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The present invention relates to methods and systems for displaying tabular data. The tabular data comprises first data descriptive
of Instances of an entity and second data comprising time variant parameter values. The parameter values are analyzed to identify

time Intervals, where none of the parameter values of any of the instances changes. These time Intervals form the basis for the
generation of subsets of the tabular data to be displayed on a graphical user interface.
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The present invaniion |
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tabular data. The {abular daia comprises first daia descriptive of insiances of an enlity

and second daia comprising time variant parameier veives, Ine parameter values

are analyzed o identify fime intervals, whare none of the sarameter vaiues of any of

L:asis for the generation of

wal W
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the instances changes. These time intervals form ih
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=
subsets of the iabular daiz 1o be displayed on a graphical user interface.
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MizThODS AND COVPUTER SYSTEMS FOR
DISPLAYING TIME VARIANT TASULAR DAT

BACKGROUND OF THE INVENTICN

10071  The present invention relates generally to methods and systems tor

displaying infermation using computers, and, more patlicuiarly, grasanting
a

information contained in siecironic spreadsneets ang dalabases in iabuiar form.

Jfod Art

m

Description of the Relz

il

10027  Spreadsnee! and datavase applicalions allow users to view and
manipulate tabular daig, L.e., information organizec inic rows and columns. Often, the
tabular data is too large o fit on & cispiay screen. £xisling applicaiions adaress this
nroblem by providing users with the abiiity o scroll information boih vgﬁﬁcaﬁﬁy andc
horizontally. In a windowing ceskiop environment, such as SAP R/Z7, ® Microsoft

® and the like, the problem of fitting information on the screen is

Windows
exacerbated, because a plurality of windows can appear on ine screen
simultanecusly, and each window may be significantly smaller than the display
screen. Furthermore, users of most windowing deskitop environmeanis may
interactively or dynamicalily change the size of a window at any time, which may

reduce the available spaces for cisplaying tasular data.

'003]  Several axisting sysiems attempt {0 overcome the problems

ancounierec when using faocles that are wider than ihe winaow space avahaple to
display them. OCne prior art method, chiefly imbiemeniec in database appiications

rather than spreadsheet applications, displays records saiecied for viewing or editing

L=

n a separaie window ¢r ferm. The disacvantage of tnis method i3 (hat only one

3

record i a time may be viswed

-

Of egitec in iis entirety, and the viewing or eciling

window may cbscure ali or parn of ihe window that displays tabular data In rows and

[ 20 :\ﬁ&‘-\
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QIuimnas.

10047 Another orior art metnod, taught in 4.5, Pat. No. 5,317,308, allows the
user tc determine which columns are rost important tc him or her, and {o designate
those coiumns as "sticky.” When a fable contains mora columns of information than
can be displayad simui aaﬁeﬁusi’g, the uvser must scroll horizontally o view an entire
row. | ne “sticky” columns remeain in the dispiay wincow when the user enters 2
command for horizontal scrolling. A similar orior art method is used in Microsoft
Corporaticn’s Excel spreadsiest application, in whnich a user may seiect a row,
column, or cell, and choose 10 "freeze panes,” which spiils the wzr’fow thereby
causing ali rows and coiumns zbove and o the left of ihe selecied position {0 remain
frozen in place whiie tne rest of Ine display remains responsive to scroiing
commands. In the prior ari, a user aisc may make additional room in the window by

sighatling a row or column as nhidder:, which suppresses its display until said row

or column is unnigaen oy a user comimanda.

1005] Still anctner prior art method is disclosec In U.S. Pal. No. 5,621,875,

which feaches a method for increasing the number of columns in the display by

]

e achivator” button.

-
%
(D
(V)
7

D

ne user selects an

P

adding an additional column wnan
This methed makes the window iarger, i the adaitional column wiil Tit on the display
cree

- Otherwise, it makes the other columns narrower 1o accommodate the

/)

sdditionza! column.

[C06]  rurther, J.&. Paent No. 8,313,848 shiows a method of viewing wide
tables with reduced need for horizontal scroliing. The method includes the sieps of
determining the width of gacn column, catermining the neignt of each row, and
determining the dynamic height and widih of the workspace available for the display
of tabular data within said window and divicing the tabular data into table segmenis,

sach table segment comprising one Of More columns of said tapular date.

