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CHAPTER 5

Memory Management



➢ Consider a system using paging technology and having the following

characteristics:

➢ A page table of size 128 KB

➢ Each page table entry contains a reference to a frame and a

presence/absence bit.

➢ The size of a page is 64 KB

➢ The size of physical memory is 2 GB

➢ A virtual address is indexed by 1 Byte

➢ Answer the following questions, always justifying your answer:

Exercise V.8 
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1) How many frames does physical memory contain?

𝑺𝒊𝒛𝒆 𝒐𝒇 𝒑𝒉𝒚𝒔𝒊𝒄𝒂𝒍 𝒂𝒅𝒅𝒓𝒆𝒔𝒔 𝒔𝒑𝒂𝒄𝒆 = # 𝒐𝒇 𝒇𝒓𝒂𝒎𝒆𝒔 × 𝒇𝒓𝒂𝒎𝒆 𝒔𝒊𝒛𝒆

➢ ⇒ 𝒐𝒇 𝒇𝒓𝒂𝒎𝒆𝒔 =
𝐒𝐢𝐳𝐞 𝐨𝐟 𝐩𝐡𝐲𝐬𝐢𝐜𝐚𝐥 𝐚𝐝𝐝𝐫𝐞𝐬𝐬 𝐬𝐩𝐚𝐜𝐞

𝒇𝒓𝒂𝒎𝒆 𝒔𝒊𝒛𝒆

➢ We have :

𝒇𝒓𝒂𝒎𝒆 𝒔𝒊𝒛𝒆 = 𝒑𝒂𝒈𝒆 𝒔𝒊𝒛𝒆 = 𝟔𝟒𝑲𝑩 = 𝟐𝟔 × 𝟐𝟏𝟎

= 𝟐𝟏𝟔 𝑩𝒚𝒕𝒆

➢ # 𝒐𝒇 𝒇𝒓𝒂𝒎𝒆𝒔 =
𝟐×𝟐𝟑𝟎

𝟐𝟏𝟔
=

𝟐𝟑𝟏

𝟐𝟏𝟔
= 𝟐𝟏𝟓 𝑭𝒓𝒂𝒎𝒆𝒔

Exercise V.8 



2) What is the size of a page table entry in bits?

𝑺𝒊𝒛𝒆 𝒐𝒇 𝒂 𝑷𝑻 𝒆𝒏𝒕𝒓𝒚

=

# 𝒏𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒃𝒊𝒕𝒔 𝒕𝒐 𝒄𝒐𝒅𝒆 𝒂 𝒇𝒓𝒂𝒎𝒆 + 𝟏 𝐩𝐫𝐞𝐬𝐞𝐧𝐜𝐞/𝐚𝐛𝐬𝐞𝐧𝐜𝐞 𝐛𝐢𝐭

➢ # 𝒐𝒇 𝒇𝒓𝒂𝒎𝒆𝒔 = 𝟐𝟏𝟓 𝑭𝒓𝒂𝒎𝒆𝒔

➢ ⇒ # 𝒐𝒇 𝒃𝒊𝒕𝒔 𝒕𝒐 𝒄𝒐𝒅𝒆 𝒂 𝒇𝒓𝒂𝒎𝒆 = 𝟏𝟓 𝒃𝒊𝒕𝒔

𝑺𝒊𝒛𝒆 𝒐𝒇 𝒂 𝒑𝒂𝒈𝒆 𝒕𝒂𝒃𝒍𝒆 𝒆𝒏𝒕𝒓𝒚 = 𝟏𝟓 + 𝟏 = 𝟏𝟔 𝒃𝒊𝒕𝒔

Exercise V.8 



3) How many entries are there in the page table?

➢ 𝐒𝐢𝐳𝐞 𝐨𝐟 𝐏𝐓 = # 𝒐𝒇 𝒆𝒏𝒕𝒓𝒊𝒆𝒔 𝒊𝒏 𝑷𝑻 × 𝑺𝒊𝒛𝒆 𝒐𝒇 𝒂 𝑷𝑻 𝒆𝒏𝒕𝒓𝒚

➢ ⇒ # 𝒐𝒇 𝒆𝒏𝒕𝒓𝒊𝒆𝒔 𝒊𝒏 𝑷𝑻 = 𝐒𝐢𝐳𝐞 𝐨𝐟 𝐏𝐓 / 𝑺𝒊𝒛𝒆 𝒐𝒇 𝒂 𝑷𝑻 𝒆𝒏𝒕𝒓𝒚

➢ ⇒ # 𝒐𝒇 𝒆𝒏𝒕𝒓𝒊𝒆𝒔 𝒊𝒏 𝑷𝑻 =
𝟏𝟐𝟖𝑲𝑩

𝟏𝟔𝒃𝒊𝒕𝒔
=

𝟐𝟕×𝟐𝟏𝟎𝑩

𝟐𝑩
= 𝟐𝟏𝟔 𝑬𝒏𝒕𝒓𝒊𝒆𝒔

OR

➢ ⇒ # 𝒐𝒇 𝒆𝒏𝒕𝒓𝒊𝒆𝒔 𝒊𝒏 𝑷𝑻 =
𝟏𝟐𝟖𝑲𝑩

𝟏𝟔𝒃𝒊𝒕𝒔
=

𝟐𝟕×𝟐𝟏𝟎×𝟐𝟑𝒃𝒊𝒕𝒔

𝟐𝟒𝒃𝒊𝒕𝒔
= 𝟐𝟏𝟔 𝑬𝒏𝒕𝒓𝒊𝒆𝒔

Exercise V.8 



4) What is the virtual memory size of this

architecture?

