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READ THIS FIRST! 

1. You should write your answers for this part of the Comprehensive Examination in a 
BLUE BOOK. Be sure to write your MAGIC NUMBER 06 the cover of every blue book 
that you use. 

2. Be sure you have all the pages of this ex-. There are 2 pages. 

3. The number of POINTS for each problem indicates how elaborate aa answer is ex- 
pected. For arample, an essay-type question worth 6 points or less doan't deserve 
an extremely detailed answer, even though a person can expound at length on just 
about any topic in computer science. 

4. The total number of points is 60, and the exam takes 60 minutes. This "coincidence" 
cim help you plaa your time. 

5. This exam is OPEN BOOK. You may use notes, articles, or books-but no help from 
other sentient agents such as other humans or robots. 

6. Show your work, since PARTIAL CREDIT rill be given for incomplete answers. For 
example, you can get credit for making a reasonable start on a problem even if the 
idea doesn't work out; you can aIso get credit for realiziry that certain approaches 
are incorrect. On a true/false question, you might get partial credit for explaining 
why you think something is true when it is actually tk. But no partid credit can 
be given if you write nothing. 



Comprehensive Exam: Software Systems (60 points) Autumn 1991 
Note: If yo11 itr.c8 c.o~~viuc.tul yo11 ilc-tul to uttrk(* t u ~  ~~ \ \~ i i l~ l ) t i o i~  t o  ; I ~ I * W ( ~ I .  t l l (-  clti(.stit,ll. 

> t i l t  c u  yo11r t ~ ~ . ~ i i l l l ) t . i o i l (  s j  at\ \ ~ t * 1 1  i1.4 t 11(* illlk\V('r. 

Iil) 1 T poilltn4) B~l lgh~i i~ l  Coilll~lit(w k i.o11111111ili(.atio11 Ill(:. ! BCCI) IIH\ just ~)ro( l~i( . (~I  
i1 ~ l r r i l t i ~ ) r t n . t ~ ~ ~ r  rl~ircGinc* which 1iu.b an\. t.y1n8 of  il~cli\-isihl(* rceiul-iuoclify-\t-rit(* 
iuhtnlr.tiol~s. Jo111l 3IcnulitL. x wc*ll-liuowu c.olupilt.c*r c.ou~ilt.;t~lt. 11;~. (.lailll(*(l tlli~t 
t l i c*  tvllolt~ tlliug hi~h to  sc.rnj)~)cvl (at. tiit% c - t r t  of 111l1t.h iva~\tcvl tin#* +t11(1 tllollt8y) 
I)t*t-aiis(- o f  t.ll(- aiI)ot'(\ oluit+iou. \i)it a(* c.dI(*tl +L* a ~ * c . o l l t l  opirliou. D(*sc-lil)c- w11;lt 
yo11 tvorlltl rc*t.on~ul(*u(l xucl why. 1n)t.h for t.kis luw-Liuc J U I ~  what tllc-y (lo in the- 
fiitiil-(*. iuc.liitliug any i.\%tic!s with seal<! wd applic-ationh. 

(1)) i T 1n)iut.s) G m  Sxlli(ll~> a yollug? ~o~u(!wbat ovt*t'c-o~lfi(l~t~t ~)rogI'aIi~I~~(8r. t:liLi~lls 
that ht8 u t ~ ~ l s  uo s>-u(-krouizatiou iu the was(* of l ~ k s .  sc-~~lxpkonn. c8tr.. iu th(* rou- 
c.~~n-c*ut. progaxrr kt* is snting for yo11 b(!(:xi1w t.hc\r(* is only a siugic wTit(*r/~~pclat(* 
1,rt)c.m~ for rw41 s k m l  data stnlc%irrc - thc othrr p r o ( . ( w s  ji~st r(~a11/(111(!ry t h ~  
shmrrt clrttx stnlc:tam. Give au muuplc of Low Sulidlc!y c-au still gc8t hi~uwlf irr 
t ro~l l lc  if not c:at(:fill. WO w rxwlplc of x uon-trivial type of tric-k Lc 11dght k? 
lrsiug t.o u ~ d c  coucnncut opcrati(ms (:~rrmrt. 

