
Programming Languages 
and Techniques

(CIS1200)

Lecture 37

Advanced Java Miscellany



Announcements
• Final Program Due:    (92 points)

Monday, December 9th at 11:59pm
– Submit zipfile online, submission only checks if your code compiles
– IntelliJ is strongly recommended for this project
– You may distribute your game (after the deadline) if you do not use 

any of our code

• Grade based on demo with your TA during/after 
reading days
– Grading rubric on the assignment website
– Recommendation: don’t be too ambitious.

• NO LATE SUBMISSIONS PERMITTED
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CIS 1200 Final Exam
• Tuesday, December 17th 12:00-2:00 PM

– Meyerson Hall B1         Last Names A – M
– Fagin Auditorium    Last Names N – Z

• Students who need accommodations should schedule 
their exams (ASAP) through the Weingarten Center

• Review Session / Mock exam
– 2 hour mock exam followed by 2 hour review
– (The review session will be recorded)
– Location and Time – TBA
– Look for details on Ed



Exam Preparation
• Comprehensive exam covering the entire course:
– Ideas from OCaml material (but no need to write OCaml)
– All Java material

• emphasizing material since midterm 2: subtyping, dynamic 
dispatch, collections, equality & overriding, exceptions, I/O, 
inner classes, swing

– All course content 
• except: Bonus Lecture (Code is Data) and 

   Guest Lecture (Jane Street)
• Only simple/shallow questions about Wednesday’s lecture

• Closed book, but…
– You may use one letter-sized, two-sided, handwritten 

sheet of notes during the exam.



Monday’s Guest Lecture
Designing OCaml to be predictably faster at Jane Street

Speaker: Richard Eisenberg, Jane Street
Abstract: Jane Street uses OCaml programs to power millions of 
market transactions daily. These programs must be fast, and also 
their performance must be consistent. The way polymorphism is 
designed in OCaml makes predictable high performance hard to 
achieve. This talk will explain why this is so, and how we plan to 
fix it by extending the language and compiler. Along the way, 
we'll see how careful study of programming languages yields 
tangible results in a practical setting. The talk will conclude with 
information about how OCaml is used at Jane Street and some of 
the exciting opportunities there.





Model View Controller
Design Pattern



Model-View-Controller Design Pattern

Model
Business Logic

View(s)

User

Controller

Manipulates

Presented by

UsesSees



Example 1: Mushroom of Doom



Example: MOD Program Structure
• GameCourt, GameObj + subclass local state

– object location & velocity 
– status of the game (playing, win, loss)
– how the objects interact with eachother  (tick)

• Draw methods
– paintComponent in GameCourt
– draw methods in GameObj subclasses
– status label

• Game / GameCourt
– Reset button  (updates model)
– Keyboard control (updates square velocity)

Model

View

Controller



Example: Paint Program Structure
• Main frame for application (class Paint)

– List of shapes to draw 
– The current color
– The current line thickness

• Drawing panel  (class Canvas, inner class of Paint)

• Control panel  (class JPanel)
– Contains radio buttons for selecting shape to draw
– Line thickness checkbox, undo and quit buttons

• Connections between Preview shape (if any…)
– Preview Shape:  View <-> Controller
– MouseAdapter: Controller <-> Model   

Model

View

Controller



Example: Chat Server

Model

owners: Map<Channel,  
   Users>

users: Map<Channel,
          
Set<Users>>
…

Views Controllers

ServerModel

createChannel
joinChannel
invite
kick
…

getChannels
getUsers
getOwner
…

Internal 
Representation



Example: Web Pages

Model

Views

Controllers

document.
addEventListener()

Internal 
Representation:

DOM
(Document 

Object Model)

JavaScript
API



MVC Pattern

Model

View(s)

User

Controller

Manipulates

Updates

UsesSees



MVC Benefits?
• Decouples "model state" from how that state is presented 

and manipulated
– Suggests how to decompose the design to make it more flexible

• Multiple views
– e.g. from different angles, or for multiple different users

• Multiple controllers
– e.g. mouse vs. keyboard interaction

• Key benefit: Makes the model testable independent of the 
GUI



MVC Variations
• Many variations on MVC pattern

• Hierarchical / Nested
– As in the Swing libraries, in which JComponents often have a "model" 

and a "controller" part 

• Coupling between Model / View or View / Controller
– e.g. in MOD the Model and the View are coupled because the model 

carries most of the information about the view



“And now for something 
completely different…”



What does Computer Science 
have to do with Sustainability?

Udit Gupta, Harvard
Benjamin C. Pierce, Penn









How big a problem is this?







