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EVENT: Start with the library "mc20-2" using the compiled version.

; some general theorems. They are used to establish properties of string
; functioms.

THEOREM: ilessp-lessp
((z e N) A (y € N)) — (ilessp (z, y) = (z < y))

THEOREM: idifference-numberp
(idifference (z, y) € N) = (- ilessp (%, y))

THEOREM: idifference-equal-0
(idifference (z, y) = 0) = (fix-int (z) = fix-int (y))

EVENT: Enable get-nth-0.

EVENT: Enable put-nth-0.



; the upper bound of strlen.

THEOREM: strlen-ub
stringp (7, n, Ist) — (strlen (7, n, Ist) < n)

; the lower bound of strlen.

THEOREM: strlen-lb
strlen (i, n, lst) £ i

THEOREM: strlen-01
(strlen (7, 0, Ist) = 1)
A (strlen (4, 1, Ist)
= if (i < 1) A (get-nth (0, Ist) # 0) then 1
else i endif)
A (strlen (1, n, lst) # 0)

THEOREM: strlen-ii
strlen (i, i, Ist) = @

THEOREM: strlen-iil

strlen (¢, 1 + 4, Ist)

= if get-nth (4, lst) = 0 then i
else 1 + i endif

; some properties of strlen.
; 1st[j] =\= 0, if i <= j < strlen(lst).

THEOREM: strlen-nonOp
((i <j) A (4 < strlen(i, n, lst))) — (get-nth (5, Ist) # 0)

; lst[strlen] == 0!

THEOREM: strlen-Op
stringp (4, n, Ist) — (get-nth (strlen (¢, n, Ist), lst) = 0)

; some properties of strcpy.

THEOREM: strcpy-get-1
(7 < i) — (get-nth (5, strepy (4, Istl, n2, Ist2)) = get-nth (5, Ist1))

; strlen(strcpy(lstl, 1st2)) == strlen(lst2).

THEOREM: strcpy-strlen
strlen (i, n2, strepy (4, Istl, n2, Ist2)) = strlen (i, n2, Ist2)

; if i <= j <= strlen(1lst2), 1sti[j] == 1st2[j].



THEOREM: strcpy-cpy

(stringp (7, n2, Ist2) A (i < j) A (§ < strlen (i, n2, Ist2)))
—  (get-nth (j, strepy (4, Ist1, n2, Ist2)) = get-nth (j, Ist2))
; 1if 1st2 is a string, then 1lstl’ is also a string.
THEOREM: strcpy-stringp

stringp (4, n2, lst2) — stringp (4, n2, strepy (i, Ist1, n2, lst2))

; some properties of strcmp.
; (strcmp 1lst 1lst) ==

THEOREM: strcmp-id
stremp (4, n, Ist, Ist) =0

; (strcmp 1stl 1st2) < 0 ==> (strcmp lst2 1stl) >= 0.

THEOREM: strcmp-antisym
negativep (stremp (4, n, Ist1, Ist2)) = (0 < stremp (¢, n, Ist2, Ist1))

; the transitivity of strcmp.

THEOREM: strcmp-trans-1
(Ist-of-chrp (Ist1)

A lst-of-chrp (Ist2)

A lst-of-chrp (Ist3)

A (stremp (i, n, Istl, Ist2) € N)

A (stremp (4, n, Ist2, Ist3) € N))
—  (stremp (4, n, Ist1, Ist3) € N)

; (strcpy 1lstl 1st2) == 1lst2.

THEOREM: strcmp-strcpy
stremp (4, n, Ist2, strepy (4, Ist1, n, Ist2)) = 0

; if (stremp lstl 1st2) == 0, all i <= j < (strlen 1lstl) 1sti[j] == 1st2[j].

THEOREM: strcmp-thm1
(Ist-of-chrp (Ist1)
A lst-of-chrp (Ist2)
A (stremp (4, n, Ist1, Ist2) = 0)
A (i<d)
A (j < strlen (¢, n, Ist1)))
—  (get-nth (j, Ist1) = get-nth (j, Ist2))



DEFINITION:
stremp-sk (n1, Ist1, lst2)
— JjVi((i <j)— (get-nth (i, lst1) = get-nth (¢, Ist2)))
A (stremp (0, nl, Ist1, Ist2)
= idifference (get-nth (j, Ist1), get-nth (5, Ist2))))

DEFINITION:
stremp-j (¢, n1, Ist1, Ist2)
= ifi<nl
then if get-nth (¢, Ist1) = get-nth (4, Ist2)
then if get-nth (4, Ist1) = NULL then fix (7)
else stremp-j (1 + @, ni, Ist1, Ist2) endif
else fix (i) endif
else fix (i) endif

