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X

Am

-+ f__ﬁ oM

QQ %&Lb&wv %ﬁj\(ﬁ m’ﬁ:@ % |
/10 [ czox O N = L oTD le N/ o
R= 4wvor
Lovo » 66 1= P xil
P = 2425 <5 N /o

oD - 15T S N/

pelos prop (207 4w )

AE depti o
B " ke i 2o% % _2425°% i’“}/""‘
S ;;\?z,%o"\&: >
’2‘/ x - L\jb\i_/\/\
2‘1‘_:)} . S SFE= 0

g o
oo = 2u25° >
2o A

2 ZQZS/ zX"Cig

- “Z

c%‘?moi»j N\G\va\r\h - ;Lo%,,%g -
Y To



IB Selected Topics - Civil Engineering - June 2000

Shoeaty Forte D«‘og)kcm %@wuj Momaenk W@Wﬂ *

V.
N
S/ ST g0 (£%/m) 44730 hnﬂm/m

ébD Faom Dai"a )
Lo bd
M = (s 4 .
oTo .
23536 Noé - @‘15 - 4O - [

> d = T4 & mm o~ 750 mw

et
Bt

w W ¢ ) |
Tw;ugle«,@ Cﬁj’z W/»JLW UNLMM ficuﬁﬂﬁf\&v ele

o o
ﬁgw&mw&@mfp%

M = o-$7 {"A AS O\C E)

750 - %
ch%OxiGg:‘— o 51~ 460 x As ™ “
b~ o i

b g~ a.175 £ A (Ds&“w%)

oubé\

So = ©-3b6 _
lalhs o A= 987301 Yo
(nld dincls gotin , bt Abp O
- 6”.__



IB Selected Topics - Civil Engineering - June 2000

2
¢ A’é = qg?% MM/M ’
bers = (2566 o ‘M’-ﬁcklj‘%/ fe

0 VA [ o
AE’” L{rg N (QO‘S‘S o\i‘” )25/;1«“,\ GJ—P\(/’\JLS :) S bas ‘
/g”—ﬁ//////wwwwww,ﬂmwﬁww
M M ?O %L/(J» g
6

-
N ovans C{&DO%Q» LS

A Mo
M= 2 253 € x©
hg = G874 o fon |
(Nc MKL@V@Z Jyonte A closen B FoUs
danced decbian how)

I T———

T s @ FonGrl
125 o Canaliis y
ol SO ww beas @ 2> Cov [3") %1




&/

A
oA

(ob Most denk i\/ k@\/ %ﬂ)éavaiog e a X e val idatoa -\rcf;}t.‘"b,

\ tvo.\oP mu) Tet g'\ \ Tost
i MQN}’Q(}UHK > Producnioa . Sus
Dmu =5 ~
Assiol =%
Vroco 7L \
daviaas X \ ‘
| ot pekanal
} (Gdnasve }a:i’?'—h
Dwm\o() AL ’ ;
+eck Qatmgn_e,ki‘ /
( - —_— —_—
Test Sk Tec Sea\g. up

s 1S produchon

¥ For gach Mac\%w\awnj dxudof;m‘t

De,gwul Dgen N
rech.,%m:s > Machiaa
\ DQ.C\ ~L
\JQ\ \d&sﬁ Oﬁ
re\,tmr ot o
-

? T\“f&ﬁ?‘c}‘t
MOLTTAR to

| Man echon .*c\)\;,&

Plans sheold ndude maurhom o'C ‘
manofactoriag, valldarion and Yelk
ot Manuc&fiﬁl‘ﬂhi ooens9ts and feste
PmsSQS



Rf2

(‘v> Ex :5«’(‘;\% Yae v\l manotaciore G and hais T 3"‘@; )
Ac\d\&,% < dawxps&c\ davite witl e quiITe ol ca o
o M (pqpc,qsg %’oJa\\ow for Yo dovice o De
booded +o Yo SXLx)M&q Yeshed , prec Ao ‘?\'r‘a\_
C\K\;SV\\A P \AGAC»QI SQ)Q‘C.Q oS+ :oe ‘C'ool\@ AT PfOc\uC*\orx
Yo bord e Aeuice do Tlae sl ))ﬂf\g_c\ tesy \k belore
rz*ofﬁ\/\c\ Y s Yo Y ‘Q}:‘:\%\AC««\ Ving . L\z\‘\ﬁ\ﬁw\ci.




67’“//5

(©
Ca\oac}‘*\/ sk allew —Qor woreased Qroducf" iﬁ‘\Q"S, O\erc\\
Qq@gck*\/ N oot \AUQCSQ o W ca W)
Sk \’ae\QCﬁS \das podel.

DeocesS ¢ paosy add dovice "SQQCX}.\CS od lrgs‘%\c:) Pr@&%&ﬁ,

Wonan kesoones: mMusy Fraina :y\c\g; Ao assamble ar»d\ 4'2‘::,‘}'
(\Q.LQ s\c;\s, ‘ﬂ,\\s H&\/ RaNTL Ct)‘\‘:?& é\ai{’u”u‘\'
sk \W\s Q.)L.\S*‘\I&C‘S \Nojk%ru.

@xx:\\\xr LW \ﬁgpﬁcx-"\cm o dore Wl ba eored
\/ ‘o Q\‘\.QC:\»% Modt C\.fd XS, CL

Cortvl Policws ! Mo‘slf e akerdod Yo naduode dcwz\?if\%
davices oA o.\\ow) Qkax‘\\c‘\\‘\xr\/ YN
ordlchon b moka Bl wodn
Aau\e‘uc‘s} devieS on davaand.

So@\}ers v monofadturer o‘c c\oHP\A% dauica qmé

adhaesive as wil as o\eis o
qssw\o\\{ ord dost o,otue g AT st
e oo .

@A) Risks Moy weloda !

