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“RECOVER TOGETHER, RECOVER STRONGER”

Greater economy and
sustainability

Broader equality and
financial stability

Ensuring Sustainable

and Stabili and Inclusive Growth
- Enhancing macroeconomic - Ens ble growth
and financial system 9P ting Inclusive Growth

stability (short term & long
term)
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Vision and Mision: 4 Levels of Influences v =<h

* Becoming one of the world-class leading research center in | peveloping model

the field of Advanced Intelligent Communications for ideal
v collaborative
s 04> PAN research.
. X/

TELECOM INFRA 2. Enhancing research
PROJECT

quality towards
world-class
recognition.

L4: Internatignal,
Goverpment

Classical Electro-
magnetic (75%)
—
Quantum (15%)

L3{ Research
Molecules

Leader
\ (8%)
L2: Re archers,"' tude 5 A
|nd:g'e\s 7L INL (N
A\
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MachM
Vo

3. Enhancing research
collaboration with
Hptics . o other universities,
(5%) | industry, start-up
Signal Procegsing ) company, and .

- goverment to build
world-class leading
research center In
the field of Advanced
Intelligent
Communications.

Fun ental Research

- A

Information Theory
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AICOMS Current 5 Top Products/Projects

(1) MCRBS CH T N (2) Kereta Cepat (3) Over-The-Horizon Comm. /Roket.

. Y -.-'_"'5( A
W s 2o ST , 1 ' Wi o G2 » ~23 ¥
¢ R e AT SRR L \
' & S Y M P o SRl RN \ / p
— K48 V% i " " : ! e\ ol (O 4 ny ", MU v \ J -~
I s ™% - g T D Par e A - .
i . B / . - R P 5 S o —_— \l y .
- ’ o ; e SN e PRt o 2 \ ~

s SR g . . - ’ - ot (] L TR .;’.' l.[ A "\ | :
b I i S - ¥ . - = -l 2 'y
A e ' v . &~ A 41 S J

- = . - ety s L 5 T i \ ) /

: v » e TR ¥ LA / s
-y % o LR ) / /

Mobile Cognitive
Radio Base Station

b}
SINGLE-KOF
TRANSMISSION

“UL"‘ '405 P
TRANSMISSIONS —

PN T
~ .
@ o
- T e
- ' 't ~
- \Oc" e
- . ~ € -
)\ ;a’ ' g k_ - v - //
N\ ,‘\ " ‘, - C— //

image: © K. Anwar, Telkom University, 2020.

(4) Next Generation loT (6) Quantum Coding and Security &S

Contention-based Access | loT Technologies Throughput

[trr ) by ) go 81 B:

Pure ALOHA SigFox, LoRa 0.18 pck/slot | | owm R 11— —
Slotted ALOHA RFID, RACH of LTE, 0.37 pck/slot 513 e G v

NB-loT (CloT), Weightless o+ e !
Non-slotted CSMA/CA | Zigbee, WiFi 0.5-0.8 pokisiot e

SIOtted CS MA/CA Zi g bee 0 . 8 ka/S I Ot Syndrome Extraction LuT Error Correction
Coded Random Access | AICOMS, Telkom Univ. 0.9-3.7 pck/slot T T S R e e

image: © K. Anwar, IEEE APCC2021.



i AIC MS
Executive Summary A AICTOMS

* Understanding lkigal is important for happiness and success.
 Happy: feeling pleasure, convenience

 Success: he accomplishment of an aim or purpose

 Having best plan for Master and PhD from start by joining lab.
e Pain is temporary, pride Is forever.

» Understanding trend of technology is later.

 5G-Advanced (approved in Q4-2021) is the prologue to 6G

 RAN-MERDEKA is a promising method for massive deployment of 5G and 6G In
Indonesia with affordable price in the near future.

17



Defining Happiness and Success

Happy: feeling pleasure, convenience

 Based on Cabinet Office, 2011: Factor of Happiness

-

e The first is socioeconomic condition: wealth, income,

work, housing, education, security, and safety. i

 The second is health: physical and mental health.

* The third is relatedness: bonds with family, bonds with
community, and lifestyle.

 Success: he accomplishment of an aim or purpose

Graduated from Master or PhD Program only?

Or More”?

LT e W .
S 3

M ..................................
Advanced Inteligent Communications - Telkom University

- A'\ Y - A .
)‘.‘, ] 7 S . W
Y.y e g . ih
yY 4 ’
4. ESS™ W
< 'F \‘\ “\ -
N W \.\ AY -
® e . .

