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ROUTING WITH COMPACT ROUTING TABLES

J. NOwn Leumt* % R.B. TM‘“

Biakack The rowking problem in compaen nolworks i hradidionally soloed
L:, ?rn.«r%cl.«‘n.s dedoded (Aokic or aLZ')\owwic) r'mJ':‘n.S «%fv-vma,ko-n fcv AL

desbnakions od ooy node. We conmiden He ‘m:b&m o{ r-ow‘in.s, O agth
wiAh mu(/& a Amedl am e o—g Dugwmadw'am o eveor node . For cxerL,
gw weny wmnecded N- node nlwork o sbime com be devined such Ha
Wy mersare com be rowled widflim O(VN) rvu)(ius ode s Lomn . ﬁmpmm‘ng
om am cbservadion of Sawlors ¥ KRadih [31 for Aree - ndworks we ole-

nove o g(.c.ad:& and a,u\exol ok fod a{ Mn.& mLrsales tn ML’!"Y% ned -
werbs whing Aok les of a Ahe ww-o:po-nol.in.s fo AKe number og Lovéb A a

node .

1. Skgduchkion. A Umfu)‘vt ndwork (oj. Tomenbaum [741) & modelled
anr o cennecAed %/.-@,JL o N noder amol o.a-LilrMJ shraAdure . n.oolm Car-
ry wnique idenbifiers (o), ) Aoken from some ovdered domain , edgr
(Lw[(h) ose arsumed Ao be biditechonad. No queuting %aﬁs oA Ao podern
will be )‘aJu.u D P accoun .
Y orden Yo rvwdca-mq.szm gv-o-m iJoJ, &FQJK;WW\(./‘UJ

muwsl be Icl-w‘ig«ie.ol Yo /‘Y‘MAPW)( r (&r—m ncode Ao node olo-.\ﬂ MHe patl)
LS a Asenien o—g conaecwdine L,,,/, . Tmouha-.\al(s Pw“» ote &WSAU HoX oue

$T7\4)= m—:—ﬁ- awanr carried o ke /‘{e &w-na( awdblor virded Me Univer-
sy of Whvedd | suppoded by a grawd of Me Nbhelomdls Organimakhion for
e Advomcimendd of Puse Research (2WOD.

0 Lobrers Degd of Compuler Science , Univemidy of UbredAd |, P.0. Box ®0.0i2
3508 TA Wtreddd |, He Nl Rerlonds .

“Addrers : Depl of Madhtmakics , Univomiby of Sciemces and Arls of Ohle.
homa , Chickasha , OK 3018, USA.
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aboded or laid wsed . A'né wqu(Lm Aad iy fam,(&m.&deo( Ao w&.«)(u/‘}a.
PAJ“‘ 05 mome dewvired Aype an m progresses Aowards s desbinakion , &
called o mwding moffod. We onlj wwrider dishrbided rowling medfools , i
which rdling decirions are made ol ol inAermedide noder whue o mer-
Sagl arriaes. \

A (dirbribided) rling medfod  requires M oA wery node v ool {w-
weny denbinadion | U com be decided whick bink muV be Aroveesed by mer
sager widk devbinadion § . (O dynamic amdlhods adoibionad onforma-
Yiom moy be u)(bcb.&c(,t.g. com cenning Ae h%c MI(J n fcv;)(/b o]’ He
nolwork . ) The e cens ang &ngc-rmalicm » M-rmnlla providedl  em f‘O‘tvl"fné,
Aables widk N endrien , ona ud'va gm— 2weny rmi‘»& dehinalicon and ona
Aably o weny node. We er conmden reling mmadbodss Ahad are aladic |
de., Abad Loave Aables Ao do Mu(wz overn Aime. A nmJ‘CuS mlfod
> called C‘J(/el.‘gfu ‘{f a)(buop“rwo(z ¢ A Cm‘pm{la(z. No Aemod o
monage Ao some desbinadim | # ¢ whid wedlually parmses node ¢ again
o Us woy Ao j - The Wo-w—ins fod amsumes no nolwror fm»&«%

Pﬁfg_:i_/‘ln 1.1 A rv—uJ‘fms madlod wrrc,d% delirens Loehy massase A Us
dosbinadion f and only f % 0 cycle-frea .

ﬁé&_\ﬁcw o Mmesrsage Lon net reacked s J-WL.'\-J;OV\J. A anll be
passed om 9-—0»‘ node Yo node . Undows § & reocked | He wearsage amant—
wudwwat pass H.ra-ws( a some node huice ( becowne He nolword i F-
Cnide) omd Alaws % o a f-'aolz The pmro‘r;‘l'i‘c-n eawils Wm's . o

M gouowfa Sod {0—»’ Wery Aowrce - node < 7(L PJZA Ao ML FM'L& des -
donadioms | muwd form o hree S; npamning Ale enbive greph . Likewise U
Mlmb Akad gu-r weny olewh nodcon - rwcb.J Ale PQ)“KA fmdl rM%L[L/
Svurces ¢ muwd ;vrm o Aree DJ 5 poasnd ng He enhire %/ro-?K Roodﬁus madh
ods are ofden move t-c.o.al.il.s undevNood by obserning ARoA Ale 3“ eArien p‘,
Al ruu)‘«?ns J(ol»(u: oA Ha nodes /n'mpbj ane Ve &M&u f’o-flder{s o‘(‘ )ML Hree

s et g L g e e e S e R g £ e ane el TR TR v e E A
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Oj (for weng ), poicding Ao destinadion | . M decomposer Whe groph
o N laﬂe!v:.

Pmr‘g‘ﬁ)(éon 1.2 EWDb sl o‘ N Apanning hrees can occr an Ahe sl o{/
Dj-/"vrm of a mu)‘a:ns md ool | amd adro an "(ﬂ.z./sdo{ S - Arees cf a
rO‘\AJ;ﬂ% el Led .

For ewony ¢, $ll w Ahe rdding Aoble oA node ¢ sk Mo mes-
syer for derhinakion | are send cver He (unizuwe) link Aowards node

on Ve Aree %HM& Ao secve an “DJ'“ o S, o-o,re.Jivol&. a

While Chrodikional) rowling Aables nadurally correspond Ao He " doshi-
ha)‘w-n bewnd Di- hreess | Mo » a oy Yo rowde cven S - Arees w M
Ak some amowd of Anbadar informafion o Ake nocder and only o Alight-
L_‘ mere maoloed rowking stradegy . For am o..-‘u‘/‘rus vooXed Avee «rg N no-
des ocmmd.v.. Al Mw—ims M AA e J.sm)((m Ao WA gm "olionen” }ﬂm
Ale sk o, Nt Ao Hhe nodes . Suppose Ahe hyoritn Khon arrived of
a subbrer wndh ol v and affaded suwbhrecs T Ty, wn A IT&l-.{:{
(1 hksd-y) , omd Lon Ac assign alioner g“ém Mo sl e{ connecnh e Cnfqllw
a..b (om "wdowd™) . The JSA-H‘I“AM awll %\\M“ﬁu Hod on oLion
awoilable gn.'v wou node in Ale M"V{L,C.e‘> 1+ ’ZIT,J = b-a+1. The
adien & Ale Wo—unns arsign "olios' o Ae Mo ool v amd coll Ahe
lyorri ARomm re cnrmively Ao dead i M ey Aloched sbtree omd asmi g
e alioses avt .o, att Ao Afe ncoles oA T, , e obiones a+X+1
a+)‘1+7‘2 Ac He nodes dsz , omd A0 om | nmigm aL‘aJw: Ao nooes
wn g Moo ol.gv-ri)(lm\ on %‘S{-ML. Led ot (¢, 4) dewole Ale oLies o‘f
Mo&d in Aee S; . Demigm “olian Ackler” a‘s N enbvien o e nodes sk
At e P odkrg o mode | codaine (i), e, He oien of rode |
m S (eweny < amd ).

