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Çàäàíèå

1. Äëÿ óêàçàííîé ôóíêöèè ïðîâåñòè ìîäóëüíîå òåñòèðîâàíèå ðàçëîæåíèÿ ôóíêöèè â ñòåïåííîé ðÿä. Âûáðàòü
äîñòàòî÷íîå òåñòîâîå ïîêðûòèå.
Ôóíêöèÿ sec().

2. Ïðîâåñòè ìîäóëüíîå òåñòèðîâàíèå óêàçàííîãî àëãîðèòìà. Äëÿ ýòîãî âûáðàòü õàðàêòåðíûå òî÷êè âíóòðè
àëãîðèòìà, è äëÿ ïðåäëîæåííûõ ñàìîñòîÿòåëüíî íàáîðîâ èñõîäíûõ äàííûõ çàïèñàòü ïîñëåäîâàòåëüíîñòü
ïîïàäàíèÿ â õàðàêòåðíûå òî÷êè. Ñðàâíèòü ïîñëåäîâàòåëüíîñòü ïîïàäàíèÿ ñ ýòàëîííîé.
Ïðîãðàììíûé ìîäóëü äëÿ ðàáîòû ñ Ôèáîíà÷÷èåâîé êó÷åé

3. Ñôîðìèðîâàòü äîìåííóþ ìîäåëü äëÿ çàäàííîãî òåêñòà. Ðàçðàáîòàòü òåñòîâîå ïîêðûòèå äëÿ äàííîé äî-
ìåííîé ìîäåëè
Â ïåðâûé ìîìåíò ïîêàçàëîñü, ÷òî íè÷åãî íå ïðîèçîøëî, çàòåì ÷òî-òî çàñâåòèëîñü íà êðàþ îãðîìíîãî
ýêðàíà. Ïî íåìó ïîëçëà êðàñíàÿ çâåçäà âåëè÷èíîé ñ òàðåëêó, à ñëåäîì çà íåé åùå îäíà: áèíàðíàÿ çâåçäíàÿ
ñèñòåìà. Çàòåì â óãëó êàðòèíêè âîçíèê áîëüøîé ïîëóìåñÿö � êðàñíûé ñâåò, ïåðåõîäÿùèé â ÷åðíîòó �
íî÷íàÿ ñòîðîíà ïëàíåòû.

Òåñòèðîâàíèå ôóíêöèè sec()

Äëÿ ñîçäàíèÿ òåñòîâîãî ïîêðûòèÿ áûëè âûäåëåíû êëàññû ýêâèâàëåíòíîñòè, òî åñòü ïðîìåæóòêè, ãäå ôóíêöèÿ
ìåíÿåòñÿ îäèíàêîâî:
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3. Òî÷êè, â êîòîðûõ ôóíêöèÿ íåîïðåäåëåíà: �

2
+ �n; n 2 Z.

Ðèñ. 1. Ãðàôèê ôóíêöèè

Òåñòèðîâàíèå ìîäóëÿ Fibonacci Heap

Ôóíêöèè ìîäóëÿ

Âñòàâêa

1: function Fib_Heap_Insert(H;x)
2: degree[x] 0
3: p[x] NIL

4: child[x] NIL

5: left[x] x

6: right[x] x

7: mark[x] falsa

8: Merge roots list of x and H
9: if min[H] = Nil or key[x] < key[min[H]] then

10: min[H] x

11: end if

12: n[H] n[H] + 1
13: end function
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Ðèñ. 2. Âñòàâêà ýëåìåíòà 1

1

Ðèñ. 3. Âñòàâêà ýëåìåíòà 2

12

Ðèñ. 4. Âñòàâêà ýëåìåíòà 3

123

Ðèñ. 5. Âñòàâêà ýëåìåíòà 0

1123

Øàã Êëþ÷ min Ðèñóíîê
0 x null Initialize heap.
1 1 1 Ðèñ. 2
2 2 1 Ðèñ. 3
3 3 1 Ðèñ. 4
4 0 0 Ðèñ. 5

Òàáëèöà 1. Ýòàëîííàÿ òàáëèöà âñòàâîê.

Ìèíèìàëüíûé óçåë

1: function Fin_Minimum()
2: return min

3: end function

Îáúåäèíåíèå äâóõ êó÷

1: function Fib_Heap_Union(H1, H2)
2: H  Make_Fib_Heap()
3: min[H] min[H1]
4: Add roots of H2 to H.
5: if min[H1] = NIL or min[H2] 6= NIL and key[min[H2]] < key[min[H1]] then
6: min[H] min[H2]
7: end if

8: n[H] n[H1] + n[H2]
9: return H

10: end function

Òàáëèöà 2. Ïîñëåäîâàòåëüíîñòü îáúåäèíåíaÿ ïóñòîé êó÷è è êó÷è

Øàã Ëèíèÿ Ðèñóíîê Êîììåíòàðèé
1 x Ðèñ. 6 Äà¼ì ôóíêöèè äâà äåðåâà; äîïóñòèì, H1 ïóñòîå.
2 4 Ðèñ. 7 Äîáàâëÿåì êîðíè H2 â H.
3 5-9 Ðèñ. 8 Òàê êàê min[H1] = NIL, îáíîâëÿåì min[H]; âîçâðàùàåì êó÷ó.

