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REPLACEMENT, UPGRADE AND/ OR ADDITION 
OF HOT-PLUGGABLE COMPONENTS IN A 

COMPUTER SYSTEM 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a computer system 
having hot-pluggable components such as memory modules, 
and more particularly, to replacing, upgrading and/or adding 
the hot-pluggable memory modules Without disturbing 
operation of the computer system. 

[0003] 2. Description of the Technology 

[0004] Use of computers, especially personal computers, 
in business and at home is becoming more and more 
pervasive because the computer has become an integral tool 
of most information Workers Who Work in the ?elds of 
accounting, laW, engineering, insurance, services, sales and 
the like. Rapid technological improvements in the ?eld of 
computers have opened up many neW applications hereto 
fore unavailable or too expensive for the use of older 
technology mainframe computers. These personal comput 
ers may be used as stand-alone Workstations (high end 
individual personal computers) or linked together in a net 
Work by a “network server” Which is also a personal 
computer Which may have a feW additional features speci?c 
to its purpose in the netWork. The netWork server may be 
used to store massive amounts of data, and may facilitate 
interaction of the individual Workstations connected to the 
netWork for electronic mail (“e-mail”), document databases, 
video teleconferencing, Whiteboarding, integrated enterprise 
calendar, virtual engineering design and the like. Multiple 
netWork servers may also be interconnected by local area 
netWorks (“LAN”) and Wide area netWorks (“WAN”). 

[0005] A signi?cant part of the ever increasing popularity 
of the personal computer, besides its loW cost relative to just 
a feW years ago, is its ability to run sophisticated programs 
and perform many useful and neW tasks. The personal 
computer thus has become an indispensable part of business 
and the economy. The netWork server plays an even more 
critical part in business computing by tying together the 
personal computer Workstations into a netWork (LAN and 
WAN), and for storing and/or forWarding critical business 
information. This business information may comprise for 
example: databases, Word processing, spreadsheets, draW 
ings, graphics, e-mail, graphics, pictures, and the like. 
Therefore, it is imperative that there be a high availability of 
the computer system. 

[0006] Replacement of defective components in a com 
puter system or expanding the capabilities thereof, typically 
requires shutting doWn the computer needing service. If a 
defective component or upgrade is required in a netWork 
server, the potential for rendering inoperative all of the 
personal computers depending on that server is very high. 
The necessity for high availability of server operation has 
created hot-pluggable component designs as more fully 
described in commonly oWned US. patent application Ser. 
No. 08/940,419, ?led Sep. 30, 1997, entitled “Installation 
and Removal of Components of a Computer” by Sompong 
P. Olarig, Kenneth A. Jansen and Paul A. Santeler, and is 
hereby incorporated by reference. Hot-pluggable component 
designs, hoWever, have typically required specially designed 
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hardWare and softWare modi?cations to the operating system 
softWare for implementation thereof. 

[0007] There are some components in a computer system 
that may become defective but still function for their 
intended purpose for a period of time. For example, system 
memory comprising a plurality of random access memory 
(RAM) devices may have added circuitry for error checking 
and correction (ECC) Which alloWs memory storage bit 
errors to be corrected Without the data stored therein being 
corrupted. ECC covers up memory storage bit errors, but it 
does not ?x the RAM device(s) causing the problem. Ulti 
mately, the defective RAM device(s) must be replaced 
before further degradation, Which ECC cannot correct, 
causes the computer system to become inoperative. Upgrad 
ing and/or adding RAM devices Without shutting doWn the 
computer system is also highly desirable. 

[0008] What is needed is a system, method and apparatus 
for replacing failing but functional computer components, 
upgrading and/or adding components Without disturbing the 
normal operation of the computer system, Without requiring 
specially designed hot-pluggable components, and Without 
installing special operating system softWare patches. 

SUMMARY OF THE INVENTION 

[0009] The present invention overcomes the above-iden 
ti?ed problems as Well as other shortcomings and de?cien 
cies of existing technologies by providing in a computer 
system an apparatus, method and system for replacement of 
existing faulty components or expansion/addition of com 
ponents Without requiring the computer system to be 
brought off-line during operation thereof. Component 
replacement may be performed by logic and ?rmWare Within 
the computer system and requires no softWare operating 
system, application programming interface (API) or driver 
modi?cations. Industry standard components may be used 
With the present invention for the hot-pluggable capabilities. 

[0010] An example of a replacement component is a 
random access memory (RAM) module that is plugged into 
a computer system memory connector. Other computer 
system components are contemplated herein and are Within 
the scope of the invention. Some of these components may 
be, for example but not limitation: modem, netWork, video, 
SCSI, disk drive, and ?bre channel interfaces; a processor in 
a multi-processor system, etc. 

[0011] An embodiment of the present invention utiliZes 
one or more RAM module connectors or memory connec 

tors Which may be electrically isolated from the computer 
system. Isolation, preferably, is obtained With ?eld effect 
transistor (FET) signal isolation buffers interposed betWeen 
the connector signal pins and a memory controller. PoWer 
FET sWitches are interposed betWeen the connector poWer 
pins and the computer system poWer buses. Each isolatable 
memory connector may also contain one or more softWare 

and/or hardWare controllable light emitting diodes (LEDs) 
of various colors (electronically controllable) to indicate the 
status of the corresponding memory connector. Control and 
sense logic is implemented to control the operation of the 
FET signal isolation buffers, poWer FET sWitches, LEDs, 
and memory bus operation betWeen the system memory 
controller and the isolatable memory connectors. This con 
trol and sense logic may monitor (“snoop”) memory bus 
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activity so that a memory connector may be brought on or 
off line only When the memory bus is inactive, i.e., no read 
or Write activities. 

[0012] When an undesirable number of correctable 
memory errors occur, the present invention enables on-line 
replacement of the faulty memory Without disturbing the 
normal operation of the computer system. Correctable 
memory errors are the most prevalent errors encountered in 
a computer system having ECC memory. When a particular 
memory connector having faulty memory is detected, appro 
priate management traps and alerts are initiated through 
system softWare and/or hardWare. An indicator LED asso 
ciated With the faulty memory connector may be activated in 
such a Way as to indicate the condition and location of that 
connector. In addition, another LED associated With a spare 
memory connector may indicate that the location of that 
spare connector has or is available for a replacement 
memory module. Due to the correctable nature of ECC 
memory, the faulty memory module Will still continue to 
return correct data to the computer system. Upon inspection 
of the memory connectors and LEDs associated thereWith, 
an operator or technician can see the status of each memory 
connector and may determine Which connector has the faulty 
memory module and Which memory connector has or can 
accept a neW memory module to replace the faulty one. 

[0013] The unused memory connector, as indicated by the 
associated LED, is completely isolated from the computer 
system memory by a set of PET isolation buffers and the 
computer system poWer buses by poWer FET sWitches. This 
unused memory connector either has or can accept insertion 
of a neW memory module Without affecting normal opera 
tion of the computer system. Upon need and detection of a 
neW memory module in the spare memory connector, an 
interrupt may be generated to the computer system either by 
the user pressing an “ok to sWap memory” sWitch, or by 
some automatic mechanism. This interrupt may be directed 
to a System Management Mode (SMM) interrupt handler. 
Upon receipt of this interrupt, SMM code, running above 
and protected from the operating system softWare, enables 
control and detection logic Which causes all memory Writes 
that are directed to the faulty memory module to also be 
directed to the neW memory module recently detected and 
connected to the computer system. Memory system timing 
may be brie?y relaXed to accommodate the increased bus 
loading of simultaneously addressing and accessing a sec 
ond memory module. 

