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TRANSM TTI NG PACKETS W THI Hﬂm‘ I C MULTI PROCESSOR SYSTEM BACKGROUND
OF THE | NVENTI ON | NN~t | 1Y~ L et Field *166166* The present

i nvention \9@'0%‘3?‘15 0 data procesgiony systens in general, p@fgpbilosagy ticul ar
to symmetrT C mul't1 processor systens. Still nore particularly, the present
I nvention relates to a nethod and apparatus for transmtting packets anong
processi ng nodes within a symetric nultiprocessor system Description of
the Prior Art it is well-known in the conputer arts that greater processing
performance can be achi eved by harnessing the pra ' of multiple
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envi ot IR P gFORBERY, oo ccturcs et uee. 1 JHIIRARIRUN
non-uni torm nmenory

486

[

1 METHOD AND APPARATUS FORpo 4001004 .

symmetric nultiprocessor (SMP) system architecture and X X
access ( NU4ddhnsaadt eiaiar chitecture. In an SMP data processing sy$t'®m all of
the processing units are generally identical; that is, they all have the
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| evel of caghesittefPabkets amingrpredesingsndden etitbie a EwymesBhes, which are

typically | IRALESE Wdddn. hi gh-speed nenories. Similarly, a second |evel
of caches,'h'gg%];;mnly rg%’erred to as |level two, (L2) caches, may al so be

included in each processing unit for supporting the L1 caches. Sonetines,
a third | chescription of the Prior Art

It is well-known in the computer arts that greater processing
performance can be achieved by harnessing the processing power of multiple
individual processors in tandem. Multiprocessor computer systems can be
designed with a number of different architectures, of which one may be
petter suited for a particular application over the others, depending upon
the intended design, system performance requirements, and software
environment. Known multiprocessor architectures include, for example,
symmetric multiprocessor (SMP) system architecture and non-uniform memory
access (NUMA) system architecture.

In an SMP data processing system, all of the processing units are
generally identical; that is, they all have the same architecture and
utilize a common set or subset of instructions and protocols to operate.
Typically, each processing unit includes a processor core having at least
one execution unit for carrying out program instructions. In addition,
eéch processing unit may include at 1east one level of caches, commonly
referred to as level one {(L1l) caches, which are typically implemented with
high-speed memories. Similarly, a second level of caches, commonly
referred to as level two, (L2) caches, may also be included in each
processing uﬁit for supportihg the Ll caches. Sometimes, a third level of
caches, commonly referred to as level three (L3) caches, may also be
included in each processing unit for supporting the L2 caches. Each levgl
of caches stores a subset of the data and/or instructions contained in a

system memory for low- latency accesses by various processor cores.

The present disclosure describes a method and apparatus for
transmitting packets among various processing nodes within an SMP system.
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caches, commonly referred to as |level three (L3) caches, may al so be

i hcluded in each processing unit for supporting the L2 caches. Each |evel
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SU ARY OF THE | NVENTI ON PCT/ GB02/ 03486 I n accordance with a preferred
enbodi nrent of the present invention, a nethod for transmtting packets
anong processing nodes within a data _process] o stem wherein said data
processi ng systemincludes a pﬁ“ﬁﬂ‘ﬁ“ f’g B f) €SSl ng nodes connected to
each other via an interconnect, said nmethod conprising: initiating a
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BRIEF DESCRIPTION OF THE DRAWINGS

The invention itself, as well as a preferred mode of use, further
objects, and advantages thereof, will best be understood by reference to
the following detailed description of an illustrative embodiment when read
in conjunction with the accompanying drawings,%wherein:

Figure 1 is a block diagram of a multi-node data processing system,
in accordance with a preferred embodiment of the present invention;

Figure 2 is a block diagram of a processor that can be utilized to
implement any agent within the data processing system from Figure 1, in
accordance with a preferred embodiment of the present invention;

Figure 3 is a block diagram of a communication logic block within
the processor from Figure 2, in accordance with a preferred enbodiment of

the present invention;

Figure 4 is a state diagram of a request transaction in the data
processing system from Figure 1, according to the prior art;




