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2.1 #H4A

2.1.1 Remove Duplicates from Sorted Array
iR

Given a sorted array, remove the duplicates in place such that each element appear only once

and return the new length.

Do not allocate extra space for another array, you must do this in place with constant memory.
For example, Given input array A = [1,1,2],

Your function should return length =2, and A is now [1,2].

X
e

75 1

// LeetCode, Remove Duplicates from Sorted Array
/1 WEREE 0m), ERARE 0(1)
class Solution {
public:
int removeDuplicates(int A[], int n) {
if (n == 0) return O;

int index = O;
for (int i = 1; i < n; i++) {
if (Alindex] != A[i])
Al++index] = A[i]l;
}

return index + 1;
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%75 2

// LeetCode, Remove Duplicates from Sorted Array
// R STL, BEAZE 0@), FEEZLE 0(1)
class Solution {
public:

int removeDuplicates(int A[], int n) {

return distance(A, unique(A, A + n));

}

};

%75 3

// LeetCode, Remove Duplicates from Sorted Array
// R STL, HMEEXRE 0(), REALEE 0(1)
class Solution {
public:
int removeDuplicates(int A[], int n) {
return removeDuplicates(A, A + n, A) - A;

}

template<typename InIt, typename OutIt>
OutIt removeDuplicates(InIt first, InIt last, OutIt output) {
while (first != last) {
*output++ = *first;
first = upper_bound(first, last, *first);

}
return output;
}
¥
tHXEE

+ Remove Duplicates from Sorted Array 11, W, §2.1.2

2.1.2 Remove Duplicates from Sorted Array II

ik
Follow up for "Remove Duplicates”: What if duplicates are allowed at most twice?
For example, Given sorted array A = [1,1,1,2,2,3],
Your function should return length =5, and A is now [1,1,2,2,3]

Ll

A AE B N R B BRI AT o ROSUA A2 B2 ML, B A— 22 B BT
o MRRBATHFHVEAL, WFESI A1 hashmap KT H AL
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// LeetCode, Remove Duplicates from Sorted Array II
/1 WEZEE 0m), ERARE 0(1)
// Qauthor hex108 (https://github.com/hex108)
class Solution {
public:
int removeDuplicates(int A[], int n) {
if (n <= 2) return n;

int index = 2;
for (int i = 2; i < n; i++){
if (A[i] !'= A[index - 2]1)
Alindex++] = A[i];
}

return index;

}s

X752

TN R RO BT R, NI R LE, B occur < 2 0N
occur < 3, PN T AVEE RS 3 K.
// LeetCode, Remove Duplicates from Sorted Array II
// @author EMiI¥ (http://weibo.com/u/1666779725)
/1 HEERE 0@, EHALXE 0
class Solution {
public:
int removeDuplicates(int A[], int n) {
int index = O;
for (int i = 0; i < n; ++i) {
if (1 >0& i <n -1 & A[i] == A[i - 1] && A[i] == A[i + 11)
continue;

Alindex++] = A[i];

}
return index;
}
};
EPS =

+ Remove Duplicates from Sorted Array, M §2.1.1

2.1.3 Search in Rotated Sorted Array
ik

Suppose a sorted array is rotated at some pivot unknown to you beforehand.
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(i.e.,0 1 2 4 5 6 7mightbecome4 5 6 7 0 1 2).

You are given a target value to search. If found in the array return its index, otherwise return -1.

You may assume no duplicate exists in the array.

rLii
TR, MEEEEAET AN E.

X5

// LeetCode, Search in Rotated Sorted Array
// BEEZE 0QQog n), REELE 0(1)
class Solution {
public:
int search(int A[], int n, int target) {
int first = 0, last = n;
while (first != last) {
const int mid = first + (last - first) / 2;
if (A[mid] == target)
return mid;
if (A[first] <= A[mid]) {
if (A[first] <= target && target < A[mid])
last = mid;
else
first = mid + 1;
} else {
if (A[mid] < target && target <= A[last-1])
first = mid + 1;

else
last = mid;
}
}
return -1;
}
};
EPS =

* Search in Rotated Sorted Array I, ' §2.1.4

2.1.4 Search in Rotated Sorted Array II
fihik
Follow up for ”Search in Rotated Sorted Array”: What if duplicates are allowed?

Would this affect the run-time complexity? How and why?

Write a function to determine if a given target is in the array.
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FWESZITR, W B R Am)>=A010, A4 [1,m] 9 PRI BN RE G T, T

or1,3,1,1,131.
IR AIm]>=A[1] AREFREBIE, ARHHAT BRSP4
o A& Alm]>A[1], WIXE [1,m] —EHEIY
o A AMml==A0] BEART, AL 14+, AR,

(T

// LeetCode, Search in Rotated Sorted Array II
// BEEZRE 0@, FEEZFEE 0D
class Solution {
public:
bool search(int A[], int n, int target) {
int first = 0, last = n;
while (first != last) {
const int mid = first + (last - first) / 2;
if (A[mid] == target)
return true;
if (Alfirst] < A[mid]) {
if (A[first] <= target && target < A[mid])
last = mid;
else
first = mid + 1;
} else if (A[first] > A[mid]) {
if (A[mid] < target && target <= A[last-1])
first = mid + 1;

else
last = mid;
} else

//skip duplicate one
first++;

}

return false;

}
};
EPS =

« Search in Rotated Sorted Array, UL §2.1.3

2.1.5 Median of Two Sorted Arrays

fhik

There are two sorted arrays A and B of size m and n respectively. Find the median of the two sorted

arrays. The overall run time complexity should be O(log(m + n)).



2.1 % 7

X

ROREIEFAMAE. XEEEANERAE, SEWNDNCEHT IR, REWEIAT
FHE kERRIICHE.

O(m +n) WML EM, B merge I, SAEREE kE KINTTE.

A FENUULTFES & KNTE, BATRE Q77 XA RIRERN. W RH NS,
ICEYTEEREIE m KHTRT o RINIRAMEHPIN 8% pa #1 pB, S AR A Rl B £U4HAYEE
—IER, HHZELLT merge sort 1)FEE ) WA A BHTCER/DN, I8 pA++, [FINT m++; UIEREL
HB YRITTE/N, A4 pB++, FIN m+o Y m T kWS, SASTHRNMESR, Ok) 1T
B, O) =H. B2, X kIREGE m + n BIIME, XDITHRRE O(m +n) HY.

AEAEGFWTRIE? FROTTLEEM kAT WRBATEREREE MG ——EFEE kAT
KZHWMTE, BLBNTTHEIAT kKo (HRMRFRBATEMEE—FTE? HT A BEHEHT
K, JAIViZESFIHIXBEEE, T 088, wWERSFAT “GF7.

BI% A FI B TR MGRT k/2, BATE AWK k/2 108 F (I Alk/2-11) FIB BYZE k/2
Mot (B Blr/2-11) #ATHER, ALAN =FEol Ch T R BRIk k R, IrEsirg it
XF ke AR ATEAEAR T )

- A[k/2-1] == B[k/2-1]

e A[k/2-1] > B[k/2-1]

e A[k/2-1] < B[k/2-1]

IR Alk/2-11 < Blk/2-11, HWHE AL0]1 2] Alk/2-1 WE EE AU B 1 top k JTCERATEHI
P, AN, Alk/2-1 ANATRERT AU B W58 k KoLK, BAERHIEH.

G, AT LABOLRIMER A ZEHIX k/2 I E. F3E, 24 Alk/2-1]1 > Blk/2-1]1 B, ]
DAMHBE B 204 k/2 NI

2 Alk/2-1]1 == Blk/2-1]1 B, VKR 746 k& KWoTR, BRI Alk/2-1] 3§ Blk/2-1]
HIETS

HIL, FATATLAE — A8 D R A B4 R T 2 B B 1% 2 W 2

o YA B RSN, HERMN Blk-1] 3 Alk-1];

o M k=1, KA min(A[0], B[01);

« Y Alk/2-1] == Blk/2-1]1 I, JR[E A[k/2-1] 8L Blk/2-1]

(ST

// LeetCode, Median of Two Sorted Arrays
// BEEZE 0QQoglm+n)), FHEELE 0(log(m+n))
class Solution {
public:
double findMedianSortedArrays(int A[], int m, int B[], int n) {
int total = m + n;
if (total & 0x1)
return find_kth(A, m, B, n, total / 2 + 1);
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else
return (find_kth(A, m, B, n, total / 2)
+ find_kth(A, m, B, n, total / 2 + 1)) / 2.0;
}
private:
static int find_kth(int A[], int m, int B[], int n, int k) {
//always assume that m is equal or smaller than n
if (m > n) return find_kth(B, n, A, m, k);
if (m == 0) return B[k - 1];
if (k == 1) return min(A[0], B[0]);
//divide k into two parts
int ia = min(k / 2, m), ib = k - ia;
if (A[ia - 1] < B[ib - 11)
return find_kth(A + ia, m - ia, B, n, k - ia);
else if (A[ia - 1] > B[ib - 11)
return find_kth(A, m, B + ib, n - ib, k - ib);
else
return Alia - 1];
}
};
Hx&H
-

2.1.6 Longest Consecutive Sequence

faigk

Given an unsorted array of integers, find the length of the longest consecutive elements sequence.

For example, Given [100, 4, 200, 1, 3, 2], The longest consecutive elements sequence is [1,

2, 3, 4]. Return its length: 4.

Your algorithm should run in O(n) complexity.

o

WERATF O(nlogn) MIEAREL, AARTLIEHER, ARABIEER O(n).
HTFIRATTRETFR, LER O(n), BEEZEARIHRAR,

F— W54 % unordered_map<int, bool> used iCRAFMTTRERMEH, MEPTR, L%

TCRAHL, AR K, HEIARESENIL, TR TR E,

(T

// Leet Code, Longest Consecutive Sequence
/] HEREE 0@, REREE 0(n)

class Solution {
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public:
int longestConsecutive(const vector<int> &num) {
unordered_map<int, bool> used;

for (auto i : num) used[i] = false;
int longest = 0;

for (auto i : num) {
if (used[i]) continue;

int length = 1;
used[i] = true;

for (int j = i + 1; used.find(j) '= used.end(); ++j) {
used[j] = true;
++length;

}

for (int j = i - 1; used.find(j) '= used.end(); --j) {
used[j] = true;
++length;

}

longest = max(longest, length);
}

return longest;

};

ST 2

B EHWENREMEAE, LA union,find 1 # 7E. 2 2L 5 21 w] LA W o FC 8 0k 38
7. AR OR WA S st T LA OR, (H 2 RS B A A % SR, R P 0 ) 2 Bx oK. il unordered_-
map<int, int> map K7, JFUUA BB K H Thttp://discuss.leetcode.com/questions/1070/

longest-consecutive-sequence

(ST}

// Leet Code, Longest Consecutive Sequence
// WHEEZRE 0@m), FEERE 0()
// Author: Qadvancedxy
class Solution {
public:
int longestConsecutive(vector<int> &num) {
unordered_map<int, int> map;
int size = num.size();
int 1 = 1;


http://discuss.leetcode.com/questions/1070/longest-consecutive-sequence
http://discuss.leetcode.com/questions/1070/longest-consecutive-sequence

10 2 MR

for (int i = 0; i < size; i++) {
if (map.find(num[i]) != map.end()) continue;
map [num[i]] = 1;
if (map.find(num[i] - 1) != map.end()) {
1 = max(1l, mergeCluster(map, num[i] - 1, num[il));
}
if (map.find(num[i] + 1) != map.end()) {
1 = max(1l, mergeCluster(map, num[i], num[i] + 1));
}
}
return size == 0 7 0 : 1;

}

private:
int mergeCluster (unordered_map<int, int> &map, int left, int right) {
int upper = right + mapl[right] - 1;
int lower = left - map[left] + 1;
int length = upper - lower + 1;
map [upper] = length;
map [lower] = length;
return length;

2.1.7 Two Sum
iR

Given an array of integers, find two numbers such that they add up to a specific target number.

The function twoSum should return indices of the two numbers such that they add up to the target, where
index1 must be less than index2. Please note that your returned answers (both index1 and index2) are not
zero-based.

You may assume that each input would have exactly one solution.

Input: numbers={2, 7, 11, 15}, target=9

Output: index1=1, index2=2

S
Tk B, SIRE O(n?), St
J7¥ 20 hashe H— DA, FFEGNESV IR, E2RE O(n).
Tk 3 SEHT, A AEE, HiF O(nlogn), Z£4AFE O(n), &4 O(nlogn). (H2EFRE,
TR TR I AR, TS TAL, FIXA I g
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55

//LeetCode, Two Sum

// JriE 2 hash, H—NoAk, B AHod o TAR

/0 HEERE 0@, EHALXE 0@

class Solution {

public:

vector<int> twoSum(vector<int> &num, int target) {
unordered_map<int, int> mapping;
vector<int> result;
for (int i = 0; i < num.size(); i++) {
mapping [num[i]] = i;

for (int i = 0; i < num.size(); i++) {
const int gap = target - num[i];
if (mapping.find(gap) != mapping.end() && mapping[gap] > i) {
result.push_back(i + 1);
result.push_back(mapping[gap] + 1);

break;
}
}
return result;
¥
};
HX/EH

- 3Sum, W §2.1.8
+ 3Sum Closest, . §2.1.9
o 4Sum, UL §2.1.10

2.1.8 3Sum
iR

Given an array S of n integers, are there elements a, b, ¢ in S such that a + b + ¢ = 0? Find all unique
triplets in the array which gives the sum of zero.

Note:

+ Elements in a triplet (a, b, ¢) must be in non-descending order. (ie, a < b < ¢)

 The solution set must not contain duplicate triplets.

For example, given array S = {-1 0 1 2 -1 -4}.

A solution set is:

(-1, 0, 1)
(-1, -1, 2)
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X

SHEFr, RIRZEATIEE, AT O(n?).
AT T LIS 5] hesum, SEHERR, SRR K — 2 WOB3R, fEm N EIRER A48, IR 2

A O(max{nlogn,n*"1}).

(T

// LeetCode, 3Sum
/) RMF, REEEKRE, TERIEEZNH, HHEELE 0n™2), ZHEZLE 01)
class Solution {
public:
vector<vector<int>> threeSum(vector<int>& num) {
vector<vector<int>> result;
if (num.size() < 3) return result;
sort (num.begin(), num.end());
const int target = O;

auto last = num.end();
for (auto i = num.begin(); i < last-2; ++i) {
auto j = i+1;
if (i > num.begin() && *i == *(i-1)) continue;
auto k = last-1;
while (j < k) {
if (*i + *j + *k < target) {
++3;
while(*xj == *(j - 1) && j < k) ++j;
} else if (*i + *j + *k > target) {

__k’
while(xk == *(k + 1) & j < k) --k;
} else {
result.push_back({ *i, *j, *k });
++3;
__k;
while(*j == *(j - 1) && *k == *(k + 1) && j < k) ++j;
}
}
}
return result;
¥
};
S

+ Two sum, ' §2.1.7
* 3Sum Closest, I §2.1.9
+ 4Sum, I §2.1.10
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2.1.9 3Sum Closest
R

Given an array S of n integers, find three integers in S such that the sum is closest to a given number,
target. Return the sum of the three integers. You may assume that each input would have exactly one solution.

For example, given array S = {-1 2 1 -4}, and target = 1.
The sum that is closest to the targetis 2. (-1 + 2 + 1 = 2).

o
Sk, RIGEAJOE, EIRE O(n?).

55

// LeetCode, 3Sum Closest
/] RHF, REEEKE, HELZEE 0@™2), FERLE 0(1)
class Solution {
public:
int threeSumClosest(vector<int>& num, int target) {
int result = 0;
int min_gap = INT_MAX;

sort (num.begin(), num.end());
for (auto a = num.begin(); a != prev(num.end(), 2); ++a) {

auto b = next(a);
auto ¢ = prev(num.end());

while (b < ¢) {
const int sum
const int gap

*a + *b + xc;
abs(sum - target);

if (gap < min_gap) {
result = sum;
min_gap = gap;

}

if (sum < target) ++b;
else --c;

}

return result;
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PSS =|

« Two sum, L §2.1.7
* 3Sum, 'L §2.1.8
« 4Sum, 1L §2.1.10

2.1.10 4Sum
ik
Given an array S of n integers, are there elements a, b, ¢, and d in S such that a + b + ¢ + d = target?

Find all unique quadruplets in the array which gives the sum of target.

Note:
* Elements in a quadruplet (a, b, ¢, d) must be in non-descending order. (ie, a < b < ¢ < d)
* The solution set must not contain duplicate quadruplets.

For example, given array S = {1 0 -1 0 -2 2}, and target = 0.
A solution set is:

(-1, 0,0, 1)
(-2, -1, 1, 2)
(-2, 0,0, 2

o

FeHbT, REELATGE, ERE ON?), Sl .
AU hashmap SeZ8F P D ELHIR, BRAERE O(n®)o XD RIEHIEH T 3Sum -

EEKE

// LeetCode, 4Sum

/] GBF, REAAKE, BHEAREE 0@@™3), BEREZ 0(1)

class Solution {

public:

vector<vector<int>> fourSum(vector<int>& num, int target) {

vector<vector<int>> result;
if (num.size() < 4) return result;
sort (num.begin(), num.end());

auto last = num.end();
for (auto a = num.begin(); a < prev(last, 3); ++a) {
for (auto b = next(a); b < prev(last, 2); ++b) {

auto ¢ = next(b);

auto d = prev(last);

while (c < d) {

if (xa + *b + *c + *d < target) {
++cC;
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} else if (xa + *b + xc + *xd > target) {
__d;
} else {
result.push_back({ *a, *b, *c, *d });
++cC;
__d;
}
}
}
}
sort (result.begin(), result.end());
result.erase(unique(result.begin(), result.end()), result.end());
return result;
}
};
map HEF

// LeetCode, 4Sum

// Fl—A hashmap 4% 77 % N3k &y fn

// WEEZRE, FH 0@ 2), ®RF 0@ ), FHEALE 0(n~2)

class Solution {

public:

vector<vector<int> > fourSum(vector<int> &num, int target) {

vector<vector<int>> result;
if (num.size() < 4) return result;
sort (num.begin(), num.end());

unordered_map<int, vector<pair<int, int> > > cache;
for (size_t a = 0; a < num.size(); ++a) {
for (size_t b =a + 1; b < num.size(); ++b) {
cache[num[a] + num[b]].push_back(pair<int, int>(a, b));
}
}

for (int ¢ = 0; ¢ < num.size(); ++c) {
for (size_t d = ¢ + 1; d < num.size(); ++d) {
const int key = target - num[c] - num[d];
if (cache.find(key) == cache.end()) continue;

const auto& vec = cachel[key];
for (size_t k = 0; k < vec.size(); ++k) {
if (c <= vec[k].second)
continue; // HEE

result.push_back( { num[vec[k].first],
num[vec[k] .second], num[c], num[d] });

}
}
sort(result.begin(), result.end());
result.erase(unique(result.begin(), result.end()), result.end());
return result;



16 2 MR

};

multimap

// LeetCode, 4Sum

// F—/> hashmap 45%& W NEk#Fn

// HEARE 0(™2), ZHALE 0(°2)

// @author Z[% (http://weibo.com/luangong)

class Solution {

public:

vector<vector<int>> fourSum(vector<int>& num, int target) {

vector<vector<int>> result;
if (num.size() < 4) return result;
sort (num.begin(), num.end());

unordered_multimap<int, pair<int, int>> cache;
for (int i = 0; i + 1 < num.size(); ++i)
for (int j = i + 1; j < num.size(); ++j)
cache.insert (make_pair(num[i] + num[j], make_pair(i, j)));

for (auto i = cache.begin(); i != cache.end(); ++i) {
int x = target - i->first;
auto range = cache.equal_range(x);
for (auto j = range.first; j != range.second; ++j) {
auto a i->second.first;
auto b = i->second.second;
auto ¢ = j->second.first;
auto d = j->second.second;
if (al!l=c&& a!=d&& b !'=c&& b !'=4d) {
vector<int> vec = { num[al, num([b], num[c], num[d] };
sort(vec.begin(), vec.end());
result.push_back(vec);

}
}
sort(result.begin(), result.end());
result.erase(unique(result.begin(), result.end()), result.end());
return result;

}s

Fit 4

// LeetCode, 4Sum

/] RHF, REkAEKE, BHELZ%E 0 3logn), FEELE 0(1), SABH

/7 BT L b, KW EMRAT, EREERT, IR

class Solution {

public:

vector<vector<int>> fourSum(vector<int>& num, int target) {

vector<vector<int>> result;
if (num.size() < 4) return result;
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sort (num.begin(), num.end());

auto last = num.end();
for (auto a = num.begin(); a < prev(last, 3);
a = upper_bound(a, prev(last, 3), *a)) {
for (auto b = next(a); b < prev(last, 2);
b = upper_bound(b, prev(last, 2), *b)) {
auto ¢ = next(b);
auto d = prev(last);
while (c < d) {
if (*a + *b + *c + *d < target) {
¢ = upper_bound(c, d, *c);
} else if (xa + *b + *xc + xd > target) {
d = prev(lower_bound(c, d, *d));
} else {
result.push_back({ *a, *b, *c, *d 1});
¢ = upper_bound(c, d, *c);
d = prev(lower_bound(c, d, *d));

}
}
}
}
return result;
¥
};
EPSYE|

« Two sum, "L §2.1.7
- 3Sum, W §2.1.8
+ 3Sum Closest, I §2.1.9

2.1.11 Remove Element
ik
Given an array and a value, remove all instances of that value in place and return the new length.

The order of elements can be changed. It doesn’t matter what you leave beyond the new length.

rLii
b

X751

// LeetCode, Remove Element
/) BEEEE 0@, REEEE 0(1)

class Solution {



18 2 MR

public:
int removeElement(int A[], int n, int elem) {
int index = 0;
for (int i = 0; i < n; ++i) {
if (A[i] !'= elem) {
Alindex++] = A[i];
}
}

return index;

};

%75 2

// LeetCode, Remove Element
// fEA remove(), WEARE 0(), ZHEELRE 0(1)
class Solution {
public:
int removeElement(int A[], int n, int elem) {
return distance(A, remove(A, A+n, elem));
}
};

PSS
<

2.1.12 Next Permutation
iR

Implement next permutation, which rearranges numbers into the lexicographically next greater permu-
tation of numbers.

If such arrangement is not possible, it must rearrange it as the lowest possible order (ie, sorted in ascend-
ing order).

The replacement must be in-place, do not allocate extra memory.

Here are some examples. Inputs are in the left-hand column and its corresponding outputs are in the

right-hand column.

3,2,1 + 1,2,3
1,1,56 » 1,5,1
o

BRI 2-187Rk (R B http://fisherlei.blogspot.com/2012/12/leetcode-next-permutation.html) -
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Increase

C1C1 5 50 3 1 £ £

Example 6 8 7 4 3 2
Step 1 @ 8 7. 4 3 2
Step 2 6 8 @ 4 3 2
Step 3 7 8 6 4 2
Step 4 7] 8 6 4 3 2

7 2 3 4 6 8

1. Fromright to left, find the first digit (PartitionNumber)which viclate the increase
trend, in this example, 6 will be selected since 8,7,4,3,2 already in a increase trend.

2. Fromright to left, find the first digit which large than PartitionNumber, call it
changeNumber. Here the 7 will be selected.

3. Swap the PartitionNumber and ChangeNumber.

4. Reverse all the digit on the right of partition index.

2-1 FAHEP SRR

(T

// LeetCode, Next Permutation
// BHEERE 0@), FEEZFEE 0
class Solution {
public:
void nextPermutation(vector<int> &num) {
next_permutation(num.begin(), num.end());

}

template<typename BidiIt>

bool next_permutation(BidiIt first, Bidilt last) {
// Get a reversed range to simplify reversed traversal.
const auto rfirst = reverse_iterator<BidiIt>(last);
const auto rlast = reverse_iterator<BidiIt>(first);

// Begin from the second last element to the first element.
auto pivot = next(rfirst);

// Find “pivot”, which is the first element that is no less than its
// successor. “Prev” is used since “pivort” is a ‘reversed_iterator’.

while (pivot != rlast && *pivot >= *prev(pivot))
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++pivot;
// No such elemenet found, current sequence is already the largest
// permutation, then rearrange to the first permutation and return false.
if (pivot == rlast) {
reverse(rfirst, rlast);
return false;
}
// Scan from right to left, find the first element that is greater than
// “pivot’.
auto change = find_if (rfirst, pivot, bindlst(less<int>(), *pivot));
swap (*change, *pivot);
reverse(rfirst, pivot);
return true;
}
I
P

+ Permutation Sequence, I §2.1.13

« Permutations, Il §8.3

* Permutations II, ' §8.4

+ Combinations, I §8.5

2.1.13 Permutation Sequence

fhik

The set [1,2,3,  ',n] contains a total of n! unique permutations.

By listing and labeling all of the permutations in order, We get the following sequence (ie, for n = 3):

"123"
||132’|
|l213l|
|l231l|
|l312l|
Il321ll

Given n and k, return the kth permutation sequence.

Note: Given n will be between 1 and 9 inclusive.

rLii

TR AR, FTCAUM & I8, A k — 1 K next_permutation()o
FIBASPACHT & DR ER T, GRS, MEATATES & .
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A At i 8%, (BOA n DAEENITTR, Bk MHZ a1, a2, a3, ..., an, B4 a1 52
WR— AL WE ?

BAHE a1 Kb, IEATI T IHESIN a2, as, ..., an, it n -1 1MTE, n -1 PTEHA (n—1)!
AHET, TR AT a1 = k/(n — 1)\,

B, a2,as, ..., an FMEESITN:

ks =  k%(n— 1)

asz = kz/(n — 2)'
kn—1 = kn—2%2!
an—1 = kn,1/1!

a, = 0

{# F next_permutation()

// LeetCode, Permutation Sequence
// A next_permutation(), TLE
class Solution {
public:
string getPermutation(int n, int k) {
string s(n, '0');
for (int i = 0; i < n; ++i)
s[i] += i+1;
for (int i = 0; i < k-1; ++i)
next_permutation(s.begin(), s.end());
return s;

}

template<typename BidiIt>
bool next_permutation(BidiIt first, BidiIt last) {
// RE N L —# Next Permutation
}
};

RIt4Hg

// LeetCode, Permutation Sequence
/) RREE, MEZKE 0@), FEREALRE 0D
class Solution {
public:
string getPermutation(int n, int k) {
string s(n, '0');
string result;
for (int i = 0; i < n; ++i)
s[i] +=1i + 1;
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return kth_permutation(s, k);
}
private:
int factorial(int n) {
int result = 1;
for (int i = 1; i <= n; ++i)
result x= i;
return result;
}
// seq THIF, RF—HF
template<typename Sequence>
Sequence kth_permutation(const Sequence &seq, int k) {
const int n = seq.size();
Sequence S(seq);
Sequence result;
int base = factorial(n - 1);
—k; // BFEFBN 0 Fhb
for (int i =n - 1; i > 0; k %= base, base /= i, --i) {
auto a = next(S.begin(), k / base);
result.push_back(*a);
S.erase(a);
}
result.push_back(S[01); // ®&JE—4
return result;
}
};
PSR
 Next Permutation, L §2.1.12
« Permutations, i §8.3
+ Permutations II, Il §8.4
« Combinations, 1 §8.5
2.1.14 Valid Sudoku
iR
Determine if a Sudoku is wvalid, according to: Sudoku Puzzles - The Rules

http://sudoku.com.au/TheRules.aspx .
The Sudoku board could be partially filled, where empty cells are filled with the character ' . '.
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5(3 7
6 1(9(5
9|8 6
8 6 3
4 8 3 1
7 2 6
6 2|8
4111|9 5
8 719

Ll
A S
(ST}

// LeetCode, Valid Sudoku
// BHEERE 0@ 2), REALE 0(1)
class Solution {
public:
bool isValidSudoku(const vector<vector<char>>& board) {
bool used[9];

for (int i = 0; i < 9; ++i) {
fill(used, used + 9, false);

for (int j = 0; j < 9; ++j) // REF
if (!check(board[i] [j], used))
return false;

fill(used, used + 9, false);

for (int j = 0; j < 9; ++j) // ®%EF|
if (!check(board[j][i], used))
return false;

}
for (int r = 0; ¢ < 3; ++r) // #%%&F 9 NFRETF

for (int ¢ = 0; ¢ < 3; ++c) {
fill(used, used + 9, false);

for (int i = r * 3; i < r * 3 + 3; ++i)
for (int j = c * 3; j < c * 3 + 3; ++j)
if (!check(board[i] [j], used))
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return false;

}

return true;

}

bool check(char ch, bool used[9]) {
if (ch == '.') return true;

if (used[ch - '1']) return false;

return used[ch - '1'] = true;
}
};
EES |

« Sudoku Solver, ! §10.10

2.1.15 Trapping Rain Water
fhik
Given n non-negative integers representing an elevation map where the width of each bar is 1, compute

how much water it is able to trap after raining.
For example, Given [0,1,0,2,1,0,1,3,2,1,2,1], return 6.

(=]

¥ 2-3 Trapping Rain Water

X

TR, WAHALGWIRESWEF, ZHEFREANNE AR S nin(nax_left,
max_right) - heighto FTLA,

L WA, XTEME, KA HEKE;
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2. WHEEAAM W, XT8N, KREKAE;
3.0 B, R ME TR EBIER .

LRIV
13—, WRHEEAET, MR AR
2. QLA
3. AbEAL—,
X751

// LeetCode, Trapping Rain Water
/ B 1, WHEZRE 0(), ZEEZE 0@)
class Solution {
public:
int trap(int A[], int n) {
int *max_left = new int[n]();
int *max_right = new int[n]Q);

< nj; i++) {
max (max_left[i - 1], A[i - 1]);
1 - i] = max(max_right[n - i], A[n - il);

for (int i = 1;
max_left[i]
max_right[n

e

int sum = 0;
for (int i = 0; i < n; i++) {
int height = min(max_left[i], max_right[i]);
if (height > A[i]) {
sum += height - A[i];
}
}

delete[] max_left;
delete[] max_right;
return sum;
}
};

AR )

// LeetCode, Trapplng Rain Water
/ Bk 2, BHEZZE 0@, FEALEE 0(1)
class Solution {
public:
int trap(int A[], int n) {
int max = 0; // REGWHET, KA HH¥
for (int i = 0; i < n; i++)
if (A[i] > A[max]) max = i;
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int water = 0;

for (int i = 0, peak = 0; i < max; i++)
if (A[i] > peak) peak = A[il;
else water += peak - A[il;

for (int i =n - 1, top = 0; i > max; i--)
if (A[i] > top) top = A[il;
else water += top - A[il;

return water;

}
};

75 3

=ML, ARSI, ADNTRRBIITEEA, K TE THRIURIEAR B /N T adE T4
HIE AT R A HB AR AL PR
// LeetCode, Trapping Rain Water
/0 R, DNTRUHTEEN, ATETRUREKREA DT R
/) ETIMENTEAD B RLEE, HEAR, REE LN LEAK
// BHEZZE o), ZEEEE 0@)
class Solution {
public:
int trap(int all, int n) {
stack<pair<int, int>> s;
int water = O;

for (int i = 0; i < n; ++i) {
int height = O;

while (!s.empty()) { // HHRELIWTEARFTN TR 2 HBAHER
int bar = s.top().first;
int pos = s.top().second;
// bar, height, al[i]l Z# E XM
water += (min(bar, al[il) - height) * (i - pos - 1);
height = bar;

if (ali] < bar) // #E T YA TEETGH, BKRHEER

break;
else .
s.pop(); // BEKT, EHAZTHRAERT, FHFET
}
s.push(make_pair(alil, 1));
}
return water;
}
};
PSS =|

+ Container With Most Water, I, §12.6
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« Largest Rectangle in Histogram, ' §4.1.3

2.1.16 Rotate Image
Hig

You are given an n X n 2D matrix representing an image.
Rotate the image by 90 degrees (clockwise).
Follow up: Could you do this in-place?

rXii

HIAE], A, MANEIA—E R, EXTTEAE.
WTRHE, e R AR — K, eI KCF Ll — k.

’

1, .2 y 42 y 31
3, 4 3, 1 4, 2

2-4 Rotate Image
B, EAIEACE PRk, SRR X A — k.
A3 1

// LeetCode, Rotate Image

/0 B 1, HEZRE 0@™2), EHALE 0
class Solution {

public:

void rotate(vector<vector<int>>& matrix) {
const int n = matrix.size();

for (int i = 0; i < n; ++i) // WEE BN ALK E

for (dnt j = 0; j < mn - i; ++j)
swap(matrix[i] [j], matrix[n - 1 - jl[n - 1 - i]);

for (int i = 0; i < n / 2; ++i) // BEAKFFLERE
for (int j = 0; j < n; ++j)
swap(matrix[i] [j], matrix[n - 1 - iJ[j]);
}

};
A5 2
// LeetCode, Rotate Image

// B o2, WHEEZLE 0@ 2), FEELE 0(1)

class Solution {
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public:
void rotate(vector<vector<int>>& matrix) {
const int n = matrix.size();
for (int i = 0; i < n / 2; ++i) // BEAXFFLERE
for (int j = 0; j < n; ++j)
swap(matrix[i] [j], matrix[n - 1 - iJ[j]);
for (int i = 0; i < n; ++i) // BEENALZRE
for (int j = i + 1; j < n; ++j)
swap(matrix[i] [j], matrix[j][i]);
}
};
EES =]
-

2.1.17 Plus One
ik

Given a number represented as an array of digits, plus one to the number.

o
A AN

X751

// LeetCode, Plus One
/1 WEZEE 0m), EEALKE 0(1)
class Solution {
public:
vector<int> plusOne(vector<int> &digits) {
add(digits, 1);
return digits;
}
private:
// 0 <= digit <= 9
void add(vector<int> &digits, int digit) {
int ¢ = digit; // carry, #fL

for (auto it = digits.rbegin(); it != digits.rend(); ++it) {

*it += c;
c = *it / 10;
*it %= 10;
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if (c > 0) digits.insert(digits.begin(), 1);

};

X85 2

// LeetCode, Plus One
/1 WEZEE 0m), EEALKE 0(1)
class Solution {
public:
vector<int> plusOne(vector<int> &digits) {
add(digits, 1);
return digits;
}
private:
// 0 <= digit <= 9
void add(vector<int> &digits, int digit) {
int ¢ = digit; // carry, #fL

for_each(digits.rbegin(), digits.rend(), [&c](int &d){

d += c;
c=d/ 10;
d %= 10;
B
if (c > 0) digits.insert(digits.begin(), 1);
}
};
S l=
-

2.1.18 Climbing Stairs
faik
You are climbing a stair case. It takes n steps to reach to the top.

Each time you can either climb 1 or 2 steps. In how many distinct ways can you climb to the top?

o
B f(n) FORI€ n BrieE MR R, O TIREIEE n Brkkth, AP iksE:
o W& n — 1 BTt 122
o MWHn — 1Bk 2 2
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Hit, B f(n)=f(n—1)+ f(n —2).
30— A AR A
T, EIH, OKIE; Jrik 2, &K . .
FHE3, HEEAR. EUTRRESIETARY a, = — K”ﬁ) _ (1‘“5) }

S

‘R
// LeetCode, Climbing Stairs
/7 #=R, HEZEE o), ZHEREZ 0(1)
class Solution {
public:
int climbStairs(int n) {
int prev = 0;
int cur = 1;
for(int i = 1; i <= n ; ++i){
int tmp = cur;
cur += prev;
prev = tmp;
}

return cur;

};

// LeetCode, Climbing Stairs
/1 BEAR, WEEZRE 0(1), ZEERE 0Q1)
class Solution {
public:
int climbStairs(int n) {
const double s = sqrt(5);
return floor((pow((1+s)/2, n+1) + pow((1-s)/2, n+1))/s + 0.5);

}
};
fHX# B

* Decode Ways, W §13.10

2.1.19 Gray Code
iR
The gray code is a binary numeral system where two successive values differ in only one bit.
Given a non-negative integer n representing the total number of bits in the code, print the sequence of

gray code. A gray code sequence must begin with 0.

