Z’X/‘ Calculus

2’6/)/.6/‘(3/"5

—T A p 2N M
[ hm = Abny Linear Pap from & toc*

Tr —

D + / /) | .
(Ut Can also reqsop diagrammaticalty
v




ZX da.df(k)mh/\g L\a-\HL /’ex‘\:rem_‘\ OCm.

T\r\eg ore. wanead  undac:

— SLonP I SRIDE R~ LE GS:

POGIEE - SRS S S

— Cuaneivg  Dieectiond

T _T_ KIQI Tolo

\'S 'L%e,‘[ Com b-Q ‘t‘(ff-d'ed 05 unduected m_s (v las &

A‘Ndsé G‘er)

Th addition, we have Icwrite ry/es

We ¢allthes the ZX- (d/(@ﬂug




C-<-€ D=3-)

1002 +11> +O+-->

(1 ) StiDee-Fusion

e ) '
P PR 7 AR <P S
:—S@\ AN ‘7\’ |
o 3 or+[> PN

—o—o—= —O— N\

0 T
?} ;‘XH,,-: —0— = — )
w
[ 3 N o

Recall XOoR = H—

o’

i e— ) E ’27]

?—:/——____ — ._%— _
T a i,

q T

«:}_ — (a+i)_7z_ — (a® )

6T

ya /'{ e ya

cory= L S ==/

|




() - e

- \ | IR /qﬁ%s—
—O0— — oo/ = [1>}I] = {0 =/ ) I/lj‘(’ ¢ ) !
—— = Pauts X

(fo) Part 2= 2m)
T . /t_//VOT gd-rf
= [T
4 411‘—£4a
Vol lop —= {/> O
X — 3 T A T~ T _T_
[5) CoLoue CHAUG-&_
TR = KT e B
: 1\
e i :vJ':Dla—/)

. . , L
WOorKsS be<ause€ H[o>= {+><<'

Nliz=1-7

&U—— o—
£X. --"17-—{)*—'1-rr j)—:—O-’" D—= J—
N S | N WAVA N |
H Z — Al
NS I1C < o
Vare: 10— = 1Do00— = —e— L —
S o = —




(l{) S’rﬂ)noq Comi\)\emmjmhjcg’/

& '/ﬂn S wr oy
M\\ _)_'ij ~ : :
§F’-=¢-’~ wyes
Cofy: me0 = e(inx Jiw
/"?/‘ r fo--0>
coPy
“m ’-_,;-—
T SF T [ e o :
Mio: L £ Z T 2 17
) v - Z
0/'5(’“"//‘/74.' n=0 :;)m:f_?,.x"—i'o
“Arptyi a Tuercton R \ﬂrs(aml
R
Then Throwinf away o-2
outPul, is the Sam€ as /\Il_o
171/*0 wfn;f away the inpuls it
v
Alﬂ/%(ém meg =g = oL = o5
— ] CoPY O —




/Ruorvr \{\B emw{\as

Tun (Compre mEnTrRITY. )

7R
Dy P w rm ‘v 5P o ®
(x R = = e = S

e (P o 5 o
_)“d x/oV‘L:wé:—oo—

LT N
AN

N
\/ ___I;;,_'T/ Xopl_ = {oiare) GJ—

X@gx <0

N am ’(f,( ‘("T__ SF
,,\CNOT:: __I__ .___\ = aT —
61 LT

\"controfftj !
CNOT |a, 47 = la, a8 4>

o— SF —&- com —O— h:,}
:ﬁ— = (= ==

o Y

o (1) =1




Not €' CNoTs arc importapt:

Thm: any n-qubit Unitery can be wrieten

4

So: CHNoT is the "only " 2-94b;T inTeraclioh We heed

BelV stite

/ &— s4pn example of a Product s74te
0_/

N Mo copnectioh

we also have ntdp g led <tates

5?// State . C = (06> (11> The '/(MIP T

Suppose C = ﬁL— for somc ¥2, >

—

1

Theh —— ‘::D — N A
R g — NS

N
—— R\
' 1 dicconnect

N/ —

74 -
Vol € /\) = —— I's KaowD 25 fhe
~—

, . YanKing € gudiioh
cAPe D)o (L0 Cup) = LD 4-



T{/f Portilion

i. A/p’((kgdé ST4rT WI{/’ 4 5/)4!“54

54// T aTe ./

Alicey

Bob

A~

_
2. Thep They may move ¥ar aparT

3. Al Picks 4 @ state (6> She wants

o Send 10806

4, Alice Performs HoT k Had on hek StaTes

G |——

A S —0o-

/ .

g

57 Thep She measuatCs both her qupits in

§/d>,/l>f bas;s, 4e1TNT outcomes a,6€392F
- Jd /4

AT

R (s G
/LI‘

AT
N
B — —

J



6. She communicdlts 46 7o Bos,

o 4T |
who P(_f‘fg,r"'rnﬁ q C & Cefre (f/an

qT
——

¢ <
A \(/"\é"ﬂ"ﬁb}\

NG

)7 o

/[ — 417

X

F. Now Bobs state is Abice’s Tformer state!

n-iT P A
!

- Y <#

anm
<< /
- 4
Y

P ~-e
6m AT b7 4T
SF T (o
e /(// L\"‘gfw — @/I AT 4T
AT — /

Copclasiph : USin Y En'Mn//em enT

2 Clnssical conIén dnicatyy n,

Alice can send @.into To Bob

" Weed /! Mo ETL compm.




