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iit TECHNOLOGY AMBIT

IIT Technology Ambit envisions to identify emerging technologies, contemporary research, and start-ups
born out of the IIT ecosystem. The analysis of the impact of these developments is done to assist the Tech
Sphere of India and beyond to be at a pace with the latest.
We actively look towards contributions from all stakeholders of all IITs.
By stakeholders, we refer to the trinity of alumni, professors, and students of IITs.

about this edition
The June issue continues to do justice to our monthly practice of indulging in a plethora of knowledge
and information regarding various topics under technology and science under the guidance of our facutly
adviser Prof. Abhijeet Chandra.
Samruddhi who recently won a prize at Invention Factory 2019 for a device she invented, explains briefly
how to go about inventing your own product. She explains the concept of Technology push vs Market pull
and how it helped her figure out problems that people are so used to that they don’t even consider it as a
problem.
Astha discusses different AI assistants like Siri, Cortana, Google Assistant, and Alexa and compares them
on numerous grounds. Creating interfaces that talk to us like our hairdresser or a personal assistant is as
giant a leap as we took on the moon. Here is a peek into how many of these friends we have out there and
what are they specialized in.
Silicon Valley has long thrived on the trend that transistor sizes will reduce to half their sizes every two
years- Moore’s Law. Now that it finds itself facing a dead end, will it be able to embrace a newer “law”?
Archi talks mass downscaling in size, Moore’s law and, what makes a quantum computer better.
For long, Computer Sciences and related fields were imagined to be mutually exclusive with the more
natural sciences, such as Astrophysics. The discovery of the supermassive black hole at the centre of
M87 blurs this line for good. Archi writes about developments in fields involving Computer Science and
Astrophysics.
Arya gives a short summary of the 1,500 pages plan that Sidewalk Labs, a subsidiary company of Google’s
parent company Alphabet, released last month which describes in detail its plan for the eastern waterfront
of Toronto. The plan includes proposals like trash picking robots and adaptive traffic lights.
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From the tech GOSPEL
Aye, I’m the Tech Gospel, a magnanimous preacher of the Philosophy of Technology. Magnanimity is
personified in me by the fact that I will ignore your ineptitude towards ruminating on the Philosophy of
Technology or rather in the concept of philosophy itself.
In the last issue, we had discussed India’s contribution to metallurgy. In this issue, we look into India’s
contribution to trigonometry.
Some of the early and very significant developments of trigonometry were in India. Siddhantas, which is
a Sanskrit term that literally translates into an axiom or any fixed or established textbook on any subject,
from the 4th-5th century first defined sine as the modern relationship between half an angle and half
a chord, while also defining the cosine, versine and inverse sine. Soon another Indian mathematician
and astronomer, Aryabhatta expanded on these Siddhantas in his famous work called Aryabhatiyam.
Aryabhatia or Aryabhatiyam is the magnum opus and the only work of Aryabhatta. The Siddhantas
and the Aryabhatiya contain the earliest surviving tables of sine
values and versine(1 − cosine) values, in 3.75° intervals from 0° to
90°, to an accuracy of 4 decimal places. They used the words jya
for sine, kojya for cosine, utkrama-jya for versine, and otkram-jya
for inverse sine.
Madhava was another Indian mathematician and astronomer
from the town believed to be present-day Aloor, Irinjalakuda
in Thrissur District, Kerala. He developed the concepts of the
power series and Taylor series and produced the power series
expansions of sine, cosine, tangent, and arctangent.The Indian
text the Yuktibhasa contains proof for the expansion of the sine
and cosine functions and the derivation and proof of the power
series for inverse tangent, discovered by Madhava. Using the
Taylor series approximations of sine and cosine, he produced a
sine table to 12 decimal places of accuracy and a cosine table to
9 decimal places of accuracy. He also gave the power series of π
and the angle, radius, diameter, and circumference of a circle in
terms of trigonometric functions. His works were expanded by
his followers at the Kerala School up to the 16th century. The
Yuktibhāṣā also contains rules for finding the sines and the cosines
of the sum and difference of two angles. In the 6th century AD,
Varahamihira discovered the identity sin2x+ cos2x=1.
The pursuit of knowledge by the Indian mind stems from compassion
towards man’s basic predicaments, inner dilemmas and society’s
needs which has rendered a strong flavor of sustainability to all
the practical models evolved from it rather than from fragmented
external challenges caused by man’s individual greed.
That’s all for this issue. Tune in next month to know more about
ancient India’s contributions to science and technology.
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Innovation: A Walk
Through Inventing Your
Own Solution

We have an article on inventing and innovation by Samruddhi Pataskar, who recently
won a prize at Invention Factory 2019 for a device she invented. She tells you how
to go about inventing your own product, with reference to the book ‘Inside Real
Innovation’ by Fitzgerald, Wankerl and Schramm.
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While a lot is said about engineering and jobs
in emerging technology, invention tends to go
unnoticed. How many students today are actually
interested in inventing an entire device all by
themselves? When was the last time you had a
conversation with someone about innovation? With
reference to Fitzgerald, Wankerl and Schramm’s
informative book, ‘Inside Real Innovation’, the key
elements to inventing a new product have been
described.