THEOREM: strcmp-j-1
((i < stremp-j (i1, ni, Istl, Ist2)) A (il < 1))
—  (get-nth (¢, Ist1) = get-nth (3, Ist2))

THEOREM: strcmp-j-2
(stremp (i1, n1, Ist1, Ist2) # 0)
—  (stremp (i1, ni, Ist1, Ist2)
= idifference (get-nth (stremp-j (i1, ni, Ist1, Ist2), Ist1),
get-nth (stremp-j (i1, ni, Ist1, Ist2), lst2)))

THEOREM: strcmp-thm2
(stremp (0, nl1, Istl, Ist2) # 0) — stremp-sk (nl, Istl, Ist2)

EVENT: Disable strcmp-j-1.
EVENT: Disable strcmp-j-2.

; some properties of strcat.

THEOREM: strcpyl-get-1
(j < i1) — (get-nth (j, strepyl (i1, Ist1, i2, n2, lst2)) = get-nth (5, Ist1))

DEFINITION:
strlenl (7, n, lst)
= ifi<n
then if get-nth (¢, Ist) = NULL then 0
else 1 + strlenl (1 + i, n, Ist) endif
else 0 endif



THEOREM: strlenl-strlen
strlenl (4, n, Ist) = (strlen (¢, n, Ist) — 9)

EVENT: Disable strlenl-strlen.

THEOREM: strcpyl-get-2
((i1 + strlenl (i2, n2, Ist2)) < j)
—  (get-nth (j, strepyl (i1, Ist1, i2, n2, Ist2)) = get-nth (j, Ist1))

THEOREM: get-nth-plus-0
(j € N) — (get-nth (i + 7, Ist) = get-nth (i, Ist))

THEOREM: plus-subl-addl
(z+(0+y)-1)=(z+y)

THEOREM: strcpyl-get-3

((i1 <j) A (J < (i1 + strlenl (i2, n2, ist2))))

—  (get-nth (j, strepyl (i1, Ist1, i2, n2, Ist2))
= get-nth (i2 + (j — i1), Ist2))

; all 0 <= j < (strlem 1stl) 1st1’[j] == 1sti[j].

THEOREM: strcat-get-1
(j < strlen (0, n1, Ist1))
—  (get-nth (j, strcat (n1, Ist1, n2, Ist2)) = get-nth (5, Ist1))

; all (strlen 1stl) <= j < (strlen lstl)+(strlen 1lst2) 1stl’[j] == 1lst2[j].

THEOREM: strcat-get-2
(stringp (0, n1, Ist1)
A (strlen (0, n1, Ist1) < j)
A (§ < (strlen (0, n1, Ist1) + strlen (0, n2, Ist2))))
—  (get-nth (j, strcat (n1, Ist1, n2, Ist2))
= get-nth (j — strlen (0, n1, lst1), Ist2))

; some properties about strchr.
; lst[strchr] == ch, if strchr returns non-f.

THEOREM: strchr-thm1
strchr (¢, n, Ist, ch) — (get-nth (strchr (¢, n, Ist, ch), lst) = ch)

; all i <= j < strchr, 1st[j] =\= ch. i.e. strchr is the first one.

THEOREM: strchr-thm?2
((i <) A (j§ < strchr (¢, n, Ist, ch))) — (get-nth (j, Ist) # ch)



; all i <= j < strlen, 1st[j] =\= ch, if strchr returns f.

THEOREM: strchr-thm3
((= strchr (4, n, Ist, ch)) A (i < j) A (§ < strlen (4, n, lst)))

—  (get-nth (j, Ist) # ch)

; ¢ch is not equal to the null character, if strchr returms f.

THEOREM: strchr-thm4
(stringp (4, n, Ist) A (= strchr (¢, n, Ist, ch))) — (ch # 0)

; strcpy and strchr.

THEOREM: strcpy-strchr
strchr (4, n, strepy (i, Istl, n, Ist2), ch) = strchr (4, n, Ist2, ch)

; some properties about memset.
; lemmas about memsetl.
THEOREM: memsetl-get-1

(j < i) — (get-nth (5, memsetl (i, n, Ist, ch)) = get-nth (j, Ist))

; all i <= j < i+n, 1st’[j] == ch.

