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vCLOSE[O])v

CLOSE

(ONUNTIE ~1

VCOMMA[O])v

I+«COMMA V

L«3V

Z[(Z2=" ")/r1pl])+","

VCREATE[O]v

CREATE F
A CREATE FILENAME AND TIE WITH 1
('/Users/shallit/Desktop/',F)ONCREATE "1
VDELDEAD([O]V

Z+<DELDEAD G;A;B;I;C;D
A G is a matrix in Grail format
A result is new Grail automaton with the single nonaccepting state
A deleted in all transitions
A«(v/G="'F"')/[1]G

B",A,| |

B«+(Be 0123456789 ')/B

I«(0, 11pG)p""

1«0
L1:

I«I+1

+(I>11tpG)/0

C«G[I:]

+(v/Ce'SF"')/L2

D+2¢C

+(~a/D[1 3]eB)/L1
L2:

I«7,[1]C

-L1



(3)

(%)

(5)

(6]

(7)

(8)

(9]

(10)
(11)
(12)
(13)
(1%)
(15)
(16)
(17)
(18)
(19)
(20)
(21)
(22)
(23)
(2%)
(25)
(26)
(27)
(28)
(29)
(30)
(31)
(32)
(33)
(34)
(35)
(36)
(37)
(38)
(39)
(w0)
(41)
(42)
(43)
(44)
(45)
(46)
(47)

vGRAILTOGY[O])V

I+GRAILTOGY M;Z1;22;23;24;1;T;A:B;C;D;E;F;S;S5T;N
AMis a matrix with each line a rov of a grail spec of an automaton

Z1+"digraph ¢ {',CR
21+21, 'rankdir = LR;",CR
15+23+«14+""

N~(pM)[1]

§S+5T+10
TRe(~v/Me"SF")/[1]M
TR2+2 TR, *
TR3+(((pTR2)=3),3)pTR2
TRY+vec[2)TR3[;1 3]

I+0

LO:

I+I+1

+(I>pTRY) /L7

A+>TR4[I)

B~(TR3[:;1 3)a.=A)/[1]TR3

15+15,(=sA(1))," -> ", (sA[2))."( label = *" (cOMMA B[:;2])),""):;".CR

L0

L7:

I+0

Li:

I«I+t
+(I>N)/LY%
A<RTB M[I;)

+((10tA)a.="(START) I-")/L2
~((T10tA)a.="-] (FINAL)")/L3

-L1

L3:

Fe2T104A

S+S.F

13+13, "node [shape
-L1

L2:

I4+14%, “node [shape
I4+I4, "gi ->0;",CR
-L1

Ly:

ST+uST
ST+(~STeS) /ST

J+0

LS:

JeJ+1

+(J>pST)/LE

13+13, "node [shape
+LS

L6:
1+11,13,14,25,"}",CR

doublecircle,

circle,

point ]; gi‘,CR

label="

L(ESTLI)), ',

label="",(sF), " "fontsize=12)",(sF), ;" .CR

fontsize=12])",(sST[J])),";".CR
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VGRAILTOMAPLE[D])V
ZZ+GRAILTOMAPLE V;A:;B:;C;D;N;E;F;G;H;L:M;P;Q:R;:S;T;U

A converts vector with grail representation to matrix rep

A~QAV[3]IMATRIFY V
Be(~a/A=" ")/[1])A
Ce(~vw/B="(")/[1]8B
D~2,C," °
N~(10)p(pD)=3
D+(N,3)pD
E+~v,D[:1 3)

II1+«'m := Matrix(i..",(spE), ", 1..",(spE), ", fill=0);",CR

F+(2ppE)p0

F SET2<[2)EwD[;1 3)

He(v/B="S")/[1]8B

L~,H,"

M-~(Le 0123456789 ")/L

P+2M

Q-(pE)p0

QlEwP]+1

Re~(v/B="F")/[1])B

S+«,R," °

T+~(Se"0123456789 ")/S

UvraT

V+(pE)p0

VIEwU])+t

22+171,'u := Vector[rowl(',(spE), ,fill=0);",CR
22+22,"ult]) := 1;",CR

12+171,'v := Vector[column)(',(spE), ,fill=0);",CR
I+0

Li:

