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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
firm 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 prediciion, 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 systemn is used to implement a
relational database and the database manager. Each application module interacts with (retrieve
from and contribute to) the same database. Real-life apparel production data were used in the
developmen: 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 manual 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 place 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
orcer, 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 appare] 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 absentecism, 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 trairing 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 out 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 @ 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-compleie [27].

The challenges for solving an NP-complete problem are: 1) computation time required
to search the entite feasible solution space and 2) comiputer 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 [28], Baker [3], and Cheng and Gupta [8]. 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 firm
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, garment 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 simultanecusly.

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-assigned to a different workstation to engage in a different operaticn
at a different skill level.




1.3 Objective and Tasks

The objective of this project is to study, develop and implemenrt 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
rmodules 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 rezl-
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-term planning and
scheduling activities. Major assumptions and constraints are summarized as follows:

1)  Itis engaged in assemble-to-order production.

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

3)  Each order comes with a due date which is sei 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 opzration 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




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 implementaZion
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,




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 reasorable 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 leve! 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 (i.e., 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 efficienily. Momentary optimization of an apparel manufacturing
system is not critical, because of the system 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 and
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 systen.
5)  define the I/O and interface requirements for the system components,

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

7)  integrate and test the 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
populur 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




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
bottleriecks and no resources. A simulation tool can be used to verity and fine tune a static
production plan in a given production environiment. 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 therefore essential to ensure the sharing and integrity of apparel life cycle data. The major
engireering functions included in the proposed system are highlighted below:

1)

2)

3)

4)

5)

6)

7)

graphic user interface (GUI)

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

production method evaluation (PME)
It enables the system to identify the best production method for a given job or order.
sewing skill prediction (S5P)

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

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.

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.

detailed production scheduling (DPS)

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

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.




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 systemn 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 fro.n the user during the decisior 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 developed for the above engineering applications.

2.1 System Architecture

A framework for the proposed systen 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 production method evaluator (PME)
should be activated to evaluate available production methods for each new order and assess the
appropriateness of using the bundle prodnction 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 predictor (SSP) is therefore needed, which predicts time-phased
worker’s skill at a projected worker assignment history. The plant capacity planner is applied
to seiect 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
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regular employee turnover. External resources to be considered include scbcontracts, 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 upduted 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 [38]. Since the
proposeu 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 mujor 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 an 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 time 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 information, and run the application modules
provided by the system.
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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 sminmarized 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 mode! focused in this study consists of twe
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 a4 more realistic production plan can be generated. Although workers
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:

3] collect production and operation data from apparel manufacturing firms.
2)  digitize the time-phased worker’s efficiency curves.
K); estimate the three coefficients of the non-linear function for each data ¢ wrve.

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

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

11




0) 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.

I 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)  the 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:

1
Eg=A, 11—
jd
7 (1+C, -d™)
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 instead. 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.
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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
Ejd-a0+12 ai 'Xi
-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 estirated, 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, X, - X100 ( @0.a E, 4

.

1 X0 X2 oo Ll | 81,0 _|B2ia

L X500 X52 -+ X5,19) \@19,0) \Ey,q

The coefficients a, g, ..., a;7, ¢ may be obtained by:
- -1
aO,d 1 Xl,l X1,2 st X1,17 El,d
AGa| 1 X0 X, 00 X 4| 1Eag

.9/ |11 3.1 X5,2 - X507 \Bj.g

where E;, - 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:

Ey;=17.519-0.0495X,-0.632X,+0.125X,+0.314X,-0.495X,
-0.267X,-0.476X,-0.449X,-0.343X,-0.580X,,+0.196X,,
-0.145X,,-0.323X,,-0.0186X,,-0.209X,,+0.106X,,-0.381X,,

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

o 17.519 31.975 43 .444 52.471 59.71
a, -0.0495 -0.1577 -0.3354 -0.466 -0.5187
a, -0.6315 -0.3971 | 0.0158 0.3458 0.5183
a, 0.1253 -0.0705 -0.34892 -0.6319 -0.8936
a, 0.3139 -0.160 -0.72 -1.2348 ~1.6489
ag -0,495 -0.7342 -0.8115 -0.8261 | -0.,8113
ag -0.2667 -0.3235% -0.3264 -0.3109 -0.2938
a, -0.4764 -0.8128 -1.0506 -1.1859 -1.254
ag -0.4495 -0.3752 -0.09315 }0.1982 0.4282
a, -0.3429 -0.6057 | -0.8228 ~0.9725 | -1.0618
aig -0,5798 -1.069 -1.4874 -1.8168 | -2.0635
= 0.1959 0.3025 0.4671 0.6223 0.7471
8y, -0,1454 0.01374 0.1268 0.2145 0.2754
a4 -0.,3229 ~-0.8443 -1.304 -1.6243 -1.8385
ay4 -0.0186 -0.1484 | -0.2189 -0.2793 -0.339¢6
aig -0.2094 -0.4539 -0.6855 -0.,8733 -1.0288
Qg 0.1058 0.1455 0.1887 0.2289 0.2708
ayy -0.3806 -0.8578 -1.3369 -1.74 -2.0459




six data points are different from the 589 data sets which were applied to build che model. A
comparison of one data curve with the theoretical skill predictions is shown ip 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 (R?) of these daily prediction models are generally between 0.2 and
0.3, which are considered to be rather low from an engineering point of view. The reasons might
have been the skewed distribution of the data coliected 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
2551, 1,1,2,10,0,0,0,0, 10, 5, 10, 5, 5, 5, 3, and O, 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 lure 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),
accordirg to the goodness-of-fit test. It can be applied to any type of sewing cperations. The
coefficient of determination (R?) of this model, however, is lower than anticipated. It could be
improved by using a more bulanced operation and production data and by including operator
reiated factors. The validity of this model for predicting operators’s skills with prior sewing
experience has not been established. To predict tne 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 interfuce 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
preduction plans for items below end-item 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 gencral not
mutually applicable. In fact, master production scheduling in a make-to-order production
environment is much more difficult [25]. Most apparel firms, 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 accouni 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 assume 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 master 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 1naster 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 potenrtial problem is detected, the amount of additional resources required is
estimated. This problem occurs only when there is a significant employee turnover, because the
anderlying 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:

(0]
ij ( Wd- WC)
where,
Qu- initial weekly production quantity of the job j in week w,
Q, - the total production quantity of job j, and
W, W, - 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 decornposed into work contents by operation type for all new jobs:

J
pr-jzl Q;y'Syp forp=1...P

where
Ry, - the required capacity of the operation type p in the week w,
S;, - 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.
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The index is established as:

J
E ij'Sjp
Fae—

Pk, D
> Y (e
k=1 a1
where

U, - the urgency index of operation type p,
hy, - the working hours of worker k£ on dth working day in the current week w,
€uap the skill level of worker k& on operation type p on the dth day,
K, - number of available workers to be assigned to the operation type p,
D, - the total working days cf worker & 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:

Dy
R,= 3 (Big'€rg)
Ul d=1
p K, Dy Dy
Z Z (hkd'ekdp) _E (hkd'ek¢)
k+1 d-1 d=1

where
U, - 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:

Ky Kya Kip
J2
k), Mg ?: Byg€pay kz: Dy ergp
ij=min(_'_1______l_i,,,_,; , ___,_'p_______._)
ey Tye, Top.
where
Kj, - number of workers assigned to operation type p on dth day in the week w,
T - percentage of standard processing time spent on operation type p to the

sum of standard processing time of job J.

The estimated value is used to update the remaining production quantity for the following
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weeks. The adjusted production level for the subsequent weeks is established with the following
equation:

Q /o QZ-QjW
W wamwe-1

where

i

Q' - 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 und 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 [15] made the following assumptions to simplify the loading problem 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 time 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 tuking 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 productior schedule

The proposed procedure for gencration 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 workastation and a job. The loading procedure at the first stage is depicted in Figure
6. The procedure begins with ranking new jobs bused 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. The 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 [24]. Rolling {34] further studied a range of annealing schedule
parameters to identify un optimal parameter set for the job shop problem,

Simulated annealing is mathemadcally 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 small perturbation of the Metropolis algorithm).

3)  Let AG= C()-C(i), then the probability of cenfiguration j to be the next configuration is
given by 1, it ACy <0, and by exp(-ACy/T), if AC;; > O (the Metropolis criterion). The
acceptance criterion is implemented by drawing random numbers from a uniform
distribution on (0,1) and comparing these with exp(-AC/T).

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 increcase 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 8 in the objective
function is called the "acceptance function”" and is normally set to exp (-8/T), 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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2)

3)

4

3)

6)
7)
8)
9)

10)

11)

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=T,, and initialize the temperature changing counter, N, to 0.

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

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

calculate the new objective function (F), and let & = F-F,

J

check the condition: rand(0,1) < exp(-8/T). If it is satisfied, go to step 6), otherwise go
to step 8,

let F=F,, and N;=N,+1,

check F,,>F if it is satisfied, let F=Fmin,

set N=N+1,

check if N>N(N,). If it is not true, go to step 3, otherwise go to the next step.

set F,,=F; Ny=N,+1, calculate the standard deviation of the objective function, o, and the
temperature for the next iteration T(N,),

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 [34].

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.




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:

o= (+WI+W2+ ... +Wi)P1(+W3+W2+...+Wj)P2... (Wd+W1l+ .. .+Wm) Pn

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

The above expression captures each operation type in a set, each representing a complete
worker-workstation assignment 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 assignmen? rule.
In the above expression, all workers are assigned according to their skill at the assigned
operation,

2.6.2.3 mechanism for alternative schedule generation

There are two swap methods (S1 and S2) prepared for alternative solution generation,
The swap method (S1) switches the urgency of two workstations. The swap is expected to have
an avalanching effect on worker assignment to workstation., The swap method (52) alters the
method of selecting a worker for a workstation and as a result affects all the assignments
following the selection of a workstution., The stopping criteria applied to the proposed
improvement procedure include the toisl number of iteration, a pre-determined 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 adjust 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 from 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 und 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 structure, 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

available for overtime.

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

5)  Adjust the 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 t improve
the scheduled production. During the production stage, simulation can be used as a , oduction
control tool, when linked to an on-line shop floor control system to reflect up-to-minute 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 report 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 50, a cost model is proposed as below. For each production method
(i.e., bundle, UPS, and moduiar), 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
firms, 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: Cy= (Z Cyy) O+ (Ty-D) *cvcy;  1-1,2,3
J=1

where
C, - total manufacturing cost for choosing production method i,
¢, - direct labor cost for production method i,
¢, - indirect labor cost for production method i,
¢,y - overhead cost for production method i,
cu-  depreciation for production method i,
T, - estimated finishing date for production method i,
D - due date,
¢, - unit penalty, and
¢ - Ssetup (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 alsc 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~guage (PAL), provides the user with a friendly
environment and a hierarchically structured pull-down menu. The database is accessed through
order, resource, knowledsve, and schedule menus, Each is provided with a full set of database
operational functions i .«ling 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 arc 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 implementation of the
database system is described .n the following design steps: conceptual, implementation, and
physical design.

3.2.1 Conceptuai design (entiiy-refationship 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 corceptual data model is critical to the database
for meeting the need of the proposed system. An entity 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—N), Thus the characters on the lines between an entity (rectangle) and a
relationship (diamond) 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 piocess (WIP) inveniory. An apparel order, received from a customer,
specifies 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 1Ds, subsequent operation 1D, 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 different 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 weckly 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 specifics work in process inventories at station level, each
identificd 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 Implementation 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
tukes 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 databasc 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 (STIME), styles (STYLE), style
operation relationship (STYLE _OP), unit master production schedule (UMPS), worker assignment
in each unit master production schedule (UMPS WK), worker to job assignment in  detailed
production schedule (DPS J WK), beginning and ending WIPs of each job on each day
(DPS_WIP) at each workstation, and miscellancous operation data (MISCELL). These tables will

39




be further detailed in the next section.

At the second stage, A set of "FORMSs" 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
(ORDER_JOB) form, a worker and operation type (WORKER_OPTYPE) form, an operation type
to job operation (OPTYPE _OPERATION) form, a standard processing time (ST/ME) form, a style
to operation (STYLE _OPERATION) form, a miscellaneous (MISCELL) form, a unit MPS weekly
production (UMPS_THRY) form, a unit MPS worker assignment (UMPS_ASSIGNMENT) form,
a unit DPS worker assignment (UDPS ASSIGNMENT) 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 ORDER _ID. 1In 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, the WORKER _OPTYPE 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 OPTYPE OPERATION form is created
by linking the OPTYPE table to the OPER table with the key word OPTYPE ID. In this torm,
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 form is established with data from three tables. The STYLE table is 11
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 STYLE /D 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 manufacturing 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 due 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 und is
given by the system automatically. The due date must be within or later than the current week
as specified in the miscelluneous 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 the 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 siiown in Table 3, the WORKER table captures each worker by the a set of attributcs,
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. The 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 WK_OFPTP 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 ave 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 0, the STIME table is developed to capture stundard processing time
for each sewing operation. The standard time is determined by the garment style, size, and
operation type. Therefore, this tuble stores standard processing time for each combination of all
styles, sizes an operation types. Thus the combination of these three fuctors 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 1D and its associated operation 1D at root.
This is needed because style is an atribute 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 structure 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 1D can be added or edited by the user.
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Table 4 : The WS Table
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As shown in Table 7, the STYLE OP 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 impleentation can assemble up to three garment pieces. The value
of all attributes can be modified by the user. These data are retrieved and uscd by both the
master production scheduling and the detailed production planning modules.

