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Digital Representation and 

C++ Data Types and Constants
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RANGE OF NUMBERS AND DATA 
TYPES
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Finite Range of Numbers

• Recall: EVERYTHING in a computer is a number!

• Scenario: A hotel has 3-digit room numbers.  

– How many rooms can the hotel have?

– What if the hotel uses 4-digit room numbers?

– Range for n-digit room numbers?

• Key Idea:  A fixed number of digits (or bits, for a 
computer), limits the range of numbers we can 
represent.

• What is 999+1?

– 1000, obviously!  Right!?

– Well, if we limit ourselves to 3-digit numbers, then the 
answer is 000!  We call this overflow and it is a common 
issue programmer's must account for.

• So, the number of digits available, determines the range 
of numbers that can be represented
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https://www.flickr.com/photos/ncsofteurope/1250697872/
https://creativecommons.org/licenses/by-nc/3.0/
https://www.flickr.com/photos/lwr/421278110
https://creativecommons.org/licenses/by-nc-sa/3.0/
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Bits, Bytes, Words

• Computers store data as bits (binary digits) in 
units of memory with a fixed number of bits

• A single bit can only represent 1 and 0

• To represent more than just 2 values we need 
to use a combination / sequence of many bits

• Computer hardware (memory) defines 
common, easily accessible units of a fixed size:
– A byte is defined as a group 8-bits

– A word varies in size but is usually 32-bits (4 bytes)

• For n-bit numbers, the range of values we can 
represent is 0 to 2n-1
– For 8-bits, the range is 0 to 255.

– For 32-bits, the range is 0 to 4,294,967,295
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Finite Range of Binary

• Computers represent binary numbers using a 
fixed number of bits

• Given a fixed number of bits, n, what is the 
range of numbers we can make?
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INTERLUDE
Basic Computer Organization: Processor and Memory
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Digging Deeper
• So why do we have "bits" (that can only be 2 

values) and how do we process and store 
them?

• Modern computer chips are made from 
billions of tiny transistors built on a chip of 
silicon (usually)

• A transistor is an electronic device that acts 
like a switch; it can be on or off.
– This leads to only 2 values (high or low voltage) 

in computer hardware

– 1’s and 0’s are arbitrary symbols representing 
high or low voltage

– A single 1 or 0 is known as a bit 

– The bit coming out of one transistor can 
control one or more other transistors creating 
complex processing chains that can perform 
functions like arithmetic Low Voltage
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Transistor Acts as a Switch

This Photo by Unknown Author is licensed under CC BY-SA

https://de.wikipedia.org/wiki/Logische_Schaltung
https://creativecommons.org/licenses/by-sa/3.0/
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Computer Components

• Computer hardware circuits can be 
categorized into processor, memory, 
and I/O circuits

• If data is just bits that the processor 
manipulates with transistors, where 
do we store them when they are not 
being used?

• Processor
– Executes the program and performs 

all the operations

• Main Memory (aka RAM)
– Stores data and program 

(instructions)

– Loses data when power is 
disconnected

• Let's look more at memory
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Memory
• Also uses transistors, but in a different way that allows 

the transistors to help "remember" bits

• Broken into "cells" that each store a group of bits 
(usually, 1 byte = 8 bits) and is accessed via a unique 
number (aka "address") 

• The address is used to reference the value a given 
location

• Analogy: Safe-deposit or mailboxes
– Each has an identifying number and a value stored inside

– The value can be an instruction, a number, a character, 
etc.  (You the programmer must know what to expect 
and how to interpret it…no meta-information
is present to tell you how to interpret the bits)

http://images.google.com/imgres?imgurl=http://www.canadiancomputer.com/sku_images/large/204.jpg&imgrefurl=http://www.canadiancomputer.com/product_details.php?id=218&h=480&w=626&sz=32&hl=en&start=2&tbnid=SdZTUGLFcNALkM:&tbnh=104&tbnw=136&prev=/images?q=ram+dimm&svnum=10&hl=en&lr=


0b.10

© 2023 by Mark Redekopp. This content is protected and may not be shared, uploaded, or distributed.

11010010

01001011

10010000

11110100

01101000

11010001

...

00001011

0

1

2

3

4

5

1023

Address Mem.
Memory Operations

• Memories perform 2 operations
– Read:  retrieves data value in a 

particular location (specified using 
the address)

– Write:  changes data in a location 
to a new value

• To perform these operations a 
set of address, data, and control 
inputs/outputs are used
– Note: A group of wires/signals is 

referred to as a "bus"
– Thus, we say that memories have 

an address, data, and control bus.
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One At a Time

• Recall that while we see the image of a man, the 
computer "sees" a collection of numbers (aka pixels)?

• Now we can understand why
– Every number is stored as bits in memory

– Memory can only be accessed one data value at a time

• This limitation of accessing one value at a time leads 
to a fundamental issue of programming:  How do we 
break abstract tasks into a sequence of "1 at a time" 
operations? 

