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(57) ABSTRACT 

Controlling the merging of nodes into a single-partition 
merged system using the nodes service processors is dis 
closed. The system runs a single instance of an operating 
system. A user communicates with a service processor of a 
predetermined boot node to enter partition configuration 
information for the system without using a dedicated console. 
The partition configuration information is stored by the Ser 
vice processor of the boot node, and transmitted from the 
service processor of the boot node to the service processors of 
predetermined secondary nodes. The service processor of 
each secondary node then stores the partition configuration 
information. At reset, power-up, or power-down of any sec 
ondary node, the reset, power-up or power-down is conveyed 
to the service processor of the boot node, which resets, starts 
up, or shuts down the system, including transmitting com 
mands to the service processors of the secondary nodes to 
individually reset, start up, or shut down. 
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MERGING SCALABLE NODES INTO 
SINGLE-PARTITION MERGED SYSTEM 

USING SERVICE PROCESSORS OF NODES 

RELATED APPLICATIONS 

0001. The present patent application is a continuation of 
the previously filed patent application also entitled “merging 
Scalable nodes into single-partition merged system using ser 
vice processors of nodes.” filed on Jun. 25, 2003, and assigned 
Ser. No. 10/603,516. 

BACKGROUND OF THE INVENTION 

0002 1. Technical Field 
0003. This invention relates generally to merging scalable 
nodes of a system into a single-partition merged system run 
ning a single instance of an operating system (OS), and more 
particularly to the control of Such merging by using the Ser 
Vice processors of the nodes. 
0004 2. Description of the Prior Art 
0005. As computing needs for organizations have 
increased, one common way to obtain greater computing 
power is to merge a number of scalable multiple-processor 
and/or single-processor nodes of a system so that the nodes 
function as a single-partition merged system. This is known 
as hardware partitioning. Such a system typically runs a 
single instance of an operating system (OS). The resources of 
all the nodes are thus conceptually combined, so that in effect 
the user experiences a single, more powerful computing sys 
tem functioning as one scaled up node, instead of a number of 
less powerful nodes. 
0006. A traditional approach to combining multiple nodes 
of a system into a single-partition merged system running a 
single instance of an OS is to manually configure each node. 
An administrator interacts directly with each node, configur 
ing each node with the proper partition configuration infor 
mation, and specifying one of the nodes as the primary, or 
boot node, and the other nodes as secondary nodes to the 
primary node. This approach is cumbersome, however, espe 
cially where there are more than a few nodes to manually 
configure, and is prone to user data entry error. 
0007 Another approach is to have dedicated hardware that 

is responsible for configuring the nodes as a single-partition 
merged system running a single instance of an OS. An admin 
istrator interacts with the dedicated hardware, which may be, 
for instance, a dedicated management console. The hardware 
is then responsible for ensuring that the nodes operate as a 
single-partition merged system. However, this approach 
requires the addition of potentially costly hardware, and may 
require modification to preexisting systems that do not allow 
for the addition of such functionality. 
0008. A third approach is to have a luck-of-the-draw or 
timing-based approach programmed into the nodes of the 
system. When a node boots up, it determines whether a 
single-partition merged system is already running, and if so, 
joins the system. If the node does not find a preexisting system 
to join, it starts one, and becomes the primary node for the 
new system. The node thus becomes the primary node due to 
timing issues and the luck of the draw. Such an approach, 
however, can be complex, and does not provide the adminis 
trator with control over which node becomes the primary 
node. 

0009 For these and other reasons, therefore, there is a 
need for the present invention. 
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SUMMARY OF THE INVENTION 

0010. The invention relates to merging nodes into a single 
partition merged system using the service processors of the 
nodes. A method of the invention includes a user communi 
cating with a service processor of a predetermined boot node 
to enter partition configuration information for the single 
partition merged system. The partition configuration infor 
mation is stored by the service processor of the boot node, and 
transmitted from the service processor of the boot node to the 
service processors of predetermined secondary nodes. The 
service processor of each secondary node then stores the 
partition configuration information. 
0011. A single-partition merged system on which a single 
instance of an operating system (OS) is runnable includes at 
least one predetermined secondary node and a predetermined 
boot node. Each secondary node has a service processor to 
manage startup and shutdown of the secondary node. The 
boot node has a service processor to manage reset, startup, 
and/or shutdown of the boot node, and to supervise reset, 
startup, and/or shutdown of the at least one secondary node by 
sending reset, startup, and/or shutdown commands to the at 
least one secondary node. 
0012. An article of manufacture of the invention includes 
a computer-readable medium and means in the medium. The 
means is for transmitting partition configuration information 
for a single-partition merged system of a plurality of nodes 
from a service processor of a boot node to a service processor 
of each of at least one secondary node, and for storing the 
partition configuration by the service processor of the boot 
node. Other features and advantages of the invention will 
become apparent from the following detailed description of 
the presently preferred embodiment of the invention, taken in 
conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 FIG. 1 is a flowchart of a method for merging nodes 
into a single-partition merged system running a single 
instance of an operating system (OS), according to a preferred 
embodiment of the invention, and is suggested for printing on 
the first page of the patent. 
0014 FIG. 2 is a diagram of a single-partition merged 
system having a number of nodes and running a single 
instance of an OS, according to an embodiment of the inven 
tion. 