The MISCELL table, as shown in Table &, 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 weck, number of days in a week, and total daily working hours
available. The application 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 days per week attribute
affect the total available working hours in cach week. 1t 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 O 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 four tables: the unit master production schedule (UMPS), worker
assignment for each UMPS, detailed production schedule per job and worker (DS_J_WK), and
its associated work in process inventory (DPS_WIP).

The UMPS table, as shown in Table 9, stores the master production schedule, which
indicates the scheduled throughput of each job in cach weck in the planning horizon. The
combination of the week 1D and job ID attributes is the key word, All attributes are updated by
master production scheduler and can be retricved by the user and detailed production scheduler.

The UMPS_WK table, as shown in Table 10, is designed to store the assignment to an
operation type during masier production scheduling. The assigniment 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 1D, worker 1D, and OPTYPE 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 J WK table stores the detailed production schedule,

which are identified with worker 1D, operation type 1D, workstation D, 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 8 : The MISCELL Table
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Table 9 : The UMPS Table
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Table 10 : The UMPS_WK Table
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Table 11 : The DPS_J_WK Table
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week, OPTYPE 1D, workstation 1D, 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 DPS_WIP 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 shop 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 NonLincarFun.
The module interacts with the database for data from two tables: WK_OPTP and OP_TYPE.
From the WK_OPTP table, the following data are retrieved: days of initial training and days of
current training. From the OP_TYPE table, the operation-related 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 WK_OPTP tble.

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
activatss the module by selecting the submenu Sewing Skill_Predictor in the System Modules
menu and then specifying a desired operation type. After the ID for the desired aperation 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 detailed 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 medel described in chapter two. The module interacts with the database for various
cost related data such as job ID, style 1D, size ID, due dates, penalty, unit cost, depreciation,
overhead, standard time, and setup. The output data includes the preferred production method
and cost figures. These output data serve as only o 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
firms do not have the various production systems and the bundle system is our research focus
in this study, this result from this module is only for the user’s reference and should not affect
other scheduling functions.




Table 12 : The DPS_WIP Table
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3.5 Master Production Scheduling Module

The master schedule module is implemented 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 CommittedSubQty, which writes an integer value to
JOB table. The second routine is called FinishedQty, 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 GetAlilWorker, which retrieves all uvailable workers frormn
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{
private:
int worker_id;
int training_duays{MAX NUM _OpTYPE];
inr last_optype_id;
int curr_optype_id,
int overtfMAX NUM_OVERTIME],
int abse[MAX NUM _ABSE];
int avail;
public:
Worker(int a_worker _id);
Woaorker(),
~Waorker();
void — Setld(int a_worker_id);
int Getld();
void — SetTrainningDays(int a_optype, int a_days);
int GetTrainningDays(int a_optype),
void — SetLastOptypeld(int a_last_optype_id);
int GetLasiOpiypeld();
void — SetCurrOptypeld(int a_curr_optype_id);
int GetCurrOptypeld(),
void — SetOvert(int a_index, int a_week);
int GetOvert(int a_index);
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void  SetAbse(int a_index, int a_week);

int GetAbse(int a_index);

void — SetAvail(int a_avail);

int GetAvail(),

double OptypeEfflint optype_id, Optype optypel]);
] ;

The fifth MPS function is called GetCurrWeek, which retrieves the current week datum
from the MISCELL table. The next function is GetJob, 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, finished quantity, subcontracted quantity and
bundle size. The job class is defined as below.

class Job{
private:;
int Job_id;
Style* style;
int due_week;
int size_id;
int quuntity;
int finished_qty;
int sub_qry;
int dozen_num,
int Status,
public:
Job();
~Job();
void — SetJobld(int a_job_id);
int Getlobld();
void — SetStyle(Style*);
vold — GeiSiyle(Style® &),
void — SetDueWeek(int a_due_week),
int GetDueWeek();
void  SetSizeld(int a_siyle id);
int GetSizeld():
void — SetQiy(int a_quantity);
int GetQty():
vold — SetFinishedQty(int a_finished_gty);
int GetFinishe, ty();
void — SetSubQuy(int a_sub_qty),;
int GetSubQuy():
void — SetDozenNum(int a_dozen_num),;
int GetDozenNum();
void — SetStatus(int a_status);
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int GetStatus(),
vold  SetStime(),
in Decomposition(int qty, double stime[]);
}’.
The next function is called GerStyle, which retricves style data from the STYLE table. It
opens the STYLE table, searches for the style which hus 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 {

private:
int style_id;
OpStyle *root;
OpStyle *op_style_array;
int op_siyle_num;

public:
Style();
Style(int a_style_id);
~Style();
void — Setld(int a_style_id);
int Getld();
void  SetRoot(OpStyle*);
void — GetRoot(OpStyle* &),
void — SetNumOpStyle(int),
in GetNumOpSiyle(),
void — SetOpStyleArray(OpStyle*);
OpSiyle® GetOpStyleArray();
void — Midl'ravel(OpStyle® a_opstyle, OpStyle opstyle[], int& n);
void — AllOptype(int typelist(], int& n);

}'.
class OpStyle {
private:
int op_id;
OpStyle  *previ, *prevz, *prev3;
OpStyle ¥next,

fouat  stime;

public;
OpStyle():
OpStyle(int a_op _id),
~OpStiyle();
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void  Setld(int a_op_id),

inn  Getld();

void  SetStime(double);

double GetStime();

vold ~ SetPrev(OpStyle* a_prevl, OpStyle* a_prev2,
OpStyle*a_prev3);

void — GetPrev(OpStyl=*&  a_prevl, OpStyle¥& a_prev2,
OpStyle*& a_prev3);

vold — SetNext(OpStyle* a_next);

void GetNext(OpStyle*& a_next);

}'.

The eighth function is called IsOverTime, which evaluates worker’s avertime status, which
may be -1, 0, +1, indicating that the vorker 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 Ievels: 0,1,and 2 for the current planning
wrel, indicating that the plant capacity is normal, uses overtime and subcontract, or include new
hire. This function updates the following five tables: UMPS, UMPS_WK, MISCIILL, WK_OPTP,
and JOB. The RecoverFiniQty tfunction allocates jobs and restores t volue assigned to the
initial finished quantity during the iterative planning process. The Seleci.:.  tunction 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 SelectWorker function,

The UpdateCurrTrain 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 UpdateThisTrain is a sub-function of Umps implemented to update the
current training status in the WK _OPTP table. If one worker is assigned to an operation type,
the training status of this worker is sct to 1, otherwise set to 0. The UpdateUmpsWk function
is a sub-function of Umps and is implemented to update the master production schedule in the
UMPS_WK table. It opens ihe UMPS_WK table, sets worker ID and operation type ID with the
information store in array worker as defined previous in class worker. The UpdateUmpsDB
function is a sub-function of Umps. i is implemented to update job id and throughput in ihe
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 1D, 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 wder a static production less realistic. Similar
to the MPS implementation, the input data for DPS are drawn from many tabies. In addition to
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those used by the MPS module, the master production schedule is retrieved from the UMPS_ WK
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 io
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 inventory for each job at each station in the DPS_WIF table.

The DPS module consists of twelve major modules. The first function is called

GetOperld, which finds all operations for each operation type. The IniJobTask function
initializes the task of jobs to operate the module, The function IniUpperBound initializes the
inventory limitation. The luputData 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 Joblndex and Operationindex functions are used to find a job and a operation
indices. The ToDpsJWk function outputs the detailed production schedule and creates the
DPS_J WK table. The output includes worker and job 1Ds, and operation type which the worker
is assigned to.
The Workerindex function finds the worker’s index when the worker’s ID is known. The
WorkerRank tunction sorts workers according to their efficiency based on cach operation type,
The WorkerAssignJol 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
WorkerAssignOp function assigns cach 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 capucity planning module is implemented according to the procedure presented in the
previous chapter. It retrieves the current week from the MISCELL tuble, 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 whicli reflects the physical Iocation 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, the idea of 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 ShowOneOperation function is a sub-tfunction of ShowOperation, 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 ShovTree 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 on the production shop floor, multiple logical layouts are generated and
displayed. This function retrieves the operation tree for cach job, evaluate operation relationship,
estimate the size for each logical layout, and assign a relative location for euch operation on the
tree, create a frame for each station, and connect them. This function is different fiom the
ShowOperation in 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 physicul layout
except that it only show the information related to the job. A logical layout example is shown
in Figure 19,

The SimMenu function is implemented to orpanize and display command functions
available 1o the user in a menu format. The text contents of menu items are stored in two-
dimension array of the menu. The Simulation function is the main function of this module which
simulates the material flow ol the production system and dynamically updates the graphic display
of the manning and WIP inventory levels at cach workstation. It works with both physical and
logical luyouts. During a simulation 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.c., 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 uctivated to create a graphical
display of the selected worker in the workstation newly designated by the user. The ZoomOper
function allows the user to zeom in and out of a workstation to better view the station. An
enlarged workstation (#1D14-3) fayout is shown in Figure 19,

The OneWorker function is used to create a graphical display of a worker in a specified
workstation.  When requested, it calceulates the location of the worker in the given station and
creates & worker symbol. It paints the worker in a color selected to represent his/her current
efficiency level at the workstation, When the worker is refocated 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 waorkstation in
a text form.  As shown in Figure 20, it presenis a workstation 1D, its assigned operation type,
the number of jobs assigned to the workstation, the inventory level of each job at the station, the
throughput of cach job, the number of workers assigned to the station, their ID and skill level
at the station.

The WeekTusk tunction is used to summarizes the quantity of each job scheduled for this
] y .

week, It displays the quantity of each job to be finished in the current week, as obtained from
the master production schedule, in a two-dimensional graph, where the X axis represents jobs and
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Figure 19 : A Logical Layout
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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 sysiem was also applied to a number of
application instances in a bundle production 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 requircd 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 summary 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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Figure 23 : An MPS Snapshot
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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 hierarchical 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 databuse and a graphic user interface, the system consists of six major application
modules. They include: a master production planner, a detailed production scheduler, a plant
capacity planner, a production method evaluator, and a material flow simulator. Through the
graphic user interface, the user manuges 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 detailed production planning module decomposes a
master production plan into worker assighment 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. Reulistic 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-assignment 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 project worker’s skills at any operation type based on u pre-
determined worker 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-term productivity. The skill prediction model was developed based on real apparel
production and operation data collected from the industry 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 planncr 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 cevaluate the production plans.

The design of the relaticnal 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-linc shop floor control system. Upon compiction, the user could monitor WIP 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 retricved 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 Rescarch Work

The system can be further improved and enhanced. 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 mmodular 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 same 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 same database, leading to the development of a concurrent engincering
environment, in which product and process design activities are closely coupled. The system
could be also greatly cnhanced 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 DESCRIPTION

This manual provides a guide of usage of the apparel production planning and scheduling
(APPS) system developed at Florida International University (FIU). The user is assumed to have
basic scheduling knowledge such as master production scheduling, detaited production scheduling,
and shop floor control.

The manual is organized in three chapters. An introduction of the system’s functionality
and architecture is given in Chapter 2. With the introduction, the user is expected to understand
the functionalities supported by and implemented in the system. The third chapter details the
operation instructions, which are written according to the system menus and supported by the
system’s graphic user interfuce (GUI). With this guide, the user should be able to run the APPS
system in 30 minutes, provided that it is properly loaded on a PC platform.

2. SYSTEM SUMMARY

This chapter summarizes the system in three sections. The first section summarizes the
functions the system is designed to perform. The second section summarizes how the system
works and interactions among the system components.  The third section specifies the system
configuration.

2.1 System Functions

This system is developed for planning and scheduling production for an apparel bundle
manufacturing system. It is aimed at better meeting delivery commitments and prometing long-
term growth of both plant capacity and individual worker’s sewing skills, This system has the
capability of performing the following functions:

1) manage production and manufacturing information,

2)  evaluate the feasibility of mecting a delivery date,

3)  evaluate and sclecet the best production method.

