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SRR EIR AR TR ECECRIS AT, HIANXT— D4 t1T N IRIESR push() TERRFREZEILIAVELERIRE
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ThreeSum

ThreeSum FBFSEi—1MNEEFF0N 0 W=THEE=E.

public interface ThreeSum {
int count(int[] nums);

}

1. ThreeSumSlow

IZEERIPEIRA if (nums[i] + nums[j] + nums[k] == 0) B, SFEHUTHIREDD N(N-1)(N-2) = N*/6-
N2/2+N/3, BILERGEIHBUTRE ~N3/6, BRI ON%),

public class ThreeSumSlow implements ThreeSum {

@0verride
public int count(int[] nums) {

int N = nums.length;

int cnt = 0;

for (int 1 = 0; i < N; i++) {

for (int j =1 + 1; j < N; j++) {
for (int k = j + 1; k < N; k++) {
if (nums[i] + nums[j] + nums[k] == 0) {
cnt++;

}

}
}

return cnt;

2. ThreeSumBinarySearch

BEHRSHR, SR TERN, FR-OEXAEZERESEEZINERE, NEREFE, MikEEE=Td
g9%073 0.
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MiZEFerE, REHNEARSEHERTESRERAXMRE, Bl _—sERIERSHE.
%75 5T LAY ThreeSum ELEHKEE RIS O(N2logN).
public class ThreeSumBinarySearch implements ThreeSum {

@0Override
public int count(int[] nums) {
Arrays.sort(nums);
int N = nums.length;
int cnt = 0;
for (int i = @; i < N; i++) {
for (int j =1 + 1; j < N; j++) {
int target = -nums[i] - nums[j];
int index = BinarySearch.search(nums, target);
/1 MOZFEXBNTFRMART j, BNSESHIT.
if (index > j) {
cnt++;

}

return cnt;

public class BinarySearch {

public static int search(int[] nums, int target) {
int 1 = 0, h = nums.length - 1;
while (1 <= h) {
intm=1+ (h-1) / 2;
if (target == nums[m]) {
return m;
} else if (target > nums[m]) {

1 =m+1;
} else {
h=m-1;
}
}
return -1;

3. ThreeSumTwoPointer
BEMNSERTEREHF, REERTYSHTER, HESRERN oN?).
public class ThreeSumTwoPointer implements ThreeSum {

@Override

public int count(int[] nums) {
int N = nums.length;
int cnt = 0;
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Arrays.sort(nums);
for (int 1 = 0; i < N - 2; i++) {
int 1 =1+ 1, h=N- 1, target = -nums[i];
if (i > © && nums[i] == nums[i - 1]) continue;
while (1 < h) {
int sum = nums[1l] + nums[h];
if (sum == target) {
cnt++;
while (1 < h && nums[1l] == nums[1l + 1]) 1++;
while (1 < h && nums[h] == nums[h - 1]) h--;

1++;
h--;
} else if (sum < target) {
1++;
} else {
h--;
}
}
}
return cnt;
}
}
| EESTM

ANER T(N) ~ aNPlogN, BBA T(2N)/T(N) ~ 2°,

BN FRF I Threesum BLE, IEIUBTIEA ~N*/6, BHTANTRSLR: ZRBETZEE, BXREE N EARI—RIIHE
&, SHERHTRIRE, FRUARRIETHIESE—RIETHIENEUE, BEIINTER:

N Time(ms) Ratio
500 48 /
1000 320 6.7
2000 555 1.7
4000 4105 7.4
8000 33575 8.2

16000 268909 8.0

ATLAEER, TEN)/TN) ~23, EULATLARRE T(N) ~ aNlogN.,
public class RatioTest {
public static void main(String[] args) {

int N = 500;
int loopTimes = 7;
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double preTime = -1;
while (loopTimes-- > 0) {
int[] nums = new int[N];
StopWatch.start();
ThreeSum threeSum = new ThreeSumSlow();
int cnt = threeSum.count(nums);
System.out.println(cnt);
double elapsedTime = StopWatch.elapsedTime();
double ratio = preTime == -1 ? @ : elapsedTime / preTime;
System.out.println(N + " " + elapsedTime + " " + ratio);
preTime = elapsedTime;
N *= 2,

public class StopWatch {

private static long start;

public static void start() {
start = System.currentTimeMillis();

public static double elapsedTime() {
long now = System.currentTimeMillis();
return (now - start) / 1000.0;

=. HiF

FHEFA9TTREESC Java BY Comparable #, Z3EOA compareTo() /Ai%, SILABERFIBEENITTERAIRNK

HRHEFRELRRIRARENT, FitHY R RFIIEANREL.
{SEFASERNEREY less() F1 swap() SREHTLURFNATIRAGRIE, HEABNENEMAIIRESELF.
public abstract class Sort<T extends Comparable<T>> {

public abstract void sort(T[] nums);

protected boolean less(T v, T w) {
return v.compareTo(w) < 0;

protected void swap(T[] a, int i, int j) {
Tt =alil;
a[i] = a[jl;
aljl = t;
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EEIFHEF

ERHEATRITTR, BFESHENSE— T TRRME. BRI TRTEPIEREH&ENITE, BE5E8EN
BANTTERRNE. FETHTIXERRE, BERNSEBIHAHF.

EIEHEFRE ~N%/2 JRECBAN ~N IRZHE, BRIETHESHATR, XMEREEEN— B IFISEEEE
XASHILLRANAZIRIR F,

public class Selection<T extends Comparable<T>> extends Sort<T> {

@0verride
public void sort(T[] nums) {
int N = nums.length;
for (int 1 = 0; i < N - 1; i++) {
int min = 1i;
for (int j =1+ 1; j < N; j++) {
if (less(nums[j], nums[min])) {
min = j;
}
}

swap(nums, i, min);

St e

WERIGARAIRBMEFRITTR, B fE, FTLUEREIFRSEATE EFEIEMN,
E— BT, WRRBERENRSR, HiRPRECERERN, WHTUERRL,
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public class Bubble<T extends Comparable<T>> extends Sort<T> {

@Override
public void sort(T[] nums) {
int N = nums.length;
boolean hasSorted = false;
for (int i = N - 1; 1 > @ && 'hasSorted; i--) {
hasSorted = true;
for (int j = 8; j < i; j++) {
if (less(nums[j + 1], nums[j])) {
hasSorted = false;
swap(nums, j, j + 1);

HRNHEF

BREISERTRBENIENCEHFRSAT, EERANIEENEERAERF.

