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ABSTRACT There are multiple areas which require monitoring the data modification in the course of time. In this 
case, the databases have to store not only the current values of the data processed, but also their pre-

vious, even future, values. The purpose of this paper is to adapt a temporal relational database model for Node.js 
platform. A data base updating functionality is implemented. The asynchronous execution of the requests in Node.js 
allows quick and effective processing of bulk information stored in the temporal database. 

Introduction
There are multiple areas which require monitoring the 
data modification in the course of time. In this case, 
the databases (DB) have to store not only the current 
values of the data processed, but also their previous, 
even future, values. These are the data necessary for 
arrangement and execution of competitions, recruiting 
employees, implementation of public procurements, 
project management, etc. The traditional DB models 
may store and process only one current state of the 
subject field under modelling. Usually, these states 
are current states and when they need to be modi-
fied, their old values are deleted. The temporal data-
base models take into account the database changes in 
time. A number of temporal database relational models 
are known [1], [2], [3]. 

The DBMS existing so far did not allow for temporal 
data processing. Considering the exceptional relevan-
cy of the issue, the commercial DBMS, such as Ora-
cle and Teradata, have already published [4], [5] new 
specifications for temporally supported DBMS. The 
PostgreSQL[6] DBMS has defined temporal data of the 
interval type and functions for their processing. An ad-
ditional superficial layer within the MySQL DBMS has 
been developed for realization of a temporal support 
for the effective temporal model (ЕТМ) in [7] which in-
cludes the operations of adding, deletion and modifi-
cation of data.

The purpose of this paper is to adapt ЕТМ [7], [8] for 
Node.js platform [9]. Node.js is a platform built on the 
basis of Google V8 JavaScript [10] for easy construction 
of quick and scalable network applications. Node.js uses 
“event-driven” asynchronous input/output operational 
model using only one process which makes it easy and ef-
fective in real time applications. 

Effective Temporal Database Model
ETM can report the time period in which the data of the 
respective modeled field is simultaneously valid and re-
corded in the DB.

The effective time is the time period, during which the 
modeled field data is simultaneously valid and recorded 
in the DB. The current recording time is set as a begin-
ning of the effective time period. The time period end is 

a future moment, which defines the end of the data valid-
ity. 

Effective Temporal Model (ETM) is defined as a homog-
enous data model using the effective time when marking 
the data validity period in the tuple. 

In the ETM all tuple data is marked with one and the same 
time. The relation is always in first normal form (1NF). The 
relation scheme is formed as follows. Two compulsory at-
tributes DATE type: Es (beginning of the effective time pe-
riod) and Ee (end of the effective time period) are added 
to the standard non temporal attributes. The effective time 
period  is characterized with a closed lower and opened 
upper bound.

The relation scheme in the ETM is as follows: R=(A1,A2,…
,An,Es,Ee )

Effective relation is the relation, which uses a period of 
effective time for tuple data marking. In the effective 
relation only valid in the recording moment facts can 
be added. This means that facts which were or are go-
ing to be valid in respect to the current moment (CT) 
cannot be added in the relation. The relation can be 
considered as composed of two tuple types – active 
and inactive. 

Active are the tuples for which is valid CT∈te (figure1a). 
All active tuples define the active relation state. The in-
active tuples store data with expired validity period (fig-
ure1b). 

Fig.1a Activetuple, Еs ≤ CT ∧ CT < Ee

 
Fig. 1b Inactive tuple, CT > Ee
 
Data inserting in the effective relation is executed when 
there is need to record in the DB unrecorded facts (a1,…
,an )  with limited validity period. From the moment of 
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recording in the DB onwards the effective time coincides 
with the valid one. This indicates that the facts are both 
valid in the modeled reality and recorded in the DB. Af-
ter the data recording a new updated relation version is 
created.

Algorithm for adding data in the effective relation
The values of the non temporal attributes  (a1,…,an ) , 
te=[Es,Ee) recorded in the DB are associated with the pe-
riod of time te.  The new time period is indicated with 
te' . It marks the same non temporal attributes values 
(a1,…,an ) , which have to be recorded in the DB, thus 
te'=[Es',Ee') .

The relation r, which is being updated, the non temporal 
attributes values (a1,…,an) as well as their end of marking 
effective time period are set as entrance parameters of the 
effective relation insert algorithm.

insertET(r,(a1,a2,…,an),Ee' ): 

CT ←current_time;

e_m←0;

ifCT<Ee'

for each x∈r

ifx[A]=(a1,a2,…,an)andx[Ee]≥ CT

em←x[Ee] ;

break;

ifеm  = 0

y[A]←(a1,a2,…,an);

y[Es ]←CT;

y[Ee ]←Ee';

r←r {y};

else ifеm=CT

for each x∈r

ifx[A]=(a1,a2,…,an)andx[Ee]=CT

x[Ee]←Ee';

break;

return r;
This algorithm can be described as follows

1.	 IfthesetEe' value satisfies the CT<Ee' model require-
ments then p.2 comes into action. Otherwise, the algo-
rithm execution is discontinued and p.6 comes into action. 

2.	 Thevalue of the attribute Eе used to mark the attributes 
(a1,…,an) values of active tuple in the relation r should be 
found. P.3 comes into action.