4)  generate and maintain the master production schedule.
5)  generale and maintain a detailed production schedule
6)  cevaluate static production plans,

2,2 System Operations

As shown in Figure [, the system is composed of cight major modules: a database
manager (DM), a sewing skill predictor (SSP), a plant capacity planner (PCP), a master
preduction scheduler (MPS), a detailed production scheduler (DPS), a material flow simulator
(MFES), a production method evaluator (PME), and a graphical user interface (GUI).
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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 routincly
generate/update the master production schedule, while ensuring sufficient manufacturing resources
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 hl.s/hu assigned operation type and then estimate
the time-phased plant capacity.

The skill predicti  module predicts a worker’s cfficiency on any given day in training,
with a set of sewing operation related coefficients previously stored in the database. The
cocfficients  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
ool to evaluate the validity of the static production plans in a given production environment.
It provides a graphic display to show the dynamics of the simulation process and allows the user
to interact with the system and re-assign workers (o imiprove production flow, During each
simulation session, the user can choose to view material flow in o physical luyout or a logical
layout, The GUI allows the user to manage all data through the database manager, invokes cach
system function, and audits intermediate and final results.

2.3. System Configuration

The system s implemented in Paradox in the DOS Windows enviromment.  ‘The
MicrosoftyDOS 3.1 is used to support the Paradox/Windows 4.5 Database Management Systen.
The Paradox Engine 3.0 is used as the data exchange tool. The programming language used 1o
implemient the system is Turbo C++ Version 3.0, The computer platform is a Dell/386 PC. It
requires 4MB RAM and a minimum ol 30 MB hard disk. An EGA/VGA is required and mouse
is 4 must.

The system requirements are: a PC/386 or betwer, AMB RAM, 30 MB hard disk, an EGA
or VGA monitor, a mouse, Faradox/DOS Windows 4.5 or higher, and Paradox Engine 3.0 or
better. An AUTOEXEC.BAT file has been prepared to properly installed and set up required
paths. No other specific configuration is required.

3. OPERATION INSTRUCTIONS

This chapter includes two seetions. The first section outlines the procedure (o initialize
the apparel production planning and scheduling systeni. The second section details the guide for
operating the system.




1 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
Paraaox, the user can get to the dircctory and activates a file called MAINMENU,FSL 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 comuiends under cach of the following main menus: Order, Resource,
Knowledge, Schedule, SystemMoaodules, and Exir, The first four menus are designed for database
management. The {ifth menu provides an entrance to each application module; and the last one
is designed for exiting the systen,

3.2.1 Order Mena

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 are: New, Edit, Delete, Print, and Quit. Each is further explained below,

. New

It adds a new order and its jobs to the system.  Upon sclecting this item, the
sy<tem pops up a blank order form and ask the user o 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: Customer _id, Order_date, Job_id, Style_id, Due_date, Penalty, Color_id,
Size_id, Quantity, Finished qty, Dozen nion, Status, Cost, Unit_price, Acceptability,
Ini_finished _gty, and Committed_subcontract gty. One order may have multiple jobs.
The user needs to fill out cach job one at a time.,

. Ldit
It is used o modify existing orders. Any cells except Order id, and Job_id can
be modified in the current order form,

. Delete
It deletes an existing order and all ity jobs. To prevent an order from being
accidentally deleted, a dialogue box is provided which pops up after this command is
clicked. It verifies the order 11 with the user betore deletion. It should be excercised with
care, because it can not be recovered, atter an order is deleted.

Al-4




mo

AyodesaH nNuUap walrsAg : g 9a.nbr4
unp
Loy enuIg
" wooy
o)
PUPWEG
13030 )
_fc.o.: ungy
. , _,..., \ :e__u.e.‘_:E.m :.m.nws
umo() :?aa< W U
. . e g
an ubissy v .-.::mv. S
091} O SHM 150 Wse| Ut 3ja[=Qg
_ _ 1p3 Wp3
BN R prose
C0iewig 45
C o oopaigams| | omsdq|
e e e m 1190SIN
L [oP7es PO d S B akis) )
NPOW SdQ 13 Jopmsd adAviadQ uoneISHM
o 3INPON SN alqe qorsdpy ETTIES 19MI0M EEO_
1XJ SOINPONWIISAG  sainpayog abpajmouy]  SI2IN0S3Y  sIIPIQ
| | _ | | _ _
N

wa)sAg Buynpayog ¥ Buluuelq uonRoNpold [sleddy

Al1-5




. 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 selecting 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

dres

(1)

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 1D is automatically assigned by the system, but the remaining cells are
filled out by the user: Name, Hire_date, Optype_id, Curreni_training_days,
Overtime!-10, and Absencel-5. As o worker may perform several operation types,
the torm provides several columng to fill out the worker’s skill level in terms of
his/her training days at cach operation type.

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

Delete

It deletes an existing worker record, Before any deletion, a dialogue box
will pop up after clicking this item to alert the user.  Any deletion can not be
recovered.

Print
It generates 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 data for new workstations and edit existing
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workstation records, Five control buttons are provided for the user to accomplish the
task.

New

After this item is selected, the system pops up a blank workstation form
and ask the user to fill out. The 1D for the new workstation is automatically
assigned by the system. The user need to only fill out the Optype_id cell in the
workstacion form,

Edit

It allows the user to modify existing workstation records,  Since the
workstation ID can not be edited, the only cell the user can modify is Optype_id.
By specifying the workstation to be modified, a change to the operation type for
the workstation is made.

Delete
It deletes an existing workstation record.  After the command item is
scleeted, a dialogue box pops up o confirm the deletion,

Print

It sends the data from a selected workstation form to a printer. A report
for all the workstations is automatically prepared by the system and sent to a
printer by the Print command,

Quit

It returns the control to the main menu.

3.2.3 Knowledge Menu

The Knowledge menu consists of four sub-menus,  They are: StandardTime,
OperationType, und Miscellancous.

. Standardiime

By sclecting this item, the system pops up a form which includes the information

about the standard processing time for cach operation ol cach garment style and size.
Five control icons are attached to the form for the user to add standard processing time
for new opcerations and edit standard time for cxisting operations.  The following
commands are provided for the purpose.

e

New

It adds new standard time. When this item is selected, the cursor points
to a blank record and ask the user wo fill out. The cells in the record to be filled
out are: Siyle id, Size, Op_id, and Standard time.
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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 contiel 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 tusks:

L 1]

(1]

.

L X

. Style

New

[t adds a new operation type to the system. When this button is selected,
the cursor points to a blank record and proinpts 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 are: Name, FI-
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.

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:

.o

o

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 ganment style is automatically
given by the system, but the user needs to fill out the following cells:
Root_operation_id, Optype_id, Operation_id, Prev_op idl, Prev_op id2,
prev_op_id3, 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.

. Miscelluneous

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

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

of tasks:
o Edit
It allows the user to modify each cell of the MISCELL table.
o« Print
It enables the user to generate a report of the miscellaneous information.
s 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: MpsJobTable, Mpslob2D,
MpsJoh3iD, MpsWorker, DpsWorkerWkstationdob, DpsWipTable, DpsThroughput2D, and
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DpsWipinventory2D. 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.

. MpsJobTuable
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 form for the user to
accomplish the following:

o Edit

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

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

se  Quit
It returns the control to its parent menu.

. MpsJob2D
When the MpsJob2D sub-menu is sclected, a form which represents the master
production schedule is shown as a two dimensional bar chart. Only two control buttons
are attached to this form:

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

e Quit
It returns the control to its parent menu.

. Mpsdob3D
When the MpsJob3D sub-menu is selected, a form which represents the master
preduction schedule is displayed with a three dimensional graph shown on the screen.
Only two control butions are attached to this form:

so  Print
It allows printing of the graph on the screen.

oo Quit
It returns the control to its parent menu.

. MpsWorker
When the MpsWorker sub-menu is selected, a form which represents the worker
assignment for the master production schedule by week and operation type, is shown on
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the screen. Three control buttons are attached to this form:

o Edit

It allows the user to modify the master production schedule.
e Print

It provides for the printing capability.
o Quit

It returns the control to its parent menu.

. DpsWorkerWkstationdob
When the DpsWorkerwkstationdob sub-menu is selected, a form, which represents
the worker assignment in the detailed production schedule by operation type and
workstation, is shown on the screen. Four control buttons are attached to this form:

se  Edit
It allows the user to modify the assignment in the schedule.

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

se  Print
It allows the printing of the form on the screen.

o Quit
It returns the control to its parent menu.

. DpsWipTable
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:

oo Edit
It allows the user to modify every cell in the data table.
ss  Delete
It allows the user to remove data from the table,
o Print
It allows printing of the table on the screen.
e Quit
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It returns the control to its parent menu.

. DpsThroughput2D
When the DpsThroughput2D sub-menu is selected, a two dimensional bar chat

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

o Print
It prints out the bar chart on the screen.

oo Quit

It returns the control to its parent menu.

. DpsWiplnventory2D
When the DpsWiplnventory2D sub-menu 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:
oo Print
It prints tne bur chart on the screen.
oo Quit

It returns the control to its parent menu,

3.2.5 SysteimModules Menu

The SystemModules menu provides an entrance to the application modules, which include:
MasterProductionScheduler,  DetailedProductionScheduler,  SewingSkillPredictor, and
ShopFlowSimulator

. MasterProduct.onScheduler

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

. DetailedProductionScheduler

It activates the detailed production 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.

ShopFlowSimulator

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

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

se  Assignment
It shows the worker assignment to workstation and job as scheduled by
the DPS module.

s Watation
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 in 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:

oo A Assign
It coordinates a simulation  session in which the system
automatically re-assign workers as a need is identified.

see M. 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.

s 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 cach worker. The raw materials and finished good
inventory level for the simulation session are also shown on the screen.
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oo Qult
It returns the control to its parent menu.

o 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 menu consists of the following sub-menus:

ote U])
It allows the user to move up the logical layout of & operation tree
for a job.
|
| ses Down
It allows the user to move down the layout.
oes  Left

It moves the layout to the left.

ese  Right
! It moves the layout to the right.

see  Larger
It enlarges the layout.

sso  Smaller
It scales down the layout.

oo Text

It allows the user select and workstation in the layout to see a
detailed textual description of the workstation. When a worksiation is
clicked, a text screen pops up with the following workstation related data:
1) workstation 1D, 2) the operation type assigned to the workstation, 3)
workers’ 1D 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.

oor Zoom

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.

oo Forecuast
It starts a simulation session with the current layout and up to the
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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.

vee  Quit
It returns the control back to its parent menu.

r o0 Qu.it
It returns the control back to the menu.

3.2.6 Exit Menu

This control item has not sub-menu. The only command is Exif, 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 (DLAY00-
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 thie system. 'The background
ig 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 constraintsg for the system are listed
in section 2.5.

2.1 Background

Most apparel manufacturers, especially small and medium sized
companies, engage 1in make-to-order production. The production
planning and scheduling practice of a make-to-order 1is gquite
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 guestions need to be promptly answered.
They are 1) the likelihood of meeting the delivery date and 2) the
manufacturing cost incurred by the order.

The domestic apparel manufacturing industry has been facing
stiff competition £rom 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

A2-1




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
applications to this industry are aimed at achieving this goal,

The application of quick response concept reguires 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 1s difficult to accurately generate a detailed
production 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 1s required over a short period
of time and the company must substantially increase hiring and
training activities. This situation commonly oc¢curs 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 comnon problems. In
additions co these, an accurate estimate of the production civacity
is another serious problem. Since the ability to change styles
guickly is important to a make-to-order company, it has to rely on
general-purpose machines to maintain its flexibility. Therefore
extensive hiring, training, and retraining activities are required
whenever there 1is a significant change in garment design or in
production guantity. 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
gignificant 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 firmg 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 i1s 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 reguirement for a significant increase in production
over a short time period, even well managed companies freguently
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 reguire training, and the operators being
shifted will have to start with very low proficiency. On the
contrary, 1t complicates the problem, causes further delay and
costs more. For such a situation, a new look at the line balancing
1s necesgsary.

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 inguiry 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 :tage of
production planning and scheduling. Due to the interactiv: 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 together 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.

evaluate the feasibility of meeting delivery commitments.
select the best production method.

generate a master production schedule.

generate a detailed production schedule

evaluate the static production plans.

AU WY

2.3 8ystem 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 detabase 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 sgelect 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 called 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 1s activated to select additional short term

resources. The detailed production scheduling module takes the
master production schedule and other reguired data from the
database and generates a detailed production schedule. The

material flow simulation module 1s Lthen 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 Lo re-assign
workers to different stations to smooth the material flow.