Figure 3 is a block diagramof a conmmunication logic block wwthin the
processor fromFigure 2, in accordance wwth a preferred enbodi nent of the
present invention; Figure 4 is a state diagram of a request transaction in

the data &@?@S&Z?g systemfrom Figure 1, according to therdg@lza@act: WO
03/ 012674 03486 3 Figure 5a depicts an exenplary format of a

request transaction transmtted via an address channel of the data
processing systemfrom Figure 1; Figure 5b depicts an exenplary format of
a data transaction transmtted via a data channel of the data processing
systemfrom Figure 1; Figure 5c depicts an exenplary format of .a partial
conbi ned r espongéguxsy 5&(9?51"-?%a?éé‘ﬁﬁ‘?ééytm‘iﬁ#t%(feéﬁ‘eﬁtat?ﬁg?%ﬁg% channel
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di agram of ggpgayest transaction in the data processing systemfrom Figure:
1, in accordance with a preferred enbodi nent of the present invention.
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enbodi ment ;of the present invention. As shown, a data processing system 10
I ncl udes a nunber of nodes 1l1lla-1lin, whi ch are coupled together in a ring

configuration by a segnmented interconnect 20 having_one se ch
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node. | nterconnddf % & R GuiedEd °opaérr§FLéeB§s aﬁ.ﬁ?&&:ﬁ 3

gh-speed,

hi gh- bandwimdohedrisg syeter Exph \Figpes At iirsvga%&“éa#qee&‘cfénwrﬁﬁgﬁrﬁ Fradiregt

500 Mz or 4 ghelpresdricerp@npnsd. 20 i ncl udes at | east one data channel 13
and several non-bl ocki ng address channel s 14a-14n that arei each associ ated

DETATILED DESCRIPTION OF A PREFERRED EMBODIMENT

Referring now to the drawings and in particular to Figure 1, there
is depicted a block diagram of a multi-node data processing system, in
accordance with a preferred embodiment of the present invention. As
shown, a data processing system 10 includes a number of nodes lla-1ln,
which are coupled together in a ring configuration by a segmented
interconnect 20 having one segment for each of nodes lla-1lln. Each of
nodes 1la-1in of data processing system 10 includes one or more agents
that are coupled to interconnect 20 and are designated A0-An for node lla,
BO- Bn for node 1llb, etc. Each of nodes lla-lln also includes a
respective response and flow control logic 12 for controlling the flow of

transactions on interconnect 20 to its neighboring node.

Interconnect 20 is configured to operate as a high-speed,
high-bandwidth bus, preferably operating at a frequency in the order of
500 Mhz or higher. Interconnect 20 includes at least one data channel 13
and several non-blocking address channels l4a-14n that are each associated
with a respective one of nodes 1lla-1ln such that only agents within an
associated one of nodes 1lla-1ln can issue requests on one of address
channels l4a-14n. Each of address channels l4a-14n and data channel 13 is
segmented, as noted above, such that each of nodes lla-1ln contains a
segment of each address and data channel, and each address and data
channel segment is coupled to at least two neighboring segments of the
game channel. As indicated by arrows, each channel is also



with a respective one of nodes ila-iln such that only agents within an
associ ated one of nodes ila-IIn can issue requests on one of address
channel s 14a- 14n. Each of address channels 14a-14n and data channel 13 is
segnented, _as noted above, such that each of nodes IIaiI %ﬁ@“?&6
segnent of YEA0HO 244 ess and data channel, and each address

channel segnent is coupled to at |east t nei ghbori ng segnents of the
same channel. As indicated by arrows, each channel is also WO 03/012674
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With reference now to Figure 2, there is depicted a block diagram of
a processor that can be utilized to implement any agent within data
processing system 10 from Figure 1, in accordance with a preferred
embodiment of the present invention, Although each agent within data
processing system 10 can be implemented with a processor, it should he
understood that an agent can be any device capable of supporting the
communication protocol described herein. As shown, a processor 21
includes a processing logic block 22 for processing instructions and data,
a communication logic block 23 for implementing a communication protocol
that governs communication on interconnect 20 (from Figure 1), and a cache
hierarchy 24 for providing local, low latency storage for instructions and
data. In addition to cache hierarchy 24, which may include, for example,
level one (L1l) and level two (L2) caches, the local storage of processor
21 may include an associated off-chip level three (L3) cache, such as L3
caches 19 and local memories 18, as shown in Figure 1. Instructions and
data are preferably distributed among local memories 18 such that the
aggregate of the contents of all local memories 18 forms a shared "main
memory" that is accessible to any agent within data processing system 10.
Hereinafter, local memory 18 containing a storage location associated with
a particular address is said to be the home local memory for that address,



