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Q@ —p—p

@ ~(pAg)— —pV—gq

@ —~(pVg) —-pPA—q

Q@ (pA@)Vr—(pVr)A(qVr)
@ pV(gAar)—=(pVa)A(pVr)

Forma Normal Conjuntiva: Duas expressGes booleanas s3o
logicamente equivalentes se ambas se reescrevem na mesma forma
normal conjuntiva.
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Q@ (pAg)Vr—(pVr)A(qVr)

@ pV(gnr)—=(pVa A(pVr)

~(pv(gn-n) H —pa-(gr-r) B —pa(=qv—-r) Y ~pa(=gvr)
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F simbolos de func¢des
F = Up>0Fn, Fn simbolos de fungdes de aridade n.
X simbolos de varidveis

T(F, X) conjunto dos termos sobre F e X
e X CT(F,X)

e Vne N, Vf € F: f tem aridade n, Vt,...,tp €
T(F,X), f(t1,....ts) € T(F,X)

Fo = {false, true}, F1 = {—}, Fo={V,A}
F = {false, true,~,V,\}, X = {p,q,r}
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G(F) = T(F,0): Conjunto dos ground terms, o conjunto dos
termos sem varidveis.

—(true V (false N\ —true))

Substitui¢do: o’ : X — T(F, X)
o:T(F,X) — T(F,X)
e o(x) =0d'(x)

o U(f(tl, R tn)) = f(O'(tl), ---,U(tn))

to
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F = {false, true,—,V,\}, X = {p,q,r}

po = true
go = false N\ —true
ro = —(—false \/ (—true A false))

(=(pVvq))o =—((pVqg)o) = ~(poVqo) = —(trueV (false N—true))
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R sistema de reescrita: Relagdo bindria em 7 (X, F)
— R relacdo de reescrita: fecho de R para substituicGes e contextos:
@ Se | =g r e se o0 é uma substituicdo, entdo /o —g ro;

@ Se f € F é tal que f tem aridade n, com n € N, se
t1, .o, thy ooy tn € T(F,X), com k € N, e se ty —R t;, entdo
f(tr, oo tiy s tn) =R F(t1, s by, ooy tn)
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R sistema de reescrita que termina: N3o existe uma sucessio de
termos infinita (t,)nen tal que Vn € N t, =g thi1

R sistema de escrita confluente: Vs, t,u € T(F,X),
S R..o>ptAS—Rr..—pu dve T(]:,X)
t—>R..>RVAU—R ... >RV

Figure: Representa¢do da confluéncia
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t € T(F,X) forma normal: fu € T(F,X): t =g u.

terminacdo + confluéncia = Para todo o termo t, existe um termo
u tal que u é uma forma normale t =g ... g u
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-4.--:— - "‘:'-%I-
Ny o I
._a.—".?l:\'_"' . .?\.-3__._—-—3-

Figure: Confluéncia e terminacdo: A reescrita em si pode n3o ser
deterministica, mas o resultado final é atingido e é sempre o0 mesmo para
0 mesmo termo inicial.
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C classe de complexidade de fungdes recursivas.
FuncBes em geral definidas por recursdo, como por exemplo

© (Recursdes na Notacao)

flexiy) = g(xy)

f(zi,x;y) = hi(z,x,y,f(z,x;¥)), i=0,1
Nex) = wit(x)
Ayi; x) = 5,-(;7r§;2(y;x,/\(y;x))), i=0,1

Rec sistema de reescrita que inclui a(s) igualdade(s) como regra(s):
flex.7) —r 8(%7)
f(zi,x;y) —r, hi(z,x%y7,f(z,%y)), i=0,1

Conclui-se que R¢ termina e é confluente (ground terms).
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Caracterizacao de PTIME via Regras de Reescrita

Através da terminagdo e da confluéncia, retira-se informagdo sobre
a complexidade computacional das fung¢des de Re.

Tempo: Para cada / € N e para cada funcao de aridade / define-se
Dr,.r :=max{n: 3ty, ..., t, ground terms : t; =g, ... =R, tn
Aty =f(my,....,m)}

Espaco: Define-se uma funcio /h dos comprimentos dos simbolos
de func3o, e depois extende-se essa funcdo definindo os
comprimentos de um termo qualquer.
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© (Sequéncia Vazia) £K/(%,7) = ¢

@ (Projecdes) L{,k’l(xl, ey Xk Xk 1y ooy X)) = Xp, L <r < k41

© (Sucessores) S?’l(;x) =xi,i=0,1

o (Condicional) 60;4(; €Y, 20, Zl) =Y, C0;4(; Xi,y, 2o, Zl) = Zi,
i=0,1

@ (Predecessor) P(;¢) =¢, P(;xi)=x,i=0,1

O (Composicoes) SUB:;K,, [F,G1, .o, Grry Hay ooy Hipl(X: ) =
F(G1(%: ), o Gur (%) Ha(%: 7)o Hir (X3 7))

@ (Recursdes na Notacgao)
PRECKTHG, Ho, Ha(e, %: ) = G(%: 7)),

PRECKYG, Ho, Hil(zi, %, ) =
Hi(z,%; 7, PRECKTYI[G, Ho, Hi1](2,X; 7)), i = 0,1



Abordagens a PTIME e a PSPACE via Regras de Reescrita

Caracterizacao de PTIME via Regras de Reescrita




Abordagens a PTIME e a PSPACE via Regras de Reescrita

Caracterizacao de PTIME via Regras de Reescrita

O (Sequéncia Vazia) ¢/ € BX/ vk, 1 € N



Abordagens a PTIME e a PSPACE via Regras de Reescrita

Caracterizacao de PTIME via Regras de Reescrita

O (Sequéncia Vazia) ¢/ € BX/ vk, 1 € N
@ (Projecdes) Uy € BX! Yk, I, reN:1<r<k+



Abordagens a PTIME e a PSPACE via Regras de Reescrita

Caracterizacao de PTIME via Regras de Reescrita

O (Sequéncia Vazia) ¢/ € BX/ vk, 1 € N

@ (Projecdes) Uy € BX! Yk, I, reN:1<r<k+
© (Sucessores) S?’l eB%, i=0,1



Abordagens a PTIME e a PSPACE via Regras de Reescrita

Caracterizacao de PTIME via Regras de Reescrita

O (Sequéncia Vazia) ¢/ € BX/ vk, 1 € N

@ (Projecdes) Uy € BX! Yk, I, reN:1<r<k+
@ (Sucessores) St € B!, i =0,1

Q@ (Condicional) C%* ¢ B%*



Abordagens a PTIME e a PSPACE via Regras de Reescrita

Caracterizacao de PTIME via Regras de Reescrita

O (Sequéncia Vazia) ¢/ € BX/ vk, 1 € N

@ (Projecdes) Uy € BX! Yk, I, reN:1<r<k+
@ (Sucessores) St € B!, i =0,1

Q@ (Condicional) C%* ¢ B%*

@ (Predecessor) P! ¢ 301



Abordagens a PTIME e a PSPACE via Regras de Reescrita

Caracterizacao de PTIME via Regras de Reescrita

O (Sequéncia Vazia) ¢/ € BX/ vk, 1 € N

@ (Projecdes) Uy € BX! Yk, I, reN:1<r<k+
@ (Sucessores) St € B!, i =0,1

Q@ (Condicional) C%* ¢ B%*

@ (Predecessor) P! ¢ 301

O (Composicdes) Sejam k, k', 1. I' € N, e sejam F € Bk
G1 € B0, .., G € BKO, Hy € BR .., Hy € BX!. Entdo
SUBll((;,ll/[fa gla "'7gk’a%17 "'?H//] € Bk’l
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O (Sequéncia Vazia) ¢/ € BX/ vk, 1 € N