For example, given n = 2, return [0,1,3,2]. Its gray code sequence is:
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00 - 0
01 -1
11 - 3
10 - 2
Note:

» For a given n, a gray code sequence is not uniquely defined.
* For example, [0,2,3,1] is also a valid gray code sequence according to the above definition.

* For now, the judge is able to judge based on one instance of gray code sequence. Sorry about that.

X

W FE 1Y (Gray Code) 15 X522 http://en.wikipedia.org/wiki/Gray_code

BAZHERIEIRAREN  go =bo, g =bi ®bi1

P88 B AR bR A S R S A S S I B o, RSB v e (v — B ) s v S R e S
o, HEEMEREMIERERCL. flin, %886 1001, o REITRE: RBER
mfn; SRIEEEE 1AL 1 FIEE 2 2Ry 0 SR, 1930 1, MENMSERISINES 2 7, 58 2 fnf 0 FIEE 3 A
70 ek, 3500, MEAMELIE 30, 458 3 G010 FIZE 4 A2 1 e, 53801, MENEHLmN
B4, W, WEGN 1101,

BERLEIRABRZHEBIT by = go,bi = 9 D bi1

R BB T G B B i VRN B R T R A B s 6, WRGERE N B SR T e S A TR A e
5, HRSASREAIRIEZECL. Fn, HHEEY 1000 Hh B AR S it e R
B 1, YER BRI RS AL NS B A T HERIRG A 1 62 | FUSTERSIEE 2 17 0 Seak, 15
1, M ERIERIGIEE 2 A, ¥ AR IERIASINEE 2 A0 1 FIRETEASINEE 3 2 0 Feal, 15801,
VER B AR BERIRS RS 3 A7; K B AR HERIASAYEE 3 A0 1| FIRS B RYZE 4 L 0 Sk, 19801, 1A
HAAT RIS 4 A7, feZ, BARTHERIRGY 1111,

WEREAHZEAR, B n MIEFELE 0 (n/2).

TSR AR B n U T A B G

Tk, G, FIHECEEAR, MM 0~ 2" — 1 BFTAEEL, BN ED.

Fk2, n tREF RS E RS, AT AR n — 1 EREFAOASEE RS AR Bl a0l §2-5F7 .

.-f.\, IFI"-

& & &
0 —0—= 00 — 00— 000
1|—1-=01 01—= 001
T—=11 11— 011
0—=10 |||—10—=010
10— 110

11—=111

01— 101

=00 —= 100
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¥ 2-5 The first few steps of the reflect-and-prefix method.

// LeetCode, Gray Code
/1 BEAR, HEEZ%&E 0(2n), BEAZEE 0(1)
class Solution {
public:
vector<int> grayCode(int n) {
vector<int> result;
const size_t size =1 << n; // 2°n
result.reserve(size);
for (size_t i = 0; i < size; ++i)
result.push_back(binary_to_gray(i));
return result;
¥
private:
static unsigned int binary_to_gray(unsigned int n) {
return n = (n > 1);
}
};

Reflect-and-prefix method

// LeetCode, Gray Code
// reflect-and-prefix method
// BEEZE 0(2°n), FEEAEE 0()
class Solution {
public:
vector<int> grayCode(int n) {
vector<int> result;
result.reserve(1<<n);
result.push_back(0);
for (int i = 0; i < n; i++) {
const int highest_bit = 1 << i;
for (int j = result.size() - 1; j >= 0; j--) // BERF#®N, FH#AHK
result.push_back(highest_bit | result[jl);

7

}
return result;
}
}s
iEPS |

<
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2.1.20 Set Matrix Zeroes

R
Given a m X n matrix, if an element is 0, set its entire row and column to 0. Do it in place.
Follow up: Did you use extra space?
A straight forward solution using O(mn) space is probably a bad idea.

A simple improvement uses O(m + n) space, but still not the best solution.

Could you devise a constant space solution?

rLii

O(m + n) ZII T BARET A, BT bool 4L, TR FREFIIR B 0.
MERRE, RS RE—A

KA1

// LeetCode, Set Matrix Zeroes

// BTEEZE 0(m*n), ZFHEELE 0(n+n)

class Solution {

public:

void setZeroes(vector<vector<int> > &matrix) {

const size_t m = matrix.size();
const size_t n = matrix[0].size();
vector<bool> row(m, false); // AICEZTZEHE 0
vector<bool> col(n, false); // ARICZFIZEEHE 0

for (size_t i = 0; i < m; ++i) {
for (size_t j = 0; j < mn; ++j) {

if (matrix[i][j] == 0) {
row[i] = col[j] = true;

}
}

for (size_t i = 0; i < m; ++i) {
if (rowl[il)
£fill(&matrix[i] [0], &matrix[i]l[0] + n, 0);
}
for (size_t j = 0; j < m; ++j) {
if (col[jl) {
for (size_t i = 0; i < m; ++i) {
matrix[i] [j] = O;
}
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%75 2

// LeetCode, Set Matrix Zeroes

// BHEZZE 0(m*n), RELEE 0(1)

class Solution {

public:

void setZeroes(vector<vector<int> > &matrix) {

const size_t m = matrix.size();
const size_t n = matrix[0].size();
bool row_has_zero = false; // % —{TREHE O
bool col_has_zero = false; // % —FIREHFE 0

for (size_t i = 0; i < n; i++)
if (matrix[0][i] == 0) {
row_has_zero = true;
break;

}

for (size_t i = 0; i < m; i++)
if (matrix[i][0] == 0) {
col_has_zero = true;
break;

}

for (size_t i = 1; i < m; i++)
for (size_t j = 1; j < nj; j++)
if (matrix[il[j]l == 0) {
matrix[0] [j] = O;
matrix[i] [0] = O;
}
for (size_t i = 1; i < m; i++)
for (size_t j = 1; j < mn; j++)
if (matrix[i][0] == O || matrix[0][j] == 0)
matrix[i] [j] = O;
if (row_has_zero)
for (size_t i = 0; i < nj; i++)
matrix[0] [i] = O;
if (col_has_zero)

for (size_t i = 0; i < m; i++)
matrix[i] [0] = O;
}
};
Hx&H

<
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2.1.21 Gas Station
ik

There are N gas stations along a circular route, where the amount of gas at station 7 is gas [1].

You have a car with an unlimited gas tank and it costs cost [1] of gas to travel from station i to its next
station (¢+1). You begin the journey with an empty tank at one of the gas stations.

Return the starting gas station’s index if you can travel around the circuit once, otherwise return -1.

Note: The solution is guaranteed to be unique.

rLii

HEEINE O(N?) M, XA RO TR
O(N) HIfRIERE, WENNER, sum FIBCSBTRTSH BTARUE; total NIFIMIEE M HERH
fift, ARCRENE sum FEIHIER, ANGER -1.

(T

// LeetCode, Gas Station
/1 WEREE o), EEARE 0(1)
class Solution {
public:
int canCompleteCircuit(vector<int> &gas, vector<int> &cost) {
int total = O;
int j = -1;
for (int i = 0, sum = 0; i < gas.size(); ++i) {
sum += gas[i] - cost[i];
total += gas[i] - cost[i];
if (sum < 0) {

j=1;
sum = 0;
}
}
return total >= 0 7 j + 1 : -1;
}
+;
EES IS
<

2.1.22 Candy
ik

There are N children standing in a line. Each child is assigned a rating value.
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You are giving candies to these children subjected to the following requirements:

» Each child must have at least one candy.

* Children with a higher rating get more candies than their neighbors.

What is the minimum candies you must give?

X
e

AR

// LeetCode, Candy

// HEERE 0(), BEREE 0(n)

class Solution {

public:

int candy(vector<int> &ratings) {

const int n = ratings.size();
vector<int> increment(n);

/! EEEAH &
for (int i = 1, inc = 1; i < n; i++) {
if (ratings[i] > ratings[i - 11)
increment[i] = max(inc++, increment[i]);
else
inc = 1;

}

for (int i = n - 2, inc =1; i >= 0; i--) {
if (ratings[i] > ratings[i + 1])
increment[i] = max(inc++, increment[i]);
else
inc = 1;

}
/] WEEH n, BHENDNARED R

return accumulate(&increment[0], &increment[0]+n, n);

};

1B R

// LeetCode, Candy
/] BEFE, BEALZLE 0@), FERRE 0(n)
// Qauthor fancymouse (http://weibo.com/u/1928162822)
class Solution {
public:
int candy(const vector<int>& ratings) {
vector<int> f(ratings.size());
int sum = 0;
for (int i = 0; i < ratings.size(); ++i)



2.1

LE 37

sum += solve(ratings, f, i);
return sum;
}
int solve(const vector<int>& ratings, vector<int>& f, int i) {
if (£[i] == 0) {
f[i] = 1;
if (i > 0 && ratings[i] > ratings[i - 1])
f[i] = max(f[i], solve(ratings, f, i - 1) + 1);
if (i < ratings.size() - 1 && ratings[i] > ratings[i + 1])
f[i] = max(£f[i], solve(ratings, £, i + 1) + 1);

}
return f[i];
}
};
EES |
-

2.1.23 Single Number

fhik

Given an array of integers, every element appears twice except for one. Find that single one.

Note: Your algorithm should have a linear runtime complexity. Could you implement it without using

extra memory?

voEil
FeEl, AMUREALE PRI OL, B BB ER, HATLAE R

75 1

// LeetCode, Single Number

/7 BEERE 0@, FELZEE 0(1)
class Solution {

public:

int singleNumber(int A[], int n) {
int x = 0;
for (size_t i = 0; i < n; ++i)
x "= A[i];
return x;
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%75 2

// LeetCode, Single Number
// BEZZE 0@m), FEEEE 0(1)
class Solution {
public:
int singleNumber(int A[], int n) {
return accumulate(A, A + n, 0, bit_xor<int>());

}
};
GEES NS

* Single Number IT, i, §2.1.24

2.1.24 Single Number II
Rk
Given an array of integers, every element appears three times except for one. Find that single one.

Note: Your algorithm should have a linear runtime complexity. Could you implement it without using

extra memory?

X

A _E—#% Single Number, 21 ENIZH

T B NMKEN sizeof (int) MIZI4H count [sizeof (int)], count[i] F/NFELE ¢ fif
LAY 1 HE . TR count [1] & 3 HYREELRE, WIZNE; & NIEZ A B R RE %

Ji2: M one ICEFIMATAHAT TR L, ZiFH 1 HIL “1 K7 (mod 3 ZJERI 1) HIAME
IO, A two ICREBIY AT TR A IR, RS 1 I 2 %7 (mod 3 ZJFHT 2) KAWL
B HHHIN . 2 one Ml two HIYIRE—ALEINS N 1 BFE/RZ BRI 1 LT 39k, HTREEE
%, WAZHBEM=#EEE . 52 one TR EHRALR,

75 1

// LeetCode, Single Number II
/] 1, BEAEREE o@), FERALEE 01)
class Solution {
public:
int singleNumber(int A[], int n) {
const int W = sizeof(int) * 8; // —AEHKW bit &, HEHFK
int count[W]; // count[i]l Rr7ZEZE i LHIM 1 HRHK
£fill_n(&count[0], W, 0);
for (int i = 0; i < n; i++) {
for (int j = 0; j < W; j++) {
count [j1 += (A[i]l >> j) & 1;
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count[j] %= 3;
}
}

int result 0;
for (int i = 0; i < W; i++) {
result += (count[i] << i);

}

return result;

};

75 2

// LeetCode, Single Number II
/] k2, HEAFEE 0@), ZERALE 01)
class Solution {
public:
int singleNumber(int A[], int n) {
int one = 0, two = 0, three = O;
for (int i = 0; i < n; ++i) {
two |= (one & A[il);
one "= A[i];
three = ~(one & two);
one &= three;
two &= three;

}
return one;
}
};
FHX”E B

+ Single Number, Il §2.1.23

2.2 EAER

BB RHYE ST

/] BEERT R
struct ListNode {
int val;
ListNode *next;
ListNode(int x) : val(x), next(nullptr) { }

};
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2.2.1 Add Two Numbers
ik

You are given two linked lists representing two non-negative numbers. The digits are stored in reverse
order and each of their nodes contain a single digit. Add the two numbers and return it as a linked list.

Input: (2 -> 4 -> 3) + (5 > 6 —> 4)
Output: 7 -> 0 -> 8

X

# Add Binary (I §3.4) 1R

55

// LeetCode, Add Two Numbers
// % Add Binary 1Rl
// BERAZRE 0mn), FEELE 0(1)
class Solution {
public:
ListNode *addTwoNumbers(ListNode *11, ListNode *12) {
ListNode dummy(-1); // k¥ &
int carry = O;
ListNode *prev = &dummy;
for (ListNode *pa = 11, *pb = 12;
pa !'= nullptr || pb != nullptr;
pa = pa == nullptr ? nullptr : pa->next,
pb = pb == nullptr ? nullptr : pb->next,
prev = prev->next) {
const int ai = pa == nullptr ? 0 : pa->val;
const int bi = pb == nullptr ? O : pb->val;
const int value = (ai + bi + carry) % 10;
carry = (ai + bi + carry) / 10;
prev->next = new ListNode(value); // R
}
if (carry > 0)
prev->next = new ListNode(carry);
return dummy.next;

}
};
EES =

« Add Binary, Il §3.4



22 FREESE 41

2.2.2 Reverse Linked List II

R
Reverse a linked list from position m to n. Do it in-place and in one-pass.
For example: Given 1->2->3->4->5->nullptr, m =2 and n =4,

return 1->4->3->2->5->nullptr.

Note: Given m, n satisfy the following condition: 1 < m < n < length of list.

RS, AIRZAFHGE, 15 5PN E bug free RAMER |

55

// LeetCode, Reverse Linked List II
/7 BRI, BEEEE 0@, REEZ%EE 0()
class Solution {
public:
ListNode *reverseBetween(ListNode *head, int m, int n) {
ListNode dummy(-1);
dummy .next = head;

ListNode *prev = &dummy;

for (int i = 0; i < m-1; ++i)
prev = prev->next;

ListNode* const head2 = prev;

prev = head2->next;

ListNode *cur = prev->next;

for (int i = m; i < n; ++i) {
prev->next = cur->next;
cur->next = head2->next;
head2->next = cur; // k&%
cur = prev->next;

}
return dummy.next;
}
};
S l=

«
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2.2.3 Partition List
ik

Given a linked list and a value z, partition it such that all nodes less than « come before nodes greater
than or equal to x.

You should preserve the original relative order of the nodes in each of the two partitions.
For example, Given 1->4->3->2->5->2 and x = 3, return 1->2->2->4->3->5,

X
P

55

// LeetCode, Partition List
// HEERE 0(), BEREXE 0(D)
class Solution {
public:
ListNode* partition(ListNode* head, int x) {
ListNode left_dummy(-1); // k& X
ListNode right_dummy(-1); // k% &

auto left_cur = &left_dummy;
auto right_cur = &right_dummy;

for (ListNode *cur = head; cur; cur = cur->next) {
if (cur->val < x) {
left_cur->next = cur;
left_cur = cur;
} else {
right_cur->next = cur;
right_cur = cur;

}

left_cur->next = right_dummy.next;
right_cur->next = nullptr;

return left_dummy.next;

}
};
fHX# B

<
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2.2.4 Remove Duplicates from Sorted List

R
Given a sorted linked list, delete all duplicates such that each element appear only once.
For example,

Given 1->1->2, return 1->2.

Given 1->1->2->3->3, return 1->2->3.

X
p

1B YRR

// LeetCode, Remove Duplicates from Sorted List

// BV, HEEZEE 0@, EEAZEE 001)

class Solution {

public:

ListNode *deleteDuplicates(ListNode *head) {

if ('head) return head;
ListNode dummy(head->val + 1); // R ER head TR
dummy.next = head;

recur (&dummy, head);
return dummy.next;

}
private:
static void recur(ListNode #*prev, ListNode *cur) {
if (cur == nullptr) return;
if (prev->val == cur->val) { // M head
prev->next = cur->next;
delete cur;
recur (prev, prev->next);
} else {
recur (prev->next, cur->next);
}
}
};
ERAR

// LeetCode, Remove Duplicates from Sorted List
[/ HERIR, HEEEE 0@, EEAZLE 001)
class Solution {
public:
ListNode *deleteDuplicates(ListNode *head) {
if (head == nullptr) return nullptr;
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for (ListNode *prev = head, *cur = head->next; cur; cur = cur->next) {
if (prev->val == cur->val) {
prev->next = cur->next;
delete cur;
} else {
prev = cur;

}
}
return head;
}
};
EPS =

» Remove Duplicates from Sorted List II, Ul §2.2.5

2.2.5 Remove Duplicates from Sorted List 11
iR

Given a sorted linked list, delete all nodes that have duplicate numbers, leaving only distinct numbers
from the original list.

For example,

Given 1->2->3->3->4->4->5, return 1->2->5.
Given 1->1->1->2->3, return 2->3.

rXii
7[:

1B YRR
// LeetCode, Remove Duplicates from Sorted List II
/7 FVIRR, BEERE 0@), BEAEE 0(1)
class Solution {
public:
ListNode *deleteDuplicates(ListNode *head) {
if ('head || 'head->next) return head;

ListNode *p = head->next;
if (head->val == p->val) {
while (p && head->val == p->val) {
ListNode *tmp = p;
P = p—>next;
delete tmp;
}
delete head;
return deleteDuplicates(p);
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} else {
head->next = deleteDuplicates(head->next);
return head;

};

EHRAR
// LeetCode, Remove Duplicates from Sorted List II
/1 ERIR, BEZRE 0(), ZEEFRE 01)
class Solution {
public:
ListNode *deleteDuplicates(ListNode xhead) {
if (head == nullptr) return head;

ListNode dummy(INT_MIN); // k4 X
dummy .next = head;
ListNode *prev = &dummy, *cur = head;
while (cur != nullptr) {
bool duplicated = false;
while (cur->next != nullptr && cur->val == cur->next->val)
duplicated = true;
ListNode *temp = cur;
cur = cur->next;
delete temp;
}
if (duplicated) { // MBREEWRE I E
ListNode *temp = cur;
cur = cur->next;
delete temp;
continue;
}
prev->next = cur;
prev = prev->next;
cur = cur->next;
}
prev->next = cur;
return dummy.next;

}
};
HXEE

» Remove Duplicates from Sorted List, ' §2.2.4
2.2.6 Rotate List
fhik

Given a list, rotate the list to the right by k places, where & is non-negative.
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For example: Given 1->2->3->4->5->nullptr and k = 2, return 4->5->1->2->3->nullptr.

X

S —is, fRHAERKE len, HE EFTRERT len, FILS k% = len. KR 5 next 85
RIAET S, WA, BEARER len — k4, WXEFIT, SEERHERT.

(T

// LeetCode, Remove Rotate List
// BEEZEE 0@), FEALEE 0(1)
class Solution {
public:
ListNode *rotateRight(ListNode *head, int k) {
if (head == nullptr || k == 0) return head;

int len = 1;

ListNode* p = head;

while (p->next) { // RKE
lent++;
P = p—>next;

}

k = len - k % len;

p->next = head; // ®RAME

for(int step = 0; step < k; step++) {
p = p—>next; //HEHEEH

head = p->next; // HWH T A

p->next = nullptr; // B A3
return head;

};

GBS YE
<k

2.2.7 Remove Nth Node From End of List

ik
Given a linked list, remove the n" node from the end of list and return its head.
For example, Given linked list: 1->2->3->4->5 and n = 2.

After removing the second node from the end, the linked list becomes 1->2->3->5.
Note:

» Given n will always be valid.
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* Try to do this in one pass.

X
BN p, g, ihqdBER L, RIEp Mg —EE, HE ¢ EFRY A, MR p->next AIAT.

K75

// LeetCode, Remove Nth Node From End of List
// HEEZRE 0@m), FEERE 0(1)
class Solution {
public:
ListNode *removeNthFromEnd(ListNode *head, int n) {
ListNode dummy{-1, head};
ListNode *p = &dummy, *q = &dummy;

for (int i = 0; i < n; i++) // q %% n ¥
q = gq->next;

while(q->next) { // —#&#
P = p—>next;
q = g—>next;
}
ListNode *tmp = p->next;
p->next = p->next->next;
delete tmp;
return dummy.next;

}s

S =
-

2.2.8 Swap Nodes in Pairs
ik
Given a linked list, swap every two adjacent nodes and return its head.
For example, Given 1->2->3->4, you should return the list as 2->1->4->3.

Your algorithm should use only constant space. You may not modify the values in the list, only nodes

itself can be changed.

X
P
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// LeetCode, Swap Nodes in Pairs

/1 WEZEE o), EEARE 0(1)

class Solution {

public:

ListNode *swapPairs(ListNode *head) {

if (head == nullptr || head->next == nullptr) return head;
ListNode dummy(-1);
dummy .next = head;

for(ListNode #*prev = &dummy, *cur = prev->next, *next = cur->next;
next;
prev = cur, cur = cur->next, next = cur 7 cur->next: nullptr) {
prev->next = next;
cur->next = next->next;
next->next = cur;
}

return dummy.next;
};
TNHDXFNE SRR, (R HAUE T AN AR

// LeetCode, Swap Nodes in Pairs
// HEERE 0(n), REREE 0(D)
class Solution {
public:
ListNode* swapPairs(ListNode* head) {
ListNode* p = head;

while (p && p->next) {

swap(p->val, p->next->val);
P = p->next->next;

return head;

}
};
EES =]

« Reverse Nodes in k-Group, Ul §2.2.9

2.2.9 Reverse Nodes in k-Group
ik
Given a linked list, reverse the nodes of a linked list k at a time and return its modified list.

If the number of nodes is not a multiple of k& then left-out nodes in the end should remain as it is.

You may not alter the values in the nodes, only nodes itself may be changed.
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Only constant memory is allowed.

For example, Given this linked list: 1->2->3->4->5
For k = 2, you should return: 2->1->4->3->5

For k = 3, you should return: 3->2->1->4->5

X
e

1B Y3

// LeetCode, Reverse Nodes in k-Group
// BV, HEEZEE 0@, FEAZLE 001)
class Solution {
public:
ListNode *reverseKGroup(ListNode *head, int k) {
if (head == nullptr || head->next == nullptr || k < 2)
return head;

ListNode *next_group = head;
for (dnt i = 0; i < k; ++i) {
if (next_group)
next_group = next_group->next;
else
return head;
}
// next_group is the head of next group
// new_next_group is the new head of next group after reversion
ListNode *new_next_group = reverseKGroup(next_group, k);
ListNode *prev = NULL, *cur = head;
while (cur != next_group) {
ListNode *next = cur->next;
cur->next = prev 7 prev : new_next_group;
prev = cur;
cur = next;
}

return prev; // prev will be the new head of this group

};

B
// LeetCode, Reverse Nodes in k-Group
/7 HERIR, HERRE o), ZEEZZEE 0(1)
class Solution {

public:
ListNode *reverseKGroup(ListNode *head, int k) {

if (head == nullptr || head->next == nullptr || k < 2) return head;

ListNode dummy(-1);
dummy .next = head;
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for(ListNode #*prev = &dummy, *end = head; end; end = prev->next) {
for (int i = 1; i < k && end; i++)
end = end->next;
if (end == nullptr) break; // TR x A

prev = reverse(prev, prev->next, end);

}

return dummy.next;

}

// prev 7% first #—/NJL%, [begin, end] HIKX [, fRif =F#HFH null
/] BER#EHESKE 1 MuE
ListNode* reverse(ListNode #*prev, ListNode *begin, ListNode *end) {
ListNode *end_next = end->next;
for (ListNode *p = begin, *cur = p->next, *next = cur->next;
cur != end_next;
p = cur, cur = next, next = next 7 next->next : nullptr) {
cur->next = p;
}
begin->next = end_next;
prev->next = end;
return begin;

}
};
X/ B

+ Swap Nodes in Pairs, Il §2.2.8

2.2.10 Copy List with Random Pointer
faik
A linked list is given such that each node contains an additional random pointer which could point to

any node in the list or null.

Return a deep copy of the list.

rLii
P

(T}

// LeetCode, Copy List with Random Pointer
// FRER, HEHERE 0(), ZHELRE 0(1)

class Solution {
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public:

RandomListNode *copyRandomList(RandomListNode *head) {

};

iEPS |
. K

for

for

}

(RandomListNode* cur = head; cur != nullptr; ) {
RandomListNode* node = new RandomListNode(cur->label);
node->next = cur->next;

cur->next = node;

cur = node->next;

(RandomListNode* cur = head; cur != nullptr; ) {
if (cur->random != NULL)

cur->next->random = cur->random->next;
cur = cur->next->next;

/] BAFEARER
RandomListNode dummy(-1);

for

}

(RandomListNode* cur = head, *new_cur = &dummy;
cur != nullptr; ) {

new_cur->next = cur->next;

new_cur = new_cur->next;

cur->next = cur->next->next;

cur = cur->next;

return dummy.next;

2.2.11 Linked List Cycle

faik

Given a linked list, determine if it has a cycle in it.

Follow up: Can you solve it without using extra space?

vXi

AR BRI TR, H—P A3 unordered_map<int, bool> visited, IR MTTERE
Al , —EHBIEREACREEE YT, WA SEERE O(n), MEERE O(N)-

BRI RN BIERE O(n), ZEERE O1) K. BEP DR, — MR8, T
Mg et UCEW L, B OGE— 28, R AR A B, MWW AR &5
http://leetcode.com/2010/09/detecting-loop-in-singly-linked-list.html
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55

//LeetCode, Linked List Cycle
// BEERE 0@, REEEE 0
class Solution {
public:
bool hasCycle(ListNode *head) {
/] EERAEH, —MR—ANE
ListNode *slow = head, *fast = head;
while (fast && fast->next) {
slow = slow->next;
fast = fast->next->next;

if (slow == fast) return true;
}
return false;
}
};
iEPS |

« Linked List Cycle II, Il §2.2.12

2.2.12 Linked List Cycle II
ik

Given a linked list, return the node where the cycle begins. If there is no cycle, return null.

Follow up: Can you solve it without using extra space?

vXi

2 fast 55 slow HHIEN, slow HER AW SEHER, 1 fast DEEIRHTEIRT n B (1 < n). &
Wslow iET s 25, M fast T 2s 2 (fast EEDET s M ETEIR ELHEH n @), BRIy r, W

2s s+nr

s = nr

BEMERK L, AN S SHEAEEEN o, BRI D SHEE z, W

z+a nr=m-1r+r=Mn-1)r+L—=z

z = (n—1r+(L=za)
L-z—a MBS EIAA O RAEERS, B r R, MEERSLBIFAN O RS T o — 1 BINER + il

MEERANA R, TRBEATTLUM head TG AW IMEHT slow2, PIMBIRFFIATIE 2E, BM
TRESAEFIA M RS
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55

//LeetCode, Linked List Cycle II
// BEERE 0@, REEEE 0
class Solution {

public:

ListNode *detectCycle(ListNode *head) {
ListNode *slow = head, *fast = head;
while (fast && fast->next) {

slow = slow->next;

fast = fast->next->next;

if (slow == fast) {
ListNode *slow2 = head;

while (slow2 != slow) {
slow2 = slow2->next;
slow = slow->next;

}
return slow2;
}
}
return nullptr;
}
};
EPS Y=

« Linked List Cycle, Ul §2.2.11

2.2.13 Reorder List
ik

Given a singly linked list L : Lo — L1 — -+ = Ln—1 — Ly, reorderitto: Lo — L, — L1 —
Lpn-1—>La— Lp_o— -+

You must do this in-place without altering the nodes’ values.

For example, Given {1,2,3,4}, reorder it to {1,4,2,3}.

X

AHALE 2 in-place, WHLEIAREMA O(1) BIZEIH.
FTUSERRT R, BT, $8/E PR RS reverse — T, HFAETFFAI B4R

(T}

// LeetCode, Reorder List
// BREZRE 0@, FEEZ4E 0

class Solution {
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public:
void reorderList(ListNode *head) {
if (head == nullptr || head->next == nullptr) return;
ListNode *slow = head, *fast = head, *prev = nullptr;
while (fast && fast->next) {
prev = slow;
slow = slow->next;
fast = fast->next->next;
}
prev->next = nullptr; // cut at middle
slow = reverse(slow);
// merge two lists
ListNode *curr = head;
while (curr->next) {
ListNode *tmp = curr->next;
curr->next = slow;
slow = slow->next;
curr->next->next = tmp;
curr = tmp;
}
curr->next = slow;
¥
ListNode* reverse(ListNode *head) {
if (head == nullptr || head->next == nullptr) return head;
ListNode *prev = head;
for (ListNode *curr = head->next, *next = curr->next; curr;
prev = curr, curr = next, next = next 7 next->next : nullptr)
curr->next = prev;
}
head->next = nullptr;
return prev;
}
};
PSS
-

2.2.14 LRU Cache

fhik

Design and implement a data structure for Least Recently Used (LRU) cache. It should support the

following operations: get and set.
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get (key) - Get the value (will always be positive) of the key if the key exists in the cache, otherwise
return -1.
set (key, value) - Set or insert the value if the key is not already present. When the cache reached its

capacity, it should invalidate the least recently used item before inserting a new item.

X

N T AR AFMERARARGR AITERE, AT — GRS (std: :1ist) FI— AT
(std: :unordered_map), KIA:

o WARRAAE DT AL, 7T DEARIETE O(1) I N &Y =

o BURBERARATMMBRRCR 5, B GERAAATIMERES, BT R RTRT
HARSCEA T -

o BEEITHERSLET, FORT R BT R B RS BN (R R, R RPN KRR R A e

o DI RS, AORAT SR, AT RS BIGE R SLET, [RIRY BEOHT hash 28277 ni ) ki

o FHEATT BT, A0SR cache BY size A% T _EIR capacity, WIMNWEREHT &, FIISZETE hash FH
BRI ;o e Al A g L

(T

// LeetCode, LRU Cache
// WIAEZE 0(logn), THRAFLE 0(n)
class LRUCache{
private:
struct CacheNode {
int key;
int value;
CacheNode(int k, int v) :key(k), value(v){}
};
public:
LRUCache(int capacity) {
this->capacity = capacity;

}

int get(int key) {
if (cacheMap.find(key) == cacheMap.end()) return -1;

/) FRBF A R A B R LE, JFEHEH map LW MM
cacheList.splice(cachelList.begin(), cachelist, cacheMaplkeyl);
cacheMap[key] = cachelist.begin();

return cacheMap[key]->value;

}

void set(int key, int value) {
if (cacheMap.find(key) == cacheMap.end()) {
if (cachelist.size() == capacity) { //MIr#REHHT L G WFEHNF &)
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cacheMap.erase(cachelList.back() .key) ;
cacheList.pop_back();

}
/1 EANFH R B, FEAE map FHAZT R
cacheList.push_front(CacheNode (key, value));
cacheMap[key] = cachelist.begin();

} else {
JIEF RHME, ELAENT EBEERLE, HEHEHN nap FIEW AWML
cacheMap [key] ->value = value;
cacheList.splice(cacheList.begin(), cachelist, cacheMapl[keyl);
cacheMap[key] = cachelList.begin();

}
private:
list<CacheNode> cachelList;
unordered_map<int, list<CacheNode>::iterator> cacheMap;
int capacity;

}s

S =
-



3.1 Valid Palindrome
iR
Given a string, determine if it is a palindrome, considering only alphanumeric characters and ignoring
cases.
For example,
"A man, a plan, a canal: Panama" is a palindrome.
"race a car" isnot a palindrome.
Note: Have you consider that the string might be empty? This is a good question to ask during an

interview.

For the purpose of this problem, we define empty string as valid palindrome.

X
p

(T}

// Leet Code, Valid Palindrome
// WEERE o), BEREE 0(D)
class Solution {
public:
bool isPalindrome(string s) {
transform(s.begin(), s.end(), s.begin(), ::tolower);
auto left = s.begin(), right = prev(s.end());
while (left < right) {
if ('::isalnum(xleft)) ++left;
else if (!::isalnum(*right)) --right;
else if (xleft != *right) return false;
else{ left++, right--; }
}

return true;

57
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PSS =|

« Palindrome Number, 1 §15.2

3.2 Implement strStr()
ik

Implement strStr().

Returns a pointer to the first occurrence of needle in haystack, or null if needle is not part of haystack.

rLii

FNVFBEWNE IR O(m+n), RGN B &R HE DA KMP H5. Boyer-Mooer HL%HH
Rabin-Karp H¥k. Hilrh RN EE T, —EELEHREA BUG.

FHEE

// LeetCode, Implement strStr()
/) EARE, BEERE o), REZLE 0(1)
class Solution {
public:
char *strStr(const char *haystack, const char *needle) {
// if needle is empty return the full string
if (!#needle) return (charx*) haystack;

const char *pil;
const char *p2;
const char *pl_advance = haystack;
for (p2 = &needle[1]; *p2; ++p2) {
pl_advance++; // advance pl_advance M-1 times

}

for (pl = haystack; *pl_advance; pl_advance++) {
char *pl_old = (charx) pi;
P2 = needle;
while (xpl && *p2 && *pl == *p2) {
pl++;
p2++;
}
if (!*p2) return pl_old;

pl = pl_old + 1;
}

return nullptr;



3.2 Implement strStr() 59

KMP

// LeetCode, Implement strStr()

// KMP,

BHEZ 2 om+M), ZEEZE o)

class Solution {

public:

char *strStr(const char *haystack, const char *needle) {

}

int pos = kmp(haystack, needle);
if (pos == -1) return nullptr;
else return (char*)haystack + pos;

private:

/*

* X ¥ X %

*/

@brief ITHH A LE K, B next 4.

@param[in] pattern R &
@param[out] next next ¥4l

@return T
static void compute_prefix(const char *pattern, int next[]) {
int i;
int j = -1;

*/

const int m = strlen(pattern);

next[0] = j;
for (i = 1; i < m; i++) {
while (j > -1 && pattern[j + 1] !'= pattern[i]) j = next[j];

if (pattern[i] == pattern[j + 1]) j++;
next[i] = j;

@brief KMP .

@param[in] text XA

@param[in] pattern R
Mmunﬁ;mﬁﬁﬁﬂﬁﬂm%ﬁﬁ,%ﬁwﬁ@ﬂ

static int kmp(const char *text, const char *pattern) {
int i;
int j = -1;

const int n = strlen(text);

const int m = strlen(pattern);

if (n == 0 & m == 0) return 0; /% "","" x/
if (m == 0) return 0; /* "a","" x/

int *next = (int*)malloc(sizeof (int) * m);

compute_prefix(pattern, next);

for (i = 0; i < n; i++) {
while (j > -1 && pattern[j + 1] != text[i]) j = next[jl;
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if (text[i] == pattern[j + 1]) j++;
if (j==m-1) {

free(next);

return i-j;

}
}
free(next);
return -1;
}
};
EPS- =

« String to Integer (atoi) , ' §3.3

3.3 String to Integer (atoi)
ik

Implement atoi to convert a string to an integer.

Hint: Carefully consider all possible input cases. If you want a challenge, please do not see below and
ask yourself what are the possible input cases.

Notes: It is intended for this problem to be specified vaguely (ie, no given input specs). You are respon-
sible to gather all the input requirements up front.

Requirements for atoi:

The function first discards as many whitespace characters as necessary until the first non-whitespace
character is found. Then, starting from this character, takes an optional initial plus or minus sign followed by
as many numerical digits as possible, and interprets them as a numerical value.

The string can contain additional characters after those that form the integral number, which are ignored
and have no effect on the behavior of this function.

If the first sequence of non-whitespace characters in str is not a valid integral number, or if no such
sequence exists because either str is empty or it contains only whitespace characters, no conversion is per-
formed.

If no valid conversion could be performed, a zero value is returned. If the correct value is out of the
range of representable values, INT_MAX (2147483647) or INT_MIN (-2147483648) is returned.