Climate change is an existential 
threat to human society 

requiring immediate, collective 
action at every level, across 

every community and industry



Global

Individual

National

Institutional

State / City 

?



What about universities?



Universities are about…

Creation of knowledge

Community engagement

Training new generations of leaders









What does this have to 
do with intro CS?



Computing is part of the problem!



(What’s this?)



The first digital computer! (1945)
Electronic, programmable, general purpose

• Designed primarily by John Mauchly and           
J. Pesper Eckert

• Programmed primarily by six mathematicians:
• Jean Jennings, Marlyn Wescoff, Ruth 

Lichterman, Betty Snyder, Frances Bilas, 
and Kay McNulty



The first digital computer! (1945)
Electronic, programmable, general purpose

ENIAC consisted 18,000 vacuum tubes, 
7,200 crystal diodes, 1,500 relays, 
70,000 resistors, 10,000 capacitors, and 
approximately 5M hand-soldered joints.
• It weighed 30 Tons!
• Took up a room 1800 sq. feet in size
• And consumed 150 kW of electricity

How many FLOPS?

500!



Photos, illustrations, graphics here.

Modern computers 

iPhone 15
100mm2

5W
~2TFLOPs

NVIDIA A100
12x5x2 inches

250+Watts
~100 TFLOPs



Photos, illustrations, graphics here.

Original prediction by Gordon Moore



Photos, illustrations, graphics here.

Original prediction by Gordon Moore



Photos, illustrations, graphics here.
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The decades-long impact of Moore’s Law



Photos, illustrations, graphics here.

2x/1.5yrs
(52% per year)

Slowing 
Moore’s Law
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The decades-long impact of Moore’s Law



Photos, illustrations, graphics here.

The impact of Moore’s Law slowing down

Power eff. 
trends

CPU perf 
trends

Disk $/byte 
trends

DRAM $/byte
trendsTechnology

Plateaus



Over the last 20 years, hardware and software advancements have 
drastically optimized for performance and energy efficiency

Pre-2000: 
“Moore’s Law”

2000-2010:
“Moore’s Hangover”

2010-2020: 
“Beyond Moore”

Specialization: ~10x for 
key workloads

Idle power optimization: 
~10x for “typical” usage 

PUE optimization: 
~1.5x-2x for datacenters

Koomey et. al., 2011
Naffziger and Koomey, 2016 

10x 
energy 

efficiency 
over 

decade

10x 
energy 

efficiency 
every 5 
years

Peak CPU 
Efficiency:

Still 10x 
over 

decade
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Over the last 20 years, hardware and software advancements have 
drastically optimized for performance and energy efficiency

But how have these advances affected computing’s environmental 
sustainability (e.g., carbon footprint)?

Pre-2000: 
“Dennard Scaling”

10x 
energy 

efficiency 
over 

decade

2000-2010:
“Dennard’s Hangover”

10x 
energy 

efficiency 
every 5 
years

2010-2020: 
“Beyond Dennard”

Peak CPU 
Efficiency:

Still 10x 
over 

decade

Specialization: ~10x for 
key workloads

Idle power optimization: 
~10x for “typical” usage 

PUE optimization: 
~1.5x-2x for datacenters

Koomey et. al., 2011
Naffziger and Koomey, 2016 
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Computing incurs a huge environmental footprint

1.2-2.2 Billion tons of CO2

• On par with the aviation industry’s footprint
• 2.1 - 3.9% of worldwide emissions (Freitag’21)

Mobile Communication Data center

And emissions are rising with growing demand!



30

Data center energy consumption



Photos, illustrations, graphics here.

Emerging applications introduce new requirements
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Big Tech. companies are pledging carbon 
neutrality



But wait… it just got worse!



AI’s footprint continues to grow!

ELMo 
(93.6M)

BERT(340M)

GPT-2 (1.5B) Megatron-L
M (8.3B)

GPT-3 (175B)

LaMBDA 
(137B)

Gopher 
(280B)

PaLM 
(540B)

Megatron-Turing 
NLG (530B)

T5 
(11B)

~10x/yr 
trajectory

Scaling of "dense" large language models



Is AI a big 
footprint? 

35
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Is AI the new cryptocurrency?

Zuckerberg also said Meta’s compute infrastructure will contain “almost 600k H100 
equivalents of compute if you include other GPUs.”

Mark Zuckerberg said last Spring that, by the 
end of 2024, the company’s computing 
infrastructure will include 350,000 H100 

graphics cards.

