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Abstract: Window functions, also known as analytic OLAP functions, is a part of the

SQL standard, and has been extensively studied during the past decade. And the window

function has more and more extensive application prospects with the growth of the demands

the analytical applications. Despite its simple syntax, window functions can express many

complex queries, such as ranking, moving average, cumulative sum and so on. Although

almost all the current mainstream commercial database support window function, the

existing implementation strategy is inefficient, and is not suitable for processing big data.

In this paper, we propose the IM2 algorithm, an improved algorithm for the MAX/MIN

window functions, which effectively improves the efficiency. And we prove the effectiveness

of the IM2algorithm the theoretical complexity analysis. Additionally, we implement
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the algorithm in PostgreSQL and conduct extensive experiments on real world data to

demonstrate the efficiency of the IM2 algorithm.

Key words: window function; MIN/MAX; performance optimization; PostgreSQL
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DÚ��'f�Î�":[1], �±¢yÃXü¶ (rank)!z©' (percentiles)!£Äþ�

(moving average)!��� (MAX)!��� (MIN) ±9\È¦Ú (cumulative sums) ��é

E,�ö�.

I�¼ê���« OLAP a.�?n�{, �@3 SQL: 1999[2]¥Ú\, 3 SQL:

2003[3]¥ � ª 5 � Ù I O. I � ¼ ê g � J Ñ � � ¼ � 
 × � � u Ð, y 3 A � ¤

k�Ì6êâ¥þ|±I�¼ê, ~X Oracle!Microsoft SQL Server!IBM DB2!SAP

HANA!PostgreSQL ±9 Actian VectorWise �.

I�¼ê�Ñy, ¦�éêâ�ö�Ø2Û�uü��|
´�|A½����|, �

´qØ� GROUP BY fé@���£��(J, I�¼ê�±�éz���|�£§3�

�I�¥�O�(J. $^�cJ���«©Û¼ê, Ò�±¢yp��©Û�Y, Ø=X

d, ¢yXdE,�õU�I��^�~{ü� SQL �é, ü$éuêâ¥¦^öêâ?n

?§Uå��¦. �´ÄuI�¼ê�ù
`:, �5�õ�¢SA^m©¦^I�¼ê�

�?nêâ�Ãã, ù«ª³3�5�¬�5�²w.

~X, �½�ÜÑu�1�P¹L taxi, �¹ 4 �á5: carid!roadid!velocity Ú

time t. carid ´Ñu����I£, roadid ´z�^´���I£, velocity ´Ñu��]

��Ý, time t K´Daì¼��Ý&E�äN�m, �mm�� 1 min. e¡´�^�

Window ¼ê� SQL �é, L«ò¤kêâUì´ãÚÑu� ID(Identity) ©|, ,�3z

�´ãþUì�müS, À��m��c� 10 min ���]��Ý, m��N´¹�Ï&

E.

SELECT

roadid, carid, time t, MAX(velocity)

OV ER(PARTITION BY roadid, carid ORDER BY time t

ROWS BETWEEN 10 PRECEDING AND 10 FOLLOWING)

FROM taxi;

¦+I�¼ê®²�O�v
°|, �´3¢S�¢y�¥, z��!E,vkæ^�

`z��1üÑ, �Ò´`��I�¼ê��1Ø
p�. 3�êâ�µe, ù«Ø
`z

��1üÑî­��XI�¼ê�uÐ, Ïd�OÑ�\`z��1üÑ¤��c��­

��ïÄ�K.
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8cÌ6�û�êâ¥ÑØÓ§Ý/|±I�¼ê, 
��X���,?, I�¼ê�

�1üÑØä��õ, ~X PostgreSQL 3 9.4 ����éI�¼ê��1L§�
U?, |

±È�à8!\Èà8±9Äu�¼ê�à8 3 «�1üÑ, �´�#��� PostgresSQL

�,vkJøéu MIN/MAX ¼ê�`z|±.

I��Vg¿�´êâ¥+�¤Õk�, 3êâ6?n�¡@®Ú\wÄI� (sliding

window) �Vg, |^wÄI���®²���êâ, ,�wÄI�� �, ¢y�aO�.