ST
AN, TR LA 6]
1. AU, (E2ARL, 7-3924x8fc”, ” + 4137,
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2. %?&*‘%fﬁ, 2 ++C”, tn) ++193
3. i EUE, 21474836487

55

// LeetCode, String to Integer (atoi)
// BHEZZE o), FEEEE 0(1)
class Solution {
public:
int atoi(const char *str) {

int num = 0;

int sign = 1;

const int n = strlen(str);

int i = 0;
while (str[i] == ' ' && i < n) i++;
if (str[i] == '+') {
i++;
} else if (str[i] == '-') {
sign = -1;
i++;
}
for (; i < n; i++) {
if (str[i] < '0' || str[i]l > '9")
break;

if (num > INT_MAX / 10 ||
(num == INT_MAX / 10 &&
(str[i]l - '0') > INT_MAX % 10)) {

return sign == -1 ? INT_MIN : INT_MAX;

}
num = num * 10 + str[i] - '0';

}

return num * sign;

}
};
PSS

+ Implement strStr() , " §3.2

3.4 Add Binary
fhik

Given two binary strings, return their sum (also a binary string).

For example,
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a= "11"
b= "1"
Return "100".

X
e

K75

//LeetCode, Add Binary
// BEEZRE 0@), EERLRE 0(1)
class Solution {
public:
string addBinary(string a, string b) {
string result;
const size_t n = a.size() > b.size() ? a.size() : b.size();
reverse(a.begin(), a.end());
reverse(b.begin(), b.end());
int carry = 0;
for (size_t i = 0; i < n; i++) {
const int ai = i < a.size() ? a[i]l] - '0' : O;
const int bi = i < b.size() ? b[i] - '0' : O;
const int val = (ai + bi + carry) % 2;
carry = (ai + bi + carry) / 2;
result.insert(result.begin(), val + '0');
}
if (carry == 1) {
result.insert(result.begin(), '1');

}
return result;
}
};
FHXRE B

« Add Two Numbers, U §2.2.1

3.5 Longest Palindromic Substring
fhik

Given a string .S, find the longest palindromic substring in .S. You may assume that the maximum length

of S is 1000, and there exists one unique longest palindromic substring.
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X

BRSO E#, R A
B — BIE, MR NFRRTTER, NG E, E2F 0(n?).
B AR, B2 O(n?). B £1i] [3] R [ij] X SR ESC 5, iy
L
f[i]1[j] = if (i == j) S[il
if (S[i] == S[j] && f[i+1]1[j-1]1 == S[i+1]1[j-11) S[il[j]
else max(f[i+1]1[j-11, £[i]1[j-11, £[i+1]1[j])

BEE = B, B2 O(n?). RSN £(1,3), LR [ij] 2F N ESCH, WARESHR T
(=W
true =7
fi,5) = Sli] = S[j] g=i+1
S[i] = S[jland f(i +1,7—1) ,j>i+1
JE 8% —: Manacher’ s Algorithm, & 2% % O(n). 4l fi# B WL http://leetcode.com/2011/11/longest-

palindromic-substring-part-ii.ntml o

BERE

// LeetCode, Longest Palindromic Substring
/1 EERE, A
// HEERE 0(™2), ZHALE 0(02)

typedef string::const_iterator Iterator;

namespace std {
template<>
struct hash<pair<Iterator, Iterator>> {
size_t operator() (pair<Iterator, Iterator> const& p) const {
return ((size_t) &(xp.first)) ~ ((size_t) &(*p.second));
}

};
¥

class Solution {
public:
string longestPalindrome(string const& s) {
cache.clear();
return cachedLongestPalindrome(s.begin(), s.end());

}

private:
unordered_map<pair<Iterator, Iterator>, string> cache;

string longestPalindrome(Iterator first, Iterator last) {
size_t length = distance(first, last);

if (length < 2) return string(first, last);
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auto s = cachedLongestPalindrome(next(first), prev(last));

if (s.length() == length - 2 && *first == *prev(last))
return string(first, last);

auto sl = cachedLongestPalindrome(next(first), last);
auto s2 = cachedLongestPalindrome(first, prev(last));

// return max(s, sl, s2)
if (s.size() > sl.size()) return s.size() > s2.size() 7 s : s2;
else return sl.size() > s2.size() ? sl : s2;

}

string cachedLongestPalindrome(Iterator first, Iterator last) {
auto key = make_pair(first, last);
auto pos = cache.find(key);

if (pos != cache.end()) return pos->second;
else return cachelkey] = longestPalindrome(first, last);

};

N

// LeetCode, Longest Palindromic Substring
/7 A, HEERE 0(@™2), ZHELE 0(02)
class Solution {
public:
string longestPalindrome(string s) {
const int n = s.size();
bool f[n][n];
fill_n(&f[0][0], n * n, false);
// B vector & AEH
//vector<vector<bool> > f(n, vector<bool>(n, false));
size_t max_len = 1, start = 0; // RKEXTFHEHKE, &K

for (size_t i = 0; i < s.size(); i++) {
£f[i] [i] = true;
for (size_t j = 0; j < 1i; j++) { // [j, il
f[3104] = (s[j] == s[i]l && (i - j <2 || £[j + 11[i - 11));
if (£[j1[i] && max_len < (1 - j + 1)) {
max_len = i - j + 1;
start = j;

}
}

return s.substr(start, max_len);
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Manacher’ s Algorithm

// LeetCode, Longest Palindromic Substring
// Manacheri s Algorithm )
/1 WEEZRE 0@), ZREARE 0(n)

class Solution {

public:
// Transform S into T.
// For example, S = "abba", T = "“#a#tb#tb#fa#t$".

// ~ and $ signs are sentinels appended to each end to avoid bounds checking
string preProcess(string s) {

int n = s.lengthQ);

if (n == 0) return ""$";

n=~n.,
3

0; i < n; i++) ret += "#" + s.substr(i, 1);

string ret
for (int i

ret += "#$";
return ret;

}

string longestPalindrome(string s) {
string T = preProcess(s);
const int n = T.length();
/7 VLTI AN, mA/ATRBKE, T8 TH] BT,
// Bl PIL] REFHEFEXEHKE
int P[n];
int C = 0, R = 0;

for (int i = 1; 1 < n - 1; i++) {
int i_mirror = 2 * C - i; // equals to i' = C - (i-C)

P[i] = (R > i) ? min(R - i, P[i_mirror]) : O;

// Attempt to expand palindrome centered at i
while (T[i + 1 + P[i]] == T[i - 1 - P[i]1D)
P[i]++;

// If palindrome centered at i expand past R,
// adjust center based on expanded palindrome.
if (i + P[i]l > R) {

C=1i;

R =1 + P[il;

}

// Find the maximum element in P.
int max_len = 0;
int center_index = 0;
for (int i = 1; 1 < n - 1; i++) {
if (P[i] > max_len) {
max_len = P[i];
center_index = i;
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¥
}
return s.substr((center_index - 1 - max_len) / 2, max_len);
}
};
EPS Y=
- JC

3.6 Regular Expression Matching
fhik

Implement regular expression matching with support for '. ' and '*"'.

'. ' Matches any single character. '*' Matches zero or more of the preceding element.

The matching should cover the entire input string (not partial).
The function prototype should be:

bool isMatch(const char #*s, const char #*p)

Some examples:

isMatch("aa","a") -+ false
isMatch("aa","aa") -+ true
isMatch("aaa","aa") -+ false
isMatch("aa", "ax") - true

isMatch("aa", ".x") = true
isMatch("ab", ".x") = true
isMatch("aab", "c*a*b") - true

S
R AR BT

1B R

// LeetCode, Regular Expression Matching
// #VEAR, HEZEE 0@, ZEAZEE 001)

class Solution {

public:
bool isMatch(const char *s, const char *p) {
if (xp == '\0') return *s == '\0';
// next char is not '*', then must match current character
if (x(p + 1) != '*x') {
if (xp == *s || (xp == '.' && *s != '\0'))

return isMatch(s + 1, p + 1);
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else
return false;
} else { // next char is '*'
while (xp == *s || (xp == '.' && *s != '\0")) {
if (isMatch(s, p + 2))
return true;

s++;
}
return isMatch(s, p + 2);
}
¥
};
IEAChR
FHX”E B

» Wildcard Matching, U §3.7

3.7 Wildcard Matching
ik

Implement wildcard pattern matching with support for '?' and '*"'.

'?' Matches any single character. '*' Matches any sequence of characters (including the empty se-
quence).

The matching should cover the entire input string (not partial).

The function prototype should be:

bool isMatch(const char *s, const char *p)

Some examples:
isMatch("aa","a") -+ false
isMatch("aa","aa") - true
isMatch("aaa","aa") -+ false

isMatch("aa", "*") - true

isMatch("aa", "ax") - true

isMatch("ab", "?x") - true

isMatch("aab", "c*axb") -+ false
VKl

R AR
TR WICACAEL. p B E 1w, AUORBEESHT « 0 (ARARTT s HOARAR, SRJE s AAHT
AETHE, MR, W s++, BT,
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1B YRR
// LeetCode, Wildcard Matching
77 HIBME, SAE, AT R AR
// BEERE 0@i*m!), EEELE 0@)

class Solution {

public:
bool isMatch(const char *s, const char *p) {
if (xp == 'x') {
while (¥p == 'x') ++p; //skip continuous '*'
if (*p == '\0') return true;
while (*s != '\0' && !isMatch(s, p)) ++s;
return *s != '\0';
}
else if (¥p == '\0' || *s == '\0') return *p == *s;
else if (*p == *s || *p == '7') return isMatch(++s, ++p);
else return false;
}
};
B

// LeetCode, Wildcard Matching
/7 ERR, BEEZE 0(@m), ZEERE 0(1)
class Solution {
public:
bool isMatch(const char *s, const char *p) {
bool star = false;
const char *str, *ptr;
for (str = s, ptr = p; *str != '\0'; str++, ptr++) {
switch (xptr) {
case '7':
break;
case 'x':
star = true;
s = str, p = ptr;
while (kp == 'x') p++; //skip continuous '*!
if (¥p == '\0') return true;
str = s - 1;
ptr = p - 1;
break;
default:
if (*str != xptr) {
/7 BRFERA «, N ERA &

if (!star) return false;

s++;
str = s - 1;
ptr = p - 1;

}
}
while (xptr == '*') ptr++;
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return (*¥ptr == '\0');
¥
};
PSS

* Regular Expression Matching, Ul §3.6

3.8 Longest Common Prefix
ik

Write a function to find the longest common prefix string amongst an array of strings.

voEil
MALE 0 THR, Xt MBS A 7R, BREEE— AL,

ADEEE:]

// LeetCode, Longest Common Prefix
/) AmBAH, NELE o i, dE-—IMERRSTA TR, AR MTER
// BEZRE 0(nl+n2+...)
// @author Fff (http://weibo.com/zhouditty)
class Solution {
public:

string longestCommonPrefix(vector<string> &strs) {

if (strs.empty()) return "";

for (int idx = 0; idx < strs[0].size(); ++idx) { // HE@HHE
for (int i = 1; i < strs.size(); ++i) {
if (strs[i] [idx] '= strs[0] [idx]) return strs[0].substr(0,idx);
}
}

return strs[0];

};

KSR

// LeetCode, Longest Common Prefix
[ BEmBEYE, BIAFRESE o MFRAR, AEFERE, HEHAH TR,
/] RERET AT &
// BEERE 0(n1+n2+...)
class Solution {
public:

string longestCommonPrefix(vector<string> &strs) {

if (strs.empty()) return "";
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int right_most = strs[0].size() - 1;
for (size_t i = 1; i < strs.size(); i++)
for (int j = 0; j <= right_most; j++)
if (strs[il[j]l != strs[01[j1) // F&BR, EFEF string::[1 #0H
right_most = j - 1;

return strs[0].substr(0, right_most + 1);

};

fHx&H
. K

3.9 Valid Number
R
Validate if a given string is numeric.
Some examples:
"O" => true
" 0.1 " => true
"abc" => false

"1 a" => false
"2e10" => true

Note: It is intended for the problem statement to be ambiguous. You should gather all requirements up

front before implementing one.

o

SR
ABEINRESARMERE Y strtod () TIREML.

BREE

// LeetCode, Valid Number
// @author Z[k% (http://weibo.com/luangong)
// finite automata, M |HE%E 0(n), THEEZE 0)
class Solution {
public:
bool isNumber(const char *s) {
enum InputType {

INVALID, // 0

SPACE, // 1

SIGN, // 2
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DIGIT, // 3
DOT, // 4
EXPONENT, // 5
NUM_INPUTS // 6
};
const int transitionTable[] [NUM_INPUTS] = {
-1, 0, 3, 1, 2, -1, // next states for state O

-1, 8, -1, 1, 4, 5, // next states for state 1
-1, -1, -1, 4, -1, -1, // next states for state 2
-1, -1, -1, 1, 2, -1, // next states for state 3
-1, 8, -1, 4, -1, 5, // next states for state 4
-1, -1, 6, 7, -1, -1, // next states for state 5
-1, -1, -1, 7, -1, -1, // next states for state 6
-1, 8, -1, 7, -1, -1, // next states for state 7
-1, 8, -1, -1, -1, -1, // next states for state 8
};

int state = 0;
for (5 *s 1= '\0'; ++s) {
InputType inputType = INVALID;
if (isspace(*s))
inputType = SPACE;

else if (¥s == '+' || *s == '-')
inputType = SIGN;

else if (isdigit(*s))
inputType = DIGIT;

else if (xs == '.')
inputType = DOT;

else if (*s == 'e' || *s == 'E')

inputType = EXPONENT;

// Get next state from current state and input symbol
state = transitionTable[state] [inputTypel];

// Invalid input
if (state == -1) return false;
}
// If the current state belongs to one of the accepting (final) states,
// then the number is valid
return state == || state == 4 || state == 7 || state == 8;

};

£ strtod()

// LeetCode, Valid Number
// @author % (http://weibo.com/lianchengzju)
// W, HEH strtod(), WHEEAZLE 0(n)
class Solution {
public:
bool isNumber (char const* s) {
char* endptr;
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strtod (s, &endptr);
if (endptr == s) return false;
for (; *endptr; ++endptr)

if (!isspace (*endptr)) return false;
return true;
}
};
PSS
<

3.10 Integer to Roman

fhik

Given an integer, convert it to a roman numeral.

Input is guaranteed to be within the range from 1 to 3999.

o
o

(T

// LeetCode, Integer to Roman
/1 BEERE 0(mum), EEZLE 0(1)

class Solution {

public:

string intToRoman(int num) {

const int radix[] = {1000, 900, 500, 400, 100, 90,
50, 40, 10, 9, 5, 4, 1};

const string symbol[] = {"M", "CM", "D", "CD", "C", "XC",
IILII, IIXL", IIX", VIIX"’ "V", IIIVII’ ||I||};

string roman;
for (size_t i = 0; num > 0; ++i) {

int count = num / radix[i];

num %= radix[i];

for (; count > 0; --count) roman += symbol[i];
}

return roman;
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PSS =|

* Roman to Integer, I, §3.11

3.11 Roman to Integer
R

Given a roman numeral, convert it to an integer.

Input is guaranteed to be within the range from 1 to 3999.

rLii

METER R, H— A imi s BT

AR HRTERT— K, WX — B ENZ R X ME 2 E—ME. e 1v = 5 - 1; A

M, B A RTEIAZRZE R SRETFIE N —BHES. il vI = 5 + 1, II=1+1

(T

// LeetCode, Roman to Integer
// BHREZRE o), TEEZFEE 0
class Solution {
public:
inline int map(const char c) {
switch (c) {
case 'I': return 1;
case 'V': return 5;
case 'X': return 10;
case 'L': return 50;
case 'C': return 100;
case 'D': return 500;
case 'M': return 1000;
default: return O;

}

int romanToInt(string s) {
int result = 0;
for (size_t i = 0; i < s.size(); i++) {
if (i > 0 && map(s[i]) > map(s[i - 1]1)) {
result += (map(s[i]) - 2 * map(s[i - 1]));
} else {
result += map(s[il);
}
}

return result;
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PSS =|

« Integer to Roman, U §3.10

3.12 Count and Say
ik

The count-and-say sequence is the sequence of integers beginning as follows:
1, 11, 21, 1211, 111221,

1 isread off as "one 1" or 11.

11 is read off as "two 1s" or 21.

21 isread off as "one 2", then "one 1" or 1211.
Given an integer n, generate the nth sequence.

Note: The sequence of integers will be represented as a string.

o
EP

(T

// LeetCode, Count and Say
// @author # 4% (http://weibo.com/lianchengzju)
/1 WEREE 0(m™2), ZEALE 0(n)
class Solution {
public:
string countAndSay(int n) {
string s("1");

while (--n)
s = getNext(s);

return s;

}

string getNext(const string &s) {
stringstream ss;

for (auto i = s.begin(); i != s.end(); ) {
auto j = find_if(i, s.end(), bindlst(not_equal_to<char>(), *i));
ss << distance(i, j) << *i;
i=j;

}

return ss.str();
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};

LEES NS
-

3.13 Anagrams
fhik

Given an array of strings, return all groups of strings that are anagrams.

Note: All inputs will be in lower-case.

X
Anagram ([8]3CHITRTE) AR FEFTAL F-REUY AR B8 A9 #35], HEA "dormitory" FTHL 7 HHIIT
JFEAR "dirty room" , "tea" LA "eat" o

[ ST RN A — R A B L R R AP RIS H R A 0 EE . ROR A T R HER I .
KL, B IUA A M RHFH T S, A%, WE1)ET F—4 anagrams -

(T

// LeetCode, Anagrams
/1 WEREE 0m), EEARE 0(n)
class Solution {
public:
vector<string> anagrams(vector<string> &strs) {
unordered_map<string, vector<string> > group;
for (const auto &s : strs) {
string key = s;
sort (key.begin(), key.end());
group [key] . push_back(s) ;
}

vector<string> result;
for (auto it = group.cbegin(); it != group.cend(); it++) {
if (it->second.size() > 1)
result.insert(result.end(), it->second.begin(), it->second.end());

}
return result;
¥
};
PSS

<
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3.14 Simplify Path

iR
Given an absolute path for a file (Unix-style), simplify it.
For example,

path = "/home/",=>"/home"
path="/a/./v/../../c/",=>"/c"

Corner Cases:
 Did you consider the case where path="/../"? In this case, you should return "/".

* Another corner case is the path might contain multiple slashes ' /' together, such as " /home//foo/".

In this case, you should ignore redundant slashes and return " /home/foo".

o
TRALERNERIEH o

(ST

// LeetCode, Simplify Path
// HEERE 0(n), EEREE 0(n)
class Solution {
public:
string simplifyPath(string const& path) {
vector<string> dirs; // Y&

for (auto i = path.begin(); i '= path.end();) {
++1i;

auto j = find(i, path.end(), '/');
auto dir = string(i, j);

if (Vdir.empty() && dir !'= ".") {// YHZEL '///' B, dir HZF
if (dir == "..") {
if (!dirs.empty())
dirs.pop_back();
} else
dirs.push_back(dir);

i=7j;

}

stringstream out;
if (dirs.empty()) {
out << "/";
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} else {
for (auto dir : dirs)
out << '/' << dir;
}
return out.str();
}
I
PSS
-
3.15 Length of Last Word
iR
Given a string s consists of upper/lower-case alphabets and empty space characters ' ', return the length

of last word in the string.

If the last word does not exist, return 0.

Note: A word is defined as a character sequence consists of non-space characters only.

For example, Given s = "Hello World", return 5.

A STL

// LeetCode, Length of Last Word
// fird, A STL \

/0 HEERE 0@, FEHALXE 0D
class Solution {

public:

int lengthOfLastWord(const char *s) {

const string str(s);

auto first = find_if(str.rbegin(), str.rend(), ::isalpha);
auto last = find_if_not(first, str.rend(), ::isalpha);
return distance(first, last);

};

EEEE:]

// LeetCode, Length of Last Word
/1 WFE#E, BFEN word WKE
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// BIEEZRE 0@, TEELE 0(1)

class Solution {
public:

int lengthOfLastWord(const char *s) {

int len = 0;
while (*s) {

if (xs++ 1=
++len;
else if (*s
len = 0;
}
return len;
¥
};
HX/EE

«

||)

&& *s ="

D)
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1= FPAFY

4.1 %

4.1.1 Valid Parentheses
EEPEN

Given a string containing just the characters > (>, °)’, ’{’, ’}’, ’[’ and ’]’, determine if the
input string is valid.

The brackets must close in the correct order, " ()" and " () []1" are all valid but "(J" and "([)]" are

not.

X
P

55

// LeetCode, Valid Parentheses

// BHIEEZRE 0@, TEEZEE 0@)

class Solution {

public:

bool isValid (string const& s) {

string left = "([{";
string right = ")1}";
stack<char> stk;

for (auto c : s) {
if (left.find(c) != string::npos) {
stk.push (c);
} else {
if (stk.empty (O || stk.top () != leftl[right.find (c)1)
return false;
else
stk.pop O);

79
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return stk.empty();

}
};
EES =]

« Generate Parentheses, Ul §10.9

* Longest Valid Parentheses, I §4.1.2

4.1.2 Longest Valid Parentheses
fhik

Given a string containing just the characters > (> and ’)’, find the length of the longest valid (well-
formed) parentheses substring.

For " (()", the longest valid parentheses substring is " () ", which has length = 2.

Another example is ") () ())", where the longest valid parentheses substring is " () ()", which has
length = 4.

L
b

A%

// LeetCode, Longest Valid Parenthese
/1 ER&R, HEZRE 0@, THEEE 0@)
class Solution {
public:
int longestValidParentheses(string s) {
int max_len = 0, last = -1; // the position of the last ')'
stack<int> lefts; // keep track of the positions of non-matching '('s

for (int i = 0; i < s.size(); ++i) {
if (s[i] =='(") {
lefts.push(i);
} else {
if (lefts.empty()) {
// no matching left
last = i;
} else {
// find a matching pair
lefts.pop(Q);
if (lefts.empty()) {
max_len = max(max_len, i-last);
} else {
max_len = max(max_len, i-lefts.top());
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}
}

return max_len;

};

Dynamic Programming, One Pass

// LeetCode, Longest Valid Parenthese
// HEERE 0(n), ZEREE 0(n)
// @author — R AZ (http://weibo.com/wjson)
class Solution {
public:
int longestValidParentheses(string s) {
vector<int> f(s.size(), 0);
int ret = 0;
for (int i = s.size() - 2; i >= 0; —--i) {
int match = i + f[i + 1] + 1;
// case: "((...))"
if (s[i] == '(' && match < s.size() && s[match] == ')') {
f[i] = £[i + 1] + 2;
// if a valid sequence exist afterwards "((...))(O"
if (match + 1 < s.size()) f[i] += f[match + 1];

}
ret = max(ret, f[il);
}
return ret;
}
};
(b EE ]

// LeetCode, Longest Valid Parenthese
// WEAH, HEAZKE 0@), BEARE 0D
// @author ¥ (http://weibo.com/cpcs)
class Solution {
public:
int longestValidParentheses(string s) {

int answer = 0, depth = 0, start = -1;

for (int i = 0; i < s.size(); ++i) {

if (sfi] == '(") {

++depth;
} else {
—--depth;
if (depth < 0) {
start = i;
depth = 0;

} else if (depth == 0) {
answer = max(answer, i - start);

}
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}
}
depth = 0;
start = s.size();
for (int i = s.size() - 1; i >= 0; --i) {
if (sfi] == ")) {
++depth;
} else {
--depth;
if (depth < 0) {
start = i;
depth = 0;
} else if (depth == 0) {
answer = max(answer, start - i);
}
}
}
return answer;
}
};
Hx&H

« Valid Parentheses, I §4.1.1

« Generate Parentheses, Il §10.9

4.1.3 Largest Rectangle in Histogram
fhik
Given n non-negative integers representing the histogram’s bar height where the width of each bar is 1,

find the area of largest rectangle in the histogram.

€l 4-1 Above is a histogram where width of each bar is 1, given height = [2,1,5,6,2,3].
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¥l 4-2  The largest rectangle is shown in the shaded area, which has area = 10 unit.

For example, Given height = [2,1,5,6,2,3], return 10.

X

A BT, 20T Container With Most Water(§12.6), X411, ZA469 R, HERIRILLE OB
B, HEDXA R ER, A DERICREKNER, E2-E O(n?), S,

WE §4-287R, WNEAEBIGAEET, Hi=40, NTYREART (BB 3), XTEHF 3, I
WEEISEMENETT, BATREERIL Baitec R E S mE T, AMEET 3 GFENETS 3
FIHETT 4 ZBRHETZRIER, e MREMH); X TETT 2 2, BERREIETT 4 HENE
Ji 1o

KRG, AT — MBI, AR EERTIE YT R WRYEITTHER R THRTUCE,
WA, TUEHINAER, EEERIUCE/NTUTICE. ERENAKRITEK 0, EEEHF XK.

(ST

// LeetCode, Largest Rectangle in Histogram
// HERRE 0(@), ZEREE 0)
class Solution {
public:
int largestRectangleArea(vector<int> &height) {
stack<int> s;
height.push_back(0);
int result = 0;
for (int i = 0; i < height.size(); ) {
if (s.empty() || height[i] > height[s.top()])
s.push(i++);
else {
int tmp = s.top();
s.popQ);
result = max(result,
height [tmp] * (s.empty() 7?7 i : i - s.top() - 1));
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FRAIBA S

return result;

};

GBS =

« Trapping Rain Water, L §2.1.15
« Container With Most Water, ' §12.6

4.1.4 Evaluate Reverse Polish Notation
iR
Evaluate the value of an arithmetic expression in Reverse Polish Notation.

Valid operators are +, -, *, /. Each operand may be an integer or another expression.
Some examples:

[|12||, "1", ||+||’ n3u’ n*n] -> ((2 + 1) * 3) -> 9
[n4||, "13", |I5Il, n/n, ||+n] -> (4 + (13 / 5)) -> 6

VKl
T
yE=101
// LeetCode, Evaluate Reverse Polish Notation

// BV, BEELEE 0@), RHEZZE 0(ogn)

class Solution {

public:
int evalRPN(vector<string> &tokens) {
int x, y;
auto token = tokens.back(); tokens.pop_back();
if (is_operator(token)) {
y = evalRPN(tokens);
x = evalRPN(tokens);
if (token[0] == '+') X +=y;
else if (token[0] == '-') x -=y;
else if (token[0] == '*') x *= y;
else x /=y;
} else {
size_t i;
x = stoi(token, &i);
}
return Xx;
¥
private:

bool is_operator(const string &op) {
return op.size() == 1 && string("+-*/").find(op) != string: :npos;



42 F\A

85

};

et
// LeetCode, Max Points on a Line
/] ER, HEEZRE 0(), ZEZRE 0(logn)
class Solution {
public:
int evalRPN(vector<string> &tokens) {
stack<string> s;
for (auto token : tokens) {
if (!is_operator(token)) {
s.push(token) ;

} else {
int y = stoi(s.top());
s.pop();
int x = stoi(s.top());
s.popQ);
if (token[0] == '+') X +=y;
else if (token[0] == '-') x -=y;
else if (token[0] == 'x') x *= y;
else x /=y;
s.push(to_string(x));
}
}
return stoi(s.top());
}
private:
bool is_operator(const string &op) {
return op.size() == 1 && string("+-*/").find(op) != string
}
1
AXEE
-

4.2 A%

::npos;
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LeetCode b = SUR Y a8 SLANTF
// WA

struct TreeNode {

int val;

TreeNode *left;

TreeNode *right;

TreeNode(int x) : val(x), left(nullptr), right(nullptr) { }
};

51 ZXHiRIEH

BRF AT AT RS - R 0 5 i D R 5 P0G S i o YR EE AT S D SURT 3 AR GBI (k)
wIHMUEIR (KFP) w8

W SEAR R T2 SETT IR AR ZE 5, SRS AR ST MR A A AR 1A o RF ) ST R g 1 45 2R
SRR MR (2RI Wi D A R AT

BB R A SEAR A MR A AR A & R, SRS T TR i IR R i i Dy i &5 5R
X o7 SRR (1 v s L ) S5 SR AT o

T XA A SERFIBIA (root->left->right), root->right->left; SR A : BFIEHA
(left->right->root), right->left->root; — X AIEA N—RHIFIE AT IXT, RFERA (left->root-
>right)o

5.1.1 Binary Tree Preorder Traversal
fhik
Given a binary tree, return the preorder traversal of its nodes’ values.

For example: Given binary tree {1,#,2,3},

1

\
2

/
3

86
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return [1,2,3].

Note: Recursive solution is trivial, could you do it iteratively?

S
JHAREE Morris #8177 -

%

// LeetCode, Binary Tree Preorder Traversal

/1 R, HEERE 0@, TEELE 0@)

class Solution {

public:

vector<int> preorderTraversal(TreeNode *root) {

vector<int> result;
const TreeNode *p;
stack<const TreeNode *> s;

p = root;
if (p !'= nullptr) s.push(p);

while (!s.empty()) {
p = s.topQ);
s.pop();
result.push_back(p->val) ;

if (p—>right != nullptr) s.push(p->right);
if (p->left != nullptr) s.push(p->left);

}
return result;
¥
};
Morris FEFiBHA

// LeetCode, Binary Tree Preorder Traversal
// Morris HFi# M, WEEEE 0@), REAZEE 0D
class Solution {
public:
vector<int> preorderTraversal(TreeNode *root) {
vector<int> result;
TreeNode *cur, *prev;

cur = root;
while (cur != nullptr) {
if (cur->left == nullptr) {
result.push_back(cur->val) ;
prev = cur; /* cur WA AT */
cur = cur->right;
} else {
/x BRI +/
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TreeNode *node = cur->left;
while (node->right != nullptr &% node->right != cur)
node = node->right;

if (node->right == nullptr) { /* XX L&EML, MEILLEE */
result.push_back(cur->val); /* X —{TWHLE 5 HFRE */
node->right = cur;
prev = cur; /* cur WIRIBLIF L */
cur = cur->left;

} else { /* BELKERML, MWMEBEE
node->right = nullptr;
/* prev = cur; A HEHXA, cur EEABIFFE */

cur = cur->right;

}
}
}
return result;
}
};
EPSY =]

* Binary Tree Inorder Traversal, M §5.1.2
« Binary Tree Postorder Traversal, ' §5.1.3

* Recover Binary Search Tree, ' §5.1.7

5.1.2 Binary Tree Inorder Traversal
iR

Given a binary tree, return the inorder traversal of its nodes’ values.

For example: Given binary tree {1,#,2,3},

return [1,3,2].

Note: Recursive solution is trivial, could you do it iteratively?

S
AR Morris #8177 -
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%

// LeetCode, Binary Tree Inorder Traversal

/] ERAK, HEEEE 0@, TEEEE 0@

class Solution {

public:

vector<int> inorderTraversal(TreeNode *root) {

vector<int> result;
const TreeNode *p = root;
stack<const TreeNode *> s;

while (!s.empty() || p != nullptr) {
if (p != nullptr) {

s.push(p);
p = p—>left;

} else {
p = s.top(Q);
s.popQ);
result.push_back(p->val);
p = p—>right;

}
}

return result;

};

Morris FFiB[H

// LeetCode, Binary Tree Inorder Traversal
// Morris ¥ 7}, MEAFEE 0@), THELE 0(1)
class Solution {
public:
vector<int> inorderTraversal(TreeNode *root) {
vector<int> result;
TreeNode *cur, *prev;

cur = root;
while (cur != nullptr) {
if (cur->left == nullptr) {
result.push_back(cur->val);
prev = cur;
cur = cur->right;
} else {
/x BRI */
TreeNode *node = cur->left;
while (node->right != nullptr &% node->right != cur)
node = node->right;

if (node->right == nullptr) { /* LXL&ERML, WEILLE */
node->right = cur;
/* prev = cur; FHEHIXA, cur LERABITI */
cur = cur—->left;

Yelse { /x B&&RML, WiFFHW R, HFHEBRER */
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result.push_back(cur->val);
node->right = nullptr;
prev = cur;

cur = cur->right;

}
}
}
return result;
}
};
EPSY=|

« Binary Tree Preorder Traversal, M §5.1.1
« Binary Tree Postorder Traversal, ' §5.1.3

* Recover Binary Search Tree, ' §5.1.7

5.1.3 Binary Tree Postorder Traversal
B

Given a binary tree, return the postorder traversal of its nodes’ values.

For example: Given binary tree {1,#,2,3},

return [3,2,1].

Note: Recursive solution is trivial, could you do it iteratively?

Kl
AR Morris #8177 -

%

// LeetCode, Binary Tree Postorder Traversal

/1 R, BEERE o), ZHEFRE 0)

class Solution {

public:

vector<int> postorderTraversal(TreeNode *root) {

vector<int> result;
/* p, EEVIFINLE R, q RIRNGEFELE R */
const TreeNode *p, *q;
stack<const TreeNode *> s;
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p = root;
do {
while (p != nullptr) { /*x A T& */
s.push(p);
p = p—>left;
q = nullptr;
while (!s.empty()) {
p = s.topQ);
S.po

pO;
* BRI ABERCHIFE, HEZ +/
if (p—>right == q) {
result.push_ back(p >val);

= p; /x RENFH B x/

} else {
/* YRR, FE R */
push(p);
/* %kﬂa’:‘i’“ﬁ */
p = p—>right;
break;
}

}
} while (!s.empty());

return result;

}s

Morris B FiBH

// LeetCode, Binary Tree Postorder Traversal
// Morris JE/F, WMEARE 0@), FHALE 0(1)
class Solution {
public:
vector<int> postorderTraversal(TreeNode *root) {
vector<int> result;
TreeNode dummy(-1);
TreeNode *cur, *prev = nullptr;
std::function < void(const TreeNode*)> visit =
[&result] (const TreeNode *node){
result.push_back(node->val);
};

dummy.left = root;
cur = &dummy;
while (cur != nullptr) {
if (cur->left == nullptr) {
prev = cur; /* SHAEH */
cur = cur->right;
} else {
TreeNode *node = cur->left;



while (node->right != nullptr && node->right != cur)
node = node->right;

if (node->right == nullptr) { /* XX &EML, WEILLEE */
node->right = cur;
prev = cur; /x SSHEH x/
cur = cur->left;
Y else { /x BELEML, WFHTE, HMKRER */
visit_reverse(cur->left, prev, visit);
prev->right = nullptr;
prev = cur; /x SHEH =/
cur = cur->right;

}

}
return result;

}

private:

/] HEBEE

static void reverse(TreeNode *from, TreeNode *to) {
TreeNode *x = from, *y = from->right, *z;
if (from == to) return;

while (x !'= to) {
z = y->right;
y->right = x;
X =y;
y =2z
}
// Vi lE| iR JE ) e R W BT 5 R
static void visit_reverse(TreeNode* from, TreeNode *to,
std: :function< void(const TreeNode*) >& visit) {

TreeNode *p = to;
reverse(from, to);

while (true) {

visit(p);
if (p == from)
break;
p = p—>right;
}
reverse(to, from);
}
};
Hx&H

* Binary Tree Preorder Traversal, !, §5.1.1

* Binary Tree Inorder Traversal, ' §5.1.2
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+ Recover Binary Search Tree, !Nl §5.1.7

5.1.4 Binary Tree Level Order Traversal
fhik
Given a binary tree, return the level order traversal of its nodes’ values. (ie, from left to right, level by

level).