+ Yednnolocical OO S | dann pine devies \\ccf—ac*%xqu
\D(‘DI\OS adlrasive N onra\iaole S\f$ A,

4 ,Maﬁpcac—‘ruf\ A}tlpm\o\u{ss ) @rcc,oﬁz.m*‘ c‘cxf‘QuD
: O.A':\D‘?wt 1y ‘ooa.cl.ugo) o~ )res*'vk% o dowee
4 ﬁOS\iI\"\Aﬁ O.Q NQWD M\qr\o\ggy S \}\Q;gic.cj*\vv_,

[ \Clrcbofg‘x' (lﬁk. .\‘5 \C;\Q c‘\cz_\‘\n_ryj - \V\U‘E;* \DQ_ [e1AN "\(.\&&Q__
v & over bod%&)c .



/

Sy

G5

(a) '\6434’\'\7’: oA
Mass = ’L.S\La

=T = LOON Dram mode Lt
O Hece
— 2 ™
do- 352 &L e

S\ACASLQ dacyren of fraodom modal
Megg = A
Z

ET
- . | F
Ak QQ@C LQ/ gow‘E focca

c:\r"-l—\ °

s YN R
L) ‘\A./"A = e
A =
Mag doel
=5 2LL
3 [T —_
LS -~ —~ =
e - T D e
R B T, 3
. > qu‘f *
12 Al . A~

azsore Fom oy tignge Medels do aslegiate Sordmed  ond ok c;:g\\>

5-\%&;&55 ard v orah QVQQE\)Q,&‘\L\j i
el Y/ J L ek oot syshus |
. /} /! 7 QC\J\\N‘ vux“’ d /Y-""—"——. M \
’ / o
/ v o\ el —

Q{Q’rv\oﬂi\jtgh7 ‘ fomiocd\/ ( L 2m0)
nores o litarrabe paathhad |

~ z _ ,

LOOONM '3 = &\6?3 Y‘D!;"M ) @ k_q\gu\c*rz, §$\ A\S
/n ~Aae NP 3 Yo ciwan Coimoa
(2L ',78:) > ‘,C\L\'Z_ QQ
L ~ / L ) 'Coe oI 05\,\,\\3

9~ oy é-orzcath
-52::*’101\
@ Han ose
WA = .,g;
Mo{L
’I:OC‘_Q\C_U‘\OA'Q—

Kokl |

A
\




‘@%/L

’\}3(\,&: qu \"\’i

NeLD stis C= 0D

C\:S\ v, EINAJ <L .oc:oé

=> ) L
D'qu)‘< ﬂg— ::9& f\‘om
awld
o\
Qn:l(\g_u.) ""LD(,\Q WOOCS N Pos“\’_(a.v

¢ A dguaose dCME)xf\O\ LU m‘smvaQFm\c.nspoksa.
J .

o deereose oy r\s}nxag\ ‘C:Q DAL CO0SeS g (\DQQ\C,
CSpoTSe w o annbt Lt ot Qo P . R

/W\uagorc, P

4

Rasporse Mederia | Koo
A e rotencd Foralbedy

B neod Sora body

c 2o pukar. S  allermedy

. D | % vaced aftereedy

°‘~ra,m&5 foc dampina davice [NOT Shds 55‘]

;t,;a*c,(. Mﬁ%wcm Ware cot zaxe\\c;éc\\j fegqore o - addl ke

bq\\’ PC'SL NoMbard Yo rac‘_d\vq,w)'rﬁ Ghrasa Gcs‘gtbka P a"=N {\d\'tzc&]
) faws  Mosk With ghand Va:fuj foras for \nipadad 0se.

e MOSY have M 20oaice on skt sk Cross

'L‘\ N Ky MOSH At rqc\:s‘\fa.. 5«@\9;\»\*4& LA O \(\QQ{‘ v bo%qﬂf
> S\j . d’C(Y\P,\(\ rxex albsero LI\\L)M‘\'Qd%\f\ m*\oﬁ‘%f:;

Q‘\' e d -th,uuc.us Q\g@udm% o ;A;%G‘LCLQA
usSe

V‘W) Mcérmc& | o < wanog) MOS*V be coBSien /Q\cﬁS\cﬂ F’LE\«S‘YCJ‘T\Y



0= cork. \) @5/3
\Q %Q,O}J-Q\T\j . S\‘cu\d ‘oo COUFOC:\' o~ sx-aQ.
. ’ V\\)%“' *’\‘t or [t (OT wousﬁ' O\C“\*Y‘.)f‘&—\f‘ 2

o b\’\d\f\%! ‘oot asea. ond normald u(b.,

\/L\/ Q\’%}(\QW\\Q% » AUST ot mc\gxre_, mt‘\oddxﬁc NS ceef&“fiuf'\3 'CmMQSQJ'
, . t , -, . .
s colld (idicare et dovicg 1 workiing
- . } N . . s \ i .
\/“-\I/ Mo T A Ce » Srcu)\é- OO faouTa LCLc,gé‘ ~§co\f> oC HouN A
o dgolars, Ec“ wgg}a.ci—\on ond MAAT LA QR

\/\i\) s\%mc& o roduchiccl $\e\)ﬁc9 \qpo't
. S\%ncg oJ‘T?JV s LED PosS\bLO-




(c.)- carﬁ:
F@:;:‘m e mca’i)‘% (Q_\r\ccﬁa. l> &’5/"{

oxrarnely- or- nresraead

( 3 Viseealasha c\cuw\vJ =\on La%% —of - n4arn er LOC.CI‘HO/\S>
(“i ,7 Pu&__&o la C,jt'f‘*ig &QMPU/ (Q&‘Q‘UAGQ o A*UACQB .

