Meﬁg"- infeasy (‘Jm%duﬁa\ny sl ot suffident, ol need messase intea ity Obcciie cduersacy G {—m‘w«— i fhe wazmay
(e, * Send $100 & B — “Sead Bios % Eee)
TIn Some Caxs (e~3., Sottuare ?«\-:ks), ‘m‘@.acly More mportunt tho c.ov\%alm'\'tok-y
Tden: Qﬂwt o g’ (ss called o “5‘\51\09:0-&0) to Mo vasase 1o prove. ietegity (?m‘xp\-y ve @t (5 dosp should be hard to 'Fn\’ae)
Ko tolemies o Jnle  erroc

( betler estoc-coreecing calas o &”\Niz\a )
e

Olbsecyation: The tog Soald be cnmrxkal s o kejed - funchion
> Bande of kol wegaty dack > CRC (opele codundansy chack)  [oimple exange s & sk by b be e gy )
Lo fhis i wxd e oo vl (D) he don twegity) Fued w SSHY2 (430)
L ol used W OEP (§0R1b) g for gy —olso beok
Prolemt T Wrure s we key, anyout  can Compute. ! AAMMZ con fmantes Wi ressane ondl Conpute Ao n oy
Definson. A messane cutheatication codo.  (MAC) Witk Lu{'srm K, Messane  Space ML onde ’(oD srm T soe h&‘\% o
a\&o&\\\u Taec = (3‘3\, Vﬂ’&*{) .
5?3'\3 Rxm —= T g Must Ve zﬂ’\d&n&\/ "Com‘oskuﬁe.
Veay Kot ou % T == foud

Corvtstass © YhER, Yme M :
P ( V“‘H (k,m, Szba(k,m)\ =1]=1
tS‘Jr\ wa be o Condowiasd &\y(c\ku

Dﬂmx\éﬂ; . I;*._:&«.\;«, oAamu/ should. net be odle 4o cow(m; o {-ua o oy massene  wiheok knas‘d&g of & (-.'./
L> Morescts, since co\muy wight be oble Yo see oy on e;(«aﬁ‘ua Mess0aes (e, Sigpad sefone

u‘,ame.s), & should ot L-.\f touonls Moa o e MRC

o-o[verscuy ogis to hwose
messages o be sigrad

—
[}g&"n}&ioﬂ. A MAC Tfm"(sib'\. \'CA’\H) setisfies eXistentio) m(-‘nfsuk"‘y 0'50&“% Choten massose. ectlocks (EUF-CMA) & dor ol efficerd
odvessades A, MRU\.{«[A,M’} =’P\-‘.\A=ﬂ = N.J\(')s) , Whare W s A oot o ha -&\lu‘«a semn\y ot

o reesac ch»&msw As vsual, N dusctes fa lemadn of A MAC secrek \<-7
Ay
wme M S - (1.3.| loa “L‘ = "0\7’ (.'I\D
e Sl O Rite: 4o bay can olio be sonqled by o egedal Keyton
olaoﬂ\&w. (-Foc :?vwr‘idk/ ; e \Sus{' &u@n * A be
(m-ﬁ,.t*) M*‘H\\\[ N«Apd\)

et M,,..., Mg be the Si%“\vxg tivu-‘\e_s P aAmsaxy solowrs to  the Cl'\tk“w\au‘, ond et i < S'.Sv\([zlma) be the d""l‘un‘:-frls
Yesponses. Than, W=1 % ok o“\f o
\]Emr7/ (kl W\*, 't*) 3 :I_ (m}\ (’M*, 't*) ¢ {(M|,+l), - (M@, "5@_)}

MAC sea;.r'\+7 notton Says Hhot aAvum) comnot ‘Pmcluu, o fpud tog on _a%y. messoge  eyen $ Se;l':, 4 gotin ‘hﬁs on mesases & Wws
dr\oos‘w\a.

First, we show  thed e can  diredly constuct oo MAC Fomn oay PRF



MACs foom PREs: Lot FRK * M= T be o PRE We constuat &0 MAC Thanc over (\le,q—y as fellocss
g'\sv\ U’\,V'\\)‘- O\L“'\mﬁ' t eF(.)‘,Y"\)
V%‘-Q-\/(_l(,m,{): O\L'\":u.-\' 14 t-= F(k,"\) ok 0 othanose

Theoww. Tf Fis o s TRE b o sffidenty lnge conop  Ban Thuae dobed oo o o sesuse MG Spechioly,
Lor trery efRaest MAC ko*-Mt7 A, Bare 2hsks an officiet  PRE adverasy B seck 4t
MACAS(A, Tl < PRFAMB,F] + Zl"f:[.
Trtudion e ?NO“ ) Ou*‘xu:\ ot TRF s th’ta&l«m\\/ ‘mcl'\s-‘c\navls\ab\c o thot o} o W\~/ raadaw  funchion,
1. T we repue Po PRE Wi o dndy condom Fnchion, alwtmy wins fh MAC guee only ~,p‘ "
co\'ru:“7 rw,&ids P mndo funcken ot oo pass te‘wk Success ‘mh)n\? 15 thun exadc\y .