/\/0 (/0/’)/'/’); TL, €oOrern
W€ cah /0/)( ie Copy (/MS/M/S?“JZ?S
-

Ts 7here Some Process —@S: 44t

Clones aFb;ttary @ st 4tes

Def - Anp s s ol ng Process
When

(1) @2 = %E"_ ¥ normadised &
o @ =@
Bl <F _ <IF

)= @b
ﬂ/’?f Mo Chnind Process exis?s
PL: Suppoce it Aid. Then C ><$‘$

N @5( acry i‘ ;}_g

0_6/7 é /4(0/7[ i< k anﬂ?’( ég — (B
=T =P /0




o PReTeness

WE hav€ 5 TYPes of rewrdes

P S— D SN

—U «::}& o .—VL
€= =T

@. How Much cab we Prove w/ths?

Dcf.' We Say 4 set of /‘u/(S I'S (0/”/’/(7?
WAen ¢wo Jl‘q rams /*e/’rescm‘/nf Ue same
dinedr map can a wa s b¢ pewritt(n into Cach

dther by The r_‘u/:s

7//)/7)1 The tules bove are (d/?;/a/g?‘? /ar
diddrams with all phases in sct

Fom =I5 The Clitford frogment

2

Thm ¢ it s not complete over all Phases,
baT aa/o/:'n/ one 4//"1‘/‘0/71[ ’7{/( Makes (T complate

« [ r ~ A [5’ A
—O——— ——C—
where o' = 1600 L complicated
pl= /o(/ (s,0~) tutictions
r'= z/"ﬂ‘.ﬁ)

[



T Cmcum ¥ ?HAS& '\:m X Dinerhms

e~—" N\

| N

ClecuTs DY TisT owl &F T =

<= )
_4)_/

Z%Dinas mapx o oF -7,0( %

/

?gg Any  CosT cicewt 15 equd 1o o ?«3& frae Pt-dieggem
d b )

———

4o 7 A%

_ @O

R Wohat ahond Hhe  Converse

Ti) m . (U"‘h’ﬁ! 3\) ().l’kMg "(N’-c 7—{ - d"‘if ~~r st C,\.rcu-.dls.

-

//6{ Filie S

C.HOT\)(U\> |— H {(m)

‘I-"/;\) =

(f
Culex,tQHIl((xq) (M)> Whee 9

\ z(",a) )(0?)14/-

. A [ A
)QC A Tunckin q\\, Yo Torme Hx”,,_lxﬂ = Xy 6.9 xik
1S CJ.“—LA o (lDCL.n‘\'\(‘\) M&f.

. — C.l T\ \ Z ) .
Dt Tw tdd I hes daads 70,15 vl

— = le. -\-‘3 Mo

11



Somebives e call  some Y€ F ¢ oo
rin ) b
DW’(E) = ZD:’_ Poc(h) =0 WN‘S—\; s
\ i ‘ 6n et g 15

Puities Lo cubseh q bits
b,
(1o 1Dl E] = |ab, o,
any; o
muljri(;le ]zarij('\cs & o
/l o |1 {’l f lalébl:;@l:ﬂ\
{O Lo ;l = Lz@h
SR AT by b,
o000l /\h .
\/‘"\/\/ \ oy
\
parlnjrb MaTl

Tan T odion § o Quol ek o boss elaads i

’(’\[,L;.\(\ta \"lb (R \)ﬂ(f H)\L (‘)M’\\W(Q) (\Mh Ww:

C 'Uo,!... ',.b,} =\, 0

v\ o\ .
we P [ P?_L<ID

AN

Not€: Pris nxn , So not exronentiafly Zaroqe

B



Xy X

[ =
L/\, — ¥t ¥y %
B
¥y ) X, 9%,

| \
C \lu,\‘Ln(s> = %, V8% 8% 8%

{ \ O D‘ \l \\ l‘x.. \
| \u} X,0%,6¥;
\{ U D ‘M ¢ 8%,

g
More  aanrally '
0 d
i_::_ {l | | \ _ ,'t'&
< ﬁ\ g . |7C
:'6 \ ’{ lj plﬂF"'*MB'
— i
Bp = )
(‘p;}""r‘)&;‘) + 0 L
fe - p
d) |
Ca(j“ CblL"Qs{féS /?[




bhea P [HEEY
t\
h

Pl aoctm = Coool- SynTa:

b St Qovity k1> P/ pty e C.

—*%GMWW& q *.

- MM%%W
i /

* .

CWWP




77 ACTY maps in ZFX

(1L o Yy o |
USRI ) Do
\ \00 I L%y Yo /

\ o o—
*o ‘73\’('6 k2 i -} I U /

a({lo\ G =CHC (‘ o
-b%t\'s?\ —= |0 1]
N a\E
CS\Ol} G=C+C, d :/ /é



Ex

o -
0Q -

O \ G=G+C, | 6 O \Ggta || OO \¢oct [ OO
\ ) —> T S N R g tro T g toe
\ o o | 00 | 00 |
—O— o o C—e—
.o><’: D AN zEz XIAL_Q_._

D A ospdoc s Calted |
¥ o inpu 5?-\&) T K (o s on awui'
A o~ cudpt Spd~ T T Mpdd'
* an wdprioe Vs‘{ldmr sthenose

Veb h qhacke 2~ dispom 5 W oty et Lore
- C\IL(‘J l S?'\&N 1S (own. o Ao C:\l 3 A— -H\?Uj
- @vcma X - - 0 SV
T S spids s q) P Some g
— o Va_raﬂ.n.j\ L»).g‘ls ha

3 7( :
—_— — &
\M/

? “Fa';fé watee
e

/ /L,/,,,, S A2x=0i04ram D PAFItY VF
Cah 4Cpr wPitFen Into a CVoT circuit

/7/55/‘/7/ Pilece. From arértrary Phasc-€ree
Z‘X—J/'a/ram ro  FParity VF

|7