For example: Given binary tree {3,9,20,#,#,15,7},

/\

return its level order traversal as:

[
[3] E
[9,20],
[15,7]
]

X
P

1B YRR

// LeetCode, Binary Tree Level Order Traversal

/7 BAR, HEELRE 0@, FEEFE 0@)

class Solution {

public:

vector<vector<int> > levelOrder (TreeNode *root) {

vector<vector<int>> result;
traverse(root, 1, result);
return result;

}

void traverse(TreeNode *root, size_t level, vector<vector<int>> &result) {
if (!root) return;

if (level > result.size())
result.push_back(vector<int>());

result[level-1] .push_back(root->val);
traverse(root->left, level+l, result);
traverse(root->right, level+l, result);
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&

// LeetCode, Binary Tree Level Order Traversal

/] HERIR, BEZEE 0@, FEEZE&E 0(1)

class Solution {

public:

vector<vector<int> > levelOrder(TreeNode *root) {

vector<vector<int> > result;
if (root == nullptr) return result;

queue<TreeNode*> current, next;
vector<int> level; // elments in level level

current.push(root) ;
while (!current.empty()) {
while (!current.empty()) {
TreeNode* node = current.front();
current.pop();
level.push_back(node->val);
if (node->left != nullptr) next.push(node->left);
if (node->right != nullptr) next.push(node->right);
}
result.push_back(level);
level.clear();
swap(next, current);

}
return result;
}
};
EPS =

+ Binary Tree Level Order Traversal I, ! §5.1.5
* Binary Tree Zigzag Level Order Traversal, Ul §5.1.6

5.1.5 Binary Tree Level Order Traversal 11
fhik
Given a binary tree, return the bottom-up level order traversal of its nodes’ values. (ie, from left to right,

level by level from leaf to root).
For example: Given binary tree {3,9,20,#,#,15,7},

/\

return its bottom-up level order traversal as:
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[15,7]
(9,201,
31,

S
b (W §5.1.4) IR L, reverse() — FHIA[,

1B YRR

// LeetCode, Binary Tree Level Order Traversal II

// #AR, BEZZEE 0@, ZEEEE 0@)

class Solution {

public:

vector<vector<int> > levelOrderBottom(TreeNode *root) {

vector<vector<int>> result;
traverse(root, 1, result);
std: :reverse(result.begin(), result.end()); // tbE— %W —4T
return result;

}

void traverse(TreeNode *root, size_t level, vector<vector<int>> &result) {
if (!root) return;

if (level > result.size())
result.push_back(vector<int>());

result[level-1] .push_back(root->val);
traverse(root->left, level+l, result);
traverse(root->right, level+l, result);

};

KRR

// LeetCode, Binary Tree Level Order Traversal II

/1 BRI, HEEZLE 0@, THELE 01)

class Solution {

public:

vector<vector<int> > levelOrderBottom(TreeNode *root) {

vector<vector<int> > result;
if (root == nullptr) return result;

queue<TreeNode*> current, next;
vector<int> level; // elments in level level

current.push(root) ;
while (!current.empty()) {
while (!current.empty()) {
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TreeNode* node = current.front();
current.pop();
level.push_back(node->val);
if (node->left != nullptr) next.push(node->left);
if (node->right != nullptr) next.push(node->right);
}
result.push_back(level);
level.clear();
swap(next, current);
}
reverse(result.begin(), result.end()); // th E—R % W—47
return result;

}
};
EES |

* Binary Tree Level Order Traversal, "\ §5.1.4
* Binary Tree Zigzag Level Order Traversal, " §5.1.6

5.1.6 Binary Tree Zigzag Level Order Traversal

faik

Given a binary tree, return the zigzag level order traversal of its nodes’ values. (ie, from left to right,

then right to left for the next level and alternate between).
For example: Given binary tree 3,9,20,#,#,15,7,

3

/\
9 20

/N
15 7

return its zigzag level order traversal as:

[
[3] s
[20,9],
[15,7]
]

X
JUREEARSEE T, A bool il M ARG IR NG R/, f— REARE—T .
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// LeetCode, Binary Tree Zigzag Level Order Traversal

/1 BIRR, HEEZRE 0@, ZEEEE 0()

class Solution {

public:

vector<vector<int> > zigzaglevelOrder(TreeNode *root) {

vector<vector<int>> result;
traverse(root, 1, result, true);
return result;

}

void traverse(TreeNode *root, size_t level, vector<vector<int>> &result,
bool left_to_right) {
if (!root) return;

if (level > result.size())
result.push_back(vector<int>());

if (left_to_right)
result[level-1].push_back(root->val);
else
result[level-1].insert(result[level-1] .begin(), root->val);

traverse(root->left, level+l, result, !left_to_right);
traverse(root->right, level+l, result, !left_to_right);

};

ERAR

//LeetCode, Binary Tree Zigzag Level Order Traversal

/1T ER SRR, A=A bool WXEMAEALENEE L, B—EERRBE—T,

/7 ERM, HEREEZ 0@, REREE 0()

class Solution {

public:

vector<vector<int> > zigzaglevelOrder(TreeNode *root) {

vector<vector<int> > result;
if (nullptr == root) return result;

queue<TreeNode*> q;
bool left_to_right = true; //left to right
vector<int> level; // one level's elements

q.push(root) ;
q.push(nullptr); // level separator
while (!q.empty()) {
TreeNode *cur = q.front();
q.popQ);
if (cur) {
level.push_back(cur->val);
if (cur->left) q.push(cur->left);
if (cur->right) q.push(cur->right);
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} else {

if (left_to_right) {
result.push_back(level);

} else {
reverse(level.begin(), level.end());
result.push_back(level);

}

level.clear();

left_to_right = !left_to_right;

if (q.size() > 0) q.push(nullptr);

¥
}
return result;
}
};
FHXRE B

* Binary Tree Level Order Traversal, ' §5.1.4
« Binary Tree Level Order Traversal IT, I, §5.1.5

5.1.7 Recover Binary Search Tree
R
Two elements of a binary search tree (BST) are swapped by mistake.

Recover the tree without changing its structure.

Note: A solution using O(n) space is pretty straight forward. Could you devise a constant space solution?

L

O(n) Z MMM, JF— MR, Pirwlh, 17 R MR EI A R, AR S0
W E RO E, SEMRITEEREE P E, SR NEHERTHCE M P RIS, S B
fEEtAYME.

e R AR, SR O(n) B, ATA REAE IR ? Morris Hi 7 o

(ST

// LeetCode, Recover Binary Search Tree
// Morris W FiJA, EEZZE 0@), FHALE 01)
class Solution {
public:
void recoverTree(TreeNode* root) {
pair<TreeNode*, TreeNode*> broken;
TreeNode* prev = nullptr;
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TreeNode* cur = root;

while (cur != nullptr) {
if (cur->left == nullptr) {
detect (broken, prev, cur);
prev = cur;
cur = cur->right;
} else {
auto node = cur->left;

while (node->right != nullptr && node->right != cur)
node = node->right;

if (node->right == nullptr) {
node->right = cur;
//prev = cur; FHARA! BH cur FIZHYIFE
cur = cur->left;
} else {
detect (broken, prev, cur);
node->right = nullptr;
prev = cur;
cur = cur->right;

}

swap (broken.first->val, broken.second->val);

}

void detect(pair<TreeNodex, TreeNode*>& broken, TreeNode* prev,
TreeNode* current) {
if (prev != nullptr && prev->val > current->val) {
if (broken.first == nullptr) {
broken.first = prev;
Y // TR else, Blam {0,1}, 2% & &JE swap B second ¥ nullptr,
//% Runtime Error
broken.second = current;

}
}
};
GEPS Y=

* Binary Tree Inorder Traversal, 'l §5.1.2

5.1.8 Same Tree
EBD

Given two binary trees, write a function to check if they are equal or not.

Two binary trees are considered equal if they are structurally identical and the nodes have the same value.
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1B Y3 R

B AR

// LeetCode, Same Tree
/] #EAR, HERRE 0@, ZEZZE 0(logn)
class Solution {
public:
bool isSameTree(TreeNode *p, TreeNode *q) {
if (!p && !q) return true; // X L&H
if (!p || 'q) return false; // H#L
return p->val == g->val /] ZFEH
&& isSameTree(p->left, g->left)
&& isSameTree(p->right, gq->right);

}s

B

// LeetCode, Same Tree

/7 ERIR, HEERE 0, ZEZZE 0(logn)

class Solution {

public:

bool isSameTree(TreeNode *p, TreeNode *q) {

stack<TreeNodex*> s;
s.push(p) ;
s.push(q);

while(!s.empty()) {
p = s.top(); s.popQ);
q = s.top(); s.pop();

if (!p && !'q) continue;
if (!p Il !'q) return false;
if (p->val != g->val) return false;

s.push(p->left);
s.push(gq->left);

s.push(p->right) ;
s.push(q->right) ;
}

return true;
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+ Symmetric Tree, UL §5.1.9

5.1.9 Symmetric Tree
g

Given two binary trees, write a function to check if they are equal or not.

Two binary trees are considered equal if they are structurally identical and the nodes have the same value.

o
b

128 YAl
// LeetCode, Symmetric Tree )
/) BFEAR, BHEELRE 0(n), FEEZZE 0Qogn)
class Solution {
public:
bool isSymmetric(TreeNode *root) {
return root 7?7 isSymmetric(root->left, root->right) : true;
}
bool isSymmetric(TreeNode *left, TreeNode *right) {
if (!left && 'right) return true; // %14

if (1left || !'right) return false; // %1%
return left->val == right->val // ZF a9t

&& isSymmetric(left->left, right->right)
&& isSymmetric(left->right, right->left);

};

&
// LeetCode, Symmetric Tree
/] HERM, BEEEE 0@, FEEZEE 0(Logn)
class Solution {
public:
bool isSymmetric (TreeNode* root) {
if (!root) return true;

stack<TreeNodex*> s;
s.push(root->left);
s.push(root->right);

while (!'s.empty () {
auto p = s.top ); s.popQ);
auto q = s.top (); s.pop();
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if (!p && !'q) continue;
if (!p || 'q) return false;
if (p->val != g->val) return false;

s.push(p->left);
s.push(g->right);

s.push(p->right) ;
s.push(g->left);
}
return true;
¥
}
PSS

+ Same Tree, U §5.1.8

5.1.10 Balanced Binary Tree
fhik
Given a binary tree, determine if it is height-balanced.

For this problem, a height-balanced binary tree is defined as a binary tree in which the depth of the two

subtrees of every node never differ by more than 1.

rLii
7

(T

// LeetCode, Balanced Binary Tree
// WIEERE o), REALZEE 0(logn)
class Solution {
public:
bool isBalanced (TreeNode* root) {
return balancedHeight (root) >= 0;
}

/%%
* Returns the height of “root™ if “root™ is a balanced tree,
* otherwise, returns "-1°.
*/
int balancedHeight (TreeNode* root) {
if (root == nullptr) return 0; // Pl S
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int left = balancedHeight (root->left);
int right = balancedHeight (root->right);

if (left < 0 || right < 0 || abs(left - right) > 1) return -1; // ¥H
return max(left, right) + 1; // = x4

};

PSS!
<

5.1.11 Flatten Binary Tree to Linked List
fhik
Given a binary tree, flatten it to a linked list in-place.

For example, Given

1
/\

X
b

BBUFAR 1

// LeetCode, Flatten Binary Tree to Linked List
/7 BVR 1, HEEZRE 0@, RAEZEE 0(logn)

class Solution {
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public:
void flatten(TreeNode *root) {
if (root == nullptr) return; // A&

flatten(root->left);
flatten(root->right);

if (nullptr == root->left) return;

1l ZF A, WETFHITH R #HRENS root 1 root->right Z[f
TreeNode *p = root->left;

while(p->right) p = p->right; //FREMR&KE TR

p—>right = root->right;

root->right = root->left;

root->left = nullptr;

};

BBUFAR 2

// LeetCode, Flatten Binary Tree to Linked List
/7 BV 2
// @author EiiA (http://weibo.com/u/1234984145)
// BREZRE 0(m), TEZZ4E 0(logn)
class Solution {
public:
void flatten(TreeNode *root) {
flatten(root, NULL);
}
private:
// . root FIREMERMEKE, tail BEZMEXET
TreeNode *flatten(TreeNode *root, TreeNode *tail) {
if (NULL == root) return tail;

root->right = flatten(root->left, flatten(root->right, tail));
root->left = NULL;
return root;

};

E AR
// LeetCode, Flatten Binary Tree to Linked List
/1 ERM, HEREZ 0@, FFERZEE 0(logn)
class Solution {
public:
void flatten(TreeNode* root) {
if (root == nullptr) return;

stack<TreeNodex*> s;
s.push(root) ;
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while (!s.empty()) {
auto p = s.top(Q);
s.popQ);

if (p->right)
s.push(p->right) ;

if (p->left)
s.push(p->left);

p—>left = nullptr;
if (!s.empty())
p—>right = s.top();

};

X E
-k

5.1.12 Populating Next Right Pointers in Each Node 11

fhik
Follow up for problem ”Populating Next Right Pointers in Each Node”.
What if the given tree could be any binary tree? Would your previous solution still work?
Note: You may only use constant extra space.

For example, Given the following binary tree,

1
/ 0\
2 3
/\ \
4 5 7

After calling your function, the tree should look like:

1 -> NULL

/N
2 -> 3 -> NULL

/\ \
4-> 5 -> 7 -> NULL

o

BUEH AT R, TRER BRI AR T R, BB )T AR AR, A
ELR =SR]

R, BB EERS), AT LAi#H Populating Next Right Pointers in Each Node 1.
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// LeetCode, Populating Next Right Pointers in Each Node II
/) BERRE 0@), REARE 0(1)

class Solution {
public:

void connect(TreeLinkNode *root) {
if (root == nullptr) return;

TreeLinkNode dummy(-1);
for (TreeLinkNode *curr
curr; curr =

= root, *prev = &dummy;

curr->next) {

if (curr->left != nullptr){

prev->next =

curr->left;

prev = prev->next;

}

if (curr->right != nullptr){

prev->next =

curr->right;

prev = prev->next;

}
}

connect (dummy .next) ;

};

AR

// LeetCode, Populating Next Right Pointers in Each Node II
/] HEREE 0@, EEREE 0(1)

class Solution {
public:

void connect(TreeLinkNode *root) {

while (root) {
TreeLinkNode * next
TreeLinkNode * prev
for (; root; root =
if (!next) next

if (root->left)

if (prev) prev->next =
prev = root-

}

= nullptr; // the first node of next level

= nullptr; // previous node on the same level
root->next) {

= root->left ? root->left : root->right;
{

root->left;

>left;

if (root->right) {

if (prev) prev->next =
prev = root-

}

root =

next; // turn to next

root->right;
>right;

level
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* Populating Next Right Pointers in Each Node, ' §5.4.6

5.2 ZXHRHE

5.2.1 Construct Binary Tree from Preorder and Inorder Traversal
iR

Given preorder and inorder traversal of a tree, construct the binary tree.

Note: You may assume that duplicates do not exist in the tree.

X
e

(ST

// LeetCode, Construct Binary Tree from Preorder and Inorder Traversal
// #A, BEZZE 0@), =EE%2E 0(\logn)
class Solution {
public:
TreeNode* buildTree(vector<int>& preorder, vector<int>& inorder) {
return buildTree(begin(preorder), end(preorder),
begin(inorder), end(inorder));

}

template<typename InputIterator>
TreeNode* buildTree(InputIterator pre_first, InputIterator pre_last,
InputIterator in_first, InputIterator in_last) {
if (pre_first == pre_last) return nullptr;
if (in_first == in_last) return nullptr;

auto root = new TreeNode(*pre_first);

auto inRootPos = find(in_first, in_last, *pre_first);
auto leftSize = distance(in_first, inRootPos);

root->left = buildTree(next(pre_first), next(pre_first,
leftSize + 1), in_first, next(in_first, leftSize));
root->right = buildTree(next(pre_first, leftSize + 1), pre_last,
next (inRootPos), in_last);

return root;
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« Construct Binary Tree from Inorder and Postorder Traversal, Ul §5.2.2

5.2.2 Construct Binary Tree from Inorder and Postorder Traversal
g

Given inorder and postorder traversal of a tree, construct the binary tree.

Note: You may assume that duplicates do not exist in the tree.

o
b

(T}

// LeetCode, Construct Binary Tree from Inorder and Postorder Traversal
/7 #ENFE, BEZZEE 0@), ZHEE2E 0(\logn)
class Solution {
public:
TreeNode* buildTree(vector<int>& inorder, vector<int>& postorder) {
return buildTree(begin(inorder), end(inorder),
begin(postorder), end(postorder));
¥

template<typename BidiIt>
TreeNode* buildTree(BidilIt in_first, BidilIt in_last,
BidiIt post_first, Bidilt post_last) {
if (in_first ==in_last) return nullptr;
if (post_first == post_last) return nullptr;

const auto val = *prev(post_last);
TreeNode* root = new TreeNode(val);

auto in_root_pos = find(in_first, in_last, val);
auto left_size = distance(in_first, in_root_pos);
auto post_left_last = next(post_first, left_size);

root->left = buildTree(in_first, in_root_pos, post_first, post_left_last);

root->right = buildTree(next(in_root_pos), in_last, post_left_last,
prev(post_last));

return root;
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+ Construct Binary Tree from Preorder and Inorder Traversal, U §5.2.1

53 ZXEXLH
5.3.1 Unique Binary Search Trees
B

Given n, how many structurally unique BST’s (binary search trees) that store values 1...n?

For example, Given n = 3, there are a total of 5 unique BST’s.

1 3 3 2 1
\ /o /\ \
3 2 1 1 3 2
/o \ \
2 1 2 3
7T
WA BB IR ST, BTV AT .
1 1 2 3 3
\ \ /\ / /
3 2 1 3 2 1
/ \ / \
2 3 1 2

Fean, DAL CARRAIRIR NS, ST A PRI DB LG TR, 2 PR 0 DITERIIRE,
A2 2 DICRIW . DL 2 AR, ST 27D 74, ZE 72 1
DICEIN, A FRHE 1 DITRER . RIS

MEEHA 1,2,3, ..., n 0, BT LUR RN AHTEER BST MR AME—M: i ART SR, HA
FHE (1,i-1] 895, EBEFHE [i+1, n] 5.

REX f(3) HEA[1,4] BET7 A1 Unique Binary Search Tree H(H , I

WEREER 2, =TogEn, U —F BST, FI=H, £(0) = 1.

MARBAH—DICE 1, HA—FBST, AT, f(1) = 1.

WA IR 1,2, IB2HFW TR RE

\ /
2 1

f2) = f0)*f(1), 1 ARAYREL
+  f(1)* f0), 2 MIRAIES



110 F5E

&)

A A 3 DICRIVEA, W LUK I BST RYBUE T =

f3) = f0)=f(2), 1 NRAHEL
+  f() = f(1), 2 ARAEDT
+  f(2) = £(0), 3 AR
P, HIbEs, TS H f A AN

F@) = fk—1)x f(i—k)
k=1
E, AR B AR

55

// LeetCode, Unique Binary Search Trees
// BEZZE 0n2), FEARE 0@
class Solution {
public:
int numTrees(int n) {
vector<int> f(n + 1, 0);

£[0] = 1;
f[1] = 1;
for (int i = 2; i <= n; ++i) {
for (int k = 1; k <= i; ++k)
f[i] += £[k-1] * £[1i - k];

}
return f[n];
}
};
EES =]

+ Unique Binary Search Trees I, ! §5.3.2

5.3.2 Unique Binary Search Trees II
ik

Given n, generate all structurally unique BST’s (binary search trees) that store values 1...n.

For example, Given n = 3, your program should return all 5 unique BST’s shown below.
1 3 3 2 1
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// LeetCode, Unique Binary Search Trees II
// BtEZ 4% TODO, % IA& 7% TODO
class Solution {
public:
vector<TreeNode *> generateTrees(int n) {
if (n == 0) return generate(l, 0);
return generate(l, n);
}
private:
vector<TreeNode *> generate(int start, int end) {
vector<TreeNode*> subTree;
if (start > end) {
subTree.push_back(nullptr) ;
return subTree;
}
for (int k = start; k <= end; k++) {
vector<TreeNode*> leftSubs = generate(start, k - 1);
vector<TreeNode*> rightSubs = generate(k + 1, end);
for (auto i : leftSubs) {
for (auto j : rightSubs) {
TreeNode *node = new TreeNode(k);
node->left = i;
node->right = j;
subTree.push_back(node) ;

}
}
}
return subTree;
}
};
HHXE B

+ Unique Binary Search Trees, M §5.3.1

5.3.3 Validate Binary Search Tree

iR
Given a binary tree, determine if it is a valid binary search tree (BST).
Assume a BST is defined as follows:

» The left subtree of a node contains only nodes with keys less than the node’s key.

» The right subtree of a node contains only nodes with keys greater than the node’s key.
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* Both the left and right subtrees must also be binary search trees.

X
(T

// LeetCode, Validate Binary Search Tree
// BEZZE 0@), =HEE%E 0(\logn)
class Solution {
public:
bool isValidBST(TreeNode* root) {
return isValidBST(root, INT_MIN, INT_MAX);
}

bool isValidBST(TreeNode* root, int lower, int upper) {
if (root == nullptr) return true;

return root->val > lower && root->val < upper
&% isValidBST (root->left, lower, root->val)
&& isValidBST(root->right, root->val, upper);

}
};
fHX# B

« Validate Binary Search Tree, ' §5.3.3

5.3.4 Convert Sorted Array to Binary Search Tree
ik

Given an array where elements are sorted in ascending order, convert it to a height balanced BST.

X

ke

(T}

// LeetCode, Convert Sorted Array to Binary Search Tree
/] s, HEERE 0@), EEELEE 0(Qogn)
class Solution {
public:
TreeNode* sortedArrayToBST (vector<int>& num) {
return sortedArrayToBST(num.begin(), num.end());

}

template<typename RandomAccessIterator>
TreeNode* sortedArrayToBST (RandomAccessIterator first,
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RandomAccessIterator last) {
const auto length = distance(first, last);

if (length <= 0) return nullptr; // Bk

// ZFAH*

auto mid = first + length / 2;

TreeNode* root = new TreeNode (*mid);
root->left = sortedArrayToBST(first, mid);
root->right = sortedArrayToBST(mid + 1, last);

return root;

}
};
EES |

« Convert Sorted List to Binary Search Tree, '\ §5.3.5

5.3.5 Convert Sorted List to Binary Search Tree
ik

Given a singly linked list where elements are sorted in ascending order, convert it to a height balanced
BST.

X

X bR, AR BREERANRERENLYT IR, 10 E TR B R A5 2 RandomAccesslt-
erator, R] I RITTRT 1 7 R0 A

FAE—F B JFEIA _E (bottom-up) FJ /7%, UL http://leetcode.com/2010/11/convert-sorted-list-to-balanced-
binary.html

aiRik, BIMET

8%, LT Convert Sorted Array to Binary Search Tree, BRI T, 24 O(nlogn)o

// LeetCode, Convert Sorted List to Binary Search Tree
// k%, 0T Convert Sorted Array to Binary Search Tree,
// BUWET, REEF#E 0@2), EHELE 0(logn)
class Solution {
public:

TreeNode* sortedListToBST (ListNode* head) {

return sortedListToBST (head, listLength (head));
}

TreeNode* sortedListToBST (ListNode* head, int len) {
if (len == 0) return nullptr;



114 F5E

if (len == 1) return new TreeNode (head->val);

TreeNode* root = new TreeNode (nth_node (head, len / 2 + 1)->val);
root->left = sortedListToBST (head, len / 2);
root->right = sortedListToBST (nth_node (head, len / 2 + 2),

(len - 1) / 2);

return root;

int listLength (ListNode* node) {
int n = 0;

while(node) {
++n;
node = node->next;

}

return n;

}

ListNode* nth_node (ListNode* node, int n) {
while (--n)
node = node->next;

return node;

};

AKmE £

// LeetCode, Convert Sorted List to Binary Search Tree
// bottom-up, EHEEZZE 0(n), FHEEFE 0(logn)
class Solution {
public:
TreeNode *sortedListToBST(ListNode *head) {
int len = 0;
ListNode *p = head;

while (p) {
lent++;
P = p—>next;
}
return sortedListToBST(head, 0, len - 1);
}
private:

TreeNode* sortedListToBST(ListNode*& list, int start, int end) {
if (start > end) return nullptr;

int mid = start + (end - start) / 2;

TreeNode *leftChild = sortedListToBST(list, start, mid - 1);
TreeNode *parent = new TreeNode(list->val);

parent->left = leftChild;

list = list->next;
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parent->right = sortedListToBST(list, mid + 1, end);
return parent;

}
};
EES s

+ Convert Sorted Array to Binary Search Tree, Ul §5.3.4

54 ZXHfRIEIT

TR B IH B BAR A, R PR EGE I R R T R A ER A5

B E AR (W §10.12.57T TR S IHRI A7), B TESUR B, 36 R BROE T kst
AT “ ORI IA” (PR, AR SRS RS AT A iy S E TR

TXRIESET Es S5 ET LUE G DFS, BCAMEA HARR T R e T, A
31 =6 fho HAth 3 FPIF 2 root->r->1, r->root->1, r->l->roots

5.4.1 Minimum Depth of Binary Tree
fhik
Given a binary tree, find its minimum depth.

The minimum depth is the number of nodes along the shortest path from the root node down to the nearest

leaf node.

X
e

1B Y3

// LeetCode, Minimum Depth of Binary Tree
/7 HVIAR, EEELRE 0@), FEEAELEE 0(logn)
class Solution {
public:
int minDepth(const TreeNode *root) {
return minDepth(root, false);
}
private:
static int minDepth(const TreeNode *root, bool hasbrother) {
if (!root) return hasbrother ? INT_MAX : O;

return 1 + min(minDepth(root->left, root->right != NULL),
minDepth(root->right, root->left != NULL));
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};

E AR

// LeetCode, Minimum Depth of Binary Tree
/] ERR, BEEZEE 0@, REEZ%E 0(logn)

class Solution {

public:

int minDepth(TreeNode* root) {
if (root == nullptr)

int

return O;

result = INT_MAX;

stack<pair<TreeNode*, int>> s;
s.push(make_pair(root, 1));

while (!s.empty()) {

auto node = s.top().first;
auto depth = s.top().second;
s.pop();

if (node->left == nullptr && node->right == nullptr)
result = min(result, depth);

if (node->left && result > depth) // HEEH, T
s.push(make_pair(node->left, depth + 1));

if (node->right && result > depth) // HEE&EH, K
s.push(make_pair(node->right, depth + 1));

return result;

}
}
};
GEES Y=

+ Maximum Depth of Binary Tree, . §5.4.2

5.4.2 Maximum Depth of Binary Tree

fhik

Given a binary tree, find its maximum depth.

The maximum depth is the number of nodes along the longest path from the root node down to the

farthest leaf node.
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X
P

(KT}

// LeetCode, Maximum Depth of Binary Tree
// HEEZRE 0(@), FHEEZRE 0(logn)
class Solution {
public:
int maxDepth(TreeNode *root) {
if (root == nullptr) return O;

return max(maxDepth(root->left), maxDepth(root->right)) + 1;

}
};
X/ B

+ Minimum Depth of Binary Tree, . §5.4.1

5.4.3 Path Sum
iR

Given a binary tree and a sum, determine if the tree has a root-to-leaf path such that adding up all the
values along the path equals the given sum.

For example: Given the below binary tree and sum = 22,

5
/\
4 8

/ /N
11 13 4

/N \
7 2 1

return true, as there exist a root-to-leaf path 5->4->11->2 which sum is 22.

X

HH HESRIRE] true BiE false, FIWAFFEICFEKL.

T HFRER M — DR, B, Y72, HEE MR TREREI TESR, #rT LA return.

e SR S NI e =N € Tl colll st G AT 1 = 1) e < W 52 S A BB LY
HREATANR S .
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55

// LeetCode, Path Sum )
// WIEERE o), REALZZEE 0(logn)

class Solution {

public:
bool hasPathSum(TreeNode *root, int sum) {
if (root == nullptr) return false;
if (root->left == nullptr && root->right == nullptr) // leaf
return sum == root->val;
return hasPathSum(root->left, sum - root->val)
|| hasPathSum(root->right, sum - root->val);
}
};
iEPS |

« Path SumII, Ul §5.4.4

5.4.4 Path Sum II
fihik

Given a binary tree and a sum, find all root-to-leaf paths where each path’s sum equals the given sum.
For example: Given the below binary tree and sum = 22,

5
/\
4 8
/N
11 13 4
/\ /\

return
[5,4,11,2],
[5,8,4,5]
V2Kl

BB, ARRSREEA L. HESRIMPTASER, A THRE TSR, A6E retun,
BT
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55

// LeetCode, Path Sum II
// WIEERE o), REALZZEE 0(logn)
class Solution {
public:
vector<vector<int> > pathSum(TreeNode *root, int sum) {
vector<vector<int> > result;
vector<int> cur; // PR
pathSum(root, sum, cur, result);
return result;
¥
private:
void pathSum(TreeNode *root, int gap, vector<int> &cur,
vector<vector<int> > &result) {
if (root == nullptr) return;

cur.push_back(root->val) ;

if (root->left == nullptr && root->right == nullptr) { // leaf
if (gap == root->val)
result.push_back(cur);

}
pathSum(root->left, gap - root->val, cur, result);
pathSum(root->right, gap - root->val, cur, result);

cur.pop_back();

}
}s
GEPSYE|

« Path Sum, "W §5.4.3

5.4.5 Binary Tree Maximum Path Sum
fhik
Given a binary tree, find the maximum path sum.

The path may start and end at any node in the tree. For example: Given the below binary tree,

1
/\
2 3

Return 6.

o
RARME, SRR AT MR, ST mg
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AR B KESFp 407 [ RS, IUAE §13.275 . AR Array A DT YA,
A8 Binary Tree HSL R/ APIDTTRME, FATFHFZELEPIA 7R _ERIME.

ARik, Array FTLAMGKEE#E )7, A2 Binary Tree /524708, FRATAT LR Binary Tree 5 #
9 dfs KBTI SeBEHAR TSR L AR, MR L KT o0, At GeasREaamRn, &0
MmEL, MERKT 0, MGEEERELaRE, 485MmER.

(T}

// LeetCode, Binary Tree Maximum Path Sum
// HEEZE 0(@), FHEEZRE 0(logn)
class Solution {
public:
int maxPathSum(TreeNode *root) {
max_sum = INT_MIN;
dfs(root);
return max_sum;
}
private:
int max_sum;
int dfs(const TreeNode *root) {
if (root == nullptr) return O;
int 1 = dfs(root->left);
int r = dfs(root->right);
int sum = root->val;
if (1 > 0) sum += 1;
if (r > 0) sum += r;
max_sum = max(max_sum, sum);
return max(r, 1) > 0 ? max(r, 1) + root->val : root->val;

}s
VR, &G return BB, FORE—AJ510 _ERME, M4 X ERDNAESEIAP, HEEMATY
FUIRE], RATREFAE L->root->R B2, HAJHESE L->root B¢ R->root.
Hx@E

* Maximum Subarray, "L §13.2

5.4.6 Populating Next Right Pointers in Each Node
iR

Given a binary tree

struct TreeLinkNode {

int val;

TreeLinkNode *left, *right, *next;

TreeLinkNode(int x) : val(x), left(NULL), right(NULL), next(NULL) {}
}s
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Populate each next pointer to point to its next right node. If there is no next right node, the next pointer

should be set to NULL.
Initially, all next pointers are set to NULL.

Note:

* You may only use constant extra space.

* You may assume that it is a perfect binary tree (ie, all leaves are at the same level, and every parent
has two children).

For example, Given the following perfect binary tree,

1
/N
2 3
/N /N
4 5 6 7

After calling your function, the tree should look like:

1 -> NULL
/N
2 -> 3 -> NULL
/N /N
4->5->6->7 -> NULL

X
7

(T}

// LeetCode, Populating Next Right Pointers in Each Node
// HEEZE 0(@), FHEEZLRE 0(logn)
class Solution {
public:
void connect(TreeLinkNode *root) {
connect (root, NULL);
}
private:
void connect(TreeLinkNode *root, TreeLinkNode #*sibling) {
if (root == nullptr)
return;
else
root->next = sibling;

connect (root->left, root->right);
if (sibling)

connect (root->right, sibling->left);
else

connect (root->right, nullptr);
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« Populating Next Right Pointers in Each Node II, U §5.1.12

5.4.7 Sum Root to Leaf Numbers

fiik
Given a binary tree containing digits from 0-9 only, each root-to-leaf path could represent a number.
An example is the root-to-leaf path 1->2->3 which represents the number 123.

Find the total sum of all root-to-leaf numbers.

For example,

1
/' \
2 3

The root-to-leaf path 1->2 represents the number 12. The root-to-leaf path 1->3 represents the number
13.
Return the sum=12 + 13 = 25.

X
e

(T

// LeetCode, Decode Ways
// BEZZE 0@), =EE%E 0(ogn)
class Solution {
public:
int sumNumbers(TreeNode *root) {
return dfs(root, 0);
}
private:
int dfs(TreeNode *root, int sum) {
if (root == nullptr) return O;
if (root->left == nullptr && root->right == nullptr)
return sum * 10 + root->val;

return dfs(root->left, sum * 10 + root->val) +
dfs(root->right, sum * 10 + root->val);

}
};
GEES NS

<
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6.1 Merge Sorted Array
Rk
Given two sorted integer arrays A and B, merge B into A as one sorted array.

Note: You may assume that A has enough space to hold additional elements from B. The number of

elements initialized in A and B are m and n respectively.

X
%

55

//LeetCode, Merge Sorted Array
// BEEZE 0(mn), BEEZLE 0(1)
class Solution {
public:
void merge(int A[], int m, int B[], int n) {
int ija=m-1, ib=n -1, icur = m + n - 1;
while(ia >= 0 && ib >= 0) {
Alicur--] = Al[ial] >= B[ib] ? Al[ia--] : B[ib--];
}
while(ib >= 0) {
Alicur--] = B[ib--];

}
}
};
Hx&H

+ Merge Two Sorted Lists, Ul §6.2
» Merge k Sorted Lists, Ul §6.3

123
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6.2 Merge Two Sorted Lists
fhik

Merge two sorted linked lists and return it as a new list. The new list should be made by splicing together

the nodes of the first two lists.

X
b

(ST}

//LeetCode, Merge Two Sorted Lists
// HEEZE 0(min(m,n)), FHEEZLE 0(1)
class Solution {
public:
ListNode *mergeTwoLists(ListNode *11, ListNode *12) {
if (11 == nullptr) return 12;
if (12 == nullptr) return 11;
ListNode dummy(-1);
ListNode *p = &dummy;
for (; 11 !'= nullptr && 12 !'= nullptr; p = p->next) {
if (11->val > 12->val) { p->next = 12; 12 = 12->next; }
else { p—>next = 11; 11 = 1l1->next; }
}
p~>next = 11 != nullptr ? 11 : 12;
return dummy.next;

}
};
HXEE

* Merge Sorted Array §6.1
» Merge k Sorted Lists, !l §6.3

6.3 Merge k Sorted Lists
ik

Merge k sorted linked lists and return it as one sorted list. Analyze and describe its complexity.

X

T LA A Merge Two Sorted Lists (M §6.2) YKL
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55

//LeetCode, Merge k Sorted Lists )
/] HEAZE 0(ni+n2+...), REALEE 0(1)

class Solution {

public:

ListNode *mergeKLists(vector<ListNode *> &lists) {
if (lists.size() == 0) return nullptr;
ListNode *p = lists[0];
for (int i = 1; i < lists.size(); i++) {

p = mergeTwolists(p, lists[i]);
}
return p;
¥

// Merge Two Sorted Lists
ListNode *mergeTwoLists(ListNode *11, ListNode *12) {
ListNode head(-1);
for (ListNode* p = &head; 11 != nullptr || 12 != nullptr; p = p->next) {
int vall = 11 == nullptr ? INT_MAX : 1li1->val;
int val2 = 12 == nullptr ? INT_MAX : 12->val;
if (vall <= val2) {
p—>next = 11;
11 = 11->next;
} else {
p—>next = 12;
12 = 12->next;

}
}
return head.next;
¥
};
EPS Y=

* Merge Sorted Array §6.1
» Merge Two Sorted Lists, ' §6.2

6.4 Insertion Sort List
iR
Sort a linked list using insertion sort.

X
e
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// LeetCode, Insertion Sort List
// BEEZRE 0@™2), RELLE 0(1)
class Solution {
public:
ListNode *insertionSortList(ListNode *head) {
ListNode dummy (INT_MIN);
//dummy .next = head;

for (ListNode *cur = head; cur != nullptr;) {
auto pos = findInsertPos(&dummy, cur->val);
ListNode *tmp = cur->next;
cur->next = pos->next;
pos->next = cur;
cur = tmp;

}

return dummy.next;

}

ListNode* findInsertPos(ListNode *head, int x) {
ListNode *pre = nullptr;
for (ListNode *cur = head; cur != nullptr &% cur->val <= x;
pre = cur, cur = cur->next)

>

return pre;

}
};
GEE SIS

« Sort List, I §6.5

6.5 Sort List
ik

Sort a linked list in O(nlogn) time using constant space complexity.

