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Joint woerk withnrLeslier Lamport i 1990
Viotivated by proplems with DTS rlnrl NIF
time Services proposea ior OSE DC

m |00 late to chanae D' orf NTF

m Work was never published



Algorthmic technigues ana analysis:
RAW material 1or bullaing a time: Servic
SKELCN Ol ONe POosSInIe tIme Service

1 4 ] 4 1 - |
\ N N\ NI WV 14 e Ve U 7y Y, 1 1
m NO O€ cU dEesiU 0 DICE C

m |heme: don’t discard useful information




Cleal Dy AEtWork

lockWItnl rate correct
Wt

Time providemodes nave an accurate time source
s A node may bdaulty, including Byzantine faults

m Goal: The time service at each node provides

o an interval containing T (the correct time)

o with fault tolerance



lIime eatumA time intenvai
togetner with a fallure predicake

—allure predic \ DOOlean expPression or
ode nhames:

m A=1If nodeA has failed

a A time datumD = (I, F) asserts that
(UTO/)OF



1 dedg0)=co dedl)=0
m = Min node failures to make the fp true

= = order of magnitude of probabllity that fp
IS true. Pun by substitutinginto the fp.




A time datum gIVES
niermation; only: about theurrenttime

T'a node Knows thdt Now, aitert
seconds have passed on its local clock, it

knows only that
UT O ([L+t—-pt, R++p t], F)

m SO a node stores a datum as a triplé,(c)
wherec is a local clock reading




Senay

i a
thenB Knows

1 AandB are added becauseAfor B is faulty,
they may have corrupted the datum

s However,B will assume itself nonfaulty




[C tautologIes:

l\JonoverJrloomJ ntervals Imply a railure; so we

FK(D,,D,)=F +F,if | nl,=0; 1 otherwise
FK(D,.,....D,) =[] FK(D,,D;)
]




I relative to G:

This Is the minimum AUMBEr of additional
allures needed to maketrue, given that
IS true

m Interesting because we don’'t assume an
absolute maximum number of faults in the
system



HOW 10 combine many: time data INte One
[radeolr BEtWEEN NArrOWNESS 01 resulting
and strengtn oi resultirg

m \We measure “strength” ¢ asded F|FK)

where the=K Is that deduced from the input
time data




WE delined a Class 01 comnining iunCLioNs
that tra Ie Olir Width of against

right endpoint fon
0 Compute the correspondifigand FK

m Details in the paper




When asked the tim
Combine availlanle aata to

Don't necessarily discard tr




JJ&‘ ;- dliferent time ¢

[rom different ChoICes.

One Sketcn or an idea:

0 Nodes are assigned to a

0 Time providers at the top, others below
o Data flows from higher to lower nodes
0 Periodic broadcast or request/response




Again open; PUL NEre are seme: nints:
Stale: widen with samerE

Gone too far: similal; put E

0 Probably WrongFK saysF Is true (or likely)
o UseMLM and keep only the combined data



Winat tordo Whien a ialledi noge rECoVers
EleCt oI Byzantine ralures

Fuller Implementation sketcn
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VWe shoula punlisn tais!

T'he concepts may e useful torotners in future
WOrk anad pernaps In analyzing existing Work

1 /e expne ‘0 00 SO. at lee S a te =Y0]0

)

o We might file for a US patent

s An Implementation?
0 Could be based on the sketch in the paper
o Might be a good summer intern project