[0014] In order to replace the faulty memory module, the 
contents of the faulty module must be copied to the replace 
ment memory module. This may be accomplished by system 
management softWare (running in SMM) periodically inter 
rupting the operating system softWare to copy a speci?ed 
amount of data from the faulty memory module to the 
replacement memory module, and to enable and disable 
appropriate hardWare to steer the data. Only a small portion 
of the faulty memory module is copied at a time so that 
critical operating system tasks are not suspended for too 
long. The SMM handler periodically invokes transfers of 
small portions of data from the faulty memory module to the 
neW memory module until all of the data contained in the 
faulty memory module has been copied to the neW memory 
module, i.e., the contents of the neW memory module are 
fully synchroniZed With the contents of the old memory 
module. Then the faulty memory module is taken “off-line” 

Sep. 12, 2002 

and the neW memory module is fully enabled to transact both 
read and Write operations in the computer system. It is 
contemplated and Within the scope of the embodiments of 
the invention that the contents of the faulty memory module 
may be transferred to the neW memory module by the 
memory controller, independently of the normal operation of 
the computer system. The memory controller may synchro 
niZe the contents of the faulty and neW memory modules 
When not being addressed by the processor(s) of the com 
puter system (background mode of operation). 

[0015] This “background process” insures that the entire 
contents of the faulty memory module are copied to the neW 
“good” memory module. The control logic insures that all 
Writes Which may occur during the copying process are 
Written to both the faulty and neW memory modules. Con 
sequently, the neW replacement memory module Will be 
completely data coherent (synchronized) once the SMM 
routine is ?nished copying all of the data from the faulty 
memory module. 

[0016] As soon as all of the data in the faulty memory 
module is copied to the neW memory module, the SMM 
process disables the memory connector containing the faulty 
memory module through the FET isolation buffers and PET 
poWer sWitch(es) and may use the associated LED to indi 
cate that the copying and isolation processes have ?nished. 
The LED may also be used to indicate that the faulty 
memory module may be safely removed from the computer 
system Without disturbing normal operation thereof. In 
addition, the control logic noW steers all memory reads/ 
Writes to the new replacement memory connector and the 
memory bus timing may be restored to full speed since only 
one memory module is noW being addressed and accessed at 
a time. In this Way, an entire memory module may be 
replaced Without interruption of normal operation of the 
computer system. 

[0017] The aforementioned embodiment of the invention 
also may be automatically performed if a “spare” memory 
module has been previously installed into a “spare” memory 
connector. In this case, the present invention may function as 
a transparent automatic memory fail-over. Upon detection of 
an undesirable amount of ECC errors from a particular 
memory module, the aforementioned data replication and 
isolation procedures may be invoked to copy the data from 
the failing or faulty memory module to the neW memory 
module. This alloWs automatic unattended replacement of a 
faulty memory module(s) for remote and/or critical server 
applications. 
[0018] Another embodiment of the invention alloWs on 
line memory eXpansion. The operating system, hoWever, 
needs to be noti?ed of the added memory so that it can see 
and use it. The neW memory module may be inserted into a 

spare memory connector, its presence is detected, tested and 
initialiZed then is made available to the operating system. 

[0019] A combination of replacing a faulty memory mod 
ule(s) and upgrading memory may also be performed by 
installing a neW memory module having a larger capacity 
then the faulty module. The data from the faulty module is 
transferred to the neW module, the remaining eXtra capacity 
of the neW memory module is initialiZed, and the operating 
system is informed of the added memory capacity. 

[0020] Upgrading the capacity of memory in a computer 
system may be easily performed, according to the present 
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invention. Larger capacity memory module(s) may be 
installed into “spare” memory connector(s) and the contents 
of the smaller capacity memory modules functioning in the 
computer system may be transferred to the neW larger 
capacity memory modules as described above. When all data 
has been transferred, the loWer capacity memory modules 
may be disabled and removed from the computer system 
memory connectors and the operating system informed of 
the increased memory capacity noW available. The neWly 
available memory connectors may then be subsequently 
used for adding or replacing memory modules as described 
above. 

[0021] Upgrading or addition of a memory module(s) 
requires noti?cation to the computer system operating soft 
Ware. This noti?cation may preferably be done by system 
management softWare from a remote management console 
Which may be, for example, WindoWs based. It is also 
contemplated and Within the scope of the embodiments of 
the invention to use hardWare sWitches to designate the 
additional memory and siZe thereof. 

[0022] An advantage of the present invention is that a 
faulty memory module may be replaced Without disturbing 
the normal operation of the computer system, requiring 
specially designed memory modules, or modifying the oper 
ating system softWare or drivers. 

[0023] Another advantage is that additional memory mod 
ules may be added to the computer system Without having to 
shut doWn or disturb the normal operation thereof. 

[0024] A feature of the present invention is that standard 
memory modules may be utiliZed. 

[0025] Another feature is that standard memory module 
connectors may be utiliZed. 

[0026] Still another feature is that LEDs may be used to 
indicate the location and status of faulty and/or neW memory 
modules, and the location of an appropriate empty memory 
connector. 

[0027] Other and further features and advantages Will be 
apparent from the folloWing description of presently pre 
ferred embodiments of the invention, given for the purpose 
of disclosure and taken in conjunction With the accompa 
nying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] FIG. 1 is a schematic block diagram of a computer 
system according to the present invention; 

[0029] FIG. 2 is a schematic block diagram of a portion of 
the computer system of FIG. 1; 

[0030] FIG. 3 is a schematic block diagram in plan vieW 
of a computer system motherboard With logic components 
and connectors thereon; and 

[0031] FIG. 4 is a schematic block diagram of an embodi 
ment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0032] The present invention is a system, method and 
apparatus in a computer for replacing a failing but still 
functional component With a replacement component, 
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upgrading a failing or functional component, and/or adding 
a component to the computer system Without disturbing the 
normal operation thereof, Without requiring specially 
designed hot-pluggable components, and Without installing 
special operating system softWare patches. In an embodi 
ment of the invention, a failing but still functional compo 
nent may be replaced With a replacement component. In 
another embodiment, a neW component may be installed in 
the computer. In still another embodiment, a failing but still 
functional component may be replaced With the replacement 
component Which further adds increased capabilities to the 
computer (upgrade). Typically, the replacement, neW and/or 
upgrade component Will pluggably engage into a connector 
attached to a printed circuit board in the computer. For 

illustrative purposes, system random access memory Will be described for the replacement, neW and upgrade 

components, hoWever, it is contemplated herein and Within 
the scope of the invention that any component in a computer 
or electronic system may be replaced, according to the 
invention. 

[0033] For illustrative purposes, preferred embodiments 
of the present invention are described hereinafter for com 
puter systems utiliZing the Intel X86 microprocessor archi 
tecture and certain terms and references Will be speci?c to 
that processor platform. It Will be appreciated by those 
skilled in the art of computer systems that the present 
invention may be adapted and applied to any computer 
platform utiliZing replaceable components such as plug-in 
RAM modules. The plug-in RAM modules may comprise 
industry standard single-in-line-memory modules (SIMM), 
dual-inline-memory modules (DIMM), and the like. 