SITEEA 3,5, 2,4, 1}, BERBUTERF: (3,2),3,1),(5,2),(5,4), (5,1), (2, 1), (4, 1), BEARFFERABEIREDTT
=, QHEFHERND 1, BB FFREERRIREIE FE.

BAHEFRISRERA T AR, INRBECERSBF T, BFRY, BBABNHFRARIR,

o PYER FTENHFEE -NY/4 HIRLAR ~N2/4 JR38HE

o BRIRHIERTEE ~N?/2 LUIRIAR ~N%/2 R3SH:, RIS RE2EEEEIF;
o ERIFRYEN FEZE N-1RELEHD 0838, RIFHIBRMESECEERT .

DTNERTHE—RERS, Bk 2 BARLNESHFREES.
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public class Insertion<T extends Comparable<T>> extends Sort<T> {

@0Override
public void sort(T[] nums) {
int N = nums.length;
for (int i = 1; i < N; i++) {
for (int j = 1i; j > 0 && less(nums[j], nums[j - 1]); j--) {
swap(nums, j, j - 1);

}

FIRHEE

T AHUERIEE, BAAFRIE, EACREEHRENNTE, SRRAEETEFHERD L.
F/RAFFNHIFEN TRRBNAFFIXMERYE, EEIHEAMENNTE, SRILSEFSERD KT L
T/RAFFERBAREFXNEMR h FFRFIEHITHR. BEARETRN h, &E<S h=1, HMALEEEM ARG,

@CyCc2018

public class Shell<T extends Comparable<T>> extends Sort<T> {

@0verride
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public void sort(T[] nums) {

int N = nums.length;
int h = 1;

while (h < N / 3) {
h=3xh+1;//1, 4, 13, 40, ...
}
while (h >= 1) {
for (int i = h; i < N; i++) {
for (int j = i; j >= h && less(nums[j], nums[j - h]); j -= h) {

swap(nums, j, j - h);

}

}
h=h/3;

R RS TRHERA RIS KB, (RIS 1, 4, 13, 40, ... OB REFFATRENLLBOREASBIY N 95T
ERTBEFINRKE. EENMEBNSRIFREER SR TRAFRPEEE.

JAHHEE

AR B RGEE D RMERD, FREITHR, ARIEHER.

LIAHBGZE
[FH T EEEEF RN B LA RIS AFH R —1 .
public abstract class MergeSort<T extends Comparable<T>> extends Sort<T> {

protected T[] aux;

protected void merge(T[] nums, int 1, int m, int h) {
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inti=1, j =m+ 1;

for (int k = 1; k <= h; k++) {
aux[k] = nums[k]; // BEUEESHZEHEEIZE
}
for (int k = 1; k <= h; k++) {
if (i > m) {
nums[k] = aux[j++];
} else if (j > h) {
nums[k] = aux[i++];
} else if (aux[i].compareTo(aux[j]) <= @) {
nums[k] = aux[i++]; // c#(TX—%, RiHeENE
} else {
nums[k] = aux[j++];
}
}

2. BIRAT3HHEF
B— N REEB D BN INEE R K AR
EAERENG RIS F 55 AN FafE, IXFRIHESHIEESRE—RESI O(NlogN),
public class Up2DownMergeSort<T extends Comparable<T>> extends MergeSort<T> {

@Override

public void sort(T[] nums) {
aux = (T[]) new Comparable[nums.length];
sort(nums, 0, nums.length - 1);

}
private void sort(T[] nums, int 1, int h) {
if (h <= 1) {
return;
}

int mid =1+ (h - 1) / 2;
sort(nums, 1, mid);
sort(nums, mid + 1, h);
merge(nums, 1, mid, h);

3. BIE@E LYIHHEF
SEIRFHBLLEAE, SRR BRI A,
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public class Down2UpMergeSort<T extends Comparable<T>> extends MergeSort<T> {

@Override
public void sort(T[] nums) {

int N = nums.length;
aux = (T[]) new Comparable[N];

for (int sz = 1; sz < N; sz += sz) {
for (int lo = ©; lo < N - sz; lo += sz + sz) {

merge(nums, lo, lo + sz - 1, Math.min(lo + sz + sz - 1, N - 1));

}

RiEHEF

1. BFEx
o HHIREERES AN TRAS B, FEE R T AR e AR

o REHEFES —MIDTEBHAD AR FEHE, EFHENTETIIOTE, A FREXTET ST
= B FEERF SR N BT T,

public class QuickSort<T extends Comparable<T>> extends Sort<T> {
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@Override

public void sort(T[] nums) {
shuffle(nums) ;
sort(nums, 0, nums.length - 1);

}
private void sort(T[] nums, int 1, int h) {
if (h <= 1)
return;

int j = partition(nums, 1, h);
sort(nums, 1, j - 1);
sort(nums, j + 1, h);

}

private void shuffle(T[] nums) {
List<Comparable> list = Arrays.asList(nums);
Collections.shuffle(list);
list.toArray(nums);

2. 119

Y a[l] fEATISTEE, AEMSENCEAEARERRIIE— M ATET TS, BASENEREERE
E—NINTEHTE, XM ITE, FHHTXANIE, RITLREERSS | WENTERFAATINTE, &
S5 | IEMITERSBRNFIIOTE, LFMEHBER, B2 TTE all] 1 alj] 3TRAIE,

