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emesta Informasi
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Teknologi Informasi
Kemampuan dan Keterbatasannya



Komputer: mekanik — lampu tabung — transistor

www.wikipedia.org

www.wikipedia.org

The Nobel Prize in Physics
1956

J a8
William Bradford John Bardeen Walter Houser
Shockley Prize share: 1/3 Brattain

Prize share: 1/3
www.nobelprize.org

www.wikipedia.org



Komputer: IC —uProc— multi-Proc,

Zhores 1. Alferov Herbert Kroemer Jack S. Kilby
Prize share: 1/4 Prizwﬂgnobelpriz@g org2

www.wikipe.(;lia.org www.wikipedia.org



Teori Informasi
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www.wikipedia.org

Claude Shannon:
“The Mathematical Theory of Communications”

e Source coding
e Channel Coding
e Information Theory
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www.wikipedia.org



TeknOIOQi Informasi Penyimpan Informasi

Blue Ray disks USB Pen Drives External HDD

Pengolah Informasi

Alat Komunikasi

www.pinterest.com




MesinTuring

www.bharatskills.gov.in

Extended Church-Turing Thesis [Bernstein-Vazirani]
"Any realistic model of computation can be efficiently simulated
by (probabilistic) Turing Machine."

machine

https://simple.wikipedia.org/



Hard Problems

(Xg v Xq v Xg) A (=Xg v =X v —Xg) A (=X v Xz Vv X5)

Variables and negations of variables

@ Amino acid linear chain Expressmn of 1 amino acid
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Sekilas Fisika Kuantum:
Revolusi Kuantum Pertama



Mengapa Perlu Fisika Kuantum ?
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Fondasi dan Fenomena Kuantum T B

sample barrier STM tip

Penerobosan Kuantum

S ek

Superfluiditas

Superkonduktivitas

. Interpretasi Born
Dualitas gelombang-partikel

Ey ——
W hw AR A
H()y()) = i}’ii (1)) OINe :t o
dt B e

Persamaan Schroedinger Emisi terstimulasi




Teknologi Kuantum: Revolusi Kuantum Pertama

Kamera Dijital

Divais semikonduktor
(transistor, IC, Dioda)

Rt

Panel Surya LASER

Mikroskop Elektro

https://wikipedia.org/



Teknologi Informasi Kuantum:
Revolusi Kuantum Kedua



Komputasi Kuantum

Quantum Annealer

/ / \ 77N
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https://nature.org/
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Supremasi Kuantum

Article

Quantum supremacy using a programmable
superconducting processor

https://doi.org/10.1038/541586-019-1666-5  Frank Arute', Kunal Arya', Ryan Babbush', Dave Bacon', Joseph C. Bardin'?, Rami Barends',
Received: 22 July 2019 Rupak Biswas®, Sergio Boixo', Fernando G. S. L. Brandao'*, David A. Buell', Brian Burkett’,

2 Yu Chen', Zijun Chen', Ben Chiaro®, Roberto Collins', William Courtney', Andrew Dunsworth',
Accepted: 20 September 2019 Edward Farhi', Brooks Foxen'*, Austin Fowler', Craig Gidney', Marissa Giustina', Rob Graff’,
Keith Guerin', Steve Habegger', Matthew P. Harrigan', Michael J. Hartmann'4, Alan Ho',
Markus Hoffmann', Trent Huang', Travis S. Humble’, Sergei V. Isakov', Evan Jeffrey’,

Published online: 23 October 2019

The promise of quantum computers is that certain computational tasks might be
executed exponentially faster ona quantum processor than on a classical processor'. A

fundamental challenge is to build a high-fidelity processor capable of running quantum MORE VIDEOS 8,866,903,887,8887398
“a ure algorithmsin an exponentially large computational space. Here we report the use of a states Eatinulli=creenl(h)

processor with programmable superconducting qubits®” to create quantum states on

53 qubits, corresponding to acomputational state-space of dimension 2% (about 10%). WWWw. youtu be.com

M sfromrep d experiments sample the resulting probability

distribution, which we verify using classical simulations. Our Sycamore processor takes
about 200 seconds to sample one instance of a quantum circuit a million times—our
benchmarks currently indicate that the equivalent task for a state-of-the-art classical
supercomputer would take approximately 10,000 years. This dramatic increase in
sneed compared to allknown classical aleorithms is an exoerimental realization of

200 seconds in Sycamore
~ 10,000 years in a Supercomputer

Menyanggah Extended
Church-Turing Thesis

www.wired.com
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Kriptografi Pasca-Kuantum
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Satelit Kuantum

Light-wave
communications

Peta (105)
bps traffic

Space link

Exa (10'8) bps traffic
Backbone network

Q. Node
Control of wave &
particle natures for
the ultimate capacity

Single photon QKD
Governmental-, Bank-NW

Extremely-long term secure
secret distributed storage

Secret drone
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Quantum key distribution network

Quantum key dist

Ground-satellite-integrated global quantum secure network

®  Sumber: NICT (Jepang)

https://www.science.org/content/article/china-s-quantum-satellite-achieve
s-spooky-action-record-distance



