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COMPUTER SYSTEM IN A BUILD-TO-ORDER ENVIRONMENT BACKGROUND OF THE INVENTION
5 Field of the Invention This invention relates to methods and systems for
manufacturing and assembling, and, in particular, to methods and systems
for manufacturing and assembling computer systems in a build-to-order
environment. Description of the Related Art 10 Traditionally) manufacturing
systems have been designed and constructed based upon a build-to-stock
model where large quantities of identical products are assembled to meet
forecasted demand and warehoused until that demand occurs. Such
manufacturing systems provide economies of scale based upon the large
quantities of identical units and can be optimized by increasing the speed
with which 15 each manufacturing step is completed. Because build-to-stock
manufacturing systems rely on known product configurations) each step in
the manufacturing process is known in advance) and so the manufacturing
system utilizes progressive build techniques to optimize each stage in the
serial assembly process. For products (e.g. a computer system) that include
sensitive components, progressive build manufacturing 20 systems can be
carefully planned in advance to protect those sensitive components. Once
the manufacturing system becomes operational, it will build the same
product repeatedly) using the optimized steps. However) when the process is
adapted to build a different product, or a different version of the same
product, the manufacturing system must be modified and 25 re-optimized to
ensure that the system still protects sensitive components. Moreover)    2
5 S E P 2002 2 since the progressive build process is serial, each stage
depends on timely completion of the previous stage, and thus the entire
process is susceptible to problems, inefficiencies, and failures in any of
the stages of the system. Additionally) progressive-build manufacturing
systems operating in a build-to-stock environment S are relatively
inflexible) limiting the ability of the manufacturing system to fill small
orders economically and to control inventory. One method used to increase
performance in progressive-build manufacturing processes is to include a
process step in which identical kits are prepared that hold the components
needed to assemble a particular product or to complete a particular 10
tuanufacturing step. In this way some of the time normally required to
select parts for a particular product or manufacturing step can be reduced,
and some manufacturing steps can more easily be performed in one location
or by one operator or piece of manufacturing equipment (e.g. an industrial
robot). For example, U.S. Patent No. 4,81 S,190 discloses the use of
automated and manual kitting stages for producing 15 identical kits for
automobile sub-assemblies. One advantage to using identical kits is that it
is relatively easy to know if all of the parts needed to assemble a
particular product are present in the kit; a missing part stands out
because each kit should always have the same set of components. As an
alternative to progressive-build manufacturing systems which are often 



20 faced with the problem of large dwell times, i.e. time periods where a
product being assembled must wait before moving to a subsequent assembly
stage, some manufacturing systems have been shifted to continuous flow
manufacturing (CFM) methods. In general) CFM methods employ a demand-driven
pull system for inventory control and movement of components into the
assembly process. This can 25 include the use of kanban techniques for
inventory control and movement. CFM also supports mixed-model manufacturing
contiguous flow production lines. CFM systems offer continuous flow of
value added activities) eliminating wasted motion and dwell times. Other
terms often used for CFM include Just-In-Time (JIT) manufacturing, Flexible
and Agile Manufacturing) Synchronous Manufacturing and 30 Demand Based
Conversion.   2 5 S E P 2002 Personal computers, servers workstations,
portables, embedded systems and other computer systems are typically
assembled in manufacturing systems designed for build-to-stock
environments. A typical personal computer system includes a processor)
associated memory and control logic and a number of peripheral devices that
provide input and output (I/O) for the system. Such peripheral devices
include, for example, compact disk read-only memory (CD-ROVI) drives) hard
disk drives) floppy disk drives) and other mass storage devices such as
tape drives, compact disk recordable (CD-R) drives or digital
video/versatile disk (DVD) drives. Manufacturing computer systems becomes
inefficient when the number of 10 identical units is decreased and process
steps are changed as orders change, both of which are characteristics of a
build-to-order environment where computer systems (or products generally)
are manufactured or assembled only after an order for that particular
computer system has been placed. As a result, the conventional
manufacturing systems do not adapt well to the build-to-order environment
and can 1 S limit the ability to fill small orders, require extra
inventory) generate more work-in process) and be globally constrained by
the slowest process step. This process also requires line changeovers and
new tooling when change is required. One attempt to adapt and to improve
the efficiency of conventional manufacturing systems has been to reduce the
number of components prepared in advance of orders. By limiting such 20
in-process inventory) the line can change configurations more easily as
orders change, However, this scheme is still limited in its efficiency for
smaller orders in the build to-order environment. Because computer systems
manufacturers have recognized that a build-to order environment is
advantageous and often can better react to the speed with which 2S product
designs and customer expectations change, there is a need to provide
manufacturing systems and methods that more efficiently integrate with the
build-to order model while ensuring that high quality, defect free products
are produced.   2 5 SEP 200 4 SUMMARY OF THE INVENTION It has been
discovered that parallel organized unit-by-unit manufacturing and assembly
systems and methods for computer systems and other products advantageously
integrate into a build-to-order environment. Responsive to orders 



5 received, kit trays are prepared that each hold the components needed to
build an ordered product. The kit tray is transferred to a work cell where
a team builds the product. The product is then tested and repaired, with
information regarding any problems provided to the responsible work cell.
Accordingly) one aspect of the present invention provides a build-to-order
10 product assembly system including a control unit, a killing unit, and an
assembly unit. The control unit is capable of receiving a product order
describing a product to be assembled. The control unit includes a list of
product components for the product to be assembled. The kitting unit is
coupled to the control unit and receives the list of product components.
The lotting unit includes a plurality of kit trays) a plurality of 15
stored product components, and a product component list display device. The
product component list display device displays the list of product
components so that a kit tray with product components pulled from the
stored product components and according to the product component list
display device can be prepared. The assembly unit is coupled to the kitting
unit and receives the prepared kit tray from the killing unit. The 20
assembly unit has a first work cell including a work space for assembly of
the product using the product components from the prepared kit tray. In
another aspect of the invention, a manufacturing system for assembly of
computer systems in a build-to-order environment is disclosed. The system
includes a lotting unit housing kit trays and computer system components. A
list of components 25 for assembling an ordered computer system is received
by the kitting unit. The list of components is displayed to at least one
kitting operator to allow respective kit trays to be prepared with computer
system components for the ordered computer system by pulling selected
computer system components from those housed at the killing unit. The
system also includes an assembly unit constructed to receive prepared kit
tray   2 5 S E P 2D02 5 from the lotting unit. The assembly unit has a
plurality of work cells operable in parallel. At least one work cell
provides work space and tools to allow a team of work cell operators to
assemble an ordered computer system using the computer system components
from a prepared kit tray. Also, the work cell provides an integrated quick
test, shared by at least one other work cell, to allow a quick test
operator to test the assembled computer system for basic functionality. The
system also includes an extended test unit constructed to receive assembled
computer systems from the work cells. The extended test trait provides work
space and tools to allow at least one extended test operator to quality
test assembled computer systems. 10 In still another aspect of the
invention, a method of assembling a build-to order product is disclosed. A
list of components for assembling an ordered product is received and
displayed. A kit tray including product components is prepared. The
prepared kit tray is transferred to an assembly unit operable to receive
prepared kit trays. The ordered product is assembled in the assembly unit
using the product 15 components from the prepared kit. In yet another
aspect of the invention, a build-to-order computer system includes a
chassis, a processor supported by the chassis, and a memory coupled to the
processor. The build-to-order computer system is assembled by a method of
assembling a build-to-order computer system including (1) receiving and
displaying a 20 list of components for assembling the build-to-order
computer system; (2) preparing a kit tray including build-to-order computer
system components; (3) transferring the prepared kit tray to an assembly
unit operable to receive prepared kit trays; and (4) assembling the ordered
product in the available work cell using the build-to-order computer system
components from the prepared kit. 25 In yet another aspect of the
invention, a build-to-order product assembly system includes a kitting
unit) an assembly unit, and at least one of a quick test cell and an
extended test unit. The kitting unit receives a list of product components.
The kitting unit includes a plurality of kit trays, a plurality of stored
product components, and a product component list display device. The
product component list display   2 5 SEP 2002 6 device displays the list of
product components so that a kit tray with product components pulled from
the stored product components and according to the product component list
display device can be prepared. 'The assembly unit is coupled to the
killing unit and receives the prepared kit tray from the killing unit. The
assembly unit S has a first work cell including a work space for assembly
of a product using the product components From the prepared kit tray. The
quack test cell is coupled to the first work cell and is operable to
receive the assembled product and perforn a test of basic functionality of
the assembled product. The extended test unit is coupled to the assembly
unit and is operable to receive the assembled product from the assembly
unit 10 and perform a quality test of the assembled product. The at least
one of the quick test cell and the extended test unit is operable to
provide information about failure of the respective test to the first work
cell. In still another aspect of the invention, a build-to-order product
assembly system includes a kitting unit, and an assembly unit. 'The kitting
unit receives a first 1 S list of product components and a second list of
product components. The kitting unit 