A2-4




21Nn30233 144y wolsAs Bujyinpayog @ Bujuued uoji}onpodg 124eddy pssodoid :T ainbByg

| |
u_ 3Inpop (S UonBINIIS Y
MO|4 UOHBWIOJU| —~eage—— - —> MOl [BLID) RN ]
|ONUO) . oooo- »

@ < > 9INPON S0l
Yy

)
D O 3INPOp (4S3) vonopeid| S
o< > IS Bumag S
oo : o
m " "aipop . A
e X (&= (dOJ) Duiuelg &
& = {Auoede) buuiz. Q
o Ay A ~ :
abpajmouy) 3 8 : =)
uonaNpoLy | 3= Q2 : y o
\I'\m/ _ = Py UJ
(B ¥9npoid > SINPOW (dDd) Duluueld o
sasinosay ® Anoedeg yueid mw
i
> - | ®
© le > 3INPOW SdW =

ST

$19piQ 3 qop _

A ]

D .
1 Aupaiseay

> 3NPOW (INd) uolienjea] .
Y
poylan uonanpoud




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 unigue 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

1MPS01: CormmitedSubQty
2MPS02: FinishedQty
3MPS03: GetAllOptype
4MPS04 : GetAllWorker
5MPS05: GetCurrWeek
6MPS06: GetJob

TMPS07 ¢ Getstyle
8MPS08: IsOverTime
9MPSY: Mps

10MPS10; RecoverfiniQty
11MpPS11: Selectstime
12MPS12: SelectWorker
13MPS13: unps

14MPS14: UpdateCurrTraii
15MPS15: UpdateFiniQty
16MPS16: UpdateThisTrain
17MPS17: UpdateUmpsWk
18MPS18: UpdateUnpsDB

2.4.2 Programs for the detailed production scheduler

19Dps01: GelOperld
20DpsS02: IniJobTausk
21DPs03:; IniUpperBound
22Dbrs04; Inputbata
23Dps04: JobIndex
24DpPs06 OperationlIndex
25DPs07 OperationTypelndex
26DPS10: ToDpsdWk
27DPS11: WorkerIndex
28DPS12: WorkerRank
29DPS13: wWorkerAssignJdob
30DPS14: WorkerAssignOp

2.4.3 Programs for the simulator

318C01: JobTree

328C02: OneWorker
338C05: ShowOperation
345C06: ShowOnoOperaltion
358C07: Showlree

365C10: SimMeritl
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375C11: Simulation

38scCl2: TextOper
398C13: WeekTask
405C14: WhichWorker
418C1l5: WorkerPost
428C16: ZoomOper

2.4.4 Programs for the skill prediction module

43SKILLO1: NonLinearITun

2.5 System Assumptions and Constraints

The following major assumptions and constraints are identified

for the system.

1)

2)

7)

10)

11)

Only bundle production method is considered in this study.

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

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

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

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

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

The management may rely on frequent re-assignment of workers
to differenl. workstations to smooth the material flow.

Jobs and orders may be accepted at any time and thus bhe
scheduled at any time.

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

BEach Jjob is known of its operations, standard time, and
operation sequence.




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 kncwn 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 seguence, 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 1s organized into four sections. The required
equipment environment is defined in the next section, followed by
a description of the support software 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 thiy gystem requires the following hardware
as described below:

Hardware Description/Comments
Computer PC/386 or higher.
RAM 4MB.

Hard disk 30MB at minimum.
Video monitor VGA or higher.

Mouse required.

Printer reguirved.

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 LEngine 3.0 or later.
Programming Language Turbo C++ 3.0.
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3.7 Interfaces

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

Inter0l: interface with the database;

Inter02: interface with the production method evaluator;
Inter03: interface with the feasibility evaluation module;
Inter04: interface with the master production scheduler;
Inter05: interface with the sewing skill predictor;
Inter06: interface with the detailed production scheduler;
Inter(07: interface with the material flow simulator;.

3.4 Security and Privacy

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

The database is the heart of the gystem. All the modules need
to retrieve data from the database; and in turn they also update
the database, change some fields of gome tables in Lhe 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_OP1P), Knowledge (MISCELL, OPTYPE, STIML, STYLE,
STYLLE_OP), and Schedule (DPS_J_WK, DPS_WIP, UMPS, UMPS_WK).

3.4.1.1 order related data
1) ORDER: (Order_id, Customer_id, Order_date)
This table stores customers’ orders. It stores order ID,
customer 1D, and order arrival date. These three attributes

decide one unigue order.

Resgtriction:
No restriction is applied to this table.

2) JOB: (Job_id, Order_id, Style_id, Due_date, Due_weeck, Pcnalty,
Color_id, Size_id, Quantity, Finished_glty, Dozen_num,
Unit_price, Status, Cost, Subcontract, Acceptability,
Committed_subcontract_gty, Ini_finished_qgty)
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This table captures the information about Jobs. The
attributes of a job include its 1D, 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 guantity (quantity finished up tec 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:

Bach job has a unique job ID in an order. It is given
automatically by system. Due_week must be later than the
Curr_week in MISCELIL 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 relez od data

1)

3)

OPER: (Operation_id, 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:

Operation_id is the key. It is generated by the computer
program. 1t can nolt be changed by the user. The Optype_id
must be oune of the same as the one in the OPTYPE table.

WORKER : (Worker_i3id, Name, Hire_date, Overtimel, Overime?2,
Overtime3d, Overtimed, Overtims, Overtime6,
Overtime7, Overtime8, Overtime9, OvertimelO,

Absencel, Abcence?2, Abgcencel, Abscenced, Absenceb)

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

Restrictions:

EBvery worker has an unique Worker_id, which ig the key.
It 1s generated by a computer program. All the attributes
except Worker_id can be added and edited hy the user. The
number of characters in the Neame must be less than eight. The
overtime and absenteeism can be retrieved only by the capacity
planning module.

WK_OPTP: (Worker_id, Optype_id, Iini_efficency,
Ini_train_days, Curr_efficiency, Curr_train_days,
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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 gi7en
operation type.

Restrictions:

The combination of Worker_id and Optype_id is the key.
All the attributes except This_train_status in thig table can
be added and edited by the user. This_train_status can be
changed only by the master production scheduling mcodule and
the material flow simulator.

4) WS: (Wkstation_id, Optype_id, Max_workers, Max_inventory,
Position_x, Positcion_y)

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, Curr_week, Days_in_week,
Ini_day, Overtime, Newhire, subcontract,
days_in_week, Hours_in_day)

This table captures miscellaneous information required
for the operations of the system. The informaticon do not
belong to any entity. Current_week records the current week
according to the system calendar. Days_in_week 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 Application_level has

only two wvalueg: 0 and 1. Only the Master production
scheduler can change the value of Curr_week when the value of
Application_level 1is 1. When it is set to 0, all the

attributes in this table can be edited by the user.
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2) OPTYPE: (Optype_id, Name, F1, F2, F3, F4, F5, F6, F7, F§,
F9, F10, F11, Fl1l2, F13, Fi4, F15, Fle6, 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 (F1-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 Name.
The Optype_id is the key. The operation variables and skill
predictors can only be retrieved by the sewing skill
predictor. All attributes except Optype_id in this table can
be edited by user. It is automatically generated by the
computer program.

3) STIME: (style_id, Size, Op_id, Standard_time)

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

Restrictions:

The combination of Style_id, Size_id, 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 sgcheduler, the detailed production schedulexr

module, and the material flow simulation module.
4) STYLE: (Style_id, Root_operation_id)

Style i1s 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 1s given, all
operations and their sequence can be found through the table
STYLE_OP.

Restrictions:

Style_id is the key and 1s generated by the computer
program. The Root_operation_id can be added or edited by the
user.

5) STYLE_OP: (Style_id, Operation_id, Prev_op_idl, Prev_op_id2,
Prev_op_1d3, Next_op_id)
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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 1s currently limited by three
in this system.

Restriction:

The combination of Style_id and Operation_id is the key.
All values of the attributes can be added and edited by the
user. Prev_op_idl, Prev_id2, Prev_id3, and Next_op_id 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, Wk_id, 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 nay_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.

DPS_WIP: (Day_id, Ws_1d, Job_1id, Wip_in, Wip_out,
Wip_inventory)

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

Restrictions:

The combination of Day_id, Ws_is, and Job_id is the key.
All attributes are updated by the detailed production
scheduling module and the simulator, The user can edit
Wip_in, Wip_out, and Wip_inventory.

UMPS : (Week_1d, Job_id, Throughput)

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

Restrictions:

The combination of Week id and Job_id 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) UMPS_WK: (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, Worker_id and Optype _id is
the key. Al attributes are updated by the mater production
scheduling module. They can not be edited by tiie user and
other application modules.

3.4.2 Master production scheduling module

1) Input data:

Curr_week , Days_in_week, Hours_in_day from MISCELL table;
Job_id, Style_id, Due_week, Penalty, Size_id, Quantity,
Finished_qgty, Dozen_num, Unit_price, Status, Cost from JOB
table; Worker_id from WORKER table; Standard_time from STIME
table; Operation_id from OPER table; Optype_id from OPTYPE
table; Prev_op_1idl, Prev_op_id2, Prev_op_id3, Next_op_id from
STYLE_OP table; Curr_efficency from WK_OPTP table.

2} Output data:
Status, Finished_qgty, Acceptabilit, .. TOB table; Curr_week to
MISCELL table; Curr_train_days, ithis_trailn_status to WK_OPTF
table; Day_id, Wk_id, Optype_id, Ws_id, Job_id, Throughput to
DPS_J_WK table; Week_id, Job_id, Throughput to UMPS table;
Week_id, Worker_id, Optype_id to UMPS_WK table.

3.4.3 Detailed production scheduling module

1) Input data:

Curr_week Days_in_week, Hours_in_day from MISCELL table;
Job_id, Throughput trom UMPS table; Dozen_num, Style_id,
Size_id from JOB table; Root_operation_id from STYLE table;
Prev_op_idl, Prev_op_idz2, Prev_op_id3, Next_op_id from
STYLE_OP table; Operation_id from OPER table; Worker_id,
Optype_id from UMPS_WK table; Standard_time from STIME table;
Ini_efficiency, Curr_effi ency from WK_OPTP table.

2) Output data:
Day_id, Wk_id, Optype_id, Ws_id, Job_id, Throughput to
DPS_J_WK table; Day_id, Ws_id, Job_id, Wip_in, Wip_out,
Wip_inventory to DPS_WL1P table.
3.4.4 Sewing skill prediction module

1) Input data:
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Ini_train_days, Curr_train_days, Fl, F2, F3, F4, F5, F6, F7,
F8, F9, F10, F11, F12, F13, Fl4, Fls, ¥le, F17, A, B, C from
OPTYPE table.

2) Output data:
Ini_efficiency, Curr_efficiency to WK_OPTP table.

3.4.5 Plant capacity planning module

1) Input data
Curr_week from MICELL table; Subcontract from JOB table;

Overtimel, overime2, Overtime3, Overtimed, Overtim5,
Overtimes, Overtime7, Overtime8, Overtime9, Overtimell,
Absencel, Abcence?, Abscencel, Abscenced, Absence5 from WORKER
table.

2) Output data:
Finished_qty, Committed_sub, 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 8pecific Performance Requirements

This section is used to describe the specific performance
regquirements 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 Functionsg

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 reguirement, and its
relationship with other functions,

4.2.1. Master production scheduling functions (1-18)

1. CommitedSubQty

Description Writes a integer value to JOB tabhle.
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Category MPS function

Syntax void CommitedSubQty ( int job_id, int guantity);

Remarks Updates Committed_sub field of the record which the
value of Job_id is equal to job_i1d in JOB table,
no return value. It is a sub-function of Mps.

2. FinishedQty

Description Preserves Finished_qgty of JOB table

Category MPS function

sSyntax void FinishedQty (int job_id([], int job_num);

Renarks This function searches for the jobs which the value

of Job_id is equal to job_id, preserves the value
of Finished_gty into ini_£finished_qgty, so that when
the value of Finished_gty is updated by
UpdateFiniQty (), its wvalue still can be retrieved
from Ini_finished_gty. No return value. It is a
sub-function of Mps.

3. GetAllOptype

Description
Category
Syntax

Remarks

Retrieves all operation types from OPTYPE table
MPS function

#include "optype.h"

int GelAllOptype (Optype *& all_optype)
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 Optype(

private:
int optype_id;
double a;
double b;
doubkle C;
double f117);
public:
Optype () ;
~Optype () ;
void SetId(int a_optype_id);
int GetI1d();
void Seta {double a_a);
double Getal();
void Setb (double a_b);
double Getb () ;
void Setc (double a_c);
double Getc () ;

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

4. GetAllWorker

Description
Category
Syntax

Remarks

Retrieves all available workers from WCRKER ta' le
MPS functicn

#include "worker.h"

int GetAllWorker (Worker*& all_worker) ;

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 training_days [MAX_NUM_OPTYPE] ;

int last_optype_id;

int curr_optype_id;

-nt overt [MAX_NUM_OVERTIME] ;

int abse [MAX_NUM_ABSE] ;

int avail;

public:

Worker (int a_worker_id) ;

Worker () ;

~Workexr () ;

voild SetId(int a_worker_id};

int Get1ld();

void setTrainningDays (int a_optype, int a_days);
int GetTrainningDays (int a_optype; ;

void SerLastOptypeId(int a_last_optype_id);

int  GetLastOptypelId();

void SetCurrOptypelId(int a_curr_cptype_id);

int CGetCurrOptypeId();

void SetOvert (int a_index, int a_week);

int GetOvert (int a_index) ;

void SetAbse{int a_index, int a_week);

int GetAbse(int a_index);

void SetaAvail (int a_avail);

int Getavail():

double OptypeBff (int optype_id, Optype optypell);
}i

This function returns the number of worker
retrieved, 1f the procedure fails, 1t returns a
value less than zero. It is a sub-function of Mps.

