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2.1.1 Remove Duplicates from Sorted Array
L)Y

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].

paLiil
p

1

// LeetCode, Remove Duplicates from Sorted Array
/! NIBERE 0@), REERE 0(1)
class Solution {
public:
int removeDuplicates(vector<int>& nums) {
if (nums.empty()) return O;

int index = O;
for (int i = 1; i < nums.size(); i++) {
if (nums([index] != nums[i])
nums [++index] = nums[i];
}

return index + 1;
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88 2

// LeetCode, Remove Duplicates from Sorted Array
// B8 sTL, WEERE 0(n), RFERE 0(1)
class Solution {
public:
int removeDuplicates(vector<int>& nums) {
return distance(nums.begin(), unique(nums.begin(), nums.end()));

}
};

(VEK

// LeetCode, Remove Duplicates from Sorted Array
// 18R STL, WEERE 0n), ZEERE 0(1)
class Solution {
public:
int removeDuplicates(vector<int>& nums) {
return distance(nums.begin(), removeDuplicates(nums.begin(), nums.end(), nums.begin())

}
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;

}s

PSS

* Remove Duplicates from Sorted Array I, 0 §2.1.2

2.1.2 Remove Duplicates from Sorted Array II
R

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]

paLiil

N—PEBICR— FTRENNRABIT, XRRNBE2LHHFEEAE, IU—1TEETR
R WRBREHFPEVEAE, WHERSIA—T hashmap RICFKHIRH,
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KE1

// LeetCode, Remove Duplicates from Sorted Array II
// NBEF#E 0(), DESERE 0(1)
// Qauthor hex108 (https://github.com/hex108)
class Solution {
public:
int removeDuplicates(vector<int>& nums) {
if (nums.size() <= 2) return nums.size();

int index = 2;
for (int i = 2; i < nums.size(); i++){
if (nums([i] '= nums[index - 2])
nums [index++] = nums[i];

}

return index;

}s

i 2

TEHR— T EEENMRE. -ANRBERE, NI RBME—L, fIR occur < 228 occur
< 3, WERITNHEERS 3K,
// LeetCode, Remove Duplicates from Sorted Array II
// @author Efi{d (http://weibo.com/u/1666779725)
// RWEEZE 0@), REERE 0(1)
class Solution {
public:
int removeDuplicates(vector<int>& nums) {

const int n = nums.size();

int index = O;

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

if (4 > 0 & i < n - 1 && nums[i] == nums[i - 1] && nums[i] == nums[i + 1])
continue;

nums [index++] = nums[i];
}

return index;

};

PSS

* Remove Duplicates from Sorted Array, [ §2.1.1
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2.1.3 Search in Rotated Sorted Array
R

Suppose a sorted array is rotated at some pivot unknown to you beforehand.
(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.

D
—NEK, HEFRETAGDFTHRE,

AV

// LeetCode, Search in Rotated Sorted Array
// WEERE 0(og n), FESHE 0(1)
class Solution {
public:
int search(const vector<int>& nums, int target) {
int first = 0, last = nums.size();
while (first !'= last) {
const int mid = first + (last - first) / 2;
if (nums[mid] == target)
return mid;
if (nums([first] <= nums[mid]) {
if (nums[first] <= target && target < nums[mid])
last = mid;
else
first = mid + 1;
} else {
if (nums[mid] < target && target <= nums[last-1])
first = mid + 1;
else
last = mid;
¥
}

return -1;

};

BXEE

* Search in Rotated Sorted Array I, [} §2.1.4
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2.1.4 Search in Rotated Sorted Array II
R

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.

paLiil

AWEETTHR, N E—MPUR Alml>=A01], A2 [1,n] NIBEFRIIBHRIERMARERILS, th
40 I1,3,1,1,11,

WR Alm]>=A[1] NEERERIS, AIMICTHFDRA DRY

« & Aml>ALL], NWXE [1,m] —EBIE

« B Aml==AN] WEART, L 1++, £ FEF—HRIT.

(¥

// LeetCode, Search in Rotated Sorted Array II
// NBERE o), RFERE 0(D)
class Solution {
public:
bool search(const vector<int>& nums, int target) {
int first = 0, last = nums.size();
while (first !'= last) {
const int mid = first + (last - first) / 2;
if (nums[mid] == target)
return true;
if (nums[first] < nums[mid]) {
if (nums[first] <= target && target < nums[mid])
last = mid;
else
first = mid + 1;
} else if (nums[first] > nums[mid]) {
if (nums[mid] < target && target <= nums[last-1])
first = mid + 1;

else
last = mid;
} else
//skip duplicate one
first++;

}

return false;
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EPS IS

* Search in Rotated Sorted Array, [ §2.1.3

2.1.5 Median of Two Sorted Arrays
R

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)).

paliil

XEB—BIERELHNT, XUBBANFRR, EEM T CEHRENE, KEMERET
£PE kAR,

O(m +n) BIRBELLIREN, BEiE merge M PEE, REKEE bk KBVTTR.

AIBMNUNERE kL KOVTTH, BAEE “HR” X4 B500REN. gUB—D1rEEs, 12
FRHBIEEREE m KNTER T BNRAIMERMNMEEH pA 0 pB, DAIEG A F0 B 24EHE—
PR, BAEMT merge sort BIRIE, WREA A HBITEH/)\, B4 pa++, AN n++; WRHA
B LFI7TE/, B4 pB++, AN m++, R m FHT kK OINR, MBRATRINNEZR, O(k) NE,
0(1) Big. B2, HkREL m+n BINE, XTOERRE O(m+n) B

BEE @Z&EUEKDJE ? BANTUZEM £ AFo WRBINEGREBEEBHBR— T —EEE k ATT
R2ZRINTER, ALRNFTRHIT kR BRURSRBAVERIR—¥0E ? 8F AT B HEREFH,
BN ZALDNBXEANER, XUFT 0B, HRFDFB S “BF7%

BRI% A0 B TR B RT k/2, BIDG ABE /21070 (B Alk/2-11) FOBHSE k/2
MIEE (B) Blk/2-11) HTHER, BUT=fBR O 3T BHIXELMERIR & 82, PBEINGSIE
Tk 2HHREAIUIMN):

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

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

+ Alk/2-1] < Bl[k/2-1]

WER Alk/2-1] < Blk/2-1]1, BIKE A0l B Alk/2-1] BVEEAE AU B 89 top k TTERITEE
A, BONER, Alk/2-1]1 ROBREAT AU B 8988 k Koo, BAITEIEH,

A, HATTLAROEIMIER A FRABIX k/2 DITR. B, & Alk/2-1]1 > Blk/2-11 (¥, T
CUIBR B 204889 k/2 DT R

& Alk/2-11 == Blk/2-1]1 (Y, ROAKEI T8 k£ KBTR, BERDO Alk/2-1] 8 B(k/2-1]
=

AL, BNITUE—MBIBRE. ABARETANIRRAZLL L 2

s A BRETN, H#R0O Blk-1] 3¢ Alk-1];

* Y k=12, RO min(A[0], B[0]);

o ¥ A[k/2-1] == B[k/2-1] ¥, 3R@ Al[k/2-1] 8¢ B[k/2-1]
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AV

// LeetCode, Median of Two Sorted Arrays
// NEEZE 0(log(m+n)), WEEZE 0(log(m+n))
class Solution {
public:
double findMedianSortedArrays(const vector<int>% A, const vector<int>& B) {
const int m = A.size();
const int n = B.size();
int total = m + n;
if (total & 0x1)
return find_kth(A.begin(), m, B.begin(), n, total / 2 + 1);
else
return (find_kth(A.begin(), m, B.begin(), n, total / 2)
+ find_kth(A.begin(), m, B.begin(), n, total / 2 + 1)) / 2.0;

}
private:
static int find_kth(std::vector<int>::const_iterator A, int m,
std::vector<int>::const_iterator 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, *B);

//divide k into two parts
int ia = min(k / 2, m), ib = k - ia;
if (x(A + ia - 1) < *(B + ib - 1))

return find_kth(A + ia, m - ia, B, n, k - ia);
else if (*(A + ia - 1) > *(B + ib - 1))

return find_kth(A, m, B + ib, n - ib, k - ib);
else

return Alia - 1];

};

EPS IS
7

2.1.6 Longest Consecutive Sequence
3R
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.



paLiil

WRADIF O(nlogn) NERE, ALILULHR, TRAMERK O(n).

BT RIENTERELFE, XX O0(n), 8LBBERGEHER.

Fl—ME% %K unordered_map<int, bool> used ERE N TREDER, NETITR, MUt
FRDIN, FEEYT Kk, BENESNLE, BR FRKOKE,

(¥

// Leet Code, Longest Consecutive Sequence
// NEERE o), RFERE 0(n)
class Solution {
public:
int longestConsecutive(const vector<int> &nums) {
unordered_map<int, bool> used;

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

for (auto i : nums) {
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;

};

DT 2

FE-—EH NEBENIRIE, NIZB uonfind HIRIE. ELERINTUBMIKNKERREK
™ ARAMIBMIURT, BEEISHNER, BMIHOINEELFR. B unordered_-
map<int, int> map FGEME. RIBTIEFE Fhttp://discuss.leetcode.com/questions/1070/


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

AV

// Leet Code, Longest Consecutive Sequence
// NESE&E 0(n), REEFHE 0)
// Author: Qadvancedxy
class Solution {
public:
int longestConsecutive(vector<int> &nums) {
unordered_map<int, int> map;
int size = nums.size();

int 1 = 1;
for (int i = 0; i < size; i++) {
if (map.find(nums[i]) != map.end()) continue;

map [nums [1]] = 1;
if (map.find(nums[i] - 1) != map.end()) {
1 = max(1l, mergeCluster(map, nums[i] - 1, nums[i]));
}
if (map.find(nums[i] + 1) != map.end()) {
1 = max(1l, mergeCluster(map, nums([i], nums[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;

};

EPS IS
7

2.1.7 Two Sum
i)Y
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.


http://discuss.leetcode.com/questions/1070/longest-consecutive-sequence
http://discuss.leetcode.com/questions/1070/longest-consecutive-sequence
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You may assume that each input would have exactly one solution.
Input: numbers={2, 7, 11, 15}, target=9
Output: index1=1, index2=2

paliil

& 1 81, EXRE O(n?), &8N

755 2: hash, FA—MEHE, GES MM TR, SRE On).

P53 HR, REEGERE, HF O(nlogn), ZERIE O(n), HLR O(nlogn), BRIE,
HXAEBRONE Tin, MARNTAS, BILXNTETAR.

AV

//LeetCode, Two Sum
// 7375 2: hash, B—NIGHRER, FHEETMEXVMEY MR
// REERE o), =EEZE 0@)
class Solution {
public:
vector<int> twoSum(vector<int> &nums, int target) {
unordered_map<int, int> mapping;
vector<int> result;
for (int i = 0; i < nums.size(); i++) {
mapping [nums [i]] = i;

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

return result;

};

PSS

e 3Sum, [l §2.1.8
e 3Sum Closest, [} §2.1.9
e 4Sum, [ §2.1.10
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2.1.8 3Sum
R

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, givenarray S = {-1 0 1 2 -1 -4}
A solution set is:

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

paLil

SRR, REEGEXRE, ERE O(n?).
TIEI AT 5 k-sum, FoHEF, WO L - 2 RBIN, ERNBRBATERE, NESER

E 2 O(max{nlogn,n**}),

AV

// LeetCode, 3Sum
/1 FTHR, REELEFTE, TRINIEENY, NIEHRE 0(™2), TFEEFE 0(1)
class Solution {
public:
vector<vector<int>> threeSum(vector<int>& nums) {
vector<vector<int>> result;
if (nums.size() < 3) return result;
sort (nums.begin(), nums.end());
const int target = O;

auto last = nums.end();
for (auto i = nums.begin(); i < last-2; ++i) {
auto j = i+1;
if (1 > nums.begin() && *i == *(i-1)) continue;
auto k = last-1;
while (j < k) {
if (xi + xj + *k < target) {
++3j;
while(*j == *(j - 1) && j < k) ++j;
} else if (*i + *j + xk > target) {
--k;
while(x¥k == *x(k + 1) && j < k) --k;
} else {
result.push_back({ *i, *j, *k });
++3;



__k;
while(*j == *(j - 1) && *k == *x(k + 1) && j < k) ++j;

}
}

return result;

}s

ERSIS]

e Two sum, [l §2.1.7
e 3Sum Closest, [f} §2.1.9
e 4Sum, [l §2.1.10

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).

DT
SeHERR, REZEGEXEB, SRE O(n?).

AV

// LeetCode, 3Sum Closest
/7 FHR, REEEXEB, NEERE 0(n2), TEEFHRE 01
class Solution {
public:
int threeSumClosest(vector<int>& nums, int target) {
int result = 0;
int min_gap = INT_MAX;

sort (nums.begin(), nums.end());

for (auto a = nums.begin(); a != prev(nums.end(), 2); ++a) {
auto b = next(a);
auto c = prev(nums.end());

while (b < ¢) {
const int sum = *a + *xb + *c;
const int gap = abs(sum - target);
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if (gap < min_gap) {
result = sum;

min_gap = gap;
}

if (sum < target) ++b;
else -=C;

}
return result;

};

VEPS JIE]
e Two sum, Jj} §2.1.7

e 3Sum, [ §2.1.8
e 4Sum, [ §2.1.10

2.1.10 4Sum
L)Y

Given an array S of n integers, are there elements a, b, ¢, and d in S such that a + b+ c + 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

D

FHFR, REZEXRE, ERE O(n®), 21BN,
U — hashmap 5 &M DOV, REERE O(n®). X HRIBHIEATF 3Sum,
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TERE

// LeetCode, 4Sum

// SeHEERR, RBEZAEIE, NEAERE 0(™3), REASRE 0(1)

class Solution {

public:

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

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

auto last = nums.end();
for (auto a = nums.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 (¥a + *b + *c + *d < target) {

++c;
} else if (xa + *xb + *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 R

// LeetCode, 4Sum

// FB— hashmap JoEFMTEBIF0

// WEEZRE, ¥ 0@™2), RIF 0(n™4), TEELE 0(0™2)

class Solution {

public:

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

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

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

}
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for (int ¢ = 0; ¢ < nums.size(); ++c) {
for (size_t d = ¢ + 1; d < nums.size(); ++d) {
const int key = target - nums[c] - nums[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; // BEZ

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

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

};

multimap

// LeetCode, 4Sum

// BB—" hashmap FE&RFMPENEIF0

// NEEZRE 0(n~2), REERE 0@~2)

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

class Solution {

public:

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

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

unordered_multimap<int, pair<int, int>> cache;
for (int i = 0; i + 1 < nums.size(); ++i)
for (int j = i + 1; j < nums.size(); ++j)
cache.insert (make_pair(nums[i] + nums[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 (a'!=c&& a!=d&&b!=c& b !=4d) {
vector<int> vec = { nums[a], nums[b], nums[c], nums[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;

};

o7& 4

// LeetCode, 4Sum

/! FHR, REELETE, NEEHE 0(n 3logn), HEASRE 0(1), 58BN

// BRAE 1 M8, KBNS, RELEEIgs, the!

class Solution {

public:

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

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

auto last = nums.end();
for (auto a = nums.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 (*xa + *b + *c + *d < target) {
¢ = upper_bound(c, d, *c);
} else if (*a + *b + *c + *d > target) {
d = prev(lower_bound(c, d, *d));
} else {
result.push_back({ *a, *b, *c, *d });
¢ = upper_bound(c, d, *c);
d = prev(lower_bound(c, d, *d));

}
}

return result;

};

PSS

e Two sum, [l §2.1.7
e 3Sum, [l §2.1.8
e 3Sum Closest, [} §2.1.9
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2.1.11 Remove Element

R

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.

D
i

K1

// LeetCode, Remove Element
// NEERE 0(n), TEEFE 0(1)

class Solution {

public:

int removeElement (vector<int>& nums, int target) {

};

t8 2

int index = O;
for (int i = 0; i < nums.size(); ++i) {
if (nums[i] != target) {
nums [index++] = nums[i];
}
}

return index;

// LeetCode, Remove Element
// 15 remove(), WNEEHRE 0(n), REASRE 0(1)

class Solution {

public:

int removeElement(vector<int>& nums, int target) {
return distance(nums.begin(), remove(nums.begin(), nums.end(), target));
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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.

T
SERIIRWR 2-1F177 (B http://fisherlei.blogspot.com/2012/12/leetcode-next-permutation.html )

Increase

C1C1 0 [ 57 23 £ £

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 3 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 N—THIEERE
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AV

// LeetCode, Next Permutation
// NEE#E 0(n), ZEERXE 0(1)
class Solution {
public:
void nextPermutation(vector<int> &nums) {
next_permutation(nums.begin(), nums.end());

}

template<typename BidiIt>

bool next_permutation(BidiIt first, BidiIt 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 >= x*prev(pivot))
++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;

};

PSS

» Permutation Sequence, I, §2.1.13
e Permutations, JJl, §8.3

e Permutations II, 1}, §8.4

» Combinations, 1}, §8.5
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2.1.13 Permutation Sequence
)Y

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):
n 123 n
n 132 n
n 213"
n 231 n
I|312 n
n 321 n
Given n and k, return the kth permutation sequence.

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

DHT

BEN, JUBSNOWETL, BA k — 1 X next_permutation(),

FIMEEILR E DHAEKREER S, IR, MBIIRFBEE k- THI.

NARERENBE, RIRE n MEENTR, Bk THIIR a1,a2,a3, ..., an, B4 a1 2HE
—MUER ?

BANE a1 Big, LRI TOHIIN az,as, ..., an, it n—1PTHR, n— 1 DTEEE (n—1)!
S, FREMIULIAE a1 = k/(n— 1)k

@8, a2,as,...,a, OEHKESWT:

ko = Ek%(mn—1)!

az = ko/(n—2)!
kn1 = kn_2%2!
An—1 = knfl/ll

a, = 0

{858 next_permutation()

// LeetCode, Permutation Sequence
// {$F8 next_permutation(), TLE
class Solution {
public:
string getPermutation(int n, int k) {
string s(n, '0');
for (int i = 0; i < n; ++i)



22 F28 HMX

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, Bidilt last) {
// B _E—/ Next Permutation
}
};

RITMmE3

// LeetCode, Permutation Sequence
// RIERB, WESERE 0@), ZEERE 0(D)
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;

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 BHIBR, BFH—THII

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; // BRIERBSM o Tl

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); // RE—"1
return result;
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PSS

e Next Permutation, I} §2.1.12
» Permutations, [, §8.3
e Permutations II, i} §8.4

e Combinations, [l §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 '.'.

5(3 7
6 1(9(5
98 6
8 6 3
4 8 3 1
7 2 6
6 2|8
4111|9 5
8 719

Pl
BRI,
(A% E)

// LeetCode, Valid Sudoku
// HEE#E 0@~2), REERE 0(1)
class Solution {
public:
bool isValidSudoku(const vector<vector<char>>& board) {
bool used[9];
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for (int i = 0; 1 < 9; ++i) {
fill(used, used + 9, false);

for (int j = 0; j < 9; ++j) // K&ET

if (!check(board[i] [j], used))
return false;

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

return false;

}
for (int r = 0; r < 3; ++r) // &€& 9 NFIBF
for (int ¢ = 0; ¢ < 3; ++c) {
£i11(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))

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;

};

BXES

 Sudoku Solver, [, §10.10

2.1.15 Trapping Rain Water
R
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

D

NFEMES, HEEAZEMAREOMES, ZITTESHHERME nin(nax_left, max_-
right) - height, FTDA,

I NEAGHB B, NTF8&MES, KRAZHNRKAE;

2. NEFERH—E, NT8 M-S, K&EKEGE;

3. BRB—E, BeT™MESTHERFTR.

Wy,

L Bf—B, RERSES, XMITREEAEDNMF;

2. AMBZIN—¥;

3. RMBEBIN—¥,

KE1

// LeetCode, Trapping Rain Water
// B 1, NEERE 0(), REASRE 0(n)
class Solution {
public:
int trap(const vector<int>& A) {
const int n = A.size();
int *max_left = new int[n]();
int *max_right = new int[n]Q);

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

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

o

int sum = 0;
for (int i = 0; i < n; i++) {
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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;
}
};

88 2

// LeetCode, Trapping Rain Water
// B 2, WEEHRE 0(n), FEERE 0(1)
class Solution {
public:
int trap(const vector<int>& A) {
const int n = A.size();

int max = 0; // RIS, RBEEDNMF

for (dnt i = 0; 1 < n; i++)
if (A[i] > Almax]) max = i;

int water = 0;

for (int i = 0, peak = 0; i < max; i++)

if (A[i] > peak) peak = A[il;
else water += peak - A[i];

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

return water;

}
};

3

0; i > max; i--)

FEMEA, B— TR, NTRIMBTREA, ATFTHRIMEREMENTRET S

AIENTTREPER IR,
// LeetCode, Trapping Rain Water

[/ B—EE, NTRIMBITTREAN, ATHSFTHRIMMERERTNTH
// FETERENTREPEERLIRE, TEBIR, REEIRTREAK

// WEE#E 0@), TZESERE 0@)
class Solution {
public:
int trap(const vector<int>& A) {
const int n = A.size();
stack<pair<int, int>> s;
int water = O;

for (int i = 0; i < n; ++i) {
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int height = O;
while (!s.empty()) { // RiIXEBLHEITREXSSTTRD MBS
int bar = s.top().first;
int pos = s.top().second;
// bar, height, A[i] =FXAOMPE
water += (min(bar, A[i]) - height) * (i - pos - 1);
height = bar;
if (Ali] < bar) // W2 SEUBRITTRSH, BKLER
break;
else
s.popQ); // BEKRIN, RNZTRWIETS, FABHRES
}
s.push(make_pair(A[i], 1i));
}
return water;
}
};
BXEB

« Container With Most Water, I} §12.6

* Largest Rectangle in Histogram, [, §4.1.3

2.1.16 Rotate Image

i)Y

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?

D

BB, 4R, MINIKN—B—880E, BXTNOEKIE.
WTE, BE0ENALADE—RX, RELEXFPETE—X.

’
’

1, .2 : 4, 2 : 3, 1
3, 4 3, 1 4, 2

2-4  Rotate Image

XE, BIOOEXFPEYE—X, RAELEIXNBEEE—R.
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KE1

// LeetCode, Rotate Image
// B 1, NESERE 0@ 2), =FERE 0(1)
class Solution {
public:
void rotate(vector<vector<int>>& matrix) {
const int n = matrix.size();

for (int i = 0; i < n; ++i) // BEINALNE:
for (int j = 0; j < n - i; ++j)
swap(matrix[i] [j], matrix[n - 1 - jl[n - 1 - i]);
for (int i = 0; i < n / 2; ++i) // BEXFDLSE:
for (int j = 0; j < n; ++j)
swap (matrix[i] [j], matrix[n - 1 - i]1[j1);

};

8 2

// LeetCode, Rotate Image
// BE 2, WEERE 0(n™2), HEEFE 0(1)
class Solution {
public:
void rotate(vector<vector<int>>& matrix) {
const int n = matrix.size();

for (int i = 0; i < n / 2; ++i) // BEKVDLEREE
for (int j = 0; j < m; ++j)
swap(matrix[i] [j], matrix[n - 1 - i]1[j]1);
for (int i = 0; i < n; ++i) // BEEINNBENEE
for (int j = i + 1; j < n; ++j)
swap(matrix[i] [j], matrix[j][i]);

};

LEPS IS

- I
2.1.17 Plus One
iR

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



paLiil
SBENZ.

K1

// LeetCode, Plus One
/! WEERE 0(n), FESFE 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, ¥

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

*xit += c;
c = *it / 10;
*it %= 10;
}
if (c > 0) digits.insert(digits.begin(), 1);
}
¥
i 2

// LeetCode, Plus One
/] WBERE 0(n), HESHE 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, ¥

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

d += c;
c=4d/ 10;
d %= 10;

B;

if (c > 0) digits.insert(digits.begin(), 1);



30 £28 B

};

EPS IS
7

2.1.18 Climbing Stairs
R

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?

DHT
& f(n) RINM€ n MEEEEIAREISZER, NSRS n RS, B TTEE:
* M&En— 1IAENHE 1 ;
* M&En— 1A 2D,

B, B f(n) =fn—-1)+ f(n—2)
X — " 3ERABRH 2,
AL, I3, NIg; 79K2,
TR 3, HFRN. ERARHIIBBINA

’d

=

S

§

I
Sl
| ——
N

o
ol
S
N——
3
|
N
o
o |
S
N——
I—$
[e]

B
// LeetCode, Climbing Stairs
/1 %R, NAERE 0(), =ESERE 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;
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HENK
// LeetCode, Climbing Stairs
/1 AT, NEERE 0D, REERE 0(1)
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);

};

PSS

« Decode Ways, I} §13.10

2.1.19 Gray Code
i)Y
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:

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.

