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The Lecture Contains:

B Multiple attributes

B Aggregation

B Assumptions

B Example

B Fagin's algorithm (FA)

e Example: k=1
e Analysis

B Threshold algorithm (TA)

e Example: k=1
e Analysis
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Multiple attributes

o Each object in the database has mm attributes

o Equivalently, 1 separate information sources

e Query involves all i attributes

o Attributes are independent

« Example: Object has <color, shape, size>

« Example query: Return all objects that are red, round, big

« Easily solved

« Even window queries can be handled efficiently
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Multiple attributes

o Each object in the database has mm attributes

o Equivalently, 1 separate information sources

e Query involves all i attributes

o Attributes are independent

« Example: Object has <color, shape, size>

« Example query: Return all objects that are red, round, big

« Easily solved

« Even window queries can be handled efficiently

¢ Basic assumption is that query can be processed one attribute at a time
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Aggregation

» Query € consists of m attributes as well

« For each attribute £J;and each corresponding attribute (J;; of object O); , there is a score of

matching €5 to Oy

« Score of matching ¢ to (J; is an aggregate function f of . such individual scores

5(Q.0;) = f{"d}"zla[Qj, Dij]}

« NN query : Return k objects whose aggregate scores are the highest
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Assumptions

« Aggregate function f must be monotonic
« Denote (@), 0;) by 5; and 5(Q;.0s;) by s,

Vie 8 < 8kj —> 8; < 8

« Example: sum, max

« Lists of scores of all objects for every ; is available
e List for QJ' is of the form {{Dilj:*gilj}: {D‘i:aj! 3"-::.'!-}! ey {Ginjsainj}}
o Total size is m % 1

« Even ranked (sorted) lists are available
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Example

Listy Lists Lists
01,24 | Os, 32| 05, 18
Or, 22 | O4, 30| Oy, 16
O4,20 | Op, 18 | Os, 14
03,18 | Os, 16 | Oy, 12
Os, 14 | O, 14 | O3, 10
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Listy List, List3 | Aggregate (sum)
01,24 | 03,32 | O, 18 Oy, 66
Oy, 22 | Oy, 30 | Oy, 16 O3, 60
O4, 20 | Os, 18 | Os, 14 0-, 58
O3, 18 | Os, 16 | Oy, 12 O, 54
Os, 14 | Oy, 14 | O3, 10 Os, 44

(J4 has the highest aggregate score, even though it is not the highest in any of the lists

()2 completely dominates (J%, and hence, (J5 may be pruned

« Brute-force algorithm (BF) looks at all objects and scores

« Running time: Ofmu)

e Lists may not t into memory
« Number of disk page accesses may be excessive

¢ Running time impractical
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Fagin's algorithm (FA)

e Access each of the i sorted lists in a sequential manner

e This is sequential 1/0

« Continue the sorted accesses till at least k& objects have been "seen fully", i.e., all the m

scores for these k objects have been retrieved

e For all objects seen so far, perform random accesses to complete retrieval of their 71 scores

e Compute the aggregates for all objects thus retrieved

« Output the top- k list
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Example: k=1

Listy Lists Lists
01,24 | Os, 32| 05, 18
Or, 22 | O4, 30| Oy, 16
O4,20 | Op, 18 | Os, 14
03,18 | Os, 16 | Oy, 12
Os, 14 | O, 14 | O3, 10

e Objects seen :

e Objects fully seen :
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Example: k=1

Listy Lists Lists
01,24 | Os, 32| 05, 18
Or, 22 | O4, 30| Oy, 16
O4,20 | Op, 18 | Os, 14
03,18 | Os, 16 | Oy, 12
Os, 14 | O, 14 | O3, 10

« Objects seen : (011,

e Objects fully seen :
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Example: k=1

Listy Lists Lists
01,24 | Os, 32| 05, 18
Or, 22 | O4, 30| Oy, 16
O4,20 | Op, 18 | Os, 14
03,18 | Os, 16 | Oy, 12
Os, 14 | O, 14 | O3, 10

« Objects seen : (17, Oaz,

e Objects fully seen :

file:///C)/Documents¥%20and%20Settings/iitkranal/M y%20D ocuments/Google%620T al k%20Recei ved%20Files/ist_data/lecture37/37_11.htm[6/14/2012 3:57:39 PM]