G\ donad-crass do;mpca‘ (aheral D)

Q) axecncll \)\tsc_oq_\cl%k‘\c.dompaj‘ e QACO:-C\QSV \cc;o:k‘\or\

\ \ ‘ e e
\mc:\)v\ E@\am uiscolashe, No.%a:\c-g

RS- (ona layeralso 9&1&

EN:)( ) ﬁcu\aj

sk core

ST M

Doy Seed Qn}\e}_aka : Viscoclaskc dc;m;ec:‘; Borle \n Srees
+o C,\lS\?o}yo. QJ\Q:‘g\\é Q‘om Ya S\C‘,\ " e Loel
@Qé&mex&a Con S wenesed ‘OS‘\ACJQQSl Ai‘%ﬁa

Doraber of Ut =00 m\OS‘&"\\C \&\/QIS, ‘
() ?Lo.%o&cchﬂ:w- dampes («zx’«-a:m@\
?ﬂ:‘*ﬁ—éﬂ\/ /CD\JU“?%
Mo

tor
\ e L ///?\Puﬁ:caq;‘.ac%ﬂg m*dﬂoﬂ/(‘)“c_o\t
et Yoseala | L = sk eere ( po’coksk,\
- - = - - v~ Linae
saéwom
(ncke aaLo\\:aLmtc,mar\: ( I
i ", I - EEE

p\&%o Qramc.

?‘;L\S\Oa\ ?nmu‘\f\n “ {D&%mkac}rac medonal onodm ~ochanicol Stravay
e,mrggb Yo elackmeod oo e eletricald eneray
can \OQCL‘S:’\(DQS\’QCS‘ oS sz%\\'\arooci\r\ a rasxsicwe.
e,hma.r\“: \ ‘

- p\o@.c& oM ?16\0(\ og: Mok Svoay WOty Cur\sk bﬂ.gﬂOQ(L% cmods
wedd e clese Yo cankiaver sc%@ov'\’/ W reo b‘\.«.c&mg

(“-%\ oM



{{{) o d - eSS A&m(ao.r'

(CQ]]’ )

QS

» canklows bearm w ;dwn%mt
- rnooted ot Mo ofekl (mex
dksg lacormat \sk noda 5

. QP,-OS@;;%\)Q_ QC‘P CD.P;bQ.o.CLCLQ.Qg. '

Q\{.‘D\CQQ QWNQ‘GLQ Ngove\ises \)\b“osnom b\/ oqm\qg% M@*X—\or\ o‘( m

we |

A

\/\bfc‘\'lkc-) o’odq,c:)c ua\"\"a an OP@Q&\SCQ ‘Ccf‘c.q

— .,
|

P

5 \fm&iﬁw. oY ’4 __ 

oor&o}w n\ou\q% sm\\ au?

. %\\m qws\bkg, mep l I m.)ttkbazi A Qumtﬁﬁﬁ; _

o ok Q:o_urs SR T S L P




QG G/

Pk . ‘ \hl
AT SO oy B o = =/
/M\Dp P Cq-' f.;z

! 1 P
Flacoe T SoN (Y5 ?QQL*\H:)QQC&K *o(ca>

P

ot Ef‘fﬂ)‘@/ S - W e (X 7‘MM>

el ’-‘OKQQ\S‘”VDK.Q. 6 = 5-(2%
(—\O‘\u\ { _\:l/

B PRI ! = / { - ( )

chS‘iOCS%-‘ 7<3i - ,C,’..‘:—C\’ /Qx % f - \.- 20 A ((\QAM ; QAHW. et V\’LQ*S\Q‘

+ , "‘ ‘\:uegef‘*ﬂd \9\—3
MasS o£ WMQXN""~> A *‘)/MM s Sckal - NOT= HQ.LC- }

S 2 = (2 (RO D= 1040 pm 2> T 5.2 o

~

wacm—

. . ' . \ ~ L~ . *
Aeptogeg e H\GQ“: = Womae (o) ((\}.,‘ LowechoanesS éa’c\g@q
N = ., /
I Mo

— ;o ’ ?3.\ = 2(.9:?
- (s 5?:(.\\ )
\\3\ NI dcf‘y\(\ ora => \\{Has‘ ‘Z\ e W~ WDh = M= 38k
(e2.10)

U!

gy

4

‘.‘x

) m

\

5. ) 05\(\(‘3% PSS A ::go,ra:i:\owg sSaNa ard oL
He Leer ngorac™ o Ay
\/} = 2669 cos WD ()
\/t’ 2665 »* (-2 )
- : " vy iy’ -1
‘s i = ™ | = 1t aZéGS\'\\-\‘{’fSVcAS
| Pl ‘T’{\ 3 \
21SON Yo axavretle SKC

e
(’Q

CRUT- Frew = ON G s shdar | (100m 15 peak-pads o

= - { Cily oA
Sl T upOT oetar o\l aecper CaarreA T

ST e Lrsd cesoian® Qrmf:\\)o/\\,% eah T
et IPoXa
oo wont Do alala -7 MQLLSQ(’" ~—ff\4 3&‘ oy

"“tfxﬂ s T an ";1::;15—5:&,‘*""3&\# “‘""“ﬁu



QG/z

) c

VS T
5000 = | k«‘l @S rad ‘5")2

= w&m - BAD mm

{o? ) (

= 'K\ = 1320
-"ro);

For 5\1‘0‘(_9, \.g_r\csuq o‘c i- \Q(—S NS YOJ JDV\\% (\;SL’

/(‘2/" g e .k\ - {;0\ o e Sore = ~

olo Al g e ~F i -C(VS"T CLEOADNCa WQS:)@\C‘i_
\

\

\- v b L -~
Pllarac e, oo ¢ coo\d ims T o Srakes wHa s Sichar doreg
- NGRS

T U . i
\,HJ‘»\‘\" as Y Shekes \\)Q, Cotmanca is e ~_ -Ong_ .