HARD WORK
PERSISTENCE
LATE NIGHTS
REJECTIONS
SACRIFICES

DISCIPLINE
CRITICISM
DOUBTS
FAILURE
RISKS

Image: tienwong

Cabinet Office (Council for Science, Technology and Innovation) (2017) Comprehensive strategy on science, technology and innovation (STI)

for 2017 (released on June 2, 2017), p 2
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Best Time Schedule for Master and PhD &4

Year 1 Year 2

Master Program (S2)

Start by Submit > Published » Thesis » Graduated
Joining Lab & Project

Year 1 Year 2 Year 3
PhD Program (S2)
Start by Submit Journal » Published
Joining Lab & Project
Submit Conference >  Published
Submit Journal > Published — Dissertation—Graduated

19



Understanding lkigai (&4 = BZE)

o = X5 |Kiru »
‘éé THE INTERNATIONAL BESTSELLER @

(hidup, menjalani hidup) .
JLPT N4

« HAZE: Kai (bermakna)

« FH: Kou (kelas satu, Nilai
A) JLPT N1

|KIGAI

Lic apnanese Seeret

 2Z: i, hi (cantik, elegant,
keren) JLPT N1

. ELFZE:
bermakna, bernilai)

to a Long and Happy Life

HECTOR GARCIA AND FRANCESC MIRALLES

ligai (perkataan

What you love

(
What / \ What

you :ret \ the world
good a \ needs

’I" “l
| ‘;
What -

you can be
paid for

B
sed on 4 diagram by Mark Wi

Image: Hector 20



lkigai: The Art of Living (1+6/10)
e EFITWVWDEBDDILNRD S

e Stay active, do not retire.
* Surround yourself with good friends.

e Smile.

* Give thanks (to your ancestors,

to nature).
e Live In the moments.

* Follow your ikigal. (There is a passion inside
you, a uniqgue talent that gives meaning to your

days)

"‘\ 4. Surroun d yourse If with good friends.

\The University Center of Excellence for
_/ Advanced Inteligent Communications - Telkom University

THE 10 RULES OF
I. Stay active; don't retire.

»
)

2. Take it slow.

3. Don't fill your stomach.

5. Get in shape for your next birthday.
6. Smile.
7. Roconnect with nature.
8. Give thanks.
9. Live in the moment.

10. Follow your ikigai.
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The Universi ty Center of Excellence for
Advanced Inteligent Communications - Telkom University

. . . L A AICTOMS
Hayao Miyazaki (Ghibli) and lkigai
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Miyazaki 2012
Tonari no Totoro

Image: wikipedia Sen to Chihiro no Kamikakushi




Iklgal Industrlal Revolution 4.0 vs Society 5.(Aiem5

Economy

Technology

Human (new dimension)

|« We knew this long time ago, but no
' formalization.

5
SAYA INGIN

; * Japan has achieved the high quality of
Temukan Teori Baru -
dalrn Thrts Telakcrrurikas de_velopm_ent of technology realizes the
vang &emud aging society.

Dr. Kholral Anwas, M.Eng (1),  For Japanese, the next is human.

Penemu Tekno!og PengL rang Daya Transmisi pada Satelit

image: K. Anwar, Tarbawi, 2010. image: wwwa8.cao.go.|p =



Industrial Revolution 4.0 vs Society 5.0

A GDP IMPACT

e |R 4.0 focuses on = & e
the development of = New society

., gathering
e i » L@ &8 aes O
| technology for i Lty @é& A

WE ARE HERE COMPUTING AND DIGITAL 9 ‘”

..1".'\ = '/\'T-\ e Te
economy (GDP) e -

. A :
— Society 2.0
h ' Agricultural

OIL AND MASS PRODUCTION ® SOClety 50 fOcuseS =
e on technology for Blwelg | “Ho Apd A b