�éêâ6+��wÄI�, ®²�3éõRk¤��ïÄó�: ©z [4] 3êâ6Ä:þ

é top-k ¯K?1ïÄ; ©z [5] éwÄI���Â?1
´L; ©z [6] K´�éwÄI�

O��3­UJÑ�«U?�`züÑ; ©z [7-9] �/��Ø­EO��g�, |^��O

�éwÄI��O�L§?1`z. �´wÄI�Ú·�?Ø�I�¼êA^+�ØÓ, ê

â6¥éõêâ¿ØU���¯, 
�êâ���3Ø(½5, éO��(J¿Ø�¦��

O(, Ï
éõ�{¿ØU��3I�¼ê¥¦^, ØLù
`z�g��·��`zó�

Jø
/�.

I�¼ê�1�, ÄkI�?1êâ­üS, ,�2�1I�¼ê. 3­üS�ã, I

�¼ê� PARTITION ö�� GROUP BY ©|ö��~aq, Ñ´òêâL¥�êâU

ìA½á5y©, ,�éz�|S��|?1�«êâö�. 8c©z [10] �é GROUP

BY JÑ�
#�`z�{, �´ù
�{¿Ø·^uI�¼ê. Ì�Ï� GROUP BY

3��©|þö�êâ�£��(J, 
I�¼êK�3
�©êâ, ¿3dÄ:þO�

Ñ�	á5�, 
�I�¼ê��¿5�r, 3©|�Ä:þ�±�½?¿Ônþ½Ü6

þ�I���. 3­üS�ã�®²�3�
k��U?ó�, ©z [11] JÑ
�«Ä

u�üS�­üS�{, ©z [12] K3dÄ:þJÑ
�p��MFüSÚ©ãüS, ù

«üS�{;��'I�­E PARTITION Ú SORT, Jp
ü^ SQL �é¥�3õ�I

�¼ê��­üS�Ý. Ù¦�@�üSó�[13-15], Kl ORDER BY féÚ GROUP BY

fé¥á5'X��ÝÑu, �é¥m(J�­E|^, JÑ
Äu¼ê�6�üS`z

µe.

3I�¼ê�1�ã, ©z [16] JÑ
�«Äu segment tree �Ï^�1µe. ©z

[17] �é count distinct �I�à8¼êJÑ�«U?�1üÑ. ©z [18] KJÑ
�«Ä

u��I�� MIN/MAX `züÑ, Ï^O�µe·^Ý�,2�, ��û½
§3A½�

I�¼êþéJ���`��1�J. ©z [18] ¤J��{�,'Ä:��1üÑk
�

��U?, �´Ù�,Ø
�õ, 3,
êâ©ÙG�eÙ�J$�ØX�`zL��1

üÑ.

�©�ó�'5I�¼ê��1�ã, 3©z [18] ¤JÑ��{Ä:þJÑ
�«U

?�`züÑ IM2, ?�ÚJ,
 MIN/MAX I�¼ê3�aêâ©ÙG�e��1�Ç,

¿3 PostgreSQL ¥¢yTüÑ, ÏL¢��y
Ùk�5. �©Ì��z:�)±e 3 :.

(1) o(I�¼êyk�1üÑ�Û�5, �é MIN/MAX I�à8¼ê, JÑ�«U

?��1�{——IM2.

(2) �[?Ø IM2�{��m�mE,Ý, �yk�1üÑ?1é'©Û, lnØ�¡

y²T�{�k�5, ¿æ^ top-k üÑéT�{�'ëê�À�Jø��.

(3) 3 PostgreSQL ¥¢y IM2�{, æ^ TPC-H ÄOÿÁ, �8cÌ6�û�êâ¥

SQL Server ±9 PostgreSQL %@�1üÑ?1é'¢�, �y IM2�{�k�5.
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�©(�Xe: 1 1 !0�I�¼êyk�1üÑ; 1 2 !�[0� IM2�{¢yL§;

1 3 !?1¢�, Ð«�©Û(J; 1 4 !éó�?1o(�Ð".

1 I�¼ê��1

�©Ì�ïÄ�´ MIN Ú MAX I�¼ê��1`z, ùü�¼êÑáuà8.�I

�¼ê, 3IO SQL ¥, à8.I�¼ê�Ï^�ª�

Agg func(expression)OVER(

[PARTITION BY expr list]

[ORDER BY order list [fram clause]]),

Ù¥, Agg func ´��ÊÏ�à8¼ê(~X SUM!AVG �), �3I�¼ê¥, à8¼ê�

�^u�c�I�, ¿�z���|�£à8�(J. OVER fé½Â
I�, ¿ÏL,	 3

�fé£ãI���[SN, äNXe.

• PARTITION BY fé½Â
I��©«, ¤¢©«Ò´�òäk�Ó�½á5��

�|y©3�å.

