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@ETHOD FOR PROCESSING EARLY ARRI VAL MESSAGES WTHIN A MJL
¢ASYNCHRONOUS  ~ DATA COVMUNI CATI ONS SYSTEM
Technical* Field . This invention relates to nessage-passing in a
~conput er systenlmnth a plurality of asynchronous conputing nodes
~interconnected by bidirectional asynchronous conmuni cati ons channel s, and
“in particular, to a nmethod and system for accommodating early arrlval
nmessages W thin such a conputer systemto reduce nmessage-passing | atency
bet ween source and destinati on nodes. Background .of the

| nventi on In parallel conmputers which use nessage-passing for
processor interaction, user code on a,source processor specifies a nmessage
to be sent, and user code on a destination processor specifies a |ocation

for- the nessage to beMEQﬁQbVﬁ@hlFﬁdhEéErNGOEﬁRﬁYIARRDﬁAﬁpeC|fy|ng where a
recei ved nessage is fer " Unless a .
buffer is posted, Wﬁg%ﬁgﬁﬁiﬁﬁﬁgﬂPgﬁ'@@Qﬁég° mhlc operates as a conbi nation
of hardware and softwar e, DI GCOMMENECHEIONR ST e since there is no '
information on where to store the nmessage data. Because t he source
and destination processors Technical Field :

This invention relates to message-passing in a
computer system with a plurality of asynchronous
computing nodes interconnected by bidirectional
asynchronous coﬁmunications channels, and in
particular, to a method and system for accommodating
early arrival messages within such a computer system
to reduce message-passing latency between source and
destination nodes.

Background of the Invention

In parallel computers which use message-passing
for processor interaction, user code on a source
pfocessor specifies a message to be sent, and user
code on a destination processor spegifies a location
for the message to be received into. The operation
of specifying where a received message is to be
stored is termed "posting a buffer.® Unless a buffer —
is posted, the communication system, which operates
as a combination of hardware and software, cannot
receive the message since there is no information on
where to store the message_data.

Because the source and destination processors
are assumed to operate asynchronously, the source
processor user command to send a message may be '
executed before the destination processor user
command has occurred to post the corresponding
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ard* assumed to operat e asynchronously, the source processor user command to
send a nessage may be executed before the destination processor user
command .has occurred to post the correspondi ng

-2- “buffer. Under nornal operation, a nmessage may thus arrive at a
destination processor's hardware adapter for the comuni cation system
before a buffer has been posted for it. Previ ous protocols have
handl ed this problem by having the source processor store the nessage

| ocally and not send it. When the destination processor user code posts a
buffer, the communication systemsends a "pull"” nessage to the source
processor telling it to send the nessag@-to the destination processor,

where it can be received. This solution suffers frombad | atency
performance, hEWEFEE: SPRART AR ERETGE 1080t 3 BEFRIR WA $WUMHsni ssion
tinmes, i.e., fermivbeatecatdestimation phrecessocesf hardirere paddpteand fromt he

source 0. the ¢gs! Ha! bofnbM cdefod MR %ggsgg;gtgﬁﬁef%&%& equire

three transm ssion tinmes since t nmessage header,
notifying the 898tPRafPENLHrocessor that it can now send a "pul | ".
Thus, there is a recognized need in the art for an inproved nessage

handl i ng pr ot ocol tErésg%€a+%§6%i§%%%eﬁaﬁaﬂéaetﬁfg 1;% ;b}podes in a

conput er system wit asynchr onous_conputer  node
i nt er connect edPBY1BFdFPe cBPYHfE Processor store the message locally

and not send it. When the destination processor user
code posts a buffer, the communication system sends a
“pull® message'to the source processor telling it to
send the message to the destination processor, where
it can be received. This solution suffers from bad
latency performance, however, since every message
sent requires two transmission times, i.e., from the
destination to the source for the "pull®" and from the
source to the destination for the message. The
protocol can even require three transmission times
since the source may send a message header, notifying
the destination processor that it can now send a.
tpullv,

Thus, there is a recognized neéd in the art for
an improved message handling protocol to reduce
latency between scurce and receiver nodes in a —
computer system with a plurality of asynchronous
computer nodes interconnected by bidirectional
asynchronous communications channels. The present
invention addresses this need, and in particular,
presents a protocol for handling early arrival
messages, i.e., messages that arrive at a receiving
node before the receive buffers have been posted for
the méssages.
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@synchronous comuni cations channels. The present invention addresses this
‘need, and in particular, presents a protocol for handling early arrival

nessages, i.e., nessages that arrive at a receiving node before the receive
buffers have been posted for the nessages.
- 3- Di scl osure of the Invention . Briefly summari zed,

t He i nvention conprises in one aspect a nethod for processing a nessage
transmtted froma source conputing node (sender) to a receiver conputing
node (receiver) in a conputer systemwith a plurality of conputing nodes

I nt erconnected by bidirectional asynchronous conmunicati on channels for the
transm ssion of nmessages between user-yrocess prograns executing
asynchronously in ones of the conput|ng nodes The nmessage conpri ses a
message header and data. Dhs e @ 1tting the nmessage from
the sender to the receiver mnthout maltlng for a request for the nessage
fromthe receiver; determnin he .receiver .if a receive buffer has been
posted for the ne§§§§5 Y £ rfﬁ%é1¢§“b&ﬁﬁ§nq¥&? fOrPE&ER®p8ted for the
message, therene aapmidtng methpdsfaypincassinichg messagesage header in an

early arri Va'tf&i?é!ﬁ&tedt E%o&eaega@fc@r&@tﬁ;qafgdhaael (8edl@b®) thon the
recei ver being rea g 0 post _a rece buf f.er t he nessa t he net hod

further incl figece EPH‘Q“FFiEge’é?‘F?/ %Werdué&eaf SPmPH'égﬁessage header ;
and if the neswsum hddkder pduralitye efirdomprtiiinganodeeue, then sending a

pull request ffQuRddeed ¥§' bi@ifd¥tional asynchronous

communication channels for the transmission of

messages between user process programs executing
asynchronously in ones of the computin§ nodes. The.
message comprises a message header and data. The
method includes: transmitting the message from the
sender to the receiver without waiting for a request
for the message from the receiver; determining at the
receiver if a réceive buffer has been posted for the
message; if the receive buffer has not been posted
for the message, then truncating the message by
storing its message header in an early arrival queue
at the receiver and discarding its data. Upon the
receiver being ready to post a receive buffer for the
message, the method further includes: checking the
early arrival queue for the message header; and if
the message header is in the early arrival queue,
then sending a pull request from the receiver to the
sender. Thée pull request instructs the sender to
retransmit the message to the receiver.

In another aspect, the invention comprises an
alternate method for communicating a message from a
sender computing node (sender) to a receiver
computing node (receiver) in a computer system with a
plurality of computing nodes interconnected by
bidirectional asynchronous communications channels
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sender. The pull request instructs the sender to retransnit the message to
t he receiver. I n anot her aspect, the invention conprises an
alternate nethod for conmunicating a nmessage froma sender conputing node
(sender) to a receiver conputing node (receiver) in a conputer systemwth
a plurglity of conputing nodes interconnected by bidirectional asynchronous
comuni cati ons channel s -4- for the
transm ssi on of messages between user progranms executing asynchronously in
ones of the conputing nodes. The nmessage agai n conprises a nessage header
and nessage data. The method includes transmtting the nessage fromthe
sender to the receiver wthout waitingfor a nessage request fromthe

recei ver; upon receipt of the nmessage at the receiver, determ ning whether
a receive buf fior the keafsnosseen(of ndunagess detwaad usethe receive buffer

has been post ed fgr-'h , L ' he sage,_d n the receive
buffer; and.ig’t eaﬁ%c§F§§EE§€§e?éiéébééé&%ﬂghsgbgggg. grt%ﬁe message, then
al | ocating a COFpPRting nedesve B¢ fegsande RI318cePRRriseshal d t he nessage
data, and st Omieigalgee heagerJand casssadge ataTpomaey mbthbar iheiwddmt i on in

D oY o naEHn8' R REBEE Frqn R BBaECE, IRy b 10 2y (O
checki ng t he &fceivexrr withoutecWeiting thir eomessgsrdraguadsstremheader; and
i f the nmessageHecadeeiver; Nupbs £eseIpHIdE tile Gkeeaget HENcH®VI Ng the
message data T QmsUAG t QIPQLALX: h§ SRt W HecklvhBub B! NEs DUl Ter

been posted for the message and if the receive buffer

has been posted for the message, then storing‘the

message in the receive buffer; and. if the receive

buffer has not been posted for the message, then

allocating a temporary receive buffer at the receiver

to hold the message data, and storing the message

header and temporary buffer information in the early

arrival queue at the receiver. Upon the receiver

being ready to post a receive buffer for the message,

the method furthexr comprises: checking the early

arrival queue for the corresponding message header;

and if the message header is in the early arrival

queue, then moving the message data from the

temporary receive buffer to the receive buffer

without requiring posting-of the receive buffer.

In a further aspect, the invention comprises a
computer system having a plurality of computing nodes
interconnected by bidirectional asynchronous
communications channels for the transmission of-
messages between user programs executing
asynchronously in ones of the computing nodes. The
computer system allows communicating of a message
(comprising a message header and message data) from a
sender computing node (sender) to a receiver

computing node {receiver). The computer system
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M t Hout requiring posting of the receive buffer. In a further
iaspect, the invention conprises a conputer systemhaving a plurality of
conmput i ng nodes interconnected by bidirectional asynchronous comruni cati ons
channel s for the transm ssion of nmessages between user progranms executing
asynchronously in ones of the conputing nodes. The conputer system allows
communi cating of a nessage (conprising a nessage header and nessage dat a)
froma sender conmputing node (sender) to a receiver conputing node
(receiver). The conputer system - 5-
I ncludes neans for transmtting the nessage fromthe sender to the receiver
w thout waiting for a request for the-Bessage fromthe receiver. The
receiver includes an early arrival queue and a packet r-eceiver. The packet
recei ver det einchudes fmeansfan sronsritting vhe Mersage) fxem the nessage

upon its rﬁcebahﬁeﬁngoitfhé %deﬁwrvaibnbﬁerwaﬂem@tf&e@ HRRfiedt fOL t he
Tessage by ot BPFnEhP {BofRASs, ST 408, TPREERE car Tt STV ele and
di scardi ng it npbudegeangarlyporivad aueveandripRFfkatady to post a
ekt oo ne EELEAvAre, MBS ek scsiivar csbeamdnies e (0
?o?csgﬂging arﬁﬁ?¥v?éﬁﬁ%€-r¥h§ﬁﬁaﬂ?@ ngg?ée$$€gt$%§ﬁ%%%ﬁ%%qﬂﬁg}ructing t he
sender to retikasneceiple, rsddge the rreeivedbuifey thasaafpihadmg nessage
header is in bB@t@&rfdraEHé\ﬁﬂséaé%uethg packet receiver also

comprises means for truncating the message by storing.

its message header in the early arrival queue and

discarding its message. data. Upon the receiver being

ready to post a receive buffer for the message, the

system further includes means for checking the early

arri&al queue for a matching message header and means

for sending a pull request from the receiver to the

sender instructing the sender to retransmit the

message to the receiver if the matching message

header is in the early arrival queue.

