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deadl ocKgituktfon Whéte dn L@@Aﬁsr Qbntedf bIsES @ 100 HOLOBRTE Resvellufiél ishl, eh& thie tr&cew%TE
control Bin@@kding dclRS adrese AeVEISCID B sibIRAY vt paithtk Sdhdihg tleSedibst it the LOSATERbUIBCET Ve
buf f erso 2B zbrb.Crhe ls@fiditi@fn BAIHIMARFINNEINS chadgds thd acti@l vVallés FBIEhe huibeddl Corigl
buffers bibgks madeh noidé, thelambed oL@ cbivie BufibérBseived pér OPEGPVsBsSACIr iR iNitRLIFACing Courtes O.
(Pacing is described in publication GC30-3073-2, referenced earlier.) If a
node detects that it is out of LOCATE control blocks and its LOCATE receive
buffer is full, and its send and recei ve pacing counts across the sessions
upon Which it sent the |ast request are zero, the node assunes that the 30
adj acent node is in the sane situation and that they are deadl ocked. This
Is a conservative schene for deadl ock detection: the LOCATE control bl ock
pool is shared anongst all partner nodes so replies fromother partner
nodes (that are not deadl ocked) could eventually free control bl ocks
renovi ng the storage shortage at each adeadl ocked partner. For an exanple of
a deadl ock situation, consider the two nodes of. Fig. 1, NN1 and NN5, that
each has 35 two LOCATE control bl ocks and one LOCATE receive buffer. Table
| illustrates a situation where deadl ock can occur. In this exanple, NNl
sends two requests to NN5; these requests (1 and 3) are received by NN5



40 Now NN1 receives request 4 which fills its |ast session pacing buffer.
The session pacing buffer cannot | ¢sgd4e3d1 Nto the LOCATE recei ve buffer
since that buffer is full.;NNL ¢annot free buffers and its receive pacing
count on that session is zero. Meanwhile, NN5 is in a simlar situation.
Requests 2 and 4 filled NN5's two LOCATE control buffers; receiving request
1 filled NN5's LOCATE receive buff@dBLEEei ving request 3 filled the | ast
session buffer and NN5 cannot free buffers to increase its receive pacing
count fromzero. 45 Each node would like to return a negative reply to the
request®it has in its LOCATE receive buffer thus freeing up that buffer
(ah‘d/ possi bly the corresponding control block on the other node), but

- neither can send because neither has any send paci ng count. Nodes NNl and
NNS are in degdiopk_Each is in the situation mﬁeﬁﬁsil LOCATE contr ol

bl ocks are he LOCATE receive buffer is f and the receive and
send pacing counts across the CP-CP sessions to the partner sending the
request in the LOCATE buffer 50 -are zero. The sanme situation arises no
matt er how onkDeMthJesvest kctual val ues for LAGATRImMmauest 2ontrol bl ocks

in each node, The nu%}r of recei'vesbuf fers reserved PsChsECEMNNG o, or
c

t he i nigi al ' oujts. 55 8 ' EP 0295461 Bl TABLE 1 5 10 LOCATE
request 1 fpfﬂ(n,%.ﬁ : LOCATE request 2 fills 1st
CB(NN5) 15 fills 1st CB(NN) {20 OCATE request 3 filds 2nd CB(NN)
| 25 LOCATE request 4 fills 2nd @B(NN5) BO fills LOCATE fills LOCATE

buf\f er * 3 buffer * 35 fills |ast
sessi oreof i | | SO¢ALR reguest o3 - ;0 buf f er ;
pacing -> 0 er; pacing.s>0740 21
2 LOCATE con #qois ztﬂdggégnqllOCATr; recEi Y
receive buffer 45 The solutjon. o the d
UNBIND (i.e., disconnect)sthe CP-CP spss
LOCATE Tequest that it could not process}
beneficial effects. The nbde that d®t¥®ot
this |atest LOCATE thus fteeing its*5sb
cl ean-up processing i nvokkd when a ge Si
LOCATE gontrol bl ocks to be cl eaned*ug
request for a different target resoyrpe ad been sent to that partner but a
reply has not deen..ecelved. \Wen the i #1319 peeATECt ed, an
inmplicit negfille LOSATE buftsuned #o0] have been recei vedssérnegative reply
will be entered into the control blbct, and if this is the |ast outstanding
reply fsr that downtree search, a f¥nkl reply will be 55 sent to the
parent node for the search and the zo trol block will be freed. On the
other side ofcd he ¥CR- PxS£S81 Gy khg bank._cleanup g, ,Qc ne or
morleof it seif¥ATmstossseioml ocks coul d be freed. %Ii%g&”é}gﬁﬁ#i%ﬂoi s
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al so descr i betifdrar eachbegovw> v t h respect to Fig.
40 .