Objectives template

Module 8: Miscellaneous Topics

Lecture 37: Aggregation

Prev topic = MNexttopic Prev page

Hext page

Example: k=1

Listy Lists Lists
01,24 | Os, 32| 05, 18
Or, 22 | O4, 30| Oy, 16
O4,20 | Op, 18 | Os, 14
03,18 | Os, 16 | Oy, 12
Os, 14 | O, 14 | O3, 10

« Objects seen : 17, Oaz, Oas,

e Objects fully seen :
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Example: k=1

Listy Lists Lists
01,24 | Os, 32| 05, 18
Or, 22 | O4, 30| Oy, 16
O4,20 | Op, 18 | Os, 14
03,18 | Os, 16 | Oy, 12
Os, 14 | O, 14 | O3, 10

« Objects seen : (D11, Daz, Doz, Oay,

e Objects fully seen :
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Example: k=1

Listy Lists Lists
01,24 | Os, 32| 05, 18
Or, 22 | O4, 30| Oy, 16
O4,20 | Op, 18 | Os, 14
03,18 | Os, 16 | Oy, 12
Os, 14 | O, 14 | O3, 10

o Objects seen : (11, Oaz, Oaa, Oy, Oy,

e Objects fully seen :
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Example: k=1

Listy Lists Lists
01,24 | Os, 32| 05, 18
Or, 22 | O4, 30| Oy, 16
O4,20 | Op, 18 | Os, 14
03,18 | Os, 16 | Oy, 12
Os, 14 | O, 14 | O3, 10

o Objects seen : 11, Oaz, Oz, Oz, O42, Ona,

e Objects fully seen :
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Example: k=1

Listy Lists Lists
01,24 | Os, 32| 05, 18
Or, 22 | O4, 30| Oy, 16
O4,20 | Op, 18 | Os, 14
03,18 | Os, 16 | Oy, 12
Os, 14 | O, 14 | O3, 10

o Objects seen : U1y, Oaz, Oz, Oz, Oy, O13, Oy,

e Objects fully seen :
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Example: k=1

Listy Lists Lists
01,24 | Os, 32| 05, 18
Or, 22 | O4, 30| Oy, 16
O4,20 | Op, 18 | Os, 14
03,18 | Os, 16 | Oy, 12
Os, 14 | O, 14 | O3, 10

o Objects seen : 11, Oaz, O3, Oz, Oy, O3, Og1, Ooz

e Objects fully seen :
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Example: k=1

Listy Lists Lists
01,24 | Os, 32| 05, 18
Or, 22 | O4, 30| Oy, 16
O4,20 | Op, 18 | Os, 14
03,18 | Os, 16 | Oy, 12
Os, 14 | O, 14 | O3, 10

o Objects seen : 11, Oaz, O3, Oz, Oy, O3, Og1, Ooz

« Objects fully seen : (Jq
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Example: k=1

Listy Lists Lists
01,24 | Os, 32| 05, 18
Or, 22 | O4, 30| Oy, 16
O4,20 | Op, 18 | Os, 14
03,18 | Os, 16 | Oy, 12
Os, 14 | O, 14 | O3, 10

o Objects seen : 11, Oaz, O3, Oz, Oy, O3, Og1, Ooz

« Objects fully seen : (Jq

e Stop sorted access

» Need to complete objects (Jy, (g, Oy

o Randomly access: Dyn, Oay, Oaz, O4a

« Compute aggregates of (J1, (O, Oz, O,

o Output (Jy
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Analysis
o Correct

« Any object not seen cannot be in top- & list

o Due to monotonicity property

o Oz in earlier example
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» Correct

« Any object not seen cannot be in top- & list

o Due to monotonicity property

e (Jg in earlier example

e Comparison with brute-force (BF) algorithm

e Assume a disk page contains one object and its associated score

« BF does m random accesses and m(n — 1) sequential accesses

« Denote cost of random access by ¢ and sequential access by €y

e In earlier example

 Database access cost of BF is 3¢, + 12¢,

o Costof FAIs Te 4 He,

e FA does lesser sequential accesses but more random accesses

file:///C)/Documents¥%20and%20Setti ngs/iitkranal/M y%20D ocuments/Googl e%620T al k%20Recei ved%20Files/ist_data/l ecture37/37_21.htm[6/14/2012 3:57:40 PM]



Objectives_template

Module 8: Miscellaneous Topics

Lecture 37: Aggregation

Prev topic = MNexttopic Prev page
Hext page
Analysis

» Correct

« Any object not seen cannot be in top- & list

o Due to monotonicity property

e (Jg in earlier example

e Comparison with brute-force (BF) algorithm

e Assume a disk page contains one object and its associated score

« BF does m random accesses and m(n — 1) sequential accesses

« Denote cost of random access by ¢ and sequential access by €y

e In earlier example

 Database access cost of BF is 3¢, + 12¢,

o Costof FAIs Te 4 He,
e FA does lesser sequential accesses but more random accesses

e " Seen" list is long leading to many random accesses
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» Correct