Old is Gold
Do you remember the history books in which we
learned about the Harappan civilisation? They
had one of the best drainage systems in the world,
which inspires engineers of even today to build on
better systems for water management. ‘Old tech’
should not be directly discarded as ‘outdated’
as even the age-old, ancient knowledge about
engineering solutions proves to be beneficial for
engineers at times. Egypt’s design for pyramids,
shafts, papyrus and so on were the building blocks
of several civilisations to follow.

Technology as an Art
When you study very hard for an exam but don’t do
well or when you work tirelessly day and night on
a project but fail to see results, it’s natural to feel
bogged down. Inventors, scientists and so on are
no different. Years of research went into fullerene,
an allotrope of carbon with the structural formula
C-60. For a long time, it was believed that one fine
6

day a practical use can be found for the allotrope.
However, till then fullerene couldn’t find its way
into the engineering world.
Nonetheless, fullerene was and till date is
appreciated as a grand art. Now referred to as
‘buckyballs’, due to its football-like structure,
fullerene was used in infrastructural art by
architects. Today, it can finally be practically put
to use in fuel tanks and to block inflammation, all
because it wasn’t dismissed as ‘pointless’ when no
use was visible but instead appreciated as an art.

The Crucial Trio for Teamwork:
T, M & I
Studies say that the best group size for working
on any project is three members. What must the
distribution of skills be among the three members?
It is easy to guess that one member must be good
at Technology, another at Market and the third
at Implementation. But the catch is that all three
members must have somewhat knowledge about
each of the three elements. Employing a Technology
expert who knows nothing about the Market and
Implementation with an expert in Implementation
who knows nothing about Technology and Market
is doomed to failure. While it is not necessary nor
possible to be a stalwart of all the three: Technology,
Market and Implementation, it does help to be an
allrounder who is highly skilled at one of the above
but has sufficient knowledge about the other two
as well.
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The book also mentions that one solution for
universities can be to change the hiring criterion for
professors. Instead of demanding excessive research
experience, universities can favour candidates
who have slightly less research experience but are
knowledgeable about Market and Implementation
as well. This approach can open doors for people
to explore all the three aspects of innovation and
receive appreciable training in all of them.

Technology Push VS Market Pull
When inventing something, there are often two
approaches that are commonly followed. One is
to look at the research you have done, the new
content you have discovered or come up with and
to try to implement that in a device somehow.
This is known as Technology Push, as you are
trying to push your newfound technology into the
world. Another approach is where you first look
at the market, study what problems affect people,
understand what they need and want and then
invent a product to solve their problems. This is
known as Market Pull, as the market pulls you
towards its problems so that you can solve them in
an innovative manner.
Back before computers came into the world, people
weren’t even aware that they needed a computer.
They had calculators, calendars and so on but to
have all in one, a processing unit that can multiply
ginormous numbers for them in split seconds
of time, was unheard of. The market, that is, the
people, had no problem to present to an innovator
because they weren’t aware of the problem
themselves. Similarly, an inventor can tackle an
issue which people have become so accustomed to
and to which they have adjusted so well that they
have forgotten it is a problem.

Turning the Tables
There was a girl who ran a restaurant. It did well
but she wanted to scale the sales even more than
before. There were several expensive ways to do it,
such as employing better chefs or introducing new
dishes that required costlier ingredients. However,
she took to a much cheaper and better method.
The tables in her restaurant were arranged such
that only groups of four people or couples could
be accommodated at each. She changed the
pattern and set up two or more tables together,
accommodating larger groups of 8–10 people,
right next to the entrance. This immediately caught
the eye of large groups of people passing by who
felt it was convenient for them to be seated rather
than going to a restaurant and asking for tables
to be joined so that they can have a meal. This
doubtlessly increased her sales, by a simple and
quick fix.
I love books which dole out a lot of insight despite
being concise. ‘Inside Real Innovation’ is one such
book, which immensely helped me in my inventory
pursuit this summer. Over the course of six weeks, I
developed a device, presented a working prototype
and won the third prize for it at Invention Factory
2019. What helped me the most was the concept
of Technology Push VS Market Pull as I was able
to figure out problems that people are so used to
that they don’t even remember it is a problem. The
story of the restaurateur also helped as instead of
employing complex electronics into my device, I
used mostly mechanics and aesthetic design. I would
recommend the book ‘Inside Real Innovation’ to
all the budding inventors and innovators out there
who wish to change the world in their own big or
small ways.

