
;QRe3eFCL"n6JT/4(13 FEB 2a03  AUTOMATIC LOCATION DETERMINATION OF DEVICES
UNDER TEST Background  This invention is related generally to building
computer systems and more particularly to the preparation of build-to-order
computer systems. This application relates to co-pending United States
Patent Application Serial No. 08l919,959) filed on August 29, 199 7)
entitled Software Installation and Testing For A Build-To-Order Computer
System, naming Richard D. Amberg, Roger W. along and Michael A. Brundridge,
as inventors. The co-pending application is incorporated 1E1. herein by
reference in its entirety, and is assigned to the assignee of this
invention. This application relates to co-pending United States Patent
Application Serial No. 08/921,438, filed on August 29, 1997, entitled
Database For Facilitating Software Installation And Testing For A
Build-To-Order Computer System, naming Richard D. Amberg, Roger W. along
and Michael A. Brundridge as inventors. The co-pending 15 application is
incorporated herein by reference in its entirety, and is assigned to the
assignee of this invention. Many methods have been devised for tracking
inventory. In U.S. Patent 5,434,775, the locations of a plurality of
devices are tracked using a network of communication links, each of which
corresponds to a location. Each device is given 20 a tag that identifies
the device with respect to other devices and that is connectable -1   f 3
FEB 2003 to a communication link when the device is disposed at the
location to which the link corresponds. Each tag that is connected to each
communication link is detected, and the location of each device is
determined based on the detection. One feature of the technique is
additionally determining the conditions of the devices by correlating one 5
or more communication links with conditions. The technique is simple to use
and a highly effective technique in tracking devices stored at various
locations throughout a facility. Device location and condition are
monitored continuously, thereby reducing the risk that the removal of a
device from storage will go undetected. A present trend among some computer
manufacturers is to provide a customer 10 with a custom-built computer
system in which the customer has designated that . certain components and
capabilities be included in the system being ordered. It is therefore
important to maximize afficiency at every step of the build-to-order
process. That efficiency begins at the time the order is placed and
processed, and continues throughout the assembly, testing and shipment of
the custom-built unit. 



During production of build-to-order computer systems) specific parts for a
computer are pulled from stock and taken to an assembly pad where those
specific parts are assembled in the computer chassis. Following assembly)
the chassis is moved to a quick-test area where tests are conducted to
quickly determine whether the correct parts for that order are installed,
and whether the parts are operative. 20 Following the quick test procedure,
assembled chassis are moved to a burn rack where the parts are "burned in"
and where operational errors may be detected. Many units are simultaneously
tested on the burn racks and the tests may take a couple of hours to
complete. With many units in production waiting to be tested, it is
important that the burn rack spaces available for testing are used
efficiently. 25 Therefore) it is important that the computers or devices
under test (DUT) are tested in a manner which quickly and efficiently
determines whether a DUT is satisfactorily operational and if not, which
quickly and efficiently identifies operational deficiencies -2   13 FEB 2a3
so that the DUT may be removed from the burn rack to free up the occupied
burn rack space for another DUT to be tested. When a DUT is on the burn
rack) the software ordered with the system is also downloaded to the DUT
from a server. Personnel monitor the burn rack test units b for visual and
audible indications, i.e. LED's and beeps, of how the testing and
downloading procedures axe progressing. A red LED indication accompanied by
an audible beep indicates a failed DUT which is returned to quick test
where it is thoroughly tested by a technician. A green LED indication means
that a unit is ready to be moved on to a final test to check the screen and
the operating system 10 prior to shipping the unit. When software
downloading is to be accomplished, the DUT is identified to the server for
download of the appropriate software. Each DUT is identified by a lifetime
identifier (serial number) in the form of a bar code. When the DUT is on
the burn rack, its physical location is also identified by a rack, a column
on the rack and a 1~ row in the column. Each burn rack location is serviced
by a location specific cable and a network device which interconnects the
cable to the DUT. However) although the cable can only service a specific
rack location, the network device can and do sometimes become detached from
one cable and attached to another. Each network device has a MAC address
which is mapped to a location in terms of the rack, the 20 column and the
row. The mapping information is stored in a database in the network 



