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J

CoLLf,stw— J‘LES& tont hash J‘unotions
APPLﬁmﬁ@ﬂs.

HW3 us cue on AP.nEL 5



Hash Functions
Functions that take iﬂputs of aa,bit'w.aﬁ !.e.'hath and, ODTHPMSS themn JUnto
Shoat, ffmd, ie‘njbh anubs‘
H : fo.i}I—) fo,f}n

axbfﬁlmﬁ Ll‘i”ﬂﬁﬁh
Taroditional wse of' hesh fmnottnns was un  data Stuctures to
enable jastu., beekuf time  wwhen éforﬁnj o set of elements.

TJo etyievt on element x JLF

Su..j-fftcs to compute H(x) amecl })mbe

or
that sew un the hash table to LooK

H Hash fo.h. x. This & more e,ﬁi'dsnt Eheoon

Table Loukinj u,P % A the D'rfsfnal, List.




Collisions tn Hosh Funcions.

A hosh fumr,tﬁoh namx.,au.ﬂ hos *c,ouisfons*, wheae o Colliston b a,f:af,s. oJL

dlstnct  elements % oamnd 1, such that  H(w = H(X).
Agood. hosh jluﬂdiorl 51‘3ch4 jcw wUlsCons, beccuwse wohen a
colUiston happens , two  elements end  up un the sSame row [n the

hosh toble |, AN mea.sf.rﬁ the Loonufa tome.




Collision - Reststont Hash Funcbons

Collistom -mesistant hash f.mc,ti’,ons (CRHF) anre uﬁpm\ajm}mﬁc Versions oj—
hash funciions , where the gook JA Mot Uow'b to minimize +the
Nnyumbes of colstons, but Lt sheuld alse be uﬁﬂj&ﬂéf—btt Jlmf any
Pﬂubabflls'tit Polﬁﬂomﬁal,-ﬁmc Q,ijuﬁthm tof'noL a olLston tm H.

Note thot CRHFs one St Lom’)mess?oﬂ j’b{.ﬂ(.i:t}ﬂs, so (ollestoms exist,

but wcju,st wenmt  Swch  Collistons to ke hoad to :ff;nd,.

We f:UPfca,u:«j consiader Kcycd, CRHFs.
HZ(%) = H(K,%)
Unlike cUl Othea P.nfmfb?,uu we howve caacssect So fﬁu‘u, here we donm't conre
about hfdﬁhﬂ the Ketf'
It Should be hond to f«fnaL o coulslon in H*, for A ondomly

chostm K, evenm 35%7\ K.




Colllsiom — Restatant Hash Funckons

>

Deftnition: A family of functions H=h i D Refex A5 O coUlsion —
Aesistont  hash jﬁunoblow faw\iud (CRHF) L4

Eas\tj to Sa,mf:te.: Theae excsts a PPT Grem , Sucth that K<—Gen(n), KEK,

Comfua&ssfoﬂf [ Re| < [ Dkl-

Easy to Evaluate: There exlsts o /:Dbynomt'lal,-‘fim& aJLjo'rEf:hm Eval ,
sSuch that, 3fvem €Dy , KEK, Evad (K,x) = hg(n).

Colliston Resatance ! Foa all non- uniform PPT aclversoodes A, there

ﬂx.&ts o heﬁbf;gibte_ Jlumcbfow ALY, Such that

4

wEtrx' and K<— Glen(n) ,

P | < ().
thx) = "IKC’K-) CKVXJ)*—'A(K,n)




Hash Fundaons : Thg.arj vs Paactice

Theoatt col Congtuctions Prouticol  Lonstauctions
{Hkské{r}ur}h 2} SHADS, SHALSS, 5%’ M/]%-" MpE et
broKen
t:_ﬂJEw.ug Keyeel fumctions * Unkeyed , 0 5?,71.31,& funotiom; ok
there ux a scmity };.cma'me,bm n. a,fa,milﬂ of ﬁ,md;i'ons

Sr_mitﬁ Pnnw,at urnmder well- stuclied |% Ne scmitg mec,tm Kneb
Com’:mtaﬁnﬂal hoaolness MSLmef{om X Uuse bmf:lL SoYneoné thA Qa.
collision.




Excample & Collisions (n MDS
1

KIDMOGRAPH

139KB

N MD5 y

128 bits

5c827c0eba9cfaabd7clad89bea77c60

S MD5 -

128 bits

5c827c0eba9cfaabd7c1ad489bea77c60



nggmﬁc AltorKks on Hosh Funchons
x| Aet HZ{DHS*‘—} -?Dll"]“ (we drop the Key hert, and assume Lt Js f,m})tfdt).

Tralvial Alock j'—w-., jfndlﬂj collisions . Evaluate H on 2+l dlbnet uﬁﬂpu,ts.
By PfjeonhoLe. Padﬂci,[:tt , two of the owtiauts must be equed . Tha  outtodk
takes O(") tme. Com we co beHer?
E:ﬁ,thdaﬂ Attadk - T thoe one g students un dass oamd ot,sswmtvg eath
Atudent's bfnttha.ﬂ Ab O Ao dom 5;«:413-[3651 Whot us the waa.bilita
of Collision? 92366 = probet

9= 23 = P'mb:l/g_

4= 2 fﬁb’ 14-4 /.
In 3&71&{11,, bfhthd,aﬁ Ol..ﬂa,llj‘éf& shows that fmr Yl Chosen
..z[zL'hffOY‘ng from [N, the wamb[&’.tj oj' olllslon U aﬂawx Ys
Whemn fi,ra JN.



