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Abstract 
 
 

A system needs be created for handling the design, development, and manufacturing of 

items from multiple factories in multiple product categories that are fabricated in various 

Chinese factories for international companies. This system must be capable of handling product 

orders that to 27 different countries, with the possibility of expanding to 70 different countries. 

Current systems within AAI will be utilized for shipments to the United States when possible, 

and it is imperative that these systems are not negatively affected by the addition of 27-

70 countries for delivery. Different aspects and topics of Industrial Engineering should be 

utilized in this system such as Information Systems, Operations Research, Work Study and 

Measurement, Lean Principals, and Simulation.  

 
Introduction 
 
 

In an increasingly global economic environment, competitive companies are continually 

exploring opportunities in offshore manufacturing. While the cost-effective potential of such 

operations is alluring; developing, maintaining, and growing offshore operations is a difficult 

task that requires a highly skilled team of internationally focused sales, engineering, design, and 

marketing departments. In order to meet this demand, many companies have begun looking 

outside the confines of their operations to providers of global manufacturing. One such provider 

is American Accessories International, L.L.C. (AAI), headquartered in Knoxville, TN. 

 Currently, American Accessories uses a detailed and complicated system for the 

development and process of purchase orders that officially lead to the issuing of delivery 

schedules. These purchase orders and the resulting documentation is not only used within the 

company for planning purposes, but also by the customer, which in the case of this report is an 
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internationally distributed corporation. Revisions and changes to the schedule are made on an as-

needed, but typically weekly, basis. Revisions include but are not limited to changes in 

production schedule, production capacity, and requested arrival date shipping method. 

 In order to process the purchase order, seven significant parties are involved: the AAI 

Shenzhen, China Office, the Chinese factory, the Customer, the AAI Shipping Department, the 

AAI Engineering Department, the AAI Accounting Department, and the AAI General and 

Administrative (G&A) Department. One particularly significant barrier between the interactions 

of the above parties is the time difference between the United States and China, a 12-13 hour 

delay. If information and instruction is not timed correctly, a potential 12-13 hour delay is 

possible; however, if the timing is correct, it is possible to achieve nearly 24 hour/day uptime. In 

essence, this time delay presents both a potential threat and a potential opportunity to the total 

lead time of the process. 

 Recent growth within the company’s portfolio of customers has introduced consolidated 

orders from major international corporations. These orders merge smaller orders from the 

corporation’s national branches to achieve lower production costs. Typically, these 

consolidations include 25 to 70 different countries throughout the world. The current processing 

system at AAI was not created to handle such a varied distribution network and the resulting 

disparity in legal requirements surrounding minor details, including but not limited to carton 

markings, warning labels, shipping terms, and safety standards. 

 This project is directed at analyzing and suggesting improvements to the current system 

that will allow AAI to handle consolidated orders in a more cost and time efficient manner. 

Currently, the intricate details are handled through increased attention from shipping, 
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engineering, and G&A departments. Administration at AAI is interested in not only improving 

current systems, but developing new systems with nontraditional approaches. 

However, AAI Administration is not interested in limiting or making significant changes 

to many of the documents required within the system. Since the Purchase Order represents 

incoming business, the current system of documentation highlights the important and required 

data within the contract. This data includes the item ordered, quantity, terms of payment, 

shipping address, invoicing instructions, artwork required, notation of acceptable quality level 

(AQL), and all other legal contract agreements implied by the acceptance of the PO. If any of 

this information is mistranslated through the PO process then the order can be delayed or worse, 

rejected upon delivery, which results in the customer not paying AAI for the goods. Another 

reason this data is important is because of the complexity of invoicing and shipping to multiple 

countries. As AAI will be dealing with customs, banks, and occasionally buyers who do not 

speak English, it is extremely important that all information is transcribed perfectly the first time.  

Key components that will be utilized in resolving this dilemma include the application of 

lean principals to solve the problem. The lean principals that will be used in the unraveling of 

this difficulty include value stream mapping, producing to takt time, potentially developing a 

continuous flow, using supermarkets when possible to control production where continuous flow 

does not extend upstream, attempting to send the customer schedule to only one production 

process (aka selecting a “pacemaker”), distributing the production of different products evenly 

over time at the “pacemaker” process (i/e level the production mix), and developing the ability to 

make “every part every day” (then every shift, then hour or pallet of pitch) in the fabrication 

process upstream of the pacemaker process.  
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Progress and research began early in January 2009 and has included a lean systems 

analysis of the current value stream. Initial value streams have been mapped, improved, and 

simulated using Rockwell Arena® simulation software. Arena will be used to establish models 

that accurately reflect reality. 

Building the Arena schedule will include several unique components. The first 

component of the Arena simulation is the parallel processing of purchase orders. Once received, 

purchase orders are not sent from department to department, but are rather duplicated and 

processed simultaneously in multiple departments. A necessary subdivision within the parallel 

processing will be resource scheduling. Several resources are responsible for more than one task. 

Therefore, it will be necessary to schedule resources not only through working hours but also 

through multiple processes. 

Additionally, the previously discussed time delay between offices will be included in the 

simulation. Simulation clocks will be set to 24 hours, but resources in China and resources in the 

United States will only operate during business hours (defined by AAI). Another component is 

the estimated financial cost. By tracking hours spent processing purchase orders by resource, 

hourly wage information will be used to calculate administrative cost per purchase order. Since 

AAI has several repeat purchase orders, some POs will not require all of the processing steps; 

therefore, the model will account for the different steps if the order is a repeat order. Finally, 

entities’ processing times are based on fitted distributions dependent upon the type of purchase 

order (item make and demands). These distributions attempt to increase the models’ validity and 

allow the simulation to closely mirror reality. 

Data will be gathered by several different methods within AAI and statistical 

distributions fitted to the data using Arena Input Analyzer. This information has been greatly 
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enhanced by the fact that data studies were personally conducted in China. Beyond processing 

times, data has also been collected on the arrival rate of purchase orders into the system in order 

to establish an accurate arrival rate to be included in the model. By determining precise 

distributions, the model will yet again become more exact. 

Additionally, research has been conducted for potential content management systems to 

automate a majority of the processes as well as centralize data to ensure reliable, official data is 

available throughout the product design, development, and manufacturing process. The team 

traveled to Shenzhen, China to visit facilities as well as gain an understanding of operations in 

the China office and the true lead times involved in the processing a formal PO. Receivables 

have been noted to imply a full degree of implementation and improvement. In many aspects, 

AAI has considered improvements to the consolidated purchase order process as a trial for a 

wider enterprise content management system implementation. 

 

System Definition and Problem Outline 

 

Two Division Approach 

 The method for converting a purchase order into a shipping schedule is a detailed process 

passing through many individuals and departments. Initial evaluations of the system can be 

overwhelming and unproductive. Therefore, the system was divided into two components. The 

first component is the US official is headquartered out of the Knoxville, TN office and the 

majority of organizational efforts are conducted from this United States office. Also included in 

the US office are the approval processes and communication with the customer. 
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 The second division is labeled “Global Involvement.” This stage of the purchase order 

process converts the PO Packet, generated within the US office, into a shipping schedule. 

However, this stage of the process does not exclude the US office. Several operations within this 

stage include US office departments, such as shipping. The majority of operations within the 

global involvement stage are manufacturing and shipping, which lead to the creation of a 

shipping schedule. 

 While the two divisions appear to be geographically based, they are in fact process based. 

The first division, the US office, develops the PO Packet from both internal and external 

information. The second stage, Global Involvement, utilizes the PO Packet as well as 

international resources to develop a shipping schedule that is distributed weekly to the client. 

Each system is defined and analyzed in detail within the following sections. 

  

Division One: The US Office & the PO Packet 

 As mentioned in the introduction, the first and most important part of addressing a 

system with efficiency problems is to determine a way to visually map that system. Lean System 

Principals suggest the use of value stream mapping to provide a defined visual understanding. 

Applying value stream ideals to AAI’s PO development process is a difficult task requiring 

estimation of the initial state. It is not cost efficient to conduct an extended time study on each 

task within the network due to the global distribution of the tasks. Instead, abbreviated time 

studies were conducted and compared to estimated minimum, maximum, and mean processing 

times noted from tenured AAI employee interviews. While the estimations may involve a 

perception bias, the sheer cost for one individual to conduct an extended time study across 

international boundaries is unfeasible. 
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 The current process for the AAI PO handling system can be shown as follows: 

 

 

 As is apparent in Figure 1, the current PO process is fairly complex. The system can be 

described in more detail as follows: 

C
u

st
om

er
 

~
 

l!
}r

 

~
.
 

• 
A

dm
in

 

&
 D

is
t. 

P 
&

 Dd
 

&
 Co"f

=
 

I 
P

O
 

I 
P

O
 

C
on

fi
rm

 

10
m

lll
 

2 0
m

ll
l 

10
 m

in
 

E
T

5
m

in
] 

]P
T

1
0

n
in

] 
ET

 5m
in

 
] 

10
 m

in
 

20
 m

in
 

10
 m

in
 

.
~
 

&
 

5 
m

in
 

P
R

O
D

U
CT

IO
N

 
C

O
N

T
R

O
L

 

O
n

rs
ig

ht
 

E
ng

in
ee

ri
n

g 
.
~
 

C
re

at
es

 P
O

 

&
 

P
ac

ke
t 

30
 m

in
 

A
c

co
un

t 

R
ev

ie
w

 
f

O
 

C
re

at
e 

In
pu

t 
P

O
 

]P
T

30
m

in
] 

E
T

1
5m

in
] 

5 
m

in
 

30
 m

in
 

F
ig

u
re

 1
 

.
~
 

&
 

5 
m

in
 

5 
m

in
 

E
ng

in
ee

ri
n

g 
.
~
 

A
p

pr
o

va
l 

&
 

5 
m

in
 

....
....

. 
.
~
.
 
~
 

r 

: r
 AAI 

Su
pp

li
er

 

15
 P

O
's

 P
ro

c
es

se
d!

 
O

'Y
 

C
or

po
ra

te
 

A
pp

ro
va

l 

1"
 

~
 

D"'i
f)

 ~
~ 

.
~
I
 

A
dm

in
 

&
 I D

is
tr

ib
ut

io
n 

5 
m

in
 

E
T

1
5

m
in

] 
]P

T
15

m
in

] 
]P

T
15

m
in

] 

5 
m

in
 

5 
m

in
 

15
 m

in
 

L
~
~
d
 T

u
ne

 
=

 2
00

m
ul

 

P
r
o
r
~
.s

il
l:

: 

=
 H

O
m

ul
 



McHale/Zeanah 
AAI System Analysis and Revision  

Page 9 of 104 

1) AAI Receives a PO from the Customer – As mentioned, the Customer PO contains 

information such as the item ordered, quantity, terms of payment, shipping address, 

invoicing instructions, artwork required, notation of acceptable quality level (AQL), and 

all other legal contract agreements implied by the acceptance of the PO. All of this 

information should be noted by multiple departments and much of it must be transcribed 

and prepared for the China Office.  

 

2) AAI Administration Distributes the Received PO – Whether the PO is received via fax 

or email, the company administrator will make copies of the purchase order and distribute 

to the necessary departments, which include Accounting, Shipping, Engineering, and 

Corporate so that each department is aware of the new order and can prepare accordingly. 

 

3) Sales Confirmation – The salesman responsible for the order is accountable for 

confirming with the buyer all details outlined on the PO. As it is not unusual for 

purchasing agents to make typographical and/or general errors in regards to the PO. This 

step is significant and important to the overall PO process.  

 

4) AAI Administration Distributes the Sales Confirm – After the PO is confirmed by the 

salesman the PO and PO Confirm are redistributed to all parties involved with its 

creation. At this point in the process either no errors are present and AAI can proceed or 

corrections are made to any errors that may have been present. The sales confirm 

documentation is understood to be final and accurate. 
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5) Engineering Creates PO Packet – The PO Packet consists of Cost Cards, China 

Purchase Order, Sales Confirmation, PO Specifications, and any other information passed 

on with the PO, such as AQL requirements. It is the Engineer’s responsibility to assemble 

this packet as he/she is responsible for the development with the given factory. The first 

page of the PO Packet is the China Purchase Order (Appendix 1-A). It consist of first cost 

or factory pricing, required ship dates, payment terms, shipping destination, method of 

shipment, etc. After this document is re-typed and filed by the Accounting Department, it 

will become one of two pages that will be sent to the China factory. The second page of 

the PO Packet is the PO Confirmation (Appendix 1-B). As mentioned above, this is filled 

out by the salesman involved. The third page of the PO Packet is the Customer PO 

(Appendix 1-C); the fourth page of the PO Packet is the PO Specification Document 

(Appendix 1-D). The PO Specification document is the other page that will be sent to the 

factory and includes all the necessary specifications including size, pack out, labels 

required, colors required, etc. The fifth, and final page, is the Cost Card (Appendix 1-E). 

This is used to account for all costs incurred by AAI through the development process as 

well as any testing, freight, or other costs that might occur in the order to arrange for the 

receipt of the goods at destination. All costs should be covered by the final payment 

amount seen on the Customer PO. The Cost Card must be authorized by the Corporate 

Administrators. 

  

6) Accounting Department Review and Creation of Final PO – The next step in the PO 

process involves the creation of the input PO, which is used in the AAI Accounting 
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system Peachtree Accounting Software. This final PO is printed on carbon paper to allow 

one copy to be kept in house and another to be sent to the factory. 

 

7) Engineering Department Review – Once the Accounting Department inputs the PO and 

creates a carbon copy, the Engineering Department must review and sign off to ensure 

that all the information required is present and that there are no quantitative pricing 

errors. 

 

8) Corporate Approval – When the final PO Packet is complete, Corporate Administrators 

must approve the margin of sale and terms, before signing off on the Cost Card, and 

allowing the document to proceed. 

 

9) Administrative Distribution – Once final approval is received, copies of the PO Packet 

are made and the necessary documents are filed and sent to the China factory to begin the 

production process. 

 

Division Two: Global Involvement & Shipping Schedule Development 

 In order to develop the weekly shipping schedule from the PO Packet, five significant 

parties are involved: the AAI China office, the Chinese Factory, the Customer, the AAI Shipping 

Department, and the AAI Engineering Department. In general, each department’s responsibilities 

are listed below: 

 

1) China Engineer Confirmation – When the PO is received by the China Engineer, they 

must record and verify all information to their files and translate all necessary documents. 
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2) Third Party Factory – Once the PO is received by the factory, they must make sure they 

can comply with all delivery terms and production requirements before confirming back 

to the China Engineer.  

 

3) China Engineer Completion – When the factory has confirmed receipt of the PO and 

that they are in agreement with all terms, a schedule for production and estimated ready-

to-ship date will be compiled. 

 

4) Shipping Department – During steps 1-3, the Shipping Department works with all third 

party freight forwarders, both foreign and domestic, to attain a more defined freight 

quote. This process determines which group will be utilized for the shipment. Once 

confirmation is received from the China Office and the third party factory, the Shipping 

Department will develop an AAI Shipping Schedule to note all important dates for the 

customer’s reference. At this time all information regarding carton markings and required 

shipment documentation are compiled for the order. 

 

5) Administration Shipping Schedule Delivery – Once the schedule is completed 

(Example noted in Appendix 1-F); Administration will forward the schedule to all 

customers via fax or email.  

 

As noted, a significant barrier between the interactions of the above parties is the time 

difference between the United States and China, a 12-13 hour delay. Particular attention to the 

timing of information flow is essential for system efficiency.  
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Process Mapping: PERT Diagrams & Critical Paths 

 Because the global phase of the Purchase Order Process is more complex than the US 

Office involvement, the central value stream is not readily apparent. In order to improve the 

process, a focus on the limiting value stream currently determining the completion time per unit 

is required. In doing this, one should note that improving a value stream that is not the slowest 

does not improve the completion time. Just as the bottleneck in a production process is the first 

process improved, the bottleneck operation, or group of tasks within the process, is the first 

operation to be improved. 

 Identifying a bottleneck process is not an easy task; however, several methods exist to 

help map and identify limiting operations in a process. One of the most common methods is 

PERT, or Program Evaluation and Review Technique. PERT maps the entire network of tasks 

and then identifies the critical path, which is the longest path through the entire network, or the 

previously referred to bottleneck operation. 

 A PERT chart for AAI’s schedule development process can be found in Figure 2 on the 

following page. The critical path of the system has been highlighted in red. A unique feature of 

AAI’s system is the central point, when the customer is updated with the manufacturing and 

shipping arrangements. This practice is purely a facet of excellent customer relation; the client 

has already developed a purchase order in which manufacturing and shipping details have been 

agreed upon. Both party’s legal obligations are clearly defined, but AAI continually strives to 

include the customer and reassure them of the reliability of their overseas operations. 

 Another important element is the presence of two operational streams: manufacturing and 

shipping. One stream involves working with the China Office and Chinese Factories to confirm 
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capabilities, pricing, and inspection schedules, while the other stream involves researching and 

booking shipping methods that meet the required arrival date. Interestingly, the critical path is 

split between these two processes, first progressing through the manufacturing processes and 

then through the shipping processes. 
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Using the defined critical path it is possible to develop an initial value stream map, seen 

below in Figure 3.Each process of the critical path is defined in more detail and placed 

consecutively in the value stream. The color codification demonstrates the progress first through 

the manufacturing process in China and second through the shipping process, which is connected 

by a customer update. A total lead time of 75 hours is calculated, of which less than 10% is 

processing time. However, the total lead time, 3.125 days, is within the required tact time of 5 

days. While this demonstrates the procedure is capable, the fact that 90% of the process’s lead 

time is not processing time suggests significant room for improvement. 

 

While it is possible to define a critical path through this network, the unique nature of the 

critical path passing through two separate operational streams suggests that improvements need 
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to be made to both operational streams. Essentially, the system must be considered holistically in 

order for true improvements to be made. Using the PERT chart’s critical path, an initial value 

stream map has already been created. However, to analyze the process holistically, a second 

initial value stream map has also been created. This initial value stream map, Figure 4 below, is a 

value stream including the entire process, not just the critical path. 
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The resulting map is a large and complicated value stream demonstrating the significant 

amount of required administrative oversight. The process descriptions and lead time analysis can 

be found in Figure 4.1 seen below. 