includes a plurality of kit trays, a plurality of stored product
components, a first product component list display device, and a second
product component list display device. The first product component list
display device displays the first list of product components so that a
first kit tray with product components pulled from the 20 stored product
components and according to the first product component list display device
can be prepared. The second product component list display device displays
the second list of product components so that a second kit tray with
product components pulled from the stored product components and according
to the second product component list display device can be prepared. The
product components of 25 the first prepared kit tray have at least one
difference with the product components of the second prepared kit tray. The
assembly unit is coupled to the killing unit. The assembly unit is operable
to receive the first and the second prepared kit trays from the killing
unit and has a work cell including a work space for assembly of a product
using the product components from one of the first and second prepared kit
trays.   2 5 SEP 2002 7 Assembly begins when a11 of the components for the
product are in the one of the first and second prepared kit tray. In still
another aspect of the invention, a build-to-order product assembly system
includes a kitting unit and an assembly snit. The kitting unit receives a
list of product components. The kitting unit includes a plurality of kit
trays, a plurality of stored product components, and a product component
list display device. The product component list display device displays the
List of product components so that a kit tray with product components
pulled from the stored product components and according to the product
component list display device can be prepared. 'The assembly unit is 10
coupled to the hitting unit and receives the prepared kit tray from the
lotting unit. The assembly unit has a first work cell including a work
space for assembly of a product using the product components from the
prepared kit tray. The assembly occurs in an order and with a number of
steps reducing damage to the product components. In still another aspect of
the invention, a build-to-order product assembly 15 system includes a
lotting unit and an assembly unit. 'The kitting unit receives a list of
product components. The kitting unit includes a plurality of kit trays, a
plurality of stored product components, and a product component list
display device. At least one of the kit trays includes a plurality of
component retaining features. The component retaining features are operable
to reduce impact to product components stored therein 20 from killing tray
movement. The product component list display device displays the list of
product components so that a kit tray with product components pulled from
the stored product components and according to the product component list
display device can be prepared. The assembly unit is coupled to the kitting
unit and receives the prepared kit tray from the kitting unit. The assembly
unit has a first work cell 25 including a work space for assembly of a
product using the product components from the prepared kit tray. The
assembly occurs in an order and with a number of steps reducing damage to
the product components. The systems and methods advantageously provide that
a kit tray is not prepared and assembly dies not begin until an order is
received. After an order is   



2 5 SEP 2o02 s received, the kit tray is prepared with a11 of the
components needed to assemble the ordered product. In this respect, the
kitting stage is both pulled and order-driven. Additionally, each prepared
kit day is transferred to a work cell where one operator or a team of
operators assemble the ordered computer system. Assembly of the 5 computer
system does not begin until all components are available in the work cell.
The team is enabled to perform a quick test of basic functionality as an
integrated part of the assembly process. If there are any problems) the
team is directly accountable and can quickly receive feedback Higher
production speed) greater ease of reconfiguration) fewer touches of
components) fewer and more localized work 10 stoppages and a more efficient
handling of small orders are additional advantages. BRIEF DESCRIPTION OF
THE DRAWINGS The present invention may be better understood, and its
numerous objects, features, and advantages made apparent to those skilled
in the art by referencing the accompanying drawings 15 Figure 1 is a block
diagram of a manufacturinglassembly system for producing computer systems
(and products generally) in a build-to-order fashion. Figure 2 is a flow
chart illustrating a killing process. Fib re 3 is a flow chart illustrating
a chassis preparation process. Figure 4 is a flow chart illustrating
assembly and quick testing. 20 Figure 5 is a flow chart illustrating an
extended test, Figure 6 is a flow chart illustrating a repair process.
DETAILED DESCRIPTION Figure 1 schematically illustrates a manufacturing or
assembly system 100 for producing a variety of products, and computer
systems in particular, in a build-to 2~ order fashion. The system is
controlled by control unit 110.which provides computer   2 5 SEP 2002 N
system orders) order information, and/or component lists derived from
computer system orders to kitting unit 130 and chassis preparation unit 135
Although not shown) control unit 110 can also provide order related
information to any and all of the elements of the system, as needed.
Control unit 110 is best implemented as a 5 computer system that integrates
with or includes an order taking system. As will be seen below, control
system 110 can also provide indirect and direct control of various system
units. Instead of) or in addition to control unit I I0, each of the units
of system 100 can have local control subject to communication among some or
a11 of the units. For example, lotting stage 130 could receive order
information directly from an order 10 taking system, thereby obviating the
need for control unit 110, and directly pass information on to other units
as needed. 