I«I+1

~(I>pU)/0

22+22,°'v[",(sEwU[I]),"]) = 1;",CR
-L1

vISPAL[O)v

I+ISPAL X

Iea/X=8X

b



YHEARCLUOJY
MAKE

2 MINNUMPAL 9§

2 MINNUMPAL 10

2 MINNUMPAL 11
MAKEMAPLE ‘'minpal2-11"

2 MINNUMPAL 13

3 MINNUMPAL 4

MAKEGY 'minpal3-4°

3 MINNUMPAL S
MAKEMAPLE ‘'minpal 3-5°

2 MINLENPAL 4
MAKEGVPDF 'minlpal2-4°

2 MINLENPAL 5
MAKEGYPDF ‘'minlpal2-5"
MAKEMAPLE ‘'minlpal2-5§"

3 MINLENPAL 1

MAKEGYPDF ‘'minlpal3-1~

3 MINLENPAL 2
MAKEGYPDF ‘'minlpal3-2-
MAKEMAPLE ‘'minlpal3-2-

4 MINLENPAL 1!

MAKEGYPDF ‘'minlpalk-1"
MAKEMAPLE ‘'minlpal4-1"

2 MINEOPAL 2 5
MAKEGYPDF ‘'minpal2-e205°
MAKEMAPLE ‘'minpal2-e205°
2 MINEOPAL 6 3
MAKEGYPDF ‘'minpal2-efod’
MAKEMAPLE ‘'minpal2-efo3d’
3 MINEOPAL 0 3
MAKEGYPDF ‘'minpal3-elo03”
MAKEMAPLE ‘'minpal3-elo03”
2 NUMEOPAL
NUMEOPAL
NUMEOPAL
NUMEOPAL
NUMEOPAL
NUMEOPAL
NUMEOPAL
NUMEOPAL
NUMEOPAL
NUMEOPAL
NUMEOPAL
NUMEOPAL
NUMEOPAL
NUMEOPAL
NUMEOPAL
NUMEOPAL

W NN
O N F WoNoTr O FFWWw
NMFOOO» FFFOFONON~O
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VMAKEGY([D)v

(0] MAKEGY F;M;C;D;E

(1) @A make a .gv and .pdf file from Grail file named in F

[2) OPEN F,".txt’

[3) M+~READ

(4] CLOSE

(5] C+~~1 040AV[3]IMATRIFY M

(6] D+DELDEAD C

[7] E+GRAILTOGY D

[8) CREATE F,'.gv'

(9] WRITE E

[10] CLOSE

[11] C+0SH'/usr/local/bin/dot -Tpdf ~shallit/Desktop/’,F, .gv > ~shallit/Desktop/",F,".pdf"’
VMAKEGYPDF[O]vV

(0] MAKEGYPDF F;M;C;D;E

(1) @A make a .gv and .pdf file from Grail file named in F

[2) OPEN F,".txt’

[3) M+~READ

(4] CLOSE

(5] C+~~1 040AV[3]IMATRIFY M

(6] D+DELDEAD C

[7] E+GRAILTOGY D

[8) CREATE F,'.gv'

(9] WRITE E

[10] CLOSE

[11] C+0SH'/usr/local/bin/dot -Tpdf ~shallit/Desktop/’,F, .gv > ~shallit/Desktop/",F,".pdf"’
VMAKEMAPLE[D]V

(0] MAKEMAPLE F;M;C

(1) OPEN F,".txt"’

(2] M+~READ

(3) CLOSE

(4] C+GRAILTOMAPLE M

(5] CREATE F, 'maple.txt’

(6] WRITE C

(7] CLOSE
VMATRIFY[O)v

(0] I+C MATRIFY X;I;D

[1] I«(X=C)/uipX

(2]  D+(I,1+pX)-1+0,I

(3]  Z«((pD),[/D)p(,D=.20[/D)\,(X=C)/X

......... M.



K MINEOPAL EO

A make automata for minimum number of palindromes

A+K QUEUEZ EO

CREATE D+'pal’,(sK), '-e",(s€0[1])), 0", (sEO[2]), .txt®
WRITE A

CLOSE

C+0SH grailpath, fmmin ~shallit/Desktop/",D," > ~shallit/Desktop/min’

G+2¢[JSH grailpath, ‘fmstats ~shallit/Desktop/’,D
E~2¢[JSH grailpath, fmstats ~shallit/Desktop/min’,D
‘writing file “,D,"; ",(sG[3))," states’

‘writing file min*,D,"; *,(sE[3]))," states’

VMINLENPAL[D])w

K MINLENPAL N:A

A make automata for no pal of length N over alph of size K
A+~K QUEUE3 N

CREATE D+"Lpal”,(sK), =", (sN),".txt"’

