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The present | QVentnp ORPTAEANVENTROES to a net hod of assigning addresses to
electronic dévices. Mbre particularly, it_relates qtegﬂfgwrgeggod_ of assi gning
' “d

an encoded undgplicants claip theprieritychenetys indsr 35 Uorp1aP visionglode, where
the encodihag LepE ial REmbEHBORI78 aba S FebpuaB/f 24, ROOK AU RIshRBAWhRRVI Ce
node. 2. E%m@%&%%&&sélldHE Ill\)l\_/EI\ITI ON"A wel'| known standard for conputer

dat a net wor ki isgneorpesat@blateigpy its pferem®el nt er connection (OSI) standard,
specifies several |ayers of interconnection for the purpose of conpatible
data communi cations system design. One such layer is the Data Link Layer.

This | ayer rePhepresentinyvension benadiyireatente arpethedafapsiguinsadirssss toelecionic

devices. More particularly, it relates to a method of assigning an encoded unique
20 hardware address to a computational device node, where the encoding represents the

physical address of the computational device node.

2. BACKGROUND OF THE INVENTION
A well known standard for computer data networking, the Open Systems

25 Interconnection (OSI) standard, specifies several layers of interconnection for the
purpose of compatible data communications system design. One such layer is the Data
Link Layer. This layer represents the transmission medium through which network
devices communicate between the layer below it, the Physical Layer where the
hardware is connected, and the immediate layer above it, the Network Layer.

30 |
OSI specifies several alternate media at the Data Link Layer, one such medium is the
Ethernet. Whichever medium is used at the Data Link Layer, must contain a unique '
hardware address for each device on the network. This unique hardware address, also
known as a Medium Access Control (MAC) address is the same as a unique address for
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devi ces communi cate between the | ayer below it, the Physical Layer where
the hardware is connected, and the imedi ate | ayer above it, the Network
Layer. 30 OSI specifies several alternate nedia at the Data Li nk Layer, one
such medi wo 0506béve Et hernet. Wi chever mediumis used atPGTASIERSH Li nk
Layer, nust contain a unique hardware address for each device on the
network. This uni que hardware address, also known as a Medi um Access
Control (MAC) address is the sane as a uni que address for 2 WD 02/ 069096
PCT/ US02/ 05570 5 the nmedi um used, e.g., an Ethernet address. Therefore, the
MAC addr es$ ofthemediuinamed, agd an Ethefftehaidress. BurhfaresheMAQ pddresaaba daviegue

nunber. As cur al | MAC address
is a 48 bit n E@%ﬁc@r %"Fgéergal(?% ﬂ&gﬁ{m}uexa e%télﬂ%pﬁ%ﬁn . Under the
wel | known cur [&neﬁﬁdrfeﬁBthamapmeMACfaédr&Ss1$Mb10mtnbesu.gxmllf/exmessetfas12
hexadeci nmal d|g| S re device nuf ac 08005A
for 1BM The Il'@ ag%ﬂ%? EJE'S’H?r WEFnt&pgfa§s§naé’Rg]§os§édl%e’ glglnfwzf nunber
for the devi %ﬁaﬁwwcﬁﬁma@ﬁmcoh@rtﬂa@dr@memmmweam&m gr. In a

rel ated di scl osure of S. Provisional licatjgn Seri 60/.271, 124

"A Novel ll%ssQS@@M«fqréBMr The 13%5@9@6?&5@8 adec &tsan eaéém%@ab%f

sem conduct or tﬁ@&é\/f&s difaét&eawfﬂﬁlhﬁfawwe@w@mﬁﬁﬁ&%ﬁ wi t hin each node of
a rmulti-conputer. I n the ti- conputer, there is a plurality of high

speed i nternal networ ks and an external network enploying Ethernet. In

the massively ?ralaﬂe@hlsagiﬂi’é’éﬁﬁ SOV RIBnA 2 bdbes SaRa KRmbbBE)/DNN 24i4f er ent

Et hernet 20 addresses are eerect ed to be deployed._ This |l arge nunmber of

Et her net addr ¥esshMassivelyeRarallel Senerqomputer”, thersh) 8 Aescpedz segucondudtondenice as
wel | as 1 iser o Gl AGhiB {0k b WifhicFdith ndttlok & ehi-odthburl witkinGfe st keep

track of the ress variety of purposes including test,
di agnosti cs, iqoiputer, thareigepiuraliy of high speed interral netwarks) and apfextflq@hmtwer&ﬂ ar

device's MAC responding during a test, the physical |ocation
of the 25 dev?%%glﬁé%ii% %’et erm ned for further testi ng and di agnosti cs.