2



Ðèñ. 6. Ýòàï 1: Êó÷à.

6

2 3

4

Ðèñ. 7. Ýòàï 2: Äîáàâëåíèå êîðíåé â ñïèñîê H.

1

Ðèñ. 8. Ýòàï 3: Èòîãîâàÿ êó÷à.

1

2 3

4

Ðèñ. 9. Ýòàï 1: Äâå êó÷è

1

2 3

4

6

7 8

9

Ðèñ. 10. Ýòàï 2: Äîáàâëåíèå êîðíåé H2 â H

6

Ðèñ. 11. Ýòàï 3: Ðåçóëüòàòèðóþùàÿ êó÷à

1

2 3

4

6

7 8

9

Èçâëå÷åíèå ìèíèìàëüíîãî óçëà

1: function Fib_Heap_Extract_Min()
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Òàáëèöà 3. Ïîñëåäîâàòåëüíîñòü îáúåäèíåíèÿ äâóõ êó÷

Øàã Ëèíèÿ Ðèñóíîê Êîììåíòàðèé
1 x Ðèñ. 9 Äà¼ì ôóíêöèè äâà äåðåâà.
2 4 Ðèñ. 10 Äîáàâëÿåì êîðíè H2 â H.
3 5-9 Ðèñ. 11 Âîçâðàùàåì êó÷ó.

2: z  min[H]
3: if z 6= NIL then

4: for Each child x of z do
5: Add x to roots list.
6: p[x] NIL

7: end for

8: Remove z from roots list.
9: if z = right[z] then

10: min[H] NIL

11: else

12: min[H] right[z]
13: Consolidate(H)
14: end if

15: end if

16: n[H] n[H]� 1
17: end function

1: function Consolidate()
2: for i 0 to D(n[H]) do
3: A[i] NIL

4: end for

5: for Each w in roots list of H do

6: x w

7: d degree[x]
8: while A[d] 6= NIL do

9: y  A[d]
10: if key[x] > key[y] then
11: swap(x; y)
12: end if

13: Fib_Heap_Link(H; y; x)
14: A[d] NIL

15: d d+ 1
16: end while

17: A[d] x

18: end for

19: min[H] NIL

20: for doi 0 to D(n[H])
21: if A[i] 6= NIL then

22: Add A[i] to roots list of H
23: if min[H] = NIL or key[A[i]] < key[min[H]] then
24: min[H] A[i]
25: end if

26: end if

27: end for

28: end function

1: function Fib_Heap_Link(H; y; x)
2: Remove y from roots list of H
3: Merge y and child[x] list
4: degree[x] degree[x] + 1
5: mark[y] false

6: end function
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Ðèñ. 12. Íà÷àëüíàÿ êó÷à

1

Òàáëèöà 4. Ïîñëåäîâàòåëüíîñòü èçâëå÷åíèå ìèíèìàëüíîãî óçëà

Øàã Ëèíèÿ Ðèñóíîê Êîììåíòàðèé
1 2-3 Ðèñ. 12 Ìèíèìàëüíîå çíà÷åíèå íå ðàâíî NIL

2 4 ïîýòîìó ïðîñìàòðèâàåì äåòåé, îäíî èõ íåò.
3 8 Çàòåì óäàëÿåì ýëåìåíò èç ñïèñêà êîðíåé.
4 9 Òàê êàê ýëåìåíò áûë îäèí, òî åãî ïðàâûé óêàçàòåëü óêàçûâàåò íà íåãî æå.
5 10 Ïîýòîìó ìèíèìàëüíûé ýëåìåíò îáðàùàåòñÿ â NIL.

Ðèñ. 13. Íà÷àëüíàÿ êó÷à
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Ðèñ. 14. Çàïèñûâàåì äåòåé â ñïèñîê êîðíåé.
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Ðèñ. 15. Äîáàâëÿåì íîäó 3 â ñïèñîê äåòåé íîäû 2

2

5 3

4

6

7 8

9

Óìåíüøåíèå êëþ÷à

1: function Finc_Heap_Decrease_Key(H;x; k)
2: if k > key[x] then
3: error New key is bigger than old one.
4: end if

5: key[x] k

6: y  p[x]
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Ðèñ. 16. Äîáàâëÿåì íîäó 6 â ñïèñîê äåòåé íîäû 2

2

5 3
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Òàáëèöà 5. Ïîñëåäîâàòåëüíîñòü èçâëå÷åíèå ìèíèìàëüíîãî óçëà

Øàã Ëèíèÿ Ðèñóíîê Êîììåíòàðèé
1 2-3 Ðèñ. 13 Ìèíèìàëüíîå çíà÷åíèå íå ðàâíî NIL

2 4-7 Ðèñ. 14 Çàïèñûâàåì äåòåé ìèíèìàëüíîé íîäû â ñïèñîê êîðíåé H

3 9-14 Ïðàâûé óêàçàòåëü óêàçûâàåò íå íà ñåáÿ æå, ïîýòîìó ìåíÿåì min

è çàïóñêàåì ôóíêöèþ Consolidate(H)
4 5-18 Ðèñ. 15 Äëÿ íîä ñ îäèíàêîâûì óðîâíåì äåëàåì áîëüøóþ íîäó ðåá¼íêîì ìåíüøåé.
5 5-18 Ðèñ. 16 Äëÿ íîä ñ îäèíàêîâûì óðîâíåì äåëàåì áîëüøóþ íîäó ðåá¼íêîì ìåíüøåé.
6 20-27 Ðèñ. 16 Òàê êàê íîäà îäíà íå ïðîèñõîäèò îáúåäèíåíèÿ.

