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(57) ABSTRACT 

A method and apparatus dynamically distribute l/O nodes on 
a multi-node computing system. An l/O con?guration mecha 
nism located in the service node of a multi-node computer 
system controls the distribution of the I/O nodes. The 1/0 
con?guration mechanism uses job information located in a 
job record to initially con?gure the I/O node distribution. The 
1/0 con?guration mechanism further monitors the I/O perfor 
mance of the executing job to then dynamically adjusts the 
I/O node distribution based on the I/O performance of the 
executing job. 
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DYNAMIC DISTRIBUTION OF NODES ON A 
MULTI-NODE COMPUTER SYSTEM 

BACKGROUND 

[0001] 1. Technical Field 
[0002] The disclosure and claims herein generally relate to 
multi-node computer systems, and more speci?cally relate to 
dynamic distribution of compute nodes with respect to I/O 
nodes on a multi-node computer system. 
[0003] 2. BackgroundArt 
[0004] Supercomputers and other multi-node computer 
systems continue to be developed to tackle sophisticated 
computing jobs. One type of multi-node computer system is 
a massively parallel computer system. A family of such mas 
sively parallel computers is being developed by International 
Business Machines Corporation (IBM) under the name Blue 
Gene. The Blue Gene/L system is a high density, scalable 
system in which the current maximum number of compute 
nodes is 65,536. The Blue Gene/L node consists ofa single 
ASIC (application speci?c integrated circuit) with 2 CPUs 
and memory. The full computer is housed in 64 racks or 
cabinets with 32 node boards in each rack. 
[0005] Computer systems such as Blue Gene have a large 
number of nodes, each with its own processor and local 
memory. The nodes are connected with several communica 
tion networks. One communication network connects the 
nodes in a logical tree network. In the logical tree network, the 
Nodes are connected to an input-output (I/O) node at the top 
of the tree. 
[0006] In Blue Gene, there are 2 compute nodes per node 
card with 2 processors each. A node board holds 16 node 
cards and each rack holds 32 node boards. A node board has 
slots to hold 2 I/O cards that each have 2 I/O nodes. Thus, fully 
loaded node boards have 4 I/O nodes for 32 compute nodes. 
The nodes on two node boards can be con?gured in a virtual 
tree network that communicate with the I/O nodes. For two 
node boards there may be 8 I/O nodes that correspond to 64 
compute nodes. If the I/O nodes slots are not fully populated, 
then there could be 2 I/O nodes for 64 compute nodes. Thus 
the distribution of I/O nodes to compute nodes may vary 
between 1/64 and 1/s. Thus, the I/O node to compute node ratios 
can be de?ned as 1/s, 1/32, 1/64 or 1/128 (10/ compute). In the prior 
art, the distribution of the I/O nodes is static once a block is 
con?gured. 
[0007] The Blue Gene computer can be partitioned into 
multiple, independent blocks. Each block is used to run one 
job at atime.Ablock consists of a number of ‘processing sets’ 
(psets). Each pset has an I/O node and a group of compute 
nodes. The compute nodes run the user application, and the 
I/O nodes are used to access external ?les and networks. 

[0008] With the communication networks as described 
above, applications or “jobs” loaded on nodes execute on a 
?xed I/O to compute node ratio. Without a way to dynami 
cally distribute the I/O nodes to adjust the ratio of 10 to 
compute nodes based on the I/O characteristics of work being 
performed on the system, multi-node computer systems will 
continue to suffer from reduced ef?ciency of the computer 
system. 

BRIEF SUMMARY 

[0009] An apparatus and method is described for dynamic 
distribution of compute nodes versus I/O nodes on a multi 
node computing system. An I/O con?guration mechanism 
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located in the service node of a multi-node computer system 
controls the distribution of the I/O nodes. The U0 con?gura 
tion mechanism uses job information located in a job record 
to initially con?gure the I/O node distribution. The U0 con 
?guration mechanism further monitors the I/O performance 
of the executing job to then dynamically adjust the I/O node 
distribution based on the I/O performance of the executing 
job. 
[0010] The description and examples herein are directed to 
a massively parallel computer system such as the Blue Gene 
architecture, but the claims herein expressly extend to other 
parallel computer systems with multiple processors arranged 
in a network structure. 

[0011] The foregoing and other features and advantages 
will be apparent from the following more particular descrip 
tion, and as illustrated in the accompanying drawings. 