D

1SE813 (Gray Code) BUE N IESZE http://en.wikipedia.org/wiki/Gray_code

BRTHBIBERNBEB: g0 =bo,gi = b ® biy

RBERTEFBNZSMUENBEENRSA, BEBXRSUN EHIBNSUSREUR
K, ERBAUSKSUBKELD. A0, BRERITHEGIE 1001, HRABEPNIER: RBR
B; RERES 11U 170241890 73K, BE1, ENISSBIBOVE 2 11; KBS 2 11K 0§05 3 fif
B0 Rk, BEO0, ENEEENE3AL; RE3IMUN0FFE 41U 1 7Sk, BE1, ENRERRN
F 40, RE, BBHN 1101,

BBIEERBNERTHEITD: bo = g0,bi = gi D bi—1
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REBBENRSAFANERHHBNRSL, RSUNERHHSUSBBERSMR
X, ERSUSRSMHREED. FI50, RIZEE 1000 HERNERTHHBNIUER : REKRS
i 1, FFABRTHAIBNRSN; RERERTHHIIRE0SE 1 (I 1 F0RSIH0EE 217 0 7K, 55
1, IFABRTHGIIENEE 2 17; REXR THBIB0E 27 | FRSBRHNE 31 07K, B2, F
NERTHEBITBEE 3 17; RERTHEIDNE 3 (1 1 FISE[VE 4 11 0 7K, BE1, FRER
THBIBSEVSE 4 17, ]RE, BREGIEN 11

REEEHF AR, B n ORBBEE n @ (n/2).

XRARKAERL n LAFHIPIBEIEER.

k1, RBSHNDE, MBHFAI, XUM0~2" -1 UTERA, W NESES.

JIE 2, n tARFEVREES, TILUBISMM n — 1 EHIFEURREIIEM. WE §2-5FT7m.

Qﬁ:\ Qﬁ:L {ﬁ?
0 —0—=00 — 00— 000
1 |—1—=01|—01-=001
LT—=11 |[—11—=011
0 — 10 |||—10—=010
10— 110

11—= 111

01—~ 101

00— 100

2-5 The first few steps of the reflect-and-prefix method.

HFAN
// LeetCode, Gray Code
/7 ERAR, NEERE 02, DAERE 01
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);
}
};
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Reflect-and-prefix method

// LeetCode, Gray Code
// reflect-and-prefix method
// NASZE 0(2°n), =EASZE 0(1)
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 << ij;
for (int j = result.size() - 1; j >= 0; j--) // BREREA, AHEXIFR
result.push_back(highest_bit | result[jl);
}

return result;

}s

EPS IS
7

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?

DT

O(m +n) ZEHSARER, REM T bool MA, 1CRBTHNEIIRSHAE 0o
BEEH=E, JUEARE—TOE,

K1

// LeetCode, Set Matrix Zeroes
// NEBE%#E 0(m*), FTEEZRE 0(m+n)
class Solution {
public:
void setZeroes(vector<vector<int> > &matrix) {
const size_t m = matrix.size();
const size_t n = matrix[0].size();
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vector<bool> row(m, false); // FRICIZI TG O
vector<bool> col(n, false); // FRICIZIEEBLEL 0
for (size_t i = 0; i < m; ++i) {

for (size_t j = 0; j < mn; ++j) {
if (matrix[il[j] == 0) {
row[i] = col[j] = true;
}
}
}
for (size_t i = 0; i < m; ++i) {
if (rowl[il)
£fill(&matrix[i] [0], &matrix[i][0] + n, 0);
}
for (size_t j = 0; j < m; ++j) {
if (coll[j]) {
for (size_t i = 0; i < m; ++i) {
matrix[i] [j] = O;
}
}
}
}
};

582

// LeetCode, Set Matrix Zeroes

// NIBERE 0(m+n), RFGEXE 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; // E—(TEBHBE O
bool col_has_zero = false; // E£—II2EHBAL O

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 < mn; j++)
if (matrix[i][j] == 0) {
matrix[0] [j] = O;



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

< n; i++)

};

BXE8
I

2.1.21 Gas Station
)Y

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

You have a car with an unlimited gas tank and it costs cost [i] of gas to travel from station i to its next
station (i+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.

DHT

BEBINR O(N?) WL, W8N TELl
O(N) AR, WEMTEE, sun HRTIRIBEHEBEINL; total NIFKTREMARS
R, BRMROBEY suw SR Mr, REWRDE-1.

(¥

// LeetCode, Gas Station
// NBE#E 0(n), DEEFE 0(1)
class Solution {
public:
int canCompleteCircuit(vector<int> &gas, vector<int> &cost) {
int total = 0;

int j = -1;
for (int 1 = 0, sum = 0; i < gas.size(); ++i) {
sum += gas[i] - cost[i];

total += gas[i] - cost[il;
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if (sum < 0) {

=i
sum = 0;
}
}
return total >= 0 7 j + 1 : -1;

}s

PSS
I

2.1.22 Candy
R

There are N children standing in a line. Each child is assigned a rating value.

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?

paliil
p

BRI
// LeetCode, Candy
// REERE o), =EEZE 0@)
class Solution {
public:
int candy(vector<int> &ratings) {
const int n = ratings.size();
vector<int> increment(n);

/! TESEB 8
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])
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}s

BBIIRR

increment[i] = max(inc++, increment[i]);
else
inc = 1;

}
/1 FIBEN n, BNEVNBERED—HE

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

// LeetCode, Candy

// BRFE, NEERE 0@), TEERE 0(n)

// Qauthor fancymouse (http://weibo.com/u/1928162822)
class Solution {

public:
int
}
int
}
};

candy(const vector<int>& ratings) {

vector<int> f(ratings.size());

int sum = 0;

for (int i = 0; i < ratings.size(); ++i)
sum += solve(ratings, f, i);

return sum;

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])
£[i] = max(£[i], solve(ratings, f, i + 1) + 1);
}

return f[i];

2.1.23 Single Number

L)%

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?
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S&MxR

paLiil
R, MUBERMEFREER, RBLIBECR, FIU

K1

// LeetCode, Single Number
// NEAE#E 0(n), TFEHRE 0D
class Solution {

public:
int singleNumber(vector<int>& nums) {
int x = 0;
for (auto i : nums) {
x 7= 1i;
}
return x;
}
I

i 2

// LeetCode, Single Number
/! NEERE 0@, TESHRE 0(D)
class Solution {
public:
int singleNumber(vector<int>& nums) {
return accumulate(nums.begin(), nums.end()

}
};

UERS IS

* Single Number II, I}, §2.1.24

2.1.24 Single Number I1
)Y

==
B

, 0, bit_xor<int>());

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?

paliil

AP _E—7 Single Number, ERHNZMNEE.-

JE1: BIB—TKENRN sizeof (int) BUENA count [sizeof (int)], count[i] FTRINELE i {1
HINEY 1 BURE . R count[i] 7 3 BIRHT, MRS ; SURICZAENERENER.
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70752 F3 one ICREZRIMMBHIITRIVLIE, Ml 1 I “1 K7 (mod 3 Z/BHI 1) HIBHHL
BN B otvo ICREISRIMTENEENIE, A 1 B “2R” (mod 3 Z/EHI 2) BIBHL
BN, 2 one A0 two PHE—MENN 1| BFERMZFHMULE 1 HM T 3R, HRFRES.
RIBT#EBIRN=HENEE. KL one CRUBREZLBR.

K1

// LeetCode, Single Number II
/] 3% 1, HE8#E 0@), REERE 0(1)
class Solution {
public:
int singleNumber(vector<int>& nums) {
const int W = sizeof(int) * 8; // —PEHH bit #H, BIBHZTK
int count[W]; // count[i] TIEA i (ULIMHY 1 BORE
fill_n(&count[0], W, 0);
for (int i = 0; i < nums.size(); i++) {
for (dnt j = 0; j < W; j++) {
count [j] += (nums[i] >> j) & 1;
count [j1 %= 3;
}
}
int result 0;
for (int i = 0; i < W; i++) {
result += (count[i] << i);

}
return result;
¥
};

582

// LeetCode, Single Number II
/T 2, WEEZRE 0, REERE 0(1)
class Solution {
public:
int singleNumber(vector<int>& nums) {
int one = 0, two = 0, three = 0;
for (auto i : nums) {

two |= (one & 1i);
one "= i;
three = ~(one & two);

one &= three;
two &= three;

}

return one;
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EPS IS

« Single Number, [J, §2.1.23

22 PR

SRR TRIENWT

/] BERDR
struct ListNode {

int val;

ListNode *next;

ListNode(int x) : val(x), next(nullptr) { }
};

2.2.1 Add Two Numbers
i)Y

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

D

PR Add Binary (/U §3.4) R0

AV

// LeetCode, Add Two Numbers
// IR Add Binary 1RZED
// WEEZE 0@m), FEERE 0(1)
class Solution {
public:
ListNode *addTwoNumbers(ListNode *11, ListNode *12) {
ListNode dummy(-1); // kP
int carry = 0;
ListNode *prev = &dummy;
for (ListNode *pa = 11, *pb = 12;
pa '= nullptr || pb != nullptr;
pa = pa == nullptr 7 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 ? 0 : pb->val;
const int value = (ai + bi + carry) % 10;
carry = (ai + bi + carry) / 10;
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prev->next = new ListNode(value); // EBIEA
}
if (carry > 0)

prev->next = new ListNode(carry);
return dummy.next;

};

EPS IS

* Add Binary, I} §3.4

2.2.2 Reverse Linked List I1
iR

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=2and n =4,
return 1->4->3->2->5->nullptr.

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

DHT
XRAIFEED, BRZBAFEE, 15 DEPAIRE] bug free REXEE!

AV

// LeetCode, Reverse Linked List II
/1 ERRR, NEEHRE 0@, TZEERE 0(1)
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; // KiEE
cur = prev->next;
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return dummy.next;

};

EPS IS
T

2.2.3 Partition List
)Y

Given a linked list and a value x, 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.

paLiil
7

(¥

// LeetCode, Partition List
// NEERE o), RFERE 0(D)
class Solution {
public:
ListNode* partition(ListNode* head, int x) {
ListNode left_dummy(-1); // K%M
ListNode right_dummy(-1); // k%5

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;
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return left_dummy.next;

};

EPS IS
7

2.2.4 Remove Duplicates from Sorted List

3R
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.

paliil
p

BIIR

// LeetCode, Remove Duplicates from Sorted List

/1 BIIR, NEERE 0@), TESERE 0(1)

class Solution {

public:

ListNode *deleteDuplicates(ListNode *head) {

if ('head) return head;
ListNode dummy(head->val + 1); // {EREER head ANFEIT
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) { // MBR head
prev->next = cur->next;
delete cur;
recur (prev, prev->next);
} else {
recur (prev->next, cur->next);
}
}
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AUhR
// LeetCode, Remove Duplicates from Sorted List
/7 ERRR, NESERE 0), RFERE 0(1)
class Solution {
public:
ListNode *deleteDuplicates(ListNode xhead) {
if (head == nullptr) return nullptr;

for (ListNode *prev = head, *cur = head->next; cur; cur = prev->next) {
if (prev->val == cur->val) {
prev->next = cur->next;
delete cur;
} else {
prev = cur;
}
}

return head;

};

PSS

* Remove Duplicates from Sorted List IT, [, §2.2.5

2.2.5 Remove Duplicates from Sorted List 1T
)Y

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.

paliil
7

BBIIRR

// LeetCode, Remove Duplicates from Sorted List II
/7 BIERR, NEERE 1), RFERE 0(1)
class Solution {
public:
ListNode *deleteDuplicates(ListNode *head) {
if ('head || 'head->next) return head;
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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);
} else {
head->next = deleteDuplicates(head->next);
return head;

};

KAChR
// LeetCode, Remove Duplicates from Sorted List II
/1 R, NEERE 0), ZESRE 0(1)
class Solution {
public:
ListNode *deleteDuplicates(ListNode *head) {
if (head == nullptr) return head;

ListNode dummy(INT_MIN); // K%
dummy.next = head;
ListNode *prev = &dummy, *cur = head;
while (cur != nullptr) {
bool duplicated = false;
while (cur->next != nullptr && cur->val ==
duplicated = true;
ListNode *temp = cur;
cur = cur->next;
delete temp;
}
if (duplicated) { // MIFREENRE—TTH
ListNode *temp = cur;
cur = cur->next;
delete temp;
continue;
}
prev->next = cur;
prev = prev->next;
cur = cur->next;
3
prev->next = cur;
return dummy.next;

cur->next->val)
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« Remove Duplicates from Sorted List, I} §2.2.4

2.2.6 Rotate List
R

Given a list, rotate the list to the right by k places, where & is non-negative.

For example: Given 1->2->3->4->5->nullptr and k = 2, return 4->5->1->2->3->nullptr.

paliil

FWD—IB, JSHERKE len, TR k TRERT len, RIS k% = len. REDM next I8
BOEDR, R—NR, BEEBR len — k5, NXBUKTT, MBEKRNERT.

AV

// LeetCode, Remove Rotate List
/! NEERE 0@, TESEHRE 0(D)
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) { // KRKE

lent++;
P = p—>next;

}

k = len - k % len;

p->next = head; // BEMBEE

for(int step = 0; step < k; step++) {
P = p—>next; /1 BETBR

head = p->next; // FHETR

p->next = nullptr; // WiFFIR
return head;

EPS IS
7
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2.2.7 Remove Nth Node From End of List
iR

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.
* Try to do this in one pass.

D
WA TNMEEH pg, WL qEERD, REpilq—eE, B¢ ETEDR, MR p->next BIT,

AV

// LeetCode, Remove Nth Node From End of List
// NEE#E 0(n), ZEERE 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%EE n &
q = g—>next;

while(gq->next) { // —jk2xE
P = p—>next;
q = gq—>next;
}
ListNode *tmp = p->next;
p->next = p->next->next;
delete tmp;
return dummy.next;

};

Bxa8

I
2.2.8 Swap Nodes in Pairs
R

Given a linked list, swap every two adjacent nodes and return its head.
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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.

Pkl
%

AV

// LeetCode, Swap Nodes in Pairs

// NEE#E 0(n), TEEHRE 01

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 ? cur->next: nullptr) {
prev->next = next;
cur->next = next->next;
next->next = cur;

}

return dummy.next;
};
TEXNSEEES, BRMBME 5 ANEXFHNL.

// LeetCode, Swap Nodes in Pairs
/! NEERE 0, TESHRE 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;

};

PSS

« Reverse Nodes in k-Group, [, §2.2.9
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2.2.9 Reverse Nodes in k-Group

R

Given a linked list, reverse the nodes of a linked list k at a time and return its modified list.

paLil

BBIIRR

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.

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

// LeetCode, Reverse Nodes in k-Group
/7 BIERR, NESERE 0), REFERE 0(1)

class Solution {

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

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

ListNode *next_group = head;
for (int 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;
3

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

// LeetCode, Reverse Nodes in k-Group

/7 ERRR, NESERE 0(), RFERE 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;

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; // ~NE k D

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

}

return dummy.next;

}

// prev 2 first BI—7PJ0&, [begin, end] HX|F, IRIE=ZFBEAN null
// ROSFEGEHEIFE 1 TR
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;

};

BXEE

« Swap Nodes in Pairs, [f}, §2.2.8

2.2.10 Copy List with Random Pointer
R
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.
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// LeetCode, Copy List with Random Pointer

// MEEE, NEERE 0(n), TEERE 0(1)

class Solution {

public:

RandomListNode *copyRandomList(RandomListNode *head) {
for (RandomListNode* cur = head; cur != nullptr; ) {

RandomListNode* node = new RandomListNode(cur->label);
node->next = cur->next;
cur->next = node;
cur = node->next;

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

/1 DR REER
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;

};

BXEE
I

2.2.11 Linked List Cycle
)Y

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

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



52 FE28 HMR

paLiil

RBSRINGER, B—N5% XK unordered_map<int, bool> visited, ORI ITER=
BRAON, —BEHRENTEREEND, REGETR. DEERE O(n), NEAERE O(N).

RBHNLDEARNEBERE OM), REASERE O(1) 8. REMMEH, —PR—1IE,
RVEBEHBREML, BNBHEBRE—D, WRRBHAIEEBIHIEE, WRABK. &3
http://leetcode.com/2010/09/detecting-loop-in-singly-linked-Llist.html

AV

//LeetCode, Linked List Cycle
// WEEZRE 0(), ZESERE 0(1)
class Solution {
public:
bool hasCycle(ListNode *head) {
// REM DB, —DR—ME8
ListNode *slow = head, *fast = head;
while (fast && fast->next) {
slow = slow->next;
fast = fast->next->next;
if (slow == fast) return true;

}

return false;

};

EPSYIE

* Linked List Cycle II, [, §2.2.12

2.2.12 Linked List Cycle II
R

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?

paLil

2 fast 5 slow 1818, slow BEERBIEBHTEEER, M fast SEAERABIR T n B (1 <n). &
Wslow ES s, M fast EES 2s & (fast SEOESFT s N LA EZHEN n B), RN r, W:

2s s+ nr

s = nr
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REPHERK L, MAORSHEBREEN o, BRIMAORNBEN 2, U

T+ a

nr=m-1)r+r=Mnm-1)r+L—z

X

(n—1)r+ (L-z—a)

L-z-a NEBREMAORNER, BT, NERRKEMAORET n - 1 BRI + 188
FEMRAOR, TRAMNTUM head FHERIR—TIEH slow2, MMBEHBRAE—F, EM
—ESEAANDORIEE,

AV

//LeetCode, Linked List Cycle II
// NEE#E 0(n), TEEFE 0(1)
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;
}
};
PSS

« Linked List Cycle, [, §2.2.11

2.2.13 Reorder List
BR

Given a singly linked list L : Lo —» L1 — -+ = Ly_1 — Ly, reorderitto: Lo — L, — L1 —
Lp1—Lo—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}.
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S&MxR

paLiil

FBMER in-place, BRIBIRRAELLA O(1) B=Z/F.
FJUHEIPE DR, Mif, BEFEBHER reverse — 1, BEHMTEHR.

(A%

// LeetCode, Reorder List
// WEEZRE 0@), ZESERE 0(1)

class Solution {

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;
3
head->next = nullptr;
return prev;
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EPS IS
7k

2.2.14 LRU Cache
R

Design and implement a data structure for Least Recently Used (LRU) cache. It should support the
following operations: get and set.

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.

D

NIEEK. BANRBRBERSOUMEE, BIVERE—TNAER (std: :1ist) FI—PIEHER
(std: :unordered_map), KJI:

» EHRFRRGE M DRI, TUERRIEE O(1) NEAREL DR

* WOBERBARGREERS, 2OBFBAINGRE, EREHDROAEK D
BRI :

s WERIIHERRE, RODRIRDAUBEENANERE, BB DRERSIHIRD

* NAPRE, WRPREE, LEDRREGERKRE, COEH hash ROZ DRI

* BADRIY, R cache 8 size JKF S LR capacity, NRMERER TR, FRA hash FRPA
BRXURZEIUL; H#77 madd N BERREB

(AViS]

// LeetCode, LRU Cache
// WBEZE 0(logn), TEHSERE 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;

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

// BRI D RIBRERKREE, FFEHEH nap PIAXHREVMBIE
cacheList.splice(cachelList.begin(), cachelList, cacheMap[keyl);
cacheMap [key] = cachelList.begin();

return cacheMap [key]->value;

}

void set(int key, int value) {
if (cacheMap.find(key) == cacheMap.end()) {
if (cacheList.size() == capacity) { //MBREXRELDm (R/DMHOBNHR)
cacheMap.erase(cachelist.back() .key) ;
cachelList.pop_back();

}
/1 BT REGERKES, FEE map PIBINZDM
cacheList.push_front(CacheNode (key, value));
cacheMap[key] = cachelist.begin();

} else {
//EFDREVE, BZRIHONTDRBEERREE, FEEH nap PIZDREMBIE
cacheMap [key] ->value = value;

cacheList.splice(cacheList.begin(), cachelList, cacheMapl[keyl);
cacheMap[key] = cacheList.begin();

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

};

PSS
-k
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3.1 Valid Palindrome
R

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.

Pl
%

AV

// Leet Code, Valid Palindrome
// NBERE o), RFERE 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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EPS IS

 Palindrome Number, [l §15.2

3.2 Implement strStr()
i)

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

DT

BNEENERER O(mxn), KBUT. BSMONEEE KMP &5, Boyer-Mooer &5570
Rabin-Karp &%, HIXPENEERBT, —EEEHRE BUG,

F|DTE

// LeetCode, Implement strStr()
/) BIE, WEERE o=, FEERE 0D
class Solution {
public:
int strStr(const string& haystack, const string& needle) {
if (needle.empty()) return O;

const int N = haystack.size() - needle.size() + 1;
for (int i = 0; i < N; i++) {

int j = 1i;
int k = 0;
while (j < haystack.size() &% k < needle.size() && haystack[j] == needlel[k]) {
jt+s;
k++;
}
if (k == needle.size()) return i;
}
return -1;
}
}
KMP

// LeetCode, Implement strStr()
// KMP, IERE oW+, HESHRE 00D
class Solution {
public:
int strStr(const string& haystack, const string& needle) {
return kmp(haystack.c_str(), needle.c_str());

}



3.2 Implement strStr()

private:
/*
* @brief TTEEIDILECRK, B next #A.
*
* @param[in] pattern IEI\HB
* @param[out] next next #U4A
* Qreturn J§
*/
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 &y%.

@param[in] pattern BT

*

*

* @param[in] text AN

*

* @return RIINIREISE—RILECHNE, KBIRO-1

*/
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;

if (text[i] == pattern[j + 1]) j++;
if (j==m-1) {

free(next);

return i-j;

}

free(next);
return -1;
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};

UEPS IS

« String to Integer (atoi) , [l §3.3

3.3 String to Integer (atoi)
i)

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.

DT
WO TR VLA :
L AHEA, BB, "-3924x8fc”, ”+4137,
2. TSI, 7 ++c”, 1

3. RHHEIE, 721474836487

(A¥S]

// LeetCode, String to Integer (atoi)
/1 REERE 0@, HEASHE 0(1)
class Solution {
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public:
int myAtoi(const string &str) {
int num = 0;
int sign = 1;
const int n = str.length();
int i = 0;

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

}
};
LEPS IS

* Implement strStr() , [, §3.2

3.4 Add Binary
R

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

For example,

a = "11"
b= "1"
Return "100".

7



62 £

AV

//LeetCode, Add Binary
// NEE#E 0(n), ZEERE 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' : 0;
const int val = (ai + bi + carry) % 2;
carry = (ai + bi + carry) / 2;
result.insert(result.begin(), val + '0');

([T
[

}

if (carry == 1) {
result.insert(result.begin(), '1');

}

return result;

};

EPS IS

e Add Two Numbers, Il §2.2.1

3.5 Longest Palindromic Substring
A

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.

paLiil

RKOMFS, FREHANR.
BEE—: BORZE, UBIMTHENPETR, ARMNEEHER, ERE O(n°).