 

C
us

to
m

er
 

C
hi

na
 

C
hi

na
 

S
hi

pp
in

g 
U

pd
at

ed
 o

f 
O

ff
IC

e 
F

ac
to

ry
 

C
o

m
p

ile
s 

In
te

rn
al

 
D

et
ai

ls
 

C
on

fi
rm

 
C

on
fi

rm
s 

In
fo

 
C

ha
ng

es
 

E
S
T
~
 I

 D
ay

 
E

S
T

=
} 

H
o

u
r 

E
S

T
 ~
 I

 D
ay

 
E
S
T
~
 I

 D
ay

 
E

S
T

""
 1

 H
o

u
r 

T
w

o 
O

pe
r.

do
rn

 
O

n
e 

O
pe

ra
1o

r 
O

n
e 

O
pe

ra
1o

r 
O

n
e 

O
pe

ra
1o

r 
O

n
e 

O
pe

ra
1o

r 

e
rr

 =
 2

 H
ou

rs
 

C
IT

 =
:2

0
M

in
 

C
IT

:=
 2

 H
ou

rs
 

e
rr

 ==
'3

 H
ou

rs
 

C
IT

=
2

0
M

in
 

M
in

: 1
 H

o
u

r 
M

in
: 0

_5
 H

ou
rs

 
M

in
:1

H
o

u
r 

M
in

: 1
 H

o
u

r 
M

in
: 0

_5
 H

ou
rs

 

M
ax

: 2
 D

ay
s 

M
ax

: 5
 H

ou
rs

 
M

ax
: 3

 D
ay

s 
M

ax
: 3

 D
ay

s 
M

ax
: 5

 H
ou

rs
 

C
us

to
m

er
 

C
hi

na
 

I Pr
~ioo

s I 
U

pd
at

ed
 &

 
C

on
fi

rm
 

B
oo

k 
E

S
T

-E
st

im
at

ed
 

A
gr

ee
s 

to
 

In
sp

ec
ti

on
 

S
hi

pp
in

g 
ti

m
e 

un
til

 t
ax

 
M

et
ho

ds
 

S
ch

ed
ul

e 
co

m
pl

et
ed

 a
ft

er
 s

en
t 

E
S
T
~
 I

 D
ay

 
E

S
T

=
 1

 H
ou

r 
E
S
T
~
I
D
a
y
 

E
S

T
=

 1
 H

o
u

r 
I 

CI
T -

ac
tu

al
 

es
ti

m
at

ed
 w

or
ki

ng
 

T
w

o 
O

pe
r.

do
rn

 
O

n
e

 O
p

er
.d

o
r 

O
n

e 
O

pe
ra

1o
r 

O
n

e 
O

pe
ra

1o
r 

J 
ti

m
e 

e
rr

 =
2

H
o

u
rs

 
e

rr
 =

 2
0

 M
in

 
C

IT
 =

 1
 H

o
u

r 
C

IT
 =

4
5

M
in

 
M

in
/M

ax
 ti

m
e 

un
til

 
M

in
: 1

 H
o

u
r 

M
in

: 0
.5

 H
ou

rs
 

M
in

: 1
 H

o
u

r 
M

in
: 0

_5
 H

ou
rs

 
I 

co
m

pl
et

io
n 

M
ax

: 3
 D

ay
s 

M
ax

: 5
 H

ou
rs

 
M

ax
: 2

 D
ay

s 
M

ax
: 5

 H
ou

rs
 

F
ig

u
re

 4
.1

 



McHale/Zeanah 
AAI System Analysis and Revision  

Page 18 of 104 

Total lead time is calculated along the critical path. The lead time and processing times 

for non-critical operations are shown as well (Note: Total lead time for both value stream maps is 

the same due to the fact that it is defined by the critical path). 

Two significant benefits are presented by the full process initial value stream map. The 

first is the revealing of four potential 12 hour delays arising from information transfer between 

China and the United States. By requiring a customer update halfway through the process, two 

potential international time delays are introduced, which could lead to an additional 24 hours on 

the total lead time. On the critical path value stream map, two of these delays are not shown 

because the critical path is through the shipping department, not the manufacturing operations. If 

both of these delays materialize, the critical path will in fact shift from the shipping department 

to the manufacturing operations. 

The second presented benefit is a measure of the degree to which the critical path is 

longer than the other paths. Within the first phase of the process, the critical path is only 7.6% 

longer than the other paths. Including variation, the effective difference between these paths is 

negligible. Therefore, including potential time difference delays as well as the relative difference 

between the critical path and other operational paths, it becomes evident that an initial value 

stream map must include all of the processes, not just the critical path process. 

 

Simulation of Current System 

 

Benefits of Simulation 

 It is possible to build a simulation based upon a predetermined critical path of the 

process. Simulation provides several unique benefits not realized in a value stream map. While 
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simulation is not required to progress to future state development and potential solutions, it will 

provide important insights into the process. 

 The largest benefit provided by simulation is the analysis of random variation. Variation 

affects systems differently depending on their construction. While it can generally be stated that 

pull systems are more susceptible to random variation than push systems, the precise results 

cannot be determined. When defining objective future states, the exact effect of variation on the 

current state can potentially alter perceptions of bottleneck processes and the utilization of 

resources. 

 Another benefit provided by simulation is an understanding of resource interaction. Any 

complicated process involves the utilization of multiple resources, whether employees, office 

equipment, or machinery. In order to understand how the multiple responsibilities weigh on 

individual resources’ effect on the overall system, simulations must be completed. 

 Considering the potential benefits provided by simulation, a simulation of the current 

process has been created. Several obstacles and assumptions were encountered during the 

construction of the simulation. While these obstacles limit the outcomes of the model, the results 

were still beneficial. Included in this section are future actions AAI employees may take if a 

more accurate simulation is desired. 

 

Data Collection 

When simulating any system, the first step is to determine what data is needed and where 

it can be found. As AAI communicates primarily by email or fax, all International POs on record 

will have a time stamp. Therefore, determining the date and time a PO enters the system 
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becomes a relatively straightforward process of collecting and recording the time stamps. A more 

difficult task is, determining individual department times.  

Since the international purchase order process is complicated and the time frame for the 

project was small, task time data was gathered in one of two ways. Option A was to gather data 

by analyzing time stamps on emails, as stated previously. This method worked well in China, as 

it could be noted when the email was sent from one department and when it was forwarded again 

to the next. However, since POs are printed and physically moved between processes in the US 

office, another method of data collection was required. Option B was to determine task times by 

interviewing several individuals within the department who have worked with the company for 

more than five years. These individuals were able to provide average process times as well as 

maximum and minimum process times. In order to estimate the validity of these projections, 

simple time studies for five POs were conducted on each individual process. Using these verified 

averages, Arena Input Analyzer was utilized to generate the raw data using triangular 

distributions for each US process on each PO (Appendix 2A & 2-B). 

 Once the raw data was collected, arena Input Analyzer was utilized to fit the raw data to a 

distribution. The input analyzer fits the data to each of its catalogued distributions and then 

selects the distribution with the lowest standard error. Appendix 3 provides the fitted 

distributions as well as Chi Square and Kolmogorov-Smirnov fit tests. The Kolmogorov-

Smirnov fit tests are not as thorough as the Chi Square test; therefore, only the results of the Chi 

Square tests were used to determine the goodness of fit. 

 A passing threshold for goodness of fit was established at 0.05 (this value is commonly 

accepted within industry as acceptable).Using this threshold, only the fitted distributions for the 

China Compilation and Factory Response were acceptable. The vast majority of the fitted 
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distributions displayed high P-Values within the Chi Square test as well as large square errors. 

Therefore, it is safe to conclude that the fitted distributions do not accurately represent the 

processes from which the raw material was gathered. 

 Given the poor fit of the distributions it is logical to run the model simulation under 

scheduled arrival rates and processing times. This would recreate the past 52 days within the 

simulation. However, there are several complications arising from scheduled process times. If 

the process times as well as the arrival times are strictly based on schedules from the past three 

months, replications will continually provide the same results. Additionally, the gathered data is 

seasonal and does not represent an entire bid cycle. As purchase orders are generated unevenly 

throughout the bid cycle, data should be collected for the entire bid cycle rather than three 

months (bid cycles usually run between 6 months and 1 year). 

 With the given time restrictions it was not feasible to collect further data to ensure fitted 

distribution validity. As a response, two model simulations were run. The first run (Appendix 4) 

employed the generated distributions regardless of their poor fit. The second run (Appendix 5) 

modeled each processing time using a triangular distribution that employed the mean, max, and 

min estimated by experienced employees within AAI. This second model provides a comparison 

for the fitted distribution model. By comparing these two models with the actual results shown 

by the gathered data over the past three months, it is possible to estimate the overall implication 

of the poor distributions. 

 The final distribution to be considered is the arrival rate. This rate, as with the task times, 

must be fitted into a distribution and also be identified as a stationary or non-stationary process. 

The stationary process allows the arrival rate to be forecasted as a distribution that estimates 

future arrivals. Appendix 6-A provides a histogram of the arrival distributions as well as the 
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arrival moments. The histogram depicts the majority of total daily arrival rates centering on 1 or 

0; however, the standard deviation is fairly large. As such, the process shouldn’t be labeled as 

stationary because of the resulting histogram. 

 Appendix 6-B provides more detailed analysis concerning whether the arrival rate is 

stationary or non-stationary. A simple Exponential Smoother Model was applied to the arrival 

rates. The results of this model reveal that the process is stable and can be forecasted. Further 

analysis could match the arrival rates with improved forecasting models; however, more data 

would need to be collected from Alibi cycles create “seasons” for POs in which the number of 

incoming POs peak. This trend is not seen in the collected data considering the short span of 

collection time (3 months).Due to these “seasons,” an accurate forecasting model would likely 

involve the application of a seasonal decomposition. 

 For the purpose of the project, the arrival rates, once determined to be stationary, were 

fitted to a distribution. As with the process distributions, the fit was poor and a high P Value was 

produced by the Chi Square test. Among many complications, the small number of data points 

(52) as well as the small size of the numbers complicated the fit and the Chi Square test. 

 As with the process schedules, the poor fit of the distribution suggests arrivals should be 

scheduled. A similar solution was applied in which two model simulations were run. The first 

run included scheduled arrivals while the second run included forecasted arrivals. Unfortunately, 

several programming errors within Arena version 10.0 do not allow Arena to process the 

multiple schedules within the model. A demo version of Arena 12.0 was provided but it was 

unable to process the schedule. Several troubleshooting methods were applied including reducing 

the inter-arrival period to hours and the creation of an infinite schedule that yields 0 POs after the 
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simulation period; however, no solution was found. Therefore, all model results utilized the fitted 

distribution. 

 Finally, the required number of repetitions for statistical validity was calculated. Due to 

the large standard error in the fitted distributions and the equally large coefficient of variation, 

the result was a large number of required repetitions (Appendix 7).A calculation for the required 

number of repetitions was performed for each fitted distribution; the largest required number was 

in excess of 115,000 repetitions. These numbers are not feasible and again suggest that better 

data needs to be collected. In order to progress with the simulation, 35 replications were used. 

This number is a generally accepted rule of thumb for statistical validly; however, as noted, the 

actual number of required repetitions with the fitted distributions is much higher. 

 

Assumptions 

 Several assumptions were made prior to building the model logic. The first of these 

assumptions pertains to employee overtime. This model assumes that employees strictly obey the 

clock and do not work any overtime. In reality, employees often work overtime; however, this 

overtime does not significantly affect the cost as most are exempt salary employees. 

In terms of arena schedules, employee schedules were placed on preempt, in which case 

entities are left in progress while the resource is not available. While other decision rules such as 

wait and ignore were considered, they were ultimately rejected due to the fact that employees 

exercise a level of judgment prior to working overtime. If the job takes only a few minutes, the 

employee will work overtime; however, if the job requires several hours and is not high priority, 

the employee will leave the work until the following morning. Therefore, the other standard 

decision rules provided by arena were discarded as possibilities. 
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The second major assumption concerns errors on the purchase orders. It is unlikely that 

zero errors leave the purchase order process; however, this number is so small it was deemed 

insignificant. The rate of occurrence is so rare that statistics on the number of POs with errors 

leaving the system were not available. Thus, it is assumed that all errors will be caught at the 

latest by the China office. 

Another more significant assumption was made in determining employee availability 

during office hours. Most of the employees simulated have responsibilities other than purchase 

orders. In the model, it is assumed that an employee is idle if they are not working on a purchase 

order. In reality, each employee is conducting one of many other responsibilities when they are 

not processing a purchase order. Statistics and data on the percentage of time spent by employees 

on other responsibilities were not readily available and thus could not be reliably programmed 

into the model simulation. Instead, it is assumed that each employee is available to work on the 

purchase order as soon as it arrives at their desk. While this is an assumption, purchase orders are 

normally given the highest priority by each employee as they represent incoming business. 

 

Model Logic & Flow 

 Due to the complexity of the purchase order process as well as the global environment, 

activities throughout the process are divided into departments. In order to make a clear model of 

the process, corresponding departments were defined with appropriate resources. Transfer 

stations were used to route the purchase order through the departments (often routing the 

purchase order through one department several times). 

 Before the model logic within each department is defined it is important to understand 

several overarching structures that apply to all departments. The first of these structures are the 
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office operating hours. The global positioning of different departments require that two resource 

availability schedules be created, one for the US office hours and one for the China office hours. 

The resources within each department are then scheduled to the availability defined by their 

respective office hours. The simulation is set from the perspective of the Knoxville office, so the 

China office availability is from 8:30 PM to 12:00AM and 1:00 AM to 6:30 AM (an hour is 

given for lunch). 

 These opposite resource availabilities create a lag between both offices when neither 

office is working. As a result, purchase orders incur significant wait time due to international 

working schedules. This delay time is of particular interest to AAI, so holding modules were 

incorporated between the Knoxville and China offices to calculate the average time each 

purchase order spends waiting due to international delay. 

 Another overarching structure concerns errors within the purchase order itself. While 

errors are not common, they are part of the system and should be included in the model logic. In 

reality errors occur as the purchase orders progress through the system. However, it is not 

necessary to assign errors multiple times throughout the logic. Instead, an error attribute is 

assigned to a small number of purchase orders as they are created. Throughout the model, these 

errors are “caught” by a decide module based on the frequency at which errors are caught in each 

department. If the error is caught, it is rerouted to the department where the error occurred and it 

is resolved. Errors are given high priority in the respective department and incur a reduced 

processing time due to the fact that the resolution of errors does not usually require a complete 

rework within the department. 

 This error creation can be seen in the first model “department” – PO Creation. This is the 

only model department that does not have a corresponding department at AAI (purchase orders 
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are sent directly to the company via email, fax, or postal mail).Figure 5 displays this department. 

As can be seen, after purchase orders are created both the WIP variable and the start count is 

increased by one. At this point, two decide modules determine if the PO will have an error and if 

the error will be an accounting error or an engineering error (the only two possible errors).After 

the error attributions are assigned, the purchase order is sent via a station/route transfer to the 

engineering department.  

 

 

 

 

 

 
Figure 5 
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Figure 6 

 

The engineering department, seen above in Figure 6 shows two different operations. The 

first operation, located in the top of the box, is the first route the PO takes through the 

engineering department. This route is the period in which Engineering generates the required 

documentation and prepares the required calculations needed within accounting. It should be 

noted that there are two inbound stations on the left. The top station is the route for new purchase 

orders that have not been processed, while the bottom station is the route for purchase orders in 

which an error has been found and the purchase order has been rerouted to the engineering 

department. Once the error is corrected in the process module, an assign module is used to 

remove the error attribute. The second process, in the bottom portion of the box, involves the 

same engineer but at later stages in the purchase order process. In this stage, the engineer checks 
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the PO for errors, and if errors are found, reroutes them to either the first engineering activity or 

the accounting department. 

 After the first process in the engineering department, POs are sent to the accounting 

department, found in Figure 7.In this department all necessary accounting and booking 

operations occur. As with the first process in the engineering department, the accounting process 

involves two inbound stations, one for errors and one for new POs. The first two decide modules 

determine if the error is caught by sorting out POs with errors and then “catching” the errors 

based on predetermined chance. Additionally, the accounting error includes an “overflow” 

section in which an additional accountant helps the PO accountant if the volume is too high. This 

help is limited because the additional accountant has other responsibilities. Therefore, purchase 

orders are only sent to the additional accountant if the queue for the PO accountant is above 3. 

 

 

 
Figure 7 
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 Once the accounting phase of the process is complete, the purchase order reroutes to 

engineering for approval, which was previously discussed. After engineering approval, the 

purchase order progresses to the corporate level for approval. Then the PO is sent to 

administration for distribution. The corporate department model logic is seen below in Figure 8 

and is similar to Accounting and Engineering. If the error is caught, the PO is sent to the 

department in which the error occurred. 

 
Figure 8 

 
Figure 9 
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Once the purchase order has progressed through corporate approval it is sent to the 

administration department for distribution to the China office as well as the shipping department, 

as seen above in Figure 9. Both of these activities occur in parallel, so the PO entity is split into 

duplicates. One duplicate is sent to shipping while the other is sent to China. An assign module is 

used to define the duplication time, which will later be used to batch the duplicates together for 

final distribution. 

The second process, in the middle of the box, is the final distribution of schedules to the 

customer. Shipping schedules are sent to customers once a week, therefore completed purchase 

orders (which have become shipping schedules in the shipping department) are held in the model 

until every 7th day. The process at the bottom of the box is the control logic for the hold module. 

This logic creates a signal every seven days that is sent to the hold module in the previously 

discussed process. Once the signal is sent, it is disposed. The count in the PO Creation 

Department is necessary because of this signal. The final arena report displays the total number 

of completed entities, regardless of entity type. Therefore, a user defined count displays the 

number of purchase orders received as well and the number of purchase orders completed, which 

is recorded immediately before disposal in the administration department.  

 
Figure 10 
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The final department in the US office is the shipping department, as seen in Figure 10.It 

is within this department that purchase orders are converted to shipping schedules for 

distribution to clients. The first process at the top of the box is the booking of freight. The 

shipping process consists of a three part process. The first phase occurs in the US office where 

the shipping department determines which freight forwarder will be used. At this point the 

information is sent to the freight forwarder who books the freight and returns with a schedule and 

cost. Finally, the shipping department combines this information and enters it into the systems at 

AAI. 

