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Abstract: With the growing size of data and analytical needs, the query performance of

databases for OLAP (On-Line Analytical Processing) applications has become increasingly

important. Cedar is a distributed relational database based on read-write decoupled

architecture. Since Cedar is mainly oriented to the needs of OLTP (On-Line Transaction

Processing) applications, it has insufficient performance for handling analytical processing

workloads. To address this issue, many studies have shown that column storage technology

can effectively improve the efficiency of I/O (Input/Output) and enhance the performance

of analytical processing. This paper presents a column-based storage mechanism in Cedar.

The study analyzes applicable scenarios and improves Cedar’s data query and batch

update methods for this mechanism. The results of an experiment demonstrate that the

proposed mechanism can enhance the performance of analytical processing substantially,

while limiting the negative impacts on transaction processing performance to within 10%.
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0 Ú ó

Cc5, O�ÅM��¯�uÐ¦��1��¥êâ�æ8!�;!DÑ9?nUå

FÃJ,, êâ5�Åì*�, éêâ©Û?n�I¦�ØäO�. OLAP[1]´�«�Ïè�

l�þêâ¥J�d�&E�^�Eâ, U�è�+n<
Jøk��ûü|±. 3A^I

¦�íÄe, OLAP Eâ×�uÐå5. �dÓ�, êâ¥¡� OLAPA^��Î5U��

5�É�ïÄÆö�'5.

Cedar[2]´duÀ���Æêâ�Æ�ó§Æ�Äu OceanBase 0.4.2 ïu�pÏþ!

�� !p�^�©Ùª'Xêâ¥. ���±Ì�¡� OLTP�Ö�êâ¥, Cedar ¦^

1ª�;��ª|�êâ, ±�1�ü öpêâ. ,©Û?n.K1�A:´�9�ê

âþAO�, ¿��I�¼��êá5��êâ. ù¦� Cedar3¡é©Û?n.K1�¬

k�þP{� I/Om�, ���Î5ULyØv. Ïd, `z©Û?n�5U¤�
 Cedar¡

��]Ô��.

éuù�¯K, éõÆö�ïÄL²��;EâU
k�/Jp I/O �Ç, ?J,

©Û?n�5U. 1985 c, Copeland�<ÄgJÑ¿©Û
��;�.[3]. �1�;�',

��;U
éêâ?1�[âÝ/Ö�, �Î��Il^�Ö�I��á5, ÃIÖ�Ù

¦P{�á5. Ïd, ��;3©Û?nK1eULyÑ�p� I/O�Ç[4]. ,	, ��;

���êâa.�Ó���ëY�;, ¦�æ^?èEâ¼��Ø �JÏ~`u1�

;[5]. �Xêâ5�Ú©ÛI¦�:�O�, ��;�`³C��5�âÑ, �7X��

;�ïÄ�¢��ØäZyÑ5: �'EâX Petraki�<JÑ���;þg·A��N

z¢Ú[6]
!Lang�<JÑ��éeêâØ ���;�ª Data Blocks[7]�; Äu1�·Ü

�;�êâ¥XÚX SnappyData[8]
!HANA ATR[9]�; Äu#.M� GPU�êâ¥XÚ

X SQream DB[10]
!MapD[11]�.

nþ¤ã, �Jp Cedar ¡� OLAP A^��Î5U, ÷vè�êâ©Û?n�I�,

�©Äu Cedar �O¿¢y
��;Å�. �©�Ì��zXe.

(1) Äu Cedar Ö�©le��A:�O
��;Å�, ¿©Û
Ù·^�|µ.

(2) �é��;Å�, JÑ¿©Û
��;êâ×£Ú1þ�#�{.

(3) 3 Cedar þ¢y
��;Å�, ¿ÏL¢��y
TÅ�U�ÌÝ/J, Cedar�

�Î5U, �éÙ¯Ö?n5UK�4�.

Ø©SNSüXe: 1 1 !£ã Cedar XÚe�; 1 2 !�ã Cedar��;Å���O,

©Û Cedar ��;Å��·^|µ; 1 3 !0� Cedar ��;Å��¢y, �)��;©�

�ª!ÄuT�ª�êâ×£91þ�#�{; 1 4 !ÏL¢��yT��;Å��p�5

Ú©ÛÙ·^|µ; 1 5 !o(�©.

