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Data Type

1-bit data

1-bit data

Byte data

Byte data

Word data

4-bit BCD data

4-bit BCD data

Register No.
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Data Type Address

1-bit data Address n

Byte data Address n

Even address

Word data Odd address

Even address
Byte data (CCR) on stack 1~ idress

Even address

Word dat tack
ord gata on stac Odd address

Data Format

Upper 8 bits

Lower 8 bits
1 1 1

CCR

CCR*










CCR bit 7

D>
D—
>

Interrupt
Controller

Interrupts
with highest
priority
happens first

Task X

Interrupt
occured

| torunning

Context
switch

Interrupt handler
for a specific
interrupt

Sets tasks
on queue

Interrupt queue
for a specific
interrupt

Task 1
Task 2
Task 3
















counts = (interrupt interval system clock)=FRC Speed

counts = ((1 =500sed (16 10°cycles=sey=(2cycles=coun)) = 16000counts

























Physical memory

Block

Block Block

L] [] Allocated memory
[ ] Internal fragmentation
[ ] External fragmentation




Page frame number (20 bits)

Spare

Global page

T

Page size

Dirty

Accessed

Cache disabled
Write-through

User/supervisor
Read/write

Present

2n










| 64 kB

| 2k | 32kB 2x32 KB split

(8|8 |16kB| 32kB 2x8 kB + 16 kB + 32 kB split

|
|
(16kB | 16kB |  32kB |  2x16 kB +32KkB split
|
|

| |8|16kB| 32kB | — | FreelList
64 kB | empty
T 32 kB
6 kB allocated 16 kB
8 kB

Allocation Table
6 kB at address x




16 kB allocated
8 kB allocated l

N

’ ‘ 8 ’ ‘ 32 kB ‘ — | Free List
8 kB
Deallocates 8 kB block 32 kB
88| B

Coalescing 8 kB buddies

‘ 16 kB ’ ‘ 32 kB ‘ — | Free List
16 kB
Deallocates 16 kB block 32 kB

(16kB [16kB |  32kB |

Coalescing 16 kB buddies

| 32k | 32kB |

Coalescing 32 kB buddies

‘ 64 kB ‘ — | Free List

64 kB

k2f0,1,2::0
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32 | 48 | 48 | 80
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User space

Process

signal!
|

wait(100s)

Timertable

Kernel space

Timer control

J

Timer interrupt

No. | Type | Timeout | Resolution | Callback addr.
1 |sig. |100s - EA3F
cnt. |- 100ms -



















[ Critical Section




Receive

s

Message Queue







Process A's Physical Process B's
view of memory memory view of memory

























Design



wait
[ ]

[Memory Allocate ] ‘ findBlock
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o

# split

Splitting allocate

# allocate

Allocating

'
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wait
)

[ Memory Free J # freeBlock
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coalesce ¢ ¢ coalesce
PreviousBlock NextBlock

Comimmn )

O

coalesce
NextBlock

coalesce
PreviousBlock







array of blockinfo

1

fixed array




Freelist 0

 Block size = 16 kB
¢ Pointer to first element

/

Freelist 1

 Block size = 8 kB
¢ Pointer to first element

— NULL

Freelist 2

 Block size = 4 kB
¢ Pointer to first element

Freelist elements in a fixed size array:

* Pointer to a place in real memory
* Pointer to next element

* Pointer to a place in real memory
* Pointer to next element

* Pointer to a place in real memory
* Pointer to next element

— NULL

* Pointer to a place in real memory
* Pointer to next element

— NULL

* Pointer to a place in real memory
* Pointer to next element

* Pointer to a place in real memory
* Pointer to next element







232=100Hz = 42949672965 497days







Timeslice expired/ Interrupt

Started INATED
®=>"""~=( ReADY Resumed RUNNING | ERM .

Operation

complete operation

SEMAPHORE
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PRIO_KERNEL

PRIO_REAL_5

PRIO_REAL_5

PRIO_REAL_1

PRIO_USER_8

PRIO_USER_3

(@)

Real-time

User

100

PRIO_USER_2

SLEEPING

SLEEPING

SLEEPING

SLEEPING

(b)

User










state( 1)







unlocked




p.3.semaphore.locked
p.2.semaphore.locked
p.1l.semaphore.locked
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p.3.semaphore.unlocked
p.2.semaphore.unlocked
p.1.semaphore.unlocked










Implementation



Previous
Next
Process ID
Used

Previous
Next
Process ID
Used







‘16kB‘ 4 kB \ 1kB ‘2568‘128B‘ 64 B \ 32B \ 16 B \




5500 B

11000 B

5500 B

22000 B

22000 bytes of free memory
5500 B

11000 B

5500 B
2750
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Index

0 | pAddress = (first address in real memory)
pNext = NULL

pUnusedElements —| 1 | pAddress (not initialized)
pNext

2 | pAddress (not initialized)
pNext

N-2 | pAddress (not initialized)
pNext

r

N-1 | pAddress (not initialized)
pNext = NULL




freespace_begin

CRAPOS Array with Array with Array with "Real"
kernel freelist structures | freelist elements | allocation table | memory
0x8000 OXEE5D

Memory manager's static data

(default size = 1324 B)
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Kernel

Real-Time

User










10































Test









(@)

1 byte

(b)

1 byte

22000 4 1 = 110018

10999 bytes 11001 bytes
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