THEOREM: memsetl-thml
(1<) NG <(+n))
ch)) = ch)

—  (get-nth (j, memset] (4, n, Ist,

THEOREM: memsetl-thm?2
(((4 +n) <j) A(n#£0)
ch)) = get-nth (5, Ist))

—  (get-nth (j, memset1 (4, n, Ist,

; all 1 <= j < n, 1st’[j] == ch.

THEOREM: memset-thml
((i <j) A (j < n)) — (get-nth (j, memset (n, Ist, ch)) = ch)

; all j >= n, 1lst’[j] == 1lst[j].

THEOREM: memset-thm2
((n<j) A (n €eN))
(get-nth (5, memset (n, Ist, ch)) = get-nth (5, Ist))

—

; some properties about memchr.

THEOREM: memchrl-thm1
memchrl (4, n, Ist, ch) — (get-nth (memchrl (i, n, Ist, ch), lst) = ch)



; lst[memchr] == ch, if memchr returns non-f.

THEOREM: memchr-thml
memchr (n, lst, ch) — (get-nth (memchr (n, Ist, ch), Ist) = ch)

THEOREM: memchrl-thm2
((¢ <) A (j < memchrl (4, n, Ist, ch))) — (get-nth (j, Ist) # ch)

; all j < memchr, 1lst[j] =\= ch. i.e. memchr is the first one.

THEOREM: memchr-thm?2
(j < memchr (n, Ist, ch)) — (get-nth (5, lst) # ch)

THEOREM: memchrl-thm3
((= memchrl (i, n, Ist, ch)) A (i < j) A (G < (i + n)))
—  (get-nth (j, Ist) # ch)

; all j < n, 1st[j] =\= ch, if memchr returns f.

THEOREM: memchr-thm3
((= memchr (n, Ist, ch)) A (j < n)) — (get-nth (4, Ist) # ch)

; some properties about strrchr.

THEOREM: strrchr-lal
(j € N) — strrchr (i, n, Ist, ch, j)

THEOREM: strrchr-strchr-la
(= strchr (4, n, Ist, ch)) — (strrchr (4, n, Ist, ch, j) = j)

THEOREM: strrchr-la2
strchr (i, n, Ist, ch) — (get-nth (strrchr (4, n, Ist, ch, j), lst) = ch)

; strrchr finds ch in the string.

THEOREM: strrchr-thm1
strrchr (¢, n, Ist, ch, f) — (get-nth (strrchr (4, n, Ist, ch, ), Ist) = ch)

THEOREM: strchr-get
((i <J) A (J < strlen (i, n, Ist))) — strchr (¢, n, Ist, get-nth (4, Ist))

THEOREM: strrchr-la3

(strchr (4, n, Ist, ch)
A (strrchr (4, n, Ist, ch, k) < 7)
A (j < strlen (¢, n, Ist)))

—  (get-nth (j, Ist) # ch)



; strrchr returns the last one.

THEOREM: strrchr-thm?2

(strechr (4, n, Ist, ch, f)
A (strrchr (2, n, Ist, ch, f) < j)
A (§ < strlen (i, n, Ist)))

—  (get-nth (j, Ist) # ch)

; O means nomne.

THEOREM: strrchr-thm3
((— strrchr (¢, n, Ist, ch, k)) A (i < j) A (§ < strlen (4, n, Ist)))
—  (get-nth (5, Ist) # ch)

; ch is not equal to the null character, if strrchr returns f£.

THEOREM: strrchr-thm4
(stringp (%, n, Ist) A (= strrchr (4, n, Ist, ch, k))) — (ch # 0)

; some properties about memcmp.

THEOREM: memcmpl-id
memcmpl (4, n, Ist, Ist) =0

THEOREM: memcmp-id
memcmp (n, lst, Ist) = 0

THEOREM: memcmpl-thm1
(Ist-of-chrp (Ist1)
A lst-of-chrp (Ist2)
A (memcmpl (4, n, Ist1, Ist2) = 0)
A (1<)
A (G < (i+n))
—  (get-nth (j, Ist1) = get-nth (5, Ist2))
THEOREM: memcmp-thml
(Ist-of-chrp (Ist1)
A lst-of-chrp (Ist2)
A (memcmp (n, lst1, Ist2) = 0)
A (G <n))
—  (get-nth (4, Ist1) = get-nth (5, Ist2))

DEFINITION:
memcemp-sk (n, Ist1, Ist2)
— JjVi((i <j)— (get-nth (i, Ist1) = get-nth (¢, Ist2)))
A (memcmp (n, Ist1, Ist2)
= idifference (get-nth (j, Ist1), get-nth (5, Ist2))))