Figure Z illustrates the kitting 200. In step 210, kitting unit 130
receives product order information. Components needed for assembly are
identified in 220. Next, the components are pulled to build a kit. Once
prepared) the kit is transferred to I S the assembly unit I50 as shown in
step 240. Referring again to Figure 1) kitting unit 130 receives computer
system components from component source I38, which may be a warehouse, a
truck delivering components just in time, or the like. Components are
stored in kitting unit I30 so that they are accessible for pulling. Kitting
unit 130 also includes kit trays 20 designed to accommodate all or
substantially all of the components required to fill an order for a
computer system. Thus, the kit trays can include various compartments and
features built into the tray such as a lip to support a chassis on top of
the tray. Additionally, kit trays can be manufactured from or can include
soft materials such as foam so as to protect computer system components
that are pulled and placed into the 25 kits. Kitting trays can be designed
to provide better protection for computer system components than is
provided by the chassis in which the component is ultimately installed.
Protecting the components contributes to the production of high quality)
low defect computer systems. Kitting unit I30 also includes kitting stages
132, each having some or all of the components needed to prepare a ht tray
for a particular 30 computer system order. Thus each stage may be
responsible for pulling all of the   2 5 SEP 2002 10 components for a given
order, or components can be pulled from one or more of the different stages
(i.e. progressively building the kits)) thereby filling out the kit tray.
The list of components needed for an ordered computer system is provided to
a component list display device, the component list display device, in
turn) displays S the list of computer system components to a lotting unit
operator. The component list display device can be, for example, a piece of
paper listing the needed components) a computer system screen displaying
the needed components, or a pick-to-lights system integrated with the
storage for components (e.g. shelving) in the kitting stages. In the case
of a pick-to-lights system) control unit I10 can supply component list . 10
information directly to the pick-to-Lights system. For example, an operator
can assign a bar code to a specific kit tray (or alternatively each tray
can have a permanent bar code assigned to it). When the operator scans the
bar code) a specific order is assigned to that bar code and the
pick-to-lights system proceeds to indicate to the operator which components
to pick by lighting an indicator at each pick location for 15 each needed
component, in succession. With each pick) the pick-to-lights system waits
for pick confirmation by the operator (e.g. the operator presses a button),
and once received, proceeds to indicate the next item to be picked. In this
manner, all of the components for an ordered computer system are pulled and
placed in a kit tray) thus preparing the tray for transfer to assembly unit
150 using, for example, a 20 conveyor. Although all of the components for
an ordered computer system can be provided to assembly unit 150 by kitting
unit 130) it is also desirable, in some circumstances, to include chassis
preparation unit 135 as part of system 100. Chassis preparation 300) as
illustrated in Figure 3) begins with step 310 where chassis 25 preparation
unit 135 receives product order information. Components needed for assembly
are identified in 320. Next, the components are pulled and a chassis is
prepared It should be noted that chassis preparation unit 135 and chassis
preparation 300 can include preparation and/or installation of additional
components such as the computer system motherboard. Chassis preparation
unit 135 and chassis preparation 30 300 are particularly suited to
prepartion of components that require special handling   2 5 SEP 2002 11
(e.g. a motherboard, a processor) and memory)) require extra time for setup
(e.g. installing the flash memory BIOS for the computer system), that vary
little from order to order (e.g. a power supply), or that can be installed
in such a manner that the component will not interfere with or complicate
the installation of subsequent components. Once prepared) the chassis is
transferred to the assembly unit 150 as shown in step 340. Control unit 110
can operate to coordinate the delivery of information to both the kitting
unit and the chassis preparation wit so that a prepared kit tray for a
particular order and its corresponding prepared chassis are ready for
assembly unit 10 150 at approximately the same time. Alternatively, either
kitting unit 130 or chassis preparation unit I35 can control when the other
unit's process begins or signal when the other unit's process should begin
so that both the prepared kit tray and its corresponding prepared chassis
are ready at approximately the same time. Order fulfillment information can
flow by means of a traveler which can be in a paper 



15 format and an electronic format. When both the prepared chassis and the
prepared kit tray are ready, the prepared chassis is added to the prepared
kit tray, by, for example, placing the chassis on the lip of the kit tray,
before being sent to the assembly unit. This is accomplished in joining
area x40 which is coupled to both killing unit 130 and chassis preparation
unit 13S by conveyor lines or other appropriate devices. Note that 20 as
between various system elements such as joining area 140 and killing unit
x30 coupling encompasses both physical coupling such as a conveyor) and
systematic association such as a path to transfer items from one unit to
the other. Additionally, joining area 140 can include a scanner to confirm
that a particular kit tray and a particular chassis belong together. The
joining process can be performed 25 automatically by machine) manually by
an operator) or by some combination of the two. Figure 4 is a flow chart of
the assembly process 400. In step 410, a prepared kit tray is joined with
the appropriate prepared chassis, as previously described in relation to
joining area 140. Next, in step 420, the kit and chassis are placid in a 30
queue 14S where they await an available work cell 152 in assembly unit 150:
A   2 5 SEP 2002 12 variety of different queuing schemes may be implemented
depending on the requirements of assembly unit 150 and the physical layout
of system 100. For example, a single queue I45 (as shown) may support a11
of the work cells of the assembly unit. Alternatively) there can be
multiple queues, each supporting one or 5 more work cells. The number of
joined prepared chassis and prepared kit trays in a queue is also variable
depending upon the needs of the system. Step 430 indicates that once a work
cell is available, the work cell operator or team for that cell assembles
the computer system. A work cell team includes two or more operators to
assemble the computer system. In item 440, a quick test of basic computer
system l 0 functionality is performed. Additionally, to eliminate wait time
by an operator or team and to optimize the assembly process, a queue can be
designed to operate on a first in first out (FIFO) basis. Multiple kits can
be prepared simultaneously in kitting unit 130 and multiple computer
systems can be assembled simultaneously if there are multiple work cells.
15 Consequently) system 100 is able to produce multiple computer systems in
parallel) in contrast to progressive-build systems which produce a single
completed computer system at a time. As seen in Figure x, assembly unit l50
includes a quick test cell 154. Quick test cell 154 can be combined with
work cell 152, quick test cell 154 can be associated 20 with la single work
cell, or as shown quick test cell 154 can be shared by two or more work
cells. Item 450 indicates that if the computer system passes the quick
test, the process proceeds to item 460 where the computer system is
transferred to an extended test unit 170. If the computer system fails the
quick lest in item 450, item 470 determines if the failure is a system
component failure, for example a motherboard 25 failure. The cause of the
failure is identified by a decision matrix. Item 490 shows that computer
system failures that are not system component failures (e.g. the failure is
caused by an operator error) cause the computer system to be returned to
the work cell that built the computer system. Information about the failure
is also given to the 