TE control bl ocks

buf fer 1 locate
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on across which it received the
Unbi ndi ng the session has two
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hi s woul d happen if another search

2 LOCATE control blocks 2 LOCATE control blocks
1 LOCATE receive buffer 1 locate receive buffer

The solution to the deadlock problem is for each node to UNBIND (i.e., disconnect) the CP-CP session
across which it received the LOCATE request that it could not process. Unbinding the session has two
beneficial effects. The node that detected the deadlock will throw away this latest LOCATE thus freeing its

s0 LOCATE recsive buffer. Also, the clean-up processing invoked when a session fails may cause some other
LOCATE control blocks to be cleaned up. This would happen if another search request for a different target
resource had been sent to that partner but a reply has not been received. When the CP-CP session is
disconnected, an implicit negative reply is assumed to have been received. A negative reply will be entered
into the control block, and if this is the last outstanding reply for that downtree search, a final reply will be

55 * sent to the parent node for the search and the control block will be freed. On the other side of the CP-CP

- session, the same cleanup will occur, and one or more of its LOCATE control blocks could be freed.

Deadlock detection is also described hereinbelow with respect to Fig. 15.



EP 0 295 461 Bl Directed Searches Directed searches may be sent by the NNCP
of the origin LU a CD or a gategpygo89d61 sfhey are sent by the NNCP to the
cached destination CP, to a CD,;or to a gateway node. 5 The NNCP of the
origin LU routes the LOCATE on the best path to the destination CP. A route
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LOCATE (X 12C4) is used to transpgé2084sirgaui red i nformati on between
directory servers in the network's distributed directory and fromEN to its
serving NN It has the followwng 5 format: Bytes 0-1: Length (in bytes), in
bi nary, ofLOCHEEdeGDSWH@IABkEoTQMAﬁg the Length field. Bytes 2-3: LOCATE
GDS Vari abl e key; X 12C4'. Byte 4, bit 0: The Procedure Status Indicator is
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i
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(i.e., the nodes to which it haspgsemes U6XB{E- (keep)s) before sending a
LOCATE(di scard) search repky to:its parent. However, if a node receives a
LOCATE with a FOUND (i.e., a + reply to the search) fromone of its
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(X 12CA ma{' I'S olows Byte 0-1: Length, in binary, of
t he QDS arla?)le I nc u |ng the Length field. Byte 2-3: Find Resource CGDS
Vari aby ecdt@and Bardméidls oY SRD CoRirol ¥y r 0 vectors. 30 Command Paraneters
(X 80") FINDComtrol—Vettor Byte 4 tength, in binary, of the control
vect or i sy sdbiyh, InlbhalyEst@HeltohtioPledtor iRidRg Fie Idagi@Ad Par anet ers FI ND Cont r ol
Vect or Keyte 52CofhthandD4rainefers FIND Cohtrbip@atbickeyexigorol Par ameters; when this bit =
0, bits Bytel6,bie0: Updaty Oantlol Palambteishwi®n st bit—= D, bilsist4sarsdfesedved; wirdA tHisit £ NEbits
cachi sy Bpemindlittervadingtoperation bighenorigin cledsi infbrowtivn tat thersedter bflie deetinetien. of t he
dest i nat Byy6, bBpi1@: Besered: s 1- 2: Reserved. Byte 6, bits 2-3 Set to B 00" to
cause t hvte|Gdits 85 Sadto B tpeopusp thecigglination weotowgtm thedegin hode infoymationn. Byte 6,
bi tle./5- 7BYiRGhlts BdyResamed. Cormand Par aneters (X 80') FIND Control Vector is
al ways pT'@s@m“aaﬁw Beraraetaers (AP FINPCanfrel Mectordie plwpysi Riesany apdhis alwapgthe firskvesiohiand
par anét effg FIiDe Thenepmmsnd P Q‘?ﬁe a@aﬁ?ﬁmgg é’P%ﬂ"PcﬂRefa‘t°"tahg'°d’@§'E‘?t'ﬁ%1§?'¥ﬁ‘r Ber ver.
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the ori ging Hefbirdéshy ERE (WSDQ CEhtlQRlethr d?@kqﬁur@@ ifQd 1 B CPEE Widlservdr EhlY! theSiSirokt
associ at Ertty (eSPYICSHEol ¥Bétdr i€ Gsed The FASourth TS MRIdYusGd i fine: X4 endsx'w Qbntrof Va6to

and tbe ddtheasasrgunérsiqlossibld for thé Qivén NAU: Wer the AUSCICPEE tHaQRer, B8 Irdso@ELtype is
Associ atXobFBelsoths Garvdrmiode/ cdni¥ad Goiht; Whdh the LU \le CPOthe 3630uréd§pdlisNetnF o riyr théENY
(X3D ) GContal pdint\et the Ldisnot e GP.rtiesckpsouice typeisDIIOE3' BiPths LUhe server, only the
Di rectory M searchXéir@dent i€oontaineld ilvdiet folowing FiNDgpecificheoniRe yeciors cSedrgip Argumeitd
used i n Asseciaied Fsopged (1B PINDCGantrel ectoe (shawnsin F@. Z€)e Sedneh Argument BieastoryaEntry
possi B eXiég) FINR Eogjiol Yagtonishown ihEig) 7Ex{the Spareh Argument Gpstral ¥pjasiin Fig-f: r esour ce
type is X OOF6' for the server node control point; when the LU = CP, the
resource type is XOOF4' for the EN control point; when the LUis not the
CP, the resource type is KOOF3' for the LU The search argunent is
contained in the follow ng FINDspecific control vectors: Search Argunent
Associ ated Resource (X81') FIND Contrtd Vector (shown in Fig. 7C), Search
Argunment Directory Entry 55 (X 82') FIND Control Vector (shown in Fig. 7E)
(the Search Argunent Control Vector in Fig. 5). 12



