32 savings a case.aiid, I, unit-cost);
33 teap_save.type= 3;
34 temp~save.cand_pLy_heIght * in section(i].pLyheight;
35 tempsave.org_pLy..height in-section~i].pLy_height;
36 )
37
38 else (
39 tefp_save.cand pLy.height * in section~t].pLyheight;
40 tempsave.org.pLyy.height : in sectionril.pty_height;
41 savings z case.aii(l, I, unit-cost);
42 tampjsave, type= 4;

I ~43 )

44
45 temp-save.savings u savings;
46
47 return(savings);
48
49I 50

I
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2 -- SHeader:: D:/cops/src/improv/compute.c February 1991

4
5 /* .................................................................
6 - FILE NAME : compute.c
7 - PROGRAMMER : Terri A. Smith
8 - DATE WRITTEN : February 1991
9 - ADDRESS : GTRI/CSITL Atlanta GA 30332 (404) 894-8952

10 -
11 - PURPOSE- To determiner which method to ue to compute

12 - the savings

13 -
14 . ................................................................ *

15 #include <stdio.h>
16 #include <std~tb.h>
17 #include "'ipdec.h"
18 #include "'imptcl.h"
19
20 float compute-savings(i, 1, cut-cost, unit-cost, meax-szes)
21
22 int i;

23 mnt L;
24 mnt cutcost;
25 int unitcost;
26 int max-sizes;

27
28
29 mnt J;
30 float savings - (fLoat) 0.0;
31 float save2;
32 char match - 1;
33 Int nununits a 0;
34
35 for (J=O; j4nutn ofsizes; j++) (
36 if (portion.sizestj] In in.section[t].sIzes[j])
37 match a 0;

38 num units x nun-units + sect4.sizoscj];
39 )
40
41

42 if (match) ( /* sizes in sections are the same */
43 if (nurenunits <c max-sizes) (
44 save2 c case.aii(l, t, unit'cost);
45
46 if (save2 > savings) C
47 tetp_save.typex 2;
48 savings • save2;
49 if (in sectionli].pty..height I= insectionEtj.pty_height)
50 temp_save.cand_pty..height a insection[t].pty_height;
51 else temp_save.cand_ply height a in-sectionEil.pty_height;
52 temp_save.org_pty height = in-section~i].pty_height;
53

55
56
57 else if ((in section[i].pty_height == insectionEL].ply_height) && (numnunits <= max-sizes)) C

I
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58 savings = case..aii(i, L, unit-Cost);I59 temp~save.typez 3;
60 tempsave.cand~ptyjheight =in section(i].pty~.height;
61 temp.save.org~ptyjeight =in-section[ij.ply height;
62
63

64 else if (nun units <x max-sizes)
65 if (in section~ii.pLy height Ir in-section[Lj.pLy~height)
66 tempqsave.canq~pLy~height = in sectionclb.ptyheight;
67 else teflp.save.cand~pLy~height a in-section~iJ.pty~height;U68 temp~save.org~pLy~height = in-section~i~ti) eih

70 savings x case aii(i, 1, unit-cost);

71 temp~save.typez 4;
72)
73
74 temp-save.savings usavings;I 75
76 return(savings);
77
78 )

I 79
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2 -- SHeader:: D:/cops/src/improv/findinch.c February 1991
3 3 ------------------------------------------------------------ *
4
5 /* ....................................................................

6 - FILE NAME : Findinch.c
7 - PROGRAMMER : Terri A. Smith
8 - DATE WRITTEN : February 1991
9 - ADDRESS : GTRI/CSITL AtLanta GA 30332 (404) 894-8952

10 -
11 - PURPOSE- To determine the number of inches in a section based

12 - on the input List Is
13 -
14 -
15 ..................................................................

16 #incLude <stdio.h>
17 #incLude <stdLib.h>
18 #incLude <string.h>
19 #incLude "impdec.h"
20 #incLude "imptcL.h"
21
22 fLoat find inches(sizes)

23
24 order~t sizes;
25
26 (

27 int I, J;
28 char match - 0;
29 char empty a 0;
30
31 1 0;
32 white ((Imatch) U (I < num List)) C
33 empty a 1;
34 match - 1;
35 for (j=O; jcnumwof sizes; J++) C
36 if (sizes(j] I= tist[ci.sizes(j])
37 match a 0;

38 if (sizes(j] I= 0)
39 empty = O;
40 )

41 ++1;
42 )
43
44 if (empty)
45 return((fLoat) 0.0);
46
47 if (match)
48 return(Listt--i].inches);
49 etse (
50 printf(" COULDNT FIND ");
51 for (0=0; i<num of-sizes; i++) C

52 if (sizesti] > 0)
53 printf("ld Xs ", sizesi], order.chsizesci]);
54 )
55 printf("\n");
56 exit(O);

57 )

D66



58 )

I 5

I
I
I
I
I
I
i

I
I
I
I
I
I
I

i D6 7



2 -- SHeader:: D:/cops/src/improv/getparm.c February 1990
3 -- *-----------------------------------------------------*/
4
5 /*........ ....-.....................-.....-....-.......-..............

6 -FILE NAME Getparm.c
7 - PROGRAMMER : Terri A. Smith
8 - DATE WRITTEN : February 1990
9 ADDRESS : GTRI/CSITL AtLanta GA 30332 (404) 894-8952

10
11 - PURPOSE- To read the input parameters from a fiLe

12
13 -

14 ........................ - ....................................... */
15 #incLude cstdio.h>
16 #incLude <stdLib.h>
17 #incLude ,stringh>
18 #incLude <mattoc.h>
19 #incLude "impdec.h"
20 #incLude "impLcL.h"
21
22 int get_parameters(ou.units, max.pLy, max-sizes,
23 cut-cost, unit-cost, oLd.ou-units)

24
25 tnt *ou .units;
26 int *maxpLy;

27 int *max-sizes;
28 int *cut-cost;
29 int *unit-cost;
30 int *oLd-ou units;
31
32 (
33 Int i, j;
34 FILE *fp a NULL;
35 Int quantity;
36 Int m;
37
38 if ((fp afopen("INPUT", 41r0)) an NULL) C
39 printf(*Cannot open input fiLe - getparm.c");
40 exit(O);
41

42
43 /* set order and List vatues to -1 '/
44 for (i = 0; 1 < MAX-SIZES; i++) (
45 order.number~i] x 0;
46 order.ch-sizes[i][t] a 0;
47 order.perimeter~i] = 0;
48

49
50 for (0=O; i<*AXILIST; i++) (
51 Iist~il.inches = (fLoat) 0.0;
52

53 for (j = 0; j < MAX-SIZES; j++)
54 Listti3.sizes~j] = 0;
55}
56

57

I
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58 fscenf(fp,*'%d", ou-units);
59 fscanf~fp,"Xdm', max~pty);
60 fscanf(fp,IIXdI, mnax-sizes);
61 fscanf(fp,11Xd", cut-cost);
62 fscanf(fp,"Xd"1, unit-cost);
63

65 1 nu Order *A1 iZS~

68 ifCorder.numbertil a= -1) C
69 order.number~i) =n 0;
70 break;I ~71
72
73 fscanf(fp,01Xd", &order.perimeter~i]);
74 fscanf(fp,6'Xs", order.ch-sizeslii);1 ~75)
76

77 nup-of sizes = i;I 779 fscanf(fp,OIdI, &nunjn..sec);
so
Wi if W(n section a (section -t *)n.attoc(num-,in-sec sizeof(bectiont))) an NULL)
82 printf(I"ALLOCATION ERROR -SECTIONS getparm.c\n");

86 for Oa I numfn insec; i++: o

1 90
91
92
93 1.a0;

99 wile(quantity In -1)(

U101 fscanf(fp,"Xd"', L
102
103 il (mn >= nunof sizes)(
104 printf(aIERROR in reading size variable getparm.cu);

11 10

5108 in-sectionti.sizestm] a quantity;
109
110 fscanf(fp,"Xd", &quantity);

U 112 fscanf(fp, I&UdI, &in-section~i).pty height);
1135114 +i
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116
117 fscanf(fp,"Xd", oLd.ouunits);
118
119
120 /* Input List */
121 f=O;
122 WWhIe)i 123
124 fscanf(fp,"Xd", &quantity);
125

126 if (quantity x- -2)
127 break;
128
129 whiLe (quantity I= -1) (
130
131 fscanf(fp,"Xd", &W);
132
133 if (m >a num of sizes) (
134 printf("IERROR in reading size variabte - getparm.c");
135 exlt(O);
136

137
138 Ltst[il.sizes[m] = quantity;
139
140 fscanf(fp,"'d", &quantity);

141 )
142
143 fscanf(fp,"%f"l, &ist i].inches);
144
145 ++J;
146 )
147
148 fclose(fp);
149

5150 . return(c);
151

152

I
I
I
I

I
I
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3 2 -- $Header:: D:/cops/src/iqprov/gLobaLs.h February 1991
3 -- ----------------------------------------------------------------- '

4
5 /* ...................................................................

6 FILE NAME : GlobaLs.h
7 -PROGRAMMER : Terri A. Smith

8 DATE WRITTEN : February 1991
9 - ADDRESS : GTRI/CSITL AtLanta GA 30332 (404) 894-8952

10
11 PURPOSE- To declare aLL gLobaL variables

14 ..................................................................
15 #include <stdio.I"
16 #incLude "impdec.,,
17 #incLude "iirpLct.h"
18
19 ord.var-t order;
20
21 tistt *List a NULL;
22

23 int numnof sizes;
24
25 int nun List;
26

27 sectiont *insection a NULL;
28
29 int num-in.sec;
30
31 int ,umtewpsec;
32
:3 sectiont sect3;
34
35 sectiont sect4;
36
37 section.t portion;

38
39 savingst tarp.save;
40
41 savingst save;

I
U
U
I
I
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2 -- $Header:: D:/cops/src/improv/inqec.h February 1990
3 -- *-----------------------------------------------------*I
4
5 /* ....................................................................
6 FILE NAME : Impdec.h
7 -PROGRAMMER : Terri A. Smith
8 - DATE WRITTEN : February 1990
9 - ADDRESS : GTRI/CSITL Atlanta GA 30332 (404) 894-8952

10 -

11 PURPOSE- To define aLl structures and procedures
12
13 -
14 ................................................................ */
15 #ifndef IMPDEC.Il

16 #define IMPDEC.H
17I18 Ndeflne MAX ýLIST 1000
19 #define MAXSIZES 25
20 #define MAXSAVINGS 400

21
22

23 typedef int ordernt[MAX SIZES];
24
25 typedef char sizes.tCNAXSIZES] 10];
26

27 typedef struct C
28 order t number;
29 sizest chasizes;
30 mnt perimeter (NOMx-SIZES];
31 ) ord-var-t;
32
33 typedef struct C
34 order t sizes;
35 float inches;
36 ) list-t;
37

typedef struct(I39 order -t sizes;

40 int pty_Weiht;

41 char merged;
42 ) section t;
43
44 typedef struct C
4C int sectt;

int sect2;
int org.pty_height;

48 int cand_ptyheight;
49 fLoat savings;
50 int type;
51 order t org;
52 order t cand;
53 ordernt insect1;
54 order t i, sect2;
55 ? savings3t;
56

57I



58 tnt getjparaaueters~int *units, tnt *wmax..ply, tnt *maxsizes,
59 tnt *cut.cost, fnt *unlt..cost, int* old ou,.aitts);I 60
61 ftoat find inchescorder-t sizes);
62
63 fLoat case-aff(int i, int J, tnt unit-cost);1 64
65 ftoat compute-savings~int i, tnt J, tnt cut-cast, tnt unit-cost, Int max-sizes);
66
67 fRoat compute-swap~savings(tnt i, int J, tnt cut-cost, tnt unfttcost, tnt max-sizes);

69 void combine~pty(int max~pLy);

74 todcmin-ie~ nt cutcostttuntotDtteaszsttma;~)I 75
76 void transfer backwards(int i, tnt J, int t,
77 tnt cut-cost, tnt unit~cost, tnt max-sizes, tnt max~pty);

U787 void tasfewapjo wards(intI nt j, tnt J, itt
77 t nt cut-cost, t nt unit-cost, t nt max-siz es, t nt maxj, Ly);

81
82 void swap~backwards(int i, mnt J, tnt t,

3 85 #edt nt cut-Cost, tnt unit~cost, tnt max-sizes, tnt max~pty);

I8
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2 -- SHeader:: D:/cops/src/improv/lmpdec.h February 1990
3 -------------------------------------------------------------*
4
5 /* ....................................................................

