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A Concurrency Control Method
for Non-blocking Search Operation based on R-tree

Myung-Keun Kim' - Hae-Young Bae""

ABSTRACT

In this paper, we propose a concurrency control algorithm based on R-tree for spatial database management system. The previous proposed
algorithms can't prevent problem that search operation is to be blocking during update operations. In case of multidimensional indexes like
R-tree, locking of update operations may be locked to several nodes, and splitting of nodes have to lock a splitting node for a long time.
Therefore search operations have to waiting a long time until update operations unlock. In this paper we propose new algorithms for lock~free
search operation. First, we develop a new technique using a linked-list technique on the node. The linked-list enable lock-free search when
search operations search a node. Next, we propose a new technique using a version technique. The version technique enable lock-free search
on the node that update operations is to be splitting.

7|1/ : 22 HOIE{HiolA Ha| A|AH (Spatial Database Management System), CHAM YQIFX (Multi-Dimensional ndex Struc-
ture), SAIM RO 7|8 (Concurrency Control)
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AELAE k9] A7 §7] WE&o] Fihel dEZHE AHA
el 1 Hel glE dERIgo] Ho R ofFEA gelw
=, oAl 2tAlEl dEZ Ao Aol HAT stk &
AL #HAA 7] WiEel AEY AU Al =B YA EH
earE oz Hl dEe AYEHT, AbAl Al w3 A E G
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Ti(select) TaAdelete) Talinsert)
for (all entries E)
if (E.use is true) ﬁ .
. F.use =false :
if (EMBR intersects MBR) | UMK |1 node)
if (E.use is false)
copy (E.MBR, MBR) ;
. copy (E.QID, OID) ;
retum E.QOID ; ’ E.use = true ;
: 4L end if
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- Versioned node
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(¥ N@9A =& Nzo| 28g dvhn 7HAHsA A
2§ XX Ns Ne& XS, No Ns Ng Nygo H3E
A28t T Ni& AA Nyl £3e] T8¢ wriA
71gE e dite] —Er?"a TE T N 2HE 539 E BT
Nzol WA= ASg FAZ Fol= thA] 289 g 9
Ni2g £a7hM oA A AEE Fh R™-Treests @
g FHHoR xEo 9% YAE G Yojof ) &
£ (28 N9 2L ¢ N3 B2 A3td N9
LEZ PAE Ns2 WHAAk 3] wid Na= 9%
XE NoB ¢ lojof gt

3.2.2 CCVY A daeE
o

Qe A9 Welol 43t WEwTEY RE dE
98 FE Aolth ¥ wRolA At AARLe &
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(29 9 AAIHEL AHE 2ol

1 findfirst(STACK Stack, RECT Rect)
2 push(Stack, Root)

3 returnfindEntry(Stack, Rect)

4 end

5

6 findnext(STACK Stack, RECT Rect)
7 returnfindEntry(Stack, Rect)

8 end

9

10 findEntry(STACK Stack, RECT Rect)
11 while not empty(Stack)

12 Pointer = pop(Stack)

13 if (Pointer is pointer to object)

14 return Pointer

15 else

16 for all entries Entry of Pointer
17 if(Entry is intersecting Rect)
18 push(Stack, NODE(Entry))
19 end

20 end

21 end

22  end

23 end
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2
3
4
5
6
7
8
9

21
22
23

insert(STACK Stack, RECT Rect)
Retry = true
while(Retry is true)
Retry = false
findLeaf(Stack, Root, Rect)
Leaf = pop{Stack)
if(Leaf is not full)
insert Rect to Leaf
if(MBR(Leaf) changed)
updateParent(Stack, Leaf, MBR(Leaf))
end
else
Retry = splitLeafNode(Stack, Leaf, Rect)
if(Retry is not true)
set version flag to Leaf
add Leaf to garbage collector
end
end
unlock(Leaf)
end
end

findLeaf(STACK Stack, NODE Node, RECT Rect)

24 lock(Node)

25 push(Stack, Node)

26 while(Node is not leaf node)

27 while(Node versioned)

28 unlock(Node)

29 Node = pop(Stack)

30 if(Node == null)

31 Node = Root;

32 end

3 lock(Node)

A end

35 Entry = entry on Node leading to minimal MBR for
Rect

36 push(Stack, NODE(Entry))

37 unlock(Parent)

33 Node = NODE(Entry)

39 lock(Node)

40 end

41 end

42

43 updateParent(STACK Stack, NODE Node, RECT Rect)
44 if(Stack is not empty)

45 Parent = pop(Stack)

46 Parent = findLatestNode(Parent, pointer to Node)
47 updateEntry1{Parent, Entry, Rect)

48 if(MBR(Parent) changed)

49 updateParent(Stack, Parent MBR(Parent))

50 end

51 unlock(Parent)