DEFINITION:
mememp-j (i, n, Ist1, lst2)
= if get-nth (4, Ist1) = get-nth (¢, Ist2)
then if (n — 1) = 0 then fix (i)
else memcmp-j (1 + 4, n — 1, Ist1, Ist2) endif
else fix (i) endif

THEOREM: memcmp-j-1
((i < mememp-j (i1, n1, Istl, Ist2)) A (il < 1))
—  (get-nth (¢, lst1) = get-nth (3, Ist2))

THEOREM: memcmp-j-2
(memempl (i1, nl, lst1, lst2) # 0)
—  (memecmpl (i1, nl, Ist1, Ist2)
= idifference (get-nth (memcmp-j (i1, ni, Ist1, Ist2), Ist1),
get-nth (mememp-j (i1, nl, Ist1, Ist2), Ist2)))

THEOREM: memcmp-thm?2
(memcmp (n, Ist1, Ist2) # 0) — memcmp-sk (n, Ist!, Ist2)

EVENT: Disable memcmp-j-1.
EVENT: Disable memcmp-j-2.

; some properties about strncat.

THEOREM: strcpy2-get-1
(j < i1) — (get-nth (5, strepy2 (i1, Ist1, i2, n2, Ist2)) = get-nth (5, Ist1))

THEOREM: strlenl-ii
strlenl (4, 4, Ist) = 0

THEOREM: strcpy2-get-2
((i1 < j) A (J < (il + strlenl (42, i2 + n2, Ist2))))
—  (get-nth (j, strepy2 (i1, Ist1, i2, n2, Ist2))

= get-nth ((i2 + j) — i1, Ist2))

; all j < (strlen 1stl), 1st’[j] == 1sti[j].

THEOREM: strncat-get-1
(j < strlen (0, n1, Ist1))
—  (get-nth (j, strncat (n1, Ist1, n2, lst2)) = get-nth (5, Ist1))

; all (strlen 1stl) <= j < (strlemn lstl)+(strlen 1lst2),
; 1st’[j] == 1st2[j-(strlen 1stl1)].



THEOREM: strncat-get-2
(stringp (0, n1, Ist1)
A (strlen (0, n1, Ist1) < j)
A (§ < (strlen (0, n1, Ist1) + strlen (0, n2, Ist2))))
—  (get-nth (4, strncat (n1, Istl, n2, Ist2))
= get-nth (j — strlen (0, n1, Ist1), Ist2))

; some properties about strncpy.

THEOREM: zero-listl-la
(j < 1) — (get-nth (§, zero-list1 (4, n, Ist)) = get-nth (5, Ist))

THEOREM: zero-list1-get

(1 <HANG<((i+mn)—1))
—  (get-nth (j, zero-list1 (i, n, lst)) = 0)

THEOREM: zero-list-get
(i <j) NG < (i +n)))
—  (get-nth (j, zero-list (i, n, Ist)) = 0)

THEOREM: strncpyl-get
(j < i) — (get-nth (j, strncpyl (¢, n, Ist, Ist2)) = get-uth (§, Ist1))

EvENT: Disable zero-list.
THEOREM: strncpyl-strlen
strlen (i, 7 + n, strnepyl (4, n, Istl, Ist2)) = strlen (i, i + n, Ist2)

THEOREM: strcpy-0
strncpy (0, Ist1, Ist2) = Ist1

; the length of (strncpy 1lstl 1st2) equals the length of 1st2.

THEOREM: strncpy-strlen

strlen (0, n, strncpy (n, Ist!, Ist2))

= if n ~ 0 then strlen (0, n, Ist1)
else strlen (0, n, Ist2) endif

THEOREM: strncpyl-cpy

((: <J) A (4 <strlen(i, i + n, Ist2)))

—  (get-nth (j, strncpyl (¢, n, Ist1, Ist2)) = get-nth (4, Ist2))
; all j < (strlen 1st2), 1st’[jl == 1st2[j].

THEOREM: strncpy-cpy
(j < strlen (0, n, Ist2))
—  (get-nth (5, strncpy (n, Ist1, Ist2)) = get-nth (5, Ist2))
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THEOREM: strncpyl-0s
((strlen (i, @ + n, Ist2) < j) A (J < (i + n)))
—  (get-nth (j, strncpyl (4, n, Ist1, Ist2)) = 0)

; all (strlen 1st2) <= j < n, 1lst’[j] ==

THEOREM: strncpy-0s
((strlen (0, m, Ist2) < j) A (j < n))
—  (get-nth (j, strncpy (n, Ist!, Ist2)) = 0)

; some properties about strncmp.

