Annotated Slides

@eek 12:)Module Review and Exam Preview

Programming and Operating Systems
Niall Madden (Niall.Madden@NUIGalway.ie)

Wednesday and Thursday, 5+6 May 2021

I will teach you in a room.
k_&é 1 will teach you how on Zoom.
.1 T will teach you in your house.
/ ' 1 will teach you with a mouse.
ﬁ};% 1 will teach you here and there.
1 will teach you because I care.
5> So just do your very best.

4 And do not worry about the rest.

Source: sbagley on Twitter
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In our last CS211 class, ...

Part 1: Mddule review

Part 2: The Exam
m Honesty
m Terms and conditions

Part 3: Sample Exam Questions
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Part 1: Module review

The topics we have covered (not necessarily in order) are:
(a) What is an OS?

(b) Computer History: from batch syétems to distributed systems.

(S—'l) What « process ¢
(c) Programming with processes: fork getpld glkp@:

sia na {S

(d) Interprocess communication with pipe reacd + uorl'té/ +

(e)Ehreads, including pthreadsj @Q‘E CwWQvﬂ UIA. J@Qmﬂ, >

" . . ¢
f) W ‘Hfuvbj l/'-!wpa’)wlut.j mﬂ' g .

race conditions; Critical Sections; locks;(Semaphores;
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Part 1: Module review

(h) The dining Philosophers problem SLW-"
+  Bowkars Alg,ar it ﬁ”’ Ras K

(i) Memory management.

+ Pa.y, + rrmg_
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Part 1: Module review

InCP ing, we had : :
n ‘ rogrammmg we hal . min (-) ?3 _-H' [VLC{UQV/
(i) Basic stretgfe §troctvre ‘ ‘

(i) if else, etc (F lvvb 53.— Covl{’.roT)
(iii) Loops: for, while, do... while;

(iv) Input (printf) and output(scanf) %(SO ?{QLCL“”": %ﬂkf_ .

(v) Functions, including argument lists, return values, void, call-by-value;

call-by-reference, _FLM cFon pro(-o{—a,f,‘u )

(vi) Pointers - HN&.{&«S .
(0): Voriabley — 'wt, \(’(,,,,ﬂcl C(ww/ CLN¥} )

CS211 — Week 12: Module Review and Exam Preview 6/28



Part 1: Module review

(vii) Strings (u_ Ovrays Oé)—' cluors )

(viii) Files: fopen, fclose, reading and writing , CL\LC‘L;MJ i&' e #L(JL
© o fsoch, Twind ..

(ix) User-defined types enum, struct, typedef

(x) Dynamic memory allocation: calloc, malloc, free

—

| hope you have enjoyed CS211, and found it interesting and/or useful.
Thank you for your commitment, collaboration, interest and insights.
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Part 1: Module review
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Part 2: The Exam
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Part 2: The Exam

The final assessment for CS211 is a two hour exam during the “summer” sitting.
The structure is different from previous years.

_~here are 17 questions: some are short, some are very short.
You should try to answer all of them.

m Questions 1-10 multiple choice questions, each worth 5 marks. They mainly
cover C programming, but there are also a few on OS theory. For these
questions, it is enough to indicate the correct options. No need to explain
your answers.

m Questions 11-16 are on OS theory. The marks vary, but total to 50 marks.

m Question 17 carries zero marks, but asks you to lists resources you used in
preparing your solution.
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Part 2: The Exam Honesty

The first piece of text on the exam paper reads:

Declaration

In submitting this work | confirm that it is entirely my own. | acknowledge that |
may be invited to online interview if there is any concern in relation to the integrity
of my exam submission, and | am aware that any breach will be subject to the
University’s Procedures for dealing with breaches of Exam Regulations.

Implies in this is that it is strictly forbidden to upload the exam paper to
anywhere. This will be monitored.