1 Cedar XÚe�

OceanBase[12]´Cpnnïu�©Ùª'Xêâ¥, y®2�A^uCpnn!é¬

7Ñ�'��Ö. Cedar 3 OceanBase 0.4.2 m��þ, #O
p�^�n8+e�!�;

L§!�?¢Ú!¯ì�l?O!�*Ð¯ÖJ��A5. Cedar XÚe�Xã 1¤«.

Cedar d�Ì8+!ü��8+|¤; 3ü�8+¥k 4aÑÖì, ´ RootServer (RS)!

UpdateServer (UPS)!MergeServer (MS), ±9 ChunkServer (CS). RS ´ Cedar �o�!:, +

n CS Ú MS �þe�!�êâ9êâ�©Ù, KI8+�m�ÀÌ, 3��8+¥�k�
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� RS. UPS ´ Cedar 8+¥��U�É�\�ÑÖì, KI�1êâ�#�ö�, 3S�L

¥�oXOþêâ, ��8+¥�k�� UPS. MS KI�Â¿)Û�rà��Î�¦, é�

¦¥� SQL�é?1c{©Û!�{©Û9)¤�1Oy�Ú½�, ò�¦=u��'�

ÑÖì, ��òÜ¿(J�£��rà, 3��8+¥�ÜÝõ� MS. CS KI�;XÄ�

êâ, 3��8+¥�ÜÝõ� CS.

MS MS RS UPS

CS CS CS CS

MS

CS CS CS CS CS CS CS CS

MS RS UPS MS MS RS UPS

ã 1 Cedar XÚe�

Fig. 1 The architecture of Cedar

Cedar æ^Ö�©l�(�, rêâ©�Ä�êâÚOþêâ[13]: Ä�êâ´�Ö�,

d CS KI�;Ú+n; Oþêâ´#O!íU!�#�êâ, �;3 UPS �S�¥. É�

u UPS S���, �Oþêâ�����K��, Cedar ¬È(�c�Oþêâ, �òÙ�

�Ä�êâ?1Ü¿, �ª)¤#Ä�êâ.

2 ��;Å���O

2.1 �Og´

Cedar ��;Å���O8I´J,Ù©Û?n5U, Ó�ØK�Ù¯Ö?n5U. Ä

k, é Cedar �e�?1©Û. 3 Cedar ¥êâ��#Ø¬á=±Èz�^�þ, ´k��

3 UPS �S�¥, ��Ü¿�ãâ?11þ±Èz, � Cedar äk“ò´�#, 1þ�\”�

A:. éu��;Å�, “ò´�#”¦��k¯Ö?n5UØÉ�K�; “1þ�\”¦�ê

â�;�ª�ÀJ�\(¹, 3Ü¿�ãæ^�ª�;�ª, lJp Cedar©Û?n5U.

�Ä�A^K1FÃõ�z, 1ª�;Ú�ª�;Ñk�g·^�|µ. �
45U���

`, Cedar I�Ó�ä�ü«êâ�¯�{. Ïd, �©3� Cedar e�Ä:�þ, #O��

Ö���;êâ��ª�¯�{�¬. duÄ�êâ��;�+nd CSKI, ��©JÑ

���;Å�¢y3 CSþ. ��;Å�e��OXã 2¤«.

ã 2 ¥ CS �êâ��ì^u^��;�¯, ¢yêâ��ÎÖ�±9Oþ�#êâ�

1þ�\�õU. 3 CS ^�þ�êâ�±1!��;�ª©O?1|�, 1ª�;�êâ

©�� SSTable, ��;�êâ©�� Parquet, Ùêâ�¯��©Od CS ¥�1ª�¯�
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{!�ª�¯�{¢y. T�O�`³´, ÉÃu Cedar“ò´�#, 1þ�\”�A:, ��

;Å�e¯Ö?n�)�êâ�#Ø¬Úå^� I/O, ´�o3S�¥, ù�y
¯Ö?

n�ûÐ5U. ��5¿�´, du�;�ª�ÀJ�=£�
^rþ, �^rUÄÀJÜ

·��;�ªC�c��. �©31 2.3!¥òéù�¯K?1äN©Û.

