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II.1. Brief history of classical computers

Analog calculator

An analog calculator is a calculator that uses continuous physical measurements (e.g. electrical) to model a problem to be solved. It is more of a simulator than a computer (e.g. for predicting the motion of planets).

Analog computers are (or more accurately were) very well suited to solving ordinary differential equation systems thanks to their integrators that perform true integration as a function of time.

First mechanical calculators

The ENIAC weighted 30 tons, with an occupied surface of 72m 2 and a power consumption of 140 kW !

II.1. Brief history of classical computers

The completed machine was announced to the public the evening of February 14, 1946 and formally dedicated the next day at the University of Pennsylvania, having cost almost $500,000 (approximately $6,300,000 today).

The basic machine cycle was 200 microseconds (20 cycles of the 100 kHz clock in the cycling unit), or 5,000 cycles per second for operations on the 10-digit numbers. In one of these cycles, ENIAC could write a number to a register, read a number from a register, or add/subtract two numbers.

II.1. Brief history of classical computers

Two major technological breakthrough:

semiconductor transistors ; magnetic memories.

It has permits to downsize computers through miniaturization and increased performances of devices.

The IBM 305 RAMAC was the first commercial computer that used a moving-head hard disk drive (magnetic disk storage) for secondary storage. The system was publicly announced on September 14, 1956, with test units already installed at the U.S. Navy and at private corporations.

Photo by U. S. Army Red River Arsenal.

commons.wikimedia.org/wiki/File:BRL61-IBM_305_RAMAC.jpeg

II.2. Classical bits

The elementary block of classical logic is the bit (classical bit).

A bit may takes only two values: 0 or 1.

An ensemble of bits is used to "encode" an integer in binary. The information is stored in the form of a succession of bits: 01100101001011100.

The numerical calculation is performed using logic gates: NOT, OR, XOR, CNOT,... Numerization (or digitization) is a process that permits to express a decimal integer number into a binary basis. Let (n, N) ∈ N 2 be two integers such that n < 2 N -1. Then

∃{a i } N ∈ {0, 1} such that n = N i=0 a i × 2 i .
The ensemble of {a i } is the binary decomposition of the number n on the binary basis, a 0 being units, a 1 being tens, a 2 being hundreds, etc... Let denote n 2 the expression of n in binary basis, encoded over N bits:

n 2 = a N a N-1 a N-2 • • • a 2 a 1 a 0 .

II.2. Classical bits

Example: coding on 4 bits (N = 4)

1 = 0 × 2 3 + 0 × 2 2 + 0 × 2 1 + 1 × 2 0 ⇒ 0001, 2 = 0 × 2 3 + 0 × 2 2 + 1 × 2 1 + 0 × 2 0 ⇒ 0010, 3 = 0 × 2 3 + 0 × 2 2 + 1 × 2 1 + 1 × 2 0 ⇒ 0011, 2 = 0 × 2 3 + 1 × 2 2 + 0 × 2 1 + 0 × 2 0 ⇒ 0100, etc...
Only integers are converted into binary numbers. For a real number (a "float"), one may transform it into several integer data.

II.2. Classical bits

Depending on the value of N, a number may or may not be converted to N bits (i.e. N binary digits). Thus, N will define the maximum value of the integer decimal number that can be encoded on N bits (or N binary digits).

The choice of the number of bits used: compromise between the number of values needed, the available memory and the calculation or acquisition speed (Cf. FFT and sampling rate). Qualcomm Snapdragon processors might be found in smartphones. The model 8cx / SCX8180 has been released in 2018.

II.3. Classical electronics

The smallest size of transistors of this chip is 7nm only.

It results in 8,500,000,000 transistors on a 112 mm 2 chip.

Moore's Law states that the number of transistors on a microchip doubles about every two years, though the cost of computers is halved. In 1965, Gordon E. Moore, the co-founder of Intel, made this observation that became Moore's Law.

In other words, Moore's Law says that the growth of microprocessors is exponential.

https://en.wikipedia.org/wiki/Moore%27s_law

A plot (logarithmic scale) of MOS transistor counts for microprocessors against dates of introduction, nearly doubling every two years.

III.1. Moore's law and quantum effects

In the context of logic technology scaling, Moore's Law breaks down into four parts: density, performance, power and economy.

Density, or the number of transistors per square inch of a chip, has gone from Gordon Moore's original observation in 1965 of doubling every 12 months, to now taking three years.

Performance improvements have experienced a similar slowing.

Power, while less influential at its introduction, has grown in importance due to our battery-hungry mobile devices.

The economy, or cost per transistor, is the only element of the "law" that's kept similar pace over the last 50 years.

In computational complexity theory, NP (nondeterministic polynomial time) is a complexity class used to classify decision problems. NP is the set of decision problems for which the problem instances, where the answer is "yes", have proofs verifiable in polynomial time.

An equivalent definition of NP is the set of decision problems solvable in polynomial time by a non-deterministic Turing machine. This definition is the basis for the abbreviation NP; "nondeterministic, polynomial time."

A problem is said to be NP-hard if everything in NP can be transformed in polynomial time into it, and a problem is NP-complete if it is both in NP and NP-hard. The NP-complete problems represent the hardest problems in NP. If any NP-complete problem has a polynomial time algorithm, all problems in NP do.

It is not known whether every problem in NP can be quickly solved-this is called the P versus NP problem. But if any NP-complete problem can be solved quickly, then every problem in NP can, because the definition of an NP-complete problem states that every problem in NP must be quickly reducible to every NP-complete problem (that is, it can be reduced in polynomial time). Because of this, it is often said that NP-complete problems are harder or more difficult than NP problems in general.

