N e twerk Laje_r

Lecture 15 Lo.\aex 3 Swi‘\'dirg

How oo we % fom LAN o g much la:aex neaork?
wWhy  doesnt eftemet switding  ceale ?
~ In the gpnuing tree, the path between hwo nedes covld be long.
(Potmﬁmﬂa VZIH UnDyHrﬂa»\ becavst we ae act USerg al Unke)
— The forwarding teble, whese size can be ae large as the nomker of
hosts, can be Vv combersome to Use -
This & a result of Haf addl'essin%.
To 'Fix this, we vse hisrarduca) adcb-reSSirg n P
= \f a switch in e tee goes down , 108 fecontbruet the  spanfing dree
Thee o pesiodic “Hello” messages b ensoe ot te tre ic indnch
(f not recoived by someone, We reconstriek)
In a larag network  thie could hn.hue.n oHen, thos wo.sjc(ra resoLCeS
frequendly-
—> Carlier, there w2 no  common addressing scheme o  Communicahon
protocole  Bues the globe.

L% SUJ\“'ChES -fbrword bo.sea on e P adA(gss.

, avtonomovs s\ gtem,  (RS)

Eadh PS can choge it own inkernal ®vking protocol-
(the distorce hewrebic menbiored at dre end of the prev. seckion)

There is  iadra- domain oubing. (within  AS) ard iater domain muh‘n& (behoeen
rS)

ln the indecnek | inker-domain \-ool,—ina s dene iy BGEP — the Border
Cuateway Protocol -
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let vs ctat with infrr-domaiy roul:\'rvd. It is bmaAla of o {‘HPQS'- dustance
vechor ond  Unk-stade ovkig

! N

RIP OsPF ,1e-1S
(Ro)h' In-?omdbn') ( en smr{u{'j Cnl'emad.r&e Syztem 40
rq}abaeol ath First Ifdm—mdidts’shm

They are escenbially ok aﬂgoriﬂw. o
~hrd  shodect path  (each hop is assigned o weigd” by the admin)
> ayoid u{c.leS-

A vovter dose not need 1o kaew fmmﬁremuke,oniﬂﬂm next  hep in
a  Shortect Pﬂﬂ

Distance echor rovbing veee a distributed vemion of Hu  Bellman Fod alaoriﬂmn-

. . —C
Distance vector routing A T~~p

A (ond eoch node) fisk wende et (A, 0)
ik \P e) La—d:sba.ncz o 'IBLL@

H  ten ugdal’& il quard.mg. tae after hm.ring each message -
Destiabion Nt hep  Cok
b

nQHhw >
MO = )

I
l
l

Next, A seds its fable 4o it swn nel'glﬂbvurs.
(A0, (80 (C,D,F, 1D
Fom C, it haes (c,0), (A0, (8,1, (DD
[t then vpdades i bable os Peskoalion Not hop (ot

A - )
B B |
c C l
F F I
D C 2
G = 2
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Proceeding, it bvilde vp o 'ﬁlnuarclfr\a tobly, cheosing the neghieoyr closed to
o deshination af each step

What hoppene if o link  faik?
A node X recognizes Hat the Lok hay doiled ad Sends thic infomabion 4o
iks nzahloours, spying that its dietance {p that node ic now ad-
$'lrru'La:bé, i a nb'ghbour‘s Next hop for tat  Josbrabion X, ik ufdaleé
ik @wn cot s aa oan wel
This spreade pakil we @ch o nge wih o diffeent nedt hop-
IF w2 receive o packet for thak node o the infermittent period, ib i
Aiscafded.
How offen does e occor?
—>Tri8%grzd urdwl'e, An evenk h"laaerr. a roubn.g UP&E}E
LbJo_J'nth 2rd on a lnk gnd we fl)
~ Feriodie updnﬂ . Perio&'mﬂg. afw. nel'ah,bgur_s infornahion aboyvt rouHﬂa. kablo.