Open Book

This is an OPEN BOOK exam: you may use any online resource you wish,
including the lecture notes, text-book, C compiler, etc, providing&ou list all such
resources) You may not consult with any person, or share work with anyone else.

During the period of the examination you are not permitted to communicate with
anyone else, other than the invigilator, about the examination.
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Part 2: The Exam Terms and conditions

m The exam will be posted to Blackboard at 16.30, Monday 31 May 2021.
_—

m During the exam, | can be contacted at Niall.Madden@NUIGalway.ie.
§ince the exam mostly takes place outside of office hours, don’t contact
anyone else about it

m Duration\2 Hours + 30 minutes for uploading/ So the deadline is ]_w
/

Monday 31 May 2021.

m LENS: If you need extra time, let me know in advance. The extra time to
complete the exam will be added onto the end (sorry!). Indicate the amount
of extra time in the uploaded PDF.

® You can hand-write, or type your answers. For Questions 1-10, you can also
annotated the PDF. Convert your scan to a single PDF file (or two) and
upload the PDF to EXAM section of the 2021-CS211 module on Blackboard.

m If you encounter difficulties uploading your PDF, email a copy to Niall
(Niall.Madden@NUIGalway.ie) by the deadline before continuing to upload
it to Blackboard.

(1

Alwsys give LV VO Nomber o uery poge:
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Part 2: The Exam Terms and conditions

€ wri(:mﬂ e [cmﬁ chund © Nowbsy  #,
P>
¢ L‘a/f"""s/ alco Nvmbar Pog% .

CS211
Week 12: Module Review and Exam Preview J

END OF PART 2
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Part 3: Sample Exam Questions

( CS211)
ﬁ@Module Review and Exam Preview J

-

Start of ...

PART 3: Sample Exam Questions

(QQMWA Vewsioan > .

Solo{-imb ) Ql— O~ m Provious sets U
Q” -'6 ™ the $essi ot~
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Part 3: Sample Exam Questions

[T

SAMPLE PAPER (version 2), APRIL 2021

Q1. [5 MARKS] In Operating Systems theory, which of the following best
describes a process?
(a) ~A-unitefmemory
(b) A person-whe-is-infavourof Cess

(c) A program that is being executed.

ppswer < (€
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Part 3: Sample Exam Questions

Q2. [5 MARKS] Match these computing devices with the era in which they were
first produced.
Computer systems:
(i) Multitasking (i) Multiprogramming
(iii) Batch  (iv) Micro (personal) computers

Eras:

(a) 1950’ (b) 1960’ (c) 1970’s  (d) 1980’s
bobde £ 1950 | Vibigmgomiing L> 1605
‘VLULE{‘%H% < 19705 | Pls &> 19805 .

Q8. [5 MARKS] Which of the following common C functions are defined in the
stdio.h header (select all that apply).

(b) rand () (d) pipe ()

Selio e = " Stomdord gk S0ukput
Answoer :@SCUAQI (O —\?'_C[OSQ,,
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Part 3: Sample Exam Questions

Q4. [5 MARKS] Which of the_ following are data types in C? (Select all that
apply)? _
(a) furetion (b) double (c) int (d)string (e) char

— —_—

Q5. [5 MARKS] Which of the following gives the correct syntax for a for-loop in

C: (Note: the answer may be case-sensitive).
(@) for(int i=0; i++; z'/<=10) b) fonlint 1=0; i<=10; i++)

(c) for(int =0, i++, i<=10)  (d) FOR(int i=0, i<=10, i++)
(6) for(int 3=0; 4210; <++) (f) for(int i=0; i==10; i++)
) - continv abion & Tacremumb ore swuf?ed,—b weong
‘ u-om,(d . —
@) =@) od s Commen. — W i )
W Ron
A $ w
d) Hoc FOR W‘-‘H{'ea—aq o I@w o oRONG - “ob
@H as (2D.
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Part 3: Sample Exam Questions