6 - FILE NAME : ImtcL.h
7 - PROGRAMMER : Terri A. Smith
8 - DATE WRITTEN : February 1990
9 - ADDRESS : GTRI/CSITL Atlanta GA Z0332 (404) 894-8952

10 -
11 - PURPOSE- To define alt globaL variables

12 "
13
14 ................................................................ */
15 #ifndef IMPLCLH
16 #define IMPLCLH
17
18
19 extern ordvar t order;
20 extern List t *List;
21 extern int num List;
22 extern tnt num-of-sizes;
23 extern section-t *in-section;
24 extern int numnin sec;
25 extern int numttemp_sec;
26 extern section t sect3;

27 extern section t sect4;
28 extern sectiont portion;
29 extern savings_t temp_save;
30 extern savingst save;
31
32
33 #endif

I
I
I
I
I
I
I
I



2 $- SHeader:: D:/cops/src/improv/improve.c February 1990
3-----------------------------------------------------"*
4
5 /* ...................................................................

6 - FILE NAME : Improve.c
7 - PROGRAMMER : Terri A. Smith

8 - DATE WRITTEN : February 1990
9 - ADDRESS : GTRI/CSITL AtLanta GA 30332 (404) 894-8952

10 -
11 - PURPOSE- The main program which controls flow of execution
12 -

13
14 ........................................................ */
15 #incLude <stdio.h>
16 #incLude <maLLoc.h>
17 #incLude <memory.h>
18 #include <stdLib.h>
19 #incLude <string.h>
20 #incLude time.h>
21 #incLude "1impdec.h"
22 #include "imptcL.h"
23
24 #define ctock() time(NULL)
25
26 main(argv, argc)
27 Int argv;
28 char *argc[];
29
30
31 ?* Input Variables */
32 int ouunits; /* # of units over/under aLLowed*/
33 int otd ou.units; /* # of units over/under aLLowed */
34 int max pty; /* max ply height allowed */
35 int max-sizes; /* # of sizes allowed / section */
36 int Init_pLy; /* initial ply height '/
37 inx cut-cost; /* cutting cost */

38 int unit cost; /* unit cost '/
39
40 /" Output Variables */
41 float totjength; /* the total amnt of fabric needed*/
42 float tot marker; /* total fabric between markers */
43 int unit dev; 1* deviation of units to cut from order */
44 int unit-count; 1* units in aLL sections '/
45 int order-count; /* # of units in order
46 char unit-string(lO]; /* OVER or UNDER */
47
48 int i,j, k, L, r, s,m,n; /* counters */
49 int total order = 0; P' total N in order
50 float inches; /* inches in sections * ply '/
51 float marker; /* inches between markers
52 FILE *fp; /1 file pointer for output
53 ordert temp order; /* temp order
54 clock t starttime; /* used for timing atg */
55 ctock-t end time; /* used for timing alg */
56 double totaL time; /* total execution time */
57 char mergers possibte 1; /* while Loop boolean */

I



58 section-t temp~sec; /* temporary section *
59I60 start-time = cLocko;
61
62 if (Cfp - fopen("OUTPUT", "W"1)) z= NULL)
63 printf(OICANNOT OPEN OUTPUT FILE savings.c\n");
64 exit(O);
65)
66

68 printf(IIALLOCATION ERROR FOR LIST savlngs.c\n");

71
72 I
73 Get parameters and print out first sotution3 74
75
76 nunjL.st w get~parameters(&ou -units, 8.ax~pty, &max..lzes,
77 &cut-cost, &unit-cost, Ulad ou units);I 779 tot-Length = (foat) 0.0;
80 tot Tmarker a Mfoat) 0.0;
81 fprlntf(fp, --MAX PLY u. %d MAX * OF UNITS PER SECTION r Xd\n", max~pty, max-Sizes);
82 fprlntf(fp, "UNIT COST z %d cents CUT COST x %d cents\n", unit-cost, cut~cost);
83 fprintf(fp, "ORDER\fl");

85 ~ fprintf(fp, "1Xd SIZE Xs\n", order.number~l, order.ch-slzestl]);
86
87
88 fprlntf(fp, "1\n FIRST SOLUTION \n");
89 for 0=0O; icnum-,n~sec; i++) (
90 fprlntf(fp, "SECTION Yd HAS PLY s d\n", f, ln-sectioncilbptyjielht);
91 for (J=O; icnum- of sizes; J++)(
92 if (in sectionflj.sizesEJ] > 0)
93 fprintf(fp, " AND Xd SIZE Xs\n", ln-sectiontil.sizesCD], order.ch~sizestjJ);

"MRE"EGH9672 OA EGT 72~~" markerxfn inchein-sconiszes);

3100 tot -marker a tot-marker + marker;
101)
102 fprintf(fp, "TOTAL MARKER re %7.2f TOTAL LENGTH % 7.2f\n\n", tot-marker, totjength);
103I ~104 1
105 InitiaLize savings structures
106 *
107 for 0i=O; <ntun of-sizes; i++)
108 save.orgci] = 0;
109 save.cand~li=J 0

110 temp save.orgti] 0;
ill temp-save.candti] 0;
112
113

114 1
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115 combine any sections with a coEbination of sizes <= max-sizes
116
117
118 combine sizes(max sizes);
119 /*
120 Main Loop of program -
121 The Loop begins by trying to place one sizes form one section
122 into another section. Once aLl possible transferred are tested,
123 then the program tries swapping two sizes from two different
124 sections. The Loop begins with the first section. The best
125 transfer or swap from this section is made and the next section

126 goes through the same tests etc. Once aLL sections have been
S127 exhausted then the same is repeated but backwards (starting
128 with the Last section. This whole process is repeated twice.
129
130 mergersjposslbte = 2;
131 while (mergers~possible > 0) (
132
133 /* combine any sections with same sizes by putting on
134 top of each other if it doesn't violate max ply height
135136
136
137 combine~pty(max~pty);

138
139
140 Attempt to reaasign one portion from original section

141 to a new section and calculate savings. Merge only
142 the one with the greatest savings
143 */
144 for (i=O; itnumlin.sec; i++) (
145 for (j=O; j~numiofsizes; j++) (
146 save.sectl = -1;
147 save.sect2 - -1;
148 save.type x 0;
149 save.org.ptLyheight = 0;
150 save.candptyhoight a 0;
151 save.savings = (float) 0.0;

152
153 for (m=O; m<numzofsizes; m++)
154 portion.sizes~m] x 0;
155 portion.pty_.height = 0;
156
157 for (L=i+1; t<numzinsec; t++) (
158
159 transferjforward(i. j, I, cut-cost, unit-cost, max-sizes, max_pLy);
160
161 swapforward(i, j, I, cut cost, unit cost, maxsizes, max.ply);
162
163

165 /*
166 Place portion into section. If the two sections have

167 different ply heights then the smallest ply height is
168 given to both sections and the section with the larger
169 ply height is added to the end of the section List with
170 a ply height equal to Larger ply minus the smaller pLy

3 171

I



172 r a save.sectl;
173 s z save.sect2;I174 if (save.savings in (float) 0.0) C
175 printfQ'REPLACING PORTION %d Id\nN, r, s);
176
177 in -sectionNr.pLyjieight a save.org~pLyheight;

178 in-section[s] .plyhýeight - save.cand~pty..height;
179
180 if (save.orgJpLy height ýcsave.cand~pLyjieight)C
181 in-sectionts3 .pLy height - seve.org~ply height;
182 temps.ec.ptyhieight a * ecn~t.ýih

186 terp~sec.sizes~in] - save.in-sect2[m];
187
188 if ((in-section a reatloc~in section, ((nun ~tewrp sec: + 1)I189 * sizeof~sectiont))OM za NULL)
190 printf("OREALLOCATION ERROR FOR INSECTION iriprove2.c**);
191 exit(O);
192 >
193
194 memcpy(&in-Sectiontnumntenp~sec++3, &temp~sec, sizeof(section-t));
195
196
197 else if (save.org~ply height > save.cand~pty height)C
198 in-sectionNrJ.ply height a save.cand~pty height;
199 temp~sec.ptyheight n save.org~pty heightI 200 save. cand~ply~hei ght;
201
202 for(m-O; mnnun of sizes; m++)
203 temp~sec.sizesfln] - save.in-sect1[m);I 204
205 if ((n-section - reatlloc(in-section, ((nuy temp~sec: + 1)
206 * sizeof(section-t)))) == NULL)C
207 printf("REALLOCATION ERROR FOR INSECTION improve2.c");
208 exit(0);
209
210
211 memcpy(&in-section~numnttna~sec+4i, &terp~sec, sizeof(section-t));

213
214 for(in=O; m~nuiiof sizes; m++) CI215 in -sectilontr3.sizes IQ] * save.org(mfd;
216 in-sectionts3.sizes(m] z save.candoal;
217)
218
219 )/*forj'
220 )I* for i/
221
222
223 I
224 Perform the same sequence of events to transfer and swap
225 sizes but start at end of list and go backwardsI 226
227 Attempt to reaasign one portion from original section
228 to a new section and calculate savings, Merge only



229 the one with the greatest savings
230 *I 231
232 nun in-sec - nun temp sec;
233
234 for (iunumin-sec-l; 0-.O; I--)(
235 for j04; JVnum-of sizes; J++)
236 save.sectl = 1
237 save.sect2 z -1;
238 save.type a 0;
239 ::ve.org~pty height x 0;

