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struct Comp {
const charx A;
int p;
Comp(const char* A, int p): ACA), p(p) {}
bool operator() (int s, const char* w) const {
return strncmp(A+s, w, p) < O;
}
};

bool searchl(const char* W, const char* A, const vector<int>& S) {
int p = strlen(W);
vector<int>::const_iterator it =
lower_bound(S.begin(), S.end(), W, Comp(A, p));
return it != S.end() && strncmp(A+*xit, W, p) == 0;
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0000000 ADODODDOOOO0D0O00000000000000000000
000000000000000000

Suffix Array 0 0O 0O
O(N?logN) 0O O

Suffix Array 00 0000000000000 0O0O0O00OO00O0O0OO0O0OODOOOOO
00000000D02000000000000O0O(N)0D00O0DOOOOOO O(NlogN)
O000D0000000000 O(N?logN)ODOODODOODODO

struct Compl {
const char* str;

Compl(const char* str): str(str) {}
bool operator() (int s1, int s2) const {
return strcmp(str+sl, str+s2) < 0;

}
};

void build_suffix_arrayl(const char* A, /*0UT*/ vector<int>& S) {

int n = strlen(A);
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S.resize(n+1);
for (int 1 = 0; i < n+1; ++i) { S[i] = 1i; }

sort(S.begin(), S.end(), Compl(A));

00 Suffix Array 0 O(N)00O0ODO0O00000000O000000000 Suffix
Array 0 O(N)0OOD0O0O0D000D0000D000000000 O(Nlog?N)OO
000000000000

O(Nlog? N)O OO

00 AO000D0O0O0000O00O0 horder 00 O0DDOO0OODODOOODOODO AODODODO
A[S[i) ] <p A[S[j]:] DO OODO A[S[i] ;] < A[S[j]:] D OOOOO A[S[] ;] >n A[S[4] 1]
DO0DDO0A[S[] ] < A[S[j]]000000000000000 ADODOOOOOO0O
1-order, 2-order, 4-order, 8-order, ... 000 O0O0O0000000000O(NIlog?N) O
Suffix Array 00000000

O0OD0lorder 000000000 OODOOOODO

O0O0horder 000000000000 OO2R-order 0000000000 OOO0O
A[S[i] 1] #, A[S[j] ] DOOOOO S[i], Sj)] D0ODO0O0DO0OO0OOO0OOO0OO00OO0000
O0O0D0DA[S[]:] =, A[S[j] ) 000000000000000000000000
00000000A[S[] ] =, A[S[j] ]000000 S[i, S[j] D000 2h-order O O
o0oooRODOOD2r—100000000000000D000O0O0O0CODOOO
000000 horder0 0000000000000 0OOOODOOODOOO S[i],S[j]D
2h-order 00000000 h-order 0000 S[i+4], S[j+h 00000000000
OO00Ohorder 00000000000 O2k-order 000000000000 OOOOO
gooo

0000000 o) 00000000 AOOUDO0DDOODOODODOODO O(NlogN)ODO
ooooooooohlO O(logN)DDDDDDSuPﬁXArrayDDDDDDDDDDDD
0 O(Nlog> N)O OO

Suffix Array 0 0 00 0O

gogboboooboobooooboon

e 00000000000 0l-order 000000000000000001-order O
00000000000000000

e 0000000000 group 00000000000 0grouplil 00000000
000000 A[S[i):] =, A[S[j]:) 000000000 ;000000000

0000000000 next 0000000000000 Onextfi] O
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group[arraylj]] > grouplarray[i]] 000000000 jO00000OO0OOODO
00000000 nextj] DOO0DDOO0O0DD0OOODOi0000 nextfij00O0O
Don’'t Care 00O OOOOOOO

0000bO00O000O0 100000 0oD0oo00oboOOooDobOobOoooooon
oo ouooouooouoouoooog nextm
gobooboobboobooboboobuoobobooobuoobooobooo
0000000000000 D00000D0000D0D0 nextlij0OO0OODOOOO
ogoood

doooooono group U0 D0OO0OODOOOODOOOODOODODOO group OO
gbodoodooooobooodoboooobooboooobod next OO
0000 next OOODOO group DO OOOOO

struct Comp2 {

int

h;

const vector<int>& group;