STEAM AND RAIL

5 human happines or Boamrtg | = /“f“*“*“ ociey 3.0
comfort lives. e

> TIME

RAW MATERIALS MACHINES BUSINESS MODELS

* IR has 3M

exists with

fane OF CONSLramLs ¢x
respect 1o social problems such .ntho
.‘ ’ = ag r,rxty !p Id;x latio
coAL eyWworas. viateriais, D
vtv
] ]
Machines, Business A" VR orwicamecatpepe b= O
things, all sorts of knowlodge and _' , hom -1
information will be shared, and t f t t
M Od el totally new value will be born. i V"“ O SO
|
1900s l Society 5.0
OIL, STEEL, :
ELECTRICITY Al will free humans from the The possibilities open to humans wil
e " ¢ R : burdensome work of analyzing expand through the use of robots, -=
® SOC I et 5 O h aS 3 t SN, huge amounts of information. automatic-driving cars, etc. — -
[ | Pt X -— . OD Q J 82
C? TN 3 '/" ..!,' | - .
keywords: Comfort 9 S
? : ‘

i > Vitality, Life Quality.

ow Of OUINL O WOI K, Lhes
fir d ng a d ly r :r WL m beha of the
s difficult a H 1 e physically (h nged i tmmo\1

image: M. Frank, P. Roehrig, and B. Pring, "What to do when machines do eveything”, Wiley, 2017. image: wwwa8.ca0.go.|p o
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Motivation 1: For Industries, 6G, and Indonesia 2045 AAICOMS

Industrial Revolution 4.0 (IR4.0)

Society 5.0 (S5.0)
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Motivation 2: Telecommunications Trend at Every 10 Years W uniesi

)

R 1\DONESIA EMAS

Digital Radio

G |
and Software

/o Certain problems are hard for

Defined Radio 6G SN Turing machine, but easy for
s ‘ /" | Quantum machine
o —
= 56 G vd © Google claimed in 2019 that
- | e Quantum machine Sycamore did
£ 4G | the task in 200 seconds which
= /’ Quantum would have taken 10,000 years
= 3G | Radio for a supercomputer to perform.
oS Quantum Machine
2G - | 0 ‘
Photonics 5
1G g - Turing Machine
1980 1990 2000 2010 2020 2030 2040 2050 i .

Size (No. bits)
image: 6G Summit, Finland, 2019 —-
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5G vs 6G: Technology Key Enabler

Peak Data Rate 100 Mb/s 2 |

1 Gb/s

Experienced Data Rate 10 Mb/s
Spectrum Efficiency  1x 3x that of 4G 5-10x that of 5G
Net‘ggg‘feﬁg‘;fgy 1x 10—100x that of 4G 10-100x that of 5G
KPI
Area Traffic Capacity 0.1 Mb/s/m? 10 Mb/s/m? 1 Gb/s/m?
Connectivity Density  10° Devices/km? 10° Devices/km? 107 Devices/km?
Latency 10 ms 1 Mg e MAS e
Mobility 350 km/h 500 mh_ £ >1 1,000 ki 3
e OFDM m , PSR aTIoRTonS
e MIMO a° SM MIMO N
e Turbo Code RO and Polar Cos \ e LIS and HBF
o Carrier Aggregation  * Flexible Frame Structure NG OAM Multlplexmg
Technologies * Hetnet » Ultradense Networks - [G5Eve o

fan-Based Spectram=S aring

*ICIC * NOMA ° o Li
« D2D Communications ¢ Cloud/Fog/Edge Computing”® ‘Quantum Communications and %,

e Unlicensed Spectrum  « SDN/NFV/Network Slicin Computmg \
g I/Machme Learnlng

\}\—.sn —=

. — 27
Image: Zhang et. al, “6G WIRELESS NETWORKS Vision, Requirements, Architecture, and KeyTechnologies”, IEEEVT Magazme July 2019.
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g 5G to Prepare 6G \
I Radiocommunication Study Groups

. 7
P
>’

MaX|m|Z|n

"f“'

Machine Type Communications: Key Drivers ant  caves: 31 may 2001 Document 50/
ject: iginal: Engi
Enablers Towards the 6G Era Subjec: Original: Enolish

Nurul Huda Mahmood!”, Stefan Bocker?, Ingif Moerman Onel A. Lépez', Andrea Munari”,
onstantin Mikhaylov', Federico Clazzer* Mannes Bartz*, Ok-Sun Park®, Eric Mercier®, Selma Saidi?,

Diana Moya Osorio’, Riku Jantti”, Rawk {umar Pragada®, Elina Annanperi’, Yihua Ma®'?, Christian Finland
Nietfeld®, Martin Andraud7 Giaple fgi Liva®, Yan Chen!!, Eduardo Garro'?, Frank Burkhardt!'?, ' :
_hen-Feng Llu H|r|e Al Yalcm Sadi*, Markus Kel::m'tl1 Jean-Baptiste Doré®, Eunah Kim?, UPDATE PROPOSAL TO WORKING DOCUMENT TOWARDS PRELIMINARY

vvvvvv

. TOWARDS 2030 AI\'D BEYOND]