5. GetCurrWeek

Description
Category
Syntax
Remarks

Retrieves a integer from MISCELI. table
MP5 function
int GetCurrWeek (void) ;
This function retrieves the value of Curr_week from
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6. GetJob
Description

Category
Syntax

Remarks

MISCELL. Return the value of Curr_week. It is a
sub-function of Mps.

Retrieves all jobs' information from JOB table
MPS function

#include "job.h"

Job& GetJdob(int job_id[]):;

GetJob opens the JOB table, searches for the jobs
which the Job_id equals to job_id, returns the
value of Style_id, Due_week, Size_id, Quantity,
Finished_gty, Subcontract, Dozen_num. It 1s a sub-
function of Mps. Job is a class, the structure :
class Job (

private:
int Jjob_id;
Stylex* style;

int due_week;

int size_id;

int quantity;

int finished_qgty;

int sub_qty:

int dozen_num;

int status;

public:

Job () ;

~Job () ;

void SetJobId(int a_job_id) ;
int GetJobld();

void SetStyle(Style*);

void GetStyle (Style*g) ;

void SetDueWeek (int a_due_week) ;
int GetbueWeek () ;

void SetSizeld(int a_style_id);
int QGetSizeId();

void SetQty (int a_quantity);

int GetQty();

void SetFinisghedQty (int a_finished_qty);
int GetFinishedQty () :

void SetSubQty (int a_sub_qty) ;
int Get SubQty () ;

void SetDozenNum(int a_dozen_num) ;
int GoetDozenNum() ;

void SctStatus(int a_status);

int GetStatus/();

void SetStime();
int Decomposition{int gty, double stime[]);

}i




g GetStyle
Description
Category
Syntax

Remarks

Retrieves styles from STYLE table
MPS function
finclude "style.h"
Style& GetStyle(int style_id);
GetStyle opens the STYLE table, searches for the
style that the Style_id equals to style_id, then
returng all the information of the style, including
Prev_op_idl, Prev_op_1id2, Prev_op_1id3, Next_op_id.
It is a sub-function of Mps. Style is a class which
has a subclass Opstyle, their structure are shown:
clasg Style {
private:

int style_id;

OpStyle *root;

OpStyle *op_style_array;

int op._sLyle_num;

public:
Style();
Style(int a_style_1d);
~Style{);
void SetId(int a_style_id);
iut  Getid();
vold SetRool (OpsStyle*);
void GelRool (OpStyle*&) ;
void SetNumOpStyle(int) ;
it GetNunOpStyle() ;
void SetOpStyleArray (OpStyle*);
OpStyle* GetOpStyleArray();
void Midlravel (OpStyle* a_opstyle, Opstyle

opstylel], int& n);

void AllOptype (inl typelist{], int& n);
Y

class OpStyle {
private:
int op_id;
OpStyle *prevl, *prevl, *previy;
OpStyle *next;
float stime;

public:
OpStyle();
OpStyle(int a_op_1id);
~OpStyle();
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void Setld(int a_op_id);

int GetId();

void SetStime (double) ;

double GetStime () ;

void Setl'rev (OpStylex* a_prevl, OpStyle*
a_previ, OpStyle*a_prev3);

void GetPrev(OpStyle*s a_prevl, OpStyle*&
a_prev2, OpStyle*& a_previ);

void SelNext (OpStyle* a_next);
void GelNext (OpStyle*s a_next);
}i
8. IsOverTime
Degcrlption Finds out one worker’s overtime or abgsent status
Category MPS function
Syntax tinclude "worker.h!
int  IsOverPime (WORKER worker (], int wn, int wk_id,
int curr_week);
Remarks Parameter worker ig an avray which stores wi number
ol  WORKLRY ( refer to GetaAllWorker {for the
structure of WORKBR). 'Three vreturn values: -1,
indicates this worker iy absent this week; 0
indicates this worker is neither absent 1norv
overtime; 1, indicatesy this worker ig overtiwe this
week., luOverlime isg a sub-function of Mps ().
Description Creates magter production schiedule under a certain
capacity level
Category MI'S function
Syntax finclude "worker.h"
#include "gbyle.h"
finclude "Job.h"
#include "optypoe.h"
#include "peengine.h
int  Mps(int capacity_level, int curr_woeck);
Remarks Parameter capacily_level has thiree values: 0,1, 2,

10. Recoverlfin

They represent tlhivee capacity level in current
week.

0: normal capacity (no overtime, subcontract, no
nowiire),

1: overtime and subcontract only,

2 all three alternatives are available.

After thig tunction is called, the UMPS, UMPS_WK,

WORKLER, MISCELL, WK_OPTYPB, JOB tables arc

updated. This function 1s a sub-function of main
function of MPS module.
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Description
Category
Syntax

Remarks

Recover the updated Finished_gty in JOB table

MPS function

#include "pcengine.h"

void RecoverFiniQty{int job_id(]}, int jn);
Parameter is an array which stores the job IDs that
the Finished_gty need to be recovered, jn is the
job number. 7his function opens the JOB table,
allocates the jobs, restores the wvalue of
Ini_finished_gty to Finished_qgty, please refer to
the function FinishedQty,

RecoverlFiniQty 1is sub-function of Mpsgs, no return
value,

11. SelectStime

Description
Category
Syuntax
Remarks

Pick the most urgent operation type

MPS function element

int  SelectsStime(double stime[], int sn);
SelectStime searches tor the largest value in array
gtime which has ¢n double elements, and returng the
index. This flunction is a gsubtunction of Uwmps,

12. SelectWorkexr

Description
Category
Syntax

Remarks

13. Uups
Description

Category
Syntax

Remarks

Pick the moust cefficicnt worker

MI’S function

ffinclude "workor.hi"

int SelactWorker (Worker worker[], int wn, int
curr_woeek) ;

SelectWorker searches tor thoe most efficient worker
value in array worker which hag  wh Worker
elemoenty,  and  returns  the  index. Refer to
GetAllworker function ftor the delinition of c¢lass
Worker. SclcotWorker ig a sub-function of Umpg.

Asgigng workers to ecach operation type

MPS functiou

finclude "worker.h"

ffinclude "oplype.l1"

int Umps(double astimel(], int i, Worker workerl],
int wn, Oplype optypel], int capacity_level, iut
curr_weoek)

The  average cuantily that should be finished in
current. week 13 transferred to standard tine of
cachi operation type which is stored in an array
stime, sn is the number of elements in the array
which is  the number of  operation type. All
availlable worker 1s stored in another array (worker)
that has wn elements, the information of each
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operation type is stored in the array optype, the
capacity level of current week is also need to be
sct., 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 gzero but no
available workers left, in thig case, the
estimated standard processing time is more than the
standard time that workers ¢an finish . Umps
returns 1 when all the stime elements are egual to
zero, but some workers are still available, in this
case, the estimated standard time is too small.
Umps 1s a sub-function of Mps.

14. UpdateCurrirailn

Description Update Curr_train_days in WK_OPTP table

Category MPS function

Syntax void UpdateCurrTrain(int curr_week) ;

Remarks UpdalteCurrirain opens the WK_OPIP table, updates

the Curr_train_days according to Curr_train_days
and 1his_train_statug, If the worker is agsigned to
one operation type, the Curr_train_days of this
worker will increase Lhe value stored in
Dayu_in_wecek in MICBLL table one week later. No
reburn value. UpdateCurrirvain i a sub-function of
Umps .

15. Updalbelinioty

Degcription Updates Findshed_gly in JOB table

Category MLS function

Syntax void UpdatolriniQty (int  Jjob_id(], int  3jn, int
atyll);

Remarks UpdatoelriniQty openg thie JOB table, seavrches for the

records that the value of Job_id eguals to the
value of the elements of array job_id, gel the
value of Finished_gty by the element of array gly.
The total number of jobs to be updated is ju. No
return value occurs. This  tunction is a sub-
function of Mps.

16. UpdaleThisTrain

Description Updale This_train_status in WK_OPTP table
Category MPS function
Syntax ffinclude "worker.h"

void UpdateThisTrain{Worker worker{l, int wn);
Remarks Update'lhislrain opens the WK_OPTP table, if one

worker 1is assigned to one operaltion type, the
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This_train_status of this worker 1is set by
UpdateThisTrain with 1, otherwise the status is set
with 0. Refer to GetAllWorker for Worker class
definition. No return value. UpdateThisTrain is a
sub-function of Umps.

17. UpdateUmpsWk

Description Update the master production schedule into UMPS_WK
table

Category MPS function

Syntax #include "worker.h!

void  UpdateUmpsWk (Worker worker[], int wn, int
curr_week) ;

Remarks UpdateUmnpsWk  opens the UMPS_WK table, get
Worker_id, Optype_id with the information stored in
array worker. Refoer to Worker class definition. wn
is the number of worker. No return value. It ig a
sub-tunction of Unps,

18. UpdateUmpshB

Desgcription Update Job_id and Throughput ofi UMPS table

Category MDPS [function

Syntax void UpdateUmpsDBE (int job_id(], iut jn, int qtyl],
int curr_week);

Remarks UpdateUmpsbB opens thie UMPS, 1if the week indicated

by curr_week already exists in the table, first,
delete all  the record. Then, append records,
Week_id by curi_week, Job_id by onc element of
arvay Jjob_id, Throughput by gty. No return value.
UpdatelUmpsDid 1s a sub-function of Umps.

4.2.2 bDetailed production scheduling functions (19-30)

Following data structuregs must be defined Lo develop the functions
of Detailed Production Schedule module and Simulation module:

# define MAX_JOB_NUM 4

# define MAX_OPTYPLL_NUM 10

# define MAX_WK_NUM 100

//# define MAX_JOB_NUM 3

# define MAX_WJOB_NUM 4
# define MAX_JOB_RUNDLL 300

I define MAX_OP_WK_NUM 10

# define MAX_Ol_JOB_WK_NUM 8

# defince MAX_WLEK 16

i define ONCE_WEEK 8
# definec MAX_WKSTATION_NUM 30

#f define ROW_OPLR_NUM 6
#f define COL_OPER_NUM 5
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¥ define MAX_OPER_NUM 20
# define DAYS_IN_WEEK 5
# define HOQURS_IN_DAY 8
# define WEEK 20
# define SEGMENT 10
# define MAX_ASSEM 3
# define VIEW_X1 90
# define VIEW_Y1 100
# define VIEW_X2 470
# define VIEW_Y2 280
# define UP_X 20
# define UP_Y 40
# define BOTTOM_X 500
# define BOTTOM_Y 420
# define WP_UP_X 50
# define WP_UP_Y 60
## define WP_BOI"['OM_X 500
# define WP_BOTTOM_Y 350
# define COLOR_START 15-MAX_WJOB_NUM
#f define TREE_X 50
I define TRBEE_Y 25
# define TRBEE_H 350
f define TREL_L 400
struct _job{
ghort “d;
short oper_1iu;
ghort oper_id[MAX_OPLER_NUM] ;
short  bundle_nun;
shiortt  bundle_id[MAX_JOB_BUNDLIE] ;

Adouble st ;

short ini_gtore[MAX_ASSLEM]) ;
short agsys_nuw;

gshort store[MAX_ASSIsM] ;

ghort.  doz_nuw;

double coul;

short avail;

¥

struct _optype {
short id;
short wk_num;
short mps_wk_num;
short wk_1d(18];
short wk_oper[18];
ghort  oper_num;
short oper_id [MAX_OPER_NUM] ;
short remn_wk;
short  reaewmn_wk_id([10];
short remn_opex;
short remn_oper_id[MAX_OPER_NUM] ;
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short avail;
double predict_abci{3];
double capacity;

}i

struct _oper({
short id;
short optype;
short job_num;
short job_id[MAX_JOB_NUM] ;
short Jjob_avail [MAX_JOB_NUM] ;
double max_iv[MAX_JOR_NUM] ;
double t_max_iv;
short wk_num;
short wk_id[MAX_QOP_WK_NUM] ;
short wk_job_num[MAX_JOB_NUM] ;
short wk_job_id[MAX_JOB_NUM] [MAX_OP_JOB_WK_NUM] ;
short pre_oper_num[MAX_JOB_NUM] ;
short pre_oper_id([MAX_JOB_NUM] {3];
short next_oper_id{MAX_JOB_NUM] ;

int store_index [MAX_JOB_NUM] ;
short x;
short v

double ini_iv_b[MAX_JOB_NUM] ;
double job_rem[MAX_JOB_NUM] ;
double tasgsk;

double capacity;

double job_task [MAX_,JOB_NUM] ;
double job_capacity [MAX_JOB_NUM] ;

double ot (MAX_JOB_NUM] ;
double out_b_num[MAX_JOB_NUM] ;
double 1v_b_num [MAX_JOB_NUM] ;

double iv;
}i
struct _worker {
short 1d;
short uvrgent;
short avail [MAX_WEREK] ;
double op_eff[10];
short 1ini_training_day{10];
short op_training_day[10];
short x;
short vy;
short color;

}i

struct _job job [MAX_JOB_NUM] ;
struct _optype optype [MAX_OPTYPE_NUM] ;
struct _oper oper |[MAX_WKSTATION_NUM] ;
struct _worker worker [MAX_WK_NUM] ;

19, GetOperIlId
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Description
Category
Syntax
Remarks

20. IniJobTask

Find all operations for each operation type

DPS function

void GetOperId(void);

GetOperId initializes the oper_id in optype
structure.