In still another aspect, the invention comprises
a computer system having a plurality of computing
nodes interconnected by bidirectional asynchronous
communications channels for the transmission of
messages between user programs executing
asynchronously in ones of the computer nodes. The
computer system allows communicating of a message
(comprising a message header and message data) from a
sender computing node (sender) to a receiver
computing node (réceiver). The computer system
includes means for transmitting the message from the
sender to the receiver without waiting for a message
request from the receiver. A communications adaptexr
at the receiver includes a packet receiver for
determining whether a receive buffer has been posted



o n still another aspect, the invention conprises a conputer system having a
splurality of conputing nodes interconnected by bidirectional asynchronous
comuni cati ons channels for the transm ssion of nmessages between user
prograns executing asynchronously in ones of the conputer nodes. The
conput er system al l ows communi cati ng of a nmessage (conprising a nmessage
héader and nessage data) from a sender conputing node (sender) to a

recei ver conputing node (receiver). The conputer systemincludes neans for
transmtting the nessage fromthe sender to the receiver w thout waiting
for a nmessage request fromthe receiver. A conmunications adapter at the
recei ver includes a packet receiver fagdeterm ning whether a receive

buf fer has been posted -6- for the nessage

upon its receifx thedmebshbe uporiiteshrddedpthasndedfi phstxebdiore the
message, for G e'}ghggebg‘éflséggﬁé&tfbf hed %‘%’s‘éﬁepufgfrcoﬁ%iﬁg"e receive
buf fer has not” been posted Tor the.nessage and té 2ra%é buffer space is
avai [ abl e, théih%(ﬂﬁﬂﬂag@aﬂ%ﬁsthﬁa’fﬂ%ﬁ‘l‘f%H“rfv;rercogg i EBS TREHYS or
al l ocating a tepRE@HAs’ a6t beehupdsttediifdrhahec meisgaget andiol d t he nessage
data and for storing t-h a raA3d d@Pokfky buffer information in
an early arriaﬁ?mﬁﬁ%ﬁ¥'§3¥?%§ g %£€3g$fnﬁgbn the .recei ver being ready to
post a recei vecomminicatdonshadapten Jrther COMPELERSSPERRM ¥ t her i ncl udes
neans for checdlTerddingear kpmpbrayel reeite fhuf fielre attatbéi recedesssage header,
and if present or A Wﬁﬁﬁqgﬁ:QEbé'B Ot N Spor ary
receive buffert?(r)ﬁfal;]%:ﬁ"gc m\%gaggfééfawt out re u,|J'r F‘ng gos?% of the

header and temporary buffer information ih an ear

arrival queue at the receiver. Upon the receiver

being ready to post a receive buffer for the message,

the computer system further includes means for

checking the early arrival queue for the matching

message header, and if present, means for moving the

message data from the temporary receive buffer to the

receive buffer without requiring posting of the

receive buffer at the communications adapter.

Other embodiments and aspects of the invention
are also described in detail herein and are
considered part of the claimed invention. For
example, computer readable program'éode means
encompassing the above-summarize methods are
described and claimed. _Additionally, numexrous
enhancements are presented for each aspect of the

invention.

' Described herein is an approach for
accommodating early arrival messages to reduce
message-passing latency between source and
destination nodes within a computer system comprising
a plurality of asynchronous computing nodes. The
approach is to send a message without waiting for the

receiver to request the message. Therefore, if the



seceive buffer at the communications adapter. O her enbodi nents and
iaspects of the invention are also described in detail herein and are
considered part of the clained invention. For exanple, conputer readable
program code nmeans enconpassi ng the above-sumrari ze net hods are descri bed
and cl ained. Additionally, numerous enhancenents are presented for each
aspect " of the invention. Descri bed herein is an approach for
accommodating early arrival nessages to reduce nessage-passing |atency

bet ween source and destination nodes within a conputer system conprising

a plurality of asynchronous conputing nodes. The approach is to send a
nmessage without waiting for the .receiyer to request the nessage.

Therefore, if the -7- receive

buffer- has bepeceibeés dohffiee haes bage pestéd, releeimessagensdnabel y, incurring

the latency 0feg8ived finkHi%te13S thesiPing lénd NRv@esa6e eamprases an .
early arrival pessage, the n&thod/s¥s%en1 resented provides the flexibility
o]

to optinize pBiPStFeARNIRiI8 R & g 7?ﬁgﬁkﬁﬂ¥%5989ﬁeaﬁnexpected
message or hoeéarhy atweivkl anemisagiee thenwethed/systegapresentedl and

notifying the;ca SHYETC e FIRGATR95 FCE Shtithize BrirFoeRbheaspyses the sanme
underlying nme .anlsg&eéﬁgd runtlggt atft e hardmgg&ylevei and _t he
comuni cat i on®&HReE ingithe qptenafsbie WHeERssrse WRPBASSPFon to use
in a current holdingneimt datra ladsthpecOunmsication adapter level

and notifying the receiver's processor accordingly.

Both options uses the same underlying mechanism, i.e,

runting, at the hardware level, and the communication

system can decide at the software level which option

to use in a current environment for best performance.

Both options preserve the good message-passing

performance possible when receive buffers have been

previously posted.

Brief Descrigtion of the Drawings

These and other objects, advantages and features
of the present invention will be more readily
understood from'the following detailed description-of
certain preferred embodiments of the invention, when
considered in conjunction with the accompanying
drawings in which:

Fig. 1 is a diagram of one embodiment of a
computer system to employ the present invention;

Fig. 2 is a diagram of one embodiment of the
communications adapter of Fig. 1;

Fig. 3 is a diagram of a more detailed
embodiment of the receiver node of Fig. 1 in

accordance with the present invention;
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Bot h options preserve the good nessage-passi ng perfornmance possi bl e when
receive buffers have been previously posted. Brief Description
of the Draw ngs These and ot her objects, advantages and features of
the present invention will be nore readily understood fromthe foll ow ng
defai |l ed description of certain preferred enbodi nents of the invention,
when considered in conjunction with the acconpanying draw ngs in which:
Fig. 1 is a diagram of one enbodi nent of a conputer systemto enploy the

present invention; Fig. 2 is a diagramof one enbodi nent of the
comuni cati ons adapter of- Fig. 1; Fig. 3 is a diagramof a nore
detail ed enbodi ment of the receiver nage of Fig. 1 in accordance with the
present invention; Figs. 4a & 4b are a flowhart of

one enbodi nent of &Figessdages pélssary priliowchhrinoficoms dedmeiiniedt t he present-
I nvention; of a message-passing protocol in accordance with the
present invention;

‘Figs. 5a & 5b are a flowchart of another
embodiment of a message-passing protocol in
accordance with the present invention; and

Figs. 6a & 6b are a flowchart of a further
embodiment of message-passing protocol in accordance
with the present invention.

Begt Mode For Carrying Out The Invention

Fig. 1 depicts one embodiment of a computer
system, generally denotéd 10, to employ message-
passing in accordance with the present invention.
System 10 includes a plurality of computing nodes or
processors 12, one of which is designated a message
sender computing node (sender) 14, and a second of
which comprises a message receiver computing node "
(receiver) 16. Nodes 12 comprise independent
computers having their own operating systems
processing user programs asynchronously. The nodes
are tied together through a switch network 18, which
may contain a number of switch chips. The switch
chips are cross-bar, packet switching chips,
interconnected to form a multi-stage interconnection

network as is known in the art.

Contained within a compute node, such as
receiver 16, are a communications adapter 20, a high
speed syétem bus 22, one or more microprocessors 24,
and one or more main storage memories 26. Message



L .
§Fig§, 5a & 5b are a flowchart of another enbodi nent of a nmessage-passing

*protocol in accordance with the present invention; and Figs. 6a & 6b
are a flowhart of a further enbodi nent of nessage-passing protocol in
accordance with the present invention. - Best Mbde For Carrying CQut
The Inyention Fig. 1 depicts one enbodi nent of a conputer system

general ly denoted 10, to enpl oy nessage- passing in accordance wth the
present invention. System 10 includes a plurality of conputing nodes or
processors 12, one of which is designated a nessage sender conputing node
(sender) 14, and a second of which conprises a nessage receiver conputing
node (receiver) 16. Nodes 12 conpri se-9rdependent conputers having their
own operating systens processing user progranms asynchronously. The nodes
are’ ti éd t ogehandling gprptecalin lpaserignkel Withhthie RVeH® n a nunber

of switch chipg. idPEetitht&d within and betwsehathe poekddr savidmdi ng chi ps,
| Nt erconnect e

the art. e hRPEEYEr R (TR RSO SABHESE 8% ac recel ver 16, are a

comuni cati ons adapter 20, a high speed system bus 22, one or nore

M Croprocessors 24peafids®Ehdriniigtnidnt Speiafengespstans 26 Message
computing nodes 12 are operating asynchronogsly, a
handshaking mechanisms is conventionally employed in
the transfer of a message from sender 14 to receiver
16. For example, before a message can be transferred
from the sendef to the receiver, the sender
conventionally inquires whether the receiver is ready
for the message. In such an implementation, three
network crossings are necessarily employed to achieve
message passing from the sender to the receiver.

In accordance with this invention, performance
is improved by allowing messages to be sent within
the system without a preliminary handshaking between
sender and receiver to ensure that a receive buffer
has been allocated for the message. This is possible
through the provision of "early arrival support" at
the receiving node. Early arrival support means
there is capability at the receiver to efficiently
handle an "early arrival® message, i.e., a message
received before its corresponding buffer in the
system has been allocated. As explained further
below, the present invention provides the flexibility
to optimize performance either by dropping a portion
of an early arrival message or by holding the message
at the communications adapter 20 level and notifying
the processor accordingly. -‘Pursuant to the
invention, both options employ the same underlying
mechanism at the hardware level and the

-communications system can decide at the software



#9- handling protocol in accordance with this invention is inplenented

W thin and between the sender's and the receiver's conmmuni cati ons adapters
20. Because the i ndependent operating systens of conputing nodes 12
are operating asynchronously, a handshaki ng nechanisms is conventionally
empl oyed in the transfer of a nessage from sender 14 to receiver 16. For
exanpl e, before a nessage can be transferred fromthe sender to the

recei ver, the sender conventionally inquires whether the receiver is ready
for the nessage. In such an inplenentation, three network crossings are
necessarily enployed to achi eve nessage passing fromthe sender to the
receiver. I n accordance W th thijg.d nvention, perfornmance is inproved
by all owi ng nessages to be sent within the systemw thout a prelimnary
handshaki ng bel&eeh weivleloptiidn eocuser ih ca enstirent leividonaeatve buffer has
been aIIocatedfgprbégf Gncihi s is possi bl e through the provision of
"early arrival suppori™ at the receiving node. Early arrival support neans
there is capability at the receiver to efficiently handle an "early

arrival" nessage, iWwith refl@reheec tbeEFigV e, Horeddiving heaeondi ng buffer
in the system jas.pe &%&1%?%?5aéglfég%féﬂgsképiﬁaw%ﬁ%@é’e the present
I nvention provides the exipi Tty to optimze i1.6r mance erthar by
droppi ng a porfeewien of svatien HeFpvy Lok RArtsicwprhBegpaget ke message at
the communi cat béntedsirpscE Erdih lafivehefndompit ing bdehanprheessor
cocor o MLV, o SVER! Pt Sl pRPeceih ARl Sk L1 e
can deci de at temmardtigrgiven to the communications adapter to

tell the adapter where to store the message once

received. A buffer poster 42 within communications

adapter 20 stores the descriptor information about

the allocated receive buffer into a control store

memory 46 via a memory controller 44. This

descriptor information is stored in memory 46 until

the corresponding message arrives. These descriptors

in essence comprise pointers to the real receive

buffers which have been posted in main system memory

26 (Fig. 1).

