Lintor Sjs-kws ond  Seuiliveo~ Sets

The fist port of the ledwe was dedicated o wdmtoad); ca,mu“t,la v datol
For 4he rest of Wus (ectwe, we twn ow fbcus 10 the (prea‘se) rea.chab"lﬂa Problgu .

We wll vot. cover it e, bt wrether o give clrorwel covfiguwation 15 reachaw\e
I8 wdeCidabld for lOS‘SJ clonnal SJStPM

So we will fows on Petri-Nets (ond reloted rodeds ) vulere the Problum
IS (SuPn sgp&td) dzcadalole .

Repll the probm:

REACH
Given: Petri~-Net (S,T,W) ond two mﬂu\gs M4, M, € l}\ly

Quastiov: Is thee e T Loitin My > My ¢

The €T pust howe two proptied

cowte/ yolme
(F0S) (7- ReAch) Myt efﬁc{(o' ) =M,
time -
Kl"‘f’ e cowdt Provide H1e exonct omgunt
valuel m/\-Ngaﬁve DF tokevs s ~ealed.

The l‘eachaloit(%b al(gor%lv\ uses opproxiratioos tat deal wih (P05) od (Z-REACH)
ond. pe,fwa the Pproblem wmtll e QPProxiMatins Con e combived +o Snve o\neaau\y

We deatl wivn (f05) vaU co\/efablcta——related toolS we Cbﬂ(oPed 5&@(-}5 b#ye
To &al withh (Z-REACH), we use Systous af [ineo— ;‘W{:u.

Laﬁw'#wxﬂ&‘ﬁwZHWmLU%.dMeuMw%@uﬂ%lqF@WW‘WWWV¢W%M@@-

For ’P/K .Q/Rd ond xe,Rd, we write /q/jo:
7,0:[0]u2)(1+...+)<,‘ [ X4, xke’P} we Mf& ‘0 (0/“_/0) e/Ré 7 O/
(EX&W i s il

ord 1,.,1) bﬂ 1
P=1(1.2)] — P ={(k,2c)|keN]
- _P=la3) —2PTaNH4Y -

v

50 :
P+R = Ixitx, [ x1eP x,eR] We opply Fuetious J: X1 4o sets SEX by

x+P = {X-l-x:ll xié(P] f(5)= ff(s)/se.Sj



T(ﬂaa,u)e look iMto SOS'hw.S af [ivecr iuequdlﬁ%\
Jineor e, Sustaus

A

(e calld S(ijPMS \ 0# WZFOFM Subtect t0
/_/ J

V
X €IN 'S'Lt'//’ Product order
A-x=b
ineor NteQe, SystULS for oL ﬁ‘m}e set af voriolole S V, o set O:f COUStH U NtS C,

Ae 2%V ord beZ°
(We devote Such a Sa&‘l‘w also b& [A-xzb] Slnorﬂd.

(Ne write

60|(5)=5361NV‘ Aaab}
to devote 4 seb of volues tnat sahs;fd Hha Systou S=[Ax2b]

We coll § feasioe, if sol(S)#g

We also defive o houogoous systeu B a{l . ssteu S=[AXx2b] as

3(«\044"[/\-)(20]. We call a .sas(-w l/wuﬁgewu,s, Ef (t «§ g@ﬁg form [A'x 20].
We use equoleted v owr S(js’oeu.; as well, ie.

A-x2b ond
B-x=c
This (s shorthond for [Ax2zb A Bxzc A ~Bx2-C] whith o be

pockecl to oNe modriX [[:%]x ;[E]]

Motwadion Jor Sﬁéééa_vg e sgs’cwv

In the reachaboils algor?cm, we will use thase sds‘tw 1o approadmw the PN bd the
prspeckve of (2REACH) using thase Systows
To gt on e, Cousider the wk(‘%( equahov
xe N s.t
Aw e x =Ma-My
for the PN (S, TTW) with sowa morking My s borget My where

col. t€T
|

Aw - [,..'W(t‘s)‘tus,t,&~~ Yow se



For ana aelNT, Awa is the offect 04 appyging trrsition to€T | x[to] Hiues; 46T, x[+1] tiney;

.. JtrE T, xth] tiuway were T=[,..,t].

If sol(Aw X = My-My) =@, b Mz is abfada wnveathaole frou My

/fno(—, we connot sqa whtthes Mz is reachable, but sol(A,-x =0) tells us about whida trorsitious
con be repeated topet witrout uwxiaa the tokow kolonge ot the ed .