B CIZHIER, ERE O(n), 18 £[i1[j] R [1j] 2ZENRKONFB, BHEHEW

I
f[i]1[j]1 = if (i == j) S[il
if (S[i] == S[j] && f[i+1]1[j-1]1 == S[i+1]1[j-11) S[i1[j]
else max(f[i+1]1[j-11, £[i1[j-11, £[i+11[3]1)
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BEE=: T, ERE O(n?). WRTRN 1,1, ®RHKXE [ij] RENOXR, WREHES
=N

true =7
F(,3) = § S[i] = S[] =i+l
Sfi) = S[jland f(i + 1,5 —1) ,j>i+1

B ®P0: Manacher’ s Algorithm, SE&E O(n). FZBARE N, http:/leetcode.com/2011/11/longest-
palindromic-substring-part-ii.html ,

BRRA

// LeetCode, Longest Palindromic Substring
/! BHFRE, TN
/! NEERE 0(™2), ZEERE 0(n"2)

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);
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() > sil.size()) return s.size() > s2.size() 7 s : s2;
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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);

};

T

// LeetCode, Longest Palindromic Substring
// T, NEEZE 0(n~2), TEAERE 0(n~2)
class Solution {
public:
string longestPalindrome(const string& s) {
const int n = s.size();
bool f[n][n];
fill_n(&f[0][0], n * n, false);
// A vector SBHIY
//vector<vector<bool> > f(n, vector<bool>(n, false));

size_t max_len = 1, start = 0; // REKONITBHKE, E&a

for (size_t i = 0; i < s.size(); i++) {
f[i] [i] = true;
for (size_t j = 0; j < i; j++) { // [j, il
f[j10i] = (s[j] == s[i] && (i - j <2 || £[j + 11[i - 11));
if (£[j1[i] && max_len < (i - j + 1)) {
max_len = i - j + 1;
start = j;

}
}

return s.substr(start, max_len);

};

Manacher’ s Algorithm

// LeetCode, Longest Palindromic Substring
// Manacher’ s Algorithm
// NEERE 0@), REERE 0(n)

class Solution {

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

// ~ and $ signs are sentinels appended to each end to avoid bounds checking
string preProcess(const string& s) {
int n = s.length();
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if (n == 0) return "~$";

string ret
for (int i

n=~n.
3

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

ret += "#$";
return ret;

}

string longestPalindrome(string s) {
string T = preProcess(s);
const int n = T.length(Q);
// B T AP, OZ/a¥ KHKE, A3 Tl 8,
// Bt Pli] BRSTBPONBIKE
int P[n];
int C = 0, R = 0;

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

P[i]l] = (R > 1) ? min(R - i, P[i_mirror]) : O;

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

// I1f palindrome centered at i expand past R,
// adjust center based on expanded palindrome.
if (4 + P[i] > R) {

C=1;

R =1 + P[il;

}

// Find the maximum element in P.
int max_len = 0;
int center_index = 0;
for (int i = 1; i < n - 1; i++) {
if (P[i] > max_len) {
max_len = P[i];
center_index = i;

}

return s.substr((center_index - 1 - max_len) / 2, max_len);
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3.6 Regular Expression Matching
%)

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", ".*") = true
isMatch("ab", ".x") = true
isMatch("aab", "c*axb") - true

DT
X2 —EREHREI,

RBIIAR

// LeetCode, Regular Expression Matching
/7 BIERR, NEERE 1), REERE 0(1)
class Solution {
public:
bool isMatch(const string& s, const string& p) {
return isMatch(s.c_str(), p.c_str());

}
private:
bool isMatch(const char *s, const char *p) {
if (*p == '\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);
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);
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};

&ChR

BXEE

» Wildcard Matching, I} §3.7

3.7 Wildcard Matching
%)

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

DHT

PR E— R,
FTER '+ LB p BB —1'*', MREBEDE +' BV s IR, KRB s MAD
AEEE, WRAKD, W s+, SHFE.

BIIR

// LeetCode, Wildcard Matching

/7 BIER, SBN, BFEHEEREE

// WBEZE 0@!*n!), RFGEXE 0(n)
class Solution {

public:
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bool isMatch(const string& s, const string& p) {
return isMatch(s.c_str(), p.c_str());
}
private:
bool isMatch(const char *s, const char *p) {
if (xp == '*x') {

while (¥p == 'x') ++p; //skip continuous '*'
if (*p == '\0') return true;
while (*s != '\O0' && !isMatch(s, p)) ++s;
return *s != '\0';
}
else if (*p == '\0' || *s == '\0') return *p == *s;
else if (*p == *s || *p == '?') return isMatch(++s, ++p);

else return false;

};

HIRR
// LeetCode, Wildcard Matching
/7 EAR, NEERE 0 m), =FEHRE 0(1)
class Solution {
public:
bool isMatch(const string& s, const string& p) {
return isMatch(s.c_str(), p.c_str());
¥
private:
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 (¥p == '*') p++; //skip continuous '*'
if (*p == '\0') return true;
str = s - 1;
ptr = p - 1;
break;
default:
if (*str != xptr) {
// WRAERE " *', WILEALI)

if (!star) return false;

s++;
str = s - 1;
ptr = p - 1;
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while (*ptr == 'x') ptr++;
return (*¥ptr == '\0');
}
};
RS IS
« Regular Expression Matching, [, §3.6
3.8 Longest Common Prefix
R
Write a function to find the longest common prefix string amongst an array of strings.
DT
MALE 0 TH8, WE—MIBHRAIEFNSE, BEBE—MALE.
N EIESE
// LeetCode, Longest Common Prefix
// W03, WIS o FHig, NE—MIBRMBEFRS, BREH—TE
// WBE#~E 0(ni+n2+...)
// @author [F{F (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) { // Y\OIIH
for (int i = 1; i < strs.size(); ++i) {
if (strs[i] [idx] '= strs[0] [idx]) return strs[0].substr(0,idx);
}
}
return strs[0];
}
};
RO

// LeetCode, Longest Common Prefix
// EEE, 81TFRNBEE 0 PNFFBH, NEREHE, 5SS —AILE,
/] RIGHE T —PFIFB
// NBEZ&E 0(al+n2+...)
class Solution {
public:
string longestCommonPrefix(vector<string> &strs) {
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if (strs.empty()) return "";

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[j]) // ASHMR, 1ESE string::[1 KR
right_most = j - 1;

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

3.9 Valid Number
R

Validate if a given string is numeric.
Some examples:

"0" => 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.

DHT

A SKI o
AANINRESHVEEDH strtod) THREEL,

BREEM

// LeetCode, Valid Number
// @author ZE[H% (http://weibo.com/luangong)
// finite automata, NEEZ&E 0(n), TEEXE 0(n)
class Solution {
public:
bool isNumber(const string& s) {
enum InputType {
INVALID, // 0
SPACE, /71
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SIGN, // 2
DIGIT, // 3
DOT, // 4

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

-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 (auto ch : s) {
InputType inputType = INVALID;
if (isspace(ch))
inputType = SPACE;
else if (ch == '+' || ch == '-")
inputType = SIGN;
else if (isdigit(ch))
inputType = DIGIT;

else if (ch == '.")
inputType = DOT;
else if (ch == 'e' || ch == 'E')

inputType = EXPONENT;

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

// Invalid input
if (state == -1) return false;
}
// I1f the current state belongs to one of the accepting (final) states,
// then the number is valid
return state == || state == 4 || state == 7 || state == 8;

};

{5 strtod()

// LeetCode, Valid Number
// @author &I (http://weibo.com/lianchengzju)
/7 i, EEA strtodO, NESRE 0()
class Solution {
public:
bool isNumber (const string& s) {
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return isNumber(s.c_str());
}
private:
bool isNumber (char const* s) {
char* endptr;
strtod (s, &endptr);
if (endptr == s) return false;
for (; *endptr; ++endptr)
if (!isspace (*endptr)) return false;
return true;
¥
}

BXEE
I

3.10 Integer to Roman
%)

Given an integer, convert it to a roman numeral.

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

Pkl
%

AV

// LeetCode, Integer to Roman
// NIBERE 0(aun), RFGERE 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",
IlLIl’ IlXLII, llxll, IIIX", IIVII, IIIV"’ IIIII};

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];
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}

return roman;

};

EPS IS

» Roman to Integer, I, §3.11

3.11 Roman to Integer
wA

Given a roman numeral, convert it to an integer.

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

DHT

MBEIHEEHEHE, B—NENZTE1CRDBHZ.
WREFILLEI— K, HEX—EBHENZE YR MERE L — M8, thil IV =5 - 1;
N, BHEIMENARERP, RAEFBET—RICR. i VI = 5 + 1, II=1+1

AV

// LeetCode, Roman to Integer
// NIEERE 0m), =FGEXRE 0(1)
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(const string& s) {
int result = 0;
for (size_t i = 0; i < s.size(); i++) {
if (4 > 0 && map(s[il) > map(s[i - 11)) {
result += (map(s[i]) - 2 * map(s[i - 11));
} else {

N
a
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result += map(s[il);
}
}

return result;

};

EPS IS

« Integer to Roman, Jj} §3.10

3.12 Count and Say
R

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

1 is read 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.

D
B

AV

// LeetCode, Count and Say
// @author Y& (http://weibo.com/lianchengzju)
// HBERE 0@~2), REFERE 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;
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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=3j;

}

return ss.str();

PSS
I

3.13 Anagrams
Y

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

Note: All inputs will be in lower-case.

D
Anagram (@XB13K) REFTELFHINPMNMSEFNPIT, thil "dormitory" FTELFHIN

F%§§§§ﬁz"dirty room" , "tea" 5[ "eat",
QXEEBE— MR : 2RENZENMPEHERENE, RRNE T ZHBHIINFE.
It, R TeeRRTaINFERGS, Bei18%, WellETE—4A anagrams .

AV

// LeetCode, Anagrams
// NEERE 0(), BESHRE 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());
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return result;
¥
};

EPS IS
I

3.14 Simplify Path
%Y

Given an absolute path for a file (Unix-style), simplify it.
For example,
path ="/home/",=>"/home"
path="/a/./b/../../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".

D
EERENRES.

AV

// LeetCode, Simplify Path
/] NBERE 0(n), =EEHE 0(n)
class Solution {
public:
string simplifyPath(const string& path) {
vector<string> dirs; // H{{i%

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

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

if (ldir.empty() && dir !'= ".") {// BEEE '///' i, dir AR
if (dir == "..") {
if (!dirs.empty())
dirs.pop_back();



3.15 Length of Last Word 77

} else
dirs.push_back(dir);

i=7j;

}

stringstream out;
if (dirs.empty()) {
out << "/";
} else {
for (auto dir : dirs)
out << '/' << dir;

}

return out.str();

}s

PSS
I

3.15 Length of Last Word
)Y

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.

D

21 RS

F3 STL

// LeetCode, Length of Last Word
// @i, A3 STL
// WEAELE 0(n), DFIEHRE 0D
class Solution {
public:
int lengthOfLastWord(const string& s) {
auto first = find_if(s.rbegin(), s.rend(), ::isalpha);
auto last = find_if_not(first, s.rend(), ::isalpha);
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return distance(first, last);
}
};
(st

// LeetCode, Length of Last Word
// RIS, 1CRED word BIKE
// NEERE o), =EEZE 0(1)
class Solution {
public:
int lengthOfLastWord(const string& s) {
return lengthOfLastWord(s.c_str());
}
private:
int lengthOfLastWord(const char *s) {
int len = 0;
while (*s) {

if (ks++ 1= ' 1)
++len;
else if (*s && *s != ' ')
len = 0;
}
return len;
¥
};
Bxas

I
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4.1.1 Valid Parentheses
iR

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.

D
P

AV

// LeetCode, Valid Parentheses

// NEE#E 0(n), TEEFE 0(n)

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();

};

EPS IS

 Generate Parentheses, I}, §10.9
 Longest Valid Parentheses, [, §4.1.2

4.1.2 Longest Valid Parentheses
R

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.

paliil
p

fEeFat%

// LeetCode, Longest Valid Parenthese
// Bk, NEERE 0), ZEERE 0@)
class Solution {
public:
int longestValidParentheses(const 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
// WEE#E 0@), TESERE 0(@)
// @author —XARFx (http://weibo.com/wjson)
class Solution {
public:
int longestValidParentheses(const 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] == ')') {
fli] = £[i + 1] + 2;
// if a valid sequence exist afterwards "((...))(O"
if (match + 1 < s.size()) f[i] += f[match + 1];
}
ret = max(ret, £[i]);
}

return ret;

}s

[kt
// LeetCode, Longest Valid Parenthese
// RIESH, WESERE 0@), TEERE 0(D)
// @author EEFS (http://weibo.com/cpcs)
class Solution {
public:
int longestValidParentheses(const 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;
}
};
LEPS L]

« Valid Parentheses, I} §4.1.1
 Generate Parentheses, ], §10.9

4.1.3 Largest Rectangle in Histogram
)Y

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.

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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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.

DT

BEH, ZEALLT Container With Most Water(§12.6), W& MIF, ZETRE, BIMILLESE
8, HEXMEENER, A—1TEELERRANER, ERE O(n?), 28BN,

WE §4-201, NEBIGBEES, %i =4, /NFSaikIN BIES 3), WFEH 3, Tt
HARRIENES, ¥ NTERANBRIKINMTREaNsE S, MBIEEH 3 AMTENEL 3 TE
734 2 BBVRETENER, REMRERD); WTFES 2 Rk, EREILETS 4 BENED 1.

XFRRE, TRUEPr—MBIBNNR, SREBERNSLRImR. URIETEATRIATE,
NN, BSUEHMEK, BEEXRIUTRN\THaInk. SENAKTRI, E868H R

(AViS]

// LeetCode, Largest Rectangle in Histogram
/! NEERE o), =EEZE 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()1)
s.push(i++);
else {
int tmp = s.top();
s.popQ);
result = max(result,
height [tmp] * (s.empty() 7 i : i - s.top() - 1));

}
}

return result;
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};

PSS

* Trapping Rain Water, [} §2.1.15
« Container With Most Water, [}, §12.6

4.1.4 Evaluate Reverse Polish Notation
)Y
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:
[I|2Il, I|1Il, ||+||’ ||3||’ n*u] -> ((2 + 1) * 3) -> 9
[Il4ll, n13u, ||5u, ll/ll’ n+n] -> (4 + (13 / 5)) -> 6

paliil
p

RBIIRR

// LeetCode, Evaluate Reverse Polish Notation
// B3, NAERE 0(n), ZEAEZE 0(logn)
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] == '+')
else if (token[0] == '-')
else if (token[0] == 'x')
else
} else {
size_t i;
x = stoi(token, &i);

L I

}
return x;
}
private:
bool is_operator(const string &op) {
return op.size() == 1 && string("+-*/").find(op) != string::npos;
}
};
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AUhR
// LeetCode, Max Points on a Line
/7 AR, WBEHRE 0(), TEERE 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.popQ);
int x = stoi(s.top());
s.popQ);
if (token[0] == '+') X += y;
else if (token[0] == '-') x -= y;
else if (token[0] == '*') x *= y;
else x /=7y;
s.push(to_string(x));
}
}
return stoi(s.top());
}
private:
bool is_operator(const string &op) {
return op.size() == 1 && string("+-*/").find(op) != string: :npos;
}
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LeetCode |~ WHIBYBHRENL T :
// RBYPR

struct TreeNode {

int val;

TreeNode *left;

TreeNode *right;

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

5.1 Z“NReEDH

MENBHEMZE : REMTBHIEELTIED. REMTEBANX TN : 5TIR (RFB) @HA
BIR (R%) &h.

ROVEARENRZ . SCMORNIRER, REHREREBHIRNSIES M. MOLREHNGER
SN X/ ZFTRRRTE) BERRDISERBE.

MOGEIRENRZ : STRRERELDRENERTN, RENARER. NNGHREDNERS
R = R P Rimh BEREE.

XY NEARIBOE : FRBEM (root->left->right), root->right->left; [SIRIBHE : [GREED (left-
>right->root), right->left->root; — X RHIAB N —MREFISBENBMHKREG, PREES (left->root->right),

5.1.1 Binary Tree Preorder Traversal
R

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

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

1

\
2

/
3

return [1,2,3].

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

86
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DT
FE#%3E Morris J&/7o

54

// LeetCode, Binary Tree Preorder Traversal

// Bk, NEERE 0), ZEERE 0@)

class Solution {

public:

vector<int> preorderTraversal(TreeNode *root) {

vector<int> result;
stack<const TreeNode *> s;
if (root != nullptr) s.push(root);

while (!s.empty()) {
const TreeNode *p = s.top();
s.popQ);
result.push_back(p->val);

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

return result;

};

Morris ScFBiED

// LeetCode, Binary Tree Preorder Traversal
// Morris STfEEA, WEEXRE 0), ZESERE 0(1)
class Solution {
public:
vector<int> preorderTraversal(TreeNode *root) {
vector<int> result;
TreeNode *cur = root, *prev = nullptr;

while (cur != nullptr) {
if (cur->left == nullptr) {
result.push_back(cur->val);
prev = cur; /* cur WIRIIENT */
cur = cur->right;
} else {
/x BEBIIK */

TreeNode *node = cur->left;

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

node = node->right;

if (node->right == nullptr) { /* IRRERN, MEBIILR */

result.push_back(cur->val); /* {{UX
node->right = cur;

prev = cur; /* cur NIRNIIHIDNT */

—(THIESPRAE */
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cur = cur->left;
} else { /* BELRM, WHRER

node->right = nullptr;

/* prev = cur; NEEBIXG), cur S&HIHID */

cur = cur->right;

}
}

return result;

};

EPS IS

* Binary Tree Inorder Traversal, [ §5.1.2
* Binary Tree Postorder Traversal, [ §5.1.3
* Recover Binary Search Tree, [} §5.1.7

5.1.2 Binary Tree Inorder Traversal
R

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?

DT
FB#%3E Morris 1@/

53

// LeetCode, Binary Tree Inorder Traversal

// BR%k, NEE#E 0, TFERE 0(n)

class Solution {

public:

vector<int> inorderTraversal(TreeNode *root) {

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

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

s.push(p);
p = p—>left;

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

}
}

return result;

};

Morris R8N

// LeetCode, Binary Tree Inorder Traversal
// Morris DFED, NEAERE 0@), BRESHRE 0(1)
class Solution {
public:
vector<int> inorderTraversal(TreeNode *root) {
vector<int> result;
TreeNode *cur = root, *prev = nullptr;

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

if (node->right == nullptr) { /* INRLERN, WEIILR */
node->right = cur;
/* prev = cur; AEEEXG), cur IRRBRINIG) */
cur = cur—->left;
} else { /* BELERN, WHEDDR, FHRER */
result.push_back(cur->val);
node->right = nullptr;
prev = cur;
cur = cur->right;

}
}

return result;
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EPS IS

* Binary Tree Preorder Traversal, [ §5.1.1
* Binary Tree Postorder Traversal, [ §5.1.3
 Recover Binary Search Tree, [ §5.1.7

5.1.3 Binary Tree Postorder Traversal
)Y

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?

DT
FB#%3E Morris 1@/

53

// LeetCode, Binary Tree Postorder Traversal

// Rk, NEERE 0n), TEERE 0()

class Solution {

public:

vector<int> postorderTraversal(TreeNode *root) {

vector<int> result;
stack<const TreeNode *> s;
/* p, IEAEHIONER, q, RINIHDEIHESR */

const TreeNode *p = root, *q = nullptr;

do {
while (p != nullptr) { /*x FZ NE */
s.push(p);
p = p—>left;

q = nullptr;
while (!s.empty()) {
p = s.top();
s.popQ);
/* BEZIABAEKEHKAIE, Aoz */
if (p—>right == q) {
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result.push_back(p->val);
q = p; /* RENHDEAINGER */

} else {
/x BRIBRABENE, FTE R */
s.push(p);
/% FERNEE IR +/
p = p~>right;
break;

}

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

return result;

};

Morris [SBiED

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

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

if (node->right == nullptr) { /* JRRERN, MEIILR */
node->right = cur;
prev = cur; /* IWIEH */
cur = cur->left;

} else { /*x BEL&RMN, WRHADR, FHRE&R *+/
visit_reverse(cur->left, prev, visit);
prev->right = nullptr;
prev = cur; /* INVIBEH */

cur = cur->right;
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}
return result;

}

private:

/] BERER

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

}
// R EEEHESE FRBESR

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);

};

EPS IS

« Binary Tree Preorder Traversal, [ §5.1.1
* Binary Tree Inorder Traversal, [ §5.1.2
* Recover Binary Search Tree, [J} §5.1.7

5.1.4 Binary Tree Level Order Traversal
R
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},
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return its level order traversal as:

[
[3] s
[9,201,
[15,7]
]

D
P

BBIIRR

// LeetCode, Binary Tree Level Order Traversal

// BEAR, NEEH#E 0(), TEERE 0(n)

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);

};

BRI

// LeetCode, Binary Tree Level Order Traversal

/7 ERRR, NEERE 0(), DEERE 0(1)

class Solution {

public:

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

vector<vector<int> > result;
queue<TreeNode*> current, next;
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if (root == nullptr) {
return result;

} else {
current.push(root) ;

}

while (!current.empty()) {
vector<int> level; // elments in one level
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);
swap(next, current);
}

return result;

};

EPS IS

 Binary Tree Level Order Traversal I, [, §5.1.5
* Binary Tree Zigzag Level Order Traversal, I} §5.1.6

5.1.5 Binary Tree Level Order Traversal 11
)Y

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},

3
/' \
9 20
/ N\
15 7

return its bottom-up level order traversal as:

[
[15,7]
[9,201,
[3] s

]
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DT
FE—@ (W §5.1.4) BOEG L, reverse() — BT,

BIIR

// LeetCode, Binary Tree Level Order Traversal II

// BIERR, NESERE 0(), REEHRE 0(n)

class Solution {

public:

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

vector<vector<int>> result;
traverse(root, 1, result);
std: :reverse(result.begin(), result.end()); // th E—RADBI—1T
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);

}s

YEIRAR

// LeetCode, Binary Tree Level Order Traversal II

/7 ERRR, NESRE 1), REEHRE 0(1D)

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()) {
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);
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level.clear();
swap(next, current);

}
reverse(result.begin(), result.end()); // b F—RAZBI—1T
return result;

};

EPS IS

* Binary Tree Level Order Traversal, I} §5.1.4
* Binary Tree Zigzag Level Order Traversal, [, §5.1.6

5.1.6 Binary Tree Zigzag Level Order Traversal
i)Y
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,

/\

return its zigzag level order traversal as:

[
[31,
[20,9],
[15,7]
]

paliil
[TEILFEED, B—" bool CRENZIGRBNEEZE, B—EERAMEE— T

RBIIRR

// LeetCode, Binary Tree Zigzag Level Order Traversal

/7 BIERR, NEERE 0(), RFERE 0()

class Solution {

public:

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

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

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);

}s

BT

//LeetCode, Binary Tree Zigzag Level Order Traversal

/T BB, B—"1 ool ICRENEZEIGERNEGEZL, B—RERMEIFE— .

/1 KR, NEERE 0), ZESERE 0@)

class Solution {

public:

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

vector<vector<int> > result;
queue<TreeNode*> current, next;
bool left_to_right = true;

if (root == nullptr) {
return result;

} else {
current.push(root) ;

}

while (!current.empty()) {
vector<int> level; // elments in one level
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);
}
if (!left_to_right) reverse(level.begin(), level.end());
result.push_back(level);
left_to_right = !left_to_right;
swap(next, current);
}

return result;
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};

EPSYIE

* Binary Tree Level Order Traversal, [} §5.1.4
 Binary Tree Level Order Traversal I, [, §5.1.5

5.1.7 Recover Binary Search Tree
)Y

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?

DHT

O(n) ZEWMEAR, H—T8HEAE, PRED, RORIBHKREREMESE, REIFHM
WPENE, FEMBIEBHRSBE—TERIUE, RENEHERERB - TERIUE, R
BHHE,

PrREL—RFTEMEL, =EWE On) 8Y, WHZREAMER ? Morris PrRIET.

AV

// LeetCode, Recover Binary Search Tree

// Morris DF@EH, NEEHRE 0(), TEERE 0(1)

class Solution {

public:

void recoverTree(TreeNode* root) {

pair<TreeNode*, TreeNode*> broken;
TreeNode* prev = nullptr;
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; REEBXT! BN cur IERERINHID
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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<TreeNode*, TreeNode*>& broken, TreeNode* prev,
TreeNode* current) {
if (prev != nullptr && prev->val > current->val) {

if (broken.first == nullptr) {
broken.first = prev;

} //RBEA else, PIR0 {0,1}, RSEHR/G swap 0¥ second 7y nullptr,
//%= Runtime Error
broken.second = current;

};

EPS IS

* Binary Tree Inorder Traversal, [ §5.1.2

5.1.8 Same Tree
)%

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.

Pl
%

BBIIRR

BUIRR
// LeetCode, Same Tree
// BFR, NEERE 0@), FESHXE 0(logn)
class Solution {
public:
bool isSameTree(TreeNode *p, TreeNode *q) {
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if ('p && 'q) return true; // RIEFRH

if ('p || 'q) return false; // BIf

return p->val == g->val /1 =PEH
&& isSameTree(p->left, g->left)
&& isSameTree(p->right, gq->right);

};

HIRIR

// LeetCode, Same Tree

/1 R, NIEERE 0(), FHESRE 0(logn)

class Solution {

public:

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

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

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

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

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

return true;

};

EPS IS

* Symmetric Tree, [l §5.1.9

5.1.9 Symmetric Tree
R

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.



5.1 “XBNEHD 101

paLiil
p

BIIR

// LeetCode, Symmetric Tree
// BIFRR, NEERE 0), RFERE 0(logn)

class Solution {

public:
bool isSymmetric(TreeNode *root) {
if (root == nullptr) return true;
return isSymmetric(root->left, root->right);
¥

bool isSymmetric(TreeNode *p, TreeNode *q) {
if (p == nullptr &% q == nullptr) return true; // &I
if (p == nullptr || q == nullptr) return false; // £&IE%K
return p->val == g->val V=Y sk=Fsi
&& isSymmetric(p->left, gq->right)
&& isSymmetric(p->right, q->left);

T

};

KAChR
// LeetCode, Symmetric Tree
// R, NEERE 0(n), =ESEZFE 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.pop();
auto q = s.top (); s.popQ);

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

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

]

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

n

}

return true;
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};

EPS IS

e Same Tree, [} §5.1.8

5.1.10 Balanced Binary Tree
R

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.