These three phases can distinctly be seen in the model logic with the exception of the 

freight forwarders who are divided into two processes. This division is necessary because half of 

the freight forwarders used by AAI are located in China where the goods are manufactured, 

while half are located in the US. Thus, a portion of the purchase orders are sent to US freight 

forwarders while the remaining portion is sent to the Chinese freight forwarders. The process 

times for each freight forwarder are the same, but the operating hours are not. The Chinese 

freight forwarders are on the same office hour schedule as the China office. Therefore, longer 

delays are incurred when Chinese freight forwarders are used. 
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Figure 11 

 
The remaining resources are located in the China office, which is represented in Figure 

11.The China Office includes two engineers that are involved twice in the purchase order 

process. The first activity conducted by the China office involves preparing the POs for the 

factory as well as checking for errors. If errors are found they are rerouted to the appropriate 

department in the US office. At this point all errors are caught. While some errors may in 

actuality make it to the factory, statistics were not available on this frequency since it is an 

uncommon occurrence. Therefore, the model assumes that all errors are caught before 

progressing to the factory. Additionally, the two engineers in the China office work specifically 

with only 1 category of product. Therefore, purchase orders are divided among the engineers 

according to their type. Rather than defining an attribute for product type, sales records were 

used to calculate the percentage of work in each category. This percentage was used in the 

decide module to send purchase orders to the appropriate engineer.  
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The second process conducted in the China office is the compilation of information from 

the factory for the US office. Again, each engineer only deals with one product category, so the 

feedback from the factory is distributed to each engineer based on the percentages described 

above. Once this process is completed, the compilation prepared by the China office is sent back 

to the US office. 

 
Figure 12 

The final department in the model logic is the third party factory, seen here in Figure 12. 

This factory is outside of the company and the processes within each factory vary. Therefore, 

aggregate statistics for all factories were combined to develop the process time. Purchase orders 

simply queue and are processed, after which they are sent back to the China office for 

compilation. 

 A final few of the entire model logic is provided below in Figure 13. Since station and 

route transfers were utilized departments can be grouped and color coated. These colors are then 

employed in the animation to denote the grouping of resources within the US and China office. 

Large boxes group the departments into their respective office locations. 
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Figure 13 

 
 
 
 With the model complete, focus should be directed to the animation portion. As seen in 

Figure 14, the animation is relatively simplistic. Each department is coordinated with its modular 

counterpart by the use of colors. “Man” attributes were assigned for all walking times within the 

US office and for communication overseas, “Fax” attributes were assigned. To give an accurate 

representation of the 12 hour time change, a sun was put into place whenever the US/China 

office is busy or idle and a moon was put into place to note when the office is inactive. 
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Figure 14 

 

Simulation Results 

As stated in the Data Analysis section, two models with different underlying distributions 

for the processes. The first model employs the fitted distributions provided by Arena Input 

Analyzer while the second employs triangular distributions built upon estimates from senior 

employees at Amite two models were run as comparisons to provide a reference in determining 

the total effect a poor distribution could have on the end results. 

Several statistics were of significant interest to AAI; in fact, the end result requested by 

AAI was not optimization of the current process through simulation but rather a better 

understanding of the process as it stands. As a result, significant effort was placed on building 
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and extracting the required statistics rather than optimizing the current solution. The main 

statistics considered important by AAI are: 

• Cost per Purchase Order 

• Idle vs. Busy Cost 

• Departmental Cost per Purchase Order 

• Total Coast of the System 

• Processing Time per Department 

• Average International Delay 

• Average Cycle Time per Purchase Order 

• Average WIP 

• Volume Flow in the Busiest Departments (number of reroutes) 

• Number of Errors 

• Overflow Capacity Usage 

These statistics were gathered in one of two methods. The first method involved the creation of 

user defined statistics to gather the exact statistic required. However, many of the statistics did 

not require unique user defined statistics as they were previously built into arena. These statistics 

were thus automatically generated by Arena. 

Overall, the end effect of different underlying distributions proved to be significantly 

different. However, several statistics are not dependent on the distributions and will be discussed 

first. The first of these statistics was total cost. Total Cost is simply based on the scheduled office 

hours and the length of the simulation. Over the course of 52 days the cost of opening both the 

China and the US office is $103,584.00.Another statistic independent of the underlying 

distributions is the number of errors in both the accounting and engineering department. Both 
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simulations returned an average of approximately 5 errors per department for a total average of 

approximately 10 errors. This amounts to approximately 10% of purchase orders incurring 

errors. While this number is low, the cost of rerouting purchase orders through the required 

departments significantly increases the volume handled by the bottleneck departments. 

The remaining statistics are all dependent upon the underlying distributions. The focus of 

the analysis will be on the fitted distributions and collected data rather than the rough estimate 

provided by the estimated triangular distribution. However, both results will be given to allow 

for an understanding of the affect of incorrect distributions. This will hopefully remind users that 

further data collection is required for a more reliable simulation. 

The first category of distribution dependent statistics concerns cost. Beyond total cost, the 

cost inquiries were related to the departmental cost per purchased order as well as the final cost 

per purchase order. This breakdown of costs allows AAI to communicate the final cost of the 

purchase order process to the sales department as well as analyze where a majority of costs are 

being incurred.  

 Appendix 4 provides detailed results for departmental costs for the fitted model while 

Appendix 5 provides the departmental costs for the triangular distribution model. Costs are 

centered first on the shipping department, followed by the China office and finally the 

engineering department. Both models agree on the ranking of costs but significant difference in 

the final numbers is present. 

The second cost statistic, cost per purchase order, first requires an understanding of the 

idle versus busy cost statistics. As stated, the final cost of the entire system, agreed upon by both 

models, is in excess of 100,000.00.However, a vast majority of this cost is idle cost. Due to the 

previously discussed fact that the employees have many other responsibilities, it is logical that 



McHale/Zeanah 
AAI System Analysis and Revision  

Page 38 of 104 

the model should have employees idle for a majority of the time. In order to calculate cost per 

purchase order, the final cost cannot simply be calculated as the final total cost divided by the 

number of purchase orders. 

 Instead, the cost per purchase order must be calculated as the value-added or busy cost 

assigned to each entity. Again, this cost cannot simply be calculated by dividing the busy cost by 

the total number of completed purchase orders because there are several purchase orders in 

progress at the end of the simulation. Conveniently, arena keeps an entity statistic labeled cost 

per entity. Thus, the total cost per purchase order can be calculated by adding the component 

costs per entity. Arena calculates the sum of the component costs automatically and displays it in 

a total cost field. For the fitted distribution model the total per entity cost is $174.14 while the 

triangular distribution model total per entity cost is $161.02. 

 While costs affect the business’s bottom line they do not always translate into good 

customer relations. Several statistics were gathered to measure the level of customer service 

provided throughout the purchase order process. These statistics include the average lead time 

per purchase order, the processing time per entity per department, the average time each 

purchase order spends waiting in-between China and US office hours, and the volume of 

purchase orders handled by each department. 

 The first of these statistics, average lead time per purchase order, was a statistic of major 

concern by AAI. If purchase orders can be quickly turned around and converted into shipping 

schedules, customers can proceed with future plans. If purchase orders incur a long lead time, the 

customer waits on AAI and could potentially become frustrated with the process. Within the 

simulation, a user defined statistic to measure lead time was calculated that summed the total 

time spent per entity and converted it into days. In the fitted distribution model the average lead 
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time was approximately 11.5 days while the triangular distribution model average lead time was 

approximately 8.5.This statistic particularly points out the problems that can arise from poorly 

fitted distributions by demonstrating such a large difference in one statistic. 

 The second customer service measure breaks down the average lead time and calculates 

the total processing time per purchase order per department. These results can be seen in detail in 

Appendix 4-G or 5-G.Each purchase order spends the most amount of time in the shipping 

department. This is especially true if the purchase order is sent to an overseas freight forwarder 

where it will experience another international delay. However, it is worthy to note that in reality 

the shipping department can often simultaneously work on multiple shipping schedules while 

they are waiting on booking information from the freight forwarders. Thus, the actually amount 

of time spent in the shipping department is likely less than that presented by the arena models. 

The other departments with large processing times include the third party factory and the 

administration department. The administration department is expected to have a large processing 

time due to the frequent routing of purchase orders through the administration department as well 

as the weekly distribution of schedules that can potentially lead to long delays. 

Beyond the processing time per department, another measure of lead time includes the 

volume of entities seized by each department. Due to errors, duplications, and the natural routing 

sequence, each department is likely to see the same purchase order more than once. This traffic 

can be measured by the number of units seized by each department. As seen in Appendix 4-K 

and 4-L or 5-K and 5-L, the departments experiencing the highest volumes are the 

administration, china office and engineering departments. All of these departments process each 

purchase order more than once and thus experience a higher volume through the department. 
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Unfortunately, the administration department is also one of the departments with a high 

component percentage of lead time. 

While a majority of the lead time experienced by each purchase order can be attributed to 

departmental processing and waiting times, another large component is the wait time each 

purchase order experiences waiting for the US or China office to open. Due to the fact that the 

China office is 12 hours ahead of the US office, there is a significant amount of time when 

neither office is open. This statistic has never been analyzed by AAI and was an interesting result 

for management. Under both the fitted distribution and the triangular distribution each purchase 

order spends approximately 12 hours waiting for an overseas office to open. While this wait time 

is unavoidable to a degree, attention to international delay could result is a significantly reduced 

lead time. 

The final consideration requested by AAI relates to the average work in progress. While 

the arrival rate of purchase orders is stationary, it is not constant. Therefore, the level of work in 

progress fluctuates with processing times and arrival rates. In order to calculate the average work 

in progress a user defined variable had to be created. This variable is incremented one whenever 

a purchase order enters the system and is decremented one whenever a purchase order leaves the 

system. The average work in progress under the fitted distribution model is 8 purchase orders 

and the average work in progress under the triangular distribution model is 6 purchase orders. 

Again, this highlights the importance of accurately fitted task time distributions. 

Utilizing the user defined variable it was also possible to reconcile the number of 

purchase orders that enter the system with the number of purchase orders that leave the system 

by defining the difference between the two as the work in progress. This is not useful in an 

aggregate result where averages are used; however, if scheduled arrival models are used the 
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completed purchase orders plus the work in progress at the end of the simulation will equal the 

number of purchase order received. This statistic can be used as a check to ensure that the 

duplicating and batching as well as the error correcting process is not resulting in the accidental 

creation of additional purchase orders. 

Overall, a large amount of statistics can be pulled from the simulation. Many of these 

statistics can be compared with the gathered data to judge the accuracy of the simulation 

assuming the gathered sample data is representative of the average process. In order to present 

the results of the simulation in clear and understandable implications for AAI management, the 

previously discussed statistics have been generated and highlighted due to the fact that they 

represent answers to the initial concerns presented by AAI management. 

 

Model Improvement 
 
 Several limitations of the current simulation model have been recognized; if AAI 

management were interested in continuing improvement for the model for more reliable results, 

several steps should be undertaken. The first of these steps would undoubtedly be to improve the 

fitted data distributions. This would need to be accomplished by collecting more data samples. 

The larger the data sample the more accurate the fit test. Unfortunately, accurate fit tests often 

require thousands of data points. However, one advantage gained by further data collection 

would be the identification of seasonal trends. Potential seasonal decompositions could be 

applied to the data to create more reliable fitted data distributions. 

 Beyond the data distributions, several components in the model logic could be improved. 

The first of these components is the shipping department. The shipping department currently 

processes purchase orders in series as they arrive. However, the shipping department actually has 
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the capability to process purchase orders in parallel. By staggering the delivery of purchase 

orders to freight forwarders the shipping department is able to drastically cut down the amount of 

time purchase orders spend in the department. In order to create accurate model logic to simulate 

this process, further time studies would need to be conducted. 

 Another department with potential improvements is the China office. The China office 

has more than two engineers as well as a support staff. While the support staff ad other engineers 

do not directly involve themselves in the purchase order process, they are available to help and 

act as overflow capacity. As the model currently stands, these resources are not included. 

 Within all of the departments, distributions could be created to model the average amount 

of time each resource spends completing other responsibilities. While these responsibilities do 

not necessarily have to be defined in detail, they could be modeled as “failures” of resources 

where the resource is active but not available to be seized by the entity. Additionally, the current 

model is only concerned with international consolidation purchase orders. If the purchase orders 

processed by the entire engineering department were included, more accurate results could be 

obtained. 

 Finally, the cost estimates currently included in the model are rough cost estimates. 

While salary and pay are not commonly available in the office, AAI could review the costs 

estimates and adjust them as they feel necessary to create more accurate costs. To the best of 

current knowledge, the inputted costs are close to those actually incurred. 
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Immediate Recommendations from the Simulation Model 

 

 From the previous results several recommendations have been included. One of the first 

and most obvious recommendations is to implement more “mistake-proofing” to prevent errors. 

Errors become costly as they are rerouted through the process. Especially for engineering errors, 

if the error is caught in china, additional international delays are incurred as well as the required 

rerouting of the purchase order throughout the entire process. 

Another recommendation would be to create a process by which departments, especially 

the China office, can fix the error and/or continue with the purchase order while the error is 

being fixed. While major errors will require the purchase order be rerouted to the engineering 

department, minor errors and typos could possibly be resolved without restarting the purchase 

order at the beginning of the process. Any and all efforts to reduce rerouting due to errors 

throughout the process will reduce the total cost as well as the lead time. 

Continuing with the costs and lead times associated with the current routing of the 

purchase order process, efforts should be made to reduce the number of times a purchase order is 

routed through each department to one time. The fewer number of phases the purchase order 

goes through the shorter the lead time as well as the lower the chance for possible errors. This 

will reduce the currently high volume of purchase orders experience by the china office as well 

as the administration and engineering departments. Additionally, reducing the number of times a 

purchase order is routed through the department will open resource availability for other 

responsibilities such as building new business relationships. Ultimately, reducing the number of 

times a department must process the purchase order will increase the overall efficiency while 

reducing the overall cost. 
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While AAI has reduced the cost per purchase orders to acceptable levels, efforts should 

still be made to reduce the number of unnecessary purchase orders that are completed. 

Occasionally, purchase orders generated by the sales department are not realized due to 

fluctuating business conditions. Efforts are currently being made to reduce these errors; the 

current simulation model reinforces the motivation for these efforts by demonstrating not only 

the monetary cost per purchase order but also the time costs incurred by each department. 

While reducing routing costs and rerouting of purchase orders will reduce the total lead 

time, a significant portion of the lead time is incurred by international delays. As the company is 

currently structured, many of these delays are unavoidable; however, certain measures could be 

implemented to reduce these international delays. One possibility is to locate more engineers in 

China to reduce the delay time between US and Chinese departments. This effort will reduce the 

delay between the US and China office; however, it will also increase the delay between the US 

office and the US and European clients. 

A second solution is to improve scheduling to ensure that purchase orders are not sent to 

the China office early in the US working day. Instead, work on purchase orders could be 

scheduled to minimize delay times. Currently most departments are aware of the international 

delay and work to prevent unnecessary delays. Creating a more rigid schedule would not only be 

difficult but it would also require additional resources. By confining departments to schedules 

the company would lose its flexibility, which is one of its major competitive advantages. 

A final possibility would be to increase the global distribution of employees. By locating 

employees in closer proximity to clients and manufacturing facilities the company would become 

more responsive to client and supplier needs. Employees would necessarily have to be cross 

rained in order to prevent international delays between departments that are currently 
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simultaneously scheduled (such as the shipping, engineering, accounting, corporate, and 

administrative departments).However, if systems could be designed to allow for global 

distribution of employees, AAI could quickly respond to business conditions, client needs, and 

supplier inputs. 

Before employees could be globally distributed, systems would need to be setup to allow 

for a centralization of purchase order data. Currently, purchase orders move between 

departments via printed copies, emails and faxes. Instead of the physical movement of purchase 

orders and revisions, information could be stored in one central location or database. This would 

also reduce rerouting costs by allowing multiple departments to access information 

simultaneously. 

Overall, the general recommendation that can be gained from the simulation is that 

processes should be streamlined and standardized. By reducing phases in the process and 

standardizing the steps within each phase the process will become flexible and fast enough to 

allow for a global distribution of employees that will ultimately result in better response to 

customer needs. In turn, this increased response will lead to business growth and net positive 

bottom line effects. 

 

Temporary and Permanent Solutions 

 

Necessity of a Temporary Solution 

 As with any business project, operations continue throughout the analysis and 

improvement. While future states are developed and the supporting systems built, it is often 

necessary to develop an immediate solution. Immediate solutions are not intended as long term 
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solutions or even complete solutions, but rather solutions that will allow the business processes 

to continue functioning until the ideal state can be achieved. 

 Theoretically, ideal solutions are a waste of time and resources. Lean principles 

continually strive to only provide permanent improvements. However, the reality of the business 

world conflicts with such an ambition. As such, a temporary solution was designed to improve 

the process flow and allow AAI to continue international consolidations. 

 Additionally, the current process was analyzed and an ideal permanent solution was 

developed. This ideal future state is not subject to cost or resource constraints. The reason the 

ideal solution was not subjected to constraints was to allow the design team to develop a solution 

that truly removes the problem. Later, realistic constraints are applied and the ideal solution is 

altered into a feasible and applicable current solution. However, the ideal future state should not 

be forgotten or discarded in current or future development. 

 

Implemented Temporary Solution 

As is evident, the PO Process is fairly complex in its current form. In order to expedite 

the process so that it is possible to process at least 15 per day, lean principals will be 

implemented. With the initial value stream map complete (Figure 1), a takt time must now be 

defined for the total operation. Because each work day is 8 hours long and the goal is to 

complete 15 POs per day, the takt time can be defined as 8 hours. It is difficult to create 

continuous flow in this particular process as all departments have other tasks to complete that do 

not relate to the PO process. However, one implementation of continuous flow is the utilization 

of communication. When the Engineer begins the PO Packet, he/she will call the Accounting 

Department to advise that the PO has begun be created. This allows the Accounting Department 
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to open their schedule for when they expect the Engineer to complete the PO, therefore creating 

partial continuous flow. In this particular process, a super-market will not be utilized. As all 

employees are working on different tasks they must wait for the previous department to complete 

their task before beginning their own in regards to the PO process. Effectively, the PO process is 

a Pull System. When analyzing the Value Stream Map, it is apparent that the bottle neck or 

“Pacemaker” occurs at the Engineering Department. To ensure this department determines the 

schedule, all processes prior to the Engineer Receiving the PO were eliminated. The Engineer 

now receives the customer PO directly and is responsible for confirming it. This cuts all wait 

times prior to the Engineer receiving the PO. As the documentation development process is still 

the bottle neck, four Engineers are assigned to create the packet when POs begin to queue. This 

allows more POs to be completed when there is an urgent need. As a new bottle neck 

occasionally appears in the Accounting Process when the Engineering Department lead time is 

shortened, a second Accountant is also utilized in the most urgent circumstances. Finally, a fifth 

Engineer not assigned to the PO Packet Process is set as responsible for Engineering Approval 

only. This allows the other four Engineers to remain free when new POs come in.  

After this analysis, a revised Value Stream Map was created as seen in Figure 15.This Value 

Stream Map reveals that 10% of total time was reduced by making simple adjustments to the 

process while still allowing all current documentation processes to take place. Also, by adding 

multiple Engineers in the PO Packet Process less queuing occurs when multiple Customer POs 

enter the system at the same time. 
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Figure 15 

 

 

Suggested Permanent Solution 

 Beyond “temporary fixes,” lean principals can also be applied to suggest a more 

permanent fix. Thus, a potential future state was developed and proposed to AAI management. 

