Enumeration and DFS
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Pei-yih Ting

Introduction

e You might need to generate permutations,
combinations, partitions to enumerate all possible
configurations in order to find the optimal solutions or
brute-force solutions of some problems

e Procedural programming is about data processing

e To design the program:
e figure out how the data/configuration changes
o find the suitable representation of data in a program
e figure out the “process” that transforms the data step by step
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Enumerating Permutations
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Exhaustive search

(depth first search, DFS)
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n-layer for loop Implementation

inti1, i2, i3, i4;
for (i1=1; i1<=4; i1++) {
for (i2=1; i2<=4; i2++) {
if (i2 == i1) continue;
for (i3=1; i3<=4; i3++) {
if ((i3==i2)||(i3==i1)) continue;
for (i4=1; i4<=4; i4++) {
if ((i4==i3)||(i4==i2)||(i4==i1)) continue;
printf("%d %d %d %d\n", i1, i2, i3, i4);
}
}
}

il1i2]i3|i4

}
This is a quick implementation but NOT scalable.




n-layer for loop Implementation

Equivalent 2-layer for loop

e Consider this simplified problem without collision constraints void next(int index], int n) { index| 171 1]1]
int data[4]; data [i1]i2] i3] i4] Inti; o 1 1 1 2
f —1. 4. for (i=n-1; i>0; i--)
or (data[0]=1; data[0]<=4; data[0]++) { 1 1 1 1 if (index[i]<n) 1 1 1 3

for (data[1]=1; data[1]<=4; data[1]++) { 1 1 1 2 ¢ index[il4+: return: ) 1 1 1 4
for (data[2]=1; data[2]<=4; data[2]++) { 1 1 1 3 | ! ! 11 2 1
else Scalable 1 1 2 2
for (data[3]=1; data[3]<=4; data[3]++){ 1 1 1 4 index[i] = 1;
printf("%d %d %d %d\n", datafo], ! 1 2 1 index[0]++: 1123
data[1], data[2], data[3]); 1 1 2 2 ) , 11 2 4
} 1 1 2 3 [ 1 1 3 1
} 1 1 2 4 void print(int index[], int n) { 1 INt, index[4], n=4; .
} 1 1 3 1 for (inti=0; i<n; i++) ¢ for (i=0; i<n; i++)
} e Itis still not scalable. printf(*%d ", indexti); | '”‘_j‘?x([j'] =01; —n: next(ind
e Is there a scalable program structure that generates the printf("in"); ) or (r,irllr;(ﬁ)((:l[e)rn_)?’ next(index, n))
same (i1, i2, i3, i4) counting-up sequence? yes . } / P e ]
2-layer for loop for Permutation :
y P Recursive

void next(int index[], int n) {

int isValid(int index[], int n) {

}

for (inti=n-1; i>0; i--)
if (index[i]<n)
{ index[i]++; return;
else
index[i] = 1;
index[0]++;

inti, j;
for (i=0; i<n-1; i++)
if (index[i]==index[j]

return O;
return 1;
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int index[4], n=4;
for (j=i+1; j<n; j++)

. for (i=0; i<n; i++)
). index[i] = i+1;

rinsVadiel(imjex, n))

print(index, n);
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//"for (; index[0]<=n; next(index,n))
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Recursive Counting Up Generalization of Deep for Loops

. 0000
data —___PVvot 0001 01 int data[4]; D
0002 02 for (data[0]=1; data[0]<=4; data[0]++) {
01 int main() { 0| 1]3]2 0003 03 for (data[1]=1; data[1]<=4; data[1]+#) {- a&
02 int data[10]; data[0] --- data[m-1] 0010 04 for (data[2]=1; data[2]<=4; datz T+ ‘ J_
05 countUp(d. data, 4. O): 0533 05 for (data[3]=1; data[Spaid] .f*g;}‘ ¢
04 return0: ST N 0100 06 prm(ggtz{ LHDH ”’2‘;' dbdby
051 ’ | 818% 8; } 22012012 012012012
06  base <* digits . 0103 09}
07 void countUp(int b, int datal], i ivot) { ~-_ 0110 10} ~. - . . .
- 8ata[0] RO B 11} Recursive DFS implementation