D
p

AV

// LeetCode, Balanced Binary Tree
// NAERE 0(n), TEE#E 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; // LRIEFH

int left = balancedHeight (root->left);
int right = balancedHeight (root->right);

if (left < 0 || right < 0 || abs(left - right) > 1) return -1; // BIfZ

return max(left, right) + 1; // =H&6FH

BXES
7
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5.1.11 Flatten Binary Tree to Linked List
R

Given a binary tree, flatten it to a linked list in-place.
For example, Given

1
/\

paliil
p

B3R 1

// LeetCode, Flatten Binary Tree to Linked List
// BFR 1, HEERE 0(n), HESFE 0(logn)

class Solution {
public:
void flatten(TreeNode *root) {

if (root == nullptr) return; // RIERE

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

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

/! =6, BESRMAFEABIERIEAE] root A root->right 2/

TreeNode *p = root->left;

while(p->right) p = p->right; //SHARERG— DA

p~—>right = root->right;
root->right = root->left;
root->left = nullptr;
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B3R 2

// LeetCode, Flatten Binary Tree to Linked List
// BFAR 2
// @author FIlHA (http://weibo.com/u/1234984145)
// NEEZE 0(n), ZEEXE 0(logn)
class Solution {
public:
void flatten(TreeNode *root) {
flatten(root, NULL);
}
private:
// I8 root PFIRMTAERD, tail RELZEXRGH
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;

};

AUhR
// LeetCode, Flatten Binary Tree to Linked List
/7 ERRR, NEERE 0(), RFERE 0(logn)
class Solution {
public:
void flatten(TreeNode* root) {
if (root == nullptr) return;

stack<TreeNodex> s;
s.push(root) ;

while (!s.empty()) {
auto p = s.top(Q);
s.pop();

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

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

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

5.1.12 Populating Next Right Pointers in Each Node 11
R

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
/\
2 3

/\ \
4 5 7

After calling your function, the tree should look like:

1 -> NULL
/N
2 -> 3 -> NULL
/\ \
4-> 5 -> 7 -> NULL

D

REB—PDR, JEFEFRCNNTR TR, BEBEAM18, B BARBH=E, K@
TREH==IE.
R, XUEEWLIERITAR), tHTLIERR Populating Next Right Pointers in Each Node 1.

B3R
// LeetCode, Populating Next Right Pointers in Each Node II
/! NIBERE 0@, EERE 0(1)
class Solution {
public:
void connect(TreeLinkNode *root) {
if (root == nullptr) return;

TreeLinkNode dummy(-1);
for (TreelLinkNode *curr = root, *prev = &dummy;
curr; curr = curr->next) {
if (curr->left != nullptr){
prev->next = curr->left;
prev = prev->next;
}
if (curr->right != nullptr){
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prev->next = curr->right;
prev = prev->next;
}
}

connect (dummy .next) ;

};

AR

// LeetCode, Populating Next Right Pointers in Each Node II

/! WEBERE 0(n), HESFE 0(1)

class Solution {

public:

void connect(TreeLinkNode *root) {
while (root) {
TreeLinkNode * next = nullptr; // the first node of next level
TreeLinkNode * prev = nullptr; // previous node on the same level
for (; root; root = root->next) {
if (!next) next = root->left ? root->left : root->right;

if (root->left) {
if (prev) prev->next = root->left;
prev = root->left;

}

if (root->right) {
if (prev) prev->next = root->right;
prev = root->right;

}

root = next; // turn to next level
};

UEPS IS

 Populating Next Right Pointers in Each Node, [} §5.4.6

52 ZXmigvtagk

5.2.1 Construct Binary Tree from Preorder and Inorder Traversal
%Y

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

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

(¥

// LeetCode, Construct Binary Tree from Preorder and Inorder Traversal
// #3, NEERE 0(n), ZESEFE 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 Inputlterator>
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;

};

BXE8

« Construct Binary Tree from Inorder and Postorder Traversal, [} §5.2.2

5.2.2 Construct Binary Tree from Inorder and Postorder Traversal
3R

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

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

Pkl
%
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AV

// LeetCode, Construct Binary Tree from Inorder and Postorder Traversal
// B3, NEaERE o), ZE8Z2E 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(Bidilt in_first, Bidilt in_last,
BidilIt post_first, BidiIt 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;

};

PSS

« Construct Binary Tree from Preorder and Inorder Traversal, [, §5.2.1

53 &KW
5.3.1 Unique Binary Search Trees
i)Y
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
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DHT
WRE LBBINFR—T, MITUBEMET .
1 1 2 3 3
\ \ /\ / /
3 2 1 3 2 1
/ \ / \
2 3 1 2

a0, A1 WIREIMBI T, FFAESMETPEEUEG IO, Z3ME 0 NITHROM, &
IHE 2 DR M2 NIREIWEI T, STETWOMEUGIHADEY, Z3W2 11
TLEOUR, GFMBE 1| MR, KIEHE,

LHEEN1,2,3,..,n N, EFUTRUSEEN BST MEBE—1E: i RD<0W, HA
IR (1, i-1] 138, HEIWEA [i+1, n] #3565

BN f(i) JILL[1,14] BEF=H-8Y Unique Binary Search Tree H3%4(8, N

WRHB N, 25D, RBE—0BST, BI=M, f(0) =1,

WRHANE TR, RBE—MBST, M0, f(1) =10

WRMBERNTTR 1,2, BLBW NPT A

\ /
2 1

f2) = fO)=f(1), 1 REER
+ f() = f(0), 2 NRBVER

BE B3 T nHRNHE, IR BST WEEARI T :

fB) = [0)=f(2), 1 RIREISS
+ f) = f(1), 2 NREVER
+ f(2) = f(0), 3 NRVIE)

B, BIIsR, TS f BRIEARR
FG) =" fk—1) x f(i —k)
k=1
B, SRR —LETTSHLL

(A¥S]

// LeetCode, Unique Binary Search Trees
// NBERE 0(n"2), RFEHRE 0(n)
class Solution {
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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)
fli] += f[k-1] * f[i - k];
}
return f[n];
}
};

VEPSHIS]
* Unique Binary Search Trees II, [, §5.3.2

5.3.2 Unique Binary Search Trees I1
R

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

AV

// LeetCode, Unique Binary Search Trees II
// WIAS#E Top0, AEZE 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) {
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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;
}
};

UERS IS

* Unique Binary Search Trees, I} §5.3.1

5.3.3 Validate Binary Search Tree
)Y

Given a binary tree, determine if it is a valid binary search tree (BST).

Assume a BST is defined as follows:

D
(¥

// LeetCode, Validate Binary Search Tree
/] NEERE 0), RFERE 0(\logn)

class Solution {

public:
bool isValidBST(TreeNode* root) {
return isValidBST(root, INT_MIN, INT_MAX);

}

bool isValidBST(TreeNode* root, int lower, int upper) {

* 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.

* Both the left and right subtrees must also be binary search trees.

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

};

BXES

* Validate Binary Search Tree, [, §5.3.3

5.3.4 Convert Sorted Array to Binary Search Tree
%Y

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

DT
D5

(¥

// LeetCode, Convert Sorted Array to Binary Search Tree
/] 338%, NEERE 0(), TESRE 0(logn)
class Solution {
public:
TreeNode* sortedArrayToBST (vector<int>& num) {
return sortedArrayToBST(num.begin(), num.end());

}

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

if (length <= 0) return nullptr; // RIF5FMHE

/! =6

auto mid = first + length / 2;

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

return root;
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EPS IS

+ Convert Sorted List to Binary Search Tree, N §5.3.5

5.3.5 Convert Sorted List to Binary Search Tree
R

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

D

XAS E—BED, BREEXRAEENNG, MEMA THZDAEMINFEER RandomAccesslt-
erator, RIFIEYDENEH AT,

BE—TBEEE_E (bottom-up) BY55%, N http://leetcode.com/2010/11/convert-sorted-list-to-balanced-
binary.html

ek, BIRAT

D875, ETF Convert Sorted Array to Binary Search Tree, BIRE T, EZE O(nlogn).

// LeetCode, Convert Sorted List to Binary Search Tree
// 53875, T Convert Sorted Array to Binary Search Tree,
// BIMET, NEERE 0(n™2), RESHE 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;
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;
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}

return n;

}

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

return node;

};

BE[L

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

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

return parent;

}s

ERSIS]

» Convert Sorted Array to Binary Search Tree, I}, §5.3.4

54 —XHais3

XM BIBHNMIESE, B — AR ERES BRI RESIES.
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BIE—E2RE (I §10.12.57 “RESBPRXA”), BFEXR L, BISNKESERLE,
RILAHA “« —XRAEIE” ERNRER, MAE “ —XREURE”, REANIENEESEBETRE,

—YHER. DB ERBHETUEMZ DFS, WAINAEEMINBERELIED, 85
3l =6 fh, EHM 3 FRFBR root->r->1, r->root->1, r->1l->root,

5.4.1 Minimum Depth of Binary Tree
R
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.

D
i

BIIRR

// LeetCode, Minimum Depth of Binary Tree
// B3R, NEERE 0@), FESRE 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));

};

KRR
// LeetCode, Minimum Depth of Binary Tree
/1 R, NIEERE 0), TESRE 0(logn)
class Solution {
public:
int minDepth(TreeNode* root) {
if (root == nullptr)
return O;

int result = INT_MAX;

stack<pair<TreeNode*, int>> s;
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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) // FEZH, %
s.push(make_pair(node->left, depth + 1));

if (node->right && result > depth) // REIFH, B
s.push(make_pair(node->right, depth + 1));

return result;

};

PSS

e Maximum Depth of Binary Tree, U} §5.4.2

5.4.2 Maximum Depth of Binary Tree

i)Y

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.

Pkl
%

(¥

// LeetCode, Maximum Depth of Binary Tree
/! WBERE 0(n), ZEHSHRE 0(logn)

class Solution {

public:

int maxDepth(TreeNode *root) {
if (root == nullptr) return O;

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

¢ Minimum Depth of Binary Tree, N §5.4.1

5.4.3 Path Sum
ik

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,

return true, as there exist a root-to-leaf path 5->4->11->2 which sum is 22.

DHT

BBEREKIRDO true (F false, AMAFTRICRIER,

BFRESKRE—TER, Iltt éﬁ_{ EE%{—@%W?@U? 2SR, FILURN return,

BFRERE R DREEE— B, Dﬁ%iﬁlﬂﬂ'?ﬂdﬁ\ﬁ EXINT, RILPRSETR,
RESHTHRRE,

D)

& EI]]H

AV

// LeetCode, Path Sum
// WEEZE 0(), ZFEZE 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);
}
};
LEPS IS

e Path Sum I, [l §5.4.4
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5.4.4 Path Sum II
iR

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
/N /N
7 25 1
return
L
(5,4,11,2],
(5,8,4,5]
]

paliil

R E—R@BtL, ARMBREBERG. BRREMBER, Z3WKE IHELR, NEE return,
REERGITM.

AV

// LeetCode, Path Sum II
// NBE#E 0), REERE 0(logn)
class Solution {
public:
vector<vector<int> > pathSum(TreeNode *root, int sum) {
vector<vector<int> > result;
vector<int> cur; // PELER
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);
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cur.pop_back();
¥
};

PSS

e Path Sum, [} §5.4.3

5.4.5 Binary Tree Maximum Path Sum
)Y

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.

D

XARYE, BRIUMEEDSFE, AEETRER.

OUNA “SRESSHIF0” DB, W §13.275, WRIR Array R5—NHEEE, A8
2, Binary Tree HSRRRZ. &M NOAME, HBINFEULRMNAEOLLNE.

AT, Array JRUMKEIR&ED, H4 Binary Tree &2 /08, A IYLIRM Binary Tree BREH
A dfs S TED. STEHZEIRNERLIAR, WRL XTF 0, ABLNGEERESENGY, il
MEL, WRRKFO, NEHERBIENN, %ENLR,

AV

// LeetCode, Binary Tree Maximum Path Sum
// NEEZE 0(n), ZEEHXE 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 0;
int 1 = dfs(root->left);
int r = dfs(root->right);
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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;

};

R, R/a return BIN{E, RIRA—NEDELEAE, N4 ? XRENEBIPBD, REEOR DR
R@, ROEERTE L->root->R IR, KRTEER L->root 3§ R->root,

EPS IS

e Maximum Subarray, [l §13.2

5.4.6 Populating Next Right Pointers in Each Node
R

Given a binary tree

struct TreeLinkNode {
int val;
TreeLinkNode *left, *right, *next;
TreeLinkNode(int x) : val(x), left(NULL), right(NULL), next(NULL) {}

};
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
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paLiil
p

(¥

// LeetCode, Populating Next Right Pointers in Each Node
// NEBERE 0(@), FESEHRE 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);

};

EPS IS

* Populating Next Right Pointers in Each Node IT, [ §5.1.12

5.4.7 Sum Root to Leaf Numbers
)Y
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.
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paLiil
p

(¥

// LeetCode, Decode Ways
// NEAERE 0(n), TFPEFE 0(logn)
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);
¥



F6F
HeFe

6.1 Merge Sorted Array
%)

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.

D
P

AV

//LeetCode, Merge Sorted Array
// WBEZE 0(m+n), REERE 0(1)
class Solution {
public:
void merge(vector<int>& A, int m, vector<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--];
}

};

EPS IS

* Merge Two Sorted Lists, [ §6.2
e Merge k Sorted Lists, [, §6.3

123
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6.2 Merge Two Sorted Lists
%)

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.

paLiil
7

(¥

//LeetCode, Merge Two Sorted Lists
// NBE#~E 0(min(n,n)), FEERE 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;

};

BXE8

* Merge Sorted Array §6.1
e Merge k Sorted Lists, [, §6.3

6.3 Merge k Sorted Lists
)

Merge k sorted linked lists and return it as one sorted list. Analyze and describe its complexity.

DHT

TILAE A Merge Two Sorted Lists (1, §6.2) BIRZL
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AV

//LeetCode, Merge k Sorted Lists

// NIAE2E 0(nl+n2+...), ZFEXE 0(1)
// TODOD: £iBH

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 IS

* Merge Sorted Array §6.1
* Merge Two Sorted Lists, [} §6.2

6.4 Insertion Sort List
R

Sort a linked list using insertion sort.

Pl
%
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AV

// LeetCode, Insertion Sort List
// HEE#E 0@™2), REERE 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;

};

EPS IS

« Sort List, 0 §6.5

6.5 Sort List
R

Sort a linked list in O(nlogn) time using constant space complexity.

paliil

BHZTEHE O(nlogn), BEXRESHIFFHR, WAERESHRREEF. AWIJLIS A " Merge
Two Sorted Lists” #9412,

AV

// LeetCode, Sort List
// 3HEE, RAERE 0(nlogn), ZEEHEHRE 0(1)

class Solution {
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public:
ListNode *sortList(ListNode *head) {
if (head == NULL || head->next == NULL)return head;

/7 RIEEEHERADPETR

ListNode *fast = head, *slow = head;

while (fast->next != NULL && fast->next->next != NULL) {
fast = fast->next->next;
slow = slow->next;

}

/7 W

fast = slow;

slow = slow->next;

fast->next = NULL;

ListNode *11 = sortList(head); // BIEERHB
ListNode *12 = sortlList(slow); // o¥EBRHRE
return mergeTwolists(11, 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;

};

EPSYIE

« Insertion Sort List, [l §6.4

6.6 First Missing Positive
%)

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.
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paLiil

KRG SREHEFRS (bucket sort), B Al[il!= i+1 B, 18 Al] 5 A[A[i]-1] &2, EFTTER
BNLE, RIEFRMAER AlLl== A[A[i]-1],

(A%

// LeetCode, First Missing Positive
/] WBERE 0(n), HEEHE 0(1)
class Solution {
public:
int firstMissingPositive(vector<int>& nums) {
bucket_sort (nums) ;

for (int i = 0; i < nums.size(); ++i)
if (nums([i] '= (4 + 1))
return i + 1;
return nums.size() + 1;

}
private:
static void bucket_sort(vector<int>& A) {
const int n = A.size();
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);

};

EPS IS

« Sort Colors, [, §6.7

6.7 Sort Colors
R

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.
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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?

paliil

BF0, 1,2 FBRE, SHBAENTEHER (counting sort), BESHHMIE, MISTEE K.

BFRBE=fPEE, JLUREM T index, — T2 red 8 index, — T2 blue B index, AP
BE. NEERE O(n), ZEERE O(1).

£ 3FBE, NEIRRHFE partition BIFBAR, H—REENEAL 0 DB, ETRL 1 D&, HF
STEe, gLUE R n fhEiE, SihEeBESTTHENEN.

K1

// LeetCode, Sort Colors
// Counting Sort
// WEEZRE 0(), TZESERE 0(1)
class Solution {
public:
void sortColors(vector<int>& A) {

int counts[3] = { 0 }; // RS THEHIMAORE

for (int i = 0; i < A.size(); i++)
counts[A[i]]++;

for (int i = 0, index = 0; i < 3; i++)
for (int j = 0; j < counts[i]; j++)
Alindex++] = i;

};

82

// LeetCode, Sort Colors
// WIEEH, NEEHE 0@, TFERE 0(1)
class Solution {
public:
void sortColors(vector<int>& A) {
// —1 & red BY index, — & blue HY index, FIAEDEE
int red = 0, blue = A.size() - 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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i++
};

53

// LeetCode, Sort Colors
// use partition()
// WAEZE 0(n), TFEHE 0
class Solution {
public:
void sortColors(vector<int>& nums) {
partition(partition(nums.begin(), nums.end(), bindlst(equal_to<int>(), 0)),
nums.end(), bindist(equal_to<int>(), 1));

};

R34

// LeetCode, Sort Colors
// EFIN partition()
// NBE#E 0(n), DEEFE 0(1)
class Solution {
public:
void sortColors(vector<int>& nums) {
partition(partition(nums.begin(), nums.end(), bindlst(equal_to<int>(), 0)),
nums.end(), bindlst(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;

};

UERS IS

« First Missing Positive, I}, §6.6
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7.1 Search for a Range
A

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].

DH
2EHB SR, BZNEHK.

A STL

// LeetCode, Search for a Range
// EREVE, B STL
// WIEERE 0(logn), FESRE 0(1)
class Solution {
public:
vector<int> searchRange(vector<int>& nums, int target) {
const int 1 = distance(nums.begin(), lower_bound(nums.begin(), nums.end(), target));
const int u = distance(nums.begin(), prev(upper_bound(nums.begin(), nums.end(), target
if (nums[1l] != target) // not found
return vector<int> { -1, -1 };
else
return vector<int> { 1, u };

}s

S5 lower_bound f] upper_bound

// LeetCode, Search for a Range

// &SI lower_bound A upper_bound
/7 WIASERE 0Qogn), TEERE 0(1)
class Solution {

131
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public:
vector<int> searchRange (vector<int>& nums, int target) {
auto lower = lower_bound(nums.begin(), nums.end(), target);
auto uppper = upper_bound(lower, nums.end(), target);

if (lower == nums.end() || *lower != target)
return vector<int> { -1, -1 };
else
return vector<int> {distance(nums.begin(), lower), distance(nums.begin(), prev(upy

}

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 (X[ /N[E
else last = mid;
}

return first;

};

EPSYIE

« Search Insert Position, I, §7.2

7.2 Search Insert Position

i)Y
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

D

B std::lower_bound(),

(¥

// LeetCode, Search Insert Position
// B lower_bound
// HBEZE 0(logn), HESFE 0(1)
class Solution {
public:
int searchInsert(vector<int>& nums, int target) {
return distance(nums.begin(), lower_bound(nums.begin(), nums.end(), target));

}

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;

}s

EPS IS

* Search for a Range, [ §7.1

7.3 Search a 2D Matrix
R

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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For example, Consider the following matrix:
[

(1, 3, 5, 7],

[10, 11, 16, 20],

[23, 30, 34, 50]
]

Given target = 3, return true.

DHT
—DEH.

AV

// LeetCode, Search a 2D Matrix

// HBEHE 0(logn), HESFE 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;
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8.1 Subsets
R

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]’

[1] E
[2]7
[1,2,3],
[1,3],
[2,3],
[1,2],
1

8.1.1 B3
EEBWSE
FITER, BEIOER, HRERE.

// LeetCode, Subsets

// BEMSEE, X8, NEASRE 02'n), ZESRE 0

class Solution {

public:

vector<vector<int> > subsets(vector<int> &S) {

sort(S.begin(), S.end()); // WHEKRER
vector<vector<int> > result;
vector<int> path;
subsets(S, path, 0, result);
return result;

135
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}

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;

}

// Rk slstepl

subsets(S, path, step + 1, result);

// & Slstepl

path.push_back(S[step]);

subsets(S, path, step + 1, result);

path.pop_back() ;

};

(WA 97

F—MIMEE bool selected[n], B NITEIYLUEHE L.

// LeetCode, Subsets
// AIAgE, RiE, NEE#RE 0(2'n), TEEHE 0(n)
class Solution {
public:
vector<vector<int> > subsets(vector<int> &S) {

sort(S.begin(), S.end()); // HLERBR

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;

}

// N Slstep]

selected[step] = false;

subsets(S, selected, step + 1, result);

// & Slstep]

selected[step] = true;

subsets(S, selected, step + 1, result);
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};

8.1.2 %%
BEMSA

// LeetCode, Subsets
// AR, NEEH#E 0(2°n), REERE 0(1)
class Solution {
public:
vector<vector<int> > subsets(vector<int> &S) {
sort(S.begin(), S.end()); // HHEKRER
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;

};

A

KIENRIRE . EE80THEABY int (U, A— int BHRTMIAE, LiN 1, WERER
YERR S[i], N0 MIARYER, B9 s={A,B,C,D}, NI 0110=6 "x5& {B,C}.

XIERISY. RNEAREENTE, REELBRNRIESHH . R, ZF&51E. 18M
PNESHUBGED BN B1 A0 B2, M B1 U Ba, By N By, BIAB: DRIINESHF. . XIRE,

THElhE, tOMUEMRAUQEE, RAIENIH.

// LeetCode, Subsets

// THEE, NEERE 0(2°n), ZEEXE 0(1)

class Solution {

public:

vector<vector<int> > subsets(vector<int> &S) {

sort(S.begin(), S.end()); // WLEEKRBR
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();
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}

return result;

};

EPS IS

e Subsets II, [ §8.2

8.2 Subsets 11
R

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

DHT

XBAEBEETTR, BARL, RE—REDN, L—APTRRBEES, BT TRRES
03¢ 1R, XBY 752 5 & MRS 0 BB TRMS,

8.2.1 &EI3
BEISE

// LeetCode, Subsets II
/) BEWGA, A 1, NEERE 0(2n), ZHERE 0(n)
class Solution {
public:
vector<vector<int> > subsetsWithDup(vector<int> &S) {
sort(S.begin(), S.end()); // WIHF

vector<vector<int> > result;
vector<int> path;

dfs(S, S.begin(), path, result);
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}

private:
static void dfs(const vector<int> &S, vector<int>::iterator start,

};

return result;

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
// BEMEE, RA 2, NAERE 002°n), ZEERE 0@)

class Solution {

public:

vector<vector<int> > subsetsWithDup(vector<int> &S) {

}

private:

vector<vector<int> > result;
sort (S.begin(), S.end()); // IWNHER

unordered_map<int, int> count_map; // 1R TITERBVHINREL

for_each(S.begin(), S.end(), [&count_map](int e) {
if (count_map.find(e) != count_map.end())
count_map [e] ++;
else
count_mapl[e] = 1;

B;

// % map BHY pair FEUIF|—D vector B
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; // DELER

subsets(elems, 0, path, result);
return result;

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();

};

NIOIEE

// LeetCode, Subsets II

// UBEE, NEEHE 0(2°n), REASXE 0()

class Solution {

public:

vector<vector<int> > subsetsWithDup(vector<int> &S) {
vector<vector<int> > result; // wﬂﬂﬁHEﬁ%
sort(S.begin(), S.end());
vector<int> count(S.back() - S.front() + 1, 0);
/! HHERBTTRE T
for (auto i : S) {
count[i - S[0]]++;

}
/! BITTREE T 20D

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);
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};

822 ¥
BEWSE

// LeetCode, Subsets II
// BEISA
// NBE#&E 0(2°n), RFERE 0(D)
class Solution {
public:
vector<vector<int> > subsetsWithDup(vector<int> &S) {
sort(S.begin(), S.end()); // W\THERZ

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]);
}
}
previous_size = size;
}

return result;

};

ZHENE

// LeetCode, Subsets II

// THEE, NEaEHE 0(2°n), REASXE 0(1)

class Solution {

public:

vector<vector<int> > subsetsWithDup(vector<int> &S) {

sort(S.begin(), S.end()); // INIHER
// Fd set X8, NEEM unordered_set, ANHIHEKRER
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;

};

EPS IS

e Subsets, I} §8.1

8.3 Permutations

R
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()

BIRBYECE, T EREMA std: :next_permutation(), YR OJ MG =, TJLIRIXT API
B, WRIREERD, BXEEESILIREH.