SSTable

SSTable

SSTable

Parquet

Parquet

Parquet

ã 2 CS þ��;Å�e�

Fig. 2 The architecture of columnar storage on the CS

2.2 ��;êâ���5

Cedar æ^õB�üÑ+nêâ, òêâ�B���3õ� CS þ. Ï~�¹e,

Cedar é��;êâ?1�¯�, I�KÜ CS�Ä�êâÚ UPS�Oþêâ, 2òÎÜ

�Î^��êâ�£. dud� CS �Ä�êâ´�Ö�, �3õ� CS þÖ��êâ´�Ó

�. ,3Ü¿�ãÏm, z�� CS �Ü¿?Ý¬�Ø�Ó. ~X�
 CS ®²�¤êâ�

Ü¿, )¤#��� Parquet, ,�
 CS ���¤. ùÒE¤
�«�¹�Ñy: �1�Ó

��Î�é, lØÓ� CS þÖ�� Parquet�SN�UØÓ. éd, Cedar ��y�Î(J´

���, æ��üÑ´: XJ�Î¦^´Î��� Parquet, ¬òÈ(êâÚ#�OþêâK

Ü; XJ�Î¦^�´#��� Parquet, K�KÜ#�Oþêâ[12]. Xd, ��;Å�eê

â���5�±�y.

2.3 �ª�;·^|µ�©Û

� Cedar äkü«�;�ª�, �¦ Cedar�5U��¿©u�, ^rI��ÄÀJ·

Ü��;�ª. �)ûù�¯K, �©é Cedar 3ØÓ�;�ªe�êâ�¯�d?1
é

'©Û, �Ñ
�ª�;�·^|µ. ±e�¡� OLAPA^��Î�~?1©Û, -T�

Î� Query, äNXe.

SELECT Class, COUNT(ALL Stu name) AS Total FROM Student GROUP BY Class;

éu�Î Query, Äk MS éÙ?1 SQL)Û, )¤¿�1�ÎOy, òêâÖ��¦u

x�Ä�êâ¤3 CSþ; CS Â��¦�l^�Ö�Ä�êâ�S�, Ó�� UPS.�Oþ

êâ, ,� CS Ü¿ü«êâ�ò(J8�£� MS; MS é(J8?1?n�ò�ª(J�

£�rà. duü«�;�ª�«O3u^�þêâ�|��ª, Ïd�©é Cedarêâ�

¯�d�é'©ÛÌ�8¥3 CSþ. Cedar �êâ�¯I�²L^�êâDÑÚý?nü
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��ã, Ù�d Cost (Query) Cq�

Cost (Query) ≈
k · Sizeblock

Hdisk
+ Cost (preprocess), (1)

Ù¥, k ��1�Î Query I�Ö\^��êâ¬ê8, Sizeblock �Ì��^��mDÑêâ

ü ���, Hdisk �^�3ü �mS�êâDÑþ, Cost (preprocess)�êâý?n��

d.

duM��¸Ú�Î�¦�Ó, êâDÑü ��!êâDÑUå!(J8��þ�

�, Ïd1ª�;�ª��ª�;�ª�êâ�¯�dÌ�«O3uêâDÑþÚý?n

�m�þ.

éu1ª�;�ª, õ�P¹�mëY��, �Ï~æ^ Snappy[14]Ø . �Î�Iò�

¦�P¹8��/Ö\�S�, ,�ÏLÝKö�¼�I���, K k �Cq��

krow ≈
Nrecord · Sizerecord · Rcompress

Sizeblock
(2)

Ù ¥, Nrecord � � Î I � Ö � � P ¹ ê, Sizerecord � ² þ z ^ P ¹ � � ; � m � �,

Rcompress �¦^ Snappy �ª�Ø '.

dul^�Ö��S��êâI�?1 Snappy�ª)Øö�, �ý?n�d�

Costrow (preprocess) =
krow · Sizeblock

Hdecompress
, (3)

Ù¥ Hdecompress �ü �mS?1 Snappy�ª)Ø�êâþ.

éu�ª�;�ª, Cedar kéêâ?1 RLE[15]?è, 2¦^ SnappyØ ü$^��

;�m�. �1�Î��IÖ\�¦I���, ÃIÖ\õ{��, K k �Cq��

kcolumn ≈
Nrecord · Nai

· Sizeai
· Rencode · Rcompress

Sizeblock
, (4)

Ù¥, Nai
��Î�¦I���ê8, 1 6 Nai

6 p, Sizeai
�'XL T á5��²þÓ^�;

�m��, Rencode � RLE ?è�Ø '.

