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Announcement ;

• THIS THURSDAY ( 2.4th Oct ) i 1) BRING LAPTOPS

2) HANDOUT TAKE - HOME
ASSIGNMENTS 1

. ( THA- 7)

• NEXT MONDAY ( 28
" ) : OFF

- NEXT THURSDAY (Mst ) '

. CONSULTATIONS RE
. (THA - 1 ) &

OTHER
.



TODAY :
- Basics of Q - CRYPTO

,
ESP

.
QUANTUM KEY DISTRIBUTION

OF Bennet
,
Brassard '

84
.

- Mathematical formalism of quantum information theory
( applied )

LITERATURE : . N & C
"

•
"
GUIDE TO MATHEMATICAL CONCEPTS OF QUANTUM THEORY
Heino Saari , Elman ; arXiv : 0810.3536

•

"

CRYPTOGRAPHIC SECURITY OF QUANTUM KEY DISTRIBUTION
"

PORTMANN
,
RENNER ; arXiv : 1409.3525

•

"

A LARGELY SELF - CONTAINED AND COMPLETE SECURITY

PROOF OF QUANTUM KEY DISTRIBUTION "

TOMAMICHEL, LEVERRIER ; arXiv : 1506,08458



Crypto lol .

messuages,Ali##→ message m
'

a

(
phone line
I letter
- internet (email )



Crypto dot
.

Insecure ( untrusted) Channel

messuage,Ali-_µ#¥→ message m
'

i



Crypto lol .

Types of "

security " : authentication
I

mesmsase,fe-_µ#¥°→ mesmsage only

i
"tail

"

I
v

m ← Charlie teared our

secrets
. . .

but didn't perturb .

→ message authentication ( MA code
,
MAC )

→ digital signatures



Crypto lol .

Types of "

security " : confidentiality

message,tlig → message

ie
"" " m

ti m
' "

nothing to do with
"

m

learns nothing ,
but can perturb

- RSA
- Vernon Cypher , one - time pad



Crypto lol .

Types of "

security " i securechannel
I

mesmsagee,ge-_µ#§→ message

.e
nor t

ti m
' "

nothing to do with
"

m

learns nothing ,
but can perturb

"

encrypt and sign
"



Crypto dot
.

How ? ENCRYPTION

K
'

k

tf
,

Enc ( Kim )

mesmsag =0q-_µ-µ→ Deck' ,Enchant )µ

plaintext ciphertext i
However , . computational security , (public , private) key

Hard to compute private from public ( Factoring)
• intonation - theoretic security ! shared keys .



"0ue-timepad# INFORMATION THEORETIC security

M= one bit
→ M=o

→ min

key : random bit k
,
shared by A & B

C -- Enc ( kin ) = Koth

Dec ( K '
,
c ) = K' ④ c } Dec ( k'iEnc( kin )) = k

'
ktom

It k=k
'
=3 Dec ( K'

,Encfkin ) )=m .

k k
"

correct
.

"

t t

m →④ → C- MAK →① → m Kok - m
.

Ha

④ Intuition ; Chas
"

nothing to do " with

M anymore



K c#neck , m ) k
out : Dec ( k ,

C )

m→→tc=qok→→mo+k①k-V

④
A (cryptographic ) protocol-Players

- Inputs & outputs
- what they use & do

PRECISELY : OTP = ( A ,
B

,
C ; insecure channel ,

shared key ; Enc , Dec )



What does "

security
"

or

"

confidentiality
"

mean ?

MAKING IT FORMIC

Pc (m ) - his prior knowledge definition of scarily

"securiiitpa.cm/C7--Pcln
claim IF Polk ) = uniform .

then

OTP is secure



Next : Security proof fwnost important part . . . )

Pfm -

- m )
RCM -- n

,
C :c) '' 'I '

' ' i' ' = Mm,Pf Man l C -- c) = p⇒

Pc ( c) =P ( mot K ) = -fP(Mott ) t f Pln)
- f ft - Pln ) ) tf tht =L .

Cel

P (M , c) = { Plk) P ( M ,
Clk) =L Pfm , c Iko ) tf Pln ,

c Heil

= f P ( m , m ) t f Philem ) = { Pln) to = { Panyu



Many bit message = many bit key . . . point -wise Xor .

How many ? Entropy of message distribution
. . .

For uniformly random messages = # bits

Shannon :

Entropy ⇐s compressability

In short
. . . Having pre- shared a fully random message in the past

allows A & B to share n- bit confidential messages in the future .