[0034] Referring noW to the draWings, the details of pre 
ferred embodiments of the present invention are schemati 
cally illustrated. Like elements in the draWings Will be 
represented by like numbers, and similar elements Will be 
represented by like numbers With a different loWer case letter 
suf?X. 

[0035] Referring noW to FIG. 1, a schematic block dia 
gram of a computer system utiliZing embodiments of the 
present invention is illustrated. A computer system is gen 
erally indicated by the numeral 100 and comprises a central 
processing unit(s) (CPU) 102, core logic 104, system ran 
dom access memory (“RAM”) 106, a video graphics con 
troller 110, a local frame buffer 108, a video display 112, a 
PCI/SCSI bus adapter 114, a PCI/EISA/ISA bridge 116, and 
a PCI/IDE controller 118. Single or multilevel cache 
memory (not illustrated) may also be included in the com 
puter system 100 according to the current art of micropro 
cessor computer systems. The CPU 102 may be a plurality 
of CPUs 102 in a symmetric or asymmetric multi-processor 
con?guration. The video graphics controller 110 may be an 
AGP device (illustrated) connected to an AGP bus 107 or a 
PCI device (not illustrated) connected to the PCI bus 109. 

[0036] The CPU(s) 102 is connected to the core logic 104 
through a host bus 103. The system RAM 106 is connected 
to the core logic 104 through a memory bus 105. The video 
graphics controller 110 is illustrated connected to the core 
logic 104 through the AGP bus 107. The PCI/SCSI bus 
adapter 114, PCI/EISA/ISA bridge 116, and PCI/IDE con 
troller 118 are connected to the core logic 104 through a PCI 
bus 109. Also connected to the PCI bus 109 are a netWork 
interface card (“NIC”) 122 and a PCI/PCI bridge 124. Some 
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of the PCI devices such as the NIC 122 and PCI/PCI bridge 
124 may plug into PCI connectors on the computer system 
100 motherboard 300 (see FIG. 3). 

[0037] Hard disk 130 and tape drive 132 may be con 
nected to the PCI/SCSI bus adapter 114 through a SCSI bus 
111. The NIC 122 is connected to a local area netWork 119. 
The PCI/EISA/ISA bridge 116 connects over an EISA/ISA 
bus 113 to a ROM BIOS 140, non-volatile random access 
memory (NVRAM) 142, modem 120, and input-output 
controller 126. The modem 120 connects to a telephone line 
121. The input-output controller 126 interfaces With a key 
board 146, real time clock (RTC) 144, mouse 148, ?oppy 
disk drive (“FDD”) 150, a serial port 152, and a parallel port 
154. The EISA/ISA bus 113 is a sloWer information bus than 
the PCI bus 109, but it costs less to interface With the 
EISA/ISA bus 113. The PCI/IDE controller 118 interfaces 
hard disk 128 and CD ROM drive 134 to the PCI bus 109. 

[0038] The system RAM 106 comprises at least one 
memory module such as, for eXample but not limitation, a 
single-in-line memory module (SIMM), dual-in-line 
memory module (DIMM) and the like. The SIMM or DIMM 
is adapted to plug into a mating connector located on a 
printed circuit board of the computer system 100. The 
printed circuit board may be a motherboard 300 (see FIG. 
3) or it may be a “daughter board” (not illustrated) Which is 
connected to the motherboard 300 by, for eXample, plugging 
into a daughter board socket on the motherboard 300 or 
connected thereto by a cable. The daughter board may be, 
for eXample, a memory riser card for retro?tting the inven 
tion onto an eXisting computer system motherboard. 

[0039] In the embodiments of the invention, electronic 
signal isolation buffers such as ?eld effect transistors (FETs) 
160, and poWer sWitches such as poWer FET sWitches 162 
are interposed betWeen each of the hot-pluggable connectors 
402 (see FIG. 4), the memory buses 105a and 105b, and the 
computer system poWer. Also on the same printed circuit 
board is a hot-plug controller 164 Which comprises control 
and timing logic used to control the operation of the FET 
signal isolation buffers 160 and poWer FET sWitches 162, 
and determine When a RAM 106 module is plugged into or 
removed from its associated connector 402. The hot-plug 
controller 164 also may determine Whether the correct 
number of RAM 106 modules are plugged into the connec 
tors 402. The hot-plug controller 164 may further be used to 
control the connection and disconnection of the hot-plug 
gable connectors 402 (see FIG. 4) from the memory con 
troller 204 (see FIG. 2) in a synchronous fashion, i.e., 
poWering up of the neW RAM 106 module With the poWer 
FET sWitches 162 so that the neW module circuits become 
stabiliZed and initialiZed, then connecting the neW RAM 106 
module in the connector 402 With the FET signal isolation 
buffers 160 to the memory bus 105a only When the memory 
bus 105a is inactive (no address and/or data being asserted). 
For the failing RAM 106 module, the memory bus 105a is 
disconnected during an inactive time by the FET signal 
isolation buffers 160, and then the poWer is disconnected 
from the connector 402 by the poWer FET sWitches 162. 

[0040] The embodiments of the invention may utiliZe the 
System Management Interrupt (SMI#) input of the X86 
microprocessor 102 to inform the microprocessor 102 that a 
system management interrupt service routine needs to be 
performed. This service routine may be stored as ?rmWare 
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in the computer system read only memory basic input output 
system (ROMBIOS) 140, and an image thereof may be 
transferred during poWer-on-self-test (POST) to protected 
System Management (SM) address space located in the 
computer system RAM 106. SoftWare may be used to inform 
external logic (hot-plug control 164) that the processor 102 
is in System Management mode (SMM). Once in SMM, the 
System Management RAM (SMRAM)(part of the RAM 
106) may be accessed through the SM address space. The 
SMRAM contains the program of the embodiments of the 
present invention Which controls operation of the micropro 
cessor. The SMM eliminates special customiZed softWare 
drivers and operating system modi?cations for operation of 
the present invention, since the softWare code of the inven 
tion may be eXecuted from a completely separate address 
space Which is transparent to other system softWare. Amore 
detailed description of the operation of the SMM may be 
found in the Intel Corporation speci?cations for the PEN 
TIUMTM and PENTIUM PROTM (trademarks of Intel Corp.) 
microprocessors. These speci?cations are incorporated by 
reference herein. Other types of microprocessors may have 
similar operational features and it is contemplated herein 
and Within the scope of the invention that computer systems 
using other types of microprocessors Will similarly bene?t 
from embodiments of the invention. 

[0041] Referring to FIG. 2 a schematic block diagram of 
a portion of the computer system of FIG. 1 is illustrated. The 
core logic 104 comprises an AGP video interface 202, 
memory interface and control 204, a host/PCI interface 206, 
a PCI/PCI bridge 208, CPU interface 210, CPU address 
queues 212, and CPU data queues 214. A hot plug controller 
164, and PET signal isolation buffers 160 and poWer FET 
sWitches 162 are interposed betWeen the memory bus 105 
and system poWer, respectively. The hot plug controller 164 
may be a separate application speci?c integrated circuit 
(ASIC) and used in conjunction With a standard core logic 
104 chipset, or it may be part of the core logic 104 chipset. 
The FET signal isolation buffers 160 and poWer FET 
sWitches 162 may be contained in integrated circuit pack 
ages that are proximate to the respective RAM connectors 
402 (see FIG. 4). 