Via Pixabay.com
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AI Assistants’ Comparison
“Rolling the wheel down the cave to talking to things that aren’t alive, the human
race has gone a long way to creating a world that’s as intelligent as himself. Creating
interfaces that talk to us like our hairdresser or a personal assistant is as giant a leap
as we took on the moon. Here is a peek into how many of these friends we have out
there and what are they specialized in”
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8th May 2018
“Google just gave a stunning demo of Assistant
making an actual phone call”
The world started in amazement as Sundar Pichai
talked to Google Duplex to fix a hairdresser’s
appointment and the later talked so much like your
neighbourhood aunty with super casual “hmmmm”s
in the conversation.
Siri’s famous casual joke about “hide the body
under the bridge” and Alexa switching off your
light bulbs when you’re sleepy has taken the world
on a new wave of scientific revolution. Humans,
being humans, have scuttled their way from wheels
to steam engines but creating replicas of their
own behaviour is stepping in a different league
altogether. With the rise of these AI assistants, the
world is stepping into a different era where every
passing day is making human lives more and more
comfortable. AI has revolutionized the way problems
are approached - climate change, discovering black
holes, creating models, weaponry, defence, finding
space debris and whatnot. However, AI’s influence
on human assistants has gone beyond that- It has
changed the way we live, behave and even think of
the world around us.
These fertile grounds have led to a cut-throat
competition among the multi-million tech firms,
each with a dedicated AI team willing to go to any
extent to create as much humane experience for
the users as possible.
From asking them to call John to talking about your
feelings with them, these are the areas where Siri,
Cortana, Google Assistant, and Alexa are different-

Does it run on my phone, pc and watch?
Accessibility is a major area over which experts
9

grade and rank the AI assistants. If you can ask her
to turn your fan off from your watch without having
to unlock your phone and can manage to be 5%
lazier, she deserves a bonus point.
Google Assistant: This can be used on all Android,
iOS devices as well as Chromebooks. Google
can connect to a range of third party Google AIenabled speakers.
Cortana: This AI of Microsoft comes standard
on all the Windows appliances but can also be
downloaded on Android and iOS. Cortana has a
limited number of third party speaker models on
which it is available and it is still not sure if Cortana
will be compatible with them anytime soon. After
having announced it’s integration with Amazon
Alexa, there is a chance for Cortana to rise soon.
Alexa: Amazon’s AI assistant, Alexa works in
perfect blend with a range of Amazon speakers
and this makes it one of the most widely accessible
AI assistants in terms of design. There is an Alexa
app as well, but the app is intended primarily as a
supplement to another Alexa device and not as a
stand-alone AI assistant.
Siri: Siri can be accessed on any of the Apple
devices, from laptops, desktops, phones,
tablets, and smartwatches. It works in perfect
synchronization with HomePod and Sonos is also
on the way of releasing high-end home speakers,
claims it will roll out a software update in July that
will allow users to access Siri (in addition to Alexa
and Google Assistant)

How intelligent should I be to use
intelligent assistants?
The time you take to get yourself familiarised
with the AI and its compatibility to adapt to your
iit Technology Ambit / JUNE 2019

individual custom needs play a major role in
determining if it’s gonna be on your top list.
Google Assistant, Siri and Alexa: Your these friends
require virtually no setup time after you sign in and
connect to the network. None of these three took
more than about 45 seconds for initial access, and
that included turning the device on or, in Alexa’s
case, plugging it in.
Cortana: If someone wants to access the voice
features of Cortana, you must access it on your
device and then login – oh, and you can’t use a
work or school email address for the login. Once
you enter an acceptable email account, wait for
a verification code and enter the code, you think
you’re in business, but you’re not. Your phone
number login doesn’t really work and neither do
non-work and non-school email address.

How well do you understand me?
If you’re asking your assistant to dial a number
to Tom and it chooses your mom on the dial, it
would definitely not be something our ranking
should be okay with. We can distinguish between
these interfaces by their decipheration of what
exactly you were telling it and if it’s able to make
distinctions like ‘for’ and ‘four’.
Google Assistant and Siri: They’re probably on
the top when it comes to recognizing what you’re
actually trying to ask it to do. They’re both,
however, not very good at following you during
long one-sided instructions like dictation and you
might need to go high volume for your interface to
get you.
Alexa: If there’s music playing in the background,
there is a high chance that Alexa won’t get what
you’re trying to tell her. She’s also not as good as
Siri or Google Assistant in silence.
Cortana: Microsoft’s assistant had issues
understanding me even with zero noise interference
and at a slow pace and was struggling to get basic
tasks through like ‘I want to set a reminder’

tasks that require more context and tiny details. It
also struggles with follow up questions with a polite
“Sorry, I don’t know that”. Where Alexa is good
at doing parts of tasks, it has a hard time getting
through all of it. It could, for instance, tell you
where the closest Applebee’s was, but it couldn’t
make a reservation. These things make Alexa a
suitable tool for ordering on Amazon but isn’t the
best AI for natural language use.
Google Assistant and Siri: These two are close
competitors when it comes to understanding you
and following through your instructions well. If
you’d ask the directions to a landmark, both of them
will show you clear driving instructions. However if
you prompt them both to guide you through public
transport means to get there, Siri will falter. Siri,
however, is particularly good at finding proximal
destinations you need like the restaurants and
theaters. New to town or need an assistant to make
these bookings for you? Siri is your go-to person.
However, it might not help you if your instructions
are too specific, “Where can I find fries now?”
There is a long way to go and the race to create
gadgets that are more like us has just began. The
‘Her’s portrayal of AI assistants you can talk to
about your emotions and bond over as a friend
might just be around the next turn of the road.