environment. The DUT can communicate with the database. As a result, the
exact location of the DUT can be determined. Therefore, if the connector is
moved to a different rack location and is connected to another cable, the
information in the database will be inconsistent with the exact location of
the DUT. 25 Therefore, what is needed is a burn rack monitoring system
which enables manufacturing to pinpoint and track the physical location of
each DUT so that each device can be located for correction in the event of
a test failure) and to assure that devices which test successfully are
shipped to the correct customer. -3   7 3 FEB 2Q03 Summary On embodiment
accordingly, provides an automatic means for determining the location of a
DUT device by mapping a DUT, connected to a simple network management
protocol (SNMP) enabled network, to a physical location. As a result, 5 a
device and method are provided to track a DUT during the manufacturing
process. To this end, a burn rack test device includes several workcells.
An SNMP switch device is provided adjacent the burn rack. The switch device
includes several ports. A plurality of cables are provided such that a
respective cable interconnects a respective port of the switch device and a
respective workcell. A monitor is provided 10 adjacent the burn rack. The
monitor is connected to a port of the switch device. The principal
advantages of these . embodiments are that DUT's being manufactured may be
tracked throughout the build process on the burn racks. This permits
optimum usage of the burn racks space and saves wait time for systems which
need to be loaded onto the burn racks. In addition, it is possible to
estimate the length of time required to test DUT's on the burn racks. Also,
the ease of tracking DUT's helps to consolidate all systems belonging to
one large order for efficient shipping and delivery. Brief Description of
the Drawigs Fig. 1 is a diagrammatic view illustrating an embodiment of a
burn rack test 20 device. Fig. 2 is a diagrammatic view illustrating an
embodiment of a burn rack test device connected to an SNMP switch device.
Wig. 3 is a table illustrating a work area to switch map. Fig. 4 is a table
illustrating a port identification. 25 Fig. 5 is a table illustrating a
workcell to cable wire map. Fig. 6 is a table illustrating a broadcast from
devices under test on a burn rack. Wig. 7 is a table illustrating a port
number to Mac Address map. -4 



1 3 FEB 2D03 Fig. 8 is a table illustrating a port identification to Mac
Address map. Fig. 9 is a table illustrating the most current state for the
devices under test. Detailed Description of the Preferred Embodiment The
present embodiment) Fig. 1, is for a burn rack 10 divided into workcells 5
12 arranged in columns 14 and rows 16. An SNMP switch device 18 is adjacent
rack 10 and has several ports P connected by cables C to computer systems
or DUT'S, designated M in each workcell 12. Another port P connects switch
device 18 to a monitor R which is in turn connected to a database DB. The
burn rack 10, Fig. 2) has the several workcells 12 arranged in vertical 14
columns 14 and horizontal rows 16 to form a grid array. Each burn rack 10
includes an A side and an identical B side, only one of which, the A side,
will be further discussed in detail. The A side of burn rack 10 is divided
into columns one to nine, and rows one to five, to thus form forty-five
workcells 12. Therefore, the A and B sides of rack 10 combine to represent
ninety workcells 12. Commonly, a 1~5 manufacturing facility will have many
such burn racks 10 providing hundreds of workcells 12 for testing computer
systems M prior to shipment, In the present embodiment, SNMP switch device
18, is provided adjacent burn rack 10. Switch device 18 includes a
plurality of switches S1, S2, S3 and S4, each having several ports, e.g.
ports one to twenty-four. Therefore, a minimum of four 20 switches S1, S2,
S3 and S4, are required to provide a sufficient number of ports for the
ninety workcells 12 of burn rack 10. The twenty-four ports of switch S 1,
are numbered one to twenty-four) of switch S2) are numbered twenty-five to
forty-eight) of switch S3, are numbered forty-nine to seventy-two) and of
switch S4, are numbered seventy-three to ninety-six. The 25 combination of
port one of switch S 1 is designated by a port ID P1, port two of switch S1
is designated P2, port three of switch S1 is designated P3, and so on.
Similarly, _6_   J FHB 2Q3 the combination of port 25 of switch S2 is
designated P26) and so on. The port ID's will be discussed below. Each
workcell 12 of burn rack 10 is also given an identifier, Fig. 2, e.g.
workcell 12 of rack 10, column one) row one, is designated a workcell ID a,
of rack 10, 5 column one, row two) is designated a workcell ID b) and so
on. However, for purposes of this discussion, only four workcells 12,
designated a-d will be discussed in detail. Therefore, a rack-switch
relation, Fig. 3) is stored in the database DB containing information
relating rack 10 to switches S 1, S2, S3 and S4) and functions as a table 



