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Turingtiv stroj (TS)

Cile prezentace
@ sezndmit s Turingovym strojem
@ predvést simulaci TS
@ popsat &innost TS

@ navrhnout zplsob zkraceni vypo¢tu daného TS
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Turinglv stroj

Turingtiv stroj si mZeme p¥edstavit jako model poditale, ktery se skldda z
pasky, Fidici jednotky a hlavy.
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P¥echodové funkce p alslklalﬂﬂ#‘ﬁﬂ#{

hlava
sy
q =(qy,y, + NEERE
(q; ) = (a7, .0) ridici jednotka
graf TS
X, ¥, # — +1/qy\x,y# — +
X, y# — +1

@ Pdska je rozdélena na jednotlivd pole. V téchto polich jsou obsaZeny symboly, které se daji
¢ist a rovnéZ prepisovat. J
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P¥echodové funkce p alslklalﬂﬂ#‘ﬁﬂ#{

hlava
ey
q =(qy,y, + NEERE
(q; ) = (a7, .0) ridici jednotka
graf TS
X, ¥, # — +1/qy\x,y# — +
X, y# — +1

@ V ¥idici jednotce se udrzuje aktudlni stav TS. Ridici jednotka vyhodnocuje symboly na
pasce a podle pfechodové funkce na ni mize ménit symboly a posouvat hlavu.
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P¥echodové funkce p alslklalﬂﬂ#‘ﬁﬂ#{

hlava
sy
q =(qy,y, + NEERE
(q; ) = (a7, .0) ridici jednotka
graf TS
X, ¥, # — +1/qy\x,y# — +
X, y# — +1

@ Hlava slouZi pro &teni a zdpis symboli na pasku. Posouva se podle pokyni Fidici jednotky J
po pasce.
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P¥echodové funkce p alslklalﬂﬂ#‘ﬁﬂ#{

hlava
sz
S(qy,y) =(ay,y,+
daz, #) = (az, #.0) ridici jednotka
graf TS
VY, #— +1 s — +1
Xy, # =+ /qy\x y# +
X, y# — +1
@ Graf TS slouZi pro zobrazeni simulace. J
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P¥echodova funkce Albja|b AI#‘#‘#‘#‘##‘

VA, +1) q].

a— +1; b — +1
A—+1;, B — +1

( Fot
(g0, #,+1) A~ "L B——1

A—a —1, B—b,—1
(aa,0,41) a— —Lib— -1 ’ ’

QA7 A) = (QAﬂA +1)
(ga, B, +1)
(q1,A, —1)
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P¥echodové funkce Alb|a bIAI####‘#‘#

b a1

a— +1; b — +1
A—+1;, B — +1

#— -1

(
(g0, #,+1) A~ "L B——1

A—a —1, B—b,—1
(qa,a, +1) a— —1, b— —1 ’ ’

QA7 ):(QAﬂA +1)
qa, B) = (qa, B, +1)
an, # (q1,AA,—1)
9g,a) = (g8, a, +1)
98, b) = (g9s, b, +1)
98, A) = (98, A, +1)
98, B) = (qg, B, +1)
98, #) = (a1, B, —1)
902, A) = (q2,2, —1)

92, B) = (a2, b, —1)

G, #) = (ak, #,0)
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P¥echodové funkce Alb]a l bIAI####‘#‘#

VA, +1) q].

a— +1; b — +1
A—+1;, B — +1

( Fot
(g0, #,+1) A~ "L B——1

A—a —1, B—b,—1
(aa,0,41) a— —Lib— -1 ’ ’

QA7 A) = (QAﬂA +1)
(ga, B, +1)
(q1,A, —1)
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P¥echodové funkce A bla l blAl #4 #‘ #‘ #‘ #4 7%4

3(qo, a) = (qa, A, +1)

4(qo, b) = (95, B, +1)

4(q0, A) = (g0, A, +1) a1

(g0, B) = (g0, B, +1)

8(qo, #) = (a2, #, —1) a— +1; b— +1
3(q1,a) = (a1, 2, —1) A— +1; B— +1
8(q1, b) = (g1, b, —1)

(a1, A) = (q l,Aﬁ—l) # — —1

(a1, B) = (a1, 8, -1) LB 1

3(q1, #) = (qo0, #, +1) oo e A—a, -1 B—b -1
3(qa,a) = (qa,a, +1) a—-Lb——1

3(qa, b) = (qa, b, +1)