08 if (pivot>=m)~ Re ruﬁnmg 10132
09 prlm&tﬁotm . digit 0133 07 void countUp(int base, int data[], int m, int pivot) {
10 fse 0200 08 if (pivot>=m)

PR 1 92 é 09 print(data, m);

- 1]for tafpivot]=0; ata?plvoﬁleq’t; data]fplvot‘]++h 1000 10 else
qaja Occ;untZJp 5, data, m, pivo austive searc 11 for (data[pivot]=0; data[pivot]<base; data[pivot]++)
13) (depth first search, DFS) 3332 12 countUp(base, data, m, pivot+1);

Ex. ZeroJudge b511 ##1x 3333] 13} B ’ o

Counting Up with Validity Check Efficient?

8; VOi;jnfie_rm(int n, int data[], int m, int p) { n:04,1 n21:34 e Generate sequences with void main() {
03 i (p,>=m) 0132 constraints — avoiding digits int bag[]1={1,2,3,4};
04 for (i=0; i<m; i++) 0213 used previously by comparison for (inti=0; i<4; i++) {
05 printf("%d%c", data[i], " \n"[i==m-1]); 0231 = heavier burden for lower levels  swap(bag,0,i);
06 else 0312 e How about using a bag of for (inti=1; i<f1; i++) {
07 for (data[p]=0; data[p]<n; data[p]++) { 0321 digits: take one out and pass swap(bag, 1,i);
08 for (i=0; i<p; i++) 1023 tho bag with - d'p't for (inti=2; i<d; i++) {
09 if (data[i]==data[p]) break; 1032 © bag with remaining digis swap(bag,2,i);
10 if (i==p) ! 1203 on to lower levels print(bag,4);
11 perm(n, data, m, p+1); 1230 , swap(bag, 2,i);
12 .
13} ; 01 int main() { 3210 4 swap(bag,1,i);
n=4, m=2 02 intdata[10], n=4, m=4: ,: }
01102030 03 perm(n, data, m, 0); 1i13%4 7O T3 swap(bag,0,i);
02112721131 04 return 0; ‘IQ\ 30770, HJE]BJE ¥
03|13]23|32 05} - a9, h
" \_.l AN, 12




Permutation from Swapfing

from swapping (cont'd) 2 e#

° Recurswe 1 ‘ 2 .3 4II e The output of previous program is not in lexicographic order
1 3 2 4 2= 1243 2
1 ; i 3:1324
1 13 ::ﬂ:::::::%_'zi 4: 1 3 4 2 5 1 4 2 3 :
2 : 5:1432 :
\ 1 34 3 2 6:1423 6:1432 2
*\ Ind 2.3 7:2134
\\ V2 1 3% 8:2143 |:> >
for (i=0; i<n; i++) a[i] = i+1; Vv 9:2314 3
permutation(a, 0, n-1); VY 2 1 4 3 }‘1’ %2; i 11:2413 ;
void permutation(int perm[], int start, int end) { ||| \ 3 2 12:2413 12:2431 1
if (start == end) { printPerm(perm, end+1); return; } 3 2 4 1 C i e—and- @ ~end
for (int i=start; i<=end; i++) { | { LT form&%&;ﬁ%ﬁn; perm[] BGHD
swap(&perm[start], &perm[i]); ! permutation(perm, start+1, end); d bRot
permutation(perm, start+1, end);’ . [42 31 pRafdtptpeistaitpapersti); Y00 PROY a%{*}%’"ﬁm xr
swap(&perm[start], &perml[i]); “a) 4 2 1 3 } while (Z. b) *b = *(b+d), b+=
B § MRBEFINEFRFER? *a = tmp;
3 4 i1 2 3 s ITSA33 problem #2 } 14
Permutation from Rotation : :
e | Permutation from Rotation (cont’d)
0123 2013 1203 1023 2103 0213:
13012 3201 3120 3102 3210 3021, . 0123 |
12301 1320 0312 2310 0321 1302! e Why does it work? 3012
112300132 2031 02311032 2130 - it 2301
0123 2013 1203 1023 2103 0213 digt 0~ 11=3 Adgt TS0
P . 0123 1023 append 1and rotate TYYER
ford(i'(jg[’i]linilj'm’ ++) So 0123 append 3 and rotate-- > % g (1) i |
o ' \\\ void rotate(int n, char x[]) { 2-d|glt { L210=2 7 e 4 =24
print(num, digit); char tmp = x[n-1]; T
while (rotate_n_check(num, digit))\;\ for (int i=n-1; i>0; i--) 2P encgzla;? rOtaté_,/”” P ! 20 >
int rotate_n_check(int n, char xJ) { —\| x[! = x[i_—1]; tmp N X 1 _ 1023
for (inti=n; i>=2; i--) { 1 X[01=tmp; 3-digit 12 O e
rotate(i, x); R 10 24__,3!~‘=‘“'6 L _ 12103
if (x[i=1] !=i-1) return 1; / e
L N I Y o T
return 0; ) x[0] X[1] ... x[n-1] 021" N .1 0213