This problemof finding the device is magnified, when as in a nmassively
paral | el Corrpum%le e vel%afm&ycoﬂfﬁg@system described above, 162,000 different Ethernet

20 addresses are expected to be deployed. This large number of Ethernet addresses creates

a significant problem for a host computer, as well as intermediate network routers and
switches, all of which must keep track of the MAC address for a variety of purposes
including test, diagnostics, initial program loading, etc. For example, if a particular
device’s MAC address is not responding during a test, the physical location of the

‘ 25  device must be determined for further testing and diagnostics. This problem of finding
the device is magnified, when as in a massively parallel computer system, many nodes
are arranged in many different locations. For example, the supercomputer nodes which
are to be assigned MAC addresses are computer chips which physically reside on cards. .

The cards are mounted on boards called midplanes. The midplanes are in turn mounted
30  inracks. Thus, the rack, midplane, board, card and chip must somehow be isolated

when the only thing known about a failed device is its MAC address. While there is no

known pﬁor art that associates a physical location to a device’s MAC address, it would

be desirable to solve this problem by creating such an association.



are arranged in many different |ocations. For exanple, the superconputer
nodes which are to be assigned MAC addresses are conputer chips which
physically reside on cards. The cards are nounted on boards called -

m dpl aneswOm#699¢lpl anes are in turn nounted 30 in racksECTIHYW3/05Khe rack,

- m dpl ane, board, card and chip nust sonehow be isolated when the only

t hi ng known about a failed device is its MAC address. Wile there is no
known pri or art that associates a physical |ocation to a device's MAC
address, it would be desirable to solve this problemby creating such an
associ ati ofi. SUMMARYOFIHE BCVENFIONOS5570 5 SUMVARY OF THE | NVENTI ON
Therefore, it is an gbject.o e present . nventi.on t ovy de. a.net hod and
devi ce for uml%fﬁ%ﬁﬁé%@ %’l’ﬁchltge %E%?Bﬁs%‘é‘?n“f”b@é’{?‘&ﬁe aerﬁgtggiﬁu &wﬁg‘gr ess to a
de\d/i ge. A f]thr tﬂﬁquelpbés%ﬁingafphydi@l tmbaMreﬁcdde&Mlﬁ(lt aﬂdrésstotaﬁepfce.\éi ge a msél god

an evice for | qu ssigni.n . ical..location coded MAC address
to the device® m&@gleﬁté’f r ﬁ‘télg’ﬂa]é&gf@rgﬂé%ﬁ@ﬂﬁ%@aﬁm g‘?rr’l’&}quf’]ﬂt erface
to the devi Ceass@h?&%&ﬁ@ﬂld@hﬂ@%cdﬂkdmﬁdd%ésewmbﬂév@d&IWMett&MACpr0Vi de a
nmet hod ang device for i quel y assignin hysi cal | ocation encoded MAC
address t &9t had wpw@fifaﬂ@?énaﬁ@a%ﬂ %??cﬁ%%ﬁg?‘ﬁ?ﬁ'i s Ethernet, and a
correspondi ng Ethernet address is the sane as the 15 encoded MAC address.

A further object of the current invention is to provide a_nmethod and device
for uniquely YS5Ro8T okjech obthe syrrent investian isdp Providsadeethodend demiesster ¢ o t he

devi ce, wher eujgeflalsfimirkithydiBfloditioh incakd XL hilketbiotile Gt deoRhdrk a€XI St O

may be devel oped for comunication 20 at the Data Link Layer, and the
cor r espondi ngdetatiak medinmrigBihemetatndraccogresponding Ethamet addressip thespme axtie VAC

addr ess. e dé#@ dRbj ect of the current invention is to provide a
ggdeéﬁge or lite%ie

met hod an termning the physical location of any of a
plurality of interconnected devices for the 25 purpose of testing,

di agnosti-cs, rtggq% [ -“{{;EHH' i : j Y massiyel y
par al | el systgm ggjg&gogg{é%%lﬂée}g obj e%?ééoﬁ%&%%ﬁ%{gﬁggdﬁgly- e ob ‘éﬂfl\ﬁ/ed in
t he present i assigningaphiysical location encoded MAC address to the device, where the datalink

medium is any medium which currently exists or may be developed for commumication
20  attheData Link Layer, and the corresponding data link medium address is the same as
the encoded MAC address. '