Image taken f rom the photo "Robin Jef fers at Ton 

House" (1927) by Edward Weston 
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C++ DATA TYPES AND CONSTANTS
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Motivation for Data Types

• So information is stored in group of bits (bytes and words)

• How many data values are stored in the memory below (where 
does one value stop and another start) and what are their 
values?

61 39 0a 00 00 37 12 80
bf fc 00 00 00 00 00 00

Computer memory contents

using hexadecimal…which is a 

shorthand for binary.  The 1s and 0s 

are converted to 0-9,a,b,c,d,e,f to make 

it easier for humans to read
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Motivation for Data Types

• So information is stored in group of bits (bytes and words)

• How many data values are stored in the memory below (where 
does one value stop and another start) and what are their 
values?

• C/C++ types indicate how many bits (bytes) of storage 
(memory) are required and how to interpret the number being 
stored

61 39 0a 00 00 37 12 80
bf fc 00 00 00 00 00 00

'a'
char

-3.75 double

Computer memory contents

using hexadecimal…which is a 

shorthand for binary.  The 1s and 0s 

are converted to 0-9,a,b,c,d,e,f to make 

it easier for humans to read

4750 int
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C/C++ Data Types
• C/C++ types indicate how many bits (bytes) of storage (memory) are 

required and how to interpret the number being stored

• Integer types
– int, unsigned int  (and, technically, char - more explanation later) 

• Floating point types - Very large 6.02E23 & very small numbers 6.626E-34 
(i.e. an attempt to represent rational/real numbers)

– float or double (in general, prefer double over float as it has a greater range 
of expressivity)

• String/Text types

– char, char arrays, strings

• Boolean type

– bool (true / false)

• Let's look at how to write constants (aka "literals") and declare 
variables of these types.
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Constants (aka Literals)
• Integer: 496, 10005, -234

• Double: 12.0,  -16.,  0.23,  6.02E23, 4e-2
– Both very large and very small numbers (i.e. fractions/decimals)

• Characters (char type): enclosed in single quotes (')
– Printing characters: 'a', '5', 'B', '!'

– Each quoted value is converted to appropriate ASCII number (e.g. 'a' => 97)

– Non-printing special characters use "escape" sequences (i.e. preceded by a \ ): 
'\n' (newline/enter), '\t' (tab) , '\\' (slash), '\'' (apostrophe)

• C-Strings (Note: there is also a C++ string type…)
– 0 or more characters between double quotes (")

 "hi1\n", "12345", "b", "\tAns. is %d"

– Ends with a '\0'=0 (aka NULL character) added as the last 
byte/character to allow code to delimit the end of the string

• Boolean (C++ only):  false, true
– Physical representation:  0 = false, Non-zero (1, -5, 300) = true C-String Example 

(Memory Layout)

C/C++ handling of 
single characters 

and strings is 
different than most 

other languages 
and a major source 
of confusion in C++.
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Exercise
• Show how "cs 102" would be 

stored in the memory below
– Use decimal to represent each byte

• How do we indicate the string is 
done ("terminated")
– With special NULL character (i.e. 0 or 

'\0')
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Signed and Unsigned Integer Types

• If we have a finite range of numbers (2n) that we 
can make with n bits, what values should they 
correspond to?

• C++ defines both "unsigned" and "signed" integer 
types

• "unsigned" integer types use all bit combinations 
for POSITIVE (natural) numbers (0 to 2n-1)

• "signed" integer types split the combinations 
with half being positive numbers and half being 
negative

• C++ also defines other intermediate sizes (1-, 2-, 
4-, 8-byte integer types) that have more range 
but use more memory

0255 1

127
128129

254 2

0-1 1

127
-128

-129

-2 2

+-

Unsigned (all positive) Types
unsigned int
unsigned long

Signed (pos. or neg.) Types
int
long
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C/C++ Integer Data Types

• Integer variable types
– An unsigned (positive-only...including 0) number

– A signed (positive or negative) number

C Type 
(Signed)

C Type (Unsigned) Bytes Bits Signed Range Unsigned 
Range

char unsigned char 1 8 -128 to +127 0 to 255

short unsigned short 2 16 -32768 to +32767 0 to 65535

int unsigned int 4 32 -2 billion to 
+2 billion

0 to 4 billion

long long unsigned long long 
(aka size_t)

8 64 -8*1018 to +8*1018 0 to 16*1018

*These are the three integer types we will use 99% of the time
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C/C++ Floating Point Types

• float and double types:
– Allow decimal representation (e.g. 6.125) as well as very large integers 

(+6.023E23)

C Type Bytes Bits Range

float 4 32 ±7 significant digits * 10+/-38

double 8 64 ±16 significant digits * 10+/-308

• Prefer double over float
– Many compilers will upgrade floats to doubles anyhow

• Don't use floating-point if you don't need to
– It suffers from rounding error

– Some additional time overhead to perform arithmetic operations
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Additional Resources

• Understanding binary representation

– https://www.youtube.com/watch?v=wgbV6DLVezo&featur
e=youtu.be 

https://www.youtube.com/watch?v=wgbV6DLVezo&feature=youtu.be
https://www.youtube.com/watch?v=wgbV6DLVezo&feature=youtu.be
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