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Knomana

Knowledge man nt on pesticidal plants in Africa

% Collect data from scientific publications on the uses (45.000 on Sept.
2021) of pesticidal plants to identify alternatives to chemical pesticides
and antibiotics

Base de données.

Titre article ou du
document

Nom latin

citr

Citrus sinensis 1.11li n:1|Monodora myristica | Fusarium oxysporum Djeuge 2017 Morphological and Internatic
Citrus sinensis  \.I1li 11| Monodora myristica | Fusarium oxysporum Djeuga 2017 Morphological and Internatic
cit nldini y Djeuge 2017 Morphological and Internatic
Citrus sinensis \.11li n:11|Monodora myristica | Fusarium oxysporum Djevga 2017 Morphological and Internatic
Callistemon citrinu: 11111P11" Lycopersicum esculen | Phytophtora infestans Dakole 2016 Antifungal potentia Internatic
Callistemon citrinu: 11111 P Lycopersicum esculen | Phytophtora infestans Dakole 2016 Antifungal potentia Internatic
Callistemon citrinu: 1111P 1" Lycopersicum esculen | Phytophtora infestans Dakole 2016 Antifungal potentia Internatic
Callistemon citrinu: 11111 P Lycopersicum esculen | Phytophtora infestans Dakole 2016 Antifungal potentia Internatic
Callistemon citrinu: 1111P 1" Lycopersicum esculen | Phytophtora infestans Dakole 2016 Antifungal potentia Internatic
Callistemon citrinu: 11111 P 11" Lycopersicum esculen | Phytophtora infestans Dakole 2016 Antifungal potentia Internatic
Callistemon citrinus 1111 P 1" Lycopersicum esculen | Phytophtora infestans Dakole 2016 Antifungal potentia Internatic
Callistemon citrinu: 1111 P1+" Lycopersicum esculen | Phytophtora infestans Dakole 2016 Antifungal potentia Internatic

% Objective: Extract knowledge formulated as implication rules

Silvie P., Martin P., Huchard M., Keip P., Gutierrez A., Sarter S., 2021. Prototyping a knowledge-based system to
identify botanical extracts for plant health in Sub-Saharan Africa. Plants 10 (5):896-920.
https://doi.org/10.3390/plants10050896
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Background

Formal Concept Analysis [Ganter and Wille, 1999]

Formal Context Conceptual
z
= % structure
Fi 1
3= 3
&0
%/ %2 % conceptual structures Concept Peet 2 Concept Pest 3
§ § § computation attacksPeanuts attacksCheese
- = = FusariumOxysporum
Pest @ x|« Tii -
FusariumOxysporum X Concept_Pest_1
TrogodermaGranarium X attacksRice
Triboli x idesObtectu
AcanthscelidesObtectus x| x

Concept_Pest_0
——

Duquenne-Guigues basis of Implications
(DGB)

Set of implications

< 1 > attacksRice ==> attacksCheese;
< 0 > attacksPeanuts attacksCheese ==> attacksRice

Guigues, J. L. ; Duquenne, V.. Familles minimales d'implications informatives résultant d'un tableau de données
binaires. Mathématiques et Sciences humaines, Tome 95 (1986) , pp. 5-18.
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Background
Implications

Formal context and Galois connection

% K =(G,M,I) G object set M attribute set | C G X M
% For O C G, shared attributes O’ = {m|Vg € O, (g, m) € I}
% For A C M, sharing objects A" = {g|Vm € A, (g, m) € I}

Implication
“* A= BwithACPH
% Scope = |A|
% Support = |A'|/|G].
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Background
Duquenne-Guigues basis of Implications

Pseudo-intent

Attribute set P; C M s.t:
% P; is not an intent (P/ # P;);
< For any other pseudo-intent P; C P;, P/ C P;.