An even further object of the current invention is to provide a method and device for
determining the physical location of any of a plurality of interconnected devices for the

25 purpose of testing, diagnostics, program loading and monitoring the devices in a
massively parallel system.

These and other objects and advantages may be obtained in the present invention by
providing a method and device that encodes a physical location irito a MAC address and
30 uniquely assigns the physical location encoded MAC address to a device.

Specifically, there is provided a method for uniquely assigning a MAC address to a
device which comprises: configuring device interconnections to encode the MAC
address to a physical location of the device; using the encoded MAC address as a
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provi ding a nethod and device that encodes a physical location into a MAC
address and 30 uni quely assigns the physical |ocation encoded MAC address
to a device. Specifically, there is provided a nethod for uniquely

assi gni ngwa dywédoasidress to a device which conprises: coRCIgisp3erg7devi ce

i nterconnections to encode the MAC address to a. physical |ocation of the
devi ce; using the encoded MAC address as a 4 WO 02/ 069096 PCTI US02/ 05570 5
uni que Ethernet address; using the wiring to encode a predeterm ned nunber
of unique bits in the MAC address; assigning the predeterm ned nunber of
uni que bitg temguéfehm&%et JBREE BERE IHAWIRAE VGRESIIPHIRnERE HhRBéRF unigeh as
rack nunber, | ane nunber, card nunber, and chip nurber to the ‘device
physi cal | ocabit@mmqwmdémsmmmﬂlmeéﬁerm@mmwsm% b tosayalue

i nvention wl |, awi ngs
t hat accorrpan%/epﬁ%e p%esent apgﬁegéabtrgﬁg%tgs g&é% nég(te Eﬁﬁﬁdﬂ&etﬁ%ﬁ@ ol
acconpanyi ng dumbérnayel chip umberid thecdevise physieak losatione  used for describing |ike
and correspondi ng el enents thereof. 15 Fig. 1 shows the physical |ayout of
t he hardware environnent of the present invention; Fig. 2 shows the conpute
node i nt enﬁon‘BMEFd)ES(flhmith@Emm&Stch; Fig. 3 shows the prior

art MAC addre te stryctur. Ei h . . r t
structure of iﬁ% %F%EEWFD omagﬁp?wgﬁg dﬁ%bﬁﬁ%ﬁx\gﬁ%&@ %%}%%p‘ﬁ%&g%gysi cal
addr ess encodthagaceompanytherpresegt applitation. Tifis ndstedmptrmﬂmwnmaam'gdmmﬂg's An
aspect of thlrrﬁlé ﬁéntlon a La}ﬁel}%eif?{%n 2 {?gg (gt her ne@ggaf e\ﬁ/vo(rg,k A
preferred f a
node in the Ethernet "MAC' hardware address Whl ch i s assi gned through a
conbi nat i ul ar. .30 £9 tai ni ng thea(gk:txg arll cul ar
ni dpl ane ignt tﬁ%ﬂ'\?ﬁ’@ﬁﬁfh @dl%&ﬁaﬁg BAVECERY S ea?r g}uﬁf"ng t he
node. In a preferred enbodi nent of this invention, every Et hernet packet
sent by the

Fig. 2 shows the compute node interconnections through an Ethernet switch;

Fig. 3 shows the prior art MAC address byte structure;
20 '
Fig. 4 shows the MAC address byte structure of the present invention; and

Fig. 5 shows an example of physical address encoding on a mounting surface of the
present invention.
25

An aspect of this invention applies to an external Ethernet based network. A preferred

embodiment of this invention encodes a physical location of a node in the Ethernet

"MAC” hardware address which is assigned through a combination of the particular
30  Rack containing the Node, the particular midplane containing the node, and the

particular node-card containing the node.

