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3. Method 2: Full and independent
Sobol indices
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3. Full and independent Sobol indices

> Method

Dependent inputs ‘ Rosenblatt transformation

A Rosenblatt transformation not unique

Independent inputs

Rosenblatt transformation requires the knowledge of the conditional densities of the inputs

» a vine copula model was estimated
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3. Full and independent Sobol indices

> Method

Dependent inputs ‘ Rosenblatt transformation Independent inputs

A Rosenblatt transformation not unique

Rosenblatt transformation requires the knowledge of the conditional densities of the inputs

» a vine copula model was estimated

n circular reordering of x = (x4, X5, ..., Xp—1, Xpn):

15t reordering : (X1,X5, o) Xj, or, Xp)

X1
Xn / \ X2 :
1 ‘ it reordering : (Xi, Xjq1, v s X1, o Xj—1)
\Xi &~ nth reordering : (X, X1, «oe ) Xjy oor» Xp—1)
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3. Full and independent Sobol indices

> Sensitivity indices computed

Let’s consider the i" reordering (X;, X1 1, .., Xp, X1, X2, - Xj—1)
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3. Full and independent Sobol indices

> Sensitivity indices computed

Let’s consider the i" reordering (X;, X1 1, .., Xp, X1, X2, - Xj—1)

ul include the effects of the dependence of x; with
the other inputs

ul represent the effects of x;_, that are not due to its
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3. Full and independent Sobol indices

> Sensitivity indices computed

Let’s consider the i" reordering (X;, X1 1, .., Xp, X1, X2, - Xj—1)

ul include the effects of the dependence of x; with
the other inputs

ul represent the effects of x;_, that are not due to its
dependence with the other inputs X _;_1,

Full Sobol indices of x; (S{"", T/*!") Independent Sobol indices of x;_; (S{"9, Ti"{
Interpretation:
1. Comparison of the total indices T!"!! and T/
v If T =~ 0 and T/"!! >> 0 =) contribution of x; is only due to its dependence with other inputs
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v If TI" 5> 0 mmm) contribution of x; is due to x; alone and /or its interactions with other inputs

INRAZ

Sensitivity analysis of a mechanistic model of the rumen in-vitro fermentation: Computation of dynamic Shapley effects and Sobol indices p. 12
24-25 Novembre 2022 / Rencontres du reseau Mexico 2022, Cestas / Paul Blondiaux




3. Full and independent Sobol indices

> Sensitivity indices computed

Let’s consider the i" reordering (X;, X1 1, .., Xp, X1, X2, - Xj—1)

i1 %), e (K1 | 5 X1, X)), o (KX iopy )|

uil include the effects of the dependence of x; with ul represent the effects of x;_, that are not due to its
the other inputs dependence with the other inputs x_;_1)
Full Sobol indices of x; (S{"", T/*!") Independent Sobol indices of x;_; (S{"9, Ti"{
Interpretation:

1. Comparison of the total indices Tif“" and Tii“d

v If T =~ 0 and T/"!! >> 0 =) contribution of x; is only due to its dependence with other inputs
v If TI" 5> 0 mmm) contribution of x; is due to x; alone and /or its interactions with other inputs

v IfT" ~ 0and T/ ~ 0 mm) X; has no contribution on output variance

INRAZ

Sensitivity analysis of a mechanistic model of the rumen in-vitro fermentation: Computation of dynamic Shapley effects and Sobol indices p. 12
24-25 Novembre 2022 / Rencontres du reseau Mexico 2022, Cestas / Paul Blondiaux
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> Sensitivity indices computed

Let’s consider the i" reordering (X;, X1 1, .., Xp, X1, X2, - Xj—1)

i1 %), e (K1 | 5 X1, X)), o (KX iopy )|

uil include the effects of the dependence of x; with ul represent the effects of x;_, that are not due to its
the other inputs dependence with the other inputs X _;_1,
Full Sobol indices of x; (S{"", T/*!") Independent Sobol indices of x;_; (S}, T;™{
Interpretation:

1. Comparison of the total indices Tif“" and Tii“d

v If T =~ 0 and T/"!! >> 0 =) contribution of x; is only due to its dependence with other inputs
v If TI" 5> 0 mmm) contribution of x; is due to x; alone and /or its interactions with other inputs
v IfT" ~ 0and T/ ~ 0 mm) X; has no contribution on output variance

2. Comparison of S and T"!! or S and T/ to analyze the effects of the interactions
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3. Full and independent Sobol indices