But
. . .
can we share keys

. .
Now?

"

key distribution
"

problem .

Quantum key distribution =

"

Quantum
"

protocol for the distribution
of classical keys

not QUANTUM keys . . .
QKD : Allows A & B to generate secure

,private shared
keys given :
- untrusted quantum channel

- authenticated classical channel

NOT KEYS FROM NOWHERE
. . .

AUTHENTICATED CHANNEL NOT INEXPENSIVE

Wegman - Carter : Auth . channel with failure prob 2¥ given k bits

still Auth
. M€4 cheaper than confidential channel

. . . indep from E .
-



Basic idea :
. . - measuring quantum systems in some

state 144 perturbs it
(unless M -

- { he > Ii & 141=14) for some i )
. . .
can detect if Charlie listens

To do this properly need density matrix formalism
to talk about ignorance about systems .

. .
Later

.

For now

lo) -tf
>

"

"'
" if → Its ×

→ "hit → t> L

H) -Ftl → It > → Its ✓



Quantum key distribution
- the basics -

Nasty Charlie Objective :sits here untrusted quantum -
channel Eg Using : Cg , Eo ,

local randomness\ f Alice & Bob establish a
shared key k= ( kn - - kn )
-

-LATEEF E:*:: it::::m
T Peck) = Polk / all intonation

exchanged )authenticated
but net
confidential or the protocol Aborts . . .
classical Channel Ec



Quantum key distribution Protocol Q K D :

- the basics -
-

"QUANTUM PHASE
"

sits theatre
""""

untrusted quantum ④ 1) Chooses 2x n
'

,
n'= Hts)h ranits:

Channel n ' local randomness easy feig¥
. I
.

Eli , :i , bibi,
"

data
"

" stasis""

21 sends n
'

qubits to Bob

T
authenticated
Ttt K" suit is instate

:
.Confidential

classical channel

14k> = Hbk
'

x'"
'

log
,

11) t)

④ Receives qubits , says so ,
and measures

each its the basis { 1041171 ,
or { HI , Ht ,

choosing the basis uniformly at random .



Quantum key distribution
- the basics - PROTOCOL Q K D continued . . .

" CLASSICAL PHASE "

Nasty Charlie Reveals all the "
basis

"

bits
sits here untrusted quantum

channel { ( i , bi ) ) i¥ t ④ Names allpositions where he choose
the measurement basis correctly .

A
authenticated A discard all bits where they
but net disagreed .

Confidential
classical channel with high probability ( in S )

they still share 2h bits
.



Quantum key distribution
- the basics - PRoTocoLQkD_ continued . . .

Nasty Charlie Selects randomly n bits ' ( €11)
sits here untrusted quantum =

channel and announces to Bob¥ t it AII ( e xn ) is wrong"

THEY ABORT
.

authenticated A& Run INFORMATION RECONCILIATION ( IR )
but not

9hatissF9lnanneA@3RunmPRmNAc4.f'T"g%n9"LY (PM

(R = ERROR CORRECTION
-

PA = HASHING



Quantum key distribution Now : What is actually going on here? !
- the basics -

Nasty Charlie
Correctness in idealized universe

sits here untrusted quantum . . .
all perfect , Charlie doesn't exist

.

channel
→ with exponentially high probability ( in s )¥ t
after revealing bases

,
share 2h

bits
, correctly measured

.

→ no errors are tuna .

I → IP & PA will output identical keys
authenticated
- when start from identical raw keys .but net
confidential
classical channel



Quantum key distribution Now : what is actually going on here? !- the basics -
.

I

Nasty Charlie
sits here untrusted quantum Security in presence of Charlie .

channel
For Charlie to learn the key .

. -¥ t he must learn the data bits
.

How ? Must measure qubits .
4 But in which Basis ?

authenticated
but net

oiatissilnamei YI,
'II DM

d
which Basis

can he learn the
basis ?



I qubits .
. .
2 bits ( data t basis)

→ Hotevobounds ( A bit I qubit
Nasty Charlie

sits here untrusted quantum → NO cloning . ( no physical process
channel -

147107 → 147147 )¥ t
→ intormaiogainimpisdisturbaice

'

El
motion * Dmf"¥t

"

Enticed 14out) # Hun)
but net
confidential

. .
. if Charlie learns something ( six bits )

classical channel
. . .

in the process with high probability he perturbed
some States

⇒ mismatch in the checking phase CI
⇒ Note

. .
noise
, imperfections also cause

errors
. - -



"÷:÷÷÷÷÷÷÷÷÷÷±:*
INFORMATION RECONCILIATION WANT

PABC The PAD . Pc ( Charlie uncorrelated )

÷÷¥
.

