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#include <string>
#include <vector>
using namespace std;

class Courselnfo

{

public:
string course;
vector<string> prerequisites;

}s
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class Queue

{

public:
CourselInfo getFirst() ;
void addLast (CourselInfo &) ;
bool isEmpty () const;

};
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template <typename E>
class Queue

{

public:
E getFirst();
void addLast(const E &) ;
bool isEmpty () const;

}s
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class Set

{
public:
void add(const string &) ;
bool contains(const string &) const;

};
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template <typename E>
class Set

{
public:
void add(const E &) ;
bool contains(const E &) const;

};
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class FileReader

{
public:

Queue<CourseInfo> readFile (const char filename[])

};
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int main() {
FileReader filereader;
Queue<CourseInfo> courseQueue =

filereader.read("1.txt");
Set<string> coursesTaken;

while (! courseQueue.isEmpty()) {
CourselInfo courseInfo = courseQueue.getFirst();
if (containsAll (coursesTaken,
courselnfo.prerequisites)) {
coursesTaken.add (courseInfo.course) ;
cout << courseInfo.course << endl;

}

else {
courseQueue.addLast (courseInfo) ;

}
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/*
Return true if every elements in prerequisites
is also in courseTaken.
*/
bool containsAll (Set<string> & coursesTaken,
vector<string> prerequisites)

{
for (int i = 0; i < prerequisites.size(); ++ i) {
string prerequisite = prerequisites[i];
if (! coursesTaken.contains (prerequisite)) {
return false;

}
}

return true;
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#include <queue>
using namespace std;

template <typename E>
class Queue

{

private:
queue<E> queuelmpl;
public:

class EmptyQueueException {};

bool isEmpty () const {
return queuelImpl.empty () ;

}

E getFirst() {
if (isEmpty()) {
throw EmptyQueueException() ;

}
E elemenet = queuelmpl.front() ;

queuelImpl.pop() ;
return elemenet;

}

void addLast (const E & elemenet) {
queuelmpl .push (elemenet) ;

}
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template <typename E>
class Set
{
private:
vector<E> elements;

int find(const E & element) const {
for (int i = 0; i < elements.size(); ++ i) {
if (elements[i] == element) {
return i;
}
}

return -1;

}

public:
void add(const E & element) {
if (find(element) == -1) {
elements.push back (element) ;
}
}

bool contains(const E & element) const {
return (find(element) !'= -1);
}
};
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#include <iostream>
#include <fstream>

using namespace std;

class FileReader

{



public:
class FileException {};

Queue<CourseInfo> read(const char filename[]) {
ifstream input (filename) ;
if (input.fail()) {
throw FileException() ;

Queue<CourseInfo> courseQueue;
while (true) {
CourseInfo courselInfo;
string word;
input >> word;
courseInfo.course = word;
while (true) {
input >> word;
if (word == "#" || word == "##") break;
courselnfo.prerequisites.push back (word) ;
}
courseQueue. addLast (courselInfo) ;
if (word == "##") break;
}
input.close() ;

return courseQueue;

}i
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2.1 524 Set

template <typename E>
class Set

{
public:
virtual bool add(const E &) = 0;
virtual bool contains(const E &) const = 0;
virtual bool remove (const E &) = O0;
virtual void clear() = 0;
virtual int size() const = 0;
virtual vector<E> toVector() const = 0;

};
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template <typename E>
class HashFunction
{
public:
virtual int getHashCode (const E & e) const = 0;

};
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class StringHashFunction : public HashFunction<string>
{
public:
int getHashCode (const string & text) const {
int code = 0;
for (int i = 0; i < text.size(); ++ i) {
int codel = text[i];
codel = codel << (i * 8 & 24);
code = code * codel; // exclusive or

}
return code % 181325909; // % a large prime
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template <typename E, typename H = HashFunction<E> >
class HashSet : public Set<E>

{
private:
const H hashFunction;
class Entry
{
public:
E element;
bool isInUse;
Entry () {

isInUse = false;