Comp2(int h, const vector<int>& group): h(h), group(group) {}

bool operator() (int s1, int s2) const {

return group[si+h] < group[s2+h];

}
};

void build_suffix_array2(const char* A, /*0UT*/ vector<int>& S) {

typedef unsigned char uchar;

int

n = strlen(A);

vector<int> group(n+1), next(n+2), bucket(256);

S.resize(n+l);

for
for
for
for

for

n+l; ++i) { ++bucket[(uchar)A[i]]; }

256; ++i) { bucket[i] += bucket[i-1]; }

n+l; ++i) { S[--bucket[(uchar)A[i]]] = i; }
n+l; ++i) { group[i] = bucket[(uchar)A[il]; }
255; ++i) { next[bucket[i]] = bucket[i+1]; }

(int i = 0;
(int i = 1;
(int i = 0; i
(int i = 0; i

AN AN AN AN A

(int 1 = 0; i

next [bucket [255]] = n+1;

for

int prev

for (int 1 = 0; i < n+1; i

(int h = 1; next[0] '= -n-1; h *= 2) {

_1;

abs(next[i])) {

if (next[i]l-i <= 1) {

if (prev == -1) { prev = i; }
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else { next[prev] = -i; }
} else {
prev = -1;
}
}
if (prev != -1) { next[prev] = -n-1; }

Comp2 comp(h, group);
for (int i = 0; i < n+1; ) {
if (next[il] < 0) {
i = -next[il;
} else {
sort(S.begin()+i, S.begin()+next[i], comp);

int prev = i, nxt = nextl[i];
for (int j = i+1l; j < nxt; ++j) {

if (comp(S[j-11, S[j1)) { nextl[prev] = j; prev = j; }
}

i = next[prev] = nxt;

}
for (int 1 = 0; i < n+1; i = abs(next[i])) {

for (int j = i; j < next[i]; ++j) { group[S[jl]l = i; }

Longest Common Prefix 0 00O

oooooo s—-10000000 :;0000000CO0ODOO0O0O0O0O0GCCQCOO
Height(4) 000 000000000000000 O(N?)000000000000O

void build_lcpl(const char* A, const vector<int>& S,
/*0UT*/ vector<int>& height) {
int n = S.size() - 1;
height = vector<int>(n+1);
for (dnt i = 1; i < n+1; ++i) {

while (A[S[i-1]+height[i]] == A[S[il+height[i]]) { ++height[il; }
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0000000000 Height(7)) 00 000000D00D0O0O0O0O0ODOOOOOOO O(N)
0 Height(¢) 000DO0ODO0O0ODOODOOOOO

O0D0D0ORank(3) 00¢00000000000O0DOO0O0DOOOOOODOOOODOO
OO0 Rank(Sli]) =000

(1) LCP(A[S]i] 1], A[S[j] 1]) = min;<k<; LCP(A[S[k — 1] 1], A[S[k] ) 00 i < k < j
0000 LCP(A[S[k — 1] o], A[S[k] :]) < LCP(A[S[i] -], A[S[j] }) 000000 O

(2) LCP(A[S[i —1]:,A[S[i]:}) >10000000000000000000000
0000000 Rank(S[i — 1]+ 1) < Rank(S[i]+1) 0000000

(3) LCP(A[S[i—1]:],A[S[{]:]) >1000000000000000 LCPO 1000
00000 LCP(A[S[i—1]+1 1, A[S[i]+1:]) = LCP(A[S[i— 1] :], A[S[i] ]) — 1
goooooao

Height(Rank (i — 1)) = LCP(A[S[Rank(i — 1) — 1] :], A[S[Rank(i — 1)] :]) > 1 OO
00 (2) 00 Rank(S[Rank(i — 1) — 1] + 1) < Rank(S[Rank(i — 1)] + 1) = Rank(:) O
0000000000000 Rank(S[Rank(i — 1) — 1] +1) < Rank(i) — 1 000000
00D (1)00