EP 0 295 461 Bl . FOUND Resource (X 12CB' ') GDS Vari abl e Format Wen a
search argunent is |ocated, the FEN20848PHICE (X 12CB') CDS Vari abl e
provi des the resource |ocation s LU name, CP name, and server nane. 5 Byte
0-1: Length, in binary, of the CGDS Variable including the length field.
" Byte 2-3; FOONRResRuice (¥ $2CBGDS\VarigtihFasmatey: X 12CB' . Byte 4-n: Control
Vectors Command Paraneters (X 803 FOUND Control Vector 10 Byte 4' Length,
in binary, dﬂhef'r?esee(shtarsamerve%beﬁte H‘QIFL%’P‘HQFWRP%MIWBM@%V&"% groydes the
 Command P&FSayiEa '%‘ia" Byte 6, bit 0: Update
Cont roI5P ’5‘ 'g\ﬂ ‘%é%aﬁftva"abb'%% th%'eﬁgﬂéf‘%dreserved when this bit
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at t ori
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bits 3-4: wENtTry to be created at the origin
server. c§ﬁ|fvn 'KOOPaEé"%% Conbih 4-n: The FOUND GDS Vari abl e data
cont ai ns % rquﬁ bﬁwtombcaawfve&o?mcmn@mm‘enm.a&ﬁ are al ways present,
sone condigyieQd rpgﬁﬁ,%mpgoﬂngg,%lwfo}ma&doy present. 20 A Conmand
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rehgt ed t oresend some eanditionollycoraseny. apgh samei aptianallyprepmtect ory Entry (X 3D ) Control
Vect or )20 Fheommand pramelers K%%Q)Lﬁ%lé@ Gonynl Meciortis always Prosent pasiis #ip firsh eontyel yeeier in
argunent . theydelp. Theceompad W"!GFF@ @é‘ﬂ?‘(‘m CG*P"F"§|°H°’3"|°F a'c ﬁ%°’é9§‘s%96’l°'a‘!"é(§‘°r'¥!%@kpb'é is

not int héhes(;foﬁ;%{:‘?ﬁ ated ¢n gnEN, c‘l‘j[é@ Ff&'? (EM 7 ctogdl X 3D Cont roI d
Vect F t . t
e :;aﬁc'%e s,m s&m ' 5 Paleat
30 See™Fi L J re&.v .fcr? ? % stte ng
the | engtr; mt esource n ént?(;o ; ug A

Bytes 2-3: Sﬁ/ & 86 5 §¥

(X 3D ) Thﬁseﬁﬁ?%ﬁams Skl %EEV %&L%ﬁ(fﬁs' ot A l% iRaresy

t he conjyr Gee ¥GCiAOT 1 NCI ud| ng the Ien h f|e d. 40 Byte 1: D|rectory Entry

Cont r ol V@ﬁ&o’ L& i binddy, oB\hB@&ntr'e’leetorR%ﬁuQiHjiﬁSlehM@ﬁeld Bytes 4-n: Resource
name. Searsyte AASHIORED RASHECENR CohtBior Keg:x(3s' 81' ) FI ND Control Vector

For mat 45 By 23 Résolircdypgiment Associ at ed Resource (X 81') FIND Contr ol
Vect or spdBytdsidas Rbdoarceoemiel f yi Nng hi erarchy, if any, for the search argunent.
It is sown in Fig. 7C and is used when searching for a resource (as
speci f i ed Qipctarydaty CXSK) GentohYechir Farmabry FI ND Control Vector) that may be
replicated in the network and only one specific instance is satisfactory.
Thi'sCont r8p Figet® or , t hen, row des location qualification to be so used
in the se%‘?“ﬁk?“ﬂ'ﬁ-d B'““l"hé’f ?F‘@E?'d ripglpdingthelengiviield t 0 a gi ven LU or CP.
The Res8urd¥te °51K?¥ Work-qualified nane, or it may be

el i ded to%s ; CT'HE"recm ver's NETID or to the NETID of a resource
above in tNEhIBrareRy™®yte 0: Length, in binary, of the Control Vector,

