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Announcements

•Assigned
• WA1 last Saturday (Gradescope, due Sunday 23:59)
• PA2 tonight (if all goes well…)

•Planned vs. Actual Course Schedule
• We have an ambitious plan, but….
• Will shift topics backward as needed
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Recap: Fraction Base Conversions
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Recap: Fraction Base Conversions (again)
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Agenda

•Floating Point
•Special Values

•Operations on Representations
•C vs Java
•“Hello World” Analysis
•Compiling C Code



Recap: Floating-Point Representations
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IEEE 754 “Single Precision” Floating Point

-(1.01...)2 x 2
(23)10

sign magnitude

unsigned
bias-127

Significand (23 bits)

b[30:23] b[22:0]

Exponent (8 bits)

b31

Sign

Normalized Form



Floating Point Example
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Significand (23 bits)Exponent (8 bits)Sign

Representation (Big Endian):  0x8c30_0000 



Floating Point Example
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-(1.011)2 x 2
-103 = -(1.375)10 x 2

-103

Significand (23 bits)

0001_1000 011_0000_0000_0000_0000_0000

Exponent (8 bits)

1

Sign

Unbiased exponent = (11000)2 - (127)10 = (-103)10

Significand = (.011)2

Sign = -

Representation (Big Endian):  0x8c30_0000 



More Examples
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(1.1001)2 x 2
-4(0.1)10 =

biased exponent: -4 + 127

(1.1001)2 x 2
-3(0.2)10 =

biased exponent: -3 + 127



Floating Point Range (Normalized)
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Significand (23 bits)Exponent (8 bits)Sign

Smallest Normalized Value

Significand (23 bits)Exponent (8 bits)Sign

Largest Normalized Value



Floating Point Range (Normalized)

•Symmetric range around 0
• Makes sense to talk about smallest/largest representable values instead
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(1.000_0000_0000_0000_0000_0000)2 x 2
-126 ≈ (1.18)10 x 10

-38

Smallest Normalized Value

Significand (23 bits)

0000_0001 000_0000_0000_0000_0000_0000

Exponent (8 bits)

b31

Sign

(1.111_1111_1111_1111_1111_1111)2 x 2
127 ≈ (3.40)10 x 10

38

Largest Normalized Value

Significand (23 bits)

1111_1110 111_1111_1111_1111_1111_1111

Exponent (8 bits)

b31

Sign



Floating Point Value Distribution

•2N=32 values are nonuniformly distributed

12Milos Ercegovac, Tomas Lang, "Digital Arithmetic", Morgan Kaufman, 2004



Other Floating Point Formats

• IEEE Standard 754 specifies other types of float representations
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•Many other formats exist out in the wild

https://en.wikipedia.org/wiki/Floating-point_arithmetic



NVIDIA H100 Number Formats

14“NVIDIA H100 Tensor Core GPU Architecture,” NVIDIA, White Paper v1.04.



Toy Floating-Point Format

•Consider an 8-bit floating point format with exponent bias 3

15

(-1)b7 x (1.b3b2b1b0)2 x 2
b6b5b4-3

Significand (4 bits)

b6b5b4 b3b2b1b0

Exponent (3 bits)

b7

Sign

Significand (4 bits)Exponent (3 bits)Sign

Largest Normalized Value

Significand (4 bits)Exponent (3 bits)Sign

Smallest Normalized Value



Agenda

•Floating Point
•Special Values

•Operations on Representations
•C vs Java
•“Hello World” Analysis
•Compiling C Code



Going Even Smaller: Denormalization

•Exponent value 0x00 indicates a significand of 0.b23b22b21...
• Good for really small numbers (called a “denormalized value”)

17

Smallest Denormalized Value

(1.000_0000_0000_0000_0000_0000)2 x 2
-126 ≈ (1.18)10 x 10

-38

Significand (23 bits)

0000_0001 000_0000_0000_0000_0000_0000

Exponent (8 bits)

b31

Sign

Smallest Normalized Value

Significand (23 bits)

0000_0000 000_0000_0000_0000_0000_0001

Exponent (8 bits)

b31

Sign

(0.000_0000_0000_0000_0000_0001)2 x 2
-126 ≈ (1.4)10 x 10

-45



Floating Point Range (Normal + Denormal)

18Milos Ercegovac, Tomas Lang, "Digital Arithmetic", Morgan Kaufman, 2004



Special Numbers in IEEE 754

19Harris + Harris, Chapter 5.3



More on Floats

•There’s a semester’s worth of floating point material to consider
• Precision, machine epsilon, and ulp
• Normalized and denormalized numbers
• Specialized floating-point types (e.g., 8-bit, 16-bit, etc.)
• Representation error, rounding error, error propagation and bounding