I ncludes a processing logic block 22 for processing instructions and data,
a communi cation | ogic block 23 for inplenmenting a conmuni cation protocol
t hat governs conmmuni cation on interconnect 20 (from Figure 1), and a cache

hi er ar chy f oviding local, lowlatency storage for gciadgdsfesiggns and
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| evel one (L1) and level two (L2) cachess the |ocal storage of processor

21 may include an associated off-chip level three (L3) cache, such as L3
caches 19 and | ocal nenories 18, as shown in Figure 1. Instructions and
data are preferably distributed anong | ocal les 18 such I he
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allocate utilization of address channels l4a-l4n and ensure that local
agents do not issue conflicting address transactions, some arbitration
mechanism (e.g., round robin or time slice) should be utilized to

arbitrate between agents within the same node 11.

By contrast, master data sequencers 33 of all agents within data.
processing system 10 are connected to data channel 13. Data channel 13 is
non-blocking since the types of data transactions that may be conveyed by
data channel 13, which predominantly contain (1) modified data sourced
from an agent other than the home agent, (2) data sourced from the home
agent, and (3) modified data written back to a home local memoxry 18, are
statistically infrequent for applications in which the distribution of
memory among local memories 18 and the distribution of processes among the
agents is optimized. Of course, in implementations including only a
single data channel 13, some arbftration mechanism (e.g., round robin or
time slice) should be utilized to arbitrate between agents within the same
node 11 to ensure that local agents do not issue conflicting data

transactions.

Master control logic 31 also includes a write counter 39. The

purpose of write counter 39 is for incrementing a write counter field



agents do not issue conflicting address transactions, sone arbitration
mechanism (e.g., round robin or tine slice) should be utilized to
arbitrate between agents within the sane node 11. By contrast, naster data
sequencers_33 of all agents within data. processing syst

connect ed ng&lﬁgﬁhannel 13. Data channel 13 is non-bloc ilﬁgozgtiﬁﬁsge t he
types of data transactions that nmay be cgnveyed by data channel 13, which
predom nantly contain (1) nodified data sourced from an agent other than
t he hone agent, (2) data sourced fromthe hone agent, and (3) nodified
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request queues 37 and data queues 38, respectively.

With reference now to Figure 4, there is depicted a state dlagram of
a request transaction in data processing system 10 (from Figure 1),
according to the prior art. As shown in step 41, a request transaction is
initiated by a master agent, for example, agent A0 of node 1lla, mastering
a read or write request transaction in an agsociated address channgl, such
as address channel l4a. The request transaction propagates sequentially
from node 1la to node 11b and eventually to node 1ln via address channel
14a. After the snooper address and response sequencexr 35 of each agent
snoops the request transaction on address channel l4a, as depicted in step
42, the request transaction is forwarded to a corresponding snooper
control logic, such as snooper control logic 34, which provides to an
associated response and flow control logic, such as response and flow
control logic 12, an appropriate snoop response indicating whether that
agent can aervice'(or participate in servicing) the request, as shown in
step 43. Possible snoop responses are listed in Table I in order of

descending priority.



initiate an update to a directory or data array of cache hierarchy 24, a
wite to |local nenory 18, or sone other action. Snooper control |ogic 34
performs such processing of request and data transactions froma set of
request qugue 7.and data queues 38, respectively. Wth now t o
Fi gure 4, %eq%/é&’ﬂ?depi cted a state diagramof a requestf’ﬁ%%?;%ﬁ%n I n
data processing system 10 (from Figure 1y, according to the prior art. As
shown in step 41, a request transactionis initiated by a naster agent,
for exanple, agent AO of node Ila, nmastering a read or wite request
transaction in an associ ated address chanpel, such as address channel 14a.
The request transaction propagates SGQLP@HE’?EH ly fromnode Ila to node iib
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Null agent does not hold the requested line in
cache and is not the home agent
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The snoop responses of agents Ao-nn'are then combined by response
and flow control logic l2a into a PCR output on PCR channel 15. If during
a determination of the appropriate snoop response, Snooper control logic
34 of an agent within node 1la determines that it is likely to have the
highest priority snoop response of all agents within data processing

. system 10, for example, Modified Intervention for a read request or Home
for a write request, the agent within node 1l0a agserts its cancel signal
to a local cancellation logic (not shown), which outputs a cancel signal
on cancel channel 17. The cancel signal is preferably asserted on cancel

channel 17.