I ncl udi ng éeP% %pkxg gé)é qﬁ%&ﬁrc% é?qgﬁc&rﬁg B rosapci ated Resource
FIND Coptro <’/ ?[ 9( esource type. Bytes 4-n:
Resource nanfhe delrch Argument Associated Resource (X'81') FIND Control Vector specifies the qualifying
hierarchy, if any, for the search argument. It is shown in Fig. 7C and is used when searching for a resource
(as specified by a Search Argument Directory FIND Control Vector) that may be replicated in the network
and only one specific instance is satisfactory. This Control Vector, then, provides location qualification to be
s0 used in the search to scope the directory database search to a given LU or CP. The Resource Name field
may be a network-qualified name, or it may be elided to default to the receiver's NETID or to the NETID of
a resource above in the hierarchy.
Byte 0: Length, in binary, of the Control Vector, including the length field.
Byte 1: Search Argument Associated Resource FIND Control Vector Key:X'81’
s5 Bytes 2-3: Resource type.
Bytes 4-n: Resource name.

13



EP 0 295 461 Bl Search Argunent Directory Entry (X 82') FIND Control Vector
Format The Search Argunent Direcgpigyebast g1(X 82') FIND Control Vector
specifies the search argungnt resource nane and type (see Fig. 7D). As
above, the NETID in the Resource Nanme field may be inherited 5 froma

qual i fyi SeprahetzgumepeDitactdneEnin/ (X162 EWDiContrdl dectoformatr ' s NETI D. Byte O:

Length, in binary, of the Control Vector including the Length Field Byte 1:
Search Arglibge Beardh; Argumest Pirgotary Fntpy RIG2TAINDG Gpnirob Vectar sregjfiexdhe sepseh @rgument
Resour cefegoyjse nampg,and Wrﬁeeﬁ@swrﬁ%abﬁ‘éﬂfrﬁm 'DS%%&QS%@ me fiely ey be inposited

Cont 6I 'T?é'bﬂﬂa"f?—'ﬂﬂrﬁﬁ"’c% '\?rqefaﬁ' he search scope X 80')

L gglng BL_%;’ ﬁ;ﬁf“ﬁ’q'“ roI the search scope in a
broadcas a’§ '@?’?‘T" recloni Y gmf foIIovvs: is Byte 0:

Lengt h, 'nf the control vector i ncI ud| ng the length field Byte 1:

Sear ch, SC pe ¥t rol Vector Key: X 80"". Byte 2: The broadcast radius

i's set 0 cﬁ'i’?éoﬁf:%li/é}%r ¢ t he maxi mum nunber of hops t hat -

the searc IS permtte to traverse eoretermnatlng Each internediate

server on RBEmky AAAS R 8, RdlsBarslEdebd RS SLOCASE beHbiSecti PdVidbs infofmalidh te conttol
negat i vems sqaloH sbope ne bidaaet t b spedfed vadles. TebrmisislseBiiows: ¢ 0 becone zero 20
does ROt Bytd D:OLehdiE ifi BiR&GAICE Ehel donttol Fectbr MEIGAIMY tie lofAgth Acld Bgte af SebrdhFScoprlEOGATEEES

t hat al | cdntrelvectorHoy:X8alr ches Wil |l eventually term nate even in the presence
of er r orByte 2t The drdatinastctadiuus bet\va btoedchsirseadhes lar iodichpatbd maxdmung nuwatier ofchopd théthe
sear ch othe geanchsie rpexmitteelrtal traverse chetoreaterminatinge tEachi intermegdiatp rsextercen the proedves patht 0

al I\va t hdecroprents the valvey whntilds zerds ia vegativedeniyt ie retumed if theanodesibaticausedititoi becamte zeige

or i gi e Cives pgl find [theyregpyeep irf [tedirertony DA (radiug O XIEGquaightoagcthat gH bredaasitseareties willor mat
i s showneverjuatly gprmigate pypp dn the presence afrgitofy; it jsithe)fatayft yaluesior gllfaroadeasis agginaling: alor

i ncl udi n?e £97E°h| ofigip pasver nd a4 cofral dliractories. A pradyqt ynay, Ghooser tp alipwiskg qystomerto affer thisc t or
Key X GQParasggter on giirisgarch bgsis at thoeyighn K0t ¢ 10: Length of network-qualified

CP nane allf ed CP name Route Selection (X 2B")
Cont r & 6@&8‘?%4”&?@%% g’é’?’éctlon control vector is carried in

Bl ND and TE to descrl be a path. Fig. 10 shows the format
used forTM:ﬁ;m%'sgﬁo |vecto lm%m&w ”%‘p@fnfi of the control
vect or |n ng t .g,y cf“j X'80' ection Control

Vect o1z, Keyayti Opcip y XI mim hop count t he nunber, in binary,
of Net\/\orkBm congngﬁa,lofy&ﬁ&mlﬁhﬂb@cphanﬁoute Sel ection control vector Byt e
-3 Cur gygat1- O p NewbRGualifiddecPHamber , i n binary, of the [ast Network Nane
.control vector that was processed Bytes 4-n: Control Vectors, Network