➢ 𝑺𝒊𝒛𝒆 𝒐𝒇 𝒗𝒊𝒓𝒕𝒖𝒂𝒍 𝒎𝒆𝒎𝒐𝒓𝒚 = # 𝒐𝒇 𝒑𝒂𝒈𝒆𝒔 × 𝒑𝒂𝒈𝒆 𝒔𝒊𝒛𝒆

➢ We have : # 𝒐𝒇 𝒑𝒂𝒈𝒆𝒔 = # 𝒐𝒇 𝒆𝒏𝒕𝒓𝒊𝒆𝒔 𝒊𝒏 𝑷𝑻 = 𝟐𝟏𝟔 𝒑𝒂𝒈𝒆𝒔

➢ 𝑺𝒊𝒛𝒆 𝒐𝒇 𝒗𝒊𝒓𝒕𝒖𝒂𝒍 𝒎𝒆𝒎𝒐𝒓𝒚 = 𝟐𝟏𝟔 × 𝟐𝟏𝟔 = 𝟐𝟑𝟐 = 𝟒 𝑮𝑩

Exercise V.8 



5) What is the size of the address bus in bits for this

system?

➢ Address bus size (m) = number of  bits required to encode virtual memory 

➢ 𝑨 𝒗𝒊𝒓𝒕𝒖𝒂𝒍 𝒂𝒅𝒅𝒓𝒆𝒔𝒔 𝒊𝒔 𝒊𝒏𝒅𝒆𝒙𝒆𝒅 = 𝒔𝒊𝒛𝒆 𝒐𝒇 𝒐𝒏𝒆 @ = 𝟏 𝑩𝒚𝒕e

➢ 𝟐𝒎 =
𝑺𝒊𝒛𝒆 𝒐𝒇 𝒗𝒊𝒓𝒕𝒖𝒂𝒍 𝒎𝒆𝒎𝒐𝒓𝒚

𝑺𝒊𝒛𝒆 𝒐𝒇 𝒐𝒏𝒆 @
=

𝟐𝟑𝟐𝑩𝒚𝒕𝒆

𝟏𝑩𝒚𝒕𝒆
= 𝟐𝟑𝟐

➢ ⟹𝒎 = 𝟑𝟐 𝒃𝒊𝒕𝒔

Exercise V.8 



6) Consider the following two logical

addresses expressed in decimal: 1024

and 65540.
If possible, give the corresponding physical

addresses (in decimal) based on the first 10

entries in the page table given below.

Exercise V.8 



Exercise V.8 

Page 

Number
Frame Number

Presence/Absence 

Bit

0 0 1

1 2 0

2 8 0

3 2050 1

4 21054 1

5 31463 1

6 2187 0

7 260 0

8 1266 0

9 1024 1



➢ Logical @ = (# of  Pages, Offset)                                

➢ We have : 𝑃𝑎𝑔𝑒 𝑆𝑖𝑧𝑒 = 216 = 65536 𝐵𝑦𝑡𝑒

➢ We use the following calculation rule:

Exercise V.8 

Logical @
Page Size

Offset # of Pages



➢ Logical @ = (# of  Pages, Offset)                                

➢ We have : 𝑃𝑎𝑔𝑒 𝑆𝑖𝑧𝑒 = 216 = 65536 𝐵𝑦𝑡𝑒

➢ We use the following calculation rule:

Exercise V.8 

65540
65536

4 1



➢ 𝑳𝒐𝒈𝒊𝒄𝒂𝒍 @ = 𝟏𝟎𝟐𝟒

➢ # 𝑜𝑓 𝑃𝑎𝑔𝑒𝑠 = 0
𝐼𝑛 𝑃𝑎𝑔𝑒 𝑇𝑎𝑏𝑙𝑒

Presence/Absence bit
= 1, # 𝑜𝑓 𝐹𝑟𝑎𝑚𝑒𝑠 = 0

➢ 𝑶𝒇𝒇𝒔𝒆𝒕 = 𝟏𝟎𝟐𝟒

➢ ➔ 𝑷𝒉𝒚𝒔𝒊𝒄𝒂𝒍 @ = 𝟎 × 𝟔𝟓𝟓𝟑𝟔 + 𝟏𝟎𝟐𝟒 = 𝟏𝟎𝟐𝟒

Exercise V.8 



➢ 𝑳𝒐𝒈𝒊𝒄𝒂𝒍 @ = 𝟔𝟓𝟓𝟒𝟎

➢ # 𝒐𝒇 𝑷𝒂𝒈𝒆𝒔 = 𝟏
𝑰𝒏 𝑷𝒂𝒈𝒆 𝑻𝒂𝒃𝒍𝒆

Presence/Absence bit 

= 0, 

➢ so this page is not loaded into memory.

➢ 𝑶𝒇𝒇𝒔𝒆𝒕 = 𝟒

➢ ➔ 𝑷𝒉𝒚𝒔𝒊𝒄𝒂𝒍 @ 𝒄𝒂𝒏𝒏𝒐𝒕 𝒃𝒆 𝒌𝒏𝒐𝒘𝒏.

Exercise V.8 



Questions ?