Is:c:iit:c:c. .

. *

to pin - point errors . .
'

PCKA , KB ) 2e In × S
,

⇒ LEAKS INFO . . .

,

✓
CARD

-

i

say -- I "o . '¥h
PRIVACY AMPLIFICATION ( INFLUENCES ca - - - - - -

s
-

-

f Dirac
- delta or

Kronecker- delta )

cryptographic Hash functions . . . uniformity over outputs . . .

f- :{ oil )
"

→ { 911M
.
.
.

based on subset
parities . -



Security :( INFORMAL ) : THEOREM tf Charlie security statement about PABC
Holds (within E

, except
with s ) PPP (Dist ( Paiiii

"

,
Piti:') Ee) > t- s

correctness ( informal ) : For honest Charlie
, ka - KB

.

.

. . Proving tf Charlie is tricky . . .
Also

. ..

what is the scope ?

History of QKD proofs is long - . .
and rich

.

1984
.
Bennet & Brassard QKD ( 131384 )
→ intuition for iid Attacks
without quantum memory

" 90 's Ekcrt ( '91 ) different protocol via Bell
→ iid

mid - go 's collective attacks
2.ooo 's' Shor & Pres

,
kill first proofs for general attacks

2003 Toward com posable security
2006 Renner one of first -broadly applicable proof techniques ( exp . Q. de Finetti

. . )
'

✓ ,



Security) : THEOREM tf Charlie security statement about PABC
Holds (within E

, except
with s ) RB(Dist ( Paaiiii

"

,
Pai:') Ee) > t- s

correctional: For honest Charlie
, ka - KB

.

.

. . Proving there is tricky . . .
Also

. ..

what is the scope ? .
.\/History of QKD proofs is long - . .

and rich
.

µ

study)

nave

learned
'

guy
wipe

&

"

correlations
'

y
'

1984
.
Bennet & Brassard QKD ( 131384 ) x c

'

guy
got

"

one
→ intuition for iid Attacks we →

information
HM

without quantum memory i
'

classical
&
H
"
"

µ
,

,µµmd0¥t⇒/a" 90 's Ekcrt (91 ) different protocol via Bell

systems
in
GMTV

"

"

→ iid

mid - go 's collective attacks
Zooo 's' Shor & Pres

,
kill first proofs for general attacks

2003 Toward com posable security
2006 Renner one of first -broadly applicable proof techniques ( exp . Q. de Fioretti

. . )
'

✓ ,



Interesting :
- security based on laws of Quantum theory .

et

- easy
"

to implement ! only single
qubit States & measurements

- Comercial
.

.
.



⇐ DENSITY MATRIX FORMALISM

- QM axioms again
- reduced state & partial trace

( subsystem measurements)

- quantum channels & quantum operations
- Fidelity & trace distance

Back to g .
crypto



1.)
"

Ensemble
"

In crypto we talk about knowledge
, ignorance ,correlations . .

.

In CS we talk about X random variable over message space M

bitsbrings & well -defined plan) = ply , :-. :
"

Ignorance
"

States of registers . .

plant it is in English) tftp.iin#:n:ii:.::::::::i:÷÷÷÷÷÷:÷÷:::"
✓ . . . Relative entropy HH ly ) -- - EenPLAN log )

( Kullback - Leibler divergence )

EV Mutual Information : IH :yl -- Huy - HIN 'D
Distributions over Quantum stakes .

-

.
-
-

-



1.)
"

Ensemble
"

r

Ivi) E H ti
.
All States are known . . .

* PUSHA

IT
V
TI n

iY¥→ lie > ly> = { Yt! ! !! Note
. . .
output -4 E. Pitti >

it
14ns - h- Pn . - - not even normalized

⇒ NEED MORE
"

Room
"
IN REPRESENTATION . . .

ALL 14) EH are already used up

14 > ⇒ 14×91 # IT
'" ( ATM> 147=14×9114 >

= 14×4147=29143147)pure state ⇒ rank- t projector . -



DENSITY MATRIX S

S = Pil Yi X4il , { Pi 1 Pi 30
.

ti

Mi ) EH
, 111147112=1 .