Communications adapter 20 further includes a
switch fabric interface 30 which contains ports that
physically connect to switch link 1... switch link N,
coupling the computing node to the switch network. A
packet receiver 32 and packet sender 34 are provided
for each physical connection to the packet switch 18
network (Fig. 1).

Communications adapter 20 communicates with the
computing node's processor via system bus 22. A bus
interface 36 couples adapter 20 to bus 22. The bus
interface portion of the chip implements the bus
protocol, receiving load/store commands for the
processors. This portion also contains command



#10- level which option to use in a current environnent for best

per f or mance. Wth reference to Fig. 2, the receiving node, under
control of an application program allocates a section of system nenory for
a particul ar nessage to be received from another conputing node in the
system. This receive buffer is "posted" when a conmand is given to the
communi cations adapter to tell the adapter where to store the nessage once
received. A buffer poster 42 within comruni cati ons adapter 20 stores the
descriptor infornmation about the allocated receive buffer into a control
store nenory 46 via a nmenory controller 44. This descriptor information is
stored in nenory 46 until the correspofudi-ng nessage arrives. These
descriptors in essence conprise pointers to the real receive buffers which
have been post@ecede kegic 3fcwhishowgtobes QL pyocessor-  Communi cat i ons
adapter 20 furjiheeiated Ublatcticny kel takets adderdiaray30andi g contains

ports that phygigcally connect to _sw ' ) itch . li.nk coupling
t he conputing %’O(gj%c+ Om?%?er%vﬁﬁc(ﬁ? sn'%%?k%ﬁgﬁb%pﬁoe't S")r%.(?e '\"élt;‘%é?ggﬁd packet
sender 34 are bueveprR¥RYipnmacFozhpsruRle ceREinG AP tie ©cApapdekef switch 18
network (Fig. viting or *<HEINY GAELROBS SFSHE®R metibr8OFFsM €Akes W th the
conputing node'ﬁ oces%_%[ Vi anﬁ%i_tem bgslazz,f Aobus I nterface 36 coupl es
adapter 20 to B = ¥h 5 Y rfade p ??'FRF(ﬁeﬁﬁag'ch “PrBPenents the
bus protocol, ferefvaciingaiid manegéognepmisuliratignsoperssdens This
portion al so cpatwéas KMt rface 36 and switch fabric interface

30 are maintaiped in control store memory 46, which

in one implementation may comprise multiple SRAM

modules.

Fig. 3 depicts in more specific detail flow
control at receiver 16 in accordance with the present
invention. A message received across switch network
18 from sender 14 is initially temporarily buffered
in switch interface buffer 31 within switch fabric
interface 30. Interface 30 distinguishes the header
"HDR" and "DATA" portions of the message for packet

~receiver 32: Packet receiver 32 checks the data
structures in control store memory 46 to see whether
a receive buffer 25 for the message has been posted
in main system memory. If the receive buffer 25 has
been posted, then the message is copied via DMA
engine 40 into main memory 26 across system bus 22.

If the corresponding receive buffer has yet to
be posted for the message, then in accordance with
the present invention, a "runt" is created by
stripping the data from the received network message.
Normally, a network message or packet contains three
parts: a hardware header, which is interpreted by
the adapter hardware, a software header, which is
interpreted by software running on the



.decode | ogic 38, which watches for processor initiated functions and reacts
‘accordingly, and a direct nenory access .(DMA) engine 40, which initiates
bus operations. For exanple, engi-ne 40 is capable of witing or reading
data.to system nenory fromthe adapter w thout involving a host processor.
Records for tracking and managi ng conmuni cations operations between bus
interface 36 and switch fabric interface 30 are maintained in control store
menory 46, which in one inplenentation may conprise multiple SRAM nodul es.
Fig. 3 depicts in nore specific detail flow control at receiver 16 in
accordance wth the present invention. A nessage received across swtch
network 18 fromsender 14 is initiallyipenporarily buffered in switch
interface buffer 31 within switch fabric interface 30. Interface 30

di st'i ngui shes ntilardpradessoipRAnd nchée PEoketp dattiagnehbéh t dontedssage f or

packet recei vq{hégcta%g_kﬁksggégv\%ﬁ%gz THEHS qbE gﬁ‘ ructares in

control store nenor a recelve bu 5.for the nessége
~has been postéd‘ﬁ%lﬁnsﬁﬁﬁﬁih%r";hel Gare FQEe?WHb%ﬁ'f &here has peen
posted, then ttie etangames £fEoR| eﬁomm:ﬁ)h/lbw oé data rdxe nimi theenory 26

acr oss systenmpﬁﬁ é§§§%§g C b r has yet to
be posted for a%es,g;wénch ﬁ‘é%sl accor danc fghgfe/ér‘zésg]}{% nvention, a
"runt" is credt¥Re BF ApdEngortringd A1 the f‘!‘?és?%%el%"éﬂ- net wor k message.

Normal |y, a network nessage or packet contains three parts: a hardware

header, which is ||3§ rr%gt,, cq:ru art@"‘ﬁéest@rétf’fltn""acrh% header,
on

which is interpretéd b gvvare Funni i
adapter w 1ch contalns the rdware and software

headers, collectlvely referred to herein as a
"message header". The message header contains
information describing what conditions caused the
message to be created, but includes no message data.
In accordance with this invention, data structures
comprising the "runt" are created by packet receiver
32 and placed in an early arrival queue 50 within
control store memory 46. In addition, the "runt" is
passed from the adapter to the software running on
the microprocessor to inform the microprocessor
software that a message has arrived which could not
be received. The hardware adapter notifies the
processor that the runt has been stared, either by
writing a specific location in processor memory or by
issuing a processor interrupt.

As noted briefly above, the communications
adapter can implement different protocols in
accordance with the present invention. For example,
the adaptexr can discard the message data and go on to
receiving subsequent messages, or the adapter can
hold the message data in a temporary buffer 27 in
main memory and wait for the processor to post a
receiQe buffer for the message. In the first case,
the processor will keep track of the "runt" or -



s-12-" mcroprocessor, and the packet data, which contains the actual
‘message data. The headers contain information describing the data. For
exanpl e, where the data canme from how many bytes of data are in the
nmessage, which nessage the nessage cones after, what type of data is
contaiped in the nessage, etc. A "runt" is a data structure to be -
stored in the adapter which contains the hardware and software headers,
collectively referred to herein as a "nessage header". The nmessage header
contains informati on describing what conditions caused the nessage to bé
created, but includes no nessage data. |In accordance with this invention,
data structures conprising the "runt"-13re created by packet receiver 32 and
placed in an early arrival queue 50 within control store nmenory 46. In
addition, theméssmge Headeasdodormatiione anfhwidl desuReas®®eldt e runni ng on
the m Cr opr 0cpsgedst %dﬂgt@fénaehaagiécmrﬁa caﬁetﬁegsahmgf ireeeevé hat 2 message: has
arrive ich c not be recei : e har dwar er ifies the
processor thg}Pugﬁ%r r%tpq‘?&edbg n)ég‘Fo'f’%%F e E’f/:%%/?lg{“l hgﬂgé specific

| ocati on i n pmesssgerwildmihenobebyetsaungmift ted froms serdert €@ r upt . As

noted briefly,200¥far tdes | §AtbOFRe JHHUAT reaeivapbaseat. di fferent
protocols in accordance r;get t he present ntiaon. ggémexarrpl e, the

i Ny
adapter can dfRcHRY FIREME LG FEE ST Y SO YS PEESFYi ng subsequent
messages, or sbftwamtwillcgpost a buffer for the message to be

received into. Since the user code has not posted a
receive buffer for the message, this buffer posted by
the communicatibns system software comprises a
temporary buffer (27) where the data is temporarily
stored until the user code to begin posting the
corresponding receive buffer is executed.

In certain situations, the first optioh (discard
data) is optimal since is does not make the adapter
wait for a temporary buffer to be posted and allows
the édapter to go on to receive other messages.
However, it may decrease performance in other
situations since messages have to be retransmitted.
Thus in some situations, placement of the message
data into a temporary buffer is optimal since it does
not require the message to be retransmitted after a
buffer has been posted. However, it may block the
receiver from handling other wmessages which could be
received.

The hardware adapter is programmable to allow
either option to be employed. This lets the software
layers operating at the communication system level on
the destination processor to specify which operation
is to be used in what situations and program the
adapter accordingly. The hardware adapter also has a
programmable timer, which may allow it to begin using



v .
chold the message data in a tenporary buffer 27 in main nenory and wait for
“the processor to post a receive buffer for the nessage. In the first case,

the processor will keep track of the "runt" or

-13- nessage header information, and will issue a "pull" request for the
message. when a matching receive buffer is posted by the user process
program The nessage will then be retransmtted from sender to receiver

and copied into the posted receive buffer. In the second case, the a
comuni cations system software will post a buffer for the nessage to be.
received into. Since the user code has not posted a receive buffer for the
message, this buffer posted by the commas cati ons system software conpri ses
a tenporary buffer (27) where the data is tenporarily stored until -the user
code t0 begi n BBStFempanartSutLeporaPhgeele drute awitthr tpstheedatad.

In certain sitadécard prdtdddl $hotlll 8He (Ebmmaiibatiba) siyScoRrt Ml since is
does not make E?ft teh o ic}o fI;LOE attem?")o'; ary q:lé&‘f.el’ E_o be posted and

all ows the adgg e€r 1o go on 10 ¢gi V8. BYfier® MesSagRe. TROWAYRr, it may
decrease perfoPwBfR®- in other situations since nmessages have to be
retransmtted. Thus in sone situations, placenent of the nmessage data into

a tenmporary buffer is optinal si.nce it _does not require the nessage to be
retransmtted aft er*%r"‘bcﬁﬁ &’“H??&mﬁﬁgﬁ 8%5 eé%ﬁa%\ﬁ@\%gf"?gi f‘nmay bl ock the
recei ver from aceeifdanceomidh whespyesenhi nverduiar byer depigeed in

Figs. 4a-6b, and described below.

