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Transpilat

-‘- QQI{‘L\'MJ)
g‘iﬁi‘ [,‘,ﬁff;?." 1—1 ° -»>Transpiling describes
consists of gates. the process of
/) Circuit is 'ér"anSpfleJl converting a quantum
if ‘ _)__ w“?“f“i into an circuit into an equivalent
! equiva “ ;Z""’" quantum circuit that is
I HHRg on D compatible with a
: supported by TQM.

specific guantum
hardware's constraints
and gate set.
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Routing (= soly
connectivity cor

Algorithm’s
connectivity
* Quantum algorithms assume
arbitrary, even all-to-all
connectivity |
o QPU’s
» Connectivities of QPU’s are usually L / Y connectivity
limited to nearest neighbor graphs N
e Solution: dynamically remap
logical qubits (“qubit 1” in the :
program”) to the graph of physical & % Dynam|ca|
qubits (“qubit 1” on the physical / A\ .
hardware) with SWAP gates N\ / remapping
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Routing exa

Consider the following connectivity:

Jo e () e ()

Qo Jo ® Qo Yo /Th
Ql ql $ Ql ql I V)

0> Q3 e 0> (2 —x
Routing incompatible Routing compatible
operation operation
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SWAP gate swaps the states
of two qubits
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SWAP is exper

SWAP SWAP
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Implementing gate

* We need to be able to implement any unitary operation on our
quantum computer. But not all operations are simple on all
hardware.

* The set of simple gates used on a specific qguantum device is called
the native gate set of the device.
* All operations must be rewritten as a sequence of native gates.

IQM systems support arbitrary X and Y rotations as the native
single-qubit gates and CZ as the native two-qubit gate.

( Quantum Computers,
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Exerc

* |magine your QPU’s only native gates are X gates on each qubit. Find
a gate you can’t implement on your QPU.

* Repeatthe above if your native gate set also includes Y gates on
each qubit.

* Repeatthe above if your native gate set includes arbitrary rotations
about the x and y axes on each qubit.
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Universal g

* We need to be able to implement any unitary operation on our
quantum computer. But we need enough native gates to do that.

* QOur native gate set should be universal. What does that mean?

A set of gates S is said to be universal if any unitary operation can be
approximated to any desired precision by composing only the gates in
the set S.

(\ Quantum Computers,
S Built for Real Impact


https://meetiqm.com/

Universal g;

A universal set of gates for qguantum computing can:

* Create superposition of states

* Create entangled states

 Contains gates with real AND complex entries
* Contains more than the “Clifford group”

\Special guantum circuits which can be efficiently
simulated by a classical computer.

To read more: “Gottesman-Knill theorem”
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S Built for Real Impact 13


https://meetiqm.com/

Universal g

Is there only one universal set of gates? If so, we’d be forced to use
hardware with a very specific set of native gates...

No, there exist different universal gate sets, such as:

{CNOT,H,S,T} {CZ,R.(6),Ry ()} {H,TOFF}
S = phase gate TOFF = “Toffoli gate”
T =n/8 gate

(\ Quantum Computers,
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DeCO m pOS i ng (= er Circuit for Deutsch’s algorithm

gate a Series Of native g with CNOT as the oracle
qo — H H
* Circuits of quantum algorithms ’l
usually use ’intuitive’ gates like g1 — X H 5
CNOT, X, H, P, SWAP

, Example QPU native gates
 Real QPU’s use only few native, ble Q :

hardware friendly gates to process
theinai (R.(8), Ry($), CZ)
. |

* Solution: gate identities can
convert the algorithm’s circuit to
equivalent circuit suitable for given
QPU
== ro DH= @}

i (77) Ry( ) R (ﬂ')
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Transpiling = routing circuit to
connectivity of a QPU and
decomposing gates to its

native gates
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Lab-p

Please don’t worry about debugging everything during the lab session! It will
be more useful to follow along and debug later on your own.

[] PRt

AT

https://tinyurl.com/QS2026Day3-Lab1-participant
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Part 2-From

Abstract Code
to Physical
Pulses T
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Introduction

In the past days, you have become familiar with how a single qubit behaves...

Quantum bit

Measurement of

the state will

Point on the
Superposition of

causeitto
5 basi surface of a ‘Col_[apse’, no
asis states
sphere repeated
measurement

...what many qubits together can (F

Count
N

Changing one directly
impacts the other.