�1ª�;�ªØÓ, �ª�;�ªl^�Ö��S��êâØ=I�?1)Øö�,

�I�?1)èö�. Ïdý?n�d�

Costcolumn(preprocess) =
kcolumn · Sizeblock

Hdecompress
+

Nrecord · Nai
· Sizeai

· Rencode

Hdecode
, (5)

Ù¥ Hdecode �ü �mS RLE)è�êâþ.

ÏLü«�;�ª�êâ�¯�dé'©Û, �±íÑ1ª�;�êâ�¯�d�u

�ª�;�êâ�¯�d�, = Costrow(Query)>Costcolumn(Query) �duØ�ª

( 1

Hdisk
+

1

Hdecompress

)

·Rcompress·(Sizerecord−Nai
·Sizeai

·Rencode)>
Nai

·Sizeai
·Rencode

Hdecode
. (6)

dª (6)�±wÑ, ��Î�9��ê��!RLE?è�Ø '�$!ü �m

S RLE )è�êâþ���, ��;Å��êâ�¯�d�'1�;��$. RLE ?è�

Ø '�êâEÇk', ù´Ï� RLE ?è¦^ê�Úê�E�gê5L«�
ë
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Y�Ó�êâ, l��Ø êâ��J. ~XiÎG AAABBBCCCC, ²L RLE ?è��

� 3A3B4C, ü$
©�¤Ó^��;�m. �êâEÇ�p�, RLE ?è�Ø 'Ò�

$. I�5¿�´, ü �mS RLE)è�êâþ´dXÚæ^��{û½�. Ïd, 3

^r��Ýþ, I��Ä�Ì�Ï�k�Î�9��êÚêâEÇ. 3�Î�9��ê

��!êâEÇ�p�|µe, æ^�ª�;�ª�äk²w�`³. T(Øò3�©

1 4 !�¢�¥?1�y.

3 ��;Å��¢y

�â��;Å���O, I�3 Cedar þO\���ª�¯�{�¬, ^u�¤é��

;êâÖ�Ú�\�Ä�ö�. T�¬�¢yÌ��) 3�Ü©: ��;©��ª!ÄuT

�ª�êâ×£�{91þ�#�{. ��;©��ª´��;Å�¥�Ä��êâ(�,

é��;êâ�ö�Ñ3Ùþ?1; êâ×£�{û½ Cedar ´XÛ�¯��;©�; êâ

1þ�#�{û½ Cedar´XÛ)¤��;©�. 3�!¥ò�g0�ù 3�Ü©.

3.1 ��;©��ª

��;©��ª´ Cedar��;Å��Ø%Ü©, §û½êâ3^�þ�|��ª, '

XXêâ����ÇÚ^��;�m�m�. �Ä�~�éþ�A^XÚ��\5, JpX

ÚA^|µ�*Ð5, �©æ^���;©��ª� Parquet[16]. Parquet´�«61�m

�ª�;�ª, |±ÝKeíÚ¢ceí, ¿U¦^õ«êâØ Ú?è�ª?n°þêâ.

Parquetêâ(�Xã 3 ¤«.

Parquet

Magic

number
0

0

0 1   n

1

1

  n
0

  n

n

1   n 

0

1   n
Footer

length

ã 3 Parquet êâ(�

Fig. 3 The data structure of Parquet

ParquetdMagic number!1|!��Ú Footer length |¤. Magic number ^5��

T Parquet, 'XL�Y²�©��3õ�1|¥, ��1|�¹õ��¬, �¬dõ�êâ

¬|¤, ¿��êâ¬¬Þ��XT¬��êâ. Footer length �;X�êâ�&E, �|

^§5½ ��. ����X©���êâÚ��1|��êâ.

3.2 ��;�êâ×£�{

¡é©Û?n.K1�, Cedar I�l CS þ¼���;Ä�êâ. �d, �©Ä
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u Parquet�(�A:, JÑ
�«êâ×£�{——��;êâ×£�{. T�{KI�

â�Î^�l Parquet¥Ö�êâ�S�, ¢y��;Å��êâ�¯õU, äN��{ 1¤

«. du Parquet��êâP¹T1|¥�á5����Ú���, �ÏLù
�¢yÄu

1|�LÈ. 31\1|�&E�, du��êâ©�UìÜ61�Ì�üS, XJ�Î^

�¥�¹
Ì�, K¦^�©�é{LÈK�Ü©�1| (1 2-8); ,�¦^ØÌ�±	��

�Î^�, H{�e�1|�êâ, �âz����Î^�, ��Ù(J8, ¿�ä´Ä�1

|éA�þ�����)U, eÙ�8��8, KLÈKù�1|, ÄK, òT1|Ö\�

S� (1 9-18).

