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Providing a Dynamic Technique for Answering Ad-hoc
Continuous Aggregate Queries

Mehdl Mosaferi! & Ali Asghar Safaei®*
JAM Persia Company, Tehran, Iran
Department of Biomedical Informatics, Faculty of Medical Sciences, the University of Tarbiat
Modares, Tehran, Iran
Abstract

Data Streams are infinite, fast, time-stamp data elements which are received explosively. Generally,
these elements need to be processed in an online, real-time way. So, algorithms to process data streams and
answer queries on these streams are mostly one-pass. The execution of such algorithms has some challenges
such as memory limitation, scheduling, and accuracy of answers. They will be more important and serious,
chiefly if the queries are not predefined but Ad-hoc, and also should be executed after data stream tuples are
gone.

Countinous aggregate queries are types of queries with some special characteristics making it possible
to perform more specific, efficient geury processing techniques, specifiaclly beneficient for ad-hoc ones.
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In this paper, a dynamic efficient techinque is proposed for answering the ad-hoc continiues aggregate
queries over data streams. The main idea of the proposed technique is to generate and handle an efficiet tree
data structure as the synopse, in the form of Dynamic Prefix Aggregate Tree.

In general, the two following approaches can be used to calculate any function such as f(x,y, z); either
implementation of an algorithm for the calculation of function f, or storing the answers of function f for all
possible states. When the algorithm runtime is high, the second method strengthened by proper selection of
indices can return a proper answer in a very short time (even 0(1)).

But the major problem of the second method is the total number of possible answers which can be very
high and also can be out of the possible storage capacity and processing potential within a certain acceptable
time period. For example, suppose that the cardinality of each of the parameters of x,y, z is 10. In this case,
the total number of possible states will be 112 = 1331. As it is evident, the total number of states increases
with the number of parameters and their cardinalities. When the total number of states is so great that
generating answers with respect to consumed time and space is impossible, a more convenient, practical
method should be employed. This more practical approach can be the storing of some of the answers
(selectively) with respect to the following conditions:

e  Obtaining un-stored answers from the set of stored answers.

e Higher probability of utilizing stored answers (i.e. higher probability of submitting requests
from stored set).

¢ Eliminating (not storing) null answers.

The same idea can be implemented for online and almost real time processing of queries, so that by
receiving each tuple, all possible answers get obtained and stored. By doing so, in the time of need (when
answering to an ad-hoc query) stored answers will be used instead of calculating each answer.

Accordingly, some answers are stored in a tree structure to be used at the right time. In this paper, in
order to answer ad-hoc continuous aggregate queries over data streams, a method is proposed that uses a tree
structure for storing the aggregate results. The important point in this method is that all steps of the
construction, maintenance and using of the tree must be online. For these purposes, it is enough to keep all
possible answers. But to apply an online construction and maintenance of tree, we must keep some answers,
according to the inherent features of data streams. In this way, the main goal is to choose the answers
possessing the most overlap with responses answers of received ad-hoc queries. The proposed method, creates
the tree structure and maintains it dynamically to answer ad-hoc aggregate continuous queries over data
streams.

For this purpose, queries at instant T are modeled as in form of (7,d,, ...,d,;), wheret —w+1 < T <
t or T =x (when T =x, the aggregate over the whole sliding window is returned) and w is the size of sliding
window and d; € D; U {*} (when d; ==, the aggregate over the whole D; is returned).

In order to increase the overlapping, a statistical task is performed on a dimensions of the received
queries. In this way, dimensions are determined with the highest, lowest request. When d; =+, means that
there is no request for this dimension. Therefore, we select and store the answers related to the dimension
with highest request, and ignore those with the lowest. Obviously, these answers should be obtained and
presented using stored answers.

As the request for dimensions may change, the tree structure must be dynamically constructed and
maintenance that will be presented this dynamic structure in this paper. Experimental evaluattion of the
proposed method shows that, using the proposed Dynamic Aggregate Tree for ansering countinous Ad-hoc
aggregate queies is more cost-effective, in terms of response time and memory usage.

