Theoresn. Tf CEr\m(f*, ’Dem(ya s CPR-secure.  aad (-Si,j": \’u’J-D 1% 6 fesase MO, than (:E:\ale", \/er?(y') 1o on oudheaticated
Mf&'m schane
Poock. (Sketn). CPA 'Mey Follows l»/ CF’H’M:V of (.E"v\/rb D%fﬁ’*’) Mwlbr, the MAC s bomfudwl on Ciplrtests oad ast
Hhe messaes. MRC h?' is indsgeaclont o euerypron "'7' So Canvot  Compurine. C?asmwk/
Cztwq:k “Mzafvrf Folloss d&no*l]« fore  MAC Sum’«7 (e, oy Volid  Ciphastert musk cantain o e ha on soma
Gpeetedt fhok o fak giren b Ho alvemary by A chollonner)

M:—Mﬁw\* MAC kays most be mkgg&ﬁt Above f«w} ru]u&d\ dhis (e Reoo) reduchion, gd +6 be oble 4o
Sioulade. dgh-\u:‘o / MCs — ot\y fw«\alo .{ redoction con Chogge s oo luvj)
> Can ako gve PRt contimucfions ot are congletdly boken ' sone \cu7v o wed (e, Wb pepeekes 1+
hotd)
> T seenl, aerec e o c\\v_kul n ddfereat  adamas ; nstend, Songle fresh, inde %h.7;!
Lo Ll Lo {plgca 5 v ) Sorgl » independen
T MAC needs to be c»mfw"ul orer the entie phertest

menre Siest
T E“\7 vession oF TS0 19772 for AE did aet MAL TV (CBC wsed e CFft-secure Oﬂcf\f?*'m) J Plode (i, “hasdes)
T miw n Aﬁ"h 05 (for doxa emrwh olso rw\:\mm(\'c (HMAC wot O.Yr\id + w»,f{w\ E\I) S qolleable

N\RC."\'M«*Em},ﬁ'. Let (Ei\(m(f\', ’\le«&{) be o CPR-secure Caeryphon sheme  ande (S:f)«,\]«ﬁ-/) be & secace MRC De dofiee
MBC- thun- Brogpt o be #a Eolloiiny shama:
Ewyrk' (Cke, k), m )2 T < Sign (kay m)
C < Byt (kg, (n 1)
ou:\ru& c
Dw\(ﬁ' (Ung, kn) y Cc,—&)) . Compute (%) « 'Dw‘yfﬂ' (kg, ©
& \lma&\[(k..\, mt) =1, otprt M, ehe owbpt L

Not greclly senee! 85130 (grewrmc to TS) waed condomined. BC + gecowe MRC
= Supe CCA ot on chams (by eqlitey poddlivg in CBC encepplon)
(POODLE ottack an SSL 30 com dasypt ol encrypied edfic virsy 0. CEA afteck]
?d&iaé) s & Comwon Sousce of ‘?«\:\m«\s Witk MAC- then- Eu";\' systems [au. HWA. oc an wmg\z.}

Ta e past Fbeosies Tm&&«k W eAu«te\to-\ ¥ MAC ndescfuces T Commen Souste. oF ecrucs
Ls Gosde \‘u\.m\/ Mav\ Jor cnﬁ*u Shoold  Minimize h\o73 for umes 4o wole eccoet . ot ?mk Mo '(:\cx\\)'\\\y

Todoy, Bare are soadard blodk ciphe modus of ofeshon ok provde sudackioaded ensoyption
T One of e mest widdly wed s GCM (Galsis courtesr moda) —  stondardiaed by NIST i 2007

QCM. mode. * ‘R:“tMS wark—-ﬂ»m—ﬂd\b TM&W
~ CPRA - secuce mu—yy)iw\.a ‘o none- bosed counder mode Most  commenly tsed. ™ Coqjuction wtN AES
- MAC 35 o CMM,\;)%“M WA (RES-GeM T«w&u oudhaaticoded. Wﬁ\io«)



Conetvackon baged on o Cacke -\D?Jq«n.'l\ M&C (\m\\* of O onra—tima MM)

One-¥ime  MAC : wva of one- fime *«.& $ir 'w\:byfr\'/
= Taforerarhton - Hhaorehic Secuidy  agpinsk advorsses Hhok ody s ean m.xsog.-ha i
~ Does nk nesd crﬂ'\«afot\\ ~ con be muh ""wku' Hon cfﬂ’faam{\lc Corstructons / I/P = MG\L'X)
~ Dosic construction b let 7 be o lmac, prine (wuva:s ol Yo elemuss of Zf - If\hdm rmodulo ?3
V\L\’G«O Son?\r. oA, p & Ly (hoo  condom indegens in {o,.-, -, un,\{ s ke (o&/fa)
S"“j«\ k ) W\} . OW‘ftxl' T=dm+ (w\oo\. T)
Vu‘«‘-z'(k,m, T): Occept % Tom>p (mekf') N ot ofhunsdre.
‘53w_€8<7 e aim n) T =dmep, m)\wtsac]' wing 00\7 4 sofputs m*m ek T OW\'*‘F

