Le.d:ure,ﬂ

(S) __S__'t_gX? gre olescc. ‘rb vedhor M o H’-\Lu-k S\?a&

(C> M sgshvs gre  Catrloed \rrs:) He teng ‘M,\ud.

(u) T'H\_M—eﬂe\ui VTS uv\i’car-é,.

(M) M_&LSW_LM_"-"} '{w\)aﬁo'\\]‘\"\es Cone %{w« ‘\—\M %om wlo

(+7 COMplex Wambers  Con be witlen W
Carfesron 'Ybrm: ?&r ‘Porm

. (-aﬁle ”
C= ?H% (C = (X + Lsiw()
R LR

Lei lc]= Ve ) the sbssuds vl . C=rejd=> Ic[zr‘.

Tohex lCl , c=1. So C=€IUL_ This  umbe-

lS Cau.lbd a % F\mu Oy .:Sus-\ o l\ase.
L %=1

‘__’__-

PZDPE!LﬂG.S ) et = Gsol—isma = GEDrisd2) = €

IK..

16 (ot %3
5 e e’ = &



Stetzs

/<4’I~P>f|
-Dir A wotun 'qu_ SYake s @ ‘(\orMa—o-A\ﬂA e o,
IL‘P>€H, u.fb = alobd Flﬂos« c >~ e'“-/‘)p>.

e ignare 8[0‘06& hases becouse Fhey dpd  aFfect
wussrened  probatililic, o3 we Wil e

— 1a D, ths 5\\1«5 G @ ey % Kls‘l‘ %uled Stutes

/
W = i
fie sme O

PreC
W nemulised &= trst=2]1 < P o

e

. sy
@I = Cos%t’,&%? i S\ﬂ%e, %7

/\Jéi%\@.a C%?@,}- S\h%€l¢%7 (o(’X’é)



9 0“9' / . ) L’Qf ¢ }‘ CﬂﬂSCJ'\MJ
s b\.)l'UC o 'Pl(ff' Ow C‘l 5&""3
I (2 [ :

SQW o\ coses:

o*9
X basis

(7 - b 0-.?"
(s o



. are dosecbed by Hhe teng ?Yw\uct'-

K~ HoeK

d-ckiw' £ ‘ e -dim 4 de im' L
. /d \ e ‘ G
Elz>5,=, ilfzé_j:' % \l;&>-"\'>@\\]>75(;\’.j=\
OB onB ?M OND

9 ®n L 2 o > ) .
[(E ) (E@.-r;ésv C 152 = lby... oo bLio,\12>
N = 2“" d.iw\\ Q ‘D'(tsh"m} bos\b

“ |k # ]K
Y © UV
e

S‘e,ForaJo \e



Ur\itm eS
MNN~S

Twe  evdukion w QT ig:
* liveac
¥ Preserves Yormadecisn -
time.

—= >
¢g- ~ ~s G-
"l:o g £7_

‘/71% S ame
Tﬂ“’\_ A lineac map U-H-H Fresm/cs nomalisati o

(lps =1 = ujesl=1) # gad oy & it s

UJ’LH—QF& , \.e.

EHE - — - B

e - -mda‘)e,n&w gc\(\dﬁdinae,r o

A\: N}Jf} = H[LP>

Haml\‘tuuw &— where. ‘t\f\t \)‘ASS\CS \l\/2.8|
Y =H'

So\w\'lovxs Gre aluaab% Ek Ahe %\ch \\)5 ({J>

mnadriv &Qme.d' o)

:/H(



ok (Y>= 14 5 (—'/ﬁH h>) = 'lff'%H(eZi%H{‘P))': H>
Bur for s the oy inporfa Hing s

Hoself-adipt = U= e Unttary

U <— ”€Vo|u'mg G o Fived anownt g, time v

E\” ﬁ'DtkbftS , wnitedes  (.C—=C Coxresp - b rolokisns
{E the, Bloch Srphﬂ‘e, "

e.9. Z[] ;Z+ édi,%" @.4

Qﬂb ur\'rtalg con be Written:

Ul - < —jaaH{ e}
Ebt’er- deComPosH;im.




/(‘ﬂ L-#-K '\msvls noralisedion €t
W @L G_Tt_ .
\

o4y s one-sidod WUrse

Ex uv\'\‘rew() r enailla

- - ="\ ¢ o
4}&— | @i ¢
| \¢
Al | —E
T T |

-

|

e ik

| one watery |
|

c—

\Som e)ma

N l_%kfg '



LCC‘:turi_E_)

Pessuremends

‘ q maasureme\d' 13 ‘Une 6h‘é (JoaLa "\b 6Q)( .|n_Fb(Ml~*\.'bl\
out QB o %\Ao'vdtuv) SS-SQM.