WRITE A

CLOSE

C+0SH grailpath, fmmin ~shallit/Desktop/",D," > ~shallit/Desktop/min’

G+2¢[JSH grailpath, ‘fmstats ~shallit/Desktop/’,D
E~2¢[JSH grailpath, fmstats ~shallit/Desktop/min’,D
‘wuriting file “,D,"; “,(3G[3))," states’

‘writing file minl*,D,"; *,(sE[3]))," states’

VMINNUMPAL[D)V

K MINNUMPAL N

A make automata for minimum number of palindromes
A+~K QUEUE N

CREATE D+"pal”,(sK), =", (sN), ".txt’

WRITE A

CLOSE

C+0SH grailpath, fmmin ~shallit/Desktop/",D," > ~shallit/Desktop/min’

G+2¢[JSH grailpath, ‘fmstats ~shallit/Desktop/’,D
E~2¢[JSH grailpath, fmstats ~shallit/Desktop/min’,D
‘writing file “,D,"; ",(sG[3))," states’

‘writing file min*,D,"; *,(sE[3]))," states’

YNUMEOPAL[D]vw

K NUMEOPAL EO

A make automata for minimum number of palindromes

A+K QUEUEY EO

CREATE D+"palnum’,(3K), ' -e’,(sE0[1])), 0", (sEOQ[2])), .txt’
WRITE A

CLOSE

C+0SH grailpath, fmmin ~shallit/Desktop/",D," > ~shallit/Desktop/min’

G+2¢[JSH grailpath, ‘fmstats ~shallit/Desktop/’,D
E~2¢[JSH grailpath, fmstats ~shallit/Desktop/min’,D
‘writing file “,D,"; “,(sG[3))," states’

‘writing file min*,D,"; *,(sE[3]))," states’

,D

,D

,D

,D




) e

vOPEN[D])v

OPEN F
A OPEN FILENAME F
(*/Users/shallit/Desktop/",F)ONTIE "1
VPALLEN[D]w
I+PALLEN X3;N;I;JT;A
A lengths of nonempty palindromes occurring in string X
N+~(pX)[1]

I+Np0

I |
Li:

I«I+1

+(I>N)/L3

J+0
L2:

J+J+1
+((I+J)>N)/L1
A«X[(I+1)T0 I+J)
+(~ISPAL A)/L2
I[J)+t

~L2
L3:

I«1/1pl
VPALSIN[O]v
I+PALSIN ViN;L;I;T
I+10

N~(pV)[1]

L+0
Li:

L+L+1

~(L>N)/0

I |
L2:

I«I+1
+((I+L)>N)/L1
T«V[I+tL)
~(Tv.28T) /L2
I+«1,cT

-L2



VQUEUE([D)v

XX+K QUEUE N;A;Q;B;C;D;E;C2;F;J;L;I;0I10
A alphabet size K, at most N palindromes (incl empty wvord)
A the output is in Grail format
D10+1

N+N-1

XX+"(START) |- 1" ,CR
SEEN+Q+,<c(10)(10)

L1:

-+(0=pQ) /DONE
2(0€1000)(pQ),pSEEN)/"D+(pQ),pSEEN"
A+2Q[1]

Q+14Q

B~oA[1)

C+>a[2)

D+"1

L2:

D+D+1

~(D2K) /L1

E~B.D

C2+SORTuC,PALSIN E
Ev~(-("1+2xN)|pE)tE
~((pC2)>N)/L2

F+E C2

+((<F)eSEEN)/L3

Q+Q,<F

SEEN+SEEN,<F

L3:

J+SEENtcF

L+SEENtcA

XX«XX,(sL)," ",(sD)," ",(sJ),CR
~L2
DONE :

I+0

Ly:

I«I+1

+(I>pSEEN) /0

XX<XX,(sI)," -1 (FINAL)",CR

~L4

|



VQUEUE2([D])v
[0) XX+K QUEUEZ EO;A;B;C;D;E;C2;CO;CE;F;Q;T;5L;5I
[1]) A alphabet size K, pals of max length EO[1]) (even) and EO[2] (odd)
[2) @ states are last few symbols and list of pal lengths
[3) XX+"(START) |- 1" ,CR

(4] G+~[/EO
(5] SEEN+Q+,<(10)(10)
(6] Lt:

(7) ~+(0=pQ)/DONE

(8] A+=2Q[1)

[(9) Q~14Q

[10) B+2aA[1)

[11) C+2aA[2)

[(12) D+"1

[13) L2:

