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Introduction

* IN CYBERSECURITY
COMMUNITY

* Quantum communications and Networking presents a high

barrier for entry
Interd|SC|pI|nary nature of the field requires expertise

@r ss various domains
med to manually compile and curate
sir

materia Hse ources
* Scarcity of quant f qument and
infrastructure hlnders jences



* IN CYBERSECURITY
COMMUNITY

* QUINTET is an advanced experiential learning platform designed to
@ress the challenges
Includes: Interactive course modules
mObjects Repository (LOR) with various learning objects
Platfo rm o Curricular, ill7developed using Kolb's experiential learning

Overview e n/f
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Let us know if already know below topics:

QUINTET HOME SCREEN
Complex Numbers Operations on Complex Num... Properties of Complex Numb...
Modulus and Conjugation Cartesian Representation of C... Polar Representation of Comp...
Complex Vector Spaces Operations with Complex Vec... Matrices and Complex Vector...
erties of Transpose, Conj... Matrix Multiplication and Prop... Linear Dependence and Indep...

sis agld Dimgnsion Transition Matrices Inner Product and Properties
Norm A Orthogonal Vectors Eigenvalues and Eigenvectors
Hermitian Matrices C Unitary Matrices Implications of Unitary Transf...

O r Product Matrices
» The Basics of Complex Numbers

— m"”"fy S),
f m

Tensor Product

» Complex Vector Spaces

x ) &
» Complex Vector Spaces Linear Combination, Independence, Basis and Dimensions OS / [ l
» Properties and Operations on Vectors and Matrices in Complex Vector Spaces ,h

» Advanced Concepts in Complex Vector Spaces

» Overview of Tensor Analysis

Estimated Time: Estimated Time
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Hermitian Matrices Unitary Matrices Implications of Unitary Transf...

Tensor Product Tensor Product Matrices

» The Basics of Complex Numbers

ies of Complex Numbers

he basic properties of complex numbers and operations on them,
the modulus and conjugate of complex numbers.
asic ies of modulus and conjugate operations.
Students will be able ment @rograms to divide two complex numbers, compute the modulus and conjugate.

Lo

» Complex Vector Spaces Linear Combination, Independence, Basis and Dimensions /
» Properties and Operations on Vectors and Matrices in Complex Vector Spaces U,h
» Advanced Concepts in Complex Vector Spaces

» Overview of Tensor Analysis

Estimated Time: Estimated Time
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* IN CYBERSECURITY
COMMUNITY

* QUINTET learning objects are categorized into:
*  Foundational Knowledge Units (FKUs)
* Bridge Knowledge Units (BKUs)

‘R Interdisciplinary Knowledge Units (IKUs)
QUINTET CQQ]
J

* Lea have various attributes like learning choice,

I_ea 'N | ﬂg learning obj Z?é)ﬁﬁisjte, and completion
. * Metadata exam xt's
Objects et /?‘J/

S
J/mD Os /'Um




8 "cell_estimated_time": "3", METADATA #
9 "cell_interactive": "false",
110 "cell_outcomes": [ EXAMPLE
4 11 "Understand the motivation behind the introduction of complex numbers",
"Learn the definition and properties of the imaginary unit i",

5' rm arithmetic operations with imaginary numbers and recognize patterns
in powers

7 15 "cell_prereqs'E ( 'O

16 "ml-background"

17 1, ,hm
18 "cell_title": "Imaginary Numbers'’, U/‘) v
19 "cell_type": [ /f.y S

20 "text"

8 Ym
22 "module_outcomes": | po
23 "Master the concept of complex number representations", :S;

= 24 "Perform basic additive and multiplicative operations on complex nu jg);Z
25 “"Implement Python programs for addition and multiplication on complex numbers"
26 1,

"module_prereqs": [

“"Algebra",

IRl "FILEEEEe. . . (=1 11T




* IN CYBERSECURITY
COMMUNITY

* QUINTET learning objects are available in multiple representations:

* Text, visual (image), symbolic example, numerical example, widgets,
interactive/non-interactive simulations, code-IDE, code-IDE with

Learning rests
Object Q

ing through various modalities
* Screensiats zthe interface and several features of QUINTET

Representati

ons J/mﬁ
m




Example Learnin

Objects
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Enter number of initial qubits

100 S

Eve is not active

Enter Alice's bias for diagnal basis over standard basis (0-100)
50 S

Enter Bob's bias for diagnal basis over standard basis (0-100)
50 <

Enter Eve's bias for diagnal basis over standard basis (0-100)

50 $

\ Y After setting the parameters you may either:

e Run each of the following cells one at a time in order or

Figure 1. IBM quantum computer interface shown along with circuit for quantum teleportation.

TS IE CTTIEEETES. . - 1 B TR

Frequency (GHz) 5.30 535
T1 (us) 52.20 43.00
T2 (us) 26.00 47.00

Last Calibration: 2018-08-16 04:56:38 Gate error (10°°) 1.72 1.80
Readout error (10~ ?) 480 2.00

CX1.0 CX2_0
MultiQubit gate error (10%) 3.09 2.89

cx2_1
3.49

[>] IBMQ 5 Yorktown [iomax2)

Add a description

ito S Backend: Custom Topology My Units: 21 @ Experiment Units: 3 @

q[0] o) —

ql1] o)
ql2] o)
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AU oo




Real

Real= 101181714  Imaginary= 09877358

~ Exarcise 1

Is the following a superposition with respect to the standard basis? QUIZ 3 1 se" Assessm ent QU'Z

Maybe used for in-class hands-on practice.
1. Convert the following into polar representations.

