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1)

a)

b)

If the time quantum in atime-sharing system istq and the average overhead due to swapping
and context switching ists, discuss the problems associated with the values:

tq --> infinity
tq<=ts
tq = congtant (3 points each)

1) If tg-> infinity, the algorithm degeneratesto FIFO (non-preemptive) so short jobs

may haveto wait behind long jobs.

i) For tg<=ts theoverhead of swapping and context switching ishigher than the actual
timeto work on theuser job. The sysem spends much timein just bringing jobsin
and out of main memory and switching jobs. This may lead to thrashing and low
throughput. The system utilization will also be low.

iii) tg = congtant. The problem iswhat value to assign totg. If it istoo large, theresponse
timewill be high (not interactive, seeanswer i) above). If it istoo small, the system
throughput will suffer (see answer ii)).

Condgder avariant of the RR scheduling agorithm where the entriesin the ready queue are
pointers to the PCBs (Process Control Blocks).

(i) What would be the effect of putting two pointers to the same processin the ready queue ? (3
points)

The process will get two quantum times per round.

(i) What would be the mgjor advantages and disadvantages of this

scheme ? (3 points)

Advantage: smpleway to assgn more CPU timeto some processes without having to
change the underlying scheduling algorithm.

Disadvantage: i) the process may not be ‘ready’ when the2"™ pointer isencountered.
ii) overhead of possibly two context switchesfor the processto get two
guantum time.

(iii) How would you modify the basic RR agorithm to achieve the same effect without the
duplicate pointers ? (4 points)

Oneway isasfollows. For the favoured processes (those wewish to assign alonger quantum
time), set thetimer to a higher value just befor e activating the process. This schemerequires
to check every job to berun and set thetimer accordingly at every context switch.
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2)

3)

a) Aremultiprogrammed systems usudly time-shared? Why or why not? (3points)

Multiprogrammed systems maintains several jobsin main memory. Thiswill improve sysem
throughout by reducing the CPU wait time during context switch sinceit isnot necessary to

load the new processinto main memory. Multiprogrammed sysems may or may not betime-
shared aseven non time-shared sysemswill benefit from multiprogramming.

b) Aretime-shared systems usualy multiprogrammed? Why or why not? (3points)

Time-shared systems are usually multiprogrammed in order to savetimefor loading in the
next job. Otherwise, the response time will suffer and it will defeat the purpose of time-
sharing which isto make the system interactive.

c) Rank the following processor algorithmsin increasing order of favouring short jobs: FCFS,
RR, Shortest-Elgpsed Time-First. (3points).

Shortest-Elapsed Time-Firgs, RR, FCFS

The IBM’s hard disk moddl Deskstar 14GXP is made of 5 platters, each capable of storing
information on both surfaces. It is formatted to contain in average 200 sectors per track. Assume
that surfaces are numbered from top to bottom starting with O, and cylinders are numbered from
outermost to innermost starting with 0. Disk has 13085 cylinders.

a) Given the sector and block size is 512Bytes, calculate the maximum file size which can be
achieved without disk arm movement. (5 points)

Answer: thisis equa to the cylinder capacity, i.e. 10*200*512= 1024 * 10"3 bytes
b) Calculate the surface number, cylinder number and sector number where physical block
number 9090 is located on the disk. (5points)

Answer: Cyl = (int) 9090/2000 = 4, head = (int) 1090/200 = 5, sec = 90
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4) Bdow isthelisting of ashort assembly language program for a computer with 512-byte pages. The
main program is starts at virtual address 1020, and its stack pointer isinitialized at virtua address
8192 (the stack grows towards 0).

a) Give the page reference string generated by this program. Each instruction occupies 4 bytes (1
word), and both instruction and data references count in the reference string. Take care that
“push” ingtuction involves decrementing of the value of stack pointer and storing the data
afterwards. (16 points)

1) Load word at virtual address 6144 into register 0.

i) Push register 0 onto the stack.

i) Cdll aprocedure at 5120, stacking the return address.

iv) Subtract the immediate constant 16 from the stack pointer.

V) Compare the result of previous operation to the immediate constant 4.
vi)  Jumpif equal to 5152.

a) If thisprocessisallocated 3 physical frames, how many page faults will occur during the
execution of the previous sequence? Assumethat initially the processis not loaded in the
physica memory and that the page replacement policy is LRU. (4 points)

Answer:

3 N .

i) instruction fetch from page (int) 1020/512=1 /Ipage fault 1, empty, empty //2pt
dataload from page (int) 6144/512 =12 [Ipage fault 1,12, empty  //2pt

i) instruction fetch from page (int) 1024/512 =2 [Ipage fault 1,122 112pt
stack push into page (int) 8188/512 = 15 /Ipage fault 15,122  //2pt

iii) instruction fetch from page (int) 1028/512 =2 1 15122 //2pt
pushthereturn addressinpage  (int) 8184/512 =15 /1 15,122 //2pt

iv) fetch instruction from page (int) 5120/512 =10 [Ipage fault 15,10,2  //2pt
and subtract SP-4 in register