VKl
WHE [ H O(nlogn), HEERES HIEIFHETY, MM EEFRE S HOCEHE Y. A8 R
FH”Merge Two Sorted Lists” FIHS o

(T

// LeetCode, Sort List \
/7 VAHHEF, BEEFE 0(nlogn), ZFEEFE 0(1)

class Solution {
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public:
ListNode *sortList(ListNode *head) {
if (head == NULL || head->next == NULL)return head;

/7 BB AEEHRE A R

ListNode *fast = head, *slow = head;

while (fast->next != NULL && fast->next->next != NULL) {
fast = fast->next->next;
slow = slow->next;

}

// Wi

fast = slow;

slow = slow->next;

fast->next = NULL;

ListNode *11 = sortList(head); // AILEH/F
ListNode *12 = sortlList(slow); // JE¥EH/7F
return mergeTwolists(11l, 12);

}

// Merge Two Sorted Lists
ListNode *mergeTwoLists(ListNode *11, ListNode *12) {
ListNode dummy(-1);
for (ListNode* p = &dummy; 11 !'= nullptr || 12 != nullptr; p = p—>next) {
int vall = 11 == nullptr ? INT_MAX : 1l1->val;
int val2 = 12 == nullptr ? INT_MAX : 12->val;
if (vall <= val2) {
p->next = 11;
11 = 11->next;
} else {
p—>next = 12;
12 = 12->next;

}
}
return dummy.next;
}
};
tHXEE

« Insertion Sort List, " §6.4

6.6 First Missing Positive
fiik
Given an unsorted integer array, find the first missing positive integer.

For example, Given [1,2,0] return 3, and [3,4,-1,1] return 2.

Your algorithm should run in O(n) time and uses constant space.



128 T

X

KT ERARHET (bucket sort), £ A[i]t= i+1 AUIHE:, & A[i] 5 A[A[]-1] 5cHe, BRIk
LA, BAESAE R ALi]== A[A[i]-1]-

(T

// LeetCode, First Missing Positive
// WEERE o), BEREE 0(D
class Solution {
public:
int firstMissingPositive(int A[], int n) {
bucket_sort(A, n);

for (int i = 0; i < n; ++i)
if (A[i] '= (4 + 1))
return i + 1;
return n + 1;
}
private:
static void bucket_sort(int A[], int n) {
for (int i = 0; i < n; i++) {
while (A[i] != i + 1) {
if (A[i] <=0 || A[i]l > n || A[i] == A[A[i] - 11)
break;
swap(A[i]l, A[A[i] - 11);

}
}
}
};
GEES Y=

« Sort Colors, Il §6.7

6.7 Sort Colors
DY

Given an array with n objects colored red, white or blue, sort them so that objects of the same color are
adjacent, with the colors in the order red, white and blue.

Here, we will use the integers 0, 1, and 2 to represent the color red, white, and blue respectively.

Note: You are not suppose to use the library’s sort function for this problem.

Follow up:

A rather straight forward solution is a two-pass algorithm using counting sort.



6.7 Sort Colors 129

First, iterate the array counting number of 0’s, 1’s, and 2’s, then overwrite array with total number of 0’s,

then 1’s and followed by 2’s.

Could you come up with an one-pass algorithm using only constant space?

rLii

HT0,1,2 dEW %, EAEEHEET (counting sort), [HFFEIIRWIME, AFE8IH R,

M A =g, ATLAREPA index, — /2 red [ index, — 14 blue Y index, PHLAH
[\ BREZRE O(n), SRELRE O(1)-

3 AR, FIHMOEHET B partition FYEAR, B —VOBEA% 0 40 F], B xdE 1 aE, HE
Jpoeke, AILAET R o BB, SREOA EE TR NEN.

KA1

// LeetCode, Sort Colors
// Counting Sort
// BIREZRE 0@, TEEZ4&E o)
class Solution {
public:
void sortColors(int A[], int n) {
int counts[3] = { 0 }; // EXENH & E I KHK

for (int i = 0; i < n; i++)
counts[A[i]]++;

for (int i = 0, index = 0; i < 3; i++)
for (int j = 0; j < counts[i]; j++)
Alindex++] = i;

};

K53 2

// LeetCode, Sort Colors
// Ragst, BEEEE 0@, FEEZZ%LE 0()
class Solution {
public:
void sortColors(int A[], int n) {
// — AR red # index, — 1 blue ™ index, WL{EH A&
int red = 0, blue = n - 1;

for (int i = 0; i < blue + 1;) {
if (A[i] == 0)
swap(A[i++], Alred++]);
else if (A[i] == 2)
swap(A[i], Alblue--1);
else
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fEFy

i++
};

75 3

// LeetCode, Sort Colors
// use partition()
// HEEZRE 0@m), FEERE 0(1)
class Solution {
public:
void sortColors(int A[], int n) {
partition(partition(A, A + n, bindlst(equal_to<int>(), 0)), A + n,
bindist(equal_to<int>(), 1));

};

X513 4

// LeetCode, Sort Colors
// EFHEI partition()
// HEEZRE 0@m), FEERE 0(1)
class Solution {
public:
void sortColors(int A[], int n) {
partition(partition(A, A + n, bindlst(equal_to<int>(), 0)), A + n,
bindist(equal_to<int>(), 1));
}
private:
template<typename ForwardIterator, typename UnaryPredicate>
ForwardIterator partition(ForwardIterator first, ForwardIterator last,
UnaryPredicate pred) {
auto pos = first;

for (; first != last; ++first)
if (pred(*first))

swap (*first, *pos++);

return pos;

}
};
GEPSYE|

» First Missing Positive, Il §6.6



7.1 Search for a Range

iR
Given a sorted array of integers, find the starting and ending position of a given target value.
Your algorithm’s runtime complexity must be in the order of O(logn).

If the target is not found in the array, return [-1, -1].

For example, Given [6, 7, 7, 8, 8, 10] and target value 8, return [3, 4].

rLii
C&HHr 7y, Hoaak.

{£M STL

// LeetCode, Search for a Range
/7 e toE, EA STL
// BEIZZ)E 0Qogn), FRALRE 0(1)
class Solution {
public:
vector<int> searchRange(int A[], int n, int target) {
const int 1 = distance(A, lower_bound(A, A + n, target));
const int u = distance(A, prev(upper_bound(A, A + n, target)));
if (A[1] != target) // not found
return vector<int> { -1, -1 };
else
return vector<int> { 1, u };

}s

E#3L I lower_bound # upper_bound

// LeetCode, Search for a Range
// EF LI lower_bound F upper_bound
// WEIZZE 0(logn), TEEZE 0(1)

class Solution {

131
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public:
vector<int> searchRange (int A[], int n, int target) {
auto lower = lower_bound(A, A + n, target);
auto uppper = upper_bound(lower, A + n, target);

if (lower == A + n || *lower != target)
return vector<int> { -1, -1 };
else
return vector<int> {distance(A, lower), distance(A, prev(uppper))};

}

template<typename ForwardIterator, typename T>
ForwardIterator lower_bound (ForwardIterator first,
ForwardIterator last, T value) {
while (first != last) {
auto mid = next(first, distance(first, last) / 2);

if (value > *mid) first = ++mid;
else last = mid;

}

return first;

}

template<typename ForwardIterator, typename T>
ForwardIterator upper_bound (ForwardIterator first,
ForwardIterator last, T value) {
while (first != last) {
auto mid = next(first, distance (first, last) / 2);

if (value >= *mid) first = ++mid; // 5 lower_bound U F[E

else last = mid;
}
return first;
¥
};
iEPS |

« Search Insert Position, Ul §7.2

7.2 Search Insert Position
ik

Given a sorted array and a target value, return the index if the target is found. If not, return the index
where it would be if it were inserted in order.

You may assume no duplicates in the array.
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Here are few examples.
[1,3,5,6], 5 + 2

[1:3’556]’ 21
[1;3:556], 7+ 4
[1,3,5,6], 0 + 0

vXi

Bl std::lower_bound() .

(T}

// LeetCode, Search Insert Position
// EF LI lower_bound
// WEEZE 0(logn), TEEALE 0(1)
class Solution {
public:
int searchInsert(int A[], int n, int target) {
return lower_bound(A, A + n, target) - A;

}

template<typename ForwardIterator, typename T>
ForwardIterator lower_bound (ForwardIterator first,
ForwardIterator last, T value) {
while (first != last) {
auto mid = next(first, distance(first, last) / 2);

if (value > *mid) first = ++mid;

else last = mid;
}
return first;
}
};
fHXRE B

* Search for a Range, W §7.1

7.3 Search a 2D Matrix
iR

Write an efficient algorithm that searches for a value in an m x n matrix. This matrix has the following
properties:

* Integers in each row are sorted from left to right.

 The first integer of each row is greater than the last integer of the previous row.
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it

For example, Consider the following matrix:

[
(1, 3, 5, 7],
[10, 11, 16, 20],
[23, 30, 34, 50]
]

Given target = 3, return true.

X

K75

// LeetCode, Search a 2D Matrix

// WEEZE 0(logn), TEEALE 0(1)

class Solution {

public:

bool searchMatrix(const vector<vector<int>>& matrix, int target) {

if (matrix.empty()) return false;
const size_t m = matrix.size();
const size_t n = matrix.front().size();

int first = 0O;
int last = m * n;

while (first < last) {
int mid = first + (last - first) / 2;
int value = matrix[mid / n] [mid % n];

if (value == target)
return true;

else if (value < target)
first = mid + 1;

else
last = mid;

}
return false;
¥
};
EPSYE|



8.1 Subsets
ik

Given a set of distinct integers, .S, return all possible subsets.
Note:

» Elements in a subset must be in non-descending order.
» The solution set must not contain duplicate subsets.

For example, If S = [1,2,3], a solution is:

[3] E

[1] E

[2] s
[1,2,3],
[1,3],
[2,3],
[1,2],
1

—

8.1.1 A7
HEHEE

TATUR, MAPILERE, ek,

// LeetCode, Subsets

/) WEMEE, K, ®HEEZLE 020, ZHEALE 0@)

class Solution {

public:

vector<vector<int> > subsets(vector<int> &S) {

sort(S.begin(), S.end()); // WMEBEXREFETF
vector<vector<int> > result;
vector<int> path;
subsets(S, path, 0, result);
return result;

135
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S
A
3
+

}

private:
static void subsets(const vector<int> &S, vector<int> &path, int step,

vector<vector<int> > &result) {

if (step == S.size()) {
result.push_back(path);
return;

}

// A S[step]

subsets(S, path, step + 1, result);

// # S[step]

path.push_back(S[step]);

subsets(S, path, step + 1, result);

path.pop_back() ;

};

{irm &%
FF— LA bool selected[n], LFMICZE A LA E ik,

// LeetCode, Subsets
// L EE, B, HEEL£E 02 n), THEALE 0@
class Solution {
public:
vector<vector<int> > subsets(vector<int> &S) {

sort(S.begin(), S.end()); // WMHEFRHF

vector<vector<int> > result;
vector<bool> selected(S.size(), false);
subsets(S, selected, 0, result);

return result;

}

private:
static void subsets(const vector<int> &S, vector<bool> &selected, int step,

vector<vector<int> > &result) {

if (step == S.size()) {
vector<int> subset;
for (int i = 0; i < S.size(); i++) {

if (selected[i]) subset.push_back(S[i]);

}
result.push_back(subset);
return;

}

// Fi# S[step]

selected[step] = false;

subsets(S, selected, step + 1, result);

// # S[stepl

selected[step] = true;

subsets(S, selected, step + 1, result);
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};

8.1.2 &R

EEMiEE
// LeetCode, Subsets
/7 ERR, BEEZEE 0(2n), BEEALRE 0(1)
class Solution {
public:
vector<vector<int> > subsets(vector<int> &S) {
sort(S.begin(), S.end()); // WMEBEXKF
vector<vector<int> > result(1l);
for (auto elem : S) {
result.reserve(result.size() * 2);
auto half = result.begin() + result.size();
copy(result.begin(), half, back_inserter(result));
for_each(half, result.end(), [&elem] (decltype(result[0]) &e){
e.push_back(elem) ;
B;
}

return result;

};

ZELGE

ARITHIATEE R . EARICEAML int (780 H—A int BEFORLA R, i toh 1, MFR
Wi S[d], Mo MIARIES. Fln s={a,B,c,D}, NI 0110=6 F/~n 74 {B,C}.

R IEETIY . BN AMUAEER T4, R ENFRREGNIE. . ZSERIEHE. &
W EA AR B4 By A1 Bo, M By U By, By N By, BiABy 53 BIX NS &2 W E.

T T DLEROR AR RS, RN AL

// LeetCode, Subsets

// Z#HE, BEAEFE 02°n), RHELE 0(1)

class Solution {

public:

vector<vector<int> > subsets(vector<int> &S) {

sort(S.begin(), S.end()); // WMEBERET
vector<vector<int> > result;
const size_t n = S.size();
vector<int> v;

for (size_t i = 0; i < 1 << n; i++) {
for (size_t j = 0; j < mn; j++) {
if (i & 1 << j) v.push_back(S[jl1);
}
result.push_back(v);
v.clear();



138 FeE  BIIKEE

}
return result;
¥
};
EPSYE|

+ Subsets I1, ', §8.2

8.2 Subsets I1
ik
Given a collection of integers that might contain duplicates, S, return all possible subsets.
Note:
Elements in a subset must be in non-descending order. The solution set must not contain duplicate

subsets. For example, If S = [1,2,2], a solution is:

C
21,
(11,
[1,2,21,
[2,2] b
[1,2] b
a

X

REAEZILER, HARRFE, REBREL, EBPTREAES, MY TR ITRNE
e 0B 1, REY TR TENILR W LAE 0 BE TXINE .

// LeetCode, Subsets II
[/ EEMEE, BA 1, BEAZXE 002°n), ZEEEE 0()
class Solution {
public:
vector<vector<int> > subsetsWithDup(vector<int> &S) {
sort(S.begin(), S.end()); // SHH/F

vector<vector<int> > result;
vector<int> path;

dfs(S, S.begin(), path, result);
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return result;

}

private:
static void dfs(const vector<int> &S, vector<int>::iterator start,
vector<int> &path, vector<vector<int> > &result) {
result.push_back(path) ;

for (auto i = start; i < S.end(); i++) {
if (i != start && *i == *(i-1)) continue;
path.push_back(*i);
dfs(S, i + 1, path, result);
path.pop_back();

};
// LeetCode, Subsets II
/7 HEMEE, BRAK 2, HEALE 02°n), FEHEALE 0@
class Solution {
public:
vector<vector<int> > subsetsWithDup(vector<int> &S) {
vector<vector<int> > result;

sort(S.begin(), S.end()); // SAHF

mw@mimymmim>wmtmm//ﬂ%§4ﬁ%%$ﬂﬁﬁ
for_each(S.begin(), S.end(), [&count_map](int e) {
if (count_map.find(e) != count_map.end())
count_map [e] ++;
else
count_maple] = 1;

b;
// ¥ map B pair # N2 —4 vector E

vector<pair<int, int> > elems;
for_each(count_map.begin(), count_map.end(),
[&elems] (const pair<int, int> &e) {
elems.push_back(e);
B;
sort(elems.begin(), elems.end());
vector<int> path; // ‘#fﬂﬁ%

subsets(elems, 0, path, result);
return result;

}

private:
static void subsets(const vector<pair<int, int> > &elems,

size_t step, vector<int> &path, vector<vector<int> > &result) {

if (step == elems.size()) {
result.push_back(path) ;
return;
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for (int i = 0; i <= elems[step].second; i++) {
for (dnt j = 0; j < i; ++j) {
path.push_back(elems[step] .first);
subsets(elems, step + 1, path, result);
for (int j = 0; j < i; ++j) {
path.pop_back() ;
}
}
};

fImEi&

// LeetCode, Subsets II

/] LEERE, HEAZLE 0(2°n), REAEE 0()

class Solution {

public:

vector<vector<int> > subsetsWithDup(vector<int> &S) {
vector<vector<int> > result; // SSAHF
sort(S.begin(), S.end());
vector<int> count(S.back() - S.front() + 1, 0);
/] TR TR WA
for (auto i : S) {
count[i - S[0]]++;

}

/] BANTEREET H04
vector<int> selected(S.back() - S.front() + 1, -1);

subsets(S, count, selected, 0, result);
return result;

}

private:
static void subsets(const vector<int> &S, vector<int> &count,
vector<int> &selected, size_t step, vector<vector<int> > &result) {
if (step == count.size()) {
vector<int> subset;
for(size_t i = 0; i < selected.size(); i++) {
for (int j = 0; j < selected[i]; j++) {
subset.push_back(i+S[0]);
}
¥
result.push_back(subset);
return;

}

for (int i = 0; i <= countl[stepl; i++) {
selected[step] = i;
subsets(S, count, selected, step + 1, result);



8.2 Subsets II 141

8.2.2 &R

WwEMWIEE
// LeetCode, Subsets II
/7 HEMEE
// BRI ZZE 0(2°n), FEAEE 0(1)
class Solution {
public:
vector<vector<int> > subsetsWithDup(vector<int> &S) {
sort(S.begin(), S.end()); // AT
vector<vector<int> > result(1l);
size_t previous_size = 0;
for (size_t i = 0; i < S.size(); ++i) {
const size_t size = result.size();
for (size_t j = 0; j < size; ++j) {
if (4 == 0 || S[i] != S[i-1] || j >= previous_size) {
result.push_back(result[j]);
result.back() .push_back(S[i]);

3

}
previous_size = size;

1

return result;

}
};
R

// LeetCode, Subsets II

/7 Z#tHlE, HEAZE 02 n), REALEE 0(1)

class Solution {

public:

vector<vector<int> > subsetsWithDup(vector<int> &S) {

sort (S.begin(), S.end()); // XLAHF
// A set =%, FH#/H unordered_set, ENMEERAEF
set<vector<int> > result;
const size_t n = S.size();
vector<int> v;

for (size_t i = 0; i < 1U << n; ++i) {
for (size_t j = 0; j < n; ++j) {
if (1 & 1 << j)
v.push_back(S[jl);
}
result.insert(v);
v.clear();

}

vector<vector<int> > real_result;
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copy (result.begin(), result.end(), back_inserter(real_result));
return real_result;
}
};
EPSIYE|

+ Subsets, Ul §8.1

8.3 Permutations
Rk
Given a collection of numbers, return all possible permutations.

For example, [1,2,3] have the following permutations: [1,2,3], [1,3,2], [2,1,3], [2,3,1],
[3,1,2],and [3,2,1].

8.3.1 next_permutation()

bk, T UAE R A std: :next_permutation(). I ESE OF MG L, W LAH XA
APLfar M R AR, W E B E S LR S

(T

// LeetCode, Permutations
// HEEREE 0@y, FEEFLE 0(1)
class Solution {
public:
vector<vector<int> > permute(vector<int> &num) {
vector<vector<int> > result;
sort (num.begin(), num.end());

do {
result.push_back(num) ;

} while(next_permutation(num.begin(), num.end()));
return result;

};

8.3.2 EF LI next_permutation()

LS §2.1.12 9
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55

// LeetCode, Permutations
// EFH LI next_permutation()
// BEERE 0@, FHREEE 0(1)
class Solution {
public:
vector<vector<int>> permute(vector<int>& num) {
sort (num.begin(), num.end());

vector<vector<int>> permutations;

do {
permutations.push_back(num) ;
} while (next_permutation(num.begin(), num.end())); //

return permutations;

}s

8.3.3 B4

ABGEREEAR S, KA, RUSEHEARICSRTER T,
REAEERITIH

PRV, HNAR, A B R TR .

BT EHE, FOREEAR 2B )2 I o WS 2 i

(T

// LeetCode, Permutations
/] R¥E, MEHEE
// BERRE 0@, FEEEE 0@)
class Solution {
public:
vector<vector<int> > permute(vector<int>& num) {
sort (num.begin(), num.end());

vector<vector<int>> result;
vector<int> path; // ¥ H%

dfs(num, path, result);
return result;
}
private:
void dfs(const vector<int>& num, vector<int> &path,
vector<vector<int> > &result) {
if (path.size() == num.size()) { // W& MH
result.push_back(path);
return;

WE 2.1 F

T 2R A5 H,

EE T HRE—TITR.
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/1 YRS
for (auto i : num) {
// B i BF#E path FHIAL
auto pos = find(path.begin(), path.end(), i);

if (pos == path.end()) {
path.push_back(i);
dfs(num, path, result);
path.pop_back() ;

¥
}
};
EES |

+ Next Permutation, " §2.1.12
 Permutation Sequence, 1 §2.1.13
« Permutations IT, il §8.4

+ Combinations, Il §8.5

8.4 Permutations II
Hig

Given a collection of numbers that might contain duplicates, return all possible unique permutations.

For example, [1,1,2] have the following unique permutations: [1,1,2], [1,2,1],and [2,1,1].

8.4.1 next permutation()
HH A std: :next_permutation(), OS5 _L—@UAH[A .

8.4.2 EF LI next_permutation()
HHTSLYL std: :next_permutation(), A _E—EitEE

8.4.3 i#EI3

BITREL permute O MIZEL p, &FHZIR, CHIEIRENMICYBTER] W2, FITHIkr
WSzt

PR, HIMNEIR, & MBCARDLITER, BERIFrA TR,

AT ERE, FOVIRERHR &A= AR .
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55

// LeetCode, Permutations II
/1 R, WEZZEE 0!, FEAFEE 0)
class Solution {
public:
vector<vector<int> > permuteUnique(vector<int>& num) {
sort (num.begin(), num.end());

mw@mimmmmim>wmtmm//ﬁi§4ﬁ%%$ﬂﬁﬁ
for_each(num.begin(), num.end(), [&count_map] (int e) {
if (count_map.find(e) != count_map.end())
count_map [e] ++;
else
count_maple] = 1;

B;
// ¥ map B pair # M E— vector E

vector<pair<int, int> > elems;
for_each(count_map.begin(), count_map.end(),
[&elems] (const pair<int, int> &e) {
elems.push_back(e);
B;

vector<vector<int>> result; // W& %
vector<int> p; // W

n = num.size();
permute (elems.begin(), elems.end(), p, result);
return result;

}

private:
size_t n;
typedef vector<pair<int, int> >::const_iterator Iter;

void permute(Iter first, Iter last, vector<int> &p,
vector<vector<int> > &result) {
if (n == p.size()) { // WSL&H
result.push_back(p);

}
/] T RERA
for (auto i = first; i != last; i++) {

int count = 0; // &t *i & p PHIAIT LI K
for (auto j = p.begin(); j != p.end(; j++) {
if (i->first == *j) {
count ++;
}
}
if (count < i->second) {
p-push_back(i->first);
permute(first, last, p, result);
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p.pop_back(); // ##s1E, KB L—F

}
}
}
};
GEPSHY=|

+ Next Permutation, I §2.1.12
* Permutation Sequence, ' §2.1.13
+ Permutations, I §8.3

+ Combinations, I §8.5

8.5 Combinations
ik

Given two integers n and k, return all possible combinations of £ numbers out of 1...n.

For example, If n = 4 and k = 2, a solution is:

[2,4],
[3,4] b
[2,3] b
(1,21,
(1,31,
(1,41,

8.5.1 &3

// LeetCode, Combinations
/1 K, &)
// BHEZZE 0@, FEREZLE 0@)
class Solution {
public:
vector<vector<int> > combine(int n, int k) {
vector<vector<int> > result;
vector<int> path;
dfs(n, k, 1, 0, path, result);
return result;
}
private:
// start, WK, cur, ELLTFNEHKE
static void dfs(int n, int k, int start, int cur,
vector<int> &path, vector<vector<int> > &result) {
if (cur == k) {
result.push_back(path);
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}

for (int i = start; i <= n; ++i) {
path.push_back(i);
dfs(n, k, 1 + 1, cur + 1, path, result);
path.pop_back();

}s

8.5.2 ZER

// LeetCode, Combinations

// use prev_permutation()

// BEEZEE 0((a-k)), HELZLE 0@)

class Solution {

public:

vector<vector<int> > combine(int n, int k) {

vector<int> values(n);
iota(values.begin(), values.end(), 1);

vector<bool> select(n, false);
£i1ll_n(select.begin(), k, true);

vector<vector<int> > result;
do{

vector<int> one(k);

for (int i = 0, index = 0; i < n; ++i)

if (select[il)
one[index++] = values[i];

result.push_back(one);
} while(prev_permutation(select.begin(), select.end()));
return result;

}
};
EES NS

+ Next Permutation, I §2.1.12

* Permutation Sequence, ' §2.1.13
 Permutations, "l §8.3

» Permutations II, "I §8.4

8.6 Letter Combinations of a Phone Number
ik

Given a digit string, return all possible letter combinations that the number could represent.

A mapping of digit to letters (just like on the telephone buttons) is given below.
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¥ 8-1 Phone Keyboard

Input:Digit string "23"
Output: [Iladll . llaell . llaf n , Ilbdll . |lbell , llbf n , Ilcdll . |lcell , n Cf ll].
Note: Although the above answer is in lexicographical order, your answer could be in any order you

want.

o
b

8.6.1 &3

// LeetCode, Letter Combinations of a Phone Number
// BEEZE 03 n), FEELEE 0@
class Solution {
public:
const vector<string> keyboard { " ", "", "abc", "def", // 'O','1','2',...
llghi n , lljklll . |lnm0 n s llpqrs" , n tuvll , "WXyZ n };

vector<string> letterCombinations (const string &digits) {
vector<string> result;
dfs(digits, 0, "", result);
return result;

}

void dfs(const string &digits, size_t cur, string path,

vector<string> &result) {

if (cur == digits.size()) {
result.push_back(path) ;
return;

}

for (auto c : keyboard[digits[cur] - '0']) {
dfs(digits, cur + 1, path + c, result);

}
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8.6.2 ER

// LeetCode, Letter Combinations of a Phone Number

// BEEZE 03™n), RELLE 0(1)

class Solution {

public:

const vector<string> keyboard { " ", "", "abc", "def", // 'O','1','2',. ..
llghi n , lljklll . Ilmno n s l|pqrsll , Iltuvll , "waZ" };

vector<string> letterCombinations (const string &digits) {
vector<string> result(l, "");
for (auto d : digits) {
const size_t n = result.size();
const size_t m = keyboard[d - '0'].size();

result.resize(n * m);
for (size_t i = 0; i < m; ++i)
copy (result.begin(), result.begin() + n, result.begin() + n * i);

for (size_t i = 0; i < m; ++i) {
auto begin = result.begin();
for_each(begin + n * i, begin + n * (i+1), [&](string &s) {
s += keyboard[d - '0'][i];
b;
}
}

return result;

}s

PSS!
-
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9.1 Word Ladder
ik

Given two words (start and end), and a dictionary, find the length of shortest transformation sequence
from start to end, such that:

* Only one letter can be changed at a time

» Each intermediate word must exist in the dictionary

For example, Given:

start = "hit"
end = "cog"
dict = [Ilhotll’lldotll,lldogll’Illotll’lllogll]

As one shortest transformation is "hit" -> "hot" -> "dot" -> "dog" -> "cog", return its length 5.
Note:

* Return 0 if there is no such transformation sequence.
» All words have the same length.

« All words contain only lowercase alphabetic characters.

X
(T

//LeetCode, Word Ladder )
/) BEERE 0@), REELEE 0@)

150
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class Solution {
public:
int ladderLength(const string& start, const string &end,
const unordered_set<string> &dict) {
queue<string> current, next; // Egﬁﬁﬁé, 7:"E§
unordered_set<string> visited; // H &

int level = 0; // BX%
bool found = false;

auto state_is_target = [&] (const string &s) {return s == end;};
auto state_extend = [&] (const string &s) {
vector<string> result;

for (size_t i = 0; i < s.size(); ++i) {
string new_word(s) ;

for (char ¢ = 'a'; ¢c <= 'z'; c++) {

if (¢ == new_word[i]) continue;

swap(c, new_word[il);

if ((dict.count(new_word) > O || new_word == end) &&
lvisited.count (new_word)) {
result.push_back(new_word) ;
visited.insert (new_word) ;
}
swap(c, new_word[il); // TR B % B

}

return result;

};

current.push(start);
while (!current.empty() && !'found) {
++level;
while (!current.empty() && !found) {
const string str = current.front();
current.pop();

const auto& new_states = state_extend(str);
for (const auto& state : new_states) {
next.push(state);
if (state_is_target(state)) {
found = true; //HFE T

break;

}
}
swap(next, current);
}
if (found) return level + 1;
else return 0;
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}
};
GEPS NS

» Word Ladder II, 'L §9.2

9.2 Word Ladder II
ik

Given two words (start and end), and a dictionary, find all shortest transformation sequence(s) from start
to end, such that:

* Only one letter can be changed at a time

» Each intermediate word must exist in the dictionary

For example, Given:

start = "hit"
end = "cog"
diCt = ["hOt","dOt","dOg","lot","log"]

Return

[
["hit" "hot","dot" "dOg" "COg"]
[llhitu Ilhotll lllotll "log" Ilcogll]

Note:
» All words have the same length.

» All words contain only lowercase alphabetic characters.

X

B} Word Ladder t, XHURREERA S | NEBAEKE, W2 BFS, WEBUBRTT.
TXRRAEE P AR KRARE, SR AR, e IC g kR ) Sty
TG B AN

(T

//LeetCode, Word Ladder II
/1 HEERE 0@, FHEZEE 0@
class Solution {
public:
vector<vector<string> > findLadders(string start, string end,
const unordered_set<string> &dict) {
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unordered_set<string> current, next; // YW E, T—F, AEEENT £E
unordered_set<string> visited; // H &
unordered_map<string, vector<string> > father; // #

bool found = false;

auto state_is_target = [&] (const string &s) {return s == end;};
auto state_extend = [&] (const string &s) {
unordered_set<string> result;

for (size_t i = 0; i < s.size(); ++i) {
string new_word(s);

for (char ¢ = 'a'; ¢c <= 'z'; c++) {

if (c == new_word[i]) continue;

swap(c, new_word[i]);

if ((dict.count(new_word) > O || new_word == end) &&
lvisited.count (new_word)) {
result.insert (new_word) ;

}
swap(c, new_word[il); // WKE %%

}

return result;

};

current.insert(start);
while (!current.empty() && !found) {
/] REARRELSHE R W, kR &2 A
for (const auto& word : current)
visited.insert (word);
for (const auto& word : current) {
const auto new_states = state_extend(word);
for (const auto &state : new_states) {
if (state_is_target(state)) found = true;
next.insert(state);
father[state] . push_back (word) ;
// visited.insert(state); // ##HEHKLET

}

current.clear();
swap(current, next);
}
vector<vector<string> > result;
if (found) {
vector<string> path;
gen_path(father, path, start, end, result);

return result;
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private:
void gen_path(unordered_map<string, vector<string> > &father,
vector<string> &path, const string &start, const string &word,
vector<vector<string> > &result) {
path.push_back(word) ;
if (word == start) {
result.push_back(path);
reverse(result.back() .begin(), result.back().end());
} else {
for (const auto& f : father[word]) {
gen_path(father, path, start, f, result);

}
}
path.pop_back() ;
}
};
GEES YS!

+ Word Ladder, " §9.1

9.3 Surrounded Regions

fiik
Given a 2D board containing 'X' and '0', capture all regions surrounded by 'X'.
A region is captured by flipping all '0's into 'X's in that surrounded region .

For example,
XXX

e e ]
[ ]
oo
bl ]

After running your function, the board should be:
XXX

e e ]
O > >
bl ]
bl ]

vXi
e M ETAEGRNABAERE, LERERIEIR 0, HORIRAFIEER, MIZRE.

(T

// LeetCode, Surrounded Regions
// BFs, EEAZE 0(), ZHEZLE 0n)
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class Solution {
public:
void solve(vector<vector<char>> &board) {
if (board.empty()) return;

const int m = board.size();

const int n = board[0].size();

for (int i = 0; i < n; i++) {
bfs(board, 0, i);
bfs(board, m - 1, i);

}

for (dnt j =1; j <m - 1; j++) {
bfs(board, j, 0);
bfs(board, j, n - 1);

}

for (int i = 0; i < m; i++)
for (int j = 0; j < m; j++)

if (board[i][j] == '0")
board[i] [j] = 'X';
else if (board[i][j] == '+")
board[i] [j] = '0';
¥
private:

void bfs(vector<vector<char>> &board, int i, int j) {
typedef pair<int, int> state_t;
queue<state_t> q;
const int m = board.size();
const int n = board[0].size();

auto is_valid = [&] (const state_t &s) {

const int x = s.first;
const int y = s.second;
if x<O0 |l x>m |l y<0]|ly>mnll| board[x][y] != '0")

return false;
return true;

};

auto state_extend = [&] (const state_t &s) {
vector<state_t> result;
const int x s.first;
const int y = s.second;
// L TEA
const state_t new_states[4] = {{x-1,y}, {x+1,y},
{x,y-1}, {x,y+1}};
for (int k = 0; k < 4; ++k) {
if (is_valid(new_states[k])) {
// BRA R 8 UR R E Tk
board[new_states[k] .first] [new_states[k].second] = '+';
result.push_back(new_states[k]);

}

return result;
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};
state_t start = { i, j };
if (is_valid(start)) {

board[i] [j] = '+';
q.push(start);

while (!q.empty()) {
auto cur = q.front();

q.popQ);
auto new_states = state_extend(cur);
for (auto s : new_states) q.push(s);

};

X E
<k

9.4 /g

94.1 ERIZE

BNEHE: BT 2HHIE, MR, SR “EEIT ATERT. WCREREGEE, BEERER.
RERRIRE . WEE
KgEHR: Ko

9.4.2 BEEHLHE
1. RoREEEKE, BRBAEAY (BEMEF)?
(a) WHRAESREEAE, WPRAS B B AR (BONBAS + — 4 R )
(b) ISR AR EE AR G B EhVE 71
i B A T R R R R
i, AT AR A0 LR REASTAIRA L, WIFF— K8, AWM ERGE
FoRTy WRARETRRA L, WA - R X225 4 2
BERTE 5o
2. WA RIIRAS 2 BN IRAS TR AR A WP S A Rl | A RENS e R AL R R T — 28
IRSH AR — 05 2 B Bl A R T .

30 Ty RS X R 2 PG, RS BICRMIEIEAR, ¥ RITIEMA R X TR E
MR BREE R (OB H BRI, MV, TR, 1A, R IA R R,
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BTN —J2E, AT EE, BUEAER | 8 ARSI AR, BEE TR, 8
A FR AR A 5 T
4. RTHE, RELEAIETEBA T MIRPRES—— G218 EL, BEAHZ A S,

(@) IEARAELE, WFHEME LRI F (H SSISBRER, HI1 wmordered_set)
HHIEE; [ C IR RIS, AR BRI 40 LR, AT LATFRI 4041, head
Mnext, FRMAH, S2HE §22W)1% 2.

