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=M 91

ALGORITHMS

= = 20|91, 2% 12
Z7|2tE[0] ™EEICEH =71 BhEZ0F HElE MOt E 2/dStE} Python £E= C S
OlLtZ ot+E5 AIHSHA| 2.
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=M 91 St of
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ALGORITHMS

H ZO|A0]8 I ZELiX|

def fib_memo(n, memo):
if memo[n] != -1:
return memo[n]
if n < 2:
memo[n] = n
else:
memo[n] = fib memo(n-1, memo) + fib_memo(n-2, memo)
return memo[n]

AlZH O(n).
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H ZO|A0]8 I ZELiX|

long long fib_memo(int n, long long memo[]) {
if (memo[n]!=-1) return memo[n];
if (n<2) memo[n]=n;
else memo[n]=fib_memo(n-1,memo)+fib_memo(n-2,memo);
return memo[n];

AlZH O(n).
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0<n<10° 1<m<10°. Bl EEQ| B === 10|C}. Python &= C & StLIE
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def domino(n, m):
a=b=1%m
for i in range(2, n+l):
a, b =b, (atb) % m
return b

AlZH O(n).
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int domino(int n, int m)
long long a=1%m, b=1%m;
for (int i=2; i<=n; ++1i)
long long next=(a+b)%m;
a=b; b=next;

return (int)b;

AlZH O(n).
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ALGORITHMS

def make_one(n):
dp = [0]*(n+1)
for x in range(2, n+l):
dp[x] = dp[x-1]+1
for d in (2,3,5):
if x % d == 0:
dp[x] = min(dp[x], dp[x//d]+1)
return dp[n]

AlZH O(n).
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=8 93 C ¢+¢

int make one(int n, int dp[]) {
int divisors[]={2,3,5}; dp[1]=0;
for (int x=2; x<=n; ++x) {
dp[x]=dp[x-1]+1;
for (int j=0; j<3; ++j) {
int d=divisors[j];
) if (x%d==0 && dp[x/d]+1<dp[x]) dp[x]=dp[x/d]+1;

}
return dp[n];

AlZH O(n).
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=X 94 ™Heha} off
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1<n<10000, out 20| nO|H S&otLt. = Z0| LOf| s AlZE o), &= O(L).
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28l 94 Python 9

2 M HE 2

—

def make_path(n, dp):

path = [n]

while n > 1:
candidates = [n-1]
candidates += [n//d for d in (2,3,5) if n%d == ©
n = next(x for x in candidates if dp[x]+1 == dp[n])
path.append(n)

return path

1<n<10000, out 20| nO|H Z&ICt HAZ ZO| Lo CHSH A|ZE OL), & O(L).
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int make path(int n, const int dp[], int out[]) {
int length=0, divisors[]={2,3,5};
out[length++]=n;
while (n>1) {
int next=n-1;
if (dp[next]+1!=dp[n]) {

for (int j=0; j<3; ++j) {
int d=divisors[j];
if (n%d==0 && dp[n/d]+1==dp[n]) {next=n/d; break;}

¥

n=next; out[length++]=n;

return length;

1<n<10000, out 20| nO|H Z&ICt HAZ ZO| Lo CHSH A|ZE OL), & O(L).
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knapsackZ._ 22F O[5t Z|C 7HX| & %P Ct. C dp[101][1001]2 =& X7t
M-S 2CE Python EE= C & StLIE S48 2ESHA 2.
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28| 95 Python ¢

2XH2l 071 HiY

def knapsack2(items, W):
dp = [[0]*(W+1) for _ in range(len(items)+1)]
for i, (w,v) in enumerate(items, 1):
for ¢ in range(W+1):
dp[i][c] = dp[i-1][c]
if w <= c:
dp[i][c] = max(dp[i][c], dp[i-1][c-w]+V)
return dp[len(items)][W]

£ S5{23lH n=0 == W=02| &2 00|LC}.
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2XH2l 071 HiY

int knapsack2(const int w[], const int v[], int n,
int dp[][1001]) {
for (int c=0; c<=W; ++c) dp[0@][c]=0;
for (int i=1; i<=n; ++1i) {
for (int c=0; c<=W; ++c) {
dp[i][c]=dp[i-1][c];
if (w[i-1]<=c) {
int take=dp[i-1][c-w[i-1]]+Vv[i-1];
if (take>dp[i][c]) dp[i][c]=take;

}
geturn dp[n][W];