RN -

private int partition(T[] nums, int 1, int h) {
inti=1, j=h+1;
Tv = nums[l];
while (true) {

while (less(nums[++i], v) && i '= h) ;
while (less(v, nums[--j]) && j !'= 1) ;
if (i >= j)

break;

swap(nums, i, j);
}
swap(nums, 1, j);
return j;
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public class ThreeWayQuickSort<T extends Comparable<T>> extends QuickSort<T> {

@0verride
protected void sort(T[] nums, int 1, int h) {
if (h <= 1) {
return;
}
int 1t =1, i =1+ 1, gt = h;
Tv = nums[1];
while (i <= gt) {
int cmp = nums[i].compareTo(v);
if (cmp < 0) {
swap(nums, lt++, i++);
} else if (cmp > 0) {
swap(nums, i, gt--);
} else {
i++;
}
}
sort(nums, 1, 1t - 1);
sort(nums, gt + 1, h);

5. B S RYRERFEEE
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BRIEHEFARY partition() 737k, SIRE—NEEL| (15 all.j- 1) /NFET aljl, BHalj+1.h] KFEFT alj], LT a[j] Hi2
#4BRI5E | KITER.

ATLARIRIX MEF M HEERRYSE k NTTER.

ZEEREMRIN, RIREREEBEEA "D, BALLRIISUREDY (N+N/2+N/4+.), BEEHLEISE k TR, XA
BRUNT 2N,

public T select(T[] nums, int k) {
int 1 = @, h = nums.length - 1;
while (h > 1) {
int j = partition(nums, 1, h);

if (3 == k) {
return nums[k];

} else if (j > k) {

h=13-1;
} else {
1=3+1;

}
}

return nums(k];

HEHER

1. M
RS SEEEATETET S ANE, HEHS e~ X,

WRTLA AR, XERNHERS YN, Mt NN ESZHFEERES. (S kK NTaNRPTauE
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public class Heap<T extends Comparable<T>> {

private T[] heap;
private int N = ©;

public Heap(int maxN) {
this.heap = (T[]) new Comparable[maxN + 1];

public boolean isEmpty() {
return N == 0;

public int size() {
return N;

private boolean less(int i, int j) {
return heap[i].compareTo(heap[j]) < 9;

private void swap(int i, int j) {
Tt = heap[i];
heap[i] = heap[j];
heap[j] = t;

2. EZFHITiR

e, M TRERXTRKR, PAFEIRX M NTR. KHREIER L EHHY

1TECRANAZIRIRME, IEXFMRIEIR A L,
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=
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private void swim(int k) {
while (k > 1 && less(k / 2, k)) {
swap(k / 2, k);
k =k / 2;

}

R, Z—PMTREFTRFEEN, OFERHE THITHRAIAIRIEE, BXFHRERATIT. — PP RUR
BRNFER, NIERNFHRPERAINT R T,

private void sink(int k) {
while (2 * k <= N) {

int j = 2 * k;

if (j < N && less(j, j + 1))
jtt;

if ('less(k, j))
break;

swap(k, j);

k=13;

3.EEATTR
BHTENESERR, A5 HTRABE.
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public void insert(Comparable v) {
heap[++N] = v;
swim(N);

4. BB RATT=
NS B ANTTE, FESENRE— TN, HHXA T FARISERE.

public T delMax() {
T max = heap[1];
swap(1, N--);
heap[N + 1] = null;
sink(1);
return max;

5. MEHERR

EEATRNSREPHENSRE— N TTERRUE, FEARE, BRAMAILISEI— T MNEZIASERFS, M
IEFREMBE—MBIEFS, X2,
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swap(E.C)

public class HeapSort<T extends Comparable<T>> extends Sort<T> {
/**
* HUBE 0 MIBTEEATTE
*/
@0verride
public void sort(T[] nums) {
int N = nums.length - 1;
for (int k = N / 2; k >= 1; k--)
sink(nums, k, N);

while (N > 1) {
swap(nums, 1, N--);
sink(nums, 1, N);

private void sink (T[] nums, int k, int N) {
while (2 * k <= N) {

int j = 2 * k;

if (j < N && less(nums, j, j + 1))
J+t;

if (!'less(nums, k, j))
break;

swap(nums, k, j);

k=173;

private boolean less(T[] nums, int i, int j) {



return nums[i].compareTo(nums[j]) < ©;

6. ot

—MEREER logN, FIFEREPBATRMBBREATTRIISIEER logN.
TR, BTEX N M ERETTIURE, ELESE NogN.,
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Java EEHFFTTIEN java.util Arrays.sort(), X FRIAEHREREMER=ETIDAMRERF, 33T 5| RXEERITHHE
e

M, #E5%

BTERNSIEEMLRRE, BEaSERM TR, FREANRNRESIEE.

R ONONC
union(1,4) @
hiE g
UF(int N) WE— KNI NBHESE
void union(int p, int q) EEpMgPa
int find(int p) B p FMEEES ERS
boolean connected(int p, int q) FiT p Ml g TREREE

public abstract class UF {
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protected int[] id;

public UF(int N) {
id = new int[N];
for (int 1 = @; i < N; i++) {
id[i] = i;
}
}

public boolean connected(int p, int q) {
return find(p) == find(q);
}

public abstract int find(int p);

public abstract void union(int p, int q);

Quick Find

BILABRIEFAT find #824F, tHEIRRILAREFIBTIEN T R0 EE,
FERIF—EES BB T RN d BEF.
{82 union IMHUNEERS, FEBEST—MEBSETHAMETR id BEEMEXAS— T RAYid (B,
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union(0,1) o @

public class QuickFindUF extends UF {

public QuickFindUF(int N) {
super(N);

@0verride
public int find(int p) {
return id[p];

@0verride

public void union(int p, int q) {
int pID = find(p);
int qID = find(q);

if (pID == qID) {
return;



for (int i = @; i < id.length; i++) {
if (id[i] == pID) {
id[i] = qID;
}

Quick Union

BJLABERAT union #8(F, REEEN—MTRAY id [EEIE].