JaeSheung-Str G Yoon Park5 Seok-Ki Kim®, Chanho Yoon®, Khoirul Anwar'® and Pertti Seppaner

2022 2023 2024 2025 2020 2027 2028 2029 2030

SG dan Peran Insinyur Elektro
Dalam Mengembangkan

| ikl N “Expected Released 6G Standard

U Committed to connedting the world

@) Seveiopment GLIALS

What would you like to search for? Q

- ITU General Secretariat | Radlocommunication Standardization Development ITU Telecom I

About ITU-T Events All Groups Standards Resources Study Groups Regional Presence Join ITU-T

ITU-T Focus Group on Quntum Information
oo Technology for Networks (FG-QIT4N) 10



AICTMS

cccccccccccccccccccccccccccccccccc
Advanced Inteligent Communications - Telkom University

Motivation 7: Speed of 6G vs Human Brain®¥"

« There are about 100 billion (10'!) neurons in the human brain
* Every neuron can fire 200 times per second (5 ms update rate),

e Fach neuron is connected to about 1000 others,

» Resulting in a computation speed of 20 X 1013 floating-point operations per second (flops)

 |f each operation is assumed to be binary, we require a data rate of 20,000 Tbps as

. Hp = 10! neurons x 200 flop/sec x 10°/neuron

developing bio-inspired _ -
machine learning algorithms accerating and enableing

. — 20 x 10'5 flop/sec science and clinical work with Al
. = 20 petaflops/sec X 1 bit/tlop

. = 20,000 Thbps.

» 6G has speed > 1 Tbps generating and festing hypotheses

identifying current limitations of

in model biological systems Al in real world applications



Motivation 3: Possible Band for Future Telecommunications v felkom

Radio Microwave Infrared Visible Ultraviolet X-Ray Gamma-Ray
l' 'r‘anav 'I’erahertfI +
Wavelength 10°m 1m 10mm 1mm 0.1 mm 700 nm 390 nm 10 nm 0.01 nm

0’4

i In adio F Bque ﬁ

Frequency 3Hz 300MHz 30GHz 300GHz 3THz 430THz 730THz 30 PHz 30 EHz

Radiation Type

Sample

Application
Broadcast WS 2 ‘ .
Radio and Cellphone THz Secure =~ "HAaIc Visible  Ultravioletin  X-Ray Gamma-Ray
Television Imaging Thermal Light Medicine Imaging  kills living cells

Cameras 30
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Motivation 4: The 5G-Advanced: Starting form Rel-18 (Prologue to 6G) memmw

2021

TSG#94-e TSG#95-e TSG#96 TSG#97 TSG#98
Dec. Mar. Jun. Sep. Dec.

=

ADVANCED

Source: 3GPP Summit, CEATEC2021, Japan, Oct. 2021.

TSG#99

Mar. Jun.

Sep. Dec.

2024

TSG#100 TSG#101 TSG#102 TSG#103
Mar.

UE

Input

Csl

gNB

'( Al powered CSI processing >'

DNN
»@—» g —*.—b CS| FeedBack

CS| FeedBack——» —

Dequantizer

Quantizer

Em . |
>

Recovered

Sept. 2021

31



M Otivati On 5: Why Secu rity Type - Appear:;mce Ad\;antages (+) and Disadvantages (—)

Primitive money Pre- + Itself immediately usable
Christian

— Difficult to ascertain the value, not very handy, partly

» Contracts and transactions are at the heart perishable -
Of our modern SOClety Noble metals Bronze + Nonperishable, can be casted into basic tools, stable

Age value due to rarity

— Difficult to form and cast, not very handy

® The| I paper—based and d |g |ta| reco rdS Coin money 8th + Very hand).', Inonperishable, stable value due to rarity of
. . centur raw materia
define the most important structures of our Bl in large volumes, subject o robbery
ad m I Nn IStratlve econom IC, Iegal, pOI ItICal, Paper money | 1th + Very handy, easily scalable by printing
and SOC|aI SyStemS by Se't'“ ng aSSOC|ated century - Nc:1 ifntri:sic value, subject to inflation, subject to robbery
reg u Iatory bOu ndarles ) Book money | 4th + Very handy, easy and safe storage, simple monetary
century transactions
* They govern interactions among nations, et o e value, not backed by
pu bl IC and prlvate Organ |Zat|0ns, . Fiat money 20th + Simple monetary transactions, safe transaction due to
commun |t|es, and |nd |V|d uals WO rIdWlde century cryptography, monetary policy being defined by the

central bank and its “official legal currency”