10071  Additicnal problems are encouniered when displaying tabular data
that I1s ime vanant. For such data, no intultive display format has been found in the

orior art.

AW,
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[008] It Is therefore an object of the present invention to provide improved methods and
computer systems for displaying tabular data which enable generation of an intuitive and user

friendly display for time variant data.

SUMMARY

[009] The present invention is directed to methods, systems, and computer program
products for displaying tabular, time variant data. Methods, systems, and computer program
products consistent with the present invention identify and use time intervals to conveniently
display tabular data in an intuitive way. Further methods, systems, and computer program
products consistent with the present invention enable creation of a graphical user interface that
allows a user to conveniently navigate through the time variant tabular data.

(010] In accordance with at least one embodiment of the invention an index is
generated. The index comprises the time intervals as keys to tabular data which is valid during

a given interval.

[010a] In accordance with one aspect, there is provided a computer-implemented
method for generating tabular data comprising at least one entry, wherein each of the at least
one entries comprises first data representing an instance of an entity and second data
comprising a parameter associated with the first data, the parameter having values that change
with time, and the second data including a value of the parameter and a validity time period
representing a period of time during which the value of the parameter associated with the first
data is valid. The method comprises determining, using a processor, an observation period
extending from the start of the earliest validity time period to the end of the latest validity time
period; determining, using a processor, at least one time interval in the observation period,
wherein each of the at least one time intervals represents a period of time during which the
value of the parameter associated with the first data does not change; receiving, via an input
device, a user's selection of one time interval of the at least one time Intervals; based on the
user's selection, generating, using a processor, a table containing a subset of the first data
each of the first data of the subset having a valid parameter value during the selected time
Interval; and displaying the table on a display device. In another aspect, none of the at least
one time intervals in the observation period overlap and the concatenation of all of the at least
one time intervals covers the entire observation period.
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[010Db] In another aspect, the method further comprises generating an index comprising
each of the at least one time intervals as keys to first data and associated parameter values

peing valid during one of the at least one time intervals.

[010c] In another aspect, the method further comprises generating a menu for the user's
selection.
[010d] In another aspect, the method further comprises providing a selection component

of a graphical user interface for stepwise selection of the at least one time intervals.

[010¢€] In another aspect, the method further comprises providing a present time
selection component of a graphical user interface for selecting one of the at least one time
Intervals comprising the present time.

[010f] In another aspect, the method further comprises exporting the tabular data from

a relational database and selecting the first and the second data from the tabular data before
the determination of the at least one time intervals.

[010g] In accordance with another aspect, there is provided a computer-readable
memory storing instructions adapted to operate a computer according to a computer-
iImplemented method for generating tabular data comprising at least one entry, wherein each of
the at least one entries comprises first data representing an instance of an entity and second
data comprising a parameter associated with the first data, the parameter having values that
change with time, and the second data including a value of the parameter and a validity time
period representing a period of time during which the value of the parameter associated with the

first data is valid. The method comprises determining, using a processor, an observation period
extending from the start of the earliest validity time period to the end of the latest validity time

period; determining, using a processor, at least one time interval in the observation period,
wherein each of the at least one time intervals represents a period of time during which the
value of the parameter associated with the first data does not change; receiving, via an input
device, a user's selection of one time interval of the at least one time intervals: based on the
user's selection, generating, using a processor, a table containing a subset of the first data,
each of the first data of the subset having a valid parameter value during the selected time
interval; and displaying the table on a display device. In another aspect, none of the at least
one time intervals in the observation period overlap and the concatenation of all of the at least
one time intervals covers the entire observation period.

3a
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'010h] In accordance with another aspect, there is provided a computer system for
displaying tabular data comprising at least one entry, wherein each of the at least one entries
comprises first data representing an instance of an entity and second data comprising a
parameter associated with the first data, the parameter having values that change with time,
and the second data including a value of the parameter and a validity time period representing a
period of time during which the value of the parameter associated with the first data is valid. The
computer system comprises a first component for determining an observation period extending
from the start of the earliest validity time period to the end of the last validity time period; a
second component for determining at least one time interval in the observation period, wherein
each of the at least one time intervals represents a period of time during which the value of the
parameter associated with the first data does not change; a user input component for receiving
a user's selection of one time interval of the at least one time intervals; and a display component
for displaying a table containing a subset of the first data, each of the first data of the subset
having a valid parameter value during the selected time interval.

