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MobiPaleo: An Interactive Platform for Extracting Gradual Patterns from Multivariate Temporal Data

This paper presents a tool namely Mobipaleo 1 to automatically extract simultaneous attribute co-variations called gradual patterns from multivariate temporal data. It proposes two types of temporal resolution to integrate in the search process according to user preferences: the high temporal resolution taken into account referenced as the temporal constraint between consecutive objects and the low temporal resolution referenced as the temporal constraint between distant objects. Mobipaleo highlights the benefits of using artificial intelligence techniques such as pattern mining in real-world applications.

Introduction

Gradual patterns model complex attributes co-variations of the form "the more or less is 𝑋 1 , . . ., the more or less is 𝑋 𝑛 " in a numerical database. These last years, gradual patterns attracted a lot of attention and many algorithms have been proposed to automatically extract such patterns from different data models [1-3, 6, 7]. Nowadays, gradual patterns are largely applied for extracting knowledge from data in several domains, including for example in financial market for discovering co-evolution between financial indicators, in biology for discovering correlations between genomic expressions. Despite of the contribution of gradual patterns for understanding the data from their ability for interpretation and summary large amounts of data, there is nowadays no available tool for interactive extraction of gradual patterns. Note that, few extracting gradual patterns software are available [START_REF] Négrevergne | ParaMiner: a generic pattern mining algorithm for multi-core architectures[END_REF], however, they do not process temporally annotated numerical data. Moreover, they are not user-friendly wrt mining process by specifying some mining constraints and analyzing patterns. The number of those patterns can be very large, making difficult for a user to interpret them.

MobiPaleo is an online tool for extracting gradual patterns, and it deals with temporal data and allows users to specify the mining constraints, visualize and easily navigate through the extracted patterns. It offers a customizable user friendly 1 https://mobipaleo.limos.fr/login interface to easily explore and filter on the extracted patterns, it enables users to identify correlations between attributes most useful for their usecase. Our platform offers a suitable framework to identify correlations from temporal data while leave user free to specify temporal resolution constraints to be integrated into the mining process. It is used by paleoecological experts to analyze biodiversity trajectories, climate and ecosystems dynamics from the extracting ecological correlations of groups of key-proxy multi-variate indicators. Our tool highlights the use of pattern mining based methods for finding patterns that provide valuable knowledge and that are interpretable by humans.

Gradual patterns. A gradual item has form 𝑖 * : where 𝑖 is an attribute and * is a variation such that * ∈ {↑, ↓}. "↑" denotes an increasing variation and "↓" a decreasing variation. A gradual pattern is a set of gradual items {𝑖 * 𝑗 𝑗 , 𝑗 = 1 . . . 𝑘 }. A gradual pattern captures the simultaneous co-variation of several attributes. For instance {𝑖 1 ↑, 𝑖 2 ↓} is interpreted as the more 𝑖 1 and the less 𝑖 2 . The quality of a gradual pattern is measured by its frequency support [START_REF] Négrevergne | ParaMiner: a generic pattern mining algorithm for multi-core architectures[END_REF]. The algorithms within MobiPaleo consider the definitions of frequency proposed by [START_REF] Lonlac | An Approach for Extracting Frequent (Closed) Gradual Patterns Under Temporal Constraint[END_REF][START_REF] Lonlac | A novel algorithm for searching frequent gradual patterns from an ordered data set[END_REF] as they were designed for temporal data.

Section 2 presents an application where there are temporal data with the challenge of gradual patterns mining which can be addressed using our tool. Section 3 gives an overview of MobiPaleo, describes it and the temporal constraint-based gradual patterns mining algorithms running in the background which are proposed by [START_REF] Lonlac | An Approach for Extracting Frequent (Closed) Gradual Patterns Under Temporal Constraint[END_REF][START_REF] Lonlac | A novel algorithm for searching frequent gradual patterns from an ordered data set[END_REF]. Note that this demonstration paper highlights the works published in [START_REF] Lonlac | An Approach for Extracting Frequent (Closed) Gradual Patterns Under Temporal Constraint[END_REF][START_REF] Lonlac | A novel algorithm for searching frequent gradual patterns from an ordered data set[END_REF] on the extracting of gradual patterns from temporal data, with an emphasis on the software and applications. Therefore, for details on mining gradual patterns in temporal data, we refer the reader to the more detailed papers [START_REF] Lonlac | An Approach for Extracting Frequent (Closed) Gradual Patterns Under Temporal Constraint[END_REF][START_REF] Lonlac | A novel algorithm for searching frequent gradual patterns from an ordered data set[END_REF] which include context and formal definitions.