This initial solution does not represent the final solution and requires further analysis of required 

inputs as well as simulation of the total process to gain a better understanding of forecasted 

steady-state operation.  

 Again a goal was set to produce to the tact time, as well as understand the required tact 

time. The tact time is set by the customer as one shipping schedule every five days. The system 
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already produces above the tact time (in fact averaging twice the requirement). This does not 

suggest improvements are not required; instead, the current maximum work in progress of 73 

purchase orders is required. This inventory is waste because it is not required to produce to the 

tact time or even account for variability. 

 The second principle considered developing continuous flow where possible; continuous 

flow is largely impossible in the AAI shipping development schedule. With offices separated by 

12 hours and tasks separated not only by departments within the company but also by external 

entities, complete continuous flow scheduling is not a reality. However, a closer analysis of the 

system does reveal one potential area of continuous improvement. When the purchase order is 

generated, the shipping dates are agreed upon and are within AAI’s judgment to determine 

shipment method as long as the arrival dates are met. If the shipping department was able to 

continuously communicate with the customer regarding available ports and requirements for 

different methods of shipping, the booking of shipping method would not need to be broken into 

two different processes. A major concern with combining these two processes is the fact that the 

customer may be inundated with information and inquiries from AAI; typically, only one 

individual communicates with the customer to provide a uniform presence. However, this 

concern is internal, and improving communication and information availability internally could 

lessen this concern. 

 Moving beyond continuous flow, lean theory suggests “supermarkets” or inventory 

visibility where continuous flow is not possible. These supermarkets work under a pull, or 

Kanban pull system to prevent unnecessary WIP. With a staggering WIP in the current system, a 

pull system is essential. In order to implement a pull system in the AAI shipping schedule 
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development process an understanding of the several other principles of lean theory is first 

required. 

 The required principle is the identification of a bottleneck within the process. In 

simulation, the shipping department and the external factory become bottlenecks, with the 

critical path being the bottleneck process. Beyond identifying the bottleneck process, scheduling 

must occur at the bottleneck process. This is a major concept behind pull scheduling and will be 

a significant component of the proposed solution. Additional principles require an even 

distribution of different products and an even production rate. While there is only one product in 

the AAI shipping schedule development process, the concept of an even production rate will 

once again be a major component of the proposed solution. The final principal is that scheduling 

should be pulled into the bottle neck and pushed out of the bottleneck. This prevents unnecessary 

WIP prior to the bottleneck and prevents bull-whip effects encountered when production is 

scheduled too far down the production process. 

 Beyond the lean principles, it is easy to see that while calculated capacity results point to 

the shipping department and external factory as bottlenecks, the process literally bottlenecks at 

the customer update. As already discussed, continuous communication would allow the two 

shipping department tasks to be combined into one task. If the customer update were reorganized 

so that no process was ever waiting on the update, more direct flows could easily be established. 

However, continuous contact with a customer, whose sole concern is not the weekly shipping 

schedule, would require too much involvement from the customer and become a burden. 

 Instead of engineering control communicating with customer, the suggested improvement 

is to elevate the customer updates to just below the engineering control level. By making 

operations transparent and continuously available to the customer and having engineering control 
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update the customer on an as-needed basis, the literal bottleneck of the process flow diagram 

would be removed. Making operations transparent would require information consolidation to a 

viewable format where only one representative from AAI need be involved in the direct 

communication. This would eliminate the threat of over-communicating with the customer for 

each department. 

 The perfect solution for such an information consolidation would be a content 

management system, or as suggested, an Access Database. This database would provide 

continuous access to manufacturing and shipping operations as well as assist engineering control 

in reviewing the progress of each task. By implementing the database, customer update tasks are 

removed and it becomes possible to combine the both tasks within the Shipping Department 

operational flow. 

 However, the advantages of the database are not limited to removing unnecessary wait 

times for customer updates. In fact, the database would become the central component of a 

Kanban pull system that schedules production at the bottleneck. If the shipping department 

activities are combined, the critical path undeniably lays completely within the manufacturing 

operational process. The bottleneck of this operational process, as defined by cycle time (wastes 

are not included in capability calculations), is the confirmation from the external factory. 

Scheduling cannot occur directly at this process due to the fact that it is an external element. As 

such, this bottleneck should never be starved for material; hence, scheduling should occur 

immediately after the factory confirmation. As the factory completes one purchase order, a 

second is immediately sent so that the factory’s utilization is maximized. 

 It is in this scheduling that the access database would play a central role. Essentially, the 

database would act as visible inventory, or a supermarket, where engineering control would 
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easily be able to view the progress of purchase orders through the shipping schedule 

development process. Once a factory confirmation is received by the China office, the database 

is immediately updated even before the China office compiles the information. At this point, the 

database entry immediately triggers the China office to send another purchase order to the 

factory. This selection of purchase orders even allows engineering control to determine priority. 

The China office will receive all purchase orders; however, they will only send purchase orders 

through the system at the capacity of the bottleneck, which is the Chinese factory. 

 This revised complete system is value stream mapped on the next page in Figure 16, with 

details of each operation in Figure 16.1.It is readily apparent that the required level of 

engineering control is significantly reduced. Additionally, upon completion of projections, the 

database is again updated to ensure up-to-date information is available not only to engineering 

control but also to the customer on an as-need and as-required basis, determined by engineering 

control. The total lead time is reduced to 28 hours, with 16.9% of the lead time being processing 

time. While the majority of the lead time is still waiting, it is important to realize that waiting 

time has been reduced by almost 35%.Secondly, the chances for time difference delays between 

the United States and China office have been reduced by 50% (a potential saving of 24 hours). 
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Figure 16 

 
Figure 16.1 
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 With the above adjustments, the critical path is now solely the manufacturing operational 

process. A value stream map of the critical path is provided in Figure 17.Unlike the initial value 

stream, where variability and slight difference defined the critical path, the critical path in the 

future model is significantly longer than the shipping department operational path and thus can 

be expected to be a much better representation and the bottleneck operation. 

 

 
Figure 17 
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Revised Permanent Solution 

 

 In order to have a more simplistic method for the Engineering Department to be more 

efficient in putting together POs as well as plausibly creating reports useful for determining 

factory utilization, product category strength/weakness, and many other reports, a database had 

to first be created. The Engineering Content Management, or ECM for short, was created for the 

purpose of this project to better centralize information located within the standard AAI PO 

Packet so that it can be sorted and utilized for creating numerous reports. As a second purpose, it 

should make the PO Packet and Quotation Generation process simpler to reduce the regular 

learning curve for new employees.  

 

Adjustments from Suggested Permanent Solution 

 The previously proposed department wide enterprise content management system is a 

detailed and thorough improvement to the current PO process at AAI. However, the development 

of such an intensive database, which would include not only data storage but schedule 

generation, production coordination, and the integration of current accounting database systems, 

is a significant undertaking beyond current resource and time availability. 

However, a modified version of the proposed Enterprise Content Management System, 

labeled the Engineering Content Management System, is within the scope of the project and 

feasible for implementation. While this system will not allow the complete elevation of clients to 

Engineering Control, it will enable communications between AAI and the client by increasing 

data availability and standardizing current operations into a centralized location.  
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Boundaries & Function of the ECM Database 

 As the Engineering Content Management (ECM) database is a scaled version of the 

previously suggested system, a clear definition of the boundaries and function of the revised 

solution is necessary. The proposed solution will not coordinate production or purchase order 

scheduling within the China office as originally suggested. Integrating a database responsible for 

scheduling would require functionality that may or may not be accessible in Microsoft Access. 

Such systems, as designed by SAS or Oracle, are comprehensive, companywide projects 

requiring significant capital investment. While such an improvement is not discouraged, the 

implementation is not currently feasible both within the scope of the project and within AAI. 

Additionally, the ECM Database will not integrate with the Peachtree ® Accounting 

Software used within the accounting department. This software maintains all of the financial 

records; as such, AAI management has explicitly asked that trial systems do not interfere with 

the Peachtree ® Software. Beyond management requests, integration of engineering and 

accounting software is again a large project that would require significant capital investment and 

experience in large relational database construction. Potential future opportunities such as 

exporting and importing data between both systems are possible, but will not be utilized 

presently. 

Even considering the revised boundaries of the proposed database, the potential 

functionality of the solution is still beneficial. Ultimately, the completed solution will serve two 

purposes: document creation and data standardization. The first purpose, document creation, will 

remove significant manual efforts within the engineering and administrative departments. The 

ECM database will store the required information and have the capability to generate the entire 
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purchase order packet. Currently, the purchase order packet is generated from several Microsoft 

Excel templates that must be manually keyed. This repetitive data entry increases the 

opportunities for errors and requires significant time investments by the related parties. 

Additionally, if corrections are made to the documents, each document must be manually 

changed even if only one piece of data has changed. Utilizing the new database, changes will be 

made to the data record within the database from which the required documentation is created. 

Thus, one change will revise each document in a more efficient and cost effective manner. 

The second purpose, data standardization, is an important process for AAI. As the 

process currently stands, “official” copies of the documents do not exist. While it is assumed that 

the documents received by each department are official, it is still possible to generate multiple 

official copies. By entering all of the data into one centralized database, an official copy exists 

and is accessible by each department. If desired, the departments within AAI could even move to 

reduce paper consumption by utilizing electronic versions from the same database. 

Beyond creating official copies, the ECM database will provide an even greater benefit. 

As all of the data will now be entered into a searchable relational database, each field on the 

documents is indexed. As such, queries can be run to pull desired information, whether 

pertaining to a specific record or to summary data. Monthly, quarterly, and yearly reports as well 

as detailed reports of activities concerning specific buyers, factories, and company employees 

can now easily be generated. Several of these reports are currently generated manually within the 

Engineering and Administrative departments and require significant time investment. The new 

reports will be automatically generated and will make no errors in data collection assuming 

original data has been correctly entered. 
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Metric Analysis 

Before development, influential projects should not only define the scope of the project, 

but also an assessment tool to judge the progress of the project. Developing such an assessment 

tool always begins with brainstorming. Many tools exist to aid the brainstorming process; 

however, no tool is the “correct” tool to use. Commonly used tools are group sessions, Fish Bone 

Diagrams, and electronic discussion boards. In this case, a simple list was generated of all 

aspects of a database implementation that were thought to be important. This list was then 

supplemented with research from several sources including class slide, the UT Lean Assessment 

Tool, the Toyota Production Assessment Tool, Quality: A Corporate Force by C. H. Aikens and 

Methods, Standards, and Work Design by Niebal and Freivalds. The extensive list created 

through this process was then analyzed and categories were developed. 

 During this process it became evident that two assessment tools would be necessary. 

Each metric or category measured performance of either the actual database created or the 

process of implementing and developing the database. While a standing manufacturing facility 

enjoys the stability of a relatively constant product, the short term nature and single product of a 

database implementation does confine itself to a strict product definition. In fact, the product 

itself is defined throughout the process. Therefore, it is necessary to develop a lean assessment 

tool for both the end product and the process of developing the end product. 

 With this realization, each metric and category of importance was classified as pertaining 

to either the end product or the process of the implementation. These lists were then analyzed 

and grouped into 5 main categories. It is important to limit the number of overarching categories; 
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a small number of categories will remain clear and understandable to not only the individuals 

within the project but also the individuals supervising the project. 

Additionally, the overarching categories are not of themselves metrics. In fact, even the 

main components of each overarching category are not specific metrics but rather important lean 

concepts. Metrics are tools to measure the successful utilization of each lean principal and they 

provide specific, quantifiable results. Metrics are suggested throughout the case study; however, 

these metrics are not limited and many other metrics exist. The metrics suggested in this case 

study are those thought to be most applicable to the AAI database implementation. 

 

Metric Categories 

 Using the separate lists of criteria and metrics created for the database product and the 

database implementation, overarching categories have been developed and scorecards for each 

assessment have been created. 

 The first assessment conducted is always the database implementation process 

evaluation. It is important to first analyze the process because the database itself is a product of 

the process. After concluding the brainstorming sessions the following 5 overarching categories, 

listed in descending importance, were created: 

1. Cultural Acceptance & Support 

2. Problem Statement & Analysis 

3. Vision Development & Progress 

4. Cross Functional Collaboration 

5. Accountability 

Figure 18 provides a convenient pyramid to visually display the ranking importance. The base of 

the pyramid is cultural acceptance and support; without this objective, none of the other 
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objectives are possible. Similarly, Vision Development and Progress is not possible without a 

Problem Statement and Analysis. The final category, Accountability, is dependant on the 

existence of each of the categories below it.  

 
Figure 18 

 The first and most important category, cultural acceptance and support, is composed of 

four subcomponents: Motivation, Awareness, Support, and the use of Open Systems. While the 

most important to the success of the implementation, the components of this category present the 

most resistance to quantifiable measurement via metrics. Motivation is largely subjective and 

thus must be measured through the solicitation of opinions. It is important to ensure that 

employees do not feel their responses will reflect upon them in order to avoid positive 

reinforcement. Positive reinforcement is “positive” feedback that does not address the issue but 

rather complements the positive components of the system. Positive feedback always fails to 

identify the malfunctioning components of the system. 
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 Awareness provides more avenues of measurement and can be measured through a 

survey of company employees. If most employees are unaware that a database is even being 

developed, or that a database is even needed, the culture within the company is unaware. 

Growing upon awareness is support. Support comes from those above and below the project; 

both forms of support are necessary. If the end user does not support the database it will never be 

utilized to its capability. Conversely, if upper management does not support the implementation 

the necessary resources will be scarce and the end product will suffer. 

 The final component is the use of open systems. Open systems seek feedback from the 

environment and adapt to environmental changes. Especially in database development, the end 

product is ultimately customized to the user’s needs. Therefore, it is essential to operate in an 

environment where interaction with the business environment is a routine process. 

 Building upon Cultural Acceptance and Support is the Problem Statement and 

Identification. This overarching category seeks to define the purpose of the project, the goals of 

the project, and the boundaries of the project. Additionally, needs and requests must be ranked 

by priority and each party must be satisfied that the implementation team understands their 

needs. 

 Beginning with definitions, a clear, written statement of the project purpose, goals, and 

boundaries are essential. While these definitions may slightly alter throughout the process, it is 

vital that all parties involved understand expectations. These clear definitions will in turn ensure 

that all involved parties are satisfied that their needs and wants are understood and addressed. 

These definitions help developers understand the needs that must be addressed by the project as 

well as help employees generate realistic expectations of the system once it is implemented. 
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 As the overarching categories build, each category becomes increasingly quantifiable, as 

is the case with Vision Development and Progress. First, a future state, whether in the format of a 

value stream map or a database structure map, must be defined. Next, inputs and outputs required 

of the system must be collected and analyzed. By understanding the inputs and outputs, it is 

possible to begin a development plan for the proposed database. This plan must be understood 

not only within the project but also within the business as a whole so as to ensure that the 

necessary support is generated from end users and upper management. 

 Included in this plan must be potential obstacles and potential solutions. Technical, 

Process, and Personnel obstacles will exist as the database is implemented and it is important to 

forecast the impact of these obstacles and begin considering solutions immediately. Solutions 

such as investment in equipment, personnel training, and process reorganization may be 

necessary. Finally, once the database implementation reaches its concluding stages, it is vital that 

pilot and testing runs be utilized. This ensures that incorrectly programmed portions of the 

database are found and addressed before the database is completely installed. In turn, this 

prevents interruptions to the daily business cycle and allows for a smooth transition. 

 As the vision is developed and realized, it is important to include the next overarching 

category: cross-functional collaboration. Once the database is in place it will not exist within a 

vacuum; therefore, it is important that multiple users from multiple departments be included in 

the implementation process. While each user may not need to be involved equally, constructive 

input can be found from each department. Individual components and metrics within this 

category include clearly defined responsibilities, the proportion of existing departments involved 

in the implementation, the percentage of individuals within each department participating in the 

implementation, and the frequency at which individuals outside the direct development process 
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are involved. By including cross-functional teams in the development of the database the end 

product address needs within each department. 

 The final overarching category concerns accountability. As responsibilities are defined 

and fulfilled, successful progress depends on individual accountability. Documentation is central 

to ensuring accountability; therefore, documentation concerning the problem statement, 

additional requests throughout the process, progress, and defined responsibilities should not only 

exist but also be readily available to all employees involved. Timelines and Dates for progress 

should be established and documented; similarly, the achievement of these timelines and dates 

should be documented. Documentation allows all parties involved to understand progress and 

future needs as well as assume personal responsibility. 

  The previously discussed categories concern the first lean assessment, or the lean 

assessment concerned with the implementation process. While tailored to database 

implementations, the previously discussed criterion is not limited to database implementation 

and could be applied to many implementations. 

Conversely, the second lean assessment, or the assessment concerned with the end 

product, is largely constricted to databases in general. The five categories included in the lean 

assessment, listed in descending importance, are: 

1. Pursuit of Organizational Goals 

2. Development of Enabling Environments 

3. Ability to Adapt to Environment Changes 

4. Long Term Viability 

5. Limited Maintenance Requirements 
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These categories evaluate the final product of the database implementation and thus require the 

incorporation of technical analysis as well as lean analysis. Figure 19 provides a convenient 

illustration of the building importance of each of these categories through a pyramid illustration. 

 
Figure 19 

 The first of the database lean assessment categories is the pursuit of organizational goals. 

It is easy to develop a database that does not exist within organizational goals. Generally, most 

businesses do not have clearly defined goals and strategies, making this assessment particularly 

difficult. However, the situation can be compared to the improvement of nonproductive 

components of lead time. Essentially, it is wasted effort to improve wasteful processes; rather, 

wasteful processes should be completely eliminated. At no point should the proposed database be 

an improvement to waste. The development team should always be able to define how an aspect 

of the proposed database will advance business goals. 
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 Examples of measurements include, but are not limited to, net overall effect, visibility of 

operations within the database, enterprise content enhancement, utilization of core competencies, 

and improvement of core competencies. Largely, these components depend upon the business in 

which the database is being implemented. However, within all business databases operations 

should be visible and logical. This allows for errors to be corrected and for management to 

supervise the process and database without dedicating significant amounts of time or resources. 

Also, the contents of the database should be enhanced by the database. If the content is 

not enhanced by the database, the net overall effect will be minor. Within the AAI implantation, 

the enhancements to the content will not be perceived in the weekly shipping schedule but rather 

in the development of the schedule. The required amount of time and oversight to create the 

schedule will be significantly reduced and the centralized, reliable positioning of the weekly 

schedules will prevent unofficial copies from circulating between departments and customers. 