Sektor Teknologi dalam Revolusi Kuantum Kedua

Sifted key | QBER | Final key
kb 1.4% 266 kb Micius - Xinglong, China

2 Sifted key | QBER | Final key
0 kb 103 kb 06/04/20° 279 K 1.2% |61kb
5%~ 361 kb 06/15/2017 1.1% | 141kb

06/24/2017 K 198 kb

Micius — Nanshan, China L
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Lingkup Kegiatan

Pencarian matriks biner
orthogonal (Hadamard)

® Teknik Spin Vector: JoP, 2017
® Proposal to RIACS/USRA

e Kerjasama dengan MDR Inc./
Blueqat Inc., Tokyo

o Sci.Rep 2019: 100 in Physics, 2019
(ranked 8).

o Sci.Rep. 2022: H-92 and beyond

® Pendirian Lab. Teknologi Kuantum
STEI, 2021.

Cornell University

arXiv.org > cs > arXiv:1606.09368

Computer Science > Discrete Mathematics

(Submitedon 3.4 201]
Probabilistic Construction and Analysis of Seminormalized Hadamard Matrices
Andriyan 8. Suksmono

PAPER - OPEN ACCESS
Finding a Hadamard matrix by simulated annealing of spin
vectors

5 entropy
Andriyan Bayu Suksmono' M 2
Published under licence by IOP Publishing Ltd [

oo e
| Finding a Hadamard Matrix by Simulated Quantum
Anneali

Journal of Physics: Conference Series, Volume 856, Col

4 October 2016, Jakarta, Indonesia

RESEARCH TEAMAND  FEYNMAN ACADENY TR
RIACS

= by €
J

QUANTUM INFORMATION NISQ COMPUTING

PUBLICATIONS INTERNSHIP PROGRAM ‘SCIENCE RESOURCES NEWSLETTER

bluegat

Quantum Computer +
Machine Learning Platform

HOME | Q1S RESOURCES | REQUEST FOR PROPOSAL

Bonchmarking New Planted Solution Instances on the D-Wave 2000Q

International funding
for scientists

scientific reports
Bl suf soutiit' ol lferaation v

ature 3 scentifc eports 3 collecion rd matrices by using quantum computers

Ninao
‘COLLECTION | 04 MARCH 2020

Top 100 in Physics

This collection highights aur mos




Tentang Matriks Hadamard

Definisi: orthogonal binary {-1,1} matrix

* Aplikasi: orthogonal codes pada CDMA, ECC (Error
Correction Code) with maximal error correction
capability, employed in Mariner-9

» Sains/Matetika: H-matrix conjecture: ~100 years old
unsolved problem

Mengapa menemukan H-matrix itu sulit?
* Untuk M-order matrix, ada
s [2M(M?)] ~ exp (M?) matriks biner.
* Ramalan H-matrix conjecture: “... there is a H-matrix
for every M=4Kk, k positive integer.”
+ Bagaimana menemukannya?

+ >>Brute force, worst-case: periksa semua matriks biner,

kompleksitas O[exp(M?)] --> a hard problem.
e >>Usulan Solusi: Gunakan Komputer Kuantum !

" Base Station

]
Forward Link : = ol e 5
a composite signal i &f i
which s transmitted = = =

fo all users and Fe e CDMA in which each channel is assigned a unique code
differentiated by codes Mobile Stations which is orthogonal to codes used by other users.

" F requency

CDMA Communication System employs
Walsh-Hadamard Orthogonal Code

Mariner-9 employed Hadamard’s ECC
to protect Mars’s images sent to Earth



Quantum Annealing

[Source: Nature, Biamonte 2017]

T

HQA (&t): (1__) Hkm( )+ Hpot (0

Quantum Annealer

Source: D-Wave
Systems



Eksperimen dengan DW2000Q

e 2-order H-matrix e Finding 4-order H-matrix

A, (65 385t 650 - RS RS o tPGie s

‘a.?_‘
os%

22—terms

.? o
s
ofess
oo
.’; 4
..é..
&

N
O é 8|
Bl
\E{ Afs) 8(s) ol s | 50 ew 700 @0 90
,@.md
0
5 -5‘|I||||“|I|IIIIIIIIIIIIII7
3] 06 0.8 1
W10 ;
"% 5 10 15 20 25 30 +
Solution Id
120 { % 10 131 136 % 4o . .
I Minimum energy, E= -322.91 -
o
0 - .
0 5 10 15 20 25 30 f— + + —
- - Solution Id
Minimum energy [ + — .