storing a work area to switch map. 10 The port identification, e.g. port ID
can be established in a table) Fig. 4) identifying the above-described port
ID's P1 to P4, in this example, relating to switch ID, S 1, and relating to
port numbers one to four. Also, a switch IP address is manually stored in
the database DB to establish a network connection. As a result, information
is stored in the database DB in such a way that each workcell ID, a to 1:~
d, is linked to a port ID) P1 to P4, as illustrated in Wig. 5, which is a
table storing a workcell and cable map. When the DUT's designated M, Fig.
1, are placed on burn rack 10, the DUT's send IPX broadcasts which include
a Mac Address installed in each DUT via a network card. The broadcasts from
the DUT's are stored in the database DB. The 24 information being stored is
in the form illustrated in the table of Fig. 6, which relates the Mac
Address to a lifetime bar code identifier of each DUT, a test
identification, and a time stamp for the start of the test. The Mac
Addresses are used to query the switches S1 to S4 on burn rack 10 to
determine what port each switch S 1 to S4 is connected to. This Mac Address
25 information is stored by switches S1 to S4 in the network database, and
is illustrated in the table of Fig. 7. After the port number is identified,
the Mac Addresses can be updated in the table of Fig. 8 which completes the
Mac Address information unavailable in the table of Fig. 4, and provides
the complete information needed to -6   13 FEB zoos determine the location
of each DUT. Finally, information is stored in a consolidated form in the
table of keg. 9, showing only the most current state for the DUT. This
information is used to track the DUT to a location. On repeat broadcasts
from the DUT's, earlier data in the table is removed for archiving, thereby
storing only the 5 latest information. As it can be seen, the principal
advantages of these embodiments are that DUT's being manufactured may be
tracked throughout the build process on the burn racks. This permits
optimum usage of the burn racks space and saves wait time for systems which
need to be loaded onto the burn racks. In addition, it is possible to 10
estimate the length of time required to test DUT's on the burn racks. Also)
the ease of tracking DUT's helps to consolidate all systems belonging to
one large order for efficient shipping and delivery. As a result, one
embodiment provides a burn rack test device including a burn rack having a
plurality of workcells. A simple network management protocol switch 1~
device is provided adjacent the burn rack. The switch device includes a
plurality of ports. A respective cable is provided to interconnect each
port of the switch device and a respective workcell. Another embodiment
provides a monitor adjacent the burn rack, connected to a port of the
switch device and connected to a burn rack database. A further embodiment
provides a method for testing a computer during a 



2f3 manufacturing process. A burn rack is provided and includes a plurality
of workcells. A simple network management protocol device is mounted
adjacent the burn rack and includes a plurality of ports. A plurality of
cables are interconnected between each port and each workcell. A monitor is
mounted adjacent the burn rack and is connected to a port of the switch
device. A computer is mounted in at least one of the 2~ workcells. The
computer is connected to the respective cable in the respective workcell.
The monitor is connected to the burn rack database. Although illustrative
embodiments have been shown and described) a wide range of modifications,
change and substitution is contemplated in the foregoing   ~ 3 FE6 203
disclosure and in some instances, some features of the embodiments may be
employed without a corresponding use of other features. Accordingly, it is
appropriate that the appended claims be construed broadly and in a manner
consistent with the scope of the embodiments disclosed herein. .g_   1 3
FEB ~UU3 CLAIMS 1. A test device comprising: a burn rack including a
plurality of workcells; 5 a simple network management protocol switch
device adjacent the burri rack, the switch device including a plurality of
ports; a plurality of cables, a respective cable interconnecting a
respective port of the switch device and a respective workcell; and a
monitor adjacent the burn rack, the monitor connected to a port of the 1 ~
switch device. 2. The test device as defined in Claim 1, wherein at least
one of the workcells has a device under test, such as a computer) mounted
therein and connected to the respective cable at the respective workcell. 



15 3. The test device as defined in Claim 2 wherein each device under test
is provided with a unique Mac Address. 4. The test device as defined in any
one of the preceding claims, wherein 2o the monitor is connected to a burn
rack database. -9   1 9 FEB 2003 5. The test device as defined in Claim 4
wherein a specific switch and a related port designate a port identifier.
6. The test device as defined in Claim 4 wherein a specific burn rack and a
related workcell designate a workcell identifier. 7. The test device as
defined in Claim 4 or any claim dependent thereon, wherein the database
stores a work area to switch map. 10 g, The test device as defined in Claim
4 or any claim dependent thereon, wherein a switch IP address is stored in
the database to establish a network connection. 9. The test device as
defined in Claim 4 or any claim dependent thereon, wherein the database
stores a workcell and cable map. 10. The test device as defined in Claim 4
or any claim dependent thereon, when dependent upon Claim 3, wherein
broadcasts from each device under test are stored in the database which
relates the Mac Address to a lifetime bar 20 code identifier of each device
under test. 11. The test device as defined in Claim 10 wherein the Mac
Address is used to determine what port each switch is connected to. -10   1
3 f E8 2iJU3 12. A method of testing a computer during a manufacturing
process comprising the steps of: providing a burn rack including a
plurality of workcells; mounting a simple s network management protocol
switch device adjacent the burn rack, the switch 



device including a plurality of ports; interconnecting a plurality of
cables, a respective cable interconnecting a respective port of the switch
device and a respective workcell; mounting a monitor adjacent the burn
rack, the monitor connected to a io port of the switch device; mounting a
computer in at least one of the workcells, the computer connected to the
respective cable in the respective workcell; and, connecting the monitor to
a burn rack database. ~s 13. The method as defined in Claim 12, comprising
the further step of providing the computer with a unique Mac Address. -11
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