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Discovering Periodic Patterns in Irregular Time Series

_ * Period-Support : Let A C IAT® denote the set of all interesting inter- _

arrival times of sin S. That is, if there exists iat’, € IAT® : iat5, <

®Finding (partial) periodic patterns in time series data is a maxIAT, then iats, € A . The period-support of s represents the

challenging problem of great importance in many applications. number of perAiodic occurrences of sin the data. That is, period- —_— : ' S — —
®Most previous studies in this area assumed data as regular time support(s) = [Al. e —— |
series and disregarded the associated timestamps. But, this * The frequent pattern s is a (partial) periodic pattern if period- 2 L iy g 2 el I > (msent pe
assumption is often too restrictive because the data naturally support(s) 2 minPS, where minPS represents the user-defined i i i |

exists as an irregular time series. minimum period-support oo ; j

®rregularity is one key characteristic of big data, where ’ ; 2

irregularity refers to data collection at uneven time stamps.

hlll “.“ 100 1 '.i".l - 0 llm = - | :." ] T :|I'. '.I;n
. . . . . _ Ms :l "III“PH I I I- """P:'i.
Irregularity within the data is relatively hard to handle due to (&) TIOMDIO0K b Bout o) Paent.

uneven gaps between the events.

In this paper, we propose a flexible model of periodic pattern Algorithm 1 PP-List (S: time series data. I: set of items. Algorithm 2 PP-Tree (S, PP-list)
.. . . mard AT maximum inter-arrival time, minSup: minimum - ) )
that may be present in irregular time series. Two measures, support and minPS: minimum period-support) I: Create the root node in the PP-tree, Tree, and label it
period and period-support, are employed to determine I: Let #; be a temporary array that records the timestamp of Il | Te . N I —
. ] ] ] the last appearance of each event in 5. Let ps.,,, denote for j=lij<m++] do —— e[ AT = 3 i i f AT = 4
the Interestlngness of a pattern IN a Series. the number (or position) of current period-segments PS;. 3 Select the periodic events in PS; and sort them in L i m ; i 1
order. Let the sorted peniodic event list be [e| E|, where i i .
2: for each period-segment F5; € 5 do e the first event and E is th odlos mine g ® : .
3:  for each event e € PS; do € 1s the first event and E is the reperiod-supportning : i :
4: if ¢ exists in PP-list then list. Call ru:srrif_?‘rr-r[[r-|E_.I,l. T'ree). g ® g E s}
t if (psey, — 1) < maxl AT then 4: end for . - \
6: Set ++p f*©. 5 call PP-growth (Tree, null), - - | ——
7 E'I'ld if i { IEIE I . | 2| H} IM“i 11 || 0 :_._ Ul 1
° . — . i Set ++f° and #] = P wr- . R min PE
Let | be the set of items (or event types). An event e = (t, i), v e Nporith ¥ e ves B o Tres (a) TIOMDI00K (b) Road () Patcnil
' i l i I i - 10 Add e o the PP-list with f* = 1, pf® = 0, and -
where t € R+ is a timestamp and i € | is an item. A period / - while E is non-empty do
. . . . [ = PScur- -, ' : . . .
segment, PS;, 1 <1, is an ordered set of events collected within 1: end if 2 if Tree has a child N such that e.item # N.item and
. . . . . 12: end for e.timestamp # N.timestamp then
a time interval. That is. PSI = {e1; €y, en}; for1<i sjsn. A 13: end for 3 Create ﬂ]iew node V. Let ;rtr; parent-node be linked TABLE III: o . discovered in Road databas
period-segment is said to be empty if there exists no event. An 14: for each cvent ¢ € PP-list do _ to Tree. Let its node-link be linked to only those A - Some inferesting patierms discovered i Road catabdse.
) i . . i 15:  if f° < minSup or pf* < minP5 then nodes that have the same item and timestamp via the TNo. | Paiem support | period-suppo
irregular time series S is an ordered collection of 16: Remove ¢ from the PP-list. aode-link structure. Remove ¢ from E. J 168, 000 Tus), (TGRS, TO.00 AR, (TTRT, 60 Tours), (TTRT, TTXRERT T, 7 o
oeriodsegments. That is, S = PS, U PS, U-~U PS_, 1<m 17: :rln::l if ¢ end if 3 jrusm.lz:q}nhm. (377, TT0 hrs), (317, 12:00 hirs), (181, 1600 hm.mm.J".:mhm:-1r T [
. ’ - 1 2 m? - . I8 end lor s end while i CIS02, 11000 hrs ), (1302, 1200 hrsy, (307, 12:00 hes), (1473, 20000 hes)i 1475, 2200 hrs) i K7
. 19: Sort the bod-5 rining events of the PP-list -
* Lets={e;, e, ", el e,i €l for 1 <p<k, be apattern. If a descending onder of their froquencies. M 6 Add pser to the leaf node.
pattern s contains k individual events, then itis a k-pattern. The
L-length of s represents the number of unique timestamps in s.
: T : Algorithm 4 PP-growth (T ree,
* IfsCPS;, 1<j<m,itissaid thats occurs in PS; . Let PS5, Igori s e o)
. . . . 1: for each event ¢; in the header of Tree do
denote the period-segment in which s has occurred in S. Let P 2. Generate pattern 8 = e, U . Traverse Tree using the
Ss={PSs,, -+ ,PS°, }, 1 <p<qg<abethe complete set of period- node-links of 5, and construct an array, P57, which
P R represents the list of period-segments in which 3 has
segments In which s occurs. appeared in 5. Construct 3's conditional pattern base
* Let PS5, and PS%,, p <a < b < g be two consecutive period- and f’s conditional PParee Trees if PS°Jength 2
. . . . . minSup and period-support( PSY) = minP 5.
segments in PS°. An inter-arrival time of s, denoted as iat® = 3. if Trees # 0 then C Said R Udav Ki ¢ 7 b F ar Vi \
PSS _ PSS ) Let IATS = fiats] - iats = SUP(s)-1 be th N call PP-growth (Trees. ) . Saideep, R. Uday Kiran, K. Zettsu, P. Fournier-Viger, M.
(PS*, 2)-Le {iat*1, -, iat*x}, x (s)-1, be the : . . - . e
. . , . . . 5. end if Kitsuregawa and P. Krishna Reddy, "Discovering Periodic
complete set of inter-arrival times of s in various period- 6. Remove e; from the Tree and push the e;’s ps-list to _ _ o ,
. . . : . . - | Patterns in Irregular Time Series," 2019 International
segments. An iat’, € IAT, is considered interesting (or periodic) its parent nodes. .
7: end for Conference on Data Mining Workshops (ICDMW), Beijing,

if iats, < maxIAT, where maxIAT represents the user-specified
maximum inter-arrival time

China, 2019, pp. 1020-1028.
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