[14]) D+D+1

[15] ~(Dz2K)/L1

[16) E«B,D

[(17) E«(-((G+2)|pE))tE
[18) C2+uC,PALLEN E
[19) cCO~(1=2]|C2)/C2
[20) CE~(0=2|C2)/C2
[21) ~((v/CE>EO[1))vv/CO>EQ[2))/L2
[22) F+E C2

[23) ~+((<F)eSEEN)/L3
(24]) Q+Q.c<F

[25) SEEN+SEEN,c<F

[26]) L3:

[27) J+SEENtcF

[28) L+SEENtcA

[29] XX«XX,(sL)," ",(sD)," ",(sJ),CR
[30) =L2

[31) DONE:

[32) 1I+0

[33) LY%:

[34) I«I+t

[35) -(I>pSEEN)/O

[36] XX«XX,(3I)," -| (FINAL)",CR
[37) -L4&



VQUEUE3[D])v

XX+<K QUEUE3 LEN;A;B;C;D;E;C2;CO;CE;F;Q:5T;5L5I
A alphabet size K, pals of max length LEN
A states are last few symbols and Llist of pal lengths

XX+"(START) |- 1" ,CR
G+LEN
SEEN+Q+,c(10)(r0)
Li:

+(0=pQ) /DONE
A+2Q[1]

Q+-14Q

B+oA[1]

C+oAl2)

D+-"1

L2:

D+D+1

+(D2K) /L1

E+~B,D
E+(-((G+2)lpE))tE
C2+uC,PALLEN E
+(v/C2>LEN) /L2
F+E C2
+((<F)eSEEN) /L3
Q+Q.,cF
SEEN+SEEN,<F

L3:

J+SEENtcF
L+SEENtLcA
XX«+XX,(sL)," ",(sD)," ",(sJ),CR
~L2
DONE:

I+0

L4:

I«I+t
+(I>pSEEN) /0O
XX«XX,(sI)," -1 (FINAL)",CR
“L4



FYRUCUCRLLOOY
(0] XX+K QUEUEY EO;A;Q;B;C;D;E;C2;F;JT;:L5I
(1) @ alphabet size K, at most EO[1) even pals and EO[2]) odd pals (incl empty word)
(2] N++/EQ

[3]  NeN-t

(4] XX+"(START) |- 1°,CR

[S)] SEEN+Q+,c(10)(10)

[6) L1t:

(7) ~+(0=pQ)/DONE

(8] 2(0€1000) (pQ),pSEEN)/"O+~(pQ),pSEEN"
(9) A+2Q[1)

(10] Q-1:Q

[11) B+3a[1)

[12) C+>3a[2)

[(13) D+t

[14]) L2:

[15) D+D+1

(16]) ~(D2K)/L1

[17) E+B,D

[18) C2+«SORTVC,PALSIN E

[19]) E«(-(T1+2xN)LlpE)tE

[20) DE++/0=2]ep"C2

[21) DO++/1=2]e€p"C2

(22) ~((DE>EOQ[1))vDO>EOQ[2])/L2

[23) F+E C2

[24) ~((cF)eSEEN)/L3

(25) Q+Q,<F

[26) SEEN+SEEN,cF

[27) L3:

[28) J+~SEENicF

[29) L+SEENicA

(30] XX«XX,(sL)," ",(sD)," *,(s]),CR
[31) =L2

[32) DONE:

[33) I+0

[34]) LY4:

[35) I«I+t

[36] ~(I>pSEEN)/O

[37) XX«XX,(3I)," -| (FINAL)",CR

[38) ~L4&



WREAD[D]W

I+READ

Z+(NREAD ~1 82 "1
vRLB[O)V

I+RLB V
I«(T1+(¥V=" ")r0)4v
vRTB[D)Vw

I+RTB V

I+¢RLEBSY
vSET2[(0)v

M SET2 L;I:A

I+0
Li:

I+I+1

+(I>1tpL)/0
A+oL[I]
22+22,.'m[",(sA[1))
-L1

vSORT[DO])v

I+SORT V¥

I+v[4v]
I+1[4ep”2)
vTo(0)v

I«A TO B
I+(A-1)+11+B-A
YWRITE[D)w
I+WRITE X

I+X ONAPPEND "1

L (sAl2]),0) s

—_ SN S S SN SN SN S v s _SSSSS, S SIS S S SN S—_ ==

rm L (sAL1)), 0, 0L (sA02)),7) ¢+ 150

S SN SN SN.. =

.CR