(e
4 Caledn wa e Suale ducfea ofc Lo doen f\f\o{'}&l
cacc *b Yo e Riler baean
— ~
Bt e [
P e _ /) , 5+ eda

S %(1- gl 7 . -
o FFF P ('\"& %YMHJLL*’LC S\;%’LQMX )

Mg mx\uom c,ku-s \CLC/QQJ\LAJ‘/ JQ J(Le Q@\ CIDDNE \ﬁ'?’
Q’mq\_o@hc,; W\ oeror e daw Sk ‘HP ot '\’o«_x_/a\{ MMOH-\C,>
.. an C:LCCQ.LQS'”‘*"‘/\QZ"QJ' 6%Q\d ‘\DQ_ ?\OCQ ,:"s(“’(‘/w,
SL\ )\'\’J s {"“"\ oo "&t“’ﬂox\c\.&h PQQS\C\U“V\QF\ -
VAL SOT AL e T vandine orodoS Ne'd) A be
%0 e G JQQ—\Q—-\QJOA Yors cko(\c\ -0
he =o 0% Tt *O act e Seraca
om Jlool oS! 0‘“:\9- P’“bd»% Porarin o8 SoI3e>S
o‘rafro(" ase Jo%oc\q~¢d Dy o GRLOTE et
{'Z’“QP’O\‘Q\ Vg o acta (gromal =er TS T -,
T seeod S8 y\c‘:mc\ Haod Ohat anones
W krecoucy ViemXon Pow s a f;;}u"

Abo ) arr;'rf; Car amO\d Q‘on \Me@QY' Moor\“::ms
o acca Lo e ters.




QG/=,

cw?ct‘f)
i “3“ Qa":$ /\
LS T
~{:3——~}‘
\/ﬁ\ 1\\/2 _ Ay
- : - \ I |
Y}- = - J\..)C“Z’L ') \/3\ - C‘Z\ — /@\Z
Y [+ (¢ &,
J

Vo . - Ry

<y W= ! Cy= "
N2 23(c+jwc%zq5 y T /(‘,\\ZL\ Y /@sz\

€ =2, = Ry= Ry , Han = d oand vD\\fgcf. cég'snzl
& v =10k Jand w3, = 20 (3)) I = 2. (20)
Yan c‘z’a,z uF  Cy= .OuF

3%




G‘} @ M =006 T = 260
Le Taoz Lie gl = 2025w
V.= M IR = O 6x JO6 x28Te 26259
= (O 6 x Hi2-\ = \377- 30 s
RV N R e T
Rl
Vi =2 Vi /om 60 = BI04 6O s st
T———— N Wi
']
L
W
€3] \/{LEL = 2%0 s

Vxz = 230 s SR T o= Gy BR s
Ver =

=

\A = 3l L

L+ VA" sl A L R0 ) = 280 A SRS = RG9S s

Ay = \Waw-‘ \/_?_z\ - ENe RIS ©

Vg

(A\ Wi = U(\]ez-\/&\\ y Ve

= 0O
bow = B2 bl v86-95 2 2320 Tlhy
o2 =  Jo1 =+ WO = 2 2320 _ 7.
7 | o /CP 60 o = 2% 7 9%
$ .-ITD’I.—'TQ)

= 2‘] 93 “C




(e No  wok = dnae o 2o
(ZY\Z\&N . (\A’“\gf“m - 21.8%1<

0O
\os
1. . 1 —_ T o3
lors:  loas= loi+ ‘m——\’°)ﬂl s
|
= 260+ 21-9%x0:G |
|
= 285 1Li< l 2,

[« ]

——

po:s \°3>\Y/~M g -
=]~ - 13
L\7o\ "TD‘ o

() The work dpude, Hadne i bl T end e
Levade Jor lonn) oe ol dua Lo b mm,@
Ele Dades Jom He Ha o He axid  diecim
o b he prpdbin sl b decge T
e premen o dpolie A end He Wl 0t
NN Rocang Ho OQAL—' boasid L omaniaes ot o
pb ooed wprm OXpariie ML JbA MD‘BJLL



8@\) Toa = T [\ 4+ \‘.’i\ M"\ = 223 S:\ + O-L*O.%L,"S; QCO*l‘lk;
78 <
Poz = \>\ XT_}_;\ _ 29 ilso-\‘\]‘ . L6 OB\
Y 223
) P = Poaw x PR = bux2s - 1600 KA.

Toe» = Toau =+ T__O__‘_;__'?__‘_’___\__b_z.«-o 5 Frozs-‘- \nl&(‘__

Ton = 239+ 724:95-239 . 3.3k
09

©) LOok boalane fov HPT & WPC
VV‘\con. C(’ c4_ ""—\—.oc,.y - \"‘ACN CP @23"—\‘01"\

Tows = Tow- (Tos T
= 1S00O - (‘h’s-’S“l —-28"1\ = lo1s5.6 K

JAVLIS

amm———

\ouss = Toﬁ,‘ C\-b’*'—v“*s\ = G611
e 7

lg,_( 1%y
= Pows* = Pou- X—E“SS\ = 1600 (f‘__é_’.‘_l? - 237). 713 kA
“Tou (SO0




2 ot @ (/\Jmﬁ« LA[&AU &(» ij;lw.wr fen

T
W~ cove CPU:""""-T"X\ = e CPC’_Ext. -—TQ:L

i W\b\bpaw Cp [ \3—_]‘011

Fras o) = (o o)

%\PQ‘—' V:’\bbfaw =

~ o (’—r;\'s -—’-raxx
) (lD\L;-E—- 6\0) - (2% — 2¢0) - 52
25y — 260 —_—
i O D
@ Agww\q V\U})\g w%t:a-{ht o =\, = | N




L U pd-
P b Acrcall Ll pud W th

y <E
nz ) ’ /)mwkfai’ UAY |
q @) f meJ/\mch H\QM%\’ ) UJJGDd)lF
/ (od NN Ad
H o IR A
1 =

M o C"Z\f\gl’ lL\/\%
v
V, (v, -W) 0 ._\%:_\x/_:.
li(\l“\/‘\ CVA— \/HJ pﬂpulvwv ‘jjb:“
T
g b B