— Only virtually existent, no intrinsic value, and not backed
by commodity

* This is why they are frequently subject to _.
digital abuse and fraud, which is why
Cybersecu rity iS more important than S micropayments, s.elf-regula.ted policy by open network,
. - o il transfer without intermediary
ever iIn the dlgltal age — No control of inflation due to absence of regulating

authority, only virtually existent, no intrinsic value, not
backed by commodity

\ \ + Very simple monetary transactions, very safe transaction
due to cryptography, cost efficiency facilitating

Cryptocurrencies 2|st
century

32




Virtnal wodld acs A "@MS

Understanding Metaverse &

nmunications - Telkom Universi
OOOOO

Metaverse

* A virtual-reality space in which
users can interactwitha "%
computer-generated environment :
and other users.

 Metaverse Is coined by Neal

Stephenson’s fiction novel “Snow T
Crash (1 992)' Metaverse market size
$2,000B T
$1,542.9B
Networks| | Clients #5008 -
$1,000B A
$476.48
$500B A
- = $148.5B
Social Design .
2021 2025 2030

ource: PwC 33
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Five Trend in Metaverse
* 1. Creation Upgrade: Al digital content

EREEAERS|I ZERMNIZES
— F— e 2. Computing Upgrade: Huge demand for
A ot ] '
R . computing resource
» 3. Experience Upgrade: AR/VR
=S L .
(& |MS 15 4 * 4. Decision Making Upgrade: Volume and
cn Dimension of data
R o
Fi —$Pm A * 5. Commercial Upgrade: Metaverse is still
(EiR/ & internet, but the content is closer to
HL50) — real Ity-
s 4 « According to Bloomberg Information
> i " 4 analysis, by 2024, the market size of Meta
) O g g4 - Universe will reach 800 billion U.S.
/e " We are here! dollars. PricewaterhouseCoopers predicts
% R - ..} m’ that the market size of Meta Universe will
e reach US$1.5 trillion by 2030.
34

Source: coinyuppie, 15 Nov 2021
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A Sketch of Tech and Trends Shaping Metaverse

Virtual worlds & spatial  Two months into the new normal,
software going mainstream we’re starting to pick up strong
sighals about how entertainment,
£ Metaverse work, school, and common

modes of social interaction will
change. What can we expect In
the near future?

* Video game will guide the way

Democratization
of eCommerce

Audience-first,
“authentic”

social media  Spatial software is coming

o Spatial software is characterized
by the ability to move bodies and
bitcoin  zoom objects freely, in a parallel to the
(~) =¥ Airtable real world. This is opposed to
traditional software, which uses
Adoption of decentralized. some other logic to organize its

distributed, and remote iInterface
productivity tech .

source: Pulsarplatform, 2021 35
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Motivation 8: Succesful Digital Transformations © =%

2020-2021

Indonesia Digital Transformation

— =

Earn
money

Digital

Artificial intelligence e

®
®®®

Blockchain technology tfransformation INFRASTRUCTURE REGULATIONS ECOSYSTEM
5 - ’ Monetize
Digital business data

Quantum ‘ \\\ operaling model

. computing s

Save money

Digitalization

2@,
Analyze 3G ]

Innovation | Peak of Trough of Slope of Plate T

pe== Cloud computing

trigger expeciqﬁonsé disillusionment enlightment progdf@Ctivity daila 4G
| | | | © Quantum Blockchain Artificial / ’
Unexploited business Exponential Wy, computing technology inteligence g 5G
opportunities is technology evolution - , = ” )

- o~ e —— )
e —_— — = — — pE———— 6 G
/]

Digitize information I T
Digitization ' Ol,

frequently filled by
Innovative startup
companies that exploit
digital technologies.