0015 FIG.3 is a diagram of one of the nodes of the system 
of FIG. 2 in more detail, according to an embodiment of the 
invention. 

0016 FIG. 4 is a flowchart of a method for starting up a 
single-partition merged system running a single instance of 
an OS at power-up of any of the secondary nodes of the 
system, according to an embodiment of the invention. 
(0017 FIG. 5 is a flowchart of a method for shutting down 
a single-partition merged system running a single instance of 
an OS at power-down of any of the secondary nodes of the 
system, according to an embodiment of the invention. 
0018 FIG. 6 is a flowchart of a method for resetting a 
single-partition merged system running a single instance of 
an OS following a reset of any of the secondary nodes of the 
system, according to an embodiment of the invention 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Merging Nodes into Single-Partition Merged System 

0019 FIG. 1 shows a method 100 for merging nodes into 
a single-partition merged system running a single instance of 
an operating system (OS), according to a preferred embodi 
ment of the invention. The method 100, as well as other 
methods of embodiments of the invention, may be wholly or 
partially implemented in conjunction with a computer-read 
able medium on an article of manufacture. The computer 
readable medium may be a recordable data storage medium, 
a modulated carrier signal, or another type of computer-read 
able medium. 
0020. A user communicates with a service processor of a 
boot node to enter partition configuration information for the 
single-partition merged system (102). The boot node is pre 
determined in that the user is able to select which of the nodes 
functions as the boot node. The boot node may also be 
referred to as the primary node of the system, in that it man 
ages the startup and shutdown of the merged system as a 
whole by appropriately communicating with other nodes of 
the system, which are referred to as secondary nodes. The 
service processor of a node is an adjunct processor to one or 
more primary processors of the node. The service processor is 
responsible for processing corollary data so that the node is 
able to run as configured. The service processor is not respon 
sible for the processing of data of application and other pro 
grams, which is the province of the primary processors, such 
as the central processing units (CPUs), of the node. 
0021. The user communicates with the service processor 
of the boot node without having to use a dedicated console. 
For instance, the user may utilize a web page user interface 
provided by the service processor of the boot node, on any 
node of the system, over the Internet, an intranet, an extranet, 
and/or another type of network, and so on. The Java program 
ming language may be employed to implement the web page 
user interface. As another example, the user may employ a 
console management application running on a separate sys 
tem administration computer to communicate with the Ser 
Vice processor of the boot node. The application may access 
any node of the system, over the Internet, an intranet, an 
extranet, and/or another type of network, and so on. The 
Transmission Control Protocol/Internet Protocol (TCP/IP) 
may be employed to communicate with the management 
application in this regard. 
0022. The partition configuration information is stored by 
the service processor of the boot node (104). The partition 
configuration information specifies how the user wishes the 
single-partition merged system to be configured. For 
instance, the information may specify which nodes are to be 
part of the system, which nodes are secondary nodes and 
which node is the primary node, which OS the system is to 
run, and so on. The information may be stored on non-volatile 
random-access memory (NVRAM) for the service processor, 
such as firmware. It may be additionally or alternatively be 
stored on the Basic Input/Output System (BIOS) of the boot 
node, where the service processor accesses the BIOS through 
an advanced setup menu, for instance, and where the service 
processor is communicatively connected to the BIOS through 
a Peripheral Component Interconnect (PCI) bus or another 
type of communications bus. 
0023 The service processor of the boot node transmits the 
partition configuration information to the service processors 
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of the secondary nodes (106). The boot node and the second 
ary nodes may be part of the same chassis or different chasses, 
which are physical structures that may hold, for instance, 
rack-mountable components such as nodes. A node itselfmay 
be considered a complete computing unit capable of running 
an operating system, having processors, memory, input/out 
put (I/O) devices, and so on. The boot node and the secondary 
nodes may be able to communicate with one another via 
scalability hardware and scalability cables. They may also be 
able to communicate with one another via other controllers, 
using other communications protocols. The service processor 
of each secondary node ultimately stores the partition con 
figuration information (108), in its firmware. NVRAM, and/ 
or BIOS, and so on. 