AV

// LeetCode, Permutations
// WEBEZE o@!), REELRE 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 EFSKI next_permutation()

WEE §2.1.12 7,
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AV

// LeetCode, Permutations

// EFIN next_permutation()

// WASERE o), ZESERE 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) ;
// EBBIE 2.1.12 "HBY next_permutation()
// TMAE std::next_permutation()
} while(next_permutation(num.begin(), num.end()));
return result;

}s

83.3 &3

KABKRBERS, KTEHR, RHASHFRINCIRIER ST, MFERPEERWSIA, &
RERHISIA.

TEDs, 8ANERE, B—NREEIEHTER.

KBAFBRHAE, AANRNSEKRBZ—NBEEROIN. NERGHRISRED S&RE—TTTH.

AV

// LeetCode, Permutations
/1 A8, BSIEA
// HBERE 0@, mESEFE 0@)
class Solution {
public:
vector<vector<int> > permute(vector<int>& num) {
sort (num.begin(), num.end());

vector<vector<int>> result;
vector<int> path; // DELER

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()) { // INSIFHE
result.push_back(path);
return;
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/] ¥R
for (auto i : num) {
/! B i BSE path PHIY
auto pos = find(path.begin(), path.end(), i);

if (pos == path.end()) {
path.push_back(i);

dfs(num, path, result);
path.pop_back() ;

}
};
Bxas

e Next Permutation, I} §2.1.12
« Permutation Sequence, I, §2.1.13
e Permutations II, i} §8.4

e Combinations, [}, §8.5

8.4 Permutations II

R
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()
BEIZFEA std: :next_permutation(), VI35 _E—REE.

8.4.2 EFSKI next_permutation()

SFIN std: :next_permutation(), {35 —@it8E,

8.4.3 B3

BIIRE permute ) HIZH p, RPELR, BOKENEIRCHRIER SW—F, BTk
TR~

TEDm, 8RMWNEX, E—NRERBINTR, BAMETHEERA .

KOAFBRHE, RARNSEREBE BRI,
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AV

// LeetCode, Permutations II
/R, WEERE 0@, ZEERE 0@)
class Solution {
public:
vector<vector<int> > permuteUnique(vector<int>& num) {
sort (num.begin(), num.end());

unordered_map<int, int> count_map; // 2R TITREVHINREL
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 BHY pair FEUIFE|— vector B
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; // RARESR
vector<int> p; // DHLR

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)) { // SRR
result.push_back(p);

}
/1 TR
for (auto i = first; i != last; i++) {

int count = 0; // At *i £ p PHILIZ/ DR
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(); // HEHENE, RO L—=F

};

EPS IS

e Next Permutation, I}, §2.1.12
 Permutation Sequence, [, §2.1.13
e Permutations, JJ, §8.3

« Combinations, [l §8.5

8.5 Combinations

R

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,

851 33

// LeetCode, Combinations
/1 F8, 33
// WAEHE o@!), REERE 0(n)
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, FFUBHIEL, cur, S&ERHKE
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 %%

// LeetCode, Combinations

// use prev_permutation()

// WBEZE 0((n-k)!), HEELE 0(n)

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;

};

UEPS IS

e Next Permutation, I}, §2.1.12
 Permutation Sequence, [, §2.1.13
e Permutations, [, §8.3

e Permutations II, i} §8.4

8.6 Letter Combinations of a Phone Number

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.

DHT
7

8.6.1 B3

// LeetCode, Letter Combinations of a Phone Number
// WEEZE 03 n), =GEFHE 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;
if (digits.empty()) return 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 (¥

// LeetCode, Letter Combinations of a Phone Number
// WE8#E 0(3™n), REERE 0(1)
class Solution {
public:
const vector<string> keyboard { " ", "", "abc", "def", // 'O','1','2',...
llghi n , lljklll . llmno n s l|pqrsll s Iltuvll s "waZ" };

vector<string> letterCombinations (const string &digits) {
if (digits.empty()) return vector<string>();
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'][il;
b;
}
}

return result;



FIE
[TETER

ZUMEBANEEITNE, BEAERD8, RN, AR, XEDEDE —BR,
RERD S . BRONBARE, [REAXEERE £, WOl 8, A*LBRS. REEEXE
EaRe, OWis.

[TERARBEBEMN CRIET RDRAXEDOA—HF), —EBEA0ER, WIRTRE ? W0
YRR ? WEHE ? LHEAE, BRITXNIA, EX LR NIBRER S .

9.1 Word Ladder
R

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.

DHT
REAQRSE, A .

150
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EBRAZ

//LeetCode, Word Ladder
// NAE#E o), TEEHE 0(n)
struct state_t {

string word;

int level;

state_t() { word = ""; level = 0; }
state_t(const string& word, int level) {
this->word = word;
this->level = level;

}

bool operator==(const state_t &other) const {
return this->word == other.word;
}
I

namespace std {
template<> struct hash<state_t> {
public:
size_t operator() (const state_t& s) const {
return str_hash(s.word);
}
private:
std: :hash<std::string> str_hash;
};

class Solution {
public:
int ladderLength(const string& start, const string &end,
const unordered_set<string> &dict) {
queue<state_t> q;
unordered_set<state_t> visited; // &

auto state_is_valid = [&] (const state_t& s) {
return dict.find(s.word) !'= dict.end() || s.word == end;
};
auto state_is_target = [&] (const state_t &s) {return s.word == end; };
auto state_extend = [&] (const state_t &s) {
unordered_set<state_t> result;

for (size_t i = 0; i < s.word.size(); ++i) {
state_t new_state(s.word, s.level + 1);

for (char ¢ = 'a'; ¢c <= 'z'; c++) {
// BRIz E8ER
if (c == new_state.word[i]) continue;

swap(c, new_state.word[i]);
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if (state_is_valid(new_state) &&
visited.find(new_state) == visited.end()) {
result.insert (new_state);

}

swap(c, new_state.word[il); // [RE1Z&19

}

return result;

};

state_t start_state(start, 0);
q.push(start_state);
visited.insert(start_state);
while (!q.empty()) {
// FTIREEA const autok, pop() RMBRITE,
// SIBHMER T E=SIA

const auto state = q.front();
q.popQ);

if (state_is_target(state)) {
return state.level + 1;

}

const auto& new_states = state_extend(state);
for (const auto& new_state : new_states) {
q.push(new_state) ;
visited.insert (new_state);
}
}

return O;

};

TEAZN

//LeetCode, Word Ladder

// NEE#E 0@), REERE 0@)

class Solution {

public:

int ladderLength(const string& start, const string &end,
const unordered_set<string> &dict) {

queue<string> current, next; // HBEIE, T—FB
unordered_set<string> visited; // H|&

int level = -1; // BR

auto state_is_valid = [&] (const string& s) {
return dict.find(s) !'= dict.end() || s == end;
};
auto state_is_target = [&] (const string &s) {return s == end;};
auto state_extend = [&] (const string &s) {
unordered_set<string> result;
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for (size_t i = 0; i < s.size(); ++i) {
string new_word(s);

for (char ¢ = 'a'; ¢c <= 'z'; c++) {
// BRIz 8ER
if (¢ == new_word[i]) continue;

swap(c, new_word[il);

if (state_is_valid(new_word) &&
visited.find(new_word) == visited.end()) {
result.insert (new_word) ;

}

swap(c, new_word[il); // IREZP1I

}

return result;

}s

current.push(start);
visited.insert(start);
while (!'current.empty()) {
++level;
while (!current.empty()) {
// TRARBEA const autok, pop() SMIBRITE,
// SIFBMZM T B=SIA
const auto state = current.front();
current.pop();

if (state_is_target(state)) {
return level + 1;

}

const auto& new_states = state_extend(state);
for (const auto& new_state : new_states) {
next.push(new_state) ;
visited.insert (new_state);

}
}
swap(next, current);
}
return 0O;

};

EPS IS

e Word Ladder I, [} §9.2
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9.2 Word Ladder 11
R

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 = [Ilhotll’lldotll,lldog",Illotll’lllogll]

Return

[
["hit" "hot" ,"dot" "dOg" "cog"]
["hit","hOt","lOt","lOg","COg"]

Note:
» All words have the same length.

» All words contain only lowercase alphabetic characters.

D

PR Word Ladder tt,, XBBKEBRERG, AZBEKE, th2 BFS, MMM,

R—EKBERIORAEBEBRANRE, K—FKBR, 8MMENRREZCE—TEIRET;
KITEBRN, BORSTRIUEEZ TR TA, BBERZ T EIW.

WRERIBRKECEBIULRIRABERKE, JUPIENZEBERNMIE, BRARIMNBHOZ

RIS .

ERA3

//LeetCode, Word Ladder II
// WEE#E 0@), TESERE 0()
struct state_t {

string word;

int level;

state_t() { word = ""; level = 0; }
state_t(const string& word, int level) {
this->word = word;
this->level = level;
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bool operator==(const state_t &other) const {
return this->word == other.word;
}
};

namespace std {
template<> struct hash<state_t> {
public:
size_t operator() (const state_t& s) const {
return str_hash(s.word);
}
private:
std::hash<std::string> str_hash;
};

class Solution {
public:
vector<vector<string> > findLadders(const string& start,
const string& end, const unordered_set<string> &dict) {
queue<state_t> q;
unordered_set<state_t> visited; // ¥|&
unordered_map<state_t, vector<state_t> > father; // DAG

auto state_is_valid = [&] (const state_t& s) {
return dict.find(s.word) '= dict.end() || s.word == end;
};
auto state_is_target = [&] (const state_t &s) {return s.word == end; };
auto state_extend = [&] (const state_t &s) {
unordered_set<state_t> result;

for (size_t i = 0; i < s.word.size(); ++i) {
state_t new_state(s.word, s.level + 1);

for (char ¢ = 'a'; ¢c <= 'z'; c++) {
// BRIz 8ER
if (c == new_state.word[i]) continue;

swap(c, new_state.word[i]);

if (state_is_valid(new_state)) {
auto visited_iter = visited.find(new_state);

if (visited_iter !'= visited.end()) {
if (visited_iter->level < new_state.level) {
// do nothing
} else if (visited_iter->level == new_state.level) {
result.insert (new_state);
} else { // not possible
throw std::logic_error("not possible to get here");
}
} else {
result.insert (new_state);
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}
}
swap(c, new_state.word[il); // [REZ&1T

}

return result;

}s

vector<vector<string>> result;
state_t start_state(start, 0);
q.push(start_state);
visited.insert(start_state);
while (!q.empty()) {
// FIOAEEA const autok, pop() =MIBRITER,
// SIBMZM S B=SIA

const auto state = q.front();

q.popQ);

// IRBRIBEKECLBYSAIRNABEKE,
// GUPLEINAESEBIRNE, BAANFNBERBZRAGRE

if (!result.empty() && state.level + 1 > result[0].size()) break;

if (state_is_target(state)) {
vector<string> path;
gen_path(father, start_state, state, path, result);
continue;
}
// DIEEI N E, thWE—=E A 0 B T IRIdEA TBiRTR,
/! BLERDRMEE 9 PHIMA, BHEERMSIE

// visited.insert(state);

/! RS
const auto& new_states = state_extend(state);
for (const auto& new_state : new_states) {
if (visited.find(new_state) == visited.end()) {
q.push(new_state);

visited.insert (new_state);
father [new_state] .push_back(state);

}

return result;
}
private:
void gen_path(unordered_map<state_t, vector<state_t> > &father,
const state_t &start, const state_t &state, vector<string> &path,
vector<vector<string> > &result) {
path.push_back(state.word) ;
if (state == start) {
if (!result.empty()) {
if (path.size() < result[0].size()) {
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result.clear();
result.push_back(path);
reverse(result.back() .begin(), result.back().end());
} else if (path.size() == result[0].size()) {
result.push_back(path) ;
reverse(result.back() .begin(), result.back().end());
} else { // not possible
throw std::logic_error("not possible to get here ");
}
} else {
result.push_back(path);
reverse(result.back() .begin(), result.back().end());
}

} else {
for (const auto& f : father[state]) {
gen_path(father, start, f, path, result);

}
path.pop_back() ;

};

EAZN

//LeetCode, Word Ladder II
// NIBERE 0@), REAERE 0@)
class Solution {
public:
vector<vector<string> > findLadders(const string& start,
const string& end, const unordered_set<string> &dict) {

// HBEIR, T—R, A unordered_set BN A&, FIUIM MR IRIED

// B3 0m, WRA vector, FURIMSBTE next BHIFR, HIXL

// B father 2EICE S TRDR, next BESHMARERNEH
unordered_set<string> current, next;

unordered_set<string> visited; // ¥|&E

unordered_map<string, vector<string> > father; // DAG

int level = -1; // BR

auto state_is_valid = [&] (const string& s) {
return dict.find(s) !'= dict.end() || s == end;
};
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++) {
// BRIz 8RR

if (¢ == new_word[i]) continue;
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swap(c, new_word[il);

if (state_is_valid(new_word) &&
visited.find(new_word) == visited.end()) {
result.insert (new_word) ;
}
swap(c, new_word[il); // IREiZB1T

}

return result;

};

vector<vector<string> > result;

current.insert(start);

while (!current.empty()) {
++ level;
// MREBRIBEKECSBILRIFABEKE, IUPLENZBREN
/1 B2, BRBNEHNRRTBRE

if (!result.empty() && level+l > result[0].size()) break;

/7 1. TBENOA visited, XEFEAREATA TR DRIEAR—TFT NI
// 2. —f@X current 2FLNA visited, BPIILLARRI—TIRTE
/! RN, BASTAZRGEEHERMENDR, XRBERVARNERG
for (const auto& state : current)
visited.insert(state);
for (const auto& state : current) {
if (state_is_target(state)) {
vector<string> path;
gen_path(father, path, start, state, result);
continue;

}

const auto new_states = state_extend(state);
for (const auto& new_state : new_states) {
next.insert(new_state);
father [new_state] .push_back(state);

}

current.clear();
swap(current, next);

}

return result;
}
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) {
if (!result.empty()) {
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if (path.size() < result[0].size()) {
result.clear();
result.push_back(path);
} else if(path.size() == result[0].size()) {
result.push_back(path) ;
} else {
// not possible
throw std::logic_error("not possible to get here");

}
} else {
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() ;
};
S0

ARETUEMER LAY 8. BE IFH dict, GUETEBE—TLOE, ®RNFITZE
TJLUEEFHR, AANARMELNERIZR, £ EREMERAERE.

//LeetCode, Word Ladder II
// NBERE 0@), ZEAERE 0@)
class Solution {
public:
vector<vector<string> > findLadders(const string& start,
const string &end, const unordered_set<string> &dict) {
const auto& g = build_graph(dict);
vector<state_t*> pool;
queue<state_t*> q; // FRINBATIR
// value EPTEER

unordered_map<string, int> visited;
auto state_is_target = [&] (const state_t *s) {return s->word == end; };

vector<vector<string>> result;
q.push(create_state(nullptr, start, 0, pool));
while (!q.empty()) {

state_t* state = q.front();

q.popQ);

/) URHABREKECEZBISASRBREKE,

// TUPIEXNZBERNIE, RARNZHHNERAABE

if (!result.empty() && state->level+l > result[0].size()) break;

if (state_is_target(state)) {
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const auto& path = gen_path(state);
if (result.empty()) {
result.push_back(path);
} else {
if (path.size() < result[0].size()) {
result.clear();
result.push_back(path);
} else if (path.size() == result[0].size()) {
result.push_back(path);
} else {
// not possible
throw std::logic_error("not possible to get here");
}
}
continue;
}

visited[state->word] = state->level;

/! DR
auto iter = g.find(state->word);
if (iter == g.end()) continue;

for (const auto& neighbor : iter->second) {
auto visited_iter = visited.find(neighbor);

if (visited_iter !'= visited.end() &&
visited_iter->second < state->level + 1) {
continue;

}

q.push(create_state(state, neighbor, state->level + 1, pool));

}

// release all states

for (auto state : pool) {
delete state;

}

return result;

}

private:
struct state_t {
state_t* father;
string word;

int level; // FTERR, M 0 FFB%wS

state_t(state_t* father_, const string& word_, int level_)
father(father_), word(word_), level(level_ ) {}
};

state_t* create_state(state_t* parent, const string& value,
int length, vector<state_t*>& pool) {
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state_t* node = new state_t(parent, value, length);
pool.push_back(node) ;

return node;

}

vector<string> gen_path(const state_t* node) {
vector<string> path;

while(node != nullptr) {
path.push_back(node->word) ;
node = node->father;

}

reverse(path.begin(), path.end());
return path;

}

unordered_map<string, unordered_set<string> > build_graph(
const unordered_set<string>& dict) {
unordered_map<string, unordered_set<string> > adjacency_list;

for (const auto& word : dict) {
for (size_t i = 0; i < word.size(); ++i) {
string new_word(word) ;

for (char ¢ = 'a'; ¢c <= 'z'; c++) {
// BRIz 8ER
if (¢ == new_word[i]) continue;

swap(c, new_word[il);

if ((dict.find(new_word) != dict.end())) {
auto iter = adjacency_list.find(word) ;
if (iter != adjacency_list.end()) {
iter->second.insert (new_word) ;
} else {
adjacency_list.insert(pair<string,
unordered_set<string>>(word, unordered_set<string>()));
adjacency_list[word] .insert (new_word) ;
}
}
swap(c, new_word[il); // IREIZHET

}
}

return adjacency_list;

};

BXEE

e Word Ladder, [ §9.1
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9.3 Surrounded Regions

R
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

>4 Dd D4
O > o
> oo
>4 opd

After running your function, the board should be:
XXX

>4 Dd D4
O > <
ol oo
>4 opd

D
[, NETZBIMNOFEEE, N8R 0, BIWDFTERN, MZRE.

AV

// LeetCode, Surrounded Regions
// BFS, WEESXE 0@), TEEXRE 0(n)
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 (int 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 < mn; j++)

if (board[i][j] == '0")
board[i] [j] = 'X';
else if (board[i][j] == '+")
board[i] [j] = 'O';
}
private:

void bfs(vector<vector<char>> &board, int i, int j) {
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typedef pair<int, int> state_t;
queue<state_t> q;

const int m = board.size();
const int n = board[0] .size();

auto state_is_valid = [&] (const state_t &s) {
const int x = s.first;
const int y = s.second;
if <01l x>mlly<0lly>mnll boardlx][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;

// ENES

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 (state_is_valid(new_states[k])) {

// BEBIRCIDREN BEEIRE
board[new_states[k].first] [new_states[k].second] = '+';
result.push_back(new_states[k]);

}

return result;

};

state_t start = { i, j };

if (state_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);
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9.4 /\G

94.1 EHEM=R
BASUE: RALE, MR, 228 “33” 4R, IRENXBE, WEEL
IRTSEHE . WZE DAG B,
KREBR: KRR

94.2 RBENLR
1. BRBEKE, KRBEAS (FmEFRI) ?
(a) MRBRBERKE, WRASEREEERKE G+ —1T2ELE)
(b) WREBRBEXRSHNERI!
i. 2R EMEMETEIEIEPNEER
ii. REYUTUSIRETNEBYLR ? SEBFEIRSRE, WH—TAHE, BRUNEE
BVE; WRAEFTUHRTRH, WEHEA—RBHER. X—HHRE 4 58I
ERFTOFRM

2. AR ? BI— DRSS EEG MBI LN aVEE, AeeB=mRH Oy B2 T—%
RESHEER. —MRICRUBNEREAREH.

3. WA RS 7 X—HIREE 2 HiEK. RSB IEXRBMIEBAL, ¥ BIOEMNAE. XNFEER
THHIBED (—REAEERSE, FREAZE), =X, 8%, yEhiREs, B
BAET—EBE, NTRAE, B4asE | PERFEBNSHTHEE, 888 TiXa, A%0Q
I EmEBE 5,

4. WOHIKEE ? WRRTHERER —IR, IRz ASHIDE, NERHAE; WRRTHER
BR—TB (XNEE—TE_LBBFS), WEEBHE,

(a) WRBRBIIBRKER —REBR, WREBIL “R” (RS AEEHM, BITRIE
AHH OB
(b) WRBRABER, TR2MN, REERERE DAG, BIATFR I RDaiad—7 3D
Mo BN, 8T 1MRE “TR” AR HIOES visited, BE—E2HHI0
5Ea, BIAR visited £&,
(c) BRI
i REREBETERH LR ? RS —— MG R L, GEZEFASPR,
ii. WRABFE, UEEEMEANGHEE (BCRUHBINERE, FI0 unordered_-
set) RHE; BEIUEHRING, WREBTUSRS LR, WIILIFR
#48, head 0 next, RNGHE, SEZE§?TDOR 2
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iii. SRFE, WIUF—PAREA, KHE, BN TLUEHRIHTEDRSSE, M
AP IS LR

5. EFFRSREEA ? URBE ALY T BRI, IUBRRARH, XEERIUMEBR
Dbk, EQM#; BIUMBIRRESEA, Bor 8; BgbRNEA, Xl £,

9.4.3 {UEBHRIR

[TEZ2—T, BF—B—B¥ R, —Dhashset, BTHE, —1#K (RRKENARR),
BT EHERRM.
XYIFPBABI, TILAA queue, HOILUE vector BIMPASIGAE, BREKEN, BMIPHE:

RE—AIN, BIERTEE state_t BIZNI—TEHFTE level, RNBRIFTAENRER,
éﬁIﬁU@’fﬂﬁu BEEYE level BT, XPMHR, OLURSEZNTA A* &%, 1B queue
BN priority_queue BIT,

2. BB BASN, current, next, DRIERTBEIERRI T —E, BIR—TE2BEH level, TR
B (hEIBRKE), BHABRE, B level BIT, XMNHE, REBOILUIAEERE
KE, RELBIRE—TEBH level, WRMBAT;

YT hashset, WRBTFTEGT R, BM/REA (bool visited [STATE_MAX] Bf vector<bool>
visited (STATE_MAX, false))REm; WR®H, TLUE STL EHY set 3§ unordered_set,

XU, Q0RA STL, QLA unordered_map<state_t, state_t > father K/ — UK, {LA3IE
EES. WRALBTEHRS IR (1% STATE MAX), TILIF#4A (state_t nodes [STATE_-
MAX]), BIRIBURCERIVERSZTM, WEES, SR, REREEDHE.

WAIRTIR

bfs_common.h

/xRS */
struct state_t {
int datal; /+x RSEEIE, JUBZPFE. */
int data2; /+x RSEEHE, JUBZTFE. */
// dataN;  /+x ELOZES */
int action; /x* RSB INEIARSOIE, KRINFBINFER. *
int level; /#x FIEBVER (M 0 7H15), tHBAIEKE-1, KBEKENTEZ;
R, RETRIINAEEATE, RBLBR— M +/
bool operator==(const state_t &other) const {
return true; // iRIEEAGITSL
}
};

// TEX hash K&
/! JE 1 AR, 3 hash WHREERTRE, FMEEEHMEUEN, BXNIALRES

namespace std {
template<> struct hash<state_t> {
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size_t operator() (const state_t & x) const {
return 0; // RIFEAKIALI
}
};
}

1/ TE 2 REMWER, WR hash RHEBn/TREGE, WAXMHE
class Hasher {
public:

Hasher(int _m) : m(_m) {};

size_t operator() (const state_t &s) const {

return 0; // RIFEAKIAKI

}
private:
, int m; // BRONEEABEUE

/%%
* @brief REFMEBE, KR—REBE.
* @param[in] father
* Qparam[in] target BfRTIM
* Q@return MEmE] target BIESE
*/
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;

VAL
* RAOEMREER, KAEEBE.
* @param[in] father BN 3 FIEREAN
* @param[in] start
* @param[in] state #%m3
* ereturn M\ERIIZRNMBEEE
*/
void gen_path(unordered_map<state_t, vector<state_t> > &father,
const string &start, const state_t& state, vector<state_t> &path,
vector<vector<state_t> > &result) {
path.push_back(state) ;
if (state == start) {
if (!'result.empty()) {
if (path.size() < result[0].size()) {
result.clear();
result.push_back(path) ;



9.4 |\ 167

} else if(path.size() == result[0].size()) {
result.push_back(path) ;

} else {
// not possible
throw std::logic_error("not possible to get here");

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

for (const auto& f : father[state]) {
gen_path(father, start, f, path, result);

}
path.pop_back() ;

bfs_common.h

REFIBEKER—RBR
BINEE

bfs_template.cpp
#include "bfs_common.h"

/**
* obrief [ 18, RA—TBAI.
* Qparam[in] start QR
* Qparam[in] data HAZIE
* ereturn MERZIBIMRSH—REREBE
*/
vector<state_t> bfs(state_t &start, const vector<vector<int>> &grid) {
queue<state_t> q; // BAZI
unordered_set<state_t> visited; // ¥|g&E
unordered_map<state_t, state_t> father; // i, REBRABNAE

/! FIETRSRES)
auto state_is_valid = [&] (const state_t &s) { /*...x/ };

/71 FTSRIRSRE NATKBIR

auto state_is_target = [&] (const state_t &s) { /x...*/ };

/] ¥ RREEPRTS
auto state_extend = [&] (const state_t &s) {
unordered_set<state_t> result;
for (/*...x/) {
const state_t new_state = /*...*/;
if (state_is_valid(new_state) &&
visited.find(new_state) != visited.end()) {
result.insert (new_state);
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[TEIREER

return result;

};

assert (start.level == 0);
q.push(start);
while (!q.empty()) {
// FI5AEEA const autok, pop() HMIFRITE,
// SIBMERTE=SIA
const state_t state = q.front();
q.popQ);
visited.insert(state);

/7 TS

if (state_is_target(state)) {
return return gen_path(father, target); // R—FRBRE
// return state.level + 1; // RBRKE

}

/! FREDm

vector<state_t> new_states = state_extend(state);
for (const auto& new_state : new_states) {
q.push(new_state);
father[new_state] = state; // R—FEER

// visited.insert(state); // {itt: QLURBINOA visited &

PAN
<0,

/1 NMBENVRTSY fE. XY q BIBSNIBEEN, BAFHNERIE T —#
/PR 2FMMAS visited, BINREY R BlIKIC while BT

// Bi, BI—{TLH8, visited.insert(start)
}

return vector<state_t>();
//return 0;

BPABINS %

#include "bfs_common.h"

/**

* Obrief [ 18, EAMTBADL.