> T

EQ?O‘Y;A';M 1.3 Thae b a rmJCv‘s madlod Ahad dedivers woy mossage ak

e S e g e W
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As denfinadion omd °""l3 wenr Yhe olian Yablen Ao g ole e moy .
Peoef .

sn ordun ’MO«)( a Mmupae Can be Aend fn.‘-m node ¢ No olenbinakion j R
we need e olion o = o((d',j) . (s req i Fh onclen Aable oA noole
¢ -‘)J/’)‘in% oL <{e§) - wadeer ) SAM o ome com rude Afe s odl
;ﬂ'*nn node o noode as Mm/a. Suppore Ahe messaqe Lar annived od=
ncde v, amd v;‘(.TL. uﬁgm/{m Y/ Su.axau\)lu M & an aliws
occurring in Ale Aubhree c‘g v . Dedermine Lj P°M"‘$ Ahe Uni que /Z s
Aok & ocomnn in Ahe NAached aubbrer Ty of v, amd rode He mes-
éa*co“v(c )(LLM’(%T& (wdid a.hma{vama(.z;uadircd-%/
commeded by o Link). The “polling ody requires Had 1we imnpet He
* ehien °<<':’%) of He rools &) (1s¢ sd-1) of Ade AAachad sib -
Arees. Assuming e suwbbrees ane ovdered rnch AR & (c,0) < - <
‘) Ade ra-uJ‘fmS 6’((19 R {or Ade (unique) Eoswcld Hod—
) s ot < (G, ). (S (61 ) = for k=o-1.) a

o((c‘,va_
« (<, v
The rvwling mmethod whing alicn Nakler lepr-ac/—ico[, bA o w-m.f;(m.u\—
"ou-:.b Ao Ho Arodidionad “derbination bewnmd  mllodrs n o Cn)(uoffms,
w%.miwb&bu wheh u—cafv‘ac’!m‘w_ N.

A AL papir we h‘(u.o‘b Ao Pro»ﬁ&'m o‘f 0(-071?\'\40\6 r'o-u)ﬂng wd Lools
Vd wne Lons Lufmrmd&m (mollen Aahlen) oA Ale noders . “m scchom 2
we show AL {fuv o %m.ua[ N- node nedwerk Hoe exinl modlods Hak
Hqud re mv(a O(VN) MA.S de s tons elad ;07 weny AU ate M"”‘ﬂ We
ohro denive om observahion of Sawloro 8 Khadib [31 which amsents Had
e ose rowling wlools wli k require no Yables A ol . Severad skord -
comi g og A MJA‘CJEWS wmlhodn ore rc—idcd wd We s a MMp&J
and olired Aable - ?ru. and e]o‘w‘ma.l mw(u‘us wd Kod fer e cone 03’ o
ring ndwork . A seckhion 3 we denive a f&x'v{w& amol WJ mkhod
of nm)‘-:ng s agen . W«J n.durofa)s, bared on o 7(e,ukm'ju called
“tderval Lobeling” (which & baned on Aome ideawr from proporibion (.3 ).
The med bod req i 1h Yohles 0§ @ Alne covrespending Ao He nunber o—j



Lv‘u: maded o o node owcs

2. Rowling witk minimuwm nformolion . Teadibional roding metlods re-
quire AhaA ru»u)(ms dechs ens avt made oX weny iferme dioke node (whik
amowds Yo oAle napechion e{ o Nable ). For a rowle f{ «Cu‘.‘/fl L Hes
meams Yol € Aimer o rv«)liv‘s decinion mud be mode (whick sboms
Thod ALe nwwmber of r'l"bd(:«s de cun Lens !v'r a mersaqe aLv@MrU% sl be
b 0w ded. L'b e oli ameNer vj’ Ade M). Kov.}‘&ng hfrajtaio: Coum bes
Mmﬂjg{u{ L:, Wi ng Ae if—tjuv;i‘u:'. of w&r?n;s, Say Yoy O'm(é vy }uw
dfferend coters (2 or 3) are used . Noder coudd ncw ad as WM
: Oufu\ohné on s c«r&*r, a message Lw.m.c_o(acd(céb parsed om over a.
&ixeo‘. Lok (u’vt-%f:mxcun.s Ao Me clor) ov o mere u.m.f&x rv-vJ'\‘nﬁ e -
Son & called for . We oflows MHod ncden do nel ol Kowe He Aome pro-
Aotol gor wn‘ mUsoglh and Ahad some noder conm Lt CLQM*L He
o ler r{ o amensage . The Mow-nn.s vl shonin akod com be 3%&10(
by celoring.

Theorem 2.1 For ewery N- node el Mure & o rvw(.‘.\t el o w-
Aing ureon'n.s ALk quites o mas! O(VN) rnddﬁs de cnms  fur
Peocf.

LeA G bhe ow N- node n.e)‘fwo-ri A a ;.;u.o( b a/vinirahﬂ on)/e.s,lx it

5 < N. Lo C,, Cm be a mo;xomwl s v{ O(AAAmn)( connecNed Aub-
%raf[\h (szdu/s) su.oL ’(La)( C; Llarn 3 & nodesr omd radiws

€4 . Observe Ahad m 21, bu a/Lo ’Uw.:l Ve dirders do nol MOMM‘IL&
conven he endine G . Ezw.ru% node o & UC mawd be comneAed L rq)‘/»
of lngh s 6 o o ¢ (Odhecwine e “pak” codd be q.,coa,i an
o /ufmd‘c MunAer. ) 'brul«.o(z weny noode - indo Ahe (jws’(u Ao whidk
A v conneded LJ e rborded Po%a’y& pa)(£ (’)g h oo Q-gu.a,e ol -
’{o»uc.z erm mAOre 7(‘(% o Mmy& u@wﬂu m 7‘[»«/3 AHlrne ouysﬂgﬂx A )(o
one °§ Ahem ) M » u\me} »vw&leo( Abod Ao r-(owu-nd> exXemoled cfun