Duquenne-Guigues basis of Implications (Duquenne and Guigues,

1986)
% Implication set {P; = P/|P; is a pseudo-intent}

% Cardinality minimal basis of non redundant implications

Computation
% Lincbo (Janostik et al., 2021)
% FCA4J (http://wuw.lirmm.fr/fca4j)
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Dealing with data structured in one table

Knomana: Knowledge management on pesticides plants in Africa

Merging 2 tables in one table

ProtSystem Organisminfo

New complex attributes were introduced, e.g. MultiUsePIGe_
which refers to a genus of plant that can be used as a pesticidal
plant and as a protected crop in separate uses
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Dealing with data structured in one table

Knomana: Knowledge management on pesticides plants in Africa

OneTable

 Azaceac Auadirac MelinceBusseols Busseol NoctuiZea mayiZea  Posce:
Azaceac aadirac elaceChvysode Chrysoc Noctul Crops — CropG  Cropf.

 nzacirac Auadieac Meinc Helicover Helicom Noctuk Cicer reCiar Fabacs

lDGB

PeFamily_-Noctuidae, MedicalCrop-X, FoodCrop. = PeGenus_Spodoptera, FoodPlant.,
Medical Plant_, MultiUsePlSp_, MultiUsePlGe_, MultiUsePlFa_, PlSpIsCrEw_, PlGelsCrEw._,
PlFamily_Asteraceae, PeSpecies_SpodopteraLitura, CrSplsPlEw_X,

CrGelsPlEw_X, PlSpecies_-WollastoniaDentata, PlGenus_-Wollastonia,
CrSpecies_RicinusCommunis, CrGenus_Ricinus, CrFamily-Euphorbiaceae  (0T1)

PeGenus_Spodoptera, PeFamily_N octuidae, FoodPlant_, Medical Plant_, MultiUsePlSp_,
MultiUsePlGe_, MultiUsePlFa. =—> MedicalCrop X (0T2)

How to increase the readability of the implications?

Mabhrach et al. ICCS’
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Data structured in several tables

Split data: the TwoTables and Relational models

b) TwoTables

| Organisminfo |

ProtSystem uses » species

piSpecies |1 _* 1| genus

crSpecies protects » | family

peSpecies L 1 |food

treats » medical
1. 1
a) Relational
{Organisminfo |
Uses » . Plant pl_CharactBy » | Or aAnl minfo
piSp plGenus, 01 18P
e 1| pIFamily a genus
famil
ProtSystem P foodl Y
N rop
ISpecies cr_CharactBy » .
ppect protects » |crSpecies, crGenus, = Y% medical
crSpecies - } 0.1 1
) 1. 1 |crFamily
peSpecies
1.
treats » - Past pe_CharactBy »
peSpecies, peGenus, 0.1 ]
1 | peFamily -’
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Methodology based on Relational Concept Analysis (RCA)

RCA extends FCA

Formal Concept Analysis

Formal Context *_ AOC-Poset
OrganismInfo |genusl|...|genusd |...|genus6|... no-medical|...
0-medica
plant1 (pll) X | X 1
plant2 (pl2) x x Build conceptual p[z
protl I x |. x structures gm
prot2 ox X v prot2
pest1 X prot3
pest2 prot4
>|IC_Org 15
[c_0rg 13 fro-medical
genus6 | [ genust |
prot1 pl1
IC_Org 18| | prot2 pl2
genus4
pest1 T T
pest2

Ganter, B., Wille, R.Formal Concept Analysis. Mathematical Foundations. Springer. 1999
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Methodology based on Relational Concept Analysis (RCA)

RCA extends FCA

Relational Concept Analysis

RCF
plant1 (pl1) x x 1 RCF model
plant2 (pl2) | x X 2 T
prot1 X X 3 uses » .
prot2 x x 1 — 1.t 1] genus
pestl x 5 ||_protects » | |family
pest2 x 6 1=
- FREN O PR O O ) 7 treats » medical
uses pl1pl2[pl3 [pla]... || protects]... [prot1[prot2]...| ftreats ... |pest1|pest2 1. 1
1 X 1 1
2 x 2 2
3 | x 3 X 3 X
1 x T 1] x 1 x 4
5 x 5 |- x 5 x
6 X 6 - x 6 X
7 x 7. 7
3 EFC ProtSystem / s o 15)
i
ProtSystem .| 3uses(C_Org_15)|3uses(C_Org _22)[...3protects(C-Org13)|... | Streats(C Org 18) ... amwe;u‘«gsbtv:g?x?y
1 X
: It =
3 X X x x H I}
4 x x x x Conceptual structures
5 x X x x
6 x x x x
7 x

Rouane Hacene, M., Huchard, M., Napoli A., Valtchev, P. Relational concept analysis: mining concept lattices
from multi-relational data. Ann. Math. Artif. Intell. 67(1): 81-108 (2013)
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Methodology based on Relational Concept Analysis (RCA)

