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Set of Characters
d = forward p<|w| wlpl e C d = backward 0=sp-1 wlp-1]eC
([Clre,wp T,d 1} | (p+1,T) ([Clre,wp, T, d 1) | (p-1,T)
Concatenation and Union

d = forward (rrere,w, p, Td ) || (p1.Th)  d = backward  (re, rer, wop, T,.d, 0 |l (1, T1)
(ra.reow, p, T d 1) I (p2, T2) (rireow, p1, T, d 1) ) (2, T2)

(rrzreowpTd D) |l (p2,T2) (rira.re,wo p. Tod 1) |l (p2. T2)
d =forward (ryre,e,w,p,T,d 1) L (p,,Th) (~lAap =|wl) vl (rirewpTdl) | (p2,T2)

(rilre, reowop, 0 1) || (p2, T2)

(nraewp0dllr r=failed v (=l A7r=(p",T") where p” # |wl)
(rareow, p.Td 1) Il (p",T)

d = forward

Greedy Kleene Star with Guards
d=forward  (r{r":pire,e, w,preset(r,T),d, ) | (p,T1)  pr=|w|VI
(r,{r* : phre, w, p, reset(r,T),d, 1) I (p2.Tz)  (r* re,w,pa,T2,d, 1) | (p3, T3)
(r*,re,w,p, T,d 1) | (p3,T3)

p=p p#Ep (rrewp 04D L (p'T7)
({r:p'tre,wp.T.d 0) || failed (r:p'hrewp 0dD | (p',T)
Lazy Kleene Star with Guards
d = forward (re.e,w,p.Td D |l 1 r = failed v (=l A 7= (p',T") where p’ £ |w|)

(rir? : pyre.e,wop reset(r,T),d, ) || (pa,T3)  ps=|w| vl
(r, (r*? < pYre,w, p, reset(r,T),d, 1) | (p1.T1) (r*" reow, p1. T d D) | (p2.T2)

(rilrz,reowop 0 1) U (p°,T7)

Big-step operational semantics
(CRDERER
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(r"orewp.T.d 1) | (p2.12)
Capturing Group, Backreference, and Positive Lookbehind
d = forward (r$i,re,w,p.T[im (p, L)].d 1) | (p'.T")
((r)ire, w.p,T.d, 1) | (p".T")
I =".p")  (wlp".p"),re,w,p,T,d, D) | (p™.I")

(L re,w, p, Td, 1) L (p",T7)
d = forward I'(i)=(p, L)

($irew.p Td 1) | (p.TLi— (p.p")])

i dom(I') v T(i)=(p', L)

(\ire,w, p, T,d,0) U (p,T)

(r, e, w, p,T, backward, true) || (p'.T")
((?<=r),rc,w,p,T.d, 1) |} (p.T")
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