Single-Partition Merged System and Node Thereof 
0024 FIG. 2 shows a single-partition merged system 200, 
according to an embodiment of the invention. The system 200 
preferably runs a single instance of an operating system (OS). 
The system 200 includes a predetermined boot node 202, and 
predetermined secondary nodes 204A, 204B, and 204C, col 
lectively referred to as the secondary nodes 204. There may 
be more or fewer of the secondary nodes 204 than depicted in 
FIG. 2. The boot node 202 and the secondary nodes 204 are 
coupled to one another via an interconnect 216, and so on. 
That is, the boot node 202 is able to send commands to and 
receive commands from the secondary nodes 204 over the 
interconnect 216. The nodes 202 and 204 may be part of the 
same chassis or different chasses. 
(0025. The boot node 202 includes a Basic Input/Output 
System (BIOS) 206, non-volatile random-access memory 
(NVRAM) 208, a service processor 210 connected to a man 
agement network, a user-actuable control 212, and a drawer 
management controller (DMC) 213. The boot node 202 may 
also include components in addition to and/or in lieu of those 
depicted in FIG. 2. The user interacts directly with the service 
processor 210 of the boot node 202, as indicated by the 
bi-directional line 214 via the management network, or 
through a Peripheral Component Interconnect (PCI) bus 
using a BIOS setup menu. The BIOS 206 is generally a set of 
routines for the boot node 202 that provides an interface 
between the OS and the hardware, and controls functionality 
such as power-on self test (POST). The NVRAM 208 retains 
its contents even when power is not Supplied to it, and may be 
the firmware for the boot node 202. 
0026. The service processor 210 is a corollary processor to 
the primary processor(s) of the boot node 202. The control 
212 can be actuated to turn on or off the merged system 200, 
and or to reset the merged system 200, as is described in a 
subsequent section of the detailed description. The Drawer 
Management Controller (DMC) 213 is the controller that 
allows the node 202 to communicate power state information, 
temperature, fan speed and other information with the service 
processor, and the DMC receives control commands from the 
service processor 210. 
(0027. The secondary nodes 204A, 204B, and 204C also 
include BIOS 218A, 218B, and 218C, respectively, and 
which are collectively referred to as the BIOS 218. The sec 
ondary nodes 204A, 204B, and 204C include NVRAM.220A, 
220B, and 220C, respectively, and which are collectively 
referred to as the NVRAM 220. The secondary nodes 204A, 
204B, and 204C include service processors 222A, 222B, and 
222C, respectively, and which are collectively referred to as 
the service processors 222, each of which is connected to a 
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management network. The secondary nodes 204A, 204B, and 
204C include user-actuable controls 224A, 224B, and 224C, 
respectively, and which are collectively referred to as the 
controls 224. The secondary nodes 204A, 204B, and 204C 
include DMC 226A, 226B, and 226C, respectively, and 
which are collectively referred to as the DMC 226. The BIOS 
218, the NVRAM 220, the service processors 222, the con 
trols 224, and the DMC 226 of the secondary nodes 204 
perform functionality as has been described in the previous 
paragraph as to the BIOS 206, the NVRAM 208, the service 
processor 210, the control 212, and the DMC 213 of the boot 
node 202. 
0028 FIG. 3 shows in detail a node 300, according to an 
embodiment of the invention, that can implement one or more 
of the nodes 202 and 204 of FIG. 2. As can be appreciated by 
those of ordinary skill within the art, the node 300 may 
include other components in addition to and/or in lieu of those 
depicted in FIG. 3. Furthermore, the node 300 of FIG. 3 is 
meant as representative of one type of node in conjunction 
with which embodiments of the invention can be imple 
mented. Embodiments of the invention are also amenable to 
implementation in conjunction with other types of nodes, as 
can be appreciated by those of ordinary skill within the art. 
0029. The node 300 includes a service processor 302, 
primary processor(s) 304, input/output (I/O) devices 306, a 
user-actuable control 308, and BIOS 312 that are connected 
to a common bus 314. The bus 314 may be a Peripheral 
Component Interconnect (PCI) bus, and/or another type of 
bus. The service processor 302 contains the NVRAM 310. A 
controller 316 is also connected to the bus 314, and manages 
operations relating to the primary random-access memory 
318 of the node 300. In support of this functionality, the 
controller 316 has a cache 320. The controller 322 also man 
ages communication with other nodes through an intercon 
nect, such as the interconnect 216 of FIG. 2, as indicated by 
the arrow 322. 

