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Main Memory

Practice Exercises

9.1 Name two differences between logical and physical addresses.

Answer:
A logical address does not refer to an actual physical address; rather,
it refers to an abstract address in an abstract address space. A physical
address refers to an actual physical address inmemory.Alogical address
is generated by the CPU and is translated into a physical address by
the memory management unit(MMU). Therefore, physical addresses are
generated by the MMU.

9.2 Why are page sizes always powers of 2?

Answer:
Recall that paging is implemented by breaking up an address into a page
and offset number. It is most ef�cient to break the address into X page
bits and Y offset bits, rather than perform arithmetic on the address to
calculate the page number and offset. Because each bit position repre-
sents a power of 2, splitting an address between bits results in a page
size that is a power of 2.

9.3 Consider a system in which a program can be separated into two parts:
code and data. The CPU knows whether it wants an instruction (instruc-
tion fetch) or data (data fetch or store). Therefore, two base–limit register
pairs are provided: one for instructions and one for data. The instruction
base–limit register pair is automatically read-only, so programs can be
shared among different users. Discuss the advantages and disadvan-
tages of this scheme.

Answer:
The major advantage of this scheme is that it is an effective mechanism
for code and data sharing. For example, only one copy of an editor or
a compiler needs to be kept in memory, and this code can be shared
by all processes needing access to the editor or compiler code. Another
advantage is protection of code against erroneousmodi�cation. The only
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disadvantage is that the code and data must be separated, which is
usually adhered to in a compiler-generated code.

9.4 Consider a logical address space of 64 pages of 1,024 words each,
mapped onto a physical memory of 32 frames.

a. How many bits are there in the logical address?

b. How many bits are there in the physical address?

Answer:

a. Logical address: 16 bits

b. Physical address: 15 bits

9.5 What is the effect of allowing two entries in a page table to point to the
same page frame in memory? Explain how this effect could be used to
decrease the amount of time needed to copy a large amount of memory
fromone place to another.What effect would updating some byte on one
page have on the other page?

Answer:
By allowing two entries in a page table to point to the same page frame
in memory, users can share code and data. If the code is reentrant, much
memory space can be saved through the shared use of large programs
such as text editors, compilers, and database systems. “Copying” large
amounts of memory could be effected by having different page tables
point to the same memory location.

However, sharing of nonreentrant code or data means that any user
having access to the code can modify it, and these modi�cations would
be re�ected in the other user’s “copy.”

9.6 Given six memory partitions of 300 KB, 600 KB, 350 KB, 200 KB, 750 KB,
and 125 KB (in order), how would the �rst-�t, best-�t, and worst-�t
algorithms place processes of size 115 KB, 500 KB, 358 KB, 200 KB, and
375 KB (in order)?

Answer:

a. First �t:

b. 115 KB is put in 300-KB partition, leaving 185 KB, 600 KB, 350 KB, 200
KB, 750 KB, 125 KB

c. 500 KB is put in 600-KB partition, leaving 185 KB, 100 KB, 350 KB,
200 KB, 750 KB, 125 KB

d. 358 KB is put in 750-KB partition, leaving 185 KB, 100 KB, 350 KB,
200 KB, 392 KB, 125 KB

e. 200 KB is put in 350-KB partition, leaving 185 KB, 100 KB, 150 KB,
200 KB, 392 KB, 125 KB

f. 375 KB is put in 392-KB partition, leaving 185 KB, 100 KB, 150 KB,
200 KB, 17 KB, 125 KB

g. Best �t:
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h. 115 KB is put in 125-KB partition, leaving 300 KB, 600 KB, 350 KB, 200
KB, 750 KB, 10 KB

i. 500 KB is put in 600-KB partition, leaving 300 KB, 100 KB, 350 KB,
200 KB, 750 KB, 10 KB

j. 358 KB is put in 750-KB partition, leaving 300 KB, 100 KB, 350 KB,
200 KB, 392 KB, 10 KB

k. 200 KB is put in 200-KB partition, leaving 300 KB, 100 KB, 350 KB, 0
KB, 392 KB, 10 KB

l. 375 KB is put in 392-KB partition, leaving 300 KB, 100 KB, 350 KB, 0
KB, 17 KB, 10 KB

m. Worst �t:

n. 115 KB is put in 750-KB partition, leaving 300 KB, 600 KB, 350 KB, 200
KB, 635 KB, 125 KB

o. 500 KB is put in 635-KB partition, leaving 300 KB, 600 KB, 350 KB,
200 KB, 135 KB, 125 KB

p. 358 KB is put in 600-KB partition, leaving 300 KB, 242 KB, 350 KB,
200 KB, 135 KB, 125 KB

q. 200 KB is put in 350-KB partition, leaving 300 KB, 242 KB, 150 KB,
200 KB, 135 KB, 125 KB

r. 375 KB must wait

9.7 Assuming a 1-KB page size, what are the page numbers and offsets for
the following address references (provided as decimal numbers):

a. 3085

b. 42095

c. 215201

d. 650000

e. 2000001

Answer:

a. page = 3; offset = 13

b. page = 41; offset = 111

c. page = 210; offset = 161

d. page = 634; offset = 784

e. page = 1953; offset = 129

9.8 The BTV operating system has a 21-bit virtual address, yet on certain
embedded devices, it has only a 16-bit physical address. It also has a
2-KB page size. How many entries are there in each of the following?

a. A conventional, single-level page table
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b. An inverted page table

What is the maximum amount of physical memory in the BTV operating
system?

Answer:
Conventional, single-level page table will have 210 = 1024 entries.
Inverted page table will have 25 = 32 entries. The maximum amount
of physical memory is 216 = 65536 (or 64 KB.)

9.9 Consider a logical address space of 256 pages with a 4-KB page size,
mapped onto a physical memory of 64 frames.

a. How many bits are required in the logical address?

b. How many bits are required in the physical address?

Answer:

a. 12 + 8 = 20 bits.

b. 12 + 6 = 18 bits.

9.10 Consider a computer systemwith a 32-bit logical address and 4-KB page
size. The system supports up to 512MB of physical memory. Howmany
entries are there in each of the following?

a. A conventional, single-level page table

b. An inverted page table

Answer:

a. 220 entries.

b. 512 K K/4K = 128K entries.
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