Note S e LCH ) ( linear operators ON H )

g
traeesunotofinggr operatorAll density matrices ( " general

"

quantum States )
= sum of diagonal elements

Tr (ABC)
-
- Tt (CAD)
-
- Tr (BCA)

S (H ) = { SE LCH ) / S is positive..sfile ,
Tr (5) it } ⇒ basis inner

PSD

PSD = Hermitian ( symmetric) & all eigenvalues 30 .

S = U diag Cdn . . . In ) Ut ← spectral theorem
.

Tr ( s) = Tr ( U diag CI ) ut )
-

- Tr (Utu diag III ) -- Tr (diag = Edc .

SCH ) is a convex set
. . .

⇒ you can arbitrarily mix any
two-state#

"

pure states
"
:-c



⇒ Tr 1=1 ⇒ Exist

PSD ⇒ di go .

} d 's Ee probabilities

in general S = Edi l4iX4il ( unique up to order for
I

non - degenerate . )
Epi l4iX4il

. . . just right !

pst:= extremis Ot " " tjyyyy for some 147= rank - A States

-EDTATES:=everything else



: :#
"

Xt¥x-A€



Axioms of QM revisited

Itala [ over H
. . . ]

2)Etdedytem: defined by UELCH) ⇐ U : NH ) → LCH )

pure : 14)→ U 14 )
I technically U & U are distinct . . .]

density : g→Ufs ) : = US Ut

consistency i 14 ) -51471=0147 ) [ NB : ( uhh )
#
= ( y , u* ]

-

i n
u v

14×41 → 14%4414--14×41 ✓

Convex- linearity : operative meaning. . .
-

u t

f- Epi Nikhil → UK) = US Ut = Epi Ulyixyilut



31Measurement@fpropeclive1M-Ll4i33jie.g
. Ho - ' 07,10--01 ) - .

Pure picture : Pali 114 ) ) =/ Chilli > 12
I

M -- { lluixlitgi
Mixed

.

M on f =

Pm ( its ) -- Trflhlixuli)



why ? f-
' EP; 19×91 Pmlils ) -- Ep; Pfillllj ) )

= Epi 159;l4i> 12

Pm ( ils.FR/l4iXYil5)--Tr(l4iXYilEpjl4jX4jl/--EpjTrfl4iXYillYjXYjt)=EP; 5419329,
' Ni) -- Epjklitlil

"

=

Nb : Tr (114×91)=24514' ) ✓

4osi
mailing :

( s , 4) → 50×4 i
.

I %
me, next ,check : 5=15×51.444×41 ; 192141

,
→ ( 151.142) (61¥)=

= 504
Ok

- -.



Density matrix of a multi - qubit ( multi -partite ) system :

14am) -

- E Vi; Ii > lj ) ; 44ms I = E Viii siicjl
i. j i '

, j
'

14aisXYa.is/--EE8ij8*iijiliXil0nljxj' I
i. j i

'

, ji
-

= di Hj ( ti
'

ta CI
'

1B )



DENSITY MATRICES GENERALIZE QuANTUMsTATE# & PROBABILITY Distributions
-

Classical distribution over bitstrilg

say P ( bi . . .
bn )

⇐ ) f = E P( bn - ibn) Ibn - - bn Xba . - - bn )
by . . by

AIB correlated ? P ( A- a , Bibl a f- La b C- Liz

↳ def HA := span { la> latha. } ,
Cala ' ) - Sa.at

Hey :-c Span { lb) IBELB }
,
Cblb ' ) -

- Sb ,s1

Say -- E Pla ,b ) taxa la lbxbl
,Atta

bello



Say = E Pla ,
b ) taxa 1*0 lb Xbl ,atLa

bEcb

A C.C
.
( classical - classical state )

Say = E Pla) Iaxal ④ Sa
Atta t

any E SCH I

→ a C - Q - state



RECALL BASIS - DATA ENCODING

b -- 011
,
D= 0,1

b - o Seo = -110×01 t flexi I = { (38 ) t -1189 ) - I A

b-- n San -

- I HXH t ft - x- I = } - f ( ff ) tf .-ff/=l
SAME STATE

.
- .

1/20 314
Data bit ? Sa . . = I loxol t f I txt I = fool t I ¥; ) : (no, y¥ I

earn -

.
-innit -it- x- I -

- f : tt÷
.

-¥1 -- flisii" )
=) F a non trivial measurement - -

- - -

success prob 7 -1 .
.



