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B0 Phdlint x, int y)
Jlireouire v >= 0:
{

B " B return 1;
return POW(x, y-1)*x;
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B0 Phdlint x, int y)
//Q@require y >= 0;
{

B " B return 1;
return POW(x, y-1)*x;
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//Q@require y >= B;
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=V - 8) return 1;
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I lliirequire v >= 0;
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&\ - 8) return 1;
return POW(x,
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thm POW_x_zero_is_one(int x)

int POW(int x, int vy) Jiprove PUW(X, B) =

I lliirequire v >= 0; i

{ thm 11 = refl(C POW(x,8) ):
& 1 - B) return 1; £ 110 |- POWCx,8)-=PONCK, 4}
return POW(x, y-1)*x; } -
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thm POW: x zZerpo 1s enelint x)

int POW(int x, int y) //Bprove POW(x, B) ==
//Q@require y >= 8; {
{ thm 11 = refl( PUW(X. @) ]
=V - 8) return 1; [/ 11: |- POW(x,B)==PONCK B
return POW(x, y-1)*x; thm 12 = rewrite(11, "POW(x,8)");
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thm POW_x_zero_is_one(int x)

0L Phdiint x; int y) //Bprove POW(x, B) ==
//@require y >= 0; {
§ ERm 11 = refll POW(x 4} )
& V- 8 return 1; // 11: |- POW(x,08)==POW(x,0);
FEtlen POW(x, y-1)%x; thm 12 = rewrite(11, "POW(x,8)");
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0L Phdiint x; int y) //Bprove POW(x, B) ==
//@require y >= 0; {
$ thin 11 sdreflk PON(x @) }:
& - 8) return 1; 1: |- POW(x,8)==POW(x,8);
return POW(x, y-1)™x; thm 12 =Jrewritef11, 'POW(x,8) ):
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o B ILIECER ICFERT LA FF/5 e !

type goal = thm List * Term
Ee ool state = goal list * (thm list -> thm)
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type goal = thm List * Term
type goal state = goal list * (thm list -> thm)
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RARAW B HRIELST , BAFZENIEREZO

proof pf = initialize("1 == 18 0 == 0");
([ goals: [1 == 1 & 0 == B], cont: \[thm] —> thm

splitipne)
// goals: [1 == 1; 0 == 0], cont: \[thml; thm2] -> conjunct(thml, thm2)
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proof pf = initialize("1 == 18 0 == 0");
([ goals: [1 == 1 & 0 == B], cont: \[thm] —> thm

splitipne)
// goals: [1 == 1; 0 == 0], cont: \[thml; thm2] -> conjunct(thml, thm2)

eflexivitylpt, 1 );
¢ Jbals: [0 == B cont: \[thm?] > conjunetl(refl(l) thinl)
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proof pf = initialize("1 == 18 0 == 0");
([ goals: [1 == 1 & 0 == B], cont: \[thm] —> thm

splitipne)
// goals: [1 == 1; 0 == 0], cont: \[thml; thm2] -> conjunct(thml, thm2)

eflexivitylpt, 1 );
¢ Jbals: [0 == B cont: \[thm?] > conjunetl(refl(l) thinl)

Ehm Zero eqg zero = smt( 0 == 0 );
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proof pf = initialize("1 == 18 0 == 0");
([ goals: [1 == 1 & 0 == B], cont: \[thm] —> thm

splitipne)
// goals: [1 == 1; 0 == 0], cont: \[thml; thm2] -> conjunct(thml, thm2)

eflexivitylpt, 1 );
¢ Jbals: [0 == B cont: \[thm?] > conjunetl(refl(l) thinl)

Ehm Zero eqg zero = smt( 0 == 0 );

apply(pf, zero eq zero);
o oals [ cont: [ => econjunctlrefl(l). Zero eq zero)
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/] goals:

/] goals:

/. goals:

apply(pf,
/] goals;

Drogk pit =

split(pf);

IEtializel 1l —— 1 820 — @ )
1 == 1 8 0 == 0], cont: \[thm] -> thm

1 =10 = B] cont: \[thml: thm2l > conjunctCEhml  BRil)

eflexivitylpt, 1 );

[§ = ) cont: \[thmZ2] > conjunctlreflCl)  thmi)

Ehm Zero eqg zero = smt( 0 == 0 );