• ORDER BY fé½ÂI��­üS, üS�����½3 PARTITION ¤�½�©

«SÜ, z�©«�güS, p�ØK�.

• frame clause ½Â
>µ, TféXJ"�K¬%@z��d PARTITION ½Â

�©«=���>µ. frame clause �Ä�/ª´ ROWS/RANGE BETWEEN p value

AND f value, Ù¥ p value ½Â
>µÞ��c�|� �'X, f value ½Â
>µ�Ú

�c�|�'X. 8cÌ�k 3 «ØÓ�½Â�ª UNBOUNDED!CURRENT Ú value

PRECEDING/FOLLOWING.

éuz�^�|Ñ�±ÏLþã� 3 �fé(½ÙI�� �Ú��. IO SQL ¥k

ü«(½I�����ª: RANGE �ªÚ ROWS �ª. ü«�ª�«O3u, ROWS ´±

�|��'��ü , 
 RANGE K´±���'��ü , ~X,��à8I�¼êæ^

BETWEEN value1 PRECEDING AND value2 FOLLOWING ��ª5(½>µ, @o ROWS

�ª(½>µ�¹�c�|±9�����c value1 �Ú� value2 ��|, 
 RANGE �

ª(½�>µ�)�c�|±9������|¥¢S���3 value1 � value2 ��|.

I�¼êPk¯õØÓ�O�¼ê, �´¼ê��16§���Ó. Äk�²L

PARTITION Ú ORDER �ã, òPk�Ó PARTITION ���|y©��å, 3z�y©

SÜUì ORDER BY ��?1üS, ØÓ©«�üSL§pØK�, ,�´ÀJ�A��

1üÑO�I�¼ê.

Xã 1 ¤«, �ÜLkUìÛóá5?1 PARTITION, ¤k�|�©¤ü�©«, ,

�3z�©«SÜUì ORDER BY á5����üS, ��ÏL>µ½Âfé(½�c

>µ��, �¤k�I�>.�(½e5±�, B¬ÀJÜ·��1üÑ?1I�¼ê�

O�.

(1) È�à8üÑ

TüÑ�Ø%g�´�éz��I�zgÑ�Ü�¯¤k��|, du��I��m

�3�þ­U, ù«�{Ò¬�)�þ­E�ó�, E¤Ù�Ç$e. �´T�{�^u?
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Û�«à8¼ê�O�, ·A52, Ï~������ÀJ�Y.

(8)

(9)

(6)

(5)

(12)

(13)

(3)

(4)

(9)

(5)

(13)
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(8)

(6)

(12)

(4)

(3)

(5)

(9)

(13)

(4)

(6)

(8)

(12)

CURRENT 
WIN DOW

PARTITION ORDER

ã 1 I�¼ê��1L§

Fig. 1 Execution process of window function

(2) \Èà8üÑ

TüÑ3�1��±­^�c�O�(J, ØI��È�üÑ@�zg×£�Ü�|,

¢Sþà8üÑzg�¬×£�Ü#O\��þ�|, |^þ�gO��(J¯�O�Ñ

�ª(J, Ï
�~p�. 3ù«üÑ PostgreSQL ¥���ÄÀ�Y, �´·A��k�,

�é>µÞØu)UC�I�¼êk�.

(3) �£Øà8üÑ

TüÑÌ�^u?n�3�¼ê�I�¼ê, ~X COUNT �¼ê. �1�Äk�ä®

²à8L��|´Ä�,3�cI����S, XJk�|Ø3Ù¥KN^�éA��¼

êòùÜ©�|GØ, ,���2O�#\\��þ�|=�, Ï
äk�¼ê�à8¼ê

æ^TüÑPk�p��Ç.

PostgreSQL ¢y
ùn«�1üÑ, ¿�â�cà8¼ê�a.û½ÀJ=«üÑ�

�1. ÏLþã�?Ø©Û��, � COUNT ù«�k�¼ê�I�à8¼ê±9>µÞØ

Cz�I�¼ê3 PostgreSQL ¥kXØ��$1�Ç. �´� MIN/MAX ±9Ù¦���

��I�¼ê�Uæ^È�à8üÑ, �Çé$.

1.1 PostgreSQL ¥ MIN/MAX I�¼ê�1

PostgreSQL ¥ MIN/MAX I�¼ê��1üÑæ^È�à8��ª. �
�Ð/`²

TüÑ��1L§, Äk½ÂI��Vg.

