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Goal, : deon oot o WSTS ~moded used to moded Kuefifa network  Communicatious.

’dQQI Communicodiou over FIFQ ( First-in- ﬁ'nsf-ow‘) channels
V(O asdnchro/uacd AS tronsfe,
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Erobtou: R FIFO chamel. (ie. o list-like dlato, struckve) sy be used o siuulote
the tope of o Tuw‘@ Machinve = VERY UNMDECIDABLET

Houwewe/: OQver-the—networic communication uust e oble to deod wrth MG&Q (0SSN

*-

’Pssumg oertm‘é pockoge losses, we gat @ Vefd dffeent codo structue :

e Co'f‘gwo‘f‘b‘)s JQ)FM a wgo (oS we will see_) fOr whuctih
the tronsitiov relatiou (s monotonoud : A WSTS |/

W 055;( Chamel, % SteALS
H lossa channel Séijw (LCS) L"’(O, C]a,C,M,Q) CONSUSTS of

— A finite set of stotes Q |

— Hn inital state qoe

— R finite set 070 channels C

— R fouite Mes soge adphabet M

— And a trosiiou relotion > € Qx 0P xQ that parforuy
on opeatiov iy OP=Cx 1!, ? fxM

eg 0!a: append acM to channad O
0%a: pp aeM frau the head of channed O




(P,J,a Q)é") or [P,c?a.,c()e ->

51 Channel

0?&7- 0

This 's NOT @ P(’ObLUA because we Com use the Product
(Stodes of Entity 4] x ... x (Stated of Entity k)

det L=(Q,q0,CM,5) be on LLS forna rest of tis lectuwe
The oFefaﬁ‘ouaﬁ semortics (Hhe tuntive behawior) of the LLS (s dle Jirsed.
as o trostion Sdsfw U :(Cf/ {(C]o,(ﬁ,...,i))j, 2>)  with

—the set of confRurakions Cf = §(qW)|qeQ, W:C>M* .
— the witial cosfiguration  (qo, (E,.., £)

—— (we use the sove
all chenneds arcow ‘=" for the
tronsitiov systeu, but e crrow
QMPf‘a / We- aeon mi%t{d be Clesr frou +he
—_— ﬂ'l.& ‘(:(‘018{ I‘QU @laﬁb() - C CFXCF as the gsumallest relatiov with & g QxoPr@ .
cla , 2 cCf xCf )
(Clg_, W) = (qg_, W‘) [F qi——92 ond W(d) =|\N(d) [{_’ d+c
%0 Wle) = W(c) a
(. W) =>(q2,W')  f  q2=5Qq2 ond W()=W@E) if d#c
W(c) = a-W'(c).
(cli, V) — (QL, V') ‘.f (‘ii:W) — (Qz,W') oncl V(C)BW[C) and V'(c) < Wic)
Dicture. for all ceC, unde the subsequance ordm'*&
(q.‘l / V) - recall tne ordvhg (over sdubolc IN (M,:))
KoKk 2 Xiy...Xip whee Osipeije..cipck
lose mes €-§ 'thegfgu proves 2 oreo
‘,’ o,?:ou . -> this encoded g ‘loss’
(‘]1 W) (Qz,W) obc ad— abcada
llo.se MQSSDS(;S ! L;ﬁ
((121 V')

Now we. show that U = (CF, %, §(qo,(¢,.. )], =) s a WSTS
unde tne OFdQ/'l\x

(W)X (qW') if al:oll and W(C)sWc) Jor all c£C unde the
subseqnwucz. OrdQ/tH oV ‘ﬂ/\e_alpl/qlpe,f ( M, =)



LCS ore WSTS

We need 4o show twe propetes:

(4) = s monotonous wrt. X

(2) (Cf,$) (s & woo-
We fl‘rs-l— Show mMonotomt (j

oLeamma : et (q,W), (p. V), (P'z V')5Cf with (P,V)—’(P/'V') ond (p,V)<(q,W)
Then thoe is o (qW') eCf with (qW)—(@W') and (V) < (g, W')

(_P_L_Q__C>£= The reguit follows frou the dazfiw?h'ows:

The relatloo (q.W) >(p,V) iuples g=p and W(c) =Vlc) for ol ceC.
Sine (pV) = (P,V'), it folows frouthe — cefiviios that (q.W)=(p,w) = (p.V').
(We (et (1',\1\/') = (PLV') mdg@" (?, W)—)(?; W'), Couf)toﬁzg +the. P"°°f~

[ rewoivs o show ot ((F;<) is o wqo.
Note tnat () is the product erdes of (Q, =) witw ICU copies of (M*% <),
So., ;]C (M’,-‘) (S 0. wqo, we 33{’ that (Cf, %) s o wqo bd Pef:ea’cdl(«] qppl(u)l‘g@f(km’slwa.