(b) MRAFLE, WIRTLUF— AN AAT/REAL, (NIRRT, LR T LUR 3 LR
S, TIAUUR iR EIR

5. HARRESEGER? WRBH BL5H T HARRES, W LARARMRAMER], xiffEr] AL
W&, ER7#; WAl AFRIRE &, @i, Wl LAFER A, W) .

9.4.3 {XADIRIR

TEEE NS, BT BB R, — hashset, FTHE, —HH UORKERATE
2y, HT AR
SHFBAFN, FTLAH queue, AT vector Z4MPAFIMEH « 2SR RS, A PRI

L. HH—BAF, (BFERESEIAE state_t BIGM— M FER step, FnER L ATIRESH
T8, YRR BARIRE, B step BITT XM, ATLMRIT @A A* Bk,
FEBAF A S S A S BT

2. FIBIANEAGY, current, next, ZAIERURIZRM T —E, A T2 REL level, &
INEEL (WRTESRRKT) , MR HPRIRES, il level RIFT . XATHR, IR LID—5
B, AN

X hashset, WA EEGA T ZE, FA/REZ (bool visited [STATE_MAX] BY vector<bool>
visited (STATE_MAX, false)) KFK/n; WREA, FLIH STL B set B unordered_set.

X, SR A STL, W LA unordered_map<state_t, state_t > father F/n—Hiff, ALIE
WA o WNSRAEMS TAAIRZS A LR (354 STATE MAX) , P LA 444 (state_t nodes [STATE_-
MAX]), RIRTRIRCEER NSRRI, R R, MR, FEEELZAME.

MPAFI B S %

bfs_templatel.cpp
/xx R */
struct state_t {

int datal; /#x REKHE, TUHFLSDFE. =/

int data2; /x* RAHKE, TUHSNFE. =/

// dataN; /xx HMFE x/

int action; /+* HSURAHZZARSHZE, KAEFIHEFER. */

int count; /++ FILSFMFRE (BHBEKE-1), KEEKERFE,

i, RABRKFIHFEFERTER, RE2RE—EH +/
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bool operator==(const state_t &other) const {
return true; // RIEEAKE LI
}
};

// X hash H#
/1 FiE 1 BRAEN, % hash BHERFERSAY, FTHFEHMEEN, AxAFEEEE

namespace std {
template<> struct hash<state_t> {
size_t operator() (const state_t & x) const {
return 0; // ARYEEAR AL
}

};
}

// FiE 20 B4, R hash BHEEBATHEIE, NHEXMFE
class Hasher {
public:

Hasher(int _m) : m(_m) {};

size_t operator() (const state_t &s) const {

return 0; // MRHEEMKRF A LI

}
private:

int m; // BFHANEENNEKIE
};
/*

*
* Qbrief K[ K IEIE.
* @param[in] father ##%
* @param[in] target EAF¥ &
* @return AR & 2%| target WA
*/
template<typename state_t>
vector<state_t> gen_path(const unordered_map<state_t, state_t> &father,
const state_t &target) {
vector<state_t> path;
path.push_back(target) ;

for (state_t cur = target; father.find(cur) != father.end();
cur = father.at(cur))
path.push_back(cur);

reverse(path.begin(), path.end());

return path;

}

/*%

*x @brief J 1%.

* Qparam[in] state_t WA, wER, FHE, —4SH4EE
* @param[in] start #2 &
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* @param[in] grid Hr\#iE
x @return AR B I EIFRAW — L REXKRE
*/
template<typename state_t>
vector<state_t> bfs(const state_t &start, const vector<vector<int>> &grid) {
queue<state_t> next, current; // E%ﬁﬁﬁ%, 7:"52
unordered_set<state_t> visited; // H| &
unordered_map<state_t, state_t> father; // $@

int level = 0; // BX
bool found = false; // = &K E EHAT
state_t target; // HAEFHHNEARE

/1 AW LECRASREA IR ET
auto state_is_target = [&] (const state_t &s) {return true; };
/1 ¥ RLHRE
auto state_extend = [&] (const state_t &s) {
vector<state_t> result;
// ...
return result;

};

current.push(start);
visited.insert(start);
while (!current.empty() && !found) {
++level;
while (!current.empty() && !'found) {
const state_t state = current.front();
current.pop();
vector<state_t> new_states = state_extend(state);
for (auto iter = new_states.cbegin();
iter != new_states.cend() && ! found; ++iter) {
const state_t new_state(*iter);

if (state_is_target(new_state)) {
found = true; //#%KE T
target = new_state;
father [new_state] = state;
break;

}

next.push(new_state) ;
// visited.insert(new_state); ik %| state_extend() E
father [new_state] = state;
}
}
swap (next, current); //!!! AN F)
}

if (found) {
return gen_path(father, target);
//return level + 1;

} else {
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return vector<state_t>();
//return 0;

bfs_templatel.cpp

RA—1BAIIMEE

BN GH, YREFRICEER, AREERGSHIZE D count FRUCEEKARKE, Rike
JRE D level, WEWHNA, KA MUIIMED, MREEEREN, SFRADREARIK
B count FB, NiT, XFEGHEAE—NTLA——TTLIREF SR A* 535, 1 queue Fi
priority_queue RATAT

. bfs_template2.cpp
/SR 1 MEWRS, FTHEL
/] ...

/**
* @brief J 1.
* Qparam[in] state_t KA, WEHR, FHE, —£H4A%
* @param[in] start # &
* Qparam[in] grid HrA\ %%
* @return A& EF ERFRAW — L RERE
*/
template<typename state_t>
vector<state_t> bfs(state_t &start, const vector<vector<int>> &grid) {
queue<state_t> q; // A Z|
unordered_set<state_t> visited; // &
unordered_map<state_t, state_t> father; // #

int level = 0; // BXK
bool found = false; // =& E HAR
smWJtuym//ﬁé§ﬁ%Eﬁ%§

/7 HBBETR SR EA IR E AT
auto state_is_target = [&] (const state_t &s) {return true; };
VN RN
auto state_extend = [&] (const state_t &s) {
vector<state_t> result;
/] ...

return result;

};

start.count = 0;
q.push(start);
visited.insert(start);
while (!q.empty() && !found) {
const state_t state = q.front();
q.popQ);
vector<state_t> new_states = state_extend(state);
for (auto iter = new_states.cbegin();
iter !'= new_states.cend() && ! found; ++iter) {
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const state_t new_state(xiter);

if (state_is_target(new_state)) {
found = true; //#HE T
target = new_state;
father [new_state] = state;
break;

}

q.push(new_state);
// visited.insert(new_state); 0K % state_extend() E
father [new_state] = state;

}

if (found) {
return gen_path(father, target);
//return level + 1;

} else {
return vector<state_t>();
//return O;

bfs_template2.cpp
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10.1 Palindrome Partitioning
ik

Given a string s, partition s such that every substring of the partition is a palindrome.

Return all possible palindrome partitioning of s.

For example, given s = "aab", Return
[
[Ilaall s "b"] s
[Ilall s ngn s Ilbll]
]
X

FERE— AR A] LARIR R S5 R A Sk R, .

TR 0 MR E, A 0 — LS R LAR I, BT AT RN, R AR

o@" )

w1

//LeetCode, Palindrome Partitioning

// HEERE 0(2°n), ZEALE 0()

class Solution {

public:

vector<vector<string>> partition(string s) {

vector<vector<string>> result;
vector<string> path; // — A partition FE
dfs(s, path, result, 0, 1);
return result;

}

// sl0, prev-1] Z [HBA4AHE, KiIilZE X &
// prev k7 slprev-1] 5 slprevl Z MM =R E, start B
void dfs(string &s, vector<string>& path,

vector<vector<string>> &result, size_t prev, size_t start) {

if (start == s.size()) { // ®E—MEK

162
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if (isPalindrome(s, prev, start - 1)) { // SbZfE
path.push_back(s.substr(prev, start - prev));
result.push_back(path) ;
path.pop_back() ;

}

return;

}
/! W
dfs(s, path, result, prev, start + 1);
// R [prev, start-1] RE X, WTUAKHF, WTUFHHF (L—FEEHMT)
if (isPalindrome(s, prev, start - 1)) {
// B
path.push_back(s.substr(prev, start - prev));
dfs(s, path, result, start, start + 1);
path.pop_back();

}
}
bool isPalindrome(const string &s, int start, int end) {
while (start < end && s[start] == s[end]) {
++start;
--end;
}
return start >= end;
}
};
R 2

ARG, EINETS . X5 EAE Combination Sum, Combination Sum IT H H BT .
//LeetCode, Palindrome Partitioning
// BHIEEZ%E 0(2n), REAEE 0(n)
class Solution {
public:
vector<vector<string>> partition(string s) {
vector<vector<string>> result;
vector<string> path; // —/ partition %
DFS(s, path, result, 0);
return result;

}
/] BESFUN slstart] Fk# partition 7%
void DFS(string &s, vector<string>& path,
vector<vector<string>> &result, int start) {
if (start == s.size()) {
result.push_back(path);
return;
}
for (int i = start; i < s.size(); i++) {
if (isPalindrome(s, start, i)) { // M i (LE&—7J
path.push_back(s.substr(start, i - start + 1));
DFS(s, path, result, i + 1); // Y4 AE TR
path.pop_back(); // #4 £ E4T
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}
}
bool isPalindrome(const string &s, int start, int end) {
while (start < end && s[start] == s[end]) {
++start;
--end;
}

return start >= end;

};

N

// LeetCode, Palindrome Partitioning
/) A, BEERE 0@ 2), FHEEALE 0(1)
class Solution {
public:
vector<vector<string> > partition(string s) {
const int n = s.size();
bool pln][n]; // whether s[i,j] is palindrome
£ill_n(&p[0]1[0], n * n, false);
for (int i = n - 1; i >= 0; --i)
for (dnt j = i; j < m; ++j)
plil[j] = s[i]l == s[j] && ((j - i < 2) || pli + 11[j - 11);

vector<vector<string> > sub_palins[n]; // sub palindromes of s[0,i]
for (int i = n - 1; i >= 0; --i) {
for (int j = i; j < n; ++j)
if (plil[j]) {
const string palindrome = s.substr(i, j - i + 1);
if (j +1<mn){
for (auto v : sub_palins[j + 1]) {
v.insert(v.begin(), palindrome);
sub_palins[i].push_back(v) ;

}
} else {
sub_palins[i] .push_back(vector<string> { palindrome });
}
}
}
return sub_palins[0];
}
};
PSS =]

+ Palindrome Partitioning I, ' §13.3
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10.2 Unique Paths
fhik

A robot is located at the top-left corner of a m x n grid (marked ’Start’ in the diagram below).
The robot can only move either down or right at any point in time. The robot is trying to reach the
bottom-right corner of the grid (marked ’Finish’ in the diagram below).

How many possible unique paths are there?

[
(R~
!

S

Start

A

Finigh

¥ 10-1 Aboveisa 3 x 7 grid. How many possible unique paths are there?

Note: m and n will be at most 100.

10.2.1 iR
A NMESTTDAE, RS SEn

(T

// LeetCode, Unique Paths
77 AL MRS, kb emH
/) BEERE 0@ e), BEALE 0(n)
class Solution {
public:

int uniquePaths(int m, int n) {

if (m <1 || n < 1) return 0; // %1%

if (m == 1 & n == 1) return 1; // W& &H

return uniquePaths(m - 1, n) + uniquePaths(m, n - 1);

};

1022 BEFRE
TGS, IANEAE, TGRS T . Mk,
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55

// LeetCode, Unique Paths
/I KE + B, WESTE
// BHEZZE 0n2), FEAHEE 0@2)
class Solution {
public:
int uniquePaths(int m, int n) {
// 0 AT 0 FIAMEA
this->f = vector<vector<int> >(m + 1, vector<int>(n + 1, 0));
return dfs(m, n);
}
private:
vector<vector<int> > f; // &%

int dfs(int x, int y) {

if (x <1 || y < 1) return 0; // #%HEdEE, L4 H
if (x == 1 & y == 1) return 1; // EE|R K, KsiH

return getOrUpdate(x - 1, y) + getOrUpdate(x, y - 1);

int getOrUpdate(int x, int y) {
if (£[x]1[y]l > 0) return f[x]L[yl;
else return f[x][y]l = dfs(x, y);

10.2.3 i

WESR T LA f s B TOUA) Mok, to— e ml LA S B e LAtk o
BOREEN £11 151, FORMERL (1,1) Bl (4, 5) RUBSZEEL, WARESHR RN
fli][j1=£[i-1] [31+£ 4] [5-1]

(T

// LeetCode, Unique Paths
EL N EE T \
// BEZZE 0n2), FEAEE 0
class Solution {
public:
int uniquePaths(int m, int n) {
vector<int> f(n, 0);
f[0] = 1;
for (int i = 0; i < m; i++) {
for (dnt j = 1; j < mn; j++) {
/) EAE £03], RTEHEH £03], SAORTH £L005] AN
/] B £05], RoEH £05], HAXFH £[i-1105] R
£[31 = £0j - 11 + £[31;
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}

return f[n - 1];

};

1024 #HEAR

= m AT, n SIRYRERE, PLas AN EERIA N SR EAPEOE m +n — 2, HApR HEN

AEOE m — 1, BRI T m +n — 2 MRAET, 08 m—1 A EELETE TR E,

e BECmTr o

X%5
// LeetCode, Unique Paths
17 BEANRK
class Solution {
public:
typedef long long int64_t;
// KW, n'/(start-1)!, B n*(n-1)...start, &K n >= 1
static int64_t factor(int n, int start = 1) {
int64_t ret = 1;
for(int i = start; i <= n; ++i)
ret *= i;
return ret;
}
/] KAEH Cnk
static int64_t combination(int n, int k) {
/7 FE B
if (k == 0) return 1;
if (k == 1) return n;
int64_t ret = factor(m, k+1);
ret /= factor(n - k);
return ret;
}
int uniquePaths(int m, int n) {
// max FLARFIE n f x ZHE3E A, AW FFE combination() ¥
return combination(m+n-2, max(m-1, n-1));
}
};
Hx&H

 Unique Paths IT, ' §10.3
« Minimum Path Sum, "Il §13.8

wET AL
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10.3 Unique Paths II
fhik
Follow up for ”Unique Paths™:
Now consider if some obstacles are added to the grids. How many unique paths would there be?

An obstacle and empty space is marked as 1 and 0 respectively in the grid.

For example,

There is one obstacle in the middle of a 3 x 3 grid as illustrated below.

[0,0,01,
[0,1,0],
[0,0,0]

The total number of unique paths is 2.

Note: m and n will be at most 100.

10.3.1 B|EFERE
15 bR HR R . AIHEh, L.

(T

// LeetCode, Unique Paths II
// B¥E + B, WESTE
class Solution {
public:
int uniquePathsWithObstacles(vector<vector<int> > &obstacleGrid) {
const int m = obstacleGrid.size();
const int n = obstacleGrid[0].size();
// 0 ATH 0 FIAMEA
this->f = vector<vector<int> >(m + 1, vector<int>(n + 1, 0));
return dfs(obstacleGrid, m, n);
}
private:
vector<vector<int> > f; // &%

int dfs(const vector<vector<int> > &obstacleGrid,
int x, int y) {
if (x <1 ||l y < 1) return 0; // ##EI&, L& K

/] (x,y) RIE#H
if (obstacleGrid[x-1][y-1]) return O;

if (x == 1 and y == 1) return 1; // B E|&E, KL H

return getOrUpdate(obstacleGrid, x - 1, y) +
getOrUpdate (obstacleGrid, x, y - 1);
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}

int getOrUpdate(const vector<vector<int> > &obstacleGrid,
int x, int y) {
if (£[x]1[y] > 0) return f[x][y];
else return f[x][y] = dfs(obstacleGrid, x, y);

}s

10.3.2 TR
R, AE R R A — SRR . fE R SRR 1, (R
KR, SR R, B4 T AT %A 0.

55

// LeetCode, Unique Paths II

/! T, R4

// WEEZRE 0@2), REAKLZLE 0)

class Solution {

public:

int uniquePathsWithObstacles(vector<vector<int> > &obstacleGrid) {

const int m = obstacleGrid.size();
const int n = obstacleGrid[0].size();
if (obstacleGrid[0][0] || obstacleGrid[m-1][n-1]) return 0;

vector<int> f(n, 0);
£[0] = obstacleGrid[0][0] ? O : 1;

for (int i = 0; i < m; i++)
for (int j = 0; j < m; j++)
f[j] = obstacleGrid[il[jl 27 0 : (j ==07 0 : £[j - 11) + £[j];

return f[n - 1];

}
};
GEPS Y=

« Unique Paths, ' §10.2

+ Minimum Path Sum, ¢ §13.8
10.4 N-Queens
R

The n-queens puzzle is the problem of placing n queens on an n x n chessboard such that no two queens

attack each other.
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o=

I 10-2  Eight Queens

Given an integer n, return all distinct solutions to the n-queens puzzle.

Each solution contains a distinct board configuration of the n-queens’ placement, where 'Q' and '."'

both indicate a queen and an empty space respectively.

For example, There exist two distinct solutions to the 4-queens puzzle:

[
[".Q..", // Solution 1
L L
"Q...",
n..Q'n],
["..Q.", // Solution 2
"Q...",
"o..qQ,
n‘Q”n]
]
Pexi
2SRRI
(ST

// LeetCode, N-Queens

/] RE + W

// WMEZZE 0@, RELEE 0@)

class Solution {
public:
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vector<vector<string> > solveNQueens(int n) {
this->columns = vector<int>(n, 0);
this->main_diag = vector<int>(2 * n, 0);
this->anti_diag = vector<int>(2 * n, 0);

vector<vector<string> > result;
vector<int> C(n, 0); // Cli]l X7 % i TERHEWI%E
dfs(C, result, 0);
return result;
}
private:
/] EEANRERATHH
vector<int> columns; // RACEAKEWNEG L4 T HL7
vector<int> main_diag; // kl:”f}%yﬁﬂﬁiﬂ‘fﬁ] %
vector<int> anti_diag; // b 3E T Ak B 3 A 4

void dfs(vector<int> &C, vector<vector<string> > &result, int row) {
const int N = C.size();
if (row == N) { // %15, HwRESEE, BRFRET —DTIH
vector<string> solution;
for (int i = 0; i < N; ++i) {
string s(N, '.');
for (int j = 0; j < N; ++j) {
if (j == c[il) s[j]l = 'Q';

}

solution.push_back(s);
}
result.push_back(solution);
return;

for (imt j = 0; j < N; ++j) { // ¥FRRE, —FI—Fl8K
const bool ok = columns[j] == 0 && main_diag[row + j] == 0 &&
anti_diag[row - j + N] =
if (! ok) continue; // HA: ﬁﬂ%/\ff Gk 5% A
/] AT R e
Clrow] = j;
columns [j] = main_diag[row + j] = anti_diagl[row - j + N] = 1;
dfs(C, result, row + 1);

/] W%
// Clrow] =
columns[j] = main_diagl[row + j] = anti_diag[row - j + N] = 0;
}
}
};
GBS RS

* N-Queens II, . §10.5
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10.5 N-Queens I1
DY

Follow up for N-Queens problem.

Now, instead outputting board configurations, return the total number of distinct solutions.

X

AT, AR A g, AMEE E—BENRE . &2 RitE, &
HE— M 1.

55

// LeetCode, N-Queens II
// BE + W
// BEEEE o@!), FEELE 0@)
class Solution {
public:
int totalNQueens(int n) {
this->count = O;
this->columns = vector<int>(n, 0);
this->main_diag = vector<int>(2 * n, 0);
this->anti_diag = vector<int>(2 * n, 0);

vector<int> C(n, 0); // Cli]l (X7 % i TERHHEMIIGS
dfs(C, 0);
return this->count;

}

private:

int count; // fRHIAMH

// E= /\’}Zg}ﬂ’?ﬁ”ﬁ

vector<int> columns; // R FCAKEWE G HHET HLF

vector<int> main_diag; // HIET WU EX AL

vector<int> anti_diag; // HiET WUE AL

void dfs(vector<int> &C, int row) {
const int N = C.size();
if (row == N) { // A&, HERKSFH, BARERET —AT#

++this->count;

return;

}

for (int j = 0; j < N; ++j) { // ¥ ERA, —7—7#K
const bool ok = columns[j] == 0 &&

main_diag[row + jl == 0 &&
anti_diag[row - j + N] =
if (lok) continue; // HAL: ﬁﬂﬁ%/\ﬁﬁ, Lix-gdc|
/1 PATY R
Clrow] = j
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columns[j] = main_diagl[row + j] =
anti_diag[row - j + N] = 1;

dfs(C, row + 1);

/] REHE

// Clrow] = 0;

columns [j] = main_diag[row + j] =
anti_diagl[row - j + N] = 0;

}
}
};
GEPSYE|

* N-Queens, ' §10.4

10.6 Restore IP Addresses
iR
Given a string containing only digits, restore it by returning all possible valid IP address combinations.

For example: Given "25525511135",
return ["255.255.11.135", "255.255.111.35"]. (Order does not matter)

547
WAL BRHA REHINHERS 3, YL

(T}

// LeetCode, Restore IP Addresses

// BEZZE 0@ 4), ZHELE 0(n)

class Solution {

public:

vector<string> restoreIpAddresses(string s) {

vector<string> result;
string ip; // HHFELER
dfs(s, 0, 0, ip, result);
return result;

}
/**
* @brief AT FHK &
* @param[in] s FAF &, MAHKE
* @param[in] startIndex M s W7 EF#h
* @param[in] step YW P H%ET, N o F¥%T, BMEN 0,1,2,3,4 Fr-ERT
* Qparam[out] intermediate U BT ARAT SRy o ] 45 R
*@mmﬂwﬂr%ﬂtﬁﬁ%ﬁﬂ%%lF%ﬁ
* Qreturn T
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*/
void dfs(string s, size_t start, size_t step, string ip,
vector<string> &result) {
if (start == s.size() && step == 4) { // HI—NEEM

ip.resize(ip.size() - 1);
result.push_back(ip) ;
return;

}

if (s.size() - start > (4 - step) * 3)
return; // HK

if (s.size() - start < (4 - step))
return; // HK

int num = 0;
for (size_t i = start; i < start + 3; i++) {

num = num * 10 + (s[i] - '0');
if (num <= 255) { // SWI&RAEH, WHSETHNA
ip += s[il;
dfs(s, i + 1, step + 1, ip + '.', result);
}
if (num == 0) break; // TAWWEHK 0, EAFEAN 0
}
}
};
X/ B
-

10.7 Combination Sum
ik
Given a set of candidate numbers (C') and a target number (7°), find all unique combinations in C' where
the candidate numbers sums to 7'.
The same repeated number may be chosen from C' unlimited number of times.
Note:
» All numbers (including target) will be positive integers.
» Elements in a combination (a1, a2, ..., a;) must be in non-descending order. (ie, a1 < a2 < ... < ag).
* The solution set must not contain duplicate combinations.

For example, given candidate set 2,3,6,7 and target 7, A solution set is:

[7]
[2, 2, 3]
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// LeetCode, Combination Sum

// BEZZE 0@, ZHEELRE 0)

class Solution {

public:

vector<vector<int> > combinationSum(vector<int> &nums, int target) {

sort (nums.begin(), nums.end());
vector<vector<int> > result; // mALEE
vector<int> intermediate; // T ZE
dfs(nums, target, O, intermediate, result);
return result;

}

private:
void dfs(vector<int>& nums, int gap, int start, vector<int>& intermediate,
vector<vector<int> > &result) {
if (gap == 0) { // LE—NMEEM
result.push_back(intermediate) ;
return;

for (size t i = start; i < nums.size(); i++) { // ¥ BRA
if (gap < nums[il) return; // ¥4

intermediate.push_back(nums[il); // PATY Bk
dfs(nums, gap - nums[i], i, intermediate, result);
intermediate.pop_back(); // B4k

}
}
};
GEPS Y=

» Combination Sum I, . §10.8

10.8 Combination Sum II
B

Given a set of candidate numbers (C') and a target number (7°), find all unique combinations in C' where
the candidate numbers sums to 7'.

The same repeated number may be chosen from C' once number of times.
Note:

» All numbers (including target) will be positive integers.
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* Elements in a combination (a1, a2, ..., ax) must be in non-descending order. (ie, a1 > a2 > ... > ag).

* The solution set must not contain duplicate combinations.

For example, given candidate set 10,1,2,7,6,1,5 and target 8, A solution set is:

[1, 7]
[1, 2, 5]
[2, 6]
[1, 1, 6]

rLii
P

(T

// LeetCode, Combination Sum II
// BEEZEE o@!), FEEFE 0@)
class Solution {
public:
vector<vector<int> > combinationSum2(vector<int> &nums, int target) {
sort (nums.begin(), nums.end()); // W% 50 fTEH A,
/] BRENTERS RA—K
vector<vector<int> > result;
vector<int> intermediate;
dfs(nums, target, O, intermediate, result);
return result;
}
private:
// fEF nums([start, nums.size()) ZEEYTLE, KB HHTITH
static void dfs(vector<int> &nums, int gap, int start,
vector<int> &intermediate, vector<vector<int> > &result) {
if (gap == 0) { // HE—-NEEM
result.push_back(intermediate);
return;

}

int previous = -1;

for (size_t i = start; i < nums.size(); i++) {
/) R E—RAEREAE nuns[i], WAKXMBIFH A FE nuns[i],
// B nums[i] &% RA—K

if (previous == nums[i]) continue;
if (gap < nums[i]) return; // HH
previous = nums[i];
intermediate.push_back(nums[i]) ;

dfs(nums, gap - nums[i], i + 1, intermediate, result);
intermediate.pop_back(); // KEFiK
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+ Combination Sum , " §10.7

10.9 Generate Parentheses
iR
Given n pairs of parentheses, write a function to generate all combinations of well-formed parentheses.

For example, given n = 3, a solution set is:

"CCOMN, OO, "COXOM, O, OO0

o

AN BRI EER IR OO AR G — R e R
TG TR E . SRS HIUREL < n B, BERTEUBCERT Y A S e 2SS I
FAAG T HBLELRS BT LUBCER A5

X751

// LeetCode, Generate Parentheses

// BHEEZE 0(TODO), FEEAZLRE 0(n)

class Solution {

public:

vector<string> generateParenthesis(int n) {

vector<string> result;
if (n > 0) generate(n, "", 0, 0, result);
return result;

}
/71 RE (AWK HE, r R ) HIEKRE
void generate(int n, string s, int 1, int r, vector<string> &result) {
if (1 ==n) {
result.push_back(s.append(n - r, ')'));
return;
}
generate(n, s + '(', 1 + 1, r, result);
if (1 > r) generate(n, s + ")", 1, r + 1, result);

};

AR )
AR IEE D EhIE

// LeetCode, Generate Parentheses

// @author % (http://weibo.com/lianchengzju)
class Solution {

public:
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REM I

vector<string> generateParenthesis (int n) {
if (n == 0) return vector<string>(1, "");
if (n == 1) return vector<string> (1, "O");
vector<string> result;

for (int i = 0; i < n; ++i)
for (auto inner : generateParenthesis (i))
for (auto outer : generateParenthesis (n - 1 - i))
result.push_back ("(" + inner + ")" + outer);

return result;

}
};
GEPSIY=|

* Valid Parentheses, . §4.1.1
+ Longest Valid Parentheses, U, §4.1.2

10.10 Sudoku Solver
iR
Write a program to solve a Sudoku puzzle by filling the empty cells.

Empty cells are indicated by the character '.'.

You may assume that there will be only one unique solution.

5(3 7
6 1(9]|5
9|8 6
8 6 3
4 8 3 1
7 2 6
6 2|8
41119 5
8 719

% 10-3 A sudoku puzzle...



10.10  Sudoku Solver

179

~|lFJwih | Ol N &
BUO|00 | d]W| |
HlwlinifUn & | W~
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Win|JOld|R~= (o= Y| WU
BlO|OE|IN VO] ~d]|WwW
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] 10-4 ...and its solution numbers marked in red

S
To

(ST}

// LeetCode, Sudoku Solver
// BAEZRE 0(9°4), REMALE 0(1)
class Solution {
public:
bool solveSudoku(vector<vector<char> > &board) {
for (int i = 0; i < 9; ++i)
for (int j = 0; j < 9; ++j) {
if (board[il[j] == '.") {
for (int k = 0; k < 9; ++k) {
board[i]l [j] = '1' + k;

if (isValid(board, i, j) && solveSudoku(board))

return true;
board[i]l [j]1 = '.';
}
return false;
}
}
return true;
}
private:

!/l BE (x, y) EEAE

bool isValid(const vector<vector<char> > &board, int x, int y) {

int i, j;
for (i = 0; i < 9; i++) // K y 7l
if (1 !'= x && board[i] [y] == board[x] [y])
return false;
for (j = 0; j < 9; j++) // B®E x 1T
if (j !'= y && board[x] [j] == board[x] [y]l)
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return false;
for (i =3 % (x/3); 1 <3 (x/ 3+ 1); i++)
for (j =3 % (y/ 3); j<3x* (y/ 3+ 1); j++)
if (A !'=x |l j '= y) & board[il [j] == board[x] [yl)
return false;
return true;

}
}s
GEPS Y=

* Valid Sudoku, ' §2.1.14

10.11 Word Search
iR

Given a 2D board and a word, find if the word exists in the grid.

The word can be constructed from letters of sequentially adjacent cell, where "adjacent" cells are those
horizontally or vertically neighbouring. The same letter cell may not be used more than once.

For example, Given board =

[
["ABCE"] s
["SFCS"] s
["ADEE"]
]

word = "ABCCED", -> returns true,
word = "SEE", -> returns true,

word = "ABCB", -> returns false.

L
To

(T}

// LeetCode, Word Search

// R, #A

// WA ZRE 0 2*m~2), TEELEE 0@"2)

class Solution {

public:

bool exist(vector<vector<char> > &board, string word) {

const int m = board.size();
const int n = board[0] .size();
vector<vector<bool> > visited(m, vector<bool>(n, false));
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for (int i = 0; i < m; ++i)
for (int j = 0; j < m; ++j)
if (dfs(board, word, O, i, j, visited))
return true;
return false;
}
private:
static bool dfs(const vector<vector<char> > &board, const string &word,
int index, int x, int y, vector<vector<bool> > &visited) {
if (index == word.size())

return true; // W&

if (x <0 |l y<O0 ||l x> board.size() || y >= board[0].size())
return false; // #J%, &4

if (visited[x][yl) return false; // BZ&WF, HH

if (board[x][y] != word[index]) return false; // FH%, HH

visited[x] [y] = true;

bool ret = dfs(board, word, index + 1, x - 1, y, visited) || // E
dfs(board, word, index + 1, x + 1, y, visited) I // T
dfs(board, word, index + 1, x, y - 1, visited) I/ %
dfs(board, word, index + 1, x, y + 1, visited); /&

visited[x] [y] = false;
return ret;
}
1

EPS- =
. K

10.12 /hE5

10.12.1 ERIG=

MNEE: ORI IAERES, IR, TN, G, WIE S E T DU iR
BB RARZE R, IR, TR, A, [, RN

RTSHIRE: WA

RFEIR: BIESERIEIR (PN TR, DIESERIF5 ) A RERHE]— MR, IXFME L
EEHRE.

10.12.2 BELTE

L SRERFEAEL, IR (BEERFA) 2 SRR W =, SRATTA#REEL, SR
—AAATAE, SRETA AT AT AR
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F10E RWEMAHEE

() WARRBIRFEL, WAL

(b) WERERERAAL, MM —PEEH path[] fFEHIE. IRETHEAR, 5018 BIARAKR
A — ik, (HER MY AT AR, BRI R T B
AREMF; TTRE, R R IRL IV — 4k te, BULA— eSS 1o

HESR—A, ERZRTAM e IR IESR A, ABEE)— D atal LA E] ;R 2R A
A, HE T N5, EERLY R, HEEHE. AR MR, AR 2
JEIXAFIRE (L2 PR T LSRG R, XA 28 R A I 7108, M TENAT
B RS, ART A, NI R TE S R 2R o

AT FRIRRAS 2 R RS T A R L L B R, A RERS ST R AL AN (T R BN — 2P

WERFAE S IR, WS E, TNRIEEIRICRERE struct B, MR
MERESE (AR T A, MeRait), struct B FBS RASE X,
I RS ? X B BB R RS EICRERAR, T RIIEMAR . X EE
ARG (—ROBH BRGH, EooR A , I 3U, E5E, PRI R,
HEAE T2, WTRNE, SR | 8 RS i 8s, AR i, A
Ty AR T B T o

KTHE

(a) AT EHE ? MFRASLH B, WIATERHE, BRI R R
52 mEREHEZE—1 DAG, WFEHE., X— QR BFS A, BFS KRS
e M DAG, W/FEHE.

(b) EREFIE? WSMARE, WS §9.4 . AR, DAG UEAFEEE S T-AM, LA LA
ZEAFINEE, LSS 8

YRS MR 20 BAESAF AR T RS RIS T e XTRE, ZrrAr A, TRk
B, R H N 0 1 A5,

WA AT 22 WS RAR B T — DA 2] SRR E T GORSLHSE
TARATIEIE, RACIRESAEPIRE, BB — &R, BiH), NEHEEmiEs)
EARIRAS; QR A (ARSI TR B HIE RS SR, O B A AR e B
J5), MRS EIARIEIRG.

M TR IR 2R S RIS R 2 B o — 1Y, RIIR S AR XX R 45 1o (P4
SRRSO RRA R o

N T IR TS, BEAREEEN B2 00 AR AE (SRR B
ZiE) o MFRER—ME, BERORRIXAME, WAESRAEMR, ZEX BUER, EE—%
HRIR RIS path [ EHIFIMES .

Qnuy e ?
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() BIRL. TRIE—E B 5 I8 B 40T, A/, IJLATAAS, SLREAKINE . X
HRAEMTIE, REERMARFRB AR, e e, FEAFIMSFME ERITE, £
)Y R PR RTAR [

(b) A7

i BRI RS E L1 DAG. DAG=> (FAEES 7N = i B RS9t
HEMM, ML HASAMEICR . WRGAR RN (I, gk
%), BREmMZA, WHFRERA S ZRAET, -rssda i iz, my
GeAr BT 2 IMBRCR -

i, FASCIL: AT AU %02 B HashMap o ZEREfRT SR A, IARE ; 4252 201, F] HashMap,
C++ f map, C++ 11 LAJFA unordered_map, [t map .

FEMEH, YROCEE S AR RS, fE0 RS L 8 A REEER A
A EFEETGHR T o MW, AHREREL 5 ML 8 M. Ui REEE N L A% S a5 A A e
BOE ASEAT, ARIEH, PO SR B AR M T IRZE H R B 25 kA, MSHER & Rid iz
B, ‘GREsE” BEIRTREIEAR, B DU IR I ST R E , FRR - E BRI
Ja, FHEIEORERX TR, ELAH.

10.12.3 {KA31EHR

dfs_template.cpp

/*x%

* dfs HAR.

* @param[in] input W AZKIEIGE

* @param[out] path HRHEAE, tEFELER

* @param[out] result HFHRKLLE

* @param[inout] cur or gap FFICURILE I H B AR I &
* @return BAEKE, WREXKBEARSY, WAFEEEKE

*/
void dfs(type &input, type &path, type &result, int cur or gap) {
if (FFEIEE) return 0; /7 K EH
if (cur == input.size()) { // W& &
// if (gap == 0) {
¥ path B result
}

if (LB A) return;

for(...) { // PATHIR Tty R3h
#ATHE, BK path
dfs(input, step + 1 or gap--, result);
i8-8 path

}

dfs_template.cpp
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10.12.4 RESEHERHXA

4% (Depth-first search, DFS) FJ5E S I http://en.wikipedia.org/wiki/Depth first search, [FI317 (backtrack-
ing) 1 5E LI http://en.wikipedia.org/wiki/Backtracking

E#E = R + B RGN, s a3k, IS B 28 H,
AT LME A1 (A bS5 A3 IR N AR BRI, AHIE AT LACH —E A,

AL — A (recursion) RSLHL, XAE LA -

RI RO (R I A R A B — 2 1, ST RN, MF TR RIS SR, Fr AR 2 )4
R

10.12.5 FRES5EIFEIXF

25 H#IH (recursion) SRS, —FH W H RN HIEL, SEMRE NRLAMBZ— 1R,

W, RPEEN EMESE, BH, & FMWEE L LS, BARENR (teration) & X R .
VA8, WA RSN, ] LM SR SEH, MdiH, — MRS & R SEIY . " LAuE, #BIF—
ERRE, FELS—EHBA.