B2 find BIEFFEEA, BAE—MEBSENTR idEARRE, dBREAKEDS— TR, BtFE—EHRL
EHiRF, BERNREIR EEIT R,
0 1 3 4
id 0 1 2 0 1

id o o 2 0 1

union(0,1)

public class QuickUnionUF extends UF {
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public QuickUnionUF(int N) {
super(N);
}

@0verride
public int find(int p) {
while (p '= id[p]) {

p = id[pl;
}
return p;
}
@0verride

public void union(int p, int q) {
int pRoot = find(p);
find(q);

int qRoot
if (pRoot '= gqRoot) {

id[pRoot] = qRoot;
}

}
XM AR LARIEAT union #(E, B2 find BFFIIEAIELL, SIARIIBR TRIBEAT REVEHE.

IO Quick Union
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HT R quick-union BIRHBESEENIEE, I quick-union £E union E{ERTE R/ NGORRERR ARORS .
IBICTASRIERR, N0 quick-union ELAFIEAIRERERZ AT logN.

public class WeightedQuickUnionUF extends UF {

/! RETRIEEES
private int[] sz;

public WeightedQuickUnionUF(int N) {
super(N);
this.sz = new int[N];
for (int 1 = 0; i < N; i++) {
this.sz[i] = 1;

@0verride
public int find(int p) {
while (p !'= id[p]) {

p = id[pl;
}
return p;
}
@0verride

public void union(int p, int q) {

int i = find(p);
int j = find(q);
if (i == j) return;

if (sz[i] < sz[j]) {

id[i] = j;

sz[j] += sz[i];
} else {

id[j] = 1;



sz[i] += sz[j];

IR EFEAINIFY Quick Union

ERETRINERBENERERERT R, RFE find FiRNII—MEFRRIE.,

EbER

Hix union
Quick Find N
Quick Union =)
AN Quick Union logN
BB E4ERYANEY Quick Union IFEER L

f. HHIRASY
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public interface MyStack<Item> extends Iterable<Item> {
MyStack<Item> push(Item item);
Item pop() throws Exception;
boolean isEmpty();

int size();

1. $i¢AECHR

public class ArrayStack<Item> implements MyStack<Item> {

/1 tTEEHA, 8
]

SEIOL e Qe ARZiSe
a =

private Item[ (Item[]) new Object[1];

/1 TEHE

find

W=
logN

IEHERIT 1
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private int N = 0;

@Override

public MyStack<Item> push(Item item) {
check();
a[N++] = item;
return this;

@0verride
public Item pop() throws Exception {

if (iskEmpty()) {

throw new Exception("stack is empty");
Item item = a[--N];
check();

/] ERNRIGE
a[N] = null;

return item;

private void check() {

if (N >= a.length) {
resize(2 * a.length);

} else if (N > @ & N <= a.length / 4) {
resize(a.length / 2);

/ **

* EEEEAR)N, (HEREAREE
*/

private void resize(int size) {

Item[] tmp = (Item[]) new Object[size];

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

tmp[i]

alil;

a = tmp;



@0Override
public boolean isEmpty() {
return N == 9;

@0verride
public int size() {
return N;

@0verride
public Iterator<Item> iterator() {

/1 REEFRHAIENE
return new Iterator<Item>() {

private int i = N;

@0verride
public boolean hasNext() {
return i > 0;

@0verride
public Item next() {
return a[--i];

2. RERSCIR

HEEAMERIE LRI, FANEEPREENMIBITREERITL, B next IEFHERRI—MNEALR
TTR, ERHITRIHATLAET next IEHBHZIRI— MNEANEAITTRNMILX N TR AFHIEIITER.

public class ListStack<Item> implements MyStack<Item> {
private Node top = null;

private int N = 0;

private class Node {
Item item;
Node next;
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@0verride
public MyStack<Item> push(Item item) {

Node newTop = new Node();

newTop.item = item;
newTop.next = top;

top = newTop;
N++:

return this;

@0Override
public Item pop() throws Exception {

if (isEmpty())

throw new Exception("stack is empty");

Item item = top.item;

top = top.next;
N--;

return item;

@0verride
public boolean isEmpty() {

return N == 0;
}
@Override
public int size() {
return N;
}
@0verride

public Iterator<Item> iterator() {

return new Iterator<Item>() {

private Node cur = top;

@0verride



public boolean hasNext() {
return cur != null;

@0verride

public Item next() {
Item item = cur.item;
cur = cur.next;
return item;

FASI

TERFIRIHERSTIN, FEYER first 7 last TTRIEET, 2 BEEEFIBAR.

XEFEER first 7] last IEFH IR MEAERAIFFL, EAHMIIEREREILNETRAI T —1 TR S, FTLE
BRZHRT— 1 7tR, MHERASERHRAY next IEEHER T™—1 7t BEUCAILAL first iEsHHERAYFTEL.

public interface MyQueue<Item> extends Iterable<Item> {
int size();
boolean isEmpty();
MyQueue<Item> add(Item item);

Item remove() throws Exception;

public class ListQueue<Item> implements MyQueue<Item> {
private Node first;

private Node last;
int N = 0;

private class Node {

Item item;
Node next;
}
@0verride

public boolean isEmpty() {
return N == 0;
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@0verride
public int size() {
return N;

@0verride
public MyQueue<Item> add(Item item) {

Node newNode = new Node();
newNode.item = item;
newNode.next = null;

if (iskEmpty()) {
last = newNode;
first = newNode;

} else {
last.next = newNode;
last = newNode;

N++;

’

return this;

@Override
public Item remove() throws Exception {

if (iskEmpty()) {
throw new Exception("queue is empty");

Node node = first;
first = first.next;
N--;

if (isEmpty())

last = null;
}
return node.item;
}
@0verride

public Iterator<Item> iterator() {

return new Iterator<Item>() {

Node cur = first;