BRIEF DESCRIPTION OF DRAWINGS 

[0012] The disclosure will be described in conjunction with 
the appended drawings, where like designations denote like 
elements, and: 
[0013] FIG. 1 is a block diagram of a massively parallel 
computer system; 
[0014] FIG. 2 is a block diagram of a compute node in a 
massively parallel computer system; 
[0015] FIG. 3 shows a block diagram of a block of compute 
nodes to illustrate the tree network; 
[0016] FIG. 4 shows a data packet for communicating on a 
collective network in a massively parallel computer system; 
[0017] FIG. 5 shows a block diagram that represents a job 
record in a massively parallel computer system; 
[0018] FIG. 6 is a block diagram that illustrates an example 
of an initial I/O node distribution in a massively parallel 
computer system; 
[0019] FIG. 7 is a block diagram that illustrates the example 
of FIG. 6 after dynamic distribution of the I/O nodes in a 
massively parallel computer system; 
[0020] FIG. 8 is a ?ow diagram of a method for dynamic 
I/O node redistribution on a massively parallel computer sys 
tem; 
[0021] FIG. 9 is a method ?ow diagram that illustrates one 
possible implementation of step 830 in FIG. 8; and 
[0022] FIG. 10 is a method ?ow diagram that illustrates one 
possible implementation of step 930 in FIG. 9. 

DETAILED DESCRIPTION 

[0023] The description and claims herein are directed to a 
method and apparatus for dynamic distribution of compute 
nodes versus I/O nodes on a multi-node computing system. 
An I/O con?guration mechanism located in the service node 
of a multi-node computer system controls the distribution of 
the I/O nodes. The U0 con?guration mechanism uses job 
information located in a job record to initially con?gure the 
I/O node distribution. The U0 con?guration mechanism fur 
ther monitors the I/O performance of the executing job to then 
dynamically adjust the I/O node distribution based on the I/O 
performance of the executing job. The examples herein will 
be described with respect to the Blue Gene/ L massively par 
allel computer developed by International Business 
Machines Corporation (IBM). 
[0024] FIG. 1 shows a block diagram that represents a 
massively parallel computer system 100 such as the Blue 
Gene/L computer system. The Blue Gene/L system is a scal 
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able system in Which the maximum number of compute nodes 
is 65,536. Each node 110 has an application speci?c inte 
grated circuit (ASIC) 112, also called a Blue Gene/L compute 
chip 112. The compute chip incorporates tWo processors or 
central processor units (CPUs) and is mounted on a node 
daughter card 114. The node also typically has 512 megabytes 
of local memory (not shoWn). A node board 120 accommo 
dates 32 node daughter cards 114 each having a node 110. 
Thus, each node board has 32 nodes, With 2 processors for 
each node, and the associated memory for each processor. A 
rack 130 is a housing that contains 32 node boards 120. Each 
of the node boards 120 connect into a midplane printed circuit 
board 132 With a midplane connector 134. The midplane 132 
is inside the rack and not shoWn in FIG. 1. The full Blue 
Gene/L computer system Would be housed in 64 racks 130 or 
cabinets With 32 node boards 120 in each. The full system 
Would then have 65,536 nodes and 131,072 CPUs (64 racks>< 
32 node boards><32 nodes><2 CPUs). 
[0025] The Blue Gene/ L computer system structure can be 
described as a compute node core With an I/O node surface, 
Where communication to 1024 compute nodes 110 is handled 
by each l/O node 170 that has an I/O processor connected to 
the service node 140. The U0 nodes 170 have no local stor 
age. The l/O nodes are connected to the compute nodes 
through the logical tree netWork and also have functional 
Wide area netWork capabilities through a gigabit ethernet 
netWork (See FIG. 2 beloW). The gigabit Ethernet netWork is 
connected to an I/O processor (or Blue Gene/ L link chip) in 
the I/O node 170 located on a node board 120 that handles 
communication from the service node 160 to a number of 
nodes. The Blue Gene/L system has one or more l/O nodes 
170 connected to the node board 120. The U0 processors can 
be con?gured to communicate With 8, 32 or 64 nodes. The 
service node uses the gigabit netWork to control connectivity 
by communicating to link cards on the compute nodes. The 
connections to the I/O nodes are similar to the connections to 
the compute node except the I/O nodes are not connected to 
the torus netWork. 

