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Todays agenda and announcements
@ The von Neumann model; digitilization, Representation of data and
instructions.
@ An aside: Wikipedia and LLMs
@ Memory hierarchy

@ Beyond the von Neuman sequential model: Multicore and parallel
computation

@ The dictionary data type and data structures for a dictionary. This
may not be a “great idea” but it is a good idea that relates to a few
recurring themes in computing; namely, abstraction, complexity of an
algorithm, tradeoffs, graph theory concepts, randomization.

@ Today or tonight | will hope post the start of Assignment Al on the
web page. The assignment is due September 24 at 3PM. Why 3 PM?
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Todays agenda and announcements

The von Neumann model; digitilization, Representation of data and
instructions.

An aside: Wikipedia and LLMs

@ Memory hierarchy

@ Beyond the von Neuman sequential model: Multicore and parallel

computation

The dictionary data type and data structures for a dictionary. This
may not be a “great idea” but it is a good idea that relates to a few
recurring themes in computing; namely, abstraction, complexity of an
algorithm, tradeoffs, graph theory concepts, randomization.

Today or tonight | will hope post the start of Assignment Al on the

web page. The assignment is due September 24 at 3PM. Why 3 PM?

There is a grace period of 48 hours with as 5% penalty for each 24

hours. Tristan will be able to discusss the assignment in the Friday

tutorial if there are any questions about the assignment.

This will be a relatively short assignment since it is due in 2 weeks.
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Undergraduate Focus Group Lunch

There will be an undergraduate focus group meeting on Tuesday,
September 23, 2025, from 11:30 am to 1:00 pm. Lunch will be provided!
The session will be hosted by David Liu, Steve Engels, and Brandon Wells,
and will ask for your thoughts on three areas:

CS undergraduate courses

Undergraduate research opportunities

Building a stronger DCS community

Your feedback is valuable to the undergraduate team. This is a chance to
share your experiences and ideas to help shape future programs and
initiatives.

RSVP: click here

Space is limited, so please only RSVP if you're able to attend. Registration
is on a first-come, first-served basis. We will be closing the form after
reaching 60 students. Please note, we plan to hold more focus groups
throughout the academic year.
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Our first great idea

Our first topic/great idea for discussion: Digitilization and the von
Neumann architecture.

@ By the mid 40s the first computers were being built. (I am not going
to talk say about Babbage and the recent implementation of
Babbages 1850 machine.)

@ The earliest computers had fixed programs and were not general
purpose machines.

@ The stored program computer. The conceptual idea is associated with
von Neumann who first described the model in a paper "First Draft of
a Report on the EDVAC” dated June 30, 1945.

@ It is clear that the stored program idea is present in Turing's 1936
paper which we will discuss later. But the Turing model was not
meant to be a model of an actual computer.
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The von Neumann architecture and digitilization

@ The basic organization consists of 4 units: memory, 1/0, ALU,
control. (Some would say that a "bus” to cary signals between units
is a fifth component but most say 4 units.) The memory is organized
into a list or array of "words”, each with its own address.

@ Each word w; (with say address /) is some fixed length string of bits
bits ; i.e., w = b,_1b,_2, ..., bp which as an integer represents
ZJ’-’:_OI bj2j. In order to represent negative numbers, we could reserve
the high order bit as a sign bit. Thus b,_1b,_> ... by could represent
(—1)bn1 ij—oz bj2/. That is, b,—1 = 1 specifies a negative number.
(The choice of 2 is not essential mathematically.). It is also possible
to think of a word as a string of “bytes” in which each byte can also
be addressable but we will ignore that. Why not unary, decimal, or
some other representation?
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@ The basic organization consists of 4 units: memory, 1/0, ALU,
control. (Some would say that a "bus” to cary signals between units
is a fifth component but most say 4 units.) The memory is organized
into a list or array of "words”, each with its own address.

@ Each word w; (with say address /) is some fixed length string of bits
bits ; i.e., w = b,_1b,_2, ..., bp which as an integer represents
ZJ’-’:_OI bJ-ZJ. In order to represent negative numbers, we could reserve
the high order bit as a sign bit. Thus b,_1b,_> ... by could represent
(—1)bn1 ij—oz bj2/. That is, b,—1 = 1 specifies a negative number.
(The choice of 2 is not essential mathematically.). It is also possible
to think of a word as a string of “bytes” in which each byte can also
be addressable but we will ignore that. Why not unary, decimal, or
some other representation?

@ But before we go any further we need to step back and talk about
digitalization and encoding. That is, what are we storing in these
words?
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The von Neumann architecture and digitilization

@ The basic organization consists of 4 units: memory, 1/0, ALU,
control. (Some would say that a "bus” to cary signals between units
is a fifth component but most say 4 units.) The memory is organized
into a list or array of "words”, each with its own address.