1000

ool | Two qubits can be
n E entangled.

[]
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()

Built for Real Impact



https://meetiqm.com/

Introduction

But would you know how a qubit looks like?

Ay

Photon ”Artificial atom”

All these platforms can be used as qubits, and there are
even more out therel!
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In the 1980s it was
discovered that small
circuits with
superconducting
elements..
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Some metals at low temperatures
conduct electric current perfectly,
without any resistance: they are called
superconductors.

..peuvent se comporter
comme des atomes artificiels !

...they could
® behave like
artificial
atoms

Source: La physique autrement
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Inside look:
Superconducting
gquantum computer

Cryogenic cooling process

Superconducting quantum computers must be kept at extremely low temperatures,
typically close to absolute zero, to maintain the superconducting state. This cooling is
achieved using advanced cryogenic systems, using liquid helium.

Microwave coaxial cables

These cables (some are superconducting)

direct microwave pulses to and from the QPU. These signals enable the
control and readout of the states of individual qubits and turning on/off
interactions between qubits for logical operations.

Quantum Processing Unit (QPU)

This is the ‘heart’ of the quantum computer. Here the chip contains interconnected
quantum bits that perform calculations based on the laws of quantum mechanics.
Fundamentally, the qubits utilize superposition and entanglement as computing
resources for information processing.
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Microwave signal lines

Mixing chamber
Shielded microwave isolators
Filters

Magnetic shields

Magnetic fluctuations interfere with the
qubits. Shielding is necessary to maintain
the quality of the quantum processor.

Magnetic shields for the
quantum limited amplifier
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Superconducting QPU



https://meetiqm.com/

Superconducting QPU

https://tinyurl.com/igm-demo-chip
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What did we discover about the QPU?

Each qubit has the following Qubit drive

controls: \ ,

Readout resonators Readout b = Flux
(Infer qubit state) input R e S am bias
_Nrnnpannas
Drive line
. : Readout
(Single-qubit gates) output Readout

resonator
4'— J
Transmon

Flux lines
(Controlling qubit and

coupler frequenc
P . y) Source: T. E. Roth et al., The Transmon Qubit for Electromagnetics Engineers: An introduction,

in IEEE Antennas and Propagation Magazine, vol. 65, no. 2, pp. 8-20, April 2023
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Superconducting qubits

Superconducting
electronic circuits

Energy spectra of

corresponding ‘
Hamiltonian
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Source: P Krantz et al, A quantum engineer's guide to
superconducting qubits, Applied Physics Reviews 6, 021318 (2019)

/

Superconducting phase,qﬁ

Josephson
junction

(creates nonlinear
inductance)

4

Anharmonic oscillator:
nonuniform spacing
between energy levels

2-LEVEL SYSTEM
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Interacting through pulses

[ Control of superconductin by microwave pulses ]

A

A=~ 5 & *
-

constant precessio
around the Z-axison t
Bloch sphere

& 8 3 & 8

Pulse full width (ns)

5 8

Hamiltonian describing the int the pulse (lab frame)

eads to a rotation around the X-axis
n/2 leads to a rotation around the Y-axis

— A)=-1 Qlp(cos@ %)

Hamiltonian describing the interaction between the transmon and the pulse (qubit frame)
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Single qubit gates

A ERAAAA A

\HHHHHHH
V cos(2mvt)

|| |

Applying AC drive makes qubit state
I rotate aroun lane

Example
the X gate is an analog of the classical NOT
gate, it flips the qubit state

We can realize the X gate by apply amplitude =
amplitude and length (i
\
|
The angle of rotation on the g ) , lengyth
Bloch sphere is: 6(t) =—C | s(t')dt
/ 0 \
| (_)\ M Quantum Computers, Pulse envelope

Built for Rea lNEEEs Superconducting circuit constants
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Question: if we he
iImplemented an X g:
how can we g&

VX gate
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Find y
answer p
with p
amplitud
length |
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e —

Pulse Length: 30 ns Pulse Amplitude: 2.00

X gate: rotation of
an angle T around
the x-axis

Apply Pulse

Pulse Shape Preview

l

VX gate: rotation of
an angle ™/, around
the x-axis

Armplitude

Halving the
amplitude

Quantum Computers,
Built for Real Impact

Pulse Length: 30 ns

Pulse Amplitude: 1.00

Apply Pulse

Pulse Shape Preview

Amplitude

Time (ns)

35
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What happened when you pressed the button

Whenever you constructed and ran a circuit...

