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METHOD AND APPARATUS FOR 
PREVENTING STARVATION IN A 
MULTI-NODE ARCHITECTURE 

FIELD OF THE INVENTION 

Embodiments of the present invention relate to a com 
puter System having a multi-node computer architecture. In 
particular, the present invention relates to a method and 
apparatus for managing memory related requests in a multi 
node architecture Such that there is no starvation of requests 
from a Subset of nodes and every request from a node gets 
a chance to eventually complete. 

BACKGROUND 

Computer Systems may contain multiple processors that 
may work together to perform a task. For example, a 
computer System may contain four processors that may 
share System resources (e.g., input devices or memory 
devices) and may perform parallel processing. The proces 
SorS may send messages to each other, may send messages 
to System resources, and may Send and receive messages 
from the System resources. For example, Such messages may 
include requests for information that is Stored at a location 
in a memory device or a request to Store information in a 
location of a memory device. 

In many computer Systems, the Set of data currently being 
used by a microprocessor may be copied from a System 
memory device Such as a dynamic random acceSS memory 
(DRAM) into a relatively smaller but faster cache memory 
device such as a static random access memory (SRAM). The 
cache memory device is usually private to each processor 
Such that only one processor can read or write to it. In Such 
systems, a cache is said to be “coherent if the information 
resident in the cache reflects a consistent view of the 
information in all the private cache memory devices and the 
DRAM memory. Cache “Snooping” is a technique used to 
detect the State of a memory location in private cache 
memory devices on a memory access that might cause a 
cache coherency problem. In a multi-processor System, the 
messages Sent between processors may include cache Snoop 
ing messages. 
A processor may be said to encounter a "livelock” or 

“starvation' situation when a coherency event generated by 
a processor is unable to complete for an indefinite amount of 
time even after repeated attempts, because another event 
from the same processor or another processor prevents it 
from making forward progreSS. If the Sending of requests 
from processors in a multi-processor System and Servicing of 
the requests at the responding agent is not managed properly, 
then Some of the requests may be starved by the responding 
agent and a livelock Situation may occur. For example, a first 
processor may be accessing a memory location, and at the 
Same time the Second processor may be also accessing the 
Same memory location. If the memory agent can Satisfy only 
one request to a memory location at a time and must ask all 
other requests to the same location to be reissued, then it is 
possible that the request from the first processor never 
completes because the same memory location is being 
accessed again and again by the Second processor. In this 
case, requests from the Second processor cause Starvation of 
the request from the first processor, therefore causing a 
livelock at the first processor. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a partial block diagram of a System having a 
Switching agent that manages memory requests according to 
an embodiment of the present invention. 
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2 
FIG. 2 is a partial block diagram showing a memory 

address Space for a multi-node System according to an 
embodiment of the present invention. 

FIG. 3 is a partial block diagram showing a request 
pending buffer and a response pending buffer that may be 
used in a Switching agent in a multi-node System according 
to an embodiment of the present invention. 

FIG. 4 is a flow diagram of a method of managing 
requests in a multi-node System according to an embodiment 
of the present invention. 

FIG. 5 is a flow diagram of a method of processing a 
request according to an embodiment of the present inven 
tion. 

DETAILED DESCRIPTION 

Embodiments of the present invention relate to methods 
and apparatus of preventing livelock and Starvation situa 
tions in multi-node System in which requests to access 
memory are Sent through a Switching agent. FIG. 1 is a 
partial block diagram of a System having a Switching agent 
that manages memory requests according to an embodiment 
of the present invention. FIG. 1 shows a system 100 which 
is a computer System that includes processors, memory 
devices, and input/output devices. Components in System 
100 are arranged into architectural units that are referred to 
herein as "nodes.” A System that has multiple nodes may be 
referred to as a “multi-node” system. 
Each node may contain one or more processors, 

memories, or input/output devices. The components within 
a node may be connected to other components in that node 
through one or more buSSes or signals. In addition, each 
node in system 100 has an external connection that may be 
used by the components within that node to communicate 
with components in other nodes. In one embodiment, any 
communication from a component within a first node to 
another node must be routed though the external connection 
for the first node. In system 100, the external connection for 
each node is connected to a Switching agent 140. A multi 
node System for which each node communicates to other 
nodes through a dedicated connection (Such as Switching 
agent 140) may be said to have a point-to-point architecture. 
The nodes in system 100 may send messages that are 