h\tw‘iw\ < ‘\1\7 PRE  with )ﬂrg. MT&\' Spase  Con be ued o3 oo MRAC
L> AES hes [93-bd Ov&(oo."t space., So  Can be wed as o MRAC
Jbock ! Demoia of AES "o [28-bks, o com o(\\7 s:ar\ 128~%i4 (_Ib-brh:) messases

How do we S l°“6°" m»aes? We & ook o tue *\‘(m ot conStruckons
L Comstructing o logg-domasn TRE fom o st domasn PRE (it AES)
2. Hash-bosed consheuckions



A“““L . \\MY""S{ tha wamoae kel (gﬁ.,’mi-kk M&S’Obe.) sad. MRC fhe compressed sgeeseatodion

SHll requiee. —‘!a—kyw llity | too messanes dedd net hoth o P sea wlee  CoMende daod ek W DT R, Han
MAC on m, v olse MAC on m,_]
B> ounter—intudive ¢ 4 hash voloe, ® ot Yhom mesages,  coliisiens o}«._»;p elst — 5o ue can ory rquint Hhok k\u' ore.
hord %o find

Defintion, A hooh fuacon H* M > T i collision-resistant # for efficent odwersoces A,
CRHFA TR ) = Pel e, m) &= A2 W) = WD = e

Ps  choded, defakion s Prblesmdie boIn 21T, Pen foe alooys egisks o ellsun me, MY S0 consdw e &Av'-no7
that has mS, mE hed coded wad outpuks  mZ,mf
L Thus, Some u\mmr/ gliap_ wists  (erend oy not be able to ok W dooa cq\:&'&y)
> Twe wors t  handle
I Corsder w “ltn.yeof.” hosh fumckon M: Ky M — Y,
Tham, Loe o m&em\Y chowen ko..f k< \‘L-, A.Auu‘swl tomact  fd Me? M, € M plare H(“"o} 2 H(m,)
Note Hhet oduorsery s given Y. loy — howestr H con me longges precompte & colfizan  beforehond.
Siaw 3¢ does koo e )a_{ befoc 3k i ;m?\ttl.
3. From on 03y weistic 8’\0w}\?o'|t\"\‘ , hoah funetien s o 'me‘\\f of  funcions  indared ‘97 O Secusdy Tavwdcr
(Nh comteds . npet fensth and  cotput leaath. Loger  ouspets slnw\&“ mion hordor A5 fad
ellisons.  Thus  we com  dofire  hash 'F'xmil]' ' = ‘IHA {01\3’\(?\) = foa} E)ew_

We new con restaet Fha u\\rsm—f-'-u&\vé a&msw] to be Sunhorm? W oraond Ahere oo
5‘\'5\0 Ok\Dav'\‘W!M ot Fds o oliren dor evesy mﬂ*/ Pororates N EIN. NM‘/, A\aev‘&km fakes
N o 'mr&ﬂ' and Mot O\»‘i‘w.‘f‘ Mo # M sush thet Ho (:Me')"' H';‘(.ND

This &&mv Hhet hos & haed- codode  cellison ov\\7 works for ora yalve o A

e Ta TN‘\\‘Q—, we howe & Concrte "F«A«vﬂoﬁ‘\ (Cﬁ., 5""\"7-56) Hot  does net includes 3&(»&7 oC SYM EE I3
Lo bded 4o b hadd to fid @ olon ewn Aoud Bue oot okl cmany  (SHA-25C ean foke oquts

of arkimf [vb’d\)



MAC ;Et:m\ (RHFs: Supse ve u.”._ e fllsiny =
A mac (S:y\,‘lu’«(y) welly Lu( space K, Mussane  Spose Mo ond toy space T ie,a., M, * {o,\'&* ]
T A clision rusistocd ok Fomcken  H: M, = M, M= {ond
Defre S (km) = S(k, Hm) ok
Vi, m, ) = Nk, HE, )

Thaoeem. Sunm. Taac = (525:\, \Ieie{v\/) S R ®wse MBC ad A s o CRUF. Tlaa, Tiage 15 o secore MAC. %?gd&im\\/,
foe evesy effivieny dmo:; A, thore edst effident oduessodies B, ank B, sudh fd
MACAA LA, Tiac 1 € MACAACCB,, Tupe] + CRHFALe(B,,H]

ProotTdsa. Suppre P\ morosps to gedoe o volk\ &3‘7 T oon o messmee m. Thee, W met ke fha cose ot
~ t s ok ovekd MAC sn H(m) wndec Tuac
-If A 1m(¢5 Po s‘xﬁm\«a otack on M F m ok H(ﬂ') -"H(«l)/ fon A breaks ellision—veSstne of H
I A rawc c]mxlcs B9y sade oa M ghaee Hl) = H(n), Ban & hos rever seen o MBC on Hm)  wnduc
Tmac, Thus, A beedks secm}\y & Taec.
[Se/« 'Boa-\\’.Sh\\T for Foconal &tbww«x:l’ — w—7 Sdac Yo Md"’s‘\ ‘Wrodu tveat for edlision Dw‘:\ha s, nek ow«z-a]