No partieulsr aode koo the fopology cf the enbie nghuork.
Lecture 16 C,Oun{’.-l'b-\nc\'ni‘\\.\ and Link Sroke Rwhrg

The Difonce Veckor potocol esentiolly shame the dect and next columns of
the roubing table -

Lﬂk Us lﬂok ai’ H@ CDLka' ko -l'npl'rl.ﬂ\.l quuem Count-to-infinity
> X — A——B
Desd Next Cost  Dest Next Cost  Dest Next Cost
A A I X ¥ 1 A A I
-} A 2 B B 1 Y A I
((e,1) ond)

Quppoe e X—R lak Heile. Then A cende (X,00) to B- Fdher,
ok nrewsly the sare time, SupposL B serds (X,2) (b M

Comd (A0
ANs table was
Dest Next Cost
D:f‘ Mf‘" E‘fr osd on heariy B, becomer  x B 3
8 8 | B &
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o siowttaneossly, Bs table becomes

Dest Next Cost
A A I
X - 0o

Now, A tls B (%.,2),(8)) 0 B wil vpde h (A, 8,0, (X,A,1).
Thie  Tepeaty od inhintum with the car o x  “counbing to cn(irrLi+%".

One sodluhon: Keep 2 maxmum dittance contidared as oo ond sop if we reachit
Thic velve & 16 in RIP.
Split-Horizon
One othgr soluhion i split-horizon.
- Do not adverse irfomghion obovt a deshinghon +to a r\ei&hbour ¢ tat
negnbous s the next hop tp Hhe dechinghion.
In ooc exasple, B would nok tll A oruthing  akout X.
Po o resoM, both nodec wedd end vp L>(Hw. (x.A,2) endy
wih & (X, ) Uﬁ'ﬂ{ in .PaI{'Ula'
Split-Horizon with Poison Reverse
Prnother is Splu't-m'l'zon with poison reverse
= A node telle it mext hp bo the destioahion dhad de distane b He
deshahion o oo.
B sends adverbiements  (%80) to A-

However, te above do not fix e Ftololem 0 Zenerel-

2N

A——c,
2-) (‘Hm are aholgmo emm.ioa
Covnterex do
Faik Aeperﬂmins s

Aeds (X, o Boad C Svppae  He message b C is lest

Then, B's dable is vpdaded pih (%,C,2). Now, B telle this & A
(A is not s net hep ﬂﬂ:jm"fe) ond A's toble s UPAAEA with  ( x,8,8).
A will elay this to €. Re before, this is a loop and the count-to-
LnﬁnJJy Prob)em Arises once More -
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N RIP (Rovting \nformation Priocal,
The cost of all links o .
Tre  (puting problem s .Farh'a,lhl Fxed (lo=o0o0 now) Wt os a resul
we conngk have lﬂ.ragr nedworks.
L> moe than |¢ hups

Distince  Vador-
+ simpe and easy to ienplemerd
~ covnt- b - infiaity and mU}n'rg Lonfs
— convesgence of rouh‘na tabls may toke a Long Hime .

Link-State Routing

The oMemdive g link-skele rouh'nd,-
Facn e broadeats informdion odovt cosk bp immedicde ne_l'ah\;gurs
(Strl' of @ fipped  ‘ersion of DV- — alohabﬂ tell locd cn&rM'gnj
inetead o l.oca.UJ‘j ek 90%& informadion
Eadh node can reconstruk the entie topology and fid He chorked
distence Using any standard akﬂqnﬂm
LSR uses Dijketa's Agar?ﬁlm, wieein each node fidds a  ghorbest .Faﬂ'l free
b adl 4o offer naes in te ehook
As muﬁra teble ic then ikt fom He dre.
POUHrg logPs o g q Pmbbm becavee on  link failure, the ilve. i<
broadead o evenyene (from both  sides) .
Al nodes rrun Dijlsia's Mgorithun.
+ No rOU‘l’lna loops  or count- to-infnidy.
+ Convergence o muting tabe ' fact
- Ngorithun is more complex (fhan Distarce Vechor)

The cemaining question &: what do we choste for the Costs?
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Lecture 17 Choosina Link \A)e_iahk

We have shid how o v the uoel'ahls to find Uy shortest paths. What should
tee ke in Prad:l'ce?
A lower wa'ﬁhl' cofrspords 1 l:e;ng vsed more often

In ARPANET, thee were Sekbps and -6 kigps links. Thee were olio temestnial
ond  cellite Llinks.

let¥ ve z%m in on a single link. \What U\JUSH' do we ass'gn?
deal. Use lakency. The lfeney of a sfna\a packet on this link i eiual to
(q’ueuing dzlaﬂ + Speed of lfahi de\aa, + twansmission de\cu,)

no. of bps

s lakoney keeps cangiog fom packet to packet however Take some
be winddow instead and seb He Link weight ag e avernge of all
Poa\cd's in He winded.