THEOREM: strncmpl-id
strnempl (4, n, Ist, lst) = 0

THEOREM: strncmp-id
strncmp (n, Ist, Ist) = 0

THEOREM: strncmpl-thml
(Ist-of-chrp (Ist1)
A lst-of-chrp (Ist2)
A (strnempl (4, n, Ist1, Ist2) = 0)
A (1<)
A (§ < strlen (4, i + n, Ist])))
—  (get-nth (7, lst]) = get-nth (j, Ist2))

THEOREM: strncmp-thm1
(Ist-of-chrp (Ist1)

A lst-of-chrp (Ist2)

A (strnemp (n, Ist1, Ist2) = 0)

A (j < strlen (0, n, Ist1)))

—  (get-nth (j, Ist1) = get-nth (5, Ist2))

DEFINITION:
strncmp-j (i, n, Ist1, lst2)
= if get-nth (i, Ist1) = get-nth (7, Ist2)
then if get-nth (4, lst1) = 0 then fix (i)
elseif (n — 1) = 0 then fix (7)
else strncmp-j (1 + 4, n — 1, Ist1, Ist2) endif
else fix (i) endif

DEFINITION:
strncmp-sk (n, Ist1, [st2)
— 35 (Vi((i <j)— (get-nth (i, Ist1) = get-nth (i, Ist2)))
A (strncmp (n, Ist1, Ist2)
= idifference (get-nth (5, Ist1), get-nth (4, Ist2))))
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THEOREM: strncmp-j-1
((4 < strnemp-j (i1, ni, Ist1, Ist2)) A (il < i)
—  (get-nth (¢, Ist1) = get-nth (3, Ist2))

THEOREM: strncmp-j-2
(strncmpl (i1, nl, Ist1, Ist2) # 0)
—  (strnempl (i1, nl, Ist1, lst2)
= idifference (get-nth (strncmp-j (i1, ni, Ist1, Ist2), Ist1),
get-nth (strnemp-j (i1, n1, Ist1, Ist2), Ist2)))

THEOREM: strncmp-thm?2
(strncmp (n, Ist1, Ist2) # 0) — strnemp-sk (n, Ist1, 1st2)

EVENT: Disable strncmp-j-1.
EVENT: Disable strncmp-j-2.

; some properties about strpbrk.

THEOREM: strpbrk-thm1

let j be strpbrk (if, n1, Ist1, n2, lst2)

in

J — strchrl (0, n2, Ist2, get-nth (4, Ist1)) endlet

THEOREM: strpbrk-thm2
((i1 < j) A (J < strpbrk (if, n1, Ist1, n2, lst2)))
— (= strchrl (0, n2, Ist2, get-nth (5, Ist1)))

THEOREM: strpbrk-thm3
((— strpbrk (i1, ni, Ist1, n2, lst2))
A (i1 <3)
A (j <strlen(il, nt, Ist1)))
— (= strchrl (0, n2, Ist2, get-nth (5, Ist1)))

; strchrl, which is used to specify several string functions, is a variant
; of strchr. strchrl does not have the ‘thm4’ of strchr.

’

THEOREM: strchrl-thm1l
strchrl (¢, n, Ist, ch) — (get-nth (strchrl (¢, n, Ist, ch), lst) = ch)

THEOREM: strchrl-thm?2
((i <j) A (j < strchrl (i, n, Ist, ch))) — (get-nth (5, Ist) # ch)

THEOREM: strchrl-thm3

((= strchrl (4, n, Ist, ch)) A (i <j) A (J < strlen (i, n, Ist)))
—  (get-nth (j, Ist) # ch)
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; some properties of strcspn.

THEOREM: strcspn-thml
let j be strespn (il, ni, Istl, n2, Ist2)

in
j — strchr (0, n2, Ist2, get-nth (j, Ist1)) endlet

THEOREM: strcspn-thm?2
((i1 < j) N (§ < strespn (i1, nl, Ist1, n2, Ist2)))
— (= strchr (0, n2, Ist2, get-nth (5, Ist1)))

THEOREM: strcspn-thm3
((— strespn (i1, nl1, Istl, n2, Ist2))
A (il <)
A (j <strlen (i1, ni, Ist1)))
— (= strchr (0, n2, Ist2, get-nth (4, Ist1)))

; some properties of strspn.