Q6. [5 MARKS] Suppose a program defined float x=0.001234. Determine
which one of the lines of code below would produce the output:

x=0.00123 ¢ q_,(,t ]v
A r ecamil
(a) printf("x=%f\n", xY; O-001230 (e ) ©com o‘é .
¢

(b) printf("x=%e\n", x);1.230 —3 - W
o sk M ,
5 digl

)
(¢) printf("x=%.3f\n", x); o-co| &(m&iwg
[-23000a -3, odler docimal plug

d) printf("x=%0.3e\n", x); .2 -3
e) printi("x=%.5f\n", x); _)Oa. e
“printf ("x=)0.5e\n™; X); Lt

Q7. [5 MARKS] Which of the following functions returns the PID of the calling
process’s parent?
(a) getpid ) (b) getppid )
(c) getpartentpid () getpartentppid ()
@) -l mg  pd (50 wrovg)
(&) v corre

Y% C(L) (& 4" V\D{ Q’umcgil‘dbt}b,
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Part 3: Sample Exam Questions ,in read woda

Q8. [5 MARKS] A C program contains the line /
fileptr = fopen("Results.csv", @D
Which of the following statements is true?

(a) A new file named Results. csv ereated If it already existed, |ts contents are
overwritten. L RON

(b) Afile called Results.csv is op ned in read mode. If it does not exist, a NULL
pointer is returned. COR

(c) Afile called Results.csvis opened in v}émode. If it already exists, a NULL
pointer is returned.

ﬂm& : Cb)
Q9. [5 MARKS] Which of the following are conditions that need to hold in order
for deadlock to occur Select all that apply).
a HoId and wa| b Hide-and-seek~
No preemptlon

Aleo cicculor WMJ;
Muatod  sxclosion (@ ot éng)
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. Part 3: Sample Exam Questions

Q10. [5 MARKs] In Operating Systems theory, which of the following best
describes a Page Fault?
(a) Atornpage-inra-yourcompttersmantat——
(b) An exception raised when a process attempts to accesses a memory page that
is not currently loaded into memory. COVra
(c) An-errorgeneratedwhen a process-attemptstoreadile That iscetupted (due to
hardwarefailure}—

Corred  Oubwev (8) 2
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Part 3: Sample Exam Questions

Q11. [15 MARKS] The table below shows the CPU burst times (in seconds) of four
processes submitted in the given order, all at time t = 0. Calculate the
average wait and response times for each of @the following CPU
scheduling algorithms.

(i) First-Come-First-Served (FCFS),
(ii) -JobFirstASJE),
(iii und-4o R i tikTe qu
Process | Pi | P | Py | Py

BurstTime | 20 | 4 | 10 | 2 Totd
£=0 $=20 t=24 t=34 t=3% Wat
+m
P; | Ronaing Dons O
Py | Wait Ruaning| Dong. 7.2_
Py Wai £ Wait | Runs Oone 24
Py | Wail Was b Woeits Run Do 3 4

o Pe Wak time o £ (0 L2046 1 36) 2k (78) = 14§ ¢

Ave Respense +ivw “(o + 20 +2¢ +3¢) = ?9s.
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Part 3: Sample Exam Questions

Q11. [15 MARKS] The table below shows the CPU burst times (in seconds) of four
processes submitted in the given order, all at time t = 0. Calculate the
average wait and response times for each of Consider the following CPU
scheduling algorithms.

N _ )
(i) Shortest-Job-First (SJF),

h p R . _ _

Process | Pi | P | Py | Py
BurstTime | 20 | 4 | 10 | 2

SIE : order Pe, b=, F5 P, Tod
t=0  ¢=2 t=6 E=14 £=36 wakt
+ime
P [Waek |Wait Wewi £ Ron Dong| 14
Py | Wait |Run Dong. %__
P3| Wark |Wail Ron Done. é
Flf Run% Da"#- , . 0
Ao Wat Time i % (6+2¢646) = 6 [Re Rogp Tie w0 also 6.
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Rg=Run 0= Oone

Part 3: Sample Exam Questions /W= Wae

Q1

1. [15 MARKS] The table below shows the CPU burst times (in seconds) of four
processes submitted in the given order, all at time t = 0. Calculate the
average wait and response times for each of Consider the following CPU
scheduling algorithms.