@0Override
public boolean hasNext() {
return cur != null;

@0verride

public Item next() {
Item item = cur.item;
cur = cur.next;
return item;

7 ISR

fFE% (Symbol Table) 2—FFERENISIREID, TLSHFHRIEEIIE(E.
FERDNEFNLFFRM, BFAFESRFIENESTF min(). max() FRIBEEIVA/NKERTIARIE.
BEFESRIEFESI Comparable M.

public interface UnorderedST<Key, Value> {
int size();
Value get(Key key);
void put(Key key, Value value);

void delete(Key key);

public interface OrderedST<Key extends Comparable<Key>, Value> {
int size();
void put(Key key, Value value);
Value get(Key key);
Key min();
Key max();

int rank(Key key);
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List<Key> keys(Key 1, Key h);

HER%EIR

1. {EREMEFFTSR

public class ListUnorderedST<Key, Value> implements UnorderedST<Key, Value> {
private Node first;

private class Node {
Key key;
Value value;
Node next;

Node(Key key, Value value, Node next) {
this.key = key;
this.value = value;
this.next = next;

@Override
public int size() {
int cnt = 0;
Node cur = first;
while (cur !'= null) {
cnt++;

cur = cur.next;

}

return cnt;
}
@0verride

public void put(Key key, Value value) {
Node cur = first;
/1 MREERFHRETRABET key MEFMXNMTRAERS value
while (cur !'= null) {
if (cur.key.equals(key)) {
cur.value = value;
return;
}
cur = cur.next;
}
/1 BNERIREBEA— TR

first = new Node(key, value, first);

@0verride
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public void delete(Key key) {
if (first == null)
return;
if (first.key.equals(key))
first = first.next;
Node pre = first, cur = first.next;
while (cur != null) {
if (cur.key.equals(key)) {
pre.next = cur.next;

return;
}
pre = pre.next;
cur = cur.next;
}
}
@0Override

public Value get(Key key) {
Node cur = first;
while (cur !'= null) {
if (cur.key.equals(key))
return cur.value;
cur = cur.next;

}

return null;

2. ZHEHRLMAFGTSE
EF—XITATEE, — MR — N,

—HBEBERI rank() TEEXREE, SRERTE, SREMEZRNE, SRAERT, SHiEEEELaEN
TR,

—HBERESEFE ogN+1 X, FR-SERTIIFTSRNER R FRENARSEXERIN. B
N FREREETR, BEMERBIRY,

public class BinarySearchOrderedST<Key extends Comparable<Key>, Value> implements OrderedST<Key,
Value> {

private Key[] keys;
private Value[] values;
private int N = 0;

public BinarySearchOrderedST(int capacity) {
keys = (Key[]) new Comparable[capacity];
values = (Value[]) new Object[capacity];

@0Override
public int size() {
return N;
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@0Override
public int rank(Key key) {
int 1 =06, h=N-1;
while (1 <= h) {
intm=1+ (h-1) / 2;
int cmp = key.compareTo(keys[m]);
if (cmp == 0)
return m;
else if (cmp < 9)

h=m-1;
else
l=m+1;
}
return 1;
}
@Override

public List<Key> keys(Key 1, Key h) {
int index = rank(1l);
List<Key> list = new ArraylList<>();
while (keys[index].compareTo(h) <= 0) {
list.add(keys[index]);

index++;
}
return list;
}
@0verride

public void put(Key key, Value value) {
int index = rank(key);
/1 MRKEICEFENTRES key, MEFXNMTBRRIES value
if (index < N && keys[index].compareTo(key) == 0) {
values[index] = value;
return;
}
/1 BNEHAHENFNT R, SECEEAEZENTRBRER—MIE
for (int j = N; j > index; j--) {
keys[j] = keys[j - 1];
values[j] = values[j - 1];
}
keys[index] = key;
values[index] = value;
N++;

’

@Override
public Value get(Key key) {
int index = rank(key);
if (index < N && keys[index].compareTo(key) == 0)
return values[index];
return null;



}

@0verride
public Key min() {
return keys[0];

}

@0verride

public Key max() {
return keys[N - 1];

}

—X &t

X BEHE, B3R TEEAR MR R, SMHEERRER BT XN,

—RE#HM (BST) B—HXN, AR N TRIESBKTEFTHRAFNTINAE T RIEMNTSTEFRIR

BT RRYE.
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BSTE— 1 EEMER, MERENTFEHERBIEHT.

BEASURSN:
public class BST<Key extends Comparable<Key>, Value> implements OrderedST<Key, Value> {
protected Node root;

protected class Node {
Key key;
Value val;
Node left;
Node right;
/1 LAZTI R F T s
int N;
/1 LLEER{ERA

boolean color;

Node(Key key, Value val, int N) {
this.key = key;
this.val = val;
this.N = N;

@0Override
public int size() {
return size(root);

private int size(Node x) {
if (x == null)
return 0;
return x.N;



protected void recalculateSize(Node x) {
x.N = size(x.left) + size(x.right) + 1;
}
}

AT HEERE, TXH XSGR E LK,

1. get()

o WIRNETRY, NEHKD
o MRWERARIMRT RRYEES, Bk
o BNEIMEFNPER: NREERNRRNREEFHNTELR, BAMEGTFNPER.