52  end

53 end

54

55 NODE findLatestNode(NODE Node, POINTER Pointer)
5 lock{Node)

57  while(Node versioned)

58 unlock(Node)

59 Node = right link of Node

60 lock(Node)

Bt Rtree 718l SAlY MO 7™ 815

61 while(Node is not versioned)
62 Entry = find entry for Pointer
63 in Node

64 if(Entry is not null)

66 end

67 unlock(Node)

68 Node = right link of Node
69 lock(Node)

70 end

71  end

72 end

(32 9) Mol 2| E(insert?t findLeaf, updateParent,
findLatestNode)
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1 boolean splitLeafNode(STACK Stack, NODE Node, RECT Rect)
Left = the left sibling node of Node
Right = the right sibling node of Node
unlock(Node)
lock(Left)
if(Left was vesioned)
unlock(Left)
lock(Node)
9 return frue
10 end
11 lock(Node)
12 if(Node was vesioned)

=3 S O WD

13 unlock(Left)
14 return true
15 end

16  lock(Right)

17  if(Right was vesioned)
18 unlock(Right)

19 unlock(Left)

20 return true

21 end

22 newleft = create new node
23 newRight = create new node
24 copy left haif of Node to newleft
25 copy right half of Node to newRight
26 linking newLeft and newRight
27 if((MBR(newLeft+Rect)-MBR(newleft)) >
(MBR(newRight+Rect)-MBR(newRight)))
28 insert Rect to newlLeft
29 else
30 insert Rect to newRight
31 end
32 if(Stack is empty)
3 newRoot = create new root node
34 insert entry with MBR(newlLeft) and newleft to newRoot
35 insert entry with MBR(newRight)
and newRight to newRoot
36 set version flag to Root
37 add Root to garbage collector
338 Root = newRoot
/39 else
40 Parent = findLatestNode{pop(Stack), Node)
41 if(Parent is full)
42 Retry = splitlnternalNode(Stack,
Parent, Node, newLeft, newRightl)
43 if(Retry is not true)
44 set version flag to Parent
45 add Parent to garbage collector
46 else
47 delete newleft
48 delete newRight
49 return true
50 end
51 else
52 updateEntry2(Parent, Node, newLeft, newRight)
53 if(MBR(Parent) changed)
54 updateParent(Stack, Parent MBR(Parent))
5% end
56 end
57 Left leftLink = newLeft
5 RightrightLink = newRight
59 Node.rightLink = newLeft
60 untock(Parent)
61 unlock(Right)
62 unlock(Left)
63 end
64 return false
65 end
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1 boolean splitInternalNode(STACK Stack, NODE Node,
NODE childOld, NODE childRight, NODE childLeft)

2~2% ... {equal to 2~26 lines of splitLeafNode)

27 if(found entry for childOld in newlLeft)

28 updateEntry2(newLeft, childOld, childLeft, childRight)

29 else

30 updateEntry2(newRight, childOld, childLeft, childRight)

31 end
32~64 ... (equal to 32~64 lines of splitLeafNode)

(32l 12) Al 22| (splitinternalNode)
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1 delete(STACK sStack, STACK dStack,
OBJECT Object, RECT Rect)

2 push(sStack, Root)

3  while(sStack is not empty)

4 Node = pop(sStack)

5 if(dStack is not empty)

6 while(LEVEL(Node) <= LEVEL(top(dStack)))

7 pop(dStack)

8 end

9 end

10  push{(dStack, Node)

11 if (Node is leaf node)

12 lock(Node) -

13 pop(dStack)

4 Entry = find entry for Object in Node

15 if(Entry is not null)

16 break

17 end

18 untock(Node)

19 Node = pop(sStack)

20 else

21 for all entries Entry of Node intersecting Rect

22 push(sStack, NODE(Entry))

23 end

24 end

25 Node = findLatestNode(Node, pointer to Object)

26 delete Entry in Node

27  if(Node is empty)

2 deleteParent(dStack, NODE(Entry))

29 add Node to garbage collector

30 else

31 if(MBR(Node) was changed)

32 updateParent(dStack, Node, MBR(Node))

33 end
34 end
35 end

36

37 deleteParent(STACK Stack, NODE Node)

38  if(Stack is not empty)

39 Parent = pop(Stack)

40 Parent = findLatestNode(Parent, pointer to Node)
41 delete Entry in Parent

42 if(Parent is empty)

43 deleteParent(Stack, NODE(Entry))
44 add Parent to garbage collector
45 else

46 if(MBR(Parent) was changed)

47 updateParent(Stack, Parent, MBR(Parent))
48 end

49 end

50 unlock(Parent)

51 end

52 end
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OP1 : findLeaf

OP2 : updateParent, deleteParent

OP3 : findLatestNode

OP4 : splitLeafNode, splitinternalNode(line 2~21)
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