Recursive Implementation

void permuteFromRotation(int n, char items[ ], char x[], int m) {
inti,jtmp; = (=z-------

if (m>=n) { I, ‘., ‘(D, ‘3,I m 2
X[n]=0; printf("%%os\: 3 % o x[]
return; 20 i=0_0"'1
} "9' ‘0’372 i= 1I 20’2 ‘3"
x[m] —_ items[m], \II \ﬂl \ml \3[' I 2: ‘B' ‘D’ ‘0' \2[
for (i=0; i<=m; i++){ ) AAAVARK J
permuteFromRotation(n, items, x, m+1);-_” : 1727370’
for (tmp=x[m],j=m; j>0; j--) Y ‘_3"
[())(:Il:j] : x[j-1]; items[m] /
x[0] = tmp;

______ items[] o’ ‘1@‘3'

} /“char result[10], items[]="0123"; intn=4; N 4
i result[0] = items[0];
permuteFromRotation(n, items, result, 1);
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Permutation by Exchanging Neighbors

?Pgrr:) (I)D(C))so 3p§';)n"1 5851 | for (i=0;i<num;i++)
2310 100 | 2301 101 ! dperm[']=””m'1"' pos[i]=0;
2130 200 | 2031 201 190
2103 300 2013 301 ! print (num, perm);
3120 010 | 3021 011 :while (shift_n_check(num, perm, pos)),
1320 110 0321 111 R ——— -
% % 8 g % % 8 8 % ‘;’ % % % % E," void shiftRight(int size, char perm[],
3102 020 | 3012 021 ¢ char *pos) {
% 8 g % % % 8 8 % % % % % % ' char tmp = perm[*pos];

! i ES i -
1055 5350 10123 321 .“ if (*pos < size-1) {

perm[*pos] = perm[*pos+1];

int shift_n_check(int size, char perm[] perm[++(*pos)] = tmp;

char pos][]) { | else {

for (int i=size-2; i>=0; i--)
perm[i+1] = perm[i];
,/ perm[*pos=0] = tmp;

for (int i=size; i>=2; i--) { !
shiftRight(i, &perm[size-i], &pos[size- |]),
if (pos[size-i] > 0) return 1;

return O; !

yrom >

Exchanging Neighbors (cont'd)

e Why does it work? 01231
L 0132
1-digit 0 -~ qy=1  4digt 0312
X 13012
append 1.and shift left : 0213 5
append 3 andshn‘t left > | 0231

2-d|g|t { 2' = 2 --J 4! = 24
appendzand shift left »»»»»»»» . 2013
0127 T - TES
Lolo21 -1 1023
3'd|g|t {2 0 1 T 7 , ,,,,,,,,,
“o102-3t=6 ., 1203
: { 120" S
21 QT s 12103

Recursive Implementation

void permuteFromExchanging(int n, char data[], int m) {
inti, j, tmp;

if(m> n){ ‘0'p 13 m2
data[n]=0; prlntf("%s\n i,
return’ A\ \I\[Y \q{7 data[]