£ S5{23lH n=0 == W=02| &2 00|LC}.
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HiE = &2F O|5F =[O 7HX|Z +'5}= knapsack1= 2H-detCt CO| dp= 2 &AL
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def knapsackl(items, W):
dp = [0]*(W+1)
for w, v in items:
for ¢ in range(W, w-1, -1):
dp[c] = max(dp[c], dp[c-w]+V)
return dp[W]

ik Z0] 10°0| L}
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int knapsackl(const int w[], const int v[], int n, int W,
int dp[]) {
for (int c=0; c<=W; ++c) dp[c]=0;
for (int i=0; i<n; ++i)
for (int c=W; c>=w[i]; --c) {
int take=dp[c-w[i]]+V[i];
if (take>dp[c]) dp[c]=take;

return dp[W];

I £0] 10°O|C}.
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=X| 97
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LCS Z 0]

def lcs_length(a, b):
dp = [[0]*(len(b)+1) for _ in range(len(a)+1)]
for i in range(1, len(a)+1):
for j in range(l, len(b)+1):
if a[i-1] == b[j-1]:
dp[i][j] = dp[i-1][]j-1]+1
else:
dp[1][3] = max(dp[i-1][]], dp[i][]-1])
return dp[len(a)][len(b)]
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LCS Z0

int lcs_length(const char a[], const char b[], int m, int n,
int dp[][101]) {

for (int i=0; i<=m; ++i) dp[i][0]=0;

for (int j=0; j<=n; ++j) dp[0][]]=9;

for (int i=1; i<=m; ++1)

for (int j=1; j<=n; ++j) {
f (a[i-1]==b[]j-1]) dp[i][j]=dp[i-1][]-1]+1;
else dp[i][j]=dp[i-1][j]>dp [ 1[3-1]
? dp[i-1][Jj]:dp[i][]-1];

return dp[m][n];
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=X 98

Z0] 0..1009| ASCII EALE a,blt HEAF 42| LCS 40| & dpZF FO ZICY,
lcs_restore2 =& OILIE SRITICH XA 22X &-21F 5&0|H {2 ZIC}
C out 40|= 101 O| &, Python EE= CE2 ZHSIA| L.
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def lcs restore(a, b, dp):
i, j = len(a), len(b)
out = []
while 1 > @ and j > ©:
if a[i-1] == b[j-1]:
out.append(a[i-1]); 1 -=1; j -=1
elif.dp[iill[j] >= dp[i][]j-1]:
I

J
return ''.join(reversed(out))

®H7t NS & |2t O(m+n), & O(min(m,n)).
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void lcs restore(const char a[], const char b[], int m, int n,
const int dp[][101], char out[]) {
int i=m, j=n, k=0;
while (i>0 && j»>0) {
if (a[i-1]==b[]j-1]) {out[k++]=a[i-1]; --1i; --J;}
else if (dp[i-1][j]>=dp[i][]j-1]) --1i;
else --3j;

}
out[k]="\0";
for (i=0; i<k/2; ++i) {

char t=out[i]; out[i]=out[k-1-i]; out[k-1-i]=t;
}

®H7t NS & |2t O(m+n), & O(min(m,n)).
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def nonadjacent(a):
prev2 = prevl =
for value in a:
current = max(prevl, prev2 + value)
prev2, prevl = prevl, current
return prevl

AlZEO(M). 2+ &0l E
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long long nonadjacent(const int a[], int n) {
long long prev2=0, prevl1=0;
for (int i=0; i<n; ++i) {
long long take=prev2+a[i];
long long current=prevl>take ? prevl:take;
prev2=prevl; prevl=current;

return previl;

AlZEO(M). 2+ &0l E
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def grid cost(a):
rows, cols = len(a), len(a[@])
dp = [[10**18]*cols for _ in range(rows) ]
dp[e][6] = a[0][e]
for i in range(rows):
for j in range(cols):
if i: dp[i][j] = min(dp[i][j], dp[i-1][j]+a[i][]

if 1 and j:
dp[1][j] = min(dp[i][J], dp[i-1][]j-1]+a[i][]

1)
if j: dp[i][J] = min(dp[1][J], dp[i][j-1]+a[i][J])
1/
return dp[-1][-1]

/2)

AlZH O™ x @). A% ZHofl= 2 elokA| &

=1 - LS
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long long grid cost(const int a[][100], int rows, int cols,
long long dp[][100]) {
for (int i=0; i<rows; ++i) {
for (int j=0; j<cols; ++j) {

long long best=1000000000000000000LL, t;

if (i==0 && j==0) best=a[0][0];

if (i) {t=dp[i-1][j]+a[i][j]; if(t<best) best=t;}

if (j) {t=dp[i][j-1]+a[i][]j]; if(t<best) best=t;}

if (1 && j

t=dp[i-1][j-1]+a[i][j]/2; if(t<best) best=t;

) dp[i][]j]=best;

return dp[rows-1][cols-1];
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