) Eirgt -FirsyS
f oftést<dob-First (SIF);
(ili) Round-Robin (RR) with a time quantum of g = 4 seconds.

Process | Pi | P | Py | Py
BurstTime | 20 | 4 | 10 | 2 Toted

g © b 3 12 14 V% 22 90 28 32 3¢ vy o2

in L
g |R fw|w |[Ww|lRrR |W[R [WR|RI|D [8 O
fo W | R |D A A
hlw | Wl lWlw |[R|lw]|r|D 1§ 2
e W (W | W [vID 12 {2
oo Wak tiwme & %(18 +6+€+12) = 135
Ao Ropp bne © % (06 +8+12)= 6 % .
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Part 3: Sample Exam Questions

Q12. [4 MARKS] Give an example of a scenario, similar to Q11, where four
processes are submitted at the same time, with no two having the same
burst times, and yet each of FCFS, SJF, and RR givg‘\_average wait and

response times. EL@ Soma
— —_

B ond STF will UJM;W e Ele

Comng .r%dh ic Ela Proc s orrivd  Lw
ordw % Alze ( cloortast Cvst)

Poo, i Ea 9 v longr tan oY o+
tle bord tines ,  tlhew  RR L tle gome @D

FCPS. L2
6o gy wite  §7F soppess-
“Pocs | 0 | P | B P
Bursk ke | 1 | 2 > 4
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Part 3: Sample Exam Questions

Q13. [8 MARKS] Recall the “dining philosophers problem” as a model for process
synchronisation.
Give a resource allocation graph for each of the following scenarios, and
determine is deadlock is possible.

(a) There are 4 philosophers, and 5 chopsticks.
(b) There are 5 philosophers, and 4 chopsticks. P
o ophs

M \ L
\ \.. %/so:
© @ 6 6w

ﬂtm e (hang kaw 0 Circc\‘;|ov oo F
Condiom .
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Part 3: Sample Exam Questions

Q13. [8 MARKS] Recall the “dining philosophers problem” as a model for process
synchronisation.
Give a resource allocation graph for each of the following scenarios, and
determine is deadlock is possible.

(a) There are 4 philosophers, and 5 chopsticks.
(b) There are 5 philosophers, and 4 chopsticks.

Thove & o Clgde-‘ __) Cp P = Ca—o Pe = Cl,

=P ¢, >EF)

Qo Deu_za,[O c,h [_
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Part 3: Sample Exam Questions

Q14. [8 MARKS] Consider the following two snippets of C code. For each,
determine the number of lines of output generated, and provide an

explanation.
Example 1
1| int main(void){
fork ();
3 fork ();
fork ();
5 printf("Here is a line of output.\n"); é- g PTOCS
A5 return (0); ron ELM[)
AL L 2: Povenk
Fork l// \3
Poﬂlﬂk Sub Proc ‘L
. \ L\
Lia & forke /Y Sobl  Svb3.

{
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Part 3: Sample Exam Questions

Example 2

1| int main (void){

if (fork() > 0)
3 if (fork() > 0)

fork ();

5 printf("Here is a line of output.\n");

return (0);
7| F

Nole -?o-rh vetomy O fo fle  gob procesd, ol
childs PO o forend
So (Lork (O 50) ¢reakss o svbprot ond iuq{ﬁ @b

fre for Poreet (el For sobgr
o Lima2 s /@ At da  end, Elove
@ orQ 1 piocs TUV"”'“ﬂ/

Live 3 @/ b $o e W
b b B0 oubpuk .
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Part 3: Sample Exam Questions

Q15. [8 MARKS] Suppose a system has three free memory partitions, of size

120k, 180k and 200Kk, in that order.
Five jobs requiring (contiguous) memory space of various sizes are
submitted at the same in the following order:

» Py, which requires 100k,

»  P,, which requires 100k,

> P53, which requires 180k,

» P, which requires 120k.

