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EXECUTIVE SUMMARY

This report summarizes the study of the apparel production planning and scheduling
problem and the implementation of a computer integrated apparel production scheduling system.
Most of small and medium sized apparel manufacturing firms are engaged in make-to-order
production, which is quite different from make-to-stock production in that: 1) no inventory is
available to offset demands fluctuation, and 2) the capacity of a manufacturing plant largely relies
on product structure and worker's momentary skills. The survival of a make-to-order company
thus depends on its ability to quickly respond to an order inquiry and its flexibility in production
operations. One focus of this study is an accurate estimate of time-phased plant capacity such
that realistic production schedule can be made. Such an estimate becomes difficult to an apparel
finr when it faces a sharp production surge or a dramatic garment style change such that a
substantial hiring and training is required.

The proposed apparel production scheduling system consists of eight major computer
modules: 1) a database and database manager, 2) a graphic user interface, 3) a sewing skill
predictor, 4) a plant capacity planner, 5) a master production scheduler, 6) a detailed production
planner, 7) a material flow simulator, and 8) a production method evaluator. The apparel
database is developed to store required product, production, and manufacturing resource data to
support system applications. The database manager is created to operate and maintain the
database. The skill predictor estimates time-phased sewing skills of individual workers and the
plant capacity. Based on accurate prediction, the production planning and scheduling modules
are applied to generate weekly production plans and daily work assignments, which are then
further refined by the material flow simulator.

The proposed system is coded in Turbo C++ and runs in the Microsoft DOS/Windows
environment on PC/486s. The Paradox database management system is used to implement a
relational database and the database maager. Each application module interacts with (retrieve
from and contribute to) the same database. Real-life apparel production data were used in the
development, and validation of the system prototype. A close work relationship was established
with several apparel firms which helped to improve the system. In addition to this final technical
report, a user's mnanual and a software requirements specification for the system are prepared and
attached to the report.
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1. INTRODUCTION

The domestic apparel manufacturing industry has been facing stiff competition from its
overseas counterparts and has been fighting an uphill battle. One factor which works toward the
advantage of domestic apparel manufacturers is their proximity to the market plane and thus can
quickly respond to the changes in the market. In fact, quick response and flexible manufacturing
have been often considered an important strategy to the survival of this industry. To achieve this
goal, many non-traditional manufacturing practices such as unit production, modular
manufacturing, and computer integrated manufacturing have been introduced to the industry.

To realize the quick response concept, it is required to have a production planning system
which can quickly estimate the manufacturing cost and lead time for a potential order, develop
an accurate production plan and schedule, and ensure the availability of the required resources
so as to produce and deliver the order promptly. At the decision-making stage of accepting an
order, however, it is difficult to accurately generate a detailed production plan, prepare a manning
schedule, and estimate manufacturing costs. The level of difficulty increases in a situation where
there is a radical change in style, or a large increase in production is required over a short period
of time and the company must substantially increase hiring and training activities. This situation
commonly occurs when a small apparel manufacturer accepts a contract to produce military
apparel. Without accurate production plans and estimates, severe delay in delivery and excessive
manufacturing cost may result.

There are several factors contributing to this difficulty. Delays on materials delivery,
unexpected absenteeism, high employee turnover, equipment breakdown, and static production
planning methodology are common problems. In additions to these, an accurate estimate of the
production capacity is another serious challenge. Since the ability to change styles quickly is
important to a make-to-order company, it has to rely on general-purpose machines to maintain
its flexibility. Thus extensive hiring, training, and retraining activities are required whenever
there is a significant change in garment design or in production quantity. It is hard to measure
production capacity in this type of environment. The limit of training capacity and the learning
effect on production capacity over time are frequently underestimated. These factors usually
make a significant contribution to the delay and cost increase. Current production planning and
scheduling practices, however, do not fully address the impacts of operations sequence and time-
phased training effects on production capacity.

1.1 The Planning and Scheduling Problem

Production planning and scheduling occurs in a wide range of economic activities and has
received significant research attention for decades. It is the process of organizing, choosing, and
timing resource usage to carry oat activities required to produce desired outputs at desired times,
while satisfying given constraints on resources, due dates, and other operational limitations.

In a typical definition of a production planning and scheduling system, a job is defined
to represent an individual task to be accomplished. Each job consists a number of sub-tasks to



be carried out, which are often called operations or activities. Each operation consumes a certain
amount of resources of various typzs for a duration of time. Resources are typically classified
into various types such as machines, tools, workers, and so on. The search for a feasible (or
optimal) schedule often involves in solving a large-scale combinatorial rroblem, which is
considered NP-complete [27].

The challenges for solving an NP-complete problem are: 1) computation time required
to search the entile feasible solution space and 2) computer memory space required to manage
the vast amount of data for the search. Therefore, heuristic approaches are often taken in attempt
to identify good solutions within an acceptable computation time, instead of taking an
enumerative approach to search for the optimal solution. In the domain of heuristic algorithms,
prior research has been focused on dispatching rules. Most heuristic algorithms which base on
priority rules are domain-specific and thus only applicable to the problem domain being studied.
A review of job shop scheduling and dispatching rules can be found in Graves [15], Panwalker
and Iskander 1281, Baker [3], and Cheng and Gupta 181. These algorithms are relatively simple
and somewhat limited in their potential application and optimality. Currently the research trend
moves toward developing more complicated, dynamic and intelligent heuristic algorithms, using
such search concepts as generic algorithms, beam search, tabu search, simulated annealing, neural
networks, and Al/expert systems.

1.2 The Apparel Production Planning and Scheduling Problem

Most apparel firms, especially small and medium sized companies, involve in make-to-
order and batch production. The production method used in a typical apparel manufacturing finn
is job shop in nature. However, the make-to-order apparel production is quite different from job-
shop production in many ways. First of all, gannent materials travel in bundles of 20 to 30
garment pieces. Secondly the main apparel production activity is sewing (i.e, various assembly
operations), although other types of operations such as cutting, pressing, and inspection do exist.
Due to frequent style changes and demand fluctuations, sewing operators are often engaged in
a different sewing operation at a different proficiency level, making plant capacity a variable and
rendering all line-balancing techniques not applicable. The challenges for scheduling an apparel
assembly shop are summarized as follow:

1) There exists a complex operation precedence diagram for each garment style.

2) The shop is organized as a "flexible" assembly line, in response to short production runs
and the need for handling multiple but non-synchronized products simultaneously.

3) Workstations are manned with multiple skilled workers at varying proficiency levels.
Thus the capacities of both workstations and the plant are a variable.

4) Workers may be re.iassigned to a different workstation to engage in a different operaticn
at a different skill level.

2



1.3 Objective and Tasks

The objective of this project is to study, develop and implement a production planning
and scheduling system for the apparel manufacturing firms in the assembly-to-order and bundling
production environment as described above. The major tasks in this project include the
development and implementation of a framework for the production planning and scheduling
system, a database system to store apparel design, production, and resources data, production
planning and scheduling modules, and a friendly user interface. The six major application
modules to be focused in this study are for sewing skill prediction, master production scheduling,
detailed production scheduling, plant capacity planning, material flow simulation, and production
method evaluation.

In addition to typical scheduling functionalities, the proposed system is intended to take
into account the factors which affect production planning and a precise estimate of manufacturing
lead time and manufacturing cost. Another focus of this study is the development of an
integrated database system which maintains data integrity and supports concurrent planning and
scheduling activities. It should also be easily extensible in the future to support and integrate
other application functions. The search for a good solution technique for efficiently solving real-
life apparel scheduling problem is also an important task in this study.

1.4 Assumptions

Based on the planning horizon, production planing may be considered as: 1) long range
planning (2-5 years), 2) medium range planning (1-2 years), or 3) short range planning (3-6
months). A planning horizon shorter than 3 months is usually considered as scheduling, which
typically generates a detailed schedule and may consider reactive control. Due to the nature of
short production runs in the apparel industry, the study is focused on short-terrn planning and
scheduling activities. Major assumptions and constraints are summarized as follows:

1) It is engaged in assemble-to-order production.

2) Each bundle of garment is routed through any workstation no more than once.

3) Each order comes with a due date which is set by the customer and no penalty is assessed
for early delivery.

4) One workstation performs only one type of sewing operation.

5) Workers may perform different operation types at a different skill level.

6) The sewing skill of an individual worker for an operation type varies, depending on the
amount of training and the operation and operator related factors.

7) The efficiency of a workstation thus depends on the efficiency of workers assigned to the

3



station at that time.

1.5 Structure of the Report

The engineering design of the proposed apparel production planning and scheduling
system will be presented in Chapter 2, which details the system framework, the required
engineering data, the user interface, and individual engineering functions. The implementa,.ion
of the system is presented in Chapter 3. Concluding remarks are provided in Chapter 4. A
user's manual is included as Appendix Al. The software requirements specification is attached
as Appendix A2.
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2. SYSTEM DESIGN

Production planning and scheduling is concerned with the effective management of the
total flow of goods from the supply of raw materials to the delivery of finished products in right
quantities, right quality, right time, and at a reasoniable cost [4]. It is a rather complex
engineering process and usually takes place as a sequence of decision activities and requires a
variety of engineering data. These decisions are hierarchically inter-related. The decision made
at a higher level provides additional constraints for lower-level decision-making; and lower level
decisions, in turn, provide feedback to valicate the upper level decisions [30]. To make an
effective decision, various engineering data must be constantly updated in the process and often
be applied to project the needs and resource availability in the future. Due to the nature of
apparel production (ie., short production runs, make-to-order, variable sewing skills and plant
capacity, and short manufacturing lead time), the planning system must allow quick decision-
making and respond to changes efficienity. Momentory optimization of an apparel manufacturing
system is not critical, because of the :;ystcm dynamics. To operate a decision system in such an
environment, the use of computer is viewed as a must. It ensures data integrity and speedy
computation.

A hierarchical approach is applied to solving the apparel production planning anwl
scheduling problem and to development of the planning and scheduling system. The
development procedure followed in this study can be summarized as follows:

1) determine the functions and performance criteria for the system.

2) structure the system and set its system boundary.

3) identify significant components that make up the system.

4) develop and implement each individual system component in line with the overall systeza.

5) define the 11O and interface requirements for the system components.

6) develop and implement a database and a database manager.

7) integrate and test Ihe system.

Major functions of an apparel production planning and scheduling system include:
production method selection, master production scheduling, and detailed production planning.
This study is focused on bundle-based apparel production system, which is considered the most
popular apparel production method in the industry. An evaluation of various production methods
can tell the manager if there exists a better production method. Master production scheduling
may involve in capacity planning when demands exceed current plant capacity. In the apparel
industry, capacity planning may involve skill prediction, because sewing skills changes,
depending on worker assignment and amount of training. Both master production schedule and
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detailed production schedule are static schedules. They do not take into account the interactions
of production activities on the shop floor, where delays and penalties often occur because of
bottlenecks and no resources. A simulation tool can be used to verify and fine tune a static
production plan in a given production environment. It could be further applied as a production
control tool, when linked to an on-line shop floor control system. These functions frequently
interact with one another and must share a set of common product and resource data. A database
is thererore essential to ensure the sharing and integrity of apparel life cycle data. The major
engir.eering functions included in the proposed system are highlighted below:

1) graphic user interface (GUI)

The graphic user interface provides the user a structured menu to operate the system in
an interactive and friendly environment.

2) production method evaluation (PME)

It enables the system to identify the best production method for a given job or order.

3) sewing skill prediction (SSP)

It enables the system to predict sewing skills of a worker at a given operation at any
given time.

4) plant capacity planning (PCP)

It enables the system to estimate the time-phased plant capacity, reflecting the progression
of sewing skills of the workers and incorporating available external resources.

5) master production scheduling (MPS)

It enables the system to generate a weekly production schedule and to evaluate the
feasibility of new order(s) as well as existing ones.

6) detailed production scheduling (DPS)

It enables the system to detail the master production schedule into worker assignments
to jobs and workstations.

7) material flow simulation (MFS)

It enables the system to validate static production plans in a given production
environment. It could also be used as a production control tool, when linked to an on-
line shop floor control system.
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8) database manager

It enables the system to maintain an integrated apparel production database which support
the above planning and scheduling applications. It could also support other enterprise
functions.

The proposed planning and scheduling system can be viewed as a decision support
system, which has a database, a user interface, and a set of computation-based procedures. The
computational procedures in this system are the above engineering applications, each making one
specific production decision with some user input. Because of the database support, the system
may engage in a vast amount of information processing activities but requires only minimum
input data directly frc.ii the user during the decisio;i process. All required apparel design,
production, and resource data have been stored in the database and maintained by the system.
The system architecture is detailed in section 2.1, which is 'ollowed by the database design in
section 2.2. The remaining sections in this chapter present the planning and scheduling
procedures develope- for the above engineering applications.

2.1 System Architecture

A framework for the proposed system is presented in Figure 1. The system contains the
following modules: a database manager, a graphic user interface, a production method evaluator,
a sewing skill predictor, a training scheduler, a plant capacity planner, a schedule feasibility
evaluator, a master production scheduler, a detailed production scheduler, and a material flow
simulator. Among them, the feasibility evaluation and the training capacity planning modules
are not a focus of this study.

The graphic user interface (GUI) provides a system-wide structured menu for the user to
efficiently operate the system. Through the GUI design, the user may receive orders, update
resources, add product and production knowledge, browse production schedules, and run an
application module. Before other module is applied, the productionf method evaluator (PME)
should be activated to evaluate available production methods for each new order and assess the
appropriateness of using the bundle prod iction method, the most commonly used production
method in the apparel industry.

The master production scheduler (MPS) is the central piece of the system, which generates
and maintains a weekly production plan for a fixed number of weeks, and ensures that the
resources are adequate. It sets a weekly production level for each job order and the manning
level by operation type. The planning is done according to the current plant capacity and the
projection of time-phased plant capacity in the future. The challenge is that both capacities are
a variable, depending on the path of worker assignment and thus their skills at these operations
to be decided. The sewing skill p)redictor (SSP) is therefore needed, which predicts time-phased
worker's skill at a projected worker assignment history. The plant capacity planner is applied
to select external resources to satisfy additional capacity need, when in-house and regular plant
capacity can not ensure meeting due dates, which may be caused by accepting new orders or

7



L.

00

e-

00 cc

0_ <)- 0

i--4 0I°Dod

"t 0 - -

>1 0 .. .... ..... al l
00

cU a:.

o QT :
( CP

0

LU --

(1N0) eoe2eul 1esN O0t.deiD

>L

ui 0- 11K 8



regular employee turnover. External resources to be considered include subcontracts, overtime,
and new hires. When the need for training arises due to new hire and/or worker re-location, the
training capacity scheduler would ensure the adequacy of the training facility.

Typically a master production scheduler is run weekly or whenever a new order is being
entertained. The detailed production scheduler (DPS) is applied to detail an updated weekly
master production plan into a daily production schedule and specify a worker assignment plan.
The material flow simulator is applied to validate the detailed production plan and worker
assignment in a simulated production environment. With simulated production results, the
manager then has the opportunity to modify workers' assignments before the plan is released.
The database and the database manager is responsible for related data storage and integrity to
support the above planning and scheduling functions.

2.2 Database Design

A database management system has many merits over the data file approach such as data
independence, data integrity, data security, and economy of memory scale [381. Since the
proposed system needs to deal with a great amount of data, it could easily get into a mess if no
database is used to store and maintain the data. The database design involves the development
of a data base structure for the intended application. The database design process is outlined in
Figure 2. The process consists of four major steps: requirement formulation and analysis,
conceptual design, implementation design, and physical design. The actual design of the
proposed database system is presented in Chapter 3.

There are four basic types of database management systems: relational, hierarchical,
network, and indexed. The relational database is selected to implement the database system in
this study. Vasta [38] summarized the pros and cons of these databases. The main disadvantage
of a hierarchical database management system is that a hierarchical data structure is required,
otherwise the access to data might be very time consuming. The disadvantage of a network
database system is that the structure of the database is incredibly complex. Navigation through
the database requires a lot of knowledge. The disadvantages of in index database management
system are: 1) some system operations can be time consuming and 2) a lot of memory is required
to store the index file. A relational is advantageous in: 1) easy to understand and master, 2) little
need for information to be duplicated between files,and 3) relatively small memory space required
for storage of data. The restructure of files is rarely needed, if a good structure is developed at
the beginning. However, it may be timne consuming in joining operators to work, during an
application.

2.3 Graphic User Interface Design

The user interface is desired to provide a hierarchically structured menu system such that
the user is guided interactively to manage job orders, manufacturing resources, product and
production knowledge information, browse schedule infonnation, and run the application modules
provided by the system.

9
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2.4 Sew* . Skill Prediction

An accurate tool for sewing skill prediction is essential to apparel production planning
because the capacity of an apparel plant varies significantly, depending on the job orders
received, operators' sewing skills, and intended worker assignment. Many researchers have
suggested means for estimating plant capacity and incorporating the effect of training
requirements in production planning and scheduling [17,19,31,33]. A variety of learning curve
equations are summarized in Smith [36]. These equations, however, are too simplistic and are
not accurate enough for apparel production planning. A more comprehensive and apparel specific
skill prediction model is proposed by Racine, Chen and Swift [32], It consists of three separate
regression models for predicting sewing skills in different situations. The first model considers
the situation in which the operator does not have prior sewing experience. The second model
considers the situation in which the operator is being transferred to a new operation. The third
one handles the situation in which the operator is being shifted to an operation which the operator
has prior experience of. The predictors used in these models include 16 operation attributes, 3
operator attributes, and some additional factors such as the similarity between the operations
involved, the skill level before shifted, and the number of days on the operation.

This study continues the above theoretical effort to substantiate the first skill prediction
model. The objective is to effectively predict the sewing skill of a worker at any given sewing
operation type at any time. The prediction model focused in this study consists of two
mathematical functions. The first is a non-linear function which captures the worker's sewing
skill at an operation type according to the number of training days on the operation. This
function characterizes each operation type with three parameters. The second function consists
of a linear equation set which collectively predicts the worker's skill on a daily basis with 17
operation attributes. With the model, a more accurate estimate of sewing skill and plant capacity
is expected and therefore a more realistic production plan can be generated. Although worker,:
are assumed to have prior sewing experience and only operation related factors and training
duration are considered, the skill prediction model should be able to make reliable short-term
predictions. Since only immediately short term predictions will be used to generate actual
production assignments, the potential deviation and its impact to system performance are
minimal. The model construction procedure is summarized below:

1) collect production and operation data from apparel manufacturing firms:.

2) digitize the time-phased worker's efficiency curves.

3) estimate the three coefficients of the non-linear function for each data c wve.

4) calculate the expected daily skill levels for the first 60 days, using the non-linear function
substantiated with the data ctrve.

5) manually examine each data point and remove those which obviously do not fit, according
to the expected daily skill levels.

11
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6) establish a matrix to store the attributes of each operation and the expected daily skill
level of each operator in each data point for the first 60 days of training.

7) estimate the coefficients of the 17 operation predictors for each of the first 60 days of
training.

8) validate the sewing skill prediction model, using a separate set of data.

In the following two sub-sections, the non-linear and liner functions are introduced. The
substantiated prediction function is presented in section 2.4.3. The validation is provided in
section 2.4.4,

2.4.1 Non-linear function

The first function of the statistical model is an algebraic power function, which is used
to capture the curvature of the learning curve and intended to relate operator's sewing skill
proficiency to the number of training days on a given sewing operation. It is adopted for its
following desired properties:

1) thu initial efficiency is zero,

2) the maximal efficiency levels off after a sufficient length of training, and

3) the learning curve varies, according to the operation type.

The non-linear model is expressed below:

Ej d-Aj. [1-
Ul + Cj 'd"J)

where:
E - the expected efficiency on operation j on the d-th day of training,
d - the number of days in training on this operation.

This non-linear function contains one independent variable and three parameters (A, B, and C).
The parameter A is designed to capture the maximal efficiency at the operation. The parameters
B and C are used in this function to control the curvature of the learning curve. The model
originated by Racine, Chen, and Swift [32] does not have the parameter C and has the parameter
B outside the parenthesis inastead. In addition, Rather than estimating the parameters with three
independent linear functions, these three parameters for a specific operation type can be
simultaneously estimated through a sequence of regression analyses.

12



2.4.2 Linear regression function

The second learning model is a set of linear functions, of which each separately relates
the skill efficiency to the 17 operation-related predictors of a specific sewing operation type on
a given day. This function includes an additional operation factor, called "hand fold," to define
its operation difficulty. The generic form of this linear function is expressed as below:

17

E~d' ao + a *'X
I-1

The SX linear regression package is used to run the linear regression model. Since only
operation-related factors are considered in the model, potential variations in operators can, not be
differentiated.

2.4.3 Substantiation of the prediction function

A set of 589 data points were collected from 12 apparel firms for the development and
validation of the model. The most difficult task in the data collection process was to search
through mountainous data piles to identify sewing workers who had no prior sewing experience.
Only the production records of these workers are applicable; however, they were not plentiful.
Two types of data were sought after. The first type is daily production records of
operators/trainees assigned to each operation type. It includes the number of days at the
operation type and the operator's daily efficiency at the operation type. The second type of data
is the attributes of each operation type. This data are extracted by observing trained operators
performing the operation type and/or by engaging a discussion with plant personnel.

The non-linear algebraic power function was defined as a function of the number of days
on training at the given operation. The least square method was used to estimate the three (A,
B, and C) coefficients from the 589 data points at 95% confidence level. After the coefficients
for each data point were estimated, the model was used to project expected skill on each day at
the operation type. The expected daily skills form a smoother skill progression curve and are
used to visually evaluate the fitness of each data point. Forty six data points were determined
as unfit and discarded in this process. The expected daily skills and the 17 operation-related
attributes of the remaining data (543 data points in total) were then used as the basis for
developing the linear model.

The linear model takes into account the 17 operation type related variables and is
constructed by using the expected daily skill level originated from each data point. The
predictors used in the linear function are: piece rate, number of stops, number of slowdowns,
number of match points, speed control, plaid match, back tacking, stops with prediction, ease
requirement, folder requirement, position control of stitches, ply alignment, fabric sewability,
align and position difficulty, dispose difficulty, difficulty in attaining quality standard, and hand
fold. The least square method was used to estimate the coefficients of the predictors for each
operation type and each day.
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The mathematical representation of the linear function for estimating predictors'
coefficients on dth day is presented below:

1 X , , 17' 1
, d El

1 X2 ,1 X2,2 X2,7 al,d E2,

1 Xj, Xj, 2 ... X2, 1 7 Ka17,d) {Ej,d)

The coefficients a,., ... a,7. d may be obtained by:

ad) .1 x 1 ,, x,, 2 .,. x 1 ,, 1  E1,dLz-I:J- 1 X2, X2, X2,7 :J,C 17, d ) j,• 1 x j , . . . x j ,1.• Ej , d )

where Ej, - the expected skill level on operation type j on the
dth day training.

The SX statistics software package was used to run the linear regression model. The
coefficients of the 17 predictors for the skill prediction on the first 60 training days at any given
operation were computed. The coefficients for the first five days are listed in Table 1. For
example, the linear function for the first day of training can be written as:

Ej - 17. 519 - O. 0495XI- 0.632X2 + O. 125X 3 + 0. 314Xa - 0. 495X5
- 0. 267X6 -0.476X 7 - 0.449X9O-0. 343X9- 0. 580X 1 o + 0. 196X1 1
- 0. 145XI - 0. 323X1 3 - 0. 01 8 6 X14 - 0. 209X1 5 + 0. 106X16 - 0. 381X17

The prediction of a given operation beyond the first 60 days can be extended by
substantiating the three parameters of the non-linear model using the predicted skills in the first
60 days.