[0026] Again referring to FIG. 1, the computer system 100 
includes a service node 140 that handles the loading of the 
nodes With softWare and controls the operation of the Whole 
system. The service node 140 is typically a mini computer 
system such as an IBM pSeries server running Linux With a 
control console (not shoWn). The service node 140 is con 
nected to the racks 130 of compute nodes 110 With a control 
system netWork 150. The control system netWork provides 
control, test, and bring-up infrastructure for the Blue Gene/ L 
system. The control system netWork 150 includes various 
netWork interfaces that provide the necessary communication 
for the massively parallel computer system. The netWork 
interfaces are described further beloW. 

[0027] The service node 140 communicates through the 
control system netWork 150 dedicated to system manage 
ment. The control system netWork 150 includes a private 
100-Mb/ s Ethernet connected to an ldo chip 180 located on a 
node board 120 that handles communication from the service 
node 160 to a number of nodes. This netWork is sometime 
referred to as the JTAG netWork since it communicates using 
the JTAG protocol. All control, test, and bring-up of the 
compute nodes 110 on the node board 120 is governed 
through the J TAG port communicating With the service node. 
[0028] The service node includes a job scheduler 142 for 
allocating and scheduling Work and data placement on the 
compute nodes. The job scheduler 142 loads a job record 144 
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from data storage 138 for placement on the compute nodes. 
The job record 144 includes a job and related information as 
described more fully beloW. The service node further includes 
an I/O con?guration mechanism 146 that dynamically dis 
tributes l/O nodes on a multi-node computing system. The U0 
con?guration mechanism 146 uses job information located in 
the job record 144 to initially con?gure the I/O node distri 
bution. The U0 con?guration mechanism further monitors 
the I/O performance of the executing job to then dynamically 
adjust the I/O node distribution based on the I/O performance 
of the executing job. 
[0029] FIG. 2 illustrates a block diagram of an exemplary 
compute node as introduced above. FIG. 2 also represents a 
block diagram for an I/O node, Which has the same overall 
structure as the compute node. A notable difference betWeen 
the compute node and the I/O nodes is that the Ethernet 
adapter 226 is connected to the control system on the I/O node 
but is not used in the compute node. The compute node 110 of 
FIG. 2 includes a plurality of computer processors 210, each 
With an arithmetic logic unit (ALU) 211 and a memory man 
agement unit (MMU) 212. The processors 210 are connected 
to random access memory (‘RAM’) 214 through a high-speed 
memory bus 215. Also connected to the high-speed memory 
bus 214 is a bus adapter 217. The bus adapter 217 connects to 
an extension bus 218 that connects to other components of the 
compute node. 
[0030] Stored in RAM 214 is a class routing table 221, an 
application program (or job) 222, an operating system kernel 
223. The class routing table 221 stores data for routing data 
packets on the collective netWork or tree netWork as described 
more fully beloW. The application program is loaded on the 
node by the control system to perform a user designated task. 
The application program typically runs in a parallel With 
application programs running on adjacent nodes. The operat 
ing system kernel 223 is a module of computer program 
instructions and routines for an application program’s access 
to other resources of the compute node. The quantity and 
complexity of tasks to be performed by an operating system 
on a compute node in a massively parallel computer are 
typically smaller and less complex than those of an operating 
system on a typical stand alone computer. The operating 
system may therefore be quite lightWeight by comparison 
With operating systems of general purpose computers, a pared 
doWn version as it Were, or an operating system developed 
speci?cally for operations on a particular massively parallel 
computer. Operating systems that may usefully be improved, 
simpli?ed, for use in a compute node include UNIX, Linux, 
Microsoft XP, AIX, lBM’s i5/OS, and others as Will occur to 
those of skill in the art. 

[0031] The compute node 110 of FIG. 2 includes several 
communications adapters 226, 228, 230, 232 for implement 
ing data communications With other nodes of a massively 
parallel computer. Such data communications may be carried 
out serially through RS-232 connections, through external 
buses such as USB, through data communications netWorks 
such as IP netWorks, and in other Ways as Will occur to those 
of skill in the art. Communications adapters implement the 
hardWare level of data communications through Which one 
computer sends data communications to another computer, 
directly or through a netWork. 

