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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.

Y B2 HOIE{HOlA BHa| AlARl(Spatial Database Management System), CHAHE MQlTZ(Multi-Dimensional Index Struc-
ture), SAIM MK JI#(Concurrency Control)
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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

2 end

21 end

22 end

23 end

Folth, FE%S(root node)E ~H| F4(push)dl, find-
Entry3t42 32de f4o
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1 insert(STACK Stack, RECT Rect)

2 Retry = true

3 while(Retry is true)

4 Retry = false

5 findLeaf(Stack, Root, Rect)

6 Leaf = pop(Stack)

7 if(Leaf is not full)

8 insert Rect to Leaf

9 if(MBR(Leaf) changed)

10 updateParent(Stack, Leaf, MBR(Leaf))
11 end

12 else

13 Retry = splitleafNode(Stack, Leaf, Rect)
14 if(Retry is not true)

15 set version flag to Leaf

16 add Leaf to garbage collector

17 end

18 end

19 unlock(Ieaf)

20 end

21 end

22

23 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

33 lock(Node)

34 end

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

36 push(Stack, NODE(Entry))

37 unlock(Parent)

38 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 updateEntryl(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)

=
[

it
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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

(22l 9) el 4| (insertt findLeaf, updateParent,
findLatestNode)
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A F7Hsearch space)
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Search space
Versioned node
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(12! 10) findLatestNode2! 43 nIX

o] B3 gplitLeafNode9t splitinternalNoded5&
ol &3t fIydrt. dEr=rt B ool IohA split-
LeafNode-S— 5231, 9¥xeEe] 22 sty dAF=

& Y3)A splitintemalNode s 32 3tt},
%% 8 w28 02 Fu A
97 "o = A8
BtA1 FaL A g HArvke 28 7H e ALg g
splitLeafNode®} splitinternalNode?] z}oly 233 £ 9
FR7F dE=se vud = ge e, 28 »
=7t daxsgd BE F A8 =So Rect® 4HYst

HAE HgE sE A9 BEd nso gz A4
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2 Left = the left sibling node of Node

3 Right = the right sibling node of Node
4 unlock(Node)

5 lock(Left)

6 if(Left was vesioned)

7

8

urlock(Left)
lock(Node)
9 return true
10 end
11 lock(Node)

12 if(Node was vesioned)
13 urlock(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

newleft = create new node
newRight = create new node
copy left half of Node to newLeft
copy right half of Node to newRight
linking newlLeft and newRight
if((MBR(newLeft+Rect)-MBR(newLeft)) >
(MBR(newRight+Rect)-MBR(newRight)))
insert Rect to newLeft
else
insert Rect to newRight
end
if(Stack is empty)
newRoot = create new root node
insert entry with MBR(newLeft) and newLeft to newRoot
insert entry with MBR(newRight)
and newRight to newRoot

set version flag to Root
add Root to garbage collector

NERRBY

HKEBYRE8BR

Root = newRoot
else
Parent = findLatestNode(pop(Stack), Node)
1 if(Parent is full)
Retry = splitInternalNode(Stack,
Parent, Node, newLeft, newRightl)

if(Retry is not true)
set version flag to Parent
add Parent to garbage collector

58 898

[ty
l\)'b

else
delete newLeft
delete newRight
return true
end
else
updateEntry2(Parent, Node, newLeft, newRight)
if(MBR(Parent) changed)
updateParent(Stack, Parent MBR(Parent))
end
end
Left.leftLink = newleft
Right.rightLink = newRight
NoderightLink = newLeft
unlock(Parent)
unlock(Right)
unlock(Left)
end
return false
65 end
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(38 1) &l o2 E(splitLeafNode)

(¥ 1DlA splitLeafNoded+= Node®: +&3hx
RectE& Ayste #ao|th splitLeafNodeE Nodeo| 9%
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57~59ekl A #3H7] A9 5:57} 717 AZ(Left)
1 2 2Z(Right) ==& ¢33y, 289 ==Node)d &
2% g3 (Noderight)& M2 AT 9% w=S(newLeft)ol
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LeafNode—‘?Jr fFAete, w20 dEZE AYsts FET
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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 newleft)

28 updateEntry2(newLeft, childOld, childLeft, childRight)

29 else

30 updateEntry2(newRight, childOid, childLeft, childRight)

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

(37 12) &) ¢z|E(splitinternalNode)

71&2] 87 E MEE e JEHTE Y
8l A 07 updateEntry2E 8 4 vk 29y 2
=R BErddaAE 2L BV F A BHEARI o
o Egaride w28 71Eln A dEIE 42

&t R-ree 7|82l SAlY &0 7Y 817

xEE HE7E AEYE WAHER B A2 AES
Alate ditol @9 Ades sy oo it} & =
dre o2 Ae T A=e AEDY Agn
71E9] dEgS AAdMez AP (2¥ 132 19
3 e A

Agsiordt dE27E Rag Rsola, AHAlgorsts dEE
7b Roghal @0 Rast Rs, Rs9 @38 ©A ddsta
tgoZ RiF R.E AdZTo2A AYARe] oW &
Aglel AN = AEF BT

Mo

sitFst

&)

(212! 13) updateEntry2el dE2| 4

3.2.4 CCVY 24| dnel&
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Adg Arbsfolnt gt =9 #de Mgl ozt vt
g o wir} sy Fotgth £ &
i, dEe=Ee] M 2 #E %
sStackel A #F x==9 #Hdun F& #wol grid ¢
< ol & w7z dStack s Hle] olzFt EAE 3
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gick whek AbAE JEZE 24 B H 9ol sStack
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=g 3 "9 dStackoll & dYEmE A 9E g
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26240l H AEEE AT WA mE=o) dEZ7} 8
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AA" =8 Tt dEE AAEtokiit) B =
M= 288)eloll A A7 deleteParentd<4=5 o]&3te] %
=29 dEZE AAgT AEYV) suvats doldle
v FExZo MBRWS ¥MAAAZTL deleteParentol A
AAE dEHE 717 FRx==E e BAE updateParent
A WAEY JdEHE Zte RExCE = vy Y

E
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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)

14 Entry = find entry for Object in Node

15 if(Entry is not null)
16 break
17 end

18 unlock(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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