How well can you get my work done?
Cortana: Cortana isn’t the best performing interface
of these, having failed to show the distance between
your location and the airport or convert dollar to
yen.
Alexa: Alexa worked well when answering
basic questions, especially those that pertained
to purchasing items on Amazon and setting
reminders. It is n’t really good when it comes to
10
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Moore’s Law and its
Quantum Successor

Via Pixabay.com

Silicon Valley has long thrived on the trend that transistor sizes will reduce to half
their sizes every two years- Moore’s Law. Now that it finds itself facing a dead end,
will it be able to embrace a newer “law”?
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By the end of its operation in 1956,
ENIAC(Electronic Numerical Integrator And
Computer) contained 20,000 vacuum tubes; 7,200
crystal diodes; 1,500 relays; 70,000 resistors;
10,000 capacitors; and approximately 5,000,000
hand-soldered joints. It weighed more than 30
short tons (27 t), was roughly 2.4 m x 0.9 m x 30
m (8 ft x 3 ft x 98 ft) in size, occupied 167 m2
(1,800 sq ft) and consumed 150 kW of electricity.
One of the first Turing-Complete, digital, general
purpose computer, the ENIAC would easily
outweigh existing computers.In active service from
1946 to 1955, ENIAC was designed to calculate
artillery firing tables for the United States Army’s
Ballistic Research Laboratory, its first program
was a study of the feasibility of the thermonuclear
weapon. On comparing this behemoth to a modern
iPhone, say the iPhone 6, one would get an idea
of how fast technology has progressed in the last
fifty years. The iPhone 6 has a thickness of 6.9
millimeters (0.27 in) and the display is 4.7 inches
in size, and it weighs around 130 grams. But when
it comes to processing power, this relatively tiny
device outpowers the ENIAC by over a thousand
times: the ENIAC had somewhere around 1600 to
17,468 processing elements whereas iPhone 6 has
around 2 billion of them. It boasts of about 128
billion to half a trillion bits of onboard memory,
whereas the ENIAC had only around 1600 bits.

Making sense of the mass downscaling
in size, and upscaling in performance Moore’s Law:
This doesn’t come as a surprise anymore: there has
been a law in the semiconductor and electronics
industry that has given this downscaling a name:
“Moore’s Law.” In a 1965 research paper, Gordon
Moore, the co-founder of Fairchild Semiconductor
and CEO of Intel, laid down the observation that
the number of transistors in a dense integrated
circuit doubles about every two years. In 1959,
Douglas Engelbart discussed the projected
downscaling of integrated circuit size in the article
“Microelectronics and the Art of Similitude”.
Engelbart presented his ideas at the 1960
International Solid-State Circuits Conference,
where Moore was present in the audience.
For the thirty-fifth anniversary issue of Electronics
magazine, which was published on April 19,
1965, Gordon E. Moore, who was working as the
director of research and development at Fairchild
Semiconductor at the time, was asked to predict
what was going to happen in the semiconductor
components industry over the next ten years. His
response was a brief article entitled, “Cramming
more components onto integrated circuits”. Within
his editorial, he speculated that by 1975 it would be
possible to contain as many as 65,000 components
on a single quarter-inch semiconductor.

Via OurWorldInData.org
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“The complexity for minimum component costs
has increased at a rate of roughly a factor of two
per year. Certainly over the short term this rate can
be expected to continue, if not to increase. Over
the longer term, the rate of increase is a bit more
uncertain, although there is no reason to believe
it will not remain nearly constant for at least 10
years.”
His reasoning was a log-linear relationship between
device complexity (higher circuit density at reduced
cost) and time. He justified this predicted trend of
his by presenting the following three factors:
1. die sizes were increasing at an exponential
rate and as defective densities decreased, chip
manufacturers could work with larger areas
without losing reduction yields;
2. simultaneous evolution to finer minimum
dimensions;
3. and what Moore called “circuit and device
cleverness”.
These three factors kept alive a healthy
downscaling rate of electronic devices for more
than half a century.
But there is an upper bound on how many
transistors a manufacturer could cram on a circuit
board. And this bound is necessitated by Quantum
Mechanics, more specifically, Heisenberg’s
Uncertainty Principle. This is fairly simple to
understand by a hand wavy argument - increasing

the number of transistors on one circuit board
implied the reduction in size of the transistors.
Now decreasing the transistor size too much would
mean constricting the flow of electricity- rather,
constricting the channel of electron flow. Such a
decrease in free space for an electron would mean
a very low error in determining the position of the
electron in the circuit components, hence giving
them a much higher bound of momentum - and
in these cases, it would mean the electron could
tunnel out of the circuit components, rendering
them unusable. (check). In fact, this is proving to
be true lately as the rate predicted by Moore is
getting slower - as of 2015, Intel declared the time
period for doubling the number of transistors is 2.5
years. (check)The transistors in Intel’s latest chips
already have features as small as 14 nanometers,
and it is becoming more difficult to shrink them
further in a way that’s cost-effective for production.
The company’s chief of manufacturing said in
February this year that Intel needs to switch away
from silicon transistors in about four years. “The
new technology will be fundamentally different,”
he said, before admitting that Intel doesn’t yet
have a successor lined up. There are two leading
candidates—technologies known as spintronics
and tunnelling transistors—but they may not offer
big increases in computing power. And both are
far from being ready for use in making processors

Via Pixabay.com
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in large volumes. In fact, engineers and scientists
are already wary that the slow period of growth
and innovation the Silicon Valley has experienced
of late due to Moore’s law coming to a halt, will
continue until they don’t come up with a radically
different method of building circuits.