[0032] The data communications adapters in the example 
of FIG. 2 include a Gigabit Ethernet adapter 226 that couples 
example l/O node 110 for data communications to a Gigabit 
Ethernet 234. In Blue Gene, this communication link is only 



US 2009/0158276 A1 

used on I/O nodes and is not connected on the compute nodes. 
Gigabit Ethernet is a network transmission standard, de?ned 
in the IEEE 802.3 standard, that provides a data rate of 1 
billion bits per second (one gigabit). Gigabit Ethernet is a 
variant of Ethernet that operates over multimode ?ber optic 
cable, single mode ?ber optic cable, or unshielded twisted 
pair. 
[0033] The data communications adapters in the example 
of FIG. 2 include a JTAG Slave circuit 228 that couples the 
compute node 110 for data communications to a J TAG Master 
circuit over a JTAG network 236. JTAG is the usual name 
used for the IEEE 1149.1 standard entitled Standard Test 
Access Port and Boundary-Scan Architecture for test access 
ports used for testing printed circuit boards using boundary 
scan. JTAG boundary scans through JTAG Slave 236 may 
e?iciently con?gure processor registers and memory in com 
pute node 110. 
[0034] The data communications adapters in the example 
of FIG. 2 include a Point To Point Network Adapter 230 that 
couples the compute node 110 for data communications to a 
network 238. In Blue Gene, the Point To Point Network is 
typically con?gured as a three-dimensional torus or mesh. 
Point To Point Adapter 230 provides data communications in 
six directions on three communications axes, x, y, and Z, 
through six bidirectional links 238: +x, —x, +y, —y, +Z, and —Z. 
The torus network logically connects the compute nodes in a 
lattice like structure that allows each compute node 110 to 
communicate with its closest 6 neighbors. 
[0035] The data communications adapters in the example 
of FIG. 2 include a collective network or tree network adapter 
232 that couples the compute node 110 for data communica 
tions to a network 240 con?gured as a binary tree. This 
network is also sometimes referred to as the collective net 
work. Collective network adapter 232 provides data commu 
nications through three bidirectional links: two links to chil 
dren nodes and one link to a parent node (not shown). The 
collective network adapter 232 of each node has additional 
hardware to support operations on the collective network. 

[0036] Again referring to FIG. 2, the collective network 
240 extends over the compute nodes of the entire Blue Gene 
machine, allowing data to be sent from any node to all others 
(broadcast), or a subset of nodes. Each node typically has 
three links, with one or two links to a child node and a third 
connected to a parent node. Arithmetic and logical hardware 
is built into the collective network to support integer reduc 
tion operations including min, max, sum, bitwise logical OR, 
bitwise logical AND, andbitwise logical XOR. The collective 
network is also used for global broadcast of data, rather than 
transmitting it around in rings on the torus network. For 
one-to-all communications, this is a tremendous improve 
ment from a software point of view over the nearest-neighbor 
3D torus network. 

[0037] The collective network partitions in a manner akin 
to the torus network. When a user partition is formed, an 
independent collective network is formed for the partition; it 
includes all nodes in the partition (and no nodes in any other 
partition). In the collective network, each node contains a 
class routing table that is used in conjunction with a small 
header ?eld in each packet of data sent over the network to 
determine a class. The class is used to locally determine the 
routing of the packet. With this technique, multiple indepen 
dent collective networks are virtualiZed in a single physical 
network with one or more I/O nodes for the virtual network. 
Two standard examples of this are the class that connects a 
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small group of compute nodes to an I/O node and a class that 
includes all the compute nodes in the system. In Blue Gene, 
the physical routing of the collective network is static and in 
the prior art the virtual network was static after being con?g 
ured. As described herein, the I/O con?guration mechanism 
(FIG. 1, 146) dynamically distributes the I/O nodes in the 
virtual network. Thus, while the physical routing table of the 
collective network is static, the virtual network can be recon 
?gured to dynamically redistribute the I/O nodes to the virtual 
networks as described herein. Alternatively, the I/O con?gu 
ration mechanism could distribute the I/O nodes using hard 
ware for a non-virtual network. 

[0038] FIG. 3 illustrates a portion of the collective network 
or tree network shown as 240 in FIG. 2. The collective or tree 
network 300 is connected to the service node 140 through the 
control system network 150. The tree network 300 is a group 
of compute nodes 110 connected an I/O node 170 in a logical 
tree structure. The U0 node 170 is connected to one or more 
compute nodes 110. Each of the compute nodes Node1 312, 
and Node2 314 are connected directly to the I/O node 170 and 
form the top of the tree or a ?rst level 311 for a set of nodes 
connected below each of Node1 312 and Node2 314. Node1 
3 12 is the top of a tree network and has child nodes Node3 3 16 
and Node4 318 on a second level 317. Similarly, Node3 316 
has child nodes Node7 322 and Node8 324 on a third level 
325. Many of the child nodes are not shown for simplicity, but 
the tree network 300 could contain any number of nodes with 
any number of levels. 