« Any object not seen cannot be in top- & list

o Due to monotonicity property
e (Jg in earlier example
e Comparison with brute-force (BF) algorithm
e Assume a disk page contains one object and its associated score

« BF does m random accesses and m(n — 1) sequential accesses

« Denote cost of random access by ¢ and sequential access by €y

e In earlier example

 Database access cost of BF is 3¢, + 12¢,

o Costof FAIs Te 4 He,
e FA does lesser sequential accesses but more random accesses
e " Seen" list is long leading to many random accesses

« Finding k& "full" objects may need deep probing into the lists
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Threshold algorithm (TA)

e Access each of the i sorted lists in a sequential manner

e« As soon as an object is seen in a list, (if necessary) complete its retrieval by performing
random accesses to other yp, — 1 lists

« Compute its aggregate score

« Retain if in current top- & list

« Maintain a threshold score

e Threshold score is aggregate of m scores last seen by sorted accesses on each of the lists
« Stop when threshold score falls below k& th score in top- & list

« Output the top- k& list
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Example: k=1

| List; | Lista | Lists |
0,24 | 03,32 0,, 18
0,.22 | 04,30 | O, 16
04,20 | O, 18 | Os, 14
03,18 | Os, 16 | Oy, 12
Os, 14 | O, 14 | O3, 10

Sorted | Random | Top-k list | Threshold score | k™ score
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Example: k=1

| Listy | Lists | Lists |
Oy, 24 | 05,32 | Oy, 18
s, 22 | O4, 30 | Oy, 16
Oy, 20| O;, 18 | O5, 14
03,18 | Os, 16 | O4, 12
Os,14 | O, 14 | O, 10

| Sorted | Random | Top-k list | Threshold score | k™ score

&P 20 4 00 =+ 00 = o0 -0
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Example: k=1

| Listy | Lists | Lists |
Oy, 24 | 05,32 | Oy, 18
s, 22 | O4, 30 | Oy, 16
Oy, 20| O;, 18 | O5, 14
03,18 | Os, 16 | O4, 12
Os,14 | O, 14 | O, 10

| Sorted | Random | Top-k list | Threshold score | k™ score

@ o0 4 00 =+ 00 = o0 -0

On
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Example: k=1

| Listy | Lists | Lists |
Oy, 24 | 05,32 | Oy, 18
s, 22 | O4, 30 | Oy, 16
Oy, 20| O;, 18 | O5, 14
03,18 | Os, 16 | O4, 12
Os,14 | O, 14 | O, 10

| Sorted | Random | Top-k list | Threshold score | k™ score

@ 20+ 00+ 00 = o0 -0

On Oy2, O3
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Next page {

Example: k=1

| Listy | Lists | Lists |
Oy, 24 | 05,32 | Oy, 18
s, 22 | O4, 30 | Oy, 16
Oy, 20| O;, 18 | O5, 14
03,18 | Os, 16 | O4, 12
Os,14 | O, 14 | O, 10

| Sorted | Random | Top-k list | Threshold score | k™ score

@ 20 4 00 =+ 00 = o0 — 00

O | O, O3 | (01.54)
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Prev topic = Mexttopic Prev page {

Next page {

Example: k=1

| Listy | Lists | Lists |
Ch,24 | 05,32 | Oy, 18
(h, 22 | O4, 30 | Oy, 16
Oy, 20| O;, 18 | C5, 14
03,18 | Os, 16 | O4, 12
Os,14 | O, 14 | O, 10

| Sorted | Random | Top-k list | Threshold score | k™ score

& 2t o0+ o0 = o — 00
()% a2, s (01.54) | 24+ 0+ 0 =
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Prev topic = Mexttopic Prev page {

Next page {

Example: k=1

| Listy | Lists | Lists |
Ch,24 | 05,32 | Oy, 18
(h, 22 | O4, 30 | Oy, 16
Oy, 20| O;, 18 | C5, 14
03,18 | Os, 16 | O4, 12
Os,14 | O, 14 | O, 10

Sorted | Random | Top-k list Threshold score k™ score
| | | Top-k list | | k7 |

® 20 + 00+ 00 = —00
O | O, O13 | (01.54) | 24 4 o0+ 00 = ¢ 54
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Prev topic = Mexttopic Prev page {