Description
Category
Syntax
Remarks

Initialize the task of jobs

DPS function

void IniJobTask (void)

IniJobTask initializes the Jjob_task in oper
structure.

21. IniUpperBound

Description
Category
Syntax
Remarks

22. InputData

Desgcription
Category
Syntax
Remarks

23. JoblIndex

Description
to its ID
Category
Syntax
Remarks

Initialize the inventory limitation

DPS function

void IniltUpperBound (void)

IniUpperBound initializes the max_ iv (maximum
inventory) in oper structure.

Inpul data from database

DPS function

void InputData

Inpuctbhata retrieve data from database, set the data
into structures. The data need to be set 1is
dozen_num, id, oper_num, cost, oper_id, ass_num,

ini_store in job structure; id, predict_abc,
mps_wk_num, wk_id, oper_num in optype structure;
id, optype, job_num, job_id, pre_oper_id,
next_oper_id, st, 1v_b_num in oper structure;

global variable job_num, oper_num, optype_num.

Exchange job ID into the index in an array according

DPS function

int JoblIndex(int job_id);

JobIndex finds the index(position in job array) of
one job when the job’s ID is known. It returns the
index.

24. OperationIndex

Description

Category

Exchange operation ID into the index in oper array
according to 1ts ID
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. OperationTypelndex

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

Category DPS function

Syntax int OperationTypelndex(void);

Remarks OperationTypelIndex finds the index(position in
optype array) of one operation type when the

operation type’s ID is known. Returns the index.

26. ToDpsJdWk

Description Output the detailed production schedule to DPS_J_WK
table

Category DPS function

Syntax void ToDpsdWk (void) ;

Remarks ToDpsJWk output the values stored in structures to

DPS_J_Wk table. The values include wk_job_id,
optype, id, job_id in oper structure.

27 . WorkeriIndex

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

Category DPS function

Syntax int WorkerIndex({int worker_id);

Remarks wWorkerindex 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 op_eff 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 volid WorkerAssignJob (void);

Remarks WorkerAssignJob assigns workers stored in wk_id to
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wk_job_id in 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
Category
Syntax
Remarks

4.2.3 Material

31. JobTree

Description
Category
Syntax

Remarks

32. OneWorker

Description
Category
Syntax

Kemarks

Assigns workers to each workstat.ion

DPS function

void WorkerAssignOp (void) ;

WorkerAssignOp assigns workers stored in wk_id in
optype structure to wk_id in oper structure, the
assignment rule 1s to assign the most efficilient
worker to the most urgent workstation, the
workstation’s urgency is changed all the time.

flow simulation functions (31-43)

Shows the logical layout of one job

Simulation function

int JobTree{int 7job id, int x, int vy, int h, int
color) ;

JobTree displays the job that the ID equals to
job_ " in a rectangle area, the coordinate of
upper corner of the area is %, y. the width and
length is h. When color is 0, redraw the tree with
thz same 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 ShowTiree,

Shows one worker

Simulation function

int OneWorker(int x, int y, int w, int h, int
color) ;

OneWorker cisplays one worker in a rectangle area,
the coordinate of upper corner of the area is x, vy,
the widith is w and length ic h. When color is 0,
redraw the worker with the same <c¢olor of
background, this means fading the worker off the
screen, otherwise displavs the worker with color
that indicates the efficient level of color.

33. ShowOperation

Description
Category

Displays the physical laycut of the plant
Simulation function
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Syntax
Remarks

void ShowOperation();

ShowOperation displays the raw material store
level, all the workstationg in their physical
location, and the end product inventory level.

34. ShowOneOperation

Description
Category
Syntax

Remarks

35. ShowTree

Description

Category
Syntax

Remarks

36. SimMenu

Degaript.acii
Category
Syntax
Remarks

37. Simulation

Displays one workstation

Simulation function

void ShowOneOperation(int x1, int yl1, int w, int
oper_index, int color);

ShowOneOperation displays the workstation that the
index in oper structure 1is oper_index, in the
rectangle area with the upper corner coordinate x1,
vl, width w, height 45 pixel. When color ig 0,
draws the workstation with background color,
otherwise, show the workstation. This function is a
sub-function of ShowOperation.

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

void ShowTree(int w, float scale, int job_id, int
color) ;

ShowTree re-displays the logical layout of job
that has the ID value eguals to 7job_id, original
width w, new width w*scale, when color eguals 0,
dravs the tree with the background c¢olor,
otherwise displays the new job tree.

Shows the menu for simulation module

Simulation function

void SimMenu(short menu_num, char **menu);
SimMenu displays a menu which has menu_num number
of menu items, the texh contents of menu items are
stored in two dimension array menu. No return
value.

Description
inventory
Category
Syntax

Remarks

Simulates the dynamic change for working in process

Simulation function

void Simulation{short wkstation, short w, shor
color, short j_id)

Simulation displays the working in process
inventory in the end of each hour for a period a
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current week, when the wkstat.on 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 wilkth 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 Texi.Oper 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, thu throughput of
each job in the end of current hour, number of
workers and their IDsg, and their efficency.

39. WeekTask

Description Showg the tasks of jobs in current week

Category Simulation function

Syntax void Weeklask (short waeek);

Remarks WeekTask displays Jjobs’ tasks planned to be

finished in current week which is the ocutput of
Master Production Schedule. 7The format of the
display is a two dimension graph, the X axis is
jobg, the Y axis 1s Ltasks of each job in  bundle
unit. No return value.

40. WhichWorkexr

Description Identifies the worker who is picked by user
Category Simulation function
Syutax short WhichWorker (short m. short n);

Remarks WhichWworker finds the 1D 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
Remarks

42. ZoomOper

Description
Category
Syntax
Remarks

4 .4 8kill prediction functions (43)

volid WorkerPost (short week);

WorkerPost
operation

zZooms one workstation

type
Production Schedule.

displays
that

Simulation function

void

zoomOper (short id,
ZoomOper is used when the user wanbs to make the
Parameter scale is the ?

workstation larger.

return value.

43. NonLinearFun

Description
Category
Syntax

Remarks

Predict the worker’s
function
NonLineari'un {double a,

Skill
double
double x);
NonlLineartun

returns

workers’

assignment
the output

No return value.

short scale);

skill lovel

double wvalue which

calculated by this formulation:

a x (1 - 1/

4.3 Input and Output

This section

specifics the

output. information to be used in

gpecification includes the sources,
range of measure.

Input data
Interfaceu

Order_id
Customer_id
Order_date
Job_id
Style_id
Due_date
Penalty
Color_id
Size_id
Quant Lty
Finighed_ gty
Dozen_num
Unit_price
Cost
Subcontract

Type

Short Number
Short Number
Date

Short Number
Short Number
Date

Number

Short Number
Short Number
Short Number
Short Number
Short Mumber
Number
Number

Slhiort Number

Size

IR

T U0

{

4
5
5
6
6
3
4
4
6

A2-31

(1 + ¢ x pow{x, b}))).

sources and types of input and
The input data
type, size, unit of measure,
The input data are specified as below.

system,

Units of measure

- Inter07
- Inter0l
- Inter0l
- Inter0l
- Inter0l
- InterOl
$ Inter0l
- Inter0l
- InteroOl
bundle Inter0l
bundle Inter0l
dozen Inter0l
) Inter0l
$ Inter(l
bundle Inter0l

of Master

double b, double c,




C._sub._gty Short Number 6 bundle Inter0l
Operation_id Short Number 5 - Inter0l
Optype_1id Short Number 5 - Inter0l
Worker_id Short Number 5 - Inter0l
Name (worker) Alphanumeric 1 - Intexr0l
Hire_date Date - day InterQl
Overtimel-10 Short Number 3 week Inter01
Absencel-5 Short Number 3 week Inter0l
Ini_train_days Short Number 5 day InterQl
Appl._levle Binary - - Inter0l
Curr_week Short Number 3 week Inter0l
Days_in_week Short Number 3 day Inter0l
Hours_in_day Short Number 3 hour Inter01
Name (op_tvype) Alphanumeric 10 - Inter(0l
Fl-F17 Numnber 4 -~ Inter0l
A, B, C Number 4 - Inter0l
Unit_cost Number 4 S Inter0l
Standard_time Number 4 second Intero0l
Root_op._1id Short Number 5 - Inter0l
Prev_op_idl-3 Slhort Number 5 - Inter0l
Next_op_id Shiort Numboel 5 - Inter0l
j_id Integer 5 - Inter(7
For output, the specification includes the wmodules (or
programs) which generates the results, destinations, guantitative

terms, units of measure, layouts of examples, and graphic display
reports, etc. The oulpul data are specified as below:

QOutput Type Size  Units of measure  Generating Module
Status Short Number 1 - MPS & Capucity
Acceptability Binary - - MPS & Capucity
Com._subc._gty Short Number 5 bundle MPS & Capacity
Overtime1-10 Short Number 3 - Capacity
Init_efficency Number 4 bundle/sec MPS
Curr_cfficiency Number 4 bundle/sec MPS
This_train_status Binary - - MPS

Day_id Short Nuntber 5 - MPS

Wk_id Short Number 5 - MPS

Optype_id Short Number S - MPS

Ws_id Short Number 5 - DPS or Simulation
Job_id Short Number 5 - DPS or Simulation
Wip_in Short Number 5 bundle DPS or Simulation
Wip_out Short Number 5 bundle DPS or Simulation
Wip_inventory Short Number 5 bundle DPS or Simulation
Throughput Short Number S bundle DPS or Simulation




The output display formats are listed as below. They are

assigned with a unique identifier. Details are shown in display
printouts.

Output Display Format Identifier
Apparel Production Planning and Scheduling System Main Menu Menu01
Order and Job Order(2
Characteristic of One Worker Resource(3
Workstation Information Resource(4
The Standard Time of Each Operation in One Style Knowledge(5
Operation Type and Operations Knowledge(6
Characteristic of One Style of Job Knowledge07
Miscellancous Information KnowledgeO8
Master Production Schedule in Table Schedule(9
Master Production Schedule Weekly Production Quantity of Jobs Schedule10
Master Production Schedule in 3D Graph Schedulell
Master Production Schedule with Worker Assignment Schedulel2
Detailed Production Schedule of Worker Assignment Schedulel3
Detailed Production Schedule of WIP in Table Schedule14
Detailed Production Schedule of Throughput Schedule15
Detailed Production Schedule WIP in 2D Graph Schedulel6
Plant Physical Layout Simulation17
Job Logical Layout Simulation 18
Skill Predictor SKill19

4.4 Data Characteristics

Thig gection specifies the data requirements which atfect the
design of the software gystem, 'The gpecification includes not only
the input-output data introduced in the previous gection, but also
some major data types temporarily used by each module. It includes
the information of spec¢itic data item by: the nawme, relative
modules, descripltion (some characters about the meaning of this
data, tlie reason why it igs introduced, the unit of measure ctc.),
and reference (Refer to section .2 for the computer prograi
function relative Lo the data). The data are described
alphabetically in thig gection. Finally, an estimalte of the
initial and expected growth of the storage requirements for the
data and computer programsg is given at the end of this section.

A

Relative Moduleg: Database, Skill

Description: A is an attribute of operation type. It
functions as a coefficient in the skill model.




Reference:

NonLinearFun

Abgencel-5
Relative Modules:
Degcription:

Reference:

Datubase, MPS, Capacity

Absencel, Absencel, Abgence3, Absences,
Absence are attributes of a worker. One
worker may be absent from work duce Lo

vocation, illness or othoer reagon. ‘The
available capacity level of the plant is one
of the major information to do master
production planning and capacity planning. The
workoers’ attendance situation will affect the
capacity level of the plant. The software
systen maintaing max L Live weeks’
intormation aboul worker absence in  the
current gchiedule period.

