) = al0) + B[1),

o
a, B e C,
laf” + |B]* =1
|—0) [+0)
w |£) = 2(10) % [1))
e a1

1 ) |£0) = 55(10) £[1))

Bit Qubit
Oort; 10) or |1):

or probabilistic L
o or superposttion
mixture

WStatn of live on the tuface o the Blick gphost. — they an
decrived by )-dimensidnal Staft VO

)= (ol) T 1 Nl‘)‘) otlo§4P1,)

¢, :l [4]
mais P:(lo; Pfl] '5'[0)'“3_'{’0)

(SfaHa idjde the Sphert ant alos paibie — fhey art descibed by
devity madricen. We Will See this laker...)

@ Comylex Vechre Spacas

Comgley numbers !
a, A [ ? | 0 0
Wy=[% - |v>=ki_\aue.h, lep= (”) WH o= (°)
ﬂ; i (') gt L0 o ‘
| Iv)= Za,‘m VE gbklt&
=la a, - Q <50, s 4
We=la & - g)= £, . <m} {Z a,ﬁ<u|[£ L,Aw)
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® Natotion : 1ed =10y, 1)Y=, ..., lead = 1d-1) —> The “Standacd bars”
or compu’raho:ml banig".
fit a %ubi’r: W)‘:(d\ = d[0) + pll).
Pl =l p=tiln
. Ao\alhor\ a,. Vechd: d
-

hE f:aum L Z b L = [V %) = L'(Ak-e Lk)m

* Inntr Proalnd' 9{- weohut if aivm 57 A

a-! a1 ¢!
ND’E oy lky ) w2 = )(1 bl — oy = (i [ 4 <kl) (i Wlk?)
2y LR

<\IU NL7

‘ i'P L"—l(l o~ d’l
o= Qq | f a, b
dl:.k ?0 if kAl l:,g.o "h‘<_k_; il
W

[ A

* The  notm 4r a vechor it LN =&l = (ﬁ Aul)
=g Y

" v

( y=Z atm) O

r

I:.

We call o veche “normabzed" i [0 =1

@ To normabu a Veche, JUM' divide by its hOfm

N) iat“'? -4 " \V?“ < ({- [Qu\) =y l\l) "")" IV> |ll‘/7“£ a, ,k?
‘v‘

Lheck <“l“7| (nwuﬁ ﬂu“‘}(nw»nf ay ln) i Tt



=<

-

=
S
r_

Lol
I sol? I

(€CE— (|l e—— 1 <&—
ui
I —3
=
—t
T

S

+ Teor prdduct q vk = Wied N describe the Cfafe efl mubple U2
( Qnd eni'ar\glemen%! )

—(One ztuloi’r: l-dimemional veer - l‘/?=(°L).
f

~ T quit | hos Shofe 1%) and quhit 2 hoa Stafe %), ther

Hhe joint Staje i€ given by

% , \oe
%2 1) =(?) I (n ] o) (l’»)\ ) /d.:z,dh\o\([’\,;i:j’)mm

o b (Z\h \ Broh |Io

tenpor / Kronecher Produd- B {3) I

® AbStmact aotation: 17)=dlo) + 1, 149 = dylo)4, IO
2 1Ko iy = [10+g10) o (B0 f10)
~~—7"7 "

=4,y [02810Y + oy b, (7SI + By 178 [0) + p b, 101

| 00 0
M‘ |°)=[Io\) Y= ((:) =y |Mo)= (g\),:; \1'21!_'>= / l?))

0 Ju



0 0

0 0
1178 o) = [&), Mel= (o)v?ﬂns defineg the Vedhr Space ol
T | l

& fl@@ln? 10791\5 N el h?olﬁ} i§ 4fe Sfano\aral,lcompu ationol
baiy for €8¢ (Tut all Hato-bit Sﬁ.ngﬁ')

@ Mobawititin: Bl00)= [l NEOE lx,(.,\, pl1,0] l(!.o\;ll, Pr(I.l]=|p,f,Il.

BT edends 1y any dimension!

for @"w“, boais S { 190 (kY © ke, €0ll,nd-1}, kﬁ?(’.l.---,alfl}.{
Dimf}i\/l'l(la 'lg d|'d1.

® Shorthand notation : 1620 [k) = [kl = Ly h.