- [+ s Mc«\-de’cerm'.\ﬁ\st'tc_j ok bos an cutcome Jeil,..,lc_';

‘ Er‘ a stde P> > measuwcemendt /(’(_/ %uo«c\'uw\
—\—\Ae’wé J(e)\ls v hevs COMPJ-G_-.

’_L.."\'\rﬁ ?ra\oa\b'\\-\\'\a QQ &L conre A
2 the ?ost— MeosuriwaenwY stoXra

Def B liar mop P iy cllid o progcts- TR
;Sic - dz%g'\_ni &n:\? 'lde,mgotmt . %
P=? PP-P

ﬂ AY(‘&JLC&M‘ .S‘S(rhs a S‘)(O-C-ﬂ- o 4uo 6(‘“/\535 ~ad Q‘ 0ces:
w(®=§ W | Pleo-t> } g
L v
wm(@) 2 0 |A-0% = WQ) Q-I-P
H=-mP)omR) <« PrQ="1.

-

Mo 8@1\&"6&4\16, B, B here z?‘, lits e k
=

M\'\\ogow\*& (?kces- /



M A %Uﬁld'qh (VW\ ‘\)wvahhs Waswemd K G S‘b{:% m(duvg:

7)2 = gma,..., MLE Tohere Z"Mj =1,
J

j_. l*)kzn We Muasune k\\)> wak M/ Fnly, ? T ome J T

’Fro\a(ll\‘{-b) = <(P/Mi/‘/-’>
CThe Bom rule, /

Vot o %\o\oa)\ ?\mses- W> ~ |¢>{= e;'&N)>>

Pabli) = Poblgl A1) = (&"cbOmy(e\ )
= S <he> - L)

a‘ ON®  waos urewaents -

o = ¢ %
’Pn:écdocs = %“ —Dﬁ"% Grdo <Z.\‘L><L\ -

NLNM _p@@— 4}><ﬂ——M M

™My
Reop( | 42D = <PIMjlp> = LP[>P >
= <jlp> <>
= ll<jlw=|*



&-‘ W\emuriva 4 Susren
M= TS

Ei: ’D-lS"IA‘)uIIS\I\\\r'IX Sbb?r,(_oS'.

-
-

ﬁ

%MF oo\ >N M, =

seflon vl & v spafl2 <3

\2><7_\7j

7 .’_Pos-é-- rmesswement Stade -

?rb' et

p

rro\) .

- s

|

cil. Sk e

b L - ¢ lo><al, |1<11°%

- 92 Mmeds .

—Z

M‘ €\J><\J\ %J OS>  meas:
A >F

s
=

L

M;

vu\;_a:%jd ckoXe

t&&e\('& cule

nofM./b‘!

Mg ~—>
/'

“Collopses” B an ONB siae

—
—

02

Baclips) = (<[’

1y

Trolo| 14>) = 2Plos<o| P>
= {|<of q)>||z

pHroms



€_>< Meascu\\ng 7% Sw\os%s-‘re(v\/ .9

-2,

oudrers
— _° ' — —_ <o
{{_M M},,é[,/ wmm@f@/

"\

\
2-zuloit
f>5+¢d'e

—(_\/\e grsl' %u.‘o'.-t & nek 6%‘%%\~€<§/ S 1e &n
\Sv\cﬂe Tt od Lorite ‘t\(\e_ Lote %"PV‘e 2\'3‘ c&ubﬂ“

<~ e~ gE

>* ob tue s On(é Horsed  lbecause the %ulol}s
Qre Nef €V\'far5|-eo[, T £ thea o wﬂa\cé/
Pis megdts in & plixed Swte of Sechiane 22/
&, the Cron

ee.Ma.rL SOMZ\;lMe$ Loe. dév\\‘\' v\ocmaJJSe__ M_/ &Coage
s Ylor‘hf Containe Sopme_ US-QGJ_ \w?o © e Born e
P‘faba.bl-//-é /

VGt ) = CHPE P> = CHEHP = Rebly | )

Y =Mt




TUL QUGJ\J(UM Cj(*cwt W\OACL
;@@_’_\//wt‘;('lkw £, i)

.: W LoD
? ;J'_:_wwure
\’lﬁ-} \/y\—/ \/\/\/'
\*“’kwé it Fas\'— rocm /'J,
P g
“Ht cods’
— — C”ﬂ (oll)
H(w
Ve S_ éﬁi
_ Fj\ Cpo')' (2,”
")/
a,.}es

Q: lohere do -Ur\eé (owa ‘(V;W‘?
(I) Cossical Cﬁw‘nuiw:ibﬂ% :

reversble $a it
A ‘¢

El NOT=\'B—’$ — X o> v\ 2

B 1D d L2

Com B—F ™ ool Ixg>1 g, xoy>



FR-B ~ U@ =@
5;.} ‘Qw\c‘h‘s\»
W =17, 4> |7, f@)ey”

ity (“ Bennadt tvid")

Tﬂm_"F(;r G@ny §/ U; S Uni-{;a.ﬂz_.