3(qa, A) = (qa, A, +1)

3(qa, B) = (qa, B, +1)

3(qa. #) = (a1, A, —1)

3(qp,a) = (a8, a, +1)

3(qg, b) = (gg, b, +1)

3(qg, A) = (98, A, +1)

4(qg, B) = (qg, B, +1)

3(qg, #) = (q1, B, —1)

3(q2, A) = (g2, 2, —1)

(a2, B) = (a2, b, —1)

3(aq2, #) = (ak, #,0)
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P¥echodové funkce ’#‘ #‘Al Bla l blA Bl #‘ #‘ #‘ #4 7%4

3(qo, a) = (qa, A, +1)

4(qo, b) = (95, B, +1)

4(q0, A) = (g0, A, +1) a1

(g0, B) = (g0, B, +1)

8(qo, #) = (a2, #, —1) a— +1; b— +1
3(q1,a) = (a1, 2, —1) A— +1; B— +1
8(q1, b) = (g1, b, —1)

(a1, A) = (q l,Aﬁ—l) # — —1

(a1, B) = (a1, 8, -1) LB 1

3(q1, #) = (qo0, #, +1) oo e A—a, -1 B—b -1
3(qa,a) = (qa,a, +1) a—-Lb——1

3(qa, b) = (qa, b, +1)

3(qa, A) = (qa, A, +1)

3(qa, B) = (qa, B, +1)

3(qa. #) = (a1, A, —1)

3(qp,a) = (a8, a, +1)

3(qg, b) = (gg, b, +1)

3(qg, A) = (98, A, +1)

4(qg, B) = (qg, B, +1)

3(qg, #) = (q1, B, —1)

3(q2, A) = (g2, 2, —1)

(a2, B) = (a2, b, —1)

3(aq2, #) = (ak, #,0)
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P¥echodova funkce A[Bla|b AI BI#‘#‘#‘#‘#{

VA, +1) q].

a— +1; b — +1
A—+1;, B — +1

( Fot
(g0, #,+1) A~ "L B——1

A—a —1, B—b,—1
(aa,0,41) a— —Lib— -1 ’ ’

QA7 A) = (QAﬂA +1)
(ga, B, +1)
(q1,A, —1)
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P¥echodova funkce AlB|a blAl BI#‘#‘#‘#‘#{

b a1

a— +1; b — +1
A—+1;, B — +1

#— -1

(
(g0, #,+1) A~ "L B——1

A—a —1, B—b,—1
(qa,a, +1) a— —1, b— —1 ’ ’

QA7 ):(QAﬂA +1)
qa, B) = (qa, B, +1)
an, # (q1,AA,—1)
9g,a) = (g8, a, +1)
98, b) = (g9s, b, +1)
98, A) = (98, A, +1)
98, B) = (qg, B, +1)
98, #) = (a1, B, —1)
902, A) = (q2,2, —1)

92, B) = (a2, b, —1)

G, #) = (ak, #,0)
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P¥echodova funkce A BlalblAlBI##‘#‘##‘
8(qo,a) = (qa, A, +1)
8(qo, b) = (g8, B, +1)
5(q0, A) = (a0, A, +1) q1
8(qo, B) = (qo, B, +1)
8(qo, #) = (g2, #, —1) a— +1; b — +1
3(q1,2) = (q1,2, —1) A—+1; B— +1
(a1, b) = (q1, b, —1)
3(q, A) = (a1, A, —1) #— -1
8(a1, B) = (a1, B, —1) _
5(ar, #) = (a0, #,+1) A~ L B=—l A—a,—1 B—b -1
(qa,a) = (qa,a, +1) a—> -1 b——1
3(qa, b) = (qa, b, +1)
(qa, A) = (qa, A, +1)
3(qa, B) = (qa, B, +1)
(qa, #) = (q1,AA,—1)
3(qp,a) = (a8, a, +1)
3(qg, b) = (g8, b, +1)
3(qg, A) = (g8, A, +1)
o(qp, B) = (as, B, +1)
8(ag, #) = (a1, B, —1)
(g2, A) = (g2, 2, —1)
8(q2, B) = (g2, b, —1)
3(q2, #) = (ak, #,0)
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P¥echodova funkce ’#‘#‘Al BlAlb A BI#‘#‘#‘#‘#{

qo, a) = (qa, A, +1)