Height (Rank(i)) = LCP(A[S[Rank(i) — 1] :], A[S[Rank(i)] :])
= LCP(A[S[Rank(i) — 1] 3], Ali ])
> LCP(A[S[Rank(i — 1) — 1] + 1], Afi :])

000 (3)0D0

Height(Rank(z)) > LCP(A[S[Rank(i — 1) — 1] :], A[i —1:]) — 1
= Height(Rank(i — 1)) — 1

0000D00Rank(i) 0000 Height 0000000 00Height 10000 O(N) O
000-100000000 O(N)0O000000000 O(N)OO00000 Height O
000000000000

void build_lcp2(const char* A, const vector<int>& S,
/*0UT*/ vector<int>& height) {
int n = S.size() - 1, h = 0;
vector<int> rank(n+1);
height = vector<int>(n+1);
for (int i = 0; 1 < n+1; ++i) { rank[S[il] = i; }
for (int 1 = 0; i < n+1; ++i) {

if (rank[i] > 0) {
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[ 0 |

[ 1 | [ 0 |
Cmes——)
[31[6l[5][11[4][51(3][4] [Z][2][2][3][0][8][5]1[5] RMQ(4, 11) =min{3,2,9} =2
a) 00000000 [Lv,R,)OODDODO (b DODDOOOODOO

DDDD M, 0000
O 2 Segment Tree

int j = S[rank[i]-1];
while (A[i+h] == A[j+h]) { ++h; }
height [rank[i]] =

}

if (h > 0) { --h; }

Range Minimum Query

Oo0ooooo0oooo RMQOOOOODOOODO
goobobobobooon

O0n0O00 {e;;} 00000000000 0ODO0ODO Range Minimum Query
000000000 0Range Minimum Query 0000000000

RMQ(L, R) = min {a;}

Range Minimum Query 0000000000000

Segment Tree OO0 OO OO

00 {a;}00000O0(n) 00000 Segment Tree 0000000 DOOODOOODO
0 Ologn)000D0O0DODOOODODOOOO

oooooooooo»nO020000000000000n0 20000000000
pooooopooooooooooooooooOooOoOoOoOo 2000000000000
oooooooooooooon

0000000 Segment Tree 000000000 200000
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e Segment Tree 0000 vO00O0OOODO [L,,R,) 0000000 DOODOOD
M,= min {;}0000
L, <i<R,
e 0000000000 [0,r)000DO
e 0000vOOL,+1#R,000000002000000000000000
0000 200000nr0 20000000000
e 000 v00000 w, w000O0OO0ODODOOOO [L, 248, D0OO

[fotfe R)DODOO

0000000000000 0O000OD0ODO0ODO RMQUO O(logn)0DODODOODO
ooooooo
oooooooooooboooo

RMQ(v, L, R): Segment Tree 0000 v00000DODO [L,R)DOOODODODO
DO0OO0[L,R)C[L,R,)000000000RMQ(L,R) 00000

OO0O0[L,R) =000000000c000000000(L,,R,)=[L,R)0000DO
M,00000000000000[L,R) 020000 [Ly,Ry) = [L,min{R, 2offe}),
(L2, R) = [max {L, &t} R)OODODOO0O0O0000vOO0O000 wy, woe 00000
0000 RMQ(wy, L1, Ry), RMQ(ws, Le, R;)) 00000000 min 0000000
RMQ(v,L,R)000000000000

000000000000000RMQ(L,R) 0000000Segment Tree 000 O
00 rO0000RMQ(r,L,R)00000000000000000000000000
0000000000000 10000000000000040000000 2000
02+4102+200000000000M

int rmq_min(const vector<int>& rmq, int v,
int Lv, int Rv, int Lq, int Rq) {

int mid = (Lv+Rv)/2, ret = INT_MAX;
if (Rq < mid) { return rmq_min(rmq, 2%v+1, Lv, mid, Lq, Rq); }
if (Lq > mid) { return rmq_min(rmq, 2*v+2, mid, Rv, Lq, Rq); }
if (Lq < mid) {

