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Aoxnon 1: A clock is reading 10:27:54.0 (hr:min:sec) when it is discovered to be 4
sec fast. Explain why it is undesirable to set it back to the right time at that point and
show (numerically) how it should be adjusted so as to be correct after 8 secs have
elapsed.

Avon:

Agv glvar emBounto vo pubotel 10 poddt wiocw 010TL T.y. pmopel va Exovpe KAvel
make kdmowa apyeio otig 10:27:53.0, pvOuilovrog 1o wicw otig 10:27:50.0 av petd
a6 2 second kdvovpe kdmolo oAAayn o€ €va .c amd To TOPATAVE apyeia To apyeio
Ba &xel nuepounvia tpomomoinong 10:27:52.0 n omoio Op®S av Kot €ytve PETA TNV
ektédeon Tov make £xel maAaidTEPN NUEPOUN ViDL

Kot yeviké apyelo mov tpomomomfnkav 1 dnpiovpyndnkav oto ypovikd Sdotnpo
10:27:50.0 ewg 10:27:54.0 av pvOuiotel 1 dpa wio® 6T GOOT T Umopel va
eaivovtol 0Tt dnovpyndnkav apydtepa amd 0Tl apyeio mov dnpovpyRONKay HeTd
TN pOOIGT TG MPOG ONUIOVPYDVTAG TPOPAN LT AGVVETELNG.

H 1¥éa v t pvOon tov poroyov Paciletar v adénon tov ypovo avti yo Eva
devteporento oe 0.5. dNAadN, omOTE HETA MO 8 «KOVOVIKO» OEVTEPOLENTA TO POAOL
Ba &xel avénbei xotd 4 devtepdienta oLV OU®G To 4 JEVLTEPOAENMTO TOL NTAV TN
umpootd to porol telkd Bo delyver 10:28:02.0. To onuoviwd givor nog pe tov
TOPATAVE aAYOPOLo 0 EVOEIEN TOL POAOYIOD CUVEXDS OEAVETOL LE OTOTEAEGLLOL VO
LNV TopaTnPOoLVTOL TPOPANLOTE ACVVERELNS OGS LE TOV OAYOPIOO oL TpoTeiveTat
OTNV EKOOVNOT NG AOKNONG.

Aoknon 2: A client attempts to synchronize with a time server. It records the round
trip times

and timestamps returned by the server in the table below.

Round-trip (ms) Time (hr:min:sec)

22 10:54:23.674

25 10:54:25.450

20 10:54:28.342

Which of these times should it use to set its clock? To what time should it set it?
Estimate the accuracy of the setting with respect to the server’s clock. If it is known
that the time between sending and receiving a message in this system is at least 8ms,
do your answers change?

Avon:



O ypdvog mov mpémet va ypnoiponombel yio v puBuictel 1o poAot Tov server gival o
televtaiog kol avtd yoti yoo va glval cuyypoviopévo To poAdl TOv TEAATN UE TO
poAOL Tov efummpétn Bo mpémel o meAdTnG va mapsl TV TEAevTain €voeEn (mo
TPOGPATN) TOL POAOYIOD TOVL €ELTINPETN OEOOUEVOL TOV YEYOVOTOG OTL TO POADL TOL
e&ummpétn dev yupilel miow (To yeyovoc avtod givart 0E00UEVO).

O ypo6vog pe tov omoio mpémel va puBctel to pordt givor 10:54.28.352 kon awtd
TPOKVTTEL ATO:

Xpovikn 'Evoeign I[ehdtm=Xpovikn 'Evdeién Poloylov e&umnpétn + Round-
Trip/2 = 10:54:28.342 “+” 0.010 = 10:54.28.352

Edv yvopilovpe mwg o ypodvog yio TNV amocTOAN Kol ANy €vOG UNVOLOTOS GTO
Topomave cvotnua eivar 8ms dev Ba aAAdEer n amdvinon S10TL 0 ¥pOVOS AVTOHS
vroAoyileTon O pHésa 6To YPOVO OV amonteiTan Yo vo yivel éva roundtrip.

Aoxknon 3. By observing a chain of zero or more messages connecting events e and ¢’
and using induction, show that e e’ = L(e) < L(e’)

Avon:
Oa npocmadncovple va emAvcove To TPOPANUa pe v pEBodo g avaywyng.

‘Eocto 011 vdpyel éva pivopo mov cuvoéel Ta yeyovota e kot €’ kol € —e’. Auto
OULVETAYETOL OTL M € GTEAVEL KATTO10 UAVLHO 6TV €. ZOUQova Le ToV aAyOplOo Tov
Lambort 1 € Oa oteidel Kou 10 ypovoonuo g L(e) pali pe to unvopa ot cuveyela n
e’ otav AaPet to unvopa Ba Bécet To ypovoonuo g L(e’)=max{L(e)+1,L(e’)} omdte
L(e)<L(e’).

‘Eoto topa 6Tt vtapyovv n unvOLOTo TOL GLVOEOVY Ta. YEYOVOTA € Kol €’ Kot € —¢€’.
Tote L(e)<L(e’).

Oa deiEovpe 0Tt AWTO GYVEL KO oV GLVOEOLVY nt1. X210 n —06Td YeYOVOS OT™G deilope
Ba 1oyvel L(e)<L(e’).

>10 N+1 yeyovog n € Aappdvel Eava uqvopa ard v e, oty cuvéyela 1 e’ B€tel to
timestamp g ico pe L(e’) = max{L(e)+1, L(e’)} omote L(e’)<L(e).

Aoknon 6: In Fig 5-12 we have two ELECTION message circulating simultaneously.
While it does no harm to have two of them, it would be more elegant if one could be
killed off. Devise an algorithm for doing this without affecting the operation of the
basic election algorithm.

Avon:

"Evag Tpomog Yo va «oKoTdcovpe» T pia aitnon yo coordinator givot 6tav o KOpuPog
0 omoiog éotelhe TN devTEPT aitnon dgytel aitnon yw coordinator amd Kdmwolov dAAOV
KOpPo pe peyodvtepn etkéto va kdvel broadcast éva pivopa pe To onoio va onuoivet
OtL mapouteiton amd v aitnomn yio coordinator Kot mmg Omolog kOuPog ekeivn
otiyun emeepydleton ekeiviy v aitmon va vV amoppiyel Kol Vo pnv TNV
avapeTadmoel kKabmg eniong kot and O6motov KOUPo €xel Mon mepdcel 1 aitnomn o



KOUPog avtdg va daypdyel OTL mAnpogopio. €iye KPOTNOEL OYETIKA HE TNV
VITOOLALYPOLPY| aUTNO).