Figs. 4a & 4b depict one message processing
protocol employing runting and message data dropping
in accordance with the present invention. This
protocol is entered upon either the source node
sending a message 100 to a destination node or the
destination node asynchronously posting a receive
buffer for.the message 102. Beginning with the
sender sending a message to the receiver (100), the
message is received at the communications adapter of
the receiving compute node 104. The adapter's packet
receiver then reads the data structures in the
control store memory to determine whether a receive
buffer has already been posted (allocated) for this
message 106. If the receive buffer is already posted
108, the protocol directs the packet receiver to
notify the DMA engine in the bus interface to move
the message to the posted receive buffer 110. The
packet receiver then generates and sends an
acknowledgement to the source node that the message
has been received 112. Once placed within the posted
receive buffer, the receiving node's user software
has the message for further processing 114.

Returning to inquiry 108, if an unexpected
message has been received at the destination node,
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QThe\hardmare adapter is programmable to allow either option to be enpl oyed.
*This lets the software | ayers operating at the communi cati on system | evel
on the destination processor to specify which operation is to be used in
what situations and programthe adapter accordingly. The hardware adapter
al so hgs a programmable tinmer, which may allow it to begin using
-14- the tenporary buffer protocol, but switch to the data discard
protocol should the conmuni cati on system software take too long to post a

mat chi ng receive buffer. Vari ous enbodi nents of message-passing in
accordance with the present invention are depicted in Figs. 4a-6b, and
descri bed bel ow. Figs. 4a & 4b-depi ct one nessage processing

pr ot ocol enpl oyi ng runting and message data dropping i n_accordance with the
present inventian., Bhirecpiveobuffex has aiatd hesanrestedrfanchaur ce node

sendi Eg a Weisﬁﬁél.fsajééﬂ,_ ttﬁeapg.aiéi:nﬁé%?ﬁréi?dﬁ‘d&ﬁehhﬁ desit nagdwn node o
asynchronousl y posting a receive buffer for the e; 102.. .Begi nni ng wi t
t he sender serﬁ}ﬁr?g“?s%ég§a§¥ F'\é°fﬁ%9r§6eei e?rsagfog%,gagﬁelﬁogstal%e i s received
at the comuniemtlyrerridapt gueve streuetuns imgheoRpatrohder®4. The

adapter' s packflnd,qF &if/ @he! BBRmuRAEkEE {1 tekr UgbUr eshd pdditcont rol

store memory 1 et e je WIGLHE 12 (166 UG LEkaP28e 2140 Deen posted

proceeds to process a next message received, ox
awaits the receiving software becoming ready to post
the receive buffer (phantom line to Fig. 4b).

At some later time, the user processing program
becomes ready to post the receive buffer 102 for what
might have been an early arrival message. The
receiving software initially checks for a
corresponding message header in the early arrival
queue 120.. If the message header is not in the early
arriyal queue 122, then the receiver posts the .
receive buffer for the message 130. Alternatively,
if the message was an early arrival message, and the
packet header is in the early arrival queue, then the
receiver posts the receive buffer 124 and sends a
pull request to the source node to resend the message
126. The seﬁder then resends the original message
128, and the receiver loops back to the message
processing protocol beginning with message arrives at
destination adapter 104.

Figs. 5 & 5b presents an alternate message
processing protocol embodiment in accordance with the
present invention wherein a temporary buffer is
allocated by the adapter to accommodate an early
arrival message and the receiver waits for
designation of a receive buffer for the message by
the user process program. The flow of Figs. 5a & 5b -
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smessage 106. If the receive buffer is already posted 108, the protocol’
directs t-he packet receiver to notify the DVA engine in the bus interface
to nove the nessage to the posted receive buffer 110. The packet receiver
t hen generates and sends an acknow edgenment to the source node that the
message- has been received 112, Once placed within the posted receive
buffer, the receiving node's user software has the nessage for further
processing 114. Returning to inquiry 108, if an unexpected nessage
has been received at the destination node, i.e., a receive
buffer has not been posted for the nmessage, the packet receiver creates a
“runt” for this nessage by storing thejgessage header into the early
arrival queue structure in the control store nmenory of the comunications

adapter 116. The qacweid upon the bbefcdimads Eendiaghastegeas@tzoo 18, and

proceeds to pr Fggé {§cei ving

sof twar e becoﬁ?PQ§%%%. %e§53%§§§%£§%§%¥§g b%FP ?p%a% n1?|ne to Fig.
4b) . AuPQé%n§I€%9§iWﬁ buffere202er M ddes §PH§°9rB©¢%n$ﬁ%@%nes r eady
to post the reganessdnd fhie he3shge iWatedaighid atarhebaestamatrsdy arrival

Tessage. The ISSELY MbeRthURLSchD LaglLA SRCKS ahal adeEaLengond g

nmessage header 1n t e ear arrtival e nessagelheader I S not
in the early AY3REET'GLORE PEZreFﬁéYieJF hinitdadilye chpels sfenear ecei ve buffer

for the messagsodsdbpodifighgbetelyreceive buffer 206. If the
receive buffer has already been posted 208, the
packet receiver notifies the DMA- engine to move the
data to the receive buffer 210. The packet receiver
then generates an acknowledgement and sends the
acknowledgement back to the source node that the
message has been received 212. The receiving node
software can then employ the message data stored in
the receive buffer 214.

.If the receive buffer has not already been
posted, then in this embodiment the receiving
adapter's software allocates a temporary buffer in
main memory 215. The packet receiver notifies the
DMA engine to move the message data to this temporary
receive buffer 217, and appends thé hessage header
and information on the temporary buffer to the early
arrival queue in the control store memory of the
adapter 219. Thereafter, processing waits for the

- user software to become ready to post a receive
buffer for the message 202.

Upon the user proceés program becoming ready to
post a receive buffer for the message, the software
initially checks for the corresponding (or matching)
message header in the early arrival queue 220. 1If
the matching packet header is not in the early
arrival queue 222, then the receiver posts the
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;If the nessage was an early arrival nessage, and the packet header is in
‘the early arrival queue, then the receiver posts the receive buffer 124 and
sends a pull request to the source node to resend the nessage 126. The
sender then resends the original nmessage 128, and the receiver |oops back
to.the.nmessage processing protocol beginning with nessage arrives at
destination adapter 104. Figs. 5 & 5b presents an alternate nessage
processi ng protocol enbodi ment in accordance with the present invention
wherein a tenporary buffer is allocated by the adapter to accommodate an
early arrival nessage and the receiver waits for designation of a receive
buffer for the nessage by the user pretess program The flow of Figs. 5a &
5b I s entered upon .the source node sending . a nessage 200 or

t he ‘recei ver Zspedveohvlifey, 2b@chon tdie 8885288 pAt netes:abpEehuf f er 202.

I f the source -Eu&i&gnasn:acawaagefﬂéw ERtadle tsedteily) Gataat 't he :
destination nage's. . comunicatio ARNES | j on adapter's
packet recei vesr_"iqﬁtt‘_lirgfl' Zlgﬁ%%kgﬁ? % a c&Frggégg%_;ifn pf)rls'?%gj recei ve buffer
206. 1f the retictentipgr the adapte¥ ctprenhsbs pesette WHELfepndogacket recei ver

notifies the [Rh R@saget BoNByerddisivibal dst Qotheedecei ve buffer 210. The
packet receiver then generates an acknow edgenent and sends the

acknow edgement back to the source node that the nessage has been received
212. The recei vi ng Hfodematthing packet headewpieyin Hher@ddd¥e data stored in

" the receive byff@vadldueue 222, then the receiving software
identifies the location of the temporary receive
buffer and movés the message data from the temporary
receive buffer to the receive buffer 225. The
temporary receive buffer is then freed 227, e.g., for
receipt of a next early arrival message. Once the
message is in the receive buffer, the receiving node
software can use the data 214.

Figs. 6a & 6b present a further message
procéssing protocol. in accordance with the present
invention. In this processing flow, the methods of
Figs. 4a & 4b and 5a & 5b are combined. Processing
again begins with either the source node sending a--
message 300 or the receiving node's software
asynchronously becoming ready to post a receive
buffer for a message 302.

Upon receipt of a message at a destination node
304, the destination adapter's packet receiver checks
for a posted receive buffer corresponding to the
message 306. If the receive buffer has already been
posted 308, then the packet receiver notifies the DMA
engine to move the data to the receive buffer 310 and
generates an acknowledgement for transmission back to
the source node 312. Once the data has been moved to
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Jf the receive buffer has not already been posted, then in this enbodi nent
‘the receiving adapter's software allocates a tenporary buffer in main
menory 215. The packet receiver notifies the DVA engine to nove the nessage
data to this tenporary receive buffer 217, and appends the nessage header
and inf.ormation on the tenporary buffer to the early arrival queue in the
control store nenory of the adapter 219. Thereafter, processing waits for
the user software to beconme ready to post a receive buffer for the nessage
202. Upon the user process program becom ng ready to post a receive
buffer for the nessage, the software initially checks for the correspondi ng
(or matching) nessage header in the earqg. arrival queue 220. |If the
mat chi ng packet header is not in the early arrival queue 222, then the
receiver poststhBereceive buffer, the receiving node's softwhie dafCeive

buffer 230 for e;ng °WE§€%é?é§%e2%ﬁ%tqhgggye’ "posting a receiveé buffer”

entails creatingdata ructures N the conmuni cati ons adapter for
directing the adapter where the receive buffer for the nessage to be

received is |ocatedsf the reddive IBRIEEBIrNHapanket béarndRsstied ifoxi he early
The torporary FESeTUESHEr dridngmosyReliy JBEEERE idhaT™, | 0T Do ary
temporary buffer space is available in main memory
313. If available, then the receiving software
allocates a temporary receive buffer 315 and the
packet receiver notifies the DMA engine to move the
message's data to the temporary receive buffer 317.
The packet receiver also appends the packet header
and temporary buffer location information to the
early arrival queue 319. After storing the message,
processing waits for the receiving software to become

ready for the message 302.

_,If temporary buffer space is unavailable 313,
then the packet receiver appends the packet header to
the early arrival queue in the control store memory
of the adapter 316, and discards the message data
318. Processing then waits for the receiving )
software to become ready to post the receive buffer
for the early arrival message 302.

Upon the receiving software becoming ready to
post a receive buffer for a message, the software
checks for a matching packet header in the early
arrival queue 320. If the packet header is not in
the early arrival queue 322, then the receiver posts
the receive buffer 330 for the message and waits for
the source node to send the message.