* Qparam[in] start QR

* Qparam[in] data HAZIE

* ereturn MERZIBIMRSH—FRERBE

*/

vector<state_t> bfs(const state_t &start, const type& data) {
queue<state_t> next, current; // HFIE, T —=
unordered_set<state_t> visited; // ¥|g&
unordered_map<state_t, state_t> father; // i, REBRABNAE

int level = -1; // BR

/! FITRSREEA

bfs_template.cpp

bfs_templatel.cpp
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auto state_is_valid = [&] (const state_t &s) { /*...*x/ };

/1 FRT SRS S NATRBR

auto state_is_target = [&] (const state_t &s) { /*...*x/ };

/! ¥ REEIRTS
auto state_extend = [&] (const state_t &s) {
unordered_set<state_t> result;
for (/*...x/) {
const state_t new_state = /*...%/;
if (state_is_valid(new_state) &&
visited.find(new_state) != visited.end()) {
result.insert (new_state);
}
}
return result;

};

current.push(start);
while (!current.empty()) {
++level;
while (!'current.empty()) {
// FTIARBEA const autok, pop() SMIBRIT=,
// SIBMER T E=SIA
const auto state = current.front();
current.pop();
visited.insert(state);

if (state_is_target(state)) {
return return gen_path(father, state); // R—FRER
// return state.level + 1; // REREKE

}

const auto& new_states = state_extend(state);
for (const auto& new_state : new_states) {
next.push(new_state) ;
father [new_state] = state;
// visited.insert(state); // {ift: TJLURAINIA visited &5,
// MG/ VRTST B. IXBY current ISNWESBETH, EEBMOER
/] BT ¥R 220AT visited, BINEEY R, AMIC while
// 1BAFERI, BN—1TU18, visited.insert(start)
}
}
swap(next, current); //!!! AR BAZI
¥

return vector<state_t>();
// return 0;

bfs_templatel.cpp
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KETEBE
B3

bfs_template.cpp
/*%
* Gbrief [ 18, BAE—THZ.
* Qparam[in] start 2
* @param[in] data HAZIE
* ereturn MERE|BRRSHABERIEBR
*/
vector<vector<state_t> > bfs(const state_t &start, const type& data) {
queue<state_t> q;
unordered_set<state_t> visited; // ¥|E&
unordered_map<state_t, vector<state_t> > father; // DAG

auto state_is_valid = [&] (const state_t& s) { /*...%/ };
auto state_is_target = [&] (const state_t &s) { /*...*x/ };
auto state_extend = [&] (const state_t &s) {
unordered_set<state_t> result;
for (/*...x/) {
const state_t new_state = /*...%x/;
if (state_is_valid(new_state)) {
auto visited_iter = visited.find(new_state);

if (visited_iter !'= visited.end()) {
if (visited_iter->level < new_state.level) {
// do nothing
} else if (visited_iter->level == new_state.level) {
result.insert (new_state);
} else { // not possible
throw std::logic_error("not possible to get here");
}
} else {
result.insert (new_state);

}
}

return result;

};

vector<vector<string>> result;
state_t start_state(start, 0);
q.push(start_state);
visited.insert(start_state);
while (!q.empty()) {
// FIOABEA const autok, pop() SMIBRITER,
// SIBHMEN T E=SIA
const auto state = q.front();
q.popQ);

// IRZBABREKECLBISAIRABEKE,
// TUPLENZBEHNE, FARNREBERRAABE
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if (!result.empty() && state.level + 1 > result[0].size()) break;
if (state_is_target(state)) {

vector<string> path;
gen_path(father, start_state, state, path, result);
continue;
} p—
// M\Zﬁﬁﬂﬁj—ﬁ@;\tbﬁﬂlﬁ—ﬁ AR B Wﬁ%,ﬁt’%fﬁﬂ?@h%ﬁ,
/! BLEFRDRMEE 9 PEIAR, AHBEEMSEIE
// visited.insert(state);
/] RS
const auto& new_states = state_extend(state);
for (const auto& new_state : new_states) {
if (visited.find(new_state) == visited.end()) {
q.push(new_state);
visited.insert (new_state);
father [new_state] .push_back(state);
}
}
return result;
}
bfs_template.cpp
SAINEE

#include "bfs_common.h"

VLS

* @brief [ 18, FFREFTHALL.

* @param[in] start &M

* Q@param[in] data 3JAZUE

* ereturn MEREIBIRRTSHTE SRR

*/

vector<vector<state_t> > bfs(const state_t &start, const type& data) {
// BEIE, T—2, A unordered_set BN JIAE, PIUIMTRTRIED
/! B—1P30R, WRA vector, I HRMBTE next BHIMR, HXXI
// N father ERIERK ISMTRWMA, next BEEELUMRERNER
unordered_set<string> current, next;
unordered_set<state_t> visited; // ¥|&E
unordered_map<state_t, vector<state_t> > father; // DAG

int level = -1; // BR

/! FIMTIRNS BB E A
auto state_is_valid = [&] (const state_t &s) { /*...*x/ };

/1 FT SRR E AT BN

auto state_is_target = [&] (const state_t &s) { /*...x/ };

/! TRERIRT

bfs_template.cpp
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o =z

FIE

[TEIREER

auto state_extend = [&] (const state_t &s) {
unordered_set<state_t> result;
for (/*...x/) {
const state_t new_state = /*...%x/;
if (state_is_valid(new_state) &&
visited.find(new_state) != visited.end()) {
result.insert (new_state);
}
}
return result;

};

vector<vector<state_t> > result;
current.insert(start);
while (!current.empty()) {
++ level;
// ARBIBEKECEBIU SRR EKE, JUPILEXTNZBREN
/1 B, RARNBHHZRATBE
if (!result.empty() && level+l > result[0].size()) break;

// 1. FTBRAOA visited, XHFABEATA TR DRIEBAR— TR
/7 2. —RIX current 2NN visited, BPILEARBI— P NRT R
// BRN, AT ARGEHERIENTR, XFRERUARRBRIZH
for (const auto& state : current)
visited.insert(state);
for (const auto& state : current) {
if (state_is_target(state)) {
vector<string> path;
gen_path(father, path, start, state, result);
continue;

}

const auto new_states = state_extend(state);
for (const auto& new_state : new_states) {
next.insert (new_state);
father [new_state] .push_back(state);

}
current.clear();
swap (current, next);

}

return result;

bfs_template.cpp
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10.1 Palindrome Partitioning

R
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]
]

D

EE LI PIDERBENESEER, BOWE.
— N KERNnNFHFB, B n—1 M IURY, S MHS IR IR, BLEREN 02" )

w1

//LeetCode, Palindrome Partitioning

// NASHRE 0(2n), ZEERE 0(n)

class Solution {

public:

vector<vector<string>> partition(string s) {

vector<vector<string>> result;
vector<string> path; // — partition /5=
dfs(s, path, result, 0, 1);
return result;

}

// prev TABI—TEBIR, start RHBIRR
void dfs(string &s, vector<string>& path,
vector<vector<string>> &result, size_t prev, size_t start) {
if (start == s.size(Q)) { // RE—TFER
if (isPalindrome(s, prev, start - 1)) { // JIUHHA
path.push_back(s.substr(prev, start - prev));

173
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result.push_back(path);
path.pop_back() ;

return;
}
VYR N ivas
dfs(s, path, result, prev, start + 1);
// WR [prev, start-1]1 BEI, WK, BIURAKFHF (E—T24M0R5)
if (isPalindrome(s, prev, start - 1)) {
// W
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;

};

Ri8 2
S—EL, BNESE. XFPEEHE Combination Sum, Combination Sum 1T I,

//LeetCode, Palindrome Partitioning

// NAE#RE 0(2n), RESERE 0(n)

class Solution {

public:

vector<vector<string>> partition(string s) {

vector<vector<string>> result;
vector<string> path; // — partition /5=
DFS(s, path, result, 0);
return result;

}
/7 BRIWTLL slstart] FFKHY partition HR
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 UBR—T)
path.push_back(s.substr(start, i - start + 1));
DFS(s, path, result, i + 1); // #K&F MR
path.pop_back(); // #EE_E EIT
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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;
}

};

M

// LeetCode, Palindrome Partitioning
// L, NEERE 0(™2), FESERE 0(1)
class Solution {
public:
vector<vector<string> > partition(string s) {
const int n = s.size();
bool p[n][nl; // whether s[i,j] is palindrome
£ill_n(&p[0]J[0], n * n, false);
for (int i = n - 1; 1 >= 0; --1i)
for (int j = i; j < mn; ++j)
plil[j] = s[i] == 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<n) {
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 1T, [ §13.3
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10.2 Unique Paths
%)

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 Aboveisa3 x 7 grid. How many possible unique paths are there?

Note: m and n will be at most 100.

10.2.1 348

R, NEETUY, KEGRBN

(A¥S]

// LeetCode, Unique Paths
/RE, N\EETUY, AEEEBE
// NBERE 0(n4), REEHE 0(n)
class Solution {
public:
int uniquePaths(int m, int n) {
if m< 1 || n< 1) return 0; // RIFFHE

if (m == 1 && n == 1) return 1; // WSEHHE

return uniquePaths(m - 1, n) + uniquePaths(m, n - 1);

};

10.2.2 BRIVE
LRIBRE, NTERF, MTMIARES. ISERE.



10.2  Unique Paths

177

AV

// LeetCode, Unique Paths
/1R + &5, IBERE
// NEEZRE 0(n~2), REERE 0@~2)
class Solution {
public:
int uniquePaths(int m, int n) {
// £Ix1 0yl {R M 0,00 3 (x,y) HIBSEREZHE
f = vector<vector<int> >(m, vector<int>(n, 0));
f[ol[o] = 1;
return dfs(m - 1, n - 1);
}
private:
vector<vector<int> > f; // &R

int dfs(int x, int y) {
if (x <0 |l y < 0) return 0; // EUBIEE, RIEFHE

if (x == 0 && y == 0) return £[0]1[0]; // OFiEEm, WSIFMH

if (£[x]1[y]l > 0) {
return f[x][y];
} else {
return f[x][y] = dfs(x - 1, y) + dfs(x, y - 1);
}
}
};

10.2.3 ©H#

BRYUBETRAEMAO MER, E—EIUBNBRE_LHER.
RSN £1i1 151, JBRMER (1,1) BlIX (4, 5) BBERY, WRSEBSEN:
fli][j1=£[i-1] [31+£ 4] [5-1]

AV

// LeetCode, Unique Paths
/7 T, REEE
// WAEZRE 0(n2), =EEZE 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++) {
// DA/ £103]1, RASHFHAE £05], SKOINPY £[1]1[j1 XM
/1 BN £, ®&re® £03]1, SARNPH £E-1103] XU
£[31 = £03] + £[j - 11;
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}
return f[n - 1];

}
};
10.2.4 NI
— M m {7, nIERE, NBAMNZLEZETERESNSHE m+n—2, HPOQTEN
SR m -1, BUEBAELTEm +n—2 NMRER, EEm-1- MNERE NE, EEHINBEZD

DA,

AV

B) Crnina o

// LeetCode, Unique Paths
/! BRI

class Solution {

public:

typedef long long int64_t;
// KMk, n'/(start-1)!, B nx(n-1)...start, 8K 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;
}
/! KREEH C_n"k
static int64_t combination(int n, int k) {
/] BEIH
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 QLRFSLIE n £0 k ZEEEITK, MIMBSLE combination() i@
return combination(m+n-2, max(m-1, n-1));
}
};
Bx|a8

e Unique Paths I, [ §10.3
e Minimum Path Sum, i}, §13.8
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10.3 Unique Paths II
3R
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 BRRE
£ L —RABVEM Eo—TRIT. ABtLaill, BREZ.

AV

// LeetCode, Unique Paths II
/1 RE + &5, BIBBRA
class Solution {
public:
int uniquePathsWithObstacles(const 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 O;
f = vector<vector<int> >(m, vector<int>(n, 0));
£[0][0] = obstacleGrid[0][0] ? O : 1;
return dfs(obstacleGrid, m - 1, n - 1);
}

private:
vector<vector<int> > f; // &=

// @return M (0, 0) F (x, y) BIEERE2H
int dfs(const vector<vector<int> >& obstacleGrid,
int x, int y) {

if (x <0 ||l y < 0) return 0; // HIBIEL, KRIEFKMH

// (x,y) 2RES
if (obstacleGrid[x][y]) return O;

if (x == 0 and y == 0) return £[0][0]; // DT, WKL
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if (£[x1[y]l > 0) {
return f[x][y];
} else {
return f[x][y] = dfs(obstacleGrid, x - 1, y) +
dfs(obstacleGrid, x, y - 1);

};

10.3.2 FHFL

S5E—REN, BRFINTREINES. £L—/P, FIEEL 1, BEREX—APA
[, BINRE—TEEISY, BLBEBTEN 0.

(¥

// LeetCode, Unique Paths II
// L, RENEA
// WEE#E 0@™2), REEHE 0(n)
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 O;

vector<int> f(n, 0);
f[0] = obstacleGrid[0][0] ? O : 1;

for (int i = 0; i < m; i++) {
f[0] = £f[0] == 0 ? O : (obstacleGrid[i][0] ? O : 1);
for (int j = 1; j < m; j++)
f[j] = obstacleGrid[il[j] 7 0 : (£[j1 + £[j - 11);
}

return f[n - 1];

}s

ERSIS]

* Unique Paths, [ §10.2
e Minimum Path Sum, [, §13.8
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10.4 N-Queens
R

The n-queens puzzle is the problem of placing n queens on an 7 X n chessboard such that no two queens

attack each other.

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

[*..Q.", // Solution 2

Pkl
ZENTIEW.
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RE—THH vector<int> C(n, 0),Cli] XM i IT2EMENIIRS, BIEAE G, Ci]) £
WS—TER, XHFEA—IT—%E4E, MEECRE MR,

K1

// LeetCode, N-Queens
/758 + B
// WEEZE 0(!+n), TESERE 0(n)
class Solution {
public:
vector<vector<string> > solveNQueens(int n) {
vector<vector<string> > result;
vector<int> C(n, -1); // Cli]l {ILE i TE2EMENIIRS
dfs(C, result, 0);
return result;
}
private:
void dfs(vector<int> &C, vector<vector<string> > &result, int row) {
const int N = C.size();
if (row == W) { // RIEFMH, DREEFEYE, RRESHKE T — P OTH
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 (int j = 0; j < N; ++j) { // ¥ BRES, —3—38Nd
const bool ok = isValid(C, row, j);
if (lok) continue; // Bfz, WRIEE, HE&=H T
/1 RITH R
Clrow] = j;
dfs(C, result, row + 1);
// HEHTE
// Clrow] = -1;

}
}
/**
* BESTE (row, col) BN —TEG.
*
* Q@param C EHE
* @param row HFIIEAENNERNT, BIENTECENSTE2ES
* @param col Fj3l
* Qreturn BESH—TE/G
*/

bool isValid(const vector<int> &C, int row, int col) {
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for (int i = 0; i < row; ++i) {

// EE—73

if (C[i] == col) return false;

// ER—XIfA%

if (abs(i - row) == abs(C[i] - col)) return false;

}

return true;

};

88 2

// LeetCode, N-Queens

/73R8 + B

// NASZE 0@!), REERE 0(n)

class Solution {

public:

vector<vector<string> > solveNQueens(int n) {

this->columns = vector<bool>(n, false);
this->main_diag = vector<bool>(2 * n - 1, false);
this->anti_diag = vector<bool>(2 * n - 1, false);

vector<vector<string> > result;
vector<int> C(n, -1); // Cli]l {IE i TEEHERNIIRS
dfs(C, result, 0);
return result;
¥
private:
/! =L ERTER
vector<bool> columns; // RLCANENZEEIE S HLT]
vector<bool> main_diag; // GIESTHEILEIIAL
vector<bool> anti_diag; // GBS HILBIRTAL

void dfs(vector<int> &C, vector<vector<string> > &result, int row) {
const int N = C.size();
if (row == W) { // RIEFH, HRWERE, REREXRE T —POTH
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[jl = 'Q';

}

solution.push_back(s);
}
result.push_back(solution);
return;

}

for (int j = 0; j < N; ++j) { // ¥ERE, —3—3g0hd
const bool ok = !columns[j] && !'main_diaglrow - j + N - 1] &&
lanti_diag[row + jl;
it (lok) contime; // EUR, MBI, HEESHT—I)
/1 BATY FEE
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Clrow] = j;

columns[j] = main_diagl[row - j + N - 1]
dfs(C, result, row + 1);

/! BEETNIE

// Clrow] = -1;

columns [j] = main_diag[row - j + N - 1]

anti_diagl[row + j] = true;

anti_diag[row + jl = false;
+

PSS

e N-Queens I, J §10.5

10.5 N-Queens II
iR

Follow up for N-Queens problem.

Now, instead outputting board configurations, return the total number of distinct solutions.

D

[RBZBHHEO T, ARBRRLMER, NBRUE—AENED. ’—T2B1H#Es, 8%
=B Lo

K1

// LeetCode, N-Queens II
/1 R + BIRR
// WEEZE 0(!+n), TEHSERE 0(n)
class Solution {
public:
int totalNQueens(int n) {
this->count = O;

vector<int> C(n, 0); // Clil ®’IE i TEEMENIRES
dfs(C, 0);
return this->count;

}
private:

int count; // BRBUDEN

void dfs(vector<int> &C, int row) {
const int N = C.size();
if (row == W) { // RIEFH, HRWERE, REREXRE T —POTH
++this->count;
return;
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/**

* X ¥ ¥ %

*/

}

for (int j = 0; j < N; ++j) { // #RAL, —I—38vizd

const bool ok = isValid(C, row, j);

if (lok) continue; // BIf%: QDQE 5, &S
/] ATH RREE

Clrow] = j;

dfs(C, row + 1);

// BEEEIE

// Clrow] = -

BESTE (row, col) {(UBM—

@param C EHE

@param row HFIEEMENT, BIEBNTHEEHNSTEGS
@param col Fj3l

Oreturn BEBWN—TEF

bool isValid(const vector<int> &C, int row, int col) {
for (int i = 0; i < row; ++i) {

};

88 2

}

// EE—73

if (C[i] == col) return false;

// ER—XM% L

if (abs(i - row) == abs(C[i] - col)) return false;

return true;

// LeetCode, N-Queens II
/ FIE + B
// WEEZE 0@!), REEZE 0(n)

class Solution {

public:

int totalNQueens(int n) {

this->count = 0;

this->columns = vector<bool>(n, false);
this->main_diag = vector<bool>(2 * n - 1, false);

}

this->anti_diag

vector<int> C(n, 0);

vector<bool>(2 * n - 1, false);

dfs(C, 0);
return this->count;

private:

int count // %QFB,JAW

!/l X=7

EEATAR

vector<bool> columns; // ‘ROEMENZGE SR T HLD]
vector<bool> main_diag; // GIESHLEIIAL

// clil RN 1 [T2BHENIRS
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vector<bool> anti_diag; // GBS HILBIRTAL

void dfs(vector<int> &C, int row) {
const int N = C.size();
if (row == W) { // RIEFH, DRWERE, BHEREXRE T —TOITH
++this->count;
return;

}
for (int j = 0; j < N; ++j) { // ¥ RS, —3—380d

const bool ok = !columns[j] &&
'main_diag[row - j + N] &%
lanti_diag[row + j];

if (lok) continue; // BUfZ: WIREE, HEUB3

/1 RATH RENE

Clrow] = j;

columns [j] = main_diag[row - j + N]
anti_diag[row + j] = true;

dfs(C, row + 1);

// BIEHEIE

// Clrow] = -1;

columns[j] = main_diagl[row - j + N]
anti_diag[row + j] = false;

};

BXEE

e N-Queens, [ §10.4

10.6 Restore IP Addresses
R

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)

D
DNBERRBI REFMTRREEE, R,

AV

// LeetCode, Restore IP Addresses
// WNIEEZE 0(@m™4), DEELHE 0(n)

class Solution {
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public:
vector<string> restoreIpAddresses(const string& s) {
vector<string> result;
vector<string> ip; // BGNPELER
dfs(s, ip, result, 0);
return result;

/**

@brief FENTRTER

@param[in] s FITER, HALIE
@param[out] ip B PELER

Oparam[out] result FHFTETALEY IP thilk
@param[in] start HFJIEARMED index
Q@return G

* X X X X ¥

*/
void dfs(string s, vector<string>& ip, vector<string> &result,
size_t start) {
if (ip.size() == 4 && start == s.size()) { // HE—1DEFERE
result.push_back(ip[0] + '.' + ip[1] + '.' + ip[2] + '.' + ip[3]);
return;

}

if (s.size() - start > (4 - ip.size()) * 3)
return; // BIRZ

if (s.size() - start < (4 - ip.size()))
return; // EIRX

int num = 0;

for (size_t i = start; i < start + 3; i++) {
num = num * 10 + (s[i] - '0');
if (num < O || num > 255) continue; // BIf%
ip.push_back(s.substr(start, i - start + 1));
dfs(s, ip, result, i + 1);
ip.pop_back();

if (num == 0) break; // ARFEIZ 0, BAFE 0
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10.7 Combination Sum

R
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, az, ..., ax) must be in non-descending order. (ie, a1 < as < ... < 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]

D
i

AV

// LeetCode, Combination Sum

// WEEZE 0@!), REASEXE 0()

class Solution {

public:

vector<vector<int> > combinationSum(vector<int> &nums, int target) {

sort (nums.begin(), nums.end());
vector<vector<int> > result; // RRER
vector<int> path; // PELER
dfs(nums, path, result, target, 0);
return result;

}

private:
void dfs(vector<int>& nums, vector<int>& path, vector<vector<int> > &result,
int gap, int start) {
if (gap == 0) { // HH— =R
result.push_back(path);
return;
}
for (size_t i = start; i < nums.size(); i++) { // ¥ BT
if (gap < nums[i]) return; // BIf%

path.push_back(nums[il); // HTH EfE
dfs(nums, path, result, gap - nums[i], i);

path.pop_back(); // HIEHENE
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};

EPS IS

e Combination Sum I, [} §10.8

10.8 Combination Sum II
iR

Given a collection of candidate numbers (C) and a target number (7°), find all unique combinations in

C' where the candidate numbers sums to 7.

Each number in C may only be used once in the combination.

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 10,1,2,7,6,1,5 and target 8, A solution set is:

[1, 71
[1, 2, 5]
[2, 6]
[1, 1, 6]

D
p

AV

// LeetCode, Combination Sum II
// WAEHE o@!), REERE 0(n)
class Solution {
public:
vector<vector<int> > combinationSum2(vector<int> &nums, int target) {
sort (nums.begin(), nums.end()); // IREE 50 {TECE,
/! BREBDITERZRA—R
vector<vector<int> > result;
vector<int> path;
dfs(nums, path, result, target, 0);
return result;
¥

private:

// {$F nums[start, nums.size()) Z[ENILR, BEHKIINBETIITHE
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static void dfs(const vector<int> &nums, vector<int> &path,
vector<vector<int> > &result, int gap, int start) {
if (gap == 0) { // HI—1TEER
result.push_back(path) ;
return;

}

int previous = -1;

for (size_t i = start; i < nums.size(); i++) {
/! R EF—BB/IRESEFERS nums[i], WARRBIARMABEBE nuns[i],
// IR nums[i] RBIA—X

if (previous == nums[i]) continue;
if (gap < nums[i]) return; // BIfY
previous = nums[i];
path.push_back(nums[i]);
dfs(nums, path, result, gap - nums[i], i + 1);
path.pop_back(); // RENE
}
};
PSS

e Combination Sum, [ §10.7

10.9 Generate Parentheses

i)Y

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, COXO", *OWWI", OO0

D

INESBR—1MBIBEE, RefR. —XWERPE0E—F, SBamRE.
—HHINEFRB. SEBSEHARM < n ¥, MILUBEFNLHES. SER/SHIREN
TERBRSEIREEN, MIUNEHNEES.

