Theorem C.2. The bounding scheme(40) is tight.

Theorem C.3. ProxRJ with the tight bounding scheme (40)
and a round-robin pulling strategy is instance-optimal for
proximity rank join with score-based access.

Unlike the case of distance-based access, for each sé¥l ,
we need to keep track of only one partial combination M
that dominates all the others. In other words, if, at a given
state of execution, t° ct® , for two given partial
combinations and , then the same inequality holds
when additional tuples are retrieved from R;,i> 1;:::;n —
M . Retrieving additional tuples from R;, i >M creates new
partial combinations. Updating the tight bound when a hew
tuple is retrieved can be done incrementally, as it su ces to
solve (39) for each new partial combination and to keep track
of the partial combination with the highest upper bound.

C.1 Updating the bound

Algorithm 3 provides the pseudocode that is executed for
updating the value of the tight bound after each retrieved tu-
ple ; for the case of score-based access. The algorithm pro-
ceeds as Algorithm 2, with two main di erence: i) the up-
per bound of a partial combination is computed according to
(39), and ii) partial combinations that do not exceed the cur-
rent value of ty, can be immediately agged as dominated,
and will remain so. Note that, foreach M ‘ 1;:::;n , we
keep track of the partial combination M, with the currently
highest upper bound, each stored as a global variable. At
line 10, if the upper bound of the current partial combina-
tion ' exceedsty, , we ag the previous [n (if de ned) as
dominated (line 11), we update ty, (line 12), and we set
as the new M (line 13).

!

Algorithm 3: score-based case

Input  : last seen tuple ; R; pi; seen tuples P,
i 1;:::;n, curr. values of t° O for all seen

updateBound

Output: Tight upper bound  t*

1 begin

2 t°  —oo;

3 for M* 1;:::;n do

4 M~

5 for '>PCM do

6 if ' is not dominated then

7 if i>M 1  O»M then
8 | Compute t° ' solving (39);
9 end

10 if t5 ' Aty then

11 Flag M as dominated:;
12 th ts 7

13 bMest "

14 else

15 | Flag ' as dominated;
16 end

17 end

18 end

19 end

20 return t°

21 end

C.2 Tight bound for Euclidean distance

Consider an aggregation function of the form given in (2).
W.l.o.g. let us assume M
naton >PC M . The (partial) upper bound is obtained
by solving the following problem
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The problem is of the same kind as (10), but without con-
straints. Therefore, the optimal solution is given by
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Y1 (41)
i.e., the upper bound on the score of unseen combinations is
achieved by completing the partial combination  with tu-

ples fromR;, i
are located along the ray that originates from the query q
and goes through the centroid of the partial combination;
i) the score is equal to the score of the last seen tuple ofR; .

D. EXPERIMENTS SETUP
D.1 Synthetic data sets

We generated the synthetic data sets used in our experi-
ments as follows. For each of the relationsR;,i 1;:::;n, we
generate a number of tuples. Each tuple ; is assigned a ran-
dom score ;, sampled from a uniform distribution, and
a feature vector x ; . The feature vectors are obtained by
sampling a d-dimensional uniform distribution centered in 0
a number of times so as to obtain the desired average den-
sity  expressed in terms of tuples per volume unit. When
testing n 2, we change the skewness parameter 1~ , in
such a way as to generate relations with di erent densities.

We emphasize that the size of the data sets is not a rele-
vant parameter in our study. Indeed, solving the proximity
rank join problem for a target number of results K calls for
retrieving only a pre x of the relations.

D.2 Real data sets

The real data sets contain information needed to answer
the type of query introduced in Section 1. Each data set is
obtained by retrieving customer ratings, latitude and lon-
gitude (thus d 2) of entertainment places in ve dier-
ent destinations (San Francisco, New York, Boston, Dallas
and Honolulu) by means of the YQL console available at
[1]. These data sets are used to feedn 3 Web services
endowed with distance-based access returning, respectively,
hotels, restaurants and cinemas. The query vector q is rep-
resented by a speci c location within these cities (e.g. Fish-
ermans Wharf in San Francisco, Battery Park in New York,
etc.). For each query, we retrieve the top-10 combinations.

D.3 Testing environment

All the algorithms have been executed on a PC with the
Windows 7 operating system, an Intel ® Core2-Duo proces-
sor at 2.4GHz and 4Gb RAM. We remark that the sumDepth
metrics is completely oblivious of the testing environment.
As for the CPU time, we measured the wall clock execu-
tion time needed to return the top- K combinations, assum-
ing that tuples of the joined relations are available locally.
Thus, we did not consider the time needed for fetching the
tuples when data is available from remote sources.
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