B 3’1 0’ \11@
data[m] = items[m]; 3Rt 0y
for (i=m; i>=0; i--) { ‘ﬂ’ \ml \3/ \‘21

permuteFromExchanging(n, data, m+1); 03 Y
if (|>0) 370"V’ \2v
tmp=datal[i], data[i]=data[i-1], data[i-1] = tmp; !
for (i=0; i<m; i++) data[i] = data[i+1]; ____ _ 'tems[m’,l
b B items[] /
\OI \1[ \3[

n=4, result[0] = items[0];
permuteFromExchanging(n, result, 1); 4




Generate Set Partitions

e A parti partitions Bo=1 sts of
Xst.e n=1 | {1} {1} Bi=1 ets.
eeg’ n=2 | {12} {1,2} {12} B,=2 jtring
1.4 ci ¢ ngle
2{ n=3 | {1,23}| {3, 2}{3} {2}{1 3} 1{1,2,3} | B=?
3.4 {112} 7 H{IKZ, 3} B _
4.{ 22 | B3=5
Ba-o E By1 X
5.4 | s,
e The total number of partitions of a set of size n ;?0’27”37’52

) n
is the Bell numbers B, B _ Z cn
n+l1 —
k=0

k_Zc,,kB «= 2 CiBy

eg.By=1,B,=1,B,=2,B,=5,B,=15, By = 52, B; = 203, ...

Generate Set Partitions - lterative

RGS

partly'on /max e.g., Xis a 4-element set {a
1: 0,0,0,0/ 0,1,1,1 ==> {a,,a,,a,,a3}
2:0,0,0,1/0,1,1,1 ==> {ap,a,,a,},{as}

3:0,0,1,0/0,1,1,2 ==> {ay,a,,a,},{a,} 0,
for each set elements a,

4 (LQ,1 1/0,1 ,1,2 ==> {a0 a1} {asas}

~—_——

6:0,1,0,0/0,1,2,2 ==> {ao apadia)  partit

7:0,1,0,1/0,1,2,2 ==> {a,,a,}{a,a;}

8:0,1,0,2/0,1,2,2 ==> {a,,a,},{a,},{as}

9:0,1,1,0/0,1,2,2 ==> {a,,a,},{a;,a,}
10 :0,1,11.0.1,2, 2 ==> {a },{a;,a,,a3}
=> {ag},{as,a.}.{as} RGS

I et ey g

e A simple g]gtSr'i‘nm ke counting up with dynamically adjusted ceiling,

0-81,82,83}

Implementation with 2 arrays

0,1,2 label the partitions

ition d

0 \o \1'2
e =~ YRR
max | 0 MY Y2
I\ A

= N rd

each max([i] > all prior partltlons
increase all tailing max's when an

element r&_ac_lﬁis Ll:_; ma.}.(

12:0,1,2,0/0,1,2, 3 ==> {a,,a,},{a,},{a,} N / 7N
B, = 51724158235372 ~ 5x1073, B, = 846749014511809332450147 ~ 8x10%, 13:0,1,21/0,1,2,3 ==> {a}.{a,ah{a,}  Partition | 0 | 1 |/2 | 0
By, = 157450588391204931289324344702531067 ~ 2x103%, 14:0,1,2,2/0,1,2,3 ==> {a,}.{a,}.{apas} NN
Bs, = 185724268771078270438257767181908917499221852770 ~ 2x10%7. 15:0,1,2,3/0,1,2,3 ==> {ag}.{a:}.{a;}.{as} max [0 ] 1 ]2 ,\,3 L)
lterative Implementation Recursive DFS Implementation
01 int next(int size, int pivot, int partition[], int max[]) { int main() { p n=
02 inti, j, maxVal, int n, rgs[10]; ~ B
03  while (pivot>0 && (partition[pivot] >= max[pivot])) scanf("%d", &n); \
04 pivot-- . rgs[0]=0, RGS(n, rgs, 1, 1); rgsl] 0 1N2 3
p ’ t
05 if (pivot > 0){ pivot return 0; ol 1] 2
06 partition[pivot]++; AN b o 1 2
07 for (i=pivot+1; |_<3|ze i++) { 0 1 g2 3 void RGS(int n, int rgs[], int p, int m) { m
08 partition[i] = - static int count=0;
09 maxVal = 0; partition | 0 | 1 | 1| 2 if (p>=n) {
10 for (=1; j<i; j++) printf("%6d: ", count++); —1+n|13'>)< ros]
11 if (partltlon[]]>ma.x.VaI.) max ([0 | 1| 2| 2 for (int i=0; i<n; i++) —max(1-+rgs]i])
12 r.naXVaI = part|t|0n[]]; printf("o/odo/oc", rgS[i], ll\n "[i<n'1]); i<p
13 max[i] = maxVal+1; 0o 1 2 3 }
14 } else mp+1=_mai<(11+rgs[i])
. ayn i<p
:]]g return size; partition 0 1 2|0 for (rgs[p]=0, rgs[p]<=m; rgs[p]++) =max(mp, 1+rgs[p])
b RGS(n, rgs, p+1, m+(rgs[p]==m));
17  return pivot; max | 0| 1] 2| 3