@ Each word w; (with say address /) is some fixed length string of bits
bits ; i.e., w = b,_1b,_2, ..., bp which as an integer represents
ZJ’-’:_OI bj2j. In order to represent negative numbers, we could reserve
the high order bit as a sign bit. Thus b,_1b,_> ... by could represent
(—1)bn1 ij—oz bj2/. That is, b,—1 = 1 specifies a negative number.
(The choice of 2 is not essential mathematically.). It is also possible
to think of a word as a string of “bytes” in which each byte can also
be addressable but we will ignore that. Why not unary, decimal, or
some other representation?

@ But before we go any further we need to step back and talk about
digitalization and encoding. That is, what are we storing in these
words? Data and instructions (as part of a program)
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Digital computing vs the continuous real world

@ The concept of digitalization is one of the most profound concepts
that underlies science today.
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Digital computing vs the continuous real world

@ The concept of digitalization is one of the most profound concepts
that underlies science today.

@ In the "real world”, space and time are continuous A typical
computing application might wish to study the trajectory or
movement of an object (person, ball, missle, etc). An object is
moving through continuous 3 dimensional space in continuous time
according to some (hopefully) known laws of motion.

@ In contrast, digital computers use discrete finitely represented data
and instructions.
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Digital computing vs the continuous real world

@ The concept of digitalization is one of the most profound concepts
that underlies science today.

@ In the "real world”, space and time are continuous A typical
computing application might wish to study the trajectory or
movement of an object (person, ball, missle, etc). An object is
moving through continuous 3 dimensional space in continuous time
according to some (hopefully) known laws of motion.

@ In contrast, digital computers use discrete finitely represented data
and instructions.

However, a real value x can be approximated by a rational number.
Every integer has a finite representation and every rational can be
represented by a pair of integers and hence and hence has a finite
reperesentation.

@ We will see how we can approximate any real number (within some
reasonably large range) using floating point representation.
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Digital computing vs the real world continued

@ Furthermore there are some stochastic (i.e., probabilistic) aspects
(such as wind and air polution in the trajectory example) in real world
processes.

@ In contrast, digital computers are deterministic; that is, each “state”
of the computer is precisely determined from the previous state.
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Digital computing vs the real world continued

@ Furthermore there are some stochastic (i.e., probabilistic) aspects
(such as wind and air polution in the trajectory example) in real world
processes.

@ In contrast, digital computers are deterministic; that is, each “state”
of the computer is precisely determined from the previous state.

However, we can simulate stochastic events by drawing random
variables from some (pseudo) random distribution.

@ Stochastic processes can then be simulated by a discrete deterministic
machine. Of course, the conclusions to be made from simulations
relative to a specific outcome in the real world will depend on how well
we have modelled the system and how unpredictable is the system.

@ The early debate: relative benefits of digital computation vs that of
analog computers. (In the past, thermostats and other control devices
were essentially simple analog computers.) Why did digitlilization win
the debate?
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Fixed and Floating point representation

@ As mentioned we have to approximate real non rational numbers by
fractions. It is easy to see that say every real number can be
approximated to arbitrary precision. In particular, every number in the
interval [0, 1] can be approximated by a fraction .bob1 by ... b, where
b; € {0,1}. The more bits better the approximation.

@ Some fractions can be represented exactly in such a binary
representation (e.g. 1/2, 1/4, 3/4, etc.) while other numbers like
1/10 and is 1/3 can only be approximated. (Note: One can, of
course, represent these numbers exactly as a ratio of two integers.)

@ We may need very small or very large numbers but the number of bits
in a computer word is fixed (for example, 32 bits) so this limits how
big or how small numbers can be. This is not an artifact of the binary
representation. The same limitations would apply to any base.

@ In a fixed point representation, we represent numbers by agreeing to
have some fixed number of fractional bits.
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Fixed and floating point numbers continued

For example, in an 8 bit fixed point representation b7bg ... by, where b7 is
the sign bit, we can agree that the two lower order bits by and by are the
fractional parts. Then the decimal number —18.5 would be represented
exactly by 11001010 and —18.25 would be represented exactly by
11001001.

Note that in a pure integer or fixed point representation, the sizes of the
smallest and largest numbers are severly restricted. For a 32 bit word with
a sign bit, the largest number is 23t — 1 ~ (10)° (i.e. approximately one
billion). And every bit of precision we use for the fractional part decreases
the range of numbers representable by approximately a factor of 2.

@ The common solution to provide a large range as well as providing
good precision is to use floating point representation.
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Simplifying the discussion of floating point numbers

NOTE: | am going to first simplify the discussion and ignore the special
meaning when all the bits are 0's or 1's (which in the IEEE standard are

used for special numebrs such as o).
Then | will simplify the representation of the exponent field.