L (T,
/(*/(,/ E/jv-—wt
Y : MMJ LN %L\
b Gl wn

£ L vyt
— = LCV
U’B /yH. W gl CV ) W\J%ujf s Sm\/
Y, - gl
A?D = AZP% 7

%L/%k | M%MNPJL\:M«
e ol gomc,
(b ar & ~



At ad Aoyl g, D, 7, ¢ ol Milley oy
howi reguoamih Agla v, atwlvf{plval@u&
spad (M, g 71) . e o s BPL ) prt Luho b oL
b @A’WMOAV&J»/'M{(,SM%W
W/muﬂ« AL'“O[\W(MA,LQ_,A_

e G
L
13 WP Tub 19
?ﬁa . \\

hanune ol J<

L = N N R

l |\ -

1 2 23 3 L 45 5 LT A 9

Turbofan (two-shaft)
1L00F
TK -
1200F
1000
800;
600 F
LOOE
200F P, = Po =Po V}/2Cp for core
0:,,,],.,,l..,,),.,.],',,[
200 400 600 800 ~ 1000
s JkgK
, TKB[’O Flow through bypass
320 013,‘-.—_’7':::/%13=p0jet
;300
280 2
Vi/2Cp

260
240 __.-‘:=1~:_""""pa=p2=pjet
220
200

PRTTNON NSO NEE TR0 W TN DU TN YN THUOE O NS DUUN TN THND W AU SO T WS T |
120 140 160 180 200
s JkgK



b)

B Papr 8 Q10 2000 .

T — 7 rjj//// Y Aeplech
// 4 A\
[ [ \/,/7 (\eglw\
Ves = o Ves = V

A $Ve Vul‘(‘ujc o~ (/{/0(/\ U\‘kyou,"‘o’ ﬂ\-ﬁ- (U/\D’Q.d @QQLW/\J"

4,@,«\ flag (iu/\u/’ a’*?)/’l’\f ﬂ‘( J(/W’\ ive é\&)ufée”m“f\

«wa/\e/\* i/uw. 7”\6 '« ﬂ\( SHL‘A ‘hu« 15/ (/Gcr OV fAa c/\ww(

5 /\LV(*'VM{ W‘ﬂ“ e%( "\2 +W£ Qudm/\r o Wﬂé/l'}luﬁ olofwf (01§ .
A)OpJ.A ~N —VE l( vl jﬁ C Ves) r‘cpdr
Muveaé(.h (’,(ﬂfhfo’\r ‘}\3 o Ce/")l‘u OLV’H,\ !)Q,Uw fh ycqtg oMJ“
et z:m i Aol and
/‘(Cknud " 74 (AN 0 C ~AAg A
“R2 Wl NJMCCdjd LL ?2/0 wolran ﬂ"v Déy(i'hu’\ 4 %\
/\foxc,l/b( ( ﬂL Q\)F‘UM 04 ﬁ/\Q— (L\O\/\/\_Q ( C Cc/\(jv\g'{’l 7

Lu/\ ] /b& CL\(,(/)/\Q( (o /ﬂtwcﬁud O{ " ao’ﬁ\{
3

cl\a/g? e ﬂﬂe 3&; GZM/f ﬂt +Uve C&wﬁ,a 04( ﬂ’\&

(G Cred donory

Assnaphian | 'uuof Thegrem
V‘Nlr oS é(.o.c, - Nlpe, a& L e
schon G WV\ X . The chage
mn«ij‘t. e oo o Mex ) hara

N: (AU(\U/‘ OL()/\Yt
* e = 6(.60(/0/\('(, le[’\W?Q

Vv

AS ‘tv’\ 0 ~o e Ou\‘}‘ d'i' ' (90 ~M
AT %rmﬁm mﬂm /ﬁv

oi‘ o M Y’)Lt/
Move c\?;(o, Q(Aﬂ(/u"G 'f)"}\Q/OQ\_ ' "T['\uS ﬂu yak ‘ge{(j
E (6 g\ )oj

. eE = MNe oc

' h

; \/:-— N.Dg - *Nel’\z whare h L(i}\k

. > s QE Zé 0‘“\/’)"\ a’{’ n\l C('\c\r\/&(

(\‘9/ S( :\ (L(pvu.\o’ o~ ’H’qu(o\""WL (A(gel;'f‘iuf\ a(‘)z\p\

Vu bQ o fVe V & aloy



C) 0/::: /Vé,/u\
| 5 M= &0 = leozz 3

Ji6xo™Mxo ol

0\) v = E/V\ / V= EA d= vé

\H/
<
il

=<
[

d > A= Vud
?7 M

=) J:\(Z-Swa)xto'” = S‘X(O’Zv\ :O‘S/\AM

C’): fom (6) V== he == Sx(e%%x I €xw™'Y (o‘ZSX‘o'“")&

2.& 2 x o7'°

_ — 2§ \/ ~ote S((’f\

o

f) E = /\/Q I = S x10F5% 6xw™ M x gasxe
) & rg~—1!e
= 2x07 V//"\

ﬂv( V6 ‘)LL/LUL ﬁ\( E/QAL( dOw/\ ‘[(L[J ‘L ﬁ’\.L

St ondhctu— ClU7) / hane  The J,CVLCQ w((/
’eu ( . A NL s O(.QSlj/\ r’V‘vw/’} _L,~Q_ NVQ

o B4 (€) E Vi s ond
Cow\d()“ \QQ u\mA ‘)Q;é(c\(c{(ul( b'\&ﬁ‘ Qéx’i}lc 7@,[(/




B fapr 8 QIL 2000 .
a) Sf Nas 4 VaLW\& e&ci/wr ond ¥ a%mr
PQ/‘ CuQ{L LAt CLI(
D Elchun dmak