In a preferred embodiment of this invention, every Ethernet packet sent by the
supercomputer to the host machine uniquely identifies the physical location of the node

5



superconputer to the host machine uniquely identifies the physical |ocation
of the node 5 WD 02/069096 PCT/ US02/ 05570 5 generating the packet and
allows that information to be used to track problens to specific nodes in
the machi ngq oh¥ogdolier aspect of this invention can al so unP@UESR/0SYentify a
geographicaP | ocation as part of the physical |ocation. In one aspect of
this invention, as shown in the exanple of Fig. 1, there are physically 10
80 system conpute racks 105, 110. As discussed above, a nunber of m dpl anes
occupy each rack, for exanple 2 m dplanes per rack. Additionally there are

a nunber of Cﬁéeﬁﬁrg{%}*ﬁ%mﬁf‘a‘ﬁaﬂ@% tHa R forMeiEeHY be ased tarrstitlprottemdtach card

has a nunbesr ' dressable chips, e.9., 9 .chips, And in a
preferred aspespecifit nodesin theweachine Another #spectof thiyirRveptian UPEYY on the
card represent Y AL W 20harE FRAIbBysitad6&atiod 5 205. According to

t he above exa Ott&%?ta%few%?qggéeé{I(g)?érﬁo\lrllled{)nunberﬁlgxc bits needed to represent

the physical |ocation of any node is 18 bits. The nunber of bits is derived
by multiplying the | ocati ok f ol : )&Iﬁjm 12X 15¢hefedf Sicdl

m dpl ane X 80 ﬁ’a‘?f’l@sl’:ecg%f%g’%’u |°&U% %hge(‘:)gﬁ%%g Wt h‘lﬁﬁﬁ%{ ’ sas.teérjg:hyThaty number
i s then comyer 8@system doradieackard s i Doks ﬁm&@d@@ﬂc,ﬁw@g@f\fmdﬁbﬂﬁ@cc‘&ﬁs of

information. 25 Fi sho i he, net Ny jy §: i i ute
nodes 205 cormhERKke o FEPIRe L IRReIG el AdABRD e bl ptither om0
these conditi ogg, 64 badéShdvbtcufy bueh redpladelEnchobarddms a imsmbelof nefwdtked f or
carrying the physical |qcation j.nfornatiaon, s F the 48 bit
MAC addr ess isa‘ﬁ‘?ﬁ'i&e chinh eﬁm?’ 81“85' msaipd?ﬁeé?dcazgﬁ%\{\%%ﬂrj{; “&‘K‘?E%ﬁ“’ g?)c and a

| east si gni f i cagvoRdddrdstabR)chpldh thSérd fepreseritooneatt phedlityof cammputeaodes t he MVBP

to a manufacturer such as |IBM as shown, MSP 310 is 08005A for |BM Under
the prior &t #8thod, the LSP 310 is allocated for serial

According to the above example, the predetermined number of bits needed to represent
the physical location of any node is 18 bits. The number of bits is derived by
multiplying the locations as follows:

20
9 chips X 64 cards X 2 midplane X 80 racks = 92,160 unique locations withina
system. That number is then converted to hexadecimal which is 16800h, representing 18

bits of information.

25  Fig. 2 shows the network environment in which the compute nodes 205 communicate

using switch 210 for Ethernet data link 215. Under these conditions, the 48 bit Ethernet

MAC address is well suited for carrying the physical location information. As shown in

Fig. 3, the 48 bit MAC address is broken down into a most significant part (MSP) 305

and a least significant part (LSP) 310.

30 .
The prior art method allocates the MSP to a manufacturer such as IBM as shown, MSP
3101is 08005A. for IBM. Under the prior art method, the LSP 310 is allocated for serial

numbers.