If the packet header is in the early arrival
queue 322, then processing determines whether the



.receive buffer to the receive buffer 225. The tenporary receive buffer is
*‘then freed 227, e.g., for receipt of a next early arrival nmessage. Once the
‘nmessage is in the receive buffer, the receiving node software can use the
data 214. Figs. 6a & 6b present a further nessage processing protocol
I n,accardance with the present invention. In this processing flow, the

nmet hods of Figs. 4a & 4b and 5a & 5b are conbi ned. Processing agai n begins
with either the source node sending a- nessage 300 or the receiving node's
sof tware asynchronously becom ng ready to post a receive buffer for a
message 302. Upon recei pt of a nessage at a destination node 304,
the destination adapter's packet recei+&- checks for a posted receive
buffer corresponding to the nessage 306, If the receive buffer has already
been posted 3082rl¥edr¥inal maasagecbasybeeRokeldcin thd9MPRY@AYi ne t o nove
the data to theeceies isubfdd 23310 1En¢egenehah esha resddvdnigedgenent f or

transm ssi on b?%‘ﬁ';’g’{%%m;&éjr&% 9‘%@%3&‘112"3 Ceyrbbi e datia, i.iog{ayen. noved to.

the receive bu . e recei ving nodé s software can enpl oy the nessage
data 314. receive feuffanita recepye RYFLeecteHos@PWor t he nessage,
t hen processi ngegeising Nssstiinf of thenpecaiyebbhffer spare itheavai l able in

main nenmory message has already been received. Thereafter, the
receiving software frees the temporary receive buffer
327 and the receiving node software can employ the
message data located in the receive buffer 314.
Alternatively,.if the received early arrival message
was not held in a temporary receive buffer, then the
receiver posts the receive buffer 324 for the message
and the receiving software sends a pull request to
the sending node 326. The source node then resends
the original message 328, which arrives at the
destination node's adapter 304 and undergoes
processing as described above.

Those skilled in the art will note from the
above discussion that several approachs are présented
herein for accommodating early arrival messages so-as
to reduce message-passing latency bétween source and
destination nodes within a system comprising a
plurality of asynchronous computing nodes. The
protocol is to send a message without waiting for the
receiver to request a message. If the receive buffer
has been posted for the message, then the message is
received immediately, incurring the latency of only a
single transmission. 'If, on the other hand, the
message comprises an early arrival message, then the
approach presented herein provides flexibility to the
communications system to optimize performance by
either dropping the data of the unexpected message or
holding the data at the communications adapter level



i313.‘ I f available, then-the receiving software allocates a tenporary
‘receive buffer 315 and the packet receiver notifies the DVA engine to nove
the nessage's data to the tenporary receive buffer 317. The packet receiver
al so appends the packet header and tenporary buffer location information to
the eardy arrival queue 319. After storing the nmessage, processing waits
for the receiving software to becone ready for the nessage 302. | f
tenporary buffer space is unavailable 313, then the packet receiver appends
t he packet header to the early arrival queue in the control store nenory of
the adapter 316, and discards the nessage data 318. Processing then waits
for the receiving software to becone regady to post the receive buffer for
the early arrival nessage 302. Upon the receiving software becom ng
ready to post and atstiifyibid the tretedverssgusncddmorsacoozdénghycks for a

mat chi ng packeﬁowaﬁﬂﬂg e eael gagé-rﬁenr%ﬂf meeank bmt g packet header

is not in the early arrival queue cei ver posts the receive

buf fer 330 forrepeings afgdhenbardreres tevehe Al node to send the
message. © comfwiiwatiatiectsylseatecan sdecidd eateantley saftwvazk queue 322,

then processi nﬂe‘(ﬁ% %ﬂ&?%ﬁ%@hgéeﬁgﬁem a current environment

-19- early arrrv messagf . a tenporar
_ for best performance. Both options preserve the good

message-passing performance possible when receive
buffers have been previously posted.

The ﬁreseﬁt invention can be included in an
article of manufacture (e.g., one or wmore computer
program products) having, for instance, computer
usable media. The media has embodied therein, for
instance, computer readable program code means for
providing and facilitating the capabilities of the
present invention. The articles manufactured can be
included as part of a computer system or sold
gseparately.

The flow diagrams depicted herein are provided
by way of example. There may be variations to these
diagrams or the steps or operationé'described herein
without departing from the spirit of this invention.
For instance, in certain cases the steps may be
performed in differing order, or steps may be added,
deleted or modified. All of these variations are
considered to comprise part of the present invention
as recited in the appended claims.

Although preférred embodiments have been
depicted and described in detail herein it will be
apparent to those skilled in the relevant art that
various modifications, additions, substitutions and

the like can be made without departing from the



receive buffer 323. If yes, then the receiving software noves the nessage
*data fromthe tenporary receive buffer to t-he receive buffer 325 w thout
requiring posting of the receive buffer since the nessage has al ready been
recei ved. Thereafter, the receiving software frees the tenporary receive
buffer. 327 and the receiving-node software can enpl oy the nessage data

| ocated in the receive buffer 314. Alternatively, if the received early
arrival nessage was not held in a tenporary receive buffer, then the

recei ver posts the receive buffer 324 for the nmessage and the receiving
software sends a pull request to the sending node 326. The source node then
resends the original nessage 328, whic®larrives at the destination node's
adapt er 304 and ,undergoes processjng as, described above. Those
skilled in t h&PAFAtwPF| ERRt TYeRIriQth @ngh 5PR Ly EEEHE s DR TS fer al
approachs ar e conaddered terke withirmdchemsodpe of thelineenticy amssages -
-s0-as to redyeg;IBSS{HCeRASELTbw RAL ikt ween source and destination
nodes within a systemconprising a plurality of asynchronous conputing
nodes. The protocol is to send a nmessage wi thout waiting for the receiver
to request a nessage. |If the receive buffer has been posted for the
nmessage, then the nessage is received imediately, incurring the | atency of
only a single transmssion." If, on the other hand, the nmessage conprises an
early arrival nessage, then the approach presented herein provides
flexibility to the conmmuni cati ons systemto optim ze performance by either
droppi ng the data of the unexpected nessage or holding the data at the
comuni cati ons adapter |evel ' :



20- and notifying the receiver's processor accordingly. Both options use
t he same underlying mechanism i.e., runting, at the hardware |evel, and

t he communi ' an decide at the software |evel which option to
use in a cmﬂmmmmﬂﬁﬂﬁmﬂt for best performance. Both options preserve

t he good nessage-passi i3Q rformance possi bl e when receive buffers have.
been previously posted. The present invention can be included in an
article of manufacture (e.g., one or nore conputer program products)
having, for instance, conputer usable nmedia. The nmedia has enbodi ed
therein, for instance, conputer readabl e program code neans for providing
and facilitating the capabilities of thg_present invention. The articles
manuf actured can be included as part of a conputer systemor sold
separately. The flow di agr ans cdapingt ed herein are provi ded by way of
exanple. There may be variations to these diagrans or the steps or
operations described herein w thout departing fromthe spirit of this

i nvention. For instlhceIn & computer cgten fEtdh applumuglbeypeff orned in
differing or d%omﬂ;ﬁigem?d@&yiheeﬁemcﬁaﬂ debiairgediéhgd. Al of these
vari ations are i der t onpLL Se r t-he present invention as
recited in théaégﬁgkﬁzééaﬁ 5%#@9HEC£§10&%L%Wé§§ﬁ% pngegﬁgd enbodi ments have
been depi ct ed BrRPaRisaicseofi Megeages hHaLwasn usey progesspparent to those
skilled in theprehaualex@cutingt a¥phélatsnamiliy iieabheBSofagdéti ons,

substi tutions gad the Jike gan be.pade A1 houl.deRart Lng.LLom t he

transmitted from a source computing node (sender) to
a receiver computing node (receiver), said message
comprising a message header and data, said method
comprising:

(a) transmitting the message from the
sender to the receiver without waiting for a
request for the message from the receiver;

(b) determining at the receiver if a
receive buffer has been posted for the message;

(c) if the receive buffer has not been
posted for the message, then:

(i) truncating the message by storing
its message header in an early arrival
queue at the receiver and discarding its
data;

(ii) upon the receiver being ready to
post a receive buffer for the message,
checking the early arrival queue for the
message header; and
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- 21-‘ spirit of the invention and that these are therefore considered to be
hin the sc0fe of the invention as defined in the foll ow ng cl ai ns.

- 22- l I mm)"l l“l Cl ai ms 1. In a conputer systemw th
a plurality es interconnected by bidirectional asynchronous

conmuni cati ons channel s fof the transnission of messages between user
process. prograns executing asynchronously in ones of the conputing nodes,
a method for processing a nessage transmtted froma source conputing node
(sender) to a receiver conputing node (receiver), said nmessage conprising a
nmessage header and data, said method conpri sing: (a)
transmtting the nessage fromthe -23sender to the receiver wthout
waiting for a request for the nmessage fromthe receiver;

(b)" determining at the recef¥b}) ¥ fhe wessage; headex ris "I“Hasth&een post ed
for the nessage; early arrival queue, then sending a pull -

request from the receiver to the sender,
said pull request instructing the sender to

retransmit the message to the receiver.

2. The method of claim 1, further comprising
storing the message in the receive buffer if said
determining (b) determines that the receive buffer
has been posted for the message.

3. The method of claim 2, further comprising
subsequent to said storing of the message in the
receive buffer, sending an acknowledgement from the
. receiver to the sender.

4. The method of claim 1, wherein if said
checking (c) (ii} determines that the message header
is not in the early arrival queue, then said method
further comprises posting the receive buffer at the
receiver and waiting for transmission of the message
from the sender to the receiver without sending a
request for the message.



%

:(C) if the receive buffer has not been posted for the nessage, then:

‘(i) truncating the—ressage—-by—storing its nessage header in an
early arriv eue at the receiver and discarding its

data; T‘"’"“Mﬂ)"!“ﬂi !’upon t he receiver being ready to post
a Tecetve bukrlet sage, checking the early arrival '
queue for the message header; and

-23- (tit) if the message header is in the early
arrival queue, then sending a pull - request fromthe receiver to
t he sender, said pull request instructing the sender to

retransmt the nessage to the receiver24- 2. The nethod of claim1,

further conprising storing the nmessage in the receive buffer if said
determ ni ng (b) deferni Bbe method nf dadmyad bwhereihaprieertpost ed for the

nessage. said trdA8afBh§Ole0{i)c] HaTd mekUblin@arEREP! | Si Ng SUbsequent. to
said storing Qf the nessage in the receive buffer, sending an

acknow edgement Praftthe

(d) if the receive buffer has not been
posted for the message, then determining whether
temporary buffer space is available for the
message;

(e) if temporary buffer space is available,
then allocating a temporary buffer for the
message, moving the data into the temporary
buffer, and storing the message header and
temporary buffer information in the early
arrival queue at the receiver; and

' (f) performing said truncating (c) (i) only
if temporary buffer space is unavailable for the
message.



recei ver t he sender.