— — S —— = ————— S -

R ——  —

Performance gap

—

— = - =
e —— T
—

S ——

B, Aggregate

N : Digital Cyberphysical Databases & networks data
- Wy, iNpUT devices systems (infernal / external) i
Linear business R sy - | | s
development . e ST e T e e » =
> image: Volker Lang, Digital Fluency, Apress, 2021 36
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Quantum Mechanic and Quantum Information &

W. K. Heisenberg | P. A. M. Dirac, P. Jordan|H. Weil |J. von R. Feynman | |A. Holevo
' L, | Neumann 138
¢ ﬁ Google
Matrix mechanics |[Theory of Group ﬂ Quantum
(1925) and transformations. theory. ||[Quantum information
Indetermination measurem theory
principle (1927). ent. (1970s).

4 /H e 1900 '/
M. Planck / \ \ D. DeLtsch /Time

E. Fermi A. Elnsteln B. Po}dolskl N. Rosen ’ ‘1‘,

Black-body
radiation and

7'y
“

discrete nature of | | De Broglie, E. Schrodinger Rell Preliminary
atomic and sub- Ny = ell’s formulation
atomic physics. W, Theorem | of quantum
Sk (1965) computation
Wave mechanics (1924-1926). (1985)

EPR Paradox (1935).

image: Bassoli, “Entanglement-assisted (Quantum) Communication Networks”,

|IEEE International Conference on Communications 2021 (ICC21), 14-23 June 2021 37
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Wave and Bit: Classical and Quantum e

C (1 . .
i Wavelunction H,’zlol * CIaSSICaI: the blt
AT or =y represents the
N A= AN fundamental element,
ey WV VY A | S which onlv gets two
W =aD+ell) (oo a0 Y3
N vl values {0,1}.
S~ e Quantum: quantum bit
(0 e
- H;—[ll (qubit) is the
wavefunction of a two-
Al Classic real
ﬂ spatial wave . state quantum system,
XOR (sum) (= b) which can get infinite
AND (product) (= ) — —0 values in from
Classical bit superposition of values 0
bel and 1.

X

image: Bassoli, “Entanglement-assisted (Quantum) Communication Networks”,
|IEEE International Conference on Communications 2021 (ICC21), 14-23 June 2021 38
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Sequence of 11 bits; Sequence of 11 quantum bits:
(@ 10) + 51 [ 1)) | 0) + 55| Iz | 0) + S5 | 1))y [ 0) + 4] 1))
11111100101 (5] 0) + fs | I)ag |0) + B | 1))y | 0) + B; | 1))atg | 0) + g | 1))
(29| 0) + fo | I 0) + fiol Iy 10) + f11 [ 1))

stores only one number: 2021  stores all numbers from 0 to 2047

Step I:  00+01=0l (or O+1=lindecimal numbers) 01)®(a-|00) +4-[01))=a-|01+00)+ 5-[01+01)

Step2:  0I1+0I1=10 (or | +1=2 indecimal numbers) =a-|0h + £-10)

Resultof stepl  Result of step 2

fast — ‘ 39



What is Special from Quantum Information (2/2)

Height 4

over ground

Start

Complexity (Resources)

»

Distance
from start

Quantum Machine

Turing Machine

Size (No. bits)

image: Walmsley, IC London
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(Y}
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(w]
—

]
(s

 Classical approch move through the search space one
solution at a time.

* Quantum approach operates in all states in parallel because
superposition of states is possible.

* Quantum selects the best answer depending on the highest
probability. 40



A Vast Amount of Quantum Information

A number larger than number atoms in the universe.
Current Quantum Computer by August 2020

Imagme 300 quantum bltsI

& puthon”’

In |

Qut([3

L stores aII numbers from 1to
7 203703597633448608626844568
¢ 83409378161051468393665936250
- .+ 6361404493543812997633367061
.. 83397376 = 2.109%°

3]t # import all necessary objects and methads for quantum circuits

from qiskit import QuantumiReqister, ClassicalRegister, QuantumC

* define a quantum reqgister with a single qubit
q = QuantumReqister(1)

* define a classical register with a single bir
¢ = ClassicalRegister(1,"c")

* define a quantum circuit

qc = QuantumCircuit(q,c)

for 1 in range(3):
qc.h(q(@]).c_1f(c,a)
qc.measurelq,c)

¥ draw the circuit
qc.draw(output="mp1")

B e o e
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Company Name Type No. of Qubits
D-Wave Systems 5000Q Annealer * 5,000
D-Wave Systems 2000Q Annealer ® 2,000