directed to a processor, memory or resource in another node. 
For example, one node may send a request to read from a 
memory location that is Stored in another node. Similarly, a 
node may send a request to Snoop the caches in the other 
nodes. In one embodiment, all requests in system 100 from 
one node to another node may be sent to Switching agent 
140, and Switching agent 140 may send requests to other 
nodes that are based on the first request. For example, 
Switching agent 140 may receive a request from a first node 
to Snoop for a particular memory location, and Switching 
agent 140 may send Snoop requests to the other nodes in 
System 100 as is appropriate to carry out the received Snoop 
request. 

After a node in system 100 has acted on a request that it 
received, it may send a response. For example, if a node 
receives a read request from Switching agent 140, it may 
read the data from a memory and respond by Sending the 
data requested to Switching agent 140. It is possible that 
Switching agent 140 may send a request associated with a 
particular location in a memory (i.e., a memory location) to 
a node and, before receiving a response from that node to the 
request Sent, the Switching agent receives a Second request 
from another node to the same or different location in the 
memory. According to a coherency protocol, the Switching 
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agent 140 may be not be able to accept the request from the 
Second node if it does not have the necessary resources, or 
the Switching agent may be required to not accept the Second 
request if it is to the same memory location as the first 
request. In either of these cases, the Switching agent 140 may 
give a retry response to the Second request and expect the 
requesting node to reissue the request at a later instance. 
Since the Switching agent 140 is not required to accept every 
request and it is allowed to give a retry response, it is 
possible that a request from a node always gets a retry 
response from the Switching agent when it is reissued by the 
requesting node and reaches the Switching agent. This may 
be indicated as a Starvation or livelock condition, which is 
undesirable and must be avoided for a System to work 
properly. Embodiments of the present invention relate to 
preventing these livelock or Starvation conditions. 
A request is associated with a memory location, for 

example, if it is a request to access that location in the 
memory. Thus, a request to read from a location in a memory 
or to write to a location in a memory are associated with that 
location in the memory. Other types of requests also may be 
asSociated with a memory location, Such as for example a 
Snoop request. 

The details shown in FIG. 1 will now be discussed. As 
shown in FIG. 1, system 100 includes a first node 110, a 
second node 120, a third node 130, and an input/output node 
150. Each of these nodes is coupled to Switching agent 140. 
The term “coupled’ encompasses a direct connection, an 
indirect connection, an indirect communication, etc. First 
node 110 is coupled to Switching agent 140 through external 
connection 118, second node 120 is coupled to Switching 
agent 140 through external connection 128, and third node 
130 is coupled to Switching agent 140 through external 
connection 138. External connections 118, 128, and 138 
may be one or more lines capable of communicating infor 
mation to and from the node. 

First node 110 includes processor 111, processor 112, and 
node controller 115, which are coupled to each other by bus 
113. Processor 111 and processor 112 may be any micro 
processors that are capable of processing instructions, Such 
as for example a processor in the INTEL PENTIUM family 
of processors. Bus 113 may be a shared bus. First node 110 
also contains a memory 119 which is coupled to node 
controller 115. Memory 119 may be a Random Access 
Memory (RAM). Processor 111 may contain a cache 113, 
and processor 112 may contain a cache 117. Cache 113 and 
cache 117 may be Level 2 (L2) cache memories that are 
comprised of Static random access memory. 

Similarly, second node 120 contains a processor 121 and 
node controller 125 which are coupled to each other. Second 
node 120 also contains a memory 129 that is coupled to node 
controller 125. Third node 130 contains a processor 131, 
processor 132, and node controller 135 that are coupled to 
each other. Third node 130 also contains a memory 139 that 
is coupled to node controller 135. Processor 121 may 
contain a cache 123, processor 131 may contain a cache 133, 
and processor 132 may contain a cache 137. Processors 121, 
131, and 132 may be similar to processors 111 and 112. In 
an embodiment, two or more of processors 111, 112, 121, 
131, and 132 are capable of processing a program in parallel. 
Node controllers 125 and 135 may be similar to node 
controller 115, and memory 129 and 139 may be similar to 
memory 119. As shown in FIG. 1, third node 130 may 
contain processors in addition to 131 and 132. 