* Your request was compiled by a server
into a sequence of pulses

 Control and readout pulses were
generated in the electronics rack and
sent into the refrigerator

* The pulses interacted with QPU

After that, the measurement device “reads” the Dilution refrigerator

results, and you can analyze them on your PC.

Electronics rack

(\ Quantum Computers,
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User has an idea for a The code represents a

quantum algorithm and ntum circuit. TE
expresses izar Rithon code. consists of gates.
o o / @ Circuit is ":rar\s'pileef :
5y 3 converted into an
ge-h() eqkivalen-é version
O qC.Cx (0,1) —Q— usfnj Mly ja‘égg
gc.m ([o.1], Suppor'feJ by TQM.

From 5 Q

llll...... J“?Q

Gates el / ®

ures:g: ;";"l\;:ie" request [ Ci reuit is
HTTP [ and displays /—\} Tam
naporse the results. Al IQM -
QM 4[5
y . | & hardware
toos 1y, | Results are e | alibdtion
30t \sent o user iz ! sectingy
® \as 15 and 05. A | - / |
/W 1) ‘ w ) :
S ®
! ! Server oamponen{'
.5 A compiles the circuit

into descriptions

(oY
g electrical fu/ses...
2

(

e
... which are‘ sent

for execution
Devices execute pulse J J’
Sequences with vic T
hahesecond precision, J:;;,ES s{é%gﬂ Yag, Yaa, O
sendiy signals 4 @ control "Nmggy ’
the i/».

. Pulses
SPedaln.eJ talks 4o electronic devices.



PulLA package: Pulse Level Access

What you can do with it

Compile a quantum circuit into an instr And why you might need it

client side
Define custom implementations of
Access and modify the calibration

T need 4o MO(:I‘-I?Y%

X
i:‘:b:l:tc l;::lldof i€ ?\C‘ EXPER"‘\ENT

to-schedule compilation Q
View and modify the default imple %«’oﬁéor .
using e.g. custom pulse shapes S ’mo"" '
Define new composite gates out of 5
calibration data

Control the multi-step compilation proc m& 2

intermediate data
Construct instruction schedules manually

| (\ M Quantum Computers,
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Compilation

RakhimD.

uantum compiler

s high-level quantum
S into operation that a
tum processor can
e at the lower level of the
physical qubits.

Server aamronem{'
Cunpl'les e circuit
into Jccrip{:fons of'
electrical fu/ses...
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Lab ti
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Pulse viewer

n Take the GH/Z state
preparation seen in
the previous labs
and compile itinto
pulses!

uuuuuuuuuuuuuuuuu
Built for Real Impact

Use the playlist
viewer from PulLA
to visualize the
seguence of pulses
and inspect the
details
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Pulse viewer

QB6_driveawg Rt ot et IQPulse
298000 ns 20 ns

VirtualRZ IQPulse Wait
40 ns 20 ns 852 ns

scale i: 0.064,

TC-6-7_fluxawg  ‘\apait at start Wait RealPulse Wait scale q: -0.806,
298000 ns 20 ns 40 ns 872 ns phase: 1.571,
modulation frequency: @,

phase increment: @,
duration: 20

duration: 4@

| |
R(n/2,3n/2) m R(n/2,5m/2)

| |

o

R(n/2,3m/2) =
|

gb_59:

MNP IR E—

gb_58:

ancilla.5:

ancilla.6:

ancilla.7:

ancilla.8:

qb_66: T R(m/2,3m/2) R(n/2,51/2) ! PL-1_readout  [\wjait at start Wait ReadoutTrigger
298000 ns 128 ns 760 ns
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Calibration

s o QPU vl g ek s i prformancs f s U

Re-calibration is a (small) subset of the full calibration which we run periodically to combat unwanted effects

Example: Find qubit frequency

QB1 frequency = (3.959 + 0.0004) GHz

We drive the qubit at different fr

: : . ~ 0.000 !

