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What to Expect
● Closed notes/computer/phone
● Scope: 

□ All post-midterm modules (except Virtual Machines)
□ Topics made extra credit in our Midterm

□ Forks, IPC/Pipes, Process Table, Joins, Locks
□ But of course if you forgot everything pre-midterm, you 

may be in trouble for some questions
● Material to review:

□ Quiz solutions
□ Homework solutions
□ Lecture notes
□ Reading assignments in the textbook

□ Especially the examples



Full Virtual-To-Physical Address Translation Narrative

! Split address into page number and offset

! Look up the TLB to find the frame number for the page

! If found in the TLB, build the physical address and Done!

! If not found in the TLB, then lookup the page table

! If page table entry is valid: build the physical address, update TLB and Done! 

! If not, then trap to the OS with a page fault and put the process in the blocked state

! The OS checks if there is a free frame in RAM

! If there is no free frame the OS creates one: 


" The OS selects a victim page

" If the victim is dirty, then the OS writes it back to disk

" The OS updates the page table (and TLB entry) of process that owns the victim 

" The OS marks the frame of the victim as free 


! The OS loads the missing page to RAM into the free frame

! The OS updates the process’ page table and schedules the process again (Ready state)

! The process runs at some point issues the logical address (again)

! Split address into page number and offset

! Lookup TLB to find the corresponding frame number

! It will NOT be found in the TLB, so lookup the page table to find the frame number

! Update the TLB with the page table entry 

! Build the physical address and Done!



What Questions to Expect

! Some quiz-like or short “how?” or “why?” 
questions

" Answer by checking a box, or with a few 

keywords

! Study for the above by going through the 

material pretending you’re a professor who 
has to come up with a bunch of quiz / short 
questions


! Let’s see a few examples….



Sample Short Questions
! What is the goal of the TLB? 


" To speed up address translation 

! What characteristic of programs makes the TLB be effective? 


" Locality 

! Why would we ever want a 2-level hierarchical page table? 


" To avoid having a contiguous page table that’s bigger than a page 

! Is a page table always updated after a page fault is resolved? 


" Yes 

! Is BestFit always better than WorstFit?


" No 

! Without a TLB, each time I access a memory location I would 

actually access how many memory locations (single-level 
page table)? 

" 2 
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Sample Short Questions
! What is a problem with Contiguous Memory Allocation? 


" Fragmentation 

! Does paging remove all fragmentation problems? 


" No, there is still internal fragmentation 

! Without a dirty bit, what would be a problem? 


" Useless disk writes 

! Increasing disk size helps with thrashing? 


" No 

! Thrashing can be solved by adding cores? 


" No
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Exercise Questions

! You can expect exercises similar to what 
we’ve seen in Homework Assignments 


! If you understood the homework assignments 
well, there there should be any problem 



Sample Exercise #1

! Given 22-bit logical addresses, and a 64KiB 
page size, how is a logical address split into 
page number and offset for a single-level 
page table?



Sample Exercise #1

! Given 22-bit logical addresses, and a 64KiB 
page size, how is a logical address split into 
page number and offset for a single-level 
page table?


! 64KiB = 216 bytes

! Therefore: offset is 16-bit

! Therefore: page number is 22 - 16 = 6-bit 



Sample Exercise #2
! Given 32-bit virtual addresses, and a 8KiB page 

size, and a 4-byte page table entry size, how is the 
address split into page number and offset for a 2-
level page table, assuming that the inner page 
table fits exactly in one page? 



Sample Exercise #2
! Given a 32-bit address space, and a 8KiB page size, 

and a 4-byte page table entry size, how is the address 
split into page number and offset for a 2-level page 
table, assuming that all inner page table pages are full? 


! 8KiB = 213 bytes

! Therefore: offset is 13-bit

! Number of page table entries that can fit in a page: 

213/4 = 211

! The inner virtual page number is 11-bit (because each 

inner page table page is full)

! Remains 32-13-11 = 8 bits for the outer virtual page 

number 



Sample Exercise #3

! Consider  24-bit virtual addresses, and a 8K 
page size. We know that the single-level 
page table uses only 1/2 a page. How big are 
the page table entries? 



Sample Exercise #3

! Consider a 24-bit address space, and a 8K 
page size. We know that the single-level page 
table uses only 1/2 a page. How big are the 
page table entries? 

" address space is 224 bytes

" Page size: 213 bytes

" Number of pages: 224/213 = 211 


" Number of page table entries: 211

" Let s be the size of a page table entry

" We have: 211 × s = (1/2) × 213 Which gives: s = 

212−11 = 2 bytes 



Sample Exercise #4
! Page size = 500 bytes, decimal addresses 

Page # Frame 
#

Valid Dirty
0 3 1 1
3 14 1
4 12 0
1 11 1 1
2 33 1
200 0

! Was (virtual) address 1900 written to? 

! What does (virtual) address 999 translate to? 

! Give a virtual address that’ll cause a page fault 

! What (virtual) address corresponds to byte 7321 in physical 

memory? 