½½½ÂÂÂ 1 d OVER fé½Â��¹ partition Ú order by fé±9>µfé¤�¤��

|8¡���I�, ^ Wi(h, t, V ) L«, Ù¥ Wi ���©«¥�1 i �I�, h �I� Wi �

å© �, t �I� Wi �ª� �, V �I� Wi �=£�, �Ò´I�O����(J.

ã 2 Ð«
 MIN/MAX I�¼ê��1L§, Ù¥��ÚL«�c?1O���|, f

�Ú�L�cI���S��|, �Þ�LO��cI�¼ê�I�?1Ö�ö�. ã¥1

��I� (W1) å© �´ 1, ª� �´ 11, d�I�H{I�¥�¤k�|; 
1��I

� (W2) duå© ��1��I��'¿vku)Cz, �ØL3�ÜI�õÖ���#

��|. d��±|^þg�O�(J, �I��g#��|�¯, ��� 10 �I�þ´X

d; �´�
1���I� (W12), I��å© �u)UC, K7L­#H{¤k��|â
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UO��ª(J, 
�gTI����I�Ñ7L­#H{.
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ã 2 >µ½Â�ROWS BETWEENT 10 PRECEDING AND 10 FOLLOWING

�MIN/MAX¼ê��1L§

Fig. 2 Execution process of MIN/MAX with ROWS BETWEENT 10 PRECEDING AND 10

FOLLOWING

�{ 1 ´ MIN/MAX I�à8¼ê%@�1üÑ���è, Ù¥ Wi �L©«¥�1

i �I�, Wi · h L«�cI��å© �, Wi · t L«�cI��(å �, Wi · V KL«

�cI��=£�. Äkéu©«¥�z��I�, Ð©z�cI��ëê Wi · h!Wi · t Ú

Wi · V , ¿òÖ���uI��å© �(1 3 1); ,��ä�cI��å© ��c��I

�å© �, XJ��Kkòþ�g�O�(J�\ Wi · V ; 2�òÖ���uþ��I�

"�?, �H{#\\��|���ª�(J�. XJ�cI�å© ��c��I�å©

 �Ø��KI�­#H{�cI�¥�¤k�|âUO����ª(J.

�{ 1 PostgreSQL MIN/MAX���111���{{{

Ñ\: ²L­üS�L T ′

ÑÑ: z��|¤éA�MAX/MIN¼ê�

1. FOR L T ′ ¥�z��©« P DO

2. FOR ©« P ¥�z��I�

3. Ð©z Wi · h!Wi · t!Wi · V ;

4. IF Wi · h == Wi−1 · h THEN

5. Wi · V ←Wi−1 · V ;

6. FOR each row in (Wi−1 · t, Wi · t]DO

7. Wi · V ←transfunc (Wi · V, Rm);

8. ELSE

9. FOR each row in [Wi · h, Wi · t] DO

10. Wi · V ←transfunc (Wi · V, Rm);

11. RETURN Wi · V ;

1.2 �d��

éu MIN/MAX I�¼ê, �æ^aq ROWS BETWEENT value PRECEDING AND

value FOLLOWING ��ª½Â>µ�, Ø
>.Ü©I��æ^\ÈüÑ, õê�¹e�U

æ^È�à8üÑ.

b��cLPk N ^�|, I���²þ´ T , @oÈ�à8üÑz^�|I�­E¼�

T g, o�O��d´ Θ(NT ). O���d�I����ÚL¥o��|�ê�¦È¤�', �

Ï´È�à8üÑ3I�ÞÜu)Cz�7L­#H{I�S¤k��|.

�±wÑ3ù«�1üÑ�e, �1´¶3uI�­EÖ�ÚH{êâ, =3I�ÞÜu

)Cz�, þ��I��O�(JØU�#I�|^, 
���I�Pk�þ­U��|, Ï
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�1�ÇØp.

XJ MIN/MAX I�¼êæ^aq BETWEEN UNBOUNDED PRECEDING and CUR-

RENT ROW ��ª½Â>µ, @o�� MIN/MAX I�¼êO��±æ^\ÈüÑ, Ø1

��I�I�¼��Ü��|, Ù¦I�zg�I�¼�#\\��|=�, o�O��d´

Θ(N), �I����Ø2¤�'.

nþ¤ã, Ø
AÏ^�e, MIN/MAX I�¼ê�O��d�~ã�, �êâ5�±9I

����¦È¤�'.