*checking (c)(ii)
arrival queiﬂw gagld met hod further conprises posting the receive

buffer at t
sender to thé recei

4. The nethod of claim1, wherein if safd
s_that the message header is not in the early

iting for transm ssion of the nessage fromthe
t sendi ng a request for the nessage. '

-24-. . The nmetRod*of claim1, wherein prior to said truncating
(c) (i), sald nmet hod further conprises: (d) if the receive
buffer has not been posted for the nmessage, then determ ning whet her
tenporary buffer space is available for the nmessage; (e)
I f tenporary buffer space is avail abl-@5- then allocating a tenporary
buffer for the nmessage, noving the data into the tenporar

buffer, and stori ré thém#esgééédh@gd%¥a%Wmﬂl Wheﬂﬁéﬂp&?&ﬁymﬁﬁk?éf

|nfornat|on | Sorhghnes 2 |
(f) perform grsald tr

i s unavai | abl *#RT™ %9&?

each messa
said metho

more
reque

recei

&Y methoddEbkVptoskEsind imiltdplecfessageand
tlngngcgé doPd denders 'th tREPRLALYOPS fer space

ge comprlslng a message header and data,

d comprlslng'

transmitting the messages from the one or
senders to the receiver without waiting for
sts for the messages from the receiver;

for each message received at the receiver:

determining if a receive buffer has
been posted for the message,

if a receive buffer has not been
posted for the message, then truncating the
message.by storing its message header in
the early arrival queue at the receiver and
discarding its data;

upon the receiver being ready to post a
ve buffer for a desired message, checking

the early arrival queue for a matching message
header to the desired wmessage; and

if the matching message header is in the

early arrival queue, then sending a pull request

from

the receiver to the sender of the desired

message, said pull request instructing the
sender to retransmit the desired message to the

receiver.



.- 25- 6 The nethod of claim 1, wherein said nmethod conprises a
‘met hod for processing nmultiple nmessages transnitted fromone or nore

senders tmllm mn "lmac'h message conprising a nessage header and data,
sai d nmet hod transmtting the nessages fromthe one

or. . nore Senders o fhe receiver Wi thout waiting for requests for
the messages fromthe receiver; for each nessage received at

t he receiver: determning if a receive buffer has

been posted for the nessage, if a receive buffer has not
been posted for the message, then truncating the

nmessage by storing its nessage header-3ér the early arrival queue
at the receiver and discarding its data;, . upon t he
receiver being ready tFhpdrethod of elaim b, piBeTsin df &hgesired message,
checki ng mbB8agar headsy Mg nogudnether earInt ahrivprlemeageupon header to

the desired nggiaggﬁe&gﬂlg (c) (1i), then waiting for the sender to
transmit .th'e message without sending a request for
- the message.



.Jf the matching nmessage header is in the early arrival queue, then
sendi ng yH—reguest fromthe receiver to the sender of the desired

nessage, said i nstructing the sender to retransmt the
desi red nﬁmﬁi‘ llhwﬂ recei ver.
-36- - g ey H i of claim1, wherein if the nessage header is not

in the early arrival queue upon said checking (c)(ii), then waiting for the
sender to transmt the nessage w thout sending a request for the nessage.
-27- 8. In a conputer systemwith a plurality of conputing nodes

I nt erconnected by bidirectional asyncg onous communi cations channel s for
the transmi ssion of messages between @ser process prograns executing

asynchronously in gnes (@af ;t Rfyourer system with a plurality of
computing nodes interconnected by bidirectional -

asynchronous communications channels -for the
transmission of messages between user process
programs executing  asynchronously in ones of the
computing nodes, a method for passing a message from
a source computing node (sender) to a receiver
computer node (receiver), said message comprising a
message header and data, said method comprising:

(a) transmitting the message from the
sender to the receiver without waiting for a
request for the message from the receiver;

(b) determining at the receiver if a
receive buffer has been posted for the message
_and if the receive buffer has been posted for
the message, then storing the message in the
receive buffer; and

{c} if the receive buffer has not been
posted for the message, then truncating the
message by storing its message header in an
early arrival queue at the receiver and
discarding its data.



[y

,_corrp\'uti ng nodes, a nethod for passing a nessage froma source conputing

‘node (sender) to a receiver conputer node (receiver), said message
conpri si ng a,_rmisagef—headé”éﬁ%?dat a, said nethod conprising:

(a) transmttlngthe rqmthe sender to the receiver wthout
wai ting for a m\l“ mﬁf t he message fromthe receiver;

(b) detern1n| elver if a recei ve buffer has been posted
for the nessage’ ‘and i f the receive buffer has been posted for t he
nmessage, then storing the nessage in the receive buffer; and

(c) if the receive buffer has not been posted for the nmessage, then
truncating the nmessage by storing8ts nmessage header in an early
arrival queue at the receiver and di scarding-its data.

-28- 9. In 2 confRitdCTRUEH FYERR PLERF i PINEALitmSE i ng nodes

i nt er connect edotpubink rsedésnaiteaspnabresdubychidiresaionxls. channel s for.

t he trans”‘SSEQ?nQﬂr&E&%?QﬁﬁnQﬁﬁ%@ﬁ?o §eEh§£REf§Sf£{qg%§”B executing
asynchronousl n ones,  of the conputing nodes for processing a
nessage transhFEREWL$FIPR LK NASS2IeS P GFWﬁ@nn’éﬂ‘ér(%’é‘?Rﬁﬁr% to-a receiver
conput i ng nodpréyeans Vexdcutsiaicl asytehgencashyi i Nenes res age header and
data, said ”EEBﬂSut;ng nodes, a method for processing a message
transmitted from a source computing node (sender) to
a receiver computing node (receiver), said message
comprising a message header and data, said method
comprising:

upon the receiver being ready to post a
receive buffer for the message, checking an
early arrival queue for a corresponding message
header, said message header being within said
early.arrival queue if said message comprises an
:early arrival message;

if the message header is in the early
arrival queue, then sending a pull request from
the receiver to the sender, said pull request -
instructing the sender to retransmit the message
to the receiver; and

posting the receive buffer at the receiver
and waiting for retransmission of the message to
the receiver.



»conpri si ng: upon the receiver being ready to post a
*recei ve ‘buffer Tor the message, checking an early arrival queue for a
correspondi eader, said nessage header being within said
early arri \tmllmmmmlm'! nmessage conprises an early arrival

nessage; + ¢ b MiTst nmessage header is in the early arrival
queue, then sending a pull request- from the receiver to the sender,
said pull request instructing the sender to retransnmt the nessage

to the receiver; and posting the receive buffer at the receiver
and waiting for retransm ssion of the_pgessage to t he receiver.

- 29- 10. In a conputer systemwth a plurality of conputing nodes

i nt-erconnected by 4y di reChi RBAbuASY NEPHORR Ui AP I PIheallieYScghannel s for

t he transm ssion of, nessgges. between ‘user_nprogr, execut { ng asynchronously
in ones of tfFEHTRE R SdégFeﬁcﬂﬁ?%ﬁqu?Y%‘ﬁcﬁ&PPﬁ a message from a
sender conputasynciommoise cdampinications ethamealenfict thenode (recei ver),

sai d Message Gaiiislelond ofCRER8EgEs Wkn i JERSS gaha sai d met hod
pristng: executing asynchronously in ones of the computing
nodes, a method for communicating a message from a
sender computing node (sender) to a receiver
computing node (receiver), said message comprising a

message header and message data, said method
comprising: ' '

(a) transmitting the message from the
sender to the receiver without waiting for a
message request from the receiver;

(b) upon receipt of the message at the
receiver, determining whether a receive buffer
has been posted for the message and if the .
receive buffer has been posted for the message,
then storing the message in the receive buffer;
and

(c) if the receive buffer has not been
posted for the message, then allocating a
temporary receive buffer at the receiver to hold
the message data, and storing,the message header
in an early arrival queue at the receiver.



(a) transmtting the nessage fron1the sender to the receiver wthout
‘“waiting for a nmessage request fromthe receiver; (b) upon
recelpt—of—the—ﬂessage-at—The receiver, detern1n|ng whet her a receive
buffer . ed for the nessage and if the receive buffer
has :been !Mﬂ “Iﬁﬂ ssage, then storing the nessage in the
receive ,L (c) if the receive buffer has not been
posted for the nessage then allocating a tenporary receive buffer at
the receiver to hold t he nessage data, and storing the nessage header
in an early arrival queue at the receiver.
- 30- 11. The nethod of cl ai m 1073®urt her conpri sing: upon
t he. recei ver being read

chacking the - adrty e ReSRod R, S1PAP (R RESEADE SUSRRASIARG

I f the nessage header is in the early arrival queue, then noving the

ge?fsage data from . hpén! CHO OF A veRC BN BgbWEAEY. £0 B r£cei ve
u er.

receive buffer for the message, checking the
early arrival queue for the message header; and

if the message header is in the early
arrival queue, then moving the message data from
the temporary receive buffer to the receive
buffer.

12. The method of claim 11, wherein said
storing (c) further comprises storing location
information for said temporary receive buffer with
said message header in the early arrival queue.

_13. The method of claim 11, wherein subsequent
to said moving of the message data from the temporary
receive buffer to the receive buffer, said method
comprises freeing the temporary receive buffer.

.14. The method of claim 11, further comprising
transmitting an acknowledgement from the receiver to

the sender upon storing of the message in the receive
buffer.



.,12. The method of claim 11, wherein said storing (c) further conprises
‘storing LQQaLLgﬂ_LﬂLQLH§£+BD for said tenporary receive buffer with said
nmessage header in the earTy arrival queue. . 13. The method of claim
11, where”mmm said noving of the nessage data fromthe
tenporary ' um’mHHmo the receive buffer, said nethod conprises
freeing thé tenpordrysreeei ve buffer. 14. The nethod of claim1l
further conprising transmtting an acknow edgenent fromthe receiver to the
sender upon storing of the nessage in the receive buffer.

- 31- 15. The nethod of claim11l, further conprising prior to said
allocating (c) determ ning whether te®dporary buffer space is avail able for
the nmessage, and wherein if tenporary space is avail able, then performng
said allocating (&P o?h%r%.%@rg)ﬂﬁwééﬁlﬂ'g1€'-hefH§§§%t’§eCQ5‘}P"s’{SG-ﬁ9‘ng t he
nmessage headeriofr tbesadd| y1bddavidlg qd9udeternbfitg ahatterand di scar di ng

the message Q:Igmg'orargt b?f%gr. cﬁ?%@aﬁ?gﬁ?%é%g%ﬁé "l({sé[ Sllg&COT’rpl’i sing

sendi ng a pull’ Fequest Trom't recelver t0o sen u dent to said
checki ng of ©oRE whergin:if VeeURRIAKY i9P3CRe 1fedVallapl@ddthens in the early
arrival queupeliforinlifignBas@os]l Ikdar s (@¢enotherwise truncating

the message by storing the message header in the
early arrival queue at the receiver -and discarding
the message data.

16. The ﬁethod of claim 15, further comprising
sending a pull request from the receiver to the
sender subsequent to said checking of the early
arrival queué if the message header is in the early
arrival queue but the message data has been
discarded, said pull request instructing the sender
to retransmit the message to the receiver.

'17. The method of claim 15, wherein said moving
is preceded by determining whether the message data
is in the temporary receive buffer once the message
header is found in the early arrival quéue, and if
present, proceeding with said moving of the message
data from the temporary receive buffer to the receive
buffer, otherwise sending said pull request from the
receiver to the sender to retransmit the message.