Moreonmeasurementsipost-measuremehtepng.ci)

Atl = { 14h) ) i
"

collapsing measurement
"

for non- demolishion measurements
. .

Eg :

p ←
outcome
#

he>→ Dm.IO/-tJm-io-tmI.-#-- -

outcome consistent outcomes . . - I> tells you what the state m.us#be



- - - consistency - of -outcomes suggests a class of measurements

called
"

protective measurements "
,
which

"

collapse the state "

14 ) ;→14i ) with probability 1 exile > 12 -
-
-

.

.

l
l

'
- - --7114×411147 = 24,147114

' ) ⇒ probability of i : I

K4ilnLYil4ll4illIIcYil47l2.7Proiedi@emeasurements.M
-

- { klixvlil }
⇒ on ANY S M→lYiX4ilSl4iXY ,

with prob . Tr (l4iX4ilS )
Tr ( Hittites )



More general measurements : ( clearly ,
this is allowable by QM )

we > → ④ → i -s → this
p{Milli any set

{Mil )
( not a basis )

Represented by :{ Mix Yil } : 14 > → IN '

XYIIY )

= In

"

with prob Hill > It



A class of incomplete measurements :

Measurements of subsystems

HAQHB
, HE span { kill His span { Pjs )

14AM ' if Vii Hill Bj )
{Ni) ) E HA

M -- { 14×11 Ali

P 1*4 Hany

"

1441410411 Hank -- H f; Hakkills> 112



Lemma : §; Vij kills,> = §
,
Vij

'

Hi > IP;)

Proof : if . 14J ) is a basis

§
,

1411410 A = 11011

= > §
,
Vij kill Pjs -

- fi ; Kj IYKXYKI hill Pj )

- E
; & Vii Nicki )) 14k> Hi ) = Ej Kc; 14k > Pi )
-

ski



Any f { His } Etta every 14ns)

= §. Vij Mi > 1B's )

M -

- { IYKXYKI A) a

Pfk ) -- H §. tiihhcxhhchlillpj > It
!

'
- H g. 8k ; 14*7%311

! H 14k)§hcjlB> Ill
= H ;EVujlPjH?

tsubnormaied residual state . .
.

.



Residual state qtr; Pi )His > = -
1158419142

Incomplete projective measurements :
'

t

'

For pure States

orthogonality - - -

i

a bit simpler :

M - { IT; } ; Ijn; -- Tj
,
Eh; - th

i

' 14 ) → Tj 14 >

IT; SIT ,
'

'

with prob HIT; 14mi
g → ,

with prob Tr (SM ) ! E- Trfltjlykxl ) )

Eg : { 10×01 HB
,
11×11 Hg } !

I



Example : 14) : ¥2400) t 111 ) )

Mi -- {10×010×11,11×11011} Me -- fltxttoxtt , txt 113
¥, toute ¥, Iaea

pro:% Iigoxol mini µ.IT#nTtxioxHmmi--H-tlTloxoL.oloxloHtHoxoLsoxmDlI--HEl'tx÷Mtt! "DH .
'

rz

r l -Hittin HH - Itsuki. -1
-

- Htnlollosll = -2 =
"
residual

,
post - measurement state #esidual

,
post - measurement state



Comment
. In complete measurements AIL info about

the initial state has been converted to classical
intonation .

Incomplete measurements . .
Some quantum info

remains

Mais) classical into =/e-114 ( classical int ))

IYAB> IID-1¥ classical into -

- 14,z( classical into) )



PARTIAL TRACE
-

- SA
HAB > =→- SA Or HAB ) -

¥q,
get

DEFINED ON DENSITY MATRICES
⑧

HAB).in?8iililljsl4AbX4ABl--fg.&.8ij8i*jilixiYfxljxj' I
,

Sit -- Tris riiriiilixi lixil.fi?..riir:.ilixiiTrhjxit?y=i.EffTi'glint ;¥.%µixi"t th
.

keeping TracingA out B Sjij I



HAD
S
't

say ,
M -- { Ha lkxkl } -

- { Kk }
get k

H¥¥¥¥¥¥¥¥¥¥E#e
hi;
-

Sit -- Tris riiriiiilixiliolixil, ]=÷¥ri; ixiil.TN 'D= tix

w n

si;i⇒i:i
Recall SAB → (Itu Sab Tk ) . Tr

' '

tiles ] -

- sa 's

Sais -- { ÷; riiritiilixi
'"YD

1 To unless k=j=j I

= Sab = { EixiYl⇐ outcome sane it forget



'⇒¥i7ihmn:IIi
a. a.me , e : nth -suit

"
Quantum channel

" [ deterministic Q
. operation)

- generalizes unitary evolution = Completely positive ,
trace preserving

E : S → S
'

.