Startup, Shutdown, and Reset of Single-Partition 
Merged System 

0030 FIG. 4 shows a method 400 for starting up a single 
partition merged system preferably running a single instance 
of an operating system (OS), according to an embodiment of 
the invention. Any of the predetermined secondary nodes is 
powered up (402). For instance, a user may manually actuate 
a power control of a secondary node, or the secondary node 
may receive a power-up command. In response, the second 
ary node that is powered up conveys the power-up through the 
Drawer Management Controller (DMC) to the local service 
processor, via an appropriate command, to the service pro 
cessor of the predetermined boot node (404) using a manage 
ment network, Such as an interconnect. Thus, the secondary 
node does not perform any startup functionality itself in 
response to the power-up. The service processor of the boot 
node then starts up the single-partition merged system (406). 
For instance, the service processor of the boot node may 
transmit appropriate startup commands to the service proces 
sors of the secondary nodes to start up. It is only at this time 
that the secondary nodes start themselves up. 
0031 FIG. 5 shows a method 500 for shutting down a 
single-partition merged system preferably running a single 
instance of an OS, according to an embodiment of the inven 
tion. Any of the secondary nodes is powered down (502). For 
instance, a user may manually actuate a power control of a 
secondary node, or the secondary node may receive a power 
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down command. In response, the secondary node that is pow 
ered down conveys the power-down through the DMC to the 
local service processor, via an appropriate command, to the 
service processor of the boot node (504) using the manage 
ment network. The secondary node does not perform any 
shutdown functionality itself in response to the power-down. 
The service processor of the boot node then shuts down the 
single-partition merged system (506). The service processor 
of the boot node may transmit appropriate shutdown com 
mands to the service processors of the secondary nodes to 
shut down. It is only at this time that these nodes themselves 
shut down. 
0032 FIG. 6 shows a method 600 for resetting a single 
partition merged system preferably running a single instance 
of an OS, according to an embodiment of the invention. Any 
of the secondary nodes is reset (602). For instance, a user may 
manually actuate a reset control of a secondary node, or the 
secondary node may receive a reset command. In response, 
the secondary node that is reset conveys the reset request 
through the DMC to the local service processor, via an appro 
priate command, to the service processor of the boot node 
(604) using the management network. The secondary node 
does not perform any reset functionality itself in response to 
the reset. The service processor of the boot node then resets 
the single-partition merged system (606). The service proces 
sor of the boot node may transmit appropriate reset com 
mands to the service processors of the secondary nodes to 
reset. It is only at this time that these nodes themselves reset. 

Advantages over the Prior Art 
0033 Embodiments of the invention allow for advantages 
over the prior art. A user enters partition configuration setup 
information only once. The delivery of the same information 
to the service processor of each secondary node is guaranteed, 
and the connection complexity for the console management 
application is reduced. Entering the setup information in one 
place minimizes the chance for data entry errors and reduces 
user data entry effort. 
0034) Furthermore, by guaranteeing that the same parti 
tion configuration information is transmitted to the service 
processor of each secondary node, the chance of boot failure 
due to data entry errors is minimized. Multi-way service 
processor functionality may also be used to verify that the 
configuration information is consistent at boot time, repairing 
that data when secondary service processors are replaced or 
flashed, as can be appreciated by those of ordinary skill within 
the art. Partition state integrity is also maintained. This 
ensures that partition control operations are not attempted 
using new configurations when there is a partition node mem 
bership overlap with other active running partitions. 
0035. In addition, reducing connection complexity to a 
single service processor simplifies server extension access or 
other console management applications. This makes it easier 
to send high-level partition control commands to the primary 
service processor, which can then distribute individual node 
shutdown and startup commands to the secondary nodes. 
Status can be collected for each individual service processor 
command and returned as one status message back to the 
requesting management application. 
0036 Furthermore, power and reset handling is uniquely 
accomplished by embodiments of the invention. That is, 
actuation of a power or a reset control by any of the secondary 
nodes does not immediately result in the power up or reset of 
the secondary node in question. Rather, this secondary node 
conveys the power up or reset to the boot node, which then 
powers up or resets the entire single-partition merged system. 
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0037. The lack of a dedicated attached console allows 
embodiments of the invention to realize cost savings over 
prior art systems that require such consoles. Furthermore, the 
user is provided with full control of the system using the 
power or reset control of any nodes, rather than having to 
utilize only a console. Multi-way service processor function 
ality also enables the coordination and sequencing of implicit 
partition control operations in response to power and reset 
events from partitioned nodes. 