S R aiL b P
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Aevs C[, ) C,. orne () o‘Mgc-uO‘ and  conneAed | i\m > 4 nodes
amd radius = 24 each | cnd 3'04.\113 cover Mo enkire  nedwork
G. i'l'lu; &mr&ai rawdd on Ao w—uemn.g vg comnzAeol r«fza 53 Com -
\oq.c)‘ connecAed M%ﬂ‘&fﬁ/}  obAod neod "3 o ob‘ﬁarc.d Mamem)l n Er—
dos | %QA*MCAU & Mol [ 4 ]} Observe Adad m = o Lk ¢, c

t? 3 Tm
bhe )Uu. e c‘S C;,m, Cm" (w:fcd‘-iodﬁ) Le)‘ T be a mimmum 5%
Aree embedded n G mudin% e noder € s S - The Ace T anll

> )

rele messagen o go(’ic.-m A vwursage v g“m‘f rewled Mo He wder ¢,
«.»S e deder where U wi%«‘no)‘% (r{w ?ru.u), n,ov('i)( s rded cvee T
"o ’”\L o.f)(,marrid‘c w\)‘u CA' (y&wu. L‘&d.) N Sﬂna% v‘- w nm)‘c.o( Wﬂﬂm
drder € Ao U destinadiom (phare ted) . Mo rowling decincoms ase need.
ed wn phare grean | o Afe musage vs qut passed gver o spamning Aree
of Ahe dusfer Aowards Us el | M fr{m lae o mosd 2m ro«)(wg ole -
Uslons ane rciwino() one decis m o every qu,nJ\fo-in)( (»w&-ol; oc -
cownda 54.* A moN m nru)‘(M% decinionn) amd ome decircon oX wey
cendre node passed om Ahe way ( whue U ey be oo ided whkeolher
Mo deshinadion belons Ho Ale currend chter) . B plane red o shedt-
oA (:oa”s mdfmg zslvojccgaa com be wned widbin Ake dwAer , Ao rowle a
merage Ao s deslimedion in o modd » fops and (Aence) af mosd 4
rou)"wxﬂ decinions . The Acdal nember o{ rmdéw% decinens required Lom’o{
el \a: '

Lowz oA med m \)rmJ\Po—i-\Xé {e. nodes whue Fao(ﬁ;, oLuvo:.a,c New~

aAm + S =3 2% + 5 .
(J\O‘O*n‘né Ao \FN— \th(cbs )"Iu. deired resdf~ . O

Ueonly Hheorem 2.1 com be improved Ao a bownd of @ (min {VN, ¢ (6)})
ywhue £(6) v e radins of M nvdaork 6. Y e b willing Ao ex-

pendl more colors \ Ahen Hhe number C‘S required FOuJ‘t:n% decinions cam be

M‘L.Z For eweny N- ncde nJJ(wO'rL am ol fuv weny IS ‘(os"( ’4[14-( A
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?‘ Ou»m_gd‘bng »sivoq(eaj wring Obppmx;mdfjﬁ { c.ozor's AL oA Aequires o mos
G(‘.N%”) rou)‘fmca de cis coma g,,., weny \mmage. M‘m:s.

Pres].

(We amsiume Ahad N Aw“«iu‘adg (%) The M%wm.u)( w /m‘m(ar

Ac JLJ "'5 )“Lorbm 2.1, bod s a.‘ore,«‘eot l-cwx»si»\rcls Ao Ale w-nvuz.v(mj free
T. Observe ot T essendially s o conneded nddwork of (f mosd) 2m
. € 1VN/5. nooles | becawne c-J‘J:(L. cenkren U comneds omd He eroLPa{r\X/:
. ".M,c"ox'f;o‘m’f {w >“~.L rewling over T . (AU Aler noden f T MJAJ opy
mosager from Ak ane incoming link oddo Ahe ne. evlyuing bnk.) The pro-
wrs  com be  owdimued g«uv A »94% prv—v—?o(tol (%)Néé R fence gvr»
L < ..,%1 . The nuwben :.«S wtor/s reeded  nmoreases Lj 2 n weny 44«3,2 s
omol Ahur omen Ao (oA mesd) ak+t Al . The number of f—ow(ins olec-
miows d(N) required by e molhod sadinfies
d(N) £ d(3N) + 5, |

ik tmplion Ahd (M) s ko5 o 0N Uning e Logert pomsible
L we obloin o((ﬁ") ) ,5&3%3 . Now Joose b auwcd Abod 2k (#He

numben D'X w'toré wsed ) W forv&imo)‘tjj g , C.e., 2. %g -1 g CW[«J.

w pwvily(z ‘u-r &s LSN) M requires AoAd e foore < - N%'. The te-
4wu2m3 wedbod will wne d (N) = (9(S N%“) ma‘;n& e cn conn g‘” ewery

_ mwsa.gc. )

M follows Ahd Akt e of approximedely LogN wlocs (arkich com be coded
n a %J,o( o L»gC;SN bids ) will Leadl Yo o rou.)‘c‘mg aka)‘u“ A oA req uud s
O (LogN) rodding decintons o most . The dnspecdion of o clor code har new
become o L‘m( vg mud(in% dee <in Com ojao, bd S twrsloes mucd mmaller Aa-
bles and s reakly reguired in only o (amall) fradion of Ahe nodes . (m
odmosy all noder colered s a4eh wr U ’rfm(r(:‘ be parsed on own o o -
dard Link 1) |

The niad for rowling Aahler com , in o way, be eliminaded alllogether. M
sehom 1 we argued Ah o wory rewding medfod gives rire Ao D-Areen (ia-
bownd padhn do o node §, 1xjsN) amd S-hreen (edbound pdbs from @
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node ¢ , 1$¢sN).  Fer bolk larser o‘j’ Hpamning Aeer Aehler com be de-
| M‘Wot %Kd cevdoin 7”..._ n'.zwyswul L«{}w}ma)(w-n 7(0 ro«)le m.wsa,s,u We CCumn
now redrieve o M‘mch cbrervadicn cf Sendore 8‘-‘ KK«){J: [3]

Theorem 2.3 Fer ey N-node nedwork Afue v a /ww’(fma Ahd{m wring
wtor:% Ahoad requires no rowling Aoklers A ARke nooes.
e ,

hoore om (arbibracy) node v | amd conmidern any Hrwo Aponning Hrees
Ahid e will wse on ods D= amd Sy Aree wespechnvely . (M coudd b
inNomces  of Ahe 4ame Aree "f demired.) Now rowle messager an g,oaow-s .
Firad rowle o mersage cver D, Yo v Cphare green) , ned rode U cven S,
Ao s destinadion Cphose red) .- o muding dahle » needed in phane green
ar Ale mansase Pamec( Aowords Nhe roo¥ o’J D, . Mo orden Ao des
mestagen in Fl\m red we assume Ak old noden (vin., ol desbnadions)
ore named Lﬁ Aliv “dion” n S«r (nee rediem 1), 83 A e "wa\%
6(ra>‘¢33 cg PmPML‘-{m 1.3 U goacwb ’lﬁd ’(ZL r‘ha)‘wa e /% S'!r com be per-
gcrmeol waing Ahere olianes c-u% , €., widlowd Ahke need for ;«:J(ku imfdvmcx-
ed for Pc\w red . { Sowdoro ¥ Khadib {37 choose Nhe some Apanning
Aree gc—r D, amd S, , amd w%%o,’( o A»LS/UQ more expeddien rO'di;n%/
'Sh'o.)‘can. while Ftwsvn% a message cvor Dy Aowards [ P— , Ahair rmdﬁoo(
decider oA wen idenmediade node whother U coun swiddh Ao mdin.é/

ovor S, Coway from Ahe reod) already or nel . Thin avovids of Aimes
)”»e /"YMWOJ c—g 5“\.& D ame éuvlm ’40 amcl grm ’ML rc—o‘(i a

