
Koorde: A simple degree-optimal distributed hash table

M. Frans Kashoek and David R. Karger

MIT Laboratory for Computer Science

2004/11/04 IDEON camp memo

1
���

1.1 �����	�

de Bruijn graph 
����� DHT ���������� ��������� DHT  "!���#�$�
&%('��*)*+-,. 
0/(1&2 . �

1.2 DHT 3547683897:
;=<

(d) >@?�ACB < �-DFE : G-H�+�IJ� logdn−

1( G*KML*N ) � logdn−O(1)( OMP ) ?�AQBSR�T��
1

U�U=VXW � ;Y<[Z"\^] �=_"`�� O(logn) ?
A�Ba� ;[< 
 d = O(logn)) >^bX1*cX+"�
O(logO(logN)logN) = O((logn)/loglogn) ?dA
B=+�eY1Q�
f�g  8>�h=ikjml�n�>0��D0E : o�p���h-ikjZ
1/2 �=q�r�+*l(n�b[1�s��Yt*uv��h*i	jw�

Ω(logn) � ;^< 
wx�y�R-T�edz{� 2 |~} 
F�~�M1
��'M�M�S��o"pY�Yh=i8j Z Ω(logn) � ;^< 
�x
y=c Z������ -�

1 �����J�w�����J�����C�a�
2 ���0� �w�������=�������a��� neighbor of neighbor�
isolated node �¡ &¢ ��£�¤F¥{¦0§�¨ª© ����� £C«w¬ �F® £ �&¯J¯J¯

Ω(logn) °�p=±³² (from WikiPedia):

limx→∞

f(x)

g(x)
= 0

�-sS� f(x) = o(g(x)) �=+Q� Ω ��´^�Sµ ] ��¶· ��¸�¹*ºS�(»w¼M½M�S¾�°0p"I g(x) � f(x) 

#�¿�1&c(�M½M��8>�vÀac V �
´-�&Á^� maintainance traffic ��y*=p*Â&Ã��Ä �[
FÅ�Æ � pM�10� “half-life” ��� � [7] 
FÇÈ � � �&��É^Ê�Ë^Ì~��yM-p��7Í0ÎwiXj{Ï�ÐS+Q�

O(logn) � virtual node 
�Ñ�1�c��"Ò=°Sp�ÓMÔ
½0ÉMÊ*Ë�Ì�
�Õ W@Ö 1^�M× Z �Mt-,�+�h=ikja�Ø^Ù i8Í Z�Ú ¹^p �S� ��0Û*Ü · ½ hop +Y�0ÝÞ ½�1�>�vÀ�ßQà Z eY1Q�

1.3 Koorde 3âá[ã
Chord �^)*� de Bruijn routing 
F�M� � �S�
´M��äMåY�Mævh-içjJ� Ø*Ù ikÍ�è[� O(1) ��+é 1Q�MêMëYì ID í�î��Sï*ð(� Chord >@t^ñY�
h=ikjJ� ID 
 m< 2b >Fb�1�>��*æ�h-ikj Z

x"y edge � m¡¡1)+i)&((1¡¡b)-1)*( �*× � i �
0
V

1) ò�ó V À���>@[À V � bit ô~
Fõ"� 1 shift� p���G�)�ö^÷~�0ø"pMp���G�#�öM÷~� i(0
V

1)


Fù�'�1Q�
�"ú��M�Q� 2b � ID í�î0o�pY��h=ikj Z=û 1ü I-½Y���+^�*ý�ÜþhMi³j (imagenary node)


^ÿ Þ � i � de Brujin path 
��v1�� � V � �
de Brujin path � predecessor ����A���i��M��
	�� Ö 1Q�

1



procedure �����-� 3 � zm� successor 
��
b V � d(predecessor of 2m) ����	 (de Bruijn

path)
V � successor ���
	 (args

V�� W�
)
V �

�^× � � lookup ������������� (Figure. 3)i
Z

m > successor(m) ��î*� û 1�����+*½^[> de

Brujin path ��� W ½M-��� ²
de Bruijn 
St"¿�� successor 
 �[¿!��1 ( "#%$

)
W � =�

2 &('*) +
,�- � imagenary node

Z�.0/�1�2 �43�5^�6 Þ �v²

3 '87
9;: B��=< U À-> � ���~»ª� imagenary node

��>%? Z ��V W ½M
æ7h�i5j m �-� de Bruijn node �4@[¹Yp��

successor(m) >�� d : predecessor(2m) 
wx�y=�A ¹Mº�� b = 4 ��sS�-h�iþj Z 0000, 0010, 0100,

0110, 1000, 1010, 1100, 1110 � 8 yY×M°��~>@b
1S� U�U +�� k = 0001 
 m = 1100

Z4B�C b"1
>Fb�1Q�
• 1100.lookup(k=0001, kshift=0001, i=1100)

– k � 1100
V W

1110 �Mî��!D W ½M
– i � 1100

V W
1110 �Mî��!D W ½M

– E
• 1110.lookup(k=0001, kshift=0001, i=1100)

– k � 1110
V W

0000 �Mî��!D W ½M
– i � 1110

V W
0000 �Mî��!D W ½M

– E
• 0000.lookup(k=0001, kshift=0001, i=1100)

– k � 0000
V W

0010 �Mî��!D�1

– return(successor)

F " $ � i
V � k

V �~»HG WCV Z successor >
m >0�Mî�� û 1 � +=��I��-b W successor 
��
1YÒ"À&� C ¹�1��*× Z�J%J%J �
G�½0K[� de Bruijn ��ykI7zS+MLk1dIY�

×X>�bþ1X>S� (i,k,kshift) � (1100,0001,0001)

� (1000,0001,0010) � (0000,0001,0100) �
(0000,0001,1000) � (0001,0001,0001) >NL~1-� �"½Y��+=� i

Z
1100 > 1110 �*î��!O � Ö 1P !- ��QÝ�-� 1100 � d � 1000 ½*�*×��(»@�

4 Q i �SR[�UT 2 
WVYX �[Zk¹ Ö º��
(i,k,kshift,m) � (1100,1010,1010,1100)

� (1001,1010,0101,1000) �
(?) � (0010,1010,1010,0010) �
(0101,1010,0101,0100) � (?) �
(1010,1010,1010,1010) > ½ 1 Ò À �8L N

]\�^��8>�vÀac(×(>`_çÀ��

imagenary node
Z

m > successor >S�*î��
eY10_�`(��K de bruijn ����	��8>&vÀ�c(��»
ÀwvÀac�½�� V ²

2