7: if y 6= NIL and key[x] < key[y] then
8: Cut(H;x; y)
9: Cascading_Cut(H; y)

10: end if

11: if key[x] < key[min[H]] then
12: min[H] x

13: end if

14: end function

1: function Cut(H;x; y)
2: Delete x from child list of y
3: degree[y] degree[y]� 1
4: Add x to roots list H
5: p[x] NIL

6: mark[x] false

7: end function

1: function Cascading_Cut(H; y)
2: z  p[y]
3: if z 6= NIL then

4: if mark[y] = true then

5: mark[y] = false

6: else

7: Cut(H; y; z)
8: Cascading_Cut(H; z)
9: end if

10: end if

11: end function

Óäàëåíèå ýëåìåíòà

1: function Fib_Heap_Delete()
2: Fib_Heap_Decrease_Key(H;x;�1)
3: Fib_Heap_Extract_Min(H;x)
4: end function
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Ðèñ. 17. Íà÷àëüíàÿ êó÷à

1

2

Ðèñ. 18. Â ôóíêöèè Cut()

10

Ðèñ. 19. Èòîãîâàÿ êó÷à

10

Òàáëèöà 6. Ïîñëåäîâàòåëüíîñòü èçìåíåíèÿ ìèíèìàëüíîãî óçëà

Øàã Ëèíèÿ Ðèñóíîê Êîììåíòàðèé
1 5 Ðèñ. 17 Óìåíüøèì íîäó 2 äî 0.
2 5-6 Èìåíÿåì êëþ÷; çàïèñûâàåì â y íîäó 1.
3 7 Çàõîäèì â òåëî if.
4 8 Ðèñ. 18 Çàõîäèì â ôóíêöèþ Cut()
5 9 Âûõîäèì èç ôóíêöèè Cascading_Cut() áåç èçìåíåíèé.
6 12 Ðèñ. 19 Òàê êàê 0 < 1 ìåíÿåì ìèíèìàëüíûé êëþ÷.

Òàáëèöà 7. Ïîñëåäîâàòåëüíîñòü óäàëåíèÿ óçëà

Øàã Ëèíèÿ Ðèñóíîê Êîììåíòàðèé
1 2 Óìåíüøàåì êëþ÷ âûáðàííîé íîäû íà ìèíèìàëüíîå çíà÷åíèå
2 3 Óäàëÿåì ìèíèìàëüíûé

Òåñòèðîâàíèå äîìåííîé ìîäåëè äëÿ çàäàííîé îáëàñòè

Òåêñò

Â ïåðâûé ìîìåíò ïîêàçàëîñü, ÷òî íè÷åãî íå ïðîèçîøëî, çàòåì ÷òî-òî çàñâåòèëîñü íà êðàþ îãðîìíîãî ýêðàíà. Ïî
íåìó ïîëçëà êðàñíàÿ çâåçäà âåëè÷èíîé ñ òàðåëêó, à ñëåäîì çà íåé åùå îäíà: áèíàðíàÿ çâåçäíàÿ ñèñòåìà. Çàòåì
â óãëó êàðòèíêè âîçíèê áîëüøîé ïîëóìåñÿö � êðàñíûé ñâåò, ïåðåõîäÿùèé â ÷åðíîòó � íî÷íàÿ ñòîðîíà ïëàíåòû.

UML äèàãðàììà
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Ðèñ. 20. UML äèàãðàììà äîìåííîé ìîäåëè

Âûâîä

Â õîäå âûïîëíåíèÿ ëàáîðàòîðíûõ ðàáîò áûëî ïðîâåäåíî òåñòèðîâàíèå ðàçðàáîòàííûõ ïðîãðàììíûõ ìîäóëåé.
Ïðè âûïîëíåíèè ðàáîòû èñïîëüçîâàëèñü áèáëèîòåêè JUnit4 è JUnit5. ßâíûõ îòëè÷èé ýòèõ áèáëèîòåê â äàííîé
ðàáîòå îòìå÷åííî íå áûëî, ðàçâå ÷òî JUnit5 èìååò èíóþ èåðàõèþ êëàññîâ è ìîäóëüíîñòü, ÷òî äåëàåò åãî áîëåå
ãèáêèì â ñðàâíåíèè ñ JUnit4, â êîòîðîì âñå ìîäóëè âêëþ÷åíû â ïëàòôîðìó.
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