18}

23

rgs[p]<=m,

24




Generate (n,k)-Combinations

e (n,k)-combination of a set S is a subset of k distinct
elements of S, |S|=n

C3=10
(5,3)-combinations

et
WWNDNDN
ua A WIN |
ua AW N =

ua ol phW
WINDNDNE-
A PhOWWD
(6 BN E, IO, N NS, |
u DA W N| -

e Extend the counting-up program and avoid those
non-increasing sequences
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Efficient Enumerating w/o Invalid()

int next(int comb[], int n, int k) { comb
inti, j; 1 2 4
for (i=k-1; i>=0; i--) 3 4 5 1 2 5
if (comb[i]<n-(k-1-i)) { 1 3 4
comb[i]++; 1 3 5
for (j=i+1; j<k; j++) , 1 4 5
comb[j] = comb[j-1]+1; / 2 3 4
return 1; e ‘ 2 3 5
b ,/int comb[10], n=5,k=3; 2 4 5
return O; / for (i=0; i<k; i++) 3 45
by ] comb[i] = i+1;
Output symbols ’,' do tcomb,
\=27 |\ATI |\ |\ rn\¢c/s prln Coml ;
| % | 'g‘ | |3< | 9 | 55; | ," while (next(comb, n, k));

26

Recursive (n,k)-Combinations

level-p C(5,3) "[E';l 0 - n-(k-p-1)=5-(3-0-1)

void comb(int n, int k, int x[], int p) {
if (p>=k)
for (inti=0; i<k; i++)
printf("%d%c", x[i],” \n"[i==k-1]);

else
for (x[p]=x[p-1]+1; x[pl<n-(k-p-2); x[p]++)
comb(n, k, x, p+1); P
} . intn, k, x[20]={0};
e.g. bruteforce UVa10326 scanf("%d%d", &n, &k);
UVa11659 w/ binary search comb(n,k,x+1,0); 2

Generate Power Set

e The power set 25 of a set S is the collection of all subsets of
S, including the empty set and S itself, e.g.
S$={1,2,3}25={{} {1}, {2}, {3} {1.2}, {1,3}, {2,3}, {1,2,3}}

e We can directly extend the program for generating (n,k)-
combinations to generate the whole power set
int n=3, seq[1={0,1,2,3}, k; [0To]o] [o][1]2]
f°r("=gék<k=”"‘:)o) [o]oT1] [o]1]3]
comb(n, k, seq+1, 0);
e the 2" method is to count with IgIinI Iglilgl

S'=S U {0}, only allow 0 to duplicate,
and treat 0 as null element, e.g. S' ={0,1,2,3}

e A 39 method is to use the binary representation of an
integer from 0 to 218I-1: ex. $={1,2,3}, 5=(101), means {1,3}




Gray Code Generation

Gray code is also known as the reflected binary code:
single-distance codes (the Hamming distance between

adjacent codes is always 1) d2=1
N O

R hesmpeiany Gl 0 000
gra*ﬂ&od@ﬁ@l), n=4 11 1: 001
V;Id gray p;o, gt c c\'esu |0W11 81 0 2: 011
d2=11 3: 010
0 foil 4: 110
prin c'odéﬁ;ﬁigékq&nTaﬁ*14~J\n5 o 5:111
mgkd 6: 101
== i== ;I+=&, dg:-]ijZ)l 7: 100

for |—%1 3)/1

=ipgay(n, codes, p+1,d2); 1
BT 0 1>10 0

0 0 0
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Gray Code (Cont'd)

e Gray code is also known as the reflected binary code:
single-distance codes (the Hamming distance between
adjacent codes is always 1)

inti, n, codes[10];