}
};

Entry * entries;
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int capacity;
int count;

void initialize(int capacity2?2) {
count = 0;
capacity = capacity2;
entries = new Entry[capacity];

}

void assign(const HashSet & set2) {
count = set2.count;
capacity = set2.capacity;
entries = new Entry[capacity];
for (int i = 0; i1 < capacity; ++ 1) {
entries[i] = set2.entries[i];

}
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public:

HashSet () {
initialize(2) ;

}

~HashSet () {
delete [] entries;

}

HashSet (const HashSet & set2) {
assign(set2);

}

HashSet & operator = (const HashSet & set2) {
delete [] entries;
assign(set2) ;
return (*this);

}

void clear () {
delete [] entries;
initialize(2) ;
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private:

int hashIndex(const E & e) const {
int hashCode = hashFunction.getHashCode (e) ;
return hashCode % capacity;
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int find(const E & e) const {
int index = hashIndex(e);
while (true) {
if (! entries[index].isInUse) {
return index;
}
if (entries[index].element == e) {
return index;

}

index = (index + 1) % capacity;
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void resize (int capacity2) {
Entry * oldEntries = entries;
int oldCapacity = capacity;
initialize (capacity2) ;
for (int i = 0; i < oldCapacity; ++ i) {
if (oldEntries[i] .isInUse) {
add (oldEntries[i] .element) ;
}

}
delete [] oldEntries;
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public:

bool add(const E & e) {

int index = find(e) ;

if (entries[index] .isInUse) {
return false;

}

entries[index] .element

entries[index] .isInUse

++ count;

if (count > capacity / 2) {
resize (capacity * 2);

e/
true;

}

return true;

}
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bool contains(const E & e) const {
int index = find(e) ;
return (entries[index].isInUse);

}

int size() const {
return count;

}
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public:
bool remove(const E & e) {

int index = find(e) ;

if (! entries[index].isInUse)
return false;

fillNotInUseEntry (index) ;

-—- count;

if (count < capacity / 4) {
resize (capacity / 2);

}

return true;
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private:
void fillNotInUseEntry (int index) {
int next = index;
while (true) ({
next = (next + 1) % capacity;
if (! entries[next] .isInUse) {
entries[index] .isInUse = false;
return;
}
int index0 = hashIndex (entries[next].
element) ;
if (index < next) {
if (index0 > index &&
index0 <= next) continue;
}
else {
if (index0 > index ||
index0 <= next) continue;
}
entries[index] = entries[next];
index = next;
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vector<E> toVector () const {
vector<E> vec;
for (int i = 0; 1 < capacity; ++ 1) {
if (entries[i].isInUse) {
vec.push back(entries[i].element) ;

}
}

return vec;

}

E%E IZ@& toVector JBIE]—/I\Z?@‘EFE%%%% ﬁ%o

2.1 <K Associative array / dictionary / map

WATEA BN EFE PR ZE M. 2BESE associative
map. CEARZNE XKL, WFH dictionary. BRLHT

map. FAVEH 2/ EBRAT I — 447 map, JFHRA4

— PR B B S B J7 7% M Ay % hash-map (hash-table).
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template <typename K, typename V>
class Map
{
public:
virtual void put(const K &, const V &) = 0;
virtual bool containsKey(const K &) const = 0;
virtual V get(const K &) const 0;
virtual bool remove (const K &) 0;
virtual void clear() = O;
virtual int size() const = 0;
virtual vector<K> getKeys() const = 0;

BB O Map A AR SHL, k 28 key 28, v
&8 value FIZRAL . B3 put 08— DME-{E XS key-value pair ¥
INBE A F . AL containsKey F6 252 48 H1 7L 754 45 £ I key
{E 1) key-value pair. BR%EL get fEA 48 FAFELT E I key {H 1
key-value pair A% [ value FE, 1SR ThATEES
FE ¥ key fE ) key-value pair MIHH 7% . 4L remove MK
A8 SE I key B0 key-value pair. B3 clear 575448
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int main() {
Map<string, string> & dictionary = ...

