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A SIMULATION TEST  PETWEEN ZONES

Problem:  Given 4wo 2nes  Z and Z', we wany fo

theck ¢ MYU Wa[on Mot imkrsech z, also
injerseck  z'.

Wese voker is o provide an a\aoni\-hm for ¥e above Pm\olem}

The ﬂoal of
OUX*)  where X iz fthe sd-ok ddocks.

whidh  unsg in Hime

- A sun in a anfoux lechure, ™is 4eay can be yued In

e Ymchabi\ﬂ:] a(aari\'hm 10 ensure  (orredviess and  teymimahon

of ¥ Zone ANumer akion .
- A Fw\iminm? version o his e aPrewu i Yhe hllow‘ﬂﬁ ppe
Usma Non - (onvex aﬂ,mximah‘ows for E%\‘umf awa\asil Ot timed awhmata

FSTTes ' 1\

- The +H& hon ben Fol.'shzd and txRndd jo  seveval .ﬂ’t\in(js

Ance en.

Plan:

=1 Some dehnikions, and e achwal Fea}
~2.  Iwhyation 0F e ‘at  on  Some me,o\u

-3. Proot ol covredviess




favy 1o Some  debinitione  and e avual st

FAx a Set of cloCks X

Pounds funehon: A bounds Rinchon M: X — N Osociaks o
Noural number 0 gady clotk .

Fr  nvenienw, we wil wnle M, for MIN) ; whee % €X.
Region tquivalence.  Given @ bounds  function M. We sy
v N, L of
1. Yae X: vy € m, Wr Vi) < Ma
2. Vaex st v Ma
Ly(x) = Ly

$vinl =o iff vt t=o

3. V-,(,a eX e+ W £ Ma qnd f\:((\]) s Ma :

i) < 3«;@)3 i vioh < w'tjﬁ

We wil all e oquivalence classe U Ty oo M- rogrunn.

Somefime, we wil sim})\\a Wrike ﬂa(om when M s desr from Yhe coniext.
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Everase.  dek v, v and g Ex $3- ) € Mg, N‘\«PQMU

Crow thar: () ol < ‘W\J)‘S = WY < jv'\pd
) vy = 3vipy e gulnd = 3V

QePngthh‘ng Zonws -

Recall  thad Zones  are sely  oF  valuationg rQPfoAmM u&wﬁ

oond'unch'ons D* wnshaink o e form:

LN and "’*"d ~ve . whare ~ € (<,g,> 21

In this oo wment we Wil ®sume c e Z

We wnll  vebraen)  Zone ug%na distance (Taf\q.. Here i an axamF\&,
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Qiskance grapns.

v NN ININW
N
> > > > 7

A distana amrh has  Verhey 305 v X .
Edau are  divesred and cama a wu‘am of Ye Loym:
(Q‘C) V] §(</ ’o)g

where ¢ € 2 and S e $I<, =3

Q
'L—C—>3 anmh a—x ac

Arove anmr\e a(\m Q@ Y0ne and i%  distana am)m.

by a digfana 5\«1':\4 @, we dehne: E_GwB = 3w \ Vv Sakishia Y-x ac

fov @ o\(—ca
e




A‘rﬁ‘h netc 0N weghk:

We want Yo e dble mamlou\arc oond'mch'om o*
Conshyaink usma distanwe amfm,

v exomp\e- X -9 <5 N
vy - w <2
iMpiy X — 1w < %
Wheress - X = a <s IN

imT\iu X —w < 7

A')’ e level Os- aral,h,gl 4 We have:

X v W

we  Ahowd  denve an Qd(j‘ W —— X Wik we\'%m <3

- Ths  frs  alls R  The definition of an  addikion over Ve

wu‘ah\e.
p(l{_ C, C\I Cy c Z/ 4‘4' / <‘L € §</ 53
(a,0 =+ (k0 = (<, )
Cd\ rer) F (dQy, e) = (<; Cix 41) if ethe q, oY

A, s <

(<, ¢, QD) 0 erwise




We also

need @ waa % Wpoke  Gonshy aivk-
Fot ®ample:  ° X —\d < 2 \m}:\iu x-y < &
' X ~'<] <2 Imp\iea %~y <2
. x—a <2 im?\\'u, =3 <2
We wi\l  defne an order amond wdahh thot weHeds thin
im‘»\?co-\"\‘om
Ly ¢,¢,c. e 2, q4,9,,8, ¢ $<,<f
@ <) < (<, )
(«,,en <  (Q3,c) it & < c.  or
S =c¢p qnd 9 =¥<
., = <€
The fofal ovder  on weiahis \looRs Rike Fhis.
\ \ \ | \ \ !
-9 -9 (g <0