— Tendor product 9{ Hate Vechs:

DE (;')) %= ((3) DE (“‘)

2 [y a vy e ihy = [[90005) 0 Ih) = 1ye(ih)aigy)

3
[;I 4% (ﬁ) \ ooy | 009
Lo ) [l ] b
9, olg P& by d,hog 010
bbs fia (OZ’) Nppe |21
P’ Plo(,_olg 109
@The rfAun'ﬂJ Ve e ha;A b (}1 (”(;I) oy |l
dimenion §=111=1" \ ’ | \(’nl’z ¥z [110
& The vechi SpoucR I Y Y gl o



@ Abstract nofakion: %) = d, o)+, (12, [%hY =da oy +p1Y, [By=dgloy+Al0)
=408 1) B %Y 1 (a(.lo) 4 (b. lh) ) ldz [0} ¢ {5,[17] [} (,;3[9) + {leu\/),
I ld.dllo.ﬁw. b 10,004 fudy 11,07 +(),p,l|,|)) 8 (J,(o)+()3|h)

iy 10,007 4 oy, By 100,10+ g |0,1,0) + i py 10,1

+ 0,00t 100,0) + oy by 1L0,CY + (i o 11,10+ B4 LLLIY

- Arbi&m;y nmber o!r feanor Prnaludt-'

|
If; 2= %fbklk) = Giuolo) 4 Gjull)

it |
7 hysios- ey = Q1= S b G Dy b

vecht i (CH)®"
-
® Geaeralive ty 0 bitrary dimension! lﬁ):é Guliz

d-! ﬂlz"' dy-!
...» @ \"'7 “ii l(i"f- C),ltl Cllh ks Ch:‘h “ql l“ll""l l"‘>

k=0 k=g
T—)

o d i
\echr in € Md‘e---scd.

- Poaig 4 n.—awbﬂ— Spoct (f’)“ is laheled by all n-bit SfrillJL

(&) = Span{ () : ﬂ@% o all a-bif Stings,
;“7 Notatioq - e fo\"

)s “)’x‘: {l(’xh...,xn), liééoll}
2= 1,0, .. X0 ) = %)@ [1)8 - B i)



' brample: n=1- flom}, 10,07, 11,82, IW]

03— 100,02, 1009, 141,07 14 h0), 1,00, 103, 109, 1L .

— Teof fsrodun’r and inner product.

By definition : [(Wm):@.lw? A A al
(0io 1,103 =0 1N Do
' Exomplt : fie buaig vecory <o|ollol) <all><llo><oh>~0 i
.—o '..'—

-O

Ta amrak: fr bondt vecha (29, 73 %= ["nlx,--—,ln\éfml}"
V= L Yy ) €501

<£I?>:é\i|7 3 J;.ﬂ' J\l‘l,)h".é;mﬁ
 Prbabiliku: hir a Stafe d n gubitt given by

1) = £ C; £y = Numalizatioa condition i 2 AR

2l l} zehl

Probokiliben ont : Pr[i] = lC52|2 = &)

() Madricen : Linear Trandfaemations o Vectd

@ Matticed Wil be waed + define ond deaceihe Stader indide e Bloch
Sphere Li-ty mived stutn) andl the 9&1‘01 we can apply o Queifl o0n @
guartum Computer.



® We ko call modrice linepr ppernten | fronafirmotions.

< Ixl Mmodvice: M=(m b) y abt,dec
c 4

* Multiplying O mafrix with o Vectsr: |V (“fl)
1
M) = (a b)(v. = av.+bvz)
C d« Vz) (CV‘ +AVL
* Mofricet oct lineacty a4 follows: M(otlv|>+@lvp)=xmlm-rpr»

Y an dL)

(d-c old
+ Matrix multiplication : M, = (o b\, M= (aqL h)
(C. dl) (L 4

M|.M;= (A) bl) (a‘l- bl):: (ﬂ,d}‘l’ b)C‘L q|b1*b;d1)
G d)lg dy Gl 4dig  Gbytdid, !

o Abstact notation from Vectvd extendd f0 matricen!

/”‘(:‘ 0 R S SO S R b

—_——

@M\: Io):((l))) ||)=[?) - (= [1 a), al=[o 1)

09

\ @ Dbseret : (001 = ("’)(,' 0)= L ‘;)) 0= (1) (0 1)= (0]

————

X
7:xl ;7.

|



INUE mu 0) = (? 3), n)m:(two y=[0 v

Thea M= alo)o) + bloXa) + ¢ hol + 41Xl a {olmlo) , c=LilMlod
T = LolmILY aL dim iy

Thit makes muthiglicatva eadier ! (M neeal H0 Nmember mairiv
MutHplication rule).

M'V\): ( l°>4‘"),||7)
\ 0 50 |
-;Iav;lo]go/o§+ m,loM ¥ by 10X19) *,LW}(M
| f ?
l+&w’o’) + cvlllX}r@ + v, | ) *\JVz“W'SI

= (()i; bvy)l0) + ((Vl 1 diy) 1)

= ( a“ + L\h_
C\ﬁ 4 AVL

\‘/ (jvwf oA bc{’m!).

- ﬁf_bimcj ogd matrices : Lt

CIMIEY =001 (5. 11 10

q"o

M= ﬁ Mi; 15X
'l') 0‘~1-l i —i M,J (“!)&E‘) _MIUL

1 =

ti\H7 in the ith raw and d“‘ ¢olumn, (camplex munhe:l

&)
(0
M= ’Jivorn’ G M2 e 1)
l')ﬁ

4
ot ( £ s osi)[f st
a-t g

&' -
Q)
£l kel = £ (£ s i

injeze inj=0 jrzo " ji=0
T
Jl""_