Zero eq zero);
0 cont: ] > conjunetirefl{l). 7org eq zepro)

thm ret = ged(pf);
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O :J:/_\%{/JF F\_AMEHT 'H_jJTEEIEEEQBj] ‘HH7|:Z/D\

y

tho ol spEC ] e 1
adtend(pt, 2 . thml):
L

thm thm2 = smt(
extend(pf, "4 /
=] = 4 / 2

tham el = terminalice(pt )

eenroof pfi= staptowdthe ]l « 1
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L Phdint x, int v)

//@require y >= 8;

{
it (v == 08) return 1;
return POW(x, y-1)*x;

§
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L Phdint x, int v)

//@require y >= 0;

{
. Ly O] return 1;
return POW(x, y-1)*x;

21



IERSEIEAS R

L Phdint x, int v)

//@require y >= 0;

{
. Ly O] return 1;
return POW(x, y-1)*x;

o &E|FH
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L Phdint x, int v)

//@require y >= 0;

{
. Ly O] return 1;
return POW(x, y-1)*x;

§

o [ RB5E%E ]
o TLEIIER

® 182 0] LA Python X
MBI EA

IREIRSHIEAISS
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L Phdint x, int v)

//Q@require y >= B;

{
. Ly O] return 1;
return POW(x, y-1)*x;

o ILEI1EH

® 182 0] LA Python X
MBI EA

Q0] E ;MR EL?

bool is inCint x intl] A int lo gt )

{
if (lo == hi) retlrn false
return Allo] == x || 1s e & 1w & 1

;

//Breguire 8 <= 1o &% 1o <= hi &% hi < Lefifthics

i)
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{

§

L Phdint x, int v)
//Q@require y >= B;

. Ly O] return 1;
return POW(x, y-1)*x;

bool 1s inlint x intl[] A int 1o, ige b
//Breguire 8 <= 1o &% 1o <= hi &% hi < Lefifthics
{
if (lo == hi) retlrn false
return Allo] == x || is 1ntc & 1o = 1 i
;

O,

O,

® 182 0] LA Python X1
M BYEH

 AE 5 5%
7ol tEH

baol le seg(int x, int[] A, int 1o, int B1
//@require ..

{

1f (lo == i) rebilen frle:
return x <= Allo] && le seg(x, A, 1p & & [Bi1 i

;
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gL OWOInt x, int v)

//Q@require y >= B;

{
. Ly O] return 1;
return POW(x, y-1)*x;

§

o [ ABZ5%5
o IEIEA

® 182 0] LA Python X
MBI EA

Q0] E ;MR EL?

bool 1s inlint x intl[] A int 1o, ige b

{
if (lo == hi) retlrn false

//Breguire 8 <= 1o &% 1o <= hi &% hi < Lefifthics

return Allo] == x || is 1ntc & 1o = 1 i

110

5
bool le seg(int x, intl] A int lo, it 4
//@require ..
{
1f (lo == i) rebilen frle:
return x <= Allo] %& le seglx, A, 1o ¢ 1
5
bool 1s sortedCinti]l A int lo @ ip: hi)
//@require ..
{

it (lo == hi} rebiicn [rue:

return le seg(Allo], A, 1o + 1, hi) && is sorted(A, 1o =

;

hi )
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loc~>data Za—RETE, EO R E Bl * £ ~E5HFHLBHEARERE

—/Ntdlt loc, F8@BEIEHE N data B HEZS (8]
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TRBIALES

2

e

L ) (1) ol

loc~v>data R~—R¥ESTH, HBRA

* RINE A IR AR

— Nk loc, 38[@B9%L3E A data

9SS (8]

bool is_segment(
I (ohapt —
If (ohart == o

e b list® start list: end)

JLL) return false;

id) petlien is emptvin):

et En 1s poipt tolh. start, *start) &&
is_segment(remove(h, start), start->next, end);
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2

e

L ) (1) ol

loc~v>data R~—R¥ESTH, HBRA

— Nk loc, 38[@B9%L3E A data

* RINE IR I AR R

9SS (8]

i  sfapt == NULL) return false;
1if  start = end) return 1s_empty(h):
et En 1s poipt tolh. start, *start) &&

hool is_segment(heap h, list* start, list* end) {

is_segment(remove(h, start), start->next, end);