[0101] In another aspect, none of the at least one time intervals in the observation

period overlap and the concatenation of all of the at least one time interval covers the entire

observation period.

[010j} In another aspect, the computer system comprises an index component for
generating an index comprising each one of the at least one time intervais as keys to first data

and associated parameter values being valid during one of the at least one time intervals.

[010k] In another aspect, the computer system further comprises a menu for the user's
selection.
[010I] In another aspect, the computer system further comprises a selection component

of a graphical user interface for stepwise selection of the at least one time intervals.

[010m] In another aspect, the computer system further comprises a present time
selection component of a graphical user interface for receiving a selection of one of the at least
one time intervals comprising the present time.

[010n] In another aspect, the computer system further comprises a relational database

having an export component for exporting the tabular data and for selecting first and second

data of the tabular data for the purpose of determining the at least one time intervals.

3b
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SRIEF DESCRIPTION OF THE DRAWINGS

[011] The accompanying drawings, which are incorporated in and constitute a part of
this specification exemplify certain aspects of the present invention and, together with

description, serve to explain some of the principles associated with the invention.

1012] Figure 1 is a block diagram of a computer system consistent with the principles of
the present invention:;

[013] Figure 2 shows one example of time variant tabular data to be displayed:;

[014] Figure 3 shows one example of validity time intervals of parameter values of
Instances of an entity consistent with the present invention:

[015] Figure 4 shows one example of the determination of time intervals for

14
.....
”»

tyd
@



CA 02434759 2003-07-07

the display of the tabular daw@ of Figure 2;

(0161 Figure o shows one exempie of a tabular display ¢f the data for a
selected iime inierval and the slements of a graphical user inierface which enabie

navigation through the ume intervas;

J

{0177 rigure & illustras 33 a flow chart of ona exemplary embodiment of a

(Y34

method consistent wiln ne present invention;

0181 Figure 7 shows an exemplary index which has been created in

accordance with the method of figure 5.

DETAILED DESCRIPTION

(019 n the foliowing delalled descripiion, reference will be made 1o the

1

L+

accompanying drawings, in which like numerais represent like elements throughout

ihe figuraes. The accompanying figures ilusirate exempiary embodiments of the

!

~rasent invention, which are descoribed in sufficient detzall o enable those skilied in

B

ihat other implementations may

Lar e

the art to practice the invention. i1 is {0 be undersicod
oe utilized and that structural and method changes may ve made without departing

from the scepe of present inveriion. {he folowing discussion is, tharefore, not 1o be

TR

consirued In a imiting sanss.

1020] One embodiment of the present invention is Hiustrated, by way of

ﬂ'n

xampie, In Figura 1. Figure 1 snows a computer system 100 naving a relational
database 102. The relaiional dalavase 10Z has a caiabase inlerface 04 for

axporting time variant {abular daia.

021] -urther, computer sysiem 100 nas & program 108 which searches
tapuiar data that nas peen exporie irom relatonal database 102 via the interface 104
for time intervals where the data nas constant parameter values. Acdditionally,
orogram 106 enables a user [0 sslect a subset of the data contained in the tabular

data exported from relalional dalavase 102 io form ihe basis of the anzalysis.

o,
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CZ2]  iheintervais icentilieg py program: U8 are siored in storage 108.

Further, program 106 generates an index using the identifiag "zm’n@ iniervals as kays.

The Keys serve o access tabular dala contained in the tabular gata which has been

exporied from the rela stabase 102 that i1s consiant during a given one of such

ai d
intervals. The index is siored in storage 110.

0231 Compuier system 100 has a graphical user interface {GUL 112 which
serves to dispiay the tabuiar data. GUi 112 may contamn virtual buitons or pull down or

nop UD menus which ailow a user {o Interactively navigale the tabular data along a

time axis. GUI 112 is coupled o dispiay unit 114,
1024]  Figure 2 snows a table 200 of iabuiar data that 1s exported from

relational database 102 (cf. figure 1) by way of example. Table 200 coniains data

A

which relates 1o an eniiiy £. In principle, entily & can be of any calegory such as
verson, object, place, event or business dala. For axample, in the case of a business
compuier system, entity = may reiaie 0 cusiomers of customers’ orders. in another
example, enfity £ may reiate tc g building, each ¢f the sections of ihe building having

o speciiic dispesable size ang capacily which 18 time vanani.