Building upon content enhancement and organizational goals are enabling environments. 

Databases and the electronic automation of business process ultimately enable employees to 

perform tasks with increased efficiency and professionalism. Additionally, the environment 

allows for feedback and continual improvement to meet changing needs. Components of this 

overarching category extend from highly specific, such as graphical user interface assessments, 

or highly general, such as the removal of “functional silo boundaries” or boundaries between 

functional departments. 

Many components compose an enabling environment. Additional suggestions include, 

but once again are not limited to: feedback system capabilities, appropriate allocation of data 

entry tasks, standardized data entry procedures, and whether the database organizational 

structure is evident and understood. The importance is the concept of an enabling environment. 
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The implantation of a database is a tool for end users that should always allow the end user to 

perform their job with improved efficiency, capacity, professionalism and quality. 

A database that generates an enabling environment will allow for a database that is 

adaptable to the environment. Especially with respect to AAI’s weekly shipping schedule 

development process, changes in the business process a model do occur. While not a weekly 

change, they are not infrequent enough to allow for a rigid, inflexible database. Instead, the 

database must be able to adjust to the needs of the business. Examples of metrics and 

components of an adaptable database begin with the difficulty involved in customizing the 

database. If a significant amount of SQL, Visual BASIC, or other code programming is involved 

the database becomes increasingly difficult to customize. 

Similarly, if the database cannot handle ad hoc or unique requests and processes, it will 

become a burden to the end user. Even beyond ad hoc capabilities and programming 

requirements, the database must be able to respond to a crisis environment. Potential crisis 

environment components include awareness of potential failures, response plans to potential 

failures, and the ability to handle both large and small-scale failures. Often, small scale failures 

are ignored until they become large scale failures; therefore, it is important to address all failures 

as they are reached in order to prevent down time or significant damage to stored data. 

If a database is able to adjust to the environment, it will then be capable of maintaining 

long-term viability. A database is a significant investment for a business, and the planning 

horizon for use of the database should be long. Often, databases will continue to be utilized even 

after their planned replacement. Therefore, the design and assessment of a database should 

include an assessment of long-term viability. 
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Often, analysis of long-term viability will include an analysis of growth capacities. First, 

equipment capabilities to handle growth are an immediate restriction. Another less obvious 

restriction is the structure of the data within the database. Table structures, forms, and queries 

should be designed to allow for significant growth as well as handle archived or aging data. 

Another restriction involves future upgrades. As software is continually developed upgrades and 

licensing become a fact of life. A database that is well planned will limit required upgrades and 

allow easy application of such upgrades. 

Designing a database with the previous restrictions in mind will require future projection. 

It is necessary to project conservative and liberal estimates on future growth so that the database 

can be designed to handle the majority of future scenarios. Additionally, this future projection 

will assist with the final overarching category concerning database assessment: limiting 

maintenance requirements. 

Maintenance is required in all systems; however, maintenance does not produce customer 

utility directly and should therefore be minimized in design. Components and metrics of this 

category included developed maintenance plans, crisis prevention plans through maintenance 

and security concerns included backup and restore points. Other concerns are the frequency at 

which programming errors are found and the exposure and potential damage presented to 

existing system when the database is in place. If maintenance is planned and responsive, the 

amount of maintenance should be limited and reduce the company resources used that do not 

directly create customer utility. 
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Assessment Score Cards 

 The above findings develop 5 overarching categories for the assessment of both the 

database implementation process and the database product itself. While detailed and applicable, 

the format of the categories and metrics is difficult to display to upper management in a concise 

and easily understood format. 

 It is for this purpose that scorecards have been developed to concisely present a summary 

of the lean assessment. Figures AA & BB provide scorecards for each assessment. 

Figure 20 provides the Product Lean Assessment Scorecard. This scorecard lists the 5 

overarching categories explained within the previous section on the first column with the 

components and metrics of each category listed across the rows. Above each subcomponent is a 

three level rating system: Excellent, Fair, and Poor. Each subcomponent is rated based on the 

criteria previously discussed as well as team assessment and judgment. 

 
Figure 20 
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The rating is color coated, with green for excellent, yellow for fair, and red for poor; as 

ratings a agreed upon, the corresponding cell (E, F, or P) will be filled with the correct color. 

This simply method will allow management and users to quickly identify strengths and 

weaknesses.  

Figure 21 provides the Process Lean Assessment Scorecard. This scorecard is structured 

just like the Product Assessment Scorecard. The specific categories are again listed in the first 

column with the subcomponents listed across the rows. The card is structured in relation to the 

pyramid visual representation presented in Figure 18 and Figure 19 with the most important 

category at the base. 

 
Figure 21 

 
 

One potential complaint about the provided scorecards is the lack of resolution in the 

ranking system. A simple Excellent, Fair, Poor does not provide great insight into the current 
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state. However, the ranking system was developed in accordance with the amount of time and 

frequency at which this scorecard should be used. 

Unlike a scorecard for an initial analysis used by many lean systems consulting firms, 

these scorecards are for internal use and are continually used. The greatest utility provided by 

these scorecards is the continual refocus on the cultural acceptance and pursuit of organizational 

goals. When developing a database it is easy to loose sight of the big picture, which limits 

collaboration, restricts the view of the future state, and even allows for the designer to forget the 

problem statement. Through a simple three tier analysis of each category designers can weekly 

refocus on the task at hand and continually provide a focused response to the task of database 

design. 

The categories of assessment, for both the implementation process and the database 

product, are the manifestation of lean principles within database design. A close analysis of each 

assessment quickly reveals they are in fact the lean principles themselves, focusing on the 

reduction of lead-time and efficient production of the end product. 

 

Fundamental Structural Decisions 

 Before the fundamental structural decisions of the ECM database can be discussed, it is 

necessary to understand the benefits and necessity of a relational database management system 

(RDBMS). Pioneered in the 1970s, an RDBMS moves beyond a functionality of an excel 

spreadsheet by allowing relationships to be defined between data. Advantages gained through 

these relationships include elimination of data duplication, simplification of navigation and data 

standardization. Additionally, updating data within an RDBMS is greatly simplified when 

multiple records and dependencies exist, as with the PO packet (CITE ACCESS BOOK). 
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 Currently, AAI utilizes Excel spreadsheets to handle document creation and data storage. 

While Microsoft Excel and other spreadsheet software is a powerful tool, it has many limitations. 

Large amounts of data are much more suited to storage within an RDBMS as they can be filtered 

and indexed and they require less storage space. When complex data entry, manipulation, and 

reporting are required, the standard row-column spreadsheet is unable to quickly respond to user 

demand in an agile manner.  

 However, RDBMS can quickly and efficiently respond to complicated data manipulation 

and reporting requirements. RDBMS work by defining tables that are linked through primary 

keys. Essentially, primary keys are unique identifiers for every record on the table (comparable 

to the row number on an excel spreadsheet). If data is linked between two tables, the primary key 

of the linked record is entered in a column, or field, of the table. For example, purchase orders 

within AAI involve information such as buyer name and address, as well as several items 

purchased. Instead of creating a Microsoft Excel spreadsheet in which multiple columns exist for 

each item on the purchase order, an RDBMS creates two tables, one for the general PO 

information (buyer name and address) and one for the items. As the items are listed in their 

respective table, the primary key assigned to the purchase order in its respective table is listed as 

a column (see Figure 18 below). 
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Figure 22 

 Since the tables are now linked via the field “PO Primary Key” the relational tables can 

be searched and pulled into reports. These relationships exist in three forms. The relationship 

form seen above is a “One-to-Many” form in which one record has many links in another table 

(one purchase order has many items). “One-to-One” relationships also exist (one purchase order 

would only have one item); however, these relationships are rare. The final relationship, a 

“Many-to-Many” relationship, requires a third table that “links” two tables by combining two 

primary keys. In the previous example, if the item price depended both on the buyer and the item 

number, a linking table would be created where the price is assigned two foreign primary keys, 

one for the buyer and one for the item. The majority of relationships within RDBMS are “One-

to-Many” relationships. 

 Finally, before constructing the underlying structure of the database, it was agreed that 

the database should be built in Microsoft Access. Microsoft Access provides a user-friendly 

interface than can easily be altered if necessary. Additionally, it provides all of the functionality 

required by the ECM database. The file format chosen was Microsoft Access 2000.This file 

format can be run on any Microsoft Access version after Microsoft Access 2000, which 
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alleviates initial concerns that some individuals throughout the company would not have the 

required software to operate the database. 

 

Structural Development 

 The structure of the ECM Database begins with six underlying tables that store the data 

required for the entire purchase order packet. However, initial versions of the database included a 

large and unnecessarily complicated table structure (Figure 19). Initial versions included three 

separate relational sets of tables linked through primary keys. The first of these sets of tables 

were identified with data entered during the quote stage. The nature of quotes does not require 

the amount of information needed to generate a purchase order so the tables were relatively 

small; however, all of the information in the quote stage is used in the purchase order stage. 

 
Figure 23 
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 The second set of tables related to the purchase order stage. This stage of tables was 

similar to the quote stage, but also involved more details and additional tables to handle 

additional independent data such as labeling and logo information. Portions of these tables were 

similar to the quote stage, and to prevent re-entry of data, an append query was utilized to move 

data from the quote stage to the purchase order stage. Any additional information was entered 

into the purchase order forms. 

 The third set of tables concerned purchase order revisions. This stage was a replica of the 

tables during the purchase order stage; however, the tables were thought necessary to keep a 

record of major changes to the purchase order stage. Again, an append query was utilized to 

move data from the purchase order stage to the revised purchase order stage. 

 One of the first and most significant problems with this table structure was the replication 

of data. Not only would this replication of data require more storage space, but it is also 

unnecessary. A second problem arose with the append queries. Append queries of linked tables 

required that a linked field exist for the query to run. Essentially, if one purchase order did not 

have an entry in every table the append query would fail. To prevent this, default entries were 

made for each purchase order in every table. Once again, this required more storage space as 

well as the creation of unnecessary data. 

Several attempts were made to adjust the append queries to allow the multiphase table 

structure to work; however, this system is simply too complicated and repetitive. The repetition 

of data violates the First Normal Form of data required in all databases. Therefore, alternative 

table structures were considered. 

The first major revision to the table structures was the elimination of the revised purchase 

order phase. After interviewing several tenured AAI employees it was determined that a record 
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of revisions was not necessary. Therefore, a separate stage of tables for revised purchase orders 

was not required; permanent revisions can simply be made to the existing purchase order tables. 

One of the concerns that drove the creation of the revised purchase order tables was the need for 

a record of revisions. As purchase orders will still be printed and physical copies kept, an 

electronic version of revisions is redundant. Electronic records of such revisions may become 

necessary if future improvements eliminate the filing of physical copies. 

Even with the elimination of the revised purchase order set of tables, two sets of tables 

remained. All of the information in the set of tables representing the quote stage stored data that 

was directly needed in the purchase order stage. As such, the frequency of append query failure 

due to incomplete records was significantly smaller, but not impossible. Due to the high degree 

of similarity between the quote and purchase order stages, the decision was made to combine 

these tables into one set of tables. Notation of whether the information was part of a quote or a 

purchase order is became a single field in the central purchase order information table. This field 

is manually changed by the user when information is being entered. Using the graphical interface 

described later, users are allowed to move data from the “quote” stage to the “purchase order” 

stage by simply changing the status of the data. While this changes the manner in which the user 

views the data, the actual change is simply the edit of a single field in the central table. 

The resulting table structure can be seen below in Figure 20.This table structure has been 

reduced to an easily managed structure that does not repetitively store data. While the table 

structure is simpler, users still view the progress of information from stage to stage. It was 

essential to realize that this perception of change does not need to be reflected in the tables, but 

rather in the graphical user interface. Details on how this is accomplished are discussed in the 

following section. 
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Figure 24 

 While table structure as the foundation of any database, several layers exist between the 

table structure and the graphical interface. While it is possible to edit table data directly in the 

table, which looks similar to a spreadsheet, this method of entry allows for alterations to all 

records. Additionally, it is difficult to navigate multiple tables and create records while 

simultaneously recording the necessary linking primary keys. Therefore, data entry within the 

ECM database occurs through the use of forms. 

 Forms allow users to edit both tables and queries through a user friendly interface. While 

part of the end graphical user interface, these forms are not simply for navigation and operation 

of the database, but rather editing of database records. Details on specific forms are included in 

the following section. It should be noted that these forms are restricted to one purchase order. 

This allows users to view all of the linked data between tables in one central location. 

Additionally, input masks can be placed on certain fields to “mistake-proof” data entry. 
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Examples include the limiting of zip coded to five digits (four or six digit entries will display an 

error). 

 Another advantage provided by Microsoft Access forms is the sub-forms. Sub-forms 

allow forms that are linked to separate tables to be imbedded into a form linked to another table. 

Without sub-forms users would have to open a form for every table in the database. For example, 

users entering a purchase order would need to open a form to enter information such as the buyer 

and his/her address and a completely separate form to enter the items on the purchase order. By 

allowing sub-forms, both of these actions can be combined into one form. Additionally, sub-

forms can be linked to the master form using child and master fields. This allows the sub-form to 

only display data that is linked to the master field. An example of this application within the 

ECM database is the linking of child and master fields via the purchase order number. Thus, 

when viewing a form built upon the central purchase order information table, the PO Items sub-

form only displays items linked to the specific PO number. 

 A final convenience provided in forms for users is the use of a combo box. A combo box 

displays a drop-down menu from which users may only choose from a predefined set of options. 

A primary example of a combo box is the previously referred to status setting; the use of a 

combo box only allows users to select “Quote” or “Purchase Order” to prevent misspelling. 

However, combo boxes are not limited to predefined options. Instead, combo boxes can be built 

upon queries that return a specified set of information. An example within the ECM database is a 

combo box in which users select from only the items entered on the purchase order. In order for 

this combo box to change its options to reflect which purchase order is being entered, a query is 

utilized that returns items linked to the purchase order based on a field within the form. 
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 The final major building blocks of the ECM database are queries. Queries represent the 

greatest advantage of an RDBMS. Queries sort and filter data based upon predefined criteria 

allowing users to pull information from the tables. Additionally, queries can perform summary 

options of the total data. While spreadsheet programs may only allow sorting by multiple criteria 

or summation by a single criteria, database queries allow for an infinitely specific sorting and 

summation criteria. For example, queries can be run the sum total sales by individual over a 

specified period of time. 

 As the ECM database stands, queries are limited to those required to build the documents 

included in the PO Packet. These queries pull data dependent upon a purchase order number and 

insert the data into reports that match those in the PO Packet. However, substantial opportunities 

exist to expand these capabilities. Future possibilities will be discussed later, but it can be noted 

that queries can also be conducted via forms, which allows user limited ad hoc querying 

capability. 

  Macros are the final component of the ECM database. Currently, the ECM database only 

includes one macro within the graphical user interface. Macros run repetitive options for the 

user. The example within the user interface is the closing of one from and the opening of another 

when the user clicks a button. This requires two actions that a macro can run for the user. 

Database programming is continually moving away from macros and towards event driven 

programming edited via Visual Basic for Applications (VBA).In Microsoft Access 2003, macros 

were intended for backwards compatibility only; therefore, the use of macros was avoided to 

ensure the ECM database will function properly in future versions of Microsoft Access. 
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User Interface Development 

 Even with a completed database structure including forms for data entry, database 

navigation can be difficult for many. Additionally, many users will accidentally make permanent 

changes to the database structure without realizing their actions. Microsoft Access provides a 

“Database Window” that is used to design and access all forms, queries, reports, macros, 

modules, and other components of the database when designing the database. However, 

navigating this Database Windows requires an understanding of how the components displayed 

are related. This knowledge is not required of, nor would it be useful to, employees. Therefore, 

most database designs include a Graphical User Interface (GUI) through which users can interact 

with the data. 

 The main objective of GUIs is to create a simple, understandable interaction for database 

users. As such, complicated menus cluttered with multiple options are unnecessary. When 

designing a GUI, only the options required by users should be included. While many more 

options and possibilities exist, allowing these combinations could create more trouble not only 

for user navigation but also for accidental changes to the database structure. 

 Building GUIs in Microsoft Access is a straightforward process. Just as forms are used to 

manipulate data in tables, they can also be used to direct users throughout the database. 

Microsoft Access provides a start-up form wizard titled “Switchboard Manager” that easily 

allows for the simple creation of a start-up GUI. Essentially, the “switchboard” created by this 

wizard is a form that opens and closes related objects within the database. Rather utilizing the 

switchboard manager, which limits some options, the ECM start-up form was built directly as a 

form. 
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 This direct construction allowed for complete customization and control of the start-up 

form. One such customization was the creation of a start-up “splash” screen to identify the 

database (below, Figure 25).The only possible navigation from this screen is to the main 

database menu. This screen simply serves as the entrance to the database. 

 

 

 
Figure 25 

 

 As stated, the main database menu follows the start-up splash screen (below, Figure 26).It 

is from this screen that users are able to navigate to all possible routine uses of the database. 

When deciding which navigation options would be included on the main menu, only the most 

basic operations were considered. Since several users at AAI are slightly apprehensive of new 

database systems, it was decided that the simpler and easier to understand the main menu, the 
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better the main menu. Additionally, the appearance of a simple main menu would not intimidate 

users and would suggest and ease of use that would speed the learning curve. 

  
Figure 26 

 The options on the main menu are grouped by the two phases in the purchase order 

process. The first phase, the quote phase, required only two options. Since all quotes are new, a 

simple “Create New Quote” option was included. This option opens the quote data entry form 

that will be detailed later. The second option under the quote phase is to edit or print the quote. 

Occasionally, changes are made to the quote to reflect customer interest and commitment. In 

addition, official quotes are mailed or faxed to clients and must therefore be printed. This option 

opens a second menu that will also be detailed later. 

 The second phase, the Purchase Order Phase, is a slightly more complicated phase. First, 

most purchase orders are created from quotes. In this scenario, the correct quote information 

must be located, the status of the data must be edited to “Purchase Order” from “Quote,” and the 
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Purchase Order data entry form must be opened. The selection of the appropriate quote cannot be 

automated (users define which quote they are transferring to a purchase order); therefore, a 

second navigation screen opens once this option is chosen. This navigation screen will also be 

detailed shortly. 

 However, not all purchase orders are generated directly from a quote. In this scenario, a 

blank, new purchase order must be generated, which is available in the second option button. 

This option opens the Purchase Order data entry form to a blank record that allows the user to 

create a new quote. Several changes to the SQL code were included in the creation of this button 

to simultaneously open a new form and navigate the new form to a new record. 

 The third option in the purchase order phase is to edit or print an existing purchase order. 