In one embodiment, Switching agent 140 may be a routing 
Switch for routing messages within system 100. As shown in 
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4 
FIG. 1, Switching agent 140 contains a request manager 141, 
response pending buffer 142, first pending requests buffer 
145, Second pending requests buffer 146, third pending 
requests buffer 147, and memory manager 149. Request 
manager 141 may include hardware, Such as circuits that are 
wired to perform operations, or program instructions, Such 
as firmware that performs operations. Request manager 141 
may be adapted to manage requests that are received by 
Switching agent 140 from nodes in system 100, or are to be 
Sent to nodes by Switching agent 140, in order to prevent 
livelock and Starvation according to embodiments of the 
present invention as discussed below. 

Response pending buffer 142, first pending requests 
buffer 145, second pending requests buffer 146, and third 
pending requests buffer 147 may each be regions of a 
memory in Switching agent 140 used as a temporary reposi 
tory of data. In particular, response pending buffer 142 may 
be used to Store information about requests that have been 
Sent out but for which a response has not yet been received 
(i.e., a response is pending). Pending requests buffers 145, 
146, and 147 may be used to store requests that have been 
received by Switching agent 140 but have not yet been 
processed by Switching agent 140. In the embodiment 
shown in FIG. 1, first pending requests buffer 145 contains 
requests Sent by first node 110, Second pending requests 
buffer 146 contains requests sent by second node 120, and 
third pending requests buffer 147 contains requests Sent by 
third node 130. In other embodiments, Switching agent 140 
may have more or less pending request buffers. For example, 
Switching agent 140 may have a Single pending request 
buffer for all the nodes in the system. Buffers 142,145, 146, 
and 147 may be Stored in a single memory device or in Some 
combination of multiple memory devices in Switching agent 
140. 

Switching agent 140 may also contain a memory manager 
149 which may include hardware, such as circuits that are 
wired to perform operations, or program instructions, Such 
as firmware that performs operations. Memory manager 149 
may be adapted to process requests that are received by 
Switching agent 140. Processing of Such requests may 
include identifying nodes that contain a copy in their private 
cache memory of information Stored at a location in a 
memory address Space that is associated with the request, 
Sending requests that are based on the request being pro 
cessed to each of Said identified nodes, and Storing an entry 
in the response pending buffer for each request Sent. 
Memory manager 149 may include a table 143 in a memory 
that is used to determine to which nodes a request should be 
Sent. 

As shown in FIG. 1, input/output node 150 contains an 
input/output hub 151 that is coupled to one or more input/ 
output devices 152. Input/output devices 152 may be, for 
example, any combination of one or more of a disk, network, 
graphics display, printer, keyboard, mouse, or any other 
input/output device. Input/output hub 151 may by an inte 
grated circuit that contains bus interface logic for interfacing 
with a bus that complies to the Peripheral Component 
Interconnect Standard or any other Input/Output intercon 
nect standard. Input/output hub 150 may be similar to, for 
example, the INTEL 82801AA I/O Controller Hub. 

In an embodiment, node controller 115, Switching agent 
140, and input/output hub 151 may be a chipset that provides 
the core functionality of a motherboard, Such as a modified 
version of a chipset in the INTEL 840 family of chipsets. 

In a further embodiment, inter-node communication in 
System 100 is asynchronous (i.e., there is no fixed timing 
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between events). In a still further embodiment, inter-node 
communication is Sent in the form of packets which may 
contain a header and data Sections. An example of a message 
Size may be 144 bits. In an embodiment, the messages Sent 
may include requests and responses. In a further 
embodiment, the types of requests that the nodes may send 
and receive may include a memory read request, memory 
write request, cache Snoop request, cache flush request, 
memory update request, cache line replacement request, 
input/output port read request, and input/output port write 
request. Requests may contain fields Such as a packet type, 
destination ID, request type, Source ID, transaction address, 
request length, Stream ID, and ordering Semantics. 