2.4.4 Model Validation

These models were tested with six data points, using the goodness-of-fit test [39], The
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Table 1 : Coefficients for the Skill Prediction

Pred. Coef. D1 D2 D3 D4 D5

a. 17.519 31.975 43.444 52.471 59.71

al -0.0495 -0.1577 -0.3354 -0.466 -0.5187

a2  -0.6315 -0.3971 0.0158 0.3458 0.5183

a 3  0.1253 -0.0705 -0.3492 -0.6319 -0.8936

a 4  0.3139 -0.160 -0.72 -1.2348 -1.6489

a5  -0.495 -0.7342 -0.8115 -0.8261 -0.8113

a6 -0.2667 -0.3235 -0.3264 -0.3109 -0.2938

a7  -0.4764 -0.8128 -1.0506 -1.1859 -1.254

a8  -0.4495 -0.3752 -0.09315 0.1982 0.4282

a9  -0.3429 -0.6057 -0.8228 -0.9725 -1.0618

alo -0.5798 -1.069 -1.4874 -1.8168 -2.0635

a1l 0.1959 0.3025 0.4671 0.6223 0.7471

a12 -0.1454 0.01374 0.1268 0.2145 0.2754

a,, -0.3229 -0.8443 -1.304 -1.6243 -1.8385

a,4 -0.0186 -0.1484 -0.2189 -0.2793 -0.3396

a,, -0.2094 -0.4539 -0.6855 -0.8733 -1.0288

a16  0.1058 0.1455 0.1887 0.2289 0.2708

a 17  -0.3806 -0.8578 -1.3369 -1.74 1 -2.0459
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six data points are different from the 589 data sets which were applied to build the model. A
comparison of one data curve with the theoretical skill predictions is shown ii, Figure 3. The
linear prediction model was accepted at 99.5% confidence level. In addition, the absolute
variation average between the six data curves and the predicted values is 8.16%, which seems
reasonable from a practical point of view. Note that, however, at 99% confidence level, the
coefficients of determination (R2) of these daily prediction models are generally between 0.2 and
0.3, which are considered to be rather low from ai engineering point of view. Tile reasons might
have been the skewed distribution of the data collected and the variations in individual operators.

As an application example, an operation type (called Set Seam), which is a data point
collected from the Lee's Manufacturing Company, has its 17 operation attributes recorded as
2.551, 1, 1, 2, 10, 0, 0, 0, 0, 10, 5, 10, 5, 5, 5, 3, and 0, respectively. Plugging these values in
the linear function using the coefficients for the first five days listed in Table 1 yields an
expected skill proficiency at 3.85%, 7.60%, 10.95%, 14.16%, and 17.23%, respectively. By
applying the daily skill predictions for the first 60 days, the three (A, B, and C) coefficients of
the non-linear function can also be estimated. For this particular application, the coefficients (A,
B, and C) are estimated to be at 117,54, 1.1224, 0.02454, respectively. With these coefficients,
the non-linear model can predict the expected skill level for this operation on any given day,
within and beyond the first ,,ixty days. For example, the skill levels for a new hire at this
operation type on the sixtieth and the 100th day are expected to be 83.27% and 95.4%,
respectively.

In summary, the model can make reasonable prediction (within 10% of variation),
accorditig to the goodness-of-fit test. It can be applied to any type of sewing operations. The
coefficient of determination (R') of this model, however, is lower than anticipated. It could be
improved by using a more balanced operation and production data and by including operator
related factors. The validity of this model for predicting operators's skills with prior sewing
experience has not been established. To predict tie start-up skill on an operation of prior
experience, the model may have to take into account additional factors such as the similarity
between these operations and the skill level on the current operation type.

2.5 Master Production Scheduling

Master production scheduling generates a weekly production for each job order within a
planning horizon, which can vary from a few weeks to several months, depending on job orders,
manufacturing lead time, demand forecast, material delivery, and the desired ability to respond.
Master production scheduling is a critical interface between marketing and manufacturing
functions, because it links customer service directly to production resources [12] and consolidates
business and production activities into a single and coordinated plan for all operations. Master
production scheduling is a continuous process as many system parameters constantly vary and
affect business, planning and production activities in the company. Any apparel master
production scheduler must be able to quickly re-schedule its production plan to accommodate
market dynamics and fosters the growth of worker's sewing skills and plant capacity.
Few MPS techniques, however, are available for make-to-order production, while voluminous
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research papers are available in the literature, promoting new MPS techniques for make-to-stock
production. Some make-to-stock MPS procedures consider resources constraints and schedule
production plans for items below end-itein products by applying MRP and BOM data. Some of
these MPS techniques may be applicable to both production methods [18]. However, the
problems in the two environments are so different that these techniques are in gernral not
mutually applicable. In fact, master production scheduling in a make-to-order production
environment is much more difficult 125]. Most apparel finns, especially small and medium sized,
apply strictly make-to-order practices and have to rely on experience to manage plant resources,
not for momentary optimum and balance but long-term capacity gains. The concept is presented
in Chen, Racine, and Swift [6]. A mathematical treatment of the MPS problem is presented in
[7]. Mathematical models, however, cannot easily capture the assembly operation relationships
and more critically with linear variables. The need for keeping workers at the same operation
type to foster skill growth cannot be explicitly captured either. In addition, such a mathematical
model can not be solved efficiently for a practical size of scheduling problem for the apparel
industry, where a large volume of garment entities constantly move through the shop floor
quickly.

As described above, most existing MPS techniques are focused on make-to-stock or
"pseudo" make-to-order production. Even though some MPS approaches took into accoum he
capacity constraints, most of them still remain at rough-cutting level and ignore time-phased skill
learning effect on plant capacity. The proposed MPS procedure attempts to ensure adequacy of
resources for the scheduled production by analyzing job orders and worker's skills at operation
type level and taking into account the time-phased sewing skills and plant capacity, which can
be managed to grow. To prepare a master production schedule, the following information are
needed: existing and new orders, available resources, and product and production knowledge.
We further assumne that:

"* The quantity of each job order, its product structure, operation type and standard
processing time of each job order are specified.

"* A skill prediction model is available for each operation type and can be effectively
characterized by a set of operation attributes.

• The current skill level of each worker at each operation type is known.

* Available alternative resources are specified for the entire planning horizon.

The proposed master production scheduling procedure is outlined in Figure 4. It generates
a mnaster production schedule in three stages in a week-by-week fashion. In this procedure,
existing orders are updated and validated first because commitments have been made and workers
may have begun to work on the orders. The workers current working on existing orders have
a higher priority to remain on the job. At the second stage, new job orders are then posted to
the master production plan with the remaining resources. The procedure stops if all new arrivals
can be scheduled within their due date with existing in-house resources. Excessive resources may
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be reported at this time, if they exist. If some jobs can not be scheduled to meet their due date,
the procedure continues onto the third stage, at which workers may be pulled out from an
existing job order and, if without success, external resources are then considered.

At the first stage, the procedure starts by updating and validating existing orders. First
of all, the production quantity actually accomplished in the last week for each existing order is
fed to the system to update job status. A validation procedure is then activated to ensure the
current manning level for each job order can finish the remaining workload before or on its due
date. When a poter,.lial problem is detected, the amount of additional resources required is
estimated. This problem occurs only when there is a significant employee turnover, because the
underlying assignment principles for the proposed approach are that: 1) it initializes the
production level for each order by averaging out the production over the planning period for each
job order and then 2) it attempts to maintain the same level of workforce over the production
period. Due to the expected learning effect, there should be a gradual and healthy growth in the
throughput and thus result in a shorter lead time.

At the second stage, new orders are scheduled with remaining resources, which become
available when workers are released from a job just being finished or new employees are hired.
The approach to scheduling of new jobs is depicted in Figure 5. All new jobs are first ranked
according to a job urgency index, which is based on the due date of each job. A production level
is then initialized for each job order by averaging out the order quantity over the available time.
The production level is initially set according the formula below:

- QJ
S(Wd-W,)

where,
QP,•- initial weekly production quantity of the job j in week w,
Qj - the total production quantity of job j, and
Wa1, WI - the calendar week of due date and the current calendar week of job j,

respectively.

At the third step, starting from the first planning week, the estimated production in the
week is decomposed into work contents by operation type for all new jobs:

J
R'PE Q'-S'P for P-1 .PJ-.1

where
R, - the required capacity of the operation type p in the week w,
Sil, - the standard processing time for operation type p of job j.

An urgency index is then used to ranking each operation type according to the estimated
workload for each operation type and total remaining workforce available for each operation type.

20



Rank new jobs by a
job urgency index

Initialize weekly production
quantity for each job

Decompose the current weekly
quantity of all new jobs into

weekly work contents by optype

1) Rank optypes by an optype urgency index
Of 2) Rank available workers based on a

worker-optype priority index

Assign an available worker based on
a worker-optype priority index

to the most urgent optype

Report
no excessive

Any morework forces

F r AN Jore r

~no

S Calculate the estimated weekly throughput

n e x t w e e k n oE d o p a n n- adjust the fperniod
weekly pro 1

estimates /

Figure 5 : New Job Loading and Worker Assignment Procedure

21



The index is established as:

JE Qý wsj
J-1

UP- Kp D,

E (hkd'ek)
k-I d-i

where
UP - the urgency index of operation type p,
hkd - the working hours of worker k onl dth working day in the current week w,
ekdp the skill level of worker k on operation type p on the dth day,
KI, - number of available workers to be assigned to the operation type p,
Dk - the total working days of worker k in week w.

In the meantime, available workers are also ranked according to a worker-to-operation
type assignment priority index, which combines worker's skill level at each operation type and
prior assignments, among other factors. The most urgent operation type is assigned with the
highest ranked operator, based on the two indices. The updated urgency index for operation type
is shown as below:

R.-Z (hkd'ek®)

U D d-IU-K;, Dk Dj,

k-i d-i d-i

where
UP the updated urgency index for operation type p.

The procedure repeats until all the estimated production level for the week is reached or
all available workers are assigned. The substantiated weekly production is then estimated as
below:

K;•1 K•. K11;,

E h k 1 Y: hkd d *hkekEP

Q w=min ( k-1 T i k-2 _2,_ . . k-p Tip,

where
KjJ, - number of workers assigned to operation type p on dth day in the week w,
Tip,- percentage of standard processing time spent on operation type p to the

sum of standard processing time of job j.

Thle estimated valuec is used to Update the remaining production quantity for the following

22



weeks. The adjusted production level for the subsequent weeks is established with the following
equation:

Wd - WC

where
Qjw' - the adjusted production level.

The procedure then continues into the next week until the last week of the planning
horizon. At the end, a check is made to ensure all new jobs are scheduled. If due dates are not
met, the MPS procedure is carried on to the third planning stage.

At the third stage, the procedure first searches for possibly available resources from
existing orders. If an existing order is scheduled to finish before its due date, it is called
"stretchable", meaning that by stretching its makespan to its due date, some workforce can be
released for other use. If the released workforce cannot meet the due date of new jobs, the MPS
procedure continues to search for additional resources. At this point, an increase in plant
capacity is considered with subcontract, overtime, and new hire as its options. The priority and
capacity limit of each are pre-set by the system, If available external resources cannot meet the
need, the problem is reported and new jobs are rejected according to a given priority. The output
of the MPS procedure includes excessive workforce report, status of job orders, and an updated
master production schedule for the entire planning horizon.

2.6 Detailed Production Scheduling

The proposed detailed production scheduling procedure takes the production plan for the
immediate week from the master production schedule and generates a daily production and
worker assignment plan at workstation level. It prepares the plan only for the coming week,
because changes always occur which quickly outdate any detailed production plan of longer
planning period. Detailed production scheduling includes two tasks: loading and sequencing [26].
Since no assignment is done at machine and workstation level during master production
scheduling, loading assigns jobs and workers to workstations. Sequencing orders jobs at each
workstation so as to achieve some goals such as maximizing job throughput or minimizing the
job lateness, among other. In apparel manufacturing, sequencing is usually left for the shop
floor. Goodwin [151 made the following assumptions to simplify the loading problemn in an
assembly shop environment:

1) Each workstation performs one operation.
2) The processing time is a linear function of order size.
3) The labor supply is unlimited.
4) All workers are perfectly efficient.
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With these assumptions, the loading task becomes balancing the production flow across
its manufacturing process. A balance factor was defined as a processing timne function to
establish the work-load balance between the sequential workstation. Russell and Taylor [35]
consider the dual constraints of machines and worker resources, but loading of jobs to machines
is determined, assuming that routing of each job was predetermined so that every operation of
jobs has an equal probability to be performed at any machine [35]. The longest queue of items
waiting to be processed was used to allocate workers to machines. Meredith [26] introduced an
index method to deal with job loading, which calculates the "efficiency index" for each job on
workstation, and load the workstation with those jobs that have the best indices for that
workstation. The assignment of workers to workstations is not mentioned. Many sequencing
rules such as SPT, FCFS, BDD and slack time per operation have been proposed and studied
mainly for job shops in numerous studies including [1,2,10,11,12,15,20,29,35]. While there is
no single best rule for all job shop situations, these rules in general cannot be applied to the
apparel production problem. Typically they ignore learning effect and calculate static machine
capacity, The study of sequencing rules for apparel assembly shops is not available.

A mathematical treatment of the detailed production planning problem has been presented
in a previous report. Two theoretical DPS models for this problem are available in Chen [7].
The remaining of this section will be focused on the proposed DPS procedure. It is designed to
take operation types and worker assignment from the MPS and breaks them down to workstation
and job/operation level. The DPS procedure is carried out in two planning stages. An initial
production schedule is established at the first stage and then improved at the second stage. A
heuristic procedure taking into account all relevant factors is developed for generating an initial
detailed schedule. A schedule improvement algorithm based on the simulated annealing concepts
is developed to improve the initial schedule.

2.6.1 Generation of the initial production• schedule

The proposed procedure for generation of an initial detailed production schedule can be
divided into two stages. At the first stage, jobs are loaded to workstations, Each worker is
assigned to a workstation and a job. The loading procedure at the first stage is depicted in Figure
6. The procedure begins with ranking new jobs based on a job urgency index, The currently
most urgent job is selected first for loading. To decide which workstation to be loaded, the
current remaining loading level at each station is calculated, The currently targeted operation
(according to the operation precedence) of the most urgent job is assigned to the feasible but least
loaded workstation. The loading activity for the current job continues until all its operations are
assigned. Thu job loading process continues until all new jobs are assigned. Since the input
from the master production schedule is a weekly production quantity, the loading process is also
done according to weekly capacity of each workstation. The process assumes that the weekly
quantity set by the MPS is feasible at operation type level. It is assumed that a job can visit any
workstation only once. At this stage, the remaining workstation capacity is calculated based on
standard workers.
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The assignment procedure at the second stage is depicted in Figure 7. The procedure
starts with re-loading each operation of all existing jobs to the same station and with workers.
A workstation urgency index is calculated based on the ratio of the remaining new job contents
to the remaining standard capacity. The most efficient and available worker is then assigned to
the most urgent job within the most urgent workstation. The assignment process continues until
all workstations are fully manned or no more workers are available. After each assignment in
the process, the workstation urgency is updated with the projected weekly efficiency of each
worker assigned to the workstation.

2.6.2 Schedule Improvement

A schedule improvement procedure is proposed to improve the initial detailed production
plan, using the simulated annealing (SA) concepts. The procedure generates alternative plans
from the initial plan by shifting workers between operations and workstations to improve the
throughput while meeting due date and other constraints. Simulated annealing has demonstrated
a prominent ability in solving a wide variety of combinatorial optimization problems [5,9,21,
22,24,40]. The SA concepts have been applied to the job shop scheduling problem by Van
Laarhoven, Aarts, and Lenstra 124]. Rolling [341 further studied a range of annealing schedule
parameters to identify an optimal parameter set for the job shop problem.

Simulated annealing is inathemadcally described as the generation of a sequence of
homogeneous Markov chains. The simulated annealing algorithm can be viewed as a sequence
sof Metropolis algorithms evaluated at a sequence of decreasing values of the control parameter.
It can be described as follows:

1) Initially the control parameter is set at a high value.

2) A generation mechanism is defined so that, given a configuration i, another configuration
j can be obtained by randomly selecting an element from the neighborhood of i (the later
corresponds to the snall perturbation of the Metropolis algorithm).

3) Let AC1j= C(j)-C(i), then the probability of configuration j to be the next configuration is
given by 1, if ACIJ < I0, and by exp(-ACJ./), if AC1j > 0 (the Metropolis criterion). The
acceptance criterion is implemented by drawing random numbers from a uniform
distribution on (0,1) and comparing these with exp(-ACi/IT).

4) This process continues until a threshold value for the control parameter is reached.

An unique feature of simulated annealing techniques is that it allows neighborhood moves
which increase the value of the cost (or objective) function to avoid being trapped in a local
optimum. The probability of accepting a move which causes an increase of 5 in the objective
function is called the "acceptance function" and is normally set to exp (-56T), where T is a
csontrol parameter which corresponds to temperature in the analogy with the physical annealing.
A flow chart for simulated annealing is shown in Figure 8 and described below:
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1) generate an initial solution (i.e., a detailed production plan schedule); estimate the
objective function value for the initial solution, F,,; set F,=F,,, and F,,,,,=F,; and set the
initial temperature, T=T0 ; and initialize the temperature changing counter, Nr1, to 0.

2) set an iteration counter (N,) at the temperature T to 0; set an acceptable move counter
(Na) to 0; and calculate the maximum number of iterations at temperature T to N(NT),

3) generate a random number (r) for exchanging the ith operand or its operator of the

neighborhood structure,

4) calculate the new objective function (Fj), and let 8 = Fj-1F.

5) check the condition: rand(0,l) < exp(-5/T). If it is satisfied, go to step 6), otherwise go
to step 8,

6) let F,=F,, and N.,=N,+I,

7) check F ,,1>F1, if it is satisfied, let FI=Fmin,

8) set Nt=Nt+l,

9) check if N1>N(N.1). It' it is not true, go to step 3, otherwise go to the next step.

10) set F,=F1 N.r=N.i.+1, calculate the standard deviation of the objective function, a, and the
temperature for the next iteration T(N.1 ),

11) check the stopping criteria. If a criterion is met, stop; otherwise go to step 2.

With the proposed application, the operator and operands for the DPS solution expression
are defined in the subsection 2.6.2.1, followed by a description of the SA solution expression for
the detailed production plan in subsection 2.6.2.2. The generation mechanism for alternative
solutions is presented in the subsection 2.6.2.3. The annealing parameters set used in the
proposed schedule improvement procedure is adopted from Rolling [341.

2.6.2,1 definition of SA operators and operands for the schedule

Workstations are defined as SA operands for the proposed DPS solution improvement
algorithm. The SA operators are defined to be worker oriented as below:

+ assign a worker to a workstation based on the workstation urgency; i.e., assign the
most efficient worker to the most urgent workstation.

- assign an available worker to a workstation randomly.
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2.6.2.2 SA expression for the schedule

With the above SA operators and operands definition, a SA solution expression of a
detailed production schedule can be exemplified as:

a- (+WI+W2+. . . +Wi) P1 (+W3+W2+. . .+Wj) P2 ... (W4+W +... +Wn) Pn

where Wi - workstation index,
Wnl - operation type index.

The above expression captures each operation type in a set, each representing a complete
worker-workstation assignmient by the operation type. Each operand has a workstation ID and
the sequence of each operand showing the urgency ranking of its workstation. The number of
operands in each set indicates the number of workers to be assigned to the operation type
according to the MPS module. A change to the operand sequence implies changing their urgency
ranking. In the expression shown above, all operators' prefixes are initially the same as one
another because workers are assigned to a workstation according to the same assignment rule.
In the above expression, all workers are assigned according to their skill at the assigned
operation.

2.6.2.3 mnechanism for alternative schedule generation

There are two swap methods (S I and S2) prepared for alternative solution generation.
The swap method (S 1) switches the urgency of two workstations. The swap is expected to have
an avalanching effect on worker assignment to workstation. The swap method (S2) alters the
method of selecting a worker for a workstation and as a result affects all the assignments
following the selection of a workstation. The stopping criteria applied to the proposed
improvement procedure include the tol.Il number of iteration, a pre-detennined temperature, and
a preset number of iterations in which the objective value has not been improved.

2.7 Plant Capacity Planning

Capacity planning is used in the proposed system to adjusi plant capacity when available
resources do not match with delivery commitments. In general, there are two types of capacity
planning activities. The long-term capacity planning concentrates on the facility expansion and
contraction of facility from a strategic point of view. The short-term capacity planning considers
capacity alternatives frorn a tactic point of view. The short-term capacity planning is also applied
to handle unexpected but imminent demands. The planning period for short-term capacity
planning is typically less than six months, which is the focus of the proposed system.

The short-term capacity planning activity is closely coupled with production planning and
scheduling activities. While capacity planning is primarily oriented toward the acquisition of
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productive resources, scheduling concerns about the timing of their use. The additional
productive resources are typically acquired from the following sources:

1) Increase in resources by using overtime, adding new shifts, hiring part-time workers,
using floating workers, leasing workers and facilities, and subcontracting.

2) Improve resource utilization by overlapping or staggering shifts, reducing absenteeism,
adding new resources, creating backlogs or demand queues.

3) Modify the demand by changing the price, modifying promotion, and negotiating new due
dates.

In the proposed capacity planning approach, only three alternatives are considered:
overtime, subcontract, and new hire. When the available production resources can not meet the
demand, The first option is overtime. Subcontracting is considered the next option, and adding
new workers is the last resort. When the overtime function is activated, the dates for overtime
are specified and overtime workers are assigned to identified operation types according to the
skill of available workers at the needed operation type. In the planning process, the urgency
status of each operation type is established and constantly updated after assigning each overtime
worker. When the subcontract option is chosen, a subcontract evaluation procedure is activated
to identify subcontractor's capability in terms of the product(s) each subcontractor can handle,
quantity, resource available periods, and cost s;tructure. Once a decision is made, each affected
job is modified accordingly. Subcontract quantity is recorded and so are the starting and
finishing dates. When hiring option is selected, a new-hire function is activated to estimate the
number and skill types required of new hire workers, and amount of training needed such that
training facility and production equipment are available. The proposed plant capacity planning
procedure is outlined in Figure 9 and summarized below as well.

1) Input the insufficient operation type IDs and standard times from the MPS module.

2) Activate the overtime function to identify workers available for overtime from the worker
table and generate an initial worker availability list, ranked by the worker's sewing
efficiency for each insufficient operation type.

3) Initialize an urgent list for all operation types with insufficient manpower and generate
an urgency list according to the ratio of the required total standard time to the manpower
avaiiaue for overtime.

4) Assign the most efficient overtime worker to the most urgent operation type.

5) Adjust die processing time deficit and update the operation urgency list, and the worker
list.
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6) Repeat steps 4 and 5 until the urgency is resolved or no more overtime worker is
available. If the urgency is resolved, the procedure stops. Otherwise continue into the
next step.

7) Activate the Subcontracting function. Estimate the quantity of each job for each
subcontractor and modify the status of each job accordingly. If some urgency still exists,
move the next step.

8) Activate the NEW-HIRE function. Identify the need for new hire by each operation type,
project their skill growth, and verify the resources limits allowed for the total number of
trainers.

9) Adjust related data and report the results.

2.8 Material Flow Simulation

Computer simulation is the most practical tool used in production planning and scheduling
to validate static production plans in specific production environment [23,37]. Simulation also
provides the user an effective tool to study potential bottlenecks and interact with it I improve
the scheduled production. During the production stage, simulation can be used as a , iduction
control tool, when linked to an on-line shop floor control system to reflect up-to-min-ute work
in inventory (WIP) status on the shop floor.

The main function of the proposed material flow simulation module is mainly for
validation and further improvement of the static production plan. The flow chart is outlined in
Figure 10. The major functions of the simulator include: a graphic layout generator, a graphic
user interface, a simulation mechanism, and reporting subroutine. The graphic layout generator
creates a graphic display of an apparel production system. The graphic display would be either
a physical layout of workstations or a logical layout based on the operation sequence of a given
garment. It would also show the current manning and inventory levels at each workstation. It
would allow the user to dynamically assess the WIP buildup at each station and thus make timely
decisions. The user interface function allows the production manager to specify the shop
environment and modify decision rules and worker assignment. The simulation mechanism
enumerates production activities as specified on the given schedule under a pre-set condition
within resources constraints. The rtport function is responsible for summarizing simulated results
and WIP inventory status. In response to the user's request, it may modify production plans and
worker assignments currently stored in the database

2.9 Production Method Evaluation

The objective of the production method evaluation model is to evaluate the fitness of the
bundle production method for a given job order and identify the best method based on minimal
manufacturing cost. To do so, a cost model is proposed as below. For each production method
(i.e., bundle, UPS, and modular), it considers setup cost, direct labor cost, indirect labor cost,
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overhead cost, depreciation cost, and due date penalty. Because this model consists of four
separable mathematical functions, the solution procedure is straight forward, although it includes
some integer variables. However, the real difficulty shifts to the assessment of the cost factors.
For example, the setup cost may not be easily available, especially for a unit production system.
Another potential difficulty is the strategic considerations which may significantly affect the
decision in selecting a production method for given job orders. For most apparel manufacturing
finns, bundle production is the preferred method. Therefore the selection of the best production
method in this study is considered advisory to the production manager.