[0042] Referring noW to FIG. 3, a schematic block dia 
gram in plan vieW of a computer system motherboard With 
logic components and connectors thereon is illustrated. The 
computer system 100 motherboard is represented generally 
by the numeral 300. The core logic 104 chipset, CPU 102, 
AGP connector 306, PCI connectors 308, PCI/ISA/EISA 
bridge 116, and ISA/EISA connectors 314 may be located on 
the motherboard 300. The FET isolation buffers 160, poWer 
FET sWitches 162, hot plug controller 164 and connectors 
402 (FIG. 4) for the RAM 106 modules may be located on 
the motherboard 300, or alternatively, on a daughter board 
(not illustrated). The RAM 106 connectors are adapted to 
receive standard SIMM or DIMM. 

[0043] Referring noW to FIG. 4, a schematic block dia 
gram of an embodiment of the present invention is illus 
trated. For illustrative clarity, only the connectors and cir 
cuits for four RAM 106 modules are illustrated. Any number 
of connectors and circuits for any number of RAM 106 
modules are contemplated herein and Within the scope of the 
present invention. SIMM or DIMM connectors 402 are 
connected to the FET isolation buffers 160 Which connect to 
the memory controller bus 105a. The hot-plug controller 
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164 controls the operation of the FET signal isolation buffers 
160 and power FET sWitches 162, as more fully described 
hereinafter. 

[0044] In an embodiment of the invention, a plurality of 
SIMM or DIMM connectors 402, either on the motherboard 
300 or daughter board (not illustrated), are connected 
through FET signal isolation buffers 160 to the memory 
controller address, control and data bus 105a, and to the 
computer system poWer bus (not illustrated) through poWer 
FET sWitches 162. Light emitting diode (LED) 404 indica 
tors may be strategically located neXt to their associated 
connectors 402 for indication of status and operation 
thereof, and any RAM 106 module plugged therein. Control 
logic (hot plug controller 164) for controlling the FET signal 
isolation buffers 160 and poWer FET sWitches 162, and 
detecting the presence of a RAM SIMM or DIMM (RAM 
106 module) in any of the plurality of connectors 402 may 
also be located on the same board as the plurality of 
connectors 402, LEDs 404, and the FET signal isolation 
buffers 160 and poWer FET sWitches 162. The hot-plug 
controller 164 may control the LEDs 404, and may also have 
circuits for snooping the memory bus 105a for memory read 
and Write activities. 

[0045] Replacement of a Failing Component 

[0046] At least one RAM 106 module is operating in the 
computer system 100. Typically, system management soft 
Ware, running under the operating system softWare, deter 
mines Whether a RAM 106 module is failing. Logic in the 
ECC memory controller 204 Will assert a single bit correct 
able error (SBCE#) signal When a correctable memory error 
is detected for a RAM 106 module. The SBCE# signal 
typically is routed to a computer system interrupt request 
signal, such as for eXample IRQ13, Which invokes appro 
priate interrupt handlers in the computer system manage 
ment softWare. This computer system management softWare 
determines Whether the RAM 106 module is indeed faulty. 
When the RAM 106 module is so determined to be faulty, 
the computer system management softWare Will identify the 
connector 402 in Which the faulty RAM 106 module is 
located and set an appropriate status bit in a connector status 
register (not illustrated) associated With that connector 402. 

[0047] It is contemplated and Within the scope of the 
present invention that the RAM 106 module replacement 
process may be controlled entirely With SMI ?rmWare, 
hoWever, the detection of a failing memory module is 
preferably done by system management softWare using error 
detection algorithms based on memory error count over a 

certain time period. Once the failing module is detected, the 
system management softWare signals to SMI that a particu 
lar module needs to be replaced. If a spare RAM 106 module 
is already present in a connector 402, a replacement opera 
tion may begin immediately. If a spare RAM 106 module is 
not present in a connector 402, then an operator or techni 
cian may be alerted of the RAM 106 module memory error 
problem and the folloWing steps may be performed: 

[0048] 1. AneW RAM 106 module is inserted into an 
empty connector 402. 

[0049] 2. The hot-plug controller 164 detects the 
presence of the neW RAM 106 module and applies 
an algorithm to determine When the RAM 106 mod 
ule is seated in the connector 402 and the electrical 
connections are stable. 
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[0050] 3. The hot-plug controller 164 signals an alert 
(interrupt) to the SMI of the presence of the neW 
RAM 106. 

[0051] 4. SMI determines that the neW RAM 106 
module is an “insertion” event and also determines 
Which one of the connectors 402 the RAM 106 
module is inserted in by reading, for eXample, a 
status register associated With the one of the con 
nectors 402. 

[0052] 5. The SMI may Write to a control register (not 
illustrated) Which causes the hot-plug controller 164 
to turn on a poWer FET sWitch(es) 162 Which then 
applies poWer to the RAM 106 module Which sta 
biliZes its circuitry before connection to the memory 
bus 105a. 

[0053] 6. The SMI then signals that the neW RAM 
106 module should be connected to the memory bus 
105 by, for eXample, Writing to a control register of 
the hot-plug controller 164. 

[0054] 7. The hot-plug controller 164 detects When 
the memory bus 105 is idle and then causes the FET 
signal isolation buffers 160 to connect the signal pins 
of the connector 402 to the memory bus 105a. 

[0055] 8. The SMI con?gures the starting address 
location of the neW RAM 106 and enables Write 
operations thereto by Writing the starting address and 
Write enable information to another control register. 

[0056] Aperiod of time may be imposed betWeen steps 2 
and 3 above to ensure that the neW RAM 106 module has 
been properly seated and electrically connected to the con 
nector 402. If the connection of the RAM 106 module is 
disturbed in its connector 402, the period of time is reset and 
the Wait starts over. The hot-plug controller 164 may also 
determine if the correct number of RAM 106 modules have 
been installed When multiple modules are required for 
interleaved memory operation. The embodiments of the 
invention may also relaX the timing requirements of the 
memory bus 105 since tWo RAM 106 modules Will be 
activated (causing tWice the loading of the bus) thereon 
during transfer of information from the failing RAM 106 
module to the neW RAM 106 module. 

[0057] A feature of the embodiments of the invention is 
transferring or synchroniZing all information contained in 
the failing RAM 106 module to the neW RAM 106 module 
Without disturbing the normal operation of the computer 
system 100. The embodiments of the invention do this 
transferring and synchroniZing of information by enabling 
Writes to both the failing RAM 106 module and the neW 
RAM 106 module, and reads from only the failing RAM 106 
module during the time required to synchroniZe the failing 
and neW RAM 106 modules. Both the failing and neW RAM 
106 modules respond to the same addresses and are thus 
activated concurrently. The SMM program running in SMI 
causes the processor 102 to eXecute read-modify-Write 
operations on the contents of the failing RAM 106 module. 
The read-modify-Write operation is used because the pro 
cessor 102 treats this operation as a locked or un-interrupt 
ible operation. The data contained in the failing RAM 106 
module is not modi?ed, thus the embodiment of the inven 
tion merely performs a locked READ/WRITE operation. 
Since the failing and neW RAM 106 modules respond to the 
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same addresses, and both are Written to concurrently (but 
only the failing RAM 106 module can be read from during 
the transfer operation), the neW RAM 106 module is updated 
to the contents of the failing RAM 106 module. The SMM 
program causes the processor 102 to execute read-modify 
Writes of all address locations in the failing RAM 106 
module until the entire contents of the failing RAM 106 
module have been addressed. 