// N E R 3 3 R X
dictionary.put("apple", "FER");
dictionary.put("orange", "#EF");
dictionary.put("banana", "HE");
// BEEXEHR
while (true) ({
string english;
cin >> english;
string chinese = dictionary.get (english) ;
cout << chinese << endl;

}

Map HJSEILHT—Fh B 7 520 A 1 key AFI80FE—
A~ vector H, FEFTA I value fZIKTE 7 —A> vector H XY
AL E o H{BATFEN A key BIME AR N K value HI{E KN
{5, FATAT UG RIXAS key fE5H —> vector THIFLE, 24
JE IR [E 5 A vector HRNALE R value HIME. WIERAEH]
— P EE B R A7 77 T heap C(heap 75 B 2 —Fhsda 4544,
RERANIL) £ vector TAFI key, A3 AAH ER 75 2
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Hash-map SCHUNVEARAE R ARCR: FrarslFa A 5 % 2
A s HE 1 B ER A2 B . 1) H. hash-map HJSEHLY hash-set
FAAEE, PIARR 2 5 g . 32 AR 2 AT hash-set
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key-value.

class NoSuchKeyException {};

template <typename K, typename V,
typename H = HashFunction<K> >

class HashMap : public Map<K, V>

{

private:
const H hashFunction;

class Entry

{
public:
K key;
V value;
bool isInUse;

Entry () {
isInUse = false;
}
};

HATHE S 7 BT R R oR - sashMap HISRALSHLE
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HashSet: :Entry FHEE, % E element Eﬁy\j Tk key H v valueo

B as BN EMN— D Iom BN —1 key-value pair.
Entry * entries;

int capacity;
int count;

void initialize(int capacity2?2) {
count = 0;
capacity = capacity2;
entries = new Entry[capacity];

void assign(const HashMap & map2) ({
count = map2.count;
capacity = map2.capacity;
entries = new Entry[capacity];
for (int i = 0; i1 < capacity; ++ 1) {
entries[i] = map2.entries[i];

public:

HashMap () {
initialize(2) ;

~HashMap () {
delete [] entries;

HashMap (const HashMap & map2) ({
assign (map2) ;

HashMap & operator = (const HashMap & map2) ({
delete [] entries;
assign (map2) ;
return (*this);



HashMap [ 1415 BRI B3 K 5 nashset T AH A

void clear () {
delete [] entries;
initialize (2) ;

private:

int hashIndex(const K & key) const {
int hashCode = hashFunction.getHashCode (key) ;
return hashCode % capacity;

int find(const K & key) const {
int index = hashIndex (key) ;
while (true) {
if (' entries[index].isInUse) {
return index;
}
if (entries[index] .key == key) {
return index;
}

index = (index + 1) % capacity;

void resize (int capacity2) ({
Entry * entriesO = entries;
int capacity0 = capacity;
initialize (capacity2) ;
for (int i = 0; i < capacity0O; ++ i) {
if (entriesO[i] .isInUse) {
put (entriesO[i] .key, entriesO[i] .value) ;

}

delete [] entriesO;

Xﬂ?@iﬁ find, }‘}\ HashMap EP H’Jﬁﬁz element E‘]ﬁi%ﬁ'&j\j
1 Hashset X5 € key 1H 1] key-value pair A7 B &K .
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public:

void put(const K & key, const V & value) {
int index = find (key) ;
entries[index] .value = value;
if (entries[index].isInUse) return;

entries[index] .isInUse = true;
entries[index] .key = key;

++ count;
if (count > capacity / 2) {

resize (capacity * 2);

V get(const K & key) const {
int index = find (key) ;
if (! entries[index].isInUse) {

}

throw NoSuchKeyException() ;

return entries[index] .value;

bool remove (const K & key) ({
int index = find (key) ;
if (! entries[index].isInUse) return false;
fillNotInUseEntry (index) ;

-- count;
if (count < capacity / 4) {

}

resize (capacity / 2);

return true;

HashMap EFW%/EQ IZI%& put ’ﬁ]% HashSet EP ] Elilﬁ add. P

put f8— key-value pair JIARIEH . KA put L

%ﬁ
/i.‘\



RN, IR IR Bl — AMER RIS ISy . MR 28 A7 AE
255 ] xey ) key-value pair HIJIFf%, PREL put W& FHT
key-value pair H'[] value FME/R G LR B (5 104-105 /7).