@ (Projecdes) Uy € BX! Yk, I, reN:1<r<k+
@ (Sucessores) St € B!, i =0,1

Q@ (Condicional) C%* ¢ B%*

@ (Predecessor) P! ¢ 301

O (Composicdes) Sejam k, k', 1. I' € N, e sejam F € Bk
G1 € B0, .., G € BKO, Hy € BR .., Hy € BX!. Entdo
SUBll((;,ll/[fa gla "'7gk’a%17 "'?H//] € Bk’l

@ (Recursdes na Notacdo) Sejam k,/ € N, e sejam G € BX/,
Ho € BkHLHL o 24, € BKTLIFL Entdo
PREC"“”[Q, Ho, le] c Bk+L/
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Caracterizacao de PTIME via Regras de Reescrita

O (Sequéncia Vazia) ¢/ € BX/ vk, 1 € N

@ (Projecdes) Uy € BX! Yk, I, reN:1<r<k+
@ (Sucessores) St € B!, i =0,1

Q@ (Condicional) C%* ¢ B%*

@ (Predecessor) P! ¢ 301

O (Composicdes) Sejam k, k', 1. I' € N, e sejam F € Bk
G1 € B0, .., G € BKO, Hy € BR .., Hy € BX!. Entdo
SUBll((;,ll/[fa gla "'7gk’a%17 "'?H//] € Bk’l

@ (Recursdes na Notacdo) Sejam k,/ € N, e sejam G € BX/,
Ho € BkHLHL o 24, € BKTLIFL Entdo
PREC"“”[Q, Ho, le] c Bk+L/

B = Uk, jen Bk,



Abordagens a PTIME e a PSPACE via Regras de Reescrita

Caracterizacao de PTIME via Regras de Reescrita

© (Sequéncia Vazia) EX/ ¢ BX! vk | € N

@ (Projecdes) US' € BM! Yk, I,reN:1<r<k+
@ (Sucessores) S”' € BO!, i=0,1

© (Condicional) C%* ¢ B%*

@ (Predecessor) P%! ¢ BO1

@ (Composicdes) Sejam k, k', I,I' € N, e sejam € B¥'"V',
81 € Bk,07 ey 8k € Bk’o, h € Bk’l, ..., hy € B! Entdo
SUBY! I, g1, --rr 8k b, ..o ] € B

@ (Recursdes na Notacdo) Sejam k,/ € N, e sejam g € B¥/,
hg € BktL/I+1 e py € BKHLIHL Ent3o
PRECK1/[g, ho, by] € BK+

B := Uk, jen Bk,
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Caracterizacao de PTIME via Regras de Reescrita




Abordagens a PTIME e a PSPACE via Regras de Reescrita

Caracterizacao de PTIME via Regras de Reescrita

© Ih(EX):=1,Vk, €N



Abordagens a PTIME e a PSPACE via Regras de Reescrita

Caracterizacao de PTIME via Regras de Reescrita

Q Ih(EX):=1,Vk I eN
Q@ hUFY:=1,Vk,l,reN:1<r<k+]



Abordagens a PTIME e a PSPACE via Regras de Reescrita

Caracterizacao de PTIME via Regras de Reescrita

) =
Q@ hUFY:=1,Vk,l,reN:1<r<k+]
):=1,i=0,1



Abordagens a PTIME e a PSPACE via Regras de Reescrita

Caracterizacao de PTIME via Regras de Reescrita

Q Ih(EX):=1,Vk I eN

Q@ hUFY:=1,Vk,l,reN:1<r<k+]
Q@ (s =1,i=0,1

Q /h(C%) =1
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Caracterizacao de PTIME via Regras de Reescrita




Abordagens a PTIME e a PSPACE via Regras de Reescrita

Caracterizacao de PTIME via Regras de Reescrita

PO 1)

/h(SUBk’://[f’glu s k!5 81y oees h/’]) =
1+ Ih(f) + Ih(g1) + ... + Ih(gks) + th(h1) + ... + Ih(hy)

@ /h(EX"):=1,Vk, 1€ N

Q@ Ih(UF):=1,Vk I,reN:1<r<k+]I
Q@ /h(SPh):=1,i=0,1

Q Ih(CO*) =1

Q@ /h(

o



Abordagens a PTIME e a PSPACE via Regras de Reescrita

Caracterizacao de PTIME via Regras de Reescrita

Q@ /n(EX'y:=1, Yk, €N

Q@ hUFY:=1,Vk,l,reN:1<r<k+]
Q@ (s =1,i=0,1

Q /h(C%) =1

Q@ /h(P*):=1

@ Ih(SUB, [ &1, ... 8, 81, .-, hy]) =

1+ Ih(f) + Ih(g1) + ... + Ih(gks) + th(h1) + ... + Ih(hy)
Ih(PREC**Y! g, ho, h1]) := 1+ Ih(g) + Ih(ho) + Ih(hy)
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Caracterizacao de PTIME via Regras de Reescrita




Abordagens a PTIME e a PSPACE via Regras de Reescrita

Caracterizacao de PTIME via Regras de Reescrita

/Nex) = U(x)
Nyizx) = SPGUsA(vix, /\(yix))), i =0,1
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Caracterizacao de PTIME via Regras de Reescrita

/Nex) = U(x)
Nyizx) = SPGUsA(vix, /\(yix))), i =0,1

A = PREC[UYY, SUBL[SY, UL?), sUBL2[S%Y, UL?))



Abordagens a PTIME e a PSPACE via Regras de Reescrita

Caracterizacao de PTIME via Regras de Reescrita

/Nex) = U(x)
Nyizx) = SPGUsA(vix, /\(yix))), i =0,1

A = PREC[UYY, SUBL[SY, UL?), sUBL2[S%Y, UL?))

Ih(n) = In(PREC[U}", SUB;S3", U], SUBG IS, Us?l)
= 1+ Ih(UP) + I(SUBGTISe ™, Us™]) + Ih(SUBG T[Sy, Us])
= 1+ 141+ h(SOY) + Ih(US2)) + (1 + Ih(SOY) + In(UL?))
= 1+1+(Q4+14+1)+(1+1+1)
= 8
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Caracterizacao de PTIME via Regras de Reescrita
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Caracterizacao de PTIME via Regras de Reescrita
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Caracterizacao de PTIME via Regras de Reescrita




Abordagens a PTIME e a PSPACE via Regras de Reescrita

Caracterizacao de PTIME via Regras de Reescrita

Q c:=E%
@ SY'(x) =S x)

0 SY'(x) =SSP

&



Abordagens a PTIME e a PSPACE via Regras de Reescrita

Caracterizacao de PTIME via Regras de Reescrita

Q c:=E%
@ SY'(x) =S x)

0 SY'(x) =SSP

&

001



Abordagens a PTIME e a PSPACE via Regras de Reescrita

Caracterizacao de PTIME via Regras de Reescrita

Q c:=E%

@ 5p"(:x) = 55" (1x)

@ 517(:x) = 5" x)

001

S O A 9)) E GOSN O (19)))
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Caracterizacao de PTIME via Regras de Reescrita




Abordagens a PTIME e a PSPACE via Regras de Reescrita

Caracterizacao de PTIME via Regras de Reescrita

Q@ EN(xq, ., xiiy1, 0 y1) = EOC, Yk, 1 €N k+1>0



Abordagens a PTIME e a PSPACE via Regras de Reescrita

Caracterizacao de PTIME via Regras de Reescrita

Q@ EN(xq, ., xiiy1, 0 y1) = EOC, Yk, 1 €N k+1>0
2] Uf’I(XL ~-7Xk?Xk+1,---,Xk+/) —x, 1 <r<k+1



Abordagens a PTIME e a PSPACE via Regras de Reescrita

Caracterizacao de PTIME via Regras de Reescrita

O EN(x1yyxkiya, o yi) = EO0, Yk, I €N k+1>0
@ Ur (X1, ooy Xk Xt 1y oo Xet) = Xr, 1< 1 <kt
o PO,l(;E0,0) — E0,0