Subsequently, node lla sends a packet of data associated with the
request to a receiving node that can gervice the request, as shown in step
44, and node 1lla then waits for an acknowledgement (ACK) sigmal from the
receiving node before sending another packet of data, as depicted in step
45. Each packet of data is associated with a tag. Node lla must wait for
the ACK signal from the receiving node because if node 1lla sends a new
packet of data right away, all nodes that are ready to receive data could
see multiple uses of the same tag and cannot distinguish one packet of
data from the other. However, the wait time for the ACK signal can be
very long due to blocking/stalling along an intercomnect, such as

interconnect 20.



cache and is not the hone agent The snoop responses of agents AO-An are
t hen conbi ned by response and flow control logic 12a into a PCR output on
PCR channel 15. if during a determ nation of the appropriate snoop
response, snooper. control logic 34 of an agent within no ' rm nes
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whi ch node érrgensfgra%tagéjtaczdc?‘stsatlpeagkgéesgfhgi %&@ﬂ?d- Thus, in the prior art,
t he cast out
In order to avoid the wait time, a new request trans_action according

to the present invention ig used. Referring now to Figure 5a, there is
depicted a data structure of a request transaction in accordance with a
preferred embodiment of the present invention. BAs shown, a request
transaction 50 contains a master node ID field 51 for indicating the node
ID of the master agent, a write counter field 52, a transaction type field
53 for indicating whether the request transaction is a read (e.g.,
read-only or read-with-intent-to-modify) or write request, and a request
address field 54 for specifying the request address. Flgure 5b depicts a
similar data structure of a data transaction 55, which data transaction 55
contains a destination node ID field 56 for indicating the node ID of the
destination node, a write counter field 57, and a data field 58 for
.containing the data. '

Tn accordance with a preferred embodiment of the present invention,
the number within write counter fields 52 and 57 are incremented by one
each time a transaction request is sent. For example, the number within
write counter field 52 for a first request transaction is "00," the number
within write counter field 52 for a second request tramsaction is "01,"
the number within write counter field 52 for a third request transaction
is "10," and the number within write counter field 52 for a fourth request
transaction is "11." Then, the number within write counter field 52 for a

fifth request transaction will be returned to "00."



buffer within node AOis not allowed to reset and start again until an ACK
signal (address-only tenure) is received by node AO indicating that the
i nt ended destination of the castout data actually recei ved t he castout

dat a packe ?I—@‘@\?/élrl i the wait time for the ACK signal E,FI?FCB\(,;/B%“ ong

due to bloc ng along the interconnect. Such pro

exacerbated in a really |large processinggsystem having many nodes due to
the increasing chances of data bus stalling and the tinme it takes to
transfer data across the processing system in order to avoid the wait
time, a new request transaction according to the resent i nvention is

used. Referring ThewmumbeFiofubissseithinamrate sounyepdesd 53 B‘&fﬁr%btlhﬂﬁpﬁf‘%e of a
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node_| E % gesaL nat i on
node, a wriRigurednt cFhef n@rbersvﬁ b%ﬁ?dwhthdat‘ﬁ’li‘? EPERtSE §i5td S2ohT RFRT
data. In acgRatdensg avwrbte cpimtbe rsadh enbaditramuntsr 3hdren Fiame anent i on,
the nunber within wite counter fields 52 and 57 are increnented by one

each tinme a transagrtxcgi%n;%fQQE% S seq:the CFQ% SOSREIRLE et e gﬂy@rs(w thin

wite counter fi®¥ éques ransaction I s c. t}:pe nunber
Wi thin witiscdodess arsHoopey) ngde frarfnaléééoifftr tRGakng: fgn8ais F%r? g% 01, "
the nunber adehbithawrpriodi @i Bhe higheak dprddxrftyr swoop mqsdonsequgsreqqia%aéw on