4

Minimize: CI- (E cil) "Q+ (T1-D) "cp+CsI i'-, 2, 3
J-1

where

Ci - total manufacturing cost for choosing production method i,

c- direct labor cost for production method i,

ci2 - indirect labor cost for plroduction method i,

c13 - overhead cost for production method i,

CW4 - depreciation for production method i,

T- estimated finishing date for production method i,

D clue date,

cp, unit penalty, and

c.,- setup (changeover) cost for production method i.
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3. SYSTEM IMPLEMENTATION

This chapter summarizes the computer environment for and the implementation of the
proposed system. One of the focus in this chapter is the implementation of the database system,
which is critical to each intended engineering application.

3.1 System Environment

The proposed system is implemented in the DOS Windows environment. The Microsoft
Windows/DOS 3.1 is used to support the Paradox/Windows 4.5 Database Management System.
The Paradox Engine 3.0 is used as the data exchange tool. Turbo C++, version 3.0, is used to
implement the application modules and integrate the system. The computer platform used in the
implementation is a Dell/486 PC, which has a 4MB RAM. The minimum hard disk capacity is
30MB, because the Paradox/Windows 4.5 takes 20MB. The Paradox Engine occupies 4MB and
the system program takes up 6MB. An EGA or VGA is required. Mouse is also a must.

As shown in Figure 11, the proposed system consists of a graphic user interface (GUI),
a database management system, and a set of application modules. The GUI, which is
implemented using the Paradox Application La.rguage (PAL), provides the user with a friendly
environment and a hierarchically structured pull-down menu. The database is accessed through
order, resource, knowledre, and schedule menus, Each is provided with a full set of database
operational functions iii ding add, delete, edit, and print commands. The GUI allows the user
to invoke any of the available application modules with a simple click on the mouse. Under each
application, a hierarchy of menus are provided for- the user to activate more specific commands
within the application domain.

3.2 Database Design

The database is the heart of the proposed system. It supports all engineering application
modules which frequently retrieve, update, and modify data residing in the database. PARADOX
is selected to implement the proposed database system because of its flexibility and cost. It is
a relational database and requires an entity-relationship data model to structure desired apparel
production data. In the following three subsections, the design and implemnentation of the
database system is described ,n the following design steps: conceptual, implementation, and
physical design.

3.2.1 Conceptuai design (eniiity-reiationship data model)

The conceptual design draws up an architectural plan for the database system. It identifies
entities required for the system, defines their attributes, and specifies the relationship between
entities. The accuracy and completeness of a conceptual data model is critical to the database
for meeting the need of the proposed system. An cntity is defined as an object or event about
which we choose to collect and store data. The entity-relationships for the proposed application
are shown in Figure 12. In this figure, entities are represented by a rectangle. Diamonds are
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used to represent a relationship. A relationship between entities can be one to many (1--M) or
multiple to many (M--4N). Thus the characters on the lines between an entity (rectangle) and a
relationship (diamnond) specify the number of entities associated with each instance of the
relationship. Both entity and relationship may have data element attributes (bubbles) associates
with them. Data element bubbles for a relationship are considered intersection data. When an
entity-relationship data model is implemented, diamonds with no associated data bubbies do not
appear as a separate record type; but diamonds with bubbles require a distinct record type in
implementation.

As outlined in Figure 12, a total of ten entities are defined to capture apparel design,
orders, and production data for the intended application. They are orders, jobs, styles, operations,
operation types, workstations, workers, unit master production schedule, unit detailed production

'hedule, and work in process (WIP) inventory. An apparel order, received from a customer,
:,pecifies one or many jobs. It is uniquely identified by its order ID and a customer ID. A job
is a garment purchase item and is accompanied by a job ID, order ID, style ID, color, garment
size, quantity, due date, penalty, and unit price, Each job has a pre-defined style, which is
defined by a style ID and its root operation ID. It is represented by a tree of inter-connected
nodes, of which each is related to an operation. Each node is also specified with an operation
ID, its preceding operation IDs, subsequent operation ID, garment size, and standard processing
time. Each operation belongs to an operation type, which is defined by an operation type ID and
a set of characterization parameters. Workers are identified by an ID and associated with their
overtime availability and scheduled absenteeism. A worker can perform one or multiple
operation types at a differcnt efficiency level depending on the number of training days. The
assignment of each worker to an operation type is recorded in the master production schedule,
whose immediate weekly production plan is subsequently decomposed into a detailed production
schedule. The detailed plan further specifies the worker's assignment to a workstation and a job.
Each detailed production plan specifies work in process inventories at station level, each
identified by a WIP ID. Workstations are identified with an ID and specified with its capacity.
Each workstation may handle multiple operation types but is assigned to only one operation type
at any given time interval,

3.2.2 hml)lemenlation design (relational data model)

Implementation design is concerned with mapping the conceptual data model into a
process logical model tailored for a selected database management system. The mapping process
takes place in two stages. At the first stage, the conceptual model is translated into tables, of
which each defines the attributes of a desired system entity. As a result, a total of fifteen tables
are created for the proposed database system to capture orders (ORDER), jobs (JOB), operations
(OPER), workers (WORKER), operation types (OPTYPE), worker to operation type relationship
(WK_OPTP), workstations (WS), standard processing times (SMIME), styles (STYLE), style
operation relationship (STYLE_0P), unit master production schedule (UMPS), worker assignment
in each unit master production schedule (UMPSWK), worker to job assignment in detailed
production schedule (DPS_,IWK), beginning and ending WIPs of each job on each day
(DPSWIP) at each workstation, and miscellaneous operation data (MISCELL). These tables will
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be further detailed in the next section.

At the second stage, A set of "FORMs" are developed to organize entity data and their
relationship retrieved from one or more tables. Through the use of Forms, the user can view and
manipulate as much data as desired in a customized format. A total of ten forms are created in
the Paradox Application Language to support the proposed system. They are: an order and job
(ORDERJOB) form, a worker and operation type (WORKEROPTYPE) form, an operation type
to job operation (OPTYPEOPERATION) form, a standard processing time (STIME) form, a style
to operation (STYLEOPERATION) form, a miscellaneous (MISCELL) form, a unit MPS weekly
production (UAMPS -THRY) form, a unit MPS worker assignment (UMPSASSIGNMENT) form,
a unit DPS worker assignment (UDPSASSIGNMENT) form, and a unit DPS daily WIP
(UDPS_WIP) form.

Among the above ten forms, four of them are created with data retrieved from multiple
tables. As shown in Figure 13, the ORDER JOB form is created by linking the ORDER table
to the JOB table with the key word ORDERID. In this form, the ORDER table is the parent
table and JOB is the child table. This linkage has a 1-->M relationship as one order may consist
of one or more jobs. As shown in Figure 14, tile WORKEROPTYPE form is established by
linking the WORKER table to the OPTYPE table with the key word OPTYPE ID. The linkage
has an M->N relationship. As shown in Figure 15, the OPTYPEOPERATION form is created
by linking the OPTYPE table to the OPER table with the key word OPTYPEID. In this form,
the OPTYPE is called the parent and the OPER is called the child. The linkage has a 1-+M
relationship. On this form, all operations of the OPTYPE can be displayed and edited. The
STYLE OPERATION funn is established with data from three tables. The STYLE table is 1--1
linked to the OPER table with the key word OPERATION ID. Through this linkage, the
.operation type of the root operation of the style can be identified. The STYLE table is then
linked to the STYLE OP table with the key word STYLEID to create the form. The second
linkage has a 1--M relationship, which is used to identify all operations of the style to be listed
on the form. An example of this form is shown in Figure 16

3.2.3 Physical design (in Paradox 3.1)

Physical design is concerned with the structure of the record formats and selection of
access methods, among others, to be used in the selected database system. The physical design
of the above 15 tables in the Paradox are described in this section in the following four groups:

* job order data,
* product and production knowledge,
• manufacturing resource data, and
* existing schedules.

The job order tables capture both orders and individual jobs in each order. The product
and production knowledge tables capture garment styles, operation structure and type, and
standard sewing times, etc. The ,anufacturing resource tables store operator data, machine data,
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and other miscellaneous data. The schedule tables store all process related decisions such as the
master production schedules and detailed production plans. All data in the tables are integrated
by key words when making special forms and reports. All data in the tables can be retrieved,
added, edited, deleted, and printed, using the forms.

3.2.3.1 job and order tables

The data group contains two types of tables: ORDER and JOB. The ORDER table
organizes order information such as order 1D, customer ID, and ordering date. The above three
attributes uniquely define an order. This table has no restrictions in the database.

As shown in Table 2, the JOB table captures all data about a job. The attributes of a job
captured in the table include job ID, its parent order, the style ID, due date, penalty, unit price,
cost, color ID, size ID, bundle size, status, acceptability, quantity, finished quantity,
subcontractability, and subcontracted quantity. The style ID is used to specify the structure of
operations to produce a garment of this job. The clue date is usually set by customer at the point
of ordering. The status attribute indicates whether the job is new, existing, or finished. The
subcontractability specifies the maximum amount of subcontract allowcd for the job. The
subcontracted quantity attributes denotes the amount of work which are committed by a
subcontractor.

The JOB table is built with restrictions such that each job has a unique job ID and is
given by the system automatically. The due date must be within or later than the current week
as specified in the miscellaneous table. The status and acceptability attributes cannot be modified
by the user. The JOB table is updated by the master production scheduling module, usually done
once a week.

3.2.3.2 manufacturing resource tables

This group includes three manufacturing resource related tables: operations (OPER),
workers (WORKER), workers operation types (WK_OPTP), and workstations (WS). The OPER
table defines each operation and its operation type for all the operations in the apparel firm.
Regarding the restrictions imposed on this table, the operation ID is used as tie key word for the
table. The value of the key word is generated by the system and can only be changed by the
super user. The operation type ID must be one of those defined in the OPTYPE table.

As shown in T atble 3, thie WURKER table captures each worker by the a set of attributes,
which include worker ID, worker's name, hiring date, overtime availability and planned absence.
In the current implementation, the overtime availability attribute allows a maximum of 10 days
to be specified. Tile absence attributes allow capturing five days of planned absence. Each
worker has an unique worker ID as the key, which is generated by the system. Other attributes
can be added and edited by the user. The number of characters for worker's name must be less
than eight characters. Both overtime and absence attributes are programmed to be retrieved only
by the capacity planning module.
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Table 3 :The WORKER Table
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The WKOPTP table is designed to capture the skill level of sewing workers at each
operation type to support worker assignment decision. It captures worker's ID, operation type
ID, initial skill level, number of days in training for the operation, current efficiency level,
current training days, and the current training status. The skill level of a worker is assumed to
be different at different operation type, depending on the amount of training and the nature of
the operation type. On restrictions, the combination of worker ID and operation type ID is used
as the key. All attributes except the current training status can be modified by the user. The
training status can only be modified by the master production scheduling module and the material
flow simulator, or by the super user.

As shown in Table 4, the WS table is designed to identify the attributes of workstations.
These attributes includes workstation id, operation type ids which can be handled on that
workstation, maximum number of workers, maximum inventory level, and location coordinates.
The worker-id is defined as a key.

3.2.3.3 product and production knowledge tables

This group consists of the operation types (OPTYPE), standard time (STIME), style
(STYLE), style operations (STYLE_OP), and miscellaneous (MISCELL) tables, As shown in
Table 5, the OPTYPE table is designed to capture all operation types existing in an apparel firm.
It contains the attributes of operation ID, operation name, the set of operation characterizing
factors, and unit cost. For each operation type, a set of factors are captured in this table for
sewing skill prediction. Non-sewing operations are assumed of having stable skill levels and
therefore are not modeled in this study. The unit cost attributes stored the hour wage rate for
a standard sewing worker at this operation type. This operation factors can be modified by the
super user and are programmed to be retrieved only by the skill prediction module. The
operation ID attribute is instantiated by the system. All other attributes in this table can be edited
by the user.

As shown in Table 6, the STIME table is developed to capture standard processing time
for each sewing operation. The standard time is determined by the garnment style, size, and
operation type. Therefore, this table stores standard processing time for each combination of all
styles, sizes an operation types. Thus the combination of these three factors is used as the key
of this table. The standard time can be retrieved by the master production scheduling, the
detailed production scheduling, and the material flow simulation modules.

The STYLE table is created to store the style ID and its associated operation ID at root.
This is needed because style is an attribute of a job. This attribute is designed to relate the style
to the STYLE table such that the operation structure and sequence for the style can be retrieved.
Once the root operation id was given, the whole operation stxucture and sequence can be found
through use of the STYLE OP table. The style ID attribute is used as the key, which is
controlled by the system. The root operation ID can be added or edited by the user.
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Table 5 The OPTYPE Table
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Table 6 :The STIME Table
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As shown in Table 7, the STYLEOP table is created to capture the entire operation
structure of each garment style with six attributes. The style ID attribute is used as the key in
combination with the operation ID to the right STYLE OP entity instance. Three attributes are
used to capture up to three preceding operations. The fourth attribute is used to capture its next
operation ID. By chaining the interrelationship of the operations within the style, an entire
operation tree can be revealed. The capture of three preceding operations implies that an apparel
assembly operation in this impl"e' entation can assemble up to three garment pieces. The value
of all attributes can be modifieO by the user. These data are retrieved and used by both the
master production scheduling and the detailed production planning modules.

The MISCELL table, as shown in Table 8, is designed to capture miscellaneous data which
do not belong to other entities but are required by the system. It specifies four attributes:
application level, current week, number of days in a week, and total daily working hours
available. The appl;,ation level is set at two levels: testing and application. The system works
in different manner Under the different levels. The current week attribute records the current
week in relation to the week of' system initialization. The number of (lays per week attribute
affect the total available working hours in each week. It could be different, although normally
an apparel firm operates five days a week. Similarly the working hours per day captures the total
working hours each day. It usually has an 8-..hour shift. If it runs two shifts, the number of hours
doubles. The allowance for overtime is affected by this attributes. No key is used in this table.
The application level attribute assumes (0 or 1. The master production scheduler can change the
current week attribute when the status is 1. When it is switched to 0, all attributes in the table
can be modified by the user.

3.2.3.4 production schedule tables

This group includes fouLr tables: the unit mustCr )roMduction schedule (UMPS), worker
assignment for each UM4PS, detailed production schedule per job and worker (DI'S_._WK), and
its associated work in process inventory (DPS_WIP).

The UMIPS table, as shown in Table 9, stores the master production schedule, which

indlicates the scheduled thr,-ughput of each job in each week in the planning horizon. The
combination of the week ID and job ID attribute,,; is the key word, All attributes are updated by
master production scheduler and can be retrieved by the user and detailed production scheduler.

The UMFPSWK table, as shown in Table 10, is designed to store the assignment to an
operation type during master prodUction scheduling. The assignment of workers to a specific job
and work station is not yet available at this time. The key word is the combination of its three
attributes: week ID, worker ID, and 01TYPE ID. All attributes can be updated by the master
production scheduler but cannot be altered by the user or other modules.

As shown in Table 11, the DPS .1 WK table stores the detailed production schedule,
which are identified with worker ID, operation tyl)e ID, workstation iD, job ID, and the expected
daily throughput by the worker. The key word is the combination of its attributes: the date,
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Table 7 The STYLE-OP Table
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Table 8 : The MISCELL Table
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Table 9 :The tJMPS Table
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Table 10 : The UNPS...WK Table
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Table 11 :The DPS_JWK Table
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week, OPTYPE ID, workstation ID, and job ID. All attributes are updated by the detailed
production scheduler and the material flow simulator. The user and the simulator can view and
edit the throughput data.

The DPSWIP table, shown in Table 12, is designed to capture an additional portion of
the detailed production schedule data, which records the total work in process inventory including
daily input, output, and the current inventory level of each job at each workstation. The key
word of this table is the combination of the date, week, and job ID attributes. All attributes are
updated by the detailed production scheduler and the simulator. In the current implementation,
the system user is allowed to update these inventory data. Ideally the proposed system should
be linked to a sho1) floor data collection system and thus WIP data could be on-line updated with
data collected from the shop floor system.

3.3 Skill Prediction Module

The sewing skill prediction module is implemented according to the skill prediction model
described in the previous chapter. The main program for this module is called NonLinearFun.
The module interacts with the database for data from two tables: WKOPTP and OPTYPE.
From the WKOPTP table, the following data are retrieved: days of initial training and days of
current training. From the OPTYPE table, the operation-rclated parameters for the selected
operation are retrieved, which include the 17 independent variables and the 3 predictors (A, B.,
and C). The output data are used to update the current training days and current efficiency stored
in the WKOPTP table.

Although the module is designed for on-line use by other system application modules, this
module can also be used off-line to generate various learning curves for other purposes. The user
activates the module by selecting the submenu SewingSkillPredictor in the System Modules
menu and then specifying a desired operation type. After the ID for the desired operation type
is entered, the learning curve is generated, which can be displayed and printed out as shown in
Figure 17. The user can also get detaikdl skill efficiency on any training day from the curve.

3.4 Production Method Evaluation Module

The implementation of the production method evaluation module is based on the
evaluation model described iii chapter two. The module interacts with the database for various
cost related data such as job ID, style ID, size ID, due dates, penalty, unit cost, depreciation,
overhead, standard time, and setup. ThC output data includes the preferred production method
and cost figures. These output data serve as only a point of interest to the manager and are not
stored in the database because no future use is anticipated. Due to the fact that most apparel
firns do not have the various production systems and the bundle system is our research focus
in this study, this result from this mod(ulC is only for the user's reference and should not affect
other scheduling functions.
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Table 12 : The DPSWIF Table
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3.5 Master Production Scheduling Module

The master schedule module is inmplemented according to the MPS solution procedure
proposed in Chapter 2. This module is a core of the proposed system. It consists of 18 program
routines and interacts with the database to retrieve data from eight tables and write to five tables.
From the MISCELL table, it acquires current week, days per week, and work hours per day.
From the JOB table, it retrieves job ID, style ID, due dates, penalty, size ID, total quantity, and
bundle sizes. From other tables, it obtains more data regarding workers, operation types and
garment structures. The major output is an updated master production schedule. It also updates
projected job and worker status, among others.

The first program routine is called ConuittedSubQty, which writes an integer value to
JOB table. The secondi routine is called FiaishedQty, which records projected finished quantity
in the JOB table. This function searches through each job to update the beginning finished
quantity and ending finished quantity for each week, according to the projection. The
GetAllOptype is the third function which retrieves all operation types from the OPTYPE table.
The function opens the OPTYPE table and retrieves the value from all the related records in the
database. The fourth function is called GetAllWorker, which retrieves all available workers from
the WORKER table. It opens the WORKER table and retrieves all the records from the database.
The C++ class definition for workers in this implementation is partially shown as below:

class Worker{
pritate,"

int wfrkjer__id;
int trainitg cdays/MAXNUM_OpTYPEI;
/iir last()ptyýpe id;
int ctrr_optype id;

int overt/MAXNUMOVERTIME];
int abse[MAXNUMIABSE];

tnt avail;
public:

Worker(int aworkerid);
Worker();
~Worker(');

i'oid Setld(itt a_ worker_idi);
in! Gedd();
void Setffrainn/lgDays(in t a optype, i/it a_days);
int GetTrainninglDays(iuit a-optype);
void SetLastOptypeld(int a_last _optype_id);
int GetLasOpltypeld();
moid SetCurrOptYpeld(in, a_curr_optype_id);
int GetCurr-Optypeld();
moid SetO)iert(int a_iuhdex, int aweek);
in! GetO vert(int a inlex);
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void SetA bse(int a_index, mnt a._week);
mnt GetAhse(int a_index);
moid SetAvail(int a avail),'

mnt GetA i'cil(),
dlouble OpfvpeEjf(in t op type__id, Op type optypel I);

The fifth MPS function is called GetCurrWeek, which retrieves the current week datumn
from the MISCELL table. The next function is Ge/Job, which retrieves all related job data from-
the JOB table. It opens the JOB table, searches for jobs which have a matched job ID and returns
values of its style ID, size ID, due dates, quantity, finishe-d quantity, subcontracted quantity and
bundle size. The job class is defined as below,

class lob(

int job-id;
S1 We* Style,.
int due__week;
init size__id;

in! Jinished-clv,
i/It Sal)__'ltV

int dlozen __10I,
int stctltis,

Job();

i'oid SC'tobld(iit a~job__id),
itit Get~lobld(),'
void SetStyle(S'iyle""),
moid GelSifle(Style* &);
moid 5LetDueWeek(int a due__week),;
i/it GetDueWeekY);
Void SetSizeld(i/it a__5!yle_id);
i/it Ge/Size/d();
i'oid Set Qy(ins' a quantify),'
i/it Get Qtv(:
mido SetFin ishedQty(in t afin ishec__ty),'
int GetFiaishe, '"tyo.
maid SetSubQ~v(i/it a__ siI)_qry);
iiit GetSub Qyo;
1'0id SetDozenNu/n(int a__ dozeii ;iun);
i/it GetDozeiiNuon(';
m'id SetS (utus(int( a _status);
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iut GetStatuso;-
void SetStinieo:
iuit Deconiposition(inf qty, double ss'ire[I);
1;,

The nleXt funcltionl is called GetSty/e, which retrieves style data from the STYLE table. It
opens the STYLE table, searches for thle style which has a matched style ID, and returns all data
of the style including the operation stRucture and their ID. Its data structure is shown as below:

class Style I

privat: intstyle__id;-

OpStyle *ot
OpStyle *01)__style__ array;
i/it op-lK~tle num;

Sty/co;
Sty/e(iuit a__ sty/eid);
-Sty/e(');
void Setld(int a styIe~id);-
iuit Get/do;
void SetRoot(OpStyle*);
void GetRoot(Op)Style* &),
Vo(id SetNum~pStYle(ia ),
mi'i Gc'tNuni('pS'yle()-
void] SeIOI)S'),yeAr,.auy(Op)Sty/e*),.
OpS.~y/e* GetOpSty/eAnrayo;
'o id Mid'I'ravel(OpSlyle* a r)/slyle, OpSly/e opsty/e/], int& it):
void Al/C)ptype(int typelist!], int& ia);

('lass OpSty/e{
private.-

jilt op-id;
COpStvle */)'rev /, $iprei,2, */),.g1 Y;

fou.St time'

public'.
QpStyleo':
OpStyle(int (1_01)_id);

-C0pS1.ylv():
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void Setld(int a__op__id);
iln Getdd();
void SetStime(double);
double GetStime();
void SetPrei,(OpStyle* aj)revl, OpStyle* aprev2,

OpStyle*ajprevi3);
void GetPrev(OpSty/'?*& ajprevl, OpStyle*& aIrev2,

OpStyle*& ajw'ev3);
void SetNext(OpStyle* anext);
ioid GetNext(OpStyle*& aunext);

The eighth function is called IsOverTime, which evaluates worker's overtime status, which
may be -1, 0, +1, indicating that the ,'orker is unavailable, available but un-committed, or
committed. The next function is called Mps, which creates a master production schedule under
a given capacity level. The capacity is set at three levels: 0,1,and 2 for the current planning
w,,Oe1, indicating that the phlat capacity is nomial, uses overtime and subcontract, or include new
hire. This function updates the following five tables: UMPS. UMPSWK, MISCIYLL, WKOPTP,
and .1OB. The RecoiverFiniQt function allocates jobs and restores t' '" Lue assigned to the
initial finished quantity during the iterative planning process. The Select-!. function picks the
most urgent operation type to support the Umps function, which assigns workers to each
operation type. The most efficient worker is picked by the SelectlWorker function.

The UpdautCurrTrain function updates current training days in the WK_OPTP table on
a weekly basis. The function UpdateFiniQty is used to update finished quantity for each job in
the JOB table. The Updw'eThisTrain is a sub-function of Umps implemented to update the
current training status in the WKK_OPTP table. If one worker is assigned to an operation type,
the training status of this wor'ker is set to 1, otherwise set to 0. The UpdateUmpsWk function
is a sub-function of Umps and is implemnlCted to update the master production schedule in the
UIMPSWK table. It opens che UMPSWK table, sets worker ID and operation type ID with the
infomaation store in array worker as defined previous in class worker. The UpdateUmpsDB
function is a sub-function of Ump)s. ,c is imlplemented to update job id and throughput in thle
UMPS table. It opens the UMPS table if the current planning week exists in the table. It deletes
all the record, and then appends relative records such as week ID, job ID, throughput quantity
of each job.