QO:b)):((quBy+1))

90, A) = (g0, A, +1 da

90, B) = (q0, B, +1)

qo, #) = (a2, #, —1) a— +1; b— +1
q1,2) = (q1, 2, —1) A— 41, B—+1
q1, b) = (g1, b, —1)

q17A)) ((q17A1—1))

a1, B q1, B, —1

) (q0, #, +1) A— -1 B— —1 A—a -1, B— b, —1

(qa,a,+1) a— L b— -1

T I YUY T YT T YUY D D
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,b) = (ga, b, +1)
qa, A) = (qa, A, +1)
qa, B) = (qa, B, +1)
qa, #) = (q1, A, —1)
9g,a) = (g8, a, +1)
98, b) = (g9s, b, +1)
98, A) = (98, A, +1)
98, B) = (qg, B, +1)
9, #) = (q1, B, —1)
902, A) = (q2,2, —1)
92, B) = (a2, b, —1)
G, #) = (ak, #,0)
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P¥echodova funkce ’#‘#‘Al BlAlb A BIAI#‘#‘##

3(qo, a) = (qa, A, +1)

4(qo, b) = (95, B, +1)

4(q0, A) = (g0, A, +1) a1

(g0, B) = (g0, B, +1)

8(qo, #) = (a2, #, —1) a— +1; b— +1
3(q1,a) = (a1, 2, —1) A— +1; B— +1
8(q1, b) = (g1, b, —1)

(a1, A) = (q l,Aﬁ—l) # — —1

(a1, B) = (a1, 8, -1) LB 1

3(q1, #) = (qo0, #, +1) oo e A—a, -1 B—b -1
3(qa,a) = (qa,a, +1) a—-Lb——1

3(qa, b) = (qa, b, +1)

3(qa, A) = (qa, A, +1)

3(qa, B) = (qa, B, +1)

3(qa. #) = (a1, A, —1)

3(qp,a) = (a8, a, +1)

3(qg, b) = (gg, b, +1)

3(qg, A) = (98, A, +1)

4(qg, B) = (qg, B, +1)

3(qg, #) = (q1, B, —1)

3(q2, A) = (g2, 2, —1)

(a2, B) = (a2, b, —1)

3(aq2, #) = (ak, #,0)

Turingiiv stroj



Turinglv str

P¥echodové funkce A[B[Ab AI BIAI#‘#‘##

VA, +1) q].

a— +1; b — +1
A—+1;, B — +1

( Fot
(g0, #,+1) A~ "L B——1

A—a —1, B—b,—1
(aa,0,41) a— —Lib— -1 ’ ’

QA7 A) = (QAﬂA +1)
(ga, B, +1)
(q1,A, —1)
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P¥echodové funkce A[B|Ab l AI BIAI #‘ #‘ #4 7%4
8(qo,a) = (qa, A, +1)
8(qo, b) = (g8, B, +1)
5(q0, A) = (a0, A, +1) q1
8(qo, B) = (qo, B, +1)
8(qo, #) = (g2, #, —1) a— +1; b — +1
3(q1,2) = (q1,2, —1) A—+1; B— +1
(a1, b) = (q1, b, —1)
3(q1, A) = (q1, A, —1) #— -1
8(a1, B) = (a1, B, —1) _
5(ar, #) = (a0, #,+1) A~ L B=—l A—a,—1 B—b -1
(qa,a) = (qa,a, +1) a—> -1 b——1
3(qa, b) = (qa, b, +1)
(qa, A) = (qa, A, +1)
3(qa, B) = (qa, B, +1)
3(qa, #) = (q1, A, —1)
3(qp,a) = (a8, a, +1)
3(qg, b) = (g8, b, +1)
3(qg, A) = (g8, A, +1)
o(qp, B) = (as, B, +1)
8(ag, #) = (a1, B, —1)
(g2, A) = (g2, 2, —1)
8(q2, B) = (g2, b, —1)
3(q2, #) = (ak, #,0)
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P¥echodové funkce A BIAIbIAI BIAI#‘#‘##
8(qo,a) = (qa, A, +1)
8(qo, b) = (g8, B, +1)
5(q0, A) = (a0, A, +1) q1
8(qo, B) = (qo, B, +1)
8(qo, #) = (g2, #, —1) a— +1; b — +1
3(q1,2) = (q1,2, —1) A—+1; B— +1
(a1, b) = (q1, b, —1)
3(q, A) = (a1, A, —1) #— -1
8(a1, B) = (a1, B, —1) _
5(ar, #) = (a0, #,+1) A~ L B=—l A—a,—1 B—b -1
(qa,a) = (qa,a, +1) a—> -1 b——1
3(qa, b) = (qa, b, +1)
(qa, A) = (qa, A, +1)
3(qa, B) = (qa, B, +1)
(qa, #) = (q1,AA,—1)
3(qp,a) = (a8, a, +1)
3(qg, b) = (g8, b, +1)
3(qg, A) = (g8, A, +1)
o(qp, B) = (as, B, +1)
8(ag, #) = (a1, B, —1)
(g2, A) = (g2, 2, —1)
8(q2, B) = (g2, b, —1)
3(q2, #) = (ak, #,0)
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P¥echodovd funkce