-Nane (X Rbuté Selestion (X028’ Eearitrolfecton Forimat pr ocedur e path not 45
includsng the origin Network Nane (X OE') Control Vector Format This format
i s shownTherRdateceledtibn c&firol vectByi¢ caned in BIND@ndjthh dirdcied IhDBATE/to dedcriyenaepatio Figr 191
vect or i showsithe frgmat jused|ieragiirertddi LOCATEByt e 1 Net wor k Name Control Vector;
Key\XOE' e0: 2 Leggthyip bikary, 9fithe copiyel vecter ingluding jhelength field-4 CP nane 55
X F6' NNCPRYmlte ByReuteSelpctiomontighVectesKeyX?8 ed nane: a 1- to 17-byte nane
consi $2i nP¥¥ 2 an oﬁ'ﬁ"ﬂ%lm& cgnfy e“"q\!?%ﬂ inf piRary. oh dNeswyrk Hame contrpl Ye5RE R ¢MPat ed
toa l-to )yt e ars

e ot e per .o e B R VB Sl R

NETI D. NAVEYBWt h n
14 EP G %esgl- 46163%0? é%!tolré rM%tw%rk‘alq;(rﬁe (XOE), one for each CP on the procedure path not
45

including the origin
Network Name (X OF) Control Vector Format

This format is shown in Fig. 11.

50 Byte 0 Length, in binary, of the conirol vector including the length field
Byte 1 Network Name Control Vector; Key X0E '
Byte 2 Network name type:
XF3 LU name
XF4 CP name
55 XF8' NNCP name

Byte 3-n Network-qualified name: a 1- to 17-byte name consisting of an optional 1-8 byte qualifier
and period (".") concatenated to a 1- fo 8-byte name. The network-qualified name appears
as follows: NETID.NAME, with no imbedded blanks and with optional but not significant

14



Ext ended Sense Data (X35) Control Vector Format 5 This format is shown
in Fig. 12. Byte O Lengt hep peoduerBy, of the control vector
including the length field Byte 1 Ext ended Sense Data Contr ol
Vector key: X 35 Bytes 2-5 Sense data Byte 6 bit 0, RU

i nf or mati on i ncl uckeadling BJanks. 0 RU information not included
(bits 1-2 set to B 00' and Byte m are not included) 1 RU information

i ncl uded {xg@geﬁql@ngaﬂwWolﬁlpetgrﬁqqat RU category (reserved when bit 0 =

0) 00 \I;/I\/D 01| forg‘a&‘sah% 10 DFC 11 SC bit 3, FMD type B 0" not
a GDS Vari % 4, generator of
exténded s 2’ dat a Cb?de 93 %é?"t?éd“;t@é%“‘?é‘t‘?}tﬁ%ﬁl on Procedure
Origin Nang %gd not g nse data control vector

gener at ed e ter ngl{ba er?ormtf?:ﬁﬁgl%eﬁ origin; 1 extended sense data

cont r o, vector gener ag r#efmrﬂﬁmmgcﬂ eta%.tstlz»aseutB@ufaﬁaﬁqtmtn'amo%a&%e&ure
origin 25 1 RU infornialidn inoluded (e Hyfs @lm bE6W! B L0 RUFaR W%&n@i' gin
Name field (reserved ¥eabi encs?t na- tion Procedure igin Nane tield not
present); O term nati gy ocedure origin name 1 name of node ot her than

term nation procedurepomggi n, as descri bed bel ow;, term nation 30

procedw e origi n name10mRC known bits 6-7, reserved Byte 7 Lengt h of
RU Identifier field ($e8Cto zero when byte 6, bit 0 = 0) Byte 8-m
Identifier: request cthFMP W8 header or GDS key (If present,this field
identifies the requesBUmet a@HVaigle t hat tri ggered the generatlon of the
extended sense data cBitarGHS vadpble vector.) Byte m4 1

Lengt h#of Ter ni nat i onbibfoleaeieipreof Gpiopder] sRagredata) contipl varkor {fagerved pwhen Germintion
valid) Byte m+ 2-n Proeadip Qeigin Ypmo fieignotiprpeenty. | Iiﬂn nane: |f the field

