
What does the Future Hold?
CS 3410: Computer System Organization & Programming

Spring 2025

[K. Bala, A. Bracy, E. Sirer, Z. Susag, and H. Weatherspoon]



Logistics
Final Exam is on Sat.  May  17 at  2pm in Statler  Auditor ium (STL185)
• Review Sessions TBA

A13: Raycasting due tonight (5/6) at 11:59pm!

Course evaluations are out now! Please complete them!!
• Due Fr iday,  May 9 at 11:59pm
• Part of the Survey portion of your final grade
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Jeopardy!
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Presenter Notes
Presentation Notes
Do not modify the notes in this section to avoid tampering with the Poll Everywhere activity.
More info at polleverywhere.com/support

End-of-Course Feedback
https://www.polleverywhere.com/surveys/y0rMbiLfV0a76gavEJ5or?display_state=chart&activity_state=opened&state=opened&flow=Engagement&onscreen=persist
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Presenter Notes
Presentation Notes
Do not modify the notes in this section to avoid tampering with the Poll Everywhere activity.
More info at polleverywhere.com/support

Which assignment was your favorite?
https://www.polleverywhere.com/multiple_choice_polls/h1klF60ZthXbsWKB57gdA?display_state=chart&activity_state=opened&state=opened&flow=Engagement&onscreen=persist&hide=instructions
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Presenter Notes
Presentation Notes
Do not modify the notes in this section to avoid tampering with the Poll Everywhere activity.
More info at polleverywhere.com/support

What aspect of the course helped you understand the course material the most?
https://www.polleverywhere.com/multiple_choice_polls/98Nci9zqZy1h4WSOei0HF?display_state=chart&activity_state=opened&state=opened&flow=Engagement&onscreen=persist&hide=instructions



Big Picture about the Future

Presenter Notes
Presentation Notes
Systems folks facilitate other work




“Sometimes it is the people that no one 
imagines anything of who do the things 
that no one can imagine”

-- The Imitation Game



The Enigma Machine & The Bombe

Used by the Allies to break the German 
Enigma machine during World War II

Used by the Germans during 
World War II to encrypt and 
exchange secret messages

Enigma Machine The Bombe

Presenter Notes
Presentation Notes
http://en.wikipedia.org/wiki/Bombe
How many possible combinations to break an Enigma cipher text (msg encrypted by the Enigma machine)?
  Rotors x  Rotor posititions x plugboard combinations with 10 pairs = 159 quintillion = 1.59 x 10^20 158,962,555,217,826,360,000 
  Rotors (3 of 5 rotors): 5 x 4 x 3 = 60
  Rotor positions: 26 x 26 x 26 = 17,526
  plugboard: 26! / (6!10!2^10)

Numberphile on Enigma/Bombe
For those who want to learn more about the mechanism of the Bombe and how it exploited the flaw in the Enigma, Numberphile has recently done an excellent episode on it. Enjoy!

Flaw in the Enigma: http://www.youtube.com/watch?v=V4V2bpZlqx8
Previous episode on Enigma: http://www.youtube.com/watch?v=G2_Q9FoD-oQ
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Turing Machine
1936

= abstract model for CPU that can 
simulate any algorithm

Alan Turing

Presenter Notes
Presentation Notes
How does The Imitation Game, Engima/Bombe, Turing relate to you and this course?!  
Alan Turing thesis in 1936 came up with an abstract model for a CPU that can simulate any algorithm, a Turing Machine. He was 

http://en.wikipedia.org/wiki/Turing_machine
A Turing machine is a hypothetical device that manipulates symbols on a strip of tape according to a table of rules. Despite its simplicity, a Turing machine can be adapted to simulate the logic of any computer algorithm, and is particularly useful in explaining the functions of a CPU inside a computer.

Note that every part of the machine (i.e. its state, symbol-collections, and used tape at any given time) and its actions (such as printing, erasing and tape motion) is finite, discrete and distinguishable; it is the unlimited amount of tape and runtime that gives it an unbounded amount of storage space.




The Big Picture
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What is this?

#include <stdio.h>

int main() {
  printf("Hello world!\n");
  return 0;
}

How does it work?
I’m glad you asked…
15 weeks later and you’ll know!

“I know Kung Fu.”
12

Presenter Notes
Presentation Notes
This slide is from our first lecture!
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Big Picture
Processor Memory

Stores data

Runs code; does computations

Doesn’t remember anything

CPU

Can’t compute anything 

Presenter Notes
Presentation Notes
This simplified presentation is essentially a Von Neumann architecture
Excluding external mass storage and input/output mechanisms
Created by John von Neumann in 1945
Can think of the different components as the “organs” of a computer
Just an abstraction: like a Turing Machine!
At the end of the day, even ChatGPT, DeepSeek still use these two components
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Big Picture
Processor Memory

Stores data

Runs code; does computations

Doesn’t remember anything

Can’t compute anything 
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Presenter Notes
Presentation Notes
This simplified presentation is essentially a Von Neumann architecture
Excluding external mass storage and input/output mechanisms
Created by John von Neumann in 1945
Can think of the different components as the “organs” of a computer
Just an abstraction: like a Turing Machine!
At the end of the day, even ChatGPT, DeepSeek still use these two components



