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o For example, we con wrik a pregram P (857 Rivest

ok s o coine A bo kb b Pr LMY 3/ujos

(s=¢ am or P>

& As)

of (\\ﬁ h\g\n \cw.\ no'\\\\““\

LQ o gouree c«k‘(-ur e

(M\ &L\‘: 6 Cn“:d Rccumb- '“-w’cw- 11N ‘\'\'wv) o" wspshhw \

= Alp) (running P & seme s cpphing [

. De{'e. The Hq\’hn;?v\o\zm e Gm-.h a prg}ram P 1-L.e.\- h\us _____' :_—
e mPv\'s decide + © \\q“.‘ jor lowps 'Gbrewr u)wh fun,

‘ﬁ\'\\vM" -“N. Ra“ﬂnq ?W\D\tm 1) uholeaaout
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R hin.. \oopsB tyue
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%P haNs
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Pocks Assume suh an A exa® (R e hove ik eode):

CLet P E[iF AP) thew loop else halt

‘V\A\q\' 0\065 A do OV\P

\a A(P) then A sws P hik D A0 won

AP

1F A&\-hlu l'Lvh A $4y) p lwlp) DA Wong

|
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Ken Thampson's “Retlectin on Trushivg Trot” (198Y)
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ll(x\ - it X_L -t-\\-en a\.*pu'\' C(L)

l . eled x=C then ou*pu‘\- C((‘_")

) sourres \oshe esn ! o v
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L30, &

h’iy Manggement /K ey distribution

e themes: Cv"yp'to eys, iames meJuq\s,
trust nJe_nt.t scqling, Usability,
C‘ertitfta\"es, PKJ: T‘Tﬁ

o Ceypto keys need to be shared/distribukd 1o loe useful.
e How is such Shqrinﬁisfﬁbutfen fo be af‘ranjcd?

0, Dif‘g_q,ﬂ;{ = by physieal meeting
Alice Gob
Py

Meet in private = no eavesdroppers (privacy)
Reco_gnfu e.qc\n o’r‘nr = aq'\"r\e nh‘m‘h‘ on
Skﬂﬂ-/exdmnjc PK% or symme‘l'n‘c keys

Sﬂ_\f!-_ iﬁ DB:
Al e name hey Bob name key

- - \Alice | PKa |
[Bob | PKg o

Note use oF names +o iJenhfy entries
Pr'\'\(acy no't n_ego'er.] i keys are PK ’5 .



L0, 3
Alice or Bob cowld be a computer (e.a, Alce
installs key in compuler Bob, or Computer
Alxe gives user Bob her publr ke.\/,,,)
Such direct meetings are Necessary foundetion

of any app,fbac.\q to ey matj as remoche
meetinjs don't iniole ey ther authentication

ol Pf"\'\ldc\/ nq'\'urqny b

@ Tndirect /Two-]:n\f_“ using TTP/SQPW:’:

S Alice & Bob can't meet directly,
/ \ but They have both previously
A ¢ met with § & exclnanjcal heys.

T\f\ey can Use S tv broker a “key se'lup“
QPef‘aJCfon so that A &B end up S\ﬂqm'nj a
lua, ) more-or- less as if 'Huy bhael met a,s‘rec'l')y.

But: they need to trust § o behave poperly
and se‘ha? (Jm“‘bco\ (“kcy exd-\ansc“ pm'bco})
 needs 1o be wel a\csijnec\ ('\T{ka.! )
Needham & Schroeder poposed two Pm**vco\s .
one for symmetr keys & one for puble kys,
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(\&ed\'\qm—&‘vmdﬁ Symmefr.‘c key Exc.‘\ansc Pm‘l'bca,
Mmﬂe\y shaveds

K AS s éymmdh'c._ ke)( _s\nw.l between A & S

KBS - e s & Yy, B &S
Geal:
Kag = ~ * “ ~ AkB (ad§)

Notations ¢ (sﬁ-anelard\
[ NA Nnence acncrfq’\-ed by A

Ng  nonce genemied by B
“nonce "= a “Uli-ﬁ once.” value (ncvrr' nepeai;)
conld be Caun‘(u) or lonj random value
Nonces can protect against “replay attacks "
® | {M}K = 'mc;ss-flge M encryp‘tc& & au\'\\m‘\‘ﬁ:q\cd

= “awthenhicded | with \(c.\/ K ( €.9. derive K, 4 K,
£aty plien*  fom K j enceypt M using ABS in
surhble "”“]"v, then appenJ Mﬂtka
of cighertext ).

L iersture often vague abodt paperti 3§



L0, 5
_Symmc'l‘nr..