�{ 1 ��;êâ×£�{

Ñ\: 'XL T , ÝKá5�8Ü {a1, a2, · · · , ai}, �Î^� c

ÑÑ: �Î(J8

1: ÏL©�¢Ú file index ¥½ á5�8Ü¤3��;!:Ú parquet file;

2: Ö\ parquet file�1|�êâ;

3: /*e�Î^�¹kÌ�, K¦^�©{LÈÜ©1|*/

4: if �Î^�¹kÌ� then

5: scan row groups��©{LÈ��1|8Ü;

6: else

7: scan row groups�parquet file��Ü1|;

8: end if

9: for all scan row groups do

10: Ö\1|�êâéA����� [min, max];

11: 3�Ì����Î^�eé1|?1�Î;

12: if ���(J8�1|éA�����8�� then

13: LÈT1|;

14: continue;

15: else

16: ò1|¥ÝKI���¬Ö\S�;

17: end if

18: end for

�{ 1 ´ Cedar ��;Å�5U`z�:, Ù�{�Çé�Î5Uäkã��K�. Ï

d, �©éT�{?1�mE,Ý©Û. b�'XL T k N �P¹Ú p �á5�, z�1|�P

¹ê8� k, ÝK��ê8� l, 3�Ì����Î^�eé1|�ÀJÇ� s, ��'XL T �

�©¤ N
k

�1|, �Ì����Î^�eé1|?1LÈ, �e N
k
· s �1|, T�{��mE

,Ý� O( l
p
· s · N). yk1�;�êâ×£�{, �é¹kÌ���Î^�¦^�©�é{

LÈK�Ü©P¹, Ø¦^ØÌ�±	���Î^�?1LÈ, Ù�mE,Ý� O(N). Ïd, �

{ 1 �5U'yk��{�Ð, AO´3ÝK��ê8Ú1|�ÀJÇ�$�, 5U`³Ò�

wÍ.

3.3 ��;�êâ1þ�#�{

3Ü¿�ã, Cedar I�ò CS �Î����;êâ� UPS �Oþêâ?1KÜ, )¤#�

���;êâ. Ïd, �©JÑ
�«êâ1þ�#�{, KIò Cedar �êâ=�¤ Parquet,

äN��{ 2 ¤«. �{ 2 ¥, êâL¥z��á5�d���êâ�\ì column writer KI,

z��êâ�\ìPk�g�êâ¬, ��Xêâ��. 3�{m©�¬�gÐ©z��;

�êâ©� parquet file Ú��éA��êâ�\ì; ,�Øä/lÄ�êâ��ì¼�I�
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�\�P¹, H{z�^P¹�êâ�, ��êâ�\ìòéA�êâ�?1RLE ?è�\Ù

êâ¬��¥, �ù�êâ¬����K��, òêâ���¬ column chunk ¥; ���c?

n�P¹�� parquet file �1|���, ò���¬ column chunk ?1 Snappy �ªØ ��

\parquet file, e�c parquet file ����K�, KMï#� parquet file ?1�;.

�{ 2 ��;êâ1þ�#�{

Ñ\: 'XL T �¤kêâP¹ {r1, r2, · · · , rn}

ÑÑ: ��;êâ©�

1: Ð©z parquet file;

2: for all 'XL T ¥�á5� {a1, a2, · · · , ai}do

3: Ð©zTá5� ai éA�êâ�\ì colum writeri;

4: end for

5: while Ä�êâ��ì¼���I��\�P¹ ri ∈ {r1, r2, · · · , rn} do

6: /*ò1|�\©�*/

7: if �c?n�P¹ê�L parquet file �1|�� then

8: if �cêâ©��uK� then

9: Mï#� parquet file;

10: end if

11: for all i ∈ {1, 2, · · · , p} do

12: ò�¬ colum chunki ?1 Snappy �ªØ ��\ parquet file;