Gool {or todon : Show

Theorew: Jet S=[A-x 2b] be a LIS.Then if S & feasivk,
sol(S)=B+P”
Sor frite B P cINY

To Hus eud, we dttfim <p € 2 "x 2V wet. AEZEY such trod

X<n Lﬁ[ xsa ond A'XSA-a.

The soluboos to S=[A-x2b] fOPM A Wq0 wd/ <A,
deuma: (sol(S), €n) 5 o wgo for & S=[A-x2b]}
’Proﬁr Jet (az)tew be on infinite Sequouce

(We. show Aot thee ae <] witin 5:596:;,

VucC
Consides the infivite Sequevce ((ga,/\'ac))zew n &
dince (L);e ol(S) for ol (e, A-a:ell\/cmal 5:&0\/" as well.
do lﬁ:,/l-az));ew s mi%ur'/e Sequen@ NVVE,
Becowse (INYYE <) s o uhgo, there oe (< with @z,A—a;)s[aj,A-aj),
Then i< g ond A‘a(SA'aj, ond Hhus i < Yi

]
Now we show thot Solwtloss 4o houodnuw YUS oe chsed wdy additiou.

JJesmua: Jet S=[A-x20]). Then, sol(S)+ s0l(S) € sol(S).

F

M; Jet a,ZéSol(S). e show 6+%e Sol(S ). We et A-aZO ond A-220.

Trus A-(a-rz) =AytA220+A220+0=0 od y+zesol(S)
D



Now we Show ot versiov of the theoreu  for oMoy, Qusters.
Theorem: Jet S=[A-x207,Then sol(S)=P" Jor sowe finite P¢ NV.

(P(oi'- et P=min, (sol(S)\10). Since (N <a) is a wqo, TaP = =T, (sol(5)\10")
tl&)r'l'.SA \ 7
ond. P is fnite. s

We show that P*=s0[(S).

a Pecsol(S) ond ¢01€ ol(S) ond sol(S) /s closed
e ocdition, so P e sol(S).

2 det ae Sol(S). We Slhow ba iNduction on “5"1 Z,&[ [ that
Il ceV

3&?
Base. (hse, |lalli=02 'a:-O, So c(wta ae?'.
Indu&ﬁve COM, “é"i=k“‘1 ‘ Siwce /lal|4=k+1, 640.

Then 6esou8)\i07 ¢ Talsol(S)\107), so G TaP as well.

Thus, thore is & peP witih ?s,qa, Theu pes ool A/’S AJ'

Tuis woons ok y-p>0 ond A-Gy-p) >0 Thus (y-p) esol(S).
Decouse g PP eiNV, llg -plly < //5”1 ond tre L.H. applies

We get q-P = Pot Pt T Jor sove Poipe,/Pe€P or y-p=O,

W' a: ’Po't’Pj_-t-,.-‘i-'a,‘-l-F or a:P ond s JGPD

Now we show o final helpy louua (which will also be wieful (akes).

lowma: Jok §=[Ax2b], sesol(S) ond hesol( S, ) Thaw s+hesollS)
Trod: e hawe A-S2b ond A-n20. Thus
R-(5+h) =A-S+ Ah 2 b+Ahz2b+ro=0b

d S+h esol(S).
b 0



ﬁw“é we Show e maunv —theoreu:
Thoof: det S=CA-x>b]. det B=min, sol(S), &'w'lo’e fo bofore, B is fivite
ond TaB = Ty s0l(S). We claim B+ 30l(S,,0. ) = S0I(S) .

Becawse Sol(Shon)=P" Jor ove fute T by tre prev. thaom,we pek e
resutt we setk. bd et

€ det beBesolls) ond hesol(Sun). Then, bthel(S) b () tre prey. (ouwd.

. Jetr seSol(S).

dince 56 TaB, tee s beB with by §.
Thus bgs eod HAbsA-s.

Thus mens 5-b20 ond A-(-b) =0
We get S—b € Sol(Spor.).

Then b+(s-b) € B+ 50((Spou).
O

“ 10

Tn foct, we con oven soy somathing obout the siies of”rhe Covtents of B ond 1°:
(we wont show Hus nee)

Theoren: For S=[Ax2b], sol(S) =B+P* For fivite B,PcS, whee

for oll, s€BUP, Isl,< oun%u”‘) For A2 ond ¢ incgpetont of S,

9 4 2 1 u 3 & 2 2 9 o 14 2 3 w S ¢« #1339



