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1. MP2 - due today! 0 .MP;\ ) """:3 ‘
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Storing Data Types

Today’s LGs:
- Be able to go between hex, decimal, and binary
- Understand how bits and bytes are stored in a computer
- Little and big endianness <—
- Understand implications in C of things are stored in a computer






Bytes

Idea 1 - Bytes are a unit indicating 8 bits (1's and O’s)

—_—

Idea 2 - The base-2 (binary) number system is a way of interpreting 1's
and O’s to represent bigger numbers
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How do we talk about big numbers?

Jeale

—— T

RAN

My computer’s memory holds..

| —

Value base-10 Suffix Pronounced
rﬁh‘
510 1024 ) Kilo
220 29 1,048,576 Mega
230\ \O 1,073,741 824 ‘T.i Y Giza }
240 1,099,511,627,776 | Til_ Tera
250 1,125,899,906,842,624 | Hi Peta
260 1,152,921,504,606,846,976 LKL Exa

3%



Translate the following, 2>'%

2 "
2"(45) Bytes= | {.) ’ 2 TB

clicker.cs.illinois.edu

Value base-10 Suffix Pronounced
510 1024 Ki Kilo
220 1,048576  Mi Mega
230 1,073,741,824  Gi Giga
240 1,099,511,627,776___T; Tera \
550 1,125,899,906,842,624  Pi Peta

260 1,152,921,504,606,846,976  Ei Exa



How do we talk about small numbers?
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What's the biggest value in
decimal we can represent

with 1 byte? 7
DIV " ~°;::?f~
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How many blts Can l dlglt clicker.cs.illinois.edu

in hexadecimal represent? 04
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HOW many dlglts °f clicker.cs.illinois.edu

hexadecimal are needed to
represent 1 hyte? 05 %E
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Bytes
Idea 1 - Bytes is a unit indicating 8 bits (1's and O’s).

Idea 2 - The base-2 (binary) number system is a way of interpreting 1’s
and O’s to represent bigger numbers

Idea 3 - To make bytes easier to work with we represent the value the
bits hold in hexadecimal instead of binary.

[, _--__---

Idea 4 - Hexadecimal is easy to convert to binary and back.
PIEXdd hdbhALE g




in binary?
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What 1S o ooo llll n clicker.cs.illinois.edu

hexadecimal? 07 E [u]
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How many hytes do I need to
store this value? Om
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Why we don't use hase-15 clicker.cs.illinois.edu
or hase-17 instead of hase- 09 [m] 4 [w]
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Data Types



stored as hytes

A data type is how we interpret the bhytes

int main()

{

23 69 BE 63 6C 75 64 65 20 3C 73 74 64 69 6F 2E
08 3E OA @A 69 6E 74 20 6D 61 69 6E 28 29 @A 7B
, BA 20 20 20 20 7@ 72 69 6E 74 66 28 22 48 65 6C
("Hello World");
6C oF 20 57 6F 72 6C 64 22 29 3B DA DA 20 206 20
20 72 65 74 75 72 bE 20 36 3B 0A 7D 0A +

\_ _“#”5___:=::

R




Image A is displayed in

ascii characters, what is

image B displayed in?
\X‘H

@59 6E 63 6C 75 64 65 20 3C 73 74 64 69 6F 2E

}int main() 08 EE}A BA 09 oE 74 20 6D 61 69 6E 28 29 BA TB
t S ” BA 20 20 20 20 7@ 72 69 6E 74 66 28 22 48 65 6C
("Hello World");
6C oF 20 57 6F 72 6C 64 22 29 3B DA DA 20 206 20
- 20 72 65 74 75 72 bE 20 36 3B 0A 7D 0A +

clicker.cs.illinois.edu




A Char ho'-ds l byte; What’s clicker.cs.illinois.edu

the biggest value it can OO0
hold in hexadecimal? 311 ﬁﬁ
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Char -1 byte

@ NUL w DLE @» SP % 0 “« @ » P w ° nop
# SOHm DC1 2 1 » 1 @4 A st Q & a ©n q
@ SITX 2 pC2 =2 * 2 2 2 B 2 R @ b e ¢
w ETX » DC3»n # » '3 o C 2 S [ n s
™ EOT % DC4 n § M 4 “ D ®’ T “ d “ ot
- Can print out as an ascii character YO O O
——— - o BEL v ETB 27 ' » 7 ¢ G % W w g now
m BS w CAN = ( » 8 a H 2 X % h nox
% HT w EM » ) » '9 w | » Y w | ™oy
. A LF W SuUg »~ °* 3A “w J “w 2 L | n 'z
- Can hold 1 byte - 8 bits o VT [w B3Ci® » (@l lo K |w( [k [® 0
«< FF % F8! i |, x g @ L O\ L | L |
w GBS o . 0 = @ M CO | 0w m n )
% RS = x > € N % A & n K -
v US = |/ * ,? 4 O »:]3 % o n DEL




Int - 4 bytes

- Can print out as negative or positive number (more on this later)

- Can hold any value between O0xO0000000 and O@Eﬂ
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Little and Big Endian - the order the hytes
are stored

;d? enlian = B9 e e \
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Little and Big Endian - the order the hytes
are stored

sefup Vitfle_endian
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Char - OxEFA
n0 ENIane>
r@\ ey o

Int - 0xAB0OOO110




Endianness and Memory Layout

Below we show ten bytes of little-endian memory at se
of each byte. -~

veral addresses, using 2-hex-digit representations

Address 100010011002410 00510061007 10081009

110031004
Vajue A5 D3 AC D6, 77 |2A 37 3B 30 46

Suppose a uint16_t #*p (i.e. a pointer to unsigned 16-bit integers) has value p =11005

-
What is the value onswer in hexadecimal.
7'(3 b o

o0 [ P oR7




Endianness and Memory Layout

Below we show ten bytes DM at several addresses, using 2-hex-digit representations

of each byte. e |

Suppose &

"j »
What is the value (o228

p[1]

Save & Grade RR:=EIENGLILY




Endianness and Memory Layout

Below we show ten bytes of big-endian memory at several addresses, using 2-hex-digit representations of
each byte. -

Address 1000100110021003100410051006 10071008 1009
Value D5 14 F2 07 B3 4E 3A C4 BD 2C

Suppose a uintl6_t =*p (i.e. a pointer to unsigned 16-bit integers) has value p = 1006.

What is the value of #(p - 1)7? Answer in hexadecimal.

clicker.cs.illinois.edu
*(p-1) integer in base 16 ©

Save & Grade P=EVERLLY




Endianness and Memory Layout

Below we show ten bytes of little-endian memory at several addresses, using 2-hex-digit representations
of each byte.

Address 1000100110021003100410051006 100710081009
Value 6F 78 65 8E E5 92 EO 8F E8 FE

Suppose auintl6_t =*p (i.e. a pointer to unsigned 16-bit integers) has value p = 1005.

What is the value of «(p + 1)? Answer in hexadecimal.

clicker.cs.illinois.edu
*(p+1) integerin base 16 ©

CEVR A LN | Save only




Does my computer use little or
big endian?

clicker.cs.illinois.edu

int main(){
char* ptr COF
ptr[3] = 'a’;
int* ptr2 (int*ptr;

%", ptr2);

1627389952




Given the computer stores
bytes in little-endian, how
would I print out_a’? A9
int main(){
int* ptr (4);

ptr ;
char* ptrZz = (char }ptr

clicker.cs.illinois.edu




Any feedback for us?

https://forms.gle/hk8kKjPRfLrowpwX6
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