if (Lgq == Lv) { ret = min(ret, rmq[2*v+1]); }

else { ret = min(ret, rmq min(rmq, 2*v+1, Lv, mid, Lq, mid)); }
}
if (Rq > mid) {

if (Rq == Rv) { ret = min(ret, rmq[2*v+2]); }

else { ret = min(ret, rmq_min(rmq, 2*v+2, mid, Rv, mid, Rq)); }
}

return ret;
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int rmg_min(const vector<int>& rmq, int L, int R) {
int n = (rmq.size()+1)/2;
if (L >= R) { return INT_MAX; }
if (L == 0 & R == n) { return rmq[0]; }

return rmq_min(rmqg, 0, O, n, L, R);

RMQ(L,R)00D0000D0D0O0OODO O(logn) D0OD0O0OODDOOOODDOOOO
ooooooooooobbo 200000000000 30000D0000D0O

() 0000000000000000000
(b) 0000D0000000000000000
(c) (a), (b) 00DDODODOO

000(c)000 100000000000 (c)0DDO0O0D0DO0ODOoOoDOoOoOooooo (b)
00000000O0O0OoO(a), (h)D0D00O200000000000000000DOO
0000000000000 000000000000000000000ORMQ(L,R) O
0000000000000 00000000Segment Tree0OO0OOO0O0O O(logn)
ooooooo

OO00Segment Tree 00 0000000000000 0O0O0O0OO000O00O0OOO
o0oooo10000M,=ar, 0000 OKOOOOOOOOOOv0OO0200000
Ow,w OOOminOOOOOO

M, = min{M,,, , M, }
Segment Tree 00000000000

void build_rmg(const vector<int>& array,
/*0UT*/ vector<int>& rmq) {
int n = array.size(), N = 1;
while (N <= n) { N *= 2; }
rmq = vector<int>(2#N-1, INT_MAX);
copy(array.begin(), array.end(), rmq.begin()+N-1);
for (int v = N-2; v >= 0; --v) {

rmq[v] = min(rmq[2*v+1], rmq[2*v+2]);
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vector<int> S, height, rmq;
build_suffix_array2(A, S);
build_lcp2(A, S, height);
build_rmq(height, rmq);

ooooooooooobooooooooooooobooooooooooogon

inline int suffix_suffix_lcp(int i, int j, const vector<int>& rmq) {

return rmgq_min(rmq, i+1, j+1);

inline int suffix_string lcp(int s_i, int p, comnst char* W,
int n, const char*x A) {
int j = 0;
while (j < p && Als_i + j] == W[j1) { ++j; }

return j;

bool search2(const char* W, const charx A,

const vector<int>& S, const vector<int>& rmq) {

int p strlen(W), n = S.size()-1;
int L = 0, R = n;
int 1 = suffix_string lcp(S[L], p, W, n, A);
int r = suffix_string 1lcp(S[R], p, W, n, A);
while (R - L > 1) {
int M = (L+R)/2;
if (1 >=1) {
int m = suffix_suffix_lcp(L, M, rmq);
if m<1) {R=M; r=m; }
else if m > 1) { L =M; }
else {
int k = 1 + suffix_string lcp(S[M]+1, p-1, W+l, n, A);
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if (k == p || A[SIMI+k] < W[k]) { L =M; 1 =k; }
else {R=M; r =k; }

}

} else {

int m = suffix_suffix_lcp(M, R, rmq);

if m<r) {L=M;1=m; }

else if (m > r) { R =M; }

else {
int k = r + suffix_string lcp(S[M]+r, p-r, W+r, n, A);
if (k ==p || A[SMI+k] < W[k]) { L =M; 1 =k; }
else {R=M; r =k; }

}

return 1 == p || r == p;

Suffix Array 00000000 2000000000000000000D0000OOO
00000000000 0000000000000000Suffix Array 0 RMQ OO

gogbooobobooboobboobooobobooboobbooboobbooboo
gboboboooooogog

oo

1. Udi Manber, Gene Myers: Suffix Arrays — A New Method for On-line String
Searches

2. Toru Kasai, Gunho Lee, Hiroki Arimura, Setsuo Arikaw, and Kunsoo Park:
Linear-Time Longest-Common-Prefiz Computation in Suffixx Arrays and Its
Applications