[0039] FIG. 4 shows a data packet 400 for communicating 
on the tree network 240 (FIG. 2) in a massively parallel 
computer system 100 (FIG. 1). Each data packet 400 includes 
a class 410 and data 420. The class 410 is used to determine 
the routing of the packet to deliver data 420 on the virtual tree 
network over the tree network 240. The class 410 is used in 
conjunction with the class routing table 221 to determine how 
to route the data packet 400 to the appropriate node on the tree 
network. 

[0040] FIG. 5 shows a block diagram that represents a job 
record 146 in a massively parallel computer system. The job 
record 146 includes a name 510, the job executable 512, a job 
description 514, historical I/O utiliZation 516 and application 
control parameters 518. The name 510 identi?es the job 
record that contains the record information. The job execut 
able 512 is the code to execute the job. The job description 
514 includes information about the job including information 
that may help determine the I/O needs of the job. The histori 
cal I/O utiliZation 516 contains historical information about 
the I/O utiliZation of the job that is recorded by the I/O 
con?guration mechanism during past executions of the job. 
Application control parameters 518 are embedded control 
commands that allow a job to dictate how to set up the I/O 
con?guration. The application control 518 may be set by a 
system administrator to allow the execution of the job to 
dictate the I/O con?guration upon initial execution of the job. 
[0041] FIG. 6 and FIG. 7 illustrate an example of dynami 
cally allocating an I/O node in a massively parallel computer 
system. FIG. 6 represents an initial state of a portion of a 
massively parallel computer system prior to dynamically 
allocating the I/O nodes. In this initial state, there are 4 I/O 
nodes 170a-170d installed on a node card (not shown) that 
has 64 nodes 110. In the initial state, the nodes 110 are 
allocated with 16 nodes in a node block 710-713 for executing 
a job. Each node block 710-713 has been initially con?gured 
with a single I/O node 170. The job associated with block 713 
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is determined to have extensive l/O needs by the I/O con?gu 
ration mechanism 144 (FIG. 1). The determination of I/O 
needs may be determined upon loading a job, or While the job 
is executing as described herein. The U0 con?guration 
mechanism may then determine to dynamically distribute an 
additional node to the job executing on block 713. In this 
example, the I/O con?guration mechanism determines to dis 
tribute the nodes associated With block 712 to block 711 to 
free up an I/O node 1700 and then distribute this l/O node 
1700 to the node block 713 needing the additional l/O capa 
bility. The result of this dynamic distribution is illustrated in 
FIG. 7 Where the 16 nodes in node block 713 are noW con 
?gured With 2 I/O nodes 1700, 170d. The nodes that Were 
previously con?gured to node block 712 have be re-con?g 
ured 812 With node block 711. 

[0042] As illustrated in the above example, the I/O con?gu 
ration mechanism dynamically distributes l/O nodes to 
blocks of compute nodes in a massively parallel computer 
system. In the previous example, the determination to distrib 
ute an additional l/O node to the node block may have been 
based on data in the job record or by real-time l/O needs 
determined by monitoring the job execution. For example, 
upon loading the job, the I/O con?guration mechanism could 
have detected from the job description that the job has exten 
sive l/O needs and then distributed the additional l/O node 
from a block that has less l/O demands or is not being used. 
Second, the historical l/O utiliZation 516 may have indicated 
that the job typically requires a large amount of I/O resources 
and thus Would execute more e?iciently With an additional 
l/O node. Third, the I/O con?guration mechanism may have 
determined from the job record that the application Will assert 
control With application control parameters 518 (FIG. 5). The 
application control parameters 518 indicate hoW the applica 
tion Wishes to assert control over the I/O con?guration 
mechanism. For example, the application control parameters 
may indicate a priority or an number of I/O nodes that are 
required. Finally, the I/O con?guration mechanism may 
dynamically distribute the I/O nodes based on real-time 
monitoring of the I/O needs of the job While it is executing. 
The U0 needs may be monitoring by looking a performance 
metrics such as the number of I/O operations performed by 
the I/O node for the job, network latency, overall network 
loading, etc. When the performance metrics indicate the I/O 
demand is above an established threshold, then the I/O con 
?guration mechanism Will attempt to dynamically update the 
I/O con?guration to distribute additional l/O nodes to the job. 