B A PRRIE NS, —Fh BT (prunning), XTHEZERGEIT RN, SRR M,, —MEERE,
ZAFPIRIEER, iR, SRR E .

Ha ) #IH + 2247, #/2 memorization. fJT{H memorization (FIE A& ETHE, WE §2270),
B2 top-down with cache” (H TR T + 28(7), &A% Donald Michie 7F 1968 FAli&E I ATE, Fn—
FPEALEAR, TE top-down TEA R /T, M FRBQES MR, NMEEIMER H .

memorization A — & A3, FGIREA— B HE—F, 7T LEER (terative) H i
memorization » &I LA —7E FH memorization, T LLH memorization KN, EAEMIH . H
LI T %47, ‘©A4 & memorization o

BESKIE IH— 8 BT, Nt 2R Z TARHRE I X S ARIETE » e IFRIE k)7, —
W B EIXDARTE, TR RIS R T, AR, 8280 B SRS T M R N i 2
—[ElF. TEEEEER. TUWARS HEURSS b, SRIARTREE W, XN AR IEIX A ARE; R B
[ EEAREE b, FIERISRIETE, X R IX D RIE .
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11.1 Pow(x,n)
135

Implement pow(x, n).

vk

:ﬁj\%, " = ‘,L,n/2 % xn/2 % xn%Q

(T

//LeetCode, Pow(x, n)
// 24, $x"n = x~{n/2} * x~{n/2} * x~{n\%2}$
// BAEZE 0Qogn), FHEEALRE 0(1)
class Solution {
public:
double pow(double x, int n) {
if (n < 0) return 1.0 / power(x, -n);
else return power(x, n);
}
private:
double power(double x, int n) {
if (n == 0) return 1;
double v = power(x, n / 2);
if (n % 2 == 0) return v * v;
else return v * v * x;

}
};
GEPS NS

. Sqrt(x), W §11.2
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11.2  Sqrt(x)
ik

Implement int sqrt (int x).

Compute and return the square root of x.

o
TR

(ST}

// LeetCode, Sqrt(x)
/] =HEX
// WA ZE 0(logn), TRALE 0(1)
class Solution {
public:
int sqrt(int x) {
int left = 1, right = x / 2;
Mthﬂﬁm;//ﬂﬁﬁﬁ”ﬁmm

if (x < 2) return x;

while(left <= right) {
const int mid = left + (right - left) / 2;

if(x / mid > mid) { // A EMA x > mid * mid, &% B

left = mid + 1;
last_mid = mid;

} else if(x / mid < mid) {
right = mid - 1;

} else {
return mid;

}
}
return last_mid;
}
};
FHXRE B

« Pow(x), W §11.1



LA =
£ 12 E
LSS
FILiE

12.1 Jump Game
iR
Given an array of non-negative integers, you are initially positioned at the first index of the array.
Each element in the array represents your maximum jump length at that position.
Determine if you are able to reach the last index.
For example:

A = [2,3,1,1,4], return true.
A = [3,2,1,0,4], return false.

X

HT 2R 2 T LS AL] 22, WALk 0 501 25, It ReER ik f )=, W 45— = T
FLAENE. A 7RG, SR S0,

Bi—: B\, ok, —ZEMLEk, AREEAmEEE
HNIARER 1L o

BT W, MWRmE TR, R BT, BRJGREARE TFERIR 0 2.

B = WERAHA B0, FTUHZIL, BEIRETA £14], SRS 0 Bk, EF] AL] B
RN LEL, MPARASERE TN -

=
il
NI

, REELL, BLHIREENL,

fli] = maz(f[i — 1], Ali —1]) = 1,4 >0

&5 1

// LeetCode, Jump Game
[/ BE 1, BEEZEE 0@), FEEZLE 0(1)
class Solution {
public:
bool canJump(int A[], int n) {
int reach = 1; // WA RKETE
for (int i = 0; i < reach &% reach < n; ++i)
reach = max(reach, i + 1 + A[i]);

187
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12

=

=X

};

X85 2

return reach >= n;

// LeetCode, Jump Game

/ B 2

class Solution {

public:

bool canJump (int A[], int n) {

};

%75 3

if (n == 0) return true;
/] BT, RERTERIEILE

int left_most = n - 1;

for (int i = n - 2; i >= 0; --i)

if (i + A[i] >= left_most)
left_most = i;

return left_most == 0;

// LeetCode, Jump Game

/ BH=, A, BJLIEJ’EZP o), BEREE

class Solution {

public:

bool canJump(int A[], int n) {

}
};
EES =

vector<int> f(n, 0);
f[0] =
for (int i = 1; i < n; i++) {

fli] = max(£f[i - 1], A[i - 1]) - 1;

if (£f[i] < 0) return false;;
}
return f[n - 1] >= 0;

o Jump Game IT , UL §12.2

12.2 Jump Game I1

fhik

HEEEE 0(), REKLE 0(1)

Given an array of non-negative integers, you are initially positioned at the first index of the array.
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Each element in the array represents your maximum jump length at that position.

Your goal is to reach the last index in the minimum number of jumps.

For example: Given array A = [2,3,1,1,4]

The minimum number of jumps to reach the last index is 2. (Jump 1 step from index O to 1, then 3 steps

to the last index.)

vXi

T

75 1

// LeetCode, Jump Game II

/1 HEERE 0@, FEALXE 0

class Solution {

public:

int jump(int A[], int n) {

int step = 0; // /AT
int left = 0;
int right = 0; // [left, right] R UM B =M X
if (n == 1) return 0O;

while (left <= right) { // ZRNE—EBk&KE
++step;
const int old_right = right;
for (int i = left; i <= old_right; ++i) {
int new_right = i + A[i];
if (new_right >= n - 1) return step;

if (new_right > right) right = new_right;

}
left = old_right + 1;
}
return O;
¥
};
X532

// LeetCode, Jump Game II

// WEERE o), REEEE 0(D)

class Solution {

public:

int jump(int A[], int n) {

int result = 0;
// the maximum distance that has been reached
int last = 0;
// the maximum distance that can be reached by using "ret+1" steps
int cur = 0;
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F12E Tk

for (int i = 0; i < n; ++i) {
if (i > last) {

last = cur;
++result;
¥
cur = max(cur, i + A[il);
}
return result;
}
};
fHXRE B

o Jump Game , Ul §12.1

12.3 Best Time to Buy and Sell Stock

fhik

Say you have an array for which the i-th element is the price of a given stock on day i.

If you were only permitted to complete at most one transaction (ie, buy one and sell one share of the

stock), design an algorithm to find the maximum profit.

X
TOLE, RIS BRI R i — K, RS
G I AL R ZE 3 P81, AR T LAHOR

(T

// LeetCode, Best Time to Buy and Sell Stock
/1 HEERE 0@, FEALXE 0
class Solution {
public:
int maxProfit(vector<int> &prices) {
if (prices.size() < 2) return O0;
int profit = 0; // Zf, gt EFHE
int cur_min = prices[0]; // R &/

for (int i
profit
cur_min

min(cur_min, prices[i]
}

return profit;

H
N

)

, TFERARN — RELE = 1 — K200
m B, m = 1.

1; i < prices.size(); i++) {
max (profit, prices[i] - cur_min);
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+ Best Time to Buy and Sell Stock I, "L §12.4
+ Best Time to Buy and Sell Stock III, ' §13.5

12.4 Best Time to Buy and Sell Stock 11
fihik
Say you have an array for which the i-th element is the price of a given stock on day i.
Design an algorithm to find the maximum profit. You may complete as many transactions as you like (ie,

buy one and sell one share of the stock multiple times). However, you may not engage in multiple transactions

at the same time (ie, you must sell the stock before you buy again).

X

Jobk, R, R IERM IS E N AR K .
RN P IR R P8, A R MO R m 7B, m = B .

(T

// LeetCode, Best Time to Buy and Sell Stock II
/1 WEREE 0m), EEARE 0(1)
class Solution {
public:
int maxProfit(vector<int> &prices) {
int sum = 0;
for (int i = 1; i < prices.size(); i++) {
int diff = prices[i] - prices[i - 1];
if (diff > 0) sum += diff;

}
return sum;
}
};
EPS |

« Best Time to Buy and Sell Stock, UL §12.3
* Best Time to Buy and Sell Stock I1, ', §13.5
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12.5 Longest Substring Without Repeating Characters
Rk
Given a string, find the length of the longest substring without repeating characters. For example, the

longest substring without repeating letters for "abcabcbb" is "abc", which the length is 3. For "bbbbb" the
longest substring is "b", with the length of 1.

X

B TR AEG S, WRHE—ESAEETH, BT MER T LI SE R W, F
PURS0L . BEDHURIR, IR0, A T H AR AL, R e AL .

IAEREAEH, B EG AR, L EE TR indexst, MENFIIMZRIGEE,
EERE AT, EAER O(n). WA 12-1575.

index | O | 1| 2 3 4 5 6 7| 8 9 10| 11

ql|lp| x r j X k | t z Yy | x
1t Round >
2nd Round >
34 Round —

K 12-1 AEEE TR T

(T}

// LeetCode, Longest Substring Without Repeating Characters
// WEERE 0(), BEREXE 0(D)
class Solution {
public:
int lengthOfLongestSubstring(string s) {

const int ASCII_MAX = 26;

int last[ASCIT_MAX]; // iLFFHF LB AT E

int start = 0; // WRLAMTENREMLE

£fill(last, last + ASCII_MAX, -1); // 0 WMEHKME, EHhwihl-1
int max_len = O;
for (int i = 0; i < s.size(); i++) {

if (last([s[i] - 'a'] >= start) {
max_len = max(i - start, max_len);
start = last[s[i] - 'a']l + 1;

}

last[s[i] - 'a']l = i;
}
return max((int)s.size() - start, max_len); // #&7T &E—K, Fli"abcd"
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12.6 Container With Most Water
R

Given n non-negative integers a1, az, ..., an, where each represents a point at coordinate (7, a;). n verti-
cal lines are drawn such that the two endpoints of line 4 is at (¢, a;) and (¢, 0). Find two lines, which together

with x-axis forms a container, such that the container contains the most water.

Note: You may not slant the container.

T
TR EE R, R T R AR

(T

// LeetCode, Container With Most Water
// BHEZZE o), FEEEE 0(1)
class Solution {
public:
int maxArea(vector<int> &height) {
int start = 0;
int end = height.size() - 1;
int result = INT_MIN;
while (start < end) {
int area = min(height[end], height[start]) * (end - start);
result = max(result, area);
if (height[start] <= height[end]) {

start++;
} else {
end--;
}
}
return result;
¥
};
FHXRE B

* Trapping Rain Water, Il §2.1.15
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» Largest Rectangle in Histogram, ', §4.1.3
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13.1 Triangle
ik

Given a triangle, find the minimum path sum from top to bottom. Each step you may move to adjacent
numbers on the row below.

For example, given the following triangle

[
[2]7
[3,4],
[6,5,71,
[4,1,8,3]
]

The minimum path sum from top to bottom is 11 (i.e.,2+3+5+1=11).

Note: Bonus point if you are able to do this using only O(n) extra space, where n is the total number of

rows in the triangle.

o
BOREA f(i,7), FRMMGLE (i, 7) A, BRI, NRESHRS T fEh

f(lvj) :mln{f(za.]"'_ 1)’f(i+17j+1)}+ (Zv.])

(T

// LeetCode, Triangle
/] BEERE 0@ 2), FHEEEE 0(1)
class Solution {
public:
int minimumTotal (vector<vector<int>>& triangle) {
for (int i = triangle.size() - 2; i >= 0; --i)
for (dnt j = 0; j < i + 1; ++j)
triangle[i] [j] += min(triangle[i + 1][j],
triangle[i + 11[j + 11);

195
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return triangle [0][0];
¥
};

EES =
. K

13.2 Maximum Subarray
fhik
Find the contiguous subarray within an array (containing at least one number) which has the largest sum.

For example, given the array [-2,1,-3,4,-1,2,1,-5,4], the contiguous subarray [4,-1,2,1] has

the largest sum = 6.

X

WRIELTITHIR, JEHE G,

é?ﬂdl]y\%@%ﬁr@ BRI, TR DR, ERLIER R & AR
W 1. IMAZATHY SubArray; 2. HE B 1 SubArray. ARl A MRS HIIX R HLVE ?

ﬁD%ZHU SubArray HJEAFIRT 0 B, A TAAFXS FELRE A TR . IXFEHL AT
HEAF I Z HT ) SubArray

WSR2 B SubArray 1SRRI 0 538/ NT 0 BT, FROTUCHEX Faes R AR AT, H£22
HER UNTOI) o XFFN FERANTIER LU DTS, S SubArray.

BWREN £031, FTRLL S[3] SRMERESTFIT I, WARSHEB TR :

fli) = max{f[j -1+ 8, Sll}, Hi1<j<n
target = max{f[j]}, HP1<j<n
fEREATE -
o GO, SO AhsL, SET I YR L B B L R A, W R R Sk B AL
fl =1+ 5[l
o 0L, SOl LRI N — B, RIESE PSS — DL S[], WHRIES: 75N
Sl
Hofth S8 -

S 20 BR8] j 2 RIS, BAER O(n?)

o DB 3 AEUSHMES, EETITAIME TSN E, B40% 0(n?).

o ST 40 iRk, TTFFISAMEL, SRIREKIES:TIRIR, RRIAIE, B24%E O(nlogn)
o SO 5 RS 20(n?) MARRSRSTELL R, 153 O(n) MIE

o B 6 Lk M=1 HIEk M 7B
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N

// LeetCode, Maximum Subarray
// BEERE 0@, REELEE 0()
class Solution {
public:
int maxSubArray(int A[], int n) {
int result = INT_MIN, f = O;
for (int i = 0; i < n; ++i) {
f = max(f + A[i], A[i]);
result = max(result, f);
}

return result;

};

IEIS‘E% 5

// LeetCode, Maximum Subarray
// BHEEZRE 0(@m), FEESEE 0@)
class Solution {
public:
int maxSubArray(int A[], int n) {
return mcss(A, n);
}
private:
/1 BH 5, RJ|AESTFFIM
static int mcss(int A[], int n) {
int i, result, cur_min;
int *sum = new int[n + 11; // F n JFf

sum[0] = O;
result INT_MIN;
cur_min = sum[0];
for (i = 1; i <= n; i++) {
sum[i] = sum[i - 1] + A[i - 1];

}

for (i = 1; i <= n; i++) {
result = max(result, sum[i] - cur_min);
cur_min = min(cur_min, sum([i]);

}

delete[] sum;
return result;

}
};
GEES NS

* Binary Tree Maximum Path Sum, " §5.4.5
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13.3 Palindrome Partitioning IT

fEiR
Given a string s, partition s such that every substring of the partition is a palindrome.
Return the minimum cuts needed for a palindrome partitioning of's.

For example, given s = "aab",

Return 1 since the palindrome partitioning ["aa","b"] could be produced using 1 cut.

o
FESUIRAS £(i,3) FRXKIE [4,3] ZIAE/N cut 50, NPARZSHER TN
fi,5) =min{f(i,k) + f(k+1,j)},i<k<j0<i<j<n

R R, SR A LR
Ji LABEFAG i — 48 DPo WRAFR, i AT, SFHE D ESORE X DP BYiE, T
el £G)= XIE [, n-11 ZEH/Y cut %, n AFRFRREE, NWPARZSERE TEN

f@) =min{f(j+1)+1},i<j<n

AN ERHEL T, SRR (4,31 2R RS0 AEREM 1 E]j IR KRR T, X
FAbZ—> DP [l
ESCIRAS PLiY L[] = true if [i,j]1 AEX, 4
P[i1[j] = str[i] == str[j] && P[i+1]1[j-1]

(T}

// LeetCode, Palindrome Partitioning II
/] WEZRE 0(n2), ZEAAZRE 0(n°2)
class Solution {
public:
int minCut(string s) {
const int n = s.size();
int f[n+1];
bool p[n][n];
£ill_n(&p[0]J[0], n * n, false);
//the worst case is cutting by each char
for (int i = 0; i <= n; i++)
flil =n -1 -1i; // ®RE— flnl=-1
for (int i =n - 1; i >= 0; i--) {
for (dnt j = i; j < n; j++) {
if (s[i] == s[j] && (j - i <2 |l pli + 11[j - 11)) {
plil[j] = true;
f[i] = min(£[i], £[j + 1] + 1);
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}
return f[0];
}
};
Hx&H

+ Palindrome Partitioning, U §10.1

13.4 Maximal Rectangle
ik

Given a 2D binary matrix filled with 0’s and 1°s, find the largest rectangle containing all ones and return

its area.

X
e

K75

// LeetCode, Maximal Rectangle
// HEEZRE 0@ 2), FHALRE 0(n)
class Solution {
public:
int maximalRectangle(vector<vector<char> > &matrix) {
if (matrix.empty()) return O;

const int m = matrix.size();
const int n = matrix[0].size();
vector<int> H(n, 0);
vector<int> L(n, 0);
vector<int> R(n, n);

int ret = 0;

for (int i = 0; i < m; ++i) {
int left = 0, right = n;
// calculate L(i, j) from left to right
for (int j = 0; j < n; ++j) {

if (matrix[i][j] == '1') {
++H[j];
L[j] = max(L[j], left);
} else {
left = j+1;
H[j]l = 0; L[j] = 0; R[j] = n;
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// calculate R(i, j) from right to left
for (int j = n-1; j >= 0; —-j) {
if (matrix[il[j] == '1') {
R[j] = min(R[j], right);
ret = max(ret, H[jI*(R[j1-L[j1));

} else {
right = j;
}
}
}
return ret;
¥
};
HXREB
- fC

13.5 Best Time to Buy and Sell Stock 111

iR
Say you have an array for which the i-th element is the price of a given stock on day i.
Design an algorithm to find the maximum profit. You may complete at most two transactions.

Note: You may not engage in multiple transactions at the same time (ie, you must sell the stock before

you buy again).

vXi

BERES £(3), FRXIA[0,4)(0 <4 <n—1) FEKFIE, R g(i), FRXIE [i,n —1](0<i <
n — 1) BHERRFNE, WHRLEZEA max {f(i) +g(i)},0<i<n— 1.

RVFE—RNEHLIEZH, HYTAS, FABEAEERZPIR, TR EEHIR.

YR A A B, KRBT UEMER K m TBRM, m = 2, 2H5 K0
https://gist.github.com/soulmachine/5906637

(T}

// LeetCode, Best Time to Buy and Sell Stock III
// HEERE 0(n), ZEREE 0(n)
class Solution {
public:
int maxProfit(vector<int>& prices) {
if (prices.size() < 2) return O0;

const int n = prices.size();
vector<int> f(n, 0);
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vector<int> g(n, 0);

for (int i = 1, valley = prices[0]; i < mn; ++i) {
valley = min(valley, prices[i]);
f[i] = max(f[i - 1], prices[i] - valley);

}

for (int i = n - 2, peak = prices[n - 1]; i >= 0; --i) {
peak = max(peak, prices[i]);
gli] = max(gl[il, peak - prices[il]);

}

int max_profit = O;
for (int i = 0; i < n; ++i)
max_profit = max(max_profit, f[i]l + gl[il);

return max_profit;

}
}s
EES NS

* Best Time to Buy and Sell Stock, 'l §12.3
+ Best Time to Buy and Sell Stock IT, "l §12.4

13.6 Interleaving String
130

Given s1, s2, s3, find whether s3 is formed by the interleaving of s1 and s2.

For example, Given: s1 = "aabcc", s2 = "dbbca",
When s3 = "aadbbcbcac", return true.
When s3 = "aadbbbaccc", return false.

S

BERAS £ 03], #R8 s1[0,1] f1 s2[0,31, VLA s3[0, i+jl. AR sl WG — 745
T3 MEE— 1T/, W £0i] (1= [i-1]1[j]; QR 2 MEE—NFREFET 3 Wids — 174,
M £04] [31=£ (1] [§-11- PRIRASEERS HREAF -

fLil1[5] = (s1[i - 1] ==s3 [i + j - 1] && £[i - 11[31)
[l (s2[j - 1] == 83 [i + j - 1] && £f[i1[j - 11);

%3
// LeetCode, Interleaving String

/7 BV, 2R, UR R B
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class Solution {
public:
bool isInterleave(string s1, string s2, string s3) {
if (s3.length() != sil.length() + s2.length())
return false;

return isInterleave(begin(s1l), end(sl1), begin(s2), end(s2),
begin(s3), end(s3));
}

template<typename InIt>
bool isInterleave(InIt firstl, InIt lastl, InIt first2, InIt last2,
InIt first3, InIt last3) {
if (first3 == last3)
return firstl == lastl && first2 == last2;

return (xfirstl == *first3
&& isInterleave(mext(firstl), lastl, first2, last2,
next (first3), last3))
|| (#first2 == *first3
&% isInterleave(firstil, lastl, next(first2), last2,
next (first3), last3));

};

N
// LeetCode, Interleaving String
/) ZHHA, BEEALKE 00°2), FHARE 0(n2)
class Solution {
public:
bool isInterleave(string s1, string s2, string s3) {
if (s3.length() !'= sl.length() + s2.length())
return false;

vector<vector<bool>> f(sl.length() + 1,
vector<bool>(s2.length() + 1, true));

for (size_t i = 1; i <= sl.length(); ++i)
f[il[0] = £f[1i - 11[0] && si[i - 1] == s3[i - 1];

for (size_t i = 1; i <= s2.length(); ++i)
f[01[i] = f[0J[i - 1] && s2[i - 1] == s3[i - 1];

for (size_t i

= 1; i <= sl.length(); ++i)
for (size_t
]

= 1; j <= s2.length(); ++j)
(stli - 1] == s3[i + j - 1] && £[i - 113D
| (s2[j - 11 == s3[1i + j - 1] && f[il[j - 11);

— Il =

return f[sl.length()][s2.length()];
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B+ RHAE
// LeetCode, Interleaving String
/1 ZHEHA + RHBA, WEELEE 0@ 2), ZREZEE 0)
class Solution {
public:
bool isInterleave(string sl, string s2, string s3) {
if (s1l.length() + s2.length() != s3.length())
return false;

if (sl.length() < s2.length())
return isInterleave(s2, sl, s3);

vector<bool> f(s2.length() + 1, true);

for (size_t i = 1; i <= s2.length(); ++i)
flil = s2[1 - 1] == s3[1 - 1] && f[i - 1];

for (size_t i = 1; i <= sl.length(); ++i) {
f[0] = s1[i - 1] == s3[1 - 1] && £[0];

for (size_t j = 1; j <= s2.length(); ++j)
£[31 = (s1li - 1] == s3[i + j - 1] && £[j1)
[l (s2[ - 1] == s3[i + j - 1] && £[j - 11);

}
return f[s2.length()];
}
};
PSS
-

13.7 Scramble String
iR

Given a string s1, we may represent it as a binary tree by partitioning it to two non-empty substrings
recursively.

Below is one possible representation of s1 = "great":

great

/ \
gr eat
/\ /A
g r e at

/\
a t
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To scramble the string, we may choose any non-leaf node and swap its two children.
For example, if we choose the node "gr" and swap its two children, it produces a scrambled string
"rgeat".
rgeat
/ \
rg eat
/\ /\
r g e at
/\
a t
We say that "rgeat" is a scrambled string of "great".
Similarly, if we continue to swap the children of nodes "eat" and "at", it produces a scrambled string
"rgtae".
rgtae
/ \
rg tae
/' \ / 0\
r g ta e
/\
t a
We say that "rgtae" is a scrambled string of "great".

Given two strings s1 and s2 of the same length, determine if s2 is a scrambled string of s1.

X

ECEBI AR (RIVRIE) , XA string BEFT40 %, SRS LB X 745 o AUTHS AR TR 2R
HREREIE . APIRINER, MR, BarRE, —FENES, ZahrgsR,
memorization (FIFAICIHIEER) .

SURCAT LATAE /T, ERamsd, mAaFIMGEE, HEIRELEY SRR E R &0 Flan, Hk
WANFAF R H N scamble, /D EOSREADFRAEP D FAF B T ELI B S IR AR
MR [H] falseo

sz, v LA, HashMap. ANRR4EER4% =, | HashMap, map Al unordered_map #J7 .

FESRWT LR ICACA &R, i — @ r A RESN £l [ 3], RrKE A n, B
M s1[i] MIHERCN s2[3] PIDFAFH 275 N scramble, NPARZSHEER JTHEH

fn] (11031} = (£k]I[i105] && fIn-k][i+k] [j+k])
[l (£0k] (4] [j+n-k] && f[n-k][i+k][j1)

813
// LeetCode, Interleaving String
77 P, 2R, AR DR
// HEZRE 0@ 6), REALZ 001)

class Solution {



13.7 Scramble String 205

public:
bool isScramble(string sl1, string s2) {
return isScramble(sl.begin(), sl.end(), s2.begin());
¥
private:
typedef string::iterator Iterator;
bool isScramble(Iterator firstl, Iterator lastl, Iterator first2) {
auto length = distance(firstl, lastl);
auto last2 = next(first2, length);

if (length == 1) return *firstl == xfirst2;

for (int i = 1; i < length; ++i)
if ((isScramble(firstl, firstl + i, first2)
&% isScramble(firstl + i, lastl, first2 + i))
|| (isScramble(firstl, firstl + i, last2 - i)
&% isScramble(firstl + i, lastl, first2)))
return true;

return false;

};

N

// LeetCode, Interleaving String
/7 A, HEEZLE 0@3), FEHEALE 0@"3)
class Solution {
public:
bool isScramble(string s1, string s2) {
const int N = sl.size();
if (N != s2.size()) return false;

// £l ], £ F-KEHN n, AN s1[i] F
/] REHR s2[i]1 BANFRERLTLEN scramble
bool f[N + 1][N][N];

£ill_n(&f[0]1[01[0], (N + 1) * N * N, false);

for (int i = 0; i < N; i++)
for (int j = 0; j < N; j++)
f[11[i]1 [3] = s1[i] == s2[j];

for (int n = 1; n <= N; ++n) {

for (int i = 0; i + n <= N; ++i) {

for (int j = 0; j + n <= N; ++j) {

for (int k = 1; k < n; ++k) {

if ((F[k]I[4]105] && fIn - k1[i + kI[j + k1) ||
(£[xK1[i[j + n - k] && fln - kKI[i + K1[51)) {
fn] [i1[j] = true;
break;
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}
}
return f[N][0][0];
}
};
B3 + B

// LeetCode, Interleaving String
[/ EV o+ WA
/] HEREE 0@ e), EEREE 0(1)
class Solution {
public:
bool isScramble(string sl1, string s2) {
return isScramble(sl.begin(), sl.end(), s2.begin());
¥
private:
typedef string::iterator Iterator;
bool isScramble(Iterator firstl, Iterator lastl, Iterator first2) {
auto length = distance(firstl, lastl);
auto last2 = next(first2, length);
if (length == 1) return *firstl == xfirst2;

/1 WHK, RaEE
int A[26]; // BANFHHTHE

fill(A, A + 26, 0);

for(int i = 0; i < length; i++) A[*(firstil+i)-'a'l++;
for(int i = 0; i < length; i++) A[*(first2+i)-'a'l--;
for(int i = 0; i < 26; i++) if (A[i] != 0) return false;

for (int i = 1; i < length; ++i)
if ((isScramble(firstl, firstl + i, first2)
&&% isScramble(firstl + i, lastl, first2 + i))
|| (isScramble(firstl, firstl + i, last2 - i)
&&% isScramble(firstl + i, lastl, first2)))
return true;

return false;

};

BERE

// LeetCode, Interleaving String
// #)3 +map X cache
// HEEZRE 0@n~3), REE#EE 0(n~3)
class Solution {
public:
bool isScramble(string s1, string s2) {
cache.clear();
return isScramble(sl.begin(), sl.end(), s2.begin());
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private:
typedef string::const_iterator Iterator;
map<tuple<Iterator, Iterator, Iterator>, bool> cache;

bool isScramble(Iterator firstil, Iterator lastl, Iterator first2) {
auto length = distance(firstl, lastl);
auto last2 = next(first2, length);

if (length == 1) return *firstl == xfirst2;

for (int i = 1; i < length; ++i)
if ((getOrUpdate(firstl, firstl + i, first2)
&& getOrUpdate(firstl + i, lastl, first2 + i))
|| (getOrUpdate(firstl, firstl + i, last2 - i)
&& getOrUpdate(firstl + i, lastl, first2)))
return true;

return false;

}

bool getOrUpdate(Iterator firstl, Iterator lastl, Iterator first2) {
auto key = make_tuple(firstl, lastl, first2);
auto pos = cache.find(key);

return (pos != cache.end()) 7
pos—>second : (cachelkey] = isScramble(firstl, lastl, first2));

};

BERE

typedef string::const_iterator Iterator;
typedef tuple<Iterator, Iterator, Iterator> Key;
/1 R A E K
namespace std {
template<> struct hash<Key> {
size_t operator() (const Key & x) const {
Iterator firstl, lastl, first2;
tie(firstl, lastl, first2) = x;

int result = *firsti;

result = result * 31 + *lastl;

result = result * 31 + *first2;

result = result * 31 + *(next(first2, distance(firstil, lastl)-1));
return result;

};
}

// LeetCode, Interleaving String
// #J3 +unordered map % cache, M. map fk
/) BEERE 0@3), ZEEZLE 0(n"3)

class Solution {
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public:
unordered_map<Key, bool> cache;

bool isScramble(string s1, string s2) {
cache.clear();

return isScramble(sl.begin(), sl.end(), s2.begin());
}

bool isScramble(Iterator firstl, Iterator lastl, Iterator first2) {
auto length = distance(firstl, lastl);
auto last2 = next(first2, length);

if (length == 1)
return *firstl == *xfirst2;

for (int i = 1; i < length; ++i)
if ((getOrUpdate(firstl, firstl + i, first2)
&& getOrUpdate(firstl + i, lastl, first2 + i))
|| (getOrUpdate(firstl, firstl + i, last2 - i)
&& getOrUpdate(firstl + i, lastl, first2)))
return true;

return false;

}

bool getOrUpdate(Iterator firstl, Iterator lastl, Iterator first2) {
auto key = make_tuple(firstl, lastl, first2);
auto pos = cache.find(key);

return (pos != cache.end()) 7
pos—>second : (cachel[key] = isScramble(firstl, lastl, first2));
}
};
iEPS S|
-

13.8 Minimum Path Sum
fihik
Given a m X n grid filled with non-negative numbers, find a path from top left to bottom right which

minimizes the sum of all numbers along its path.

Note: You can only move either down or right at any point in time

X

B} Unique Paths (L §10.2) fRZE1L1.
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BORAA £041 03], FRMART (0,0) E1IK (4, 5) HIR/NKAERT, NPRZSHR TN -
£[i1[j1=min(£[i-11 (3], £[i][j-11)+grid[i][j]

BERE

// LeetCode, Minimum Path Sum
/] EEFE
class Solution {
public:
int minPathSum(vector<vector<int> > &grid) {
const int m = grid.size();
const int n = grid[0].size();
this->f = vector<vector<int> >(m, vector<int>(n, -1));
return dfs(grid, m-1, n-1);
}
private:
vector<vector<int> > f; // &

int dfs(const vector<vector<int> > &grid, int x, int y) {
if (x < 0 || y < 0) return INT_MAX; // #R, &%, *#&, FZ 0

if (x == 0 && y == 0) return grid[0][0]; // ® AR &, WKL H

return min(getOrUpdate(grid, x - 1, y),
getOrUpdate(grid, x, y - 1)) + grid[x][y];

int getOrUpdate(const vector<vector<int> > &grid, int x, int y) {
if (x < 0 || y < 0) return INT_MAX; // ®BR, &, F& 0
if (£[x] [yl >= 0) return f[x][yl;
else return f[x][y] = dfs(grid, x, y);

T

// LeetCode, Minimum Path Sum
/1 ZHEFHHA
class Solution {
public:
int minPathSum(vector<vector<int> > &grid) {
if (grid.size() == 0) return O;
const int m = grid.size();
const int n = grid[0].size();

int f[m][n];
£[0][0] = grid[0][0];
for (int i = 1; i < m; i++) {
f[i]1[0] = £[i - 1]1[0] + grid[i][0];
}
for (int i = 1; i < n; i++) {
f[0]1[i] = £[0][1i - 1] + grid[0][i];
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}

for (int i = 1; i < m; i++) {
for (int j = 1; j < mn; j++) {
f[i]1[j] = min(£[i - 11031, £0i10j - 11) + gridl[il[j1;
}
}
return f[m - 11[n - 1];

};

M + KA

// LeetCode, Minimum Path Sum
/] ZHFHA + RHHKA
class Solution {
public:
int minPathSum(vector<vector<int> > &grid) {
const int m = grid.size();
const int n = grid[0].size();

int f[n];
£ill(f, f+n, INT_MAX); // WHMER INT_MAX, BN EEA T min &3,
f[0] = 0;

for (int i = 0; i < m; i++) {
£[0] += grid[i][0];
for (int j = 1; j < mn; j++) {
/] I £15], RTEHEH £05], SARPE L0051 R
// B £03], RAEWN £05], SARFH £[i-1]1[5] XA
£[j] = min(£[j - 11, £[j1) + grid[i]l[j];

}
}
return f[n - 1];
}
};
GEPS NS

« Unique Paths, Il §10.2
* Unique Paths IT, I, §10.3

13.9 Edit Distance
fhik
Given two words word1l and word?2, find the minimum number of steps required to convert word1 to

word2. (each operation is counted as 1 step.)

You have the following 3 operations permitted on a word:
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¢ Insert a character
¢ Delete a character

* Replace a character

X

BORAS A £04] 03], 3 Alo,i] AT BLO, j1 Z MRS/ NMRIEIIE . 1% A[0,1] MIEUE stric,
B[0,j] KPR str2d,

L W c==d, W £[i1[j1=£[i-1]1[j-1]1;

2. W5k cr=q,
(2) WHSKE ¢ Besfeli d, W) £04] [31=£[i-1] [j-11+1;
(b) WIERAE ¢ JFHARM—Ad, W £01] [3]1=£[1] [j-11+1;
(c) WS o BB, W £041[§]1=£[i-1] [j1+1;

b

// LeetCode, Edit Distance
/] ZHFHA, BEEEE 0(xm), FEELZLE 0(nm)
class Solution {
public:
int minDistance(const string &wordl, const string &word2) {
const size_t n = wordl.size();
const size_t m = word2.size();
// KER n WFHFE, H o+t NMEKR
int f[n + 1] [m + 1];
for (size_t i = 0; i <= n; i++)
flil[0] i;
for (size_t =0; j <=m; j++)

£[0]1 (31 = j;

e

for (size_t i = 1; i <= n; i++) {
for (size_t j = 1; j <=m; j++) {
if (wordi[i - 1] == word2[j - 11)
£Li105] = £0i - 1105 - 11;
else {
int mn = min(£[i - 11031, £[i1(j - 11);
f[il1[j] = 1 + min(£f[i - 11[j - 11, mn);

}
}

return f[n] [m];
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A + KB EA

// LeetCode, Edit Distance
// ZHGA + R4
// BEZZE 0(nxm), REEZEE 0@)
class Solution {
public:
int minDistance(const string &wordl, const string &word2) {
if (wordl.length() < word2.length())
return minDistance(word2, wordl);

int f[word2.length() + 1]; )
int upper_left = 0; // HUMA—ANZEILFK £[i-1]1[j-1]

for (size_t i = 0; i <= word2.size(); ++i)
fli]l = 1i;

for (size_t i = 1; i <= wordl.size(); ++i) {
upper_left = £[0];
f£[0] = 1i;

for (size_t j = 1; j <= word2.size(); ++j) {
int upper = f£[jl;

if (wordi[i - 1] == word2[j - 11)
f[j] = upper_left;
else
f[j] = 1 + min(upper_left, min(£f[jl, £[j - 11));

upper_left = upper;

}
}
return f[word2.length()];
}; ’
PSS
-

13.10 Decode Ways
iR

A message containing letters from A-Z is being encoded to numbers using the following mapping:

TAY => 1
'B' => 2

'Z' -> 26
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Given an encoded message containing digits, determine the total number of ways to decode it.