Abordagens a PTIME e a PSPACE via Regras de Reescrita

Caracterizacao de PTIME via Regras de Reescrita

Q@ ENI(x1, s xiiy1y o y)) = EPO Yk 1 €N k+1>0
© Ul (X, ey Xbi Xhet 1y s Xhpt) = Xry L< 7 < k41

POl( EOO) EOO
=



Abordagens a PTIME e a PSPACE via Regras de Reescrita

Caracterizacao de PTIME via Regras de Reescrita

Q@ ER(xt, ey Xk Y1y oo i) — EOO, Yk, I €N k+1>0
° UkI(le s Xks Xk 1y ooy Xkt d) = Xp, LS r < k41

POl(,E ) EOO
Q PY(;xi) — x, i€ {0,1}
o C04('E 7y7207zl)_>y



Abordagens a PTIME e a PSPACE via Regras de Reescrita

Caracterizacao de PTIME via Regras de Reescrita

Q@ ENI(x1, s xiiy1y o y)) = EPO Yk 1 €N k+1>0
Q UkI(Xl7 s Xl Xk4-15 - ..,Xk+/) —x, 1 <r<k+1
o POl(,EOO)_>E00
Q PY(;xi) — x, i € {0,1}
Q@ CO%GE®S vy, z9,21) = y
Q C%(;xi,y,z0,21) — 2z



Abordagens a PTIME e a PSPACE via Regras de Reescrita

Caracterizacao de PTIME via Regras de Reescrita

o
2 )
o
o
o
o
o

Ek’(xl, Xk Y1y Y1) — EOO Yk 1 €N k+1>0
(X7 s Xk Xkl ooy Xkt) = Xpy, 1< r < k+1

PO 1( ) EOO

POL(;xi) — x, i € {0,1}

C04( E007y7207zl) —Yy

CO4(,X/,y,ZO,Z]_) — Zj

SUB/I:/{//[f’gla ey 8K hi, ..., h//](Xl, ey Xk V1, ...,y/) —

f(gl(xlw")xk;)""7gk’(xla"'7Xk;);h1(xla'"7Xk;y17"',y/)7'"7

h//(Xla"'an;ylv"'vy/))
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Caracterizacao de PTIME via Regras de Reescrita

o Ek’(xl, Xk Y1y Y1) — EOO Yk 1 €N k+1>0

QU (X7 s Xk Xkl ooy Xkt) = Xpy, 1< r < k+1

o POl(, ) EOO

Q PY(;xi) — x, i € {0,1}

@ CO*GE™,y,20,21) > y

Q C%(;xi,y,z0,21) — 2z

Q SUB/I:/{//[f’gla e 8kt By ey h//](Xl, ey Xk V1, ...,y/) —
F(g1(X1y ooy Xk3 )y eees 8k (X1 ooy Xk3 )3 PL(XLy ooy Xks Y1y ey Y1)y oeny
By (X1 ey Xks Y1y ooy V1))

Qo PRECk+1’I[g, ho,h1](E0’0,x1,...,xk;y1,...,y/) —

8(X1, ey Xk Y1y ey V1)
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Caracterizacao de PTIME via Regras de Reescrita

o
2 )
o
o
o
o
o

Ek’(xl, Xk Y1y Y1) — EOO Yk 1 €N k+1>0
(X7 s Xk Xkl ooy Xkt) = Xpy, 1< r < k+1

PO 1(, ) EOO

POL(;xi) — x, i € {0,1}

CO4GEX y 29, 21) — y

CO%(;xi,y,20,21) — zi

SUB/I:/{//[f’gla ey 8K hi, ..., h//](Xl, ey Xk V1, ...,y/) —

F(g1(X1y ooy Xk3 )y eees 8k (X1 ooy Xk3 )3 PL(XLy ooy Xks Y1y ey Y1)y oeny

By (X1 ey Xks Y1y ooy V1))

Qo PRECk+1’I[g, ho,h1](E0’0,x1,...,xk;y1,...,y/) —
8(X1, ey Xk Y1y ey V1)

Q@ PRECKVIg, ho, h1](Si(; 2), X1y ooy Xki Y15 oy Y1) —

hi(z, X1, .., Xi; Y15 -, Y1, PREC|g, ho, h1](z, X1, ..o Xk 1, -, W1)),
ie{0,1}
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Caracterizacao de PTIME via Regras de Reescrita




Abordagens a PTIME e a PSPACE via Regras de Reescrita

Caracterizacao de PTIME via Regras de Reescrita

DRry.f :=max{n: 3ty, ..., t, ground terms : t; =g, ... =R, tn
Aty =f(my,...,mg; n,...,n)}
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Caracterizacao de PTIME via Regras de Reescrita

DRry.f :=max{n: 3ty, ..., t, ground terms : t; =g, ... =R, tn
Aty =f(my,...,mg; n,...,n)}

@ Para f = EX/, Uf’l coml1l<r<k+/1, 5?’1, PO1 C%% aonde
f € BX!, define-se gr(my,...,m) =1+ Zf-;l mj
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Caracterizacao de PTIME via Regras de Reescrita

DRry.f :=max{n: 3ty, ..., t, ground terms : t; =g, ... =R, tn
Aty =f(my,...,mg; n,...,n)}

@ Para f = EX/, Uf’l coml1l<r<k+/1, 5?’1, PO1 C%% aonde
f € BX!, define-se gr(my,...,m) =1+ Zf-;l mj

Q@ Paraf = SUB:;’I,,[f,gl,...,gk/, hi, ..., hy] define-se
gr(my,...,my) =
q,;(qgl(ml7 ey MK )y ey qgk,(ml, ey mk))—l—Zf-/:l qn;(m1, ..., my)



Abordagens a PTIME e a PSPACE via Regras de Reescrita

Caracterizacao de PTIME via Regras de Reescrita

DRry.f :=max{n: 3ty, ..., t, ground terms : t; =g, ... =R, tn
Aty =f(my,...,mg; n,...,n)}

@ Para f = EX/, Uf” coml<r<k+]/, 5?’1, PO1 C%% aonde
f € BX! define-se qgr(my,....mg) =1+ Zf-;l mj

Q@ Paraf = SUB:;’I,,[f,gl,...,gk/, hi, ..., hy] define-se
gr(my,...,my) = /
q7(qg (M1, ..., mk), .., Gg,, (M, ... mk))—l—Zf-:l qn;(m1, ..., my)

© Para f = PRECK+V/[g, hy, hy], define-se qf(m, my, ..., my) =
m X (G (m, m1, ..., m) + qp, (M, my, ..., my)) + qg(m1, ..., my)
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Caracterizacao de PTIME via Regras de Reescrita

DRry.f :=max{n: 3ty, ..., t, ground terms : t; =g, ... =R, tn
Aty =f(my,...,mg; n,...,n)}

@ Para f = EX/, Uf” coml<r<k+]/, 5?’1, PO1 C%% aonde
f € BX! define-se qgr(my,....mg) =1+ Zf-;l mj

Q@ Paraf = SUB:;’I,,[f,gl,...,gk/, hi, ..., hy] define-se
gr(my,...,my) = /
q7(qg (M1, ..., mk), .., Gg,, (M, ... mk))—l—Zf-:l qn;(m1, ..., my)

© Para f = PRECK+V/[g, hy, hy], define-se qf(m, my, ..., my) =
m X (G (m, m1, ..., m) + qp, (M, my, ..., my)) + qg(m1, ..., my)

Se f € B¥/, ent3o
|p(F)(my, ..., my; ny, ..y mp)| < qe([ma, ..., [mi|) + maxi<i</ |nj],
Vmy,...,mg,ng,....,n; €N
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Caracterizacao de PTIME via Regras de Reescrita