Is "10, " ‘and r‘abﬁodau”ﬁ%&dv\ézt Ew 1961 da@1 5P WAL @l gifeiae! 1571 thyOsncepl Espbimer pepiest
transaction is he nunmber within wite counter field 52 for a

fifth reque%ﬁceﬁeaq‘lsactlon WI |1 be returned to "00." WD 03/012674 9
PCT/ G(B02/ 03486 The nunber of bits within wite counter field 52 pref erabl y
depends upon t heithurdferemfe nodte Eigdrd lfe therayts depiehed &tk hagam of

connecting éﬂﬂequest transaction in data processing system 10 (from Figure 1), in
accordance with a preferred embodiment of the present invention. A
request transaction, such as a read or write, is initiated by a master
agent within a first node, as shown in step 71, The address of the
requeat transaction propagates sequentially from one node to another, as
depicted in step 72. The master agent then waits for a response from one
of the receiving nodes, as shown in step 73. After the receipt of a
response, data is sent from the master agent to the intended receiving
node that had sent the response, as depicted in step 74. Upon the
completion of the data tenure, the write counter field (such as write
counter field 52 from Figure 5a) of the next request transaction 1s
incremented by one such that the next request transaction will have a
higher write count than the previous request transaction. Then, the
process can proceed to the next request state, repeating the sequence of
Figure 6, without waiting for an ACK signal from the intended receiving

node, as it is done in the prior art design.

As has been described, the present invention provides a method and
apparatus for transmitting packets within a symmetric multiprocessor
system. The present invention removes the tagging problem by
differentiating the tag each time a given buffer is used. Therefore, the
buffer can be reused right after unloading the data packet on the bus. By
using the write counter of the present invention, the long wait time of
re-using the same tag can be avoid, and the number of queues (such as a



nodes within a data processing system For exanple, the nunber of nodes
wrthin the data processing system= 2", where n is the nunber of bits
within wite counter field 52. Thus, n = | ogl o(nunber of nodes within said
data pr oceﬁ&g%‘glxg.henjllogi 02. As such, the nunber of bitscpdairisagite
counter field may be adjusted to provide an optinmal perfornmance
according to the length of the interconngct, such as interconnect 20 in
Figure 1. The nunber of bits within wite counter field 52 is preferably
updated by a wite counter, such as wite counter 39 fromFigure 3. As
indicated in Figure 5a, the data structure, of .a re?%)’ngebgosenitn Iug S a
snooper nodest-Putiyffer) wiekin AdofaioREORPS3YE FEFEB: " he ®Ggent t hat
provi des t hetéitghetbt rpawaedity snoop response yet received, and a response
field 62 for indicating the highest priority snoop response yet received. -

Wth reference now i QhEidigx%Sti@n 1B &n! Sart ERI1GEBA sBowrl ahe ddia&grﬁdnw_af:h a
request transaction in data processg]ng. syst in

accor dance W?’FP"&"p"r%Fe?"r%ﬂ”%‘?bﬁ'%Pﬁ%ﬁ&b §t‘ﬁierﬁ ﬁees%é%&ﬁé/cgﬁ%%hn.e request
transact i orskitlashindhe artafibal vaFione chpngesnin Foym Ang Aekaly TR P et
Within a fighetesin@fthons depewingnfroneihe7dpirihanddires LEothe fBVentichrest
transacti on propagates sequentially fromone node to another, as depicted
in step 72. The naster agent then waits for a response fromone of the
recei ving nodes, as shown in step 73. After the receipt of a response,
data is sent fromthe master agent to the intended receiving node that had
sent the response, as depicted in step 74. Upon the conpletion of the data
tenure, the wite counter field (such as wite counter field 52 from
Figure 5a) of the next request transaction is incremented by one such that
t he next request transaction will have a higher wite count than the

previ ous request transaction. Then, the process can proceed to the next
request state, repeating the sequence of Figure 6, without waiting for an
ACK signal fromthe intended receiving node, as it is done in the prior
art design. As has been described, the present invention provides a nethod
and apparatus for transmtting packets within a symretric nultiprocessor
system The present invention renoves the taggi ng probl em by
differentiating the tag each tinme a given buffer is used. Therefore, the
buffer can be reused right after unloading the data packet on the bus. By