350MW / 1275 MW = 28% of Meta’s 
compute fleet runs AI



The ML Lifecycle



Crucial to look at emissions across ML lifecycle
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Data 
Collection (31%)

Training and 
experimentation

(29%)

Inference
(40%)

Wu et. al. Sustainable AI: Environmental Implications, Challenges, and Opportunities (MLSys 2022)





Yikes



It’s time to think harder about this…



Sustainable 
Computing



Hardware Life Cycle Analysis
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Energy 
consumption

Focus of systems, software, and 
hardware designers

Hardware 
manufacturing

Emissions from 
fabs building chips

Overheads from infrastructure 
related activities

Overheads from operational energy 
consumption
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Apple’s mobile carbon footprint

Apple produces 25 million metric 
tons of CO2 every year
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Semiconductor Fabrication

Semiconductor Fabs
•Located in places with less carbon-free energy
•Must contend with direct emissions (gasses)



NSF Design for Environmental Sustainability in Computing

https://www.nsf.gov/pubs/2022/nsf22060/nsf22060.jsp



So… computing could hurt less…

Could it also help?



Computational sustainability is an emerging field that attempts to 
balance societal, economic, and environmental resources for the future 
well-being of humanity using methods from mathematics, computer 
science, and information science fields.  (Wikipedia)





Several slides on computational sustainability 
(5-10 min)

ML-based (rather than physics-based) 
modeling

Google, NVIDIA, HP have teams working on it



http://www.youtube.com/watch?v=0uZ2fQKqSSo




It is part of the problem

What does 
Computer Science 

have to do with 
Sustainability?

and of the solution(s)



Sustainable 
computing

Computational 
Sustainability



    Discussion?

Questions?



Overflow slides



Photos, illustrations, graphics here.

Instructor: Udit Gupta
Graduated from Cornell in 2016 (ECE Major and CS 
Minor)!

PhD from Harvard in 2022
Enabling High Performance, Efficient, and Sustainable Deep Learning At Scale

Visiting Research Scientist at Meta (2019-2022)

I love to play chess, try new restaurants and food 
(vegetarian), hike, and find new TV shows!
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Data center water consumption

Data centers rank among the top 10 
water-consuming commercial 
industries in the United States, 
using approximately 513 million cubic 
meters of water in 2018. Much of that 
water use comes from electricity use 
— coal, nuclear and natural gas 
plants take water to operate, and 
hydropower also consumes water 
— but about a quarter is due to using 
water for direct cooling.
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Semiconductor water consumption
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Consumers can’t resist faster products with 
more storage and better cameras, but constant 
upgrades have created a growing global waste 
challenge. In 2019 alone, people discarded 53 
million metric tons of electronic waste.

The bad news is that only about 35% of U.S. 
e-waste is recycled.

The U.S. exports up to 40% of its e-waste. 
Some goes to regions such as Southeast Asia 
that have little environmental oversight and few 
measures to protect workers who repair or 
recycle electronics.

https://time.com/5594380/world-electronic-waste-problem/
https://time.com/5594380/world-electronic-waste-problem/
https://www.itu.int/en/ITU-D/Environment/Documents/Toolbox/GEM_2020_def.pdf
https://www.itu.int/en/ITU-D/Environment/Documents/Toolbox/GEM_2020_def.pdf
https://www.epa.gov/facts-and-figures-about-materials-waste-and-recycling
https://www.epa.gov/facts-and-figures-about-materials-waste-and-recycling
https://www.pbs.org/newshour/science/america-e-waste-gps-tracker-tells-all-earthfix
https://www.nytimes.com/2019/12/08/world/asia/e-waste-thailand-southeast-asia.html
https://www.nytimes.com/2019/12/08/world/asia/e-waste-thailand-southeast-asia.html


SRC decadal plan calls attention to ICT rising energy 
footprint
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Ever-rising energy demand for computing vs. global energy production is creating 
new risk,

 and new computing paradigms offer opportunities to dramatically improve energy 
efficiency. 



Economic incentives and carbon sequestration

https://cloudblogs.microsoft.com/industry-blog/sustainability/2022/03/24/how-microsoft-is-using-an-internal-carbon-fee-to-reach-its-carbon-negative-goal/
https://www.youtube.com/watch?v=W7uTbxCxmPg

Microsoft: Incentivizes reductions by applying an 
internal carbon tax of $100/tCO2e amounting to 

an annual cost of over $1 billion

Google: Estimates $50-$300/tCO2e as carbon 
sequestration scales up to 20% of the cost of a 

server!

https://cloudblogs.microsoft.com/industry-blog/sustainability/2022/03/24/how-microsoft-is-using-an-internal-carbon-fee-to-reach-its-carbon-negative-goal/