3. N. Jesper Larsson, Kunihiko Sadakane: Faster Suffiz Sorting

4. 000 OO:Suffiz Array (http://homepage3.nifty.com/D0/suffix_array.
htm)

5. 00 00 :Spaghetti Source (http://www.prefield.com/algorithm/)
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int popcount(int x) {
x = (x & 0x55555555) (x > 1 & 0x55555555);
(x & 0x33333333) + (x >> 2 & 0x33333333);
(x & 0x0£f0£0£f0f) + (x >> 4 & 0x0f0£0£0f);
(x & 0x00ff00£ff) + (x >> 8 & 0x00ff00ff);
return (x & 0xO0000ffff) + (x >>16 & 0x0000ffff);
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n 100 1000 10000 100000 1000000
o000 | 0.007 | 0.914 | 84.1059 | 821.9158 | 8183.2540
sb 0.0009 | 0.0100 | 0.0920 0.5209 5.1729
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0607_v2.pdf

89



goobogo

CogUOOOOOOOOO

@k _hanazuki

good

000000 OCaml0 Haskell 0000000000000 0O0OOOOOOOOOO
O000000CqOO0D0O00000O000O0O00O0oouoooouo

Cog000D000D00DDODODOOODO (INRIA)DOODOOODODODOODO
cooboodoobooooboooobooOooOoOoOoO0OobooOooooOooooOooOoOooDooa
0000000000000 0000000000000000000000 0 0OCaml
ooooooooooooooooooOooobo0oooboooooooooooooDoOg
coooooobooobooono

Ooo0oDoO CqODODODODOOOOOOODOODOOOOOOODOOOOOODOOOO
coobobodoobooooboooobooOooOoOoOoO0b0oOooOoobooboOoobooOoOoOoOooDooa
cooooooboooooboooboobooboOoboOobOobobOobOobOobOobOOoDbOoDOg
cmodoboooboooooooboooooooboooooooooooooog
cooboooooboooobooooooOooOoooOoOoOoboboOoOobooOooobooOoOoOoOooDooag
ooooooooDo

cobooooooOoooOoboooOoOoOoOoOoOboO0O0obOOoO0OobOOOoOoOoOboOoOoDn
ooobooooooon

goboooobobooobbooobgd

ooooooooobboooobooooobooboooooooooboooooDooog

ooooooooooooooooroooorTrToooOD0 200000000000
—000oopooooo0—0o0ooo0ooorooooooooooooood
O0T7T0000001l00000000000l00000000O00O0OO0lIOD0O0O00OO
o0000o0ooool!looooooo0o0o0oooooooOOo0o0oooooOloooooo
cooboooobooooboooooooooboooooooooon

90



CogOODOODDOODODODO

00. 0000700001 000000000000000D0 200000000000
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00.0001l=apa1--an1 000 <000000000000ap<a1<--<an_1
0o00O00O00000000 ]

000000000000 CqODODODODODODODOOOOOOOCOOOOOOOO
0000000000000000000000* Orders. TotalLeBool' DO OO OOO
0000000000000 Sort 00000000000 OOOO TotalLeBool' 00O
00000000000 000*000000000 TotalLeBool DO OOOODDOOO
D0000t00t—>t—>bool000O0 leb0ODDOODODDOODOtODODODOOOO
OOO0sort00O0O listt—>listt0 0000000000000 0OO0OOOOODOOOO
00o0oo00ooo0d0oDo0d0obOOo0o0booo0OooDoUoUooOoUOUoDoUOoooog
00000000000 0000000000000D000000 Sorted.LocallySorted
O Permutation.Permutation 0 0 00 0000000000000 0O0OO0OOOO0OOO
ooooooo

00000ooOo CoqO0O0O0000O000ooooooo

Module Sort (Import X: TotalLeBool').
Local Coercion is_true: bool >—> Sortclass.
Local Notation Sorted := (LocallySorted leb) (only parsing).

