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Lecture 12: Measurement
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Overview
o Q#
e Measurement
e Mixed states
e Quantum channels

e Environment structures



Q#



Microsoft QDK

e Q#language
e Q#libraries with several standard operations and algorithms
e Dot.net integration with classical languages (Python, C#, F#, etc)
e Orchestration language to execute Q#:
o Simulators

o Resource estimators
o Microsoft Azure quantum hardware



Q#

e Language itselfisimperative...
e ...butcanbeusedinfunctional way through dot.net
e Not (necessarily) circuit description language:

qguantum instructions are dispatched in order
and you can use measurement results in rest of program



Measurement



| o
Measurement i ok, =y h gl ife b L Guaiee S

71”\ stefe /‘//? vl el v — Ha /%44477;%7 of oo Hcone /'
— fle /ﬁv"fmasmw sfafe

A
%

7. .
" — s-hop
ol o /e
—Aﬁorm'k/' ” ¢

7
seff

5/14% Co e feso //fécz.s: _ ,;1///9 {/Sb> /P/SL>)
= {rg> ) ple>=op = tm(imp/

A ﬂ‘acﬁw s o laos S

_ wdp) +

) s ° 7 o ¢ o T i (—p)
2.5 (00),(0,),(60)/(' ) C < inlp) @ inlry

o
7"4 H (L2 H



Measurement

4 4
Mors. gousally, P,y adan ZF R i b oftasomad  plecas

4
von  Nemwmonn  wadSewecd A {/f,,ﬂ/(] s. /. JZ@ =)

- /{/( .
P/’b\éf\;'z% (f oo d whao k@)t sfzfe /514> LA /2 /S
Dok (// lg>) = <L L{//g-lgb> o o vk

, o
" rles = LePpll) eCed
Nefe s /f/(%,>—: Z,Q/P> 2o, 4%/) > el

Y (] ot desls, e [—d—] « —Da—D&—

= —DQ—
podd Fk (1I03)= SLIP TGS o 29]554 19> = [ 4l



)

Measurement
FV%’(C’ MSC _fd ‘
L e 1A e TIPS HO)—

25 2 = {)cb(o) , l)><l]}

[62

‘ — . ensi
%
2 1 Coe. - 7
}/40@771 + 1<y g / L /WAQL,/V; I <ile>H
(s

<Lolg>aq]o> + LIE>¢[i2
Ltk g elodrfpl =



Mixed states



Mixed states
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Quantum channels



Completely positive maps
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Environment structures



Thick vs thin wires
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Quantum teleportation

output
classic (I/ commaunication

correction

Bob
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Summary:

e Q#:not necessarily circuit description, mid-circuit measurement
e Mixed states: partial knowledge

e Measurement: postselection, sums, graphically



