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Complex systems represented by multivariate time series are ubiquitous in many ~N - ~N
applications, especially in industry. Understanding a complex system, its states and Is a complex system The study of a complex system composed
their evolution over time is a challenging task. This is due to the permanent change of Thermal power > gﬁ’:ggzﬁgéfegag'z;“é’::: each : °fu'r:‘|:::;‘l’:5'ate time series
contextual _events internal and externa! to th(? syst_er_n. We are mter_ested in representing station sensors which return a value at « with irregular & non-deterministic behavior
the evolution of a complex system in an intelligible and explainable way based on given time - temporal dynamics

(multivariate times series

We propose XR-CSB (eXplainable Representation of Complex System Behavior)
based on three steps:

/ Problem formulation \
~ 4 \

(|) a time seﬁes ver}ical clustering to detegt system states, . is described by the * How to understand the states of
(if) an explainable visual representation using unfolded finite-state automata and = 4 o . Ca'ues of the time series || - multivariate timeoseries ofa
- - - - - How to understand the complex system?
(1ii) an explainable pre-modeling based on an enrichment via exploratory metrics. evolution of a complex_[AState of the system!/ = . How to detect and understand
| system over time? | can last in time their evolution?
. . . - I o i i i
Four representations adapted to the expertise level of domain experts for acceptability ! : > E:mttgllﬁt);:sae:étgfp f;’lz':g&" in
issues are proposed. Experiments show that XR-CSB is scalable. Qualitative evaluation > | : : ﬁ?éii:?é‘f"iaﬁies ] way?
by experts of different expertise levels shows that XR-CSB meets their expectations in : \;: \ l - j
terms of explainability, intelligibility and acceptability. This work was presented at Channi et  CERRTCANIN iR e :
KDIR@IC3K 2022 available at the QR code bellow. b e —
XR-CSB method: EXplainable Representation of Complex System Behavior Experiments & Results
A 3-step methodology: Dataset: Time series: 92 sensors / Time step: 10 min / Whole duration: 3 years
N X X @ © Company 1: Data scientists Main findings
""" 35 170min 20min 230min 70min —— . .
1 time seriocs s S R - g () O ﬂ el ———— Different perception of the
’ ) ) m,1 ape .
xi: xii x: ; Xen,2 28 o o o o mm acceptability of a representation
21:'2 a ‘ USQ CaseAz P accordlng to.
oo ) - the profile of the company’s experts
d” time serie=) , , Xoq  Xsg Xm. d 10 .. .
:  — = A : e 19h°° 22h00 22h3° 02h30 °3h5° 04h0o Use case B - the apriori knowledge of the domain
t, t, t timestamps o M 21h00 00h00 00h30 04h30 05h50 06h00 — . ) .
N " 0 * the technical experience with the
(a) (b) 0 1 2 3 4 5 '
Example of a Window (xength w = m timestamps 170min 230min 70min Su bJeCt
Q O Q ma mb mc =d mFusion
0 - @@ Q@@= Company 2: HCI, little experience in Al * Neophyte profiles of a domain prefer
: r : r l | more information about the complex
Cluster C1 Cluster Cy E —» &;izgg '33233 !:3::3 'gzzt::g ﬁ:::g gg:gg 0 1 0 1 0 oo e System (Company 2)
1 | I . | iy . .
@ ; ; ; ‘ ; « Experts familiar with the subject seem
° ' ° ' ’ Use case A.2 not to need this information there
5 Number of records 18 3 24 8 1 & S S 0590
3 Average speed  -3.905089e-04 0.001163 / 0.010555 0.000101 ;s‘,”‘& ;é,’;{y ;30 '&& '3’° (Company 1 )
o oS o o va Use case B
' Average Velocity 8.657702e-04 0.007734 0.001904  -0.009200 / '\9” ,\9"’ ,\9"' .‘9"' ,\9"’ . . . .
CIu Ster C Average acceleration  8.174802e-07  0.000005 I -0.000101 / nghllg htlng the Important trade-off
Cluster C3 2 . N 0 0,5 1 1,5 2 2,5 3 3,5 between
RmD e RORIEON o -the performance of Al approaches vs.
! 225 { — Computational time | =—— Computational time 1 1
Step 1: Clustering of vectors:Step 2: Automata generation 200 1 - the r.ele.vanc.e.of _the visual explanatlons
’ - 1000 and its intelligibility
u . mgm 150 1 800 -
T Originalities N\
125 A 600 1 .
_ _ _ _ _ . : : . XR-CSB method allows generating an
1) Vertical clustering: independent 2) Pre-modeling explainability: 3) Visual explanation Intelligible 1004 00 lainabl d intell; g‘bl . gl
f the size of time series ==> explanatory metrics, speed, velocit for human experts that can be " 200, éxplainable and intelligible visua
° lexit ol o P erati y » SPeed, Y evaluated via qualitative e N representation of the behavior of a
compiexity contro acceleration . 9 ° 2 o @ @ W 0 SN0 k0 00 200 5000 complex system that interfaces with
expe riments Figure 3: Execution time w.r.t. the number of clusters k: Figure 4: Execution time w.r.t the window length w: Anal- I h
\ / Analysis of 92 sensors over 24 hours, i.e., 144 records, for ysis of 92 sensors, for k = 7 and hours % in {8,16,24,48, experts as Well as neop ytes
kin {3,...,100}. 96,192,384,768,1.536,3.072,6.144,12.288,24.576} .
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