Alternative Embodiments 

0038. It will be appreciated that, although specific 
embodiments of the invention have been described hereinfor 
purposes of illustration, various modifications may be made 
without departing from the spirit and scope of the invention. 
For instance, the system that has been described as amenable 
to implementation with a given type of node. However, other 
embodiments of the invention can be implemented with other 
types of nodes. Accordingly, the scope of protection of this 
invention is limited only by the following claims and their 
equivalents. 

I claim: 
1. A single-partition merged system on which a single 

instance of an operating system (OS) is runnable, comprising: 
at least one predetermined secondary node, each secondary 

node having a service processor to manage startup and 
shutdown of the secondary node; and, 

a predetermined boot node having a service processor to 
manage at least one of reset, startup, and shutdown of the 
boot node and to Supervise at least one of reset, startup, 
and shutdown of the at least one secondary node by 
sending a respective reset, startup, or shutdown com 
mand to the at least one secondary node, 

whereina user communicates partition configuration infor 
mation for the single-partition merged system with the 
service processor of the boot node, 

wherein the service processor of the boot node transmits 
the partition configuration information to the service 
processor of each of the at least one secondary node, 

wherein the partition configuration information specifies at 
least which of the plurality of nodes is to be a primary 
node of the single-partition merged system to be con 
structed and which of the plurality of nodes are to be 
secondary nodes of the single-partition merged system 
to be constructed, and 

wherein the plurality of nodes are merged into the single 
partition merged system that is configured based on the 
partition configuration information, each node having at 
least a primary processor other than the service proces 
sor of the node. 

2. The system of claim 1, whereina user communicates the 
partition configuration information for the single-partition 
merged system with the service processor of the boot node via 
one of a web page user interface and a console management 
application without using a dedicated console. 

3. The system of claim 1, wherein the service processor of 
the boot node stores the partition configuration information 
and conveys the partition configuration information to the 
service processor of each of the at least one secondary node 
for storage. 

4. The system of claim 1, wherein each of the at least one 
secondary node comprises a power control, user actuation of 
the power control resulting in transmission of a correspond 
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ing command to the service processor of the boot node to 
process and to send a power-related command to the service 
processor of each of the at least one secondary node. 

5. The system of claim 1, wherein receipt of a power 
command by any of the at least one secondary node results in 
transmission of a corresponding command to the service pro 
cessor of the boot node to process and to send a power-related 
command to the service processor of each of the at least one 
secondary node. 

6. The system of claim 1, wherein each of the at least one 
secondary node comprises a reset control, user actuation of 
the reset control resulting in transmission of a corresponding 
command to the service processor of the boot node to process 
and to send a reset-related command to the service processor 
of each of the at least one secondary node. 

7. The system of claim 1, wherein receipt of a reset com 
mand by any of the at least one secondary node results in 
transmission of a corresponding command to the service pro 
cessor of the boot node to process and to send a reset-related 
command to the service processor of each of the at least one 
secondary node. 

8. An article of manufacture comprising: 
a computer-readable recordable data storage medium; and, 
means in the medium for transmitting partition configura 

tion information for a single-partition merged system of 
a plurality of nodes from a service processor of a boot 
node to a service processor of each of at least one sec 
ondary node and for storing the partition configuration 
information by the service processor of the boot node, 

wherein a user communicates the partition configuration 
information for the single-partition merged system with 
the service processor of the boot node, 

wherein the partition configuration information specifies at 
least which of the plurality of nodes is to be a primary 
node of the single-partition merged system to be con 
structed and which of the plurality of nodes are to be 
secondary nodes of the single-partition merged system 
to be constructed, and 

wherein the plurality of nodes are merged into the single 
partition merged system that is configured based on the 
partition configuration information, each node having at 
least a primary processor other than the service proces 
sor of the node. 

9. The article of claim 8, wherein the means is further for 
interacting with the user without a dedicated console to set up 
the partition configuration at the service processor of the boot 
node. 

10. The article of claim 8, wherein the means is further for 
starting up the single-partition merged system by the service 
processor of the boot node, including transmitting a startup 
command from the service processor of the boot node to the 
service processor of each secondary node. 

11. The article of claim 8, wherein the means is further for 
shutting down the single-partition merged system by the Ser 
Vice processor of the boot node, including transmitting a 
shutdown command from the service processor of the boot 
node to the service processor of each secondary node. 

12. The article of claim 8, wherein the means is further for 
resetting the single-partition merged system by the service 
processor of the boot node, including transmitting a reset 
command from the service processor of the boot node to the 
service processor of each secondary node. 

c c c c c 