_Ef Flrst, nete T"(?(, 9) = (z, Qi)éé) \S & ’Qermud—cd"n.bf\)

becouse T =Tt ¢ ~t(w(R,y2) =% £086y)

= (i_},&(z)e\fczm y)
= (5{ ) ) .

“Then U = \'Q/:j 72 Il y7> is  unacy.

Ex: Awo: 8 — B > VoF \13,7.)\—-»‘ \*“j (x3)92>
A ()= 7y 106l oo

X \assico (mm.}bld Cireutks C 2 C N2 u

AND+ To fu; »
NoT Nor +
ancillas

*

po- ~ ik
o> T
1~ +

AnD

A



Le_cture. 7J

[ T) ”61,“"“*“"‘ teicks

(8) change of  loasis:

Hio> = l+> : = ('—;(lo>+u>)

@ e g(h) 0 Hem el
c -
uadaW’L‘
~N ~ k. L
o0 MIL (xEnBR-ALLY) : (E.__E[_(_L volure 'F_} = & (O
Fouaer ylorm =€

L ok 2y, e
(o W= 20y, w8

— mos—b ceua(\—\cuw\ o\\((ﬁcr-\‘l’b\ms g.;.)&\ '\nJLb A
Nond Fud S\Q NS

s “Orede stule”  alapgcithms

by big Céssija‘Q' Circuct
a—U’ U /l' LYQ( — Fos ,'-(:ract sg—>
& J f | b
‘\c\w & uh ——

’ (?‘_OG( % Ca\nce\et : FDd_abc\/\ —EZS&I Simmens .

° (PGC—‘\'N"INQ (’fo ‘('O\C‘ib( l\)/ we  “se F(a\—,xamoaw —l—‘b‘?ef’%:"é‘-%

« Hidden Suborsag ( Lo ooy ST - _c-_:r_@g/_ﬂ_/
wWee G y H  Abeli- greuksy L m;fc}?w ,
e con Find H_)




° ero\/e_r S{%\ i
"ﬂDHD: i

(cmb
C{assuab %u&'\ ™~

¥ Geover <ec. e

A Omel\'\-u.&ﬂ_ me(?\'-'C'\Cc».&‘-'iSV\—
¥ Gbuovd'um Load s

‘-’\\GMI\\'\'M\ 6rn  SwenulaXion (u)\L 7>

‘Hld\o\"\ ) / %uar\’cum ML

Vactahonadl  Creudds s
4/\] TdH 12 T kesicad
: . Aot imise ¢
A i N S 7 “Zo
[ o2

2]+ 154 ™[1>

LAPPLI AT VO

i 0 T ALeror AT w
S"(’dc L_ L——f
CoOE }e_—_.




&UGR‘EU«V\ c\cewk ’Fro(o\emg

Prob e.\Y\ (35(\316\53 CI'NQY\ G \’\ \'\ \Q\Id dﬂ.%cx(‘rf Kb O\
cowauxarm/um‘m% W, buu\(}\ o Circwd  thax' dos U

Rroblem (Op‘l'h\d%amm\ diten G Orant C thar dees U/
fd & Srwxuu CT Aax e dses U

¢ lassical
gm‘o\em (SIMLJQ*\NB NM C, thad Aoes u 6d 6N

H\(mjc N)> e\*\t\e,r

z\{rﬁd\m ’k COMrzdt e SemenX ?fbbtbl\l'\‘eg Qw— U\‘P> o

wesk
saadchn > % Somple  Matsuremed U cowmas -(; Uy

[ X- diggrams

- O G te‘;l 1;0( WGSOAN\a avoud ciccutts (0 Nord)

’Pfﬁ()ec+iuc 1 K- djasrcms e ”G.erl;lj-S“ wada ﬂb Se_dt_{s
< (2“
Zwl, (@

L = lo.axoo.o)r %L 13<1..1
e
.l2- é |vo...0> | —> [.oo...O)

(114> p— 2%|44..4>
vak 2

’\Q.( %N ( USU-Ua et um'l'w'a_
B¢



>< [0(. l:= |44+ DL+ 4 e |-- ~5>¢-..-|

o™ N Y AT
% —_— : o (pl‘\grg —F = "E- = ("7: ‘ ’\>

Cor Clruwits, We co~ conpube o Lrnecr wop as
— T

"@* (§9cnet) (TeHo 7a1)

g-\w{l\a\’\\é Sr\o‘r 'S d\ko%\*ams g




——< = Jloop<o| T | W > <y |

A
“Coties 7 bucys" & = ﬁ
—0 = (ol +<0)
(
tdoldes Z-besic” L0 =1L

—6 = [4<] ¥ [--><7 !