241 ~~~save.savlngs -(tn)00
242
243 f or (m=O; m'num of -sizes; m++)
244 portlon.slzestm] a 0;
245 portlon.pty height x 0;I 246
247 for (LuI1i; t~xD; 1--)
248

249 transfer backwards(l, J1, t, cut-cost, unit-,cost, mnax-sizes, max..pty);

251 swap~backwards~i, J, t, cut-cost, unit-cost, mtx sizes, max~pty);
252)I 253
254 r a save.sectl;
255 s a save.sect2;
256 if (save.savings In (float) 0.0)U257 printf("REPLACING PORTION %d Xd\n", r, a);
258
259 in-section~r].ply~hefght a save.org~pty height;

260 in-sectionts] .pty height - save.cand~pty_ height;

262 if (savc.org~pty height < save.cand~ply.height) C
263 ln-sectioncs] .pty height a save.org~pty height;I264 teap sec.ply ýheight - save.cand~pty height
265 save.org~pty height;
266
267 for(m-0; m~num of sizes; m++) CI268 tefrp-sec.sizes~ml - save.in-sect2Cml;
269)
270 if ((in-section a reattoc(in section, ((nun temp sec + 1)
271 * sizeof(section-t)))) == NULL).1272 printf(IOREALLOCATION ERROR FOR INSECTION inprove2.c');
273 exit(O);
274)

276 memcpy(&in-sectioncnunftecp~sec++], &tempsec, sizeof(section-t));
277)
278 etse if (save.org~ptyheight save.cand~pty height)C
279 in-sectfon~rl .pty height =save.candjLyh.4ight;
280 temrpsec.pty height = save.org~pty height
281 save.cand~ptyheight;
282I 283 for(maO; m~nun-of-si zes; mn++)
284 temp.sec.sizes~ni] = save.in-sectl Cm];
285)



286
287 if ((n-section =reaLtoc(in 7section, ((nxn temp_ýsec + 1)I288 * sizeof(section-tM)) == NULL) (
289 printf("REALLOCATION ERROR FOR INSECTION inmprove2.c");
290 exit(O);

292 memcpy(&ln-section~numntefp~sec++], &teffpsec, sizeof(section-t));
293
294

295 for(w-0; mnwnumof sizes; m++)29 n:tot]:z:r ::og

299
300 1/* for J
301 )/* for i '
302I 303
304 num-n In see a un n~ terp~sec;
305 - mergers~possite;

306 W/ white *

308 1
309 Remove sections that are emp~tyI 310
311
312 for (104; fcrumanin sec; i++)
313 order count - 0;I 314 for J-=0; jBnun of sizes; J++)(
315 order-count = o-rder count + ln-sectlon~ij~ulzet[j];
316 >
317 if (order count -u 0)C
318 for (1.1; J1num- n n sec-i; J++)
319 memcpyC~n-section~j], ln-section[J+1], slzeof(section-t));
320)
321 nu-in -nsec - num in-sec -1;
3232

324I325 end time z cLocko;
326 totaL time ((double) end-time -start time) ICLK-TCK;

327
328 fprintf( fp, I\~**a********************\I)I329 tot-tength (float) 0.0;
330 tot -marker z (float) 0.0;
331 unit dev a 0;
332 order count 0;
333 unit-count 0;
334
335 fprintf(fp, "THE # OF FINAL SECTIONS ARE : d\n", num-in..sec);I 336 for 0=~0; i~num in-see; i++) (
337 fprintf(fp, "SECTION Xd HAS PLY z d\n", i, in-Section~il.pLy height);
338 for (p0O; jcnijn of sizes; j++) (
339 if (in section~i] .sizes~ij) 0)I340 fprintf(fp, "1 AND %d SIZE %s\n", in-section~i].sizes(j], order.ch-sizestjj:
341 unit-count z unit-count + (in-section~i].sizesti3 * in-sectionti] pty height);
3421



343 >
344 marker = find inches(in .section(ci.sizes);
345 inches x marker * in-sectionci].ply_height;
346 fprintf(fp, "MARKER LENGTH a %7.2f TOTAL LENGTH • X7.2f\n\n", marker, inches);
347 totIength = totLength + inches;
348 tot marker = tot marker + marker;
349
350
351 for (J=O; j'num-of sizes; J++)
352 order-count z order-count + order.numberEj];
353

354 unit dev z order-count - unit-count;S355 if (unit..dev > 0)

356 strcpy(unittstring, "UNDER");

357 else If (unit dev == 0)
358 strcpy(unittstring, "\0");
359 else C
360 unit .dev = unitdev * -1;
361 strcpy(unittstring, "OVER");
362 )
363
364 fprintf(fp, "TOTAL MARKER • %7.2f TOTAL LENGTH x %7.2f\n\n", tot.marker, totLength);

365 fprintf(fp, "UNIT OVER/UNDER •d %als", unit dev, unitstring);
366 fprintf(fp, "\n\nTOTAL TIME x %f\n", totaLtime);
367
368

369 if (List I= NULL)
370 free(tist);
371
372
373 fcLose(fp);
374
375 return(O);
376 )U

I
I
I
U
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1 INCLUDES = inpdec.h impLcL.h
2 LIBNAJ4E =impLib

3

4
6 5b~~b OBJS\

7 getparm.obj \
8 findinch.obj \I9 case aii.abJ \

10 compute.obj \
11 conrpswap.obj\
12 ccnibsize.obj\

14 tranfrwd.obj13cft~~b \

15 swapfrwd.obj \
16 tranbkwd.obj \I17 swapbkwd.obj
18
19
20 .c.obj:
21 S(CC)
22 SCLIB)
23I 24
25 gtobaLs.obj ;gtobats.c SCINCLUDES)
26
27 getparm.obj :getparm.c S(INCLUDES)I 28
29 findinch.ob) : indinch.c SCNCLUDES)
30
31 ca~sesaii.obj :case aii.c $(INCLUDES)I 32
33 ccgrgute.obj compute.c SC NCLUDES)
3'I35 compswap.obj :conipswap.c S(INCLUDES)
36
37 comr*ply.obj : coirbpty.c SC INCLUDES)

.38I39 combsize.obj :combsize.c S(INCLUDES)
40
41 tranfrwd.obj :tranfrwd.c $(INCLUDES)
42I43 swapfrwd.nbj ewapfrwd.c SC(INCLUDES)
44
45 tranbkwd.obj tranbkwd.c $(INCLUDES)
46

47 swapbkwd.obj swapbkwd.c SO NCLUDES)
48
49 imnprove.obj :improvexc S(INCLUDES)I551 iirprove.exe :improve.obj SCOBJS)
52 ct inprove /Link inplib.Lib
53I 54
55 SMB)Inprove.exe :inp~rove.exe
56 sCCP)
57



58 S(I)\inpdec.h iirpdec.h

6059 S(CP)

61I
I
U
I
I
I
I
I
I
I
I
U
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I



U
* °.0...................................•...........•................

2 -- $Header:: D:/cops/src/improv/swapbkwd.c February 1990
3 3 - -----------------------------------------------------------------
4
5 /* ....................................................................

6 - FILE NANE : Swapkwd.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 swap one size from one

12 - with another size in a different section if feasible. It
13 works from the end of the section List to the start.
14
15
16 ................................................................. *

17 #incLude <stdio.h>
18 #incLude <matloc.h>
19 #include <memory.h>
20 #include cstdtib.h>
21 #include <string.h>
22 #include "impdec.h"
23 #incLude "imptct.h"
24
25 void swap~backwards(l, J, t, cut-cost, unit-cost, max-sizes, max-pty)
26 Int i;
27 Int J;
28 mnt t;
29 int cut-cost;
30 int unit-cost;
31 int maxsizes;
32 int max_pty;
33
34

35
36 int k, m, n; /* counters
37 mnt num units; /* numwunits in one section */
38
39
40 for (n:O; n<num-cf-sizes; t-,+) (
41 if (in.section[i].sizesCJ] > 0) &&
42 in.sectionEt].sizes~n] • 0)) C
43I 44 for (m=O; m<numnof-sizes; m++) (
45 sect3.sizestmn a in.sction[i].sizes[m];

46 sect4.sizes~ml a in section[tl].sizes[m3;
47)
*48
49 sect3.sizes[j3 = sect3.sizes(j] - 1;
50 sect3.sizestn3 x sect3.sizes~n3 + 1;
51 sect4.sizes~jl = sect4.sizes~j] + 1;
52 sect4.sizes(n] = sect4.sizes~n] - 1;

53
54 temp_save.sectl = i;
55 tenpsave.sect2 = L;
56 temp-save.type = 0;

i 57 tefp_save.org_pty_height = 0;

I



58 tempsave.cand~pLyhýeight = 0;
59 temp-save.savings =(float) 0.0;I 60
61 compute-swap~savings(i, L, cut-cost, unit-cost, max-sizes);
62
63 nutyk units = 0;

64 for (.20; mnucn aof -sizes; m++)
65 nuLmunits a nminiunits +' sect4.sizes~m];
66
67 if ((temp~save.savings > save.savings) &&
68 (npLaunits 4a max-sizes) £&

69 (temp.,save.type >0) &&
70 (terp~save.cand~plyhiht <= max..pty)) CI71 memcpy(&save, &temp~save, sizeof(savlngs.3));
72
73 for (Pz0; m-cnwnof-sfzes; m++)(
74 if (temlpsmve.type Ix 1) (I 75 save.orglm] x sect3.sizeslmj;
76 seve.cand~m] a sect4.sizes~m];
77 save.in-sectllmJ - In~sectionci].sizes~m];

78 save.in-sect2tm3 In-section[L].sizestm];

81 save.cand~m] in-section~ii.sizes~ii];

882 )/* for m*

84 ) I if *
85 )/* for nII . 86 return;
87 )



2 -- SHeader:: D:/cops/src/improv/swapfrwd.c February 1990
3 3 ------------------------------------------------------------ *
4
5 /* ....................................................................