WEZS 8] h =& 18 3smid T M

start 2l end B — R 5k R
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NI

bool is_segment( B, lisel ot list® end dnEll A ant lo ng Bi)
I lecalire B <= 1o &8 lo <= ‘hi &% hi <= \length(A):
{

if (st — NULL) return false:

i g == hi) retien start = end &2 (h

return start->data == A[lo] &&

(. start. 'start) &%
is_segment( (i start). stapt--next end. A lo + 1 hil
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X2 hE . AN FMEATIES M

2 PHYEEWBEE =L, BRLRITHNAEFERE

o BE, AR, B ~AEE
ZMEREM , RINEED] AR MR
ISAmRIAEN, KM YR-EEWESH, HIEED

SBERZELNE S

N

gedl 1S5 cegmentiheap h, list” start, list” end, int[] A, int lo, int hi)
I lecalire B <= 1o &8 lo <= ‘hi &% hi <= \length(A):
{
if (st — NULL) return false:
i (1o —= h1) return start == end && 1s. empty(h);
return start->data == A[lo] &&
1« nelit tolh, start, “start) &%
is_segment(remove(h, start), start->next, end, A, lo + 1, hi);
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B = B TUAL A

bool is_segment(

{
it (ctart == NULL) return false:

if o == hi) refurn start
Febtlrn start-—data Allo] &&

is_segment(

. list® start, list” end. intl | A, dnt 1o, 1nE @
//Brequire B <= 1o && lo <= hi && hi <= \length(A);
end &&

(h, start, start) 88
(h start) start—next end A lo +# | hii):

(h);
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bool is_segment( . list® start, list” end. intl | A, dnt 1o, 1nE @
liecalire B <= 1o &% lo <= hi && hi <= \lenmgth(h):
{

it (ctart == NULL) return false:

i Ulo == i) return start — ond &2 (h);

return start->data == A[lo] &&

(h starf ~start) 2%
is_segment( (h start) start—next end A lo +# | hii):

19 segmentilist® start, list? end. int[] A, inmt Lo ing i)
I retuite 9 <= 1o &8 lo <= hi %8 hi <= \length(AJ:
{
1F (cbart = NULL ) retuen false
1f Clg — [l retuen Cskart —= end)
folillin (start - >data == Allel)
(soarl okt
is_segment(start->next, end, A, lo + 1, hi);
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B = B TUAL A

bool 1s segmentCheap h, list® start, list® end, intl] A, int 1o, 10t At
liecalire B <= 1o &% lo <= hi && hi <= \lenmgth(h):
{
it (ctart == NULL) return false:
iF (lo = hi) refurn start == end && is empty(h);
return start->data == A[lo] &&
Is. point telh start, “start) &%
is_segment(remove(h, start), start->next, end, A, 1lo + 1, hi);

ieap brop s segnentllist® start, list® end. 1ntl] A, inmkt lo, int Wi
//@require B <= 1o && lo <= hi && hi <= \length(A);
{
if (start == NULL) return false /\ empty;
1f (lo == h1) return (start — end) /\ enpty;
FoBLED [cbart—dota == Allol) [
folatl o> “stapl )
is segment(start-—>next . end. A, lo = 1 hi):
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velg list revilist” 1)

//Bparameter int[] A;

' llrenuire s segment(l, NULL, &, 8. \length(h)):

//Bensure is_segment(1l, NULL, rev(A, \length(A)), 8, \length(A));
{

.
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velg list revilist” 1)

//Bparameter int[] A;

' llrenuire s segment(l, NULL, &, 8. \length(h)):

//Bensure is_segment(1l, NULL, rev(A, \length(A)), 8, \length(A));
{

.

inkl ] reviintl] A dnt n)
(reguire n = \length(h):

[/ /Bensure n —= \length@result);
i

intl L B = alloc arpayiint N

fopE (dnt 1 =8 1 < 1 4
Bl = Allg - 1 1]

;

return B;

;
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velg list revilist” 1)

//Bparameter int[] A;

{ lireguire is segment(l, NULL, A, 8, \length(h)):

//Bensure is_segment(1l, NULL, rev(A, \length(A)), 8, \length(A));
{

.

inkl ] reviintl] A dnt n)
//@Brequire n == \length(A);
¢ llensiire n == \lengsh(\result )

{ 7]
qptl B = alleoec apraviint. n: ﬁﬁ%lﬂﬁ%‘ﬁ%
fopE (A6 1 - @2 1 <@ 1 ++) 4 A0+ E M R
Bl = Aln =1 - 1]
;
return B;

;

235



ERE 25 R

IUEBREY, HAHSEZERETALAEBER?