3(qo, a) = (qa, A, +1)

4(qo, b) = (95, B, +1)

3(q0, A) = (qo0, A, +1)

3(qo0, B) = (a0, B, +1)

8(qo, #) = (a2, #, —1) a— +1; b— +1
3(q1,2) = (q1,2, —1) A—+1; B— +1
8(q1, b) = (g1, b, —1)

3(q1, A) = (q1, A, —1) #— -1
(a1, B) = (a1, 8, -1) 1 B 1

(a1, #) = (qo. #, +1) - P

3(qa,a) = (qa,a, +1) a—-Lb——1

3(qa, b) = (qa, b, +1)

3(qas A) = (qa, A, +1)

3(qa, B) = (qa, B, +1)

3(qa, #) = (a1, A, —1)

3(qp,a) = (a8, a, +1)

3(qg, b) = (gg, b, +1)

3(qg, A) = (98, A, +1)

4(qg, B) = (g8, B, +1)

3(qp, #) = (q1, B, —1)

(g2, A) = (g2, 2, —1)

3(a2, B) = (a2, b, —1)

3(aq2, #) = (ak, #,0)
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P¥echodovd funkce ’#‘ #‘ AI BI AI BI AI BIAIB

3(qo, a) = (qa, A, +1)

4(qo, b) = (95, B, +1)

4(q0, A) = (g0, A, +1) a1

(g0, B) = (g0, B, +1)

8(qo, #) = (a2, #, —1) a— +1; b— +1
3(q1,a) = (a1, 2, —1) A— +1; B— +1
8(q1, b) = (g1, b, —1)

(a1, A) = (q l,Aﬁ—l) # — —1

(a1, B) = (a1, 8, -1) LB 1

3(q1, #) = (qo0, #, +1) oo e A—a, -1 B—b -1
3(qa,a) = (qa,a, +1) a—-Lb——1

3(qa, b) = (qa, b, +1)

3(qa, A) = (qa, A, +1)

3(qa, B) = (qa, B, +1)

3(qa. #) = (a1, A, —1)

3(qp,a) = (a8, a, +1)

3(qg, b) = (gg, b, +1)

3(qg, A) = (98, A, +1)

4(qg, B) = (qg, B, +1)

3(qg, #) = (q1, B, —1)

3(q2, A) = (g2, 2, —1)

(a2, B) = (a2, b, —1)