18. The method of claim 16, further comprising
posting the receive buffer subsequent to said
checking if the message data is not in the temporary

receive buffer.



"v

di scarded, said pull request instructing the sender to retransnit the
nessage te—the—t+ecetver: 17. The method of claim 15, wherein said
noving is rm ni ng whet her the nessage data is in the

t enpor aryLEHm ﬂlﬁﬂﬂgﬁggnce t he message header is found in the early
arrival q s 5 ent, proceeding with said noving of the nessage

data fromthe tenporary receive buffer to the receive buffer, otherw se
sending said pull request fromthe receiver to the sender to retransmt the

v
I

nmessage. .18. The method of claim 16, further conprising posting the
recei ve buffer subsequent to said chgggi_ng if the nessage data is not in
the tenporary receive buffer. - 32-

19.- The method of ;g ai §3,10ne ¥64 % Salith RS hathe3 QIR k88a AefRbAOd for
comuni cating nul tiple nessages_from one .or r-rorenﬁ‘g_nde s to the receiver,

. S
sai d nethod COMPFLERFgat RERBAM FoRH LIRS H% "esdRgEs from the one or
nmor e sender s me@shlesr €xemvene ot hoote vemridany ftor thessageiveyguests fromthe

recel ver, anddiof nEREBATESAAGPeL AL A ibutle iy faGCiSEApRE! 0T M NG SaI
steps (b) & ca) and upon e receiver bein ead){: to, post a.receive buffer
for a desiredafEsgsge FrefeERENGNE HF BATS Qubhe FSFetKe nessage

header natchiwighdn® “asting fossagesagmdredudadiss fabohithg message header is

in the early arfial, OUGHEfolNERHTNLJUASOTLESNQUY e RRsSage data fromthe
tenporary receive buffer to the recejve uff(g for the dgsi red nmessage.
receiver, performing said steps (b) & (c¢), and upon

the receiver being ready to post a receive buffer for
a desired messége, checking the early arrival queue
for the ﬁessage header matching the desired message,
and if the matching message header is in the early
arrival queue, then moving corresponding message data
from the temporary receive buffer to the receive
buffer for the desired message.

* % % % *
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- 33- A conmputer system having a plurality of conputing
nodesinte;\‘%ggg?ga‘by~deLLgctional asynchronous comuni cati ons channel s
for the tr Aﬂﬁ ' nessages between user prograns executing
asynchr,ono /’,/m/églﬂy”lhe conputi ng nodes, wherein a nessage is
comuni cat ed T orh ans #iconputi ng node (sender) to a receiver conputing
node (receiver), said nessage conprising a nessage header and nessage dat a,
sai d conputer system conprising: means for transmtting the
message fromthe sender to the receiver without waiting for a

request for the nessage fromthe receiver; an early arriva
queue at ‘the receiver; and -33a packet receiver at said receiver
for- . determining if a receive-buffer has been posted for the
nmessage, the packet receiver also conprising nmeans for truncating the
nmessage by storing its nessage header in the early arrival gueue

and discarding its nessage data if the . receive buffer has not been
posted for the -20-ne§5&§@9uter system having a plurality of .
i '

computing nodes . interconnected by bidirectional
asynchronous communications channels for the
transmission of messages between user programs
executing asynchronously in ones of the computing
nodes, wherein a message is communicated from a
sender computing node (sender) to a receiver
computing node (receiver), said message comprising a
message header and message data, said computer system
comprising:

means for transmitting the message from the
sender to the receiver without waiting for a
request for the message from the receiver;

an early arrival queue at the receiver; and

a packet receiver at said receiver for
determining if a receive .-buffer has been posted
for the message, the packet receiver also-
comprising means for truncating the message by
storing its message header in the early arrival
queue and discarding its message data if the
receive buffer has not been posted for the
message.

21. The computer system of claim.20,wherein
said receiver further comprises means for storing the
message in the receive buffer if the packet receiver
determines that the receive buffer has been posted
for the message.



.21. " The GgﬂpuLQL\§X§%g¥;gg_§lain120rmherein said receiver further
‘conprises neans for stori he nessage in the receive buffer if the packet
receiver d ' recei ve buffer has been posted for the
nmessage. ﬂ!m,r ”Im "m iim!ﬂ MF - 34- 22 The

s )

conput er systef of of ai further conprising neans for sending an

acknow edgenent fromthe receiver to the sender in response to storing of
the nessage in the receive buffer. 23. The conputer system of claim
20, further conprising: means. for checking the early arriva
gueue for a matchi ng nessage header upon the receiver bei ng ready
to post a receive buffer for the -3jgssage; and nmeans for
sending a pull request fromthe receiver to the sender instructing the

sender to- et F anathet chhgubBssagstdw dha VA2 VeFukéhéhe . matching

nmessage head 1 S, 1.0 the_ear arrl . gﬂ Lo €4.' The conput er
syst em of cIé%?ﬁ ,1nPhFFﬁ§F %éﬁp?%%%ﬁ%ﬁﬁ%%ﬁ% %&ﬁﬁgngﬁﬁtt e Teceive buffer
at the receiver to the sender in response to storing of -

the message in the receive buffer.

‘23. The computer system of claim 20, further
comprising:

means .for checking the early arrival queue
for a matching message header upon the receiver
being ready to post a receive buffer for the
message; and

means for sending a pull request from the
receiver to the sender instructing the sender to
retransmit the message to the receiver if the
matching message header is in the early arrival

queue.

24. The computer system of claim Zénfurther
comprising means for posting the receive buffer at
the receiver and waiting.for transmission of the
message from the sender to the receiver in response
to said means for checking determining that the
message header is not in the early arrival gqueue.



»

the receiver and waiting for transm ssion of the nessage fromthe sender to

the recerver itmrresponse—teo said neans for checking determning that the
nmessage Mool in the early arrival queue.

- 35- Jmﬁm@’mﬂm er system of claim23, further conprising:

in respo Bl receiver. determ ning that a receive buffer
has not al ready been posted for the nessage, neans for

determ ni ng whet her tenporary buffer space is avai l abl e for the
nessage; means for allocating a tenporary buffer for t he
message if tenporary buffer space is avai |l abl e, and neans for noving
t he nmessage data into the tenporanﬁ§yﬁfer, and for storing the
nmessage header and | ocation information for the tenporary buffer in
the.early arrival -qygue @i, oomoddle ES%ELMeéf m23, further Werein
sai d neans for truncating I%:onprl es neans TOr pérForn1ng zai d
truncating comprisingt enporary buffer space is unavail abl e for the
nmessage. 26. The conputer system of claim 23 further conprising

means for SInultaneously&&rggyygﬂgg RS saiq packet receiver.

determining that a receive buffer has not
already been posted for the message, means for
determining whether temporary buffer space is
available for the message;

means for allocating a tempotary buffer for
the message if temporary buffer space is
available, and means for moving the message data
into the tempofary buffer, and for storing the
message header and location information for the
temporary buffer in the early arrival queue at
the receiver; and

wherein said means for truncating
comprises means for performing said truncating
only if temporary buffer space is unavailable
for the message.

26. The computer system of claim 23 further
comprising means for simultaneously ﬁransmitting
multiple messages from one or more senders to the
receiver, each message comprising a message header
and message data, said means for transmitting -
including a switch network interconnecting said one
or more senders with said receivef, at least some of
said multiple messages comprising early arrival
messages.



nultlpLe_neseagee—iLen¥ene or nore senders to the receiver, each nessage

ising a nessa e header and nessage data, said neans for transmtting
|ncI udl iﬂ j"mlﬂ“ ﬁ k i nterconnecting said one or nore senders with
sai d re one of said nmultiple nmessages conprising early
arrival nessages - 36- 27. The
conputer systemof claim23 further conprising.in response to said neans
for checking determ ning that the nmessage header is not in the early

arrival queue, neans for posting the receive buffer at the receiver and
for waiting for the sender to transnmBéthe nessage.

-37- 28. A conputer systemwth a plurality of conputing nodes
i nt erconnected by bidirectional asynchronous conmmuni cations channels for
t he ' 27. The computer system of claim 23 further

comprising in response to said means for checking
determining that the message header is not in the
early arrival queue, means for posting the receive
buffer at the receiver and for waiting for the sender
to transmit the message.



o

t ransm ssron—of—ressages-between user prograns executing asynchronously in

ones of th Lng nodes, wherein a nessage is comrunicated froma
sender co , !Euﬂbr) to a receiver conmputing node (receiver), the
nessage co #%c header and nessage data, the conmputer system

conprisi ng: means for transmtting the nessage fromthe

sender to the receiver without waiting for a nessage request fromthe
receiver; a comruni cati ons adapter at the receiver, - sai d
comuni cati ons adapter including a packet receiver for determ ning
whet her a receive buffer has been posted for the nessage, and if

the receive buffer has been posted for3The nessage, for copying the
nmessage into the receive buffer; and wherein the

conmuni cat i ons agkfpt er Af ootrputer systonwiithes pdurelity of | ocating a
tenporary - oq ;ﬁﬁﬂh‘éenﬁﬁéfseiné‘éré&ﬁxé&@ ¥ bhidiPedeh el nessage data

and for storing the nessa heade n ea%I% rrival queue at the
B o

e der . i,n_a
receiver if tafynchronous.FoRmPRications Sh5Pnsas, 2 for the
message and tergpemdmsibnf bEr mepazges bebngengser programs

- 38- 2% el Mt iR BEhS¥ALE P i (Rie® &2 vher bmputing
nodes, wherein a message is communicated from a
sender computing node (sender) to a receiver
computing node (receiver), the message comprising a
message header and message data, the computer system

~ comprising:

means for transmitting the message from the
sender to the receiver without waiting for a

message request from the receiver;

a communications adaptef at the receiver,
said communications adapter including a packet
receiver for detérmining whether a receive
buffer has been posted for the message, and if
the receive buffer has been posted for the.
message, for copying the message into the

receive buffer; and

wherein the communications adapter further
comprises means for allocating a temporary
receive buffer at the receiver to hold the
message data and for storing the message header
in an early arrival queue at the receiver if the
receive buffer has not been posted for the
message and temporary buffer space is available.



-y

said neans for storing further conprises neans for storing |ocation
~information for the tenporary receive buffer wwth the nessage header in the
early a 30.. The conputer system of claim.28 wherein
mul ti pl ulmmﬂgm"lmumummm cated fromone or nore senders to the receiver
subst antfal fy 'si dul tandously, at | east sone nessag : : ttpte
messages. conprising early arrival messages, and s§i tHIS@HaETIHAS BEEN [pdapt er
conpri ses neans for accommpbdating said nultiple ngssageBEPLACED 31 }} The
conput er system of claim28 further conprising:. means 1 of
checking the early arrival queue _3gor the nessage header upon the

recei ver being ready to post a receive buffer for the nessage;

and means for noving the nessage data fromthe t enporary
recei ve buffer to29bhe Tikeeatomoundf atystem off eineg8agbehedmer is in the
early:arrlvagaid ggﬁgefor sté%%né”kﬁf%@ggukﬁh %ﬁ%&gnhg ng! 8o 31 further_
conpri si ng neans et reerng fhetenporar FeCei Ve buffer responsive to

sai d-means f Gtoxdagnioeaion sifRrMAkioN the temperary receive buffer to
t he recei ve higkkéke buffer with the message header in the early '

arrival queue.