Corc-(ﬁah.j 2.9 For W N - node MXWO‘T‘. Abve »n o h,cu)(ung as‘rdegg um»s
co(,oh,in,s Adad Mqui Kh no r'vu)l-':v\3 Aablen of Ake nodes amd Ahod auamcu\)(ee/:
message - olJ,«'oouJ widbivn ar L"'P"? where ¢ s )‘KI.'FQCIA‘M of Ae nolwerk .
) |

3n )‘L_ Pra—cs ”X ‘Ku—r&m 2.3 5 \‘/ﬁ—oox v )(o L( o CLN‘YQ o{ ’(& I\.U{w-c‘rﬁ
(cg Harocy [271) and Aoke gfr bl D, owd Sv QM mlm /srwuuuiné/
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»4«;;.71.. L,«gf“ vfm&u?uffdﬂ Xo or grm Ve roo una‘:c Lmo(-
ed L'& r wm ei{fur Aree , and Ve bownd o{ ar Koré ;v-r messate deli-

mmjgruam,o

'Th r&u)‘ch& m)(ﬁel of %u:run 2.3 W n.c’( 4»01,3 f_rmo‘z‘mj ;o-v /‘(z &C&w
ng Kahews U requires PMAS Wsuoﬁng nooler for decicling om a
el Link , U wsen c-vaJ hree- edger an Linkss  amd ignores Ahe une o{
odber links of e nolwork | h does nef (wswaly) lead 4o sorAest-
rowles , omd A pre des oLmoA no ‘”'f’?“"’(w’{;[ }c"r d.i)s/fvféu)(o‘n.s /ra{—
gfc. We aﬁaﬂ a)"‘m,f)( Ao i—%o‘&;e Alene JA%‘UJ)(L«A wn >(£L cone 0; o/
H“‘S v\dw—e—rﬂ below cmd gw %,u\ucl I\.D(Q)Ot'gh w seAion 3.

We shadl owvid Ahe nred gv-r rrum\s A a node w 53 P“"‘MQ‘JZ‘J
dwa-\.s Ao Lngv‘rmd(t.,o-n (via, Ae oLianes) "! A MJgU:o-rin,S nodes  in
w . This inboduces Aubles agoin bud Vhis Yime of sine O(d) only,
where d b Ale degree of o nede . | Shridly speaking we allow Akot
seme Nable ewhien oue m‘p’(‘j s (K\(Lz cc-rl-o;‘oo-noun,x éﬂ\/LSW nol Imvv‘-'
of e Aree of cdbound rodes .} The Aodal mine of Ake Nahles required
for e rouding molhod of Aleorem 2.3 awill be 2N. Each Aable will
be wpresended wn Ahe grvauwﬂng way . L He numbers o Ao N-t be e -
LL'(.@UAJ ordered . (Thus o in Al suwccensor o"r N-1, and 40 on.) A
Aable au‘rj ) corresponds o o "Poﬂ(' "'{ w (»ee %ZM( 1.a) and Yo
o peird (& number) in Ade u_‘ch oroleri ng oA w (s QX,M{ 1.b). We
amsime Ahad Ale °‘»f< (L:u,z,---) oAt ginen wn scrhed evder. The rv«)(;f\,‘g

(a)

chu-c 1

- s . R e o i e e e RN AT T i AR T SN AR T
i P B SSHI: onria, o AL A AT RS 4 aRiL g Y a7 A i e S et e g TN T EAmAL e STl NE e - rice Anei s
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meAbod s &mpemded o Mow/:. When o M/ age M be locwsza(
Ao derntinadion J , Afen Locade Ale tlernal [o({,o(&”) o Me cﬁp&‘c
wcluin.& ob-O(kou‘né A (nee %We .b) omd send He message cver
’4£L Lok liheled oy Ao Me nexAd node . The metbed Gw\pCLmu\)(.»s Ao
A hradegy cff ARecrem 2.3 , wring an Ahe Aokl af o Lick oA node w
e aliwn of Al nade o He oAler 2nd . { We shall comniden Ahe
%%e/raj 5 NN o{ A fo s cf Hirn kind wn Aehion 3.& We K!CA Ao )(KZ
molkod an " inderved rz:m.’lfn.s" , and QJ\FCOrC i for He A,aecjd case of
a ring nolwork o{ N nodes .

Theorem 2.5. For eveny N - node ring lwork Yhae & onm ‘:ﬂ’(U'U"-l rowd
Cng scheme AR WM)(% Al mLssafes oxe deli vered over He s oA -
et po%i“t rewle

Numben ke nodesn }f‘a'm o Ao N-1 in dockuine order . Oriend Hu
rQn,S n Ale some senne . Labed Al HW exnih A node ¢ bj (c+1) molN
L amd Lobel Ale Lefd exk o node ¢ by (T"%)+0) mod N . We Loims
Abod VAo l-cswu.n.s s hame chdm AR oA messafls are odekinered omd
ore J,wwys puded over Yhe shordert arc o‘f Ale ring . Fov 613'w\m.UlYa/
reasromns A in ‘Sw‘&‘uem)( Ao conmder s afes O‘ria»fr\dl:ﬂs A node o a-»LJ
Conmiden Ahe number 1 o-‘ 4 cme Po’»vuz destinelion on Al r-ini. For a
desdi nad Lom J < ™% messases oure passed Yo Yhe HW y posring Mmm«f
redes @ wiAdkh 085l < . Observe A o iony sich node one han Ahe in-
equalidy  @+0medN € § < (IET+E) mod N | and | indeed belongs 4v Hev
ik enuald co.-responolin.g do Al nu}bl extk, For o denbnohon 3 > ™1 men-
40405 ook o Jeing W Wride l: M%7+ x gmr 4 vme OSX.SLN/ZJ“l ,
amd  cowidtn The rewhing decirion 0 node ¢z (N-1) -y fm- Seme 4 2O .
Ao e Leff exid o nede ¢ in Labeled (T%T140) modN = (I%1-1-4) med N,
mess agen g.cv J will cendinue Ao be passed W *('Lro“?( nodes ¢ widh 4= o,
o Lm% oA j: %lex > f“/z]- 1-4  omd j:rﬂ/z]fx,,( (#) mod N =
%1 . (LN/ZJ-j) , e u.?xlo Ahe node wridh y = %] —1-70,0:&{;}\, fA.‘F‘t;_-
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O‘Abﬂj wp "o 3 . Tkw: fmeMo.S,vs rccujs J s u_gcu‘n ovear )(£.L /:c.mr/(vf( ro%;‘a[b
orc og "L& V‘f'\é . Q :

M Mow's JLJ 'for r-"mé nelwecfos )M.a oP\!-‘mum reu)(\;ng »soﬁw can be
ds cnbed an o twlowad mut)(t:ns scheme