3.	 Iftheattributes (a1,…,an) values are not part of the 
r’s active state and the end of the marking period Ee 
does not coincide with the current time, a tuple with 

attributes (a1,…,an)  should be added in the relation 
r. P. 5 comesintoaction. Other wise, p. 4 comesintoac-
tion.

4.	 If the attributes (a1,…,an) values are not part of the 
relation’sactivestate and the end of the irmarkingperiod Ee 
coincides with the current time, then the effective time is 
updated and for its end Ee' is set. 

5.	 End of the algorithm.

Algorithm for effective relation data deleting
The effective relation r tuple deleting (a1,…,an) is executed 
as follows. The current moment at the deleting request ex-
ecution is assigned as an end for the effective time period. 
Only tuples, which belong to the relation r active state, 
could be deleted.

The relation r and the non temporal attributes values (a1,…
,an) are set as entrance parameters of the effective relation 
delete algorithm.

deleteET(r,(a1,…,an )):

CT ←current_time;

for each x∈r

ifx[A]=(a1,a2,…,an) and x[Ee]>CT 

 x[Ee]←CT;

break;

return r;
Algorithm for effective relation data updating
The existing tuple modification is executed by the opera-
tion update. It is defined as consecutive execution of the 
operations delete and inserts. 

updateET(r,(a1,a2,…,an ),(a1',a2',…,an' ),Ee' ):

r ←deleteET(r,(a1,…,an ));

r ←insertET(r,(a1',a2',…,an' ),Ee' ); 

return r;
ЕТМ considerably reduces the volume of the data stored 
and, at the same time, is not related to the loss of useful 
information. However, on the other hand, this model does 
not store information about this portion of the valid time 
during which the facts are not written in the DB, as well as 
about the modification of the end of the effective period 
Еe. 

Adaptation of ЕТМ for a platform on Node.js 
Node-mysql[11] driver is used as a basis in the devel-
opment of Node.js temporal support for MySQL data-
base. New capabilities are added to the functionality 
provided by the driver for adding, deletion or modifica-
tion of data, marked with effective time. For the imple-
mentation of the requests, related to data updating in 
effective relation the function queryET(options, callback) 
is used. The function requires two parameters - options 
and callback. The second parameter is optional and rep-
resents a function which is executed when the database 
server returns the result of the request made. The first 
parameter (options) represents a JavaScript object, con-
taining information on the table being updated (table); 
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the type of the request – adding, modification or up-
dating of data (operation); a list of the attributes of the 
request, accompanied by their values (values); the end 
of the time period marking the data in the tuple (perio-
dEnd). 

Figure 2 illustrates the way to add data in effective relation 
'student’, having the following relational scheme: 

student(name, family, fnum, specialty, studygroups, 
course, ts, te) 
Following connection to the MySQL database server the 
functionqueryET() is requested. Upon adding data, table, 
operation, values and periodEnd are given as mandatory 
properties of the parameter options. 

conn.queryET({

table: 'student',

operation: 'insert',

values: {

name: 'Dan',

family: 'Lambert',

fnum: 'AU0093',

specialty: 'Automation‚,

studygroup:23,

course: 2

        },

periodEnd:'2015-09-15'

},function(err, res){

//…

});

Fig.2 Adding data to relation 'student’

Upon deletion of a certain tuple of the effective relation, 
no input of the end of the effective time period is request-
ed marking the tuple in the relation (Fig.3). In this case, 
even if such time is given through the attribute periodEnd 
of the object options, it will not be taken into account. 
Upon deletion of a tuple marked by effective time, only 
the time current as of the moment of submission of the re-
quest for deletion is taken into account. 

conn.queryET({

table: 'student',

operation: 'delete',

values: {

name: 'Robin',

family: 'Owen',

fnum: 'MD0250',

specialty: 'Informatics',

studygroup:3,

course: 1

        }

},function(err, res){

// …

});

Fig.3 Deletion of data in relation 'student’

For modification of a certain tuple of the effective rela-
tion, the new values of the attributes should also be giv-
en through property newValues of the parameter options 
(Fig.4). If no such property is available, an error will be 
generated as a result of the execution of the request for 
modification. 

var options = {

table: 'student',

operation: 'update',

values: {

name: 'Dan',

family: 'Lambert',

fnum: 'AU0093',

specialty: 'Automation',

studygroup:23,

course: 2

        },

newValues: {

name: 'Dan',

family: 'Lambert',

fnum: 'BT2564',

specialty: 'Biotechnology',

studygroup:15,

course: 3

        },

periodEnd:'2015-09-15'

};

conn.queryET(options, function(err, res){
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// …

});

Fig.4 Modification of data in relation 'student’
 
In case the parameters of the temporal request do not 
comply with the type of the operation performed (adding, 
deletion or modification of data), an error is generated and 
the execution of the request is terminated. 

Conclusion
This paper lays out algorithms for updating data of rela-
tional database using effective temporal model. The al-
gorithms are adapted to asynchronous software model on 
the platform Node.js. The media allows quick and effective 
processing of bulk information stored in temporal databas-
es. This is achieved through the asynchronous processing 
of the requests made to the databases. A new functionality 
is added to the standard Node.js driver used to connect to 
MySQL database, allowing adding, deletion and modifica-
tion of data marked with effective time. 