In an embodiment of the present invention, the processors 
in nodes 110, 120 and 130 may be shared memory multi 
processors, and each of the memories 119, 129, and 139 may 
be part of the same shared physical address Space. In a 
further embodiment, the processors in nodes 110, 120, and 
130 communicate with each other through shared memory 
reads and writes (i.e., by writing to and reading from 
memory 119, 129 and 139). In a further embodiment, the 
processors in nodes 110, 120 and 130 each have one or more 
caches (e.g., Level 1 and Level 2 caches), and these caches 
are kept coherent using the Switching agent 140. For 
example, when processor 111 accesses a location in memory 
119, it may send a Snoop request for that memory location 
to switching agent 140, which may determine if any of the 
processors in second node 120 and third node 130 have 
cached that memory location. A Snoop request may be 
generated when a processor needs other processors in the 
System to look in their own caches to see if a particular line 
is present in their cache. 

FIG. 2 is a partial block diagram showing a memory 
address Space 201 and caches for a multi-node System 
according to an embodiment of the present invention. 
Memory address space 201 includes first memory 119, 
second memory 129, and third memory 139, which are 
shown respectively in first node 110, second node 120, and 
third node 130 in FIG. 1. For the purpose of illustration, first 
memory 119 is shown as containing the addresses 0 to 49, 
second memory 129 is shown as containing the addresses 50 
to 99, and third memory 139 is shown as containing the 
addresses 100 to 149. Thus, in this embodiment, address 
space 201 contains the locations in addresses 0 to 149. Of 
course, in other embodiments address Space 201 may con 
tain other addresses, and address Space 201 may be spread 
acroSS more or leSS memories than as shown in FIG. 2. 
Address space 201 may be referred to as a “shared” address 
Space because any node in the multi-node System may 
address any location in address Space 201. Thus, Second 
node 120 may send a request to read from location 0 in the 
address Space, location 0 being contained in memory 119 in 
first node 110. 

FIG. 2 also shows caches 113, 117, and 123, which are 
contained in first node 110 and second node 120 of FIG. 1. 
The multi-node System may contain more or leSS caches than 
is shown in FIG. 2 (such as caches 133 and 137 of FIG. 1). 
In an embodiment, each addressable location of memory in 
address Space 201 may be the size of a cache line in caches 
113, 117, and 123. In FIG.2, certain locations in the memory 
address space 201 are designated as A, B, C, D, E and F for 
the purposes of reference. Each of these locations Stores 
Some information (data or instructions). The information in 
any particular location in the memory address Space 201 
may be cached in one or more of the caches in the System. 
Thus, a copy of the information in the location designated A 
in first memory 119 is cached in caches 113, 117, and 123; 
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6 
a copy of the information in the location designated B in first 
memory 119 is cached in cache 117; a copy of the informa 
tion in the location designated C in first memory 119 is 
cached in caches 113 and 123; a copy of the information in 
the location designated D in Second memory 129 is cached 
in cache 117 and cache 123; a copy of the information in the 
location designated E in Second memory 129 is cached in 
cache 113; and a copy of the information in the location 
designated F in third memory 139 is cached in cache 123. 

Switching agent 140 may process requests as follows. If 
Switching agent 140 receives from third node 130 a request 
to Snoop the memory location designated as A (in FIG. 2), 
memory manager 149 may determine from table 143 that 
memory location A is cached in both cache 113 (in first node 
110) and cache 117 (in second node 120). Memory manager 
149 may then cause Snoop requests that are associated with 
location A to be sent to first node 110 and second node 120. 

FIG. 3 is a partial block diagram showing a request 
pending buffer and a response pending buffer that may be 
used in a Switching agent in a multi-node System according 
to an embodiment of the present invention. In particular, 
FIG. 3 shows more details of first pending requests buffer 
145 and response pending buffer 142. Second pending 
requests buffer 146 and third pending requests buffer 147 
may contain the same Structure as first pending requests 
buffer 145. As shown in FIG. 3, first pending requests buffer 
145 may contain entries 1 to n and response pending buffer 
142 may contain entries 1 to m. Each entry in first pending 
requests buffer 145 may contain a request information field 
311, which contains information about the request Stored in 
that entry, and an associated location in address Space field 
312, which contains the address Space associated with the 
request. Each entry in response pending buffer 142 may 
contain a destination node field 321, an ID of associated 
request field 322, and an associated address field 323. In 
another embodiment, each entry in response pending buffer 
142 is associated with one or more requests that were Sent 
by the Switching agent and for which a response is pending. 
Each Such entry records information for each request Sent. 
First pending request buffer 145 and response pending buffer 
142 may be used as discussed below. 