Sinee o(,[b‘g'ly, we Con Shes  Hed o ony chaice of m#m' and ’C,’t’elr3
|

fl

“)}P(‘”&Zr[o&m*?= T 0w o(m’+fs='l:'] :
G (5] ) [T
)

f
|iwt\y~ ‘«M"’ aidorm

f m#

n k{u&lu" -L,r ol m# w' N\t}\ T,"C' GZQ"

?P [DLM‘*"P = 7 l DU'\'I'?’ fc} = l. = Mb\t.}‘) \‘QBM‘&-\QSJ of AA«F“?‘S

oﬁ,F!*lf 7 Raniry Fome .
T For \"5“ nuslacs M Smm, ce-mg where  Codh w\;el?, dofee. the MOC H  be
T= m‘ok!‘ + «\10‘1-& + .-+ mlo(, + F (mod 'r) \/UY -F;,ﬁ to  evalunte: to process enchh e\LIoaC
~ Sl rtmz&».a “inFermodion -Hreoric secdy & Block: multipy by o ondk odd  cacresd Vo
for ony mim of lu\sﬁx wp o L ond "C,’C'G'er
g-ik1 .
= - . l""”
t' ?"2«5‘:(}.’] "l.,:"\.l';*l = Zs L"\;’Mi')d' '(T‘T') =0
T:p +2, e} M tefr]
(- — J
?O‘Y“W‘J VF J‘"Oﬂ" od’ SP{[@.\S o M 0“ ‘\"33 ﬂ] :i
most L &z P

§
-H\n.-\-ua T a}\«m; ses ?«Seér\,

. Y ’ .
des o S ‘—l?lsn m, o, T,T s

‘mw& oL

Cortec - Qeapan MRS (S encoyped. Mac') : dery st modomized.  MAC Fom A onrtine MOCE
= Let (510'\,\]0&‘7\ be. oL owe~time MPC (w more 3‘““1\7 , O sowtstel hosh M—&h«)
~ let FiKe*R > foa7 be o TRF

The Qo:’wr-\bzamm MAC s dafred os  flloes ¢

S’bt\ ((h,h), "\\ Lor é R: \k‘.&" ((kf'\,kf-)) (“'k)\ . O‘AT"* 1 "'l' Vef"t“(kr&; F(kFl f) ® t)
/ t «— S‘D'\ka"’\) ® F(kp,f) M\A 0 otz
10-7 F;: orefinme ood'ru'\' (r, ‘t) /k:’ Sunple. coShruiion \
AC

Bu&-hésm |onou (MM&“O&C&_N\ALP?\FMFA’)

MUN\'\_“QC." se o ‘\:I»‘\ one e, MQC (,'\@ mm‘bmfk7$) o0 L“%- wu)hat }?Nﬂhsﬂ» u.yql n C7CM raode ‘*‘ M—

‘\?\:\7 u‘f?‘”h“f& spesuiion. + gheet oudpuct (slswser) aad e PBOG
'Po\yno-«ithl eNoluotion, ever Z? (?:1'30—5)



GO Yhrypiont enenypt waseo wd, AES W coenver moda 7 Golos Hodn, /lw{ deswd. from TRE

compute  Corter-Wegman MAC on rv.sak\a s using, GHASH o Ha undadyiey hodh  Funckon ety ot |07
sodh he Ve apc os uadarliss  TRF L GHASH opertes o0 Boks o R8-Gs
Operskors Can be. expesied. 03 operukies owe
Tipoly, we AES-GOL fr oudbasimdd  enceyplian BF(™) — Golso fd il 2™ et

]m?\zmth W hocdonee. — W/ #«S‘P-’

GF(A™Y) s dafoed b.! B TO\YW:Q\ a(ﬂ o R o T R
= dements  Gee To\\{mniols ovee TF,  Gdh }asm_ less than 129 [6-5. 2 4+ O kx4 1)
(an Ve vu?nm\-\rgl 51 128- ik vy - each it S coetligent o f“f“‘“"")
> can odd clesants (xor ) oed Mu\'{’u‘)\y e (os Tg\ymu‘.&ls) — '\M‘;\euwre! n hocdnce
(oiso used ‘Por Etlo.‘uﬁk'\a P AES round '(‘und-\'of\\
(1, ML, -, m(8D)

L g
L GHASH (b, m) := m[Tk + wGk ot {0k | s Wi, a0 giet. coecionts o}
Ppomiol, ercduote o Ts.«* k,
L Some oy ore—fime. MRAC
Offetimas , 0'\\7 part of te Fmrloul neds to be hiddan, bot skl needs o be  puthandicoted Feom thove
‘-be.s., M\é Ta.dm&s ovec G Ackoeckl Jasie cm@&v.«kimkky $e fw{wf U/, but on‘, n :’A'/ e P:_k,_} hadass  (othendse, camst roude!)

AEAD * owdhanticoded EJ\or’rha\ wh  wssoc aded dote
Ls Duamaat encryption sdmame. with odditionod ‘rl-ww* ‘.\fuj; resul-ﬁ-a Gplctedt ensuses intearity for wssocated  doko, bt pof om‘:dwhliy
(Wl ot dofiee ﬁm.ly ot bt folbas sfm'dh('ﬁmody o AE dafinitions)
> can construct diredly o * erceypk- Baa— MBC nord7, ooy pt fm/lml ond ML Ho  Gputext + ossocoded. ke
> AES- GCM. s on AEAD schama