work cell. Alternatively the work cell operator is called to the quick test
cell to 30 provide feedback. In this manner, immadiate feedback is provided
to the work cell   2 5 SEP 200Z 13 operator or team and the problem can be
remedied efficiently. Moreover, the quick feedback helps the operator or
team learn from their mistakes, thereby becoming more productive and giving
the operator or team greater ownership of the process. This also provides a
learning environment which improves workmanship and improves 5 quality. As
indicated in item 480) if the computer system failure in the quick test is
caused by a system component failure, the computer system is transferred to
a repair unit l60. Work cell 1S2 is designed so that all or substantially
all of the computer system assembly are performed there. The work cell
includes a work space and any 10 tools needed to assemble the computer
system. Conveyors lead from kitting unit 130 and from chassis preparation
unit 135 to the work cell so that the kit tray is quickly and easily
transferred. Assembly of the computer system may not begin unless all of
the computer system components needed for the computer system are in the
kit tray. If a component is defective) a work cell operator obtains a
replacement component, I S either directly or by requesting that another
operator obtain the component. Since assembly unit 150 does not operate in
a progressive build manner) the kit with the defective component can be set
aside until the replacement component is obtained, and another computer
system can be assembled from another kit (taken from the queue) in the
interim. 20 Where the work cell has a team of two operators, one operator
prepares a component for assembly while the other operator is installing a
different component. Operators alternate installing and preparing
components until the computer system is completed. In addition to general
assembly training provided to operators, assembly instructions specific to
the computer system being assembled can accompany the 25 computer system
components in the kit tray) or can be provided directly to the work cell
by, for example) interactive electronic work instructions. With electronic
work instructions) a computer in the work cell can display instructions
including detailed figures as determined by the information associated with
the ordered computer system and its kit tray. Assembly steps generally, and
electronic work instructions in ' 30 particular, are designed to reduce or
minimize the number of components that must be   2 5 SEP ~ 14 handled by an
operator and the number of times that any one component must be handled.
Thus, by reducing the number of "touches," a computer system is less likely
to be damaged or erroneously assembled) lead times ere reduced) and
throughput is increased. 5 As noted above, the quick test cell 154 can be
part of work cell 152 and consequently the operator of the quick test cell
and the work cell may be the same operator. For example, a computer system
that is particularly complicated or specialized may better be assembled by
a single operator (as opposed to a team). In such a case, that work cell
can include the quick test cell so that the operator initiates 10 the quick
test on an assembled computer system and then begins to assemble another
system while the quick test is being performed. Those having ordinary skill
in the art will readily recognize that a variety of combinations of quick
test cells, work cells) and associated operators can be implemented in the
present manufacturing and assembly methods and systems. 1 S Figure 5
describes the extended test 500. In item 510) the extended test is
performed on the computer system. This process entails transferring the
assembled computer system to a burn-in rack where the computer system is
connected to a network and detailed testing of the computer system's
quality is performed. To make transferring the assembled computer system
from assembly unit l50 to extended test 20 unit 170 more efficient, a
stacker can be used to stack several computer systems for loading on to a
cart. The cart is then transferred to extended test unit 170 for insertion
of the computer systems to be tested. Item S20 determines if the computer
system has passed the extended test, If not, the computer system is
transferred to repair unit 160 as shown in step 5S0. 2S Additionally, item
560 shows that information about the failure can be provided by the
extended test unit to the work cell responsible for assembling the computer
system. Such information can also be provided to the work cell by repair
unit 160. If the computer system passes the extended test) additional
installation steps can be performed such as those indicated by item S30.
For example, software that was   2 5 SEP 200 15 ordered for the computer
system can be installed while the computer system is still connected to the
networks from which the extended test is performed. Finally) the computer
system proceeds to item 540 where the computer system is shipped. As
indicated by Figure 1, shipping occurs in shipping unit 180. Shipping unit
180 can include a variety of steps such as final preparation (e.g.
wipe-down and labeling)) bundling with other ordered items) and packaging.
Extended test unit 170 is controlled by a smart burn-in monitoring system 



designed to eliminate wasted effort in the extended test process. For
example, the smart burn-in monitoring system displays a screen indicating
each of the positions in 10 extended test unit I70 in which a computer
system is or can be placed. Status information such as which computer
systems have failed the extended test, which computer systems have
completed the extended test) which levels of the extended test have been
completed, and which positions in the extended test unit are vacant is
displayed. 15 Figure 6 illustrates the repair process 600 as performed in
repair unit 160. Item 610 indicates that the computer system's problem is
identified and repaired. Since a computer system can be sent to repair unit
160 from either a quick test cell or the extended test unit, repair unit
I64 may receive information from either of those sources to assist in
problem diagnosis and repair. Once the problem has been 20 identified and
repaired) feedback in the form of information about the failure is provided
to the work cell responsible for the computer system) as shown in item 62Q.
In step 630, the computer system is sent to extended test unit 170 (for the
first time in the case of a computer system failed to the repair unit from
a quick test cell). ?host of ordinary skill in the art will readily
recognize that the manufacturing 25 systems and methods described above can
be implemented when building a variety of different products) and not just
computer systems. The description of the invention set forth herein is
illustrative and is not intended to limit the scope of the invention as set
forth in the following claims,. Variations and modifications of the
embodiments disclosed herein may be made based   2 5 SEP 20o; 16 on the
description set forth herein, without departing from the scope and spirit
of the invention as set forth in the following claims.   2 5 SEP 2002 a
WHAT IS CLAIMED IS: 1. A build-to-order product assembly system comprising:
a control unit capable of receiving a product order describing a product to
be s assembled, the control unit including a list of product components for
the 



product to be assembled: a kitting unit coupled to the control unit and
receiving the list of product components, the kitting unit including; a
plurality of kit trays; to a plurality of stored product components; and a
product component list display device, the product component list display
device displaying the list of product components so that a kit tray with
product components pulled from the stored product components and according
to the product component list display device can be prepared; and t5 an
assembly unit coupled to the kitting unit and receiving the prepared kit
tray from the kitting unit, the assembly unit having a first work cell
including a work space for assembly of the product using the product
components from the prepared kit tray; and wherein: the first work cell
includes an electronic work instruction display operable to 2o receive
information about the product to be assembled and to display instructions
about the product to be assembled and the electronic work instruction
display is coupled to the control unit and receives the information about
the product to be assembled from at least one of the control unit and the
prepared kit tray. 25 2. The build-to-order product assembly system of
claim 1 wherein the assembled product is a computer system including a
chassis, a processor supported by the chassis, and a memory coupled to the
processor. 3. The build-to-order product assembly system of claim 2 wherein
each of the plurality of kit trays includes: a plurality of foam-lined tray
compartments to accommodate the product components; and   2 5 S E P 2002 tg
a lip to support the chassis on top of the tray. 4. The build-to-order
product assembly system of claim 2 further comprising an extended test unit
coupled to the assembly unit, the extended test unit s receiving an
assembled computer system from the assembly unit and including a plurality
of extended test positions for quality testing the computer system. 5. The
build-to-order product assembly system of claim 4 wherein the plurality of
extended test positions are controlled and monitored by a smart to burn-in
monitoring system including a test status indicator providing test
information about a computer system in a test position. 6. The
build-to-order product assembly system of claim 5 wherein the smart burn-in
monitoring system includes information about a computer system that is
fails a test in the extended test unit, the information being supplied to
the first 



work cell. 7 The build-to-order product assembly system of claim 5 further
comprising a repair unit including a repair work space, a computer system
that fails a test in 2o the extended test unit being received by the repair
unit from the extended test unit, the repair unit being capable of supply
information about the computer system that fails a test to the first work
cell. 8. The build-to-order product assembly system of claim 2 further zs
comprising: a chassis preparation unit coupled to the control unit and
receiving the list of product components, the chassis preparation unit
including: a plurality of chassis components; and a chassis preparation
work space in which a chassis is prepared for a computer ~o system
according to the list of product components; and a joining area coupled to
the kitting unit and to the chassis preparation unit, the joining area
receiving a prepared chassis and a prepared kit tray, the prepared   2 5
SEP 2002 19 chassis being added to the prepared kit tray before being sent
to the assembly unit. 9. The build-to-order product assembly system of
claim 8 wherein the s control unit delivers the list of product components
to the chassis preparation unit at a first time, and the control unit
delivers the list of product components to the kitting unit at a second
time, the first time and the second time being selected by the control unit
so the prepared chassis and the prepared kit tray arrive at the joining
area at approximately the same time. to 10. The build-to-order product
assembly system of claim 1 wherein the assembly unit includes a quick test
cell coupled to the first work cell and operable to receive the assembled
product, the quick test cell including a quick test work space for testing
of basic functionality of the assembled product and 1 s providing at least
one of information about failure of the test of basic functionality and the
assembled product to the first work cell when the assembled product fails
the test of basic functionality. 11. The build-to-order product assembly
system of claim 10 wherein the first 2o work cell includes the quick test
cell. 12. The build-to-order product assembly system of claim 10 wherein
the assembly unit further comprises: a second work cell coupled to the
quick test cell and including a work space 2s allowing a second work cell
to assemble the product using the product components from the prepared kit
tray, the quick test cell being shared by the first work cell and the
second work cell; and a queue operable to accumulate at least one prepared
kit tray and provide the prepared kit tray to one of the first work cell
and the second work cell. ~o 13. The build-to-order product assembly system
of claim 1 wherein the first work cell includes a first operator and a
second operator, the first operator installing a first one of the product
components into the product while the   