Abordagens a PTIME e a PSPACE via Regras de Reescrita

Caracterizacao de PTIME via Regras de Reescrita

I(f(sl, T 5 T t/)) =

=

/
— o(F)(16(s)]l(50)) (ZI +> 1( )+/h(f)>
i=1

i=1
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Caracterizacao de PTIME via Regras de Reescrita




Abordagens a PTIME e a PSPACE via Regras de Reescrita

Caracterizacao de PTIME via Regras de Reescrita

@ Paraf = Ek”, Uf’l coml<r<k+/[ Sio’l, pPO1 04 aonde
fe Bk’l, define-se Io(f)(ml, ey mk) =0
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Caracterizacao de PTIME via Regras de Reescrita

@ Paraf = Ek”, US! com 1 <r<k+I, Sio’l, pPO1 04 aonde

r

f € BX!, define-se To(f)(my,...,me) =0

e IO(SUBIl((;fl/[fvgla ey Bk hlv ceey h/’])(mly Sxz) mk) =
To(F)(qg (m1, ... mk), ..., Gg,, (M1, .oy M) +
i To(g) (ma, oo mi) + Y01y To(hi)(my, . my) + 1
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Caracterizacao de PTIME via Regras de Reescrita

@ Paraf = E"”7 Uf’l coml<r<k+/[ Sio’l, pPO1 04 aonde
fe Bk’l, define-se Io(f)(ml, ey mk) =0

e IO(SUBIl((;fl/[fvgla ey Bk hlv ceey h/’])(mly Sxz) mk) =
To(F)(qg (m1, ... mk), ..., Gg,, (M1, .oy M) +
i To(g) (ma, oo mi) + Y01y To(hi)(my, . my) + 1

@ Io(PRECK (g, ho, h])(my, ..., mi) =
m X (IO(hO)(ma my, ..., mk) + IO(hl)(ma my, ..., mk)) +
IO(g)(m17 ceey mk)
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Caracterizacao de PTIME via Regras de Reescrita




Abordagens a PTIME e a PSPACE via Regras de Reescrita

Caracterizacao de PTIME via Regras de Reescrita

Ses,t € G(B) e s =R, t, entdo I(s) > I(t)
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Caracterizacao de PTIME via Regras de Reescrita

Ses,t € G(B) e s =R, t, entdo I(s) > I(t)

Como t; —Rg ... =R, tn implica que n < I(t1), entdo
Dre.r < I(f(my,...,m; ny, ..., np))
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Caracterizacao de PTIME via Regras de Reescrita

Ses,t € G(B) e s =R, t, entdo I(s) > I(t)

Como t; —Rg ... =R, tn implica que n < I(t1), entdo
Dre.r < I(f(my,...,m; ny, ..., np))

Prova-se o lema provando que /(sc) > I(to) para cada s =g, t e
para cada substituicao ground.
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Caracterizacao de PTIME via Regras de Reescrita

Ses,t € G(B) e s =R, t, entdo I(s) > I(t)

Como t; —Rg ... =R, tn implica que n < I(t1), entdo
Dre.r < I(f(my,...,m; ny, ..., np))

Prova-se o lema provando que /(sc) > I(to) para cada s =g, t e
para cada substituicao ground.

DRBf(m) Z 2\m|
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Caracterizacao de PTIME via Regras de Reescrita
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Caracterizacao de PTIME via Regras de Reescrita

Q@ EN(xq, ., xiiy1, 0 y1) = EOC, Yk, 1 €N k+1>0
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Caracterizacao de PTIME via Regras de Reescrita

Q@ EN(xq, ., xiiy1, 0 y1) = EOC, Yk, 1 €N k+1>0
2] Uf’I(XL ~-7Xk?Xk+1,---,Xk+/) —x, 1 <r<k+1



Abordagens a PTIME e a PSPACE via Regras de Reescrita

Caracterizacao de PTIME via Regras de Reescrita

O EN(x1yyxkiya, o yi) = EO0, Yk, I €N k+1>0
@ Ur (X1, ooy Xk Xt 1y oo Xet) = Xr, 1< 1 <kt
o PO,l(;E0,0) — E0,0
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Caracterizacao de PTIME via Regras de Reescrita

Q@ ENI(x1, s xiiy1y o y)) = EPO Yk 1 €N k+1>0
© Ul (X, ey Xbi Xhet 1y s Xhpt) = Xry L< 7 < k41

POl( EOO) EOO
=
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Caracterizacao de PTIME via Regras de Reescrita

Q@ ER(xt, ey Xk Y1y oo i) — EOO, Yk, I €N k+1>0
° UkI(le s Xks Xk 1y ooy Xkt d) = Xp, LS r < k41

POl(,E ) EOO
Q PY(;xi) — x, i€ {0,1}
o C04('E 7y7207zl)_>y



Abordagens a PTIME e a PSPACE via Regras de Reescrita

Caracterizacao de PTIME via Regras de Reescrita

Q@ ENI(x1, s xiiy1y o y)) = EPO Yk 1 €N k+1>0
Q UkI(Xl7 s Xl Xk4-15 - ..,Xk+/) —x, 1 <r<k+1
o POl(,EOO)_>E00
Q PY(;xi) — x, i € {0,1}
Q@ CO%GE®S vy, z9,21) = y
Q C%(;xi,y,z0,21) — 2z



Abordagens a PTIME e a PSPACE via Regras de Reescrita

Caracterizacao de PTIME via Regras de Reescrita

o
2 )
o
o
o
o
o

Ek'(Xb Xk Y1y s y1) — E®0 Yk 1 €N k+1>0
(X Ly ooy Xk Xk 1y ooy Xk) = Xy LS <k

PO 1( ) —y E00

POL(;xi) — x, i € {0,1}

C04( E007y7207zl) -y

CO4(,XI,y,ZO,Z]_) — Zj

SUBII:,{I,[f,g]_, vy B! hl; ceey h//](Xl, ooy Xiey M, ,ﬂ) —

f(gl(xl’”"xk;)"”7gk/(X1’"’7Xk;);hl(Xlu"‘7Xk;ﬂ7"'7ﬂ)7~..7

hyr (X1, ..oy Xk N1, -0y 7))
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Caracterizacao de PTIME via Regras de Reescrita

o Ek’(xl, Xk Y1y Y1) — EOO Yk 1 €N k+1>0

QU (X7 s Xk Xkl ooy Xkt) = Xpy, 1< r < k+1

o POl(, ) EOO

Q PY(;xi) — x, i € {0,1}

@ CO*GE™,y,20,21) > y

Q C%(;xi,y,z0,21) — 2z

@ SUB,[f, 81, @k by, ooy byl (X1, ooy s 1,y 1) —
flgr(Xty ooy Xici ), s 8k (X1y oos Xk ); h1(XLs ooy Xis DL, <oy 1), e
hyr (X1, ..oy Xk N1, -0y 7))

Q@ PRECKM[g ho, m](E®®, X1, ..., xk; N1, ey ) —

g(X1, oy Xk; N1, ..y ny)
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o
2 )
o
o
o
o
o

Ek’(xl, Xk Y1y Y1) — EOO Yk 1 €N k+1>0
(X7 s Xk Xkl ooy Xkt) = Xpy, 1< r < k+1

PO 1(, ) EOO

POL(;xi) — x, i € {0,1}

CO4GEX y 29, 21) — y

CO%(;xi,y,20,21) — zi

SUB:;K,,[f,gl, s 8Ky Iy By ) (X, e Xi 1, e, ) —

F(g1(Xty s Xki )y oves 8kt (XL oy X3 )5 hL (XL, oy Xk DL, ey 1), o

hyr (X1, ..oy Xk N1, -0y 7))