(We do SQMO;ENS more gl ond show (as prowmised lost week) thot QPPLU,,& e
Subsec‘uwcc, ord,o.n%—l-o & Wqo MLBUILS N O wqo.

Theoreu (Higuon's dessa): [f (Q.<) is @ wqo, thew 0 is (Q5),
(PFO@F on the naxt 13080,)



Proof - duppose. thwe ore. infinite Sequrned that ve bad.
Overview
—_————
(Me. coustruct an invfin'te bod Sequance that (§ made up C# words thot oe as suall ag poSKUL.
e do s ba induc,«\eﬁ clroos\'g e next word such Pnat we con Still exteud & +o on
Aﬁuﬁe bad .seqmce
We will derive o cotrodickou by ﬁuﬂra on evev "Sually” infiuite bad sequanaz.,

The Proot

Ficst, we coustruct  (w; )ieny #hat is (1) bod cndl (@) all sequavas (Vi)iew with a keN
whre Vi=wi forall gek and Ivie|<(wl, owe.aood.

For te bose codl, we Choose a shoriedt  word wer‘ thot oo pe extended 4o o bod
sequa (We cn make such o choice because the seig“ w:fm W fsweu)‘hvdzo()-

For the inouctive cose, we have the bod SEQUNCR  Wo, Wy ,..,W; with the mema (2) that
can be exteuded 10 ow infinite bad sequence. (’(mmc&am ksi)
We exieud ba choosirp HAL Shorfest word wi g € Q’ such ot Wo,wa,.., Wirs @n be extuded
to on infinite bad @.

SiNce subsequanced of bod sequinced o ako ood, Wowy,-.,Wirt is bod.

The ProFe/la (2) also holds:det (vi)ien with keitd whve vi=wy forall Fek ond vl < lwgyl,

U: k<i, the result follows froM a.PPtU«‘a' the induction ‘\UPO'I:MsfS ((2)) to wo,..,w,.
If k=i+d, Viral<lwisal olds . Since (vidien iS bod, we would hawe chosen> Vixt insteod af~ Wil .
1+ con e.as'la be ue/z'fied that the fu.u Sqmce, (w;).'e,u s bod ond has (l)

S[y\(,e, (Wiey is bad , no elemaut is E,sine € 5 the smallett elemaut
Now cousides 4ve first (ees Qo0 Of Hhe words wo,wa, . . det Wi=ai.w; for all ieN.
The sequavee (ai)ieny is in Q. Sine Q is cwqo, thee wmust be an :‘wea&'g subsequance (@) e

We ooustruct the sequance

.F" om (wi; )fém ffo“\ (W'?L.‘)) (€N

- i { {
(Vi)‘.fN - wol W4 , wil"'l w‘f(ﬂ)-i’ w;e(o) , Wtu), wf(z_)‘...

The Jirst €(0) elovants oe e sove as (widien but the (€(0)+1)-th eluant is Shorter,
So, (vi)ien must be gocol. Then Hwe oe two ivdiced (<F  with VigVy.

We. show that Hhis @utradiets the boduey of (wi)ien -
Case i,;' ¢ £(0): We gt wi < Wi since botn Ny @ v e bune Port of te sequevce. &

Case i<€0) ond 3€0): Then Vi= Wy for soug LeiN. We have w; < Wiece) < Oecer Wegg) = Wete) &
Case ‘.,I.Z‘C(O) : Then Vi=W'a¢) , ond vy =W'.€(m) for 8cm. (Nehawe Qo) < Q) -

' - | \ ) 4
Combived with Wecg) € Wem), we St W ) =Qeie)y Wigge) € Qeim). Wieim) = Wee(m). s O

Coroﬂo;a
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[pwerdl closed reoclnabflf’a s decidalole for LCS