Hypothesis sort: list t —> list t.

Theorem sort_permuting xs: Permutation xs (sort xs).
Proof.

Admitted.

Theorem sort_sorting xs: Sorted (sort xs).

Proof.

Admitted.

End Quicksort.

0000000 sort 0000OOOHypothesis IO 00000000 O0OOOMMI200
00O sort_permuting 0 sortsorting D 000000 Admitted D0 0000000000
O0mOooooo0oooooooo

*l0000000000000000000000000000
*200000000000000000000000000
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Definition filter_gt p := filter (fun x => x <=7 p).
Definition filter_le p := filter (fun x => negb (x <=7 p)).

Function sort (xs: list t) {measure length xs}: list t :=
match xs with
| nil => nil
| p i xs => sort (filter_gt p xs) ++ p :: sort (filter_le p xs)
end.

OOsort0000000000O0DOOOOODOOOO0ODOOOODO0OODOOOO0ODO
ocoooooooooOoOooOoOoOoOoOoOoboooOoooooooooooooooooo
ooooooooooooooooooooboooooooooooooooooooo
goooOoOoOoOoOoOo0o0OO0oooOOoOooooooogooooog

O000000000000000sort 000000000000 000O0CeqO0OO
0000000000 CqO0000000000O0000O0O000DO00DODOO0O0O
oooooooooooooOoOooboOoooOooooooOoooooooooooooo
OOd0b0OO00Osort00000D0OOCOODOOODOOOODOOOODOOOODOOOODOOO
ocoooooooooOoOoOoOoOoOoOO0OOoOOoOOoOoOoOoOoooooooooooooo
oooooooooooooooooboOoOooooOoooOooooooOoOooooooOoo
000000000000 0000 measure lengthxsOOOOOOO0O0OOOO

O000OO0O0sort 000000000000 D0000OCCqO00ODOOoouoooon
ogooooooooooopooooooobooo

2 subgoals

(1/2)

forall (xs : list t) (p : t) (xsO : list t),

xs = p 2 xsO —> length (filter_le p xs0) < length (p :: xs0)

(2/2)
forall (xs : list t) (p : t) (xsO : list t),
xs = p :: xs0 —> length (filter_gt p xs0) < length (p :: xs0)

oooooooooooooooooooo0—00000000—0 2000000
ooooooooooooooooooOooobo0oooboooooooooooooDoOg
cooob—>0o0obooobooooboo—>000c0o0obooooboooooooooooo
ooo
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000000000 O00D0ODO0O0OOOoOOoDoCOO intresdd0D0OOODOOO
ggboodoobooboobobooboooboobuoobbuoobboobbooboo
gbobobooooooooboobobobood

p:t
xs : list t

(1/2)
length (filter_le p xs) < length (p :: xs)

gbbooobogobobooboobob xsogboboobbooboobbooboo
inductionxs 000000000000 OOOOOO

p:t

(1/3)
length (filter_le p nil) < length (p :: nil)

(2/3)
length (filter_le p (a :: xs)) < length (p :: a :: xs)

oooooooooooooolooooooOoOoOoU0U00—nilDOO0OO0OO—
obo200000000000000——consO00OD0OO0OO0—000C0O0O0O02000
ooboooooooooboboooboooooboooooooon
oooooooooooOooooooooOoOoOooOoOoooOooobOOOO 100000
oboooboooboboobOo0obOooooOoo0obobooboboOoDOO0O0n0g autod0OOO
oooooooobooooboboooooooooboooDo

p:t

a:t

xs : list t

IHxs : length (filter_le p xs) < length (p :: xs)
(1/2)

length (filter_le p (a :: xs)) < length (p :: a :: xs)

oobooooooooobooOobooooboooooooOoOoOooOoobboOoobooOono
00000000000 simplO0000O0O0OOO0OOOOOODO

p:t

a:t

xs : list t

IHxs : length (filter_le p xs) < length (p :: xs)

(1/2)

length (if negb (a <=7 p) then a :: filter_le p xs else filter_le p xs) <
S (S (length xs))
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p:t

a:t

xs @ list t

IHxs : length (filter_le p xs) < S (length xs)