2 U?�MIN/MAXI�¼ê`zEâ——IM2

�©c¡®²?Ø
yk MIN/MAX I�¼ê�1üÑ�´¶¤3, �©�`zg´´

�P¹�|H{L§¥�U¬­E¦^��|�&E, ±Bõg|^ùÜ©�|, ~�­#H{

¤k�|�gê.

2.1 `z�1üÑ£ã

3êâ6?n¥[19], SKYLINE ��´3êâ¥Ïé�
AÏ ��êâ:, rù
:^

ò�ë����±CXÙ¦¤k�êâ, ù���^ò�Ò´ SKYLINE.

Xã 3 ¤«, çÚ:�Lêâ, Y ¶L«êâ����, X ¶�±L«�m, ¤À��êâ

:k��ÓA:, =3§��m!:��vk'§���:�3, r¤kÎÜù«A:�êâë

�å5Ò/¤�^ SKYLINE. �©é SKYLINE �.\±UE, ¦ÙA^uI�¼êO��¥,

#O SKYLINE �|�½Â.

Y

XO

ã 3 SKYLINE¢~

Fig. 3 Instance of SKYLINE

½½½ÂÂÂ 2 éu MAX ¼ê, 3I�¼êS��|XJ÷v3Ù��Ø�3'Ù���|(é

u MIN ¼êK´Ø�3'Ù���|), @o¡ù��|� SKYLINE �|.

IM2�{g´´3?1I�¼êO��, U^S�;¤k� SKYLINE �|, ù�z�I

�wÄ�, ��GØwÑ�cI�� SKYLNE �|, ò#\\� SKYLINE �|��Ü·�

 �, ,��# SKYLINE �|è�, ¿rè�ÞÜ��|��O�(J�£, Ò�±;�é

��I��×£. d SKYLINE �|è��5���, ?u�Ü��|�#ªÇ'�p, �

o¤��AO�, �©�´Äuù«�Ä¿vkÀJ��¤k� SKYLINE �|, 
´æ�

top-k üÑ, ��3�õc k � SKYLINE �|, ¿ÏLnØ©ÛÚ¢��y��ª(½ k �

��.

�
P¹ SKYLINE �|�&E, I�O\êâ(� SW. SW (�¥�¹: �� HEAD ê

|^5�;�ÀJ�|� �&E; TAIL P¹�cI���Ü �; value ê|¥���´�À
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J��|¥��, Tê|� HEAD ê|��éA; actNUM ^5P¹ HEAD Ú value ¥kõ�

�k��êâ; curPOS P¹�cü¶1���|3ê|¥�eI; maxNUM P¹��U
�

;�|&E��ê, ±9��Ù�a.ëê flag. SW �êâ(�½ÂXe.

STRUCT SW{

int HEAD[ ]; //SKYLINE�|� �&E

int TAIL; //I��Ü �

int value[ ]; //SKYLINE�|�

int actNUM; //k��|�ê

int curPOS; //�c3è�ÞÜ��|eI

int maxNUM; //��U�;� SKYLINE �|êþ

bool flag; //´Ä�ò#�|\\è�

};

Xã 4 ¤«, b��c maxN=2, 
��c�à8¼ê´ MAX. Äk1�gH{I�

W1, é�ü� SKYLINE �| (1) Ú (10), ¿^ SW (��;�|&E; ,�O� W2 �uy

HEAD[curP] ¤� ��3�cI�SÜ, L²ù��´k��, �±UY¦^; 2�'�#�

| (12), uy§'�| (10) ��, 
� actN==maxN, �Ò´d� SW vk�{�m, K���

Ñ. m©O�I� W3, k�ä HEAD[curP] ´Ä3�cI�S, b��´÷v�; ,�'�#

�| (13) uy§' value[curP] �; 2�l���H{ value ê|, '���| (13) ���, u

y value[curP+actN-1]< �| (13), K�# SW (�, òT?O���| (13) �&E. ����

HEAD[curP] I«� �3�cI�Ò��­Eù«ö�.

1

2

10

11

12

21
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23
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23
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13

22

W3

1

2

10

11

12

13

22

W12

ã 4 IM2 �{MAXI�¼ê�1¢~

Fig. 4 Execution process of MAX with IM2

�O�I� W12 �, HEAD[curP] ®²Ø3�cI����S, KòT�GØ, ^S×£

HEAD �e�¹�êâ, ��uy,� HEAD �3�cI�S��|��. ã 4 ¥uy �

(13) � SKYLINE �|÷v^�, KòT�|���#�| (22) ��'��£���=�, ù

�Ò;�
­#×£H{��I�. XJ HEAD ¥vk?Û÷v^���, @od�7L­

#H{��I�. I�5¿�´éuI� W12, XJ#�| (22) �u value[curP] K�~�

# SW (�, XJ#�| (22) �u value[curP], �,d� actN<maxN, = SW �3�{�m,

�´%ØU�;�| (22), Ï�¿�#�|�c��|&E, ØU(½�| (22) ´ÄAT�

\ SW.