Example for the TwoTable model

OrganismInfo|genusl]...[genusd]..[genus6]... no-medical|... || P 1
plant1 (pll) x| x ~ RCF model
plant2 (pl2) x T x p
prot1 . L x| x ! | uses » I
prot2 L x x - s | . ot 1|genus
pest1 5 |__protects » | family
pest2 T
treats » medical
1. 1
1 x 1 1
2 x 2 2
3 x 3 X 3 X
1 x 1 x 1 x 4
5 x 5 x 5 x
6 X 6 X 6 X
7 x 7 7
I. =
3 EFC ProtSystem - e
19
ProtSystem ... Juses(C-Org_15)|Juses(C-Org 22) ... 3protects (C-Org 13) ... 3treats(C_Org 18)]. exmn;‘s‘tgsbre“?m
1 x . o
2
3 x x x x :
4 x x x x Conceptual structures
5 x x x x
6 X X X X
7 x

We compute the DGB for FC Organisminfo and EFC ProtSystem.
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Rewriting implication rules to increase readability

\ "
C Org 22| :
0-medicall| |

Ino-medical

genust |}
plt :
prot2 pl2

tr M

i[_C SystProt 25
\| exist uses(C_Org_22)

3 exist uses(C_Org_15)
Hexi C Org 13)

For instance, the implication (/2) becomes (rewritten 12):

{3treats(C_Org_18)} = {Juses(C_Org_22)} (12)
{3treats(genus4)} = {Juses(no—medical)}  (rewritten 12)
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Process for TwoTables model

Organisminfo
implications

\ 4

(4) DGB computation

FC
Organisminfo |,
(1) AOC poset "a
computation [Organisminfo
AOC-poset
RC _:p (5) DGB computation
uses[ T po
treats|
RC ot Rewriton _F‘rut.Sys'lem
protects 2) FCexr nsion EFC implications
P A ProtSystem
FC ‘L EFC
ProtSystem ProtSystem (3) Relational attribute rewriting

The process can be generalized to any RCF model

14 /23
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Results

Size of conceptual structures

Quantitative description of the RCFs
and conceptual structures (AOC-posets)

#concepts | #concepts
Representation Formal #objects | #attributes | #relational | AOC Poset | AOC Poset
context : A
attributes | (initial step) | (last step)
OneTable FC CombinedRoles 721 1113 0 1005 1005
All formal contexts 1321 1078 2250 751 1750
TwoTables EFC ProtSystem 721 0 2250 1 1000
FC OrganismlInfo 600 1078 0 750 750
All formal contexts 1927 2169 3017 1507 2517
EFC ProtSystem 721 0 767 1 1000
Relational EFC Plant 562 1008 750 700 705
EFC Pest 29 45 750 36 37
EFC Crop 15 38 750 20 25
FC Organisminfo 600 1078 0 750 750

L. Mahrach et al.
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Results

Implication rules

Implications (implic.) from the Duquenne-Guigues basis
per scope (S) and maximum scope (Smax)

A . . - FHimplic. #implic. | #total
Representation Cl:é)r:tngil #slm:plé)c. #S'"‘:Pl‘lc- #'S";F"z'c- #S'"‘:P“SC S = [4-10] S >10 implic. (#?rmn;ITc)
(avg) (avg) S>0
OneTable FC CombinedRoles 3360 1105 281 125 236 (33.71) | 173 (2.34) 1920 721 (1)
EFC ProtSystem | 4801 827 234 95 | 165 (2357) | 74 (1.90) | 1395 | 721 (1)
TwoTables | FC Organisminfo | 6069 1007 76 37 42(7.00) | 6(12) | 1168 | 35(1)
All FCs 10960 1834 310 132 207 80 2571
EFC ProtSystem | 3414 825 234 05 | 164 (23.42) | 73 (187) | 1391 | 721 (1)
EFC Plant 5698 1509 132 64 85 (14.17) | 25(2.08) | 1815 | 87(2)
Relational EFC Pest 855 67 8 0 4(2) 1 80 29 (1)
EFC Crop 740 58 8 4 0 0 70 3(4)
FC Organisminfo 6069 1007 76 37 42 (7) 6(1.2) 1168 35 (1)
All FCs 16776 3466 450 208 295 105 4532
Mahrach et al. 1CCS'2021,Virtual Bolz. , France
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Implication rules