contai ns the termn nat P &feEp ?@ﬁlﬂa@ °ﬁ°’ ‘g ‘Egg@" “%;"9'"'
net wor k- qual i fi ed nand ’de? %"“Fﬂféféﬂ?ﬁ Vel gegrate &Y & '1‘"@? tjngfion
procedyre to be execu '?6 g )
of the®nhode t hat genej ﬁéi%fﬂpee&wﬁe ﬁ;ﬁtge"gﬁmpegm ,g Pglg%%)h%w ‘ggse\r}'ect"'(‘)eéorﬁ'? Pta
when avai |l abl e, aloc‘ﬁ at,g,er an di cates the direction from
whi ch the RU signalli :pga rofﬂaﬂﬂén't@rﬂmﬂﬁoﬂ‘b?o@é{fu% was received. Figs. 13
and 14 are flow chart gig a@deggmeﬁw BinfidficGam for | ocating resources in
accordgnce with our i B’é&l&hﬂa@fbm Aghombmown3 an EN such as EN 220 in Fig. 1
initiates a search fopis®-7 RSébidce. Initially, as shown in 45 block 10, it
sear ches i teytean di r ecéngihsf RU fdeitiier fi51@ 8t tb @60 iwBenlbIR\EN bit 83= hown i n deci si on
bl ock 12, @SBym@shti ve Ideitlsrnregsl aodé 8r N& theddace: GIS kedy (ivpresant this disll idbdtifies thet he
destination entry is reqtesf guesponss ltet siggeratiithe gaparetion of the erterided] sénse tdwecantolver
NN of ®he requesting #orAs shown in Fig. 14A, the server NN searches its
own donai n Byferredt bry, Langh of TerminationFrociidure Erigin YName tibldiivalues Siwdcarevdid)i es
defined or Byledmédas E@WW&%W’@P@’%P@'W"@WWP figld pandpins n tepminatien erocqdweri g
1, \NM\N2 has a 50 donai ﬁ"%’?aﬁﬁ (eagrigyte; & it 5EN3"”’2‘!£‘8“3"@20‘3@?|G* ?30“%1"?@?“*%8‘9
domai n gt?at abase sear cFPss'g‘ Hﬁ'ﬂ"@ﬁt”%ﬁ’fﬁfgurﬁifd@ eyecuteq W‘f&gg&g@;@%&?@? RS
succesStul at decisio
as to whether the des?‘f&’ﬁ Qr{mf" EPE ey ;g% '"‘kﬂe??'ﬁl drogron 'fm 'cght@?/\Eﬁ
altn ) termm lon rocedure was rece
deci sion bl g §% j PLG o - %@? rofta % cst]és 58kt Sech ikl Uffod
shown in |me éﬁ?s@ﬁlw 23dn rﬁl 5}. rés0urlE ing ﬁnt ry
'S on g SHEXG R i .Qon@wct hsr
SUpports johg ey &utnuats; StoWn in Elocﬁﬁmhﬁ.e%eﬁman b.ﬁryn@notaoun@smet do¥ieh Féa syls' s
returned giedRhim v NN Sehebdusstingl@QWn i n bl ock 29. If the answer is yes,
the LOCATE agaowh in Mg 92A fthel Brvb 1@ sdalihditis @Wn BstuDdirestory, o/ \dowmdirsdisiyVend diko
bl ock 30. théseChaibSidtined G cAINEE ad Beirfdodhi the B WK soBsbs.ar HXampisah IFRIl 1,NN201E fai Ve
r et ur ns¢ eqEmaintwhich leraptissscEnes 210,220 am230hafteiNe dérhair dutabaseTesch, b Sledjsion,is hidd asache
associ at e whethér thehspaske waesuctdbfil st dduision bletk 22siéha aasves is(yes al daciibrois lmed@as and a
pos| tive wt@p'blytho destidmtion is on the server NN (this node) as shown in decision block 24. If the answer is yes,
a positive reply is returned as shown in block 26. If the answer in decision block 24 is no, then the entry is
on a served EN and a decision is made in block 28 as to whether the EN supports the LOCATE function. if
s5 the answer is no, a positive reply is returned on behalf of the EN as shown in block 29. If the answer is yes,
the LOCATE search is sent to that EN which supports LOCATE as shown in block 30. A decision is made in
decision block 34 as to whether a positive return reply has been received from the EN. If the answer is yes,
The cache -associated with the server NN is then refreshed as shown in block 32, and a positive reply is
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EP O 295 461 Bl returned as shown in block 38. If the answer is no, the
entry is deleted fromthe cache -gp o288 48fNg1t he resource is no | onger known
to be in domain of the server amd the programcontinues to Fig. 14B.
Returning to decision block 22, the resource is not knowmn to be in the
domai n oPtunpd 2% ghowe in bipgk 3Bh K ﬂpranglraara o el antne s detetedifgm thel Bach of the NAS thehown
i n bl ockresnyree js ng danger fknowi tg becin demainsof dharsaiver apdittie owogres -corgitues kd<Figli1 4@ Gbtmings | S
t hen i ni‘Pjdefisiep "t??e“?e’re%'fce NiNnesf knewretortestie then demaim pit theulsbryer rNiNj ullss bregrarh he
search ePﬁg%‘“ﬂ e orr es are caches which are contained in the server NN
A deci®si +Pes ch rtaﬁrcags dopraififad prays-netwerk disedtaripgisithen infiated lomown
in one o ontam Tlrp‘?jé?ﬁ% Those, digacierioppare caches,whiehareer i s
d§eec§m§’ ow t e o shoties thedastination wis ksewn 4. 10

yes. 2 dbHh "'% cchion BhEb A2 I8 P e o en e ﬁeergwrsergtm
f ound 1@t&g‘hﬁkclé§% hg&t