3.6 Detailed Production Scheduling Module

The detailed production scheduling module is implemented according to the scheduling
procedure presented in chapter two. It generates a production plan which assign each worker to
a station and a job (operation) based on the master production plan. It is programmed to create
a daily plan for the immediate week only because the master production schedule is updated
weekly and during each week many changes may re ider a static production less realistic. Similar
to the NMPS implementation, the input data for DPS are drawn from many tables. In addition to
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those used by the MPS module, the master production schedule is retrieved from the UMPSWK
table and used as the basis for the detailed scheduling. As its output, the DPS module resets
initial efficiency and current efficiency for each worker at each operation type in the worker Lo
operation type (WK_OPTP) table. It generates a new DPS J WK table which stores worker's
assignment to a workstation for a specific job and the daily throughput. It also updates work in
process iinventory for each job at each station in the DPSWIP tvble.

The DPS module consists of twelve uajor modules. The first function is called
GetOperld, which finds all operations for each operation type. The IniobTask function
initializes the task of jobs to operate the module. The function l;ziUpperBound initializes the
inventory limitation. The lnputData function is used to input data from the database and
structure all the required data regarding the jobs, garments, operations, workers, and production
schedules. The JobIndex and OperationIndex functions are used to find a job and a operation
indices. The ToDpsJWk function outputs the detailed production schedule and creates the
DPSJWK table. The output includes worker and job IDs, and operation type which the worker
is assigned to.
The Workerlndex\ lunction finds the worker's index when the worker's ID is known. The
WorkerRank function sorts workers according to their efficiency based on each operation type.
The WorkerAssi.gn.lob function assigns workers to each job. The rule is to assign the most
efficient worker to the most urgent job. the urgency is updated after a worker is assigned. The
WorkerAssignOl) function assigns each worker to a workstation. It assigns the most efficient
worker to the most urgent workstation. The workstation's urgency is updated after a worker has
been assigned.

3.7 Plant Capacity Planning Module

The capacity planning module is implemented according to the procedure presented in the
previous chapter. It retrieves the current week from the MISCELL table, checks the JOB table
for subcontractors status, and gets the WORKER table for identify workers' overtime availability
and planned absence. Decisions made by the capacity planning module includes the
subcontracted quantity of each job to each subcontractor, overtime commitments, and number of
new hire for each operation type.

3.8 Material Flow Simulation Module

The material flow simulator consists of twelve functions. The ShowOperation function
is implemented to create a shop floor layout which reflects the physical location of all
workstations. It retrieves the location of each workstation as stored in the database and places
workstation symbol on the computer screen accordingly. Because of limited display space on
the monitor, thc idea ol a physical layout display is modified to maximize the use of the monitor
space. This function calculates the amount of space available for each station based on the total
number of stations in the system. It also allocate space for display of raw materials and finished
goods. The Stzo',nOertprion function is a sub-function of ShowOIperation, which is developed
to detail the display of one workstation at a time to complete the physical layout display. It
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outlines each workstation, labels it, and displays its current manning and WIP inventory levels.
A physical layout example is shown in Figure 18.

The Sho' vTree function is created to display a logical layout of a given production shop
floor, in which workstations are arranged according to the operation sequence of a selected job.
If more than one job is oin the production shop floor, multiple logical layouts are generated and
displayed. This function retrieves the operation tree for each job, evaluate operation relationship,
estimate the size for each logical layout, and assign a relative location for each operation on the
tree, create a frame for each station, and connect thfem. This function is different flor the
ShowOperation iln that it ignores all workstations which are not required for the target job. The
JobTree function is a sub-function of ShowTree. Upon request, it creates a display of a
workstation as specified. The workstation display is similar to the ones in the physical layout
except that it only show the information related to the job. A logical layout example is shown
in Figure 19.

The SimMelm function is implemented to organize and display command functions
available to the user iil a menu format. The text contents of menu itemns are stored in two-
dimension array of the menu. The Simulation function is the main function of this module which
simulates the material flow of the production system and dynamically updates the graphic display
of the manning and WIP invCeltory levels at each workstafion. It works with both physical and
logical layouts. Dur'ilng a simullation session, the worker assignment and inventory levels are
initialized with the current data retrieved from the database and then updated dynamically with
projected events and the user's input (i.e., worker re-location). To enable the user to control the
system, the WhichWorker function is implemented, which identifies the worker whose icon on
the display is picked by the user. Then the OneWorker function is activated to create a graphical
display of the selected worker inl the workstation newly designated by the user, The ZoomOper
function allows the user to zoom in and out of a workstation to better view the station. An
enlarged workstation (#ID14-3) layout is shown in Figure 19.

The OneWorker function is used to create a graphical display of a worker irt a specified
workstation. When requested, it calculates the location of the worker in the given station and
creates a worker symbol. It paints the worker inl a color selected to represent his/her current
efficiency level at the workstation. When the worker is relocated to a new station, this function
re-evaluates its efficiency at the new station and change the color accordingly.

The TextOper function is used to display additional data about a selected workstation in
a text form. As shown in Figurc 20, it presents a workstation ID, its assigned operation type,
the number oF jobs assigned to the workstation, the inventory level of each job at the station, the
thrloughput of each Job, thle number of workers assigned to the station, their ID and skill level
at the station.

The WeekTask function is used to summarizes the quantity of each job scheduled for this
week. It displays the quantity o1' each job tO be filnished ill the current week, as obtained from
the. master production schedule, inl a two-dimensional graph, where the X axis represents jobs and
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Figure 19 A Logical Layout
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Figure 20 :Text Information for a Workstation
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the Y axis does the number of bundles of each job. The WorkerPost function shows the worker
assignment in the current week. It displays the assignment of each worker by operation type, as
obtained from master production schedule.

3.9 System Application and Validation

At the design and development stage, many apparel production managers at different
companies helped in contributing production and operation data and in sharing ideas for building
a friendly and practical planning system. At the implementation stage, the system prototype was
periodically showed to the managers at Bernard Cap, who evaluated the system and provided
feedback for changes and improvements. This system was also applied to a number of
application instances in a bundle l)roduction environment. In one of the examples, four jobs in
two orders are processed with 100 workers at 30 workstations. To run the system, the database
was first loaded with required production and resource data, as listed in Appendix 3. The
operation sequences of the jobs are captured in Figure 21. Examples of system outputs are given
in Figures 22-25. A sunmnary of the 16-week master production schedule is shown in Figure 22.
A 3D snapshot of the master production schedule for week 5 is shown in Figure 23. The detailed
production plan for the first work day in the current week is shown in Figure 24. Note that the
throughput do not reflect the utilization level of each workstation. Figure 25 shows the inventory
level at each workstation at the beginning of the first day.
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4. CONCLUDING REMARKS

This chapter concludes the research project in two sections. The first section summarizes
the results. The second section elaborates potential projects for further research.

4.1 Summary

The objective of this research project is the development and implementation of a
practical production planning and scheduling system for the apparel manufacturing industry as
a quick and accurate decision tool. In this study, the apparel problem is identified a make-to-
order production problem. More specifically, an assemble-to-order problem with no inventory
(both finished and semi-finished goods) to smooth production. Due to the nature of short
production runs, use of general purpose machines, multiple and progressive sewing skills, the
existing scheduling and line-balancing techniques can not be applied to solve the unique
scheduling problem. Because of the complexity and dynamics of the production system, any
momentarily optimal solution is not important and inherently difficult to obtain.

In this study, we takes a hierar'chical approach to the problem and to the development of
the integrated production planning and scheduling system. A commercial database management
system is used to ensure the integrity of apparel product and production data. In addition to the
common database and a graphic uiser interface, the system consists of six major application
modules. They include: a master production planner, a detailed production scheduler, a plant
capacity planner, a rioduction method evaluator, and a material flow simulator. Through the
graphic user interface, the user manages the database and operates the application modules to
make production decisions. The master production scheduler creates a weekly production plan
for all jobs specified in each order. The detailcd production planning module decomposes a
master production plan into worker assignment and job routing on a daily basis, The plant
capacity planning module evaluates overtime, subcontract, and new hire options for additional
resources to ensure meeting delivery commitments. The material flow simulator further validates
the static production plans under a given production environment. The production method
evaluator enables the user to assess the appropriateness of the adopted bundle production method.

With the proposed system, manufacturing lead time can be quickly evaluated, at accepting
a new order. Realistic production plans can be generated quickly and consistently and be relied
upon for promoting long-term growth of worker's sewing skills and plant capacity. The material
flow simulator not only validates static production plans but also allows the user to evaluate the
impact of worker re-assiginment in the process of improving material flow. The simulator also
summarizes current worker assignment and WIP levels in each station at any time.

The system can uniquely plroject worker's skills at any operation type based on a pre-
determined worl<er assignment plan, and estimate the time-phased plant capacity accordingly.
This feature allows the user generate accurate production plans while being able to improve
workers' long-temi productivity. The skill prediction model was developed based on real apparel
production anld operation data collected from the industlry over a two year period during the
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project. Regarding the planning and scheduling procedures implemented in this system, although
mathematical models and analytical solution procedures were attempted in this project, the final
solution procedures are primarily based on shop loading principles such as job urgency and load
balance. These algorithms are basically heuristic in nature and quite efficient. The master
production scheduler and the plant capacity planner both schedule production by decomposing
production requirements to operation type level to improve accuracy, instead of adopting a
typically used rough cutting approach. The planning and scheduling system is also more efficient
than any simulation based scheduling approach. To improve production plans, discrete event
simulation techniques are used to evaluate the production plans.

The design of the relational database is a unique feature of this system. It captures
apparel, production, and resource data. has the knowledge of relating orders to jobs, garment
styles, operations, operation types, workstations, workers, production schedules, and WIP
inventory levels. It has the structure for further expansion and can be easily used to support
other system applications such as MRP and payroll. In addition to production plan validation,
the material flow simulator could also be used as a production control tool, when linked to an
on-line shop floor control system. Upon completion, the user could monitor WI1P inventory built-
ups and re-locate workers to alleviate the problem. The simulator configure a plant layout for
each simulation session, using job and resource information retrieved from the database including
the location of each workstation. Therefore the simulator can model any plant configuration
without input from the user.

4.2 Future Research Work

The system can be further improved and enhaiced. A separate sewing skill prediction
model, for example, could be developed to accurately predict the skill of a sewing worker who
is being switched from one operation to another. The skill prediction model currently
implemented in this system is for workers without prior sewing experience. It could be further
enhanced by introducing operator related factors to the model. A larger data set could also
red- - the unexplained variations in the current skill prediction model. The proposed system is
focused on the planning and scheduling problem in a bundle production system. It could be
extended to a multiple production facility environment, in which different production methods
such as modular and unit production are used. The utility of this system should also be evaluated
for the dual-use production environment where relatively different products such as a mix of
handbags and garrison caps could be manufactured at the samne time.

Additional system applications such as manufacturability evaluation of a product design,
shop floor control, payroll, accounting, and MRP could be implemented and integrated into the
system and share the samie database, leading to the development of a concurrent engineering
environment, in which product and process design activities are closely coupled. The system
could be also greatly enhanced by incorporating production and scheduling expertise into the
system to increase its intelligence and reduce its reliance on the user for, say, manual worker re-
location in response to inventory build-ups on the shop floor.
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1. GENERAL DESCRiPri)N

This manul povideS a gulide of usage of the apparel produICtionl p)'llaning anld schleduling
(APPS) system develop~ed at Florida International University (FIU). Thle user is assumed to have
basic scheduling knowledge such as master prioduction scheduling, detai led production scheduling,
and shop floor control.

The manual is organized inl three chapters. Ani introduction of the system's functionality
and architecture is given inl Chapter 2. With the intrIodcIItionl, thle user is expected to understand
the functionalities supported by and impillemented inl the system. Thle third chapter details thle
operation instructions, which are written according to the systemn menuLs anld supported by thle
system's grap~hic user interface (GUI). With this gulide, thle User shoul.1d be able to runI the APPS
system inl 30 minutes, p)rovided that it is p~rop~erly loaded onl a PC platform.

2. SYSTEM SUMMARY

This chapter summar1,11izes the system inl three sections. Thle first section summarizes the
functions thle system is designed to p-erform. The second section su~mmarizes how thle system
works and, interactions amiong the system components. The third section specifies the system
Conlfiguration1.

2.1 System Funictionis

This system is develop~ed for. p),lanning :1n"d scheduI~ling production bfr anl apparel bundle
mlanuilfactur11ing systeml. It is aimed at beLtter meeting del ivery commitments and promoting long-
term gr*owth o1f both pIlant Cupa),city andIL inldividual worker's sewing skills, This system has thle
capability of' perlorming the following fmnctions:

1) mnanage prod uCtiOnl and mann 11fact Urin~g i niurmIlati on,
2) evaluate thle feasibility of meeting a del ivery date.
3) evaluate and select thle best production method.
4) generate anld ma1intain thle mulster' produLctionl ShedtleM.1
5) generate1 an1d niai ntaiin a C et i ld pro'duIct ion schedulle
6) evalu~ate static prod UCtil on p1alns.

2.2 System Operations

As shown in Figure 1,. the systemn is c:ompoused of eight ma *jor modules: a dlatabase
maniager (DMI)' a sewing skill predictor (SS P), a plant capacity phainocl. (PCP~), a master
preduCIItionl SChedulerCI (MPS), a de~tailed pr-oductionl scheduIlerC (DI'S). a illateliial flow simlullator
(MIFS), a p~roductioilnimethod evaluator (I )M L), and a gpL1301 Iuse interIfa(c (GUJI),
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The database manager is implemented to manage (add, delete and modify) apparel design,
production, and manufacturing information stored in the system with a set of database
management functions including browsing, searching, adding, deleting, modifying, and printing.
The master production scheduling module retrieve job orders from the database and routinely
generate/update the master production schedule, while ensuring sufficient manufacturing rcsources
to meet delivery dates for all jobs and orders. The detailed production scheduling module takes
the master production schedule, routes the jobs through workstations, and assigns sufficient
workers to each workstation. The WIP inventory at each workstation is estimated for each job
on daily basis. During the planning process, the sewing skill prediction model is called upon to
assess the sewing efficiency of each worker at his/her assigned operation type and then estimate
the time-phased plant capacity.

The skill predicti module predicts a worker's efficiency on any given day in training,
with a set of sewing operation related coefficients previously stored in the database. The
coefficients were extracted during the construction of the prediction model prior to
implementation of this system. The material flow simulation module gives the user an effective
tool to evaluate the validity of' the static p)ro)duction plans in a given pIroduction environment.
It providcs a graphic display to show the dynamics of the simulation process and allows the user
to interact with the system and re-assign workers to impro-ve p:roduction flow. During each
simulation session, the user canl coose to view material flow in a physical layout or a logical
layout. The GUI allows the user to manage all data through the database manager, invokes each
system function, and audits intermediate and final results.

2.3. System Conligu rat ion

The system is iiplelnentc(I.! in Paradox in the DOS Windows environlent. The
Micrusoft/DOS 3.1 is used to support the Paradox/Windows 4.5 Database Management System.
The Paradox Engine 3.0 is used as the data cxclange tool. The programming language used to
inplcn lCnt the System i,; 'I'urbio C++ Version 3.0. Tlw computer platform is a Del1/386 PC. It
reqo ires 4M B RAM and a mininium of 30 MB hard disk. An OGA/VGA is required and mouse
is a must.

The system requirements arc: a 1PC/386 or better, 4MB RAM, 30 MB hard disk, an EGA
or VGA monitor, amousc, Paradlux/DOS Windows 4,5 or higlicr, and Il 'aadox Engine 3.0 or
better. An AUTOEFX kC.IBAT file has been prepared to properly installed and set up required
paths. No other speciflic conl i gurat ion is required.

3. OPEIRATION INSTRII(ONS

This chapter includes two sectCions. Tei First section outlines the procedure to initialize
the apparel production planning and scheduiling systeml. The second sect6ii, details the guide I'or
operating the system.
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I System Initialization

The system runs in Microsoft DOS Windows and Paradox Windows environment, It is
recommended that the user first creates a directory in a hard drive for the program, Once in
Paraulox, the user can get to the directory and activates a file called MAINMENUFSL to start
up the system. After the software system is properly loaded to an appropriate computer system
and supported by the Paradox, the user can start the system by just clicking a designated icon
(currently marked as "FIU Apparel Schedule" at FIU), A standard window with a main menu
on the top and a brief introduction will pop up. The layout of the entire menu is presented in
Figure 2.

3.2 Operation Guide

This section is organized according to the proposed menu layout as shown in Figure 2.
Each main menu is described in a subsection with all its sub-menu items. This section has six
subsections highlighting comln lndis under each of the following main menus: Order, Resource,
Knowledge, Schedule, Syst'elnModules, and Exit, The first four menus are designed for database
management. The fiflh menu provides all entrance to each application module; and the last one
is designed for exiting the system,

3.2.1 Order Menu

This menu is selected by clicking the Order icon in the main menu. An Order menu
layout will pop up and several its sub menus are then presented on a new window. These sub-
menus arc: New, Edit, Delete, Print, and Quit. Each is further explained below.

New
It adds a new order and its jobs to the system. Upon selecting this item, the

sy-lem pops up a blank ordc' forn and ask the user to fill up. The new order's ID is
automatically given by the system, but the following cells in the form need to be filled
out by the user: CusIoINte _ id, Order__cdate, ,lobid, Styleid, Due date, Penalty, Color- id,
Sizeid, Quanlity, Finished qpv, 1)ozen __ium1 , Status, Cost, Unitrice, Acceptability,
Idnijuiished(qty, and Commiltted__sobconntratctty. One order may have multiple jobs.
The user needs to fill out each job one at a time.

it is used to mod iiy existing orders:. Any cells excel)pt Ordelid, ad ando)hid can
be Modilfied ill t1he curLrent t'dcr IrloInI.

Ielete
It deletes an existing olrdCr and all its jobs. 'To prevent an order From being

accidentally deleted, a dialogue NIX is providCd which 0s 1.1) alfter this command is
clicked, It vyen'iies the ordetr II with the user bcforc deletion. It should be exercised with
care, bcCause it Canll I10t he re'CoVeld, aft'eTr all rdul' is deleted.
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Print
It sends an order form to a printer, A report of an order is prepared by the

system, and after triggered, the printer will print out the report.

Quit
It returns the control to the main menu.

3.2.2 Resources Menu

The Resources menu has two sub-menus. They are Worker and Wkstation,

* Worker
By selccting this menu item, a window containing a form designed to display

worker's information is shown on the screen. Five buttons are provided in the window
for the user to add new workers and edit existing worker's data. These command items
are:

*'New
It allows the user to add new workers, After this item is selected, the

system pops up a blank worker form and ask the user to fill out. The new
worker's ID is automatically assigned by the system, but the remaining cells are
filled out by the user: Name, ttire_date, Optypeid, Currenl_trainilngdays,
Overtinu'I-10, and Ab~sei:el-5. As a worker may l)ertfoto several operation types,
the formi provides several columns to fill out the worker's skill level in temis of
his/her training days at each operation type.

It modifies the information about workers, one at a time. All cells except
Worker id in the worker form can be modified after this command item is clicked.

L)clete
It deletes an existing worker record. Before any deletion, a dialogue box

will pOP L1) after clicking this item to alert the user. Any deletion can not be
rte'overud.

Print
It gene'rates a print file of Worker information from the database and sends

it to a designated printer.

Quit
It returns the control tO the main menu.

Wkstation
This command item is designed to add (1,ta fIo new workstations and edit existing
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workstation recordis, Five control buttons are providied for the user to accomplish tile
task.

*' New
After this item is selected, the system. pops up a blank workstation form

and ask the user to fill out. The 11) for the new workstation is mutomatically
assigned by the system. The user needi to only fill out the OptypeId cell inl the
workstation form,

Edit
It allows the user to modify existing workstation records, Since thle

workstation ID can not be edited, the only cell the user can modify is Op)typ~e_iii.
By specifying the workstation to be modified, a change, to the operation typ-, 17or
the workstation is made.

Delete
It deletes an existing workstation recordl. After the commandi item is

scec~tcd, a diialogLue box pops up1 to Conflrm1 thle deletion.

*' Print
It send~s the diata from a selectedl workstation form to a printer. A rep~ort

for all the workstations is automatically prIepared by the system and sent to a
pr'inter by thle Prin1t command,11(.

** Quit
It reurnIs thle Control to thle n'lini Illemenu,

3.2.3 Knowledge Mentii

The Knowledg~e menuL consists of tfour sub-menus. T[hey are: Stcanddwcitne,
OperationType, and AMjscell~c, 'ous.

Standard'imue
By selecting this item, thle systemI I)OpU)5 ',I a turIn which inIcludeCs the( informIlationl

about thle standard pr'ocessing time for each operation of each garment style and size.
Pive. control iconis are attachedl to thle C0or11 for thle Luser to add standard prIocessinlg tilme
for new opurations and( edit standardI timle for existing operations". Tihe following
commands are p)mvid(t~ for thle pur~pose.

*' New
It add~s new stand~ard tilinc. Whenlb tis item is selected, thle cu rsor points

to a blank recordl andl ask the user to fillI out. TI i cells in thle record] to be filledI
out a1'e: S~ id, Size, Op Id, andi 5tandard/_iiinu'.
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Edit
It modifies existing records. When this control button is clicked, each cell

in the form can be modified.

Delete
It deletes an existing record at a time according to the user's selection.

Print
When this control button is clicked, a report of standard processing times

for all operations in the current form is automatically prepared and sent to a
printer.

Quit
It returns the control back to its parent menu.

OperationType
When OperationType is selected, a form designed for operation type is displayed

on the screen. Five control buttons are provided on the form for the user to accomplish
the following tasks:

New
It adds a new operation type to the system. When this button is selected,

the cursor points to a blank record and prompts the user for a new operation type
and its attributes. The ID of the new operation type is automatically given by the
system, but remaining data are filled out by the system user. They aree: Name, F1-
17, A, B, C, and Unit cost.

Edit
It allows the user to edit OPTYPE records. Any cells except Optype_id

can be modified after this button is clicked.

Delete
It deletes an existing operation type. A dialogue box will pop up as this

button is clicked to verify the deletion command with the user.

Print
It sends an operation type form to a printer. A report for all operation

types is prepared automatically by the system and sent to a designated printer.

Quit
It returns the control to its parent menu.

Style
When the Style sub-menu is selected, a form designed for Style is displayed on the
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screen with five control buttons for the user to accomplish the following tasks:

New
It adds a new garment style to the system. When this button is selected,

the cursor points to a blank form. It allows the user to key in data regarding all
the operations for the new style. The ID of the new garment style is automatically
given by the system, but the user needs to fill out the following cells:
Root operationid, Optype_id, Operationid, Prevop-idl, Prevop_id2,
prevopid3, and Next op id.

Edit
It allows the user to modify existing data. Any cells except Style id can

be modified when this button is clicked.

Delete
It deletes an existing garment style record. After this button is clicked, a

dialogue box pops up to make sure the right style to be removed from the system.

Print
It sends a style form to a printer. A report for the style is prepared

automatically by the system and sent to a designated printer for printing.

Quit
It returns the control to its parent menu.

Miscellaneous
The Miscell sub-menu is created to update miscellaneous data. When activated,

a form designed for miscellaneous information regarding tie system is shown on tie
screen. Three control buttons are. provided in the form for the user to conduct a number
of tasks:

Edit
It allows the user to modify each cell of the MISCELL table.

Print
It enables the user to generate a report of the miscellaneous infornation.

Quit
It returns the control to its parent menu.

3.2.4 Schedule Menu

The Schedule menu consists of a list of sub-menus. They are: MpslobTable, Mpa;1ob2D,
MpsJob3D, MpsWorker, DpsWorkerWkstation~Job, DpsWipTablh, DpsThrouglhput2D, and
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DpsWiplnventory2D. The first four sub-menus are designed for handling the master production
schedules, the other four sub-menus are designed for managing the detailed production schedules.

MpsJobTable
When the MpsJobTable sub-menu is selected, a form designed for master

production schedule is shown on the screen. This form represents the master production
schedule in the table. Three control buttons are attached to this forn for the user to

accomplish the following:

Edit
It allows the user to edit an existing schedule. Each cell in the form can

be modified.

Print
It prepares a print file as shown on the screen and sends it a printer,

'*Quit

It returns the control to its parent menu.