20Milos Ercegovac, Tomas Lang, "Digital Arithmetic", Morgan Kaufman, 2004



Number Representations Summary
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Bias-K Sign Magnitude One’s Complement

Two’s ComplementUnsigned

  Simple code
✘  𝑪(0) = 0
✘  Sensible arithmetic

  Negative numbers

  Simple code
  𝑪(0) = 0
  Sensible arithmetic

✘  Negative numbers

✘  Simple code
  𝑪(0) = 0
  Sensible arithmetic
  Negative numbers

  Simple code
  𝑪(0) = 0

✘  Sensible arithmetic
  Negative numbers

✘  Simple code
  𝑪(0) = 0

✘  Sensible arithmetic
  Negative numbers

Floating PointFixed Point

  Simple code
  𝑪(0) = 0

✘  Sensible arithmetic
  Negative numbers

✘  Simple code
  𝑪(0) = 0

✘  Sensible arithmetic
  Negative numbers



Agenda

•Floating Point
•Special Values

•Operations on Representations
•C vs Java
•“Hello World” Analysis
•Compiling C Code
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Finally.
We’re done with number representations.

Or are we?



To a Computer: Everything is a Number(s)
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Im Namen Gottes des Allmächtigen!

Das Schweizervolk und die Kantone,

in der Verantwortung gegenüber der Schöpfung,

im Bestreben, den Bund zu erneuern, um Freiheit und Demokratie, Unabhängigkeit und 
Frieden in Solidarität und Offenheit gegenüber der Welt zu stärken,

im Willen, in gegenseitiger Rücksichtnahme und Achtung ihre Vielfalt in der Einheit zu leben,

im Bewusstsein der gemeinsamen Errungenschaften und der Verantwortung gegenüber den 
künftigen Generationen,

gewiss, dass frei nur ist, wer seine Freiheit gebraucht, und dass die Stärke des Volkes sich 
misst am Wohl der Schwachen,

geben sich folgende Verfassung

Text Photo App (PA2 Executable)
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To a Computer: Everything is a Number(s)
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Number representations will be a recurring theme 
throughout this course + future systems courses



What’s Next: Layers of Abstraction for CS 211
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Problem

Algorithm

Program

Runtime

System software

HW/SW Interface (ISA, ABI)

Microarchitecture

Logic gates

Circuits

Technology

Physics

Real-world Demands

Real-world Constraints

CS 415: Compilers

CS 416: Operating Systems

Simple RISC-V Processor

Logic Circuits

Assembly Language Program

Machine Language Program 

Instruction Set Architecture (ISA)

loop:  ld   a4, 0(a5) 
ld   a3, 8(a5) 
addi a5, a5,   -8 
add  a4, a4,   a3 
sd   a4, 8(a5) 
bne  a0, a5,   loop

0000_0000_0000_0111_1011_0111_0000_0011
0000_0000_1000_0111_1011_0110_1000_0011
1111_1111_1000_0111_1000_0111_1001_0011
0000_0000_1101_0111_0000_0111_0011_0011
0000_0000_1110_0111_1011_0100_0010_0011
1111_1110_1111_0101_0001_0110_1110_0011

High-Level Language Program
int i; 
for(i = 0; i < 10; i++) 

a[i] = b[i] * c[i];

Plan: next ~4-5 weeks



Problem

Algorithm

Program

Runtime

System software

HW/SW Interface (ISA, ABI)

Microarchitecture

Logic gates
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What’s Next: Layers of Abstraction for CS 211
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High-Level Language Program

Assembly Language Program

Machine Language Program 

Microarchitecture

Logic Circuits

Instruction Set Architecture (ISA)

int i; 
for(i = 0; i < 10; i++) 

a[i] = b[i] * c[i];

loop:  ld   a4, 0(a5) 
ld   a3, 8(a5) 
addi a5, a5,   -8 
add  a4, a4,   a3 
sd   a4, 8(a5) 
bne  a0, a5,   loop

0000_0000_0000_0111_1011_0111_0000_0011
0000_0000_1000_0111_1011_0110_1000_0011
1111_1111_1000_0111_1000_0111_1001_0011
0000_0000_1101_0111_0000_0111_0011_0011
0000_0000_1110_0111_1011_0100_0010_0011
1111_1110_1111_0101_0001_0110_1110_0011

