Report on “Optical Computing: Need and Challenge”
An optical computer is a device which performs all the computations performed inside the computer using optical fibers, photons, thin films etc. instead of using thing electrical wires, electrons, and transistors.

The reviewed paper talks about the need for optical computing, its advantages over current computational systems, how an optical switching circuit functions, and the challenges faced by optical computing in the current generation and how long before the advent of a prototype optical computer.

The first point the authors make in their paper is the need for optics in computing. The reliability of optical components like Lasers, and optical fibers have been proven and are used in a multitude of devices like Laser printers, disk drives, photocopiers and scanners, projectors etc. According to the authors, optical computing has an edge over regular electronic components. Some of the advantages among many include immunity for Electromagnetic interference (EMI) and short circuits, ability for different photons to travel in a single fiber without cross talk, large bandwidth and low-loss transmission, lightweight and compact materials, and ability to manufacture cheap optical components.
Next, the authors explain how an “all-optical” system actually works. The paper suggests how an optical signal in a logic gate controls another optical signal without any need of electronic components. Transmission of light corresponds to the “ON” state of a transistor whereas blocking of light corresponds to the “OFF” state of a transistor. The authors demonstrated the working of an all optical AND gate and XOR gate in their laboratory, attributing their switching to excited state absorption.
Lastly, the authors try to explain why optical computing systems have not yet developed and what are the challenges facing their development. They highlight 3 factors: cascadability, material development, and funding. Integrating a large number of optical gates is still a very complex problem and is still a hurdle in the creation of a prototype optical computer. Secondly, this is a hugely inter-disciplinary problem which requires coordination from a number of departments like material sciences, physicists, chemists, computer architects, optical engineers among others. It makes the development and funding more complex.
Another problem highlighted by the authors is finding materials with adequate response at low power while still demonstrating the same reliability, speed, and optical efficiency. Current materials need high optical power to be pumped into them thereby causing Stimulated Brillouin Scattering (SBS) and self-phase modulations (SPM), affecting the system reliability.

In his paper titled Optoelectronics-VLSI System Integration Technological Challenges (2000), Marc Desmulliez highlighted some more issues hindering the development of this technology. These include (1) interfacing of optoelectronics with silicon based technologies is still immature, (2) alignment and fabrication limitations faced by free-space optical components, (3) ignorance of optics by computer scientists and ignorance of computer science and architecture by optical engineers, and (4) requirement of a vast number of vector tests for testing an optical computer.
In the conclusion, I believe optical computing holds tremendous advantages over the current silicon based computing and would be the computing base of the future. It would be a paradigm shift and can be seen as the next step towards computing. It can enhance processing power and data rate transmission. In fact according to the authors, they can offer speeds which are 107 times faster than current systems. That means problems which could take more than 11 years could be solved within an hour. This could enable us to solve problems and run simulations which would ordinarily have taken a long time over current systems, and help us find solutions to previously unsolvable problems. Since, a large number of signals could be sent over a single optical fiber, there could be a tremendous reduction in the size of computers without any loss of computing power. Cheaper optical components could result in a drop of computer prices as well.
The entire U.S library of Congress can be stored on a single sugar cube sized holographic storage device. The challenges currently faced by optical computing are mainly technological, but given the amount of research currently being conducted in this field, it could be a reality within the next decade.
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