[ specified by 4
,
U

" " P ( C PTP )

mini" ""
" µ it .

2) • f PSD S
,
CCS) is PSD

E B) = Tra [ UAB ( 14×41 5) Vast ]
. tf 11A fairy dimension )B

Eg : logo s -a- ( Ha. EB) is positive
10401 = S completely positive

H

C (51=10×01 IS



Whyte completely ?

Eflixjl ) -- ljxil ( transposition )

114=-111. oos tiny +,
l ! : :& )
-

(H ② C) 14×41 = ④ C) If tiny Kool tkill ] =

= t HI C) [loxol loxolt 10×110×10×11 t 11×01011×01 t 11×11011×11 )
' """i'÷ :

""

÷;:i:
"""' il : : : Hi

Wku



Valid maps : turn guantm slates into valid
-

quantum status even if applied on subsystem . .

⇐ s CPTP
,

Kraus 's operators : { Bi } , St § Bit D -- H

E (9) = ? Bis Bit

{ CPTP ⇐ > ft ) Krauss representation ⇐> CHI -- Trat Vaslui Han )
For some UAB 114 )

Stinespring dilation theorem ( Church of larger Hilbert space )



ALL cfomplete) measurements i positive - operator valued measure

(POUM 's )

{ Iti ) Thi is PSD ; Eri - th

s → i w . prob . Tr ( his)

Equivalence : ALL Poum 's :

g

"

+

"8964 affecting ,measurement
AD



QUANTUM Operations & Quantum instrument

Dii ":c: " :÷:c::*.
trace - non increasing

=) Quantum operation .

Kraus : { { Bjitsii ) i §. BY ;D;i is PSD { f. Bfi Dii '- A
-

Fi ( pom )

S→
f. Bii SB,¥
-

Tr B;ieq¥ ,

" E
Truism



QUANTUM Operations & Quantum instrument

Di→ "

Ishi :::
CAN Do

"

Also : output ofKraus : { { Bjitsji ) ; Quantum instrument is

g→ j? Bii
913¥

a C- Q state :

t.gs#T--EilISoht=fTrlc4elllixiloxcicey...TrCcicsy



⇒ Unitaries & projective measurements
" complete

"

in the larger , dilated ,
space

Analogy : Randomized computation uses
"

larger space
"

: random tape . .
.



Distance measures :

1.) Pure state fidelity ( not a metric )

F ( 147,19 ) ) =/ ( 414 > 12 ( overlap .)

F = O ⇐3 orthogonal
f- = A ⇒ the same .

2.) Trace distance i singular values

Trace norm : Haller = tr ( FAIA ) - { sit
PSD

= {Hit for normal matrices

Trace distance ! D (5,61=-119 - totter



1- too ) ED 1961 Etfs,sT

For pure 5,6 .
(also mixed via FG,d :[Trtsrr ]

'

)

Operational meaning

D ( S , f) = SUP (Tr ( ITS ) - Truth )
OEITEII

Alias probability of guessing for 6 ,
under optimal measurement is

It -1171961 "

distinguishing advantage "



Sa. . -- f :# t.gg )
Sd - n = (71

'

4) How well can Charlie do ?

{ t IN Sd:O - San Her

÷i÷:
tr 'RE:L -

- It in -
- If = 9207

t t 931 -- 0184 . .



BACK To QKD
.

Y
.
:3: → B

÷: "÷i÷÷÷÷!"
phases . - -



The security proof is a proof proving the flowing property
of the joint state

.
. . if Charlie . - .

( for some Sc )Cry S ABC "E SAD
not correlated

with SAD = § ¥ Ik Xk la ④ Ik Xk IB

ul Yak 4ns ⇒ tell YA -Yolks



There is MEI more to quantum crypto

• Quantum coins & Q - honey • Information -theoretic security- voting
• secret sharing a Computational security
• Bit commitment

↳ "Post - Quantum crypto
"

a coin tossing
• oblivious transfer

• MODELS :
e secure multiparty computation

- UNIVERSAL compost Bllity
• secure delegated quantum computing

- ABSTRACT & CONSTRUCTIVE

CRYPTO
. . .

• BOUNDED STORAGE 0 RELATIVISM CRYPTO
• Noisy STORAGE . -