Google’s answer to Intel’s dominance:
‘Neven’s Law’
Meanwhile in the Silicon Valley itself, at
NASA’s Ames Research Center, Google is making
big strides in its Quantum Artificial Intelligence
Lab. But this progress was in a new direction: using
a completely different paradigm of computation,
Quantum Computation.
In December 2018, scientists at Google AI ran a
calculation on Google’s best quantum processor.
They were able to reproduce the computation
using a regular laptop. Then in January, they ran the
same test on an improved version of the quantum
chip. This time they had to use a powerful desktop
computer to simulate the result. By February,
there were no longer any classical computers in
the building that could simulate their quantum
counterparts. The researchers had to request time
on Google’s enormous server network to do that.
“Somewhere in February I had to make calls to say,
‘Hey, we need more quota,’” said Hartmut Neven,
the director of the Quantum Artificial Intelligence
Lab. “We were running jobs comprised of a million
processors.”

What makes a Quantum Computer
better?
Computers today function on binary bases.
All calculations that they conduct occur in either
1 or 0, and this is the base on which modern
computing is built. In quantum computers, qubits
are used to perform the calculations, and they can
be both 1 and 0 at the same time.
This means that they will be doubly efficient as
traditional computers, as they will provide double
the computing power, increasing exponentially. For
example, something that takes a normal computer 4
bits to do only requires 2 qubits, 16-bit operations
require only 4 qubits.
This exponential growth, combined with the
exponential growth of the processors themselves,
creates an environment wherein the computing
power of classical computers seems to be falling
behind.
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What Google discovered, had never been
done before. It was theorized that Quantum
Computers could exponentially outperform their
classical counterparts in certain operations. But
in Google’s Quantum AI lab, the quantum chip
was recording an improvement in speed that was
‘doubly exponential’, that is, where the speed of
the quantum computer was expected to increase
twice with each added qubit, like in the sequence
2^1, 2^2, 2^3, 2^4, the speed was increasing in the
manner of the sequence 2^(2^1), 2^(2^2), 2^(2^3),
2^(2^4). Researchers at Google gave this growth
the name “Neven’s Law”, after Hartmut Neven.
This is a significant breakthrough in computational
powers because such speeds have never been
realized in earlier systems, neither is there anything
else in Nature that follows the same ‘doubly’exponential growth rate. One might ask, that
Quantum Computers are theorized to grow in
processing speeds only exponentially with each
added qubit, but the extra exponential lies in the
improvement of quality of quantum chips used by
Google. Another extraordinary feat accomplished
by the quantum computer is that this huge growth
in pace is not restricted to only specific tasks and
operations, rather it applied almost universally.
This could possibly translate into what experts tout
as “Quantum Supremacy” over classical machines,
and Google might as well be the closest humanity
has ever been to this goal. In fact, experts at Google
claim that Quantum Supremacy might very well be
achievable by the end of this year.
Experts have long been doubting whether
the pace of technological advancement the world
saw post-1950s, could continue much after
the earlier part of the 21st Century. While it is
certainly true that Classical Computers are now
beyond the breezy period of growth laid down by
Moore’s law, yet are going to innovate and improve
in newer ways, still, the improvement brought
by Google’s Quantum Chip, is a continuation of
Moore’s Law. Even if humanity reaches the ceiling
for (rather, the floor!) for minimum silicon device
sizes, the death of Moore’s law would be more
than compensated for by the immense increase
in performance brought about by Neven’s Law, if
quantum computers become a reality outside the
laboratory anytime soon. This only acts as proof
that Silicon Valley is not going to run dry on ideas
and innovations anytime soon.
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Seeing the invisible:
A crossover between
Astrophysics and
Computer Vision.
For long, Computer Sciences and related fields were imagined to be mutually
exclusive with the more natural sciences, such as Astrophysics. The discovery of the
supermassive black hole at the centre of M87 blurs this line for good.
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Earlier this year, on the 10th of April, 2019, a
team of over 200 researchers, along with the EHT
(Event Horizon Telescope) revealed the first ever
image of a black hole for the public to see, at a press
conference in Brussels. Messier 87, better known
now as M87, one of the most massive galaxies in the
observable universe, hosts this supermassive black
hole at its centre. The statistics are baffling: the
black hole is at a staggering distance of 53 million
light-years from the earth, and the supermassive
black hole at its centre is estimated to be about 2.4
billion times heavier than our Sun. Even at these
distances, the black hole image proved to be similar
to what Einstein’s Theory of General Relativity
predicted, thus proving to be a major success for
the physics community all across the globe.
But what truly stands out in this major scientific
experiment, is the technological might that went
behind it. As Katie Bouman, a computer scientist
in California Institute of Technology, explained,
the feat is comparable to observing an orange on
the Moon’s surface from here on Earth, with a
naked eye. To attain this extraordinary resolution,
computations reveal that a telescope with a diameter
around that of the earth would be required. To
overcome such a complication, a technique known
as VLBI, or Very Long Baseline Interferometry was
used. An interferometer is a device that uses the
interference of EM waves to extract information
about them. Interferometry is an umbrella term
that covers all such techniques.