As previously discussed in the fundamental database structure, revisions to purchase orders are 

possible and do occur. As with the creation of a purchase order from a quote, editing a purchase 

order requires the user to define which PO they will be editing. This also requires a second 

navigation screen (for the selection of purchase orders).Also included within this second 

navigation screen is the opportunity to print or preview any form included within the purchase 

order packet. 

 The final option within the main menu is the option to close the database. To ensure that 

users do not accidentally close the database while they are editing data, the maximize, minimize, 

and close icons at the top of the screen are disabled. In order to exit the database, users must 

either follow File>Close, click the close icon for the entire program (not just the main menu) or 

use the button on the main navigation screen. This button not only closes the main menu but also 

closes Microsoft Access. 
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 Several forms and secondary navigation screens were referenced throughout the 

description of the main menu. These forms will be detailed in the sequential order the user would 

experience as they move throughout the process. Figures demonstrating each view are included. 

 The first of these forms is the Quote Information form (Figure 27).This form is used to 

enter information regarding the quote stage, and immediately opens after the “Create New 

Quote” option is selection on the main menu. The figures below show the three tabs within the 

quote information form. General information is entered under the first tab, including the buyer, 

their contact information, the date, and shipping information. While opportunities exist to enter 

all of this data, it is not required. Since partial quotes or quotes with incomplete general 

information are often created, requiring these fields would become a hindrance and encourage 

false data entry. 

 The second tab within the quote creation form includes a sub-form users may use to enter 

the items on the quote. While the current form only shows one item, it is possible to add as many 

items as desired. Whenever an entry is made in the first line, a second line automatically appears 

for the next items. Lines left blank are not records and will not be included in the quote. There is 

also the option to delete items from the quote if necessary (this may become more necessary in 

the editing stage). 

 The final tab within the quote creation form is for notes. AAI employees often include 

notes on the employee disclosing details that have not been included. Examples of potential 

notes include shipping details, price details, and explanations of unusual items. These notes are 

directly added to the quote just as they would be if the quote were generated manually. 



McHale/Zeanah 
AAI System Analysis and Revision  

Page 84 of 104 

 
Figure 27 

 
Figure 27.1 

 
Figure 27.2 

 Once quotes have been entered into the system, users may need to perform one of three 

actions on the entered data. These actions are to edit the data, generate the official quote for 

printing, and transfer the data from the “Quote” stage to the “Purchase Order” stage. All of these 
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actions can be accomplished through the second option button in the “Quotes” section of the 

main menu, “Edit/Print Quote”. 

When this option button is clicked, the “Quote Selection” form, Figure 28, is opened. 

This form is a secondary navigation form in that it does not enter, manipulate, or report data; 

rather, this form displays the quotes in the database and allows users to select the quote and the 

action they would like to perform on the quote. Quotes are listed and sorted in the bound box; 

while the option buttons above and below allow the user to perform the previously discussed 

functions (edit quote information, generate the official quote, and transfer the information to a 

PO). 

 
Figure 28 

 If the user selects to edit the quote information, the quote will be opened in Figure 23, 

which will display the data specific to the quote. Any of the fields may be edited at this point. 

Once the fields are edited, the data is immediately changed; users do not need to click a “Save” 

button. If the user selects to generate an official quote from the quote selected in the list, the 

Quote report will be automatically opened in Preview form (Figure 29).This form allows users to 

review the quote before they print. Changes cannot be made to this report; if the user needs to 
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alter data, they must close the preview and select the “Edit Quote” option button. If the quote is 

correct, users may proceed to printing in the same fashion as all Microsoft Office programs. 

 

 
Figure 29 

 Once the quote has been accepted by the client, the data stored in the “Quote” stage will 

need to be transferred to the “Purchase Order” stage. As stated, the perceived stages are simply 

fields within one table denoting the data’s stage. When the user is ready to transfer the data to a 

purchase order, they will select “Create PO from Existing Quote” option on the main menu. This 

option will open Figure 28. Thus, the “Quote Selection” form can be accessed from two different 

option buttons on the main menu. While this is redundant, it does eliminate the need for an extra 

form and simplify the organization of the main menu. 
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 Once the user has selected the quote they would like to transfer to the Purchase Order 

stage, they simply click the “Create PO” option button in the top right corner of the screen. This 

option opens the Purchase Order Packet Information form (Figure 30).All of the data entered 

during the quote stage will automatically be present in the purchase order form. Additional 

details required for the purchase order are present on this form, as well as a combo box that 

displays the status of the data. Users will need to manually change the status to “Purchase 

Order.” If the user forgets, the information they enter will not be deleted, but the data will still 

appear in the secondary navigation screen titled “Quote Selection.” 

 
Figure 30 

 The first tab in the Purchase Order Packet Information form displays general data for the 

purchase order as well as notes to be included on the PO.A large portion of this data is directly 

transferred from the quote stage; however, users can add to or delete this data as necessary. The 

second tab (Figure 30.1) includes contact information for both the customer and the factory, 

while the third tab (Figure 30.2) includes internal confirmation information such as the 

salesperson and the engineer. 

 The fourth tab displays the items on the purchase order (Figure 30.3). Again, these items 

are transferred from the quote stage. If necessary, employees may add or delete items in this 
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stage. Also included on this tab are extra charges, such as commission charges. These items will 

be entered on the PO directly as a cost and summed into the total cost. 

 

 

 
Figure 31.1 

 
 
 

 
Figure 31.2 
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Figure 31.3 

 The fifth tab displays the detailed information required for each item listed on the PO. 

Item details include a “Long Description,” materials, and testing notes. Users are able to “flip” 

through the items on the purchase order, but they are not able to create or remove items from the 

purchase order from this screen. This prevents users from accidentally adding or removing items 

to the purchase order when they are under the belief they are editing details on a currently 

existing item. 

 
Figure 31.4 

 The sixth tab, Figure 31.5, is very similar to the fifth tab. This tab displays logo and label 

information for each item. Just as with the previous tab, items cannot be added to or remove 
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from the order in this stage. Also of note are the boxes shaded in gray. These boxes cannot be 

edited and display information from earlier tabs. This prevents users from editing data they 

previously entered without recognizing the consequences of such editing. 

 

 
Figure 31.5 

 The next tab includes information related to shipping (Figure 31.6).This tab includes not 

only shipping destination and packing information, but also information for a shipping schedule. 

If the items are to be shipped in multiple partial orders, the shipping schedule can be broken up 

and entered in the shipping sub-form. Users are allowed to enter the quantity, ship date, method 

and origin for as many items as they wish. Additionally, users may delete records as they see fit. 

 
Figure 31.6 
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 The final tab concerns costs (Figure 31.7).It is on this tab that all of the costs that are later 

used in the Cost Card are entered. Examples include the First Cost, Commission Cost, and Duty 

Cost. Additionally, users may enter other costs (most often one-time costs for the entire order), 

and notes to describe any item on the cost card. Each of these costs are linked to the appropriate 

item on the purchase order via the information displayed in the gray boxes, which cannot be 

edited (this data was entered earlier in the form). 

 
Figure 31.7 

 Once the required data has been entered and the form closed, users may need to edit the 

data or print the documents included in the PO Packet. In order to accomplish these tasks, users 

are directed again to a secondary navigation screen, the “PO Selection” screen (Figure 31).This 

screen appears very similar to the “Quote Selection” navigation screen. This similarity was 

intentionally included to create a comfortable, repetitive feel of the database for users. 

 Once users have selected the appropriate PO from the list box, they may use the option 

buttons to perform the previously defined tasks. The option button in the top right corner of the 

screen allows users to open the selected purchase order in the Purchase Order Information form 

and edit any of the data. The option buttons in the lower right corner of the screen each represent 
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one item in the Purchase Order Packet. Users may select any of these forms to open the 

respective document. 

 

 

 
Figure 32 

 

 These respective documents have been previously discussed in detail. Additionally, 

examples of each form can be found in Appendix 1.For convenience, the preview format of each 

form can be found in Figure 33 & 34. If the document requires more than one page, the 

navigation buttons in the lower left corner of the screen can be used to navigate through the 

pages. Most documents require more than one page as they have a page for each item on the 

purchase order. 
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Figure 33 (PO Specs) 

 

 
Figure 34.1 (Cost Card) 
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Figure 34.2 (PO) 

 

 
Figure 34.3 (PO Confirm) 
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Continuing Improvement 

 

 While the current database is functional and provides many benefits, total development 

has not been completed. Many opportunities exist to gain even further benefit from the database 

and the information stored. Two categories of continuing improvement exist: future development 

and long term application. Future development is primarily concerned with the next steps the 

design team should take in order to gain the full benefit of the database. Long term application 

outlines a theoretical long term approach to the ECM database as well as future total enterprise 

management systems. Both are detailed in the following sections. 

 

Future Development 

 As the database currently stands, data can be entered and the PO Packet can be created. 

While this does provide cost and time savings for AAI employees, the true benefit of a RDBMS 

is in its capacity to provide reports. Reports can provide detailed results of all transactions, 

summary statistics, and time related data. While many reports are currently generated within the 

AAI office, these reports could be automated to be a part of the ECM Database. This integration 

would not be difficult as the data required is already contained in database records. 

 However, before the responsibilities of the database are expanded, the database should be 

put into a trial period. A pilot period for the database, in which select AAI employees begin 

working with the database, is highly recommended. With a limited number of employees testing 

the database, the design team will be able to handle problems as they arise without becoming 

overwhelmed. Selection of particular employees should include a sample of users who are both 

confident and unconfident with the new program to provide a wide sample. 
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Additionally, the pilot period will not interfere with or sacrifice current operations. The 

database should not be immediately implemented across the engineering department because 

database failures could result in business failures. By implementing a trial period, errors within 

the programming can be corrected before such errors become costly to the business. 

 During this trial period, the database can be tried in several manners. One possible 

manner is to provide a copy of the database to every user. This creates segmented data that 

would need to be combined before it is searched. As the indexing capability of the database is 

one of its greatest strengths, this manner is not recommended. 

 A second option is to move the database to the public server. This would allow all entries 

to be made into one database. However, potential problems can arise if multiple users are 

attempting to use the database at the same time. Additionally, if multiple users are attempting to 

edit the same record at the same time, the database will encounter further problems. Once the 

database is brought to all employees at AAI this problem will need to be address (as discussed 

shortly); however, the usage during the trial period will be substantially less, and it may be 

possible to simply publish the current database as-is to a public server and allow all of the 

selected users to use the same database during the trial period. 

While every effort has been made throughout the design of the database to ensure that 

errors will not be encountered by users once the database is put into place, many unpredictable 

errors will occur throughout its useful life. In fact, several of these errors have already begun to 

occur. 

 The first of these errors concerns up-to-date computer software. The database was 

purposely designed in a Microsoft Access 2000 file format. This format does restrict some 

options available to newer versions of the software, but it also allows for compatibility with all 
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versions of Microsoft Access since 2000.Unfortunately, the database was built in a version of 

Microsoft Access that had been updated to Jet 4.0.Jet, or Joint Engine Technology, is a major 

component of the Microsoft Access program. While no new features were included in the 

programming of the ECM Database, several of the formulas in the SQL code were altered with 

the publication of Jet 4.0.Thus, in order for all of the reports to function properly, all operating 

stations must have Jet 4.0 installed. 

The upgrade to Jet 4.0 is easy and free, so this error does not incur extra costs on AAI. 

However, it does represent the multitude of problems that will arise as the database experiences a 

“trial by fire.” As with any project, revisions are a necessary reality. Another potential problem 

arises from the database file format. Currently, the database is in the Access Database file 

format, or *.mdb. This file format stores the entire contents of the database in one file. While this 

is convenient for design and small, single-user applications, larger databases with multiple users 

will need a modified file structure. 

 As the database will be shared between multiple users as well as administrators with the 

capability to edit the structure of the database, it will be necessary to spilt the database into back-

end and front-end *.mdb files. When databases are split in the *.mdb file format, the back-end 

component of the database will contain all of the tables while the front end will contain all of the 

remaining components of the database. The back-end of the database will be stored on a server 

that will be accessed by individual users. Conversely, the front-end of the database will be stored 

on each individual’s computer. Both files will have the *.mdb extension, and all front-end copies 

will be linked to the back-end copy. 

 This setup allows multiple users to access the database at the same time. Additionally, 

this setup increases security and allows for usernames and passwords. When a user interacts with 
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the database, all actions, such as queries, will be performed by their workstation; however, all 

data will be stored on the server. Many other database configurations exist, including upsized 

databases utilizing Microsoft SQL Server Desktop Engine (MSDE), Microsoft SQL Server, 

Microsoft SharePoint, and Microsoft Access Data Projects; however, the complexity of such 

configurations is not necessary for the currently projected AAI usage. 

 Opportunities for future development do exist beyond resolving unforeseen problems. 

Many problems that arise will be user oriented problems dealing with user knowledge of the 

database. Since many employees at AAI have not worked with an Access database before, it 

would be useful to develop a user’s manual that could be referenced when operating the 

database. This User’s Manual should include two parts: an operating section and a trouble 

shooting section. 

 The operating section should include any and all operations the user would encounter. 

This obviously contains day-to-day operations, such as entering and editing quote information, 

but it should also include more technical instructions. Examples of technical instruction extend 

from the editing of current forms and reports to the development of new queries, forms, and 

reports. As the functions of the organization change, the database will need to change with the 

organization to remain viable. Thus, it is important that a User’s Manual be created to assist 

users in adapting the database to the organization (rather than adapting the organization to the 

database). 

 The second section should be included for troubleshooting problems. Often, users will 

encounter problems to which they are unable to identify the cause. In the case of such problems, 

a trouble shooting guide should be developed to help users navigate through commonly 

experienced problems. One of the best ways to compose this troubleshooting guide is to keep a 
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record of problems encountered as the database is introduced to employees. Once employees are 

comfortable with the database, these commonly experienced problems can be combined into one 

trouble shooting guide that future new users can reference as needed. 

 Once the database is fully functional and the majority of unanticipated errors have been 

resolved, it will be possible to expand the application of the database. Several simple expansions 

exist that alter the use of, but not the structure, the database. The first of these expansions is to 

create user names and passwords. This would allow individual employees to log into the 

database under a user name. Activity by users can be restricted as needed to ensure that 

employees only perform the actions they need. Additionally, user names can improve security by 

ensuring that only specified users have the ability to edit data or the database structure. 

 Another option to be explored is the ability to access the database when the employee is 

away from the office. While remote desktop connections are possible, easier methods exist. One 

of the simplest methods is the display of database information via the internet. Microsoft Access 

Data Pages can be created that allow users to view predefined information via secure, log-in 

websites. Static HTML pages can be used, where users are only able to view reports and data as-

is; or, interactive pages that allow users to manipulate data and print reports can also be created. 

 The database also contains the possibility to input data via the internet. However, 

whenever internet applications are considered, safety should also be considered. In-house server 

applications of databases are much less exposed to viruses and harmful users than externally 

published databases. Security checks can be put into place to help prevent the use of the database 

by unauthorized users. 

 One method to ensure that data within the database is protected is to create a backup 

schedule. Information in the database can be resaved to a multitude of data storage forms, 
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ranging from external hard drives to tapes. Backing up the database is highly recommended. If 

the database was to crash and data were lost, a backup ensures that the database can be restored. 

A database backup is not simply copying the entire database to another hard drive; rather, it is 

the saving of data or tables only to an external, uninfluenced medium that is assured safety 

independent from the office computer system. 

 Beyond publishing data via the internet, options to publish data to other Microsoft Office 

programs should also be considered. If Clients request a form in a specific file format, such as 

Microsoft Excel, the required import/export functions can be defined. All of the data within the 

access database can be exported to other Microsoft Office programs. Another beneficial export 

would be to export the PO Packet to an Adobe PDF. 

 Another category of database improvements is improving the user experience. One 

concept central to improving the user experience is Poke-a-Yoke, or “mistake-proofing” the 

database. These fail-safes prevent users from accidentally entering incorrect data or from 

accidentally performing operations they did not intend. Several applications of this concept have 

already been installed; however, as users encounter problems, opportunities for the application of 

“mistake-proofing” will undoubtedly arise. 

 Another user experience that could potentially become difficult is the PO Selection and 

Quote Selection secondary navigation screen. Currently, these screens sort purchase orders and 

quote automatically, and the sorting cannot be changed by the user (although they can be 

changed by the designer).Creating a user interface that allows users to sort by criteria would 

assist users in searching through the lists once they become extensive. Just as filters can be 

applied to spreadsheets, they can also be applied within a database. This effort may require the 

use of queries, queries by forms, or a set of forms. However, the ability to filter data would 
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improve the user experience by simplifying their search. It should be noted that these capabilities 

are directly part of current versions of Microsoft Access since 2007. 

 A final aspect in which the user experience could be improved is the segmentation of 

international consolidation orders. These orders are grouped together, and the database could be 

designed to display this group of orders in several different fashions. Currently, only the total 

consolidation is entered, and the breakouts cannot be seen (other than in the shipping 

schedule).Interviews with office employees would help determine the necessity and potential 

benefit arising from such an option. 

 The final and most important manner in which the ECM Database can be improved is the 

design of useful business reports. A substantial amount of data is stored within the database. As 

has been stated, the strongest point of the database is the ability to search this data and pull 

information required by or useful to company employees. 

 The manner in which this data is pulled is through the use of queries. Queries are fairly 

easy to design and implement, and it is possible to provide queries that operate through the use of 

forms. However, query results need to be provided in a medium other than a list. The results of 

such queries can be published to reports built within access that summarize the data in 

understandable terms. While these reports are not difficult to construct, they will require input 

from AAI employees as to which information will be beneficial. Also, there may be a period 

before these reports become useful as data is gathered and entered into the database. 

 Finally, employees at AAI may wish to design queries to their own specifications on an 

ad hoc basis. Such as hoc querying capabilities can be dangerous as employees may design 

overly complicated queries that overload the database or computer. However, limited ad hoc 
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query capabilities can be introduced through the use of forms. Again, input from AAI employees 

concerning which capabilities would be useful should be gathered before such an option is built.  

 

Long Term Application 

 Overall, the long term potential of the ECM database is limited. As defined in the 

boundaries and function section, the ECM database is largely constrained to Engineering and 

Development. As such, potential benefits are also limited. 

 The original proposed solution (a comprehensive content management system) is still the 

ideal solution to the development process from purchase order to shipping schedule. Such a 

solution could even extend beyond this process into complete enterprise management. The 

advantage of such systems is their standardization of data, documents, and protocol throughout 

the company. This provides benefits ranging from increased search capacities to increased 

security checks and balances. 

 However, such a system is not currently feasible for AAI. Complete enterprise 

management systems incur large capital costs and require experienced development teams. 