Q@ PRECKM[g ho, m](E®®, X1, ..., xk; N1, ey ) —

g(X1, oy Xk; N1, ..y ny)

PRECK+1![g o, h1](Si(; 2), X1y ey Xki N1, vy 1) —

hi(z, x1, ..., xk; ny, ..., ni, PREC|g, ho,hl](z,x;...,xk;ﬂ,...
ie{0,1}

)

,ni)),
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Caracterizacao de PTIME via Regras de Reescrita

Dpy, ¢ := max{n: 3t1,..., t, ground terms : t| =gy ... =gy tn
Aty = F(my, e, miG 0y, e, mp)}
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Caracterizacao de PTIME via Regras de Reescrita

Dpy, ¢ := max{n: 3t1,..., t, ground terms : t| =gy ... =gy tn
Aty = F(my, e, miG 0y, e, mp)}

J(f(sl, ey Sk 1, e t/)) =

= Jo(F)(|d(s1)], -, [¢(sn)])
k I
X (Z J(si) + max lp(t)] + 1> + ) I(t) + Ih(f)

i=1 i=1
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Caracterizacao de PTIME via Regras de Reescrita




Abordagens a PTIME e a PSPACE via Regras de Reescrita

Caracterizacao de PTIME via Regras de Reescrita

Q Para f = E00 P! POl €04 define-se Jo(f) =0
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Caracterizacao de PTIME via Regras de Reescrita

Q Para f = E00 P! POl €04 define-se Jo(f) =0

Q@ Paraf = Ek”, Uf’l com 1 < r < k + | define-se
Jo(f)(ml, ceny mk) = ]_
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Caracterizacao de PTIME via Regras de Reescrita

Q Para f = E00 P! POl €04 define-se Jo(f) =0

Q@ Paraf = Ek”, Uf’l com 1 < r < k + | define-se
Jo(f)(ml, ceny mk) = ]_

(3 ) Jo(SUBt;f/,[f, 81,---5 8k’ hl, ceey h//])(ml, ceey mk) =
Jo(f)(qgl(ml, vy mk), vy qgk,(ml, ey mk))x
(St [To(@i)(my, . mie) + Th(gi)] + 31—y G, (ma, ..., i) +
1)+ 30, Jo(h)(ma, ey mi) + 1 x I
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Caracterizacao de PTIME via Regras de Reescrita

Q Para f = E00 P! POl €04 define-se Jo(f) =0

Q@ Paraf = Ek”, Uf’l com 1 < r < k + | define-se
Jo(f)(ml, ceny mk) = ]_

(3 ) Jo(SUBt;f/,[f, 81,---5 8k’ hl, ceey h//])(ml, ceey mk) =
Jo(f)(qgl(ml, vy mk), vy qgk,(ml, ey mk))x
(St [To(@i)(my, . mie) + Th(gi)] + 31—y G, (ma, ..., i) +
1)+ 30, Jo(h)(ma, ey mi) + 1 x I

Q@ Jo(PRECK (g, ho, m])(my, ..., my) =
m X ([Jo(ho)(m, mi, ..., mk) + Jo(hl)(m, mi, ..., mk)] X
qf(m7 my, ..., mk)+l+max{/h(h0)? Ih(hl)})+J0(g)(m17 ) mk)
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Caracterizacao de PTIME via Regras de Reescrita

Ses,t € G(B) es —pg, t, entdo J(s) > J(t)
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Caracterizacdo de PSPACE via Regras de
Reescrita
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Caracterizacao de PSPACE via Regras de Reescrita

@ (Sequéncia Vazia) £X/(%,7) =
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Caracterizacao de PSPACE via Regras de Reescrita

© (Sequéncia Vazia) £4/(%,7) = ¢

@ (Projecgoes) L{,k’l(xl, ey Xk Xkt Ly ooy Xnd) = Xr, 1< r < k+1
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Caracterizacao de PSPACE via Regras de Reescrita

© (Sequéncia Vazia) £4/(%,7) = ¢

@ (Projecgoes) L{,k’l(xl, ey Xk Xkt Ly ooy Xnd) = Xr, 1< r < k+1
© (Sucessores) S?’l(;x) =xi,i=0,1
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Caracterizacao de PSPACE via Regras de Reescrita

© (Sequéncia Vazia) £4/(%,7) = ¢
@ (Projecgoes) L{,k’l(xl, ey Xk Xkt Ly ooy Xnd) = Xr, 1< r < k+1
© (Sucessores) S?’l(;x) =xi,i=0,1

@ (Condicional) C%*(;¢,y,z0,z1) = y, CO*(;xi,y, 20, 21) = z,
i=0,1
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Caracterizacao de PSPACE via Regras de Reescrita

© (Sequéncia Vazia) £4/(%,7) = ¢
@ (Projecgoes) L{,k’l(xl, ey Xk Xkt Ly ooy Xnd) = Xr, 1< r < k+1
© (Sucessores) S?’l(;x) =xi,i=0,1

@ (Condicional) C%*(;¢,y,z0,z1) = y, CO*(;xi,y, 20, 21) = z,
i=0,1

© (Predecessor) P(;¢) =€, P(;xi) =x,i=0,1
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Caracterizacao de PSPACE via Regras de Reescrita

© (Sequéncia Vazia) £4/(%,7) = ¢
@ (Projecgoes) L[,k’l(xl, ey Xk Xkt Ly ooy Xnd) = Xr, 1< r < k+1
© (Sucessores) S?’l(;x) =xi,i=0,1

@ (Condicional) C%*(;¢,y,z0,z1) = y, CO*(;xi,y, 20, 21) = z,
i=0,1

© (Predecessor) P(;¢) =€, P(;xi) =x,i=0,1

@ (Composicdes) SUB:,’f,, [F, G5y G Hay s Hi (X0 7) =
F(G1(%:), - G (%) Ha(X: 7)o Hir (%3 7))
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Caracterizacao de PSPACE via Regras de Reescrita

© (Sequéncia Vazia) £4/(%,7) = ¢
@ (Projecgoes) L[,k’l(xl, ey Xk Xkt Ly ooy Xnd) = Xr, 1< r < k+1
© (Sucessores) S?’l(;x) =xi,i=0,1

@ (Condicional) C%*(;¢,y,z0,z1) = y, CO*(;xi,y, 20, 21) = z,
i=0,1

© (Predecessor) P(;¢) =€, P(;xi) =x,i=0,1

@ (Composicoes) SUB:,’f,, [F,G1,y .o, Grry Hay ooy Hpl(X: ) =
F(G1(%:), oy Grr (%) Ha (X3 7)o Hi (%5 7))
@ (Recursdes em Arvore)
TRECK2![G, H](p, e, % 7) = G(p, €, X; 7).
TRECK21[G H](p, zi, %, 7) =
H(p, zi, %; 7, TRECK2![G, H](pO, z, %; 7),
TRECK21[G, H](pl,z,%; 7)), i = 0,1
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Caracterizacao de PSPACE via Regras de Reescrita
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Caracterizacao de PSPACE via Regras de Reescrita

@ (Recursdes em Arvore)
TRECK2![G, H](p, e, % 7) = G(p, €, X; 7).
TRECK2!G, H](p, zi, %, 7) =
H(p, zi, %; y, TRECK2![G. H](p0, z, %; 7),
TRECK2![G, H](p1,2,%;7)), i = 0,1
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Caracterizacao de PSPACE via Regras de Reescrita

@ (Recursdes em Arvore)
TREC*2'G, H](p, e, %;7) = G(p, €, %: 7).
TRECK2IG, H](p, zi, %, 7) =
H(p, zi, %; 7, TRECKT2![G, H](pO, z, X; ¥),
TRECK211G, H](pl, z, X; y)) i=0,1

o ~_,
S\ O\,

az.a./\.on o, /\, ; 14 40,,./\;.,1 ", /\, M
TRWAY ./\A NN WA
ased ut:1 ;qnt;n»n udlb wn m'h a-m I|m: 4nzq:m.‘lﬂﬂ 'nn; M.n.'vm.’i’lﬂ