@0verride
public Value get(Key key) {
return get(root, key);

}

private Value get(Node x, Key key) {

if (x == null)

return null;
int cmp = key.compareTo(x.key);
if (cmp == 0)

return x.val;
else if (cmp < 0)

return get(x.left, key);
else

return get(x.right, key);

}
2. put()
LIBNNEAFETHP, FEUE—FPR, FEEFLIETRISEEmZT R, F5%H AEmtbaEEEIN
,

@0verride

public void put(Key key, Value value) {
root = put(root, key, value);

}
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private Node put(Node x, Key key, Value value) {
if (x == null)
return new Node(key, value, 1);
int cmp = key.compareTo(x.key);
if (cmp == 0)
x.val = value;
else if (cmp < 09)
x.left = put(x.left, key, value);
else
x.right = put(x.right, key, value);
recalculateSize(x);
return x;

3. St
—XEHNIERSTIEBR TR, MIREFA R T RGBT,
RIFRIIER MHR7T2 R, SRTHEEMIRT RrIEEEERT logN.,

ERIMIIERT, WISEAN.,
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4. floor()
floor(key): NFETHEIRARE

o WNERBNTRTRAAE, BBA floor(key) —EIEAFHIH,;
o WMIRFATRTRIE, FTESLFIMGFRPESREE floor(key), WMRFEHIRE], BURT=HE
floor(key),

public Key floor(Key key) {
Node x = floor(root, key);
if (x == null)
return null;
return x.key;

private Node floor(Node x, Key key) {

if (x == null)

return null;
int cmp = key.compareTo(x.key);
if (cmp == 0)

return x;
if (cmp < 9)

return floor(x.left, key);
Node t = floor(x.right, key);
return t '= null ? t : x;


af://n375

5. rank()
rank(key) IR[A] key HIHES,

o MRFRTRAIRES, REAFRNNTRES
o MENF, BIFHEEE TR,
o WMERXTF, BEAHBEEATFHTRHE, N EEFRNNTRE, BIlL1 (RTR) .

@Override
public int rank(Key key) {
return rank(key, root);

}

private int rank(Key key, Node x) {
if (x == null)
return 90;
int cmp = key.compareTo(x.key);
if (cmp == 0)
return size(x.left);
else if (cmp < 09)
return rank(key, x.left);
else
return 1 + size(x.left) + rank(key, x.right);

6. min()

@Override
public Key min() {
return min(root) .key;

}

private Node min(Node x) {
if (x == null)
return null;
if (x.left == null)
return Xx;
return min(x.left);

7. deleteMin()

SERR/NDRIBHRERR/NTREVE TN,
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public void deleteMin() {
root = deleteMin(root);

public Node deleteMin(Node x) {
if (x.left == null)
return x.right;
x.left = deleteMin(x.left);
recalculateSize(x);
return x;

8. delete()
o MRFMBRAITRRAE—NTR, BARTEHEOEHIRT REYSEEE R E—AFBRDET;

o BN, IEFRIRINTRERIZT A,
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public void delete(Key key) {
root = delete(root, key);
}
private Node delete(Node x, Key key) {
if (x == null)
return null;
int cmp = key.compareTo(x.key);
if (cmp < 0)
x.left = delete(x.left, key);
else if (cmp > 0)
x.right = delete(x.right, key);
else {
if (x.right == null)
return x.left;
if (x.left == null)
return x.right;
Node t = x;
X = min(t.right);
x.right = deleteMin(t.right);
x.left = t.left;
}
recalculateSize(x);
return Xx;

9. keys()
AR &M RIS R IBIERIF R,

@0verride
public List<Key> keys(Key 1, Key h) {
return keys(root, 1, h);

private List<Key> keys(Node x, Key 1, Key h) {

List<Key> list = new ArraylList<>();

if (x == null)
return list;

int cmpL = 1.compareTo(x.key);

int cmpH = h.compareTo(x.key);

if (cmpL < 0)
list.addAll(keys(x.left, 1, h));

if (cmpL <= @ && cmpH >= 0)
list.add(x.key);

if (cmpH > 0)
list.addAll(keys(x.right, 1, h));

return list;

10. 2t
— Y ERNE R EERAE R FRrEERR BESF IS E R LELL.


af://n407
af://n410
af://n412

2-3 ¥t

23EHWMEINT 2- TR 3- TR, BRENTILNFE., —BoeseFER 2-3 ERNRIE=IEHREIRT RAYEER
JIAEZ <3 =il

1IRNIERE

FRNRAEA BST BIENBRIFRRAKXE], BST AENBRIERCHTIRARGBHNERK, AEEHTRBEAZIRINAIZ
HEHE L, BR 23 ERINIRXAMANE, BAMSBA T FEH. EREMTRBAIHFIRLE.

RIEHFHREREARR, BARLES:
o WIRBARI2-TRLE, BIAERSHTRMEHRATI RER 3- =R,

S o

o MRBENEZ-TRLE, MEFE—NER 4- TR, FEG4- TROEMIN2- TR, FEHEN2- TR

R LS R, IR R LI 4- 5 U — BT OB RS, BRI 4- 5,
2. M%RR

2-3 ERINIENRFRORIRERZRERY, BRT7AEXAT RMEHEZ M MENEE R ENREERD, MXLBERE
BRI 2R RN,


af://n412
af://n415
af://n426

2-3 ERIMINERABAREEREMBANIFLX, ERAIER TERABARELRNT RUARET logh
N B8 102N TR 2-3 ERNERZ RFEEINE 30 M REEH TERRNERAIRANIERE.

AR L)

TEME 23 BEN, BERARTEDIIEN 2- TRl 3- TR, MEASBN_XEHNZ L, ATRFEE. 8
A— M HREEHERENRALE, BAXRMNRMLETRETNIE—3- TR, MESUEEEHE.

greater
than B
greater
than B

l between

A and B

TRENERLITR:

o (IHEEESNATEE,
o STEEEYE, AMIEETIHERIRT RIVKRE CARIHEAERR.