We see a signal if we drive at the o -
frequency € _
©1-0.002

Normally, you don’t need that for reca 2 '

—0.004

36 38 40 42

Run this experiment, for example, if l W
Frequency (GHz)

you have changed the qubit flux

| (\ M Quantum Computers, Transmon
()
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Parameters you care about

Single-qubit gates

Readout

Calibration

Two-qubit gates

Qubit frequency

Readout frequency &
amplitude

Coupler pulse amplitude

Drive amplitude

Readout phase

Qubit pulse amplitude

Quantum Computers,
Built for Real Impact

Readout threshold

VZ phases
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Results summary

0.12 :
0.10 -
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o3
0.08 e
i
E 0.06
0.04
0.12
- "
. "
-
0.02 :’-":51,.
- e |
«  Prepare 0 0.10 s
- Prepare 1l *le
0.00 1 o n ..
I I >
0.00 002 o004 008 A
L
- : z‘
E -
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- -
0.02 Pa—
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| (\ Quantum Comyg | ] ]
[ Bu'“fomea“ml 0.00 0.02 0.04 006 008 0.10
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0.06

-

I
Prepare 0

Prepare 1

0.000

« Prepare 0 |
» Prepare 1l

0.025 0.050 0.075 0.100 0.125 0.150 0.175
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Dispersive shift

Prepare the qubitin Your results should look similar
the |0) and |1) state to this!
and measure .
_ e y
e 50006- M o o 9 '..
Repeat the state 5 oo0a datag“ e ¢ %
preparation and 3 data e “ « ¥
0.002 fit g &% » > o
measurement fit o 4 ¥4
protocol for different O 65 454 a6 468 500 502 504 506 s
. Frequency [Hz] e
frequencies Y
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What next?
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Here are some

Continue learning on Join the IQM Discord
IQM Academy

important-links

C —

Foundations of Quantum
Computing Get started with Qrisp on IQM

H+

Welcome to #important-links!

This is the start of the #important-links channel.

Leam more about quantum computing in this interactive

leaming experience

#" Edit Channel

January 26, 2026

% Niklas Steinmann (IQM)
LS

Find all important links below:

s, .. e ® '- &9
Identifying Errors on a Quantum

Computer
IQM learning material and software products
IQM Academy: ht /

Finding errors on a quantum computer IQM Resonance:

Prerequisites IQM documentati

Quantum Computing Linear Aigebra qrisp.eu: ‘Wr PE

grisp GitHub:

Topics PulLA (Pulse-Level acess) Pyl

Error Detection Planar Code Toric Code

IQM webpage: https

IQM on linkedIn: https://www.linkedin.com/company/igm-quan

macademy com https://discord.gg/F38bwqPYJ4

| (\ M umComputers

Bwlt for Real Impact

Follow us on social
media for next events

. | L! 8
QM

IQM Quantum Computers @ E
Global leader in quantum computing.

IQM Quantum Computers

@IQMQuantumComputers - 1.78k subscribers - 27 videos
1QM is a global leader in building quantum computers. ...more

V\ meetigm.com and 2 more links

53 August 26 igm.tech
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Thank you
everyone for
participating to
|IQOM Quantum
School!
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Final wrag

Give us a shout-out on LinkedIn!
* Please tag QM and us (Daniel Bulmash, Nadia Milazzo, and Niklas Steinmann)

Recordings will be uploaded to the IQM Youtube channel in the next few days

Materials (slides, lab links) will be posted to schools.igmacademy.com in the
next few days

Certificates will hopefully be emailed out next week and shareable directly to
LinkedIn.

 Theywill either come from academy@igm.tech or no-reply@certifier.io — both of these are legitimate
emails!

(\ Quantum Computers,
N Built for Real Impact 55 August 26
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We’d love your

https://tinyurl.com/QS2026Day3-feedback


https://meetiqm.com/

	Default Section
	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56



  X


  Y


  C Z


  X


  Y


  x


  y


   { C N O T ,   H ,   S ,   T }


   { C Z ,    R x ( 𝜃 ) ,    R y ( 𝜙 ) }


   { H ,   T O F F }


  S =


  T = 𝜋 / 8


  T O F F =


  {  R x  ( 𝜃 ) ,  R y  ( 𝜙 ) , C Z }
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