3. Nodenwod rou)‘in3 n a/merol dworts . We exfend Yo tdea o'f cnlerval
rc—u)l?ms m o oa /:"ra-n.s senne Ao wvbi‘rug N- node nedwerks G. Ja Ao, o%o-r/‘-
we Akl ke awe ARA M Liks of Ale ndurork are wred and nol jod A
links bbﬁo-v\qun.S Yo some qven spanning Yre . Theor | Mu—:‘ Ao Vhe Liberad com
vehion in Ade precacing sechion , we shall tequire Abed oA wery node (olos -
Ainod) fakels ore amigned o oll Links emanading from Ahad node . The main
rrudd wnll be ALad wen wmder Ahin abnd convendion s indenvad rv-u)’m.x acke-
mes exd grr weny ndmr@. The wridd in nl obvicur and Mquirs a ole -
Aoi bed M«-LK/ﬂA We amsume Nhad " nwmbera (of ncodes) amd bk (oA node
ods) ot hosen gram Ahe sed {0,-.-, N-1} . The Lbels o )(lro-u.&( N-1
will be C%cha—(»lﬁs ovrdared an lw.{m{ (ug g,w 0.b) and “indecvals s ll
aLua.]A be Ac,gmu\}"s on e N- posed UJJ& p-qore/sewoli‘n.s e c’roll;rc'ns.

Q_e&‘mx{—icm An  cndernvad [chn.‘ acheme (ILS) g»w o conneded N- node/
nwerk G v o sdeme &trr numhu—ing oMl nodes and Link exihs in G sud
Ahd @ ol nodes g disdind numbers (ie., eodd node correrponds Ao a
l[witluk number € 0. N-1)  cnd (b) oA weny node Ale Link exnih %d olirdrn A
whels .

MU o commeniend Ao Ahink cg weny nodz an ‘]»w-m.s o Fn’vodlc «wpy 475 AMe N-
poimd %(L v-c,froaudimg A fe ordening , wridh Me Lobels a{ h wids macked
on Al bowndary CAden dividing U who “ cnheruals o{ nen- Ao LMS‘(K) .
We refer do b an Ahe TLS- cyele of & nooe , or simply an ILS (1) rhen Mo
node b dome w. In orden Ao rewde o s age ;rrnr\ ¢ 7/::,3 wco-ruql-c(
 aa Wowb  SMad oA ¢ wnd &in& Afe (“’M.‘l‘“) (ke b Shod marks Abe
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Lc.r'n(n'.n.s c'g Ao (wnigue) indervad on ILS Q) M’\)(OJMI\? J . Send e mes-
Sage cver Ao Link mocked witl Lakel b , amd tepeat Ahe some proce-
dure o Ao next icole wrdcl J » aded (... .{ wer). The tnderwod roud-
ng A'fva)‘eﬁ o bed described Lj Afe Mo«nn.s progrom 2

Prooaclu,o-c. SEND Céowu., cLU:{i:u,m) ;
i'n\ Va o MUV:G-&( -"o LL And %rem “Av-wra“ J(o “0(.0:‘(;44“. 8«"&/

A ol “ol-tb‘(fmn ose node- numberr € o.. N-li

beyin
i;( sowrce = olenfin )(__al_-a-\_ procers m
elae
beyin
fond Lobed b auch ALad b s dosfin < ¢, whee ¢ & He
“aend " Laked afler b marked on ILS (Aource) ;
sowre 1= Ahe node reacked frm aturce over Link b ;
SEND (rowrcd | duniin, m)
end
nd

The Prnu_o(»unrz (v (,wULOL os  SEND (C,j,’m) amd  ansumes Ahad Ha ILS -
\:ngrt‘rmd,;c-n s acaidable of weny noole,

_D_(&\MAWT\ An ILS gr‘-"' am N-node ndwerk G v called walid ",{ }u—»
NI neo das ‘:Md’i c's G s atls aent grrm ¢ )‘OJ via >‘L¢. procedure/
SEND wm)‘u.auu.k R’“’J‘j ool 3.0)‘ Prou.»ystd..

M appears Hhd most inderval Lobeling schemes of o graph are oA valid | o
pw‘ MUYS ohen ol 0 c«_‘oﬂu: wmadbed ewer rca.cﬁjn.s Afi v oLu,‘(maJ/.m(c,f pro-

f’osi)‘;cw 1.1 )

&ﬂuni'ﬁm 31 Thue v an :ngJ‘Lm Yo Aesd wlu.)u»u- an ]:L$ ga'rc; gn‘m
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N-node nolwork o valid or ned in OCN?) alepr.

By properibien 1.1 W 0 nectrsany and hu{?u’cﬁd Yo ascrtain Akad io-rno
et nadsom J mUysaeh  Com be A-ra.ppcc( wm a UJJL when send &rrm 4Ttmi  ae-
Li‘rus Avwcct ¢ . Commden 2wty J Aefudozj , and Yes{ "u.nolana mesSages
g«-m weny PMSBQ Arwrt ¢ ’ch . d,c,ch\) olh noder on Al Pd( grhn ( are
Aesded ((c-r ALin vy Fro?en)‘j oA e some Aime , Gmd Ahere & no need Yo Yert-
Alem Ae.pMcJ‘Ods 3mplomud Ve Aeal an goaw.lé . Begin by f’f(/bnﬁ a Alwrce
{, omd send o message Ao § accerding do He TLS scheme . Colov weny nod
one passes (l:nJv.o(A'n.s ) ved . ﬁg one rinns o o red node chm Mc&oﬁinﬁ,
§a > U;‘JL v doleNed omd ke ILS s acl walid . RAs Lmsous no ro—u.)‘ing
cﬂJl » feund and wnderfed nodes remain , rqae.c.)/ .*L. Mc‘w-;ms 4’&,». PivL
am wdeded node (| and send o mess 4R >(0j . Celler ey node ome paster
(mJMolaug ) green . SK ene runs wilo a red nodz Aen b n o&.our %Kovl-J
will wenduedly be reacked amd Yhee v no ned Ao cofinwe Ye podh. Back
wp and J\,M%& oM greens o red . ﬁ{,m\ Ale Aher KOW\C{, one runs unhp
o greem node, Ahen Ak M5 gL fan %m’(/u o a oas.lc widlo F(«CLAé,
joomd dle TUS b decided Ao be nof walid . The desY requires Mol no nod
» virded meore fhow Awice , ame Qmi% bmp'[bm&v'((ﬁ( w ON) Ame per
ol.u“&m)‘éc-nj . A miner dNail o Ah o wery node ome musY defermine
Ahe LML via ahif mensdages musN  be Pmscd , MLJ MG A ﬁo't.o/(u\ﬁ A
on ILS (w) when w i Ao node wisided 5! we  werwsicln jlé n He ordu
orinz, o Ahen U s diae Hhd we need Ao horge ondy () Aime for U
per node | an Al requared Lngm—md(.cn ﬁﬂ A'H ) e,miLJ ufala)/ul g'n-m Mo
imef.rrmdbcm &v—r § o Thws e Aend requires  O(N) bLme gm— ewery | Y,
CG(N') dime Aol . @ |