6 FILE NAME : Swapfrwd.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 swap one size from one
12 with another size in a different section if feasible. It
13 - works from the start of the section List to the end.
14 -

15 . ............................................................... */

16 #incLude <stdio.h>
17 #incLude <maLLoc.h>
18 #incLude <memory.h>
19 #incLude <stdLib.h>
20 #incLude <string.h•
21 #incLude "ifodec.h"
22 #include "impLcL.h"
23
24

26 void swap_forward(i, J, L, cutcost, unit-cost, max-sizes, maxpLy)

27 int i;
28 mnt j;
29 int t;
30 Int cut~cost;
31 int unit cost;
32 int max-sizes;
33 int maxpLy;
34

35
36
37 int k, m, n; /* counters */

38 Int num units;
39
40 for (n=O; ntnum of-sizes; n++) (
41 if ((in.section[i].slzes(j] > 0) &&
42 (in sectionEL].sizestn] > 0)) (
43I 44 for (m=0; m<numwof-sizes; m++) (
45 sect3.sizestm] a in sectionfl].sizes[m];
46 sect4.sizestm] in section[L].sizes~m];
47 )
48

49 sect3.sizes[j] = sect3.sizes[j] - 1;
50 sect3.sizes~n] a sect3.sizes~n] + 1;
51 se;t4.sizesjl] a sect4.sizes[j] + 1;
52 sect4.sizes~n] = sect4.sizes~n] - 1;

53
54 temp-save.sectl = i;
55 temp_save.sect2 = L;
56 temp_save.type 0 0;
57 tempsave.org_pty_height = 0;

I



58 temp._save.cand~pLy..height = 0;
59 teip~sav-'.savings = (ftoat) 0.0;I 60
61 compute-swapsaviflgs(i, t, cut-cost, unit-cost, mnax-sizes);
62
63 num units = 0;

64 for (m=-0; wnuy!of..sizes; m++)
65 nun ~units = num-units + sect4.sizestm];
66
67 if ((temp~save.savings >save.savings) &&
68 (numnunits <- max-sizes) &&

69 (teiip-gave.type > 0) &&
70 (tefrpsave.cand~ptyheight <z max~p~y))(

71 memcpy(&save, &temp~save, sizeof(savlngs~t));
72
73 for (m=O; m~nw.-of~sizes; m++)(
74 If (temp-save.type In 1) CI75 save.org0Tij a sect3.slzes~m];
76 save.cand~m] - sect4.sizestm];
77 save.in-secti~m) a in~section[il.sizesNm;
78 save.in-sect2Cmj in-section[Lb~sizes~m3;

80 eLse
81 save.cand~m] in-section~il.sizestm3;

84 if if
85 )/* for nIU 86
87
88 return;3 ~89)



/* ................................. •"...............". ...............

2 -- SUeader:: D:lcopslsrcirmprovltranbkwd.c February 1990I3 -- --------- --------- --------- -------
4
5 /* ....................................................................

6 - FILE NAME : Tranbkwd.c
7 PROGRANMER : 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 ................................................................. *
17 #include <stdio.h>
18 #incLude <maLtoc.h>
19 #ino'tude <memory.h>
20 #include <stdtib.h>
21 #include <string.h>
22 #include "impdec.h"
23 #inctude "impLct.h"
24
25 void transfer backwards(i, t, t, cutlcost, unit-cost, max sizes, max pty)
26 mnt i;

27 mnt j;
28 int t;
29 int cut cost;
30 mnt unit.cost;
31 mnt maxsizes;
32 Int maxpLy;
33
34

35
36 int k, m; /* counters '/
37 mnt nhnunits; /* num units in one section */
38
39 if (in .sectionfi].sizesEj] 0) (
40 for (r.=O; m<num of sizes; jn! (
401 sect3.sizes~m] in.sectionL;.sizes[m;

42 sect4.slzestm] = inpsection[l].s;'esm3;
43I 44
45 sect3.sizes[j] a sect3.sizes~j] - 1;

46 sect4.sizes~j] a sect4.sizestj] + 1;I47 portion.sizesEj] = 1;
48 portion.pty_height r insection~i].pty_height;
49
50 temp~save.sectl - i;
51 temposave.sect2 = t;
52 tempsave.type a 0;
53 temp save.orgspLyheight = 0;
54 temp save.candptyheight = 0;
55 temp_save.savings = (float) 0.0;
56
57 computesavings(if t, cutcost, unit-cost, max-sizes);

I



58359 num units a 0;
60 for (W-0; mmmn -nof..sizes; m++)
61 n~LUnnhs a nxunnits + sect4.sizes~lnl;
62
63 if (CteM save.sevings >save.sztvings) U&

64 (nun nits <x nmxszes) UI
65 (tenpsava. type > 0) U&
66 (teWsave.cand~ply...height ýc- Iax~pty))
67 memcpy(gsmve, &terpssve, sizeof(savingqst));I 68
69 for (m=0; mwnun of sizes; m4+)(

70 if (tenp-save.type 1- 1) C
71 save.org~m3 sect3.sizescm3;
72 sav..cand~m] z sect4.sizes~ni];
73 save.irnsectlt'n] - in~section~iJ.sizestm];
74 save.ir~sect~tm] a in-sectionCtLbsizestinl;I 75
76 etse
77 save.cand~mO In~sectiontlbsizes tm];
78

81I 883 return;
84 )



2 -- $Header:: D:/cops/src/improv/tranfrwd.c February 1990

3 3 ------------------------------------------------------------ *
4
5 /* ...................................................................

6 - FILE NAME : tranfrud.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 beginning of the section List to the end.
14 -I15 ........................................................... */

16 #incLude <stdio.h>
17 #incLude <,tatoc.h>
18 #incLude <memory.h>
19 #include <stdtib.h>
20 #include <string.h>
21 #include <time.h>
22 #incLude "impdec.h"
23 #include "imptcL.h"

24
25 void transferjforward(i, L, L, cut cost, unit-cost, max-sizes, max_pLy)
26 mnt i;

27 mnt J;
28 mnt t;
29 int cut-cost;
30 mnt unit-cost;
31 Int max_sizes;
32 mnt max ply;
33
34

35
36 int k, m; /* counters */
37 mnt nun units; /* numnunits in one section */

38
39 if (in section[i].sizestj] > 0) 0
40
41 for (m0O; m<numaof_sizes; m++) C

42 sect3.sizestm] = insectihnEfl.sizes~mJ;
43 sect4.sizes~m] = in-sectionEL].sizes[mJ;
44 )

45
46 sect3.sizesEJ] = sect3.sizestj] - 1;
47 sect4.sizestj] = sect4.sizes(j) + 1;
48 portion.sizes[j] = 1;
49 portion.pty_height = in-section~il.pty_height;
50
51 temp save.sectl = i;
52 temp_save.sect2 = L;
53 tamp_save.type = 0;

S54 tempsave.org_ptyheight = 0;
55 tefp_save.cand_pty_height - 0;
56 tempsave.savings -(float) 0.0;

57

I "



58 compute savings~i, t, cut~cost, unit cost, max-sizes);
59I 60 nuaiiynits = 0;
61 for (m=0; Mm-n.Iof sizes; m++)
62 wLanunits -numl units + sect4.sizestm];I 6364 if ((empsave.savings > save.savings) U&
65 (ntuiunits cc max -sizes) U&
66 (temp _save.type > 0) &&

6(tssaeanpyhih =ax y)68 memcpy(&save, &temp save, sizeof(savingst));
69
70 for (mO; mvnum of sizes; m++) C
71 If (temp-save.type In 1) C
72 save.org~m3 sect3.sizescma;
73 save.cand~m] z sect4.slzesirnj;I74 save.in -sectl~m3 z In sectiontl2.slzesrm];
75 save.in-sect(mJ in~section~ll.slzeslmJ;
76

77 etse
78 save.cand~m) in-secticnCIl .slzes[mJ;
79 )*for m ~
80)
81 )/* if*
82

84) return;I8



Airneudix E: Comimatational Results from COP Algorithms
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I Savings 
__

Order Ply Patterns in Pattern Total inches
Height order Length Ply in pattern in order

Size 303234 3638401
6/9/25/2/5/1 47 1 1 4 1 73.86 1 73.861 1 21 2 1 72.52 1 72.52

- 1 4 71.19 5 355.95
1 1 28.52 3 85.56

1 1 587.89
Size 30 32 34 36 38 401

108 1 4 1 73.86 1 73.86
S11 2 2 1 72.52 1 72.52

1 11 4 71.19 5 355.95
_1 1 28.52 3 85.56S ,,, 587.89

Sie30 32 34 36 38 401
200/200/200/200/200/20C Sz 1 1 4 74.52 47 3502.44
i_1 4 1 73.86 12 886.32

1 1 4 73.19 25 1829.75
-1, 3 1 1 72.08 5 360.40

i_1 3 2 72.08 47 3387.76

1 i 4 72.52 19 1377.88
1 4- - - 70.75 25 1768.75
3 89.86 7 489.02

5 11 69.41 13 902.33 14304_6____ ___ ___ ____ - - - - - ___ _ _ ___ 14304.65
Size 30 32 34 36 38 40 32 2384.64

_108 1 1 4 74.52 32 2384.64
1 3 2 74.08 24 1777.92
1 1 4 1 73.86 24 1772.64

i_1 3 2 72.08 18 1297.44!

1 2 3 72.30 54 3904.20
1 4 1 71.86 2 143.72

I 4 1 1 69.26 30 2077.80 1
1 15.56 96 1493.76

I 14852.121
* iSize 30 32 34 36 381401 14852.12

163/239/599/45/124/30 47 1 41 11 73.86 30 2215.80
1 1 1 31 1 11 72.08 4 288.32

i i 3 2 1 70.75 35 2476.25
1 4 11 1 71.86 6 431.16
3 3 71.19 47, 3345.93

-~_________1 2__ 1 3 70.97 24' 1703.28 ____6 71.86 45 3233.70i 51 1 70.75 _4 283.00

41 1 67.01 6 402.06
I I ! 1 14379.50

E2



Savings (Coo't) ..
SOrder .. nt Ieh Patter in, Pattern Total inches

Height order Length Ply in pattern in order
ISize 30 32 34 36 38 40

108 1 4 1 73.86 30 2215.80

11 3 1 1 72.08 4 288.32

_1 41 71.86 411 2946.26

1 1 4 71.19 981 6976.62
1 1 4 1 70.52 7 493.64

1 3 1 66.76 24 1602.24

__________ __ 14522.88
g'48ISize 30 321341 36 38 40 1528

_///960/240 4,3 3 75.19 48 3609.12 .
46.0.. 2 74.97 48 3598.56

i - - 74.52 48 3576.96
61 74.52 48 3576.9.6

_ 1 16.33 48 783.84

___ ____ __ ___ ___ ___ ___ ___ 15145.44
i tSize 130 32 34 36 38 40 1515. 44

108 1 3 3 75.19 72 5413.68,
I15 1 74.75 24 1794.00

6 74.52 96 7153.92
1 16.33 48 783.84

S11__ _ 15145.44
_ Size 30 32 34136 38140

/ / / /1200/ 46 4 6 74.52 48 3576.96
- 61 74.52 48 3576.96

S1 616 74.52 48 3576.96

1 j 6 1 74.52 48 3576.96

- 1 16.33 48 783.8415091.68

_ _ Size 30 32134136 38 40 _

1081 6- 74.52 108 8048.16
6_ 1 74.52 84 6259.68
11 1 16.33 48 783.84

__1 . 15091.68
__Siec 130 32 34136,38 40 1 _

1 72/144/360/360/144/72 _8 _ 1 _ _ _43 _4 732

2 1 22 72.52_ 48 3480.96
1 .... 31 2 _72.081 48 3459.84

11 3 2 t 72.081 24 1729.92,
11_ 4 72.52 24 1740.48

31 372.081 24 1729.92
_ _ _ _.I 113924.32

I
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I 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 1 73.19 72 5269.68
_1 11 4 172.52 121 870.24

_ _ _1 3 2 72.08 92 6631.36
1 4 72.30 8 578.40

-. 1 28.76 4 2 690.24 14039.92

I

I
I
I
I
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Improved Savings
Order Ply I Patterns in Pattern Total inches