P

while (1==scanf("%d", &n)) { N 0: 000
for (i=0; i<n; i++) codes[i1=0; j 0 1: 001
gray(n, codes, 0); codes[] @ 11 2: 010
. . . . 01 3: 010
void gray(int n, int codes[], int p) { 4: 100

if (p>=n) 12 '
for (inti=0; i<n; i++) 5: 101
printf("%d%c", codes[i], i<n-1?'":"\n"); 6: 100
else 7: 100

for (int i=0,j=codes[p] ; i<2; i++,j++ )
codes[p]=j°%2, gray(n, codes, p+1);

or gray(n, x, p+1), x[p]=(x[p]+1)%?2, gray(n, x, p+1);

30

IEREE N BIIVESFE (BEBEIT)

o FH{EIEREE N HL ] LIS EREE T/ N A, BRI A B
ERBIIAESER N YT AR HZR

Sample Input i | Sample Input | Sample Input
6 ' 110 ' 15 2346
! ! 2310
Sample Output | + | Sample Output | + | Sample Output 249
123 1 (1234 i |12345 258
15 ! 127 ! 1239 267
24 1 [136 (1248 213
6 11145 ! 1257 348
1119 vo11212 357
1235 v (1347 312
1128 I |1356 456
1137 to11311 411
1 |46 ' 1410 510
: 10 ' 159 69
ore . |168
o WLHRIERHIL AT |10 o

|52 (IeX|cograph|c order) %1 !
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Sudoku

e Sudoku: In these three examples, 81

6 1 3 4
cells are divided into 9 blocks each with 9 Pl
cells (3-by-3). A player is required to fill in 2 4

. . 5 3 9 7
the blank cells such that integers in each 7 a
37 5 42
row, each column, and each block are g 7
permutations of {1,2,3,...,9}, i.e. no e s
duplication of numbers in each row, 3 6
B 4
column, or block. P o (85 | 1
2 9
789 32 5 number of lines ;8’ ?; 4 |8 9] |2
& 5 f row, column, value /| 0: 2: 9 3 1 ; & §
5 . = row, column, value 042 9 3
5 7 i6 0,8,5 1 St
91 3
i 155
s - ) . 5,
> i 3, Initial configuration | ;"7 ¢

32




Sudoku (cont'd)

6 1 3 4
e Extension of counting IRIE
5 4 7 1 2
2 4
5 3 9 7
2 1 3|4 - :
1 3 8 37 5 4 2
8 7
> 1. 4 7.8
5 X X 1 X _
7 2 X X X more constraints
3 x X x X on the set of
x X x X values to be filled
X X X X _
X X X X in each cell
X 7 X X
8 8 g X
9 9 9 9
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A

=, (Recursive Function)

root —EREAXEEAR
AN HEMES > FE
A B C FZREEEEFTER

%/\\\ H[§EM:, DFS
A B C A BUZC A B

ABC % (Backtracking)
root EER BETARTHIAE
m it 1%%;;%%????91
EEEE R T —E 5
E A g MBS MR
— l%l_bﬁgﬂ?, AT LA
A B K AEEEE

12-1 S|RERET 12-2 B

Backtracting with Iteration

e constraints: DFS — backtracking (;)ard s(')a—q
01 void sudoku(int board][], int seq[], int nseq, int p) { 0::_1
02  while (p>=0) a1 a4 30 6 4
03 if (p>=nseq) print_solution(), p--; 54 4 . 8 s 0,07 1 7
04 else if (board[seq[p]]>=9) > + lo1sl| |04 /8
05 board[seq[p--]] = 0; 5 3 9 7 0,2,9 3 9
06 else { 7 4 0,4,2 4/ 10
07 board[seq[p]]++; TSt 10,8,5] |0 ...
08 if (isValid(board, seq[p])) p++; 14 708 1,0,6| |07 479
09 1.55| |...|//80
10} 01 intmain() { L~ 8 —
01 int isValid(int datal], int p) { 02  int board[81]={}; 0 /| ni‘;cll
02 inti, j, r=p/9, c=p%9; 03 intseq[81], nseq=0;"—