E = .13 52 - H, (67 )= 1.248+666; +.. —440'~9+60' 6; +..+865,65,

38 9-—rerms 27



Perkembangan terkini: (1) H-matrix orde tinggi

2MxM hinary matrices [
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iscovery of 92-order H-Matrix
| CLASSICAL COMPUTER o 1961 by JPL; IBM Mainframe
Orthogonality test of
the solutions . 2020 by STEI; DW2000Q
(or) g
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Balancing Classical-Quantum Resources

N Jet
California Institute of Technology

jplinasa gov/blog/2013/8/hadamard-matrix

Propulsion Laboratory

Number of qubits

Hadam:
View Ful

Photograph Number

https //www jpl.nasa.gov/

In 1961, mathematicians from NASA's Jet Propulsion Laboratory and Caltech worked toge
construct a Hadamard Matrix containing 92 rows and columns, with combinations of positiv

negative signs. In a Hadamard Matrix, if you placed all the potential rows or columns next to
each other, half of the adjacent cells would be the same sign, and half would be the opposite

e

<

10?

~~~~~ qubit growth
~== no embedding

—-- 8x embedding

2009 2011 2013 2015 2017 2019 2021 2023 2025 2027 2029
Years




Perkembangan terkini: (2) H-matrix Search via QAOA
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Quantum effort worldwide

Quantum Canada

CAS$1b = $766m

Global
effort 2021
$22.5b

(estimate)

United Kingdom Netherlands Germany China Russia
£1b = $1.3b 150m € = $177m 2.6b €=%3.10 $10b P50b = $663m
Korea
W44.5b = $37m
Japan
' ¥50b = $470m
)
France

1.8b € = $2.2b

— Taiwan
NT$8b = $282m

Australia
AU$130m = $94m

Initiative $1.2b

US National Quantum

India
X73b = $lbn

Flagship 1b € = $1.1b
©2021 QURECA Ltd - Confidential and Proprietary

European Quantum || Israel #1.2b = $360m ggg(‘;ﬁf’:;w? 0

https://qureca.com/overview-on-quantume-initiatives-worldwide/



Non exhaustive and in no particular

QUANTUM Quantum Computlng Market Map order. Excludes details on control

systems, assembly languages, circuit

INSIDER

design, etc.

Users Applications Software offerings QPUs? Hardware / components
Select examples Not mapped to verticals Includes control software Select examples only — not
representative of entire ecosystem

Material Science \ Not strictly categorized given diversity of operations’ ’ Superconducting ‘ Cryogenics
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2 Many QPU providers are offering full stack services (e.g. Pasqal acquired Qu&Co, Quantinuum was originally CQC prior to merger with HQS, etc

~\p -

=) et
‘g HUAWEI CLOUD . QUANTUM ‘ Q,Devn
Google Cloud EQFOQ Electrons on hehum @ BRILLIANCE NV Diamond



Perang Kuantum

Quantum

Doomsday
(Cryptographic
Quantum
Apocalypse)

Algoritma Shor
terimplementasi
Persandian RSA
(+kurva eliptik)
runtuh

Password, pesan
rahasia, data-data
(financial,
pemerintahan, ...)
terancam.

mmunlcatlon

ﬁ quantum cyber quantum quantum %,
@ computing SnTonT radar
wariere applications ‘ ‘ﬁ% o q 2

sz fmﬁfm

quantum
quantum

L J
|:| quantum e« computer QU ANTUM mégﬂeyérr:et

C] ¢ [:] c quantum WARFARE

inertial
’ navigation
underground
mapping quantum
chemical

,.r;&% : 9 dee ions

quantum

https://www.researchgate.net/figure/Sketch-of-quantum-warfare-utilizing-various-quantum-technology-systems_fig1_350341569
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EXPECTATIONS

Software-Defined
4D Printing, Security
Augmented Realty

Smart Dust,

Innovation

Peak of Inflated
Trigger Expectations

- Through of

Expectations

Layer 2 Solutions (Sidet

Blockchain UX/UI/Wallet Technologies.

Blockchain Managed Services

Authenticated Provenance

Hype Cycle for Blockchain Technologies, 2020

Decentrallsed Identity

Smart Contratts
Secure Multiparty Computing
Consensus Mechanisms!
lockehain Interoperability |
Blockchain Asset Tokenisation

) Blockchain Platforms

Tokenisation

ains, Channels)

Decentralised Applications

Blockchain PaaS
Blockchain for Data Security
Blockehain & loT

Zero-Knowledge Proofs
Ledger DBMS

Posiguantum Biocichain

‘Smart Contract Oracle

Decentralised Web
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of Productivity

TIME

Software as Service/ASP
Handwriting Recognition
Video Conferancing

RFID (passive)

2005

Innovation et Slope of Plateau of
Trigger 5 et Disillusionment ' Enlightenment : Productivity
xpectations i i
Time As of July 2020
Source: Gartner (2020) G Chainstack



Peluang

Nonfungible Tok NF
Al-Augmented Software Engineering onfungible Tokens (NFT)
o Data Fabric
Employee Communications Decentralized Identity

Applications °
Composable Applications /./

Generative Al 2
Multiexperience /
Digital Humans
Active Metadata
Management
Real-Time Incident ’
Center-aaS
Decentralized Finance
Composable Networks
Self-Integrating
Applications
Sovereign Cloud
Physics-
Informed Al

Named Data
Networking

EXPECTATIONS
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