Figure: llustracdo da Recursdo em Arvore
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Caracterizacao de PSPACE via Regras de Reescrita

o E\n
N\ O\

‘"'"/\‘m 01 ./\."” oo ./\’.""1 Mo, / Y Al
IL/L /\,/L IV AN

¢ o0 e o0 o e o0 o
Qnod Qb equuorn n4ca n-m m"la n-m loae Apoq 40 101 hoo Morapy 411



Abordagens a PTIME e a PSPACE via Regras de Reescrita

Caracterizacao de PSPACE via Regras de Reescrita

/ .i\,q
.\ N,

mn./\.oa1 LI /\ a1q 100 ./\..q.., Mo, /\, M
e %‘“‘/\ /ﬁf“’ N LA

¢ o0 e o0 o e o0 o
Qnod Qb equuorn n4ca n-m m"la n-m loae Apoq 400 101 Nod Morapy 411
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Caracterizacao de PSPACE via Regras de Reescrita
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Caracterizacao de PSPACE via Regras de Reescrita

PSPACE C {F: ({0,1}*)"™ — {0,1}* | ,m €N, n+m > 1}

é o menor conjunto das funcdes definidas a partir das funcdes
iniciais
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Caracterizacao de PSPACE via Regras de Reescrita

PSPACE C {F: ({0,1}*)"™ — {0,1}* | n,meN, n+ m > 1}
é o menor conjunto das funcdes definidas a partir das funcdes
iniciais

O (Sequéncia Vazia) £™™, n,m € N;
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Caracterizacao de PSPACE via Regras de Reescrita

PSPACE C {F: ({0,1}*)"™ — {0,1}* | n,meN, n+ m > 1}
é o menor conjunto das funcdes definidas a partir das funcdes
iniciais

O (Sequéncia Vazia) £™™, n,m € N;

@ (Projecdes) Z/{j"’m, Vn,m,j € Ntaisquel <j<n+ m;
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Caracterizacao de PSPACE via Regras de Reescrita

PSPACE C {F: ({0,1}*)"™ — {0,1}* | n,meN, n+ m > 1}
é o menor conjunto das funcdes definidas a partir das funcdes
iniciais

O (Sequéncia Vazia) £™™, n,m € N;

@ (Projecdes) Z/{j"’m, Vn,m,j € Ntaisquel <j<n+ m;

© (Sucessores) S;, Vi € {0,1};
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Caracterizacao de PSPACE via Regras de Reescrita

PSPACE C {F: ({0,1}*)"™ — {0,1}* | n,meN, n+ m > 1}
é o menor conjunto das funcdes definidas a partir das funcdes
iniciais

O (Sequéncia Vazia) £™™, n,m € N;

@ (Projecdes) Z/{j"’m, Vn,m,j € Ntaisquel <j<n+ m;

© (Sucessores) S;, Vi € {0,1};

Q (Condicional) C;
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Caracterizacao de PSPACE via Regras de Reescrita

PSPACE C {F: ({0,1}*)"™ — {0,1}* | n,meN, n+ m > 1}
é o menor conjunto das funcdes definidas a partir das funcdes
iniciais

O (Sequéncia Vazia) £™™, n,m € N;

@ (Projecdes) Z/{j"’m, Vn,m,j € Ntaisquel <j<n+ m;

© (Sucessores) S;, Vi € {0,1};
Q (Condicional) C;
© (Predecessores) P;
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Caracterizacao de PSPACE via Regras de Reescrita

PSPACE C {F: ({0,1}*)"™ — {0,1}* | n,meN, n+ m > 1}
é o menor conjunto das funcdes definidas a partir das funcdes
iniciais

O (Sequéncia Vazia) £™™, n,m € N;

@ (Projecdes) Z/{j"’m, Vn,m,j € Ntaisquel <j<n+ m;

© (Sucessores) S;, Vi € {0,1};

Q (Condicional) C;

© (Predecessores) P;
e fechada para os seguintes esquemas
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Caracterizacao de PSPACE via Regras de Reescrita

PSPACE C {F: ({0,1}*)"™ — {0,1}* | n,meN, n+ m > 1}
é o menor conjunto das funcdes definidas a partir das funcdes
iniciais

O (Sequéncia Vazia) £™™, n,m € N;

@ (Projecdes) Z/{j"’m, Vn,m,j € Ntaisquel <j<n+ m;

© (Sucessores) S;, Vi € {0,1};

Q (Condicional) C;

© (Predecessores) P;
e fechada para os seguintes esquemas

Q (Substituicdo) SUB." [F,G1,...,Gn, H1, ..., Hir], com
n,m,n’,m €N, com F funcio de aridade ' + m’ e Gy, ...,Gy
e Hi, ..., Hpy funcGes de aridades n+ 0 e n+ m,

respetivamente;
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Caracterizacao de PSPACE via Regras de Reescrita

PSPACE C {F: ({0,1}*)"™ — {0,1}* | n,meN, n+ m > 1}
é o menor conjunto das funcdes definidas a partir das funcdes
iniciais
O (Sequéncia Vazia) £™™, n,m € N;
@ (Projecdes) Z/{j"’m, Vn,m,j € Ntaisquel <j<n+ m;
© (Sucessores) S;, Vi € {0,1};
Q (Condicional) C;
© (Predecessores) P;
e fechada para os seguintes esquemas
O (Substituicdo) SUB:,’zq,[]:, G1y-s Gy Hiy ooy Hpy], com
n,m,n’,m €N, com F funcio de aridade ' + m’ e Gy, ...,Gy
e Hi, ..., Hpy funcGes de aridades n+ 0 e n+ m,
respetivamente;
@ (Recursio em Arvore) TREC"™>M(G, H], com G e H
fungdes de aridades (n+2) + me (n+2) 4+ (m+ 2),
respetivamente.



Abordagens a PTIME e a PSPACE via Regras de Reescrita

Caracterizacao de PSPACE via Regras de Reescrita

PSPACE é o menor conjunto dos simbolos de fun¢des definidas a
partir dos simbolos de func¢des iniciais

O (Sequéncia Vazia) E™™, n,m € N;

@ (Projecdes) UJ-""", Vn,m,j €ENtaisquel<j<n+m;

© (Sucessores) S;, Vi € {0,1};

© (Condicional) C;

© (Predecessores) P;

e fechada para os seguintes esquemas

@ (Substituicdo) SUB,':,’,'Zq,[f,gl, s &y P15 ooy Ay], com
n,m,n’,m €N, com F funcio de aridade n + m’' e g1, ..., gw
e hi,..., hyy funcoes de aridades n+0 e n+ m,
respetivamente;

@ (Recursio em Arvore) TREC"t2™[g h], com g e h funcdes
de aridades (n+2) 4+ m e (n+2) 4+ (m + 2), respetivamente.
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Caracterizacao de PSPACE via Regras de Reescrita
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Caracterizacao de PSPACE via Regras de Reescrita

TREE™?2m+2[g h]
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Caracterizacao de PSPACE via Regras de Reescrita

TREE™T2m+2[g h]

PSPACE™ = PSPACE U { TREE™2™+2[g h] :n,m e NAg €
PSPACE™ 2™ A h € PSPACE""2m+2}
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Caracterizacao de PSPACE via Regras de Reescrita
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Caracterizacao de PSPACE via Regras de Reescrita
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Caracterizacao de PSPACE via Regras de Reescrita
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Caracterizacao de PSPACE via Regras de Reescrita
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Caracterizacao de PSPACE via Regras de Reescrita
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Caracterizacao de PSPACE via Regras de Reescrita
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Caracterizacao de PSPACE via Regras de Reescrita
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Caracterizacao de PSPACE via Regras de Reescrita
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Caracterizacao de PSPACE via Regras de Reescrita
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Caracterizacao de PSPACE via Regras de Reescrita
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Caracterizacao de PSPACE via Regras de Reescrita