We rm_c.u.ol. o aY\-owLnS AL ewoy N-ncoe adwork G does o g«d adwmi b
a valid ILS. The proct comawsis of an J_s,q-ﬂ)(ﬂm oA hrowerres G oamd Ai-
l mﬂmw:&j anrsigns  numbers of(u) Ao nooles w h vinis ond Lobels Ao A
Linkn U Imhfe«)‘é Ao addieve Ahe denived o%e.u(_. We oms e f,ws.i,z{_o,rj,?(j wdh
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Ale ’((.:Jwv;iwl. cg depH - g:rd seardh (TMSM (s1). Mwlvwlb Ao a.q/mAL&m/
works on fellows. Aad o an orbibracy aode and muwmber U o, pick an
o-\daems Lk ond Lokel b 1 CBJ whicdh e mean oA He cevrenpending -
exih o node 0 » Labhead 1), Wow He Gk Ao AR wex{ noole and Aum-
ben th 1. Condinue numkuins nodes ond Linker mewﬁi‘rb{s. &g o Link &
encowfered bl reachen back Ao a node w- Hod Rar betn awmbered pre-
viowly (o Lnk of thin dype in callad o fromd) , Hhen th & Llabeled by
L) naleod anmd onclber Linde O /»e/eu)/e.cl. S‘f a noode t-co.clul ’(Lﬂ{ od-
mids no gfrmao.ro( e«n/&/:an%mm (a nede O‘S‘ Hon )‘jf‘“ » edler o lu{ or
Alrwine “§ully’ orpleed) and i ir Hhe LargeiV node- number ansigned wkif
Ahin momend , Ahen e backhvack and lbel weny ik over which aves
backdrock by (cr1) mod N unhil ave con proceed _gv-rwwc( om anoVlor Lk
Yain . Thae o A.&gbl sk Ao Hhe lo.bblu\j cj ks n Hin "‘M{ th cang
one backhads from o node v Ahed has o frond Aot reackes back Mo 0.
The frond will have Lebel o of v, and just rohen ¢ Kappens Ao be' N-1 Yhe
same fabed wouldd be arhigmed Yo Ade link ﬂfm v Ao (soy) w ouver ki b
ont bockhracks . The um.g(.id o resclied Lj assigning He Lobed () fo Ha
Link taaYead . Sn crden Ao do dhis ri%ﬂ)‘, Ale ul.kcm')mm_» marks o node an
Avon an U gﬂ'v\d): Alod b Kon o g»rqwui o o. t W shodd be ufuibve now~
had dhe ILS s0 wmbrudded does Us rova(fms cven Whe M~}fr44 seardks
Apoanning Vree | widh aceli i onol sbhorAcwds over Afe fnmobsﬁ The Mu}{m&/
pro cedure amades ALe olgv—ra)‘Lm precire . Commeds codain addifonad ex-
plomadion .

{N » Ake number "X nodes | amd ¢ o 3&50.( woriable ranging cver

o0.. N1 whidh dencYes Ahe nexd node- number or 4(132-[&‘24[,, AR

o be amigned . The vaniable ¢ v imikially sel Yo 0. For comvenicnce
we wnve o boolean arrnay MARK Ao LU—P heack o{ He node(s) AL Lowe
o frend bock do 0. MARK s inidially sed Ao fuse . The procadure
sfoads ol oA am o.r‘an‘rcwj node x °S Ao rwerl , omd . A colled

anr LABEL (x,x).f
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. procedure LABEL (u,v) ;
{uMoLVMCMows uw*h!d&»gvmﬁﬁotq#gmp
search Aree Be.ms (.OM"YULO‘LO( and v be,u\g winided . §
Leein
| {w;an number ¢ Ae —u-}
x(v) iz ¢
= ({+1) mod N,
Xg emcimﬂwmihudjqwcgadoj’v do
begin
}g w v nol aumbered Ahen
an__
Pprocad fovavard and add Afe Link arwr ’( 4{:.
degth - firal search £ ponning hree §
lobed Lok rw o v by g
LABEL (v,wr)
end
QJ&C .
be
{L.\vawwgrmotomﬂmw w o, Mue.«rl{%
gro-nol reackes back Yo o}
4 wiu Men
begin
Lbed Lk vas o o H (W) ;
'33 L(w)z 0 Aken MARKIV]:z frue
end
end
d;
{backhrack cver A Lk v, & wndos vzx§
d v Ahen

;g tzomod N & MARK[v]z Arwe Aew .

e e R e T - S T Yl M 1 A e P S I e s s 1 B Ay RS AT e f o P e T
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labed Lk v,w ol A Lj o ()
adre
babed Lok vu o Lj ¢
end
{%J;o‘f Ma Pmual.wo-ci

nd

we shall w!u- Ao He ILS ob¥oined Bj Q'f’fgfi;”i Mo procedure LABEL an #He
OFS sckeme , becamne b %‘MU‘“’(“( during o oepth- fieal scarch. Recadd
ek deph- fiend mearch visds Ahe enline nvhwock , Ahoad e Links over
which Ale aﬁ%on)“.m moves ga-rwuo(“ (omd bachbra ks agadn A o lodler
slage ) “o?dﬂ.u gv-rm o rocfed ree Aponning Ahe nodrerk , and ARad {rcmo(/
J’“‘“X’ Po-’mJ‘ g’ram a node Mo an ancesfor ag)lﬁ.c node wn AlLin Aree (cf
Tm-jcm [51). We bl o number °§ &ou)(fs ahbod e DFS scheme Al N/

{J,ﬂm Lj cLir,ec)(&s %Apzd&na?‘b waoy LABEL ansigns numhbers and la-
Lc.&s . Assume N>1 .,

Leema 3.2 LA G be lobelid by ¥l DFS scheme. The fellowing proper-
Aien Qoeigfrw%mco& 'v-o£6: | ‘ -

@ w)z &, dhen Mae v o bnk fobeled o) mod N o o

) ol Linkn incidend Ao v hane oli {ferend Lokels oA o . o

«) ‘{ w b o ntighbowr o{ v oand  ot@) < otfw) ,i.e., w Kon received a
L‘%ﬁu nwmber Alon v | Ahen e Lok vw fabeled o by ot (w) .

) vf w b o neighbowr og v ooamd Lk v o a.%ronol on He o(/.(\q
g/:rﬂ:’q search Aponning free Yrowersed Lf) [ procedisre LABEL , Ahen Link
v v Laheled of v by (W) and o w by «(v).

We rromol Yo ’:evo«mn,s AhoAd 4e DFS scheme o ndeed o welid schome

_Pr_o-rni‘-fc-n 33 LA G be IMO( LS Me OFS /:J\w .. The MML& priper-
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7‘5 loldLs ewwen)rwdl.vrsG : ama.gzwa(;rm«r/oo.wo&
w AlA W cwl.juou)‘ Ao v q.cmclia_s Ao Able indervad rc-uJ‘Cv.S A,fvdcga
oﬂwm‘y& t-co.J\l/: s deshinadion .