30.. The computer system of claim.28.wherein
multiple messages are communicated from one or more
senders to the receiver substantially simultaneously,
at least some messages of said multiple messages
comprising early arrival messages, and said
communications adapter comprises means for
accommodating said multiple messages.

I8. The computer system of claim 28 further

comprising:

means for checking the early arrival queue
for the message header upon the receiver being
ready to post a receive buffer for the message;

and

means for moving the message data from the
temporary receive buffer to the receive buffer —_
if the message header is in the early arrival

queue.

32. The computer system of claim 31 further
comprising means for freeing the temporary receive
buffer responsive to said means for moving the
message data from the temporary receive buffer to the

receive buffer.

This Sheet Has B
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¢ 30- T@wr system of claim31, further conprising neans
for mning whether tenporary buffer space is available, and if
terrporar m M‘tﬁmt unavail abl e, nmeans for truncating the nessage by
stor age mm\ E@ in the early arrival queue at the receiver and
di scarding tthetne¥salye ‘dat a. 34. The conputer system of claim 33,
further conprising nmeans for sending a pull request fromthe receiver to

t he sender responsive to said neans for checking determ ning that the
nmessage header is in the early arrival queue and that the nessage data has
been di scarded, said pull request instructing the sender to retransnit the
nmessage to the receiver. 35. The3‘-borrputer system of claim 34,

further conprising neans for determ ning, responsive-to said neans for
checki ng, whether B3¢ nEhsagemputer isysten lof cdador3ty Ferther buffer if

the message h 1b§n§nmégﬁse§6fM&éﬁéfﬂﬁﬂlngpﬁ%ﬁther temp@Pary Ne conput er
system of cla

DUt or post er TS ARECPOL® BERTIRPL e ARk ity & oBE %%%vf# %ﬁ%r message dat a
i s not alreadppacet lie tma‘pan.halyleemaz@ ¢35 2] @rruupenlsal the ecei ver being
ready to post gfohi@abRCBYYVELBHASE thOMddAJE1RAGRY in the early

arrival queue at the receiver and discarding the

message data.

. 34.. The computer system of claim 33, further
comﬁfising means for sending a pull request from the
receiver to the sender responsive to said wmeans for
checking determining that the message header is in
the early arrival queue and that the message data has
been discarded, said pull request instructing the
sender to retransmit the message to the receiver.

:'35:. The computer system of claim 34, further
comprising means for determining, responsive to said
means for checking, whether the message data is in
the temporary receive buffer if the message header is
in the early arrival queue. '

' 36. The computer system of claim 35, wherein
the communications adapter further comprises a buffer
poster and means for posting the receive buffer if
the message data is not already in the temporary
receive buffer upon said receiver being ready to post
the receive buffer for the message.
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. $40- program product conprising a conputer usable

“medi um readabl e program code neans therein for use in
proces Tﬂmﬁmgiﬂgmg nsmtted froma source conputing node (sender) to a
rece; v (recei ver), said message conprising a nessage

header and data, said conputer readable program code neans in said conputer

program product conpri sing: conput er readabl e program code
means for causing a conputer to affect determining at the

receiver if a receive buffer has been posted for t he message; and
conput er readabl e program code nmeans for causing a conputer to affect
truncating of the message by stordi4y-its nessage header in an

early arrival queue at the receiver and discarding its data if the
receive buffer has37. A rombweEr progednf protibet nessmagissing a

-41- SBeodbit & e WRAHUN BaRing 8BkpaLer Balle Cl al m 37 further
corrprl si ng: nput er _readabl & program code neans for

causing a conﬁ’ﬁ?%?a‘PcF%ﬁef é‘&?ca’{?né%ﬁrﬁdnt ﬁ@re‘a‘?’ yin Procgssing %queue for the
msssage heademesgage thsansmi ttrest dirosr abepnygce caoyputinggsiode recei ve buffer

(sender) to a recelver computing node (receiver),
said message comprising a message header and data,
said computer readable program code means in said
computer program product comprising:

computer readable program code means for
causing a computer to affect determining at the
receiver if a receive buffer has been posted for
the message; and '

computer readable program code means for
causing a computer to affect truncating of the
message by storing its message header in an
early arrival queue at the receiver and
discarding its data if the receive buffer has
not been posted for the message.



for the message; and conput er readabl e program code neans for
3 causing a computer—to_affect sending a pull request fromthe receiver

to the sen t he nessage header is in the early arrival queue,

said pull ﬂ"Hk’l ,mﬁﬂm ng the sender to retransmt the nessage to
tfie réceiv rum}he conput er readabl e program code neans of claim
38, further conpr|5|ng conput er readabl e program code neans for causing a
conputer to affect posting the receive buffer at the receiver and waiting
for transm ssion of the nmessage fromthe sender to the receiver wthout
sending a request for the nessage if_gqid checking of the early arrival
queue determ nes that the nessage header is not in the early arrival queue.
-42- 40. The conput er readabl e program code neans of claim39, further

eonpri si ng: 38. Thomourmterczdadablerpyparant sddenpaansf of

causing a coapg1§r3¥C)gﬁﬁgﬁﬁ¢-@@h@&g§ﬂh§g whet her tenmporary buffer
space is available.-for the message if a receive buffer has not been

post ed for the nessage prior to said truncating; conput er
readabl e program code gamputefpreadable program code means for

causing a computer to affect checking the early
arrival queue for the message header upon the
receiver being ready to post a receive buffer
for the message; and

compufer readable program code means for
causing a computer to affect sending a pull
request from the receiver to the sender if the
message header is in the early arrival queue,
said pull request instructing the sender to
retransmit the message to the receiver.

39 The computer readable program code means of
claim 38 , further comprising computer readable
progfam code means fof causing a computer to affect
‘posting the receive buffer at the receiver and
waiting for transmission of the message from the
sender to the receiver without sending a request for
the message if said checking of the early arrival
queue determines that the message header is not in
the early arrival queue.



1

téu%ing_a_cgnpuLeL—%e—a##ect al l ocating of a tenporary buffer for the

nmessage i f te orar - buffer space is avail able and novi ng the nessage
dat a |nt uffer and storing the nmessage header and
tenporar |on in the.early arrival queue at the

recei ver; an conput er readabl e program code nmeans for

causing a conputer to affect performing of said truncating only if
tenporary buffer space is unavai | abl e for the nessage.

- 43- 41. A conputer program product conprising a conputer usable

medi um havi ng conput er readabl e program code neans therein for use in
communi cating a nessage froma sender4§onput|ng node (sender) to a receiver
conputi ng node (receiver), said nmessagé conprising a message header and
nessage dat a, séidOGonwheecompuuhﬁﬂn;qdamgeaprogd@mn@xhsnmmnsabd conput er

progran1prodgghiapggrlghggher comprising:COMpuUt er readabl e program code
means for causing a conputer.to af%ect transmtting of the

message fromthe sender to the receiver without waiting for a nessage
request fromthe recei gemputer readable progwtar coda dedns oxgr am code neans

for causi N 2aGRNRY! &' cofip@ld:*to APEREH BLEGrndde unetnoocel Ver

whet her a receive buffer gh en post ed i ssage S&nd i f the
receive buffer  FSTREE2FEH SPACEY "Fh@vﬁ% §%:b% quhé'flli‘est oring

message if a receive buffer has not been posted
for the message prior to said truncating;

compufer readable program code means for
causing a computer to affect allocating of a
temporary buffer for the message if temporary
buffer space is available and moving the message
data into the temporary buffer and storing the
message header and temporary buffer information
in the. early arrival queue at the receiver; and

computer readable program code means for
causing a computer to affect performing of said
truncating only.if temporary buffer space is
unavailable for the message.



. th@'nessage in the receive buffer; and conput er readabl e

* program code neans for causing a conputer to affect allocating of a
tenporary receive buffer at the receiver to hold t he nessage data if
the r i been posted for the nessage, and for

storing nmessage header in an early arrival queue at the
recei veLI wlluuﬂ ”iu -44- 42. The conputer
r eadabl €3 tEabart Means of claim4l, further conprising:

conput er readabl e program code neans for causi-ng a conputer to affect
checking the early arrival queue,for the message header upon the
recei ver being ready to post a receive buffer for the nessage; and
conput er readabl e program code neans for . . causing a conputer to affect
movi ng of the .41.nedsagepides pPrograncorediyt soppragangeabuf fer to
the recei ve Pyfbeter fuddii Maeaam REIURE ddmputer hidatiBBlearly arrival
queue. The  conput er . readabl.e ogram code neaginof.clain142,

further conpPFRIFRP SHFLMERTEABSEFE"p %ﬁﬁé couSMeans ror gausi ng a
conmput er to wméésage sfwm rj denderi compntbnareds (sendex) dteedporary.
receiver computing node (receiver), said message
comprising a message header and message data, said
computer readable program code means in said computer
program product comprising:

compuéer readable program code means for
causing a computer to affect transmitting of the
message from the sender to the receiver without
waiting for a message request from the receiver;

computer readable program code means for
causing a computer to affect determining at the
receiver whether a receive buffer has been
posted for the message and if the receive buffer
has been posted for the message, then storing
the message in the receive buffer; and

computer readable program coéde means for
causing a computer to affect allocating of a
temporary receive buffer at the receiver to hold
the message data if the receive buffer has not
been posted for the message, and for storing the
message ﬁeader in an early arrival gqueue at the

receiver.



%ﬁéCEIVE buffer with said message header in the early arrival queue
commnﬁgmnlmul ﬂllwmtl ng of sai d tenporary receive buffer. 44,
The co gram code neans of claim43, further conprising

conput er "r eddabl e pr ogr am code neans for causing a conputer to affect
pos’tlng of the receive buffer if the message data is not in the tenporary
recei ve buffer upon the receiver being ready to post the receive buffer.

-44-

.u.42.}_'The computer readable program code means of
claim 41, further comprising:

éomputer readable program code means for
causing a computer to affect checking the early
arrival queue for the message header upon the .
receiver being ready to post a receive buffer
for the message; and

compﬁter readable program code means for
causing a computer to affect moving df the
message data from the temporary receive buffer
to the receive buffer if the message header is
in the early arrival queue.

.43.’ The computer readable program code means of
claim 42; further comprising computer readable
program code means for causing a computer to affeét
storihg location information for said temporary
receive buffer with said message header in the early
arrival queue commensurate with allocating of said.
temporary receive buffer. '

=}44. The computer readable program code means of
claim 43, further comprising computer readable
program code means for causing a computer to affect
posting of the receive buffer if the message data is
not in the temporary receive buffer upon the receiver
being ready to post the receive buffer.

* & % % %



