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1 const char EPSILON = ’\0’;

2 struct State {

3 char symbol=’\0’;

4 State* next;

5 State* next2;

6 State() : symbol(EPSILON), next(nullptr), next2(nullptr) {}
7 State(char s, Statex nl = nullptr, State* n2 = nullptr)
8 : symbol(s == ’?’ ? EPSILON : s), next(nl), next2(n2) {}
9 |}

10 struct Fragment {

11 State* start;

12 State* accept;

13 }s
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Fragment charToFragment(char c) {
Statex s = new State{c, nullptr, nullptr};
State* accept = new State{’\0’, nullptr, nullptr};
s->next = accept;
return {s, accept};
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Fragment concatenateFragments(Fragment fragl, Fragment frag2) {
fragl.accept->symbol = frag2.start->symbol;
fragl.accept->next = frag2.start->next;
fragl.accept->next2 = frag2.start->next2;
delete frag2.start;

Fragment newFrag = { fragl.start, frag2.accept };
return newFrag;
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1 Fragment unionFragments(Fragment f1, Fragment f2) {

2 State* s = new State{’\0’, fl.start, f2.start}; // °\0’ X5 #&
3 Fragment frag;

4 frag.start = s;

5 State* accept = new State{’\0’, nullptr, nullptr};

6 fl.accept->next = accept;

7 f2.accept->next = accept;

8 frag.accept = accept;

9 return frag;

10 |}
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1 Fragment closureFragment (Fragment f) {
2 State* newStart = new State();
3 State* newAccept = new State();
4 newStart->next = f.start;

5 f.accept->next = f.start;

6 f.accept->next2 = newAccept;

7 newStart->next2 = newlAccept;

8 Fragment frag;

9 frag.start = newStart;

10 frag.accept = newAccept;

11 return frag;

12 }
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1 struct DFAState {

2 std: :unordered_set<Statex*> nfaStates;

3 std: :unordered_map<char, DFAState*> transitions;
4 bool isAcceptState = false;

5 |}

6 class DFA {

7 public:

8 std::vector<DFAStatex*> states;

9 DFAState* startState = nullptr;

10 };
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1 std: :unordered_set<Statex> epsilonClosure(const std::unordered_set<Statex>& states) {
2 std::stack<State*x> toProcess;

3 std::unordered_set<Statex> closureSet = states;

4 for (auto s : states) {

5 toProcess.push(s);

6 b

7 while (!toProcess.empty()) {

8 State* current = toProcess.top();

9 toProcess.pop();

10 if (current && (!current->symbol || current->symbol == EPSILON)) {
11 if (current->next && closureSet.insert(current->next).second) {
12 toProcess.push(current->next) ;

13 }

14 if (current->next2 && closureSet.insert(current->next2).second) {
15 toProcess.push(current->next2) ;

16 }

17 }

18 ¥

19 return closureSet;
20 b
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may Ak, TR R, 2R ITmy

1 struct DFAState {

2 std: :unordered_set<Statex> nfaStates;

3 std: :unordered_map<char, DFAState*> transitions;
4 bool isAcceptState = false;

5 |}

6 class MinimizedDFA {

7 public:

8 std::vector<DFAStatex*> states;

9 DFAState* startState = nullptr;

10 |}

R BAAXFHENER

OpenTopic 1



Hopcroft &%k
[e]e]e]e] o)

NFA % DFA Eix B4

BTG F oo R AR, miEfs DFA sy ah Eadik A
fTEt.

® ¥ 5 inversePartition ik % AT 4 XL

R BAAXFHENER

OpenTopic 1: EMFAZE I EE 30/ 42



Hopcroft &%k
[e]e]e]e] o)

NFA % DFA &Ei%E18

ATRET AR EA DR, M3k DFA oy oah bxbik it
et
® 3 inversePartition A4¢ % AT 4 R AF L.
o MAMA SR, AR RPYHARE. FTHE 4K
A, MORHIATHAES, FRERBERETL S, 44
hash,

R BAAXFHENER

OpenTopic 1: EMFAZE I EE 30 / 42



Hopcroft &%k
[e]e]e]e] o)

NFA % DFA &Ei%E18

AT T HMRS R ANy, fmikfe DFA a9k ah ErbikEsd
1169t

* 5 inversePartition A4t % AT 4 XI5,
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hash,

® 1% unorderset #EIPvE—It,
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hash,

1%/ unorderset “377E —4,
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1 while (changed) {

2 changed = false;

3 for (int i = 0; i <= count; i++) {

4 if (inversePartition[i].size() <= 1) continue;

5 std::unordered_map<int, std::unordered_set<DFAState*>> newPartitions;

6 for (DFAStatex state : inversePartition[i]) {

7 int signature = 0;

8 for (auto it = state->transitions.begin(); it != state->transitions.end(); ++it) {
9 char sym = it->first;

10 DFAState* nextState = it->second;

11 signature = (signature * 31 + partition[nextStatel) ~ (sym + 127);
12 ¥

13 newPartitions[signature] .insert(state);

14 }

15 if (newPartitions.size() > 1) {

16 inversePartition.erase(i);

17 for (auto it = newPartitions.begin(); it != newPartitions.end(); ++it) {
18 int sig = it->first;

19 std: :unordered_set<DFAState*>& newSet = it->second;

20 count++;

21 inversePartition[count] = newSet;

22 for (DFAStatex s : newSet) {

23 partition[s] = count;

24 }

25 }

26 changed = true;

27 ¥

28 }

29 }
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case 1 Thompson #3i&i%
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11: caselNFA

R BAAXFHENER

OpenTopic 1: 3E: 34 / 42



4t
5 N
000@0000000

case 1 NFA->DFA
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case 2 Thompson #3i&i%

1 A BN AKX (d * (a]b)) * |e KMiXIES a9 M eLay k.

14: caselNFA
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case 2 NFA->DFA
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case 2 DFA &Mk
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2R E R RAE X b * a((ble)(alble)), it AR LA B KX = &
WA, ARIEAT @AY 292, AATAG N b a((b]?)(alb]?))

17: caselNFA
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case 3 NFA->DFA
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18: caselNFA
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case 3 DFA &/\Mk
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