Cref.

Ceaniden o massage m AL &n Ao be send frm v Ao w. Af v U
will follow Mo ik corcorpencing 4o He iderval Hod codlains () Y
x(v) < x(w) ov »fluvfg W b @ gfo-nol(, Ahen A 'MO'WA f«m Lo ma
32 @@ Aot Aheee ' a0 bk o v Mk aclually carrien Hhe Labed «(w)
and m n reded cuen Hoin amv[c Vo wad U desbinadion in one ﬁap, Su.f)
pese 4. o4 X(v) > «(w) and Lk v,w A grc-nc( , e Ao Me Lidke
cver which e frcu-dmfe LABEL LMU»»«JA (’b@b, wZJu\ 7‘[1 g,&vLol vard -
able ¢ har value (). Thee are AHree cares | depending om He Abruclare
of Ahe ndduwork and Ale lobcling procedire .

Come T : Ahare are no grcw\o(h Lnucl.cq)( {o v o-r,'uf')((u-c oue 4((11011
reach back do v from o (Righer numbered) node n Yhe subhree reoded ok
node A,

Vo Hhin cane ol biks cd of v wnll be lobeled (oA v) by vebuer n
A e ramge 9rcm (o) 11 Ao (=1 (mod N) which does nol exVend acwoss ©
v olhe c«3c,(’,ic. ordering , and Lk vow will be lobefed oA v Lﬂ i ol e
fime Ahe procedime LABEL backhbracks . Node Alad Ahe iferval slarking of &,
ond u»(emou.\s actess 0 Yo «(v) codains K (ar) , amd A mersage m wil
be rowled over Link v, w Ao rgcul h desfinadion in ome Lop.

Care T : Afere ane gfmo(h Aok e—r:%,ino)(c A v b none AboA reades
back Ao o .

Recadd AL grmobs reach back Yo nodes onm Ahe Pa)‘ﬁ grow\ e oot
of e dighl- ol micrd deee Ao v Lk y be M Lowpeind of v (4 Tar-
jcw\[f]), i.e., Ve ncde dosed Yo v on Ain Pw‘—( F&OUOKLOL LK a grmoLJ
SA'O'W\ v . As nede- numbers e in o cending oroler deum a PoJ—K, « (a)
will uh\é Yo Ake underval g\'m o(y) Yo o(vr) whid v e itervl ARk
VB amigned Ao L»ﬁ v 4 oA v by Ake pro ol LAREL (WMPM( lemma 3.2
@) . Than m will be rewAded g«rvm v Ao j'M &g“m‘f mouve . AA Y M
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number o(w) will Lelcn,s o Ma inVerval corr;u,pcmd.iné Ao Ahe ﬁwwcu—a(
Lk on Mo pl down Ao wr or, f Ahare are fromds from g Ao higler
numbered ncden | Yo Ao ikernvad wrr%pmo(an,s Yo ALe yfov\o[ fram q Mo
Ahe node dosert Ao o om He Aree- padh from g Ho w (f Hhue & ruck a
gVOnol.). 5,\ u)u\u coke M vl be rv«)‘ecl o o nooe Loser Xo wr , cunol
Afe mowme proczdicre repeais whl 1w b eacked .

Cone M : Ahase are g«‘mob: Aok o-n‘z,{ao.)(e A v lmolu.a(ang one )IZa/L‘
reaches back >(q o .
| 31 év_#o MG(N,"’KLV\ e proceduse s o«adg Ahe rame an in car
I amd m u&d»\,% eaches Us Jzz;\/.'nq)(c;w, ‘Sf {, =0 meod N | Yo Ale
procecdre LABEL sl oI g Yhe Lokl X () 1o ech v, e of v instead.
(LLMK‘} e indernvad comfains K(w) andd m » rowleol a({re.dzd over XRin
Lr\j‘ Ao Us oestinadion.
3A WW"’ Abhod i oM rmv’k& cases m reackes s olesY:nadiom -w(.v.m
rowled accerding Ao He DFs - scheme . o

Theorem 39 For weny nlwork G Ahe DFS scheme v o walid i¥ecwal
lokeling »chome.
Fee],

Conmiden o wmumoage m Ahad s Yo be send Qfm seve node o Yo o des-
Ainadion w. Sn ordden o prove Ahad Ahe DFS scheme s valid we indiof om
Ale disdamce gvrm v Ao w oven Ale o&f(-{-ga‘q/d seord Area Apamning G. Th
imduchion bonws W&M g""'“ Fmrnils‘cm 3.3, Suﬂ:oéc AL oA Ao dinNown ce
frem o Ao wr (s defined) »n k ,aiM k> Lok ke vaniable ¢ Kawe
‘ e vokee ‘:v- od Ve Aime Ha Proa.dwfe LABEL l)o»oL‘rou/Lb A v . There ase
{wo canes Yo be o&b*mww

Cane IT: w » locaded wn Al sbbvee cooded oA .

Yo s come we fxow( A(v)+ 1 § *K(w) iv-t (mod N) and «»Ao M
forrsacd Licks ol of v will have lubels (of ) in Min romge. The infer-
vals com 01\1.5 be Awhboliag ded gmx%ﬁu by grc-v\c-l/: Ahd reack back Yo w-
grm a node i He subdres . By Hee (UL‘L“‘S pro ceduse U Mawb AL o((w)

e g T
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bbéc'ngfa Yo Ahe in¥ervad mpupowuas o AL ;o«»wowo( Lok }Tm v Yo-
wards w on Ak °"'“f“‘ Q‘rd Acarch Arec or R 1{ Aere ane %ouc-bs he.acja‘n.g
back Yo v, Ao Ahe idenuod (,c‘rro,f)mo(,.,\s Yo Yhe ffc‘w\ci ?rm v dewn
Ao AR node LosesN Ao 1w on Mo Aree. Pdﬁ {rd‘m o Ao wr (uf Haue &
such a gfrmo() Y eidber cane m wnll be vreuded Yo o node LA i
Loser Yo wr cven Ao J“FH' {A'mf scard Aree amel , LJ mduwchon, m will
reach Us olestinatiem .

Core T ¢ w v | e&cq}(eol m Me subiree ru—;d(«(a)(«rv_

Yn s came  ol(w) does ned bb(o-n% Yo He tderval f"’”‘ () +1 Ao
(o (mod N) , amd n.za/ysmca m » rpoded Yo o anmcenYor v g;,-.-;(_
W Alse are ac fronds reacking back from v (o am amcenter) Ahen Hhe
el e mr{%@duﬁ mNervad ?ra'vn (o Qcrows o Yo o) wrren‘oonob: Yo
e bk o he fadloe of v . Cleodly () belongs Ao M ikecval and m
o rewled Ao He gaJ(Lu cf s , whidl [\awol,uslamu Bt Ao w oven Hhe
o!_(,';“\-gs‘rh’f mearch Aree. 35 o chion m rackes ds dshnation . On Ha
oAl Aomd | »@if.u—c ose grmob, a—e,oLJju& back grm v Ao am anwrYer
i A Aree | han Al M?‘V\.wwv\)l v 5(;‘%“@3 Ancre C«O'w\f)cv( . ld 2 be Ha
é(:‘w%“ ommen  oumcerNor a‘g v ond wr . (&Mﬂj L(R) < (&) omd also
<(n) € & (w) . We o&%)(&ngm‘; A gui(z.u canes .