Application domain in Paleoecology

Paleoecological research enables to rebuild over time the ecological dynamics and the evolution of the biodiversity (for example the evolution of vegetation or the functioning of a lake ecosystem) under the influence of climatic variations and human activities (e.g. agriculture and pastoralism) [START_REF] Smol | Tracking Environmental Change Using Lake Sediments[END_REF]. The reconstruction of these ecological trajectories over 7 millennia for Lake Aydat, located in the Chaîne of Puys in the Auvergne Rhône-Alpes region and threatened with eutrophication, makes it possible to better understand its current ecological status and contributes to the establishment of viable governance [START_REF] Miras | Tracking long-term human impacts on landscape, vegetal biodiversity and water quality in the lake Aydat (France) using pollen, non-pollen palynomorphs and diatom assemblages[END_REF]. This research is based on the abundance of different paleoecological indicators (pollen grains and plant spores, non-pollen micro-fossils: various forms of resistance of phytoplankton and zooplankton, diatoms) conserved in the lacustrine sediment records. All these paleoecological data are then stored in large databases with temporal relationships between components. These data are complex, since they are heterogeneous and evolving, consists variables of different studies.

Indeed, the paleoecological data include a set of numerical attributes for which values correspond to the quantity of each paleoecological indicator contained in a sediment record taken, by coring operations, in a lake ecosystem. The sedimentary sequence obtained is then dated, sampled, and for each sample, at a given depth, a date is calculated. The abundance of each indicator is then recorded for each sample. A peculiarity of the paleoecological data contained in Δ is that they are evolutionary. Moreover, Table 1 generally contains few lines (the dates of the samples) in relation to the number of columns (the number of paleoecological indicator) and is very sparse (it contains a large number of zero values).

Table 1 is a sample of paleoecological data, its columns are labeled with scientific names of different indicators. It is then a challenge for the paleoecological research experts, to analyze the database in order to extract specific knowledge, such as the discovery of coevolution groupings of multi-varied paleoecological indicators (eg formed groupings of pollen grains, micro-fossils non pollen and diatoms) necessary to understand the evolution of biodiversity, ecosystem operation over time and to predict future change. All these implicit information are generally sought by the paleoenvironmental experts using conventional statistical analysis methods. These methods are often based on a simple plot of a graph containing the curves of evolution of different indicators from the paleoecological data (for more information, see the website http://mobipaleo.univbpclermont.fr/index.html), and on an empirical comparison of these curves in order to identify groups of curves that evolve at identical periods.

It appears obvious that it is very tedious for paleoecology experts to empirically identify the different co-evolutions of these indicators from this plot. Moreover, the risk is to exclude an exhaustive processing of the dates and eventually to miss the small relevant information: groups with low co-evolution but with a strong impact on the biodiversity change. In this context, the gradual patterns are proven suitable to solve the extraction problem of co-evolution groupings of multivariate paleoecological indicators.

In this paper, we propose an interactive platform that makes it possible to extract frequent complex co-variations between numerical attributes in a data table by taking into account the temporal constraints between objects during the mining process. To the best of our knowledge, MobiPaleo is the first interactive platform for extracting gradual patterns from temporal data, that offers more flexibility to user for specifying temporal resolution constraint while providing it an interface to explore itself the generated patterns. In terms of applications, this platform provides additional information compared to the traditional techniques used to date in the analysis of paleoecological data, which are essentially statistical methods such as principal component analysis or clustering. It facilitates the analysis of multivariate bio-indicators to an examination of long-term ecosystem dynamics and seeks to detect early anthropogenic impacts.

MobiPaleo Platform

This section presents the architecture of MobiPaleo and details how use it for exploring multivariate temporal data.

Architecture Overview

MobiPaleo platform as shown in Figure 1, consists of the three main modules. [START_REF] Lonlac | Mining Frequent Seasonal Gradual Patterns[END_REF] The Data load module retrieves the data and parameters of gradual patterns mining algorithms from a user interface as shown in Figure 2; (2) The gradual patterns extraction module selects and runs the appropriate algorithm according to the level of temporal resolution chosen by the user; (3) The Post-processing module shows the gradual patterns found by the selected algorithm and helps to navigate through them as shown in Figure 3.

Figure 1. Architecture of MobiPaleo

More precisely, the Data load module allows to upload a multivariate temporal data set, to define a minimum support threshold and to specify the temporal resolution level according to which a gradual pattern mining algorithm will be selected. The gradual pattern extraction module is the core part of MobiPaleo tool, which runs the selected algorithm and returns the set of gradual patterns found. The Post-processing module displays the generated patterns and allows users to select particular variables to inspect the patterns containing those variables in a user-friendly way.