IV.2. Classical computers

Circuit model: boolean logic, logical gates.

Morgan's theorem: a OR gate might be realized with AND and NOT gates.

Universality of circuit model. But a circuit is not programmable; a circuit is dedicated to a given problem. The number of logical gates is exponential with the number of bits (2 n ).

The von Neumann architecture permits to solve this problem with programmable computers but computing time remains an issue.

Landauer's principle:

erasing a bit of information requires at least an energy of k B T log 2.

Irreversibility and heat generation in the computing process, Rolf LANDAUER, IBM Journal of Research and Development, 5:183 (1961) 

  Musée des Arts et Métiers (Paris). Photo : David Monniaux, 2005. A Pascaline, a mechanical calculator developed by Blaise Pascal (1652).

II. 1 .

 1 Brief history of classical computers Binary, octal and hexadecimal systems. Explication de l'Arithmétique Binaire, G. W. Leibniz (1703-1705) Simplicity of multiplication and binary division. Multiply by 2 = add a 0 11 × 2 = 22 1011 × 10 = 10110 Divide by 2 = remove the last digit corresponding to the rest 11 ÷ 2 = 5 hold 1 1011 ÷ 10 = 101 hold 1 II.1. Brief history of classical computers Octal : basis 8 = 2 3 . Each 3-bit packet is the binary writing of a digit in base 8. 0 8 = 000, 1 8 = 001, 2 8 = 010, 3 8 = 011, 4 8 = 100, 5 8 = 101, 6 8 = 110, 7 8 = 111. ..., 9, A, B, C, D, E and F. Each 4-bit packet is the binary writing of a digit in base 16. A 16 = 10 10 = 1010 2 , B 16 = 11 10 = 1011 2 , C 16 = 12 10 = , D 16 = 13 10 = 1101 2 , E 16 = 14 10 = 1110 2 , F 16 = 15 10 = . For example, 10101101110 2 = 101 . . .0110 . . .1110 = 56E 16 .

-2023

The Intel 80486, also known as the i486 or 486, introduced in 1989. https://en.wikipedia.org/wiki/Intel_80486

https://en.wikipedia.org/wiki/Qualcomm_Snapdragon https://en.wikipedia.org/wiki/Transistor_count

The invention of the transistor earned researchers at Bell Labs a Nobel prize.

The DSKEY input module (right) shown alongside the Apollo Guidance Computer's main casing (left).

The Apollo Guidance Computer (AGC) is a digital computer produced for the Apollo program that was installed on board each Apollo command module (CM) and Apollo Lunar Module (LM). The AGC provided computation and electronic interfaces for guidance, navigation, and control of the spacecraft. https://en.wikipedia.org/wiki/Apollo_Guidance_Computer Kenneth MAUSSANG Introduction to Quantum Computing 2022 -2023

Quantum technologies

transistors.

These elements are the basic blocks of moderns technologies of information and communication.

Properties:

governed by classical physics law;

no quantum effects; no quantum states superposition;

no quantum field quantification.

Integrated circuits

The view and element placement of the popular chip 7400 from Texas Instruments. The chip contains four logical elements AND-NOT (NAND). The two additional contacts supply power (+5 V) and connect the ground. This chip was made in the 45th week of 1976.

The DSKEY input module (right) shown alongside the Apollo Guidance Computer's main casing (left).

The AGC has a 16-bit word length, with 15 data bits and one parity bit, with a processor made out of 12,300 transistors. Astronauts communicated with the AGC using a numeric display and keyboard called the DSKY (for "display and keyboard", pronounced "DIS-kee"). Today's chips with vertical "fin" transistors, called FinFET, power today's most-powerful 14nm, 10nm and 7nm chips.

June 2017: 5nm transistors reported by IBM research !

After about a decade of studying the idea of putting gates all around the transistor -often referred to as Gate-All-Around (GAA) -stacked nanosheets delivered a GAA transistor for the 5nm node that actually improved density, performance, and power -all built with industry manufacturable tools and processes. Despite the model's simplicity, given any computer algorithm, a Turing machine capable of simulating that algorithm's logic can be constructed.

https://en.wikipedia.org/wiki/Turing_machine

Example of Turing machine.

The machine might be in different states labeled A, B, C ,..., U and V . The machine read a tape on which each case might be blank or with a finite number of symbols labeled 0, 1, X , Y ,... Reversible computing is a model of computing where the computational process is time-reversible.

Quantum technologies

In a model of computation that uses deterministic transitions from one state of the abstract machine to another, a necessary condition for reversibility is that the relation of the mapping from states to their successors must be one-to-one.

In other words, if one knows the outputs, it is possible to reconstruct inputs (that is why it is called reversible). Constructing a quantum computer requires five conditions:

Quantum technologies

A scalable physical system with well characterized qubit ;

The ability to initialize the state of the qubits to a simple fiducial state ;

Long relevant decoherence times ;

A "universal" set of quantum gates ;

A qubit-specific measurement capability.

For quantum communications, two additional conditions are required:

The ability to interconvert stationary and flying qubits ;

The ability to faithfully transmit flying qubits between specified locations.

Quantum compters are not a quantum version of a classical computer: there is no OS, no boot, no quantum software.

Hybrid approach: the quantum calculation is deported to the quantum machine by a classical computer.

Only calculations that could benefit from a quantum algorithm (e.g. quantum speed-up) is realized with a quantum calculation algorithm.

Several NP-hard problem might benefit from quantum speed-up with quantum algorithms.