Define-se a fungcdo comprimento de um simbolo de fungdo,
Ih : PSPACE — N7, indutivamente, da seguinte forma:
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Caracterizacao de PSPACE via Regras de Reescrita

Define-se a fungcdo comprimento de um simbolo de fungdo,
Ih : PSPACE — N7, indutivamente, da seguinte forma:

Q@ Ih(EM™):=1,Yn,meN;
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Caracterizacao de PSPACE via Regras de Reescrita

Define-se a fungcdo comprimento de um simbolo de fungdo,
Ih : PSPACE — N7, indutivamente, da seguinte forma:

@ Ih(E™™) =1, ¥n,m € N;
@ /h(U"™):=1,Vn,m,j €N tais que 1 < j < n+m;
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Caracterizacao de PSPACE via Regras de Reescrita

Define-se a fungcdo comprimento de um simbolo de fungdo,
Ih : PSPACE — N7, indutivamente, da seguinte forma:

@ Ih(E™™) =1, ¥n,m € N;
@ /h(U"™):=1,Vn,m,j €N tais que 1 < j < n+m;
Q@ /h(S;) =1, Vie{0,1};
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Caracterizacao de PSPACE via Regras de Reescrita

Define-se a fungcdo comprimento de um simbolo de fungdo,
Ih : PSPACE — N7, indutivamente, da seguinte forma:

o /h(E””") :=1,VYn,meN;

elh( ™ :=1,Vn,m,j e Ntaisque 1 <j<n+m;
Q /h(S )_1 Vi e {0,1};

Q Ih(C) =
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Caracterizacao de PSPACE via Regras de Reescrita

Define-se a fungcdo comprimento de um simbolo de fungdo,
Ih : PSPACE — N7, indutivamente, da seguinte forma:

o /h(E””") :=1,VYn,meN;

Q@ /h(U’ /; ™ :=1,Vn,m,j e Ntaisque 1 <j<n+m;
Q /h(S;) =1, Vie{0,1};

Q Ih(C) =

Q@ /h(P) =
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Caracterizacao de PSPACE via Regras de Reescrita

Define-se a fungcdo comprimento de um simbolo de fungdo,
Ih : PSPACE — N7, indutivamente, da seguinte forma:

lh(E””") :=1,Vn,meN;
Ih(U} /; ™ :=1,Vn,m,j e Ntaisque 1 <j<n+m;
Ih(S) =1, v,e{o 1};
Ih(C) :=
Ih(P) :=
/h(SUB”’" [f, 81, 8wy b1y oo her]) =
L+ Ih(g) + 27y Ihgi) + Y77 Ih(hi);

009090
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Caracterizacao de PSPACE via Regras de Reescrita

Define-se a fungcdo comprimento de um simbolo de fungdo,
Ih : PSPACE — N7, indutivamente, da seguinte forma:

) /h(E””") =1, Vn,meN;
Q h(U! /; ™) :=1,Vn,m,j € Ntaisque 1 <j < n+ m;
0 Ih(S;) =1, v,e{o 1};
Q /h(C) =
Q@ /h(P) =
o /h(SUB"m [f g1, s &y b1,y hiy]) =
1+ Ih(g) + S0y Ih(gi) + Sy th(hy);
@ In(TREC™2m[g h]) := 1+ Ih(g) + Ih(h);
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Caracterizacao de PSPACE via Regras de Reescrita

Define-se a fungcdo comprimento de um simbolo de fungdo,
Ih : PSPACE — N7, indutivamente, da seguinte forma:

lh(E””") :=1,Vn,meN;
Ih(U} /; ™ :=1,Vn,m,j e Ntaisque 1 <j<n+m;
Ih(S) =1, V:e{O 1};
Ih(C) :=
Ih(P) :=
/h(SUB”’" [f, 81, 8wy b1y oo her]) =
L+ Ih(g) + 27y Ihgi) + Y77 Ih(hi);
Ih(TREC™2m[g h]) := 1+ Ih(g) + Ih(h);
Ih( TREE™2m+2[g h]) := 1+ Ih(g) + Ih(h);

009090

© 0
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Q@ E"m™ - E%0 Vn.meN
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Q@ E"m™ - E%0 Vn.meN
(2 ljjf”m(xl, s Xy Xng 1y oy Xngm) = X, 1< j<n+m
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Caracterizacao de PSPACE via Regras de Reescrita

Q@ E"m™ - E%0 Vn.meN
Q U (X1s ey Xns X1y e Xnkem) = Xjs 1< j<n+m
Q@ P(; E®0) — EO0
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Q@ E"m™ - E%0 Vn.meN

(2] U;’m(xl, s Xy Xng 1y oy Xngm) = X, 1< j<n+m
Q@ P(; E®0) — EO0

Q P(;Si(;x)—x, i€{0,1}
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Caracterizacao de PSPACE via Regras de Reescrita

Q@ E"m™ - E%0 Vn.meN

(2] Up’m(xl,.. Xpi Xnt 1y oos Xntm) = X, 1 <j<n+m
( EOO)—>E00
PG Si(;x)) — x, i€{0,1}

C(ie,y.20,21) = y
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Q@ E"™ — E%0 Yn.meN
o U":m(xl7 s Xy Xng 1y oy Xngm) = X, 1< j<n+m
P(; EO0) — E00
P(;Si(;x)) = x, i€{0,1}
Ciie,y,20,21) = y
C(;Si(;x),y.20,21) =z, i€{0,1}
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Caracterizacao de PSPACE via Regras de Reescrita

o
2]
o
o
o
o
o

Emm — E%0 Yn.meN
Uj (X1, ooy Xny Xn 1y oy Xnm) = X, 1<j<n+m
( EOO)_> EOO
PG Si(;x)) — x, i€{0,1}
Ciie,y,20,21) = y
C(;Si(;x),y,20,21) — 2z, i€{0,1}
SUan [f 81, - .,g,,/,hl,...,hm/](xl,...,x,,;yl,...,ym) —
(gl(xl,.. Xni )y eees 8t (X0y ooy Xy )i PL(X1y coey Xns Y1y ooy Yim )y oovs
Pt (X215 <oes Xni Y1y ooy Ym))
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Q@ E"m™ - E%0 Vn.meN

2] UJ (le'- Xn;Xn+17---aXn+m) — X, 1<;<n+m

o ( EOO)_> EOO

Q@ P(:Si(ix)) —x, i€{0,1}

Q@ C(ie,y,20,21) > y

Q C(;Si(6x),y,20,21) = zi, i€{0,1}

o SUan [f 81, - .,g,,/,hl,...,hm/](xl,...,x,,;yl,...,ym) —
(gl(xl,.. Xni )y eees 8t (X0y ooy Xy )i PL(X1y coey Xns Y1y ooy Yim )y oovs
hm’(le"an;ylv'~-7ym))

Q TREC™ 27 g, h|(E®C, Si(; 2), X1, ooy Xy Y15 ooy Yim) —

% TREEm+2’n+2[g7 h](E0707 5’.(; Z)7X17 -.-’Xn; .y17 "'7ym’
TREC™ 20 g h]|(So(; E®®), z, X1, oo Xni Y1, ey Ym),
TREC™ 21 g, h|(S1(; E®), z, X1, coos Xni Y1, -y Ym)), i €
{01}
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Caracterizacao de PSPACE via Regras de Reescrita