nunbers. 6 WO 02/ 069096 PCTI USO2/ 05570 5 Under the inventive nethod, the
MSP 405 is still reserved for the manufacturer identification, e.g. |BM
However, the LSP is now all ocated as a physical |ocation descriptor 410.
The physi agd od/eadsi on descriptor may define a device | ocRBCTAS0XIEMW as t he

| ocation of conpute node 205, by rack, mdplane, card and chip as descri bed
above. The exanpl e physical |ocation descriptor 410 is shown to have a 7 R
bit field to identify 10 a rack nunber, a | mbit field to identify a

m dplane, a 6 a bit field to identify a card nunber, and a 4 h bit field
to identify a GREPHeiR@nERMhERd)HINEP 40Bhsstill @servdd duthe tbrnfacRiapsi cal

| ocation of a node is conpl etely descri_bhed. Moreove e X |ts shown in
the LSP, Fi g.identificgtion.e.gJBM. t%o‘VﬁYPr@ﬁ‘ g.gﬁqun%al Wﬂ’@?&‘?‘l PRty ce,

e.g., node phyglGahor 4&9%@%@@10@@03\4%@@15% déﬂiﬁé%ldﬁﬁbe loeioh8h as15 A
preferred aspect oOf présent_ invention uses a hard wi red progranm ng

t echni que to thalos %i@n[ﬂf%mﬂﬁﬁmdﬁélﬁfn]@wa%ﬂé@lﬁ@: carband cnip a8 descabedabhore. n
Fg. S It Shoﬂie%f@ﬁ?l@%hﬁg el {324tion WBctifftolh 10118 fhalvh 1have Uy ol 8B 15 ey e e,

any neans of conf evi ce I nterconnections, such as optoelectronic

neans, forllex anptlenundmy ablemé»mﬁelsi,tecdenilﬁ'mmdplguﬁ, 8 Ba bitdiglito identifyea qarbs ent

inventlon A mou f I ctor
515 with connéttic i')td- Qﬂqﬁgh ?t‘?f'eldEtngden hermguﬁﬁo%gtlve VO t%gug 39%}10@?5&9
ground 512. | rphly!nc&l lmmtmecpf anokiels\ﬂolalla@b' descréleé Merpovss thesebitsshowmindlie a
predet er m ned | t S y of the
I nterfaces. }%ng eexB- B | on, %%Ed%kqjsggmcdgsc%@gg%éé%%&%g%%ge a chip
position nunbdpcmonnemﬁvenhrgcrphysmal,to@ogyode on the card. Al so system | evel
W ring conl[gectl ng the racks together could be configured to encode a rack
nunber that” gets propagated through the m dplane, and on to the card.
Simlarly, rackplefitrd aspect ofghe fresenirifivegtioreuses mhmhumdépmgrmniphgteehmquﬁter
while mdpl ane_wi confl ed.to encode a.ca i n card
l evel wiring "88‘{}{ d’%gﬁcai gﬁh%%ﬂ”ﬂé‘fﬁ‘fefﬁmﬂle’@lpg ghgbﬁoédda c’boﬁ%if#%t node
nunber. Wen Wmﬁg&(lh@ﬁﬂbdﬁﬂshONﬂMe&uﬁﬁemsoﬁﬁorfﬁgaﬁﬁg’devﬁbl y erasable

programmabl e rn?%(:jcoggéc ons, sucfn%s optoelectronic means, for example, may be employed within

20 the scope of the present invention. A mounting surface 510, e.g., a midplane has a slot
connector 515 with connections 513 going to either a positive voltage, Ve 511 or
ground 512. In this manner, the voltage levels may be used to encode a predetermined
number of bits corresponding to the physical topology of the interfaces. In a similar
fashion, the card could be wired to encode a chip position number for each chip, i.e.,

25  node on the card. Also system level wiring connecting the racks together could be
configured to encode a rack number that gets propagated through the midplane, and on
to the card. Similarly, rack level wiring is configured to encode a midplane number,
while midplane wiring is configured to encode a card number. Finally, card level wiring
could be configured to identify, i.e., encode a compute node number. When power is

30 applied to the system, an electrically erasable programmable read only memory
(EEPROM) (not shown) could be used to store the encoded bits for configuration of the
MAC address for the connected device, e.g. node.