13: end for

14: end if

15: /*êâ�\ìòP¹�z��êâS�W\�gêâ¬��*/

16: for all á5��êâ� do

17: if �cT��êâ¬���uK� then

18: òT�êâ¬��¥��êâ�\�¬ colum chunki;

19: MïT�#�êâ¬��;

20: end if

21: éêâ�?1RLE?è��\T�éA�êâ¬��;

22: end for

23: end while

�{ 2 ��Çû½X Cedar ��;Å�êâ±Èz�5U, �éÙ?1�mE,Ý©Û. b

�'XL T k N �P¹Ú p �á5�, du Cedar þ��ÎÚ�±1�;�ª?nêâ, ±È

z¤��;�ª�I��	�=�, �T�{I�òz^P¹�z��êâS�/W\�g�

éAêâ¬��, Ù�mE,Ý� O(p · N). 3yk1�;�êâ1þ�#�{¥, �I±�

^P¹�âÝ?n¿W\¬��, ÃIH{z^P¹�z��êâ, �mE,Ý� O(N). Ïd,

�{ 2 �E,Ý'1�;��p, �'XL�á5��õ�, �{ 2 ��³��.

4 ¢ �

4.1 ¢��¸

�©3m�©Ùªêâ¥Cedar þ¢y
��;Å�. ¢�ÑÖì��&EXe:

Inter(R) Xeon(R) E5-2680 CPU, 168 GS�, Zî±��, CentOS release 6.5(Final) 64  

ö�XÚ, 3��ÑÖìþ RootServer(RS)!UpdateServer(UPS)!MergeServer(MS), ±9�

� ChunkServer(CS) �ÜÝ��.

4.2 üLàÜ¼ê5UÿÁ

¢�8�: ÿÁüL�¹e��;Å�éXÚ�àÜ¼ê5UK�.
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¢���: �ÿÁ¦^,è�äk 128 �á5�Ø%�ÖL, ¿)¤ 50 �1!100 �

1!200 �1!500 �19 1 000 �1êâ8, ©O3� Cedar ��ÚÚ\��;Å���#�

�þ?1ÿÁ. SQL �é�¹ OLAP A^~��àÜö�, ~X COUNT!SUM �. ¢�(J

Xã 4 ¤«.
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Fig. 4 The performance of the aggregate functions

ã 4 £ã�´ Cedar Ú\��;Å�c��àÜ¼ê5Ué', î�IL«êâ8��, p

�IL«�Î�A�m. �*	�êâ8����ÿ, üö��Î�A�m�å��, �Xêâ

85��*�, üö��A�mÑ¥yO�ª³, �Ú\��;Å���O�Ç$u� Cedar �

O�Ç; �êâ8�� 1 000 �1�, � Cedar ��Î�A�m´Ú\��;Å��� 3.11 �.

duy¢�ÖL¥êâ�E��õ, ùE¤
êâEÇ¬�Xêâ85��O�Jp, Ø

 ��J��wÍ, ü$
 I/O m�. Cedar 3Ú\��;Å����Î5U��J,, ��X

êâ8�O�, 5U�J,�wÍ, ÐyÑÙûÐ�*Ð5.

4.3 ¯Ö?n5UÿÁ

¢�8�: ÿÁ��;Å�éXÚ�¯Ö?n5UK�.

¢���: �ÿÁ¦^äk 50 �1!128 �á5�êâL, ØäO\ë�¿uê, ©O3

� Cedar ��ÚÚ\��;Å���#��þ?1ÿÁ. ÿÁóä� sysbench. ¯Ö�¹��

ék�\�^#P¹�ö�!�g 4 �Ì������Î. é 18 ��Ì��?1�g�#ö�.

(JXã 5 ¤«.

ã 5 Ðy
 Cedar Ú\��;Å�c��¯Ö?n5U�Cz, î�IL« Cedar ë�¿

u�§ê8, p�IL« Cedar z¦?n�¯Öêþ (Transaction Per Second, TPS). �*	�

�X¿u�§ê8�Oõ, üö� TPS Ñ¥yO�ª³, ��å¿Ø²w. �� Cedar 3Ú\�

�;Å��é¯Ö?n5U�K���, ù´Ï�Cedar ¥êâ��#Ø¬á=±Èz�^�

þ, !�
 I/O �m�. Cedar ��;Å��5U�����±3 10% ±S, NyÑ��;Å�

äk$�\5. du Cedar 1�;Å�æ^
¬¢Ú!¬��!1���n?���O, é�Î

5U?1
`z?n. �'�e, ��;Å�¿vk�O��, Ù3ù��Îþ�5U?u�³,

�ªE¤
��;Å��TPS Ñ$u1�;Å��(J. Ïd, �é��;Å�����Oò

´?�Ú�\`z�����.
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Fig. 5 Comparison transaction processing performance

4.4 �Î�9��êé5U�K�

¢�8�: ÿÁüL�¹e�Î�9��êéXÚ��Î5U�K�.