THEOREM: strspn-thm1
let j be strspn(il, nl, lst1, n2, lst2)

in
j — (= strchrl (0, n2, Ist2, get-nth (4, Ist1))) endlet

THEOREM: strspn-thm2
((i1 <j) A (j < strspn (i1, ni, Istl, n2, Ist2)))
—  strchrl (0, n2, Ist2, get-nth (5, Ist1))

THEOREM: strspn-thm3
((— strspn (i1, n1, Ist1, n2, Ist2))
A (i1 <)
A (j <strlen (i1, ni, Ist1)))
—  strchrl (0, n2, Ist2, get-nth (5, Ist1))

; a generalized defn for strncmp.

DEFINITION:
strnemp?2 (4, n, Istl, j, Ist2)
if n ~0 then 0
elseif get-nth (¢, Ist1) = get-nth (4, Ist2)
then if get-nth (i, Ist7) = 0 then 0

else strncmp2 (1 + ¢, n — 1, Ist1, 1 + 7, Ist2) endif
else idifference (get-nth (i, lst1), get-nth (j, Ist2)) endif

THEOREM: strncmp2-non-numberp
(i ¢ N) — (strnecmp2 (i, n, Ist1, j, Ist2) = strncmp2 (0, n, Ist1, j, lst2))
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THEOREM: strncmp2-0
strnemp?2 (4, 0, Ist!, j, Ist2) = 0

THEOREM: strncmpl-strncmp2
(n £ 0) — (strnempl (4, n, Ist1, Ist2) = strncmp?2 (i, n, Ist1, i, Ist2))

THEOREM: strncmp-strncmp?2
strnecmp (n, Ist1, Ist2) = strnemp2 (0, n, Ist1, 0, Ist2)

THEOREM: strncmp2-mecdr-1
strnemp?2 (i1, n, medr (f, Istl), i2, Ist2) = strnemp2 (i1 + j, n, Ist1, i2, Ist2)

THEOREM: strncmp2-mecdr-2
strnemp?2 (i1, n, Ist1, i2, medr (§, Ist2)) = strnemp?2 (i1, n, Ist1, i2 + 7, Ist2)

; a lemma of strlen and mcdr.

>

THEOREM: strlen-cdr
(i € N) — (strlen (i, n — 1, medr (1, Ist)) = (strlen (1 + i, n, Ist) — 1))

THEOREM: strlen-mecdr

(i € N)
(strlen (4, n, medr (k, Ist)) = (strlen (i + k, k + n, Ist) — k))

N
; some properties of strstr.
; a lemma for strstr-thmil.
THEOREM: strstrl-thml

let j be strstrl (i, n1, Ist1, n2, Ist2, len)

in

((F eN)A (n=(1+ len)))

—  (strncmp2 (5, n, Ist1, 0, Ist2) = 0) endlet

; all 0 <= 1 < (strlem 1st2), lsti[j+i] == 1lst2[i], if strstr == j =\= 0.

THEOREM: strstr-thm1

let j be strstr(ni, Ist1, n2, lst2)

in

(j € N) — (strncmp (strlen (0, n2, Ist2), medr (5, Ist1), Ist2) = 0) endlet

; a few lemmas about strchril.

>

THEOREM: strchrl-nth
((i < j) A (j <strlen(i, n, Ist)))
—  (strchrl (¢, n, Ist, get-nth (, Ist)) € N)
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THEOREM: strlen-strchrl-nth

((i < j) A (j <strlen(i, n, Ist)))

—  (strlen (1 + strchrl (¢, n, Ist, get-nth (7, Ist)), n, lst)
= strlen (¢, n, Ist))

THEOREM: strlen-strchrl
(strchrl (4, n, Ist, 0) € N) — (strchrl (4, n, Ist, 0) £ strlen (4, n, Ist))

THEOREM: strchrl-ch0
= strchrl (¢, n, Ist, 0)

THEOREM: strchrl-nth-first
((strchrl (4, n, Ist, get-nth (4, Ist)) € N) A (i < 7))
—  (j & strchrl (4, n, Ist, get-nth (5, Ist)))

; a lemma for strstr-thm2.

THEOREM: strstrl-thm2
(Ist-of-chrp (Ist1)
A lst-of-chrp (Ist2)
A (1<)
A (J < strstrl (i, n1, Istl, n2, Ist2, len))
A (n=(1+ len)))
—  (strnemp2 (§, n, Ist1, 0, Ist2) # 0)

; all j < (strstr 1stl 1st2), (strncmp (mcdr j 1lstl) 1st2) =\= 0.

