
Software Fundamentals II

C Language Review

Byte order, Number formats (binary, hexadecimal), big/little endian, 
pointers, structs

(Code in this lecture is on the website, and is compiled for the
simulator/debugger option.  Therefore, hardware header files are not 

included/needed.)



Hexadecimal and Binary

Computers like 1’s and 0’s...binary (base 2)
Hex = shorthand = Base 16
Uses symbols 0-9 and A-F
Notation: 

lead with “0x” as in 0x05
End with ‘H’ as in 45H or 0BH 

Conversions
Each digit represents 4 binary values
Memorize, or use binary

151111F
141110E
131101D
121100C
111011B
101010A
910019
810008
701117
601106
501015
401004
300113
200102
100011
000000

DecBinHex

00012 = 110
00102 = 210
01002 = 410
10002 = 810



Converting

Convert 0x0B into decimal

Interesting Uses of Hex
Magic words
Uninitialized memory fill patterns

0x0B = 10112
= 1x23 + 0x22 + 1x21 + 1x20

=  810  + 0 + 210  + 110
= 1110

DEADBEEF 0BADF00D  CAFEBABE

151111F
141110E
131101D
121100C
111011B
101010A
910019
810008
701117
601106
501015
401004
300113
200102
100011
000000

DecBinHex



Word Sizes and Memory

4 bytes = 32 bitslong

2 bytes = 16 bitsint

1 byte = 8 bitschar

SizeType

Hex Dump in bytes
ASCII dump of same 

data1 byte of data

4e  4a  49  54          NJIT 

31  32  33  34          1234



ASCII

ASCII - The American Standard Code for Information Interchange 

4e  4a  49  54          NJIT 

31  32  33  34          1234



Endianness - Byte storage order

unsigned int fred = 0x45;
Is data stored in memory as 04  05 or     05  04?

IT DEPENDS!
Big Endian – high order byte stored at highest address (Motorola)

Little Endian – low order byte stored at lowest address (Intel)

4 byte long:   Byte3   Byte2   Byte1   Byte0 
Will be arranged in memory as follows: 

Base Address+0   Byte0 
Base Address+1   Byte1 
Base Address+2   Byte2 
Base Address+3   Byte3  

Will be arranged in memory as follows: 
Base Address+0   Byte3 
Base Address+1   Byte2 
Base Address+2   Byte1 
Base Address+3   Byte0  

Verts, W.T. (1996).  An Essay on Endian Order, http://www.cs.umass.edu/~verts/cs32/endian.html



Why Two Methods?

Religious argument – PC vs. Mac
Little Endian

Memory read in byte order (1:1 relationship between 
memory offset and byte order).  
Assembly math routines easy to write.

Big Endian
High byte first makes checking sign easy without having to 
know length of variable.
Numbers are stored in the order they are printed out –
display routines, binary-to-decimal conversion easier.



Examples

Little Endian
Examples:  BMP, GIF, RTF, TIFF

Big Endian
Examples: Photoshop, JPEG, TIFF

Bi-Endian Hardware
Some have switchable endianness architecture (ARM, 
PowerPC)
Data endianness is switchable, but address may be 
limited to single endianness

Jonathon Swift, “Gulliver’s Travels” - soft boiled eggs



What Endian are We?

endian.c





Routine to Swap Bytes

Create routine to swap the high order and low 
order bytes of an integer, fred.

int fred = 0x55AA;



Routine to Swap Bytes

byteswap.c



Pointers

A variable that contains the address of another variable
Good analogy – think about a book that contains:

A table of contents
Chapters
Index

.....the index is like a list of pointers that tell you 
WHERE in the book to look for specific information.

Pointers used for Memory Mapping Peripherals, 
remember?
#define NETWORK_CHIP_STATUS ((BYTE *) 0x80000)

Asterisk (*) = “tell me the value of” (aka “dereferencing”)

Ampersand (&) = “tell me the address of” (aka finding the lvalue)



Pointers
1)   char fred[5] = {1,2,3,4,5};

char *fred_ptr;
2)   fred_ptr = &fred[0];
3)   fred[2] = 9;
4)   *(fred_ptr+1) = 9;
5)   fred++;
Memory dump: (IAR -> View -> memory)
1)   0200     01  02  03  04  05  38  45  7a

2)   0200     01  02  03  04  05  38  00  02

3)   0200     01  02  09  04  05  38  00  02

4)   0200     01  09  09 04  05  38  00  02

5)   0200     01  09  09 04  05  38  01  02

Declarations

Value code

pointers.c

fred

fred_ptr



Why Pointers?

Saves passing large amounts of data to 
subroutines
Easy to increment through arrays
Multiple pointers into same array (head and tail)



Data Send Buffer

01 56 A245 1F D0 0100 01 56 A245

head_ptr = &array[7]
tail_ptr = &array[3]

array[12]

head_ptrtail_ptr

while (tail_ptr != head_ptr)
{

!! Continue to send data
}



Data Alignment and Padding

Compiler optimizes variable memory map based on:
Size of variable
Size of address/data path
N-byte aligned where N is a power of 2
If variable ACTUALLY USED!

Why?
Optimize data reads/data memory accesses
Aligned accesses are “atomic” – done at one time

Our system
2-byte aligned boundaries



Compare RAM Contents

padding.c



Structures

Collection of related variables
Makes code cleaner 
Good for collections of parameters

Communication protocols
Configuration for hardware
Patient data

Be aware of alignment issues to save memory –
compiler (in C) will not rearrange struct
members to save space



structs.c