[0058] The SMM program runs the read-modify-Writes in 
the background and only executes for a small percentage of 
the operating time of the other programs running in the 
computer system. Thus, access to the computer system 100 
by the other programs is not materially affected even though 
the overall operation of the computer system 100 may sloW 
doWn slightly due to the increased activity on the memory 
bus 105. The read-modify-Write operation is utiliZed 
because this operation locks out other bus masters (PCI, 
AQP, etc.) from accessing the memory bus 105 before the 
read-modify-Write operation has completed. If another bus 
master Writes to the failing RAM 106 module betWeen the 
portions of the SMM read-modify-Write operations to the 
failing and neW RAM 106 modules, the neW RAM 106 
module Will also be Written to, thus maintaining data coher 
ency and synchroniZation betWeen these tWo RAM 106 
modules. Once the read-modify-Write transfers of all of the 
contents of the failing RAM 106 module have been com 
pleted, the hot-plug controller 164 disconnects the failing 
RAM 106 module from the memory bus 105 and system 
poWer by means of the FET signal isolation buffers 160 and 
poWer FET switches 162 When the memory bus 105 is 
inactive, and then enables read accesses to the neW RAM 
106 module so that the next memory read access is serviced 
by only the neW RAM 106 module. Once the failing RAM 
106 module has been isolated from the memory bus 105a by 
the FET signal isolation buffers 160, and from the poWer bus 
by the poWer FET sWitches 162, the failing RAM 106 
module may be easily and safely removed from its connector 
402 Without disturbing normal operation of the computer 
system 100. Removing the failing RAM 106 module from 
the memory connector 402 makes this connector 402 avail 
able for adding another neW RAM 106 module for further 
replacement or addition of RAM 106 in the computer system 
100. 

[0059] Adding a NeW Component 

[0060] A neW component such as a neW RAM 106 mod 
ule(s) may be added to the computer system 100 Without 
shutting it doWn. This embodiment of the invention alloWs 
the capacity of the RAM 106 to be dynamically increased 
While the computer system 100 remains operational. This is 
especially important in critical server applications that must 
function on a 7 day by 24 hour schedule. For example, the 
critical server has an application(s) Which is starting to sloW 
doWn because of insufficient RAM 106 siZe to properly 
handle the requirements of the application. Normally, the 
server Would have to be scheduled for a shutdoWn, neW 
RAM 106 installed, then the server brought back up to a 
fully operational state. 

[0061] According to this embodiment of the invention, a 
technician may insert the neW RAM 106 module(s) into an 
empty connector(s) 402 and circuitry in the hot-plug con 
troller 164 detects the presence of this neW RAM 106 
module by, for example but not limitation, the RAM 106 

Sep. 12, 2002 

module grounding a signal connection in the connector 402. 
Once the presence of a RAM 106 module is detected, the 
hot-plug controller 164 may Wait a period of time, for 
example ?ve seconds, before generating an SMI. The SMI 
routine reads a status register and identi?es What RAM 106 
module(s) has been installed in Which previously empty 
connector(s) 402. The SMI routine causes the hot-plug 
controller 164 to apply poWer to the connector 402 With the 
poWer FET sWitches 162. This alloWs the neW RAM 106 
module to stabiliZe and initialiZe its circuits before they are 
connected to the memory bus 105a by the FET signal 
isolation buffers 160. 

[0062] After the hot-plug controller 164 synchronously 
connects the connector 402 having the neW RAM 106 
module to the memory bus 105a as described above, the 
SMI routine identi?es the neW memory and determines its 
siZe (capacity). Next, the SMI routine instructs the hot-plug 
controller 164 to con?gure the neW RAM 106 module(s) for 
a unique area of RAM 106 address space, preferably above 
the address space of the current RAM 106. The starting 
address for the neW RAM 106 module(s) may be stored in 
the associated register as mentioned above (not illustrated). 
Then the SMI routine begins a background routine Which 
may ?rst test and then initialiZes (Writes Us to) the neW 
RAM 106 module(s). Once this initialiZation process is 
complete, the SMI routine generates an interrupt to the 
softWare operating system to inform it of the added system 
RAM 106. The softWare operating system responds to this 
interrupt, retrieves status information of the neWly added 
RAM 106 through a predetermined mechanism (e.g., 
Advanced Con?guration PoWer Interface “ACPI”), and then 
utiliZes the added RAM 106 according to the speci?c 
operating system environment. 

[0063] Upgrading a Component 

[0064] Upgrading of an existing component, Whether 
defective or not, is similar to What Was disclosed herein 
above for replacement of a failing component and adding a 
neW component. For example, upgrading the RAM 106 for 
greater capacity generally requires the addition to and/or 
replacement of existing RAM 106 modules. The existing 
RAM 106 modules are not necessarily failing though a 
replacement and upgrade could be performed concurrently 
since the basic requirements for an upgrade/replacement are 
the same as those of replacing a failing component. 

[0065] According to the upgrade embodiment of the 
invention, a technician may insert the neW RAM 106 mod 
ule(s) into an empty connector(s) 402 and circuitry in the 
hot-plug controller 164 detects the presence of this neW 
RAM 106 module as described hereinabove. Once the 
presence of a RAM 106 module is detected, the hot-plug 
controller 164 may Wait a period of time, for example ?ve 
seconds, before generating an SMI. The SMI routine reads 
a status register and identi?es What RAM 106 module(s) has 
been installed in Which previously empty connector(s) 402. 
The SMI routine causes the hot-plug controller 164 to apply 
poWer to the connector 402 With the poWer FET sWitches 
162. This alloWs the neW RAM 106 module to stabiliZe and 
initialiZe its circuits before they are connected to the 
memory bus 105a by the FET signal isolation buffers 160. 

[0066] After the hot-plug controller 164 synchronously 
connects the connector 402 having the neW RAM 106 
module to the memory bus 105a as described hereinabove, 
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the SMI routine identi?es the neW memory and determines 
its siZe (capacity). Since the neW RAM 106 module is 
replacing an existing RAM 106 module, the existing RAM 
106 module beginning address space Will also be the begin 
ning address space for the neW RAM 106 module. The neW 
RAM 106 module Will typically have a larger storage 
capacity than the RAM 106 module it is replacing. Thus, a 
neW address space must be de?ned by the operating system 
softWare as described hereinabove. 

[0067] Data from the present RAM 106 module must be 
synchroniZed With the neW RAM 106 module. The data 
stored in the present RAM 106 module must be transferred 
in a background mode to the neW RAM 106 module as 
described hereinabove for replacing a failing component. 
Once all of the data from the present RAM 106 module has 
been Written to the neW RAM 106 module, the hot-plug 
controller 164 Will synchronously disconnect the appropri 
ate connector 402 from the memory bus 105a With the FET 
signal isolation buffers 160, and then disconnect system 
poWer from this connector 402 With the poWer FET sWitches 
162. The hot-plug controller 164 Will also enable the neW 
RAM 106 module to respond to read request. The memory 
capacity Which is in excess of the memory capacity of the 
RAM 106 module being replaced, needs to be initialiZed by 
Writing all Zeros to any memory locations not mapped from 
the RAM 106 module being replaced. After the synchroni 
Zation and initialiZation process has been completed, the 
technician can remove the disabled RAM 106 module(s), 
thus freeing up more connectors 402 for adding more neW 
RAM 106 modules in the future. 