B0, BRE put 8 NFTH key-value pair (55 107-113 47).

BRI get /& HashMap HY BT BRI 2. A0SR 25 28 TR A 45 7 E 1Y
key [1] key-value pair, 4 K%L get IR[FIIX 4 key-value pair
H value FIMH . BN PREL get TILIREl—NERHIME, REE
P NoSuchKeyException. BREMERZ € key ) key-value pair.

private:

void f£il11lNotInUseEntry(int index) {
int next = index;
while (true) {
next = (next + 1) % capacity;
if (' entries[next] .isInUse) {
entries[index] .isInUse = false;
return;
}
int index0 = hashIndex(entries[next] .key) ;
if (index < next) {
if (index0 > index &&
index0 <= next) continue;
}
else {
if (index0 > index ||
index0 <= next) continue;
}
entries[index] = entries[next];

index = next;

IZI;& fillNotInUseEntry El/‘]ﬂz)% 5 HashSet ':P E@Xﬂ‘E‘ZIZI iﬁ
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public:
bool containsKey (const K & key) const {
int index = find (key) ;
return (entries[index].isInUse);

}

int size() const {
return count;

}
vector<K> getKeys () const ({
vector<K> vec;
for (int i = 0; i1 < capacity; ++ 1) {
if (entries[i].isInUse) {
vec.push back (entries[i] .key) ;

}
}

return vec;

};

Eﬁiﬁ containsKey. size. getKeys ﬁ}%ﬂ%ﬁﬁz HashSet qj

E@ contains. size. toVector.
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Hash-set #1 hash-map FISZEL -+ AL A T 5 JLF- 5
SN, EREREFEIHESH, W Java, {4 hash-map
S Ta L HL SZE hash-set. R HE ] set. HashFunction
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"hashfunction.cpp" ':P ’ I%QQE&%@ HashSet,

#include "set.cpp"
#include "hashmap.cpp"
#include "hashfunction.cpp"

template <typename E, typename H = HashFunction<E> >
class HashSet : public Set<E>

;rivate:
HashMap<E, int, H> map;
public:
bool add(const E & e);
bool contains(const E & e) const;
bool remove (const E & e);
void clear();

int size() const;

vector<E> toVector () const;

2. A% hash-map Xt % 15 5 B

SEHLRTER ) 2 > oK 0 RR
#include "hashmap.cpp"
class Sparse
{

public:

class NoSuchDimensionException {};
class IndexOutOfBoundsException {};



class IntHash : public HashFunction<int>
{
public:
int getHashCode (const int & value) const ({
return value;

}i
private:

int rows;
int columns;
HashMap<int, double, IntHash> entries;

void checkBounds (int row, int column) const {
if (row < 1 || row > rows) ({
throw IndexOutOfBoundsException() ;
}
if (column < 1 || column > columns) {
throw IndexOutOfBoundsException() ;

public:

int size(int dimension) const {
switch (dimension) {
case 1: return rows;
case 2: return columns;

}

throw NoSuchDimensionException() ;

void set (int row, int column, double value);

double get(int row, int column) const ({
checkBounds (row, column) ;

int index = (row - 1) * columns + column -
if (! entries.containsKey(index)) ({
return O;
}
else {

return entries.get(index) ;



public:

Sparse (int rows, int columns) {
this->rows = rows;
this->columns = columns;

friend ostream & operator << (ostream & out,
const Sparse & matrix);