(1/3)
length (filter_le p xs) < S (S (length xs))

(2/3)
S (length (filter_le p xs)) < S (S (length xs))

gboooooooooobogoobobobobooboooooooboobobobobobooo
00000 autowitharith OO OO O0OO0OO0DO0OO0OOOOOOOOQOOOODOOOOO
O<O00000D0O0000000000000d tansitivty JO00OOO0ODOOOOOOO
oood

gobodbbdsortO0obOo0bboooboonboon

Proof.
intros _ p xs _.
induction xs.
auto.
simpl; case leb; auto with arith.

intros _ p xs _.
induction xs.

auto.

simpl; case leb; auto with arith.
Defined.
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ooobooooobooooooooooooobobo0oooboooobooooooboooooDog
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sort_permuting

sort_permuting D0 00000000000 COOO00O0 xsOOODOOOOOO xsO
000000000000 000000D000000000 xO0ODOOx<=?p0O0O
Onegh (x<=?p)00000000D00O0O0DOOOOODOOO

Lemma Permutation_partition xs p:
Permutation xs ((filter_gt p xs) ++ (filter_le p xs)).

000000000 p:xsO (filtergt p xs) ++ p = (filterlle pxs) 00 D000 O0ODO
obobobooooooboooobobobooooooobooboboboo

sort_sorting

sortsorting 00 0000000000000 0000000000O0O0O0OOOOOD
000000000000 00000000O0000000000FerallDO0 20000
oooboooooboooooooooobo 1b00oo0o0oobooooooooDbooo
OMOoooooleb00O0O0OO0OO0OO0O0OOOOOOO

Lemma Sorted_partition p xs ys:
Sorted xs —> Sorted ys —>
Forall (fun x => (x <=7 p) = true) xs —>
Forall (fun x => (x <=7 p) = false) ys —>
Sorted (xs ++ p :: ys).

goooooooooooooooobo 2000000000000000000000O
Uboobo0ob0O0sortxsOOOOOOODOODODOODODODO

Proposition filter_gt_le p xs:

Forall (fun x => (x <=7 p) = true) (filter_gt p xs).
Proposition filter_le_gt p xs:

Forall (fun x => (x <=7 p) = false) (filter_le p xs).
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Module Nat <: TotalLeBool.
Require Arith.Compare_dec.
Definition t := nat.
Definition leb := Compare_dec.leb.
Definition leb_total x y: leb x y = true \/ leb y x = true.
Proof.
elim (Compare_dec.le_ge_dec x y); [left | right];
auto using Compare_dec.leb_correct.
Defined.
End Nat.

Sort 00 0O0DO00OD0OOO0ODOOOODOODOODOODOOOOOONatOODOODOO
oobobooooobooooooOoooOoOoOoOobOboOobobooOoOoooon

Module NatSort := Sort Nat.

O0000000000000 OCamlO HaskelDOODOOOOOOOOOOOO

Extraction Language Ocaml.
Extraction "sort.ml" NatSort.sort.

Extraction Language Haskell.
Extraction "sort.hs” NatSort.sort.

coobooooobooooobooooOooOooOoooOoOobOoboboOoOobooOooooOoOoOoOooDooag
ooom

(x sort.ml —— OCam/00D00O00D0O0O %)
let rec sort_terminate = function
| Nil —> Nil
| Cons (p, xs0) —>
app (sort_terminate (filter_le p xs0))
(Cons (p, (sort_terminate (filter_gt p xs0))))
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—— sort.hs —— Haskel/l DD OO OOOOO
sort_terminate :: (List Nat) —> (List Nat)
sort_terminate =
and_rect (\- - xs —>
let {
hrec xs0 =
case xs0 of {
Nil —> Nil;
Cons p xsl —>
sig_rect (\rec_res - —>
sig_rect (\rec_res0 - —> app rec_res (Cons p rec_res0))
(hrec (filter_gt p xs1))) (hrec (filter_le p xs1))}}
in hrec xs)
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