[0068] The added capacity of the upgrade RAM 106 
module may be made knoWn to the operating system soft 
Ware by, for example, a WindoWs application shoWing a 
menu of selectable upgrade options. This WindoWs applica 
tion Would notify the SMI through an API, alloWing the SMI 
?rmWare to perform the upgrade When the neW RAM 106 
Was available. The SMI routine may con?gure the neW 
RAM 106 module(s) for the same starting address as the 
RAM 106 module(s) being replaced, and the SMI routine 
also alerts the softWare operating system that additional 
memory capacity is available, in the computer system 100. 
Once noti?ed, the operating system softWare may allocate 
the additional address space to application processes. 

[0069] The hot-plug controller 164 may have registers (not 
illustrated) associated With each connector 402 Which may 
be used to store the status of the connectors 402 and any 
RAM 106 module inserted therein. For example, status bits 
in the registers may indicate a connector With no RAM 106 
module, a fully operational RAM 106 module, a failing 
RAM 106 module, a standby non-operational RAM 106 
module, a neW un-initialiZed or un-synchroniZed RAM 106 
module located in the connector, etc. Some of these registers 
may contain the starting address of the address block in 
Which the associated RAM 106 module Will operate, etc. 
Status bits in these registers may also be used to control the 
status indications represented by the LEDs 404. 

[0070] The LEDs 404 may be utiliZed to indicate the status 
of an associated memory connector 402 and/or RAM 106 
module plugged therein. Each memory connector 402 may 
have one or more LEDs 404 associated thereWith. One LED 
404 having multiple colors may be used for each connector 
402, or a plurality of LEDs 404, each having a different 

Sep. 12, 2002 

color, may also be used. Combinations of colors and on-off 
?ash or blink rates may be utiliZed to convey visual infor 
mation of the status of each memory connector 402. For 
example: 

[0071] When a memory connector 402 is empty, or a 
RAM 106 module is plugged therein but the con 
nector 402 is disconnected from the memory bus 105 
and poWer, the associated LED 404 is off (dark). 

[0072] Afailed and uncorrectable RAM 106 module, 
the associated LED 404 is steady red. 

[0073] An operational but failing RAM 106 module 
having correctable errors detected, the associated 
LED 404 is steady amber. 

[0074] Any fully functional RAM 106 module that is 
not failing, the associated LED 404 is steady green. 

[0075] During hot-add of a neW RAM 106 module, 
the associated LED 404 is blinking amber to indicate 
that this neW module has not been fully initialiZed. 

[0076] During hot-replacement of an operational but 
failing RAM 106 module With a neW RAM 106 
module, both failing and neW modules are identi?ed 
by blinking amber LEDs 404. A preferred blink 
pattern may be BAD-NEW-PAUSE, BAD-NEW 
PAUSE, etc., to indicate Which module is being 
copied from (failing) and Which is being copied to 
(neW). The nature of the blink pattern indicates the 
direction of data being copied. Other combinations 
of colors and blink rates may be utiliZed and it is 
contemplated herein and Within the scope of the 
invention that any color of light and/or blink rates 
from the LEDs 404 may be utiliZed to indicate the 
different states of the RAM 106 modules and 
memory connectors 402. 

[0077] The present invention, therefore, is Well adapted to 
carry out the objects and attain the ends and advantages 
mentioned, as Well as others inherent therein. While the 
present invention has been depicted, described, and is 
de?ned by reference to particular preferred embodiments of 
the invention, such references do not imply a limitation on 
the invention, and no such limitation is to be inferred. The 
invention is capable of considerable modi?cation, alterna 
tion, and equivalents in form and function, as Will occur to 
those ordinarily skilled in the pertinent arts. The depicted 
and described preferred embodiments of the invention are 
exemplary only, and are not exhaustive of the scope of the 
invention. Consequently, the invention is intended to be 
limited only by the spirit and scope of the appended claims, 
giving full cogniZance to equivalents in all respects. 

What is claimed is: 
1. A computer system having hot-pluggable components, 

said system comprising: 

a central processing unit; 

a component controller connected to said central process 
ing unit; 

a component bus connected to said component controller; 

a plurality of component connectors adapted to receive 
component modules; 
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a plurality of component bus switches connected betWeen 
said component bus and said plurality of component 
connectors; 

a plurality of component poWer sWitches connected 
betWeen said plurality of component connectors and a 
poWer source; 

a ?rst component module installed in a one of said 
plurality of component connectors; and 

a logic circuit connected to said component bus, said 
plurality of component connectors, said plurality of 
component bus sWitches and said plurality of compo 
nent poWer sWitches, Wherein 

When said component controller determines that said 
?rst component module is failing but still opera 
tional, said component controller asserts a system 
management interrupt to said central processing unit; 

When said central processing unit receives the system 
management interrupt, said central processing unit 
runs a system management program Which deter 
mines Whether a second component module is 
installed in another one of said plurality of compo 
nent connectors; 

if said second component module is not installed then 
the system management program continues deter 
mining until said second component module is 
installed; 

if said second component module is installed then the 
system management program causes said central 
processing unit to transfer information stored in said 
?rst component module to said second component 
module until all information is transferred, the trans 
fer of information is done as a background operation 
Which does not materially affect other programs 
running in said central processing unit; 

said logic circuit causing some of said plurality of 
component bus sWitches to disconnect said ?rst 
component module from said component bus after 
all of the information is transferred; and 

said logic circuit causing some of said plurality of 
component poWer sWitches to disconnect said ?rst 
component module from said poWer source after the 
some of said plurality of component bus sWitches has 
disconnected said ?rst component module from said 
component bus. 

2. The computer system of claim 1, Wherein said central 
processing unit is a plurality of central processing units. 

3. The computer system of claim 1, Wherein said plurality 
of component bus sWitches comprise a plurality of ?eld 
effect transistor sWitches. 

4. The computer system of claim 1, Wherein said plurality 
of component poWer sWitches comprise a plurality of ?eld 
effect transistor poWer sWitches. 

5. The computer system of claim 1, Wherein said ?rst and 
second component modules are selected from the group 
consisting of a random access memory, a netWork interface, 
a modem, a disk interface, a peripheral component inter 
connect (PCI) interface, an accelerated graphics port (AGP) 
interface, a co-processor, a universal serial bus (USB) inter 
face, a ?bre channel interface, an industry standard archi 
tecture (ISA) controller, an extension to industry standard 
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architecture (EISA) controller, a super input-output (SIO) 
controller, and a small computer system interface (SCSI). 

6. The computer system of claim 1, Wherein said ?rst and 
second component modules are ?rst and second random 
access memory (RAM) modules, respectively, said compo 
nent controller is a memory controller having error checking 
and correcting logic, and said ?rst component module is 
failing With correctable bit errors. 

7. The computer system of claim 1, further comprising 
detection logic for determining When a component module 
is installed in and removed from a one of said plurality of 
component connectors. 

8. The computer system of claim 7, Wherein said detection 
logic determines When said component module is installed 
in and removed from the one of said plurality of component 
connectors by sensing an electrical connection to said com 
ponent module and sensing a loss of the electrical connec 
tion to said component module, respectively. 