0251  Table 200 may comprise a column 202 con@ining ing names of
instances of entity £. In ihis exempiary embodiment, tne nameas ars rapresented by
“a”, ‘b7, "¢’ etc. For example, a name can ¢aesignaie a cerlaln section of a puilding,

such as garden area, parking ares, iving arsa, office area.

{026]  Table 200 may alsc comprise a column 204 containing values of a

parameier Pq for the instanceas of aniity k£ contained in the column 202. The value of

parameier ¢ is time variani. ror example, parameier £¢ can inaicate the disposable

size of = paré icular section of the building for olanning, cusiness or logistic purposes.

‘5’

10271 The value . {l44) represenis the value of the parameter P, of instance

()

a of enlity £ during the time intervat i1, Likewise Pqa(loy) represenis ine value of



CA 02434759 2003-07-07

sarameter 4 gurng a suonssaquent time intervai iy, eic. Ppily) rep?‘esents the value of

3

parameier 4 for the instance b of entity & curing the tims Interval iy,. Likewise Pp(igp)

represents the value of the parameiar ~©4 of the insiance b during = subseguent tims

nierveal oy, etc. in olher words, sach field within the column 204 contains a time
series of values of parameter ¢ for the corresponding insiance. Table 200 further

may centain a column 206 for storing time variant vaiues of a parameter P,. For

axampie, parameter =, can indicaie the capacity of a given section of the building.

The same nomenclature may o2 used as was USeC 10r parameier 4, that is, Poa(lia)
represents the value of parametler 7, o instance a of entity = auring the time inferval

g’]a, @iC.

02¢ ~igure 3 shows tabie 200 in another format where acn row of the
iable corresponds to one time inierval | For exampie, row /700 may coniain ine values
of Py{liy) and Poy(liy) for the instance "a” during the time nlerval 145 = (2, To2). T is o be

Y

ted, that the time intervals of validity of parameier 7,, Le. Iy, I, 13a, ..., A0 DOt Need 1o

he the same as for the parameisr P,. Fowsver, for simglicity and convenience of
explanaiion only, this assumption is made in the following without restriction of

generaiity,

0281  When table 200 is exporied from reigtional databass 102 (cf. figure 1),

=
(D

orogram 106 begins t¢ anaiyse iable 200 in order to identify time intervals auring

which no change of relevant parameter vaiuss occurs. For the purpoase of this
analysis, a user may seiect one or more of coiumne 204, 206, ... (¢ figure 2) of table
200 io pe considered for the analysis. in one exemplary embodiment, columns 204

and 206 are anaiysed ov program 100 lgentity such intervais where ine parameter

vaiues Py and P, do not change. 1 ne principles of inis anaiysis are iilusirated in
-lgure 3
i@BO] ~igure 4 shows & time axs 300 and tme intervals 11a, laal b, lop, 13p; He,

)

26 l3e Auring wnich the values cf the parameters P4 and P, of the respective instances

g

n: * m meiamt iy Fele o . ~ e . e T e —
2. 0 anc ¢ remain consianit, NS sxem JI@; m%’ﬂb@&ﬁﬂ?@fit LINIE Uqg 15 ﬂ_-g = g = e,
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Furiner in this exampie o, 18 T, = 1. LiKewiss 18 Taand is, 1S 14, etc. itisto be

noted that there can be gaps in the apular cata, i.e. time intervals for wnich there is

no daia eniry. This is the case for the time inlerval 5, of instance a.

0311 Compuler program 106 {cf. Tigure " identines such fime intervals V
during which all of the parametier vaiues P, ana ', considered remain constant for all
of the instances of the considerad entity &, For example, ail of the nparameter values
of parameters P and parameters P, remain unchanged between the times T, and T,.
The corresponding time interval icentilied by program 1006 153 cesignaled as Vy_,,, elc.
rurther, all of the par =r vaiuss of parameaters P, and parameiers P, remain
unchanged between the fimes 1, and 15, It is 10 be noled that the instance "a” 1s not
considered for the corresponding time infeival Vo_ 5 as there is no datz for "a” within

™

that time Interval.
EGBZ} rigure £ is tiusirailve of a corresponding display on display unit 114
(of. figure 1). A window 400 with a table 402 may be cisplayed on display unit 114.