I tr ) i 6 poiuts) Yo11 kxw the ylcasirrc of meeting Pallla .\b(li~l at x pamy. i u ~ l  cliu-ovcr 
to yoonr~s~irprisc that shc has htvu stt~dying c:ou~-iirrcut progri~~llxlling II~\~W(Y*II  hit 
r(u:orcls! Thcre is ouc tkiug skc is c:oufi~wl on i whi(:h she: prcwmls t.o ask ? ~ i r ) .  
.-How m z ~  sigudhg on a ('ondition t w i h l c  hsicic a monitor a n i d  rcsi~xuiug t h ~  
waiting pr(x:m.s h\idc the mouit<)r: so thcrc we  tlmltiplc pr(n:t%zics iu thc uronitor 
( the sigudcr luld thc h i p d ~ d ) ~  u-kilc still ~ s sn r iug  tkc sipxlcd pr(n:clss t hat ttkc 
c-cltlditiou is tnlc whcu it cntcrs tbc nuouitor*' . slc asks, c:q~lKiuing to tkc rcwlils 

* 
that yo11 arc iu the Pk.D. program at Stxuforct. -4s lrll look ou iu awe. what (lo 
yo11 SHY? 

2. (20 p i n t s  total) Virtual Memory Consider thc hiuiilllrtion of.n lrugcc w h d  tnnnel 
ou rr truipnw:~~~r'mlu:hinc uitk 100 Mcgalpcs of ~uctnoxy. (For thc p~ul>cm of t h h  
cli~cstion, rrsiunc dl thc mluory is awil&lc for appli(rrrtiou Wcl tlm (:(H~c S~%C 

is ucgligiblc:.) The shulntiou works by sc:wuiug met npfntiug thc a t i r e  n ~ c l  tiruucl 
state, rcpmuk?<i rus K mq&>tts of data, ou cwh t h e  step. S i l y ~ ~  that a pagc 
fairlt tr-ts 10 milliw:on(Ls, uith a page hi%c of 4 liik)bps: 8.3. ~ ~ l i l l i ~ ~ ~ ~ u d s  rotational 
lat.(*u<r~- a d  1.7 uliUso(:oncb trtrusfcr time (for rcmnci nand)crs). A ti~u(%tcp t&(s 
apprtmiuxtcly 1 sc!t:oud of  CPV ti111c for cat41 10 urcg~bj tm of ~.iu(1 timud ulthoi~t. 
page faI1lts. 

(a) (7 yoiuts) Cd(mlatc cstimatc of thc ( : l q ~ ~ ~ l  time per titucst.~p uith 1.50 ~~l txa l )~- t ( s  
of mk(hnnuc1, ~ ~ n u r i u g  a simple LRC sc-!!~~trc k i u g  n m l  iu tkc! \-irt.i~al nlolnol~ 

'b 

sysirn.  Dmrfi?~! my fr\t'tol~/~'i.si~~q)tiou~ that might yo11r mtilllatt:. 



3. i 20 1)oillt.s t.ot.a.1) File Systems Hi~lln~c-1 Snlilc-kly. a nclw lla\tc*m sti~tlcnt.. c-litiu~s t l~ii t  
tilc- .s\'stc*l~ls tux8 tot.al1y i~~(*lc*viu~t, for thc* fiit.ilrc- I)(*c.tiilw*. with 64I)it ~tll(lrc\sillg iu 
1)roi-cswns. wc8 ('HU filldly l~avc* t111(* siug1~-lc\'c*l storc8 s>?it(ltls. ~d li(*(*~) d l  ."ol)j(u-ts" . 
i~~c:liltliug Blc3 in thc \irtutd 111c11lox-y systcru. 1i)ilr roorln~mt.(: 1a11ghs Lc*xrtily at this. 
knowilly that )-oil nlistt(ul MIIU(* @(*at 11)arti(3 t-o st.ii(iy how file syst,(-111s work for this 
(*x~uI~. w(l now t LC tcc-kuology is oI)solctc*. Pilt t 11c*nl I~ot  h iu t. hcit pliu-c* I)y tl(wribing: 

(a) ( 7  p 0 i t s )  tkt! key filu(-tious of file syst(l111s. 

(bj  (9 points) why thc basic: ru~o(li~lcls w(t twlnicprcs wou't (lisnppcar just ba:ailw of 
6Cbit uklrtxsing. 

((.) ( 4  points) why siuglc-lc\d stx~rc may 11ot be the* p a t  ..4\ '~tic)n cvcn for 1 ~ ~ ~ 1 s .  

a.ppli(:atioust ctc. that S111~:kly c:lahust cv(!n if c\:cry m111~1:hhc (:onw~tcd t.o W l ~ i t  
iul(lrcx\iug tonlomow. 

(Sow: yo11 may W S W ~  this (li~csiiou HS thrw w p u a t c  parts. or as ouc combicct 
wsw(!r c:o\'orhg dl at ou(:c.) 