K1

// LeetCode, Generate Parentheses
// WBEZE 0(ToD0), ZEEZE 0(n)
class Solution {
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public:
vector<string> generateParenthesis(int n) {
vector<string> result;
string path;
if (n > 0) generate(n, path, result, 0, 0);
return result;
}
/11 FRA CHMBRY, r T ) BIMBIRE
void generate(int n, string& path, vector<string> &result, int 1, int r) {
if (1 ==n) {
string s(path);
result.push_back(s.append(n - r, ')'));
return;

}

path.push_back('(');
generate(n, path, result, 1 + 1, r);
path.pop_back();

if 1 >1r) {
path.push_back(')');
generate(n, path, result, 1, r + 1);
path.pop_back();

};

82
R—IBIISE, BESE.

// LeetCode, Generate Parentheses

// @author &I (http://weibo.com/lianchengzju)

class Solution {

public:

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;

};

EPS IS

« Valid Parentheses, I} §4.1.1
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» Longest Valid Parentheses, I1, §4.1.2

10.10 Sudoku Solver
R

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 1195
918 6
8 6 3
4 8 3 1
7 2 6
6 2(8
41119 5
8 719
10-3 A sudoku puzzle...
5(3(416]|7|8|9(1]|2
6|1712]1]|9(5]|3(4](8
119|18|3|4(2]5|6]|7
815|19]7|6[1]|4(2](3
4(216|8|5(3]17(9|1
71113]1912(4]8|5]6
9(6|(1]5(3|7]|2(8|4
2181714|1](9]|6(3|5
3(4(512(8|6|1(7|9

10-4 ...and its solution numbers marked in red

paliil
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AV

// LeetCode, Sudoku Solver
// WEE#E 00974), REERE 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[i][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] = '.';
}
return false;
}
}
return true;
}
private:
/l KE (x, y) 256X
bool isValid(const vector<vector<char> > &board, int x, int y) {
int i, j;
for (4 = 0; i < 9; i++) // KB y Tl
if (i !'= x && board[i] [y] == board[x] [y]l)
return false;
for (j = 0; j < 9; j++) // ®E x {7
if (j !'= y && board[x] [j] == board[x] [y]l)
return false;
for (i =3 % (x/ 3); i <3 x* (x/ 3+ 1); i++)
for (j =3 % (y/ 3); j<3x*(y/ 3+ 1); j++)
if (i !'=x |l j '= y) & board[il [j] == board[x] [yl)
return false;
return true;

};

EPS IS

 Valid Sudoku, [}, §2.1.14

10.11 Word Search
R

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.
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For example, Given board =
[
["ABCE"] s
["SFCS"] s
["ADEE"]
]

word = "ABCCED", -> returns true,

word = "SEE", -> returns true,

word = "ABCB", -> returns false.

paLiil
7o

(v

// LeetCode, Word Search

/! RS, B3

// WEEZE 0@ 2*xn~2), TEERE 0(n~2)
class Solution {

public:

bool exist(const vector<vector<char> > &board, const string& word) {

}

private:

const int m = board.size();
const int n = board[0].size();
vector<vector<bool> > visited(m, vector<bool>(n, false));
for (int i = 0; i < m; ++i)

for (int j = 0; j < m; ++3)

if (dfs(board, word, O, i, j, visited))
return true;

return false;

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; // Hiﬁﬂﬁiﬁt

if (x <0 |l y <0 |l x > board.size() || y >= board[0].size())
return false; // 5%, Zth%%ﬁt

if (visited[x][y]) return false; // D&IHIOY, B

if (board[x][y] '= word[index]) return false; // B, BIf

visited[x] [y] = true;

bool ret = dfs(board, word, index + 1, x - 1, y, visited) || //
dfs(board, word, index + 1, x + 1, y, visited) I //
dfs(board, word, index + 1, x, y - 1, visited) 17/
dfs(board, word, index + 1, x, y + 1, visited); //

visited[x] [y] = false;

DAt
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return ret;

EPS IS
7

1012 I\

10.12.1 EAHS

RAKIE: WRBRISHESN, WRiER, —XW, &6, I 2BUUERE; WR2F
BIDHIEE, WA, “HEHA, B, B, WK\ —LK,

REFEIRE : B

KEEMR: DNZRETRR PIIXITH, DWMBEIHITDR) FEEE T8, XErE
GRRE.

10.12.2 BERNTR

1. BREBEXRE, MBRBEAT (HERI) ? REKRELN=T10T, KITHEHNSH, K
— N EITHE, KITEJITH.

(a) WREBBERE, WABBREMEBR.

(b) WRBRBERG, WEB— A path(] FHEER. REEAD, BEBERREK
BHR—XBRE, BEFBEMI RUEPHERE, EREASEZAMEBEL
REEWF; MR, ARRURPLRRE—REBRE, RUB—THAMEB .

2. RBR—, WRERITEHE ? WRRABRK—THE, I —TIURD; WREBRE
R, BTG, KBESY R, BREDT. [ #—RIABR—THE, BMARERZEBX

RSHFERE, FBENT, B BAEEHXKTR).

3. ARV ? Bl — RSB RS EML LN RNETE, TEBTERENTT AT —%
REHPTEER. IR BB, RENRAEE, ARIEHBERENRT struct 8B, MI AR
MRHSH (BRN T DBEDEK, BEEES), struct ENFTRSRBSH——XIRL.

4. AT R ? X—HIR E—PBX. RSBICRBHEAD, TFRIOEMAE. NFTEEAR
THHESHE (—RABERLE, FRARE), XN, BF, TREROARESR, B
BAT—RE, UTRIAE, B54EF | SERERRNTHIHHEE, BER IR, UG
TEMRER S,
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5. RIFRHRM 4 T RIEFARIBE S AR REKIE DR XNTH, BHIFHm, XITEHE
1B, BHEN 08D,

6. SRR 4 2 NSRRI E T — T & ABENE Z. WREBEORE (RRTRIET S
ZiTEIE, BIRRSAMEISRT, BB —ERERE, BEP), NEERSKREE
RS WRBEORE (REBLXRTRBRENESRTHER, WRBINEQNMERB),
NI IER ST AR,

BT RIERAERFABRRHERE - N—8, BRSARNKDIAIPRMG. SHXD
XM, EREENERN.

NSTHRTRER) TSR, RERFEOER—TSHICKISRBME (HEEBERLEZ
). WRBR—THE, ERROXME; WREXREH, REXBNER, BIEE—FP
RTSEROVHA path[] SEFIZMRESE,

7. XFHE

(a) REREHE I URRTERBE—FM, WAFERHAE, ANMEHIEPAYEE
g; IRRTHERBIR— DAG, WREH S, X—mIR BFS A—#Ff, BFS fURSER
B=2 DAG, WB¥E,

(b) EREFHIE ? BRI 218E), W3R §94 o AN, DAG iABEEEF IO, WHIMUBE
BI0IR, W28 o

8. WAINR 2

(a) B2, RE—ERBBEEELER, RANGEA, 0JTHE, FEAKDR. X
BrBRRnE, REERTAEERIN, BREOUR, TONESHEIHKIR, &£
hiEHmiRRNR O,

(b) %ﬁo

i BIRRME: RSB — DAG, DAG=> FEEE A = FOWNHESH
EEXA, BEEERTENRBR. WRIEKFRARZFORE (PIROK, PHERE),
BRNENEF, RAFEIRRE—BEET, A—XMBHEASER, N3%&EH
A 2R R

ii. B4R : DJDIBAI4ASK HashMap, 4EZ B L), FBATA ; HES 28, A HashMap,
C++8 map, C++ 11 LI/FB unordered_map, L, map /R,

2B, IRETIESHRERAN, ANERELE 8 NOBERMOE—&E, HIEER
FRIBEBHR T . XITR, ANREBROEE 5505 8 Nafl. WRIFREX FHNERRSENERT
“ARA”, RIER, ANXELRRERRMTRIUEESELHKN, NBENKRIRES, “4
BRS” RipTREIAR, PIMIXNREZIIRE SHMNRIE0RE, RE—EHRTARGE, B0
FIKEX—PHRE, —EEEHG,
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10.12.3 {XBE&EIR

VLS

dfs_template.cpp

dfs &iR.

Oparam[in] input B AZUEEEH

Oparam[out] path HFIEER, BEPEER

@param[out] result BHNRRER

@param[inout] cur or gap FRICHRIUBNIE SIS
oreturn BEKE, WREBXREERS, WAFTZROKE

* X X X X X X

*/
void dfs(type &input, type &path, type &result, int cur or gap) {
if (IBIER) return 0; // RIEFMH
if (cur == input.size()) { // UERRMH
// if (gap == 0) {
& path TR result
}

if (GLUBIFS) return;

for(...) { // WTHBETREE RifE
RITEME, 182N path
dfs(input, step + 1 or gap--, result);
IS path

}

dfs_template.cpp

10.124 FRESOEERNXSI

SR4E (Depth-first search, DFS) BYRE NI, http://en.wikipedia.org/wiki/Depth first_search, [@385% (backtrack-
ing) BYTE N I, http://en.wikipedia.org/wiki/Backtracking

OE = F18 + BIRL., —mMAKBREN, 2D, RERESORESEH4AE,
guaEeNzEE E—1MES. XBAENERREINOEARTAE, BRETLUAN_ZEFMN.

FIL—AR BT (recursion) SEILH, IXEELVRES.

RIEEBEBREEREME N, UHTHE, MFNREERNEZR, FURELRERNE
REBIR,

10.12.5 FE5RPNX 5!

RIRE BB (recursion) KK, —EEBRAIFNEM, SEURZ NRDUVEME — TR,

R, BEERN LHNEE, B3, B—IYIERN EBSE, BANAL (iteration) ZXIRZHY. R
B, IJURSEIRSI, LTRSS ; M3, —RSBAKKIARE. TR, BIP—ER
AR, REA—ERAES.

BIBEMIRRES, —M28UK (prunning), XIPESRETHNT, REIRO; —PRES,
ZBPESR, HLEEEUE, AZEHRNE.
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HSL, B3+ 4875, #f2 memorization, FTiE memorization (BIENBETE, WE §229), 7
2 top-down with cache” (BIN[@E N + 45715 ), T2 Donald Michie 7+ 1968 FRIEEIARNIE, T —FDL
HER, ft top-down BERHEFD, BAKERELESITTE, AMAINLENE.

memorization R—ERRBI3, RMERER—ERBIZ—F, TUEN (iterative) PFEF memo-
rization , 3BIFIHIA—TEFS memorization, T memorization SENNE, BAZNIH, REH®EIT
BAT%EE, B2 memorization .

BERBIT—ERAREE, N LRZDHEBRANERXMA I AEN ? TRIPREERS, —
BABIIXMAE, MRNEERHET, BREBXTIAE, RBLESFEBMMATONER
—O%, T£2%K. —XMHFRPESH L, BPENKESK, XNABRREXTMAIE; T8, R
BEHEED L, RENKESR, XNAREXTIARIE.



FUE
DIBE

11.1 Pow(x,n)
%Y

Implement pow(x, n).

D

— s 9
7ﬁj\7£’ " = ‘,L,n/2 % xn/2 % xn/aQ

AV

//LeetCode, Pow(x, n)
/! Z%, $x7n = x~{n/2} * x~{n/2} * x"{n\%2}$
// WEEZE 0(logn), TEASZE 0(1)
class Solution {
public:
double myPow(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;
}
};

PSS

o Sqrt(x), Dd §11.2

199
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11.2  Sqrt(x)
A

Implement int sqrt (int x).

Compute and return the square root of x.

DT
THEK

(¥

// LeetCode, Sqrt(x)
/] ZnEHK
// NIBEZE 0(logn), TEEXE 0(1)
class Solution {
public:
int mySqrt(int x) {
int left = 1, right = x / 2;
int last_mid; // I2FBI—X nid

if (x < 2) return x;

while(left <= right) {
const int mid = left + (right - left) / 2;
if(x / mid > mid) { // A8A x > nid * mid, &&
left = mid + 1;
last_mid = mid;
} else if(x / mid < mid) {
right = mid - 1;
} else {
return mid;
}
}

return last_mid;

};

UEPS IS

« Pow(x), M §11.1
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12.1 Jump Game
%)

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.

paLil

BTESERZTUR Alil £, BTMUK KX 1 £, ANIIREIERERE, NikHE—EHY
MER. B TXDERME, RAIUBRIE.

BE—: [EG, MoOdEkR, —E—ENMLHK, BREEFEBIRSRE, 8N, RHEIIE,
SNAREEENE.

BB ¥6, N&BE M, —BE—E &, SREEIETRIE0R.

BE=: WRAFAR, IJUBDM, WRSH £0i], XEMB0REEER, EF AL FE
REBRALH, MRS HEN:

fli] = maz(f[i — 1], Ali —1]) = 1,4 >0

K1

// LeetCode, Jump Game
// B 1, NEEHE 0(n), TEERE 0(1)
class Solution {
public:
bool canJump(const vector<int>& nums) {
int reach = 1; // ERGREMIIGIE
for (int i = 0; i < reach && reach < nums.size(); ++i)
reach = max(reach, i + 1 + nums[i]);

201
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=) RIWE

Ll

return reach >= nums.size();

};

582

// LeetCode, Jump Game
/1 BEE 2, NEERE o), RESKE 0(1)
class Solution {
public:
bool canJump (const vector<int>& nums) {
if (nums.empty()) return true;
/1 BEIERS, RZERE NREEIE/E

int left_most = nums.size() - 1;

for (int i = nums.size() - 2; i >= 0; --1i)
if (i + nums[i] >= left_most)
left_most = i;

return left_most == 0;

};

e 3

// LeetCode, Jump Game
// BB=, B, NEERE 1), ZEERE 0@

class Solution {
public:
bool canJump(const vector<int>& nums) {
vector<int> f(nums.size(), 0);
f£[0] = 0;
for (int i = 1; i < nums.size(); i++) {
f[i] = max(f[i - 1], nums[i - 1]) - 1;
if (£f[i] < 0) return false;;
}

return f[nums.size() - 1] >= 0;

};
LEPS IS

e Jump Game I, [ §12.2

12.2 Jump Game I1
%Y

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.)

D

KE1

// LeetCode, Jump Game II
// NEE#E 0(n), ZEERE 0(1)
class Solution {
public:
int jump(const vector<int>& nums) {
int step = 0; // &/\SH
int left = 0;
int right = 0; // [left, right] RURIEEEBEZNIXE
if (nums.size() == 1) return O;

while (left <= right) { // 2HENE—ERRIT
++step;
const int old_right = right;
for (int i = left; i <= old_right; ++i) {
int new_right = i + nums[i];
if (new_right >= nums.size() - 1) return step;

if (new_right > right) right = new_right;

}

left = old_right + 1;
}
return O;

};

82

// LeetCode, Jump Game II
// RAERE o), =EEZE 0(1)
class Solution {
public:
int jump(const vector<int>& nums) {
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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RIWNE

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

if (i > last) {
last = cur;
++result;

¥

cur = max(cur, i + nums[i]);

}
return result;

};

EPS IS

e Jump Game , [ §12.1

12.3 Best Time to Buy and Sell Stock

R

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.

DHT

RIWE, DARINBRIBNRSH—X, KEsE, TRREN-—XBERSH—KZH.

ERBNMBRINEREDFI, RRBTURERK m I, m =1,

AV

// LeetCode, Best Time to Buy and Sell Stock
// NBEF#E 0(), DESERE 0(1)
class Solution {
public:
int maxProfit(vector<int> &prices) {
if (prices.size() < 2) return O;
int profit = 0; // ZEH, WEIERE
int cur_min = prices[0]; // HRIT/)\

for (int i = 1; i < prices.size(); i++) {
profit = max(profit, prices[i] - cur_min);
cur_min = min(cur_min, prices[i]);

}

return profit;
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EPS IS

 Best Time to Buy and Sell Stock IT, [ §12.4
* Best Time to Buy and Sell Stock ITI, [ §13.5

12.4 Best Time to Buy and Sell Stock 11
R

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).

DHT

RIWEA, BESE, BIEESNMSENEIREN.
ERBNBRINEREDFI, RRBTURERK m FE&H, m = HEAKE.

AV

// LeetCode, Best Time to Buy and Sell Stock II
// NBEF#E 0@), DESERE 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 IS

* Best Time to Buy and Sell Stock, [l §12.3
 Best Time to Buy and Sell Stock ITI, [ §13.5
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12.5 Longest Substring Without Repeating Characters
%)

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.

D

RIXTBESHEEFN, UKP-—ESHEEFFR, BT AUEMIURERXGHR, BT
MARIWE. RMAD, SME, £1MFURRENRIAA, AELURERITH.

NEEGHEE, Y8IE8F8N, ME—TEEFHN index+1, (FAFNRRELMNE, B
ARE—TFH, EXRER O(n). WE 12-1F177.

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 —

12-1 ASEEFHIRKS S

(¥

// LeetCode, Longest Substring Without Repeating Characters
/) WBERE 0(n), HESFE 0(1)
// BEIFFHIE)
class Solution {
public:
int lengthOfLongestSubstring(string s) {
const int ASCII_MAX = 255;
int last[ASCII_MAX]; // ICRZFRFLRBMINNUE
int start = 0; // ICRBRITHORBUE

£fill(last, last + ASCII_MAX, -1); // 0 H@BEWNE, RILHBHIN-1
int max_len = O;
for (int i = 0; i < s.size(); i++) {
if (last[s[i]] >= start) {
max_len = max(i - start, max_len);
start = last[s[i]] + 1;
}
last[s[i]l] = i;
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return max((int)s.size() - start, max_len); // R& STE—NX, Hlal"abcd"

12.6 Container With Most Water
R

Given n non-negative integers a1, ag, ..., an, where each represents a point at coordinate (7, a;). n verti-
cal lines are drawn such that the two endpoints of line ¢ is at (¢, a;) and (4, 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.

paliil
BPESENER, BRTRAHAIR.

(v

// LeetCode, Container With Most Water
// NEEZE o), REERE 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;

};

UEPS IS

* Trapping Rain Water, [, §2.1.15
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* Largest Rectangle in Histogram, [}, §4.1.3



FBE
TSR

13.1 Triangle
A

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.

DHT
WIRSN f(i,7), RIMMMIE (4, )) DR, BEORIV0, WRSHERSER

f(lvj) :min{f(i+ lvj)af(i+17j+1)}+ (Zv.])

AV

// LeetCode, Triangle
// NAEHE 0(™2), ZEERE 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);

209



210 E1BBE ML

return triangle [0][0];
¥
};

PSS
I

13.2 Maximum Subarray

)Y
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.

paLiil

BRNESSTRIN0, FEEMEREI,

SRINMKERBNX MUENRE, NTAEAEN—TEY, ©8/itmRElE ? EREmi
W 1. JDAZRIBY SubArray; 2. B2 5% —1 SubArray, LGRS HIVXFIPIETIE ?

YR Z B SubArray BIMAFIRT 0 8918, BRINARENGEEEREEEAN. XiE)R N
WM ZBI8Y SubArray

YR Al SubArray BYRMAFDN 0 &/ T 0 8915, BATUNNEXIBERERBREE, EER
BEN UNF 0. XMPIBER FEHANERUI M, Ri—1 SubArray,

WRESN £051, "R sl BERORAESS BRI, WRSEBSZUT

fli] = max{f[j — 1]+ S[j],S[j]}, EPL1<j<n
target = max{f[j]}, HEP1<j<n
R
« 18—, S[j]1-ARII, SEIENELEEN —NEESTRI, WRKESSFHIFN f[j—1]+
Sl

< BN, SR —ER, BRESSRBIIRB S — M S, MSRELESRBIFRN Sl
HBE:

- B2 BBEID 2EARNNE, SERER ON®)

- B8 3. RBEHE, EETRIBIETR N EIBIzE, EXE 0.

- BB 4: 2BFE, PRIDAME, DAREKESSTHIN, REIFH, SHE O(nlogn)
- BB S BBE 20(n”) WREBHIERE, BEF O(n) W&

« B 6: U M=1 IFRA M FE&AD
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T

// LeetCode, Maximum Subarray
// NEE#E 0(n), ZEERE 0(1)
class Solution {
public:
int maxSubArray(vector<int>& nums) {
int result = INT_MIN, f = O;
for (int i = 0; i < nums.size(); ++i) {
f = max(f + nums[i], nums[i]);
result = max(result, f);
}

return result;

};

Il_;\% 5

// LeetCode, Maximum Subarray
// NAERE o), RFERE 0(n)
class Solution {
public:
int maxSubArray(vector<int>& A) {
return mcss(A.begin(), A.end());
}
private:
/] BES 5, KREAELITFRIIF
template <typename Iter>
static int mcss(Iter begin, Iter end) {
int result, cur_min;
const int n = distance(begin, end);
int *sum = new int[n + 11; // Bij n X0

sum[0] = O;
result INT_MIN;
cur_min = sum[0];
for (int i = 1; i <= n; i++) {

sum[i] = sum[i - 1] + *(begin + i - 1);

}

for (int i = 1; i <= n; i++) {

result = max(result, sum[i] - cur_min);

cur_min = min(cur_min, sum[i]);
}
delete[] sum;
return result;

};

EPS IS

* Binary Tree Maximum Path Sum, [ §5.4.5
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13.3 Palindrome Partitioning IT
%Y

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.

paLiil
BSOS £(1,3) ®RAXE [1,j] 2R/ cut &, NRTEELSIEN
fi,5) =min{f(i,k) + f(k+1,j)},i<k<j0<i<j<n

XR—T#HRE, SRSUBLERMM,
PTIURFHA —4E DP. WIRTR, M iE61HEE, SHE—TO0XHME—XDP 8E, sMIU
FEHRN £(1)= X8 [i, n-1] Z@ETR)E cut ¥, n NZHFBKE, WREFHEBOEN

f@) =min{f(j+1)+1},i<j<n

—PMa@EI s, MEWOHET (1,1 SERO I BREMN i3 jHHR—E ? OR%T S, X
BRI — DP O,
TENRT PLi1[] = true if [i,3] RO, A4
P[i1[j] = str[i] == str[j] && P[i+1]1[j-1]

AV

// LeetCode, Palindrome Partitioning II
// NEEXE 0(n~2), RFEHE 0(°2)
class Solution {
public:
int minCut(const 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—T fln]=-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];

};

EPS IS

« Palindrome Partitioning, [N §10.1

13.4 Maximal Rectangle
A

Given a 2D binary matrix filled with 0’s and 1°s, find the largest rectangle containing all ones and return

its area.

paLiil
p

(¥

// LeetCode, Maximal Rectangle
// NEERE 0n™2), RFERE 0()
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;
¥
};
wBxaEs
I

13.5 Best Time to Buy and Sell Stock 111
Y

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).

D

RS f (1), =mX8 [0,4)(0 < i < n—1) IRAFE, R& (1), RAXE [, n—1](0 < i < n—1)
NERAME, NWERLERN max {f(i)+g(i)},0<i<n—1

DVFE—RAREX R, B85 TAKRS, ANVAENNERRZMA, MAE—EEZMAK,

RRBATREDSHEA ABVBIUBMEEREKRN m» IEM, m = 2, 2ZHH:
https://gist.github.com/soulmachine/5906637

AV

// LeetCode, Best Time to Buy and Sell Stock III
/] WEERE 0(n), HEEFHE 0()
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

EPS IS

 Best Time to Buy and Sell Stock, U} §12.3
* Best Time to Buy and Sell Stock IT, [, §12.4

13.6 Interleaving String

B
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.