GetAllWorker, Mps, lIsOverQine

Acceptability
Relative Moduleu:
Description:

Reference:

Dat (11)(]{3(3, MPG

Acceplability is an attribute ot a job. After
new orders urrvived withh a list of jobs, the
software ogystem helps to eugtimate the
manufacturing lead time, whethier jobs can be
tinished boetore the due date, the coust, and
suggestls  whether  the jobs are acceptable.
After the user decides the acceptability ot
jobs  either ltaking the suggestion of  the
syslem or acvcording to hiu own expoerience, the
gystom will generate a master production plan
for next three months and detailed production
plan  for current week., Whoen the value of
Acceptability of oue job is 1, it indicatoes
thig job i ucceplted, 0 indicates the job can
not be acceptod,

Getdob, Mps

Appliication_level
Relative Moduley:
Description:

Databaste, MG, Capacity

Application_level is one ot the inforwation
kept.  under MISCHLLANBOUS  category in thoe
databage, 1t has two lavels: test level when
Application_level is 1, real time application
level whoen its value ig 0. 1n the test level,
after every call to Master Production Schedule
modula, the pointer to current week is
increased by one, the workers’ training days
on a certain operation type ig increased by
the working days of one week(usually five),
and jobs’ finished quantity is increased, if
the finished guantity of once job is equal to
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Reference:

the quantilty the order required, the job
finishes at this week; In the real time
application level, all the above actions take
place only when the pointer to current week is
later than the system timer.

Mps

B
Relative Modules:
Description:

Reference:

Datubase, 9kill

B is  an  abtbtribute of operation type. 1t
funcltions as a coetficient in the skill wmodel.
Refer to A.

NonLinearliun

Cc
Relaltive Modules:
Degcripltion:

Reterenca:

Database, 8kill

C 1g an attribulte ol an operation type. Il
tunctions ag a coelLficient in the skill modnl.,
Refer Lo A and B.

Nonbinoedrliun

Color_1id
Relative Moduley:
Degcoript.ion:

Reference:

Datubuase

Color_id is  an attribute of Jjob. all the
pousible product color iu assigued o color ID.
Two itoamg in an order are considered {o bo two
different joby  whoen they are  abt least
ditferont in one of these agpects: Ovder_id,
Style_id, bue_date, Color_id, Silze_id,

None

Committed_subcontract_gqty

Relative Modulos:
Degcription:

Referencao:

Database, Capacily

Committed_subceontract_glty iy an attribule of
Job,  The units weasure is bundles.  When tho
systom findg that the curvent capacity of the
plant can nol wmeet the orders’ regquirement,
Capacity wmwodule is called. Capacity module
congiders three alternatives of approachies to
increase the capacity. One ol the approaches
iy subcontract | 1 mnax i allowed
subcontract guantity of one job is gtored in
Subcontract. The actual gubcontract quantity
i decided by Capacity module, and stored in
Comini 't ed_subcontract_qty.

Mprs

Curr_efficilency
Relative Modules:
Description:

Database, MPS, DPS, Capacity, Skill
Curr_efficiency is an attribute ot workers. It
indicates the worker’s skill lovel on  a
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Raeference:

certain operation type. The units measure is
bundles per minute. One of the assumptions of
this system is that the worker’s skill level
will increase after he doing one operation
type for a certain period of time(the training
days on the operation type), and the gkill
level can be predicted using a regression
model. DPlease refer Lo Lhe Final Report,
section 2.3 for detail.

GetAllWorker, SeclectWorker, UpdalteCurrlrain,
UpdatelThiglrain, Inputbata, WorkerRank,
WorkerAssignOp, NonbLinearkun

Curr_waeak
Relaltive Moduleu:
LDegcription:

Roetlerence:

batabase, MPS, DPS, Simulation, Capacily
Curr_week ig upystam information kept under
MISCLELLANEOUS category in thie database. It
must be initiated periodically, for example,
it is initiated by 0 in the beginning ot each
year, When the gystom timer pasuses one week,
the value of Curr_week will be increase by 1
by Master Production gchedule module. ‘The
schedule poeriod of Master Production schedule
module beging with the week indicated by
Curr_week, The Detailed Production Schedule
gonerates  the detailed production plan for
the working days ol currvent  week, and
Simulation mwodule simulates the oubcomes of
tlic schedules for the working days of current
woek.,

getCurirweek, lToOvertlime, Mps, SeloectWorker,
Umpis, UpdatceCurrirain, UpdateUmuWk,
Updal ompsDi, Iupulbalta, Workerlost, Woaklask,
TODPSWR

Customer__id
Relutive Modules:
Description:

Refercence:

Database

Customer_id 1u an attribute ot order. All the
customery of the plant are assigned an 1D, One
customer way pul several orderg, but one orden
ounly hag once customer,

None

Day_1id
Relative Modules:
Degceripltion:

Database, DLPE, Simulation

Day_id is nceded for repregenting a detailed
production schedule. The detailed production
schedule includes two agpecls: one i1s schedule
tor worker assignment to job and Lo
workgstation, another is for keeping lLrack of
working in process inventory. Two tables are
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Raeference:

designed to record these detailed information
respectively: DPS_J_WK and DPS_WIP. If the
number of working days 1in one week is five,
the value of Day_id is from one to five.
TobpsWk, UpdateWip

Days_1in_week
Relative Modules:
Degcription:

Ruoferenco:

Database, MPS, DPS, Simulation, Capacity
Days_in_week 18 system information kept under
MLISCELLANEOUS category in the database. 1t
indicates the number of working days in a week
adopled by thie plant. This information affects
tlie available capacity of the plant, and the
growth of workers’ skill level, so that it
influences the magster production schedule,
detailed production schedule, capacity plan,
and the ginulation uolution,

Unipss, ‘1TobpusWk, UpdaloeCurelrain, Simulat ion

Dozen_num
Relative Modulaeu:
Doevcriplion:

Referonce:

Datubase, MPS, DPY, Simulation

Dozei_num 1u an attribute of job. One job iu
an ordoer must hag quantity stored in Quantity
tield, thie measurces of guauntity 1o bundles.
One bundle of different job may has different
dozeng of product, depending on the size of
the product. Phe number of  dozeny 1in one
bundle ol a job 11 vtored in Dozein_nuwm.
Gotdob, Inputbata

Due_date
Relative Moduleu:
Degeription:

Reterence:

Databasae, MDPS, Capacily

Duce_date iy an attribute of job. Jobs in the
same ovder may have different due dalte. The
due date ol one job is given by user. It 1is
avsumed that changing the duc date of job ig
the most expensive way to deliver the job on
Cime compared to overtime, subcontract, and
new hire, MPS module generates the master
production schedule under the digcipline of

tiniching the job with the carliest due date.

The value of Due_date 18 represeuted by DATH
Lype  gsupported by laradox, for example,
Jan.1,199% 14 represented by 1/1/199%,. Another
ficld ol job named Due_week indicaltes the
corresponding week ID of due date when the
first week 1D of the year is assumed to be 1.
GetJob

F1-F17
Relative Modules:

Database, MPS, DDPS, Simulal.ion, Skill
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Description:

Reference:

F1 to F17 are attributes of operation type.
They are used as coefficients by Skill model
to predict the growing of workers' skill level
on the operation type. Please refer to Final
Report section 2.3 for detail.

GetAlloptype, InputData, LearnmLinear

¥Finished_qty
Relative Modules:
Description:

Referencoe:

Databagsce, MPS

Finished_gty 1s an attribute of job. A job in
an order has an attribute Quantity which
stores the reguired amount of the final
product of this job. At the end ol each week,
some jobs have be finished a certain amount of
quantity that is accumulated into the field
Finished_gty of the corresponding jobs. When
the wvalues of Quantity and IMinished_qgty are
cqual for a certain job at the end of a week,
the job is Linished, and the Statug of thig
job must be set to 1, this means the job is
existing job but finigshoed, 1t need not be
considoered in the uext MRS period.
Finishedly, RoecovereFiniQly, UpdatebiniQty

Hire_date
Relative Modules:
Degcription:

Refereuce:

Databagse

Nire_date iy an attribute of worker. Hire_date
records tlhie date  when the worker was hired.
The workoer’s initial efficiency and initial
training days on each operalbion type are
evaluated at thig date.,

None

Hours_in_day
Roelative Moduleoes:
Degcription:

Relference:

Databage, MPS, DPS, Simulation, Capacity
Hourd_in_week 19 system information kept under
MISCLELLANEQUS category in the database. I
indicates the numbor of working hours in a
working day adopted by the plant. This
information affects the available capacity of
the plant, =o that it influences the master
production schedule, detailed production
schedule, capacity plan, and the simulation
solulion.

Unpsg, Simulation

Ini_etficency
Relaltive Modules:
Degcription:

Database, MPS

Ini_efficency is a skill lovel measurement
for one worker doing a certain operation type
at the time he was hired. The units measure is
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Reference:

bund!es per minute. Initial efficiency 1is
tightly related to initial training days of
the same worker on the same operation type. At
the statistic point of wview, 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.

GetAllWorker

Ini_train_days
Relative Modules:
Description:

Database, MPS

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

Reference: GetAllWorker
Jg_id
Relative Modules: Simulation

Description:

Reference:

J_1d is a variable needed to acquire a job 1D
from user so as to show the job’s logical
operation struclture in the Simulation module
In the Simulation module, a menu is developed.
When the user pick TREE menu to do some
operations on tlie job tree, a dialogue box
will be pop out in the top of the screen, it
asks the uger to input one job ID. After user
type an ID, the value is direcltly accepted to
variable J_id.

Jobl'ree, ShowTree, Simulation

Job_1d
Relative Modules:
Description:

Reference:

Database, MPS, DPS, Simulation, Capacity
Job_id is an attribute of job, it also needed
to represent the schedules including master
production schedule and detalled 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, Due_date, Color_i4,
Size_id, and the unigue Jjob is assigned an
unique job 1D stored in Job_id.

GetJob, RecoverFiniQty, Updatel’iniQLy,
UpdateUmpsDB, Inputbata, JobIndex, ToDpsdWk,
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JobTree, ShowTree, Simulation

Name (operation type)

Relative Modules:

Database

Description: Name (for operation type) 1s 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_op_1id

Relative Modules: Database, MPS, DPS, Simulation

Description: Next_op_id is an attribute of operations in a

Reference:

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.

GetStyle, InputData

Operation_id

Relative Modules:
Description:

Reference:

Database, MPS, DPS, Simulation

Operation_id 1is 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, go that the
Operation_id is also used Lo represent
production styles, the schedules including MPS
and DPS,
GetStyle,

GetOperid, InputData,

Operationindex, ToDpsWik, WorkerAssignOp,
ShowOneOperation, ShowOperation, TextOper,
Zoonmoper

Optype_id
Relative Modules:
Description:

Database, MPS, DPS, Simulation

Optype_id is an attrvibute of operation type.
Each operation type which the plant can do is
assigned an ID. It also 1s an attribute of
operation, each operation has 1its 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

Order_date

Relative Modules:

Description:

Database, MPS

Order_date 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 job=s, 2 indicates
existing job but not finisied 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:

Reference:

Order_id is an attribute of order. Every order
ever received by the plant is assigned an
unigue ID and recorded in the Order table.
None

Nvertimel-10

Relative Modules:

Description:

Reference:

Database, MPS, DPS, Capacity

Overtimel to Overtimeld are attributes of
worker. The workers of the plant may have an
agreemwent with the plant about the overtime.
Overtimel to Overtimel0 are ten fields to
record the week 1Ibs in which the worker 1is
agree to overtime. The available capacity
level of the plant is one of the major
information to do master production planning
and capacity planning. The workers’ overtime
situation will affect the capacity level of
the plant. The software system maintains
maximum ten weeks'’ i1information about worker
overtime in the current schedule period.

Mps

Penalty

Relative Modules:

Description:

Reference:

Database, MPS

Penally is an attribute of job, it stores the
dollar penalty per day that will occur if the
job can not be finished beforce the due date.
This penalty contributes the cost to finish
the job.

Mps

Prev_op_1d1l-3

Relative Modules:

Database, MPS, DPS, Simulaticon
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Description:

Reference:

Next_op_idl, Prev_op_1d2, Prev_op_id3 are
attributes of operations in a style. A
producticn 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
Prev_idl, Prev_id2, Prev_id3. One operation
may has different set of previous operations
in different production style.

GetStyle, InputDbhata

Quantity
Relative Modules:
Description:

Reference:

Database, MPS

Quantity 1s an attribute of job. One job
coming with an order must has a certain amount
of products that required to be done. The
amount 1is stored 1n Quantity with units
measure bundles. The products consists of this
guantity are same in following aspects: order
ID, style ID, due date, penalty, color 1ID,
size ID, dozen number, unit price, status,
cost, subcontract.