MpsJob2D
When the MpsIob2D sub mnenu is selected, a form which represents the master

production schedule is shown as a two dimensional bar chart. Only two control buttons
are attached to this fo0m:

Print
It allows printing of the bar chart displayed on the screen.

• . Quit
it returns the control to its parent menu.

MpsJob3D
When the MpsIob3D sub-menu is selected, a form which represents the master

production schedule is displayed with a three dimensional graph shown on the screen.
Only two control buttons are attached to this form:

Print
It allows printing of the graph on the screen.

Quit
It returns the control to its parent menu.

MpsWorker
When the MpsWorkcr sub-menu is selected, a fomi which represents the worker

assignment for the master loduction schedule by week and operation type, is shown on
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the screen. Three control buttons are attached to this form:

Edit
It allows the user to modify the master production schedule.

Print
It provides for the printing capability.

Quit
It returns the control to its parent menu.

DpsWork-er Wkstation.Iob
When the DpsWorkervvkstationJob sub-menu is selected, a form, which represents

the worker assignment in the detailed pioduction schedule by operation type and
workstation, is shown on the screen. Four control buttons are attached to this form:

Edit
It allows the usCr to modify the assignment in the schedule.

Delete

It allows the user to delete a record of the schedule or remove a worker
from a schedule.

Print
It allows the printing of tie fomr on the screen.

Quit
It returns the control to its parent menu.

SDpsWipTable

When the DpsWipTable sub-menu is selected, a form, which represents WIP in
the detailed production schedule by workstation and job in each week, is shown on the
screen. Four control buttons are attached to this form:

*. Edit
It allows the user to modify every cell in the data table.

Delete
It allows the user to remove data from the table.

Print
It allows printing of the table on the screen.

* . Quit

A1-Il



It returns the control to its parent menu.

DpsThronghput2D
When the DpsThroughput2D sub-menu is selected, a two dimensional bar chart

which represents daily throughput as estimated in the detailed production schedule by job
and workstation is shown. Two control buttons are provided:

Print
It prints out the bar chart on the screen.

Quit
It returns the control to its parent menu.

DpsWiplnventory2D
When the DpsWipli'entiory2D sub-mcnu is activated, a two dimension bar chart

representing the daily inventory level of each job at each workstation as estimated in the
detailed production schedule for the current week is shown. Two control buttons are
provided:

Print
It prints tne bar chart on the screen.

Quit
It returns the control to its parent menu.

3.2.5 SystemModules Menu

The SysteinModules menu prov ides an entrance to the application modules, which include:
Master'ProductionScliedluhr, DetailedProdtctionSchedu ler, SewingSkillPredictor, and
ShopFlowSinulator

* MasterProduc,'i Sch edluler

It invokes the master production scheduling module. It can be activated only after
all product, production, and manufacturing resources data are available.

* DetailedProductionScheduhlr

It activates the detailed lNrodaction scheduling module. This scheduler is usually
activated after a master production schedule is prepared.

• SewingSkillPredictor

It activates the skill prediction module which charts up the learning curve for each
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operation type and predicts skill proficiency for estimating plant capacity during master

production scheduling.

ShopFlowSinmlator

It invokes the simulation module to validate static production schedules. It has
the following sub-menus: Task, Assignment, Wstation, Tree, and Exit.

Task
It displays the tasks scheduled in the MPS module for the current week,

Assignment
It shows the worker assignment to workstation and job as scheduled by

the DPS module.

Wstation
When activated, it generates workstation's layout using six sub-menus: A.

Assign, H, Assign, Forecast, SpeedUp, SlowDown, Help, and Quit. Such a layout
is shown in Figure 3. The user can view changes iii workstation status by clicking
Simulation button. It allows the user to change worker assignment if H. Assign
item is selected. The command items are detailed as below:

A. Assign:
It coordinates a simulation session in which the system

automatically re-assign workers as a need is identified.

11. Assign
It coordinates a simulation session which allows the user to relocate

workers to a different workstation and updates all changes during the
process. For example, when a worker is moved to a new station, the
efficiency may change due to a different operation type. When all workers
in a workstation are idle, the color of the workstation will turn into red to
alert the production manager to interact with the system and assign
workers to elsewhere. Thus the worker's record is partially modified and
the worker's representation on the screen is updated, and the simulation
will be run under the new worker assignment.

Forecast
It triggers a simulation session and shows the physical layout of

workstations, worker assignment to workstation, and worker assignment to
job. It also shows worker skill level at the assigned workstation and the
dynamic change of WIPs and the color of workers' icon representing the
current skill level of each worker. The raw materials and finished good
inventory level for the simulation session are also shown on the screen.
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Quit
It returns the control to its parent menu.

Tree
When activated, it shows the operation tree for each job. Once selected,

the user is asked to input the job ID for which the logical layout to be viewed.
The mnenluL consiSts of the following sub-menus:

It allows the user to move up the logical layout of a operation tree
for a job.

*** Down
It allows the user to move down the layout.

Left
It moves the layou! to the left.

Right
It moves the layout to the right.

** Larger

It enlarges the layout.

**' Smaller
It scales down the layout.

Text
It allows the user select and workstation in the layout to see a

detailed textual description of the workstation. When a workstation is
clicked, a text screen pops up with the following workstation related data:
1) workstation ID, 2) the operation type assigned to the workstation, 3)
workers' ID and name, 4) current sewing efficiency at this station, 5) job
IDs, and 6) bundle ID & sizes. The text window is removed and the
layout is resumed by pressing the ESC key.

Zooni
The command item allows the user to zoom in a selected

workstation. By clicking this item and then a workstation icon in the
layout on the screen, the selected workstation is enlarged to better see the
details of the station. The station is scaled back by pressing the ESC key.

Forecast
It starts a simulation session with the current layout and up to the

AI-15



moment data. It shows the layout, worker to workstation assignment, and
worker to job assignment. It also shows worker's skill level at each
assigned workstation and the time-phased changes in WIP levels and
worker assignment at each station.

,°, Quit
It returns the control back to its parent menu.

Quit
It returns the control back to the menu.

3.2.6 Exit Menu

This control item has not sub-menu. The only command is Exit, which ends the system
session and returns the control to the Microsoft Window.
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1. GENERAL DESCRIPTION

1.1 Purpose

This Software Requirements Specification for the apparel
production planning and scheduling system (APPSS), developed at
Florida International University on the research project entitled,
"A Study of the Production Planning and Scheduling Problem in the
Apparel Manufacturing Industry" under the project number (DLA900-
91--C-1481), is written to provide:

a. a base for mutual understanding between the developer and the
customer, and

b. a basis for the development of software system tests.

1.2 Project Reference

"A Study of the Production Planning and Scheduling Problem in
the Apparel Manufacturing Industry," a final technical report,
(Contract #: DLA900-91-C-1481), Defense Logistics Agency, March,
1995.

2. SYSTEM SUMMARY

This chapter provides a summary of the system. The background
is given in the following section, followed by a description of the
objective in section 2.2 and a definition of the system in section
2.3. An identification of computer programs is provided in section
2.4. Major assumptions and constraints for the system are listed
in section 2.5.

2.1 Background

Most apparel manufacturers, especially small and medium sized
companies, engage in make-to-order production. The production
planning and scheduling practice of a make-to-order is quite
different from make-to-stock production because the survival of
such a company depends solely on its flexibility and ability to
quickly respond to an order inquiry. When an order is being
considered, two important questions need to be promptly answered.
They are 1) the likelihood of meeting the deliverý date and 2) the
manufacturing cost incurred by the order.

The domestic apparel manufacturing industry has been facing
stiff competition from its overseas counterparts, the apparel
industry is fighting an uphill battle. One factor which will work
toward the advantage of domestic apparel manufacturers is their
proximity to quickly respond to the changes in the Market place. In
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fact, quick response and flexibility have been considered an
important strategy to the survival of this industry. Many efforts
such as unit production, modular manufacturing, and CIM
appilications to this industry are aimed at achieving this goal.

The application of quick response concept requires a "quick"
system to estimate the manufacturing lead time of potential order,
develop an accurate production plan and schedule, acquire
production resources. manufacture, and deliver the order promptly.
At this preliminary decision-making stage of accepting an order,
however, it is difficult to accurately generate a detailed
producti"on plan, manning schedule, and estimate the cost to meet a
delivery date. The level of difficulty increase in a situation
where large increase in production is required over a short period
of time and the company must substantially increase hiring and
training activities. This situation commonly occurs when a small
apparel manufacturer accepts a contract to produce military
apparel. Without accurate production plans and estimates, severe
delay in delivery and excessive manufacturing cost may result.

There are several factors contributing to this difficultly.
Delays on the materials delivery, high employee turnover, and
static production planning methodology are common problems. In
additions co these, an accurate estimate of the production c-ua-pcity
is another serious problem. Since the ability to changre styles
quickly is important to a make-to-order company, it has Lo rely on
general-purpose machines to maintain its flexibility. Therefore
extensive hiring, training, and retraining activities are required
whenever there is a significant change in garment design or in
production quantity. It is hard to measure production capacity in
this type of environment. Also the limit of training capacity and
the learning effect on production capacity over time are frequently
underestimated.

Currently the production planning and scheduling practices do
not fully address the impacts of production sequence and training
effects on production capacity. These factors usually make a
significant contribution to the delay and cost increase. Take the
example of balancing a garment production line. conceptually
balancing a garment production line is quite simple. We determine
what tasks are required to completely assemble one unit of garment
and then divide up the tasks among the workers nearly equally so
that all of the tasks get done. Because the work is nearly equally
divided among the workers there is little worker idle time. And
therefore theoretically it is a good approach. It. is a good
approach only on the assumption that there is no learning involved
and every worker operates at a constant efficiency level. It can
not be applied in a new situation where a great amount of training
and retraining activity is required to cope with dramatic changes
in garment styles or a sharp increase in production volume in a
short period of time.
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Apparel manufacturing firms frequently have trouble meeting
delivery ommitments for finished products. The trouble may be
caused by unexpected absenteeism, equipment breakdown, or delay in
receiving raw materials. To the apparel manufacturing industry,
these are common situations. Most managers in well run firms are
able to establish production schedules which allow for these
factors. A firm can use past experience to produce a fairly
reliable production schedule if the firm accepts an order for a
product which is similar in style to its current production, and
the size of the order and delivery date are such that the current
work force can handle the production.

In situations where there is a radical change in style or
there is a requirement for a significant increase in production
over a short time period, even well managed companies frequently
have difficulty in establishing an accurate production schedule.
These two situations require extensive training or retraining of
machine operators. Apparel manufacturing firms do not have an
effective way of incorporating the effects of these training
production capacity is quite significant. For example, it may rake
more than 16 weeks for a new fire to reach 100% efficiency on some
sewing operations, requiring a high degree of skill.

Realistically, in a production line manned with a high
percentage of operators with low proficiency, a momentary balance
due to the difference in learning speed of each operation. In order
to solve this problem, one notion could be re-balance it again by
shifting the operators around. This will not solve the problem
because it again will require training, and the operators being
shifted will have to start with very low proficiency. On the
contrary, it complicates the problem, causes further delay and
costs more. For such a situation, a new look at the lin(- balancing
is necessary.

Basically what we have discussed are production planning and
scheduling problem, although not traditional ones. To solve these
problems, there is a need to investigating the relationships and
interactions among those actors contributing to these problems,
develop a methodology, and implement it in a computer as a planing
and scheduling system. This system, taking into account the factors
discussed above, would be a tool for quickly estimating the
feasibility of meeting a delivery deadline and manufacturing cost
in response to an order inquiry at the stage accepting an order. It
would be a tool for generating a realistic production plan and
measure the level of reliability of this plan at the t age of
production planning and scheduling. Due to the interactivý nature
of these factors, these problems must be treated and solved as an
integrated problem. When developing a solution to this integrated
planning problem, one way of doing it is dividing this problem into
a number of smaller problems, solving them separately, and then
piecing them togethier again.
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2.2 Objectives

This project proposed to develop a solution technique for the
production planning and scheduling problem in the apparel
manufacturing industry, to maximize the profit while meeting job
due date and other constraints. The technique was implemented into
a hierarchical production planning and scheduling system which
performs the following functions:

1) manage apparel product, production, and manufacturing
information.

2) evaluate the feasibility of meeting delivery commitments.
3) select the best production method.
4) generate a master production schedule.
5) generate a detailed production schedule
6) evaluate the static production plans.

2.3 System Definition

The architecture of the proposed system is shown in Figure 1.
It contains the following modules: a graphic user interface, a
database manager, a production method evaluator, a sewing skill
predictor, a capacity planner, a master production scheduler, and
detailed production scheduler, and a material flow simulator.

The system relies on many apparel product, production, and
manufacturing data. The database manager manages these data and
provides typical database functionalities to operate the system
such as browse, search, add, edit, delete, print. The master
production scheduler generates a weekly production plans and can be
used to evaluate the feasibility of meeting the delivery date of
a new order. If it can not be schedule on the master production
plan within the due date, the order should not be accepted. The
production method evaluation module evaluates a variety of
production methods for a given order. It provides the input for
the user to select the best production method. However, the
current system is focused on the bundle production method.

During master production scheduling, the sewing skill
prediction module is routinely colled to estimate worker's skill
proficiency at the assigned operation type and the plant capacity.
When the current capacity cannot meet the production, the capacity
planning module is activated to select additional short term
resources. The detailed production scheduling module takes the
master production schedule and other required data from the
database and generates a detailed production schedule. The
material flow simulation module is then used to validate the
production plan to further ensure its validity under a dynamic
production environment. The simulation module retrieves the most
up to date data from the database and allow the user to re-assign
workers to different stations to smooth the material flow.
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2.4 Computer Program Identification

This section lists major computer programs implemented in this
study to implement the proposed system. Each of them is assigned
with a unique identifier in this report, which is a sequence of
numbers and letters indicating the module it is created for.

2.4.1 Programs for the master production scheduler

IMPS01: CommiLedSubQty
2MPS02: FinishedQty
3MPS03: GetAllOptype
4MPS04: GetAllWorker
5MPS05: GetCurrWeek
6MPS06: GetJob
7MPS07: GetStyle
8MPS08: IsOverTime
9MPS9: Mps
1OMPSI0: Recover~iniQty
llMPSil: Se)ectStime
12MPS12: SelectWorker
13MPSl3i Umps
14MPS1I: UpdateCurrTraiii
15MPS15: UpdateFiniQty
16MPS16: UpdateThisTrain
17MPS17: UpdateUmpsWk
18MPS18: UpdateUmpsDB

2.4.2 Programs for the detailed production scheduler

19DPSO1: GetOperld
20DPS02: IniJobTask
21DPS03: IniUpperBound
22DPS04: InputData
23DPS04: JobIndex
24DPS06 OperationIndex
25DPS07 OperationTypeIndex
26DPS10: ToDpsJWk
27IDPSII: Workerlndex
28DPS12: WorkerRank
29DPS13: WorkerAssignJob
30DPS14: WorkerAssignOp

2.4.3 Programs for the simulator

31SC01: JobTree
32SC02: OneWorker
33SC05: ShowOperation
34SC06: ShowOnu•Operat iun
35SC07: ShowTree
36SCI0: SimMenu
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37SClI: Simulation
38SC12: TextOper
39SC13: WeekTask
40SC14: WhichWorker
41SC15: WorkerPost
42SC16: ZoomOper

2.4.4 Programs for the skill prediction module

43SKILL01: NonLinearFun

2.5 System Assumptions and Constraints

The following major assumptions and constraints are identified
for the system.

1) Only bundle production method is considered in this study.

2) The apparel inanuLacturing firm is engaged in assemble-to-order
production. In other words, no cutting, pre-asseibLly, and
assembly production activities are used to smooth production
levels.

4) Job orders are relatively small and thus short prodution runs
are the norm.

5) General purpose machines are used. Production resources such
as srwing machines are assumed sufficient but the plant
capacity depends on the sewing workers.

6) Workers have multiple sewing skills. However, the skill at
each operation type varies, depending on the amount of
training received for each operation type.

7) The capacity and efficiency of one workstation thus depends on
the nominal capacity of the station and more importantly the
sewing skill of individual workers assigned to the station.

8) The management may rely on frequent re-assignment of workers
to different, workstations to smooth the material flow.

9) Jobs and orders may be accepted at any time and thus he
scheduled at any time.

10) Each job is assigned with a due date and penalty as set by the
customer during ordering. No penalty for early finishing and
delivery.

11) Each job is known of its operations, standard time, and
operation sequence.
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12) Plant capacity is know in terms of the momentary skills of
each worker at each operation type. The capacity of
additional resources such as subcontracting is also known in
the same fashion.

13) A workstation may have a number of machines and can
accommodate a number of workers. Several jobs may be routed
to one workstation. But each workstation is assigned to
perform only one operation type at any given time.

14) A job may visit workstations in any predetermined sequence, as
many stations as the number of the operations. But no job is
allowed to visit a workstation more than once.

3. SYSTEM ENVIRONMENT

This chapter is organized into four sections. The required
equipment environment is dufined in the next section, followed by
a description of the support s;oftware environment in section 3.2.
The interface and the data security issues are detailed in sections
3.3 and 3.4.

3.1 Equipment Environment

The operations of this system requires the following hardware
as described below:

Hardware Description/Coiment s

Computer PC/386 or higher.
RAM 4MB.
Hard disk 30MB at minimum.
Video monitor VGA or higher,
Mouse required.
Printer required.

3.2 Support Software Environment

This system also requires support of the following software
packages.

Software Packages Description

Microsoft Windows Version 3.1 or later.
Data Management System Paradox/DOS Windows 4.5 or later.
Data Exchange tool Paradox Engine 3.0 or later.
Prograimning Language Turbo C++ 3.0.
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3.2 Interfaces

This section describes the user interfaces provided with the
system. As shown in Figure 1, the user interfaces with this system
through the following interfac? designs:

Inter0l: interface with the database;
InterO2: interface with the production method evaluator;
InterO3: interface with the feasibility evaluation module;
InterO4: interface with the master production scheduler;
InterO5: interface with the sewing skill predictor;
InterO6: interface with the detailed production scheduler;
InterO7: interface with the material flow simulator;.

3.4 Security and Privacy

This section specifies tlbe input and output of each system
module and the security and privacy restrictions associated with
the data being handled.

The database is the heart of the system. All the modules lieed
to retrieve data from the database; and in turn they also update
the database, change some fields of some tables in the database.
The information flow may also occur between modules. In the data
exchange process, some conflict may happen if data was manipulated
improperly. Some privacy restrictions must be provided. They are
summarized in the following subsections.

3.4.1 Database

The database was designed physically with several tables
which can be classified by Order (ORDER, JOB) , Resources (OPER,
WORKER, WS, WK_OPTP), Knowledge (MISCELL, OPTYPE, STIME, STYLE,
STYLEOP) , and Schedule (DPSJ WK, DPS_WIP, UMPS, UMPS__WK)

3.4.1.1 order related data

1) ORDER: (Order_id, Customer-id, Orderdate)

This table stores customers' orders. It stores order ID,
customer ID, and order arrival date. These three attributes
decide one unique order.

Restriction:
No restriction is applied to this table.

2) JOB: (Jobid, Orderid, Styleid, Due date, Due-wee]k, Punalty,
Colorid, Size id, Quantity, Finished_qty, Dozenjnum,
Unit price, Status, Cost, Subcontract, Acceptability,
Committed subcontractqty, Inifinished qty)
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This table captures the information about jobs. The
attributes of a job incltide its ID, the order it belongs to,
the style ID indicating the tree structure of operations for
making this garment, the due date assigned to the job, the due
week, translated from the due date, penalty, color ID, garment
size, quantity, finished quantity (quantity finished up to the
current week), bundle size, unit price, job status (new,
finished, in process), manufacturing cost, the maximum amount
of subcontract the job is allowed, the committed amount of
subcontract, and the acceptability of the job.

Restrictions:
Each job has a unique job ID in an order. It is given

automatically by system. Dueweek must be later than the
Currweek in MISCELL table. Status and Acceptability can not
be edited by the user. It can be updated by the master
production scheduler, usually done once a week.

3.4.1.2. resources rel& ed data

1) OPER: (Operationid, Optype id)

This table stores the operations and their operation
type. All the possible operations of the apparel plant are
defined in this table.

Restrictions:
Operationid is the key. It is generated by the computer

program. It can not be changed by the user. The Optype_id
must be one of the same as the one in the OPTYPE table.

2) WORKER: (Workerid, Name, Hire_date, Overtimel, Overime2,
Overtime3, Overtime4, Overtiw5, Overtime6,
Overt ime7, Overtime8, Overtime9, Overtimel0,
Absencel, Abcence2, Abscence3, Abscence4, Absence5)

This table captures the attributes of workers. The
attributes are worker's ID, the worker's name, his/her hire
date, and a maximum of ten days available for overtime, a
maximum of five planned absence days.

Restrictions:
Every worker has an unique Worker-id, which is the key.

It is generated by a computer program. All the attributes
except Workerid can be added and edited by the user. The
number of characters in the Name must be less than eight. The
overtime and absenteeism can be retrieved only by the capacity
planning module.

3) WKOPTP: (Worker id, Optype id, ni _efficency,
Ini-traindays, Currefficiency, Currttraindays,
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This-train_status)

The skill level of a sewing worker may be different at a
different operation type. It is assumed to be dependent on the
number of training days at the operation type. This table
stores the worker's initial training days (when the worker was
hired), the initial efficiency, the current training days, the
current efficiency, and this week's training status at a g -ren
operation type.

Restrictions:
The combination of Workerid and Optype_id is the key.

All the attributes except This_train-status in this table can
be added and edited by the user. Thistrainstatus can be
changed only by the master production scheduling module and
the material flow simulator.

4) WS: (Wkstation_id, Optype id, Max workers, Max-inventory,
Positionx, Posit iony)

The table stores the workstation ID, optype ID, maximum
production capacity of hte workstation, maximum inventory
level, position x, and position y. The positions x and y are
used to define the workstation's location in the layout.

Restrictions:
The workstation_id is the key. All attributes except

workstation-id in the table can be added and edited by the
user.

3.4.1.3 production knowledge

1) MISCELL: (Application-levle, Currweek, Daysin week,
Ini day, Overtime, Newhire, subcontract,
daysinweek, Hoursinday)

This table captures miscellaneous information required
for the operations of the system. The information do not
belong to any entity. Current--week records the current week
according to the system calendar. Daysinweek keeps track of
the number of working days in a week, which is generally five
days. Hours in day denotes the number of work hours each day.
It is assumed to have eight work hours a day for a single
shift operation.

Restrictions:
No key is used in this table. The Applicationlevel has

only two values: 0 and 1. Only the Master production
scheduler can change the value of Currweek when the value of
Application-level is 1. When it is set to 0, all the
attributes in this table can be edited by the user.

A2-11



2) OPTYPE: (Optype-id, Name, Fl, F2, F3, F4, F5, F6, F7, F8,
F9, F10, F11, F12, F13, F14, F15, F16, F17, A, B,
C, Unit-cost)

This table captures all possible operation types which
the apparel plant can do. For each operation type, it has a
name, seventeen operation variables (FI-F17), and three
predictors (A, B, C), which are used by the skill prediction
module to estimate worker skill at an operation at any given
time.

Restrictions:
Every operation type has an unique Optype_id and NVame.

The Optype id is the key. The operation variables and skill
predictors can only be retrieved by the sewing skill
predictor. All attributes except Optypeid in this table can
be edited by user. It is automatically generated by the
computer program.

3) STIME: (Stylejid, Size, Op id, Standardtime)

Standard processing time can be decided only when the
style and the garment size are given. This table stores the
standard processing tim(, of all combinations of style, size,
and operations.

Restrictions:
The combination of Style'id, Sizeid, and Op_id is used

as the key of this table. These three attributes can be
edited. Standard_time can be retrieved by the master
production scheduler, the detailed production scheduler
module, and the material flow simulation module.

4) STYLE: (Style_id, Root-operation-id)

Style is an attribute of jobs. It captures the root
operation of the garment style and can be used to retrieve all
other operations required for this style. The operation
structure and sequence constitute a style and represented by
the root operation. Once the root operation ID is given, all
operations and their sequence can be found through the table
STYLEOP.

Restrictions:
Style id is the key and is generated by the computer

program. The Root operation_id can be added or edited by the
user.