THEOREM: strstr-thm?2
(Ist-of-chrp (Ist1)
A lst-of-chrp (Ist2)
A (j < strstr (nl, Istl, n2, lst2))
A (n2 £0))
—  (strncmp (strlen (0, n2, Ist2), medr (5, Ist1), Ist2) # 0)

; a lemma for strstr-thm3.

THEOREM: strstrl-thm3

(Ist-of-chrp (Ist1)

Ist-of-chrp (Ist2)

(= strstrl (4, n1, Istl, n2, Ist2, len))
(i <J)

(4 < strlen (i, ni, Ist1))

(( = (L4 len)))

strncmp?2 (5, n, Ist1, 0, Ist2) # 0)

L>>s>>>

; all j < (strlen 1lstl), (strncmp (mcdr j 1lstl) 1st2) =\= 0.
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THEOREM: strstr-thm3
(Ist-of-chrp (Ist1)
A lst-of-chrp (Ist2)
A (= strstr(nl, Istl, n2, Ist2))
A (§ < strlen (0, n1, Ist1))
A (n2 £0))
—  (strncmp (strlen (0, n2, Ist2), medr (5, Ist1), Ist2) # 0)

; some properties of strtok.

THEOREM: strtok-thml

let i be strspn (0, n1, Istl, n2, Ist2)

in

((nat-to-uint (s1) # 0) A (get-nth (4, Ist1) = 0))

—  ((strtok-tok (s1, last, n1, Ist1, n2, lst2) = 0)
A (strtok-last (s, last, n1, Ist1, n2, Ist2) = 0)
A (strtok-Ist (n1, Ist1, n2, Ist2) = Ist1)) endlet

THEOREM: strtok-thm2
let ¢ be strspn (0, nl, Ist1, n2, Ist2)
in
((nat-to-uint (s1) # 0)
(get-nth (7, Ist1) # 0)
(get-nth (strespn (¢, ni, Ist1, n2, lst2), lst1) = 0)
stringp (0, n1, Ist1)
(n1 € N))
((strtok-tok (s1, last, ni, Ist1, n2, Ist2)
= add (32, sI, strspn* (0, 0, nl, Istl, n2, Ist2)))
A (strtok-last (sI, last, nl, lst1, n2, lst2) = 0)
A (strtok-Ist (n1, Ist1, n2, Ist2) = Ist1)) endlet

>>>>

THEOREM: strspn-strchrl
strspn (i1, nl, Ist1, n2, lst2)
— (= strchrl (0, n2, Ist2, get-nth (strspn (i1, ni, Ist1, n2, Ist2), Ist1)))

THEOREM: strchr-strchrl
(ch # 0) — (strchr (4, n, Ist, ch) = strchrl (i, n, Ist, ch))

THEOREM: strspn-true
(stringp (4, n1, Ist1) A stringp (0, n2, Ist2)) — strspn (i, nl, lst1, n2, Ist2)

THEOREM: strtok-thm3

let i* be strspn* (0, 0, nl, Istl, n2, Ist2),
i be strspn (0, nl, Ist1, n2, Ist2)

in
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((nat-to-uint (s1) # 0)

(get-nth (4, Ist1) # 0)

(get-nth (strespn (4, ni, Istl, n2, Ist2), Ist1) # 0)
stringp (0, nl, Ist1)

stringp (0, n2, Ist2)

(n1 € N))

((strtok-tok (s1, last, nl, lst1, n2, Ist2)

A
A
A
A
A
—

A

A

add (32, sI, strspn™* (0, 0, nl, Ist1, n2, Ist2)))
(strtok-last (s1, last, n1, lst1, n2, lst2)
= add (32,

si,

add (32, strespn™ (i*, i, ni, Istl, n2, Ist2), 1)))
(get-nth (strespn (i, ni, Ist1, n2, lst2),

strtok-Ist (n1, Ist1, n2, Ist2))
= 0)) endlet

THEOREM: strtok-thm4
(strtok-tok (0, 0, ni, Ist1, n2, lst2) = 0)

A

(strtok-last (0, 0, n1, Istl, n2, Ist2) = 0)

THEOREM: strtok-thmb
let ¢ be strspn (0, nl, lstl, n2, Ist2)

in

((nat-to-uint (last) # 0)

(get-nth (7, Ist1) # 0)

(get-nth (strespn (i, ni, Istl, n2, Ist2), Ist1) = 0)
stringp (0, ni1, Istl)

(n1 € N))

((strtok-tok (0, last, n1, Ist1, n2, Ist2)

