New Jersey Institute of Technology

Software Fundamentals |1

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 {Hex] 8in |pec
0 |0000| O
| : , , . 1 |[0001| 1
= Computers like 1's and 0’s...binary (base 2) > Tootol 5
= Hex = shorthand = Base 16 2 lootl| 3
= Uses symbols 0-9 and A-F 4 |0100| 4
= Notation: 5 |0101| 5
= lead with “Ox” as in 0x05 6 [0110| 6
= End with ‘H’ as in 45H or OBH 7 (0111 7
= Conversions 8 |1000| 8
= Each digit represents 4 binary values 9 |1001] 9
= Memorize, or use binary A |1010) 10
B |1011| 11
0001, = 1,, c |1100] 12
0010, = 2,, D |1101] 13
0100, = 4,, E |1110] 14
1000, = 8,, F |1111] 15
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s Convert Ox0OB Iinto decimal

0x0B = 1011,
= 1x23 + 0x22? + 1x2' + 1x2°
= 8y, + 0 + 2, + 1,
= 11,,

= Interesting Uses of Hex
= Magic words
= Uninitialized memory fill patterns

DEADBEEF OBADFOOD CAFEBABE

Hex | Bin | Dec
0O |[0000| O
1 [0001| 1
2 |0010| 2
3 |0011| 3
4 10100| 4
5 10101| 5
6 |0110| 6
7 (0111 7
8 |1000| 8
9 |1001| 9
A |1010| 10
B (1011 11
C |1100| 12
D |1101| 13
E (1110 14
F | 1111 | 15




":' Word Sizes and Memory
|

Type Size

char 1 byte = 8 bits
int 2 bytes = 16 bits
long 4 bytes = 32 bits

ASCII dump of same
Hex Dump in bytes 1 byte of data data

o ko % |Memn:|ry hd ﬂ

g1f0 00 00 00 QF 00 00 00 00 0o oo oof 00 )ao oo oo oo .
gzo0 4c 69 Y3 61 20 53 69 6d 6f 6= 65 a0 0o oo 4e Li=za Simone. ... H
0210 4a 49 54 20 47 4d 45 20 36 30 38 00 00 00 01 02 JIT BME &08. .. ..

0220 03 04 31 32 33 34 00 00 a0 3f c6 de= 45 le do =1 12340007 EL L

o230 00 53 =9 7d d1 29 62 B¢ 98 £3 <9 93 84 71 30 cb =T I ) = gl .

0240 81 =ed dl el 92 =f 1c 45 07 79 81 Ya 0Ob 99 cf A9 ... .. .. Evyv.=.. ..
4e 4a 49 54 NJIT

31 32 33 34 1234
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31 32 33 34

12345 6789AaBCDETF
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ASCII - The American Standard Code for Information Interchange



NAT -
p—y Endianness - Byte

o ulnsigned Int fred = 0x45;
= |s data stored in memory as 04 05
IT DEPENDS!

storage order

or 05 047

= Big Endian — high order byte stored at highest address (Motorola)

4 byte long: Byte3

Byte2 Bytel ByteO

Will be arranged in memory as follows:

Base Address+0
Base Address+1
Base Address+2
Base Address+3

ByteO
Bytel
Byte2
Byte3

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

Will be arranged in
Base Address+0
Base Address+1
Base Address+2
Base Address+3

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

memory as follows:
Byte3
Byte2
Bytel
ByteO



"T' Why Two Methods?
|

= Religious argument — PC vs. Mac

s 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
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= 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



endian.c

=

What Endlan are We?

Mmair.c
Lrebug il int harney = Owaash;
Files Ee | B, long wilma = Ox1122353544d;
char fred = 0x01:
[yl ectures - W
I_. [# main.c int maini wvoid )
L= 3 Output {
lomg sum;
% sum = fred + barney + wilma;
return 0O;
¥
Lectures | Lﬁ]l |1
Gntn| I |Memnw Ihd _:J
gild0 00 o0 00 oo oo o0 o0 o0 00 00 Qo0 ooO o0 o0 o0 oo
0l=0 00 00 00 0O 0O o0 o0 OO0 00 00 Qo0 oo oo o0 o0 oo
01f0 00 00 00 00 0o o0 o0 o0 00 o0 Qoo oo o0 o0 o0 oo
0200 &5 aa 44 33 22 11 01 49 92 aa 50 70 86 a2 3c dd4
0210 97 a6t 25 50 1c =d 47 B8z d9 3b 16 42 9d =9 5= &d
0220 14 ae =0 48 43 4d0 as 3d 75 ba 07 ea et b2 G366 =9
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"ﬂ' Routine to Swap Bytes

|
= Create routine to swap the high order and low

order bytes of an integer, fred.

int fred = 0x55AA;
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main. C

Routine to Swap Bytes

main.c

int fred = Ox5544:;
int fred swapped;
int temp = 0;
void main( woid )

{

int fred = 0Ox554i;
int fred swapped:
int tenp = 0O; —
void maini woid )

tenp = fred & Ox00FF;
fred === &:

tenp <<= §;

fred |= temp;