[0043] FIG. 8 shoWs a method 800 for dynamic distribution 
of compute nodes versus l/O nodes on a multi-node comput 
ing system. The steps in method 800 are preferably performed 
by an I/O con?guration mechanism 146 in the service node 
140 (FIG. 1). First, the I/O con?guration mechanism 146 
loads a ?rst job record 144 from the data storage 138 and 
examines the job record for I/O needs of the job (step 810). 
Next, the method dynamically distributes l/O nodes based on 
the job record (step 820). The information in the job record 
that is used for dynamically allocating the jobs may include 
the job description, job execution history and application 
control parameters as described above. Then the method 
executes the job on the nodes While real-time monitoring for 
dynamic l/O node con?guration (step 830). The method is 
then done. 

[0044] FIG. 9 shoWs a method 900 for selecting the nodes to 
execute a job on a massively parallel computer system as an 
exemplary implementation of step 830 in method 800. The 
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method ?rst monitors the I/O characteristics of the executing 
job (step 910). If the I/O characteristics indicate the I/O 
demand is not above a threshold (step 920:no) then continue 
monitoring any executing jobs (step 910). If the I/O charac 
teristics indicate the I/O demand is above a threshold (step 
920%Ies) then dynamically update the I/O con?guration of 
the nodes executing the job (step 930) and continue monitor 
ing any executing jobs (step 910). The method may operate 
continuously or be terminated by the I/O con?guration 
mechanism. 
[0045] FIG. 10 shoWs a method for selecting the nodes to 
execute a job on a massively parallel computer system as an 
exemplary implementation of step 930 in method 900. The 
method ?rst suspends all jobs executing on the blocks of 
nodes to be redistributed (step 1010). The method then redis 
tributes l/O nodes among blocks of nodes that are executing 
jobs on the multi-node computer system (step 1020). Then the 
method resets the block structure With the neW allocation of 
I/O nodes (step 1030). The method can then resume the job 
that Was suspended (step 1040). The method is then done. 
[0046] An apparatus and method is described herein to 
dynamically distributes l/O nodes on a multi-node computing 
system. The U0 con?guration mechanism monitors the I/O 
performance of the executing job to then dynamically redis 
tribute the I/O node distribution based on the I/O performance 
of the executing job to increase the multi-node computer 
system. 
[0047] One skilled in the art Will appreciate that many 
variations are possible Within the scope of the claims. Thus, 
While the disclosure has been particularly shoWn and 
described above, it Will be understood by those skilled in the 
art that these and other changes in form and details may be 
made therein Without departing from the spirit and scope of 
the claims. 

What is claimed is: 
1. A multi-node computer system comprising: 
a plurality of compute nodes that each comprise a proces 

sor and memory; 
a plurality of input/output (l/O) nodes connected to the 

plurality of compute nodes that provide l/O communi 
cation to netWork resources; 

a job executing on a set compute nodes from the plurality of 
compute nodes, Wherein the set of compute nodes has a 
number of associated l/O nodes that form a ratio of I/O 
nodes to compute nodes; and 

an I/O con?guration mechanism that dynamically adjusts 
the ratio of input nodes to compute nodes based on l/O 
characteristics of the job executing on the set of the 
plurality of compute nodes. 

2. The multi-node computer system of claim 1 Wherein the 
multi-node computer system is a massively parallel computer 
system. 

3. The multi-node computer system of claim 1 Wherein the 
I/O characteristics of the job are determined by real-time 
monitoring of the job’s l/O characteristics and Wherein the 
I/O con?guration mechanism dynamically updates the ratio 
by suspending the job and re-allocating additional nodes of 
the plurality of I/O nodes to be associated With the executing 
job. 

4. The multi-node computer system of claim 1 Wherein the 
I/O characteristics of the job are determined from information 
stored in a job record selected from the folloWing: job 
description, historical l/O utiliZation, and application control 
parameters. 
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5. The multi-node computer system of claim 4 wherein the 
I/O characteristics of the job are used for the initial ratio of 
input nodes to compute nodes upon beginning execution of 
the job. 

6. The multi-node computer system of claim 1 Wherein the 
plurality of compute nodes are arranged in a virtual tree 
netWork and further comprising an I/O node that connects to 
the top of the tree netWork to alloW the compute nodes to 
communicate With a service node of a massively parallel 
computer system. 