3(aq2, #) = (ak, #,0)
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P¥echodové funkce ’#‘#‘AIBIAIB A BIAI Bl#‘#‘#
8(qo,a) = (qa, A, +1)
8(qo, b) = (g8, B, +1)
5(q0, A) = (a0, A, +1) a1
8(qo, B) = (qo, B, +1)
8(qo, #) = (g2, #, —1) a— +1; b — +1
3(q1,2) = (q1,2, —1) A—+1; B— +1
(a1, b) = (q1, b, —1)
3(q, A) = (a1, A, —1) #— -1
8(a1, B) = (a1, B, —1) _
5(ar, #) = (a0, #,+1) A~ L B=—l A—a,—1 B—b -1
(qa,a) = (qa,a, +1) a—> -1 b——1
3(qa, b) = (qa, b, +1)
(qa, A) = (qa, A, +1)
3(qa, B) = (qa, B, +1)
(qa, #) = (q1,AA,—1)
3(qp,a) = (a8, a, +1)
3(qg, b) = (g8, b, +1)
3(qg, A) = (g8, A, +1)
o(qp, B) = (as, B, +1)
8(ag, #) = (a1, B, —1)
(g2, A) = (g2, 2, —1)
8(q2, B) = (g2, b, —1)
3(q2, #) = (ak, #,0)
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P¥echodové funkce A[B|A Bl AI BIAI Bl #‘ #4 7%4
8(qo,a) = (qa, A, +1)
8(qo, b) = (g8, B, +1)
5(q0, A) = (a0, A, +1) q1
8(qo, B) = (qo, B, +1)
8(qo, #) = (g2, #, —1) a— +1; b — +1
3(q1,2) = (q1,2, —1) A—+1; B— +1
(a1, b) = (q1, b, —1)
3(q1, A) = (q1, A, —1) #— -1
8(a1, B) = (a1, B, —1) _
5(ar, #) = (a0, #,+1) A~ L B=—l A—a,—1 B—b -1
(qa,a) = (qa,a, +1) a—> -1 b——1
3(qa, b) = (qa, b, +1)
(qa, A) = (qa, A, +1)
3(qa, B) = (qa, B, +1)
3(qa, #) = (q1, A, —1)
3(qp,a) = (a8, a, +1)
3(qg, b) = (g8, b, +1)
3(qg, A) = (g8, A, +1)
o(qp, B) = (as, B, +1)
8(ag, #) = (a1, B, —1)
(g2, A) = (g2, 2, —1)
8(q2, B) = (g2, b, —1)
3(q2, #) = (ak, #,0)
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P¥echodové funkce A Bl Al Bl AI Bl Al Bl #‘ #4 7%4
8(qo,a) = (qa, A, +1)
8(qo, b) = (g8, B, +1)
5(q0, A) = (a0, A, +1) q1
8(qo, B) = (qo, B, +1)
8(qo, #) = (g2, #, —1) a— +1; b — +1
3(q1,2) = (q1,2, —1) A—+1; B— +1
(a1, b) = (q1, b, —1)
3(q, A) = (a1, A, —1) #— -1
8(a1, B) = (a1, B, —1) _
5(ar, #) = (a0, #,+1) A~ L B=—l A—a,—1 B—b -1
(qa,a) = (qa,a, +1) a—> -1 b——1
3(qa, b) = (qa, b, +1)
(qa, A) = (qa, A, +1)
3(qa, B) = (qa, B, +1)
(qa, #) = (q1,AA,—1)
3(qp,a) = (a8, a, +1)
3(qg, b) = (g8, b, +1)
3(qg, A) = (g8, A, +1)
o(qp, B) = (as, B, +1)
8(ag, #) = (a1, B, —1)
(g2, A) = (g2, 2, —1)
8(q2, B) = (g2, b, —1)
3(q2, #) = (ak, #,0)
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P¥echodovd funkce

3(qo, a) = (qa, A, +1)

4(qo, b) = (95, B, +1)

3(q0, A) = (qo0, A, +1)

3(qo0, B) = (a0, B, +1)

3(qo, #) = (a2, #, —1) a— +1; b— +1
3(q1,2) = (q1, 2, —1) A—+1; B— +1
(fgﬂh, )):((thjq*ll))

6(q1,A) = (a1, A, — -1
oo B) = (.81 T

(a1, #) = (qo. #, +1) - P

3(qa,a) = (qa,a, +1) a—-Lb——1

3(qa, b) = (qa, b, +1)

3(qas A) = (qa, A, +1)

3(qa, B) = (qa, B, +1)

3(qa, #) = (a1, A, —1)

3(qp,a) = (a8, a, +1)

3(qg, b) = (gg, b, +1)

3(qg, A) = (98, A, +1)

4(qg, B) = (qg, B, +1)

3(ap, #) = (q1, B, —1)

(g2, A) = (g2, 2, —1)

3(a2, B) = (a2, b, —1)

3(aq2, #) = (ak, #,0)