9. The computer system of claim 7, Wherein said detection 
logic Waits a speci?ed time before connecting said compo 
nent module to said poWer source and then to said compo 
nent bus after determining When said component module is 
installed in the one of said plurality of component connec 
tors. 

10. The computer system of claim 9, Wherein said detec 
tion logic resets and does not connect said component 
module if it senses during the speci?ed time that said 
component module is not installed. 

11. The computer system of claim 1, further comprising a 
plurality of light emitting diodes associated With said plu 
rality of component connectors, each one of said plurality of 
light emitting diodes indicating status of an associated one 
of said plurality of component connectors. 

12. The computer system of claim 11, Wherein a steady 
red indication from said one of said plurality of light 
emitting diodes represents a failed one of said component 
modules located in said associated one of said plurality of 
component connectors. 

13. The computer system of claim 11, Wherein a steady 
green indication from said one of said plurality of light 
emitting diodes represents a fully functional one of said 
component modules located in said associated one of said 
plurality of component connectors. 

14. The computer system of claim 11, Wherein no indi 
cation from said one of said plurality of light emitting diodes 
represents a disconnected one of said plurality of component 
connectors. 

15. The computer system of claim 11, Wherein a steady 
amber indication from said one of said plurality of light 
emitting diodes represents a failing but operational one of 
said component modules located in said associated one of 
said plurality of component connectors. 

16. The computer system of claim 11, Wherein a blinking 
amber indication from said one of said plurality of light 
emitting diodes represents a one of said component modules 
located in said associated one of said plurality of component 
connectors being initialiZed With information from another 
one of said component modules. 

17. The computer system of claim 1, Wherein a ?rst one 
of said plurality of light emitting diodes associated With said 
?rst component module and a second one of said plurality of 
light emitting diodes associated With said second component 
module alternately blink With amber indications and a pause 
to represent transfer of information and the direction thereof. 
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18. The computer system of claim 1, further comprising 
the system management software sending an alert to an 
operator When said ?rst component module is failing and 
said second component module is not installed. 

19. The computer system of claim 1, Wherein: 

if a second component module is not installed and then is 
subsequently installed in said another one of said 
plurality of component connectors, then 

said logic circuit causes some other of said plurality of 
component poWer sWitches to connect said second 
component module to said poWer source; and 

said logic circuit causes some other of said plurality of 
component bus sWitches to connect said second 
component module to said component bus When said 
component bus is inactive; and 

said ?rst and second component modules Writing the 
information to the same addresses, but only the ?rst 
component module responding to a read request 
during transfer of the information. 

20. Acomputer system having hot-pluggable components, 
said system comprising: 

a central processing unit; 

a component controller connected to said central process 
ing unit; 

a component bus connected to said component controller; 

a plurality of component connectors adapted to receive 
component modules; 

a plurality of component bus sWitches connected betWeen 
said component bus and said plurality of component 
connectors; 

a plurality of component poWer sWitches connected 
betWeen said plurality of component connectors and a 
poWer source; 

a neW component module installed in a one of said 
plurality of component connectors; and 

a logic circuit connected to said component bus, said 
plurality of component connectors, said plurality of 
component bus sWitches and said plurality of compo 
nent poWer sWitches, Wherein 

When said logic circuit determines that said neW com 
ponent module is installed in the one of said plurality 
of component connectors, said logic circuit causes 
some of said plurality of poWer sWitches to connect 
the one of said plurality of component connectors to 
said poWer source, and then said logic circuit causes 
some of said component bus sWitches to connect the 
one of said plurality of component connectors to said 
component bus When said component bus is inactive; 

said logic circuit asserting a system management inter 
rupt to said central processing unit after the one of 
said plurality of component connectors is connected 
to said poWer source and said component bus; and 

When said central processing unit receives the system 
management interrupt, said central processing unit 
runs a system management program for initialiZing 
said neW component module and then the system 
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management program noti?es an operating system 
program of the availability of said neW component 
module. 

21. The computer system of claim 20, Wherein said neW 
component module is a plurality of neW component mod 
ules. 

22. The computer system of claim 20, Wherein said neW 
component module is selected from the group consisting of 
a random access memory, a netWork interface, a modem, a 
disk interface, a peripheral component interconnect (PCI) 
interface, an accelerated graphics port (AGP) interface, a 
co-processor, a universal serial bus (USB) interface, a ?bre 
channel interface, an industry standard architecture (ISA) 
controller, an eXtension to industry standard architecture 
(EISA) controller, a super input-output (SIO) controller, and 
a small computer system interface (SCSI). 

23. The computer system of claim 20, Wherein said neW 
component module is a neW random access memory (RAM) 
module, said component controller is a memory controller 
having error checking and correcting logic, and said com 
ponent bus is a computer system memory bus. 

24. The computer system of claim 23, further comprising 
detection logic for determining When said neW RAM module 
is installed in and removed from the one of said plurality of 
component connectors. 

25. The computer system of claim 24, Wherein said 
detection logic Waits a speci?ed time before connecting said 
neW RAM module to said poWer source and then to said 
computer system memory bus after determining When said 
neW RAM module is installed in the one of said plurality of 
component connectors. 

26. The computer system of claim 24, Wherein said 
detection logic determines When said neW RAM module is 
installed in and removed from the one of said plurality of 
component connectors by sensing an electrical connection to 
said neW RAM module and sensing a loss of the electrical 
connection to said neW RAM module, respectively. 

27. The computer system of claim 23, Wherein the system 
management program initialiZes said neW RAM module by 
Writing Zero values to all address locations thereof. 

28. The computer system of claim 23, Wherein the system 
management program determines the siZe of said neW RAM 
module. 

29. The computer system of claim 23, Wherein the system 
management program determines What address space is 
assigned to said neW RAM module. 

30. The computer system of claim 23, Wherein the system 
management program generates an interrupt to an operating 
system program to inform the operating system program that 
said neW RAM module is available for use. 

31. The computer system of claim 30, Wherein the oper 
ating system program responds to the interrupt, retrieves 
status information of said neW RAM module and then 
utiliZes said neW RAM module When running programs in 
the computer system. 

32. The computer system of claim 30, Wherein the oper 
ating system program uses an advanced Con?guration 
PoWer Interface (ACPI) for retrieving the status information. 

33. The computer system of claim 6, further comprising: 

said second RAM module having a larger storage capacity 
than said ?rst RAM module; 
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the system management program initializes a portion of 
said second RAM module Which is not Written to 
during transfer of the information from said ?rst RAM 
module; and 

the system management program generates an interrupt to 
an operating system program to inform the operating 
system program of the additional memory capacity 
available from said second RAM module. 

34. A method, in a computer system comprising a central 
processing unit, a component controller connected to the 
central processing unit, a component bus connected to the 
component controller, a plurality of component connectors 
adapted to receive component modules, a plurality of com 
ponent bus sWitches connected betWeen the component bus 
and the plurality of component connectors; a plurality of 
component poWer sWitches connected betWeen the plurality 
of component connectors and a poWer source; and a logic 
circuit connected to the component bus, the plurality of 
component connectors, the plurality of component bus 
sWitches and the plurality of component poWer sWitches; 
said method comprising the steps of: 

providing a ?rst component module installed in a one of 
the plurality of component connectors; 

detecting a failing but still operational ?rst component 
module; 
determining Whether a second component module is 

installed in another one of the plurality of component 
connectors and is available to replace the failing ?rst 
component module; 

if the second component module is installed and 
available in the another one of the plurality of 
component connectors, then 

connecting the poWer source to the another one of 
the plurality of component connectors With 
some of the plurality of component poWer 
sWitches; and 

connecting the component bus to the another one 
of the plurality of component connectors With 
some of the plurality of component bus 
sWitches When the component bus is not active; 

transferring information from the failing ?rst component 
module to the second component module until all 
information has been transferred; and 

disconnecting the ?rst component module from the com 
ponent bus after the information has been transferred. 