�{ 2 £ã
 IM2 MAX I�¼ê`z�{, Ù¥k'I�L«��'ÎÒ��{1�Ó,

ùpØ2Kã. �{ÄkéuêâL¥�z��©«, Ð©z^u�; SKYLINE �|� SW

(�(1 2 1). éu©«¥�z��I�, Ð©z�cI��ëê Wi · h!Wi · t Ú Wi · V , ¿ò
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Ö���uI��å© �(1 4 1).

�{ 2 IM2 MAX¼ê`z�{

Ñ\: PARTITION Ú ORDER ���L T

ÑÑ: z��|¤éA� MAX/MIN ¼ê�

1. FOR T ¥�z��©« P DO

2. Ð©z SW (�;

3. FOR ©« P ¥�z��I� Wi DO

4. Ð©z Wi · h!Wi · t!Wi · V ;

5. IF Wi · h == Wi−1 · h THEN

6. Wi · V ←Wi−1 · V ;

7. FOR rows in (Wi−1 · t, Wi · t) DO

8. Wi · V ←transfunc (Wi · V, Rm)

9. IF Wi · V > SW · value[curP] THEN

10. resetSW(SW, rm, Wi · V );

11. ELSE

12. updateSW(SW, Rm);

13. SW.TAIL← Wi · t;

14. ELSE IF Wi · h 6 SW · HEAD⌈curP⌉ THEN

15. Wi · V ← SW.value[curP];

16. FOR rows in (SW.TAIL, Wi · t)DO

17. Wi · V ←transfunc(Wi · V , Rm);

18. IF Wi · V > SW.value[curP] THEN

19. resetSW(SW, rm, Wi · V )

20. ELSE

21. updateSW(SW, Rm);

22. SW.TAIL← Wi, t

23. ELSE IF Wk · h 6 SW.HEAD⌈curP + actN − 1⌉

24. THEN

25. SW.curPOS← findpos(SW, Wi · h);

26. Wi · V ← SW.value⌈curP⌉

27. FOR rows in (SW.TAIL, Wi · t)DO

28. Wi · V ←transfunc(Wi · V, Rm);

29. IF Wi · V > SW.value⌈curP⌉ THEN

30. resetSW(SW, rm, Wi · V )

31. ELSE

32. updateSW(SW, Rm);

33. SW.TAIL← Wi · t

34. ELSE

35. FOR each row in [Wi · s, Wi · e]DO

36. Wi · V ←transfunc(Wi · V, Rm);

37. IF Wi · TV > SW.value⌈curP⌉ THEN

38. resetSW(SW, rm, Wi · V )

39. ELSE

40. updateSW(SW, Rm);

41. SW.TAIL← Wi · t

42. RETURN Wi · TV ;

�cI��å© ��þ��I��å© ��', XJ ��Ó, K�IH{�þ��

I��'#O��|, XJ#��|�u SW ¥��� SKYLINE �|K­� SW (�, ��

�#�|�&E, ¿r#�|�����ªO�(J. �dÓ�, XJ#�|�u SW ¥��

SKYLINE �|, K�# SW (�(1 12 1), r SW ¥®�������ªO�(J. ¤k�|

H{(å��# SW �(å �(1 13 1).

XJå© �Ø�Ó, K'��cI��å© �� SW ¥¤����|�å© �; X

J�cI��å© �Ø�u SW ¤��� SKYLINE �|�å© �, Äkò SW �;�

�� SKYLINE �|�D��cI��=£�, ¿H{l SW P¹�I��ª� ���c
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I��ª� �?��|9O��A�=£�. �dÓ�, XJzg#�|�u SW ���

SKYLINE �|K­� SW (�, ÄKÒ�1�#ö�, ¤k�|H{(å��# SW �(å

 �(1 14-22 1); XJ�cI��å© ��u SW ¤��� SKYLINE �|�å© �, K

é SW ¥®��¤k SKYLINE �|?1�©�é, é���÷v^��|, òT�|�D��

�cI��=£�, ¿r3Ù�c��� SKYLINE �|GØ, �{ö��c�«�¹��(1

23-33 1).