Very Long Baseline Interferometry:
VLBI is a type of astronomical interferometry
used in radio astronomy. In VLBI a signal from
an astronomical radio source, such as a quasar, is
collected at multiple radio telescopes on Earth.
The distance between the radio telescopes is then
calculated using the time difference between the
arrivals of the radio signal at different telescopes.
This allows observations of an object that are made
simultaneously by many radio telescopes to be
combined, emulating a telescope with a size equal
to the maximum separation between the telescopes.
The EHT implemented this by using eight groundbased radio telescopes at different places on the
globe. Once the different telescopes have collected
data from the black hole, the scientists would have
to combine and compile the data using the VLBI
technique.
One might be tempted to ask, as to how
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the superposition of these datasets from different
telescopes occurs. It is instructive to start by
considering a simple radio interferometer that
consists of two dishes pointed at the same position
on the sky as shown below. Radio waves from a
distant cosmic source (e.g., a star, black hole,
galaxy) reach antenna 2 (on the right) a time τg
before the other. When combined in a ‘correlator’
that multiplies and averages the signals together,
the output is a complex number whose magnitude is
the intensity of the cosmic source and whose phase
is given by (2π τg c / τ), where τ is the wavelength
of the received radio waves and c is the speed of
light. This phase is simply a full rotation for each
wavelength of extra path length the radio waves
have to travel to reach the second (more distant)
antenna. Now we can see the relationship between
interferometer phase and position on the sky: if the
source changes in position on the sky by an angle
of τ/dp, (where dp is the distance between the
antennas projected in the direction of the source)
the phase changes by a full rotation. In this sense,
the interferometer has an angular resolution, or
magnifying power, of τ/dp, equivalent to a regular
telescope whose diameter is dp. By adding a
compensating delay ( τg) to the electronic system at
antenna 2, we can zero the phase for a particular
direction on the sky.
Except, there is one issue. Had the earth been
covered with radio telescopes all over its
surface, except only at 8 points, we would have
a complete, continuous dataset describing the
black hole. Instead, we have separate images from
8 distinct, faraway points on the globe, with a lot
of discontinuities in between because of absent
telescopes. Filling these gaps was the biggest
obstacle in imaging the black hole.
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The CHIRP Algorithm
Reconstruction:

for Image

To solve this problem, an algorithm
called “Continuous High-resolution Image
Reconstruction using Patch priors” or, simply,
CHIRP was used. The development of CHIRP
involved a large team of researchers from MIT’s
Computer Science and Artificial Intelligence
Laboratory, the Harvard-Smithsonian Center for
Astrophysics and MIT Haystack Observatory.
Due to a limited number of telescopes used on the
earth, we get a dataset that is not continuous, and
we can fill the missing gaps in an infinite number of
ways, but some images formed by filling the gaps
are more likely to be natural renditions of a black
hole, while others won’t be as likely to be so. (Fill
in an example/ image) This algorithm does exactly
that- fill in the missing pieces of this puzzle to obtain
the most ‘natural’ looking image. CHIRP achieves
this by first combining the datasets obtained from
different radio telescopes across the planet using the
VLBI technique. At the output level, after filling up
the images, the algorithm ranks the images in order
of “likelihood” of being images of a black hole. The
most likely image is then displayed. The process of
filling up the missing puzzle pieces is similar to a
forensic sketch artist drawing portraits of people
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using limited data about the person’s face.
The problem can also be likened to that of
distinguishing three day-to-day images and asking
which one of them is more likely to appear on a
social media platform, say Facebook. (Provide
image) Given below are three images, a noisy one, a
blurry image of a city skyline and a regular image of
one. If one had to rank the three images, the most
likely image to be on Facebook would be the nonblurry, non-noisy image, and the least likely image
would be the noisy one, with the blurry image in
between. We use our experience of what an image
is supposed to look like in order to rank the images
based on this priority.
But the issue with ranking images which
are possible candidates for a true, complete black
hole image is that we have no idea of what a black
hole looks like! - Hence rendering the idea of
‘experience’ useless in this scenario. If we consider
Einstein’s equations as the determining factor, then
however different the actual black hole structure
might be, we would end up getting what we expect
to see because we incorporated Einstein’s equations
into the algorithm too much. The same problem
would occur with using simulations of black holes
to fill the missing parts of the image because the
simulations themselves are created using Einstein’s
equations.
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To bypass this issue, computer scientists
thought of treating the dataset from the observatory
as a giant puzzle, with certain missing pieces. Then,
the algorithm will fill up the missing pieces first by
using pieces from sample black hole simulations,
then from other astronomical objects, and then
using sample image pieces of everyday lives. In
this way, even if we get the expected image of a
black hole by filling in pieces of the simulation, if
we were to get a similar looking picture by filling in
any other piece from any non-celestial object, we
could be more “confident” that the image we are
getting is close to the actual celestial object under
consideration. This is similar to giving the task of
drawing a person’s face to three different sketch
artists each with the same amount of information
the other is provided with. If the three sketches
come out to be similar enough, we could say that
the ‘cultural bias’ of the different artists didn’t play
a major role in the construction of the image, and
hence, the similar images we have gotten from
the three sketch artists is the closest to the actual
picture desired from them.
Before using the CHIRP algorithm on the
supermassive black hole at the centre of M87,
they tested the algorithm on a simulation of the
black hole at the centre of our Milky Way Galaxy.
The results they obtained were affirmative of the
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correctness of their method. The results of the
reconstruction of the simulation are given below.