FIG. 4 is a flow diagram of a method of managing 
requests in a multi-node System according to an embodiment 
of the present invention. This method may be performed by 
a device, such as for example switching agent 140 of FIG. 
1. As shown in FIG. 4, a new request is received by the 
device (401). The new request may be received from a first 
node, Such as first node 110, and the new request may be 
asSociated with a location in a memory address Space, Such 
as memory address space 201. For example, first node 110 
may have Sent a request to read from a location in the 
memory address Space or a request to Snoop for a location 
in the memory address Space. Prior to receiving the new 
request, Switching agent 140 may have Sent one or more 
requests to nodes in the System. During the process of 
Sending requests for each memory location, Switching agent 
140 may have created a new entry associated with the 
memory location in a response pending buffer. The response 
pending buffer may contain entries that are associated with 
memory locations for which requests have been Sent by the 
device and for which the device has not received all the 
responses (i.e., a response is pending). That is, an entry may 
be created in the response pending buffer when one or more 
requests are Sent and may be removed from the response 
pending buffer when all responses to the requests are 
received. 

After receiving a new request, the Switching device 140 
may check if the corresponding Pending Request Buffer for 
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that node is full (402). If the Pending Request Buffer is full, 
then the new request is not stored in the Pending Request 
Buffer and a retry response is Sent to the requesting node 
asking it to resend the request later (408). This type of 
request retry is classified as a "resource induced retry, 
because a Pending Request Buffer resource was not avail 
able to process the request. The Switching agent 140 may 
receive the resent version of the request at a later time and 
it will be treated as a new request by the Switching agent. 

If a Pending Request Buffer entry is available to process 
the new request, then the new request is Stored in the 
Pending Request Buffer (403). Once a Pending Request 
Buffer entry is allocated to the new request, the Switching 
device 140 may check the response pending buffer to 
identify entries associated with the same location in the 
memory address space as the new request (404–405). If an 
entry in the response pending buffer is identified as being 
asSociated with the same location as the new request, then 
the Switching agent determines (1) if an identified entry is 
asSociated with a request that was sent to the same node as 
the node from which the new request was received and (2) 
if a response associated with the request has not been 
received (406). If the identified entry has an outstanding 
request to the node from which the new request was 
received, then the request is removed from the Pending 
Buffer and a retry response is Sent to that node requesting 
resending of the new request (407-408). For example, if (1) 
the new request was received from the first node, (2) a 
Second request associated with the Same memory location as 
the new request had been sent by the Switching agent 140 to 
the first node, and (3) a response to the Second request has 
not been received by the Switching agent 140, then the 
Switching agent 140 removes the request from the pending 
response buffer (407) and sends a retry response to the first 
node requesting that the first node resend the new request 
(408). This type of request retry is classified as a “conflict 
induced retry”, where a conflicting entry to the same 
memory location in the Response Pending Buffer causes the 
request to be rejected from the Switching agent. At a later 
time, the Switching agent 140 may receive a resent version 
of the new request, and the received resent version may be 
processed according to the same method. If none of the 
entries in the response pending buffer are associated with the 
Same location as the received resent request and if the 
Response Pending Buffer is not full, then the new request 
may be entered in the Response Pending Buffer and may be 
processed as discussed below. 

If an entry in the response pending buffer is identified as 
being associated with the same location as the new request, 
but the identified entry does not indicate that an outstanding 
request that was sent to the same node as the node from 
which the new request was received (406), then the new 
request is held in the pending request buffer, Such as first 
pending request buffer 145. For example, a new request may 
be received from a first node, and an entry in the response 
pending buffer may be associated with the same location as 
the received new request. If that entry in the response 
pending buffer indicates to an outstanding request that was 
Sent only to a Second node, then the new request may be held 
in the pending request buffer. At Some later time the 
response pending buffer will be checked to see if there is still 
an entry associated with the same location (405). 

