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bounds registers.

QUESTION 1 - BASE AND BOUNDS

= A computer system uses a simple base/bounds register pair to
virtualize address spaces. For each traces fill in the missing
values of virtual addresses, physical addresses, base, and/or

In some cases, it is not possible to provide

Scenario 1

Virtual Address

Physical Address

Q
100
300
699
700

500

600

800 Base? S0 ©
1199

[fault] Bounds? 7 OO

an exact value. If so, specify a range (e.g. greater than 100),
or value that is not a single number.
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Q1-2

Scenario 2|

Virtual Add ress Physical Address

300 1500 Base? 1200
1600 2800

1801 200! 7 Boundsr 2 80/
2801 4001 > 2300
Scenario 3

Virtual Address Physical Address

@ 1000 Base? 1000
_ 100 100
[ 499 2999 Bounds? 2000

2 1000 [fault]
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QUESTION 2 - SINGLE-LEVEL PAGE TABLE

= Consider a computer with 4 GB (232) of physical memory,
where the page size is 4 KB (212). For simplicity assume than
1GB=1000MB, 1MB=1000KB, 1KB=1000 bytes

= (a) How many pages must be tracked by a single-level page
table if the computer has 4GB 2232) of phgsmal memory and
the page size is 4 KB (212)?

= (b) How many bits are required for the virtual page number
(VPN) to address fny page within this 4GB (232) memory
space? 20

® (¢) Assuming that the smallest addressable unit of memory
within a page is a byte (8-bits), how many bits are required for
the offset to refer to any byte in the 4 KB page? (2°™

® (d) Assuming each page table entry (PTE) requires 4 bytes of
memory, how much memory is requned to store the page
table for one process (in MB)? 2%%nries X272 2% A Y B

TCSS422: Operating Systems [Spring 2024]
School of Engineering and Technology, University of Washington - Tacoma

May 30, 2024 119.94

94

Slides by Wes J. Lloyd

5/30/2024

L19.2



TCSS 422 A — Spring 2024
School of Engineering and Technology

Clanl 2-2R. PALE. TAALZL

= (e) Using this memory requirement, how many processes
would fill the memory with page table data on a 4GB

computer? \p7y L.l/,&//\lt MBS
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QUESTION 3 - TWO-LEVEL PAGE TABLE

= Consider a computer with 1 GB (23°) of physical memory,
where the page size is 1024 bytes (1KB) (21°). We would like
to index memory pages using a two level page table consisting
of a page directory which refers to page tables which are
created on demand to index the entire memory space.

® For simplicity assume than 1GB=1000MB, 1MB=1000KB,
1KB=1000 bytes 23%/710 2%

® (a) For a two-level page table, divide the VPN in half. How
many bits are required for the page directory index (PDI) in a
two-level scheme? (O 815

= (b) How many bits are required for the page tabllg iLqio_ng (PTI)?

= (¢c) How many bits are required for an offset to address any
byte in the 1 KB page? \O &IT5
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® (d) Assuming each page table entry (PTE) requires 4 bytes of
memory, how many extra bits are available for status bits?

e [Z 5175

= (e) HelloWorld.c consists of 4 memory pages. One code page,
one heap page, one data segment page, and one stack
segment page. How large is the two-level page table in bytes
with the structure described above that could index the all 4

memory pages of HelloWorld.c?
Hint: There should be 2 tables, a page directory, and a page table.

2192

the

= (f) Assuming the same page table as for HelloWorld.c, using
the exact same two-level page table, how large in bytes could

program grow to be(ore ngﬂeding to expand the page table?

TS — I~ Mo
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QUESTION 4 - CACHE TRACING

= Consider a 3-element cache with the cache arrival sequences
below.

= Determine the number of cache hits and cache misses using
each of the following cache replacement policies:

A. Optimal policy

Working Cache
Arrival sequence: Cache 1: 7% |
AR m mddm mm HH
537531071643213 Cache2:§\QEZ_
Cache 3: %K%
# Hits: b
# Misses: c\
MMavS0i2028 ggﬁzzfgf (E)::i:etier:'?nsgy:::edn]l'seEi?-n:irI]ogg?/f’Lzlﬁ]iversity of Washington - Tacoma L19.99
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B. FIFO policy
Working Cache

Arrival sequence: Cache 1: XN |

mn o HH MM s M wa H

537531071643 213 CacheE:\i&}
Cache 3:\Q 2.

# Hits: 6

# Misses: | O
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C. LRU policy
Working Cache
Arrival sequence: Cache 1:7353
MM M W W e e H et
537531071643213 Cache.?:375;|b7,w
Cache 3:35757 16 7)¢
. 143
o 3
# Hits: EN
# Misses: \ \
May 30,2024 Zgﬁzgﬁf g::i?;:er:'ignsgy;zn]rseﬁ?'ni?fgif’lﬁ:]iversity of Washington - Tacoma L1s.101
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QUESTION 5 - FREE SPACE MANAGEMENT

= Free space management involves capturing a description of
the computer’'s free memory using a data structure, storing
this data structure in memory, and OS support to rapidly use
this structure to determine an appropriate location for new
memory allocations. An efficient implementation is very

important when scaling up the number of operations the OS is
required to perform.

® Consider the use of a linked list for a free space list where

each node is represented by placing the following structure in
the header of the memory chunk:

typedef struct _ node_t

int size;
struct node_t *next;
} node_t;
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® Consider the following free space list:

head-

—MNULL

- - - - - -

= (a) Consider the next fit allocation strategy. For this free list
above, how many comparison operations must be performed
to identify a free chunk of 30-bytes ?

m (b) After the last free space identification, the chunk is split
and the remaining free space is returned to the free space
list. Now, consider the next fit allocation strategy. AfterL[
finding a free space for the previous request, how many
comparisons are required to identify a free chunk of 10-bytes?
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= Now, after the last free space identification the chunk is split
and the remaining free space is returned to the free space
list. Now consider each of the following free space allocation
strategies. How many comparisons are required on the
updated free space list to find a free chunk of 2 bytes using:

| = (c) best fit? | 5

| = (d) worst fit? | 5

| = (e) first fit? | \
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