Conclusion
The success of the Event Horizon Telescope in
successfully recording the data, compiling it using
the VLBI technique and then using the CHIRP
algorithm to fill the missing gaps, is a telltale
sign of the great strides humanity is going to see
in interdisciplinary areas involving Computer
Science and Technology (in this case, Computer
Vision) and the Natural Sciences (Astrophysics).
The elation of the general populace and the
scientific community at being finally able to see
a real black hole image, and to be able to prove
the General Theory of Relativity is quite expected,
but an equally important development is that of
the increasing sophistication of the tools mankind
now possesses, especially in relation to both
computer vision and astrophysics. All of this can be
perfectly encapsulated in the words of Shepherd
S. Doeleman, the EHT Project Director, who
said,”We have achieved something presumed to be
impossible just a generation ago. Breakthroughs in
technology, connections between the world’s best
radio observatories, and innovative algorithms all
came together to open an entirely new window on
black holes and the event horizon.”
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AN OVERLY AMBITIOUS
SMART CITY PLAN IS A
RESULT OF SIDEWALK LAB’S
FECUND IMAGINATION
Sidewalk Labs, a subsidiary company of Google’s parent company Alphabet, released
its Master Innovation and Development Plan(MIDP) on 24th July which unveils its
development proposal for Toronto’s eastern waterfront. The plan has raised many
eyes as it includes proposals like trash picking robots, adaptive traffic lights and park
bench monitors.
19
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This is what we hear when we ask Torontians to
describe their dream city and not dreams of jetpacks
and flying cars. What we hear are dreams that are
more basic, more human and more fundamental.
We hear of a place with safer streets, more fresh air,
more walkable sidewalks. A place that welcomes
both the creative class and the working class
equally. A place which, in simple words, anyone
who wishes to call it home, can.
After World War II, Toronto’s economy shifted
away from manufacturing, leaving the waterfront
neglected for a long time. Even when the
20th century was coming to an end, Toronto’s
waterfront remained underutilized when it really
needed critical infrastructure for a post-industrial
revival. But no single entity was appointed to
create a cohesive vision for the waterfront’s future.
The early 21ist century had public leaders finally
deciding to bring this long-neglected waterfront
to life. It began as a part of an Olympic bid that
led to bidding committees strategically locating
proposed venues along the waterfront and albeit
the Olympics never materialized, this helped
them realize the economic potential of this place.
This led to all three governments resolving to
revitalize the waterfront. This renewed focus led
to the formation of Waterfront Toronto- a public
corporation established in 2001 by the Government
of Canada, the Province of Ontario, and the City
of Toronto.

Waterfront Toronto
Since its inception, Waterfront Toronto has made
major progress in the revitalization of the city’s
waterfront. It has conducted many successful
projects since then.
Toronto is now becoming one of the most
productive and popular cities. But as it continues

to grow, it is not able to provide the opportunities
that lead to this growth in the first place. This
has resulted in a huge gap between Toronto’s
commitment to diversity and inclusion and the
city’s capacity for inclusive growth. The gap has
been the most when it comes to affordability in
housing. As households move farther from the
working places, traffic congestion also increases.
Rapid transit infrastructure has found it hard to
catch up with the growth. To top it off, there is the
urgency of climate change. All these problems have
disproportionate impacts on the most vulnerable
population in urban communities.

Recognising the need of new type of
development
Considering the urban challenges that we are
facing like affordability, sustainability, inclusivity,
economic opportunity, and mobility- Toronto
is the best place to drive the future of urban
development. In spring 2017, Waterfront Toronto
issued a Request for Proposals (RFP) for an
Innovation and Funding Partner that identified
the eastern waterfront as a “unique opportunity
for governments, private enterprise, technology
providers, investors and academic institutions to
collaborate on these critical challenges and create
a new global benchmark for sustainable, inclusive
and accessible urban development. They were
searching for a partner who would help in achieving
a series of “ambitious high-level objectives” related
to sustainability, inclusion, economic development,
and financial feasibility.
Analyzing all objectives, Sidewalk Labs, a subsidiary
company of Google’s parent company Alphabet,
concluded that it could achieve all of them and
build a more vibrant, lively and quality place
that has affordable housing, cuts the emission of
greenhouse gases to two-third of its current value
and provides better transportation options.
The Sidewalk Toronto project team solicited a
wide range of feedback from residents, researchers,
community leaders, and government agencies. The
unexpected level of response with almost 21,000
Torontians having participated, helped them shape
a better plan.