If none of the entries in the response pending buffer are 
asSociated with the same location in the memory address 
Space, then the Switching device 140 can process the request 
(410). FIG. 5 is a flow diagram of a method of processing a 
request according to an embodiment of the present inven 
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tion. According to the embodiment shown in FIG. 5, the 
request is entered as an entry in the response pending buffer 
if an entry is available in the Response Pending Buffer 
(501-502). If the response pending buffer is full, then the 
request is held in the Pending Request Buffer and the 
mechanism continues at a later time. 

If the pending request buffer is not full, then the new 
request may be further processed. Processing the request 
may include identifying nodes that contain a copy of the 
location associated with the request in their private cache 
memory, Sending Snoop requests that are based on the new 
request to each of the identified nodes (503), and updating 
the entry in the response pending buffer to indicate that a 
response is pending from each of the identified nodes (504). 
For example, if a new request to read from a location that is 
contained in memory 129 is received from first node 110, a 
memory manger in the Switching device may check a table 
and determine that a request to read from that location 
should be sent to Second node 120. A Snoop request to that 
location may be sent to the Second node 120, and this request 
may be based on the received new request. In addition, the 
entry associated with the request Stored in the response 
pending buffer 142 may be updated to include a destination 
node (second node 120), an ID of the associated request, and 
the location in the memory address Space that is associated 
with the request. 
When the Switching agent 140 receives a response asso 

ciated with an entry in the response pending buffer 142, it 
updates the entry to indicate that the response has been 
received from the associated node. The Switching agent may 
remove the entry from the response pending buffer after 
responses have been received for all the requests Sent to 
different nodes for that entry (505-507). Once an entry is 
removed from the response pending buffer, the associated 
entry in the pending request buffer may also be removed and 
the entry is available for another new request (508). The 
Switching agent 140 may then Select an entry for processing 
from a pending requests buffer, Such as pending requests 
buffer 145. 

In an embodiment, the Switching agent Selects an entry 
from the pending requests buffer for processing which entry 
is not associated with the same location in the memory 
address Space as any of the entries in the response pending 
buffer. In this embodiment, the selection algorithm is fair 
among all the pending request bufferS Such that the requests 
from each pending buffer gets a fair chance to be processed 
and enter the response pending buffer. The Selection algo 
rithm is also fair among requests within a pending request 
buffer Such that each request in a pending buffer gets a fair 
chance to check the response pending buffer and enter the 
response pending buffer. For example, if a request from first 
pending request buffer 145 cannot enter the response pend 
ing buffer because the response pending buffer is processing 
another request to the same memory location, then another 
request from the first pending buffer 145 must be given a 
chance to check and enter the response pending buffer. The 
request that is Stored in the entry Selected from the pending 
requests buffer may then be processed as discussed above. In 
one embodiment, a pending request buffer is used to Store 
new requests if the memory manager 149 is not ready to 
process the new request (e.g., if it is busy processing another 
request). In this embodiment, processing a new request may 
include determining if the memory manager is ready to 
process the request and, if not, Storing the request in a 
pending request buffer. 
The node controller at each processor and Input/Output 

node contains an outgoing request buffer that keeps track of 
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all the requests outstanding from the node. A request gen 
erated at the node occupies an outgoing request buffer entry 
until it receives all its associated responses from the Switch 
ing agent. In the event of the Switching agent responding 
with a retry response to a request, the associated outgoing 
request buffer entry is kept valid and the request is resent 
immediately or at a later time. The outgoing request buffer 
entries also keep track of number of retry response to a 
request and if the number of retry responses exceed a limit 
(say 8 retries), then the node controller goes into a recovery 
mode where the outgoing request buffer does not accept any 
new request from processor or Input/Output agents until all 
existing requests are eventually complete. 