—® = 2+

fé/— /@’{L
S
(

(mb- gl"o?/h‘?z =% \+7, \/>% = E%// é(%

X" loasis

%&s'\b stodes ‘A X

Q— = |[+>+1-> = é[lo?ﬂi)qo?—\b]

/7 _ .. @
7 basic Staes e ,O> = G- lo>
\ g— = \+)+e-m'\—-> = \é.[\o)r“)—l(» +\l)1
Qiwitney:  O— = a|+> o =%z |=>
,\\ /

X = besis stares



\/@- = |edlarl+ |- = ..

= & (loeels lorcn |+ Iixort +\ <o) )

—
a—

. XoR

S~

IR
r.C. : —_ = i_ G
A e 2|

So - ﬁ-—g_ =l 1 e 2

I’L‘“ (U\\l\lersdd‘a) d:/\aa_ n- %ub«-t Uu"fa{l& Con 102 Cm\s‘(mt\'vol
using oy :
“9"5\%5& %u}wt %aﬂs
— CaoT
Cop d} v\—ﬁul::ut U»u'.to/ua (on \O-a (.m&tmcjgeo\ S G
ZC—dJlag_me



Z< ,\zwﬁ ) ﬂca_

ZX disaums hote  Zexteemes OCM

T\r\eé ore. wariend  under:

—  SwAP G  SAIDE &~ LEGS:

e = = T -

— CHaveng  DieecTiond

S-S

(o ], )(zm 1) = (zd, @L) [ BIoXE )

=S f‘\g con. be trea¥d g undiedted %ﬂ\ﬁ (» s &

rd“’""(“*‘
gy
2y ,%:%@g} _ 72




_/(_\_f)e_ ’Z%—- Co:)culu$
.= O Sek % eéual’:‘&ns —(;;/' ZX—dioSmmS

(0) “wre" Rues: 1
'
N —= —— = —

C-<-€ D=3

A) Seidee-Tusion

: ~% s
o R e -

(2) T~ e )

T [

/5) Cotove CHavge -

TR - K e s



(Lf) Stroné Com?\em\r&ohhé/



Reeuse i ng E,Yam Q\és

Tam ( ComPLe ENTRRIS )

2%
,_O——’\'
N

&

TF
2 o>C % e
E_« Bosis  stde Coqy:
o~ & | x4
o—c(_ i< ::'_
e

g% za——cC":

AT
\
|
NR
%

LT H- Ll

‘Oé:’;:——oo——

A
\



S
e i om
(lré

(eeusts —
A - oUmc‘;mms

gobe
) —@— Qs
i 7= ~[2F-{Zm) Py
o >
Peuki | N
X= -JX}F = f=3}
. ——
T
pa
—{H-
-+ % —3—2‘3’
2=
Othor %‘\'u'(:'p j

(e.g. CC2,ToF,...)

(o — Joi
s L 2 ZX
,J;_@E’ - m :

C \Rcuid
X —zaé'aa,

-Ex




Lectuce 3 \

Cost Crpemts * ?l-thE Tre X Digeams
\/\/h—)

T

Clecwns WoE fist o 6F ] = j:

2% Dinas madt ol oF * A >g<

Yot Any CooT cicst s a%ml o o phose fras Uf-disgem.

T0~
Q: Whet et e converse”
TOP_%: (U"\h'ﬁ-%) @hﬁ“ “(Nh ’LK_dJI“SQ A»  Cuel C,\.rcu-JiS.

Crher \X,t}) |— li, i@t}> [
|(K )-': ) 6
¢

Cost X o
lx,3> H, 'F,(,la), %“(x"ﬁ)> he {ﬁ(&a):)(@}/ :

/DQCA 'Clmd'im % tha !am C(x”,__/m:xilea...exik
s d o rPd"’pB M-



Rﬁhy
Det TE \Cdo‘ E hos ehemonts 5(0,{_% whare -
oy = X0y L+y = Loy ('le_ K4y mod ﬂ

SOYWJ-H”“-S we call Somme (EE c ‘Pa(:l'a_

5 {'m k
Qc-‘(“)) = ?}LL Yw(g) = () rvunns-c \\as ,
6 erte g € A

o 11\ [k b ® by ©
(Ollb)bl — igbLH
oo | ||b| ~ |03
o o 0 | Lq 18,

\/—\/_“J b‘!