Gure Ta @ &(w) 2 ¢, (b nof UJU&-WLL:, across 0).

Suf‘oo-s( Ahal Ahe Link &N‘m v Yo b gaJMu (cver awki K Ahe prnuLcLur(.
LABEL backbrocks) will be L.L:LOL oA v by ¢, . For i{m", {hen Alere
mwN be o frond from v Yo o (Lebeled o ad ) amd &y = X(w)zo and
m n_v.c,vysax{(% reachers U denknadion dn ome L‘F‘ The eo-rre/:‘oo—no(.;n.g nXer-
vl »s”wo({ma oA Cor camne be subdivided in Ahe rou"7( grm Can Yo o L3
e ffecd of any fromds and Aher m o rowled o Vhe [olher of o | wlick
b o disdamce kot from w. By induchion m reaches b desbinadim,

Came ITb : &x(w) < «(v) (bt nel ujl‘wﬂ.} acrers ¢ ).

Ao Abin cone e foue K(2) s L(w) < x(v), omd w odoen ned be-
long Ao Ao muhhee of oy node befwesn 2 and . LA y be Hhe node

Jom"”do 8 Oh%KLdeffM{&ﬂdioz dwo&.’(’(a}(l&r(u;agrrno(
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eaching back from v o g . M y deer ned exind | Nhew Vhe Lik [frow
v Ao h X«J”Lu w n.e,c.ehsowiz:‘ Cobeled Lj Ly nd Ve idlecwal frc-m Com
acrows 0 Yo a Poin)( Vhod & o Least byomd o (w) v nod by {ronobs
S Ahir miduadion m sl be rowded Yo e !«)(lu cv(f v, omd LB on olec -
{iom "m wri Ul ww(waﬂn weacd Us denbinedion . 3{ g does e.xibl, Ahen L
v immediode HaA of(w) L:,ngs Vo Yo cavferved C-C'rrels'amo(iné Yo #L {rm\o(
&VM’U'\‘O'\SMOLM v rwﬂd’/os.ﬂ‘»uvcizdﬁ o nel necwessan-
LJ o(;cszr"(o ar Ao 2 wah , omd Awe comnel mmo&d@[a Caﬂm We
tmolan e cm L,l'oo’m.u;f». Howeven | 'bo-u)(fma m gdrm g o w & o o&or

idance of cone T (swbstididing g for ) amd Ahe lnoluchive ar-
aumu\J‘ 0“15 feads Yo o new “care IT° sihualion , b widd Ho mes-

saqe browghd Loser Yo s denbinadion . Thus again m reackes b ety -

nal lom u,e.n)(um% |

M Mcw/s VAo e OFS scheme s valid . O

Cgﬂuj 3.5 Fo-r‘wv-vb Aree ncdwork Akire in am inferval [«l:e/(a.\_s ke
me Ahod » QP“IMJ’C.Q., zr\wrmo‘m Hoad MU agls ot delivered sver Ao
»sa.or)(%\l pos«n‘bfz rewle .
Prcel.

Any walid onlerwal ZM% scheme wsll do. By Aheorem 3.9 Vhse
ol Luvd erne . 0

A/gua:’vmrrc mM6MQwM.mDF5‘54w%LMM4&/
gad AL M-&TO‘){ search induwcer o Ae.iu.ﬂw\/"\o-l. ovelas ng ch" Ao noden c’f
Al m)‘gw—crL . The ru»uJ-in.s .s‘v-dcn axfCadA eweny Pmi‘r?&/-j o{ Mo-?ol.ins e
hrow ernal aX o A«J:Trafc\ "f U com be delernmined HoA Mo denbnokion does
h—c"bot-.%’(a‘ul-,a.mol gfc‘.—mol.m.sﬁzo.f» wu%LfrmJ»muel.%,
J.s«onl“m w awfafa’s erunu\)(uL ar a M M‘n‘:dd ngnll,m reﬁtu‘n‘l\%
no mere Ao G (E) TS gl LanM%ﬁb bood «Lo (oA W} o) A mas ,
wlie E dimodes #He number of Lok of He nolwork . Obsernve HoA woy,
,&rc-no{ m™ay be W"Jza( (i.e., o down) wri Mo ;mpou ring He NqLoLc)(J df

e o AP o i e e <8 < O it i | hg e g5 At 24T g AR . o B b AN B 5 8 Gectiomgn s @ T v e i S e e e e e L R e g S A st LS T S Y 4 S
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"L‘. OFS a«iw . O"!‘J 1»“{\4« o~ gfo“o( grm Ame r»oel.t v Mo o o O'Vn:v‘
7‘&0( Con 3‘2.0. Po*v‘r? kvL/‘j awrwe ’M\c.)( )M.L /ea,bd o«f M»O’(‘Kll‘ Z»‘nl. A v muwsY

q. Conglum'm, We Lowe »hen ALd Abere are o number oé’ Aoy dj
resucd ng He ot e{g (:ngvvma/ko-n Hequdred ?w roujmamMa.,S,% tn
o compler avhuork . The moAfeds ncluce He wie of “celocing” and
oj PR} P rn—u)‘fms Aables We tnkvooa ced Ale nefion c‘f o Jﬂ’(CrMaL
ro—ujma »heme , ki A Heq Wi T c—»ﬁj one dafum a! Cngvvmaxc:on per Ln/ﬁ,
oA weny node . YeAhernad m«J‘Cns schemer exint gw ety new-ork , and
con be chosen Yo be %MJ for rings ond Arees .

The (oea czf talervad !wbelfnj can be exYemoled in severad wous . For
eme(L, one codd ansign wm,,&h idecvaln Ao Ahe E\I\L A a nede v

oneadd of ot single lubeds . (This alowbles YRe number of bids sfoved

oA v bl skl Ju.ufu Vhow o M rouJ(?ma Aable ) The <ro—fr\)‘ nher -

wvabs o /J\ow(c( cwver e enkive romge o{ nooe - numbers {mm o Yo

N-1. A morage Q«w denbnodion wr ‘YM%U be rorled Lj M-no(.fni U sver

o ramdem link whose onderval covloins - . AM’MM porsi 51'&‘)13 a Ao

mnisd Ak Ale L“)(u/uc»& oA o node v ase Pmpué nefed , Gnd Ao ree

o s oge gf}* s ‘:3 &h\ol.n\s A oven Jﬁﬂ. vaL ccrre/spo-naun& Yo He

-*mm,uvd Ln’(u»vc«l w-dau‘M‘né w (wL‘J\ will be uwiiwﬁs o(v(uwn.ul)
The a.o‘NM.)‘Q.SL of AM,J. 6(1\.&“% » a ?rc,a)ler {Ku-lmé‘)lj on o&kl’n[;d.né/
/‘v%‘c m oa m’)(:w-or&

S.&/ga%% .
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