2 5 atN 2002 Zo second operator prepares a second product component for
installation into the product. 14. The build-to-order product assembly
system of claim 1 wherein the s product component list display device is
one of a pick-to-lights system and a component display screen. 15. The
build-to-order product assembly system of claim 1 wherein the kitting unit
is coupled to the assembly unit by a conveyor. to 16. A manufacturing
system for assembly of computer systems in a build-toorder environment
comprising: a kitting unit housing kit trays and computer system
components, the kitting units: ~ s receiving a list of components for
assembling an ordered computer system; and displaying the list of
components to at least one kitting operator to allow respective kit trays
to be prepared with computer system components for the ordered computer
system by pulling selected computer system components from those housed at
the kitting unit; 2o an assembly unit constructed to receive prepared kit
trays from the kitting unit, the assembly unit having a plurality of work
cells operable in parallel, at least one work cell: providing work space
and tools to allow a team of work operators to assemble an ordered computer
system using the computer system components from a 2s prepared kit tray;
and providing an integrated quick test, shared by at least one other work
cell, to allow a quick test operator to test the assembled computer system
for basic functionality; and an extended test unit constructed to receive
assembled computer systems from 3o the work cells, the extended test unit
providing work space and tools to allow at least one extended test operator
to quality test assembled computer systems.   ~ 5 SEP 2002 21 17. The
manufacturing system for assembly of computer systems in a build to-order
environment of claim 16 further comprising: a chassis preparation unit:
receiving a list of chassis and motherboard components for assembling the s
ordered computer system, and displaying the list of chassis and motherboard
components to at least one chassis preparation operator for pulling chassis
and motherboard components from chassis and motherboard components housed
at the chassis preparation unit; preparing the chassis by assembling the
chassis and motherboard components io for the ordered computer system; and
a joining unit operable to receive prepared chassis and prepared kit trays,
the joining unit: identifying corresponding prepared kit trays and prepared
chassis; and placing a prepared chassis on the corresponding prepared kit
tray before the is prepared kit tray is sent to the assembly unit. 



18. The manufacturing system for assembly of computer systems in a build
to-order environment of claim 16 wherein the motherboard components include
a motherboard and at least one of a processor and a memory. 20 19. The
manufacturing system for assembly of computer systems in a build to-order
environment of claim 16 further comprising a queue operable to accumulate
prepared kit trays and provide them to one of the plurality of work cells.
25 20. The manufacturing system for assembly of computer systems in a
buildto-order environment of claim 16 wherein the quick test operator
provides at least one of: (1 ) information about failure of the test of
basic functionality, and (2) an assembled computer system to the work cell
that assembled the ~o computer system when the computer system fails the
test of basic functionality.   2 5 sl:P 2002 2z 21. The manufacturing
system for assembly of computer systems in a buildto-order environment of
claim 16 wherein at least one of a pick-to-lights system and a display
screen is used in the displaying the list of components. s 22. The
manufacturing system for assembly of computer systems in a buildto-order
environment of claim 16 wherein ones of the plurality of work cells
includes an electronic work instruction display operable to receive
information about the computer system to be assembled and to display
instructions about the computer system to be assembled. 23. The
manufacturing system for assembly of computer systems in a buildto-order
environment of claim 16 further comprising a repair unit: receiving a
computer system that fails a test in the extended test unit; repairing the
computer system; and i s supplying information about the computer system
that fails the test to the work cell that assembled the computer system.
24. A method of assembling a build-to-order product comprising: receiving
and displaying a list of components from a product component list 2o
display device including a pick-to-lights system and a component display
screen for assembling an ordered product; preparing a kit tray including
product components; transferring the prepared kit tray to an assembly unit
operable to receive prepared kit trays; and 2s assembling the ordered
product in the assembly unit using the product components from the prepared
kit. 25. The method of claim 24 wherein the assembly unit includes a
plurality of work cells operable in parallel, the method further comprising
routing prepared ~o kit trays to one of the work cells; and wherein
preparing the kit tray includes: pulling components from a plurality of
stored components and according to the list of components for assembling an
ordered product; and placing pulled components in the kit tray.   



2 5 SEP 2002 23 26. The method of claim 25 further comprising: routing a
prepared kit tray to an available work cell; testing the assembled product
for basic functionality in a quick test cell associated with the work cell;
s transferring the assembled product to an extended test unit operable to
receive assembled products; and performing a quality test on assembled
products in the extended test unit. 27. The method of claim 24 wherein the
ordered product is a computer to system including a chassis, a processor
supported by the chassis, and a memory coupled to the processor. 28. The
method of claim 27 further comprising: preparing a chassis for the ordered
computer system; is transferring the prepared chassis to the assembly unit;
and joining the prepared chassis to a corresponding prepared kit tray prior
to assembling the ordered product. 29. The method of claim 28 wherein the
preparing the kit tray and the 2o preparing the chassis occur in parallel.
30. The method of claim 24 further comprising queuing at least one prepared
kit tray prior to the routing. 25 31. The method of claim 24 wherein the
list of components for assembling an ordered product is displayed by one of
a pick-to-fights system and a display screen. 32. The method of claim 24
further comprising returning the assembled 3o product to the work cell
where the assembled product was assembled when the assembled product fails
a basic functionality test.   2 5 SEP 2002 24 33. The method of claim 24
further comprising repairing, in repair unit, an assembled product that
fails the extended test. 34. The method of claim 24 further comprising
providing information about s the failure of the assemble product to the
work cell where the assembled product was assembled. 35. The method of
claim 24 wherein the available work cell includes the quick test cell, and
wherein the assembling the ordered product and the testing io the assembled
product are performed by an operator. 36. A build-to-order computer system
comprising: a chassis; a processor supported by the chassis; and i s a
memory coupled to the processor, the computer system assembled by:
receiving and displaying a list of components from a control unit for
assembling the build-to-order computer system; preparing a kit tray
including build-to-order computer system components; transferring the
prepared kit tray to an assembly unit operable to receive 2o prepared kit
trays; and 



assembling the ordered system in an available work cell using the
build-to-order computer system components from the prepared kit, the work
cell including an electronic work instruction display operable to receive
information about the system to be assembled and to display instructions
about the system to be 2s assembled, wherein the electronic work
instruction display is coupled to the control unit and receives information
about the system to be assembled from at least one of the control unit and
the kit tray. 37. A build-to-order product assembly system comprising: ~o a
kitting unit receiving a list of product components, the kitting unit
including: a plurality of kit trays; a plurality of stored product
components; and   lp 5 SEP ~p~ 2s a product component list display device,
the product component list display device displaying the list of product
components so that a kit tray with product components pulled from the
stored product components and according to the product component list
display device can be prepared; s an assembly unit coupled to the kitting
unit and receiving the prepared kit tray from the kitting unit, the
assembly unit having a first work cell including a work space for assembly
of a product using the product components from the prepared kit tray; and
at least one of: io a quick test cell coupled to the first work cell, the
quick test cell operable to receive the assembled product and perform a
test of basic functionality of the assembled product; and an extended test
unit coupled to the assembly unit, the extended test unit operable to
receive the assembled product from the assembly unit and perform is a
quality test of the assembled product; the at (east one of a quick test
cell and an extended test unit operable to provide information about
failure of the respective test to the first work cell. 38. The
build-to-order product assembly system of claim 37 wherein the 2o
information is used by the first work cell during a subsequent assembly of
a product. 39. The build-to-order product assembly system of claim 37
wherein the information is used by the first work cell to repair the
assembled product. 2s 40. The build-to-order product assembly system of
claim 37 further comprising a repair unit operable to receive an assembled
product that fails a test in the at least one of a quick test cell and an
extended test unit, and operable to provide additional information about
failure of the respective test to 30 the first work cell.   2 5 SEP 2002 26
41. The build-to-order product assembly system of claim 37 wherein the
assembled product is a computer system including a chassis, a processor
supported by the chassis, and a memory coupled to the processor. s 42. A
build-to-order product assembly system comprising: a kitting unit receiving
a first list of product components and a second list of product components,
the kitting unit including: a plurality of kit trays; a plurality of stored
product components; 