Potocals O A->5: A, BN, = “Ni, T'm Ale £ T

want o Tk wirh Bob,

Ny is my “request nonce” *

As

G bjo\g” r 4 = "DK. Henvs KAB ‘Gr)rou
& & blab bsM o B_*

L
@ A-8:({Kq, AL ) = “NiB TmA.
Kas News a blob”
(Bo\: c-'ﬂec\!s gé‘cchfp\! B)oj))

@ 6A: Fgd

Kag

@A"B: {Ne“izk p
A

um A. Hereh a c.\wncn’c
To prove you lenow kAB- ”

1]}

“That's easy. Reres )
Ng-2 encrpied with ¥ o |

Nb_ks.c A, B', 4_29_\____5 know kAB
S m“ﬂ' be héka ! (s Cen Pmkﬂ‘ o be A"h B

or Vice U!rsq,..)

Note roles of names: handles 1o rdenttiy partes,
addresses 1 send messages o
fext Srings v pu‘\- in messages

), Adversary
Alce o Rob...

TF no nonces (ot‘ Pe_f\\,” '.l'\'rﬁeﬁ_’l
Could replay €arlier Pn\vco|

Kc’_r’ 05



Lo, 6

| Pub\\t'kez |
M px p KS;( = Pu'olut_, Secret \u., of Pm-'l\/ X

Assume 3§ lnows KPA , K
ALB lenow Kpg
@ A'-%s: AJB H "re,ue_d' feom A for kPB

S-A: {KPBJBEK
38

P8

Signed “art” e B PK

s H! I'mA, with sonce NA !

= st fom Bfor 6y, "
T Sigred "cert” for AY PK

" (nole thege ave
bound 10 t?"\ﬂ"
Nen Mal 41:\0. )

,H

E yep) T'm here !

ﬂ“_\f.': 2’ 43""“\,’) e cemoved by having rert 3" inside @)
Atendt only A 5B know Na &Ne . eqwstpper‘
doesn't |
Te this secwre ! How do you Yell ?
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Atrack. found loy automated analysis |
( Gavin Lowe. Found it in 1995 = 17 years later!)
o In'\?uJCr o 361‘) A ro initiste communiction wirh T
@ X passes knock SNA JAZ on b B (ﬁhr f‘eeﬂ"vp“iﬂj with kpg)
@ B mpmés wilth iNMNng , whih T Sends 40 A
“PA

@ A SCV\AS {NBE‘PI'}O 3, IAC:NFl'S R jgﬁ NB
@ T sends iNB%KPB o .B

NOU B 'ﬂ'ﬁnks I"w. 1% S"\qr'mrj Nl'\ &NB On‘\y wirh A,
but T lenows Ng . Thy 3 wrong.

Fxs ) B>A¢ fNMNBJE}

“*a
Morals  Re QM i Fmbco]_s.’
(€.9. give session id bty ways & identtties ..
Give hash of shared Tanseript I each metsage

(iie. ofall previouy messager) ..,

Automated analy s worky '
Huge litemhare on Key establihment protocols,
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Certifaates:
o Typially : a signed shiement fom an “iiguer”
| abour o “subject” 4 hi puble key
¢ Tn Neeé‘nam— Schrveder !

Pn 3A} s P‘bb*‘jpt CCP"NF\‘(J‘C

L’& Secrer Kay of (ssuer igns
Niame o'[' Suhjcc.t'

bl key of subject
3 Cerhifies that Ale's PX 15 Ko,
¢ Othen can get thd crt from 5, from A, o
from some online dafabase.
(KonfeMers MIT backchets thess, 1978)
® §_°;"_\ﬂ Row ¥ Scale From 10D wses To 1O |
Everythiny shirts loreakings

= there & no one server everypne trusts
= Dne <Seryer can't h_qgu”t lonll

~ what are names K




L 20.9

NE!W\QE o

® Wow does Alice lanow Bob's name 7

® Lan Ale trusy Bob when he says ho name i |

¢ Who ensures that names are un.‘,uc?
Wow & thiy done’ Cam i+ be mamPn\«\a\ /compmmfsed?
[-Compn_ﬂ-! emai) aalclm.&f-s...-]

e T Alice can 3:‘( Rob's (name or emai\ address)
Correetly a\teady, why can't she get hs PK

the Same wo\y-?_

One aﬁroadn_: Hierarchial Naming syskm




L0, (D

X,509 hieravehy

Wbjec
e

Fohn Smith
DN = ‘d \'s*inam‘s\iea name"
s “CD-?US/ORGWIB M/DW=IBM-EAST/CN='J WS ‘H‘"
= ) ! ] — own MuJ

éubjecT‘S DN
These DN bewwme unwfe\dyfoc peop\e o wse,



0. !l
Certifiate 'Rc.\as_'.:
V:er:s{_on Hh :