ELLRNAS A LIS AL SRR,
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public class RedBlackBST<Key extends Comparable<Key>, Value> extends BST<Key, Value> {

private static final boolean RED = true;
private static final boolean BLACK = false;

private boolean isRed(Node x) {
if (x == null)
return false;
return x.color == RED;

1. ZThEss
B A AT AR, AR IS AT AEE, P AR BTN EIRlE.

greater
than B

between greater
A and B than B

public Node rotateLeft(Node h) {
Node x = h.right;
h.right = x.left;
x.left = h;
x.color = h.color;
h.color = RED;
x.N = h.N;
recalculateSize(h);
return x;

2. fhEsE
BTN B T T ML, XaTE B TR,
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greater
than B

between
A and B

public Node rotateRight(Node h) {
Node x = h.left;
h.left = x.right;
x.color = h.color;
h.color = RED;
x.N = h.N;
recalculateSize(h);
return x;

3. EREBEEiR

between
Aand B

greater
than B

— N 4 DRELENPRAA—NTRNEATFIRERLEN. 234 TRRTFELFIRIREHRIEEY
4t EREEEXTRANAEHETLT, M 23 NAEEREETRETABE LET A,

void flipColors(Node h) {
h.color = RED;
h.left.color = BLACK;
h.right.color = BLACK;

4.5/

FR— T RIE-XERMREBENIIERNE, AEHEEI T TERERE:
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s MRAFLRBIBHNMAEFTRERBN, HITAIEE,
s MIRAFORELEHN, MEEFORIEFIRERLAGH, HITAIKE,
o MREAFTRIINLAEH, HITHEEE,

@0Override

public void put(Key key, Value value) {
root = put(root, key, value);
root.color = BLACK;

private Node put(Node x, Key key, Value value) {
if (x == null) {
Node node = new Node(key, value, 1);
node.color = RED;
return node;
}
int cmp = key.compareTo(x.key);
if (cmp == 0)
x.val = value;
else if (cmp < 0)
x.left = put(x.left, key, value);
else
x.right = put(x.right, key, value);



if (isRed(x.right) && !isRed(x.left))
x = rotateLeft(x);

if (isRed(x.left) && isRed(x.left.left))
x = rotateRight(x);

if (isRed(x.left) && isRed(x.right))
flipColors(x);

recalculateSize(x);
return x;

}

AUBERZENR P X EHRMAENRIFEIL, REEREIIN T IEEMERGI R FRIE.

WOR—ENEE, BARTRIRELETR, BB LETRIEIHEERRT R, flipColors() BAJREREER
TRIAEENLE, SIRTRBLGEAREINIIRIEESEN 1.

5. h

—EA/NA N NIENIIBSEASET 2logN. SAMIIBER NECHINE 2-3 1, MARAIONKRETREEE
3- TRMERERE 2- T,

RN A S VR ERT R ERIR IEER XS SR AIRT.

AR

APIREMTEE, TG IRNESNEEREENRSHE. MNITEFIRINGSETE—HFRE, ELIEEL
RYEIRSCINEHATIRNIR(E.

AT LEEEBFNERBERIANKR, BLEFIRTETINEFIHRE.

1. BFl RSy

SIF—AANA M OGS, EIREASIEERERIEIRA (0, M-1) AIIERESY, SXIEEHEDA hash fA.
HEIRGEDSE, e FEARIIAEIERA hash (&,

HEI RS RERRE R = 5t

o —Et: BFHRNIBEEFA hash (B, A MEEFERTER equals() IREIFYERE.
o XM TTENHEEE, BUENRETTLUE hash (BEFER, £/ hash REETEREIRME],
« 99 ATERRY hash (ENZIITHSE [0, M-1] ZiE), MRFRERBXNFMY, BHRETERSHR, N
T SEESIZRAIMERE TR,
PREBREGETTLUSEEEESIE [0, M-1] ZiB), HIN—IEEEEL Kk, 15 k%M BERTIGEI— [0, M-1] ZIBJAY hash {E. £
BMORE— Y, ANEAFIBRESNREER. fitlM 7 10k, BBARBERIFENE Kk L.

MTHEH, JLUGEELRAEERIT N, REFIBREREE. I TERE, JLUSEN TR Vet

MNFEEDEGHRE, BMEOEMFEZITE hash B, XL hash (EHEERFEENMAL. ATIEEXNER, &
LUBIZREYE AL R HHIRVEESL, SR EEBRRIIMVE.
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N, FRFERAYERD RESEIAN T :

int hash = 0;
for (int 1 = 0; i < s.length(); i++)
hash = (R * hash + s.charAt(i)) % M

B, HEZ T ARNBEESCEIIEHREUNT:

int hash = (((day * R + month) % M) * R + year) % M
RIBHE 31,

Java FIfY hashCode() SEM T IGFREREL, BEBANMEAXNSRAIAFIBIIE,. £ hashCode() BY, NWAHLEERRERE
ERAER. EARFILE 32 (24, BAIRFE 31 URAEREY, FLNAFERGSUC EBRERRERIE.

int hash = (x.hashCode() & Ox7fffffff) % M

{53 Java B9 HashMap ZEEHRIGHRSLIAY, RFZERLI Key 2REUAT hashCode() BREIBDE], Java HIE
hashCode() BEIBIF IS T RRARY 32 A/EE%), Java FAY String. Integer ZEXIERAY hashCode() EPBESEINX —Fa.
U TRERT BRESXCEBIUN{ASEEL hashCode():

public class Transaction {

private final String who;
private final Date when;
private final double amount;

public Transaction(String who, Date when, double amount) {
this.who = who;
this.when = when;
this.amount = amount;

}

public int hashCode() {
int hash = 17;
int R = 31;
hash = R * hash + who.hashCode();
hash = R * hash + when.hashCode();
hash = R * hash + ((Double) amount).hashCode();
return hash;

2. fsigik
HISE A FRRESESRIZE hash (EARRINNE, MTORBHUBER.,
ERBENTL, BIEEHR key FIENRER, REEHERTITFER.