using the wite counter of the present invention, the long wait tinme of
re-using the same tag can be avoid, and the nunber of queues (such as a WO
03/ 012674 10 PCT/ GB02/ 03486 cast-out buffer) within a node for storing data
ready to bgsehh,&an be potentially reduced. Wile the i pypgihfosb@s been
particularly s(mwn and described with reference to a preferred enbodi nent,
it wll be understood by those skilledihn the art that various changes in
formand detail may be nade therein without departing fromthe spirit and
scope of the invention. WO 031012674 11 CLAI MS PCT/ GB02/ 03486 1. A nethod
for transmtting packets anobng processi ng nodes within a data processing
system wherein said data processing s‘f}@cﬁlﬁ includes a plurality of
processi ng nodes connected to each other via an interconnect, said nethod
conpri singy i ni jimkhdd fBr QEAAS tLidgopskets Qiold PRoEesERR) epdesodititio @
plurality .of (ragce"eisvwgg sn&%ﬁS;wth&%r E’ii!d”ﬂa@a M&Jegsﬁﬁuwﬁ&n%@bﬂestﬂ be
associ at ed %F3 B=&raT qgliest’ transacti Na receihvl)t a,Gonbi;ned Jgspanse
from sai d PEREALFNGERRPEESHPI S9PEP cﬁﬁxﬁcg? 8d&*“"s@nding a data packet 'from
sai d nast emabdj@sthadocemprigingnded one of said receiving nodes according to
sai d conbi ned response; and initiating a new request transaction, along
with a new wite GQUPLES a2 JUIDRT crdndi®dont Blok fiketersacde dataappasliéty has
been sent and before the receipt of an acknow edgenent from said intended
recei ving R6JEECS 2988t hod of G aim 1, wherein said generating step
further includes generating a new wite counter numbér_ for each request
transaction. 3. gélerantidhedvmte Comtterinuniae te he A5AMHBER ¥ithiPpLd \HeARST sai d
wite CcouRbghsaduidgr = | oglo (nunber of nodes within said data procesing
systenm) /1o0gl02 .

receiving a combined response from said receiving nodes by said

master node;

gsending a data packet from said master agent to an intended one of
said recelving nodes according to said combined response; and

initiating a new request transaction, along with a new write counter
number, immediately after said data packet has been sent and before the
receipt of an acknowledgement from said intended receiving node.

2. The method of Claim 1, wherein said generating step further includes
generating a new write counter number for each request transaction.

3. The method of Claim 1, wherein a number of bits within said write
counter number = 1log;, (number of nodes within sald data procesing
system) /1ogie2.

4. The method of Claim 1, wherein said data processing system is a
symmetric multiprocessor system.

5. An apparatus for transmitting packets among processing nodes within
a data processing system, wherein said data processing system includes a
plurality of processing nodes connected to each other via an intexconnect,

said apparatus comprising:

means for initiating a request transaction from a master node to a

plurality of receiving nodes;



4. The nmethod of Caim1l, wherein said data processing systemis a
symmetric nultiprocessor system 5. An apparatus for transmtting packets
anong processing nodes within a data processing system wherein said data

pr.ocessi ng [ ncludes a plurality of processing nod dto
“@02}02#174 ‘f»éTRﬁiﬁ%ﬁ?@

each ot her nt erconnect, said apparatus conprising: means tor
initiating a request transaction from asgmaster node to a plurality of

recei ving nodes; WD 03/012674 12 PCT/ GB02/ 03486 neans for generating a
wite counter nunber to be associated with said request transaction; neans

for receiving a conbined response from said receivi ng? nodes b%/ 4 sg‘i:lg mast er
node; neans formesesdiongganetitiag Fukkie FPEHEE MBPTRSCe BT 4

i ntended ofgaofequastl ciemsmicvisny nodes according to said conbined response;
and neans for initiating a new request transaction, along with a new wite

counter number, I L.at el e ﬁﬂrgdd?ets mckfé Qﬁ-ﬁ QG@élv&Eé\'fnoaﬂﬂ by
before the rece'\‘eﬁ'f’so raﬂecgcﬁ%g el genent frg(o)m sai dmi nt ended recei vi ng

node. 6. TPIIPAPEPEIPE®Df Clai m 5, wherein said generating neans further
includes a wite counter for generating a new wite counter nunber for
each request trieanactcrofending Bhéatappaaket Usronfsadianaptsr agref &P nunber of
bits withip Saigh Whild s£iQUAQLvIHINBEIes=adc@g@igNtobald clomhidsredpehder sai d
dat a procesqﬁg systen) /logjo2. 8. The apparatus of Claimb5, wherein said
data proce®¥tng systemis a symmetric multiprocessor system

means for initiating a new request transaction, along with a new
write counter number, immediately after said data packet hag been sent and
before the receipt of an acknowledgement £rom said intended receiving

node.

6. The apparatus of Claim 5, wherein said generating means further
includes a write counter for generating a mew write counter number for

each request transaction.

7. The apparatus of Claim 5, wherein a number of bits within said write
counter number = log,,(number of nodes within said data procesing

system) /logie2.

8. The apparatus of Claim 5, wherein paid data processing system is a

symmetric multiprocessor system.