35. The method of claim 34, further comprising the step 
of alerting an operator When the ?rst component module is 
determined to be failing. 

36. The method of claim 34, further comprising the step 
of alerting an operator if the second component module is 
not available. 

37. The method of claim 34, further comprising the step 
of alerting the operator When the second component module 
is not installed. 

38. The method of claim 34, further comprising the step 
of Waiting a predetermined time after detecting the second 
module being installed in the another one of the plurality of 
component connectors before connecting the another one of 
the plurality of component connectors to the poWer source 
and then the component bus. 

39. The method of claim 34, further comprising the step 
of indicating status of the ?rst component module With a 
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light emitting diode located proximate to the one of the 
plurality of component connectors. 

40. The method of claim 34, further comprising the step 
of indicating status of the second component module With a 
light emitting diode located proXimate to the another one of 
the plurality of component connectors. 

41. A method, in a computer system comprising a central 
processing unit, a component controller connected to the 
central processing unit, a component bus connected to the 
component controller, a plurality of component connectors 
adapted to receive component modules, a plurality of com 
ponent bus sWitches connected betWeen the component bus 
and the plurality of component connectors; a plurality of 
component poWer sWitches connected betWeen the plurality 
of component connectors and a poWer source; and a logic 
circuit connected to the component bus, the plurality of 
component connectors, the plurality of component bus 
sWitches and the plurality of component poWer sWitches; 
said method comprising the steps of: 

installing a neW component module into a one of the 
plurality of component connectors; 

determining When the neW component module is 
installed; 

Waiting a predetermined time before connecting the neW 
component module to the poWer source and then to the 
component bus; 

initialiZing the neW component module connected to the 
component bus for operation in the computer system; 

notifying a computer system operating softWare of the 
neW component module; and 

utiliZing the neW component module in the computer 
system. 

42. A method, in a computer system comprising a central 
processing unit, a component controller connected to the 
central processing unit, a component bus connected to the 
component controller, a plurality of component connectors 
adapted to receive component modules, a plurality of com 
ponent bus sWitches connected betWeen the component bus 
and the plurality of component connectors; a plurality of 
component poWer sWitches connected betWeen the plurality 
of component connectors and a poWer source; and a logic 
circuit connected to the component bus, the plurality of 
component connectors, the plurality of component bus 
sWitches and the plurality of component poWer sWitches; 
said method comprising the steps of: 

replacing a ?rst component module connected to the 
poWer source and component bus With a second com 
ponent module having increased capabilities; 

determining When the second component module is 
installed; 

Waiting a predetermined time before connecting the sec 
ond component module to the poWer source and then to 
the component bus; 

transferring information from the ?rst component module 
to the second component module until all information 
has been transferred; 

disconnecting the ?rst component module from the com 
ponent bus and poWer source after the information has 
been transferred. 

initialiZing the increased capabilities of the second com 
ponent module for operation in the computer system; 
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notifying a computer system operating software of the 
increased capabilities of the second component mod 
ule; and 

utilizing the neW component module in the computer 
system 

43. The method of claim 42, Wherein the ?rst component 
module is a ?rst random access memory module and the 
second component module is a second random access 
memory module having a greater storage capacity than the 
?rst random access memory module. 

44. The method of claim 34, Wherein the step of trans 
ferring information from the failing ?rst component module 
to the second component module is done by the component 
controller. 

45. The method of claim 34, Wherein the step of trans 
ferring information from the failing ?rst component module 
to the second component module is done by the central 
processing unit Which does locked reads of portions of the 
contents of the failing ?rst component module and then 
Writes these portions to the second component module. 

46. The method of claim 45, Wherein the step of trans 
ferring information from the failing ?rst component module 
to the second component module by the central processing 
unit is done in a background operation during normal 
operation of the computer system. 

47. The method of claim 41, Wherein the step of initial 
iZing the neW component module is done by the component 
controller. 

48. The method of claim 41, Wherein the step of initial 
iZing the neW component module is done by the central 
processing unit Which Writes logic Zeros to all portions of the 
neW component module. 

49. The method of claim 48, Wherein the step of initial 
iZing the neW component module by the central processing 
unit is done in a background operation during normal 
operation of the computer system. 

50. An apparatus, comprising: 

a component controller adapted for connection to a central 
processing unit; 

a component bus connected to said component controller; 

a plurality of component connectors adapted to receive 
component modules; 

a plurality of component bus sWitches connected betWeen 
said component bus and said plurality of component 
connectors; 

a plurality of component poWer sWitches connected 
betWeen said plurality of component connectors and a 
poWer source; 

a ?rst component module installed in a one of said 
plurality of component connectors; and 

a logic circuit connected to said component bus, said 
plurality of component connectors, said plurality of 
component bus sWitches and said plurality of compo 
nent poWer sWitches, Wherein 

When said component controller determines that said 
?rst component module is failing but still opera 
tional, said component controller determines 
Whether a second component module is installed in 
another one of said plurality of component connec 
tors; 
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if said second component module is not installed 
then said component controller continues deter 
mining until said second component module is 
installed; 

if said second component module is installed then 
said component controller transfers information 
stored in said ?rst component module to said 
second component module until all information is 
transferred; 

said logic circuit causing some of said plurality of 
component bus sWitches to disconnect said ?rst 
component module from said component bus after 
all of the information is transferred; and 

said logic circuit causing some of said plurality of 
component poWer sWitches to disconnect said ?rst 
component module from said poWer source after 
the some of said plurality of component bus 
sWitches has disconnected said ?rst component 
module from said component bus. 

51. An apparatus, comprising: 

a component controller adapted for connection to a central 
processing unit; 

a component bus connected to said component controller; 

a plurality of component connectors adapted to receive 
component modules; 

a plurality of component bus sWitches connected betWeen 
said component bus and said plurality of component 
connectors; 

a plurality of component poWer sWitches connected 
betWeen said plurality of component connectors and a 
poWer source; 

a neW component module installed in a one of said 
plurality of component connectors; and 

a logic circuit connected to said component bus, said 
plurality of component connectors, said plurality of 
component bus sWitches and said plurality of compo 
nent poWer sWitches, Wherein 

When said logic circuit determines that said neW com 
ponent module is installed in the one of said plurality 
of component connectors, said logic circuit causes 
some of said plurality of poWer sWitches to connect 
the one of said plurality of component connectors to 
said poWer source, and then said logic circuit causes 
some of said component bus sWitches to connect the 
one of said plurality of component connectors to said 
component bus When said component bus is inactive; 

said component controller initialiZing said neW com 
ponent module after the one of said plurality of 
component connectors is connected to said poWer 
source and said component bus; and 

said component controller noti?es an operating system 
program of the availability of said neW component 
module. 