3 Height order length Iply tin pattern in order
SSize 30132 34 36 38!40 _

6/9/25/2/5/1 47 1 1 3 1 73.64 1 73.64
1_....... 1 2 2 1 72.52 1 72.52

1 5 71.63 4 286.52
_ 6 69.19 1 69.19

I_ _ 3 2 1 71.63 1 71.631
S.... I . .. 573.50

Size 30 32 34 36 38 407
"108 1 1 3 1 73.64 1 73.64

S.. 1 2 21 72.52 1 72.52
+1 5 71.63 4 286.52
..j 6 - 69.19 1 69.19

3 2 1 71.63 1 71.63
1_ 573.50

* Size 30132134 36 381403 200/200/200/200/200/200 47 2 11 31 73.401 38 2789.20
3 2 74.52 5 372.60

1_ 11 3 72.52 5 362.60
1 2 1 2 72.52 5 362.60

Si i i 1 2 2 1 72.52 5 362.60
1 1 4 72.52 19 1377.88

1 31 1 1 71.63 25 1790.75
4 11 1 69.26 20 1385.20

1.... .. 1 4 1 74.52113 968.76
I 4 1 1 72.52, 5 362.60

1 3 2 72.52 2 145.04

3 2 1 71.41 20 1428.20
111 4 74.52 9 670.68

1 5 73.86 2 147.72
3 3 1 1 72.52 5 362.60

1• 141 1 73.86 51 36,9.30
S1 3 21 1 72.08 9, 648.72

* - if 4 2 72.30 3 216.901I1 2 3 72.971 3 218.911- -

.. _ _1.. ] 14491.9(0I

I
U



Improved Savings (con't) ] I Z Z iZ Ir I
Order Ply lPatterns in I Pattern Total inches

I Height order I length [ply in pattern in order
SSize 30132134136 3840 I

108 1 1_ 1 4 74.52 4 298.08
I - 2 1 31 73.41 8 587.28

_ _6 1 74.52 6 447.12
112 2 2j 74.52 2 149.04

1 ... . 3 3 72.52 2 145.04 _

1 4 1 1 72.52 2 145.041
4 1 11 69.26 30 2077.80_
3 1 - 40.36 2 80.721

_ 1 3 2 74.52 8 596.16
S11 1 4 74.75 2 149 .50t

___1 4 1 74.52 4 298.08
11-2 21 72.52 4 290.08

.21 2 1 1 1 71.63 4 286.52
3 3 1 72.52 4 290.08

21 ~ 31 74.52 4, 298.08
--4 15.56 86 1338.16

3 ... 31 75.19 10 751.90II '1 11 2 2, 1 71.63 8 573.04

I1 2 3_! _ 72.302 481 3470.40

1 1 4 11 74.30 8 594.40
2 -" 3l 73.40 26 1908.40

.... T_ 28.01 2 56.02
7�e7.• 0 + - _! 14830.94

I~Sz P3 T 32 ; 4 36; 01

/I / /1960/240 . 48 3 3 75.19 48 3609.121
- I141 2- 74.97 48 3598.561

J- -_ _ 6 74.52 48 3576.96
__ 74.52 48 3576.96

.. . 1 16.33 48 783.84I 3• • 80.00 15145.44,

0 34 36Size 3308 i 2
1084 -- - - 75.19 721 5413.68
- 1 -,--!5 1 5 24 1794.00 "'

-- - -X--[-• 7 961 7153.921
I , 1 1 16.331 481 783.8411 .- . IIL... - 15145.44

U
I
1



Iimproved Savings (con't) ! ,I
rOrder Py Patterns in Pattern Total inches

Height Jorder I length ply in pattern in order
Size 30 32i 34136 3840I 16312391599/451124130 47 1 4 1 74.52 24 1788.48

1_ 4 171.63 4 286.521

3 2 66.01 6 396.06
2 3 1 71.63 8 573.04

2 2 2 2_ 70.52 24 1692.48
1 5 71.63 47 3366.61
6 70.52 4 282.08I3 3 72.52 2 145.04

4 _ 1 69.26 2 138.52
1 41 1170.52 2 141.04

1 21 21 1 71.63 2 143.26
1 5__ 71.63 6 429.78

2 2 11 1 71.63 4 286.52'
i 2 3 1 71.41 2 142.82

1 1 41 1 74.08 4 296.32
3 3 70.52 18 1269.36

2 1 70.75 5 353.75
2 4 71.41 37 2642.17 14373.851 __ ____14373.85

Size JO 32 34 36 38140
108 1 4 1 74.52 28 2086.56

41 1 1 72.52 4 290.08
1 5 171.63 441 3151.72
31 2 1 71.63 4 .86.52

1 4 1 70.52 7 49;.54

4 1 1 69.26 7 484.82S3 40.361 41 161.44

33 -t 71.19 4; 284.76
2 1 21 11 72.52 21 145.041

!2 3 11 71.63 13 931.19
5 1 70.75 2 141.50

3 2 65.77 12 789.24I11 31 21i 70.75] 1i 70.75* 31 2 - 69.63 1i 69.631

__1____4________71.191 71T 5054.491 1! t j ...! , ! ! 1-4441.381

I



II

Improved Savings (con't) F -

Order Ply Patterns in Pattern Total inches
Heigh, order length ply in pattern in order

Size 30 32 34136 38 40
/ / / /1200/ 48 61 74.52 48 3576.96

S61 74.52 48 3576.96
61 74.52 48 3576.96
6! 74.52 48 3576.96.
1 1 1 1 6 .3 3 4 8 7 8 3 .8 4 1 5 0 9 1 .6 8

____ ____ ____ ___ _ __ __ ____ 15091.68
Size 30 32 34 3638 40

_108 6_ 74.52 108 8048.16
S6 74.52 84 6259.68

1 16.33 48 783.841
l _15091.68

Size 3032 3436 3840
72/144/360/360/144/72 47 2 1 3 73.41 24 1761.84
I-1_ 2 1 2 _ 72.52 48 3480.96

3 3 1 72.52 24 1740.48
4 1 1 72.52 24 1740.48

1 1 4 72.52 24 1740.48
-1 2 3 71.63 24 1719.12

11 3 2 72.08 24 1729.92
1_ _ ____1_ 13913.28

SSize 30132134136 38 40
108 3 1 1 1 1 72.52 8 580.16

31 3 72.52 24 1740.48
_1 11 4 72.52 20 1450.40

2 27.75, 24, 666.00
3 1 1 1 73.19 8 585.52

I_1_ 4 1 74.52 1G, 1192.32
2 3 11 71.63 16 1146.08

1 2 1 2_ 72.52 8 580.16
_2 1 2 1 72.52 8 580.16

- 2 21 2 74.52 8 596.16
1 1 1 2 1 73.19 16 1171.04

*13 2 72.08 .52~ 3748.16____
1 , 14036.64

I
S
i
I



I.
Cherry 1
Order 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 28.52 9 256.68
28.26 6 169.56

1 1 29.27 5 146.35

1 1 I 29.02 2 58.04
S1 1 29.52 1 29.52t115.82 2 31.64

I Size 30 32 34 36 38 40 _ 691.79

108 11 28.52 9 256.68

_ 1 l 28.26 6 169.56
__ _ _ 1 29.27 5 146.351

_I 11 29.02 2 58.04
I 1 1 29.52 1 29.521

I_1 15.82 2 31.64
1 691.79

Size 30j32,34 36 38 40
200/200/200/2001200/20d 47 1 1 1 1 1 11 72.52 47 3408.44

S ... 1 1 1 1 72.52 47 3408.44
____ 1 1 1 1 1 72.52 47 3408.44

11 72.52 47 3408.44
11 72.52 12 870.241

Size 30 32 34 36 3814011108 1 1 1 1 1 1 7 2 .5 2 1 108 7832.161

_ i 1 1 1 1 1 72.521 92 6671.84
30 3214504.00

I 30z32 34 36 38 40_
1631239/599/45/124/30 47 1 1 1 28.52 47 1340.44

S .... _ 1 1 28.52 47 1340.44

...... .. i 1! 1, 28.26 47 1328.22
1 T28.52 47 1340.44

___ 1 29.27 47 1375.69

* 1 1 1 28.26 47 1328.22
11 2 8 .5 2  471 340.441

1 11 1 29.271 471 1375.691
1 Fill, 28.26 471 1328.22

*_ ______ 28.52 471 1340.441
_ _1_ 1 1__43.1329.02 451 1305.90

____________ 11 1 43.13 301 1293.90 _ __

111 28:26 221 621.72f 128.52 41 114.08
_ _ 1i !I 15.82 281 442.963 - , -,-, i I. ,t 17216.80

3



3.

Cherry (con't) 1 ply__ - - -

Order Patterns in Pattern Total inches
_Height order Length Ply in pattern in order

I Size 30 32 34 36 38 40
_ 108 1 11 128.52 108 3080.16

1 1 28.26 108 3052.08
1 1 28.52 108 3080.16;

1 29.27 108 3161.16!
1 1 28.26 55 1554.30i

29.02 45 1305.90
1_1 29.52 30 885.60i

1 28.52 23 655.96_
129.27 14J 409.781

16.33 2 32.66_
I - -- 17217.76

Size 3032 34363840 1
/ /1/960/240 48 __ 1 1 30.03 48 1441.441

i ..... 1 1 30.03 48 1441.441

_ _ 1 1 30.03 48 1441.441
1 30.03 48 1441.44!

_1 30.03 48 1441.44_
16.33 48 783.84

16.33 48 783.84
16.33 48 783.84
16.33 48 783.84_

SIi 16.33 48 783.84
1 16.331 48 783.84

I 16.33! 48 783.84

S16.331 48! 783.84i
16.33 481 783.841
16.33 48 783.84!16.331 48. 783.84

_ 1 16.33 48 783.84

I_ _16.33i 48 783.841
_ _ _ _ _ _ - -- 1 1 6 .3 3 i 4 8 7 8 3 .8 4 _ _ _i_ _ 1_ 16.331 48 783.8419.80

-Size 130 3 3 4136 38 T1081 - 1 30.03 108 3243.24

30103 24 720.721

1 16.33 108 1763.64

- -___-___________I~J- - 1 J16.331 1W8 1763.64t
_ 16.33 1081 1763.64

S1 16.33 108, 1763.64
1 ___ t 16.331 1081 1763.641

-_ [ Ti 1 T 16.331 721 1175.761
____ t7 I i I 118964.80I ,.. .