NIST n.n. Simulator ® 300

lonQ n.n. Computer ¢ 79

Google Bristlecone Computer * 72

IBM Hummingbird Computer * 65

Google Sycamore Computer * 54

IBM Q53 Computer * 53

Intel Tangle Lake Computer ? 49

IBM Qiskit Simulator ® 30

IBM Raleigh Computer ® 28

Rigetti Computing 19Q Acorn Computer * 19

Alibaba Aliyun Computer ? |l

Honeywell Model H| Computer ¢ 10

Honeywell Model HO Computer ¢ 6
“Superconducting circuit Image: Volker Lang, Digital Fluency, Apress, 2021

*Classical computing hardware

‘Linear ion trap microchip
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Google: ? qubit rped ion
device, 2016 Intel: 17 superconducting

Google:
qubit chip, 2017 J

72 qubit
‘Bristlecone’
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-
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Technology ‘
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Industrial giant Honeywell says it’s built the Rumors hint that Google has

accomplished quantum
supremacy

Reports suggest a quant
f e of calculat

world’s best quantum computer
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The news: Honeywell,a US company best known for its home thermostats, has

March-June 2020 Sep 21512019

China: $S11bn quantum
computing investiment

itnage: British Telecom




Quantum Gates: Do not Exist in Classical A

AICTMS

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeee
cvnoed gechm czton Ikom University

Qubit Gate Circuit Matrix Multiqubit Gate Circuit Matrix
| ] (1 0 007
rdarmar — |
Hdddlndld H \_/t [l —l:| cU 01 00
| 00
a) —» —= |()) +(=1)9|1)) (Controlled U) 1) ho U
. 0 ] |;l b)) — -u) U |b)
Pauli X X x- [ }
(B]t ﬂlp NOT) ‘X l O ) ¢ * "l 0O 0 ()"
- a) — la® 1) CNOT - ,() |. 00]
Pauli Y y = |i() _’} (Controlled X) 0 (: (l) (l)
) —p— +
(Bit&Phase flip) ’ ¢ "1\G |u b)— |la,aeb)
a) —=i(-)" laal)
| O —tr —
(Phase ﬂip) | ) l- a I ) CZ - (‘) ) | (V)
a — (f )" la (Controlled Z) |

Phase gate
(S or P gate)

000 -1
| O ] _
- [” ’} _._ la. b) = (=1)? |a. b)

a) — (=) |a)

Phase shift/rotation

1T 0]
R(‘IV) - [() (){(z’]

|(.l> — plaa |“>

Gates for multiple qubits may not be
constructed from the single qubit.

Z Measurement

NOt a matrix
CRlay— CC" ® |a)a)|

Serial gates

H ArA,  Measurement is a must in quantum.

image: Bassoli, “Entanglement-assisted (Quantum) Communication Networks”, IEEE International Conference on
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A AICTM
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Advanced Ineligent Communications - Telkom University

Motivation 11: When Quantum Meet Al

Evaluate Gradients &
Update Parameters

Evaluate
Cost
Function

: : Drug discovery Data encryption
' J

REiEIEIE2E

. 0
Prepare Evaluate [ Evaluate
Quantum Dataset ~ Quantum § Classical
Model ! Model
Measurement Postulate: ~ P,, = (w| MM, |w) L ogistics
M,y
Post Measurement State: |¥) = \/P— image: Walmsley, IC London
m
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Opportunity 2: Cellular Infrastructure, from Design to Commercialization AQA'C@MS

Advanced Inteligent Communication: lkom University

1 - Industry standards S
TELECOM INFRA PROJECT
X/

ﬁ? “JM o=

@)
- IEEE M () K\ .
|l ET F oo Commercial
¢lo OpenRAN
THW ORAN . P
4 Al deployments
SERVICE TECHNOLOGY SYSTEM CONNECTIVITY
PROVIDERS SUPPLIERS INTEGRATORS STAKEHOLDERS

2 - Market demand

T L
GSMA
Everything Wireless

3 - Software & Life Cycle i:0PNFV [Ropenstack. TJLINUX
management tools FAN

S ONAP O

ocP

* The new supply chain is rapidly expanding, aiming to provide much more vendor choice to mobile operators globally.

image: TIP, 2021 =



Opportunity 4: Unique Modular Concrete Poles that are A <AICTMS

Simple and Cost Effective

image:

Rakuten

Cost Effective

40%

40% less cost compared to
building top macro

Complete Control

Ease of
Access

To site maintenance

Advanced Inteligent Communications - Telkom Universi

Concrete Pole

Ease of
Installation

Deploy maximum no. of
poles nationwide

Modular

5G Ready

Minimum required space
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