Q@ TREE™ 2 2[g h](p, Si(; Sj(;2))s X1y vy Xinj Y15 vy Yimy
TREC™ 21 g h|(So(; P)s Sj(; 2)s X1y «ves Xni Y15 +os Ym)
TREC™ 2 g h|(S1(; P)s Si(; 2)s X1y oy X} Y15 ooy Ym)) =
TREE™ 7 2[g h)(p, Si(; Sj(5 2))s X1, ey Xni Y15 +v0s Yims
TREE™2m42[g Al(So(; p), Si(; 2), X1y ooy X} Y15 -y Yo
TREC™ 27 g, h|(So(; So(; P))s Z, X1, vy Xn} Y15 oy Yim),s
TREC™ 2 (g, hl(So(; S1(; P))s Z: XL, ooy Xni Y15 -+ Ym))
TREC™ 20 g h)(S1(; P), Si(; 2), X1, ooy Xni Y1, oo Ym))s  14J €
{0,1}
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Q@ TREE™ 2 2[g h](p, Si(; Sj(;2))s X1y vy Xinj Y15 vy Yimy
TREC™ 20 g h|(So(; ), Si(; 2)s X1, ++s Xni Y1, ++es Yim)s
TREC™ 2 g h|(S1(; P)s Si(; 2)s X1y oy X} Y15 ooy Ym)) =
TREE™ 7 2[g h)(p, Si(; Sj(5 2))s X1, ey Xni Y15 +v0s Yims
TREE™2042(g Rh|(So(; P), Si(; 2)s X1y -y Xni Y15 +es Yims
TREC™ 27 g, h|(So(; So(; P))s Z, X1, vy Xn} Y15 oy Yim),s
TREC™ 2 (g, hl(So(; S1(; P))s Z: XL, ooy Xni Y15 -+ Ym))
TREC™ 21 g h)(S1(; P)s Sj(; 2)s X1y +ves Xni Y15 ooy Ym))s  5) €
{0,1}

Q@ TREE™>™2[g hl(p, Si(; j(5 2))s X1, s Xni Y15 +vvs Yims 3
TREC™ 21 g h)(S1(; P)s Sj(; 2), X1, +vos Xni Y1y oy Ym)) —
TREE™ 2 2[g h)(p, Si(; Sj(: 2)), Xty ooes Xni V15 o0y Yims 2,
TREE™202[g A(S1(; P)s Sj(; 2)s X1y wevy X} Y1y <es Yims
TREC™2"[g, h)(So(; S1(; P)), Z, X1, -y Xni Y1, o1 Yim)
TREC™ 20 g h|(S1(; S1(; P))s Z, X15 oo Xni Y15 s Ym)))s  i5J €
{0,1}
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Caracterizacao de PSPACE via Regras de Reescrita

@ TREC™27[g, hl(p, E®C, X1, .o, Xn Y1, oy Yim) —
g(pa E070>Xl7 e Xm Y1, ---,ym)
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@ TREC™27[g, hl(p, E®C, X1, .o, Xn Y1, oy Yim) —
g(pa E070>Xl7"'aXn;ylw"’ym)

@ TREEm+2;n+2[ga h](p,z,xl,...,Xn;yl,...,ym,g,é) -
h(p727X17"’7Xn;y17"’7ym7éyb)



Abordagens a PTIME e a PSPACE via Regras de Reescrita

Caracterizacao de PSPACE via Regras de Reescrita




Abordagens a PTIME e a PSPACE via Regras de Reescrita

Caracterizacao de PSPACE via Regras de Reescrita

Q@ TREC™2M[g h](e,zi,...) =
TREE™20+2[g h](e, zi, ..., TREC™%"[g, h](0, z, ...),
TREC™2n[g h](1,z2,...)) i€{0,1}
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Q@ TREC™2M[g h](e,zi,...) =
TREE™20+2[g h](e, zi, ..., TREC™%"[g, h](0, z, ...),
TREC™2n[g h](1,z2,...)) i€{0,1}

Q@ TREE™ 2n+2[g h|(p, Zji, ..., TREC™%"[g, h](p0, Zj, ...),
TREC™2" g, h](pl, Zj,...)) —
TREE™*20+2[g h](p, Zji, ..., TREE™+21+2[g h](p0, Zj, ...,
TREC™+21 (g, h](p00, z, ...), TREC™%"(g, h](p10, z,...)),
TREC™2ng h)(pl,Zz,...)), i,j€{0,1}
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Q@ TREC™2M[g h](e,zi,...) =
TREE™20+2[g h](e, zi, ..., TREC™%"[g, h](0, z, ...),
TREC™2n[g h](1,z2,...)) i€{0,1}

Q@ TREE™ 2n+2[g h|(p, Zji, ..., TREC™%"[g, h](p0, Zj, ...),
TREC™2" g, h](pl, Zj,...)) —
TREE™*20+2[g h](p, Zji, ..., TREE™+21+2[g h](p0, Zj, ...,
TREC™+21 (g, h](p00, z, ...), TREC™%"(g, h](p10, z,...)),
TREC™2ng h)(pl,Zz,...)), i,j€{0,1}

TREE™+2m2[g h|(p, zji, ...,a, TREC™2"[g h](pl, z,...)) —
TREE™+2n+2[g h)(p, Zji, ..., a, TREE™+22[g h](pl, Zj, ...,
TREC™2" g, h](p10, z, ...), TREC™*2"[g, h|(pll, z,...))),
i,j€{0,1}
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Q@ TREC™2M[g h](e,zi,...) =
TREE™20+2[g h](e, zi, ..., TREC™%"[g, h](0, z, ...),
TREC™2n[g h](1,z2,...)) i€{0,1}

Q@ TREE™ 2n+2[g h|(p, Zji, ..., TREC™%"[g, h](p0, Zj, ...),
TREC™2" g, h](pl, Zj,...)) —
TREE™*20+2[g h](p, Zji, ..., TREE™+21+2[g h](p0, Zj, ...,
TREC™+21 (g, h](p00, z, ...), TREC™%"(g, h](p10, z,...)),
TREC™2ng h)(pl,Zz,...)), i,j€{0,1}

TREE™+2m2[g h|(p, zji, ...,a, TREC™2"[g h](pl, z,...)) —
TREE™+2n+2[g h)(p, Zji, ..., a, TREE™+22[g h](pl, Zj, ...,
TREC™2" g, h](p10, z, ...), TREC™*2"[g, h|(pll, z,...))),
i,j€{0,1}

@ TREC™2"[g, h|(p,c,...) — g(p,c,...)
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Q@ TREC™2M[g h](e,zi,...) =
TREE™20+2[g h](e, zi, ..., TREC™%"[g, h](0, z, ...),
TREC™2n[g h](1,z2,...)) i€{0,1}

Q@ TREE™ 2n+2[g h|(p, Zji, ..., TREC™%"[g, h](p0, Zj, ...),
TREC™2" g, h](pl, Zj,...)) —
TREE™*20+2[g h](p, Zji, ..., TREE™+21+2[g h](p0, Zj, ...,
TREC™+21 (g, h](p00, z, ...), TREC™%"(g, h](p10, z,...)),
TREC™2ng h)(pl,Zz,...)), i,j€{0,1}

TREE™+2m2[g h|(p, zji, ...,a, TREC™2"[g h](pl, z,...)) —
TREE™+2n+2[g h)(p, Zji, ..., a, TREE™+22[g h](pl, Zj, ...,
TREC™2" g, h](p10, z, ...), TREC™*2"[g, h|(pll, z,...))),
i,j€{0,1}

@ TREC™2"[g h|(p,c,...) — g(p, €,

@ TREE™2n+2[g hl(p, z, gQ)—) ( .2,y a, b)
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I(F (31, 0 Xni 1505 Ym)) = To(F)([@0xa) s -, [ (xn) ) X

X (Z 106) + Y 1) + /h(f)>

i=1 i=1
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Obrigado!