As in practice, we will continue here to use binary (i.e., base 2)
representation but again any base (e.g., base 10) could be used.
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Floating point numbers continued

A floating point number uses the following representation (where | am
using # just for clarity) as the bits would all be consecutive.

s#ek_lek_g ce eo#bg_l RN b1b0
Here the bit s determines the sign (i.e. + or —) of the number.

The e bits represent the unbiased exponent E with value E € [0, 2k — 1].
The biased exponent £/ = E — (2k=1 —1).

The b; bits represent the significand (i.e, the significant bits)

The number being represented is
(=1)5-2E" - (L.by_y... bibg)y = (—1)° - 2F - (1 + S20_, bp_i27).
NOTE: There is an implicit “1” preceding the implicit binary point.

For an 8 bit word, with say a k = 4 bit exponent field and 3 bit
significand, the integer -15 would be represented as
11010111 = —1-23 - (1 + L) since E/ = E— (21 —1) =10 -7 = 3.
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Floating point numbers continued

The IEEE standard for a 32 bit single precision number uses 8 bits for
the exponent and 23 bits for the significand ( and therefore 24 bits of
precision counting the implicit “1". .

There are also double (and multiple) precision numbers where a
double precision number would occupy two 32 bit words.

History: According to Wikipedia, Leonardo Torres y Quevedo used
floating point numbers in his design of Babbage's Analytical Engine.
See also the reference to Konrad Zuse who designed a computer in
1938 and later versions in 1941 who using floating point numbers.

It is interesting to note that von Neumann argued for fixed point
numbers (and not floating point) in the design for an Institute of
Advanced Study machine.

It is important to note that an algorithm designer (usually) doesn't
need to know the specifics of the fixed point and floating point
representations. but just needs to know the commands for specifying
the type (i.e. integer using fixed point or “real” using floating point)

of the number.
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An example for a simplified binary representation

Lets define a slightly simplified version as follows:

Consider again, a number x represented by

s#ek,lek,g R eO#bg,l R b1b0

Now let ex_1 be the sign of the exponent so that

x=(=1)-2F" (14 32¢, bi_127") where now E' = (=1)¢ ' - E.
That is we are now letting the leading bit of the exponent be the sign of
the exponenent rather than using a biased exponent.

Let's again consider an 8 bit number with a k bit exponent field and a 3
bit significand.

Now the floating point word 11010111 is equal to

-2 7y 1 15 15
-1:.27°-(1+g)=—73-% =%

And the decimal integar 15 is represented by 10011111.
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An aside: Wikipedia
From time to time, | will take a definition or an explanation from
Wikipedia. Is Wikipedia a great idea?
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An aside: Wikipedia

From time to time, | will take a definition or an explanation from
Wikipedia. Is Wikipedia a great idea?

In a Netflix documentary that | saw, the following question/comment was
made: What if everyone was given their own Wikipedia reply page when
they made a query using Wikipedia?

The documentary notes that when we are on social media we are often
getting personalized news-feeds.
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In a Netflix documentary that | saw, the following question/comment was
made: What if everyone was given their own Wikipedia reply page when
they made a query using Wikipedia?

The documentary notes that when we are on social media we are often
getting personalized news-feeds.

Confession: | didn't think Wikipedia would work. More specifically, |
didn't think that enough knowledgeable people would be willing to spend
their time to help create reassonably authoratative articles without getting
any credit.

What is your experience with Wikipedia? Do you always believe what you
read is accurate? How does it compare with other sources of information?
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An aside: Wikipedia
From time to time, | will take a definition or an explanation from
Wikipedia. Is Wikipedia a great idea?

In a Netflix documentary that | saw, the following question/comment was
made: What if everyone was given their own Wikipedia reply page when
they made a query using Wikipedia?

The documentary notes that when we are on social media we are often
getting personalized news-feeds.

Confession: | didn't think Wikipedia would work. More specifically, |
didn't think that enough knowledgeable people would be willing to spend
their time to help create reassonably authoratative articles without getting
any credit.

What is your experience with Wikipedia? Do you always believe what you
read is accurate? How does it compare with other sources of information?

As you will see, | tend to use and trust Wikipedia especially about
mathematical and computational definitions and historical information.

14 /21



Where we ended class 3.

We ended the clsss at the last slide. | am proviing further slides on
Wikipedia and the question "Will LLMs make Wikikpedia obsolete?".
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Further discussion of Wikipedia

In the past, students have told me that in high school, students are
sometimes told “not to trust Wikipedia”. But does that mean just to do
not take this as the only source but rather use it as an introduction to the
topic and follow the references?