hg&ﬂ |0L| blo&h& ﬁ%”ﬁeﬁhe t?le ¥e§§|ircetwa§ focfn?‘ a in the
server NiNswe? id fis rﬁ§@&d @(Mirﬂ@ ROHS bdnyr l\fNeQi’éfreéhﬁd ar?& 5”;.) qrve e%laf%é} gP or as
shown i NeqUedtres sidvnaR BloAQ-48lahd 29, #ECdoSiki s madd R l'é t hat

t he 1 esoiét 6dn foakd, B @bcidkASImbdeUn Becisdn BREK 52! 88t \M%th E‘ g 52 as
t o whet Hasifurel [Fethé Ahdwer & Y&s thleButh 96 Wchiculltedand OYetribdds LsRbwn Uh %oc 54t l% E r
IS yes, rbdueulstipniatd refry MG Bb Atknipiedta Aitbor &itioS A dtisioh RVWeni MadB a8 Sk winsther 1
rout e 15esoercavasfountiion thisorael dscshown irBatision bREK 5B the Answeris J&xCihe 84chd is 1&hBshed

deci si orand g positve repdie retgnddoas\shenie blotis 58128 60) CLdesRBn fnHIbek 5O’ rhddb that BT Y as
shown i rresguiee ¥ notlfound.kihe Bntrylié renfogedainawthe cache\ot the seiver ahd s ahiwh ih Bloticedned
anda podmiary, df theegnsyerr feomy decigiom bloick62 wekeonan indinating thakas robifhg datidke Giéd ndt focaarred,

deci sf%rihe ¢ntrp Weridbesgmoved fraeachtiat t he resource was not found, the entry is
renmoved fr HFPF theenis s emayed from the sachera desidionis mede jordecision blogki64G8 to Biettiet the | |

i f the FFS{Ratonre rfmjec?"s%?r HrIEy pslzt (@R camnsed to aihprerasounses suchiies a tragsactiomg
"hif e r'?a"mezryp% ﬁé‘“ o PPy SPAEN i Magenefleetopalasindetatesise whiah t er
Tetc E

fail Hﬁ
t ﬁle g ££ r im E’F'Sﬁs%ﬁ‘ ‘1°§'s'?fh'a dage, agjiowhetherg BP ock
64 as t goengs‘ﬁ"c%]t:ﬂﬁél" d s' % P§ ? 3gh, 53 dirsctachioprch s spaitthe ( as
conpar e nge Qsi

g i F’@pﬁ%a%%ln S % el '39'5"3%? e e Ne
resour Ceretﬁr)“@to'tﬁ r@tﬂxe n‘aﬁe shovﬂ\ |ﬁ%§| EE&« er i g, en a ro |§| 3 ?:‘Rurrd €,

whi ch cord gleNsutétls! reddiiiEed) SR LA own! ﬁr M&L an e re 36 d

deci SkoOlsoid nEMSE ofttitneb.On ¥¥3Rioh Bl thed

deci si orbebt R&dhedR dedidionttiRk Ps. llfsheahnm i% es, @ p |th§?in°7 r%ﬁl Qsé wr?ﬁ Focl@

dest i natthedmswdr isadNd Adgative GoplyNEretfuftiod b SHawRm bRodioEE) If lafnakth %‘ﬂibl 6:1 N n i's
t hen nadie fggranihdscideoiitae resoatesis HibtkAowal b e séberdN.t 0 Whet her t hat as been
reached. | Retirhiag bbeics2, if 8 dyasion iSmiadhat the Gestifalibry/has Sot/hesnLibune Gh th&cr&éaeromam

r equest oF crsscetwark dirbaiades, ithe dutpotconydecisioh blotket2ag088\EifectiySto Bevisich IbRBK 84 Wik 4 NG
error hdecigiends madecks pravioushrdesaibed:asi tg whatieathe rsatreedymrislan1eL o ia @B, Mo is@efls | N

bl pck 76v0. thendhedecisipy is medethit thel resoiromis oetrkndye by dpesatvercNig 0 teoeseurcanyieis aofu
tives. ArQRdhesegRm eontinyesaspreyiousif deseribeche recal cul ation and retr y as to

whet her t hB‘"Eﬂﬂ neyde. ﬁ@e‘ﬁcr iEthe rReepreris rpd kriown torhdysaniok NIY gecaiisie infdrmation seveeming yes,
a posft it/ not coptaineddn fhaNI's-diractary ot g topelogy| detehesg 3 breaicashgsash ésvent fom the,  a
negati véor e ﬂée "é? (2,15 Sgmale thgﬁrﬁ'JW?"l“P? YOGAXE fugstion pnd supperreqeint of LOGATE found