The uae'ghk s low if
= te queve i celahvely emply

5 e link je fayt

However, 4his encountered severd proklems.

— Under heavy lond, there wee several rovking osciledions. 1P we  decide
b vee a link, Hhe queve klls wp ond we swilh bak A4 anotver
Link. -

(Usig & Lk incrooces s weight over hime))

» The erd-to-end lotenry keeps charging, which migh; offect the
oﬂ:\fcaﬂ'lbn layer-

e The oder n which pockeks are recived mn'aH' be Wy, sice ue
Could change. Link. welglrds halhoay {‘buogh Paain., tis covld abfect
appiication layer performance.-

. Rouh'r‘% loos @ possible becavee weights  may charge phten.

(e aJaoriEnm ensbres O.CL'C].\'GF'{'L( for fixed uoe:ahKS
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— The e o Lnk weiaHs is b.rgo..
Ao o result, some links are Penalized 4oo much.

2= lag Sokbes  links
7 N

nET % b kips —% Tre +oo pathe haye o4l weight-
b males pore wnse to Juﬂ' vee Ha Gf-blzkfg Link..

— Sarelite links arz Po.ra.lized top ruch.

N Sbk\:fs—'—"DUE Jo sPaA of l)ah.!' dzlu', Hie,
7 Y Covld hanve fop much wz@d—-

_ G6kkps  satellfe
e U oz

20 T N> Q-bklps tercesivial
180 +
150 oo e e
120 = Sokeps  sotdllite
Qo ! ~9D
60 1+ ... . //(j Bb kipe fesceahnial
30
504 % le_u,zhz:léarl‘iﬂ%
( cagocily veed

—Rho of max wt- 4o min s ~7.
— 5blips sakellife Frz&rrad b 4-bkbps teresiril

~ Weghls churgel infreapendtiy.
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What do we uvse bdml?

— |n OSPF,

Unk wt. - max{l) |Dg },
LirLkaeeA(LPs]
— In Nehoork  Operations Cendrers (N0Cs) ,  nehwork emgineers con rmnualh_(

du-fﬂﬁ ard <ot u.'JELaHs

Lecture18 |P Addressl'rg

Recall that we have hadcoded MAC adiresses in Laser 2.
The 1P gddress (Iw{er 23) conﬂ'gura,bfa-
TP had 22 bits (act esough) — 1Py hos 128 kite.
NAT (Newok Addrosg Translahion) ie uwed do revse (P oddeses.
The IP address Iis written os
—_— T et
eadr & bts, written 84 decimg.
For eample, an dl 1s gddress ie witfen as 255- 255.255.2565
Sf&r.‘ul addrecses -

+ The ol Is adMess & reseved for broodeast (kb be read by all

hest machines) .
* \O.T. ¥.k Or |q2.%-%-% IS Priw::l'e P addrss
anglsing (They can be revsed)

Pblic (Pe are vsually Unjgve en e idernet

Tre (Petr \neader looks Like
[. desorcate Frl'or?ﬂ‘, oF

.|
Veon T SF =N pacvex
o '\ " g ’S © 3\ 2 P?-croé\:* rot ey

7: UDP
Lenah\ '} | ICMP & TTLSO
p. (2 W) . 3P°4kﬁ' survives i L>0:
lwglﬂl’ Fluas Fug'&‘him O“FSd' [ an ths Decemented ot eadh rovter:
Tm—Tu&\‘_.ig3 \p,,h,:,\" Checkeum Discard f TTL-0O.
(Fixes routing loops)

Sowce |P
Deshtingtion P
\P Options (Optional)
Dada
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Let vs now leck oF He P addresses

We wond e ubing koble to be small- (not size 2%

Flat addressing Lke 0 Etheet would ke proHemate.

Sy IP s a-becd.

Assian o slice o addresses inctead of ackitray vales. Keaf some pefix, so
now everjone’s addess in Hat regon hay a porhicular prefux, raking i easier
tp she in the ‘.

_ - - 24
Clasg A: 8k 24 Wk Up o 27 hosts
NEJ’\OOl‘k HDS”'
CCornrmon)

Clsgs B: b Wt Ib bite
Nehwork |Hott

Qass C : 2u b 8 bils
Nehwork  Hest

SubneHin%-. Giiven a Slice, how do we divide oddresses omorg  LANs and
Lonﬁiﬂum Yo internad router?