ERANZY 5 UEEA

HUEBAE, AR EZRENTA

2L PUNCint x, int v)
//@require y >= 0;
i

.y = 8) return 1:
return POW(x, y-1)*x;
;
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BT AR

1At POWCint x,

int y)

//Brequire y >= 8;

|

if (y == 8) return 1;
9 y—1)*X;

return POW(x
}

y::

y>0

§ ==

26
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T AER?

it revtintl] A, int n)
ieglite n == \length(A):

L licedie n — \lengthQiresult):
i

gl B = glloc arraylint, n);

E Al = B o< 1 bE)
Bl =iln -1 -1];

)

return B;

;
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FUEBREY, IAIFERRTA

anGl | rgv(lnt[] A int il
//@require n == \length(A); rev(A, n) == rev looplA, array(m) i
L licedie n — \lengthQiresult): : i .
$ ;
| _ , | i< ==>
1nt[].B —.a}loc_grray(lgt, ) hvdoeeth a0
R 20 D<) rev_loop(A, put(B,i,get(A,n-1-i)), n, i + 1)
B[i:l - A[n - 1 . j_:l; = p ? p ? 7g ? ? ?
ieturn B; E =
} ? ey dooplh B i i) == B
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gt "ONCInt x. Int yv)
//Q@require y >= B;

{ Vo= == PURCR N ©
if 0/ — B return 1; y>8 ==> POW(x,y)==POW(X 35 11
peturn POW(x. v-1)7x;
)
it revlintl] A, int n)
lipeauire n == \length(A);
[[Bensure n == \length(\result); no== len(A) ==>
i rev(A, n) == rev loop(A, arrayin) n &
inEl [ B = alloc array(int, n); i<n =
B DL B0 <o) rev loep(h, Bun 1
g il 1 11 rev_loop(A, put(B,i,get(A,n-1-1)), n, i + 1)
) 1 ==n ==>
; return B; pev. looplh B . n 1] B
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gk FOWCint x, int v)
//Q@require y >= 0;

{

i =8 returnm |:
peturn BOWOx, yv-1)7x;

;

lale

reviaptll A int n)

//0

require n == \length(A);

= lre b — length(iresult):

|

inl B = dlloc arpray(int. n);
BTt 1 - B <o 1 )

5

Bl =0 1 i

return B;

;

y==8 ==> PUN(X.§) =
v>0  ==> POW(x v )==POWICe el i

B MAXTRAREmENFI

K AT MBI BYIIEBR

g = lepth ) ——

rev(A, n) == rev_looplA, array(n), n @
1< ==>

rev. loop(A. B, n 1) ==

rev._loop(A, put(B,i,getlA.n | 1)), 0 1
1 = =

ey looplh- B i 1) — B
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e POW(int x 1Int v)
//Q@require y >= 0;
{

s v == B return 1;
i PONCe. v 1) 7

;

§ 8 POW(x,y)==
g POWO v )=—POW(x .y 1)"x

ERANZ 5 UEEA
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e PANCInt x 1nt yv)
//Q@require y >= 0;
|

s v == B return 1;
i PONCe. v 1) 7

;

§ 8 POW(x,y)==
g POWO v )=—POW(x .y 1)"x

thm POW rculel(int ¥ int /1
//@prove y == 8 ==> POW(x,y)==1;

thm POW rule2(ant x. Int v
{/Bprove vy > B ==> POW(x v)==POWx /| 1& @
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thm POW rulel(int x  int V)

int POW(int x, int y) //8prove y = © == TNk 49

. -
é/@reC”1re ¥ thm POW_rule2(int x, int y):
{/Bprove vy > B ==> POW(x v)==POWx /| 1& @

s v == B return 1;

K
} return POW(x, y=1)"x; thm POW_x_one_is_x(int x)
prove POWGCC 1) = ¢
{
thm 11 = POW rule2Ce |
8 - POW(x,y)== /] 11: |- POW(x,1)==POW(x,1-1)*x:
v>0  ==> POW(x,y)==POW(x,y-1)*x thm 12 = POW rulel(x 0¢
JL12: |- POWIx B)er1:
thm 13 = trapsil] 127
[ 13 | POW(Ce 1)==1"%
Fettirn 13
;
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