) - 0

Ne. a.c=1+i
= 1414 2,02 —@- - 443 !
- b. ¢ = 21+48i
= 5239 $,0= -9 200 1
» Exercise 1 (solutions) c. ¢ = 3-45(
= o ,0=@ 0.0 1

2. Convert the following polar representations into cartesian representations

G

i I N\
b.p
Alice's bit ) 1 1 =15
| Alice's basis - x B tjo 2|0

Alice's polarization t = - c.p and @
Bob's basis x x x =45 — O S ]

Bob's measurement ot i 110 .o & o e / U

Public discussion Alice and Bob Compare Basis 3. Multiply the folloyving using polar representations. ,77
Secreer | KN N N O | O | O R | 5 " e

> 8

b. ¢ =2-4i and ¢;=3-2i
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Enter your Student ID: 456464645

Select the mode
© Transmission Mode
Arrangement Mode
Select the Quantum Network Protocol
E91 Protocol
© 3-Stage Protocol

N etwo rk Select a task

© Generate a secure key

Send a Message

S i m U I at o r Enter a message to communicate:

\ . 4 P ‘ Enter the grid size: 5
- 3 7 1 ~ N3 ~
Enter the grid size: 5 Submit Reset -
Start transition Back Replay Submit
Quantum Key Distribution Network 95 run s rC/Home
- Home ()
01110011

qo_5: —— X

q0_6: { H —m—

qo_7: X
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Experiential

Learning In
QUINTET

* IN CYBERSECURITY
COMMUNITY

* QUINTET supports experiential learning through:

* Concrete Experimentation Phase: Interactive simulations, code-IDE
with tests, self-graded exercises

f ion Phase: Interactive simulations to replay actions and

gbsenve mes

* ConceptUa |£\I e: dnteractive audio-visual scenarios and
coding tasks

* Active Experimentation Mss@ nt learning objects to test
understanding m
K Os;
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* IN CYBERSECURITY
COMMUNITY

LeSSO N -C‘NTET uses a fractional knapsack algorithm to generate lessons
Generat| on . >@z educational value while respecting time constraints and
achi m rning outcomes

* Explanation of t uf?al apsack problem formulation and
algorithm implementatio y S
JIOOS /.U

using
Fractional
Knapsack

15



Fractional
Knapsack

Algorithm

* IN CYBERSECURITY
COMMUNITY

* High-level steps of the fractional knapsack algorithm:

Initialize a dynamic programming (DP) table
DP table by sorting and processing learning objects

the end of the DP table to determine selected
learnin jects 2

* Calculate the co inf i f each module

* Verify if the target learnin %r@eved
JIOOS '
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Use Case 1:

Single
Learning

Outcome
and Time
Constraint

given time constraint

Polar representation
(ET: 2min)

Modulus
Conjugation
(ET: 4 min)

earning Outcome: Understand and
apply the projection of one vector
onto another

Imaginary Numbers (ET: 3 min)

Background Img. Num.

(ET: 2 min)

Projection (ET: 3 min)

Norm of a Vector (ET: 3
min)

Propdlities [Mier

Product mi

Operations of Complex
Vectors (ET: 3min)

Operations with
scalar (ET: 3min)

Additive Inverse
(ET: 1 min)

Background Complex
Vec. (ET: 2 min)

* Explanation of how the algorithm generates the lesson withifi

) IN CYBERSECURITY
COMMUNITY

Use case: 30 mins

Mandatory LO to complete the learmng:

Examples Inner
Product (ET: 5 min)




IN CYBERSECURITY
COMMUNITY

earning Outcome: To learn
properties of tensor product of
matrices

Use Case: 50 mins

! Propertie§ ofTensorRroduct Mandatory cells to complete the :
| Matrices (ET: 1 min) learning outcome X

_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_“"—\?_‘_":f'_'_'___\'g:_: __________________________________________________________________________________ 1
| Tensor Product Matrices Examples of Tensor

S e a S e L4 X (ET: 3min) Matrices (ET: 4 min)
l J ( : 2 o N R .

) Tensor T Product |
Product (ET: 3 Entanglement ensor Froduct Level 2 Dependency Cells 1
I I I I ( ! (ET: 1 min) Matrices (ET: 3 min) 1
————————————— ‘7' —‘*—K:_—————————————————————————————————I
________________ — e
O 1 Operations of Examples of Examples of Tensor |
O I I St ra I I I O : Complex Vectors Tensor Product Product Complex Level 3 Dependency Cells \
| (ET: 3 min) (ET: 3min) (ET: 3 min) 1
1

Background on
scalars (ET: 2 min)

Level 4 Dependency Cells

50 Minutes Sacground S
N

| Complex Numbers (ET: 2 min) |

\

| Imaginary Numbers (ET: 3 min) |

Basis (ET: 3
min)

| Background Img. Num. |
(ET: 2 min)

Complex Vector Spaces (ET: 3 min)

T

Operations with Additive Inverse
scalar (ET: 3 min) (ET: 2 min)
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Advantages

of QUINTET

* IN CYBERSECURITY
COMMUNITY

* Addresses the unique challenges in quantum education through an

outcom stralnts

* Provides hands- on /t experimentation and supports
multiple representations o cts

,77,008 / U,

erentlal learning approach
m enerates lessons that align with specified learning
es‘a Jtl?ﬁ}
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Future Work
and

Conclusions

* IN CYBERSECURITY
COMMUNITY

* Future work involves developing more learning objects and

supporting additional constraints
‘ mtroduces a novel experiential learning platform for
qua

s
nig
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