(EEPROVM) (not shown) could be used to store the encoded bits for
configuration of the MAC address for thé connected device, e.g. node. 7 WO
02/ 069096 PCT/ US02/ 05570 5 An"alternative technique for entering the

physi cal | S¥Q#¥%P0%ncodi ng bits into the device or node FolIFEHePo
program t he physical |ocation encoded MAC address for each node by using
that node's I EEE 1149.1 JTAG interface. It is knowm in the art that

comuni cation with a JTAG conpliant device, such as any of conpute nodes
205 is achieved by utilizing a host conputer, such as for exanple, a

har dwar e cofit r Anfaliernatinettechnidyub fg eateingthephyisisal loeatign encading bitpintodthe devaged

Caini h . ; . _ .
nodes must confeie RIS Buriety nd BRI R AR MATAIRS: o et o80T 1 ©
Fl ash nmenory dbgssingthatwedd’sTBER é140TAGACHimperfacen tit istkmown fni the gt thgt anmi ng

met hod to function. .The hast uter. sends _co nds and ta. tothe

JTAG conpl i ant cm%lgamo&v&ﬁl,awsqm% Ylge,ﬁg{;gags a%%f‘“ﬂ?g‘ nﬁf’lﬁ@aéﬁ es the
data 15 to theadtiaed byuiiliziyg 4 host wnqlgltes,rkmmgoﬂ e’xamb#eﬁahmmh ware corttio erthatt
conmputer proviges a communigation lin 1th an t he .conpu des 205
for accomplPsh W%ﬁ%ﬂ% %@aAéf%dt%Wvge%&m%&SFWﬂﬁe%%‘gsdr s. The
JTAG capabi | tif’PAGQfon@liﬁft@EﬁEés?d%., @RplutediEHhusOtorinbit $o alMl@Ahiefidrar €

di scussed in the, proyisiagnal applic Eion 60/ 271, 124 Whéctﬁ;& s x?)%ﬁn

i ncor por at ed b9d¢@§é¥’éﬂﬁ’é°ﬁ%? istgnals dlaspmemgry; BohssiP bE J-RMPRE addr es's
transmtted bygg tﬁ@Eﬁ@Fah_ﬁﬂng 6168 tABnctid8 STHe R SIboRPN¢Lsel@Y coftnantd AldRagat ed
by swi tches, network nonitors, and host conputer$s to. determ ne the exact

physi cal | ocat togthe SFAGremplignt devicerpgsanyf spmpyte podes 203 thearonggates e dase d
managenent ,;5di gOMe AhdrGReRGY f&fb%@m%ﬁ%t OBR mdn¥erOfhe hR chapériphdvideR a

conputing system Additionall CP/ 1 P addresses are_assigned, such as

in a system r commupication linkyathiaay pibe camnia rpdestQSdar sseorpplishing thembpsicalt e

TCP/ I P addr ess 1o eaAiBsdiAgoSHL A addftld $hé NELG Rifabiliaks dfagrétBydece | ocati on.
by way of a preferred enbodi nent,

Now t hat the i nvention has been descri bed

vari ous 30 noénvitoementnfthiaingentiop mﬂ&we@ny\ﬁhq prgﬁéi@ml applicatipad/2g1,134i 11 in
the art. Thus, whi$A0bH iﬁ%rporated by reference herein.
20 .
During system operation, a MAC address transmitted by a connected device as
described above may be interrogated by switches, network monitors, and host
computers to determine the exact physical location of the device. This capability
provides for improved management, diagnostics and debug functionality of the parallel
25  computing system. Additionally, when TCP/IP addresses are assigned, such asina
system running the Dynamic Host Configuration Protocol (DHCP), the TCP/IP address

becomes an equally valid indicator of the device location.

Now that the invention has been described by way of a preferred embodiment, various
30 modifications and improvements will occur to those of skill in the art. Thus, it should be
understood that the preferred embodiment is provided as an example and not as a

limitation. The scope of the invention is defined by the appended claims.



understood that the preferred enbodiment is provided as an exanple and not
as a limtation. The scope of the invention is defined by the appended
clains. 8 WD 02/ 069096 PCT/ US02/ 05570 WHAT IS CLAIMED I S:

massi vel y N &HU6¥9 conput i ng system conprising a plurali t‘)’/CWSW?é%@ 2
configured in three dinmensions, each node including a conputing device, a
met hod for .3 uniquely assi gni ng a MAC address to the conputing devi ce,
conprising: 4 programm ng the conputing device to encode the MAC address to
a physical 5 |location of the conputing device; .6 using a predeterm ned
nunber of bits 5s for the encode step, 7 wherein the
physical location of the conputing device is uniquely described. 1 2. The
met hod for MAC address assigning of Claiml1l, wherein the MAC address is 2
uni quel y asiocilatIadmasamelxaparﬂﬂdhemmmltln&wt@s@mpnsmg amcalttepfmles or MAC

addr ess assigni f ting
device is b seﬁ&ﬁeSad d%%@%%%%&rnbggm%ﬁgﬁg uwg on i afa[}ﬁ?t%ﬁ@ rack,
m dpl ane, aBd uquelszosstmngtarMAChddxesmqnﬂnblcmgpmmgldeuce,bompnﬁth@ met hod for MAC