> Application on CH, concentration dynamic

Full and independent total Sobol indices

* Kn JH, * I(hyd . Nsc Km . su Km ,aa ® Ks H,
Input parameters K K K K
® Rhyd, ndf hyd,pro ® S, su S, aa

1.00| full 1.00 ind
EEE sl

()]
Q
©

0 0.75 50.75-
2 2
re) 0

20.50¢ © 0.50]
% e
© I=
L o)

— 0.25 20.25/
S Y, ]
L ¢ o
L[]
g
c

0.00 — 0.00

1 3 5 7 9 11131517 19 21 23 1 3 5 7 9 11131517 19 21 23
Time (h) Time (h)
INRAZ

Sensitivity analysis of a mechanistic model of the rumen in-vitro fermentation: Computation of dynamic Shapley effects and Sobol indices
24-25 Novembre 2022 / Rencontres du reseau Mexico 2022, Cestas / Paul Blondiaux

p.

13



3. Full and independent Sobol indices

> Application on CH, concentration dynamic

Full and independent total Sobol indices

* Kn JH, * I(hyd . Nsc Km . su Km ,aa ® Ks H,
Input parameters K K K K
® Rhyd, ndf hyd,pro ® S, su S, aa

1.00| full 1.00 ind
EEE sl

()]
Q
©

0 0.75 50.75-
2 2
re) 0

20.50¢ © 0.50]
% e
© I=
L o)

— 0.25 20.25/
S Y, ]
L ¢ o
L[]
g
c

0.00 — 0.00

1 3 5 7 9 11131517 19 21 23 1 3 5 7 9 11131517 19 21 23
Time (h) Time (h)

[ Tl —Tind < 0,07 ]
INRAZ

Sensitivity analysis of a mechanistic model of the rumen in-vitro fermentation: Computation of dynamic Shapley effects and Sobol indices
24-25 Novembre 2022 / Rencontres du reseau Mexico 2022, Cestas / Paul Blondiaux

p.

13



3. Full and independent Sobol indices

> Application on CH, concentration dynamic

Full and independent total Sobol indices
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full ind dependencies among input parameters contributed very few to
T, —T," <0.07 : . .
the variance of the CH, concentration dynamic (as expected)
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3. Full and independent Sobol indices

> Application on CH, concentration dynamic

Independent Sobol indices
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[ de Smd < 0.15 ] ‘ Interactions between input parameters contributed very few
to the variance of the CH, concentration dynamic
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4. Conclusion
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4. Conclusion

> Take home messages
Shapley effects

Km u, was the most influential input parameter to the variation of the dynamic of CH,
concentration
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4. Conclusion

> Take home messages
Shapley effects

Km u, was the most influential input parameter to the variation of the dynamic of CH,
concentration

» Khydnsc sShowed a non-negligible contribution to CH, concentration variability at the
beginning of the fermentation
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» Km u, was the most influential input parameter to the variation of the dynamic of CH,
concentration
» Khydnsc sShowed a non-negligible contribution to CH, concentration variability at the
beginning of the fermentation

» Khydnar and Kg i, showed a low contribution at t = 24h
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4. Conclusion

> Take home messages
Shapley effects

» Km u, was the most influential input parameter to the variation of the dynamic of CH,
concentration

» Khydnsc sShowed a non-negligible contribution to CH, concentration variability at the
beginning of the fermentation

» Khydnar and Kg i, showed a low contribution at t = 24h

Full and independent Sobol indices

» Dependency (expected) and interaction contributions were low
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Full and independent Sobol indices

» Dependency (expected) and interaction contributions were low

Perspectives
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4. Conclusion

> Take home messages
Shapley effects

» Km u, was the most influential input parameter to the variation of the dynamic of CH,
concentration

» Khydnsc sShowed a non-negligible contribution to CH, concentration variability at the
beginning of the fermentation

» Khydnar and Kg i, showed a low contribution at t = 24h

Full and independent Sobol indices
» Dependency (expected) and interaction contributions were low

Perspectives

1. Extend these implementations to a mechanistic model of the rumen in-vivo fermentation with
dependent input parameters
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4. Conclusion

> Take home messages
Shapley effects

» Km u, was the most influential input parameter to the variation of the dynamic of CH,
concentration

» Khydnsc sShowed a non-negligible contribution to CH, concentration variability at the
beginning of the fermentation

» Khydnar and Kg i, showed a low contribution at t = 24h

Full and independent Sobol indices

» Dependency (expected) and interaction contributions were low

Perspectives

1. Extend these implementations to a mechanistic model of the rumen in-vivo fermentation with
dependent input parameters

2. PhD: Uncertainty analysis of several outputs of the rumen fermentation computed by the model
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