N= §rx¢
(054350 ) >

210 27T m-3

i

b) 77\( +‘GAC}(0/\ O(\Q(Qc,’)l\/br\r 4N %
(o/\c}uc w~  bod 5 givea b
—_ = - _—"0656\/ fLQ /\/\Oucwe{( BoH"ZV"\owA ”ﬁ:sz
1oV T S = e - QE//(T—
= =0 ST x hibxrg” W) _ - 207§
,,/: fzua ( - Z"SK 6 11339((0'23)(2‘13 -

Lo

= 3.5 xio

——

77% o~ n C WO ax L
Q@Ulhmﬁtc be fomd T fo  (rexad

B/
x = JOTT - e Q/“

Zx1o%1

J
Q/T':*Lp(wa'?)KI«sz(o'a :)'T’:- 377[/(
0K x 1§ x10749 o)
= 166 C

Dipirg 6 wothal e A avsde hyh dnpeedorsr and guer
A ?:D&d Cuf\’JM)HaS(JL C(A//Q/d‘ Oﬁb\rt’/j O\/\LA ﬂ/'wrjve
CCJ’\U\AL‘4QVU"3




~1G Y m/y

>

éC/nl é \//M
, ~ l0° V//"\
/IZ-L SCQHU‘ {\Nx‘;ﬁé{ \/Q,(uc ij v ﬂ\L NUD [Aar— uj’{\t'é

. '{1/‘0\,’%' o~ (D'L ch,é\/;?e,‘\/tii (N ﬂ'\L SA(. " f/.\cﬂ“o’ir\ﬂ
GJU‘ 196 ond T ‘(Mf"' Cécﬂ‘}) t—\/.v(( Aot ANC e oe h’\k

Y I e eledions, Ddslemdr dee &
s o~ The S betieon A clodos oA fhe
: S{‘u ‘f’)«., 4\+0~\O/ 2 n\L S C/‘yf')t),‘( (617(7[(1@, -

Q) ﬂ\Q C/l’}l“(«( 74:{/0! 0‘-[3’0& "J’\UZL\ Con VU™ AR S‘COtA/j(/ /"\"17[_@(,%
EO‘J( = l///u\ = lo§/o;[ = losl//m

14)/ Sgl/({(of\
,. ﬂ{ SO0 Jean U/\jﬂ\ L = V/Ec,j,z 2//()6 = 2 xiw0bm
. _ Z/MM
i/]./fav\&l ’)L(ML f = Z—/\/ = ZX[O%S = tho'"s
- 20’0 Séc,

£) Yes, Eed s ~d o Aundansdul fimt b carer spod,
; 0/\{3 ﬂ\L Ef‘fal(o(uw/\ *C(Q(d ‘6" wt’\(:cl/\ t§ Alna ,(j
L averd SO hi~s (MjW. Thre, ot L. can Tle
;MQ‘LL j/"‘Q‘L’/ 0\/\04 ﬂ"vﬂ ‘L’Q/\fz% %mna 51’\0"74"f~

i



[@ PW by Q)l 200 |

0\> S, [(0/\ g ﬁ'\L JUM(’\o\/\“}‘ NS M(» (ur\JwC{’U/ M I—Mq(
rMmoder~ VLS| - I+ (en b ’ﬁénc«"'ﬁ‘?‘ AN
wndes > 200man A A meten- T4 o be (lu
l) IQL’H/\ P SN AN pRY¥ wheeh o e C/VIUK
Cveat Q(««ﬁ\j }\) o W\L Iacwd w {” lt(e(/
& Sab \LM/HS L\JL\ o h"q&’ ha /‘emé’{'\u&(-j
5\/‘5 )’&’W\“'\a((j Con +/2J (Qak \3 (/V\Pv\/t{j (a/\‘l"/\+(/vx471
sl T Tk add C
S/ Proassing e |l OQVQ(uFﬂa( wd wdwshyd
AU./\/\ o Su\\s AU /f‘t Wlo~ ah e~ Se
sheped  Thavk POLSTIng o’ra&

/ﬂ\k /"\064‘ J\f"\r)&/}/y ‘k\@, (J’ ﬁ"v\;‘ Se tCO/\ d(ou
(W\ b& /(/w/\ GJV he 4(/\ e\ d"{m

( The /\Q‘)Lv{ d)ua(q
W\d\ W\JjC/\S l’\o\a" Lv/w\u 46/*(;@ ([’\(,/ge,if ) /V\o\“/w\j
AN Sl js
e 7N (42N 7N v\
v nfL UUQl Jﬁfaﬂgcﬁ ;cﬁq BO‘JM J -

GQAY (S AmMme~e /ECQ/\’)L Jiv(’f@(%*‘ ’]‘/1‘\(»« S F’L L\ur
S(M\{W ((A‘H’u,t SJ/L&C‘\»N /UM‘-QS_. /\) S/ - @p{

,Mc«-\w’/cm( (an Se Aadl @'@ a j(/v\ (0\/ ?V\a(t .

50\/\(* 90}ﬁ G’l l'@bu (g ("(3,4;/\ ﬁ"ov\ S(/ T4t 1/\7

‘ (’;' LQS( 55’\5'1'(%% JQ ‘k/“\ﬂ/l\’;‘lﬂ‘{ VM(A_'LKOV‘O' %

G A o e CJU/"\L \/Q/y 1lf/eo/'/,,\q /aﬁ(a

pw& ~a L(ga /mwr o«df raod | 1{

S < ' BRLY e cal Cj—rbb .,

 SchoHk /bwrurk 0206, /‘t’abv b L~ f«cﬁéf’

1l :}’( NV ok o (o(tq«( ﬁ//

SwidchXg speds o~ MES  FET ShLchae - Hr/\ Spad

,/*/\A(‘(.Qbf Gk As (0(&1.( "A:f‘ #chmfﬁl,(uﬁ 65 H-,'?:)

P/Dcesfmj 6’« b (o Acttie 1l
thpvaL }7L L alw ’)Q(CA mk{ p ﬁ
‘(u

Co (U 7Lw;o’ af\o\ v
D?%Aﬂwx f/ugmrm?iﬁ iﬂ V\% Cifr QQVQQQA k/vy”cfA
AN {1\& k} Aoo’l)(_(‘»\‘lﬁ Ne VQ dD‘(CLL L\&f V\Z\Ijl/\
Tewcl of Changer , Mmalitn q IMUSFETY gudt noelosr.