The present invention may be used to manage the Sending 
of requests in a multi-node System to prevent certain live 
lock or Starvation conditions from occurring. The present 
invention may be used to prevent Starvation or livelock 
where a Switching agent acts as a central arbitration agent for 
requests from multiple nodes and it may have to reject Some 
requests either due to a resource constraint (resource 
induced retry) or due to a conflicting access to same memory 
location (conflict induced retry). Several embodiments of 
the present invention are specifically illustrated and/or 
described herein. However, it will be appreciated that modi 
fications and variations of the present invention are covered 
by the above teachings and within the purview of the 
appended claims without departing from the Spirit and 
intended Scope of the invention. For example, while the 
nodes in FIG. 1 are shown containing one or two processors, 
a node may contain any number of processors. In one 
embodiment, a node contains only one processor, and in 
another embodiment a node contains four processors. AS 
another example, while the nodes in FIG. 1 are connected 
through receiving agent 140, in another embodiment two 
nodes may be directly connected to each other. For example, 
in a System with that has two nodes, the node controller of 
a first node may be connected to the node controller of a 
Second node. In another embodiment, the node controller for 
a node may be part of a processor in that node. For example, 
a first node in a System may only contain one processor, and 
the node controller for that node may be part of that 
processor. In addition, a node (e.g., node 110) may contain 
one or more processors and an input/output hub. In Still 
another embodiment, the outbound buffer manager, inbound 
buffer manager, and/or routing manager are implemented as 
instructions adapted to be executed by a processor, which 
may include firmware, microcode, object code, Source code, 
ext. As another example, while the embodiment in FIG. 4 
Stores the new request in the pending request buffer regard 
less of whether there is a conflict induced retry required and 
later removes the request if Such a retry is required, in 
another embodiment a new request is only Stored in the 
pending request buffer if a conflict induced retry is not 
neceSSary. 
We claim: 
1. A method of managing requests in a multi-node System, 

the method comprising: 
Sending to a first node a first request associated with a 

location in a memory address Space; 
receiving a Second request associated with the same 

location in the memory address Space before receiving 
a response from the first node to the first request; 

determining whether the received Second request had 
been received from the first node; and 

Sending to the first node a retry message requesting 
resending of the Second request based on a determina 
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tion that the received Second request had been received 
from the first node. 

2. The method of claim 1, wherein said location in the 
memory address Space is the size of a cache line in a cache 
in the multi-node System. 

3. The method of claim 1, wherein the first request is a 
request to read information Stored at Said location in the 
memory address Space. 

4. The method of claim 1, wherein the method further 
comprises: 

receiving a response from the first node to the first 
request, 

receiving a resent Second request from the first node, and 
Sending a third that is based on the received resent Second 

request. 
5. The method of claim 4, wherein the third request is a 

request to Snoop for Said location in the memory address 
Space. 

6. A method of managing requests received by a device in 
a multi-node System, the method comprising: 

receiving at a device a new request from a first node, the 
new request associated with a location in a memory 
address Space; 

checking a response pending buffer containing one or 
more entries each associated with one or more requests 
which were sent by the device and for which a response 
is pending, and 

Sending from Said device to the first node a retry message 
requesting resending of Said new request based on a 
determination that Said new request is associated with 
the same location in the memory address Space as an 
entry in the response pending buffer and that said entry 
is associated with a request that was Sent to the first 
node. 

7. The method of claim 6, wherein the method further 
comprises: 

Storing the new request as an entry in a pending requests 
buffer if the new request is associated with the same 
location in the memory address Space as one or more 
entries in the response pending buffer and none of Said 
one or more entries is associated with a request that was 
Sent to the first node, and 

processing the new request if the new request is not 
asSociated with the same location in the memory 
address Space as any of the entries in the response 
pending buffer. 

8. The method of claim 7, wherein processing a request 
comprises: 

identifying nodes that contain a copy of the location in the 
memory address Space associated with the request; 

Sending requests that are based on the new request to each 
of Said identified nodes, and 

Storing an entry in the response pending buffer that 
records information for each request Sent. 

9. The method of claim 8, wherein each of Said identified 
nodes includes a cache memory device, wherein Said 
received new request is a request to read from Said location 
in the memory address Space, and wherein the requests Sent 
to each of Said identified nodes are requests to Snoop Said 
cache included in that node for Said location in the memory 
address Space. 