For example, Given encoded message "12", it could be decoded as "AB" (1 2) or "L" (12).
The number of ways decoding "12" is 2.

X

! Climbing Stairs (W §2.1.18) fRZEL, Aid 22— Lo iz 4 .

(T}

// LeetCode, Decode Ways
/] A, BEZEE 0@, FEEEE 0(1)

class Solution {

public:
int numDecodings(const string &s) {
if (s.empty() || s[0] == '0') return O;
int prev = 0;
int cur = 1;
/1 KEHR n WFHE, A nv1 M
for (size_t i = 1; i <= s.size(); ++i) {
if (s[i-1] == '0') cur = 0;
if (A <2 || !(sli-2] =="'1" 1]
(s[i - 2] == '2" & s[i - 1] <= '6')))
prev = 0;
int tmp = cur;
cur = prev + cur;
prev = tmp;
}
return cur;
}
};
GEES YS!

* Climbing Stairs, ' §2.1.18

13.11 Distinct Subsequences
iR

Given a string .S and a string 7', count the number of distinct subsequences of 7" in S.

A subsequence of a string is a new string which is formed from the original string by deleting some (can

be none) of the characters without disturbing the relative positions of the remaining characters. (ie, "ACE" is

a subsequence of "ABCDE" while "AEC" is not).
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Here is an example: S = "rabbbit", T = "rabbit"
Return 3.

X

VRN fG,5), Fa TL0,j] £ slo,i] BEHIMMKE. wk, Lt sl Ml T[] &
TR, HAMEH stil, W fG,5) = fG—1,7); # S[il==T[j]1, WA CAMEH s[i], M
f(%]):f(Z_L])J'_f(Z_L]_l)"

(T}

// LeetCode, Distinct Subsequences
/1 ZEHA + R HKA
// HIEERE 0(mxn), FHALE 0(@)
class Solution {
public:
int numDistinct(const string &S, const string &T) {
vector<int> f(T.size() + 1);
£00] = 1;
for (int i = 0; i < S.size(); ++i) {
for (int j = T.size() - 1; j >= 0; --j) {
fLj + 1] += S[i] == T[j] 7 £[3j]1 : O;

}
}
return f[T.size()];
} ’
AXEH
-

13.12 Word Break
it

Given a string s and a dictionary of words dict, determine if s can be segmented into a space-separated
sequence of one or more dictionary words.

For example, given
s ="leetcode",
dict= ["leet", "code"].

Return true because "leetcode" can be segmented as "leet code".
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X

BN (i), FoR s[0,i] BAEF LR, NEARZHR 7 iEN

F(i) = any_of (f(j)&&sj +1,i] € dict),0 < j < i

S
// LeetCode, Word Break
/) R, A \
// BEEZE 0(2°n), FHEELEE 0@)
class Solution {
public:

bool wordBreak(string s, unordered_set<string> &dict) {
return dfs(s, dict, 0, 0);
}

private:

};

static bool dfs(const string &s, unordered_set<string> &dict,
size_t start, size_t cur) {

if (cur == s.size()) {
return dict.find(s.substr(start, cur-start+1)) != dict.end();
}
if (dfs(s, dict, start, cur+l)) return true;
if (dict.find(s.substr(start, cur-start+1)) != dict.end())

if (dfs(s, dict, cur+l, cur+l)) return true;
return false;

N

// LeetCode, Word Break

/] B, HEEZEE 0(@™2), ZHELE 0@
class Solution {

public:

bool WordBreak(string»s, unordered_set<string> &dict) {

// KEHN n WFFEH o1l MER

vector<bool> f(s.size() + 1, false);

£[0] = true; // BFHFE

for (int i = 1; i <= s.size(); ++i) {

for (dnt j =i - 1; j >= 0; —-j) {
if (£f[j] && dict.find(s.substr(j, i - j)) != dict.end()) {

f[i] = true;
break;

}
}

return f[s.size()];
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PSS =|

+ Word Break II, Ul §13.13

13.13 Word Break II
ik
Given a string s and a dictionary of words dict, add spaces in s to construct a sentence where each word
is a valid dictionary word.
Return all such possible sentences.
For example, given
s = "catsanddog",
dict= ["cat", "cats", "and", "sand", "dog"].

A solution is ["cats and dog", "cat sand dog"].

o
fE_E— AR b, ELR AL

(T

// LeetCode, Word Break II
/7 A, HEAEE 0@ 2), REALZEE 0@ 2)
class Solution {
public:
vector<string> wordBreak(string s, unordered_set<string> &dict) {
/] KEH n WFHFEAR vt MREK
vector<bool> f(s.length() + 1, false);
// prevlil[j1 H true, X{7F slj, i) BE—MaEEFE, TUMNA j LW

/1 F—ATRA
vector<vector<bool> > prev(s.length() + 1, vector<bool>(s.length()));
f[0] = true;

for (size_t i = 1; i <= s.length(); ++i) {
for (int j =i - 1; j >= 0; —-j) {
if (£[j] && dict.find(s.substr(j, i - j)) != dict.end()) {
f[i] = true;
prev[i] [j] = true;

}
}
vector<string> result;
vector<string> path;
gen_path(s, prev, s.length(), path, result);
return result;
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private:
// DFS WM, k7
void gen_path(const string &s, const vector<vector<bool> > &prev,
int cur, vector<string> &path, vector<string> &result) {
if (cur == 0) {
string tmp;
for (auto iter = path.crbegin(); iter != path.crend(); ++iter)
tmp += *iter + " ";
tmp.erase(tmp.end() - 1);
result.push_back(tmp);
}
for (size_t i = 0; i < s.size(); ++i) {
if (prev[cur] [i]) {
path.push_back(s.substr(i, cur - i));
gen_path(s, prev, i, path, result);
path.pop_back() ;

}
}
};
GEES NS

» Word Break, L §13.12
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struct UndirectedGraphNode {
int label;
vector<UndirectedGraphNode *> neighbors;
UndirectedGraphNode(int x) : label(x) {};

};

14.1 Clone Graph

ik
Clone an undirected graph. Each node in the graph contains a 1abel and a list of its neighbours.

0OJ’s undirected graph serialization: Nodes are labeled uniquely.
We use # as a separator for each node, and , as a separator for node label and each neighbour of the

node. As an example, consider the serialized graph {0, 1,2#1,2#2,2}.
The graph has a total of three nodes, and therefore contains three parts as separated by #.

1. First node is labeled as 0. Connect node 0 to both nodes 1 and 2.

2. Second node is labeled as 1. Connect node 1 to node 2.

3. Third node is labeled as 2. Connect node 2 to node 2 (itself), thus forming a self-cycle.

Visually, the graph looks like the following:

X
J A S i ) B A LA S i A AT LA

218
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DFS

// LeetCode, Clone Graph
// DFS, BEZ#E o), ZELZEE 0()
class Solution {
public:
UndirectedGraphNode #*cloneGraph(const UndirectedGraphNode *node) {
if (node == nullptr) return nullptr;
// key is original node, value is copied node
unordered_map<const UndirectedGraphNode *,
UndirectedGraphNode *> copied;
clone(node, copied);
return copied[node];
}
private:
// DFS
static UndirectedGraphNode* clone(const UndirectedGraphNode *node,
unordered_map<const UndirectedGraphNode *,
UndirectedGraphNode *> &copied) {
// a copy already exists
if (copied.find(node) != copied.end()) return copied[node];

UndirectedGraphNode *new_node = new UndirectedGraphNode (node->label) ;

copied[node] = new_node;

for (auto nbr : node->neighbors)
new_node->neighbors.push_back(clone(nbr, copied));

return new_node;

}s

BFS

// LeetCode, Clone Graph
// BFS, BEZ#E 0(n), ZEEEE 0()
class Solution {
public:
UndirectedGraphNode *cloneGraph(const UndirectedGraphNode *node) {
if (node == nullptr) return nullptr;
// key is original node, value is copied node
unordered_map<const UndirectedGraphNode *,
UndirectedGraphNode *> copied;
// each node in queue is already copied itself
// but neighbors are not copied yet
queue<const UndirectedGraphNode *> q;
q.push(node) ;
copied[node] = new UndirectedGraphNode (node->label) ;
while (!q.empty()) {
const UndirectedGraphNode *cur = q.front();
q.popQ);
for (auto nbr : cur->neighbors) {
// a copy already exists
if (copied.find(nbr) != copied.end()) {
copied[cur]->neighbors.push_back(copied[nbr]);
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} else {
UndirectedGraphNode *new_node =

new UndirectedGraphNode (nbr->label) ;
copied[nbr] = new_node;
copied[cur]->neighbors.push_back(new_node) ;
q.push(nbr);

}
}
}
return copied[node];
}
};
AX&E

<
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15.1 Reverse Integer
ik

Reverse digits of an integer.

Examplel: x = 123, return 321

Example2: x =-123, return -321

Have you thought about this?

Here are some good questions to ask before coding. Bonus points for you if you have already thought
through this!

If the integer’s last digit is 0, what should the output be? ie, cases such as 10, 100.

Did you notice that the reversed integer might overflow? Assume the input is a 32-bit integer, then the
reverse of 1000000003 overflows. How should you handle such cases?

Throw an exception? Good, but what if throwing an exception is not an option? You would then have

to re-design the function (ie, add an extra parameter).

rLii
JE/IREAR AT, AR AT LA AYARIE /N

X5

//LeetCode, Reverse Integer
// BEEZE 0Qogn), FHEEALRE 0(1)
class Solution {
public:
int reverse (int x) {
int r = 0;

for (; x; x /= 10)
r=r % 10 + x % 10;

221
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return r;
}
};
fHXRE B

« Palindrome Number, I §15.2

15.2 Palindrome Number
iR
Determine whether an integer is a palindrome. Do this without extra space.
Some hints:
Could negative integers be palindromes? (ie, -1)
If you are thinking of converting the integer to string, note the restriction of using extra space.
You could also try reversing an integer. However, if you have solved the problem “Reverse Integer”,

you know that the reversed integer might overflow. How would you handle such case?

There is a more generic way of solving this problem.

vk

B, WA B, SRR, RS ORI R, B, EENN
Palindrome Yo FJ /& reverse() it o

IEWR R, ARBEE— N ARE—M (10 BEGIT) BT, AHSENEEE A5
AL, EFIGEREECE s TN B AL

(T

//LeetCode, Palindrome Number
// BEEZRE 0(1), RELZLE 0(1)
class Solution {
public:
bool isPalindrome(int x) {
if (x < 0) return false;
int 4 = 1; // divisor
while (x / d >= 10) d *= 10;

while (x > 0) {

int q = x / d; // quotient
int r = x % 10; // remainder
if (q !'= r) return false;

x=x%d/ 10;
d /= 100;
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}
return true;
}
};
iEPS S|

* Reverse Integer, i §15.1
+ Valid Palindrome, 'L §3.1

15.3 Insert Interval
Rk
Given a set of non-overlapping intervals, insert a new interval into the intervals (merge if necessary).
You may assume that the intervals were initially sorted according to their start times.
Example 1: Given intervals [1,3], [6,9], insert and merge [2,5] inas [1,5],[6,9].
Example 2: Given [1,2],[3,5],[6,7],[8,10],[12,16], insert and merge [4,9] in as

[1,2],[3,10],[12,16].
This is because the new interval [4,9] overlaps with [3,5],[6,7], [8,10].

VKl
7
{X%3
struct Interval {
int start;
int end;
Interval() : start(0), end(0) { }
Interval(int s, int e) : start(s), end(e) { }
};

//LeetCode, Insert Interval
// BEEZRE 0@), FEEZFEE 0D
class Solution {
public:
vector<Interval> insert(vector<Interval> &intervals, Interval newlInterval) {
vector<Interval>::iterator it = intervals.begin();
while (it != intervals.end()) {
if (newInterval.end < it->start) {
intervals.insert(it, newInterval);
return intervals;
} else if (newInterval.start > it->end) {
it++;
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TSI

continue;
} else {
newlnterval.start = min(newInterval.start, it->start);
newlnterval.end = max(newInterval.end, it->end);
it = intervals.erase(it);
}
}
intervals.insert(intervals.end(), newInterval);
return intervals;

}
};
GEES NS

» Merge Intervals, Ul §15.4

15.4 Merge Intervals
ik

Given a collection of intervals, merge all overlapping intervals.

For example, Given [1,3],[2,6],[8,10], [15,18], return [1,6],[8,10], [15,18]

rLii

S H—F Insert Intervals FIfEZ: RITT, GIEE—NHrHY interval £26, ARG AR IH AT HIATE—A>

interval Hi, SRIFHEA SRR HOGE 4ot

(T}

struct Interval {
int start;
int end;
Interval() : start(0), end(0) { }
Interval(int s, int e) : start(s), end(e) { }
};

//LeetCode, Merge Interval

//ZJ]—T Insert Intervals HYMEEEI T

// WEERE 0(i+n2+...), FEEAZLE 0(1)

class Solution {

public:

vector<Interval> merge(vector<Interval> &intervals) {
vector<Interval> result;
for (int i = 0; i < intervals.size(); i++) {
insert(result, intervals[i]);

}

return result;
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}

private:
vector<Interval> insert(vector<Interval> &intervals, Interval newInterval) {

vector<Interval>::iterator it = intervals.begin();
while (it !'= intervals.end()) {
if (newInterval.end < it->start) {
intervals.insert(it, newInterval);
return intervals;
} else if (newInterval.start > it->end) {
it++;
continue;

} else {
newlnterval.start = min(newInterval.start, it->start);

newlnterval.end = max(newInterval.end, it->end);
it = intervals.erase(it);
}
}

intervals.insert(intervals.end(), newInterval);
return intervals;

}
};
GEES NS

« Insert Interval, UL §15.3

15.5 Minimum Window Substring

ik

Given a string .S and a string 7', find the minimum window in S which will contain all the characters in
T in complexity O(n).

For example, S = "ADOBECODEBANC", T = "ABC"

Minimum window is "BANC".

Note:

* Ifthere is no such window in S that covers all characters in 7', return the emtpy string "".

« If there are multiple such windows, you are guaranteed that there will always be only one unique

minimum window in S.

voEil
WHgEr, ShAS4EP— 1 IXIE. RISFAMAEH, SHEA - IEAaE& TIrfi T 7 /E,
SRR TR AR, ERIARERPRAE AL BaicsR T AT RERY TS DL 7 /MY
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55

// LeetCode, Minimum Window Substring
/1 WEREE o), EEALKE 0(1)
class Solution {
public:
string minWindow(string S, string T) {
if (S.empty()) return "";
if (S.size() < T.size()) return "";

const int ASCII_MAX = 256;

int appeared_count [ASCII_MAX];

int expected_count [ASCII_MAX];

f£ill (appeared_count, appeared_count + ASCII_MAX, 0);
fill(expected_count, expected_count + ASCII_MAX, 0);

for (size_t i = 0; i < T.size(); i++) expected_count[T[i]]++;

int minWidth = INT_MAX, min_start = 0; // HHA/N, ®A

int wnd_start = 0;

int appeared = 0; // ZEEAET AT

//RARE R EH

for (size_t wnd_end = 0; wnd_end < S.size(); wnd_end++) {

if (expected_count[S[wnd_end]] > 0) { // this char is a part of T
appeared_count [S[wnd_end]]++;
if (appeared_count[S[wnd_end]] <= expected_count[S[wnd_end]])
appeared++;

if (appeared == T.size()) { // ZEEET 1T
/7 WCHE kAR ET
while (appeared_count[S[wnd_start]] > expected_count[S[wnd_start]]
|| expected_count [S[wnd_start]] == 0) {
appeared_count [S[wnd_start]]--;
wnd_start++;
}
if (minWidth > (wnd_end - wnd_start + 1)) {
minWidth = wnd_end - wnd_start + 1;
min_start = wnd_start;

}

if (minWidth == INT_MAX) return "";
else return S.substr(min_start, minWidth);

}
};
EES- =

«
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15.6 Multiply Strings
fhik

Given two numbers represented as strings, return multiplication of the numbers as a string.

Note: The numbers can be arbitrarily large and are non-negative.

X

W IR F R I —A int, ——XR2, FER— int Z0H. (HRIXFRIRE A, —
A int32 M HKAEAS 251 — 1 = 2147483647, BILAS 9 FAFRR, T AT, W, MEarll
54 M FH——5N e — int64 ATLAY 9 AN FAFRT N

KA1

// LeetCode, Multiply Strings

// @author 3% (http://weibo.com/lianchengzju)
/] —AFFEAE—A int

// HIEEZZRE 0(wm), REEZZEE 0(+m)

typedef vector<int> bigint;

bigint make_bigint(string const& repr) {
bigint n;
transform(repr.rbegin(), repr.rend(), back_inserter(n),
[J(char c) { return c - '0'; });
return n;

}

string to_string(bigint const& n) {
string str;
transform(find_if (n.rbegin(), prev(n.rend()),
[1(char c) { return ¢ > '\0'; }), n.rend(), back_inserter(str),
[J(char c) { return c + '0'; });
return str;

}

bigint operator*(bigint const& x, bigint const& y) {
bigint z(x.size() + y.size());

for (size_t i = 0; i < x.size(); ++i)
for (size_t j = 0; j < y.size(); ++j) {
z[i + j1 += x[i] * y[j1;
z[i+ j + 1] += z[i + j]1 / 10;
z[i + j]1 %= 10;
}

return z;
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AT S

class Solution {
public:
string multiply(string numl, string num2) {
return to_string(make_bigint(numl) * make_bigint (num2));
}
I

X552

// LeetCode, Multiply Strings

/19 NFREMM—A int64_t

// HIEZRE 0(nxm/81), FIEEZE 0((n+m)/9)
[xx REHE. +/

class BigInt {

public:
YELS
* Gbrief WMEHEHY, WFHBHMUNAEK.
* @param[in] s WA\ FH &

* Qreturn 1
*/
BigInt(string s) {
vector<int64_t> result;
result.reserve(s.size() / RADIX_LEN + 1);

for (int i = s.size(); 1 > 0; i -= RADIX_LEN) { // [i-RADIX_LEN, i)

int temp = O;
const int low = max(i - RADIX_LEN, 0);
for (int j = low; j < i; j++) {

temp = temp * 10 + s[j] - '0';

}
result.push_back(temp) ;
}
elems = result;
}
/**

* @brief WEHEMIFHE.
* Q@return ?—f—’f%
*/
string toString() {
stringstream result;
bool started = false; // A THIWMHF o
for (auto i = elems.rbegin(); i != elems.rend(); i++) {
if (started) { // WRZ &M o BE#MBk, N
result << setw(RADIX_LEN) << setfill('0') << *i;
} else {
result << *i;

started = true; // ®EE—N o WHE, RNHS A o ELA kT

}

if (!started) return "0"; // % x &% 0 H
else return result.str();
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}

/**

* Obrief AHHIE.

* @param[in] x x

* @param[in] y y

* @return A%

*/

static BigInt multiply(const BigInt &x, const BigInt &y) {
vector<int64_t> z(x.elems.size() + y.elems.size(), 0);

for (size_t i = 0; i < y.elems.size(); i++) {
for (size_t j = 0; j < x.elems.size(); j++) { // A yli]l £FU x WA
// Wi#(éﬁ i, j TMI‘EJ?TE 2 n 3| *%ﬁﬁﬁ i+j L

z[i + j] += y.elems[i] * x.elems[j];

if (z[i + j1 >= BIGINT_RADIX) { // HREFE#f
z[i + j + 1] += z[i + j1 / BIGINT_RADIX; // #f
z[i + j] %= BIGINT_RADIX;

}
}
while (z.back() == 0) z.pop_back(); // ZH#M, £HEEME 0

return BigInt(z);
¥

private:

typedef long long int64_t;

[xx —ANEATERIMR 9 MHIHIML, BB AT F
* B4 1000000000 * 1000000000 % #it 2°63-1
*/

const static int BIGINT_RADIX = 1000000000;

const static int RADIX_LEN = 9;

[xx TTHEHI R, */

vector<int64_t> elems;

BigInt(const vector<int64_t> num) : elems(num) {}

};

class Solution {
public:
string multiply(string numl, string num2) {
BigInt x(numl);
BigInt y(num2);
return BigInt::multiply(x, y).toString();

}
};
HXREB

«
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15.7 Substring with Concatenation of All Words
iR
You are given a string, .S, and a list of words, L, that are all of the same length. Find all starting indices of
substring(s) in .S that is a concatenation of each word in L exactly once and without any intervening characters.
For example, given:
S: "barfoothefoobarman"
LZ ["fOO" s "bar"]

You should return the indices: [0,9].(order does not matter).

X
e

(T}

// LeetCode, Substring with Concatenation of All Words

// HEEZRE 0(xm), FHALE 0(m)

class Solution {

public:

vector<int> findSubstring(string s, vector<string>& dict) {

size_t wordLength = dict.front().length();
size_t catLength = wordLength * dict.size();
vector<int> result;

if (s.length() < catLength) return result;
unordered_map<string, int> wordCount;
for (auto const& word : dict) ++wordCount[word];

for (auto i = begin(s); i <= prev(end(s), catLength); ++i) {
unordered_map<string, int> unused(wordCount);

for (auto j = i; j != next(i, catlLength); j += wordLength) {
auto pos = unused.find(string(j, next(j, wordLength)));

if (pos == unused.end() || pos->second == 0) break;
if (--pos->second == 0) unused.erase(pos);
}
if (unused.size() == 0) result.push_back(distance(begin(s), 1i));

}

return result;
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15.8 Pascal’s Triangle
ik
Given numRows, generate the first num Rows of Pascal’s triangle.

For example, given numRows = 5,

Return

[1] t
[1,1] b
[1,2,11,
[1,3,3,1],
[1,4,6,4,1]
]

X

AT LABAS, RN 4TRSS b AT ARSI 0, AT TN IR, ST
s B B R

HoMEE, T ATE NI EREMEE DN IRREN 1, PENENTER, FTEfTRA
LA EATTERZ A,

NEEH

// LeetCode, Pascal's Triangle
// WEERE 0@@™2), REALZE 0@
class Solution {
public:
vector<vector<int> > generate(int numRows) {
vector<vector<int> > result;
if (numRows == 0) return result;

result.push_back(vector<int>(1,1)); //first row

for(int i = 2; i <= numRows; ++i) {
vector<int> current(i,1); // A&AT
const vector<int> &prev = result [i-21; // _]:"f:f

for(int j = 1; j < i - 1; ++j) {
current[j] = prev[j-1] + prev[jl; // AL ffea LAz F
}

result.push_back(current);
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return result;
¥
};
MNERE

// LeetCode, Pascal's Triangle
/1 HEERE 0@™2), EHALXE 0@
class Solution {
public:
vector<vector<int> > generate(int numRows) {
vector<vector<int> > result;
vector<int> array;
for (int i = 1; i <= numRows; i++) {
for (int j =i - 2; j > 0; j--) {
array[j] = array[j - 1] + arrayl[jl;

array.push_back(1);
result.push_back(array);

}
return result;
}
};
fHXRE B

+ Pascal’s Triangle I, U §15.9

15.9 Pascal’s Triangle 11

ik
Given an index k, return the k" row of the Pascal’s triangle.
For example, given k = 3,

Return [1,3,3,1].

Note: Could you optimize your algorithm to use only O(k) extra space?

VoLl
R

(T
// LeetCode, Pascal's Triangle II )
/) REHA, HEERE 0@ 2), ZHEALE 0@)
class Solution {
public:
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vector<int> getRow(int rowIndex) {
vector<int> array;
for (int i = 0; i <= rowIndex; i++) {
for (int j =1 - 1; j > 0; j—-){
array[j]l = array[j - 1] + arrayl[jl;

}
array.push_back(1);
}
return array;
}
};
GEES NS

+ Pascal’s Triangle, Ul §15.8

15.10 Spiral Matrix
ik

Given a matrix of m x n elements (m rows, n columns), return all elements of the matrix in spiral order.

For example, Given the following matrix:

You should return [1,2,3,6,9,8,7,4,5].

rLii
LE

(T}

// LeetCode, Spiral Matrix

// @author Z[% (http://weibo.com/luangong)

/] HEARE 0@ 2), ZEEZLE 0(1)

class Solution {

public:

vector<int> spiralOrder(vector<vector<int> >& matrix) {
vector<int> result;
if (matrix.empty()) return result;
int beginX = 0, endX = matrix[0].size() - 1;
int beginY = 0, endY = matrix.size() - 1;
while (true) {
// From left to right
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for (int j = beginX; j <= endX; ++j) result.push_back(matrix[beginY] [j]);
if (++beginY > endY) break;

// From top to bottom

for (int i = beginY; i <= endY; ++i) result.push_back(matrix[i] [endX]);
if (beginX > --endX) break;

// From right to left

for (int j = endX; j >= beginX; --j) result.push_back(matrix[endY][jl);
if (beginY > --endY) break;

// From bottom to top

for (int i = endY; i >= beginY; --i) result.push_back(matrix[i] [beginX]);
if (++beginX > endX) break;

}
return result;
¥
};
HXREB

« Spiral Matrix IT , . §15.11

15.11 Spiral Matrix 11
fhik
Given an integer 7, generate a square matrix filled with elements from 1 to n? in spiral order.

For example, Given n = 3,

You should return the following matrix:

[

[1, 2, 31,

[8, 9, 41,

[ 7,6, 5]

1

V2Kl

O A EA
75 1

// LeetCode, Spiral Matrix II

// BEEZEE 0@~2), FEEZLE 0(n~2)

class Solution {

public:

vector<vector<int> > generateMatrix(int n) {

vector<vector<int> > matrix(n, vector<int>(n));
int begin = 0, end = n - 1;
int num = 1;
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while (begin < end) {
for (int j = begin; j < end; ++j) matrix[begin] [j] = num++;
for (int i = begin; i < end; ++i) matrix[i] [end] = num++;
for (int j = end; j > begin; --j) matrix[end] [j] = numt+;
for (int i = end; i > begin; --i) matrix[i] [begin] = num++;
++begin;
--end;

}

if (begin == end) matrix[begin] [begin] = num;

return matrix;

};

X752

// LeetCode, Spiral Matrix II
// @author 2% (http://weibo.com/luangong)
// HEZRE 0(™2), ZEAELE 0(2)
class Solution {
public:
vector<vector<int> > generateMatrix(int n) {
vector< vector<int> > matrix(n, vector<int>(n));
if (n == 0) return matrix;
int beginX = 0, endX = n - 1;
int beginY = 0, endY = n - 1;
int num = 1;
while (true) {
for (int j = beginX; j <= endX; ++j) matrix[beginY] [j] = num++;
if (++beginY > endY) break;

for (int i = beginY; i <= endY; ++i) matrix[i] [endX] = num++;
if (beginX > --endX) break;
for (int j = endX; j >= beginX; --j) matrix[endY] [j] = num++;
if (beginY > --endY) break;
for (int i = endY; i >= beginY; --i) matrix[i] [beginX] = num++;
if (++beginX > endX) break;

}

return matrix;

}
};
Hx&HE

« Spiral Matrix, Il §15.10
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15.12 ZigZag Conversion
fhik
The string "PAYPALISHIRING" is written in a zigzag pattern on a given number of rows like this: (you

may want to display this pattern in a fixed font for better legibility)

P A H N
APLSIIG
Y I R
And then read line by line: "PAHNAPLSIIGYIR"
Write the code that will take a string and make this conversion given a number of rows:

string convert(string text, int nRows);

convert ("PAYPALISHIRING", 3) should return "PAHNAPLSIIGYIR"

S
BB A, BTGB, AN RE H X PR
n=4:

P I N
A LS IG
Y A HR

P I

n=5:

P H

A S I

Y I R

PL I G
A N

FREA, XTE—BEETTRIEIE (i,5) = G+ 1) «+n+i; X TEREEBEITRZAIRHATT
R BXAITR), (,)=>G+1) *xn—i

(T}

// LeetCode, ZigZag Conversion
// HEERE 0(n), FEREE 0(D
class Solution {
public:
string convert(string s, int nRows) {
if (nRows <=1 || s.size() <= 1) return s;
string result;
for (int i = 0; i < nRows; i++) {
for (int j = 0, index = i; index < s.size();
j++, index = (2 * nRows - 2) * j + i) {
result.append(1, s[index]); // EHTLH
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if (i == 0 || i == nRows - 1) continue; // ®XMATE
if (index + (nRows - i - 1) * 2 < s.size())
result.append(l, s[index + (nRows - i - 1) * 2]);
}
}
return result;
}
I
PSS
-
15.13 Divide Two Integers
iR
Divide two integers without using multiplication, division and mod operator.
vLil
AREMITR. BRANIUEE, ARFNAY, A I AALEA .
R RHTE, RAWIREBERE . XA L, ATEME— Ui, BRI RER AR,

AN o

X751

// LeetCode, Divide Two Integers

// BEZZ4)E 0Qogn), FHALRE 0(1)

class Solution {

public:

int divide(int dividend, int divisor) {

// % dividend = INT_MIN B, -dividend 2, F7UAM long long
long long a = dividend >= O ? dividend : -(long long)dividend;
long long b = divisor >= 0 7 divisor : -(long long)divisor;

// % dividend = INT_MIN B, divisor = -1 B, %% 4, FPA long long

long long result = 0;
while (a >=Db) {
long long c = b;
for (int i = 0; a >= c; ++i, c <<= 1) {
a -=c;
result += 1 << i;

}

return ((dividend~divisor) >> 31) ? (-result) : (result);
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};

%85 2

// LeetCode, Divide Two Integers
/] BEEZE 0(logn), A FE 0(1)
class Solution {
public:
int divide(int dividend, int divisor) {
int result = 0; // ¥ dividend = INT_MIN B}, divisor = -1 H, R4 H
const bool sign = (dividend > O && divisor < 0) ||
(dividend < 0 && divisor > 0); // # &

// % dividend = INT_MIN B, -dividend 4iH, ArPAH unsigned int
unsigned int a = dividend >= 0 7 dividend : -dividend;
unsigned int b = divisor >= 0 ? divisor : -divisor;

while (a >= b) {
int multi = 1;
unsigned int bb = b;
while (a >= bb) {
a —= bb;
result += multi;

if (bb < INT_MAX >> 1) { // Wik
bb += bb;
multi += multi;

}
}
if (sign) return -result;
else return result;

15.14 Text Justification
iR

Given an array of words and a length L, format the text such that each line has exactly L characters and
is fully (left and right) justified.

You should pack your words in a greedy approach; that is, pack as many words as you can in each line.

Pad extra spaces ' ' when necessary so that each line has exactly L characters.
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Extra spaces between words should be distributed as evenly as possible. If the number of spaces on a
line do not divide evenly between words, the empty slots on the left will be assigned more spaces than the

slots on the right.

For the last line of text, it should be left justified and no extra space is inserted between words.
For example,

words: ["This", "is", "an", "example", "of", "text", "justification."]

L: 16.

Return the formatted lines as:

"This is an",
"example of text",
"justification. "

Note: Each word is guaranteed not to exceed L in length.

Corner Cases:
* A line other than the last line might contain only one word. What should you do in this case?

¢ In this case, that line should be left

X
p

(T

// LeetCode, Text Justification
// HEEZRE 0(@m), FEERE 0(1)
class Solution {
public:
vector<string> fullJustify(vector<string> &words, int L) {
vector<string> result;
const int n = words.size();
mtmgn=o,mn=m//¥ﬁfwﬁﬁ,%%&E
for (int i = 0; i < n; ++i) {
if (len + words[i].size() + (i - begin) > L) {
result.push_back(connect (words, begin, i - 1, len, L, false));
begin = ij;
len = 0;
}

len += words[i].size();

}
/l RE—ATFRE L
result.push_back(connect(words, begin, n - 1, len, L, true));
return result;
}
YELS
* @brief ¥ words[begin, end] & —AT
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* @param[in] words #177%|%
* @param[in] begin %
* @param[in] end %
* @param[in] len words([begin, end] ATH ¥ ui ke K E
* @param[in] L AEMEH —TKE
* @param[in] is_last =& E®&E—AT
* @return Xt7FJ& 8 % AIAT
*/
string connect(vector<string> &words, int begin, int end,
int len, int L, bool is_last) {
string s;
int n = end - begin + 1;
for (int i = 0; i < n; ++i) {
s += words[begin + i];
addSpaces(s, i, n - 1, L - len, is_last);
}
if (s.size() < L) s.append(L - s.size(), ' ');
return s;
}
/**
* @brief AFmZEHE.
* @param[inout]ls —4T
* @param[in] i YW ZERNFF
* @param[in] n FR Y%K
* @param[in] L X 3t% ZR ooy 2 HH%K
* @param[in] is_last &&= &G T
* Qreturn 7
*/
void addSpaces(string &s, int i, int n, int L, bool is_last) {
if m <1 |l i>n-1) return;
int spaces =is_last 71 : (L/n+ (1 < (L %mn) 71:0));
s.append(spaces, ' ');
¥
}
EPS Y=
-

15.15 Max Points on a Line

fhik

Given n points on a 2D plane, find the maximum number of points that lie on the same straight line.
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voE;il
TN W RIRE — S E K, nﬁﬁﬁﬁﬁ TU@J%( 1) 4HEZ, NE—4H
e, W n DEERTEIZESZ L, NMATLIEE Ei%EJ:EGEEEﬁ/\éﬁ SRR E LR .
HHE O(n?),
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i Ay ey

// LeetCode, Max Points on a L1ne
/1 EAFEE, URAFC, HEREE 0™3), EERELE 0D
class Solution {
public:
int maxPoints(vector<Point> &points) {
if (points.size() < 3) return points.size();
int result = 0;

for (int i = 0; i < points.size() - 1; i++) {
for (int j = i + 1; j < points.size(); j++) {

int sign = 0;
int a, b, c;
if (points[i].x == points[j].x) sign = 1;
else {

points[j].x - points[i].x;

points[jl.y - points[i].y;

a * points[i]l.y - b * points[i].x;

a
b
c

}
int count = O;
for (int k = 0; k < points.size(); k++) {
if ((0 == sign &% a * points[k].y == ¢ + Db * points[k].x) ||
(1 == sign&&points[k].x == points[j].x))

count++;
}
if (count > result) result = count;
¥
}
return result;
}
};
L= Al

// LeetCode, Max Points on a Line

/1 EAME, LERFN, HEESEE 0™2), FHEEZ4E 0@
class Solution {

public:
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TSI

};

int maxPoints(vector<Point> &points) {
if (points.size() < 3) return points.size();
int result = 0;

unordered_map<double, int> slope_count;

for (int i = 0; i < points.size()-1; i++) {
slope_count.clear();
int samePointNum = 0; // 5§ i E&H K
int point_max = 1; /R i EEWERK R

for (int j = i + 1; j < points.size(); j++) {

}

double slope; // A%
if (points[i].x == points[j]l.x) {
slope = std::numeric_limits<double>::infinity();
if (points[il.y == points[j]l.y) {
++ samePointNum;
continue;
}
} else {
slope = 1.0 * (points[i].y - points[jl.y) /
(points[i].x - points[j].x);
}

int count = 0;

if (slope_count.find(slope) != slope_count.end())
count = ++slope_count [slope];

else {
count = 2;
slope_count [slope] = 2;

}

if (point_max < count) point_max = count;

result = max(result, point_max + samePointNum);

}

return result;

EES =
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