Example for TwoTables

Organisminfo
‘Family_MeIiaceae = NoFood ‘

The Meliaceae are not consumed

‘ Genus_Salvia —> Family__Lamiaceae ‘

Genus Salvia implies Family Lamiaceae

ProtSystem

Jprotects(NoFood), Iprotects(Medical), Jtreats(Family__Noctuidae)
Jtreats(NoFood), 3treats(NoMedical) —> IJprotects(Family__Euphorbiaceae),
Iprotects(Species_RicinusCommunis& Genus__Ricinus), Jtreats( Genus_Spodoptera),
Jtreats(Species__Spodopteral.itura), Juses(NoFood),Juses(NoMedical),
Juses(Family_Asteraceae), Juses(Species_WollastoniaDentata& Genus_Wollastonia)
(TT1)

Jtreats(NoFood), 3treats(NoMedical), treats(Family_Noctuidae),
Streats( Genus__Spodoptera), Juses(NoFood), uses(NoMedical) =
Jprotects(Medical) (TT2)

L. Mahrach et al. 1CCS’2021,Virtual Bolzano, France 17 / 23



Implication rules

Examples for the Relational model

ProtSystem

Jtreats(PeFamily__Noctuidae), 3treats(PeGenus_Spodoptera),
uses(pl_CharactBy(NoFood)), Juses(pl_CharactBy(NoMedical)) =
Jprotects(cr_CharactBy(Medical)) (Rel2)

Crop
Jer__CharactBy(NoFood), 3cr_CharactBy (Medical) =
CrSpecies__RicinusCommunis,
CrGenus_Ricinus, CrFamily__Euphorbiaceae, 3cr__CharactBy(Family_Euphorbiaceae),
Jer_CharactBy(Species_RicinusCommunis& Genus_Ricinus)  (Rell)

Crops, used in medical care and not consumed, are from the Ricinus Communis species

Plant
PIFamily_Poaceae, 3pl_CharactBy(NoMedical), 3pl__CharactBy(Family_Poaceae)
=—> 3pl_CharactBy(NoFood)

amily Poaceae plants not used in medical care, are also not consumed

L. Mahrach et al. 1CCS’2021,Virtual Bolzano, France 18 / 23



Implication rules

Example of implications for the three models

OneTable

PeFamily__Noctuidae, MedicalCrop, NoFoodCrop = PeGenus_Spodoptera, NoFoodPlant, NoMedicalPlant,
NoMultiUsePISp, NoMultiUsePIGe, NoMultiUsePIFa, NoPISplsCrEw, NoPIGelsCrEw, PIFamily_Asteraceae,
PeSpecies__Spodopteralitura, CrSplsPIEw, CrGelsPIEw , PlSpecies_WollastoniaDentata, PlGenus_Wollastonia,
CrSpecies_RicinusCommunis, CrGenus_Ricinus, CrFamily_Euphorbiaceae  (0T1)

TwoTables

Iprotects(NoFood), 3protects(Medical), 3treats(Family_Noctuidae), 3treats(NoFood), Jtreats(NoMedical)
=—> dprotects(Family_Euphorbiaceae), 3protects(Species_RicinusCommunis& Genus_Ricinus),

Jtreats( Genus_Spodoptera), Itreats(Species_Spodopteral.itura), Juses(NoFood), Juses(NoMedical),
Juses(Family_Asteraceae), Juses(Species_WollastoniaDentata& Genus_Wollastonia)  (TT1)

Relational

Jer_CharactBy(NoFood), 3cr_CharactBy(Medical) = CrSpecies_RicinusCommunis, CrGenus_Ricinus,
CrFamily_Euphorbiaceae, 3cr_CharactBy(Family_Euphorbiaceae),
Jer__CharactBy/(Species_RicinusCommunis& Genus_Ricinus) ~ (Rell)

OT1 and TT1 combine (in blue) information about RicinusCommunis as a protected
crop and other information on protection systems, Rell contains only information

about the (protected) crop role of RicinusCommunis
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Discussion

Dividing data into separate FCs, which introduces RCs:

L. Mahrach et al.

Produces more implications

The implications are divided into coherent subsets, i.e. one
per FC, simplifying their analysis
Reduces the length of the rules