Tam T odbon § o Quol geck on bose damads i
A.&\M‘A \,\6 (XN 'lr\VU'\'ML ‘)M '\\\A TV

C Uol,...}\),D =\, »

k)

C = w0 | enbly  (8%6Y
‘13’_ X3 XI Qh-

c\ll/\(l,{3> = \\(| Ivlax‘l.@\hl K‘QY1>
\ 0 O ¥, Xy

Lo (“4 = [Y8v8¥s

| LD |\P (8%,

S‘PECM.Q Case - Sma\e_ Crbl .
j: [)(,%7 -\ K, \(6\6>
X
(o)) < )

v’
P




L o i
£ < v )e,
.8—:‘_ ,[ M&(\W
E5A$£}'
“"’J rpb)'\\-y‘(b\»l,
f ¢ - A'

Aj = Col L%&S

\/"

Crool 6#’“5 I

T “JL...E"J“
{
A

Parv:«drl*



ﬁ\god’r\r\m L CodT- SYNTH

¥ Stk ol Qo wateir P oty ane C
*DO Gc_u%',gbrdc.n (eJuckivn 4) C_oku_mhﬁ (L V.

L

— Whenevee o dw 74 > EJ (S lied
anem Coo 4o C_M e

X C Nows IIM?\MS P






/Dﬁ A S’PldJ(‘ o Called
¥ ow II\L_ S’_?\(ﬁ) 'F “' N (o ‘I‘b o {‘\quj'

& G~ vt Spd~ T T m(;ui'
* g wdeac (Seldﬂf 5%1\»

?gf P('{Imv e X - du‘@é‘mv\ S oW ﬂ_‘j} \@ry_gl Fﬂ‘
-"c.w_(l\] Z S?\ 1S (om. *o e><ac.3cl3 A 'H\Quj

- @V“"a X ' |
— Vo owres bd'uﬁlm SQL&JS q) e Some T%QA
— o Vd-" Wwre s

—

. 7< :
—— —
!
Y parity mariz .

Def— A F\Aau_-—'rm 'Z)( &aﬁ IS W %Wohho\
,PN-\\A AV rF
. C\)l/'a '\r\\eld' 'S (onn. To a Z 3.-\7\6«
1 even csu-*?ucl' - X SQ]&)(
7, o Wiaes JZ-2 o X-X
4 ne ‘)ava.%& W es

5, Qo Wiy plw wntevis Z—s?‘udhrs o~d
W iy X s?mm_



l. a.ﬂofa (SP)) (COV"‘P)IUVJ os&':Z- 6S nuch
&S ?oss}\o\o;_

2 {‘_V\a o &ﬂ’hﬁ (s¢) + o ?\-\r-,cy—&
W\ere -

— O % wX on ."‘Q‘-d
- & (RS V\Oe o (S‘Udguﬁ
7. '\Q SYeg T o\\arl{d (sc)/ ﬁo‘{o g—}.,_,?&__o\hrw\u. .
4 use (d) 1o made Suwe every m\(u* 'S
conn. do T 7 A Gan. fo YW

Tue Mg 2 deminsdes iy, gprarelivd PuF
(skekiV) e@né.lbd'ta

fi' E&c\/\ FeroXion S’Q Steps -3 Yemoves mn—med
Z S?\fﬁﬁrs (oe von-srdput  K-spdrd)  oifber
ek g ot _

24 ifetirs bowde! by K g Sprae

o gftee the Acv\a, (onds 5-S  ove Sd&?;e_ol.

* e g Y, conds -2 o Saishe. B

/IP(E(’ IF D 1S Un-\'\'arl% onol w (gﬁﬁfﬁl‘w ?’\ﬂ;/
't\l\ﬂf'\ s m P\f\:.



?_F TF D Wes on interier X Ridur, tea :

ﬂ' g@:

So/ e ehsie ltl»fos.t DUS=0 . Bux-
DDIp> = 1p>#0. 1y

So \b )/\03 o ;A'Eer'.cr K—S?\d)’g g(l\/;\a-rlld,

b .)\M'-S ([ \Va Rl Z—- gels Cb\'\MQJ,\—;d '\'o >\ ‘\,\gu_}
¢ idersr K Se's
« X- sf's Covnectsd to 7\ Mgd i

U n l'l'a.rb *

Tose ~ fre = WVFE = oot et
ZX