XJ SW (�¥vk÷v^���|, KH{I�S�¤k�|, ¿O�Ù�A�=£�.

�dÓ�, ¢�­�½ö�# SW (�. ¤k�|H{(å��#��I��(å �(1 34-41

1).

�{¥ resetSW ¼ê?n#� SKYLINE �|'?Û®²�;� SKYLINE Ñ���¹,

d����#�|��'&E=�. updateSW ¼êK3#�|�5�KI�# SW (�, Ø%

g�´ò#�|� SW ®²���|?1ü¶, GØü¶3#�|���|, XJk�{�m,

Kò#�|&EV\? SW (�. �,¿��3�{�m�Ñ�±V\êâ, Ï��{¿vk

��¤k� SKLINE �|. b�SW(�®÷, ¿�#5��|vkV\� SW, �,���÷

v�{1 23 1��ä^�, À��|��, ����|�GØ, d�e#�|�5ü¶%3�

�, �,�3�{�m%ØUòÙV\� SW, Ï�®²¿�
éõ3#�|�c�|&E. �


O(�ä´Ä�# SW �I�/Ï SW ¥� flag Cþ.

2.2 �{E,Ý©Û

b��;I�S¤k� SKYLINE �|�ê� k, ¿�êâÑlþ!©Ù, @ozgk#�

|�5�I��®k� SKYLINE �|?1üS. ®�;��|´kSü��, Ï
d�üS¯

KC¤�©�é�\¯K, �\#�|��2òü3#�|��� SKYLINE �|íØ=�. T

L§�E,Ý� Θ(log k), éuPk N ��|�L, ��I�¼ê��1E,Ý� Θ(N log k).

b��cêâ¥z���lþ!©Ù¥�ÅÕáÀ�, 
éu n ��|¥�1 i �|÷v

SKYLINE ^��VÇ�

∫1

0

pn−idp =
1

n − i + 1
. (1)

éu����� T �I�, SKYLINE ��Ï"�ê�

T∑

i=1

∫1

0

T n−idT = 1 +
1

2
+ · · · +

1

T
≈ lnT. (2)

úª (2) �¹Â´, XJêâÑlþ!©Ù, I��Ü�; SKYLINE �|�ê�Ï"´

Θ(log T ), ,
�;�Ü SKYLINE �|¿��Ð�üÑ, Ï� SKYLINE �|ü¶���, �

O��#��U5Ò��, 
Ù�|^��U5��, =�;ü¶����|ÂÃØp, lE,

Ý Θ(N log k) ��±wÑ, �b�^��Ü¤á�E,Ý� k ��'.

�©æ^ top-k üÑ, À�c k � SKYLINE �|��e5, k �À�¬�âI���� T

5û½, ��0u 1 Ú Θ(log T ) �m. ù«üÑvk�;¤k� SKYLINE �|, �3�|�Ü

����U5, k ����, ����U5��, ���Ü��I�­#H{I�, Ï
 k ���

ØU��, ¢�uy k � log T/2 �m�J�Ð.

3 ¢�(J�©Û

3.1 ¢��¸
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�©�¢��¸���é� 90AU0010CP �ª>M, T>MPk=A�1o�¤H

i5-4460@3.20GHz oØ CPU, 8GB DDR3L 1600MHz �S�. ¢�¤^êâ¥�) Post-

greSQL9.4.4 Ú Microsoft SQL Server 2012(Standard Edition), ¿?U
 PostgreSQL �
�è,

¢y�©JÑ� IM2`z�{. ¢�¥¤kêâ¥ó�S����� 500 MB.

3.2 ¢�SN

¢�¦^�êâ5g TPC-H ÄOÿÁ, ÏL TPC-H �êâ)¤óä DBGEN )¤üÜ

Ü MYORDER ÿÁL, Ù¥�Ü´�¹ 1 500 000 ^�|, êâ��� 170 M, ,	�Ü�¹

15 000 000 ^�|, ��� 1.7 GB. �©¢�¦^Xeü^ SQL �é?1ÿÁ, ü^�é

ORDER á5ØÓ, ^u�)ØÓ�êâ©Ù.