CS 3410 in 1 slide
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int x = 10;
x = 2* x + 15;
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More Than Moore
More computation, more storage, more data, more electricity, more 
parallelism, more concurrency, more heat, more networks, more 
domains, more architectures, more attack surfaces, more code, more 
bugs, more integration, more bits, more of more…
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Moore’s Law
• 1965

• # of transistors integrated on a die doubles every 18-24 months (i.e., grows 
exponentially with time)

• Amazingly visionary 
• 2300 transistors, 1 MHz clock (Intel 4004) - 1971
• 16 Million transistors (Ultra Sparc III)
• 42 Million transistors, 2 GHz clock (Intel Xeon) – 2001
• 55 Million transistors, 3 GHz, 130nm technology, 250mm2 die (Intel Pentium 4) – 2004
• 290+ Million transistors, 3 GHz (Intel Core 2 Duo) – 2007
• 721 Million transistors, 2 GHz (Nehalem) - 2009
• 1.4 Billion transistors, 3.4 GHz Intel Haswell (Quad core) – 2013
• 7.2 Billion transistors, 3-3.9 GHz Intel Broadwell (22-core) – 2016
• 20 Billion transistors, 3.49 GHz Apple M2 (8 core) — 2022
• 28 Billion transistors, 4.4 GHz Apple M4 (16x core) — 2024   
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Presenter Notes
Presentation Notes
T-byte = 2^40 bytes (or 10^12 bytes)

Note that Moore’s law is not about speed predictions but about chip complexity



20https://en.wikipedia.org/wiki/Moore%27s_law
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Why Multicore?
• Moore’s law

• A law about transistors
• Smaller means more transistors per die
• And smaller means faster too

• But: Power consumption growing too…



Multi-core
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• Intel Haswell
• 1.4 billion transistors, 22nm
• 177 square millimeters
• Four processing cores

http://techguru3d.com/4th-gen-intel-haswell-processors-architecture-and-lineup/

• The first transistor
• One  workbench at AT&T Bell Labs
• 1947
• Bardeen, Brattain, and Shockley

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

Presenter Notes
Presentation Notes
John Bardeen
Walter Brattain
William Shockley



Multi-core
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• Intel Broadwell
• 7.2 billion transistors, 14nm
• 456 square millimeters
• Up to 22 processing cores

https://www.computershopper.com/computex-2015/performance-preview-desktop-broadwell-at-computex-2015

• The first transistor
• One  workbench at AT&T Bell Labs
• 1947
• Bardeen, Brattain, and Shockley

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

Presenter Notes
Presentation Notes
John Bardeen
Walter Brattain
William Shockley



Multi-core
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• Apple M4
• 28 billion transistors, 3nm
• 177 square millimeters
• 4x-10x performance, 4x-6x efficiency, 

8x-40x GPU, 16x Neural processing 
cores

• The first transistor
• One  workbench at AT&T Bell Labs
• 1947
• Bardeen, Brattain, and Shockley

https://en.wikipedia.org/wiki/Transistor_count
https://en.wikipedia.org/wiki/Transistor_count
https://en.wikipedia.org/wiki/Apple_M4

Presenter Notes
Presentation Notes
John Bardeen
Walter Brattain
William Shockley



Cloud Computing



Cloud Computing
• The Cloud

• A computer utility, warehouse computers; a commodity
• Catalyst for technology economy
• Revolutionizing artificial intelligence, machine learning, health care, 

financial systems, scientific research, and society

Presenter Notes
Presentation Notes
The cloud completes the commoditization process and makes storage and computation a commodity.



Cloud Computing
• The Cloud

• ubiquitous, convenient, on-demand network access to a shared pool of 
configurable computing resources (e.g., networks, servers, storage, 
applications, and services) that can be rapidly provisioned and released with 
minimal management effort or service provider interaction.

NIST Cloud Definition

Presenter Notes
Presentation Notes
The cloud completes the commoditization process and makes storage and computation a commodity.
Public vs private
IaaS, PaaS, SaaS
On demand (self service), network access, resource pooling, rapid elasticity, measured service




Cloud Computing
• The Cloud

• ubiquitous, convenient, on-demand network access to a shared pool of 
configurable computing resources (e.g., networks, servers, storage, 
applications, and services) that can be rapidly provisioned and released with 
minimal management effort or service provider interaction. 

NIST Cloud Definition

Presenter Notes
Presentation Notes
The cloud completes the commoditization process and makes storage and computation a commodity.
Public vs private
IaaS, PaaS, SaaS
On demand (self service), network access, resource pooling, rapid elasticity, measured service




Cloud Computing
• How big is Big Data in the Cloud?

• Exabytes: Delivery of petabytes of storage daily

Titan tech boom, randy katz, 2008

Presenter Notes
Presentation Notes
Big Data: Volume (Exabytes), Velocity (Petabytes/day), variety (worlds data)
1KB: webpage (and amount of L1 [level-1] cache)
1MB: music file (and amount of L3 [level-3] cache)
1GB: movie file (and amount of memory in a computer)
1TB: genome file (and 1 hard disk drive)
1PB: 1000x genome file or million moves
1EB: million genome files, billion movies, trillion music files, quadrillion webpages
1ZB: billion genome files, trillion movies, quadrillion music files, quintrillion webpages



Cloud Computing
• How big is Big Data in the Cloud?