5) STYLEOP: (Style-id, Operacion_id, Prevop_idl, Prevopjid2,
Prevyopjid3, Next opjid)
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For every combination of operation and style, there
exists a number of preceding operations and one subsequent
operation. This means that several components are allowed to
be assembled into one sub-assembly or assembly. The maximum
number of preceding operations is currently limited by three
in this system.

Restriction:
The combination of Styleid and Operationid is the key.

All values of the attributes can be added and edited by the
user. Prev op idl, Previd2, Prev id3, and Next opjid can be
retrieved by the master production scheduler and the detailed
production schedule module

3.4.1.4 schedules

1) DPS_J_WK: (Day_id, Wkid, Optype_id, ws_id, Job_id)

This table stores the detailed production schedule and
its attributes of worker ID, operation type, workstation ID,
and job ID, and the expected daily throughput of this worker.

Restrictions:
The combination of )ay-id, Wk id, Optype_id, Ws id, and

Job__id is the key. All the attributes are updated by the
detailed production scheduling module or the material flow
simulation module. Throughput can be read and edited by the
user and the simulation module.

2) DPS_WIP: (Day__id, Wsid, Job-id, Wip-in, Wip-out,
wipinventory)

This table captures a part of the detailed production
schedule indicating the total WIP inventory at beginning and
at the end of each day by workstation and by job.

Restrictions:
The combination of Day_id, Ws_is, and Jobid is the key.

All attributes are updated by the detailed production
scheduling module and the simulator. The user can edit
Wipin, Wipout, arid Wipjnventory.

3) UMPS: (Week-id, Jobid, Throughput)

This table stores the master production schedule, which
stoxes the planned throughput of each job in each week within
the planning horizon.

Restrictions:
The combination of Weekid and Jobid is the key. All

attributes are updated by the master production scheduling
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module. They can also be retrieved by the user and the

detailed production scheduler.

4) UMPSWK: (Week_id, Worker_id, Optype_id)

This table also stores the master production schedule
which captures the worker assignment by operation type.

Restrictions:
The combination of Week.id, Workerid and Optype__id is

the key. Al attributes are updated by the mater production
scheduling module. They can not be edited by the user and
other application modules.

3.4.2 Master production scheduling module

1) Input data:
Curr_week , Days_in-week, Hoursin-day from MISCELL table;
Jobid, Style-id, Due_week, Penalty, Size_id, Quantity,
Finished.qty, Dozen_num, Unitprice, Status, Cost from JOB
table; Workerid from WORKER table; Standard_time from STIME
table; Operationid from OPER table; Optypejid from OPTYPE
table; Preyopjidl, Prev op_id2, Prev op id3, Next-op-id from
STYLEOP table; Curr efficency from WKOPTP table.

2) Output data:
Status, Finishedqty, AcceptabilitL c TOP table; Curr_week to
MISCELL table; Currtraindays, i'histrainstatus to WKOPTP
table; Day id, Wkid, Optype id, Ws id, Job-id, Throughput to
DPS_JWK table; Week_id, Job_id, Throughput to UMPS table;
Weekid, Worker_id, Optype id to UMPSWK table.

3.4.3 Detailed production scheduling module

1) Input data:
Curr week Daysin-week, Hoursin day from MISCELL table;
Jobid, Throughput trom UMPS table; Dozen_num, Style.id,
Size id from JOB table; Root.operationid from STYLE table;
Prevopidl, Prev_opid2, Prev_opid3, Next_opid from
STYLEOP table; Operationid from OPER table; Worker_id,
Optypeid from UMPSWK table; Standardtime from STIME table;
Iniefficiency, Curreff3 ency from WKOPTP table.

2) Output data:
Dayid, Wk_id, Optype-id, Wsid, Job_id, Throughput to
DPSJ WK table; Dayid, Ws-id, Job_id, Wipin, Wipout,
Wip-inventory to DPS_WiP table.

3.4.4 Sewing skill prediction module

1) Input data:
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Initraindays, Curr train days, Fl, F2, F3, F4, F5, F6, F7,
F8, F9, F10, FIl, F12, F13, F14, F15, Fi6, F17, A, B, C from
OPTYPE table.

2) Output data:

Iniefficiency, Curr efficiency to WKOPTP table.

3.4.5 Plant capacity planning module

1) Input data
Curr_week from MICELL table; Subcontract from JOB table;
Overtimel, Overime2, Overtime3, Overtime4, Overtim5,
Overtime6, Overtime7, Overtime8, Overtime9, OvertimelO,
Absencel, Abcence2, Abscence3, Abscence4, Absence5 from WORKER
table.

2) Output data:
Finished qty, Committedsub, Acceptability, Status to JOB
table.

4. DETAILED CHARACTERISTICS AND REQUIREMENTS

This chapter defines and specifies system performance,
functional and operational requirements, design constraints and
standards necessary to ensure proper development and maintenance of
the system.

4.1 Specific Performance Requirements

This section is used to describe the specific performance
requirements to be satisfied by the system. There is no specific
performance requirement defined for this system. The system can
carry out each application module within a reasonable computer
time. The skill prediction model can estimate skill efficiency
within 10%, according to the test data collected.

4.2 Computer Program Functions

This section describes the individual functional requirement
of each program identified in Section 2.5. Under each application
module, each program is identified with its function name, a
program description, a syntax description, and remarks including
its functional and the performance requirement, and its
relationship with other functions.

4.2.1. Master production scheduling functions (1-18)

1. CommitedSubQty

Description Writes a integer value to JOB table.
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Category MPS function
Syntax void CommitedSubQty( int job-id, int quantity);
Remarks Updates Committedsub field of the record which the

value of Job-id is equal to job_id in JOB table,
no return value. It is a sub-function of Mps.

2. Finishedpty

Description Preserves Finished qty of JOB table
Category MPS function
Syntax void FinishedQty(int job_id[], int jobnum);
Remarks This function searches for the jobs which the value

of Job id is equal to jobid, preserves the value
of Finishedqty into ini_finished_qty, so that when
the value of Finished-qty is updated by
UpdateF'iniQty(), its value still can be retrieved
from Ini_finishedqty. No return value. It is a
sub-function of Mps.

3. GetAllOptype

Description Retrieves all operation types from OPTYPE table
Category MPS function
Syntax #include "optype.h"

int GetAllOptype(Optype *& alloptype)
Remarks GetAllOptype opens the OPTYPE table, retrieves the

value of all the record into an array which is
poiuted by all_optype.
Optype is a C++ class which is defined in optype.h:
class Optypet
private:

int optype_id;
double a;
double b;
double C;
double f[17];

public:
Optype ();
-Optype (;

void SetId(int a optypejid);
int GetId();
void Seta(double a a);
double Geta();
void Setb(double a b);
double Getb);
void Setc(double a-c);
double Getc);

1;
The number of record retrieved is returned, if this
procedure is failed the return value is less than
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zero. This function is a sub-function of Mps.

4. GetAllWorker

Description Retrieves all available workers from WORKER ta1 le
Category MPS function
Syntax #include "worker. h"

int GetAllWorker(Worker*& allworker);
Remarks This function opens the WORKER table, retrieves all

the record into an array which is pointed by
all_worker.
Worker is a C++ class which is defined in worker.h:
class Worker{
private:
int worker_id;
int trainingdays[MAXNUMOPTYPE];
int lastoptype_id;
int curr_optype_id;
int overt [MAXNUMOVERTIME];
int abse[MAXNUMABSE];
int avail;
public:
Worker(int a_workerid);
Worker ();
-Worker();
void Setld(int a workerid);
int Getld();
void .etTrainningDays(int a optype, int a-days);
int GetTrainningDays(int a optypej,
void SehLastOptypeId(int a-last_optype_id);
inmt GtLastOptypeId()
void SetCurrOptypeId(int acurrcptype_i9);
int CetCuriOptypeId );
zoid SetOvert(int a index, int aweek);
int GetOvert(int a_index);
void SetAbse(int a index, int a__week);
int GetAbse(int a-index);
void SetAvail(int a_avail);
int GetAvail();
double OptypeEff (int optype id, Optype optype II])

This function returns the number of worker
retrieved, if the procedure fails, it returns a
value less than zero. It is a sub-function of Mps.

5. GetCurrWeek

Description Retrieves a integer from MISCELT, table
Category MPS function
Syntax int GetCurrWeek(void);
Remarks This function retrieves the value of Currweek from
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MISCELL. Return the value of Curr-week. It is a

sub-function of Mps.

6. GetJob

Description Retrieves all jobs' information from JOB table
Category MPS function
Syntax #tinclud~e "job.h"

Job& GetJob(int job idi]);

Remarks Getiob opens the JOB table, searches for the jobs
which the Job-id equals to job-id, returns the
value of Style-jd, Due-week, Size-id, Quantity,
Finished~qty, Subcontract, Dozen_num. It is a sub-
function of Mps. Job is a class, the structure
class Job(
private:
jut job~id;
Style* style;
mnt due__week;
mnt size-id;
int quantity;
mnt firisised-qty;
mnt sub...qty;
int dozen -nuin;
mnt status;
public:
Job ()
-Job()
vuid SeLJobIc1(int a~jobjid);
mnt GeLJobld()
void SetStyle(Style*);
void GetStyle(Style*&);
void SetDuevqeek(int a_due week);
mnt GetDueWeek();
void SetSizold(int a..style~id);
mnt GetSizeld()
void SetQty(int a~quantity);
mnt GetQty ()
void rSet~inishedQty (inL ra_f inishedtqty)
mtL Getr'inishedQty()
void SetSubQty(int a~sub~qty);
inL GetSubQty();
void SetDozenNum(int a_dozen_nurn);
int Gc~tDozenNum();
void S(ýtStatus (int a__status);
jut GetStatus ()

void SetStimeo;
int Decomposition(int qty, double stime[ );
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7. GetStyle

Description Retrieves styles from STYLE table
Category MPS function
Syntax #~include "style.h"

Style& GetStyle(int style~id);
Remarks GetStyle opens the STYLE table, searches for the

style that the Style_id equals, to style-id., then
returns all the information of the style, including
IPrev~op~idl, Pi-ev~opjd2, Prev~opjid3, Next-op-id.
it is a sub-function of Mps. Style is a class whi-ch
has a subclass Opsty].e, their structure are shown:
class Style
private:

int stylejid;
Opstyle *root;

Sp S ty..e_ *op_ style_array;
mtI OP.-- Lyl e-Iiuil;

public:
Style();
Style (mlt J-_stylcid.)
-Style ()
void Setld(int atl~d
i uL- G utLid (
void SetRuoot(OpStyle*k
void GceRout (0pSty~le*&)
void SeuLwiOpStyle (int)
iiiL GcLNuitOpStyle ()
void -;(-AOj)Syl(-Array (OpStyle*)
OpStyle* GctLOpStyl eArray ();
void Mid'P-avel (Opstyle* a-OPStylc, Opstyle

opstyle] int& ii)

void Allopltype (inuL Lypelist. [I , int& n)

clas,.. OpSLyle
pr iv ant. :

int opjid;
Opstyle *prevl, *b)rev2, *rprev3;
OpStyle *HC(-XL;
float sie

public:
OpStyle();
OpStyle(int aopid);
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Description Recover the updated Finished-qty in JOB table
Category MPS function
Syntax #include "pcengine.h"

void RecoverFiniQty(int job idlil, int jn);
Remarks Parameter is aln array which stores the job I~s that

the Finished_qty need to be recovered, in is the
job number. Th1.is function opens the JOB table,
allocates thu jobs, restores the -value of
lIni_fiuishPed_qty to Finished~q(.y, please refer to
the funct~ion FinishedQty.
lRecover~iniQty is sub-function of Mps, no return
value.

11. SelectStime

Description Pick the most. urgent. operation type
Category MPES funictionl elewenlt
Syntax jut Sulecto"tiiite (doublu stLiwe i] t sui)
Remarks Sulect"St~iine tsearchesu: tuo the largest value ill array

st.iine wlujcli aias :_iin double elemenits , and returns,- the
index. This fuuuctioxu is a subiLunut ion of ilU~qips

12. 8jelectWorker.

Description Pick the motiut efficient worker
Category Mrs function
Syntax Ihiliclude "workui.h1"

mnt Seetokr(okrworker I ], hit wn , ..11t

Remarks oulc~okrsarches, for thu most e3ffLicienlt- worker'
vallu0 inl arra,,y worker: Which hasIL wn Worker
elemeiits ,and re t urns the;L index . Refer to
GeLAllWorker uxciuilL'iun for the detinition of class
Worker. 5ieluctWorkevI isl aI 'Ub-tfulctinn of Uwps,.

Description Assiqins workers, to each oprtintype
Category M's Lunlctioni
Syntax 1#iiicludle "worker..hu"

41 include, "OpLype .11
int Umlps ( double o time [l], nt Sn , Worker,(Ii worker [ ]
jutL. wxu, Opt (ypo optype[j] , it. capacity-level , iiit
cuirr__wueek

Remarks TPhie coze ra qe (uiiai:Itiy that should be finished in
currentl week i;trantsferred to sthandard timie of
each operatioii type which is stored in an array
st imie, sni 1 the nmitber otL elements in the array
whiich it: the number of operat1. ioxi type. All
available worker isý stored inl another array (worker)
t~hat has Wi celofllei-t_,, the informnation of ea:c-h
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operation type is stored in the array optype, the
capacity level of current week is also need to be
set. Umps tries to assign available workers to
each operation type to see if available workers can
finish required standard processing time in current
week under the capacity levle. Umps returns -1
when some stime elements are not zero but no
available workers left, in this case, the
estimated standard processing time is more than the
standard time that workers can tinish . Umps
returns I when all the stime elements are equal to
zero, but some workers are still available, in this
case, the estimated standard time is too small.
Umps is a sub-function of Mps.

14_. UpdateCurr']rain

Description Updatle CurLr_train days n11 WK_OIPTP table
Category MIPS function0
Syntax void UpdaLeCurrTraii(it cuart_week)
Remarks UpdateCurr'irain openis the WK_OPl'T table, updates

the Curr_t.rain_days according to Curi-_trainday-4
and This_train_status. If the worker is assigned to
one opei1tioii type, the Currtraindays of this
worker wil1 increase the value stored in
Days_ini_w ek ini MICS'LL table one week later. No
retLu rn ya 1 VLI . Updit 0-71 irr'1'ra i.ii .: a 1ul).-flinclctiiol of

Description Updates u ViniLslicd__qty in J)OB t1adhe
Category MI'S nu(ct inn
Syntax void Upda t] N.i.iiiQty ( ii. , j obl [i I], i iit n , i.10'

qg'y I]) ;
Remarks UpdateL'iniQty upens t]he JOB table, seorches for the

records that the value of Jobjid equals to the
valuiic of the elemints of airray jobid, set the
value of Piinished-qty by the eleiimenL of array qty.
'.hle total number of jI o,:h to be ulpdated is ji. No
return value occurs . TIis tUliiction is a sub-
function of Mps.

16_ . ll.dci . ill. ] iii

Description Update• 'l1ui __ rein__ sttus in WKOPTP table
Category MPS function
Syntax lfinclude "worker. h"

void UpdateT]'isTrain(Worker worker[], int wn);
Remarks Update'ThisTrain opens the WKOPTP table, it one

worker i s assigned to one operation type, the
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This-train-status of thi~s worker is set by
UpdateThisTrain with 1, otherwise the status is set
with 0. Refer to GetAliWorker for Worker class
definition. No return value. UpdateThisTrain is a
sub-function of Umps.

17. 'UpdateUm~sWk

Description Update the mnaster production schedule into UMPSWK
table
Category MPS function
Syntax #fiicl~ude "worker.111

void Update-UinpsWkc (Worker worker[)], fint wn, int
curr-week);

Remarks Update-UipsWkc opens the UMPS_ýWK table, set
Worker~id, Optypo_id with the information stored in
a~rray worker. Refer to Worker class definition.I wn
is the numtbe~r of wor'ker. No return value. It' .Ls CA

sb-Lfunlc t ici of Ultips"-;

18 . U~d(At-e-UmpsDH

Description Update Job_id Land Thiroughiput. ol: TJMP81 Viable
Category MPS Lunctionl
Syntax void UpdateUwmpsDB3(iiit job...id], int. jin, mnt qtyi

nt- curr-week)
Remarks UpdateUwmpsUB opeiiLu the UMPS, it thec, week indicated

by curr-week. already exissts iln the table, firstý,
delete all the record. T111011, apýpend re-cordo,
We~ek~id by curirweck, Job_i~d by onu eleen o
arr-ay I ob-id, IiireiiqhpiiL by qt~y. No returni value.
Updito Ol~lwl-p SOB iý- 17 &1 sub- 2uIc t io01 of Umit..)L .

4.2.2 Detailed production ucheduling functions (19-30)

Following data structure:- musttl be defined Lo develop the functions
of ]ietai lcd Product ion 'Sche~dule module and Simulation m1odule:
#f define MAXJOB_-NUM 4
11 definle MAXOP)TYP)E_NUM to0
If define MAX_ýWKNUN 100
//If define MAXJOB NUM 3
It define MAXWJOBN UN 4
If define MAXJOBBtJNLLE 3 0t0
It define MAXOPWKNUM 1O
If define MAXOP_-JOBWKNUN 8
11 deftine1 MAXWEEK l0
11 define ONCEWEPK 8
It def ineL MAX_-WKSTAPiION_ýNUN 30
If defin ROwWO'OPRNUN 6
I1 define CObOPEi{_NUN 5
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# define MAXOPERNUM 20
# define D)AYS_IN_WEEK 5
# define HOURSINDAY 8
If define WEEK 20
IT define SEGMENT 10
It define MAXASSEM 3
If define VIEWXl 90
# define VIEWY1 100
If define VIEW_X2 470
If define VIEWY2 280
It define UPX 20
It def ine, U PY 40
ff1 define Barrom x 500
If define BOTTOMY 420
# define WPUP -_X 50
It define WP_ýUP_-Y 60
Ii1 def ine WV_1-3OTTOMX 500
If def ine WPV13OTI1OMY 350
It defti 11e COLOR_,-STAR1T 15-MAX__WJOBNUM
P.- def ine T1RLE' X so
#1 define TR ýEEY 25
11 definle TRE EII 350
Vi detine TREEL, 400

struuL -jobt
olhort.
shortL oper-nuin;
shurt uper-d[LMAXOP111iRNUM]
Whort bnildle..nuitt;
--hort. b~uidlo.JdLMAX_JOB_lBUNDLE]P
r3iouble st;
short, ii_store [MAXACSEM1;
shiort s__nu
shiort s~tore [MAXAS'ShM]
shlort.CI dz__ nuulk;
double.(0 1 tost;
short. avail;

struct oQptype
short id;
"short wk-nurnl;
short 1-nps~wkri urn;

shortwk~id18]
short wk-oper [ 18]
shoCrt. openHrn111;
shaort oper~id[MAXOBERN(JM]l
short ernw
short r wn-wk-i d[.0]
short. rerun -open;
slio r r ernn op e rid IMAXO PERNUM];
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short avail;
double predict-abc[3];
double capacity;

struct .oper{
short id;
short optype;
short job~num;
short j ob..Jd [MAXJLOB_NUM]
short job~avail[MAX_-JOB_-NUM);
double max_iv[MAXJO9BNUM];
double t-max iv;
short wk-nuin;
short wk_id[MAXOP_WK_NUM];
short wk~job-num[MAXJOBjNUM];
short wk,.job-id[MAX_JOB_NUM] [MAX_OP_JOB_WK_NUM];
short pre~oper~num [MAXJOB3_NUM];
short pre~operjid[MAXJOBNUM] [3];
short next_oper_id[MAXJOBNUM];
inth storejndex[MAX_JOB_NUM];
short X;
short Y;
double miniiv~b[MAX_JOB_NUM];
double job_remifMAXJOBNIUM];
double task;
double rapacity;
double job~task[MAX_l]OB_NUM];
double job-capacity[MAXJOBjNUM];
double stL[MAXJLIO B_-NUM];
double out-1b- num I[MAX_JOB_NUM];
double iv_b_1aum [MAXJOB1_NUM];
double iv;

struct _worker{
short id;
short- urgenL;
short avail [MAXjJEEK];
double op~eff [10];
short ini_training~day[l0],
short op_trainingday[l0];
short X;
short y;
short color;

struct -job job[MAX_JOB_NUM];
struct _Optype optype[MAX-OPTYPE_NUN];
struct -oper oper[MAXWKSTATION -NUM];
struct -worker worker [MAXWK.NUMI;

19. Get~perid
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Description Find all operations for each operation type
Category DPS function
Syntax void GetOperId(void);
Remarks GetOperId initializes the oper_id in optype

structure.

20. InijobTask

Description Initialize the task of jobs
Category DPS function
Syntax void IniJobTask(void)
Remarks InijobTask initializes the jobtask in oper

structure.

21. IniUmperBound

Description Initialize the inventory limitation
Category DPS function
Syntax void InitUpperBound(void)
Remarks IniUpperBound initializes the raaxiv (maximum

inventory) in oper structure.

22. lnuutData

Description Input data from database
Category DPS function
Syntax void InputData
Remarks Inpu'CData retrieve data from database, set the data

into structures. The data need to be set is
dozennum, id, oper num, cost, oper_id, assnum,
inizstore in job structure; id, predict_abc,
mps wk-num, wk-id, oper nurn in optype structure;
id, optype, jobnum, job id, preoperjid,
nextoperjid, st, iv b num in oper structure;
global variable job num, opernum, optype-num.

23. JobIndex

Description Exchange job ID into the index in an array according
to its ID
Category DPS function
Syntax int Joblndex(innt job-id);
Remarks JobIndex finds the index(posit•ion in job array) of

one job when the job's ID is known. It returns the
index.

24. OperationIndex

Description Exchange operation ID into the index in oper array
according to its ID

Category DPS function
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Syntax int OperationIndex(int oper-id);
Remarks OperationIndex finds the index(position in oper

array) of one operation when the operation's ID is
known. It returns the index.

25. OperationTvoeIndex

Description Exchange operation type ID into the index in
optype array according to its ID

Category DPS function
Syntax int OperationTypeIndex(void);
Remarks OperationTypelndex finds the index(position in

optype array) of one operation type when the
operation type's ID is known. Returns the index.

26. ToDpsJWk

Description Output the detailed production schedule to DPS_JWK
table
Category DPS function
Syntax void ToDpsJWk (void);
Remarks ToDpsJWk output the values stored in structures to

DPSJWk table. The values include wk-job-id,
optype, id, job_id in oper structure.

27. Workerindex

Description Exchange worker ID into the index in worker array
according to its ID

Category BPS function
Syntax int WorkerIndex(int workerjid);
Remarks Workerlndex finds the index(position in worker

array) of one worker when the worker's ID is known.
It returns the index.

28. WorkerRank

Description Sorts workers according to their efficiency
Category DPS function
Syntax void WorkerRank(void);
Remarks WorkerRank sorts the workers stored in worker

structure according to opeff on each operation
type, as a result, each operation type has a sorted
worker list.

29. WorkerAssignJob

Description Assigns workers to each job
Category DPS function
Syntax void WorkerAssignJob(void);
Remarks WorkerAssignJob assigns workers stored in wkid to
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wk jobid ii oper structure, the assignment rule is
to assign the most efficient worker to the most
urgent job, the job's urgency is changed all the
time.

30 WorkerAssignop

Description Assigns workers to each workstation
Category DPS function
Syntax void WorkerAssign0p(void);
Remarks WorkerAssignOp assigns workers stored in wkid in

optype structure to wkid in oper structure, the
assignment rule is to assign the most efficient
worker to the most urgent workstation, the
workstation's urgency is changed all the time.

4.2.3 Material flow simulation functions (31-43)

31. JobTree

Description Shows the logical layout of one job
Category Simulation function
Syntax int JobTree(int job id, int x, int y, int h, int

color);
Remarks JobTree displays the job that the ID equals to

job_ in a rectangle area, the coordinate of
uppej corner of the area is x, y, the width and
length is h. When color is 0, redraw the tree with
tha some color of background, this means fading
the tree off the screen, otherwise display a tree
structure. The function returns the width of
current shown tree. This function is the
subfunction of ShowTree.

32. OneWorker

Description Shows one worker
Category Simulation function
Syntax int OneWorker(int x, int y, int w, int. h, int

color);
Remarks OneWorker displays one worker in a rectangle area,

the coordinaLe of upper corner of the area is x, y,
the width is w and length is h. When color is 0,
redraw the worker with the same color of
background, this means fading the worker off the
screen, otherwise displays the worker with color
that indicates the efficient level of color.