SQL-1:

SELECT

o totalprice, MAX(totalprice)

OVER(ORDER BY o orderkey ROWS )

BETWEEN val PRECEDING AND val FOLLOWING

FROM myorder ;

SQL-2:

SELECT

o totalprice, MAX (o totalprice)

OVER(ORDER BY o totalprice DESC ROWS

BETWEEN val PRECEDING AND val FOLLOWING)

FROM myorder;

3.3 é'¢�{0

• PG: PostgreSQL %@�1�{

• SQLServer: SQLServer 2012 (Standard Edition)

• TW: T�{uL3O�ÅÆ� 2016, �� baseline

• IM2: top-k IM2`z�{

3.4 ¢�(J

Äk'��´ PostgreSQL %@�1üÑ!SQL Server %@�1üÑ±9�©JÑ�

IM2�1üÑ, (JXã 5 ¤«. 3�1�Ó� SQL �é�, IM2�{��1�Ç'ÊÏû�ê

â�%@�1�{péõ, 
��±uy PostgreSQL Ú SQL Server 3O� MAX à8I�¼

ê�æ^�´È�à8��{, 3êâþ�½�cJe, �1�m�I���¤�', ã¥7Ú

ÚùÚü^��<y
ù�:. �©JÑ� IM2�{KkXã��`³, I����Czé�

1�mK�é�, ���±�p��1�Ç.

ã 6 Ð«�´ IM2�{3ØÓ� k �e��1�m, ã¥Ð«�´ k=1!k=5 Ú k=8 ��

(J. ¢�(J�Ø
 SQL �é?È±9­üS�ã, �é'I�¼ê�1Ïm��m�Ñ. I

�`²�´, � k=1 �, �©� IM2�{òz�©z [18] JÑ� TW �{. lã¥�±²w/

wÑ, �©JÑ� IM2�{3 k ���u 1 �, ' TW �{��J,
 10% ��Ç; Ó���±

wÑ, ¿� k �����Ð, ã¥ IM2-5 ��Ç�pu IM2-8, �Ò´`�;Lõ��À�|, O

\
�oùÜ©êâ��m�d, l
ü$�1��Ç, Ïd k ��Ø¨L�. ã 7 K´3 1.7

GB êâe?1�¢�, d� k ��� 1!3!5, ·�uy�©JÑ� IM2�{�,' TW �{
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�3`³.
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Fig. 5 Execution time of SQL-1 among different databases
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Fig. 6 Execution time of SQL-1 with different k(170 MB)
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Fig. 7 Execution time of SQL-1 with different k(1.7 GB)

ã 8 Ð«�´æ^ØÓ k �� IM2�{� PostgreSQL %@�1üÑ3 SQL-2 þ��1

�m. �±wÑ TW(IM2-1) �{d�Ú PostgreSQL �%@�{Ä�­Ü, $�Ø9%@�

{, ù´Ï��êâ_Sü��, TW �{��, 
�duÙI��o�	�êâ(�, Ï
'

PostgreSQL �%@�{�1�Ýú. 3ù«�¹e, �©� IM2�{3 k ��u 1 �kX²w

�`³, 
� k ����, `z�J�²w, �´�X k �O�, `z�J�O��5�Ø²w,

�uã 7 �¢�(J, k �'���, 3Ù¦êâ©Ù^�e�
�ÇØp, Ï
 k ���Ø¨

L�. ã 9 K´3 1.7 GB �êâ8þ?1�¢�, d� k ��©O� 1!3!5, �±uy3êâ

þC���, IM2�{�,U�±Ùp�5.
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Fig. 8 Execution time of SQL-2 with different k (170 MB)
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Fig. 9 Execution time of SQL-2 with different k (1.7 GB)

ã 10 Ð«I���� 1 000 �, k ��À��`z�J�'X, d� SKYLINE �|�Ï

"´ 8, �±uy�X k O�, �1�m¥yÑkü�O�ª³, ?�Ú`²�c�©Û, k ¿�

���Ð, 
��±uy k 3�Ï"����`z�J'�Ð.
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Fig. 10 The influence of k

4 o(�Ð"

� © Ï L é I � ¼ ê � � 1 L § ? 1 © Û, u y y k � 1 � { � ´ ¶ ¤ 3, � é

MIN/MAX I�à8¼êJÑ�«U?��1�{——IM2, T�{ÏLý�;õ���

���ª;�­EO�, ��`z�8�. lnØÚ¢�ü��¡�y
T�{�k�5, ¿3

PostgreSQL ¥¢y
IM2�{.
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�©�ó��,�3Øv, IM2�{¿��«Ï^��1üÑ, ØU^uØ MIN/MAX �

	�Ù¦à8¼ê, 3�5�ó�¥, ·�òÄuyk�ó�, (Ü©z [16] ��{, UYU?

�{, l
òT�{A^�Ï^�1µe¥.
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