It was also mentioned that Wikipedia has a hierarchy of board members
and contributors to help improve articles and resolve disputes.
Wikipedia articles sometimes requests more contributions about the article.

Wikipedia does ask for contributions to pay for the administrative costs.
But | do not think this biases what is posted on Wikipedia. (Or maybe |
am naive).

It could be that in some number of years the quality and trustworthiness of
Wikipedia will decline. Or maybe it will even get better. We will see.

If you have had a “bad experience” with Wikipedia (i.e. an article
that was factually wrong or misleading), please discuss it.
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Will Large Language Models (Chat-GPT) make
Wikipedia obsolete?

As | have indicated, | am generally very imperessed with Wikipedia when |
need to get some specific non-controversial information.

But why not get the same information from say Chat-GPT and thereby
make Wikipedia obsolete?
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Will Large Language Models (Chat-GPT) make
Wikipedia obsolete?

As | have indicated, | am generally very imperessed with Wikipedia when |
need to get some specific non-controversial information.

But why not get the same information from say Chat-GPT and thereby
make Wikipedia obsolete?

| decided to ask ChapGPT what it “thought”
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The fall 2023 answer from ChapGPT3.5

Chat-GPT and similar Al models are unlikely to make Wikipedia obsolete.
While these Al models can generate text and provide information on a
wide range of topics, there are several reasons why Wikipedia will likely
continue to be a valuable resource:

Human Verification and Quality Control: Wikipedia relies on a large
community of human editors who review and verify the content. These
editors ensure that the information presented on Wikipedia is accurate,
neutral, and reliable. Al models like Chat-GPT, while powerful, can
generate incorrect or biased information, and they lack the ability to
fact-check or verify the quality of their content.

Structured and Organized Information: Wikipedia organizes information in
a structured manner, with articles, sections, citations, and references. It
provides a clear and organized format for users to access information.
Chat-GPT, on the other hand, generates text in a conversational format,
which may not be as structured or easy to navigate.
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Community Engagement: Wikipedia encourages community engagement
and collaboration. People from around the world contribute to Wikipedia
articles, add references, update information, and discuss content on talk
pages. This collective effort ensures that Wikipedia remains a dynamic and
up-to-date resource.

Comprehensive Coverage: Wikipedia covers a vast array of topics, from
historical events and scientific concepts to biographies of individuals and
cultural references. While Al models like Chat-GPT have access to a broad
range of information, they may not provide the same depth and breadth of
coverage that Wikipedia offers.

Multilingual Support: Wikipedia is available in multiple languages and is a
valuable resource for people worldwide. While Al models can generate text
in various languages, the quality and accuracy of translation and language
nuances can be challenging for Al to handle effectively.
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Educational Value: Wikipedia is often used as an educational tool in
schools and universities. It provides students with a platform for research
and learning. Al models like Chat-GPT may be used as a complement to
educational resources, but they are not a substitute for comprehensive
educational materials.

Curation and Citations: Wikipedia emphasizes the importance of citing
reliable sources. Information on Wikipedia articles is backed by citations to
reputable publications and references. Al models do not have the
capability to cite sources or provide the same level of rigor in referencing.

In summary, Al models like Chat-GPT can be valuable for generating text
and providing information, but they are not a replacement for the unique
qualities and human-driven aspects of Wikipedia. Wikipedia's collaborative
and structured approach, along with its emphasis on accuracy and quality
control, makes it a valuable resource that is likely to continue to coexist
with Al-generated content.
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The fall 2025 answer from ChapGPT

The answer is very similar but still a little different. The conclusion
(today) is basically the same as in the response two years ago:

The ChatGPT conclusion: ChatGPT may outcompete Wikipedia as an
interface, but not as an institutaion of knowledge curation and verification.

ChatGPT gives the following reasons and comparisons differences between
itself and Wikipedia

@ Authority and Verification
@ Scope and Depth
© Trust abnd reliability
© Complementary Roles
© Long Term Evolution.
Will ChatGPT make Wilipedia Obslolete: What do you think?
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The fall 2025 answer from ChapGPT

The answer is very similar but still a little different. The conclusion
(today) is basically the same as in the response two years ago:

The ChatGPT conclusion: ChatGPT may outcompete Wikipedia as an
interface, but not as an institutaion of knowledge curation and verification.

ChatGPT gives the following reasons and comparisons differences between
itself and Wikipedia

@ Authority and Verification
@ Scope and Depth
© Trust abnd reliability
© Complementary Roles
© Long Term Evolution.
Will ChatGPT make Wilipedia Obslolete: What do you think?

Does ChatGPT have an incentive to not be truthful in how it is
ananswering you?
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