Next page {

Example: k=1

| Listy | Lists | Lists |
Ch,24 | 05,32 | Oy, 18
(h, 22 | O4, 30 | Oy, 16
Oy, 20| O;, 18 | C5, 14
03,18 | Os, 16 | O4, 12
Os,14 | O, 14 | O, 10

Sorted | Random | Top-k list Threshold score k™ score
| | | Top-k list | | k7 |

® 20 + 00+ 00 = —00
O | O, O13 | (01.54) | 24 4 o0+ 00 = ¢ 54
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Objectives template

Module 8: Miscellaneous Topics

Lecture 37: Aggregation

Prev topic = Mexttopic Prev page {

Next page {

Example: k=1

| Listy | Lists | Lists |
Ch,24 | 05,32 | Oy, 18
(h, 22 | O4, 30 | Oy, 16
Oy, 20| O;, 18 | C5, 14
03,18 | Os, 16 | O4, 12
Os,14 | O, 14 | O, 10

Sorted | Random | Top-k list Threshold score k™ score
| | | Top-k list | | k7 |

& 2t o0+ o0 = o — 00
(o)} a2, s (01.54) | 24+ 0+ 0 = hd
(45 051, Os3 (05.60) | 24 +32+ o0 = x 60
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Objectives template

Module 8: Miscellaneous Topics

Lecture 37: Aggregation

Prev topic = Mexttopic Prev page {

Next page {

Example: k=1

| Listy | Lists | Lists |
Ch,24 | 05,32 | Oy, 18
(h, 22 | O4, 30 | Oy, 16
Oy, 20| O;, 18 | C5, 14
03,18 | Os, 16 | O4, 12
Os,14 | O, 14 | O, 10

Sorted | Random | Top-k list Threshold score k™ score
| | | Top-k list | | k7 |

& o0 4 00+ 00 = 00 -0
Opn | O, Oz | (01.54) | 24 4 0+ ¢ = 54
Oz | O3, 053 | (05.60) | 24 +32+ 00 =x 60
Oz | Oy, Opp | (03.60) | 24+32+18 =74 60
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Objectives template

Module 8: Miscellaneous Topics

Lecture 37: Aggregation

Prev topic = Mexttopic Prev page {

Next page {

Example: k=1

| Listy | Lists | Lists |
Ch,24 | 05,32 | Oy, 18
(h, 22 | O4, 30 | Oy, 16
Oy, 20| O;, 18 | C5, 14
03,18 | Os, 16 | O4, 12
Os,14 | O, 14 | O, 10

Sorted | Random | Top-k list Threshold score k™ score
| | | Top-k list | | k7 |

& o0 4 00+ 00 = 00 -0
Opn | O, Oz | (01.54) | 24 4 0+ ¢ = 54
Oz | O3, 053 | (05.60) | 24 +32+ 00 =x 60
Oz | Oy, Opp | (03.60) | 24+32+18 =74 60
Oy | no action | (0s,60) |22 +32+4+18=72 60
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Objectives template

Module 8: Miscellaneous Topics

Lecture 37: Aggregation

Prev topic = Mexttopic Prev page {

Next page {

Example: k=1

| Listy | Lists | Lists |
Oy, 24 | 05,32 | Oy, 18
s, 22 | O4, 30 | Oy, 16
Oy, 20| O;, 18 | O5, 14
03,18 | Os, 16 | O4, 12
Os,14 | O, 14 | O, 10

Sorted | Random | Top-k list Threshold score k™ score
| | | Top-k list | | K7 |

e 00 + 00 + 00 = X — 00
Opn | O, Oz | (01.54) | 24 4 0 + ¢ = 54
Oz | O3, 053 | (05.60) | 24 +32+ 00 =x 60
Oz | Oy, Opp | (03.60) | 24 +32+18 =74 60
On no action | (03.60) |224+324+18=72 60
Dy Oq1, i (O4.66) | 224304+18=70 1]
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Objectives template

Module 8: Miscellaneous Topics

Lecture 37: Aggregation

Prev topic = Mexttopic Prev page {

Next page {

Example: k=1

| Listy | Lists | Lists |
Oy, 24 | 05,32 | Oy, 18
s, 22 | O4, 30 | Oy, 16
Oy, 20| O;, 18 | O5, 14
03,18 | Os, 16 | O4, 12
Os,14 | O, 14 | O, 10