7. The multi-node computer system of claim 6 Wherein the 
virtual tree netWork is determined by a class routing table on 
the node. 

8. A computer implemented method for an I/O con?gura 
tion mechanism to distribute l/O nodes in a multi-node com 
puter system, the method comprising the steps of: 

monitoring the I/O characteristics of an executing job on a 
block of nodes With one or more l/O nodes in multi-node 
the computer system; 

determining Whether an I/O demand on the one or more l/O 

nodes is above a threshold; and 
dynamically updating the I/O con?guration to adjust a ratio 

of I/O nodes to compute nodes for the block of nodes. 
9. The computer implemented method of claim 8 further 

comprising the steps of: 
suspending the job; 
re-allocating the ratio of I/O nodes; 
resetting the block structure With a neW allocation of I/O 

nodes that adjusts the ratio; and 
resuming the job. 
10. The computer implemented method of claim 8 further 

comprising the steps of: 
examining a job record associated With the job for I/O 

needs of the job; and 
dynamically allocating l/O nodes to the job based on the 

job record. 
11. The computer implemented method of claim 10 

Wherein the step of examining the job record further com 
prises the steps of: 

examining the job description for I/O needs; 
examining a job execution history for I/O needs; and 
alloWing an application to control the I/O con?guration 

With application control parameters. 
12. The computer implemented method of claim 8 Wherein 

the plurality of compute nodes are arranged in a virtual tree 
netWork and further comprising an I/O node that connects to 
the top of the tree netWork to alloW the compute nodes to 
communicate With a service node of a massively parallel 
computer system. 

13. The computer implemented method of claim 12 
Wherein the virtual tree netWork is determined by a class 
routing table in the node. 

14. A computer implemented method for an I/O con?gu 
ration mechanism to distribute l/O nodes in a multi-node 
computer system, the method comprising the steps of: 

examining a job record associated a job for I/O needs of the 
job; and 
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dynamically allocating l/O nodes to the job based on the 
job record 

monitoring the I/O characteristics of an executing job on a 
block of nodes With one or more l/O nodes in multi-node 
the computer system; 

determining Whether an I/O demand on the one or more l/O 

nodes is above a threshold; and 
dynamically updating the I/O con?guration to adjust a ratio 

of I/O nodes to compute nodes for the block of nodes by 
performing the steps of: 
suspending the job; 
re-allocating the ratio of I/O nodes; 
resetting the block structure With a neW allocation of I/O 

nodes that adjusts the ratio; and 
resuming the job. 

15. A computer-readable article of manufacture compris 
mg: 

a job for execution on a set compute nodes chosen from a 
plurality of compute nodes With a plurality of input/ 
output (l/O) nodes connected to the plurality of compute 
nodes that provide l/O communication to netWork 
resources, Wherein the set of compute nodes has a num 
ber of associated l/ 0 nodes that form a ratio of I/O nodes 
to compute nodes; 

an I/O con?guration mechanism that dynamically adjusts 
the ratio of input nodes to compute nodes based on the 
I/O characteristics of the job executing on the set of the 
plurality of compute nodes a plurality of compute nodes 
that each comprise a processor and memory; and 

tangible computer recordable media bearing the job sched 
uler. 

16. The article of manufacture of claim 15 Wherein the I/O 
characteristics of the job are determined by real-time moni 
toring of the job’s l/O characteristics and Wherein the I/O 
con?guration mechanism dynamically updates the ratio of 
input nodes by suspending the job and re-allocating addi 
tional nodes of the plurality of l/ 0 nodes to be associated With 
the executing job. 

17. The article of manufacture of claim 15 Wherein the I/O 
characteristics of the job are determined from information 
stored in a job record selected from the folloWing: job 
description, historical l/O utiliZation, and application l/O 
control. 

18. The article of manufacture of claim 17 Wherein the I/O 
characteristics of the job are used for the initial ratio of input 
nodes to compute nodes upon beginning execution of the job. 

19. The article of manufacture of claim 15 Wherein the 
plurality of compute nodes are arranged in a virtual tree 
netWork and further comprising an I/O node that connects to 
the top of the tree netWork to alloW the compute nodes to 
communicate With a service node of a massively parallel 
computer system. 

20. The article of manufacture of claim 19 Wherein the 
virtual tree netWork is determined by a class routing table in 
the node. 