éﬂ 77/\ '(\/5'/’ /"\ct)()f jQrV\, (c,/\(ﬁ\/\(.‘ﬁ/‘/ Wth‘\ ébw(&,fﬁu\

0. €7eV | L\OLWQU{/ f/uu;w»( to’
MULaf s J S'(‘/\J‘J/VQ Mfl/u g(J x lwurse
S0, 77'LL e st nsth N VA gRecalied <7ﬂ,6’//<«‘/1




5) O,_X,(X.L (g C/L‘/Fl(a/ FWM)L/ (~ M(/f FET
)D/DJU»Chu'\ ;\éfu,g, a ((uSLL reflhod /fu(/{/\Acﬁu'\
l(lfv."@iﬁ/\'hu( ;‘\f A cda ﬂ(\f WW/\ cﬁj lr\aa j\ﬁ S

~en N e 2. O\ aen e ooxdige
Ot'(’f“’\ufpl'\lf‘&“ S~ b I Oc_ /:'E; 7

W(L“’ O.A,(()((G/X'hdf\ _ OJCH‘jLO'(—f\? Gk‘f’muc,o/\(/c Ve /Nm,l(f VoPur
/’/QN\/),Q/Z\M T PP Sou —|[ 00 “C ["’ 4

(,Qo\()(‘ 2\ °N "ﬁ*o”!t 9/0«/\:“« /M‘J‘L u(‘ ﬂw (//(LL/ cnc
O*S frnn /l«ow oo °C |

Silsehd) + Z2H,0 —=> 5.0, (slh) = 2 H,
ij OJL{J\O’?I"(UA — ODL((AL»SWA? Aws/ol’\ﬂx\e, \fpqu d{

éﬂ« ﬂ'\ ‘k w L\od }\) )9 o\ ﬁ'\L (cf\
4 Qo °C:’\p‘j:(4;:ﬁ\3(eagt }/u S der # g- l///:m/lwwf

Sc (&'nl) ""’Oz_ ‘——7 S( Oz, (Sofu)q
ﬂgf)(cu( ’Q/C\abe_, 5’1"1'%"\%

777 bl
ey
0; o- ”20/ ! } —= e~ Cap C‘wxh)
ff?f'”?y) 2 M

JA //// / )f /J

A {wej
 resstma , WL
, L\Qu’\‘*/?" 'g,\ 5@0& Wf'}z (DUO\L

w ’)[‘A\"L
CLEAN Lo m

v flled ac-



QD) ‘Ca«‘}'

i -
- > ~10 e_V Cimm ~L

* M a W cmw(e ,ﬂfv,aeféf égjl VJ(R/ 1%/
jcwc‘ MosT 0/06/‘001(0/\ '

P Slm

l\) % E\/?/\jtuc\{[j ayg /H\( j a?le f/(l/"u/\ﬂv/\ S[th\ kf/
/m\L O.I.wll *lmkwr c\/ﬂ L\ar ’}\) Sl\/"\(/\ N
P’USC{/«( U\M\_ (La[(c\i& occuL ':) '/IQG/ A
N m@\,\(&mﬂ MQJ(/LC\(

2'5 A{SDJ L\(JL\ ’[{“’\PV«'{M{ J@wﬂ u[ (15(("(( 31:’15-

P”s(-lm( 0\[ 0(0,0&/\‘!

g’pf‘tcm( l—Jl\—o\ J)c(a(g d{("‘\u\ﬂmr‘
aLLcNaG(_ .S V)e,,_o( A

‘!Q'\/ j(mlﬂ j/m-uﬁ\ ,J/I/CL.\("



C) VOLAN u&' l ol S,
molew\\w (/«L Y = 2301 - \ané CMS/m[

DQ/\St‘b 0”( \Y 2%
Uu(\vuw_t 0&» I/\»a(c S0 = GO-OX - 26.4¢ CMz/NU(
T 22
| =) /ﬂ«u,((/\wr ag* S MU - 1266 = Ov4sS
/ﬂ'\u,t(/\ws aq( S{OQ_ ANl 26 46

L‘-e/\u_, VL n\g N@\,«Nd c))Lt(AL M/\cc((/\qa’ (é) 16 Achced
5 th..ff / Tha~ overa |l fm‘l’b' Thecbenesr
Ll be  (~ crewstd 1‘9\7 1"0:{5)5' = 0.55¢
T/()’/ 4—0 ~rA d‘F ODCKULL
;> O‘Q}f)(4-0‘,\m = [,gn/\a\ ()‘i: 3" (a"\')‘uma‘{ ‘

va S” fl’\ct(’(/\bé‘f = 4"_75- )\(O"C—-— ngicqu 474}*4782/\/(,\,\

Neo W\ dose = 475 x4 055 xqoxo = 4757 02200m

) ,\( PaSSWo\ (un O’(' 1/\‘ N ‘ﬁt(,(ﬁ( g une
) \)) ’mc«skmg v r ) m&:ﬁwﬁ 1o ™ \mplmﬁ%u«
o MO\KI’(\"ﬂ IS P/‘Ck’v\} (AL{(‘AA’W« (M a,o)‘ Stlated Wqu)
J‘V ﬁf\«\ \,/‘N*Lf‘ ‘ﬂk&lﬂ\/o@‘hdﬁ w fﬂ) J’f,::ﬁu/\ ’
;V) P(W\o\/ Eofou~ 192 ~A H, - {“Jf/ S charts (1 (/\«/")




Section E

Q13

(a) An I/O-bound process is one that spends more of its time doing I/O than it spends
doing computations.