Additionally, the current systems are AAI do not require such an implementation. As the 

company continues to grow and expand, such a system may become necessary, beneficial, and 

even required. Therefore, the proposed ideal solution as well as the potential to expand the 

database into an enterprise wide solution should not be discarded but become included in 

strategic future planning. 

 If such plans are included, AAI will be adequately poised to make the necessary 

transitions when appropriate. Companies that experience rapid growth are often unable to make 

such changes because of a lack of planning and awareness. This is perhaps great advantaged to 
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the current solution (the ECM Database).This database begins to store data and orient company 

culture to database use. When the transitions to companywide content management systems 

become necessary, the process will have in fact already been initiated. 

 

Concluding Remarks 

 

 The strengths and benefits arising from RDBMS are too large to be ignored. Companies 

expanding and growing in the twenty first century must incorporate such advantages into their 

business in order to remain competitive. As the global market place becomes increasingly 

competitive and fast pace, the need to quickly access and analyze company information is 

essential. 

 With such advantages understood, an RDBMS must be carefully applied to AAI. One of 

the greatest strengths in the AAI business strategy is its flexibility to a competitive and fast paced 

global economy. A rigid and inflexible RDBMS will hinder such flexibility and any potential 

advantage gained will be outweighed by advantages lost. 

 These concerns are not insurmountable. By beginning with a small and flexible solution, 

such as the ECM Database, AAI can determine where such a system is a liability or an asset. 

Additionally, the creation of such a database in Microsoft Access allows the application to be 

flexible in design. The operation of Microsoft Access does not require significant prior 

knowledge, and can thus easily be edited by a few employees with the basic required skill set. 

 Finally, even the current ECM Database can increase global flexibility by connecting 

globally distributed offices and individuals. As AAI employees continue to travel to many global 

destinations, database applications like the ECM Database will allow individuals to access 
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required information whenever an internet connection is available. A global distribution of not 

only employees but also information would only serve to increase AAI’s ability to survive and 

compete in a global marketplace.  
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Raw Data For Simulation Model 
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i n Da ta Va lu. 
ox Data Va lu. 
OJI.pl . lI. on 
""Ill. Std D. v 

i'to ~< .... Ron~. 
WIIl « or I nt« v a1, 

E.ta 

• 0.12 to 0.34 - ; 

xp«"ion: 0.08 + 0.31 • BITJ.(3.09, 2.83) 
qua« lno<: 0.022611 

h i ~quu. T., t 
NUIIll« or i nt. n al, 

D .~< .. ' or t < .. dolt 
T.,t Stati,ti c 
Con.,pondin~ p-valu • • 0.0703 

Data SUltltuy 

WIIl« ot Data Point, 
i n Data Valu. 
ox Data Va lu. 
OJI.pl . lI. on 
""Ill. Std D. v 

i"to~< .... Ron~. 
WIIl « or I nt« v a1, 

• 0.08 to 0.39 - ; 

- .. 

Corporate Approval v 

Administration Schedule v 



 

 

~r(jt\'lew FtOpt"""Wir>JowHejp 

!I D ~1iiiI e!b lil, IG is" &. ~ It? 

i ,t<ibuUon: Tt1anqulat 
xpt.,,,on: TIUJ.(O.04, 0. 127 , 0.45) 

Squa t . lno<: D.024611 

hi Squa t . T. ,t 
NUIlb.t M i ntotv d , • 3 

D.~too, o ~ ttOOdOl' • 1 
T.,t StaU,Uc · 2.86 
Cot«,pondin~ p-valu. _ 0.0932 

o b.o~o<ov-5.imov T.,t 
T., t StaU,Uc _ 0.210 

Con.,pondin~ p-valu • • 0.0677 

Data SUIt1I.uy 

UIlb« ot Da ta Point, _ 35 

in Data Val u . _ 0.076 6 
ax Da t a V~lu. _ 0.415 
""Ill. lI.on _ 0.241 

.... pl . Std D. v · 0.Og04 

~ E(jt \'lew FI: Opt""" Wir>Jow Hejp 

li D "''' 6'1 ~ .. '\l ~'" ,1 

v 
iHtibution: Noa al 
xpt."ion: NORll(3.09, 0.614) 
quu . lnot: 0.010980 

hi Squa t . T., t 
NUIlb« ot i nt. n a l , • 3 
D .~t .. , ot tt oo dolt • 0 
T.,t StaU,Uc ·2.44 

Con.,pondin~ p-valu. < 0 . 005 

o b.o~o<ov-S .. imov T. ,t 
T., t SuU,Uc • D.102 

Con. ,p ondin~ p-valu. > D.B 

UIlb. t ot Data Point, • 35 
i n Data Va lu. _ 1. 95 
ax Data Va lu. _ 4. W 

.... pl . lI. an • 3. 09 

""Ill. Std D. v • 0.623 

/ 

i'to~u .. Ran~. 
UIlb. t ot I ntH v al, 

_ 1.67 to 4.g7 -, 

-.. 

//// /\ 

. 
China Confirmation .... 

- .. 

/ 
/ 

/ 

~ 
I 

I 

Factory ~ 



 

 

LOII= ntal 
0.12 + !,OGII Il.42, l.06) 

lHO<' 0.039626 

5qua <o n,t 
IIU11llo < o r inton a l, • 3 
D o~< oo , or t< oo dOl' _ 0 
To,t 5u..U,Uc · 2.94 

Cono,pondin~ p-valuo < O.1lO5 

• 0.118 
Con" pondinq p-va luo > 0.15 

Dat~ SUIUluy 

• % 
• 0.43 
• 3.5 

• l.52 
• o. ~73 

• 0.12 to 3.Bl · , 

T"ianqula< 
TIUJ.IO.ll, 0.224, 0.4B) 

lno", 0.OOB625 

Squuo To,t 
IIU1l!l o< ot intHv~l, • 5 

D o ~< oo, or t" oo do.. • 3 
To,t ScaU,Uc • l. 4B 
Cono,pondin~ p-va luo • 0.693 

· 0.0631 
Cono,pondin~ p-va luo > 0.15 

· " Va1uo · 0.143 
Valuo · 0.441 

• 0.271 
· 0.0772 

· 0.11 to D.48 

· ; Shipping 



 

 

Di,t<ihution SUli.Ituy 

LO(jlloaa1 
1.22 + LOGNI2.21, 1.46) 

!no<: 0.006009 

Squu. T.,t 
lluall H or intona1, ~ 4 
DO\l<oo, or r<oodo.. _ 1 
To,t 3Ulti,tic _ 3.0 ~ 

Cono,p ondin~ p-va1uo _ G.0844 

DaUl S\lllltuy 

ot Data Point, _ 51 

lIoaa1 
1I0RllI2.47, 0.919) 

!HO<: 0.030949 

Squuo To, t 
NU>ll o< or i ntona1, _ 5 

D o~""o, or t<oodolt _ 2 
To,t Stati,tic _ 4.78 
~ono,p0n<11n~ p-VaiUO _ U.U""" 

_ D.llS 

Cono,pondin~ p-va1uo > D.B 

. " Va1uo _ 0.53 

Va1uo _ 4.67 
_ 2.47 
_ 0.928 

_ O.llto5 . ; Shipping Schedule Delivery 



 

T< ianqula< 
TIUAIO.08, 0.302, 0.41) 

lno<: 0.006001 

Squa« To, t 
NUIIllo< or i nton al, • 5 
D o ~<eo' or r<oodolt • 3 
To,t StaU,U c • 1.13 
Cono,pondin~ p-valuo > 0.75 

Data SUltltu y 

-" Valu o · 0.11 
Va luo _ 0.38 

_ 0.26 4 
_ 0.071 

• 0.08 to 0.41 - ; Administration Distribution ~ 



 
 
 
 
 
 

Appendix 4 
 

Arena Results for Simulation Model  
(Fitted Distribution Data) 



 
Appendix 4-A 

1:55:02PM 

[Unnamed Project 

Category Overview 
Vtt~ ;s;c;m:" AN Rflptca/lOfls 

Replications· 35 Time Units: Hours 

All Entities 
Non-Value Added Cost 

other Cost 

Transfer Cost 

Value Added Cost 

VVait Cost 

Total Cost 

All Resources 
Busy Cost 

Idle Cost 

Usage Cost 

Total Cost 

System 
Total Cost 

Number OUt 

Key Performance Indicators 

Average 

o 
o 
o 

8,842 

o 

8,842 

Average 

8,842 -

94,742 

o 

103,584 

Average 

103,584 

52 

April 24, 2009 

I 



 
Appendix 4-B 



 
Appendix 4-C 

1:55:02PM 

IUnnamed Project 

Replications: 35 

IEntity 

Cost 

Wait Cost 

DistSig 

Entity 1 

Other Cost 

DlstSig 

Enllty 1 

Transfer Cost 

DistSig 
Entity 1 

Tota l Cost 

DistSig 
Entity 1 

Other 

Number In 

DlstSig 

Entity 1 
Entity 5 

leD,QOO 

140.000 

lW OOO 

100.000 

80.000 

~~ 

~.~ 

~.~ 

Tlrm Units: 

CategoQ' Overview 
O .. kJe$ AcrO,1S MRephcatiQfl& 

Hours 

Minimum 
A~e';/.ge Ha~ Width A~er.lge 

0.00 0.00 0.00 
0.00 0.00 0.00 

Minimum 
A~",ag" HalfWIdttl A~er.lge 

000 0.00 0.00 
0.00 0.00 0.00 

Minimum 
Aver.lg" H.d Wi<llh Average 

0.00 0.00 0.00 
0.00 000 0.00 

Minimum 
Aver.lQe Ha~Width Average 

0.00 0.00 0.00 
174.17 1.79 163.58 

Minimum 
Aver.lge Ha~Width Average 

8.0000 0.00 8.0000 

154.57 8.72 107.00 
0.00 0.00 000 

O~ ... -----

April 24 , 2009 

I 

Ma>cimum Minimum M;/.ximum 
A~erage Value V;/.Iue 

0.00 0.00 0.00 
0.00 0.00 0,00 

Maximum Minimum MaximUm 
A~eragll Value Value 

000 000 0,00 

0.00 0,00 0.00 

M3..Idmum Minimum Maximum 
Average Value Value 

0.00 0,00 0,00 
0.00 0.00 0.00 

M8J(imum Minimum Maximum 
Average Va lue Value 

0.00 0,00 0,00 

184.79 101.74 370,98 

Maximum 
Average 

8.0000 

203.00 
0.00 



 
Appendix 4-D 

1:55:02PM 

IUnnamed Project 

Replications: 35 

IEntity 

Other 

Number Out 

DistSig 

Entity 1 
Entity 5 

W IP 

DistSig 

Entity 1 
Entity 5 

Tlrm Units: 

Cntegory Overview 
Oahl," A<;ro3s MR"PhcatiQrls 

Hours 

Minimum 
A~e,age Ha ~ Width Average 

8.0000 0.00 8.0000 
131 .40 6.10 87.0000 

0.00 0.00 0.00 

Minimum 
A~erage Half WIdth Average 

0.00 0.00 0.00 
21 .5179 3.01 10.6356 

0.00 0.00 0,00 

April 24. 2009 

I 

M3.)(imum 
A~erage 

8.0000 
162.00 

000 

Maximum Minimum Maximum 
Average Value Value 

0 00 0.00 1,0000 

48.6292 0.00 89.0000 
0.00 0.00 0.00 



 
Appendix 4-E 



 
Appendix 4-F 



 
Appendix 4-G 

1:55:02PM Cntegory Overview April 24, 2009 
V .. lue$ Acrws Ail R~pJiQ:ltiQn8 

IUnnamed Project I 
Replications 35 TlmB Units: Hours 

Iprocess I 
Time per Entity 

Total Time Per Entity Minimum Maximum Miolllll.lm Maximum 
A~erage Ha1rWidth A~er.lge A~efage Value V~lue 

Accounting 0.4683 0.07 0.2453 0.8675 0. 1508 15,3207 

Administration 0,5052 0.00 0.2458 0.8597 0.0967 15.3550 
China CompilaUon 2.9124 0.75 0.00 10.4130 0.00 24,4032 

China CompilaHon T1 3.5252 0.25 2.4416 5.1334 0.2665 42.5094 
China Offfce Confirmation n 0.5876 007 0.3694 1.5452 0.C5043901 9,7302 

China Office Confirmation T2 0.2766 0.03 0.00 0.3885 0,00 0.4267 
Corporate ApprOllal 0.4552 0.08 0,2252 1 2541 0.1245 15.4380 
Distribute Shipping SchedUles 9.6201 0.06 9,1645 9.9470 8.5938 13,2989 
Engineering 6.5404 031 4.7160 9.1082 0.4708 19.4077 
Engineering Approval 1.0106 0.16 0.3303 2.6949 0.C8026956 18,2904 

FA Error 3.231 9 0.90 0.00 10.1131 0.00 12,2620 
Factory Confirmation 8.7525 1.11 4 7470 19.8555 0.9789 76.3997 
FE Error 2.7995 0,81 0.00 7.8386 0,00 18,0508 
o,.ertlow Engireenng 1.3805 11 4 000 15.4522 000 15.4522 
Overseas FF 13.2546 0.39 10,2695 15.4882 4.8259 52,5849 
Shipping Beg 32.8315 6.56 12.4512 80.9794 1 6876 167,02 
Shipping Gons 28.7171 7 14 8.5620 89.9839 01566 161.69 
Shipping Schedule 28.5052 7.44 4 3956 94.9423 0,00 167.D1 
Development 
USFF 9.5183 125 30552 18.4273 1.5972 43.6523 

Accumulated Time 



 
Appendix 4-H 

1 :55:02PM Cntegory Overview April 24, 2009 

V .. lue$ Acrws Ail R~pJiQ:ltlr;rl8 

IUnnamed Project I 
Replications. 35 Tlrre Units: Hours 

Iprocess I 
Cost per Entity 

VA COst Per Entity Minimum Maximum Minimum Maximym 
A~erage Ha1rWidth A~erage A~erage Value V"lue 

Accounting 3.7432 0.02 3.6115 3.9152 2.251 7 5,3476 

Administration 2.4168 0.03 2.2577 2.5623 0.9674 3,7644 

China Compilation 19.6568 3.00 0.00 39.6027 0.00 112.84 

China CompilaHon T1 18.9540 0.60 156254 22.3093 3.1982 180.90 

China OfHce Confirmation n 3.2825 004 30049 3.5297 0.5798 5.2438 

China Office Confirmation T2 3.3192 0.30 0.00 4.6623 0,00 5, 1202 

Corporate ApprOllal 8.0510 0.08 7.6026 8.6231 4.2532 11 .8230 

Distribute Shipping SchedUles 2.6355 0.03 2.4340 2.8732 0.8790 4,0896 

Engineering 16.6260 013 159218 174407 11.0082 23.1078 

Engineering Approllal 5.4795 0.08 4.7915 5.9039 1.9265 10,0120 

FA Error 1.8274 0.12 0.00 2.2216 0.00 2.5777 
Factory Confirmation 000 000 000 000 0,00 000 
FE Error 8.0520 052 0.00 9.5581 0,00 11 .4256 

o,.ertlow Engireenng 3.3790 2.39 000 20.6418 000 20.6418 

Overseas FF 0.00 0.00 0.00 0.00 0,00 0.00 
Shipping Beg 61.5683 145 54.1116 68 8033 27.3990 277.75 
Shipping Gons 4 9384 007 4.4746 5.3364 , 0500 8.6354 

Shipping Sched(}le 44.4872 000 38 9706 50.5359 0,00 980542 
De~elopment 
USFF 0.00 000 0.00 0.00 0.00 000 
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Appendix 4-J 



 
Appendix 4-K 

1:55:02PM 

IUnnamed Project 

Replications 35 

Iprocess 

Other 

Number In 

Accounting 

Administration 

China Compilation 

China Compilation T1 

TIITlB Units: 

China Office Confirmation n 
China Office Confirmation T2 

Corporate Approval 

Distribute Shipping Schedules 

Engineering 

Engineering Approval 

FA Error 

Factory Confirmation 

FE Error 
o,.ertlcm Accounting 

Overtlow Engineering 

Overflow Engineering Approval 

CNerseasFF 

Shipping Beg 

ShipplrYJ Cons 

Shipping Schedule 
Development 
USFF 

Cntegory Overview 
Q,,/tJI:O$ Acrws AitR~pJiQ:ltiQn8 

Hours 

Minimum 
AVllr.lgll Half Width Aver.lge 

54.3714 3.31 38.0000 
54.0571 3.38 38.0000 

2.9143 0.52 0.00 
48.2000 3.05 31 .0000 
48.9143 314 31 ,0000 

2.9143 0.52 0,00 
54.0571 3.38 38.0000 
43.8000 2.03 29,0000 
52.1714 308 36,0000 
58.5714 3.70 39.0000 

5.4286 0.98 0,00 
51,8000 308 3S 0000 

5.0286 085 0,00 

0.00 000 0.00 
0,2286 0.17 0,00 

0.00 000 0,00 
46.8857 270 32,0000 
54.0286 3.40 37.0000 
51 .7143 2,97 36.0000 
48.1429 2.44 34.0000 

5.5429 085 10000 

April 24, 2009 

I 

Maximum 
Average 

74.0000 
75.0000 

6.0Cl00 
66.0000 
67.0000 

6.0Cl00 
75,0000 

54.0000 
70.0000 
79.0000 
13.0000 
70.0000 

11 0000 
0.00 

2.0000 
000 

53.0000 
75.0000 
69,0000 
59.0000 

11 0000 

.- .--
0"-'_ .--" . e;:::;" . Z-:.":;:." 1 ' __ - .=.-.. - 11'_-
.'''- .'---1"'- . '-'~-
1_-. 11:::;'-
n_" ._-
'-- o=..,-..... 
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Appendix 4-M 

1:55:02PM Cntegory Overview April 24, 2009 
Q,,/tJI:O$ Acrws AitR~pJiQ:ltiQn8 

IUnnamed Project I 
Replications 35 TIITlB Units: Hours 

IResource I 
Cost 

Busy Cost Minimum Maximum 
Average Ha~Width Aver.lge Averilge 

Admin 246.18 13.42 178,55 327.96 

COnsolidation Engineer 1222.65 74.06 845,48 1643.89 
Cut N Sew Engineer 69.2846 17.05 0.00 248.75 

Engineer 1 3.8464 2.85 000 327157 

Engineer 2 000 000 000 000 
Engineer 3 0.00 0.00 0,00 0.00 
Engineer 4 0.00 000 000 000 
Factory 0.00 0.00 0,00 0.00 
OSFF 000 000 0,00 000 
PO Accountant 213.51 13.23 144,45 284.54 

