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b) (30 points) What is the waiting time of each process for each of these scheduling algorithms?

\I~m'i)tloll'i):U~fh waitino time '1J'i)~l'V'l'lb'IJ?lbb~~~(;)lb~'i)b'l11oll?lbf1\i\\i1m~'i)4bb~~~15
'II :> 'II

Waiting time (milliseconds) Average waiting time

Algorithm Pi P2 P3 P4 P5 (milliseconds)

First-came-First -Served

Shortest -Job-Fi rst

(preemptive)

Shortest-Jab-First (non-

preemptive)

Round-Robin



Question 3: (30 points) [20 minutes]

Assume the execution of a pro~ram ~enerates the foLLowingaddress trace a f cd e b cd b a f d b c where a, b, c, d, e,

and f, are the pa~esthat are referenced. For a memory system with 4-pa~e frame (initiaLLyempty), show how the pa~e

repLacement policies ListedbeLow wouLd behave on the above address trace. Show the state of the main memory at each

step of the trace and show when a pa~e fauLtsoccur.

'1~~~1~fm'Vhn'lJ'1JeJ'lhhLLm~'1~\:lf11';jeh:jB'l-iieJ:lJ"'~'lliieJ1'lJ,j'Lf1I'1~'lJ a f cd e b c d b a f d b c 11'1tJ~ a b c d e LL"'~ f LtJ'lJ 'Vl,j'1~r111." "
ih'lB'l~'l "111'Vl-r'\J';j~'\J'\Jf11';j~I'If11';j'VltiltJf111~'ih~ihh'lJl'lJ 4 Lyh~ (L~~Il1'lJl1'lb'lJ~1) t!'lJ ll~rulLb'1I'1'l1~Li~'lJl1 pa~e repLacement policy

bb~"':;(;)loiil'l~l'l-d 'il~~I'If11';jn'\Jf11';je11'lB'lb 'Vl~1,j' eJ~1'l1 ';j bb'11'1'l1~b.:1'lJl1bf1l'1eJ:;h~'lJ1 'lJ'VltiltJf111U~1 b~m l(;11~1'1..l1'lJ bb(;l:;Lb'1I'1'l1l11tJl1 LdeJ1'Vl~

"
Lf11'1pa~e fauLt 'fi'lJ

Time 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Request a f c d e b c d b a f d b c

Frame 0

Frame 1

Frame 2

Frame 3

Page fault? (Y/N)

I I 3Time 1 I 2 4 5 6 7 8 9 10 11 12 13 14

Request a f c d e b c d b a f d b c

Frame 0

Frame 1

Frame 2

Frame 3

Page fault? (YIN)

Time 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Request a f c d e b c d b a f d b c

Frame 0

Frame 1

Frame 2

Frame 3

Page fault? (Y/N)



Question 5: (50 points) [30 minutes]

Provide at least six security concerns for a superstore computer system (such as BigC or Lotus) which contains information

regarding customers, products, employees, and everything required to run the store. For each concern, you must dassify

each item into confidentiality, integrity or availability. Also, you must provide at least one solution to prevent such

concern to cause any problem.

\}-l'UeJflii-lth~b~'Ufr:mj'tJfleJ(ilnmjfllJr11'l1-lii-l lWJ~'U'Ufl€l:lJ~lb\ll€l~'lJ€l~1.h~?lJJ~~'t,H~h (b~1..lDfl~ "'~eJ l~(;]?l) ~-l1m 1..lf11Jbn'UolJmJflflflFll
" "

~1..lAI ~11fl-ll1..l iJ€l:lJfl'Ylflmh-lvhi1'Uf11Jm""J:ij(ilf11J1.h~ 1'Ubb~fl~'1..h~b~'U flruli(€l-l'UeJfl':hbD'Uli('1..l1(il11..li;n:lJ~h1..lI9i€l1'lid confidentiality," , ,
integrity or availability 1..l€lfl 'ill fl.a1..l fJruli(€l~b?l'W'€leJtJl-ltJ€ltJ"'~-l15f11J 1'Wf11J\JeJ-ltl'Wt1'Y""'illtlth~ b~'W(;]~mhl



Question 7: (30 points) [15 minutes]

Can Belady's anomaly happen to the optimal page replacement algorithm? Explain your answer:

bV!I')f11'iru1~Lhfl~ Belady bil~~'Un'Uf11'iH',b\.l(9)€l'U15f11'ibb'VI'U~V!1.Jlbb'U'Uoptimal1~V!~€l1~ €l5'U1CJr11(9)€l'U'IJ€l'il')ru



Question 9: (20 points) [15 minutes]

Consider the following factors: 1) internal fragmentation, 2) size of the page table and 3) overhead, which of these factors

could be used to argue for a larger page size and which of these factors could be used to argue for a smaller page size?