Gevi co i o bised on PREERIR bR EEpERDabRE P ARREHENAC JoehiGh o RERRE 07

MAC addressSasmcgmmg‘ﬂm‘coﬁpatmgdhwcmerel n the host conputer 2 instructions

conprise | EEE 1149. *JTAG nal,s 6..4he addr

assigning of daim® WP‘&W’?‘H@ B?é?ﬁ@f&%%@%ﬁ%@%@? s%qp,t he
MAC addr ess7cowhe:ieﬁﬁhephylsﬁ:alﬂbcaﬁbgaftﬁem@upgdéw&flsuﬂn@dmﬁ@sc&eaddr ess. 1 7.
The nmet hod for MAC address assigning of Caim®6, wherein the | east
significant part 2 of the MAC address includes a physical |ocation

descri ptor, 1 copprihenitiod¥oPMAT AAdteSs disifiding bftlehim P, werdd?thd BPAS @ddress is

PCT/ US02/ 05570
uniquely associated with an Ethernet address.

—

3. The method for MAC address assigning of Claim 1, wherein the programming of
2  the computing device is based on a predetermined wiring configuration of a unique

rack, midplane, and card containing the computing device.

4, The method for MAC address assigning of Claim 1, wherein the programming of the
2  computing device is based on instructions from a host computer,

5. The method for MAC address assigning of Claim 4, wherein the host computer
2  instructions comprise IEEE 1149.1 JTAG signals.

1 6. The method for MAC address assigning of Claim 1, wherein the predetermined
number of bits of the MAC address comprises a least significant part of the MAC
address.

1 7. The method for MAC address assigning of Claim 6, wherein the least significant part
2 of the MAC address includes a physical location descriptor, comprising:
a compute rack field;



4 a mdplane field; 5 a card field; and 6 a conputing device field. 1 8.
The method for MAC address assigning of Claim2, wherein the Ethernet
address is 2 uniquely associated with a TCP/IP address. 1 9. The nethod
for MAC adWPé’@@”é’g%i gning of aim1, further conprising: PETASPHYSThe maC
address for nmanagenent of the parallel conputing system 3 using the MAC
address for diagnostics of the parallel conputing system and 4 using the
MAC address for debug functions of the parallel conputing system 1 10. In
a nmassively parallel conputing systemconprising a plurality of nodes 2
configured 4n threaanidptansifiolds, each node including a conputing device, an
appar at us 53 for un&&y&a é’ldaﬁlﬁi gning a MAC address to the conputing device,
conprising:”4 a.) a systenmiinterconnect configuration, creating a conpute
rack encodefl 5 posidonpuoting devieedighdit e rack |ocation relative to a plurality
of conpute racks in the 6 nmassively parallel conmputing system wherein the
conpute rack encoded position is 7 used to program a predeterm ned nunber

gf bi tSfi n A cmrrmal mgthatﬁ)rM@d:' dddafesstaknegr;m@fcamﬁdu'k lrvﬂ&fbhotﬂncﬂﬂ&n(wf mwsh 5 fvg

evi ce for uni gye escri pi ogput e rac ocation o 9 the

conputing devi @e¥ﬁs@?a§Pﬂ%ﬁ'E§ﬂfﬁﬁq§nt erconnect configuration,

creating a m dplane encoded 11 position of a mdplane |ocation relative to

a plurality of m.dpl apes_c cted to, the .comut e rack, ,wherein the

m dpl ane en]coo%drq'tfdePtﬂ?‘if‘?rW§ eslséssb@b‘&ofﬁ%lmlls ERMH¥ed nunber of

bits in a m dpl ane simgltke NMIAC ARrd¥i\or aifiRERnOf thdSaral RIBhpElg s evice for
i dgesiie puliig :

uni quely describing the m dplane | gcation of the con'?uti ng device. 15 c.) a
mi dpl ane i nt er connéBElHMAL rddEsss For diagrasticsof the Ragalip E‘?ﬁlﬁg’éﬁsﬁ@%’ﬁﬁl@)n of a