¢���: �ÿÁ¦^äk 50 �1!128 �á5¿��iã�Ý���êâL, ©O3�

��ÚÚ\��;Å���#��þ?1ÿÁ. SQL �é�¹k COUNT!SUM �àÜ¼ê.

�Î�é�9��ê©O� 1 �!2 �!4 �!8 �!16 �!32 �9 64 �. �Ä������Å

�¬��5����êâ,  OLAP K1�9�êâ5�AO�, Ïd�©�Ø
���5�

K�, ¦ÿÁ(J�ä¿Â. (JXã 6 ¤«.
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ã 6 �Î�9��êé5U�K�

Fig. 6 The performance impact of the number of columns in a query

ã 6 £ã�´�Î�9��êéXÚ��Î5U�K�, î�IL«�Î�9��ê, p

�IL«�Î�A�m. �w*	��Î�9��ê���, Ú\��;Å���5U�`u

Ú\c�5U; ��Î�9��ê�Oõ, üö��A�mÑ¥yO�ª³, ���;Å���

Î�A�mO�Ç²wpu� Cedar �O�Ç. 3�Î�9�ê�� 16 �±�, Ú\��;Å

���5U��uÚ\c�5U; ��Î�9�ê��64 ��, Ú\��;Å����Î�A

�m´� Cedar � 1.29 �. ù�y
�©12.3 !¥�(Ø: �Î�9��ê´K�ü«�;�

ªêâ�¯�d�É�Ì�Ï���; ��Î�9��ê�õ�, ��;Å���³�âÑ. Ï

d, �±o(TÅ�·Üu�Î�9��ê���|µ¥.

4.5 êâEÇé�Î5U�K�

¢�8�: ÿÁüL�¹eêâEÇé Cedar ��Î5UK�.

¢���: �ÿÁ¦^ 10 Üäk 50 �1!128 �á5¿��iã�Ý���êâL, Ù�
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�²þêâEÇ©O�0%!25%!50%!99%!99.9%. 3���ÚÚ\��;Å���#

��þ?1ÿÁ. SQL �é�¹k3 2 ��Ì��þ��L� COUNT!SUM �àÜ¼êö�.

ÄuÓ���Ï, ÿÁ�Ø
����ÀÅ��K�. (JXã 7 ¤«.
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Fig. 7 The effect of data repetition on performance

ã 7 £ã�´êâEÇéXÚ��Î5U�K�, î�IL«êâL���²þêâ

EÇ, p�IL«�Î�A�m. �*	��êâEÇ�O�, �1�;Å���Î�A�

mA�ÃCz, ��;Å���Î�A�mØä/ü$, üö�A�m��åÅìO�; �

êâEÇ�� 99.9%�, �1�;Å���Î�A�m´��;Å�� 1.59 �. ù�y
�

© 2.3 !�(Ø: êâEÇ´K�ü«�;�ªêâ�¯�d�É�Ì�Ï���; �Xêâ

EÇJp, ��;Å��5U`³��. Ïd, TÅ��·ÜuêâEÇ�p�|µ¥.

5 ( �

�X�1��êâ5�Ú©ÛI¦�O�, êâ¥¡� OLAP A^��Î5U�5�É

�À. �©ÄuÖ�©le��©Ùªêâ¥Cedar, �O
�«��;Å�, ©Û
Ù·

^|µ, ¿3 Cedar ¥¢y
TÅ�. ÏL¢�y², �©¤�O���;Å�U
k�/J

, Cedar �©Û?n5U, ¿�é¯Ö?n�5UK�4$; 3�Î�¦�9�ê��!��¥

êâEÇ�p�|µe, TÅ�é�Î5UJ,��J�wÍ. ��©���;Å�Ek��

\`z��m, X��!ò´Ôz!Äu�d��Î�1üÑ9¡�#M���Î`zò¬¤

��5ïÄ�:.
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