V) instruction fetch from page (int) 5124/512 =10 I 15,10,2  //1pt

vi) instruction fetch from page (int) 5128/512 = 10 1 15,10,2  //1pt

b)

F1 1 1 1 15 15 15 15 15 15

F2 12 12 12 12 12 10 10 10

F3 2 2 2 2 2 2 2

Page | x X X X X

fault

5 page faults= 4 points, don’t count thefirst one and deduct 1 pt. if each of the subsequent four page faultsis wrong.
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5) Threeprocesses, A, B, and C are currently loaded into physica memory. Their current memory
requirements (in bytes) are asfollows. (15 points)

Process Code Segment | DataSegment | Stack Segment
A 492 438 2009

B 4034 1030 610

C 8900 914 1120

a) The OS supports paging with a page size of 512 bytes. How much physical memory is wasted for
each of the above processes due to fragmentation? Explain your answer. (6points)

Answer:

ProcessA:  (512-492) + (512-438) + (2048-2009) = 133 //1.5pt
ProcessB:  (4096-4034) + ( 1536-1030) + (1024-610) =982 //1.5pt
ProcessC:  (9216-8900) + ( 1024-914) + ( 1536-1120) =842 //1.5pt

Each segment is allocated a whole number of pages and it Sarts at the page boundary. The last page for
each segment might not be full. (1.5 pt)

b) What kind of fragmentation is encountered above? (3points)

Internal fragmentation.

c) Supposethat the OS (+ hardware) is modified to support paged segmentation (with the same page
size of 512 bytes), such that each segment above can be |oaded separately, how much memory is
wasted due to the fragmentation? Explain your answer. (6points)

Process A: 492 + 438 + 2009 = 2939 wasted space 3072-2939 =133 // 1.5pt
ProcessB: 4034+ 1030+ 610 = 5674 wasted space 6144-5674=470 [/ 1.5pt
ProcessC: 8900 + 914 + 1120 =10934  wasted space 11264-10934 =330 // 1.5 pt

Now, each individua segment isno longer alligned at the page boundary. Segments can be placed end
to end, so only the last page of the last process may not be full. (1.5 pt)
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6) Two CSCPEG students Maggie and BoBo are having adiscussion about the comp252 métters.

a) First they discussI-nodes. Maggie maintains that memories have gotten so large and so cheap
that when afileis opened, it issmpler and faster just to fetch anew copy of the I-node into the
I-node table, rather than to search the entire I-node table to seeif it is already there. BoBo
disagrees. Who isright and why? (6 points)

b) Then, they discuss swap space implementation. Maggie maintains that the image of the whole
process has to be stored in the swap area before process starts execution and that whole paging
should be done from the swap space only. BoBo claims that swap area should be used for the
data pages only. She also claimsthat program text should not be saved in the swap area but it
should be paged directly from the executable file in the file system whenever it is needed.
According to the today’ s sate of the OS and computer hardware technol ogy, whose approach is
more efficient and why ? (6 points)

Answer:
a) BoBoisright. There must exist unique I-node per each file in the system to keep information

about the file layout. Otherwise, different processes can write into the file and increase its
length, and this information will be kept in different places .

b) BoBoisright. Today, the memory islarge and lot of file system data Structures can be kept in
the main memory instead of on the disk. Therefore, it is more efficient to re-read the page from
the file system than to write it to the swap space and re-read it from there. Also, the swap space
issmaller since it contains the data pages only.
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7) @) A section of the File Allocation Table (FAT) for afile system isgiven below. Pointer to thelist
of free blocks points to block 1. 8 How many files are represented in thisFAT? b) What isthe
length (in the number of blocks) of each file and the free space? c) What is the lay-out of each file
(i.e. which disk blocks constitute the file) ? (7 points)

FAT Entry no. FAT Anser:

0 15 Freespace: 1,0159  // 1pt
1 0 File1—1block: 2 /1 1.5pt
2 EOF File3- 21500ks 136 /1L5p
2 . File 4— 6 blocks: 10,12,14,7,4,8 //1.5pt
5 11

6 EOF

7 4

8 EOF

9 EOF

10 12

11 3

12 14

13 6

14 7

15 9

b) Consider the organization of a UNIX file as reperesented by I-node. Assume that there are 12 direct
block pointers, and asingly, doubly, and triply indirect pointer in each I-node. Further, assume that the
system block size and the disk sector size are both 8K. The disk block pointer is 32 bits long.
Assuming no information other that the file I-nodeis aready in main memory, how many disk
accesses are required to access the byte in position 13,423,956 ? (8 points).

Answer: (int) 13423956/8192 = 1638 is the position of the block within thefile. // 4pt

Sincethe indirect block pointer points to the block with 2048 pointers, the required pointer is placed
inthefirst indirect block. Therefore two more disk accesses are needed, one for the block with
pointers, and another for the data block. // 4pt
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