Keywords: Data Stream, Continuous ad-hoc aggregate queries, Dynamic Prefix Tree, Aggregate cell.
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(Algorithm-1): Dynamic Tree construction

Algorithm: Dvnamic Tree construction

Input: the current sliding window

Output: a PAT

Method:
initialize a tree with only the root as ActiveTree;
initialize phi with a default value

read the tuple into main memory one by one, one at each time;

FOR each tuple DO
insert_tupple (tuple, ActiveTree);
removeOldInsatnce (ActiveTree),
IF exist Expirelree THEN
removeOldInsatnce (Expirelree);
Function insert_tupple (current-tuple, tree)
FOR each node on the path of the current-tuple DO
update the aggregate at the node;

if it is a new node, adjust infix links and side-links

IF v's aggregate table contains a row of instant at instant (- 0 +1), THEN

remove the row from the aggregate table;

IF v is a leaf node THEN put v into the LUT list of LUT=t+1;

Function removeOldInsatnce (tree)

FOR each node v in the LUT list of the tree that LUT=t- w +1 DO
search v's ancestors upward until a node having aggregate after instant t- o+ 1 is encountered;
remove v and those ancestors of v and the infix links,adjust the related side-links, too

92909 42 Gl (V- iz 50800)
(Algorithm-2): Answering queries

Algorithm : Answering queries

Input: the PATs at instant t and a query cell (t, di, ..., dy)
Output: the aggregate of the query cell
Method:

Al= Answer (ActiveTree,q);

A2= Answer (ExpireTree,q);
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RETURN (aggr(A1,42));

£

Qg SR YR 33 4 Fwly I Lags gy S

Function Answer (tree, q-cell)
[ delta= Calculate f delta(d., ..., dn);
IF f delta of ActiveTree >= phi AND ExpireTree do not exits THEN
change ActiveTree to ExpireTree;
initialize a tree with only the root as ActiveIree;
IF v£* and the root's aggregate table does not have a bout t THEN RETURN (null);
let current-node=root of tree;
m=search (current-node , q);
RETURN (m);

Function search (current-node, g-cell)
suppose q — cell = (t,d4, ... ,dy);
IF d,#* THEN
IF current-node has a child v of label d, THEN
IF t#* and there is no row of instant t in the aggregate table v THEN RETURN (null);
ELSE IF [=1 THEN RETURN the aggregate table v
ELSE current-node = v; ¢' = (t,dy, ... ,d;); m =search (current-node , q');RETURN (m);
ELSE RETURN (null);
ELSE //case d; = *
IFd, = -+ =d; = THEN RETURN the aggregate at current-node,
let d; be the first dimension non-* value in q;
IF current-node has no infix link of label d; THEN RETURN (null),
IF ©#* and the aggregate table of the infix link of d; has no row of t THEN RETURN (null);
IF d; be the only non-* value in ¢ THEN RETURN the aggregate at the infix link of d;;
m=0;
Jfollow the side links, visit every node carrying label d; in the subtree of current-node,
FOR each node v in the linked list DO
let current-node = v; q'= (dir1, ..., di); m = aggr (m,search (current-node,q'))
RETURN (m)

LB eazs

Function Calculate | delta(dimensions)
Calculate the value of [ delta according to section 3-2

L | (gl £ )0 b9y (59290 32 & ewly o2 yo8I )3 alio Wl jgiws g2 o 4 yo (Y= Jgu)
(Table-2): The runtime order of different commands in query answering algorithm using static prefix aggregate tree

No# | Algorithm: Answering point queries T
1 Input: the PAT T at instant 7 and a query cell (7, d, ..., dn)

2 Output: the aggregate of the query cell

3 Method:

4 IF =#* and the root's aggregate table does not have a bout t THEN RETURN (null); o)
5 let current-node=root;

6 m=search (current-node , q); o(T)
7 RETURN (n);

8 Function search (current-node, g-cell)

9 suppose q —cell = (1,d4, ... ,d));

10 IF d,#* THEN

11 IF current-node has a child v of label d; THEN

12 IF 7#* and there is no row of instant 7 in the aggregate table v THEN RETURN (null); 0(1)
13 ELSE IF /=1 THEN RETURN the aggregate table v o)
14 ELSE current-node =v; ¢' = (1, d>, ... ,d;); m =search (current-node , ¢');RETURN (m); 0(T—1)
15 ELSE RETURN (null); o)
16 ELSE //case d; = *

17 IFd, = --- =d;, =*THEN RETURN the aggregate at current-node; o)
18 let d; be the first dimension non-* value in g;

19 IF current-node has no infix link of label d; THEN RETURN (null); 0(1)
20 IF w#* and the aggregate table of the infix link of d; has no row of t THEN RETURN (null); 0(1)
21 IF d; be the only non-* value in ¢ THEN RETURN the aggregate at the infix link of d;; 0(1)
22 m= 0,

23 follow the side links, visit every node carrying label d; in the subtree of current-node,

24 FOR each node v in the linked list DO

25 let current-node = v; ¢' = (di+1, ..., d); m = ager (m,search (current-node,q')) RETURN (m) 0(1+1'T,_)
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(Figure-4): The total number of instructions executed by
dynamic tree v.s static tree
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