A
A
A
A

—

N
N

add (32, last, strspn* (0, 0, ni, Ist1, n2, Ist2)))
(strtok-last (0, last, nl, Ist1, n2, lst2) = 0)
(strtok-lst (n1, Ist1, n2, Ist2) = Ist1)) endlet

THEOREM: strtok-thm6
let i* be strspn* (0, 0, nl, Ist!, n2, Ist2),

=

N e
—~

l>>>>>

i be strspn (0, ni, Ist1, n2, lst2)

nat-to-uint (last) # 0)

(get-nth (4, Ist1) # 0)

(get-nth (strespn (i, ni, Istl, n2, Ist2), Ist1) # 0)
stringp (0, nl, Ist1)

stringp (0, n2, lst2)

(n1 € N))

((strtok-tok (0, last, n1, Ist1, n2, Ist2)

add (32, last, strspn* (0, 0, ni, Ist1, n2, Ist2)))
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A (strtok-last (0, last, ni1, Ist1, n2, lst2)
= add (32,
last,
add (32, strespn™ (¢%, i, nl, Ist1, n2, Ist2), 1)))
A (get-nth (strespn (i, nl, Istl, n2, Ist2),
strtok-1st (n1, Ist1, n2, Ist2))
= 0)) endlet

EVENT: Disable strchr-strchrl.

; some properties of memmove.
; memmove is equivalent to lstmov.

THEOREM: mmov1-lst-cpy
mmovl-Ist (4, Ist1, Ist2, n) = Istepy (4, Ist1, i, Ist2, n)

THEOREM: mmovn-mmov1-lst
mmovn-lst (h, Ist1, Ist2, i, n) = mmovl-Ist (4, Ist1, Ist2, h * n)

THEOREM: lstcpy-nonnumberp
(it ¢N)
—  ((Istcpy (i1, Ist1, 2, lst2, n) = Istcpy (0, Ist1, i2, Ist2, n))
A (Istepy (42, Ist1, i1, Ist2, n) = Istepy (42, Ist1, 0, Ist2, n)))

THEOREM: Istcpy-lstepy-0
Istepy (h1, Istepy (0, Ist1, O, Ist2, h1), hi, Ist2, h2)
= lstepy (0, Ist1, 0, Ist2, h1 + h2)

THEOREM: mmov]1-Ist1-cpy
(n <)
—  (mmovl-Istl (¢, Ist1, Ist2, n) = Istcpy (i — n, Istl, i — n, Ist2, n))

THEOREM: lIstcpy-lstepy-1

(1 = (b1 + 4i1)) A (§2 = (h1 + i2)))

—  (Istepy (i1, Istepy (51, Istl, j2, Ist2, h2), i2, Ist2, h1)
= lIstepy (i1, Ist1, i2, Ist2, h1 + h2))

THEOREM: times-lessp-dual

(. <y) = ((z <(y*2)=(2#£0)

THEOREM: mmovn-lstl-mmov1-Ist
((h % n) < i)
—  (mmovn-lstl (h, Ist1, Ist2, i, n)
= mmovl-Ist (i — (h % n), Ist1, Ist2, h % n))
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THEOREM: quotient-shrink-fast-1
(z<(yx(z+y))=f1

THEOREM: memmove-mmov1-Ist
memmove (strl, str2, n, lstl, Ist2)
= if n ~ 0 then Ist]
elseif nat-to-uint (str!) = nat-to-uint (str2) then Ist2

else mmov1-lst (0, Ist!, Ist2, n) endif
; for k < i, 1stcpy(lstl,1lst2) [k] == 1st1[k].

THEOREM: lstcpy-get-1
(k < i) — (get-nth (k, Istcpy (4, Istl, j, Ist2, n)) = get-nth (k, Ist1))

; for i <= i1 < i+n, lstcpy(Ilstl,lst2)[i1] == 1st2[il].
THEOREM: lIstcpy-get-2
((i < i1) A (il < (i + n)))
—  (get-nth (i1, Istepy (4, Ist1, j, Ist2, n))
= get-nth ((j + i) — i, Ist2))
; for 0 <= 1 < n, mmovl-1st(lstl,1st2)[i] == 1st2[i].

THEOREM: mmovl-Ist-thml
(il < n) — (get-nth (i1, mmovl-lst (0, Ist1, Ist2, n)) = get-nth (il, Ist2))

; for 0 <= i < n, memmove(lstl,lst2,n)[i] == 1st2[i].
THEOREM: memmove-thm1l

(i < n)
—  (get-nth (i, memmove (str!, str2, n, Ist1, Ist2)) = get-nth (3, Ist2))
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