Table 402 shows a subsst of the tabular data contained in tabie 200 (¢f. figure 2).

inierval V., of the

=
{4)
-
O
{2
L
€y
(""?
(?.}
3
=
D
0.
vy
‘<,
=
@
€.
(43
®
3
,,,.?2
(°3
=
(L2
&

1033
set of intervals Vi_z, Vo a Va4 Vs Vs and Ve 7 (¢, figure 3). Irrespective of the
user's selection of a particular one of the intervals V, each of the intervais V s
compleiely contained or egual to a time interval iy, by, 15 OF the Insiances a, o, ¢,

respectively, wherez =1, 2, 3, ..

34]  This way, orogram 106 {(cf. figure 1) orovides a fiiter function to reduce

a&.&_

&

able 200 to table 402, wnich may comprise only data hat is valid during a user-
seglected time interval V.
[035]  The selection of one of the previously identified intervals V may be
done by means of drop down list 404, YWhen a user selects the button 406, drop down

isi 404 zppears and shows the inlervais V whicn are avzilable for the user’s
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{0367  Aliernauvety, a user may select a lime interval V by siepwise
navigation. For inis purpose, there may be, for example, outtons 408 and 410. When
the user selecis pution 408, the previous iime interval V mavy be seiecied. When the

user selects button 410, the succaeding time interval V imay ba seleciad.

¢

037 For exampig, if the prasent selection is tne time interval Vs_4 the user

may seiect the preceding time intervai V,_ 4 Tor the filter function, such that table 402

shows that data of table 200 {cf. figure 2) that does nol change during the time interval
Vo 3 instead of in tew Va_g4. Likewise, the user may select the suonsequent iime

interval V,_ 5 by “clicking” on pution 410.

0381  in addiiion, the grapnical user interface may nave a puticn 412 thai

corresponds to the default setting. YWhen bulion 412 is selected, the user selects the

time interval ¥V which coniains the present fime such that table 402 then shows the
data that is presentiy valic

[038]  Figure © snows & Tiowcenhart which is hiustrative of a mode of operation
of computer sysiem 100 {cff’. é‘%gug‘e 1. in siep 000, tapuiar data is exporied rom the

relational daiabase 10Z. The iabular data may have a form which i1s equéva%em: to

table 200 (cf. figure 2). In siep 502, one or more coiumng of the table containing
carameter data may be cied io form the basis ¢f the analysis
0401 Analysis (s perormec in step 504 in order to identify time inlervals V

guring which none ot {ne parameler daia in the seieciad columns change This list of
intervals V is exporied in sitep 506G such that graphical user interface 112 can access
the list of intervais V for the creation of a corresponding drop down fist {cf. drop down

list 404 of figure 4).

041  In step SU8, an IndeX i8 generaled containing the intervals V as keys.

(o
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Each of the Keys serves 1o access a subset of the parameter data contained in the
table 200 which is Ume invariant auring a given interval v. in siep 210 a user selects
one ot the iniervais V i¢ generaie a corresponding display of tabular data of the type
shown in Fig. 5.

0427  Figure 7 shows an example of an index 600. Index 600 may have the
form of a look-up table and contains a list of the identified intervals V as keys. Each of
the intervals V may have an associaied data recore that incicales a subset of table
200 containing parameier daia which is time invariant during the consigered time
interval V. Index 600 enables the efficient generation of table 402 {ci. figure 4) when

the user navigaies aiong the times axis.

10437 it is to be noied thal the method o the prasent inventicn is data driven,
i.e. the iime intervals V are not preset but are only aelermined by he data itself. This
provides for a maximum degree of fiexibility and ease o7 use. rurihermore, it is {0 be
noted that the time intervals v span the compiele coservation dme and leave no gaps
on the time axis, thereby neiping to ensure that a user wiil nol miss data when
navigating along the time axis. ~urihermore, it is also o be noted that the time

intervals V can leave gaps on the time axis for pericds of time where there ara no

relevant eniries for parameter vaiues of the instances. In other worgs, no time

U2

ntervals V are created for periocs of tims wnere no dala entries exist.