Cherry (con't) -I
Order Ply Patterns in Pattern Total inches

Height order ILength Ply in pattern in order
Size 30 32 34 36138 40

/ / / /1200/ 48 1 16.33 48 783.84
1 -- 16.33 48 783.84

1111 1 16.33 48 783.84... 1 16.33 48 783.84I 1 16.33 48 783.84{ 1 16.33 48 783.84

1 16.33 48 783.84
I_1 16.33 48 783.8436.33 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 48 783.841

1 16.33 481 783.841 16.331 48 783.84

1 16.33[ 48 783.84
1 16.33i 48 783.84

_ 16.33 48 783.84
S- 1! 16.331 48 783.84

-- _ __ 11 16.33 48 783.84
_1___ 16.331 48 783.84

1 16.33. 48 783.841956.0111 16.331 48 783.841
195901 16.33 48 783.84

108 1 16.33 108 1763.64
1 16.33 408 1763.64_
1 16.33 108 1763.64_
1 16.33- 108 1763.64.I1 16.33 108 1763.64,
1 16.33 1081 1763.64
1- 1 16.331 1081 1763.64_

__ _____ ___ -T-1- 16.33 1081 1763.64 ____

1 1 16.33 108 1763.641
I 1 16.33 108 1763.64

-~_ _ _1 - 16.33 1081 .1763.64K _

616.33 10.96

___ __ ______11~ -- T T7664_ _

5 t I - - -- - -19560

Ell



U
I Cherry (con't) .. ..... . " i

Orderry Ply Patterns in Pattern Total inches

Height order Length Ply in pattern in order1 ____________Size 30132 34 36138140 j...
721144136013601144/72 47 -1 1 29.02 48 1392.96

________ _1 ! 1 29.02 48 1392.96,
Si _ - 1 29.02 48 1392.96

1 1 29.02 48 1392.96i
I... .. . ..._ 1 1 29.02 48 1392.96 -'

I 1 29_02 48 1392.96_
1 1 29.021 48 1392.96

..1" 1• 29.02 48 1392.96
S...... 11 _ 1 1 1 55.70 48 2673.60

1. 1 1 29.02 48 1392.96 ".. . .. . l . .... li I 1 1 1 55.70] 24 1336.80

1' 1 16547.04

Size 30 32 3436 381401
108 1 1 29.02 108 3134.16

1 1 29.02 108 3134.16

1 1 1 1 55.46 108 5989.68
- 1 11 29.02 72 2089.44

1 1 1 +_55.461 36 1996.56
S....... l ....... 16344 .00j

I
I
I
I
I
I
I
I
I

, ,• E12



II
I Improved Cherry ===_ _

Order Py Patterns in Pattern Total inches
Height order I length ply in pattern in order

Size 30132 34136 38 40
6/9/25/2/5/1 47 -2 1 28.76 12 345.12

1 1 1 28.76 2 57.52

1 1 28.76 5 143.80
3 1 54.19 1 54.19

__1 1 28.011 28.01
12 -1 28.26 1 28.26

1 1 29.27 1 29.27
____ ___ ___ ___ _______ _ _ ___ ___ 686.17

Size 3032 34 36 38 40 686.17
108 - 2 28.76 12 345.12

- 1 28.76 2 57.52

__ 1 28.76 5 143.80
3 1 54.19 1 54.19128.01 11 28.01

228.26i 1! 28.26

1 1 29.27 1 29.27

1 Size 30 32134 36 38 40 686.17

200/200/200/200/200/200 47 1 1 1 1 1 1 72.52 47 3408.44
- 1 1 1 1 1 1 72.52 47 3408.44

I 1 1 1 1 1 1 72.52 47 3408.44

1 1 1 1 1i 1 72.52 47 3408.44
1 1 1 1 1 1 72.52 12 870.241

I _________ __ ____14504.00

Size 30 132 34 36 38 40 1 14504.00

108 1 1 1 1 1 111 72.52 108 7832.16
I_1_ 1 1 1 1 1 72.52 92 6671.84

_I 14504.00
_ _ _ _ Size 30,32 34 36 38 40-

S 0/0/0/0/960/240 48 3 3 75.19 48 3609.12
4 I 4 2 74.97 48 3598.56

_ 6 74.52 48 3576.96
_-6 74.52 48 3576.96
11 16.33 48 783.84

__ _ i15145.44Size 30132 34 36138 40

108 3, 3 75.19 24 1804.56
1 16.33 36 587.88
6 74.52148 3576.96,

_ 4 2 74.971 84 6297.48

1! ___2 29.771 60 1786.20

1 31 43.381 36 1561.68
I ___ 11 T ..... 15614.76I

I..



!

Improved Cherry (:'on't) ] i I
Order Ply Patterns in Pattern Total inches
iHeight order length ply, in pattern in order

Size 3032 34 36 38 40
163/239/599/45/124/30 47 4 1 1 72.52 6 435.12
I ........- 1 5 71.63 8 573.04

2 27.75 40 1110.00
1i 1 28.01 45 1260.45

S 2 28.26 47 1328.22
5 1 72.52 7 507.64

1 3 2 72.52 9 652.68 _

1 1 6 71.86 2 143.72
_ .... _3 41.11 2 82.22

_ _3_ 3 73.19 2 146.38

14 11 72.52 31 2248.121 1 1 28.52 21 57.04
11 1 13 73.19 21463

1 1172.08 22 1585.76

! 1 2 1 21 72.75 5 363.75
2 2 1 1 72.52 23 1667.96312 72.971 1i 72.97

6, 71.861 23 1652.78

S.... 1' 1 28.261 38 1073.88

_ 2 28.761 2 57.52fi t 15165.63

_Size 30 32 34 36[38140

""__ 108_ 1 1 3 2 74.52 21 149.04 _

I_ _ 1 28.26 8 226.08
*2 28.26 24 678.24

2--- 1 -_28.76 70 2013.20- ______ _2 1 1I 27.75 37 1026.75

51 1 11 72.52 8 580.16
3 21 1-7 72.75 2 145.50

I_41 11 1 72.52 6 435.12
_ __2 2 21 74.52 2 149.04

_-_ 2 1T 41.36 2 82.72
- _ _lltr1 j 28.52 281 798.56

""1" "_ 1 3_ 1 11 72.751 21 145.50

1_ _ 3 31 1 72.521 51 362.60

1 I f11" 29.27 91 2663.57

3__1____11__1__73.191 4f 292.76!
1 41__ 1 72.97 1 72.97

1231 3 1 72.011 2 144.02

1_ 2 3 1 70.97! 66 4684.02
2__________ 4- 71.41j1 1 7.41

i 1 1 28.011 151 420.151
_ __11 2  t 2 1 73.861 31 221.581

- 1 I 15653.07
I



I Improved Cherry (con't)
Order Ply I Patternsin Pattern Total inches

Height order _ length ply in pattern in order

Size 30 32 34 36 38 40
/ / / /1200/ 48 6 74.52 48 3576.96

..... 6 74.52 48 3576.96
6 74.521 48 3576.96
6 74.52 48 3576.9631 16.33 48 783.84i 1501.6

_ Size 30132 34i36 38 40 1
S10831 6 74.52108 8048.16

_ -- I_ 61 ,6 74.52 12 894.241
--- - 5! -70.54 96 6771.84ý

i1 __15714.24

Size 30132 34 36 38 -401 - I
72/144/360/360/144/72 1 31 1 21 73.41 24 1761.84!

44l 1 1 1 72.52 24 1740.481
3 5___ __-- 1-iI4!1 1 72.521 24 1740.48 _

!1 472.52 24f 1740.481
1__ 141

I I 4 2 73.64 241 1767.36
_ _2 11 1 2 _ 72.52 24 1740.48

m_ 21 3 '1 70.52 24 1692.48
S-413924.08.. --- ,Size 30 3231638 40ý

10. - . H8 1 28.76 1081 3106.081
I 21 21 21 74.52 36! 2682.721

U 2 ___1 2!'1 7 53.94 36 1941.841
1--- -. 3 1T3 2 73.41 36 2642.76
1,! !_1 5 72 .971 36 2626.92;

_1 28.261 36 1017.361-1 1 1 1 " - 28.26 36! 1017.361i , ,....I I 15035.04

I
I
I
I



U

I IMPROVEMENT t li '
Order Ply I Patterns in Pattern Total inches
__Height order Length Ply in pattern in orderU Size 30132 34 36 38140 L
6/9125/2/5/1 47 1 1 4 1 74.52 1 74.52

1 5 ._ 1 71.63 4 286.52
- 4 1 1 1 72.52 1 72.52,

44 70.08 1 70.081

I I 1 572.90
Size 30132 34136 38140 -

£ 6/9/25/2/5/1 108 1 4 1 74.52 1 74.52

14 1__ _ 1 69.26 1 69.26
11 5 71.63 4 286.52

1 l 1 72.52_ 1 72.52
21 70.08f 1 70.08 572.90

_ _Size 30 32134 3 i 36 g 38 40I 200/200/200/200/200/200 147 - 1~f l 72.52, 471 3408.4241 ___

.. .. Ii 2 3 11 72.521 12 870.241
2 1 131 72.52 35 2538.20

. 1t 2 1 1 72.52 47 3408.441
1-_-- 1 1 1 3 73.19 12 878.28
1_____i 2 1 1 21 7.52 35J 2538.205 31 31 71.86 12 862.32

1_ -14504.12

Size 30 32 34 36 38 401
1108 1 4 1 70.52 4 282.08

""I 1 11 3 74.52 4 298.08
-- 3 3 1 72.52 16 1160.321

I 1 3 2 74.52 20 1490.401
2 2 2, 74.52 60 4471.20

4 1 1 -I 69.261 48 3324.481
11 51 ti 71.6314 286.521
41 1 1_1 71.631 4 286.52
1 2 2 12 1 72.52 4 290.08

_2 1! 31 73.41 81 587.28
11 3 1 11 71.1941 284.76,

161 1 70.52 41 282.081
321 1 1[ 71.41 201 1428.201

_________________ 1 _ _ 3 1 "14472.00C

I
I
I

j[ • ....



IMPROVEMENT (con't) _ - -

Order Ply _ Patterns ,i Pattern Total inches
Height order _ Length Ply in pattern in order

I Size 30 32 34 36 38 40 _

163/239/599/45/124/30 47 4 1 1 69.251 32 2216.32
1 3 2 72.52 27 1958.04

5 1 72.52 26 1885.52
1 6 74.52 2 149.04

I- 3 2 1 71.41 22 1571.02
3 3 72.52 3 217.56
2 1 3 73.41 1 73.41

_2 2_ 2 70.52 3 211.56
1 41 1 70.52 13 916.76

6 70.52 3 211.56
I 1 5 1 71.63 19 1360.97

41 l 1 72.52 23 1667.96
1 l1 1i 3 72.52 3 217.56

I 3 3 73.19 5 365.95
11 1 3 11 71.63 1 71.631
21 - 27.75 6, 166.50

61 71.86 14 1006.04
4_ 1- 1 71.63 1 71.63

,_ 14339.03
-_ Size 30 32 34 36138140 -

108 6 74.52 3 223.5611 571.63 49 3509.874 1 1 72.52 15 1087.80

11 1- 69.26 37 2562.62
-51 1 72.521 181 1305.36

-- _ _, ~3I T 31 72.52 2! 145.04
41tI 1 71.63 91 644.67

S2t 2 1 72.521 1i 72.52
1 31 21 74.521 1i 74.52,

..... 11 2 1 21 72.521 2 145.041
_... ..... 2_ __2_ 1 11 2 72.521 1 72.52

-- /3t 2 1 71.411 26 1856.66

1 111 31 21 72.521 281 2030.56
41 4 J 11 52.931 31 158.791

__-___i 1_ 3 1 72.521 11 72.521
I _ ___1 1 4 1 73.861 1! 73.861

1 - 1 31 3 73.191 41 292.761J I !14328.67
ISize 1 301l321 341 63 40!