\ ]
(£,00 &\v EY <.2) (<20




_Neaal—‘we %du:
- A path in & distana graph is @ Squn of vlao-

—We\'a\n’i ot a PMA it e sum O we\‘am o X zdﬁu\

<2 < -\ h C )
- > 0 > 0 i <:-1-
Fov Qa, ): y s () wel{ihr

- A C»Gde, 1S @ fam foar  Starh and ends  with the
Adme  Verkx-

A odc\o, in a dislance gvarh 1S aaid o ﬂe&‘ah'vc ks

wq‘ah* IS Jers Hhan Oy qual  fo (<'°)

QS/ 1 (s,
,/_\).U ./_\.
n \_/ * e - 2]
<) =)
(< -1

(S NOT hgaa\»\'\/e_ is neaah‘u
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= Neﬂah\u oddu denote  conhadichont I e qutmﬁ
For uam’:\et
&2 <\

T, T . has « Vl(aah‘ue_ udch

S0 < —
=, No Valwdhowv  can iﬂh‘sho
y —x =\
and * -y <-\
=\
Scmilm\a'. . /_\,a s a maalwe &ddL
0 &« — X
< -3
ra?mmhha; X <\
-X <= -3 (x = 2)
L

& tonivadichon .

v Shiaans -

Bere 1€ a  theorem Ko fovmalizes s Ohservaron.

Theorem:  Let G e a distonea 8mf¥u.

[&1 is non-m)m i£f al) Ladd; m 6 are

nov - manh‘vc.



Intersechion of  ditana amfha:
oy G, 6o be distane eamrm‘ odehne
mn (G, 62) F v e grogv where welﬂm
of  rah Lo(ae. it given ba e minmum of he

Oowogron&n% we\‘a\qh m G, G2 .

Ea G‘\ G'z_

°v X&_’ay

O.:_’sc Yy
=-

= <2
m‘n (G‘h GIL) . > . ¢ S5
o R < Y
=3
= -3

NoY-e:
— When We do noY dvow amn <, Fe  ceig e
amwmmed o ke (<, 00) . R ea \n e above 87&?%&

wctowr o 0 —y B (= o0

Min Jmt\» Ya,ffl'enenh the nkrsechion e% the +two Seix .

devnma: L min (6, 69N = Y63 n @613




Canonical distance ﬂ?afha .

A distance 8mla‘n wilh no Heaah‘v& (%do& S 20id Jp ke in
: canonicad fovn 38
for ll\u/\-a poi 'l,anUioS,
e  ahorren ‘naw’ hom % o “ ig aivm ba
the Ldau LS _"(‘]
ExamY\u:
. . . ‘s o) canovical  due Yo The
0
X % ﬂahh’ahkol weighh .
CGnovical form o} above 8m1>h ISt
<3
0. .X y
=Y
Given a distanc mph, 8 camonial  Rvm @n be compuled

W ol 2) u.(hna
This alaon)hm con also dekd  the

FIO\}A» Warshall ’s a\\-rq‘\u Ahorieat Fxtf\ E%OA

Pmmm o_b mﬁuh‘ue oddm



Canonicol  disvavce amr\n o*) a Zone -

Fov a zone 2, we denok Ipa Gz % anmial  didavae amrh

We  wrle ZXU for  the WEA‘GM' o We X—y cAdc n G

Fov wxample:  ley  Z  be  the 2ome given belowa

n =21 N

. Vy-x 1 A'——->Z
< 5 N
x—asz N
\dzj.

Zoy = (s5), Zxo = (&0
Z)(gd = (SI\)’ Z\/,x = @I 2)
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Reaiw-dosm inclucion:  Given zomes  Z,2°,  dehne:

Z EM 2’ if VYevez Bvez' s+ v

Rom e  defniom, i is dived b su ot =z &, 2 ®
fov all M- Yea‘\?ms R:

Rnz *4¢ = Raz' 3 ¢
This give Yoe Fo\\omn(j lemma:

lemma: et z, z' be  non- emply  ZonA,

z#M 2/ i F an Movgon R sy
Roz 4 ¢ and R(\Z/=¢

INe will now More  tRe mMain  teorem-

Theovem - ey 2z, Z2' be Non- emphy  Zonss.

z ¢M z' 143 3 'Jl.a 6 XVl Ay
Zio + (.M > (5,0 and
Z')Q\J < Zxa and

Zl + (<I‘_Ma) < (S;o)

i



Payd 2 Il\usho«h'nj Fe test  on  Sorme RROMP 4 .

Blue zone : Z
!

Red 20N © 2

Z.,+ (£ MO = (g0 A Zo < 2

X0 RO
¢ i 4 Y
s (s02) <,-2) (€,

Zyo TEMD T (=0 N 2y <=z
( ( ' ¢
() (5,2 ts,-0) (5,9

Exercise:  Nre  there  O¥wr (1-ku'alo(e> wilnesa ?




Emmr\t 2.z

/
e ;7 Blue - Z

Red © =z

zZ ¢_ a2 z' beconse.

/
2y, % (S, M\\]) 2 (€0 A Zy < Zy, N Zyr (&M $(£0)
e-0) (=22 (£,) (=) 9 (gD

Eercise: Ave Yhere Om(x} othon CJZ-VMKLH&) w‘-hﬂum?