Explain

Yi"il1'H).l1iJ"il~tJ~'i:lhJ-d 1) B'Wb'V1'i:l{b'Wmwhm1J'Wb'V1i'W2) '1J'W1~'1J'i:l~~1'j1~'\I1\J1bb~~ 3) lm":l'i){be:J~ tl"il~tJl~~b'\l1m~1'Wf11'jb1J'Woiim)1~b~'i:lH\."':h

'1J'W1~1'\I1qjbb~~iJ"il~tJl~b '\I11J1~m -tib1J'Woiim)1~1'Wf11'jb~m,1-ti'\l1'w1'1J'W1~b~fl 'i:l5'U1tJ



Definitions (fI1UtJ13J)

• Principle of least privilege: hJ'Hbm:w 0i bb~:::'j:::'tJ'tJfn'j11i1{'tJb€ln~'VIt1V1bY;8~'V'lmyj€l1V1?l1:lJ1'j,,'Vh:nw1'UVliil~'IJ€l~I'l'Ub€l~11i1

• Translation look-aside buffers (TLB) ~€l associative cache (m'jb'th~~VI~€lfl'UVlloii€l:W~'iJ:::v\'lbb'tJ'tJ'IJ'Ul'Un'U1tJ)bb~:::TLB v'h~l'U
'\J

€l~lWJ\91b~11'Ubbl?l~:::'li€l~'lJm TLB 'iJ:::btl'tJoiimJ~ page number bb~:::frame number b€ll11 ~~;1 b~€l~'iJln hardware 1ll1;1'iJ:::ihlf11

bb'V'l,,:Wlnv\'11V16'il'U1V1qjbbfll'iJdJ'IJ'Ul\91b~n~",r'U'j:::'tJ'tJ"rn'iJ:::H TLB fll'tJ1J1tJn'tJ m'jbtl'tJ page table 1il'UVlll18fnl:W'ihVlGln

• Effective Access Time (EAT) = (TLBh * HitR) + (TLBm * (l - HitR))

1\918HitR fi€l fnl:wlll'iJ:::btJ'U'IJ€l"m'j~'iJ:::'V'l'tJVliil~rfi€l"m'j lw TLB, TLBh fI€l blm~H1 tfl 'Um'jboiil~"oii€l:W~Vllm'iJ€lVliil~rfi€l"f11'j1 'U TLB
'\J

bb~:::TLBm fim lmv1'l m'tJ1.'Uf11'jboiilii"oii€l:W~VllnbJb'iJ€lVliil~rfi€l"f11'j 1'U TLB
'\J

• Page replacement policy

o First In First Out: 'iJ:::b€l1oii€l:W~'lJ\911V1~1tJbb'VI'U~Vliil~boiil:lJ11'U'j:::'\J'\J'U1'U~?l\91
'\J • ,

o Optimal: 'iJ:::b€lloii€l:W~'lJ\911VI:w1tJbb'VI'U~Vliil~'iJ:::1:w1~ ib tJ'U'j:::8:::n~1811'Ul'U~?l\91 (:W€l"1 'tJ1.'U€l'Ulf1l'l)
'\J • ,

o Least recently used: 'iJ:::b€llo(i€l:W~'lJ\911V1:w1tJbb'VI'U~Vliil~'iJ:::1:w1~ibtJ'U'j:::8:::nm811'U1'U~?l\91(1J€l~'iJln1'U€l~I'l)
'\J • ,

• Belady's Anomaly btJ'UtJ'jln!lf11'jru~'j:::'tJ'\Jb ~1J"i11'Ul'Uby.j'j1J:Wln~'Ubbl?lnGl'tJ6'i"{;.J~1V1rilb'V'l'iJy.jml''VI~''~'U

• Confidentiality: m'j{m~1f1111JGl'\J

• Integrity: flll1J~mrI'l8~'iJ~1'l

• Availability: m'j?l11Jl'j"H,,1'U1rfi