/ / / /960/240 J48Blt r1 4 2 74.971 48 3598.56
__ fK "6I 74.521 481 3576.96
_ f I 3 31 75.19 481 3609.121

I 1_6 74.52 481 3576.961
__-- ___ __ ___ __ _ _ _ 16.33 481 783.841

-__ _____________ 1 15145.44



I

I IMPROVEMENT (con't) : z ii
Order Ply Patterns in _ Pattern Total inches

IHeigh t order I. Length Ply in pattern in order
I Size 30 32134136 38 40 1

108 1 1 1 4 2 74.97 48 3598.56
I 1 1 6 74.52 48 3576.96

3 3 75.19 48 3609.12
1 6 74.52 48 3576.96

-SzI
133 1 16.33 48 783.84 15145.44

Size 30 32.4136 38 40

I / / /1200/ 48'- 6_ 74.52 48 3576.96
1 6 74.52 48 3576.96

_ _6 74.52 48 3576.96
6__ 6 74.52 48 3576.96
1 16.33 48 783.84

* [Size 30 32 34363840 15091.68
3 -1081 6 74.521108 8048.16

6_ 1_ 74.521 60) 4471.20
3 43.38 24 1041.12
2 29.77 60 1786.20

* Size 3032 34 36 3840 1536.6

72114/3601360144/72 471 51 1 72.52 48 3480.96
I 1 1 4 1 74.52 24 1788.48!

1 5 72.52 24 1740.48
3 72.52 24 1740.48

21 311 70.52 24 116.2.48
3 t 1 71.41 241 1713.84

4 2 73.64 241 1767.36_
-....-.. .... . . ..... I- 13924.08

-- o- Size [ 30 32134 36,38 40
- 810 1 5_ 1 15 71.631 -36 2578.68

---_ 1,-_ 72.52 36 261 0.72
Si 2 2 74.52 36! 2682.72

* , 1__ 7 3" 2642.761
_______I2 1 .__277J36 999.00!

_ _ __ I 114092.56

I



Package A . - -. _

OrderPl Patterns in Pattern Total inches
I_ _ _ Height order length Ply in pattern jin order

Size 30 32 34 36 381401
6/9/25/2/5/1 47 1 1 4 - 1 71.19 6 427.14
I_1 2 2 1 73,86 1 73.86

-3 31 72.52 1 72.52

_ I_573.52
SSize 30132 34 36 38140

108 11 1 4 71.19 6 427.14

_.. 1 1 2 2 1 73.86 1 73.86
.. 3 3 7252 1 72.52 57.5

-- ______ - -573.52

1 2 21 2 2 1 71.411 33 2356.53
_____21 __ 122.. 55.46 20 1109.20 ___

-~___________j__ II __________14943.20

SSize 30 32i34136 38 40
20000/0/108 -20147 5 1 74.75 40 2990.00

-1 52 2 1 1 71.86 100 7186.00
1 1 21 1 71.41 50 3570.502

4 I 57.98 15 869.70
_ __ _ _T14616.20

I_ _ Size 30 3234A36 _384 40
163239599/J45/12 4310 47 - 51 1 74.75 24 1794.00

1 3 2 71.86 22 1580.92

1 1i 4 71.19 47 3345.93
1____ 411 71.19 47j~ 3345.93k

S1 1 44 71.19 39 2776.41
1 5 70.30 8 562.40

4 53.94 16 863.0411 11 30.03 4 120.121

__ __ _ _21 16.59 2 33.18_
_ i 1til I 15.56 2_ 31.12

_ __ - 11 1 16.07 11 16.07

_ 11 l~ 15.82 11 15.821! "!I ) ! ....! I14484.94

I
I
I



II
Package A (con't) I
Order Ply Patterns in Pattern Total inches

Height order length Ply in pattern in order
Size 30 32134136 38 40

108 5 1 7$.75 24 1794.00S1 3 2 7 .86 22 1580.92
1 1 4 71.19 108 7688.52
1 1 4 71.19 25 1779.75
-1 5 270.30 8 562.40

4 4 1 53.94 16 863.04
_ , _ 1 1 30.03 4 120.12

1 1_ -16.59 2 33.18
1, 15.56 2 31.12

- - 1. 16.07 1 16.07
* -- _ -i i 15.82 1 15.82 1449

I Size 30 32 34 36 38 401I -/- /960/240 48 5 1 74.75 48 3588.00
- 5 1 74.75 48 3588.00

____5 1 74.75 481 3588.00
* _5 1 74.75 48 3588.001

1 41 57.98 12 695.76
I_ _,o15047.76

1Size 30 32 34136138 40
108] 5 1 74.75 108 8073.00

I5 1 74.75 84 6279.00
1 4 57.98 12 695.76

_15047.76

_Size 30132 34h16 38 40
I/1/2001 481 4 56.971 48 2734.561___

! 4 56.97T 48 2734.56

____ __ - 4 56.97 48 2734.56
* T 4 56.97 48 2734.56

41 56.97 12 683.64
I!_ 1 4 1 17091.00IiSize 30 32134136 38 40 1

-4,108 I 4[ 56.971 108 6152.761
41 56.97 6152.761

"1 I 4- 56.971 841 4785.481
t______ __ I I17091.00

I
U
IL



Package A (con't) I1

Order Ply Patterns in Pattern Total inches3Height order length Ply in pattern I in order
Size 30 32 34 36 3840

72/144/360/360/144/72 47 1 2 2 1 73.86 48 3545.28
1 2 2 1 73.86 24 1772.64

1 3 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 30 32 34 36 38 401

108 1 2 2 1 73.86A 72 5317.92
1 1 3 2- 71.86 72 5173.92I 21 154.701 72E 3938.40

2, jt i -14430.24

I
I
I
II
I
I
I
II
I
I
I



rn Improved Package A Aic i
Order Ply _ Patterns in Pattern Total inches

Height order _Length Ply in pattern in order
I Size 30 32 34 36 38 40

6/9/25/2/5/1 47 5 1 72.52 1 72.52
I 11 1 2 21 72.52 1 72.52

3 3 72.52 1 72.52
11 1 4 71.19 5 355.95

I ..... . _573.51

Size 30 32 34 36 38 40
1081 5 1 72.52 1 72.52

I- 1 1 2 21 72.52 11 72.52
3 3 72.52 1 72.52

1 14 71.19 5 355.95
1, 573.51

3 L _ Size 30 32 34 36 38 40
200/200/200/200/200/200 47 1 i1 3 2 74.52 6 447.12

4 1 1 1 69.26 14 969.64
... 33 1 1 1 72.52 7 507.64

_ _ _ 3 1 72.52 8 580.16
1 1 72.75 6 436.50

21 127.75 20, 555.00

1 31 1 1 72.52 71 507.64

3 1 2 72.52 6 435.12
1 2- 41 74.52 7 521.64

Ii 1 1 1 3 74.52 7 521.64
4I 4 52.93 7 370.51

I 3 3 74.52 6 447.12
-- . 4 1 1 71.63 21 1504.23

r- -1 2 2 1 72.75 6 436.50
1 4 141 74.52 7' 521.64

3 2 1 1 71.41 1 71.41

__ __ __ __ __ - -- 3 31 75.19 175.19 _ __ _

________ _1, 4 1,_ 70.97 170.97 ____

I2 2 53.45 1 53.45
11 2 2 1 72.52 13 942.76

. .. 3 1 2 73.41 6 440.46
2 1 2 55.46 6 332.76

1 2 1 31 74.08 1 74.08
2 1 1 54.19 6 325.14

I5 1 71.19 5 355.95
-1_ -i 4 1 73.86 26 1920.36

-- _- 2 3 1I73.19' 13 951.47
I_2,_2 70.52, 51 352.60

_J ..... 14728.70

I
U



I
Improved Package A (con't) __ _

Order Ply Patterns in Pattern Total inches
__Height order Length Ply in pattern in order

iSize 30 32,34 36 3840
108 1 , 1 4 1 74.52 40 2980.80

10 1 1 1 4 74.52, 15, 1117.80

1 3 1 1 71.63 151 1074.45
4 52.93 151 793.95

__3 3 73.86 51 369.30
31 2 1 1 71.41 20 1428.20
41 1 1 71.631 15 1074.45

1 1 21 2 1I11I72.52 15 1087.80
2 11 1 1 71.63 5 358.15

S 2 1 1 21 72.52 5 362.60
2 2 1 1 71.86 50 3593.00

11 1 1 3 73.19 5 365.95
_ _ 11111 14606.45

________ ize 3013213413638 40
163/239/599/45/124/30 47 1 3 2 74.52 6 447.12

_________] 11 1 72.52 2 145.04 ___

1 2 2 1 72.52 1 72.52
1 5 71.63 20 1432.60

_....1 5 70.30 1 70.30
1 6 70.52 8 564.16

6 69.19 1 69.19
6 1 74.52 4 298.08

1 1 2 2 1 71.63 12 859.56
1 i 11 2 2 1 72.52 4 290.08

4 1 1 72.52 1 72.521
-1 4 1 70.52 2 141.04

1 3 2 72.52 2 145.04
4 4 111 69.26 2 138.52F
i 1 3 1- 71.d3 12 859.56?115.31 2 30.62

3 1_2 71.63 1 71.63
_1 __ _4 73.41 21 146.821

1 . . . .. _1 J 3 2 2 1 71.861 3 215.581

1 1 11 41 1 71.191 27 1922.131
1 1 1 41 1 74.301 121 891.60

2 231 71.86!1 431.16
1_________ 1_ 4_1 7119 23 1637.37

2 41 1 1 71.41, 10 714.10
3 i 31 - 53.191 10 531.90

_ _ _1 1 5 71.411 1 71.41



I

I mproved Package A (con't) I l I Z
Order Ply Patterns in Pattern Total inches

Height order Length !Ply in pattern in order

Size 30 32 34.36 38 40_
108 2 1 1 2 71.63 1 71.63

i-1 3 2 74.52 2 149.04

-1 2 2 1 72.52 3 217.56
11 5 71.63 5 358.15
4 1 1 71.63 1 71.631

6 70.52 88 564.16_
5 1 69:41 1 69:41

i1 41 1 74.52 61 447.12

1 41 1 1 1 72.52 1 72.52
1 441 70.52 31 211.561

11 3 2 72.52 2 145.041
1 2- 2 1 72.52 2 145.04
2 3 1 71.63 6 429.78

1 66 74.52 6 447.12
1 2 2 1 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
1 1 3 1 71.63 1 71.63