User Interface and Demonstration Scenario

This section shows how to perform gradual patterns mining tasks under temporal constraints on MobiPaleo platform and use available interface to rapidly navigate through extracted patterns. Figure 2 shows the interface for submitting a gradual patterns mining task on MobiPaleo. User should provide some parameters among which the mining constraint that is set according to the temporal resolution preferences of user. There are two mining constraints: 1) high temporal resolution where gradualities are only considered between consecutive objects during the mining process and 2) low temporal resolution where gradualities may be considered between distant objects. The former constraint is particularly suitable to extract paleoecological indicators coevolutions in order to understand paleoecological dynamics over time since palaeoecological research is usually undertaken at high temporal resolution. Hence, MobiPaleo helps palaeoecological experts to automatically identify ecological correlations of groups of key-proxies and specific multivariate bioindicators to explore their potential as early warning signals of tipping points in the lake dynamics. This highlights the application of pattern mining for multi-proxy paleoecological research which usually provides large and heterogeneous data with temporal relationships between data.

Before submitting a mining task, the user uploads a dataset, defines the constraints (Constraint mining) on the desired patterns and specifies a minimum support threshold (frequency). Once running terminates, the user can explore and 

Apply MobiPaleo on Paleoecological Data

This section shows how MobiPaleo can be useful to find interesting hidden patterns describing the co-evolution relationships between paleoecological indicators. We applied MobiPaleo on a paleoecological database set taken from Lake Aydat located in the southern part of the Chane des Puys volcanic range (French Massif Central). This database contains 111 objects (the temporal component, be in depth or estimated radiocarbon age) described by a set of 87 attributes (pollen, non-pollen palynomorphs and diatom-types that are paleoecological indicators). It gives the abundance (in percentages) of each attribute for each object (taken at the same high resolution throughout the cores).

It is noteworthy that significant cross-correlations of different indicators and their repeated co-evolutions through time are not easy to characterize empirically by the palaeoecologist. When running MobiPaleo on the paleoecological data, we extract some interesting gradual patterns correspond to the groups of co-evolutions of different palaeoecological indicators with their dephts of co-evolution (Tids in Figure 3). The analysis of the recurrence of these patterns through time traduces specific patterns, allowing ecological modelling of systems dynamics. Some interesting gradual patterns were characterized (see Figure 3) comprising different types of palaeoecological indicators and consistent co-evolution of abundance of taxa (expressed in percentages).

Evaluation of the quality of extracted patterns. Some co-evolutions are principally associated with human impact, and especially arable agriculture, as the associated attributes 

Conclusion and Future Work

MobiPaleo is to the best of our knowledge, the first interactive tool for automatically extracting attribute co-variations under temporal constraints which furthermore, offers a suitable framework to user to visualize and navigate through the extracted patterns. This platform is very helpful to domain expert in paleoecological research for identifying ecological correlations of groups of key-proxies and specific multivariate bio-indicators to explore their potential. We plan to extend MobiPaleo with more parameters to address more complex post-processing of extracted patterns such as, for example, the visualization of the curves of variables.

  The database objects correspond to different dates obtained on the considered sedimentary record, and the columns to the different paleoecological recorded. More formally, let D be the dates of the different samples of the sedimentary sequence, I the different paleoecological indicators recorded at these dates D, then the paleoecological data is defined by Δ = D × I. The following notations characterize the data contained in Δ. Let 𝑑 ∈ D and 𝑖 ∈ I: • Δ(𝑑, 𝑖) indicates the number of instances of the indicator 𝑖 present at the date 𝑑; • Δ(𝑑, 𝑖) = 0 indicates the absence of the indicator 𝑖 at the date 𝑑; • Δ(D, 𝑖) shows the temporal evolution of 𝑖; • Δ(𝑑, I) characterizes the state of palaeoecological conditions at date 𝑑
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 2 Figure 2. Interface for submitting a task on MobiPaleo
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 3 Figure 3. Interface for post-processing of extracted gradual patterns
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 1 Example of paleoecological database Δ.

	Date Fabaceae Secale	Rumex	Equisetum Plantago Filipendula Vulgaris
	𝑑 1 94	46	11	3	8	4	0
	𝑑 2 126	21	9	4	18	4	31
	𝑑3 100	37	7	6	12	4	13
	𝑑 4 134	19	6	8	19	3	36
	𝑑 5 112	34	5	9	14	2	17
	𝑑 6 145	2	5	4	25	2	62