XHFN AR, MEHER (N>M), INRISHRIMEEHTIIIMRNFRM, SRERNA/NEET NV, BitRG+HHE
HAMBEN R ERTRERILLBORES ~N/M,
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=

@CyC2018
3. e Eimx
AR RS AR, SRR, RTINS o,
(EFREMERIE, BUBHIAN M FESATFRIGNN (MoN),

] 1 2 3 4 5

e |

empty

@CyC2018

public class LinearProbingHashST<Key, Value> implements UnorderedST<Key, Value> {
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private int N = 0;
private int M = 16;
private Key[] keys;
private Value[] values;

public LinearProbingHashST() {
init();

public LinearProbingHashST(int M) {
this.M = M;

init();

private void init() {
keys = (Key[]) new Object[M];
values = (Value[]) new Object[M];

private int hash(Key key) {
return (key.hashCode() & ox7fffffff) % M;

.18

public Value get(Key key) {
for (int i = hash(key); keys[i] != null; i = (i + 1) % M)
if (keys[i].equals(key))
return values[i];

return null;

3.2KEAN

public void put(Key key, Value value) {
resize();
putInternal(key, value);

private void putInternal(Key key, Value value) {
int i;
for (i = hash(key); keys[i] !'= null; i = (i + 1) % M)
if (keys[i].equals(key)) {
values[i] = value;
return;

keys[i] = key;
values[i] = value;
N++;

’
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}

3.3 kR
BRI =5 A MR A ERRR BN E BN IR,

public void delete(Key key) {
int i = hash(key);
while (keys[i] != null && 'key.equals(keys[i]))
i=(1+1) %M,

/] AFE, BERE
if (keys[i] == null)
return;

keys[i] = null;
values[i] = null;

/] BZEEERRENERTIEA
i=(i+1)%M;
while (keys[i] !'= null) {
Key keyToRedo = keys[i];
Value valToRedo = values[i];
keys[i] = null;
values[i] = null;
N--;
putInternal(keyToRedo, valToRedo);
i=(1+1)%M;
}
N--;
resize();

}

3.5 FEEEK )

MRV ERIABURATESRZBIRKE, ERFBRIRE, SRERKE, AERIBARBEEHTREXR
. FIENTE 2~5 (EFHE— &,

Array () A B

a=N/M, 18 o FRAMEMAER, FICUERA, 2 a/VF 12 FRNAITIDRERE 1.5 B 2.5 Z[Al, ATIRIERGIRAME
B8, NHEEEUBRIA/N, fE5 o 7E [1/4, 1/2] ZIE,
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private void resize() {
if (N>= M/ 2)
resize(2 * M);
else if (N <= M / 8)
resize(M / 2);

}

private void resize(int cap) {
LinearProbingHashST<Key, Value> t = new LinearProbingHashST<Key, Value>(cap);
for (int 1 = 0; i < M; i++)
if (keys[i] != null)
t.putInternal(keys[i], values[i]);

keys = t.keys;
values = t.values;
M=t.M;

MG

1. FSREELLE

g A B =EEF
HERSTIMAITTRFAS N N yes
—HBERINNEFHS N logN yes
TREH logN logN yes
2-3 B logN logN yes
RIHEASCHRYEGIR N/M N/M no
LRMEIRIN A LI ATRZ IR 1 1 no

NAAEEESIR, SFERFIHRERIERLEN.

2. Java BYF SR

e java.util.TreeMap: £TZE#%

e java.util.LHashMap: FI$EZEAIENGIZR
3. IRERMEsRX

HEENFREEN, TLMERFSRKEFMERERIEIF 0 RSIME, FERFEERFEXIILIE 0 STHHITHD
q,

public class SparseVector {
private HashMap<Integer, Double> hashMap;
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public SparseVector(double[] vector) {
hashMap = new HashMap<>();
for (int 1 = 9; i < vector.length; i++)
if (vector[i] !'= 0)
hashMap.put(i, vector[i]);

public double get(int i) {
return hashMap.getOrDefault(i, 0.0);

public double dot(SparseVector other) {
double sum = 0;
for (int i : hashMap.keySet())
sum += this.get(i) * other.get(i);
return sum;
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public class Hanoi {
public static void move(int n, String from, String buffer, String to) {
if (n == 1) {
System.out.println("from " + from + " to " + to);
return;

}

move(n - 1, from, to, buffer);
move(1, from, buffer, to);
move(n - 1, buffer, from, to);

}

public static void main(String[] args) {
Hanoi.move(3, "H1", "H2", "H3");
}

from H1 to H3
from H1 to H2
from H3 to H2
from H1 to H3
from H2 to H1
from H2 to H3
from H1 to H3
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public class Huffman {

private class Node implements Comparable<Node> {
char ch;
int freq;
boolean islLeaf;
Node left, right;

public Node(char ch, int freq) {
this.ch = ch;
this.freq = freq;
isLeaf = true;

public Node(Node left, Node right, int freq) {
this.left = left;
this.right = right;
this.freq = freq;
isLeaf = false;

@0verride
public int compareTo(Node o) {
return this.freq - o.freq;

public Map<Character, String> encode(Map<Character, Integer> frequencyForChar) {
PriorityQueue<Node> priorityQueue = new PriorityQueue<>();
for (Character c¢ : frequencyForChar.keySet()) {



priorityQueue.add(new Node(c, frequencyForChar.get(c)));

}
while (priorityQueue.size() != 1) {

Node nodel = priorityQueue.poll();

Node node2 = priorityQueue.poll();

priorityQueue.add(new Node(nodel, node2, nodel.freq + node2.freq));
}

return encode(priorityQueue.poll());

private Map<Character, String> encode(Node root) {
Map<Character, String> encodingForChar = new HashMap<>();
encode(root, "", encodingForChar);
return encodingForChar;

private void encode(Node node, String encoding, Map<Character, String> encodingForChar) {
if (node.isLeaf) {
encodingForChar.put(node.ch, encoding);
return;

}

encode(node.left, encoding + '0', encodingForChar);
encode(node.right, encoding + '1', encodingForChar);

e Sedgewick, Robert, and Kevin Wayne. Algorithms . Addison-Wesley Professional, 2011.

github: https://github.com/sjsdfg/CS-Notes-PDF
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