A CPU-bound process is one that generates I/0 requests infrequently, using more of
its time doing computation.

(b) (i) /O-bound: spends most of its time doing blocking system calls — waiting for
requests to come in over the network, reading network requests, reading files, writing
data over the network.

(b) (ii) Compute-bound: spends most of its time operating on data in memory (number
crunching).

(b) (iii) /O-bound: spends most of its time reading/writing over network and
reading/writing files.

(c) A program is compute-bound if it exceeds its timeslice. A timeslice is a defined
amount of time for which the process can have the processor. An I/O-bound process
typically performs a blocking system call before its timeslice runs out. So if a process
exceeds its timeslice it is preempted and noted as compute-bound.

(d) The aims of a multi-user operating system is to make maximum use of resources

and to be fair to all processes. Therefore, while compute-bound processes are taking

up the processor it is desirable to have all the other devices working (disks, networks
etc.) so work is being done for the I/O-bound processes.

The mechanism for scheduling is multiple run queues based on priority. A process
that exceeds its timeslice is added to a low priority run queue. A process that blocks
before exceeding its timeslice and then completes its I/O operation is added to a
higher priority queue (the priority depends on the criticality of the device being
accessed). The idea here is that we want to start the I/O-bound process as soon as
possible because (a) we want to get as much device parallelism as possible —i.e. get
the disks spinning and the network buzzing continuously (b) it is more likely to block
quickly anyway — thus being fair to it and freeing up the processor quickly.

(e) Page frames are the fixed-size chunks of real memory that are used to map in the
pages in the virtual memory when they are currently being used for program or data
(when a page is accessed it generates a page fault and the data is required in main
memory).

If a process doesn’t have enough page frames to fit in its current working set (current
set of referenced program and data pages) then it will generate loads of page faults —
requiring the data in a page frame to be swapped to disk and the required page to be
swapped in. A page that it needs will have to be swapped out to disk and inevitably
that page will soon be referenced again. Thus too few page frames can generate loads
of I/O - called thrashing.



Q14

(a) NB This question seeks an understanding of what a system call is, the general
socket system calls and the sequence in which things are done in a connection setup,
not a parameter perfect answer.

(i) The Web server must first set up a socket and bind it to a port — to enable clients to
have an endpoint to request connection to.

s = socket(AF_INET, SOCK_STREAM,0);
bind(s,ServerAddress);

It must then tell the OS it is reading to accept connections and block to await them.
When a connection eventually is made on the appropriate port, the accept system call
returns a new socket descriptor — over which the server can read and write.

listen(s,Queuelength);
NewSocket = accept(s);
n = read(NewSocket, buffer, amount);

(ii) The Web client must create a socket and then connect to the address and port of
the server process. The IP routing is beyond the scope of this question. It can then
read and write over this socket.

s = socket(AF_INET, SOCK_STREAM, 0);
connect(s, ServerAddress);
write(s, WebRequest, length);

(b) The disk block cache is a buffer pool in memory, each entry of which is the size of
a disk block. The most recently read in disk blocks are stored here. Because accessing
memory is faster than disk it is possible to get better performance if these blocks are
needed again whilst they are in the cache because there is no need to go to disk.

The cache can improve the performance of the Web server if a Web page is requested
that has been requested recently. Under these circumstances the file is in memory so
no disk operation is needed before the data can be sent out on the network.

(c) Yes we can handle more traffic with 5 servers on a uniprocessor. Even though we
only have one processor, one process can be accessing the disk, whilst another is
reading off the network etc.

An understanding of the following is sought

e blocking system calls. When a system call such as waiting for a socket
connection, doing a disk access etc. is invoked, the process is blocked. This means
it goes to sleep until its operation is completed.

e preemptive scheduling — when a process blocks or exceeds it timeslice, another
process can run.



On a multi-processor we can also handle more traffic. The only difference is that we
don’t have to do so much sharing of the processor so if 2 processes finish doing I/O at
similar times then both can run rather than just 1 — so its even quicker.

(d) UNIX provides advisory locking. Instead of enforcing concurrency control you
take out a lock using a system call and other cooperating processes also use this
method. The OS ensured only one process is allowed past the lock at once. 2 marks
for this.

fd = open(“file”,O_RDWR);
flock(fd, LOCK_EX);
flock(fd,LOCK_UN);
close(fd);

You wouldn’t need to provide concurrency control over the Web page because they
are read only. 2 marks here. No marks if they say you do have to lock.
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Q1S
Networked systems are built on a client-server model.
Control is distributed amongst various processes in the system.
Processes are generally classified as clients or servers.
At the highest level messages are sent between clients and servers.
Usually servers are allocated to individual computers.

Normally clients compete for resources at the servers.
Multiple servers can be used for reliability and performance.

In a PC connected to the internet services are one side of the network and the data, applications,
rendering, and pixel display are on the other (local) side. This works well with relatively slow
networks. It is the thickest type of client :-)

In an X based system services, data, and applications are on one side of one or many networks
while rendering and pixel display are on the other side. (Confusingly the terminal is called an X-
server because at the lower level it operates it is serving the client application). For example
fonts are stored in the X-terminal and characters are displayed by identifying the font, the
character, and scaling as appropriate. The X-terminal also has some graphics primitives. The
display cannot be affected directly; a request for a change has to be sent to the X-terminal. More
bandwidth is required for this approach.

(i) VNC is an example of a very thin (stateless) client where only the displaying of pixels is done on
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the client side. Services, data, applications, and rendering, are all done across one or many
networks. The basic primitive is a rectangle which has a size, a colour, and position in a frame
buffer. This is what VNC handles and displays one after another. This approach requires more
bandwidth than the previous two.

Inherent properties of stateless clients are:

Persistence — pick up where you left off even after a crash.

Mobility — reconnect from a different place; follow-me computing.

Portability — simple client, easy to write.

Any-to-any — can work across all platforms and can be used with wearable devices.