Sa‘{ c,\e.ss C Subnetting
b \eils 8 bty
—_— ————
13- 52 - 30- ?

Fiet, we shevld divide bohseen the varoue LANS
A subret mask dengles whidh bils in e 1P address dp v  when d.eg_idira
whith LAN 4o rede 4p.
Soy e subnet addese for LAN I 16 S, amd N 2 & S,
It te dechnation address is D, we check if
(Daw MDD =S, o O@ad M) = §,  (or neither)

] l
rak B LANYL ot meand for
so £ 13-52-20- %, ¥ eithar | AN-
woud  be LU L. 1h L . 0poD -

(M codd be equal k> M)
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We may somehmes wmnk o do the oppesite.
That is, combine multiple clices-

Adjpcenk ﬂ | )
(oo | P 2 §E—® |
shces '-

—

Gn M enies at R, be combined ? Supernetting

Thic prucess s called  supernetig..

(Magbe *e  slicer combine fo Jorm @ singe prehi)
A P rrefix s vstally dencted as
a-b-c-d /N
Lcoruider N leadng. b
CCheck # Fast N s of deckinahon corrapord  to ot of abcd)

For example, omﬂbfne/ﬂ,g 1zg 12122024

12R. 12 |28 *
' b \22-12-128-0 /2]

128 112 - 135. #
We dold ensoe Bt no edreces o missing. in e middle .

This mefnod Usieq acitrer pefix lenghe i called CIDR - Classless
lnker  Domain Qouh'na-

Lecture 19 ARP and DPHCP

We vow logk of ARP- Address Recolution Potowol.

ARP ® 5] Rouvter
dj @——-) To iremet
K

Suppoe A woank o sed a padel o B (ud keows B \F)-
Wt MAC  loger fame does 1t send # it does mob know By MAC?
(The ethernet fame has destinabion MAC  offer Pmmble)
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ARF  hilgs ve defermine MAC g the 1P
Lub'p\m DLL, Py,

A sende an ARP Fukg,lc.(PrewHe]M- MP\C|Sourcg MAC ITWe/Lgea\hIARP Pncke:‘\cgg;}

~ the deshinabon MAC & o)l k (broadeost)

— o ARP packet codaind  the gender CA) MAC, sender 1P, ‘ta.rse!c (8)
MAC, and tamget ®©

Ls al) Os becavse it is vknown.

— Each pcewve, checke € theic P malehes, ond seds an PchDrthirF
it does.

- The A® rply hot He cender (B) MIC, sender 1P, trget (£ MAC, ard
'fargea\: P- This & a vniced frame.

- Thie informakion about &' MAC i stored 0 As  ARP cache. This has
a +meout (oF e ovder of minves) becouse IP-MAC bindig is not
Pemanent — We Can witdh ovf oor WiF cand.

Inkesner

o e & O
L e

K

Whaf do we do & C (Gostesd of 8) ia PmHermh'c?

£ ool be fed & A marages bp ikelliently sob the destination MAC
ot that of R & thic & the cas.

(i) How does A know it e deskinakion IP belorgs 1o 4neir own network?
G ¥ not, how does & aet Rs MAC address?
- Foc (), we can AND e Qestination IPuwith the sobner mask amd check i He rsulting

P is equal o ovr own IP ANDed with the mask. (Dest P md Misk == 1P, AND Mas)
Wit s, then B belogs & our cwn nehoork.
- For @), i we know R IP oddess, we can perfom usvdd ARP 4o get Rs maAc.
“ Pow 4o we gt Rs IP shot of manual c»onﬁfauraﬁon?

P te 2 wtes assigned for the type / length a >1536, it comesponds o bype .
(N . (not Iu-%h-.\
ormally, it is <1500 for length)

ln particolar, O x 206 means that it & an ARP pockek.
G in hexadecimal
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We 6@\: the defavlt rovter's ‘PI Using DHCP— Dynamic Host Confgorakion Rotseot.
aad our own IP

Thee shovld be 4 DHCP server on the network.
DHCP s above UDP, 1P, DiL, PHY oq the protoed stack.
(olorguide application but  swares informahon with 1P /pLL

Te doko ic bowadcasted. The 1P e o protocol feld for UDP and o port
nomber for DHCP

L 68, 61

\ LioHCe client
DRUCP gerver

A serds out oo DHCP  Discover Fackzt--

— The destinaion MAC s all |s. (brosdcast)
— The deskingbion \P s al

DHCP

Is. (broedcast
— A reeiver discasds tre packet F pok R is nok open.