CS 415: Compilers

CS 416: Operating Systems

Next ~2-3 weeks:
Using C as a tool to interact with and manipulate 

machine representations of data



Agenda

•Floating Point
•Special Values

•Operations on Representations
•C vs Java
•“Hello World” Analysis
•Compiling C Code



C vs. Java: Similarities

•Mostly syntax-related topics (Java came from C, after all)
• You should be able to read C easily, if not understand what’s happening

29

C Java

import java.io.File#include <lib> Using a Library

/* ... */ or // rest of lineComments

Always before useVariable Declaration

Arithmetic, Assignment: +,-,*,/,%, =, +=,-=,…
Boolean: !, &&, ||
Comparators: ==, !=, <, <=, >, >=
Increment and decrement: ++ and –
Bitwise operators: <<,>>,~,&,|,^
Subgroup expressions: ()

Operators

if, switchConditionals

for, while, do-whileLoops

int ret = fn(0.0, 1); Function Calls

int as_int = (int)0.0; Casting

Inspired by Kao Garcia (CS 61C)



C vs. Java: Differences
•Mostly concept-related topics

• We will go over some of these in class
• You will learn others by doing the programming assignments

30

C Java

Object OrientedProceduralLanguage Type

Class (abstract data type)FunctionsProgramming Unit

Automatic (JVM-managed)ManualMemory Management

One compiler for all 
architectures

Different compiler 
for each architecture

Compilation

Interpreted by the JVMRun on the hardwareExecution

ExceptionsError CodesProblems

ReferencesPointersVariable Usage

Many useful libraries (data 
structures, I/O, etc.)

Very limitedStandard Libraries

Abstract data typeObjects in memoryVars/Arrays/Strings



C for Java Programmers

•There are many, many resources for Java programmers to learn C
• George Ferguson (University of Rochester), “C for Java Programmers,” 2016.

• Jason Maassen (VU Amsterdam), “C for Java Programmers.”

• Tomasz Muldner (Acadia University), “C for Java Programmers,” 2000.

• Charlie McDowell (UC Santa Cruz), “C for Java Programmers,” 2000.

• And many more…

31George Ferguson, “C for Java Programmers,” 2016.

https://www.cs.rochester.edu/u/ferguson/csc/c/c-for-java-programmers.pdf
https://www.cs.utexas.edu/~ans/classes/cs439/docs/dictaat.pdf
https://www.amazon.com/C-Java-Programmers-Tomasz-Muldner/dp/0201702797
https://www3.cs.stonybrook.edu/~youngkwon/cse320/C_for_Java_Programmers_A_Primer.pdf
https://www.cs.rochester.edu/u/ferguson/csc/c/c-for-java-programmers.pdf


Agenda

•Floating Point
•Special Values

•Operations on Representations
•C vs Java
•“Hello World” Analysis
•Compiling C Code



Lecture Ended Here 
To Be Continued

33



CS 211: Intro to Computer Architecture
4.1: Floating Point and C Data Representations

Spring 2025 – Tuesday 11 February

Minesh Patel


	Default Section
	Slide 1: CS 211: Intro to Computer Architecture 4.1: Floating Point and C Data Representations
	Slide 2: Announcements
	Slide 3: Recap: Fraction Base Conversions
	Slide 4: Recap: Fraction Base Conversions (again)
	Slide 5: Agenda
	Slide 6: Recap: Floating-Point Representations
	Slide 7: Floating Point Example
	Slide 8: Floating Point Example
	Slide 9: More Examples
	Slide 10: Floating Point Range (Normalized)
	Slide 11: Floating Point Range (Normalized)
	Slide 12: Floating Point Value Distribution
	Slide 13: Other Floating Point Formats
	Slide 14: NVIDIA H100 Number Formats
	Slide 15: Toy Floating-Point Format
	Slide 16: Agenda
	Slide 17: Going Even Smaller: Denormalization
	Slide 18: Floating Point Range (Normal + Denormal)
	Slide 19: Special Numbers in IEEE 754
	Slide 20: More on Floats
	Slide 21: Number Representations Summary
	Slide 22: Agenda
	Slide 23
	Slide 24: To a Computer: Everything is a Number(s)
	Slide 25: To a Computer: Everything is a Number(s)
	Slide 26: What’s Next: Layers of Abstraction for CS 211
	Slide 27: What’s Next: Layers of Abstraction for CS 211
	Slide 28: Agenda
	Slide 29: C vs. Java: Similarities
	Slide 30: C vs. Java: Differences
	Slide 31: C for Java Programmers
	Slide 32: Agenda
	Slide 33: Lecture Ended Here 
	Slide 34: CS 211: Intro to Computer Architecture 4.1: Floating Point and C Data Representations