• Most of the worlds data (and computation) hosted by few companies 



Cloud Computing
• How big is Big Data in the Cloud?

• Most of the worlds data (and computation) hosted by few companies 

• Currently 4.72 billion internet                                                                         
users

• 900,000 new users each day [Hootsuite]

• Growing to 175 zettabytes in 2025
• 65% of this data will stored and                                                         

processed in datacenters [IDC]



Cloud Computing
• How big is Big Data in the Cloud?

• Most of the worlds data (and computation) hosted by few companies 



Power Demands Rapidly Increasing
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Embedded Processors



Where is the Market?
End-user device shipments per year

http://wikibon.org/wiki/v/64-bit_ARM_Ushers_in_the_Mobile-Cloud_Application_Model

Presenter Notes
Presentation Notes
For “definitions” of desktop, servers, supercomputers (100’s to 1000’s of processors, Gbytes to Tbytes of main memory, Tbytes to Pbytes of secondary storage), and embedded systems (cell phones, automobile control, video games, entertainment systems (digital TVs), PDAs, etc.).
The computer (IT) industry is responsible for almost 10% of the GNP of the US.
The embedded market has shown the strongest growth (40% compounded annual growth compared to only 9% for desktops – where do laptops fit?).  This chart/number does not include the low-end 8-bit and 16-bit embedded processors that are everywhere!
This is a good slide to talk about the other performance metrics in addition to speed (or see if the students can come up with them) including
Power, space/volume, memory space, cost, reliability



Internet of Things (IoT)
• E.g. Cornell Institute for Digital Agriculture (CIDA)
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Where to?
• Smart Dust….



Security
TPM 1.2



Moore’s Law
• 1965

• # of transistors integrated on a die doubles every 18-24 months (i.e., grows 
exponentially with time)

• Amazingly visionary 
• 2300 transistors, 1 MHz clock (Intel 4004) - 1971
• 16 Million transistors (Ultra Sparc III)
• 42 Million transistors, 2 GHz clock (Intel Xeon) – 2001
• 55 Million transistors, 3 GHz, 130nm technology, 250mm2 die (Intel Pentium 4) – 2004
• 290+ Million transistors, 3 GHz (Intel Core 2 Duo) – 2007
• 721 Million transistors, 2 GHz (Nehalem) - 2009
• 1.4 Billion transistors, 3.4 GHz Intel Haswell (Quad core) – 2013
• 7.2 Billion transistors, 3-3.9 GHz Intel Broadwell (22-core) – 2016
• 20 Billion transistors, 3.49 GHz Apple M2 (8 core) — 2022
• 28 Billion transistors, 4.4 GHz Apple M4 (16x core) — 2024   
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Presenter Notes
Presentation Notes
T-byte = 2^40 bytes (or 10^12 bytes)

Note that Moore’s law is not about speed predictions but about chip complexity



Moore’s Law



Parallelism
• Dennard scaling: power

• Must exploit parallelism for performance

• AI
• AI
• AI!



Systems for AI and Deep Learning
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GPUs for Graphics, of course

NVIDIA A100



You Could Save The World One Day!



Alan Turing’s Bombe
Used to crack Germany’s 
enigma machine

ENIAC - 1946
First general purpose 
electronic computer.  Designed 
to calculate ballistic 
trajectories



Human Computers programming the IBM 7090
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Mary Jackson

Hidden Figures



Graphics

Scientific 
Computing

Embedded
Computing

Smart Dust 
& Sensor Networks

Security

Games

Cloud 
Computing
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IoT



Courses Offered in Fall 2025
• CS 4410:  Operating Systems (not off ered in the Fall 2025,  but 

off ered Spr ing 2026)
• CS 4411:  Practicum in Operating Systems
• CS 4414:  Systems Programming
• **CS 4420 (ECE 4750): Computer Architecture
• CS 5414 - Distributed Computing Principles
• CS 5416 - Cloud Computing and ML Hosting



Where to?
• Your job as a computer scientist will require knowledge the 

computer
• Research/University

• Industry

• Government

Presenter Notes
Presentation Notes
2 Questions:
What are you going to do this summer? (Word Cloud)
Where are you going this summer? (Map) 
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Presenter Notes
Presentation Notes
Do not modify the notes in this section to avoid tampering with the Poll Everywhere activity.
More info at polleverywhere.com/support

What are you going to do this summer?
https://www.polleverywhere.com/free_text_polls/5azLvsldFFfmv5q1ZQC0l
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Presenter Notes
Presentation Notes
Do not modify the notes in this section to avoid tampering with the Poll Everywhere activity.
More info at polleverywhere.com/support

Where are you going to be this summer?
https://www.polleverywhere.com/clickable_images/vNt24RGyjbAQga631nemg



“If you want to make an apple pie from scratch, you must first create            
the universe.”                                                                    – Carl Sagan
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