— The DHCP serer eplies with an Offer, which contains o potential P addeess
dr A (e server looks vp ik tmbles for a fre addmss).
The  deshnaton MAC s As-
Discover

The source MAC is the  sepver's.
Offer
The soute 1P is the Servers.

The destiadion 1P is ol ' Cbroadeast) — A need rigk have anagma eelf
with te corveck 1P oddiess.

— This is followed by a rgpest fom A for He P addess, ond  then bre serer
a.dr.rnu\zda;s bal 4he IPis assigned.-
Why e we doin% this 0 two rourds Ld.'\scovmd, offer, r&‘uesl:, ack ) ?
» Thee may ke mullide serves, ond we wand b alloclz o Sﬁ'ah 1P

* When A ceceiver the offer, it cheks i thic IP is alrendy in vse by sending
ovt an  ARP

When we se¢ tre deshication MAC an gl s, shovldnt i+ rmach 4t entie

iﬂf\Zrmi'?No,aal‘uuaﬂ rovters dp not send ovt 1P bpadeosts and  keep them
locdd o this nehoork .

What € Yoz g molkipe nehorrks with a single  DHCP server? There e a

day agent twt sends a vnicast DWCP pader o te DHCP sever, and fonwane
the offer b A af'hr\-gcdvinai\:-
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Lecture20 BGP

Now, we \ook of RGP (Border Galwoy Potocod), which is used for inferdomain
routing (muhng bebween gutpnomous  SYstems) .

BGP

The AS  Avgetner fom G netwerk.

P autonomous System connected to mplhiple other AL ocd poying Hem 4oc  HPneir
Setvice i calhed a mylti- homed customer

Potonomous  systeme  with a wide coverge C(across the  covndny / a\on o colld
Tier 1 avonomous sysrems. Troy are usm,u.d not  customer

Ao PG taking service diecHy from @ bierd ISP jc colled o tier 2 as.

ter n tiec (n4D
A cuostomer is an AS trat does nob Ftwde serviee 4o anypne
A peering liak is a liak behveen *wo AS, neter of whnich fake serviee from
4t other (Hhey cooprate ord & s conveniedt b erd thwough  taemd. Their bardwidth
P vsaly low 4o awid misse — they ase undes-provisioned sitce no-one gels paid

for tufr on tad link.

A service-level  agreement gives o guamntee about the throughput /ladncy within

a certain AS (NoT ed-to-end). This is within te network, <o dererds on the
link \AJEASHS eye -

What dees BGP do? I hes b fid a path acwss the AS- level goph

Obshuct the As o single nodes
SpeakersM‘ ore LBQP s?&gs. which communi calz Vsing the i__ B&P Pwl'ﬂt‘.d--

couters vunning BGP exterval

Thu’ advertise WC’.Y[;:%N)A S path [oltributes s o BGP odverkisement
To communigle lbehveen speakes o o sirgle retwork, we use j- BGP.
Tre known prefix /As puth/ avibutes ase senk - inkerior

Tha patn gels lotaera.ewz proceed.
(ncte rak padr & Shord. nst next hepd
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So ¥ an aanovncement with o certain  addrecs i nade, we ore auara.wl:eelrg_ that~
we can reach that addec.
Dn Pwirﬂ,linlts ﬂlgudn,uﬂervdgnk want 1o keep certain paths secret.
Corponte gred i o feabure of BGP!
Even customen might not wand o U it it is comnected 0, for fear of bung.
veed oS on infermediate cerviee provider by the connected povides. BRP alows this teo
It does ngt compel aryore baNeMaﬂMmknrabbn.
Since e may e wwlbpe pabhs o Hye same Pragix, we must make o choice.

