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Systems Software

The kernel provides a common environment for applications



Systems Software

Compilers, Linkers, Assemblers

swap(int v[], int k) 
{

int temp;
temp   = v[k];
v[k]   = v[k+1];
v[k+1] = temp;

}

swap:
multi $2, $5,4
add   $2, $4,$2
lw    $15, 0($2)
lw    $16, 0($2)
sw    $16, 0($2)
sw    $15, 4($2)
jr    $31

00000000101000100000000100011000
00000000100000100001000001000010
10001101111000100000000000000000
10001110000100100000000000000100
10101110000100100000000000000000
10101101111000100000000000000100
00000011111000000000000000001000

Compiler Assembler

High-level Language Assembly Language Machine Language

Compilers abstract the hardware
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Base 10 (decimal) versus Base 2 (binary)

1110101

20212223242526

64 + 32 + 16 + 0 + 4 + 0 + 1

1x26 + 1x25 + 1x24 + 0x23 + 1x22 + 0x21 + 1x20

Convert to Decimal:

117
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00000000000000000000000000000000
00000000000000000000000000000001
00000000000000000000000000000010
00000000000000000000000000000011
00000000000000000000000000000100
00000000000000000000000000000101
00000000000000000000000000000110
00000000000000000000000000000111
00000000000000000000000000001000
00000000000000000000000000001001
00000000000000000000000000001010
00000000000000000000000000001011
00000000000000000000000000001100
00000000000000000000000000001101
00000000000000000000000000001110
00000000000000000000000000001111
00000000000000000000000000010000
00000000000000000000000000010001
00000000000000000000000000010010
00000000000000000000000000010011
00000000000000000000000000010100
................................
00000000000000000000000001100011
00000000000000000000000001100100
00000000000000000000000001100101



Hardware





http://www.theverge.com/2011/11/23/2582677/thailand-flood-seagate-hard-drive-shortage







Storing code and data

DiscMemoryCacheRegi
sters

Capacity

Speed

• Disk access time: 5–20 milliseconds

• Memory access time:  50–70 nanoseconds— 100,000 times faster

• The cost per gigabyte of disk is 30 to 100 times less expensive than memory



DiscMemoryCacheRegis
ters

10110101010100000110100100100101011000101011010101010000011010010010010101100010...1011010101010000

32-bit computer: address fields are 32 bits wide

allows 232 possible addresses, or 4Gb

machines are now 64-bit, allowing memories up to 264

Memory: RAM - Random Access Memory



DiscMemoryCacheRegis
ters

10110101010100001011010101010000

Registers have a fixed size and a fixed count

Some registers are ‘general purpose’ some are specialized

http://www.cs.mcgill.ca/~jvybihal/Courses/CS273/8086%20Registers.JPG



an instruction format
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00000000000000000000000000000001
00000000000000000000000000000010
00000000000000000000000000000011
00000000000000000000000000000100
00000000000000000000000000000101
00000000000000000000000000000110
00000000000000000000000000000111
00000000000000000000000000001000
00000000000000000000000000001001
00000000000000000000000000001010
00000000000000000000000000001011
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Boolean Logic / Boolean Algebra
True = 1

False = 0

AND operation: * or &

1 * 1 =  True 
1 * 0 = False
0 * 1 = False
0 * 0 = False

OR operation: + or |

1 + 1 =  True 
1 + 0 =  True
0 + 1 =  True
0 + 0 = False

A * B A + B

NOT operation:¯ 

A

1 = False
0 =  True

1854, “a Mathematical language 
dealing with the questions of logic”



AND gate OR gate

http://hyperphysics.phy-astr.gsu.edu/hbase/electronic/trangate.html

Boolean logic, ctd.

AND OR NOT



How does computation happen? 

Addition: 6 + 7

i = 6
j = 7
g = i + j;

lw  $t0, 4($s3)
lw  $t1, 8($s3)
add $t0, $t1, $t2
sw  $t2, 48($s3)

10100001110000100010101000001100
10101001010000000010101000001001
01100001100010000010100001101000
00011001110000010010101011001000

C code

Assembly

Machine code



Binary Addition

Inputs Outputs
A B CarryIn CarryOut Sum
0 0 0 0 0
0 0 1 0 1
0 1 0 0 1
0 1 1 1 0
1 0 0 0 1
1 0 1 1 0
1 1 0 1 0
1 1 1 1 1

A
B



Binary Addition, ctd.

Inputs Outputs
A B CarryIn CarryOut Sum
0 0 0 0 0
0 0 1 0 1
0 1 0 0 1
0 1 1 1 0
1 0 0 0 1
1 0 1 1 0
1 1 0 1 0
1 1 1 1 1

CarryOut = (b * CarryIn) + (a * CarryIn) + (a * b)



Inputs Outputs
A B CarryIn CarryOut Sum
0 0 0 0 0
0 0 1 0 1
0 1 0 0 1
0 1 1 1 0
1 0 0 0 1
1 0 1 1 0
1 1 0 1 0
1 1 1 1 1

Binary Addition, ctd.



Binary Addition, ctd.



• Some people say it takes 18 months and others say 24 
• Some interpret the law to be about the doubling of 

processing power, not the number of transistors.  
• A self-fulfilling prophecy than an actual law, principle or 

observation: power constraints / parallelism





Lithography