33. ShowOperation

Description Displays the physical layout of the plant
Category Simulation function
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Syntax void ShowOperation();
Remarks ShowOperation displays the raw material store

level, all the workstations in their physical
location, and the end product inventory level.

34. ShowOneOperation

Description Displays one workstation
Category Simulation function
Syntax void ShowOneOperation(int xl, int yl, int w, int

oper_index, int color);
Remarks ShowOneOperation displays the workstation that the

index in oper structure is operindex, in the
rectangle area with the upper corner coordinate xl,
yl, width w, height 45 pixel. When color is 0,
draws the workstation with background color,
otherwise, show the workstation. This function is a
sub-function of ShowOperation.

35. ShowTree

Description Displays the logical layout of one job with a
certain scale from the original display.

Category Simulation function
Syntax void ShowTree(int w, float scale, int job-id, int

color);
Remarks ShowTree re-displays the logical layout of job

that has the ID value equals to job_id, original
width w, new width w*scale, when color equals 0,
dravis the tree with the background color,
otherwise displays the new job tree.

36. SimMenu

SD•ow.-w the menu for simulation module
Category Simulation function
Syntax void Siml4enu(short menu_num, char **menu);
Remarks SimMenu displays a menu which has menunum number

of menu items, the text. contents of menu items are
stored in two dimension array menu. No return
value.

37. Simulation

Description Simulates the dynamic change for working in process
inventory
Category Simulation function
Syntax void Simulation (short wkstation, short w, shor

color, short jid)
Remarks Simulation displays the working in process

inventory in tLhe end of each hour for a period a
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current week, when the wkstatlon parameter is 0,
the simulation process works on the physical layout
of the plant, otherwise it does on the logical
layout of a particular job with the job ID equals
to j id, w parameter indicates the width of the
rectangle that the logical layout was shown in.
When color is 0, redraw the working in process
inventory with the same color of background, this
means erasing the inventory level, otherwise
display the inventory level. No return value.

38. TextOper

Description Shows the detailed information about one workstation
Category Simulation function
Syntax void TextOper(short oper_id);
Remarks TextOper displays the detailed information about

workstation that the ID equals to oper_id, the
detailed information include the id, operation
type, the number of jobs assigned to this station,
the inventory level of each job, thuý throughput of
each job in the end of curr'nt hour, number of
workers and their IDs, and their efficency.

39. WeekTask

Description Shows the tasks of jobs in current week
Category Simulation function
Syntax void Week'iask(short week)
Remarks WeekTask displays jobs' tasks planned to be

finished in current week which is the output of
Master Production Schedule. The format of the
display is a two dimension graph, the X axis is
jobs, the Y axis is tasks of each job in bundle
unit. No return value.

40. WhichWorker

Description Identifies the worker who is picked by user
Category Simulation function
Syntax short WhichWorker(short m. short n);
Remarks WhichWorker finds the ID for the worker who is displayed

in the rectangle that the coordinate of the upper corner
of the rectangle is (m, n), returns the worker's ID.

41. WorkerPost

Description Shows the worker assignment in current week
Category Simulation function
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Syntax void WorkerPost(short week);
Remarks WorkerPost displays workers' assignment in

operation type that is the output of Master
Production Schedule. No return value.

42. ZoomOper

Description Zooms one workstation
Category Simulation function
Syntax void ZoomOper(sliort id, short scale);
Remarks ZoomOper is used when the user wants to make the

workstation larger. Parameter scale is the ? No
return value.

4 4 Skill prediction functions (43)

43. NonLinearFun

Description Predict the worker's skill level
Category Skill function
Syntax double NonLinearurun(double a, double b, double c,

double x),
Remarks NonLinearLun returns a double value which is

calculated by this formulation:
a x (1 - x/ (1 + c × pow(x, b))).

4.3 Input and Output

This section specifiies the sources and types of input and
output information to be used in this system. The input data
specification includes the sources, type, size, unit of measure,
range of measure. The input data are specified as below.

Input data Type Size Units of measure
Tnterfaces

Orderid Short Number 5 Inter 07
Cust omerid Short Number 5 - Inter01
Orderdate Dat-e - - Int er01
Jobid Short Number 5_- In t er01
Style_id Short Number 5 - Inter01
Duedate Date - - Inter01
Penalty Number 4 $ InterOl
Color-id Short Number 5 Inter01
Size-id Short Number 5 Inter01
Quanf i.ty Short Number 6 bundle InterOl
Finished-qty Short Number 6 bundle InterOl
Dozennum Short Number 3 dozen Inter0l
Unitprice Number 4 Inter 01

Cost Number 4 $ Interol
Subcontract Short Number 6 bundle Inter0l
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C._sub.-qty Short Number 6 bundle InterOl
Operation-id. Short Number 5 -Inter 01
Optype-id Short Number 5 -Inter~l
Worker-id Short Number 5 -InterOl
Name (worker) Alphanumeric 10 T nt erG 1
Hire date Date -day Inter~l
Overtirnel-lO Short Number 3 week Inter~l
Absencel-5 Short Number 3 week InterOl
Ini Itrain_days Short Number 5 day InterOl
Appi. _levie Binary - inter~l
Curr_week Shoirt Number 3 week Inter~l
Days_in_week Short Number 3 day Inter0I
Hours_in_day Short Number 3 hour Inter~l
Name(op-type) Alphanumeric 10 -Inter~l

F 1.- Fi7 Number 4 Inter 01
A, B, C Number 4 lat~erO 1
Unit cost Number 4 InterOl

Sadard-tinie Number 4 second Iiiter~l
Rotop. _id Short Number 5 Int er~l

Prev~opjidl-3 Short Number 5 In te r01
Next~opjid Short Numbulr 5 Inter~l
jLid linteger 5 Inter 07

For output, thle specificationl includes the modules (or
programs) which generates tile reutdestinations, quanititat ive,
terms, units of measuure, layouts of examples, and graphiic display
reports, etc. The outputL data aire specified as below:

Output Type Size Units of iieastire (seneraiting Module

Status Shiort Numlber 1 MPSS & Capacity
Acceptability B3inary - -MPS & Capacity
Coiii._subc._qty Shiort Numiber 5 bund~le MPS & Capacity
Overtimlel-1() Shiort Numnber 3 -Capacity

m1it-efficenicy Numuber 4 bundile/sec rVI PS
Culre-efficienicy Numnber 4 bundfle/sec MPS
Thiis-traini-status Biniary - - NIPS

Day-id Shiort Numiber 5 - MPS
Wk-id Short Number 5 - MPS
Optypekid Shiort Number, 5 - MPS
Ws-idi Shiort Numiber 5 - DPS or Simiulationi
Job-id Short Numiber 5 - DPS or Simnulation
Wip-in Shiort Nimiber 5 bund~le DPS Or Simlulationl
Wip-Ou~t Short Numbcr 5 bundle DPS 01' Simulation
Wip-inventory Shiort Numlber 5 bundfle DP3S or Simulationi
Thiroughiput Short Numiber 5 bunidle DPS or Simulationi
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The output display formats are listed as below. They are
assigned with a unique identifier. Details are shown in display
printouts.

Output Display Forniat Identifier

Apparel Production Planning atnd Scheduling System Main Menu Menu01
Order and Job OrderO2
Characteristic of One Worker Resource03
Workstation Information Resource.04
The Standard Time of Each Operation in One Style Knowledge05
Operation Type and Operations Knowledge06
Characteristic of One Style of Job Knowledge07
Miscellaneous Information KnowledgeO8
Master Production Schedule ill Table Schedule09
Master Production Schedule Weekly Productionl Quantity ot Jobs Scheduhle10
Master Production Schedule in 3D Graph Schedulel I
Master Production Schedule with Worker Assignment Schedule12
Detailed Production Schedule of Worker Assignment Schedule13
Detailed Production Schedule of WlP in Table Schedulel4
Detailed Production Schedule of Throughlput Schedule 15
Detailed Production Schedule WIIP in 2D Graph Schedulel6
Plant Physical Layout Simulationl7
Job Logical Layout Simulation 18
Skill Predictor Skill 19

4.4 Data Characteristics

This section specifies, tUle data requirements which affect the
design of the software system. The q2pecification includes; not only
the input-output data int-roduced in the previous section, but also
some major data types temporarily used by each module. It includes
the information of specific data item by: the name, relative
modules, description (some ch1aracters about, tlhe meaning of this
data, the reason why it is introduced, the unit of measure etc.),
and reference (Refer to section 4.2 for the computer programi
function relat.ive to theu data) . The data are described
alphabetically in this section. Finally, an estimate of the
initial and expected growth of the storage requirementrs for the
data and computer programs is given at the end of this section.
A
Relative Modules: Database, Skill
Description: A is an attribute of operation type. It

functions as a coefficient inL the skill model.
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Reference: NonLinearFun

AbSencel -5
Relative Modules: Ddtb~aoe, MPS, Capacity
Description: Aboencel, Absence2, Ablse 1, e3, Absunce4,

Absence5 ar~e attributes of a worker. One
Worker may bec absent from work due La
vocation, illneýLss or ot-her reasonl. The
available capacity level at the plant i6 onte
of the wajor information to da ila s ter
praduct ion planning and capacity planning. Thie
woirkersý' aLtendance situation will affect the
Capacity level of the Plant. Thle software
systeL-m maint~ains maximum five Weeks'
informationl about workor absence in Ltme
current schedule p-!riod.

Reference : GLMelIWorkor , Mps, i svrI1in

ACCeptaBll1 ty
Relt iVe2 MduCIlUs : Dat aba so(, MPLS
DeUscript)Lionl: Accept ability is anl attribute (if a job. After

neUw oresarrliV(ed With a list of jabs tImL
software system heIL'ps to estimate tUmu
maiiutacturillg lead time, whetýher jobs calln be
timmislied bufore the due date, the cost:, and
suygest s, whethler LlI e j ob! - are acceptable.
Alter the user. de-cidesj tihe acceptability of
jobs iLALier taLking the suggestioni of Ulum
syste~m or accrL-d~inyq to his own uxpurielmcu, Like
s'ystemI Will generateIL a lIasI'(-: ci pro-duct ion plait
Loa: liext three mont~hs and de-.tailed production
plan tor currenft week . When the value of
Acceptaibilit~y of one1( lob it 1, it inidica;tes-
this job is accepted"(, 0 niae the job) cim
not be accept-odl.

Reference: GcLJub, Mpi-

Appil.cat on- evel
Relative Module:-; Datiabase, MI'S(, Capacity
Description: AppIic(-a ti'n__ le 1-vel i's onp oA. I.-he inlol a 1011

keoptI nder MISC1HLLANEOUIl categ'. y In theLlu
da taba sep. It. has 'wo leývels: test. leveJ1. whenl
Appl ikat.-ion_ level is 1, real 1tLime applicationl

lev llwhen i7ý 5VUalue is 0 11k theIC's level,
altUer every (all to Master Pro.duction Sc-hedule
mlodule, t Ii e point-er to current. we-ek is
increased by one, the workers' training daý.ys
on (a cer-tain op~ercit-ion type is increased by
the working (days. (f one week (usually Live)
and jobs, finishked quantity is increased, if
LI-e finished quaiJnt ty of: 00( job is equal. to
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the quantity the order required, the j ob
finishes at this,. week; Ini the real. time
application level, all the above actions take
place only when the pointer to current week. is
later thani the system timer.

Reference: Mpsý

B
Relative Modules: DatabaseU, Skill
Description: 13 is- anl attribute of operat~ioni type. It

funictionsý, as a coct ficierit in tLip skill mtodel.
Roto--r to A.

Reference: NonLincarluil

C
Relative Modulus;: Database, kl
Deucri pt.-, oil: C is, anl attribute- ui ain operation type. TL

LUiCict~iosa aa coI (:'(tiCiUIIt. ill L1h- skill modidl
Ref 'er Lo A anid B3.

lRetei orlic(. Nouli i 1U'l -u Ii

Color_id
Relat ive, Modules;-: Dtbs
Deoc-iptAioia Color-id i.5- anl attrib)ut- of job. Al 1t1he

poss,,ible lpruduct color is; ass;,iciqned a clrID.
TWO it ems:ý in Anl or'derI are(, cons1ideretd 1 U be two
diiLereiit ICAK! whieii they Ur I''cL leastL
dlit] 1 ruiit i1l 011(- oA- thL,;u aspects.,: Order id,
LSLylu_id, LDuejiate, Color_id, .Sizeu_id.

R(,L' IleIec 0 Nunue

Comti~-~conrc~t
helative Modul us, Databu.,se, Capacit.y

Desczip ionu I Clri t. t-. cd__ 1subol It'. rAcjJy 1 i,, aii a~ttribute Of
Jo(A) T1'i kuii t! s lICNA.sure'( is. b-uiidi os . Whien the
s-yste(-m tilido that- the current. capaicity of tILe
pl ant- ccall 110A L lee t. thle orders,) ruquii I21llt.,
Capacity iiodulue is- called. Capaic-ity module
consider," thlree alternatiAves' of appr,.oaches to
inlcreaseW Lic, copý- i ty . One (A t-,he ap[)1ocilchCs

i (,;2 ll ,a 1111 (-: Max:I L111,111 allowed
subcontract quantity ot one job is utored iii

Suboll raIL.111 actu-al Mud)COult.-1aCt qJUaLUitiy
is, deccided by C tpatclt~y iuiodulo / and st~ored inl
CommiuiIt 'dsljI11t ddt

Ru L e r e IIce LMps

Curr Tefficiency
Relative Modules: DtbsM11,1, 1)1S, Caipacity, Skill
Descript ioni: Curr-etticiency is3 an ittribuLc ot wokrs t

inldicates the II()Worker 1-,s , t sil 1 e vel onl a
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certain operation type. The units measure is
bundles per minute. One af the assumptions of
this system is that the worker's skill level
will. increase aft-er he doing one operation
type for a certain period of Lim(-e(the training
day's oin the operation type) , and the skill
level can be pre~dicted using a regression
model. Please refer to the Final Report,
sect~iul 2 .3 for detail.

Refeorence: Get'Al lWorker, SclectWorker, UpdateCurr~rain,
Updat Lu)iiisTrain, lnputData, WorkerRank,
WorkerAs signiOp, Nori.LinearFun

Curr_week
Relative Modules;: Dat -aba~se, MPS, DPS, Simulation, Capacity
Descript~ion: Curr_wouk, is sysotemi information kept under

MISCLLLANEMOS' category inl the database. It.
iiiusjt' be rilntiat ed pe-riodically, for example,
i. is iý su by 0 in tle beginining of ac
yeIL' . Wliiiii11 1(2 5;Y:(te-ili timeir l'a"Iwes 0110 weelk,
Lhc? value, oi Curr- week will be increase by .1
by Mas'-te-r Productioni Schedule modulo. The1

s~'ledleperiod of MLaster Product ion soliudule
module begins; wit-'h theý wuek indicated by
Curr:_wee,(k, 'I'lic Detaile-d Plroduction Sclhedul e

geleraes he (I(2tilL'd production plani for
thLe working daysýý of currentl w eek C, and
'jimul L ion wioduleu iAmulatc- Ulu( outcomes o)f
tho schudules; tar 0. li working doys- ot CInirr't,'11

Referenlce : Ge'.oiWek 1sver'llimec, Ml):-,,~eet~re
JiisUpdatLe-Ckurr'~rkAill, tlpdatelumswk,

Customer-id
Relative Modulesý: DaiII)tabas
Descriptionl: CustoLmer id is. anl attribute of order. All tlue

cusLoiners, ot t-he plantL are assigned CAi ID. One
cm-toiiier maLy pot seUVeral1 orders, but 011(2, order
on ly 11"I"S aillu 55t.ot

Rief elrciicc: Nonie

DayId
Relative Modules : Databaseo, UPS, Simluldtiuon
DeScript~ion: DLty~id is needeId Iar( reprIesnt~ing u detale

product-.ion sCI~ll.The detailed production
schiedule, includes,. t-wo alspects: one is sche~dule
far Worker' ass.Lignment to j ob and to
workstation, another is tor keeping t raci( of
working in process5 iiivent~ory. T~wo tables are
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designed to record these detailed information
respectively: UPS_J_WI( and UPSWIP. If the
number of working days in one week is five,
the value of Day~id is from one to five.

RefeOrence ToDpoWk, UpdateWip

Da-ya in -week
IRelative Modulcu: Database, MPH, MIS, Simiulation,' Capacity
Description: Dcays.>n wee is systemii inf~ormation kept under

MISCE~LLANE~OUS category in the database. It
iudicates. t n umber Of working days in a week
adopt-ed by the Plant. This informlationl affects
the ovailable capacity of the plant, and the
growth of workuru' okill le-vel, s~o thiat it
influenice,- the master product ion schedule,
detailed produIction schedule, c-apacity plan,
(and thle s-'imlulation s.olut.ionl.

Pýu ieren cc : Umt1s , 1k 1)j Wk ,ipeteTrrVe, S i Inl let ionl

Dozený_num
Rulutive Modules: atbsM11:, DLIS, Simulat~ion
Duescript ion: Dozen-inuni is. an Attribute of job. One job inl

,All olrder mus.t: hias quaiiLtity stored in Quanit-it-y
fie~ld, the- measures1 ýUOf qu1ant~ity is bundles.
One bunldle ot different j ob may has diffxerent
dozelns of prodCit , depen21ding onl the size of
theU p~roduct. Th'ie n1111)umbe of doesin oneL
bundle, of: a job is. stored iii Dozen-inuiti.

Rutu~ruiicu C t0J oh, liyipntlet a

Due_date
Relative Modules": DCatabas eC, MPI'S, Capacit*y
Descriptioni: Dueý_date i:3 an Attribute, ot job. Jobs in thie

uame or.derL ma~y hiave dli lferenL due date--. Thle
dlue dLate of one job) is givenl by User. 1It isý
asisumed that. ( I1LAiRJ jlcj tile due date of job is-
thei(. mostJ expi,)ensive waiy to delive-r the job onl
tLime comp ei:d t~o ovort- iiuo, oubconit met-, and
new hi re. MPS module generates the, master
produic' ionl sc-hedule under the di sCipl ince of
I inliuhing( tle job withi thme earliestU due date.
The value of Due__ date is rep-reseý,it~ed by DArl ''E
t ypeý s:upp1ort ed by v'aado I lC, f or example,
Jan . 1 , 199 _3 is; rLep,)resellt: ed by 1/11/ 199131. Another
field ol: job liamaed Due -week inidicat~es, time
corresponidingq week ID of due date when the
I ir::;t week ID oJi t-he year isý as.simmed toc- be, 1.

Reference: G(oetdob

Relative Modules: Database, miPS, DVS, Simulcation, Skill
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Description: F1 to Fl'/ are attributes of operation type.
They are used as coefficients by Skill model
to predict the growing of workers' skill level
0n Lhe operation type. Please refer to Final
Report section 2.3 for detail.

Reference: GetAllOptype, InputData, LearnmLinear

F inished qty
Relative Modules: Databasc, MPS
Description: ViTlishedqt-y is an attribute of job. A job in

an order has an attribute Quantity which
stores the required amount of the final
product of this job. At the end of each week,
some jobs have be finished a certain amount of
quantity that is accumulated into the field
Finished qty of the corresponding jobs. When
thee values of Quantity and Finished_qty are
equal for a certain job at the end of a week,
the job is Iinishled, and the Status of this
job must. be se( t tL 1, this means the job is
existing 1o1. but tinishe,,d, it need not be
cosi(21dOered ill the next MPS period.

Referenceu: 1"iii -hdQty, 1V ,covereFiiliQty, UpdateFiniQty

Hire-date
Relative Modules: DLatabase
Description: llirý date2 is ai attribute of worker. Hire-date

records the date wlhun the worker was hired.
The worker's initial efficiency and initial
trainingl days on each opII rat i(I type a- re
evAluaLed at t-his date.

Referellce: None

Hours_inday
Relativwe Modules:: DaLabase , Mi-'S, i1'S, Simulation, Capacity
Description: Ilour:. iil week is systelm information ]kept under

MISCELLANEOUS category in the database. It
indicates the number of working hours in a
working day adopted by the plant. This
information affects the available capacity of
tiLe )lant, :s:U tlhat it influences the master
production schedule, detailed production
schedule, dcapacity plan, and the simulaUtin
solut lon.

Re1 lic : Ulps, Siimu Iat 1on

Ini-- tficency
Relative Modules: Databose, MRS
Description: Iniefficency is a skill level measurement

for one workel- doing a certain operation type
at the t-1lme he was hired. The units measure is
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bundles per minute. Initial efficiency is
tightly related to initial training days of
the same worker on the same operation type. At
the statistic point of view, one worker's
skill efficiency on one operation type will
increase as the training days grows, the
growth of efficiency has a certain pattern
which depends on the nature of the operation
type.

Reference: GetAllWorker

lni_traindays
Relative Modules: Database, MPS
Description: Ini train_days stores the number of training

days one worker has been done on a certain
operation typo at the hire date. As introduced
in Iniefficency, these two variables are
tightly related in the statistic point of
view, usually, the initial efficiency of one
worker doing one operation type can be
estimated from the training days he has been
done on this operation type.

Reference: GetAliWorker

J_id
Relative Modules: Simulation
Description: Jid is a variable needed to acquire a job ID

from user so as to show the job's logical
operation sLructure in the Simulation module
in the Simulation module, a menu is developed.
When the user pick TREE menu to do some
operatiouns on the job tree, a dialogue box
will be pop out in the top of the screen, it
asks tOle user to input one job ID. After user
type an ID, the valuie is directly accepted to
variable J-id.

Reference: JobTree, ShowTree, Simulation

Job-id
Relative Modules: Database, MPS, DPS, Simulation, Capacity
Description: Job id is an attribute of job, it also needed

to represent the schedules including master
production schedule and detailed production
schedule. One item in an order is treated as
an unique job when it is at least different in
one of these aspects from another item:
Order id, . Style_id, Duedate, Color-id,
Sizeid, and the unique job is assigned an
unique job ID stored in Jobid.

Reference: GetJob, RecoverFiniQty, UpdateFiniQty,
UpdateUmpsDB, InputData, JobIndex, ToDpsJWk,
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JobTree, ShowTree, Simulation

Name(operation type)
Relative Modules: Database
Description: Name(for operation type) is an attribute of

operation type. Every operation type has its
name.

Reference: None

Name(worker)
Relative Modules: Database
Description: Name(for worker) is an attribute of worker.

Every worker has his/her name.
Reference: None

Next opid
Relative Modules: Database, MPS, DPS, Simulation
Description: Next-op_id is an attribute of operations in a

style. A production style is consist of a set
of operations with a certain sequence pattern.
One operation in a style has only one
subsequent operation, the ID is indicated by
Next_op_id. An operation may has different
subsequent operation in different. production
style.

Reference: GetStyle, InputData

Operation_id

Relative Modules: Database, MPS, DPS, Simulation
Description: Operation_id is an attribute of operation.

Every operation the plant can do is assigned
an ID. The operations are dependent with each
other to make a product, so that the
Operationid is also used to represent
production styles, the schedules including MPS
and DPS,

Reference: GetStyle, GetOperld, InputData,
OperationIndex, ToDpsWk, WorkerAssignOp,
Show0neOperation, ShowOperation, TextOper,
ZoomOper

Optypeid
Relative Modules: Database, MPS, DPS, Simulation
Description: Optypeid is an attribute of operation type.

Each operation type which the plant can do is
assigned an ID. It also is an attribute of
operation, each operation has its operation
type. The master production schedule includes
the information about the workers's assignment
to operation type.
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Reference: GetAllOprype, Umps, UpdateUmpsWk

Orderdate
Relative Modules: Database, MPS
Description: Orderdate is an attribute ot order. In this

date, the jobs in the order are new jobs, as a
result, the Status of these jobs are set to be
3 (1 indicates finished johq, 2 indicates
existing job but not finishoed job, 3 indicates
new jobs). If the acceptance of new jobs will
bring about that one or more of the existing
jobs' may not be finished before their due
date, the new jobs are recommended to be
rejected.

Reference: GetJob

Order_id
Relative Modules: Database
Description: Orderid is an attribute of order. Every order

ever received by the plant is assigned an
unique ID and recorded in the Order table.