=5 temp = fred & O0=<00FF;
fred »»= &;
temp <<= &:
fred |= temp;
I
[l |«
=
Entn| I |Memnw
Ole0 00 00 00 00O 00 00 00 00
01f0 o0 oo oo oo o0 oo oo
gzon *D 00 0% 94 ec 1b
0210 =% 73 bb 4f =8 9= 97
gz20 =% d8 74 88 bf 90 10 01
0zan0 10 9b 01 57 29 4c 83 ee
0240 e0 93 9f 9f d3 7c bd &b
0250 94 89 17 20 48 b8 43 01
0260 80 eb be 6 20 =5 04 cf
0270 ga de 50 60 d9 bd fc le
gze0 &% 44 37 68 ad =6 3L LGe
N29n AR £3 4~ AR R 00 37 44

byteswap.c

0230 10 9b 01 57 29 4c 83 ee
0240 =0 93 3f 9f d3 Yc bd &b
0250 94 89 17 20 483 b8 d3 01
0260 80 b be =6 20 =5 04 cf
0270 6Ba de 50 B0 d9 bd fc le

o280 &7 4d 32 68 a4 =6 35 Le
n?an A6 £2 4~ Ak K2 00 27 44
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= A variable that contains the address of another variable

= Good analogy — think about a book that contains:
= A table of contents
= Chapters
= Index

R 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 Ivalue)



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+l) = 9;

5) fred++;

Memory dump: (IAR -> View

1) 0200 01 02 03 04 (05

2) 0200 01 02 03 04 05

3) 0200 01 02 09 04 05

4) 0200 01 09 09 04 05

5) 0200 01 09 09 04 05

pointers.c

} Declarations

Value code

-

fred

_/

38 45 7a
38 00 02
38 00 02
38 00 02
38 01 02
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= Saves passing large amounts of data to
subroutines

= Easy to increment through arrays
= Multiple pointers into same array (head and tail)



ey Data Send Buffer

head ptr
tail ptr

array[12]

&array[7]

&array[3]

01 | 56 |45 | A2 | 1F |DO | 00 | 01 | 01 | 56 | 45 | A2
tail ptr head ptr

while (tail ptr != head ptr)

{

11 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!

= 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 padding.c
char warl = 0x0l; char warl = 0x0l;
char warz = 0x0Z; char warzZ = 0x0Z;
char war3 = 0x03; char war3 = 0x03;
char ward = 0x04; char ward = 0x04;
int harney = Oxaabh: int bharney = Oxaass;
long wilma = 0x11223344; long wilma = 0x1122353544;
char fred = 0Oxbb; char fred = Oxbh;
void nain( woid ) void nain( woid )

{
ﬂﬂ long =sum, sums;

{
ﬂﬁ long sum, =sum:z:;

5 sum = fred + wilma + barney: 5 sum = fred + wilma;
sum? = warl + warz + war3 + ward: sums = warl + wari + ward;

} }

[fal | 4 [f] | 4
Goto | | [Ram =] [~] " Gota | | [Ram ~| [~]
ozo0 ES aa 44 33 22 11 01 02 03 04 bbb a2 ozo0 44 33 22 11 01 03 04 bb 48 bl 17 RS
0210 3f ed A3 54 6c 10 f0 £f5 12 0d ed d7 o210 27 fd 79 b Oa &Y 14 od 69 =3 54 8b
0220 17 A3 6f A5 20 0b dd a? 7e 0a =7 f1 0220 4= 09 al ab =ed 15 A1 46 ec 9= 55 16
0230 a0 19 4d af b7 67 4b a8 91 =1 =7 ag 0230 18 ad bz 68 f0 af ab 79 4d d8 23 2d
0240 50 94 d1 87 3c £9 S5a b 7f ca 08 £3 0240 3b 3= 54 b3 6b 60 8d fb c= 49 62 13
0280 cd ed ed od od od ed =d =od od od ed 0250 cd cd cd od cd cd cd cd od cd cod cd
0260 cd ced ced cd cd cd od od ed d od cod 0260 od cd ed =od od ed =d cd =d =d =d =d
0270 cd ed od od od od &d =d ac £33 0b 00 0270 cd cd cd ocd cd od od =d 92 £3 08 00

padding.c
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I
s Collection of related variables

s 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




A% Structure defining the format and parameters for edch patient #/
struct patient {

char ID; A% subject ID number *
char =ex: SE l=male, Z=female *£/
char height; AE IR ol * 0
int weight: A IR powunds *
int maxHE; A% madx HE in bedts per minute */

¥
F* Database contdining spdce for § patients #/
gstruct patient Patient database[5]:

void maini woid )
d
Patient database[0].ID = 1: SF Ox01 */
Fatient databaszse[l].zex = 1; AF Oxol xS

=

Patient database[0].height lag; SE 06 xS
Patient database[0].weight = 300; AF Ox012C xS
Patient database[0].wma<HR = 15Z; SE Oxd0Ba */

o200 01 01 a6 00 2z 01 be OO OO OO OO0 OO OO OO OO0 OO
0210 00 oo oo oo oo oo oo oo oo oo oo oo oo oo oo oo
0220 00 OO0 00 00 00 oo 00 00 7 ce 1f f£0 Oa £9 7a cd
0230 17 &84 8z 98 9b 2o bd o= d9 89 21 =f Vi 32 as 9c

structs.c