~ o a first product component list of display device, the first product
component list display device displaying the first list of product
components so that a first kit tray with product components pulled from the
stored product components and according to the first product component list
display device can be prepared; and is a second product component list
display device, the second product component list display device displaying
the second list of product components so that a second kit tray with
product components pulled from the stored product components and according
to the second product component list display device can be prepared; 2o the
product components of the first prepared kit tray having at least one
difference with the product components of the second prepared kit trays;
and an assembly unit coupled to the kitting unit, the assembly unit
operable to receive the first and the second prepared kit trays from the
kitting unit, the 2s assembly unit having a work cell including a work
space for assembly of a product using the product components from one of
the first and second prepared kit trays, assembly beginning when all of the
components for the product are in the one of the first and second prepared
kit tray. ~0 43. The build-to-order product assembly system of claim 42
wherein the assembled product is a computer system including a chassis, a
processor supported by the chassis, and a memory coupled to the processor.
2 5 SEP 2002 27 44. The build-to-order product assembly system of claim 43
further comprising: a chassis preparation unit receiving the first list of
product components, the chassis preparation unit including: s a plurality
of chassis components; and a chassis preparation work space in which a
chassis is prepared for a computer system according to the first list of
product components; and a joining area coupled to the kitting unit and to
the chassis preparation unit, the joining area receiving a prepared chassis
and the first prepared kit tray, the io prepared chassis being added to the
first prepared kit tray before being sent to the assembly unit. 45. The
build-to-order product assembly system of claim 42 wherein the first
product component list display device and the second product component list
is display device are the same device. 46. The build-to-order product
assembly system of claim 42 further comprising at least one of: 



a quick test cell coupled to the work cell, the quick test cell operable to
receive 2o the assembled product and perform a test of basic functionality
of the assembled product; and an extended test unit coupled to the assembly
unit, the extended test unit operable to receive the assembled product from
the assembly unit and perform a quality test of the assembled product; 2s
the at least one of a quick test cell and an extended test unit operable to
provide information about failure of the respective test to the work cell.
47. The build-to-order product assembly system of claim 42 wherein all of
the assembly of the product using the product components from one of the
first ~o and second prepared kit trays occurs in the assembly unit. 48. A
build-to-order product assembly system comprising: a kitting unit receiving
a list of product components, the kitting unit including:   2 5 SEP 2002 28
a plurality of kit trays; a plurality of stored product components; and a
product component list display device including a pick-to-lights system and
a product display screen, the product component list display device
displaying the s list of product components so that a kit tray with product
components pulled from the stored product components and according to the
product component list display device can be prepared; and an assembly unit
coupled to the kitting unit and receiving the prepared kit tray from the
kitting unit, the assembly unit having a first work cell including a work
~o space for assembly of a product using the product components from the
prepared kit tray, the assembly occurring in an order and with a number of
steps reducing damage to the product components. 49. The build-to-order
product assembly system of claim 48 wherein the first is work cell includes
an electronic work instruction display operable to receive information
about the product to be assembled and to display instructions about the
product to be assembled, the instructions including assembly steps ordered
to reduce damage to the product components. 20 50. The build-to-order
product assembly system of claim 48 wherein damage to product components is
reduced by reducing the number of times components are touched by an
operator. 51. The build-to-order product assembly system of claim 48
wherein the 2s assembled product is a computer system including chassis, a
processor 



supported by the chassis, and a memory coupled to the processor. 52. A
build-to-order product assembly system comprising: a kitting unit receiving
a list of product components, the kitting unit including: ~o a plurality of
kit trays, at least one of the kit trays including a plurality of component
retaining features, the component retaining features operable to reduce
impact to product components stored therein from kitting tray movement;   2
5 5tr ZU02 29/30 a plurality of stored product components; and a product
component list display device including a pick-to-lights system and a
product displaying screen, the product component list display device
displaying the list of product components so that a kit tray with product
components pulled s from the stored product components and according to the
product component list display device can be prepared; and an assembly unit
coupled to the kitting unit and receiving the prepared kit tray from the
kitting unit, the assembly unit having a first work cell including a work
space for assembly of a product using the product components from the ~o
prepared kit tray, the work cell including an electronic work instruction
display operable to receive information about the product to be assembled
and to display instructions about the product to be assembled. 53. The
build-to-order product assembly system of claim 52 wherein the ~s assembled
product is a computer system including a chassis, a processor supported by
the chassis) and a memory coupled to the processor, the plurality of
component retaining features of the at least one of the kit trays providing
greater protection than the chassis for at least one product component. 20
54. The build-to-order product assembly system of claim 52 wherein at least
one of the plurality of component retaining features includes a
mechanically insulating material. 55. The build-to-order product assembly
system of claim 52 wherein the 2s mechanically insulating material is foam.
.A3..A.AY?.A.AA%.A`hl .As.A@[FR.A?.Af.A?.A[?.A?.AS.AS
.A(y8.AS(.A@,.AS{.A@A.Af(.ASF.Af( .Af(y.Ay3.Afe.Af.A,N.A,3 nqr& 7e 



Yp v
U&s}xsnid_Z]ca]ca]ca]ca]ca]ca]caV]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cRa]ca]c
a]ca]ca]c^a]ca]c^a]ca]c^a]ca]cRa]caU]ca O/u ibh~k ";
H!"%$'$|vqlgb]WU]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caV]ca!'$4$6$'g'((!))o*++F-S-U-.O0*1(2j
5666%7C7799B:::-;
;<}xsnid_ZU]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!<7===1>>.?Y????@@Y@APAAB@CbCCDD^DDD-Eo
EEEEEFFF{vqlfa\W]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca
]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!FGGHIwJK4M-PPPPAQSTT6UVVtXZ+Z[-
\\\-]>]B]r^^#_{__|wqlgb]X]]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]caV]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!_}`abbfbcdcqctcdeHfffg
agg]hohhnijklklmllllnnwrt}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!tgtvv!wx*z{|7}~
~~PHG>:c}xsnid_Y]]U]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!!TVacwK$F/w&mZ=zupkfa\W]ca]ca]c
a]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a
]ca]caU]ca]ca]ca]ca!Hy[RPehQS^ah|wrmhc^Y]]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!VebKMug0
loWZEJ|vqlgb]X]]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca!JLWZ*~{w#&<9<|wrmhc^Y]]]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]caU]ca!(ii^A)vH+.}IIp}xsnid_Z]]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!p#mE)xERU
o>ikX8}xsnid_Z]]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!Sf<lPekX8}xsnid_Z]]]]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
caU]ca]ca]ca nqfD!s10%&'()-10%&'()-s10%&'()-S
10%&'()-$10%&'()-9'10%&'()-qr&}[9!,3110%&'()- !#F%10%&'()-m !#F%10%&'()-m
Y10%&'()-!Y10%&'()-s-10%&'()-& bC!,  10% h&'()- s10% h&'()-'10% h&'()- 10
10 10#y810%&'()-3110%&'()-  7e YdEbC!,10% h&'()-  Fs10% h&'()-  10%
h&'()-10% h&'()-   10% h&'()-f10% h&'()- U&sdEbC!,#10% h&'()- s!10% h&'()-
10% h&'()- L 10% h&'()-10% h&'()- l10% h&'()-sOdYNC!, 10 h 10 h 10 hS510%
h&'()-.10% h&'()-`-10% h&'()- 'T10% h&'()-l%310% h&'()-/u dEYNC!, 310% 