(a) Would all these process be allocated memory if the First-Fit (FF) scheme is
employed? If not, which one(s) would be omitted?

(b) Would aththe: oces; ocat ory j Worst-Fit (WF) s eis
ekopfoyed ™1t not, Which one(s)Would be ontitted?

1 0 200

b o
gﬁ (J3 20 UVLQMDCM .

120
e

20

K Py K
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Part 3: Sample Exam Questions

Q15. [8 MARKS] Suppose a system has three free memory partitions, of size
120k, 180k and 200Kk, in that order.
Five jobs requiring (contiguous) memory space of various sizes are
submitted at the same in the following order:

» Py, which requires 100k,

»  P,, which requires 100k,

> P53, which requires 180k,

» P, which requires 120k.

(a) Would all these process be allocated memory if the First-Fit (FF) scheme is
employed? If not, which one(s) would be omitted?
(b) Would all these process be allocated memory if the Worst-Fit (WF) scheme is
employed? If not, which one(s) would be omitted?

120

P

\ g0 200

e |27

0
K.

P3
Nk

aﬂbcafu’/&
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Part 3: Sample Exam Questions

Q16. [10 MARKS] Suppose a system has F = 4 available frames, and executes a

process that has the following “page reference string” € xomip (2
{1,2,3,4,1,2,5,1,2,3,4,5}.

Calculate the Frame Hit rate using the following algorithms.
(a) Least recently Used (LRU).

(b) Optimal.

2 314 ) 1251 2,3, ks
sl o ol e Vel ]OTs
F 2 |2|2|2|2|2|2|2|2] 2 |2
5 NEENCIEEECITER

A % 4 & @ 3 3 )
e i\H[T wrow HOT ‘

(o7 ‘33-38% >
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Part 3: Sample Exam Questions [[Added ofter Vi&wj

- Qfte. [10 Ks] Suppose a system has F = 4 available frames, and executes a
proces thas the following “page refe e string” OP-Livqu :
, \ o move  Ha
{1,2,3,4,1,2,5,1,2,3,4,5}. PG thoat will
Calculate the Frame Hit rate using the following algorithms. be Qb’
Lt goon
(b) Optimal.
V12 13141 Y250 ,2,3, k3
Folb {0 e vyt & |4
Fx 2 |2(2|2|2|2|2|2|2 |2 |2
5 3 3 |3|31013 (3|3 |3 |3
Fe l G|« [® 5 SN v By
- ~
Reed @ Frop _’_’_J T
'p'trMD_. H-"[f‘ "U-'“ be. NQ_Q;Q +o .N_p{oud?- o-
ved et % 5° frome wotble k. Ang oF L

replae it
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Part 3: Sample Exam Questions

Q16. [10 MARKS] Suppose a system has F = 4 available frames, and executes a
process that has the following “page reference string”

{1,2,3/4,1,2,5,1,2,3,4,5}.

Calculate the Frame Hit rate using the following algorithms.
(a) Least recently Used (LRU).

(b) Optimal. ;
(,9) Contina ;"‘j AN v @P{'I‘Mui,‘- Now Mz,d Fo  counk H s

112 1316 ) 21571 ,2,;3; & 5
Folo |0 ool Vi@l |4
F= ~ 2 |2|2|2|2|2|2]|2]2 ]| 2 |2
% 3 (3|3 (3|33 (s3] |3
Fe 4 t,. @ Ty F .5 § | 5

it Wi WE Mt e Hit
WE Dot % (2 50%).
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Part 3: Sample Exam Questions

Q17. [0 MARKS] What resources, other than lectures notes, did you use when
answering the questions on this exam?
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