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Pendahuluan



https://www.lisbdnetwork.com/information-gathering/

Semesta Informasi

Ref: Scientific American

www.wikipedia.org



Teknologi Informasi
Kemampuan dan Keterbatasannya



Komputer: mekanik → lampu tabung → transistor

www.wikipedia.org

www.nobelprize.org

www.wikipedia.org
www.wikipedia.org



Komputer: IC →μProc→ multi-Proc, AI,GPU…

www.wikipedia.orgwww.wikipedia.org

www.nobelprize.org



Teori Informasi ● Source coding
● Channel Coding
● Information Theory

Claude Shannon: 
“The Mathematical Theory of Communications”

www.wikipedia.org H = -Σp(x) log p(x)
www.wikipedia.org



Teknologi Informasi Penyimpan Informasi

Alat Komunikasi

Pengolah Informasi

www.pinterest.com



www.bharatskills.gov.in

≅

Extended Church-Turing Thesis [Bernstein-Vazirani] 
"Any realistic model of computation can be efficiently simulated 

by (probabilistic) Turing Machine." 

MesinTuring

https://simple.wikipedia.org/



TSP 3-SATGraph Coloring

Hard Problems

Quantum 
Simulation

https://science.org/

https://cosmolearning.org/

Protein Folding
https://fujitsu.com/



Sekilas Fisika Kuantum:
Revolusi Kuantum Pertama



Mengapa Perlu Fisika Kuantum ?

Radioaktivitas

Efek Fotolistrik

Atom yang Stabil

Spektrum Radiasi Atom

Radiasi Benda Hitam

Fenomena yang 
tidak dapat 

dijelaskan dengan 
Fisika Klasik



Fondasi dan Fenomena Kuantum

Fungsi Gelombang Prinsip Ketidakpastian

Dualitas gelombang-partikel
Interpretasi Born

Persamaan Schroedinger

Spin

Penerobosan Kuantum

Superkonduktivitas
Superfluiditas

Emisi terstimulasi



Teknologi Kuantum: Revolusi Kuantum Pertama

Divais semikonduktor
(transistor, IC, Dioda)

Panel Surya

Kamera Dijital

MRI

LASER Mikroskop Elektron
https://wikipedia.org/



Teknologi Informasi Kuantum:
Revolusi Kuantum Kedua



Komputasi Kuantum

https://dwave.com/

https://nature.org/

https://www.techrepublic.com/ https://nytimes.com/

www.qiskit.org

Quantum Logic Gate

Quantum Annealer



Supremasi Kuantum

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

Menyanggah Extended 
Church-Turing Thesis

www.wired.com

October, 2019

www.youtube.com



Implikasi

Algoritma Shor 
Pemfaktoran Bilangan

www.youtube.com

www.science.org



Kriptografi Pasca-Kuantum

Paradoks 
EPR

A.Aspect

Pelanggaran terhadap 
ketidaksamaan Bell

E91 www.wikipedia.org

Entanglement

BB84

No-cloning



Satelit Kuantum

● Sumber: NICT (Jepang)

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

2016



Sektor Teknologi dalam Revolusi Kuantum Kedua

Penginderaan Kuantum

Komunikasi Kuantum

Komputasi Kuantum



Inisiatif 
Pengembangan Teknologi Kuantum 

di STEI-ITB

… toward practical quantum supremacy 



Lingkup Kegiatan

Pencarian matriks biner 
orthogonal (Hadamard)
● Teknik Spin Vector: JoP, 2017
● Proposal to RIACS/USRA
● Kerjasama dengan MDR Inc./ 

Blueqat Inc., Tokyo

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

○ Sci.Rep. 2022: H-92 and beyond
● Pendirian Lab. Teknologi Kuantum 

STEI, 2021.



Tentang Matriks Hadamard

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

CDMA Communication System employs 
Walsh-Hadamard Orthogonal Code

• 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 

• [2^(M2)] ~ exp (M2) matriks biner.
• Ramalan H-matrix conjecture: “... there is a H-matrix 

for every M=4k, k positive integer.” 
• Bagaimana menemukannya? 
• >>Brute force, worst-case: periksa semua matriks biner, 

kompleksitas O[exp(M2)] --> a hard problem. 
• >>Usulan Solusi: Gunakan Komputer Kuantum !



Quantum Annealing

[Source: Nature, Biamonte 2017]

Quantum Annealer
Source: D-Wave 
Systems



Eksperimen dengan DW2000Q
● Finding 4-order H-matrix• 2-order H-matrix

27

Minimum energy 
E = -13.52

Minimum energy, E= -322.91

Sci. Rep. 2019



https://www.jpl.nasa.gov/

Discovery of 92-order H-Matrix
• 1961 by JPL; IBM Mainframe
• 2020 by STEI; DW2000Q

Sci. Rep. 2022

Balancing Classical-Quantum Resources

Perkembangan terkini: (1) H-matrix orde tinggi



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

Williamson 12
Baumert-Hall 32
on IBM-Q Simulator

QAOA



Issue Penting, Tantangan, dan Peluang



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





Perang Kuantum

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

Quantum 
Doomsday
(Cryptographic 

Quantum 
Apocalypse)

• Algoritma Shor 
terimplementasi

• Persandian RSA 
(+kurva eliptik) 
runtuh

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



Gartner’s Hype Cycle

2005

2017

2020



Peluang

2021
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