Reference: None

Overtimel-10
Relative Modules: Database, MPS, DPS, Capacity
DescripLion: Overtimel to Overtimel0 are attributes of

worker. The workers of the plant may have an
agreement with the plant about the overtime.
Overtimel to Overtimel0 are ten fields to
record the week IDs in which the worker is
agree to overtime. The available capacity
level of the plant is one of the major
information to do master production planning
anrd capacity planning. The workers' overtime
situation will affect the capacity level of
the plant. The software system maintains
maximum ten weeks' information about worker
overtime in the current schedule period.

Reference: Mps

Penalty
Relative Modules: Database, MPS
Description: PenalLy is an attribute of job, it stores the

dollar penalty per day that will occur if the
job can not be finished before the due date.
This penalty contributes the cost to finish
the job.

Reference: Mps

PrevopidI -3
Relative Modules: Database, MPS, DPS, Simulation
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Description: Nextop-idl, Prev_opid2, Prev_opid3 are
attributes of operations in a style. A
production style is consist of a set of
operations with a certain sequence pattern.
The software system assumes that one operation
in a style has at most three previous
operations, the IDs are indicated by
Previdl, Previd2, Previd3. One operation
may has different set of previous operations
in different production style.

Reference: GetStyle, InputData

Quantity
Relative Modules: Database, MPS
Description: Quantity is an attribute of job. One job

coming with an order must has a certain amount
of products that required to be done. The
amount is stored in Quantity with units
measure bundles. The products consists of this
quantity are same in following aspects: order
ID, style ID, due date, penalty, color ID,
size ID, dozen number, unit price, status,
cost, subcontract.

Reference: GetJob

Rootoperation_id
Relative Modules: Database, MPS, DPS, Simulation
Description: Rcot operationid is an attribute of style. It

records the final assembly operation ID of one
production style. One style ID must has only
one root operation ID, but one root operation
ID may be the different style's root ID. All
the operations of one style can be found in
the STYLE OP table if we know the root
operation ID.

Reference: GetStyle, InputData

Sizeid
Relative Modules: Database, MPS
Description: Size id is an attribute of job. All the

possible product size is assigned an size ID.
Two items in an order are considered to be
different jobs when the size ID is different,
even if all of the other attributes are the
same. S mne operations in the same style with
differ( product size may have different
processiiig time, operation to do bigger
product usually need longer standard
processing time.

Reference: GetJob, InputData
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Standardtime
Relative Modules: Database, MPS, DPS, Simulation
Description: Standard time represents the processing time

needed by an standard worker to finish an
operation of a particular style and size. The
standard processing time of one operation may
different if the style or the size of the
product is different. The information of
standard processing time is kept in STIME
table in Database, and is needed to estimate
the required capacity of jobs. Master
production schedule is developed by comparing
the required capacity of jobs and the
available capaci-ty of the plant. Detailed
producLion schedule is generated by assigning
the most efficient worker to the most urgent
operation(longest aggregated processing time).

Reference: GetStyle, SelectStime, InputData,
WorkerAssignJob, WorkerAssignOp

Status
Relative Modules: Database, MPS
Description: Status is an attribute of job. It has three

value: 1, indicates the job has alreacAy been
finished, it usually set by MPS module when
the module finds that the value of the job's
Quantity and Finishedqty are equal to each
other; 2, indicates the job is existing but
needs a few more weeks to be finished; 3,
indicates the job is new. When the value of
Status is 1 or 2, the corresponding value of
Acceptability must be 1.

Reference: GetJob, Mps

Style_id
Relative Modules: Database, MPS, DPS, Simulation
Description: Styleid is an attribute of product style. All

the styles the plant deals with are assigned
an ID, and the style structures are captured
by two dimension tables. One style has only
one root operation(final assembly) . Knowing
the style ID and its root operation ID, one
can tind all the operations of the style
through STYLEOP table.

Reference: GetStyle, InputData

Subcontract
Relative Modules: Database, Capa-;.y
Description: Subcontract is an attribute of job. It

indicates the maximum amount of the job that
can be transterred to other plants as
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subcontract, the value is required from user.
The unit measure is bundle. Please refer to
Comimitted_subconrtract_qty.

Reference: Mps

Thistrainstatus
Relative Modules: Database, MPS
Description: This-trainstatus tells if one worker is doing

one c eration type in this week. This
information is needed for keeping track of one
worker's training days on one operation type.
If one worker's corresponding
This trainstatus is 1 on a certain operation
type, indicates that the worker is assigned to
the opue'ation type. His/her Currtrain days
will be increased by a certain number of
days (Daysn_inweek in MISCELL table) , otherwise
he/her is not doing the operation type.

Reference: UpdateCurrTrain, UpdateThis'lrain

Throughput
Relative Modules: Database, MI'S, DPS, Simulation
Description: Throughput is introduced to represents the

master production schedule. It tells how many
bundle!s of each job are scheduled to be
finished in coming weeks in the schedule
period.

Reference: Umps, UpdateUmpsDBl, Iniobl'ask

Unitcost
Relative Modules: Database, MPS
Description: Unit_cost is an attribute of job. It indicates the

manufacturing cost to make one product of the job
if the job is finished on time. Unit measure is
U.S. dollar.

Reference: Mps

Unit_price
Relative Modules: Database
Description: Unitprice is an attribute of job. It indicates the

price of one product of this job sold to the
costumer. It is given by user.

Reference: None

Wipin
Relative Modules: Database, DPS, Simulation
Description: Wip-in is an attribute of workstation, and is

introduced for representing a detail production
schedule. It records the aggregate inputt of one job
in one wourkstation in a particular day. The unit
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measure is bundle.
Reierence: UpdateWip, Simulation

Wipinventory
Relative Modules: Database, DPS, Simulation
Description: Wip._itvenrtory represents the inventory level of one

job ill one workstation at the end of one day. The
unit measure is bundle. Please refer to Wipin.

Reference: UpdateWip, Simulation

Wip out
Relative Modules: Database, DPS, Simulation
Description: Wipout records the aggregate output of one job in

one workstation in a certain day. The unit measure
is bundle. For one job in one workstation, the
inventory at the beginning of the day plus the
input in the whole day minus the output of the day
must be equal to the inventory remaining for the
next day.

Reference: UpdateWip, Simulation
Worker id

Relative Modules: Database, MPS, DPS, Capacity
Description: Workerid is an t-Atribut-e of worker. Every worker

in the plant is assigned an unique ID.
Referenice: GetAl lWorker, SelectWorker, Umps,

Updat eCurr''rain, UpdateThisuTrain,
Updat- eUillpsWk, Iilputdate, WorkerIndex,
Work]eriank, WorkerAssignJob, WorkerAssignOp,
Woilkerpos t , WhichWorker

4.5 Failure Contingencies

This section provides a discussion of the requirements for
recovering the software system from a failure. Before installing
the systei, a back up should be made in cas.e of hardware or
software crash. The back up should includes files with following
extensions:

* BGl (provided by Turbo C, and needed to show graphics)
* DB (Paradox data files)
* EXE (system executable files)
" FSL (Paradox forms)
"* PX (index files)
"• SSL (Paradox scripts)
* XG (secondary key)
SYGO (secondary key)

All the above files except the DB files can not be edited.
The DB files are data tiles. They include resources, knowledge,
schedules and other information; thus they are always updatable.
If the system crashes 1-ji(Anise ot , (, hardware or an unknown problem
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such that the system cannot behave normally, the system should be
installed again. If the computer is shut down during a master
production scheduling session, the DB files are be updated
incompletely and as a result, some data may be inconsistent. The
most recent DB backup files are then needed to re-create the
working directory.

4.6 Design Requirements

The system is designed with the object-oriented and open
architecture concepts so that the system can be easily maintained
and expanded. As shown the Pigure 1 in Chapter 2, the system
consists of three layers: the GUI, system application components,
and the database. Each of these layers is functionally separately
and designed independently. The database layer is designed to
store all information that may be used to support system
functionalities. Based on the need for support of individual
application modules, all data are decomposed into pieces and re-
organized into tables to avoid redundancy and promote access
efficiency.

All system components are designed to reflect system
functionalities. The components can be classified into two types:
shared components which may be called by and support other
components. These modules include skill prediction, capacity
planning, and training scheduling, etc. The other type of
components are application components which are attached to the GUI
to provide system functionalities. Those components include the
material flow simulation module, and the MPS module, etc. A shared
component could be also an application component. The GUI layer
provides a friendly user interface, through which all system
functionalities can be easily operated. Output data can also be
shown on the screen in graphics or texts.

4.7 Computer Security Requirements
N/A

4.8 Human Performance Requirements
N/A

5. TEST AND QUALIFICATION REQUIREMENTS

This chipLer summarizes the tests of the system in section 5.1
and the requirments for testing the system in section 5.2.

5.1 Introduction

Both unit tests and integration tests were conducted. All
tests were carried out on a Dell 486DX2 under MS/DOS 6.2 and
MS/Windows 3.1. Test data were collected from Bernard Cap and
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other apparel firms. They were manually converted into Paradox
tables. Unit tests including the skill prediction, MPS, DPS, and
simulation, were conducted according to these tables. The
integration test was carried out under Paradox environment. The
following sections will further detail the tests.

5.1.1 Unit tests

Unit tests were conducted with system components of skill
prediction, MPS, DPS, and simulation. This section describes each
unit test with i focus on its input, output, and testing procedure.
The skill prediction module was applied to all operation types
developed in this study. The input to the module is operation
type. The output of the module is a curve which reflects skill
improvement of an average worker along with the number of work days
at this operation type. The curve shows the skill is improved
sharply at beginning period and then level off at the end. It
iintches the regression model developeJd in this study.

The input data to the MPS module for the test were: 1) four
new jobs in JOB,.DB of two orders in ORDER.DB; 2) 100 workers in
WORKER.DB (all are available and the efficiency at each operation
type is known in WK_O-TI'l.DB) ; 3) 10 operation types in OVT'I'.D13 (
each is associated with seventeen coefficients) ; 4) two garment
styles in STYLE.DB and STYLE_OP.DB; 5) two garment sizes in JOD.DB;
6) 30 workstations in OPER.DB (each does only one operation type);
and 7) tLhe standard processing time of each operation in STIME.LDB.
The unit test was run by invoking thie MPS.MEX program under the DOS
prompt, which got-- input data from Paradox tobles and generated the
schedule, and stored in tables UMPS.DB and UMPS WK.DB, showing: 1)
the weekly production quantity for each job; and 2) weekly worker
assignment by operation type. These output data were manually
examined.

The unit test of the DPS module was carried out with the
master production schedule as an input. The following related data
were used: 1) workers in WORKER.DB and UMIp'_WK.DB; 2) the operation
types in OPTP.DB; 3) the garment styles in STYLE.DB, and
STYLEOP.DB; 4) the garment sizes in JOB.DB; 5) the workstations
stored in OPER.DB; and 6) the standard processing times for the
operations in STIME.Dr3. Time test ron was carried out by invoking
the DPS.EXE file under tihe DO,; prompt, which got input data from
the above Paradox table-s, generated a detailed production schedule,
and stored in the DI-S _J WK.DB and DE'S_WIP.DB table. The DPS output
contains: 1) worker assignment to each workstation; 2) worker
assignment to each job; and 3) daily WIP inventory at each
workstation. These output data were manually verified.

The unit test of the simulation module was conducted with the
output data from the MPS and DPS modules. The purpose of the
simulation module is to validate the static production plan under
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a dynamnic environment. The testing was carried with the following
input data: 1) worker to workstation assignment fromn DPSJ_-WK.DB,
WORKER. D13, and OP1ER.DB); 2) worker to job assiglnment from
DPSý_Jý_WK.DB, WORY(ER.DB, anid JOB.DB); 3) operation typeS fromn
OPTP.DB; 4) gaimnent stle romn STYLE.DB, and STYLEOP.DB; 5)
garment sizes ii CJOB.DB~; anid 6) standard processing time fromn
STIME.DB. The testU was, carried out by invoking the S-IMULATION.EXU
program under the DOS promnpt, which got input data fromn the above
Paradox tables and showed the layout~s and dynamic oimtulation
results on the monitor. All the modul~e feat ures were mianiually
verified.

5.1.2 Integration test

T1he intuqgratioli es was done, inl the P1aradox/Windows
enivirollnment The i dat-abase; and each app~lication mnodule including
MPS , DPS , S imulat 1-ill, and skill wer mt egr.at e(d thirougjh tlil2 grap~hic
user initerfa~ce. All data W01C .ioA(JUd hut o th1U dat: abasý as; taLbleS.
Tihe test..ý was cart jed outL inl Lho following sequencle: 1) Runi the
skill mtodule- by seule-ct ing theU SW.!iicjSki1iIVrcdict~oi.' button f rom the
SyStemModulej menu to cheuck if it worksL correctly thlrough the, GUI.
2) Choose the MPS but~ton tromn the( 5ysteinlvoduiesý menlu to-- invoke MPGS
module. With a maste[,r I)IroductLioll planl genierated, tho che(ck was"
maude to verify the disjplaýy oL 21 )bar* chart:ý al( and3D bar chlars; by
select:ing Mps)LJob2I), 0pTh.3), d MpoClobTibl e buttonsiL from the
:Jcheduile menui. 3 ) Run the MPS' moducle by clicking tlu L)PSý bu~tton
fromn the GUI . T111(2 result, wasý then chiecked by opening co:rresp1oding~ii
tables, by choosing~ the L)1pa Woirkor _And Dp"'Wlp) itemlls froml theu GUI
Manlual veriL icatII WO; was al;s) conlducteud to Clchck thu res:ýLIL. CA cU th
geniera t e worker ass ,,;quixeuiit wud W11 i v, to iu 4 ) Run il.hu
siiuulat~ion muincul e by :.!el(2(,Lii 11( h hi )' .'iuao buttoni kroiuu
the SYs I enmuoduIoý..a ThU2 eo were al1 su inluuaiia1ly iiis--pecLe t 01 01
comnpa red t-o previou.0115 iinul at 1.011 i si~l t

5.2 Test Requirements

To coniduc-t a tetUt ie 1-ol Iowin 1S[fr)rw:fl5 :hoiil d het- prepared.
L ach 1 of these forlulS ("all be2 01)11(2Žd by cl 2.Ck 2.11(I C01.coirespoiidillg forml
namne in thie GUIM . T~he( dc~t cal C,1 1(1 hI I hi 1111, ly typedC ill

I. . OrderL
2. Wuotrke(,r
3 . Wks tation
4. Sitii ne
5. Style
6. Operlype
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A set of test data for the above data types is provided in
Tables 1-7. OncQ the data in all above tables are stored in the
database, the master production schedule and detailed production
schedule, for example, can be activated to generate production
schedules.

Table 8 shows the generated master production ý;chedule which
specifies the scheduled production quantity for each job in the
following weeks. Ini thlis example, Lour jobs are scheduled
according to their urgency (due date) and order quantity. This
schedule shows that the weekly piuduction quantity for each job is
relative stable. It implies that workers could remain at the same
workstation and improve their skill. etficiency by performing the
same operation. It also promotes stability and reduce manager's
burden of constantly re-allocating workers. The detailed
production schedule shows worker'sI assignment to operation and job
and the W1IP inventory at each workstation. It is coasist ent with
the master p,,roduction sclhedule but creates a wore detailed worker
to workstation ilid job nosiqixucnd list
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Table 1 : Order

Order id 4001 4002

Job-id 1 2 3 4

Style_id 87 89 87 89

Due-date 2/1/95 4/1/95 4/23/95 5/1/95

Unit-penalty $35 $40 $40 $35

Color-id 4 2 1 1

Size-id 2 1 1 2

Quantity 8,000 9,000 5,500 7,000

Finished qty 0 0 0 0

Dozen number/bundle 5 2 2 5

Unit_.price $40 $60 $60 $40

Status 2 2 2 2

Subcontract 0 0 0 0

Table 2: Operation type-Operation

No. Operation type_id Operationid

1 1 12, 20, 24

2 2 2, 13

3 3 11, 14, 23

4 4 3, 10, 19

5 5 8, 15, 16, 21, 27

6 6 18, 28

7 7 4, 6, 29

8 8 5, 7, 22

9 9 9, 25, 30

10 10 1, 17, 26
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Table 3 : Sewing Workers

Worker id Optypeid Ii t rainning_days Efficiency

1 1,2,4,6 12,120,8,70 .41, .89, .47, 1.10

2 1,2,3,4 25,220,36,24 .71, .91, .95, .89

3 1,2,3,7 38,250,46,325 .86, .91, 1.0, .85

4 1,2,3,4 27,68,14,12 .74, .86, .65, .63

5 1,2,3,8 16,180,380,17 .52, .91, 1.12,.23

6 1,3,5,9 22,27,65,24 .65, .88, .81,1.23

7 2,3,6,8 160,64,28,25 .9, 1.04, .95, .34

8 1,2,4,10 24,38,12,286 .69, .78, .63, .99

9 2,3,5,9 16,220,36,260 .56,1.12, .62,1.34

10 3,4,7,10 28,6,29,34 .89, .36, .73, .81

22 2,5,8,10 24,18,36,17 .68, .38, .48, .65

12 4,6,7,9 164,362,178,14 1.19,1.20 .84,1.13

13 5,6,8,10 16,286,12,28 .34,1.19, .15, .77

14 4,7,266,8 43,52,286,8 1.04, .79,1.12, .96

15 1,6,7,10 27,28,7,220 .74, .95, .37, .98

16 3,5,6,8 176,18,9,14 1.11, .38, .61, .18

17 2,4,7,10 6,15,288,25 .24, .72, .85, .75

18 3,5,8,9 36,192,15,32 .95,1.00, .20,1.26

19 5,6,7,9 21,14,27,19 .43, .76, .71,1.19

20 4,5,6,7 112,57,23,31 1.16, .77, .90, .74

21 6,7,9,10 20,7,17,19 .86, .37,1.17, .68

22 2,4,9,10 31,7,8,41 .74, .42, .96, .84

23 1,3,5,6 318,15,25,34 1.19, .68, .49, .99

24 4,7,8,10 35,182,24,42 .99, .84, .33, .85

25 2,5,7,9 4,16,6,65 .15, .34, .33,1.31

26 3,6,8,10 9,25,22,186 .47, .92, .30, .96

27 1,4,7,9 15,16,116,56 .50, .79, .83,1.30

28 2,4,6,8 12,18,68,512 .46, .79,1.10,1.17

29 3,5,7,8 14,17,68,94 .65, .36, .81,1.32
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30 4,6,8,10 17,96,327,119 .17,1.13,1.13, .95

31 1,3,5,7 57,38,33,29 .98, .96, .59, .73

32 2,4,6,8 419,74,29,17 .92,1.13, .96 .23

33 3,5,7, 9 42,56,64,64 .98, .77, .81, 1.33

34 4,6,8,10 116,17,42,15 1.17, .82, .54, .62

35 1,3,5,7 49,31,28,17 .94, .92, .53, .62_

36 2,4,6,8 12,19,32,147 .46, .81, .98, .99

37 3,5,7,9 23,14,11,174 .93, .30, .51,1.33

33 4,6,8,10 42,36,31,15 1.04,1.00, .42, .62

39 1.3,5,7 65,23,46,57 1.01, .83, .71, .80

40 2,3,4,6,8 2,5,5,43,1841 -06,.26,.3,1.03,1.04

41 3,5,7,9 1,62,135,412 .03, .80, .84,1.34

42 4,6,8,10 5,19,27,369 .31, .85, .37, .99

43 1,3,5,7 74,24,15,20 1.04, .84, .32, .66

44 2,4,6,8 39,21,15,10 .79, .84, .781, .12

45 3,5,7,9 46,32,35,96 1,00, .58, .75,1.32

46 4, 6,8,10 54,26,18,30 1.08, .93, .24, .79

47 1,3,5,7 42,86,25,37 .89,1.07, .49, .76_

48 2,4,6,8 36,41,35,119 .77,1.03,1.00, .93

49 3, 5,7, 9 20,11,7,78 .78, .24, .37,1.32

50 4,6,8,10 15,20,25,117 .72, .86, .34, .95

51 1, 3, 5, 10,15,29,78 .35, .68, .55, .82

52 2,4,6,8 15,20,27,176 .54, .83, .94,1.03

53 3,5,7,9 25,74,34,65 .86, .84, .75, 1.31_

54 4,6,8,10 3,7,10, 15 .18, .53, .12, .62

55 1,3,5,7 8,11,32,116 .28, .55, .b8, .83

56 2,4,6,8 14,10,24,36 .52, .56, .91, .48

57 3,5,7,9 27,30,57,143 .88, .56, .80,1.33

58 4,6,8,10 42,52,117.256 1.04,1.06, .93, .99

59 1,3,5,7 46,33,49,86 .92, .93, .73, .82

60 2,4,6,8 25,22,43,49 .69, .86,1.03, .60

161 3,5,7,9 114,286,28,12 1.09,1.03, .72,1.09
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62 4,6,8, 10 18,29,12,143 .79, .96, .15, .96

63 1, 3, 5,7, 9 52,28,43,94,56 .96,.89,.69,.83,1.3

64 2,4,6,8 24,27,74,12 .68,1.06,1.11, .15

65 3,5,7,9 18,36,184,16 .715, .62, .84,1.16

66 4,6,8,10 11,256,184,5 .59,1.19,1.04, .30

67 1,3,5,7 212,47,21,6 1.17,1.00, .43, .33

68 2,4,6,8 9,84,21,79 .37,1.14, .88, .79

69 3,5,7,9 5,29,114,234 .26, .55, .83,1.33

70 4,6,8,10 9,15,26,74 .51, .78, .36, .92

71 1,3,5,7 13,147,5,16 .44,1.10, .10, .61

72 2,4,6,8 9,12,57,46 .37, .63,1.08, .58

73 3,5,7,9 7,165,46,312 .38, .98, .78,1.34

74 4,6,8,10 8,31,38,14 .47, .97, .50, .60

75 1,3,5,7 6,3,9,54 .20, .14, .19, .80

76 2,4,6,8 7,31,46,57 .29, .96,1.05, .66

77 3,5,7, 9 42,56,34,41 .98, .77, .75,1.29

78 4,6,8,10 242,4,2,76 1.20, .36, .02, .92

79 1,3,5,7 4,9,15,31 .13, .47, .32, .74

80 2,4,6,8 74,56,21,46 .87,1.09, .86, .58

81 3,5,7,9 13,12,15,49 .70, .26, .59,1.30

82 4,6,8,10 7,12,164,10 .42, .71,1.02, .55

83 1,3,5,7 5, 9,116,43 .17, .47, .93, .78

84 2,4,6,8 5,7,86,25 .20, .42,1.12, .34

85 3,5,7,9 15,29,85,192 .68, .55, .82,1.33

86 4,6,8,10 8,41,31,38 .47,1.03, .42, .83

87 1,3,5,7 9,11,15,25 .31, .55, .32, .70

88 2,4,6,8 86, 54, 12 6, 46 .88,1.08,1.06, .58

89 3,5,7,9 421,12,7,15 1.12, .26, .37,1,15

90 4,6,8,10 54,10,14,16 1.08, .65. .18, .63

91 1,3,5,7 15,11,8,37 .50, .55, .17, .76

92 2,4,6,8 25,11,15,54 .69, .59, .78, .64

193 3,5,7,9 45,72,18,7 .99, .84, .64, .91
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94 4,5,7,9,10 40,11,19,36,65 1.02,.24,.65,1.28,.9

95 1,3,5,7 42,25,64,146 .89, .86, .81, .84

96 2,4,6,8 17,19,25,56 .58, .81, .92, .66

97 3, 5,7,9 12,24,3,47 .59, .48, .17,1.29

98 4,6,8,10 10,16,25,38 .56, .80, .34, .83

99 1,3,5,7,9 17,25,53,62,174 .55,.86,.75,.81,1.33

100., 2,4,6,8 53,59,49,186 .831,1.10,.1.06,1.05

4 ~t. '.IN,
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Table 5: Styles
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Table 6.2: OPTYPE
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Table 6.3: OPTYPE
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Table 7: STYLE OP
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Table 8 Master Production Schedule

Jobs Scheduled Production Quantity

1 2 3 4 5 6 7 8

1 1333 579 1111 1111 1111 1111 1112 0

2 965 304 597 597 597 597 597 1097

3 0 523 304 304 304 304 304 304

4 0 188 200 263 273 284 295 458

Jobs Scheduled Production Quantity

9 10 11 12 13 14 15 -

1 0 0 0 0 0 0 0

2 1175 1167 1217 120 0 0 0

3 304 305 305 1605 530 0 0

4 458 458 458 458 1358 1758 91
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