(bl ock %EE“’ s°f toh?%?‘;ﬁ e Ihﬂﬁ“ﬁ@%ﬁ%; §'°<fro9r° R desienty t he

n erning its
server srvel t°Pf§’

dest i gatyeqdy aéraegﬁo %fﬁ]?
he

asqrown |n P ltlv&r
7 et s Sl 1 .oa;z, T g;grr.w %&
bl ock 64959@.3;,5@"&0&};@%@90%% §odlS Previous escr be et r the
resour ce tompRodes idarilifylthbneivés with-an ifdichthiEin 3SRl
made t hate dblifatel R5ROUISR lirge datHe d‘&@éﬁry@)itn&éﬁzg@e?!{/gag&%ﬁ Jpﬁf@mh&ﬁ?egg%ﬁdgg type :
i s amsoLU OWheaiGD fidaes 6 PREeiinGOidiworki e ssbfchRigBifthis!Sdo Yhel§ea6dt CBSdde eV NOW
to Fi g. dastifjtion U tshnet locased it the donainé¥ theknid@iom nbdd deher ¢ &io\oRgin DNNakORA NNEP and
i nf or mattheoNNGR(PIdE was nmabléQo lotate the rueitingtion LBiusiag a idiectdd A OSAINS THS ICBChe, ¥akes | N
the top dﬁseglbﬂatfqmgm tie destinativo itier b ardirértdds QCAME if fifeCdwstinkton .8 ragSdarsNit 0 t he
EN s i ncrahed giispian or bmbroasioasheserch ff Rdods@IATE f unction and support receipt of
LOCATE f orRefering agaitie Figk 140aa dedigien is raadg iy desisioy Plecka192 edie wiielidr ithealireatadl searting
sought A5te AAHA diractysy Besidocgled the rasauice hie prewdr in ks, the nhrge pfettie CB sortiainingties her
t he resﬁ%? ‘E gnd the sanver of fhpt noga-are, pxdrarted from theuteply ancing entry isrpachiod as showriblecing i t s
| ocatio SrROFIVB JoR SetyrmRd a8 SpaMe inyblock 6. ¥ dhederisieqiromsdesisionplogki10B [sgeka 94
and a positive repIy is returned to 45 the requestor as shown in bl ock 96.
If the resource is not found, a decigséon is made as to whether there is a
central directory (CD) in the network as shown in decision block 98. If a
CDis in the network, a directed search is sent to the CD as shown in bl ock
100. CD nodes identify thenselves with an indicator in the topol ogy
dat abase update nessages. CD nodes are obligated to provide a | arge cache



resource and the server of that node are extracted fromthe reply and the
entry is cached as shown in bl ock gplglogybiagiposi tive reply is returned as
shown in block 106. If the:decision fromdecision block 102 is no, a 16
EP 0 295 461 Bl negative reply is returned as shown in block 108. Returning
to deci si aegalyemply i9®turried as showminiblpc¥8CD i n t he network, then a broadcast is
sent to al | Reugingo desision logio9aIf there i in 8 £P druthe ngtwarle fiten ribrrgddast is-segt to Bl NNb @&
br oadcast he@efverk-trepasticpiar. referring to Fighd, thenbreascasbwauld3® ser t aliNNg immsiworkB0Fi g. 14D,
a br oadcast Tyeing aew: {0; Fig 414Da B Bipadces 23 deperited ahave issent jealisseivers intfee metvoricasisham

Qt/ PP Otk ™ 2‘13'°"As ﬂ‘é‘& F'Eﬁ?ﬂ@'%bl@ qu*P whetties or gt 1he wequrce was foynd.  the

her o

F"sﬁgt""sg'?g Fo ﬁ@%ﬂ@v{éﬂ'v lszefyf@gd mtt?fle'%‘f?ﬁfﬁ"y
cached i nw'L é? ﬁ |s ” fsu'f‘ﬂ’g ?et?'s’f’h€°?"eﬂ‘§é§f°or
as sh_ovvn ﬁﬁji erep %“P "B‘feiﬁtoc pWs ok 89-dhn i s
made | n 0 tlo P&Pe the rren network a nﬁ e aﬁ fh ?fﬁ‘fﬁ On
HEME msﬁéiﬁéf&a‘;hﬁafﬁfﬁ?%%’?ﬁéw *:aiﬁ A w%%ém o

b | i
i ndi cat i ngs RN int tiéek 128 MARE B e, 99&5 B t’FeM@mQ ﬁm' "gs
B&

di f f er ent bibdko2s.tA@ciiv lsMHoh n2as on fhe ARG AB dire%ta%?&ch% d& B%lo&kfh %Q{ sion
bl ock 122wiwshet the vdsaulrddawas fIURY. & tHeSansweflilyE3\B eRAAE cdchodlaR@ a P& Folly isTalRYPYS
nodes i destowh jn HidelesTt33 | anie 3320 Y timranévivelisaof & Betision it gelid@tisd bidékoRS® asiRddbRs: |
t he answethe iasswawasaaused) &y i vattingogioy Ifitlie anewer isvexla Asyathe Gsply it Potudhed Gk bidok4 48. liff

t he answethe jagswpein decisiah biak t184lis yom theltoutes is Sexalkculdtad dnkl @otipalt 28 \SBYWnINO BIBckaB6.STHEWN

i n\bl ock reoaculafionchnd irediy gan bestriodh samerrmohbernf tirees. Adledidinn is theniinkds aitbr thé\@calbulatimt ed
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