ShiPPIng Consultant 558221 297.20 3986,12 7264.80 
Sundry Engineer 106835 70 70 673,86 1476.10 

USFF 0.00 000 0,00 0.00 
Vice President 435.61 28,23 29744 61112 

Wire Accountant 000 0.00 0,00 0,00 

~.~ .-
=~ .~--a o..N_fII_ • _ _ 1 

4000.00Q 
._, , _",I 

".,~ 
• n.,.. ... . ,,-.= 
O F'O"""""'" 

~.~ .S'.= ...... . - -
l000,OOQ 

. 1.151'0 ._-
II _~"" 

,~ 



 
Appendix 4-N 

1:55:02PM 

IUnnamed Project 

Replications 35 

IResource 

Cost 

Idle Cost 

Admin 

COnsolidation Engineer 

Cut N Sew Engineer 

Engineer 1 

Engineer 2 
Engineer 3 

Engineer 4 

Factory 

OSFF 
PO Accountant 

ShiPPIng Consultant 

Sundry Engineer 

USFF 

Vice President 

Wire Accountant 

10000.000 

1~.000 

12000.000 

llX1OO.000 

""""" ""''''' 

TIITlB Units: 

Cntegory Overview 
Q,,/tJI:O$ Acrws AitR~pJiQ:ltiQn8 

Hours 

Average 

3913.82 
8761 .35 
5546.72 
998015 
9984.00 
9984.00 
9984.00 

0.00 

0.00 
6026.49 
1905.79 
454765 

000 
14124.39 

9984.00 

Ha~Width 

13.42 
74.06 
17.05 

2.85 

000 
0.00 
0.00 
0.00 
000 

13.23 
297.20 

70 70 

000 
28.23 

0.00 

Minimum 
Aver.1ge 

3832,04 
8340,1 1 
536725 
9951 .28 
9984,00 

9984.00 

9984.00 

0,00 
000 

5955,46 

223.20 
4139. 00 

0 ,00 

13948.88 
9984,00 

Maximum 
A~efage 

3981 .45 
9138.52 
5616.00 
9984.00 
9984.00 
9984.00 
9984 00 

0.00 
000 

6095.55 
3501 .88 
4942.14 

0.00 
14262.56 

9984.00 

April 24, 2009 

.­

.~-... IJQo.N _fII_ • _ _ 1 

e r._l ._ . . -. ,,-.­"""_..c 
: ~..:-
• usr-.' ._-11 __ " 

I 



 
Appendix 4-O 

1:55:02PM Category Overview April 24. 2009 

Oatu'" Acro3s Mkephcati<xls 

IUnnamed Project I 
Replications: 35 Titre Units: Hours 

IUser Specified I 
Counter 

Count Minimum MalCimum 
A~e,age Ha~ Width Average A~erage 

Accounting Errors 5.4571 0.97 0.00 13.0000 

Accounting CNerflow 0.00 0.00 0.00 0.00 

Completed Count 43.8000 203 29 0000 54.0000 

Engineering Errors 5.0571 0.86 0.00 11 0000 
Engineering CNerflow 1 0.2286 0.17 0.00 2.0000 

Engineering CNerflow 2 0.00 0.00 0.00 0.00 
Start Count 52.4000 3.11 36.0000 70 0000 

60000 

50.000 

~o.ooo 

30.000 

,,= 
10.000 

o.o()o 

Time Persistent 

Variable Minimum Maximum Minimum Ma~imum 
Average Half1Nidth Average Aver"ge Value Val"" 

WIP 8.1537 120 3.8455 lB.5686 0.00 34 0000 

Output 



 
Appendix 4-P

1:55:02PM 

[Unnamed Project 

Replications 35 Time Units: 

IUser Specified 

Output 

Ayerage Time in InternatiOnal 
Delay 
Cycle Time In Days 

Final Engmeeri'"'d OIerflO'W' 
Number of POS In Progress at 
End of Simulation 

1UlOO 

10,000 

.. "" 

.. "" 
'"" 
'"" 
'"" 

C:ltegory Overview 
VaJU<ni ACfO:Ss AN RflptC8/IOflS 

Hours 

Minimum 
Aver~ge Ha~ Width Average 

11 ,9966 0.15 10,9334 

11 .5187 145 7.D324 
0,2286 0.17 0.00 
8.6000 2.07 1,0000 

Maximum 
Average 

12,7487 

24.5131 
2.0000 

24.0000 

April 24, 2009 

a~'" _ .. " .... '" . .......... "."' ~ -

I 

I 



 
 
 
 
 
 

Appendix 5 
 

Arena Results for Simulation Model  
(Triangular Distribution Data) 



 
Appendix 5-A 

3:04:29PM CategoQ' Overview 
O .. lue$ Acro3$ MRephcati{)fl& 

IUnnamed Project 

Replications: 35 TIm! Units: Hours 

All Entities 
Non-Value Added Cost 

other Cost 

Transfer Cost 

Value Added Cost 

Wait Cost 

Total Cost 

All Resources 
Busy Cost 

Idle Cost 

Usage Cost 

Total Cost 

System 
Total Cost 

Number Out 

Key Performance Indicators 

Average 

a 
a 
a 

7,937 

a 

7,937 

Average 
7,937 • 

95,647 

a 

103,584 

Average 
103,584 

53 

",~ 

April 24, 2009 

I 
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Appendix 5-C 

3:04:29PM 

IUnnamed Project 

Replications: 35 

IEntity 

Cost 

Wait Cost 

DistSig 

Entity 1 

Other Cost 

DlstSig 

Enllty 1 

Transfer Cost 

DistSig 
Entity 1 

Tota l Cost 

DistSig 
Entity 1 

Other 

Number In 

DlstSig 

Entity 1 
Entity 5 

leD,QOO 

140.000 

l WOOO 

100.000 

80.000 

~~ 

~.~ 

~.~ 

Tlrm Units: 

CategoQ' Overview 
O .. kJe$ AcrO,1S MRephcatiQfl& 

Hours 

Minimum 
A~e';/.ge Ha~ Width A~er.lge 

0.00 0.00 0.00 
0.00 0.00 0.00 

Minimum 
A~",ag" HalfWIdttl A~er.lge 

000 0.00 0.00 
0.00 0.00 0.00 

Minimum 
Ave""g" Ha~ Wi<IIh Averoge 

0.00 0.00 0.00 
0.00 000 0.00 

Minimum 
Aver.lQe HaffWidth Average 

0.00 0.00 0.00 
161.02 1.27 151 .69 

Minimum 
Aver.lge Ha~Width Average 

8.0000 0.00 8.0000 
150.09 7.07 111 ,00 

0.00 0.00 000 

O~ ... -----

April 24, 2009 

I 

Ma>cimum Minimum M;/.ximum 
A~erage Value V;/.Iue 

0.00 0.00 0.00 
0.00 0.00 0,00 

Maximum Minimum MaximUm 
A~eragll Value Value 

000 000 0,00 
0.00 0,00 0.00 

M3..Idmum Minimum Maximum 
Average Value Value 

0.00 0,00 0,00 
0.00 0 .00 0.00 

M8J(imum Minimum Maximum 
Average Va lue Value 

0.00 0,00 0,00 
170.18 95.4624 229,00 

Maximum 
Average 

8.0000 
189.00 

0.00 



 
Appendix 5-D 

3:04:29PM 

IUnnamed Project 

Replications: 35 

IEntity 

Other 

Number Out 

DistSig 

Entity 1 

Entity 5 

WIP 

DistSig 

Entity 1 

Entity 5 

Tlrm Units: 

Cntegory Overview 
Oahl," A<;ro3s M R"PhcatiQrls 

Hours 

Minimum 
A~e,age Ha~ Width Average 

8.0000 0.00 8.0000 
133.71 6.89 96.0000 

0.00 0.00 0.00 

Minimum 
A~erage HalfWIdth Average 

0.00 0.00 0.00 
16.4557 1.20 9.6974 

000 0.00 0,00 

April 24. 2009 

I 

Ma>cimum 
A~erage 

8.0000 
171.00 

000 

Maximum Minimum Ma.imum 
Average Va lue Value 

000 0.00 1,0000 
24.01 32 0.00 66.0000 

0.00 0.00 0.00 
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Appendix 5-G 

3 :04:29PM Cntegory Overview April 24, 2009 
V .. lue$ Acrws Ail R~pJiQ:ltlr;rl8 

IUnnamed Project I 
Replications 35 TlmB Units: Hours 

Iprocess I 
Time per Entity 

Total Time Per Entity Minimum Maximum Minimum Maximum 
A~erage Ha~Width Average A~erage Value Value 

Accounting 0.3993 0.00 0.2387 0.9910 0.1709 15,3008 

Administration 0.4707 0.07 0.2530 0.9669 0.1166 15.3621 
China CompilaUon 2.7815 0.65 0.00 9.1293 0.00 16,7545 

China CompilaHon T1 3.8674 023 2.5983 5.6988 0.4649 17 4979 
China OfHce Confirmation n 0.4921 003 0.3225 0.7485 0.C8344053 4.8199 
China Office Confirmation T2 0.2382 0.03 0.00 0.3928 0,00 0.4022 
Corporate ApprOllal 0.4088 0.00 0.22£1 0.8722 0.1453 15.3108 
Distribute Shipping SchedUles 9.5178 0.04 9,2874 9.7680 8.6207 13,0129 
Engineering 6.5002 028 48476 8.5578 051 48 18.6836 
Engineering Approllal 0.9001 0.14 0.3432 2.1625 0.1090 17.9698 
FA Error 2.9112 0.61 0.00 8.6789 0,00 15,1135 
Factory Confirmation 8.9459 075 4.7952 13.5289 2.021 7 54.4128 
FE Error 2.3147 079 0,3429 9.4707 0.2540 18,8936 
o,.ertlow Engireenng 05284 067 000 9.6820 000 9.6820 
Overseas FF 17.7170 0.79 14,2462 21.9495 5.1900 80.5774 
Shipping Beg 7.2419 1.28 1.9059 182295 0.1573 71 ,9303 
Shipping Gons 154192 123 10.5458 24.8546 0.9489 65.6729 
Shipping SchedUle 154527 1.53 7,7560 26.2617 0.7478 739262 
De~elopment 
USFF 10.5976 1.50 000 20.8334 000 24.8132 

Accumulated Time 



 
Appendix 5-H 

3:04:29PM Cntegory Overview April 24, 2009 

V .. lue$ Acrws Ail R~pJiQ:ltlr;rl8 
IUnnamed Project I 

Replications 35 Tlrre Units: Hours 

Iprocess I 
Cost per Entity 

VA COst Per Entity Minimum Maximum Mlolmum Maximym 
A~erage H .. ~ Width A~erage A~erage Value Val\le 

Accounting 3.6470 0.02 3.4836 3.7497 2.5640 4,6185 

Administration 2.3791 0.02 2.2436 2.5047 1.1661 3,5873 

China Compilation 21 .0619 2.42 0.00 32.6016 0.00 40.2762 

China CompilaHon T1 21 .5771 0.41 18.6994 23.8253 5.5784 41 .9754 

China OfHce Confirmation n 2.9373 004 2.7170 3.1362 0.9569 4.9518 

China Office Confirmation T2 2.8581 0.34 0.00 4.7135 0,00 4,8259 

Corporate ApprOllal 8.0187 0.08 7.5081 8.4645 5.0864 11 .1406 

Distribute Shipping SchedUles 2.5152 0.03 2.3880 2.7804 1.1380 3,7145 

Engineering 17.1072 012 16.3016 17 8040 123560 22.2942 

En9ineering Approval 5.3397 0.05 5.0972 5.6212 2.4828 7,8609 

FA Error 1.7933 0.11 0.00 2.0999 0.00 2,2890 

Factory Confirmation 0.00 000 000 000 0,00 000 
FE Error 8.7108 016 19911 9.7046 6.0968 11 ,0822 

o,.ertlow Engireenng 18564 181 000 172979 000 19.2048 

Overseas FF 0.00 0.00 0.00 0,00 0,00 0.00 
Shipping Beg 5.1221 0.06 4.7221 5.4410 27209 78246 
Shipping Gons 45<5452 078 41.4076 50 5320 12.1284 83.6737 

Shipping Sched(}le 45,3674 0.89 381096 50.4272 9.6898 83 7606 
De~elopment 
USFF 000 000 0.00 0.00 0.00 000 
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Appendix 5-K 

3:04:29PM 

IUnnamed Project 

Replications 35 

Iprocess 

Other 

Number In 

Accounting 

Administration 

China Compilation 

China Compilation T1 

Tlrre Units: 

Chma OfHce Confirmation n 
China Office Confirmation T2 
Corporate Approval 

Distribute Shipping Schedules 

Engineering 

Engineering Approval 

FA Error 

Factory Confirmation 

FE Error 

Q,rerflow Accounting 

Overflow Engineering 

OverflOW Engineering Approval 

CNerseasFF 

Shipping Beg 

ShipplrYJ Cons 

Shipping Schedule 
Development 
USFF 

CntegoQ' Overview 
Q,,/tJIU X;;:;s Ait R~pJiQ:ltiQn8 

Hours 

Minimum 
Average Ha~Width Aver.lge 

52.1429 2.43 39,0000 

51 .5143 2.45 37.0000 
3.3714 0.73 0.00 

45.6571 2.07 34.0000 
46.4857 2.07 34.0000 

3.4000 0.74 0,00 
51 .5143 245 37.0000 
44.571 4 2.30 32,0000 

50.2857 2.50 370000 
55.8857 2.68 40.0000 

4.6571 0.74 0,00 
49.$857 2.37 370000 

4.5429 0.65 1,0000 

0.00 0.00 0.00 
0.2000 0.20 0,00 

0.00 000 0,00 
46.2000 21 4 32,0000 
51 .5143 2.45 37,0000 
50.4000 2A1 3nX)00 
48.0857 2.20 37.0000 

5.0857 094 10000 

April 24 , 2009 

I 

Maximum 
Average 

67.0000 
66.COOl 
10.0000 
60.0000 
61.0000 
10.0000 
66.0000 
57.0000 
66 0000 
71.0000 

9.0000 
66.0000 

9.0000 
000 

2.0000 
000 

59.0000 
66.0000 
64.0000 

61.0000 

120000 

.- .--
0_'_ .--" . e;:::;" . Z-:.":::,,, .'--- .=--.. - 11'_-
.'''- .'---.".- . '-'~-
1_--. 11:::;'-
0_" ._-._- o=..,-..... 



 
Appendix 5-L 



 
Appendix 5-M 

3:04:29PM Cntegory Overview April 24, 2009 

Q,,/tJI:O$ Acrws AitR~pJiQ:ltiQn8 

IUnnamed Project I 
Replications 35 Tlrre Units: Hours 

IResource I 
Cost 

Busy Cost Minimum Maximum 
Average H .. ~ Width Average A~erilge 

Admin 234.44 10.95 171,31 295.01 

COnsolidation Engineer 1190.09 55.38 893,07 1576.18 

Cut N Sew Engineer 83.5530 18.03 0,00 233.26 

Engineer 1 1.7945 176 000 178713 

Engineer 2 1.5030 172 000 Hl.2048 
Engineer 3 0.00 0.00 0,00 0.00 

Engineer 4 0.00 000 000 0.00 

Factory 0.00 0.00 0,00 0.00 

OSFF 0.00 000 000 000 
PO Accountant 198.57 9.31 144,30 250.29 

ShiPPIng Consultant 4696.23 236.79 3425,25 5900.27 

Sundry Engineer 1118.28 5187 852.23 150289 

USFF 0.00 000 0,00 0.00 

Vice President 412.84 1935 28762 520.58 
Wire Accountant 000 0.00 0,00 0,00 

=~ .-
~.~ .~--

ao"o.N __ ._ ... , ._, 
=."'" . _ ... 1 .-. ,,-
'""'''''' .= 

0 ",,"""""'" .S'.= ....... . - -1000.000 . 1.151'0 ._-
II _~"" 

'''''' 
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3:04:29PM 

IUnnamed Project 

Replications 35 

IResource 

Cost 

Idle Cost 

Admin 

COnsolidation Engineer 
Cut N Sew Engineer 

Engineer 1 

Engineer 2 

Engineer 3 
Engineer 4 

Factory 

OSFF 
PO Accountant 

ShiPPIng Consultant 

Sundry Engineer 

USFF 

Vice President 

Wire Accountant 

10000.000 

1~.000 

12000.000 

llX1OO.ooo 

""""" ""''''' 

Tlrre Units: 

Cntegory Overview 
Q,,/tJI:O$ Acrws AitR~pJiQ:ltiQn8 

Hours 

Average 

3925.56 
8793.91 
5532.45 
9982.21 
9982.50 
9984.00 
9984.00 

0.00 
000 

6041 .43 
2791 .n 
449772 

000 
1414716 

9984.00 

H,,~Width 

10.95 

55.38 
18.03 

176 
172 
0.00 
0.00 

0.00 
000 
9.31 

236.79 
5187 
000 

1935 

0.00 

Minimum 
Aver.lge 

3864.99 
8407,82 
538274 
9966,13 
9964,80 

9984.00 
9984, 00 

0,00 
000 

59S9,71 
1587,73 
4113,11 

0 ,00 

1403942 
9984,00 

Maximum 
A~erilge 

3988.69 
9090.93 
5616.00 
9984.00 
9984.00 
9984.00 
9984 00 

0.00 
000 

6095.70 
4062.75 
4763n 

0 .00 

14272.38 

9984.00 

April 24, 2009 

.­

.~-... IJQo.N _fII_ • __ 1 
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I 



 
Appendix 5-O 

 

3:04:29PM Category Overview April 24, 2009 
Vatu'" Acro3s Mkephcati<Xls 

IUnnamed Project I 
Replications: 35 Titre Units: Hours 

IUser Specified I 
Counter 

Count Minimum M3.)(imum 
A~e,age Ha~ Width Aver.lge A~erage 

Accounting Errors 4.7143 0.74 0.00 9.0000 

Accounting CNerflow 0.00 0.00 0.00 0.00 
Completed Count 44,5714 2.30 32.0000 57.0000 

Engineering Errors 4.6000 0.64 2.0000 9.0000 

Engineering CNerflow 1 0.2000 0.20 0.00 2.0000 

Engineering CNerflow 2 0.00 0.00 0.00 0.00 
Start Count 50.4857 2.51 37.0000 66.0000 

60000 

50.000 

~o .ooo 

30.000 

,,= 
10.000 

o,o()o 

Time Persistent 

Vilriilble Minimum Maximum Minimum M,,~imum 
Average HalflNidth Average Average Value Vallie 

WlP 6.0066 0.45 3.7066 8.8168 0.00 26,0000 

Output 
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