U&'()-,10% U&'()-`10% U&'()-FL10% U&'()- f10% U&'()-`'Y10% U&'()-
ibhaBYNC!,33(10% U&'()-!( %10% U U&'()-y3#-10% U&'()-3!10% U&'()-3f 10%
U&'()-10% U&'()-h~kdE:/ 10 U 10 U 210% U&'()- 0S10% U&'()-f/10% U&'()-
-f10% U&'()-@,10% U&'()- )10% U&'()- ";HuS1/ ! f10%&'()-!US10%RR&'()-
!S10%<<&'()- L&m 10%<&'()-s10%<&'()-s'10%<&'()- 10 UE !y"""$#$wX9./ 



10<9010%<&'()-) 10%<&'()-!;) 10%/</<&'()-!, f10% < <&'()-!( f10%<<&'()-!,
f10% < <&'()-#$$$%$4$6$'g'((mN/  10%g&'()-g10%g&'()-10%g&'()-10%g&'()-
s10%g&'()-&'10%g&'()- 10< 10<(!))o*++C-D-aB7/
10g/10%g&'()-F.10%g&'()-'Z10%g&'()-!6#10%gg&'()-z
f10%g&'()-zfF10%g&'()-D-E-F-S-U-..O0jK/
10g@10%&'()-9G10%N&'()-Z!9G10%TT&'()-ZSFs10%&'()-'10%&'()-  10g
10gO0*1(2w35j566wX9./
10y.@10%&'()-`10%&'()-!,`10%&'()-!6`10%&'()-!10%&'()-!10%&'()-66666%7C779mN
/  10%&'()-'y9 10%&'()-10%&'()- 10%&'()- `s10%&'()-'10%&'()- 10 1099B:::-;
;dEmN/  10%10%&'()-S310%&'()-l10%&'()-10%&'()-310%&'()-10%&'()-;
<7===1>>dBmN/  10%!6s+10%..&'()-L*@10%&'()-(`10%&'()-'f10%&'()-l%F10%&'()-
10%&'()->>.?Y??????dYNC  10%! 10 10
104410%&'()-,L3:10%&'()-0s10%&'()-/F10%&'()- s+10%&'()-?@@Y@APAAdEYNC  10%!



10%&'()- 10%&'()-310%&'()-10%&'()- l3t10%&'()-'FS10%&'()-AB@CbCCDDdEYNC
10%! 10%&'()-10%&'()-F Y10%&'()-@10%&'()-@10%&'()- 10%&'()-D^DDD-EoEEdEYNC
10%! S*10%&'()-F ( 10%&'()-F %10%&'()-F #M10%&'()-
F10%&'()-y10%&'()-EEEEFFFFFFdYNC  10%! 10 10 10@510%&'()-3l10%&'()-3
,2910%&'()- 0 10%&'()-3 -10%&'()-FGGGHHIwJ^<YNC  !f 10%ss&'()-!f
10%BB&'()-10%B&'()-Z!10%BB&'()-Zs10%B&'()-(10%B&'()-wJnKKL4MN-P}[9YNC
!DL'10%>B>B&'()-:!SL'10%MBMB&'()-:,10%B&'()-3!@,10%:B:B&'()-3SL10%&'()-!SL1
0%bb&'()--PPPPPPPAQQb@ !D!#@10%BB&'()-&lf10%B&'()-310%B&'()-'f10%B&'()- 10 



10 10L'10%&'()-:QSS6UVV"Xz[9b@
!6&10%0B0B&'()-GFm10%"&'()-!1Fm10%+B+B&'()-!;
Fm10%5B5B&'()-@10%B&'()-&!P@10%BB&'()-&"XtXYZZZZ+Z[~_=
!!Q@10%'o'o&'()-F(-10%'o&'()- 10B 10B
10B.10%B&'()-Z!#.10%BB&'()-Z&10%&'()-G[-\\\-]r^^dE~_=
!!Q&10%'o&'()-,10%'o&'()-&& 10%'o&'()-@Y10%'o&'()-@10%'o&'()-
Y10%'o&'()-^#_{__}`abaB~_=
!!,10%'o&'()-S&10%'o&'()-!1@#10%'o'o&'()-y,!10%'o&'()-,,
10%'o&'()-,@10%'o&'()-bbfbcacbcccdcqcxmbC !!'-10%M&'()- 10'o 10'o
10'o510%'o&'()-S2 10%'o&'()- 010%'o&'()-l.10%'o&'()-qctcdeHfffdEmbC
!!910%M&'()-:10%M&'()-
-10%M&'()-`y10%M&'()-10%M&'()-y10%M&'()-fgagg]hohhdEmbC !!
"10%M&'()-10%M&'()-10%M&'()-10%M&'()- Yz10%M&'()-10%M&'()-hnijklklmlaBmbC
!!3L10%M&'()-0,10%M&'()-.,10%M&'()-`-10%M&'()-&10%M&'()-!;
#10%MM&'()-zmlllllllnn_= !!K10%DD&'()-Z !10%&'()-Z 10%T&'()-'10%T&'()- 10M
10M 10M5y 10%M&'()-nooqwrtgtuwX6_= !y,/- 10%&'()-Z%10%T&'()-!6%10%&'()-!
10%hh&'()-M! 10%mm&'()-M! 10%rr&'()-Muvvvvv!wx*z~\:
!!10%EE&'()-:!U10%NN&'()-:! 



F10%::&'()-'S10%:&'()-F 10T 10T 10T,/- 10%T&'()-Z*z{|7}~~~~wi[M: !!10% 10XX
10XX 10XX!*10%XX&'()- !(*10%b8b8&'()- !6f10%pp&'()-!6f10%pp&'()-~~~PdEM:
!!,@10%\&'()-@ 10%\&'()- m10%\&'()-@10%\&'()-10%\&'()-Y(S10%\&'()- HGdEM:
!!,"10%\&'()-,&!T10%\&'()-,10%\&'()-&10%\&'()-,z10%\&'()-&L10%\&'()-G>:aBM:
!!.10%\&'()-
-10%\&'()-*S10%\&'()-,(g10%\&'()-`'@10%\&'()-!1L$S10%&'()-zcxmbC
!!)y10%Z&'()-m 10\ 10\ 10\510%\&'()-F4'10%\&'()-
210%\&'()-9010%\&'()-!QRSTacw~_@ !!&  10%&'()- 10%&'()-,&-10%&'()- 10Z 10Z
10Z10%Z&'()-!@-10%Z3Z3&'()-@wKddE~_@ !!@10%&'()-@10%&'()-@10% &'()--
10%&'()-10%&'()-`F10%&'()-$FUdE~_@ !!S$ 10%&'()- 10%&'()-
10%&'()-f"10%&'()-Yf 10%&'()-f10%&'()-/w&dB~_@ !!!@f,5"10%&'()-110%&'()-
`010%&'()-.10%&'()-SL-10%&'()-& 10%&'()-&m}~bC
!!!910%&'()-310%&'()-&10%&'()- 