GetJdob

Roct_operation_ id
Relative Modules:
Description:

Reference:

Database, MPS3, DPS, Simulation
Rcot_operation_id iIs an attribute of style. It
records the final assembly operation ID of one
preoduction style. One style ID must has only
one root operation ID, but one root operation
ID may be the different stvyle’'s root ID. All
the operations of one style can be found in
the STYLE_OP table 1f we know the root
operation 1D.

GetStyle, InputData

Size_id
Relative Modules:
Description:

Reference:

Database, MPS

Size_id 1s an attribute of job. All the
possible product size is assigned an size ID.
Two itemg in an order are considered to be
different jobs when the size ID is different,
even i1f all of the other attributes are the
same. & me operations in the same style with

differ product size may have different
processing Ltime, operation to do bigger
product usually need longer standard

processing time.
GetJob, InputDbata
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Standard_time

Relative Modules:

Description:

Reference:

Database, MPS, DPS, Simulation

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 1is different. The information of
standard processing time igs kept in STIME
table in Database, and is necded to estimate
the required capacity of jobs. Master
production schedule i1is developed by comparing
the required capacity of FJobs and the
available capacity of the plant. Detailed
production schedule is generated by assigning
the most efficient worker to the most urgent
operation{longest aggregated processing time) .
GetStyle, SelectsStime, InputData,
WorkerAssigndob, WorkerAssignOp

Status

Relative Modules:

Description:

Reference:

Database, MPS

Status 1s an attribute of job. It has three
value: 1, indicates the job has already been
finished, 1t usually set by MPS module when
the mwodule finds that the value of the job's
Quantity and Finished_gty 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
Acceptabililty must be 1,

GetJob, Mps

Style_1id

Relative Modules:

Description:

Reference:

Database, MPS, DPS, Simulation

Style_id is an attribule of product style. All
the styles the plant deals with are assigned
an ID, and the style ¢tructures are caplured
by two dimension tables. One style has only
one rool operation(final assembly). Knowing
the style ID and its root operation ID, one
can find all the operations of the style
through STYLE_OP table.

GetStyle, InputData

Subcontract

Relative Modules:

Description:

Database, Capacity

Subcontract is an attribute of job. It
indicates the maximum amount of the job that
can be transferred to other plants as
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subcontract, the value is required from user.
The unit measure 1is bundle. Please refer to
Committed_subcontract_gty.

Reference: Mps

This_train_status

Relative Modules: Database, MPS

Description: This_train_status tells if one worker is doing
one ¢ eration type in this week. ‘This
information is needed for keeping track of one
wotker’s training days on one operation type.
If one worker'’s corresponding
This_train_status is 1 on a certailn operation
type, indicates that the worker is assigned to
the opevation type. His/her Curr_train_days
will be increased by a certain number of
days (Days_in_week in MISCELL table), otherwise
Lhe/her is not doing the operation type.

Reference: UpdateCurrTrain, UpdateThisTrain

Throughput:

Relative Modules: Database, MPS, DPS, Simulation

Description: Throughput 1is introduced to represents the

master production schedule. 1t tells how mauny
bundlesg of each job are gcheduled Lo be
finished in cowming weeks in  the schedule
period.

Reference: Umps, UpdateUmpsbB, Inidoblask

Unit_cost

Relative Modules: Database, MPS

Description: Unit_cost is an attribute of job. It indicates the
manufacturing cost to make one product of the job
it the job is finished on time. Unit measure 1is
U.S. dollar.

Reference: Mps

Unit_price

Relutive Modules: Dat abase

Description: Unit_price is an attribute of job. It indicates the

price of once product of this job =old to the
costumer. It 1g given by user.

Reference: None

Wip_1in

Relative Modules: Database, DPS, Simulation

Description: Wip_in 18 an attribute of workstation, and 1is

introduced for representing a detail production
schedule. It records the aggregate input of one job
in one workstation in a pairticular day. The unit
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measure is bundle.
Relerence: UpdateWip, Simulation

Wip_inventory

Relative Modules: Database, DPS, Simulation

Description: Wip_luventory represents the inventory level of one
job 1in one workstation at the end of one day. The
unit measure is bundle. Please refer to Wip_in.

Reference: UpdateWip, Simulation
Wip_out
Relative Modules: Database, DPS, Simulation

Degeription: Wip_out 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 oulput of the day
must be equal to the inventory remaining for the
next. day.

Relerence: UpdateWip, Simulation

Worker_id

Relative Modulcs: Databagc, MPY, DPS, Capacity

Description: Worker_id is an atiribule of worker. DBvery worker
in the plant is assgigned an unigue 1D,

Reference: GelAllWorker, SelectWorker, vwnps,

UpdateCurrirain, UpdateThigTrain,

Updat eUmpsWk, Inputdate, WorkerIndex,

wWorkerRank, WorkerAssigndob, WorkerAssignOp,
Workerrosl, WhichWorker
4.5 Fallure Contingencies

1This sgection provides a discussion of the requirements for
recovering the software system from a failurc. Before installing
the system, a back up should be made in case of hardware or
software crash. The back up should includes [iles with following
extensions

BGI (provided by Turbo ¢, and needed to show graphics)
DB (Paradox data files)

EXE (system execulable files)

'SL (Paradox forms)

PX (index ftiles)

S8L (Paradox scripts)

XG0 (secondary key)

YGO (secondary key)

* * > o » & o -

All the above filesy except the DB files can not be edited.
The DB files are data ftiles. They include resources, knowledge,
schedules and other information; thus they are always updatable,
If the system crashes boecause of « o 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 1s 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 1s designed with the object-oriented and open
architecture concepts so that the system can be easily maintained
and expanded. As shown the Figure 1 in Chapter 2, the system
congists of three layers: the GUI, system application components,
and the database, BEach of these layers is functionally separately

and designed independently. The database layer is designed to
gstore 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 sgystem components are designed to reflect system
functionalities. The components can be classified into two types:
shared components which wmay 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 gystem functionalities. These 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 alsgo be
shown on the screen in graphics or texts.

4.7 Computer Security Requirements
N/A

4.8 Human Performance ReqQquirements
N/A
5. TEST AND QUALIFICATION REQUIREMENTS

This chapter summarizes the tests of Lhe 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/LOS 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 envirvonment. The
following sections will further detail the tests.

5.1.1 Unit tests

Unit tests were conducted with system compeonents of skill
prediction, MPS, DPS, and simulation. This section describes each
unit test with a 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 ig a curve which reflects skill
improvement of an average worker along with the number of work days
at thig operation type. The curve shows the skill is ilwmproved
sharply at beginning period and then level off at the end. It
mut.ches the regression model developed in this study.

The input data to the MDPS 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 i1s known in WK_Or1'p.bs); 3) 10 operation types in oP1p.DB |
each ig associated with seventeen cecefficients); 4) two garment
styles in STYLE.DB and STYLE _OP.DB; 5) two garment sizes in JOB. DB;
6) 30 workstations in OPER.DE (each does only one operation type);
and 7) the standard processing time ol each operation in STIME., DB,
The unit tegt was run by invoking the MPS,EXE program under the DOS
prompt, which got input data from Parvadox tables and generated the
schedule, and stored in tables UMPS.DB and UMPS_WK.DB, showing: 1)
the weekly production guantity for each job; and 2) weekly worker
agssignment by operation Ltype. These oultput 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 UMDPS_WK.DE; 2) the operation
types in OPTP.DB; 3) the garment styles in S1YLE.DB, and
STYLE_OFP.DB; 4) the garment gizes in JOB.DB; 5) the workstations
stored in OPER.DB; and 6) the standard processing times for the
operations in STIME.DB. The test run was carried out by invoking
the DPS.EXE file under the DOS prompt, which got input data from
the above Paradox tables, generated a detailed production schedule,
and stored in the DPS J _WK.DB and DPS_WIP.DB table. The DPS output
contains: 1} worker assignment to each workstation; 2) worker
asgignment to each Jjob; 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
gimulation module is to validate the static production plan under
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a dynamic environment. The testing was carried with the following
input data: 1) worker to workstation assignment from DPS_J_WK.DB,
WORKER.DHB, and OPER.DB); 2) worker to Jjob assignment from
DPS_J_WK.DB, WORKER.DB, and JOB.DB); 3) operation types from
OPTP.DR; 4) garment ustyles from STYLE.DB, and STYLE_OF.DB; b5)
garment sizes in JOB.DB; and 6) standard processing time Lrom
STIME.DB. The teslt was carried out by invoking the SIMULATION.EXE
program under the DOS prowpt, which got input data from the above
Paradox tables and showed thie layouts and dynamic simulation
results on the monitor. All the wodule fealures were nanually
verified.

5.1.2 Integration test

The integration test was done in the DParadox/Windowy
environment . The database and cach application module including
MPS, DPS, simulalion, and ¢kill were integrated through the graphic
user interface. aAll datu were loaded into the database as tables.
The test was carried out in the tollowing sequence: 1) Run the
skill wodule by selectinyg the SewingSkillProdictoer button from the
SystemnModules menu Lo chieck if 1t works corrvectly Lhrough the GUL.
2) Choose the MPS bubtton from the SystenModules menu Lo invoke MPS
module. With a master production plan generated, the chock waw
nade to verify the digplay ol 2D bar charts and 3D bar chary by
selecting Mpsdob2D, MpusJobiD, and MpsJobTable bulttons {rom the
Schedule menu. 3) Run the DPS module by clicking the DS button
from the GUI. The vresull was Lhen chiecked by opening correnponding
tubles by clhivosing the Dpuworker and Dpswip itowms from the GUIL,
Manual verification was aloo conducted to check the result of tho
generated worker assigument and WIP  inventories. 4y Run the
simulation module by selecting the ShopllowSimulator button from
the SystemModules,  The regults were also manually inspected and
compared Lo previous ginmulation rosulles,

5.2 Test Reguirements

To couduct a test, the following forns should be prepared.
Bach of thege formg can be opeued by ¢licking a corrvesponding forum
name in the GUL. The data can then be manually Lyped in,

1.
2.
3.
4.
5.
6.
7.

Order
Worker
Wkastation
Stime
style
OperType
Miscell




A set of test data for the above data types is provided in
Tables 1-7. Once the data in all above tables are stored in the
databage, the master production schedule and detailed production
schedule, for example, can be activated to generate production
schedules.

Table 8 shows the generated naster production schedule which
specifies the scheduled production guantity for cach job in the
following weeks. In this example, f{our Jjobs are scheduled
according to Lheir urgency (due date) and order guantity. This
schedule shows that the weekly production gquantity for each job is
relative stable. It implies that workers could remailn at the game
workgtation and improve their skill efficiency by performing the
gsame operation. Il also promotey stability and reduce manager’s
burden of constantly re-allocating workers, The detailed
production schedule shows worker’s adsigmnent to operation and job
and the WIP inventory at cach workstaltion. It is congintent with
the mastoer production schedule but creatoeus a more detailed worker
Lo workstation and Jjob assignmenlt 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_qgty 0 0 0 0
Dozen_number/bundle 5 2 2 5
Unit_price $40 $60 560 $40
Statug 2 2 2 2
Subcontract 0 0 Aﬁ 0

Table 2: Operation type-Operation

No Operation type_id Operation_id
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




Table 3 Sewing Workers
Worker_id | Optype_id Ini_trainning_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, .88
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
11 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, .e6l, .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, .86 .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 €5,23,46,57 1.01, .83, .71, .80
40 2,3,4,6,8 2,5,5,43,184 .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, .78, .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 1,3,5,7 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
4,6,8,10 3,7,10,158 .18, .53, .12, .62
1,3,5,7 8,11,32,116 .28, .55, .58, .83
2,4,6,8 14,10,24, 36 .52, .56, .91, .48
3,5,7,9 27,30,57,143 .88, .56, .80,1.33
4,6,8,10 42,52,117.256 1.04,1.06, .93, .99
1,3,5,7 46,33,49,86 .92, .93, .73, .82
2,4,6,8 25,22,43,49 .69, .86,1.03, .60
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 .75, .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 .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, .6l
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 .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 86,54,126,46 .88,1.08,1.06, .58
89 3,5,7,9 421,12,7,15 .12, .26, .37,1.15
90 4,6,8,10 54,10,14,16 .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
93 3,5,7,9 45,72,18,7 .99, .84, .64, .91

AZ-53




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

2,4,6,8

17,19,25,56

.58, .81, .92, .66

97

3,3,7,9

12,24,3,47

.59, .48, .17,1.29

98

4,6,8,10

10,16,25,38

.56, .80, .34, .83

99

113/5/7/9

17,25,53,62,174

.55, .86,.75,.81,1.33

100.

2,4,6,8

53,59,45,186

.83,1.10.1.06,1.05
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Table 5: Styles

Style_id Root_operation_id
87 18
89 30
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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 0 188 200 263 273 284 295 438
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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