WIRTS £I41[3], &~ s1l0,i]1 §0 s2[0,j1, UL s3[0, i+jl. WR sl WRE— 1T ZRHFEHET
S3IRE—TRT, W £[41[j1=f[i-11[j]; WR 2 PRE—1TZKET 3 NKRG—1TFEF, W
£f[i] [§1=f[i]1 [j-1]. RILRSERHRUT :

fL11[3] = (s1[i - 1] == s3 [i + j - 1] && £[i - 1]1[j])
Il (s2[j - 1] == 83 [i + j - 1] && £f[i1[j - 11);

=)
// LeetCode, Interleaving String

/1 B3, BB, (XAEREHIER
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SR

class Solution {
public:

bool isInterleave(const string& sl, const string& s2, const 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));

};

=l

// LeetCode, Interleaving String

/1 ZHEDEL, NIEERE 0(n°2), HEFEHE 0(n2)
class Solution {

public:

bool isInterleave(const string& sl, const string& s2, const 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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AL + RENEA

// LeetCode, Interleaving String
[/ ZHERAL + REIEE, WEERE 0n72), ZEERE 0(n)
class Solution {
public:
bool isInterleave(const string& sl1, const string& s2, const 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
R

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
/ \ / N\
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
/\ / A\
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.

DHT

BEBINEESE BIRE), XM string #HTHE, RBHRIONERE. KBEREE,
BREFAEHES. BMMPIIRKRES, —fI5RR, RERD; —RNER, ZEPESR, B
memorization (EENICIZHIER).

SRGUAE/N], BFROUR, FTOMABESR, HABULDRIBRNROBIFRME. IR0, FIKTHR
PERFLREBEN scamble, B/DEREGPNEZREM PSR LPHIMPREEEE, WRAESFUR
[0 false,

&, SLIBEESE HashMap, AR S, A HashMap, map £0 unordered_map 3YTJ,

BERTARIZHIER, XEB—EIUBNM. RSN £l [11[j1, XRAEKENn, 2R
N s1li] RSN s2[j] M PZERFEREEN scramble, NPRTEERRDIEN

fn] (11031} = (k]I [i105] && fIn-k][i+k] [j+k])
[l (£0k] (4] [j+n-k] && f[n-k][i+k][j1)

23
// LeetCode, Scramble String
/7 B3, S8, BREEE
/! WBERE 0@e), ZFEXE 0(1)

class Solution {
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public:
bool isScramble(const string& s1, const 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;

};

Tl

// LeetCode, Scramble String
// i, NAE&E 0(n~3), =EELE 0(n"3)
class Solution {
public:
bool isScramble(const string& sl1, const string& s2) {
const int N = sl.size();
if (N != s2.size()) return false;

// £nl1[il1[3]1, {"OAKEN n, &8 s1i]l
// BRI s2[3] MTERFBRESB AN scramble
bool f[N + 1][N][N];

£i11 n(&f[01[01[01, (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];

};

RBI3 + B

// LeetCode, Scramble String
/7 )3 + B
// NEERE 0(m™e), RFERE 0(1)
class Solution {
public:
bool isScramble(const string& s1, const string& s2) {
return isScramble(sl.begin(), sl.end(), s2.begin());
¥
private:
typedef string::const_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;

// B2, 1RARNRO
int A[26]; // B PSTHITAIES

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;

};

BRRE

// LeetCode, Scramble String

// &B)3 +map {il cache

// NAE#E 0n~3), =RASRE 0(n~3), TLE

class Solution {

public:

bool isScramble(const string& sl1, const 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));

};

BRRE

typedef string::const_iterator Iterator;
typedef tuple<Iterator, Iterator, Iterator> Key;
/] EH— IR
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, Scramble String

// 38)3 +unordered_map il cache, £, map /R
// WEEZE 0@"3), EEHE 0(@™3)
class Solution {
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public:
unordered_map<Key, bool> cache;

bool isScramble(const string& sl1, const 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));

13.8 Minimum Path Sum
R

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

DHT

#R Unique Paths (1}, §10.2) 1RZ5{B,
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WIS £131 151, FRMER (0,0) A (4, §) BIR/NBREA, WRESHFERRSEN:
£[i1[j1=min(£[i-11 (3], £[i][j-11)+grid[i][j]

BRRA

// LeetCode, Minimum Path Sum
/] BRFE
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; // &3

int dfs(const vector<vector<int> > &grid, int x, int y) {
if (x < 0 || y < 0) return INT_MAX; // 5}, RIERE, FE, A2 0

if (x == 0 && y == 0) return grid[0][0]; // OFiEEsm, WK

return min(getOrUpdate(grid, x - 1, y),
getOrUpdate(grid, x, y - 1)) + gridlx][yl;

int getOrUpdate(const vector<vector<int> > &grid, int x, int y) {
if (x < 0 || y < 0) return INT_MAX; // R, I8, A2 0
if (£[x]1[y] >= 0) return f[x][y];
else return f[x][y] = dfs(grid, x, y);

)

// LeetCode, Minimum Path Sum
/] —HERHHL
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];
}
};
Thill + RehEa

// LeetCode, Minimum Path Sum
/1 —HERDNL + REDER
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); // #)961ER INT_MAX, RNGEAS min BH-
f[0] = 0O;

for (int i = 0; i < m; i++) {
£[0] += grid[i][0];
for (dnt j = 1; j < n; j++) {
// ZRW £03], BOEHGH £0i], SARNPH £1i00] W
// BIW £053], "X-ER £05], SARPH £1i-1]1[] XU
£[j] = min(£[j - 11, £[j1) + grid[i]l[j];
}
}

return f[n - 1];

};

PSS

* Unique Paths, [, §10.2
 Unique Paths II, ], §10.3

13.9 Edit Distance
R

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

D

WA £041[31, &R AL0,1]1 F0 BIO, j1 2[NS/ \RIEEREE. 12 A[0,1] BIFINR stric,
B[0,j] L2 str2d,

1. W0R c==d, W £[il[j1=£[i-11[j-11;

2. R c'=d,
(a) 0PN c Bk d, W £Li] [jI1=£[i-1]1[j-1]+1;
(b) R ¢ BEHRN—d, W £011 [31=£[i] [j-11+1;
(c) ORNE c MIBR, M) £01] [31=£[i-1][j1+1;

Tl

// LeetCode, Edit Distance
/] Z#EH, NIASE2E 0(nxn), RFSZE 0(nxm)
class Solution {
public:
int minDistance(const string &wordl, const string &word2) {
const size_t n = wordl.size();
const size_t m = word2.size();
// KEN n WZRFEE, B vl TRIR
int fln + 11[m + 1];
for (size_t i = 0; i <= n; i++)
flil[0] i;
for (size_t =0; j <=m; j++)

£[01 031 = 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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AL + RENEA

// LeetCode, Edit Distance
/1 —HEhHl + REHEA
// NEEZE 0(m), FEERE 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() + 11;
int upper_left = 0; // FINH—TLEIER £[i-11[5-1]

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)
£[j] = upper_left;
else
f[j] = 1 + min(upper_left, min(£f[jl, £[j - 11));

upper_left = upper;

}
}
return f[word2.length()];
}; ’
S IS
I

13.10 Decode Ways

3R
A message containing letters from A-Z is being encoded to numbers using the following mapping:
1 Al _> 1
1 B 1 _> 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.

paril
PR Climbing Stairs (J} §2.1.18) R, RIS — L EMSIE,

(¥

// LeetCode, Decode Ways
/] B, NEERE 0(), ZEHERE 0(1)

class Solution {

public:
int numDecodings(const string &s) {
if (s.empty() || s[0] == '0') return O;
int prev = 0;
int cur = 1;
// KEN n TS, 8§ ol THE
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;
}
};

BXEE

 Climbing Stairs, I} §2.1.18

13.11 Distinct Subsequences
R

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.

paLiil

RSN f(i,7), T/ T0,3]1 £ slo,i] BHEIBIRE. 8%, TiL slil K T(j]1 2EE
%, BMMEB shil, W f(i,4) = f(i—1,7); B Slil==T[j], WILUEA slil, W f(i,5) =
f(’t—l,])-f—f(l—l,]—l)o

AV

// LeetCode, Distinct Subsequences
[/ N + R
// WEEXE 0mm), RFGELXE 0(n)
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()];
} ’
S IS
I

13.12 Word Break
R

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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paLiil

WRER f(i), TR s00,1] BETUDW, WREEBOEN

F(i) = any_of (f(j)&&sj +1,i] € dict),0 < j < i

w2

// LeetCode, Word Break

/7

g, B

// NAE#E 0(2°n), REERE 0(n)
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;

// LeetCode, Word Break

// T, NEEZRE 0(n~2), ZEERE 0@
class Solution {

public:

bool wordBreak(string s, unordered_set<string> &dict) {

// KEN n IZREE o+l MEIR

vector<bool> f(s.size() + 1, false);

£[0] = true; // EFHB

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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EPS IS

e Word Break I, [}, §13.13

13.13 Word Break I1
R

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"].

D
£ E—AnE E, RROBES.

AV

// LeetCode, Word Break II
// L, NBERE 0@™2), TEAERE 0@"2)
class Solution {
public:
vector<string> wordBreak(string s, unordered_set<string> &dict) {
/] KER n FFTHE n+t NRIR
vector<bool> f(s.length() + 1, false);
// prev[il[j1 N true, &N slj, i) B—TEE213, UM j /LDFF
/! BE—1TRA
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 @AM, SRS
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 (prevlcur]l[i]) {
path.push_back(s.substr(i, cur - i));
gen_path(s, prev, i, path, result);
path.pop_back() ;

};

PSS

» Word Break, I}, §13.12
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OB BREN T :
// TOEHDR

struct UndirectedGraphNode {
int label;
vector<UndirectedGraphNode *> neighbors;
UndirectedGraphNode(int x) : label(x) {};
};

14.1 Clone Graph
A

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:

paliil
[EREBhERELEEhEBI L.

232



14.1 Clone Graph 233

DFS

// LeetCode, Clone Graph
// DFS, WIBERE 0(n), =ESEHRE 0(n)
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, WEASERE 0m), TEHERE 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];

UEPS IS
7
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XEAE N ERENSE, THZRESNEONEE.

15.1 Reverse Integer
)

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).

paliil
VIEIRHIRR, NSt I USRI

(v

//LeetCode, Reverse Integer
// WBE&E 0Qogn), TEASRE 0(1)
/7 EBRE 1. EHIBR 2. BHHIER (EEE e JURE, i x = -2147483648(R1-2731) )

class Solution {

public:
int reverse (int x) {
long long r = 0;
long long t = x;
t

t=t>07 H N

235
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DS

};

EPS IS

« Palindrome Number, [l §15.2

for (; t; t /= 10)
r=r % 10 + t % 10;

bool sign = x > 0 7 false: true;
if (r > 2147483647 || (sign && r > 2147483648)) {
return O;
} else {
if (sign) {
return -r;
} else {
return r;

}

15.2 Palindrome Number

L)%

Determine whether an integer is a palindrome. Do this without extra space.

Some hints:

Could negative integers be palindromes? (ie, -1)

you know that the reversed integer might overflow. How would you handle such case?

DT
B8R, IUNB L —m, REHRYE, RESRFIOEMLR, S8, 18FN Palindrome

There is a more generic way of solving this problem.

BV TR reverse() =im o

7, BRFEAHRNE PEHE S A —EEL

AV

//LeetCode, Palindrome Number
// NEE#RE 0(1), TEEFE 0(1)

class Solution {

public:

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”,

EERBIER, NEMBERSS ARG — (1036 ) HITHR, BFWERSE _MA0FI#ES
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bool isPalindrome(int x) {
if (x < 0) return false;
int 4 = 1; // divisor
while (x / d >= 10) d *= 10;

while (x > 0) {
int 9 = x / d; // quotient

int r = x % 10; // remainder
if (q != r) return false;
x=x%d/ 10;

d /= 100;

}

return true;

};

BXEE

* Reverse Integer, I, §15.1
* Valid Palindrome, I}, §3.1

15.3 Insert Interval

R

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]1,[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].

Pl
%

(¥

struct Interval {
int start;
int end;
Interval() : start(0), end(0) { }
Interval(int s, int e) : start(s), end(e) { }
};

//LeetCode, Insert Interval
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n

il

// WEEZRE 0@), TZESERE 0(1)
class Solution {
public:

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;

};

UEPS IS

e Merge Intervals, [ §15.4

15.4 Merge Intervals
Y

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]

paliil

SR —T Insert Intervals BIEARIT, BIZ—T#H interval RS, REBRMBHE@R—

interval 3k, REB/ARFNESD,

AV

struct Interval {
int start;
int end;
Interval() : start(0), end(0) { }
Interval(int s, int e) : start(s), end(e) { }
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//LeetCode, Merge Interval
//EFB—N Insert Intervals BfREBNT
// NIAE2E 0(ni1+n2+...), FEEXE 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;
¥
private:
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++;
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;

};

EPS IS

« Insert Interval, [} §15.3

15.5 Minimum Window Substring
i)

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 "".



240 E15E  BHHMA

« If there are multiple such windows, you are guaranteed that there will always be only one unique

minimum window in S.

paLiil

Wi, tiSgEr— T Xig. BiEt A itaE, 2P 18083 T8 T Hx{E, R
[EEBlERET, BEAEBNENL. REICRMBIENERPEOR/I\D

(v

// LeetCode, Minimum Window Substring
// NWEE#E 0@), DEASRE 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];

fill(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; // BOX/\, &Em
int wnd_start = O;
int appeared = 0; // TEBIIT—PT
/ /B AEEH
for (size_t wnd_end = 0; wnd_end < S.size(); wnd_end++) {
if (expected_count[S[wnd_end]l] > 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()) { // BB T
/7 WEBKIEE
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 "";
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else return S.substr(min_start, minWidth);

};

EPS IS
7

15.6 Multiply Strings
%Y

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.

paliil

SREERZ.

BROBERRSREA RN int, —X, BA— int 8. BRIXFRER=E, —
int32 PR AER 2% — 1 = 2147483647, TS 9 MNERINN, BFEIRE, B, WEDTBS
4 PNERF——XIN — 1 int64 TS 9 DRIV,

K1

// LeetCode, Multiply Strings

// @author &I (http://weibo.com/lianchengzju)
/] — PSRN —D int

// NIAE#RE 0(m), RHEEHE 0(n+m)

typedef vector<int> bigint;

bigint make_bigint(string const& repr) {
bigint n;
transform(repr.rbegin(), repr.rend(), back_inserter(n),
[1(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),
[1(char c) { return c + '0'; });
return str;

}

bigint operator*(bigint const& x, bigint const& y) {
bigint z(x.size() + y.size());
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%
o
7

=S
=

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 + j1 / 10;
z[i + j1 %= 10;
}

return z;

}

class Solution {
public:
string multiply(string numl, string num2) {
return to_string(make_bigint (numl) * make_bigint (num2));
}
I

82

// LeetCode, Multiply Strings
/9 PERFNN—T int64_t
// NBEFE 0(*n/81), BEEHE 0((n+m)/9)
[xx REEHZE. =/
class BigInt {
public:
YELS
* @brief MIGHH, RZATBEHNNAELY.
* Oparam[in] s BABZRFB
* Qreturn 5
*/
BigInt(string s) {
vector<int64_t> result;
result.reserve(s.size() / RADIX_LEN + 1);

for (int i = s.size(); i > 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;
}
/**

* Obrief RBEHEHMNTRS.
* Q@return /TR
*/
string toString() {
stringstream result;
bool started = false; // BT HIIFIS 0
for (auto i = elems.rbegin(); i != elems.rend(); i++) {
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if (started) { // WRBRM 0 SEEBOY, Wi
result << setw(RADIX_LEN) << setfill('0') << *i;
} else {
result << *i;

started = true; // WHE—NIE 0 A, FMTPIBRH 0 2LEBRT
}

if (!started) return "0"; // B x TN O K
else return result.str();

}

/**

* Obrief KEHITEEX.

* @param[in] x x

* @param[in] y y

*x Q@return NEH

*/

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 y[il F£3FE x BB
// R i, § (UABTk, RNAERNSE i+j iU

z[i + j]l += y.elems[i] * x.elems[j];

if (z[i + j] >= BIGINT_RADIX) { // BEESBHI
z[i + j + 1] += z[i + j] / BIGINT_RADIX; // Hi
z[i + j] %= BIGINT_RADIX;

}
}
while (z.back() == 0) z.pop_back(); // RBHNI, RieFKS{H 0
return BigInt(z);
¥

private:

typedef long long int64_t;

/ex —DEEBTTRNN 9 DA, BIEERZHEHBIN
* KJY 1000000000 * 1000000000 REBEIY 2763-1
*/

const static int BIGINT_RADIX = 1000000000;

const static int RADIX_LEN = 9;

/x JOIEAIEREL. */

vector<int64_t> elems;

BigInt(const vector<int64_t> num) : elems(num) {}

};

class Solution {
public:
string multiply(string numl, string num2) {
BigInt x(numl);
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BigInt y(num2);
return BigInt::multiply(x, y).toString();

};

PSS
I

15.7 Substring with Concatenation of All Words
R

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"
L: ["foo", "bar"]

You should return the indices: [0,9].(order does not matter).

paLil
p

(¥

// LeetCode, Substring with Concatenation of All Words

// NBERE 0 ), REEFE 0m)

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)));
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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), i));
}
return result;
}
5
EPS IS
-

15.8 Pascal’s Triangle
i)

Given numRows, generate the first num Rows of Pascal’s triangle.
For example, given numRows = 5,

Return

[1]!
[1,1] b
[1,2,11,
[1,3,3,1],
[1,4,6,4,1]
]

D

KAIUABAI, HETN—THN, £L—TEE63N—"10, RET1THE TR, MSTE
ARG A2,

R—EE, TATE-TTRNRE—TTHREEN 1, PEANG TR, FTLTHELE
BE LATTRZH.

MNZHIE

// LeetCode, Pascal's Triangle
// HBE#RE 0@~2), DEFERE 0(n)
class Solution {
public:
vector<vector<int> > generate(int numRows) {
vector<vector<int> > result;
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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); // &4fT
const vector<int> &prev = resultl[i-2]; // t—1T
for(int j = 1; j < i - 1; ++j) {
current[j] = prev[j-1] + prev(jl; // Z LABFG LEBZH

}
result.push_back(current);

}

return result;

}
};

NERZE

// LeetCode, Pascal's Triangle
// HBE#RE 0@~2), REFERE 0(n)
class Solution {
public:
vector<vector<int> > generate(int numRows) {
vector<vector<int> > result;
vector<int> array;
for (int i = 1; i <= numRows; i++) {
for (dnt j =i - 2; j > 0; j—) {
array[j] = arrayl[j - 1] + arrayl[j]l;
}
array.push_back(1);
result.push_back(array) ;

}

return result;

};

EPS IS

* Pascal’s Triangle I, 0 §15.9

15.9 Pascal’s Triangle 11
%Y

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?
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DHT
RENHEA,

(¥

// LeetCode, Pascal's Triangle II
/] REE, NEERE 0(0™2), ZEERE 0(n)
class Solution {

public:
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;
}
};

UEPS IS

« Pascal’s Triangle, [ §15.8

15.10 Spiral Matrix
i)

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:

[
[1, 2, 31,
[ 4,5, 61,
[7,8, 9]
]

You should return [1,2,3,6,9,8,7,4,5].

paliil
RLL
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AV

// LeetCode, Spiral Matrix
// @author ZE[H% (http://weibo.com/luangong)
// NEBERE 0(™2), =EERE 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
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][j]);
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;

}s

ERSIS]

* Spiral Matrix IT, [ §15.11

15.11 Spiral Matrix 11
R

Given an integer n, 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]
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paLiil
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// LeetCode, Spiral Matrix II

// NEERE 0n"2), REERE 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;

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;

};

88 2

// LeetCode, Spiral Matrix II
// @author Z[FZ (http://weibo.com/luangong)
// NAEZ#E 0(n"2), TEERE 0(x"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;
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for (int i = endY; i >= beginY; --i) matrix[i] [beginX] = num++;
if (++beginX > endX) break;
}
return matrix;
}
}s
BxaE8

* Spiral Matrix, [, §15.10

15.12 ZigZag Conversion
%Y

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
APLSITIG
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".

var)il
SR MNE, EIEERD, AAKTREHXDa)m,
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

PR, XTFEB—RBEETROYIE (4,)) = (1 + 1) *n+i; NTBREEETRZEHEAT
= BABITR), () =G+ 1)*n—i
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// LeetCode, ZigZag Conversion
// NEEZE 0(n), ZEERE 0(1)
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 + 1) {
result.append(1, slindex]); // EELH
if (i == 0 || 1 == nRows - 1) continue; // RNABTE
if (index + (mRows - i - 1) * 2 < s.size())
result.append(1l, s[index + (nRows - i - 1) * 2]);
}
}

return result;

PSS
I

15.13 Divide Two Integers
)

Divide two integers without using multiplication, division and mod operator.

DHT

NEEFTR. BRFOENE, AOFITEY, WEBM0. BAMLEE,
REPODE, BATAERGE. £XTEMLE, TLUR—RILN, SRIEREFHEE, MM
N0iRs

K1

// LeetCode, Divide Two Integers

// WIAEZRE 0Qogn), FEASHRE 0(1)

class Solution {

public:

int divide(int dividend, int divisor) {

// % dividend = INT_MIN [, -dividend &4, PTUAME long long
long long a = dividend >= 0 7 dividend : -(long long)dividend;
long long b = divisor >= 0 ? divisor : -(long long)divisor;
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// % dividend = INT_MIN ¥, divisor
long long result = 0;
while (a >= b) {
long long c = b;
for (int i = 0; a >= c; ++i, c <<= 1) {
a -= c;
result += 1 << i;

-1 iy, SREmd, PTUA long long

}
return ((dividend~divisor) >> 31) ? (-result) : (result);

};

52

// LeetCode, Divide Two Integers
// WEBEZ#E 0(logn), REEHE 0(1)
class Solution {
public:
int divide(int dividend, int divisor) {
int result = 0; // 2 dividend = INT_MIN (¥, divisor = -1 ¥, SR&4A
const bool sign = (dividend > O && divisor < 0) ||
(dividend < 0 &% divisor > 0); // ®S

// 2 dividend = INT_MIN [Y, -dividend &7aH, PTUAA unsigned int
unsigned int a = dividend >= 0 ? 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) { // B5IE%E
bb += bb;
multi += multi;

}
}
if (sign) return -result;
else return result;
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15.14 Text Justification
R

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.

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

D
p

AV

// LeetCode, Text Justification
// NEE#E 0(n), ZEERXE 0(1)
class Solution {
public:
vector<string> fullJustify(vector<string> &words, int L) {
vector<string> result;
const int n = words.size();
int begin = 0, len = 0; // HRITHERER, HAIKE
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));
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il

begin = 1i;
len = 0;
}
len += words[i].size();
}
/I REe—1TAR L
result.push_back(connect(words, begin, n - 1, len, L, true));
return result;

/**

* @brief Y& words[begin, end] ERL—1T

@param[in] words EiFIIE

@param[in] begin FTi8

@param[in] end Z5FR

@param[in] len words[begin, end] PTESFNERNEE
@param[in] L BBMEN—ITKE

@param[in] is_last Edemo—17

ereturn XYFF/EHIHRIT

* X ¥ X X ¥ %

*/
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;

/**

Obrief HNITIE.

@param[inout]ls —{T

@param[in] i HFITKRAFES
Oparam[in] n ZRDE]

@param[in] L RHEFDHRNHIZENEL
@param[in] is_last @O emOo—17
Q@return J;

* X ¥ X ¥ ¥ %

*/

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, ' ');
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15.15 Max Points on a Line
R

Given n points on a 2D plane, find the maximum number of points that lie on the same straight line.

D

RIMEE. MRRE—REL, n TRMAMEAS, JUSE %n(n+1) FEL&, W8—FH
%, ¥l n PRESHEREL L, MNMUMUSEXREL LNRE T, ERERANIRELRD,
EE O(n®)o

LERRINESEU “0” NP, BES—FRIDNEIE, U8 “xm” AP, RE@HF
Rm, HEPTBHORE, WRMNEEE, B2 -—EHENE TR, B—TIEHR, key IREEK, value
NZELLHRY, HELIEHERE, BEKXE, HEHEBERANE, ROMRER. NEERE
O(n?), RIAEHRE O(n)o

LA P

// LeetCode, Max Points on a Line
/ BIWEEE, DARNPIL, HEERE 0™3), ZFEXRE 0(1)
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
[

}

int count = O;

for (int k = 0; k < points.size(); k++) {

if ((0 == sign &% a * points[k].y == ¢ + b * points[k].x) ||

(1 == sign&&points[k].x == points[j].x))
count++;

}

if (count > result) result = count;

}
}

return result;
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// LeetCode, Max Points on a Line
/7 BAREE, RN, NEERE 0(™2), RFERE 0(n)
class Solution {
public:
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 &80
int point_max = 1; // i HABRARH

for (int j = i + 1; j < points.size(); j++) {
double slope; // RIXK
if (points[i].x == points[j].x) {
slope = std::numeric_limits<double>::infinity();
if (points[il].y == points[jl.y) {
++ samePointNum;
continue;
}
} else {
slope = 1.0 * (points[i].y - points[jl.y) /
(points[i].x - points[j].x);

}

int count = O;

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;

EPS IS
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