Sorted | Random | Top-k list Threshold score k™ score
| | | Top-k list | | K7 |

¢ wH oo+ oo = — o0
(o)} a2, O3 (01.54) | 24+ 0+ 0 = hd
045 051, Os3 (05.60) | 24 +32+ o0 = x 60
s Oy, O (05.60) | 24 +32+18=T74 60
D no action | (03.60) |224+324+18=72 i8]
Dyn Oq1, i (O4,66) | 224304+18=70 1]
O3 | no action | (04.66) | 22+ 30+ 16 = 68 66
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Objectives template

Module 8: Miscellaneous Topics

Lecture 37: Aggregation

Prev topic = Mexttopic Prev page {

Next page {

Example: k=1

| Listy | Listsy | Lists |
Oy, 24 | 05,32 O, 18
s, 22 | O4, 30 | Oy, 16
Oy, 20 | O5, 18 | O5, 14
03,18 | Os, 16 | O4, 12
Os,14 | O, 14 | O, 10

Sorted | Random | Top-k list Threshold score k™ score
| | | Top-k list | | K7 |

¢ wH oo+ oo = — 00
()% a2, s (01.54) | 24 + 0+ 0 = x hd
(45 051, Os3 (05.60) | 24 + 32+ o0 = x 60
Oss Oy, O (05.60) | 244+32+18=T74 60
Dy no action | (03.60) |224+324+18=72 i8]
Dy Og1, us (O4.66) | 224304+18=70 i1
O3 | no action | (04.66) | 22 4+ 30+ 16 = 68 66
Oy no action | (04.66) | 204 30+ 16 = 66 66
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Objectives template

Module 8: Miscellaneous Topics

Lecture 37: Aggregation

Prev topic = Mexttopic Prev page {

Next page {

Example: k=1

| Listy | Listsy | Lists |
Oy, 24 | 05,32 O, 18
s, 22 | O4, 30 | Oy, 16
Oy, 20 | O5, 18 | O5, 14
03,18 | Os, 16 | O4, 12
Os,14 | O, 14 | O, 10

Sorted | Random | Top-k list Threshold score k™ score
| | | Top-k list | | K7 |

¢ wH oo+ oo = — 00
()% a2, s (01.54) | 24 + 0+ 0 = x hd
(45 051, Os3 (05.60) | 24 + 32+ o0 = x 60
Oss Oy, O (05.60) | 244+32+18=T74 60
Dy no action | (03.60) |224+324+18=72 i8]
Dy Og1, us (O4.66) | 224304+18=70 i1
O3 | no action | (04.66) | 22 4+ 30+ 16 = 68 66
Oy no action | (04.66) | 204 30+ 16 = 66 66

Stop; Output (J4
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Objectives template

Module 8: Miscellaneous Topics

Lecture 37: Aggregation

Prev topic = MNexttopic Prev page

Hext page

Analysis
o Correct

« Any object not seen cannot be in top- & list
o Dominated by threshold score

« Monotonicity property
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Objectives_template

Module 8: Miscellaneous Topics

Lecture 37: Aggregation

Prev topic = MNexttopic Prev page

Hext page

Analysis
o Correct

« Any object not seen cannot be in top- & list
o Dominated by threshold score

« Monotonicity property

» Instance optimal

e For any algorithm that does not make random guesses and any sorted list, cost of TA has the
same order as the best algorithm

« Best for any instance (any database, any k, etc.)

e FA is optimal with a high probability
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Objectives_template

Module 8: Miscellaneous Topics

Lecture 37: Aggregation

Prev topic = MNexttopic Prev page

Hext page

Analysis
o Correct

« Any object not seen cannot be in top- & list
o Dominated by threshold score

« Monotonicity property

» Instance optimal

e For any algorithm that does not make random guesses and any sorted list, cost of TA has the
same order as the best algorithm

« Best for any instance (any database, any k, etc.)
e FA is optimal with a high probability
e Comparison

e In earlier example

o Costof TAis 11¢, + 4e,
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Objectives_template

Module 8: Miscellaneous Topics

Lecture 37: Aggregation

Prev topic = MNexttopic Prev page

Hext page

Analysis
o Correct

« Any object not seen cannot be in top- & list
o Dominated by threshold score

« Monotonicity property

» Instance optimal

e For any algorithm that does not make random guesses and any sorted list, cost of TA has the
same order as the best algorithm

« Best for any instance (any database, any k, etc.)
e FA is optimal with a high probability
e Comparison

e In earlier example

o Costof TAis 11¢, + 4e,

e Good when m is small; suffers many random accesses when i is large
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