Turingiiv stroj



























Turinglv str

P¥echodova funkce alblalblalblalbl#‘##
5(q0, a) = (qa, A, +1)
(g0, b) = (98, B, +1)
5(q0: A) = (do. A, +1) @
8(qo, B) = (qo, B, +1)
8(qo, #) = (a2, #, —1) a— +1; b — +1
3(q1,2) = (q1,2, —1) A—+1; B— +1
(fgﬂh, )):((qntjq *11))
(g1, A) = (q1, A, — 1
5(q12 B) = (a1 B, —1) _ 7
5(ar, #) = (a0, #,+1) A~ L B=-l A—a -1 B—b -1
(qa,a) = (qa,a, +1) a—> -1 b——1
3(qa, b) = (qa, b, +1)
3(qas A) = (qa, A, +1)
5(qa, B) = (qa, B, +1)
(qa, #) = (QIaAA,_l)
3(qp,a) = (a8, a, +1)
3(qg, b) = (g8, b, +1)
3(qg, A) = (98, A, +1)
4(qg, B) = (qg, B, +1)
8(ag, #) = (a1, B, —1)
(g2, A) = (g2, 2, —1)
5(a2, B) = (a2, b, —1)
3(q2, #) = (qk, #,0)
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Turinglv str

P¥echodova funkce alblalblalblalbl#‘##
5(q0, a) = (qa, A, +1)

ggqo, f\)) = ((qs,f, +11))

qo0,A) = (qo, A, +

5(d0. 8) — (d0. 6+ +1) K

8(qo, #) = (a2, #, —1) a— +1; b — +1
3(q1,2) = (q1,2, —1) A—+1; B— +1
(fgﬂh, )):((thjq*ll))

(g1, A) = (q1, A, — 1

5(q12 B) = (a1 B, —1) _ 7

5(ar, #) = (a0, #,+1) A~ L B=-l A—a -1 B—b -1
(qa,a) = (qa,a, +1) a—> -1 b——1
3(qa, b) = (qa, b, +1)
3(qas A) = (qa, A, +1)
5(qa, B) = (qa, B, +1)
3(qa, #) = (q1, A, —1)
3(qp,a) = (a8, a, +1)
3(qg, b) = (g8, b, +1)
3(qg, A) = (g8, A, +1)
o(qp, B) = (as, B, +1)
8(ag, #) = (a1, B, —1)
(g2, A) = (g2, 2, —1)
5(a2, B) = (a2, b, —1)
8(q2, #) = (ak, #,0)

Turingiiv stroj



Popiste ¢innost TS

Navrhiiéte zpiisob zkraceni vypoctu.
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Popiste ¢innost TS

Dany TS ze vstupniho slova w=abab vytvofil vystupni slovo w=abababab.
Dany TS zdvojuje slovo na pasce (ww).

Navrhiiéte zpiisob zkraceni vypoctu.
Pro¢ se dany TS vracel vZdy na zalatek slova a nezastavil se na prvnim
oznaceném symbolu?

Turingiiv stroj



Turingtiv stroj vytvofil v priibéhu vypoctu zdvojené slovo na pésce.

vstup: slovo w= abab
vystup: slovo ww = abababab

Turinglv stroj je uréen Zestici parametrd M = (Q, X, T, qo, F,0)
stavy: Q = {qo, 91, G2, 94, 9B, 9k }

vstupni abeceda: ¥ = {a, b}

paskové symboly:I' = {a, b, A, B, #}

pocateéni stav: qo

mnoZina koncovych stavii: F = {qx}

e © 6 6 ¢ ¢

ptechodovd funkce: § viz dalsi slide
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P¥echodova funkce

(g0, a) = (qa, A, +1)
4(qo, b) = (95, B, +1)
3(q0, A) = (qo0, A, +1)
3(qo0, B) = (a0, B, +1)
8(qo, #) = (a2, #, —1)
3(q1,2) = (q1,2, —1)
8(q1, b) = (g1, b, —1)
(g1, A) = (a1, A, —1)
(g1, B) = (q1, B, —1)
a1, #) = (qo0. #, +1)
3(qa,a) = (qa,a, +1)
3(qa, b) = (qa, b, +1)
3(qa, A) = (qa, A, +1)
3(qa, B) = (qa, B, +1)
3(qa, #) = (a1, A, —1)
3(qg,a) = (a8, a, +1)
3(qg, b) = (gg, b, +1)
3(qp, A) = (98, A, +1)
4(qg, B) = (qg, B, +1)
5(qg, #) = (a1, B, —1)
3(a2, A) = (g2, 2, —1)
8(q2, B) = (g2, b, —1)
3(aq2, #) = (ak, #,0)
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