In ouA settiﬂj, this means that when the hash fuﬂwion owt’:u,t

0

Lb O lemgth n ([ Le, the sovge b of SLZL N=2" Lf we evoluate on

) Lemgth e e of ) A

g=~

FAom Com wete Cf—f—ftﬁtﬂb\lj Pasrcc,b?,vt., j—or . hQgh i{—L»::H C,tf,ovq Eo

Aestat  CoLlLstom ~Jﬂt’ﬂd2~nj DHLOUKs  Ehat vuum un tome T, #he

ou.i—}m,t Lem&th oj' the hosh fmd':.OTl must be ot least anjT bits
o . Zl-ﬂﬁT ~ 2

Cie., J—Laﬂjc A of Stze 2 = T%).

For T= 2'“, we need owtpu,t Lf:’njbh of hash fbtﬂd;,Oﬂ to be

at least 256 bits.

> disbonck .Jf-nfau,ts, we Wil $€e G CLolllston wlth waa,bfli,bﬁ Ys -



_Domain Extension,

Hash fumﬁ,ohs one ofl:em construected. ba j—irst d,esfjnﬂnj o. CRHF that
hendles j’fmd.-f.t’,ﬂjth Jﬂpm , and then msinj domoin extension ¢o

handle Mbﬁtm.afj ~ Le:'njbh uE'YlFLLtS.

Dormain extension
O thonsform
h > H
h— H
fﬂ]lﬁﬂ fO]fjh
fou'&*

MeaKle - DSLYﬂJti.hd. tnansform Uh 0N emm})Lc. oj dovnoin exkemsion.

fory™



Menkle - Domgard Transform
“J L

Ket hK:fO,li'm—-) [‘-':),13‘1"l be . CRHE

x n
we can design o CRHF He fong = font o follows::

Let 'K,Efﬂulﬁl- be o L-bit f:nru.b' that we want to hash M;[ﬂj H.

PMQC x.z ‘xl"", xB ? Whm&

I¥ L us

~ a0
Set IV =0

Zo= 1V )H hh Zi hk‘

not odiuvisible byh

L&)

Cleciyn:

I hx ux o CRHF,

B- and each X; e§mr§

we Pa_d, x with aﬂamfmo.te_bﬂ mony Os.

LNt aioZotion c.ctoT.

then %o s Hyg.

xg

L




Case 1

Pmoj :

Let wrs assume for the saKe of Combradiblon that Jb Wb eary to f.tnd.
Wy, w , Swch that Hg (0) = He (X)), wWe willk Show that JLE yust themn

alse be eory  to Timd,o, collistom Un hx to ornive ot o Contraodlcben.
[L]rF/x'} Y )(.E{OH&L and xiéfon?. I3  Hg (%) = He (%), them

Lt must be the case that  hy(., L) = he (- L). T J& 00 collision
on hg. This means, am MWYSMVU who (Com f*i'nd, tolliston n Hie,
Con olse ffmi a olllsion On hx. But Simce hy us L CRHF, [t
Should be hard for amy PPT odversary o ft'hd, Such (oULSLoNS.

Hemee, Lt mut ot be hanol fOY any PPT Mmswﬂ to Fﬂd

collistons un Hg.



Case2 |x|=]x'|: Ket x,x'e{o,lf. Porse x=%,...,%xg % wn'=x\... xyp.
Since  x*x', there must exist at least ome 1€ [Bl, Such that
w; # ;. ket’s /::EU: the LO.AjCAt:' Such 1.

Ej— He(w) = He(OF), then Lt wmust be the case that hig (., %)= hx ().
Thes Ub a valid tollision Ln hg. . But Simee hg b CL CRHF, Ut
should be hord for any PPT advasary o fi'mi. Such (OULSLONS.
Hemce, Lt muwst alto be hoaaol fO‘r any PPT a.dmsmﬂ to Fnd

collistons Ln  Hg.

? Hk u&. . (RHF.




A'bpbim,t:i’,om o}ﬂ CRHFs

Posswond Authenticotion: Imstead of .Stoadmj PL&.Iﬂtaxt Pa,ss.wom on

Savaas , websites cam store o hash of the passwords insteacd . This

ensuaes thot the Pa,sswwcu ore not oompmmtsed et Lf the &Beavea

S LomFromT;scd..

De.ciufati.:.a,t—e. Files: To aveid stori'nﬁ duftim{;e wf:&,s of Files, we cam
use hashes OJL ;FLP_A oA uﬁdaﬂtiﬁ'as. We coan hash two JCELu. to
produce Edcwtﬁfﬁus hy and hy, . If h¥h,, this Em))f)le,s D,#D, . If
hy=h, , Lt almost Mwa.\zjs E'mFLch fite Dy=file D,.



HMAC: Hosh J‘—uﬂcﬁows com be wuued 04 MACs.

MAC, (m) = H(K|m). It L c,mhfm,taﬁ.omauj diﬁfad,t to J(E"nci anothes
K| m'  that produces  the same hash.

Howewth, Lohen mﬁrﬁ o MenKle- Da:mjcim, based hash , an ad;msmj
Could potentially altach some odditonal § to m to get m =m|s
Aduch thot the om c,c:u.ELi.f compute ’:H( US)

ﬁacjom, un \':;)T&.Ctﬂua& , e uue,P@, nejbj&d, Mbijc_ LKe

MAC, (wm) = H( K| H(K|m)).



Hash- ond- MAC! I{ we hewt o MAC scheme »fm' Sfﬂﬂi‘ﬂﬂ fﬁxcob

Lemg&h me,ssaﬁos, aond wont to wuse At fmr sl 'm,'ﬂﬂ Mbtt&cuﬁ-
Le,nﬂth wusaﬂ% we can hash the wcssa.jc. to a,PFwFﬂa,te

Lenj{:h d_x,gu.{. ond  Ehen Stdn Lhe, ou@ut
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