10. The method of claim 9, wherein each of said identified 
nodes also includes a plurality of processors. 

11. The method of claim 8, wherein the method further 
comprises: 
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receiving a response associated with an entry in the 
response pending buffer; 

removing the entry from the response pending buffer that 
is associated with the response; 

Selecting an entry from the pending requests buffer, 
wherein Said Selected entry does not correspond to the 
Same location in the memory address Space as any of 
the entries in the response pending buffer; and 

processing the request Stored in the entry Selected from 
the pending requests buffer. 

12. A Switching agent comprising: 
a response pending buffer to Store a plurality of entries 

that are each associated with one or more requests that 
have been Sent by the Switching agent and for which a 
response has not been received; and 

a request manager to Send a retry message to a first node 
when the Switching agent receives a new request from 
the first node and it was determined that the new 
request is associated with the same location in a 
memory address Space as an entry in the response 
pending buffer which entry is associated with a request 
sent to the first node. 

13. The Switching agent of claim 12, wherein the Switch 
ing agent further comprises a pending requests buffer to 
Store requests from a first node, and wherein the request 
manager is adapted to Store a received new request in the 
pending requests buffer when the new request is associated 
with the same location in the memory address Space as one 
or more entries in the response pending buffer and Said one 
or more entries are not associated with a request Sent to the 
first node. 

14. The Switching agent of claim 13, wherein the request 
manager is adapted to Select a request from the pending 
requests buffer, Send the request, and Store an entry in the 
response pending buffer associated with the request. 

15. The Switching agent of claim 14, wherein the Switch 
ing agent includes a table in a memory to record which 
nodes have a copy of a location in the memory address 
Space, and wherein the request manager is further adapted to 
determine from Said table which nodes to Send a request. 

16. The Switching agent of claim 15, wherein the entries 
Stored in the pending requests buffer include the memory 
location with which the request is associated, and wherein 
the entries Stored in the response pending buffer include the 
node to which the request was Sent and the memory location 
with which the request is associated. 

17. A System comprising: 
a plurality of nodes each including a plurality of proces 

SOrS, 

a Switching agent coupled to the first node and the Second 
node of Said plurality of nodes, the Switching agent 
including: 
a response pending buffer to Store an entry associated 

with a request that had been both sent by the Switch 

15 

25 

35 

40 

45 

50 

12 
ing agent and for which a response has not been 
received; and 

a request manager to Send a retry message to a first 
node when the Switching agent receives a new 
request from the first node and it was determined that 
the new request is associated with the same location 
in a memory address Space as a response pending 
buffer entry that is associated with a request Sent to 
the first node. 

18. The system of claim 17, wherein the Switching agent 
further comprises a plurality of pending requests buffers 
each of which is associated with one of Said nodes, and 
wherein the request manager is adapted to Store a received 
new request in one of the pending requests buffers when the 
new request is associated with the same location in the 
memory address Space as one or more entries in the response 
pending buffer and Said one or more entries are not associ 
ated with a request Sent to the first node. 

19. The system of claim 17, wherein the system further 
comprises a memory manager to identify nodes that contain 
a copy of a memory address Space Section that is associated 
with a received new request. 

20. The system of claim 17, wherein the system further 
comprises an input/output node that includes a plurality of 
input/output devices. 

21. An article of manufacture comprising a computer 
readable medium having Stored thereon instructions adapted 
to be executed by a processor, the instructions which, when 
executed, cause the processor to: 

Send to a first node a first request associated with a 
location in a memory address Space; 

receive a Second request associated with Said location in 
a memory address space before receiving a response 
from the first node to the first request; 

determine whether the received Second request had been 
sent from the first node; and 

Send to the first node a retry message requesting resending 
of the Second request based on a determination that the 
received Second request had been Sent from the first 
node. 

22. The article of manufacture of claim 21, wherein the 
instructions further cause the processor to: 

receive a response from the first node to the first request; 
receive a resent Second request from the first node, and 
Send a third request that is based on the received resent 

Second request. 
23. The article of manufacture of claim 21, wherein said 

location in the memory address Space is the size of a cache 
line in a cache in the multi-node System. 

24. The article of manufacture of claim 23, wherein the 
first request is a request to read information Stored at Said 
location in the memory address Space. 

k k k k k 
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