16 card |ocation resplieMAT aldRisy For ditug ffctiod SHIhERRARE EStpiing bseem.

m dpl ane, wherein the card 17 encoded position is used to program a
predeterm ned nunber of bits in a card field of 10 WO 02/ 069096

PCTI US02/ 05157010181ntefﬁa.4§4%€13§519iu%ﬁo% tih§1/s e RMpriSg AHirRRy bPRoddd) quel y
describing the card | ocation of n% é@s HipriSfhg APirelty bPho
2 configured in three dimensians, each node including a computing device, an apparatus
for uniquely assigning a MAC address to the computing device, comprising:
a.) a system interconnect configuration, creating a compute rack encoded

position of a compute rack location relative to a plurality of compute racks in the

3
4
5
6 massively parallel computing system, wherein the compute rack encoded position is
7  used to program a predetermined number of bits in a compute rack field of the MAC
8  address of the computing device for uniquely describing the compute rack location of
9  the computing device.
10 b.) acompute rack interconnect configuration, creating a midplane encoded
11 position of a midplane location relative to a plurality of midplanes connected to the
12 compute rack, wherein the midplane encoded position is used to program a
13 predetermined number of bits in a midplane field of the MAC address of the computing
14  device for uniquely describing the midplane location of the computing device,
15 c.) amidplane interconnect configuration, creating a card encoded position of a
16 card location relative to a plurality of cards connected to the midplane, wherein the card

17 encoded position is used to program a predetermined number of bits in a card field of

10



19 the conputing device. 20 d.) a card interconnect configuration, creating
a conputing device encoded 21 position of a conputing device |ocation
relative to a plurality of conputing devices 22 connecte ard,
wher ei n t hWABPEP ng devi ce encoded position is used to gféﬂg&gg?§h1a
predet erm ned nunber of bits in a conputing device field of the MAC 24
address of the conputing device for uniquely describing the conputing
device location 25 on the card. 1 11. The apparatus for assigning a MAC _
address of Claim 10, wherein the MAC 2 address is uniquely associated with

an Et her netl8ad#eddAC addregof theeompwbing devies feramiguelyi deseribingthesenl ldaticesf of

d ai m 10, er " significant part of the MAC address conprises
O Bt itleye

t he conpute’rac imdplane 3 field, the card field, and the
conputi ng @8vice fié) acad intet@nnerh cordigpraticrn, oxcating a cougiuting deyice edd@ediddr ess

f daiml ¥y d ' ' | ,ated with
TCP 1 7 adarhse SO EATbe e bk Rlec 16 BRAERRe o pitafiy e o RRE B8GR5l 1,
_ 12,r aICFreTFr LQE ngfqlﬁzectetgtmsthé gﬁmﬁm@n;ﬂ:&oﬁ?ﬁg@z@s?ﬁb%ﬂaﬂmm?o: t he

ut s s..f.or_using.. s
gi agnost i ngﬂgf p’ﬂ%”b%\?%%‘%@‘f“é%%ﬁfbl@"’s@%‘}‘fgﬁ‘lmﬁﬁﬁ’l%e%@g?éﬁ? Ig“t\cﬁsi ng the
MAC addres24f orddiess ofthecompitiipsdeoice fdranigasinlbsetibing HRuwompOting/desits lodsonl 1
25 onthe card. '

1 11. The apparatus for assigning a MAC address of Claim 10, wherein the MAC
2 address is uniquely associated with an Ethernet address.”

12. The apparatus for assigning a MAC address of Claim 10, wherein a least
2 significant part of the MAC address comprises the compute rack field, the midplane
field, the card field, and the computing device field.

. 13. 'The apparatus for assigning a MAC address of Claim 11, wherein the Ethernet
2 address is uniquely associated with a TCP/IP address.

14. The apparatus for assigning a MAC address of Claim 10, comprising;
means for using the MAC address for management of the parallel computing
system; | '
means for using the MAC address for diagnostics of the parallel computing
system; and
 means for using the MAC address for debug functions of the parallel computing

N Oy AW N

system.
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