• 5 1 74.75 8 598.00
1 1 3 2 71.86 12 862.32

1 1 4 71.19 103 7332.57
21 4 1 71.41 13 928.33

I21 31 l1 73.86 1 73.86

1 31 53.69 7 375.83
1 5 1 63.03 1 63.03

I21 27.75 2, 55.50

2 2 53.45 3 160.35
14415.17

iSize 30 32134 36 38 40

////960/240 48 4 2 74.97 48 3598.56_

1 44 1 56.97 12 683.64
i I 6 74.52 36 2682.72

4 2 74.97 36 2698.921

6 74.52 36 2682.72_
_ 4 2 74.97 36 2698.92

, 1 1 15045.48

Size 30 32 34 36 38 40
108 313 75.19 48 3609.12

4 56.97112 683.64

6 74.52 60 4471.20
4 4 2 74.97 12 899.64

I 1 74.75 72 5382.00
__ i r15045.60

I



I Improved Package A (con't) T1 'fl I K _ _ _

Order Ply Patterns in! Pattern Total inches3 Height order I Length Ply in pattern in order
ISize 30132134136 38 40

/_/_/_/1200/ 48, 2_ 29.77 36 1071.72
I 6 74.52 48 3576.96

41 1 56.97 48 2734.56
1 6 1 74.52 48 3576.96
1 6: 74.52 24 1788.48

6 74.52 36 2682.72

1_ 1 15431.40
108___ __ Size 30 32 34 36 38401 1__ 1_ _ _ _I

108 J 2 . 714.48
1 6 74.521 108 8048.16
1 61 74.52 84 6259.6815022.32

__ ____15022.32.

'_Size 30 32 34 36 38 40
72/144/360/360/144/72 48 ! 2 2 2 74.52 24 1788.48I11 2 2 1 72.52 24, 1740.48

15 71.63 6 429.78!3- 3 72.52 30 2175.603 2 1 172.52 24 1740.48

4 2_ 69.63 6 417.78
1 1 1 2 21 72.52 24 1740.48

__2 31 1 71.63 12 859.56S3 11 21 71.63 6 429.78

S1 411 71.63 12 859.56

I 1 4 1 70.52 12 846.24
1 4 1 71.86 6 431.16

1 3 2 72.08 6 432.48
72' 13891.86

__Size 30 32 34 36 38,40 13891.86

108 1 2 2 1 73.86 72 5317.92
1 1 3 3 72.52 72 5221.44

__11 2 1 53.94 72 3883.68
___________ - .- - ________ 14423.04

I
I
I
I
I



Package B

II

Order Pattrns inaternI Total nches IHeight 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 61 427.14
1 1 2 55.96 2 111.92

_ 1 1 11 1 55.96 1 55.96
595.02

i-Size 30 32 341363840
108 1 1 41 1 71.19 6 427.14

1 1 2! 55.96 2 111.92

_11 1 1 1 55.96 1 55.964 _

1 595.02
1Size 30 32 34 36 38 40

i 200/200/200/200/200/200 47 1 111 1 11 72.52 47, 3408.44

1 1 1 1 1 11 72.52 47 3408.44
1 1 1 1 1 1 72.52 47 3408.44i 1 1 1 1 1 1 72.52 47 3408.44

11 1 1 1 1 1i 72.52 12 870.24
Size ______ 14504

Sie30 32 34 36 38 401
108 1 1 S 1 1 72.52 108 7832.16

1 1 1 1 1 1 72.52 92 6671.84
___ ____ 14504

i_ _Size 30 32 34136138140 14504
163/239/599/45/124/30 47 1 1 4 1 71.19 47 3345.93

l 1 1 4 71.19 47 3345.93
1_ 1 4 71.19 47 3345.93
1 1 4 71.19 8 569.52

2 1 3 72.97 41 2991.77
i 1 2 42.88 141 600.321

2 1 41.62 4 166.48
1 1 29.52 2 59.04
1 - 1 29.27 1 29.27

j 14454.1"9

_Size 30 32134 36 38 40 _

i108 11 1 t 4 41 71.19 108 7688.52 _

1 1 4 71.19 41 2918.791
2 1 3 72.97 41 2991.77;

*~ ~~ 1 4__ _ _ _ _ __ __ __ 73.64, 7[ 515.48 __ _ _

2 1 41.62 41 166.48
I3 1 2.73.64 11 73.64,

S[14354.68

I
I



U

Package B Con't[ ::..
Order Ply Patterns in Pattern Total inches

Height order I Length Ply in pattern In order
Size 30 32 34136 38 40

/ / / /960/240 48 1 5 1 74.75 48 3588
5 1 74.75 481 3588_
5 1 74.75 48 3588
5 1 74.75 48 3588

6 75.86 8 606.88
1 1 14958.88

Size 3013213436 38 40
I_108 5 1 74.75 108 8073

5 1 74.75 84 6279
6 75.86 8 606.88

________14958.88

Size 30 32 34136 3840 149581_
I / /1200/ 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

1 Size 30 32 34136,38,40
108 61 74.52 108 8048.16

I 6 74.52 92 6855.84
S14904

Size 30 32 34 36 38 40
I 72/144/360/360/144/72 48 1 2 2 1 72.52 48 3480.96

1 2 2 1 72.52 48 3480.96
1 2 2 1 72.52 48 3480.96

21 1 2 2 2 71.41 36 2570.76

__6 75.86 12 910.32
13923.96

ISize 3013234136 38 40
108 1 2 2 1 72.52 108 7832.16,

1 2 2 1 72.52 36 2610.721
i 2 2 2 71.41 36 2570.76

_ 6i 75.86 12 910.321I -L1 _ 13923.96I
I
I
I



I

Improved Package B . ..8
Order Ply Patterns in Pattern Total inches
mHeight order Length Ply in pattern in order

Size 30 32 34136 38 401
6/9/25/2/5/1 47 1 3 2 72.52 2 145.04

1 2 2 1 72.52 1 72.52
S5 1 1 72.52 1 72.52

1 4 1 1 69.26 1 69.26
m 1 2 3 31 70.97 1 70.97

2 4 1 71.41 1 71.41
1 1 4 71.19 1 71.19

m ___572.91

Size 30 32 34 363840 
572.91

1 08 1 3 21 72.52 2 145.04
1___________ 1 21 2 1 __ 72.521 1 72.52

______1_____ 51 1 72.52 1 72.52
41 1 1 69.26 1 69.26
1 2 3 70.97 1 70.971

2 4 71.41 1 71.41
1 1 4 71.19 1 71.19

Size 303234 36 3840 572.91
200/200/200/200/200/200 47 1 1 11 1 1 1 72.52 47 3408.44

1 1 1 1 1 1 72.52 47 3408.44
- 1 1 1 1_ 1 1 72.52 47 3408.44

1 1 1 1 1 1 72.52 47 3408.44
_1 1 1 1 1 72.52 12 870.24

m 14504.00

Size 30 32134136 38 40
1081 1 1 1 1 1 1 72:52 108 7832.16

m 11 1 1 1 1( 1 72.521 92, 6671.84

- j 14504.00

I
I
I
I
I

[I



Improved Package B (con't) Z __h

Order Py Patterns in Pattern Total inche
Height order I Length Ply in pattern in order

Size 30 32 34136 38140 _

163/239/599/45/124/30 47 1 2 2 1 72.52 2 145.04
41 1 1 =2.52 2 145.041
51 1 72.52 6 435.12

11 3 2 74.52 1 74.52
n3 1 40.36 2 80.72

6 70.52 2 .141.04
3 31 72.52 2 145.04

i 1..6 1 69.19 2 138.38
1 2 71.63 1 71.63

11 5 71.63 47 3366.61
i21 3 11 71.63 1 71.63

2 13 1 71,.63 1 71.63.

11 4 1 71.86 1 71.86
1 1 1 l 71.670.30 1 70.30

1 11 16 71.63

3_1 372.75 43 3042:25
2 13 72.971 37, 2699.89

S273.19 9 658.71
11 11 4 1 71.19 36 2562.84
21 40.61 81 324.88_

I I L 14388.76
_Size 30132134 36 38 40 1

108 1 4 1 1 71.63 3 214.89
1 -_1 5 1 71.63 5 358.15

"" 2 2 1 11 71.63 1 71.63
2 1 1 3 73.41 2 146.82

* 4 1 1- 69.26 1 69.26
1 1 2 2 72.52 1 72.52
1 33 1 1 72.52 1 72.52

__ _ _2 3 1 71.63 2 143.26
_ 2 1 1 21 1 72.52 1 72.52

2_ 1 1 3 73.40 1 73.40

6__ _ _ _ _ _ _ _ 1 1 69.19 1 69.19
_ _1 3 1 11 72.52 1 72.52

3 1 31 1 72.52- 1 72.52
1 1* 3 1 71.41 1 71.411

* 1 - 4 74.52 1 74.521
_ 3 31 71.19 1 71.191
_ 1 3 21 71.631 1 71.631

__2 1 3 72.97 37, 2699.891

2 1 4 73.64 3 220.92
11 1 4_ __71.191 101 7190.19

* 1 11 4 I 71.191 34 2420.46
t ! ! !14329.41

1| ~ZZZZZ __

I



I .i

Improved Package B (con't) f F a___rs
Order plyPatterns in Pattern Total inches

IHeight order Length Ply in pattern in orderI S i z e 3 0 3 2 3 4 3 6 3 8 1 4 0 1 .9 7 4 8 3 5 9 ._
/ / / /960/240 48 4 21 74.97 48 3598.56

1 6 74.52 48 3576.96

-4 2 74.97 48 3598.56
1....6 74.52 48 3576.96
1 6 7 5 .8 6 8 6 0 6 .8 8 1 4 9 7 .9

!Size 30 32 34136 38 401
_108 _4 2 74.97 961 7197.12

6_ 76 .52 96 7153.92
6 75.86 8 606.88

1 14957.92
1 Size 30 32 34 36 38 407

/ //11200/ 481 6- 74.52 48 3576.96t
i 74.52 481 3576.96

1 6- 74.521 481 3576.96
6 74.52 4813576.96

S......... - 6 74.52 81 596.16 149 4.0

- -___ -- ~ - -- ~ 7452 41 3569 14904.00
Size 30 32 3436 38 401

1081 6 74.52 108 8048.16
1 ..... 6 74.52 92 6855.84

-- 14904.00
iSize 30 32134 36 38 40I 72/144/360/360/144/72 48, 1 2 2 1 72.52 48 3480.96

__ _1 1 2 2 1 72.52 48 3480.96
_1 1 2_ 2 71.63 12 859.56_

1 21 2 11 72.52 36 2610.721
2i_ ,21 3 73.401 12 880.80

___ _____ -1 72.521 361 2610.72 ___

S .... Size 30 32 34 36 38 40.. .108 11 2 2 1 72.52! 1081 7832.16

1 12 2 71.631 121 859.56
*1 2 2 1 1 72.52 361 2610.72

1. 2 1 3 73.40 12 880.8011 r2:2 1 72.52l 241 "l740.481i -7•4 13923.72

__ _ _ _ _[!~I _ _ _ _

I
I