0441 L will be apparent to those skilied in the art thatl various modifications
ang variations can be meade in (ne sysiems ang meihoos of the present invention as
well as in the consiruction of this invention without ceparting from the scove of or
spirit of the invention.

h
r

T 5 T R . o s g v B e o~ E : ; Tel s To - e ' .
045] ne present invention nas been cdescribed in relation 1o a particula

cis to be tllustrative rather than restrictive.

(b

v ~ | . o o ol : - (,3 ; I
axample whicn is Intended in all rasp

Those skilied in the arl will agpreciate that many different combinations of hardware,

soiiware, and firmware wiil be suliaple for praciicing the present invention.

(£
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10461 Moreover, other implementations cf the invention will be apparent to

those skilled in the art from consideration of the specification and praciice of the

invention disciosed herain. it is intended that the specification and examples be
considered as exemplary oniy. To this end, it is to be understood that inventive
aspects lie in less than all fzatures of a singie foregoing disclosed implementation or

configuration. Thus, the true scope of the invention is indicated by the following claims.
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We Claim:

1.

A computer-implemented method for generating tabular data comprising

at least one entry, wherein each of the at least one entries comprises first data

representing an instance of an entity and second data comprising a parameter

associlated with the first data, the parameter having values that change with time,

the second data including a value of the parameter and a validity time period

representing a period of time during which the value of the parameter associated

with the first data is valid, the method comprising:

2.

a) determining, using a processor, an observation period extending from
the start of the earliest validity time period to the end of the latest validity

time period;

b) determining, using a processor, at least one time interval in the
observation period, wherein each of the at least one time intervals
represents a period of time during which the value of the parameter

associated with the first data does not change;

C) receiving, via an input device, a user's selection of one time interval of

the at least one time intervals:

d) based on the user's selection, generating, using a processor, a table
containing a subset of the first data, each of the first data of the subset

having a valid parameter value during the selected time interval; and

e) displaying the table on a display device.

The method of claim 1, wherein none of the at least one time intervals in

the observation period overlap and wherein the concatenation of all of the at

least one time intervals covers the entire observation period.

11
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3. The method of claim 1 further comprising generating an index comprising each
of the at least one time intervals as keys to first data and associated parameter

values being valid during one of the at least one time intervals.

4. The method of claim 1 further comprising generating a menu for the user's

selection.

5. The method of claim 1 further comprising providing a selection component of a

graphical user interface for stepwise selection of the at least one time intervals.

6. The method of claim 1 further comprising providing a present time selection
component of a graphical user interface for selecting one of the at least one time

intervals comprising the present time.

7. The method of claim 1 further comprising exporting the tabular data from a
relational database and selecting the first and the second data from the tabular

data before the determination of the at least one time intervals.

8. A computer-readable memory storing instructions adaptea to operate a

computer according to the method of claim 1.

9. A computer system for displaying tabular data comprising at least one entry,
wherein each of the at least one entries comprises first data representing an
instance of an entity and second data comprising a parameter associated with
the first data, the parameter having values that change with time, the second
data including a value of the parameter and a validity time period representing a

period of time during which the value of the parameter associated with the first

data is valid, the computer system comprising:

12
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a) a first component for determining an observation period extending from

the start of the earliest validity time period to the end of the last validity

time period;

b) a second component for determining at least one time interval in the
observation period, wherein each of the at least one time intervals

represents a period of time during which the value of the parameter

associated with the first data does not change;

c) a user input component for receiving a user’'s selection of one time

interval of the at least one time Intervals: and

d) a display component for displaying a table containing a subset of the

first data, each of the first data of the subset having a valid parameter

value during the selected time interval.

10. The computer system of claim 9, wherein none of the at least one time
iIntervals in the observation period overlap and wherein the concatenation of all of

the at least one time Interval covers the entire observation period.

11. The computer system of claim 9 further comprising an index component for
generating an index comprising each one of the at least one time intervals as
keys to first data and associated parameter values being valid during one of the

at least one time intervals.

12. The computer system of claim 9 further comprising a menu for the user's

selection.

13. The computer system of claim 9 further comprising a selection component of

a graphical user interface for stepwise selection of the at least one time intervals.

13
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14. The computer system of claim 9 further comprising a present time selection
component of a graphical user interface for receiving a selection of one of the at

least one time intervals comprising the present time.

15. The computer system of claim 9 further comprising a relational database
having an export component for exporting the tabular data and for selecting first

and second data of the tabular data for the purpose of determining the at least

one time intervals.
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