Combining less attributes makes the implications easier to
read

Eliminate the technical attributes introduced in OneTable to
make the dataset coherent

The more data are separated, the more implications are
understandable
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Conclusion and Future Work

<» Knomana dataset
% Split data

% Effect on the implications

y

% Clean the rules to limit redundancies (Saoud et al, 2021)

% Classify the rules depending their content (Saoud et al, 2021)

% Use Iceberg lattice to reduce the number of relational
attributes )

Saoud J., Gutierrez A., Huchard M., Marnotte P., Silvie P., Martin P., 2021. Explicit versus Tacit Knowledge in
Duquenne-Guigues Basis of Implications — Preliminary Results. Analyzing Real Data with Formal Concept Analysis
(RealDataFCA'2021), https://icfca2021.sciencesconf .org/resource/page/id/12
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Alternative conceptual structures

HEHE AP
151315 ¢8|z sl e
HEIEIE R IR IR
T T |E|E|E|E|2|5]%
HEIEIEIE £|2|8
X X
i X X
MenthaPulegium X X X
i X X
= <= X
MenthaVirescens X X x | x X
o W E I I %
o N X

AOC-poset

[Concept_Plant 9|
alimentation

Concept_Plant_6]

Concept lattice

[Concept_Plant_11

Iceberg

Concept_Plant_4

[Concept_Plant |

conservation

alimentation

[Concept_Plant 7]

[Concept_Plant 7]
panUsedleaf

Mentha

MenthaSpicata

Concept_Plant_4]
MenthaPulegium

Concept_Plant_8)
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[Concept_Plant_8|
E———— [MenthaPulegium

Concept_Plant 1 Concept_Plant 2

[Concept_Plant 5| Fiyplis Concept_Plant 2 Fyptis [Concept_Plant 6| [ Concept_Plant 3

[ | [ | |partUsed-fiower | f |
HyptisSpicigera

Concept_Plant 3

partUsed:root

partUsed:bark
Ocimum

>
oo
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Concept_Plant_4
partUsed:root
pantUsed:bark

Ocimum

OcimumBasilicum
o silic

/ Concept_Plant_1

[Concept_Piant_3] Mentha

partUsedleat MenthaPulegium
MenthaPulegium

MenthaSpicata
Concept_Plant 2
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Alternative conceptual structures

Concept lattice

(Concept_Plant_11

[Concept_Plant_10

Concept_Plant_7]
Mentha

[Concept_Plant 9|
pantUsed:leaf

ata

[Concept_Plant_5
MenthaPulegium

[Concept_Plant_8|

Concept_Plant_2
Fiyptis [Concept_Plant 6] [ Concept_Plant 3
. partUsed flower
HyptisSpicigera

Concept_Plant_4
partUsed:root
pantUsed:bark
imum

OcimumBasilicum
oo

[Concept_Plant_1
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Alternative conceptual structures

Concept lattice

(Concept_Plant_11

[Concept_Plant_10

[Concept_Plant 7|
Mentha

[Concept_Plant 9|
pantUsed:leaf

[Concept_Plant_5
MenthaPulegium

[Concept_Plant_8|

Concept_Plant 2
Fiyptis [Concept_Plant 6] [ Concept_Plant 3
. partUsed flower
HyptisSpicigera

Concept_Plant_4
partUsed:root
pantUsed:bark

imum
OcimumBasilicum
(OcimumGratissimum

[Concept_Plant_1
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Alternative conceptual structures

Concept lattice

(Concept_Plant_11

[Concept_Plant 7|
Mentha

Concept_Plant_10] [Concept_Plant 9

pantUsed:leaf

attribut introducer

Concept_Plant_5]

MenthaPulegium

[Concept_Plant_8|

Concept_Plant 2
Hyptis

[Concept_Plant_§|

partUsed-flower

Concept_Plant 3

object introducer

HyptisSpicigera

Concept_Plant_4
partUsed:root
pantUsed:bark

imum

OcimumBasilicum

(OcimumGratissimum

[Concept_Plant_1
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Alternative conceptual structures

AOC-poset Concept lattice
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Alternative conceptual structures

AOC-poset

[Concept_Plant_9|

Concept_Plant_6|

Mentha

[Concept_Plant 7|
partUsedileaf

[Concept_Plant_10]

conservation
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Concept lattice
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MenthaPulegium
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