Cert serial #
Signdrure a\gorirhm
Tssuer DN
Subject DN
Validity period (not bebore, not atter)
Subject PK (a\q 8 key)
Lsouer unique ¥
Exlensions $  type & critial [non-critine +lag
| L Key usage. (encs, sigs, cerls)
cert policies
subject allerncke name
path conshvants
Usea by TLS (s5L)



L adi &
SPKT /SDST
e allernde Grumewede by Ellon, Lampsen, Rovest Kothes

No 3\5&\ names (sort o, )
Each PK is a CA & has ik own name space

| K., A \ is rea“y a glo\m\ name
Q— vdentiloer o name

PK of ssuer

e Two 'lypc's of cntifivates :

name cert = qesociates Name with key
or _another Namé (!)

Qu \'\'\ C'Crt' = 3\\!&5 Pemﬁs\'bh (GMT\‘IOH}ﬁ‘;'bn\
Yo whjeci'(s)

* Name C'crt'::
Provide elcgqn\' &Hexible ‘ﬂn\gc‘om“ of names

Albws one to describe qmups (maltivalued names )

cect = (K A X) K = lssuer PK
| i A = jdentiRer (name)
- < X= PK ((heﬂ
K. A => x 14 PK. IJ- ﬂame)
or My ithidy - idy

&l o« , N
ve ewnrite
give as e Cule | o) e



Thierence

L3t.3

Examg\eb'. (let K be Y pk)
K.. Reb g "<° “I say Bobs PK iy k. !

(No\v_t the name "Bob" W my choice
& arb'\'my. T4 doesn't need +o
Cotelle with amything elte )

K.Bob => K, , Bob=Smith "My Beb 3 the same
as K's Bob Smith ¥

—

(K. Beb = K. mit, Bob-Smith “f'\y Rob i same as

e e —

K.. mit ’9" Ka
]‘(.‘Bo\: = \< . BobSmirh inferced rule

3 mup

members

Croupss K, friends = K, Alice
K, feends = K, Bob

Let K?« =mt 9K
K, . faclly D K, , eecs,facilty
K., 'F_hcuh'y = K. . math, facu Ity

(gfbwp defined as union o otver 3mups)



Ll
Authoriahion cert & AcL’s
ACL = aceess contol it
Can Pt name on ACL for a resource:

"Only individudls in K, Friends may
read hles 1w this diredory
Authoriason @it
Tusuer Vay K
Righhs being gravted ( read dirdory Yoo |
Delegatble or nst”
Subject Yy or name

K [naé\ V.28 delegitble ] = K, Lriends

[ Thete vt polynomia\-ime algorithms fr

AL\cm‘minﬁ w\\e“w o _j?\_rw_en Co\\fc 0N b'F
Name & auth caalR impkcs thet o given key

(\\au‘r‘norraul o per\cvm a g\en achion
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Certificae revocation

Why? = key oo ror -’se |
| = change » ?)iatvon
- e.\mn e of qu\"\mh‘bm
- c‘mnge of name (eq. mewger)

'Fmr\y \mj\ Yehuen f‘q\e
Tf cerhifade says ‘900 unkt) R030-12-01"
W")o Aecdes .‘- 314* s gooc. enou5\r17
vesuer?  (eurrent prachre)

P
(‘e\y'm 1!‘*‘7‘ = 5}%“\& be {'El in ar}‘y
SP | Cf-l\ey are. Takiny iaprn.sl't )

Helph) o think about it Thd way ¢
= Tssuer mainhaing authoritive DB
= CerMifiraes are wendy ‘fsneps\.u_h?’ oF Thems
= Noe thet DB may not fully reflet kay compomies e¥e,,

Method @2 On-line cheek:

| Relying Party askes issuer o ceet sV 4ood
Tosuer gives signed response (new cert?)

= OCSP (_:o:h‘iﬁt. Gthfade shhs ﬁ_rphal)

Putt heavy load on server!



L2V 6
Method @: CRLS (certifiate pevocction lat)

Server periodicelly ssues CRL,

| 3'\\/;}\9 I\'S’r o"' (‘Evb\lea‘ _Ce.d' Scn‘a\ '5-"5
('.‘;igheﬁ‘.; of cpurse)
CRL canwje¥"oq3!

MQ’T\MJ@: (due tv M(cq\i)
| Cef’l‘ Ccm'hihs e\na poiﬂt a'{' a L\a_s‘\ C.\hqin

X365
® X3uM

i X343

On day d+i ,where d=cert issuing date,

you need X to validale cerls Sevver can
give X 1o kKeyhdder o fo anyore else,

Relying parky Whashes ¢ times & checks #hat resdbex,

T no x; given out, cert “expires”,