03 for (i=0; i<9; i++) {
04 if(i'=c && data[p]==data[r*9+i]) return O;
05 if(il=r && data[p]==data[i*9+c]) return 0; | 92 Prepare seq[81] and nseq

04 read constraints to board[81]

06 } 06 sudoku(board, seq, nseq, 0);
07 for (i=r/3*3; i<r/3*3+3; i++) 07 return 0;

08 for (j=c/3*3; j<c/3*3+3; j++) 08 }

09 if ((i'=r||j'=c) && data[p]==datal[i*9+j]) return 0;

11 return 1;

12} 35

Backtracking using Recursion

e without any constraint, raw DFS to generate 98" possibilities

01 void print(int data[]) {

02 inti,j;

03 for (i=0; i<9; i++)

04 for (j=0; j<9; j++)

05 printf("%2d%s", data[i*9+j], j==9?"\n":"");
06}

01 int main() {

02 int data[81]; // 9x9
03 sudoku(data, 0);
04  return O;

05}

01 void sudoku(int data[], int p) {
02 if (pivot>=81)
03 print(data);

04 else

05 for (data[p]=1; data[p]<=9; data[p]++)
06 sudoku(data, p+1);

07}

36
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Recursion (cont'd) =z "z,

5

e constraints: DFS — backtracking ; : ' boardseq
01 void sudoku(int board([], int seq[], int nseq, int p) { 3|7l 5] 1412 [0<Tlo |
02 if (p>=nseq) 11 78 0<—1
03 print(board); 30 6 4
04 else 0.0.7 17
05 for (board[seq[p]]=1; board[seq[p]]<=9; board[seq[p]]++) 0: 1: 8 g S
06 if (isValid(board,seq[p])) 0,2,9 2 10
07 sudoku(board, seq, nseq, p+1); 0,4,2 Oé
08} 0,8,5| |o 79
01 int isValid(int data[], int p) { 1,0,6| | .| /80
02 inti, j, r=p/9, c=p%9; 1,55 8 /' —
03 for (i=0; i<9; i++) { 0/ nseq
04 if(i'=c && data[p]==data[r*9+i]) return 0; 01 int main() { 0 =51
05 if(il=r && data[p]==data[i*9+c]) return 0; 02 int board[81]={}; —
06 3} _ _ 03 int seq[81], nseq=0;
8; forf(l=a/3*?3?*';r/i*%%+';+?++) 04 read constraints to board[81]
or (j=c/3*3; j<c 7
05 it ooy Fert il e
10 return 0; ’ ’ T
11 return 1: 07  return O;
12} 08} a
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e Leibniz formula

Determinant of an n-by-n Matrix

e Determinant
det(A) = 41,13y 833 F @153 3331 + 3133, 183,
— dy3dp,d3 1~ @ @) 1d33~ dy 1d; 3d3 5
e Permutation?
det(A) = d1,13; 2833 + 3 23,3331 + A1 39,1832
—dy,3dy,2d3 1 ~ 9y 3d;1d3 3~ dy 19,3932

e sign(o) ={ 11 |; c has e\(/jedn number of misplaced pairs
-1if... odd ...

e.g. sign(123)=1, sign(231)=1, sign(312)=1
sign(321)=-1, sign(213)=-1, sign(132)=-1

w
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Applications
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01 #include <stdio.h>

02 int main() { N 012012012012012012012012012
03 intn=3,i, data[10], p;

04 inttop=1,s[10*10][2]={{-1,0}};

05 while (top>0){ pon 2
06  p=s[--top][0]; data o

07 if (p>=0) data[p]=s[top][1];
08 if (p==n-1)

09 for (i=0; i<n; i++)

10 printf("%d%c", datali], i<n-1?" :'\n");
11 else

12 for (p++,i=n-1; i>=0; i--)

13 s[top][0]=p, s[top++][1]=i;

14 1}

15  return O; pUSh PV

16} data[p]l=v;
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