! Is it possible that (virtual) address 132 was written to?
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Sample Exercise #4
! Page size = 500 bytes, decimal addresses 

Page # Frame 
#

Valid Dirty
0 3 1 1
3 14 1
4 12 0
1 11 1 1
2 33 1
200 0

! Was (virtual) address 1900 written to? 

! Virtual address 1900 is in page 1900/500 = 3 

! The dirty bit for the entry for page 3 is NOT set 

! So the answer is: NO
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! Page size = 500 bytes, decimal addresses 

Page # Frame 
#

Valid Dirty
0 3 1 1
3 14 1
4 12 0
1 11 1 1
2 33 1
200 0

! What does (virtual) address 999 translate to? 

! Virtual address is in page 999/500 = 1

! Offset within the page is 999 % 499 = 499

! Page 1 is in frame #11

! The physical address is thus 11 * 500 + 499 = 5999 
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! Page size = 500 bytes, decimal addresses 

Page # Frame 
#

Valid Dirty
0 3 1 1
3 14 1
4 12 0
1 11 1 1
2 33 1
200 0

! Give a virtual address that’ll cause a page fault 

! The page table entry for Page #4 is marked as invalid, so 

let’s access it 

! For instance, 4×500+42 is in page 4

! Therefore, accessing address 2042 will cause a page fault 
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! Page size = 500 bytes, decimal addresses 

Page # Frame 
#

Valid Dirty
0 3 1 1
3 14 1
4 12 0
1 11 1 1
2 33 1
200 0

! What (virtual) address corresponds to byte 7321 in physical 
memory? 


! This address is in frame 7321/500 = 14

! Per the page table, frame 4 contains page 3

! The offset in the frame is 7321%500 = 321

! Therefore, the virtual address is 3 ∗ 500 + 321 = 1821 



Sample Exercise #4
! Page size = 500 bytes, decimal addresses 

Page # Frame 
#

Valid Dirty
0 3 1 1
3 14 1
4 12 0
1 11 1 1
2 33 1
200 0

! Is it possible that virtual address 132 was written 
to? 




Sample Exercise #4
! Page size = 500 bytes, decimal addresses 

Page # Frame 
#

Valid Dirty
0 3 1 1
3 14 1
4 12 0
1 11 1 1
2 33 1
200 0

! Is it possible that virtual address 132 was written to? 

! Virtual address 132 is in page 0

! The entry for page 0 says that the page is dirty

! So yes, it’s possible 



Sample Exercise #5
! Page size = 1000 bytes, decimal addresses 

Page # Frame 
#

Valid Dirty

! Fill in information in the page table

! Address 1010 has been successfully written to

! Address 2100 has been read successfully but never been 

written to

! At physical address 3099 we have a byte that we have read 

once and that is in logical page x where x > 10



Sample Exercise #5
! Page size = 1000 bytes, decimal addresses 

Page # Frame 
#

Valid Dirty
1 1 1
2 1
x 3 1

! Fill in information in the page table

! Address 1010 has been successfully written to

! Address 2100 has been read successfully but never been 

written to

! At physical address 3099 we have a byte that we have read 

once and that is in logical page x where x > 10



Sample Exercise #6

! Page Replacement exercise

! Given a number of frames, given a sequence 

of logical page references, and given a page 
replacement algorithm, determine which 
page references will page fault 


! We’ve seen only 2 algorithms: FIFO, LRU

! Let’s do them all on one example again…



4 Memory Frames

! FIFO

Page ref:	
0

0 1 7 2 3 2 7 1 0 3

Frame 0 0 0 0 0 3 3 3 3 3 3
Frame 1 1 1 1 1 1 1 1 0 0
Frame 2 7 7 7 7 7 7 7 7
Frame 3 2 2 2 2 2 2 2
Fault ✓ ✓ ✓ ✓ ✓ ✓



4 Memory Frames

! LRU

Page ref:	
0

0 1 7 2 3 2 7 1 0 3

Frame 0 0 0 0 0 3 3 3 3 0 0
Frame 1 1 1 1 1 1 1 1 1 1
Frame 2 7 7 7 7 7 7 7 7
Frame 3 2 2 2 2 2 2 3
Fault ✓ ✓ ✓ ✓ ✓ ✓ ✓

! In this example LRU is worse than FIFO!



Thrashing
! Make sure you’re ready to answer questions about Thrashing 


" Why does it occur?

" What are solutions? 


! Sample Question: Consider a server that’s currently running 
many processes, none of them doing a lot of I/O, and yet we 
observe 20% CPU utilization and 99.9% disk utilization. 
Which of these options would help this situation: 


" Install a faster CPU

" Install a bigger disk

" Allow more processes into the ready queue

" Kill some processes

" Buy more RAM

" Buy a faster disk 
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File Systems

! Make sure you understand

" The inode


! Should we look at the in-class exercise about file size?

" The FAT table


! Should we explain that one again?

" The way directories are implemented
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