What does the public have to say?
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A list of themes was identified by the team which
included points like “No tech for tech’s sake” and
“Be inclusive and make room for all”. To achieve all
iit Technology Ambit / JUNE 2019

of this, MIDP(Master Innovation and Design Plan)
proposes to transform a small portion of eastern
waterfront to be developed in 20 years- into a
77-hectare IDEA(Innovative Design And Economic
Acceleration) district. IDEA district consists of 2
phases.

outdoors, together. An outdoor-comfort system
(featuring Raincoats to shelter sidewalks; Fanshells
to cover open spaces; and Lanterns to block the
wind) could dramatically increase the amount of
time it is comfortable outside.

Building and housing
Quayside would be the first neighbourhood built
entirely of “mass timber” — an emerging material
every bit as strong and fire-resistant as concrete
or steel but far more sustainable —including
record-setting buildings of around 30 storeys. An
ambitious below-market housing program would
include 20% affordable housing units and 20%
middle income housing units.

Sustainability

Phase 1 of the IDEA District:

Quayside is a 5-hectare neighbourhood connecting
downtown Toronto and eastern waterfront.
Quayside plan involves many urban innovations.

“Trash picking robots, adaptive traffic
lights, self-driven cars and raincoats to
shelter sidewalks”
Mobility
A self-financing light rail transit extension to
improve connectivity and bring more workers to
the waterfront. A vast network of pedestrian and
cycling infrastructure like wider sidewalks, heated
pavements or bike lanes and accessibility elements
would encourage walking and cycling and also
support people using wheelchairs and other assistive
devices. A freight “logistics hub” would feature a
consolidated shipping centre with underground
delivery, reducing truck traffic on local streets and
improving convenience. Another really interesting
proposal is the adaptive traffic lights. For instance,
you are an elderly person and you are crossing the
street, what an adaptive traffic light would do is
calculate your speed and hence hold the lights till
you have crossed the street safely.

A district energy system called a “thermal grid”
would provide heating, cooling, and domestic hot
water by drawing on clean energy sources such as
geothermal (underground) energy, building “waste”
(or excess) heat, and wastewater heat. A smart
disposal chain would feature real-time feedback
to improve waste sorting and “pay-as-you-throw”
chutes to reduce household and business waste.
An underground pneumatic tube system would
separate waste streams underground, reducing
contamination and centralizing trash hauling.
An active stormwater management system would
rely on green infrastructure to capture and retain
stormwater and on digital sensors to empty storage
containers in advance of a storm.

Social Infrastructure
A Care Collective would provide community
space dedicated to enhancing health and wellbeing by co-locating the delivery of health care
and community services alongside proactive health

Public Realm
A system of streets, plazas and open spaces that
would encourage people to spend more time
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programming. A Civic Assembly, adjacent to the
Care Collective, would provide neighbourhood
access to spaces for community programs, civic
engagement, and cultural events.

Digital Innovation
A ubiquitous connectivity network — powered
by a new Super-PON(Passive Optical Network)
technology that reaches faster speeds with
less equipment — can provide households and
businesses with a secure personal network across
an entire neighbourhood, indoors and outdoors.
Standardized physical mounts connected to power
would dramatically reduce the cost of deploying
digital innovations, serving as a sort of “urban
USB port.” Open, published standards would
make properly protected urban data accessible to
the community in real time and make it easy for
third parties to build new services or competitive
alternatives to existing ones. A best-in-class
approach to security and resiliency would be
designed to prevent disruptions, rapidly detect
them, and rapidly restore functionality.

Phase 2 of the IDEA district:
Anchored by the relocation of Google’s Canadian
headquarters to Villiers West, the proposed River
District would consist of five distinct neighborhoods
— together creating a new hub for urban innovation
with the potential for global impact.
The IDEA District is said to impact the economy a
lot and has predicted nearly seven times the annual
GDP contribution by 2040, nearly seven times as
many jobs by 2040, three times the cumulative
property tax revenue by 2040 and nearly seven
times the annual ongoing tax revenue by 2040.

Controversies about possible misuse of
data.
“There are definitely questions about whether
Sidewalk Labs will try to make money by tracking
people’s daily interactions,” says David Roberts,
who studies cities at the University of Toronto.
“What data will be collected, how personal will it
be, how will it be used, and who will have access
to it?”
Building on existing privacy laws, a proposed
independent Urban Data Trust would oversee the
review and approval of all digital innovations that
propose to use or collect urban data in Quayside
— whether developed by Sidewalk Labs or third
parties. The proposed Urban Data Trust would be
tasked with establishing clear Responsible Data
Use Guidelines that safeguard the public good
while enabling innovation, including by making deidentified or non-personal data publicly accessible
by default. A publicly transparent Responsible
Data Use Assessment would ensure that companies
or community members wishing to use urban data
do so in a way that has a beneficial purpose and
protects privacy

Is it too good to be true?
Sidewalk Labs clearly has some skepticism to
overcome. But if it can pull this highly ambitious
project off then it can act as a model for smart
cities around the world. The 1,500 pages long
MIDP albeit primarily focuses on Toronto, can act
as a new urban toolkit for the digital age and spark
the imagination of the cities tackling the challenges
of diverse, equitable, and inclusive growth around
the world.

Image courtesy Heatherwick Studio
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