The wmmumcakra, e-Bef wolen are usvally diecly conneckd.
Ce-BGP yses ?orl: 179) & for WTTP

In i-BGP, Hu leamt iformation is shared within the AS b ol te BGP Speakers.
Using IGP
IGP is Interier anj'ewa\, Potocol, which s 5ust NOrma)  iTa-dpmain n;uﬁ.-a.
—~ e-BGP gpeakers learn  AS Fajhs from nu'a\rbouﬁra e-BGP vk in other AS.
—~ & BP nodes share leamed informadion via i-BGP bo other speakers o their As.
IGP = BGP speakers select outes 4o variovs 1P predicec.
— It chosen @utes o 1GP, since all rovters must be able o foasard packels to @
desbination P
— (Dph'omD Panounce rewly crealzd wutes b te nu'ahbourir% AS .
What ore. RGP atbrboes? BGP Attributes
(ocn pred) b Loedd prference: The admin of te AS can soy i by prefer o parbicolar poth
(hi&he\' loca) Puhrmcg = offribule vale is greater = more ?re&rablc path)
(MeD) 2. Multi- it discrumabor: 1§ tue 0= multipe Contechions beween hop ceckain  AS, thic
sows the Pnfmnce of using the cweent rovver-
Qow'f vadve = woud prefer o receve mescages on Hhis router)
Advertised by the pason sending the wule- Coold st the MEP as distnce o
e Par‘chlgr router-
(pe_pamd) 3. RS-peth: This is jut 4he lst of AS awmbes 0 He o\eshnmhon with #at P prafix-
fist fo mdn advertized
T deshingtion AS need ngt contaio fe destinadn 1P due 0 say, supervelhig.
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b Next hop: This is 4he P gddrss of the next wober in fe path (in te adjacent
AD). Ths can e shared within o As Cusina (-BGP.

Eah BGP spesker chooes whith A5 role to uee amorg the many avaikble for the
same Prefir: The s 10 do 5o (in odder of pafeentd) ore:
. Use o voute with Y la:ags{' LOCAL_PREF,
2. Use o path with the  shobest As_pATH. (number of A5 on pun)
3 Ve o path with the lowest MED
(een audss pates woith distioch adjesest As)
4 Use a Pd‘h (ot oOver ¢-BGP inctemd oF (-8GP
ol ted “"‘”'k._s. Use o Fdh with the least IGP meric to the nedt hep.

be i-RGP
Linh—dnmah
Hot Potato
Routing This is colled hot |>0’ce:\:0 \'ouh'rlg.
b Use the path with Hhe lowest ROUTER ID amnorg  He BGP speaker which have send Hu

adverbisement-
ROUTER_ID = highest 1P addess of all the router interfaces.
Lecture21  BGP- IGP interackion
How doec BGP iakract wilp L1Gp? e,
I Enw?suf!:ibn Suﬂwa we Want some BGP s{;enkr‘k, vse hot ,anf’aJD rouhra‘}p another
in He sme AS but tu itermgdisle cuters do aot know about BGP:
Encapsulation The th_x e wond 4o serui s ngk i e IGP rwhfa toble.
R encapsulades fre normal 1P packet jn ancther pocket (with soorce R, ard deshinahion
R) ond sonds it The dd IP packer becomes e paylood of the new packe:
On receivig, R, Strips off e outer layer ard Amoasds Hu interad podat onwerd
throvgh  GP
2. Pevvasive BgP: This is the cose when evey rovter in Hio AS ic & BGP spealer:
The i o BGP tbe and on IGP tebl gt each node: The former is uced 10 delermine
‘m,gakwa*/exit od then the ldter is psed o delermine nexfhopb serd
to te 6niEuJaa_
3 Taaged IGP: This is e m‘g methed where dve s ackwal inderachop. \ntrrd uters
mag not ke BGP spokers wvt |GP allows addition of 'ba%s- Tre destirakion (1P
Tagged IGP pefd is tupged with te gateway woter ond B proodeast Twe 1GP auter seanh
For e (dest., tag) paics in thoic 1GP tuble and chome the path with the least cadb

Pervasive BGP
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lecture 22 Tronsport Lager
Recall  supernettig-
Suppese we e both 1u2-81 1350/24 ard 142-310-0/i6 as enines ard we gdf, say, a
packel for 1u2- 31 125.20. Whih rovte do we cheose?
The ok is Hadt we choose 4 loraude»fx that malzhe: .
How do we qutklg, perform Loraul' Frz?ix Maﬂu'tg?
A hardoar  solption ic  CAM: Conlent  Addresseble Memoy
(e do ngb discuss i hesd
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