10 10 103:F10%&'()-y8&10%&'()- Z=dEbC !!!S
10%&'()-3310%&'()-10%&'()-S10%&'()- "10%&'()- lst!10%&'()-dEbC
!!!@%"10%&'()-!L!10%&'()-l10%&'()-S3"10%&'()-`!10%&'()-l10%&'()-HyV}aBbC
!!.L!10%&'()-.L!10%L&'()-.L!10%&'()-!N@+10%&'()-F(10%&'()-&Y10%&'()-[bC
!!10%&'()-&10%&'()- 10 10 108 10%&'()- 6 10%&'()- SS510%&'()-X}[9bC
!!(fF#10%&'()- !(fF#10%&'()- f S#10%&'()- !#8f S#10%&'()- !1f S#10%ss&'()-
10%&'()-fRPehz[<bC !!fS510%&'()-.y 10%&'()-.y 10%&'()-!IS (!10%&'()-!IS
(!10%&'()-!SS@#@#10%&'()-hNOPQ^ab@ !!!!10%##&'()-F& 10%&'()-
10%&'()-&'10%&'()- 10 10 106 10%&'()-FhU}[<b@ !!SlS#10%&'()-!;
SlS#10%&'()-!1SlS#10%&'()-S10%&'()-`!10%&'()-!.!10%&'()-FVezX6b@
!DS.S#10%&'()-'!;
S.S#10%&'()-'!@S&"10%&'()-!6S&"10%&'()-@"10%&'()-m!@@"10%&'()-mbxY: 



!s10%&'()-10%&'()-& 10%&'()-  10%&'()-,&-10%&'()- 10 10 10KMuaBxY: !lS
10%&'()-y10%&'()-@&!10%&'()-@&!10%&'()-!10%&'()-!!10%zz&'()-g0lodExY:
!f3%10%&'()-f#10%&'()-!!10%&'()-,  10%&'()-y10%&'()-lS 10%&'()-oWZEdExY: !1
10%&'()- . 10%&'()-fL-10%&'()-)- 10%&'()-gF(10%&'()-& 10%&'()-E~_@
!!10%&'()-Z10%&'()-S&F-10%&'()-  10 10
10y3-#10%&'()-!Dy3-#10%mm&'()-+#,wU3~_@ !;S!#10%&'()- !IS!#10%HH&'()-
!,f#10%&'()-!1f#10%&'()-!#@f#10%&'()-!=f#10%&'()-8@GwU4~_@ ! If1@#10%
&'()-:!If1@#10%&'()-:!6f1@#10%&'()-:!IS!#10%&'()- !IS!#10%88&'()-
!IS!#10%vv&'()- GHIJWZ*yZ; ! ILf10%&'()-M10%&'()- 10%&'()-10%&'()-!
10%&'()-10 10 10 *3~wX6yZ; ! !y@ 10%&'()-y@ 10%&'()-!,y@ 10%FF&'()-!,y
10%&'()-G!"10%~M~M&'()-3!3"10%uu&'()-3~{e}[<yZ; !
!f-#10%&'()-&!Xf-#10%nn&'()-&!If-#10%&'()-& (:!10%&'()-!@fS#S 10%&'()-
10%&'()-w#b@ ! !!  



"10%&'()-310%&'()-10%&'()-,&-10%&'()-  10 10 106g10%&'()-#.Xz[9b@ !
!!1f`#10%&'()-lyz 10%&'()-!(yz 10%&'()-!(yz
10%nn&'()-yf#10%&'()-F!#yf#10%&'()-FtwU3b@
!Nfs3!10%&'()-!Nfs3!10%&'()-!Nfs3!10%KK&'()-!Dfy&#10%&'()- !;fy&#10%&'()-
!@f`#10%&'()-l&uV4 !!S"10%&'()-&3"10%&'()-!&3"10%bb&'()-
10%&'()-&3S10%&'()-F 10 10 10<f|Z8uV4 !!!;yf#!10%&'()-F!(z#10%&'()-
!z#10%&'()- !z#10%&'()- S"10%2&'()- S"10%&'()-9<uV7 !!10%&'()-&10%&'()- 10
10 10!(."10%&'()-Zy`-10%&'()-)310%&'()-(i%?idEuV7 !! m10%M&'()- m10%&'()-
m10%&'()-10%&'()-L10%&'()- F10%&'()-i^dEuV7
!!s9!10%&'()-yg#10%&'()-10%&'()-fS 10%&'()-Y10%&'()-y"10%&'()-A)vdEuV7
!!.z10%&'()- f-!10%&'()-Y+10%&'()-)10%&'()-y&&10%&'()-zf$10%&'()-H+uj_@
!!f&10%&'()-  10 



10 10f810%&'()-!@y5`!10%&'()-110%&'()-9010%&'()-+.}dEj_@
!!@:!10%&'()-10%&'()- @10%&'()-LF10%&'()- 10%&'()-10%&'()-IIpaBj_@ !!
10%&'()-10%&'()-!10%&'()-!"10%&'()-Y10%&'()- y 10%&'()-#mEdEj_@
!!.10%&'()-f-#10%&'()-& 10%&'()-& 10%&'()-f$ 10%&'()-S# 10%&'()-)xBCDEdYNC
!! 10 10 10:10%&'()-f8G10%&'()-y5z10%&'()- s3 10%&'()- 1 10%&'()-ERUodBYNC
!!!#10%&'()-Ys 10%&'()-Y10%&'()-Y&10%&'()- 10%&'()-&10%&'()-3>idBYNC
!!!@L,#10%&'()-Y10%&'()-Yls!10%&'()-@, 10%&'()- FS 10%&'()-FS
10%&'()-kdBYNC
!!!D,+t!10%&'()-YF(10%&'()-Y&s!10%&'()-,%#10%&'()-Y!Z10%&'()-YM!10%&'()-X8d
EYNC !!!810%&'()-l610%&'()- @@510%&'()-l310%&'()- l1Z10%&'()- l.10%&'()-bC
!!!Y'!10%&'()-Y'!10%M&'()-S10%&'()-%310%&'()-  10 10 10F:10%&'()-S|f<dEbC
!!!Y10%&'()-YY10%&'()-@l"10%&'()-Y@ 10%&'()-Y@ 10%&'()-G"10%&'()- <lPeaBbC
!!l3(10%&'()-,$@#10%&'()-l!10%&'()-l
G10%&'()-ls!10%&'()-!S9M!10%&'()-ePeaBbC 



!!l3(10%&'()-,$@#10%&'()-l!10%&'()-l G10%&'()-ls!10%&'()-!;@l+s!10%&'()-
Normal" "Heading 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c"
"Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A
"Default Paragraph Font$!E*3<CMWc`is{SPID '$<F_tJpq& s h#$(D-O069;
>?ADEFwJ-PQ"X[^bqcfhmlnu*z~Gw&hoEG*~#i+E<e6Times New RomanArialCourier
New"h Root EntryWordDocumentb   !"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


